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Ca®"F ¥ ANVEIRE Mg Ca* IBEIZHT 5

uFEFr A NEBEETIT=AN, TV FENT 4 Y OF)E

SRKFRFREFV R AT LR FRYEEEE (B | EEBIEER)
Rimma Knijnik

IYRELTA1E2DIa— (p) A EF A FERFENTIHEE 4+ €4 1 FEEHEERERHET 5 NGMO-251
ML TEIZE L7z, NGMO-251 Ml % — 40mV ORFEM» L RSB T 5 L BBICFEHLEN2AME Ca F ¥ 2 VER T &
L7z 100 u M, 3plDLy FENT 4 2], £72E2F T LA A, C&*F v R VERIIIR &Rz, C*F v 2 IVER
DEHOIGIEIZ, =2 FELT 41T, 27.3%, ZY FELT 4 V2 TI97%THhotz. Ty FELT 4218220 Ca'F
T ANVERIRICSTEGC T SV BEDEE A B0, 100 . MN—=XF L7l A I FEETR, flAtdH62 00 HH
BHEZCRELTEL, TV FENT A V10255 L COIRIF2r o2 kol, F/, T FELT 4 1E21E

Ca* FX ANERDBERFMELZKESER LI MLz, FL2 FELT £ ¥ OFRIZIEE — FUL R © IC,fEA

10.2nM & 22.6nM L EFE E iz,

XA, MR CE BN TAIY FELM7 4 VOMEZMOT I A MERBLANSRAEL:. 759 F 2 i3ks

IO L~V & 0 3 403.2 % DHIIEA Cat* LH % 4 L7225,

10~100nM DT> FENVT 4 V10205 TiE, 2059 2#M

faplCa®* LR IXBE SN ad oz, UEDOHERIE, TV FEV T4 V¥, EERAT o €4 A4 FEFEZTBL, KEMK
FHCE Fr AVEMGIL, MEEEDEE LTRIELTVWEZ ERTRKRT 5.

Key words endomorphins, x-opioid receptors, Ca’* channel currents, intracellular Ca**

concentration

I.Y FENT 1 >~ (endomorphin) 1 & 213, 4B & it 5
iz, FnFNTyr-Pro-Trp-Phe-NH, & Tyr-Pro-Phe-Phe-NH,
ABREDT I VBEILRHERTF FTHL,

LY FENT 4 2L, pd EF A4 FEEFIEVEAME TR
ETH. Y FEVT 4 YEEORERISEDSPHR, HETH,
RIKECHMETRLEINTE), Z2OHMIC e+ EF 1 K
BHRLEBLTCVWE I Do TWVAEY, T FELT 1 ¥
A, SRR T EF A MK BN G £ L 20
RIZEMECHLETHHEEMPHE. L, FHITH2%5,
ITURENT AV, G U/ rBOEREELY, dhRe
BEIHBETEL, YA ARy Vv —DEELTERIALL
I HAEBEEERTLENSH S, T2, T FEVT (UG,
pAEFA FRBEENLTAH 2 F ANFEEREELEES
ZEbHifFEs NG,

FRORBEELET 272042, Bk, 40, o4 A FE
R KERE T A NGMO-251 flilaz i LERTH I LI
L7229 Zofilgld, —a—-075A =<t F—<%
MNTEHE 7 HEENGL8- 15/, BHLS 7 u—=r 7L
72Ty budELAFN %{ZFCDNA” EA(MFAT2”
vav) L-WEEEERTHS. oM, #HoNGL0815

