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Frequency Response Properties of S-potential in the
Retina in situ of the Japanese Flounder

Masahiro Furuse* and Kenkichi Fukurotani*

Frequency response properties of L-type S-potential in the retina i% sitx of the Japanese flounder
Paralichths olivaceus were examined by flicker light stimulus. Three light intensities for the flicker
were used. At the lowest intensity, response amplitude of the S-potential decreased monotonically as
flicker frequency became higher. At the higher intensities, however, the response amplitude had a
sub-peak around 20~30 Hz. We supposed that this phenomenon was some resonance caused by light
adaptation of the retina as the light intensity of the flicker, therefore retinal mean illumination, in-
creased. It is thought that S-potential can respond only to low frequencies. However, the obtained
critical fusion frequency (CFF) in the experiments was 60 Hz or more, indicating that S-potential is
able to respond over 60 Hz in the retina in sit« of the Japanese flounder.

4:-—'7_}: : t;)(' ﬁﬁy mﬁ) S%ﬁi

77Uy A—HIT X BRERRIL, LEYBEELII LD
ERFRPEFIBVTELS A OTbh, ¥4, b b2
T EBBMIC OV TLEDPFRBBE L Eh b,
RRTEORCORNFEOR 22T, BOhAER
RBREBEHD D VRIWETHCERN CE BT 3>
W5, BREOREPRICISNTY, 7Yy H—Kicxd
HREIEER (ERG) HHNONTEALY L Lias
5, ERG &< Offifanr bOESBMTH Y, HLE,
ERG OEMHS Dk o i) 5055 b
DD,P S BITHEHRA THE MR L~ VICBTE LT
BRIV EWSERICH L, ERG i3+5 T\,

COBRREMATIDELTH T AMPIERERD
%o COHER, KWRED 0.1 um LT OH 5 2N
BEZEEOE—WEMIICHIA L, ZOMBAEY S
WETHLDTH B, £ TlE, BELERELBES-
DITRIIREY 28> & H 5, MIERE L CHEEE
BARCRMEARSACONS, BHRERLIL, REMD
O BES N RERE FREICH > T2 L, FOBER
P OHTEBRERCTELN S LD TH Y, FMEERE
AL, BIEERD DS OISR 228 L b
DTH B, ThbOERITEIER L ICEE L CERIC

ftxh s,
REORBKFMla BicMila ik = <, 75 28K
NERIC & DM BRI LBRA RS L h D,
AP LELORRATONTE 7, KEMBEOMEEA
BALI3, %2 D% B¥% Svaetichin DEXEAF LT, S
BALOMTNS, SEAZ, FOREBLGH, L, R
HICHBMEDO S 2 BWEEBEM E S h, 9 Coo—3
AT 4 WA —HIREL, ZTOBOTRTLESHEIN
TR7co $iabb, S BAORBEEIGEEH CIRIEHISE
W12 LieBHy PATREERE, L<HERLAT
234 DBE, FEEMEELR TH Hz, 679 BFER T
EI0HZ BT L8 5,99 %72, F < ADBHERTY
Hz, 112 S G 0 A DIRHRERD 6D S BALTHHK
Hz b BESH T 5,9 —F, Mk%R- 7RO
RT3 S EALORWBIEEIL, *aDBE, 60 Hzic
LDITHLDDBHD ERPEXINT WD 1419 = h b
DEVIEDOENCE B DDRDH, BBWL, ERBIC
R RBIEER OB D BRSSO OMBRETI N,
b LBEESRRTHE, BEOMIES BT, EK
DIEMEAN T, Z26NTOWAHUECECERRICEZ
TREE WD T kiTir B,

* BILKFETHMAEEHER TR (Department of Intellectual and Information Systems, Faculty of Engineering, Toyama Universi-

ty, Gofuku, Toyama 930-8555, Japan).

