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P2X receptors are membrane-bound ion channels that conduct Na*, K', and Ca®" in response to ATP and its analogs.
There are seven subunits identified so far (P2X;-P2X;). P2X, receptors are known to be expressed in a wide range of
organs including brains and adrenal grands. PC12 cells are originated from adrenal grand and differentiated by nerve
growth factor or pituitary adenylate cyclase activating poly peptide (PACAP). Previous studies indicate that P2X,
receptor activation in PC12 cells couples to Ca’*-dependent release of catecholamine and ATP. It is known that acidic
pH potentiates ATP currents at P2X, receptors. This leads to a hypothesis that P2X, receptors may play an important
role in PC12 cell differentiation, one of the characteristics of which is neurite outgrowth, induced by the hormones
under lower pH. In the present study, we isolated several clones which potentiate neurite outgrowth by PACAP in acidic
pH (6.8), but not in alkaline pH (7.6). RT-PCR and electrophysiology data indicate that these clones express only
functional P2X, receptors in the absence or presence of PACAP for 3 days. Potentiation of neurite outgrowth resulted
from PACAP (100 nM) in acidic pH is inhibited by the two P2X receptor antagonists, suramin and PPADS (100 uM
each), and exogenous exprerssion of ATP-binding mutant P2X, receptor subunit (P2X,(K69A]). However, acid sensing
ion channels (ASICs) are not involved in PACAP-induced neurite outgrowth potentiation in lower pH since treatments
of an inhibitor of ASICs, amyloride (10 pM), did not give any effects to neurite extension. The vesicular proton pump
(H'-ATPase) inhibitor, bafilomycin (100 nM), reduced neurite extension indicating that ATP release resulted from P2X,
receptor activation in PC12 cells is needed for neurite outgrowth. These were confirmed by activation of mitogen
activated protein kinases, such as ERKs and p38. These results suggest roles of ATP and P2X, receptors in hormone-
induced cell differentiation or neuronal synaptogenesis in local acidic environments.
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TAE 99-S 74 membrane-bound ion channelso]t}. A
7R 7709] subunit (P2X,-P2X;)°] WA glen] 374

9] ZAY 2 subunite] AAT S A H homomeric/
heteromeric channel S J48tE A= A& I} (North,

2002).
P2X, &A= Het 74 Tl YA £xstx
Ko A&E A g 2 AJEAHR 2

F03% 988 s Aoz geiA v} (Virginio et al,
1999; Edwards et al., 1992; Evans et al., 1992; Gu and Mac-

Dermott, 1997; Khakh and Henderson, 1998 and 2000). P2X,
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A9 EXE O pX &9 28 9 pH
oA &Ao] ZFZHv (Ding and Sachs, 1999; King et al.,
1997; Stoop et al., 1997; Wildman et al, 1998), o] £4& ¢
Zol 1%t £F A7 % Mo ARHOR TojHris
H317F It} (Gever et al., 2006; McGaraughty et al., 2003).

PC12 A X FAlo)A =S 0™ nerve growth factor
(NGF)Y} pituitary adenylate cyclase activating polypeptide
(PACAP)! ols) 23tsim] olZle] 7 2 Lelxl 57
e A% YAoolth o WAL 99 zEEE
9|3t p38 % extracellular signal regulated kinase (ERK) 52
mitogen activated protein kinase (MAPK) <12k3}e} 274
o= #Ed Zoz 4R At} (Ravnietal, 2006).

PC12 M= ATP 5847} EA13HH, clonem}t} &
49 Aole UAT P2X, FEA7}F 7P Be] 2
Hi 71%E 3 ALR 42 9ot (Nakazawa et al,
1990 and 1991; Inoue et al., 1989; Fabbro et al., 2004). =g+
ATP9} catecholamine 52} A174HGE 20| ¥ &
exocytosisE &AM HEHE AoZ 4A Y} (Fabbro
et al., 2004; Burgoyne et al., 2001).

