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1. Conditions of Use

The Strathclyde Electrophysiology Software package is a suite of programs for the acquisition
and analysis of electrophysiological signals, developed by the author at the department of
Physiology & Pharmacology, University of Strathclyde.

At the discretion of the author, the software is supplied free of charge to academic users and
others working for non-commercial, non-profit making, organisations. Commercial
organisations may purchase a license to use the software from the University of Strathclyde
(contact the author for details).

The author retains copyright and all rights are reserved. The user may use the software freely
for their own research, but should not sell or pass the software on to others without the
permission of the author.

Except where otherwise specified, no warranty is implied, by either the author or the
University of Strathclyde, concerning the fitness of the software for any purpose. The
software is supplied "as found™" and the user is advised to verify that the software functions
appropriately for the purposes that they choose to use it.

An acknowledgement of the use of the software, in publications to which it has contributed,
would be gratefully appreciated by the author.

John Dempster

Department of Physiology & Pharmacology
Strathclyde Institute for Biomedical Sciences
University of Strathclyde

27 Taylor St.

GLASGOW

G4 ONR

Scotland

Tel (0)141 548 2320
Fax.  (0)141 552 2562
E-mail j.dempster@strath.ac.uk
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2. Introduction & Software Installation

WIiInWCP is a data acquisition and analysis program for handling signals from whole-cell
electrophysiological experiments. These may include whole-cell patch clamp experiments,
single- and two-microelectrode voltage-clamp studies, or simple membrane potential
recordings. Whole-cell signals are produced by the summation of currents through the
(usually) large population of ion channels in the cell membrane, and thus consist of relatively
smooth current or potential waveforms. The amplitude and time course of such signals
contain information concerning the kinetic behaviour of the underlying ion channels, and
other cellular processes, which can be extracted by the application of a variety of waveform
analysis techniques.

WinWCP provides, in a single program, the data acquisition and experimental stimulus
generation features necessary to make a digital recording of the electrophysiological signals,
and a range of waveform analysis procedures commonly applied to such signals. WinWCP
acts like a multi-channel digital oscilloscope, collecting series of signal and storing them in a
data file on magnetic disk. Its major features are

Recording

8 analogue input channels.

16000-131072 samples per recording sweep (depending on lab. Interface).

2 billion records per data file.

Stimulus voltage waveform generator.

8 TTL digital output lines, for operating solenoid controlled valves or other experimental
devices.

TTL External trigger input, to synchronise recording sweeps with external events.

Digital valve control pattern generator.

e Spontaneous event detector.

Analysis

Signal averaging.

Leak current subtraction.

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

Non-stationary noise analysis.

Quantal analysis of synaptic currents.

Synaptic driving function analysis.

Synaptic current and Hodgkin-Huxley current simulations.
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2.1. Installation procedure

If you wish to use WinWCP to digitise analogue signals (rather than just analyse existing or
simulated data files) you must have one of the laboratory interface cards supported by
WinWCP installed in your computer. You must also ensure that the interface card is
appropriately configured to work with WinWCP. This may involve setting switches or
jumpers on the card itself. With some interfaces the manufacturer’s software support libraries
must also be installed and configured before it can be used. The full installation procedure
consists of the following steps:

1) Install the WinWCP software (see section 2.2).
2) Install the laboratory interface unit and software (see section 2.4 — 2.9).
3) Configure WinWCP to work with laboratory interface

4) Attach analogue input/output signal cables (see section 4).

2.2. Installing the WinWCP software
To install WinWCP:

1) Go to the web page http://spider.science.strath.ac.uk/sipbs/page.php?page=software and
click the WinWCP V3.x.x Setup File option to download the WinWCP installation
program (WinWCP_V3.x.x_Setup). Store this file in a temporary folder (e.g. c:\temp) on
your computer.

2) Start the installation program by double-clicking the program WinWCP_V3.x.x_Setup.

The setup program creates the directory c¢:\ WinWCP and installs the WinWCP programs
files within it. (You can change the disk drive and directory if you wish).

4) To start WinWCP, click the Microsoft Windows Start button and select WinWCP
V3.x.x from the WinWCP group in the Programs menu.

2.3. Hardware requirements

To run WinWCP you will require an IBM PC-compatible personal computer with at least
16Mbyte of RAM, a 66MHz 80486 (or better) CPU, and the Microsoft Windows 95, 98 NT
V4, 2000 or XP operating system. A laboratory interface unit is also required to perform the
analogue-digital (A/D) and digital-analogue (D/A) conversion of the signals and stimulus
waveforms. The following families of laboratory interfaces are supported:

e Cambridge Electronic Design 1401, 1401-plus, Micro-1401, Power 1401.

¢ National Instruments Lab-PC/1200, E and M Series cards

e Axon Instruments Digidata 1200, 1320 or 1440 Series

o Instrutech ITC-16 or ITC-18

¢ Biologic VP500
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2.4. Cambridge Electronic Design interfaces

Cambridge Electronic Design Ltd., Science Park, Milton Rd., Cambridge CB4 4FE.
Tel. (01223) 420186, Fax. (01223) 420488 (www.ced.co.uk).

The CED 1401 series consists of an external microprocessor-controlled programmable
laboratory interface units attached to the PC via a digital interface card. There are 4 main
types of CED 1401 in common use - CED 1401, CED 1401-plus, CED Micro-1401 and CED
Power-1401. They all fully support WinWCP’s features with the exception that only 4
analogue input channels are available on the Micro1401 and that the maximum sampling rate
and number of samples/sweep for the older CED 1401 is substantially less than the others.

2.4.1. Software installation

Before WinWCP can use these interface units, the CED 1401 device driver (CED1401.SYS),
support library (USE1432.DLL), and a number of 1401 command files stored in the directory
\1401 must be installed on the computer.

The installation procedure is as following, but see CED documentation for details.

1) Install the CED interface card in a PC expansion slot and attach it to the CED 1401 via
the ribbon cable supplied (or attach to USB port for USB versions).

2) Insert the CED 1401 installation CD and run the program
SETUP
to install the CED1401.SYS device driver and 1401 commands.

3) Ensure that the CED 1401 is switched on, and then reboot your computer.
4) Test the CED interface by running the program.
c:\1401\utils\try1401w.exe
and clicking the button
Run Once

If the CED 1401 tests check out OK, run WinWCP and select from its main menu

Setup
Recording

Select Cambridge Electronic Design from the Laboratory Interface list box.

Note. The latest versions of the above software can be obtained from CED’s Web site,
www.ced.co.uk.

See Troubleshooting section if you have a CED 1401 with +10V A/D or D/A ranges/
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2.4.2. Signal input / output connections

Analogue signal 1/0 connections are made via BNC sockets on the front panel of the CED

1401 units.

CED 1401 Series

Analogue Input I/O Panel Notes

Ch.0 ADC Input 0

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

Analogue Output

Ch.0

DAC Output O

Ch.1

DAC Output 1

Sync. Out

DAC Output 2

CED 1401 Only (See Note 1)

Trigger Inputs

Ext. Sweep Trigger

Event Input 4
Trigger In

CED 1401, CED 1401-plus
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

NOTE.1 STANDARD CED 1401 ONLY

Events Inputs 2, 3, and 4 must be connected together and connected to DAC Output 2,
to synchronise A/D sampling, D/A waveform generation and digital pulse output for
WinWCP’s Seal Test option and recording with stimulus pulse protocols.

Note 2. A TTL pulse on the Ext. Sweep Trigger input triggers the start of a recording sweep
when Ext Trigger sweep trigger mode has been selected.

Note 3. An active-high TTL pulse on the Ext. Stimulus Trigger input triggers the start a
stimulus program which has been set up with the External Stimulus Trigger =Y option.
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2.4.3. Troubleshooting tips

Verify that the CED 1401 is working correctly, before investigating problems using
WinWCP. Use the TRY1401W program to test the CED 1401.

The CED 1401 ISA card default 1/0 port addresses are at 300H. Check that these do not
conflict with other cards within the computer. The CED 1401 also makes use of DMA
channel 1 and an IRQ channel (IRQ2). These may also conflict with other cards.

Some standard 1401 appear to fail the DMA (direct memory access) test in TRY1401W and
this also causes problems when running WinWCP. If this error occurs, disable the DMA
channel, by clicking on the CED 1401 icon within the Windows Control Panel and un-
checking the Enable DMA transfers check box.

WinWCP 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 and DIGTIM.ARM with the CED Micro-1401.
All three commands must be available within the \1401 directory.

Standard CED 1401

The performance of the original CED 1401 interface unit is very limited compared to later
models. The number of samples/record is limited to a total of 8192 and the achievable
sampling rate when stimulus pulses are being generated is limited to a maximum of around 20
kHz divided by the number of channels.

In some circumstances, the sampling rate set by WinWCP can exceed the capabilities of the
standard 1401, resulting in samples between mixed up between channels. This problem can be
resolved by reducing the number of samples per record or by increasing the duration of the
recording sweep.

Modified CED 1401s with £10V A/D or D/A ranges

CED 1401s interfaces are supplied with £5V A/D input and D/A output voltage ranges as
standard. They can however be supplied (or modified by the user) to have +10V ranges, either
for the D/A outputs alone or for both A/D inputs and D/A outputs. WinWCP cannot detect
these modifications but you can indicate to the software that +10V ranges are in use by
placing an appropriate “flag” file into the WinWCP program folder.

10V D/A Outputs If you have a CED 1401 with £10V D/A outputs, create a file named
CEDDACI10V.TXT (it does not need to contain anything) and place it into the folder
c:\Program File\Strathclyde University\WinWCP.

10V A/D Inputs If you have a CED 1401 with £10V A/D inputs, create a file named
CEDADCI10V.TXT (it does not need to contain anything) and place it into the folder
c:\Program File\Strathclyde University\WinWCP.
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2.5. National Instruments interface cards

National Instruments UK, 21 Kingfisher Court, Hambridge Rd., Newbury, RG14 5SJ.
Tel. (0635) 523545, Fax. (0635) 523154. OR National Instruments, 6504 Bridge
Point Parkway, Austin, Texas 78730-5039. Tel. (512) 794 0100, Fax. (512) 794
8411.) (www.ni.com)

WIinWCP is compatible with the Lab-PC/1200 Series, E-Series and M Series cards supplied
by National Instruments. It has been tested with the Lab-PC, Lab-PC+, Lab-PC-1200, DAQ-
Card-1200, PCI-MIO-16E-1, PCI-MIO-16E-4, PCI-6024, and PCI-6221.

WIiInWCP controls the National Instruments interface cards via the company’s NIDAQ
interface library. NIDAQ must therefore be installed before WinWCP can use the interface
card. WinWCP is compatible with NIDAQ versions 4.9-7, running under Windows 95, 98,
NT V4, 2000 or XP. LabPC/1200 and E Series cards are supported using the “traditional”
NIDAQ software library. M Series cards are supported using the new NIDAQ-MX library
(NIDAQ V7 and later).

2.5.1. Software installation (LabPC/1200 & E Series cards)

1) Install the NIDAQ library from the disks supplied with interface card, following the
instructions supplied by National Instruments.

2) Install the interface card in an expansion slot.

3) Reboot the computer.

U I AU L IS WIETILS, 1L LA S U ETL Mo S Lo A WL LS Led i -

4) Run National Instruments’
Measurement &  Automation  File Edt Vew Tools Help

Explorer program. You should find

J E&Properties... | @Delete | Test Panel

the card listed under Devices & Configuration | - Ipaqcard-1200 (Device
i =% My Syst -
Interfaces. (in NIDAQ V7.0 or later | Eﬁ*’ gt borhood |§;bu_te _ |\1fa|ue
under the Traditional NIDAQ gvicesandnterfaes _ Mo 1
- - n . - DAQCard-1200 (Device 1)
Devices option within Devices & (39 Sl B scrioltumber 0

@ Software
g Remote Systems

Interfaces) The card must be
installed as (Device 1) to work with
WinWCP.

5) Click on the interface card entry in the Devices & Interfaces list then click the right hand
mouse button and select Test Panel to check if the card is working.

6) If the tests check out OK, run WinWCP, and select from its main menu

Setup
Recording Sweep

Select National Instruments (NIDAQ) from the I |
Laboratory Interface list box. Laboratory Interface Card

|Nationnl Instruments (MIDAG) j
7) Set the A/D Input mode. If you are using a BNC- | ADnputmode [FTFTYIFE] .|
2110 input/output box, select Differential or BNC-
2110 (Diff). If you are using a BNC 2090 input/output box, select Single-Ended or BNC
2090 (SE). (Note. The SE/DI switches on a BNC 2090 panel must be set to SE and the
NSRE/RSE switch set to NRSE )




1)

2)
3)

4)

5)

6)

7)
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2.5.2. Software installation (M Series cards)

Install the NIDAQ library from the disks supplied with interface card, following the
instructions supplied by National Instruments.

Install the interface card in an expansion slot.
Reboot the computer.

Run the National Instruments’
Measurement & Automation Explorer

¥, PCI-6221: "Devl” - Measurement & Automation -0 x|
File Edit Yiew Toals Help

Configuration kl [T Properties. .. | ”|| {PHide Help

program. You should find the card listed

under the NI-DAQmx Devices option
under Devices & Interfaces. The card
name must be ‘Dev1’ to work with
WinWCP. (If necessary you can change
the name of the card, by right-clicking
and selecting Change Name from the
pop-up menu.)

=620 My System e Eeack |ﬂ ﬁ
i

-ﬁ Data Meighborhood

EE Devices and Interfaces F N sacket Humbe NI-

= E MI-DAQmx Devices

C-6221; "Devl”

-PXI PXI System (Unidentified)
J Parts (Serial & Parallel)

Scales

& Softwars

i IVI Drrivers

[]--g Remate Systems

I memary Range DAGmX

gMemory Range Basics i
ey Level

4 2 wWhat do

e you want T
E Attibut 4 | v =] B

A
Click on the interface card entry in the

Devices & Interfaces list then click the right hand mouse button and select Test Panel to
check if the card is working.

If the tests check out OK, run WinWCP, and select from its main menu

Setup
Recording Parameters

Lahoratory Interface Card

. National Instruments (NIDAQ-MX) 4
Select National Instruments (NIDAQ-MX) from T ]
AD Input mode I Single Ended j

the Laboratory Interface list box.

Set the A/D Input mode. If you are using a BNC-2110 input/output box, select
Differential or BNC-2110 (Diff). If you are using a BNC 2090 input/output box, select
Single-Ended or BNC 2090 (SE). (Note. The SE/DI switches on a BNC 2090 panel must
be set to SE and the NSRE/RSE switch set to NRSE )
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2.5.3. Signal input / output connections

Signal input and output from National Instruments cards are made via a 50 or 68 way ribbon
cable connector on the rear of the card. A BNC socketed input/output panel (BNC-2090) is
available from National Instruments for E-Series boards. Standard screw terminal panels with
50 way ribbon cable sockets can also be obtained from electronic component suppliers.

The input/output connections for 50 pin 1200- and 68 pin E-series boards are tabulated below.

Lab-PC/1200 Series Cards

Lab-PC/1200 Cards

Analogue Inputs I/O Panel Screw terminal panel
Ch. 0 ACHO 1,9 (signal,ground)
Ch.1 ACH1 2,9 (See Note 1)
Ch.2 ACH2 3,9

Ch.3 ACH3 4,9

Ch. 4 ACH4 5,9

Ch.5 ACH5 6,9

Ch.6 ACH6 7,9

Ch.7 ACH7 8,9

Analogue Outputs

Ch.0 DAC 0 10,11

Ch.1 DAC 1 12,11 (See Note 2)
Trigger Inputs

Ext. Sweep Trigger EXTTRIG 38,50 (See Note 2)
Ext. Stimulus Trigger PB7 29,50

Digital Synch. Input PC6 36, 13 (See Note 2)
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 1. The Lab-PC/1200 card analogue inputs should be configured in the RSE
(Referenced Single Ended) mode (using the National Instruments Measurements &
Automation Explorer configuration program.)

NOTE 2 Analogue output channel 1 (DAC1) is used to synchronise the start of the A/D
conversion and D/A waveform generation and must be connected to EXTTRIG for WinWCP
waveform generation functions to operate. In addition, if stimulus protocols containing digital
ouputs are required DAC1 & EXTTRIG must also be connected to the digital
synchronisation input PC6.
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National Instruments E & M Series cards

National Instruments E & M Series cards

Analogue Input I/O Panel Screw terminal panel

Ch.0 ACHO 68, 67+62 (signal,ground)

Ch.1 ACH1 33, 67+62

Ch. 2 ACH?2 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

Analogue 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) 11,44 (See Note 2)
PFIL/TRIG2 (NIDAQ) 10.44

Digital Output

Ch.0 DIO0 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. Connections can be made to E & M Series boards using either a BNC 2090 (19”
rack mountable), BNC 2110 1/O panel or a screw terminal panel. Panels are connected to the
interface via a 1 or 2 metre SH68-68 shielded cable. Depending upon what type of 1/0 panel
is in use, the analogue inputs of the card should be configured as follows:

1/0 Panel Analogue Input mode

BNC 2090 RSE (Referenced Single Ended)
BNC 2110 DIFF (Differential)

CB68 RSE (Referenced Single Ended)

Note 2. An active-high TTL pulse on this input triggers the start a stimulus program which
has been set up with the External Stimulus Trigger =Y option. The trigger signal is applied to
PFI0O when the NIDAQ-MX interface library is in use (Laboratory Interface Card =
National Instruments (NIDAQ-MX) and PFI1 when the Traditional NIDAQ interface
library (available for E Series only) is in use (Laboratory Interface Card = National
Instruments (NIDAQ)
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National Instruments cards can be used with a number of different types of input/output
panels ( BNC 2090, BNC 2110 or CB-68 terminal panel) and can also be configured in
software to handle the analogue input channels in a number of different ways (differential,
referenced single ended and non-referenced single ended). Some combinations of setting can
lead to signal levels apparently drifting or going off scale.

In differential mode, the boards analogue input channels are paired together and subtracted

(e.g. Ch.0 - Ch.7, Ch.1 - Ch.8 etc.).

In referenced single ended mode channels are used individually and measured relative to

signal ground of the computer.

In non-referenced single ended mode channels are used individually and measured relative
to electrical ground of the device being measured.

For LabPC/1200 Series and E Series,
the analogue input mode for the card’is
set by right-clicking on the card in the
Devices & Interfaces list in the
Measure & Automation Explorer
program, selecting Properties from the
pop-up menu, then clicking on the Al
tab of the Configuring Device dialog
box. The currently selected input mode
is displayed in the Mode list.

Configuring Device 1: DAQCard-1200

el

Spstem Al | A I Accessory I aprcC I Fiemate Access I

Palarity / Fange: Select the default
analog input
zettings for the
device.

Mode:

INonreferenced Single Ended j

ITI Cancel Apply

When using the BNC-2090 1/0 box the mode should be set to referenced single ended with
the switches beside each input on the 1/O panel set to NRSE.

When using the BNC 2110 1/O box the mode should be set to differential since there are only
8 inputs on that box and it is wired for differential input.

For M Series cards, the analogue input settings are fixed at non-referenced single ended and
cannot be changed in the current version of WinWCP.
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2.6. Axon Instruments Digidata 1200

Axon Instruments Inc. 3280 Whipple Road, Union City CA 94587 U.S.A. Tel (510)
675-6200 (www.axon.com).

