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d2 = whole cell patch
ZLHES ALEEIE W2t phosphatase inhibitore! okadaic
. Okadaic acidoll 2|5t04 H|ZMsPH 7t S7t=U1 ol
X2 N8 ZE582 AKXl o-conotoxin GVIAE AFSEIC 2
= protein kinaseE H|S0|H 22 X st= staurosporine®l 2lst
of JH =R ZE ¢

M

rhu

HAAMNA 2% E v)E-A Sinactivation) - ©]- 2% Z
) e AFol ALPolE BT o] LFRE T
3 o B ATE 22 48 Y 9B ¥8 LY
FEELE WELE F3Eol v, HAsteEAL /1A
=2 n|gA] 3 (slow inactivation component due to voltage
dependent mechanism)” 9} Zro]EA 7] HQl whE u|2A

dy e afu

o] =T 20049 FEASL SedFAAAIG A A el o
st AF+HUS(This work was supported by Chungbuk National
University Grant in 2004 to YS Goo).
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$Hrapid inactivation component due to Ca”" dependent mech-
anism)*¥o] o], 2F&3to] A4 7 QAo P} = Bt
225 A= charge carrierZ wbEg ALY A SollE =
& uZA Sl oete], Zge AET 73%011%: =g v
A5} Wk w8 BFol gsto] BHEE B BA AL
#7]5]1?]'3’4):11 ole A}

SR qhe 4 7)ol 2

SEL S Mw i, 45 Aol tﬂwg
& £5 9 AEA BEELZ 2 BEFEdl AEH
Ag 9 umwa et 0L B4 walch 1 U W

3}(U-shaped inactivation)”'””: Z 2] oA F(peak current)E
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AFAA F#HZ N 258 v Ae LY 2+
E29] ugAss el vl B BFsict gy a7
oA LY ZgsEol e o] A4 EA nE43) 7
o] EAghek s Bastgict aely ol A = NY ZE
TE u1ZA43} 71l Batel = HAlqkelEA T1A T 2w
o] 24 oF 713e] st Jlon ofF FA% ujgAds}
2do] #ylx]z] ¢ Aolvt avirg B oAt vl
ZA371 ol A3 ATFE Tz AW =ellA NF

Fer2o HdAsE kA AE e AR =9 A4
AR 9da whE AR ZgeEHe] ohr] tihz

2 ko] 7424 sHsAS AAskgleh”

oA ole) A TIA el FA o EA 1Al HA Zhll
AE Aodd AAZA w243t} dAlE 73] st
t}. olgl & 7| o2 QA3 sH-do] FH et} Werz 5
£ phosphatase inhibitorg] okadaic acidZ ] X A] ol &= H| &4}
3}7F A% Wb protein kinase inhibitor@l staurosporine &
A28} & e okadaic acid®] ZA7F AgiAlE A B
Ao 2 QQAstIg o] ujgAshel A JAY T
A& ARGt ojghe W E Yakel''& okadaic acid®
X 2)819E i wlgA sl £571 v el Gulb]e] Az
2 ol9d a1 o]9} EA]o)] HHAE Ca’'/calmodulin-dependent
protein kinase I12] FE] = 2 A A9 CKIPE A-&A] v]EHA]
3 £57F =i Hagto 24 Qi3] A 2
T2 MNAE 283te 71AY HeAE AR olgt
2 Yakel®] Q% calmoduline] | &A3E F5t= 24
#AM 2 ZagE B3 9" calmodulin-binding isoleu-
cine-glutamine (‘IQ’) motif7} L¥ 3} P/QE ZAFE 59 ZH4
&4 WA S AAgte A7 & B3k, o
v LYt PIQY ZwsEee 2 obAA NY Zw
TRAA IQ motif7} ZrEoEA BBAFE AR SGE
A7 vk tadhd ol A N ZEEERdAE dE
O EA HIZA3} AAVE BAEHR ARSI YA gk A
Frojct.