¥ A= PACAPY & PCI2 cell 37} oFiF
pH (6.8)°14 oJ% A @Ex|1L o]7io] ATP HEE <l
P2X, &A|9 &3t ofd d# WAE AHeA, 2
23l MAPK S Zfrshe Asdgddze dao] deA
of thaiA gotr .z} sa53ict

o X

A EREE

1. 22

o

Rat pheochromocytoma M35 (PCI2 AI3E)= 10% fetal
bovine serum, 2 mM L-glutamine, 100 TU/mL penicillin, 100
ug/mL streptomycins ¥ 88} Dulbecco's modified Eagle's
medium (DMEM)°ll i3ttt P2X,[K69A]9] cDNA
transfection2 Lipofectamine 2000 (Invitrogen, San Diego, CA)
S A3} 2™ Spelta et al., (2003)2] ¥ whkc) of
AH3 pHelA 23 H8E et &<l U2 ion channel
Z, voltage-gated Ca”* channel - transient receptor poten-
tial channel®] B43HE =7 sty 259 AzfARL 10
mM lanthanum¥} 10 pM gadoliniumS A}H8-3151 31 (Biagi
and Enyeart, 1991; Runnels et al.,, 2001), ATPoll 2|3} P2Y 4
|A) &3t o3 dHA 2 F/FE Y| st 20 yM
2-APB (Kito and Suzuki, 2003)3 AF&-3F3ITE AFdl| ALg
H A5 Sigma, Cell signaling oA T3kt

2. 4

1) RT—PCR

RNAE 10° A|EZHE] RNeasy kit (Qiagen, West Sussex,
UK)E AH&ste] 2gstglen =e 49 e A%
28] T2 EZS w3k} First-strand cDNAE 5 pg total
RNAZRE oligo(dT) primer®} Superscript II First Strand
Synthesis (Invitrogen, Paisley, UK)& AM&-3l] THEST)
Primer sequence™ P2X; (508) F: 5-CAGAAAGGAAAGC-
CCAAGGTATTC-3", B: 5-TGACGACGGTTTGTCCCATTC-
3, P2X, (785) F: 5-GTGACTACCTCAAGCATTG-3' B: 5'-
CTGTTGGGAAGGCTCAGGGAC-3';, P2X; (534) F: 5-GG-
ACATAAAGAGGTGCCGCTTC-3' B: 5-AACACTGGGTT-
GGTTGACGCAG-3"; P2X, (553) F: 5-GGAACATCCTCCC-
CAACATCAC-3' B: 5-TTCATCTCCCCCGAAAGACC-3Y
P2X; (869) F: 5-TGTCACGCTGGGGAGTCTGTTGTAG-3'
B: S“TTGCTATTCTGCTTCCTGCCAC-3' P2X, (228) F: 5-
AGAGTAGTGCTGTGCCCAGGAAAC-3' B: 5-CCTCAAA-
GTCCCCTCCAGTCATAG-3';, P2X; (468) F: 5-AATGAGTC-
CCTGTTCCCTGGCTAC-3' B: 5-CAGTTCCAAGAAGTCC-
GTCTGG-3'; B-actin (241) F: 5-GGCTCTCTTCCAGCCTT-
CCTTCTTG-3'B: 5-CACAGAGTACTTGCGCTCAGGAGG-
3'S AFE3ITE PCR W82 1 uL ¢DNA, 1 pL forward
primer (10 pmol), 1 pL reverse primer (10 pmol), 25 pL 2 X
Readymix PCR master mix (ABgene) & 22 uL H,0= &3
3}o] 94°CollA 60%, 55TAA 30%, 72 Col A 45%F 35
3] BHEskih

2) ©I) 4zl

Whole-cell recording PC12 A ¥ ¥ transfectantsZ ©]
S3iA 20~22TCoA AAEIAT. s 60 mVE &
AR AFEL]ENL 140 mM NaCl, 5 mM KCI, 1.8
mM CaCl,, 1.0 mM MgCL, 10 mM 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES), 11.1 mM Glucose (pH
THE, AFEH-EAE 145 mM CsCl, 5 1,2-bis(o-aminophe-
noxy)ethane-N,N,N',N'-tetraacetic acid (BAPTA), 10 mM
HEPES (pH 74)E AF&3I5th 2E 8942 pH 7.3, 300~
315 mOsm/LE HA3151th ATP 2 f- =452 RSC 200
system (Biological Science Instruments, Grenoble, France)S
ARESle] 12 59 Ml H7EsHE T (Jiang etal,, 2001).

