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Welcome to the Guide

Setting Up Clampex for Data Acquisition is a step-by-step guide that explains how to
integrate Clampex software with your amplifier and digitizer for data acquisition. It
describes typical setup configurations for three representative amplifiers—the Axopatch
200B, MultiClamp 700B, and Axoclamp 900A. At the end of the guide, not only will you
be ready to acquire data using the explained configurations, you should understand how
to set up new configurations tailored to your needs.

We suggest you open Clampex software—and MultiClamp or Axoclamp Commander
software if you are following the MultiClamp or Axoclamp software sequence—and toggle
between the guide and programs as you move through the guide, using the Alt + Tab
key combination.

This guide assumes you are using a Digidata 1550 series (including the 1550, 1550A,
and 1550B) digitizer and that you have connected it to your computer. Similarly, if you
have amplifiers other than those featured, you should be able to extrapolate the
provided instructions to your other amplifiers.

For research use only. Not for use in diagnostic procedures.
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Configure Digitizer

The first step in the setup is to configure Clampex software with a digitizer.

When Clampex software is first installed it is in “Demo” mode. This mode uses simulated data, and is
excellent for exploring the application. Now, however, we want to connect to a digitizer for real data
acquisition.

You need to have your digitizer connected to the computer and have the digitizer drivers installed. Verify
that your software security key (“dongle”) is plugged into a USB port on the computer. Make sure the
digitizer is turned on, and then start Clampex software.

For research use only. Not for use in diagnostic procedures.




Configure Digitizer 1

Select Digitizer from the } View Eesi1-8 Tools Window Hel
Configure menu. —
Digitizer... h
CyberAmp ¥
Lab Bench...
Digitizer [X] Telegraphed Instrument...
Dems = Qverrides...
Cierlfensifen Lhange.. { The Digitizer dialog opens, showing Clampex software in
Waveform period; Demo mode.
M edium = 100 mz.
Amplitude; i
Small = 10% aof full zcale. Click Change'
E mulation:
DO1550
Configure. ..

To continue the configuration, select your model of Digidata digitizer.
Digidata 1550 (including 1550A and 1550B)
Digidata 1440A

.Q
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Configure Digitizer 2

Digidata 1550, 1550A, and 1550B Digitizers

-
} Change Digitizer

Select Digidata 1550 Series, Digidata
1550B Series, or Digidata 1550B Series
from the list.

If Clampex software reports
Not present, click Scan.

Clampex software should then report your
Digidata digitizer properties.

-
Change Digitizer

Digitizer Type:

Digidata 15508 Series

Dugitizer: Axailable
|0 =]
— Caonfiguration

Model DD1550E

Serial Mumber: 42943672395
Firrmwware Yerzsion: d100.3.3
FPGA Yergion: 15.102.0.6
HumSilenzer Channels: 4

Cancel

e

Digitizer Type:

Demo

=

Scan

Dema

Digidata 15508 Serez

Digidata 15504 Series

Digidata 1550 Senes
Dvigidata 1440 Senes

W aveform peniod:
tediurm = 100 ms.
Amplitude;

Large = 30% of full zcale.

E mulation:
DO1550 Senes

o |

Cancel |

Help

]

Help

This completes the configuration of the
Digidata 1550, 1550A, or 1550B you have purchased, and it is
ready to be used with Clampex software.

There is no calibration necessary with the Digidata 1550, 1550A,
or 1550B digitizers.

If you experience problems, please check the suggestions on the

next slide.
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Configure Digitizer 3

Digidata 1550, 1550A, and 1550B Digitizers

If clicking Scan does not detect the Digidata 1550, 1550A or 1550B digitizer, check the
power and the USB 2.0 connections to the digitizer.

The green POWER LED on the front of the digitizer should be illuminated when the power
is on and the digitizer is connected to the computer using a USB 2.0 cable. When the
digitizer is recognized by Clampex software, the yellow READY LED will turn on as well.

If problems persist, contact Molecular Devices.
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Configure Digitizer 4

Digidata 1440A

Select Digidata 1440A Series from
the list.

If Clampex software reports
Not present, click Scan.

Clampex software should then report
your Digidata digitizer properties.

Change Digitizer @

Digitizer Type:;

|Digidata 1440 Series | Scan
Dhigitizer: Ayailable

0 =

} Configuration -

D0 440
Senial Mumber = 130148
Firrmware Yersion = d1.2.24

k. Cancel Help

Change Digitizer f'>__<|
Digitizer Type:
Digidata 1440 Seriez Scan
Digitizer: Mot prezent
Configuration -
Mot prezent
Cancel Help

There is no calibration necessary with the
Digidata 1440A digitizer.

This completes the configuration of the
Digidata 1440A digitizer, and it is ready to be
used with Clampex software.

If you experience problems, please check the
suggestions on the next slide.
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Configure Digitizer 5

Digidata 1440A

If clicking Scan does not appear to detect the Digidata 1440A digitizer,
check the power and the USB 2.0 connections to the digitizer.

The green POWER LED on the front of the digitizer should be illuminated
when the power is on and the digitizer is connected to the computer
through a USB cable. When the Digidata 1440A digtizer is recognized by
Clampex software, the yellow READY LED will turn on as well.

If problems persist, contact Molecular Devices.

For research use only. Not for use in diagnostic procedures.
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Select a Sequence

With the digitizer configured, the next step is to connect the amplifier. Choose the sequence you want
to follow according to your amplifier type:

Bl Axopatch Sequence

Follow this sequence if your amplifier telegraphs via cable connections. This includes Axon
Instruments’ Axopatch series amplifiers, and most non-Axon Instruments amplifiers. Follow this
sequence also if your amplifier does not support telegraphs.

[0 MultiClamp Sequence

Follow this sequence if your amplifier is a MultiClamp 700B. Parts of the sequence also apply to
MultiClamp 700A and GeneClamp 500B.

@ Axoclamp Sequence

Follow this sequence if your amplifier is an Axoclamp 900A.

._‘ ;{ ho {.'-..\,,."'\“- EQLECULA.
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Axopatch
Axopatch Sequence

This sequence describes how to set up two distinct data-acquisition “protocols”,
that might be used in whole-cell recording, for an Axopatch 200B amplifier.

With these protocols you will be able to switch between current and voltage
clamp and, without any changes to your physical setup, have only to load the

appropriate protocol to be sure you are receiving the right signals, with the right
units and scaling.

Move through the sequence page by page, or skip sections with the links
below—but note that the discussion assumes the setup from earlier sections:

I Digitizer—Amplifier Connections B Configure Telegraphs

| Create Signals B Set Scale Factors

B cConfigure Protocols

._‘ ;{ )4 {.'-..\,,."'\“- EQLECULA.
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Axopatch

Digitizer—Amplifier Connections

In this section we put in place the cabling between the digitizer and Axopatch 200B.




Axopatch Connections 1

We want the following signals:

— Voltage Clamp

Digitizer Inputs Digitizer Output
® Membrane current—scaled ® Command potential
® Membrane potential—set gain

— Current Clamp

Digitizer Inputs Digitizer Output
® Membrane potential—scaled ® Command current
® Membrane current—unscaled

as well as:

—— Telegraphs

® (Gain telegraph for current clamp
® Gain telegraph for voltage clamp

.Q ,
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Axopatch Connections 2

Clampex allows for more than one signal to be sent, at different times, on each
channel (the relationship between signals and channels is more fully explained in the
Create Signals section).

Because we are never in current clamp and voltage clamp at the same time, signals
associated with these modes can share channels.

Specifically, the following signals can share channels:
® the scaled input signals for current and voltage clamp
® the command signals for current and voltage clamp

® the telegraphs for current and voltage clamp

The eight signals and telegraphs from the previous slide, then, require only five
digitizer-to-amplifier connections. These are described on the next slide.

: MOLECULA
9 2D

M “_‘_.
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Axopatch Connections 3

® *
TELEGRAPH SPEED FORCED .
OUTPUTS CELL TEST RESET
TELEGRAPH GAIN FREQUENCY MODE CAPACITANCE INPUT ST
= % 7 S =S
INPUT O -y e o e o )
e e _g;?.l I'“l;uﬂir Il\::L\-"“‘:l_—fﬁ‘."lll E|:‘|: I":‘-\.'I'-:"'.
(on digitizer .
rear panel) SCALED 10V, DATA  EXT.COMMAND  EXT. COMMAND | OUTPUT
OUTPUT outpUT NOT VALID INPUT INPUT (10 kHz)

OUTPUT FRONT SWITCHED REAR SWITCHED

® 9 OneT,
| | [
| | |

ANALOG IN 1 ANALOG OUT 0O ANALOG IN 2 #

(o)

ANALOG INO ™

)

Connect the rear panel BNCs on the Axopatch 200B to the digitizer ports as indicated.

* The SCALED OUTPUT BNCs on the front and rear of the amplifier are equivalent—you
may prefer to use the front panel port.

# Make sure the switch to the right of the 1 OUTPUT (10 kHz) BNC is in the down position:
B mV/pA

B . NTMOLECULAR
u}i YD EVICES
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Axopatch Connections 4

In this setup, the following connections will carry different signals or telegraphs for
voltage- and current-clamp modes:

® SCALED OUTPUT—ANALOG INPUT 0: reads membrane potential in current
clamp, and membrane current in voltage clamp

® EXTERNAL COMMAND INPUT—ANALOG OUT 0: for command current in
current clamp and command potential in voltage clamp

® GAIN—TELEGRAPH INPUT O: telegraphs gain irrespective of clamp mode
This leaves:

e 10V,, OUTPUT—ANALOG IN 1: reads membrane potential in voltage clamp,
and

[ | OUTPUT—ANALOG IN 2: reads membrane current in current clamp

Finish

With physical connections set up, we now need to configure telegraphs.

Réx . QIMOLECULA
; | (@ D
=

b
= v
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Axopatch

¢

Wi

Configure Telegraphs

Telegraphs are analog signals sent from the amplifier to Clampex software
registering key amplifier settings.

Clampex software recognizes Axopatch 200B telegraphs for gain, lowpass filter
frequency and whole cell capacitance neutralization. These are reported in the
Real Time Controls in Clampex software, and are written into the header
information for data files recorded under those settings.

Most importantly, gain telegraphs enable automatic data scaling in Clampex
software. When you change the Axopatch 200B amplifier gain settings, Clampex
software automatically rescales the Y axis in the Scope window, and similarly sets
the Y axis scaling for any data files recorded under the new settings.

We will enable just the gain telegraph in this demonstration.

17 (@

For research use only. Not for use in diagnostic procedures.



Axopatch Telegraphs 1

Open Telegraphed Instrument from Acquire  View Tools Window Help
the Configure menu. Digitizer...
Cyberamp »
Lab Bench...
Qverrides... %
a8 Telegraphed Instr
— cErap Membrane Test Setup...
[rput Channels
2 Select the digitizer input channel that you have the
Analog M #1 .
Analog [N #2 Ax_opatch scaled output connected to. Signals on
Analog 1M #3 this channel are the ones that are affected by
iﬂalng :H Eg changes in gain settings, so we must associate our
halag ; ;
Arolog IN #5 telegraphs with this channel.
i”alﬂg :H EE In our case, we have connected the scaled output to
hakag . .
Analog [N #3 Analog IN #0 (Connections), so select this channel.
Analog [N #10 |58
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Axopatch Telegraphs 2
Select Axopatch 200B from the }

Telegraphed Instrument list box. Felere T ke

| [Disabled]

[Dizabled)

[t aral)

Aon Axoclamp 005,
Aon Genellamp S00B B
Aon MultiClamp 00

) . Axon MuliClamp Y0O0B
The Telegraph Connections section of the Awopatch 200 Cy2001

dialog is enabled. Here, in the Gain Aowonatch 200 D202
field, select the digitizer telegraph input Axopatch 200B
channel receiving the gain telegraph: Axopatch-1 LV4-01/100
Telegraph IN #0.

v

T elegraph Connections
Chooze the digitizer channels to which telegraphs are connected:

3N

Gair: T elegraph Input O Crn: | [Mone] -

Frequency: |[N ane| -

e -
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Axopatch Telegraphs 3
R A S

Clampex displays the warning shown at right, i Egﬁ;«lﬂiggﬂ f-:laechtr;.raﬁTI L.:gttgee ;L

alerting us of the need to set scale factors for Eactol Assistant canibelplyalldet:
all signals using the input channel we have
set telegraphs for—in our case, Analog IN #O0.

We proceed to this in the next two sections.

Finish
We have configured Clampex so that for any data signal received via digitizer channel

Analog IN #0, telegraph information about the amplification of that signal is also received.
We now have to create signals for this channel so that the telegraphed information is put

to use.

Users with different cable-telegraphing amplifiers should follow the procedure outlined
here, but select their own machine in the Telegraphed Instrument list box. In the
Telegraph Connections section, they will be offered options for the telegraphs supported by

their amplifier.

20 *) L R
{i YD EVICES
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Axopatch

Create Signals

In this section we create the signals required for the two protocols we are going to
define, and assign these to input and output channels. We also note some
additional telegraph options.

Before starting it is important to be clear on what signals and channels are:

® Signal: a set of name, unit, scale factor and offset, by means of which
the voltage inputs and outputs at the digitizer are represented in Clampex
as the parameter being read at, or delivered to, the preparation.

® Channel: a cable connection to the digitizer, identified by the name of
the BNC port where connection is made, e.g. Analog IN #0, Digital OUT
#H2.

As already noted, analog channels can be configured for different signals at different
times. In this section we name the signals we will need and give them appropriate
units. We set scale factors for these signals in the next section.

%{ \, (s° EGLECULA

b v

.
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Axopatch Signals 1

Open the Lab Bench from the Configure

menu—or use the toolbutton:

The Lab Bench opens with the
Input Signals tab on top, and
digitizer channel Analog IN #0
selected. We have the
amplifier’s scaled output
connected to this channel
(Connections), so need to
create two signals—one each
for current and voltage
clamp—in association with it.

=

= Lab Bench

Digitizer...
CyberAmp

Acquire EieonoIs Window He

k

Telegraphed Instrunient...

Dverrides...

Digitizer Channels

Bnalog (M #1
BAnalog (M #2
BAnalog (M #3
BAnalog (M 4
BAnalog (M #5
BAnalog M HE

For research use only. Not for use in diagnostic procedures.
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%

Input Signals l Output Signals l

Signals

Al #0O
current
|_kTest0
Im

[remb
IN #0O

| #

%

Add...
Delete

Bename...




Axopatch Signals 2
- . Click the Add button in the Signals section,

k. Type in “Im_scaled”—the name we will give
the scaled membrane current signal for

Hew name: |Im_scaled

Eelitsel voltage clamp.
Help Press OK.
With the new signal selected in } Im_scaled
the Signals list, the rest of the Scaling
La_b Bench show_s option_s an_d Signal units: ||:| j 4 D efault
settings for that signal. Firstis
scaling. Scale factor [W/pd): |'I S cale Factar
. Azziztant. .
We want to read “Im_scaled” in Cffzef [pa @ 0% [i
picoamps— i.e. have picoamps
as the Y axis units for the Scope
window and subsequently Select “p” from the Signal units list box, and type “A”
recorded data files. in the adjoining field.
. NIMOLECULAR
9. - SYDEVICES

M “_‘_.
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Axopatch Signals 3

Now we add a signal—still for } & Add Signal

channel Analog IN #0—for
reading membrane potential in . _ |*J od Ok
current clamp. Press the Add TEW Name: ¥ _scals
button again. Lancel
This time call the signal Help
“VYm_scaled”.
Press OK.
. i W _scaled
Vm_scaled is to be read in } S zaling
millivolts. Set the signal : :
. i . : - D efault
units appropriately, as we did Signalunits: |m =] v e
for “Im_scaled”. Scale factor [ /mv); |1 S cale Factar
Offset v @ 0] |EI Azgiztant. .

b
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Axopatch Signals 4

We connected the 10 V,, port to Analog IN
#1 (Connections). Select this channel and

Drigitizer Channels

add a new signal, “10_Vm?”, as we did for

Analog 1M #0

s

There are 2 more input signals to create—one each for the 10 V,,, OUTPUT and | OUTPUT
ports.

Digitizer Channels Signals

dnalog M H#D A 10 W
previous signals. =P
dAnalog 1M #2 |_MTest
Configure the signal for millivolts. Analog M #3 1M1
dnalog 1M #4 [Fput
dnalog 1M #5 W
.-'T‘-.na!cng IH #ﬁ v voltage
10_Nm
. Scaling
Sighalz
Sighal units: |n'| j |‘-.-"
| Output [ —
IM 2

Analog M #1

dAnalog IM #3
Analog IM #4
Analog IM #5
Analog IM #E

W

We connected the | OUTPUT port to Analog
IN #2. Select this channel and add new
signal “1_Output”.

{ Configure this signal for picoamps.

For research use only. Not for use in diagnostic procedures.



Axopatch Signals 5

This completes the input signals. Before creating output signals, however, reselect Analog
IN #0 as the digitizer channel, and “Im_scaled” as the signal.

I_\IOte_ th(_e options for additional Software RC Filter Hardware Signal Conditioning
filtering in the lower half of the —
tab. | Lowpass [kHz): :‘
In the Telegraphs section, | Highpass [Hz] :‘ Cyberdmp... |

because we have set up a gain

telegraph for this channel, the Telegraphs
amplifier gain is reported. This Gair: 1 Crn [pFL |35

comblnes headstage and Frequency [Hz) |1DDDD
output gain, so, for example, a

headstage gain f = 0.1 and
output gain a = 10 gives a

reported gain of one. Because we have not set up lowpass filter frequency

or whole cell capacitance neutralization telegraphs,
we are given the option of typing in values for these.

For research use only. Not for use in diagnostic procedures.



Axopatch Signals 6

Now we create output signals for the command waveform for each of current and

voltage clamp.

Still in the Lab Bench, go to the
Output Signals tab. Ensure
Analog OUT #0 is selected as
the digitizer channel. This is the
channel we have connected to
the amplifier EXTERNAL
COMMAND INPUT FRONT
SWITCHED port (Connections).

Just as for the input signals,
add a new signal, “V_clamp”,
and set the units to millivolts.

This will carry the command

signal for voltage clamp.

ST T
o

N

~

Dligitizer Channels

Analog OUT #1

Y _clamp

Signal units:;

Input Signals  Dutput Signals l

Signalz

_Crmd 0 Add...

Crnd 0

auT o Delete
Rename...

m R

Diefault |

Next, still for Analog OUT #0, add “l_clamp”, and
configure for nanoamps. This is the signal we
will use to deliver the command in current clamp.

or research use only. Not for use in diagnostic procedures.



Axopatch Signals 7

Finish
We have created four input and two output signals, giving them units and
associating them with particular digitizer channels:

Voltage Clamp Current Clamp
® Im_scaled ® Vm_scaled
e 10 Vm e | Output
e V_clamp e | clamp

Next, and still in the Lab Bench, we must set scale factors for each of these
signals.

.Q ,

For research use only. Not for use in diagnostic procedures.




Axopatch
Set Scale Factors

Clampex must be configured so that voltage differences received and produced
by the digitizer represent the actual currents and voltages produced and
received by the cell. We have gone some way towards this by defining
appropriate units for our signals, but it remains to set scale factors for these.

Setting scale factors is greatly simplified with the Scale Factor Assistant. Note
however, that although this can be used for all output signals, for input signals
it is intended for use with scaled signals only, i.e. signals on channels connected
to the amplifier SCALED OUTPUT port. In this section then, we set some scale
factors using the Assistant, and some manually.

;{ v (s° EGLECULA
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Axopatch Scale Factors 1

We will set the scale factor
for “Im_scaled” first—the
signal for reading membrane
current in voltage clamp.

