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LIBeTOONNMOHEHTHOCTbL B

tectum opticum

LIBeTOoONMOHEHTHLIE raHrnnosHble Knetkn (IK)
R/G-tuna (ot aHrn. red/green) onucaHbl B
PETUHO-TEKTAaNbHOU CUCTeMe Kapacs
necatunetua Hasapg (puc. 1). OgHako,
npenctaBfieHbl OHW €AUWHWUYHBIMMU
aK3emnngapamu, 3anerawwmMmMmm B CpeaHeEM
FOPU3OHTE PETUHOPELMMNUEHTHOrO cnos. B TO
Xe BpemMs U3BECTHO, 4TOo pbibbl obnagatoT
NPpeKPACHbLIM LUBETHbIM 3pPEHUEM, 4UYTO
NPOOEMOHCTPUPOBAHO BO MHOXECTBE
noBegeH4Yecknx uccriegosaHunin. [lo HegaBHero
BPEMEHN B PETUHOTEKTASIbHOW CUCTEME He
Haxogunn CeT4aTouHbIX 3MNEMEHTOB, KOTOpbIe
CnocobHbl yYyacTBOoBaTb B LIBETOPA3NIMYEHUN U
npu 3TomM 6biNM 6bl LUMPOKO NpeacTaBneHbl B
tectum opticum. TakKnmu 3fIeMeHTaMW
OKas3anucb 3fIeMeHTbl C POHOBOW aKTUBHOCTLIO
(ODA), dbopmupyrowme camblni rnyooKnn
rOPU3OHT peTuHopeuunnueHTHoro cnos TO.

Puc. 4: Axpomatundeckmne cBonctBa JIDA.
BBepxy ycTaHOBUBLLUAACA WMIMybCHad
peakuna O®A OFF-tnna (cnesa) n ON-tuna
(cripaBa); BHW3y - [10J/IHOE TOPMOXEHUE
peakuynn OGO®A OFF-tuna (cneBa) u
3HAYNTEJ/IbHO CHWUXEHHadA UMMYy/bCHas
aKTUBHOCTb [pPWN OCBELYEHHON pfallbHEN
nepugpepun Pl OOA ON-tuna (cnpasa).
CneBa OT Kaxpgou 3anuvcu rnpegcraBrieHa
KOHUrypaumsa cTuMyrioB.
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Puc. 1. UMnynbcHbIe
omeemsbl 'K R/G-muna Ha
UBEMHYIO CMUMYNAUUK.
LnumenbHocmes cmumyna u
cnocob cmumynauyuu
rnokasaHbl Ha0 8pPeMeHHbIMU
WwKanamu kaxxoou 3arucu.

MOAyNb permcTpauumn

KOMaHOHbIV M0yJ'Ib

MOAYIb CTUMYIISILIAM

Puc. 2: bnok-cxewma
aKcrnepumeHmarsbHOU YycmaHOB8KU.
YcmaHoeka cocmoum U3 mpex
KoMrbtomepHbIx Modoyreu. CuzHar
HeUpPOHHOU aKkmuseHoOoCmMu
nocmyrnaem ¢ ycunumerss Ha
ocyunnoepag, OouHamuk u ALITI.
YnpaeneHue napamempamu
cmumynsayuu npouszeooumcs C
KOMaHOHO20 MOOY/Is yCcmaHOBKU.
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Puc. 5: VMmnynbcHble oT1BeTbl OPA Ha UBETHYK CTUMYIALMIO.
LdnntenbHocTe cTumyna un criocob cTumynaunun rokasaHbl Hapg
BpeMeHHbIMU LuKanamm kaxgon 3amvcu. A: SOA OFF-tuna (rpynna

2); 6: 9®A ON-tuna.
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Puc. 3: OkcnepumeHmarnbHble UgBema,
rnpedcmaerieHHble 8 KoopOuHamax UeemHoz20
rnpocmpaHcmea Kornbodyek Kapacs.

