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Welcome to the Guide

Setting Up Clampex Software 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 amplifier, MultiClamp™ 700B amplifier, and Axoclamp™
900A amplifier. 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® Data Acquisition System 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.
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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.
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Configure Digitizer 1 |

Select Digitizer from the } view [[EIIFIEY Tools Window Hel
Configure men.
CyberAmp k »

Digitizer _ Lab Bench...

Demo Ll Telegraphed Instrument...
. | Overrides...
— Configuration Change... 9]
et e { The Digitizer dialog opens, showing Clampex software

Amplitude: in Demo mode.

Small = 10% of full scale.
Click Change.

E mulation:

DD1550
Configure... I

To continue the configuration, select your model of Digidata digitizer.
Digidata 1550 (including 1550A and 1550B)
Digidata 1440A
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Configure Digitizer 2
Digidata 1550, 1550A, and 1550B Digitizers

Select Digidata 1550 Series, Digidata 1550B Series, or } Change e
Digidata 1550B Series from the list. D[i)gi“ze'w T e |
If Clampex software reports Dtz 15508 Seres
Not present, click Scan. Diotiat 1590 Sares
Digidata 1440 Series
Wave_forrn period:
Clampex software should then report your Digidata digitizer properties. amitee
Largel = .SDZ of full scale.
rf:hange Digitizer M1 E[rJnIZLJ‘l'IaggSISeries
Digitizer Type: H
Digidata 1550B Series Ok, I Cancel | Help |
Digitizer: Awailable
|0 =

= There is no calibration necessary with the Digidata 1550,
D || vowvomse | 1550A, or 1550B digitizers.

Serial Mumber: 4234367235
Firrnweare Wersion: d100.3.3

FPGA Version: 1610206 This completes the configuration of the Digidata 1550,
FlumSiencer Channels: 4 1550A, or 15508 digitizer you have purchased, and it is
J | ready to be used with Clampex software.
O ¢ } 0K, I Cancel | Help

If you experience problems, check the suggestions on the
next slide.
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Configure Digitizer 3 T e 0
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, [

Digitizer Type:

Digidata 1440 Series

If Clampex software reports } e T
Not present, click Scan. [ =

i~ Configuration
Mot present

Clampex software should then report your Digidata digitizer

[gre=r=rnote
P e —

|
Digitizer Type:

| Digidata 1440 Series ~| g EiE oo

Digitizer: Available
|0 =l

i~ Configuration
} DD1440

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

Firmware Version = d1.2.24

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

0K Cancel I Help |

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 for the MultiClamp 700B amplifier. Parts of the sequence also apply to
MultiClamp 700A amplifier and GeneClamp 500B amplifier.

Bl Axoclamp Sequence
o Follow this sequence for the Axoclamp 900A amplifier.

‘@’MOLECU LAR
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Axopatch 200B

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:

B Diqitizer—Amplifier Connections B Configure Telegraphs
B Create Signals B Set Scale Factors
® Bl Configure Protocols

For research use only. Not for use in diagnostic procedures.
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Axopatch 200B

Digitizer — Amplifier Connections e

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




Axopatch Connections 1

We want the following signals:

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

— Current Clamp
Digitizer Analog Inputs Digitizer Analog Output
® Membrane potential—scaled ® Command current

® Membrane current—unscaled
as well as:

Telegraphs

@ ® Gain telegraph for current clamp
Qe ® Gain telegraph for voltage clamp

®- B%LECI%LEE ﬁ ‘ For research use only. Not for use in diagnostic procedures.
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Axopatch Connections 2

Clampex software 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.

For research use only. Not for use in diagnostic procedures.
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Axopatch Connections 3

TELEGRAPH OUTPUTS SPEED FORCED .
CELL TEST RESET
TELEGRAPH GAIN FREQUENCY MODE CAPACITANCE INPUT o INPUT
= "
0 ® ® © ©@i®
(on digitizer rear .
panel)
SCALED 10 Vm DATA EXT. COMMAND EXT. COMMAND I OUTPUT
OUTPUT OUTPUT NOT VALID INPUT INPUT (10 kHz)

OUTPUT FRONT SWITCHED REAR SWITCHED
— r— — TODE M ol
i) o o) @
) (@ & I ROF
aer A myd pa
@ | | | ¥

ANALOG IN 1 ANALOG OUT 0 ANALOG IN 2 #
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

¢JMOLECULAR . -
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Axopatch Connections 4 -

In this setup, the following connections will carry different signals or telegraphs for voltage-clamp 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 0: telegraphs gain irrespective of clamp mode
This leaves:

e 10V, OUTPUT—ANALOG IN 1: reads membrane potential in voltage clamp, and
® I OUTPUT—ANALOG IN 2: reads membrane current in current clamp

Finish

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

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




Axopatch Telegraphs 1

Open Telegraphed Instrument from the } Acquire  View Tools Window Help

Configure menu. Digitizer. .
CyberAmp 3
m Lab Bench...
—lnput Channels—— Qverrides... Eg
.S
dnalog IN #1 Membrane Test Setup...
Analog 1M #2
Analog 1M #3 E
i:::gg :H Eg 7 4 Select the digitizer input channel that you have the Axopatch
Analog N HE amplifier scaled output connected to. Signals on this channel are
iﬂalﬂg m Eg ) the ones that are affected by changes in gain settings, so we must
inalog IN #3 associate our telegraphs with this channel.
Analog M #10 s
® NN i In our case, we have connected the scaled output to Analog IN
Qe #0 (Connections), so select this channel.
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Axopatch Telegraphs 2

Select Axopatch 200B from the Telegraphed Instrument
list box.

The Telegraph Connections section of the dialog
is enabled. Here, in the Gain field, select
Telegraph Input 0, the digitizer telegraph input
channel receiving the gain telegraph.

v

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

Gair: Telegraph [nput 0 Crn: | [Marne]
Erequency: | [Maone] j

Telegraphed Instrument

e
) )

| [Disabled)

[Dizabled)

[t anuial]

Buon Axoclamp 3008,
Bwon GeneClamp 500B
Bxon MultiClamp 7004
Bxon MultiClamp 7008
Axopatch 200 CW201
dwopatch 200 CW202

Awopatch 2008

Awopatch-1 Cw4-0.1..100




Axopatch Telegraphs 3

This completes the dialog for our purposes. }
Click OK to exit.

& Clampex - Information

Clampex software displays the warning shown at STV | A ST Bl e
. . dialog, the scale factor rmust be s
right, alerting us of the need to set scale factors for Factor Assiktant can Belalyalidets

all signals using the input channel we have set
telegraphs for, in our case, Analog IN #0.

We proceed to this in the next two sections.
Finish
We have configured Clampex software 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.

¢ JMOLECULAR
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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 software 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. 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.




Axopatch Signals 1

Open Lab Bench from the Configure menu —
or use the button:

=

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 we
need to create two signals — one each for
current and voltage-clamp in association with it.

} Acquire  View

»YMOLECULAR

o d IO EVICES -

=8 Tools Window He

Digitizer...
CyberAmp C

Telegraphed Instrunient...

Overrides...

= Lab Bench

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

— Digitizer Channels—— — Signals

Input Signalz | Qutput Signals

| >

dudd...
Delete

Bename. .

| €
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Axopatch Signals 2

a8 Add Signal \ {
] 8
Mew name: IIm_s::aIed
Cancel
Help

With the new signal selected in the
Signals list, the rest of the Lab Bench
shows options and settings for that
signal. First is scaling.

We want to read “Im_scaled” in
picoamps — i.e. have picoamps as the Y
axis units for the Scope window and
subsequently recorded data files.

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

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

Click OK.
} - Im_scaled
— Scaling
Signal units: ||:| j I.-i'-. Crefault
Scale factor [WApd); 1 S zale Factor
Offset [pé @ 0] d BAzgiztant...

} Select p from the Signal units list box, and type A4 in the
adjoining field.

For research use only. Not for use in diagnostic procedures.
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Axopatch Signals 3

Now we add a signal — still for channel }
Analog IN #0 — for reading membrane

a8 Add Signal

potential in current clamp. Click Add K
again. Mew narne: I‘v’m_scaled
.. . Cancel
This time call the signal Vm_scaled.
. Hel
Click OK. i
. . - —%m_zcaled
Vm_scaled is to be read in millivolts. } ~Sealing
Set the signal unlt.s appf‘oprlately, af, Signalurits |m =] [V Dfaul
we did for “Im_scaled”. —
Scale factar [ mv): 1 & clln Exeian
Offset [mv @ 0V) 0 Azziztant...

For research use only. Not for use in diagnostic procedures.
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Axopatch Signals 4

There are 2 more input signals to create — one each for the 10 Vm OUTPUT and I OUTPUT ports.
We connected the 10 Vm port to Analog IN #1 ~ Digitizer Channelz— — Signals

(Connections). Select this channel and add a new —
: : . . Analog N HD A
signal, Z0_Vm, as we did for previous signals. — 117
. . L Analag M #2 = |_MTest1
Configure the signal for millivolts. Analog IM 83 | |IN 1
Analog 1M H#4 [nput0l
Analog M #5 W
.-'_ﬁ.na!ng IN ﬂ§ v voltage
— Digitizer Channels — Sighals —10 W
Scaling
Analog N80 A [EECDN ( N
Analog IN#1 | | [IN2 Signal s m ¥ ¥ B
Analog IN #3 W. OUTPUT log IN
Analng 1N #4 { e connected_tne I port to An_a og
Analog [N #5 #2. Select this channel and add new signal
9 Analog IN #E - & I_Output.

Configure this signal for picoamps.

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

Notice the options for additional } — Coftware BC Filter

e Hardware Signal Conditioning —
filtering in the lower half of the tab. .
[ Lowpass (kHz): |7 ﬂ

In the Telegraphs section, because we

have set up a gain telegraph for this [ Highpass [Ha): |/ i’ Cybersmp... |
channel, the amplifier gain is reported.
This combines headstage and output - Teleraphs
gain, so, for example, a headstage G ain: 1 Cm [pF) |35

gain B = 0.1 and output gain a = 10
gives a reported gain of one.

Frequency [Hz]: |1 aoao

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.
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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 Lab Bench X
Signals tab. Ensure Analog OUT #0 is Input Sigrals  Output Signals |
selected as the digitizer channel. This - Digitizer Channels—  Signals
is the channel we have connected to
the amplifier EXTERNAL COMMAND DU oomd 0 _ fdd-
INPUT FRONT SWITCHED port Delete
(Connections). Rename...

Just as for the input signals, add a new
signal, V_clamp, and set the units to oo
millivolts. This will carry the command —oe

[ . 163 1 P D efault
signal for voltage clamp. Signalunits: [ ] [v B e |

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

@‘ D ECU For research use only. Not for use in diagnostic pro:
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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

® V_clamp e I clamp

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

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

Set Scale Factors

Clampex software 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.




Axopatch Scale Factors 1

We will set the scale factor for

"Im_scaled” first — the signal for Input Signals | Qutput Signals |
reading membrane current in P R
Drigitizer Channelz Signals
voltage clamp.
_ A Add...
We will use the Scale Factor ina:-:g m E; 3
. . . nalog
Assistant for this signal. andogIN B3
. Analog [N #4 [patch Hename...
On the Lab Bench Input Signals anaiog IN 5 im, staled I
tab, with Im_scaled on digitizer AnslogIN #B v
channel Analog IN #0 selected, -
) Im_zcaled
open the Assistant. Scaling
(Signalgnita: Ip ;I I.-’-‘-. Drefault

For research use only. Not for use in diagnostic procedures.
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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 automatica”y opens with With zome extra information abaut the state of paur amplifier the Scale
4 ) L Factor Azsistant will automatically choose the scale factar far the Scaled
the correct dialog for the Axopatch 200 amplifier.

Output BMC. Fill in the form below to have the scale factor
automatically calculated:

Scale Factor Assistant: Axopatch 200 series

Most of the work in the Assistant consists of

—1. Made Setting
simply copying amplifier settings into the dialog.

Specify the zetting of the Mode switch on the frant panel of the
Axopatch;

Mode Setting © Track (& §Ciam
. . =0 " |-Clarp Marmal ™ |-Clamp Fast
“Im_scaled” is for use in voltage clamp, so select -

V-Clamp for the amplifier mode option. 2 Config Setting

Specify the zetting of the Config switch an the front panel of
the &xopatch:

" Patch = whole Cell [E=1)
€ whole Cell (B=0.1]

Config Setting 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.
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Axopatch Scale Factors 3

Signal Units } — 3. Preferred Signal Units
- S pecif ferred signal units:
In section 3 choose whether to read cell pe:ly Fe pre:_[re Fananis
current in picoamps or nanoamps. We P& né
have already set this value in the ~ 4. Gain
previous section, so keep the pA setting The telegraphed headstage and output gain
we entered there. (alpha « beta) is 1
Entering “nA” here does not affect the Scale factor at urity alpha » beta gain = 0.007 ¥/pa,
scale factor. but simply causes it to be Scale factar at the curent alpha ® beta gain = 0.007 Y /pd.
4
expressed in terms of this unit. Hel | = —
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 software, and this value is reported, just as in the Telegraphs section of the Lab Bench Inputs

For research use only. Not for use in diagnostic procedures.
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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 = [ ]

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

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.

v

Click OK to close the Scale Factor Assistant.