The Digidata 1200, 1200A and 1200B interface boards fully supports all WinWCP features..
They have a 330 kHz maximum sampling rates and 4 programmable input voltage ranges
(x10V, £5V, £2.5V, +1.25V). The Digidata 1200 is also supported by the pCLAMP
electrophysiology software package. Inputs to and outputs from the board are via BNC
connectors on an /O box, connected to the board via a shielded ribbon cable.

In order to use WinWCP with a Digidata 1200, the following computer system resources must
be available for use by the Digidata 1200.

e |/O port address 320-33F (Hex)

¢ DMA channels 5 and 7

2.6.1. Software Installation

1) Install the Digidata 1200 card into an ISA computer expansion slot, and attach it to its
BNC 1/0 panel using the shielded ribbon cable supplied with the card.

2) Install the WinWCP Digidata 1200 driver software for your Windows operating system,
by running the appropriate installation batch file. If you are running Windows 95, 98 or
Me, select WinWCP\Digidata 1200 Drivers\Install Digidata 1200 driver
(Win95/98/Me) from the Programs menu. If you are running the Windows NT, 2000 or
XP, select WinWCP\Digidata 1200 Drivers\Install Digidata 1200 driver (Win
NT/2000/XP). (Note. WinWCP does not use the standard Axon Instruments Digidata
1200 device driver).

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

Setup
Recording

Select
Axon Instruments Digidata 1200

from the Laboratory Interface list box.
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2.6.2. Signal input / output connections

Signal input and output connections are made via the BNC sockets on the front and rear of the
Digidata 1200 1/0 box.

Digidata 1200

Analogue 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

Analogue 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-high TTL pulse on this input triggers the start a stimulus program which
has been set up with the External Stimulus Trigger =Y option.

Note 2. The Digidata 1200 only supports 4 digital output lines.

2.6.3. Troubleshooting

There are two known problems which will prevent WinWCP from recording from a Digidata
1200’s analogue input channels.

1/0O port conflict. The Digidata 1200 default 1/0 port addresses span the range 320H-33AH.
These settings conflict with the default MIDI port setting (330H) of Creative Labs. Sound-
Blaster 16 and similar sound cards. There are a number of solutions to this problem.

a) Change the Sound-Blaster MIDI port setting to a value higher than 33AH.

b) Remove the Sound-Blaster card (or disable it using the BIOS setup if it is built in to the
computer motherboard).

DMA channel conflicts. WinWCP requires DMA channels 5 and 7 to support the transfer of
data to/from PC memory and the Digidata 1200. Many sound cards also make use of DMA 5
and can interfere with the operation of the Digidata 1200.
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2.7. Axon Instruments Digidata 1320 Series

Axon Instruments Inc. 3280 Whipple Road, Union City CA 94587 U.S.A. Tel (510)
675-6200.

The Digidata 1320 Series (1320A, 1322) interfaces consist of self-contained, mains-powered
digitiser units with BNC 1/0 sockets attached to the host computer via a SCSI (Small
Computer Systems Interface) interface card and cable. A number of versions are available
including the 1320A and 1322A. The 1322A supports sampling rates up to 500 kHz (16 bit
resolution) on up to 16 channels. It has a fixed input and output voltage range of £10V and

supports 4 digital output channels. The Digidata 1320 Series is currently supported by
WinWCP under Windows 95, 98, NT and 2000.

2.7.1. Software Installation
WinWCP uses Axon’s standard software library (AxDD132x.DLL) for the Digidata 1320

Series. Details for steps (1)-(5) can be found in Axon’s Digidata 1320 Series Operator’s
Manual.

1) Install the Axon SCSI card in a PCI expansion slot.

2) Attach the Digidata 1320 to the SCSI card and switch on the computer and 1320.

3) Install the AxoScope software supplied with the Digidata 1320.

4) Reboot the computer.

5) Run AxoScope to ensure that the software installed OK.

6) Run WinWCP and select from its main menu

Setup
Recording

Select
Axon Instruments Digidata 1320

from the Laboratory Interface list box.
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2.7.2. Signal input / output connections

Signal input and output connections are made via the BNC sockets on the front of the

Digidata 1320 Series digitiser unit.

Digidata 132X Series

Analogue Input I/O 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

Analogue 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-high TTL pulse on this input triggers the start a stimulus program which
has been set up with the External Stimulus Trigger = Y option. (1200 Series boards need the
pulse to be 10 ms in duration or longer.)

Note 2. The Digidata 1320 Series only supports 4 digital output lines.

2.7.3. Troubleshooting

When multiple analogue input channels are being sampled and the sampling interval is greater
than 10 ms, samples get mixed up between channels. This problem can be seen to occur also
with AxoScope, suggesting a bug in the Digidata 1320 firmware or AXDD132X.DDL library.
The only limited solution at present is to increase the number of samples per record to ensure
that the sampling interval is less than 10 ms.



WIinWCP V4 User Guide 21

2.8. Molecular Devices Digidata 1440A

Molecular  Devices Corporation, Sunnyvale, California 94089, USA
(www.moleculardevices.com)

The Digidata 1440A interface consists of self-contained, mains-powered digitiser unit with
BNC 1/0 sockets attached to the host computer via a USB 2.0 port. The 1440A supports
sampling rates up to 250 kHz (16 bit resolution) on up to 16 channels (8 used by WinWCP). It
has a fixed input and output voltage range of £10V and supports 4 analogue output channels
(2 used by WinWCP) and 8 digital output channels. The Digidata 1440A is currently
supported by WinWCP under Windows 2000, XP and Vista.

2.8.1. Software Installation

WIiInWCP uses Axon’s standard software library (AxDD1400.DLL) for the Digidata 1400
Series. Details for steps (1)-(5) can be found in Axon’s Digidata 1440A Manual.

1) Install the AxoScope (or PCLAMP ) software supplied with the Digidata 1440.
2) Reboot the computer.

3) Attach the Digidata 1440A to a USB port and turn it on.

4) Install the WinWCP software.

5) Run WinWCP and select from its main menu

Setup
Recording sweep

to open the Setup dialog box then select
Axon Instruments Digidata 1440

from the Laboratory Interface list box.
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Signal input and output connections are made via the BNC sockets on the front of the
Digidata 1440A digitiser unit.

Digidata 1440A

Analogue Input I/O 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

Analogue Output

Ch.0 Analog Out 0

Ch. 1 Analog Out 1

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-high TTL pulse on this input triggers the start of a stimulus program which
has been set up with the External Stimulus Trigger =Y option.
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2.9. Instrutech ITC-16/18

The Instrutech ITC-16 and ITC-18 interfaces consist of self-contained, 19” rack-mountable,
mains-powered digitiser unit with BNC 1/O sockets attached to the host computer via a digital
interface card and cable. Both the ITC-16 and ITC-18 support 8 analogue input channels, 4
analogue outputs (2 used by WinWCP) and 8 digital outputs. Both devices are currently
supported by WinWCP under Windows 95, 98, NT and 2000. The ITC-16 and ITC-18 are
manufactured by Instrutech Inc., 20 Vanderventer Ave., Suite 101E, Port Washington, New
York 11050-3752 U.S.A. Telephone: (516) 883-1300. (www.instrutech.com)

2.9.1. Instrutech ITC-16/18 — 1/0 Panel Connections

Signal input and output connections are made via the BNC sockets on the front of the ITC-
16/18 unit.

Instrutech ITC-18

Analogue Input I/O Panel Notes
Ch. 0 ADC Input 0
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
Analogue Output

Ch. 0 DAC Output 0
Ch. 1 DAC Output 1
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-high TTL pulse on this input triggers the start of a stimulus program which
has been set up with the External Stimulus Trigger =Y option.
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2.9.2. Installing software support for the Instrutech ITC-16/18

WInWCP uses Instrutech’s device interface libraries for the ITC-16/18 family. Details for
steps (1)-(3) can be found in the Instrutech Data Acquisition Interface user manual.

Installation Procedure

1)
2)

3)

4)

5)

6)

Install the Instrutech interface card in an expansion slot.
Attach the ITC-16 or ITC18 unit to the card.

Install the Instrutech Device Driver software supplied with the card (or downloaded from
www.instrutech.com)

Reboot the computer.

Run the Instrutech test program installed with the device driver to test whether the
software installed OK.

Run WinWCP and select from its main menu

Setup
Recording

If you are using Instrutech's old device driver software (as supplied with the EPC-9 and
downloadable from www.instrutech.com), select

Instrutech ITC-16 (Old Driver)

OR

Instrutech 1TC-18 (Old Driver)

from the Laboratory Interface list box, depending upon which interface you have
installed.

Note. Instrutech have also introduced a new software driver and library which supports the
ITC-16, ITC-18 and ITC-1600. If you are using this library, select Instrutech 1TC-16/18
(New driver) from the Laboratory Interface list box.

2.9.3. Instrutech ITC-16/18 : Troubleshooting

WIiInWCP requires Instrutech's combined device driver library ITCMM.DLL (released late
2001). It may not work with earlier libraries.
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2.10. Biologic VP500

The Biologic VP500 is a computer-controlled patch clamp with a built-in laboratory interface
unit, attached to the host computer via a GPIB interface bus. It is supported under Windows
95/98, NT and 2000. The VP500 patch clamp functions (gain, filtering, capacity
compensation, etc.) can be controlled from a virtual front panel within WinWCP.

The current implementation of the WinWCP software supports
e 2 analogue input channels (membrane current and voltage)

¢ Command voltage output

The VP500 is manufactured by Bio-Logic - Science Instruments SA, 1, rue de I' Europe, F-
38640 - CLAIX - France (www.bio-logic.fr)

2.10.1. Biologic VP500: 1/0 Panel Connections

No 1/0 panel connections are necessary. All connections between patch clamp and laboratory
interface are internal to the VP500.

2.10.2. Installing software support for the Biologic VP500.

WIinWCP uses Biologic’s BLVP500.DLL library (supplied with WinWCP) to control and
acquire data from the VP500.

Installation Procedure

1) Install the National Instruments NIDAQ software, supplied with the GPIB interface card
and reboot.

2) Install the GPIB card into the host computer and reboot.

3) Check using the National Instruments Measurement & Automation Explorer program that
the GPIB has been detected and is functioning correctly.

4) Once the device driver installation procedure has been completed, run WinWCP and select
the Recording item from the Setup menu.

5) Select Biologic VP500 from the Laboratory Interface list box.
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3. Using WCP - An Overview

WIinWCP consists of a variety of program s e

modules for recording and analysing _
electrophysiological signals. These jjl—_l IO
modules are accessed via the main program e (72
menu on the program’s title bar and appear " et “,
as independent sub-windows enclosed o e
within the main WinWCP window. Ha .

WP bty
The File menu provides the standard
Windows functions for creating, opening ] | L —
and closing data file, printing and import et o
and export to non-native data formats.

W] | B | e e [ty Ot ‘Al eEpan 2r

The Edit menu permits data to be copied to
the Windows clipboard.

The View menu provides options for magnifying and selecting the type of record being
displayed.

The Record menu invokes the digital recording module for recording analogue signals to disk
and the seal test module for monitoring the sealing of patch pipettes to cells.

The Setup menu provides options for setting; the numbers of analogue channels to be
recorded, recording sweep duration and other parameters; voltage-clamp command voltage
stimulus patterns; and controlling external amplifiers.

The Analysis menu provides access to a range of analysis modules, which can be applied to
the digitised signals stored on file. These include:

o A waveform analysis module for the automatic calculation of waveform parameters (peak
and average amplitude, area, rise time, rate of rise, time to 50% and 90% decay, and
variance). Results can be plotted as X/Y graphs or as histograms.

e A curve fitting module for fitting exponential and other curves to waveform transients.
e Assignal averaging module.

e A leak subtraction module.

e A non-stationary variance analysis module

e A guantal content analysis module.

e A driving function analysis.

The Simulations menu provides access to modules for creating simulated end-plate currents
and voltage-activated sodium currents.

The Windows menu selects between active windows.

The Help menu provides access to the WinWCP Help files.
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4. Connecting WinWCP to your experiment

The first step in making a digital recording is to connect the signal outputs from your
electrophysiological amplifier to the appropriate analogue inputs of the A/D converter in your
laboratory interface unit. If you plan to use the computer to apply voltage pulse stimuli to the
cell, you must also connect a D/A converter output to the command voltage input of the
voltage-clamp. You may also have to supply a digital trigger pulse to initiate each recording
sweep.

Depending upon the absolute levels produced by the recording device, you may need to
amplify the signal to make it compatible with the input requirements of your A/D converters.
You may also need to low-pass filter the signal and/or apply a DC offset to the signal, before
it can be digitised. Two typical recording situations are discussed below.

4.1. Example 1 - Connecting WinWCP to a patch clamp.

One of the most common applications for WinWCP is recording from, and controlling, a
whole-cell patch clamp experiment. Two analogue channels are normally recorded,
membrane current and voltage, and computer-generated voltage pulses are applied to the
patch clamp command voltage input to stimulate the cell. The patch clamp is connected to the
computer as follows

Patch Clamp D

Veom Veom OuL o

mmncno LI =7
An.In Ch.1

An. In Ch.2

An In Ch.3 :D

110 Panel

A

Y

Im
Vi
Gain Telearaph

Y vY

Y

Mode Telearaph

Consult the signal connections table for your particular laboratory interface, in sections 2.4.2,
2.5.3 or 2.6.2, and make the following connections.

The membrane current (1) output from the patch clamp is connected to WinWCP input
channel Ch.0.

The membrane potential (Vy,) is fed into WinWCP input channel Ch.1.

Voltage stimulus pulses generated at the WinWCP Command voltage output are passed to
the Command voltage input (V..m) of the patch clamp.

The patch clamp gain telegraph output is connected to WinWCP input channel Ch.7. (Note.
Some patch clamps do not support gain telegraphs. Others (e.g. Axon Multiclamp 700A/B or
the Biologic VP500 communicate gain information via USB or other communications lines.)

The patch clamp mode telegraph output is connected to WinWCP input channel Ch.6. (Note
Currently only required for Axon Axopatch 200 or Cairn Optopatch patch clamps.)
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The table below contains the required connections for the range of patch and voltage clamps
currently supported by WinWCP.

WinWCP Signal Inputs Telegraphs Command
Voltage O/P
Analog In | Analog In 1 Analog In6 | Analog In7 Analog Out 0
0
Axopatch Scaled 10Vm - Gain Ext. Command
1D Output Telegraph
Axopatch Scaled 10 Vm (VC mode) | Mode Gain Ext.Command
200 Output 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-8 Current Vcomm - See table Stim Input
Monitor Monitor below X10
Cairn Gain Out | Command Pin 9 Gain Command /10 In
Optopatch X10 Out Pin 2 Gnd Telegraph Out
37 way D
socket
Warner Im Vm x10 - Gain CMD In
PC501A Telegraph
Warner Im Vm x10 - Gain Command
PC505B Telegraph In
Warner I Monitor | Vm x10 - Gain Command
0OC725 Telegraph In+10
NPI Current Potential - Curr. VC Command
SECO05LX Output Output Sensitivity Input /10
Monitor
AM Systems Output X10Vm - Gain External
2400 Telegraph +50
Heka EPC-8 Digital gain telegraph connections
Gain 0 Gain 1 Gain 2 Range 0 Range 1 Gnd
EPC-8 50 way IDC socket 5 7 9 1 17 19
WinWCP Digital Input 0 1 2 3 4 Gnd

Note 1. When the Axopatch 200 is switched from voltage- to current-clamp mode, the Scaled
Outy signal to Analog In 1 of WinWCP is changes automatically from membrane current to
voltage. To retain a current signal, Analog In 1 of WinWCP must be switched manually from

10 Vmto Im.

Note 2. WinWCP obtains channel gain information from the Axon Multiclamp commander
software. Multiclamp Commander must be started up and running before WinWCP is started.
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4.2. Example 2 — Recording endplate potentials with WinWCP

The recording of endplate potentials (EPPs) from skeletal muscles (or EPSPs from neurons)
presents an experimental situation where some signal conditioning may be required before
digitisation. Intracellular EPPs are often no more than 5-10mV in amplitude and miniature
EPPs only 1mV. Most recording devices such as the Axoclamp (Axon Instruments), or WPI
705 (World Precision Instruments) provide no more than X10 amplification, and sometimes
only unity gain, at their voltage outputs. Typically, laboratory interface units are not sensitive
enough to directly measure such small voltages.

Most of the laboratory interfaces supported by WinWCP are fitted with a 12 bit resolution
AJ/D converter designed to digitise voltages within the range -5V to +5V. This means that,
during digitisation, the A/D converter generates a 12 bit binary number proportional to the
amplitude of the analogue voltage at its input. Twelve bits are sufficient to describe only 4096
discrete level. Thus, given a £5V input range, the smallest voltage difference that can be
directly measured is

10000mV

— =2.44mV /bit
4096bits

Clearly, a 10mV amplitude EPP would be barely observable. Such small signals must be
amplified to make them span a significant fraction of the input voltage of the A/D converter,
e.g. 1-2V. Amplification factors in the order of 500-1000 are therefore required. Such high
amplification factors require that the resting membrane potential is subtracted from the signal
before amplification, to avoid overloading the A/D converter inputs. Although the EPP may
only be 10mV in amplitude it is superimposed on a -90mV resting potential. Amplifying this
signal by X500 would (theoretically) result in a signal with DC level of -45V. Most
instrumentation amplifiers cannot sustain such a level, being limited to 10V output levels.
(In any case, signal levels exceeding 20V may damage the input stages of many A/D
converter) The above difficulties can be overcome by using a differential amplifier as shown
in the circuit below.

Stimulator

X Svne. Out i
— Stim Out > Ext Trig

Differential

Microelectrode + amplifer Veom Out —
amplifier Low-pass " — ]
filter An. In Ch.0 | :I
‘l’é An.InCh.1 LJ
N [ —n]
DC Offset 1/0 Panel

A differential amplifier has two inputs, (+) and (-), and amplifies the difference between
them. The voltage output from the microelectrode amplifier is fed into the (+) input while a
DC voltage level is fed into the (-) input, from a potentiometer. The resting membrane
potential can thus be subtracted from the signal by adjusting the potentiometer. The signal is
then amplified, low-pass filtered, and passed to analogue input channel 0 of the laboratory
interface.

The low-pass filter is used to prevent the artefact of digital recording known as "aliasing"
from occurring, by eliminating signal components at frequencies greater than half the A/D
converter sampling frequency (known as the Nyquist frequency). Without such filtering, high
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frequency components appear falsely superimposed (aliased) on true lower frequencies. For
example, if a signal is being sampled at a rate of 20kHz, the filter cut-off must be set no
higher than 10kHz. Lower cut-off frequencies can be used, however, and act to smooth the
signal.

The low-pass filter should be of a design which does not distort the signal time course, an 8
pole Bessel filter being a common choice. Further details on filtering and other aspects of
signal conditioning can be found in Dempster (1993).

The circuit also shows a typical situation where a stimulator (such as a Grass S44) is being
used to excite the nerve of a nerve-muscle preparation. Digital recording sweeps are
synchronised with the stimulus pulses by connecting the "Sync. Out" output of the stimulator
to the external trigger input of the laboratory interface. (Note. External trigger inputs are
usually designed to be triggered by 5V digital TTL signals while older Grass stimulators
produce 12V signals, so some form of signal level conversion may be necessary here also.)

