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The Ultrastructure of Photoreceptor Cells in Frog Retina
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ABSTRACT

This study was carried out to observe the functional ultrastructures of photoreceptor

cells in frog(Rana catesbeiana) retina using transmission electron microscope. The pho-

toreceptor cells are divided into two types-rod and cone cells-consist of outer and inner

segment. The long outer segment of rod cell contains dense stacks of membrane and for-

med vertical and horizontal folds. The outer segment of cone cell is small, and vertical

and horizontal folds are not exist. The electron dense cytoplasm of rod cell contains com-

pact mitochondria, Golgi complexes, and endoplasmic reticula.

The inner segment of cone cell shows low electron density and contains a large lipid

droplet in the upper part of inner segment. In addition, cone cell contains many mito-

chondria, Golgi complexes, rough endoplasmic reticula, ribosomes and numerous glycogen

particles. It is believed that these ultrastructural characteristics are closely associated with

photoreceptive function of photoreceptor cells in frog retina,
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< 743 $87(receptor), o] $47]

$ Fol F 924 183 £4706M wAE A
3¢ ¥E Axss ARAZ FRE 4 ok Beck ef
al.,, 1991). wetM Ajz7)e] ARA = HHL ol A=
A 2 (cornea), $AA(lens) S Es3 47 gt

<l e (retina) olebe LEZ E3d AAzA | =2
= &7 A 2Eek(Stryer, 1987; Schnapf and Bay-
for, 1987).

AR RE S43kE 23 Yool AR
HEFEEY B 222 10522 FAH glrh(Kessel
and Kardon, 1979). 9¥oirx3e 4 A2Abs2(pig-
ment epithelium), A4 %% (photoreceptor cell lay-
er), 9774 " (external limiting membrane), %39
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Z(outer nuclear layer), #%AtZ(outer plexiform
layer), W3}¥Z(inner nuclear layer), WaA&(in-
ner plexifdrm layer), A7ZZM EZ(ganglion cell
layer), AlZA$Z(nerve fiber layer), @ WA g
(internal lirﬁiting membrane) 2.2 =o] g},

o5 F AMEZY AP Fo EAste AN E(vE
sual cel)elA W& P83, 53] AMEEE] 9|
Al 22 Yol 7t ubgo] EHEE AJZAp4o] AR

"o, w2t AN E7} 3484 E (photoreceptor cell) .

2 #hggo(Stryer, 1987). wetolX 48 FapTo
A71AQ Az Wise] AR S wet dxe] A=A
2 AGHBE ¥4 Ao Yol A 742
B4R A2 F g} dejumE A4REE e 9
g 7124 dFEA e e J)5el @i ohekst
AFESo] oA 9lchLewis ef al., 1969; Morrison,
1983; Schnapf and Baylor, 1987; Nathans,
1989). .

I oj2fqt A4l Aol 2AY T e o
AR 2aFel A 9l (Plister ef al., 1982;
Bedi and Warren, 1983; Gerkowicz et al., 1985;
McGuigan et al., 1985; Bresnick, 1989; Rapp ef
al,, 1990; Dominguez et a/., 1991; Straatsma ef
al., 1991), 53] ek M3h= Alze] AP AQ o4&
2% 4 9082 Yoz w o Yuols) At o
FolA o & Reldh, ‘

Gepd B AToIME WY A S AT
7 4% iz Aoz ot FLgAEY WA TFEE B
#3}7] $lste] AN TR (Rana catesbeiana)®) g
FRAAMn|A s #AstD LA X ol TF2A
A% 7153 9 1A

-

Mz o gy

2 Age] A" SN (Rane catesbeiana):=
o 2elA ARstd g FEgle] AHgEt .

ARdn) #ZE st AY $E9 dFE A&
o] 2.5% glutaraldehyde(0.1 M phosphate buffer,
pH 7.2)°lA 3087 7t2dside. 7H3AE 7= 4
HERE AR AN A4, £33 F& AAR F
7 el e 2AAE AAES. HE - A99

