756 FTREF 201253 A% 41 5% 84

- I R -
ELISA FEwNESEOEEMEE OB H SK2 ZEEHRIE

F F.2 Z.ERKFYE.H . AFE.TRRS
(FMNEFRS oEEFHRI . @ M 646000)

j-ﬁj ZEM KRR ENHEEL EROAEEC AR smﬁéﬁ@cﬂféﬁ%% FiE 22 B % R s AR IR
EHZFTAIMRGAECTFAREAFRSZ RBECHERFOELERASH 2A. ERSHELAM=12) W FHAH L (n=

10), %mh$%'»%4ﬂ,,\éﬁaﬁé»mm F 7 TR (BCA) 7 kA m & & G R A, A BBk % 2 R Ml 2 (ELISA) 4ol & 5 48 R
SK2&Z@aKF, R HILELHZTEREGANO0. 1l mgFMH T, ERoEAEH S AR SK2 KK E % (1.131£0.12)ng/mL,
S EFFHCEMEE S EMR SK2 FGRE A (3.9840.48)ng/mL, BHAILE . £ FA LI FEL(P<0.05), &it BHvE
M BHECHENAE SK2 ROMAXKIFVEZTERCHESESE,

KR ATE S E S B I B IR S R R

doi:10.3969/j. issn. 1671-8348. 2012. 08. 011 X EkFRIZAD : A XEHS:1671-8348(2012)08-0756-03

Detection of SK2 protein expression in atrial muscle of patients with chronic atrial fibrillation using ELISA "
Li Tao sMao Liang s Tan Xiaoqiu . Li Miaoling sYang Yan ,Liu Zhi fei , Zeng Xiaorong®
(Institute of Cardiovascular Medicine , Luzhou Medical College s Luzhou,Sichuan 646000 ,China)

Abstract: Objective To explore the difference of SK2 protein expression level in atrial tissue of patients with chronic atrial fi-
brillation and patients with sinus rhythm. Methods Right atrial appendage tissue obtained from 22 patients accepted cardiopulmo-
nary bypass surgery served as the research object which were divided into 2 groups:sinus rhythm group(n=12) and atrial fibrilla-
tion group(n=10) according to definition of atrial fibrillation. Total protein were extracted from atrial tissue of patients. Bicincho-
ninic acid(BCA) method was employed to detect the total protein concentration and enzyme-linked immunosorbent assay (ELISA)
was adopted to measure the SK2 protein level of atrial tissue. Results Under the condition of 0. 1 mg of total protein per well, con-
centration of SK2 protein in atrial tissue of patients in sinus rhythm group was (1. 134 0. 12) ng/mL, and that was (3. 98 =
0. 48)ng/mL in atrial fibrillation group, which demonstrated statistical difference when they were compared(P<C0. 05). Conclusion

Expression level of SK2 protein in atrial muscle tissue of patients with chronic atrial fibrillation is significantly higher than that in
patients with sinus rhythm.

Key words: potassium channels, calcium-activated;atrial fibrillation;enzyme-linked immunosorbent assay

