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ME AR E Na* /Ca®* THUFMRY Ev BB EERAR

#AE B W
(LB XFHFHEHLH, KR 030006)

FI A Fura-2 586K ARG . BB 360nm MARKHBEMREM, BRT ECREER AT MM E B LY
Na*/Ca®* A, &REY: A ouabain TAEMME Na* MR WK, HMA Eu’*it, 360nm T 630 E K &K, HRE
FHHAMMAR B W E R KM KR, REELREAGT B 5T DA, 8RRt Ca? 3 18 B 7 ) nicardipine XF
E* M H#EALBERLW, BT Na*/Ca Z0E B HA A EERE, BMARERMRE N B f Ca?” BRI 0T, 7
XK Na* NFP R, SREWEC 5Ca2 75 Na*/Ca® B A, HEMMEAEFHSM EGTA B+ (pH 7.05), WiE
Eu®* 5 Fura-2 BB EECHN 4. 95 x10 “mol * LY,

KiiA: B4R Na*/Ca** Xk BLIEF Fura-2
B 0614. 1

mMEERL. BHMBERLSTZHEAHEHE AFHEERAE, EXH5 La* KF lmmol « L-!
TZHIRN A, AHAEPR, LB g H A E i, La®*PH Ik Na*/Ca®* 254 ©); Sreekumar % A8
Uk 612 . AT L3 F 2T REE BB A 4 M 3F La®* BB A A B9 Keratinocytes 41, [E B30 %] Ca?+
S5 EY ARG, LSRN LHITAER W TSN, (B APLE MRS 2 0 Tzumi 05T
KR EP A EREY 27K B, R4 HEIANREST KN FED La* i ART K Melam-
M LB FREAVLE, BNMBERT Y REER otrophs'''); Kwan 18t La** %A 3k A JH IR 0 40 g,
B RE S, RERAEA LA WA Rl . T JLAEOE, T B % thapsiggargin B B9 Ca®* Bk A2, 5 4h,
HATEZHRIEEFRTRELXRHR: GRS Segal FIBF5T AN, MKW B La®* (10 ~30pmol -
WRAF FHE R S8H ICP-MS & NMR AR T L-Y) R Ca** # AT thymocytes, {HEWE K
WEEFMOMBERERFEER LEFARHEA La** (0.1 ~10mmol * L") HIFH 1L Ca?* Bk AP, B
LI A0 ML Y R 250 (H T SR 5 4 R P B AR A R BB Z, MEERRER, W ENRR 40K
ERHEFREL, BLEFREALYR, BX EWHARIFHBZER, T EA [F 40 EHLH H X
BESHALEBTFERELOITRERAX D, RITYG AHE, BEFEEFI Ca MBEAMKEH A Z
F A Fura-2 830 Lo’ 57 B F 5 /DR &8R4 e, 75 % e LB F PR M WiRE, i,
J Tk L A B e O B R RO LA LR VY 94T R, OF RIMNECEHWCHAMRBERMFREME, Eid
RGMPIR T ER B RS (4 EER T RR A % Na*/Ca® ZZ#HALHFR T Eu* B B 0 M 9 47
FERU RS EEFMERHANERAGTOR L 8, PR T B 3EA ML .
BFERTH, BEHREIEFARELEREHE 1 SCISER4Y
B A S B, ESMBLE IR 2B A R FIAYEL N
RN ATHFR: George AN La** FIF§ Na* /La** 1.1 A5 R ALEE
RHARRE ARG IRIG D EME, EREHAFNE Fura-2-AM (acetoxymethyl ester form of fura-2).
ZAML ), Powis t178 H3@1E Na* /La®* 35 #: La®* BB Fura-2 4§ %} | ouabain . nicardipine F1 HEPES (Sigma
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H4r%); EMARSER (EEEAZ); L4
7 (99. 9% , WAREFR LB FTET); AN LIE D B 7 A
iR, EGTA R H & LR ¥ E = sl o Bt
BB A EEFWEKES

