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ABSTRACT

In this study, we carried ot immunostaining and immunogold labeling with rabbit anti  dopamine (TH) and
rabbit anti calbindin Dog, to examine the characteristics and functions of the neurons that secrete neuro-
transmitters in optic lobes of Todarodes percificus and Octopus minor inhabiting the Korean waters. The
obtained results are az follow,

Inthe immunostaining with anti doparnine, only a few of the large amacrine cells in an the upper patt of an
outer gramile cell layer and the cells forming the islands of medulla showed positive reaction in Fodarodes
perctficus, while 2~3 cells in the upper and middle parts of an outer gramile cell layer and more than 5 cells in
the islands of medulla reacted positively in Ceto pus minor,

Forthe case of anti calbindin case, 2~3 small amacrine cells in the upper portion of the outer granule cell
layer and 1~2 eelle whizh are located in the lower part of an inner granule cell layer showad pogitive reaction
in Todarodes pecificus, while, in Octopus minor, 4 cells inthe outer granule cell layer reacted positively, no
immunoreactive cell being found in the inner granale cell layer,

Agoa regalt of performing the immunogold labeling, relative large mumber (17--26) of gold particles were
labeled per 0.5 pm? of the cytoplasm of the cells which showed the immunoreactivity to the anti dopamine
and anti calbindin in Todarodes pacificus, however, small mimber (10) of gold particles were labeled in

Octopus minor, which reach only half ofthe nmumber in the Todarodes pacificus.
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T2 (cephalopod)8] A]4 (optic lobe)el A 2F ¥
Y7 FA5e 12X (cortex, cortical layer) > H5%
B3] e (retina]i %% (deeper layer)s] T2 wj
£ gabsle (Young, 1974).

Wi es AFFEY P S3A: o134
3 (bipolar cell), M| = (horizontal cell), F-E54
% (amacring cell), D74} A = (interplexiform cell),
Z8] 7 A7 =M E (ganglion cell) 5 8 SF2 4l
ARNER o] F 4 glF (Sterling, 1983).

Toung (197412 Haghighat et al. (1984) 23]+
Loligo pealei®] M x24 FAHTe AEXE 25
F2 AR, 18 2ARA 2o 8o
413 22} A)M|E (2nd-order visual cell)2} T2 2
(amacrine cel)Eo| gdcf, T22p| L8] TR =
A = (multipolar cell}2} o] A £ (bipolar cell} 52 =
T2HAeH, 53] d=dxe AFFEY AT
o $48 Aoz gEA T (Youns, 1974)

dA7tA] Hodzzaety A 54 358
e g7 FEF HAAA "W AgHA = dopa-
mine, noradrenaline, Shydroxytryptamine (serotonin),
octopamine, glutamate, GABA, somatostatin, 2217
galanin 54 W2 A1AAEEZ (neurotransmitter) &
o] =4, o] 2= A7 gt (Ste-
fano et al,, 1981; Usmura et al., 1987; Yamashita et al,,
1990; Cornwell etal., 1993},

Calbindin (CB)-Donde calretinin (CR)= &7 =4
72 =2h(Endo et al., 1985; Hamano et al,, 1990; Pas-
teels et al., 1990; Pochet et al, 1991)2 ¥|23}ed M4
2= 4174 (Baimbridge et al,, 1992; Andressen st al,
1993; Celio et al,, 1996; Paxinos et al., 1999)ef|4] of2F
T AxLAez #AHS CBY 7% A=
Zwd] vEE 2AFoEN AEy &4 WAE
= Aoz odEFd (Miller, 1995; Lohmann & Friauf,
1996). A H wfofely= dye] 3 xe FEa04
¥7} calbindin® A1AH ez deAl oF o (Schre-
iner et al,, 1985).

dopamine e 2258 Gz B2 A7

ALBAR F2 gr|xped el B2L T FeflA
FAE AR Az duA o (Witkoveky & Dea-
rvy, 1991; Witkoveky & Schiitte, 1991), 221} dopa-
mineZ calbindind] “i3 AT E=HFEIHL A
T (Weruaga, 1991; Velasco, 1992; Manso st al, 1997,
Alonso et al,, 1998)8 A Y5ty THFF B 2
Byrt el =8 Ao

¥ A7 e seider dZslda AYete 4
2A e (Todarodes pacificus) s A= F=] (Detopus mi-
ror)2] AlgS A2z newrond] EAF Fee &
2171 ##l ¢|u] dopamins, calbindin, serotonin, somat-
ostatin 22] 2 galanin 5 o3 =& A3 W
Azgss APE 2 4 FE (A4 =5,
AP LS Tely AR A EES R4
A E s of gloh T o] A o
g o4t W9ZFA (immunogold labeling)
AE TEL g =5 ARl ol T F# o
foe AATAYE A4T A 59T 2o
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1. A=