Signal conditioning amplifiers and filters are available from a number of suppliers. Some
examples include, the Frequency Devices 902LPF (a self-contained 8 pole Bessel low-pass
filter with a differential amplifier input and gains of X1, X3.16 and X10) and. tbe Neurolog
range of modular amplifiers and filters produced by Digitimer Ltd. Computer controllable
signals conditioners are also now available such as the Axon Instruments CyberAmp and the
CED 1902.
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5. Configuring WinWCP for arecording session

WinWCP digitises analogue signals from your experiments as series of discrete records,
equivalent to oscilloscope sweeps, Up to 8 separate input channels can be acquired per record.
Each record can hold up to a total of 29952 sample points.

Before making a digital recording for the first time, you must do the following :-

1) Create a data file to hold your recordings.

2) Define the number of analogue channels, number of samples per channel, etc. for the
recording.

5.1. Creating a data file

To create a new data file to hold your
recordings, select from the menu Save e | 23 WP (22 | =
F| |e % wprok Power 1401 Digtest.wep
WinRT [95) Pawerl 401 Digtest.wep
NeW Q Z2ewpl00ch. wop Simulated 2 exp 50 channelz.wep
Q Micro 1401 Digtest. wep Simulated single exponential mepsc
To get the New Data File dialog box, shown %L"sv“‘”w?‘:ﬁ; f;z’tﬂ'f"jffp‘m suporental mepec.
here. . 5
Select the disk and folder into which the file = == [ I
is to be placed using the Save In list box. = Saveasbes [WCP Fies (wCP) =] Cened |

WInWCP data files have the extension
extension ".wcp"

5.2. Setting recording parameters.

To set the number of channels to be recorded, recording | gm —E
— Record — Channel calibration table
B ; R Record Duration Ch. M Wil nit: Unit:
duration and other parameters select the option BT | | EEEmose o
Ho. Channels
Setup !
H Ho. SamplesiCh.
Recording Sweep lﬁ
to display the Setup dialog box. o
AD Converter
Voltage Range Trace colour [

-5V j' Amplifiers

— Time units Mone ~| Telegraph [ 2
&+ msecs, ’7| J Eh.

5.2.1. No. Channels r secs, Fa.mmn,.mmm —J‘

Hational Instruments (HIDAG)

Sets the number of analogue input channels you intend _OK | Goneel]
to record from. WinWCP supports a maximum of 8

channels. Channels are always acquired in sequence from Ch.0 upwards, i.e. No. Channels=1,
selects Ch.0; No. Channels=2 selects Ch.0 & Ch.1 etc.
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5.2.2. Record Duration

Sets the default duration of each recording sweep. Set it to a value that is approximately 50%
longer than the time course of the signals that you intend to record.

5.2.3. No. Samples/Channel
Sets the number of samples to be acquired per input channel within the recording sweep. The
minimum is 256 samples per channel and increments are in units of 256. The maximum is

29952 / No. Channels. Note that the more samples acquired per record, the larger the size of
the data files produced.

5.2.4. Sampling Interval

Displays the time between A/D samples acquired from each input channel. It is determined by
the Record Duration and the No. Samples/Channel.

Record Duration
No. Samples/Channel

Sampling Interval =

It is important to choose a sampling interval which is small enough to ensure that a sufficient
number of samples are acquired during the most rapidly changing phases of the signals being
recorded. For most types of signal, 1024 samples/channel and a record duration
approximately 50% longer than the signal time course provide satisfactory results. (However,
note that some signals, such as cardiac ventricular action potentials, can combine long time
courses (200-300 ms) with very rapid rising phases (1-2 ms). In such circumstances, 8192 or
more samples/channel might be required to accurately represent the rising phase.)

As discussed in section 4.2, to avoid aliasing artefacts, the analogue signals should be low-
pass filtered to remove frequency components greater than half of the sampling rate (i.e.
reciprocal of the sampling interval).

5.2.5. A/D Converter Voltage Range

Defines the measurable voltage range of the A/D converter. The range of possible options
depends upon the laboratory interface in use. The CED 1401, for instance, only has a single
sensitivity 5V, other interfaces such as the Axon Instruments Digidata 1200 have 4
programmable input sensitivities: +10V, +5V, 2.5, and +1.25V.

In order to get an accurate measure of the amplitude of an analogue signal it is important to
ensure that it spans a significant proportion (30-50%) of the A/D converter's input voltage
range. By changing the voltage range you can adapt the sensitivity of the A/D converter to
best match the amplitude of the signals from your experiment.

5.2.6. Time Units

Determines whether time measurements are presented in units of seconds or milliseconds.
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5.2.7. Channel Calibration Table

WiInWCP can display the signals stored in each input Channel calibration table
channel in the units appropriate to each channel. In | [y ame wiinits  Units
order to do this correctly, the names, units and scaling

) . ' ' . 0 0.0476 &
information for each channel must be entered into the m g
Channel Calibration Table. There are 3 entries in the

table for each analogue channel.

Names contains a 1-4 letter name used to identify the source of the channel (e.g. Vm, Im).
Units defines the measurement units of the signal (e.g. mV, pA etc.).

V/Units defines the scaling factors relating the voltage level at the inputs of the A/D
converter (in V) to the actual signal levels in each channel (in the channel units).

For instance, if the membrane voltage output of your patch clamp supplies a signal which is
10X the measured membrane potential of the cell, and the units have been defined as mV,
then the appropriate V/Units setting is 0.01 (since the patch clamp voltage output is 0.01
Volts per mV)

In the case of patch clamp current channels, the V/Units value is determined by the current
gain setting which is usually a switchable value, e.g. if the current output was set at 20
mV/pA, and the channel units were pA, the V/Units settings would be 0.02.)

A typical setup for a patch-clamp experiment, recording current and voltage channels is
shown below. Current is recorded in channel 0, which is named Im, and has units of pA.

Name V/Units Units
Ch.0 Im 0.02 pA
Ch.1 Vm 0.01 mV

5.2.8. Amplifiers

WinWCP can automatically determine the current and  — Amplifiers
voltage gain factor for a number of patch clamp #1|Axopmcn200 ﬂ
amplifiers and use it as the calibration factor for input Gain Tel. I?_ Wode Te|_|1—
channels If a CED 1902 computer-controllable

amplifier is in use, this option can also be used to read | #2 INone ~|
its gain setting. To enable this facility,

1) Select your amplifier from the Amplifiers list.

2) If required, connect an unused input channel to the Gain Telegraph output of the patch
clamp, and enter the number of that channel in the Gain Tel. Box. (Note. The VP500,
MultiClamp and CED 1902 do not require this.)

3) If required, connect an unused input channel to the Mode Telegraph output of the patch
clamp, and enter the number of that channel in the Mode Tel. Box. (Note. Only the
Axopatch 200 and Cairn Optopatch currently require this.)

Note. The channel calibration table settings for the patch clamp current and voltage channels
are automatically configured with appropriate name, units and V/Units scaling when a patch
clamp amplifier is selected from the Amplifiers list. Analogue input channels Ch.0 and Ch.1
are used by Amplifier #1 for current and voltage respectively. Amplifier #2 (if in use) uses
channels Ch.2 and Ch.3 for current and voltage.
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6. Monitoring input signals & patch pipette seal test

You can monitor the signals appearing on each R AR
channel using the signal monitor/pipette seal test

module. This module provides a real-time
oscilloscope display and digital readout of the signal
levels on the cell membrane current and voltage
channels. A test pulse can also be generated for
monitoring pipette resistance in patch clamp
experiments.

=1o]=]

|
veltage [Ch.1 v =] I “,
\

L (2]
Tost Puse Im} - N O -a
& Pulse 51 (F3) L I g

To open the monitor/seal test module, select from the

menu ;’T'::‘"" =) muncc.:": L
Record [ g sy L
Pipette Seal Test / Signal Monitor o || o5 | e zor— | | [0atomomm
T Ea
An oscilloscope trace showing the current signal on | T
_Rwsat | [90:51 © Peak (= Exp. A

each input channel is displayed.

6.1. Display scaling

The vertical display magnification is automatically adjusted to maintain a visible image of the
test pulse within the display area. Automatic scaling can be disabled by un-checking the Auto
scale check box allowing the vertical magnification for each channel to be expanded to a
selected region by moving the mouse to the upper limit of the region, pressing the left mouse
button, drawing a rectangle to indicate the region and releasing the mouse button. The vertical
magnification can also be adjusted using the A + - ¥ buttons at the right edge of each plot.

6.2. Amplifier channels

The Current and Voltage channel selection boxes indicate which '~ ampiifier

analogue input channels are being used for the pipette current, | & Amplifier 1
voltage and resistance calculations. They are normally set to Ch.0
(current) and Ch.1 (voltage). Amp 21 Gain (Ch.0)

If two amplifiers are in use the seal test can be switched between | | 0.002 WipA
amplifiers by clicking on Amplifier #1 or Amplifier #2 radio Divide Factars

button.
DACO | 10%

Most voltage and patch clamp amplifiers divide down their

command voltage input signals by some factor in the range 10-50. Lt I1 A
WinWCP applies a scaling factor to the stimulus voltage output to
obtain the correct voltage at the cell. The Divide Factors display the scaling factor currently
in use for each of the two DAC voltage output channels (DACO & DAC1).

6.3. Output Channel

The DAC output channel to which the test pulse is applied can be
selected from the O/P Chan list. QIF Chan. |38

Note. This is normally set to DAC 0, which is connected to the
command voltage input of the patch or voltage clamp. However, when current stimulus pulses
are required to be applied to amplifiers with separate current-clamp and voltage-clamp
stimulus inputs (e.g. the Axoclamp 2) it can be useful to connect DAC 1 to the voltage clamp
current stimulus input and switch to DAC 1.
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6.4. Cell holding voltage and test pulses

You can control the holding voltage applied to the cell and the amplitude and duration of a
test voltage pulse by selecting one of two available test pulse types e
(Pulse #1, Pulse #2) or a holding voltage level without a pulse (Pulse [ o5 152 =

#3)' Halding

vialtage
The size of each pulse type is set by entering an appropriate value for | Ampitude
holding voltage and pulse amplitude into the Holding voltage or

Amplitude box for each pulse.

The width of both pulses is defined by the pulse width box Pules

You can switch between pulses by pressing the function key associated with each pulse (Pulse
#1 = F3, Pulse #1 = F4, Pulse #1 = F5).

6.5. Current and voltage readouts

A readout of the cell membrane holding current and voltage, and test pulse amplitude, appears
at the bottom of the monitor window.

Clicking the Save to Log button saves the current Pipette or Cell readings to the log file.

During initial formation of a giga-seal, the Pipette

oltage Current

option displays pipette resistance, computed from Holding — pote | ca |
[-248.8 mv [ 68360 A
Pulse Pulse Resistance
—Vp“'se [50.1 v [740.8 pA [ 724 MOhm
Rpipette =
I pulse Save to Log

where Vpuse and louse are the steady-state voltage and current pulse amplitudes. The Cell
option displays the cell membrane conductance, G, capacity, C.,, and access conductance,
G,, computed from

Cm = T(Ga +Gm)

where g is the initial current at the peak of the capacity transient and t is the exponential time
constant of decay of the capacitance current (See Gillis, 1995, for details). Note. If G,, G, and
C., are to be estimated correctly, the patch clamp’s pipette series resistance compensation and
capacity current cancellation features must be turned off.

A good test, to check if WinWCP is set up with the correct input/output connections and
channel scaling factors, is to attach the model cell supplied with most voltage/patch clamps,
and observe the holding potential and current, test pulse amplitude and cell parameters
correspond with the known values of the model.
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7. Making a recording

After a data file has been created, and an iy
appropriate set of recording parameters
defined,select

1o x|

Record
Record to disk

saon

to enter the recording module. The display area
of the screen acts like a digital oscilloscope,
showing traces of the signals as they are B |
recorded. e

seoa

To collect a series of records:

1) Enter a line of text identifying the purpose of the recording in the Ident box (optional).
Ident.l

2) Enter the number of records to be collected in the Records Required box.
Records
! I a00

3) Set the trigger mode (see below for details)

— Trigger Mode
* Free Run

" External Trigger
= Event Detector

ChCh.o Im -

!

Threshold a0 %

Pretrigoer 0.0 %

¢ Stimulus program

STEPS

<

4) Make sure that the Save to File box is checked.
5) Start recording, by clicking the Record button

6) If you want to stop recording before the number of records in the Records Required box
have been collected, click the Stop button.
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7.1. Trigger modes

In general, recording sweep(s) must be synchronised with the start of the signals under study,
to ensure that the signal is captured within the record and always appears in the same place.
The trigger mode determines how this synchronisation takes place.

There are 4 modes

Free Run
External Trigger
Event Detector
Stimulus Program

You must select a trigger mode appropriate to the type of signal to be recorded and the
configuration of your recording system.

7.1.1. Free Run

The Free Run trigger mode is used for unsynchronised recording. Recording sweeps start
immediately after the Record button is pressed and continue until the required number of
records have been collected.

Choose the free run mode for simple tests of the laboratory interface and for signals, such
random ion channel noise, where synchronisation is not possible or required.

7.1.2. External Trigger

Many kinds of electrophysiological signals are evoked by stimulating the cell or tissue, using
an electrical stimulator. In order to record such signals, the recording sweep must be
synchronised with the stimulator, ideally so that the sweeps starts shortly before the cell is
stimulated. The External Trigger mode links the start of recording sweeps to a trigger pulse
applied to the Ext. Trigger input of the laboratory interface.

If the Active High option is selected, recording will be triggered by a 0V-to-5V transition on
the Ext. Trigger input. If the Active Low option is selected, recording will be triggered by a
5V-t0-0V transition. (NOTE. Some laboratory interfaces support only one or other of the two
trigger polarities.)

Choose the External Trigger mode when you are using a stimulator to evoke the signals under
study. Note. the "Sync. Pulse" output of the stimulator must be connected to the external
trigger input of the laboratory interface for triggering to occur. During a stimulus cycle, the
sync. pulse is produced first (triggering the recording sweep) and, after a delay (settable on
the stimulator front panel), the stimulus itself.
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7.1.3. Event Detector

The event detector mode provides a means of detecting signals as they occur within an
incoming analogue signal. A threshold-based event detection algorithm monitors the
incoming signal on one of the input channels. An event is detected when the signal deviates
by more than a predetermined level from the average baseline level. To compensate for slow
drifts in the baseline level, the threshold level is maintained at a constant distance from the
baseline by means of a running average calculation. The event detector is configured by
setting three parameters.

If more than one channel is being recorded, select the input || ¢ Ewent Detector
channel on which events are to be detected from the detection Ch. ch
list box. ~|choim =]

Threshald a0 5%
Enter the detection threshold into the Threshold box. The

threshold level is expressed as a percentage of the total input range, | Pretrigger
with its polarity determining whether positive- or negative-going

signals are to be detected. The level should be set as small as possmle to maximise the
likelihood of an event being detected, but without producing an excessive number of false
events due to background noise triggering the detector. Values of around 5-10% are often
used, but several trials may be necessary before the best level for a particular experiment is
found.

The Pretrigger setting determines the percentage of the record to be collected before the
detection point. A typical value is 30%.

7.1.4. Stimulus Program

In Stimulus Program mode, WinWCP functions as a stimulator as well as a recording
device. Sequences of recording sweeps are acquired at timed intervals, in synchrony with
computer-generated stimuli applied to the cell. The stimuli can be in the form of either
voltage waveforms or on/off TTL digital pulses for controlling valves or other devices. Two
voltage waveform output channels (DACO & DAC1) are supported on most interfaces and 4-8
TTL digital output channels.

Choose Stimulus Program mode when there is a need to apply a sequence of voltage pulses in
order to stimulate voltage-activated ionic currents in patch clamped cells, or apply other
complex stimulus patterns.

Each stimulus pulse is associated with a single recording sweep and the duration or amplitude
of any part of a pulse can be incremented between records. A complete stimulus protocol thus
consists of a series of one or more pulses, incremented in amplitude or duration to create a
family of pulses. Complex stimulus waveforms can be produced, including series of
rectangular steps, ramps, and digitised analogue signals. Protocols are created using the
Stimulus Generator module and stored as protocol files.

A list of available protocols appears in the Stimulus Program list
box, allowing quick selection of protocols during a recording

session. TEST j

" Stimulus program




7.2. On-line Analysis

The on-line analysis window allow a
series of measurements (signal level at
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cursor, peak amplitude, 10-90% rise
time and maximum rate of rise) to be
made on the waveform recorded during
each sweep. A maximum of 10
measurements can be plotted.

To display the on-line analysis window,
click the On-line Analysis Window
Open button. It can be closed by
clicking the Close button, or closing the

EEE maset] | |

On-line Analysis window. o

o 1 { S /00 Pt 111

#iStart] [irbox - Mooso. | WP (32) | #Deiphi 7

7.2.1. Adding Measurements

To create a waveform measurement plot, select the required
measurement type from the Measurements list, the the recording
channel to be measured from the Chan. List and click the Add to

Plot button.

If you want to erase the measurements list, click the Clear
Measurements button. To clear the plot (but not the measurement

list) click the Clear Plot button.

7.2.2. Measurement cursors

The pair of linked vertical cursors C1 and C2 define the
region within the recording sweep within which the peak
amplitude is calculated. They should be placed to include
the waveform of interest, but exclude any stimulus or other
artefacts within the recording sweep.

The CO cursor defines the baseline level preceding the
waveform of interest. Peak and Cl1 and C2 cursor
measurements are made relative to the signal level at CO
when the at CO cursor zero level option is selected, OR
relative to the ‘z’ horizontal zero level cursor when the at
Z cursor option is selected.

— Zerm Level

{* at CO cursor
" atZ cursor

— Curzors

Points Avg. I 10

439.76]

Wm

S00p

v |

|/ i |- IR | S

Meazurements
IHise time [+] j
Chan. Iﬁ.,.-'m - I

I 1111 IO 1] S

cl el

0'mz

o

The number of points averaged to determine the signal levels at the CO, C1 and C2 cursors is

set by the Points Avgd. box.
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7.2.3. Measurements

Measurements

Peak (+), Maximum positive amplitude within the region of the recording sweep
defined by the C1-C2 cursors.

Rise time (+) Time taken for signal to rise from 10% above pre-waveform baseline

level to 90% of maximum amplitude. (The CO cursor is used indicate
baseline level and should be placed before the rise of the waveform.)

Rate of Rise (+)

Maximum rate of change during rise from baseline level to maximum
amplitude.

Peak (-) Maximum negative amplitude within the region of the recording sweep
defined by the C1-C2 cursors.
Rise time (-) Time taken for signal to rise from 10% above pre-waveform baseline

level to 90% of minimum amplitude. (The CO cursor is used indicate
baseline level and should be placed before the rise of the waveform.)

Rate of Rise (-)

Maximum rate of change during rise from baseline level to minimum
amplitude.

Peak (abs)

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

Rise time (abs)

Time taken for signal to rise from 10% above pre-waveform baseline
level to 90% of Peak (abs). (The CO cursor is used indicate baseline
level and should be placed before the rise of the waveform.)

Rate of Rise (abs)

Maximum rate of change during rise from baseline level to Peak (abs)

Cursor.1

Average signal level at C1 cursor position..

Cursor.2

Average signal level at C2 cursor position.
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8. Creating stimulus protocols

To create a stimulus protocol file, select T — —
L] .-I-.I
Setup :._w:—::”-' _

Stimulus Protocol Editor

to open the stimulus editor module. Two voltage ol : ot
waveform output channels (DACO & DACL) are ' N
available and 4-8 TTL digital pulse channels
(depending on laboratory interface hardware). A
diagram of the output waveforms appears in the
Waveform display box.

8.1. Building a stimulus protocol

To create a stimulus protocol, first click the New button to create a blank protocol.