ST BT P T 64 R B L P KRR B B R

% E PE 277 LS-50B %W /B 6/ B E
T, T|RIGFEAEET ™= XDS-1 BB E B,
.2 HEHRASEHE

it A SN E M A — A £ EER K (0. 9% NaCl)
WEE, BEMNAMEHRSEHRZ L, 1000 ~
1500rpm B0 10 ~ 20 2048, WHEMEHMZ, AL
K BTG Cat AR FRIR (HBS) A 5I¥E—R, AE&
7E HBS Sk P H o HBS 45 B0 (mmol - L™'):
140NaCl, 5KCl, 1MgClL, 5. 5Glucose, 10HEPES, pH
7. 40,
1.3 ERAFI

Bk B 40 MR P2 R 150pL(1 x 10° /> 41 /
mL), HIAZLEE N Spumol » L' B Fura-2-AM Fl
10% /N F I TE, FHRIEFZEMA 0. Immol - L' B9

ouabain, 37°C /KB FIRF 30min.sR 5 FIJG Ca** HBS.

BB ZE 4mL, 1500rpm B > Smin, F L1, LAE
YeERAMOTEHAE RN AR EN RIPET
Na*B & Na*WJ HBS R P (T Na* N EREH
LiCl {% NaCl), 37 BR7E5 64X LRI,
1.4 Fura-2-Eu B9585E B R fura-2 Xt Eu®* BIZE

Eu®* %} Fura-2 B9AEXT 2R R ESE L4 RN
BFHSIFCE lumol + L' B Fura-2 #1 4. 85
mmol * L' ) EGTA & Wil il &, Y88 K5I
K EZ L 510nm, it 300 ~400nm BIRIEER L
B, BRI KRS EETE BN 3 5. 3nm. HHE K
HN (mmol *+ L-'): 120KCl, 20NaCl, 1MgCl,
10HEPES, 4. 85EGTA, pH 7. 05, R IECER4 H 1
EGTA-Eu X BRERFOTEEENRE T, I
FIANENREEFEOTE B MR B TIRE, #
MisK 4 Fura-2-Eu BB EE (K)o
1.5 Eo*BEREAEAEN

Fura-2 X%} Eu’* B R E K EME, CRMEHR K
#4.95 %10 “mol * L', E** &3 Fura-2 %K
Fura-2 92536, B N7 360nm Fura-2 B J6E K Y6
HARZMA Ca* WERE M (360nm & Fura-2-Ca**
BRI E) U9, M 360nm B9 9% 658 B AR 4 AT Ok

R #18%
Kl Eu®* BB LA R 7E Ev® IIA Z BT 360 nm
B 76 6T FE A E o

1.6 Zitz=4iE
SCH¥AE R Means £S. E. (n =3 ~5), Sit54r
BRFA t-test, 4 P <0.05 B, AW EURA B Lo

2 ERFTIE

2.1 Eu-Fura-2 FEEPHEAERREBREH(K)
B E
7E 1pmol + L~' Fura-2 76T BUBEI0L 40 B 9 25
FARSMERBERT, REMWA Ed (B F B A
B A 0. lmol + L' EuCl #hH &4 43 F 40 2
W), RTEM A LIE A 1,
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Fig. 1 Fluorescence excitation spectra of fura-2 in the presence

of different concentrations of Eu®*

MWEZET, A E®* SBWESH R 0, 0.0400,
0.300, 1.52, 2.56, 3.37, 4.86, 6.19, 7.39x10"?
mol + L', ##% EGTA WA B BB/ EHMS
Eu’* B4 058 E H 8 (logK =17.77) U4, SR B 7E pH
7.05 it EGTA-Eu 8 R AR E B H R 10”7, HmA
EC* B B E Cu /DT EGTA BB E Coora Bﬂk,
EGTA #4: K ¥ AT Ev®*-EGTA, T Fura-2 #.5
WEET/NTF Crera, 8 [Eu®* -Fura-2]<<[Euv®*-EGTA],
LB A R B4 [Euw®*-EGTA] = Ce,, [EGTA] =
Creta — Cha, W [Ew®*] ={ Cra/(4.85x107% = Cra) )
x10-133 A BB BEKE Co. KF EGTA W
BIMRE Ciera BF, [Eu?*] = Ceu — Cioma, M AR
Bl EFHEEKE (MEAET) 2880,
0. 00830, 0. 0625, 0. 456, 1. 12, 2.28 x 10~'**mol -
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WAERSE: WOMKRLE Nar/Ca’ THIBIRY Eu®* NI ZOEETTA - 573 -

