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Visinin i, =7 b Y @B AR CHRENCEET 2 5 FEK24,000, FERKS.50
WEMELET, HIU4EEMENES L HcENT 2EAE L LTRE S, Visinin OBRMKIC B
B HSEERIES -2, %7 visinin complementary DNA (cDNA) O 7 a—=>7%fF>7z. =7}
) 4B D messenger RNA (mRNA) kb, Agtll 54 73 Y—%fEL, $ visinin META 7Y —
VT EFR . WAFEO7 7 -0 F»s, 4EOBEso— VBN, TRTEL
CDNA 4 v ¥ —F&EALTW. ZOHED—207 77— (Avisd) 2 KBE Y1089  THERLL,
BAHS0 N F—FLOMEERE2ES ¥, visinin Hitkz A T Western 79 v 7 1 > 7 %2174 -
ktlé‘4?7UB»WD%T%57FE?/vFT%gén%@ﬁEEEQﬁﬁﬁmbt.ih
TE b — 7RI T visinin T AR AEEERL, EEESED Western 70y 7 4 ¥ 72T
5k, 24kDa BEHEOALBRGL. 512, Z0HiEEAL CRBEORERBLFEETE >l
2, EHBEPEIC R B E AT 5 7z . Northern /A 7)) ¥4 ¥—3 3> kD, visinin mRNA &
ﬁﬁﬁﬁﬂ%ﬁbfﬁv,%@Eé@%w%ﬁg?%vt.itpmmmdmA%7D~7KLTm
situ N4 TY FA - avEFEoEls, MECHMBEANES X UHBRBICE{ DS VA 8
Boht. BO54 750 —%220 cDNA FYu—7TAZ7 ) —=>7 L, FIZFELRD visinin cDNA
(Avis25) %87, ZO 7 /BEFIL D, visinin 4 2< EH 2D EF N FELL, INVYTA
tﬁﬁ?é%ﬁﬁ%%t%ﬁéﬂt.it,@%%Eﬁmf%V@Mnﬁ%ﬁbTﬁo,%ﬁm%WD
4,000 7 ADYek 4 BREIHTHET 2 &, BIFTHER L LBE I THREI visinin BRI 80Y
%:tﬁb#ot.ut@ﬁ%ibﬂ®mmu,%%@Wm@&ﬂﬁ&?%ﬁw&ﬁAﬁﬁﬁEgT%
D‘%Kioﬁgéﬂélt#%,ﬁw77A4f?%ﬁ?%ﬁ%ﬂﬁ@%mgﬁﬁ5bfwéﬂ%ﬁ
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Abbreviations : bp, base pairs; BSA, bovine serum albumin; cDNA, complementary
DNA : c¢cGMP, cyclic GMP; DMEM, Dulbecco’s modified Eagle’s medium ; EDTA,
ethylenediaminetetraacetic acid ; FCS, fetal calf serum ; IPTG, isopropyl £ -D-galactopyr-
anoside ; mRNA, messenger RNA ; ORF, open reading frame ; PAGE, polyacrylamide gel




Visinin cDNA 070 —=>7 659

WIUB KRS 495nm TH B DL, RO
BMEORINERITZZ N ZTNHF (420nm), #x (530
am), 7 (660nm) Lk ->TWw3. ZHIINZEHEY
25270 THD . BENETICE D 2 R EERE
Bz sHE CLERBHE) X RRshTY
.

SRl e 2T %k, BN TIR, o R TY
B, AFOETY VIR, FPIYRT a0
Y72y M EEELRTE. ZLTaV 72w b
wpy¥ 7=y b slih, cyclic GMP RX &Ry
A F T —¥ (cGMP phosphodiesterase (PDE)) @ y
+7a=y bicESET B L, PDE siEMtan,
GMP BEFIZAHEX NS . cGMP i3, BENEHE
o Nat F v YAV KEBEFEALTILERF
E2BHBDOT, cGMP A LR, #H0
Na*F v Y3 VHEAL, BABES S I T ELS
nTws. 20X EREHEFRRATTLEZ -
TubEEZLNTWVEY, £ L bhro2TR
w. £, WEOMERMREICE, KT, EH
fa, 72V ViR, RSO 4 EEOMIESH
D, EEHRELEL TS,

EED L, M, o i toEsic
RASNBVLBRENZEHENRELTHS . BN
EbDr LT, LEORIBKEEET S, #7229,
FSVATF 2= v cGMP FAKRY T AT T —
v mEYE (F, &, &), cGMP K#FHE Na
Frvan, SHIREDZEVHILNTVS. HE, &
GETEMEICLD, ZhoDEESbr>TER.

Visinin (X19835E I & 50, FEMR=7 b V@
BreBnENsEAE L LTRELAZb DT, T
visinin [ % AV o REHBLZRIEE L D, #
HEBONEIC L & i, BEMEREITFEL 2V
IERboTw3Y, Lal, Z20OBES L UK
RBEIS TR, RSO TIE visinin D AN T
DOBEEX 2 72 = visinin complementary DNA
(DNA) @7 u—= 7 %fT\v, ZOEEBEERAN
7.

