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1976 Erwin Neher Bert Sakman AchR
, pA 1981
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TEST STIM. IN
HOLDING COMMAND
STEP COMMAND —-100mV -80mV
-50mV -20mV -10mV 0 +10mV +20mV +50mV +80mV +100mV
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2.1
PC2C
50GQ/0.5GQ
1. Input connecter Teflon Q9
BNC H1 ZL 01 2 12489.3
Ve
2. REF. Output Imm
Ve
Ve 90Q2
10kQ
Ve
3. GND connecter Ilmm
3
Ve
2.2
PC2C
PC2C
12 1. PIPETTE
OFFSET 2. MODE 3. SLOW CAPACITANCE
COMPENSATION 4. FAST CAPACITANCE COMPENSATION 5.
SERIES- RESISTANCE COMPENSATION 6. Vcomm/NOISE
7. STIMULUS SCALING 8. ZAP 9. HOLDING
COMMAND/Vyorp  10. SCALED OUTPUT  11.
LOW PASS BESSEL FILTER  12. POWER
1. PROBE 2. SIGNAL
GND 3. CURRENT MONITOR 4. VOLTAGE
MONITOR 5. STIM. IN 6. AC 220V 7.

FUSE 0.5A
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2.21
L. PIPETTE OFFSET
+200mV 5.00
OmV 0.00 —200mV 10.00 +200mV
2. MODE
4 VC Voltage Clamp
CC Current Clamp ——
CC+COMM——
SEARCH—— VvC
TEST—
STIM. IN 100pA/V
3. SLOW CAPACITANCE COMPENSATION
5
3 RANGE C-SLOW
G-SERIES
1 RANGE
C-SLOW  G-SERIES OFF 10pF
100pF  1000pF OFF
10pF 10pF
100pF 100pF
1000pF
2 C-SLOW
PC2C RANGE
RANGE 10pF 0.00 0.1pF
1.00 1pF 1pF
100pF 10pF  1000pF 100pF
G-SERIES  C-SLOW
3 G-SERIES
Rs C-SLOW
Rs —_— uS S
S=1/Q uS=1/MQ
0.00 0.01uS
100 MQ 1.00 0.1uS 10 MQ
0.1uS 1uS IMQ
C-SLOW  G-SERIES G-SERIES

4. FAST CAPACITANCE COMPENSATION
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C-FAST T-FAST
1 C-FAST
1pF 10pF
3pF

2 1-FAST

C-FAST

5. SERIES-RESISTANCE COMPENSATION
Rs
5
COMP. ON FAST/OFF/SLOW
%-COMP
1 COMP. ON
Rs

2 FAST/OFF/SLOW

OFF

FAST SLOW
3 %-COMP

Rs 90
6. Vcomm/NOISE
Vcomw/NOISE
mV
Vcomm VhoLp
Viorp —-80mV STIM. IN 1000mV STIMULUS

SCALING ><0.02 Veomv= —80mV+1000mV ><0.02= -60mV

NOISE 300Hz LOW PASS BESSEL
FILTER CURRENT MONITOR
Root Mean Square RMS 0.1lmV GAIN 100mV/pA
0.ImV IfA RMS
7. STIMULUS SCALING
0.02 20mV/V
8. ZAP
GQ
1.2V
10us  10ms

1 TIME
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Ims
2 PULSE
PULSE 1.2V
9. HOLDING COMMAND/Vyorp
STIM. IN
STIMULUS SCALING VC
CC+COMM VC
CC+COMM IpA/mV
1 STEP COMMAND
VC
-100mV -80mV -50mV -20mV -10mV OmV +10mV +20mV +50mV +80mV
+100mV
VHOLD
2 VHOLD
+200mV 5.00 OmV
0.00 -200mV  10.00 +200mV
10. SCALED OUTPUT
1 OVERLOAD
2 GAIN
CURRENT MONITOR
GAIN 0.5~20mV/pA 0.5GQ
100kHz 20nA
10~1000pF
GAIN 50~1000mV/pA
50GQ
200pA 20kHz
11. LOW PASS BESSEL FILTER
CURRENT MONITOR
4
-3dB CURRENT MONITOR
10kHz 6