L-' #10.0130, 1.34, 2.56x10 *mol + L°', A JL
Fura-2 %f Ev®* 2+ 28R 8

HRYE Hill & E U9 B E 1R HEE 15
FEH ), BI¥ log(Fura-2-bound/Fura-2-free) X7
log{Eu**] &, WE 2, HH log(Fura-2-bound/
Fura-2-free) =log( F — Fuin) / ( Fas = F)o N H Fua
A Eu’* BT 360nm KI5 IR B, R 4 Fura-2 8
Euv’* 52 2 /E AR 360nm IR E; B2 h—H
£, UWH EuFura-2 BAYMWITELRF 1:1, K
log(Fura-2-bound / Fura-2-free) =0 B XJ 5 #4184 A5
K logKi, RS Eu-Fura-2 B Ky 20 4.95x10°"

mol * L',

'2 ' T T g T 1
16 15 .14 13 12
log[Eu*"]

Bl 2 Log(Fura-2-bound/Fura-2-free) Xt Log[Eun®* | R B
Fig. 2 Plot of log(fura-2-bound/fura-2-free) vs log[Eu’*]

AT HE, RATAREE EKE Mn-Fura-2 1
KifH25 4.13 x 10 °mol « L-7, 3CHR U S IREHE K,
E4r51 5.53 x10~° #1 2. 78 x 10 °mol * L', iEBH
AXR BT EATFT, Eu®* X Mn** 5 EGTA l2 &%
MRS E S Fura-2 AW RN B R R
WHEFTE 1,

2.2 HEHMEL Na*/Ca? TIHREMA E® K
BN

WEHMEE Na*/Ca* X B RFEH =ZF B
19201, TF 15 F0 Bz W) Na* /Ca?* 32 #k & Na* /Na* 1
Ca**/Ca’* W) B B #, IEM Na,*/Ca’*3CH 248
Ca* MBI HEH T Na*iff A0 L, BREEFTULH

Na*/Ca**3C#t, {EZHI N 5h Na* B8 BB BT, &iff
PR A1 B Nai* /Ca2* 38 #e, Bl Na*SMHERY [ B 1 B
Ca**# A4, Quabain /& Na* /K* A% — %
F, BACHAEMME, MAK Na-SHE, AN
fif Na* B EBIR, UCET 40 B HE4T K15 B9 Na* /Cal*
2,

T WK Eo® 2 & B 18] 19 Nai* /Can”* 38
BAG BRI A M, ROTFH 360nm BIBE KK
BETARVR B WEBEIT R, A 0. Immol *
L-! ouabain WAL B AUMUIRH LN Na* W E, RE#H
T Na* AR, RN E 3, WE 3 71 F H %4
A 0. 4mmol - L' 89 Ev®* Bt 360 B 380nm R IGIRE
B/, 7 B0’ A Z R 360nm B 5658 B 3
EAL, E 4 iR, B IIA Ed®* 5, 360nm 75)65%
BB T RIRBMEEN (70£4)%, B B 253
Na*/Ew** et A4HM, M KT Fura-2 B3
o

220 4

200 l

180

2 160+
§ 360nm
E 1404
1207 _ 380nm
100 A '
80 T T T T L
0 100 200 300 400 500

t/s
B3 0.4mmol « L-' B Ev®*XF f %R Fura-2 89 M AIHEE
BEYM
Fig.3 Effect of 0. 4mmol * L=' Eu’* on fluorescence intensity
of fura-2-loaded cells
Cells were pretreated with 0. Immol * L~! ouabain and

measured in Na*-free medium

ATH—BIEERE L, BKREHRASANE
0. Immol * L~! ouabain WAL, SR )5 HI7ET Na* H
A Na* BB PR, GRME S, NESAHHE

