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FIGURE 1. .l‘-'.::r:ndn; pain neurans. Pa n sensng rewrons n the perpheral ervous: system beve ther soma
located in the: dorsal root ganglia (ORG). These neurons have a perpheral axon innervating the distal territories
|skin, viscern, ebo. ] where they detect painful stimuli lsading o an action potential that trovels alang the fibers
up to the DR and then to the first relay in the dorsal spinal cord. Sensory neurons within the DRGs are diverse
ord can be seporated based on the expression of neurotrophin receptors. The majpority are Tric®e and
c-Aet-positive smaldismeter sersory afferents that comespond to uremyelineted C-fibers mainy imvobesd in
nooicepton. TrkB- and TriC-posiese myelnated larger dismeter afferents correspond to A48 and fee/ B fbers

respectively. They comey touch and prapricoeption signals, although bath of these subclasses contain noc

ceptive neurans. The sensory information is processed locally in neuronal cirouitry within the dorsal horn of the
spinal cord before being sent to the thalamus to corvey mociceptine nformation. Fallowing thalamic filkering, the
nformation & sent o the cortical structures of the pain matnic
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FIGURE 2. Structure and molecular assembly of voltage-gated calcum channels. A: high vokage activated
(HVA) caloum channels are formed through the assembly of Ca Cav ;4 and Cava2s subunits. The nature
of the Cava1 subunits determines the caicium channel subtype qy of t_ab ium l_hunlr‘
suburs that are Huml targees for analgesics, ' '\ O
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channel antagonists such as conotoxns (269, 289) and pperidnes (1006) intaract with the Caval subundt.

Lot Jlb ooedS GLILT A I 4z jo G515 sordS GLILE J5U50 5 5,5l 5liise b (g0 oy
Canle Wigh oo JSizs Cava2d ¢ Caval, Cavp sleasly,; stige @ b 51 (HVA) YL 5L,
SBlaal iopdS” JUIS glooxly s slie 55595 B aiS (oo (ot |y ol JUIS 05,5 05 CAVELL 0y 5
oaeedS” JUIS™ 2 1 oo (sl i gS LT o wily (e (raizmen 5 05 g0 paseiie | (o (Sls) S5l
Sl wWigd oo Jrate CAVO20 0xlgp; a0 U 5 g il asile aseigiubls oS o ascie
SiiSen p Caval axly 5 L piperidings 5 CoNOtoXiNS auls gedS JUIS SeodlS sla i sSLST

sl gy b ol oS e oS |, CaVB axlyp; a5 oyl 093y oF Ll (ol e 0 WS

a>lgp; b oS ses (Palmitoylate Cavp2 ol slo <oy 5 (o sbisinl ) comdl giom

Lo b 35 5,k 51 LS olae oo Ll asias bas e wases Jlasl asb -l s 4o Caval




|y somndS JUIS codlad I e () (omgigy Yloixl oy taims o alil (0,5 ainsS op 5 ER
Sl o5 SYgame Ll 51 Sy o0l 9525 CAVO2E wxly 5 5l alies £55 oz rizpan S (o0 0elas
bate 0)bgd andlow (68 Wigm Byb ) G g Wsd (o0 VIS (6l Ao 5l ey ek o5 diien (69,000
Soyar O (pfgn ey oo bt el el Jsle gls Gelisn o 02 ulsn Wsd (o

Dgd oo S cowdl Lié Jslu z, o3 4 (GPI) glycophophatidylinositol
Gk 5l Yt g s oo iyl ) Caval aslg s olee oo Cava2d oy, LCavp axlg ;) ssile
oloped oo colié OYED oulis gl ogdlay (982 865) ams o plonil 1, LS| oaseis pailSo
oelS JUB maiizme (039055 Le, 6 5 (60, oe Sliogas wiilsh (oo o858 (sordS sl JUI slaaxs 5
Loy CaVY axlgy s i posd 3 1) sl o poly pudas 4 1) Conlus Col w9 ips o |
S D el slid 1o )35 male Jloz 5l JSiie 5 958 (0 (pmagiaS s o S 5l (S
Cavy axlsn; b (Ss)s8 (sordS GLIUS a5 Cod ot join o ISl lo azmale L g5 ordS
P-y N-y aloz 511 1 azm 0 55 (qarmdS SLIUL 51 goaxio glsl cadsl sl sl (39,99 aiisly s 5o
ol 1l i Lo o5 0w oo Gl |y (88 serndS JUI 058550 (aiz s CaVALL axlg s 5 -Ley R

