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INTERESTING STUDIES BY USE OF
ADRENOCORTICAL FASCICULATE CELLS :
THE ATP RECEPTOR, ITS BIOLOGICAL FUNCTION,
AND PHYSIOLOGICAL ROLE IN ADRENOCORTICAL CELLS

Masahiro KAWAMURA
Department of Pharmacology, The Jikei University School of Medicine

Primary cultured bovine adrenocortical fasciculate cells (BAFCs) are useful for studying
the function of receptors for several physiologically active substances. We found that both the
adrenocorticotropic hormone (ACTH)receptor and Gq protein-coupled ATP receptor (P2Y,)
were expressed in BAFCs. In BAFCs, extracellular ATP binds to P2Y, and increases the
intracellular Ca*" concentration by means of the store-operated calcium entry system. ATP
potentiates both ACTH-induced cortisol and cAMP production via the P2Y, receptor.
Concerning the physiological role of the ATP receptor, we hypothesize that in stressful
conditions ATP is released into the blood stream from several kinds of cells, including
adrenocortical cells. The released ATP acts on P2Y, in BAFCs and potentiates ACTH-
induced cortisol production. This sensitizing effect of extracellular ATP on adrenocortical
fasciculate cells to ACTH is a mechanism to protect us from stress.

(Tokyo Jikeikai Medical Journal 2008 ; 123: 333-46)
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3T, APVRCHIGT 2 EELEEO—D L
LT, HRTH-TEE-BIERLHD I, 2
DRI, EERZA PV RACBEESRIZEE, 20
I X DK THE L D corticotropine releas-
ing hormone (CRH) 28t & v, CRH i3 FEfE
FIIRR 2/ U ¢ T EAEFTEENIRZ 2 /B L, adreno-

corticotropic hormone (ACTH) % Iz fvH
L % 9. ACTH ZIfif7 % /> U TARME OEIE BEH
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st (Fig. 1),
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Fig. 1. Hypothalamus-pituitary-adrenal system.
CRH : corticotropine releasing hormone,
ACTH : adrenocorticotropic hormone.
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R LHEICEEY 52 H-oTwE T, BIFK
AR EMC 1, ACTH Z&ELS M EE a v
F a4 FEAZRET % angiotensin I 528441
bH A, HFEHNSFERRIITHTT D, GC #E
EWRAENICIER T % 8 25 1E, acetylcholine
muscarin 52244, histamine H1 ZHFENFEILL
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Fig. 2. Steroidogenic effect of ACTH on 2-day
primary cultured (O) and freshly isolated
bovine adrenocorticsciculata cells(®).

(From JIIF f$50 R EEKEE 1983; 98: 1-12.
Fig. 3)

