
Volume 274, number 1,2, 111-114 FEBS 09081 November 1990 

Interaction of recombinant rho A GTP-binding proteins with 
photoexcited rhodopsin 
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The small molecular mass GTP-binding proteins rho A, B and C are targets for ADP-ribosyltransferase activity of the botulinum exoenzyme C3. 
The possible interaction of recombinant rho A proteins expressed in E. coli with photoexcited rhodopsin was studied by reconstitution with bovine 
rod outer segment (ROS) membranes depleted of endogenous GTP-binding proteins by treatment with urea. As reported for C3 substrates present 
in untreated ROS membranes, ADP-ribosylation of recombinant rho A proteins, both normal and Val-14 mutant, by C3 was inhibited when recon- 
stituted with illuminated compared to dark-adapted ROS membranes pretreated with urea. GDP reduced the light-induced inhibition, while GTP[S] 

and light inhibited ADP-ribosylation of rho A proteins in a synergistic manner. 
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1. I N T R O D U C T I O N  

The  rho  pro te ins  be long  to a large fami ly  o f  low 
m o l e c u l a r  mass  (Mr's o f  20-30  kDa)  G T P - b i n d i n g  pro-  
teins (G prote ins) .  Three  member s  o f  the  rho  p ro te in  
fami ly ,  A,  B and  C, are  k n o w n  to occur  in h u m a n  
t issues,  with more  than  90% sequence h o m o l o g y  be- 
tween each o ther  [1,2]. A l t h o u g h  the func t ion  o f  the  
rho  p ro te ins  is no t  known,  they  have been suggested to 
be involved  in regu la t ion  o f  cell p ro l i f e r a t i on  and  dif-  
f e ren t i a t ion ,  poss ib ly  by  af fec t ing  the cy toske le ta l  
sys tem [3,4]. By ana logy  with the  re la ted  ras p ro te ins  
[5], it is a ssumed  tha t  rho  pro te ins  are  inact ive in the  
G D P - b o u n d  s tate  and  act ive in the G T P - b o u n d  form.  
Recent ly ,  several  p ro te ins  have been descr ibed ,  ap-  
p a r e n t l y  specif ical ly  regula t ing  rho  p ro te in  func t ions ,  
such as a GTPase - ac t i va t i ng  p ro te in  ( G A P )  [6], a G D P  
d i ssoc ia t ion  inh ib i to r  (GDI)  [7] and  a G D P  d issoc ia t ion  
s t imu la to r  (GDS)  [8]. In  add i t ion ,  all three  rho  pro te ins  
can be A D P - r i b o s y l a t e d  by  the b o t u l i n u m  exoenzyme 
C3 [4,9-13].  

W e  have recent ly  r e p o r t e d  tha t  bovine  rod  ou te r  seg- 
men t  (ROS) m e m b r a n e s  con ta in  two subs t ra tes  for  the  
A D P - r i b o s y l t r a n s f e r a s e  ac t iv i ty  o f  C3 [14]. Mos t  in- 
te res t ingly ,  A D P - r i b o s y l a t i o n  o f  these pro te ins  was 
regu la ted  by  l ight  and  guan ine  nucleot ides  in a m a n n e r  
s imi lar  to the  A D P - r i b o s y l a t i o n  o f  the high molecu la r  
mass ,  he te ro t r imer ic  G p ro te in  t r ansduc in  by  pertussis  
tox in .  A D P - r i b o s y l a t i o n  o f  the smal l  (22-24 kDa)  G 
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pro te ins  by  C3 and  o f  t r ansduc in  by  per tussis  tox in  were 
a p p a r e n t l y  i ndependen t  o f  each other .  These  d a t a  sug- 
ges ted  tha t  the  l ight r ecep to r  r h o d o p s i n  not  on ly  di rec t -  
ly in terac ts  with t r ansduc in  [15] but  p r o b a b l y  also with 
the  smal l  C3 subs t ra te  G prote ins .  Here  we r epor t  on 
recons t i tu t ion  o f  ROS m e m b r a n e s  deple ted  o f  en- 
d o g e n o u s  G pro te ins ,  inc luding the C3 subs t ra tes ,  with 
r e c o m b i n a n t  h u m a n  rho  A pro te ins  and  show tha t  
unde r  these cond i t ions  A D P - r i b o s y l a t i o n  o f  r ecombi -  
nan t  rho  pro te ins  by  C3 is regula ted  by l ight and  
guan ine  nucleot ides  in a manner  s imilar  to  endogenous  
C3 subs t ra tes .  

2. M A T E R I A L S  A N D  M E T H O D S  

2.1. Materials 
Expression of human rho A protein and its Val-14 mutant in E. coli 

and partial purification of these recombinant proteins were as 
described [6]. All other materials were obtained as in [14]. 