We will use the Scale Factor
Assistant for this signal.

On the Lab Bench Input
Signals tab, with
“Im_scaled” (on digitizer
channel Analog IN #0)
selected, open the Assistant.

Lab Bench
} Input Signals ] Output Signals |
Digitizer Channels Signals
N Ipatch
Analog IM #1 B
Analog M #2 Imermb
Analog IM #3 M0
Analog IM #4 [patch
Analog M #5 Wm_zcaled
Bnabg N #5 v
Im_zcaled
Scaling
Signal units: ||:. j |ﬂ

For research use only. Not for use in diagnostic procedures.

Rename...

Crefault
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Axopatch Scale Factors 2

Because we indicated the amplifier
type when we configured the gain
telegraph for this channel, the
Assistant automatically opens with
the correct dialog for the Axopatch
200.

Most of the work in the Assistant
consists of simply copying amplifier
settings into the dialog.

Mode Setting

“Im_scaled” is for use in voltage

clamp, so select
“V-Clamp” for the amplifier mode

option.

Config Setting

Scale Factor Assistant: Axopatch 200 series E'

With some extra infarmation about the state of wour amplifier the Scale
Factor Azzistant will automatically choose the scale factor for the Scaled
Cutput BHC. Fill ity the form below to have the zcale factor
automatically calculated:

1. Mode Setting

Specify the zetting of the Mode switch on the front panel of the
Suopatch:

(" Track  © W-Clamp

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

(" 1=0 " |-Clamp Marmal (" |-Clamp Fast
{ {+
~

v

This section, where you would otherwise indicate the headstage gain that you are using is
disabled, as the combined headstage and amplifier gain is being telegraphed.

& -

For research use only. Not for use in diagnostic procedures.




Axopatch Scale Factors 3

Signal Units } 3. Preferred Signal Units

] Specify your preferred signal units:
In section 3 choose whether to

OS€ Y S el
read cell current in picoamps or
nanoamps. In fact we have 4. Gain
already set this value in the The telegraphed headstage and output gain
previous section, so keep the “pA” [alpha x beta] is 1

setting we entered there.
Scale factar at unity alpha » beta gain = 0.007 W /pd.

Entering “nA” here does not affect Scale factar at the current alpha = beta gain = 0.001 ¥/pé.

the scale factor, but simply causes

it to be expressed in terms of this Help QK Cancel
unit.

Gain

The amount of gain applied to a signal is important for calculating the scale factor. In our
case the total amplifier gain—i.e. the combined headstage (b) gain and amplifier output (a)
gain—is telegraphed to Clampex, and this value is reported, just as in the Telegraphs section
of the Lab Bench Inputs tab.

For research use only. Not for use in diagnostic procedures.



Axopatch Scale Factors 4

Two scale factor values are reported at the bottom of the Assistant:

® Scale factor at unity alpha x beta gain = 0.001 V/pA

This is the scale factor that applies when the combined headstage and output
gain is one.

This value depends on amplifier circuitry and never changes (though it can be
expressed in terms of nanoamps if this is selected as your preferred unit).

Since we have the gain telegraph enabled, this is the value that will be reported
in the Lab Bench scale factor field.

® Scale factor at the current alpha x beta gain = [ ]

v

This is the scale factor that will be used if data are acquired under the current
gain settings on the Axopatch. With the gain telegraph enabled, this value does
not appear anywhere else in Clampex.

This scale factor changes if you change the gain setting, but you need to close
and reopen the Assistant in order to have this reported in the Assistant.

Press OK to close the Scale Factor Assistant.

For research use only. Not for use in diagnostic procedures.




Axopatch Scale Factors 5

The scale factor at unity

a x B gain—0.001 V/pA—has
been written into the scale
factor field.

When gains telegraphs have
been enabled—as in the
current case—this value is
displayed no matter what
the gain on the amplifier is
set to. The scaling applied
to incoming data is
automatically adjusted for
the gain at the time of
acquisition, but the value
reported in this field does
not change.

e -

Irm_zcaled
Scaling
Signal units; ||:| ﬂ |.-'-‘-. Drefault
S cale factor [V/ApA): \0.001 € aie Endior
Offset [pd @ 0] 0 Assistant

There is generally no need to set offsets for the
amplifiers used in electrophysiology, so this
completes setup for “Im_scaled”. We now move
on to the second scaled and telegraphed input
signal, “Vm_scaled”, for which we will again use
the Scale Factor Assistant.

search use only. Not for use in diagnostic procedures.



Axopatch Scale Factors 6

Still with Analog IN #0 as the digitizer channel,
select “VYm_scaled” and again open the
Assistant.

This time, the signal is for use in current-clamp
mode “I-Clamp Normal”, so select this in the
Mode group.

This is all you need to do. Again, the
amplifier’s total gain setting is reported and
used to calculate the second of the scale factors
at the bottom of the Assistant. And again, only
the unity-gain scale factor is reported in the
Lab Bench, though incoming data will be scaled
for the gain at the time of acquisition.

The scale factor at unity gain is 0.001 V/mV,
i.,e. 1 mV/mV, which is what we expect when
there is no amplification.

& -

e

For research use only. Not for use in diagnostic procedures.
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Scale Factor Assistant: Axopatch 200 series

With zome extra information about the state of your ampli
Factor Agziztant will automatically chooze the zcale facto
COutput BHMC. Fill in the form below to have the scale fact
automatically calculated:

1. Mode Setting

Specify the zetting of the Mode switch an the front pa
Awxopatch:

(" Track ¢ %-Clamp
Cio @[Sl 1ol
{ {+
~
{+ i
4 Gain

The telegraphed headstage and output gain
[alpha » beta] iz 1

Scale factar at unity alpha « beta gain = 0.007 /i
Scale factar at the current alpha = beta gain = 0.007 % /ot



Axopatch Scale Factors 7

Setting Scale Factors Manually

The scale factor for a signal is found by taking the unity-gain scale factor for the amplifier
port the signal will use, and multiplying by the amount of amplification applied.

For the Axopatch 200B, this procedure is summarized in either the names given to the
BNC ports, or in information provided beneath the ports on the amplifier panel.

For example, the SCALED OUTPUT port has information:
e l:afB mMV/pA
e V., amV/mV.

The first of these means that, for current, when combined headstage and output gain is
one (a x B = 1) the Axopatch outputs one millivolt per picoamp input, or 0.001 V/pA.

The second means that for voltage, with output (o) gain of one (headstage gain is not
relevant in this case), the Axopatch outputs one millivolt per millivolt, or 0.001 V/mV.

Note that these are the unity-gain scale factors reported by the Scale Factor Assistant for
the previous two signals.

We must now apply this to our two remaining input signals: “10 _Vm” and “l_Output”.

For research use only. Not for use in diagnostic procedures.



Axopatch Scale Factors 8

10 Vm }

We created “10_Vm?” for digitizer channel
Analog IN #1. Select this channel and
the signal.

Analog IN #1 is connected to the 10 V,,

port on the amplifier. This port outputs

membrane voltage with a set gain of 10.
A unity-gain scale factor of one millivolt
per millivolt (0.001 V/mV) multiplied by
the set gain value:

0.001 V/mV x 10 = 0.01 V/mV

This is the scale factor for signals read
from this port. Enter 0.01 in the scale
factor field.

e -

Lab Bench

Digitizer Channels

Analog IN #0

| ¥

Analog 1M #2
Analog M #3
Analog M #4
Analog 1M #5
Analog 1M #E

| %

10
Scaling

Input Signals l Output Signals ]

Signals

10 %m
|_MTest
| 5Test1
(M1

Offset [my @ 0Y]:

For research use only. Not for use in diagnostic procedures.

Signal unitz: | m j |'k-"
Scale factor W Ami):

ool
TEa—
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Select Analog IN #2 digitizer channel, and - _
“]_Output”. The channel is connected to TS SIEE 2 l Output Signals |
the Digitizer Channels Signals
| OUTPUT port on the amplifier, which
dnalog INHD & NIV
outputs membrane current at one of two Analog IM#1 | [IN 2
scaling options reported on the panel:
Analog IM #3
100 B mV/pA and B mV/pA. Anlog 1M 44
We have the switch in the down position (B i”alﬂﬂm Eg
mV/pA), and the Config switch on the front e ity B
panel should be_ set at "“Whole Cell B = 1 | Output
The scaling factor we set, then, is: Secaling
1 mV/pA = 0.001 V/pA Signalunits:  |p _w| &
Set this value in the scale factor field. Scale factar [V/pa): 0.001
A 4 Offset [ph @ 0] d

This completes the scale factors for all the input signals.

Now for the two output signals.

i

1;{ he t@- EQLECULA
FORL

i

-

o

For research use only. Not for use in diagnostic procedures.
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Command Signals }

We will use the Scale Factor
Assistant to set the scale factor
for the voltage clamp command

signal first.

On the Output Signals tab, select
Analog OUT #0 and the signal
“V_clamp”.

Scale Factor Assistant

Specify the tppe of Axon [netrume
Analog OUTHO.

(" pwoclamp-2 senes
(" pwopatch-1 series
(" fwoprobe-14,

(" GeneClamp 500
" MuliClamp 700

e

Lab Bench

Input Signals  Dutput Signals ]

Digitizer Channels Signalz
_Cmd 0

Analog OUT #1 Cmd O
|_clarmp

auT o

YW clamp

Signal wnits: | m j |‘-.-"

Add...

Delete

Renarme...

%]

Scale factar [m M) 1
l—

{Scale Factor!
i begzistant. |

Open the Scale Factor Assistant and select
“Axopatch 200 series” from the first dialog box.

For research use only. Not for use in diagnostic procedures.
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The signal “V-clamp” is for use in voltage
clamp, so select “V-Clamp” in the Mode
Setting section.

This leaves just the Ext. Command Input
section to complete.

The Axopatch 200B has two command input
ports—the selection here informs the
Assistant of the one we have connected our
command cable to. We used the front-
switched port.

Reading off the panel we see that in voltage-
clamp mode this port has a set scaling of 20
mV/V.

The rear-switched port, in contrast, scales
command signals at 100 mV/V.

Select the 20 mV/V option. This is reported
at the bottom of the dialog. Press Finish to
close the Assistant and transfer the scale
factor to the Lab Bench.

g -

For research use only. Not for use in diagnostic procedures.

4

Scale Factor Assistant: Axopatch J

With zome extra infarmation about the staty
Factor Azzistant will autamatically choose b
Fill inn the form below to have the command =
calculated:

1. Mode Setting

Specify the zetting of the Mode switch .
Axopatch:

¢ TIiack & M-Clamp
120 " |-Clamp Mormal
oy i

~

3. Ext. Command [nput

Specify which extemal command input
voltage connected to;

o 20m A 00 100 m Y (Ao

Scale factar = 20 mt M,
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For “V_clamp“, the choice of amplifier input BNC was the sole determinant of the scale
factor, and this could have been easily read off the panel and entered manually. For current

clamp, headstage B gain becomes relevant.

Select the signal “I_clamp” in the Lab Bench
and open the

Scale Factor Assistant. Again, choose the
Axopatch 200 series and go to the next dialog.

Select “I-Clamp Normal” as the mode, as
“I_clamp” is the command signal for current
clamp.

As we are passing current with this signal the
Config setting, switched on the front panel of
the Axopatch, is relevant. It determines the
headstage B gain. We are setting up for whole
cell recording, with B = 1. Select this option.

The calculated scale factor (2 nA/V) is reported
at the bottom of the Assistant, and in the Lab
Bench scale factor field when the Assistant is
closed (next slide).

For research use only. Not for use in diagnostic procedures.

1. Mode Setting
Specify the setting of the Mode switch on 't
Axopatch:

" Track " W-Clamp

" 1=0 {* |-Clamp Marmal
2. Config Setting
Specify the setting of the Config switch on
the Axopatch:

" Patch &+ W/hole Cell [B=1§

© whole Cell (B=0.1]

(v "

Scale factar = 2 ndn.
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Again, we might have set the scale factor
manually. Under the front-switched EXT.
COMMAND BNC on the amplifier the scaling
rate for current clamp is given as:

2 + B nA/V

We have B = 1, hence a scale factor of
2 NA/V.

Finish

We have completed all that we need to do in
the Lab Bench. We have created all the
signals we wanted, and set scale factors for

these. Press the OK button to close the Lab
Bench with the new signals intact.

It remains now to assemble the new signals
into two groups, according to their use for
current or voltage clamp.This is done in the
protocol editor.

i

j"’;‘1 2
VW

.

s

-

For research use only. Not for use in diagnostic procedures.

4

Drigitizer Channels

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

|_clamp

Signal units:

Input Signalz  Dutput Signals l

Signals

_Cmd0

2B Command
&0 #0

Crnd 0

auT #0O
auT 0

n =]

Scale factor [Rd" |2



Axopatch

Configure Protocols

Protocols in Clampex are complete sets of acquisition parameters, including options for command
waveforms and preliminary data analysis. Particular signals, defined in the Lab Bench, are specified for

each protocol.

In this section we create two simple protocols, one each for current and voltage clamp, incorporating the

signals we have just defined. #OIMOLECULAR
SDEVICES

For research use only. Not for use in diagnostic procedures.




Axopatch Protocol 1

Open the protocol editor by selecting Fle Edit view Configure Tools Window

New Protocol in the Acquire menu. M
Cpen Protocol...

Sawve Protocol
Note: If a previously saved protocol Save Protocol As...

Is not loaded in Clampex, it uses a Edit Protocal. ..
place-holder protocol, labeled .
“(untitled)”. If this is currently loaded
you can open the editor to create a
new protocol by selecting Edit
Protocol, or by clicking the toolbutton:

B

The currently loaded protocol is
reported in the status bar at the We will begin by setting up the
bottom of the main Clampex window. protocol for voltage clamp.

Waveform Preview

For research use only. Not for use in diagnostic procedures.




Axopatch Protocol 2

The front tab of the protocol
editor has controls for, amongst
other things, acquisition mode,
sampling rate, and trial
hierarchy.

The default acquisition mode is
episodic stimulation—the only
mode that allows a command

waveform to be generated. We
want to generate a command,
so leave this setting. In fact,
all the default settings on this

tab can be left as they are, but
take time to note key
parameters such as the
Sampling Rate (10 kHz), the
number of samples per sweep,
and the number of sweeps per
run.

g -

e

Edit Protocol - (untitled)

Mode/R ate l Inputs] Dutputs] Trigger] Statistics] I:l:nmments] M ath ] 'W'avefl:nrm] Stimulus]
Acquizition kMode

(" Gap-free " Fised-length events {» Fpizodic stimulation

(" Wariable-length events " High-zpeed ozcilloscope

Trial Hierarchy Start-ta-Start Intervals

Trial delay [z]: 0 il

Riunz.trial 1 EI Sweep [s]: [Minimum -
S weepsun: 10 & —0D4ME

Sweep duration [z [0.2 & = 2000 samples

Firzt hialding: Epochs: Lagt halding:

31 ms 1933.8 ms 31 ms

3 zamples 1938 zamples 3 zamples

Sampling B ate per Sighal Auveraging

Fast rate [Hz]: [10000 il

Runzftrial = 1, o averaaging

The sweep start-to-start interval is set at Minimum,
SO each new sweep starts as soon as the previous
one is finished.

EQIMOLECULAR
SO EVICES

For research use only. Not for use in diagnostic procedures.



Axopatch Protocol 3
Next go to the Inputs tab. }

Mode/Fate  Inputs lDutputsl Trigger] Statisticsl

Here you select digitizer input channels for the Aralog IN Chanreks

protocol, and the signals you want to carry on

these. ¥ Channel #0:  [IN 0 ]
For voltage clamp, we want two input signals—one  Channel it TS0 A
scaled signal for membrane current, and a second
. ) ! [~ Channel #2 M
unscaled signal to monitor membrane voltage. e mi';'jt' 3
We created these in the Lab Bench—*Im_scaled” [ Channel #3: |IND v
and “10_Vm”—a5300|at_|ng them with chqnnels 0 ~ Chanrel 88 | =]
and 1. Now we incorporate them into the
protocol. | Channel #5: | J
Channel #0 should be already checked. Open the [ Channel #6: | [/
list box beside it and select “Im_scaled”. [ Channel #7. | ~]
Then check Channel #1 and select “10_Vm?”.
A\ 4
v Channel #0:  |Im_scaled ad
v Channel #1: 110 vm -
B £ K)JMOLECULAR
& - SYDEVICES

For research use only. Not for use in diagnostic procedures.



Axopatch Protocol 4

Go to the Outputs tab. }

We configured the signal “V_clamp” to
deliver the voltage clamp command
waveform, on output channel #0.

Select “V_clamp” from the Channel #0
list box.

Analog OUT Holding Levels

W_clamp [ a0
el [l [
Crnd 2 [riv): [
Crnd 3 [miv) [

e

Edit Protocol - (untitled)

Mu:u:le.-’Flate] Inputs  Outputs lTrigger]
Analog QUT Channels

Channel #0: ||:m|:| 0 j
Crnd 0 »

Channel #1: QuT #0 0
ouT 0

Channel #2:

Channel #3:

Additionally, we will set a holding level for
this output. This is maintained all the
time the protocol is loaded except for
when specific output commands are
generated.

Enter —50 in the V_clamp holding level
field. The units are millivolts, from our
Lab Bench configuration of this signal.

For research use only. Not for use in diagnostic procedures.



Axopatch Protocol 5

Although we will not make any changes for the purposes of our protocol, it is worth taking a
quick look at the trigger settings.

Go to the Tri tab. -
O to the Trigger ta } Edit Protocol - (untitled)

Default settings give “Immediate” trial starts. -
This means Clampex is armed for data Mode/Fiate | Inputs | Outputs  Trigger l 3t
acquisition as soon as you select Record, or Start trial with:
View Only, from the Acquire menu—or click the |Immediate |
toolbuttons:

Trigger zource:

|Internal Tirmer - |

& ‘ -
Record View Only
A\ 4

The default trigger source is “Internal Timer”.
This triggers the command waveform and data acquisition immediately the trial is started,
continuing through to the end of the trial automatically.

y b JIMOLECULAR
“1 SO EVICES

For research use only. Not for use in diagnostic procedures.



Axopatch Protocol 6

Now go to the Waveform tab,
Channel #0 tab, where outputs
are defined for ANALOG OUT #0.

A default waveform is already
defined—we will delete this and
create our own simple stimulus,
but first familiarize yourself with

some key settings on this tab.

The Analog Waveform check box
enables analog command
definition. Selecting Epochs
means we define the waveform
using the table in the middle of
the tab. In this, the sweep can
be divided into up to 50 sections
(epochs) A—AX, and a waveform
defined for each of these.

The Epoch Description table in
the Waveform tab includes cut
and paste functionality.

Edit Protocol - (untitled)

h-'lu:u:le.-"Hate] Inputsl Outputs riger] Statistics] I:u:ummentsl Math ‘W avetarm

W' aveform Analog O @ Info

v &nalog ' aveform [ Digital Dutputs
¢ Epochz O Stmulus file [

Interzweep holding level: ||_|SE holding ﬂ

E poch Dezcription A, B C D E F E]
Type Step | OFf [ [ [ [ [
Sample rate

First leveel [mt] 112

Dela lewvel [ 20

First duration [ms] 100

Delta duration [mz] 1]

Digital bit pattern [(#3-0]

Crigital bit pattern [#7-4]

Train rate [Hz)

- N T

Note that the confirmation that “V_clamp” is the signal
carrying the output waveform. Click the Info button to
see the V_clamp vital statistics. Note too that in the
Epoch Description table, First level and Delta level have
the correct units (mV) for “V_clamp”.

search use only. Not for use in diagnostic procedures.



