cHEbA E@elntst s X H30W N2%
J. of Korean Orthop. Assoc,
Vol, 30, No. 2, April, 1995

ok EoA pH ZA Al w|X|&
BAgA s R H3)

Soluista s FYAeny, Yol dma
AR LHIEERLE L EEL SR

OlH% - &l - Hislgr" - 234 - 2l
— Abstract —

Effect of Parathyroid Hormone on the Intracellular
pH Regulation of Osteoblast-like Cells

Jung-Yoon Lee, M.D., Chong-1l Yoo, M.D.*, Hae-Rhan Bae, M.D.**,
Kyung-Taek Kim, M.D., Byeong-Hwan Kim, M.D.

Department of Orthopaedic Surgery, Physiology**, College of Medicine,
Dong-A University, and Department of Orthopaedic Surgery, College of Medicine,
Pusan National University*, Pusan, Korea

Intracellular pH regulation of osteoblasts is of a great importance in the process of bone formation
and resorption, and has been suggested to be mediated via intracellular Ca** and cAMP messenger
systems. To elucidate the mechanism of modulation of intracellular pH by parathyroid hormone and
PMA(Phorbol-12-myristate-13-acetate), effects of these agonists on the individual transporter sys-
tem, Na'-H"* antiporter and C17-HCO3 (-OH™) exchanger, were investigated. Intracellular pH and
Ca> were measured by using the fluorescent dye BCECF and fura-2, respectively, in UMR-106 cell
monolayer grown on glass coverslip. Addition of tumor promotor, PMA(1.M) caused 0.14 unit pH
rise of resting intracellular pH(pHi) and 38% increase of the initial rate of pHi recovery after cytoso-
lic acid load.

Perfusion of C17-free solution resulted in rapid cytosolic alkalinization of which the rate was
increased 26% by preincubation of PMA.

Ca* ionophore, ionomycin (1#M) decreased resting pHi by 0.17 unit, but had no effect on the ini-
tial rate of pHi recovery after cytosolic acid load. However, the addition of ionomycin augmented the
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initial rate of pHi increase after C1 -depletion outside the cells by 34% over the control. Stimulation
of cells with parathyroid hormone(10® M) caused an initial acidification (0.27 unit) followed by
cytosolic alkalinization, with inhibiting effect on the initial rate of pHi recovery after acid load
(42%). But parathyroid hormone did not have any significant effect on the rate of pHi increase after
C17-depletion. PMA caused a sustained increase of intracellular Ca*, of which the peak depended on
the concentration of Ca* in extracellular medium. Ionomycin caused a transient increase of Ca® but
PTH had no significant increase of intracellular Ca* in the concentration range of 10°M to 10°M
tested. 10*M PTH increased cAMP levels by about 10-fold and 10"°M PTH did by 1.6-fold. PMA,
which increased cytosolic Ca** concentration, also had an stimulatory effect on cAMP production in
the concentration range of 10°M to 10°M by 2-fold.

These findings suggest that in UMR-106 cells Ca** and cAMP can influence pHi by altering the
activity of pHi regulatory transporter system, and parathyroid hormones modulate pHi by inhibiting
Na*-H" antiporter via intracellular increase of cAMP, which is probably accounts for the inhibitory

effect of parathyroid hormone on the proliferation of osteoblasts.

Key Words : Parathyroid hormone, Intraceliular pH regulation
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g2zl R saRe] Zol X pH 2Ed &
o3t F ol2mEAlel ol JEFS viXeA #F
&z} 3t

AR W U

1. AMlzuft

UMR-106 A¥& American Type Culture
Collection (ATCC) 2.2 5e 3] TAldoA 12
Al Atele] MEE AP AHE3I) A EE 2.5
X 10'cell/are] =2 BF39 6-well culture
plate(Corning) & Z4Zt2] wellgte] BASUE glass
coverslip(11x22mm) 9o Al st om, wjgy
S 2E 5% fetal calf serum, 100ug/ml strepto-
mycin 2 100unit/m! penicilling ¥#3% Dul-
becco’s Modified Eagle’s Medium(DMEM) &
AHg3tg ), RS humidified 95%, air/5%
CO2 873A &4 37cr7t FAHES 319tk Al
IE BF F 3-497 90%°1789) confluency& B
go9 olw} serum-free DMEM2Z wlto] &5
AoE AZE A AT

