Setting Up Clampex Software for Data Acquisition

Rev. H
January 2021

. «JMOLECULAR
: MD EVICES



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 } m Tools Window Hel
Configure men.
CyberAmp k »

Digitizer _ Lab Bench...

Demo oK, | Telegraphed Instrument...

— Configuration ﬂl Qve rrides...

SR EELES: 4 The Digitizer dialog opens, showing Clampex software in
ﬂgﬁrﬁmeﬁz of full scale, Demo mode.

“DhteeD ]| Click Change

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 | [ CtnseDigitzer i
Digidata 1550B Series from the list. Digiizer Type:
Demo ;I Scan |
If Clampex software reports e 15805 Setes
. Digidata 15504 Seri
Not present, click Scan. Digidete 1580 Sers
Digidata 1440 Series
\waveform period:
- e . Medium = 100 ms.
Clampex software should then report your Digidata digitizer properties. Amplude,
Large = 90% of full scale.
- - Ernulation:
Change Digitizer =5 DD1580 Series
Digitizer Type: H
Digidata 1550B Series Ok, I Cancel | Help |
Digitizer: Ayvailable
|0 =

There is no calibration necessary with the Digidata 1550,
D || o vorss | 1550A, or 15508 digitizers.

Sernial Mumber: 4234967235
Firrnwsare Wersion: d100.3.3

FPGA Version, 15 10206 This completes the configuration of the Digidata 1550,
Flumslencer Ehammels: 4 1550A, or 1550B digitizer you have purchased, and it is
o | ready to be used with Clampex software.

oK I Cancel Hel
O ¢ } ; l : If you experience problems, check the suggestions on the
, Ny next slide.
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Configure Digitizer 3
Digidata 1550, 1550A, and 1550B Digitizers

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

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

If problems persist, contact Molecular Devices.
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Configure Digitizer 4
Digidata 1440A

Clampex software should then report your Digidata digitizer properties.

Change Digitizer @
Digitizer Type:

[Digidata 1440 Series ~]
Digitizer: Available

|0 =

i~ Configuration
} D01440
Serial Mumber = 130148
Firmware Wersion = d1.2.24

Ok Cancel | Help |

Select Digidata 1440A Series from the list.

Change Digitizer

Digitizer Type:
Digidata 1440 Series ﬂ_}
If Clampex software reports e o
Not present, click Scan. I =
i~ Configuration
Mot prezent
] Cancel Help

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

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

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

Digidata 1440A

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

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

If problems persist, contact Molecular Devices.
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© 2021 Molecular Devices, LLC. Trademarks are the property of Molecular Devices, LLC or their respective owners. | p9


http://www.moleculardevices.com/support.html

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:

B 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.

B 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 ampilifier.

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 Digitizer—Amplifier Connections B Configure Telegraphs
B Create Signals B Set Scale Factors
® B 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
* Membrane current—scaled

* Membrane potential—set gain

Digitizer Analog Output

¢ Command potential

— Current Clamp
Digitizer Analog Inputs
* Membrane potential—scaled

* Membrane current—unscaled
as well as:

Digitizer Analog Output

e Command current

Telegraphs

* Gain telegraph for current clamp

* Gain telegraph for voltage clamp

¢ JMOLECULAR o
2 JDEVICES ( \ @

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. | p13



o JMOLECULAR
D E\GIC S

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 SN RS CAPACITANCE INPUT INPUT
el

9 ® ® © @E®
(on digitizer rear . *F

panel)
SCALED 10 Vm DATA EXT. COMMAND EXT. COMMAND I OUTPUT
OUTPUT OUTPUT NOT VALID INPUT INPUT (10 kHz)

OUTPUT FRONT SWITCHED REAR SWITCHED

@ © ® ewer
— -

ANALOG IN 1 ANALOG OUT O ANALOGIN 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: § 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 O: reads membrane potential in current clamp, and
membrane current in voltage clamp

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

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

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

Finish

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

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.

" JHOLECULAR
DEVICES




Axopatch Telegraphs 1

Open Telegraphed Instrument from the } Acquire  View Tools  Window  Help
Configure menu. Digitizer...
CyberAmp 3
m Lab Bench...
— Input Channels—— Qverrides... ‘!g
F
Analog IM 81 Membrane Test Setup...
Analog M #2
Analog M #3 A
i:::gg m Eg r { Select the digitizer input channel that you have the Axopatch
Analog M 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
ﬁ:ﬁg IM #5 associate our telegraphs with this channel.
Analog M H10
Sl it In our case, we have connected the scaled output to Analog IN #0

(Connections), so select this channel.
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Axopatch Telegraphs 2

Select Axopatch 200B from the Telegraphed Instrument

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

v

list box.

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

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

Telegraphed Instrument

@

| [Disabled) ~|
[Dizabled) ~
[t anuial] =i
Buon Axoclamp 3008,

Bwon GeneClamp 500E D

Bxon MultiClamp 7004
Bxon MuliClamp 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.

a8 Clampex - Information

Clampex software displays the warning shown at 1 Egﬁ;‘?ﬁeiggiﬂ EaeéiE?iLﬂttE:;
- L

right, alerting us of the need to set scale factors for Factor Assistant can help you dete
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.
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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.
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Axopatch Signals 1

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

ﬂ CyberAmp r
Telegraphed Instrunient...

Overrides...

The Lab Bench opens with the Input Signals tab

a8 Lab Bench
on top, and digitizer channel Analog IN #0

selected. We have the amplifier’s scaled output Input Signals | Qutput Signals
connected to this channel (Connections), so we ~ Digitizer Channels — - Signals
need to create two signals — one each for 3 Add.

current and voltage-clamp in association with it. Analog M H#1
Analog M #2 Delete
AnalogIN #3
Analog M #4 Bename...
Analog M #5 —
Analog [N #E 88

For research use only. Not for use in diagnostic procedures
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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 [/ pd); 1 S zale Factor

Olffzet [pé @& 0Y): | Azzistant. ..

Select p from the Signal units list box, and type A 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
potential in current clamp. Click Add again.

This time call the signal Vm_scaled.

Click OK.

Vm_scaled is to be read in millivolts. }
Set the signal units appropriately, as
we did for “Im_scaled”.

a8 Add Signal

k.
Hew name; |R-’m_3n::ale::|
Cancel
Help
YWm_zcaled
Scaling
Signal units: |m ﬂ |‘»-f Drefault

Scale factar [ /i) o E—
S




Axopatch Signals 4

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

We connected the 10 Vm port to Analog IN #1 ~ Digitizer Channels—— — Signalz
(Connections). Select this channel and add a new .
. . . . N 10 "
signal, 10_Vm, as we did for previous signals. — AR K]
|| |IMTest 1
Configure the signal for millivolts. — | [IN1 -
[nputd
W
.-'_ﬁ.na!ng IN ﬂ§ v voltage
— Digitizer Channels ~ Sighals —10 W
Scaling
Analog N80 A | [N ( .
Analog IN#1_ — | [IN2 Signal prits:  m ||V |
Analog IM #3
Analog IN 4 We connected the | OUTPUT port to Analog IN #2.
Analog 1M HE Select this channel and add new signal I_Output.
Analog IM HE
° 00y S 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
filtering in the lower half of the tab.

— Saftware RC Filker Hardware Signal Conditioning —
[ Lowpass (kHz): |7 ﬂ

In the Telegraphs section, because we

have set up a gain telegraph for this [ Highpass (Hz): | i’ Cyberamp... |
channel, the amplifier gain is reported.
This combines headstage and output ~ Telegraphs
gain, so, for example, a headstage gain G ain: 1 Cm [pF): |35

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
Signals tab. Ensure Analog OUT #0 is Input Signals  Dutput Signals
selected as the digitizer channel. This is it e Cremre— 5 el
the channel we have connected to the
amplifier EXTERNAL COMMAND INPUT Ake OUT el Add..
FRONT SWITCHED port (Connections). UT 0 Delete
Just as for the input signals, add a new Bename...

signal, V_clamp, and set the units to
millivolts. This will carry the command
—%_clamp

signal for voltage clamp.
d g P Signal units: I -—“"J D efault |

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

N E‘)%L‘\E’CI%LEE For research use only. Not for use in diagnostic procedures
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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
® |m_scaled ® Vm_scaled
® 10_Vm ® |_Output
® V_clamp ® |_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
reading membrane current in
voltage clamp.

We will use the Scale Factor
Assistant for this signal.

On the Lab Bench Input Signals
tab, with Im_scaled on digitizer
channel Analog IN #0 selected,

open the Assistant.

s JMO X o
3 iavitas C " e

4

Lab Bench

Input Signals | Dutput Signals |

Drigitizer Channelz Signals

Y Ipatch

Analag IM #1 i
Analog [N #2 [memb
Analog IN #3 N0
Analog [N #4 [patch
Analog M #5 Wn_scaled
Analog [N #E
Im_scaled

Scaling

Signal units: | P j |.-’.'-.

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

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

Bename...

Drefault |

x]




Axopatch Scale Factors 2

Because we indicated the amplifier type when we }
configured the gain telegraph for this channel, the

Assistant automatically opens with the correct Wwith zome ewxtra information abaut the state of paur amplifier the Scale

) o Factor Aszistant will automatically choose the scale Factar for the Scaled
dialog for the Axopatch 200 amplifier. Output BMC. Fill in the farm 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

Amopatch:
Mode Setting " Track & ¥-Clamp
. . . i 1=0 " |-Clamp Mormal ™ |-Clamp Fast
Im_scaled” is for use in voltage clamp, so select —
V-Clamp for the amplifier mode option. [ 2 Boniig J=ting -
Specify the setting 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. Prefemred Signal Urits

. Specify vour preferred signal units:;
In section 3 choose whether to read cell PR s

current in picoamps or nanoamps. We
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. Bpine 5 bkl i 1

& pd T

Entering “nA” here does not affect the Scale factor at unity alpha » beta gain = 0.007 V/pa.
scale factor, but simply causes it to be Scale factar at the curent alpha = beta gain = 0.007 Y /pd.

expressed in terms of this unit. Help | 0k, Cancel

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 tab.

*JMOLECULAR
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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 } ~Im_scaled
a x B gain—0.001 V/pA has been ~ Sealing
written into the scale factor field. Signal units: ||:. [~ I,.'l'., D efault
When gains telegraphs have been Scale factar [V/pd) 0.001 Eou Fasier
enabled, as in this case, this value is : - :
displayed no matter what the gain on Cffzet [pé & 0] I
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 } There is generally no need to set offsets for the amplifiers
reported in this field does not change. 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.

