AR O Sl ARG & AR AR,

mofE s —

(Zf+ 2020 48 A 4 H)

1. & U & I

WERDIEE IR TRE CRE > TV D, BEOTTOREIX 107 1x £ L TREET
T 10 Ix ThY, BETHI0® (M) oMEsE" 555 (B 1REBH)., S0k zk
ERWEAORT, THEWIIOCESLMT COREET 2K L BtERE (BXSM) TT
FERE T 2 #ER 2 MR 2, WY RHEEZRE WS (BWHEIC Lo TiE, RIS X 5 RESLR
ARV IRERANIC A 2 s 2 ET L T b0) 0

FHEBY MM (RAR & 8EK) 2D 2 RRIME (0 7Y Y) LR E & Rk
STV (BT E) O7 3 YEHIZ LT T Y VBGOSR A2 LI
L0, HEELORNEZHENTE S L)1 >TE7 (BlZIX, Ovchinnikov, 1982; Hargrave
et al., 1983; Nathans & Hogness, 1983; Shichida & Imai, 1998; Gartner, 2000; Ebrey &
Takahashi, 2001; Sakmar ef al., 2002) . fa%H, W44, JCHEHE BEOFIZ, 4 BI2HIGL
7SR 2 BT AT 545, S [ > 7)) 7ROKESRE (15 15420007 F5i
A5 530005 IO I ZRBUFE T 28 D% < BB L 2BIR 2 46970) ] IZEFLTW
TEHEB Y OISR, Ho LB (HrwIdERD), R4t mriEo Tzl
LIZEpEEZOLNTWS (BlZIE, Yokoyama & Yokoyama, 1996; Jacobs & Rowe, 2004;
Lamb et al., 2007), 2% 0, FHEWIL 4 QEERISERTHY, IO OHERMED S
BAHME (2 k7Y y) MRELZEIRESNTWS (Okano et al., 1992; Collin et al.,
2003; Sichida er al., 2009) o AT TH o 7Z2HFAFHOHEASBRL IS O (Bl 212, B
R E) B L2720, AR EOThOFR LT Koz LM SN TV,
0D, FREDHFMHEII 2 MHEETH S, BT HER, b M2 ELERBATROHDWE
DEMLC3aMaREIEGEL-EEZLN TS (Fl2L, Surridge ef al., 2003). #i,
FHEBYIAUEAE L ORI 5 & T HLIEARAT L TR Sz L v ) Frdl b IE S 7z (Sato
etal., 2018)

BHEEN I IR & LT OIRERDM D> TV 5, EFEIC L D IRERO K & 1241
HHLOD, FOWEIZIEITIIL Ve MNOEWRICBNTY, HRERIZAMI 2 & HRERHAE
i (RIT /613 M & 5775/613 58 ), HRERIMAR (IRA&IE, BRRfE & I0R), HRERAE (19
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BB RS RS aE EREE b TRIEL V) S bd b)) Po%b, b MK
BT AR AR E L EORER AL ¥ A7) Ok b THIRMEHSE X Mk
TROHFLEIIE Y OG> BT SN D, D2, b M ROWEPREER LD
LEnk, IS MR LI EBIIICHIET B0 b MRS E 2 < SR B
FAET 20 2070, BT (BEHT, it ats.) ORBISEL TV, TS SlER
DIZONTHMITIRD L, FEDBINT 2o SEIJE0 ISR AT 2720, HLH
D& HEOHIIES v, 72751, SRR T OREIIIK 2 (O
OB ORI T S N DB HAT, MBI ORATES N IS TEV.) o
ORI IZE BRSO R D 3 5 4 TOMKHEIEL, ZNZRD I L7 fifis ON £
$ X 0° OFF BUBUMIN 23T 5. 2D, ON M E OFF %o AUs A & ON & OFF
BIOMAEMIN & (EE SN Do —F, MEBEIIC & 5 BRI S 7= IR 5312 ON %
BRI S, ALl 7~ 2 ) YA~ O(LES F 72 L BRY F T A% LT ONH
HHEHTAINE & OFF BIAEAHAIE~N SR D 20 S iuzE & its  (Kolb, 1997; Marc et al., 2014;
Strettoi ef al., 2018), ZD X 312, b MR TIE MM & AR L — SRR % A L
TR SN D, AT 727 ) Y4 3t b 2 S OIRFLEREICOATHRELNTHE Y,
ity o> BT O $lE AR I & ARG IXFLAE & KX (R 5 T 2,

BHB OMELE, MM R 2 ORHI 2 SIS 20 ZD70, b MBEOME X
(R & BpE) 2 W3 2 HIOT, B33 FEEERY (BUH, WARC I oM
DIEE o 720 BRAE, WRSEAERSIEAS) , FLEOMIE L IR SN D £ 912k b &,
FUIHE Z NI OBMEEIY O E N D 5 Z EDPREBIZHS N E o Tz ZO—H6IHY AL
T VAT H D, S OMNBIEEILENIC LA <, WL CoRE X (B2
IZ, Marc ef al., 2014), ©F V), KU & BRI E 2 BT, 420 L HE0E ) & A
% TOEERBAMIL L 3822 2 L2 WESTV D,

KFC T < S IHEOMERFZEA R E LTS T A MR AR, Bk s Stk
DRTEPUE R DV TR L 720

2. HHEEMOMIR

S ST X TOFMBEIWICIIBESR L L TIRERD D > T Do S AR S5 AGT
L. B, KEEZT L THFRE Vo 728EaN L v Re il L O AR T H 2 #8E1c
EY b BEML Y ZROBE LY, AREOHIIIZH LT OMERRELZE Y POF-
CIRRECTHAELICHLS Z LSRR CTH B0 M TIRIMRONERIEZ L2 IR, ERABTNEXL
LT B LHEZ LT,
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SRR O SHE ML & A RRE R

MM AR, AU, ACTEHIE, 7~ 2 YiileE L CriiEE R o 5 o1
MEDFES 5 GE2HZH) . ZomTHRMBOAPRZEREHT 5. SROHIINOD
HREZEA (BT 1 REOIMEEND L) (SIS L, FHEBM ML I 3 e s 1%k
DE IR EEZED R CHEESEEL T be DFE D, TR LD ECE
BUZIESEE, —07, Kad 5 DN 2o 2 W OEEE S (B T TIIREH e
T 5o HiRZ 5 NITIRRIIERERE (Mg, MR PRS2 29 5. MHRE
EOBEFIH um LN TH %o BELHETIE, SMEOREIHE 2 EC DD S,.) OMIET
Y, HeZET LI, MEER I M3y N TR EOMI/NTEVIFEYT 2 NE, £ L
TH 2 ARSI T & 2 BUEMINE R ACFg A~ B85 (3 7 A T) 238 % v )
TAMKP OGRS NS (52 KB AT - ARSI E NN RR L 80WHE O
B EWE) FEL, S OWEDOKEZEIME) LA SREDIEE b

B SLET AR S 2B E (WE) (e ey b5 &, BWEO ARG
ZALL, HMRWNIZ S 2 EEOBER A 2 EMEL L T cGMP RFER 1 4 > F v )V 2 ZET

B2 FoXafROBEMEZ 1T (A) CHEREE (B)

A EHOBHMBOIZEFWIIZEIC LY, BRI 1 5 A4 72 L CHERICERD Y 4 THFAET S
ZEDHBENT W/ (B 21, Engstrom, 1960). R1K - #EK I 122 2 5L 144 ET (Outer
segment), I MY FYTAHEHET L) TV A F (Ellipsoid), HEFLES)IZEERLEE 2T 5 3
T4 F (Myoid), ¥4 2tk (Cell body) & ¥ F 72K (KM A IZIFHirRTuRwgs, K
X B 23l Twb,) 75745, Marc & Sperling (1976) 13 > 5 a il 12 BW CHEMILD %
A TOREFNERABIZ L, ik L7z, §#fk (Cone) X644 71/ SNI, HHAEZMKT 2
EWwiEfk (Long member of double cone [LD]), ##A% K3 %M\ §1k (Short member of
double cone [SD]), EwWH—jifk (Long single cone [LS]), B —gEfk (Short single cone
[SS]), v/ B —§fk (Miniature long single cone [MLS]), #\:f/NE—§fifk (Miniature
short single cone [MSS]) &IEN %, 14K (Rod) &1 514 T Thb, 654 TOHAKIZOWTIL
WRAFEDHLECHB Y, LD IF 625 nm, SDiZ 530 nm, LS ¥ 625 nm & nm, SS (% 455 nm, MLS
1% 625 nm Z LT MSS % 455 nm T %, {T4F, Palacios er al. (1998) 12X % ¥ ¥ ¥ 3 fglEsAk D
WEREDSFHRAA SN, LD 2 623 nm, SD & 537 nm % L CH—#i4(21% 623 nm, 537 nm, 447
nm, 356 nm & 574 nm 2S5 Z L RIS L7z B ¥ v F a L T A MR & AR AR A -
TEREEMIRZE I S, FOMEREE GERNIZH 2 MR 0 > 7 A % -3 2 8k & ik
[ & I3, ) SFAE ST & 72 Dowling & Ehinger (1978) 25HIED 4 6 % H OFMLTd % Inter-
plexiform M/l (Interplexiform cell) @3 J 7 Ziiix % & > F af@lilc BV THL2IZL, ZOREE
NOBLE % XK L72. #1K (Cone) (Z#EA/K T (Cone horizontal cell) % L CHEK (Rod) (%
7K (Rod horizontal cell) (235 7 A3kE LT 2 (FEBIZIE, SEAACH#Z3 4147
BB, KEBIIEZ—2DF A THHPN TV ZR\e) e F 2 F a3/ MROKFIBIZIEMC TR
WElER L IR (Cone horizontal cell process) 75% %, AUEAMINE (Bipolar cell) ORI LR
R L RO G &2 ;T AL, MIERFCR TN (Ganglion cell) |23 ) 7 AHE L Tw
%o 771 YHild (Amacrine cell) 1ZPURMINE OB R & 2 F 7 A #HE$ %25, Interplexiform
ML b > F T ARG R L T\ %, F 7 Interplexiform Mg (&AL 2 BUBHHIRE & > 7" A
#HLTWb,

A A £ Marc & Sperling (1978) @ Fig. 1 (1214%—%) % L CAX B (£ Dowling & Ehinger
(1978) @ Fig. 22 (22%—2) %5IH L7z W5 HMIIE ISR S T2 Ko Ao —it%
BIEL T RAFIT R 720
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bo ZORER, BUINLIZESH T 5o HEREAMEE TIRBEZIEIS TR OEENIFD SN
Bh%, AIUZH cGMP IR A 4~ F X A VDBHFIE L, SHWEONEZEITHENZ DT ¥ 4
WAIPAZET 50 ANEFEER Z &2, WSRO T v A VHERT A L T2, EF,
PRI KD 5N 2 R MDA 2 721L, JHEINOBERIZE D 2 ERP SN2 ) D
2% 5 (BlZI1L, Tomizuka et al., 2015)c HMILIZA U BEREMZAL (B2, HMIRIIH
SHARFEIZH V), BB S b)) 3T T A% LT, 82 RMEMIRTH 5
RUABAING & ACHAINE, & 5128 3 I CTH 2 7~ 7 1) il & Mg s fmEz s h
%o ZOfrEBE THEMBRONBIMB 2 T, GF, BRERHCEBR O BT
ENbo

2-1 ARBEOEMI —E kRt —

R ORREZ I L &9 L 32RO ELIEE <, AFFMIIZE Tid Du Bois Reymond
(1849), AAbs#mymk7E Tl Ball (1876), Jui# Ry Cld Matthiessen (1880), % L CTIERE
FWFFE Tl Cajal (1893) 7 L5 & LIS TV %, HEIEHFZED B CTd % Du Bois Reymond
(1849) 75 #—1it#d %, Svaetichin (1953, 1956) (L AFEMABANEHILIC 7T 2 & M/ NER
2R A L CTHEEMZAL 2 N RS 2 58E 2 8 AL, MR 2T 2 B—Elig o)
EEMETAHI ARG L. TOHEE, MEOEREMRH Y 28I ER S ¥, ERE,
Tomita et al. (1967) (&34 (Cyprinus carpio) OFIHEREEEZ A 7 A EM/NEME: GHZA
i) @A L, #ESSIRENMEIEZERT S IR Lz, SR T L L 72 400~
740 nm O MO HASGE 20 nm Z A TR ICHS L CER SN L EEMELE L, &
(462 nm), #kts (529 nm) Z L AR (611 nm) O =5 ICKIIEY 2 AP TFET 52 &
% WM L7 (Tomita et al., 1967). & 512, Witkovsky e al. (1973) 132 A #EE O HEEE[X
AL, HEEAY 540 nm ISR D BWIERZEE AT LI LML, IO DL
WF7eid 3 A R 3 & 4 7Ok E 1 5 4 TORBDPHFEET L LERLTEY, BHo®
B b WICHENZ L WK TOHEEE 2B 27201 L TWwa Ll s,

Hanaoka & Fujimoto (1957) 132 A #EEOBMIZSEN I L R ORI 2 5.2 52 2 &
&Y, SMEOBINA X7 Mv (ARSI 2 U0l R 2 2L S &, KilkE
T AW EOWINEREZWOCE L L CIIR L7727 T T2 WINART PV EESR,) &%
T2HEERIE L. £ OMEED A UIOMTE S 5IZRFEDIOL  OBTEICS
WTHRMII ORI A R 7 P IVIEZITH £ 912 - 72 (121X, Liebman & Entine, 1964;
Marks, 1965a, b; Svaetichin et al., 1965). BfE, MAEMEECTIZ 1 & 1 7oKL FHH, fkH
ERBITMZERIND 4 5 4 TOHEPHEAET S PSR ER->TwDE (Fl 21X, Palacios
et al., 1998; Bowmaker & Hunt, 2006; Bowmaker, 2008) .
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2-1-1 FR#ROEF

Boll (1876) &, #E~OSGEGHIECREIMVENISAL B2 S e GEH) 12281k T 58
FWEDAAET B Z L AZE A 72, Kithne (1878) 137 TOVHAE DFEEASVETIC B 2 -\ 1)
HoRNMHEZRE L, ZoO@EFLEFy, HALZERT 25 WEEa F 7Y v AT
7o (HWEZBALL W) AR TIFATWDS, BET FT Y Ui—ik L 72 >72.). Holm
(1925) & Sugita (1925) I3¥ % I YV ARZHEDO A A IFKEIEEZBIET A&, TLT
Tansley (1931) 1€ % I ¥ ARZIED F X IMEIZIZT 7Y y®@SIEFE LV hnw L%
FERL, R UPEY I VA LEBLTWLZEZHL ML 2 fiiv T, Wald
(1935a, b, 1936) (&0 F 7> VEELHEEOHIZE Y I Vv ADHFIEL, & HIEEREH R
ORTYUHRESY IV A LT A28hCELLIEROTHAEZMBLTCLF Y (TVF
LREIEY I ETHY), BEOLFF—VEIRT.) 4T, B 87y V)8 1-cis-
VALVFF = VERBGHET LY VR ETHAL I LR L, 1 N7 Y SRS
WA=V NF ARV F =V e F T NGRS B, £72, BETTH P Y VICHEESR
%o Wald (1937) (ZIRKE OB E OWIARA (—HEAIZH) 522 nm) 25HKMA (—RERIC
#1500 nm) L) RERBTHLZEERBL, ZOMWEERVT s 0T v L4172,
RN740 T VIEEY IV A, OT VT FRITH S 1l-cis-3-7k FOLFF—)b k)
BT vy R EADBKELIALE TH L I L, T L TRRESREILZZ D
IS Lizo 1R4E, TRE DR LHFHEBIY S L VLB OMB I 1-cis-LFF+— ) (¥
¥ IV AR, ZLTELORAKRBWOMEIIZ 11-cis-3-7 & FRLFF—)b (E¥ I
A, R) BT L2 EDPHER SNz, 512, Wald (1958) I 3AHHSLH LA, Wi
R % EOREDORIENE Y IV A RDHDHVIEESY IV A, ROMNTHLDH
FAMENRET AHEOEER EZ, INOPBEEERPEERBRETED X ) I22E
FTLOMPZOVWTEMELL, M—HOAHETH- T, BETIREEOMREICKF LT
BROL S IV A RE A, RICEDH D Z L &F% L7z (Bridges, 1964a, b, ¢, 1965a, b,
C)o F7z, WHFEDURMEIZA LT B AR ORI E OWIUR KNI KIS T M |2
MRV HBEEMARBITL WA Z e ES LML 72 (Munz, 1958a, b; Denton & Shaw,
1963)

