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Extracellular ATP elicits diverse physiological effects by binding to the G-protein-coupled P2Y receptors on the
plasma membrane. In addition to the short-term effects of extracellular nucleotides on cell functions, there is evidence
that such purinergic signalling can have long-term effects on cell proliferation, differentiation and death. The 3T3-L1
cell line derived from mouse embryo is a well-established and commonly utilized in vitro model for adipocytes
differentiation and function. However, the distributions and roles of P2Y subtypes are still unknown in the preadipocyte.
In this study, we identified the distributions and roles of P2Y subtypes in preadipocyte using Ca’* imaging and realtime
PCR. ATP increased the [Ca’"];in a concentration-dependent manner. ATP increased Ca”" in absence and/or presence
of extracellular Ca**, Suramin, non-selective P2Y blocker, largely blocked the ATP-induced Ca®* response. U73122, a
PLC inhibitor, completely inhibited Ca®" mobilization in 3T3-L1 cells. The mRNA expression by realtime PCR of P2Y
subtypes was P2Y,:P2Y5:P2Ys=1.0:12.5:0.3. In conclusion, we, showed that P2Y5 receptor is a dominant purinergic
receptor in preadipocytes, and multiple P2Y receptors could involve in differentiation and migration via regulating of

intracellular calcium concentration.
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Omatsu-Kanbe et al., 2006). Az o] A2 A7
A|3Ee] o]Fo} AWM ERS F3tE 74 HAdHnE
(Wasserman, 1965) ZF-AHE o]59] F7he AWM
o] FA & frEdtE T4 24U "k o] FAelA
AX ALo] 2712 (Crandall et al., 2000; Kim et al., 2003), <!
=4 (Lee et al,, 2005; Otto et al., 2005; Ho et al., 2006), ATP
(Omatsu-Kanbe et al., 2006) 52 72| %A LA X4k
Azze $3E 2A07E AR 2 LA ek
ATP (adenosine 5-triphosphate)= A3 ol A} o=
dor ofgd ¥ oy AX oM HHFEA
(messengen) = Z-83FAA ThFsE AEA 7)sd| Hofst
t} (Bumnstock, 1997). A3 £jele] ATPS} Z2 ofdld
FEULEICE AX o] EAete FHA4 FEA
(purinergic receptor)S vi7HE 2482 YEhHH, =LA P1
7 P2 (P2X¢} P2Y) FRAR EREE F9UAY TEA
ol st o}8 (subtype)o] EFE I, FUAL AEA
g 5L 4 old FolHoz Yt (Bumstock,
2007). FA7A ETHFolA E2EE P2Y FEA0 =
P2Y,, P2Y,, P2Y,, P2Ys, P2Y¢, P2Y 4, P2Y 1y, P2Y )y, P2Y s,
P2Y,, 59 ol¥Eo] Hauwo] 2t} (Janssens et al., 1997;
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Ralevic and Bumstock, 1998; Fries et al., 2004). ©] % P2Y,,
» &6 TEAT ARAAA F2Y Hol g1 7)5Ho
2 445t Fege 4=lA A whE (Ralevic and
Burnstock, 1998; Sak and Webb, 2002; Abbracchio et al.,
2003) 71 9] o}HE, 53] P2V} P2Y,, BT FH o]
HIE P2Yy, 5, 14 OFEEC i E o}d L& v}
2t} (Murakami et al., 2008; Pasternack et al., 2008).

T FEAE THEEY ok A1 W, 2
T 2E 2R FBAEA BEsta QoA (Fries
et al, 2004) MES] ZA3} B3}, ATAY 3} ge
A 1d& FE3AY X3} (Abbrachio and
Burnstock, 1998). 53], ATP= AR HIA|E 2 A =)uy
AT ZFA FFHoE AXA W ZAgses 24
3] thefe A2y 7]%01] Folgt} (Kelly et al., 1989;
Omatsu-Kanbe et al., 2004). A& 0.2 3] AR WA F ) A
= X5 Yol%E (Halperin et al, 1978) 2 Za]=ZA A4
(Tamura et al., 1983), A3l (Schmidt and Loffler, 1998),
Q& 28 (Hashimoto et al., 1987)& wj7)s}aL, Z-4=|8}
A A= A EZ2 (Wilson et al,, 1999), AT 28 =3}
£ 0] (Pappone and Lee, 1996), A|EZFZ 22| (Omatsu-
Kanbe et al,, 2004) 53 =3I}