Axopatch Protocol 7

Now to the definition of our waveform. }

We will configure an output with a simple
step, increasing the amplitude of the step
with each sweep.

In column A of the epoch description table,
keep “Step” in the Type row, but click in the
“First level” row and type in =50. This sets
the output level for epoch A in the first
sweep of the run. Our entry of —-50 mV
maintains the holding level we set on the
Outputs tab.

v

Click in the next row (Delta level) and type in
0. This keeps the first level setting for
subsequent sweeps—i.e. epoch A is
maintained at —50 mV for each of the 10
sweeps in the trial.

& -

e

For research use only. Not for use in diagnostic procedures.

Epoch Dezcription

Type

Step

i

Sample rate

First level [m]

gl

Delta level [mh)

I

Firzt duration [ms)

100

Delta duration [mz]

I

Drigital bit pattern (#3-0)

Digital bit pattern [#7-4)

Train rate [Hz)

Pulze width [mz)




Axopatch Protocol 8

Now to set the period for epoch A. }

Epoch Description i) E C
Click in the First duration row, and type in 50 Tupe Step  |OfF 0K |0
for a 50 ms duration. Sl (el
First level [t -l
Press Enter to see this reported below the Delta lewvel [m'] 0
table. First duration [ms) a0
Delta duratian [mz] 1]
This completes epoch A. Now we configure the Digital bit pattern [#3-0]
step, in epoch B. Digital bit pattern [H7-4)
Train rate [Hz]
Epoch Dezcription & E C b Pulse width [ms)
Type Step T 0 0if Mumber af sweeps =10
Sample rate v Off | Firzt duration 50.00 mz [500 samples)
Firzt leseel [mi] A0

Delta level [y I Ramp [ g

First duration [mz] al Pulse train Click in the Type row in column B

Delta duration [mz] 1] . . . « ”
Binhasic tr (currently set to “Off”).
Diigital bit pattern [£3-0] IpRasic train

Digital bit pattern [#7-4]
Train rate [Hz]
Pulze width [mz]

Mumber of sweepsz = 10 .-'-‘-.Ilnn:al]

Triangle train

Select “Step” from the popup menu.
Cosine train

For research use only. Not for use in diagnostic procedures.
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Set the level for the first sweep at —100 mV. } Epoch Description A B C D
For this epoch, because we want an ;5; f — step |Step O |Of
incrementing step level from sweep to sweep, = 'ljevel ] TR B
we enter a delta level. Click on the Delta level Dela level [mv] 0 50
cell and type in 20. This forces the step level First duration [ms] B0l 100
up 20 mV with each successive sweep. Delta duration [ms) 0 0
. Digital bit pattern [#23-0]
We have 10 sweeps starting at —100 mV, so Digital bit pattern (B7-4]
the final sweep will have a step level of Train rate [Hz]
80 mV, reported below the table. Pulze width [mz)
Now set the First duration, at 100 milliseconds. Rlietey g seegs = T Alaze
Final lewel 80.00 m
Again, this is reported below the table, in Firzt duration 100,00 ms (1000 zamples)
milliseconds as well as in samples.
We will not set a delta duration, which would
alter the length of the epoch from sweep to
sweep, so this completes our waveform
definition for the voltage clamp protocol.
. @MGLECULAH
$ B 5 R o

For research use only. Not for use in diagnostic procedures.
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Press the Update Preview button } B Waveform Preview
in the bottom right corner of the
protocol editor. 200 |

This opens the Waveform _

Preview window shown at right, 100

where you can see a graphical

representation of the waveform o )
: 554l o]

you have defined. ;,Eﬂ _ Wave End

Wave Start

This window can be kept open
while you experiment with -100-
different epoch settings—press '
the Update button whenever
you want to update the display. e y - o - -

Time (mz} Sweep:1 Vizible: 10 of 10

=r Clipboard | Cloze | Help |

Note: The Waveform Preview opens with panes for all analog output channels—right-click
in the upper pane and select Maximize Signal from the popup menu to get the display
shown above.

\, NTMOLECULAR
q SO EVICES

For research use only. Not for use in diagnostic procedures.



Axopatch Protocol 11
We have completed the setup of the voltage

clamp protocol—close the protocol editor with e
the OK button. ave in: arams

The new protocol is loaded, still labeled
“(untitled)”, and we could acquire data under
it if we wanted, but it is not saved for future
use.

Go to Save Protocol As in the Acquire menu.
This opens a standard file-saving dialog.
Name the protocol “Voltage Clamp 1”7, and
click Save.

File name: |‘-.-"|:|Itage Clamp 1

Save astype: |P'n:t|:u:|:ul Files {* pro}

The protocol is now saved and can be loaded ~
whenever we want, with the Open Protocol E},‘
command in the Acquire menu, or toolbutton:

e -

For research use only. Not for use in diagnostic procedures.
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Setup of the current clamp protocol follows similar lines to that for the voltage clamp
protocol.

Open the protocol editor again with New
Protocol, in the Acquire menu. a8 Edit Protocol - (untitled)

Mode/Fate  Inputs lDutputs] Trigger] Statiztics

We will again accept the default settings in the
Mode/Rate tab, so go straight to the Inputs Analog IN Charinels

tab.
IF Channel 80 "-.-"r|'|_:5:|::.E||E|:|

| Channel #1: | J

This time select “Vm_scaled” for Channel #0.

Recall that the second, current-monitoring

signal that we want to read in current clamp W Chanrel 82 |1_Output |
(“l1_Output”) is set up for the connection from
the | OUTPUT port on the amplifier to digitizer
channel Analog IN #2 (Connections).

Check Channel #2 and select “I_Output”.

For research use only. Not for use in diagnostic procedures.
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On the Outputs tab, select the current clamp
command signal we configured for Analog OUT

channel #0: “l_clamp”.

Leave the holding level at the default zero setting for

current clamp.

&, B C ] E
Type Step  [Ramp |[Step  |Tmgl | Step
Sample rate
First level [rd) -1 1 0.5 1 a
Delta level [nd) 1 a a a
Firzt duration [z 40 40 0.1 100 al
Delta duration [msz) 1] 1] 1] 1] 1]
Drigital bit pattern (#3-0]
Diigital bit pattern [H7-4]
Train rate [Hz) 2h
Pulze width [mz) 1

,. & -

b _

For research use only. Not for use in diagnostic procedures.

& Edit Protocol - (untitled)
Mu:u:le.-"Hate] Inputs  Dutputs I@E

Analog OUT Channels

\Cmd 0

Channel #0: R
Crnd O A
Channel #1: 0
QuT #0
Channel $2: auT o
Setup )
Channel #3: I‘-.-’ﬂn;lamp ‘

Create your own command
waveform on the Waveform
Channel #0 tab.

Experiment with the different
waveform options, viewing these
in the Waveform Preview window.
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Finally, close the protocol editor by } [E Scope - Demo Digitizer
pressing OK, and save the protocol (Save 10000
Protocol As in the Acquire menu), calling it
“Current Clamp 1”.

Wm_scaled
-

You will see on exit that the scope window

IS set up in preparation to receive the two 10000
input signals configured for this protocol. 10000
B
5% ]
o=
-10000
o[- 0 =
ki

To change from current clamp to voltage clamp you need only load the appropriate protocol, then
start acquisition. Alternatively, you can link each protocol to a sequencing key, so that you only have
to press one toolbutton, or use one keyboard combination, to load each protocol. The sequencing
keys setup dialog is in the Configure menu.

For more detailed information, consult the Clampex online Help.

-'/. L
: ;1 \ (* EGLECULA
A &

For research use only. Not for use in diagnostic procedures.
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When you use Gap-free mode in the Real Time Controls panel, open the pre-programming dialog by
clicking the < button. You can pre-program voltage level and holding duration values for each channel,
as well as turning the digital bit on or off. You can pre-program up to 50 epochs. You can also manually
change values during a recording.

Gap-free
Crad O [riv] Epoch Desc 1 2 3 4 L] L] T 8 9 10
] = Type Step Step Step Step |[Step | Off Off Off Off Off
Cond 1 ] Level (mV) 45 [50 [100 [-100 o 0 0 0 0 0
0 - Duration (seconds) 12 10 5 15 1 0 0 0 0 0
Cnd 2 [mv) &gltﬂl bit (041} 1 0 1 1] ] 0 0 0 0 0
0 —
Crd 3 ]
o —
o —
a —
a —
] m
; : | |
Channel #0 | Channel #1 | Channel #2 | Channel #3 | Channel #4 | Channel #5 | Channel #5 | Channel #7
Cuigital QT &
FEEIEE 0 Start From Change 1 [ Apply J ’ Besat ]
7O0OEC 4
Finish

This completes the Axopatch section of the guide.

For research use only. Not for use in diagnostic procedures.




MultiClamp
MultiClamp Sequence

This sequence describes how to set up two distinct data-acquisition “protocols” for
use in whole-cell recording with a MultiClamp 700B.

Once we have created the protocols, as an optional final step, we will integrate
these with the MultiClamp’s mode telegraph so that Clampex automatically loads
the appropriate protocol when you shift between current and voltage clamp in
MultiClamp Commander.

Move through the sequence page by page, or skip sections with the links below—but
note that the discussion assumes the setup from earlier sections:

] Digitizer—Amplifier Connections [0  Configure Telegraphs
] Create Signals [0  Configure Protocols

Configure Sequencing Keys

X MOLECULA
e - %D

For research use only. Not for use in diagnostic procedures.



Connect MultiClamp

If you have not already done so, switch on your MultiClamp 700B and open MultiClamp
Commander. If Commander opens in demo mode (reported in the title bar), you will
need to connect the amplifier to the software.

In Commander, press the Select
Device toolbutton:

MuttiClamp ]SnﬂF‘anel
Iﬂ \ " Demo Mode f* MultiClamp Hardware:

Select Device

Select “MultiClamp Hardware”. Serial Number: [00102318 ¥ _ Sean |
700B: Press the Scan button—

amplifier serial number when
the amplifier is found.

Click OK to exit.

QK Cancel Help

For research use only. Not for use in diagnostic procedures.



MultiClamp

Digitizer—Amplifier Connections

In this section we put in the cabling between the digitizer and MultiClamp. We will use
just one MultiClamp channel (i.e. headstage) in this configuration.




MultiClamp Connections 1

We want the following signals:

— Voltage Clamp

Digitizer Inputs
Membrane current—primary output
Membrane potential—secondary output

Digitizer Output
Command potential

— Current Clamp

Digitizer Inputs
Membrane potential—primary output
Membrane current—secondary output

For research use only. Not for use in diagnostic procedures.

Digitizer Output
Command current




MultiClamp Connections 2

Clampex allows for more than one signal to be sent, at different times, on each channel (the
relationship between signals and channels is more fully explained in the Create Signals
section).

Because we are never in current clamp and voltage clamp at the same time, signals
associated with these modes can share channels.

Specifically, the following signals can share channels:
the primary input signals for current and voltage clamp
the secondary input signals for current and voltage clamp

the command signals for current and voltage clamp

The six signals from the previous slide, then, require only three digitizer-to-amplifier
connections, as shown on the next slide.

: MOLECULA
® - 2D

b
= v

e

For research use only. Not for use in diagnostic procedures.



MultiClamp Connections 3

700B PRIMARY SECONDARY
(Channel 1) COMMAND OUTPUT OUTPUT
Digitizer ANALOG ANALOG ANALOG
9 OUT 0 IN O IN 1

Finish

With the three cables connected, we are ready to configure Clampex, starting with telegraphs.

For research use only. Not for use in diagnostic procedures.



"

s

b v

MultiClamp

Configure Telegraphs

MultiClamp 700B telegraphs are software messages sent from MultiClamp
Commander to Clampex, registering key amplifier settings.

As well as simply reporting the settings in Clampex, the telegraphs are
integrated into Clampex so that the greater proportion of signal setup is done
automatically (as we will soon see).

The most important telegraph remains the gain telegraph, used to automatically
rescale the Clampex Scope window as gains settings are changed, and to ensure
recorded data files are correctly scaled. Lowpass filter and whole-cell
capacitance compensation settings are reported in the Real Time Controls and
written into recorded file headers—as is the output gain.

In addition, the MultiClamp has telegraphs for amplifier mode, and for the units
and scale factors for command and acquisition signals. We will use these
telegraphs in our setup in the following slides.

65 (@

For research use only. Not for use in diagnostic procedures.




MultiClamp Telegraphs 1

Open Telegraphed Instrument from Acquire  View Tools Window Help
the Clampex Configure menu. Digitizer...
CyberAmp 2
Input Channels Tel Lab Bendh...
PR~ | | [ m
Analog N #1 Querrides. ..
BAnalog M #2
Analog (M #3 Membrane Test Setup...
fnalog 1M #4
BAnalog M #5
Analog [M #E . o
Analog IN #7 All telegraphs must be configured for a specific
i”alﬂﬂm Eg digitizer input channel. We will first enable
yt=ln] - . .
ﬁna|D§|N H11] o telegraphs for the channel receiving the amplifier

primary output. We have connected the MultiClamp
Primary Output to Analog IN #0 on the Digidata
(Connections), so select this from the Input
Channels list.

For research use only. Not for use in diagnostic procedures.




MultiClamp Telegraphs 2

Select Axon MultiClamp 700B from the
Telegraphed Instrument list.

When you have made this selection note the
options with respect to linking protocols to
amplifier modes—we will use this
functionality later in the guide (Configure
Sequencing Keys).

T elegraphed Instrument

MultiClamp 700 amplifier mode switches are
automatically telegraphed.

{* Start new trial when mode, scale factor or units change.

To zimultaneously zwitch protocolz, configure zpecial
Sequencing keys [W-Clamp ar [-Clamp [M].

(" Continue trial when mode, scale Factor or units change.

" & -

b
b
: Wi |
For research use only. Not for use in diagnostic procedures.

T elegraphed |nstrument

Ayon MultiClamp F00B

[Dizabled)

[ aral]

Axon Axoclamp 3002,
Bwon GeneClamp BO0B

Axon MultiClamp FO04
Axon MultiClamp /00B h

dxopatch 200 V201
duopatch 200 V202
Auopatch 2008
dxopatch-1 CW4-0.1/100




MultiClamp Telegraphs 3

The first enabled section on the dialog is Amplifier Configuration.

Identify the amplifier channel
(i.e. headstage) and signal
type for the selected digitizer
channel:

“Primary output 1”

Next click Scan—the MultiClamp serial number is shown when the amplifier is found.

.Q ,

Amplfier Confourstion

Ampifier output:

Primany output 1

=

Senal numbes:

00102318

El

Scan I

or research use only. Not for use in diagnostic procedures.




MultiClamp Telegraphs 4

MultiClamp telegraphs scale factors for command signals as well as for its output signals.
Enable Clampex to receive these telegraphs in the bottom Output Channels section.

The digitizer input we Output Channels
are configuring receives Chooze the Analog QUT channel to whic
output from headstage
1 (i.e. amplifier channel
1). The command
signal for this
headstage is fed from
digitizer output Analog
OUT #0 (in fact, the This completes telegraph setup for the primary signal.
only command signal Now for the secondary signal.
we have connected:
Connections). Select
Analog OUT #0 in the
Command field.

Commmand: Analog OUT #0

s . MTMOLECULAR
u}i YD EVICES

For research use only. Not for use in diagnostic procedures.



MultiClamp Telegraphs 5

The MultiClamp Secondary Output BNC is
connected to digitizer channel Analog IN
#1 (Connections).

@ Telegraphed Instrument

Input Channels Telegraphed [nstrurment

Select this channel, and MultiClamp 700B. Analog [N B

Bnalog IM #2

Analog IM #3
Mnmlma N HA

Amplfier Confouration
Arnphfier output: | Secondany cutput 1 )

Setial pumber: | 00102318 > Sean |

For research use only. Not for use in diagnostic procedures.

= Ao MuliClamp 700B

FultiClarmp 700 amplifier mode s
autoratically telegraphed.

In Amplifier Configuration select
“Secondary output 1”.

Enter amplifier identification
details as before.




MultiClamp Telegraphs 6

The digitizer command has not changed Output Charnels
for this MultiClamp channel, so saeglglcr; Choosge the Analog OUT channel to which
Analog OUT #0 Command:  [Analog OUT #0 =

as the command source.

Finish

This completes telegraph setup. We have configured Clampex to receive
telegraphs for both the primary and secondary amplifier output signals, and
for the command signal as well. Click OK to close the Telegraphed
Instrument dialog.

We now go to the Lab Bench for signal configuration.

For research use only. Not for use in diagnostic procedures.



MultiClamp
Create Signals

In this section we name the signals we require, assigning these to input and
output channels.

Before starting it is important to be clear on what signals and channels are:

Signal: a set of name, unit, scale factor and offset, by means of
which the voltage inputs and outputs at the digitizer are represented
in Clampex as the parameter being read at, or delivered to, the
preparation.

Channel: a cable connection to the digitizer, identified by the name
of the BNC port where connection is made, e.g. Analog IN #0, Digital
OUT #2.

As already noted, analog channels can be configured for different signals at
different times, which is what we do in this section.

-'/. L
:- ;1 ) (* EGLECULA
A &

For research use only. Not for use in diagnostic procedures.



MultiClamp Signals 1

Open the Lab Bench from the Configure menu Acquire  Views Tools Window He

or use the toolbutton: Digitizer...

CyberAmp »
=

Telegraphed Instrunient...

Overrides...

The Lab Bench opens with the
Input Signals tab on top, and

=3 Lab Bench

digitizer channel Analog IN Input Signals ]Dutputgignahl
#0 Se_l_eCt’ed' _We have the Digitizer Channels Signals
amplifier’'s primary output
connected to this channel, so Mﬂ RERL L Al ﬂﬂt ~ Add..
nalag CLIMeEn
_ we need to create two finalog [N #2 | MTest0 Delete
sighals—one each for voltage Analog M #3 | |Im —
n rrent clamop—for thi Analog (M 4 Irrermb | BRename...
and current clamp ho L IS Ainalog IN H5 IN #0 S
channel. Aralog N #5 v

For research use only. Not for use in diagnostic procedures.




MultiClamp Signals 2

Add Signal Ed
Ok
Mew name: ]Im_primel 4
Cancel
Help
Note that the entire Scaling

section is grayed, as it is not
used. This is because signal
scaling is now under the
control of the telegraphs we
set up in the last section. Do
not worry if the units and
scale here are incorrect—
they are overridden.

e

- “_‘_.

~|m_prime

Click the Add button in the Signals
section, opening the Add Signal
dialog.

Type in “Im_prime”—the name we
will give the scaled membrane
current signal for voltage clamp,
on headstage 1, which will on the
primary output.

Press OK. With the new signal
selected in the Signals list, the rest
of the tab shows options and
settings for that signal.

m ]|

or research use only. Not for use in diagnostic procedures.



MultiClamp Signals 3

"+ MultiClamp 700B
The telegraphs are reported at the [~ Rs Compensation

bottom of the Lab Bench. The [O3FF |99 M | | Bandwidth:1.02kHz @ |

screenshots shOV\{ the telegraphs in — Comection: 0 %  Predicion:
the Lab Bench with Commander at 4 . v
[ lation detected

default settings.

Scope: Bupazz

Lab Bench

T elegraphs
Gain: < 1 > Crn [pF];
Frequency [Hz]: C 10000 Scale faktor MVAnd): 05

e

For research use only. Not for use in diagnostic procedures.



MultiClamp Signals 4

Change settings in Commander and see the telegraphs update in the Lab Bench. The filter,
gain, and capacitance compensation telegraphs are also reported in the Real Time Controls.

Note that the scale factor
reported in the Lab Bench does
not change as you alter the : :
output gain. Clampex reports Prim put: Membrane Current Ea’nﬁ
the unity gain scale factor, Gairg 10 Bessel: 10 kHz ;

i.e. the scale factor for an
output gain of one.

