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Transducin, a GTP-binding protein found in the bovine rod outer segment, mediates the signal coupling
between rhodopsin and ¢cGMP phosphodiesterase. Recent observations have revealed that transducin
consists of two functional subunits: Ta (Mr 39,000) and TAy (Mr 35,000 and 8,000), and that photolyzed
rhodopsin catalyzes the exchange of GTP for GDP bound to Ta and, in this case, T8y fegulates the binding
of GTP to Ta. This process, i. e., transducin activatio‘n is an important amplified step to signal the start
of transduction during photon absorption by rhodopsin. Therefore, we intended to elucidate the regulatory
mechanism of the transducin activation in retina. )

We found subspecies of T8y during the purification of T8y from the bovine retinal rod outer segment.
Purified TBy was separated into three components by chromatogr‘éphy on Mono-Q, an anion exchange
column, equipped with FPLC. One of the components caused substantially no enhancement of GppNHp, a
nonhydrolyzable analogue of GTP, binding activity to T« in the presence of photolyzed rhodopsin. These
findings indicate:that there are functionally two different forms in TRy, i. e., active and inactive forms.
Each Tgy subspecies showed the same mobility as T8 and Ty in SDS-polyacrylamide gel electrophoresis
(PAGE). The ‘mobility of Ty was distinctly different, however, between the attive ahd inactive forms in
8M urea-PAGE and 8M urea-SDS-PAGE. Therefore, it is likely that the functional heterogeneity of TSy
depends on the structural heterogeneity of Ty. Pur1ﬁed Ty was further separated into four subspec1es (Ty—
1, Ty-2, Ty-3, and Ty-4) by high- performance 11qu1d chromatography on a C18 reverse phase column.
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Abbreviations

MOPS : 3-(N-Morpholino)propanesulfonic acid
CHAPS : 3-[(3-Cholamidopropyl)-dimethylammonio ]-1-propane sulfonate

DTT : Dithiothreitol

PMSF : Phenylmethane sulfonyl fluoride

BIS : "N, N’-Methylene-bis-acrylamide

TEMED : N, N, N’, N’-Tetramethyl ethylenediamine
Con A : Concanavalin A
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However, the amino acid sequences of these four Ty seemed to be identical to each other. These Ty
subspecies consisted of 68 amino acid residues, in which N-terminal amino acid was Pro and C-terminal
amino acid was Gly. These results indicate that the structural heterogeneity of Ty, which was shown by
8M urea electrophoresis, depends on its structural modification which introduces different surface charges

on the molecule.
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Fig. 1 Purification procedures of Te and T8y from
bovine retina in the present study.
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Fig. 2 Gel filtration of extracted transducin on Sepha-
cryl S-200 column. The transducin rich frac-
tion extracted from bovine rod outer segments
was applied on Sephacryl S-200 column(2.5X
120cm) and eluted with buffer D (6 mM
MgCl,, 100 mM NaCl, 1mM DTT, 20 mM
Tris-HCl, pH 7.7) at flow rate of 20m//h.
The molecular standard proteins used were B
(bovine serum albumin, 67kDa), O (oval-
bumin, 43kDa) and C (chymotrypsinogen A,
25kDa). Vo and Vt indicate excluded and
totally included column volumes, respectively.
The first peak contains transducin.

HAET B, TRy BHEALRVCIEEFIHL CHlEY
SBEL % Talk OTBy % £ 1 £ L DEAE-
Toyopearl #5627 v=+ 27574 =L > TEHIT
EH L. Ta 3, DEAE-Toyopearl X b NaCl g
#0.13M ofrBiciE L (Fig. 3-A), o —7H
5 SDS-PAGE iz X 2547 C13, 4 F& 39,000 DE
— v F & L e (Fig.3-B). Tgy %, DEAE-

Absorbance at 280nm
NaCl (M)