ol’dt o] ATPE wiZiE & FHA AEA
Al ol A mmga Aela 247136l B3t
e oy FU43 £8A olge wd
A= %}E% up7b Ak 53], 2 So] ATP7} P2Y
TEAE SETANA AFABAEY o]} AYATR
o] #1315 HHWshs AT HAHUAT (Omatsu-Kanbe
et al, 2006) A ATAEo] LA Y& FAA 5
A ot 2d 54 9 7]-ed giside ofe Hay
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of S Rk HA AT ATARATE o
o2 o1e) Lol s FAY S4As) v
e Feeln ?11 Az 1 EER R IRE L=

B ATolA AR AFAEAER] 3T3LL AEE v}
F-2= Ejobol A Fejdt o2 nj= HEF 23 (ATCC)
of| A HF-ofgtol ARR3}%AT) 3T3-L1 /‘ﬂit Dulbecco's
Modified Eagle's Medium (DMEM)ol| 10% % &3 (Bovine
Serum, BS) 2 100,000 unit/L penicillin®] H7}Hg wjx]j A

o

fekstgith AZFE ATCCS TR EFJ ua}l 3~4Y
7HA0 2 HAE Zolglal 7d4E T2 At 5}
Stk

Zrg ojuld HAFES A% AE 9 TFY (external
solution; PSS)2] 24 (mM)& 135 NaCl, 5 KCI, 1.8 CaCly,
1 MgCl,, 10 HEPES, 10 glucose (pH 7.4)01 21t}
2) AUE
% 8% 2 antimycotic-antibioticsi= Gibco BRLZF-E],
fura-2/AM-Z Molecular probesZF¥ Z}z} 4315
DMEM, ATP, U-73122, U-73343, suramin-< Sigma Chemical
Co. (St. Louis, MO, USA)Z5-E] 7433t} Fura-2/AM3}
U-73122, U-733432 dimethyl sulfoxide (DMSO)9l| 53 A}
31, 1 99 BE A9 3af SRT Fo ARE

W Z&0IREE ([Ca®']) 53

o ([Ca2+] )l EAL A TFolA

o5 *ﬂE W Zs ]%%‘—E‘C &3 avA
(Olympus, Tokyo, Japan)¥} ololl HZ2¥ HFF5A4A
(Ratio Fluorescence system; Photon Technology International
Inc., Lawrenceville, NJ, USA)E ©]-&35}3ic}. o] A]XHoj
< 3987t Hote AIEE 97 (excitation) A17]7]
13 arc lamp housing® < F7]9] FF ATE FE
A1 4= 9)F photomultiplier FE. (PMT tube), 28|32 &
4 s ds SN = $le ZEE FAH 3
o 33 A5 54 3 42 FeliX £XE o]
(Photon Technology International Inc.,
A

—

Lawrenceville, NJ,

(ﬂuorescence dye)& AIE lH
U]ﬁo o HEEHE FF9 A
A Hedl, 2 dFde e s58 1
< ARSIk AF Wy
3T3-L1 AZ7}F &= HH%}Z,;AM] fura-2/AMZ 5 uM
2 AA 3] H2olA o] 2tE AR 30~60
Fol AlZ W2 R zith Fa7t 2ud Ax
TR 2§ /H] & oS @A SEF
FHHo| 23 1~2 mlmin é?—
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Table 1. Primer sequences for realtime PCR of P2Y receptors

Primer

Sequence Accession code Size (bp)

Sense 5'-CTGGAGAAACCTGCCAAGTA-3'

GAPDH M32599 130
Antisense 5-AGTGGGAGTTGCTGTTGAAG-3'
Sense 5-CTGATCTTGGGCTGTTATGG-3'

P2Y, NM_008772 109
Antisense 5-CCGTCAGGACAATTATCACC-3'
Sense 5-CTGCACAGGCCTAACAGAAC-3'

P2Y, NM_008773 106
Antisense 5'-GCCGAATGTCCTTAGTCTCA-3'
Sense S“TTTTCCTCACCTGCATCAGT-3'