BHEEV DA MIEIC S 2 WE L, F oV ETHIFT T v EREHATHL LT F—
WG L72@E T FALEM Th %o BHEBIMIHEIR I I IARELINS & $ERDAFTET 523
ZNFIINEEL T2 Lk A T VR B L, ZOMEIZREL > TS (B2, Terakita,
2005; Imamoto & Shichida, 2014), ¢ & LT 1l-cis-L FF =)V & 1l-cis-3-7 & Fa L
FF— VDT H720, 2HEOF 7L v E2HEOLFF— Ve laE s s, a4
A TOMWENGFET HZ L2 s FEHWIZIE, o Py >y BEL 7Y v Ell-cis-LF
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F=N], Bvz4ua7yy BBkt 7y v 1lcis-3-7e FabFF+— )], 744 K7
R T vl Mcis-LFF—V] E A T 7Yy iR T vk 1l-cis-3-T R
FalLF+—] Thb) EE, TAF N7 3EERWE EFFIEND 2 L% 0.). B
HET, FAT /T2 2 omImoh vy, EHME R THL L F ) —
WO (1l-cis-LFF =) ZHBETHDH, ¥ o7 HTHLE T DT I/ ERELY

ICERDPH D720, INHFE, kR, RISz, BIOCRZMEE AT HERE %o T
WAHIZENPAL2THS (B 21X, Terakita, 2005; Imamoto & Shichida, 2014),

W2 Wgeth (BT s 28k AR (BITtR) THRES 2 R o HH
fad, SEICHDHWEICH S 1l-cis-LFF = (HEHWVIE 1l-cis-3-Tk FalLF+—))
WHE WIS 5 & All-trans-LFF— v (B BWIE All-trans-3-7¢ Fa LF+—)v) 12214k
L, HEONARESESEDY, #RE L THEROBFEILAE G L TEL S, SEIZ X

LY, All-trans-LFF— ) (B HWIE All-trans-3-7& KO LFF—)v) 3+ 7L >~
POMEEL, HWEIIEEIIDET 5. £ LT, SEOKREREIZIE, 7Y I
llcis-LFF = (HDHWVIE 1l-cis-3-T & FELFF—)) ZfEESEDL L) BEINE
L7 b (1212, Yoshizawa, 1984)

2-1-2 HRMEORFENF

BREELICE, EEERZHORL Zo?’ﬁﬁiﬁ‘%@ﬁﬁﬁ‘fﬂﬁ%?\]@*ﬂﬁifﬂiﬁﬁ’%ﬁﬁ L L2 5
ETDLUEND D, BIZIE, HEEROBRWES 1 FE L a2 T, EERINIATEET
B Do HEARUIED 2 AT E 2 alleE, 3MEEET UL BRERE, 2L T4
AT T4 R EEZ RO LIk b, 2O L), FHEYWOOREIIMEIIW D
DA TOHEEH L THBDDIMKF LTV,

PSS ET A E OB THh D4 T2 v (§ 237 8) 137 DO E M %
FH, SNELTFF =z G XD ITHFET 50 473 Y DENIZE o TRARINS 5
HDWENREL D720, SHEOKEEREEIAE TN S, FHEEIHREESMNZIZIE 1 fEEHO
PR A 72 v EEBOHMEA T oo Ty, St 7Y U BEET 5D
PIATEBREE (A E38) 120 ARAF L T\ b IEDTFRMFIMZEIC L - T, FHEEY
M ORME AR T A4 7 IE5 94 7H ), TNHITEEED &0 7 HiE)
WOMBIZLHFAEL TnDL I EDPHLNE R -7 (Fl21E, Yokoyama, 2000; Collin et al.,
2003; Collin & Trezise, 2004; Bowmaker, 2008; Collin et al., 2009: Davies et al, 2009a, b) -
554 7E3MEA 7Y TRHL (Rod) (0 R7Y 2259 .), KD 4 238kt 7o >
T SWSI (Short wavelength sensitive) (Ff-%4+% 1 7), SWS2 (SWSl-like) (F%
1 7), RH2 (Rhl-like) (if% £ 7) & MWS/LWS (Medium or Long wavelength sensi-
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tive) (Rt —fktay 1 7)) TH5 (Blz X, Yokoyama, 1997, 2000; Jacobs, 2009) .

WA, SHZATOF T v OBIETHHELLERY), INHEFEBHL TV LA TIZE)
TEEAAELTWAAEZ LI TWA (Chinen et al., 2003; Parry et al., 2005; Matsumoto
et al.,2006), BFLINZD, L OBERRIUHIZ 4 5 4 TOEF T 2 FL, 46
B EMER L Cnd (SR, #ERITIA BRI T 5720, B 72 V8 FET 50)
(Bl 21, Ebrey & Koutalos, 2001) . FHEEN DML HBLL 72 MHHIL, il s
LHFOEALE B GO TEA L Tzl fetk2sE v (Levine & MacNichol, 1982; Tanaka
etal.,2014),

2-1-3 A¥ERMEREOSH

b MEBLCIZtE & 13 A LBEN 22D O I A NS A (MU IZEATY
%7280, HBIIMOMBEERIZ N THEG) B0, Z ZIIIHEDOAIIET 5o REKL
Y AFROFE UL R G SR A S IR, Ot (REROEFR [EEML v XFR) offf
T 3l éﬁ%?‘ﬁﬁﬂitﬂ‘j’“/ﬁﬁ BARMIIT A L KB RO FRE S TH B,) &1L
o The HULEOHERERII/NSCEIZESL, BWHUERICEKL T 5, HULE
#%%ﬂ%a%of,ﬁWE&i%L,%@%E%ﬁ%~ﬁ9?éou@tb,mLﬁﬁ
v, —75, BREHRGEL BN D 12O, R koT EMAH®D 5 L9 ICHE S,
IR TR L b, B ML EE, U H MR R EIEHEINICTLEICE v
MOEGSTIREPHEIND, Lo L, HHTH/AROBITFOEICHS L) TIN5 720,
WO TRILWVIREPEENS (HDH VI, A R.). MEEERZIIIEOTEED D %05,
HFULELUAMIE Y P2 AbE LA L TBL T, ZO7OMtESM T ORI I3 I1C
{IESR

FEMEEICS, POBO L) RHEREEOSVHUSELET S (Bl 21F, Somiya &
Tamura, 1973; Zaunreiter et al., 1991), L2>L, Z O#AEBEEITITIRERO L K& < Fh
IER (IRERBMED) 125 2 &A% v (B 21E, Tamura, 1957a) S D728, O %
Fovea lateralis & % 1 Area temporalis & M50 GHREIE GBI SRS BE O s W D AE S
%L &, Areacentralis £\ o), 72, HEEBESEHCOARL LT, EREIEKT HMHHED

% (B 21X, Schwassmann, 1968). HHHTIZARER L > X% & EARBEEED & kG S 405l 2 EI5H
M2 FNTWE05, THTEETHOFMEMAGH L TwL I ermEINTwD
(Tamura, 1957; Tamura & Wisby, 1963) . fFEMIE T HEARAT AN THAET 2 Bk & 2 5
Db OHERD AT 2 EEHEIZHETE S, HEHMKICIEF UK E S OHEIEHET 2N
HEfR, R HRE SOHEDPEET UL, 25123 DOHEIEE T D =HEHAKIZ 51T
Hid (Bl z X, Lyall, 1957; Engstrom, 1960), H.8A & HEHAKIZ ED L) REREEDND
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BDPIZOVTIERTZEHL NI o T e vy, £ OFTE THEEER & BEAHRIIHAIE L <
Bl L, T A 272K TAHIEBMOENT WS (B2 1L, Lyall, 1957; Engstrom,
1960) . #&%35, SEEEF A 7 OBFEEER L OBRIZOWT O FRTZRHRIE %R\,
UM O HEAE O A ITHAE I N TV LD, BEEEICOWTIERFICHIL TV
Vo BRI HIEARTHI S, MRS KICoAm L, £ORUIGEZ @ IZBET 5 2 L3
ENTWD, EFREIKGET 2D THA )05, ¥ Fa (Carassius auratus) O
BITHAAR DK 108, T A M TIZF1006E, S HICHKAEDT V=T 4 Y LHF—=T v v b
(Thamnaconus degini [ 7 7 B I NFRHIET 24]) M TIIA3008 b L2 L8 LE
5NTwW5b (Bl ziX, Johns & Easter, 1977; Zaunreiter et al., 1991; Hunt et al., 2015) .

2-1-4 fREEERRIS

FUERBIE O SR & R D I F A FIZBIRESMHTIE UC, i 5o BAIEGRAE (HEkd 2
WV IIHENE & BRI B OIRE CHE L 72 IREZ I8 .) THMAK I 4 A Ry BRI/
L, BIESRE (IREkdH 2 WIZHES—FEOH S SLLEOHBRSEICH 5 KEXf5T,) Tl
R4 A NI L COaRE EEME, SEEN T RN BB 5 (B3 M) (Blz
iX, Ali & Crouzy, 1968; Ali, 1975; Douglas, 1982; Burnside & Nagle, 1983) . ##f&IZD W
TIRELFEOBRP AL, BIESIRECTRAE I 4 4 FIdEiE L, BNS CRA I F 4 Rl
T2, #AEOREL I A FOMELZE &, AEIZER LMK T % 220 % B85
T5. F72, BENHGIREE CTIIEE FEANEMICAEE S 2 B RIER AR BEE L, OIS
PHNEICVIREE Tl R T 32 LR MBI 2 95 50 2 F ), BENEICIRGE Cld sy B
L OHMEAET DT AU B oAYE < & 9 123 BRMIEN ot 3 R I L N &R S L, B
ISIREE Tl FR AN O F RS MM 2 B £ 9 1ICH#sT 2 GE3Mb2R). H
JEISIREE Tld, FRICORBR OIHNC L o TREMEIOE R E v, Z 0 X9 7%, BREIC
D SR E AR D I A P b NI EHE R MITEN O R O ZE AL % #EE) SUG & A
TV %o COMBLES UG ISR 40 F T RS 2 7200, HEEEY 2db 5 2L LHI5 7

FIN  AEDRIEEE

A Bk (Rod) b#fifk (Cone) b, 41 (Outer segment), MEi (Inner segment), FHAE (Cell
body) &3 7 A#K (Synaptic terminal) @ 4 DDEGD 5% 5. A WEIZIZI bar FY T %
%¥ait) 74 F (Ellipsoid) & Mifgfk (Cell body) ##: <344 F (Myoid) 3% %, B: £
R O 3 F 4 FIEWNER SN & AR S 2 I DRSS CChEST 2. BHIEE
(Light-adapted) TC, A#4K3 4 A4 FidffEZ L CHAR I + 4 FIRIGHES 5. RS, mHiins &
9 sk FREAMIRE (Pigment epithelium cell) M2 & 5 R BRI AMRAIMEG 2 @Ee & 5 ISHFIRENCR
&) (Pigment dispersed) L, JeAFMEAMEICIE LV —J7, WENHIG (Dark-adapted) T°C, #ff
I FIEMELZ LTEMAI A A R L, T o035 FR A oo BRI mE B E) - 5
% (Pigment aggregated) 3%, ZO X1, BN I 4 A F &R MR o 3R 2 IHRE
PR CHEIEER) L, fIEOWR Y 28T %,
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2% > T2 (B2 1X, Wagner ef al., 1992; Burnside, 2004) .

PR & SERIIEIET 2 EREDS R E CE LY, BERIDEEZEE <, RO D
v, BEIEISIREEC, SR AREICRE L, AR2O Ao TEME Rt 2R LT
{TpoTWhe Wi, BEEENZAMVAREE) L T B8R ORIZENET 2208, et Mk
W7 DFERIZEZAE U v, —F, B OBIERIREET, SEFRITHFAIcRE L, AR
PHADBEN G NEZHELRLT oo T b, BASENLMEMIMRL, 6 FEARA
DEFHRDIREINE 2 D o BRBRAEEIETRZ D 0T, AR, AT 5561
RICIIm &, Lo L, IRN72EGIREEME 2 5wellnE GBf) €5,

Z O &9 AR SO IA YL ORER 252020 1) BEIEISIREE 2> & IS IREE~ DO IT H
LWVIEZF DR OB\RIIE D% L & 205 L ES L ETH S (F121F, Burnside & Nagle,
1983). —4, HHMIREOANAS L5055 DA 2 L CRIEIS IZ8930% (B2 5 B~ ORATIZ AR
HRDONIEZ A AT 5 F TITI05, £ L CTREOBEZ I A3 % F TI2305 2
BCThb,) BTHIEFHMOENTEBY, TNEEE 25 EHEEOHRRIHC LD SO
B PEDZAL & MFLEB) UG AE I —F L TV B b Tldk v,

2-2 R#ARED 55 2 REEMIEA DOERIZE

Hartline (1940) &7 > 7" =)V (Rana catesbeiana) HBIEOFIARRAE (FREIMIL O #h3R
T, M B 15ET 50 AOBAED (EBEN) ML L, Rk A
DD FIRRIB S E LRI E T 5 2 & e Lo 2 ORI & SUREME O 2 5 5
ENE5, M 2R T 2 4 C ORI IZ BB 2 :07%, 16F D IIHMIEICH 5. HiME
R BV THE— D& EMaTH Y, SEICT 7Y U R E 2 & ATV 5,
B O Z A 3D TR E W (HEIRE D 2 WIZHER S BREDS T v v THEEZ /L TE -
TV EDHMELN, ZHEFIFHMEOBEEL ) AT RKE W [#l21E, Copenhagen &
Owen, 1976; Detwiler & Hodgkin, 1979; Wu & Yang, 19881.). L7 L, A CTIZHMIL
(ZFHE L 72BN Y F T A% A L CRRIREMIIB I (RIET 2 125N C, SHEIFILKE
WCRELS D OHHEL 2 b0 M ZRER T 2 MEMIEOZEE AT TH 5 75%, Ml
Lo TZEBORE SHEL L LA, BUSRML TlLZ A8 .0 & B TR Z b))
B2 AL L— ST S BT 2T A2 2 E LI o TWwh (212, Kaneko,
1970)c COZEBIZABMILOAZL ST, 7~ 27 ) VAL EEMREE MR TR 5N
% (Blz12, Kuffler, 1953; Kaneko, 1970) . @I CTRLER S L 7 SR B A SHHAE ETHIE O e
R Ch HHMRAE L B TINET 2 &, KBEFIESIHIZRECRD, ZEHOIRS K
IREIEHER & K& <875 (B121E, Hubel & Wiesel, 1958, 1968). 2 1%, WFLEM D=
KRR I BV T AR ISR OZHFEIHE SN TREL LD, METIERL
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ANy ME (BDWIEEHE) 1250, HEOREWHEEE HOL L) 12h5, Zhud, Wik
DIEREEND A7 & T ZEM O BEIBRD & 9 7% S O IR AT 2720 THAH ) (i
Z 1%, Felleman & Van Essen, 1991) . # & % HFES 21213, IR LN COREKRER
B % & 4o COMRMINIE A 3 5 S 75 5T O W22 B R R R GBI 3 2 BUSHRE 7 & % fR B
FTLUENRHD, ZODOMEIIE L 2STbTwb,

2-2-1 FUEHREDH ) —ON #2E& & OFF #XE—

RURBHIE DO IRZSEE I VIR g P TR & o F 7 A dHE 2 L CEERECRIZNIRE < 7
~ 7)) YR & 2 T AR S, NRIREIE 2 e 2L, A (B
) #9773+ at L CAE CAiEETILE) 24377 39 b LI5S, ON AU LD
IZRIARIIT 77 39 b, £ L C OFF BABMINEOMFEHARIIT 77 I 7 alli®b b 4K,
ON TR EfIE <> ON Bl 7 < 7 ) Mg oBHIRZe#IZH 75 3 b, OFF B EH <
OFF Bl 7~ 7 ) Vil OBHRZGEEIZ T 777 I F a lIMDy, e hoBUsiiig L > ) 7 A
%43, OLH1Z ONEE® & OFF I ARG CIIHEIZ /25 (Famiglietti ef al.,
1977)s 727V IR L WRREHIE ORI, i o A—m I EEM 2L % R A
f1EL, ON-OFF #1 & Zff1F 51T %, ON-OFF B 7~ 27 ) Y Mg NHEIRY 77 5 a
& b OifE | ZBHRZSE %2, £ L T ON-OFF BUAEEifif (SR 77 I ) a & b OFF
IBHIRZSE 2R 5 2 L2 L 5N Twb (Kaneko et al., 1979),

BHEOA L L THIHEOMETL, ON K & OFF #2205 MIREY 77 I Fak bl
Lo THrhTna 2 EPMHEN T % (Famiglietti & Kolb, 1976; Stell et al., 1977; Nelson
et al., 1978; Nelson & Kolb, 1983; Kageyama & Wong-Riley, 1984), L2°L, #xit, 7
v ¥ (Oryctolagus cuniculus) HAIEIZ B WCTHNHEIRE T 2 & 4 70 ON Bt i
YT IF allBHRZSEZMEL TW5 2 DL S5, ON #EE & OFF &l o izt
BN D S B 2 & AR &7z (Hoshi et al., 2009) .