Fraction number

Fig. 3

A : Purification of Ta by an anion-exchange column
chromatography on DEAE-Toyopearl. T« fraction
separated by column chromatography on Blue Se-
pharose CL-6B was applied on DEAE-Toyopearl
column(1.5%10 cm) and eluted with a gradient of
0-0.5 M NaCl in buffer C (5 mM MgCl,, 1 mM DTT,
0.1 mM PMSF, 20 mM Tris-HCI, pH 7.7) at flow
rate of 15m//h. The gradient of NaCl is shown as
dotted line. Absorbance at 280 nm is shown as solid
line.
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Toyopearl X » NaClEE# 0.05 M OfZBEICEH L
7= (Fig. 4-A). o ¥ — 7 B4 SDS-PAGE 12 X b
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B).
32 BEO TRy »FE

Ta © GTP &5 Ty O REBEFT S
7=z, GTP 03X T + = 7T % GppNHp %
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DERBEHE — 78 L D bEFETELLE LN
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7DWTROBES (752723 v 20-27) b TRy M
N oRMEEBEDFIEFRD b (Fig. 4-B). -
T ED#EREMS, Ta © GTP #ESHEARET 2 E
DRI TRy B TREVERGFETHZ LARBIH

43K w. o

10 11 12 13 14 15
Fraction number

Fig. 3

B : SDS-polyacrylamide gel electrophoresis of the frac-
tions obtained by DEAE-Toyopearl column
chromatography(panel A). The gel was stained
with Coomassie blue.
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Fig. 4

A : Purification of Tgy by an anion-exchange column
chromatography on DEAE-Toyopearl. T8y frac-
tion separated by column chromatography on Blue
Sepharose CL-6B was applied on DEAE-Toyopearl
column(1.5x30 cm) and eluted with a gradient of
0-0.18 M NaCl in buffer C at a flow rate of 15 m//h.
The gradient of NaCl is shown as dotted line.
Absorbance at 280 nm is shown as solid line.

o
»

Absorbance at 280nm @—¢
e
-

Fraction number

v EBREN T ST AGTPREGEABE (L 7 v 27 = — v ) OIEREEE 227

94K
67K

43K

30K

20K

14.4K .

2021 22 23 24 25 26 27
Fraction number

Fig. 4

B : SDS-polyacrylamide gel electrophoresis of the frac-
tions obtained by DEAE-Toyopearl column
chromatography (panel A). The gel was stained
with Coomassie blue.
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Fig. 5 Comparison of elution profiles of TSy from the DEAE-Toyopearl column with their inducing abilities on
GppNHDp binding activity of Ta. In the presence of bleached rhodopsin, each fraction(10 x/) was mixed
with the constant amount of Ta (75ug/ml. purified as in Fig. 3, A) to measure the inducing abilities on
GppNHp binding activity of Te. The GppNHp binding activity (A---A) of each mixture was estimated
by the procedures described in Material and Methods section. The values (0-+-0) were normalized with
the absorbance at 280 nm (e——®) of each fraction.

to. FITRIE, ThoBERO TRy »FEYTEETS
BT 5 EERE LT, Mono-Q » 5 2a%¥EELK
FPLC iz X 25 ¥ &fTls-7:. Fig.5D75 27> av 21
b 28 ¥ TOES BRI, BERE TS BIE

R 72K % Mono-Q #» 5 2 i2ikinl, NaCl DEH
BEARCEETSE, TRy 3 NaCl EBEH 220 mM,
250 mM J 08290 mM DAIBIZ 3 o — 7 ITHBEL T
BH L (Fig. 6-A). Thb 3 200Thoe—273%,
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A : Mono-Q column chromatography of TSy fractions
recovered from the DEAE-Toyopearl column
chromatography.
T By fractions recovered from the DEAE-Toyopearl
column chromatography (fraction 21-28 in Fig. 5,
A) were combined and diluted 5-fold with buffer E,
followed by application to the Mono-Q column(5 X
50 mm) equipped with FPLC. Proteins were eluted
with a linear gradient of 0-1.0 M NaCl in buffer E at
flow rate of 1m//min. Three subspecies of TSy
(peak 1, peak 2 and peak 3) were eluted from the
column at apparently 220 mM, 250 mM and 290 mM
NaCl, respectively.
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Fig. 7 GppNHp binding experiments with reconstitut-
ed rhodopsin, purified Ta (66 ug/m/) and vari-
ous fractions of TRy isolated by Mono-Q col-
umn chromatography. GppNHp binding assay
was done with various concentrations of TSy
(peak 1-3 in Fig. 6, A) by the method de-
scribed in Materials and Methods section.