2. MIZEWH pH &4

ALY 9] glass coverslip #oll F&= o] A
UMR-106 A%+ Hank’s balanced salt solu-
tion (HBSS) 2.2 Al&& 5 5mMe] pH-sensitive

fluorescent dye?l 27 -bis(2-carboxyethyl)-5,
6-carboxyfluorescein-tetraacetomethoxy ester
(BCECF/AM) & #718le] 37C 3087 CO1%7|
Well A wiA|A HFAALE A ZN FIAIHT A
Eoe| dis] £=34d0] e BCECF/AME2 AX
oz FaE Eolt F AEAe EA3E esterase
o 98l AM3-& pH-sensitive 3e]¢! BCECF %
2]go] Ho] Azt EAE 4 glonz A ¥l
A AR, vl F coverslipe FFY2)
Sl HBSSE 3¥ Al&d § 5483 A€ cover-
slip holder®l 7]-%3 spectrofluorimetersl] &
acryl cuvettelol AJA#A excitation beamell
tdld 30°E FAIBIES coverslipd] Z&=& 2%
Wgdsgict. BCECFY ##=+x SPEX cation
measurement system(SPEX SP-CM)& ¢]43&
o] excitation wavelength 450mm % 500mm,
emission wavelength 530mmellA 7239t}
Cuvettedle Ao wet A &4L 2m B
on, cuvette F9 & waterjacketo.E B2 Mo
AA A¥o] APH= FAde 3 37T FAE
A &1, magnetic stirrer ZX7t F3tE o]
Aol &AY EFAE FYE A oAz i
Z dojd 4 sk EFF coverslip holderdlE per-
fusion systemo] A& glo] cuvetted £Yo]
ZHFEA vl A § A stk A¥d e 530
m2 emission wavelengtholA] 450mm®] excita-
tion wavelength®] #3%e] i3t 500me] exci-
tation wavelength®] ¥3=¢] H|2# calibra-
tiondtith. °o|FA 4 PP 8] (Fsoom/Fasom)
£ °lv] pHE €3 JE 1EEY K2 Frdte
493 K*-H"* ionophore$! nigericin{10u) & ©|
£38lo] A& calibration curveZRE AA| A XU
pH{(pH) & A8AA 49 =& Aoe pHIiZ Y
Elfict. Calibration curve® pH 6. 0014 3E
8. 049N & Ao FAAAE A

3. MEZE Mo 23}

A XU pHE ol 71X WYE o] &3led AX
AW A BEAA A XU pHE ZEAHT

1) AlEe iAol H& <4l Na-acetate
20mM< NaCls} 545202 vt &odd AEE
EAA Filel vlo]2Y o] H¥gtow T3
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So7HAE F MENA H S freAd2 A
AW AEEE FEAAH.

2 AX Rgdo] Be Fre] Kol EAE H
4% nigericin(lug/m) & HA7HA AZWFY
e K'# ¥ H'ol M2 n@sA 224 A
FAe] HEE FEAIRTh

4, MEZY Ca"sx £H

UMR-106 A ¥ Ca®¥%& Ca”-sensitive dye
9l fura-28 MEW F3AA 1 FFEE o] &3t
223t9th, Glass coverslipel confluentdtAl =
#F AE7t Bo UE glass coverslip 24Me]
fura-2/AMe.2 37c 1583t ujsled BCECF/
AMT Ze 982 AZY fura-2 Frel3& F3HA
71 ¥ HBSSZ 3H A3 3§ ¥ coverslip holderdl
Ao cuvettel] TR A7) izl o] A3}
At Fura-2 ¥ZEE excitation wavelength
3400m 2R 380mm, emission wavelength 505mmol
A SPEX spectrofluorimeter® 733 th.
Cuvettet] 87¢ 34 37CE FAISIAR, 5ol
A A Are A&E ] sHestA dTh
Fura-2 signal®] calibration2 ©lei¢} & W
o7 AT 2E H4ge] F8HA &9l Ca
¥E2E 10mME 233 H digitonin (50ue/ml) &
Arreld MELE LA HNIFE=@(Rmax) S
aglen, 10mM ethylene glycol-bis(#-aminoethyl
ether)-N, N, N’, N’-tearaacetic acid (EGTA) ¢
10mM MnCLE 3718t H42¥FE=H(Rmin) &
Agict Ao Ca”# fura-29 dissociation
constant (Kd) & 220nM& 753l1" emission
wavelength 505mmolA] excitation wavelength
380mm ¥ F=o] thg}l excitation wavelength 340
mol| A o] Bze] v (R)E ol &3t MEW Ca®%
T ol F2eA AUt