N E‘)%L‘\E’CI%LEE 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 and

Scale Factor Assistant: Axopatch 200 series
agaln Open the ASSIStant' With zome extra information about the state of your ampl
X X . . . Factor A&Sixtan_t u_uill automatically chooze the scale facto
This time, the signal is for use in current-clamp mode I-Clamp Normal, Eﬁﬁ;mﬁy Sl Ol el st =
so select this in the Mode group. 1. Mode Seting
L X e . X X Specify the zetting of the Mode switch on the frant pai
This is all you need to do. Again, the amplifier’s total gain setting is Aopatch:
reported and used to calculate the second of the scale factors at the [ Lk f e .
bottom of the Assistant. And again, only the unity-gain scale factor is
reported in the Lab Bench, though incoming data will be scaled for the

2. Config Setting

Specify the zetting of the Config switch on the front p:
. . P the Axopatch:
gain at the time of acquisition. C Puch 6 Whle Coll B<1]
. . " whole Cell (B=0/1)
The scale factor at unity gain is 0.001 V/mV,
i.e. 1 mV/mV, which is what we expect when there is no amplification.

2. Prefered Signal Units

Specify your prefered signal units:
o 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 %/m'

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 ampilifier 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:
® |:a B mV/pA
® V. :.omV/mV.

The first of these means that, for current, when combined headstage and output gain is one (a x 3 = 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 “|_Output”.

N E‘)%L'Eﬁ:%l- For research use only. Not for use in diagnostic procedures
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Axopatch Scale Factors 8

10_Vm } Lab Bench

We created 10_Vm for digitizer channel Analog IN #1. Input Signals | Dutput gigﬂa|3|
Select this channel and the signal. ~ Digitizer Channels—— - Signals
Analog IN #1is connected to the 10 Vm port on the
amplifier. This port outputs membrane voltage with a set :JSTTESH
. . . - =i
gain of 10. A unity-gain scale factor of one millivolt per M1

millivolt (0.001 V/mV) multiplied by the set gain value:
0.001V/mV x 10 = 0.01 V/mV Analog [N #5

| £

This is the scale factor for signals read from this port. — 10 Ym

Type 0.01 in the scale factor field. - Scaling
Signal units: In-. ;I |*.,.-'

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

For research use only. Not for use in diagnostic procedures
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Axopatch Scale Factors 9
-Output

Select digitizer channel Analog IN #2, and I_Output. Input Signals | Output Signals |
The channel is connected to the ~ Digitizer Channels—— — Signals
| OUTPUT port on the amplifier, which outputs g N HD
membrane current at one of two scaling options Analog IN#1 — | [IN2Z
reported on the panel: ndog N 83—
100 B mV/pA and B mV/pA. i:::ggm e
We have the switch in the down position (3 mV/pA), fneapaltiE ¥

and the Config switch on the front panel should be -I__SDut?ut
set at Whole Cell B =1. The scaling factor we set is: e
Signal units: Ip ;I |.f1'-.
1 mV/pA = 0.001 V/pA Scale factor [W/pa): IW
Set this value in the scale factor field. Offset [p4 @ 0V IEl

v

This completes the scale factors for all the input signals.

Now for the two output signals.

For research use only. Not for use in diagnostic procedures
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Axopatch Scale Factors 10

Command Signals } Lab Bench

We will use the Scale Factor Assistant to set the scale Input Signals Dutput Signals |
factor for the voltage clamp command signal first. e Signals
On the Output Signals tab, select Analog OUT #0 and _Crd 0 Add.
. Analog OUT #1 Crnd 0 —_—
the signal V_clamp. | clamp Delete
OuT 0
1 Bename
Scale Factor Assistant
. W_clamp
Specify the bvpe of Axon Instume -
ﬂEaln;DUT}ili%. Signal units: |m j i Default
3 S I I: t III‘IIIIII'II‘III -I _. ...............................
(+ hyopatch 200 seres G Sl i, Sﬁfiit%ift i
C Baaclomod sarios [er lalssstant
{7 Awopatch-1 seres
" Axoprobe-14 Open the Scale Factor Assistant and select Axopatch 200 series
¢ GeneClamp 500 from the first dialog box.
{7 MultiClamp 700




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
Factar Aszsiztant will automatically chooze t

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

calculated:

1. Mode Setting
Specify the getting of the Mode switch

The Axopatch 200B amplifier has two command input ports — the selection here

. . 2 h:
informs the Assistant of the one we have connected our command cable to. We ”°?ft°ﬁack
used the front-switched port. 1=
2. Config Setting

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

¥ Patch € Whole Cell (B
€ wihole Cell [B=001]

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

— 3. Ext. Command |nput

Select 20 mV/V. This is reported at the bottom of the dialog. g i 13
Click Finish to close the Assistant and transfer the scale factor to the Lab Bench. A L

Scale factar = 20 mivAs.

¢ JMOLECULAR . .
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Axopatch Scale Factors 12 ’

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 3 gain
becomes relevant.

Select the signal I_clamp in the Lab Bench and open the } 1. Mode Setting
i Specify the setting of the Mode switch on
Scale Factor Assistant. Bampatchy T oae SN
Again, choose the Axopatch 200 series and go to the next dialog. © Track  C V-Clamp

“ ” r [=0 F [-CI M I
Select I-Clamp Normal as the mode, as “I_clamp” is the command Amp HeMma

signal for current clamp. ~ 2 Lanig Setting
Specify the setting of the Config switch on
As we are passing current with this signal, the Config setting, eleopsie s

switched on the front panel of the Axopatch amplifier, is relevant. # [Pl 9l oL BT

. . " wihole Cell [E=0.1
It determines the headstage [3 gain. )
We are setting up for Whole Cell recording with g = 1. r 3 Eitt Domnmand lngu _
. X Specify which external command input pou
Select this option. violtage connected bo;
& 20myss O 100 myAY [Aropat

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 Scals factor = 2 nd /v,
Assistant is closed (next slide).

For research use only. Not for use in diagnostic procedures
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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: Input Signal:  Dutput Signals |
— Digitizer Channels—— — Signals
2+ B nA/NV e =i =4
_Crd 0
We have 3 =1, hence a scale factor of 2B Command

AD HO

2 NANV. Anslog OUT #3 Crnd 0
. OUT #0

Finish |;||_|'|' 0

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

—|_clamp

Signal wnitz: I M j |.-“.‘-.

Lab Bench with the new signals intact. ==l (=0T [ | 2
It remains now to assemble the new signals into two
o groups, according to their use for current or voltage clamp.
Qe This is done in the protocol editor.

©
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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. M
Open Protocol...
Sawve Protocol
Note: If a previously saved protocol is not loaded in Save Protocal Ae. .
Clampex software, it uses a place-holder protocol, Edit Protocal. ..
labeled “(untitled)”. If this is currently loaded you can [Mavefﬂrm 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

We will begin by setting up the protocol for
bar at the bottom of the main Clampex software window.

voltage clamp.

®- E‘)%L‘\E;CIL&LEE n o ‘ For research use only. Not for use in diagnostic procedures
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Axopatch Protocol 2
The front tab of the protocol editor }

has ContrOIS for’ amongSt Other Mode/F ate | Inputsl Elutputsl Triggerl Statisticsl Eommentsl I ath I Waveforml Stimulusl
things, acquisition mode, sampling ~ Acquisition Mode
rate. and trial hierarchy " Gapfree i~ Fived-length events + Epizodic stirmulation
’ ’ " Warablelength events " High-speed osciloscope
The defal_,”t achiSition mOde iS — Trial Hierarchy — Start-to-Start Intervals
episodic stimulation—the only mode Tiddelay (5} [0 < Aunfsh  [Minmum <
that allows a command waveform to FUITHLES I & Sweep () [Minimum =
Fy
be generated. We want to generate Swecpsium (10 ¥| =004 MB
a command, so leave this setting. In Sweep duration 5] [0.2 %1 = 2000 samples
. . Firzt holding: Epochs: Lazt haolding:
fact, all the default settings on this me 153.8 ms me
31 zamples 1938 zamples 31 zamplez
'tab can be left as they are, but take & g Fete per Signl —
time to note key parameters such as o =l Runs#tiial = 1, no averaging
. Fast rate [Hz); [10000 =
the Sampling Rate (10 kHz), the strate (2

number of samples per sweep, and

The sweep start-to-start interval is set at Minimum, so each
the number of sweeps per run.

new sweep starts as soon as the previous one is finished.
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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 |Dutput$| Trigger | Statistics |
and the signals you want to carry on these. ~ finalog IN Channels
For vo.ltage clamp, we want two input signals—one scaled ¥ Chernel#0: [N O =]
signal for membrane current, and a second unscaled T WMTastll =
signal to monitor membrane voltage. We created these in B Ereracliis I 0
the Lab Bench—*Im_scaled” and “10_Vm”—associating [~ Channel #2: mmemb %_
i i I #0
them with channels O and 1. Now we |.ncorporate them ™ Channel#% |IN G =
into the protocol.
[7 Channel #4: ||N 4 -
Channel #0 should be already checked. Open the list box -
beside it and select “Im_scaled”. Channel #5: |13 [
[~ Channel #8: |11 & -
Then check Channel #1 and select 10_Vm. I —I
A 4 [T Channel #7: || 4 ;I

WV Channel #0:  [Im_scaled v

¥ Channel #1: I 10_Wm ;I

@' B%L\ECIUCLEE ) ‘ For research use only. Not for use in diagnostic procedures
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Axopatch Protocol 4

Go to the Outputs tab. } Edit Protocol - (untitled)

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

Select V_clamp from the Channel #0 list box. Channel #0:

Analog OUT Holding Levels

Y_clamp [miv); I
Crnd 1 (v [
Crad 2 (i) [
Crnd 3 (v [

MDdEa"HatEI [puts  Hutputs l Trigger]
&nalog OUT Channels

Channel #1:

Channe| #2:

Channel #3:

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

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



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.

Default settings give “Immediate” trial starts. This means Made/Rate | Inputs | Outputs  Trigger |5t,3
Clampex software is armed for data acquisition as soon as N
you select Record, or View Only, from the Acquire menu — IImme-:Ii_ate =
or click the buttons:

Trigger source:

- | ., | I 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.

