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Abstract : This study investgated the properties of primary cultured proximal tubule
cells in hormonally defined(insulin, transferrin, and hydrocortisone), serum-free medium or
10% serum-supplemented medium.

The growth rate of the primary cultured proximal tubule cells was lower in the
hormonally defined, serum-free medium than in the 10% serum- supplemented medium(p <
0.05), while the activities of brush border marker enzymes, alkaline phosphatase(AP),
leucine aminopeptidase(LAP), and y-glutamyl transpeptidase(y-GTP) were increased(p ¢ 0.
05). The activities of these enzymes, however, decreased with the lapse of incubation time
to 50-70% after 6 days culture compared to those of the freshly-prepared proximal tubules.
The enzymatic activities of the primary cultured proximal tubul cells on 6, 9, 12, and 15
days of culture were significantly increased in the hormonally defined, serum-free medium
compared to the 10% serum-supplemented medium(p € 0.05). The functional differentiation
of the primary culture was examined by observing muiticellular domes of the confluent
monolayer, which is indicative of transepithelial solute transport. The dome formation by
the proximal tubule cultures occurred at a higher frequency in the hormonally defined,
serum-free medium than in the 10% serum-supplemented medium(p ¢ 0.05). Upon electron
microscopic examination, an increased density of the brush border was observed in the
hormonally defined, serum-free medium compared to the cells grown in 10% serum-

supplemented medium.
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The activities of Na'/glucose cotransporter(“C-a-MG uptake), Na'/phosphate co-
transporter(*2P uptake) and Na' transporter(*’Na* uptake) in the brush border membrane,
and of Na'/K'-ATPase(*Rb uptake) in the basolateral membrane were significantly

stimulated in the hormonally defined, serum-free medium than in 10% serum-supplemented

medium(p { 0.05).

In conclusion, the primary cultured proximal tubule cells grown in the hormonally

defined, serum-free medium demonstrated a slower growth rate, but the functions of cell

were enhanced.

Key words : kidney, cell culture, serum, transporter.
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A% ZANRRE AFTA ZAEHo2RE o3d &
A& AFSF 2o a2 ARy F3E FA
¢ Fo% 42 g ol @ AR 7T A ¥

AARelA Y ANAAY AxdS HEHH FS
¥ BEolA FYHoA Job” aey o] WPEL
Yol WAZE BT ok} Ze] A&Yo] FojAlE

H7H] EARES 23 o WA AR 715 S
Tt dojM A A@Aol e AHE de
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4 rR oo wx proro

o
Q= AIEE G Bl sjEE el o] g5 3 Tk,
ARl 7)1%5& @787 A8 AHSEE cell line MDCK
(1), LLC-PK,(AA}), A6(717&), OKFHY #) &
JTC-12-Py(2%0]) 5o] Y™ o5 cell line HEELS
Ay a4 EAES FAST gled 98 £9
MDCK M ¥& 994 ndolY Agae S4TE° 17
i LLC-PK, HE¥E Na'/glucose FFE8AE 741
ol MR AT 22 A43HT oy, o
Axe A#A $4& salmon calcitonino] it} ADH| ¢
M zAHNAE 5 49429 54 24T g
t}. ojsbzto] BYHH cell line MEE A EHF9
EAS F2 B4 doe AL AT, AU A
To) H|g] 71%0) A B AAEHI| gEo] FgHA
AEH 71588 g ol &dedE B EAH
ok, wab 2 FAQ YR A ot cell lined o] &
AYe AL B3] AEM EHE o & oY
Hhdo] mEH Y.

z2oujgf b WYdd AXE FERYEH Y 2
A2 HE3te] AHEE] dEo AU EAtE F
Ag z22d g e fA8ke o] At a8

U A2 7]5el dHAY FHEH, M2 OdE HEE
o] EAHY FAHoz FAYo| FAddE dHL
AAL Qo 28 8L Hrste AMEE wjYstd
AfroldEsl A=F AU Ax i 750 ¥
et 59 9AL 7HA L Uk gEbs Zou Al 84
€ Arjste HAse dertA] EARES BHEds &
E2E @A 784 A E A3 E o] s o
BEO BB AXEL Agd 322, A4 2 lam-
inino| 1} collagen®} 2-& ¥ FAQIAEE H7betd ¥
A AN E e & U s2E ¢ 2EA
iAo N 2ol gE ZHxd HEE Na'/glucose &
E2uA4"" Na'/H' 435844 2 Na'/phosphate F
EFEHATE HEF AR EHE FA8D U
A cell line A 2ol ¥s) 22 AHE 71X 2 glv}. wetbA
2 A7dME dyuixie 28 Y FEH v
ZUHNSFE 29D AXY 75H EAE HIEY
FozH AXE o] A7 A HYRIY FY&
BE AXE 39 71297 7|9 vid s A