Of course, the scale factor
applied to the signal takes the
gain into account—

e.g. in these screenshots, Telegraphs
Clampex will apply a Fiefi a C(pF)  0.000
scale factor of

10 x 0.5 V/nA = 5 V/nA, Frequency (Hz): 10000 Scale factor [Y/Anay 0.5
as reported in Commander. ~—
RAéx . K)]MOLECULAR
& - YD EVICES

.

For research use only. Not for use in diagnostic procedures.



MultiClamp Signals 5

This completes the creation of our first signal. All we actually did was to create a signal
name. Following that, with MultiClamp telegraphing enabled, the remainder of the signal
configuration was handled automatically.

Before we proceed to the next Software RC Filker Hardware Signal Conditioring
signal, note the possibility of [ Lowpass [kHz): | :|
additional signal filtering in : _
Clampex. ™ Highpass Mzl [T S| Cobertmp.
The Hardware Signal Conditioning Telegraphs
section has configuration options Gair 1 Cm[pF}  0.000

for Axon Instruments’ CyberAmp

signal conditioner. Frequency (Hz): 10000 Scale factor MY 10
£y QIMOLECULAR
e YD EVICES

For research use only. Not for use in diagnostic procedures.



MultiClamp Signals 6

Now to the next signal— the
amplifier primary output
signal for reading membrane
potential in current clamp.

We are using the same
digitizer channel for both the
current and voltage clamp
primary output signals, so still
with digitizer channel Analog
IN #0 selected,

press the Add button. This
time type “Vm_prime” for the
name of the new signal.

D6 -

M ew name: ]Um_prime{ L l}-

Cancel

Help

Again, because we have enabled telegraphs for the
channel that this signal is associated with, signal
units and scale factor are set automatically from
MultiClamp Commander. When you change
Commander to current clamp mode and membrane
potential is measured, Clampex will update
appropriately, if the telegraphs were configured to
start a new trial.

or research use only. Not for use in diagnostic procedures.
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Now we create current and voltage clamp signals for the amplifier secondary output.

We have the secondary output
connected to Analog IN #1
(Connections). Select this as the
digitizer channel, and then press

Add Signal

Mew name: |"»-’m_sec

the Add button.

OF.

Cancel

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

@ Lab Bench

Input Signals | Output Signals

Chigitizer Channels Signals
Analog [N #0 A 10 Wm
3 [ 1
Analog M #2 | MTest1 Delete
Analog IM #3 M1
Analog M #4 [rput01 Rename... |
Analog M #5 W
.ﬂ_-.na!cug IN T-tﬁ v wolbage

Type in “Vm_sec”, for the signal we will use to
monitor membrane potential in voltage clamp.

For research use only. Not for use in diagnostic procedures.




MultiClamp Signals 8

Now for the other secondary

& Add Signal —d output signal from the MultiClamp,
on digitizer channel Analog IN #1.
. ak. This will monitor membrane
Mew name: |Im_3&n: .
current in current clamp.

Cancel
Add “Im_sec” in the Add Signal

dialog, as for previous signals.

Help

For research use only. Not for use in diagnostic procedures.
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Signal Im_sec will be used when
Commander is in current clamp with
“Membrane Current” as the
secondary output signal.

Guick Select ] Advano
General (Gains l

"+ MultiClamp 700B

Secondany Output: Membrane Current [ 054 nd
Gain: 1 Lowpass Filter: 10 kHz

Pulse | 10mY 10 ms Zap | B00 p= Rf: B00 k5

Currert Clamp
Feedback Resistor Experiment 1

Wh

Note that the scale factor for current-reading
output signals is affected by the choice of
headstage resistor.

This can be adjusted in Commander’s Options
dialog:

d

in the Gains tab, Feedback Resistor sections.
We will use the default 500 MQ setting.

For research use only. Not for use in diagnostic procedures.
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Now we create signals for
the command waveforms.

Go to the Output Signals tab
in the Lab Bench. Analog
OUT #0 is selected. Thisis
the channel we have
connected for both voltage
and current clamp
commands (Connections).

a8 Add Signal

Ok,

Mew name: |R-’_|:Iam|:|

Cancel

Help

b

= Lab Bench

Drigitizer Channels

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

Signals

_Cmd 0

2B Command
A0 RO
|_clamp
QuT 80
auT o

W

Press the Add button in the Signals
section, and type “V_clamp” into the Add
Signal dialog—for the command signal for

voltage clamp.

For research use only. Not for use in diagnostic procedures.

Delete

Bename...




MultiClamp Signals 11

We enabled telegraphs for Analog
OUT #0 in association with both
Analog IN #0 and Analog IN #1, so
the signal units and scale factor are
simply reported from Commander.

Quick Select ]
General (ain:

YW zlamp

Telegraphed zcale facko

(¢ Channel 1 Chanr

MultiClamp can output command signals
in voltage clamp at two scale factors—

Voltage Clamp
Feedback Resistor

I 20 mV/V and 100 mV/\V.

)

~ EDGDETH Select the command scale factor from
C ElGo the Commander Options dialog:

Estemal Commap Sen: ,_-;E' |

We will use the 20 mV/V setting.

For research use only. Not for use in diagnostic procedures.
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Under default settings the
command signal holding level
cannot be set in the Lab Bench.

We do not need to worry about Analog holding level iz dizabled becausze of the setting in the
the holding level reported in the Configure / Dverides dialog,
field because we will set this
when we incorporate the signal
into a protocol.

- _ — It only remains to create the current
= Add Signal Ead clamp command signal.

0K Click Add again, calling the new signal
Mew name: |I_|::Iam|:| “1_clamp” .
Cancel
Help

e -

For research use only. Not for use in diagnostic procedures.
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Set the amplifier mode in
Commander to current clamp:

|_clamp

tode T elegraphed scale fac

ﬂﬂm | Esxt

Quick Select ] Ad
General (3ains l
In the Lab Bench, the scale factor units
Cument Clamp change to express current.

Feedback Resistor Experim
C° B0 MO
{+ 500 M

Again, Commander has two scaling
settings for the command signal, 400 pA/V
and 2 nA/V, selected in the Options dialog
Gains tab.

Check that you have 400 pA/V selected.

.l
For research use only. Not for use in diagnostic procedures.



MultiClamp Signals 14

Finish

In this section we played with settings in Commander in order to see how the
telegraphs work, but in the normal course of events you only need to add
appropriately named signals in the Lab Bench, ensuring these are associated with
the correct digitizer channels. Then, each time you run a protocol with one of the
signals, Clampex uses the units and scale factors telegraphed from Commander at
that time.

We created six signals:

Voltage clamp Current clamp
Im_prime Vm_prime
Vm_sec Im_sec
V_clamp I _clamp

This completes the creation and configuration of all our signals. We now proceed to
the creation of protocols, where these signals are built into a broader set of

acquisition parameters.

\, NTMOLECULAR
{i SO EVICES

For research use only. Not for use in diagnostic procedures.



MultiClamp

Configure Protocols

Protocols in Clampex are complete sets of acquisition parameters, including options for
command waveforms and preliminary data analysis. Particular signals, defined in the Lab
Bench, are specified for each protocol.

In this section we create two simple protocols, one each for current and voltage clamp,
incorporating the signals we have just defined. HONIMOLECULAR
2O EVICES

For research use only. Not for use in diagnostic procedures.




MultiClamp Protocols 1

Open the Protocol Editor by selecting
New Protocol in the Acquire menu.

Note: If a previously saved protocol
is not loaded in Clampex, it uses a
place-holder protocol, labeled
“(untitled)”. If this is currently loaded
you can open the editor to create a
new protocol by selecting Edit
Protocol, or by clicking the toolbutton:

B

The currently loaded protocol is
reported in the status bar at the
bottom of the main Clampex window.

File Edit View Configure Tools Window

Cpen Protocol... [!

Sawve Protocol
Sawve Protocol As...
Edit Protocal. ..
Waveform Preview

We will begin by setting up the protocol
for voltage clamp.

For research use only. Not for use in diagnostic procedures.




MultiClamp Protocols 2

The front tab of the protocol
editor has controls for,
amongst other things,

acquisition mode, sampling
rate, and trial hierarchy.

The default acquisition mode is
episodic stimulation—the only
mode that allows a command

waveform to be generated.
We want to generate a
command, so leave this
setting. In fact, all the default
settings on this tab can be left
as they are, but take time to
note key parameters such as
the sampling rate (10 kHz),
the number of samples per
sweep, and the number of
sweeps per run.

& -

e

Edit Protocol - (untitled)

Mode/R ate l Inputs] Dutputs] Trigger] Statistics] I:l:nmments] M ath ] 'W'avefl:nrm] Stimulus]
Acquizition kMode

(" Gap-free " Fised-length events {» Fpizodic stimulation

(" Wariable-length events " High-zpeed ozcilloscope

Trial Hierarchy Start-ta-Start Intervals

Trial delay [z]: 0 il

Riunz.trial 1 EI Sweep [s]: [Minimum -
S weepsun: 10 & —0D4ME

Sweep duration (z): |0.2 %1 = 2000 samples

Firzt hialding: Epochs: Lagt halding:

31 ms 1933.8 ms 31 ms

3 zamples 1938 zamples 3 zamples

Sampling B ate per Sighal

Fast rate [Hz): [10000 il

Auveraging
Runzftrial = 1, o averaaging

The sweep start-to-start interval is set at
Minimum, so each new sweep starts as soon as the
previous one is finished.

For research use only. Not for use in diagnostic procedures.



MultiClamp Protocols 3

Next go to the Inputs tab.

Here you select digitizer input channels for
the protocol, as well as the signals that you
want to be conveyed on these.

For voltage clamp, we want two input
signals—one scaled signal for membrane
current, and a second signal to monitor
membrane voltage. We created these in
the Lab Bench—*Im_prime” and
“VYm_sec”—associating them with digitizer
IN channels O and 1. Now we incorporate
them into the voltage protocol.

Channel #0 should be already checked.
Open the list box beside it and select
“Im_prime”.

x ;{ %

Edit Protocol - {untitled)

Mode/Fate Inputs ]Dutput31 Trigger1 Statistics1
Analog M Channelz

v Channel #0: ]lN 0 LJ
| Channel #1: LJajestd L%
™ Channel #2: :hnenml:u

| Channel #3: .{E;tcpﬁime v
™ Channel #4: | A _J
[ Channel #5; ] : _J
™ Channel #E: ] _J
I Charnel #7: [)11 =]

For research use only. Not for use in diagnostic procedures.



MultiClamp Protocols 4

Then check Channel #1 and select
“VYm_sec”.

This completes the Inputs tab.

@ Edit Protocol - (untitled)

MI:IIjE-'.-"HEItE:l Inputs  Uutputs lTrigger]
Analog OUT Channels

Channel #O: |R-"_n::|am|:| j
|_clamp ”

Channel #1: (3T #0 |
auT o

Channel #2: Setu ’

Channel #3: s

Edit Protocol - (untitled)

Mode/Fate  Inputs ]Dutput&l Trigger1 Statiﬁticsi
—Analog IN Channels

¥ Channel #0: 1Im_|:|rime i

W Channel #1:

I Channel #2:

T
4

[ Channel #3; | MTest3 -

Next, go to the Outputs tab.

We created the signal “V_clamp” to deliver
the voltage clamp command waveform, on
digitizer output channel #0.

Select “V_clamp” from the
Channel #0 list box.

For research use only. Not for use in diagnostic procedures.




MultiClamp Protocols 5

This tab is also used to set the holding level for the signal. There may be some confusion

over the signal units for this, due to telegraphs.
il

&nalog Jding Levels
With telegraphs enabled, Clampex shows command - @ L
signal units appropriate for the amplifier mode, so if 0
the MultiClamp was in Curren_t CIaInp mode”(I(_:) Condl 2 [ 0
when you opened the protocol editor, “V_clamp” will
be shown with units for current. Crnd 3 [} 0

This is no cause for alarm, since “V_clamp” will only be used in voltage clamp, and Clampex
will be telegraphed the correct units at that time. It does mean that in order to set a holding
level we need to recall the units used for the command signal in voltage clamp. These were
millivolts. Alternatively, close the protocol editor with the OK button, switch to Voltage Clamp
mode (VC) in Commander, and reopen the protocol editor. “V_ clamp” now shows the units
that will be used when “V_clamp” is output—i.e. millivolts.

Analog OUT Halding Levels

We want to set a holding level of =50 mV, so W clamp [mv): |-5|;|
enter —50 in the holding level field. -
Crd T [rat]: |EI

For research use only. Not for use in diagnostic procedures.
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Although we will not make any changes for the purposes of our protocol, it is worth taking
a quick look at the trigger settings.

Go to the Trigger tab. Edit Protocol - (untitled)

Default settings give “Immediate” trial starts. Made/Rate | Inputs | Outputs  Trigger lgta
This means Clampex is armed for data

acquisition as soon as you select Record, or Sl el el

View Only, from the Acquire menu—or click Immediate |
the toolbuttons: Trigger zource:
| Internal Timer j
i -
Record View Only

The default trigger source is “Internal Timer”.
This triggers the command waveform and data
acquisition immediately after the trial is
started, continuing through to the end of the
trial automatically.

b 93 JIMOLECULAR
“1 SYDEVICES

For research use only. Not for use in diagnostic procedures.
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Now go to the Waveform
Channel #0 tab, where outputs
are defined for digitizer output
channel Analog OUT #0.

A default waveform is already
defined—we will delete this and
create our own simple stimulus,
but first familiarize yourself with

some key settings on this tab.

The Analog Waveform checkbox
enables analog command
definition. Selecting Epochs
means we define the waveform
using the table in the middle of
the tab. In this, the sweep can
be divided into up to 50 sections
(epochs) A—AX, and a waveform
defined for each of these.

The Epoch Description table in
the Waveform tab includes cut
and paste functionality.

Edit Protocol - (untitled)

Mu:uu:le.-"FEate] Inputs] Outputs riger] Statistics] Eumments] Math  waveform }
W aveform Analog O @ Info
v Analog ' aveform [ Digital Outputs
* Epoch: O Shmulus file ~
Intersweep holding level:  |Use halding -
Epoch Description A, B C B E F E]
Tupe Step  [OFf [ [ [ [ [
Sample rate
First lesvel [ 112
Delta lervel [mi] =20
First duration [mz] 100
Delta duration [ms] 1]
Diigital bit pattern [#3-0]
Digital bit pattern [H#7-4]
Train rate [Hz)
Pulze width [mz)

Note the confirmation that “V_clamp” is the signal
carrying the output waveform. The units shown for it—in
the “Info” message box and in the epoch description
table—are again derived from the amplifier mode
telegraph from MultiClamp Commander.

search use only. Not for use in diagnostic procedures.



Now to the definition of our waveform.

We will configure an output with a
simple step, increasing the amplitude
of the step with each sweep.

In column A of the epoch description
table, keep “Step” in the Type row,
but click in the “First level” row and

type in —=50. This sets the output level
for epoch A in the first sweep of the
run. Our entry of =50 mV maintains

the holding level.

Click in the next row (Delta level) and
type in zero. This keeps the first level
setting for subsequent sweeps—i.e.
epoch A is maintained at —-50 mV for
each of the 10 sweeps in the trial.

MultiClamp Protocols 8

E poch Descrption i,
Type Step
Sample rate

Firzt level [m] alll
Delta level [m) 1]
Firzt duration [mz] il
Delta duration [ms) a

Crigital bit pattern [#3-0]

Cigital bit pattern [#7-4]

Train rate [Hz]

Fulze width [mz)

For research use only. Not for use in diagnostic procedures.




MultiClamp Protocols 9

Now to set the period for epoch A. el Deseaiar B, B C
Click in the First duration row, and type in 50. Tvpe Step  JOff  |OfF  |OH
Sample rate
Our sampling interval is 10 kHz, so a 50 ms First level [miv] A0
sample duration equates to 500 samples. Shift Delta level i) 0
focus to a different cell in the table to see this Firzt duration [mz) Al
reported below. Dielta duration [ms] 0
This completes epoch A. Now we co_nfigure the g:g:::: E:: E:t::: {E?_E}
step, in epoch B. Train rate [Hz]
Pulze width [mz)

Murmber of sweeps = 10 )

Epoch Dezcription & B C B] : )

Tons Sep [OT T o | | Firzt duration 50,00 mz (500 zamples)

Sarnple rate v Off

Firzt lewel [t -All m

E_E"E'dleve_' i ED Ramp Click in the Type row in column B

rst durafion [fs) Pulse train (currently set to “Off™).

Delta duration [ms) 1] Biphasic train

Digital bit patterr [#3-0] Triangle train Select “Step” from the popup menu.

Digital bit pattern [#7-4) Cosing trai

Train rate [Hz) esine frain

Pulze width [mz]

MHumber of sweeps =10 Al
. - @MGLECULAH
& DEVICES

For research use only. Not for use in diagnostic procedures.
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Set the level for the first sweep at —100 mV.

For this epoch, because we want an incrementing
step level from sweep to sweep, we enter a delta
level. Click on the Delta level cell and type in 20.
This forces the step level up 20 mV with each
successive sweep.

We have 10 sweeps starting at —100 mV, so the
final sweep will have a step level of
80 mV, reported below the table.

Now set the duration, at 100 ms. Again, this is
reported below the table, in milliseconds as well
as in samples.

We will not set a delta duration, which would alter
the length of the epoch from sweep to sweep, so
this completes our waveform definition.

For research use only. Not for use in diagnostic procedures.

Epoch Description

Type

Step

Step

i i

Sample rate

First level [rmt]

-50

-100

Delta level [t

0

20

First duration [ms]

a0

100

Delta duration [mz]

0

Diigital bit pattern [#3-0)]

Digital bit pattern [#7-4)

Train rate [Hz)

Fulze width [mz)

Mumber of sweeps = 10

Alloc:

| Final levvel 80,00 mtS
Firzt duration 100,00 ms [1000 zamples]
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Press the Update Preview button = Waveform Preview
in the bottom right corner of the
protocol editor. 200 4]
This opens the Waveform Preview ave Star

window shown at right, where you 7

can see a graphical representation
of the waveform we have defined.

Y_clamp
(m')

¥ o
¥ Wave End

This window can be kept open
while you experiment with
different epoch settings—press
the Update button whenever you
want to update the display. 200

1|t| 0 I 1IIIIIII I 2IJIIII

Time (mz} Sweep:1 Vizible: 10 of 10

=100

=» LClipboard | Cloze | Help |

Note: The Waveform Preview opens with panes for all analog output channels—right-click
in the upper pane and select Maximize Signal from the popup menu to get the display

shown above.

\, o E
;i D EVICES

For research use only. Not for use in diagnostic procedures.
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We have completed the setup of the voltage
clamp protocol—close the protocol editor
with the OK button.

The new protocol is loaded, still labeled
“(untitled)”, and we could acquire data
under it if we wanted, but it is not saved for
future use.

Go to Save Protocol As in the Acquire menu.
This opens a standard file-saving dialog.
Name the protocol “Voltage Clamp 1”, and
press the Save button.

The protocol is now saved and can be
loaded whenever we want, with the Open
Protocol command in the Acquire menu,
or toolbutton:

|

e -

2 Save Protocol As

Savein: | =) Params

File name: |‘u’|:uhage Clamp 1 pro

Save as type: |F'n:|t|:u:|:|| Files (".pro)

For research use only. Not for use in diagnostic procedures.
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Setup of the current clamp protocol follows similar lines to the protocol for voltage clamp.