WES L UFE
I. =7 MR gtll ¢cDNA 5475 —D{E

R
=7+ VR (19H %) #EEE» 50 RNA OB,

Chirgwin &0 FHEC -, REHEBEZ4M 77
ZYVT LTI VT A P ERPTHBRL. TR 5.7
M ey ACERBL, Ry 77 ruo—%— SW
50.1 T 35krpm, L4FME.0LL, & RNA 287, #
HLU72 RNA % Aviv 50 FE? cfnwat ) I
dT) ervu—RAZ 72}, ®Y (A)'RNA %%
fz. =97 VEERED Agtll cDNA 74 75 Y —1ERK
1%, Huynh & DHED -/, £7F, =7 MV EE
AV (A)*RNA 10ug £V, Gubler £ Hoffmam @
FEPWWHE->TAH VT dT) Y794 v—%K)
(ARNA &7 =—nNLUicth, SEEBREAVT—
A8 cDNA 2 &L 7. W ABE RNaseH T,
RNA/DNA A 7V w b RNA Z=v 7 %L
n, KBE DNA RUAS—¥Iick>T RNA %
DNA $HicE &z /. Bz, T4DNA KXY A T —
Yiokh, 3'KRHORHERELL. sk
cDNA OWTEMH EcoR 1 #fif% EcoRI A F 7 —¥ i
Lo TAFMEL, I EcoR1 U v — % {37
#%, EcoR1 TW#H{bL 2. ZD#k, Bio-gel A50m % 7
2 (0.2%30cm) o€, STE 10mM + ) RiEE,
pH 7.5, ImM EDTA, 100mM £+ b Y 7 4) TH
HL, Agtll 2% — (EcoRI #ft, 74A7 7% —
YHIEFES) O EcoR I MALHA L 2%, in vitro
Ny r—=I v ZE>T77—=9Y54 72V —%2{ER
Liz. Agtll 24 77) —%KIBE Y1088 IR s
¥, My o—-roRERRDL, 77—V T7—41
pg Y02 xX10° @D a—r2EA TV,

II. #f visinin MiFic & 3 Agtll SA47351) —o

2O —=v

KB®E Y1090 2 Agtll 94 735U — (2x10°
plaque forming unit (pfu)) %37°C, 15T ¢,
Py FTHLE EDIZTL— b (ERE 90mm) 7 K
3X10* pfu/t) 12 &, 42°CT 4 BRI ER,
10mM IPTG%R2 L& Z gE®RFT1 07405 —
(82mm) & v — b EWB E, IFFME, 37°CTH
BL. 0%, 748 —%RRBTLOSBAF LS
JU 7 /phosphate-buffered saline (PBS) 2 37°C, 1
REMEEEE L, P visinin M 5 ml Q000fEHR) & ZiR
T—HWEE& . £ D%, tris-buffered saline
(TBS) 60mM + Y A —ifE:, pH 8.0, 150mM 1k
F UYL BT, 0.1% /=7 v b+ P-40/
TBS 11043/, H ¢ TBS fT105REBEVy, <t

electrophoresis ; PAP, peroxidase-antiperoxidase ; PBS, phosphate-buffered saline; PDE,
phosphodiesterase ; pfu, plaque forming unit ; SDS, sodium dodecy! sulfate ; SSC, solution
containing 0.15M NaCl + 0.015M sodium citrate ; TBS, tris-buffered saline
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¥y S —¥TIRAVLIITHF IgG HilF (v F)
5ml (1,000 %) £3r°CT 1RGSR, 20
%, FEAEICEY, vt Ry S —YRAORER
40ml 3,3 U7 3 /Ry F Y 10mg, 30%BEALAER
1541, 0.1M b Y A—i5E, pH 7.4) PTHESE
7.

1. Southern N 7Y XA EL—a >

B FE DNA i3, Blin 5 0FECREY, =7 b
) AT S FHELS:. Boh/c DNA %, BamHI B8
LU EcoRI THLEL:tk, 0.8%7Hu—AYLE
HWkEI 21T o 72. Southern ™z kb, 74 o v
(Gene Screen #, KE) ~DNA 2+ 7 A 77—
Lzt 7Y 84 ¥—va »BR G0mM ) A—
H#, pH 7.5, 1M 4+ +Y va, 1mM
etylenediaminetetraacetic acid (EDTA), x10
Denhardt ¥, 0.1% %2 ¥, 500 g/ml ZEHH
F DNA) T, 65°C, 16RFHKIGE ¥z, £ DHET «
Ny —%x2 SSC(x1SSC=0.15M L+ bV 7L
+0.015M 7 vEEF M) v a) (FiR), X2 SSC/
0.1%4 v a ¥ v, 65°CT204¢ 2 3 Ry, BU
X 2 SSC (BB) T, A—+7YV47 72
74—%fTolz.

IV. Northern NA 7 XAE—2a >

=7 N UMEEE, B, TR, DB, B, Bl
5, £ RNA 2L, & 60ug¥27U4FF—
TEMAE, %7 A u—AF VERKEET 7.
B, RNA 2+ 4 o> (Pall #, kE) 2 b >~
A7 7—L7:1%, Northern A 7Y FA¥—v 3>
£fFot>. 7u—71% Southern ~nA 7Y 54 ¥ —
vaveAUFe—75R0w. LEL, 20RO
Wik, X0.1SSC/0.1% v 2 ¥ (65°C) T2053 M3
2 3EfTo 7.

V. 75— nA 7 &4~ a>

S5 -4 7Y F4¥—¥arid, Benton
Davis O HE2 12y, Northern A 7Y &4 ¥ —
vaviAULFYo—7E2BAWTRZY —= v T 21T
ot Tibb 3 X100 plu/Kickd LD, =7
FYKER Agtll 4 75U — (B 6 X10° pfu) & %
& EEL7#%, Northern N 7Y FAE—va ¥
rAUC&ETRES €. Northern N4 7Y 5 4
P—vareRULd cBerkoftk, A7V
774 —R{TE2Iz.