Puc. 6: Tpu rpynnel OPA OFF-tuna.
[lpoBoauncAa JIMHENHbIN AUCKPUMUHAHTHbLIN
aHanu3 martpuy, COCTaBJ/IEHHbIX Ha OCHOBE
AaHHbIx otBeToB Tpex rpynn DA OFF-tuna.
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Puc. 7: BzanmogenctBua UBETOBbIX KaHasoB y OPA. CBepxy B pacTpOBOM Bblpa>XeHuu ripeactaBrieHbl peakuymn GPA Ha UBETHbIE CE/IeKTUBHbIE CTUMY/IbI. LIBeTa
CEJIEKTUBHbLIX CTUMY/IOB ripeacTaBrieHbl 6ykBamu, COOTBETCTBYOLUMMU TUMY BO3OyXaaemMbix Konbodyek. CHU3Yy cpaBHMBAaKOTCA HOPMasin30BaHHbIE OTBETbI Ha LUBETHbIE
ctumynsl. Vicnonb3oBaH tect ANOVA, BbiABNEHHbIE pa3findua AoCToBePHb! rpu p < 0,0001. A: QDA OFF-tnna rpynnsl 1. MakcumarnbHbin oTBET Ha L+; npu napHou
CTUMYNAUMN ASIMHHOBOJTHOBLIM M CPEeAHEBOJIHOBLIM crekTpom (L+M+) otBeT Ha L+ nagaet o ypoBHA peakumn Ha M+. b6: QDA OFF-tuna rpynnel 2. MakcumaribHbIN

OTBET Ha S+; npwu napHou ctumyndaumm (L+S+) otBet Ha S+ nagaet 4o ypoBHA peakumn Ha L+. OTBeT Ha L— cHuxxaeTca rnpu napHon ctumynaumm (L—
ON-tuna. cHu>xeHne ArIMHHOBOJTHOBON KOMIMOHEHTbI (L—) TOpMO3NTCA OTBET Ha AEKPEMEHTHbIE CTUMY/Ibl B KOPOTKOBOJ/IHOBOM U CPEAHEBOTHOBOM crieKTpe (M- n

S-) BaBoe. B: 9PA
S-).

Tak>xe 0TMeYeHO TOPMO3HOE BO34ENCTBUE MOBbLILLIEHNS cpe,quBonHOBoﬁ KOMIMOHEHTbI Ha PeaKLnn Ha KOPOTKOBOJIHOBYO CTumynsaumo (M+/S-).
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8: CpaBHeHne oTBeTOB UeHTpa n nepuepnn Pl ODA. B kaxpgon cekumm pAagom rokasaHbl peakumn IGPA Ha CTUMynAauuo B LEHTPE U Ha repugpepun

COOTBEeTCTBEHHO. CripaBa npuBeAeHbl rMCTorpaMmMbl YCPEeAHEHHbIX OTBETOB Ha KaxXAbl M3 MpeabAB/IEHHbIX LBETOB: CUHUM — peakuun Ha CTUMYIAUMIO LEeHTPa;
3e/1eHbIM — Ha ctumynaumnio nepugepmn. A: 9QA OFF-tuna (rpynna 2); b: 9®A ON-tuna.




Various types of color coding ganglion cells projecting to

tectum opticum in goldfish.

Alexey Aliper, llija Damjanovic, Elena Maximova, Pavel Maximov

Institute for Information Transmission Problems,Russian Acad. of Sci.,

Color-opponent projections % |
in tectum opticum of}d

goldfish

Every type of retinal ganglion cells (RGCs) e
projecting to tectum optimum (TO) in goldfish
has its own color coding profile. But only two
types of RGCs show such property as color
opponency both in the center and on the
periphery of their receptive fields (RFs).
Those are R/G GCs (8) and sustained GCs
(10, 11). Sustained GCs are represented by
ON and OFF types. These types of GCs differ
in depth of retinorecipient layer of TO they
are recorded at, and in their responses to
achromatic stimulation. Fig. 1: Stratification of retinal activity

the tectum opticum in fish.

R/G cells

These GCs have been described
in retinotectal system of goldfish
decades ago. They respond to L+
and M- stimuli with sustained
spike trains (Fig. 4, left section).
They had also been shown to
have color constancy properties in
electrophysiological experiments
(Fig. 4, right section). When
presented with achromatic stimuli
R/G cells show preference to dark
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Fig.4: Color properties C
to incremental (left) and decremental (ri

),

stimuli, but the spike trains are Right section: color constancy pro en‘leso
shorter than those to preferred ongMaXImova 1977) y prop
colors.