R - Rain )

Rmax - R

(2}, 4714 by 380mollA] HAPzo A F
NFBzo B & 9u|3itt)

Spectrofluorimeter cuvetteo] H7Fe o&71Al
EREo] H|Eo|Ao g fura-2 ¥F= WIE
HAFEXE &5 s AX7 e B3l
A fura-2/pentapotassium salt® FH3 &4

(Ca*)=Kd xbx (

Azt BAEY A2 Q¥ ¥Fms} HdeAE
AP o, A6 AHEE oH EAE fura-29
BT autofluorescenced #93 WaE L
AF1A] ekstet,

5. MEL cAMPEZL &3

AZEW cAMPFZe £%& 6 well culture
platedl A Al&&H =, confluent3tAl WFE Al
¥+ HBSS2 A33ts, PTH, PMA, forskolin
9 vehicle(control) & H7}3td 37Tl 1583t
AR}, WFEE F wFAS AASNL ice-
cold HBSSE M3l 6% trichloroacetic acid
& A7IA cell monolayer® #E cAMPE &
8tk Cell layere 4TColA 2A1HE¢ BES
2% ethanol extract: glass tubeZ &4 A%
£ ol g3l FEE FTUAA B AZH extract
£ assay®|A7HA -60CANM H#ASACE Assay?]
A pH 6.29 sodium acetate bufferZ extractE
23A )17 en, cAMP assay= cAMPE 12l-suc-
cinyltyrosine ester (ICN)& ©]&3} radioim-
munoassayd-& AHESHTH, A¥ZTE well
3 cAMP9] picomoles =2 YERAATE

6. 8% L Alef

AZW pHEHA AHE-E NaCl€ (solution A)
9 zA4e o9& 2o (P mM) : NaCl 140,
KCl 4, MgClz 1, CaCl: 1.5, HEPES/Tris 10,
glucose 5(pH 7.4). Na-gluconate-£&4 (solution
B) ol A& Na-gluconate 140, K-gluconate 4,
MgS0s 1, CaSOs 1.5, HEPES/Tris 10, glu-
cose 5(pH 7.4)°13, K-gluconate&9 (solution
C) & Na-gluconate 4! K-gluconate® v
o} e Aol 498 AT, AFU Ca¥sx
ZA3o A" £9Y(solution D)< solution Ad|
bovine serum albumin 0, 1%E A7}sle] AME3t
Ak,

BCECF/AM, fura-2/AM, fura-2/pen-
tapotassium salt ® ethylisopropyl amiloride
(EIPA) & Molecular ProbeAtel #AEE <] 431%
3, 7)€t PTH(parathyroid hormone), PMA
(phorbol-12-myristate-13-acetate), DIDS(4,4’-
diisothiocyano-2, 2 -stilbene disulfonic acid),
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TMA (tetramethyl ammonium), ionomyecin,
staurosporines S5A1¢F 2 71et WA FL Sig-

maite] AFE AHEEATh

Y 2

1. FeaME2R0| eFgatele] MZEL pHol
0|X|= Y

Glass coverslipell &4l 3l BCECF& 3t
AlZl UMR-106 Al XA <A deie] A ¥Ul pHE
1.5mM CaClg /& 89 (solution A)olAH
A% A3 7.32+0.10unit@ch. B33 LA AE )
AZW pHEHAME o] ZZAIE] o8 AT
pHZAA7} gA3lslo] AT Axrh HsEea]
£ goliy] fa d2i7kr] FAE gR8dq A
7WN F AZY pHES e BREHYE v 2
E 1oM e} o] 10°M 3N 28 J7HA AE
W pHe Z7]9 0.27%0.06unit7HX] Z4E Hol
b MA3) B4 pHE 3EHe e B2
¥ 1a). ¥FH tumor promotor24] protein kinase
CE #4371 e Reg g3ixd PMA 1M 37}
& A% AXe pHE 0.14+0.03unit Z7F=%0e
o (2% 1b), Ca” ionophore?! ionomycin 14M
A7HAl AW pHE 0.17£0.02unit #Z4HA}
(¥ 1o).