VI. T —TERECLAHBOBREITRA

P A -k

1 visd (~10000pfu) # 7 EVY UV v EEL L — b

(90mm) & % &, 42°CT 6 e RE %, 10mM

i

isopropyl g -D-galactopyranoside (IPTG) % L &z
gRiF4avEroe, 3TCT2EMERELR.
Ao ERETL, 0.5%AF 4307 /PBS ity
C, 1EBEEEE, A7V =Y ZERLEY
visinin M3 (1,000E#&HR) & 5ml FT—HRER TR
BLE. 0.5% MY b X100 2ELAFLILIE
THAMTO>ERTIEER Y- 2%, FHEKCES
L, 777 0EHERRBAEIEEE L
T, HLuyr—L L, 2m OBEEER GmM
7Y v v EEE, pH 2.3, 0.15M - ) v A, 0.1
mg/ml bovine serum albumin (BSA)) % A#, BE
ET1AEES L OKkRORBRECR L, B
ml, X5 1ml OWEBRTHEL S . 711
M YR 70ul Z2INZ, HLEBEEE L TRHLLY.
Western 70 v 7 4 > 71, Towbin & DFE*
fitodz. Thbb =7 MYV KEIIHEOR, K, i
B, B, MNEOSTHEMESE Oug £12.5%
sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis (PAGE) THBEL 7z, 25mM b Y
A, 192mM 7V ¥, 20% 2 5/ — VEREKIKEM
= horu—AEAEEL]. 0% oty
o—AE#0.5% ./ =F v + P-40/PBS 1 TUL,
SDS B8, 3% BSA/PBS #T37°C, 18
IR L, Hi visinin Fik e —BREETRIGE L. U
B3, PR EBEI 475 —DRZY—-=YT LR
CHEERBW.

VI BEREED 5 OBMEEREOER

Avisd 77— ¥ % Y1089 1232°C, 2057 HIRHRE Y,
ZOBIL—icE &, PCTHELL. 1ETO
O=—%7Yy b DED7 4 VT — 2B TUBRTE
Li-e, 1HUZ4A2°Cilz, 1HESPCTHERLL. 32°C
THEL, AXCTREL 2V a0 =—%E, BRE
Lk, ZOBEERE%, 30ml ORBERK 2 AICAN,
3PCTHBE &¢, 0.D600=0.500FHRT, 45°COER
AR L, 2057EEE L 2%, 10mM ik d & b
IPTG iz, 37°CTHEL . BhfEHsHE 2 2 ECER
L, 0.6ml ® 10mM + Y A -5 (pH 7.5) THE
L, —70CCTHEEs . ZOBEEREE 2EY
WL, FU b X100 RRREEL%, VY F-LE
1mg/mlizi s LI AN, 4 *CTI0AHRISHE, &
L, ZOWEERW.

VIl EREFORE

Sanger ©»3EAF™ L, Messing 2 & S THREN
7B UFx v RV T, visinin cDNA D ER
%5 L 7. DNA ¥ A % M13 mpl8 R ¥ mplf &
@ashs JMI0L ICBA LR, —&E7 7 -9 28




Visinin ¢cDNA

mL, #0 DNA 2EUL7:. H#H#E DNA 0F
g vFAFYX VA FFB LU Klenow 75 7 X
Yb, HEVRY—TRA—AFETCLEDOBRTS
fw—RBOTT 27, 6%RVT7IALT IF
8.3M REEEL) Y VERWT, ¥y—71>x¥—
370A (ABI #t, XE) & THEEEF 2RE L.

X. In situ N TUHAE—2 3>

SR IABO=7 MU E, AHRNNTEHERLLT VT
v }/PBS CEREER, REREFLL, MBRTRE
Fx{Tv, 10~20pm OEMEDH R2FER L. Fo—
#ix, Northern N4 7V ¥4 ¥—yva v FL 7
o—7%Hw, [a-*S] -dACTP T=v 27 b7 VAV —
yayI~uuLiz%, 50mM VY CBEER (pH 7.5),
50% RV AT AT ER, X2 SSC, X 1 Denhardt,
2%y navI, 0.20M 2-ANHF b Y =,
9504 g/ml ZHEF DNA, 100mg/ml 7+ A b7 >
HBghT, FL ATV A E—yvarvk, To—7
DNA ® AfL, 37°CTUREINA TV I E—v a »
2. W, X2 SSC, BB TI0HMDE, X
0.1S8C/0.1% + U k> X-100 1 50°C, 40433 D
JETR -7z,

D7a—=

\
N
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X. sk

SI% 3 AEO=7 MY 2ERKCEER, REVR
£FI0HIL, 3% BSA/PBS 1T 1 BEIRGHE, =€
b — FEBIRE TR Leiik e RIBE 7. BEIE
peroxidase-antiperoxidase (PAP) &% A 2™,

XI. Fy b TRy FT1 7

5907, 3000~4000V 7 A T T3 HEfEA-/z=7 +
V3P, BT HMEA-=7 MY 3BTLDER
FRMRBEELEHL, #0REIA—bE2= b
o— ABEIZ10, 20, 40 g T DR, i visinin 5T
RERWT, AL/ 7ayF 4T &2TRo0.