SDS-PAGE iz & 5 4#7 T3, HFE FhFh 35,000
DT &, #18,000 D Ty » LR X h T\ 7 (Fig. 6-
B). Co#EEMND, TRy i, EEMEORKD 3D
DHFENFLET D EATRB IR, KRiZ, ZThb
D320 —27 (Mono-Q # 3 A& + VIRET

FLIRER 3E

94K =«
67K =
43K =«

- e -
30K -

20K ~
14.4K -

%&wnf

peak1 peak2 peak3

Fig. 6

B : SDS-polyacrylamide gel electrophoresis of the
three peaks separated on Mono-Q column
chromatography.
The gel was stained with Coomassie blue.

BHTAonbIECE—21, 2R U3E35)D TRy
LLToEYE, Thbb, v N7y viRBaHEGEE
TTD Ta D GTP fEEELRET I EXREL -
(Fig. 7). ¥—=7 10Ty B ERWB4E, Ty &
FRICEERFDO Ta B0 3/58& (£ H) FTHEMZ
®T%, Ta © GppNHp FEABEIE, FRALREI N
Mhol. TREHLT, ¥—27 2RO —273D TRy
B ACIcHE, Ty BRRGERFD Ta EOR
I #1/20 8 (=1 k) ©Ta © GppNHp & E 13
fIREIZ T A iRy B b hic FigD. Thbd
DfERE, TRy, Ta © GTP A RER{EET HHE
HORIBERER (-2 2 & 3) ERNESR (-7
DOXEETHZERRLTWAS, ¥h, ©—2724kE—
7 30 TRy BEiFxAVIEETH, Ta © GppNHp #&
BHERRET HREN TR VTRV D b,
3-3 TPBy ? heterogeneity % & 1= > T EXF DR
TRy ® 3 >D45FfEAH, Mono-Q #» 5 A THEEIS R
feZ e, 203005 FREOEGETE, Tyt
oY 72=y b BIDONEHLICT BT,
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8M REZFE T TOBEKKE 1 T/e 7. ZOBEKKE
B, EAEOWMEORVGERATIBICESTHS.
TRy &5 7 (Fig.6-ADor—21, 2KR03) %,
COHERL ) ESKE SRR, &0 TFEDOTAD
BEEI—HT AN -2 1D Ty te—27 2 RVO3D
Ty TR BEBEENDD bhie (Fig.8-A). T HiT
ESFEABROXTF OB ERHTH 5 8M R
%-SDS-HEVT7 27 VAT I FAAVESKERITe- T
R A -7 IEENE Ty DOBBECHL N E
NRDH B (Fig. 8-B). Tibb, £©—=210 Ty
DHENEXT.8kDa ¥4 L, £—7 2 RVPE—2 3D
Ty D 5EE35.6kDaic 4 L 7= GAF » SDS-
PAGE X % &, EHTFEABEDZOREOZEIIHN
T\, LEofEE, TRy O heterogeneity (3FEIC
Ty ® heterogeneity I3 Z & AVRE I It
3.4 Ty¥7a1zv bOMR

TRy BAEWEHT TR TSRO Ty ThEh 1y
Fh B S heterodimer & L THFEL, HAHEOEM
SMETTOLBY 72=v + DFEEIERZ S, 2T
wiz, Ty O heterogeneity % & HICFFIICHRATT5 2
L#HfE LT, DEAE-Toyopearl # 7 & X h# L
7-(Fig. 4- A)TBy # 6M EfE 7 7 =2 v & &1 50 mM
Tris- HCI (pH 7.6) TE£Z M ¥4, Sephacryl
S-200 7 2k TR b Ty HEEE L. HEELC
Ty ¥, CI18¥M» 7 2 %%%E L7 HPLC T HILy