GFoM s 22l 1mm®e 272 JAse] F
g 1AL 4°ColA 3A7F Tk AL A3
. A3A F Y 4FA2E AAHIY 1% osmium
tetroxide(0.1 M phosphate buffer)e] 2A]7F 59 Al
LA FIAE AN

TAH ARE 50% ethanold| MFE ¥= 5o

48 ¥ propylene oxideZ 334w, epoxy
resin EYYo] Lojzigict. AR ARE LKB-VY
ultramicrotome2Z 50~60 nm¢ FAZ ZuARS
atZo] uranyl acetate®} lead citrateZ. o] AlgA
4 A#& ¥ Hitachi H-71008 S804 (KB-
S22 A

2

e o) 243 2559 FYsH) 10502
FAF ] 9lon 2L 57439 DAL Aty
Zoln] o] Zof ojo]a] FLLMFE AME(visual ce-
M7k SR AN ZE dagn)ze] A S45
*‘C‘q]_ A2AE) el Ay YA vlAF2 (microv-
DE FAHD Q2w ol oM FE Abeld] ML
Ao X}, AL LY Mol Pzhd
Yo FRaln, B3] njAgrUE P o) A

dted AME Aelol A vl R eld AR ge) 2

H9ch AMEE 9485 yEz A" glen] 93
9 Helol wep AL FANEL FRAG. B4
AEe] 9L 71 ) golr] I T AL FT 3
£+ 93802 gl Yck(Fig. D).

AR oz 2ANE Nohe NI wEs} A
Jepdeh, AHMEZE Abolels AARES} g we M-
iller AZ7} 2T Yok, AL AL U o
ALk §istm Qe B3 A Ee 7 gde
3oz 7o Y45 whaol &7l FE vepyg
tH(Fig. 2). 22 FANE QAL BT Fely F
39 F2L Tglo) BAHA WA Fig. 3). F4EA)
29 W5 AL AARE AAHe] glonf YR 3
ANE 947 @49 9= Ao 2T AEAY) u)
EZzelop} WA o 53 534S Jepigs
fEZEeolrl WY A s5e) XA TARG
A, 2XA, BARAE B9 AT H] BRI 99
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}(Figs. 4, 5).

FRAAEY WA e Eolahil 2=|ZA Uzt 24
A WA FAAEYG Al E U A (Fig.
4). =g FAAE 44 o] A 5 9 A
gsle] g Y EAzte FANE ER F2E el
At (Fig. 1). 2 gho] 23 Ee} F4ME WA 3}
ol EAdle de HepA el sk YA ZY
Y2 1 Bofo] WA EfAAelv AALEs) £ A
s ARSI FANEY Y2 ¥Fo2A AR |
E7b e EA3E Jepiddek(Fig. 1).

FH A2 3 FHelE AT A EA3A
doken, A& HF2 gAA Y] gleH o Hel= o}
49| desmosome°| #HAHY. AHE 4HL JAA
2& EAst] AaAuA Ze] A Dh(Fig. 1. Al
AEL A7 T2 dF AAYH AP 2E o7 A
A elle W72} o] EAsden 43 F90l
THL FA9 BB ARHNT. AALGY AdA
Bolo= A2 g (synaptic ribbon)e] =8| #3
H3ich(Fig. 6).

n #

AZAge G FogAEAN W SeREE.

AR, g5t HE25E waede AT F
AAZE, F F79 F54AE AAZS ERE 3
oH(Schnapf and Baylor, 1987). 1&ji} Q& oA
FEQ A, 93, ), Fdol 2 AY AY A
Az F45(Young, 1970), £ Ay F4as)Te]9)
kol FANES} YN EZF BF EAfslgdch
9 F2Ae FHL BE AFFE oA FYFAL
2 gegen, ATgeME g BiRd g
HEEEY B A F2E /A2 glek(Cross
and Mercer, 1993), 22} A% m7]= 2 5
E3 vlas 2y 4] 23 9 Uil aEHds
d, ol#jgt EXLo2 Bol HFe v Yzt 2y
32 %3 dEoE e & Aeq 2o

AAZE AAE 9y 105 F2 F AAZZ3 9
#gh5e dDBct. T =4 E(cone cell) 9} 7}
AAE(rod cell) Yol = 4FF2] AAHE7} 9l