XII. MR&E0iEER

SIEHBO=7 M) L DMEEERHEHL, Dulbecco’s
modified Eagle's medium (DMEM)/10% fetal
calf serum (FCS) D%, 10% CO, O37T°CIEEM
T, —H134,0000 7 AQEMITT, b5 —F7 38
FiC4 IS L. AR LB LB UAETT
Lot

XII. X ¥ 8|

KERIZHEHLLBZEBLIUVERITE»5E L.
[ a -#*P]-dCTP (3,000Ci/ mmol), [ « -*P] -dATP

Fig.1. Screening of a chicken retinal A gtll library by using anti-visinin serum.
The A gtll ¢cDNA library was screened by using anti-visinin serum. Four
positive clones were isolated from about 2X10° recombinant ¢cDNA clones.
These clones contained the same c¢cDNA insert (620 bp). The spots on each

filter represent positive clones.
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(3,000Ci/mmol) (Amersham, #E), Agtll, 71—
RATYFRRTZ Y —, invitro Sy r—I 7 F v
(Stratagene, XE), 7>xE¥V¥F UL, T
SHALI7VVIERE AV o EVE-D-FAT Y
FET /YR FIE, KB, 5-7u®—4-700
BD-73 7 by R (B, TE), HIRESR EcoRT,
Pstl, Pvull, DNARY XZ—¥ 1, M13mpl8 B &
U mpl9 GRS, KK), T4DNA 54 7 —v a v
Fy b, XZFVFTVTFTAHIIVKRKRAT 75—,
DNA BV AS—¥ Vv /w7372y (EBEE,
=), SIREEE Kpnl (R—Y > =<4 5, B
M), +4 927 41— (GeneScreen, KE) -4 o
v 7 47— (Pall, KE), X7 1+ V2L (Kodack,
KE), F4FI4v— (FTFF4 P4 AV AT A
KE).

7

B 1#

1. Visinin ¢cDNA o/ R—=> 7

Visinin cDNA 27 0—=>773 372, £,
visinin & KHL Tw5B =7 MV ERE (1984) @
D cDNA 5475V —%{ER L. N7¥—i3,
Agtll B~ 5 —%FAW, [IPTG®MA, B-F57
F - ORMEBEOERRRI LR, =71
visinin 2§ 2 7 HFHRMBEERAVCTAZ ) —=y
U, B0 @E0 72— k0, ABOBME s o—
vHBen: (M1). ZhoDBE7o—>07 7
3 DNA 2L, cDNA Q%IRRT 2 /FlT 2
L, AEEBFE—THok. 22T, £DI3B0D1-
(A visd) @ cDNA % pUCI8 @ EcoR 1 iz 47
sa—=v7L, LNEOERD DNA 7o—-7r LT

Fig. 2. Induction of the B -galactosidase-visinin
fusion protein by IPTG. Lysogens of A vis4
were induced with (+) or without (—) isopro-
pyl g -D-thiogalactopyranoside (IPTG). After
the induction, cells were collected and lysed.
The cell lysates were electrophoresed on a
7.5% SDS-polyacrylamide gel. The saparated
proteins were transferred to a nitrocellulose
filter and reacted with anti-visinin serum. A
single protein band was detected by visinin
serum. The figures on the left side
indicate kDa. A: Coomassie blue stain. B:
Immunoblot with anti-visinin serum. The
arrow indicates the fusion protein.
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ol (&3). £/, COBE7 7 —YOEET S
g-#7 7 ¥ —¥-visinin MEESE, A7 Y —
2V JIRORTRERIGT 2 GBI HIT,

Avisd 2 KB Y1089 e s ¥, R L:. 2D
BEELD, IPTGE#MABZ L CE>TH- T2 b
y#—¥-visinin OBMEBEEE2ES ¥, thi s

BRI -, Western 70y F 4 v 27 %> (§
2). IPTG 2252 &»> T, BMABAEVRE
L, Ly, AzY—=vZiZAwERELRELT:
ZEi&D, ZD7 =Y a-—-r, HlE L RIG
TAHAMEEHERF> T3 I LNERsN. B
iz cDNA OE &, KW620EERTH Y, E2R

E X P E S
X vis 4 e e T A
HE X P S
X Vis25
——e b
P -
100 bp
1 lk.h 2]

Fig. 3. Restriction enzyme maps and sequencing strategy of A visd and A vis25.
The solid and open boxes indicate the coding and non-coding regions,
respectively. The arrows under the cDNA indicate the direction and extent of
sequence determination for each fragment. All nucleotides sequences were
determined in both strands. E, EcoR1I; H, Haelll; P, PstI; S, Smal; X,

XhoI.

12343

Fig.
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(~1,000E&F) B 2w, Bo5hiz cDNA D
5'{l> EcoR] W% 7o—7wLC, Blo=7 1
U#ERE A gtll cDNA 54 75 Y—%AZ Y~z
L. #9607 @D 7 o —>vduc, K60EDBETZ —
7RD SN, BRROCIEOBE Y o— > 2 HEL
2. ZD 3 B DO—D (Avis25) @ cDNA Wi 2410
L, 7A—A2Y 7k KS (+) D Kpnl-Sacl ${iz
$7ro—=vS Lk, TOZa—>d cDNA (1
vis 25) DE & F86LEEN (K 3) T, UAETZE s
cDNA O 3’ &b¥ 3 L £ET (~950EEx) &
%Y, BIZEERETH-I:.

. =T F—7BRFE IS 34 visinin HEOHER

Visinin i3, 2 FE&8 L UCEB L EOEMUMEDL S,

Y,
e

ANV E Y (calbindin) ZEHOBE TR LK
ZENTERhoT. BE, PEBESBER COR
visinin Mg % AV COREHRBLFE T, TORMEA
=ik, AVEVYUORFEHRBR LB Tn
#2®. ZHIEHL visinin MEQO—FRHI L E Y P vy
EisLizhoiEs3 eEz ol glhAVErYy
ThorLUomEERINT 3 &, MIPERERGL
B 2D IEBHREEBEENIC Y, Western 7oy
FATRBOTHEMDOONZ. LHL, =7}
W B \WTIE, B visinin MIEEAVE Y Y VTR
IRL T, MBAME GEAEER) «REsEDLH
3Pz Lic& D, visinin BANVEY YU LIZRE Y
BThodrrEZOLTWR., 22T, §EZ7n—=y

lected antibody. A.