#Hf% % trypsin % collagenase ® X 5 72 EE T
HUMREERESEE3. LoLEds, 20X
S AL, MIERAZEEI NS F X
IEBRICE DI A=V EZITTED, Wb
LZIEEREBOMKETIIDY ¥ A, 22T, FAlT,
T A=Y B2 IMERAOZEENEEINT
W3 EFEZ o, BRI 2 R HERE L 7, ¥)
RIEEERB EEE WS L Lz, M
R ZAB R E MICEBL TB D, RiE5 W
GC Mt bt &L cortisol TH % 7 ¥ DRIE FE
FREMICLE L, 2¥Rs, VY THON
TeREREZE MIAMETE 26 TY, 22T,
HORFESME2RHEL, BEMCELEED
WIREEE v~ RIE B ACREMIRE (primary cul-
tured bovine adrenocortical fasciculate cell : Ll
#% BAFC tRi#iL £ 9) 2FBE vz LE L
72b, Fig. 2 1 ¥ X 912, $RCY H oM His
LI 2 HH Ofila T, GCEAIIINT %
ACTH OFERIGHIFRIZZEIC Y 7 b L, AH S
BEDACTH 2L D +47% GCOELEINTED
¥9. Thbb, IREEET LI LT, BRLHE
X 25 A=Y B2 MK ACTH 2 &4
B, FEICR->TWAZEETRLTEYET., L
Teido T, MOEBEEEYE OZERD IEFE I
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1. BIBRERREMED ATP 2BRFOER
MR TSR EYE £ L T cAMP & Ca®t »
LR BERRLCEBY 23, 22T, cAMP
XA IEREEWE LT 5 ACTH L OMAE
RAEHET2EHEEYE LT, Gq ¥ 7
B U ZERCHES L Ca*t 2 ERIEEYE
ETALDREINT LI LE LT, 7O
& L T, 9tz ik X 7z angiotensin II % acetyl-
choline % 0 £33, A b L AWz S
ENEEIMENEN»EEZE LT, SRR
D74, ATP 23, tEME TH 2 2 &3
MENDDOHY F LY, FIEEERMCE
WT b, Milac ATP BFENELEL, Miast
ATP =&k %ML, flEN~D Ca*t A % {E
ET Sk IR ICEE LS 2L Tws 2
ERRTHEVRHES TwE Lz, A%, ATP i
RN CREA I N2 il OIMCIZH v E 2
SNTWELLDOTHE 2O NE L, £,
2 I 5T T ATP 32 MU & i &
BRICIERICHWA PV RAE2ZIT 5 L ATP B XU
z DR OGEHNFRED, B+ uMicd L7
TEHEZEBNRBEINTWE LR, Lo T,
BAFC i ATP Z5HENEFEFEL, ATP 28 Ca®t %
ML TGCEEERET 2 D% 51F, ATP I3FAE
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OWFFEHINC AR L I ABEEE & 50 £ 7,
% 27T, ATP = BAFC cfEH& ¥ £ 3 &, GCE
EEREELZ LD, ATPOSMREYTH %
adenosine I KG %R L A TL (Fig.3). 2
DGR I BAFC OMifafiic ATP Z BN
LTwbZERRLTWET, LarLars, I#F
B 2 w2856, ATP 13 £ 572 < GC EEA{E
HEERAZFRIELETATLE, ZHIZHED TEIE
FEMIREC B 2 Ml ATP BB OFEE R
L7z T,
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Fig. 3. Effects of purine derivatives on cortisol
production in BAFCs. The 3-day primary
cultured monolayer BAFCs were incubated in
the presence or absence of ATP (@), ADP (m),
AMP (A), adenosine (A) and «, S-methylene
ATP (O) at 37°C for 1hr.

(From Kawamura M et al. Jpn J Pharmacol
1991 ; 56: 543-5. Fig. 1)
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Fig. 4. A: Effect of Ca®>* on ATP-induced steroidogenesis in BAFCs. B: Effect of nicardipine (a

voltage-dependent Ca?* channel inhibitor)

on ATP(®)- and high KCl (O) -induced strer-

oidogenesis in BAFCs in the presence of 1.2 mM Ca?".
(From Niitsu A. Jpn J Pharmacol 1992 ; 60: 269-74. Fig.2 and 4)
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£EZA7T, FigdA w3 L9512, ATP D GC
BEAEEEARBNIC IS Ca*t BSFEET 5
ZEMIET, %7z Catt BEMKEEICF OER
B 2D £, Thbb, ATP 3 & » Ok
THIFES 2 & @ Ca?* @ BAFC A\ D Ji A % i
WL, GCELZEEL TWVWL I EERLTEBY
F9. % 2T ATP 2564 LMW Ca** BiEOR
FRICBIT BHIFRICA S T Z ik LT,

2. BEMRFEM Ca* MAKIBOMRE

ATP ZERIEA 4 >~ F ¥ 2 VAR E O P2X
&, BT EE@EBE D Gq & Xy HBHE O P2Y @
RE<biFong 32,

Gq ¥ > 87 e HB L AR AT DY
WEET 5 &, phospholipase C (PLC) »3EMEAL
U IP, EL s F I, IP; /NEko * D2&
RicHEE L/ANEAN O Ca2t Z2fllfg & i L,
I it & 7z Ca?t X sarco/endoplasmic
reticulum Ca?" pump 12 & D /NEfAN ~F OVEL
DiAginE ¥ (Fig.5). ATP ix BAFCic8WwT
IP, B4 % AIRIKFH NS ETOT, 20
ZEMIT P2Y THY £9 (Fig.6).