2-2-2 1RAERE D 55 2 REEMIEND S F T ER —ARE B L Uk & DORR—

PR E T AEMS B T OEKIIIFERD D 1), BUBHII L I ZARE & SR o T e A
5 AT % VTSR - SEARIR AT & NCHER D © DA AT & 2T LS SRR o 2 ©
DY A TPHEET S (Stell, 1967; Scholes, 1975; Lasansky, 1978; Wagner, 1978; Ishida et
al., 1980; Dacheux, 1982; Saito et al., 1983, 1985; Van Haesendonck & Missotten, 1984;
Hidaka er al., 1986). I TlE Golgi iE% FH W2 TEREEIIRFZEIC L 0, K - SRR A
BB S R B ok B & UMK, & U CHEA B AU/ 13/ N ol fd 3 &
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DHERBEREH/ L TS IREEAVR SN T w5 (Stell, 1967; Scholess, 1975) . #T4E, Sherry
& Yazulla (1993) 13 » ¥ = A UBMIIL % 2 DOILREIC K 0 08 L, MK - SRR AT 6
TEFEZE U CHER MBI A 9 A 5 2 L 2 U7z

Kaneko et al. (1979) & = 1 8O B A & BB Z b A AL NEEE L, BHBEIEIGIR
REDSE T2 B RIFCANRY MIVIRIED B\ IEARY P VIS ### L7 OFF BAUSMLO
AT MVIBEEHNEIL ARG, 2 L CHREIEI RIS IC R L %25 T 2 R L7, £
72, ON FUBURAIAE CIXRIRNEIG S T T ANRY MIVREZ AL, KIS T ClERLr 74
07 2 L CHIEIGT CTEREHEEDEI R T AR MV eh—8T 52 L 2HLH
IZL7z0 2512, ONHI - OFF BAUGHINE O & 25l — BN ZE B 2B L TB D,
IS DM N DNEIG ST T H BT ORBIMEIHER SN TnE T E b7, 2L T, #k
LR DT A 5 ¥ 7 A AT & 2 HUA BUEAINIE, Stell (1967) %> Scholess (1975)
ARIME L 72 £ 9 IZKIICH B Z & % Pricion yellow (N FEDO—DTHS,) % ELRIKEN
(AU EA S 2 e get:) TR L7, D%, Kaneko & Tachibana
(1981) (FAUGHNE D2 ZFEF 0 & RO HEACHRET 2 17\, R ZILORMEA IR
LGl 3 2 WRIAEE T 5 Z & 2 R L 72,

VI4E, Shimbo et al. (2000) &2 A #lE % HV, ZREHO & BEAO AR XY
MR ZALDOBPED W RNARLE L 2 R L B Z ORI EIARST L Cififin 4
% kS & FRIRE I L CHE R B AU i 0 43 J8 2 1T o 72 ON B & OFF BBUs AT o faf 1
W2 X e RSEA L, RG/B %, R/G/B & R/GB &l 3 *ﬁiﬁ@ SNz, T D
HMINEOFEM Z2 AT ICED &, Ak R EAUBHIIE L 2 13RI B O 3 B\ AKAE L T B & 8
BOENZICTEEEMNZ LD DSH R 3 5 22 B Ot b - B8 st R AU AL &
ZERBP ORI D D ), ZHETFLIIHER 2 R 2B O R - R R
BN ASIEAET A 2 & b R L7 (Kaneko & Tachibana, 1981; Shimbo et al., 2000) . #&
K& LT, RG/BEE R/G/B A ZAEE L EXT - B G e RAUEME, < LT R/GB
RIHS R B hu iRt it - R EE R AU T -5 720 S 512, Shimbo er al. (2000) (XA
W OB AL O EBRAE T %, FeeLMFLA- HRP (Horseradish peroxidase)® % 4tk
BRISEA L, ZORREL MO FHMSEE L7z, ZofR, SEEHOEELOm T
T A2 7R3 RG/B BLI K o AU MAL, & LT R/GB &l & R/G/B AN o BUAs A AL
THoHIEDPHII L7z, ZORRIZ, KEOMBSAR & B ZRHR & 382 BURAH N 25 o) e L o
B LR R T & v ) BEOFERE & b — L7z (Mitarai ef al., 1978; Hashimoto &
Inokuchi, 1980; Kaneko & Tachibana, 1983), L 7%*L, Kaneko et al. (1979) 12X % 21 #
JEDFEE - HEARIR AR AL 3B £ O Shimbo ef al. (2000) 12 & % 7 A HEIE O HEAR E R
AR O A B2 - TRREEHIIZRIC L o C, D &b a4 RO % R 3 2 AU
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et E 2B X O% SRS NIz, RN S, K - SRR AT DO T
IWFZERT G Cld % 22> 720 Sherry & Yazulla (1993) 12 & 2 % > 3 = #i AU AL O L RES- 1)
SPETIEARME - RSN 6 M U CHERHAREL A 9 FEH D SR ISHE (2 A MR AU
MIBOGEOF L THLHEEZEZLENTVS,) bHFIET S I L2 LETV5%5, Kaneko e al.
(1979) & Shimbo et al. (2000) OWFFETH & 2212 7% - 72 BUABEHAE A 15O oML TH %
DOMPIXEDN TR RIZFAETIE S N TR WERISLREA TSR % Z R L 72 AR B2 2E =
7213, BUBHIIE O ERZHIBIRE D b S HICHMIC R Z e3P 5E, Ll
OB R AR F 2 UL, BURMIRE O TZREMY /040 & A B AR R o B AT L 1) BAR LS
7% % A RETEIT RV

I A RBEOFEEACEHNBIL 3 & 4 TSN, TON2 5 A T3tz LTl 44
TR TS %o AL S HEARN ORI MRS 1 & o TRUsME o v — JE L R TR
ZHETORBDSEPIER SND LEZ 5N TW5%5, Shimbo ef al. (2000) 237~ L 72 8k 7
RN ZEAL 2 7R3 BURBRMIIE & KPS A & SEAR A~ O BIFIPEE R & ORIFRIZ OV TIE 4 A
Thrbo NRHEEZ LI, KPFIBIZIE3 2 A TOHEKFHIEE 1 5 4 7 OREKFHIT
PBHHNTWD A, BHEMBO X 9 27 4F - EFREGIIEROP > Twzw (FIZI
Tomita, 1965; Kaneko & Yamada, 1972; Weiler, 1978; Kaneko, 1987; Tukamoto et al.,
1987)0 2% 0, KM IIRE & HEE QRS2 v MBI S 2+ 7 A AT %21
W2 K FHIIBAFTE L 22 WER NI HER S R BIET 2 RS K E CE R Y, 2hetho
TCERBE TR OB R D 2 T T 5 720, ACEMRE~OMEMIE 2 & 0 > F 7 A5k
BHRVWEEZOLNL, LA L, FEREIZS W OREACEHRIE 2 S AN O % 12>
WTIERZEEIIHI STV R,

W FLAEMNE CIIARER D B & AT) % 20T H RGN &, $Efk D Ao A% %) %
HEARRDR BN 5 B o SEARRUBUBAAL I 1S ON U & OFF B[] & A T 0SFAES % 45,
PARTURUBAINZ L 1L ON B L 2 fF7E L vy (B 21X, Wissle er al., 1991), 2% 1), WFLAE
EHHEHOMPBETIE, AL S BUBHIIE~D ¥ F 7 A HFIIKR E LECHPRDO 5N D,

2-2-3 FUBHROEKREVELOA D= L

AL X OHRIZEIET 2 EREN R L2000, BEEMELEEET L L Az
LTV 5D, BERICHMIIEB O BIREEICH ), BUIE RS L-7 v 7 I Y IRE U L C
Vo JERRAHZHEWEMIEAE R T 5 &, BRSO L-7 v ¥ 3 VRGNS &
HWVIEEIET 5, BERFICHAIBH R S SN2 L-7 V8 3 YV ERIZ S 7 A BB % 958K
L, %2 ARSI C o 2 BUBHINGE & KCPFRIIBOBHRZERICH 5 2 F T AL v 77 — 126 E
L, NN 7y —L# ETH A4 2 F v VOB & AT,
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BRI O - RS AR 26 L CB ), IHETFHOB L ORBEAOSLIREH L
) EEMZALDOWIEI LD X 2005 47 (B) (258 E N5, ZHEHHOANOIEHGTH
THAWISE 2R L, ZEEEDNOSIGNZ X > TRPHISE 2 7R3 USRI 2 ON 2L
T, &HDINE Y — &R AUEMIE 2 OFF B AUSGE & /5 (B 21X, Werblin &
Dowling, 1969; Kaneko, 1970, 1973; Saito et al., 1978; Saito & Kujiraoka, 1982; Kaneko &
Tachibana, 1982) . ON # AL Ok ZE# 1213 APB (2-Amino-4-phophonobutyric acid)
vy I VLT — (REEFAER VS I VL2745 —) #%, %72 OFF BUAU®
#IHE 121X KA (Kainic acid)/AMPA (o-Amino-3-hydroxy-5-methyl-4 isoxazolepropionic
acid) M7 VE I VRL LTS — (A4 F v RINVEMB VY I VRLVET Y —) DY
FTALET Y —E LTHIL, TNENOBEEME ks %5 L AZBBL T
% (Bl 21X, Murakami et al., 1975; Nawy & Jahr, 1990, 1991; Villa et al., 1995; Sasaki &
Kaneko, 1996), HfE, ZHEBHHLOFNISE AL S Ol AJ) (Ishida et al., 1980) 2
EoT, L TZEHELONSE AT & Ml 2 #Eh L7z ## A7) (Werblin &
Dowling, 1969; Baylor et al., 1971; Naka & Witkovsky, 1972; Byzov et al., 1977; Toyoda &
Tonosaki, 1978; Schwartz, 1982, 1987, 2002; Kamermans et al., 2001; Hirasawa & Kaneko,
2003; Davenport et al., 2008) 12X > TEKRSNLEEZ LN TS 2-2-45H),

2-2-4 KXFMROBEMNEILE ¥+ T XEE

AR, BED S 2 F T AT % ST HS BRI & Stk & > F T AAT &%
A $EARACERIIZ S 5t s (Bl 21E, Tomita, 1965; Weiler, 1978; Kaneko, 1987) (4%
4 ABI) o AN OKFEMALIZ S KA/AMPA R 7 )V % 3 VL 7% — 5358811, OFF #IA
T & [FIAR LB ST IR B o I FE A 25 L & 38464 5 (Murakami ef al., 1972; Rowe
& Ruddock, 1982a, b; Takahashi & Murakami, 1988)., 5% A3 5 FEEHEEIY OMERRIC
&3 5 4 Toditk Rfadifk, @ik HFag, T2 s IR ATINb 5 72,

54X sAKFHE & ARBKTRI DR RKTFE BRI DR

SR CIIg IR & MR IE T BN G & & F 728G S B - T, SN - T
AR SN DAL DIRERAZ(LIE, ¥ F T AEK T DA E RO E 2 ) L T be R
BRI (77 7ok L) L EARERTMIE (77 70%) LOART PVISEETR L.
MAORTANL S, SEHEH RIS E 2R3 EAMACT IR A 5 T2+ 7T ART %
ZUTHY, Tkt (600 nm L) (ZRIGESBIEREEM L ERT . —77, BT
(&, fkE (520 nm L) ZHRAGE SRR AL 2 RS MR I P R 570 B DISHZ,
TCIREEZR § B RO K E GEo T b o BAUCHHIZTIE 520 nm,  BARMAKCE#HIZTIE 600 nm
DEMIEE G L, TONMER S, FEE L2BEMEL et L, JouieE — BRI Ll
ELTTIy L7z 77T 7 OREIIEIRET I ) R A2 L AT 2 A & Stz (ﬁiﬁl?ﬁt)
R LTWA BT O T A AR THIE L D & 21og (10065) SEESEMED P72
DORESZ MO, AP L L TR EPEIITUI R L TV A 2 LR LTV A,
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UL, IR & ORI D ¥ F 7 A O W TUERZ T 5 2 e T bt Twv
Vo) BFEL, TNZTIIEL S 3 5 4 TOHKAKTMIE (BAREKEME, AKX
AR & AR DS ETE T 50) & ¥ T A LT\ 5o HARMEACERINE X AR o g4
PO EVF T AR, AT IR B IR S T2 F T A AT L CEAHMEARCEAE

FHEOHER2 S FET FTAATN 2T - T 5 (Stell er al., 1975) . #HEAAR LI HEAA
DS 2 L-7 vy I U ERE N H PRS2, 7 HEAOKRERIE A S #ER IS0 S 5
PP 2 X > T b (Bl 21X, Stell et al., 1975; Burkhardt, 1977; Burkhardt & Hassin,
1978; Byzov & Shura-Bura, 1986; Kamermans et al., 2001; Hirasawa & Kaneko, 2003) .
PACERINE 2> & SEARA~ O IRV L, AUSHIIE O Hls — BRI 2 B 5 o B B o 6
MZEALZEBICEEZTH L LEZ LN TS,

FFEOKFEMILIIER Y F T AMEE (Fy v THEE) LTwb7e0, KEHMRBOZHEEIX
WD TIL L, FmmIZET S (Yamada & Ishikawa, 1965; Kaneko, 1971; Stell & Lightfoot,
1975; Witkovsky et al., 1983; Baldridge et al., 1987, 1998; Vaney, 1993) . AL D %758
JADERRS SN b & REZR B & R o s GRS & 3 ) 7 A A S B
I3t L TIPSR O AT S, L-7 V5 I VBRI AN S & 5108V v, 2

DOFER, b~ HAFEIN AT OZFTRDOBEEMZALABN S L& 2 5itb (Werblin
& Dowling, 1969; Baylor et al., 1971; Naka & Witkovsky, 1972; Toyoda & Tonosaki, 1978) o
S 612, Z O XA O = JE 08 AR & SEA I O POt @A | 2R3 5 72012 )
%L - T\ % (Stell & Lightfoot, 1975; Stell et al., 1975; Murakami et al., 1982a, b; Byzov
& Shura-Bura, 1986; Schwartz, 1982, 1987; Kamermans et al., 2001; Hirasawa & Kaneko,
2003),