70N HE 5 4T 9 3% 4 3 38 (small conductance Ca®™ -activated B S AL O . I T B A 5 W B U 5E (enzyme-linked immu-
K" channels, SK) 7 R[] (5 4L 4092 3k AL 56 ki 4 &2 R 4 nosorbent assay, ELISA) 3 A # il A0 JLAH i SK2 8 [ 75 5%
HHENLLA O ILED S . SK I A S 5 dh &0 2% 4 R PEOHFLG BES) O HERB 25
HI 53 Wb LA B e s AR i 218 J5 Bk ik S5 o pe . B H ATy 1 #EREHFZE
1IE.SK A 3 A~ FEH 4 fih: SK1.SK2,SK3(KCNN1,KCNN2 L1 — 8ok 22 B8 32 R AME I F R 00 5B 5 3 o5 =
F KCNN3) et SK2 25 14 apamin SO, SO BT E 27 Be bR B2 Be -0 il SR 9 AE e /8 IO & RLDD R A9 470 H- 41
3 60 pmol/L=1, BURAANE NPT G . AT I 15 3 35 M B 2 Be R B 22 5L 25 1
P JUAE SR L0 pr 2R SK2 45 A BIF 9% 1 30 78 AR/ HEAE B A IR AR R Y R AR OGBS LRI BOR . AR O B
R0 B L8 b, SK2 8 A8 WL AN MO 52 AR Ak 11 o A2 b, R R B E ChR AR bR A o3 Ry 2 4 SR O AL 12 L0 B BBl O
S LA AR B B 3E AR T, JF B SK2 EE R TE L B HEZH 10 B, A I R BEORE L3R 1 A I AR I L0 L0 DI RE
MOEHAAMREEAFEOFARAMELYNE S T L FUEE 0 B AR AR I 22 R TR i L
L ARRE FEA IO BB EE OB AL SK2 E A

1 B0 R A0 BE B BN 2B Y I R T

215 n B/ D FER ) DEROR /min) 20 RAmm) A0 R (mm) O 2 KRN Z (mm)
SO 12 5/7 40.34+11.3  83.6413.1 44,3410, 1 18.3-3. 3 50, 6+9. 3
U 5 i gl O AL 10 4/6 44.2+11.9 87.3+11.5 50.1%9.3 20.143.6 57.3%+15.6

x HEWHE:EFEARR¥ELS W HE30870903), & BiL{EE, Tel: (08303160619 ; E-mail : zxr8818@ vip. sina. com,



TREF 201253 A% 41 55 84

1.2 BEARRK AL mA 1 mL & 952 B0 WA
WHE . 7K 8% # 30 min,4 °C .10 000 g #.0 5 min, B LK .
1.3 EEREEAMRI RS E Thermo 4w #Y — 3 1] TR
(bicinchoninic acid, BCA) Z #3457 & . #1385 A 57 B
Fi B 50 = 1 M REL IR A 8 T AR B AL om A 200 pL
Iﬁf‘r& RUFFINA 10 L B b o & B5CRF R DU 7 28 RE L B2
TR T IR AT G 7 AR A, 37 CIF R 30 min, B M1 B E 5 .

Fﬁ Tecan Infinite M200 % Z I fE R AR Y AE 562 nm Ab K6 I G %5
BEAE .
1.4 ELISAiRE KM 3EE Usen 24 A AKCNN2 ELISA i
& (Usen ES0050 HU) MR YA A7 HE i o 755 TI A & 100 LA
FIFgARAR P, 35 BB B IEAE S ZE R .37 CIRF 2 h #EW
T BEAL A A TAEW 100 L, BEbR AN BERE . 37 CiR#F
1h, HFEFLN K. LT 350 pL PR M VE %, BB 1~
2 min, FEWKSE . EREVER 3 W B TAAMBREE. R E
FLIMA AT B CAF W 100 pL, B AR AR B AL, 37 CIR &
30 min; F X ALK VEMR 5 . BALMIRYE W 90 pL,
FRARN AR, 37 “C o W 8 10~ 15 min, i J5 & LN 1k
VW 50 gL 2k RN, IV i E ST A S B . R
PRI 7 60 S 490 YRR %) T A UG 7 A ] 76 A 4 B A AR TS I 7K
T R AL BRI E  S7 BI TG AR AAAE 450 nm B E & LY
TG A .
1.5 GEilsgab i SR SPSS10. 0 Bk HEAT 8 312 40 47 3
HEIR N T KO8 IR HCBCR B 3K J7 22 43 BT (one-way
ANOVA), L P<<0.05 HER AR EE L.,
2 % R

