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Characteristics and kinetics modulation of BK., in mouse smooth muscle cells”
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Ministry of Education sAf filiated Hospital Luzhou Medical College s Luzhou, Sichuan 646000 ,China)

Abstract: Objective
using patch clamp technique. Methods

To investigate the basic characteristics of BK¢, and STOCs and the effect of calcium on BK¢, kinetics by

Smooth muscle cells were freshly isolated from mouse cerebral arteries with two steps.

BK¢, macro-currents and STOCs were recorded by perforated patch clamp. Single channel current of BK¢, was recorded in inside-

out and outside-out configuration. Results

BK¢, macro-currents and STOCs were significantly suppressed by 200 nM IbTX, a spe-

cific blocker of BK¢,. The characteristics of single channel included large conductance, voltage dependence(V,,; =78.09 mV) and

calcium dependence(Ky=0. 881 M) and being blocked by extracellu

ular IbTX. Intracellular calcium ion modulated the kinetics of

BK, including reducing the closed time constant and facilitating the transition from closed state to open state. Conclusion The

characteristic properties of BK¢, in mouse cerebral arterial smooth muscle cells are very similar to those found in other tissues. The

currents can be recorded easily and good for studying the modulation of BK,.
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pg/mL PIHE B3R B, %200 L 33 S SR FH B BR A i 26 (f
7 —60 mV, A —60~-+60 mV,IF2400 mV) FIAHHE 3 3%
J7 2 (R 7 — 60 mV, h—80~+70 mV, 4% 0. 375 V/s.,
WFFR 400 ms) B %R 1 Hz, RS AR 10 kHz, STOCs it #
K [ 5 e — M 7 AT A0 5% L B AR 30 s,

1.4 FUEERRAICSE B E B R Id % E 2R A insideout
AL AT, B N R 43 : K-Asp 40 mmol/L, KCl 100
mmol/L,pH 7.2 HEPES-K 10 mmol/L,EGTA 2 mmol/L; &
W4 : K-Asp 100 mmol/L,KCl 40 mmol/L,pH 7. 4 HEPES-
K 10 mmol/L #1 EGTA 1 mmol/L, 433 5% A [ H F Fil A ]
WeEs Ca®t e (0,10 %.10 7,10 °,10 ° mol/L) F BKe, 1%
PE 38 IR L AL+ 40 mV I A9 L AR S G E 4 B BKe 1L
FE AP Ca " SRR R 38 B ) 22 R AE

1.5 %it a3 R MiniAnalysis program ( synaptosofl
software,leonia, NJ) 43 #1 STOCs C4f i Mg {5/ = — 30 mV,id &
30 ) Ay BE FARLR , B STOCs BYBIE g 10 pA, HAR TR F 4t
ik ClampFit 10, 1 #4743 47 . SR SPSS 14. 0 £ HL [
RIr 2T gt o i RRER M T4 s 3RoR L BL P<C0.05
HZERA G E X Yk B 5 AR ME AR 09 R T R R
(NPo) X Z M Hill 71 Y= Xb/(cb+ Xb) (X: M NI Ca®'
W 0. Ca™ B W EUKD ;0. 75 R H B (nHD .

2 % ES

2.1 BRKe. MM AEA R A S050 R T 42 40 M 2 £L R it
HARIE S BKe, 22 W HLH AT STOCs #5472 — 60 mV, #3580
S LA AR # B AL, 45 R R BR OE 2 BB R R
R L B 25 ARk H s Y 1 B e, 2 W U 25 B ] I 5
(B D, i —25 43 1 2 W i 3 R AR FT L, STOCs B AL S in
T BRe. EWHE R Z EL 2 REEFAEE D, mixtF STOCs 1y
10 57 U FE 47 8 R W B Pl 6 R BEAT A I R SR A 43 BT (— 50~ 0
mV, 3t 6 NHAL K RFLERE] 30 ), AN HL A K S 2]
185k 3] STOCs , Fifi & B 25 W% Ak B AL B 35 0, STOCs 14 451 25 i1 g
BEXIE . 2 B0 U] WAy A K . BKe 25 W R A
STOCs #PfiE#k BKc, 09 45 5 Pk FH W 77 IbTX (200 nmol/L) 11 1
(B D3R STOCs ML i F 2k BKe, T #574 .