£ 1 Ev* B Mn''5 EGTA BIRMIAE HEA Fura2 HIRNERER
Table 1 Apparent Stability Constants for EGTA and Apparent Dissociation Constants for Fura-2 for Ev** and Mn** (n =3)

Me"* K.(Me"* /EGTA) Ki(Me"* /Fura-2)
Mn?* 7.24 x10"(mol < L~') 7! (4.13£0.65) x10"°(mol - L")
Eu’* 2.24 x10%(mol + L) ! (4.95£0.70) x 10~ *(mol - L")
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Fig. 5

43 LU IR TR

Effect of 0. 4mmol * L~! Eu** on the quenching% of
fluorescence intensity at 360nm

Cells were pretreated. with 0. 1m mol * L' ouabain
and measured in Na*-free medium
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Ouabain H{ &b #8H1 Na* 6 B ¥ E K 3 0. 4mmol «
L-!' # Ev®* IR 8
Effect of ouabain-pretreated and reversing the Na*
gradient on the influx of 0. 4mmol + L-! Euv®*
Cells were incubated with (A) or without (B) 0.1
mmol * L~! ouabain and measured in Na* medium

(a) or Na*-free medium (b)
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H, B 0. lmmol * L' ouabain TR AL HH 40 g 30 43 b
J5, o Na*HB®F, 360nm BFRIET MR, i
Nae AR HTEAHE, A/ 0. lmmol + L™
ouabain TAALH4AM (& 5B), JC Na*4r i # 360nm
B Y6 T BRI K T4A Na* v B, A X ouabain 4b 3
FERREREEMAKR, H8 B #E AR 2K
# ouabain M HIAL A Na B EW AR, A
ouabain FAL B 4H MU IF7EE Na* - R, Eu**1R
PRt A R, X5 ILE Na* /B X Eu** @Y
WK THRN Na RERNER .

3 0. Immol * L~! ouabain TRALFE4RME, KRG
T Na* AR S ARFR S Eo® K E B,
360nm Y6 E AL INE 6, FE Eu’ K B B3
K, 360nm 525430 B/ B AR R, U BT A
B E* 55 Eu® MW BERLIE L, #—BiER T
Ew’* §8F F Na* /Euv® " 3 #e it AR 40

120 4
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®
g
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g
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tls
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Fig. 6 Effect of the different concentrations of Eu’* on the

fluorescence intensity at 360nm
Eu’* were added at 50sec(a: 0.1, b: 0.2 ,¢:
0. 4mmol * L"), and the cells were pretreated with

0. 1 mmo! + L' ouabain

2.3 Nicardipine 3} Eu®* it 8% M

Nicardipine & H3 FEAK#i 14 L- & Ca®* 388 BH B
7, AT W Nicardipine X} Ev** WK Z MW, 7E
Ev* A ZRISE A 2. Spmol - L' i Nicardipine
AR 2 o5, ARAJSTET Na* 4t BT I, 360nm
K63 F #9265 K A Nicardipine b ¥ 281, B 7
Ui.B3 Nicardipine BUR Ay B8 KBt L- B Ca?* @B
X EC HAMBHBPIETIR, HF—REHAT Na*/
Ev’* Z#H 2 B A G MN EZERE,
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Effect of nicardipine on the influx of Eu®*
Cells were pretreated with nicardipine for 2min
and 0. 4mmol * L~' Eu’*was added at Osec
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AEIME B Ca?* 1 Eo®* A X} 360nm 9% Y638 3 Y
A
Influence of composite of different concentrations of Ca?*
and Eu’* on fluorescence intensity at 360nm

