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Antibodies raised against the T-8y dimer of bovine retinal transducin specifically bind to the § and y sub-

units of transducin in calf retina. Tissues from different vertebrates, but not from invertebrates, contained

a band comigrating with the § subunit of transducin (T-f) which was immunostained. This protein most

likely corresponds to the § subunit of GTP binding proteins of hormonal systems (G-§). In non-retinal ver-

tebrate membranes, the antibodies did not recognize the y subunits of G proteins whereas a band comigrat-

ing with bovine T-y was detected in frog or rat retina. Although T-B was precipitated by the T-fy antiserum,
we failed to immunoprecipitate the G-§ from calf brain.

Guanyl nucleotide binding protein

1. INTRODUCTION

Phototransduction [1-3] as well as many hor-
monal (or neurotransmitter) transduction pro-
cesses, especially those mediated by cyclic AMP
[4—6] and probably also those mediated by
phosphatidylinositol breakdown [7], implicated
the crucial role of GTP binding proteins.

In retinal rods, the GTP binding protein is
transducin (T) [1-3,8], whereas plasma mem-
branes from most cells contain several GTP
binding proteins (Gs, Gi and Go); Gs and Gi,
respectively, are implicated in hormonal activation
and inhibition of adenylate cyclase [4—6], whereas
the role of Go is unclear [9,10]. All GTP binding
proteins have the same structure composed of 3
distinct subunits, a, & and y {11-13]. Although all
a subunits possess a binding site for guanine
nucleotides [8,14,15], they can be differentiated by
their molecular mass {[16], their amino acid com-
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position [16] and their sensitivity to cholera [17,18]
or Bordetella pertussis toxins [9,19,20]. In con-
trast, the 4 subunits are indistinguishable in regard
to the similar biochemical parameters (molecular
mass, amino acid composition) and even their elec-
trophoretic pattern of proteolysis [16]. As far as y
subunits are concerned, those in retinal transducin
(T-y) display no evident homology (at the level of
the mRNA nucleotide sequence) with 4 subunits in
other tissues (G-y) like brain, when studied in the
same species [21]. Recently, immunological ap-
proaches using antibodies raised against the
holoprotein transducin, have confirmed the impor-
tant differences between « subunits as well as
subunits from bovine retina and brain and the
strong cross-reactivity of the £ subunits under
denaturating conditions [22,23].

To further delineate the putative identity of the
@ subunits from plasma membranes (G-5) and
retina (T-8), wesraised antibodies against the
purified T-fy dimer of transducin to reveal
epitopes which would be masked by the « subunit
in the trimeric complex.
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2. MATERIALS AND METHODS

2.1. Purification of T-By subunits
Purification of T-fy subunits was performed as
described [11,24].

2.2. Immunization with purified T-Bvy

Three New Zealand white rabbits were injected
intradermally at multiple sites with 100 xg of
purified T-@y subunits per animal in complete
Freund’s adjuvant, followed by an injection of
50 xg in incomplete Freund’s adjuvant, 2 weeks
later.

2.3. Membrane preparations

Frog and rat erythrocyte membranes were
prepared by hypotonic lysis as described [25].
Brains from goldfish, pigeon, rat, calf and cerebral
ganglia or retinas from locusts (Locusta
migratoria) were homogenized at 0°C with a
Teflon pestle in a buffer A containing 5 mM
EDTA and 50 mM Tris-HCI, pH 7.8, centrifuged
at 40000 X g for 20 min at 4°C and resuspended in
the same buffer. Frog and rat livers were
homogenized in buffer A containing 250 mM
sucrose at 0°C and centrifuged at 200 x g for
5 min at 4°C to remove unbroken cells and then
10000 x g for 15min at 4°C., The viscero-
abdominal ganglia of snails (Helix aspersa) were
isolated and particulate fractions were prepared as
described [26]. Retinas from rat, goldfish, calf,
frog and pigeon were dissected and ROS were
prepared by gently shaking retinas at 0°C in
isotonic Ringer’s solution. The suspension was
filtered through a nylon screen (150 #m pore size)
centrifuged at 4°C at 200 X g for 5 min and the
pellet washed twice in Ringer’s solution. ROS were
then lysed in 5 mM Hepes, pH 7, 1 mM MgCl,
1 mM DTT buffer for 10 min at 0°C, homogen-
ized with a Teflon pestle and centrifuged at 10000
X g for 15 min at 4°C.

2.4, Immunoblots

Membranes of tissues, purified transducin or T-
&v subunits were analyzed by SDS Laemmli gels
(10 or 12% acrylamide) [27]). Transfer onto
nitrocellulose paper was performed for 7 h at a
constant voltage (60 V) in a transblot apparatus
[28]. After transfer, the sheet of nitrocellulose was
processed as described [22] with minor modifica-
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tions. Dilution of the antiserum was 1/50 and in-
cubation was for 15 h at 4°C.