Z oA E(bipolar cell), Al7ZAAM E(ganglion

cell), $3A E(horizontal cell)$} F-EAA E(ama-
crine cell) o] EAste] Yol 23t Wate} TS A
daled dqaH(Guyton, 1991). A4 XL HAH A
old] FAFL: Miller MEE A Wte] AAHZE A}
ol EAjshe JE2ZA HRFolle vAFEE A2
e 202 FA Wg AA S Fof, £3 FE F
gIAR A4S FH3L A ABAM T R3ag
AR 2 B9 e He{goH(Fujita and Fuji-
ta, 1992). & Agol|A Feo] FAH YAALE M-
iller AZY] AR v g2 AHE H2 £55
AR 22 98223} desmosome AF L Yehtes F
Zo|th, welM A FL AMEL AP]E A F
= Aoz A4, Miller A X9 njH§aE AAE
7t 71389 o]293g st AME ¢geiA glen 7
HEr wupe) YAH S o Eoh(Lee ef al., 1991).

ANE Atelof A o FAEE YL AHE S0
e AT oA gEW FiE Webd oo
Aaitale depdage VS Boe ANETL e
Aol o] EAEed, AMZY F45EHA X3
dol FAE FHET HALE WAlEeE dEE i =
g depd oy Yo o8 JAHE AEAWY 2 g
Zo] AAE ¢Ho & vXA] XA sl d4EE
g geld Qigk(Howell ef al,, 1982). % Ao
A ML Aolol A BAY tge) WedAAE AT
A G AMEE Yo FAHE AL WA FHA
FATo] AHE) A4} ES Yo A4,

ANZEe Q24422 d4%9 9483 YHa 7Y
d WASele WA, o, AAYGEE A3 g A
AZE A YA Ee wel A EY FAA L
2 FEAEY, AT AR gHe A Es}
o2 39 FEE T8 BEAFLD. oY FEL
F2 94 EddA HAHT 9lon] 1 7%l A
= HgstA 534 oA gt

Ao 717N AEAe] HEE FFM TE
oA WY g Yubo] glod, ulA] HAE Eilo] ¥ A
Zo] 2AsA #e 9l YW FRE YA 9]
o} ol AUk MM T AS s Ut
B2 A% oFstnz edd YUES A FeH
of AaAsle] s wALd. agEE 4aas) &
Aokt AN E -] £ Q3 ruEo] AAFHe| A4
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Al 7)%5& £33 4 gz £ FALu] AAY
A A2 gasinke) AL A ) FoA AL
Jojup=d, A2 duke] YA fAo A o] F
o]z} (Young, 1970).

£ A Agoal AHE fAde AZH, gras
ZAEIA 5o AEY 4)Te] TR 53 Ahuby
o vlEEZEolrl FHEH o] F4E diel=
(ellipsoid) 2} &el, FAAES dfdo]Ee= & A
g3lo] #AFEE At AR oM EA ¢
2 ¢lon(Fujita and Fujita, 1992), 1 7]%& o
WAl TF 2 AR 98¢ e ez Addd. A
N FHT A7 FHEL Ao} Bitetysls Fo
BAFAl Bisige A& AlAbE Fo Bl A4
o sh e A2 Ay PYAE S8 9B o) F
"o,

ojd] EAY o]Fe WA to]g] FAMREZ F4
dojupm g o] o9 &4 YA FAHE G S
3z $uelA Lo me AT e 953 94
& zHshe 99 Asks dogith(Barrong et al,
1992). Hh FAME A Jehd F4g FIA
Yabs} -SHATAY Yy FYe gefERo|E(para
boloid) 2} &5 o|jgte FZ2E ZF ol3le HF FF
M WAHE FEZA 1 715 oviA FFH A7
Atk Aztoldt,