o7 E2AE9 A7Al BFE HFHY AX
W pHH3 AZW pHZEA F ojd® o|FAS
gt fdd AHAJARAE golr] H8l Na'™-H'
antiporterd A A2 EIPA$t CI-HCOs (-OH")
exchanger2 A|A1Ql DIDS7F ¢JollAl AFEE £30A)
o 93 fi=Ee AXW pHHSl v ARE
FEsHY. BRFNZEE HoMA FREJIE 2
719] g3 AL 500eMe DIDSY 1004M2)
EIPACl o3t AAEA] gstovt 7] M3l
dolo] Yehe AEU pH 38432 EIPAC] ¢
3 243 JAHATHY 2a). H$7] EIPA EA)
Al 2719 A3 dAL U8 FAEe AL R
Aot PMAC 9ja8l f2d AEe 9143 g
EIPAC] oj3] ¢+d3] &= om (23 2b), iono-
mycinoll 23 AEU 2938l #3-& DIDSe 23
AA LR (ZE 2¢). ©1de ZA3e PMA 9%

A xe] G713 B4 MZW pH 244 $ Na*
-H" antiporter®] A% F7lol <3 RHoln,
ionomycin®ll 9§ 443}t @42 CI'-HCOs (-OH)
exchanger 84X 7 7108 AL 2v|jic)

2, Rz E=220] Na'™-H" antiportere|
Mol oixl= g%

B35 2Ed Q7 dRdee] AEW pHW
Zo i3 7|AE FHEaR FolAEW pHEAA
€ 7R3 Ao o EAAz 2R dIgS
#EeAct. MEY pHr ZAEHEE @AYdEHE
Na'-H" antiporterdl tg AHE Lolrr] ¢3)
Na*-H" ionophore?! nigericin® ©]&3lA4, <
2 Na acetate® o] &38td A ¥ A& H3}A7]

PTH
7.38 a
pHi
7.10
7.50 b
PMA
pHi ‘
7.35
lono
7.30 c
pHi !
7.13
—
1 min
Fig. 1. Effects of PTH, PMA and ionomycin on rest-

ing pHi in UMR-106 cells. Cells grown on
glass coverslip were loaded with 5.M BCECF
and incubated in solution A. After the addition
of 10°*M PTH (a), 1sM PMA (b) or 1M iono-
mycin (c), changes of pHi were recorded.
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PTH
a
v
7.38 control
+DIDS
pHi/
7.10
+ EIPA
b
7.50 i control
PMA
7.35 o W ouptinidri 1 | |PA
lono
4
; c
7.30 W
""”'\ DIDS
Hi
pHi (?.;4'.%:‘;\ 3
7.13 sl control
1 min

Fig. 2. Effects of DIDS and EIPA on the agonists
induced pHi change in UMR-106 cells. Cells
grown on glass coverslip were loaded with 5
#M BCECF and incubated in solution A. 500
#M DIDS or 100M EIPA was added before
the additions of 10°M PTH (a), 1M PMA (b)
and 1M ionomycin (c).

3

N

1 F2A EAA ARe 3o A2 pHIE
T8 Hn B33 a§ 3% 49 Jehdieh

39 A9} 2ol nigericin (lug/ml) F712 A XY
He 3273 zZ4d H o|de pHEAE MA3
B 94E 29tk Nigericing o] 8% AX
A 4ty HEAl AZW pHE 6.61+0.09unit=
FaEAY, ARE F #AEEle A ¥ pHIEL
EIPAS) o3 Algo 2y pH3|Ed #dste o]
20]%AE Na™-H" antiporterdd & #lslict.
s ERes bR AXNXNG A R3] ¥
pHEEEEE 42% ZAHAoM, PMA HAAHAA
pH3EEEE 38% F7H=dch. PMA® 98 27t
€ Na'™-H" antiporter®] #4-& protein kinase
C 9AIAQ staurosporined]| 23] JA =t 3