2 A v gAIA AAlel] Fslod= ofn] AFE
Fefeiglomal B Ao E N ZgEE ujdgsle)
AWHE AEZAZTAYE AAZAY QAAARE HFse

Ir fe ae
o
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B oATE Selo] 33 22 4Y U LHUE A4S

NS ZES2 HIZ43e HAE ME NSHEHY HMAZ ML QoS IS
shieh
1. A8 2 B

&

Ikeda 5279 W& NAsto] APatgict. AF 200 gm
el =71 217 (Sprague Dawley rat) & wh3sle] 3444171
¥ okzZ AXul HZ)H 9(carotid bifurcation)ol] 4] AH73-EH
737 (superior cervical ganglion)S& E2lslict AZAAS
z7to 2 A2 & trypsin, collagenase D, DNAase type [
3t.0-%] Earle’s balanced salt solution (EBSS) £0 2 o|%&
7] % 5% CO,, 95% O; T4 Z7letell A 34°Col| A 147+
g elsldel. A ERGNE HBSS £oH(10% fetal calf
serum (GIBCO), 8 mM CaCl,, 5 mM HEPES (pH 7.4) %)
ol %70 3 500xgell A SEF AAEeskdch. o]&A 3
o] o1& pellets $19] HBSS §HollA AEFAZ F 4°C
Braael] A& wi7bA] Hasgit

2) M7|M2l8tx 7|Z(Electrophysiological recording)

(1) 22| HM|=t: Garner 7740 $-2lA.D. 0.9 mm, O.D. 1.5
mm, Garner Glass Co)& A}-&3}lo] micropipette puller pp-83
{Narishige., Japan) & #]3}o] 1~2 MQeo] I+ A= A=+
=g

(2) &xHF 7I5: Whole cell configuration patch clamp
technique’’g Agsto] ZHFAFE J1Eslgon AL
$oo] 24 & 123} Peh. AL e mM): TEACI
140, HEPES 11, glucose 5, MgCl; 1, BaCl, or CaCl, 5 , A&
&l (=Y mM): NMG-Cl 120, TEA-C1 10, Creatine-PO,
14, MgCl, 6, NMG-HEPES 10, Tris-ATP 5, NMG,-EGTA 11,
Li;GDP- 8-S 2. =4t v|&4 3} aapabg Pdsly] 9l
G Al o3 B2 & xbsl A Li;GDP- 8-SE AHg-3l
9it}. Protein phosphatase@} protein kinase inhibitorE Al £
F%0] A-§A el DMSOG] o] AEHPT 2P AE
Wl $Ho]l H7beke DMSO $89 EEE 01~03%% A
$3o2 HHAFol o} g WA FES deich

Aol 7155 SAsted AT (voltage steps) pClamp
software (Axon Instruments, USA)Z Z Q38 A= protocol&
RHE ¥ AlE] Arelsln olul %W AF dank EPC

7 (List Electronics, Germany)®] 4 pole low pass Bessel filter

>

z

¢

£ 7> 12 bit A/D converter (Labmaster, Warner Instrument
Corp) & digitization 3 PCel] A As}5ic}.

3) Data #4{(data analysis)

(1) PCEHE] AF dlo|elE A3k & Igorpro software
(Wavemetrics, Lake Oswego, OR)E A-83te] EA3l9in
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curve fittingS $)s}o Marquardt-Levenberg algorithmS A}-&
o] AEASE A & Beek oFASURY -
Ao+ A€Xp (—t/ 1)+ Arxp (—t/ 70)F EZ3UTE Actier
offset amplitude, As: =2l A 4&2] amplitude, A w}E X
T3Hr2] amplitude, o =7l AFEF] AZF, oo whE
A%ael AR

(2) BHIEM: 919 5/ W& vz EAs7] 9}

A1

Control Okadaic acid

|1nA

50 ms 10

1 T
-80 mv -80 mV
B

Okadaic acid

C
| ngTX
Okadaic acid
500 pA
-10 mV 100 ms
-80 mv —L

80 mv

Student t-testZ A-£-31¢] v}

a8 2y

1. Okadaic acid0il 2/t d|gtMglel 2&H(Fig. 1A, 1B)
(Enhancement of inactivation with okadaic acid)

AEW £Ho]] | uM okadaic acidE X X3t A £ |4

Control Okadaic acid

-80 mV

40 min

Fig. 1. Okadaic acid increases inactivation of calcium channel current. A1 Currents recorded in response to 150
ms depolarizations after 50 min dialysis in a control cell and a cell dialyzed with intracellular solution
containing 1 uM okadaic acid. The depolarizing step was to —10 mV. A2 Currents recorded in response to 500
ms depolarizations in the same two cells. A postpulse following a brief return to —80 mV is given to ensure
that the decline of current during the long duration prepulse is indeed due to inactivation and is not
complicated by the development of an outward current. B Changes in inactivation with time of dialysis.
Currents were recorded at various times in a control cell and a cell dialyzed with 1 uM okadaic acid. Voltage
steps were to —10 mV. C Effects of wcgTx on calcium channel currents in a cell dialyzed with 1 uM okadaic
acid. wcgTx blocks the rapidly inactivating component of the current, and it also blocks most of the remaining