P2Y, NM_020621 110
Antisense 5'-CCAAACACCTAGGCAGAGAA-3'
Sense 5-ACTCTGTACGGGTGCATGTT-3'

P2Y; NM_175116 95
Antisense S-CTCACTTTGAGGGCACAGAT-3'
Sense 5~TCCTCACCTGCATTAGCTTC-3'

P2Y, AF298899 110
Antisense 5'-CCACACGACTCCACACACTA-3
Sense 5-GCCTTGCAAGTCTCTGTTGT-3'

P2Y1 NM_172435 93
Antisense 5-CAGAGCTTCCATGACGAGAT-3'
Sense 5'-CACCCTATGGCTTACGTCAC-3'

P2Yp, NM 027571 108
Antisense 5-GAGTTTGAGCACCTCAGCAT-3'
Sense 5-CGGTGATTACCAAAAAGGTG-3'

P2Y 5 NM_028808 107
Antisense 5-AAAGAAGACAGCCATGACGA-3'
Sense 5-GGAACACCCTGATCACAAAG-3'

P2Yy, NM 133200 112
Antisense 5-GAGCTGGGCACATAAAAGAA-3

2 BFAR ofn) vehte A7) wsks V5
B EAEAE Y, fua29] B 547 340 nms} 380 nm
o Hlog wigo}l shu AVINHE W 510 mmE WE
(emission) ¥ = FHAEY HE (Fy/Fis)°] AE W ©]

4. AAZE HEA AY St (Realtime RT-PCR)

AegATol A R31E Guanidinium thiocyanate-phenol-

S o]&3lo] 3T3L] AEERY A
A RNAE 28312t} (Chomezyski and Sacchi, 1987). ¥
A AEE guanidinium thiocyanate buffer® &81A171 th2-
He % S2EIES 7IH g8 SlddA 158 o)A

choloroform = '
O:

AlZEh THAL 4Tl A 10,000 xg2 15823 94 Halso]

st 1 pge RNAE 1 mM dNTP, 50 uM oligod (T),
20 U RNase inhibitor®} 50 U murine leukemia virus reverse
transcriptase (Perkin-Elmer, Shelton, CT, USA)®} 7 37°C
ol A 1A1ZF WHEAIA cDNAE 33T olof AA7t
GAA A TR T SRR S primerE
o] g3te] HFek A olFojHen ol&e @]
M E2 Table 19 AT WHF- TS GAPDHS
cDNAE PCREZ FTZAZh §4% F DNA 50 mg¥
1X QUANTITECT SYBR Green PCR Master Mix, 0.5 uM
primer pairsE 410] TFES AT FHlE £F
£S5 95T 15% &<t g3 F 95T 15%, 58T 30%,
72T 30%9] F7|& 453] Wk AAIZE AL A S5t
W& 4815191 3L (Rotor-Gen 3000 thermal cycler, Corbett
Research, USA) 55ColA 99T7HAe] 227 F3=4E
T primer?] EolAS AU AR 21T T4
S Ag3te] A vle W3tE F¥slth (Livak and
Schmittgen, 2001).
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Fig. 1. A representative tracing of ATP-induced [Ca*'); increase
in 3T3-L1 cells. ATP increased intracellular free calcium ion
concentration in dose-dependent manner. [Ca”']; changes were
expressed as intensity ratio of emission light excited at 340 and
380 nm (F34/35). Data are presented as means = SEM, solid
bar=the duration for applying ATP.
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AE FHid Mean)™ EF 23 (SEME UERA L.
o, BAAC 9lolE unpaired t-test® HE8}o], PZLo]
005 °J5td W& Fog zoj7t Jrkm FERT 2
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24 I
1. ATPO|| 2|8t M= L} Z80|25% HEt

Fura-2/AMO.2 5318 3T3-L1 NXEE] ATP S A
WEES] AEE R0% ohHeld A=A AE W 72
Fol2ELY TP F3lo] B oH, ATPY| 23
AZE W Zgold 5 &R oz 28T (Fig 1),