] Edit Protocol - {untitled)
Open the protocol editor

again with New Protocol, Mode/Fate Inputs ]Dutputs] Trigger1 Statistics]
in the Acquire menu. Analog IN Channels
We will again accept the W Channel #0: [vm_pime =
default settings in the
Mode/Rate tab, so go ¥ Charinel #1:
straight to the Inputs tab. [ Chainal #2
_ This time select ™ Charnel #3:
“Vm_ prime” for Channel
#0, and “Im_sec” for [ Channel #4:

Channel #1.

Note: Be sure the MultiClamp is in IC Mode to see the
correct units when you come to configure the waveform.

b -

For research use only. Not for use in diagnostic procedures.




MultiClamp Protocols 14

On the Outputs tab, select the current clamp
command signal we configured for digitizer
Analog OUT channel #0: “I_clamp”.

Leave the holding level at the default zero
setting for current clamp.

Type Step [Ramp |Step [Tmgl | Step
Sample rate

First level 1] 200|100 20 110 1]
Delta level [ 20 1] 1] 1] 1]
Firzt duration [mz] 40 40 0.1 40 h
Delta duration [mz] 1] 1] 1] 1] 1]

Digital bit pattern [£3-0)
Drigital bit pattern [H7-4)
Train rate [Hz) 1
Pulze width [mz] 20

" & -

b _

For research use only. Not for use in diagnostic procedures.

a8 Edit Protocol - (untitled)

MIIIIjE:a"HatE:l lnputs  Dutputs l Trigger]
Analog OUT Channels

Channel #0:  |Cmd 0 -]
Crnd s
Channel #1: B
QuT #O
Channel #2: ouT o
Setup =
Charnel #3  LYnclamp =

Create your own command
waveform on the Channel #0
tab.

Experiment with the different
waveform options viewing these
in the Waveform Preview
window.



MultiClamp Protocols 15

Finally, close the protocol editor by pressing [EE Scope - Demo Digitizer

OK, and save the protocol (Save Protocol As in
the Acquire menu), calling it
“Current Clamp 1.

You will see on exit that the Scope window is

set up in preparation for the two input signals 1000
configured for this protocol, with units as 20000
currently telegraphed from MultiClamp.
E -
mE 0
E R
-20000

(mz)

For research use only. Not for use in diagnostic procedures.




MultiClamp Protocols 16

When you use Gap-free mode in the Real Time Controls panel, open the pre-programming dialog by
clicking the < button. You can pre-program voltage level and holding duration values for each channel,
as well as turning the digital bit on or off. You can pre-program up to 50 epochs. You can also manually

change values during a recording.

Gap-free
Crad O [r]

o —
Crad 1 [r]
0 =
Crd 2 [rv]
a —

Cmd 3 [t/
I:I .

-

-

Crigital QT ¢

3I00EDo
7O0EEED 4

Finish

This completes the protocol tutorial and completes this guide. However, as a final, optional step we link the

Epoch Desc 1 2 3 4 L & T 8 9 10
Type Step Step Step Step |[Step | Off Off Off Off Off
Level (mV) 45 -50 100 100 (0 0 0 0 0 0
Duration (gseconds) 12 10 5 15 1 0 0 0 0 0
Egital bit (0/1) 1 0 1 0 0 0 0 0 0 0

1| 1]

Start From Change 1

| Apply | | Resst |

Channel #0 | Channel #1 | Channel #2 | Channel #3 | Channel #4 | Channel 45 | Channel #5 | Channel #7

protocols to MultiClamp Commander amplifier-mode telegraphs in the next section.

b -

For research use only. Not for use in diagnostic procedures.




MultiClamp

Configure Seqguencing Keys

The amplifier-mode telegraphs sent by MultiClamp Commander can be used to automatically load
protocols in Clampex. This means that you can have an appropriate protocol load and run, automatically,
as soon as you change modes in Commander. This is done using sequencing keys.

In this section, as an optional final stage in the guide, we configure this linkage for the two protocols we
have created. MOLECULAR

SO EVICES




MultiClamp Sequencing Keys 1

Open the Sequencing Keys dialog box
from the Configure menu.

& Sequencing Keys - Startup Set

| Key | Next Key | Tupe | Description

| Y

Cloze

Help

il

Bemove
LCopy...
FEroperties...

Werify

L

=» Clipboard

MNew Set...
Save Set..

Open Set...

il

f

Optiong...

105

For research use only. Not for use in diagnostic procedures.

View Tools Window Help

Digitizer...
CyberAmp 3

Lab Bench...
Telegraphed Instrument...
Cverrides...

Membrane Test Setup...

Seguendng Keys...

Program QOptions...

If the sequencing keys are at
default settings, the dialog opens
with an empty sequencing keys
table, under the title “Startup
Set”.




MultiClamp Sequencing Keys 2

Press the Add button, and in the “Add a
key definition for” list box scroll down to
“V-Clamp IN O”.

Select this sequencing key.

— (%]

MOTE: Usze the top-row rumber keys on pour keyboard
to call zequencing kevz. The numenc keypad does not
activate zequencing keys.

&dd a key definition for: Chrl+1 j
W-Clarmp M 5 ”
W-Clamp IM & 0
ok S Clamp IM 7 |
W-Clarmp [M 3 I

W-Clamp [M 9
W-Clamp M 10 [\!S

Y-Clamp 1N 11 ™

“IN O” refers to Analog IN #0, the digitizer input channel we configured Clampex to
receive MultiClamp scaled output telegraphs on.

“V-Clamp” means that the sequencing key we are about to configure will be triggered by a

change to voltage clamp in the MultiClamp.

Click OK.

b -

For research use only. Not for use in diagnostic procedures.



MultiClamp Sequencing Keys 3

The Sequencing Keys Properties dialog opens
with the Operations tab uppermost. Select the
Protocol option.

Next we have to enter the protocol we want to
run when the MultiClamp is in voltage clamp.
Click Browse to open a file dialog. Protocol fil:

"l

107

In the Action field, for the purposes of
demonstration, keep the “View” selection. This
has the protocol run in View Only mode when it |
Is called; in a real experiment you would

& Sequencing Keys - Properties - ¥-Clamp IN 0

Dperations l Sequencing]
" Parameters
=
F b
- li 2l A N i e e
F b
r b
E
" Membrane test
choose the “Run” option. AnalogOUT: & 0 1 2
Stage; ' i i
Wiew b
|
Repetition count: 1 il Browse... ;IE
" Prampt: |
QK | Cancel | Help

For research use only. Not for use in diagnostic procedures.



MultiClamp Sequencing Keys 4

The file dialog should open at the “Params” folder where we earlier saved the two
protocols. We called the voltage clamp protocol “Voltage Clamp 1”. Select this now and
click Open.

The protocol is reported in the * Protocol
protocol file field. Action: i -]
Leave the repetition count at Protocol file: |M_I,I Dacumentzsh. . \Params'Waoltage Clamp 1.pro
one, to run the protocol just Repetition cout: |17i| CHiowse.
once when it is called. |—_|

This completes the configuration of this sequencing key, however, before closing the
Properties dialog have a look at the Sequencing tab. Use this tab to link the current key to a
second one so that it runs after the current one is finished. You can create sequences of any
number of operations using this functionality.

Click OK to return to the main Sequencing Keys dialog.

%{. bos « EGLECULA
&

For research use only. Not for use in diagnostic procedures.



MultiClamp Sequencing Keys 5

Our first sequencing key appears in
the table.

Check its details before pressing the
Add button to add a second key, for
current clamp.

s Add

Add a key definition for:;

k.

Ca

Chrl+1

[

a8 Sequencing Keys - Startup Set

%]

MOTE: Usge the top-row number keys on pour keyboard
to zall sequencing keyz. The numenc keppad does naot
activate sequencing keys.

w @

|-Clarmp IM B
[-Clarnp IM 7
|-Clarnp IM &
[-Clarmp IM 9

[-Clarnp IM 10
[-Clarnp IM 11
|-Clarnp [N 12

e

£

F.ey | Mext Key | Type D escription

Y-ClampIMN O  Mone Pratocol Wiew uzing Yaoltar

=

This time select “I-Clamp IN O”.
The input channel is the same, but
we want this key to be triggered by
a change to current clamp.

For research use only. Not for use in diagnostic procedures.




MultiClamp Sequencing Keys 6

As before, select Protocol and
press Browse, this time putting in
place the protocol we configured
for current clamp,

“Current Clamp 1~

& Sequencing Keys - Startup Set

&+ Protocol
Action:

Protocol file:

B epetition count:

|l'-.-"iE-'W - |
|M_I,I Documentsh, . \pCLAMPYParamssCurrent Clamp 1.pro
-

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

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

K.ey Mext K.ey Twpe
I-Clarnp IM 0 Mone Frotocol
W-Clarmp IM 0 Mone Frotocol

w &

Close the Properties dialog, and
check the details of the second
seguencing key. It has been added
at the top of the list, following the
key order in the Add dialog list box.

For research use only. Not for use in diagnostic procedures.




MultiClamp Sequencing Keys 7

Finally, press the Options button, at - : -
the bottom of the Sequencing Keys & Options rz'
Comm_and bUttonSf' You are offe_red If the active protocol has unsaved changes when a new

three options for saving protocols in a protocol in a sequence iz to be loaded:
sequencing keys series. " Load the new pratocal without saving the first protocal

¢ Save the first pratocol before loading the new pratocal

T Prompt to save the first protocal

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

ak. Cancel Help

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

Select the second option.

When you come to test the setup, this selection means that if you resize or rescale the
Scope window while a protocol is running, your new window settings are automatically
saved with the protocol when you switch over to the second protocol.

For research use only. Not for use in diagnostic procedures.



MultiClamp Sequencing Keys 8

Finish
This completes the setup of the sequencing keys—the sequencing key set is automatically
saved when you close the dialog.

Test the Configuration
Connect the model cell to the Channel 1 headstage of the MultiClamp.

Make a final check on the I-Clamp and V-Clamp tabs in MultiClamp Commander to ensure
you have the correct primary and secondary output signal types selected.

Now switch mode in Commander. The appropriate protocol should load and run in Clampex,
displaying resultant data correctly labeled, and with the correct units, in the Scope window.
You may need to scale the window to see the signals clearly.

Switch over to the alternate mode. Again, the appropriate protocol should load and run.

This completes the MultiClamp section of the guide. For more detailed information on any of
the matters covered, use the online Help and consult the manual.

| %{. b « EGLECULA
Al

For research use only. Not for use in diagnostic procedures.



Axoclamp 900A
Axoclamp Sequence

This sequence describes how to set up two distinct data-acquisition “protocols” for
use in whole-cell recording with an Axoclamp 900A.

Once we have created the protocols, as an optional final step, we will integrate
these with the Axoclamp’s mode telegraph so that Clampex automatically loads the
appropriate protocol when you shift between current and voltage clamp in Axoclamp
Commander.

Move through the sequence page by page, or skip sections with the links below—but
note that the discussion assumes the setup from earlier sections:

= Digitizer—Amplifier Connections B  Configure Telegraphs

= Create Signals B  Configure Protocols

b -

For research use only. Not for use in diagnostic procedures.



Connect Axoclamp

If you have not already done so, switch on your Axoclamp 900A and open Axoclamp
Commander. If Commander opens in demo mode (reported in the title bar), you will

need to connect the amplifier to the software.

In Commander, press the Select
Device toolbutton:

T

Select “Axoclamp Hardware”.

Click Scan—Commander displays
the amplifier serial number when
the ampilifier is found.

Click OK to exit.

e

4

S5elect Device E|
Axoclamp 1 Su:uftP'aneI]

 DemoMaode & Azoclarmp Hardware
Serial Mumber: JI:IEI12242EI v] Scan |

Agoclamp 00122420 connected.

k. | Cancel

For research use only. Not for use in diagnostic procedures.




Axoclamp

Digitizer—Amplifier Connections

In this section we put in the cabling between the digitizer and Axoclamp 900A.




Axoclamp Connections 1

The signals we want to record depend on the Axoclamp 900A mode.

— Current Clamp modes (IC, 1=0, DCC, and HVIC)

Digitizer Inputs Digitizer Output
® Membrane potential ® Command current
® Membrane current”

— Voltage Clamp (TEVC and dSEVC)

Digitizer Inputs Digitizer Output
® Membrane current ® Command potential
® Membrane potential

*Note: Current can be monitored on the CURRENT OUTPUT of each channel.
This is optional.

w &

For research use only. Not for use in diagnostic procedures.




Axoclamp Connections 2

Clampex allows for more than one signal to be sent, at different times, on each
channel (the relationship between signals and channels is more fully explained in the
Create Signals section).

Because the Axoclamp 900A can only be in one mode at a given time, signals
associated with these modes can share digitizer Analog IN and Analog OUT channels.

Which signals can share channels depends on how the Axoclamp is going to be used:

®  For current clamp and TEVC, the input signals for current clamp (Vm) and
voltage clamp (Im) on Channel 2.

®  For current clamp and dSEVC, the input signals for current clamp (Vm) and
voltage clamp (Im) on Channel 1.

117 SMMOLECULAR
& S OEVICES
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Axoclamp Connections 3

V-CLAMP
COMMAND

900A I-CLAMP SCALED
(Channel 1) COMMAND OUTPUT

ANALOG ANALOG ANALOG

Digitizer oUT 1 IN O ST 6

900A I-CLAMP SCALED
(Channel 2) COMMAND OUTPUT

ANALOG ANALOG

Digitizer OUT 2* B

*Note: To use both I-CLAMP COMMANDS and V-CLAMP COMMAND requires three
Analog Outputs, as available on the Digidata 1440A. An alternative method
when only two analog outputs are available is described in the next slide.

P,
.-3‘I

For research use only. Not for use in diagnostic procedures.



Axoclamp Connections 4

Alternative command connections

900A STEP-
(Channel 1) ACTIVATE 1*

DIGITAL

Digitizer OUT O

900A STEP-
(Channel 2) ACTIVATE 2*

DIGITAL

Digitizer ouUT 1

SCALED
OUTPUT

ANALOG
IN O

SCALED
OUTPUT

ANALOG
IN 1

V-CLAMP
COMMAND

ANALOG
OuUT O

“Note: STEP-ACTIVATE inputs are located on the rear of the unit.

119
.-ll

For research use only. Not for use in diagnostic procedures.




Axoclamp Connections 5

Alternative command connections — no voltage clamp

900A I-CLAMP SCALED \C’E)CNLIQ'\A"IZD
(Channel 1) COMMAND OUTPUT

B ANALOG ANALOG (UNCONNECTED)
Digitizer OUT O IN O

900A I-CLAMP SCALED
(Channel 2) COMMAND OUTPUT

ANALOG ANALOG

Digitizer oUT 1 IN 1

Note: This set-up does not allow external commands in dSEVC or TEVC modes.
It is only recommended if you do not plan to use either voltage clamp mode.

For research use only. Not for use in diagnostic procedures.




Axoclamp Connections 6

Optional: Current monitor outputs for IC modes.

If you want to monitor the current while in IC modes on both channels,
you can use the dedicated CURRENT OUTPUT on each channel.

900A CURRENT 900A CURRENT

(Channel 1) OUTPUT (Channel 2) OUTPUT

These outputs are not telegraphed to Clampex, so we will need to
configure the scale factor manually in the Lab Bench.

Details on this configuration can be found later in Axoclamp Signals.

' 121
%
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Axoclamp

Configure Telegraphs

Axoclamp 900A telegraphs are software messages sent from Axoclamp
Commander to Clampex, registering key amplifier settings.

As well as simply reporting the settings in Clampex, the telegraphs are
integrated into Clampex so that the greater proportion of signal setup is done
automatically (as we will soon see).

The most important telegraph remains the gain telegraph, used to automatically
rescale the Clampex Scope window as gains settings are changed, and to ensure
recorded data files are correctly scaled. The lowpass filter settings are also
reported in the Real Time Controls and written into recorded file headers—as is
the output gain.

In addition, the Axoclamp has telegraphs for amplifier mode, and for the units
and scale factors for command and acquisition signals. We will use these
telegraphs in our setup in the following slides.

We will assume that a voltage clamp mode (dSEVC or TEVC) will be used, and
the connections shown in Axoclamp Connections 3 are made. The changes
necessary for other arrangements, e.g., the connections in Axoclamp
Connections 4 should be easy to make once the basic principles are understood.

For research use only. Not for use in diagnostic procedures.




Axoclamp Telegraphs 1

Open Telegraphed Instrument from Acquire  View Tools Window Help

the Clampex Configure menu.

 Input Channels

oy

Analog 1M #1 kg
Analog IM #2
BAnalog [N #3
Analog 1M #4
Analog IM #5
BAnalog IM #E
Analog IM &7
Analog [N #B
BAnalog IM #3

Binalog IN #10 v

Digitizer...
CyberAmp 3

Lab Bench...

Cverrides... %

Membrane Test Setup...

{ All telegraphs must be configured for a specific
digitizer input channel. We will first enable
telegraphs for the channel receiving the amplifier
Scaled Output from Channel 1. We have connected
the Axoclamp Scaled Output for Channel 1 to Analog
IN #0 on the Digidata (Connections), so select this
from the Input Channels list.

or research use only. Not for use in diagnostic procedures.



Axoclamp Telegraphs 2

Select Axon Axoclamp 900A from the — Telegraphed [nstrurment
Telegraphed Instrument list.
arap ]ﬁ.:-:u:un Aroclamp 002
[Dizabled]
When you have made this selection note the MET‘IUE| v
options with respect to linking protocols to Ao .-'-'-.:-:l:u:larn 1 UL, h
amplifier modes. You can learn more about Lwar MultiClamp FO0B
this in the MultiClamp section on Sequencing Beon MultiClarmp P00
Keys (Configure Sequencing Keys). fwon GeneClamp B00B
v Axopatch 008

 Telegraphed [nztrument
Bwan Axoclamp 3004 __:J

FultiClarp 700 amplifier mode switches are
automatically telegraphed.

" Start new tial when mode, scale factor or units change.

To zsimultaneouzly switch protocols, configure zpecial
Sequencing K.eys [V-Clamp or |-Clamp M),

(" Cantinue tial when mode, scale factor ar units change.

: MOLECULA
;{ 124 {@' D

M “_‘_.

For research use only. Not for use in diagnostic procedures.



Axoclamp Telegraphs 3

The first enabled section on the dialog is Amplifier Configuration.

Identify the amplifier channel
(i.e. headstage) and signal
type for the selected digitizer
channel (in this case, Analog
In #0). In the previous slides
we chose Scaled Output 1 to
connect to Analog In #0

v

Next click Scan—the Axoclamp serial number is shown when the amplifier is found.

w &

Amplifier output;

Senal number;

} —Amplifier Configuration-

Scaled output 1

01 22420

Scan |

For research use only. Not for use in diagnostic procedures.




Axoclamp Telegraphs 4

Axoclamp telegraphs scale factors for command signals as well as for its output
signals. Enable Clampex to receive these telegraphs in the bottom Output Channels
section.

The digitizer input we -~ Output Channels
are Configuring receives Chooze the Analog DUT channel o which the command signal iz connected:
output from headstage Command:  |&nalog OUT #1 =

1 (i.e. amplifier channel
1). The I-CLAMP
COMMAND input for this
headstage is fed from

digitizer output Analog v
OUT #1 (see This completes telegraph setup for the Scaled Output of
Connections; Analog Axoclamp channel 1.
Out #0 is connected to (The CURRENT OUTPUT is not telegraphed.)

V-CLAMP COMMAND).
Select Analog OUT #1
in the Command field™.

*Note: If you are using the STEP-ACTIVATE inputs instead of I-CLAMP COMMAND,
leave the Command field on (none).

%{. b « EGLECULA
.

For research use only. Not for use in diagnostic procedures.



Axoclamp Telegraphs 5

Open Telegraphed Instrument from Acquire  View Tools Window Help
the Clampex Configure menu. Digitizer
CyberAmp 3
Lab Bench...

|rput Channels Overrides... Eﬁ

Analog IN H#O f: Membrane Test Setup...