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

¢ JMOLECULAR
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—Im_zcaled
— Scaling
Signal units: I p > I.-'-‘-. D efault
Scale factor [VApd): 0.007 (& tale Eactor
Offset [pa = 0W): 1]

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.

For research use only. Not for use in diagnostic procedures.
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Axopatch Scale Factors 6

Still with Analog IN #0 as the digitizer channel, select Vm_scaled

) ) Scale Factor Assistant: Axopatch 200 series
and agaln Open the ASSIStant' With zome extra information about the state of your ampl
. i i i i Factor A&Sixtan_t u_uill automatically chooze the scale facto
This time, the signal is for use in current-clamp mode I-Clamp Qutput BN Flin thefom below o have the scalefac
Normal, so select this in the Mode group. 1. Mods Sefting
L ) ey ) ) ) Specify the setting of the Mode switch on the friont pa
This is all you need to do. Again, the amplifier’s total gain setting is Anopatch:
" Track W-Clamp
reported and used to calculate the second of the scale factors at the -
. . : : . =0 & 3LlampNomat " I-Clamp |
bottom of the Assistant. And again, only the unity-gain scale factor is e
reported |n the Lab BenCh, though |nC0m|ng data W|” be Scaled fOI‘ Specify the zetting of the Config switch on the front pe
. . e . the Axopatch:
the gain at the time of acquisition. O pash 6 Whel Col B
. .. = Swhole Cell (B=0.1]
The scale factor at unity gain is 0.001 V/mV, -
. . . . . . 2. Prefered Signal Units
i.e. 1 mV/mV, which is what we expect when there is no amplification. S pecily your preferted sighel units
& g o
— 4. Gain
The telegraphed headstage and output gain
[alpha » beta] iz 1
Scale factor at unity alpha « beta gain = 0.001 % /m.
Scale factor at the current alpha = beta gain = 0.007 % /'

For research use only. Not for use in diagnostic procedures.
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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 amplifier, 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 I:a B mV/pA
e V..:aoamV/mV.

The first of these means that, for current, when combined headstage and output gain is one (o 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 “I_Output”.

¢JMOLECULAR For research use only. Not for use in diagnostic procedures.
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1o.vm )

We created 10_Vm for digitizer channel Analog IN Input Signals | Output Signaks |
#1. Select this channel and the signal. ~ Digitizer Charmels—— — Signals

Analog IN #1 is connected to the 10 Vm port on the

10 %m

amplifier. This port outputs membrane voltage with a |_MTest ]
. . . - Analog 1M #2 |_5Test
set gain of 10. A unity-gain scale factor of one millivolt AnalogM#3 N1
per millivolt (0.001 V/mV) multiplied by the set gain Analog IN #4
value: Analog 1M #5
' Analog [N #5 &8
0.001 V/mV x 10 = 0.01 V/mV 10,
— Scaling

This is the scale factor for signals read from this port. | _
Type 0.01 in the scale factor field. Signal rits: ~ |m | [

Scale factor [/ mt]: IEI.EI'I|
Offset [mb & 0% ID




Axopatch Scale Factors 9
1output

Select digitizer channel Analog IN #2, and Input Sianals | Dutput Signals |
I_Output. The channel is connected to the ~ Digitizer Channels—  Signals
I OUTPUT port on the amplifier, which outputs Py e
membrane current at one of two scaling options AnalogIN#1 — | | [IN2
reported on the panel: ndogINH3
100 B mV/pA and B mV/pA. i:g:ggm i
We have the switch in the down position (B mV/pA), frapalti ¥

|_Output
—Scaling

Signal units: Ip ;I I.fi'-.
Scale factor [W/pa): IEI.I:IEI'I
Offset [pd @ 0V [d

and the Config switch on the front panel should be
set at Whole Cell B = 1. The scaling factor we set
is:

1 mV/pA = 0.001 V/pA
Set this value in the scale factor fielggpr

This completes the scale factors for all the input signals.
Now for the two output signals.

¢ JMOLECULAR
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Axopatch Scale Factors 10

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 twpe af Axan [nstrume

" MultiClarmp 700

Lab Bench

Input Signals  Cutput Signals l

Digitizer Channels

Analog OUT #1

W _clamp

Signals

_Cmd D Add...
Cmd 0 _—
I_clamp Delete
ouTan 4
W Bename...

(" GeneClamp 500 series from the first dialog box.

Analog OUTHD. Signal wnits:  fm ¥ v Defaut |
g 5 | |: b l"-"I."'".'" -I P o
(+ hwopatch 200 series e Slesten i, 5;:;&5?1? i
' ."j'.HDI:LElmFI-E sefies FIrhyteiohstytrertobii
(" Awopatch-1 senes
0 Awoprobe-14 Open the Scale Factor Assistant and select Axopatch 200




Axopatch Scale Factors 11

The signal “V-clamp” is for use in voltage clamp, so select V-Clamp in the
Mode Setting section.

With zome extra information about the stab
Factor Assistant will automatically chooze t

This leaves just the Ext. Command Input section to complete. e
. . . ~1. Mode Settng———————
The Axopatch 200B amplifier has two command input ports — the selection e A
here informs the Assistant of the one we have connected our command cable e e
to. We used the front-switched port. C1-0 € [CempNomal
. . . 2 Config Seting———————
Reading off the panel we see that in voltage-clamp mode this port has a set S :euf'ng of the Cortfig switch
. the Axopatch;
scallng Of 20 mV/V' ¥ Patch € whole Cell (B

€ wihole Cell (B=0.1]

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

— 3. Ext. Cormand |nput
Specify which esternal command input

Select 20 mV/V. This is reported at the bottom of the dialog. voltage connected o
Click Finish to close the Assistant and transfer the scale factor to the Lab A L
BenCh . Scale factor = 20w,

®- D ECU For research use only. Not for use in diagnostic procedures
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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 amplifier, 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 Lgneymttﬁllda)gm procedures.

4

— 1. Mode Setting

Specify the setting of the Mode zwitch on 't
Auopatch;

 Track = W.Clamp
=0 & |-Clamp Mormal
— 2. Config Setting

Specify the setting of the Config switch on
the Axopatch;

" Batch & dwhole Cell [B=T
€ whole Cell (=0.1]

— 3. Ext. Commmmand [mput
Specify which external command input pou
voltage connected to;

@ 20mA € 100 m/Y [eopat

Scale factor = 2 ndAY.
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Axopatch Scale Factors 13

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.

©

¢ JMOLECULAR

*JDEVICES : (3

} Lab Bench
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_Cmd 0
2B Cormmarnd
A0 #O
Analog OUT #3 Crnd 0
QuUT #0O
auT o
—|_clamp
Signal wnitz: In ;I I.-“-‘-.
Scale factar [ndA; |2



Axopatch

Configure Protocols @

Protocols in Clampex software 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.




Axopatch Protocol 1

Open the protocol editor by selecting New Protocol } m View Configure Tools Window

from the Acquire menu.

Note: If a previously saved protocol is not loaded in
Clampex software, 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 button:

B

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

Open Protocol... [!

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

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

@' B%L.ﬁcl%l'ﬁg m ‘ For research use only. Not for use in diagnostic procedures.
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Axopatch Protocol 2

The front tab ofthe protocol editor |

has Contr0|s forl amonQSt Other Made/Hate | Inputsl Elutputsl Triggerl Statisticsl Eommentsl bt ath I 'W'aveforml Stimulusl
things, acquisition mode, sampling - Acaisition Mods
rate and trlal hleral‘Chy i~ Gapfree ™ Fired-length events + Epizodic stirmulation
! '  Warable-length events i~ High-speed osciloscope
The defaL”t achiSition mOde is — Trial Hierarchy — Start-to-Start Intereals
episodic stimulation—the only mode Tildelay (5} [0 * Aun(sy  [Minmam—+
that allows a command waveform to Runs/rial f 5 Sweep [s). [Minimum v,
be generated. We want to generate Swesps/un[10 x| =004 MB
a command, so leave this setting. Swcep duration ¢} [0.2 2| = 200 samples
. Firzt holding: Epochs: Lazt holding:
In fact, all the default settings on S en T35 s Sme
. 31 zamples 1938 zamples 31 zamples
this tab_can be left as they are, but L pversaing
take time to note key parameters i N — Runs/tral = 1, no averaging
such as the Sampling Rate (10 kHz), e (2 x

the number of samples per sweep,

and the number of sweeps per run. 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.
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Axopatch Protocol 3
Next go to the Inputs tab. ),

Here you select digitizer input channels for the protocol, Mode/Rate Inputs | Dutputs | Trigger | Statistis |
and the signals you want to carry on these. ~ Analog IN Channels
For vol_tage clamp, we want two input signals—one scaled ¥ Chanrel 80 [N 0 =
signal for membrane current, and a second unscaled TWTed
signal to monitor membrane voltage. We created these I Channel #1: ||, T
in the Lab Bench—"Im_scaled” and “10_Vm"—associating [~ Channel #2: Mmemb
them with channels 0 and 1. Now we incorporate them B Sl m gf' 3
into the protocol. '
) [ Channel #4: ||N 4 -
Channel #0 should be already checked. Open the list box
beside it and select “Im_scaled”. [ Chamnel #5: |/ - [
[~ Charnel #6: |11 0 >
Then check Channel #1 and select 10_Vm. LEkiE =
A 4 [ Channel #7; || 4 ;I
W Channel #0:  [Im_scaled v
v Channel #1: |1|:|_'-.,.f|-|-, d

‘ For research use only. Not for use in diagnostic procedures.
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Axopatch Protocol 4
Go to the Outputs tab. }

We configured the signal “V_clamp” to deliver the Mode/Rate | Inputs  Outputs | Trigger |
voltage clamp command waveform, on output channel  Analog OUT Chanrels
#0. Channel #0: Crod 0 ;I
i Crnd 0 A
Select V_clamp from the Channel #0 list box. Channel 81 |AUIT 0 A
ouT 0
Channel §2: Setu
—Analog OUT Holding Levels m_
—_— Channel #3: IVW.Emd :.
W clamp [mv]; -50

Additionally, we will set a holding level for this
. |:| I/
Cmd T {m) 4 output. This is maintained all the time the

Crd 2 [rrivf]: 0 protocol is loaded except for when specific
output commands are generated.

Crnd 2 [mt]: 1]
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.
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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 Trigger tab. } Edit Protocol - (untitled)
Default settings give “Immediate” trial starts. This means Made/Rate | Inputs | Dutputs  Trigger | st
Clampex software is armed for data acquisition as soon as St tial with
you select Record, or View Only, from the Acquire menu — (imme di_ate' =
or click the buttons: o _
Ngger source:

- | h | | Internal Tirmer j

Record View Only
v
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.

9
Qe

@‘ D ECU For research use only. Not for use in diagnostic procedures
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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.

' 1 »JMOLECULAR
O \J SADEVICES

} Edit Protocol - (untitled)

Modea"F!atel Inputsl Outputs | gerl Statisticsl Commentsl Math  ‘waveform

Wwiaveform Analog DU W_clamp Infa |
v Analog YWavelom

Cigital Dutputs ——

& Epochs € Stimulus file ¥ Active high logi

Intersweep halding level: IUSB holding v|

Interswesn bit patte

Epoch Description & B C o] E F £
Type Step  |0Off Off off Dff o off
Sample rate Fast |Fast |Fast |Fast |Fast [Fast |Fast
First lewvel [miv] 112 1] 0 1] 0 0 0
Eelta leseel [mi] 20 I} i] 0 0 i] 0
First duration [ms) 100 0 i i} 0 i 0

Delta duration [ms) i I} i] i} 0 i] 0
Digital bit pattern (#3-0) [1111 0000 JO000 (0000|0000 0000 000
Digital bit pattern (#7-4] J0000 (0000 (0000 (0000|0000 {0000 |000
Train rate [Hz] i i} i i} 0 i 0
=3 T [l 0 n ) & n n 0

} Note that the confirmation that “V_clamp” is the

signal carrying the output waveform. Click Info 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”.

For research use only. Not for use in diagnostic procedures.
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Axopatch Protocol 7

Now to the definition of our waveform. } 3 —
poch Description A, B
We will configure an output with a simple step, increasing Type Step | OFF

the amplitude of the step with each sweep. 5 annple rate Fast  |Fast

Firzt lewel [mt] -Al] 1]

In column A of the epoch description table, keep Step in the Delta level [mv] 0 0

Type row, but click First level and type —=50. This sets the First duration [ms] I

output level for epoch A in the first sweep of the run. Our Delta duration [ms] 0 0
entry of =50 mV maintains the holding level we set on the Digital bit pattern [#3-0) 1177 0000
Outputs tab. Digital bit pattern (#7-4) [ 0000|0000

Train rate [Hz) 1] 1]

w Pulze width [mz) 1] 1]

Click in Delta level and type 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.

