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2l )l Al B4=8-4173d M) = (intrinsically photosensitive retinal ganglion cell)E v] &3t dx vt 4] L
(inner plexiform layer)2] OFF o} (sublayer)ell 71| E7]7} B3 o= EFsla JA44 O 2
ok o3t 71A L elslstaal, £7] whtellA] o8k 4171} )14 (ribbon synapse)S OFF o3t
A HFAET Zlozw AZAEE Zuid wduleAl ON 8 %24 £ (calbindin-immunoreactive ON cone bipolar
cell) FAbo] &d7152] OFF o} 33toll A A2 A% & o|Fo] ONA3EE AL 4= AUEAZ A 2
Blel A2 o] 83k W AAFE ) 7AW (immunoelectron microscopy)-2- 4233l RS WS Zﬁx}fﬂﬂla‘% =
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HotR7| EE: ON 8 F=A2, 22dA, 943z, A, =27] =

A = 9} ON MZ=2 & 4 v (Famigliettie} Kolb 1976,

Nelsonz} Kolb 1983). OFF =4 2] <4} (axon)2 OFF

mulo] =4 £ (bipolar cell)= 234149 e e = AlAAE MZe 7HA]E7] (dendrite)e} 4 7] (inner
o 7o) uhulel|= et o2 100 F0] YWE= R E plexiform layer)e] wpz= Autel a o)==t (sublamina)
(cone bipolar cell)¢} 8 59| ule)E==A 2 (rod bipolar ~ (OFF o}&-Hsublayer])ell A 2]&<14] (ribbon synapse)
cell)7} A3k} (Boycotte} Wassle 1991, Hartveit 1997, & °]F& ®HH, ON F=A£2] S2F2 ON 4174 A =
Haverkamp 5 2003, Ghosh 5 2004, MacNeil 5- 2004). ¢l 7F&7]¢} %ﬁﬂ%—/l oFz Ankel b o}5-3H(ON
o] FIAEZ u]E3 XA E (ganglion cell) 2 ool A ] ZAAHE o] Fc} (Famigliettic} Kolb 1976,
o2 ab4) 5 (amacrine cell)= ¥ ¥ (light response)ol] Nelson 5 1978, Peichl#} Wassle 1981, Bloomfield<}
93 A (polarity)ell A 7|52 o= OFF A= Miller 1986, Euler2} Waéssle 1995, Hartveit 1997). o]
gk w2173 ONF OFF ubg-o] 7| Zo A
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AR EAL (R o)zt sk, TR e = (E Y
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doxical ON light response)& Ho]:= 41739 o 2 (Hattar
% 2002, Berson 2003, Dacey 5 2005, Fu 5 2005), 3|
= o|=gk ON Wuk3-2] 7|92 AAske 299 =24
& m) 7 (confocal microscopy) <1+7} 2= ¢l (Dumi-
trescu 5 2009, Hoshi & 2009). < Dumitrescu 5-(2009)
= 43 el M 63 ON Jwvtr% £7} OFF o}33
o %8k £97)32) uPRREel ackETrel M Wy
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cone bipolar cell)7} a o}l A WA F8417 A
Azl ON Alzg B 7hsAdE AAlsklct skAlwt
AHe Ao HF 4 ol FaeA Pt
oA o]2ig 574 ON QWET4] L] OFF o} 2ol A
o) Al eedgle] B A7 ol Foixl uh gisk

B =7 ute) e Weuley s o
A =2 (scotopic pathway)e] Z23F Alo]x1 74 (inter-
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FTES EAE A= FYsked A AFG A E
E-2 u]= NIH (Nationa Institute of Health)2] 19961
NA " A& EE A8 (NIH Publications No. 80-23)9]|
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2. Hodsd 2 (Immunofluorescence)

ehe vibratomeg o]-gsle] 50um FAe] $44
& whEw 10% A4 FUFIEH oz 1] Feld W
whee AntalT PBSZ 9EAI7l whEE Tl )
(monoclonal antibody against calbindin D-28K, Swant,
Bellinzona, Switzerland) 2 1:30000.2 3]AA]7# 4°Co|
A B Fek vEEAIFS o] & AHES PBSE A%
% AlexaFluor 488¢] #X]%l donkey anti-mouse(Mole-
cular Probes, Eugene, OR)E 1:200¢. 2 3]A3t PBS &
Hof 247} F<tb Ao A wH--AFT) o] & PBSHE PB
2 Z83] A8 oL, Vectashiled H-1000 (Vector La-
boratories, Burlingame, CA) 0.z w2} x2]-8 23lgit}.