v o BEREAEIC ST AGTPHEEEAE(Y 7 v A7 2 — v V) OGRS 229

BEREBL L 7e. bbb, 0.1% Y 74 nEEER RS
5%75 95%7 & b =+ Y LEREEARTEAED
B (E 1 m//min, 40 458D %1772 - 7 (Fig. 9-A).
Ty i CI8¥#fH 7 A X b 4 DDEE -7 ZELTHEH
Ehntk (FF ALV RCBELTEHOnLIRICY — 2
1, 2, 3/RO4 ELEK). £—27%8M IK%E-SDS-+
V77 IAT IS AVESKEBITHLICEZA, £
7 1 D5EE7.8kDac, o 32D —27D5E
EL5.6kDa Y4 L7z (Fig. 9-B). ® - T, SM IR
%-SDS-KV 727 VL7 i PP LERKE L, Ta D
GTP A ERRET AR R Rl I WG MR TRy
DyHTa=y hOBHEXTy-10LhEFA—TH
h, EHEI TRy Dy 7 ==y r DBEE X Ty-2,
Ty-3ROTy-4 DFRE—FTHZEEZRLT 5.

To4onr—2 (¥—=71, 2, 3R4ELTNT
nTy-1, Ty-2, Ty-3 RO Ty-4 L& F) *FH
UC185#H» 5 4 (HPLO) X h¥EHEL, ThXth
D7 I BBER A L., Z0#ER, Tablel iond
o< Ty pFEDOT I 7 BEREZ, BDTHE
PLTED, BEELEVEIRDbhh-Te. HIT
B %7725 BT, Ty-1, Tr-2, Ty-3 RO Ty-4
D N Kla >0 7 3 7 B—REFIDGHT RO C K
73 BOREERTIR-%. Ty-1 RO Ty-3 DN K
W7 3 /B3 ProT, Ty-1& Ty-3 3 FxhFh NXE
Ul 30 FH Met X' 32 % H Val $To7 3 /B

Fig. 8 Electrophoretic profiles of functionally different subspecies of TSy.

peak1 peak2 peak3

A : 8 M Urea-polyacrylamide gel electrophoresis.
Preparations of both gel and samples were de-
scribed in Materials and Methods section. Peak 1
(3 nug), peak 2 (5pug) or peak 3 (3 ug) obtained
by Mono-Q column chromatography (Fig. 6, A)
was applied on each lane.

B : 8 M-Urea-SDS-polyacrylamide gel electrophoresis.
Preparations of both gel and samples were de-
scribed in Materials and Methods section. Peak 1
(3 1g), peak 2 (5ug) or peak 3 (3 ug) obtained
by Mono-Q column chromatography (Fig. 6, A)
was applied on each lane.
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Fig. 9. .. . B : 8 M Urea-SDS-polyacrylamide gel electrophoresis
A : High-performance liquid chromatographic separa- of the peak fractions (peaks 1-4) obtained by the
tion of Ty subspecies. Ty was isolated from Tpy high-performance liquid chromatography (panel
by gel filtration after denaturing with 6 M guanidine A).
hydrochloride, followed by separation through a
reverse phase Cl18 column (4.6x250 mm) equili- Table 2 N -terminal amino acid sequence of both Ty
brated with 0.19 trifluoroacetic acid, and eluted subspecies and CNBr-fragments of Ty-3 (Ty
with 40m/! of a linear gradient of 5-95% -3-CNBr).
acetonitrile in 0.1% trifluoroacetic acid at flow rate Tv-3-CNBr
of 1 m//min. The proteins were detected with an Cycle  Ty-1 Ty-2 Ty3 17 2
absorbance at 215 nm. 1 Pro Pro Pro Ten Pro
. . . . Val Val Val Val Leu
Table 1 Amino acid compositions of Ty subspecies 3 Ile Ile Ile ? %2 Val
isolated by a reverse phase CI8 column 4 Asn Asn Asn ? *2  Lys
equipped with a high-performance liquid 5 Ile Ile Ile ? *2 Gly
chromatography system. 6 Glu ? ol Glu ?o*2 Ile
Ami X B X 7 Asp ? *1 Asp Glu Pro
mino acid residues/mol Peptide 8 Leu Leu Lot Glu Glu
Ty-1 Ty-2 Ty-3 Ty-A4 Ty* 9 Thr Thr Thr Phe Asp
10 Glu ? ¥ Glu Arg Lys
Asp 8 7 9 8 8 11 Lys Lys Lys Asp Asn
Thr 2 2 2 2 2 12 Asp Asp Asp Tyr Pro
Ser 2 2 2 2 2 13 Lys Lys Lys Val Phe
Glu 13 13 13 13 13 14 Leu Leu Leu Glu Lys
Pro 4 4 5 4 4 15 Lys Lys Lys Glu Glu
Gl 4 5 5 5 3 16 Met Met Met Arg Leu
Y 17 Glu ? * Glu Ser Lys
Ala 0 0 0 0 0 18 Vval Vval Val Gly Gl
Cys — — — — 2 19 Asp Asp Asp Glu
Val 6 5 6 5 6 20 Gln GIn Gln Asp
Met ) 1 ) 9 9 21 Leu Leu Eeu
Tle 3 3 3 3 4 22 Ly Ly ys
L 23 Lys Lys Lys
- 7 6 7 6 6 24 Glu Glu  Glu
Tyr 1 1 1 1 1 25 Val Val Val
Phe 2 2 2 2 2 26 Thr ? #t  Thr
Lys 10 9 11 10 10 27 Leu  Leu  Leu
His 0 0 0 0 0 28 Glu Glu
A 29 Arg Arg
rg 3 3 4 3 3 30 Met Met
* This amino acid composition was calculated from 31 Leu
data on amino acid sequence deduced from cDNA of 32 Val
bovine Ty reported by Yatsunami ef al.'® and Ovchin-  *!: Five amino acids were not identified in Ty-2 sub-
nikov et al.'® 68 amino acid residues from Pro? to species.