B A AR AfEe S dZEdA A
At g1 w2 Al (Todarodes pacificus) 2t A 8]
A (Octopus minor) 24, 30% ethyl alcchol & F7l5}ed
sEAFL o B d3H sl v E 2
gl HaAES A9 HEFG o, A4 B
o 5 =S dadt ¥4E Ao U2 3y
o] AREEHeit

2. MEYH

1) HeEEEey YWy

4%, paraformaldehyde 2. 24413k A w2 A2 3 &,
0.1 MPBSZ SA3F o f B4 wge
o Eopeich Feb EahEdAs SumFAZ W
31 APES-coated alides]] E3FA|FI & xylene & 2
sehd e AANET $2AD T LA 05M
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Tris—HC] buffer (pH 7.2~7 .8} 523t 25t
o] 3 3% 0284 fgicﬂ]fﬁ 582F Aejste] ¥
Eo)4] whE2 YA AEl £ 3 (dopamine and cal-
bindin-Daex)l] 3 U2} A& 22 Hef| D=2
T A2dA 142 3083F whEA|g{ch dopaminef
calbindine] i3k 4z} &H= ZZF polyelonal anti-
bodyal rabbit anti-thyrosine hydroxylase (TH) (abeam,
Cambridge, TTK), rabbit anti—calbindin—Dage (chemicon,
California, USA)S Alasigdd. H=9a2 $5 3
el g At st AddzLe JHtez, &
2] ghd = 10, 50, 100, 200, 5008 & Z Y5t Z}H7)
Azl W2z Hds 9L Histostain™-Plus
Kit(Zymed laboratoriss Inc. USA)E AHEste] ABC
(Avidin-Biotin-Peroxidase Complex) ¥ ¢ 2 44
#1493 c]. Link antibody 4912 3-Fste] A2e4 20
B2F whEsteet A A o 2A Abels = 0.5M Tris
—HC1 buffer (pH 7.2 ~7.6)2 234 A=l =} <4
dA 2y FAE AAsGS sbAt ez DAB
substrate—chromogen £98 2 A 7lsted 244 108
AR F FReE ARsdc v 3 derd
dzlebsd] 4 4 EFE 29 (Zymed laboratories.
UsA)S AFasted Sa% Wesiygor Zalog o
A% ASE Pz SIS,

2} Immunegeld labeling'®

4% paraformaldehydes] oA & 50%e; 70%
alechol® Hr|zom, o]e] A=l LR whites
HRAA i ITCAA AL FEAA sehee
o}, ¢]Z LKB-V ultramicrotome2 A%t 1um 7
A AHE A ZsET ¢]E methylene bluez. Tl
A B A 39 ¥AE HUT o
ZdE M-S THE ] formbar—coated nickel gridel] X2k
A3

FAHEHRLE IS ¢l nickel gride F3
aldehyder]| & #|A 7] $5ted 0.5% NaBHi7} A-7F
= PBST-1% BSA (pH7.2)¢ 10~2087F 54 w3t
of. ole] PBSZ 3| HHI o, PBST-1% BSA
(pH 720+ 1023+ H4%skon 1:50(in PBET) 2.
Bl A)Z1 & (rabbit anti-TH and calbindin—Dzg)¢l]
= F 40230 BhgAFG v FelHd w2 gl

7] $18] PBST-1%BSA(pH72)Z & wl Zejulx
protein A gold (10nm) (1:20 in PBST-1% B3A)2} 20
B2 WA o PSS 7 3592 of

Aol T2 uranyl acetate 2. TGl sled Hita-
chi H-600 Fsbd =83 (7SKV)e 2 Zasiech
Kim & Lee(1998)2] S o435l M 3 0.5pum?
% 849 24 S8 Ao A9 ge
avrgs AEE wm s

rEu
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BECELE R L

1} dopamine Helvr

(1) YT =ES

h-dopamines]| w3k <FA 11‘%% e aelal
YA 222 wpEZe] HAT 1-27) 3454 tﬂ
3 M E (A 23x17pm ’ﬁﬁ)ﬁi"l 7hak of
ek Bl BhE (Fig 1), As)a] oA 4
g2 wPEE FHERAA A7 Sum A=Y 4
FAEEA AA 20x16pm A= HPAE F 2~
37 A=A dhE& B9 (Fig 3A-B).

(2) J\XI‘II

geAledqiy FAFY 42 o5 AEZE F
1-27) A=e] =23 48 JZ(3FA 20pum
=)o) FHEREE Bl Wb (Fig 2), A &l A
T olwd g2 5711 o] 4 AZE (A 17pum A =)
A ZE oFREE BYd(Fig 4).