T, vyEIBREMgC GCEEAICEBIL 72
BTN Ca*t F v 2V (VOC) BEAET S Z &
BT TCRARYEFEHERE RSN TOELL, L
7L, ATP 12 & % GC 413 VOC FHEEZE (nicar-
dipine) TiFIfls g A TLT: (Fig. 4B). L
7e35 T, ATP e X 0T 2D1E VOC T

Agonist
{-I

it &

Fig.5. Capacitative model for agonist-activated
Ca?" entry.
R: receptor, Gp: G protein, PLC: phospho-
lipase C, IRC: IP;-receptor channel, PUMP :
endoplasmic reticulum Ca?* pump.
(From Putney JW Jr. Cell Calcium 1990 ; 11:
611-24. Fig.5)

)

HY EHA, FZT, BAFC OffifaN Ca?t &g %
B2 720, Mgt Cat fanED—>
Thdfura2 &, hN—7 7 A LIZBIRELR
BAFC izl v A &+, Hifagstic ATP 25009 %
Zrwky, fura2 DENEEDOLENZHEZL &
U7z, HOGEE SR AN Ca*m BE N L F
LTwasZEe%sRLET., T, Fig. 7TAIcRL 72
X o, MfEst Car HFFET T, ATPIc kD
Ca** o—tED LA GE1/E) &, Zhics| &
WTHEZ 5, BELIRRNE LA B2/ »
BEIhgd. — Al Ca*t FFEET OBRE
TlE, F1EIIEEINE LY, FB2EEI%SE
IZHEL £ L7z (Fig. 7B). 2L ¢, F2 EBo@h
THifgAw 1 EGTA 2# 5 L Mifast Ca*t %
£+ 2L, TRLREOSE 2 Eixmk L £ L (Fig
70). o OFERIE, 5 18 1TMEA/INMatE s S
O Ca®* T X D FRBLL, 528 I3/NEEAN
Ca? {E¥E 2 £ %2 VOC = & s Wi IC L 2 H
fastm» oD Ca*t DAL L 2 Z L RRBLTH
DET.

ZD I3, REMKIFME Ca®t HiA (store-operat-
ed calcium entry : SOCE) ### & X ih a8 L w»
Ca* MAMER D REIE S NIED T FE LY,
SOCE ZFEHEMHMBICB W TEHE s Nn>DObH
D% L7z, SOCEBfE & 1, Gq 7 > o7 L 44&% L
TeRBERCY T NG T 5L, EBEIN
1P; 12 & 0 /AN O Ca?t it SE 2 v /N fAk
WD Ca* 234G L & 9. £ ORI D AR [F
ED Ca*t F v 2NV & Ca®* AT 5 L
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Fig. 6. Effects of purine and pyrimidine deriva-
tives on IP; production in BAFCs.
(From Nishi H et al. Life Sci 2004 ; 74: 1181~
90. Fig.2(A))
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Fig. 7. Effect of ATP on [Ca*]; mobilization in
BAFCs in the presence of extracellular Ca**
(1.2mM) (A,C) and in the absence of extra-
cellular Ca®*.

(From Matsui T. Biochem Biophys Res Com-
mun 1991; 178: 1266-72. Figs. 3(A), 4(A)
and 5)

5% 2773 (Fig.5). #7527z BAFC B
U #5813 SOCE $8fic @ & wizL £ Lz, Ly
L7ns, iR E L TO SOCE 13% < OIEHE N
MfETZDEEPFREIN DO £ LN, #
MBI O W T RBEE TH—REZH
DERA.GCELS LERL: ATP ZH5EICL 3
BB R EMAE PN Ca?* B RE SR S8 5 0 fFEEH 13 SR
HbHT—~<TY. ZZTHhT ATP Iz k% SOCE
EHHE BB 252 iz TS 2 itz
LE L.

X DI 2 D 5720, MEAN Ca?t A
R =Y 7EEREA L, fura 2 2N I &
L7z BAFC 2 v, Bk 2Miam
Ca* BB 2RI B IcLE L, 22FT

O ATP

1000 0o ute
§ /A ADP
o ® AMP
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8 A BzATP
5 VvV 2MeSADP
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Fig.8. Effects of purines and pyrimidines on
cAMP production in BAFCs.
(From Nishi H et al. Br J Pharmacol 2002 ;
137: 177-84. Fig.1A).

B-actin P2Y1 P2Y2 P2Ys P2Y11 P2Yi2 P2Y11

Fig.9. RT-PCR of P2Y receptor mRNAs from
BAFC cytoplasm derived from a single cell.
(A) BAFC with a patch clamp glass pipette to
collect cytoplasm. (B) PCR fragments for
P2Y receptor mRNAs. (C) PCR product am-
plified from bovine P2Y,; receptor-based
primer for the tissue extracted from bovine
placenta.

(From Nishi H et al. Br J Pharmacol 2002 ;
137: 177-84. Fig. 7).