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

1070 i Re

JEAE, REVT ALMEULIREE T, BEOMIRE R - 7248
0, BM—wEMBaPEM A TR A FENMFE S
72,1619 7 TR LS b5 A OBIRGREE S H1X
L#E CHO2HD S BMALEINI2

P bEoEROL LT, AP T, FREFT ALFPRR
BETOV 5 A D insitu BEICBWT, 7Y v A—KIC
s+ 5 LB SEMAIAL, FOREBICEREL R
WA L EERME Lic, BhhfERIE, v OOk
TR ge A PR OB 2R /e & A B, NV AED
LEE LI, Fio, AERTFHEOFHRMICESL, thi
Fak L7,

] S

@R m FEREOID LI EY 5 A Paralich-
thys olivaceus D ¥ B A N F & Lic, EBREZ
MS222 (=38) ICEIBH, 2 OFROEIEZEE-> T
AhiEH (Roche, Dialferin) # 0.01 ml/fAH 10 g DEIG
THRES L, TORBEKEICRE L, TE{LZH#R
%, ERMCERAEICR L, BEER» L LAKEN
S ARICT 7 U IVBRONy FICEE L, T4 TT
U—a vShfikenhrbz Il T LiIc kDA
TRRIR AT - Jo. SEHRIC L D AR, T kR Uk L7
2, MERBGBICE Y HmMEBL /D, TOEFERL
Fzo DI, FRMICIBN S NARIBOL 2 — Dt
TERICEAC X D BRIE S h, O N RS ERAL b L3
R XN D, Lh LERAOBEILIE M XD HK
+ 5720, HTABNERO R ARLE 4 fBiE O
I & 52 8T, KFEROZERTLEE 1/3—TZ
7o

1) o —HICK 4 B ERG O RGBSR EICK
T 5 LBEINTWAHDT, 2 REBRTOKREEY,
181 CICfE - 7o F7o, HERBIIERIK T REHICH
BRALE U7,

KRPEFR EHEATINA500W 1/ v5 /(7
o 4B, UXL-500D) » boEEXEHKE (Jobin
ybon, H20UV) 1258 L CEAEIREK 5 nm D H AKX T,
L AN L) REAORIRIIC T ik < EEIC RS
L7, XM= ofshis, #yaND 7 4 v2— (B
AEZEIH) BHBEPICHATS LTI DT> 7

YomIOBEICIE, FLLTYUaVTx FFAL
— ¥ (B FZ 7 A, S1337-1010BQ) #7273,
It LCiE A — H—BRIEFOR F=b (EEKR b
=27, R636) ®FEA L, 7/, HREEOEH
BRI, <IVFF oV NE (BIRE P22 CA,
PMA-11) »ftH L7

R ERE AF v VICE Y LES B R RER, 2
¥R LES BAORKREWR K TH S 520 nm iZ

B L TERTT- 7,

V9 A2—it, AF v VTE—H—DEEENCT IV
RA =N ERDOHENCRFB AR S TEIFL, o
¥BOALGAY v PO I mm BIICE W, AT v E
VT2 —BEO I VY 12— & —h HDEE THE)
Lo AEBRTORBAWREKHFIR (1~80Hz) T x
v 2 —DEWEREE D L UL A RO L 51T - 7. HHIR
OMLUMBIZBAN/ZPIN 7 5 R4 A —FOH N &,
AF oV T E—A—EES LT 4 VRIVEA VA
= —-/ (&, DL1200) &8 L7, ZOREE, BfF
Tyt AT 9 B 7= —CMO A LI X
D, RENEEEERA A (1~80Hz) T, bLEAD
MREN, b TR REENEIC 2ms T 2EET
&7,

w2 —1HAX RIRREFOBVIR L7c, %D,
Ty H—RKRBE T 2 —F A H50% OHFFHKTH
D, TORRBTEEIE, Vv v 2 —BRFOXOMRS OF5
Yirh, LishoT, RIBIEER, ZOFEHEZ PO
2, BN L D EFEE 100% i EHAINLLD LA
Tt T ENTES, IO LEHHIEDOTNTOH IR
LREERICOWTE 25, Fig. 1127 Y v h—KHIH
i(t) OB LR, Fig. 1T, Lz 7V v h—X#
BOMSOFHME, THEVRLEAPEER T, DR
LB f &3, f=1/T OBFEREH 5,

COEHE L BRSO S LA E D, L
7MW oT, LeE25I LD, BEDIRE LIV
HEZBIEWTED,

AERRIC W T, BER =1, 2, 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 60, 80 Hz kM L7z, —77, FHD
M ox ik, [,=0.41x107,0.40x 106, 0.82x 105 F ¥ /
(mm?2es) O3BELHA WL, ThorxHERANEOM
SETEL, DB, FhFh, Olog, —1log, —1.7log
ORDOHES EF 5,

258% A ULy 7 ANHS5AE (0.D.=10mm, L.D.