MWz % Wy

HEME : AYAY T EASA(AVIE £Q)lA S
H-e New zealand white =3 E7](1.3~1.8kg)E AR&-3}
gt} 7124 x]E= Dulbecco's Modified Eagle's Medium
(DMEM)3} Nutrient Mixture F-12(Ham)(Gibco BRL)S]
1:1 &5 (glucose 3,151mg/1,000ml ¥£3HE AL$3H
ot ZE A AH3 A = FAAE FrhehA FtA
gk Z9H xR BeFHAA AMSF wjA el penicillin
G 192IU/ml¢} streptomycin 200pg/mlE A7131ct. i
Ae ZHF(FIAL) =54 pHE 7302 AP ¥
0.22pm Millipack filter(Millipore)2 A IA|H A}&-3t Q.
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Collagenase, Soybean trypsin inhibitor, Trypsin 2.5% 2
Fetal Bovine Serum §-& Gibco BRLoJ A 743Gt In-
sulin, Hydrocortisone, Apo-transferrin, L-leucine-p-ni-
troanilide, y-glutamyl-p-nitroanilide ¥ HEPES(N-2-hy-
droxyethyl piperazine-N * -2-ethanesulfonic acid) &
Sigma Chemical Co.olA FYstgch. ¥P, *Na*, “C-a-
methyl-D-glucopyranoside 2 **Rb 5-& Dupont/NENY]
A z+2t #9899 . Acrylamide/Bis, TEMED 121 @
47 24 GAAE Bio-RadaolA] Fskel ALE 3
¢ 20199 RE Alcke BTAGE AHEHA

A= AH4E insulind 0.01N HCI, transferrinz}
hydrocortisone2 ZF470 22} 4] Nalgene filter ap-
paratus(0.22m)e] A7) F $F34el WA 2 YEu
B84 s,

AbAIE AAS] A8 BFHAAA AFRE 0.5% A
8" $4[iron oxide solution(wt/vol)]& Cook%} Pick-
cring“ol 71&% Y2 sodium hydroxide(1.3g)%} po-
tassium nitrate(10g)E AtA7F X3¢ FF4 50mlo), fer-
rous sulfate(4.5g)= F/4 50mld] Z42F §8jA7) & &
et GEHo] 2 driA] HgEAAT. o|FA F¥d
iron oxidew FFTE 33] AHT F 0.9% NaClZ F-HA)
A ddach FFHHAAM o] §F iron oxidef &
PBS(phosphate buffered saline: NaCl 140mM, KCl 2.7mM,
KH,PO, 1.5mM, Na,HPO, 8.1mM, pH 74)& 54 34
ko] AHBH -

YUY,

E7 A 2AM Y MEe] Zofufd - B7 413 2
AM =g AEY 2 Chung 559 wge ¥y
B R A EN(1.3~1.8kg)E AF BHOZ et}
A F A5ds e a2 {FASA FA AFE
A& At FAEAE AAT OF 712 A Y pen-
icillin G 1921U/ml$} streptomycin 200pg/mlg A 7}3}o
Ao AAY v Bt HEE AL AF
ol o] Fd 195 FAhbsg AYste g A2
TR F o] ¢H3) AAE WA B9 PBSE &
EZA 71}, o]olA 0.5% iron oxide $4 o2 3)Fo] ¢t3
Ao g d7tx] #FAI F FAA FR 71 26A
2 BFAAY Foe v A F A& 7 E AEet
o 3 FARRE % 05em FES] 2702 Fehfof, T
g 23 ¢47|2 343 Zo} F F(254pm9} 85pm)9
UUBYE FHAZ ¥ 85pm YL Ee] 2P AERS

43 DME/F-12 ¥jZ7} 943 Adgo2 §2ct.
O|EF A HL XYL Y& AFA AXE HUFE ¢
GRS ol 3k AASD, 2YARBE 60ug/ml col-
lagenase class IV9} 60pg/ml soybean trypsin inhibitorZ
F2olA 2t 3R Ad 3 dHEso 33](1,000
pm, 5&) AHIAAT. o|FA FulE SHARDE 371
A AR (insulin 5pg/ml, transferrin 5pg/ml, hy-
drocortisone 5x 10°M)7} H718 7]BujAd] 8|43}
35mm E2p28 wjFH Al FFSAAT jFE 95% air
g 5% CO.Z ¥ WY7lolA 37CE FAFH AA
AT A= HFF Y ZotFR 2 o] F & 3-4Y 1}
o a@igct. &, A #4 2 435 248 94
M v A9 24412 Aol WA E n@shA