ELISA J7i: ] DURI 2] A 0 55 WLZ0 ME SK2 2 [ %k,
A KCNNZ ELISA BfrE i & LA 1. Sl ERESE AN
0.1 mg BYZMFT S OEA B E OB LA SK2 1 Bk
M (1.1340. 12)ng/mL, 0> Fr B sl O B 20 BB &0 5 JULZH iEg SK2
HEHWEL (3. 9810, 48) ng/mL. WA W, ZRALKIH¥E
SL(P<C0.05),

Y=0.079 8x+0.278 7
F=0.9918

o 2 4 6 8 10 12
B (ng/mL)

1 A KCNN2 ELISA ##x # i &

3 i it

A iy WA SR I DR b d DL 09 e 2 MO A R 2 R O B0
M EEL IO B %(udﬁ)f%l@v B L R o IO 995 S AR 3
R oS R R A O B A% P 3 BB AN AL K 0 236 R S 6 ]
K HAEA ™50 I RE ™ T B NS A

B AT X0 b Wi & A HLRI T £ 3 Rh AR TR AL
(TN S B 2 D Y=< 2 QTG 72 1) e = T = A L
o B ) B0 B WS e 20 b B Bl Y R R A B S
Wi 25 30 B3 B 5 A4 Catrial electrical remodeling, AER)
WO BRSO BB T B R R RAE . AER R
N LA A B B Ceffective refractory period, ERP) #4714 45

757

JEL o 9 TBORE B L O A< O TR AR LT R R AR A Bk AR
X by Wi I A AR IR R A IR . AR
O B3 Sl SR A I S B Y S A R L 0 B 4 L R AT
W (L type calcium current, I, ) . B [8] #b [6] 4§ H3 3 (transient
outward potassium current, I, ) B i & I8, [5] B P 0] 4 i B0
Wi (inward rectifier potassium current, I;) 3 , (B Z, B 15 5% £
M B0 L i Cacetylcholine sensitive potassium current, Iacy ) 75
0 5 W B B A A8 b AR R — 3 3 B I O P 22 5 3 R O
Z 5T 0NN AER s #207,

AN 33 5 SR 3 5 Tl A R RE
lymerase chain reaction, RT-PCR) , Western blot | K& #t 3 f25¢
6 A S5 52 3 T VR AIE S T TR /D BRI B0 B3 AL 2 UL AN A A
£ SK2 [, MAEM S B ST & B, SK2 i Jy A i) #L I L BT
DA O 5 JUL 40 B 5 1 v o2 R 0 52 A% A I 2 445 6 AR S, Im A
S BT 7] apamin J5 . SK2 32 230 . 3 1 H 67 B R SE K
XERY SK2 BT Re S SO SER M ER YR, Fi.
SK2 5 [ (¥ B AR 1% 50 SCPT AR 5 e 0 LA R 1E 0% 3 1
PR FEFITE A 6. JF H SK2 3% B 7 /N B O b L4 i
A LA A7 7E 22 5 BILC B LA SK2 H i 2 32 58 i K
T = LA .

BRI CT 085 SK2 AR M E A 2, JF Hik
SRR F B RL . Ozgen S50 WF 5% R 3, G il 8 ok 22 28 1] 85K
L R 11 e R O I K LML A B SK2 mRNAL R 1 LA R H
‘iﬁEﬂ@F%MEFji%ﬁbﬂ’ﬁJVEE@,fﬁET&BTﬂﬁﬁ’Wﬁfﬁ”’ﬁﬁﬂﬁﬂfﬂ
a4 SR G R0 s BB 1 SRR 22— o 5l o e U O Y 1 )E
S5 SK2 8 1 ML A 1) 41 iR 4% L 3 &153'593 SK2 A Z 5
AR, X — UK SK2 A 50 B WEh 1 R AT
WFAE, WA SO R H H R UL T L4l . FF22 19 Diness
SEC R W SKBHE ) NS8593 , W 2% H X K B0 By B
SRR 5 R . NS8593 A F AL i 2 il 3 e Ik SK 2 19 % 45 25
FRURAE ) SK A H RS o R BEL A 7R AT LA B A2k
B FITE R ¥ K RO b B A AL, I H NS8593 38 & .0 7 4 7
PG A0 B RES) . PSR RO D BB iR
A7 SK2 HL I B R i X B0 LA SK2 R 2
AT T 0N AER N (R TEE 4R SK2 3k
A /N BRASETY 1 B o0 5 UL 4 i ) 3l 4 Fi A7 B R ) S G
oS3 2 ) A R AL B0 R S K T 20 A RS 9 A TR S o M A A
HAUR L K 5155 R R B AR AT 200 b B S i kR X5 4
B O LB AR L A e R 0 S B0 B Bl A O A s
SK2 MR T 2 5.0 5 BUsh (¥ & £ AL 10 ) =I5 1
RAEFERLEW AR R, 0= NLA0 M SK2 & A
v i AR 4 S5 S04 N S 1F L I R R 4 A R
LEWZHY.