ATP % Hw CTHif N Ca2t 8RB I D W T Hfge %
fTFoT&F LD, ATPIZIZFEWwEh 5 cAMP
FEAEERET IIEANDL L ENohroTEEL
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Fig.10. [Ca?*]; mobilization by UTP (10 xM) in BAFCs.
(From Kawamura M et al. J Pharmacol Sci 2003 ; 91: 23-33. Fig. 1)

(A) “CIF” (B) Exocytosis

Fig. 11. Proposed mechanisms for signaling capacitative calcium entry.
CIF : Ca**-influx factor, R : agonist receptor, Ag: agonist, G : heterotrimeric G protein, PLC:
phospholipase C, CRAC: Ca®* release-activated Ca?* channel, ER : endoplasmic reticulum, Ins
(1, 4,5) P : inositol 1, 4, 5-trisphosphate, Ins(1, 4, 5) P;R : Ins(1, 4, 5) P; receptor, SP: scaffold-
ing protein.
(From Putney JM Jr et al. J Cell Sci 2001; 114: 2223-9. Fig. 1)



Bl BB OBLRITR 339

fo. Te Lo i BRI SR E O ATP i3 lg W
cAMP % FH &% % 9, —7F, pyrimidine FFEA&
DUTPIxF57:< cAMPEL ZEEL T HA
(Fig.8). ¥ 7% bbb, BAFC KFET 5% P2Y 2%
Rix, ATP %7213 UTP »3%& L SOCE % i
13 3% P2Y2 &, ATP O A#§& L cAMP EL %
BT 2 KA D P2Y ZEENFALET 5 Z L &R
BLTHEY 9. BEFICOWTIE P2Y,, SRE S
NTEH 35, BAFC 12k, P2Y, OFH I
SNFLEXP2Y, BBRESINERATL
(Fig.9). L7245 T, cAMP EA 5% L 72 RA
D P2Y ZRED BAFC CIFHET L2 ENEZ S
NELED, FO7a—=v 7 Z3RLLTEY
FRA. ZOLDRERER»S, Bz H
WP O TIX, ATP Db iz UTP 2
WprZEiZLE L.

Fig. 10 (A) @R ¥ L 912, BE—MfdicB»Td
UTP 2 & —'Eo Ca*t ERE, Tk Fr
B Ca?t AR snE Lz, 2L T, VOC
FHEHE T H % nifedipine 12 X V Ffe iy 7% Ca?t
AFBEExNERATL:, £/, PLCHEZET
H 5 UT3122 12 £ » Ca? MAIZEERFER I
flanx L7z (Fig. 10(B)). T74bb, Bl

(A)
2.0
10 pM UTP
15
—_
S
3
—
= control
<10
o
=
£
=
n 25 uM
& cytochalasin D
0.5

0.0 1 1 | 1 1 J

Time (min)

ZHAWT, BAFCI2BWT, ATP X IP, E&4 %/
L CSOCE R =R 3 2 Z LRSI E L
7z.

SOCE b e o w T, Fig. 11 wRT X
IWADDETUBREIBI NN TV E LIz,
HAETIE 1) calcium influx factormodel & 4)
conformational (coupling) model I L I¥ & 1
TE Y %9, Conformational coupling model I3,
/INEERN O Ca*t BEE T 5 &, ] 55O
L0 KB O RE D Ca*t F % & V2 /INEER D
1P, BRI EEL, FEL Ca®r MAZF| &I T
w3 EFNTYT (Fig. 11(D)). Actin ki o
integrity & SOCE ¥ & OB E M2 5, Z D@
RS 2HERDMO W < D DOHIFIIC BV T
HEEINTBY LI LY, FOHIFTEHR, B
actin & AAEHERE & DA BRI D W THEK &
FoTBVELLDT, BAebBETZDET IV
WOWTHE L& L7, Actin BEG%2HET 2
cytochalasin D CTHiMLE L £3 & UTP Ik %
SOCE x5l h g L7z (Fig. 12(A)).
72, actin it DK ICEES L T w %, myosin
light-chain kinase {H4:%2HE 3 2% ML-9 B L Of
calmodulin fHEFETH % W-7, E6 berbamine 1

B)

Fig.12. Effect of cytochalasin D on UTP-induced [Ca2*]; mobilization (A) and F-actin (B) in

BAFCs. B: X600; Bar: 20 zm.

(From Kawamura M et al. J Pharmacol Sci 2003 ; 91: 23-33. Fig. 8)
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Fig.13. Effect of ML-9 (A and B), W-7 C, and E6 berbamine D on UTP-induced [Ca?'];

mobilization in BAFCs.
(From Kawamura M et al.