N MOLECULAR For research use only. Not for use in diagnostic procedures
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Axopatch Protocol 8

Now to set the period for epoch A. } Epach Description i B C
. . . . . Tvpe Step [0 Ot ]
Click First duration and type in 50 for a 50 ms duration. SRy
) ; Firzt lewel [mt] -A0
Click Enter to see this reported below the table. Delta level [mv] 0
. . . First duration [mz) A0
This completes epoch A. Now we configure the step, in epoch B. Delta duration [ms] |10
Diigital bit pattern (#3-0]
Drigital bit pattern [#7-4)
Train rate [Hz)
Epoch Description A B C D Fulze width [mz]
Type step  |OK Oft off | Mumber of sweeps = 10
Sample rat . .
Fi?snt-llljei;?[;\f] 0 v Off : Firzt duration 50.00 ms [S00 samples)
Delta level [ ] % -
First duration [ms) a0 Pulse train -
Drelta duration [ms] 1] Biphasic trai
Digital bit pattern [#30) torge van | { Click Type in column B (currently set to “Off")
Digital bi pattern [H7-4] Tendean 1 ypP y :
Train rate [Hz] . .
e | | Select Step from the popup menu.
Humber of sweepz =10 Allocat




Axopatch Protocol 9

Set the level for the first sweep at =100 mV. } E poch Descriphion £ E C D

. . . Type Step | Step  |OFf (ff

For this epoch, because we want an incrementing step level e eI Faat  |Fast  |East  |Fast
from sweep to sweep, we enter a delta level. Click in the First level [mv] 50 [-100 |0 0
Delta level cell and type 20. This forces the step level up 20 Dela level (m] L VR U L
. . Firzt duration [ms) 50 100 1 1]
mV with each successive sweep. Deta duration ims] |0 i i i

. . Digital bit pattern (#3-00 {1177 (0000 (0000 oooo

We have 10 sweeps starting at —100 mV, so the final sweep Digital Bt pattarn (#7-4) | 0000|000 [0000 |00
will have a step level of 80 mV, reported below the table. Trair rate [Hz) 0 0 0 D
. . . Fulze width [ms] 0 0 0 0

Now set the First duration at 200 milliseconds. F—— — o

Lmbeer of sWweeps = oC:ak
Again, this is repor low th le, in milli n well - jo | Final level 80.00 mf
gain, this is reported below the table, seconds as we St il | 100,00 ms (1000 semples]

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.

§- POLECULAR For research use only. Not for use in diagnostic procedures
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Axopatch Protocol 10

Click Update Preview in the bottom right corner
of the protocol editor.

This opens the Waveform Preview window shown
at right, where you can see a graphical
representation of the waveform you defined.

This window can be kept open while you
experiment with different epoch settings — click
Update whenever you need to update the display.

4

1y r .
@ Waveform Preview

\J

sJMOLECULAR
DEVWCES 3

k4 w2 W
200 ;‘
Wave Start
100 4
i ]
Wave End

-100 4

-200 ﬂ

o 1IZIH} 2lZIHJ
Time (m=} Sweep:1 Visible: 10 of 10
4 i3
=> Clipboard | Cloze I Help I
|

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.

For research use only. Not for use in diagnostic procedures.
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Axopatch Protocol 11

We have completed the setup of the voltage clamp protocol — close
the protocol editor with the OK button.

@ Save Protocol As

Savein: I |3 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 click
Save.

File name: I‘u’nltage Clamp 1

- Save as type: |F‘rutucu| Files (".pro)
The protocol is now saved and can be loaded whenever needed,
with the Open Protocol command in the Acquire menu, or button:

=
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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  Edit Protocol - (untitled)
the Acquire menu. —

Mode/Fate  Inputs |Elut|:|ut3| Triggerl Statistics

We again accept the default settings in the Mode/Rate  nalog IN Channels

tab, go to the Inputs tab.

This time select Vm_scaled for Channel #0. ¥ Channel #0:  |SREEETEE

Recall that the second, current-monitoring signal that we [™ Channel #1: {10y =]
want to read in current clamp (“I_Output”) is setup for
the connection from the I OUTPUT port on the amplifier
to digitizer channel Analog IN #2 (Connections).

Check Channel #2 and select I_Output.

¥ Channel #2:  ||_Output |

For research use only. Not for use in diagnostic procedures.
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Axopatch Protocol 13

On the Outputs tab, select the current clamp command signal we }
configured for Analog OUT channel #0: I_clamp. o Edif Rrpfocol Sluntified)

Leave the holding level at the default zero setting for current

&, B C ] E
Type Step  [Ramp |[Step  |[Tmgl | Step
Sample rate
First level [rd) -1 1 0.5 1 I
Celta level [nd) 1 1] 1] 1] 1]
Firzt duration [mz] 40 40 0.1 100 a]
Drelta duration [mz) 1] 1] 1] 1] 1]
Crigital bit pattern [#3-0]
Drigital bit pattern [#7-4]
Train rate [Hz] 20

L Pulze width [mz]

<

Mcu:le.-"Flate] Inputs  Outputs lTriggE
Analog OUT Channels

clamp.
Channel #0: ||:rru:| 1] i
Crd 0 ”
Channel #1: -
QuT #0O
Channel #2: ouTao
Setup =

Channel #3: Ivllplamp

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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Axopatch Protocol 14 ,

Finally, close the protocol editor by clicking OK, and save the protocol } EE,Scopa._ Demoigitizer
(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 to
receive the two input signals configured for this protocol.

=
51 0
o
-10000
1L 0 (ms)
kil

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 click
one button, 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 software online Help.

For research use only. Not for use in diagnostic procedures.
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Axopatch Protocol 15

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
Crnd 0 [ty
1]

Crnd 1 [
0

Crnd 2 [
i

Crnd 3 [
0

]

1 2 1 C3 R 1 3 [ 1 CY 1 (1

0

0

0 &

Digital OUT =
3EEEED
7 OEEE 4

Finish

Epoch Desc 1 2 3 4 5 6 7 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 [seconds) 12 10 5 15 1 0 0 0 0 0
Digital bit (0/1) 1 0 1 0 0 0 0 0 0 0

4 L1

Start Fram Change 1

l Apply i Feset

This completes the Axopatch section of the guide.

Channel #0 | Channel #1 | Channel #2 | Channel #3 | Channel #4 | Channel #5 | Channel #6 | Channel #7
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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 amplifier.

After we create the protocols, as an optional final step, we will integrate these with the
MultiClamp amplifier mode telegraph so that Clampex software automatically loads the
appropriate protocol when you shift between current and voltage clamp in MultiClamp
Commander software.

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:

B Digitizer—-Amplifier Connections B Configure Telegraphs

M Create Signals B Configure Protocols

B Configure Seguencing Keys

‘@’MOLECU LAR
DEVICES For research use only. Not for use in diagnostic procedures.
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MultiClamp

Digitizer — Amplifier Connections

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




Connect MultiClamp

If you have not already done so, switch on your MultiClamp 700B amplifier and open MultiClamp
Commander software.

If Commander opens in demo mode (reported in the title bar), you need to connect the amplifier to

the software.
In Commander, click the Select Device button: lﬂ‘ Select Deyice

700B: Click Scan—Commander displays the amplifier

MuttiClamp | SoftPanel |

" Demo Mode ¢ MuttiClamp Hardware!

Serial Mumber: IﬂD'IDZH'IE vI Scan

Select MultiClamp Hardware.
MuttiClamp 00102318 is connected.

serial number when the amplifier is found.

Click OK to exit. OK I Cancel Help

For research use only. Not for use in diagnostic procedures.
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MultiClamp Connections 1

We want the following signals:

——Voltage Clamp

Digitizer Analog Inputs Digitizer Analog Output
Membrane current—primary output Command potential
Membrane potential—secondary output

——Current Clamp

Digitizer Analog Inputs Digitizer Analog
Membrane potential—primary output Output
Membrane current—secondary output Command current

®- BCEL{?CIL&LEE m ‘ For research use only. Not for use in diagnostic procedures.
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MultiClamp Connections 2

Clampex software 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.

For research use only. Not for use in diagnostic procedures.
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MultiClamp Connections 3

700B PRIMARY SECONDARY
(Channel 1) ST OUTPUT OUTPUT
Siaitizer ANALOG ANALOG ANALOG
9 OUT 0 IN O IN 1

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

For research use only. Not for use in diz
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MultiClamp

Configure Telegraphs

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

As well as simply reporting the settings in Clampex software, the telegraphs are integrated into Clampex
software 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 amplifier 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.




MultiClamp Telegraphs 1

Configure menu.

—Input Channels——

My

Open Telegraphed Instrument from the Acquire  View Tools Window Help
Digitizer...
CyberAmp 3
Lab Bench...
Membrane Test Setup...

Analog (M #1 —
Analog 1M #2
Analog 1M #3
Analog M #4
Analog M #5
Analog M HE
Analog M #7
Analog 1M #E

Analog IM #3

Analog M #10 s

¢ JMOLECULAR

S IDEVICES

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

For research use only. Not for use in diagnostic procedures.
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MultiClamp Telegraphs 2

Select Axon MultiClamp 700B amplifier 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 gquide
(Configure Sequencing Keys).

Telegraphed Inztrument

FultiClarmp 700 amplifier mode switches are
autamatically telegraphed.

{+ Start new trial when mode, scale factar or units change.

To zsimultaneously switch protocols, configure zpecial
Sequencing Keys [V-Clamp or [-Clamp [M].

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

T elegraphed |nstrument

| txon MultiClamp 7008

[Dizabled)

(M anLial)

Aon Axoclamp 9004
Awarn GeneClamp B00B
Aor MuliClamp Y00
Awior MulliClamp FO0B
Amopatch 200 CwW201
Apopatch 200 CW202
Auopatch 2008
Auopatch-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) - Apliier Configurstion
and signal type for the selected digitizer channel: dmpifier output: | Primary output 1 =l
Primary output 1 Serial numbes: | 0010218 | | Sean |
|

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

§- POLECULAR For research use only. Not for use in diagnostic procedures
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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 software 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.




’ 3 »YMOLECULAR

o - RIDEVICES
MultiClamp Signals 1
Open the Lab Bench from the Configure menu Acquire  View (-8 Tools Window He
or use the button: Digitizer...

CyberAmp »
=
Telegraphed Instrunient...

Overrides...

The Lab Bench opens with the & Lab Bench
Input Signals tab on top, and Input Signals | Output Signals
digitizer channel Analog IN #0 Digitizer Chanrels— + Signals
selected. We have the amplifier’s

: : fdd..
primary output connected to this =

channel, so we need to create two Delete

signals—one each for voltage and Rename...

current clamp—for this channel.

Analog [N #6

For research use only. Not for use in diagnostic procedures.
© 2021 Molecular Devices, LLC. Trademarks are the property of Molecular Devices, LLC or their respective owners. | p70



MultiClamp Signals 2

Add Signal
New name: |Im_prime] E

Cancel

Help

Notice 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.

¢ JMOLECULAR ‘

S IDEVICES

Click Add in the Signals section, opening the Add

Signal dialog.

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

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

that signal.
~Im_prime
— Scaling
Signal urits; Ir:‘: v I Detault
acale Factor [V/mY) 0.01 & &ale Factof
= AT > Assistant.,
Offset (my @ 0V] L

For research use only. Not for use in diagnostic procedures.
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MultiClamp Signals 3
The telegraphs are reported at the bottom
of the Lab Bench. The screenshots show
the telegraphs in the Lab Bench with ™ Rs Compensation
Commander at default settings. TOIF ] 9995M0 | | Bandwidth:1.02kHz @

Buto | Comection: 0%  Prediction:

[ lation detected

Primagy Output: bMembran .
G{b Bessd( : Scope: Bypazz

Lab Bench

Telegraphs
Gain: ( 1 ) Crn [pF]:

Frequency (Hzl: (10000 Scale faktor [V nd):

0.5




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.

Notice that the scale factor reported in the
Lab Bench does not change as you alter the Atk LU 7\

output gain. Clampex software reports the ~ Prim put: Membrane Eurrent‘ AVind ) —

unity gain scale factor, | _
i.e. the scale factor for an output gain of Gairg 10 Bessel: 10 kHz

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

e.g. in these screenshots, Clampex software

will apply a scale factor of

D=
10 X 0.5 V/nA = 5 V/nA, || | E=draphs
d as reported in Commander. Giain: 10 Cm [pFl:  0.000
Frequency [Hz): od Scale factar M/nd)l 0.5

For research use only. Not for use in diagnostic procedures.
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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 signal, note — Software RC Filter Hardware Signal Condiboming
the possibility of additional signal filtering ™ Lowpass (kHzl: |1 i’

in Clampex software. -
™ Highpass [Hz]: 1 j Cyberdmp...

The Hardware Signal Conditioning section
has configuration options for Axon
Instruments’ CyberAmp signal conditioner.