2-3 JARMEEH 55 3 KRR DIFRImE

BB LB R R 2 IR IR L, 7~ 27 ) YHiles X eI > - 7 A
N%%D, FEMEIZECTHAMIREIZEEENIC 6 @ 5\ IE 7 BICHIG S Twnizgs,
ZDHOWGE (R B TR L 72 s W B el &2 A0 A S e oA S %
IS HEIEARE I L AR T B AR R Y B el o el b iR A) (12X o T, NS
DIEHEED ) v, TrF V) Y GABA RMFERTF PR EOWE T LTS, 5
I END L)% > Tws (FlziE, Scholes & Morris, 1973; Wagner, 1973, 1976;
Scholes, 1975; Marc, 1986; Masland, 2012), & &z, S LA (B DHWITHERER)
(2, MIHEIRRE X ON ZUBUBAIAL I 7' F 3 5 b @ OFF B BUSAMILIEY 77 I Fad 2 @I
BEINTWD (T~ 7)) YHBOMIBEET ORI 2 B2 ~7 7 X+ a € L CrifEEil
NaOFMNBARTE L OWNMIRE 3 @AY 77 I - b eEZONTWD,),
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2-3-1 <7k

FHEBNHENREE 3 MR CH 2 7~ 7 ) YIS iafk = Nk g, 2 L Cibikgeie
ZNHEIREAICME L w5 (iafs & s Eififafg oo 7~ 27 ) Y HIB DfFET 50) 0
F7o, 7~ MR R R v, WHEIRENTT ~ 27 ) MBS A R L
MAsAMNE & > T AT 2 (I A BOPKMTH ST —F [Rutilus rutilus] ORFEIZ1E43
A4 TEDT<s ) SHAEET S [Wagner & Wagner, 19881.) o AUBMIIEFEITEC, Fi
MBI Z RS 7~ 27 ) i, GG RS 2 ON B & #4549 % OFF 2l
2T BN b, FEEMNZ L% /"3 ON #l & OFF #LAMZ, o gl v —# it o
B2 L%E 7R3 ON-OFF B2 E9 %o (Werblin & Dowling, 1969; Kaneko, 1973; Terashini
et al, 1985, 1987)

T O IR E CIRE IR 2 BIRERMICF v v THRESHFEET
Lz, T HMBOZEE I EMIE Y (Naka, 1981; Teranishi ef al., 1985, 1987;
Teranishi & Negishi, 1994; Cook & Becker, 1995). TFEHFHEEWHEE T ~ 27 V) » M2 1X
Hl — FBEHNZEE 2B 25 5 VI3E L TR WHlIBOW 2553 % (Werblin &
Dowling, 1969; Teranishi et al., 1987). ¥ ¥ ¥ a fEI121%, AFHIILO X 5 12 faxt s g %
RTT7) VAT A E bHE SN TS (Kaneko, 1973), F72, w7 A HEKET
<7 ) VHFIIEARRDO AT Z T T B 2 E BB SN2 7% o T b (Sakai & Hashimoto,
1983)

LRI X ALl 7~ 2 ) VIR A 5 — S — 2 F 72 ) VI 7 2o &) (- e
PHOPIZ o TCnE T~ 7)) YIRS 205, B2 GO TEFEEMEED T~ 7
) VA OREFEIZ DWW TIE IS E T v (Amthor & Grzywacs, 1993; Peters &
Masland, 1996; Kolb, 1997; Marc et al., 2014; Strettoi et al., 2018). L2 L, e Mgk (MR
SRR & #¢TIE) (2 — @O B8 % 3843 5 ON-OFF #17 ~ 2 ) > Mg idt o R % 1o 3
Hffifia & LCHREST 2 —H T, BZOMILICZEES LT 2N H 5 (Naka, 1980), £
LT, Z® ON-OFF #l 7~ 27 1) »#iftid ON-OFF B fififia o B 2 b o F84: 125 5-
LTwWa,

P SHFEICE 2R COMBI BT, HHHNE— BUBHH T >R EIHE & v ) et
BT 20U (R & fER) L AUBMINEIE, L-7 vy I VERE MR REDE & LTt
MLTWALZERHLNIIR > TWAS (Flz1X, Dowling, 1987; Copenhagen & Jahr, 1989;
Tachibana & Okada, 1991), Z ORIEEK BT L EEZ LN TWAEKFMEE T~ 271
YL TYH, ZHEOFEHEBIYIMEEL I\ CORESIRRIFA TR B R MR L T 2 v
72WRgEASHED S, KERIRE TIE GABA € L CT7~ 27 ) Y#ifgld GABA & 7'V & 2 »5ffiE
fEEWE L L THBENTWAIZERHRESN TS (F121E, Lam et al., 1978; Hurd &
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Eldred, 1989; Pourcho, 1996; Wu & Maple, 1998; Balasubramanian & Gan, 2014). 7272 L,
T UHMTIRTREFVa) v, F=83 0, kO b U RMRERTF N EOSED
MFAEEME DS SN Twb (Bl 21X, Marc, 1986; Kolb, 1997),

2-3-2 Interplexiform #ifd —MRADE 6 FE OMZMia—

HMifa R NERRE (7~ 27 YAl oMiiEoMT) (THEEL, BREIRZEEDSYHEIREN B
L UOWHIRENTY F 7 AZTET 25 6 % B OMGEMIEA5E M S 1, Interplexiform #fifig
L a iz (PRS2 VIR & EN 2 2 L 03H 5.) (52 X B &)
(Boycott et al., 1975; Dowling & Ehinger, 1975, 1978; Dowling, 1979), Interplexiform iff
JITHHED SHIEE TOL  OFMBWE (FEISHFEET) THESINLTND (f
Z1E, Gallego, 1971; Dowling & Ehinger, 1975; Hashimoto et al., 1980) . Interplexiform
FldifmE W E &L L C R =X V2T A 2 e mesncwd (Blz1E, Dowling et al.,
1975; Dowling, 1989). &7 A +7%—7F (Roccus americanus) fFEIZB\T, F—s33
% 9 % Interplexiform FMAZ L PSRN Tl (BLER) 25583 20w UMM 2 5 &
TAANZRZFIY, L L QKFEMBIICY FTARD L Tw b 2 EHLRE o> TW
% (Zucker & Dowling, 1987). Z®7z%, Interplexiform i IL AN A LMK % FO
WAL CTd 2 2%, m ORI E LTS 2720, MIRND 5 5 4 T ORI (51
Mifa, AUEME, ACEMIRE, 7~ 27 Al eI S IEXBE NS 2 LS ([
f % FE R 9 % A S Interplexiform fHfE % & 0\ 2 L A% \v,) (Dowling, 1989) .

AR5 F—233 Y OEHZ R L7246 R, KPMBOZEES 4 ZICEET 5
Z LAY L7 (Hedden & Dowling, 1978; Negishi & Drujan, 1979a, b, ¢)e 2D X9 %
N =3 U F5- OEREBNEILIREE O ZALIAE - TRFEHIRICAE U2 2 L L ML Tw b
72®, Interplexiform MAZIZ L 5 F— 33 VHUHIBARIEIL R CBR L TWwWaH EEZ H 1
B E)T kol R, F—=33 VIIKTFHIBHOEBR Y F 72 (Fy v 7THe) ZBHT
52 LS E o7 (Teranishi et al., 1983) . BITE, BHNEILIREE T Interplexiform #lfig
o F= 83 VP SN, EORIRPAKFMIZICHNL TS EE 2 5T b (Negishi et
al., 1990; Witkovsky & Dearry, 1991; Djamgoz & Wagner, 1992),

FFEMAIEClE K —/33 23 4 Interplexiform Mg IAMZ, 7)) & v 2§ 4 Inter-
plexiform iz & B 5 22127 > T2 (Marc & Liu, 1984; Kalloniatis & Marc, 1990). L %
L, 779 v %&ii$ % Interplexiform ffE DOFEEEIZ DOV TIIARTH %,

Interplexiform Al (3 CFAENE 2 /i L CBUBGHIE O 0 2 2557 | 252 % W RETEIE m  2s,
HEAAERS EARRERRIC ED X ) IZBIG- L T 2 DD S TIE e v
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2-3-3 iZETHR

FRREEAINE  SHEIE OB TR ISR A S ), NREIRE BRI 2 MR L, MIET 2 E
WSR2 AT A M TH 5 (2 ORI IZHARERAE & I T\ 5,.) . FIEHKE
DR HRRARAME (L 22 L, MEEISET S (Bl21E, Schwassmann & Kruger, 1965; Meyer
& Sperry, 1974) .

HRREI I Z AU 7~ 7 ) YAl S ¥ F T AR =2 TR AR E A AL &
R, ZOREMEIUIGE BN OFEFE (B 5 VITFEGHEE) ~ LA S, AR
MEZRE TR () (12 F TIRZESI NS SRR 2 6tk ) BEEMAIC L -
THET L E, RIBIAEEE B OFEGHHED A4 5 ON B FEGHHEED A %
OFF B, 2 L COHRIBORAG & # TR — @G BB OB EE A B3 %5 ON-OFF &l &
%% (Wagner et al., 1960; Burnside & Dearry, 1986), ON %! & OFF #iZ L &ht 77
IS blall, ZLTON-OFF#Z% 77 I+ ak b OB IZEHRIGREZMITL, BUmA
fadbniE7~270) YAlErs Y- T AAN%ZITH - T (Holmgren-Taylor, 1983) .
% { OMFEEGHIITHO - HOEMZEH 26 LT b,

IARF VX 3 % EOHFHEE TR & R, SR G & OIS b Bt
& RS EIE AT 5 2 E PO E 5T b (Wagner et al., 1960; Witykovsky,
1965; Daw, 1968; Beauchanmp & Daw, 1972; Raynauld, 1972), F72, ¥ FaBLtaA
MM Tl AR HI R © ON 2% & OF OFF BUiE AT ASAEE 3 5 & L 12N R, — D OF#EHE]
MR AR & SR OB 2 S O ATIDFRO LN AMBAFET 52 L bME I TV 5
(Witykovsky, 1965; Beauchanmp & Daw, 1972; Raynauld, 1972), & 512, ¥ Fa T
V35 TEFE O MHREETIEASEAE S 5 2 L 28RS T %  (Cronly-Dillon, 1964; Jacobson
& Gaze, 1964),

3. MRk D S IEETARE A

BHEENV AN B 2 1K & AR TR M ICEE 2 =R H ), ZNENOEMET 208
BRENRLZoTCnD (B, B EEBOBREDE ) . FIHEMEEIZIZHAED >+ T A
) % 20T LS SR BB AU, 2 L CORAR & SR om0 > 7 ZA ) % 1 HL
BIME - SRR AR AMSHIEAFIET 50 D F Y, RO Y F T A MINIMAT L 7285 E T/
<, MRE - SRR A RIAUBAIRZ IS (E SN, BZ S M & AT] % 0 HUA fhRE
oz AL CicE TEIENS (S5 K2 (F 21X, Kaneko et al., 1979; Kaneko, 1983)
—7, WFLEEHEE CIIAEER D >~ 7 A 113 ON BRI 2> & ALl 7~ 2 ) Vil %
7 L C ON B R AUmAN NG & OFF BUBUBAMINE I f2E S, SRR Z A L TRMICE TR
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HBans (B2 &4 6 XEM) (Kolb, 1997; Marc ef al., 2014; Strettoi et al., 2018), =&
£, A (WA, REEE BEHEECHLRBELEZEZONTWA,) LIHFLEO AL OM
BIZBWTE, BEESLMA T CHREST 2250 F 7 AT B KT 52 &
%<, HERORBBIZAML T2,

HREEHI S AU 7~ 2 ) YA S DY F T AANEZIFY, v F T AEMN (§%
BEAMEENZL) 55T 25 HREAILCIE Y - 7 ABMILESEM 05 102
s,

4. #& H V) (Z

B EEBTIE, YR oommE (2 3) ICKE2ESHS R1KZBH), 2ok)
BABBEO P CIEMICHRZ IR EGEHIT 2720, B2 5 EILoBRE CHHEBIY I3
ARSI = VNG RN | DY ARE o R (8

v FORTIE, #EEO/NS LA TH L H0E (FOEOBERIL, 1 mmiZE Lk,
WZHEAR 72 2 B L, & POSEMICMAZ R XD &35 &, MEEHISHLE M2 WA D
Wk wf) Y Y bOBoIRETHEBRT 50 TLE TIEEREREI/NE - BICHET
HZ A, B—#Ao s - 7 A NI —O#ENEME, S5 I2H—O AR
Rzl (BT ISR o G720, —HE TR O NN GRS E O F £
ICE T, 207720, BOTEHWHIIEOLND EEZ 5N TWS, HULEDAOHEIEE

5K AR OMARIE & ARBREE

HaEClE, M (Rod & Cone)—MU#iIlE (Bipolar cell) = f#i#%fi#ilg (Ganglion cell) A#H
TR SRR Th 5o IR & BUBHIL O I LK Pl (Horizontal cell) 35 & OSBUmMNG &
HREETHIIL OB 7~ 7 ) Vil ORENZIEH T v DSFEAET 5o BUIE o Mlie a8 & 4155
¥ & (Outer nuclear layer) &9 o #UMIE, ACTHIE K OSAUBHIIEAS S F- 7 Ak 3 5 B %y
Kk (Outer Plexiform layer) &IFUN, —BUEMINE, 7~ 27V > Mliwlk CHEIAINEAS Y 7 A&
#e3 B L& AEIREE  (Inner plexiform layer) &5, ACEMIRE, AUsMNL, 7~ 20 SHlloM
JfhkDLAES 5 ERAL % ISR S (Inner nuclear layer) & \»9 o HFEIREEIZH 75 3 Fa & b IRy
END, MREEHIOMIEAILE (Ganglion cell layer) ZJEH L, % O#hZR IZHIAREFRHER (Optic
nerve) & 7o CHEMEE (HREZR) 2 <, M R 15ET %,

#ik (Cone) &HHE (Rod) 1374 DKL (4Tl Cone horizontal cell & Rod horizontal
cell Z#MEA7JE [Inner nuclear layer] (Z/h& Hfiva7ze) EAMEIRE T F 7 AR L T2, BUR
MRS 2P o R Z L OBk £o &, ON &l & OFF BllC#H & L%, ON % - OFF o
AU O R, MR &SRO TEMIE > > T AHET 55 4 THHET S LML T D
() 212, Kaneko et al., 1979; Kaneko, 1983). #ifk & DA ) 7 A diik4 2 BUsANIE b # U 54T
BY, IR5OMICREAELREEKEEEZRT Y4 THEET S (B2, Kaneko & Tachibana,
1981, 1983; Shimbo et al., 2000) . WHEIREY 75 3 5 b T ON BAUEHIZIL ON Eltikfifg, <
LCH% 77 35 a T OFF BAUSAMNIE X OFF Bk fifiie & o 7 Ak L, £h2id ON &%
(ON Pathway) & OFF &% L TV b, SO X 912, SR CIImEME (8K & H) o
W% 508422 L7 <, ON & OFF D&% /v L TISEA TW D,
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BTRIFEPEBEWICEL L, ZoMEED 2 &) 128k FERZICH 5 REEE, dl
BZHARTRE V) BT 5. MERLCOBIIZER (SEAEET) THRE EREE
7)) THHLEIZHATH YA (Osterberg, 1935). & % & LIHFLEIMEEIZ B\ Cf
KD F 7 ABIEEBEHIEAN EAE SN D I2E b 5T, Zofign s+ 7 Al
XA 7~ 7)) MR % 3 2 5850 R AR R 1S K o THERMREE MR~ E AT L, iy
W (R ~NEEFEhs (E2 BLUHE 6 KNEH),

SRR LRI 2 WS, SEREE OB WIEIEIAMEAE L, ZoMS L0 L9 12
FIHLCVLREEA S 5 FERICHLEO L ) @A AT 2HEIFEET b.)0 1TV
Z, & MR &) IZHARD RHEER L TIFAES 5 &9 EI3 7% <, W2 06 L Tw
%o HEAD T F 7 A MINSHEA BB ARMNE, FE0 T F T A MIEEE - SERR SRR
Tt 2 A L CHEETHII 2 S0 (B PK) A& %o b, BEITEDNTIE R WS, Wik
BRI B R D AL ETHE T O AR & SR O MHRAINE 2> 5 O A3 He S, M L Rk
(ZHRRD 2 T AT - $ERR G TR 2 /i L ORI IRz S b R
LT (Bl 2L, Bickstrom & Reuter, 1975; Bowling, 1980; Ashmore & Copenhagen,
1983; Hare et al., 1986; Marc et al., 2014; Wang et al., 2016)

INLERET S E, WML TN OFHEB IR CIIRME R LK) 250
ML, 2 L CAUSHIIE 2 & iR ETHII AN D ¥ F 7 X HE I BHE BV DR 5N HOD
W ARARNE O 13 2SR S 2 MM SRS 2 L v ) JUEE L Cwb, o), FHEH)
YIRENEE TSI L 722 R 2 3 505, BRI L2k 2 e 4, difk &
DR EFH L TV b,

ESBOR
ARICPICRILS LT 2R, HABERICED, Lol EXGHRC W

HE 6 WILEMED AL 7~ 7V U #FIC & BRI

FTHEEN & U C, MO OREE LTINS OMEATEE T 2 Mihlgid L < RESh
T oo SR OMIBAEDLE R >+ T AW S —FH L T D (55 MIZBWT, HEOHM
MR @R X3 L 720) o

TETHEB MR & 5 ), HFLEREE OB (Rod) 13 ON BUAUEHENE (Bipolar cell) & A
VFTAEKLTND (OF Y, WHILEREIE I 3R L 7 AT 5 OFF B BURHI A 3 A AE
L7ZV) e Z 0 ON BASAAUBAIIE O KIZH 75 2+ b (sublamina b) (23 525, HEEEHIN
(Ganglion cell) &3> ) 7 AEE$, Al 7~ 27 1) Y#ife (AIl amacrine cell) & L-7)V% 3 >~
% % MR mEW R (Glutamatergic) &3 ALY 7 7 AZ M GRa FaI& &) §5, Al 7~
U Y AIE ON B ARAUmAE & S+ 7 A (Fx v 7#4E [Gap junction]) ($8fidL), ZL T
OFF HUgf (R BUBAIAL I 271) & v & iR W S (Glycinergic) &3 21L&y F 7 A% K (Rt
MEERE) LTwb, 2F), Al 7~ 27 ) YHfIEAREO )% ON # K U° OFF $ERRE 12 3R D
AR EMH S Twb EEZ 515 (Famiglietti & Kolb, 1975; Wissle et al., 1991; Demb &
Singer, 2015) .