Analog M #2 Eﬁ

BAnalog M #3

BAnalog M #4 _ o
Analog IN #5 { All telegraphs must be configured for a specific
Analog M #E digitizer input channel. Now we will enable

Analog (M #7 telegraphs for the channel receiving the Axoclamp
Analag 1N #8 Channel 2 Scaled Output. We have connected the
Analog [N #3 Axoclamp Scaled Output for Channel 2 to Analog IN
Analog 1M #10 s #1 on the Digidata (Connections), so select this

from the Input Channels list.

For research use only. Not for use in diagnostic procedures.



Axoclamp Telegraphs 6

Select Axon Axoclamp 900A from the — Telegraphed [nstrurment
Telegraphed Instrument list.
arap ]ﬁ.:-:u:un Aroclamp 002
[Dizabled]
When you have made this selection note the MET‘IUE| v
options with respect to linking protocols to S0 .-'-'-.:-:l:u:larn 1 UL, h
amplifier modes. You can learn more about Lwar MultiClamp FO0B
this in the MultiClamp section on Sequencing Beon MultiClarmp P00
Keys (Configure Sequencing Keys). fwon GeneClamp B00B
v Axopatch 008

 Telegraphed [nztrument
Bwan Axoclamp 3004 __:J

FultiClarp 700 amplifier mode switches are
automatically telegraphed.

" Start new tial when mode, scale factor or units change.

To zsimultaneouzly switch protocols, configure zpecial
Sequencing K.eys [V-Clamp or |-Clamp M),

(" Cantinue tial when mode, scale factor ar units change.

: MOLECULA
;{ 128 {'@- B)

M “_‘_.

For research use only. Not for use in diagnostic procedures.



Axoclamp Telegraphs 7

The first enabled section on the dialog is Amplifier Configuration.

Identify the amplifier channel
(i.e. headstage) and signal
type for the selected digitizer
channel (in this case, Analog
In #1). In the previous slides
we chose Scaled Output 2 to
connect to Analog In #1

v

Next press the Scan button—the Axoclamp serial number is shown when the amplifier is

found.

D -

} —Armplifier Configuration

Amplifier output:

Senal number:

Scaled output 2

001 22420

4

Scan |

|

For research use only. Not for use in diagnostic procedures.




Axoclamp Telegraphs 8

Axoclamp telegraphs scale factors for command signals as well as for its output
signals. Enable Clampex to receive these telegraphs in the bottom Output Channels
section.

The digitizer input we - Dutput Channels
are configuring receives Chooze the Analog OUT channel to which the command signal is connected;
output from headstage Bominanide. |AnslogOUT 2 =
2 (i.e. amplifier channel =
2). The I-CLAMP '
COMMAND input for this
headstage is fed from

digitizer output Analog 4
OUT #2 (see This completes telegraph setup for the Scaled Output of
Connections; Analog Axoclamp Channel 2. (The CURRENT OUTPUT is not
Out #0 is connect to V- telegraphed. See Axoclamp Connections 6 for notes
CLAMP COMMAND). about these outputs.)

Select Analog OUT #2
in the Command field™.

“Note: If you are using the STEP-ACTIVATE inputs instead of
I-CLAMP COMMAND, leave the Command field on (none).

For research use only. Not for use in diagnostic procedures.



Axoclamp Telegraphs 9

Finish

This completes telegraph setup. We have configured Clampex to receive telegraphs as follows:

SCALED OUTPUT Channel 1 to Analog IN #0

SCALED OUTPUT Channel 2 to Analog IN #1

I-CLAMP COMMAND Channel 1 to Analog OUT #1"

I-CLAMP COMMAND Channel 2 to Analog OUT #2°

V-CLAMP COMMAND is not telegraphed, although connected to Analog OUT #O.

We now go to the Lab Bench for signal configuration.

“Note: Assuming connections as shown in Axoclamp Connections 3.

w &

For research use only. Not for use in diagnostic procedures.



Axoclamp 900A
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Create Signals

In this section we name the signals we require, assigning these to input and output
channels.

Before starting it is important to be clear on what signals and channels are:

® Signal: a set of name, unit, scale factor and offset, by means of which the
voltage inputs and outputs at the digitizer are represented in Clampex as the
parameter being read at, or delivered to, the preparation.

e Channel: a cable connection to the digitizer, identified by the name of the
BNC port where connection is made, e.g. Analog IN #0, Digital OUT #2.

As already noted, analog channels can be configured for different signals at different
times, which is what we do in this section.

For research use only. Not for use in diagnostic procedures.




Axoclamp Signals 1

The configuration of the signals in the Lab Bench depends upon the modes in which you plan to use the
Axoclamp 900A.

Select a mode from the menu below, and complete the configuration for that mode.

Then return to this menu for other modes you plan to use.

Axoclamp 900A Modes

IC (both channels)
dSEVC
TEVC

For research use only. Not for use in diagnostic procedures.



Axoclamp Signals 2

Current Clamp (both channels)

Open the Lab Bench from the Configure menu—or }
use the toolbutton:

The Lab Bench opens with the
Input Signals tab on top, and
digitizer channel Analog IN #0
selected. We have the Scaled
Output of Channel 1 connected to
this channel. In this mode the
Scaled Output we are interested
in is Membrane Potential, so we
need to create an appropriate
signal.

w @

=

= Lab Bench

Acquire View E&EGINGE Tools Window He
Digitizer...
CyberAmp »

Telegraphed Instrunient...

Overrides...

Digitizer Channels

Bnalog (M #1
BAnalog (M #2
BAnalog (M #3
BAnalog (M 4
BAnalog (M #5
BAnalog M HE

Input Signals l Output Signals l

.

%

Signals
Al H#0 N Add...
currett N —
|_kTest0 Delete
I —_—
Irnernb | BRename...
M #0

v

For research use only. Not for use in diagnostic procedures.




Axoclamp Signals 3

Current Clamp (both channels)

Add Signal

%]

—

M ew narne: ]

DK%

Cancel

Help

Note that the entire Scaling
section is grayed, as it is not
used. This is because signal

scaling is now under the control
of the telegraphs we set up in the
last section. Do not worry if the
units and scale here are
incorrect— they are overridden.

b -

i}

Click the Add button in the Signals
section, opening the Add Signal dialog.

Type in “VYm_1"—the name we will give
the scaled membrane potential signal
for current clamp, on Channel 1.

Press OK. With the new signal selected
in the Signals list, the rest of the tab
shows options and settings for that
signal.

or research use only. Not for use in diagnostic procedures.




Axoclamp Signals 4

Current Clamp (both channels)

@ Axoclamp 900A
The telegraphs are reported at the

bottom of the Lab Bench. } Signal: Headstage 1, Membrane F'u:utential
The screenshots show the Gai@ Highpass: DC 5"']_'_ JIEpUE OfFFsetk

telegraphs in the Lab Bench with Lowpass Eiessel 0.0 g Fane ]

Commander at default settings.

v

Axoclamp Commander
900A does not report
whole-cell capacitance
values, since it has no
whole-cell capacitance
compensation. You may
enter a value if you know
the capacitance.

Lab Bench

- Telegraphs -

(3 air; Crn [pF: JD

Frequency [Hz]: Scale factor [V W)
b -

For research use only. Not for use in diagnostic procedures.




Axoclamp Signals 5

Current Clamp (both channels)

Change settings in Commander and see the telegraphs update in the Lab Bench. The filter, gain, and
capacitance compensation telegraphs are also reported in the Real Time Controls.

Note that the scale factor reported }
in the Lab Bench does not change Axoclamp 9004

as you alter the output gain. Channel 1 Scaled Dutput
Clampex reports the unity gain Signa—Keadstage 1. Membrane Potential
scale factor, i3ai Highpass: DL

l.e. the scale factor for an output
gain of one (in this case, 10 mV/mV
=10 VIV).—]

Of course, the scale factor applied
to the signal takes the gain into
account— — Telegraphs '
e.g. in these screenshots,_CIampex B Cr[pF) |0
will apply a
scale factor of Frequency [Hz): 14EIEIEI Sale factor [V Y @

10 x 10 mV/mV = 100 mV/mV,
as reported in Commander.

LNwpass Bess 14 kHz

.'/. [
;1 ) (s° EGLECULA

_l W
) For research use only. Not for use in diagnostic procedures.



Axoclamp Signals 6

Current Clamp (both channels)

This completes the creation of our first signal. All we actually did was to create a signal name.
Following that, with Axoclamp telegraphing enabled, the remainder of the signal configuration was
handled automatically.

The signal we created was for Channel 1, in IC mode. To make a matching signal for Channel 2 the
same steps are followed.

Digitizer Channels
iiﬂﬂ\ { Open the Lab Bench
Analog IM #0

Analog N #2
Analog M #3
Analog M #4
Analog [N #5

Analog [N #E s

Select the digitizer channel, Analog IN #1 }

Add Signal ['3_(_'] { Add a new signal
Mew name: 1"-.n"m_21 i&-

Cancel

Help

This completes the configuration of the input signals used when the Axoclamp 900A channels are in
current clamp mode.

D -

For research use only. Not for use in diagnostic procedures.




Axoclamp Signals 7

Current Clamp (both channels)

Now we create signals for the current command waveform on Channel 1.

This only applies if the Axoclamp 900A is connected as in Axoclamp Connections 3. If you are using the
STEP-ACTIVATE inputs (Axoclamp Connections 4) to apply current commands, skip this part.

Lab Bench

Go to the Output Signals tab in the Lab

. [nput Signals DutputSignaIs]
Bench. Select Analog OUT #1. This is

- Digitizer Channelz—— — Signals-
the channel we have connected for :
current clamp commands to Channel 1° Analog OUT #0 | EEH-JE!I1 Add...
. M T —
(Axoclamp Connections 3). Analog OLIT #2 Delete
dAnalog OUT #3
Rename...
Add Signal %
ok Press the Add button in the Signals section, and type
New name: [IC_Cmd]| ; “IC_Cmd1” into the Add Signal dialog—for the command
fame signal for current clamp on Channel 1.
Help

b -

For research use only. Not for use in diagnostic procedures.
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Current Clamp (both channels)

Now we create signals for the current command waveform on Channel 2.

This only applies if the Axoclamp 900A is connected as in Axoclamp Connections 3. If you are using the
STEP-ACTIVATE inputs (Axoclamp Connections 4) to apply current commands, skip this part.

Lab Bench

Go to the Output Signals tab in the Lab }

Bench. Select Analog OUT #2. This is Input Signals | Qutput Signats |

the channel we have connected for - Digitizer Channels — - Signals:
current clamp commands to Che_mnel 2 Rl | b0 B ad
(Axoclamp Connections 3). Snalog 1M #1 M 2
Delete
Analog IM #3

Analog 1M #4 . Rename. ..
Analog 1M #5

Analog IN 46 g}

Add Signal %
[ 4 & Press the Add button in the Signals section, and type
N - |Im_Cmd2 ) . )
o na fin_Cm —_— “IC_Cmd2” into the Add Signal dialog—for the command
signal for current clamp on Channel 2.
Help

b -

For research use only. Not for use in diagnostic procedures.




Axoclamp Signals 9

Current Clamp (both channels)

Now we create optional signals used to monitor the current while in current clamp.

Each channel has a dedicated CURRENT OUTPUT. Because its scale factor is not telegraphed to
Clampex, we need to configure these signals manually in the Lab Bench.

Input Signal -
Go to the Output Signals tab in the Lab } nput Signals | Output Signals |

Bench. Select Analog OUT #8. This is Fellirn L e e S
the channel we have connected to tnalogIN 2 o | | [TEE o
CURRENT OUTPUT on Channel 1 Analog N #3
. Bnalog IM 4 Delete
(Axoclamp Connections).
Bnalog IN 5
Bnalog M #E Rename... |

ﬁ.nalnﬁ M #7

| [

Press the Add button in the Signals section, and
Ok type “I11” into the Add Signal dialog—for the
current on Channel 1.

Mew narme; iI'I|

Cancel |

Help We'll do the scale factor and units on the next slide.

For research use only. Not for use in diagnostic procedures.



Axoclamp Signals 10

Current Clamp (both channels)
Now we determine the scale factor and enter it.

1

First, select the units “nA” for } - Scaling
this signal, by choosing “n” ; S Diefault
from the drop-down prefix list Signalunits: | |4 =
and typing “A” into the ;Jlgllés Szale factor [Vind) I R e e
Offset [rés @ 0] 0 Azziztant...

The Scale factor (V/nA) depends upon the headstage. The HS-9A and HS-2A headstages have an H
value corresponding to the value of the feedback resistor in the headstage.

The value of H is printed on the headstage. It is the number following the small “x”. For example: HS-
9A x1 indicates H=1.

The Scale factor to enter in the Lab Bench is given by this formula:
Scale factor (V/nA) =0.01/H

Therefore, for H=1, the scale factor is 0.01; if H=10, the scale factor is 0.001, and so on.

You should now be able to repeat these steps to create a matching signal on Analog IN #9, to
be used to monitor Channel 2 CURRENT OUTPUT.

| %{ > {.@- EGLECULA
b .

For research use only. Not for use in diagnostic procedures.
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Current Clamp (both channels)
Finished!

In this section we created signals for the operation of Channel 1 and Channel 2 in current clamp
mode. These signals will work whether one or both channels is in current clamp mode.We
created these signals:

Channel 1 Channel 2

Vm_1 for membrane Vm_ 2 for membrane
potential from SCALED potential from SCALED
OUTPUT OUTPUT

IC_Cmd1 for current IC_Cmd2 for current
command waveforms to |- command waveforms to |-
CLAMP COMMAND CLAMP COMMAND

|1 for membrane current |2 for membrane current
from CURRENT OUTPUT from CURRENT OUTPUT
(optional) (optional)

As noted, the command signals may be created in alternative ways.
If you choose to use the STEP-ACTIVATE commands, then you need not create the IC_Cmd1 and
IC_Cmd2 signals.

Click here to return to Modes Menu to create
more signals for use in other modes (e.g.,
TEVC, dSEVC,...)

;{ s {.'-..\,,."'\“- EQLECULA.
b e

For research use only. Not for use in diagnostic procedures.
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dSEVC

Now we create signals for use when the Axoclamp 900A is in dSEVC mode. In this mode, only headstage
1 is active. However, both SCALED OUTPUTS may carry signals from headstage 1.

We will configure Channel 1 SCALED OUTPUT to be Membrane Current of headstage 1; while Channel
2 SCALED OUTPUT will be Membrane Potential, also of headstage 1.

We will then configure a voltage clamp command signal.

We have the SCALED OUTPUT of
Channel 1 connected to Analog IN #0
(Connections). Select this as the
digitizer channel, and then press the

Add button.
Add Signal Ed
Mew name: ]Im_u:ISER-"Ij oK
Cancel
Help

b -

== Lab Bench

Input Signals | Dutput Signals ]

Digitizer Channels Signalz
-~ Al HO ~ Add.
Analog I #1 =3 current B
Analog 1M H#2 |_MTest0O Delete
Analog I #3 B
Analog 1M #4
Analog 1M #5
Analog 1M H#HE L

Type in “Im_dSEVC”, for the signal we will use to monitor
membrane current in dSEVC.

or research use only. Not for use in diagnostic procedures.



Axoclamp Signals 13

dseve
When a signal’s parameters are

telegraphed, the Scaling section on the lm_-diE.ﬁ".IE
Lab Bench is grayed. Don’t worry if the i :
grayed-out settings are incorrect; they ol [ =

are overridden. |—

-Telegraphsz -

: The telegraphed parameters are
Giain @3 0 ) { reported at the bottom of the Lab
Frequency [Hz)\_] 10000 Scale factor [ Ana)C 0.1 Bench. The screenshots show the

telegraphs in the Lab Bench with

Channel 1 in dSEVC mode, at default
Axoclamp Commander settings.
900A does not report

Whole—cel'l capacitance  pp - nnel 1 Scaled Output '
values, since it has no

whole-cell capacitance Signgl Headstage 1, Membrane Eurreﬁ | 01 WE)
compensation. You may izan: 1 Highpass: OC 1 Cukpuk Offsek
enter a value if you know

Q- ) | 00mY |
the capacitance. Lowpass Bess€: 10 kHz £Ern .

Note: You may need to select “Headstage 1, Membrane Current” on the
Axoclamp 900A Commander

i . FROJMOLECULA
O S D
. =

For research use only. Not for use in diagnostic procedures.
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dSEVC

We have the SCALED OUTPUT of
Channel 2 connected to Analog IN #1
(Connections). Select this as the
digitizer channel, and then press the

} = Lab Bench

Chigitizer Channels

Input Signals | Output Signals

Signals

Add button.
Analog M #3
Analog 1M #4
Analog M #5
Analog [N #5
Add Signal Ed
(]
M ews narme: ]‘-.-’m_u:lSE"-.-’E
Cancel
Help

w &

For research use only. Not for use in diagnostic procedures.

| £

| MTest1
IM 1
[Fput
W
voltage

Delete

Rename... |

Type in “Vm_dSEVC”, for the signal we will use to monitor
membrane potential in dSEVC.
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dSEVC

In dSEVC mode, only headstage 1 is operating. Therefore we may select signals from headstage 1 to be
carried on SCALED OUTPUT on Channel 1 and Channel 2.

In this case, we choose to monitor the “Headstage 1, Membrane Potential’ on SCALED OUTPUT of

Channel 2.

. Tel.egraphs C @ ' { As before, the telegraphed parameters are reported
Gair | Cr [pF): |0 at the bottom of the Lab Bench. The screenshots
Frequency [Hz): \J 10000 Secale factor 4 WIC 100 ) show the telegraphs in the Lab Bench with Channel 1

Axoclamp Commander
900A does not report
whole-cell capacitance
values, since it has no
whole-cell capacitance
compensation. You may
enter a value if you know
the capacitance.

in dSEVC mode, at default settings.

Channel 2 Scaled Output ]

Signal: Headstage 1, Membrane Patential m

Gaf: 1 Highpass: DC I Output Offset

Lowpass Ehas 0.0 Zern

Note: You may need to select “Headstage 1, Membrane Potential” on the Axoclamp 900A Commander

%{ 147

{$- MOLECULAR

PO EVICES

r research use only. Not for use in diagnostic procedures.
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dSEVC

Now we create a signal for the voltage command waveform on while in dSEVC mode.

Go to the Output Signals tab in the Lab
Bench. Select Analog OUT #0. This is
the channel we have connected to V-
CLAMP COMMAND (Axoclamp
Connections 3).

Add Signal Ed
Mew name: ]R-’m_Emd 2id
Cancel
Help

4

w @

@ Lab Bench

Input Signalz § Dutput Signals ]

Digitizer Channels

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

Click Add in the Signals section, and type “Vm_Cmd” into

Signalz

_Cmd 0
2B Cormand
A HO

|_clamp
auT #0
ouT 0

| %

Delete

Renarme...

the Add Signal dialog as the name of the new voltage

command signal.

or research use only. Not for use in diagnostic procedures.
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dSEVC

Now we need to set the units and scale factor for this signal.

Since it is a voltage clamp command, choose “m” and type “V”, as shown below. This
tells Clampex that the units are “mV”.

For the Axoclamp 900A (and other Axon CNS instruments), the usual voltage clamp
command scale factor is 20 mV/V.

Wr_Crnd
Signal units: L 1%-" Drefault
Scale factar [t A); 20 e B
Buzziztant. ..

&nalog holding lewel 1z dizabled becauze of the sething in the
Configure / Ovemdes dialog.

The scale factor of 20 mV/V tells Clampex how to convert your desired command
to the appropriate voltage to produce from Analog OUT.