T, oot g 4Aa

i)

#H AXY Ca™s=E $7M191E€ Ca” ionophore?!
ionomycin¥ 2l Na'-H' antiporter 43}
FeF JEE vXA Fdrh(data not shown).
aE 4o e AIZW ARt = g wyewn
20mM Na acetate® T3 S40=2 v g A
T pH7I 3Ese $3e #3F AL=, Na
acetate 7H] AMXW pHE 0.43unit7HA 249
F HA3 A pHZ IEHAeH <= A3
F pH3EL R LA Nad TMAZ XAH
22N AL A3 dAEHAY. FRgHAzER
HAAA pHIEEEE ZAHAUR, PMARAAR)A]
€ /Ao, 1 94 2 $7} F=E nigericin
o o A} KA FFE BgT)

3. Az 20| CI-HCOs (-OH)
exchangerol| O|X|= H&

HAZAZ280] FolNEe &2A8e T 0
pHZZAIQ CI-HCOs (-OH") exchanger ¥4
de od JFE VA=A E sy At HE
R-galel CI'E gluconateZ vlol Cl HEAA}
& WiolA %2 F3tA dted CI-HCOs (-OH)
exchanger® QWdkoz z4A71H ME Yo
CI'7t AX 9J89] OH & HCOs & ngsA €
o2 ATURe] pH7L F7ksEd o|we) pH %
7HEEE Hlu $EAG (28 5. CI'7 gl &
9 (solution B,C) 22 #FAZ] ¥ BALE= A
W pH Z7l&3e DIDSH 98] Asqen, &
dul HCOs &4 pH Z7MEEE ©S &R EHY
. FRRNEEE HAXA pH F7HEEE #9
g Az #EEA govi(data not shown),
PMA % ionomycin A&lA] pH $7l&=e 24zt
26% ¥ 34% = Z7}EAc)

4, FadE2R0| ME Ca¥oll nlx|= A%

ool Aeoy RYAAEERL Na'-H" anti-
porter 84& JAAZH L, ionomycine CI-
HCOs (-OH) exchanger®l 4& Z71A17 2009
PMAE °lE9 84=E /KA. ol8d &3
AES pHZRAA g A ofdH o|xxHL
AR gt FAHEAE golry] f3le o3 2
AA A= F FE oA o] AEW cAMPEES
Ca”sxzo ¥3lg ZAstt. 1Y 6& o3 &3
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A A F B2 AEW Ca*yx9 WHEE  (n=10). Ca® ionophore?! ionomycin (14M)& A
fura-22 233 Aeolth, AAFHANA &3 A ATY Ca*s=t AR F7H592+54nM,
UMR-106 AW Ca*¥EE 105132nMolitt  n=5) AMAM3] A4S, peakd Z7le X9

NIG
‘ PMA
7.5
PMA+staurc
pHi 7.0 control
PTH
6.5
EIPA
| W—
1 min

Fig. 3. Effects of PTH and PMA on nigericin induced cytosolic acidification
in UMR-106 cells. Cells grown on glass coverslip were loaded with 5
#M BCECEF and incubated in solution A. After cells were preincubat-
ed with 10°M PTH or 1M PMA, 1mg/m! nigericin was added to load
acid in cytosol. Staurosporine (1004M) was added 5 min prior to

PMA treatment.
Na-acetate
‘ PMA
7.4 “
control
Hi
P PTH
7.0 TMA-CI
| M|
1 min

Fig. 4. Effects of PTH and PMA on Na-acetate induced cytosolic acidifica-
tion in UMR-106 cells. Cells grown on glass coverslip were loaded
with 5sM BCECF and incubated in solution A. After cells were prein-
cubated with 10*M PTH or 1sM PMA, solution A was replaced with
the same solution but containing 20mM Na-acetate.
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Cl- free

7.4

lono

control

DIDS

Fig. 5. Effects of PTH and PMA and ionomycin on the rate of cytosolic alka-
linization after extracellular C1 -depletion in UMR-106 cells. Cells
grown on glass coverslip were loaded with 54M BCECF and incubat-
ed in solution A. After cells were preincubated with 10°*M PTH or 1
#M PMA. Solution A was replaced with solution B.