12 UTP 2k % SOCE ZfH#EL £ L7 (Fig.
13). 22T, 215 DFEYH BAFC O actin #if
TR ICHE R KT L T 5 Gy, EEK « 4
VIR E OFIRBFZ I BEEO LR T W2 &
FLicEZ?, WIFhOFEY L, SOCE %#[HET
% EEZAMT, BAFC @ actin Bt DTERL & H1]
Wiz L& L7z (Fig. 12(B), 14,15). L7235 T, FA
72513 BAFC 12 517 % SOCE 3&E bz 13 con-

J Pharmacol Sci 2003 ; 91: 23-33. Fig.3 and Fig. 5)

formational coupling model 234 Clx % % & 2
T ET.

L2 LS s, SOCE 23 & AR Ciedib &
N5z LTy, MilgED SOCE F % 2 )V DFFEL
WETHY, BHEL S OMBEEIZDFEREDIER
EToTBY 2T, TOERMO—>21C TRP
F v 2 NVBH Y, TRPA, TRPC, TRPM, TRPN,
TRPML, TRPP, TRPV @ 7 ©5® subfamily &
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Fig. 14. Effect of ML-9 on F-actin in BAFCs.

FEPBHLIZEINTEY £9. ZDH T, TRPC
B L O DOHIfTIc BT, SOCE F % 2V TH
LEHEINTBY £99, 2T, SOCE ¥ 2V
i Ca?™ IIEH CBREEN R WO TT A, TRPC
13 Ca?t R MEAME <, Ca®t & [AlkE fura 2 LS
U % DHOLHEE 2803 % Sr¥f, Ba** 8 F B
HELET, IhsOMHEEZHHEL TEREZTVL
F L7z, fifi@sto Ca?t % Sr2*  Ba?t ICEHA L
72 T UTP 28U % U7z, Fig. 16 129
ko, Miffgshic Car dRb iz St B LW
Ba?* 2L 7285413, UTP 2EH &S ¥ £ 5 &,
NFEAR D S D Ca?t I L D T 258 1 I
L £RATURD, MiEs» o0 2 {fif 4 >~
MAR L VBEINIE2BRIEERTEERAT
L7z, 3%bbH, BAFC B8\ Tix Sr?t, Ba* i
UTP Rl X D fifaA~RA L ZWnwZ E &KL
TBYEI., LieBn->T, BAFC T TRPC i

A : Typical fluorescent image of stress fibers,
polygonal arrays and punctuate structure of actin are visible in the cell. B-E: BAFC treated
with 50 4«M ML-9 for 10 min (B, C), 20 min (D), or 30 min (E). A,C-E: X600, B: X375;
Bar: 20 gm.
(From Kawamura M et al. J Pharmacol Sci 2003 ; 91: 23-33. Fig. 6)

SOCE F ¥ A NVTiEhnwekEzZoNE T,

WAE, STIMI1 & Oril & w33 L WERE
HEHUTEBY FI»n?, BAFClcBI5Iins
DIEME DFEBER BNESBROMELE L TER->TB
DET.

3. ACTH SRk & ATP SRENEEIERIC

2WT

BAFC 1 Ca?t =@ 3 ATP B4k (P2Y,) 8
FAET 22 EHHL 2D TTH, 2D BAFC i
B2 EHBIGFEBREND 2 DLELNRY) LS
T9d.%227T,ACTH & ATP ¥£7:1Z UTP & GC
BEECNT 2HEERERE T 2BE®WPH TS
L7:. ZOW3EIX, SOCE #ffge L 31T L CRBS
BTV, HEEB L ORFERE4 1 SOCE 123
LWRICRFE ZEINT D 5572720, BHROME
FCTERLZMZ A I LR VI IDPESTDH
D %9,
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)

Fig. 15. Effects of W-7 and E6 berbamine on F-actin in BAFCs. A, B: BAFCs were treated with
100 uM W-7 for 10 min. C,D: BAFCs were treated with 40 M E6 berbamine for 20 min. A-

D: X600; Bar: 20 um.