HZMT AT A2 4L AR HF5F3,6,9,
12, 1590] Basgth. MEE DME/F-124%)(pH 7:4)0]
insulin Spg/ml, transferrin 5pg/ml, hydrocortisone 5x 10*Mzt
£ M T 10% A& A Fo2 pro] 95% air}
5% COZ ##d w710l 37CE A8t Wit
Zt FolM AESFE EFAS7] Wl WMYAEE 0.25%
trypsin-0.1% EDTA £ 0 2 1087+ Helsld HEE &
A1zl F 0.1% soybean trypsin inhibitorg H7}8 1
PBSZ 3|45} Coulter counter(Model ZF)2 &3}
ok o MX s 2R 349 wFHAE o] &gt Al
¥ 7} confluentd} A &2 & o] FF domed] B2 YAHA}
=Y (Olympus Co.)o2 WFHAIF 20/ 0k5 &
23 rh(A]oF:21.5mm X 32.5mm). 307 o]Ate] uj%
AE BT ARE NFFA D AT £ FELAE et
Wt

MAt#o|d #E : ConfluentdtAl wWyd ZHA =
AEE $3F 3 2083 A28 pellet2 2 BHE
t}. Pellet& 2.5% glutaraldehyde-824(0.1M cacodylate buff-
er, pH 74)00 A1 < 2A|7H59F AuAstn Y g5d0
2 1584 33] A&t 181 1% osmium tetroxide
(050,) £94(0.1M cacodylate buffer, pH 7.4)0l| A 241 7Hs
ot FaAT F Y SF4os 1584 38 AF3
Aud AEE A¥EY ethanol(50%)2EE 100% ethanol
7HA &A|7] 1L propylene oxideE AMg-ate] XJEAIZTE
Epon mixture & TH5¢] propylene oxides} 1:1, 1:22 34
14 J 7217127, Epon mixture AH A 244|752 ¥
g F 35TolAM 12417, 45To|A 12413, 60TAAA
24717 F< €5¢E 3o Epon blocke 1ymE 2
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331 1% toludine blueZ G443 § Jedn| o2 Pt}
o, EARYE H3 1 diaomeE FAA|7 ultramicrotome
(LKB-VE)e2 60nme] 2EHE WEC] uranyl ace-
rate$} lead citrate 2 0]5 M3t FA} AxEe] 7 (100
Cx118, TEM)S 2 80kv 7}& AgtdlM &3t
A AREo| 7 BZA confluentdtA PP ZHA R
7 A EE FA Az Ao s o] uAdty g
A7l % jon coaterE 0|43} gold coatingdt Th-§ FA}
AR o2 25k 7HE AN BFSHGHT

HA Y chE B $dde EAEAQU alkaline
phosphatase, leucine aminopeptidase 18] 3L y-glutamyl
transpeptidased] FAEE AAE2 ZA3 ). Alkaline
phosphatase 84T+ Bessey 579 W& Wy p-
nitrophenyl phosphateZ 7|22 AL&&A A&7} 7HrE
HAHe AL EAFEAZ SAsGG 94 PR E
AAs T o2 A7 PBS(pH 8.0)2 33] A3 o
& AExE A4 A 2mg/ml p-nitrophenyl phosphateE
383 PBS(pH 8.5) Iml2 158 BjFA & 434 &
3]4+3}4] 420nm(E420 for p-nitrophenol=18,300) 4 &
T AU

Leucine aminopeptidase 84 £+ Green 57°¢] Wy &
¥ 83} L-leucine-p-nitroanilideE 7|22 AME-3A] £4]
sgich. BAEY 24 F&oA FHE AF(10mg L-
leucine-p-nitroanilide /40ml PBS) 2ml} 1587} ¥Hg-A]2)
% 405nm(E405 for p-nitroanilide=9,600)cl 4 ¥Z =&
24890,

