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Trunsdugin is the retina! rod outer segment (ROS)specific G protein soupling the photoexeited rhadapsin to eyclic GMP-phosphediesterase. The

& subunit of transduein is known ta be ADP.ribosylated by bacterial toxing, We investigated the possibility that trunsduein is modified in vitro

by an cndogencus ADP-ribosyliransferase sactivity. By using cither ROS, cytosolic exiraet of ROS or purificd transduein in the presence of

[a-*Plnicotinamide adenine dinucleatide (NAD*). the @ and & subunits of transducin were found 1o be mdiolubeled, The lubeling was decrensed

by snake venom phosphodicsterase 1 {PDE 1). The modiflcution wus shown to be mono ADP-ribosylation by analyses an thin luyer chramutography

of the PDE l-hydrolyzed praducts which revealed only SAMP residues. In addition we repart thal sodium pitroprusside activates the ADP.
ribosylatien af (ransdutin,

Transduein: ADP-ribosylution; Rod euter segment; G protein; Rhodapsin; Relina

1. INTRODUCTION

Transducin, the retinal G-protein, plays a key rols in
the mechanism of phototransduction in rods of verte-
brates [1]. One molecule of photoexcited rhodopsin eat-
alyzes the exchange of guanosine diphosphate (GDP)
for guanosine triphosphate (GTP) of hundreds of
transducin {T) molecules (2]. The GTP-bound form of
transducin  activates the cyclic guanosine mono-
phosphate-phosphodiesterase (cGMP-PDE) by binding
its ¢ inhibitory subunit [3]. The hydrolysis of about 10
molecules of cGMP-s™' by each activated cGMPB-PDE
leads to a transient reduction of the intracellular cGMP
level followed by the closure of cGMP-gated cationic
channels [4]. Like most G-proteins, transducin is a
heterotrimeric protein composed of &, 8 and ¥ subunits
and the binding of GTP leads to the dissociation of the
active Ta-GTP form from TFy. After hydrelysis of the
GTP by its intrinsic guanosine triphosphatase (GTPase)
activity [5], Te returns to its Tee. GDP-TGy inactive
form.

Al present, little is knewn about post-translational
modifications of transducin. It has been shown that Ty
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can be faurnesylated (5.7), meodification essential for in-
teractions among the three transducin subunits. In addi-
tion Te and TS can be phosphorylated by pretein ki-
nase C [8.9] but the functional implications of these
madifications remain to be established.

The @ subunit of transducin has been shown to be
meono ADP-ribosylated at different sites by chelera and
pertussis toxrins [10-13]. Meno ADP-ribosylation is a
post-translational modification by which the ADP-
ribose moisty of adenine dinucleotide (NAD™) is
covalently attached to the protein. Cholern toxin and
pertussis toxin catalyze the ADP-ribosylation of an
arginine residue of Gs or a cysteine residue of Gi or Go,
in the adenylate cyclase system [l4]. Recently, such
ADP- ribosyltransferase acitivities have been atiributed
to eukaryotic proteins [15-17] and Watkins et al. [18]
have shown that an enzyme isolated from turkey eryth-
rocytes can ADPeribosylate & and 8 subunits of
transducin.

In this study we explored the possibility that ADP-
ribosylation of transducin ogeurs in vitre without addi-
tion of any exogenaus ADP-ribosyltransferase. The
modification of transducin we observed was shown to
be mono ADP-ribosylation. The meodification rate
seerns to be slight and the functional consequences ob-
served z2re rather weak.

2. MATERIALS AND METHODS
2.1, Muierials

[&-CPINADT was oblaingd ifom New Englamd Nuvlenr. GTPFS
wis from Boehringer Mannheiny, PDE | was from P-L Bioshemisals,
Ine., Milwoukee, W1 53 205, F 1440 collulose plates wure obtained
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from Schigicher nnd Schiitl, Dassel, Germany. Qther reugents were of
the highest grade available.

2.2, Transdwein purification

2.2.1. GTPyS active form of trunsducin (T-GTPy3),

ROS fram 60 retinas isolated ax previously dessribed {19] were
subjected to illumination for 2 min (250 W), suspended and pelisted
(100,000 x g for | h) twice with 30 mi 10 mM Tris-HCL pH 74, The
pellet was washed ance mare with 66 mM sodium phosphate buller
pH 7 and incubated for | £ ut 37°C in 15 ml of the same bufler
supplemented with 100 #M GTPyS. The tmnsdusin wus exiracled
frain the pelleted membranes {100,000 % ¢ for 30 min) with 15 ml 10
v HEPES, pH 7.4 by cenirifugation (100,000 x g for | h). The
supernotant was stored in the liquid vitrogen.