B R —

Fre v 238, HAGEERGL 2 A L CHFERLOAITE 072,

(51 A X #l

Adrian, E. D. (1928), The basis of sensation: The action of the sense organs, W. W. Norton & company, Inc.,
New York.

Ali, M. A. (1958), The ocular structure, retinomotor and Photo-Behavioral responses of juvenile pacific
salmon, Canada: University of British Colombia, Ph. D. Thesis (https://open.library.ubc.ca/cIRcle/
collections/ubctheses/831/items/1.0106299).

Ali, M. A. (1975), Retinomotor responses, In Vision in fishes (ed. Ali, M. A.), pp313-355, Plenum Press,
New York.

Ali, M.A. and Crouzy, R. (1968), Action spectrum and quantal thresholds of retinomotor responses in the
brook trout, Salvelinus fontinalis Mitchill, Z. vergl. Physiol., 59: 86—89.

Ammermiiller, J. and Kolb, H. (1995), The organization of turtle inner retina Il Analysis of color-corded and
directionally selective cells, J. Comp. Neurol., 358: 35-62.

Amthor, F. R. and Grzywacs, N. M. (1991), The nonlinearity of the inhibition underlying retinal directional
selectivity, Vis Neurosci., 6: 197—206.

Amthor, F. R. and Grzywacs, N. M. (1993), Directionally selectivity in vertebrate ganglion cells, In Visual
motion and its role in the stabilization of gaze (eds. Miller, F. A. and William, J.), pp77-99, Elsevier
Science Publishers, Amsterdam.

Arey, L. B. and Mundt, G. H. (1941), A persistent diurnal rhythm in visual cones, Anat. Rec., 79 (Suppl.):
2-5.

Ashmore, J. F. and Copenhagen, D. R. (1983), An analysis of transmission from cones to hyperpolarizing
bipolar cells in the retina of the turtle, J. Physiol., 340: 569-597.

Biickstrom, A. C. and Reuter, T. (1975), Receptive field organization of ganglion cells in the frog retina: Con-
tributions from cones, green rods and red rods, J. Physiol., 246: 79—-107.

Baldridge, W. H., Ball, A. K. and Miller, R. C. (1987), Dopaminergic regulation of horizontal cell gap junc-
tion particle density in goldfish retina, J. Comp. Neurol., 265: 428—436.

Baldridge, W. H., Vaney, D. I. and Weiler, R. (1998), The modulation of intracellular coupling in the retina,
Sem. Cell Develop. Biol., 9: 311-318.

Barlow, H. B. and Levick, W. R. (1965), The mechanism of directionally selective units in rabbit’s retina, J.
Physiol., 178: 477-504.

Balasubramanian, R. and Gan, L. (2014), Development of retinal amacrine cells and their dendritic stratifica-
tion, Curr. Ophthalmol. Rep., 2: 100—106.

Baylor, D. A., Fuortes, M. G. F. and O’Brayan, P. M. (1971), Receptove fields of cones in the retina of the
turtle, J. Physiol., 214: 265-294.

Baylor, D. A., Lamb, T. D. and Yau, K.-W. (1978), Responses of retinal rods to single photon, J. Physiol.,
288: 613-634.

Beauchamp, R. D. and Daw, N. W. (1972), Rod and cone input to single goldfish optic nerve fibers, Vision
Res., 12: 1201-1212.

Boll, F. (1876), Zur Anatomie und Physiologie der Retina, Momatsber. Akad. Wiss. Berlin, 41: 783—787.

Bowling, D. B. (1980), Light responses of ganglion cells in the retina of the turtle, J. Physiol., 299: 173—196.

Bowling, D. B. and Wieniawa-Narkiewicz, E. (1986), The distribution of on- and off-centre X- and Y-like
cells in the A layers of the cat’s lateral geniculate nucleus, J. Physiol., 375: 561-572.

Bowmaker, J. K. (2008), Evolution of vertebrate visual pigments, Vision Res., 48: 2022-2041.

Bowmaker, J. K. and Hunt, D. M. (2006), Evolution of vertebrate visual pigments, Curr. Biol., 16: R484—
R489.

Boycott, B. B., Dowling, J. E., Fisher, S. K., Kolb, H. and Laties, A. M. (1975), Interplexiform cells of the



SRR O SRR & AR S

mammalian retina and their comparison with catecholamine-containing retinal cells, Proc. R. Soc. Lond.
B, 191: 353-368.

Bridges, C. D. B. (1964a), Periodicity of absorption properties in pigments based on vitamine A2 from fish
retinae, Nature, 203: 303-304.

Bridges, C. D. B. (1964b), Variation of visual pigment amongst individuals of an American minnow,
Notemigonus Crysoleucas Boscii, Vision Res., 4: 233-239.

Bridges, C. D. B. (1964c), Effect of season and environment on the retinal pigments of the two fishes, Nature,
203: 191-192.

Bridges, C. D. B. (1965a), Absorption properties, interconversions and environment adaptation of pigments
from fish photoreceptors, Cold Spr. Harb. Symp. Quart. Biol., 30: 317-334.

Bridges, C. D. B. (1965b), The grouping of fish visual pigments about preferred positions in the spectrum,
Vision Res., 5: 223-238.

Bridges, C. D. B. (1965c¢), Variability and relationships of fish visual pigments, Vision Res., 5: 239-251.

Burnside, B. (2004), Light and circadian regulation of retinomotor movement, In Concepts and challenges in
retinal biology (eds. Kolb, H., Ripps, H. and Wu, S.), pp477-485, Elsevier Scientific B. V., Amsterdam.

Burnside, B. and Dearry, A. (1986), Cell motility in the retina, In The retina: A model foe cell biological
studies (eds. Adler, R. and Farber, D.), pp151-206, Academic Press, New York.

Burnside, B. and Nagle, B. (1983), Retinomotor movements of photoreceptors and retinal pigment epithelium:
Mechanisms and regulation, Prog. Retin. Res., 2: 67—109.

Burkhardt, D. A. (1977), Responses and receptive-field organization of cones in perch retinas, J. Neurophysiol.,
40: 53-62.

Burkhardt, D. A. and Hassin, G. (1978), Influences of cones upon chromatic- and luminosity-type horizontal
cells in pikeperch retinas, J. Physiol., 281: 125-137.

Byzov, A. L. and Shura-Bura, T. M. (1986), Electrical feedback mechanism in the processing of signals in the
outer plexiform layer of the retina, Vision Res., 26: 33—44.

Byzov, A. L., Golubtzov, K. V. and Trifonov, J. A. (1977), The model of mechanism of feedback between
horizontal cells and photoreceptors in vertebrate retina, In Vertebrate Photoreception (eds. Barlow, H. B.
and Fatt, P.), pp265-274, Academic Press, London.

Cajal, S. R. (1892), La rétine des vertébrés, La Cellule, 9: 119-257. (Thorpe, S. A. and Glickstein, M.
(1973), trans., “The structure of the retina”, Charles C. Thomas publisher, Springfield).

Chinen, A., Hamaoka, T., Yamada, Y. and Kawamura, S. (2003), Gene duplication and spectral diversification
of cone visual pigments of zebrafish, Genetics, 163: 663-675.

Collin, S. P. and Trezise, A. E. O. (2004), The origins of colour vision in vertebrates, Clin. Exp. Optom., 87:
217-223.

Collin, S. P,, Davies, W. L., Hart, N. S. and Hunt, D. M. (2009), The evolution of early vertebrate photore-
ceptors, Phil. Trans. R. Soc. Lond. B, 364: 2925-2940.

Collin, S. P., Knight, M. A., Davies, W. L., Potter, I. C., Hunt, D. M., and Trezise, A. E. (2003), Ancient
colour vision: Multiple opsin genes in the ancestral vertebrates, Curr. Biol., 13: R864—R865.

Conway, J. L. and Schiller, P. H. (1983), Laminar organization of tree shrew dorsal lateral geniculate nucleus,
J. Neurophysiol., 50: 1330—1342.

Cook, J. E. and Becker, D. L. (1995), Gap junctions in the vertebrate retina, Microsc. Res. Tech., 31: 408 —
419.

Copenhagen, D. R. and Owen, W. G. (1976), Coupling between rod photoreceptors in a vertebrate retina,
Nature, 260: 57-59.

Copenhagen, D. R. and Jahr, C. E. (1989), Release of endogenous excitatory amino acids from turtle photo-
receptors. Nature, 341: 536-539.

Cronly-Dillon, J. R. (1964), Units sensitive to direction of movement in goldfish optic tectum, Nature, 203:
214-215.

Dacheux, R. F. (1982), Connections of the small bipolar cells with the photoreceptors in the turtle: An elec-
tron microscope study of Golgi-impregnated, gold-toned retinas, J. Comp. Neurol., 205: 55-62.



B R —

Davenport, C. M., Detwiler, P. B. and Dacey, D. M. (2008), Effects of pH buffering on horizontal and gan-
glion cell light responses in primate retina: Evidence for the proton hypothesis of surround formation, J.
Neurosci., 28: 456—464.

Davies, W. L., Collin, S. P. and Hunt, D. M. (2009a), Adaptive gene loss reflects differences in the visual
ecology of basal vertebrates, Mol. Biol. Evol., 26: 1803—-1809.

Davies, W. L., Carvalho, L. S., Tay, B. H., Brenner, S., Hunt, D. M. and Venkatesh, B. (2009b). Into the blue:
Gene duplication and loss underlie color vision adaptations in a deep-sea chimaera, the elephant shark
Callorhinchus milii, Genome Res., 19: 415-426.

Daw, N. W. (1968), Colour-coded ganglion cells in the goldfsh retina: Extension of their receptive fields by
means of new stimuli, J. Physiol., 197: 567-592.

de Busserolles, F., Cortesi, F., Helvik, J. V., Davies, W. 1. L., Templin, R. M., Sullivan, R. K. P., Michell,
C. T., Mountford, J. K., Collin, S. P., Irigoien, X., Kaartvedt, S. and Marshall, J. (2017), Pushing the
limits of photoreception in twilight conditions: The rod-like cone retina of the deep-sea pearlsides, Sci.
Adv., 3: 1-12 (https://advances.sciencemag.org/content/3/11/eaao4709) .

Demb, J. B. and Singer, J. H. (2015), Functional circuitry of the retina, Annu. Rev. Vis. Sci., 1: 263-289.

Denton, E. J. and Shaw, T. I. (1963), The visual pigments of some deep-sea elasmobranchs, J. Mar. Biol.
Assoc. U. K., 43: 65-70.

Detwiler, P. B. and Hodgkin, A. L. (1979), Electrical coupling between cones in turtle retina, J. Physiol., 291:
75-100.

Djamgoz, M. B. A. and Wagner, H. -I. (1992), Localization and function of dopamine in the adult vertebrate
retina, Neurochem. Int., 20: 139-191.

Douglas, R. H. (1982), An endogenous crepuscular rhythm of rainbow trout (Salmo gairdneri) photome-
chanical movements, J. Exp. Biol., 96: 377—-388.

Dowling, J. E. (1979), A new retinal neurone: The interplexiform cell, Trends Neurosci., 2: 189-191.

Dowling, J. E. (1987), The retina: an approachable part of the brain, Belknap Press of Harvard University
Press, Cambridge.

Dowling, J. E. (1989), Neuromodulation in the retina: The role of dopamine, Semin. Neurosci., 1: 35-43.

Dowling, J. E. and Ehinger, B. (1975), Synaptic organization of the amine-containing interplexiform cells of
the goldfish and Cebus monkey retina, Science, 188: 270—-273.

Dowling, J. E. and Ehinger, B. (1978), The interplexiform cell system I Synapses of the dopaminergic
neurons of the goldfish retina, Proc. R. Soc. Lond. B, 201: 7-26.

Dowling, J. E., Ehinger, B. and Hedden, W. L. (1976), The interplexiform cells: A new type of retinal neuron,
Invest. Ophthalmol. Vis. Sci., 15: 916-926.

Du Bois-Reymond, E. (1849), Untersuchungen iiber Thierische Elektricitit, Zweiter Band, Erste Abtheilung,
Berlin: Georg Reimer.

Ebrey, T. and Koutalos, Y. (2001), Vertebrate photoreceptors, Prog. Retin. Eye Res., 20: 49—-94.

Ebrey, T. G. and Takahashi, Y. (2001), Photobiology of retinal proteins, In Photobiology for the 21th Century
(eds. Coohill, T. and Valenzeno, D.), pp101—133, Valdenmar, Overland Park (Kansas).

Engstrom, K. (1960), Cone type and cone arrangement in the retina of some cyprinids, Acta Zool., 41: 277~
295.

Euler, T., Haverkamp, S., Schubert, T. and Baden, T. (2014), Retinal bipolar cells: Elementary building blocks
of vision, Nat. Rev. Neurosci., 15: 507-519.

Famiglietti, E. V. and Kolb, H. (1975), A bistratified amacrine cell and synaptic circuitry in the inner plexi-
form layer of the retina, Bain Res., 84: 293-300.

Famiglietti, E. V. and Kolb, H. (1976), Structural basis for ON- and OFF-center responses in retinal ganglion
cells, Science, 194: 193-195.

Famiglietti, E. V., Kaneko, A. and Tachibana, M. (1977), Neuronal architecture of ON and OFF pathways to
ganglion cells in carp retina, Science, 198: 1267 —1269.

Felleman, D. J. and Van Essen, D. C. (1991), Distributed hierarchical processing in the primate cerebral
cortex, Cereb. Cortex, 1: 1-47.



SRR O SRR & AR S

Gallego, A. (1971), Horizontal and amacrine cells in the mammal’s retina, Vision Res., Suppl 3: 33-50.

Gartner, W. (2000), Invertebrate visual pigments, In Handbook of Biological Physics Vol. 3 (eds. Stavenga,
D. G., DeGrip, W. J. and Pugh Jr., E. N.), pp297-388, Elsevier Science, Amsterdam.

Hanaoka, T. and Fujimoto, K. (1957), Absorption spectrum of a single cone in the carp retina, Jpn. J.
Physiol., 7: 276-285.

Hare, W. A., Lowe, J. S. and Owen, W. G. (1986), Morphology of physiologically identified bipolar cells in
the retina ofthe tiger salamander, Ambystoma tigrinum, J. Comp. Neurol., 252: 130—138.

