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It is widely known that protein tyrosine kinases (PTKs) are involved in controlling many biological processes such as

cell growth, differentiation, proliferation, survival and apoptosis. An a3B4 subunit combination acts as a major functional

acetylcholine receptor (nAChRs) in male rat major pelvic ganglion (MPG) neurons, and their activation induces fast

inward currents and intracellular calcium increases. Recently it has been reported that the activity of acetylcholine

receptors (AChRs) in some neurons can be negatively regulated by PTKs. However, the exact mechanism of regulation
of nAChRs by PTKs is poorly understood. Therefore, we examined the potential role particular in nAChR by PTK
using electrophysiology and calcium imaging in male rat MPG neurons. ACh induced inward currents and (Ca");

increases in MPG neurons, concomitantly. These responses were inhibited by more than 90% in Na'- or Ca*'- free
solution. a-conotoxin AulB, a selective a334 nAChR blocker, inhibited ACh-induced inward currents. Genistein (10 pM),
a broad-spectrum tyrosine kinase inhibitor, markedly decreased ACh-induced currents and Ca®" transients, whereas 10
UM genistin, an inactive analogue, had little effect. Overall these data suggest that the activities of 0«34 AChRs in MPG
neurons are positively regulated by PTK. In conclusion, tyrosine kinase may be one of the key factors in the regulation

of a3p4 nAChRs in rat MPG neurons, which may play an important roles in the autonomic neuronal function such as

synaptic transmission, autonomic reflex, and neuronal plasticity.
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1. ddSE

o] 44 # (Sprague-Dawley)

Xqoﬂ AHeE AMlxe] BFde]l AL 135 mM NaCl,

5 mM KCl, 1.8 mM CaCl,, 1 mM MgCl,, 10 mM HEPES, 10 mM
glucose®]™, NaOHE #7}et £ pH7} 747} H=5 2743}
Ak 71282 Ago] A-8-F A= 89 (internal solution)
o] 4L 115 mM K '-aspartate, 10 mM HEPES, 10 mM EGTA,
2.5 mM tris-phosphocreatine, 5 mM MgATP, 0.1 mM Na,GTP©] ™,
NaOHE #7Fste] pH7E 727} H &5 AASISIT] oF=e] &
o] pertusion valve control system (VC-6 M, Warner Instruments,
CT, USA)yS o]83l3lom, ofao] o= ¥ &5 AEA%
©] 100 pm ool IH|BH=E SFof F-=ol] of3) Aol 7}
A == Sk
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Collagenase type D9} trypsin Boehringer Mannheim Bio-
chemicals (Indianapolis, IN, USA)Z4-E] T3} 2.1, fura-2/
AM-2 Molecular Probe (Eugene, OR, USA)Z-E, acetycholine,
sodium orthovanadate, genistein, genistin, DNase type I, 7]E} Al
2 o gaE B oA % eHE-2 Sigma (St. Louis, MO,
USA)ZH-E U3}t a-conotoxin AulB+= 3H= A8 3-8+
T (KRIBB)®| Fhif& HPALRNE Algitol ARSIt
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HI

71 F (200~250 g)= pentobarbital sodium (50 mg/kg, i.p.)
o wFHAIRL F, A JiEste] Ayl oSl g
MPGE A &3lal, o]& 27HE- (4TC) Hank's balanced salt &
Moz HFA FxE Ba 2 SAE W9 F olE 07
mg/ml collagenase (type D), 0.1 mg/ml trypsinZ} 0.1 mg/ml<]
DNase type 1°] £°19)% 10 ml2] modified Earle's balanced salt
-9 (EBSS, pH 7.4)°14 1AI1ZF F<F vk 35C)3H3itt. o]
u] EBSSOll+= 3.6 g/Le] glucose?} 10 mMe] HEPESE X3
ARk i F ARAEES wF87I0l Yol E50] 2
Sk 2 clinical centrifuge (International Equipment Company, MA,
USA)E ©]8-3t°] 1,000 pme] &2 4] sl &
28 AMHAAEZES 10% fetal bovine serum, 1% glutamate, 1%
penicillin-streptomycin®] & MEMoOl A5 (resuspend)*|
21 F, poly-L-lysine . & FE =] = cover glass (217 12
mm)°ll plating 3tt} ©]& 37C ME #]7] (humidified
incubator; 95% air-5% CO,)°lA B8t o Fajgk 3 12
AIZE ool A Rlel ARg-akeltt
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2.2 EPC7 (Instrutech Co., NY,
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USA) ) 2] :EL%JE %—%—7] (patch clamp amplifier)E AF&-3}o]
14 3 (whole-cell patch clamp) ¥+