3. HAXKI50| A (Immunoelectron microscopy)

T AREA 9 1A AR 2 A e F 5
AM|staz, 22 8FA) = biotine] 4] goat anti-mouse 1gG
(Jackson Immuno Research, West Grove, CA)=- 1:100
o= 548 PBSE] 2417k Fok WA o F
PBS= 4=A3}a2 avidin-biotin-peroxidase complex (ABC)
8o (Vector Laboratories, Burlingame, CA)-2-
o] 1A]7t E¢F A28 v-& 0.05M Tris buffer (TB: pH
7.6)2 AlA3Ie 248 0.01% HAkstAasE 23
3= 0.05% 3,3'-diaminobenzidine tetrahydrochloride
(DAB)= s} T} 9 A o] 945% 438 4.5% sucrose
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00,2 77 1A 7H E31A st 1A)7F E¢F 1% uranyl
acetate® M-S Al3E F 2434 & 713 Epon
4=A] (EMS, Fort Washington, PA)el| xzujjs}leict 39 =
ok 60°Cell A Z1ZAIZ] F GAo] 2 f 295 A3}
o] w14 7] (Reichert-Jung, Nuploch, Germany) 2. =
v (70~90 nm)2 A =}sbaz, A Ax&w] 4 JEM 1010
(JEOL, Tokyo, Japan) .= 25} o},
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Fig. 1. Calbindin immunoreactivity in the rabbit retina. A fluorescent micrograph was taken from a 50-um-thick vertical vibratome section
of arabbit retina processed for calbindin immunoreactivity. Calbindin immunoreactivity is present in several bipolar cell somata (arrows)
and horizontal cell somata (asterisks) located in the distal part of the inner nuclear layer (INL). A dense immunoreactive band created by
bipolar cell dendrites and horizontal cell processesis seen in the outer plexiform layer (OPL), and one continuous band of IR axons originating
from bipolar cellsisvisible in sublaminab of the inner plexiform layer (IPL). In addition, one amacrine cell soma(arrowhead) can be observed
in the proximal part of the INL adjacent to the IPL and gives rise to a process passing through the IPL in the direction of the ganglion cell

layer (GCL).
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Fig. 2. Electron micrographs showing calbindin ON cone bipolar axon and synapses. a: A labeled calbindin ON cone bipolar cell axon (arrows)
descends through the inner nuclear layer (INL) and the inner plexiform layer (IPL). The labeled axon branches and ramifies in the sublamina b
of the IPL. b: Conventiona synapse in sublamina b. A labeled axon terminal (CB) forms a conventional ribbon synapse (arrowhead) on a
postsynaptic dyad composed of an amacrine cell process(A) and a ganglion cell dendrite(G). The calbindin axon terminal (CB) also forms
agap junction (open arrows) with an All amacrine cell process(All). ¢: Axonal synapsein sublaminaa. The labeled axon form an en passant
ribbon synapse onto an amacrine process(A) represented as a monad. Note that two synaptic ribbons (arrowheads) are engaged at this axonal

synapse.
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Ribbon Synapses Formed at the Axon of the Calbindin-Immunoreactive
ON Cone Bipolar Cdl in OFF Sublamina of the Inner Plexiform
Layer in the Rabbit Retina

Tae-Hyung Koo, Hong-Lim Kim*?, Ji Hyun Jeon?, Eo Jin Jeong!, Myung-Hoon Chunt,
Jung-1l Moon, In-Beom Kim*

Department of Ophthalmology, ‘Department of Anatomy, 2l ntegr ative Research Support Center, College of Mediicine,
The Catholic University of Korea, Seoul, Korea

Abstract : Some retina neurons, including intrinsically photosensitive retinal ganglion cells have their dendrites
stratified in sublamina a of the inner plexiform (IPL), the OFF sublayer, but paradoxically show light-driven ON
electrophysiological responses. In order to understand the mechanism on this paradoxical response, by using
immunoel ectron microscopy with a specific antibody against calbindin, we examined the synaptic connections of
the calbindin-immunoreactive ON cone bipolar cell of the rabbit retina, which is thought to make the ribbon synapse
in sublamina a of the IPL. The ribbon synapses in sublamina a by calbindin-immunoreactive ON cone bipolar cells
were mainly found at the border between the inner nuclear layer and the IPL. Interestingly, the output targets at
these ribbon synapses turned out as monads, and multiple synaptic ribbons were engaged in each synapse. These
findings were different from those at the conventional ribbon synapse formed by calbindin-immunoreactive ON
cone bipolar axon terminals. Thus, these findings may be the characteristics of the calbindin-immunoreactive ON
cone bipolar ribbon synapse in sublamina a and can be used to classify the synapse in the retinal circuit research.

Keywords : ON cone bipolar cell, Ribbon synapse, Synaptic circuitry, Electron microscopy, Rabbit retina

Correspondence to : Jung-11 Moon (Department of Ophthalmology, College of Medicine, The Catholic University of Korea)
In-Beom Kim (Department of Anatomy, College of Medicine, The Catholic University of Korea)
E-mail : jimoon@catholic.ac.kr, ibkimmd@catholic.ac.kr