Gly® in Yatsunami’s data and from pro' to Gly®® in  *?: Four amino acids were not identified in Ty-3-CNBr-1
Ovchinnikov’s data were taken to calculate. fragment.
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BB AT S ey, ZD30FBETOT ¢/ BEF]
114 —% L7 (Table2). Ty-2 2 N RKufiln o 27
ZHETHEN SR, S5BEDOT I VBBIIFEETE
fthotcbODFOMD 7 I/ BREFE, Ty-1, Ty-
3E—F L. —H, TymFREOCKWKT I/ BOR
B3, carboxy peptidase-P A\ -BEREICL &
Bl ToER Ty-1, Ty-3 XU Ty-4 D CKuwl
i3, Glu-Leu-Lys-Gly COOH & #5% & 117z (Table
3

7> Ty d7 3 7 B—KREFNIT T, Hurley ef
al.'® B O Yatsunami ef al.*® 5% cDNA O EFEF 5
5, # 7z Ovchinnikov ef al.2® 237 3 7/ BRERNTH Bk
FELTWD, APFERTHELM L Ty-1, ROTy-3
D N K% Pro 225 30 B Met T 7 3 2 BEFIO
¥R Y, Hurley ef al.'® KU Yatsunami ef al.'®
DRE L7 Ty 1 KEFI & &< —HLc(Fig. 10). %
7z carboxy peptidase-P # i\ -BERE I X h #HEE R
iz Ty-1, Ty-3, Ty-4 ® Glu-Leu-Lys-Gly
COOH i1, fimo#is L1 REFID N K@ HH
2TC66FES 69 FBI—F L (Fig. 10).

4 £ K

BHREE ORI GEA T B T A KRB OZTHE &
mE, Fig 1R TBEBCENTSEELLRTY
5. Tibhb, XZXBETHD= N 7o v oXREGT
I OEMILINI Y S VAT a— v YRk AR T R
75 —EEREMTS L, HIREFD cGMP BENE
YU, MEPEELO FAVF+ v RANEBELT
SREBMVEETLY, 1 5F0r Y7 voXRE
ST, 500 0FbDLF v AT a— v AER
ERBDT, b FVARFa— vV iIKRBEEDY
HEBIEE v FAv oy —ThD LR
2, ZOH Ay — FIZRITHBREFE L THHEEEL
TV 59,

KRBT, Ty IRENBEDR -
B EL 30D TRERAFEETHEVHELNE 25
. ThoD TRy D1 2045FfE, v N7y vl
BREGEE TIcWTh, Ta DGTPEERERITE
AEREL I RES S FRETH T Tinbb Thy
IRV I R 7o B IEM R R O NER R 5 TR
THZER, BELEMCIR.