ERE11E 2 A 1 B4, FR114€E3 A 20 <HE

MM TELIR SN0 & FAR KB E & B OW Ca* I & B
WEFE2Y. 8o T, NGMO-251ffiLik, + ¥4+ 1 FEAKRE
AT B4 F v AVIERERERET L2088 LML v
Ah, TCINSEEKEORRLLT, p 7IT=AL+THA[D-
Ala’, N-Me-Phe!, Gly™o1]-enkephalin (DAMGO) 27V % () 7
= A } [D-Pen?, D-Pen]-enkephalin (DPDPE) 7% Z OflifL O
Dw-3/ MFEYIEEE N-¥ 4 F) OCaF v A NEREN
HlTBZERRLEY. ZO8RE, —80mV 25 Doz
LTHLZHNTE Ca F v A NBEHERNOLY FEILT 1 > O
BABBLANY, FRUNDOERSEMHIZ L 5 EMECat Bt
KM LTERAEL TR, 22T, 46, REELL -
40mVizL, ZOEMT %%i‘ébfw&wCa“ﬁ“mﬁt% o
T, ZUYRFELVT A Y OMBEFIHERT LI LICLL
t’aﬁ SHEA A FRBEMKEIGI v 7By 72z
IEDRAF)NS—ECIZEFELTEBY, 1/ -0z
1) /ﬁ&“%%ﬂﬁ’“én‘%%, MK Catt =V h 5 Ca‘“ambﬁ%
THIENFRESNTWET, —F, pt ¥t 4 FEREFLC
WTIHERD D %L, B> Tz, #2T, T¥ FEV
T4 LB FEF A FEEEREAT, MR CaiRELE
ZAB0E) ME, 75 (Fura) -2 Ca? # RS 1I2 L Yl L.

Abbreviations . DPDPE, [D-Pen’, D-Pen]-enkephalin; DMEM, Dulbecco's modified Eagle's medium; SEVC, single

electrode voltage clamp; ND, not determined
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FORR, TUNELTA VG pdEF A FREEREMLT
Ca* MY FAyeryPr—RIZkP% L b ZOMETE,
BRELTVWRWI EEZRTHEREBLOTHRET 5.

RS LUFE

I.#8 &R

AFE BV TRV ML, NGL08-15H1M (=7 AMhiZEF
BHBENISTIG2E T v b7 +—< C6BU-1 & MEFEMAL) &
COMRB p A EL A FEREE I - FTHDNAZ P VR
7z a3y L7zNGMO-251MIl8CTH 5. ut ¥t 1 FEHE
BBEFOITI VAT 2oy a VIZIEHABSMBENRs ¥ — &
LT, pKNHZ iz, 2O~ 2 ¥ — |3 pBR322 & pBR327 %
BHIZbL, s0— FEMLO EFICSVA0 O T O E —
- ETFMICIEB— O BIETFORY) T Tt 7+
FinzohTws, FLBEERMETBIRTEL L) IH4
74 Y TERETFOHAREN TS,

PKNH®D 7 0 —= v FEFLIZ, p A ¥ A FEFFEI-F
THEEREEAL, 77 A3 FpRORSIS-1P %/, Z0
75 A3 F&NGLOS-ISHBLIC A VY7 L) YEEET T VA
Ty varli ud¥F A4 FEREELERT MBI,
AATA Y (800 p g/ml) AT THEF LML LTER
L7z, RiZ/—Fr70y METIF YR 74+ —h&Nizo0
— VDRI A A A FERFRERBAL TS Z L 2R
L, NGMO-251 % i %187-0, b, = >HHNE I 8EAm A
EORERED 6 A EF 4 FZEEBELFHESTWD,

IO OMALIES % YIRIBIME (Gibeo, NewYork, USA) %
EETA TNy aEEL — 7 IVEEH (Dulbecco's modified
Eagle's medium, DMEM, Gibco) 2T, 37C, CO, 10% DK
TORELZY. EMICEESIT, 100 MERFF U F 2,
01 M7 I/ 7TF)rBLT 16y MFITr2lhrl o
bDFEIXT T 2 F v 7 8531 (Falcontt3, Becton Dickson,
New Jersey, USA) 121%™~ ¥ 512, 100 pM e KFH 5
Y, 16y MF IV, 0.25mM Y 7 F VY A 7)) v 7 AMP
(Y8, T8 2%, COM > % 2X—¥HT10%CO,
PEUERTIZ, 37C, BE100% D&M T2~ 3 EME TS
fTofe, BBEPEIEBEF2OBEIILEHRLA. TIAFy 78
BIMEHSMEICIE, 0.01%+%) 4L =5 (Sigma, St. Louis,
USA) [150mM -k 77 EE#R M (pH8.1) (2B L, A>T 77
1) ¥ — (MILEX-GS, Millipore, 3 %) % 38 L CIER L] H1~2
R T LA L.