(From Kawamura M et al. J Pharmacol Sci 2003 ; 91: 23-33. Fig.7)

EC, £ GCELICBITS ACTH £ ATP ©
FE/ER 285 L £ L7z, cAMP 8 L 00 GC E4:
ZHAREICFIR L Wi E O ATP, 13 ACTH ©
GC EA ZHERICHER L £ L7z (Fig. 17A). —
5, ATP X Gs ¥ > /87 ZEBEEMEIL L cAMP
BELE R B 2T, NaF 12 X 2 /ERIcx U Cidgamsh
HBERL % L7z (Fig. 17C), cAMP FEAREED
adenylyl cyclase (AC) ZEEEELFEFE L F
a4 NEA %R % forskoline O {E 2% L
TlIEmshR =R~ ¥ ATLK, (Fig.17D) %
7z, CAMP EAZRIBICATAHAE T &, FHTIX
cAMP EEA ZHIFL L e WiBE D ATP i3, ACTH
12Xk % cAMP EELEZHERL £ L7z (Fig. 18). AC
Wid type 1~9 DY 7% 4 T OFELENH S i
%o TBYET. BAFCOKRBEEDY 754 7D
% RT-PCR TH~NRFE T &, typl, 3 BL V2
DFHERA LD ONE LT, Typl, 31k Ca?t iz &
D Z OIEEPERS N, typ2 13 G ¥ 27 D S

T2y ML D ZOEENEEINE T
(Table )®, o DFEBIZ ACTH O KTE S
BRIET HEED Ca* ODFET TEEBRET-T
WETODT, FEIF ATP i2 & % ACTH @ GC #E
A EEE IR R 1L, P2Y, 28I ATP 5%
BTHILWCEY Gy iy nEEtbshE T
&, Gaa LGBy V7 2=y N BOBEL F 7.
Gqa & PLC 23EHAEL, —/ T Ggps & ACTH
EkoEihsni typ2 ACIESEL, 0 1§
HEEET2-0FRBEATL2E2LTEVET
(Fig. 19).

III. BIBRERREBMEBICHEET S
ATP SHENDEIRHERICOWT

ATP ZELZ OHIfEL S A P LV A ZEB WS N
2R & D fEs AN s v E T, Lzt
T, ANV RRHC TR B £ 7213 2 OB
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Table 1. Properties of adenylyl cyclase subfamilies®

Splice Activators Caz*
Subfamily ~ “PICC Inhibitors comtro]  Tissue distribution
Obligatory Conditional
Ca?*/calmodulin activated cyclases
Type 1 — Gsa Ca®*/CAM Ca®**/CAM (synergy)  Gpy, Gia, A nM Brain, pituitary
Gpy
Type 3 — Gsa Ca?"/CAM (weak) Gia A, ¥V (?) Olfactory epithelium
(widespread)
Type 8 3 Gsa, Ca**/CAM Ca?"/CAM (synergy) No data A nM Brain
Ca?" inhibitable cyclases
Typeb >3 Gsa, PKCa, PKC¢ PKC (weak) Gia, Ca?" v M Brain, heart
(isolated AC)
Type 6 — Gsa PKC (weak) Gia, Ca** v nM Widespread
Type9 2 (?) Gsa Gia, Ca** v Widespread
(calcineurin)
Protein kinase C stimulated cyclases
Type 2 — Gsa, PKC Gpy, PKC (synergy) Gia (?) A (PKC) Brain, lung
PKC (isolated AC) Gpy (weak)
Type 4 Gsa Gpy, PKC No data No data  Widespread
Type 7 2 Gsa PKC (synergy) Gia, GBy (?) A (PKC) Retina 1 variant;

otherwise widespread

2Properties of mammalian adenylyl cyclases are listed. Obligatory activators are those that will increase
enzymatic activity alone; conditional activators are those that require the presence of an obligatory
activator. Note that there is some controversy about whether protein kinase C (PKC) activation is an
obligatory stimulus for AC2 ; isolated cyclase indicates that this activation is only observed in the test tube
and remains to be established in a cellular system. CAM, calmodulin ; nM, submicromolar Ca?* is effective ;
uM, Ca?* effects only observed in the micromolar range ; PKC, effects of Ca*" are mediated through Ca?*-
dependent PKC ; calcineurin, effect of Ca?* is through calcineurin ; synergy indicates that the effects of the
activators together are greater than the sum of the respective activation caused when the activator is given
alone. (From Antoni FA. Trends Endocrinol Metab 1997 ; 8: 7-14. Table1)

Steroidogenesis

Fig.19. Possible interaction between ATP receptor and ACTH receptor on cortisol production in
BAFC. (t8 A (GBEEKRIEEZFE) 1F)
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