Hargrave, P. A., McDowell, J. H., Curtis, D. R., Wang, J. K., Juszczak, E., Fong, S. L., Rao, J. K. and Argos,
P. (1983), The structure of bovine rhodopsin, Biophys. Struct. Mech., 9: 235-244.

Hartline, H. K. (1938), The response of single optic nerve fibers of the vertebrate eye to illumination of the
retina, Am. J. Physiol., 121: 400-415.

Hartline, H. K. (1940), The receptive fields of optic nerve fibers, Am. J. Physiol., 130: 690—699.

Hashimoto, Y. and Inokuchi, M. (1980), Characteristics of second order neurons in the dace: Physiological
and morphological studies, Vision Res., 21: 1541-1550.

Hashimoto, Y., Abe, M. and Inokuchi, M. (1980), Identification of the interplexiform cell in the dace retina
by dye-injection method, Brain Res., 197: 331-340.

Hedden, W. L. and Dowling, J. E. (1978), The interplexiform cell system. II. Effects of dopamine on goldfish
retinal neurons, Proc. R. Soc. Lond. B, 201: 27-55.

Hidaka, S., Christensen, B. N. and Naka, K.-I. (1986), The synaptic ultrastructure in the outer plexiform layer
of the catfish retina: A three-dimensional study with HVEM and conventional EM of Golgi-impregnated
bipolar and horizontal cells, J. Comp. Neurol., 247: 181-199.

Hirasawa, H. and Kaneko, A. (2003), pH changes in the invaginating synaptic cleft mediate feedback from
horizontalce 1ls to cone photoreceptors by modulating Ca’" channels, J. Gen. Physiol., 122: 657-671.

Hirokawa, K. and Armstrong, W. E. (1988), A versatile means of intracellular labelling: Injection of biocytin
and its detection with avidin conjugates, J. Neurosci. Methods, 25: 1-11.

Holmgren-Taylor, I. (1983), Synapses in the inner plexiform layer in a cyprinid fishs, Cell Tiss. Res., 229:
337-350.

Hood, D. C. and Finkelstein, M. A. (1986), Sensitivity to light, In Handbook of perception and human per-
formance, Vol. 1 (eds. Boff, K. R., Kaufman, L. and Thomas, J. P.), Chapter 5, ppl —66, Wiley, New
York.

Hoshi, H., Liu, W.-L., Massey, S. C. and Mills, S. L. (2009), ON inputs to the OFF layer: Bipolar cells that
break the stratification rules of the retina, J. Neurosci., 29: 8875—8883.

Hubel, D. H. and Wiesel, T. N. (1959), Receptive fields of single neurones in the cat’s striate cortex, J.
Physiol., 148: 574-591.

Hubel, D. H. and Wiesel, T. N. (1968), Receptive fields and functional architecture of monkey striate cortex,
J. Physiol., 195: 215-243.

Hunt, D. E., Rawlinson, N. J. F., Thomas, G. A. and Cobcroft, J. M. (2015), Investigating photoreceptor den-
sities, potential Visual acuity, and cone mosaics of shallow water, temperate fish species, Vision Res., 111:
13-21.

Hurd, L. B. and Eldred, W. D. (1989), Localization of GABA- and GAD-like immunoreactivity in the turtle
retina, Vis. Neurosci., 3: 9-20.

Holm, E. (1925), Demonstration of hemeralopia in rats nourished on food devoid of fat-soluble-A-vitamin,
Amer. J. Physiol., 73: 79-84.

Imamoto, Y. and Shichida, Y. (2014), Cone visual pigments, Biochim. Biophys. Aata, 1837: 664—673.

Ishida, A. T., Stell, W. T. and Lightfoot, D. O. (1980), Rod and cone inputs to bipolar cells in goldfish retina,
J. Comp. Neurol., 191: 315-335.

Jacobs, G. H. (2009), Evolution of colour vision in mammals, Phil. Trans. R. Soc. Lond. B, 364: 2957—2967.

Jacobs, G. H. and Rowe, M. P. (2004), Evolution of vertebrate colour vision, Clin. Exp. Optom., 87: 206~
216.

Jacobson, M. and Gaze, R. M. (1964), Type of visual response from single units in the optic tectum and optic



B R —

nerve of the goldfish, Q. J. Exp. Physiol., 49: 199-2009.

Johns, P. R. and Easter, S. S. (1977), Growth of the adult goldfish eye. II. Increase in retinal cell number, J.
Comp. Neurol., 176: 331-342.

Kageyama, G. H. and Wong-Riley, M. T. T. (1984), The histochemical localization of cytochrome oxidase in
the retina and lateral geniculate nucleus of the ferret, cat, and monkey, with particular reference to retinal
mosaics and on/off-center visual channels, J. Neurosci., 4: 2445-2459.

Kalloniatis, M. and Marc, R. E. (1990), Interplexiform cells of the goldfish retina, J. Comp. Neurol., 297:
340-358.

Kamermans, M., Fahrenfort, I., Schultz, K., Janssen-Blenhold, U., Sjoerdsma, T. and Weiler, R. (2001),
Hemichannel-mediated inhibition in the outer retina, Science, 292: 1178—-1180.

Kaneko, A. (1970), Physiological and morphological identification of horizontal, bipolar and amacrine cells
in goldfish retina, J. Physiol., 207: 623-633.

Kaneko, A. (1971), Electrical connexions between horizontal cells in the goldfish retina, J. Physiol., 213:
95-105.

Kaneko, A. (1973), Receptive field organization of bipolar and amacrine cells in the goldfish retina, J.
Physiol., 235: 133-153.

Kaneko, A. (1983), Retinal bipolar cells: Their function and morphology, Trends Neurosci., 6: 219-223.

Kaneko, A. (1987), The functional role of retinal horizontal cells, Jpn. J. Physiol., 37: 341-358.

Kaneko, A. and Tachibana, M. (1981), Retinal bipolar cells with double colour-opponent receptive field,
Nature, 293: 220-222.

Kaneko, A. and Tachibana, M. (1983), Double color-opponent receptive fields of carp bipolar cells, Vision
Res., 23: 381-388.

Kaneko, A. and Yamada, M. (1972), S-potential in the dark-adapted retina of the carp, J. Physiol., 227:
261-273.

Kaneko, A., Famiglietti, E. V. and Tachibana, M. (1979), Physiological and morphological identification if
signal pathways in the carp retina, IN Neurobiology of chemical transmission (eds. Otsuka, M. and Hall,
Z.W.), pp235-251, John Wiley & Sons Inc., New York..

Kavaliers, M. (1979a), Pineal involvement in the control of circadian rhythmicity in the lake ehub, Couesius
plumbeus, J. Exp. Zool., 209: 33-40.

Kavaliers, M. (1979b), The pineal organ and circadian organization of teleost fish, Rev. Can. Biol., 38:
281-292.

Kavaliers, M. (1980), Circadian locomotor activity rhythms of the burbot, Lota lota: Seasonal differences in
period length and the effect of pinealectomy, J. Comp. Physiol., 136: 215-218.

Kavaliers, M. (1981a), Seasonal effects on the freerunning rhythm of circadian activity of longnose dace
(Rhinichthys cataractae), Environ. Biol. Fish., 6: 203 —206.

Kavaliers, M. (1981b), Circadian organization in white suckers, Catostomus commersoni: The role of the
pineal organ, Comp. Biochem. Physiol., 68A: 127-129.

King. D. P., Zhao, Y., Sangoram, A. M., Wilsbacher, L. D., Tanaka, M., Antoch, M. P., Steeves, T. D.,
Vitaterna, M. H., Kornhauser, J. M., Lowrey, P. L., Turek, F. W. and Takahashi, J. S. (1997), Positional
cloning of the mouse circadian Clock gene, Cell, 89: 641-653.

Kitai, S. T. and Wilson, C. J. (1982), Intracellular labeling of neurons in mammalian brain, In Cytochemical
methods in neuroanatomy (eds. Chan-Palay, V. and Palay, S. L.), pp553—-549, Alan R. Liss, New York.

Kolb, H. (1997), Amacrine cells of the mammalian retina: Neurocircuitry and functional roles, Eye, 11:
904-923.

Kuffler, S. W. (1953), Discharge patterns and functional organization of mammalian retina, J. Neurophysiol.,
16: 37-68.

Kiihne, W. (1878), Uber den Sehpurpur, Untersuchungen aus dem Physiologischen Institut der Univ.
Heidelberg (Erster Band), pp15—103, Carl Winter’s Universitatsbuchhandlung, Heidelberg.

Lam, D. M., Lasater, E. M. and Naka, K.-I. (1978), Gamma-Aminobutyric acid: A neurotransmitter candidate
for cone horizontal cells of the catfish retina, Proc. Natl. Acad. Sci., 75: 6310—6313.



SRR O SRR & AR S

Lamb, T. D., Collin, S. P. and Pugh, E. N. (2007), Evolution of the vertebrate eye: opsins, photoreceptors,
retina and eye cup, Nat. Rev. Neurosci., 8: 960-976.

Lasansky, A. (1978), Contacts between receptors and electrophysiologically identified neurones in the retina
of the larval tiger salamander, J. Physiol., 285: 531-542.

Lehman, M. N., Silver, R., Gladstone, W. R., Kahn, R. M., Gibson, M. and Bittman, E. L. (1987), Circadian
rhythmicity restored by neural transplant. immunocytochemical characterization of the graft and its inte-
gration with the host brain, J. Neurosci., 7: 1626—1638.

Lettvin, J. Y., Maturana, H. R., McCulloch, W. S. and Pitts, W. H. (1959), What the frog’s eye tells the frog’s
brain, Proceedings of the Institute of Radio Engineers, 49: 1940—1951.

Levine, J. S. and MacNichol Jr, E. E. (1982), Color vision in fishes, Sci. Am., 246: 140—149.

Liebman, P. A. and Entine, G. (1964), Sensitive low-light-level microspectrophotometer: Detection of photo-
sensitive pigments of retinal cones, J. Opt. Soc. Am., 54: 1451-1459.

Lyall, A. H. (1957), Cone arrangements in teleost retinae, J. Cell Sci., 98: 189-201.

Maranto, A. R. (1982), Neuronal mapping: A photooxidation reaction makes lucifer yellow useful for electron
microscopy, Science, 217: 953-955.

Marc, R. E. (1986), Neurochemical stratification in the inner plexiform layer of the vertebrate retina, Vision
Res., 26: 223-238.

Marc, R. E. and Liu, W.-L. S. (1984), Horizontal cell synapses onto glycine-accumulating interplexiform cells,
Nature, 312: 266—269.

Marc, R. E. and Sperling, H. G. (1976), The chromatic organization of the goldfish cone mosaic, Vision Res.,
16: 1211-1224.

Marc, R. E., Anderson, J. R., Jones, B. W., Sigulinsky, C. L. and Lauritzen, J. S. (2014), The AIl amacrine
cell connectome: A dense network hub, Front. Neural Circuits, 8: 1-13 (https://doi.org/10.3389/
fncir.2014.00104).

Marks, W. B. (1965a), Visual pigments of single goldfish cones, J. Physiol., 178: 14-32.

Marks, W. B. (1965b), Visual pigments of single goldfish cones, Ciba foundation symposium on colour
vision: Physiology and experimental psychology (eds. DeReuck, A. V. S. and Knight, J.), pp208-216,
Little, Brown and Company, Boston.

Masland, R. H. (2012), The neuronal organization of the retina, Neuron, 76: 266—280.

Matsumoto, Y., Fukamachi, S., Mitani, H. and Kawamura, S. (2006), Functional characterization of visual
opsin repertoire in Medaka (Oryzias latipes), Gene, 371: 268—278.

Matthiessen, L. (1880), Untersuchungen iiber den Aplanatismus und die Periscopie der Krystalllinsen in den
Augen der Fische, Pflugers Arch. Gesamte Physiol. Menschen Tiere, 21: 287-307.

Meyer, R. L. and Sperry, R. W. (1974), Explanatory models for neuroplasticity in retinotectal connections, In
Plasticity and recovery of function in the central nervous system (eds. Stein, D. G., Rosen, J. J. and
Butters, N.), pp45-63, Academic Press, New York.

Mitarai, G., Goto, T. and Takagi, S. (1978), Receptove fieldarrangement of color-opponent bipolar and ama-
crine cells in the carp retina, Sensory Processes, 2: 375-382.

Moore, R. Y. and Eichler, V. B. (1972), Loss of a circadian adrenal corticosterone rhythm following suprachi-
asmatic lesions in the rat, Brain Res., 42: 201-206.

Morgan, J. and Thompson, I. D. (1993), The segregation of ON- and OFF-center responses in the lateral
geniculate nucleus of normal and monocularly enucleated ferrets, Vis. Neurosci., 10: 303-311.

Munz, F. W. (1958a), The photosensitive retinal pigments of fishes from relatively turbid coastral waters, J.
Gen. Physiol., 42: 445-459.

Munz, F. W. (1958b), Photosensitive pigments from the retinae of certain deep-sea fishes, J. Physiol., 140:
220-235.

Murakami, M. and Shimoda, Y. (1977), Identification of amacrine and ganglion cells in the carp retina, J.
Physiol., 264: 801-818.

Murakami, M., Otsu, K. and Otsuka, T. (1972), Effects of chemicals on receptors and horizontal cells in the
retina, J. Physiol., 227: 899-913.



B R —

Murakami, M., Ohtsuka, T. and Shimazaki, H. (1975), Effects of aspartate and glutamate on the bipolar cells
in the carp retina. Vision Res, 15: 456-458.

Murakami, M., Shimoda, Y., Nakatani, K., Miyachi, E.-I. and Watanabe, S.-1. (1982a), GABA-mediated
negative feedback from horizontal cells to cones in carp retina, Jpn J. Physiol., 32: 911-926.

Murakami, M., Shimoda, Y., Nakatani, K., Miyachi, E.-I. and Watanabe, S.-I. (1982b), GABA-mediated
negative feedback and color opponency in carp retina, Jpn. J. Physiol., 32: 927-935.

Naka, K.-1. (1980), A class of a catfish amacrine cells respond preferentially to objects which move vertically,
Vision Res., 20: 961-965.

Naka, K.-1. (1981), Direct electrical connections between transient amacrine cells in the catfish retina,
Science, 214: 462—-464.

Naka, K.- I. and Rushton, W. A. H. (1966), S-potentials from colour units in the retina of fish (Cyprinidae),
J. Physiol., 185: 536-555.

Naka, K.-I. and Witkovsky, P. (1972), Dogfish ganglion cell discharge resulting from extrinsic polarization of
the horizontal cells, J. Physiol., 223: 449-460.

Nathans. J. and Hogness, D. S. (1983), Isolation, sequence analysis, and intron-exon arrangement of the gene
encoding bovine rhodopsin, Cell, 34: 807-814.

Nawy, S. and Jahr, C. E. (1990), Suppression by glutamate of cGMP-activated conductance in retinal bipolar
cells, Nature, 346: 269-271.

Nawy, S. and Jahr, C. E. (1991), cGMP-gated conductance in retinal bipolar cells is suppressed by the
photoreceptor transmitter, Neuron, 7: 677-683.

Negishi, K. and Drujan, B. (1979a), Reciprocal changes in center and surrounding S potentials of fish retina
in response to dopamine, Neurochem. Res., 4: 313-318.

Negishi, K. and Drujan, B. (1979b), Effects of catecholamines and related compounds on horizontal cells in
the fish retina, J. Neurosci. Res., 4: 311-334.

Negishi, K. and Drujan, B. (1979¢), Similarities in effects of catecholamine and dopamine on horizontal cells
in the fish retina, J. Neurosci. Res., 4: 335-349.

Negishi, K., Teranishi, T. and Kato, S. (1990), The dopamine system of the teleost fish retina, Prog. Retin.
Res., 9: 1-48.

Nelson, R. and Kolb, H. (1983), Synaptic patterns and response properties of bipolar and ganglion cells in the
cat retina. Vision Res., 23: 1183-1195.