2.2.2. GDP inactive form of transducin (T-GDB).

The washed ROS pellet was ineubated for § h at 37°C in 15 ml
sodium phosphate bulTer pH 7 supplemented with 100 &M GTP and
transducin was extrueied with 10 mM TrissHC! pH 7.3,

23, ADP-vibosylution assay

ROS suspension (! mg rhodopsinfussay), ROS eytosolic fiaclion (40
Hg/assay) (oblained by ceatrifugation 100,000 x ¢ for | h of ROS
suspension) and trutisducin solution (20 gp/assay) were incubaled in
the dark at 30°C in a reaction mixiure (500 1) containing 10 mM
MEPES, pH 74, 2.5 mM MgCly and | mM {20 Ci-mol™'} [a-"PINAD",
Alter 30 min incubation, proteins were ulkylated with Methylmalei-
mide {NEM} us in [20] and precipitated with cold ethunol/sodium
neetnie 0.1 M {2:1 viv), Afler several wishes with ethanol/ucetare (3x).
cthanol (1) and ether (ix), the proteins were solubilized in loading
bulfer containing 1% SDS und 1% mercuptocthanol and subjecied to
SDS. PAGE aceording to the method of Luemmli (21} Gels were
sained with Coomassis brilliant blue R 250, Dried gels were submitted
to autoradiography al =80°C using Kodak XAR.3 films.

2.4, Hydralvsis of the ADP-ribusyleied trausduein

After ethanolbaccinte precipitation [MPJADP.ribasylated proteins
{20 ug) were incubaled in 50 mM Tris-HCi, pH 8.5, 15 mM MgClylor
4 h at 37°C with or without phosphodiesierase 1 (1,5 U), Ethanol/
acctate-precipitated proteins were submitted to SDS-PAGE and uu-
loradiography.

2.5. Thin luyer chramatagiaphy (TLC)

After 4 b PDE [ hydrolysis of [*PJADP-ribosyluled transdusin,
proleing were precipitated with irichloroacetic acid and pellsted by
centrifugation, The supernstant was lyophilised and applied to a F
1440 celllulose plate for twe-dimensional TLC according 1o Keith et
a1, [22]. AMP, UMP, CMP, GMP, ADPeribose and NAD® were added
to the ussay as standards. The solvent systems were isobulyric acid/
2596 NH,OH/H,0 (50:1.1:28.9, wiv) for the first dimension, und HCVY
isoprepanelH,0 {15:70:15, wv) for the second dimension.

2.6, fu-tPIGTPbinding assay

Binding of [a-"'F]GTP 1o transdusin was determined by adapting
the methed of Cook et al, [23]. Transducin (50-300 pmol) was incu.
bated {or 20 min at 23°C at room light in u totul valume ol 400 1 ol
medium eoutaining 10 mM Tris-HCl pH 7.4, 120 mM NaCl, 3 mM
MgCl, (pinding buffer), 204M [a-*P]GTP (502,000 cpm) and pusified
rhedopsin [24] (mol thodopsin/nol transducin: 19), The binding reses
tion was initiated by the addition ef transducin, The assays were
filtered through nitrosellulose filters (Millipore 0.45 4m) and washed
cight times with 3 m! of ice-cold binding buffer and twice with 3 ml
ethanol, The dried fillers were dissoived in 3 ml scintillation fluid
{BisMuor, MNEN) for counting of the radionclivity.

2.7. Proicin &sady

Proiein content was meusurad ascording (o the methed of Brad{ord
[25] using the Bio-Rad protein assay reagent and bovine serum albu-
min as standard,

FEBS LETTERS

September 1992

07 =
86 =

45 =
28~

Fig. 1. SDS.PAGE and autoradiography of ADP-ribosylated
transduein. {i} After incubation for 30 min at 30°C in 10 mM HEPES
(pH 7.4), 2.5 mM MgCl,, | mM [@-“F]NAD" (20 Cimel™) cytosdlic
{lunes 1, 24 ug protein) und membrane (lunss 2. 170 ug prelcin)
fructions of ROS suspension were sepuraled by centrifugation at
100,000 » g. (i) Membrane fruction from ROS suspension was sepa-
rated from cytosolic fruction by centrifugation and discarded, Cy-
toxolic fraction {luncs 3, 24 ug pratein) was incubated as described in
(). (ili) Purified trunsducin solution (lanes 4, 8 g prolein) was incu-
bated 45 in {i). Sumples were alkylated with 2.5 mM NEM in the
presense of | mM DTT and 2% SD3 [20] and precipitated by ethanoV
0.1 M sodium acetate (21, wiv). They were aubjected (0 SPS-PAGE
(12%:) [21] and stuined with Coumaisie blue (A). Gels were caposed
to Kodak XAR-S film {or autoradiogruphy (8 days) (B).