Fig. 4. Western blot and immunohistochemical characterization with epitope-se-
Western blot analysis with epitope-selected visinin

i

antibody. Total proteins (about 50 ux g) from various tissues were separated by
electrophoresis on a 12.5% SDS-polyacrylamide gel and blotted to a
nitrocellulose filter and then epitope-selected anti-visinin antibody was applied.
The reacted antibody was visualized by reacting with anti-rabbit IgG-peroxid-
ase and 3,3-diaminobenzidine. An arrow indicates a position of visinin in
chicken retinal soluble protein. Chick brain (lane 1), retina (lane 2), liver (lane
3), kidney (lane 4) and intestine (lane 5). B. Immunohistochemistry with
epitope-selected visinin antibody. Retinal (a), pineal (b), cerebellar (c) and
renal (d) sections from 3-days-old chicken were reacted with the epitope-select-
ed visinin antibody. The photoreceptor cells were indicated by a white arrow
in (a). The bars represent 50 g m.
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JURBMT 7 — Y% Y1090 B & ¢, IPTG Tl
SEABEE{ESE, i visinin IV5 & —~MEB TRIG
s¢l:. #D%, TBS/ b oA — 20/ T 3EES
T Eo THBENIBEEL T aHEEKRELR
%, 5mM 7V ¥R (pH 2.3) TREESELE
BHICREL T3k EY, BIRLE:. 208
visinin ik 2 HWVWT, FEBOTEE B & O
Western 70 v 7 4 > 7 #1727 (KM 4A). KO
24kDa EAE EDAKIGL, MOBEBMICIERIET 2
BEUESED SNEboT. 7, EBEEECY

=7 b VRO RAME AR toaRIGL,
ANVEY Y YBESEDONBZ/NHUD TN F > il
B, BHE e RIGLao» o7 (M4B). Bz &

RTERYS ‘ Y i 5—%% %%;

Fig.5. Northern analysis by using visinin
cDNA as a probe. Total RNAs were extract-
ed from the retina (lane 1), brain (lane 2),
liver (lane 3), heart (lane 4), intestine (lanep5)
and kidney (lane 6) from 19-day-old chick
embryos by the guanidine method and applied
on a 1% agarose gel (about 60 zg RNA/lane),
and transferred to a nylon filter. The filter
was hybridized with nick-translated EcoR I
fragment (365 bp). After washing at high
stringency, it was exposed to a X-ray film.
Positions of 28S and 18S ribosomal RNAs are
shown on the right side as molecular size
marker.

&Y, HFEZ7u—=r7 L7 cDNA &, =7 b V48
EsAfilEo AN E YU LI REL B 24kDa EHE
(visinin) #a—FLTwa &z ohi.

M. Northern A7 XA+ —% = & South-

ern NA{ T ZA(E—- 3>

Visinin messenger RNA (mRNA) #8452 H 5
FUVZ2ORERPHANL DI, 2D cDNA (EcoR 1
WiH, 3e5iEEE) 2 7o -7, VEED=7 Y
RO R4 &4 L7 RNA % Northern /»
A7V L E—Y a3y ®fFof (M5). Visinin
mRNA X, # 125 (#91,00055%) T, R T HER
LTEh, ok, Mg, Bz cERHLoNR
Mol £, ALY —7%2H8wT, BamHI 3
Wit EcoR1 TH{LL7=7 bV %/ 4 DNA ¢
Southern /"4 7Y ¥4 ¥~ ar®2fTixd &, &X
RIGT 3/3% R—AKF T8 &h, visinin BEF
BE—av—-TharErzoNT (H6).

Fig. 6. Southern analysis by using a visinin
cDNA probe. The genomic DNA isolated
from a chick liver was digested with BamH I
(lane 1) and EcoR I (lane 2), and applied on a
0.8% agarose gel (about 20 uxg/lane) and
transferred to a nylon filter. The filter was
hybridized with nick-translated EcoR 1 frag-
ment (365 bp), washed with X2 SSC, and
exposed to a X-ray film. Reference markers
are in kilobases.
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-201 TTCACAAAACGTAAGTTTATT
-180 TATGCATTGAAAAATAGCCCTGTACTGTCCTCCCTCCCCCCATAACCGCCCCATAACCCC
~120 ACCCCCCCAATCCCCCCCATTACCTTTCCTCCCCCCCCATAGCCCCCACCCCCATTAATT

~60 CCACCCCCACATCCTCCCCCCCCCATATAAGCGCCTCCCCCCCCTCTCCCGTCTCACACG

1 ATGGGGAACAGCCGCAGCAGCGCTCTGTCCCGCGAGRTCCTCCAGGACTGCGCGCCTCCA
HetGlyAsnSerAr;SerSerAlaLeuSerArgGluVa!LeuGlnAsprsAlnPruPro 20

61 CTGCGTTACACGGAGGAGGAGCTGAGCCGTTGGTACGAAGGCTTCCAGCGGCAGTGCTCC
LeuAr:TerhrGluGluGluLenSerArgTrpTyrﬂluGlyPheG]nArngnCy:S:r 40

121 GACGGCCGCATCCGCTGCGATGAATTCGAGCGCATTTACGGCAACTTCTTCCCCAATTCG
AspGlyAerleArgCysAspGluPheGluArgIleTyrGIyAsnPhePhePreAsnSer 60

