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(MR RS E AT RN SRR BUE LS E YL ETE ST, B 4300745
AR EF B 2E AR AT ST, JETT 100083)

WE SRR Ca® JaN K K HiE (BK MlIE) /LM FLai g0 2Rk, BEZRZAERER. Bl
A DB L b BKOEIE KT AR AT, 10 HLAF HLAT K35 ) BKJEIE (BK) (3RS, JUHREMZ T, &
BUAER BN AR TR L (DRG) MrZecrh, 53 A7 /5 SR0E 1Y) BK Al IHE. 36 9 BK RLAUSCZN A Ca? BIURK ),
AR 3 BKCE TE R 57 B ChTX B, i FLAICAR 1 i ) DL &b e 2 S s R 1

S PR, BKOEIM, Jon
HRHKS Qa4

K HEL 3 1 P H RS S350 1 B8 3 (BK AL TE) A1
JIE 25 B AL B Y Ca® T v N Ja ) v MR o,
T H T ML Ca W LT A/ Bl AR AL T S |k
R P A, AR SRR, BK A T8 A1 A s 4R
() Ca* IEABIE, DAL, R~y pht et Bor sy 1
LA B EE AL R BK I I 5 £ P 2 23R 41 g
I AFAENS, AH R AR D IR S B T, R
SELEMETTH.

THRAHEZETY (dorsal root ganglia, DRG) M4
2R s SR AAC R P U PR B A RV B RES, /N
12 1] DRG 28 70 Mo A4 RNl 58 T2 EEAL 18 I A il 8
G5B, TR EARMIANE TG LA U R 5
KL SEHT DRG #2270 b BK OB IE A58 22 5 T
BK X S F AL, s BK THIE A DRG
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APD)4ifiL,  BAE WL 1R 43 K A% (firing frequency)
I}%/TE\E[ICFD].

AT IAE KB /N A 4% DRG (L4-L6) 14 It
o, SRTEI BK LR AA 7, RPN SE A1)
SAGREPE. RIS I BKHLU 0 i i Ca® BBUR 1),
R HL T BK O T8 455 57 BH W 771 ChTX BE4% FH KT 2% 7
() BK HLIAL RG>, A A I 7T LU Ah 248 BK
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1.1 k5
DMEM FJifs - 1fiL 35 (FBS) W4 H Gibco 2 7l ,
HA R34 B Sigma 2 w2l A1 A TR 111

(papain, twice crystallized: Sigma, cat no. P3125)
ff K B2 16 U/ml, I W SRR, A
5 mmol/L L-cysteine 3. 7EAMEH I 10 mmol/L
4-aminopyridine (4-AP) LA BH W F Hs A8 ) K 38 1E
(Ky)™M. Charybdotoxin (ChTX, Sigma, cat no. C 7802)
PiC 1 B 50 wmol/L (I, I 0.5% (5t 4R R
k) 413 A 2 (bovine serum albumin, BSA) B
IEARRs VR R &5 A, A8 H I A R R A
100 nmol/L.

1.2 DRG BZHEH S &

B 3~5 J& [ HEE Wistar KRR, HGH WSk 4R 2E,
MAFHESN KGN L4, LS FH L6 4 45 W] Bt (1)
fize — [, BT TSR UK ) DMEM M
FERFFREET T B B A0 BY 454 28 57 B A 1 1 AR A
JERRPH S5, B T B RE. K T e 3 37°C
THU9RF PRI P [ 1 ml Collagense (2 g/L), 50 wl Dnase
(4 g/L), 1 ml Trypsin (0.5 g/L)], /K¥EHEK 37°C,
170 t/min) 4L L) 35 min, [ EREREEET, fEA0
JE2 L. A 8 ml 37°C 5 i /1 ML ) DMEM 5557
FL& 1. 1000 r/min &0 6 min, % Lif, A
400 wl DMEM }5 IR BRI T 245 73 Bl W s
Jr )20 wl, 37°C#ERE DU 20 min. BEOLIIA 2 ml

*E 5% AR R 3 4 % W) 35 H (30025023, 30270363, 30130230,
30470448), F O AL AL W % B I H (G1666054000,
2004CB720000), H FEL R} e £0 R 8138 TREIH H (KSCX2-SW-224) il
A RIE G R P RS .
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ML DMEM 85774, 1 37°C Sk iR E IR M
g% 2 h AR .
13 BEEEE

A2 AT EPC 9 5 BIECR 2% (HEKA,
Lambrecht, % [¥), PULSE-+PULSEFIT 8.67 % {1
(HEKA Electronics, 7 [H). 4> 41 g i 3¢ 84 25 4
0.5~2 mV/pA, JBEHAIEHI/E-60 mV, HIHAZKH
BH 2~4 MQ , 90%~95% Rs #Mz2. Uit SN 25 K H
MPS-1 £ 3038 Pod e N2 2 48 (P RHEOR AR
A A R AT B 7).