3. RESULTS AND DISCUSSION

When a suspension of rod outer segments (ROS) was
incubated in a reaction mixture containing | mM [@-
“Plnicotinamide adenine dinucleotide ([2-PINAD*)
(as in section 2.3) without any additional source of
ADP-ribosyltransferase activity. significant radioastiv-
ity was incorporated in the ethanolacstate-precipitated
peoteins. These proteins were separated by SDS-PAGE
(Fig. 1A) and the gels were autoradiographed. On the
autoradiogram (Fig. 1B). soluble proteins of molecular
tmass of 37-39 kDa were clearly labeled (lane 1). Protein
bands of molecular mass 37-39 kDa were also found to
be labeled after incubation of ROS 100,000 x g superna-
tant (Fig. 1, lane 3}. No protein labeling was observed
in the membrane fraction (lane 2).

Since the apparent molecular weights of 39 and 37
kDa agres respectively with those of the & and 8 sub-
units of transducin, we piepared transducin according
to Kuhn [26]. The purified protein was charucterized as
transducin by its capacity to bind GTP in presence of
photostimulated rhodopsin; under the conditions de-
scribed in section 2.6, 17% of the protein was found to
be able to bind GTP. The nature of the protein was also
confirmed by its ability to stimulate cGMP-PDE activ-
ity; after addition of 15 mol of transducin (T-GTPyS)
per mol of cGMP-PDE, the ¢GMP hydrolyzed by the
hypotonic extract of ROS [27] was 2.3- to 3-fold that of
basal activity. After incubation of purified transducin
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Fig. 2. Snake venom phusphodicsternse 1 (PDE I) hydrolysis of
(?PlADPribosylated transducin. After ethanol/acetate precipitation,
(ZPJADP-ribosylated transducin prepared as described in Fig. | wax
incubated in 10 mM Tris-HCl pH 7.4 (control) or 50 mM Tris-HCI
pH 8.5, 15 mM MgCly for 4 h at 37°C with () or witheut (-} PDE
I (4.5 U). EthanoVaceiute-precipitated transdugin (6-8 pp proteins
lane) was submitied 10 SDS-PAGE {A) nnd auloradiography (B) as
in Fig. 1.

with [e-PINAD", @ and £ subunits of transduscin were
labeled (Fig. 1, lane 4), Labeling of the & subunit has
been obsarved for transducin incubated in presence of
bacterinl toxins (10=13]: the 8 subunit labeling has been
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previously described by Watkins [18]. but only after
incubation of transducin with ADP-ribosyliransferase
from turkey arythrocytes.

Ta identify the nature of the modilication of
trunsducin, we extensively washed the labeled, precipi-
tuted transducin with ethanoliacetute supplemented
with 10 mM NAD". The labeling of trunsducin was not
affected by this treatment (not shown) suggesting that
it is probably not due 10 NAD" binding but rather to
a cavalent madification. We never observed smeurs.
cither on gels or on autoradiograms, which could be
indicative of different size ADP-ribose polymers linked
to proteins. Snake venom phosphodiesterase I (PDE 1)
(EC.3.1.4.1) is commonly used to distinguish betwesn
poly und mono ADP-ribosylation [28]. PDE [ cleaves
pyrophosphate linkages and causes the release of
phosphoribosyl AMP and AMP if the protein modifica-
tion is poly ADP-ribesylation and only AMP in the cnse
of mono ADP-ribosylation. After incubation with {e-
2PINAD?", the ethanal/ucetate-precipitated transducin
was treated (section 2.4) with PDE I and analyzed on
SDS-PAGE (Fig. 2A.B). Densitometric scanning con-
firmed there is no loss of radioactivity by incubating the
ADP-ribosylated transducin for 4 h at pH 8.5 The
autoradiographic labeling of the second lane secuis
slight because of the difference of precipitation rate
which led to a protein quantity lower then that of the
first lane. PDE 1 hydrolysis for 4 h leads to a losy
radioactivity associated with transducin of about 60%.
The radiclabeled preduct released by this digestion was
characterized by cellulose thin layer chromatography
and autoradiography. It co-migrated with the SAMP
marker (Fig. 3A.B). From these observations we can