I. s

FEOBEMNE3M KCl 2 LBBETERTY v VI
TERKMISER L, S5t EREoFSRPIzBW, #{—Et
WEMAE AL CTROMIFSRICERL 2. ERROBRE* —%
KT 70, LD % O EREMEAF— PO TIZHED
O H LS EETER (PS41XM, Daiwa, KHK) 128H L
. BRWRETERTIIBVWREE Y -7 E—7 (511,
Yellow Springs Instrument, Ohio, USA) LiREE =% —
(YSI72A, Yellow Springs Instrument) |2 & » "C 33 ~ 35 CIZ g
Lz, EBAEORME MR OB TELE) TREEML
. ELUIRRMEORRE 2 Y ) A 2RIRE [ERE, B
VEEMEE (F) v %A, R, 4 mRa—7 (V-212, VC-6020,
B, BE), H#4ELEE (DPS-165B, Dia Medical System,
RH), v420<v=a¥al—4¥— (Leitz, Germany), E4Et

(RIG-4124, HAXE, WF) 4 L] #EM L. BRELED
WX THTL, $ERMOETEA SRS HER L 7.

U. REROME

W NE SRS (Axoclamp-2A, Axon Instruments, Foster City,
USA) # W THBEBEEAEE Y single electrode voltage
clam, SEVOIZ & - TIEERZHE Lz, NEB I UL R Ca?
BERDOUWEIE, "= EnyF7 5 TER BV, Batt
EELFYVT-LTANEBITLEF v AVEHKZ, Ba*
T B RO AL OB/ [ 50 mM BaCl,, 30mM NaCl, 1
mM MgCl,, 5 mM CsCl, 20 mM D-7 )L 2 — X, 20 mM (L7 b
FLF VT ¥EZy A (Nacaleitesc, F#F), 0.1 uMF b T F
& I 7, N-2-hydroxyetyl-piperazine-N'-2-ethane sulfonic acid
(Hepes) (Sigma) 10mM, pH 7.2] TH#EHK L7277 Ny FHF R
B (G 15 WX 22879~ (KK THWTHERL, ki
R OBE®R [150 mM CsCl, 1 mM MgCl,, 10 mM
etyleneglycol-bis-( 3 -aminoethyl ether) N, N'-tetraacetic acid
(EGTA) (Sigma), 1 mM ATP (Sigma), 10 mM Hepes, pH 7.3] T
Mzl 9, 7y VE-FCEROEREHzE=5—
LadoBRE MR EM L2 woBSENO LA+ EBE
L7210 Hz, 103 %, 0.1 nADBEHMEZES 2, &I
LD BEBROBFIENRS IGQU LI ERT20%/FHE, 85612
W57 5 & BRI EARBA L=, RiZ, DDC £~ FiZy)
N&z, E=9 -BEFBERE LS FCREARKOBLAE
% LI, SEVC E— I8 HADCZ F » 712 L T20mV,
103V, 10Hz 0BFHEEZN, BREOBENESIEEL &
NI LB LRSS A % B, BEM%, —40mV i
REEL, +10~+80mV DIHDRTFT v T/ VAEMZAEL
Bl L NEIOERECa F + A NVERIE SN,

V. #fam Ca® RIE

Fura-2 3} OF LT O %5 EBEMEE (£ v /3 A IMT-2)
A EBEE IR L » X2 15X, WL v X (ks
T RW) (220X 2 AV, HHEREREZ 15X e LT450fF & L
7o, Cal"MIGEEICIE, 74 PEAERHVAAR Y FUKEE
(F) ¥73A0SP3) Y. ZOEBTEARY b T
12 DOMIFBEED Ca iE LR o 2nas, 0.1FMECilleE
TELEVI)HET, HUMBETRVCRERILz b2
7z,

