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Why this subject?

The selected project requires acquiring up to 5 channels:
- The current and voltage traces of two amplifiers
- The cell capacitance trace, computed online.

The acquisition templates must deal with the requirements of the experimental
goal and the complex conditions for the capacitance computation.

These requirements allow to focus on some features in PATCHMASTER
which help in handling such complex experiments, particularly:

- Trace Assignments,

- The Protocol Editor,

- Key Assignments.

Additionally, this project demonstrate the usefulness of the EPC10/Double
when measuring multiple signals from multiple amplifiers.
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Goals

| will show how to perform combined measurements of amperometric currents

and cell capacitance traces using PATCHMASTER.

| will guide you through:
- Configuring PATCHMASTER for this task
- Defining the trace assignments
- Defining the required stimuli (PGF templates)
- Preparing event protocols to harness the complexity of these

measurements
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Experimental Setup

Amplifier 1 Amplifier 2
Amperometric amplifier Patch-clamp amplifier
e.g. EPC10-1 e.g. EPC10-2

A
Carbon fiber micro-electrode Pipette
Cell =
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Schematic of exocytosis

Granule fusion and granule content release:
- Fusion leads to increase in membrane capacitance (CM).
- Released granule content gets oxidized, when it reaches the electrode.

\

Released granule
content

/ ‘/ Fusing granule
o
Cell /v@ Granules with content

(catecholamines)

Carbon fiber micro-electrode
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Data are from recordings acquired during the course: 200 fF => very high resolution!
Microelectrode Techniques For Cell Physiology
30th Workshop 4-18 September 2013, Plymouth, UK
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Configuration Settings
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8N Configuration: /Users/hubertaffolter/Desktop/NeuroSc.../PatchMaster

[  SAYE | [ SAYEAS.. | [Default Windows| [Default Settings |

_|/ General 1 Hardware

\] Files j Dizplaw

j 2 Contral j Trace Assign 1 Misc. 1

bax. Sample Points
hace. Skirn . Trac es x Poin

LIz erMarne

\A

>
1000000 Lockln oy E Saveafter Break
5 1000000
\A
|Hu|:|ert B Auto Filename [USEHHD.&TEEHDDH

- Increase Max Sample Points: Maximal number of samples in acquired trace
- Increase Max Stim Points: Maximal number of samples in stimulus / channel
- Activate Lockln support and computation
- Activate storing partially acquired traces
- Automatic filename generation

- User name

H=CA
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Configuration Settings: Trace Assignments

& M Configuration: /Users/hubertaffolter/Desktop/NeuroSc.../PatchMaster
[ sSAYE | [ SAYEAS.. | [Default Windows| [Default Settings |
|/ Gaeneral j Hardware j Files \] Dhiz play j I Cantral |/ Trace Assign \] bdizc. \|

Trace Count
Trace Count
Trace Count
Trace Counk Arnplifier [rnon-1
Traze Caunt Armplifier Yinoh-1
Trace Count Arnplifier [rnon-2
Trace Count Armplifier Yinon-2
Lockln Lun:kln=CM
Trace Count Trace B
Trace Count Trace ¥

Assign inputs from selected sources to fixed traces, i.e., PATCHMASTER will
assign traces (in lists, equations, etc.) to a named, fixed position.

Here, assignments are made for both amplifier inputs plus the cell capacitance
trace.
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Resulting selection lists when using trace assignments