The first stage in building a stimulus protocol is to define the number, duration and timing of
the recording sweeps to be contained in the protocol. To set these parameters, click on the
icon

'Rwe‘cunurud'ing Sweep |j :|

to display the recording sweep - gacording sweep
parameters table. Imerval between sweeps 1500.00 ms M
Duratian 120000 ms |

The Interval between recording

. . Mo, of waveform repetitions 1
sweeps entry sets the time interval .
L . Holding Waltage (DACO) -50.00 mv
between successive recording sweeps :
Holding Yoltage (DACT) 0.00 my

within the protocol.

External stimulus trigoer &MY (M

The Duration entry sets the duration
of the sweep. (Note. Sweep duration must be at least 200 msec shorter than the interval
between sweeps to allow time for records to be written to the data file.)

The Number of waveform repetitions entry sets the number of times that a sweep is to be
repeated with the same stimulus waveform.

The Holding voltage (DACO) and Holding voltage (DAC1) entry sets the holding voltage to
be used between waveform sweeps during the execution of a protocol for the DACO and
DACL1 voltage output channels. (This value overrides the default holding voltage set in the
Seal Test module and Default Settings options).

The External Stimulus trigger (Y/N) entry allows the stimulus program to be triggered by
an external TTL pulse instead of the internal timer. When set to Y, the Interval between
sweeps entry is ignored and the stimulus program begins when a TTL pulse is received on the
External Stimulus Trigger Input (See laboratory interface card connections tables in section
1)
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8.2. Creating a voltage stimulus waveform

Waveforms are constructed by dragging waveform elements from the Toolbox and dropping
them into the selected voltage channel output list. (DAC Output 0 or DAC Output 1)

CAC Output 0

CAC Qutput 1

A single output voltage waveform can consist of up 10 separate elements. The amplitude and
duration for each element is defined in its parameters table which can be made to appear by
clicking the element. An element can be one of 6 types :

8.2.1. Rectangular voltage pulse of fixed size

Il

This is a simple pulse, which does not vary in amplitude and duration between records. It has
3 parameters.

o Initial Delay defines the delay period before the pulse begins.

o Amplitude defines the pulse amplitude (mV).

o Duration defines the duration of the pulse.

This element can be used to provide series of stimuli of fixed size or, in combination with
other elements, to provide fixed pre-conditioning pulses.

8.2.2. Family of rectangular pulses varying in amplitude

1=
This is a rectangular voltage pulse whose amplitude is automatically incremented between
recording sweeps. It has 5 parameters.
o Initial delay defines the delay period before the pulse begins.
e Start at Amplitude defines the amplitude of the first pulse in the protocol sequence.
¢ Increment by defines the increment to be added to the pulse amplitude between records.
o Number of increments defines the number of steps in the sequence.

e Pulse duration determines the duration of the pulse.

This element is typically used to explore the voltage-sensitivity of ionic conductances, by
generating records containing the whole-cell membrane currents evoked in response to a
series of voltage steps to different membrane potentials.
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8.2.3. Family of rectangular voltage pulses varying in duration

—+

m

This is a rectangular voltage pulse whose duration can be automatically incremented between
recording sweeps. It has 5 parameters.

o Initial delay defines the delay period before the pulse begins.

o Amplitude defines the amplitude of the pulse.

e Pulse duration determines the duration of the pulse.

e Increment by defines the increment to be added to the pulse duration between records.

o Number of increments defines the number of steps in the sequence.

This element is most commonly used as a variable duration preconditioning pulse in 2 or 3
step protocols for investigating inactivation kinetics of Hodgkin-Huxley type conductances.

8.2.4. Series of rectangular voltage pulses

i

This is a train of rectangular voltage pulses of fixed size. It is defined by 5 parameters
o Initial delay defines the delay period before the series of pulses begin.

o Amplitude defines the amplitude of each pulse in the series.

e Duration defines the duration of each pulse.

e Pulse interval (within train) determines the time interval between pulses.

o Number of pulses defines the number of pulses in the series.

This element can be used to produce a series of stimuli to observe the effect of repeated
application of a stimulus at a high rate. It can also be used to produce a train of pre-
conditioning stimuli for a subsequent test waveform.

8.2.5. Voltage ramp

_l/L

This element produces a linear voltage ramp between two voltage levels. It is defined by 4
parameters

o Initial delay defines the delay period before the series of pulses begin.
e Start at amplitude defines the voltage level at the start of the ramp.
o End at amplitude defines the voltage level at the end of the ramp.

¢ Ramp duration defines the time taken for the voltage to slew between the start and end
amplitudes.

Voltage ramps provide a means of rapidly generating the steady state current-voltage
relationship for an ionic conductance. (Note that, the ramp generated by the computer is not
truly linear, but consists of a staircase of fine steps. These steps can be smoothed out, by low-
pass filtering the voltage stimulus signal before it is fed into the patch clamp.)
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8.2.6. Digitised analogue waveform

It

Digitised analogue waveforms which have been previously acquired by WinWCP (or

synthesised by another program) can be used as a waveform element.

To insert a digitised waveform into the protocol:

1) Select the source of the waveform and copy it to the Windows clipboard. Waveforms may
be copied from a WinWCP signal record (using the Edit/Copy Data menu option) or from

a spreadsheet or similar program.

2) Drag a digitised analogue waveform icon from the toolbox and drop it into the protocol

list.

3) Insert the waveform into the protocol by clicking the

Paste |

button. The waveform appears in the waveform display and its data points appear in the

parameters table.

The parameters table consists of:

o Initial delay defines the delay period before the series of pulses begin.

e A list of data points for the analogue waveform. The waveform can be altered by

modifying this list.

There are a number of limitations when using the digitised waveform element.

a) Only one digitised waveform element is permitted per protocol.

b) Digitised waveforms must consist of less than 1000 data points.

c) The sampling interval of the digitised waveform must be greater than 0.1 msec.

d) If digitised waveforms are created with a spreadsheet, the data points must be formatted
as a pair of columns containing time (msecs) in the first and amplitude (mV) in the

second. E.g.
To Vo
T Vi
...etc

8.3. Creating a digital stimulus pattern

Digital stimulus patterns control up to 8 digital output lines (Digital
O/P 0-7). Digital stimuli can be controlled simultaneously with the
voltage stimulus.

To create a digital stimulus pattern, drag a digital stimulus element
from the Toolbox and drop it into the selected digital output channel.

Digital QiP 0
Digital 2P 1 [ T ]
Digital 2P 2 [ T |
Digital 0P 3 [ ]
DigitaloPa [ ]
Digital iP5 [ T |
Digital WP B [ T |
Digital 2P 7 [ T |
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There are 3 digital stimulus elements.

8.3.1. Digital pulse (fixed duration)

LU

TTL
oy NN

This produced a digital pulse on the selected output line of fixed duration. It is defined by 4
parameters.

o Initial delay defines the delay before the start of the pulse.

e Increment delay by defines the amount that the delay is incremented by between
recording sweeps.

e Duration defines the duration of the digital pulse.

e Invert Signal defines whether the digital pulse is an OFF-ON or an ON-OFF pulse. If set
to No, the digital line is initially OFF (0V) and switches to ON (5V) during the pulse. If
set to Yes, the digital line is initially ON (5V) and switches to OFF (0V) during the pulse.

The digital pulse element can be used to switch open or close valves controlling the flow of
solutions over a cell. Multiple digital outputs can be used to simultaneously open one valve
while another is closed.

8.3.2. Family of digital pulse (varying in duration)

TIL
n

This produced a digital pulse on the selected output line, with a duration which is
incrementable between records. It is defined by 5 parameters.

Initial delay defines the delay before the start of the pulse.

e Starting duration defines the duration of the first pulse in the protocol.

e Increment by defines the amount that the duration is incremented between records.

e Number of increments defines the number of increments in the protocol. (Note that, if
there are any voltage waveform elements in use within the protocol, the number of
increments defined here must be the same.)

e Invert Signal defines whether the digital pulse is an OFF-ON or an ON-OFF pulse. If set

to No, the digital line is initially OFF (0V) and switches to ON (5V) during the pulse. If
set to Yes, the digital line is initially ON (5V) and switches to OFF (0V) during the pulse.
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8.3.3. Train of digital pulses

=
TTL

qnn_

This produces a series of digital pulses of fixed intervals and of fixed duration. It is defined by
5 parameters.

Initial delay defines the delay before the start of the first pulse in the series.

o Pulse duration defines the duration of the each pulse in the series.

o Inter-pulse interval defines the time interval between pulses in the series.

o Number of pulses defines the number of pulses in the series.

o Invert Signal defines whether the digital pulse is an OFF-ON or an ON-OFF pulse. If set
to No, the digital line is initially OFF (0V) and switches to ON (5V) during the pulse. If
set to Yes, the digital line is initially ON (5V) and switches to OFF (0V) during the pulse.

This element can be used to apply a rapid train of stimuli to a cell.

8.4. Command voltage divide factor

Most voltage and patch clamp amplifiers divide down their command

voltage input signals by some factor. Enter the scaling factor into the

DAC Div. Factor box. WinWCP uses this factor to scale the stimulus

voltage output to the voltage output channel to obtain the correct voltage DAC1 |50

at the cell. (NOTE. The voltage divide factor values are set automatically
when an amplifier supported by WinWCP has been selected. See 5.2.8)

CAC Div. Factors
DAC O | An

8.5. Recording Sweep Trigger Pulse

Trigger Pulse Sets the polarity of the trigger pulse used to synchronise the start of a
recording sweep with a stimulus protocol and seal test pulses. This trigger pulse is produced
on D/A output channel 1 (DAC1). When Trigger Pulse is set to Normal, a 1 msec, active-low
pulse TTL is produced (i.e. the DACL output is at 5V and drops to 0V for 1 msec to trigger
the recording sweep). When Trigger Pulse is set to Inverted a 1 msec active-high pulse is
produced.

NOTE. The Inverted Trigger Pulse option is provided to allow the DAC1 output to be used
to synchronise external devices (e.g. stimulators) which require an active-high TTL trigger
pulse with the start of the recording sweep. Otherwise the setting should not be changed from
Normal. It should be noted that a stimulus protocol with TTL digital pattern outputs will only
work with the Normal trigger pulse setting when using CED 1401 series interfaces.

8.6. Leak subtraction

A protocol can be programmed to add digital leak subtraction records by selecting the P/N
mode option. When this option is set, a series of additional sweeps are generated for each
record defined in the protocol, using an inverted and scaled down version of the command
voltage waveform. A digital average is obtained from these records and stored as a “LEAK”
record, along with the basic “TEST” record.
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“LEAK” record and division factor by altering the values in | &P made div. by
the boxes shown. The default values are 4 leak records with | = "ene
voltage waveform divided by —4.

Note that subtraction of the “LEAK” from “TEST” records is done using the leak subtraction
module. (See section 13 for details.)

You can change the number of pulses used to compute the Feak Subtraction

8.7. Protocol linking

Recording normally stops when the requested sequence of records
within a protocol is completed. Protocols can, however, be linked |’Linktﬂ nesd FJrDTDEDl—‘

together by selecting a protocol from the Link to next protocol j
list, so that on completion of the first protocol, control is
transferred to the linked protocol.

8.8. Saving and loading stimulus protocols

When you have created a stimulus protocol, you = mmecs
: | filo by cliohin e e T ]
can save it to a protoco yC g e = &) &
As button to get the Save Stimulus Protocol # oo e Dingw Digwow
1 P mY pulse.vpr E igpulse vpr B igTest70.vpr
dlalog bOX. | @f\s.v:rp P :\ggipzsi Sﬂfmvpr Eiglra:?ﬂgﬂms
7 aAvramp.vpr d\gtest.vpr jdiest.vpr
QCARDk\rvpr DigTzsilAtDvpr Drepulszvpr |
f[ aCARDramp ¥R DigTestls.vpr Ptrain.vpr o
Stimulus protocols are stored as files with VPR = |4 | mll
file extensions, in the directory, C:\ "o [EETTEEETETEE s
\WanCP\VprOt\ T Save as type: IVnIlage Protocal [vpr] j Cancel

Protocol files can be re-loaded into the Stimulus Generator for editing, by clicking the Open

button, and selecting a protocol file from the list presented in the Load Stimulus Protocol
dialog box.

8.9. Stimulus protocol examples

A number of example protocols are installed in the vprot folder when WinWCP is installed.

Steps.vpr A family of 12 depolarising, 500 msec duration, voltage steps, ranging
from 10 mV to 120 mV.
TailCur.vpr A family of 2-step pulse protocol for recording tail currents. A 500 msec

pre-pulse, followed by a 60 mV, 50 msec duration test pulse. The pre-pulse
steps from 10mV to 120 mV. The recording sweep is of 70 msec duration
and begins 10 msec before the test pulse.

Ramp.vpr A voltage ramp, slewing from =100 mV to +100 mV over a period of 1 sec.
Ap.vpr A digitised action potential waveform.
Digpulse A digital stimulus program controlling digital outputs 0 and 1. Dig.0 is

OFF initially and pulses ON for a period of 50 msec, after a delay of 100
msec. Dig. 0 is ON initially and pulses OFF for 50 msec.
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9. Viewing digitised records stored on file.

To view signal records stored in a data file, select
from the menu.

View
Raw records

to open the record display module.

Each record in the file can be displayed and |«
measurements made of the signal levels within | ‘oo e [
each channel using a movable cursor. The | @i !

displayed record (or superimposed groups of | I '
records) can be printed out. Records can be

assessed for the presence of interference other artefacts and marked as rejected, or assigned
with particular record types.

Daopa

9.1. Selecting and displaying records

Each record in the data file is numbered in the sequence that it was Recird

recorded. Records can be selected for display using the selection bar ' ||Rec. 8i18

to move back or forward through the file. You can jump directly toa | [4] o ]
record by entering its number into the record number box above the

selection bar. (You can also use the Ctrl+Plus and Ctrl+Minus keys to step forward or
backwards through the file.)

To superimpose (up to 200) records on the display, select

View
Superimpose Traces

to disable automatic display erasure. (Selecting the option again re-enables auto-erase.)
9.2. Magnifying the display

The magnification of each plot can be | .up:
expanded to display a selected region by
moving the mouse to the upper limit of the
region, pressing the left mouse button, i
drawing a rectangle to indicate the region
and releasing the mouse button.

32084

The vertical magnification and location of [ ... 2473

the displayed region within the recording can also be adjusted using the A + — ¥ buttons
at the right edge of each plot. The horizontal magnification and location can be adjusted using
the €4 + — P buttons at the bottom edge of the display window.

Individual channels can be added/removed from the display by clicking the M / & button at
the left edge of each channel. The vertical area of the display devoted to each channel can be
adjusted by dragging the top/left edge of each channel Y axis up or down.

You can set all channels back to minimum magnification by selecting

View
Zoom Out (All)



9.3. Printing records

To print the records displayed on the screen, select

File
Print

To open the print record dialog box.

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

The type face used to print text can be selected from
the font name list and the type size entered into the
font size box. The thickness of the lines used to draw
the signal traces can be set using the line thickness
box.
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Time 40ms [prial =]
l;m 0. Size [12 pts
tm
Line Wyickth IQ pts
Show zeto levels v
Use colour o
Show [akels I
FPage Margins
Lett Righit
|5.0cm |5.0cm
C 1
Llﬂl Top Bottom
|5.U cm |1U.U cm

Vertical and horizontal calibration bars are added to the plot to indicate the units and scaling
of the plotted signals. You can define the size of the bars by entering values into the

calibration bars table.

The position of the zero level for each plotted trace is indicated by a horizontal dotted line.
Zero levels can be disabled by un-checking show zero levels. Plot labelling can be disabled
by un-checking the show labels check box. The use of colours within the plot can be disabled

by un-checking Use colour.

When all plot parameters have been set, click the OK button to initiate printing.

9.4. Choosing a printer and output format.

To choose a printer and to select the paper format, select

FI Ie Prinf Setup [7]x]
. i~ Printer
Prlnt Setup Hame: Broperties
to open the print setup dialog box. B
where: “hSirath_pharmscitq_sibsd14a1

A printer can be selected from the list of currently e
. - . . —Paper Oriertation
installed printers. The orientation of the plot on the e R e
page can be selected as either portrait or C CT— P
landscape.

Cancel |
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9.5. Rejecting flawed records

Digitised records cannot all be assumed to be perfect. Consequently, the visual inspection of
records, and the elimination of flawed records, is an important part of the analysis process. If
automated waveform measurement procedures are to be applied, a mechanism is required for
excluding flawed records from the analysis.

Checking a record’s rejected box marks a record as being flawed.
Rejected records are excluded from automatic waveform, curve
fitting, signal average or leak subtraction calculations. (Note.
Pressing the Ctrl+R key combination is a quick way of toggling the rejected check box on and
off.)

[ REejected

9.6. Classifying records

Records can also be classified according to the type of signal that Type TEST j
they contain, by selecting a type from the record’s type list box.

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

The EVOK, MINI and FAIL types are used in the quantal analysis of synaptic currents or
potentials (see section 15) to indicate whether a record is a nerve-evoked, spontaneous, or a
nerve-evoked/transmission failure event. (Note. Types can be selected quickly using the
Ctrl+T, Ctrl+L, Ctrl+E Ctrl+M, Ctrl+F keys.)

TEST and LEAK are used in the digital leak subtraction process (see section 13), and used to
distinguish, respectively, normal records, containing voltage-activated currents, and records
containing leak currents to be scaled and subtracted from the TEST records.

TYPL, TYP2 and TYP3 are general-purpose, user-defined record types.

9.7. Cursor measurement of signal levels

To measure the signal at any point on the displayed record, use the mouse to drag
the verticalreadout cursor to the desired part of the trace. Fine positioning of the
cursor can be achieved by pressing the <~ or — arrow keys with the mouse
pointer over the selected cursor.

The signal level of the trace(s) at the cursor position is displayed at the bottom of ok
each channel. Time measurements are made relative to the start of each record
and (in brackets) relative to the location of the t=0 cursor. Signal levels are
measured relative to each channel’s horizontal zero level cursor. N S —

Cursor measurements can be written to the WinWCP log file by clicking the
Save (F1) button. The Centre Cursor button places the readout cursor to the
centre of the displayed region.

=20 E5. 9998 my'
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9.8. Zero levels
The signal zero level for a channel can be defined in either of two ways. In From record

mode, it is computed as the average level from a defined portion of each record. In Fixed
mode, it is fixed at a level defined by the user and does not vary from record to record.

9.8.1. From record mode

If you want to compute the zero level from a portion of the signal record
itself; # Zeto level modes— [
a) Move the mouse pointer over the horizontal zero level cursor of the | fmrec

channel you want to change. (The mouse pointer turns into an

Mo, averaged
up/down arrow.) -

b) Slide the mouse pointer horizontally until it overlies the region of the  Fized Level

Level

record which is to be defined as the zero level.

c) Click the right-hand mouse button to open the zero level dialog box. or | _cancel |
d) Select the From Record option.

e) The zero level is computed, for each record, from the average of a series of (default=20)
samples starting at the sample indicated in the At sample box. If you want to change the
number of samples averaged to compute the zero level, change the value in the No.
averaged box.

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

Choose the from record mode when you want to measure transient signals, which are
superimposed upon a baseline level which may be varying from record to record. Synaptic
currents such as endplate currents or excitatory postsynaptic currents in neurons typically fall
into this category.