=6mm)|7\H:,%iﬂb*/\“/fl/\y77\ﬁ-37\%
21y I, -
E lof R
0
i
|
0 T2 T 3T/2 2T 572 3T

Time t

Fig. 1. Time course of flicker light stimulus, ().
I,, mean intensity; T, iteration period.
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Fig. 2. Outline of the input (flicker stimulus)-out-
put (S-potential response) relationship.

The figure demonstrates sample records of
10 Hz flicker and responses for three different
mean intensities (0 log, —11log and —1.7 log).
The relationship between the initial amplitude
of response (V) and the intensity of the stimu-
lus (I=2I,) is approximated by the formulas,
V/Viae=1"/ (I"+ o), shown by a bold solid
curve in the figure, where V,,=—24.2mV,
log 6= —0.86 and #=0.82.
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Fig. 3. S-potential responses for flicker of 0 log in-
tensity.

The uppermost is the raw data of responses
at all frequencies. In the lower figures, flicker
and responses are plotted in two cycles at fre-
quencies of 2, 5, 10, 20 and 40 Hz.

AET Y, HEERBICETAEANSR TEN S,

Fig. 3, Fig. 4, Fig. 50/ LKL, £h X h0log,
—1log, —1.7log DHDESDBHFILOWT, 7 U

g —WAE MR Y =1, 2, 5, 10, 15, 20, 25, 30, 35, 40,
45,50, 60, 80 Hz &k A« % 2700 HISE L7z S BALORBE
BT ODEDTH b, £ Tk, THzB XU 2
Hz D7 9 =YK L, S BALITRERFIC m@ﬁltl/
NWETHE-TWA, LhL, SHzHU ETIERSC
ﬂf%&<&5a:@:&@,S%&@¢&<&k*%
DRI, YD ON EORRE N & 0 & OFF ROKfE
BhOFHEVWLORD LI L ERB LTS, Fig
3, Fig. 4, Fig. 5 Ol FRO KR Tl £/, &R
15, Fig. 20 SEMIGKICR bhc ko7, KR
DB >N TOETS OB L EB) S OIFK, £ LT
EEALDOERANR OGN 5,

Fig. 3, Fig. 4, Fig. 5 15T, EA 6 2B AT
IEEOILAEIT, FhEh f=2,5,10, 20,40 Hz i[Z4s56F
LR b U S BAIGE WK & 2 A 120
FLTW5, AERAE L XAICON, SEMLOLERK
Mit, MU CHBERL LGOI EDER, LTIV
BERICERL T B,

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

LS ADMIE S BEOT Y v 1—HIGE 1073

L e S ——
L 1|
2071275 10 1520 25 30 35 40" 45 50 6080 [Hz]

2Hz Vpp=14.91[mV]

SHz Vpp=12.23[mV]

10Hz Vpp= 8.45[mV]

PN

WV}

40Hz Vpp= 2.24[mV]

Fig. 4. S-potential responses for flicker of —1 log
intensity.
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Fig. 5. S-potential responses for flicker of —1.7
log intensity.
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Fig. 6. DC component (time-average) of S-poten-
tial responses at stable level.
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Fig. 7. Peak-to-peak amplitude (V) of S-poten-
tial responses at stable level.
V,p is normalized by the largest value.
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Fig. 8. Modulation depth of S-potential responses.
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Fig. 9. Bode plot of amplitude gain of responses.

All amplitude gains are normalized by the lar-

gest one, which is for an intensity of 0 log and a
frequency of 1 Hz.
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Fig. 10. Bode plot of the phase shift of S-potential
responses.
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Table 1. CFF and FHMA of S—potential which
are estimated from Fig. 7 and Fig. 9
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