w2l 00,5 Lastine dla ) S5 zIbT ol Slosl lare 4 LT o9 dube g 0,0 Jlsl o 1y LU

Jﬁw“éu“lﬁlﬁ.ﬁsé"sﬁ’gs"dl:c-fgse*”wbﬁd)hm‘)&blﬁjﬁ‘l\l E9 cowlS LJUlS
oedle b (So5d bl 3ok 5l e ans g5 (gilule; 4 omie Ll o5 ol aiis 5 8 gl
45 35 (oo 00y S adsl Gyl sloyud ALl (6l Guizmen JUI gg5 cpl &5 wigd o (ol jLal
S e 9,55 (ol (omas Abl 4 pdS 0959 il 18 el Ol s 2l o b el
ol5 & oo (N g5 aaadS JUIS cudled g azts 5 055 o ol31 |, SP 3 CGRP wolabiyls’ asile
» Ngsgla JUH N g9 JUIS ous gl ST Soge 098 (0 69,0 (2 b P (lplis g b o 5995

S s 9 (747 745 474 365) (hyposensitive) s ls o8 cuwlus 5,0 4 (&l osd Bi> ige




IS 5 oD gans oo (ol 1) Clhlasl mlaw a5 55l 0925 Sllgs ol 4o CNS iz s igsd

£ sl JUIS o5 ams o i o atly ol ggamme o mo o LialS 1 |,
5500 51 (6 ks aile aiiid waz sla ST arwgs gl (alaol g cenlin gyl Blonl ogall jglay N
Slplilr 5o ogline Sl cos CAV2.2 0l saly 5 38l J:S5 quunnlS” SJUET gl 2 ,395]
SLIUIS 45 Conl angs > 0,05 5525 D37 L @37 115351 & 90 4 4 37 035 ala 3l s cilizen
oo NAVL7 LUK sl a5 5,0 S sl 05,58 ln s basl jola Lo yis @37 9387 51 JSais
Job (sed (JBa plad (aal3dl om0 37 (5551 9955 035355 Ol 51 s o il 00l Sgasme i
S 295 5 B einn G oy |y JUIS colled oulas 5 ans oo i |y il JUed 515 w055 (o
3,0 9 4l 0,0 a5 ams o las SIRNA b clisle;l onsy Ll j0 (723 577 ,134) sas (o s
2 gsly 55 (ol AIMOAYNIA ws) o Lty g o (2lie @ 37 (935 51 USie SLJUIS ooy o2l
STt i e sledte 3 Sl )3 sl (Sn el Sy 33 8 1 Kol ot S
1,837 59381 Lpamio 45 055 iy slo hge b Sl .ol atnly 837 £95 (39551 @ bsee )~
U (63,5 (o & Lo (5 Lol IS (o0 (e 1, D37 5351 a5 g b anlie 50 S oo ol
sl e @37 (49551 5l ISiite GlJUKS a5 ais (o ylis Dbl cpl faamme 40 apd o lis 518,90
Lol 5o (Jlo ol bansl B 37 3571 51 ISCase Sl b anmlie 50 o301 (sl 55 camslin Baa S
837 0y551 55 e sl |y s BB Gl s Lol b 51837 (T JUIS ol s ke
el Loyl agles JUIS cowdbgiw COOH lpsl po 49,0 onile Bb auwlgial 14 40 g5 B37 55
59 &l ame Slogas ;0 Doli 5l gl ose sl Sl (See ml 08,5 S5 n5 0 &5 jshailes >

