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Melanopsin is an opsin-like photopigment found in the small proportion of photosensitive ganglion
cells of the retina. It is involved in the regulation of the synchronization of the circadian cycle as well
as in the control of pupillary light reflex. The purpose of the present study is to investigate whether
melanopsin is also expressed in the other areas of the central visual system outside the retina. We
have studied the distribution and morphology of neurons containing melanopsin in the mouse visual
cortex with antibody immunocytochemistry. Melanopsin immunoreactivity was mostly present in neu-
ronal soma, but not in nuclei. We found that melanopsin was present in a large subset of neurons
within the adult mouse visual cortex with the highest density in layer II/IIl. In layer I of the visual
cortex, melanopsin-immunoreactive (IR) neurons were rarely encountered. In the mouse visual cortex,
the majority of the melanopsin-IR neurons consisted of round/oval cells, but was varied in
morphology. Vertical fusiform and pyramidal cells were also rarely labeled with the anti-melanopsin
antibody. The labeled cells did not show any distinctive distributional pattern. Some melanopsin-IR
neurons in mouse visual cortex co-localized with nitricoxide synthase, calbindin and parvalbumin.
Our data indicate that melanopsin is located in specific neurons and surprisingly widespread in visual
cortex. This finding raises the need of the functional study of melanopsin in central visual areas out-

side the retina.
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Perfusion and tissue processing

Mouse (C57BL/6, 8-125, 2530 g)& olHZE FYAA
ok 3T 2 mouse= 5-10%7F 20-30 ml®} 114 H[4% par-
aformaldehyde and 0.1-0.5% glutaraldehyde in 0.1 M so-
dium phosphate buffer (pH 7.4) with 0.002% calcium chlor-
ide]o2 #FIA Aty 21 FAES AAS H HE
Aol FL3 1 75)‘?'43% aHE F<E postfixdt 3t Mouse
¥ A 292 F-91S vibratomes ©]-8-3k¢] 50 ym BT
(coronal section)2.2 AT} 242 A2 FANZ 1~7H vi-
alol o] &9t 1~3W Z&2 horse radish peroxide
(HRP)  immunocytochemistry®  melanopsin-immunor-
eactive (IR)E &<13l=tl 01%3}%10 o, 4 A A2 24
thionin &1 314 cortical layerE 213}=H| o] &3}t
5~7% ZZ& fluorescence immunocytochemistry® mela-
nopsin®} CB, PV, NOS&] double labeling®ll ©]-8-3}$ .

B2E AP A3 FEAHES The National Institute of
Health guidelinesdl wte} = Ut AP FEC] We 15
¥ooldet HPTEY 75 Has} of7] A& =it

HRP immunocytochemistry
Melanopsind] &=
Cambridge, UK)E ©]-8-3}] immunocytochemistryE %13}
= Immunocytochemistry% A3l A2 24S 1% so-
dium borohydride (NaBH,)oll ¥ 1L /29 incubatorol] 3=

polyclonal antibody (Abcam,
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shakerol| A 307 5] & ¥, 24&
saline (PBS, pH 7.2) 2.2 3 x 10 Al ¥ 3ttt 12]aL PBSOl
4% normal goat serum, 0.5% Triton X-100& ¥ o] FHl3t1
O o 22& &7 Fol 4T incubatordl] 1= shakerdl| A
stk ek 250 Fh 1 FHoll PBSO primary anti-
serum (1:500)0& ¥l 4% normal goat serum, 0.5% Triton
X-100& Y& &0 22& o] 4847 F3 4T incubator
o 1 shakerZ 5015tk 1 H ol PBSE 3 x 10% Al
31Tt PBSell 1:2002.2 5] 48t biotinylated anti-rabbit igG
£ %1l 4% normal goat serum, 0.5% Triton X-100 2 %{tt.
o] §Mo] Z2S %A 9 4T incubatordl| A d-F4q Fetk
TS0 Fth 11 Holl PBSell 1:502.2 343 avidin-bio-
tinylated horseradish peroxide (Vector Laboratories,
Bulingame, CA, USA)e] A& ¥ 354 52t 4T in-
cubatoro| A EE0] Fth 1 H 0.25 M Tris bufferZ 3
x 108 AlHstith vhAgte 2 dAE A & 5 A dF
+ 3'- diaminobenzidine tetrahydrochloride (DAB) reagent
set (Kirkegaard & Perry, Gaithersburg, MD, USA)E ©] &3}
A} DABS} hydrogen peroxideE 0.25 M Tris buffero] ¥
vialo] 24 A 242 1~387 G459 £gol=
of 227] Al 0.25 M Tris buffer® 3 x 10 A% 3ttt
%A superfrost plus slides (Fisher Scientific, Pittsburgh,
PA, USA)l &3th 245 & Hd 37C QB4 33
S AXA AT gL GFAIT F xylene2 2 A A3}l
Permount (Fisher Scientific)E BoA=d § AW &efol=&
Gtk AL Zeiss Axioplan microscopeE ©]§-3t
sl AFRS A AMEAlZE 7|8 W2 & differential
interference contrast (DIC) opticE ©]-&38} %t}

Phosphate-buffered

Fluorescence immunocytochemistry

Immunocytochemistry= & A7AodM 2xd 0 =&
[13, 24, 25]°] AHA13] 19} ATk Double labeling® &2
CB, PVS} NOS 18]3 melanopsin®]t}. CB, PV mono-
clonal antibody (Sigma, St. Louis, MO, USA), 12|11 NOS=
monoclonal antibody (BD Biosciences, San Jose, CA, USA)E
A3 T Mealnopsin polyclonal antibody (Abcam)$
AH8-31 Tt Primary antiserum©. 2 PV, CB, NOS 12|11
150002  3]A3te]  ARE-sATH
Secondary antibody = melanopsing ©#]3}7] 9] Cy2 con-

melanopsin  ZH7}

jugated with anti-rabbit igG (Jackson ImmunoResearch
Laboratories, West, PA, USA)E A3+t CB, PV, NOSE
223}7] $13) Cy3 conjugated with anti-mouse igG (Jackson
ImmunoResearch Laboratories)E ©]-8-3}91t}.