For example, if your desired holding potential is =50 mV, Clampex converts this to
50 mV / (20 mV/V) = -2.5 V at the actual Digidata Analog OUT.

\ . JJMOLECULAR
{i YD EVICES

For research use only. Not for use in diagnostic procedures.
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dSEVC

Finished!

In this section we created signals for the operation of Channel 1 in dSEVC mode. In this mode,
headstage 2 does not operate and so SCALED OUTPUT on Channel 2 can be used to carry a

signal from headstage 1.

We created three signals:

e Im_dSEVC for membrane current from Channel 1 SCALED OUTPUT

e Vm_dSEVC for membrane potential from Channel 2 SCALED OUTPUT
(but measured at headstage 1)

e VC_Cmd for voltage command waveforms to V-CLAMP COMMAND

Click here to return to Modes Menu to create more signals
for use in other modes (e.g., TEVC, dSEVC,...)

For research use only. Not for use in diagnostic procedures.
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TEVC

Now we create signals for use when the Axoclamp 900A is in TEVC mode. In
this mode, headstage 1 is measures the membrane potential. Headstage 2
Injects current.

Therefore, we will configure Channel 1 SCALED OUTPUT to be Membrane
Potential of headstage 1. Channel 2 SCALED OUTPUT will be Membrane Current,
measured on headstage 2.

We will then configure a voltage clamp command signal.

iII]]]\ { Open the Lab Bench

We have the SCALED OUTPUT of & Lab Bench
Channel 1 connected to Analog IN Input Signals | Dutput Signals |
#0 (Connections). Select this as Digiizer Channels - Signals
the digitizer channel, and then e A Add.
press the Add button. s e 3 Delets
Andlog IN #5 8 Eere |

Analog IN HE 8 -

Add Signal
Type in “VYm_1", for the signal we will use to
. ok A monitor membrane potential in TEVC.
M H '-.-' n 1
S _— { Note: this is the same signal used when headstage
1isin IC mode. If you have already created this
Help signal, it is not necessary to do so again.
9 - SYOEVICES

For research use only. Not for use in diagnostic procedures.
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TEVC

This completes the creation of our first TEVC signal. All we actually did was to create a

signal name. Following that, with Axoclamp telegraphing enabled, the remainder of the
signal configuration was handled automatically.

The signal we created was for Channel 1, which measures Vm when the Axoclamp 900A
iIs in TEVC mode.

Now we need to make a signal for Channel 2, which measures the membrane current.
The same steps are followed.

From the Lab Bench, select the digitizer } Digitizer Charinels
channel, Analog IN #1 irvalon [N HO

s
: Analog N #2
Add Signal Analag [N #3
E E' Analog M #4
o Analog [N #5
Mew name: ]Im_E .-'T‘-.na!ng lN ﬂﬁ .7
Cancel
Help

{ Add a new signal

This completes the configuration of the input signals used when the Axoclamp 900A
operates in TEVC mode. Now let’s look at how the signals are telegraphed.

B .. QIMOLECULA
O %D
Al

For research use only. Not for use in diagnostic procedures.
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TEVC

Reset the Axoclamp 900A to defaults, a put a model cell (in CELL position) on the headstages
in preparation for TEVC. Switch the instrument to TEVC mode. Don’t worry about getting the
best clamp— we just want to look at the operation of the telegraphs.

Open the Lab Bench, and change settings in Commander. You see the telegraphs update in
the Lab Bench:

Note that the scale factor } ® Axoclamp 900A

reported in the Lab Bench does Channel 1 Scaled Dutput
not change as you alter the Sign;
output gain. Clampex reports Gai
the unity gain scale factor,
i.e. the scale factor for an output
gain of one (in this case, 10—

nghpass LiE
LNwpass Bess 14 kHz

mV/mV = 10 V/V).
Of course, the scale factor Lab Eench
applied to the signal takes the Telegraphs
gain into account— Gain: Crn [pF]; ||:|
e.g. in these screenshots,
Clampex will apply a Frequenc_l,l [Hz): 14EIEIEI Scale factar W7 U]:@
scale factor of

10 x 10 mV/mV = 100 mV/mV,
as reported in Commander.

%{. b, « EGLECULA

For research use only. Not for use in diagnostic procedures.
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TEVC

Now we create a signal for the voltage command waveform on while in TEVC mode.

Go to the Output Signals tab in }

the Lab Bench. Select Analog
OUT #0. This is the channel we
have connected to V-CLAMP
COMMAND (Axoclamp
Connections 3).

Add Signal Ed
Mew name: ]R-‘m_Emu:I 2l
Cancel
Help

D -

@ Lab Bench

Digitizer Channels

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

Input Signals | Dutput Signals ]

Sighalz

_Cmd0

2B Command
A0 H#O
|_clamp
QuT #0

OuT 0

| £

Delete

Bename...

Click Add in the Signals section, and type

“Ym_Cmd” into the Add Signal dialog—the name

of the new voltage command signal. Click OK.

For research use only. Not for use in diagnostic procedures.
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TEVC

Now we need to set the units and scale factor for this signal.

Since it is a voltage clamp command, choose “m” and type “V”, as shown below. This
tells Clampex that the units are “mV”.

For the Axoclamp 900A (and other Axon CNS instruments), the usual voltage clamp
command scale factor is 20 mV/V.

Wr_Crnd
Signal units; L 1%-" Drefault
Scale factor [y 20 e B
Azziztant..

&nalog holding levwel 1z dizabled becauze of the sething in the
Configure / Ovemdes dialog.

The scale factor of 20 mV/V tells Clampex how to convert your desired command
to the appropriate voltage to produce from Analog OUT.

For example, if your desired holding potential is =50 mV, Clampex converts this to
50 mV / (20 mV/V) = -2.5 V at the actual Digidata Analog OUT.

- JJMOLECULAR
{i YD EVICES

For research use only. Not for use in diagnostic procedures.
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TEVC

Finished!

In this section we created signals for experiments in TEVC mode. In this mode, headstage 1
measures Vm and SCALED OUTPUT on Channel 1 carries this signal. Headstage 2 measures
Im and SCALED OUTPUT on Channel 2 carries this signal.

We created three signals:

e Im_2 for membrane current from Channel 2 SCALED OUTPUT
e Vm_1 for membrane potential from Channel 1 SCALED OUTPUT
e VC_Cmd for voltage command waveforms to V-CLAMP COMMAND

Click here to return to Modes Menu to create
more signals for use in other modes (e.g.,
TEVC, dSEVC,...)

For research use only. Not for use in diagnostic procedures.
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TEVC

Now we create signals for use when the Axoclamp 900A is in TEVC mode.
In this mode, headstage 1 is measures the membrane potential.
Headstage 2 injects current.

Therefore, we will configure Channel 1 SCALED OUTPUT to be Membrane Potential of
headstage 1.

Channel 2 SCALED OUTPUT will be Membrane Current, measured on headstage 2.
We will then configure a voltage clamp command signal.

iII]]]\ { Open the Lab Bench

& Lab Bench

We have the SCALED OUTPUT of

Input Signals l Dutput Signals ]

Channel 1 connected to Analog IN Digitizer Channels—| - Signals

#0 (Connections). Select this as the EEET ~ e
— . nalog
digitizer channel, and then click Add. izzlzglﬁ iz |5 Delste
iraeai i S
= Analog IN #6 & v
Add Signal X
Ok, Type in “VYm_1", for the signal we will use to monitor
N (] —hg o ol i
T { membrane potential in TEVC.

Cancel . :
—e Note: this is the same signal used when headstage 1

Help iIs in IC mode. If you have already created this
signal, it is not necessary to do so again.

MOLECULA
;{ 157 {'@- B)

e

For research use only. Not for use in diagnostic procedures.




Axoclamp

Configure Protocols

Protocols in Clampex are complete sets of acquisition parameters, including options for command
waveforms and preliminary data analysis. Particular signals, defined in the Lab Bench, are specified for

each protocol.

In this section we create two simple protocols, one each for current clamp and two-electrode voltage
clamp, incorporating the signals we have just defined.

For research use only. Not for use in diagnostic procedures.




Axoclamp Protocols 1

Open the Protocol Editor by selecting New
Protocol in the Acquire menu.

Note: If a previously saved protocol is not
loaded in Clampex, it uses a place-holder
protocol, labeled “(untitled)”. If this is
currently loaded you can open the editor to
create a new protocol by selecting Edit
Protocol, or by clicking the toolbutton:

B

The currently loaded protocol is reported in
the status bar at the bottom of the main
Clampex window.

w &

} File Edit View Configure Tools Window

Cpen Protocol... [!

Sawve Protocol
Save Protocol As...
Edit Protocal...
Waveform Preview

We will begin by setting up the protocol for
voltage clamp (TEVC).

For research use only. Not for use in diagnostic procedures.




Axoclamp Protocols 2

The front tab of the protocol editor has
controls for, amongst other things,
acquisition mode, sampling rate, and
trial hierarchy.

The default acquisition mode is
episodic stimulation—the only mode
that allows a command waveform to

be generated. We want to generate a
command, so leave this setting. In
fact, all the default settings on this tab
can be left as they are, but take time
to note key parameters such as the
sampling rate (10 kHz), the number of
samples per sweep, and the number
of sweeps per run.

| & -

4

4

Edit Protocol - (untitled)

Mode/H ate l Inputs] Dutputs] Trigger] Statistics] Eumments] b ath ] Wavefurm] Stimulus]

Acquisition Mode

(" Gap-free " Fiwed-length events f+ Epizadic stimulation

" ‘Wanable-length events " High-zpeed pscilloscope

Trial Hierarchy Start-to-Start Intervals
. a
Trial delay [z]: 0 EI
Runztrial: 1 EI Sweep [g): [Minimum -
Sweepsun; 10 s 004 ME
Sweep duration [=]: (0.2 : = 2000 samples
First holding: Epochs: Lazt holding:
31 ms 193.8 mz 31 ms
31 zamples 1933 zamplez 31 zamplez

Sampling R ate per Signal Averaging

Fast rate [Hz]: |10000 il

Runzftrial = 1, no averaagine

The sweep start-to-start interval is set at Minimum, so each
new sweep starts as soon as the previous one is finished.

For research use only. Not for use in diagnostic procedures.



Axoclamp Protocols 3

Here you select digitizer input channels for the Mode/Rate Inputs | Outputs | Trigger | Statistics |
protocol, as well as the signals that you want to } Analog IN Channels
be conveyed on these.

¥ Channel 80 [INO |

For TEVC, we want two input signals—one scaled e -~
signal for membrane current, and a second signal
to monitor membrane voltage. We created these [ Channel #2:
in the Lab Bench—"Vm_1" and “Im_2"— ™ Channel #3
associating them with digitizer Analog IN channels

. . 7 Channel #4:
0 and 1, respectively (see Axoclamp Signals).
Now we incorporate them into the voltage [ Channel #5:
prOtOCOI' [ Channel HE:
Channel #0 should be already checked. Open the ™ Channel #7:

list box beside it and select “Vm_1".

For research use only. Not for use in diagnostic procedures.



Axoclamp Protocols 4
Then check Channel #1 and select “Im_2". }

This completes the Inputs tab. Mode/Fate  Inputs i Outputs i Trigger1 5tati3tic31

—Analog IN Channels

[¥ Channel #0: 1"»-"m_'| hd

v Channel #1: ] -

Cutputs
—Analog OUT Channels —
Channel #0:  |%m_Cmd ] { Next, go to the Outputs tab.
ch |1 _Cmd O We created the signal “WYm_Cmd” to deliver the
annet w1 EEI:TI% voltage clamp command waveform, on digitizer

output channel #0 (Axoclamp Signals 22) .

Channel #2:
Select “Ym_Cmd” from the Channel #0 list box.

Channel #3; Crnd 3 i

w &

For research use only. Not for use in diagnostic procedures.



Axoclamp Protocols 5

We have already configured the } - Analog OUT Channels
5 ensc'r??f\m;ﬁ?gig‘n:}: |2_§)b, Channel #0:  |¥m_Crmd v | [Range [my): -195.76 to 199,79 at 20.0 miv/Y
so the units appear as we
designated. Note that the scale
factor is also indicated, along
with the resulting range of
available commands.

This tab is also used to set the holding level for

~&nalog OUT Holding Levels - : :
[0 FEE e 17 { the signal. Note that the units are as we
S c designated in the Lab Bench
We want to set a holding level of =50 mV, } Analog OUT Holding Levels
so enter =50 in the holding level field. “rn_Crad [m); |-5E1

b -

For research use only. Not for use in diagnostic procedures.



Axoclamp Protocols 6

Although we will not make any changes for the purposes of our protocol, it is worth taking a quick look at

the trigger settings.
Go to the Trigger tab. } . __
Edit Protocol - (untitled)

Default settings give “Immediate” trial starts. This

means Clampex is armed for data acquisition as soon Mods/Rate | Inputs | Outputs  Triager | Sta
as you select Record, or View Only, from the Acquire Start trial with:
menu—or click the toolbuttons: ||mmediate j
Record View Only Trigger source:
| [nternal Timer j
o -
4

The default trigger source is “Internal Timer”. This triggers the command waveform and data acquisition
immediately after the trial is started, continuing through to the end of the trial automatically.

D -

For research use only. Not for use in diagnostic procedures.




Axoclamp Protocols 7

Now go to the Waveform Channel
#0 tab, where outputs are defined
for digitizer output channel Analog

OUT #0.

A default waveform is already
defined—we will delete this and
create our own simple stimulus,
but first familiarize yourself with

some key settings on this tab.

The Analog Waveform checkbox
enables analog command
definition. Selecting Epochs
means we define the waveform
using the table in the middle of the
tab. In this, the sweep can be
divided into up to 50 sections
(epochs) A—AX, and a waveform
defined for each of these.

The Epoch Description table in the
Waveform tab includes cut and
paste functionality.

£ 165
L oL

s

} Mndefﬁate] Inputs] Dutputs] Trigger] Statisticsl Enmments] Math  ‘waveform

W aveform Analog EIU Itfo
W Analog Waveform - [ Digital Dutputs

* Epochs © Stimulus file [V

Intersweep holding level: |USE hiolding j

Epoch D escription iy B I C D E F LG
Type Step | OIFf ]i; ]i; ji; ]i; ]i;

Sample rate Fa: ; Fast |Fast  |Fa ; Fast
First level [riv] T3

Delta level [mb] -10
First duration [rns] 100
Delta duration [rms] o
Digital bit patters (#3-0] ) 11
Digital bit pattern (#7-4] | 000

Pulze width [rns]

} The confirmation that “Vm_Cmd” is the signal carrying the output
waveform. The units shown for it—in the “Info” message box and
in the epoch description table—are again derived from the
amplifier mode telegraph from Axoclamp Commander.

For research use only. Not for use in diagnostic procedures.
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Now to the definition of our waveform. }

We will configure an output with a simple
step, increasing the amplitude of the step
with each sweep.

In column A of the epoch description table,
keep “Step” in the Type row, but click in the
“First level” row and type in —=50. This sets
the output level for epoch A in the first
sweep of the run. Our entry of =50 mV
maintains the holding level.

Click in the next row (Delta level) and type
in zero. This keeps the first level setting for
subsequent sweeps—i.e. epoch Ais
maintained at —50 mV for each of the 10
sweeps in the trial.

Epoch Dezcription &, E
Type Step | OF
S ample rate
Firzt level [ -Al
Delta lewel [ a
Firzt duration [mz] il
Drelta duration [ms) a
Drigital bit pattern [#3-0)
Digital bit pattern [H7-4)
Train rate [Hz]
Fulze width [mz)
S

For research use only. Not for use in diagnostic procedures.
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Now to set the period for epoch A. }
Click in the First duration row, and type in 50.

Our sampling interval is 10 kHz, so a 50 ms sample
duration equates to 500 samples. Shift focus to a
different cell in the table to see this reported below.

This completes epoch A. Now we configure the step,

in epoch B.

Epoch Description A, B C D

Type Step |0 (ff gt

Sample rate v Off

First leseel [t -A0]

Delta lesvel [mi) 1] Ramp Q

Firgt duration [mz) B0 Pulse train

Dfal.ta u:Iu.ratlcun [mnz] 1] Biphasic train

Diigital bit pattern [#3-0] Triandle train

Digial bit patter (#7-4) nge T

Train rate [Hz) Cosine train

Fulze width [ms)

MHurmber of sweeps = 10 Al
L;i 167

Epoch Description

Type

Step

QIff

ff Off

Sample rate

Firzt level [

galll

Delta level [mh]

Firzt duration [mz]

a0

Drelta duration [ms)

Crigital bit pattern [#3-0)

Digital bit pattern [#7-4]

Train rate [Hz)

Pulze width [mz)

Murmber of sweepsz = 10

{

| Firzt duration 50.00 me (500 zamplesz)

Click in the Type row in column B (currently set

to “Off").

Select “Step” from the popup menu.

For research use only. Not for use in diagnostic procedures.
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Set the level for the first sweep at —100 mV. }

For this epoch, because we want an incrementing
step level from sweep to sweep, we enter a delta
level. Click on the Delta level cell and type in 20.

This forces the step level up 20 mV with each
successive sweep.

We have 10 sweeps starting at =100 mV, so the
final sweep will have a step level of
80 mV, reported below the table.

Now set the duration, at 100 ms. Again, this is
reported below the table, in milliseconds as well as
in samples.

We will not set a delta duration, which would alter
the length of the epoch from sweep to sweep, so
this completes our waveform definition.

: & -

Epoch Description

Type

Step

Step

Ot

O

Sample rate

First lewel [

-50

-100

Delta level [mv)

0

20

Firgt duration [ms)

a0

100

Delta duration [ms)

I

Diigital bit pattern [#3-0)

Digital bit pattern [#7-4]

Train rate [Hz]

Fulze width [mz)

Mumber of sweeps = 10

Alloc:

| Final lesvel 20,00 mtf
Firzt duration 100,00 ms [1000 zamples]

For research use only. Not for use in diagnostic procedures.




Axoclamp Protocols 11

Press the Update Preview button in the } = Waveform Preview
bottom right corner of the protocol editor.

200

This opens the Waveform Preview window
shown at right, where you can see a ave Start
graphical representation of the waveform 100
we have defined.

This window can be kept open while you
experiment with different epoch settings—
press the Update button whenever you
want to update the display.

Wave End

Y_clamp
(m')
o |-

=100

200
T T T T
] 0 100 200

Time (mz} Sweep:1 Vizible: 10 of 10

=» LClipboard | Cloze | Help |

Note: The Waveform Preview opens with panes for all analog output channels—right-click in the
upper pane and select Maximize Signal from the popup menu to get the display shown above.

'Y, 169 g3 M R
o YD EVICES
. i
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Finally, close the protocol editor by clicking OK. }

You will see on exit that the Scope window is set
up in preparation for the two input signals
configured for this protocol, with units as currently
telegraphed from the Axoclamp 900A. Here the
Axoclamp has been put into TEVC mode.

170

For research use only. Not for use in diagnostic procedures.

Scope - Episodic

1000

10000 |

- ©
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We have completed the setup of the voltage clamp

protocol—close the protocol editor with the OK
button. Savein: | [ Params

The new protocol is loaded, still labeled “(untitled)”,
and we could acquire data under it if we wanted,
but it is not saved for future use.

Go to Save Protocol As in the Acquire menu. This
opens a standard file-saving dialog. Name the
protocol “Voltage Clamp 1", and press the Save
button.

File name: |‘u’|:uhage Clamp 1 pro

Save as type: |F'n:|t|:u:|:|| Files (".pro)

The protocol is now saved and can be loaded
whenever we want, with the Open Protocol
command in the Acquire menu,

or toolbutton:

|

>

For research use only. Not for use in diagnostic procedures.
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Setup of the current clamp protocol follows similar lines to the protocol for voltage clamp.