Fura-2 {2 & % 29 Elpke, 1iEE (510 nm) #HEE B % o 7-.
Ca* i L TlE, # &340 nm THblE L 7212841 5 8001,
FIEA Ca* iR SIS L 7225 A L, 380 nmlphie Cldaiz
WAT A, —7360 nm T, Ca*"iEEEIZL & FIIIT—~EuhE
DEFE MT (EBIIGHIERN Ca® iR EARENT 5 &£, 360 nm
TOENEREELLBSTE. 22T Ca¥' AN I 340
nm M7 4 V5 — E380nm RN T 4 VS —F Ly ML
T, HIEHMBEIL (1340 /1380)% L 637z, [AIRFLZ 340 mm M £
TCP RENELEE=S — L7

REFEMIE A /=7 T R (40 X 50 mm, Nol thickness, ¥+
I ok, BELY mm, AE MmOV I rFa—-T%
Tmm LN L THE, b aHEN ) 3 v RETAH
GFHEHlZZ L) CTHEESIEL, L C2-30MM ek
otk A— N2 L-T7Fh, IOBRENE, EMBOREETE
WIZHOAN2 100 mmBEFA v YaDBIZVRE, F T AEIGH
MAFEZIC VDT, ZOFRIICEY) )Y 2MAT2AR
I, 10% CO M ¥ Fan—F—HIZARTEWE, D2WTHY



332

)Y ERE, HEN (DMEM) TE- 727, 10%FCS% &t
DMEM # 1.5ml AL, 4 ¥ Fa~N—% —PIZ1EERII BV /2,
# Z~NG108-15418 % 1-1.5x10° cells/mm* 1= 7% 5 X 3 12N A,
BOEBETS 72,

Fura-2 AM (50 g g/7¥4 7 )v) (F12) {ZDMSO 50 p 1= 02,
Fura-2 AMBHEEZED, 3pulT 2o LoMELTB V.
KB, HBEHOMFBEREZ 1% TFIZLZ. LD Fura-2
AMES o 1%, BEBHME0 x LIZERY 74 ¥ T2 XD HRL,
EDoEMCMEERIZEARAL DT, COM rFar—%
—PUCE . 1B, Fura2 AM A YD OB#EH % EBRIEH
WEZ 7. BhEER340 nmH &£ 380 nm D T 1 Vs —% vy
FL, BRET A1 00MBIZARY bEHTH, 7 bl
BEDEREZHITCVE, MlaMCa BESEBEMANICH 2
Z & FFEEL (REERTIZ600M ~ 100 M) L 727,

B ##

NGMO-251 il DR EAL % — 80 mVIZFREEL, 1FM+20
mV ICRSBIEME MR A L, Bat s Fr—UF X ) T8 F
LHREMEBRIEL. FORMEERIE, 107w L 100 nM
DIYFENT 41Ty FELT 4V 20MBIERE
&, 3ulo7&Gi2LY, MEShi. 20X, 72
MRIBEIC— 20 mV FTHAEE T2 5 7NV AEIZL BT
B OFERY LIZIZFRETH 2.

+20mV
¥ ——=40mV

Sl NN P
IS B

+NMM

0 bl | el |
=

Fig.1. Effect of endomorphin 1 (EM1), endomorphin 2 (EM2)

and DPDPE on high-threshold Ca** channel currents in
NGMO-251 cells.
Upper shows a voltage protocol. Every 30 s, 200 ms
depolarization to + 20 mV from — 40 mV was applied. Lower
traces show current records evoked before, at 15-20 s after
application of 100 nM EM1 (A, D, G and I), EM2 (B, E, H and
1), and DPDPE (C and F), and 2-3 min after application at
recovery (A-F). Current traces were recorded from two cells
in the absence (A-C) and presence of 10 x M naloxone (Nal, D-
F), cells during superfusion with 100 M N-methylmaleimide
(NMM, G and H) or cells treated with 100 ng/ml pertussis
toxin (PTx) for 18 hr (I and J). Control, test and/or recovery
currents were superimposed.” Note that the current was
suppressed by three peptides only in the control condition (A-
C). Scale bars represent 2 nA for A and 5 nA for B-J