¢ JMOLECULAR . .
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Axopatch Protocol 6

Now go to the Waveform tab, Channel #0 tab, }

Where OUtpUtS are deflned for ANALOG OUT #O’ Modex’F!atel Inputsl Outputs | Tri gerl Statisticsl Commentsl Math  aveform
H f H Waveform Analog DU W_clamp Infa
A default waveform is already defined—we will 5 Ao Wavlom o | it ot ]
delete this and create our own simple stimulus, & Epochs " Stimulus fie ¥ Active high logi
but f| rst fami”arize yourself W|th some key Intersweep holding |evel: IUSB holding ‘l Interswesn bit patte
Settings on th|s tab Epoch Description A B C ] E F G
Tope Step |OF |OF |OF  |OFF  |OF O
Sample rate Fast |Fast |Fast |Fast |Fast [Fast |Fast
The Analog Waveform check box enables analog e ¢
initi i Delta level [mi] 20 n i i i i i
command definition. Sglectmg Epochs means we D
define the waveform using the table in the middle Deadwationfme] [0 [0 [0 [0 [0 [0 [0
. o . Digital bit pattem (83-0) | 1111|0000 |0000 0000|0000 o000 (o0
of the tab. In this, the sweep can be divided into Digtal bit pattern [7-4) [0000_|A000_[0000 {6000 [0000_{o000_[ 0
. Train rate (H 0 0 0 0 0 0 0
up to 50 sections (epochs) A—AX, and a [oniate ) TR TS e e TR

waveform defined for each of these. } Note that the confirmation that “V_clamp” is the

o . signal carrying the output waveform. Click Info to
The Epoch Description table in the Waveformtab g0 the \V_clamp vital statistics. Note too that in the

includes cut and paste functionality. Epoch Description table, First level and Delta level
have the correct units (mV) for “V_clamp”.
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Axopatch Protocol 7/

Now to the definition of our waveform. —
Epoch Description &, B
We will configure an output with a simple step, increasing the Type Step | O
amplitude of the step with each sweep. 5 ample 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 [msz] 100 |0
output level for epoch A in the first sweep of the run. Our Celta duration [ms) 0 ]
entry of =50 mV maintains the holding level we set on the Digital bit pattern [#3-0) 477177 000
Outputs tab. Hgital bit pattern [87-4] (D000 [OO00

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.

¢ JMOLECULAR . .
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Axopatch Protocol 8

Now to set the period for epoch A. } Eeoah Dese T A E C
. . . . . Type Step [0 Qe ]
Click First duration and type in 50 for a 50 ms duration. R
. . First lenel [mi A0
Click Enter to see this reported below the table. Dela level [miv] 0
First duration [ms] A0

This completes epoch A. Now we configure the step, in epoch B. OE T b

Diigital bit pattern (#3-0]
Drigital bit pattern [#7-4]
Train rate [Hz]

Epoch Description A E C ] Pulse width [mz]
Type atep  JOK ot of | Mumber of sweeps = 10
Sample rate v OFF | | : .
st ool (7] 0 ] Firgt duration 50.00 mz [500 zamplez)
Delta level [t ] Ramp k -
First duration [ms) a0 Pulse train | |
g?l_tta Id;;at":'; [mS[LH 0 0 Biphasic train -

gl bt pattern 8. i in  — Click Type in column B (currently set to “Off”).
Digital bit patiem (#7-4] Triangle train { P ( Y )
T1ain rate (Hz) — T Select Step from the popup menu
Pulse width [ms] I i P POPUP '
Humber of sweepz =10 Alozal




Axopatch Protocol 9

Set the level for the first sweep at =100 mV. } E poch Description 2 B C O
. . . Type Step  |Step  |OFf (ff

For this epoch, because we want an incrementing step level S ample rate Fast  |Fat  |Fast  |Fat
from sweep to sweep, we enter a delta level. Click in the Delta First level [rrv] A0 |00 o0 0
level cell and type 20. This forces the step level up 20 mV with Diclia [eiel o] J av |l U
h . First duration [mz] R0 100 1 1]
€ach successive sweep. Delta duration [ms) |0 0 0 0

. . . Digital bit pattern (#3-0) | 1177|0000 0000|0000

We have 10 sweeps starting at =100 mV, so the final sweep will Digital bit pattemn (#7-4) (0000 {0000 (0000|0000
have a step level of 80 mV, reported below the table. Train rate [Hz) 0 0 0 0
. . o Pulse width [msz) 0 a 0 a

Now set the First duration at 100 milliseconds. ~
Mumber of gweepsz = 10 Bllocat
Again, this is reported below the table, in milliseconds as well Stimulus File.. |Fiﬂa| leel BO.00
= Firgt duration 100.00 ms (1000 zamples)

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.
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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

&

SJMOLECULAR
D EMICES

W w2 W
200 ;I
Wave Start
100 4
A ]
Wave End

-100

-200 ﬂ

o 1IZII-I} 2IZII-EI
Time (mz) Sweep:1 Vigible:10 of 10
“ i
=> 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.
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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. S SRXEL DIt 8

Savein: 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’altage Clamp 1

Save as type: IPrc:tnu:nI Files (".pro)
The protocol is now saved and can be loaded whenever needed,

with the Open Protocol command in the Acquire menu, or button:

G|

¢ JMOLECULAR f :
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Axopatch Protocol 12

' ‘ 5 MOLECULAR
D EMICES

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

Open the protocol editor again with New Protocol, in the
Acquire menu.

We again accept the default settings in the Mode/Rate tab,
go to the Inputs tab.

This time select Vm_scaled for Channel #0.

Recall that the second, current-monitoring signal that we
want to read in current clamp (“I_Output”) is setup for the
connection from the | OUTPUT port on the amplifier to
digitizer channel Analog IN #2 (Connections).

Check Channel #2 and select I_Output.

| M 2 Edit Protocol - (untitled)

ModesRate  |nputs |Elut|:|ut3| Triggerl Statiztics
—Analog [N Channels

W Channel #0:

[ Channel #1: I 10 W ;I

I Channel #2:  ||_Output ;I

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.

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

i, B C ] E
Type Step |Ramp |Step [Tmogl  [Step
Sample rate
First lewvel [né) -1 1 05 1 1]
Delta level [nd) 1 1] 1] 1] 1]
Firzt duration [rz) 40 40 0.1 100 a]
Delka duration [mz) 1] 1] 1] 1]
Crigital bit pattern [#3-0)
Drigital bit pattern [H7-4)
Train rate [Hz) 2h

o Pulze width [mz]

Analog OUT Channels

} & Edit Protocol - (untitled)

Mnde.-"Flatel Inputs  Outputs lTriggE

Channel #0:  |Cmd 0
Crnd O
Channel #1:
QuT #0
Channel #2: auTo
Setup

% la

Channel #3: l""'l..'.:ulamp

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

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



° o \J S fyantas
Axopatch Protocol 14 1

Finally, close the protocol editor by clicking OK, and save the protocol } 8 Scope - Demo Digitizer
(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.

-10000

B 0 (ms)
ki

To change from current clamp to voltage clamp you need only load the appropriate protocol, then start
acquisition. Alternatively, you can link each protocol to a sequencing key, so that you only have to 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.
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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
Cond O ] Epoch Desc 1 2 3 4 5 & 7 8 9 10
0 = Type Step |Step |Step |Step | Step | Off off Off Off off
Crnd 1 [iv] Level (mV) 45 -50 100 -100 |0 0 0 0 0 0

0 - Duration (seconds) 12 10 & 15 1 0 1] 0 0 1]
Crnd 2 (riv] = Digital bit (0/1) 1 0 1 0 0 0 0 0 0 0

0 o
Crmd 3 [

0 o

0 =

0 o

0 =

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

Digital OUT =
FEEEE o Start Fram Change 1
7 OIEEE 4

® Finish

O @ This completes the Axopatch section of the guide.
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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

B Create Signals B Configure Protocols

B Configure Sequencing 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: lﬂl seleclosics

700B: Click Scan—Commander displays the amplifier

MuttiClamp | SoftPanel |

" Demo Mode ¢ MuttiClamp Hardware!
Serial Mumber: IDII]'IDEE'IE vI Scan

MuttiClamp 00102318 is connected.

Select MultiClamp Hardware.

serial number when the amplifier is found.

Click OK to exit. OK I Cancel Help
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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 Output
Membrane potential—primary output Command current

Membrane current—secondary output
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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
© 2021 Molecular Devices, LLC. Trademarks are the property of Molecular Devices, LLC or their respective owners. | p63



MultiClamp Connections 3

700B PRIMARY SECONDARY
(Channel 1) COMMAND OUTPUT OUTPUT
Sicitiner 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.
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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

Open Telegraphed Instrument from the Acquire  View Tools  Window  Help
Configure menu. Digtizer...
CyberAmp 3
m Lab Bench...
—Input Channels—— Overrides. .. g
F
Bnalog IM #1 Membrane Test Setup...
Analog M #2
Analog M #3 i
i:::gg m Eg T All telegraphs must be configured for a specific digitizer input
gnah:,g IM HE channel. We will first enable telegraphs for the channel receiving
inalng m Eg B the amplifier primary output. We have connected the MultiClamp
irvalog IN 3 Primary Output to Analog IN #0 on the Digidata digitizer
Analog N #10 » (Connections), so select this from the Input Channels list.
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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 guide
(Configure Sequencing Keys).

Telearaphed Inztrument

M ultiClarmp 700 amplifier mode switches are
autamatically telegraphed.

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

T o zsimultaneously switch protocolz, configure special
Sequencing FKeys [V-Clamp or [-Clamp [M].

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

T elegraphed |nstrument

| tixon MultiClamp 7008

[Dizabled)

(M anLial)

Aon Axoclamp 9004
Aworn GeneClamp 5008
Axon MuliClamp 700
Awior MuliClamp FO0B
Amopatch 200 CW201
Apopatch 200 CW202
Aropatch 200B
Auopatch-1 CW4-0.1/100




MultiClamp Telegraphs 3

The first enabled section on the dialog is Amplifier Configuration.

|dentify the amplifier channel (i.e. headstage) and Ampliier Configuiation
signal type for the selected digitizer channel: drnpifier oufput; | Primany cutput 1 |
Primary output 1 Serial pumbes: 00102318 [ Sean |
|

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




MultiClamp Signals 1

Open the Lab Bench from the Configure menu Acquire  View

or use the button:

»JMOLECULAR
SIDEVICES

=8 Tools Window He

Digitizer...
CyberAmp 4

Telegraphed Instrunient...

Overrides...

The Lab Bench opens with the & Lab Bench
Input Signals tab on top, and Input Signals | Dutput Signals
digitizer channel Analog IN #0 [T e e e = Sl

selected. We have the amplifier’s
primary output connected to this

channel, so we need to create two iﬂa:'ﬂgm Eg &
. nalog
signals—one each for voltage and Analog [N H4
. ; Analog 1M #5
current clamp—for this channel. andogINH#E v

Add...