— Telegraphsz
ain: 1 Crn [pF]: 0.000
Frequency (Hzl: 10000 Scale factor AV 10

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

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

¢ JMOLECULAR

S IDEVICES

Add Signal

oK

New name: [Vm_prime]

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 software. When you change Commander to
current clamp mode and membrane potential is measured,
Clampex software will update appropriately, if the
telegraphs were configured to start a new trial.

For research use only. Not for use in diagnostic procedures.
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MultiClamp Signals 7

Now we create current and voltage clamp signals for the amplifier secondary output.

We have the secondary output @ Lab Bench
connected to Analog IN #1 e S _
(Connections). Select this as the ”pf‘t_ i | Dutpt Sianals
digitizer channel, and then click Add. Digitizer Lhannels 3lgnal:
Analog M #0 ~ ddd...
Analog M #2 | WTest 1 Delete

Sralog M #3
Analog M #4 [rput01 Rename... |
Analog M #5 W

.ﬂ_-.na!cug IN T-t§ hd woltage

Add Signal

New name: [Vm_sec Type Vm_sec, for the signal we will use to monitor

Cancel membrane potential in voltage clamp.

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

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




MultiClamp Signals 8

Now for the other secondary output signal
from the MultiClamp, on digitizer channel

& Add Signal

New name: [im_sec 0K, Analog IN #1. This will monitor membrane
= = current in current clamp.
Cancel
Add Im_sec in the Add Signal dialog, as for
| bR previous signals.

For research use only. Not for use in diagnostic procedures.
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MultiClamp Signals 9

S_|g!1al Im_sec will be _use‘fj when Commande,r’ ’, MultiClamp 7008
is in current clamp with *Membrane Current
as the secondary output signal. Secondary Output: Membrane Current [ 05 4/, |

Gain: 1 Lowpass Fiter: 10 kHz
Options
Guick Select ] Advanc Pulze | 10mY  10ms Zap | B00 pz Fif: 500 M

General (Gains ]

" Channel 1 & Channel Z

Votage Clamp - -
Resistor —— Experiment ~ Notice that the scale factor for current-reading output

Whole Ce signals is affected by the choice of headstage resistor.

SRIL ]

Patch This can be adjusted in Commander’s Options dialog:

Cument Clamp ﬂ

;' o0 HE-'EjEtﬂlr E:':pE-‘ﬂmE-‘ﬂt -I
Whole Ce in the Gains tab, Feedback Resistor sections.

Sl ea We will use the default 500 MW setting.
Whole Ce

fe 500 MO




MultiClamp Signals 10

Now we create signals for the
command waveforms.

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

a8 Add Signal

Ok
Mew name: |V _clamp

Cancel

Help

$JMOLECULAR ) -
E$IDEVICES

4 Lab Bench

Digitizer Channels

Analog OUT #1
Analog OUT B2
Analog OUT #3

Signals

_Cmdn

2B Cornmand
Al HO
|_clamp

auT #0
auT o

b

Delete

Rename...

Click Add in the Signals section, and type
V_clamp into the Add Signal dialog — for the
command signal for voltage clamp.




’ (,. ) #YMOLECUL

o i’
MultiClamp Signals 11 *'

We enabled telegraphs for Analog OUT #0 ) clamp ‘ —~__ -
in association with both Analog IN #0 and "

Analog IN #1, so the signal units and scale

factor are simply reported from Commander.

Options

Quick Select |
General Gain:

Telegraphed zcale fact Drefault

Scale Factar
Bigzziztant. .

MultiClamp can output command signals in voltage
clamp at two scale factors—20 mV/V and 100 mV/V.

& Channel ;¢ Chanr

— Voltage Clamp
— Feedback Resistor——

" 50 Moy
&+ 500 Mo

Select the command scale factor from the
Commander Options dialog:

2

We will use the 20 mV/V setting.

For research use only. Not for use in diagnostic procedures.
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MultiClamp Signals 12

Under default settings the command
signal holding level cannot be set in the
Lab Bench. We do not need to worry
about the holding level reported in the
field because we will set this when we
incorporate the signal into a protocol.

a8 Add Signal

ak.

M ew name: II_n::Iarnp

Cancel

Sn:alga Fachor
Hiolding level [rmiv]: A0 Azzistant..

Analog holding lewel iz dizabled because of the zething in the
Canfigure / Dvemides dialog.

It only remains to create the current clamp command
signal.

Click Add again, calling the new signal I_clamp.

For research use only. Not for use in diagnostic procedures.
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MultiClamp Signals 13

Set the amplifier mode in
Commander to current clamp:

tode
e[0T

Options

Quick Select | Adh
General Gains |

—Cumert Clamp
— Feedback Resistor—— Experr
" B0 Mo

& 500 M

—|_clamp
T elegraphed zcale factof 400 pd oY

Crefault

Scale Factor

I-EEI— Besiztant,

In the Lab Bench, the scale factor units change to
express current.

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.

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

@' E‘)%LECI%LEE ‘ For research use only. Not for use in diagnostic procedures.
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MultiClamp

Configure Protocols

Protocols in Clampex software 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.




MultiClamp Protocol 1

Open the protocol editor by selecting New Protocol
from the Acquire menu.

Note: If a previously saved protocol is not loaded in
Clampex software, 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 button:

B

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

Eile Edit View Configure Tools WWindow
Open Protocol... [!

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

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

@' B%L.ﬁcl%l'ﬁg m ‘ For research use only. Not for use in diagnostic procedures.
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MultiClamp Protocol 2
The front tab of the protocol editor

has Contr0|s forl amonQSt Other Made/Hate | Inputsl Elutputsl Triggerl Statisticsl Eommentsl bt ath I 'W'aveforml Stimulusl
things, acquisition mode, sampling - Acaisition Mods
rate and trlal hleral‘Chy i~ Gapfree ™ Fired-length events + Epizodic stirmulation
! '  Warable-length events i~ High-speed osciloscope
The defaL”t achiSition mOde is — Trial Hierarchy — Start-to-Start Intereals
episodic stimulation—the only mode Tildelay (5} [0 * Aun(sy  [Minmam—+
that allows a command waveform to Runs/rial f 5 Sweep [s). [Minimum v,
be generated. We want to generate Swesps/un[10 x| =004 MB
a command, so leave this setting. Swcep duration ¢} [0.2 2| = 200 samples
. Firzt holding: Epochs: Lazt holding:
In fact, all the default settings on S en T35 s Sme
. 31 zamples 1938 zamples 31 zamples
this tab_can be left as they are, but L pversaing
take time to note key parameters e Runs/tral = 1, no averaging
such as the Sampling Rate (10 kHz), Fastrate el x

the number of samples per sweep,

and the number of sweeps per run. 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.
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MultiClamp Protocol 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 “Vm_sec” — associating them with digitizer
IN channels 0 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.

§- POLECULAR For research use only. Not for use in diagnostic procedures
DEVICES arch use only.  in diagnostic procedures.
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Edit Protocol - (untitled)

Mode/Rate Inputs IUutputs' Triggerl Statisticsl

—Analog IN Channels

v Channel #0:

[ Channel #1:
[ Channel #2:
[ Channel #3:

[™ Channel f4:
[™ Channel #5:
[” Channel #&:
I” Channel #7:

[INO |
Imemb :

IND 3
Ipatch —
|¥m_prime N s
[IN 4 ]
D |
[N & ]
[N ~



MultiClamp Protocol 4

Then check Channel #1 and select Vm_sec.

This completes the Inputs tab.

= Edit Protocol - (untitled)

Mu:ude.-"Flate] lnputs  Dutputs lTrigger]
dnalog OUT Channels

Channel #00: |"-a"_n:|am|:| ﬂ

|_clamp S
Channel #1: auT #0O — F
Channel #2: ’
Channel #3:

Edit Protocol - (untitled)

Mode/Rate Inputs IUutputsI Triggerl Statisticsl
—Analog IN Channels -

V' Channel #0:  |Im_prime v
¥ Channel #1: =
[ Channel#2: || MTes 2 ]
[~ Channel #3: || W7o -]

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.



MultiClamp Protocol 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.

With telegraphs enabled, Clampex software shows command signal
units appropriate for the amplifier mode, so if the MultiClamp
amplifier was in Current Clamp mode (IC) when you opened the
protocol editor, “V_clamp” shows with units for current. Crnd 2 [} ([

Crnd 3 [miv]: |D

This is no cause for alarm, since “V_clamp” will only be used in voltage clamp, and Clampex software will
telegraph 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 Holding Levels

We want to set a holding level of =50 mV, so | _
type —50in the holding level field. v_clamp mv} |50
[0

Crmd 1 [m):

@' E‘)%L'ECI%LEE m ‘ For research use only. Not for use in diagnostic procedures.
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MultiClamp Protocol 6

' ( »JMOLECULAR
\J SIDEVICES

4

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.

Default settings give “Immediate” trial starts. This
means Clampex software is armed for data
acquisition as soon as you select Record, or View
Only, from the Acquire menu—or click the buttons:

ol »

Record View Only

Edit Protocol - (untitled)

Mu:nde.-’FlateI Inputﬂl Outputs  Trigger |5ta

Start trial with:

[mrmediate ;I

Trigger zource:
Irternal Timer A I

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.

For research use only. Not for use in diagnostic procedures.
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MultiClamp Protocol 7
Now go to the Waveform Channel #0 tab, where

OUtpUts are deﬁned for dlgltlzer OUtpLIt Channel Analog Made!HateI Inputsl Cutputz L Tri gerl Statisticsl Eummentsl Math  Wwaveform l
OUT #0.
W aveform Analog DI % _clamp Info |
A default waveform is already defined—we will delete = (%”"é'm":a"ﬁ”g“_ w DigtalButputs
this and create our own simple stimulus, but first Epochs - Stmiusie PilCetve iatizai
familiarize yourself with some key settings on this tab. Intersweep hoding level. [Use hokdng < nisrsvespbipatis
Epnch D'escription 2 B [ 0] E F [E]
The Ana_llt_)g Wavefo_rm check box enables ana!og T See O Torfor o tor o7
command definition. Selecting Epochs means we define Sample rale Fast |Fast |Fast [Fast |Fast [Fast |Fasl
the waveform using the table in the middle of the tab. e —— 7
In this, the sweep can be divided into up to 50 sections First duration [m] (TR EER I (N CERN N [
. Delta durati 0 0 i 0 0 i 0
(epochs) A-AX, and a waveform defined for each of D;Zittzl ;;a;;i?e[r:si}ﬂ-u] 1771|0000 0000|0000 |Doo0 {000 | 6on0
these. Digital bit pattern [#7-4] [0000 {0000 [0000 [0000 [00O0 [0000 {0000
Train rate [Hz) 0 0 ] 0 0 ] 0
The Epoch Description table in the Waveform tab Pulse width [ms) N I I L U

includes cut and paste functionality. . - _ _
Notice 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 software.

@‘ D ECU For research use only. Not for use in diagnostic procedures
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MultiClamp Protocol 8

Now to the definition of our waveform.

Epoch Descrption 2, B
We will configure an output with a simple step, Type Step | OFf
increasing the amplitude of the step with each sweep. Sample rate Fast  |Fast
o Firgt level [mv] -Al a
In_ column A of the epoch de_scrlptlor_1 table, keep Step Delta level [mv] q 0
in th(_e Type row, but click in the First level row an_d S EETAERIE] e 0
type in —5_0. This sets the output level for epoch A in e I T 0 0
the first sweep of the run. _Our entry of -50 mV Digital bit pattern [83-0) | 11110007
maintains the holding level. Digital bit pattem [7-4) [ 00000007
Click in the next row, Delta level, and type in 0. This Train rate [Hz] 1 1
keeps the first level setting for subsequent sweeps — Fulze width [ms] a a

i.e. epoch A is maintained at =50 mV for each of the
10 sweeps in the trial.

For research use only. Not for use in diagnostic procedures
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MultiClamp Protocol 9

Now to set the period for epoch A. E poch Diescription & B C
L. . . . T St (it Ot ff
Click in the First duration row, and type in 50. P =
Sample rate
Our sampling interval is 10 kHz, so a 50 ms sample First level [miv] =0
duration equates to 500 samples. Shift focus to a E_E':E'd"w?' [m;“f] ] ED
different cell in the table to see this reported below. L DTN e
Delta duration [ms) 0
This completes epoch A. Ligrie) otk gettizm 30
Drigital bit pattern [H7-4)
Now we configure the step, in epoch B. Train rate [Hz)

Epaoch Description A, B C ] Pulse width [r)

Type Step  |OF i i Mumber of sweeps = 10 ¢

Sample rate v Off . .

First lvel [miv] = | First duration 50.00 ms [500 zamplesz)

Delta level ] 1] %

First duration [mg) a0 Pulse train

Delta duration [ms) 1] ) ) )

Digital bit pattern [H3-0] Biphasic train L .

Digital bit pattern [87-4] Triangle train Click in the Type row in column B (currently set to

NEOERIE Cosine train “Oﬂ:").