A: Different concentrations of Eu®* were added at Osec

(a: 0, b: 0.2, c: 0.4mmol * L-') in the presence of
0.4mmol ¢« L' Ca?*

B: Different concentrations of Ca’* were added at Osec

(a: 0.4, b: Ommol *+ L") in the presence of 0. 4mmol

. L—l Eu3+

2.4 Eu®* N E LB RN 6

J T EARKHRBEAE B Ca HEAMEER,
BRATH— R T EAFRE R E*F1 Ca> 77
T, Fura-2 B 56310 R

TE Fura-2 8 8Y [F it A 0. 1mmol * L' ouabain
AL A M 30 2059, RIGTEL Na* AP, B
8A HEE Ca** I E N 0. 4mmol « L, FEE A
B Eu®* ¥R B RIE K, 360nm B 7% 658 B B 87 /D,
RHAWM BN, BEE B K E N 0. 4mmol
L-'(1¥ 8B), FlEMA K Ca?* ¥k B Y3 K, 360nm 7%
HIREHRM KR, R EC WRBAL, SR
BYW Ca?* Fl E** B9 A B—Fh 3 S HLH, AR
B F Ca’* Fl Eu’ 3 [F 54 Na* /Ca®* H i fo

B2, RITKSEKRY, 24 Na*BbEEH KT,
Eu’* GEFI I Na* /Eu’* 32 #e #E A W B 40 1 o [7) B5F 40
X Eut B ARRA BRI, X—FHERE S TS
BHE MK BN A Nat B, B—E Ca>* F
K IETE B Na,*/Ca®* XM # AP HEE N £ A 10
Ev’*, RIEMPA Ca? K ETHEARD, A B A
W E Eu® ¥ E . XA ouabain BB YIRS E L
Na* 47 B AP iR Es, ZEMISMINA 0. 4mmol + L' Eu*
B HEA KLU B Eu* YRBEZ9 R 2. 76 x 10~ "*mol -
L' BT Ca®* fl E®* 2L [F TS Na*t/Ca®* A fif
B, BHSMETE Ca B, 2T Eu® A,
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Studies on Eu’* Influx Mediated by the Na*/Ca?* Exchanger in
Human Lymphocytes by the Fluorescent Method

WEI Chun-Ying YANG Pin*
( Institute of Molecular Science, Shanxi University, Taiyuan 030006)

3+

We examined whether Eu’* can entry human peripheral blood lymphocytes by the Na*/Ca?* exchange using
fura-2 technique by measuring the quenching of fluorescence at 360nm excitation. The results showed that the
pretreatmemt of lymphocytes for 30min at 37°C with 0. 1mmol * L' ouabain and followed by exposure to different
concentrations of Eu’* in Na*-free medium resulted in a decrease in the 360nm fluorescence intensity, and intra-
cellular Eu** concentrations were directly proportional to the extracellular Eu** concentrations and were founded to
be 2.76 x 10 "mol + L-! in cells exposured to 0. 4mmol - L~! Eu**.

ouabain pretreatment and reversal of the Na* gradients as expected for Na*/Eu’* exchange activity. No further

Eu’* influx was entirely dependent on

effect on the 360nm signal was seen with nicardipine pretreated, we conclude that the Na*/Ca’** exchanger pro-
vides the major route of Eu** entry in human lymphocytes. Furthermore, when composite of different concentrations
of Ev’* and Ca’* in the extracellular Na*-free medium was varied, the Eu’* influx significantly decreased as the
extracellular Ca’* concentration increased, it is suggested that the Ca’* influx and Eu** influx by the Na*/Ca®*
exchange-mediated might be mutually competition. A characterization of Eu-fura-2 interactions in solution simu-
lating intracellular ionic composition showed that Eu’* forms a 1: 1 Eu-fura-2 complex. In vitro studies confirmed
that fura-2 fluorescence was sensitive to Eu** and the apparent dissociation constant of Eu®* for fura-2 (Ki) was

4.95 x 10~ "“mol » L' (pH 7.05).

Keywords: lymphocytes Na*/Ca’* exchange rare earth ions fura-2