o2 —?‘@3}9\1‘3}. =3 ﬁ—. <+ borosilicate glass capillary (ﬂ
7; 1.65 mm, W7; 1.2 mm, Coming 7052, Gamer Glass Co.,
Claremont, CA, USA)E P-97 Flaming-Brown micropipette puller
(Sutter Instrument Co.)= #|2tate] ARE-3F¢ic) wHEo]x 2
=2 Sylgard 184 (Dow Corning, Midland, MI, USA)Z I H &
3}3l microforge® FA T3t thEAom, MUl &
= S W Aol 2~3 MQo] ¥= ZS ARSI AlE
7F o] I cover glassE =HE
Nikon) 9ol 2531, Al o4& Tl 23] 1~2 mimin
S22 AFAHY AXT A7 FAY AW (voltage-
clamp method)S AH&-3te] SAGITh Tt 14 715
S M Alxure] 88F (capacitance)?} % A& (series
resistance)< 80% ©]/3 R A3} 0™, A A] sampling rate->
1 kHz, low-pass ZE+= 2 kHz (-3dB; 8-pole Bessel filter)Z 3}
o 7]1=313i ) 28 A= Pulse/Pulsefit (v 8.50) (Heka Elek-
tronik, Lambrecht, Germany) - pClamp6 (Axon Instrument,
USA) AXEQO1E E3l IBM FAFFE ol Adsle] #4313
o BE AL A2 (22~24T)oll A Aldsiglen, 2 A
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Fig. 1. ACh-induced calcium rise and its repetition upon con-
secutive applications of ACh in MPG neurons. 10 uM ACh was
applied for 5 sec as indicated by thick bars at 3 min intervals. n=6.
[Ca®"]; changes were expressed as intensity ratio of emission light
excited at 340 and 380 nm (F349/350). Data are presented as means
+ SEM.
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Fig. 2. Effects of extracellular Ca*" & Na' on ACh-induced [Ca2+] increase in MPG neurons. 10 uM ACh increased intracellular free
calcium ion level, which response was completely abolished in the absence of extracellular Ca** concentration (A), and also almost

suppressed by extracellular Na' removal (B). ***P<.001
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FFABT) F-olE MAEE 7] (excitation) A7]17] 18k
lamp housing™} 2} 719 BFF NEE FHFEAZD F 9l
photomultiplier X (PMT tube), 22|32 54 u}7e] |l
FaA7 & g Welz FAse] ek W) AEE
54 2 4L FeliX &2 E9o] (Photon Technology Inter-
national Inc., Lawrenceville, NJ, USA)E- &34 A A&}t
o] FEE FA3] AdAe o5 Aste] P
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FTEE MG fura2/AMS ARSI
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FERE KX ete] A-zolA o] Apete e
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tl, fura-22] 3544 340 nme} 380 nme] Woz Hzo}
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= %3’5}701'5:_94 H]'% (F340/F380)O] /Kﬂ_‘,j_lﬂ o]% %Eg H}O:] 0}

2 1

1. &34 JEE MEZOM LB OIMEER |
o 7188 &4

Tk 2174 AR fura-2/AM (5 iM)S 55138 &
B=7d X (ratio fluorescence system)E ©]-8-3}o] AL LH =
& BES Z4992 1 10 M PIDER] 28] [Ca¥,
o] AAA S7PF BEESeH, 3% Ao vk SAA
A= AZTH Zg ol =] Fod s glo] A=A
o} (Fig. 1). SRR 2J3) b AE 24 ol & 5
L= AZEe] g A Ca¥'S AAE AE] (Fig. 2A and B,