9.8.2. Fixed mode

If you want fix the zero level at a constant value to be used for all

records in the file:
a) Move the mouse pointer over the horizontal zero level cursor of the

channel you want to change. (The mouse pointer turns into an -+ | Zemlevelmodes | [*

up/down arrow.) ¢ From Recors
sample
b) Hold down the left mouse button and drag the zero level cursor
vertically until it is at the desired level. Mo, averaged
c) Click the right- mouse button to open the zero level dialog box. e
d) Select the Fixed option. The vertical position of the fixed baseline is
indicated (in A/D converter units) in the Level box. You can set the i

zero level by entering a value. | Cancel |

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

Choose the fixed mode when you want to make measurements relative to a fixed absolute
level. Fixed mode is typically used for the membrane potential measurements in voltage/patch
clamp studies of voltage-activated current. (Note. Entering a value of zero into the Level box
sets the zero level to the true zero voltage level for the channel)
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9.9. Copying records to the Windows clipboard

The displayed signal record(s) can be copied to the Windows clipboard in a variety of formats
— a data table, an image, a WinWCP data record.

9.9.1. Copying data values

Each signal record consists of an array of A/D converter sample values. A table of data values
for the active display record can be copied to the clipboard by selecting

Edit

Copy Data

The data is placed on the clipboard as a table, containing the scaled values for each sample in
the record, in the measurement units defined for each channel. The table is stored in tab text
format, allowing the data to be copied into programs such as spreadsheets and graph plotting
packages, using an Edit/Paste command. (Note that due to limitations in the capacity of the
Windows clipboard data points may be skipped to keep the size of the copied record within
clipboard storage limits.)

9.9.2. Copying the displayed image.

The signal record(s) on the display can be copied to the clipboard as a bit mapped image by
selecting

Edit

COpy Image — Calibration Bars — [ Typeface
Time 50 ms fprial =]

to open the copy image dialog box. 1 ::n S22 poere ||

The dimensions of the bit map, which will hold the image, Line e [2 picels

can be set using the width and height image size boxes. The Seon sl ¥

more pixels used in the bit map the better the quality of the Showlkels [V

image. Calibration bars, zero levels and text font, size and Image size

- - - H Wyicith

m:gtglckness can be set in the same way as for a printed I o W

When the image parameters have been set, click the
OK
button to copy the image to the clipboard.

9.10. Smoothing the displayed records

displayed signal. To enable to filter, select a cut-off frequency 2048.0 Hz j
from the Low pass filter list.

A digital low-pass filter algorithm can be used to smooth the (anpagg filter

The low pass filter set in the display module also acts upon the records in waveform
measurement, curve fitting and other modules. (Note that the record on the data file is
preserved, filtering takes place when the record is read from the file.)
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10. Automatic measurement of signal waveforms

The automatic waveform measurement module provides a means of automatically making
series of standard measurements on the digitised signals. Ten basic amplitude and duration
measurements can be made on each channel and stored with each record. The results for each
record are displayed on screen. In addition, sets of measurement variables can be plotted
against each other, or compiled into histograms. A summary report showing mean value and
standard errors for the measurement sets can also be produced.

10.1. Preparation for waveform analysis

If the results of an automated measurement procedure are to have meaning it is essential to
ensure that the data supplied in the signal records are of good quality, i.e. free of artefacts or
other imperfections. Each record in the data file to be analysed should therefore be visually
inspected, using the record display module (see section 9) and rejected if it contains an
artefact. This is a time consuming, but essential, process.

10.2. Making waveform measurements

After the records in the data file have been validated, select

. WP : Ci\dete \EMC bacay. wep
Analysis R T T T

Measure Waveforms

(Rt v k| pissogrem | Scmmary | T |
Fowcond

to open the waveform measurement module Com— M,
| {\“’fhm_
el P ey V\br'

|
The module is split five functional sections %”‘*“ l
(pages) accessed by clicking on the page tab. Cann ||
|
|

o7

| ¥ Plot | Histogram I Sumtmary | Tables |

-l

The Analysis page is used to set up the 3
parameters of the waveform analysis and —
initiate the automatic measurement SEQUENCE,  sws| s —in | sl e | G| mya [Bw ] ws | o i) r | @al S8 s

which generates a table of measurements.

=

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

The Summary page presents a summary (mean, standard deviation, etc.) of the measurements
for the series of records analysed.

The Tables page is used to create tables of results.
10.3. Running a waveform analysis sequence

The first stage in the measurement process is to define and run a waveform analysis sequence
on a selected series of records.

1) Select the Analysis page by clicking on its page tab.

2) Define the range of records to be analysed, by selecting All Records to | ./ .
analyse all records, or This Record to analyses only the currently | ¢ This record
displayed record, or Range and enter a range of records.  Range

3) Select the type of records to be measured by selecting an option from the
Type list. Select ALL to measure records of any type (except rejected
records).




4)

5)

6)

7)

8)
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Set the peak finding mode. Select absolute to define the peak value as the largest
absolute (i.e. positive or negative) deviation from the record zero level. Select positive to
define the peak value as the largest positive deviation. Select negative to define the peak
value as the largest negative deviation. (Note. Absolute mode should be used for I/V
curve measurements where both positive- and negative-going signals may be found in the
sequence of records being analysed.)

Set the rate of rise mode to select the differentiation algorithm (Forward Diff.,
Quadratic(5) and Quadratic(7)) used to calculate the maximum rate of signal rise.

If want the rise time to be measured over an interval other than the standard 10%-90%
range, enter a new range in the Rise Time box.

If you want to change the % decay for the T.x% decay time, enter a new value into the
T.x% Decay Time box.

Define the analysis region for each channel by using the pairs of vertical cursors
superimposed on the display. The analysis region defines the range of samples used to

compute the average and integrated signal level, and searched to find the peak value.

9) To begin the analysis of selected range of records, click the Do Analysis button.

On completion of the analysis, the measurements for each

Results

record appear in the Results table. — m
Graup 1
Time 1=
Average 184 nd,
10.4. Measurement variables = =
Record The sequence number of the record within the data file.
Group The number of the group to which the record belongs (used by leak
subtraction module).
Time (s) The time, relative to the first record in the file, that the record was acquired.
Average The average signal level within the analysis region.
Area The integral of the signal level within the analysis region.
Peak The peak (absolute, positive or negative, depending in peak measurement
mode used) signal level within the analysis region.
Variance The variance of the signal within the analysis region.
Rise Time The time taken for the signal to rise from 10%-hi% (10%-90% default) of
peak. (time units)
Rate of Rise The maximum rate of rise during the rising phase of the signal.
Latency The time delay between the zero time cursor and the point at which the
signal has risen to 10% of peak.
T.X% The time taken for the signal to fall from its peak value to X% (set by user)
of peak.
T.90% The time taken for the signal to fall from its peak value to 10% of peak.
Baseline Signal level, computed from the zero level measurement region, but
measured relative to true zero levels of input channel.
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10.5. Plotting X/Y graphs of measurement variables.

The X/Y Plot page can be used to create graphs of the measurements obtained from the
analysis run. Any measurement variable from any channel can be plotted against any other as
a'Y vs X graph. To plot a graph:

1) Select the X/Y Plot page by clicking on B ——————
its page tab. p———

sy AN Pt e | Summary | Tatses |

Fncess m

2) Define the variable to be plotted on the X | =
axis, by selecting it from the X Axis | &5 .

variable and channel lists. frecc 31
[enom =] L
3) Define the variable to be plotted on the Y | == = o
axis, by selecting it from Y Axis variable 4 -
and channel lists. = e

4) Click the New Plot button to plot the v ] o] ol e B i ]l sk e RN

graph.

10.5.1. Customising the graph

If you want to alter the X or Y axis range, scaling or labels,
click the X Axis Y fixis

= Automati & Aut
Set Axes ('."Manual ('."Manual

Min. | Min. |
button to open the Set Axes Range / Labels dialog box. e, g T

Tick Tick

Scals li@mﬂ Seals fifnea—rll
Axis limits and tick spacing are initially set to default values - ‘XL:;Z'S_Hmd
based upon the range of the data. You can change the axis |, .. frremorma
limits by entering new values for into Min, Max. and Tick

(spacing) boxes for the X and Y axes. K | 5 e

. . . R R | Ml ¥ Markers
An axis can be made Linear or Logarithmic by selecting the
option from its Scale list. Labels for the X and Y axes can be =~
entered into the Labels boxes. A type face can be selected for the plot from the Font list and
its size defined in the Point Size box. The graph can be plotted as a line, unconnected
markers, or both, by ticking the Lines, and/or Markers tick boxes.

10.6. Classifying records by waveform measurement criteria

The Filter Records option can be used to automatically

— Match criteria Result on match

categorise records as particular types (see 8.6), or rejected € all Records

—I‘:“._et record status —
from analysis, based upon waveform measurements. To | [, -
classify the records in a data file :- [ecod =] ||| - Setrecordivpe—

ch “iver ]
. . . - [choim =]
1) Click the Filter Records button to open the Filter <= Upper it

Records dialog box. N O
== Lower limit Cancel
O —Cance |
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2) Define the record Match criteria. (a) Click the Variable radio button and select the
measurement variable to be used as the record matching criterion from the variable list.
(b) Select the input channel for the variable. (c) Define the range of acceptable values by
entering appropriate values into the Upper Limit and Lower Limit entry boxes.

3) Define the Action to be taken when a record matches the filter criterion. To set the record
type classification, tick the Type box and select (TEST, LEAK, EVOK, MINI, FAIL,
TYPL, TYP2, TYP3) from the list. To set the record status, tick the Record status option
and choose Accepted or Rejected.

4) When the Apply button is clicked, of all records in the data file which match the criterion
set by (2) are set to the type and/or status defined in (3).

10.6.1. Printing the graph

To print the displayed graph, select
i — Typeface ———— [ Page Margins

File [tial =l teft [50cm

Print Pairt Size |12 ots | 1] Hoet W

To open the Print dialog box. You can set the size of  ~jcc @ [500m

the graph on the page adjusting the Left, Right, Top S 7 1t Battom 10,0 orn

and Bottom page margin settings. Click the OK
button to plot the graph. Il

10.6.2. Copying the graph data points to the Windows clipboard

The numerical values of the X,Y data points which generate the graph can be copied to the
clipboard by selecting

Edit

Copy Data

The data is placed on the clipboard as a table of X,Y data pairs in tab text format, allowing the

data to be copied into programs such as spreadsheets and graph plotting packages, using an
Edit/Paste command.

10.6.3. Copying an image of the graph to the Windows clipboard

Ap image of the g_raph on display can be copied to the
clipboard by selecting S Typeface | Image Size
IAriaI v[ Wickth :
Edit Faint Size |12 nts HI :;Sﬁpn{els
Copy Image cbines 1 [500 piels
; B ; Line Thickness W
to open the Copy Image dialog box. The dimensions of

the bit map, which will hold the image, can be set using ok | [Eancen
the width and height image size boxes. The more pixels
used in the bit map the better the quality of the image. When the image parameters have been
set, click the OK button to copy the image to the clipboard.
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10.6.4. Fitting a curve to the graph
Linear, single- or double-exponential functions can be fitted to an X/Y graph using non-linear
least squares curve fitting. To fit a curve to the displayed X/Y graph :-

1) Select the type of curve to be fitted from the fitting equations list.
Fit Curve | |'

Exponential

Linear (y(x) =M -x+C ), exponential (y(x)= A-exp(- x/Tau)+ Ss) and two
exponential ( y(x)= AL-exp(— x/Taul)+ A2-exp(- x/Tau2)+ Ss) functions can be
fitted.

2) Define the region within the graph to
which the curve is to be fitted using the «
pair of vertical analysis region cursors. The % o
selected region is indicated by the =

horizontal bar at the bottom of the display. . o i

3) Define the initial starting point of the fitted 5 2' "‘Rm é ;
curve, using the x0 cursor. -

4) Click the Fit Curves button to start the curve fitting
process. The initial parameter guesses are displayed in |- Paramsters
the Set Fitting Para_meter_s dialog box. If you wantto |, ,W“;fd I_Fi;fd
keep a parameter fixed (i.e. not changed by curve | [ —r
fitting process) tick its Fixed box. You can also change [s= [z [ I
the initial parameter guesses, if they appear to be [ r [ r
unrealistic. Click the OK button to fit the curve. —

Cancel |

The best fitting curve is superimposed on

the X/Y graph (in red) and the best fit ™

equation parameters are displayed in the %mn

Curve Fitting table, along with the =<

parameter standard error, the residual 4

standard deviation (between the fitted and N - B

data points), statistical degrees of freedom o T T T T

in the fit, and the number of iterations it Recard

took to find the best fit.

0 | ®=3
¥=18.29 n&

y=A%exp(-¥Tau) + 55
A=T16+- 472 (sd) nA
Tau=1.279+- 0112 (sd)
Gs=17.95+- 1.7 () n&




WIinWCP V4 User Guide 58

10.7. Plotting histograms of measurement variables.

The Histogram page can be used to create frequency histograms of waveform measurements,
representing the frequency of occurrence of different values within the total set of
measurements. It is compiled by splitting up the range of possible values into sets of adjacent
bins, counting the number of individual measurements falling within each bin, then plotting
the bins as rectangular bars, whose height indicates the number of measurements, and position
on the X axis indicates the range of values in the bin.

To plot a histogram :-

1) Select the Histogram page by clicking on its page tab.

— Histogram ——
2) Select the waveform variable from which the histogram is to be |Pea:é:3;n8| :|'
generated from the variable and channel list boxes. Im
3) Enter the number of histogram bins in the No. of bins box (max. Ha. bins [ 50
1024). Range
Liawwer ID
4) Enter the range of variable values which are to be included in the Upper [15
histogram, from the lower limit in Lower box to the upper limitinthe /| = fecerage
Upper box. [ Cumulative

5) If you want the histogram bar height expressed as a percentage of the
total number of records tick the Percentage option.

6) If you want a cumulative histogram tick the Cumulative option.
7) Click the New Histogram button to compile and plot the histogram.

For example, the histogram, shown on the
right, shows the distribution of peak

amplitudes for a series of 200 simulated =
endplate currents (see section 19.1). It | ]
consists of 50 equal-sized bins over the ]
range O to 15 nA (i.e. a bin width of 0.3 ™
nA). The height of each bin represents the “

number of records containing a signal with ! T T
a peak amplitude falling within that bin i Pt n
range.

304

10.7.1. Customising histograms

If you want to alter the X or Y axis range, scaling or labels, click
the - X Axis Y Axis

" Automatic * Automatic

" Manual " Manual
Set Axes Min.M 0 : Min.M 0 :

Max. |15 Iz, | 3p

button to open the Set Axes Range / Labels dialog box.

Tick [3 Tick [

R R R ; R . Scale Im.l Ecale ) inear ,I
Axis limits and tick spacing are initially set to default values | -tabes

based upon the min.-max. range of the data. You can change the | *** inresda [
axis limits by entering new values for into Min, Max. and Tick ||
(spacing) boxes _for the X and _Y axes. An axis can be ma}de ok | H o
Linear or Logarithmic by selecting the option from its Scale list. = == ' ruiborders [ ]
Labels for the X and Y axes and a title for the plot can be entered
into the Labels boxes.

The style of rectangle used to plot the histogram bins can be changed using the Bin Style
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options. Select No Fill to display bins as rectangular outlines, Solid Fill to fill the bins in with
a solid colour, and Hatched Fill for bins filled with a diagonal lines. You can define the
colour used for the solid fill, by clicking the Colour box, and selecting a colour from the
palette. The Full Borders check box determines whether the outline is drawn completely
around each bar, or just where bars do not overlap.

10.7.2. Printing the histogram

To print the displayed histogram, select face— Page Margins =
_ fia =] |t [soem
:::,Irlient Poirt Size lm Right |5.D o
—Lines—————— T W i
To open the Print dialog box. Click the Print button to || tneThiskness [3 pis Botion [ 100 cm || |

plot the graph.

| _Cancel |

10.7.3. Copying the histogram data points to the Windows clipboard

The numerical values of the X,Y data points which generate the histogram can be copied to
the clipboard by selecting

Edit
Copy Data

The data is placed on the clipboard as a table of data values, in tab text format, defining the
histogram. There are 4 values per row, and one row for every bin in the histogram. Each row
has the format

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

10.7.4. Copying an image of the histogram to the Windows clipboard
An image of the histogram plot can be copied to the

: :

clipboard by selecting ~Typeface | [ Image Size

. |mm| v[ WREDY
Edit o I 800 pixels
Copy Image PoitSize [12 pis ||| o

- - L e [

to open the copy image dialog box. | TneThiotness [2 pts 200 et
The dimensions (pixels) of the bit map, which will hold OK | LEANEED

the image, can be set using the Width and Height
image size boxes. The size and style of the typeface can be set using the Typeface and Size
boxes.

When the image parameters have been set, click the OK button to copy the image to the
clipboard.
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10.7.5. Fitting gaussian curves to the histogram

Gaussian probability density functions, representing the distribution of discrete populations of
events, can be fitted to a histogram using non-linear least squares curve fitting. The number of
events expected to be found in each histogram bin for a distribution represented by a mixture
of m gaussians is given by

0 £t onf L)

where N is the total number of events (records), w is the histogram bin width and each

gaussian, i, is defined by three parameters, its mean, L;, standard deviation, o; and the fraction
of the total number of events, a;, contained within it.

To fit a gaussian curve to the displayed histogram :-

1) SeA%%EJQIeS number of gaussian functions (1, 2 or 3) to be fitted from the equations list.

Fit Curve |

2) Define the region within the histogram to
which the curve is to be fitted using the
pair of vertical analysis region cursors.

The selected region is indicated by the UE 8 wln " Iy
horizontal bar at the bottom of the Im Peak(a) na
display. e

3) Click the Fit Curves button to start the curve fitting — —
process. The initial parameter guesses are displayed in  =raameters

the Set Fitting Parameters dialog box. If you want to Fhied Fixed
keep a parameter fixed (i.e. not changed by curve fitting | I—w F |_| ::
process) tick its Fixed box. You can also change the |,_. lzé—" s
initial parameter guesses, if they appear to be —r —r
unrealistic. Click the OK button to fit the curve.
OK |
Cancel |
The best fitting curve is superimposed on
the X/Y graph (in red) and the best fit = ™|
equation parameters are displayed in the = *7 M
Curve Fitting table, along with the 01
parameter standard error, the residual 15 - L
standard deviation (between the fitted and 10
data points), statistical degrees of ol
freedom in the fit, and the number of .
iterations it took to find the best fit. 6 : ‘L‘me@ R 2 s
%‘ v = Pkrexpl-0-Mean)2/(2*50°2) ) =
EETN | Fexbpihirraitinhe j
Femcunl 5523132 o
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The Summary page displays a summary report containing the mean values and standard
errors for the records, which have been analysed.

To display the summary of results,

*~ Waveform Measurements (Recordings) !Em
1) Se|eCt the Summary page by anaysis | v Piot | Histogram Summarv'Tsmes|
- - - ~ Records ean . Dey, rrar Min, an. n;
clicking on its page tab. T Foworg  [1056 ores Taoes 1Tz a0
Tyne lﬁ Group 100.5 57.68  4.093 1 200 200
2) Select the channel to be ommge iy {1014 oaro amesi vaier 10 [ 0]
summarised from the Channel list. ] onne T Tivs foroz 2 1ol
. i o V?rianca(nA"Z) 511 0.6051 0.05693 2681 7.336 20C
3) Select the variables to be included = au R iR i 3051|3451 2| 7175 5558 0]
in the summary by ticking or un- | igamme e LS SRR 0 G
ticking the appropriate variable tick || Zima [ rmom s v
bOX g;‘:‘zgm; Baseline (n& 000358 0.3206 0.02267 -0.857¢ 0.835¢ 200
)  Latency
. . ¥ T.50%
A table like that shown here will be 4
displayed. F feseine
10.9. Tabulating lists of results
The Tables page is used to display lists of measurements in tabular form.
To display lists of data
B . . Waveform Maasuramants (Recordingz) [_[O] ]
1) Select the Tables page by clicking on its tab. =~ *lumlssalm =]
e | e ]
2) Define one or more data columns by double- ) =ll| Y H— TS
clicking on the top row of the selected PR /T R T BT
column to get the Set Variable dialog box. ’ - -
E=—=l|  — —
Set Variable
|Recnrd j|
chom = 9K | s .

and select the variable to be listed and the channel from which it is obtained.