y-glutamy] transpeptidase &4 =& Tate} Meister™e] %
¥g o)839on y-gutamyl-p-nitroanilide & 712 2, gly-
cylglycine & ofvl Al £ 8A 2 ARG HFE AXE
d202 A% PBS(pH 7.3)2 33 AAE S 1%(v/v)
Triton x-1000] 348 50mM imidazole buffer(pH 7.3, 23T)
2 1087 £3iA7)2 Eale APAEE rubber policeman
02 FASAT FHTE S 9200(ImM y-ghutamyl-
p-nitroanilide 0.2ml, 20mM glycyiglydne 0.2ml, 0.1mM Tris-
HCl $&9) 06ml, pH 80% 1:1:3¢9) u]&2 &3 Ep-
pendorf tubed] W3 #FLFZ(37T)NA 1023 sFAIZ)
3 Zu|¥ 80 NEE H7kstn 1083 H3A1A 410nm
(E410 for p-nitroanilide=9,600)01 1 &F=& ZA33Act.
Nge RYFE Bradford WEPoE A Tho
BNEE dWAdFo2 FFSAA nmoles/min/mg pro-
tein . ¥A| ST

HujA g T2 FA FEA wf{oA g A
o] gl A& SDS-PAGE H o2 AU ¥4
o) AHL3E )X = confluent3}A) wj%¥dte] PBS(pH 7.4)2
AHF F 0.1% SDSE $AA dAE FFe F
2o A3yt A7 9EF A& Coomassie blueZ g3}
T 2YNA A2 ol&ste AZEFAAY. ©F
A¥2E Sigma marker (MW. 6,500~205,000, Sigma
Chemical Co.)& AH4-8}59 ).

Uptake &Y : 322 &4 584 wix g g3uAE
AHgste] zojuigd SHARE AEY V)5S w2
7] $i8ke] £¥AL Na'/glucose TF-EH4HA (“C-a-MG)
9} Na'/phosphate FFWA("P) 18z Na* $4HA
(*Na")s} 7142} Na'/K'-ATPase(**Rb)e] §AEE =
A3kt

“Ca-MG uptake A& Hjthad 22 a-methyl-D-glu-
coside(e-MG)YE ©]8-3}5 Sakhrani 59} W& ¥
AE7} FA3A DEE FASIUE ) uptake buffer [NaCl
136mM, KCl 54mM, CaCl, 1.3mM, MgSO, 0.4mM, MgCl,
049 mM, Na,HPO, 0.44mM, KH,PO, 0.44mM, HEPES
5mM, Gluamine 2mM, o-MG(0.5mg/ml), Bovine serum
albumin(0.5mg/ml)|2 YA EE 33] AHF Fol, uptake
buffers] “C--MG(0.5pc/m)E H7}sle 37CollA 3083
wjFatglch. ko] B & HEE o8 AR wash-
ing buffer{mannitol 300 mOsm, pH 7.4)2 214317 33] Al
A4t o] F AZE 01% SDS 1 mlZ )47 F s}
o B-counter2 WA S S48

“Phosphate uptaket= Rabito™¢] W§o 2 &4
o} A E@3 S uptake buffer [(NaCl 150mM , MgSO,
12mM, CaCl, 0.1mM, Tris- HCI 10mM, BSA(0.5mg/ml),
pH 6.5)]2 33] A1 3, uptake buffero] *Phosphate(0.
Spci/mi)9} phosphate ImME& AH7IAIA 3087} w43
o}, vioko] BuUH 9L&02 }AE uptake bufferZ 33 Al
A3y 1 g gAlE “Ce-MG uptakes} o] HAIEA
.
“Na' uptake® Rindler 579) Wi o2 243 9ct. 7|
Atz oM Na'¢] o]%& olsl7) $s) DME/F-12 df
Ao 10°M9] ouabain%Hg H7}ete] 24 HF QL A FAl
7)1, uptake buffer (Trs-HCI 10mM, MgCl, ImM,
CaCl, ImM, pH 74)2 33 433 % uptake buffers]
Na'(0.25uci/mlyE F7¥ete} 3087 WA HF
o] TuE AL 02 A7 3 uptake buffer2 33] 4| 3}1
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2 v 9AE “C-e-MG uptaked} Zo] AA ST
*Rb uptake A H& Devis 5%0] AHE g W02 A
343t} 35mm Hj G Ao A confluents}A B&& HA4 g
HEE FLo)A uptake buffer (10mM Tris-HCl, NaCl
140mM, pH 7.4)2 33] A& 3t} AL+ uptake bufferd]]
RbCl 1mM, *Rb(1pci/ml), BSA(b.Smg/ml)% 233
“Rb uptake bufferE z} wjFAA o] 1ml¥ L B8,
0EE MFE Foll AXDFL HSo2 A3 wash-
ing buffer (Tris-HC] 10mM, MgCl, 140mM, pH 7.4)=