2.5. Silver staining
This was performed as described [29].

3. RESULTS

To check the immunospecificity of the antisera
raised against the purified T-8v, we tested the im-
munoreactivity of purified T-8y, T-afy, or whole
ROS homogenates. The comparative analysis of
Coomassie blue staining (fig.1A) and immuno-
staining (fig.1B) clearly shows that the antibodies
specifically interact with both T-6 and T-y
subunits of transducin but not with the a-subunit

Mrx 103

9% -
67 ~

B -

. .:;.MZ.Z -

0 -

13
. f
+

201 =

o awt e r e B v

‘
Wt - f

it S
123 12 3

Fig.1. Specificity of T-Gy antibodies. SDS-
polyacrylamide gels (12% gel) of purified T-8y, T-afy
and ROS membranes were stained with Coomassie blue
or blotted onto nitrocellulose paper and immunostained
as described in section 2. (A) Lanes of the Coomassie
stained gels of 8 xg purified T-8y (1), 10 g purified T-
afy (2) and 100 xg of ROS membranes (3). (B) Lanes of
the immunostaining of 0.8 xg purified T-8y (1), 1.2 pg
purified T-afy (2) and 100 zg of ROS membranes (3).
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of this GTP binding protein (T-a) nor with other
retinal proteins (fig.1B).

It is interesting to note that we did not find T-8
immunoreactivity in membranes from ram sperm
(not shown). Therefore, these membranes are
probably not only devoid of Gs [30] but also of
other GTP binding proteins.

The antibodies raised against bovine T-8y
recognized the G-# subunits of crude plasma mem-
branes prepared from different tissues of rat
(blood, liver and brain) (fig.2A). A similar pattern
of immunostaining for G- subunits was observed
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when the same tissues from an amphibian (frog)
were analyzed (fig.2A).

In brain from different vertebrate classes (fish,
amphibian, bird) the antiserum revealed a single
band comigrating with T-# (fig.2B), whereas the
nervous tissue from 2 invertebrates (locust and
snail) failed to contain any immunoreactive
material (fig.2B). Note that T-8y from bovine
retina also failed to inhibit basal, GTP or forskolin
stimulated adenylate cyclase of snail nervous
ganglia (not shown).

In non-retinal vertebrate membranes, no band
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Fig.2. Cross reactivity of T-8y antiserum with & subunits of ‘GTP binding proteins’ from various tissues of different
species. Approx. 100 xg protein per lane was loaded onto an SDS-polyacrylamide gel (10%) which was then blotted
onto a nitrocellulose sheet. (A) Inmunoblots of membranes of erythrocytes (1), livers (2), and brains (3) from frog and
rat. (B) Inmunoblots of membranes from nerve tissue of locusts (a: cerebral ganglia), snails (b: suboesophageal nervous
ganglionic mass), goldfish (c: whole brain), pigeon (d: whole brain) and calf (e: cerebral cortex).
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could be immunostained in the region of the dye
front, where G-y or T-y usually run (fig.2). We
therefore decided to search for a possible
homology beiween retinal T-y subunits from an in-
vertebrate (locust) and different classes of
vertebrates (fish, amphibian, bird and mammals).
As already found with & subunits, the locust did
not contain any cross-reacting material com-
igrating with bovine T-y subunits (fig.3). On the
other hand, an immunostained band comigrating
with bovine T-y was found in the retina from
another mammal (rat) and an amphibian (frog)
(fig.3). However, such a band could not be
detected in the retina of pigeon and goldfish (fig.3)
or trout (not shown).
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Fig.3. Cross reactivity of the rabbit antiserum with 4 and
v subunits of transducin from retina of different species.
Immunoblots of retina of locust (a) and ROS of goldfish
(b), frog (c), pigeon (d}, rat {e) and calf (f) (12%
polyacrylamide-SDS gel; 100 zg of protein).
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Since all these experiments were performed
under denaturating conditions, we further tested
the similarities between the T-#y subunits from
retina and the G-@ subunits from cerebral tissues
by their ability to be immunoprecipitated in their
native form in the absence or presence of various
dissociating agents. The silver staining of the im-
munoprecipitates from retina clearly reveals the
specificity and efficiency of the antiserum to im-
munoprecipitate the T-# subunit either in the
presence or absence of cholate (fig.4). On the other
hand, whatever the conditions tested (several ex-
tracting detergents, MgCl; (50 mM) plus GTP-»-S
{0.1 mM)), we failed to immunoprecipitate the G-8
subunits of the GTP binding proteins from calf
brain,