Delete

Rename...
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MultiClamp Signals 2

: ") Click Add in the Signals section, opening the Add
Add Signal |§| Signal dialog ’ ’ ’
New name: |Im_prime] E Type Im_prime — the name we will give the scaled
ey membrane current signal for voltage clamp, on

headstage 1, which will on the primary output.

Help

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

that signal.

Notice that the entire Scaling section is ~ Irn_prime

grayed, as it is not used. This is — Scaling
because signal scaling is now under S IV Dafacit
aighal wrts: d et

the control of the telegraphs we set up S IEGE AR I"” )
in thg last section. Do not Worry if the Soale factor f/mv] 001 & cale Fanter
units and scale here are incorrect — AT
. i i - i |- ] e h
they are overridden. B]{e= 8 s CRRR | 0
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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 —. B
Commander at default settings. TOTPF e 9995M0 || Bandwidth: 1.02kHz

MD Comection: 0%  Prediction:
' #~sacation detected

Scope: Bypazz

Lab Bench

Telegraphs
Gain: ( 1 ) Crn [pF]:

Frequency [Hz]: C 10000 Scale faktar WV And):

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 th le f in th .
otice that the scale factor reported in the ’, MultiClamp 7008
Lab Bench does not change as you alter the
output gain. Clampex software reports the — Prim put: Membrane I:urrent‘ B nd

it i le factor, :
| Hnity dgain seare Tactor Gairk 100 Bessel: 10 kHz
i.e. the scale factor for an output gain of one.

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

e.g. in these screenshots, Clampex software
will apply a scale factor of Lab Bench
10 x 0.5 V/nA =5 V/nA, 5
as reported in Commander. Telegraphs

Gair: 10 Crin [pF]: 0.000
Frequency [Hz): od Scale factar M/nd)l 0.5
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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 — Saftware BC Filker Hardware Signal Conditioring —
the possibility of additional signal filtering B LerpeeslE] i’

in Clampex software. -
™ Highpass [Hz): 1 ﬂ Cybertmp...

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

— Telegraphz
G ain: 1 Crn [pF]: 0.000
Frequency (Hzl: 10000 Scale factar MY 10
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MultiClamp Signals 6

Now to the next signal— the amplifier : W)
| Wt the nex: signa= P Add Signal [
primary output signal for reading membrane —

potential in current clamp.

| : k.
We are using the same digitizer channel for New name: [‘Vin_prime] _[%
both the current and voltage clamp primary Cancel

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.

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.
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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 _
(Connections). Select this as the Input Signals | Output Signals
digitizer channel, and then click Add. Digitizer Channels Slignals

Analog 1IN #0

|

Analog M #2
Sralog M #3

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

| WTest 1 Delete

Add Signal Analog INHE  w || | vaoltage
. k.
New name: [Vin_sec E— Type Vm_sec, for the signal we will use to monitor
| Cewes) | membrane potential in voltage clamp.
L Help




MultiClamp Signals 8

i Add Signal " | Now for the other secondary output signal
— from the MultiClamp, on digitizer channel
k. Analog IN #1. This will monitor membrane
Mew narme: ||IT|_SE.'I3 .
current in current clamp.
Cancel
Add Im_sec in the Add Signal dialog, as for
_ Help previous signals.
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MultiClamp Signals 9
Signal Im_sec will be used when Commander

is in current clamp with “Membrane Current”
as the secondary output signal. Secondary Output: Membrane Current [ 05 W And ]

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

General (Gains ]

(" Channel 1 & Channel 2

Voltage Clamp
Resistor —— Experiment * Notice that the scale factor for current-reading output

(" G0MO Whole Ce signals is affected by the choice of headstage resistor.
+ B0 Mo e
Patch This can be adjusted in Commander’s Options dialog:

Cument Clamp "-':El |

Foedftramsi Fesistor Experiment 1
Whaole Ce in the Gains tab, Feedback Resistor sections.
Whale Ce
Whale Ce

We will use the default 500 MW setting.




MultiClamp Signals 10

Now we create signals for the

@ Lab Bench
command waveforms.
Go to the Output Signals tab in the Eea——. | i
. IQIIZEr dinels Ighals
Lab Bench. Analog OUT #0 is g . =1
selected. This is the channel we have _Crnd 0 ” Add...
ted for both It d Analog OUT #1 2B Command =3 4%—
connected Tor botn voltage an Analog OUT #2 A0 HO Delete
current clamp commands Analog OUT #3 Iirrd I —H
. _clamp — Rename...
(Connections). GuT #0
auT o v

a8 Add Signal

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

H]4
Hew name: |V _clamp

Cancel

Help

*JMOLECULAR
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MultiClamp Signals 11 ‘

We enabled telegraphs for Analog OUT #0
in association with both Analog IN #0 and
Analog IN #1, so the signal units and scale

factor are simply reported from Commander.

Options

Quick Select |
General Gain:

% _clamp

Telegraphed zcale fact Crefault

Scale Factar
Bzgistant...

-5

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

&+ Thannel i " Chanr

—Voltage Clamp

— Feedback Resistor ——
Mo Select the command scale factor from the
+ 500 MO Commander Options dialog:

2

We will use the 20 mV/V setting.
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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.

Analog holding lewel iz dizabled because of the zething in the
Configure / Dvemdes dialog.

=8 Add Signal _ It only remains to create the current clamp command signal.

ok Click Add again, calling the new signal I_clamp.

ﬂewname:“_damp

Cancel

*JMOLECULAR

2 IDEVICES




MultiClamp Signals 13

Set the amplifier mode in |_clamp
Commander to current clamp: Telegraphed scale factof 400 pasy
tMode

ﬂﬂlﬁ [ Ext

Quick Select | Adh
General Gains l

In the Lab Bench, the scale factor units change to

Current Clamp express current.

Feedback Fesistor Experim
I B0 MO

Again, Commander has two scaling settings for the
' 500 M0

command signal, 400 pA/V and 2 nA/V, selected in the
Options dialog Gains tab.

Check that you have 400 pA/V selected.




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 |_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.
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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 Window
Open Protocol... [g

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

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

¢ JMOLECULAR o . .
\/ | (- P& 3 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 ContrOIS for’ amongSt Other Mode/F ate | Inputsl Elutputsl Triggerl Statisticsl Eommentsl I ath I Waveforml Stimulusl
things, acquisition mode, sampling ~ Acquisition Mode
rate. and trial hierarchy " Gapfree i~ Fived-length events + Epizodic stirmulation
’ ’ " Warablelength events " High-speed osciloscope
The defal_,”t achiSition mOde iS — Trial Hierarchy — Start-to-Start Intervals
episodic stimulation—the only mode Tiddelay (5} [0 < Aunfsh  [Minmum <
that allows a command waveform to FUITHLES I & Sweep () [Minimum =
Fy
be generated. We want to generate Swecpsium (10 ¥| =004 MB
a command, so leave this setting. In Sweep duration 5] [0.2 %1 = 2000 samples
. . Firzt holding: Epochs: Lazt haolding:
fact, all the default settings on this me 153.8 ms me
31 zamples 1938 zamples 31 zamplez
'tab can be left as they are, but take & g Fete per Signl —
time to note key parameters such as o =l Runs#tiial = 1, no averaging
. Fast rate [Hz); [10000 =
the Sampling Rate (10 kHz), the strate (2

number of samples per sweep, and

The sweep start-to-start interval is set at Minimum, so each
the number of sweeps per run.

new sweep starts as soon as the previous one is finished.
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MultiClamp Protocol 3

Next go to the Inputs tab.

Edit Protocol - (untitled)

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

Mode/Rate  Inputs iﬂutputsl Triggerl Statisticsi
—Analog IN Channels -

For voltage clamp, we want two input signals — WV Channel #0:  |IN 0 |
one scgled signal fgr membrane current, and a ™ Channsl #1:
second signal to monitor membrane voltage. We T
created these in the Lab Bench — “Im_prime” and I Channel #2: ||y 1
“ n g . s [patch —
Vm_sec assoaatmg.them with d|g|t|ze'r IN [ Ehaeneiiz v piis e
channels O and 1. Now we incorporate them into :

the voltage protocol. [ Channel #4:

| |
Channel #0 should be already checked. Open the I™ Channel #5: | =]
list box beside it and select Im_prime. ™ Channel HE: ]!.h: m ;j

I Channel #7:

For research use only. Not for use in diagnostic procedures
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MultiClamp Protocol 4
Then check Channel #1 and select Vm_sec. : )

This completes the Inputs tab. . —
Mode/Rate Inputs 1Elut|:uutsl Tngger] Statmtn:si

—f&nalog IM Channels

W Channel #0: 1 Im_prime L!

= Edit Protocol - (untitled)
¥ Channel #1:

MDdEa"HatE] Inputs  Dutputs lTrigger]

fnalog OUT Channels I Channel #2 ]‘ MTest2 _V._J
Channel #00: |"-.-"_|:|am|:| j [ Channel #3: ] ] __v_i
|_clamp S
Channel #1:  [OUT #0 —| F
Next, go to the Outputs tab.
Channel #2: ’ ) . ., )
We created the signal “V_clamp” to deliver the voltage
Charnel #3: 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.

— Analog Qding Levels
With telegraphs enabled, Clampex software shows command signal W_cli |D
units appropriate for the amplifier mode, so if the MultiClamp
o . Crnd 1 ID
amplifier was in Current Clamp mode (IC) when you opened the
protocol editor, “V_clamp” shows with units for current. Crnd 2 [mt]: ID
Crnd 3 [rot]: IEI

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
Y clamp [mt): -a0

We want to set a holding level of =50 mV, so
type =50 in the holding level field.

s

Crmd 1 [m):

o E‘)%L‘\E;CI%LEE n o ‘ For research use only. Not for use in diagnostic procedures
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MultiClamp 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 Mu:u:le.-"FlatEI Inputs | Outputs  Trigger | Sta
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: Immediate |-
Trigger zource:

- | ., [nternal Timer T

Record View Only

Start trial with:

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 deﬂned for dlgltlzer OUtpUt Channel Analog OUT #O Mode!HateI Input&l Cutputz L Tri gerl Stati&tic&l Enmmental Math  ‘waveform l
A default waveform is already defined—we will delete this Wavefarm Analog DU ¥_clamp Infa |
and create our own simple stimulus, but first familiarize = ﬁ”"‘bgwa"imm Digial Qutputs
. . . * Epoch Shirulus fil ive hi i
yourself with some key settings on this tab. SpostE T e ¥ dctive high ogic
Intersweep holding level: IUSE halding "'I [ntersweep bit patker
The Analog Waveform check box enables analog
N . . Epoch Description 2 B C D E F G
command definition. Selecting Epochs means we define Tone Swp O [of [0f [of |of [of
the waveform using the table in the middle of the tab. Sample rate Fast |Fast [Fast [Fast |Fast [Fast |[Fast
. .o . . First level [mi] 112 0 a 0 0 a 0
In this, the sweep can be divided into up to 50 sections Deta level V] R T (I [+ B [ O TR
(epochs) A—AX, and a waveform defined for each of these. First duration [ins] 100 |0 0 0 0 0 0

Delta duration [mz) 0 0 ] 0 0 ] 0

The Epoch Description table in the Waveform tab includes Digital bitpatter [f3:0) 1111 0000 0000|0000 0000|0000 ) 0000
Digital bit pattern [#7-4) | 0000|0000 (0000 (QOOO0 (0000 (0000 jo00o

cut and paste functionality. Train rate [Hz] 0 0 0 0 0 0 0
Fulze width [mz) 0 0 i 0 0 i 0

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.