ATP Fo § AAFH AX O ZgEo2Fs S/}
AE 9 ZEsy HEAA, HAE
(endoplasmic reticulum, ER)ZF-H F45E AAANE ¢
olR7] §i5te] MR 9] ZES AAT Ca-free (0 Ca™)
HFAE 5EF AAAF F ATPel) 23 AT W) 24
olZFrel HIE AABIUT (Fig 24). AEEY AX
9] Zgol AAY ZANME ATPl 23 AE U 2
T3} B S R BAA #
). o] ARZ ME 9] AHL ATP
ol2EEdE FFE XA &L
2 19} 22 Ai= ATPol| 93 2
X 959 Zede FHIMA AE 0 Z2EA
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Fig. 2. Effects of extracellular Ca?* on ATP-induced [Ca®);
increase in 3T3-L1 cells. 100 pM ATP increased intracellular free
calcium ion concentration, which response did not change even
under the condition of no existence of external Ca’". n=total cell
number, N=experimental number, solid bar=the duration for
applying ATP.

FAhEHE Fdd %S AALsTh

Oeo2F ATPY 9% AX W 2554 714e &
A8tz PLC AE AEAIR] U-73122 2 pME AHE-3)]
Yz Blastgdut U-731228 5% S9F AXA £
ATPY|| o3t HE ] Zgdhgo] 4313 AU (Fig.
3A, B). WHdd|, U-731229] &4 FARA (isoform)$]
U-73343 2 pME 5UAIZE AA X H$ ATP <
Zgoldd Ve %S 2R ¥4t (Fig 3C, D). ©
2HA] o]} e AAES T3 E ) ATPY o3 F
A 84 84ste] F8 V|- PLC BEE B8 Al
U ZgAFAEEREHY g FUYE g9 + 3
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Fig. 3. Selective involvement of PLC-dependent pathways in ATP-induced calcium transient. Original traces (A and C) and histograms
(B and D) showing a significant suppression of 100 uM ATP-induced calcium transient after pretreatment with 2 uM U-73122, a PLC
inhibitor, but not after pretreatment with 2 uM U-73343, the succinimide analog of U-73122. Drugs were applied for 60 s or for 5 min as
indicated by thick bars. n=total cell number, N=experimental number, *** indicates P<0.001.

AR suramin (1 mM)S AM8-8+e] [Ca®' )& B231Y
o} ATPOl 9%k M3 W ZH5EkS-S suramin %13 X
ol tIF-2 (92.2314.9%) AAHUT (Fig. 4).

3. P2Y =8 otgel WH &4

TAAEAA AE 215
T= P2Y %Wé T-EAol o3 o]Fojx 1
E ] H]’ﬁﬂﬂoi 01‘_—-_ P2Y
TALMELZFH
RNAE #3 thg, 54 olgd *1‘;“ 22l primerE ©]
B IH-& AABHTE Fig.
AR A Eol = P2Y,,
P2Y;, P2Y7} & o] Slon, o]FelA pay,el wd
Fol B R FAHM =dtk 7 FAA F84 o}
FE HENES P2Y,P2YP2Y=1.0:12.5:032 FA7|2
A=t (Fig. 5).
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2 ATl AT vl ZHoles 5471 2
oI o]

284 7)AE T3] ATAAEL 3T3L1 AL
SHE P2y FEAS olFS AT 0T T Fa
A AEAAE A IR St

2 G- Gy)E MINE AE W Zgole Ada

HE Zgo|2s Yste AoR <#A AT} (Janssens
et al., 1997, Ralevic and Burnstock, 1998; Fries et al., 2004).
3T3-L1 AEE tdoz g 2 AT Az AE ¢
MO T ATPE E5}UL u) 01/\]7@]0] AE U ZHo)
29 F7HE Uepller, olsh 22 we2 AE o
of Zhgpol o F#HsHA L}E}M_fﬂ, Poll oJgk A|E
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Fig. 4. Effect of suramin on ATP-induced calcium transient in
3T3-L1 cells. Original trace (A) and histogram (B) showing a
complete suppression of maximal amplitude of 100 uM ATP-
induced calcium transient after pretrement with 1 mM suramin for
5 min. n=total cell number, N=experimental number, *** indicates
P<0.001.