12. POWER
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CHAS
SIGNAL GND 10Q
2.2.2
1. PROBE
12 DIN
2. SIGNAL GND
4mm
3. CURRENT MONITOR
Q9 BNC 50Q
/
FM PCM /
4, VOLTAGE MONITOR
Q9 BNC 10 10><Vcomm
10 10><Vp
50Q
5. STIM. IN
Q9 BNC 8.5kQ2
6. AC 220V
220V PC2C
8. FUSE 0.5A

1A
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3.1

pC2C

3.1.1

PC2C
1. PC2C
2. PC2C
3.
4. H1
5.CM1
6.Q9 BNC
7. Imm
8. 4mm
9. PC2C

3.1.2

—_

PC2C

PC2C

4 PC2C

5 pPC2C
PIPETTE OFFSET
MODE

— e e e

~220V
~220V£10%

PC2C STIM. IN

CURRENT MONITOR

5.00
TEST

SLOW CAPACITANCE COMPENSATION

G-SERIES
C-SIOW
SLOW RANGE

1.00
0.00
OFF

FAST CAPACITANCE COMPENSATION

T-FAST
C-FAST

0.00

SERIES RESISTANCE COMPENSATION
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%-COMP 0
FAST/OFF/SLOW OFF
STIMULUS SCALING OFF
ZAP
HOLDING COMMAND
STEP COMMAND 0
Vhorp 5.00
SCALED OUTPUT
GAIN 10mV/pA
LOW-PASS BESSEL FILTER SkHz
3. PC2C
v 30~1kHz
1
2 TEST
>50ms <10Hz
GAIN 50mV/pA 50GQ
0.5GQ
4. “ plug to plug > Q9 BNC CM1
Imm GND
CM1 3.1
10MQ
4.7pF ,
—] | o — (=
— (GND)
Q9(BNC) 5IMQ  22pF
0.5GQ
3.1 CM1
I0OMQ G, 0.5GQ
1 10MQ SEARCH
VC PIPETTE OFFSET

STIM. IN CURRENT MONITOR
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0.5GQ

pPC2C

3.2

3.2.1

Vp
Vp

3.2.2

pPC2C

Cin 4.7pF
GQ STIM. IN
C-FAST C-FAST
TpF
GQ
0.5~20mV/pA
0.5GQ
RANGE 100pF
C-SLOW G-SERIES
C-SLOW  22pF 0.2uS SMQ
CC+COMM 0.5GQ
7 s & 7 loms
Q9 BNC PC2C
2~4
GND
GND
1mV
GND
SIGNAL GND
Imm
SIGNAL GND 4mm
> 0.5mm?
CHAS 220V
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10Q2

50Hz

pPC2C
MONITOR

3.2.3

30~100kHz

OO

—~

CH2 CHI ©

CRT

CURRENT

CURRENT
V-MONITOR MONITOR

pPC2C T J) J) TC

STIM. INL\

b o

3.2
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32

PC2C
FM PCM
CURRENT MONITOR
F1000 4  Bessel
2.
3.3
fk_ )—; L PP
CURRENT
[ MONITOR
PC2C /g é\é/ ? =
STIM.IN  V-MONITOR
33
3.24
H1 pPC2C

ZL. 012 12489.3

1 Q9 BNC

2 0]

3 @)
H1 HEKA
H1 Tcm

Q9
1 100mM KCl
ImA Cl
2 3g gas flame
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Q9
3.2.5

AgJr
34 10ml

150mM NaCl

Ag-AgCl wire

— la probe GND
3.4
EPC-10 EPC10 Patch Clamp Amplifier Manual 8.6 pp.57
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PC2C -
CURRENT MONITOR
PC2C
4.1 VC
4.1
STIM. IN VioLp
Veomm VOLTAGE MONITOR Vcomw/NOISE
Vcomm Veomm
OFFSET Vp
! i
! A% !
! |
! |
T |
i | \ i CLRRgNT MONITOR
N "
MV i |
= VP
S)}—o0 STIM.IN
Cen >
L o
VOLTAGE MONITOR
4.1
4.2 CC CC+COMM