¢ JMOLECULAR . .
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MultiClamp Protocol 8

Now to the definition of our waveform.

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

In column A of the epoch description table, keep Step
in the Type row, but click in the First level row and
type in =50. This sets the output level for epoch A in
the first sweep of the run. Our entry of =50 mV
maintains the holding level.

Click in the next row, Delta level, and type in 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
D EMICES

Epoch Dezcrption &, B
Type Step | Off
Sample rate Faszt Faszt
Firzt level [mi] -Al a
Delta level [m) a a
Firgt duration [mz] a1l a
Drelta duration [ms) a a
Digital bit pattern [#3-0) 1777 JO000
Dhigital bit pattern [#7-4] D000 Jooom
Train rate [Hz] a a
Fulze width [mz) a a

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. | p92



MultiClamp Protocol 9

Now to set the period for epoch A.
Click in the First duration row, and type in 50.

Our sampling interval is 10 kHz, so a 50 ms sample
duration equates to 500 samples. Shift focus to a
different cell in the table to see this reported below.

This completes epoch A.

Now we configure the step, in epoch B.

E poch Description A E C ]
Type Step  |OFF (Ot (Ot
Sample rate w Off _
First level [ -B0
Delta level [mv] 0 % |
First duration [ms) a0 Pulse train |
Delta duration [ms) 1] ) ) )
Digital bit pattern [H3-0] _EI‘_'F'T:::;; E:::
Diigital bit pattern [#7-4] ) )

) Train rate [Hz] Cosine train
Pulze width [mz] | |

U ¢ Mumber of sweeps =10 Allg

[

Epoch Description

Tupe

Step

Off

ff

Off

Sample rate

First lewvel [mt]

el

Delta lewvel [nt]

0

First duration [mz]

50

Delta duration [ms)

Dhigital bit pattern [H3-0]

Dhigital bit pattern [H7-4)

Train rate [Hz)

FPulze width [mz]

Mumber of zweeps =10

,

| Firzt duration 50.00 ms [500 zamples)

Select Step from the popup menu.

Click in the Type row in column B (currently set to “Off”).



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.

o/

S JDE

MOLECULAR
\GLC E'S

Epoch Dezcription &, B C ]
Type Step  [Step  |0Off (ff
Sample rate Fast Fast Fast Fast
Firzt leseel [mi A0 100 n N
Drelta level [mi] 1] 20 1] 1
First duration [mz) alll 100 n 0
Drelta duration [mz) 1] 1] 1] 1
Dvigital bit pattern (8307 (1717|0000 (0000 {0000
Digital bit pattern [87-4) [ O000 (0000 0000 D000
Train rate [Hz] 1] 1] 1] 1
Pulze width [mz] 1] ] ] 1
Mumber of sweepz =10 Alloc:

: . Firal level 8000
Stimuiis Eile... | First duration 100,00 ms [1000 samples]
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MultiClamp Protocol 11

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

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 4l o] —
with different epoch settings — click Update
whenever you want to update the display. 100
200 - |
] I 1E||-[I I 2E||'[I
Time (ms) Sweep:1 Visible:10 of 10
Kl i

=» 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.

o JMOLECULAR
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MultiClamp Protocol 12

We have completed the setup of the voltage clamp = ¢ave 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’ohage Clamp 1 pro

Save as type: IF‘mtocoI 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.

Edit Protocol - (untitled)
Open the protocol editor again with New

Protocol, in the Acquire menu. Mode/Fate |nputs iDutputsl Trigger! Statisticsl

. . . . —Analog I Channels
We will again accept the default settings in

the Mode/Rate tab, so go straight to the

W Channel #0: i'u'm_prime _"j

Inputs tab.
W Channel #1:
This time select Vm_prime for Channel
#0, and Im_sec for Channel #1. [ Channel #2:
[ Channel #3
[ Channel #4:

Note: Be sure the MultiClamp amplifier is 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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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.

B, B C ] E
Type Step |Ramp |Step | Trngl | Step
Sample rate
First lewel V) 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)

Fulze width [mz]

& Edit Protocol - (untitled)

MDdEa"HatEl Inputs  Cutputs l Trigger]
Analog OUT Channels

Channel #0: | Crd 0 ]
Crnd O A
Channel #1: B
auT #0
Channel #2: ouT o
Setup .
Channel #23: .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
the protocol (Save Protocol As in the Acquire menu), calling
it Current Clamp 1.

= Scope - Demo Digitizer

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.

N E‘)%L‘\E’CI%LEE 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 ] 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
Crod 2 i Digital bit (0/1) 1 U o0 Jo o Jo o o

o §
Crd 3 [’

o M

o H

o H

o E

0 B el

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

Diigital AU T2
L. 3O EEE o Start From Change 1 i Apply i Feszet
Finish TEAEE4
o This completes the protocol tutorial and completes this guide. However, as a final, optional step we link the protocols to

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

&

| Mext Key | Type | Description Close

|

dl.

Help

Add...
Femowve
Copy...
Eroperties...

Werify

(L

=» Clipboard

Mew Set..
SaveSet..

DOpenSet..

FEE

i Optiohs...

:

' ‘. ) 5 MOLECULAR
O D EMICES

View Tools Window Help

Digitizer...
Cyberamp »

Lab Bench...
Telegraphed Instrument...
Cwverrides. ..

Membrane Test Setup...

seguencdng 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 O.

HOTE: Uz the top-raw number keys on your keyboard
to call sequencing keys. The numernic keypad does not
activate sequencing keys.

Add a key definition for; Ctrl+1 j
W-Clamp [M 5 ”
W-Clamp M B 0
ok Lol Clamp IN 7 |
W-Clamp [M 8

-Clamp M 9
WClamp [M 10 [\!5
*-Clamp IN 11 hl

“IN O” 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.

*JMOLECULAR

2 IDEVICES



MultiClamp Sequencing Keys 3

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

In the Action field, for the purposes of demonstration,
keep the View selection. This has the protocol run in
View Only mode when it is called;

in a real experiment you would choose Run.

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

‘ & ) #JMOLECULAR
o S JDEVICES

@ Sequencing Keys - Properties - V-Clamp IN 0

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

™ Insert comment tag into data file (i applicable] and add Lab Book ent:

—{" Membrane test

fnalog OUT: & 0 ¢ 1 & 2 3
Stage:  Bath £ Patch £ Cell

I‘Jiew VI

Pratocol file:

Repetition count: |1 i’ Browse... ;I!
Repetition start-to-start [=]; IMinimum vl

" Prampt: |

(] 4 I Cancel | Help
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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 *-'I
. Protocal file: IM_IrI Diocumentss.. \ParamsiWoltage Clamp 1.pro
Leave the repetition count at one, to run

. i &
the protocol just once when it is called. e =i Gl i I EI

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.

Click OK to return to the main Sequencing Keys dialog.

@' E‘)%L'ECI%LE[C‘ For research use only. Not for use in diagnostic procedures
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o
MultiClamp Sequencing Keys 5

Our first sequencing key appears in the table.

a8 Sequencing Keys - Startup Set

Check its details before clicking Add to add a

second key, for current clamp. Sl | et Key | Type Lzseir o
Y-ClampIN O Mone Protocol Wiew uzing Yaltar
& Add X This time select I-Clamp IN 0. The input channel
MOTE: Use the top-row number keys on pour keyboard is the same, but we want this key to be triggered
to call sequencing kevs. The numernic keypad doss not by a change to current Clamp.
activate sequencing keys.
Add a key definition for: Ctrl+1 j
I-Clamp IM B ~
I-Clarmp IM 7 0
ok L3l | Clamp IN & |
I-Clarmp M 5
I-Clamp M 10
I-Clamp M 11 =
|-Clamp [M 12 b




MultiClamp Sequencing Keys 6

As before, select Protocol and click Browse,
this time using the protocol we configured
for current clamp, “Current Clamp 1”.

a8 Sequencing Keys - Startup Set

fe Pratocol

Action; Wig - |

Protocol file: |M w Docurnentsh. \pCLAMPAParamsz\Current Clarmp 1.pro
Bepetifon count T CBowse.

pirimm |

K.ey Mewxt K.ey Type
|-Clamp M 0 Mone Frotocol
W-Clarmp [N 0 Mone Frotocol

¢JMOLECULAR
2 IDEVICES

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




o

o
MultiClamp Sequencing Keys 7

Finally, click Options, at the bottom of the n .
: & Options
Sequencing Keys command buttons. You are
offered three options for saving protocols in a If the active pratocol has unsaved changes when a new
sequencing keys series. protocol in a sequence iz to be loaded;

[ Load the new pratocaol without zaving the first protocol
{* Save the first protocol before loading the new protocal

(" Prompt 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 ampilifier.

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.
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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
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Axoclamp 900A

Digitizer — Amplifier Connections

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 button: }

=)

Select Axoclamp Hardware.

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

Click OK to exit.

Select Device E|
Axoclamp I SnftF'aneII

" DemoMode ™ dxoclamp Hardware

Sernal Humber; |EIEI'I2242EI vi Scan |

SAwoclamp 00122420 connected.

k. I Cancel

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.