Table 1. Effects of PTH and PMA an cAMP produc-
tion

cAMP(pmol/well)
Control 2.085+0.086
PTH, 10°M 20.062+0.265*
PTH, 10"°M 3.462+0.050*
PMA, 10°M 4.178£0.088*
PMA, 10°M 4.469+0.078*
Foskolin, 10°M 5.011+£0.099*

Data are mean+S.D. of e seperate experiments.
* significantly different from the control value at 5%
level

29 Ca™s=ol HuEsd FrlEE FEE B
(¥ 6b, o). ¥ ZEEY FTE 10"MeIA
2E 10°M7ARA Z7HA BE A2 Ca™sx W
3 AU AP o= FEANE R
JE AXY Ca”Fr7he BFHA 44 (3¥ 6d, o

5. ¥z 2Ee] AMEN cAMPEEC]
X &3

2aagzes 2 7e 48] pHEAEA

W A3yt AXE FE o|RHH ] cAMP =%
7t W2 st YeldexE E98 2] Ao
o2 24 M2 F AXH cAMP & H3E #
Zsig. 2 A3 B 1049} o] BRYMzEE
10°M s=elA dzFe v < 108, 10°M &
=X E o 1.68F cAMP 84E F7H%S. ¢4
AEW Ca*& 7MY PMAE 10°MelA 10°M
FE UG cAMP A4S o 2= 7M7)
€ ez Yekth

o &

B A7 Zdn ZolMEdA AXY Ca®, cAMP
4 protein kinase C €42 AW pHZAEd &
&= Na'~H' antiporter @ CI™-HCOs (-OH")
exchanger®] 84& 23#e 2N A¥U pHE W
A 4 Yk, Na’-H™ antiporterd €4
PTHel 93 A= o, PMAY 98 A=A
oo, CI-HCOs (-OH") exchangerd &4

a"Z7H EREe ZAE /ARG Bdds
2828 AXJY cAMPE/HE #iIZ 3l Na'-H'
antiporterg& GAAIA A EU pHE &A= &
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EGTA
a ¢
600 lono  Digitonin
Ca®yi )
(™ i
100 L
450 b ¢
cani | PMA PMA
oM | b ¢
100
(Ca*JYo-r.5 mw (Ca”Yo=4mm
EGTA
600 d ° Digitonin ‘
12 Igl
cani |PTHOOMpThaong © }
o™ | b ’
100k 4

Fig. 6. Effects of ionomycin, PMA, and PTH on the
[Ca*]}i in UMR-106 cells. After cells grown
on glass coverslip were loaded with 24M fura-
2 and transfered in cuvette containing solution
D, 1sM PTH, 1sM PMA or 1M ionomycin
was added. In the end of each experiment,
digitonin (50«M/m!) and 10mM EGTA with
10mM MnCl: were added sequentially.

£o] giglen, PMA¥ protein kinase C 843}
2 AEXW Ca*57tE wi/lz st Na'-H'
antiporter @ CI'-HCOs (-OH") exchangerg&
243t Al7le At o], AN ezes AIXJ
pHE Z7M7le 28o] Ul #H, Ca® iono-
phore?l ionomycin 7} Yehds AZEW pHZ
A AL AXY Ca¥371=2 Q1% CT-HCOs (-OH)
exchanger®] @/dslo] 93t Aoz Yzhdct,

2 22e] Haoi RIFHSEELE B E
A MEY Ca™& FEAA 2 AE&S TEAIG
I FFSn Yot AT, & g Eaudde ¥
ARz Ca”37lE%E osteoblastold &3
=2 gskckn whagtozRY o] oo tiFAd e