PIPETTE OFFSET M

]
VOLTAGE MONITOR

4.2

PIPETTE
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CURRENT MONITOR

4.2 30us Vp
VOLTAGE MONITOR
VOLTAGE MONITOR Vcomm/NOISE Veomm
CC+COMM
STIM. IN VhoLp IpA/mV
Vo 1mV 1pA STIM. IN
1V STIMULUS SCALING 0.1 100pA
1pA/mV GAIN
STIM. IN
GAIN 0.5~20mV/pA
4.3 TEST
43
STIM. IN Vhorp
v 100pA/V STIM. IN 1V
100pA
STIM. IN 10Hz
30ms 1Hz CURRENT MONITOR
I-v
STIM. IN
STIM. IN

:r W

| l

l l

T |

i \ i CURRENT MONITOR

O
Y B J
Vp fz\:

PIPETTE OFFSET @

0 TESTIN

4.3

TEST
Colquhoun  Sigworth 1983 GAIN 50-1000mV/pA
100kHz GAIN
20-50mV/pA 50kHz

TEST
STIM. IN GAIN
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4.4
4.4

Vcomm

GQ
Ve

STIMULUS SCALING OFF

SEARCH

g
Y.

CURRENT MONITOR
Ve Ip
<10MQ

CURRENT MONITOR

Ve

10MQ

CURRENT MONITOR

44
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5.1
5.1 STIM.IN
CURRENT MONITER 52
C-FAST
T-FAST
I_ ______________ =
e i e R
! |
| |
/_,_p | CURRENT
v~ | MONITOR
o | : !
1 S |
E Coor | !
MN— = |
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i ERMEIET, B 1, R
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P 100
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5.2
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Ims

SLOW

CAPACITANCE COMPENSATION
RANGE 10pF G-SERIES
C-SLOW

5.2

GQ

Ry Gs

CURRENT
MONITOR

53

TR RET  EHEEEA-S08M O

Contr lillﬁﬁ =
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Crn
54

STIM. IN Rg
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Cm
= RscM
CURRENT MONITER 54
R=5MQ Cy=20pF 100us
Na®
LOW PASS BESSEL FILTER 10kHz
G-SERIES CURRENT MONITOR
G-SERIES C-SLOW
1 RANGE 10pF 10pum 100pF
10pum um 1000pF
2 STIM. IN
3 G-SIERIES CURRENT MONITOR
4 C-SLOW
5 G-SIERIES C-SLOW
5.3
5.2
Rs
Rs=5MQ 2nA 10mV
2mV
Hodgkin-Huxley
5.5 Ip Vp IP
PC2C Rg Sigworth, Chapter 4 in Single Channel

Recording 5.5

-20 -
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— Y
— : CURRENT
l . i MONITOR
: : o
& STIM. IN
/\/\/\/\1 0 4——’?:\—0
5.5
PC2C Rs Rs
1. = (1-o)1y
a<l 1y -
a %-COMP
C-SLOW
PC2C
Rs Gs G-SERIES
C-SLOW G-SERIES
Rs %-COMP
100%
90% 90%
100mV 90%
10
v
100mV AV AVI(1-0)
o PC2C
1.4V 90% +140mV
%-COMP
Rs Rs
10MQ
Rs FAST/OFF/SLOW SLOW
Rs
90% Ty 100us
T Rg
%-COMP E
CURRENT MONITOR T

Tc(min) = V Tu - Tf

_21-
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Tf Rg FAST e 2us SLOW
6us o
a(max) = 1 - Tf/ru
5.1 FAST Tu o
%-COMP Te
5.1
Tu (18) a T, (Us)