-] wpydiutelle FggHAe] Hag A}
FEAste] 53] AAE] Al AE 2FA(rhodopsin)
272 984 HRuston, 1975; O Brien, 1982
Stryer, 1987; Nathans, 1989). ZEAL Ao o
ala whgehe Bhet EAR Salolzhe WA #E
Wez FAY Sgchido. 2FAE HAYue] =
Aolz FAoz Ao glon ZFAle] FeluzE
3 9 gl e $A 2R Ry FeEd og A
uhe) whe) o] Ade) Wiz} gojndet. oledt FE
e d A S AN dojuin g FAlZ Fele
AMAgse] 2FAlo] HAEF(Cross and Mercer,
1993). zEvt 4FF, dHel, FA ATolR, FAF
59 wells 2FEA 94l Z3)§A(porphyropsin) ]
%zﬂi}t}_ﬂ' k2|2 9] H(Fujita and Fujita, 1992).

NA A doj}e 44 A9 uhee AT
9 ALY 2EA Y FAAE A4 JA T2

A e A, old TR HIe 344
We] ol 2Ad e WE FEAA K9 HHE de
713 ARALEAY ¥ FaE pidn. AN EAA
FATLE A E A3 df AAYEE AA HE AR
2132 AS3ch(Albert ef al, 1983). A ZelA B
S8 WL AUAE BRE e FA oy AME
Ao Fhat v EEEFe}, 22A A, A Fol
Az FF% AFE2AY 71%E FRY Heln.

Z

rlu

A7 Sl FeeAZE 2 DAL B
AZ T FRels 923 WAz 45l dnh 24
2] AL Sk FE o F0 4 9 S 24
4 FFel Y4slel e FAMEIE A2HoE 9
Aol AL AFFozy PPALANG RS 24 =3
49 73 ZA9A ok |

Az dAele wERE) UHY 23 A
AN $ e ATAZA BAGYA, 2TA B ¥4
o) dol BT, FHAZY WAL AL
AAHez don, Aol AAAEA ¥ A7 5
i 2719 AYGel BAlT =@ DAL} 2ol

- EZERe}, IAELA, ZHISEA, HF Fol T

3¢ 2 ohie SoldA Fe=A YA} 1 B
237h Q89 o ARlA BBAL, ol9 2L B4
SAES) wATFEY SHL 3o Aol Bag of
dAs 44 D AR Az B4 A Y 4
3 AEAL o] FEe] & BeAFE Roleh
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FIGURE LEGENDS

Transmission electron micrograph illustrating two types of photoreceptor cell in frog retina. The
outer segment of the rod cell (ROS) is very long but the cone cell (COS) is very short and small.
Inner segments of the rod cell (RIS) and cone cell (CIS) contain dense mitochondria (M). The
cytoplasm of cone cell contains a large lipid droplet (L) and numerous glycogen particles (GP).
The external limiting membrane (ELM) consists of junctional complexs between the inner segme-
nts and adjacent Muller cells (MC). CN: Cone cell nucleus, G: Golgi complex, RN: Rod cell nucl-
eus. Bar indicates 5 pm.

Electron micrograph of the outer segment of the rod cell (ROS). The outer segment of the rod
cell consists of many stacked membranous disks formed by folds of the external cell membrane,
The vertical folds (arrow) exist in' outer segment of the rod cell. Bar indicates 1 xm.

Electron micrograph of the inner segments and outer segments showing a connecting stalk, which
contains connecting cilium (C). COS: OQuter segment of cone cell, ROS: Quter segment of the rod
cell. Bar indicates 5 gm. ]
Electron micrograph of inner segment of the cone cell (CIS), containing many glycogen particles
(GP) and smooth endoplasmic reticulum (SER) in the cytoplasm. Bar indicates 1gm.

Electron micrograph of cytoplasm of the rod cell (RIS), it contains many mitochondria (M), Golgi
complex (G), rough endoplasmic reticulum (RER) and smooth endoplasmic reticulum (SER). Bar
indicates 1 #m,

Electron micrograph showing a synaptic terminal (ST) of the cone cell. The nucleus of the rod
cell (RN) is irregular dense and cone cell is large pale (CN). Arrow heads indicate small synaptic
vesicles in synaptic terminal of the cone cell. Ax: Axon, MC: Muller cell, SR: Synaptic ribbon.
Bar indicates 1 #m. :
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