33 A3t 2 08 ¢AE *C-0-MG uptakesh z+o] 4
=

BE 4¥E3E zero time uptakeRE Z}7 wAF T
Bradford® W02 243 uw ko RFFAZL
T BE A ] AYF 37 o) wWjgPAE )
&3t

SAHXME| - A3 H Y BAANYE Sudent's t-testoll 9]
3t frod AA

5] 3l

Fig 1. Phase contrast micrographs of primary rabbit proximal tubule cell cultures. Primary rabbit proximal tubule cells were
grown in hormonally defined, serum-free or 10% serum-supplemented medium. Panel A: freshly isolated tubules after 1 hour of
culture. Note the distinction of proximal tubular lumen. Panel B: after 3 days, epithelial cells had fully migrated from the rem-
nant tubules. Only a small portion of the remnant tubule was still visible. Panel C: after 15 days, confluent monolayer was form-
ed. Panel D: after 15 days, primary cultures were overgrown with fibroblast in the serum-supplemented medium( x 100).
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HHHX|2t FRMUHX oM ZCiuitE ZHM D A
Zo| HF R : | F BRI E AnBE HEP
T o 1Azbo] Z3}3td W FH A ZHA o] 25
Ach(Fig 1A). FF 3~4d REE FPHEE] A
o2 HE ¥3l50] FHd) colonys} FAE7 AFstn
(Fig 1B), o] M X9 colonyE< A2 Q45 F435%

—e— DM .

Cell number(thousands)

3 6 9 12 15
Time in culture(days)

Fig 2. Time course for the growth of renal proximal tubule
cells in hormonally defined, serum-free or 10% serum-sup-
plemented medium. Values were the average +SE. of nine
culture plates from three independent experiments(n=9).

* p (0.05 hormonally defined vs. serum.

o} oF 1590] A3 confluentd}A] HX g8 84
B AHFig 1C). ¢ AL A7 wiA oA g A
XM= Aotz fEF4o] #AEUTHFig 1D).
HEY 43 28 94 78 oY ¥R & Ae
iR A 22} i FAA Wz SR HEY LS b
% 64A FEE A yFHoz FohE ATy
F6,9,12,15¢0 = 28 34 F8A vjAo) vy &
3E& A7Vt g AR 227t 94 UAA F7ts
Rt 22|31 o] F 2NN iGE AXE WFF 159
o] 3tstd Aol 28] F3}5 AT Fig 2).

AESL S I3 AT Fo ReE AE
colonyo A= A& 4 ¢l domeS 4 3HA}(Fig 3).
35mm W FHAE EHP| A3kl A 2040k o]
A% A7 T2E 94 FEA G AL Hoie o)
Aol A domed] g wlYHAIF 2zt 13.87+0.457,
113140437012 S2& 34 FEA vz oA dome?]
47} 22.63+0.05% F 718t tH(Table 1, p< 0.05).

Table 1. Effect of serum on dome formation

Hormonally defined medium

serum medium

Number 13.87+0.45°(39) 11.314+0.43(30)

Primary rabbit proximal tubule cells were grown to con-
fluency in hormonally defined, scrum-free or 10% serum-su-
plemented medium. The average number domes per dish were
estimated by counting 20 microscope fields at x 100 using
Olympus microscope. Values were the average + SE. The
number of experiments was given in parenthesis. * p { 0.05 hor-
monally defined vs. serum.

Fig 3. Dome formation in confluent cultures of proximal tubule cells. Dome was the group of cells that were slightly out of focu:
under microscope when focusing on the monotayer(A). The cells in the monolayer were out of focus on the cells in the dome

(B) (X 100).
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Fig 4. Transmission of electron micrographs(A, B, C & D) and scanning clectron micrographs(B & C insert) of cultured rabbit
kidney proximal tubule cells. Electron micrograph showing the group of proximal tubular cpithelial cells with scattered mi-
crovilli on the free surface. Tight junctions were visible in this photograph. Panel A: purified proximal tubule cells. Panel B:
cells grown in hormonally defined serum-free medium. Compared to the cells grown in serum, the brush border was denser
but microvilli were shorter in length. Panel C: cells grown in 10% serum supplement medium. Panel D: cell organelles grown in
hormonally defined serum-free medium. Bars A: 1pm, B-D: 0.25nm
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Fig 5. Time course for activities of brush border marker enzymes from renal proximal tubule cells grown in hormonally defined

serum-free or 10% serum supplemented medium.