Sustained GCs
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This is a cluster of GCs that forms the deepest
sublamina of the retinorecipient layer at the
depth of approximately 200 ym. Main feature of
sustained GCs is their ability to respond to
static achromatic stimuli of preferred sign of
contrast with a sustained spike train. Basing on
contrast preference this group of cells is divided
into ON sustained and OFF sustained typed of
GCs (Fig. 5). RF sizes of sustained GCs are
similar to other RGCs projecting to TO (5.0 %
1.13°). Their contrast sensitivity curve in
comparison to motion detectors tends to be
smoother. One of the features that make
sustained GCs stand out amongst retinal

Murnber of spikes in ON response

color ‘stimuli.
G cells (based
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Methods

Spike activity of all GCs was recorded extracellularly from their axon terminals in the
tectum opticum of Carassius gibelio in vivo. We recorded responses to programmable
software-generated stimuli (Fig. 2).

In goldfish L, M and S cones show their maximum sensitivity at 622, 535 and 454 nm
respectively. We have calculated monitor colors in order to perform selective color
stimulation (Fig. 3). One of the colors served as background color (neutral gray). Six
others (designated as L+, M+, S+ and S—, L—, M-) are characterized by increase or
decrease (with respect to the background color) of their effective brightness for a
corresponding cone type. In order to check for color interactions we have also
calculated paired colors that affect two types of cones simultaneously.
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Fig. 3: Specifications of monitor
colors used Iin stimulation
procedure.

Color coding in sustained GCs

Different color stimuli evoke sustained spike response or inhibition in
both ON and OFF sustained GCs. Moreover, OFF sustained GCs
happen to be diverse in terms of color coding. They are represented with
3 types characterized with distinct color coding profiles (Fig. 7). Type 1
responds to L+ and M- stimuli. Type 2 responds to L— and S+ stimuili.
Type 3 usually responds to all selective colors and does not have proper
color-opponent properties. ON sustained GCs are uniform in terms of
color coding and they respond to L+, M- and S- stimuli. When
spontaneous activity to neutral background is observed, the stimulation
with selective colors opposite to the preferred ones evoke inhibition of
spontaneous activity. These effects show up in ON sustained GCs and
type 2 of OFF sustained GCs.

Fig. 2: Block scheme of the
experimental unit.

projections in TO is responsive peripheral part
of their RFs. Flashing stimulation of periphery
emits responses that are inverse to central

Fig. 5: Responses to achromatic stimuli of ON
sustained GC (A) and OFF sustained GC (B).
Configurations of presented stimuli are given on

ulation.
stimulation the left.

Color interactions in the central part of RFs

Fig.6: Color coding profiles of sustained GCs. Responses to selective
color stimulation of OFF sustained GC (left section) and ON sustained
GC (right section).

OFF sustained GCs ON sustained GCs ] : :
In type 1 of OFF sustained GCs this kind of interactions occur L-  component suppresses Per’_phery responses_ to CQIOF stimulation
between L and M channels; M+ suppresses L+ component and both M— and S— components. Sustained GCs have responsive periphery. Cell responses to color

L— suppresses M— component (Fig. 7, left section). In type 2this Other than
concerns L and S channels; L+ suppresses S+ component and
S— suppresses L— component. Type 3 does not seam to have
such strong interactions in the RF and supposedly lacks color-

opponent properties.

component.
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Fig. 7: Color interactions in the central part of the RFs of OFF
sustained GCs. Top: examples of responses to color stimulation
of type 1 (left) and type 2 (right) cells given in raster expression.
Bottom: suppression effect of inhibitory components; ANOVA
test used, p<0,0001.

given in raster
Bottom:

component suppresses S-—

I'ime (ms)

Fig. 8: Color interactions in the
central part of the RFs of ON
sustained GCs. Top: example
of responses to color
stimulation of a single cell

suppression effects;
ANOVA test used, p<0,0001.

stimulation on the periphery are just as strong as they are to stimulation
of the central part of the RF. However, color coding profile of periphery
Is completely opposite (Fig. 9).

that, M+

700 800 900 1000 1100 1200

Fig. 9: Periphery responses of OFF (A) and ON (B) sustained GCs. Left
sections: responses to color stimulation of the central part of the RF
given In raster expression, middle sections: responses to color
stimulation of the peripheral part of the RF given in raster expression;
right sections: central (blue) and peripheral (green) responses to each
color compared in histogram expression.

Conclusions

- OFF sustained GCs are comprised of 3 distinct types of
cells with different color coding profiles;

- OFF sustained (type 1 and type 2) and ON sustained GCs
are double color opponent cells.

expression.