<001) & Na*2 A 73

(E)

38l (Fig. 2C and D, P<.001)°114

ACh ONa+ACh

0 =0
*kk

Wo

-10 1

=20 4

(PA/PF)

30 4

_40-

ACh-induced Peak Current

A

50 4

Fig. 3. Effect of extracellular Na" on ACh-induced inward currents. ACh-induced inward currents were almost completely blocked by
Na'-free perfusion solution under the voltage clamp at -80 mV holding potential. Data are expressed in peak current density (pA/pF) and
presented as means £ SEM. n=the number of cells, nA=nanoampere, ***P<.001.
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Fig. 4. Effect of a-Conotoxin AulB on ACh-induced peak current in MPG neurons. ACh-induced inward current was greatly attenuated
after pretreatment with 10 uM o-Conotoxin AulB, a new novel selective antagonist for a3f4 nAChR, ***P<.001.
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Fig. 5. Differential effect of genistein on ACh-induced calcium increments in MPG neurons. Genistein (10 pM), a broad-spectrum
tyrosine kinase inhibitor, markedly decreased ACh-induced calcium transients, whereas 10 uM genistin, an inactive analogue, had little

effect. **P<.01

& A e Sl

dxﬂz )2 Sz A T

O}Aﬂ%z (10 uM)S 5%7F F 040}31% UH H}Eﬂl % Sl
= gk F7F YEhto, Azl oA Na'& AlA
Els *MOH A 90% ©d AR/ A7 Ao (Fig

3A), BAIKoE foldt AlolE HAY (Fig. 3B, P<.001).

oA Z e o3| frtEl WEgAd AFe A o3pd Y
IR opddZH ABAHY F-AIQ] o-conotoxin AulB 10
pMo. 2 387 AX ] S90S wl 1 A717) 80% o Ha
3t3lo™ (Fig. 4A) 7 witel] SAX SR gt ApolE B
At} (Fig. 4B, P<.001).

2. LZElY OtME E& +&H[0l| D|X|= tyrosine kinase

o g

0

Tyrosine {14tsle AL - 7
2 AT ek AR BAE 2 S, 1A%
7t

o FgIaA WA 174715 % 28 47 %
Hom golshs Aow Ueld Qiu, i AP A%

oﬂ}\ﬂ ] 747(45

ama=

o PN A9 AR ek . ool

tyrosine k1nase7} Fo] Tt AAHE A TEE e
34 nAChR A B-fHlel G WA Aolgke 7Hds A9

2188 72133}t

HG=A A E o] &3t XY L ol FLE =A
gk A 10 pM obEZF- el €] gk [Ca™
tyrosine kinase 2} | #<] genistein (10 pM)=- 3+ %OJ Xdﬂ
gk 2o M= A Ao genistein®] HIEJ Y
A (inactive analog)?] genistin (10 uM) FoJAloll= 7+
S| = Ao R e O™ (Fig. 5A), BAIY S 2% Geni-
steinol] 28 AXU] ZF o] = fihe FskA U
El}T} (Fig. 5B, P<.01).

o &t

IRy oA A9 754 9 s 54
< Ao E FgAo] MEAR ZF el wel xfo|7t 2l
U (Meyer et al,, 2001), ABFY 2go] LTl e £ (species)
2y aEla dEEo Qs 27 (tissues)o )Y AE (cells)l
Wt = o EEFH EA0] VEF BAo] dEAE A
S 5 4 4t} (Lukas etal., 1999; Dani, 2001).

Hel T A& A1d Azl olNEFY FolAl F
W= AR A7]% 10 uM a-conotoxin AulB =] x]o]| 2]
3 dAsHAl rAITE gk AaATell ] AL A T
SRES A3 FEt AAE AlEoE vk o3 ABFH
mRNA ©]9lo| % o2, 05, o7, B2, p47} Hd=o] Je Aoz
e (Park et al, 2006) A4S T34 & wl, 7 FH F
ZHE A QA AFEol= 2 heteromeric a3pd UIEA] oA
g3 &AL 7IsAeR AstEo] eS¢ T A

_v;