ELISA & —Fb sk P i L 07 5 PR 8 L 3 & PR 0 1 S 3
2% ARG AR E | B IR AT R AT 0 L 45 SR AR WL & HL T R
RT3 AT LU T SR A B i o WG R DA A i
A LMBOE 543 B 4800 i BRI T 32 B T 1 PR 12 W A B il A
A . EAK ELISA J5 ik R BUE KOk S P AR X 805 1B 2 fg
eI B B 18 8 ng AKF B 40 R 5 EROPR A 1 2R R R AR
i A UK R BE S T3 B AT ELISA S2 4%, Western blot il
ELISA 2 7] L #E4T 3 A I i 92 30 07 % . 5 ELISA J7 ik 41

(reverse transcriptase-po-



758

L. Western blot RREHEAT & A HETUMANS S
H 8 [ BEAT LS X 2 ELISA OR 3], W] DLAR 438 5230 19 7%
BLBEBE RN E RN . BTALRIRA S A MK, 4L
S 6L A TR 1% ) 4 R O ok 4 A O A 1 i £ 2K 1 A DA
AR 1 22 AL W B Chorseradish peroxidase, HRP) i #ric i) ELISA
R B, & AR R B, T S B AR I 2 R
PRI 6 5 A7 B3 2 B B T FH 9% R 8 2% vh i W (phosphate buff-
ered solution, PBS) M & 241 27, LAy /b Ifit 4 B 0 21 41 ffd % 55 55
SR

g5 bR 742 0 B B Bl B0 B LA O B 4H 4 SK2
EEREEWHENM. FTF SK2 fR AL A LURL =S
IR AT, SK O Y4 S P BEL o ) 42 42 1 IR T 0 B ER Bl Y
TJRE L X 2 W RO B WL AR ML T S 5 e 5 LA I rR
15 3l 3% AT LA A% Ge bt AR R W 25 0 AN BRI - A A i DR
B2 B BIF R B 4L 2 3 A it SO M AR

SE 3k

[1] Stocker M, Pedarzani P. Differential distribution of three
Ca(2 + )-activated K(+) channel subunits, SK1, SK2,
and SK3,in the adult rat central nervous system[ ] ]. Mol
Cell Neurosci,2000,15(5) :476-493.

[2] TFavero M, Jiang D], Chiamulera C, et al. Expression of
small-conductance calcium-activated Potassium channels
(SK3) in skeletal muscle: regulation by muscle activity
[J7.] Physiol,2008,586(Pt 19) ;4763-4774.

[3] Xia XM, Fakler B,Rivard A,et al. Mechanism of Calcium
gating in small-conductance calcium-activated Potassium
channels[ J]. Nature,1998,395(6701) :503-507.

[4] Xu Y. Tuteja D, Zhang Z. et al. Molecular identification
and functional roles of a Ca(2+)-activated K™ Channel in
human and mouse hearts[J]. J Biol Chem,2003,278(49) ;
49085-49094.

(5] THIC, SRR, e, &, i Bk FE 1 x50 5 #ig &%
A1) 1 FL 3 A LD, o 28 A P G, 2007, 23(7)
1422-1425.

