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ABSTRACT

The retinae of Todmrodes pacificus and Octopus minor are divided into four layers that are an outer segment,
a rod bagze region, an inner segment, and a plexiform layer, respectively. The retina of Octo pus minor i about
20 pm thicker (400~420 pum) than that of Todavodes pacificus (385~400 prm).

A retina is composed of vimal cells and supporting cells. The microvilli of length 0.6—0.7pm are pacled
densely on top of the sapporting cells of Ceto pus minor while they are not found in Todarodes pacificus.

The vimal cells and supporting cells have pigment granules that exclude light. In case of Todwrodes
perctficus, the pigment gramules of the visual cell are larger (2.0 0.5 pm) than thoze of the supporting cell (1.0
X 0.3 pm). But, the sizes of both cells are similar in Octo pus minor.

In the upper portion of a visual cell, microwvilli shaped lile a comb are forming a rhabdome (diameter, 60
nrn) of a hexagonal structure. The rhabdome consists of 4 thabdomere and the total area of a rhabdom of
Octopus minor 1z larger than that of Todarodes parcificus.

The gynaptosome constricting a plexiform layer in Todarodes pacificus are divided into two types, each of
which pogsess electron dense core vesicles and electron lcent vesicles, respectively. Octopus minor also hag
two types of gynaptosomes but each type comprizes a mixnture of electron denze vesicles and electron necent

vesicles, and electron lucent vesicles only, respectively, which iz different from the case of Todarodes

pecificus,
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F=7} (cephalopoda) 2Fehe]] 3 AFE ¢|n] 1
A7) Zabwe] gpe dF7} Ak o %c}(sChultzc,
1869; Grenacher, 1886; Rawitz, 1891; Lenhossek, 1894).

E3] Grenacher (1886) =2Z|3H AFE Z&A
FE7re b x e FRFEE 29 (compound
eye)d FARRE WEfS] thabdomeo® FAH| it
7 v o gl

At r A 91 g7 w2 d7ARE d9 F
27k e Fash o8 FANT Qe PHALY
mH| Fz27t w3 (Fernandez-Moran, 1958; Wolken,
1958; Moody & Robertzon, 1960; Zonana, 1961;

Famamoto et al, 1963; Cohen, 1973; Saibil & Hewat,

1987).

S 27 A Aastg2 254l (thodopein)
# w2 F 2 (retinochrome) Y & F FF7F 4l
™, 254192 rhabdomerede] HAE gl v,

#H= ¢ = e 2 myeloid bodyZellsd 34= wf L
o2 #led e} (Fukushima et al., 1980; Robles st al,,
1987; Hara & Hara, 1991).

# 2 Robles st al, (1993)5F Torrss et al. (199712
74 ® (light)= ¥ (duk) T2 221& 447
FU+ AF e 745 rthabdomes] A
ABHAA AR, WAA BaHe Al TR
sohe 3512 4FE%E Sioh 3 o5 Toe
FA e MEE 4 3 (photoreceptor cell) =&
X)ZEA) 2 (wizual cell}2} A= M| E (supporting cell)
¥ S0 slew, e Er A (pigment
granule)a =4 o Z {EE I 4=
segments) 2 & 5 gl T st (Yamada &
Usulura, 1982; Robles etal., 1984).

B3] FHegdEe A gENE TR {%i
=A% rhabdomerer} x5 vt <82 A =
|73 F2EB(FA 300~1,0004)2 o]F|A »l—l—
(Moody & Robertson, 1980), thabdome2 47]4] rha-
bdomere (retinal rods) 2 FA = gz sedct
{Cohen, 1973).