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

Digitizer Analog Inputs Digitizer Analog Output

® Membrane potential ® Command current

® Membrane current’

Voltage Clamp (TEVC and dSEVC)

Digitizer Analog Inputs Digitizer Analog Output

® Membrane current ® Command potential

® Membrane potential

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

@. E‘)%L‘\E,CI%LEE n . For research use only. Not for use in diagnostic procedures
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® o \J S ijantea:
Axoclamp 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 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

V-CLAMP

5 SCALED
900A I-CLAMP COMMAND

(Channel 1) COMMAND OUTPUT

ANALOG ANALOG ANALOG
OuUT 1 IN O OouT 0

Digitizer

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

ANALOG ANALOG

Digitizer OUT 2 NE

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

. For research use only. Not for use in diagnostic procedures.
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Axoclamp Connections 4

Alternative command connections

V-CLAMP
COMMAND

900A STEP- SCALED
(Channel 1) ACTIVATE 1* OUTPUT

DIGITAL ANALOG

Digitizer OUT 0 INO

ANALOG
OuUT O

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

DIGITAL ANALOG
OuUT 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 \égmﬂ'\zPND
(Channel 1) 6{0)\1\Y/VA\\\|D) OUTPUT

ANALOG ANALOG

Digitizer OUT 0 INO

(UNCONNECTED)

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.

&’ [I,OELEC LAE h . For research use only. Not for use in diagnostic procedures.
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°ns J S hjaitas:
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 Yo
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...
CyberAmp 3

= |hput Channels =

M | Lab Bench...

pralog N #1 1~ | I
Analog [N #2 Overrides...

Analog IM #3

Analog M #4 Membrane Test Setup...

Analog IM #5

Analog [N HE All telegraphs must be configured for a specific digitizer input
Analog IN #7 channel. We will first enable telegraphs for the channel
Analog [N #a receiving the amplifier Scaled Output from Channel 1. We
Analog [N #3 have connected the Axoclamp Scaled Output for Channel 1
.-'%'-.na!::ug lN 11'“] ] to Analog IN #0 on the Digidata (Connections), so select this

from the Input Channels list.
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Axoclamp Telegraphs 2

Select Axon Axoclamp 900A from the Telegraphed Instrument list. } — Telegraphed Instrurment

Awon Awoclarmp 3004,
When you have made this selection notice the options with [Dizabled)
respect to linking protocols to amplifier modes. You can learn rarial I o
e : : ; Sxon Sxoclamp G0,
more about this in the MulUCIampéec?on onSSequenf:lngKKeys Aon MuliClamp 7008 h
(Configure Sequencing Keys). Awon MultiClamp 7004
A 4 Awon GeneClamp BO0B
duopatch 2008

i~ Telegraphed [nstument
Bwon Axaclamp 004 __'_']

FultiClarp 700 amplifier mode switches are
automatically kelegraphed.

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

To simultaneouzly switch protocaols, configure zpecial
Sequencing Keys M-Clamp or |-Clamp [M].

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



Axoclamp Telegraphs 3

The first enabled section on the dialog is Amplifier Configuration.

ldentify the amplifier channel (i.e. headstage) } — Amplifier Configuration
and signal type for the selected digitizer Ampliier output: | Sealed output 1 |

channel (in this case, Analog In #0). In the Serial umber: | 00122420 <] semn |

previous slides we chose Scaled output 1to |
connect to Analog In #0

v

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

®- E‘)%L'E(I:L&L n ‘ 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 configuring } - Output Channels
receives output from headstage 1 (i.e. Choose the Analag OUT channel to which the command signal iz connected:
amplifier channel 1). The I-CLAMP Command:  |&nalog OUT #1 |
COMMAND input for this headstage
is fed from digitizer output Analog
OUT #1 (see Connections; Analog

Out #0 is connected to V-CLAMP v
COMMAND). Select Analog OUT #1 This completes telegraph setup for the Scaled Output of
in the Command field". Axoclamp channel 1.

(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).
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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...
TS TTE e BT
Analog IN #2 Qverrides. .
Analog [N #3
: Membrane Test Setup...
Analog N #4 - .
Analog 1IN #5
inalng :H E? L3 { All telegraphs must be configured for a specific digitizer input
'&'nalng IN #2 channel. Now we will enable telegraphs for the channel
Haid receiving the Axoclamp Channel 2 Scaled Output. We have
Analog M #3 S o for C 5
Analog IM #10 connected the Axoclamp Scaled Output for Channel 2 to
S Analog IN #1 on the Digidata (Connections), so select this

from the Input Channels list.
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Axoclamp Telegraphs 6

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

Byxon Axoclamp 008

When you have made this selection note the options with (Dizabled)
b arial

respect to linking protocols to amplifier modes. You can . oy T
s . . Ao axoclamp G002,
learn more gbout this in thg MultiClamp s.ectlon on Aon MuliClamp 7008
Sequencing Keys (Configure Sequencing Keys). Aor MulbiClarp 7002
v Axon GeneClamp 500B

Axopatch 2008

i~ Telegraphed Instrument
1.-'—‘«:-:|:|n Aywoclamp 9004 4:]

tultiClamp 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 IW-Clamp or [-Clamp [M].

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



Axoclamp Telegraphs 7/

The first enabled section on the dialog is Amplifier Configuration.

Identify the amplifier channel (i.e. headstage) } ~ Amplifier Configuration
and signal type for the selected digitizer Amplifier cutput: | Scaled output 2 =l

channel (in this case, Analog In #1). In the Serial rumber: | 00122420 -l R

previous slides we chose Scaled output 2 to

I g
connect to Analog In #1

v

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

®- E‘)%L'E(I:L&L n ‘ 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 iz connected:
(i.e. amplifier channel 2). The I-CLAMP Bt e |ﬂmalng OuT #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.

v

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 -CLAMP COMMAND, leave the
Command field on (none).
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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 1to Analog IN #0

e SCALED OUTPUT Channel 2 to Analog IN #1

e |-CLAMP COMMAND Channel 1to Analog OUT #1°

e |-CLAMP COMMAND Channel 2 to Analog OUT #2

e VV-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%L'EE%LEE For research use only. Not for use in diagnostic procedures
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Axoclamp

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.




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

¢ JMOLECULAR o . .
\/ | (- P& For research use only. Not for use in diagnostic procedures
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Axoclamp Signals 2

Current Clamp (both channels)

Open the Lab Bench from the Configure menu — or } Acquire  View J0-% Tools Window He
use the button: Digitizer...
CyberAmp »
=
Telegraphed Instrumient...
Owverrides...

The Lab Bench opens with the Input Signals
tab on top, and digitizer channel Analog IN #0

@ Lab Bench

selected. We have the Scaled Output of Input Signals | Dutput Signals
Channel 1 connected to this channel. In this - Digiizer Chapnels —) - Signals
mode the Scaled Output we are interested in Add...
is Membrane Potential, so we need to create Delete
an appropriate signal. =
Bename. .

Ainalog N HE

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

Current Clamp (both channels)

—
Add Signal %]
k.
MHew name:;
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 o
2 JDEVICES ( \" @

{ 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.

} “m_1
—5caling

Signal umts: I - | I‘f" Deraull

Scale factar [V 1 e e
[ffzet [ 0%): I :

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 bottom ® Axoclamp 900A

of the Lab Bench. } Signal;

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

v

Lowpass Bessk ¢ Zera

Axoclamp Commander 900A
does not report whole-cell
capacitance values, since it
has no whole-cell

- Telegraphz -
- _ capacitance compensation.
EEIH 0 Crn [pF ) ID * You may enter a value if you

Frequency [Hz] (10000 S cale factar [/ R-’]: know the capacitance.

Lab Bench




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 } . Axoclamp 900A

the Lab Bench does not change as you
alter the output gain. Clampex software Channel 1 Scaled Dutput

reports the unity gain scale factor, Signal: Headstage 1, Membrane Potential ( 100 mmty
i.e. the scale factor for an output gain of Gai ﬂ Highpass: DLC |"i“ fset .
one (in this case, 10 mV/mV =10 V/V). — v

Qpass Bessd 14 kHz 0.0 mt Zera

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 Lab Bench

10 x 10 mV/mV =100 mV/mV, ~ Telegraphs -
as reported in Commander. '

Gair: Crn [pF): iﬂ

Frequency [Hz]: Q14000 Scale factar W4V

*JMOLECULAR
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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 1in IC mode. To make a matching signal for Channel 2 the same steps

are followed.
— Digitizer Channels ——

ﬂ { Open the Lab Bench
x|
Select the digitizer channel Analog IN #1 } 3
gtz 9 Analog I #2 be —
Analog IM 3
) —= Analog 1M #4
Add Signal X { Add a new signal Analog [N #5
Analog [N 85 »
Mew name: l"»-"m_E‘I i ==
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 X
Select Analog OUT #1. This is the channel we have

Input Signals  Output Signals
connected for current clamp commands to Channel 1 R |

. — Digitizer Ch ls—— — Signalz-
(Axoclamp Connections 3). IaHiest Lhannet e
Analog OUT #O _Cmd1 Add...
Crnd 1 —
Apnalog OUT #2 Delete

Analog OUT #3

Rename...
Add Signal [X] —

M ew name: III: Crnd1| I
Cancel Click Add in the Signals section, and type IC_Cmd1 into the

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

Help
Channel 1.

For research use only. Not for use in diagnostic procedures
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Axoclamp Signals 8

Current Clamp (both channels)

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

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 x|
Select Analog OUT #2. This is the channel we have =
connected for current clamp commands to Channel 2
(Axoclamp Connections 3). —Digitizer Channelz—— — Signals-

Analog M #O Pl
Analog N #1 - | | |IN 2
ITETE | Delee
Analog IM 83—
—= Analog IM #4 Hename
Ad 2igna X) it

oK.
New name: [im_Cmd2 j Click Add in the Signals section, and type IC_CmdZ2 into the

Cancel

Input Signals l Output Signals |

Add Signal dialog —f or the command signal for current clamp on
Help 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.
Select Analog OUT #8. This is the channel we have
connected to CURRENT OUTPUT on Channel 1
(Axoclamp Connections).

@ Add Signal %]

Ok
MHew name: |I'I|

Help |

4

- Dhigitizer Channels —

Analog IM #2
Analog IM #3
Analog IM #4
Analog IM #E
Analog IM #E

.-'-‘maln:uE IN #Y

et

W

Input Signals | Dutput Signals |

- Signalz

Add...

Delete

Fename... |

‘ For research use only. Not for use in diagnostic procedures
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Cancel | Add Signal dialog—for the current on Channel 1.