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

File
Print

To copy the report or table to the Windows clipboard, select

Edit
Copy Data
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11. Curve Fitting
11.1. Introduction

The curve fitting module allows a number mathematical functions to be fitted to digitised
signal waveforms. A mathematical model consists of a general equation representing the time
course of the signal (or part of the signal) under study. For instance, the decay of many
signals (e.g. endplate currents) can be represented by an exponential function

f(t) = Aexp(‘—;)

where A is the amplitude of the signal and t is the decay time constant. Expressed as above,
the equation is quite general applying to any signal, depending on the values of the parameters
Aandr.

In order to determine whether the equation actually does provide a good model of the signal
decay it is necessary to find the parameter values which provides the best match (or fit) of the
theoretical curve to an actual signal. This can be done using the process know as iterative
curve fitting. Starting with initial guesses for the parameters, the theoretical curve is
compared with the experimental data points, the parameters are adjusted to try to improve the
fit, and the process is repeated until no more improvement can be obtained.

The quality or goodness of the fit between theoretical curve and the data is determined from
the sum of the squared differences (S) between a set of n data points, y(i) (i=1..n), and the
theoretical curve, f(i), computed at the same sample time points, i.e.

5= ((0)- ()

The best fit is found by repeatedly computing S, at each iteration adjusting the equation
parameters using a strategy to minimise S. The best fit parameters are the ones which yield a
minimum value of S. WIinWCP uses a modified Levenberg-Marquardt least squares
minimisation algorithm (the SSQMIN routine, developed by Kenneth Brown at the University
of Cincinnatti). (A more detailed discussion of curve fitting algorithms can be found in
Chapter 6 of Dempster, 1993.)

2

11.2. Fitting curves to digitised signals

To open the curve fitted module, select
AnalySiS F!:::lmmllhkwmlnmnlrmnl
Curve Fit R fn
The module is split 5 functional sections Lae
(pages) — Curve Fitting, X/Y Plot, Histogram, —
Summary, Table - accessed by clicking on the £ s
page tab. =il

T .m _I n::‘?‘ =0

Fit Curves |>{NP|nt| Histngraml Summan.rl Tables' i
S e
W] |14 8 0 | Eeine | | = e[ wewer fCwun | Bl el aee nE

The Fit Curve page is used to select the
region of the signal and equation to be fitted and initiate the curve fitting process.

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

The Summary page presents a summary (mean, standard deviation, etc.) of the measurements
for the series of records analysed.

The Tables page is used to create tables of results.

11.3. Running a curve fitting sequence

The first stage in the curve fitting process is to select an equation and run a curve fitting
sequence on selected parts of a series of records.

1)
2)

3)

4)

5)

6)

7)

8)

Select the Curve Fit page by clicking on its page tab.

Select the equation to be fitted to the record(s). - Analyse
DoFit | _nbort |

Select the channel containing the signal trace to which the curve is

to be fitted, from the Ch. list. — Recards
i Al records

Define the range of records to be analysed, by selecting All Records " This Record
to analyse all records, or This Record to analyses only the currently " Range
displayed record, or Range and enter a range of records. [1-200

Select the type of records to be measured by selecting an option || [cnom =]
from the Type list. Select ALL to measure records of any type || e [al =]
(except rejected records). ;

Select Manual or Automatic Data Cursors mode. In manual mode,

the region within the signal to which the curve is to be fitted is set E?*hﬁagﬂr;m
manually using a set of 3 cursors on the display. In automatic mode, | ., (.
the curve fitting region is set automatically.

If you have selected Automatic Data Cursor mode, select On Rise, 5 a5
On Decay or Rise+Decay, to determine whether the cursors are to be Himits
placed on the rising phase, decaying phase, or complete time course
of the signal waveform. Then enter the levels on the waveform where the cursors are to be
placed in the Limits box. (Default setting is 10-90%, placing the cursors at 10% and 90%
of peak amplitude on the selected phase)

If you have selected Manual Data Cursors
mode, define the curve fitting region by using

three vertical cursors — two (blue, marked |) \\M
define the region to which the equation is to be

fitted, the third (green, marked t0) defines
where the zero time points for the equation is.

(Note that the choice of fitting region depends
upon the kind of curve being fitted. Sometimes,
only part of the signal is chosen, such as when
an exponential curve is to be fitted to the decay phase of the signal. In the example shown
here, the fitting region cursors have been placed on the decay phase of an endplate
current. Zero time (t0) has been defined at the onset of the signal.)

51.10

t=0
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9) If you wish to change the initial values for the
equation parameters, or fix some parameters so Parameters

they do not change during the fit, click the Fixed Fixed
c 01z7ns | T r

Set Parameters 5 Y = S0

Tau 10amsz | [ I L

. . r = |5

button to open the Set Fitting Parameters dialog - I

box. If you want to keep a parameter fixed ata set | = ok | ]

value, enter the value into the appropriate
parameter box and click the Fixed check box.

10) When all curve fitting settings have been made, click the
Do Fit
button to initiate the curve fitting sequence.

The iterative curve fitting process now begins. The SSQMIN routine iterates through a variety
of trial parameter sets, until no more improvement can be obtained. The number of iterations
are displayed as fitting progresses. The best fit is usually found within 10-20 iterations.
Fitting is aborted if the process has not converged to a suitable answer within 100 iterations,
and can also be aborted by clicking the Abort button.

11.4. Curve fit results

For each record fitted, the best fit curve is ==

. . . FILCUNSS | s Pion | Histogram | Sumeany | Tabies |
indicated by a red curve superimposed on the

blue signal trace.

A residuals trace is shown below indicating the
difference between the fitted curve and the
data.

The parameters of the best fitting equation are
shown in the Results table, along with the
parameter standard error, the residual standard
deviation (between the fitted and data points),
statistical degrees of freedom in the fit, and the number of iterations it took to find the best fit.

11.5. Plotting and tabulating results

X/Y graphs, histograms, summaries and tables of the best fit equation parameters can be
produced using the X/Y Plot, Histogram, Summary and Table pages of the curve fitting
module. These options are identical in function to the corresponding pages in the waveform
measurement module and are therefore not repeated here. (See sections 9.5- 10.7 for details of
their use.)
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11.6. Equations
Straight line y(X)=M -x+C
Exponential ()= A ( —X ) c
X)=A-exp| — |+
(general) y p Tau

Decaying Exp.

X) = A-expl —
y(x) p Tau]

>

2 Exponential
(general)

y(x) = Al-exp T—j+A2-exp( —X )+C

>

2 Decaying Exps.

y(x) = Al exp(_—xj +A2. exp( —X j

3 Exponential

y(x):Al-exp(_—X}LAZ-exp( —X j+A3-exp( —X j+C

3 Decaying Exps.

y(x) = Al eXp(T——Xj +A2. exp( —X j+ A3-exp(_—xj

Endplate current

_05-A. X=x0)) o (x=x0)
y(x)=0.5-A (1+erf(TauR n exp( TauD j

The endplate current rising phase is modelled by error function and the
decay with an exponential function.

H-H (K) X P
X)=A-|1-exp| —
y() ( p( TauM n
The time course of activation of a voltage-activated current with
Hodgkin-Huxley kinetics
H-H (Na)

Y00 = A'(l—exp(—ﬁn (H inf—(H inf—l)eXp(——TaﬁH D

The time course of a current with voltage dependent activation and
inactivation following Hodgkin-Huxley kinetics (e.g. sodium current).
(Note. It is assumed that, initially, the activation parameter, m=0 and
inactivation parameter, h=1.)
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11.6.1. Assessing the quality of a curve fit

Iterative curve fitting is a numerical approximation technique, which is not without its
limitations. In some circumstances, it can fail to converge to a meaningful answer, in others
the best fit parameters may be poorly defined. It is important to make an assessment of how
well the function fits the curve before placing too much reliance on the parameters.

11.6.2. Does the chosen function provide a good fit to the data?

One assessment of the goodness of fit is to compare the variance of the residual differences
between the best fit function and the data with the background variance of the signal. If the
function provides a poor fit to the data, the residual variance will be significantly greater than
the variance of the random background noise on the signal. The distribution of the variance as
displayed in the residuals plot is also important. Deviations should be randomly distributed
over the fitted region of the record. If the fitted line is consistently higher than the data points
in some parts and lower in others this indicates that the signal is not well represented by the
chosen equation.

11.6.3. Are the parameters well-defined?

The aim of most curve fitting exercises is to obtain a well-defined set of function parameters
(e.g. exponential time constants) which characterise the part of the signal being fitted. The
standard errors of the best fit parameters provide an indication of this. A large standard error
indicates that a parameter is poorly defined by the data and can be varied significantly with
little effect on the goodness of fit. Such a situation typically arises when there is insufficient
information contained in the signal waveform to adequately define the function. For instance,
in the case of exponential functions, the waveform data must be of sufficient duration to
contain at least one time constant of the exponential function before an accurate estimate can
be obtained. Similarly, it proves difficult to accurately estimate the time constants of multiple
exponential functions when they differ by less than a factor of 5.

It is worth noting that the parameter "standard errors" discussed above are computed from the
Hessian matrix by the curve fitting program, and are not true estimates of experimental
standard error since they take no account of inter cell or other variability. In addition, they
only provide a lower bound to the estimate of the standard error in parameter value. It can be
shown (by simulation) that, if the random noise on the experimental signals is correlated, then
the variability of fitted parameters may be substantially greater than suggested by the
computed parameter standard error. The error in parameter estimation can be a complex
function of the parameter values and the signal-noise ratio of the data. It is therefore wise to
test the curve fitting procedure using simulated waveforms with known parameters set
spanning the range of values likely to be observed in the experimental data.

11.6.4. Are all the parameters meaningful?

It is also necessary to discriminate between functions, which fit the data equally well. For
instance, the question often arises as to whether one, two, or more, exponential functions are
needed to fit a signal waveform. It is usually obvious from the residual plot when a single
exponential does NOT provide a good fit. However, when a single exponential does fit, two
or more exponentials will also provide a good fit. In such circumstance, it is usual to choose
the function with the least number of parameters, on the principle of parsimony. An excess of
function parameters also results in the some of the parameters being ill-defined with standard
errors values often larger than the parameter values themselves.

A more detailed discussion of the above issues can be found in Dempster (1992) and (2001).
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12. Signal Averaging

12.1. Principles of signal averaging

Many electrophysiological signals have poor signal-noise ratios, making it difficult to obtain
accurate measurements from individual records. However, if a signal can be made to occur
repeatedly, digital signal averaging techniques can recover the signal waveform from the
background noise.

The signal average of a series of records is generated by computing the average of each
corresponding sample within the records. For a set of N records, consisting of samples, yj,
(i=1,n) the average record consists of n samples, and is given by.

Avg = %gyi 12.1

The location of signals within the record sometimes varies from record to record, due to
imperfections in the detection of spontaneous signals or fluctuations in stimulus latency. In
such circumstances, averaging corresponding sample points within the record would result in
a distorted signal average. This problem can be avoided by aligning the signals by the mid-
points of their rising phases before averaging.

12.2. Creating signal averages

To compute signal averages from records stored in a

digitised data file, select i [
. : »
Analysis Tyve [N =]
Signal Averager I Rejected
- Awerage
to open the signal averager module. —
o[ M
. In blocks of | 2n0 —
To create the averages: oe ]| T
Alignment mode
1) Specify the range of records to be averaged by | [fedemn SF| 10
entering the first and last records, separated by a “- ' '

“, in the range box.

2) Enter the number of records to be included in each average in the in blocks of box. (Note.
The default settings produce a single average record from all the records in the data file.)

3) You can restrict averaging to a specific type of record by selecting a type from the type
list. Select ALL to use records of any type (except rejected records).

4) Set the alignment mode. Select No alignment if the position of the signals do not vary
within the records and alignment is not necessary. If alignment is necessary, select on
positive rise for positive-going signals and on negative rise for negative signals.

5) Set the alignment search region cursors. If records contain stimulus artefacts, it may be
necessary to restrict the region of the record which is searched for the signal mid-point, in
order to avoid the averages being aligned using the artefacts rather than the true signals.
The alignment search region is set by moving the two vertical cursors on the display to
define the beginning and end of the region containing the signal.
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6) To create the averages, click

Do Averages

The averaging process now proceeds. An additional digitised data file is created to contain the
average record(s), with the same name as the original data file, but with a ".AVG" file
extension rather than ".WCP".

12.3. Viewing averaged data records

On completion of averaging, the record display module is opened to show the average
records. You can switch the display back and forth between the averages 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.
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13. Digital subtraction of leak currents

lonic currents recorded using the voltage clamp technique are usually composed of a variety
of components, mediated by different ionic channels (e.g. Na, K, Ca, Cl etc.). In order to
study a particular current in detail, it is usually necessary to eliminate all the other currents
from the signal. This is often done using pharmacological agents, such as TTX to block Na
currents, TEA to block K currents, etc. However, even when such blocking agents are used,
there often still remains some residual current in addition to the one under study. This current,
is known as the leak current. It usually displays linear time-independent properties. In some
circumstances, the leak current is very small and can be ignored. However, in others it can be
as large as the currents under study, complicating the analysis of the signal waveforms unless
it is removed.

Although the leak current cannot be removed pharmacological, its linear properties permit a
digital subtraction approach to be used. The current signal can be considered to consist of 3
components

L) =1.()+ L)+, 12.1

where lj(t) is the time-dependent, voltage-activated, ionic current under study, I is the leak
current, and I(t) is transient capacity current due to the charging and discharging of the
membrane capacity. I¢(t) and Ijk are always present in the signal, and scale linearly with the
size of the voltage step. However, lj(t) only occurs for voltage steps to potentials which
activate the voltage sensitive ion channels. The Na current, for instance, is only evoked by
depolarising voltage steps to potentials more positive than -60mV. It is possible to obtain a
record, containing only leak and capacity currents, by using a hyperpolarising voltage step (or
a small depolarising step)

I (t)=1.(t)+]1, 12.2

Scaling this record to account for the differences in the size and/or polarity of the voltage
step, and subtracting it from the test record, effectively removes the leak and capacity
currents.

1L(t) = 1,(t) - Is(t)% 123

Since the scaling up of small subtraction records also scales up the background noise, it is
usual to average several subtraction records before, scaling and subtracting. It is also possible
to average the test records. WinWCP uses the following general algorithm

(1) =%Z 1, (t)+ Nv\t/ D) 12.4

s j=1

where M is the number of test records averaged and N the number of subtraction records.
13.1. Recording protocols for leak subtraction.

One of the most commonly used leak subtraction protocols is the P/N protocol, developed by
Bezanilla & Armstrong (1977). For each depolarising test pulse, there are N additional
subtraction pulses, evoked by hyperpolarisng pulses 1/Nth the amplitude of the test pulse.

WIinWCP's stimulus generator can be configured to produce the necessary sequence of test
and leak subtraction recording sweeps, by selecting the P/N Mode leak subtraction option
(see section 8). This causes the stimulus generator to produce additional scaled down and
inverted stimulus pulse waveforms for evoking the linear leak currents without the voltage-
activated currents. The leak current recordings are averaged and stored in a record marked as
a LEAK type. The test record is marked as TEST type record. The TEST record, with its
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associated LEAK record, are collected together in a group (i.e. they have the same group

number).

13.2. Subtracting leak currents

To subtract the leak currents from a [EIEE L i =lolxl

data file More | sam

_ T 1| o
1) Open the leak current subtraction Twwe [TesT ] mz*‘ ********* i S
module by selecting I_G“:”J“E v
— Average 159.99)
AnalySiS Do Subtraction |
Leak Current Subtraction Bbort L e e
‘Yoltage channel v _j \_

2) Select the channel containing the  cyeschamel A e e
cell membrane potential from the |[orom =] o= 8888 s
Voltage Channel |ISt RangelT ’76 From group ’76 From voltage ’7(3' licap + I{eak)

= From whole file ("Fixedlu— ) l{leaky
.. Save Leak records

3) Select the channel containing the =
cell membrane current from the Current channel list.

4) Select the source of the Leak records. If records are grouped into LEAK/TEST record
pairs, select From Group (This option should be used for P/N protocols). If the LEAK
records are not grouped with the TEST records, select From whole file. (Whole file mode
is used when one or more records at the beginning or end of a data file are to be used as
LEAK records. Note that these records will have to be manually classified as LEAK).

5) Set the current Scaling mode. Select From Voltage to use the ratio between the TEST
and LEAK voltage pulses as the current scaling factor (default). Select Fixed if you wish
to use the fixed scaling factor, entered in the box below. (Fixed mode is required when
the record does not contain a voltage channel.)

6) To subtract both capacity current and ionic leak current select the I(cap) + I(leak) option.
To subtract ionic leak current only, select I(leak). (The I(leak) option produces subtracted
records with lower background noise, but does not remove capacity current transients.)

7) If you have selected the From Voltage scaling mode, use the Vye: and Vygg display
cursors to define the measurement points on the voltage trace used to compute the voltage
scaling. Vo is placed over the holding voltage level and V+e is placed over the mid-
point of the test voltage. (An average of 20 samples around each measurement point is
used to compute the voltage levels.).

8) Select

Do subtraction

To initiate the leak subtraction process.

For each group of records, the LEAK and TEST records are averaged, scaled and subtracted,
using equation 12.4. Each group is condensed down to one leak-subtracted record that is
stored in a .SUB file with the same name as the data file. These records can then be displayed
and analysed using the View Records, Waveform analysis, and Curve fitting modules, by
selecting

View
Leak subtracted



WIinWCP V4 User Guide 71

14. Non-stationary noise analysis

The non-stationary noise module analyses the random fluctuations in the decay of ion channel
currents, providing an estimate of single-channel current and total number of channels in the
fluctuating population. For a cell containing a population of n ion channels, each capable of
passing a current i, the mean whole cell current, I(t) is,

I, (t)=i-n-p(t) 13.1

where p(t) is the probability of a channel being open at time t. The variance, o(t), of the
current fluctuations, at time t, about this mean is,

a?(t)=i?-n-p(t)-(1- p(t)) 13.2

These two equations can be combined to provide a relationship between o?(t) and I(t),
. (t)
(t)- a0 133

The single-channel current, i, and number of channels, n, can thus be calculated by fitting the
above parabolic function to a plot of ¢*(t) vs I,(t) during a current transient where p(t) is
changing.