None

+PTx

Knijnik

KIZ, Kasai®iZ & W#E sz, —40 mVORBEN 2 5
SBT AL BMICERESNSE CaFy AVEREEE L,
COFETH, RIEFNBEFr—VF Y )T-ELZ F0
B, BULARERIEL2ALRT, Ca"Fr A VERTMET 2
DI EEDLNTWE, JITREIEBEELRY, ¥ 7L
WAREEFDLT, BERSBRMTHERINLC F Y ALVE
WA T AL RELT 4 v1E, TV FEVT 4 22055
o TaVAN

M1k, £0LX5%Ca%F v A UVERAENLEFN100 nM
IYRELT7 41 (F1A), =¥ FEVT 1422 (H1B), %5
UZDPDPE (M 1C) D52 L Vil s h 2 F2RY. EXo
Ca"F ¥ A NVEHROIHZTIZ, =V FELT 4 1 T273 +
2.60% (X £SEM, n=26), T> FELT7 4 »2T197+2.0%
(n=21) T& Y, DPDPE®232£3.94 % (n=10) L F L%, %%
W EFNRL EORE LRI TH -7 (R, A+ A4 FEEE
DOFEFHITH B 10 sMF T F 2V v L OFERS TIEZ O
Hbnizdr-o7z (1D, E L F).

T, TYRELT L 1E20Ca F v R IVBITINHI 4
TG NI EOEEGEABLDIZ, 100 u MN-XF LT
1 IFEET (WIGLH) HifgxH5H» Lo TAKEETL
BLTHELE (@1IE)), T FELT 421922850 T
SIHNIIZEALE L dh o7 R,

M2iF, ZZTHELECE Fv 2LV BROBEBMKREE ¢
V ) 25R7. 20 mVHEICE -2 2EEoTwiz, =0
ENT141Fig 28) ET Y FELT 12 (H2B) EZ0EH
fECa*F v A VEROBOBILEE (RTH) 2 k& {EX3
SERLIRIL, FhIY FEVT 1 OB ERER, LV
BAfRiZB B X FITICmE L/

BIFELT 4 VIBETOMHZELZHIIZ 7Oy ML,
ZFhEn o iliRA 5 50 % KTEIE B EEEIX 10.2 nM & 22.6 nM
LitEan .

Table 1. Inhibition of hight-threshold Ca’*channel currents
[ICa (h)] by endomorphin 1 (EM1), endomorphin 2 (EM2)
and DPDPE in NG108-15 cells and transformed NG108-15
cells expressing  -opioid receptors

Inhibition of peak ICa (h) (%)

Drug Pretreament
NGMO-251 NG108-15
EM1 None 27.3%£2.60(26)*  0.50%1.13 (6)
NMM 1.63+2.13 (7) ND
PTx —2.08%£224 (7) ND
EM2 None 19.7£2.00 21)*  0.21+1.38(5)
NMM 0.12x1.13 (8) ND
PTx 177159 4) ND
DPDPE None 23.2£3.94 (10) * 30,7490 (7) *
NMM 2.72+£2.51 (7) 1.77+2.40 (3)
PTx 1.23£2.77 (6) ND