W Zgolwke 7=
FAY suramin®l] 3} hF-E AA =T P2y FIA
TEA T HWEHOZ P2Y,, 5, 4 & T2 PLC BEE
T3 P9 A A ZERA #AF=dH (von
Kiigelgen, 2006), = A2 AFo]A ATPo| 2% AE
W 2ol F7he 5 gEF oo, PLC AR
¢l U-731229]) 4611 MeExor 1 FIU) BHE Ao
2 Bol AE ] Zrgol] 17]: HAHO 7 PLC &
ARl A2E B3 o]FoRE & 4 AUtk wEA AT
A HEEo] e P2Y FHA FE3%= PLC
ANzdE 425 T3l Ax 141 ZEATLZHE Ze
< U8 AEA W ZEseg S7MPeEN AT
AMFAE o)FE FXIta Xl‘f‘“ﬂiiiﬂ H3E =
= 222 (Omatsu-Kanbe et al., 2006) 2.¢1t}.

ko x| B EHA dbe: E3) AFA b e

Tl =
o] gl FUA 584 o}F WY EAL BN 2

o= W
A3} 3T3-L1 AXE9ol= P2Y,, P2Ys & P2Y, mRNA7}
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Fig. 5. Relative quantitation of P2Y recepors by quantitative
realtime PCR. Reverse-transcribed products were screened by
PCR in the presence of cDNA for B-actin, P2Y,, P2Y,, P2Y,, P2Y5,
P2Yy, P2Y 4, P2Y 5, P2Y 13, and P2Y 4. Each sample was analyzed
in triplicate, and data points were used to calculate the average of
the three. Data are each expressed as the mean &+ SEM. The relative
gene expression P2Y,, P2Ys, and P2Y4 was 1.0:12.5:0.3.

o] e Aoz YeRTh o F P2Y, ¢ ok
Tl £A5 Qi A0 vl LREE =
oM el FXatH 7 or S5 e o}

¥ Eo]t} (Ralevic and Burnstock, 1998; Sak and Webb, 2002;
Abbracchio et al., 2003; Fries et al., 2004; Pasternack et al.,
2008). Soldt A2 HAFAPLAEA P2Y;s &A o} o]
BEE S Qlohs AR, BEH]Eo] P2Y,P2YsP2Y,=
1.0:12.5:03 37)2 P2Ys9 Ha@ o] Aoz 3 =
Utk Holok. dA7EA] By ulel] s P2y &
A= |7+ (Pasternack et al., 2008; Yanagida et al., 2009),
ZEANXE (Thara et al,, 2005), 38 (Berchtold et al., 1999,
Yoon et al,, 2006) 5ol L&A= glon G-v AP 5
EAgeE AM oleldle thE P2y &4 ol HIs)
AelA A Hejae A 2Heo]Ae dis) 2 €A IA
2T} (Pasternack et al., 2008). thEhA] A G- HEA E o A]
P2Y; 84 mRNA7ZF L& 9l He %< oy
AR & AR, 33 AU AW FH ot HRkE
Frdrete HA e p2Ys A AT ofd A4S &
A& 7 E E2evh st

H p2y; FEA9 dEE AsAd Ag3 G
e SVEE Buz Qg MEstee 4 A 9
grel #HE AR dEA L o, AH e
A9 #E71 AL cAMP S7HE B AES] T4, £3

2 AEe] e Fad 42 St Aoz WA

B

mlo
Ol
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(Pasternack et al., 2008; Yanagida et al.,, 2009). ¥ 23S
sto] AL ZH] BHH P2y 4284 E
S49E AF Fdsiion, 53] AXE O 2ol
Yo &8sl 7154 HE A ¢ 5 9l

A ﬁ?xl YAZAA P2vs TEAE B3 AL
o A= o) ow] gl Avte} sk ok ob pay,;
TE&Aol et Melxel adAG BaiArt gl ol
A| 931 (Janssens et al., 1997; von Kiigelgen, 2006), P2Ys <~
SAE oW 7|HE B AeA sl HolshEA)
= §‘J—O]'<'5]— 2= @\O-lq_ 7]}_ 0:]?7—“337,}_0“ [L].ED:] thﬂ';ﬂﬁl
AZe] P2Y F8A7} 23 B AR o]Fo] FR3 FE
Q1AL (cofacton = e} §lar, 17]o] PLC-2)EZ 9 7]
Mol dagho] SRIE A7l P2Y7t A FA A EO
AR 43 Lol BAY Tyl AR
@77k Lashi o ze Fua v
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