< Ra NS Analysis Ao Oscilloscope .~ Imon-1
Graph Positions | ; s asa78a00122456 [ Measure | [ Scan | [(Freeze |[wipe )1 Vmon-1
Graphin Window | 0000O000000000000O | Mo Analysis | [
Graphinndow? OO OOOOOOCOOOOOOO0 |
Analysis | 1 ‘ool Vmon-2
EE@a g mon 13 [ 14 [ BB
[ Load | Vmon-1 | Def-1 | New 1 Delete ) [ Move Trace 6
Analysia | MON-2 | Trace 7
GE@ Vmon-2 Graph2 | OF | (_ Greph3d | OF | [B]5] | Trace 8
(Savets Lockin_CM Print ) (Fiedraw Trace 9
Scale Ax Trace 6 fiap_| Graph Entries |
"M Trace 7 [EN (I I X i
X ﬂ Trace B I ¥ 'THirmon-11 T lmon- 11 Tl an- 1§ THlknon-1] |
v [ ool a v [Timon- 1l Trimon-1l Trimor-11| Tmon-1] Trace 12
s Irace8 o [ L | Trace 13
Analysis | 'ace 10 Trace 14
[ 1§ Tracell 1 14 e | Trace 15
Funcion]  lrace 12 [ Mew J[ Delete 1 Hove ) Trace 16
N Trace 13 i |
Input Trace 14 Output ] Buffer 1
Trace 15 Buffer 2
Y-Trace Buffer 3
Buffer 4
Cursors Buffer 1 Operation Oplions

K- Ysea,  Buffer 2 Cs
CursarB  Buffer 3 100.0 .
[ Buffers I Tmon 1 i «— Equations !
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Amplifier requirement

2 amplifier boards:

Amplifier for amperometry:

- Applying the controlling voltage

- Measuring current of amperometry
electrode

Amplifier for patch-clamping:

-Applying clamping voltage and current
- Measuring cell voltage and current

- Measuring capacitance: derived from
cell current

- Here, an EPC10/USB Double is used.

I

Electrochemistry

& O O EPC10_USB ﬁumpliﬁer

[ Moritor  [* Tuning 7§ Showal

Y-membrane
1myvipA 0.0my

1 A.rnphﬁer TestDA to Stim-1: OFF

0O0OA | OmV

2. Amplifier | TestDa to Stim-2: OFF

0.O0OA | OmV

I-mon Y-mon R-memb

[ SETUP ][ SEAL |[WHOLE-CELL]

Input ADC Recording Mode
| Irnon-1 || Whole Cel |
" off Test Pulse
(@) [double] Amplitude Length
Cinoise | 100my¥ | | S.0ms |
LJ [ 0.0my |Wo | 0.0my | [Auto ][ Track |
0.00 pF
cast (25 (Amm
Range|  Off I[ Cap Track |

C-Elnwl 1.00 pF IDEIa-,,-
H—serie;l 50 MO I@

H=CA
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Defining basic Lockln parameters
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Lockln computation B O Lockin Configuration

mOde LTk A TTE

Calibration mode

Fhasze Shift | 0.0* I

Offlime Computation - Traces to create:
O ReallY) O RealZ] E Ch O DC
[ T O ImaglZ] O Ghd |
O Adwit¥] O lapl2] O GS O a8

Aftenuation | 1.000 | O Phase O Sine Average
Barent Tre | Hirhoed frans I Cormnpute Lockln of barked Targets ]
Lo | g I [ Eapts :I TR LY e n B I Rl e s, Trans :I
Twlin Bagasree | ST I Default ¥Yranges: Set Defaults
[ i gy Ms e Ol atian ] Freal) 200.0n RealZ] 1.000
O *Write toMotebook Imang(] 200.0n Irnag(Z) 1.000
Pointsto Awverage | O | admiti) | 200,005 | Implg) 1.000 &
. Generate Traces for: | all arnplifiers I Phase :
Expected cell size o> 20.00pF D D 4.000n5
EhA 4.000n5 ') 40.00 pF
(3] 400.0n35 P 400.005 |
Cycles to skip aerer [0 @S0 [T
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Amperometric measurements

Amperometric measurements were performed by applying a constant voltage
of 650mV on the carbon fiber micro-electrode.
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Prepared Stimuli
7 stimulation templates

B0 Pulse Generator File: Amperometry
I Full Yiew 1 CondensedWiew |  Catoon View )
[l 1 M 2 (_Lockin ) 3 (Bmprioskin) 4 [ Depdl ) & (AmpeDepol ) 6 [_CurClamp J[0]0)]