Pulse width [ms] | |

Mumber of sweeps = 10 Al Select Step from the popup menu.

«JMO A < O
e JOFVICES ( \ @
- ) |



MultiClamp Protocol 10

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.

& Ll

S JDE

OLECULAR
\@C E'S ™y

Epoch Dezcription i) B C ]
Type Step  |Step  |0Off (ff
Sample rate Fast Fast Fast Fast
First leseel [mi A0 100 n N
Delta level [mi] 1] 20 1] 1
First duration [mz) alll 100 n 0
Delta duration [mz] 1] 1] N 0

| Digital bit pattern [H3-0) 17177 0000 joooo - oood
| Digital bit pattern (#7-4] | 0000 J0000 {0000 o000
Train rate [Hz] 1] 1] 1] 1
Fulze width [mz] 1] 1] ] 1

Mumber of sweeps =10 Alloc:

: . Firal lewel 80000 k!
stimuiis Eile... | First duration 100,00 ms [1000 samples)

For research use only. Not for use in diagnostic procedures.
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MultiClamp Protocol 11

Click Update Preview in the bottom right corner of B Waveform Preview

the protocol editor. 4 v: B 4 v
200 ;I

This opens the Waveform Preview window shown at
right, where you can see a graphical representation 100 ave Start
of the waveform we have defined.

This window can be kept open while you experiment 4 ]
with different epoch settings — click Update
whenever you want to update the display.

Wawe End

=100

200 |~ |
T T T T
i] 100 200
Time (ms) Sweep:1 Visible:10 of 10
Kl o

=» Clipboard | Cloze I 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 pop-up menu to get the display shown.

*JMOLECULAR
S IDEVICES
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MultiClamp Protocol 12

We have completed the setup of the voltage clamp = ¢ ve Protocol As
protocol — close the protocol editor with the OK button.

Save in: I |= 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 click Save.

File name: I"u"nrtage Clamp 1.pro

Save as type: IF‘rotucuI Files (" pro}

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

=

For research use only. Not for use in diagnostic procedures.
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MultiClamp Protocol 13

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 lUutputsI Triggetl Statisticsl
— Analog IN Channels

We will again accept the default settings
in the Mode/Rate tab, so go straight to ¥ Channel#0: [Vm_pime  v|

the Inputs tab.
V' Channel #1: | ~

This time select Vm_prime for Channel

#0, and Im_sec for Channel #1. [~ Channel#2: || MTest2  ~]
[ Channel #3: || 1Test 3 ~|
[ Channel #4: [,” 4 -v-l
L4 Note: Be sure the MultiClamp amplifier is in IC Mode to see the
Qe correct units when you configure the waveform.

§- POLECULAR For research use only. Not for use in diagnostic procedures
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MultiClamp Protocol 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.

A, B C D E
Type Step |Ramp |[Step | Tmgl | Step
Sample rate
First lewel W) 200 1100 20 110 0
Delta level [ 20 1] 1] 1] a
Firzt duration [ms) 40 40 0.1 40 ]
Delta duration [mz] 1] 1] 1] 1] a
Drigital bit pattern [H#3-0)
Dhigital bit pattern [#7-4)
Train rate [Hz) 1
Fulze width [mz] 20

= Edit Protocol - (untitled)

MDdEa"HatEl Inputs  Cutputs l Trigger]
Analog OUT Channels

Channel #: | Cmd 0 ]
Crnd O A
Channel #1: N
auT #0
Channel #2: ouT o
Setup =
Channel #3: .l"“"l clamp v.

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

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



MultiClamp Protocol 15

Finally, close the protocol editor by clicking OK, and save = - Demo Diiti
the protocol (Save Protocol As in the Acquire menu), siie s Lm g

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 the
MultiClamp amplifier.

@‘ B%L'ECI%ng For research use only. Not for use in diagnostic procedures.
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MultiClamp Protocol 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
Cmd 0 [mi) Epoch Desc 1 2 3 4 5 3] T 8 9 10
i E| Type Step |Step |Step |Step |Step |Off |Off |Off |Off |Off
Crnd 1 [ Level (mV) 45 -50 100 -100 |0 0 0 0 0 0
D—[_]E Duration (seconds) 12 10 5 15 1 0 0 0 0 0
Crnd 2 (¥ Digital bt (0/1) 1 o | o o o Jo JoJo_ o
0 &
Crnd 3 [y
o F
0 &
o H
0 &
0 B i T

Channel #0 | Channel #1 | Charnel #2 | Channel #3 | Channel #4 | Channel #5 | Channel #6 | Channel #7

Diigital AU T2
. 3O EEE o Start From Change 1 i Lpply i Fesct
Finish 7AAEE 4+
v ] This completes the protocol tutorial and completes this guide. However, as a final, optional step we link the protocols to

O P MultiClamp Commander amplifier-mode telegraphs in the next section.

§- POLECULAR For research use only. Not for use in diagnostic procedures
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MultiClamp

Configure Sequencing Keys

The amplifier-mode telegraphs sent by MultiClamp Commander software can be used to automatically
load protocols in Clampex software. 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.




MultiClamp Sequencing Keys 1

Open the Sequencing Keys dialog box
from the Configure menu.

& Sequencing Keys - Startup Set

| Type | Deseription Clase

| Hext Key

Help

il

Bemove
LCopy...
Properties...

Werify

Al

=» Clipboard

Mew Set...

Save Set...

FEE

DOpen Set...

f

Options...

| ~

1l |

ao‘\J

View Tools Window Help

Digitizer...
Cyberamp

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

Membrane Test Setup...

seguendng Keys...

Program Options...

If the sequencing keys are at default
settings, the dialog opens with an
empty sequencing keys table, under

the title Startup Set.

For research use only. Not for use in diagnostic procedures.
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MultiClamp Sequencing Keys 2

Click Add and in the Add a key definition for list box
select V-Clamp IN 0.

MOTE: Usze the top-row number kevs on your kevboard
to call sequencing kevs. The numernc keypad does not

activate sequencing keys.

Add a key definition for: Chrl+1 ;I
W-Clamp [M & ”
W-Clamp [M & N
ok Cal Clamp IN 7 |
W-Clarmp [M 8

-Clamp M 9
W-Clamp [M 10 [\!5
W-Clamp IN 11 o

“IN 0” refers to Analog IN #0, the digitizer input channel we configured Clampex software to receive
MultiClamp amplifier 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 amplifier.

Click OK.

C&
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°n \J SRR
MultiClamp Sequencing Keys 3 |

@ Sequencing Keys - Properties - V-Clamp IN 0

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

Operations | Sequencing I

—( Parameters
Set Lab Bench Holding Levels

—I Digital OUT Bit Pattern

™ fnalog OUT #0: 765 43210
FFFFFFFF

[~ Analog OUT #1:
[~ Analog OUT #2:
[~ Analog OUT #3:

{111

In the Action field, for the purposes of demonstration, |
keep the View S€|eCt|0n. ThIS has the prOtOCO| run |n r Ilnsert comment kag into data file [if applicable] and add Lab Book entry:

View Only mode when it is called; o ra—
in a real experiment you would choose Run. AnakgQUT: €0 C1 £ €3
Stage: % Bath & Patch £ Cell
Next we have to enter the protocol we want to run & B
when the MultiClamp amplifier is in voltage clamp. dycton: fviw =]
Click Browse to open a file dialog. Protocelfe: !
p g Repetition count: |1 i’ Browse... ;I!
Repetition start-to-start [=]; IMinimum vl
" Prampt: |

(] 4 I Cancel | Help

For research use only. Not for use in diagnostic procedures.
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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 — % Protocal
file field Action: I"«-’iew vI
Pratocal file: IM_I,I Documentss.. \Paramzholtage Clamp 1.pro

Leave the repetition count at one, to run - .
the protocol just once when it is called. Hepetiion count i <

Fepetition start-to-ztark [=]; IMinimum vI

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.

o
Q e Click OK to return to the main Sequencing Keys dialog.

@' E‘)%L'ECI%LEE m ‘ For research use only. Not for use in diagnostic procedures.
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MultiClamp Sequencing Keys 5

Our first sequencing key appears in the table.

Check its details before clicking Add to add a
second key, for current clamp.

MOTE: Uze the top-row nurmber keys on wour keyboard
to call sequencing keps. The numernc keypad does not

activate sequencing keys.

Add a key definition for: Ctrl+1 j

[-Clamp IM B S
[-Clamp M ¥ 0

ol L3 | Clamp IN |

[-Clamp IM 9

[-Clarnp [M 10
[-Clamp M 11 =
[-Clarmp IM 12 b

°n

a8 Sequencing Keys - Startup Set

F.ey | Mext Key | Type D escription
Y-ClampIMN O  Mone Pratocol Wiew uzing Yaltar

This time select I-Clamp IN 0. The input
channel is the same, but we want this key to be
triggered by a change to current clamp.



MultiClamp Sequencing Keys 6

As before, select Protocol and click —{* Pratocol _
Browse, this time using the protocol we el [View <]
configured for current clamp, “Current Pratacol file: |My Documentsh... \pCLAMPYParamshCurrent Clamp 1.pra

Clamp 1 Repetition count; |1 ﬂ
Repetition start-ta-stark [=); IMinimum vl

& Sequencing Keys - Startup Set Close the Properties dialog, and check the

details of the second sequencing key. It has

K.ey Mext Key

|-Clamp M 0 Mone
W-Clarmp [N 0 Mone

Type been added at the top of the list, following
Pratocal the key order in the Add dialog list box.
Protocol

For research use only. Not for use in diagnostic procedures.
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MultiClamp Sequencing Keys 7

0

Finally, click Options, at the bottom of the

: & Options
Sequencing Keys command buttons. You are 1P
offered three options for saving protocols in a If the active protocol has unsaved changes when a new
sequencing keys series. protocol in a sequence is to be loaded:

(" Load the new protocal without zaving the first protocal
* Save the first protocol befare laading the new pratocol

" Praompt to zave the first pratocal

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

k. 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.



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 amplifier.

Make a final check on the I-Clamp and V-Clamp tabs in MultiClamp Commander software 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 software, 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.

¢JMOLECULAR For research use only. Not for use in diagnostic procedures.
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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 amplifier.

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

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:

B Digitizer—Amplifier Connections B Configure Telegraphs

B Create Signals B Configure Protocols

For research use only. Not for use in diagnostic procedures.
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Axoclamp 900A

Digitizer — Amplifier Connections e

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




Connect Axoclamp

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

In Commander, click Select Device Select Device

b ;
@ Axoclamp l SoftPanel |

" DemoMode  &xoclamp Hardware

Serial Number: IEID1 22420 vl Scan I

Axoclamp 00122420 connected.

Select Axoclamp Hardware.

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

Click OK to exit. [ ok ] Ccance

l@’MOLECU LAR
DEVICES For research use only. Not for use in diagnostic procedures.
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Axoclamp Connections 1

The signals we want to record depend on the Axoclamp 900A mode.
—¢€urrent Clamp modes (IC, I=0, DCC, and HVIG)

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

—Voltage Clamp (TEVC and dSEVC)

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

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

®- B%LECI%LEE ﬁ ‘ For research use only. Not for use in diagnostic procedures.
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Axoclamp Connections 2 N’

Clampex software 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 amplifier 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 amplifier 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.

For research use only. Not for use in diagnostic procedures.
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Axoclamp Connections 3

900A I-CLAMP SCALED \c/bcl\m/iﬁo
(Channel 1) COMMAND OUTPUT

ANALOG ANALOG ANALOG

Digitizer ouT 1 INO S

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

Diaitizer ANALOG ANALOG

9 OUT 2% IN 1

@ ‘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

O ¢ ~described in the next slide.

’ ~§\' [IlotLECl:JLl_\E ‘ For research use only. Not for use in diagnostic procedures.
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Axoclamp Connections 4

Alternative command connections

V-CLAMP

900A STEP- SCALED COMMAND

(Channel 1) ACTIVATE 1* OUTPUT

DIGITAL ANALOG
OuT 0 INO

ANALOG
OuT 0

Digitizer

900A STEP-ACTIVATE SCALED
(Channel 2) 2% OUTPUT

DIGITAL ANALOG
OuT 1 IN1

Digitizer

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

For research use only. Not for use in diagnostic procedures.
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Axoclamp Connections 5

Alternative command connections — no voltage clamp

900A I-CLAMP SCALED \c/gnhmilo
(Channel 1) COMMAND OUTPUT

ANALOG ANALOG (UNCONNECTED)

Digitizer OUT 0 INO

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.

& [IlotLECl:JLl_\E n ‘ For research use only. Not for use in diagnostic procedures.

© 2021 Molecular Devices, LLC. Trademarks are the property of Molecular Devices, LLC or their respective owners. | p117




°* 4V ha
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
(Channel 1) OUTPUT

900A CURRENT
(Channel 2) OUTPUT

ANALOG IN
8

ANALOG IN
)

Digitizer Digitizer

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.