Panel A: alkaline phosphatase activity was determined by measuring the hydrolysis of p-nitrophenyl phosphate.

Panel B: leucine aminopeptidase activity was determined by measuring the hydrolysis of L-leucine-p-nitroanilide.

Panel C: y-glutamyl transpeptidase activity was determined by assaying the release of p-nitroanilide from L-y-glutamyl-p-ni-
troanilide. See Materials and Methods for the details of these assays. Enzyme activities were deterimined on day 6, 9, 12, and 15

in triplicates dishes. Values were the average + SE. of three independent determinations(n=9).

Vvs. serum.

HAHE0|EN g FAL dapde|g ez #3A] Ad
& AR P AEEE 2Uska ozt HAoloy
HFE AR MAFEE EEEESIL o7t &AL
o #stich(Fig 4A). Aolv 3228 H7isie] Wy
Fd AEAM AU AZFFAE BT 7 U2
EZEolE MET ME 271FEL A2 FAHS
thEig 4D). 22 £8AY v §RE A AolE
B 8348 W/he ME(Fig 4B)) wdM 328
4 T A wgd AEE TSR o 2
Ach(Fig 4C). FAF AAAYZ BFRAAE vse
g B2 5 JUTH(Fig 4B & C).

HAux|et FHAHBX oA ECHBHAE T M A
Table 2. Enzyme activities of freshly isolated proximal tubule

Ef

- Enzyme Activity

26.89+2.50(nmoles p-nitrophenyl
phosphate released/min/mg
protein)

229.83+61.65(nmoles p-
Leucine aminopeptidase nitroanilide released/min/mg
protein)

1634.26+92.69(nmoles p-
nitroanilide released/min/mg
protein)

Alkaline phosphatase

y-glutamyl
transpeptidase

Enzyme activities of brush border marker enzymes from
freshly isolated renal proximal tubule. Values were the av-
erage + SE. of three independent determinations(n=9).

* p< 0.05 hormonally defined

EOo| 480l A BAD clEAS| H|T :
phosphatase(AP), lencine aminopeptidase(LAP

: Alkaline
) 2913
glutamyl transpeptidase(y-GTP)= A% &M =3 %‘?‘i
Ao AFAA ARRL2AM Y 294 BYE
& At ol &5 E BAEot

k Da “3"“"':'
97~
55~
45~
36~

29~

(C) (D)

Fig 6. Gel electrophoresis of freshly isolated proximal tubule
and primary cultured rabbit proximal tubule cell lysates. Pri-
mary cultured renal proximal tubule cells were grown in hor-
monally defined serum free, 5% or 10% serum supplemented
medium. Tubules were prepared as described in Materials and

(A) (B)

Methods. (A): freshly isolated proximal tbule cells, (B): cells
grown in hormonally defined serum-free medium, (C): cells
grown in 5% serum-supplemented medium and (D): cells
grown in 10% serum- supplemented medium.
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Fig 7. Comparison of *C-a-MG, **P, *Na" and *Rb uptake in hormonally defined serum-free or 10% serum supplemented medi-
um, Intact monolayers were utilized for uptake studies. Uptake were performed with “C-e-MG(0.5xci/ml), *P(0.5uCi/ml),
**Na'(0.25:Ci/ml) and *Rb(1uCi/ml) at 37T for 30 minutes, respectively. Uptake determinations were corrected for zero
time uptake and standardized with respect to protein as described in Materials and Methods. Values were the average+SE. of
triplicate determinations(n=9). * p ( 0.05 hormonally defined vs. serum. (A): *C-a-MG uptake, (B): **P uptake, (C): *Na’ up-

take, (D): *Rb uptake.

&W Aol YXe AP, LAP, y-GIP 3459 4EE =
Ag Agt NG ZHMH B vlE 647 WiEH Ao
YA EE Z42Z; 65.59+0.86%, 52.57+0.88%, 67.76+0.75%
2 743815 HTable 2). 183 A Ewjd7]3to] 7 g 3tel
w2k AP, LAPY] B4 == F243] 7449 oy y-GTPY
G e SUstA 2AsgIchFig 5). W 644 H 9Y
Atole] AP, LAP 2 y-GTP ¥4 = 2z}t 80.76+0.19%,
67.39-0.76%, 8.92+1.17%2 74840t T3 4L A
74 Mol uls] 328 314 T84 uixdA ujF A
Y AA HE} FIRUAA =%THp(005). 328
&4 F8H w9 5%, 10% H & T2 A g
H A3e] gy FAE 2ol & Yeh ] ¢ gtrh(Fig 6).