181 GAGCCTCAGGGCTACGCCCGCCACGTCTTCAGGAGCTTCGACACCAACGACGACGGCACE
GluProGinGlyTyrAlaArgHi sValPheArgSerPheAspThrAsnAspAspGlyThr 80

241 TTGGACTTCAGGGAGTACATCATAGCGCTGCACCTCACCTCGTCCGGEAAGACCCACCTG
LeuAspPheArgGluTyrI1eIleAlaLeuHisLeuThrSerSerﬁlyLysThrHisLeu 100

301 AAGCTCGAGTGGGCCTTCTCCTTGTTCOACGTGGACCGCAACGGGGAGGTCAGCAAGAGT
LysLeuG1uTrpAlaPheSerLeuPheAspValAspArgAsnGlyGlanlSerLysSer 120

361 GAGGTGCTGGAGATCATCACGGCCATCTTCAAGATGATCCCGGAGGAGGAGCGGCTGCAG
GluValleuGlullelleThralallePheLysMetIleProGluGluGluArgleuGln 140

421 CTGCCCGAGGATGAGAACAGCCCCCAAAAACGGGCCGACAAACTGTGGGCCTATTTCAAC
LeuProGluAspGluAsnSerProGlnLysArgAlaAsplysLeuTrpAlaTyrPheAsn 160

81 ACGATAAGATCGCC ATTCATTGACGGGGTGATGAAGAACGAC
LysGlyGluAsnAspLyslleAlaGluGlycluPhelleAspGlyValNetLysAsnAsp 180

541 GCCATTATGCGCCTCATCCAATACGAACCCAAGAAATAATGGGGGGGGGACCCCAAATTT
AlalleMetArgleulleGLnTyrGluProLysLys***

TTGAGAGACCCCCCC TTAATTAA’ TAA
661 TFMTGGGGGGGGGGGCGATTAGAGTGTMTTAAATGGGGGGGAGGGGAMTMAGTGA’I‘
721 GGCGGAGAAA

Fig. 7. Nucleotide sequence of visinin ¢cDNA
and a deduced amino acid sequence. Nucleo-
tide sequence are numbered on the left side,
beginning with the first residue of the ATG
triplet encoding the initial methionine, and the
nucleotides on the 5-side of the sequence are
shown by negative numbers. The numbers of
deduced amino acid sequence are shown on
the right side beginning with the initiating
methionine. The polyadenylation signal
AATAAA are underlined and *** indicates
the stop codon.
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IV. Visinin o—%¥8i

Sanger ® ¥ ¥4 ¥ ¥ & % B v T visinin 0
cDNA O eHEEREF FREL X (B 7). Visinin
cDNA i3 IEBIRAES 205 R, BHREST6E R,
3 FEIRSES TR D & 7% D 2T LEER T
% - 7>, visinin mRNA Z# 1kb TRV (A)* 23
10053 &z T, 2D cDNA FIEIZELETH
3rEZHNT. HESIN S visinin OFFEix
92,452, %8 A13495.0T visinin EEE@?—& %
FEPEEL) LIFIEF—HLTW. 37 FEBRESR
ik, BY (A SHIBEE FHC R Y (A)* iy 7+
N (AATAA) BT ohic. 73/ RESLD,
visinin tHLOBBHBELORET Y — 2B/ L, ¥
MEV2Y Y, boE=yC T UERESED
a7z ("8, B I VDIREWEAILVY Y ARRE
BEOANVEY Py EOHEEEERED Shahol.
Loy, ZOHEREMNE A5 &, ﬁIVVWA%Aﬁ{Hf‘L
BIUZORBEDa-~V v 7 ALK ETY —0BEF
¢, visinin 28, %< b 22D EF Ny FEER
BoZ enFREENA. R NEKA b RAROEED
R dhl, &@W&EF/\ YIRS T, K
B, ANy T ADRESLRWAREMENHE. £-FF
IrYF—EEORMEBEHENTEL2HAFE1ED
Lo, 207 v—2aPstiz, RuA -7V -
5 4 v 27 v —2, (open reading frame (ORF)) izt
nhoiz. 7., —&&EW ORF 057 FEBRES
Wid, 3fEoiIEa Ky (138 FBHD TAA, -81 ZH

D-0-06-10--E

oooaibetb

0-0 -0

VS 32 YEGFQRRC SDGRTRCDPFER'YGNFFP‘{SEPQGYHHWRS:DMDDGnLDTPEY'U\,"dLT 43
|
]

25-G
[ T B e
TC 26 FDXFDAD-

D-0-06-10--E

GCITTHELGTVERSL- uQ\PTEAnLQPH‘IanDADCaCTIDr° FLSLY-ARKN 78

P

GGGDISTKELGTVH-RMLGQNPTKERLDAIIEEVDEDDSGTIDFESFLVENVRQUK 87

VS 94 S-S-GK-THLKLEWAFSLFDVORNGEVSKSEVLEIITAIFKMIPEEERL 139

RN

I

CX 77 R-D-SD-SEEEIREAFRVFDKDGNGYISAAELRHVNTNLGEKLTDEEVD 122

TC 88 EDAKGK- SEEELADCFRIFDK‘{ADGFIDIEELGEILRATG EHVTEED 133

Fig.8. Homology of visinin with calcium-binding proteins. The amino acids are
expressed as the single letter. The essential amino acids for calcium-binding
domains are marked above the sequences: O, oxygen containing residue; G,

glycine; I, isoleucine; E, glutamate.