Nelson, R., Famiglietti, E. V. and Kolb, H. (1978), Intracellular staining reveals different levels of stratification
for on- and off-center ganglion cells in cat retina, J. Neurophysiol., 41: 472-483.

Norton, T. T., Rager, G. and Kretz, R. (1985), ON and OFF regions in layer IV of striate cortex, Brain Res.,
327: 319-323.

Okano, T., Kojima, D., Fukada, Y., Shichida, Y. and Yoshizawa, T. (1992), Primary structures of chicken cone
visual pigments: Vertebrate rhodopsins have evolved out of cone visual pigments, Proc. Natl Acad. Sci.,
89: 5932-5936.

Osterberg, G. (1935), Topography of the layer of rods and cones in the human retina, Acta Ophthalmol.,
Suppl. 6: 1-103.

Ovchinnikov, Yu. A. (1982), Rhodopsin and bacteriorhodopsin: Structure-function relationships, FEBS Lett.,
148: 179-191.

Palacios, A. G., Varela, F. J., Srivastava, R. and, Goldsmith, T. H. (1998), Spectral sensitivity of cones in the
goldfish, Carassius auratus, Vision Res., 38: 2135-2146.

Parry, J. W., Carleton, K. L., Spady, T., Carboo, A., Hunt, D. M. and Bowmaker, J. K. (2005), Mix and match
color vision: Tuning spectral sensitivity by differential opsin gene expression in Lake Malawi cichlids,
Curr. Biol., 15: 1734-1739.

Peters, B. N. and Masland, R. H. (1996), Responses to light of starburst amacrine cells, J. Neurophysiol., 75:
469-480.

Pourcho, R. G. (1996), Neurotransmitters in the retina, Curr. Eye Res., 15: 797-803.

Purves, D. and Hadley, R. D. (1985), Changes in the dendritic branching of adult mammalian neurones



SRR O SRR & AR S

revealed by repeated imaging in situ, Nature, 315: 404—-406.

Raynauld, J. P. (1972), Goldfish retina: sign of the rod input in opponent color ganglion cells, Science, 177:
84-85.

Rowe, J. S. and Ruddock, K. H. (1982a), Hyperpolarization of retinal horizontal cells by excitatory amino
acid neurotransmitter antagonists, Neurosci. Lett., 30: 251-256.

Rowe, J. S. and Ruddock, K. H. (1982b), Depolarization of retinal horizontal cells by excitatory amino acid
neurotransmitter agonists, Neurosci. Lett., 30: 257-262.

Saito, T. and Kujiraoka, T. (1982), Physiological and morphological identification of two types of on-center
bipolar cells in the carp retina, J. Comp. Neurol., 205: 161-170.

Saito, T., Kondo, H. and Toyoda, J.-1. (1978), Rod and cone signals in the on-center bipolar cells: Their
different ionic mechanisms, Vision Res., 18: 591-595.

Saito, T., Kujiraoka, T. and Yonaha, T. (1983), Connections between photoreceptors and horseradish peroxi-
dase-injected bipolar cells in the carp retina, Vision Res., 23: 353-362.

Saito, T., Kujiraoka, T., Yonaha, T. and Chino, Y. (1985), Reexamination of photoreceptor-bipolar connectivity
patterns in carp retina: HRP-EM and Golgi-EM studies, J. Comp. Neurol., 236: 141-160.

Sakai, H. and Hashimoto, Y. (1983), Rod input to amacrine cells in the dace retina, Brain Res., 270: 345—349.

Sakmar, T. P., Menon, S. T., Marin, E. P. and Awad, E. S. (2002), Rhodopsin: insights from recent structural
studies. Annu. Rev. Biophys. Biomol. Struct., 31: 443 -484.

Sasaki, T. and Kaneko, A. (1996), L-glutamate-induced responses in Off-type bipolar cells of the cat retina,
Vision Res., 36: 787-795.

Sato, K., Yamashita, T., Kojima, K., Sakai, K., Matsutani, Y., Yanagawa, M., Yamano, Y., Wada, A., Iwabe, N.,
Ohuchi, H. and Shichida, Y. (2018), Pinopsin evolved as the ancestral dim-light visual opsin in verte-
brates, Commun. Biol., 1: 1-10 (https://www.nature.com/articles/s42003-018-0164-x).

Sawaki, Y., Nihonmatsu, I. and Kawamura, H. (1984), Transplantation of the neonatal suprachiasmatic nuclei
into rats with complete bilateral suprachiasmatic lesions, Neurosci. Res., 1: 67—72.

Scholes, J. H. (1975), Colour receptors, and their synaptic connexions in the retina of a cyprinid fish, Phil.
Trans. R. Soc. Lond. B, 270: 61-118.

Scholes, J. and Morris, J. (1973), Receptor-bipolar connectivity patterns in fish retina, Nature, 241: 52-54.

Schwartz, E. A. (1982), Calcium-independent release of GABA from isolated horizontal cells of the toad
retina, J. Physiol., 323: 211-227.

Schwartz, E. A. (1987), Depolarization without calcium can release y-aminobutyric acid from a retinal neuron,
Science, 238: 350-355.

Schwartz, E. A. (2002), Transport-mediated synapses in the retina, Physiol. Rev., 82: 875-891.

Schwassmann, H. O. (1968), Visual projection upon the optic tectum in foveate marine teleosts, Vision Res.,
8: 1337-1348.

Schwassmann, H. O. and Kruger, 1. (1965), Organization of the visual projection upon the optic tectum of
some freshwater fish, J. Comp. Neural., 124: 113-126.

Sherry, D. M. and Yazulla, S. (1993), Goldfish bipolar cells and axon terminal patterns: A Golgi study, J.
Comp Neurol., 329: 188-200.

Shimbo, K., Toyoda, J.-1., Kondo, H. and Kujiraoka, T. (2000), Color-opponent responses of small and giant
bipolar cells in the carp retina, Vis Neurosci., 17: 609-621.

Shichida, Y. and Imai, H. (1998), Visual pigment: G-protein-coupled receptor for light signals, Cell Mol. Life
Sci., 54: 1299-1315.

Shichida, Y. and Matsuyama, T. (2009), Evolution of opsins and phototransduction, Phil. Trans. R. Soc. Lond.
B., 364: 2881-2895.

Somiya, H. and Tamura, T. (1973), Studies on the visual accommodation in fishes, Jpn. J. Ichthyol., 20:
193-206.

Stell, W. K. (1967), The structure and relationships of horizontal cells and photoreceptor-bipolar synaptic
complexes in goldfish retina, Am. J. Anat., 121: 401-424.

Stell, W. K. and Lightfoot, D. O. (1975), Color-specific interconnections of cones and horizontal cells in the



B R —

retina of the goldfish, J. Comp. Neurol., 159: 473-502.

Stell, W. K., Ishida, A. T. and Lightfoot, D. O. (1977), Structural basis for on- and off-center responses in
retinal bipolar cells, Science, 198: 1269-1271.

Stell, W. K., Lightfoot, D. O., Wheeler, T. G. and Leeper, H. F. (1975), Goldfish retina: Functional polariza-
tion of cone horizontal cell dendrites and synapses, Science, 190: 989-990.

Stephan, F. K. and Zucker, 1. (1972), Circadian rhythms in drinking behavior and locomotor activity of rats
are eliminated by hypothalamic lesions, Proc. Natl. Acad. Sci., 69: 1583—-1586.

Stewart, W. W. (1978), Functional connections between cells as revealed by dye-coupling with a highly fluo-
rescent naphthalimide tracer, Cell, 14: 741-759.

Stockman, A. and Sharpe, L. T. (2006), Into the twilight zone: The complexities of mesopic vision and lumi-
nous efficiency, Ophthalmic Physiol. Opt., 26: 225-239.

Strettoi, E., Masri, R. A. and Griinert, U. (2018), AIl amacrine cells in the primate fovea contribute to phot-
opic vision, Sci. Rep., 8: 1-12 (https://www.nature.com/articles/s41598-018-34621-2).

Strettoi, E., Novelli, E., Mazzoni, F., Barone, 1. and Damian, D. (2010), Complexity of retinal cone bipolar
cells, Prog. Retin. Eye Res., 29: 272-283.

Stretton, A. O. and Kravitz, E. A. (1968), Neuronal geometry: Determination with a technique of intracellular
dye injection, Science, 162: 132—-134.

Sugita, Y. (1925), Studien iiber die physiologische und pathologische Verteilung der lipoiden Substanzen im
Auge, speziell in der Netzhaut, Albrecht von Graefes Archiv fiir Ophthalmologie, 115: 260—285.

Surridge, A. K., Osorio, D. and Mundy, N. L. (2003), Evolution and selection of trichromatic vision in
primates, Trends Ecol. Evol., 18: 198-205.

Svaetichin, G. (1953), The cone action potential, Acta Physiol. Scand., 29 (Suppl. 106): 565—600.

Svaetichin, G. (1956), Spectral response curves from single cones, Acta Physiol. Scand., 39 (Suppl. 134):
17-46.

Svaetichin, G., Negishi, K. and Fatehchandi, R. (1965), Cellular mechanisms of a Young-Hering visual
system, Ciba foundation symposium on colour vision: Physiology and experimental psychology (eds.
DeReuck, A. V. S. and Knight, J.), pp178-207, Little, Brown and Company, Boston.

Tachibana, M. and Okada, T. (1991), Release of endogenous excitatory amino acids from ON-type bipolar
cells isolated from goldfish retina, J. Neurosci., 11: 2199-2208.

Takahashi, K.-I. and Murakami, M. (1988), Subtype of excitatory amino acid receptor in cone horizontal cells
of the carp retina as specified by reversal potential measurement technique, Neurosci. Res., 5: 453-464.

Tanaka, G., Parker, A. R., Hasegawa, Y., Siveter, D. J., Yamamoto, R., Miyashita, K., Takahashi, Y., Ito, S.,
Wakamatsu, K., Mukuda, T., Matsuura, M., Tomikawa, K., Furutani, M., Suzuki, K. and Maeda, M.
(2014), Mineralized rods and cones suggest colour vision in a 300Myr-old fossil fish, Nat. Commun., 5:
1-5 (https://www.nature.com/articles/ncomms6920)

Tamura, T. (1957a), A study of visual perception in fish, especially on resolving power and accommodation,
Bull. Japan. Soc. Sci. Fish., 22: 536-557.

Tamura, T. (1957b), On the relation between the intensity of illumination and the shifting of cones in the fish
retina, Bull. Japan. Soc. Sci. Fish., 22: 742-746 (in Japanese).

Tamura, T. and Wisby. W. J. (1963), The visual sense of pelagic fishes, especially the visual axis and accom-
modation, Bull. Mar. Sci., 13: 433-448.

Tansley, K. (1931), The regeneration of visual purple: Relation to dark adaptation and night blindness, J.
Physiol., 71: 442-458.

Tei, H., Okarnura, H., Shigeyoshi, Y., Fukuhara, C., Ozawa, R., Hirose, M. and Sakaki, Y. (1997), Circadian
oscillation of a mammalian homologue of the Drosophila period gene, Nature, 389: 512-516.

Terakita, A. (2005), The opsins, Genome Biol., 6: 1-9 (http://genomebiology.com/2005/6/3/213).

Teranishi, T. and Negishi, K. (1994), Double staining of horizontal and amacrine cells by intracellular injec-
tion with lucifer yellow and biocytin in carp retina, Neuroscience, 59: 217-226.

Teranishi, T. and Negishi, K. and Kato, S. (1983), Dopamine modulates S-potential amplitude and dye-
coupling between external horizontal cells in carp retina, Nature, 301: 243 -246.



SRR O SRR & AR S

Teranishi, T., Negishi, K. and Kato, S. (1985), Correlations between photoresponse and morphology of
amacrine cells in the carp retina, Neurosci. Res., Suppl. 2: S211-S5226.

Teranishi, T., Negishi, K. and Kato, S. (1987), Functional and morphological correlates of amacrine cells in
carp retina, Neuroscience, 20: 935-950.

Tomita, T. (1965), Electrophysiological study of the mechanisms subserving color coding in the fish retina,
Cold Spring Harb. Symp. Quant. Biol., 30: 559-566.

Tomita, T., Kaneko, A., Murakami, M. and Pautler, E. L. (1967), Spectral response curves of single cones in
the carp, Vision Res., 7: 519-531.

Tomizuka, J., Tachibanaki, S. and Kawamura, S. (2015), Phosphorylation-independent suppression of light-
activated visual pigment by arrestin in Carp rods and cones, J. Biol. Chem., 290: 9399-9411.

Toyoda, J.-I. and Tonosaki, K. (1978), Effect of polarization of horizontal cells on the on-centre bipolar cell
of carp retina, Nature, 276: 399—-400.

Tsukamoto, Y., Yamada, M. and Kaneko, A. (1987), Morphological and physiological studies of rod-driven
horizontal cells with special reference to the question of whether they have axons and axon terminals, J.
Comp. Neurol., 255: 305-316.

Van Haesendonck, E. and Missotten, L. (1984), Synaptic contacts between bipolar and photoreceptor cells in
the retina of Callionymus lyra L, J. Comp. Neurol., 223: 387-399.

Vaney, D. L. (1993), The coupling pattern of axon-bearing horizontal cells in the mammalian retina, Proc. Roy.
Soc. Lond. B, 252: 93—-101.

Villa, P.,, Kurahashi, T. and Kaneko, A. (1995), L-glutamate-induced responses and cGMP-activated channels
in three subtypes of retinal bipolar cells dissociated from the cat, J. Neurosci., 15: 3571-3582.

Wagner, H.-J. (1973), Die nervisen Netzhautelemente von Nannacara anomala (Cichlidae, Teleostei), Z.
Zellforsch. Mikrosk. Anat., 137: 63-86.

Wagner H.-J. (1976), Patterns of Golgi impregnated neurons in a predator type fish retina, In Neural princi-
ples in vision (eds. Zettler, F. and Weiler, R.), pp7-26, Springer-Verlag, Berlin.

Wagner, H.-J. (1978), Cell types and connectivity patterns in mosaic retinas, Adv. Anat. Embryol. Cell Biol.,
55:1-81.

Wagner, H.-J., Kirsh, M. and Douglas, R. H. (1992), Light dependent and endogenous circadian control of
adaptation in teleost retinae, In Rhythm in fishes (ed. Ali, M. A.), pp255-291, Plenum Press, New York.

Wagner, H. G., MacNichol, E. F. and Wolbarsht, M. L. (1960), The response properties of single ganglion cell
in the goldfish retina, J. Gen. Physiol., 43: 43-62.

Wagner, H.-J. and Wagner, E. (1988), Amacrine cells in the retina of a teleost fish, the roach (Rutilus rutilus):
A Golgi study on differentiation and layering, Phil. Trans. Roy. Soc. Lond., 321: 263-324.

Wald, G. (1935a), Vitamin A in eye tissues, J. Gen. Physiol., 18: 905-915.

Wald, G. (1935b), Carotenoids and the visual cycle. J. Gen. Physiol., 19: 351-371.

Wald, G. (1936), Pigments of the retina. I. The bull frog, J. Gen. Physiol., 19: 781-795.

Wald, G. (1937), Visual purple system in fresh-water fishes, Nature, 139: 1017-1018.

Wald, G. (1958), The significance of vertebrate metamorphosis, Science, 128: 1481 —1490.

Wang, J., Jacoby, R. and Wu, S. M. (2016), Physiological and morphological characterization of ganglion
cells in the salamander retina, Vision Res., 119: 60-72.

Wissle, H., Yamashita, M., Greferath, U., Griinert, U. and Miiller, F. (1991), The rod bipolar cell of the
mammalian retina, Visual Neurosci., 7: 99-112.

Weiler, R. (1978), Horizontal cells of the carp retina: Golgi impregnation and Procion-Yellow injection, Cell
Tiss. Res., 195: 515-526.

Welsh, J. H. and Osborn, C. M. (1937), Diurnal changes in the retina of catfish, Ameriurus nebulosus, J.
Comp. Neuro., 66: 349-359.

Welsh, D. K., Logothetis, D. E., Meister, M. and Reppert, S. M. (1995), Individual neurons dissociated from
rat suprachiasmatic nucleus express independently phased circadian firing rhythms, Neuron, 14: 697-706.