il
k:

otg| 2

HHUIX 2t FHABHX|O|A ECHBiAE Mt A
Eo| 7|5 Bl SR §4 FYUA wix|o)A wjokgd A
A 29 = Ao &89 Na'/glucose FF2 4t
A(HC-a-MG)st Na'/phosphate Z%&9HA(**P) 281
Na* $uh#)(PNa')e} 7142} Na'/K'-ATPase(**Rb)2]
BHEE ZAA

WA Na'/glicose FFFAY YT 328 &
A 584 wix o} YYuAN 22 17254192, 1343+
142 pmoles/min/mg protein® & 24 =% th(Fig 7A). Na*/
phosphate F%-$-4HA|¢] AT 182.96+8.81, 11392+
4.21 pmoles/min/mg protein(Fig 7B), Na* $4hA|e] &4
L& 79.57+4.47, 55.06+3.23 pmoles/min/mg protein

A
a2
=
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(Fig 7C), 71X 2+e] Na'/K® ATPasc 4 £+ 27.33£1.73,
21.97+1.04 pmoles/min/mg protein® 2 Z}z} ZHHS]
ch(Fig 7D). o}t ZFS Bo} TEE &4 F¥A uj
Ao wjoFdt MY BHolE FEo] BHAA vt
M EE T = 3oHp (005).

&

A9 7t 7| BE PFASE AXEY ARY 7T Al
29 714, X FREAED HAEAo)S AARYA T
3 2 RS g JFE v FH WYE A
oA Yehtbe 759 Wste gREY A AE WY
g7 o8] QgL Bt A ZAHow East
£ AxEd A A7E AHM AEE g g= 8
A& Arlete] wjgFsid st mebs I3E Holet
A G HEE st Wwgol e Axe 4343
AL, AEe ¥ A4 283 A 2 53
2e B8 A7 o]gsoxa Yo o] AgelMe
AN 2R AEE ZEE 4 FEA A ¥
WA oA ZHzh WA AR wnst . AEY 4
AL wof 6UAREE A QAo Fr1etN T
% % 6,9, 12 183 1594 328 §4 THA 6
of wa B NA wjgFe AXS £A7 @A F7t
3¢tk Aleo 572 M ¥t B Fo| v 3U7tAE
#2438 Z718HA FRAA U 4-8%U0] FH3E AESF
g dero] A9 Tl o)4oz FrMgTn Bt
ol MIuF 874 F, 4% AHAY FFS 3= T4
Akolo] 71918 Aol AZE 53] H Yo A=
58S 5283 AAE Wi 322 A FIH wiA
BoE A%E AN e 4ZEn. a8y A
M EE FEFAAIE Bl AT MGFF 159 5H
o) E8EE AL A¥/}F 443 23S YT § A
X A3 700 A A Eg 71908 Rog Azt

2008 9T AEE AR Ao AHs)
A oA §EE PSS Fatn ga 1AL WY
Aol Bag o] it o] Aol AMsHA H&d 29
As@e] nAgee dol7t 2 Aoy wad
AE NN §RE &7 SEER Y BF o] AFe
3L A)ete wjFg Ao wd) 522 34 FEF
i o)A wjokE A £¥d uA§Rs o 2t
= Bavew g4t

Z

X7t $A8] 23S AT Folle domeo] HEHSY
£l MDCK A XA dome H¥2} o] &-&uHA| 7} &4
g0 AEDS 3} Wi FYA Atolol Bajdo) A7 4t
ool Ao g4dE Ao I¥A Qi o
dome T hemicyst= H|XY o] FEE YEhlE
Zolw A¥ 71588 A% AEIL % FO*. o9t
zo] domed] ¢ A7) = HEE 53 EHolF9 HLr}
Hog ol A% ed I2E F FEA dA A
wioF gk A E7F FHuA AN BT} domed] NI} F
A A Eoh, 22 &3 FHA WA M siFe HE
o BdolF vEo| FATL &+ YU o= R
FHEo Ae FAAA G2 JAEd AT 71T 7
Afotd 2] #EG Ao Qg ST Ax 4
AL 24 Aty 7159 G Eola A€t