For research use only. Not for use in diagnostic procedures.
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Axoclamp
Configure Telegraphs

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

As well as simply reporting the settings in Clampex software, the telegraphs are integrated into Clampex software
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 amplifier 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.




Axoclamp Telegraphs 1

Open Telegraphed Instrument from the } Acquire  View Tools Window Help
Clampex software Configure menu. Digitizer. .
~|Input Channels —— CyberAmp d
A Lab Bench...
Analog IN #1 g Telegraphed Instrument. ..
Analog IN #2 g'uerrides, . h
Analog IN #3
Snalog IN #4 Membrane Test Setup...
Analog IN #5
Analog IN #6 { All telegraphs must be configured for a specific digitizer
Analog IN #7 input channel. We will first enable telegraphs for the channel
Analog IN H#5 receiving the amplifier Scaled Output from Channel 1. We
Analog IN #3 have connected the Axoclamp Scaled Output for Channel 1
Analog IN #10 » to Analog IN #0 on the Digidata (Connections), so select

¢ JMOLECULAR

S IDEVICES

this from the Input Channels list.
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Axoclamp Telegraphs 2

Select Axon Axoclamp 900A from the Telegraphed Instrument list. } - Telegraphed Instrument
Axon dxoclamp 004

(Disabled)

!Manual!
Axon MultiClamp 700B

When you have made this selection notice the options with
respect to linking protocols to amplifier modes. You can learn
more about this in the MultiClamp section on Sequencing Keys

(Configure Sequencing Keys). Axon MultiClamp 7006
v &xon GeneClamp 5008
Axopatch 200B

- Telegraphed Instrument
Awon Axoclamp 9004 vl

MultiClarp 700 amplifier mode switches are
automatically telegraphed.

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

To simultaneously switch protocols, configure special
Sequencing Keys [V-Clamp or |-Clamp IN].

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

For research use only. Not for use in diagnostic procedures.
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Axoclamp Telegraphs 3

The first enabled section on the dialog is Amplifier Configuration.

Identify the amplifier channel (i.e. } ~ &mplifier Configuration
headstage) and signal type for the selected Amplfier output: | Scaled output 1 |

digitizer channel (in this case, Analog In #0). Serial number: | 00122420 <] sean |
In the previous slides we chose Scaled

output 1 to connect to Analog In #0 :

h 4
Next click Scan — the Axoclamp serial number appears when the amplifier is found.

@‘ B%L‘ﬁt‘lfg ' For research use only. Not for use in diagnostic procedures.
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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 are } - Output Channels
configuring receives output from Choose the Analog OUT channel to which the command signal is connected:
headstage 1 (i.e. amplifier channel Command:  |4nalog OUT #1 |
1). The I-CLAMP COMMAND input
for this headstage is fed from
digitizer output Analog OUT #1 (see

Connections; Analog Out #0 is v
connected to V-CLAMP COMMAND). This completes telegraph setup for the Scaled Output of
Select Analog OUT #1 in the Axoclamp channel 1.
Command field*. (The CURRENT OUTPUT is not telegraphed.)

"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.
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Axoclamp Telegraphs 5

Open Telegraphed Instrument from the } Acquire  View Tools Window Help
Clampex Configure menu.

Digitizer...
CyberAmp 3

~ Input Channels ——

' Lab Bench...
apalog N0 f— Telegraphed Instrument...
Analog IN #2 1§ Querrides... &

ig::gg :E ﬁi = Membrane Test Setup...

Analog IN #5

AndlogiN Bo 4 All telegraphs must be configured for a specific digitizer
ina:og m g; input channel. Now we will enable telegraphs for the

Azglgg IN #9 channel receiving the Axoclamp Channel 2 Scaled Output.
Analog IN #10 + We have connected the Axoclamp Scaled Output for Channel
st S R 2 to Analog IN #1 on the Digidata (Connections), so select

this from the Input Channels list.

®- E‘)%L‘E(I:L&LEE 3 For research use only. Not for use in diagnostic procedures.
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Axoclamp Telegraphs 6

Select Axon Axoclamp 900A from the Telegraphed Instrument list. } - Telegraphed Instrument:
Axon Axoclamp 3004

When you have made this selection note the options (Disabled)

with respect to linking protocols to amplifier modes. You Manual .
Axon Axoclamp S004

can learn more about this in the MultiClamp section on .
: . . Axon MultiClamp 700B
Sequencing Keys (Configure Sequencing Keys). Axon MultiClamp 7004
A 4 Axon GeneClamp 500B
Axopatch 200B

- Telegraphed Instrument
Axon Axoclamp 9004 _v_]

MultiClamp 700 amplifier mode switches are
automatically telegraphed.

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

To simultaneously switch protocols, configure special
Sequencing Keys [¥-Clamp or |-Clamp IN].

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

For research use only. Not for use in diagnostic procedures.
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Axoclamp Telegraphs 7

The first enabled section on the dialog is Amplifier Configuration.

Identify the amplifier channel (i.e. } ~ Amplifier Configuration

headstage) and signal type for the selected Amplifier output: | Scaled output 2 I
digitizer channel (in this case, Analog In #1). Serial rumber: | 00122420 ~|]  sean
In the previous slides we chose Scaled

[ L4\

output 2 to connect to Analog In #1

h 4
Next click Scan — the Axoclamp serial number appears when the amplifier is found.

@‘ B%L‘ﬁt‘lfg ' For research use only. Not for use in diagnostic procedures.
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Axoclamp Telegraphs 8

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

The digitizer input we are configuring - Output Channels
receives output from headstage 2 Choose the Analog OUT channel to which the command signal is connected:
(i.e. amplifier channel 2). The I-CLAMP Command:  |AnalogOUT #2  +|
COMMAND input for this headstage is fed

from digitizer output Analog OUT #2

(see Connections; Analog Out #0 is connect
to V-CLAMP COMMAND).

Select Analog OUT #2 in the Command

\ field.

This completes telegraph setup for the Scaled Output of Axoclamp Channel
2. (The CURRENT OUTPUT is not telegraphed. See Axoclamp Connections 6
for notes about these outputs.)

*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.
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Axoclamp Telegraphs 9

Finish

This completes telegraph setup. We have configured Clampex software to receive telegraphs as follows:
e SCALED OUTPUT Channel 1 to Analog IN #0

e SCALED OUTPUT Channel 2 to Analog IN #1

e I-CLAMP COMMAND Channel 1 to Analog OUT #1*

e I-CLAMP COMMAND Channel 2 to Analog OUT #2*

e V-CLAMP COMMAND is not telegraphed, although connected to Analog OUT #0.

We now go to the Lab Bench for signal configuration.

"Note. Assuming connections as shown in Axoclamp Connections 3.

@' B%LECI%LEE . For research use only. Not for use in diagnostic procedures.
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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:

e 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 software as the
parameter being read at, or delivered to, the preparation.

e Channel: a cable connection to the digitizer, identified by the nhame 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.




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 amplifier.

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

®- BCEL‘E“CL_.LLAE For researc|
YEY | B3 : © 2021 Mole

h use only. Not for use in diagnostic procedures

es.
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Axoclamp Signals 2
Current Clamp (both channels)

Open the Lab Bench from the Configure menu — or } Acquire  View ¥ Tools Window He
use the button: Digitizer...

CyberAmp r
=
Telegraphed Instrumient...

Overrides...

The Lab Bench opens with the Input Signals }
tab on top, and digitizer channel Analog IN

@ Lab Bench

#0 selected. We have the Scaled Output of FIELE LSS ||t
Channel 1 connected to this channel. In this CHetizen Elisnele—) =i Gisls
mode the Scaled Output we are interested in g A Add
is Membrane Potential, so we need to create o Delete
n ropri ignal. =
an appropriate signa " Ry
Analog IN HE v b
For research use only. Not for use in diagnostic procedures.
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Axoclamp Signals 3
Current Clamp (both channels)

Add Signal
New name: | ot
Cancel
Help

Notice 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.

¢ JMOLECULAR

FIDEVICES \ ¢

<

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

Type in Vm_1 — the name we will give the scaled membrane
potential signal for current clamp, on Channel 1.

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

~Wm_1

D
—acaling

Signal units: I ~ I I Default

(i

scale factar{/7v) | ] Scale Factor
ll:!

. NPT Lesistant
A RO RARS

For research use only. Not for use in diagnostic procedures.
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Axoclamp Signals 4
Current Clamp (both channels)

The telegraphs are reported at the @ Axoclamp 900A

bottom of the Lab Bench. } Signal:

The screenshots show the telegraphs in Ga
the Lab Bench with Commander at
default settings.

v

Axoclamp Commander 900A
does not report whole-cell
capacitance values, since it

Lab Bench

~ Telegraphs - has nc_ic whole-cell '
- . capacitance compensation.
G Cm (pF} |0 < You may enter a value if you
Frequency (Hz): Scale factor [/ V]: know the capacitance.




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.

Notice that the scale factor reported in
the Lab Bench does not change as you
alter the output gain. Clampex
software reports the unity gain scale
factor,

i.e. the scale factor for an output gain
of one (in this case, 10 mV/mV = 10
V/V).

Of course, the scale factor applied to
the signal takes the gain into account
e.g. in these screenshots, Clampex
software will apply a scale factor of
10 x 10 mV/mV = 100 mV/mV,

_as reported in Commander.

} b 8 Axoclamp 900A

Channel 1 Scaled Output

Signal: Headstage 1, Membrane Potential
— 1 OutpgtOffset —

Gai @ Highpass: DC | ‘
] wpass Bessd(_14 kHz 0.0 my Zera l
I = adl
\
\
— Telegraphs - |
Gain: 0 Crm [pF): IU
Frequency (Hz): (14000 Seale factor v/ v1 (10 )

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

~ Digitizer Channels ——
Steps arﬁb\@%pen the Lab Bench
Analog IN #0

TS -

Select the digitizer channel Analog IN #1 }

Analog IN #2
Analog IN #3

i b Analog IN #4
Add 3lgnal 4 Add a new signal Analog IN #5
AnalogIN 86«
New name: [vim_2J BT =
Cancel

Help |

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

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

Go to the Output Signals tab in the Lab Bench. } Lab Bench
Select Analog OUT #1. This is the channel we

Input Signals  Output Signals
have connected for current clamp commands to it |

: -~ Digitizer Channels —— - Signals-
Channel 1 (Axoclamp Connections 3). IREEE 0TS Ignais
_Cmd1 Add..
.L"\nah:u] ouT #1 Cmd 1 e ——
Analog OUT #2 ouT 1 Delete

Analog OUT #3

Rename...
Add Signal P

New name: |IC Crad1|
Cancel Click Add in the Signals section, and type IC_Cmd1 into the

Add Signal dialog — for the command signal for current clamp on

H |
ep Channel 1.

MOLECULAR For research use only. Not for use in diagnostic procedures
JOEVICES | Molecular Dev Trademarks aré the proper
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Axoclamp Signals 8
Current Clamp (both channels)

Now we create signals for the current command

This only applies if the Axoclamp 900A amplifier

’ (;i ) MOLECULAR

o) JOEVICES

waveform on Channel 2.

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.

Go to the Output Signals tab in the Lab Bench.

Select Analog OUT #2. This is the channel we have = :
connected for current clamp commands to Channel 2 Input Signals | Qutput Signals |
(Axoclamp Connections 3). - Digitizer Channels —— - Signals-
AnalogIN 80 A
Analog IN#1
=|| Delete
Analog IN #3
Analog IN #4 Hename
: Analog IN #5
Add Signal puictp

New name: IIm_Cde E

Cancel

Help

Click Add in the Signals section, and type IC_Cmd_2 into the
Add Signal dialog —f or the command signal for current clamp on
Channel 2.

For research use only. Not for use in diagnostic procedures.
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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
software, we need to configure these signals manually in the Lab Bench.

Go to the Output Signals tab in the Lab Bench.

4

Input Signals | Output Signals |

Select Analog OUT #8. This is the channel we - Digitizer Channels — - Signals
have connected to CURRENT OUTPUT on Channel
. AnalogIN#2 A Add...
1 (Axoclamp Connections). AnalogIN #3
Analog IN #4 e Delete
Analog IN #5
Analog IN #E Rename... |
Analog IN #7
a8 Add Signal %] m el v
New name: [I1] Click Add in the Signals section, and type I1 into the
Cancel | Add Signal dialog—for the current on Channel 1.
Help
—‘—J We'll do the scale factor and units on the next slide.

¢ JMOLECULAR ‘

S IDEVICES

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

Now we determine the scale factor and enter it. I
- Scaling
First, select the units "nA” for this signal, by } Signalunits:  [n | [& Default
choosing n from the drop-down prefix list —
and typing A4 into the units field. Scale factor [V/na): |-U1 Scale Factor
Offset (nd @ 0V): IU— Agsistant...

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 humber 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.

For research use only. Not for use in diagnostic procedures.
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Axoclamp Signals 11
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 potential Vm_2 for membrane potential
from SCALED OUTPUT from SCALED OUTPUT
IC_Cmd1 for current IC_Cmd2 for current
command waveforms to I- command waveforms to I-
CLAMP COMMAND CLAMP COMMAND

I1 for membrane current from I2 for membrane current from
CURRENT OUTPUT (optional) CURRENT OUTPUT (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,...)