3) PC12 Mz 235t U MAPK &4 35t

PC12 AE E3to] g ARE ABE7]9 e &
Fatlon Axe] 2730l 15 ym o] HL AFBEVE
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= 2 T35k MAPK 2433}
J4ks}E]= ERK 9} P38—% Western blotting 2.2 <13}

MEE 1 mLe §319Y (12 mM deoxychloric acid, 150
mM NaCl, 5 mM Tris-EDTA, pH 7.4, 0.1% NP-40, 0.1% Triton
X-100)& ARt gafsigien &3lE-2 13000 rpmell
A 1083 AR st dEdut #33th Lowry
£ o] g3t @A AFS & thS (Lowry et al, 1951),
50 mg G HH-& SDS-PAGEE AHE-3t] £33 (10%
polyacrylamide gel, 150 V, 2A1%h. &€ @22 nitro-
cellulose membrane (pore size: 0.2 pum, Millipore) &2 o] 5}
%} (100 V, 2A17H. Membranes< 5% semi skimmed milk
7} ¥l TTBS bufferoll A &4 30%-7F blocking3} 33 th
5% semi skimmed milkE ¥ 33} TTBS bufferol] 1/2000
o2 Mg 1A} FAE 4TCAA Al AH2]$k S TTBS

A

Normal pH (7.2)

100 -

o
o
1

8

8

Cell number (%)

N
o
1

Acidic pH (6.8)

0 += 1

T v T

Control

Normal pH Acidic pH Alkaline pH

A& 3Rt} Peroxidase”t 2
A ZE 5% semi skimmed milkS ¥ 3}

e

E AHgsted 208 Bt 39
&% anti-rabbit IgG 3%

3= TTBS bufferdl] 120002 3]A8te] AR89 1, 34]
b et 204 ¥kg-3k T2 ECL kit (Amersham, UK)
z 4
93\

Fg3te] Xray BEANA 30% B¢ & Holl Adslst

4) HH3IEE Y confocal microscopy

X E Zamponi's solution (15 mL Picric acid, 5.5 mL
formaldehyde (36.5% in stock, Sigma, Poole, UK), 80 mL PBS)
£ ARESte] A Foll 2% tritonX-100©] ¥ PBS
£ 838t FE7e1 ) 5% goat serum? &3k PBS
E AF-3le] 308 F<F blockingdt 3o Anti-P2X, @A
(171,000, alomone Lab, Isracl)$} Anti-P2X, A (1/1,000,
Alomone Lab, Israe)E Z}2t A 2)dle] 4TCol|lA A 4t
Z3E Anti-rabbit

S35}t Alexa 568 - Alexa 4889)

Alkaline pH (7.6)

Fig. 1. PCI2 cell differentiation in the presence of 100 nM PACAP in the different pH (normal, 7.2; acidic, 6.8; alkaline, 7.6) for 1 day
(A). Cells having neurite outgrowth in random position were counted (n=30; A bar, 10 um). "Control" in the graph means undifferentiated
PC12 cells. Significance was tested with student t-test. P<0.01 compared with cells in the normal pH (7.2). (B) Levels of p-ERK and
p-p38 by western blotting. Cells were extracted 2 hr after 100 nM PACAP were exposed in the different pH (Lane 1, undifferentiated;
Lane 2, PACAP-induced differentiation in pH 7.2; Lane 3, in pH 7.6; Lane 4, in pH 6.8). Total 100 pg proteins were loaded in each lane.

The blots were representatives of three independent experiments.
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IgG A (1/1,000, Dacko, Denmark)E 2|4 2412 2 okbA (6.8) & °k%}7£r11*é (7.6) DMEM BHXl A 3}
g - AEE mountingdt3ith. BT AEE confocal — F F BIE
laser microscope (Nikon Microscope)} BFd w4 (Axio- Za)Ad R A=
cam)S AR&st] ARIE At HFE ZAE] kA Afelrh gloy ok iRl A= él%’%ﬂ" ol &
AlEE 488 ¥ 568 nmol|A] oJ7]gk $of] 488 & 560 nm A3 cloneS E | AT
o] /goll A #2SIRTE Pinhole 1 pm Rth §F2 section  BiX|o] WA & A folle ABEZY o] zbe]

ol 482 & J=F AT = YA (BH vIERD. o] cloneES F2]3t] DMEM
iAol A st & AEE APsigien 47] b

4 a pH 3tollA E3te F=3 ¥ FA9E J4E719 34

o] W Mo 5 5783tk Fig 104 Hel upe}

L1
1. QH4HY pHOIM 23171 B4 3lEl= PC12 HIES| 22 ”
PHoI =27t sk AR o), oy o 4BEA0) 94 AEE 3

PC12 A|£Z 100 nM PACAPE %33t A4 (pH 7.2),  7lsld o} okdzbeld wix|oll X 18] 9k} (Fig. 1A).