A Augd EAgte o8] A28 FHEE
Yo $Ao] ttar] o ojgE A2EE A% 7T
AT A EZ Ao}, Alkaline phosphatase(AP),
leucine aminopeptidase(LAP) 12|31 y-glutamyl tran-
speptidase (y-GTP)E @M ¥ &89 1832 Na'/K'-
ATPase, Ca"-ATPase 52 7|49 AFELE o] §¥
ool AgdME T2 ¢ FUA A AR
wjok g Al ¥2| AP, LAP, y-GTP A =& Aud HF ¥+
A2 vuager S22 @3 FEY A dA W
AT BA B HAAANN Bep k3 A
Tto| Ao whe}t HA o BAEE FAFHAT. 2hu)
F3 E7) S9AnBAE AEuE 690 Fstd
AP BA & §43] 249 3 y-GTP= WP &
Qo] ket pA¥TD BasHTE. LLC-PK, A X
AN = A SHA @} washd ol an
59 YHE7} A3 Freva A0 ole IHS
o EAste AAEC] AfoAEY FEF4 Pk ofy
2 &g EAste TARHE FaNHE Juid
AT ojuj g AR JaiM 2AHEAE ofF ¥HA
oA g} 2o WA ARg Adshs 128 ¢4
T84 ujA 5& ALgso dFEo Ao & Aot} A7
F5S 5 328 4 FEY A9 5%, 10% &
A7bato] Wl AXolA DA FAke) Aol BEY
4 QUSitH(Fig 6). A& A7 wjAd) HlE) 328 &
A 28y iAol M WFg AN 29 kDad] TFjF
& o wetoy 35 kDad} 55 kDa o Ao} 28 &
WA o) spolo) Y FHAAU oule o] HPEAZE

= =
o =2

t
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& 4 g

20w YdE 29T AEY BHolF TEE Yo}
By 98 528 4 794 A £ HWAZ o
%% A¥ Y Na'/glucose F5-F4H4|, Na'/phosphate F
T, Na'/H A5 9HA 9} Na'/K'-ATPase 9] &4
EE stk @A S A7 iAo v 528 3
284 w) XA e HEY FHES} FYHUA
A Ve o] HrhER ¥ A2 EFolF $Yol
o gurghs & 4= 3T} o] dome FEH T A B
FE 239 YA FE gH L EFo|Fd #¥H
3289 FEAE JF2ATFA HEY 7|5E F3
= AAANYE BaV7) ge Ao Hol &=
HEe B o]FAd &S vAE A7 2HEA 9
=& At ET

AEHOE SEE 4 TEH wiA N zdugd
E7 A% 294 AXE 10% 4L Hrste wig
& Axe) ula AL oy £¥d 54 3 Ay
EZol gAY =T FYA AA =3

4 £

A% YR FFF 3Y0] ZH3Hd colony7} ¥
A87] AAst colonyEE AE dZAH FAHR
15%0] Zstd ghdstA @3S ARG oluf AE
£40]%9 AEQ domeo] AHHUL, FHE At
iAo HlE) T2E FA FEA wi oM ojgE X
dome AW s} of E3tch 28ln 3 S Ut Y
g HAoA ol HEY BEF e 2 £ AT
FAb Aztdn| A sol A R AMF FYAxB T

A§EE doprt 4 2Lt ot WFd Axe] vl4
FRE B1 EFEE S B S Avbete] g Al
Z

Hle 222 @4 FEA wixdA wjgd AEY
U]"ﬂ%-‘?"-ﬂ o zdggon, FARMZIHAME e
27& Bt

Y 29 HAEe] £¥EE AHEEAQ akaline
phosphatase(AP), leucine aminopeptidase(LAP) % y-glu-
tamyl transpeptidase(y-GTP)e] 84T 10% EH & 7t
gzl Hs) 328 @4 FEA wAgM WIE A
ol A of &k As A o] vl vy 6UAE A
¥ = AP, LAP, y-GIPY 34 =& 47 65.59+0.86%,
5257+ 0.88%, 67.76+0.75% 748ttt 18] 1 wg7]7he]

73l o2} AP, 1APY] R FAE Fasigo,
¥-GIPY] AT ghetstA Z2diglc)h 328 ¢4 7Y
A A9} 5% T 10% AL A7kee] widd AEY @
B3 AL o7} gileh EHHARY AT £¥AE
Na'/glucose 531817 (“Co-MG), Na'/phosphare Z25-¢
ahA (7P) 2 Na* $ubA) (3Na)gh 7] A el Na'/K-AT-

Pase (“Rb) @4 EE 8L Arld Ao Hja) s28 &
4 283 w4 o Ech

olgtgto] T2 E A FHA WA oA 2oujdd E
7) A4 29T HEE 10% SA L Horete wjus
MEe w3 4L =gou AfolAEy ArFae
Uz gt 28y $89 E4 Y AEY EolF
A AEE T4 A =34
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