Quantitative analysis

F A 4= 98, 3vHe] 9] mouseol M 42 3749 24 &
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Mouse ¥ 3|4 F 725 Yolr7] 93 ZE ABAE
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nopsin-IR A7 A| 28] S BEXE Yolr7] $13) HRP 94
< o] &-3}% th(Fig. 1B). Melanopsin> At 2 9] BE o
A @A A0 thioninel Bla] #-& HI&E A4 = ThFig.
1A, 1B). &, A Zt3 Aol ZA4)3}= melanopsin-IR A4 A Z&
A ABAE 5 QF-ow EA %o} Thionin G4 € A Z 9}
melanopsin-IR A3 A 29 & Hlast7] 9fs) 22 9749
ZA S deste] % 500 um ¢tell EAlste A2 5 AN
t}. Fig. 2A+= 2+ 5% melanopsin-IR A1 34 £9] E¥H &S
BAZEh [52 3.7%, I/1FS 372%, IVE2 14.8%, VEL
162%, VIS 281%9] Hl&=2 F2H U Fig. 2B& 970
ZAoA 7 FHE G NE o FAEgo = vud A
o|t}. 1%2] 7§ thionin 68.57] melanopsin 16.37}, 11/111%2]
739 thionin 5887 melanopsin1737l, IVE¢] 7% thionin
2947) melanopsin 7057, V&2 7% thionin 3387l mela-
nopsin 787l, VIZ9 7§ thionin 5087 melanop-

Fig. 1. Distribution of anti-melanopsin immunoreactivity in
mouse visual cortex. Fig. 1 shows thionin staning
(A) and melanopsin immunoreactivity (B). Scale
bar=100 pm.
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Fig. 2. Quantitative maps of cell distribution revealed the den-
sity of the melanopsin-immunoreactive neurons in each
layer. In the mouse visual cortex, the highest density of
melanopsin-immunoreactive neurons was located in
layer II/III (A). Fig. 2B also shows numbers of thionin-
stained cell.
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MelanopsinZ} co-localization=! CBP, NOS
Mouse A7} 38 o] A melanopsin®] A7AME F Ul 4]
e AS dotry] 98 $Ee CY29F CY3E o] &3t
immunocytochemistry @4 22 melanopsin®|] CB, PV,
NOSE# 77} co-localization® =2 & ¥} kTt Fig. 4A,
D= CY2 ¥4 € melanopsin-IR A4 A EE Ho5=1 Fig, 4B,
E= CY3 @49 PV-IR A AAEZE &t} Fig. 4CE Fig,
49] A9} BY AFS AAA PV-IR 21734 £} melanopsin-IR
A ZAAE 9] co-localizatione 8913 ALF 02 g PVAIR
AR E (SR, SR ) 470 Foll 371 PV-IR A A
E7} melanopsin-IR 217 A £} co-localization®] 1. (8}4F 3
g]) YH 2| s co-localization®] A 8 krh(s}43E). Fig.
4F= Fig. 49] D9} E9] AR A A PV-IR 2178 9} mela-
nopsin-IR A1 3 M2Z9] co-localizations &1st AFlo 2
ZH PV-IR AAAHEEER, dxde) 370 Fol 2749
PV-IR 2174 A 32 9} melanopsin-IR 2173 M| 27} co-localization
D(3HAEH ) YHA = co-localization® A % 9kTh
(5}/5\—_1' 3). Fig. 4G, J& CY2 94 ¥ melanopsin-IR A4 M X E
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HojFH Fig. 4H, K& CY3 §4€ CBIR A7 A
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Fig. 3. Morphology of anti-melanopsin-immunoreactive neurons in mouse visual cortex. Melanopsin was present in granular pattern
in many neurons in the mouse visual cortex. Immunoreaction took place mostly in neuronal soma, but not in nuclei. The
staining of the melanopsin was robust in certain neurons in mouse visual cortex. The majority of anti-melanopsin-immunor-
eactive neurons were nonpyramidal round/oval neurons (A, B). However, vertical fusiform (C) or pyramidal (D, E, F) cells

were also rarely found. Scale bar=20 pm.
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Fig. 4. Fluorescence photomicrographs of mouse visual cortex immuno-labeled for melanopsin (A, D, G, ], M, P) and parvalbumin
(B, E) and calbindin (H, K) and NOS (N, Q). Superimposition of images in melanopsin and parvalbumin (C, F), melanopsin
and calbindin (I, L), melanopsin and NOS (O, R). Arrowheads indicate co-localized neurons. And arrows indicate single
labeled neurons. Scale bar=20 pm.
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