Im(t) can be computed as the average current of a series of transient current records, repeated
M times all evoked by the same stimulus,

iyj(t)

1, (t)= v 134
The variance, o“(t), at each sample point, t, can similarly be computed from

M

Z(yj (t)_ Im(t))2
o?(t)=2= 135

M -1

The method was developed by Sigworth (1981) for voltage-activated Na currents. It has also
been used to study the fluctuations during the rapidly desensitising currents induced by high
concentrations of acetylcholine (Dilger & Brett, 1990). With modification it can also been
applied to synaptic currents. The basic non-stationary variance approach assumes that the
only source of variance arises from the fluctuations of the ion channels that carry the current.
However, synaptic current amplitude can fluctuate due to both ion channels and quantal
size/content variation. Traynelis et al (1993) found a way round this problem by scaling the
amplitude of the average current to the peak amplitude of each signal before the subtraction in
Egn. 13.5, thus compensating for the quantal variation. This approach does have limitations
and it is worth reading De Koninck & Mody (1994) if considering using the scaling approach.

To compute the single-channel current and number of channels from a series of ionic current
transient :-

1) Collect a series of 100-200 records containing the transient signal under study.



WIinWCP V4 User Guide 72

2) Select e T
N3 LF
Analysis " _:ﬁ‘i;\
Non-stationary noise analysis L Vg, !
to open the non-stationary variance analysis ¢
module.
3) If there is more than one input channel, select the
channel containing the current signal to be

analysed from the Channel list.

4) Current signals are displayed (blue) superimposed upon the average current (red) for the
selected range of records in the upper panel of the display. The residual difference
between the each record and the average is displayed in the lower panel.

5) [Optional] To use a specific record type only, change the Type list from ALL to the
selected type (TEST, LEAK, EVOK, MINI, FAIL, TYP1, TYP2, TYP3).

6) Select the All Records option to use all records of the selected type. To use a sub-range
only, Select Range and enter the range of record in the box.

7) When synaptic currents are being analysed, select the Scale to Peak option to scale the
average current to the peak amplitude of each current record before the subtraction to
produce the residual variance. Select No Scaling if the unscaled average is to be
subtracted.

Im

8) [Optional] If the start of each signal varies significantly from record
to record, it can be re-aligned with average current before subtraction
to produce the residual. Set the Alignment mode to On Positive \MN‘
Rise for positive-going signal and On Negative Rise for negative =
signals.

9) Select the region of the signal waveform (the decay phase in the case
of synaptic currents) to be used in the o®(t) vs In(t) plot, using the iy
analysis region cursors.

10) Click the X/Y Plot tab to switch to the X/Y Plot page. 000ms

11) To plot a c*(t) vs In(t) curve, select Mean e
from the X Axis list and Variance from the = ' :
Y Axis list, then click the New Plot button. St |

12) To fit Eqn. 13.3 to the curve, (a) select the  vas
region of the graph to fitted, using the >
analysis region cursors, (b) select Parabola
from the curve fitting list, (c) click the Fit
Curve button, (d) set the initial parameter
guesses (optional) and click the OK button.

The estimated single-channel current (lu) and
number of channels (Nc) are displayed in the
curve fitting results box, along with an estimate of the background variance (\Vb), unrelated to
channel activity.
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15. Quantal analysis of transmitter release

The quantal analysis module can be used to estimate the quantal content of neuromuscular
nerve-evoked endplate currents or potentials, and other forms of synaptic signal, using the
either the direct method, variance method, and method of failures. In circumstances where
both evoked and spontaneous miniature events are available, transmitter release parameters, n,
(number of available quanta) and p, probability of release, is calculated using binomial
analysis.

15.1. Quantal content (direct method)

If the data file contains both evoked and miniature signals, the direct method of calculating
guantal content can be used.

QCdirect = AVg(Peakevoked)
AVg( I:)ea'kmini )

This is the most accurate method for calculating quantal content.

141

15.2. Quantal content (variance method)

It is not always possible to record the miniature synaptic signals, which represent single
guanta. In such circumstances, it may still be possible to calculate quantal content from the
variability of the evoked signal
2
— Avg(Peakevoked )
Var(Peak,,,., )—Var(Background)

QC 14.2

This method is dependent upon the assumption that the number of quanta released follows a
Poisson distribution. This will only be the case when the probability of release is very low
(i.e. p < 0.1). Since large errors can result if this condition is not satisfied, results using the
variance method should be treated with caution.

15.3. Quantal Content (failures method)

If the quantal release probability is very low, a nerve stimulus may occasionally release no
quanta at all, resulting in intermittent failures to evoked post-synaptic signals. Again using the
assumption of a Poisson distribution controlling release, the quantal content can be calculated
from

QC, = Ioge(—Nstimuli 14.3

failures
15.4. Binomial analysis

The transmitter release process can often be modelled as a pool of n quanta available for
release, with each quantum having a probability, p, of being released when the nerve is
stimulated. If both evoked and spontaneous signals are available, it is possible to calculate
estimates for n and p, on the assumption that the number of quanta released per stimulus
follows a binomial distribution.

AVg {Peakevoked }2
n=
AVg {Peakevoked } AVg {Peakmini }_Var{Peakevoked }

14.4
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— AVg(Peakwmw)

= 145
n- /\\IEJ(F)eEiknﬂni)

15.5. Correction for non-linear summation of potentials

Unlike currents recorded under voltage-clamp conditions, synaptic potentials do not summate
linearly. Therefore the size of the synaptic potential is not directly proportional to the number
of quanta released. However, given certain assumptions, it is possible to correct for the effects
of non-linear summation using the eqgn.

Peak = PeaK e 14.6

1-f -Peak,, . - (V, -V.)

evoked

where Peakg,oreq 1S the measured peak amplitude of the evoked synaptic potential, V, is the
cell resting potential, V, is the reversal potential for the post-synaptic ion channels, and f is a
correction factor for the effects of the cell membrane time constant on synaptic potential
amplitude. (A discussion on non-linear summation and its correction can be found in
McLachlan & Martin, 1981).

15.6. Quantal content calculation procedure

The following procedure can be used to calculate the quantal content of a series of synaptic
currents or potentials, which have been recorded and stored in a digitised data file.

1) Using the record display module, inspect each record in the data file and classify it as
being either a nerve-evoked signal, EVOK, a spontaneous miniature event, MINI, or (in
experiments where the probability of transmitter release is low) a nerve stimulus which
has failed to release any quanta, FAIL. (You should also mark any records containing
artefacts as REJECTED.).

2) Use the waveform measurements module to calculate the waveform parameters for ALL
of the records, with the intention of measuring the signal peak amplitude (Take care to
exclude the nerve stimulus artefact).

3) Select

[ Analysis -
I
Close

 Poisson
= Binomial

Analysis
Quantal Content

— Record Range —
& All records
" Range

to invoke the quantal analysis module.

I
2}
=
=

Chichaim |+

l

1) Select the type of analysis. Choose Poisson
if there are no MINI records available and
the transmitter release probability IS | G.emeer
expected to be low. Otherwise choose || Fentsnie

voked event -
Type |TEST -

i

Blnomlal i Usger entered
Amplitude *ﬁucde »
2) Enter the range of records to be used in the 3 e | Chomas poontsl _ potental _ Fartar
1 somv_JJomv [0

analysis. Select All records if you want to
use all records in the file, or select Range
and enter a range of records.

3) If there are several channels in the signal record, select the channel which contains the
signals to be analysed, from the Ch. list.

4) Evoked events. Select the EVOK record classification type, used to indicate stimulus-



5)

6)

7)
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evoked signals, from the Type list.

Quantum events. If the file contains miniature events, select the Events in file option
and select MINI from the Type list. If there are no miniature events in the file, but you
know what the quantal signal amplitude is, select User entered and enter the average
peak amplitude of the spontaneous miniature signal into the Amplitude box, and the
standard deviation of peak amplitude in the Standard Dev. box

Analysis mode. If the signals being analysed are currents, recorded under voltage-clamp
conditions, select the Currents option. If the signals are potentials, select the Potentials
option, and enter the cell resting potential and the reversal potential of the synaptic
conductance into the Resting potential and Reversal potential boxes. This data is used
to apply a correction for the non-linear summation effect. The Correction factor should
be left at the default value (1) unless the appropriate factor for the synapse under study is
known.

Click the Do Analysis button, to begin the quantal analysis sequence.

The analysis procedure scans through the

data file, calculates the mean and _A”[‘;'L"i',fa,ys,s | | [puantal Anaiysi
1 Evoked currents (n=300)
variance of the peak amplitude of the || ciose | Mear = 3 99 mit
signal records, uses these to obtain || croisson Standard deviation = 1.44 nfs
estimates for the quantal content, and _ © Binomal Spontaneous miniature currents (n=10)
displays the results in the report window. || & | [Mean =098 na
A play £ th | Ip_ Yo ggllrecords Standard deviation = 0.0543 nA
copy of the quantal analysis report is || © Ranee
R - R Cluantal tent = 3.32 (direct method
also written to the log file. uantal content = 5,52 (drect methoc)
. Ch. _ChDIm J Binomial Analysis
(Note that you can test the operation of | __ === Release Probabilty =0.339
. ool s1Ze = 4.
the quantal content analysis module . [evox ]
using simulated endplate currents or | =guanumeen—
potentials, generated by the synaptic | ©FEvenisinfle
' ' ' ion | ™ee
signal simulation module. See section |
19 1 ) " User entered
T Amplitude — Mode
| & Currents ) )
- Rest R | c 1
ey, | | PrUENES p;tir:rt]igl p;t\;enrt?:l F:crtroerc .
— S| CXE
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Synaptic current driving function analysis

The synaptic current driving function is a measure of the rate of evoked release of transmitter
at a synapse. If the time course of decay the post-synaptic current is known, the driving
function can be computed using a deconvolution process. More details of the method can be
found in Dempster (1984). WinWCP’s driving function module can be used to compute the
driving function from synaptic current records, such as endplate currents.

To carry out a driving function analysis :-

1)

2)

3)

4)

5)

6)

7)

8)

9

Record a series of stimulus-evoked synaptic currents.

Use the signal averaging module to create an average synaptic current from the set of
raw records.

Use the curve fitting module to fit an exponential function to the decay phase of the
averaged synaptic current. Fit the function from around 95% - 5% of the decay phase,
excluding the 5% around the peak where the
transmitter is still being release.

.~ Driving function analypsis
1 - Record

To open the driving function module, select ] [res 1310
j | T
. 1| I Reiected
Analysis feee ] ’\\___
Driving Function 1| o ranstorms || ™

i fibort
If there are several channels in the record, ch. [cnoim =]

Range

select the channel containing the signal to be || Gaiewoms || ome [ | ssms

" This record

transformed from the Ch. list. 11|  Range ~ Equation

m el -Tau )
Set the range of records to be transformed.

7 Par. | Decorwolution | Reconvolution
1 Tau
Select All Records for all the records in the ] Feling potentl é

i Potentials

- . . 9| [-920 mY¥
file, This Record for the currently displayed | t.m
record only, or select Range and enter a |/L®™ - oo parametore mwod

range of records into the box.

Enter the cell holding potential (in mV) that the currents were recorded at, in the Holding
Potential box, and the reversal potential of the post-synaptic current, in the Reversal
Potential box. (The driving function is expressed in units of conductance/unit time. The
holding and reversal potentials are required to convert from current to conductance).

The time constant computed by the curve fitting module in step (3) is used to deconvolve
the current signal. If you wish to use the same time constant for all records (rather than
using the individual value computed from each record), select the Keep parameters
fixed option.

The basic deconvolution process computes a driving function, which represents the rate of
change of post synaptic conductance induced by the release of transmitter. It is also
possible to reconvolve this driving function with a different post-synaptic current decay
function to generate the waveform of the synaptic current that would have existed under
these new conditions. If you wish to create a simulated current, select the Reconvolute
waveform option and enter the new time constant in the Reconvolution column.

10) Click the Do Transforms button to begin the deconvolution process.
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Driving functions are created and stored in a driving function data file (DFN extension) and
can be viewed by selecting Driving Functions from the View menu to display them in the

record display module.

The driving function (b) computed from a simulated endplate current (a) is shown below.

(@)

T
20nA
1.0ms
(b)
Im
T
20uS/s 1

1.0 ms
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17. Editing digitised signal records

The record editing module can be used to make modifications to the digitised signal records
stored on file. The position of signals can be shifted vertically or horizontally within the
records, inverted or scaled in amplitude. Regions of the record containing stimulus or other
artefacts can also be blanked out.

To modify the digitised signal contained in a |G BEIE]
record, select I "

t= s0ms
Im=7 439 nd,

Analysis
Signal Editor

to open the Edit Record module. Records can
be displayed using the Record selection slider
bar.

59,90 ms

| EditOptions

. R Ch-fchoim = gh‘ﬂm =
Select the signal channel to be edited from the g [;: - :
Channel list. e

¥ Scale
0-1.0000 [Scalehﬂ 1

Artefact Removal
Selected Region

0.0977 - 53.3 ms
Blank
onA
Value
Remove Art.

Undo

Select the This Record option to apply editing
operations to the currently displayed record only, All Records to change all records in the
data file, or select Range and enter a specific range of records.

17.1. Shifting the signal horizontally

shifted (in time units) in the X Shift box and click the Left ﬂ 0.00977 ms il

To shift the signal leftwards or rightwards, enter the distance to ’—K Shift
arrow or Right arrow button to shift the signal. o

17.2. Shifting the signal vertically

Enter the distance to shifted (in the units of the selected signal [ T Shift
channel) in the Y Shift box and click the Up arrow or Down | & |[0.00528na | 8 |
arrow button to shift the signal. S

17.3. Scaling the signal.

i i ; Y Scale
Enter the scaling factor in the Y Scale box and click the Scale ’7
By button. (Note. Scaling by -1 inverts the signal). _Scale by |

1.00

17.4. Stimulus artefact removal
— Artefact Removal

Select the region of the signal record containing the artefact using the | Zoccted Region

region selection cursors. The limits of the region to be modified are |'3'-'3'9W'99-B n3
indicated by a horizontal bar along the bottom of the display. Enter the | g IT
signal level to be substituted for the artefact in the Blank Value boX, | wajue |~

then click the Remove Art. button.
Remowve Art.

17.5. Undoing or accepting changes

To undo editing changes, click the Undo button. When editing is complete, close the Edit
Record window to make the changes permanent. Note. Edit Record acts directly on the
digitised signal records and changes made are permanent. It is advisable to make a backup
copy of the original data file before editing.
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18. Datafiles

WinWCP uses its own custom data file format for storing digitised signal records. These files
are identified by the file extension “.WCP” Data can also be imported from and exported to
files in the Axon Binary Format (used by Axon Instruments’ pClamp program) and the
Cambridge Electronic Design CFS (CED Filing System) formats. Data can also be imported

and exported in the form of ASCII text.

18.1.

To load a previously created WCP data file,
select

File

Open

to display the Open File dialog box. Select the

disk drive and folder from the Look In list. A list
of available WCP files will be displayed.

Select one of the file names, then click the OK
button to open the data file for display and
analysis.

18.2. Appending a WCP data file

To append a WCP data on to the end of the
currently open file, select

Opening a existing WCP data file

Loak jn: Ia data j gl

EPC Decay.wep
Leak subtraction test.wep
MI Testwep

Quantal Content Test.wep

testwep
twritch wep
File name: |ﬂ|
Files of lype; I WP Files [*w(CP) j Cancel |
™ Dpen as read-only
Append File

Look jn;

I £ data
ERC Decay wep

Eclf=ilE=

F| Ie Leak subtraction testwcp
A p p en d :fl;etjl Egimm Test wep
To display the Append File dialog box. Select a  # [@rncwes
file (as above) for appending. (Note. You can
only append files, which have compatible record i pame B |
sizes with the same number of channels and | Fiessrume: [Wwir Fies faicr) 2w |
samples per channel.) I~ Open s eadonly

18.3. Importing from foreign data file formats
To import records from a non-WCP data file,
SeleCt Laok jn: |@ data j ﬁl
File e
Import ] Spikes01.abf
To display the Import File dialog box. !
Select the disk drive and folder from the Look
In list. Then select the type of data file to be | Fesne [_geen |
imported from the Files of Type list. A list of Files of ype: [Aon Fles (* DAT ~ ABF] =l Cancel_|
available files in that type are displayed. M=oy
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Select one of the file names, then click the oK button to import the data into a .WCP format
file. (Note that the original file is not changed. A new .WCP format file is created with the
same name as the imported file but with the extension.WCP).

18.3.1. Axon Instruments.

Data files produced by Axon Instruments’ pClamp V5 and V6 programs. The files should
contain episodic data records, such as created by the CLAMPEX program. Axon data files
have a .DAT file extension.

18.3.2. Cambridge Electronic Design

Data files produced by CED’s Voltage & Patch Clamp program, in the CFS (CED Filing
System) format. CFS files have a .DAT file extension.

18.3.3. ASCII text files.

Files with the sample values stored as text in tab X

0 -0.802002

text format. The Data File Import dialog boX |pawsiise oz

0.0005223654 -0.799:3605

allows you to view the format of the data t0 De |ouoosssss  o7assens

0.001644737 03001708

imported and to specify how it should be imported.  |comosse 5o

0.002467105 -0.8056641

— Channels

The data must consist of rows of samples (each | sitte ines o ignore [ W’
row terminated by a carriage return + line feed pair (cmumns.anaramr—‘ o N

of characters ( <cr> <If> ). Channel sample values || ™ © comms © space
within each row can be separated by <tab>, comma [ TimeData
or single space characters. @ Samole times in 1st column

~ No sample times

The number of signal channels in the record to be I Setrecord size
created is determined from the number of columns
in the table, with one of the columns (usually the
first) assumed to contain the time.

- R R R T T IR p—y

[

Time units |zopg vl

The first data row(s) in the table often contain
labels or identification information, which should not be treated as samples. To skip one or
more of these lines, enter the number to skipped in the No. of title lines to ignore box.

Sample times. If the first column in the table contains samples times, select the Sample
times in first column option to derive the sampling interval from the times of successive
rows. Select the units that the time data is expressed in from the Time units list. If no sample
time data is available, select No sample times and enter the sampling interval into the
Sampling Interval box.

No. of time points per sweep. If a sample time column is present, containing time values
incrementing from zero for each separate recording sweep contained the data table, the size of
the WinWCP data record is determined automatically from when time data resets to zero. The
number of data points in each sweep can also be set manually, by selecting the Set record
size option and entering the record size into the box.

Names and units for each channel can be entered into the Channels table.

Click the OK button, to import the data when the import settings are complete.
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18.3.4. Binary data files

If theRaw Binary type of data file being imported does not match any of the known formats,
the import module reverts to its general purpose Binary import mode.

The import module assumes that the data has the general format

File Record Data Record Data
Header Header block Header block

At the beginning of the file, there is a block of file header data which contains the
information on the number of records in the file, size of record, number and scaling of
channels. This is followed by one or more data blocks containing the A/D converter samples.
If more than one input channel has been digitised, samples are interleaved within the data
block (e.g. Ch.0,Ch.1,Ch.2,Ch.0,Ch.1.,Ch.2,...).

The import module can extract the signals from the file. These details of the data file structure
can often be obtained from the user manuals associated with the software, which created the
data files. (Note that the sampling interval and other scaling information is discarded by the
binary import module.) The import settings must be carefully set up to match the
characteristics of the file being imported.

Enter the size of the file header in the File =18l x|
header size box.  File Description ~ Channel
File header size (byles) [p Ch. Mame Unitstoit  Units

. R Mo, of data channelsiscanlg_ 1] - 1]
Enter the number of input channels in the ——— 111 0
No. of data channels / scan box, and the L —

. Float {+ Integer

number of A/D samples per channel in the No.of ssanple [7
No. of scans / record box. e vae [2047
Select the numerical format of the sample Semle [GERE (g
data: Float for 4 byte floating point ¢ msccs ( scca " mins

numbers or Integer. If Integer has been
selected, enter the size of the integer =

number (bytes) in No. of bytes/sample and
the upper limit of the numerical data in Max. Value.