JRE R SE B AR =R R (20~25°C) HEAT, 441
05K R NI 4 4. KCL 150 mmol/L, MgCl,
2.5 mmol/L, HEPES 10 mmol/L, EGTA
0.2 mmol/L, MgATP 2 mmol/L,  Na,GTP
0.3 mmol/L, ] KOH i pH {i £ 7.4. 41 fa 4N 111
43k« NaCl 150 mmol/L, KCI 5 mmol/L, CaCl,
2 mmol/L, MgCl, 1 mmol/L, HEPES 10 mmol/L,
Glucose 10 mmol/L, M NaOH i pH {H #| 7.4.
0 Ca #MEH] 2 mmol/L MgCl, 5 #e 1 % 4 1)
CaCl,, JFIA 1 mmol/L i) EGTA. 3% Ik 1F H
Wescor #2870 Hs Ji2 & AL &, N2 & SR
£ 290~300 mOsm, Hh ¥ (133 & Jk I £ 305~
315 mOsm.

14 BIRESH

B4 43 M1 B ] Igor Pro 4.09 (WaveMetries,

Lake Oswego, OR, USA) #Af. SZ56 25 K H (x +5)

2 4 ES
21 KiR/DRG #HE T LELiBEFAEKRERN BK
BiE

MR, 7 DRG #1470 E4 T hruE )
il BK HL I, BI 5625 7 XSO0 (-60 mV
HHBI AL 257 100 ms 0 mV )2 A Ak v PR 3R ) Al
Ca* I LR [0 Ca MIEN W, HHSLT
400 ms EARALE] 80 mV ¥ HE e A, s HE A
Ca* MM K B (Ke) AT HL s 1 i 1 K L IR
(Ky), il 1 A s e B 1R He s R I . AR5 A
—-60 mV il WAL H 2 LA 2] 80 mV, XN T
B Ca* Wi Ke, I8 JLFATFI, 2R AGEIE
A R A K IR (Ky). P 8 AH DA 0 A HL
RP2l Ke, FALE 1 AT ). Bra g i b i A
MY 80 mV, I H 4 T 90%~95% (1) Rs %k
. BATRI/N DRG M4 oo (41 H 12 =

(26.2+5.5) pm; n=82), 96.3% (79/82) K&t I
AFAE LR (PRI H 58 42 K0 16 K, (A 1a 47
By, FRARHGUA 159 20 R0 N R A0k 7 = 80 ms. X
H 3.7% (3/82) ALt 0 LRI A IR AN A 35 Hh
] B (&1 1b A7 ).

@

10 nA

(b)

-60 mV

Fig.1 Inactivating and noninactivating Ca’*-dependent K*
currents in DRG neurons
Whole-cell current trace recorded with the pipette containing 150 K*
were shown. The cell was stepped from a holding potential of -60 mV to
either —60 mV or 0 mV for 100 ms and then to 80 mV for 400 ms. The
voltage protocol was shown at the bottom. In all the whole-cell cases
without specific explanation, cells were bathed in the normal saline. The
current trace at 80 mV by 0 mV prepulse is supposed to contain both
Ca*-dependent K and K currents and the trace by —-60 mV prepulse is
only composed of Ky current. Therefore, a difference between the two
traces gives a net Ca*-dependent K* current shown on the right. (a) the
difference between the two traces shown on the left gave a pure
inactivating K, current, a single-exponential fitted to the inactivating
K, current gave the time constant of inactivation 7=80 ms. (b) the
difference between the two traces shown on the left gave a pure
noninactivating small outward current.

iKW, /N DRG #2805 77 A6 4 ARG
() Ca B Y K 38 (K, IH). SR11 217, DRG
FREE 6 b BK B IE K57 5T 0% T 230 LR 3
TE2,
2.2 KiEH Ca BiER KT BIRMIR S 2 Ca®
BUERRY

0 Ca FMEE LR MGG, JiE 1 R
Iyt BAWT (n=19). P4 TIEE SN, RE I HR
SRt Bk 52 (T 2a). P A IR A 22 13 4 B Oh 56 4
Ca® U L 2> (BK HLIR)(K] 2 b), R B DRG
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Pz 0 B BK HURIARE Ca AP

Control Recovery

10 nA

200 ms

80 mV
-60 mV
(®) «
', Ca”-sensitive current
10 nA

100 ms %‘i 72854ms

m
"’”‘wm

Fig.2 The Ca*-dependent component of whole-cell current
(a) Application of calcium-free external solution reversibly eliminated
the inactivating Ca*-dependent K™ current at 80 mV. The voltage
protocol was indicated at the bottom. (b) The Ca*-sensitive K™ current
was obtained by subtracting the current recorded in calcium-free
external solution. The best single-exponential fitted to the inactivating

current gave a slow time constant of inactivation 7 = 85.4 ms.