@' B%Lscl%l'é\g h ‘ For research use only. Not for use in diagnostic procedures.
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Axoclamp Signals 12
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 = | ab Bench
to Analog IN #0 _(Connectlons). Select th_ls as the Input Signals | Ouiput Signats |
digitizer channel, and then click Add. el R —
RS ~ Al HO N Add...
nalog = | current D |
Analog M H2 E I_MT 0 Ll
e |
nalog mem L | Fename...
1 Analog [N #5 1M H0O
Add Slgnal .-'%'-.na!ng IMHE g
New hame: IIm_dSEVd LS
Cancel I
Help I Type in Im_dSEVC, for the signal we will use to monitor
membrane current in dSEVC.

For research use only. Not for use in diagnostic procedures.
© 2021 Molecular Devices, LLC. Trademarks are the property of Molecular Devices, LLC or their respective owners. | p141



Axoclamp Signals 13
dSEVC

When a signal’s parameters are telegraphed, the Scaling

section on the Lab Bench is grayed. Don't worry if the ~ Im_dSEVC -
grayed-out settings are incorrect; they are overridden.

Lab Bench

- Telegraphs - 7
Gain: Crn [pF): IU )
Frequency [H% Scale factor [V/nd): € 0.1

Axoclamp Commander 900A does
not report whole-cell capacitance

< The telegraphed parameters are reported at the
bottom of the Lab Bench. The screenshots show
the telegraphs in the Lab Bench with Channel 1 in
dSEVC mode, at default settings.

values, since it has no whole-cell
Capacitance compensation. You may
enter a value if you know the
capacitance.

Channel 1 Scaled Output |

Signal._Headstage 1, Membrane Cunen{! (0D1Vind] )
in: 1 Highpass: D ffset

owpass Bes 0.0 mY Zero |

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

moLecuLary oLl
DE\«ILES




Axoclamp Signals 14
dSEVC

We have the SCALED OUTPUT of
Channel 2 connected to Analog IN Input Signals | Qutput Signals
#1 (Connections). Select this as the ~ Digitizer Channels — -~ Signials

digitizer channel, and then click Add.

== Lab Bench

Y 10 %m

[1
N M1
[rputd Bename... |
Wi
ﬂ_ma!n:ug IN #ﬁ v voltage

Add Signal X p

Type in Vm_dSEVC, for the signal we will use to monitor
0K membrane potential in dSEVC.
New name: |Vm_dSEVC
Cancel
Help
For research use only. Not for use in diagnostic procedures.
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Axoclamp Signals 15
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.

~ Telegraphs As before, the telegraphed parameters are reported at
Gain: @F] | 5 the bottom of the Lab Bench. The screenshots show the
telegraphs in the Lab Bench with Channel 1 in dSEVC
| Frequency [Hz): QJUUU Scale factor [WV mode, at default settings.

Axoclamp Commander 900A '
does not report whole-cell ~ Signgl_Headstage 1, Membrane Potentia
capacitance values, since it  Gan: 1 Highpass: DC ™
has no whgle-cell capacitance Lowpass Bess(: 10 kHz > 0.0 my Zero ‘
compensation. You may enter e
a value if you know the
capacitance.

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

MDLECULAR : o
JOEVICES ( ‘,. [ 3



Axoclamp Signals 16
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

oK

New name: [Vm_Cmd

@ Lab Bench

_Cmdn Y Add...
2B Command =3 _[‘\\S'

A0 O Delete
Analog OUT #3 Crod [0

|_clamp —  Rename...

OuT #o _—

auT o

(£

4 Click Add in the Signals section, and type Vm_Cmd into
Fonce | the Add Signal dialog as the name of the new voltage
Help command signal.

For 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 ¥, as shown below. This tells Clampex software 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.

—%m_Cmd
Signal units: I v I IV Default |
Scale factor [my/A): I2El Scale Factor
R I'_ Agssistant...
Holdir g level [my) U R ————
Analog holding level is disabled because of the setting in the
Configure / Overrides dialog.

The scale factor of 20 mV/V tells Clampex software 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) = -2.5V
Q e at the actual Digidata Analog OUT.

@‘ B%L.ﬁcl%l'ﬁg m ‘ For research use only. Not for use in diagnostic procedures.
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Axoclamp Signals 18
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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Axoclamp Signals 19
TEVC

Now we create signals for use when the Axoclamp 900A amplifier is in TEVC mode. In this mode, headstage 1
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.

ﬂ 4 Open the Lab Bench

= Lab Bench
We have the SCALED OUTPUT of Channel 1 FFEEE
connected to Analog IN #0 (Connections).  Digitizer Channels — - Signals
Select this as the digitizer channel, and then click — | | = — o0
Analog IM #1 . —
Add .&QZIEE 1M #2 = Eur:'lr$r;t*at ] Delete |
Analog [N H#3 T Im =
= : Analog M #4 Imemb Bename. ..
Add Signal Enalog IN H#5 IN #0 B _—I
Andlog IN #6  » | [
. i DK - . .
New name: [T j Type Vm_1, for the signal we will use to monitor
Cancel membrane potential in TEVC.
Help Note: this is the same signal used when headstage 1
ey ‘ is in IC mode. If you have already created this signal,
b e S it is not necessary to do so again.

& DEVICFES For research use only. Not for use in diagnostic procedures.
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TEVC
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This completes the creation of our first TEVC signal. All we actually did was to create a signal name. Following
that, with Axoclamp amplifier 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 amplifier is in TEVC

mode.

Now we need to make a signal for Channel 2, which measures
forRmdhe Lab Bench, select the digitizer channel, Analog IN

#1

Add Signal
New name: Ilm_2 15

Cancel

t‘er

~ Digitizer Channels ——

Analog IN #0

TS

Analog IN #2
Analog IN #3
Analog IN #4
Analog IN #5
Analog IN #6

<

Help ] 4 Add a new signal

he same steps are

This completes the configuration of the input signals used when the Axoclamp 900A amplifier operates in TEVC

mode. Now let’s look at how the signals are telegraphed.

For research use only. Not for use in diagnostic procedures.
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Axoclamp Signals 21
TEVC

Reset the Axoclamp 900A amplifier 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 Lab Bench, and change settings in Commander. You see the telegraphs update in the Lab Bench:

Notice that the scale factor reported in _
the Lab Bench does not change as you } ® Axoclamp 900A

alter the output gain. Clampex software Channel 1 Scaled Output

reports the unity gain scale factor, Signgk—Neadstage 1, Membrane Potential [ 100 mY/mY |
i.e. the scale factor for an output gain of Gai Highpass: DC - set
one (in this case, 10 mV/mV = 10 V/V). — Sipass Bessell 14 kHz i 0.0 my Zero

{ =
Of course, the scale factor applied to the \
signal takes the gain into account —
e.g. in these screenshots, Clampex '-ﬂb Bench
software will apply a scale factor of ~ Telegraphs
10 x 10 mV/mV = 100 mV/mV, Gain: Crn (pF IU
as reported in Commander. 2 pr
Frequency [Hz): 1400 ) Scale factor [V/ V] @
T

MDLECULAR
D EVICES ‘ For research use only. Not for use in diagnostic procedures.
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Axoclamp Signals 22
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 } & Lab Bench

channel we have connected to V-CLAMP Input Signals Dutputslgnals|
COMMAND (Axoclamp Connections 3). ~ Digitizer Channels — — Signals
PRETPINETE - | | [_CrdO A Add.
Analog OUT #1 28 Command a4 s
Bnalog OUT #2 a0 #0 Delete
Analog OUT #3
|_clamp —  Hename...
auT #o
Add Signal OuT O o
New name: |Vm_Cmd il - - - - -
= = 4 Click Add in the Signals section, and type Vm_Cmd into the
e Add Signal dialog — the name of the new voltage command
Help signal. Click OK.

For research use only. Not for use in diagnostic procedures.
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Axoclamp Signals 23
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 software that
the units are "mV”".

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

Signal units: I v I |V Default

Scale factor [myA): IZU Scale Factor
Holding level [mY) |'-.] M

Analog holding level is disabled because of the setting in the
Configure / Dverides dialog.

The scale factor of 20 mV/V tells Clampex software 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 software converts this to

-50 mV / (20 mV/V) = -2.5 V at the actual Digidata digitizer Analog OUT.

@' B%L.ECI%Lé\E ‘ For research use only. Not for use in diagnostic procedures.
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Axoclamp Signals 24
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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Axoclamp Signals 25
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.

ﬂl 4 Open the Lab Bench

@ Lab Bench
We have the SCALED OUTPUT of Channel 1 connected to }
Analog IN #0 (Connections). Select this as the digitizer

Input Signals I Output Signals I

Crigitizer Channels Signalz
i -~ Al HO -~ Add...
channel, and then click Add. Ao N e [0 A
Analog M #2 = |_tMTest0 Delete I
Analog M #3 | Im =
Analog IM H4 Imemb | Bename... I
Add Signal Analog I #5 1M #0
Anslog N #E  58) (x4

Type Vm_1, for the signal we will use to monitor membrane
potential in TEVC.

Note: This is the same signal used when headstage 1 is in
IC mode. If you have already created this signal, it is not
MOLECQLA{ necessary to do so again.

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

Configure Protocols ¢

Protocols in Clampex software 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.




Axoclamp Protocol 1

Open the protocol editor by selecting New Protocol } m View Configure Tools Window
from the Acquire menu. M
Open Protocol...
. . . Save Protocol
Note: If a previously saved protocol is not loaded in &ave Protocol As. .
Clampex software, it uses a place-holder protocol, Edit Protocal...
labeled “(untitled)”. If this is currently loaded you can Waveform Preview

open the editor to create a new protocol by selecting
Edit Protocol, or by clicking the button:

B

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

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

@' B%L.ﬁcl%l'ﬁg m ‘ For research use only. Not for use in diagnostic procedures.
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Axoclamp Protocol 2

The front tab of the protocol editor )

has Contr0|s forl amonQSt Other Mode/F ate | Inputsl Elutputsl Triggerl Statisticsl Eommentsl kd ath I 'W'aveforml Stimulusl
things, acquisition mode, sampling - Acaisition Mods
rate and trlal hleral‘Chy i~ Gapfree ™ Fired-length events + Epizodic stirmulation
! '  Warable-length events i~ High-speed osciloscope
The default achiSition mode is — Trial Higrarchy — Start-to-Start Intereals
episodic stimulation — the only Tiadelay (s} [0 i Fun(sh  [Minmum <
mode that allows a command Funs/tial fi 5 Sweep (5] [Minimum
waveform to be generated. We Sweeps/un: [10 ¥| = 0.04MB
want to generate a command, so Sweep duraion s} [0.2 2| = 200 samples
’
. . Firzt holding: Epochs: Lazt holding:
leave this setting. In fact, all the e 1838 ms e
. . 31 zamples 1938 zamples 31 zamples
default settings on this tab can be i Fote oo S v
|eft as they al‘e, but take t|me tO o ﬂ Runsdtial = 1, no averaging
note key parameters such as the R ). x

Sampling Rate (10 kHz), the
number of samples per sweep, and
the number of sweeps per run.

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.
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Axoclamp Protocol 3
Next go to the Inputs tab. }

Here you select digitizer input channels for the Mode/Rate Inputs | Outputs | Trigger | Statistics |
protocol, as well as the signals that you want to be — Analog IN Channels
conveyed on these.
. ) V¥ Channel #0: IIN 0 _v_l
For TEVC, we want two input signals — one scaled
[™ Channel #1:

signal for membrane current, and a second signal to
monitor membrane voltage. We created these in the [~ Channel #2:
Lab Bench —*Vm_1" and “Im_2"— associating them

with digitizer Analog IN channels 0 and 1, L Eherhel 2
respectively (see Axoclamp Signals). Now we [ Channel #4:
incorporate them into the voltage protocol. I Channslfit:
Channel #0 should be already checked. Open the [~ Channel #6:
list box beside it and select Vm_1. ~ th _

annel #7:

@‘ D ECU For research use only. Not for use in diagnostic procedures
DEY | &E3 | o i J procedures.
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Axoclamp Protocol 4

Then check Channel #1 and select Im_2.
This completes the Inputs tab.

Outputs
—Analog OUT Channels

Channel #0: Ym_Cmd __v_]

“Cmd0 4

Channel #1: Cmd 0
ouT 0

Channel #2:

Channel #3: Cmd 3 __v_J

' MOLECULAR

o) RO EVICES

} Edit Protocol - (untitled)

Mode/Fate Inputs |0utputs] Tngger] Stattstlcsl
~Analog IN Channels

V' Channel #0:  |vm_1 _v_'
v Channel #1: |rn_2 L'

Next, go to the Outputs tab.

We created the signal “Vm_Cmd"” to deliver the voltage
clamp command waveform, on digitizer output channel #0
(Axoclamp Signals 22) .