P2X; P2X4

©

100 uM ATP
e 1.2 1

0.8 1
0.6 1

0.4 -
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00 T T
1 10 100

ATP Concentration (M)

Fig. 2. P2X, receptor characterization in PC12 cells. (A) RT-PCR data demonstrate that P2X, and P2X, subunits are expressed in PC12
cells which potentiate neurite outgrowth in acidic pH (S, 100 base pair size marker; Lane 1, P2X;; Lane 2, P2X,; Lane 3, P2Xj;; Lane 4,
P2X,; Lane 5, P2X; Lane 6, P2X; Lane 7, P2X;; Lane 8, f-actin). (B) Expression of P2X, and P2X receptor proteins in undifferentiated
PC12 cells. P2X, receptors are membrane-expressed, but P2X, remains in the cytoplasm (A bar, 10 mm). (C) Elicited ATP currents in
PC12 cells in a concentration-dependent manner. Sigmoidal curves were fitted to the data using an equation derived from a conventional
concentration-response relattonship (Tallarida and Jacob (1979): (I - I Ypax = 1/(1HK/A)"), where K is the dissociation constant, A is a
concentration of agonists and n is the Hill coefficient). Four cells were examined. Holding potential was -60 mV. Bars mean SEM.
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MAPK &4318 F3l b uix|ddlA] AAE7]9 A
< #ldlolx, 9FAHd pHOlM MAPK<?! ERK % p38
kinased] <14FSI7} F718kSIT) (Fig. 1B). ©] AIXEE )
Fste] o ARS A Ik

2. PC12 MEOIM P2X 88X &4 Y

Fig. 2A01A 9} Zo] pCcl2 AXEoA P2X, 9t P2X,
subunit®] mRNAE ZHES Isigion, W g4
Aol A P2X, FEA= AxgelA HHEHY P2X, T
SA4E AXR viFE AL RIS Azl 4d
k= P2X, T&A9 7%l A=A Fs}r] flske] A
7] Al dde AAESIEL PCI12 AlIEE holding potential
-60 mVlA] voltage-clampE 3+ ol 100 uM ATPoll 1%
wEste] BT} VIRETE AA8] GojA= ATP
2 AT} (Fig 2C). ©] AFE ATP F=o| 9
o]™ (BECso=11.5£1.5 uM, Hill coefficient=2.5), P2X
| A&A2 suramin®} PPADS®) 2laiA A=At
(suramin®] 7%, ICs,=5.310.8 uM; PPADSS] 73, ICs, =
37407 uM). P2X 84 subunit®] 4L seldlr] 9
gted 2] 7FA] nucleotide®}t ATP H=AE HF3}5c}
(North 2002). TH nucleotide (ADP, GTP, UTP)$} ATP
EAQ! ap-methylene ATP (0pmeATP)S} By-methylene ATP
(BymeATP)E PC12 AlZAA AFE A=A R3gle
U 2-meSATPS} ATPySE: ATPUHE HBE GL&glct
(Fig. 3A, B, O). P2X, T84 A& A< agonist?] bzATP
£ og AFE oplFed, X, A AFE H
Atk LR ivermectine- & FA 0]A] gFgrt o] Tk
A7) Ayl A3} PACAPL.E Q3 39 &
o= W&tz LUt} (Fig. 3A, B, €). ©] ¥ AR p2X,
FEA| o] YR AL T RE AAT &
ARATE AR P2X, FEAE AU 4P| HFEE
RoB AEX )

X
i

I T L o
o ¢ du

;9

3. P2X, 8| 43t olst

719l 89 7

FMd pHOIMS MEE

oFb4 pHell A1 9] PACAPY) 9J3) frEse A4E7]9)
Hado] paX, 48 BAste] o3 AL By 9
3o, P2X, =872 antagonist$! suramin®} PPADS x|
Sold Bot2 FEat] AESFE WP BE E
= obbAl 33 BSolA] PACAPO o3l AHE7]7} B
B AZSE BAS AT (Fig 4A).

oo PIX, 89 HBA WolA| (P2X,[K69A],

©
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Fig. 3. Effects of differentiation for 3 days by PACAP on currents
induced by nucleotides and ATP analogs (100 uM each) in PC12
cells. Holding potential was -60 mV. Bars mean SEM, n=3.