90 0.85 13
50 0.80 10
30 0.75 8
22 0.70 7
13 0.60 5
8 0.50 4

SLOW 90% Ty 500us

C-SLOW G-SERIES Ty C-SLOW
10pF 100pF 1.00 G-SERIES 0.1uS
1.00 10pF/0.1uS=100us
Rq C-SLOW G-SERIES C-FAST <t-FAST
FAST SLOW 0 %-COMP
RS (¥ 7y
5.4
+/ =30mV +/ —200mV Cl
Barry & Lynch, 1991; Neher, 1992; Neher, 1995
Neher 1995
Neher 1992
Barry & Lynch 1991 5.2
140mM NaCl Barry & Lynch

5.2

22
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145 K-glutamate, 8 NaCl, 1 MgCl,, 0.5 ATP, 10 NaOH-HEPES

145 KCl, 8 NaCl, 1 MgCl,, 0.5 ATP, 10 NaOH-HEPES

60 Cs-citrate, 10 CsCl, 8 NaCl, 1 MgCl,, 0.5 ATP, 20 CsOH-HEPES
32 NaCl, 108 Tris-Cl, 2.8 KCI, 2 MgCl,, 1 CaCl,, 10 NaOH-HEPES
70 Na,SOy, 70 sorbitol, 2.8 KCl, 2 MgCl,, 1 CaCl,, 10 NaOH-HEPES

10mV
3mV
12mV

—-3mV
6mvV

-3
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6.1
Cs
Cs
Sylgard
A
6.2
6.2.1
CURRENT MONITOR
R=AVIAI
GQ
2mV
2pA
2mV
STIM. IN 100mV
S5Hz
10ms
PC2C
MODE SEARCH
Viorp 0

LOW PASS BESSEL FILTER  1kHz
%-COMP OFF
RANGE OFF
GAIN
GAIN
GAIN

6.2.2

Sylgard Dow Corning Corp. USA

GQ
InA 2MQ
1GQ
STIMULUS SCALING 0.02
ImV/pA
OVERLOAD

-4 -
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SEARCH
SEARCH
Is SEARCH Vp
Ag/AgCl
2 Q9 BNC
3 PC2C
PIPETTE OFFSET
10> Vcomm 0
6.2.3 GQ
2/3
30s
GQ GQ

C-FAST -FAST C-FAST

1

2

3 45
6.3

1.
MODE VC
HOLDING COMMAND/VxoLp

10MQ
44
SEARCH

SEARCH
VOLTAGE MONITOR

1.5
GQ
GQ
—40~—60mV
50mV/pA
T-FAST

GQ

VhoLp 0

_25.-



www.yibo.net

—70mV
SEARCH VC SEARCH
VC SEARCH
Vcomm
2.
STIMULUS
SCALING OFF
STIMULUS SCALING GAIN
LOW PASS BESSEL FILTER
C-FAST  t-FAST 5.1
3.
GAIN 50mV/pA
50GQ LOW PASS BESSEL
FILTER 10kHz
CURRENT MONITOR
GAIN 100mV/pA
CURRENT MONITOR
OVERLOAD
pPC2C
inside-out
STIM. IN
CURENT MONITOR outside-out
CURENT MONITOR 6.1
6.1
CURRENT MONITOR
+
+
6.4
1.
GQ
PC2C ZAP
ZAP
PC2C +1.2V
TIME 0.1~10ms
Ims ZAP

PULSE
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1.2V
CURENT MONITOR

STIM. IN CURENT
MONITOR
5 Rs
Rs
Ca™" 10mM EGTA
2.
G-SERIES  C-SLOW
52
3.
5.3
Ry C-FAST
T-FAST
5.3
FAST/OFF/SLOW FAST SLOW
%-COMP
5.3 Rg
C-FAST 1-FAST C-SLOW G-SERIES
G-SERIES %-COMP
G-SERIES G-SERIES %-COMP
%-COMP
Rs Ty Tu C-SLOW G-SERIES
C-SLOW 20pF G-SERIES 0.1uS 1,=20pF/0.1uS=200us
Ty 500us FAST/OFF/SLOW FAST
SLOW SLOW
Tu Tu 100us 90%
Tu
%-COMP 5.3
4. /
100kHz
16us 10kHz Rs
CURRENT MONITOR 10kHz