Enter the time interval between adjacent samples within each channel in the Sampling
interval box. Select the units of the time interval from the Time units list.

Names and measurement units for each channel and the scaling factor to convert from integer
value to the measurement units can be entered into the Channels table.

Click the OK button, to import the data when the import settings are complete.
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18.4. Exporting to foreign data files
WCP data files can also be exported a number : :
of data filg formats. To export the currently
open data file, select T
e B
b b

To open the Export file dialog box.

Select the disk drive and folder where the  Fiepame sae |
exported file is to be stored from the LOOK In  savessipe: [ason Fies (.0AT -48F) = Cancel_|
list. The export file name is initially set to the ;

same name as the WCP file, but with a .DAT file extension.

Files can currently be exported in Axon Instruments data file formats.

18.5. Experiment Log file

WinWCP maintains a log file of the operations initiated by the user during the course of
recording or analysing an experiment. The names of data files created or loaded, comments
entered, stimulus programs used, and other events are stored along with the time that the
event occurred. The log file can be used like an experimenter's notebook to keep a written
record of the experiment.

A new log file is opened on a daily basis with a name in the form dd-mm-yy.log and stored in
the WinWCP program directory.

To dls_play the .- Log File C:ADELPHIYWINWCP'23-02-98.log
experimental log, select

_ 7 [09:32:48 WinWCF Started -
File 08:33:26 WinlWCP Started :’

| ]

09:33:40 New file CADELPHMWIMAWCPINASIM wicp
09:33:44 Hodakin-Huxley valtage Clamp Simulation
058:33:44 GMax=10.0n5

058:33:44 GLeak=05nS

- [09:33:44 GSeries=100.0nS5

09:33:44 Cm=10.0 pF

0%:33:44 VRey = 40.0 my "
08:33:44 m* half=-25.0 mY
093344 my slope=10.0mY
09:3344 mTau=1ms
058:33:44 m Power factor= 3.0
09:33:44 h¥ Half=-30.0 mv
09:33:44 h Y. Slope =100 my
08:33:44 hTau=10ms
09:33:48 {16 records)

Inspect Log File

w

L= -

§ s

A

lEL

Close |
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19. Simulations

The simulation modules can be used to generate data files containing simulated waveforms,
with known characteristics, which can be used to test the operation of the measurement and
analysis modules. Three kinds of waveform can be simulated, nerve-evoked EPSCs, voltage
activated ionic currents and spontaneous miniature EPSCs.

19.1. Nerve-evoked EPSCs

The nerve-evoked EPSC module generates a series of nerve-evoked excitatory post-synaptic
currents (EPSCs) or potentials (EPSPs). When the nerve is stimulated a random number of
transmitter quanta are released from a pool of size, n, with each quantum having a probability,
p, of release. The number of quanta released per stimulus follows a binomial distribution. The
EPSC waveform can be made to decay following a single or double exponential function.
Random background noise with a gaussian distribution can be added to the signal. EPSPs can
also be simulated, including the effects of non-linear summation of quantal potentials. To
create a data file containing simulated EPSCs :-

1) Create a new data file to hold the records, by selecting
File
New
and entering the name of a new data file.

2) Open th_e simulation module, by selecting | sr——r—————— =
SImU|atlonS Start Simulation | Im
Nerve-evoked EPSCs ihort | No Resards [15
i Currents " Potentials
. Restingholding - m
3) Enter the number of simulated EPSCs to potenial | 90077 [ n
be created in the No. records box. | Transmier Relsase
Release pool (m) | 40
Release prob. (p) | 0.500

4) Select Currents or Potentials to
determine whether simulated currents or

49,95 ms

. i~ Guantal event properties
potentials are to be created. If you have Amplitude Rising phase Decay phase
selected potentials, enter the resting aikg 207=2) OO || Vo UL
potential  of the cell. in  the | sseom e e
Resting/holding potential box. ")

5) Transmitter release properties. Enter the number of quanta available for release in the
Release pool (n) box and the probability of a quantum being release when the nerve is
stimulated in the Release prob (p) box.

6) Quantal event properties. Set the average peak amplitude of the miniature quantal
current in the Peak box and its standard deviation in the St Dev box. Enter the standard
deviation of the background noise on the signal in the Background noise box.

7) Enter the time constant of the EPSC rising phase in the Tau (rise) box and the variability
of the time between stimulation and the event in the Latency variability box.

8) Enter the time constant of the decay of the EPSC in the Time constant(1) box. If a
double exponential decay is required, tick the Double exponential decay option, enter a
second time constant in the Time constant(2) box, and enter the ratio between the
amplitudes of the two decaying exponential components in the Amp(1)/Amp(2) box.

9) Click the Start Simulation button, to start the simulation run.
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19.2. Voltage-activated currents simulation

The voltage-activated currents module simulates the currents evoked in response to a series of
rectangular voltage steps, using the Hodgkin-Huxley equations. Both activation and
inactivation kinetics are modelled. Two channels are generated, membrane potential and
membrane current. The model also simulates the effects of patch clamp pipette access
conductance on measured currents.

The currents, are modelled by the equation

1=V -V,) Gma{mw ~(m, - mo)exp[%np '[hw ~(h.- h‘))exp(%hD

m

where V is the voltage level to which the cell potential is stepped, V.., is the reversal potential
for the conductance, Gpgx is the maximal conductance, Taup, the activation (m) time
constant, Taup, the inactivation (h) time constant, and p the power to which the activation
parameter is raised, mp and m,, and hy and h, are the initial and final steady-state values of
the activation (m) and inactivation parameter, respectively. (mo and m,, and hy and h,, are
Boltzmann functions of membrane potential. Tauy, Taup, .are bell-shaped functions.)

To create a data file containing simulated voltage-activated currents

1) Create a new data file to hold the
records, by selecting e
File Close | | abort |
New - Valtage protocal
and entering the name of a new reldine alage |0 mv
. Voltage step | 10 my
data file. Mo of steps [2
. .  Leak subtraction
2) Open the simulation module, by & Nane
Selecting © Divide by N
Simulations [ —
. Back d
Hodgkin-Huxley noias (RMS)

Conductance r Activation T Inactivation

3) Enter the voltage-clamp holding o P D
Voltage into the Holdlng VOItage Max. condustance (G.ma®  [10nS Reversal potential (4rev) 40 mv
bOX, the number of simulated Leak conductance (G.Leak) [ 05ns | Activation power factor (i) [ 3
Vo|tage Steps to be created in the Pipette conductance (G.sen [ 100 nS Cell capacity (Cm) [ 10pF
No. of steps box, and the
increment in voltage between steps in the VVoltage step box.

4) If leak subtraction records are to be created, select Divide by N and enter the P/N divide
factor.



5)

6)

7)

8)

)
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Enter the standard deviation of the gaussian background noise to be added to the signals
in the Background noise box.

Select the Conductance properties page and enter the maximum conductance for the
voltage-activated current being modelled in the Max. conductance box.

Enter the reversal potential for the voltage activated conductance in the Reversal
potential box.

Enter the cell’s non-voltage dependent leak conductance in the Leak conductance box.

Enter the access conductance of the patch pipette used to patch clamp the cell in the
Pipette conductance box. (Note that if the pipette access conductance is less than 5X the
cell membrane conductance, then pipette series resistance artefacts will occur.).

10) Enter the power to which the activation parameter, m, is to be raised to in the Activation

power factor box. (Default =3, typical of sodium currents).

11) Enter the cell capacity in the Cell capacity box. This determines the size of the capacity

12) If you want to change the voltage

13) If you want to change the voltage

current artifact at the beginning and end of the voltage step.

sensitivity of the activation Conductance | Activation 1 Inactivation
parameter, m, CIiCk on the m = it - {minf - m.0) * expd -tTaum)

Activation properties page. Enter
the voltage at which the activation || whar vstope [1omy | Tautvhain [ Tms |
parameter is at 0.5 in the V.half
box. Enter the activation time
constant when the membrane potential is at V.half in the Tau(V.half) box. Enter the
voltage sensitivity in the V.slope box (large values = weak voltage sensitivity).

Conductance T Activation T Inactivation

sensitivity of the inactivation
parameter, h, click on the
Inactivation properties page. To
enable the inactivation parameter, Vhal Vsiope [10my | Tauvhad[ 1oms |
check the Inactivation in use box.
Enter the voltage at which the inactivation parameter is at 0.5 in the V.half box. Enter the
inactivation time constant when the membrane potential is at V.half in the Tau(V.half)
box. Enter the voltage sensitivity in the V.slope box (large values = weak voltage
sensitivity).

v Inactivation in use

h = h.nf- {h.inf- h.0) * exp(-tTau.h)

14) Click the Start Simulation button, to start the simulation run.

(The Hodgkin-Huxley simulation can be used to test the leak subtraction module and the
Hodgkin-Huxley functions in the curve fitting module.)
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19.3. Miniature EPSC simulation

The miniature EPSC module generates simulated miniature postsynaptic currents, exhibiting
the stochastic fluctuations associated with the current flow through the population of ion
channels opened by a single quantum of transmitter. The gating of a single post-synaptic ion
channel is represented by a simple 4-state model. Binding of an agonist molecule (A) with
receptor (R) to form an agonist-receptor complex, makes it possible for the channel to shuttle
between a closed state (AR), an open state (AR*) and a closed/desensitised state (ARP).

kbind — AR kopen _)AR* koles —
«—k

A+R ARP

«—k — K,

unbind close
The single-channel current time course is governed by six rate constants — rate of binding and
unbinding of agonist from receptor, (Kying, Kunbing) rate of channel opening and closure (Kopen,
Kciose) @and the rate of entry and exit from the desensitised state (Kges, Kung). The mEPSC is
generated by summing the individual single-channel current time courses, for each ion
channel opened by the brief pulse of transmitter released from each vesicle (time course
represented by a decaying exponential function with a time constant of 10 us. To create a data
file containing simulated mEPSCs :-

1) Create a new data file to hold the records, by selecting
File
New
and entering the name of a new data file.

2)  Open the simulation module, by selecting ! Miniature EPSC [ [O[x]
Simulations Start Simulation Im

Miniature EPSCs S

3) Enter the number of simulated mEPSC records | =™ '™
to be created in the No. mEPSCs box. S ,';DI n

StDev. lg—
Transmitter [ 100 us
4) Enter the single-channel current amplitude for o ms 88501z
- - - - [ Recording conditions | [ lon Channel Modlel
the post-synaptic ion channels in the Unitary || s e o0 [foots-r | [0 [nea
current box. Enter the average number of ion | evsw [e% ) 4vx S gt g b 7 g
- on & Off undind ‘close und
Channe|S aCthated When a quantum Of orit(Max) [0 pa [250 [rono [oasa

transmitter is released in the No. channels box
and its standard deviation in the St. Dev. Box. Enter the transmitter release decay time
constant into the Transmitter decay box.

5) Enter the rates constants which define the ion channel gating properties in the lon
Channel Model boxes. (Note. Models which permit entry into the desensitised state
(Kges>0) produce mEPSCs with biexponential decays. If kqgs =0 monoexponential decays
result.)

6) Enter the standard deviation of recording background noise in the Backg. Noise box. If
low-pass filtering is to be applied to the mEPSC, select the Low-p filter On option and
enter the cut-off frequency in the box. Random baseline drift can be added to each record
by entering a non-zero value in the Drift (Max) box.

7) Click the Start Simulation button, to start the simulation run.
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20. COM Automation Interface

WinWCP implements a COM automation server which allows its recording and seal test
functions to be controlled from VBSCRIPT batch files or from applications such as Matlab
which supports COM automation.

The name of the WinWCP automation object is WinWCP.AUTO and is opened by the
VBSCRIPT command

set WCP = CreateObject(* winwcp.auto™)

20.1. Recording functions

Recording can be started/stopped, data files created/opened and the recording trigger mode
and stimulus pulse protocols selected. The recording methods and properties are listed below.

Recording Methods & Properties

-NewFile(“filename.wcp”) | Method Creates a new data file with the
supplied name

-OpenFile(**filename.wcp’) | Method Opens a pre-existing data file with the
supplied name

.StartRecording Method Starts recording to disk.

.StopRecording Method Stops recording to disk.

-HoldingVoltage R/W Reads/sets the holding voltage (in

Property Volts) applied to the cell. E.g.
WCP.HoldingVoltage = -0.06

.TriggerMode R/W Read/sets the recording sweep trigger
Property mode. “F’=Free run, “E”= External
trigger, “D”= Event Detection, “P”=
Stimulus Pulse.

E.g. WCP.TriggerMode = “F”

-StimulusProtocol R/W Read/sets the selected stimulus pulse
Property protocol.
e.g. WCP.StimulusProtocol = “prot01”

.Status Read Only | Reads the current operational status of
Property WinWCP. (0= idle, 1=seal test running,
2=recording to disk)




20.2.

Seal test functions
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WIinWCP’s seal test function can be initiated via the command interface and used to apply
test pulses to cells and calculate the cell membrane conductance, capacity, access conductance
and pipette seal resistance. These measurements can be read via the command interface while

the seal test is running.

The seal test commands are listed below:

Seal Test Methods and Properties

.StartSealTest Method Displays the seal test window and applies
the seal test pulse.
.SealTestPulseAmplitude | R/W Reads/sets the amplitude (Volts) of the
Property seal test pulse
(e.0. WCP.SealTestPulseAmplitude=
0.01)
.SealTestPulseDuration R/W Reads/sets the duration amplitude (S) of
Property the seal test pulse
(e.g. WCP.SealTestPulseDuration=0.01)
.SealTestSmoothingFactor | R/W Set cell parameters smoothing factor (0.1
Property - 1.0) " 1 = no smoothing, ' 0.1 =
maximum smoothing (equivalent to
averaging over 10 pulses
-Vm Read Only | Reads the most recent cell holding
Property potential (V) measurement, computed by
the seal test.
-Im Read Only | Returns the most recent cell holding
Property current (A) measurement, computed by
the seal test.
.Ga Read Only | Reads the most recent cell access
Property conductance (S) measurement.
-Gm Read Only | Reads the most recent cell membrane
Property conductance (S) measurement.
-Cm Read Only | Reads the most recent cell capacity (F)
Property measurement.
-Rseal Read Only | Reads the most recent pipette seal
Property resistance (€2) measurement.

A file (WinWCP VBSCRIPT Example.vbs)containing VBSCRIPT example code can be

found in the c:\winwcp folder.
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22. Appendix: WCP data file structure.

This appendix provides a detailed specification of the internal structure of the WCP data file.
The WCP data file is designed to store digitised 16 bit integer binary records of analogue
signals, the associated scaling information required to reconstitute actual signal levels,
validation information entered by the user, and measurements generated by WCP analysis
modules.

A WCP file can contain up to 2* separate records (assuming there is sufficient disk space),
each record containing up to 8 channels, and each channel containing a multiple of 256,
samples, up to a total of 29952 for the whole record. (Note. All records within a file must be
the same size, i.e. same number of channels and samples/channel.)

For efficiency, data is written to the file in units of 512 byte sectors. Three kinds of blocks can
exist. The header block is 1024 bytes in length and contains a list of ASCII-format
keywords, detailing the number of records in the file, record size, scaling factors etc. Signal
records are stored in sequence after the header block, Each record consists of one 1024 byte
analysis block , containing validation and analysis results pertaining to the record, followed
by a data block containing the digitised A/D samples. The size of the data block is
determined by the number of channels and samples/channel in the record.

For instance, a data file containing 3 records, would have the form.

Record 1 Record 2 Record 3
H A D A D A D

The beginning of each record can be determined (as a byte offset from the start of the file)
using the formula

Byte Offset =1024 + (Record Number —1)((2- N -N )+1024) Al

channels samples/ channel

where Nchannels is the number of channels per record and Nggmples is the number of
samples per record.

Header Block

The header block contains the information needed to allow a program to determine the size
and number of records in the file. It is usually the first block to be read when a file is opened.
File parameters are stored as ASCII text in the form of keywords, one word per line, as
follows

KEY= <value> <cr> <If>

where <value> is a number or text depending on the parameter and <cr> <If> are the carriage
return and line feed characters.
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A typical header block (from a file with 2 channels) contains the following keywords.

VER=6.4 <cr><If>

NC=2 <cr><If>

NR=50 <cr><I1f>

NBH=2 <cr><I1f>

NBA=1 <cr><I1f>

NBD=4 <cr><I1f>
AD=5_.0000 <cr> <If>
ADCMAX=2047 <cr><If>
NP=512 <cr><If>
DT=.1600 <cr><I1f>
NZ=10 <cr> <If>
YNO=Im <cr> <If>
YUO=nA <cr> <If>
YS0=.146E-02 <cr> <If>
YGO=.167E+04 <cr> <If>
YZ0=1997 <cr> <If>
Y00=0 <cr> <If>

YRO=2

YN1=Vm <cr> <If>
YUl=mV <cr> <If>
YS1=_.244 <cr> <If>
YG1=10.0 <cr> <If>
YZ1=2048 <cr> <If>
Y01l=1 <cr> <If>

YR1=0 <cr> <If>

TU=ms <cr> <If>

ID= Cell 1 <cr> <If>

WCP version number

No. of channels per record.

No. of records in the file.

No. of 512 byte sectors in file header block

No. of 512 byte sectors in a record analysis block
No. of 512 byte sectors in a record data block
A/D converter input voltage range (V)

Maximum A/D sample value

No. of A/D samples per channel

A/D sampling interval (s)

No. of samples averaged to calculate a zero level.
Channel 0 name

Channel 0 units

Channel 0 scale factor units/bit

Channel 0 gain factor mV/units

Channel 0 zero level (A/D bits)

Channel 0 offset into sample group in data block

Channel 1 name

Channel 1 units

Channel 1 scale factor units/bit

Channel 1 gain factor mV/bit

Channel 1 zero level (A/D bits)

Channel 1 offset into sample group in data block

Time units
Experiment identification line

(Note that it should not be assumed that the keywords will follow any particular order)

Analysis block

91

The first block in each signal record is an analysis block, containing a series of internal format
variables. The first 6 variables provide important classification and scaling information for the

record, and are detailed as follows.

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

Time recorded 4 byte floating point (s)
Sampling interval 4 byte floating point (s)
Max positive limit of A/D 8 x 4 byte floating point V)

voltage range

(1 per channel)
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The remainder of the analysis block contains the results generated for that record by the
Waveform analysis and Curve fitting modules. Further details of the structure of the analysis
block can be obtained by looking at the global.pas source code file.

Data block

The data block contains the digitised signals, stored in the form of 16 bit binary integers. Each
A/D sample takes up 2 bytes of space. The size of the data block is determined by the number
of channels and number of samples per channels in the record

Ny =2-N

N A2

bytes channels samples

If there is more than one A/D input channel, samples are interleaved within the data block.
For example, for 2 channels,

Y01 Y11 Y02 Y13 ..... YOnsamples Y1nsamples A3

Different laboratory interfaces supported by WinWCP return multi-channel A/D samples in
different orders. The channel interleaving order for a data file is specified by the YOn=
channel keyword in the file header block.

The calibrated signal level in the appropriate channel units can be reconstructed using
information stored in the header and analysis blocks, using,

m

—'YG Y adc

ycal = ADCmaX )

where Vs the maximum positive limit of the A/D converter voltage range (from analysis
block) ,ADCax is maximum A/D sample value at Vi, (header block) and YG,, is the
calibration factor (Volts/channel units) for channel n (header block).