P2X, F&A 9 45U Lyseool ®iolrt A
ATP7} o] #=§Ao| ZAslrizte &8s d8A
™ o] subunit®] A 71| subunit ol sfigtolgt=
7HH =84 ZHA| 7]50] Al2bR; Tiang et al, 2000)
& 3o PACAP &4 3lollA 1Y F<t B3lst &
=719 84< S50 309 Aw o] pX,
ojghulo] ¥Hg o] PCI2 AE 2] PACAPY &%+ Al

2
T

2 W g go
o rE oo T 2 o g
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E7)¢] Aol B v I FHCAA odAES &
A = AT} (Fig. 4B). MAPKS] 2437} o]71& &
3] FATH (Fig 4A, B). ©] ZAijolA P2X, 847} oF
A3 B30 MAPKE A8k AededRE Fot
o PACAPY 9J3 WA E7) 2L Fiedhe ZA0E o

= A~
S8 F AUk

e

4. 2UAYZEX] jon channels & proton pump@| 2Hd
ts

\NJ

=
P pHOllA AAE7]e] g5go] kb dzA

channels (ASICs)©]Y proton pump (H'-ATPase)ll 2|3+ 7}
A dialA] ASICs2] AsiA<] amyloride (10 uM, Lalo
et al., 2007)%} proton pumpS] A3 A bafilomycin (100
nM, keeling et al., 1997; Lalo et al, 2007)& 2|3 F A7
719 A& FA) Bl Amylorideo] 93 ABE
7] e oA AEE F 9 o bafilomycin®l] 2]
M AA =AY (Fig. 5). ©]AES MAPK <likstel] o
3 A3 23 I =+ AU (Fig. 5).

A

k
ik

et al,, 2003). ®=3} Dorsal root ganglial neuron®l A EE 2
AZE T A& FEAIA brain centerdll s,
ATPE 53 P2X, 84 subunit®] S 2 x4 oF
23 pHY S84 olr] B2 dAellA usA
(Gever et al., 2006; McGaraughty et al., 2003).

o] e] AFelA ¥E ol ATP7} FF4l 7 A A A
A& AEA Alsdde] BofsteE Aol €A U
T3 P2X, TEAE HY A BE F-id oA Hd
Ha ey} (Virginio et al., 1999; Edwards et al., 1992; Evans

No antagonist

Suramin

Cell number (%)

Normal pH Acidic pH

PPADS
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9 Control P2X,[K69A]

I Control 1 2
100 - [__1K69A
p-ERK

80 -
9
T 60
2 ERK
E
=)
c
©
O

*%
Normal pH Acidic pH

n=30

Fig. 4. (A) Effects of P2X receptor antagonists, suramin or PPADS (100 pM each), on PACAP-induced neurite outgrowth in PC12 cells
in acidic pH. Cells were exposed to PACAP along with suramin or PPADS for 1 day and cells having neuritis were counted (n=30 (upper
and middle panel); A bar, 10 um). "Control" in the graph means the PC12 cells without antagonist treatment. Significance was investigated
with student t-test. P<0.01 compared with cells under the no treatment in the same condition. Cells were added with PACAP plus suramin
or PPADS for 2 hr and were extracted for western blotting to probe p-ERK and p-p38. Total 100 pig proteins were loaded in each lane
(Lane 1, not treated; Lane 2, 100 pM suramin treated; Lane 3, 100 pM PPADS treated). The blots were representatives of three independent
experiments. (B) Effects of exogenous expression of dominant negative mutant P2X,[K69A], on PACAP-induced neurite outgrowth in
PC12 cells in acidic pH. Cells were exposed to PACAP for 1 day and cells having neurites were counted. (n=30 (upper and middle panel);
A bar, 10 um). "Control" in the graph means untransfected PC12 cells. Significance was examined with student t-test. P<0.01 compaired
with untransfected cells in the same condition. Cells were added with PACAP extracted for western blotting to probe p-ERK and p-p38 in
the presence of PACAP for 1 day. Total 100 pg proteins were loaded in each lane (Lane 1, nontransfectants; Lane 2, cDNAs encoding
P2X,[K69A] were transfected). The blots were representatives of three independent experiments.