Select Vm_Cmd from the Channel #0 list box.

For arch u I}NH
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Axoclamp Protocol 5

signal Vm_Cmd in the Lab Channel #0: Ym_Crd l.l [Ha@e [mV): -199.76 to 199.79 at 20.0 mV A/

We have already configured the } Fmabg OUT Channels

Bench (Axoclamp Signals 23),
so the units appear as we
designated. Notice 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

~ Analog OUT Holding Levels . . .
— the signal. Notice that the units are as we
Vm_Cmd (mV): designated in the Lab Bench

We want to set a holding level of =50 mV, } Analog OUT Holding Levels
® so type —50in the holding level field. Vm_Crnd (mv): £

@‘ B%L‘ﬁt‘lfg ' For research use only. Not for use in diagnostic procedures.
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Axoclamp Protocol 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 software is armed for data o
acquisition as soon as you select Record, or View eIl ) el

Only, from the Acquire menu — or click the buttons: Immediate -

Trigger zource:
- | .,. Irternal Timer ;I
Record View Only

v

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.

Mu:nde.-’FlateI Inputﬂl Outputs  Trigger |5ta

For research use only. Not for use in diagnostic pr

ocedures
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Axoclamp Protocol 7

Now gO to the Waveform Channel #0 tab/ Where > ModeIRateI Inputsl Outputs Triggerl Statisticsl Comments | Math  Waveform
outputs are defined for digitizer output channel Analog
OUT #O Waveform Analog OU

-V Analog Waveform Digital Outputs
A default waveform is already defined — we will delete Epochs £ Sskistie e ictive tigalogch
this and create our own simple stimulus, but first Intersweep holding level  |Use holding Intersweep bit pattem
familiarize yourself with some key settings on this tab. T Ale[clolEelFls
T St Off Off Off Off Off Off
The Analog Waveform check box enables analog T T e e e v e
command definition. Selecting Epochs means we define Eirslt lelvel ETVLI 51% 0 o Jo [0 [0 o
H ; : elta level [m! : 0 0 0 1] 0 0
the waveform using the table in the middle of the tab. In T E LR R (S [VHS (VR (R
this, the sweep can be divided into up to 50 sections Detaduationfms) |0 [0 [0 [0 [0 [0 0
_ ; Digital bit pattern (#3-0) | 1117 {0000 {0000 {0000 {0000 0000
(epOChS) A AX’ and d Waveform deﬂned for eaCh Of ﬁital bit pattern (#7-4) J 0000 (0000|0000 (0000 (0000 D000 00oo
these. Train rate (Hz) 0 0 0 0 0 0 0
Pulse width [ms) i] 0 0 0 0 0 0

The Epoch Description table in the Waveform tab

includes cut and paste functionality.
Confirm 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 software.

®- BCEL{?CIL&LEE m ‘ For research use only. Not for use in diagnostic procedures.
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Axoclamp Protocol 8
Now to the definition of our waveform. Eree el & .
We will configure an output with a simple step, Type Step | OFf
increasing the amplitude of the step with each sweep. Sample rate Fast  |Fast
o Firgt level [mv] -Al a
In _column A of the epoch de_scrlptlop table, keep Step Delta level [mv] q 0
in the Type_ row, but click in the First level row and S EETAERIE] e 0
ty_pe =50. This sets the output level for epoch A_ in t_he e I T 0 0
first sweep of the run. Our entry of =50 mV r_nalntalns Digital bit pattern [83-0) | 11110007
the holding level. Digital bit pattem [7-4) [ 00000007
Click in the next row, Delta level, and type 0. This Train rate [Hz] 1 1
keeps the first level setting for subsequent sweeps — Fulze width [ms] a a

i.e. epoch A is maintained at =50 mV for each of the
10 sweeps in the trial.

For research use only. Not for use in diagnostic procedures
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Axoclamp Protocol 9

Now to set the period for epoch A. } Epoch Description £ B C
L. . . . T St (it Ot [ff
Click in the First duration row, and type in 50. P =
Sample rate
Our sampling interval is 10 kHz, so a 50 ms sample First level [miv] =0
duration equates to 500 samples. Shift focus to a E_E':E'd"w?' [m;“f] ] ED
different cell in the table to see this reported below. L DTN e
Delta duration [ms) 0
This completes epoch A. Ligrie) otk gettizm 30
Drigital bit pattern [H7-4)
Now we configure the step, in epoch B. Train rate [Hz)

Epaoch Description A, B C ] Pulse width [r)

Type Step  |OF i i Mumber of sweeps = 10 ¢

Sample rate v Off . .

First lvel [miv] = | First duration 50.00 ms [500 zamplesz)

Delta level ] 1] %

First duration [mg) a0 Pulse train

Delta duration [ms) 1] ) ) )

Digital bit pattem (#3-0] Biphasic train L .

Digital bit pattern [87-4] Triangle train Click in the Type row in column B (currently set to

NEOERIE Cosine train “Oﬂ:").

Pulse width [rms) | |

Mumber of sweeps = 10 Al Select Step from the popup menu.

«JMO A < O
e JOFVICES ( \ @
- ) |



Axoclamp Protocol 10

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 200 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.

& Ll

OLECULAR

o \J DEGCES Y
Epoch Dezcription i) B C ]
Type Step  |Step  |0Off (ff
Sample rate Fast Fast Fast Fast
First leseel [mi A0 100 n N
Delta level [mi] 1] 20 1] 1
First duration [mz) alll 100 n 0
Delta duration [mz] 1] 1] N 0
| Digital bit pattern [H3-0) 17177 0000 joooo - oood
| Digital bit pattern (#7-4] | 0000 J0000 {0000 o000
Train rate [Hz] 1] 1] 1] 1
Fulze width [mz] 1] 1] ] 1
Mumber of sweeps =10 Alloc:

: . Firal lewel 80000 k!
stimuiis Eile... | First duration 100,00 ms [1000 samples)

For research use only. Not for use in diagnostic procedures.
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Axoclamp Protocol 11

Click Update Preview in the bottom right corner of } B Waveform Preview
the protocol editor.

i v W e

200 ;I
This opens the Waveform Preview window shown at

right, where you can see a graphical representation | Wave Stort

of the waveform we have defined.
This window can be kept open while you experiment C e
with different epoch settings — click Update
whenever you want to update the display. 0o
-200 ﬂ
o I 1EIIIJ I 2EIIE|-
Time (ms) Sweep:1 Visible:10 of 10
« i

=3 Clipboard | Cloge I 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.

@‘ D ECU For research use only. Not for use in diagnostic procedures
DEY | &E3 | o i J procedures.
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Axoclamp Protocol 12

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 amplifier. Here the Axoclamp software
has been put into TEVC mode.

For research use only. Not for use in diagnostic procedures.
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Axoclamp Protocol 13
We have completed the setup of the voltage clamp }

protocol — close the protocol editor with OK.
Save in: IE 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 click Save.

) File name: Yoltage Clamp 1.pro
The protocol is now saved and can be loaded whenever |

we want, with Open Protocol in the Acquire menu, Save as type: | Protocol Fies ("pro)
or button:

G|

®' BOL“ECI%LER For research use only. Not for use in diagnostic procedures.
Y
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Axoclamp Protocol 14

Setup of the current clamp protocol follows similar lines to the protocol for voltage clamp.

Open the protocol editor again with }

NeW PrOtOCO|’ n the Ach|re menu. Mode/Rate Inputs IDutputsI Triggerl Statisticsl

We will again accept the default piinatoa i Chisninets
settings in the Mode/Rate tab, so go W Channel #0:  [vim_1 -]
to the Inputs tab. T =
This time select Vm_1 for Channel [~ Channel#2: [| bi1eo 2

#0, and Vm_2 for Channel #1. [ Cherel#z [Ten3

|” Channel #4: IEH 4

=
k2
=
[ Channel #5: |11 & |
_v_l
=2

| Channel #6: IEH 5

[ Channel #7: lir-.' 7

Note: Be sure both channels of the Axoclamp are in IC Mode to see the correct units when you
configure the waveform.

For research use only. Not for use in diagnostic procedures.
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Axoclamp Protocol 15
On the Outputs tab, select IC_Cmd1, the current- }

Clamp Command 5|gna| WeE Conﬁgured for dlgltlzer Mode/Hatel Inputs  Outputs lTriggerl Statisticsl Commentsl Math l Wavefotml Stimulusl
Analog OUT #1. Similarly, select IC_Cmd2 on Analog - Analog DUT Channels
OUT #2*, Channel #0: | Vm_Crd ~| Range (mV): 19376 to 198.79 at 20.0 mvV
Leave the holding level at the default zero setting for Chamel1:  [ICCndt =] Range (A} 93910959 a1 1.0rAN
current clamp. Channel #2.  [IComd2 | Range (nd) -99.89to 33,88 at 10.0 nd/

Channel #3: ICmd 3 v | Range (m¥): -199.76 to 199.77 at 20.0 mVA/

~ Analog OUT Holding Levels

Ym_Crd (mv): lU

IC_Crmd1 [na): IU

IC_cmd2 (nd): IU

Crnd 3 (m¥): IU

* Note: This applies only for the Digidata 1440A digitizer with four analog outputs.
For details on using the digital outputs to trigger STEP-ACTIVATE, see Axoclamp Protocols 18.

4 If you do not plan to use a voltage clamp mode, you can use OUT #0 and OUT #1 for the two current
Q & commands.

y :
' @' B%L.ECI%ng ‘ For research use only. Not for use in diagnostic procedures.
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Axoclamp Protocol 16

Create your own _com_mand waveform on the P B e it |
Channel #1 tab, in this example. ¥ Analog Wavefom
¢ Epochs ¢ Stimulus file

Experiment with the different waveform options,

and display them in the Waveform Preview. Intersweep holding level: |Use holding _~ |
A B C
— Type Step |Ramp |Step (O
1] = Sample rate Fast |Fast |Fast |F:
] First level [n&) 0 1 0 0
peve Stert Delta level (né) 0 0 0 0
First duration [ms) 25 100 25 0
Delta duration [ms) 0 0 i 0
| Digital bit pattern (#3-0) 0000 [00OO  JOOOO  |Or
Wave End ._J Digital bit pattern (#7-4) 0000 (0000 (0000 |0
Train rate [Hz) 0 0 0 0
Pulse width [ms) 0 0 0 0
Number of sweeps =10

SRl e First-duration 25.00 ms (250 samples)

|

100 : 200 Summary |
Time (ms) Sweep:1 Visible:1 of 1

Channel #1.

®- BCEL{?CIL&LEE m ‘ For research use only. Not for use in diagnostic procedures.
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Axoclamp Protocol 17

Finally, close the protocol editor by clicking OK, and save the protocol } Scope - Episodic

(Save Protocol As in the Acquire menu), calling it Current Clamp 1. 1000
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 amplifier. ]
-1000 |
Finished! 1800
This completes our two protocols, “Voltage Clamp 1” :
and “Current Clamp 1”, and is the completion of the -
guide for Axoclamp 900A amplifier setup. 05
-1000 |

For research use only. Not for use in diagnostic procedures.
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Axoclamp Protocol 18

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.  Gafee

Crnd 0 [miv) Epoch Desc 1 2 3 4 b 6 T 8 9 10
i} E Type Step |Step |[Step |Step |Step | Off Off Off Off Off
Cnd 1 ) Level (mV) 45 |50 [100 [-100 o 0 0 0 0 0
0 E Duration (seconds) 12 10 5 15 1 0 o 0 o 0
Cimd 2 (] Digital bit (0i1) 1 o 1 o 0 0 0 0 0 0
0 5
Crnd 3 [t
0 5
0 &
0 5
0 5
0 E ] 1
Channel #0 | Channel #1 | Channel #2 | Channel #3 | Channel #4 | Channel #5 | Channel #5 | Channel #7
Digital OUT =
FEEEED Start From Change 1 l Apply I Reset
Finish 70004

o
Qe This completes the protocol tutorial and completes this guide.

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

pCLAMP™ Electrophysiology Data Acquisition & Analysis Software version 11 and Axoclamp 900A
Commander software 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 software, open Clampex < To update MultiClamp 700B Commander

software, and go to Help > About Clampex. software or Axoclamp 900A Commander
Note the complete version humber and close software, go to the Options > About dialog.
the window.

« Remember the full version number displayed.
»  Click here to check if a newer version of
pCLAMP software is available on the
Knowledge Base. If the version number on the
web page is newer than yours, download and
install the update.

« Click here to check if a newer version of
MultiClamp software is available on the
Knowledge Base.

e C(Click here to check if a newer version of

Axoclamp software is available. } dﬁ'l

‘@’MOLECU LAR
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https://support.moleculardevices.com/s/article/Axon-pCLAMP-11-Electrophysiology-Data-Acquisition-Analysis-Software-Download-Page
https://support.moleculardevices.com/s/article/Axon-AxoClamp-Download-page
https://support.moleculardevices.com/s/article/Axon-MultiClamp-Commander-Software-Download-page
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@ support@moldev.com
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