B
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Fig. 3. Thin layer chromatography (TLCY of the acid-soluble fractlon obiained after snake venom phosphadiesterase | (PDE 1) hydrolysis of

[#PJADP-ribosylated transducin, After 4 h PDE T hydrolysis of ["PJADP-ribosylated transducin, (20 ug) proteins were precipitated by TCA and

pelleted by centrifugation. The supernatant was lyephilized and applied to 2 F 1440 cellulose plute for 2D TLC uccording Lo Keith et al. [22], together

with AMP, UMP, CMP, GMP, ADP-ribose und NAD" as sinndards, Rabiolabeled products were detested by autoradiogruphy with Kodak XAR.$
film {A). Nucleatidss were visuulized with a U.Y. tump at 256 nm (B).
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Fig. 4. Effect of sodium nitroprusside on [“PJADP-ribesylation of

irunsducin. SDS-PAGE (A) and autoradiogruphy (B) of purilied

wransdugcin incubuted (see logend of Fig. 1) in absenge (=} or presence

ul 50 uM {+) or 100 M (++) sadium itcoprussids {6-B pg protein/
lune).

canclude that the modification is likely to be mono
ADP-ribosylation, We did not yet succeed in quantify-
ing the endogenous ADP-ribasylation reaction of
trunsducin, probably becuuse of its very low rate.

We tested if sodium nitroprusside is able to enhance
the modification of transducin us reported by Briine et
al, [29] for the mono ADP-ribosylution of acceptor pro-
teins in different tissues. The rudiolubeling of
transducin was increused (Fig. 4, lanes (+) and (++}) by
addition of 50 and 100 4M sadium nitreprusside in the
ADP-ribosylatien incubation medium. Densitometric
scanning of the data shown in Fig. 4 revealed an in-
crease of 135% and 222%, respectively, for 50 and 100
4M sodium nitroprusside present in the incubition me-
dium. Sodium nitroprusside is known to activate solu-
Li¢ forms of guanylyl cyclase. It had apparenily no
effect on the ROS membrane enzymic and the concen-
tration of sodium nitroprusside necessary to stimulute
endogenous ADP-ribosylution of transducin is much
lower than that used for activation of ROS solubilized
guanylyl cyelase [30]. Nevertheless the observed in-
crease of ADP-ribosylation of trunsducin by NO is of
great interest because No can be produced en-
dogenously by NO synthuse present in the rod outer
segment [3]].

In this report we show that the ¢ and g subunits of
transducin in ROS membranes and in ROSB-soluble
fractions can be mono ADP-ribosylated in vitre by in-
cubation with [e-""PINAD* in the absence of bacterial
toxins. Mareaver, these modifications occur in purified
transducin and suggest that an endogenous ADP-ri-
bosyltransferase activity may be copurified with
transducin. Such 4 copurification of substrate and enzy-
matic activity has been previously reported by Fendrick
et al. [32] for the elongation factor 2 (EF2).

Endogencus ADP-ribosylation of G proteins have
already been discovered in some cell Lypes, but their
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physiological consequences have not yet been com-
pletely eluciduted. The very low rate of modification of
trunsducin could explain the results of our preliminary
(@-"PIGTP binding assays. In conditions described in
section 2.6, we observed 14.71 £ 1,90 pmol GTP bound
for 100 pmol ADP-rikosylated transducin compared to
17.17 £ 0.58 pmol for the contral. Because the decreas-
ing of the binding capacity of ADP-ribosylated
transducin is very weak, the results cunnot be counted
as signifieant although the diminution occurs for each
experiment (4 = 8). We found that the stimulation of the
cGMP-PDE by transducin in hypotonic extract of RCS
[27]) waus the same whether transducin was ADP-ribosyl-
ated or not,

The nature of the modified amine acid(s) has to be
clucidated to establish if the endogencus ADP-ribosyla-
tion of transducin aceurs at the same sites as with bac-
terinl tozins [10.12] or at another residue, If it is con-
firmed thut the functions and properties of transdusin
are modified in situ by an endogenous ADP-ribosyla-
tion. this could be an effective pathway for medulating
visual trapsduction as suggested by Falk and Shiells
{33). They observed the reversal by nicotinamide of the
block by pertussis toxin of the light response of sala-
mander rods und according to the action of nicoti-
namide itself they preposed it could be due to the pres-
ence of an endogenous ADP-ribosyltransferase. Tem-
porary inactivation of a pool of transducin maelecules
could us well provide a mechanism for terminating light
stimulation. This will be resolved only by further studies
including the characterization of the ADP-ribosylating
and possibly hydrolyzing activities.
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