BEER R D Ty # FREOBEMNERYH LI
T5EMT, SMER-£V 727 VA7 i FFrABERK
BRUOSMRER-HEV 727 U473 Fr L BREESYH
tote. ZORER, EHE TRy EAERE TRy tis

v RRR SIS T ACTPREAEAE(N 7 v A7 = — v V) OEREERAF 231

Table 3 Analysis of C-terminal amino acids of Ty
subspecies by carboxypeptidase P treatment.

Amino acids released (mol/mol Peptide)
Ty-1 Ty-3 Ty-4
5 min 5min 180 min 30 min

Gly 0.30  0.53 1.00 0.53 0.76  0.80
Lys 0.23 0.44 1.45 0.30  0.90 1.20
Leu — 0.23 1.00 0.53 1.10 0.83
Glu — - 0.80 — 1.00 0.66

Subspecies of Ty were isolated by a reverse phase C18
column equipped with a high-performance liquid
chromatography system as described in the text. Each
purified Ty subspecies was mixed with carboxypeptidase
P in 50 mM CH;COONa, 0.5% Triton X-100 (pH 4.6)
and incubated for 3, 5, 30 or 180 min at room tempera-
ture. The cleavage reaction was terminated by adding
0.02 M HCIl. The amino acids released were identified
and quantified using an automatic amino acid analizer.

3 min 30 min

W, FhFhy+ 7=y  OSBENRRDL L
S5HRMELR. £2T, BEMRORERIES
O Ty RBEELCEZA, EHER Ty, CI8UHE»Z
AEEoTELIIDDG T (Ty-2, Ty-3 RV
Ty-DeSBEIhis. 2 TIhb0& Ty HFREI
DT T BRSO, CRET ¢ /B RON
KBl o7 3 7 B—REF ST 7o, Z08
R WTho Ty o5 FES 7 3 7 BEBICE VIR
dhndehote. 8MEKRFE-SDS-KY 727 I 47 I8N
NESKEL, EHR Ty Oy +7=2=vy i, 5.6
kDa, ROAREH®HR Ty Oy vy 72 =v b3, 7.8
kDa WY 2 5BEL T, ZOFHEOERD
FEO—REZDOBE L BDTERL, BELLE
BHE (TRy) RAMEDOEV% b THEBHORKE
BTkt E:21bh3.

Hurley et al.'® KO Yatsunami et al.'® (3BEF
B0 Ty O—RESERHE L. TOKE, Ty
i, NE#HROCKMT i /B EhFh Met L
Ser b0 4BDO7 I VEEX W INTVBEHRE
LT\ %, —7% Ovchinnikov et al.?® 13, &EHREBELSE
I 7eBfi s Ty O—KEEZRELICY, FO Ty D
1 ki, Hurley et al'® B O Yatsunami ef al.'®
PG Lic—k#EED N o 2% H Provb 70 &
B Gly ¥ toE%I+, 49 #FHE Gly 72032  Hurley et
al® O|E LR B L OO, Yatsunami ef al.'® O
EHEL—HTHLDTH-7(Fig. 10). Lil, &
BF4Ci3, carboxy peptidase-P #H\TiT e - 7-F#
Rikwer s Ty 278D CKET I /BoMoER, C
ko7  BEIIEE Ty #FBECR T, £TH
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Fig. 10 Comparison of amino acid sequences of Ty.
: amino acid sequence of Ty deduced from its cDNA clone'™'®.
: amino acid sequence of Ty determined by peptide sequencer after partial digestion'?.
cTy-1
:Ty-3
: peptide fragment obtained by CNBr treatment of Ty-3 (Ty-3-CNBr-1)
. peptide fragment obtained by CNBr treatment of Ty-3 (Ty-3-CNBr-2)
Ty-2
cTy-4
: identified amino acid sequence.
—————— : unidentified portions of amino acid sequence.

il lwi@Resii-g

Glu-Leu-Lys-Gly COOH t» b, BEEoOHE & B
+% & Hurley et al.'® %0 Yatsunami et al.'” O R
L1 NRBAT7 s 7 BA1EBEROCRIRRT ¢ 7