Zonana (1961) 27
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4 Y (inner and outer

F Loligo pealiiz] w=Feh2

SN, A Y 5
= Feutin yed, Feadze Azdda
myeloid body7} ﬂ%ﬂ—-ﬂ] O]Ei Hrz Hefal
AFxH 2 HE =D ALYt (dense lamellas) FF
& JehdAd s st (Fernandez—Morgan, 1958), 2
2t Moody & Robertson (1960)2 H3FEB2| uiwf
A7 gL WHAE A4 4 FEolFT =
oyt

F57he v FAEke Al e A AA 22
oAl TR Fobeh o2k Aelrt gy Aoz dF
A A =2 A9% QAN e AR
e AAE AFT =Rl =F ARl o
gt Azl A Qe Ledels A
HAdxg Azz wgd FAste HedEs AR
Az e 2k s ARG A (aynaptosome) &
2oz 439 A% T 3 AolFel VHH
o]l BIstaal gt

AME U

B Aged AR e Sevet dEEdA A
At 2 Al (Todarodes pacificus) ¥ A& =
(Qctopus minor)Z., 30% sthyl aleohol-2 A43] #H-}
ato] o AIAl o, e HET = "Afsle] =F
oe deldes, Agd AHE ¢ 3l=3 dad
¥ig Aot =22 Fepfigdct 242 Millonig
(1961)2] ¥hgef] wheb A A glo] OsOq (pH 7.3)e0 4
2~4r 7 ARG A ] B AEmE 02M
phosphate buffer (pH 7.3)2. 3% A& s> ethanol %
oz il o, propylene oxide=. [ Eat
% EBpon 8122 =Zrjslg o 60°C shehal 2244
404)7F A 341 g ok Epon&d® 2 LEKB-V ultramicro-
tome= Ab&%te] 1 pm F7 4 YEBL SED ¢ F
methylens blueZ 98 = Fdn|A s A
Hat FHE G o f 29EEs et 29
H L uranyl acetate2} lead citrate® | F4Q A2 5t
Z A AR | A (Hitachi H-600, 75kV) 22 3
Haet
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Fomolst ARG FEE T (unipolar)
2Pk = (retinula cell}2l =] A A (supproting cell)
ez FAH sled, FFEnAdds 42
(outer segment), TH4F7] A & (rod bass region),

vy

PEU

(inner segment) 22 2 =342 (plexiform layer)
A8 2oz FEad T 2RAE 24
(385~ 400 pm) B} =] (400~ 420 pm)el A 20 pm
Ax $HA BFHGG 54 249 44y 3
WEREY 57 A42F 170 pmst 120 um A =2 F2
Hel 2 w[ge] of 1.4:1 A= A, A =]
A Y2 9 RN FASF A 250pmet 75
e HEE FAEH 331 A= vEE b
F BT 2 Al Ry AN T A
2 A S um ARR W F oG, S
2 60~70pm A=2 FEAC (Figs. 2 & 3).
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Fig 1. Diagram of the commections of the optic lobe and retina.
am. 1-3 amacrine cells of outer granule cell layer,
buan., basal membrane; ¢.f, centrifugal cell of inner
gramle layer, Lm ., limiting membrane; ret. 1-3, ratinal
nerve fibres of three types; rh., rhabdome,

Lot Tl $2E HAT rhabdome 2 Z FAFH <
513 (Fig. 1), 2 A e ARL =7 $5=9 6~7
um A FAFA FEB49 AAY (internal limi-
ting mermbrane or limitans) ] $ 28] 214 (Figs. 4 &
5).

2742 SEgar AT a5y g2
“limitans fibers”Se] A= whel (Fig, 4), F=]al 7
ol AAR shdy AAM ES] AbeeA 0.6~
075um A= =79 vl $2rt #3250 A E
sk He] rhabdomers® T3 e vl FEEC] S
T Hefet =72 A sl B FEEY A
@Y e (Fig 6)