S oolanwl e 4 asly sl ouisS e 51 JUIS

N g9 b JUI s (sl 00ocS ;L0 850 wb Wl ,i1.C

s a5 el @-CONOLOXIN GVIA & Ll cowles N g4 pndS slo JUIS ploe slo Shg 5l S

27 osn ol el 05 o K 1, Conus geographus cas o ale 5l sad lar aits e




I ol g il oo adlgw (68 W dw LS5 Cde 4y aS ol Corn Jgiw LB SO ‘6%*4‘5—‘::-"1
JB ind jshy (ol Sgtens Jos (&5 WS o Soly CAV2.2 diie 2yl sty (e Gisb
ook o8 (ol el ol &Sl il 4 bt 98 gl M e (oo Sl Ll il a8
673 240) 05is o 3,0 (698 oS g zge Sum Oyl ol o ool Jliml Bwex 4 el 3
Conus Magus sk 51 « N g5 JUS awsl gl 25 g sl 0,5 dg0me b Lad e omo (766
Sygar &S Sy GVIA L oy cpl 058 (0 0wl @-CONOLOXIN MVIIA § ol ouss (jlulos
s MVIIA (928 ,766 ,148 ,107) s4 e S8 8o, 2 b ST o 39 00l s s sl
s ijsme b g wWisd LSS oo sk rdlgw (50 glaail 5 wad i allilesl Lylyd o Wil
ol jo 050 leys slp loys S Glaie 4 B aws oo o5l pw 4 (pl 0gd oo Jads ol Sgds el
oy 3,8 4 Mie ke yloys slp o Ll jo oolitul (gly g g 00, G Prialt g b b cou
a3 Sl o as ol &Sl s a0 Jl o0l L .(920 1,796 ,605 45) sl suis 0l (yleyo as polie
ogdlay aigd ools JWl by oy g < BS 5,k 3l £ B O Wb S el jeue SS9
OMSie g 9 HLid LEalS wus ()b s w ales 5wl eas )55 Prialt sl o)lse 5l (S p
0 oo ) (SYlgw o a5 el s Sloyo 0y S gl ()l il 0 s (725 ,6948) gl alasl>
Ko g adg |y Sl oylse Wlg o N g JUI bl 00isS e ol 5 380 Jlal |z a5 oS
Do S y0 05l o0 Jol> (b Cieid  Lals w0gl o BA> yhge j0 Cav2.2 xSy pled as
Gl (! Jloi] iz gi a5 il ails 1) Hlas 90 Bua 5l 7,15 aslisl slo e s wlgy MVIHA el
S PIQ g5 SIS a5l) sl ordS RIS 55 sles T 05 ol 5o ol (s (5 98 o o

3990 1y puedS 39,59 ol slawsl a0 (341 xse sl oy 5,155 N gg5 JUIS cpo e slosl 4y el o

5 Conus fulman ;i ks slaocs dcgeme S o B> (Sl Glo muuslSe olxl slp Sbe

oedS LU wa @ 55 CVIF 5 @-conotoxins FVIA, CVID, CVIE J.Ls .Conus catus
s9, » CVID (788 625 527 524 87 ,8) v o olis 1y o0 as Gl g S eyl | N &5

39ame oy ogdle a3l Prialt & coes 6555 Sloyd o, sy oo S g Sl ol [ialejl (Sl




N g5 LU saaio jls azm o gblie b 5 olad diie 00iiS Sgoune sy pgam il 1965 (5 00y
QLS emas o> 5l i cudled Baa bog)lo (Slhb slp JTessl Sg SO ol aF wiiiens dube 45 35,ls
6S s b, 1  souis JUIS 00isS Sl it ws slagls 5l el Sos b b 51 S eadly 4o
ssh nlply S (Byme |) sises Jolas jo Jlad e LU b ez 5 457 ol )] 0 slag)ls g (ndge
(5 ee slo CBl )3 (rb joka AU p0 e (o0 1B Ban 1) (S v ) Gl ledsbe o
Sz 5 Cewl s allin oles s ol 4 cplply (950,722 377) o)l colld oS e JULS
Sl o g,lo @iS jisn igd adly aude (il odds Jlad Lol jelay a5 60,0 sl 108 o Slee 5l Sy
s N g5 comdS LIS Se8 I olge 5l ooliiul 4 atesly slo 00iiS oo ololis jo b sha
5 TROX-1 (nsym alailm cnebigilymr indem qipieel wile SLaS5 5l (S il axdls
N £5 LU S5 JTolge 50 a5 atusly sla 00 g calice sla WIS 51 oldls Cilnidipine
Sowol> b Joine johay 0ol (b (il pen Slitie 5l (6w Ko ain 30 i ledae jo (LaSu ST L
(1003 ,679 ,678) wl oas 5,155 (558 (63,9 o sl (6l b e Sl o pedS LU (658  FuS Lo
ooyt 0aie SVLI o (SerdS Sligles] pes Al e o pols b e a8 ol @luS 5 ol 5l (S Z160