Pool [LOAD |(MERGE ) [ SAYE | Mame [ Ampersmetry |(_LIST )[ COPY )( MOYE )( 255% [ DELETE |
@ Interactive bode () Gap Freebode

Timing Checking EXECUTE
Mo of Sweeps Sweep Length  Total 30.00s 300000 pks
Sweep Interval Stored 30.003 SE5kb
Sarnple Inkeral Channel Length  Stimuluz 0.000% 0 pts

L ek AD Unit Link  Compr.  Points Store Zero Leak

Segment Class
Yaltage [m'Y]
Druration [ms]
Y4ncr. Mode
Yfact dincr. [m'Y]
Hncr. Mode
fact fincr. [rms]

Rel¥-zeg
Rel%¥-zeqg

Dranw: Ative Channel all Sweeps | Delay: DA 008N AD [ 0.00s

Leak Pulses
Mo of Leaks
Leak Drelay
Leak Size
Leak Hold [m'¥]

[ine-2mpl | p2 [ Test-ampl Jrestlenatl]  ps | p6 | p7 T p8 [ pa [ p1o |
[(5.0000m | 0.0000 | 5.0000m | 5.0000m | o.0000 | o000 | c.ooo0 | o000 | o000 | ooooo |

Traces [ 1]
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The 7 stimulation templates

1. “Amperometry”

- Used to monitor the current of the amperometric electrode.

- 1 segment: acquire and display 30s overview.

- No stimulation: Amperometry and cell potentials remain unchanged
from the amplifier holding potentials.

- Acquire just one trace: The amperometric current

DA Linit Slirmulus -> DA, Leak Al Linit Link Compr.  Points 3

O Irnian-1 iy 1 300000
o
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2. “LockIn”

- Used to monitor the cell capacitance.

- 1 segment: acquire and display 30s overview.

- Stimulation: Apply the required sinewaves relatively to the amplifier
holding potential.

- Acquire 2 traces:

-- The cell current.

-- The cell membrane capacitance derived from the cell current.

DA Linit Stirmulus -> DA, Leak AD Linit Link Compr.  Paoinks Sl
Y |StimScale, Belative, Lockl] O It ar-2 A 1 300000

o [Lockin Ch] F | 1 | 100 k{ 5000
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3. “Amp+LockiIn”

- Used to monitor:

-- Current of the amperometry electrode

-- Cell current

-- Cell membrane capacitance derived from cell current

- 1 segment: acquire and display 30s overview.

- Stimulate 2 outputs:

-- Apply voltage relatively to the amplifier amperometric potential.
-- Apply the required sinewaves relatively to the amplifier holding
potential.

- Acquire 3 traces:

-- The amperometric current.

-- The cell current.

-- The cell membrane capacitance derived from the cell current.

DA LIk Shirnulus -= DA Leak Al Unit Link Compr.  Poinks 5
Siirn-1 Y StirnScale, Belative O Iknon-1 A 1 Jnoonn
Siirn-2 YW |StimScale, Belative, Lockl] O Ik ar-2 & 2 a0ooonn

O |Lockin CkM] F 2 100 3000
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4. “Depol”
- Depolarizes the cell 10 times and monitors the evoked cell current
response and the incremental change in cell capacitance.

- 22 segments

- Stimulate on one Stim-Dac:
-- Apply the 10 depolarizing voltage pulses.
-- Apply the required sinewaves. Note that no sinewave is applied

while the cell is stimulated!
I

- Acquire 2 AD-traces:
-- The amperometric current.
-- The cell current.

100
h I I

DA LIk Shirnulus -= DA Leak AD Linit Link Cormpr.  Poinks Sl
StirnScale, Lockin m| Iriior-2 A 1 156100

O [Lockin ch] F | 1 | 100 k{ 1561

November 17, 2014
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5. “Amp+Depol”
- Same as “Depol”. Additionally, acquire the current of the
amperometric electrode as well.

DA LIt Stirnulus - = D, L eak Al LInit  Link Fuoints =

L 1]

Carnpr.