2.2 BKeHEBEREAEY R A inside-out il outside-out JI
Fig 5% BKe. B9 5058 8 854 (B 2) . #£ inside-out # R, 495K
B30 R F T P T [ 1 BRLGH E FE  BEER X BK e #EATIESE . AE
VA VB FL AR YA S R T i B (140 mmol /L) AR AT, B i # A
=40 mV ERAF] 40 mV, & RIC % B H 2 30 s, AT UL R
B FL A A 1 T T ORI R AR HE R R
T T FF O A 9 22 2 Boltzmann 7 B LG . 45 B 58 38 (19 #
s TS P Y 4 R 2 B KT L (V20 Dy 78,09 mV

5o 7 A P AR K Wk L IR Jo s [KE i =
140 : 140,[ K" Jo: [K" ]i =140 : 6,[K" Jo: [K" ]i =6 :

140, 43 SIAE LA JUFP IR 80 30 s A [R) ol | o7 F i e 3 s SR U5
i -V f 2k . & Goldman-Hodgkin-Katz J5 f2 L& . 15 3] ) 5 By,
5@ W07 2 EK=(RT/P)In[K* Jo/[K™ ], #1515 5] 1) #
VO AE B A — 3, 78 % FR M o B W, BR e 19 R R L
t%?‘:z[ﬁ BKc, B A B A KT 380 (B 2, 16X FR & 80

P Ll RS R B BKe, B SE (205, 4443, 6) pS(n

EREF201256 AFH 4155178

=25), %W BKe. LA Ko S5

A
*EaLE 200 nmol/LIbTX
STDL,
400 ms
+60 mV 100p. "l
-60 mV -60 mV/ 100 ms
B

omv ILULLAL M‘A‘ ‘Mb..\.u.‘ u‘auu‘ e

JolnL L AL ik
<20 mV Lok AR L
=30 MV bbbt st i b Ak
-40 mV/

Lo ) S A W S—
* = Al
-

500 ms

<10 mv bbbl ) 1l il
AL Lt
200 nmol/L IbTX

A BK e, 38 18 42 20 ifd 7 W0 HL 3 8] 5 B: STOCs (147 v Hs O 151
1 /N R B Bk TR AL BK e, R W R

STOCs H 7 45 4
A B
+40 mV r" l
+30mV J'L"ITITJHF "’*’"’" LR LALL ’I 1T '.'
420mV UL L L.
+10 MV e s o e §
0omv
-10mV §
-20 mV
30mv T
~40 mV
i
C
[Ca?*)g  ~Oumol/L[Ca2*]e =05 1mol/L
. pogict:| 200 nM IbTX
—l g M%ﬁu% ! IV ]
10pA]
E F

Normalized NPo
Normalized NPo

K= 0.881 qu

0.0
s 17 1E6 IES  1E4 20 40 60 so 100 120

[Ca™),. () Vm (mV)

Acinside-out ¥ 5F . BKc, i 18 H A7 B 2 9 1 AR 5 B A [l #40
BT WERE T BReJBIER LV ML H Na® %K) ;C: BKe liE
B 8 (OB Y gt B0 vl 3 9 R B Cinside-out M B R ., +40 mV g
£2)3D: BKe, il 18 IbTX B Ex AR Al [ Ca®™ Joree I Y 20 265 F
B I HCHE AR 9 L s AR

2 NRBF TR B, BB ERREREE
A B
E 3.0 = [Ca],.= 0.1 wmol /L 38072
E - (Ca™], = 0.5 1 mol /L [Ca?],,,=0.1 umol/L C %
£ 20
g
E 1o