et al,, 1992; Gu and MacDermott, 1997; Khakh and Henderson, 7} EA3lE= Aoz <4 Ut} (Ravni et al, 2006).
1998 and 2000), ©] ion channel®] =24 kA pHOA AEW o™ FEo E7hs 299 exocytosisE ©F7] 8t
o] oghe HhE|] A &k Aol m o] u] ATP7} BEE I o]Fo] AHATH A ELojA

PCI2 N ¥2] 315 FE31= PACAPO 93 315 A P2X, =84 AIE opyjsle Aow LA ok
sAGAEE 2 g2l Uth PACAP 5849 PAC-1  (Burgoyne et al, 2001). 13|28 2 dF7E p2X, +84
877} &4 3= phosphinositideol] 5] 2] phosph- 7} FA|Z<Q R pHOlA AAE7] FAld o3t o
lipase C7} &AsteY stiAsdES T4 AZW S PIAEX], MAPK 43l ow gGgE mAEA|
Cad" 557} F71E ¥ ofyagl MAPKS! ERK ¥ p38  dolruzl 3=k
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No treatment Amyloride Bafilomycin

100 - IR Control 1 2 3
B2 Amyloride -
T Bafilomycin

| ERK

Cell number (%)

Normal pH Acidic pH

Fig. 5. Effects of inhibition of acid sensing ion channels (amyloride, 10 uM) or vesicular H'-ATPase (Bafilomycin, 100 nM), on PACAP-
induced neurite outgrowth in PC12 cells in acidic pH. Cells were exposed to PACAP along with suramin or PPADS for 1 day and cells
having neuritis were counted (n=30 (upper and middle panel); A bar, 10 um). "Control" in the graph means the PC12 cells without
treatment. Significance was tested with student t-test. P<0.01 compared with cells under the no treatment in the same condition (lower
panel). Cells were added with PACAP plus bafilomycin or amyloride for 2 hr and were extracted for western blotting to probe p-ERK and
p-p38. Total 100 pg proteins were loaded in each lane (Lane 1, not treated; Lane 2, 10 pM amyloride treated; Lane 3, 100 nM bafilomycin
treated). The blots were representatives of three independent experiments.

WA 2] PACAP &4 slol|A 2k2H4 pHZT A4 vesicular H-ATPase2] &} #]2] bafilomycin®] Al74E7]2]
7] &4E FEAIIE clones 1‘11]’3}% o] cloneO] XS Adlsle oz #AFAHUL o= bafilomycin®]
P2X, T&ATHE AXEe] 4dstEo] BEHke RS ATP 59 AZAEEH0] &goll F55HE AL 2ol
A3t (Figs. 1, 2, 3). E3F o3 AAE719] 3 S ZH ATP W&o o3 AldaeR AX pP2X, T
F=E ATPO| 93 p2X, -84 &g o3 %Zﬂ«] GstE Aste] AHATE A2 AEY
P2X 84| A&AQ! suramin®} PPADS®} P2X, - Ca® BE2 F7FS AAlste] oA pHell 23 H3l=
o u]E8A BolAQ P2X,[Ke9AlE T8 43 dyz & E3AR Aoz ddhdrt o] 22 ERK H# p38 &4
Q1B T} (Fig. 4). 2t ASICsE 2 As)AI¢] amyloride = #1313k
ol AR AAEVY Y FEE AN & S & B ATFoA SEe HSeR2 A Ao FAl
olyg}l MAPK Al3lol] 93k m]AA] &2 ZAo= B ATPS} oFibd pHO &2 H oIt} Rat hippocampal
o} ASICsE= SFAHA] pHolA AAE7] Fgo] TAH =] neurons 2|3V A HAEo) o]Fo] T 9] F

1:|90.>L
OJI

)’ >.\.L oi’i,
o

T

B2 o ARdd (Fig 5) A& kb pH| o3t ﬂﬁEﬂ g3 ATP 2 P2X,
ol AFlA PCI2 AEE ATP & A=l oJaid  8Alo] 27 ATP 3= A7) &35 olssh=t]

ATPE &3 2oz delx gt o] HEE ¥ Fad dxE ATE A lE‘r

23t exocytosisell 2§t FHOE AlmEtTh o] ATl
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