StimScale, Lockln O Irnon-2 A 1
O |Lockln Ch] F 1
o Irran-1
o
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6. “CurClamp”

- Used to monitor the settling of the cell potential after switching to current
clamp.

- 1 segment: acquire and display 30s overview.

- No stimulation: leave holding potentials/current of the amplifiers unaffected.
- Acquire 1 trace: The cell voltage.

DA Lk Shirnulus -= DA Leak Al Linit Link  Compr.  Poinks =
o Yrnon-2 L 1 300000
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Slide 20




Electrochemistry

7. “cc+stim”

- Find the extend of current injection required to evoke an action
potential in current clamp mode.

- 3 segments

- Stimulate on one Stim-Dac:

-- Start at the given current injection amplitude (here 5pA),
-- Increment the current injection by 2pA after each sweep,
-- Repeat for a total of 10 sweeps.

- Acquire 2 AD-traces:

-- The cell voltage.

-- The cell current.

DA Linit Stirnulus - > D, AD Unit Link  Compr.  Points Sl
Stirn Scale Yinan-2 i 1 2200
IFran-1 & 1 2200
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The parameters for the Lockln stimulation

The parameters are defined in the

. o - ™ 7 Sinewave Parameters
Sinewave” window of each PGF-

. . . | ze as Lockln Sinewawve |
stimulus. In this collection, all
sinewave amplitudes were dgfiped via P eak Ampl (] — 50 pwami ))
one of the PGF-parameters visible at RequestedFreq. | 1L000kKH=| ——
the bottom of the PGF-window. This Actual Frequency - T000kHz |
allows to consistently change the Polnts  Cycle

: : L CychesTa Skip | Checking |
sinewave amplitudes of all stimuli

Cuveles bo Average
from one central place. e
Yeversal [m]
Sine-Ampl pa T est-Ampl Test-Lengthl po pk pi pa pa pin
5.0000m )/ 0.0000 2. 0000m S.0000m | 0.0000 0.0000 0.0000 00000 0.0000 0.0000
N————

November 17, 2014

Slide 22




Electrochemistry

Configuring a PGF-Template for the LockIn stimulation and computation

The cell current AD-channels are linked to their respective stimulus DA-channels:
- Imon-1 originates from Stim-1 => AD-Link =1
- Imon-2 originates from Stim-2 => AD-Link = 2

The capacitance AD-channel is linked to its parent cell current AD channel:
-LockIin_CM originates from Imon-2 => AD-Link =2
That linked to AD-channel points to the stimulus with the sinewave stimulation.

Cotmnpr.  Poinks f

DA LIk Stirmulus - D, Leak AD it Linik
Skirn-1 W StimScale, Pelative €S trrrorT=1 = 1
Y )StirnScale, Felative, Loc trrmor=2 2 2
Lockln Cha

OO o
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Prepared Event Protocols

1 “main” experimental protocol loop 3 amplifier protocols
800 Prot or; arom
1 5[ SETUPS] 3( SEAFY ] 4fHOLECERY 5( 16 T [ele]
1: Ale: Store _ <] CTOAD )(SAYE |  Loop | NEW J(DELETE]
Commoned " Wi 5 S Osciloscopet |[¢s] (_STEP)(TOEND)(_Wite ) (_LIST )(WMOVE ]

Clearkey [ Record Macros | [ Pemies vaiis || blocking |
Command: "M TimersSet’
FEPEAT: inf 0.000s

E\rent3| 8 of 29 || Insert Before | Insert After I
[ Duplicate ][ Delete ][ Move |

OSkip  Delay

[ EdtPGFTemplate ) | Select PGF-Template |

[afal]

AcCquire Seres

9. ELSIF Key="2
10: Seties: "Lockin" Break="134 5 E"
11:  ELEIF Key ="3"

12: Zeties: "Amp+Lockin”, Break="124 5 8" Sequense Arnperarnetry Label I:I
13. ELSIF Rey ="4" C ot ent
14: Setes: "Depal",Break="1.2356" | I