4. DISCUSSION

The structural homology between plasma mem-
branes, G proteins, and retinal transducin (T) is
likely to be closely related to their functional
similarity, suggesting that transduction processes
have been basically conserved throughout evolu-
tion despite the reception of different signals by
distinct receptors and their coupling to specific ef-
fectors present inside each type of responsive cells,
As regards to the 3 elements of the transducing
proteins from retina and plasma membranes, the
most striking homology resides in the £ subunit
[16]. Indeed, antibodies against the bovine T-8
subunit cross-react with all # subunits of GTP
binding proteins from retina or plasma membranes
of other tissues as long as they belong to verte-
brates (fig.2). No cross reactivity was seen with a
similar protein in plasma membranes from insects
or molluscs (fig.2). Stimulations of invertebrate
adenylate cyclase by neurotransmitters are a GTP-
dependent process and do not appear qualitatively
different from those of vertebrates [31,32]. There-
fore, the GTP binding proteins of plasma mem-
branes from invertebrates either contained a struc-
turally unrelated but functionally equivalent &
subunit or are composed of a completely different
oligomeric structure. This question deserves fur-
ther analysis. It has been demonstrated that T-8y,
as G-@y, inhibits mammalian adenylate cyclases
likely by blocking the stimulatory effect of the
subunit of Gs {33,34]. The structural differences
between the subunits of G proteins from verte-
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Fig.4. Comparative immunoprecipitation of T-8y and G-8y from retina and brain extracts. A pre-precipitation reaction
was performed by incubating tissue extracts {100 g1} with 10zl preimmune serum for 60 min at 37°C, and then by
adding 70 #l of immunoprecipitin (Bethesda Research Laboratories). After centrifugation at 10000 x g for 5 min,
supernatants were incubated with 10 ul of pre- or post-immune sera for 2 h at 37°C. After addition of immunoprecipitin
(100 x1) for 10 min at 4°C, the tubes were centrifuged at 6000 x g for 1 min; the pellet was resuspended in 200 #1 of
10 mM Hepes, pH 8, 150 mM NaCl, glycerol (10% v/v) containing Nonidet P-40 (0.1% v/v) and layed upon a 0.5 ml
cushion of 1 M sucrose. After centrifugation at 10000 x g for 1 min, the pellet was washed 4-times with the same buffer
(500 z1) containing successively 0.1% Nonidet P-40, 0.05% SDS, 0.5% Triton X-100, or altogether. The final pellet was
incubated with 100 z! elution buffer (625 mM Tris-HCI, pH 6.8, 2.5% SDS, 10% glycerol) for 2 h at 37°C, centrifuged
at 10000 x g for 5 min. 30 41 of the supernatant was boiled at 100°C for 3 min in the presence of half-diluted Laemmli
sample buffer. The different immunoprecipitates from retina and brain extracts were loaded onto 10% polyacrylamide
gels. SDS-polyacrylamide gel electrophoresis and silver staining were performed as described. For each experimental
condition, immunoprecipitations were performed with pre-immune serum (odd lanes) and post-immune serum {even
lanes). Lanes 1 and 2: retinal homogenate; lanes 3 and 4: retinal homogenates in 1% cholate; lanes 5 and 6: 1% cholate
extract of brain membranes; lanes 7 and 8: 1% cholate extract of brain membranes after 60 min incubation with 0.1 mM
GTP-y-S and 50 mM MgCl; lanes 9 and 10: 1% cholate extract of brain membranes treated with 0.1 mM GTP--S
and 50 mM MgCl before extraction; lanes 11 and 12: 1% Nonidet P-40 extract of brain membranes; lanes 13 and 14:
1% Triton X-100 extract of brain membranes; lanes 15 and 16: 1% Triton X-100 extract of brain membranes after
60 min incubation with 0.1 mM GTP-y-S and 50 mM MgClL.

brates and invertebrates is further strengthened by brates (fig.2). Although no immuno-cross re-
the observation that bovine T-@% did not inhibit activity could be detected between T-y from retina
adenylate cyclase from snail nervous ganglia. of mammals and ‘a hypothetical T-y of pigeon or
1t has been shown that in bovine species, the T-y fish (goldfish, trout) retina, it is interesting to note
subunit is not homologous to the G-y subunit at a homology between T-y from frog and mammals
the amino acid [23] as well as the nucleotide se- {fig.3).
quence level [21]. We can confirm and extend this Therefore, the T-@ subunits of different
observation to different tissues of different verte- vertebrates have been relatively conserved whereas
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earlier evolutionary divergences had occurred be-
tween T- and G-y. As no antibodies have been
raised against individual T- or G-y subunits, the
presence of a conserved domain (masked when the
T-By complex has been injected) cannot be exclud-
ed, which would be implicated in their strong in-
teraction with the common ‘ubiquitous’ # subunit.

There are clear differences between the detergent
extractability [11,12] and the interaction with the
membrane [33,34] of T- and G-8y complexes,
although they appear to inhibit the membrane
bound adenylate cyclase with similar characteris-
tics [33,34]. Two main hypotheses could be pro-
posed to explain these differences. The first one is
that these differences reside in the primary struc-
ture of the 4 subunit as revealed by their lack of
immunological cross reactivity. In this context, it
could be pointed out that the water-extractable T-
B~y complex contains a highly hydrophilic 4 subunit
[35]. If this first hypothesis is correct, one should
expect a hydrophobic G-y subunit. The second
hypothesis is that although very similar, the &
subunit would not be structurally identical, as
revealed by their differential immunoprecipitation
(fig.4). Such a difference could be due to a post-
translational modification of £ subunits which
could modulate their final conformation and/or
their membrane insertion. Such a hypothesis is not
improbable since the a and # subunits of GTP
binding proteins are blocked at their NH, terminus
[36], a region which is known to be a potential site
for fatty acid addition, like N-myristylation
[37,38] which enhances the affinity for membranes
and/or reinforce intramolecular hydrophobic
interactions.
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