current at the end of this 500 ms depolarization.
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Table 1. Inactivation kinetics of cells dialyzed with okadaic acid (OA) and OA& staurosporine (stauro).
Parameter
Condition Time constants (ms) Amplitudes (Fraction of total current)
Slow Fast Slow Fast Offset
Control (n=18) 3672.86 £946.56 113.79 +£26.06 057+0.11 017+01 0.25+0.05
OA (n=20) 2267.55 +510.75%%* 116.29+37.06 0.39 £0.1%%* 0.41+£0.14%%* 0.19+0.06
OA +stauro (n=9) 3114.61 +708.77 142.27 +81.02 0.54£0.09 0.22+0.09 0.24+0.03
A Fast component B Slow component
0.8 200+ 0.8 5000
0.6 = E150- 0.6 £ 4000+
-g E _8 Fhd E ok
2 g E § 3000
£0.4- @100+ £0.4- @
£ 8 £ 8 2000+
< é < é
0 —tl 0 : ! 0 . . 0 , ,
Control OA Control OA Control OA Control OA

Fig. 2. Slow inactivation speed enhanced in okadaic acid containing cell. Both amplitudes of inactivation were changed by okadaic
acid. Inactivation during 5-sec voltage steps was fit with a double exponential function to obtain parameters (7 and amplitude) for
fast (A) and slow (B) components of inactivation. Currents obtained from cells containing either control internal or 1 uM okadaic
acid (OA) were compared. Student’s t-test was used to test for significant differences (***: p<0.001). The error bars represent

standard deviation. Total 18 of cells were tested with control internal and total 20 of cells were tested with okadaic acid containing
internal.

3 AEe dz A2l A& AL AZo) ulzled F}
skl Okadaic acidw w]&A 3} FEE F7HA1E 4t of
Yzl v ste] £5 w3t wh2 A st o]l g Wt
ABZA=) 7)17+-2 150 ms, 500 ms, 5 secE S&of| ula}
& FAs)%lcl Okadaic acid®] H# e AZW SHo &
o]7} Eall(dialysis) =& A|7ke] F7Hatel whel Ax AR

2. Okadaic acidE AAIst MZOAMe N-HFS =22
(Fig. 1C) (Isolation of N-current in cells treated
with okadaic acid)

Okadaic acid®] #3}7} N-channel$-
017, & w& n|EA3E Hol=

sl vehde A
Z+<5-% & (T-channel) 2]

o 5% AT A4S WA Zul vl HFS
uf] okadaic acid £+ A} whole cell modeE HHE 3 2
0~50%0ll4 ZthE HE ¢ chn=20)(Fig. 1B). Okadaic acide]]
o 2EAR Havt HPUFI AR CZA A7) ari
fact 77} opel AAE ZrF WFAFE F4LAF]= v
A 3}o]] w2 = d8Fe-2 7] prepulse 3 A&} gkAwkA] o}
o8 Fopgtelrt oAl ARFHE HolFe olF 2 g
Fo2 B = JIAch(Fig. 1A2).

A& frEste] vehve ZJAAE st Ny s
29 AdHel YAAlel w-conotoxin GVIA (w-CgTx)S
Ax)ske] Btk 1 uM -CgTxol] 2stod okadaic acidZ
X g A XA 7| EH ZgAFe 78+13% (1=6)7} <A
ok w3yt p-CgTx-2 w2 H|ZAS AR 2ak olyg)
g v AEE AdATS B 4 9y}

3. HIgtM 3 90l Ojk|= okadaic acid®| &3 (Table 1,
Fig. 2) (Effects of okadaic acid on inactivation
kinetics)

5 5 AEF ASE A7tetHA peak AFE 100%
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2 75sba peak AHERE] 52 Fofl dobdle Hir(end
current) =719 B Fogs w8 BE(l-end
current/peak current) S v)23}givh. Okadaic acid7} E3H¥
AZHERE AL A2 E diz AZHEHE AE
3 AZo) wisle] wjatAEI FostAl Zobskelde
<0.001)(Fig. 1B. control vs okadaic acid). 5% A& A=
& Fo] 7183 AFE o|EAFETE curve fittingsho]
o248 B|2AAste] parameterE $%31¢1 ). okadaic acids
whE ujghAd gl AR 288 FVMAE B ol gip <
0.001), -8 ulgAddle] £ & wl2A 3} chp<0.001).