626.71

1050.42

[Ca*],,=0.5 umol/L C
0.0

Open Closed
States

A:[Ca’" Jiee =0.1 pmol/L F1 0. 5 pmol/L Xf BKc, .38 18 FF it
S PR R [0 8 500 52 W) 5 B PN 45 %0 38 3 3 Jg 2 5% g (19 B X < C R
“O” R BKea 3l 18 3 H7 A TR 1 A RS
3 R Ca®" 3F BKe. 3h 1 Z K # 0

JIAN R Ca® YR BE L R UL JE B oA g Ca®t K
HPE T M 5 B A VR WIE B Ca® ' Mk BE A B i g i e
Ca® ¥R 0.5 pmol B 3 1 £ £ A~ 7K P 7] i IF i 1A 2.
WA [Ca" T I 38 T8 A b3 o AL FF CHE 6 94T L5 15 51
[Ca™" Jnee M9 & HC M & A0 3 JE Ca™ iR B % 2 (Kd) h



FTREF 20125 6 A% 41 55 17 4

0. 881 pmol/L([E 2), FEAME M2 AT - BKe, B 55 5 14 BiL
Wi IbTX(200 nmol) R BH 2 41 il i 1 i (IbTX 4 F i 3 4
1),
2.3 Ca™" X BRe fsh Ji2¢ s R Cao" X n g
PR A T [Ca® Jhee =0. 1 pmol/L F1 0. 5 pmol/L #4743
Bro W 3 FTLLE H,[Ca®" Jhee =0.5 pmol/L i}, BKc, B I 1L
A ) 450 B BB R IR [(2. 599 0 0. 452 6) vs (1. 596 0=+
0.357 3)ms, P<C0.05,n=>51, {H J& i i Y 5 [4] B 8] 3 S e 45
BB A8 [ (1. 041 040. 231 4) vs (0.952 0£0. 186 3) ms, P
=>0.05,n=5]C& 3). i — 25 R H IO 3 A A~ RS 5 #
WA M J1 2%, [Ca® Joee 11 0. 1 pmol/L #4415 0.5 pmol/L
R, 38 T8 ) T T 2 B RGO (|l 384,72 s BE A 626. 71
sTOBRIN L GEIE Y PR B, IR 3. KRN
Ca®" il i 2 #F T BKe, Hh 5 F 1] FFJH0CHR 25 1 e A2 T ¥%01E BK,
A2 VAT 78 3 T AT RS 1) S PR AS 1 55 7%
3 i e

S R AT KT H R P L 5K T Y R 4y
I, T 1 UL 0 B 2 S S A (Ko,
ATP SO 0 38 (Karp) » 18 38 5 30 4 30 38 R0 e R AR 0 P i
., HoE8EohRH S A EE . MY 700 ~80% 1Y
A 1a) L 3 o LT BB DR A5 B A L Xk S i LA 55 e e 9 T Ak A
M, ARG B AR FE /N BRUNG 3 KT 9 U400 BK e, 24 B AR
PR A 55 5 AR R R RO K R R L R SR
TbTX R4 45, 25 SR 3= 91 /0N BRI 20 1k 7 1 L 40 Bl BKe LA 5
N Z B3 k7 UL L N B3 45 2 L S 508 ST W L 8 eIk Bl
ok 2 L K BRL 3 2l Ik T L5 4 20 BK . 28 {81 A AR 2 Ry
PR ST LA 4 i P G e R A S8 R UL R L A
D S A, B ] Y P4 EE B i 4 (Ca® ' -induced Ca®' release,
CICR) , 4 5 K 78, 3X Bl 5 & Ca™" MR JE T 55 i1 48 3 19 BKC,
WIE = A STOCs, 5 2 41 f i i 48 4% 16, 5 3040 i 47 k.
STOCs J& fitl N 45 kA6 5 1 76 B8 3 A8 fb i iR 8. B ik,
STOCs J& Jx M BKc, i 38 M P9 45 8 8 /9 45 b5 2 =007,
STOCs F7E 40 Md ) g 1% b 1E % B A figic 3 3. @ STOCs
FEL YL S S T LA Y 8 L AR R A S e b A i B B AT
P P o R O 5 3 T i R R I A8 24 W 0 A AL