We’ll do the scale factor and units on the next slide.
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Axoclamp Signals 10

Current Clamp (both channels)

Now we determine the scale factor and enter it. =
= Scaling
First, sel‘ect the units “nA” for this signgl, py } Signal urits: |n j |4 Default
choosing n from the drop-down prefix list —
and typing A into the units field. Scale factor [¥/nAl: |-':'1 Scale Factar
Offset (nd @ 0V): [ Lot

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

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

The Scale factor to enter in the Lab Bench is given by this formula:

Scale factor (V/nA)=0.01/H

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

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

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 command IC_Cmd2 for current command
waveforms to [-CLAMP waveforms to [-CLAMP
COMMAND COMMAND

11 for membrane current from 12 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,..)

@. E‘)%L‘E(I:L&L n ‘ 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 1is
active. However, both SCALED OUTPUTS may carry signals from headstage 1.

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

We will then configure a voltage clamp command signal.

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

&= Lab Bench

Input Signals | Qutput Signals |

— Digitizer Channels —— [ Signals

Al HO - Add.
Analog M H#1 current B
Analog M H2 I_MTeszt O Delete

Ainalog M #3 I Im

I

. —_— inalng m Eg :ane‘%b [ Bename...
Add Signal X N v
k.
Mew name: IIm_u:ISE"-.-"C|
Cancel
Help { Type in Im_dSEVC, for the signal we will use to monitor
I membrane current in dSEVC.

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

When a signal’s parameters are telegraphed, the Scaling Lab Bench
section on the Lab Bench is grayed. Don’t worry if the Im_dSEVC :

grayed -out settings are incorrect; they are overridden. jCalifg —

Telegraphs

Gain: Cr [pF]: D _ | )
bl Seale factor VAL COT D { The telegraphed parameters are reported at the

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

Axoclamp Commander 900A does
not report whole-cell capacitance
values, since it has no whole-cell |

capacitance compensation. You Channel 1 Scaled Output |

may enter a value if you know the Signal Headstage 1. Membrane Eurren(! [01%Mmb] )
capacitance. in: 1 Highpass: D“ FFset

owpass Besde 0.0 mv Zero

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

9 aries C e




Axoclamp Signals 14
dSEVC

We have the SCALED OUTPUT of }
Channel 2 connected to Analog IN #1 Input Signals | Output Signals

(Connections). Select this as the Digitizer Channels Signals

digitizer channel, and then click Add.

4 Lab Bench

Y Add..
| WTest Delete
[rputd Bename...
e Berane. |
ﬂ_ma!clg IN #ﬁ hd voltage

Add Signal [X] . _ | .
— { Type in Vm_dSEVC, for the signal we will use to monitor

Ok, membrane potential in dSEVC.

Mew name: i"v“m_u:lS EwC

Cancel

Help




Axoclamp Signals 15
dSEVC

In dSEVC mode, only headstage 1is operating. Therefore we may select signals from headstage 1to 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.

1 As before, the telegraphed parameters are reported at

i~ Telegraphs
Gair: @F]; 0 ) the bottom of the Lab Bench. The screenshots show the

C telegraphs in the Lab Bench with Channel 1in dSEVC
S b S mode, at default settings.

Frequency [Hz):

Channel 2 Scaledl Output ]

Axoclamp Commander 900A ‘w
‘ )

does not report whole-cell  Signgk_Headstage 1. Membrane Potentid
capacitance values, since it  Ga{ni 1 Highpass: DC = N o o) N

has no whole-cell capacitance Lowpass Eess(: 10 kHz= > | 0.0 mv FEro
compensation. You may enter f -

a value if you know the
capacitance.

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

 Ce
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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. } = Lab Bench

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

Add Signal

_Cmdn Y Add...
2B Command —3 _[%'

A0 O Delete
Analog OUT #3 Crod [0

|_clamp —  Rename...

QOuT #o —_—

[

auT o
X '

—

M ew narme; I"-.-"m_l:irnd

Ok,

Cancel

Help

Click Add in the Signals section, and type Vm_Cmd into

the Add Signal dialog as the name of the new voltage
command signal.

For research use only. Not for use in diagnostic procedures
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Axoclamp Signals 17
dSEVC

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

Since it is a voltage clamp command, choose m and type V, as shown below. This tells Clampex 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. S

Signal units: I vi i"-.f Diefault
Scale factor [m A IEEI S ealeE actor

; . ; Azgiztant...
Holding level [myv] l'.'

Analog holding level iz dizabled becausze of the zetting 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.

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

@' E‘)%L'ECI%LE[C‘ ‘ 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 1in 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 { Open the Lab Bench

= Lab Bench
We have the SCALED OUTPUT of Channel 1 } Input Signals | Qutput Signals |
connected to Analog IN #0 (Connections). " Digitizer Channels | - Signals
Select this as the digitizer channel, and then click Add. —1 e — v
Analog M #1 = ] current B
Analog M #2 = |_MMTestO Delete |
"'_' 222:33 :E Ei 1 :memb 3 Rename...
AnslogIN 6 v | | [
New name: TN Type Vm_1, for the signal we will use to monitor
Eﬂﬂﬂﬂ' membrane potential in TEVC.
Help Note: this is the same signal used when headstage 1is
I in IC mode. If you have already created this signal, it is

not necessary to do so again.

For research use only. Not for use in diagnostic procedures
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Axoclamp Signals 20
TEVC

5 MOLECULAR
D EMICES

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 the membrane current. The same steps are followed.

From the Lab Bench, select the digitizer channel, Analog IN #1 }

— Digitizer Channels ——

Analog IM #0

%

Analog M #2 =

Add Signal Analog IN #3
Analog N #4
oK. Analog IN #5

Mew name: IIm_E fnalog (M #E |

== Ees L ns .

Help { Add a new signal

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, Sign adstage 1, Membrane Potentia([ 100 mv Amy ]
i.e. the scale factor for an output gain of Eai Highpass: DC fri set ——
one (in this case, 10 mV/mV =10 V/V).— Spass Bessell 14 kHz | 0.0 mi Zata |

Of course, the scale factor applied to the

signal takes the gain into account —
e.g. in these screenshots, Clampex Lab Bench \
software will apply a scale factor of ~ Telegraphs -

10 x 10 mV/mV =100 mV/mV, N @ R
? as reported in Commander. Gair Crn [pFL |0

Frequency [Hz): C 14000 Scale factor (VAW CO10

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. e
Select Analog OUT #0. This is the channel we } & Lab Bench

have connected to V-CLAMP COMMAND Input Signals LR Signals |
(Axoclamp Connections 3). ~ Digitizer Channels — - Signals
[ Analog OUT #0 [EEERE T A Add.
Analog OUIT #1 3B Command a4 s
Bnalog OUT #2 a0 #0 Delete
Analog OUT #3
|_clamp —  Hename...
. QUT #0
Add Signal Ed auTo v
Mew name; I*-.:’m Crd Ll
- — 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. —AJm_Crnd

Sighal units: I 'ri i"-.-" Drefault

Siale factor [ A !ED e S
; - !_ Azzistant...

Aolding level [my] u 1]

Analog holding level iz disabled because of the zetting in the
Configure ¢ Overides 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
O P -50 mV /(20 mV/V) =-2.5 V at the actual Digidata digitizer Analog OUT.

@' E‘)%L'ECI%LE[C‘ 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_1for 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 1is 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 { Open the Lab Bench

&8 Lab Bench

We have the SCALED OUTPUT of Channel 1 connected to } Input Signats | Qutput Signals |

Analog IN #0 (Connections). Select this as the digitizer Digitizer Chapnels | |- Signals
i EXE Add.
channel, and then click Add. e AT | | [~ a A
Analog IN #2 = |_MTestO Delete I
Analog M #3 TN Im =
5 | b E
41l signal et L o oo |
fnclogIN #E & 5

oK.
New name: [T Type Vm_1, for the signal we will use to monitor membrane
Cancel

) potential in TEVC.

O ® Help | Note: This is the same signal used when headstage 1is in
4 IC mode. If you have already created this signal, it is not

. necessary to do so again.

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...
Sawve Protocol
Note: If a previously saved protocol is not loaded in Save Protocal Ae. .
Clampex software, it uses a place-holder protocol, Edit Protocal. ..
labeled “(untitled)”. If this is currently loaded you can [Mavefﬂrm 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 We will begin by setting up the protocol for
bar at the bottom of the main Clampex software window. voltage clamp (TEVC).

¢ JMOLECULAR o . .
\/ | (- P& For research use only. Not for use in diagnostic procedures
2 JDEVICES ( \i @ y gnostic p

© 2021 Molecular Devices, LLC. Trademarks are the property of Molecular Devices, LLC or their respective owners. | p156



Axoclamp Protocol 2
The front tab of the protocol editor }

has ContrOIS for’ amongSt Other Mode/F ate | Inputsl Elutputsl Triggerl Statisticsl Eommentsl I ath I Waveforml Stimulusl
things, acquisition mode, sampling ~ Acquisition Mode
rate. and trial hierarchy " Gapfree i~ Fived-length events + Epizodic stirmulation
’ ’ " Warablelength events " High-speed osciloscope
The default achiSition mode is — Trial Hierarchy — Start-ta-Start Intervals
episodic stimulation — the only Tia delay (5 [0 < Aunfsh  [Minmum <
mode that allows a command Runs rial I # Sweep s} |Minmum v
Swespsun: I'ID & 004 ME
waveform to be generated. We want B
to generate a command, so leave Sweep duraion (5} [0.2 2| = 200 samples
. . First holding: Epochs: Last holding:
this setting. In fact, all the default Tt 193.8 ms Tims
. . N I 1938 I K| |
settings on this tab can be left as e e e ,
. — Sampling R ate per Signal — Aweraging
they are, but take time to note key Runs/tiial = 1, na averaging
. Fast rate [Hz]: |1UUUU i’
parameters such as the 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.
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Axoclamp Protocol 3
Next go to the Inputs tab. }

Here you select digitizer input channels for the Mode/Bate Ihputs |Dutput3| T,iggerg gtatigticgi
protocol, as well as the signals that you want to be ~ &nalog IN Channeks
conveyed on these.

¥ Channel #0: [INO |
™ Channel #1:

For TEVC, we want two input signals — one scaled
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

[ Channel #3:
with digitizer Analog IN channels 0 and 1, e
respectively (see Axoclamp Signals). Now we [ Channel #4
incorporate them into the voltage protocol. I Channel #5:
Channel #0 should be already checked. Open the [~ Channel #E:

list box beside it and select Vm_1. ™ Channel #7:

For research use only. Not for use in diagnostic procedures
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Axoclamp Protocol 4

Then check Channel #1 and select Im_2

Hutputs
—Analog OUT Channels

Channel #0: “m_Crnd -

Cmd0 =1 4

Channel #1: Crd 0
auT o

Channel #2:

Charmel 2 [Crmd 3 =

' } Edit Protocol - {untitled)
This completes the Inputs tab.