A% 5 B4 <, Ovchinnikov ef al?® DHEL Y b Ty Tou GOP
g i L b POE; T°‘ Gop R" TBY Ta.60P

FHRIBEEVLDTH - (Fig. 10). o

Ty-3 %7 wxs7 B, HPLC THEML AL | ——
B i cGMP PDI T (B
FeATF R D5 B 2 SOW D N KRS D07 “l d T GTP \\ worsrTear
i To.GTP

L BERFIBNATERT 5. TOMR, Lhbok
FoNFK#flins07 ¢ 2 BRI, 4BREDT 3/
BARETE -l bDD, FDfiy, Ovchinnikov

et al 2O PFEL7-31%B Leunnb50EH Asp D7 Fig. 11 Light-activated cGMP cascade of visual trans-
duction process.

5'-GMP

2 1 N 5 N 3 .
7 BEFIR O 5L % B Pro 75/ 5 69 % H Gly 0)/7 / R : rhodopsin, R*: photolyzed rhodopsin, Ta
RELFN & —3% L 7= (Fig. 10). #€-» T, AMETHE LR and Ty : subunits of transducin, PDE;: in
& T BN KA P D CFEE Gly & active form of cGMP-phosphodiesterase,
Te& Ty 5 ¥ Kk Pro & AR5 y PDE*: active form of ¢cGMP-phosphodiester-

T273I/7B68EI VBRI TWEEHEI L. ase.
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ThbbELBRFVAAVEBNT Ty}, AEDT 7
BrLERIWAEAE L LTERIhicE, #an
Teer v S BRI CBEOT I ISR AEAYE
CEBINTHEBERLHF Y 5 1ihb tE s b,

BT, BABEATD R F 7o v b DRBRIEED
RlY, A VvRREEBD CGEVCERED D 2 &5
RENTW3. B3, SECEHFOBECETSL
DT, KZFEEe FFovd -7 Frr ) vISERE
BEHECHSMRT : VBEFIOENAAD S C
LR, MEBEBOEBHABERTERD a ~Y v 7 R¥HHRLT
EEREBLTCCAILTHEY. FRWMEEELE LIk
B vEMEBER I L o Ty v E h, FoER
ELC, ZARGEFOBREEENINMETT 52 L
EXRTWB., BREWZ L1z, BHORCIIE R
BBD, v F7rvEr—E2 828 KkE, 25k
FF—ERe F 7o v ) vBMET5 282 30RER
Tw%. 82 3ERIZERBCET2L0C, BAHD
Rk vtid, Ei GTP HEEAEMEBREERT
(FI VAT a—H—)ELTHERELTWS., sL1Ey
ZHEEIET 5 GTPREAEAE (N, RUN) 0 g
Y72z b E TRREBTHD I L™ ARIATH
5. Ll, PIVRF2—-vv o GTP EAEN
BEDOREILB I, HHEMT TRy ¥WKEBRES
BITT5010L, Na RUN, @ By #7 2= v 1 i3,
KEMBES BT LI E W5 BTh5D. ZDL5
BV, MEO y ¥ T2y P RRELRDTHDLE
E 2 b T\, Hildebrandt ef al?9 13, N, N, &
PP FYRTF o= VD By HT o=y bDORTF K2y
EV IR R, Ny, NNBEONS VAT a—y
YDOBY Ty P ZAED < y €V SR — v BR
TH, y ¥ T2y FDAZ— VL BRhoTuhSE
EERHELL. Ty OABRRENIBRED L2 AW L
TR, ThOLOEENS, Ty Tey LELL
ke ¥ 7o vREDEEKE ORBGITH L CEE LR
ERE - T B EEMENE 2 b h 5. Yamazaki ef
al*>*9, Ho and Fung?” K O* Fung and Nash?® i3,
NEM (N-ethylmaleimide) C{t2£8iL 7 Ty =,
N TV BB O TRy VT, FRLD Ta d
GTP ALK T 5 RN R AR L. FoEE
BY¥Ta=y t DBHICES Ta ® GTP KAEEL L
ENBZLEBMEL TS, Laligns, Ty oown
TRED L5 B#fE 13ien. AR CE W CESTTR
ORIEWRE TRy OMSEERE 23 Ty OFCESC &
EEREHLE. 2% ) Ty OBVimd » T Ty DK
PR IN T DEELE LT LD AR5

VY RERENEIC ST BGTPHAEAE(N 5 v AF 2~ o V) OB THEE 233

MThH 5.