2} calbindin—Des; TR

(1) 4TEAES

Ao aleld e A £52 PR A 2~
37 A= A3 P EEA 10T um A=)7F
aFAukE-S ®al A (Fig. 5), Asid=led A4
A 25 AR AA ) A= Axzs=HA
12x 10pm)e] <f4uks£ B4t (Fig 8),

(2) WO ES

A FA A EE B F
ARE A 58] Bl
(7 Ipm A=)7F oA

deix, e Ao
A 1=27] A= A=
b2 2ot (Fig 6).
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Figs. 1, 2. Light micrographs showing the positive reaction to the anti-dopamine serun in optic lobe of Todarodes pacificus.
arows, dopamine Immunoreactive cells; M, medulla, OGL, outer grarmle cell layer, scale bars=30 pm.

Figs. 3A, B, 4. Light micrographs showing the positive reaction to the anti —dopam ine serurn in optic lobe of Octopus minor . arrows,
dopamine immunoreactive cells; M, medulla; OGL, outer granule cell layer. scale bars=20pm.

Figs. 5, 6, 7. Light micrographs showing the positive reaction to the anti-calbindin seram in optic lobe of Todarodes pacificus.
arrows, calbindin immunoreactive cells; IGL, inner granule cell layer; M, medulla; OGL, outer granule cell layer. scale bars =
30 pm.

Figs. 8, 9. Light micrographs showing the positive reaction to the anti-calbindin seram in optic lobe of Oclopus meinor, arows,
calbindin immunoreactive cells; M, medulla; OGL, outer gramule cell layer. scale bars= 30 pm.



Hen M & Chang NS Dopamine ond Calbingin in the Optic Lobes of Cephurlopods 179

| Y s
: s " s
Wi, . il
. 5
i ; v
TRy S
© pnm
P
e Tl
1GH . 1B

Figs. 10A, B, 11A, B, Elactron micrographs showing the
dopamine-like nerve cells were appeared in the outer
granule cell layer and medulla of optic lobe in Todaro-
des pacificus, airows, gold particles, acale barg=2.5 pm,
0.2pm, 1.5 pm, 0.25 pm.

(3) 25R
T 3o $AY e ¥ AzE F 1270 3
=2 A ARAZ(FA 25um A =)ol A 7 b4

2. MoMAEO|AE ot

1)} dopamine Hd Ex|

deAleld AL AP xS AR HE2E
A4 = g p2f FUATE 2AH G20, 59
g 25 Ay TG A A2 05pr?
o 23+37) Axe ZTUAFT HEE T (Fig 10A-B),
FARL] HE o|Fe AEE Felx= 254370 A
=7F 27 w2 w5 2el B (Fig. 11A
-B), A7 dealeiMd gy xS
Hg T oy HEERe] H£Ad 05 pe
57 A= olety FUAIE BAH vmA ot vt
£4 ¥y (Figs 12A-B, & 13A-B).

2} calbindin-Dzsx &= EX|

oAl e dagfzes fag=Es
(Fig. 15A-B) 22|32 AR Sl 58 A xF
A W, A A A g3 S5

HhEE Ry 53] 42Als
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Figs. 124, B, 13A, B, Electron micrographs showing the
dopamine-like nerve cells were appeared in the outer
granule cell layer and medulla of optic lobe In Dctopus
manor. arows, gold particles, zcale bare=1.5 pm, 0.25

pm, 2.5pum, 0.2pm.

ﬂ%ﬂﬂ]EE{Flg 14A-B)d A8 (Fig, 16A-B) &

gl 1 A= AZA 0.5 pm' 77
17£2,26437) A=z=z vzd @2 ZU77F 274
v, AR 2] A TR SARgs e v
A=z 1074 WRE FUAT 2AFHS F S u
£2] Aeolrb T 2yl (Fige. 17A-B & 18A-B),

2 &

Dopamine2 T 27 ¢l catecholamined] AAAZE
Az HAFFEH weild de] 2xstT glen, BF
el w1, oF 28 & HEE ¢ 3l=E 2EE
Fr= Aoz ayA I (Witkovsky & Dearry, 1991).
o]&2 tyrozinee] thyrosine hydroxylaze (TH)#F dop-
amine p-hydrozylaze (DBH) 52 =3¢l SafA 4]
oj8] #3482 opincphrins 2 WEE 7l A

2| FAHEE ZFAREEo S (Kamp, 1985). what
A catecholamine EFA1sF=] 2] A W] &4 9l THe
A% gAE ASRFIAES AGEAE Ao
vhad Hxoh dopamine’d AZFAE YL W3 o
7 Ald H 4o (Hokfelt ot al., 1976; Versauz-
Botteri & Nguyen-Legros, 1986).