2Al HAle gaEye H3g AGHAEe A
A 46umt Toum A= Fo|= A7 A
A7t AAEe gIAEE AR Ee A=A s
b ARNTA g7 AFEH Sl Bgel =84
Fal= gl (Fig 6) Al A Ee] A=zadede 295%
He98 vlsT=lold B9 AiHgs AL
7 E5=d dEdAEe] FAEHY, AxAdy F
Zoz oSS AT slel WLEoe
rhabdomers® A5 (Fige. 7, 8 & 9), | &2
Az Asdos wA7 WaE ¢ A4 s0mm
A= A47 9IFES 2 A4S (Fig 10)
435 Hdud F5 1712 rhabdome2 47]2]
thabdomere 2. FA Ho ¢l& o] Fel= 9%, rhab-
dome2] =ZA|E FA|7 2Rl Rt o] A= 7
o AlZAEe 70 AEAEr|Es TF FHelAY
et 3 ¢ 2 rhabdomere AFe] & 2T 314", ¢
B AzAdeds 2a«dd A4 o5 rEE=
2lobrb #AH uvbd, dRH Ay Aot A5k
EAEs] FZ FAFHYF thabdomed F45E 1)
AHFEA e FL2 extracellular spacersl glgde
(Figs. 11 & 12).

IR AT Y Syl YExE 9F

Fr ¥52, AAEe AxAF A=A
AE glddeh o ¥t ARAEY HFe] 9
e gz, 2ol 7 A% 9 (2, 11
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X34pm A=) oA GAE] A FH L2
# sle 9k, HR e el 9 (=25], 9445
pm A=A Algaale] whekd] gle] 2Ale]d
v)8) ¥ = A B4 (Figs. 13 & 14).

2Ae 8] A A, AaAHES A
(Z7], 2.0x05pm A=)dd W=} ARH =z A4
HYEL T2t FAY (=], 1.0x0.3 pm FH

ez Jeht A Ed FY9E] AAAEA
GERd o) A= A TEnt FA Ay A
29 AN 2] Aaduse] 48 xr Hd¥e

24 Z® HF 08x0oumARE L}E}Ur e o
=7} o] e

MMz AAHE Apelsll A AR BFFA S
R e, 2o e FDuk (desmosome) st FF

7 HEAF (septate junction) ] FE FE3 vk
(Fig. 17), F#| |41 Z™dke] 2 Ftas 9ot

1AL ealolel el AE g7 AR
By ApoldA A7 AR} S5 40um, 27
wn A= T2 FFHHEE, eAldae Dt
7AYol 2 Heg2 FEE vk, 97
Ay date] 7[R HeA F2 FFFH ¢ (Figs,
13 & 143

3.y

AR F2 A xS B 2
At ¥z 2al«lad A$ & (=27, 10
Spm A=) Aoz dale] 4
W, HAAE 8 (], 1Txdpm A=)e] 23T
7l g oAdMAEe] T Ffe HEE
sle SlAZ Ajwd o FA A= gic (Figs. 15 &
16},

A x8] AEAAAe 353 Fefal 972
E myeloid bodyrl HAF 4=, o| &2 AR =]
Fo THTFEEZ 239 10um 744 20~
30& A=z A wjgd@d ¥, A4 E gum
249 155 A= BB T 3T B0 Helrt
slodet (Figs. 18 & 19). 39723 FHA+ & =
H2 FHalAdHs 22 v EEseol(1.8x09 um
H=pEel A% BAHC Figs. 18 & 1) 2% 4]

S| &

218

X
X

o,
el
L
L%

o AFA =AML FAA, €Y vlEEEael 2
2z AR ¥ AL HEe] F* 541 A=
72% AA Bt 2718 AT ':?—— =

90 TR D 42 S i
somc)%% FAstT gl o (Figs, 20 & 24),

A7 2] AEAETE2 AAd e ol g B
AEA A AH He AFH DA (synapse) 2 HA 5}
43 2 FHAE lum AR T FH] £ v]=
Seelort ARk DY Qof AT
QAR 2505 Fig 20) £ PASAAE T

AFEFERZ | Fo12 AAUE] 8 FF2
‘ﬂ?ﬁ A (synaptosome) &2 AT sloled], 424
AT 100m A Tl AADSA ¥ A4
FISET ¢l 43 (slectron dense—core vesicle)l 22
T H4E A4 S0 =72 AAYES B &
E (electron lucent vesicle)E24F 743 A9AE F
Fo| F= AE v (Figs. 22 & 23), A&l o=+l A
T AN =T B2 4 (electron dense vesicle)2} A
AUt 3 o 3
Holsle A4eh ANV We £EEH 74
H GHAE F T F2 ] AFH: AR 2
0k (Figs. 25 & 26).