olg] =@ HA7t gt E d¥dre ¥A3A
T2 Ca"Fddd U} AAE 10°MelM FH
10™M 5% HHNA @RS Hokou felie]
e md S AREJE ¥ jonomycin M)
Al F&=e 9AIAQ Ca*peakyt PMA X 2lAls}
22 AEAHQ Ca¥F7he A=A gt A7
A B ApolMe Ca*2F e ARE cell sus-
pension FENE AHESHHAW*, coverslipdll
Ztgl AZE ALL3F A$E single excitation
wavelengtholA quin-2v fura-29] ¥3=E =
A Ho|AH®, MEE suspension FHZ UHE
7] 98- E trypsing X 2]dtdorgt dishol] €&
AEE 2 & Q7] W& trypsin A A Ee]
o2 ¥ receptor, channel ¥ ion trans-
porterse HAE 2T F 3lonz FEFH A=
A AJeielM e 4 & ZIdE & gich o B of
U} cell suspension?lol= magnetic stirring®
9] B3 AEgezr AXY Ca’ol F7Hd 4 4l
o} E£3 Ca” signal &3 A4 quin-29] AHE-
< YPAA ZA A AFER Q3 EAA €
& 9k, Quin-29] excitation wavelength?t &
olx ME=Z <l8] ¥A=l= autofluorescence”} &
AA B 4 9od, excitation coefficients}
quantum yield7t V¥ FHojA Aoz thie]
Mo AHgo] 87E e take] MihE a2 A7t
AZW Ca™¥2te ¢3A18 & dor, EF exci-
tation wavelength®} emission wavelengthe] 2t
o|7} Aol or}x] APz wa} P g W
F JE T9 FYF AFEW Ca¥2AHE JUg &
Nt olF AP E Hodd JAEE fura-2€
3400m 2 380mme] dual excitation wavelengthol
A ZARstolt B FYoE QAT H|Fo|H P
=9 H3lE B2 artifact® 24 + A== 19
ol JerZ fura-29] ¥¥EE single excita-
tion wavelengthd] 83 7-¢ 1 A UoIA
A2 z7} o)A g}, B AYPlA trypsind A
2|32 &= coverslip 9o A=t AX7} H¥e =
€ BATS 213 ol e AdElAM fura-2
A2 g o)&3ld dual excitation wavelengtholl A
FA Aclnz A7) HPEd YoM EAME u)
AAE 4 Aok 2o, wEks # 4923 UMR-
106 A XA EFAHNZ2EL AT cAMP &
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g w2 sl 1 AHgol Jehte ez A
g9}

E A"dA AEW cAMP 7= Na'™-H' anti-
porters 4% #EAIZEH ol AR A7t
7] osteoblast cell linedlr Bud vl 3low
B olg|gt e UE ZIAME Fol B 5 3
=y, 434 ¥ Na‘'-H' antiportero] w3t
cAMPS] Z&3} fABIt R & 4 go?, A%
A =B A &3 brush border vesicle A&l
A Na'™-H' antiportere PTH % dibutyryl
cAMPel 23] 2% A=A, o2 cAMP
o] %88 cAMP-dependent kinase®] @432
plasma membrane protein® <UAFEHAIZI 2N
wEEchn Bastdoh?.

Tumor promotor?]l PMA¥ protein kinase C
g 43N AZU Ca"g TN FEol
g0l gl U, FoAEAA PMA Aol
N A8 QM Greens’& PMA7ZF Na'-H*
antiporterdle A3 JIE &L fle A=
B 393591, Graham?® Tashijian”& Na'-H’
antiporterg 8437l 37E AUt &
wte BnE 3 ow vk, £ A¥eAd PMAE
Na*-H' antiporterg& @437 ol=3 &A%
= AZEY Ca™& wi7lgl7] Btk protein kinase
C 84& Wiz 3o vehdes g Holed,
a2 olfe AEU Ca*€ F7M17]% ionomycin®ll
oJg - Na'-H' antiporterd BAEHE #ZF
4 93, E=3 PMA 93 Na™-H" antiporter
o] @43 AFNE protein kinase C A AU
staurosporine©l 2&ll A7 WFelrt, A,
PMAE AXU Ca*37lel &3F wiZidlqd CI -
HCOs (-OH") exchanger® #A3IAI# AXW
pHE #Z2aA7le 3= Sle 2oz Hou,
Ao #Z& protein kinase C 8422 U7 Na'-
H' antiporter 4% 37} &37} v A%
24 AEZY pHE F7M7c Wi Z&3te
Roz Atggrh