4. Protein kinase HAHHE AMEE2E2M okadaic acid
&3 XSH(Fig. 3) (Block of okadaic acid effect on
inactivation by protein kinase inhibitors)

Okadaic acid= 2 922 phosphatase inhibitor 24§ 2|7}
2 7|3t ujgrAd ol wixlE okadaic acide] HaE oAb

3}34E AP 02 dofnd Aoz AR =
2 aA3#A g dAlels <59l 1 uM staurosporine (Bl &
o} 4 protein kinase A ANE Astol v|gAstel] vix &
okadaic acid®] FIrt AdAr A JEE #ldigidh
staurosporine- 7+7H A E9) &N w AEHEHellh X
t ASolle okadaic acid AIE AAAFIA Fabgia, A
Folglol vlal FFH(>40 min) AJZ Huk ohieh AEH
LAl & o] Frofof okadaic acid o HZvt A et
(Fig. 3Ab, Table 1). 5% A2Z 25 & wj&Adssl B&5
iAol &2 FelE B ol AA HZA sl
#25l parameter (Table 1)E B]ZA = 2T Zo]7}
ek

v A g syl Fodsts £ QAR 71HE sk
Z+ 1 uM chelerythrine chloride (specific protein kinase C
inhibitor, IC50=660 nM), 1 uM lavendusin C (inhibitor of
CaM kinase 11, IC50=200 nM), 1 uM PKA ighibitor 6~22

A
QA+Chelerythrine OA+Staurosporine
IZOO pA
2 sec
OA OA+PKAB-22
_J2na

1 sec

B

1.0 1
Okadaic acid dialyzed

Fig. 3. The role of phosphatase inhibition in the
effects on calcium channel current inactivation. (A)

0.8+

0.8+

Fraction inactivated

calcium channel currents at —10 mV from cells
dialyzed for 50 min with 1 uM okadaic acid {OA),
- 1 uM chelerythrine chloride (Chir), 1 uM lavendustin
C (Lvd), and PKA inhibitor 6~22 amide (PKA 6~
22). Protein kinase inhibitors were both treated in
internal and external solution. {B) Fraction inacti-
vated measured using 5 sec depolarization pulse.
Control cells were dialyzed with 0.1% DMSO (the
concentration in okadaic acid dialyzed cells). Inacti-
vation was most significantly different from control
and cells treated with OA, OA+Chir, OA+PKA

Con OA  Stauro  Chlr
{18) (20) {9) {8 4

Wk
Aok
*
0.7+
0.6 i
0.5 7 T T T T

Lvd PKAB-22

6~22 (** p<0.001). Inactivation was also different
from control and OA+Stauro, CA+Lvd (1 p<
(6) 0.05).
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amide (potent and competitive inhibitor of protein kinase A,
Ki=1.7 nM) %} %3} & okadaic acide] &3} A o] F & H
Zslich o] & 95 = staurosporine®} H] 523 A EE oka-
daic acid®] H|EA 3} a5 o AslE FEL lavendustin C

ol et

O

<

TE Bl WA NG 52 845 1)
Q_

A

J
e, rsl re
D m}‘-

c

IR= ‘l‘]ZﬂA] 7]+ A 49 protein phosphatase inhibitor
¢l okadaic acidE /ﬂhlﬁ%@iﬂ] HAE 7 nEAd e
22593 o]#] 3k okadaic acid E I} protein kinaseZ H)
5ol og Al staurosporineol] oJdto] A=
calmodulin dependent protein kinase2] < #|A#|¢] lavendustin
Coll 9Jste] Aoz QA Ho] N ZHER
g4 stel wEE AE A3HD AAel 53| Calmo-
duling 53t Qld3latgol 8 Hodhg Falstsir.