23 RIERY Ca* BUERY K+ B S AT A BK
BB FHIFEETF ChTX FrPEER
# 2 Charybdotoxin (ChTX) f¢ % 7F 44 FE /R
(nmol/L) ¥y B T 4 7 b BH 1By A it 52 1) BK e,
Eﬁ*&iﬁ%ﬂﬂ% FLBh W) I 5T v B ok % e
T AR B FHUS. T8 BB R S b B BT K PR
#uﬁ BK IfiE, FrPLHISR % Ca® WO I K- MR
By AT At BK L. ZEZME A 100 nmol/L )
ChTX J&, ZRiG) Ca PO 1 K- HLU e 20 #5 PH Wy
(18/18), XutH] DRG 4iJfl FiXFh 2 3% 1) Ca* Uk
(1) K HLALR A3 ff 2 K HL S 1Y) BK FILAL. T 0 A
Wi 15 min J5 ] CLZEIS A SE UK R (%
WHE A 80% A A47) (K 3), 1X— AilA] Ding 25194
chromaffin 40 i b ¢ T K& 1 BK HLUGT ChTX &
TR R IF I 45 18 e — ).
24 ARINEABGA] AR Z @IS R K TR 1%
BAIRI SRR, /N DRG £ 0 5 i £
TEA RIE I BKOEIE, 4R1 2 /71 DRG #1461
T 18 10 T E B A R B R R T R AE Do,
Armstrong ZF0RE 7T E B4 M I, —FRhAEJEAR
20 0 4 2 v A% 3k A () i —— K ICER 11 i (papain),

20 nA
100 ms

100 nmol/L CTX

80 mV

4’_10111\/

-60 mV

Fig.3 The Ca’*-dependent K* currents identified as BK
channels by BK channel blocker ChTX
Ca*-dependent K* currents activated by a voltage step to 100 mV before,
during and after the application of 100 nmol/L ChTX were shown.
Outward current trace were clearly reduced by a BK channel blocker
ChTX, which means that Ca*-dependent K* currents were BK currents.
The voltage protocol was shown below traces. Obviously, recovery of

BK channels from blocking was incomplete.

After 60 s exposure to
16 U/ml papain

%

20 nA
100 ms Control
80 mV

0mV

-60 mV

Fig.4 Extercellular application of 16 U/ml papain removed
the inactivation of BK current

Whole-cell current from a DRG neuron bathed in the normal saline with

10 mmol/L 4-AP were shown before and after bath application of

16 U/ml of twice crystallized papain for 1 min. The voltage protocol was

the same with Figure 1 and shown at the bottom. The inactivation of BK

current was clearly removed by papain.

S BKHIE K 2 TG R 0. AT I nT ReAE

3 5 L P e R PR AT R TR Ay R R R A
MR > B AHSS A7, S BK I8 3E & 11 52
HALVE R P RE I, LRI T T 1R R TR . DR
BATLE IEH AN N 16 U/ml - R 45 & 1) 46
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papain (& G FH i B HL L Ath 40 25 w7 BB R T 4) A
10 mmol/L (1] 4-AP (BHWTHL AR K, T8 )07, Ak
BN papain — B H] )5 (60 s), Ji 56 PR Td K6 (1)
BK HLYE (S35 I 6] 55 % 7 = 88.9 ms) T~ 2RI HFAE
AR, AR AN K I G208 0% 1) Ak 1) LR (6/6,
IR TH) 35 H 7 = 246.5 ms)(F 4). X papain 1]
i N4 R AME Tl iE S, A2 R £ R )
FEE.

39 #
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FE (action potential duration, APD) 4%, #h1E AL
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TEHE G0 (BT K J8E), AN & W Re 8 7E H
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4-AP AU, A2 RIS IR 1 AR A AT
SR KR T DRG fhR o0 b, BK Al IR 0% 1
REB S A0 I A TV ER 1 8 P 2. H I AE T B 5 4
JfL o3 B pa R b, e A AR ] e 2y T B0l TE 2K
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J—Rh TR 2y, HERR K EIE R, SRR
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Inactivating Calcium-activated Potassium Currents
in Rat Dorsal Root Ganglia Neurons”

LI Wei”, WAN You?, HAN Ji-Sheng?, DING Jiu-Ping", XU Tao""
(“Institute of Biochemistry and Biophysics, College of Life Science and Technology,
Huazhong Unwversity of Science and Technology, Wuhan 430074, China;
AInstitute of Neuroscience, Peking University, Beijing 100083, China)

Abstract Large conductance voltage and Ca*-activated K* channels (BK channels), which are ubiquitously
expressed among mammalian tissues, play a variety of physiological roles. The inactivating BK channels have not
been extensively studied in primary tissues and rarely do they exhibit inactivation. An inactivating BK current
(BK;) was identified in rat small dorsal root ganglia (DRG) neurons . The inactivating currents are sensitive to the
specific BK channel blocker charybdotoxin (ChTX) and the effect of ChTX can be removed partially when washed
with normal external solution. The inactivation of BK; can be removed by external treatment of papain.

Key words dorsal root ganglia (DRG), BK channel, inactivation
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