15: ELSIF Key ="3"
16:  Seties: "Amp+Depol” Break="123 4 B" Odverages [0 |

17:  ELSIF: Key ="g" Break Keys | 2,3,4,5,5 |
18: Lrnplifier: Ampl-2, h= 0.0000&, CClamp

19: Sefes: "CurClamp”, Break="7 3"

20 Clearkey

21:  ELEIF Key ="7"

22: Series: "co-stm", Break="6,5"

23: ELSIF Key ="8"

24 Arnplifier: Ampl-2, Yh= -60.000mY, Whole Cell

25 Clearkey
26 ELZIF: Key = "0" Repest Stetus
27 Clearkey
P ol et
25 END_IF S

29: EMD_REPEAT
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The main experimental protocol:
1. Set the initial conditions, then
2. Loop till experiment is terminated.

The single protocol events:

. File Store -> Activate storing; create new file, if none is opened for writing.

. Command "O DispTrace 4; Lockln_CM” -> Make the Lockin_CM trace the selected trace
in the oscilloscope.

3. Command "N WindowSwitch 2; Switch to Oscilloscope”

4. ClearKey -> Clear the key buffer.

5. Command "N TimerSet” -> Reset the timer.

6. REPEAT -> Start the main repeat loop = Repeat until stopped.
7. IF Key ="1"

8. Series "Amperometry” -> Acquire the amperometric current in ve-mode.

9. ELSIF Key ="2"

10. Series "LocklIn” -> Acquire the cell capacitance.

11.  ELSIF Key ="3"

12. Series "Amp+LockIn" -> Acquire amperometry and cell capacitance.
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13.  ELSIF Key ="4"

14. Series "Depol” -> Depolarize the cell, acquire cell current and capacitance.
15. ELSIF Key ="5"

16. Series "Amp+Depol” -> Depolarize cell, acquire amperometry, current, and CM.
17.  ELSIF Key ="6"

18. Amplifier Ampl-2, Ih= 0.0000A, Cclamp -> Set current clamp mode.

19. Series "CurClamp” -> Let the cell establish its resting potential.

20. ClearKey -> No active key = Suspend acquiring

21. ELSIF Key ="7"

22. Series “cc-stim” -> Find the injection current which evokes an action potential.

23. ELSIF Key =“8”
24. Amplifier Ampl-2, Vh= -60.000mV, WholeCell -> Set voltage clamp mode.

25. ClearKey -> No active key = Suspend acquiring
26. ELSIF Key ="9"

27. ClearKey -> No active key = Suspend acquiring
28. END_IF

29. END_REPEAT
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Additional keys controlling program flow

Keys: “b” for break and “s” for stop

.

idle 13:52:07 || 00:06:58 (5et]( Store JILE bk )5 bp ) 0 b ) (0% fit ) [ E Jume ) (@)
Comniment | Awerage [ 1|
PGF 10 1 FOEG 20 2 pekin 1 303 Hlockin) 4 Ilepnl ] S5 [+Depal) 86 fClamp )| 1 ID|[}|
Protocol 1 (T 2( SETUF ) 3 SEAL ]/)E.-'-/;DLE-CEIJ 5 ] 6 IR EBE

ltems in the Help menu can be used to M ¢) = & 022 3= Fril

show or hide “key” assignments.

Key assignments are stored in and Show Tooltips
retrieved from the “PatchMaster.key" file. Hide Keys
List Keys
Save Keys
List All Items

List All Macro ltems
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Notes

Multiple “Break keys” during acquisition: Available only in version 2x80.
“Break key” during acquisition in version 2.73 and earlier: “N” for “Next”.

Centering Lockln_CM trace: Use the “<>” function in the Oscilloscope window.
lts default key assignment is key “numeric*”.

Centering is very important because:

- The cell capacitance (example on slide 6) is about 13pF.

- Expected changes are in the range of 0.1pF, i.e. less than 1%.

- To see such a small change, the trace must be displayed heavily amplified.
- This most often causes the signal ending off-screen.

- Centering brings the signal back into vision.
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