1. Okadaic acid0il 2|st H|gAzo| 23}

Okadaic acidZ Q13]] phosphatase?} & Aj%]+= 7 S0 n]E:
A3k o5 WAL 89 ol 4 & Uk ) 2
A Alel(basal condition)ol| 4] EAF ?_l/‘li}(phosphorylation)
9} gel A3l (dephosphorylatlon ZsY=] 3 9lar, 2) elAk
3 AL Ao wE REE FgsE HP‘ﬂ gl
8§ sge JoHon me BES AUty e
3) tiz ZeelAe HEo] Rl FoR o|FoA
Hha okadaic acidE A A8 A-Polle HHo] Fr] i}
%o A& AA). Okadaic acid®] &zt7} et
A 20~50% BES S A7 Fckelok dekE A
AL B Aol AE3k AlEol A phosphatase®] 4 =7}
F& 74 E Al A

2. Okadaic acid® XXt MM N-HFS £2]

Okadaic acid X X3} A E9] #Zx5AF = 78+13% (n=6)
7} w-conotoxin GVIA (0-CgTx)(N3 Zr#% 2o Azl
AAA)E AX S Wl AU o]l B AF A} o]
o] W = A 61+£12%, n=6)9} -‘.ﬂ@ﬂ:} 2
okadaic acid7} H|Z A F}toll v|X) = FI e F8 N3 2%
Bofl oigt &g el 219;14.

9. 3g%:

= ME MSHY MAZAS Qe S

3. HIg4=t A0 0lx=

B Ao iz AFENEAer 7155 HF7
okadaic acidE T3 XJ]ELH% o2 7|3 A {7
57} olFAFEFE A AgEres AL okadaic acid
HAZ A3l A A2 Hlﬁl ésﬂr b frE=E A7 ke
71E9 u12A43 #A o] &3 E RIS gt ey
okadaic acid = 313l rﬂév’foﬂHL LA 4 gldw As A
2 A HHo| FEHNE M-S SAs At
22 z AT gHo 7]?} A5712 9 okadaic acid
£ ZH AZHEAeZ V) 8G AR/EF BFE c1=15

L4

okadaic acid?| &t

_:}m S
N

-'EN m{

T}m

msE 1A & AR g 7FAA el 2] € (constrained
fitting) S AAJl Hokel 24 A3} dzFH okadaic acid

14

AAZ ol FARSE FI3 AolB BAY F Ge
22, okadaic acide= AE-E ¥|EA4Y I3AHE FERAY
BohE JlEe HEAY AP AP Helsas
olz]gt AR AL Werz 0] B33t okadaic acid7} A
& 2§ n|3-A 3}rapid inactivation) FHA (t1=15 ms) & G
ke BRagke XolE Holw ZoE o|#dt ol
Werz o] A4-83F 229 A BT AFL 15 ms (t1), 150 ms
29 AR Aisrlolz FAs) ~1500 ms (t3)oll
Fohe 12 A45E Ageblole A4 % s
A7) eFeh B £ ATl & 4TS ALY
74 9-olli= 270 9] AJARFO. E(tl: ~150 ms, t2: ~2500 ms)
1843 #4& 23] A4 5 A9} Okadaic acidel]
ol E 2T SHIIAE 21A n|Ra s AR - ut
AL =8 AR o]l BEEgeng oA 7l
(2 13 AAHARE W B AL, DA 4

N

U‘.

29 1@ n#gA) AR dT3AA s E Fele
gloglgl A=Yl & okadaic acid AX 2 Q3] Hyo] &

H QA HAG o o|Feta 1 AF v|FA T HA15
Aok 7R B AdAnst 2 d- s 3131"} 2
AZseto 2= QAdIAg AA7E & w4 steta
A TA7} w|eksln & oledt FheA e FF 91’5}9]'5]
AA|site)7} Zod AFEE AAYA oty A ET2FE
AslE 9 X (regulatory site of channel) Ql=|ol] M3l AR
TAEoo AFHE F dg Aol