2 A (electron lucent vesicle) &

] &

=7} (cephalopoda)d] < P—:” 2737 ¥ HAF
Y AEZARE 938 9ol we B dhoz
AeHD Jbse] e Az W 3¥e] A
2 B4z ololA MAAR A (optic lobe)i )
e & (outer granule cell layer) ¢ Z HAPEHA (Young,
1962).

Zonana (1961)#} Cohen (1973)2 2 Al«|F Loligo
pectii®} e 92w, DY, AR 2303
B4% 5 4%92 e o 9ok =% Cohen (1973)
2 weke) B4 FAsh Sooum A=els, 3 F o
¥4 Fr 300~-320pm =2k 9 ) gl £
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oA = Zonana(1981)2] BFubde] wph oA
st AHgAS e ardz TR 54
oAl AR e FAT A7 385400
pmet 400~420 pm=E e} Loligo (Cohen, 1973)8
= FAF H]ﬂ-a %hb— HEN FA= g2
o2t MEARl A% 170 pmet 250pm= 72
ZE F F Ale] ] 74* o] & By
 Age] 7 3 Uy 2@y AddA 6~6Tum
FAY BAF] Te] FAHGE, FolFA= ¢
o2 AxA gle] OsOuel A Heldh d¥ds
(Zonana, 1961; Yamamoto et al,, 1965; Cohen, 1973)4]
A B2 4 g5

Tamada & Usukura (1982) 2] T Robles st al,
(1984) FFHF2 o2 FH4HZ (2204 =)+
AAAE Foer FHH gl FHeAEs A
o= B myeloid bodyst 417, Z1 M5 el 4=
By ofZe vlAl 22 743 rhabdomeres] &
Aghet s shgiet. 53] 4704 rhabdomers: A H <
H & oF (star—like structure)?] rhabdomes A5
thabdomere®] Fej TE=F B AL ZAbmA Ze
AR 42572 74 (brush border) & d4A] 3
o sy oF (Salbil, 1982; Saibil & Hewat, 1987; Blest
& Stowe, 1990).

2 74 T 39 43y Az Az
F=e| Az 9 AT HFoT YA TA$LE)
7} Bl 9Fe] rhabdomere® HAFT 3le] o] &4
a7a%e ARt B35 2R Aloteuthis
subulata?] rhabdomers™ I Z|A o] 6004 A=z o]
Aol tpmAzd 22 Qg2 94 o
A4zt dFs ub slof (Saibil, 1982; Saibil &
Hewat, 1987). ¥ @7+ = 2behe] Fahame] s 1
712 rhabdomee] 4702] rhabdomere® FA =] 4l
o] WA e, o] Wolken (1958) T2 o=}
(Zonana, 1961; Cohen, 1973)54] dAFdA=a= 47|
ot =3 4704 rthabdomereE FAT gl A7
AxzE2 F 7FA el (type and type I)7F SlEH,
A1HL AFH Az2A, 4704 Fepdyed A2H
Az 2] gelobed gle] Zonana(1961)% 453
hap Z3port rhabdome HA & T2 2A o4 ¥]
# A7 & A= FEHA F 53 2l sldd ot

rhabdomered Al = =
F7 ZE2| (thodopsin ) ApARE AR 4T,
2 Sy A =
£ 572 (retinochrome ) 335“_?}@%0] 25k gl
AV FEEAR 2A%D e AaHUE
e Byalels dA3ar v 1o (Fukushima et al,
1980; Robles et al,, 1987; Hara & Hara, 1991). 281}
2 AR A oY AR 2EAHE A7 B
sty ot ko m WETE Y (immunogold labelling)
% e A= sk AFE T 234 4 @
AEY A 2 2L BT + U2 Aoz
A