Werblin, F. S. and Dowling, J. E. (1969), Organization of the retina of the mudpuppy, Necturus maculosus 11
Intracellular recording, J. Neurophysiol., 32: 339-355.



B R —

Wigger, H. (1941), Diskontinuitit und Tagesrhythmik in der Dunkelwanderung retinaler Elemente, Z. vergl.
Physiol., 28: 421-427.

Witkovsky, P. (1965), The spectral sensitivity of retinal ganglion cells in the carp, Vision Res., 5: 603-614.

Witovsky, P. and Dearry, A. (1991), Functional roles of dopamine in the vertebrate retina, Prog. Retin. Res.,
11: 247-292.

Wikovsky, P., Nelson, J. and Ripps, H. (1973), Action spectra and adaptation properties of carp photorecep-
tors, J. Gen. Physiol., 61: 401-423.

Witkovsky, P, Owen, W. G. and Woodworth, M. (1983), Gap junctions among the perikarya, dendrites, and
axon terminals of the luminosity-type horizontal cell of the turtle retina, J. Comp. Neurol., 216: 359-368.

Wu, S. M. and Maple, B. R. (1998), Amino acid neurotransmitters in the retina: A functional overview, Vision
Res., 38: 1371-1384.

Wu, S. M. and Yang, X.-L. (1988), Electrical coupling between rods and cones in the tiger salamander retina,
Proc. Natl. Acad. Sci., 85: 275-278.

Yamada, E. and Ishikawa, T. (1965), The fine structure of the horizontal cells in some vertebrate retinae, Cold
Spring Harb. Symp. quant. Biol., 30: 383-392.

Yokoyama, S. (1997), Molecular genetic basis of adaptive selection: Examples from colour vision in verte-
brates, Ann. Rev. Genet., 31: 315-336.

Yokoyama, S. (2000), Molecular evolution of vertebrate visual pigments, Prog. Retin. Eye Res., 19: 385-419.

Yokoyama, S. and Yokoyama, R. (1996), Adaptative evolution of photoreceptors and visual pigments in
vertebrates, Annu. Rev. Ecol. Syst., 27: 543-567.

Yoshizawa, T. (1984), Photophysiological functions of visual pigments, Adv. Biophys., 17: 5-67.

Zaunreiter, M., Junger, H. and Kotrschal, K. (1991), Retinal morphology of cyprinid fishes: A quantitative
histological study of ontogenetic changes and interspecific variation, Vision Res., 31: 383-394.

Zucker, C. L. and Dowling, J. E. (1987), Centrifugal fibers synapse on dopaminergic interplexiform cells in
the teleost retina, Nature, 330: 166—168.

(x]

1) oL L, travy— =) & L) igiE s ¢ M OROEREE EE LAIE 2N
2GR T B2 ENTEDL, HE L SMbND R, HERREIZIDEETH 5, Ll & I3
(AR H 2T 2 BT 2 gt sV F—TH Y, HAIZT v b (W) TRSNLPHETDH
%) I POIROKICHTLIEEEZEEBLZHLSTHY, HAIEIV—2Y (Im) THhb, KELIZ
TR BEFED FANBIF SN L0 MES R L, ol % VAR TH - 7 THALIE Y 7T (ed) T
HbHo BELIIEELOHENMICALEOML S 2R L, BEAMEYS7 D ICASHT 28RO & TH
vz A (Ix) TH oo W4E, BPAGRAOHL SR Ov—2 ), Z L TRELEMOE S $12i3
FRE V7 R) TERBEEND LD L,

I M A2 BET S L ZIWEOUEEZRTY, HTFLLTOMEDR->TBY, TORTELET L
W55 BlzAE, REEFEASKHICHEED #ECE &, 1 sec MICKED E CYemT-5x el CHl - 72D s
THRBEEE 2, Thbh, BRTFEEELE, 1sec 2 1 m® ICHEET 2R THEERT 2, 5T
AR, ERTHE mol #VCEHT 2 (787 Fuk [6.03x107 1H]) Ok T4 1 mol Th
%o)o EBZIE, mol TiEAR, EHIC3MEE Lzumol Z Va2 A% v, 2F ), SLolifik
L i, ymol/mz/s (& 5 i photons/mz/sec ERBEN L) &% Do D HALH umol /m* s
(photons/m*/sec) T b¥ytr, ZOHMHEDEAL A KTREE (Light intensity) ZLe EBT 5 L0, &
FH#HEE (photon flux density) OZALEFHT 5 LM TH %o AW TIIOHALL LT
HHERE) DB, FEOWENNZRE T2 L)% &, B ANVF—2WETLI LD 5,

%i%lﬁﬁ%OI$W¥~d%®ﬁﬁuioT§&éﬁ,E=h%(E:%l$w¥~,h:7?y7

ER, ¢ DME, A o) HeIUE, EERTFESS T AN F-AOMEI TR TDH S,
2)  WHFLAEHEE O BUBHIIZ X S 1R & MR ORI D % o HERAUEMIE & LT ON Bl & OFF BAMETES 545, 17



3)

SRR O SHE ML & A RRE R

RAAEHIIIZ 1 ON B L A L v (55 6 KIS MR) (B 212, Strettoi et al., 2010; Euler et al., 2014;
Demb & Singer, 2015) . #EATAARAINLIL ON B & OFF Bt i2 2 2 o i iiie 2 > 5 7 2 @ik
LTwab, LA L, BASEMIIZMREMILE > F 728K L Twiav, AL 7~ 27 ) Sk
RURRSOHNG & B PE S - 7 A (-7 Vv I VR E WRMmEW E & 35 2 F 7 A [Glutamatergic] #
WMAEIET.) L, BRAY T TR (v 7HEE) &4 L CHifR ON BRI & 8% LT\ b [ERIC, 20
All 7= 2 ) ¥ #ifai: OFF BUAUSHIAL I JIHITE S - 7 A L Tnw b (7)) v v 2 MiR(EEmE & 35
¥+ 7' A [Glutamatergic] ##%% 189 .) (Kolb, 1997; Marc et al., 2014; Strettoi et al., 2018), O F 1),
All 7~ 7)Y Ml A2 S O % #Ek ON & #ifk OFF BUBHINEIZ > F 7 A& L, HERRERE % F)
LTI St CoBURIERE P IC(EE L T b (Famiglietti & Kolb, 1975; Wiissle er al.,
1991),

t bolRi, ITEOMEEIC L) BEILEELSZAL L CTHRERNICA 2 em 2 E L T\ 5, BT, DI
ML, BEFLASB 728, HRERNICA A MO ED 2 50 BOFIZ, WP CHREALIZ S 20, BRERMIC
ADKDOEIEHAT S, ZORILEZEOZEILT 1 log (1085) BEOLREAIMTTHETH 5, D
% 2 5 A4 TONESZMERILO R, FMRIBES RO T, MM T CHMEINICH 2HE O
EZEWE) ThiHu N7 Y VIFEOLENRECO ML, R R AT, v MEBICIE, o, kM
RO 3 IS T HHARDD 5o HIIx T B B, BT (BM) TlkBRES %78, ok
BN CIEREREL 2ve BENSMT T, MRS H % SEMRYIETNIC & % SEARSLI B St e a i < 40
L, HHRE L MR T A, 0 2 MO UMY EH o BT & & oI (BIEI2bE 2/
SR TOBE AL T L, WA SEWHT Otmo/hS 2500 &5 WIEE2I60 2% TS
BE L CIFM2REE T UL, IRAMOEEGICEN, RAICRMEZELS L9120 5, ZOIREZRINFAS
LV BEIES &1, BMRICT R7 Y UGl s B35 L, 20~400 ORI LETH b —T,
ET SNSRI A L, ERICILCELAD, LIZSTh 8BNS, TR Ao K7y v
PEE (R L, ColiET Ry, TORMBEOHESELLBRTHY), BHET 5,

B ERCIE, W RIS E2EDL 2 EPWMEETH B BIZIE, M2 BEICIREEIC Lzwvw e &,
B e 1 ~ 2 BRI CHIT 3 40 IRERD S BENEISIRRED ML 2 i 3 2 LA D 2356 (BI21E F
BERREE AR 2R T %0), ARG H 5 \ITIRYMRZ R L 725 EH 2 L CHRIBREEAR 2 ER 5 % o
M & BANEISIREE I Lo e & —EONIECHT L T %,

HEZE BEH) AL, F=hT74 7> - YALHDLWIIHNER L SIS D) 1, #9248 JE L C
BT HAEMFEN LB SR 2 8 L, i oY (@, fil), WESLEERE) ICHET 5. BIWIZIEN
TR B HE D i b > TB Y, BHOAEFH R B T L 24O HYTEHT 5, 20N
TEREME 2 ARNIREEE (EAKIRERT) LIPA TV 2o ARNIRERHE24IE I I — 3 L 72 B &2 5o b1y Tld e <
AR ORI ER O & F EF 220 (FRKRT) 1230, RNIEEHIDH 2 WA X L B A 248
M s NS, HRICAEZ 2800 (SAEEY) ORFERNT & LT, QR0 (BRoZl), @i
BEGREE - WE Rkl &) 2SHMesNTw5b,

WAL IR L7281 (EFLE) <t T80 ) XAREIERVE Y EHED ) X LDHET 5
Z L %&R L7 (Moore & Eichler, 1972; Stephan & Zucker, 1972) . iz, R E#BRFIC L2 X
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SR L S N A BRI SOS Y, MRS OA L ST HEZE#Z2 Ry 2 EFmonTns (Blz
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ABHFE S 7z (Kitai & Wilson, 1982) . HRP{EA%, DAB (3,3’-Diaminobenzidine Tetrahydrochloride)

12 & o CHA S EMEMORELZBE T L LA TE D, HRP (AN 2 R0 A AR LAIB I £ C
iﬁéf 9, BHIRZGERLBIRE KD & ) Lh/NEBOBIEIZ#E L Twb, LA L, HRPIZT 7 ZE /N
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RS2 H MRS 2 RV R 121X A4 4 > F v AOVH R S L, SR CIGBI A A 384 3
Bo {HEVEM TR (MERERIL, T TARKRESIEEIN D) AT TREL, ¥ F T A%
RIS TR EW E A U %0 BARIIIZ, ¥ 7 ARGREERIE 20 & H il S - w2 B 1
DI TAMBEREL, > TABMRMEICEHT A S TALE TS LEAL, ZOLET Y —
EHBT LA G F v RV EREE L T F T RAEMEERT b VT T AEMIIEEMEOEEZ
ILTHY, ¥ F 7 AR & B S R R E O L RERICRAT L T b, v T AR
WA IZ DY F T AEEDPEIEL, TNEHD Y F 7T AATTOREZRMBINEAE U, Rl ihs
IR CIGBI RS T 40 FEIEMOIRIFIE—ETH Y, HBEMMED - T ABMITHREEMEIC S
WOIEB M OFFFICLBm I N D,

Adrian (1928) (%, A7 & DI 5 BTN O MEEI R 12 81T 5 BRTEB O #%2
RS, WA EEA T 2 IREVEA O ZEFH AR O & LR 2 R 2 LM L7z, Szl
FEWZR L7201, Hartline (1938) 12 & % 7 TV O B —HUEEHEHE D> © OIGBY BN 2 Mg/ 555 2 g
Thbo HTINVOIRIE BT 2 L IFHDENT 2 ON M, SO IR %248 79 2 L 384D
BInd % OFF 8, Z L OO & BUFHE T 138G AT — 1 12384 5 ON-OFF B2 d 5
LR L7z BLARERHE SRR AL O MR TH D, MR BRI T & 2 iR ETIE T
TR SN EHEROEBEM ISR S, MICESND 2 EZHLNI Lz, 2Dk, Lettvin et al.
(1959) (2 &b, T VREBREMES Ty 2, NERMA TV 27 FOEE), EOErELwvo
7o L) EERBEIER L S, MICESNTWD 2 EATRENTZ,

(8 = & #Al

FEERIZIE, HRER 30 cm © a4 (Cyprinus carpio) % M\ 7zo ) 2 BERIRENEIG & 872 3 A & oK FPRRIFR
L. WEEER, s X OHBOmM 2 20 L7z fObEoRERIIT T, IRERE R, AriREs, AKiks X O
FHREREZL, ZOHBMIBAE FIZ LTI RIS S, FIREREREARZ ER L7,

FIMEAEAE AR 2 FEAHENICE &, ) =% | me/r ot TN L 72. TiRIE, EREEE TRH20T 12
Frl7zo IADIEFY 7 —loMKE, 102.0 mM ik Y 724 (NaCl), 28.0 mM FEjREES ~Y 7 4
(NaHCO,), 2.6 mM it 724 (KCD, 1.0 mM #ift7 v v 4 (CaCly), 1.0 mM $fb~ 274> 4
(MgCL,), 10.0 mM 7V —2 (Glucose), 5.0 mM Tris-hydroxymethyl-aminomethane (Tris) T& 572 Y
UH =W O pH L, 1 N-#EEE (HC) % Hwv ikl 7z, EMF DL <L, Nacalai Tesque Inc., Kanto
Chemical Co. 3 & Uf Katayama Chemical Co. 7>l A L 72,

WA ZEAL A MLNRE S 5 720, 7T AEM/NEmE 72, 77 AEM/NERIZEBERREE (PN-3, &
eFE) %Mo T, Omega dot ¥ 4 7@ borosilicate 1477 AE 2 HAFE L7z, EHRANIZIE 4 M- FEfRA7 Y
2 (CH,COOK) #FH L7z, BEHIKHTIX 40~80 MQ Td -7z, eFMEDEHIH - U % & &,
CNEAHEMRE L7z, BERMOSFCESNLES (F T AEM/NEBEHOME) 2 L TR ORER &6t
B EREEICLC, R RA LRSI KR T 2 2 & 2 ke L7z BRI 3 st N RS H i
EHEES: (MEZ-8201, HANE) #4LCrHiaAxra—7 (VC-10, HANE) CTHEZEL, FM7T—% 12—



SRR O SHE ML & A RRE R

¥ — (A-45, Sony-Magnescale) ZFIH L TS T — 7ICRE Lo REIIS LT, KEMBEET—5 L
I—=F—THAEL, *rLa—%— (RIG4100, HAGE) IZifkl 7z,

HHRFONME LT 150 W Ft 2/ VIESE (748K 2wz, SONEPETLIhEE—L A7) v
=2 & o T2 HIMIGT, FNENONEEIZBIATHE T4 8 & Bt 4 #4372 (Tomita ef al., 1967) . KD —
Jidr 5 480 nm (Ffa) 2 LCHI)i2 5 620 nm (ffa) O HENEE SEE T (8.2x 10° photons/um’/sec)
L CRIBEREIEAE AR O NS E 777 S MBI TG L 720 Jemld, SElsIC & AEEREE O ND 7 1 )V % — (Neutral
density filter) % i & FHEI L 720 SGHFRIIL, MILOFEETH 800 msec Th o720

FUBEREA RS, FBEREIE O FICREE S U N B8 12 7 7 AERUNER 2 25 L, MM
Ja 2 & AR A T Lo T 887z, I A MEOKEHIZIZRE T, NBREIZL > T E Bl
LIRS 2720, T AER/NEBRE FEFKE P S B T um #H5 L, Z2RRE 2 ADREMABING,
480 nm & 620 nm DEAGE L IG5 L, WY A 75 2K FHEoM s S BEM LSBT S
TVLOEHHNTEIENTED, SHI1, FEhELLzHAEE 400 nm 225 740 nm F T 20 nm %
A CRIBEREME ARG L CARY MVIRE R RLERT 5 &, KFEMILD S 4 TR2IEET 5 I LA TE S, flZ
X, HEARACTEHIIE A~ OB A DS 31U, A, D 52 WIEEHAEoRENELEZ RT AR Y
INEDEIE NS (55 4 ARG I Z AL D Z_ 7 P VISEERIRL720) . — 7, AT
(AR A DRI UL, SR 4 < 52 2 RERREE A2 F 3 A EEMZLs BN G, 2ok &, JuiE
B3 2~3 log (ﬁ - ﬁ] WD ST ANY M VIRERRET B L, 520~560 nm HE I BRI
% (55 4 AL FSE) o