Open the protocol editor again with

New Protocol, in the Acquire menu. Mode/Rate Inputs | Dutputs | Trigaer | Statistics |
We will again accept the default ~#Analog IN Channels

settings in the Mode/Rate tab, so go

straight to the Inputs tab. b B v E

.. W Channel #1:

This time select “VYm_1” for Channel

#0, and “Vm_2” for Channel #1. [ Channel #2: | =l

[~ Channel #3: ]:_‘.'_i ezt 3 _,J

[ Channel #4: ];,; 4 _J

[ Channel #5: ]=i-: B _v_J

[ Channel #5: ] _:]

[ Channel #7: ] _V‘J

Note: Be sure both channels of the Axoclamp are in IC Mode to see the correct units when you

configure the waveform.

w &

Edit Protocol - (untitled)

For research use only. Not for use in diagnostic procedures.
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Onthe Ouputs b, slecttre )

Curr?nt _Clamp (?O!T_]mand Slgnal we Mu:ude.-’Flatﬂ Inputz  Dutputs ]Trigger1 Statistics] Enmmentsl b ath ] Wavefnrm] Stimulus]
configured for digitizer Analog OUT Analog OUT Channsls-

#1: “IC_Cmd1”". Similarly, select

Channel #O: Wm_Crnd » | Ranage [m%]: -199.76 to 199.79 at 20.0 m/ A
“IC_Cmd2” on Analog OUT #2."

Channel #1: IC_Crndl | Range [nA): -9.99t0 9,99 at 1.0 naAs

Leave the holding level at the default Channel #2,  |1C_cmd2 =] Range [na): -99.89 to 99.88 5t 10.0 nd Ay
zero setting for current clamp. Channel #3. | Cmd 3 +| Range [m]: 199,76 ta 19977 at 200 mA!

Analog OUT Holding Lewvels -

m_Cmd (v} o
IC_Crnd1 [né): fo
IC_emd2 (na) P
Cnd 3 (v [0

"Note: This applies only for the Digidata 1440A with four analog outputs. With a Digidata 1320-series,

you may configure OUT #0 for VC, and STEP-ACTIVATE to apply command steps in current clamp; see
slide Axoclamp Connections 4.

For details on using the digital outputs to trigger STEP-ACTIVATE, see Axoclamp Protocols 18.

If you do not plan to use a voltage clamp mode, you may of course use OUT #0 and OUT #1 for the two
current commands.

e - Q) MOLECULA
i W

For research use only. Not for use in diagnostic procedures.
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Create your own command waveform on the } \waveform Analog OUT: IC_Cmd1 Info |

Channel #1 tab, in this example. / SREBOT oA
% Epochs € Stimulug file

Experiment with the different waveform options, and

dISp|ay them in the Waveform Preview. Intersweep holding level: |L|$e halding ;j

A, B C
Type Step  |Ramp [Step (O
Sample rate Fast: |Fast |Fast |F
A 4 First level [rd) ] 1 0 0
Delta level [na) ] 1] ] 0
] el First duration [ms] 25 100 25 ]
4 I ' Delta duration [ms] 0 0 0 0
1 vave Start Digital bit pattern [#3-0) f 0000 (D000 o000 o
1 Digital bit pattern [#7-41 0000 0000|0000 (o
0.5 4 . - , -
] Trair rate [Hz] ] ] 1] 0
Pulze width [ms) ] 1] ] 0
o Mumber of sweeps = 10
1 Wave End — _ _ - o
S Firstduration 25,00 mz [250°zamplez)
05
] Surnmany
1 . Channel #1
] .l
T T T 1
0 100 200
Time [m=) Sweep: 1 Vizible: of 1

174
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Axoclamp Protocols 17

Finally, close the protocol editor by pressing OK, and save the protocol
(Save Protocol As in the Acquire menu), calling it
“Current Clamp 1”.

You will see on exit that the Scope window is set up in preparation for
the two input signals configured for this protocol, with units as currently
telegraphed from Axoclamp.

Finished!

This completes our two protocols, “Voltage Clamp 1” and
“Current Clamp 17, and is the completion of the guide for
Axoclamp 900A setup.

For research use only. Not for use in diagnostic procedures.

} EE Scope - Episodic
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Alternative configuration using STEP-ACTIVATE command inputs

The Digidata 1320-series has two analog outputs, and therefore cannot output three analog waveforms—
one for VC, and two for IC.

In this case, it is appropriate to use the STEP-ACTIVATE inputs on the rear of the Axoclamp 900A. There
Is one STEP-ACTIVATE input for each of the Axoclamp channels.

In current clamp, when a “digital” signal— a voltage of 5 V, sometimes called “high”— is applied to the
STEP-ACTIVATE input, the Axoclamp 900A applies a command current step to the appropriate
headstage.

The magnitude of the step is set } I I-Clamp 1 '
in the Axoclamp 900A . '
Commander. It is the same as I Halding: 0.000 né,
the Tuning pulse for the channel.

The frequency setting is ignored.
The current command is applied
for as long as the input to

I Tuning: 1.000n&  10Hz STEP-ACTIVATE remains at 5 V.

Now we will make a protocol to use the STEP-ACTIVATE to apply a series of steps.

MOLECULA
;{ 176 {.@' D

For research use only. Not for use in diagnostic procedures.
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Alternative configuration using STEP-ACTIVATE command inputs

For this example we assume—
*The STEP-ACTIVATE inputs will be used to generate commands in current clamp

«If a voltage clamp mode is to be used, its command waveform is configured on Analog OUT #0

Open a new protocol } File Edit View Configure Tools Window

Cpen Protocol... [!

Note: If a previously saved protocol is } E:?E\
not loaded in Clampex, it uses a place- Save Protocol
holder protocol, labeled “(untitled)”. If Save Protocol As...
this is currently loaded you can open the Edit Protocal. ..
editor to create a new protocol by Waveform Preview
selecting Edit Protocol, or by clicking the
toolbutton:

We will accept the
defaults on the
Mode/Rate panel.

_ Proceed to the
Stimulus | waveform tab

Edit Protocol - (untitled)

MI:IIjE.'.-"HatE.'] Inputs] Dutputsl Trigger] Statistics Enmmentsl b ath

For research use only. Not for use in diagnostic procedures.



Axoclamp Protocols 20

Alternative configuration using STEP-ACTIVATE command inputs

Edit Protocol - (untitled)

Madefﬂate! Inputs] Elutputs] Triggeri Statisticsi Eamments] Math  wavefarm ] Stimulus]
The_se are the waveform W' aveform Analog QUT: %m_Crmd Info 1
Settlngs for the use of I T Analog Waveform v Digital Outputs -
STEP-ACTIVATE % Epochs € Stimulus file v Active high logic for digital trains Infa
commands. :
tersweep holding level ] _"j Intersweep bit pattern: Usze holding _Tj

Each boxed section will be EpochDescipton | & | B | € [ 0 | £ [ F [ 6 [ H [ 1 [
explained individually in Type_ Ster [Step  [Step |Step DR |OF  [OK  [on  |OF |0
the following slides. Sample rate _ JFast  [Fast  |Fast |Fast |Fast |Fast [Fast |Fast [Fast |Fast

First levvel [m')

Delta level [mv)

First duration [ms] |25 a0 R0 25 1] I 1]

Delta duration [ms] [0 ] 0 ] i} I 0

Digital bit pattern [#3-0) {0000 (0007 (0010|0000 1]

Digital bit patern (#7-4] | 0000 {0000 (0000|0030 1]

Train rate [Hz] |l 0 0 0 ]

Pulse width [ms)

Mumber of zweepz =10 Allazaled time: 18E.2 of 200 m=

e e | First duration 26.00 ms [250 samples)

Summary
Channel #0 1Ehannel # ] Channel ﬂ2! Channel ﬂEJ [ dlemate Wavetorms [ Alternate Digital Outputs

For research use only. Not for use in diagnostic procedures.
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Alternative configuration using STEP-ACTIVATE command inputs

In this area you can see that the Analog }
OUT signal is Vm_Cmd. However, it is
deactivated, because this protocol will

use only the digital outputs to trigger
STEP-ACTIVATE inputs.

De-activating the analog output
waveform helps avoid confusion about
the purpose of this protocol

v Digital Outputs
v Active high logic for digital trains Info |

Intersweep bit patterr; Usze halding j

T

Whaveform Analog OUT: Wm_Crd Info
1 Analog Waveform

= Epochsz e bl

LEHE S =

- 0 . . I
fterswesen hiolding. level ] dsetalding - |

This section activates the digital outputs, so that
waveforms (or “bit patterns”) will be produced.

Note that the digital outputs can only be activated
on one of the four analog waveform tabs in a
particular protocol.

The “Active high logic for digital trains” refers to a
feature we are not using at this time. Press Info for
details.

{ Intersweep bit pattern indicates what happens on

the digital outputs between episodic sweeps.

For research use only. Not for use in diagnostic procedures.
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Alternative configuration using STEP-ACTIVATE command inputs

As with an_al_og Epoch Description | A | B o e
waveforms, the digital T,'-JLEE.. — TStep T [Stee [Ster
output waveform is 2 ample rate JFast  |Fast  |Fast  |Fast Notice that the First
designed in the waveform First level [mv] 1] -— poae et e
table. Deltalevel [mv] | level an Delta level are
First duration [ms] | 25 = B 55 inactive— because we
Duration entries = |[Pelta duration [ms 0 0 0 have turned_off analog
function in the same Lligital bit pattern ooy (o070 | ooog output on this channel

. Digital bit pattern (#7-4) | 0000|0000 | 0000|0000
manner as with . — - - -
| Train rate [Hz] o T o H
analog output Pulse width [ms) | ' '

Mumber of sweepz = 10 .-'f-.III:u:aI|

The Digital bit pattern entries define the digital waveform. They are described in detail
on the following slide.

w &

For research use only. Not for use in diagnostic procedures.
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Alternative configuration using STEP-ACTIVATE command inputs

Digital bit pattern entries define the digital waveform. Study the example shown below, and the resulting
waveform.

*The digital outputs on a Digidata digitizer are labeled O to 7.

*The first digital bit pattern row— “Digital bit pattern (#3-0)"-- controls digital outputs 3, 2, 1, and 0. The pattern
is written in that order.

*The second digital bit pattern row— “Digital bit pattern (#7-4)"-- controls digital outputs 7, 6, 5, and 4. The
pattern is written in that order.

*A bit pattern consists of four digits, which can each be “0” or “1”. “0” turns the corresponding digital output
OFF (or “low”). “1” turns the corresponding digital output ON (or “high"= 5 V).

*The bit stays in the indicated state (1 or 0) for the length of the Epoch

EpochDescription | & | B | C | D G
Type |Step |Step |Step |Step

= ample rate g Fast ! ast | Fasl al o] vevestdr
Fitst level [r) gy *
Detalevel (] i

First duration [mz] 25 50 50 25 o

Dielta duration [ms] o 1] 1] ] ] Wave End
| Digital bit pattern [#3-0) {0000 0007 {0010 0000
Digital bit pattern [#7-4] 10000 10000 0000|0000
Train rate [Hz] 1 0 0 0
Pulze width [ms)

Mumber of zweeps = 10 Alloca

01
(V)

T T T T '
] 0 100 200
Titne (ms) Swweepl Wisible:10 of 10

.

i 4 . | JJMOLECULAR
_ ;1 YD EVICES

L
b

-
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Alternative configuration using STEP-ACTIVATE command inputs

EpochlDescrpion | & | B | C | O | E | F | G | H § I |
Type |Step |Step [Step [OK O [DF |[OF  [OF  [OK [OF
SEI'I'IFIlE ratg -___.: - 5t :J 5 I -_f.: = 5.' 5 I -_f.: =L

Firzt lexvel [
Delta level (]

Digital bit patterns can also be

Fist duration [ms) |25 |00 |25 |0 0 0 L 0 0 0 configured as pulse trains.
Cielta duration [ms] 1] 1] 1] i ? g i ? _ _ _
Digital bit pattern [#3-0] [0000  [001*  [0000 [po00 [0000 [0000 0000|0000 [0000 [0 *To activate a train on a particular
eIl let_te_m e ?SSD DO S pone oo Ofed: J0OR SR00G (CR0n JhAce digital output, set its corresponding
ralh rate [Hz ] i 1] ] [l [ ] ] L . . ..
Fulse ?;j,i,'j_t'ﬂ'[';';] 1 5 _ _ - _ _ - bit tp “** Here bit #0 (digital OUT
MHumber of sweepsz = 10 Allocated tirme: 1562 of 200 mz #O) IS set to “*".
s i | FEAEEE R (S SenR e ?:i—l.?: rzlt:: qtnEDDD Hz [100 samples] *Enter the train rate and the width
S FPulze width 5.00 mz =» 50 % [50 zamplez] Of each pulse Clampex Calcula‘tes
the number of pulses resulting.
Channel #0 | Channel #1 | Channel #2 | Channel #3 | [ Altemate Wavetorms T -Altemate Diaital Output
| W v W W4
g
Wave Start B

g’gﬂ 44 -
The Waveform Preview shows the result. Here a
u]

train is output from digital OUT #0, which digital OUT

8 [evena | #1 is HIGH for the duration of the epoch.
. ﬁ Applied to STEP-ACTIVATE, this would cause the
E1L3 ' 100 ' 200 Axoclamp to apply a train of pulses to the headstage.
Time (ms) Swweep:! Visibler10of 10
B . NTMOLECULAR
u}i 2 SYDEVICES

For research use only. Not for use in diagnostic procedures.
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Alternative configuration using STEP-ACTIVATE command inputs

We have now designed a protocol to use the STEP-ACTIVATE inputs to apply pulses to each
headstage in current clamp.

Remember, the amplitude of the applied step is determined by the Tuning amplitude on the
Axoclamp 900A Commander. Therefore it cannot be changed from Clampex.

Since the Axoclamp 900A cannot be in both a voltage clamp mode and current clamp at the
same time, the analog waveform for voltage clamp commands is disabled.

Note: STEP-ACTIVATE 1 may also be used to apply command steps while in voltage
clamp. The basic approach is the same, except that the amplitude of the applied
pulse is set with the Seal Test feature on the Axoclamp 900A Commander.

MOLECULA
;{ 183 {.@' D
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When you use Gap-free mode in the Real Time Controls panel, open the pre-programming dialog by

clicking the < button. You can pre-program voltage level and holding duration values for each channel,
as well as turning the digital bit on or off. You can pre-program up to 50 epochs. You can also manually
change values during a recording.

3 ap-free
Crnd 0 [

1]
Crnd 1 [r)
0 =
Cmd 2 [m'/)
0 =

Crmd 3 [m")
1]

-

F

Drigital QT z
FEEE o
7 OEEE 4

Finish

Epoch Desc 1 2 3 4 b 6 T 8 9 10
Type Step [Step |Step (Step |Step | Off Off Off Off Off
Level (mV) 45 -50 100 00 |0 0 0 0 0 0
Duration (seconds) 12 10 5 15 1 0 0 0 0 0

| Digital bit (0/1) 1 0 1 0 0 0 0 0 0
1| 1]

Start From Change 1

Channel #0 | Channel #1 | Channel #2 | Channel #3 | Channel #4 | Channel #5 | Channel 5 | Channel #7

[ Apply J[ R eszet ]

This completes the protocol tutorial and completes this guide.

w @
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Keep Your Software Up to Date

At Molecular Devices, we aim to make improvements to released software frequently, and to

fix reported problems quickly.

pPCLAMP 11 and Axoclamp Commander 900A are both regularly updated. The programs have
internal settings to remind you to check our website for updates. Alternatively, you may force

the program to update.

*To update pCLAMP 11, open Clampex, and
go to the Help menu and select “About
Clampex”. Note the complete version number,
and close the window.

*Return to the Help menu and select
“Molecular Devices on the Web”. This should
launch a browser and open the Molecular
Devices homepage. Navigate to Service >
Knowledge Base > Conventional
Electrophysiology / Downloads > pCLAMP 11,
if the version number on the web page is later
than yours, download and install the update.

*To update MultiClamp 700B Commander or
Axoclamp 900A Commander, go to the Options
> About dialog

*Remember the full version number displayed

*Go to www.moldev.com /Service/ Knowledge
Base/Conventional
Electrophysiology/Downloads/MultiClamp to
check if a newer version is available.

) 2|
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Contacting Molecular Devices

Molecular Devices
1311 Orleans Drive
Sunnyvale CA 94089
USA

Phone:  1-408-747-1700
1-800-635-5577 (US, toll-free)
+44 (0) 118 944 8000 (Europe)

Technical Support — including a searchable knowledge base and a link for finding regional

technical support:
http://www.moleculardevices.com/support.html

Web site:
http://www.moleculardevices.com/

186

For research use only. Not for use in diagnostic procedures.


http://www.moleculardevices.com/support.html
http://www.moleculardevices.com/

BrrTiees

UNLEASH YOUR BRILLIANCE™

For research use only. Not for use in diagnostic procedures.

© 2012-2017. Trademarks are the property of Molecular Devices, LLC or their respective owners.




	Setting Up Clampex for Data Acquisition
	Welcome to the Guide
	Contents
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Select a Sequence
	Axopatch Sequence
	Digitizer–Amplifier Connections
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Configure Telegraphs
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Create Signals
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Set Scale Factors
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Configure Protocols
	Axopatch Protocol 1
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	MultiClamp Sequence
	Slide Number 60
	Digitizer–Amplifier Connections
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Configure Telegraphs
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Create Signals
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Configure Protocols
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Slide Number 92
	Slide Number 93
	Slide Number 94
	Slide Number 95
	Slide Number 96
	Slide Number 97
	Slide Number 98
	Slide Number 99
	Slide Number 100
	Slide Number 101
	Slide Number 102
	Slide Number 103
	Configure Sequencing Keys
	Slide Number 105
	Slide Number 106
	Slide Number 107
	Slide Number 108
	Slide Number 109
	Slide Number 110
	Slide Number 111
	Slide Number 112
	Axoclamp Sequence
	Slide Number 114
	Digitizer–Amplifier Connections
	Slide Number 116
	Slide Number 117
	Slide Number 118
	Slide Number 119
	Slide Number 120
	Slide Number 121
	Configure Telegraphs
	Slide Number 123
	Slide Number 124
	Slide Number 125
	Slide Number 126
	Slide Number 127
	Slide Number 128
	Slide Number 129
	Slide Number 130
	Slide Number 131
	Create Signals
	Slide Number 133
	Slide Number 134
	Slide Number 135
	Slide Number 136
	Slide Number 137
	Slide Number 138
	Slide Number 139
	Slide Number 140
	Slide Number 141
	Slide Number 142
	Slide Number 143
	Slide Number 144
	   Axoclamp Signals 13
	Slide Number 146
	Slide Number 147
	Slide Number 148
	Slide Number 149
	Slide Number 150
	Slide Number 151
	Slide Number 152
	Slide Number 153
	Slide Number 154
	Slide Number 155
	Slide Number 156
	Slide Number 157
	Configure Protocols
	Slide Number 159
	Slide Number 160
	Slide Number 161
	Slide Number 162
	Slide Number 163
	Slide Number 164
	Slide Number 165
	Slide Number 166
	Slide Number 167
	Slide Number 168
	Slide Number 169
	Slide Number 170
	Slide Number 171
	Slide Number 172
	Slide Number 173
	Slide Number 174
	Slide Number 175
	Slide Number 176
	Slide Number 177
	Slide Number 178
	Slide Number 179
	Slide Number 180
	Slide Number 181
	Slide Number 182
	Slide Number 183
	Slide Number 184
	Keep Your Software Up to Date
	Contacting Molecular Devices
	Slide Number 187