_27 -
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6.1
5.
6.1 A 20mV
4ms Rg
1
200us 2  RANGE 100pF G-SERIES
C-SLOW 3 G-SERIES 4
G-SIERIES “e i 5
C-SLOW
200us 6 Rs
FAST %-COMP
G-SERIES C-SLOW
6.1 B 50mV Na Cs
K 7 5 G-SIERIES C-SLOW
Rs  %-COMP Na
8 %-COMP
Na 9 +70mV
G-SIERIES C-SLOW C-FAST
A B
[ e _I—\—
tona | 1 s
hA‘_i__k——————y,__ 7
_ —
3 LAI—/L——
- A
R
5 9
6
-
6.1
6.5
MODE CC
VOLTAGE MONITOR
MODE CC pPC2C 10kHz
C-FAST C-SLOW  %-COMP
CC GAIN 0.5GQ
CURRENT MONITOR
CC+CCOMM Vuorp STIM. IN
CC+COMM STIM. IN
STIMULUS SCALING VuoLp ImV
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CC+COMM

1pA
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50GQ/0.5GQ GAIN

200pA  50GQ 20nA  0.5GQ
Input connecter Q9 BNC
REF. Output Imm
GND connecter Imm
4 50GQ rms
DC~1kHz <60fA
DC~2kHz <130fA
DC~5kHz <350fA
DC~10kHz <700fA

0.5~1000mV/pA
100kHz 0.5GQ
3dB 1kHz/2kHz/5kHz/10kHz

0-10pF 0.5~5us
0.2~10pF 2~100pF 2~1000pF
0.01-1pS

0~90%

+/-200mV
+100mV/+80mV/+50mV/+20mV/+10mV/0/
—10mV/-20mV/-50mV/-80mV/-100mV
0.1/0OFF/0.02

+/-200mV

x10

+/-200pA
100pA/V  20pA/V

300Hz~
0~199.9mV rms
220V/50Hz

44x20x13mm
440x84x320 mm WxHxD

-30 -
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Hamill

1.
Al
A1
mm
Non-heparinized hematocrit tubing 3
Any scientific supplier .
Drummond Microcaps® L4
Drummond Scientific, Bloomall, PA, U.S.A. ’
mm
Kimax 51 .
Kimble Products, Vineland, NJ, U.S.A. ’
Boralec 100 17
Rochester Sientific, Rochester, NY, U.S.A. ’
Corning Sealing Glass(#7052, #7040) L6
Dow Corning, Midland,MI, U.S.A. ’
GCASS 150-4(aluminum glass) s
A-M Systems, Everett, WA, U.S.A. '
EPC-10 EPC10 Patch Clamp Amplifier Manual 8.6 pp. 58
800°C 1~2MQ
1kHz
Kimax
Rae Levis, 1984
2.
7-10mm
200-400pm
3.

_31 -
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Sglgard
50 20
Sylgard

Sml

Sylgard Dow Corning Corp., Midland, MI, U.S.A.

2~3

0.2um

-18

mm 10~20pm

400~800

-32-
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B
PC2C
CRT TV
3
PC2C NOISE
NOISE CURRENT MONITOR
Root Mean Square rms 0.1mV(rms)
300Hz 300Hz

LOW PASS BESSEL FILTER
LOW PASS BESSEL FILTER 2kHz GAIN
100mV/pA 1fA(rms)  0.1mV/100mV/pA=
10°pA=1fA 300Hz~2kHz
PC2C 140fA
G-SERIES 1.00
C-FAST COMMAND INPUT
C-FAST C-FAST
3~4pF

pPC2C

ms

Sylgard Sylgard

GQ
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50%
1/10

Rg Cum 1kHz

RS CM
Marty Neher 1983
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PC2C 12
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PC2C
PC2C
1137
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027-87548911  027-87464502
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