?&%i, opEEY Fofrl AEUE FYEE W AR
= AL Re] Na's AAT Aol H7e] 27171 90%
173 FHaatelom (Fig 3), A2 #HF9e] Na'¥) Ca'&
242y AAZE dEfell A AT 2 olo] St v g
Ao LT (Fig. 2). o]21g 7] Hol| #ate] gl
A YRl oS 8AVE @43t W xR &
# Na'oll 98] Na'-Ca** gl AEUE
T ol2o] §90E IFsAL AFE HE A (Zhang
et al,, 1999) AXLjMo] Na's H5F K' o2 X33t 7-9-9
L opAldF-del o3t A o] wxe] FTlll= & Ao
7} Sl Ao (Park, 2003) Btk =3 FIak Al
A3 e E U gElA olMEE
ol fFrdsol MEs FEAIE
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L} (Park et al., 2006),
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Tk A d Azl TAE] 3= o3ps oHEEH
2%

o
ol
=
2
2
o 1%
1o,
3
ox,
Q
=
2

Alazel dEE UIrl oAEEd
A3 FAkgE Ao et o o7
Fo7he AL Zgo] A FYElE A= Aol
th UzelA olEFd B3 5 ca?te F3er) 9l
A B HYHE o3 (Rogers and Dani, 1995), a5 (Gerzanich et al.,
1998), a7 (Peng et al,, 1994) 5] dHA d=d =7 FHo
F=RF A A Axe] AE] YE o7 AEFRE 754
o2 @AFE o] QX OB R (Park et al, 2006) YA
oAEEY FEAE B AZU Y FYS FE o3
MBS st Q1 o R ALREW, YF- o5 AEA
Sol MEY Zf o] w5 F7tel #ostEgt F530
T AT
o] AdL ¢ <l
o) ohekek 2ls
= Ade] g%
et al., 2001).
A FHA] 2%E AT AERE 1w <t
A kinase®] 20%7} tyrosine kinaseZli= AR o] & A A
(Manning et al., 2002) A|XW] thFst & 7] tyrosine
kinaseZ} I3kl do] AFA HaEa gl
tyrosine kinasex= U gt 3 (family)2t EA|2t=
= 2ol we} v A8 HEhlle 54wl S
Al AFE L = Foko] 7] skt

Tyrosine kinaset™ UZEIA oA ZA 84| 7|54
o .= WAl FokaL Qlol & A Uk 2 A
7 Rag giiEe] A7t F2 S5 A ENA ]
2-g71e &g fgow, A&LAEH AEZAA tyrosine
kinase®] UI®IA ofAEE &4 2d7 - dsfix+=
A7 v A B ATl A Fe] FEE A4
Ao TAE o] e o3ps UIRA obE S A7
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034 ABAH FEA 7 ex4dd HBoJsteAE gotRa
2L &Stk ol & Hlste] WA FHY tyrosine kinase A Al
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e v ARek Ay 2 2 FE7F Ak A7)
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sphatase & A Al 28] Al =H ]2 3 52 Xeno-
pus oocytes, SH-SYSY 2 ZoFM|ELF A, sivte] F7hwd
(Charpantier et al., 2005) 5ollA] FU3HA EFRITE o]} o]
FFAAACNA o7 URRA oMAEEY &A= tyrosine
kinaseoll 2J3 24374 (negative)>. 2 ZHEH I = WhH F
A9 AFXI8Hd AlXE (Tachikawa et al., 2001)2F 2 1ol A
o] FIE AAA A} o] W A-EAEA Az
A o3p4 UFRA oEE- FEANAE F3A (posi-
tive) 7|7 OR o]Fojx|aL 102 YERY tyrosine
kinase”} o] Ql= o 2 870l Aoljt
S & 4 UUTE = tyrosine kinaset™ ¥ E X

AlA = UIEA opdZd 8419 &4

&

ETRN

Ry =2 =
W ols) oz FEuk 478 A FAe S5
NAAEY T BRGNS 587 BHEES T}
le)

(==
H AGE 93] o-conotoxin AuIBS A-&3F41 k=A™
F8F AFAY ShatE U A Zo] AAT=EHYTh
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