4. Protein kinase HMHE AI2&2EZM okadaic acid
S0 Act

BN rlr

N
-

Staurosporine-g A|E2]-&oHoll wlg] FF(>40 min) A]Z
b ope} AEW SMo| % 7ro] Folol okadaic acid?]
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=

g7} A= ch(Fig. 3Ab, Table 1) AHAE H oio
A A£3 AA AN E A protein kinase2] #Ado] Y& 7
548 AAz. 52 ARS AT F uEAdd BE
(l-end current/peak current) T2 H|ZAJoll = & ol B3l
Az o, A4 v24 3ol DHAF parameter (Table 1)E Hl
ZAdE Nz2FT Zolst glgde). o)t dutd Aie
staurosporine®] A 7Z Pabslaa} A F 243 40 ol
A 71 FE A, leakt AR T Af{FATIE
ZAaElrg A7 oHay A7t AAS leak7} LTt
2 AA AANA e AEm=4ts FohA] vlZ3E
5z 3 ugds Zgol dizgd zelzt glgid

B AFE Ehe] ofF 74 A3 A F calmodulin
dependent protein kinaseZ %3t <lAbg}atAgo] w4 3E
Josl= ol 7bd FQetrian FkHct olz ZgAd
calmodulin binding IQ motif7} L33, P/Qed 2] wigAlste} &

BAie)els Bag & @A 3}‘4'.6’7) a2 o7t

A N& Z4E24 ‘IQ motif7} Zh5 o] EA HIBA S
AR T GASA

Staurosporine, lavendustin C R % okadaic acid7} w4
o WAL ZHE B AL Bz, al-
moduling A4 A= A9l Ful 449127 (upstream proc-
ess) HISHAlA Ho gy n|dAstel qlatztel BAE F
o e & AZolrt

B odFze] Aol e, £5e] 27} ko] el 4
& w2 v A3t AWEY, B =Fll ose] Qs 3t
Aol A& whE nFAr} A" Aol HUHI
th. e 27} okol &3 Q1A ppo] oA 4 AR
ol A, QAT o] F ulFA 3 zA AR ol A3
Aehe B od7el e e A T e g
ol7] of#ch. & AFyl A & F g A%FS
(binding site)ol] &k FAg dlojelglo] & Atolo] A
gg 18 BoE AL Feyt wEdt 2=z 5%‘3‘1‘.’_‘
T 1A - 27} ol o EA JAH A} A - 79
AR zele] oy FAR s A7 A% molecular
biology¢t A7) Ag)gre] AFA A+7t +F A3 875
L ujo|tl. & Bx}AE-8H(molecular biology)¥} AAlste] o]
E 27} ool £0] L’LEE% Agste B9 9 2 ii«]
QAo A VY@ HERE AN ®E o E T2E £
Ashe 2HE dohd F, ol EHFAE =9 “301 Al
71 % wjgA sty #gy) s = AE Yot A
E3lojobut gt A2E WE 5 gleelel A4
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o
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Phosphorylation as a Signal Transduction Pathway Related with
N-channel Inactivation in Rat Sympathetic Neurons

Wonil Lim, and Yong Sook Goo*

Department of Physiology, Gachon Medical School & *Chungbuk National University Medical School

In N-type ca®’ channels, the mechanism of inactivation — decline of inward current during a depolarizing
voltage step- is still controversial between voltage-dependent inactivation and Ca2+—dependent inactivation.
In the previous paper we demonstrated that fast component of inactivation of N-type calcium channels does
not involve classic Caz*—dependent mechanism and the slowly inactivating component could result from a
Ca2*—dependent process. However, there should be signal transduction pathway which enhances inactivation
no matter what the inactivation mechanism is. We have investigated the effect of phosphorylation on calcium
channels of rat sympathetic neurons. Intracellular dialysis with the phosphatase inhibitors okadaic acid
markedly enhanced the inactivation. The rapidly inactivating component is N-type calcium current, which is
blocked by w-conotoxin GVIA. Staurosporine, a nonselective protein kinase inhibitor, prevented the action of
okadaic acid, suggesting that protein phosphorylation is involved. More specifically lavendustin C, inhibitor of
CaM kinase I, prevented the action of okadaic acid, suggesting that calmodulin dependent pathway is
involved in inactivation process. It is not certain to this point whether phosphorylation process is inactivation
itself. Molecular biological research regarding binding site should be followed to address the question of how
the divalent cation binding site is related to phoshorylation process.

Key Words : N-type Ca?" channels, Inactivation, Voltage-dependent, Ca®*-dependent, Phosphorylation,
Binding site
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