ICa (h) was evoked as shown in Fig. 1. EM1, EM2 and
DPDPE (100 nM each) were applied by pressure-gjection from
a micropiprette onto the cell soma. Cells were pretreated with
or without 100 x M N-methylmaleimide (NMM) for 20 min or
100 ng/ml PTx for 18 hr. ND, not determined. Data are x=*
SEM of percentages of peak ICa (h) inhibition (no. of cells
tested). *Significantly different from zero inhibition by no
application at P<0.01.
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Ko, HIERICA I T ALY FELT 4 v DR %L
OF TAPERBLE2NLRELS: (M), 772201
275V FZ VIEINGI08-15 M8 THR A K1) 78— ¥ C & iFEMAL
L, MR Ca* 7= b D Ca BB 14 Y, MR Ca*”
BEXFASELIEIFTALNTWEY, 75TUF2 ¥ (100
oM, E14A & B)* DPDPE (100 nM, ¥— # I37R&¥) T, %5
BMOLAN L) ZNFNTF403.2+28.6% (n=25) & 186.1
36.7% (n=10) OHILH Ca®* LR NPRHFTE . —F, 10~ 100
nM O FELT 4 21 (K4A) 2 (H4B) D#HK5 T, £
D& A Ca T ERITBE I N0 o/ (n=15-22).

1(nA)

-4 T T T T 1
-60 -40 -20 0 20 40 60

vm(mV)

Fig.2. Endomorphin 1- and endomorphin 2-induced
depression of high-threshold Ca** channel currents recorded
from NGMO-251 cells.

Graphs show peak currents plotted against command
potential, recorded before, after and during superfusion with
10 nM éndomorphin 1 (A) or endomorphin 2 (B). Currents
were evoked by the same protocol as in Figure 1, except that

200 ms test pulses were stepped to -60 or to -+ 60 mV- with 10
mV increments.

5
o

imion
W
o

hi

N
o

age in

-t
o

Percent

o

0.01 0.1 1 10 100 1000
Endomorphin (nM)

Fig.3. Dose-response relationship for inhibition of high-
threshold Ca** channel currents by endomorphin 1 (EM1) and
2 (EM2).
Currents were evoked every 30 s, as in Figure 1. Mean
percent inhibition of 3-7 cells during superfusion with various
concentrations of endomorphins. Curves are least-squares fits
to the equation y=x/(x + K) where y= % inhibition, x=agonist
concentration and K is a constant.
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Fig.4. Fluometrical recording of intracellular Ca**
concentrations from two NGMO-251 cells.
Fluorescence change in response to endomorphin 1 (EM1, A)
or endomorphin 2 (EM2, B) or bradykinin (BK, A and B).
Arrows indicate the addition of 25 ml of 200 nM EM1, 20 mM
. EM2 and 2 mM BK, which gave final concentrations of 10 nM
EM1, 1000 nM EM2 and 100 nM BK, respectively.
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AEOERT, BICHFETIHERTFFTHLL Y FEL
A VHERECS Fr ANVEFRENHT LI Edbh o7
AEEFE®Y, B2 b CaF ¥ ANBREEDOLY TRBLE
RPVEONIZZLnb, TV FELT A VG pd €t A FEE
FERFHLT, C&"F v ANVIERTHIET S Z LA BHERECR
. SORIEAHFaXY VU THEINALZEPL IO LN
THEND., COBRMPNSIA T THDL, ZOMDI L TO
Ca* F ¥ A NBHTHAEPICOWTIESEIIZERL 0o 7.
RIERY T BRI NGL08- 15D Z DB A w — 2 / b
FUOUBERUTHIILDPENSA FTLEEESNBIREZD
HERBICTALEND D,

N—AFNwl 4 I FRLHEHESEELBICL) WY, 22 F
ENT A VIZEBEHPER LI L, oA EF A FRER
o Ca¥" F ¥ FNGFFANELENBRERSGRG I M TD
G YNRIETHTFONTVWAERZRLTWAS. GG Y17
DGEYNIBED ey DELLOY T2y FEHELT
WBEPIZOWTRABRRETALENDH 5.