T 3 2l 7 2 A AL ] A T T BE A 4 0 2 2 A R .
Fifi 5 WF I TR R 25 W VR R 1T 45 3h 0 2= 0L L oy Br 25
TERR S FHlER ST By BRI iz —. oFo
T AR 259 % BKe, 19 1745 8 J7 4 AL 7T BE R A — , AN [
B Bl 7 2F 5 AE 3% B 25 0 4 PR 02 50RO S TR) . e 28 JEE Rl T X
BK ., 19 T il A e PR 2 Y AR VR . — O T 1F 7 5 3 el o6 A
1] TF R A (55 A, 55— J5 T i) 1 383 ph TR ) 26 IR A 1

1677

BRAED . ORBREA Y Ca®t XA I 1T B S BRI
AR E T 38 3E phy 5G PATAR A ) D RCIR 35 B9 e 78 33 5 7 A AR A Y
WEFEEE R — B0, R/ SO 3l bk A& - 3 WL BKe, 7T LA 9 18
BIIES 2F RET R BARR A Z —.

SE K

[1] Latorre R, Brauchi S. Large conductance Ca’" -activated
K" (BK) channel:activation by Ca*" and voltage[ ] ]. Biol
Res,2006,39(3) :385-401.

[2] Ledoux J,Werner ME, Brayden JE, et al. Calcium-activa-
ted potassium channels and the regulation of vascular tone
[J]. Physiology(Bethesda) ,2006,21:69-78.

[3] Jaggar JH,Porter VA, Lederer W], et al. Calcium sparks
in smooth muscle[ J]. Am J Physiol Cell Physiol, 2000,
278(2) . C235-256.

[4] Ko EA,Han J,Jung ID, et al. Physiological roles of K"
channels in vascular smooth muscle cells[]J]. J Smooth
Muscle Res,2008,44(2) .65-81.

[5] Yang Y.Cai F,Li PY,et al. Activation of high conduct-
ance Ca’" -activated K™ channels by sodium tanshinonell-
A sulfonate (DS-201) in porcine coronary artery smooth
muscle cells[J]. Eur ] Pharmacol,2008,598(1/3):9-15.

[6] Sorensen MV, Matos JE, Sausbier M, et al. Aldosterone
increases KCal. 1 (BK) channel-mediated colonic K se-
cretion[J]. ] Physiol,2008,586(Pt17) :4251-4264.

[7] Pluznick JL,Sansom SC. BK channels in the kidney: role
in KT secretion and localization of molecular components
[J]. Am ] Physiol Renal Physiol, 2006, 291 (3): F517-
529.

[8] Wellman GC, Nathan DJ,Saundry CM, et al. Ca®" sparks
and their function in human cerebral arteries[ ] ]. Stroke,
2002,33(3) :802-808.

[9] Furstenau M, Lohn M, Ried C, et al. Calcium sparks in
human coronary artery smooth muscle cells resolved by
confocal imaging [ J ]. J Hypertens, 2000, 18 (9): 1215-
1222.

[10] Wu SN, Chen CC, Li HF, et al. Stimulation of the BK,
channel in cultured smooth muscle cells of human trachea

by magnolol[J]. Thorax,2002,57(1) :67-74.

IR H#1:2011-10-09 &8l H 11 :2011-11-22)

(35 1674 T1)

Med Assoc,2007,57(12) :595-599.

[9] Stevens DP,Mackay IR. Increased carcinoembryonic anti-
gen in heavy cigarette smokers [ J]. Lancet, 1973, 2
(7840):1238-1239.

[10] Alexander JC, Silverman NA, Chretien PB. Effect of age
and cigarette smoking on carcinoembryonic antigen levels

[J1.JAMA.1976,235(18):1975-1979.

[11] Anisimov VN. Biology of aging and cancer. Cancer Con-
trol [ J]. Cancer Contril,2007,14(1):23-31.

[12] Anisimov VN, Sikora E, Pawelec G. Relationships be-
tween cancer and aging:a multilevel approach[]]. Bioger-

ontology,2009,10(4) ;323-338.

IR H #1:2011-10-09 &[5l H 1] .2011-11-22)