5l 00ls L5 525 1, N 55 SIUIS Gl 3 4, sy oaiiS oo (S55 (g riad 5 055 (o0

9y G Lol o (g 0w 1S biwgi N ¢ 9 pmndS (SLJUL ki .D
eeliss syl alax 5l ilizs gle GPCRS I 55 bawgs ouds a4y N g5 aenlS slJUlS cols
(842 262 261 251 207 77) 555 oo awbiti ;K30 gyl 3 Sess sl Slolisls (olo 0 S
30 Sl gl s Sy A 50 Wgd oo Wobie GO g5 50 lassgtlS g5 w0 15 (55l Jleb 51

bogs oads JSas il s b (So5d j5k GPBY 02155 (PIQ 55 5) N g5 cardls LIS 550

ol 91001 ,225 ,11) el bas o (JUIS 0l 0y ) NH2 ekl 4l g oasms Jlasl -l sl oo

50,0 5L 5L JUB 4y 55 )5 ygumlin Do az (0 09l oo JUB aty DI Ol 4 e Jlasl Jolss




P L olie 6588 Hamwlp Do 4 Lo sl oo Hlee ((S3de 18 5L5 eogaze (49,0 JUIS cudlad cpl b
pos Sy iy wgd oo b JUI 5l CBse sk GPBY wolyy; cdes Jewily g a3 4 gl
Slsie N g5 JUS codlad ; GBY @l il e Jsko ales elans ;5 (1005 ,119) 55 o lonyl SaisS e
Sl 5 il Jd ploy e (San] (pizren 5 05d (o0 o b Al Sl gl o el S
ol & adgl joka willys (oo 0 ke JUI grlaws 5o Dl ST (nl 09d (o0 enaline 5 gle Jlb s Gl e

o, 9 b 4 ‘GBY a>ly s ol SIS il ool s JUI o 5L 6l B0 e

A2) (ais 00isS o P/Q sldUls 51 68 N £9 L) el JUK 09,5 15 alox 5l a5l Sy

Aiile 50 456 sl sy slo s odln - GP axly o5 09,5 15 5 CAVP axly 5 019931 (208,105
b N g JUI o o G5%eal ol oS (o w1 GPY (go,5hee @il C LS iy collad
5 LS s, Gilize sl GPCRS (s len slo e pois sloj 4o 45 ol i GPY anls
5s 4 anls N g5 LU codlad e Jloo cnl 2 ogdle g a8 3 JLas o walisee sledshs Ly iy
L yo GO (zmln (20 JUSims & (0l &5 w09 5Ly 51 Jins Jpoas el wilgs 0 GPCRS (g5l JLé
w3l A LS gy 5 S e wibe lojliS by JUIT (gl j5hnd Jold sl (s 5 o
42,5 55 (sonndlS SLJUS GPCR Jiuss 5590 50y Slsj sl (758 486 451)3 Jsis)

(1002 ,842 251) oS’ slocnly aal> (5,900 Yo 5l (S s 1) 00lgs Sl ol




A

Opiloid receptor Morphine N-type channel

- Control
—— Agonist

induced " Vohtage-independent (V1)

Agonist- I Voltage-dependent (VD)
: Agonist-independent

FIGURE 3. G protein inhibition of N-type calcium channels. A: activation of opioid receptors by its agonist
morphine results in the binding of G protein By subunits to the N-type calcium channel Cava2.2 a1 subunit to
mediate voitage-dependent (VD] inhibition, whereas second messenger pathways activated by Ga mediate
voltage-independent (VI) modulation. B: dissection of VD and VI modulation by electrophysiology. Application of
a strong depolarizing voltage pulse prior to a test depolarization (see voltage protacol at the top] results in
partial relief of agonist-induced inhibition of N-type channel currents. The prepulse-sensitive inhibition carre-
sponds to VD modulation, whereas the one that is remaining after the prepulse is V1. In the absence of agonist,
the small enhancement of current activity in response to the prepulse is a refiection of agonist “ndependent
(tonic) G protein inhibition that is observed with certain types of receptors.
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