VS, visinin; CM, calmodulin; TC,

troponin C. The symbols, | and: represent the matching of the same and

similar amino acids, respectively.
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o TAG, -33 FZB D TAA) #EEL, 1EHD
ATG poBRERNBEL I LBEL SN

v. Insitu " AT UHAE—> 3>

Visinin mRNA OETCORELXFANL DIZ, =
7 b U (% 3E) ERAVTC, insitung 7Y 54
¥—yar®{Tof. Fo—71 Northern /»A 7Y

667

A —ya YR EOLELFO =T R,
[@-*S]-dCTP T=vZ S5 >AvA¥arLi. #
OSBRI B & CABERBICZ DL A 258
B S, BRI visinin mRNA BFEHEL TWwb 2
Ehbhrolz (K9).

VI. RBEICH 1T 5 visinin ORBE HIC L 2 HH
MR, SBE¥C, =7 VBT, 72
SeZEMME L NSBIIESREL Tws EEb T
2. L bR L o TR L 72 visinin HifE
2RV, =7 P VBEFORBERBLFERT oL Z
%, BHlEEs st (M4Bh). D% b, HEAM
iz E M2 visinin AMREMEICAFERL T
fo. 22T, SIEZO=Y Y XD, BEREREY
L, DMEM/10% FCS &, 10% CO. FT, —Hi,

Fig.9. In situ hybridization of the retina by
using a visinin cDNA probe. Frozen section
of 3-day-old chick retina was hybridized to
#G.labeled visinin cDNA. After hybridization
and washing, the section was dipped in
NTB-2 emulsion and exposed for 2 weeks at
4°C before development. (A); Giemsa stain,
bright field illumination. (B); Dark field
illumination of the same section. The radio-
activity is concentrated in the inner segment
(IS) and the outer nuclear layer (ONL). The
followings are illustrated ; IS, inner segments;
ONL, outer nuclear layer; OPL, outer plexi-
form layer; INL, inner nuclear layer; IPL,
inner plexiform layer; GCL, ganglion cell
layer. The bars are 50 m.

Fig.
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L0000 7 ADEKBTTHEL, —Hik, 7A34&  BREKLEIILTLELSNL. £, @y
ANTREEXRL THEELL:. 4BRICEAZTHO U visinin BMBETHEEREL T2 EI M EH~
FAEED visinin BHEMERE % REEBRICERIZAN S Bz, =97 YR EMEAEID poly (A)
L, BEHT T, BRET I THREGEMRES RNA s L, Northern Nt 7Y ¥4 ¥—v 3y
LT (@10A). 272, AL &3 2&HfTic= EfTokels, HBELBRRETIRZEIEZACRs)
TNy RBE, BRRED visinin HFHREE N T mRNA BFEHL T3 2 b o7 (K 10C).
oy NTERNS EHEHET TIER 3 FE visinin EHE

DEFESBIIL T (0 10B). MEDZ LED * =
visinin 3, BRBEIZB VLT, BEEOAZHFCMS»O HAEHED mRNA G T 2 cDNA 270~
HTHESLTED, XHE»EEMBRL & visinin © =Y T TR0, EAEH» 5 —EDT I/ BE|

10 20 40 g

L
D

1 2

Fig.10. Visinin in the pineal body. (A) Immunohistochemistry with visinin of the
pineal glands cultured under light or dark conditions. The pineal glands from
hatched chicks were cultured under the continuous illumination of 4,000 lux (a)
or in continuous darkness (b) for four days. (B) Dot blot of visinin protein in
the pineal glands. The hatched chickens were kept in the light (L) and the
dark (D) for three days and the total proteins of the pineals were blotted onto
a nitrocellulose filter at 10, 20, 40x g protein concentrations in each row. ©
Northern blot hybridization. Poly (A)* RNA from chick retinas (lane 1, 1u )
and pineal glands (lane 2, 104 g) were denatured, separated on a 1% agarose
gel, and transferred to a nylon filter. The filter was hybridized with
nick-translated EcoR I fragment and washed with x0.1 SSC and 0.1% sarkosyl
at 65°C.
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ppElL, FRCHIET 24 ) TX 7 LA F K 70—
7REHL, DNA S 4 T3 —%A2 ) =22
2OB—BEITH B . Biznd s, visinin O NAKED
73 JBEFIRRET 2 I LM TERLT2DT, A
gtll 2= 1 U 4B mRNA © cDNA ##AL,
pA7I Y —CEORMGEER L L TRRAS
¥ FhEH visinin METR7 YV —=r7FdL0n
3HERBV. B0 X 2 Hl visinin MEEH
REBRSCERME L Y, ComEFIE, A1y
YOV ERIGT ATENEENTVE I b T
WEDT, HonLH T v OBEROTEEEST TR
U7 HEERWTAZ Y == 7 2T/, 12 %
WEOIA TSV —ns, 1EEOBME, o— b
Boni:. Bonlro—rh, HEOCHAREY
CHRBELTEBD, 24kDa DEHE® 32— FLTWw3 Z
r %, Northern "4 7'V F4 ¥ —% 3 >, insitu /
47V T4 =Y arBLVIE =S BIRETHY
L7> visinin HifEx A7 Western 72w 7 4 > 7,
B L UOSSHEBLE TR D S hi . MBBEUATE,
REAETHRBEL Twa Z ka8, Northern A 7V %
{¥—-yarBIURERBLETHorEZ T2,
REFHIE, BETRBREEONRZFEER, &
DTFELCRE, A, MOEL STl ThiED
BALTW2eEzo5h0was, Lo b=V-N-7+&
FNINSI AT 27— PEELEREHT LI L &
DO EEESEREEMT AREIN DB L EONT
w5, EE, BRREEIE, 7Y UBME, 7YY
FF—Yh FEEEREMEZ VAN ME LR
BLTWa™, £/, AVE Y YV IRRREFEEL
Tw3a™,