NEEE TRy DABERICONTIE, W< ohd
TIREMEAE 2 b5, Yamazaki er al.2529 13, 3840
KRGO GTP A2 V7 BD By + 7 ==y |,
a¥7==v 0O GTP E&iE L CRENIERT
BREFTL, Ta ®b> GTPase FiEic LTHIE
ﬁ%mﬁﬁ#6:&%ﬁﬁbfvéa%ﬁ6@ﬁﬁb
FARERED TRy 13, 20X 57 Ta ® GTPase &
U CREMCIERT 50 FRECh AR L E 2
bid. bLE5THBRHI Ta ® GTPase itk
FRBEREC IS T, BREIIDE (R4 05 -
Z)DERE S 0T, ERER ORERE Ty o)
DEZPHBEDOF Y « 4 7 OFHEIE - T\ BHE
H2E % HRX 5. Logothetis ef al? 13, GTP &
BYRNRTED LBy T2y b A, LEMKEO K v
VEANMCEBEERL, ZOBEARIE L TV 5 AT
ERRLI. TOTFed—TELZBENERE TRy
B, AFA YT vV RACHEFR L TEREBMR
EORH LB - T BHMES B2 bR, &
T & BRI N, D By # 72 = » bif, ThEGn
TTFENEY 75— EiERRIHET 2 ESE A E LT
5. KB LTV SBREROE LM 2EE
wohd &, TERE TRy HEE cGMP & 2 kv =
AT 7 —Ce T LA BE b B E I TE . Fukada
and Akino®” 1%, Ta RO Ty I3 %4 ) RU=E /
7R —VHBEFERL, ZhbdBui-aEaksn
B L Y, Ta RO TRy nEENE L HET S
EEHBMPE LI, 202 E X h B EEET 54k
BRICE\TY, PV AT 2o v EANL RS
WMAPMEE, BEShTWBTHEELRELTY .
Haynes and Yau®*” 4%, $EAANESHEBEO 74V 7+
VA S cGMP i & b B S h T\ B 2 LR
U, %7, Hurwitz ef al® @g4AHERC S cGMP
ARTERT T —EHEEL, BEIME L AERHE
ERESFAETH L ETRBEL TS, ChbDo &
ZERICVRBE, 5 1o0WERELT, Rol
ERESER O TRy VA ShRkD Ty toHB L
bELOhE. Ty HFRCR - BEHEOLTLE
b LT REBHOMITE &b, TRy RS T&
DEBRNBEOBENY, SBOBRECTH .

5 #F A

AR, REEOWHLERICKTS GTP BaEA
B, L fyHTacy tOBEBRNT LI LR
BE LTI RVRORER Y B,
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D Tpaywril, Ta®GTPEAERERETHEELS
SEME TRy &, F0 X5 hiGE S el AT
TRy DEEERH LML, Thib% Mono-Q 7
Sarzu=tZ57 4 BRACTHEETSZ LITEY
L7z,

2 EMRR OTERE TRy o TREOBENERN,
Ty DBV E BT ERSMEE-RY T 7 YT 3
¥ A ESIKE R O SM B%-SDS-£V 7 2 VAT
N FABEBSEKEBCIVELME RS T

3) RIEHE Ty B3R0 Ty-1 ROTERE Ty d3k
O Ty-2, Ty-3 RO Ty-4D 42D Ty SFEEOF
EXBELML, ¥HE» 7 2HPLOKI Y, Th
LoBEETRIh LA

O TysHFE (Ty-1, Ty-2, Ty3 RV Ty-4)
ORBRIER LI LT B, HEELE Ty
SF¥BOT I BERSH, NRKHf»rL07 37
BEFI DS, ROCHKSRT & 2 BEFIOSIT 1T
Teote. Ty-31CowCiE, 7uesr7 vl
Bout<7F FEE O N RKERLD7 /BRI
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