B Agdx RAFHATEELE oM XA HE
W cAMPE %7H7]% Na'™-H' antiporterd &
AE gANZ 2N AXY pHE Zardle &
7} #REAUT}. BRAAEER] FoMEe] F4
o mAE A dElME ME ANE HuE0|

oltl, ReidE5? 3 Partridge®? e B 3HseR
o] ZolM¥o|A thymidine incorporations Za
Atk st ot Hol®, wWel® 2 Ag¥elx
a3 FolEoNe #3528 thymi-
dine incorporation® A7)+ &#H7} ltiz
3ttt 39 Owen™ & H3P A3 EEC] ZoMXE
o] Z4g JAFAT FGIAEY FAL FIAZ
otz 2asigel. A7 RAFAE2 R T
AT pHZ A} thymidine incorporation®
o] AL T3 WA E FRod, e
growth factorsE9 43&3 Ase AXY pHE
Z7MA 28 DNA 2 protein §4& F7H2
e AFAQ dBAe 1 B w), 2 248604
Y Rz ERe AXY pHOLAd: 2
2 ZolM 9] FAdAle}l #bo] Q& FoR AR
€}

B Agod FolH ¥l e AXEY pHEEAE
AFN cAMPSF Ca¥oll s 21 &4do] ZEHo]
A, FF Fz2Fd FE3l= 98 calcio-
tropic hormones (PTH, prostaglandin, 1,25
(OH)2Ds%) & AZEY ofd olabd#EE Fall AEWN
pHE W3AIA ZoldlXe] Ao w3 J&S
pixl Ao diF A7t ad o2 Algdd

e o

Zo EoH A FY pHEREL F34 ¢ &5
o] QloiM FaFd L B3t e, o
#1g pHZE & Na'-H' antiporter®} CI-HCOs™
(-OH") exchangerel] 23t F3jdct E d3d2
FzZo sl FE T2EQ B3 TEE]
AT pHZAC vXe &7 o8 wizfste o]
AAY LS gilax EPFHAE2EL Na'-H'
antiporter$} CI'-HCOs (-OH") exchanger &4
T 2 AF¥H cAMPS Ca*¥%o vixle &%E
#AsH}. Glass coverslipdl 42121 UMR-
106 A XA AT pH 2 Ca*¥EE BCECFS}
fura-29] ¥J=E o83t ZFHsldt. Tumor
promotor?] PMA AH7H (1aM) <P 3ele] A2
W pHE 0.14unit 729 28 ¥ pH3
&5 (Na*-H' antiporter?] 84%)& 38% &7}
AZen, 97 godo| CI'AA % pH F7H&=(Cl-
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HCOs (-OH") exchanger A E)E 26% 37
Ak, Ca” ionophore?! ionomycin *2A] (14M)
tg Al pHE 0. 17unit #A&3.ed CI-HCOs (-
OH") exchanger BAEE 34% Z7M 7oy
Na*-H' antiporterd @4dzele #<3 A7}
gt 2Rz ERY H7MA (10°M) 2719
A3t @43(0.27unit) ¥ pH JEE}E #FT F
AN E, Na'-H" antiporter 84 EE 42% AAA|
Aoy CI™-HCOs (-OH ) exchanger® &Aol&
frel3t 237 It A7 XA AMF AEH
Ca" 5% 8 3% 23 PMAE 9% 499 Ca”
el A&Hoz Fvkse AXY Ca¥s
1S $2A173, ionomycin F7ME MEW Ca”
3= YAH Fvbh #aEAn. 2y £
ZEEL 10"MelA 10°ME= HedA f23 Al
Fd Ca* = HIERTAINA Rtk A2 F
AA A2 F AFH cAMP ¥% W3S A7 2
3, BAAAEZ2E 10°M FZolAN oz Hs)
oF 104, 10™°M Bx=olA < 1.68] cAMP 42
Z7M 28, AEY Ca”& 7MY PMAE 1
AMEE 106M = HH97A cAMP A& <F 2
W A= F7HA7E A2 et

olde] AME FF3Y, UMR-106 A EeA Al
¥ Ca”, cAMP % protein kinase C¢] #/4L
AEN pHRA #Aste oleudAlg 2T
24 pHE A & glon, RPN EaEe A
¥ cAMPE vi7lE 3 Na'-H' antiporter®]
AL AAaAFo 2N Bot e F2 JHEHE
2 § AL AT
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