Mode/Fate |nputs iDutputEi Triggeri Statistics1
i Analog M Channels

W Channel #0: ih.fm_1 fhd

W Channel #1: ] -

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.



Axoclamp Protocol 5

We have already configured the } ~Analog OUT Channels-

signal Vm_Cmd in the Lab Channel #0: rn_Crnd ;] {Range [mi]: -199.76 to 199.79 at 20.0 mivAY

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 Halding Levels the si | Notice that th "
e signal. Notice that the units are as we
¥m_Cmd (v} o designated in the Lab Bench

We want to set a holding level of =50 mV, } ~Analog OUT Holding Levels
so type =50 in the holding level field. Wrn_ Crnd [mi): |-5E1

*JMOLECUL 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 Mu:u:le.-"FlatEI Inputs | Outputs  Trigger | Sta
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: Immediate |-
Trigger zource:

- | ., [nternal Timer i

Record View Only
A 4

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

Start trial with:

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

Triggerl Statisticsl Comments | Math W avefom

Info I

Mu:ude.-’FlateI Inputsl Outputs

Now go to the Waveform Channel #0 tab, where outputs }

are defined for digitizer output channel Analog OUT #0.
Waveform Analog UL Ym_Crod

A default waveform is already defined — we will delete ¥ fnalog Waveform e O LR =
. . . . (* 1 1 Hwe biah laoe b
this and create our own simple stimulus, but first i I Active bigh logc |
familiarize yourself with some key settings on this tab. Intersweep holding level ILlse holdng = Intersween bit pattem
The Analog Waveform check box enables analog E pocti Diescription A B C D E F G
I : . Type Step |OF  |OF  |OF  |OF  |OF O
command definition. Selecting Epochs means we define SR PN [T [ TR T e o
the waveform using the table in the middle of the tab. In First lewel [riv] 55 |0 0 0 0 0 0
. . . . Dela level [m) ST 0 0 0 D 0
this, the sweep can be divided into up to 50 sections Fret durstion (] T i i i i i
(epochs) A—AX, and a waveform defined for each of these. Delta duration [ms] |0 0 0 0 0 0 0
Digital bit pattern [#3:0) {11711 |0000 0000|0000 | 0000|0000 | 0000
The Epoch Description table in the Waveform tab includes Digital bit patterr (H7-4] [0000 0000|0000 |0000 | 0000|0000 | 0000
d f . I Train rate [Hz] I ] 1] 1] i il 1]
cut and paste functionality. Billse Wit [is] 0 0 i 0 0 0 i

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.

@' B%L'\Eﬁ%l-gg n o ‘ Ifor research use only. Not for use in diagnostic procedures
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Axoclamp Protocol 8

Now to the definition of our waveform.

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

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

Click in the next row, Delta level, and type 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
D EMICES

Epoch Dezcrption &, B
Type Step | Off
Sample rate Faszt Faszt
Firzt level [mi] -Al a
Delta level [m) a a
Firgt duration [mz] a1l a
Drelta duration [ms) a a
Digital bit pattern [#3-0) 1777 JO000
Dhigital bit pattern [#7-4] D000 Jooom
Train rate [Hz] a a
Fulze width [mz) a a

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.
Click in the First duration row, and type in 50.

Our sampling interval is 10 kHz, so a 50 ms sample
duration equates to 500 samples. Shift focus to a
different cell in the table to see this reported below.

This completes epoch A.

Now we configure the step, in epoch B.

E poch Description A E C ]
Type Step  |OFF (Ot (Ot
Sample rate w Off _
First level [ -B0
Delta level [mv] 0 % |
First duration [ms) a0 Pulse train |
Delta duration [ms) 1] ) ) )
Digital bit pattern [H3-0] _EI‘_'F'T:::;; E:::
Diigital bit pattern [#7-4] ) )

) Train rate [Hz] Cosine train
Pulze width [mz] | |

U ¢ Mumber of sweeps =10 Allg

[

Epoch Description

Tupe

Step

Off

ff

Off

Sample rate

First lewvel [mt]

el

Delta lewvel [nt]

0

First duration [mz]

50

Delta duration [ms)

Dhigital bit pattern [H3-0]

Dhigital bit pattern [H7-4)

Train rate [Hz)

FPulze width [mz]

Mumber of zweeps =10

,

| Firzt duration 50.00 ms [500 zamples)

Select Step from the popup menu.

Click in the Type row in column B (currently set to “Off”).



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 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.

o/

&

MOLECULAR
D EMICES

Epoch Dezcription &, B C ]
Type Step  [Step  |0Off (ff
Sample rate Fast Fast Fast Fast
Firzt leseel [mi A0 100 n N
Drelta level [mi] 1] 20 1] 1
First duration [mz) alll 100 n 0
Drelta duration [mz) 1] 1] 1] 1
Dvigital bit pattern (8307 (1717|0000 (0000 {0000
Digital bit pattern [87-4) [ O000 (0000 0000 D000
Train rate [Hz] 1] 1] 1] 1
Pulze width [mz] 1] ] ] 1
Mumber of sweepz =10 Alloc:

: . Firal level 8000
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 } = Waveform Preview

the protocol editor. D 4 v: B4 v:
200 ;I
This opens the Waveform Preview window shown at
right, where you can see a graphical representation B \Vave Start
of the waveform we have defined.
This window can be kept open while you experiment 4 o] S
with different epoch settings — click Update
whenever you want to update the display. 100
=200 ﬂ
o I 1EIIIJ I 2EIIE|-
Time (ms) Sweep:1 Visible:10 of 10
4 ol
=» Clipboard | Close 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.

@I MDL‘ECQ‘LAIC!
DEVICES © 2021 Molecular Devices, LLC. Trademarks are the property of Molecular Devices, LLC or their respective owners. | p166
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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. Sovein [ 7

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’nhage Clamp 1.pro
The protocol is now saved and can be loaded whenever

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

G|

¢ JMOLECULAR f :
$ NS 1 For research use only. Not for use in diagnostic procedures
DEVICES J 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 Protocol, in the Acquwe menu. Mode/Fate Inputs iDutputsI Triggeri Statisticsi

We will again accept the default ponalin i Chsnnals
settings in the Mode/Rate tab, so go to IV Channel #0: [vm_1 -]
the Inputs tab.

¥ Channel #1:

ﬂ

This time select Vm_1 for Channel #0O,
and Vm_2 for Channel #1.

Channel #2: |1 1o

Charnel #3 [I_tTes 2

Chatinel H4: l M 4

Channel #5: | Ik 5

Channel #&: I [N E

E B OE R R @

B K8 B K8 R B K

Chaninel #7: | N7

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.SI.gnal we Conﬂgured for dlgltlzer Analog ModefF!ate% Inputy  Outputs i Triggeri Statisticsi Enmmentsi Fd ath IW’aveformI Stimulu$i
OUT #1. Similarly, select IC_Cmd2 on Analog OUT #2*. - Ainalog OUT Channels

H . Ch | #0: |V|T|_le:| v! Range [rr]; -199.76 to 199,79 at 20,0 mt'Af
Leave the holding level at the default zero setting for e
current clamp Channel #1:  [IC_Crmd ~| Range [n4): -9.99to 9.99 st 1.0 nb AV

Channel #2: |II:_c:mc|2 vi Range [na] -39.89 to 9988 at 10.0 ndNY
Channel #3; |Emd 3 v! Range [m]: -199.76 to 19977 at 20.0 mW'A

—Analog OUT Holding Levels

Vim_Cmd (v o
IC_Cond1 [rd) o
IC_emd2 (ré) o
Crnd 3 [mi]: |EI

*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.

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

For research use only. Not for use in diagnostic procedures
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Axoclamp Protocol 16

Create your own command waveform on the
Channel #1 tab, in this example.

Experiment with the different waveform options, and
display them in the Waveform Preview.

v

Wave Start
05

Wave End —
-0.5
-1 4
-
T T T
100 200
Time (mz) Swveep ] Yisible:1 of 1

[

wiaveform Analog OUT: 1C_Cmdl

¥ Analog Waveform

* Epochs ¢ Shmuluz file

Irfo

Intersweep holding level: IUSE halding Li

. et B C
Type. |Step |Ramp [Step |0
Sample rate |Fast [Fast  |Fa
First level [nd) |0 1 0
Delta level [na) |0 0
First duration [ms] |25 100 25
Delka duration [mz] |0

0

Digital bit pattern (#3-0) ] 11

Digital bit patters (#7-4) | 0000

Train rate [Hz]

Pulze width [rns)

Hurnber af sweeps = 10

Sumrmary

Channel #1
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Axoclamp Protocol 17

Finally, close the protocol editor by clicking OK, and save the protocol
(Save Protocol As in the Acquire menu), calling it Current Clamp 1.

You will see on exit that the Scope window is set up in preparation for
the two input signals configured for this protocol, with units as currently
telegraphed from the Axoclamp amplifier.

Finished!

This completes our two protocols, “Voltage Clamp 1”7 and
“Current Clamp 17, and is the completion of the guide for
Axoclamp 900A amplifier setup.

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.

Gap-free
Crnd O [miv) Epoch Desc 1 2 3 4 5 -] T 8 9 10
i} = Type Step |Step |Step |Step |(Step | Off Off Off Off aff
Crnd 1 (] Level (mV) 45 |50 [100 [-100 o 0 0 0 0 0
0 - Duration (seconds) 12 10 5 15 1 0 o 0 o 0
Crmd 2 (] = Digital bit (0/1) 1 0 1 0 o 0 0 0 0 0
a =
Crnd 3 [miv)
a =
a =
a =
a =
S ] 11
a =
Channel #0 | Channel #1 | Channel #2 | Channel #3 | Channel #4 | Channel #5 | Channel #5 | Channel #7
Digital OUT =
IEEEE 0 Start From Change 1
Finish 7 OOEE 4

O P This completes the protocol tutorial and completes this guide.
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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 number, 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 Click here to check if a newer version of

Axoclamp software is available. } dE-"l

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. | p174


https://mdc.custhelp.com/app/answers/detail/a_id/20260
https://mdc.custhelp.com/app/answers/detail/a_id/18959
https://mdc.custhelp.com/app/answers/detail/a_id/18877

Molecular Devices, LLC
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San Jose, CA 95134 USA
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+44 (0) 118 944 8000 (Europe)

@ support@moldev.com
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