BRI R B THET % & visinin BRYEMIRT 2%
WzaZeho, EEXERUZBANMREICE >
Twa &z sniz. FEETIE visinin DX X 25
ERi-xn Ligsod, Zhid, ST T
$EBO visinin BMEBL TV 570, Hick h S0
MLTHEELREL L TRETERWEDEZEZORN
3. @BETO visinin OXIC L AFEEE LB 2T,
borEH (=v N UR) ORISR T ALEND
btEz2 03 . F7, Bl Korenbrot 534 73 >
mRNA ORREB L HIC L 2FEL2HEL T 5B
A, visinin WBAL T b HANEB 2R 0, BELE
A s s -7, Zhid, visinin 2SHEEEAN O
BEHETHADOIN L, # 7y v EELE CEEX
YFRUBWETH B0, 0O mRNA ORBEEIE
&Y, RELERT B0 LAk,

Visinin i, 7 3 /EO—KEES L URERSIL

FL0, HEHRCEETZ ANV Y T AREERET
oI EMNESMER oA, K, visinin 234 L ¥
YLAF LV ERHET B I EERRT IO visinin &E
HEPBRT 2L, PIVLEHAEHERRAVT
Ca** LOWEEREZTILNENDHS. MBIIX, %
DDA N7 LAEEEREE L TAHLE Y Y V5T
ET2IENMESNTVE. ALY Irid, il
NG, BE, Mo 7vF 2B EEENRT
W3 H, BERTOBEERASH IR TR, &
f- AL F = (calretinin) EWFIEN D AL ¥ 7 Lk
AEAELVREBMIIEET A I LAREEN T ¥,
ANVF=vlE, ALVEVYYEDT I BROMBRNE
HIE < (~58%), ME T TRTOMEBICA S
5. ANVFZCOBBLREDLIARHETHS.

WENIZBWT, 2y AREEREOBEEIRK
L BTTIDEZLOND., —DR, AVEY2Y ¥
BEOFICRON2 LD, ANV TLERATRZ
ik, MOBRCEAEOBELHET TS0,
I —DRESY T DIEREREINVY T LBEEEAE
(ANVEYSURhNLFor) DL A L
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SYDIREMEA LY Y ABSEOE LI R ER Y —iE
B, ANVEYVaYr, boRZyCERETY—
BEOLI RS, BBV T, Ay TLEML
THsHDOEEEOBEE XA L T 2 UREENHEE
ans.

Visinin 1, 7 2 VEREFI LD ALY T L EEET
Bz EMNTFRENLY, XZFMECOLFET S
Lo, EBERCEET S, kDRSS
Ezond. EE, SIEEZO=T FYRRET, X
Ik D visinin OFI|A, IH/HMT 22 &m0, A
BECZDAN Y Y AEEESEWA S »rORTHE
LTwaaEsBwEHEENRS. KEEF L Ca*
DOBEE WD\ T, Matthews 5% % Nakatani »*
i, Catt 37 4 — FNw 7B E, BERUH#E
RO IERSEICEE LT Wb ZEERLE. 12
Koch »®i3#gn Ca A #+ > {RMRNAE D 77 =
VY 75 —ERIMEIT A2 LERLE. 2RAHDZ
Lo, Pugh 5943, BRI LD, cGMP KEM
FrrannEALUS L, HJENO Na* 5L Ca*t &
EEAL, ALy v ABEEHE M) » 5 Catr ot
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By 25— ¥ EEELL, 20EE cGMP &3
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HRESLTWwa 25T, visinin tMEBSHE L O BH%
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¢DNA Cloning and Characterization of Photoreceptor-specific Protein Visinin
Kanato Yamagata, Deparment of Pharmacology, Cancer Research Institute, School of
Medicine, Kanazawa University, Kanazawa 920—1J. Juzen Med. Soc., 98, 658—673 (1989)
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visinin
Abstract

Visinin is a photoreceptor (cone cell)-specific protein (molecular weight 24,000, p15.5)
which appears in the retina at the 14th day chick embryo and gradually increases with
embryonic age. In order to investigate the function of visinin, the visinin ¢cDNA was
isolated from a chick retinal A gtll ¢cDNA library, by using anti-visinin serum. About
200,000 clones were screened and four positive clones which contained the same c¢cDNA
insert were obtained. One of these positive phages (A vis4) was lysogenized into Y1089.
When the B -galactosidase-visinin fusion protein induced by isopropyl B -D-thiogalacto-
pyranoside was reacted with anti-visinin serum, only the fusion protein was detected ‘on
Western blot analysis. The fusion protein was also used for purifying epitope-selected
anti-visinin antibody. The puritied visinin antibody reacted only with a retinal 24kDa
protein (visinin) on Western blotting and stained the inner segments of chick retinal
photoreceptor cells in immunohistochemistry. In Nothern blot analysis, visinin mRNA was
expressed only in the retina. The size of the mRNA was about 1,000 nucleotides. In n
situ hybridization experiment, visinin mRNA was mostly distributed in the inner segments
and outer nuclear layer of the retina. The full-length of visinin ¢cDNA (A vis24) was
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isolated from another cDNA library. The nucleotide sequence of visinin ¢cDNA implied
that visinin has at least two E~F hand structures and is a calcium-binding protein. Visinin
was also found to be expressed in the pineal body. When the pineal glands from hatched
chickens were cultured under about 4,000 lux light for four days, the visinin-positive
pinealocytes significantly increased as compared to those in darkness. These results suggest
that visinin is a photoreceptor-specific calcium-binding protein and is related to the
phototransduction mechanism in the cone cells.