E3F] Chetal (1999)2 X §F guinea pigs] =
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Figs. 14A, B, 15A, B, 16A, B, Electron micrographs showing the calbindin-lilie nerve cells were appeared in the outer and irmer
oramle cell layer and medulla of optic lobe in Todarodas pacificus. arrows, gold particles. geale bars=1.5pm, 0.25pm, 1.5

pm, 0.2 pm, 1 pm, 0.23 pm.,

L] :‘4.'1 @,

ey B

TTA— 178 — 18A — 188 —

Figs. 17A, B, 18A, B. Electron micrographs showing the
calbindin-like nerve cells were appeared in the outer
oranule cell layer and medulla of optic lobe in Octopus
minor, arrows, gold particles, scale bars = 1.5 pm, 0.2

pm, 2.5 prm, 0,23 pm .

4] dopamined AlZAMEE Z7) & THe DBHe
A% A 44T wedas s4% 25, DBH
A wle THeHE g A A o 32 52 dopa-
mine’d AAAEE A&  49dz 2uHA
TH &+ w3t dopamined] A1AM =R 2717 §
e (type 1, type 2)8] BEE4dxz FAHYPET
, 19943, type 1 M 232 =Feha] o
) Z(inner nuclear layer)ef| 4 L =7} S6+£11.5/mm?
A B39 Y FIPALEA 120417 pm A

(Nguyen-Legros stal.

E)EI, type 2 M E2 I $7F 166801305 mm? AR
Z ek (inner plexiform layer)df| A4 R 43

L2 % (A7 6441 2um A=)k 2 74
= FER deAdd AddA AgeA dopa

mineAd AFAA XS 27 2] rabbitanti-THS A4
Hel wagAE A% AT BF T 29 493
Azssh $2344 Gt Hee 2 AEEe
Halgh ¢ glgded, 53] Adealed Ay zE
dAe WY FFHAZE(EA 23 um A=)e] 74
£+ Byt ZEht 2 AgdA 333 A
T2 =579 oA FEd dopamined] A7
Az wls] A=z =771 80 =2v, g =
+= @A3| FHA vfefut, Ohetal (1999)8] A2t
S AGT Aelg By ole HFFE ¥4
S dopaminc/H A A 2] BE
ol ol F ALl wE B9 Al @
el dasA doet

dopamins& AHE3F WHFAE L F Fela whE
Az e Aeold FUF F sleledl, A A
Al g Ee Axd 0spm’d FUAL Fo H
T 57} Axrh #FE W vl Aealedae 244
) A= BAR 2UHS ARG e L2AA
A 4l AT o A SR Ae T 5 ae

Rogers (1997)% A¥ 33 A55844 2437
Sz 4] calretinin—Dysg 2} calbindin-DygE2] o}m|
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o)) ZF(Elliz et al., 1991), TF5F (Massey &

Mills, 1996), AF2H(Tan, 1997; Nag & Wadhwa, 1999}
T 7 o] F(Vecino et al, 1993; Dalil-Thiney et al,
1994; Weruaga et al,, 2000) 528 A= cal-
bindin-Dosx®} E2ell Wizt B2 AF7F 9lde &
¥ Vecino (1998)2} Doldan et al. (1999)2 £oj3l 7|
A 5 o7 EA A v e AR R cal-
bindin-Duex®] WEGAE YA A AFHAL
o] FHE ez FHFHEAA whEE meldx
oo, 58] FE4A EA A calbindin-Dage 7}
o el FHEAEGY stef Ay R £
71et REAEE o8 52 AAA=E 28
Bl £2 A77F J2 sl deAle e A
E AfEz 3 B dFH4= Alge] rabbit anti-cal-
bindin-DogE FH95e] Hyg 982 szt A=, &
FHAEE WA ES T2 pANA A Ll
FSEE ] w2 vFeh calbindin® AlAM L
A EATE B 5 LG = Ao 9%
YA =S Al 23708 48 FS4pf ot

& 2yes, fAgA 252 st 1274
2] Hzes whgs Byt v AR e A
| A £Z40 A 7] A= A7t e B
FAE A 252 A whge] ddds @
AFAEY by doalelad AL A=A %
# calbindin-Dogef] s FUAFS AAFA <] 204 <]
A A vEhdeE, ook L e FFFEAA
Ay FHEFEU FERAHE o= A= dopam-
ines} calbindin-Dapd] &4l o] oy AL 253
A ARG aE ok T 30 A9
AR ARELY SR oE 4
Az A 27 AT A vlFE 2709
o|BE BY AL B$2 dgoh shdAser &
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