TREF 201253 A% 41 5% 84

(6] =Z=ubik. W meoe. M. &, Frge k.o B Eish B 0 b gl
JifL T B 50 T A g AR AL i WA LD DL H A I A AR
2006,34(4):308-311.

[7] Skbs. W 0eoR ¥, 55, 18 4 o7 WA 250 7 UL L 2 15k I
i A R A G v F o LD D o D B A 3 4% AL 2006, 22
(4):678-682.

[8] k. & wesk ¥, 55, FeLeth O s B8l J A TKL H i %
R AL B 2 3k AR A i B 5 LT 0. v A0 1l % 0 AR AR
2006,34(1) :33-37.

[9] FAfi. BB, B Pl B 37 000 57 UL 40 A w2 3
PSR sE ()], K EE4.2010,39(14) 1 1792-1793.

[10] Ozgen N, Dun W, Sosunov EA, et al. Early electrical re-
modeling in rabbit pulmonary vein results from trafficking
of intracellular SK2 channels to membrane sites[]J]. Card-
iovasc Res,2007,75(4) :758-769.

[11] Diness JG, Sgrensen US, Nissen JD, et al. Inhibition of
small-conductance Ca’" -activated K* channels terminates
and protects against atrial fibrillation[ J]. Circ Arrhythm
Electrophysiol,2010,3(4) :380-390.

[12] Zb i 24235 R W] 55, $p 820 o Bl 1 350 s L4 g
/IR A ST S R I T G e (). b R0 I A e
,2011,39(2):147-151.

[13] Li N, Timofeyev V, Tuteja D, et al. Ablation of a Ca*" -ac-
tivated K Channel (SK2 Channel) results in action po-
tential prolongation in atrial myocytes and atrial fibrilla-
tion[ J . J Physiol,2009,587(Pt 5):1087-1100.

[14] Chua SK,Chang PC, Maruyama M, et al. Small-conduct-
ance calcium-activated Potassium Channel and recurrent
ventricular fibrillation in failing rabbit ventricles[J ]. Circ
Res,2011,108(8):971-979.

[15] @i k. prAs B R X ELISA I 5 g5 R i 2w [T 1. b [ B2
A58 .2011,8(7) :133-134.

Clicfs B #9:2011-10-24 &9 A #1.2012-01-28)

(14558 755 T

(2] WHEE WHERILESEECEIBNERY . FTFHFET
S FIML b 5T 2k 25 4505, 2008.

(3] XI5z, AL PR 55, 3~5 4 g W7 JL 28 & % H il 31 2
RIS LT]. Wr g% 5 BB 42 5, 2011(2) : 116~
119.

L4 XU¥b hsig, g, 55 T IEH B LEIBE KT M
HEOF IR L) . i PR - 50 ok Sk S8 B 22 & 2008, 22(7) 1 301-
303.

(5] dKRAE. 4 BB SRS 55 3 A K B A I I R e AE
FIEE BT L], e LR 75, 2006,44(3) : 210-213.

[6] Tty =F &P ERFIILEZE T LRI s
F),1984(1) :12-17.

(7] RRE PR AR =% LEFIBERREIEENI L5

u(ll

BrlId. 0 B E 4R . 1979(2) 1 166-174.

[8] So LKH,Zhou J. The acquisition of putonghua phonolo-
gy. Proceedings of the fifth international conference on
spoken language processing (ICSLP98) [ M]. Sydney:
Australian Speech Science and Technology Association,
1998,1:291.

[9] Hua Z,Dodd B. The phonological acquisition of Putong-
hua (Modern Standard Chinese)[]J]. ] Child Lang, 2000,
27(1) :3-42.

L10] XK . EH & BREH. =~ FIILHEIGH L RN IHE
WEFELM/ /5 8. L0 B & . b 5 b 500 5 K
2 A, 1982164,

e H B :2011-10-28 & 18] H 4. 2011-01-18)