Zonana(1961)2 A| M| 27T = A A =2 w)&] @)=
4 2 4angse 290y Haed, £ 479
2RI AT ABAEA AAAE 2 T 03

= & A4od¥Ee] #FH vl A4E By
2ot AddAaAS T AT Aadess =
71l E Felrt gle] T e Aol By

A7 234« FSE 7%= Farquhar & Palade (1963
S A9 wpahg T Az w8 2 A0 kel
A4 =4 (tight junction)® Yamamoto et al.
(19635)ef] 25t A= uk(desmosome)S 2 vf gloh

£ AR T BB HAE A A
A AP oA A el Aubed A (septate junction)
Fol| AF daE o vt d7EA%NE 2yt

A xs EAGY 29T ZE (lamellated bodies)
2 Azddd 34" 584 4322 48 FF
< oz g2 Aot 2] g} (Bemstin &
1959; Porter & Tamada, 1960; Moody &
Rohbertson, 1960; Dowling & Gibhons, 1962). 53]
Porter & Yamada (1960)% 7]4=]4] =heh Aaabw) 4
29l AY oz FA wEe] Feu|AE DR
myeloid body & FATIG T RO, o|&F2 W
Uzbsie Al QAE gle] HaTY <%
A olgel $E 9T GRE +9E AolnT
9dc}, o] ] Hara & Hara (196712} Sperling & Hubbard
(197152 2847285 o] 439 (photopigment
ganle) $& e $9 %E +9F ¥ g
due=g A2HYEL o5 9d yEEGn=
ik octopusal AfA= AZPAL HEEA

Pease,
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A1 myelin-like lamellated system2 13t v} gl
(Nishioka st al, 1962), ¢|2F #AF5 i) F28BE
¢| decapod?] AlZMEA M= FHZE 9o (Fonana,
1961).

FHRAFZES TN AFAHES 604 T4
1% 99T 72z BAH 2o (Zonana, 1961),
B AT F M= 20305 SHFEEE
A7 BAHA e SeAqe AL dWAY
o FA7E 1004, MegAleMe A Azz Z47
FEAE o] Zonana(1961)3] Fdrpes 449 FH4Y
Booh

Sa5% o P B 47 A o
4 =F A7 o|c} vt Zonana(1961)7F #FE2] 4l
A4S TEAN A3 TYHE B 2AAFY
Fo BRUGY HET, 2 AFAA= A
2 AxAE7E] HAHEH AR AR o9

%!

e ARt Jehigd 53 Azze A

EZ=ffobge] Axwe DHH sl Bl =2

ki
|

fije
o
oL
o
&
b
38
i

54
ASd, SO A= =718 AP} e bx
2 o Fobal 9RA T 274 W F2 ol
29 W, YR A BALE} ¥ 4xd 3

ol

e

i}

_?|_r"

rlr

4

ti =
10 I’-.q' ol

v x2FgE] e AFA5 F2 FEH, A
B34 99 F 3T A7 ot gow
o] &5l dopamine, GABA ¥ serotonin

2 qofst AAFAEEA S dEt AT
e ST T 14T ALzARE 2
F piE AFAd AARTEE BHTEA <

3
- A ]
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minond] ke AR, AR, HER Tel3
2% F 419 $o3 TEANT FH FAL 23
59 (385~400 prrel A 2=} 2HA] (400~ 420 i A 20
i AT o FE,

WE-E Az AAMER g E ] alEH, A
R[] A[AME Al s njd gz (De] 06~0.7um)
7y =g wld gealefel e FUAHA skt

PHE TARE ABA 28 AAAZEE PAE A
e AHYES 2737 e, 22700 A
3 AZA 2 A2 (2], 20%05im B )] A7
A28 A2 (27), 10x03 um ) M3 Ho
o, AAGANAE F AZD A2TP =7 (08
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ABAZE A2A F9ReA ULTP WA T

=
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FIGURE LEGENDS

Fig, 2, Light micrograph showing the retina of Fodarodas pacificus. methylena blue staining, Scalebar="75 pum.