FMEOREEZRIL, TV FEV T4 2128 ) fIlaM Ca®*
BREO LABRON Do/ 8 THDB., THZ L, A4
f%F BRITOAES A FEBKRERLZ DO, FAFK) 8-

HEE LTV RWIEEFRBELTWS, Dk, 4ENE
5%?)*% ITYRENT A vy EF A FZEEAR—GI/Go —
Ca*Fy 2, LWV EFLEBBIERIFETIILER
LTwa

SHEAV:, pAEF A FEFFEMEDNA R, sFEFAF
ZB M cDNA DIFEARFOFRY S FHREORESL T LY
FEWSNIHDOTHD., p A1 FEFEFOT I/ BEEFIO
ﬁﬁd,G&VNﬁEKﬁ%T67@ﬁEﬁm®ﬁ*W%5:
EERLTWA, LRSS, puBILUsREBENGENLTT
FoNVEBEY 75— kmﬂﬂkK+%k%w®ﬁDb# L, G
ENLTCF ¥ ANVOHBICEET S Z LA RE ST
AW AMOTIY NENVT A Y ERAVTOERERLINE
I LBEER R EICHD.

puFEF A FEREEZ N U ETEENERE LT, #EiE
FUCES LTWA EEZLNTWAY, B LRk EORENR
PUFH ORI p SRRV ECEETHE L EN TS
PeoT, pF¥FAF %ﬁ%“ﬁf%ﬁ%,ﬁ%%@ﬁ%?
EEFEOIAL D (IR T MM FEL T 1 2 &S
WL, #%Eﬁf% ZREFEENHTLIZLI2LY, BES
ICERLTWAREELND, §BERINS DT OMIEED
Ca’' F ¥ FNE~DHRENET D LENH 5.

& . W

IYRELT 4 X1L20uFEF L FEEEENTHHM
ECa"F v ANBH LA Ca® RIE 1T 238 % 4 FE
A FEEERERKERETANGMO0-251 MilB CHBEL /.
NGMO-251 #ifig = — 40mV ORFFEAL D L BisTE T 5 L Ca*F
THANVEREELE, ZUYRELT 4V 1E20H5I128D
Ca*F ¥ ANERITIH S e N-XFNTL A3 FEET
R EHLP LD BAUBECAELTE L, TV FE
L7 4 V1R 2D RIBDHEELEZEDLS, GF Y I EOH
EpEElE N, T2, U FELT7 4 1E213Ca F v &

Knijnik

NVEROBEEHFMEEL L L L. £ FEAY
1 Y OFREEF /EVORELFESNZ, =V FELY
1 V1R 20%5 Tk, MilRAC LEIBE I o,
DEOKRE, TV FELT A VHPERAT L T ES A PS5
RERIBML, KWEMKEECE F v A2 HE L, WiEEey
BMELTHELTWAZ LEFRETS.
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Abstract

Endomorphin 1 (EM1) and endomorphin 2 (EM2), recently isolated from the brain, are the first endogenous mammalian
peptides with highest specificity and affinity for the p-opioid receptor. However, the physiology of these peptides is not
known. Therefore, we investigated the effect of EM1 and EM2 on high threshold Ca’" channel currents in NGMO-251 cells,
which were the NG108-15 mouse neuroblastoma x rat glioma hybrid cells overexpressing cloned rat p-opioid receptors. Ca’"
channel currents were measured by the whole-cell voltage-clamp method. EM1 and EM?2 inhibited the high threshold Ca*"
channel current by 27.3 % and 19.7 %, respectively; but they did not induce the identical inhibition in the parental NG108-15
cells expressing endogenous J-receptors. The ICs, for EM1 and EM2 was 10.2 and 22.6 nM, respectively. Pretreatment of
NGMO-251 cells with 100 mM N-methylmaleimide or 100 ng/ml pertussis toxin blocked the EM-induced Ca’" channel
current inhibition. Applications of endomorphins did not elevate intracellular Ca’* concentrations, while bradykinin did. Our
results indicate that EMs induce the y«-receptor-mediated inhibition of Ca’* channels via G/G.-type of G proteins, and suggest
that endomorphins function as neuromodulators in the brain.