Fig. 3. Light micrograph showing the retina of Qctopur minor. methylene blue staining. Scale bar=100 pm.

Fig. 4. Electron rmicrograph showing the region of the rod tip of Fodarodes pacificus. IC, intracellular corrpartment; LM,
lirnitting merrbrane; R, rhabdome. Secals bar=15 pum.

Fig, 5. Electron ricrograph showing the region of the rod tip of Getopus minor. IC, intracellular cormpartment; Lh, limitting
mermbrane. Scale bar=35 |Lm.

Fig, 6, Magnification of Fig, 5, arrow, microvilli; LM, limiting membrane; PS, supponting cell procass, Scale bar=1.6 pm,

Fig. 7. Electron micrograph showing the rhabdomeres of visual cells in the retina of Todarodes pacificus. Bl mitochondria; R,
thabdorme. Scale bar=1.6 pm.

Fig, 8. Electron micrograph showing the rhabdormeres of wvisual cells in the retina of Octopus minor. L mitochondria; R,
thabdome. Scalebar=11m.

Fig, 9, Magnification of Fig. 7. b, mitochondria; P, pigment gramile; R, rhabdome. Scalebar=1pm.

Fig, 10, Magnification of Fig, 9, Scala bar=0.125wm,

Fig. 11, Electron micrograph of a cross zection throngh the rhabdome of Todarodes pacificus. asterisly intracellular space;
arrow, rmitochondria; 1, type 1 retinula cell; 2, type 2 retinula cell. Scale bar=4 pm.

Fig, 12, Elsctron micrograph of a eross gection thraugh the thabdore of Getopus mimor, asterizl, intracellular gpace; 1, type 1
retimala cell; 2, type 2 retinula cell. Scale bar=35 pm.

Fig, 13, Longitudinal section throngh the basal region of Todarodes pacificus. mb, rmyeloid body; N, muclens; R, rhabdome; W,
blood vessel, Scals bar= 10 .

Fig. 14, Longitndinal section through the basal region of Octopus minor. mb, myeleid body; N, miclens; R, thabdome; ¥,
blood veszel. Scale bar= 10 pm.

Fig, 15, Electron rnicrograph showing the visal cell miclel in inner segrnent of Todarodes pacificus. Scals bar=10 pum.

Fig, 16, Electron micrograph showing the vizual cell miclei in inner segment of Cetopus minor. Scale bar=10 pm.

Fig, 17, Electron micrograph showing junctions between the supporting (5) and the visual (V) cells. d desmosome; 5, septate
junction; P, pigment granula, Scale bar=0.25um,

Fig. 18, Electron micrograph showing the lamellate stracture (L) in vimal cell of Todarodes pacificus. M, mitochondria; N,
nucleus. Scale bar=0.5 pm.

Fig, 19, Electron rnicrograph showing the lamellate staeturs (L) in visnal cell of Octopus minor. b, mitochondria; N, micleus,
Scale bar=04 pum.

Figs, 20, 21, Electron micrographs showing the connections between the inner segrent and the plexiform layer of Todarodes
pactficus. L, lamellate stracture, M, mitochondria. Scale bars=35 pm, 0.5 pm.

Figs. 22, 23, Electron micrographs showing the synaptozomes in the neuropils of Todarodes pacificus. arrow, electron dense
core vesicle; arrow head, electron lucent wesicle; asterizle, neurctubule; M, mitochondria. Scale bars=04 pm 0.5 pum.

Fig, 24, Elsctron ricrograph showing the connsction between the inner segrrent and the plexiform layer of Octopus minor. L,
larmellate structare; M, mitochondria, Sealebar=5um

Figs. 25, 26, Electron micrographs showing the synaptosomes in the neuropils of Getopus minor. arrow, electron dense
vegicle; arrowhead, electron  lncent veszicle; L, lamellate stracturs; bl mitochondria. Scals bare= 3 lm, 5 pm.
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