2.2. Preparation of ROS membranes 
Untreated ROS membranes were prepared in dim red light from 

bovine retinas according to [16]. Transducin was eluted from il- 
luminated ROS membranes by repeated (3 x ) hypotonic elution in the 
presence of 100 #M GTP [14]. Urea-treated ROS membranes were 
prepared according to [17]. After pelleting of crude dark-adapted 
ROS membranes (20 mg protein) by centrifugation for 30 min at 
300 000 x g, the pellet was washed twice with 5 ml of a buffer contain- 
ing 100 mM Tris-HC1, pH 8.0, 5 M urea and 5 mM EDTA. The final 
pellet was resuspended in the above urea-containing buffer and in- 
cubated for 2 h at 4°C. Subsequently, the membranes were pelleted 
again and washed (3 x ) with 5 ml of 10 mM triethanolamine-HC1, pH 
7.4, and resuspended in 1 ml of the triethanolamine buffer. Finally, 
the membrane suspension was dialyzed for 12 h at 4°C against the 
triethanolamine buffer for removing remaining urea. All procedures 
were performed in the dark or under dim red light. 
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2.3. ADP-ribosylation 
[32p]ADP-ribosylation of ROS membrane-bound or released 

transducin by pertussis toxin and of endogenous small G proteins by 
C3 was performed as in [14]. [32p]ADP-ribosylation of recombinant 
normal rho A and Val-14 rho A proteins (0.3 #g protein/tube each) 
by C3 was performed in a reaction mixture containing 50 mM 
triethanolamine-HCl, pH 7.4, 2 mM EDTA, 1 mM dithiothreitol, 0.5 
mM ATP, 30/zM free Mg 2 +, 0.1 #M [32p]NAD (0.3-1/~Ci/tube) and 
0.2 #g purified C3 in a total volume of 50 #l for 15 min at 37°C. Reac- 
tion was started by addition of urea-treated ROS membranes 05 #g 
protein/tube) and rho proteins, pre-incubated with each other for 5 
min on ice either in dim red light or in bright white light. SDS-PAGE 
and autoradiography were as in [14]. 

3. RESULTS 

In contrast to transducin, the endogenous C3 
substrates are not released from ROS membranes by 
GTP.  As illustrated in Fig. 1, treatment of  illuminated 
ROS membranes under hypotonic conditions with GTP 
(100/zM) decreased the amount of  [32p]ADP-ribose in- 
corporated by pertussis toxin into the membranes and 
transducin is found in the supernatant [15]. On the 
other hand, under identical conditions, the amount  of  
[32p]ADP-ribose incorporated into small membrane- 
associated G proteins caused by C3 was not decreased 
and no labelling of  proteins by C3 was observed in the 
supernatant. The increase in labelling by C3 observed in 
transducin-depleted membranes (lane 5) is most likely 
due to the fact that the assays contained the same 
amount  of  total membrane protein, and that by the elu- 
tion of  transducin the membranes were relatively 
enriched in small G proteins. 

When the ROS membranes were treated with 5 M 
urea, as described in section 2, the membranes were not 
only free of  transducin ([17], data not shown) but ap- 
parently also of  endogenous C3 substrates. As shown in 
Fig. 2, no labelling of  C3 substrates was detected in 
urea-treated ROS membranes. This may be due to 
release and/or  denaturation of  the proteins by the urea 
treatment. Since the urea-treated ROS membranes 
essentially contain only rhodopsin, but in a still ac- 
tivatable form [17], they were used for reconstitution 
with the recombinant rho A proteins. When normal A 
protein was added to these membranes, [32]ADP- 
ribosylation by C3 was increased. This may be due to 
the presence of  membrane phospholipids, which recent- 
ly have been reported to increase the rate of  ADP- 
ribosylation of  bovine brain cytosolic substrates by C3 
[18]. Most important, when the rho A protein was 
reconstituted with the urea-treated ROS membranes 
under bright light, labelling of  the rho A protein by C3 
was decreased compared to dim red light conditions. 

As was reported for the endogenous C3 substrates 
[14], the recombinant rho A protein migrated in the 
SDS-PAGE as a double band, with the less intensively 
labelled band exhibiting a somewhat larger apparent 
size. Similar data have been reported for rho C protein 
expressed in E. coil and was attributed to formation of  
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Fig. 1. ROS membrane binding of transducin and the C3 substrates. 
[32p]ADP-ribosylation of transducin by pertussis toxin (PT, lanes 
1-3) and of small G proteins by C3 (lanes 4-6) was performed as in 
[14] with illuminated crude ROS membranes (cr.) or membranes 
depleted of transducin by elution with GTP (de.) (15 #g of each mem- 
brane protein). In addition, [32p]ADP-ribosylation by pertussis toxin 
and C3 was performed with a supernatant (SN) released by GTP from 
the ROS membranes. Shown is an autoradiogram with the molecular 

mass markers on the left. (D.F., dye front) 

two conformational isomers of  the same protein [4]. 
When reconstituted with urea-treated ROS membranes, 
labelling of  either band by C3 was decreased by il- 
lumination (Fig. 3). In the presence of  GDP (10 #M), in- 
hibition by illumination of  ADP-ribose incorporation 
into the recombinant rho A protein by C3 was reduced. 

Not only the normal rho A protein but also its Val-14 
mutant,  exhibiting reduced GTPase activity [6], can be 
ADP-ribosylated by C3 [12]. As observed for normal 
rho A protein (see Fig. 2), reconstitution of Val-14 rho 
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Fig. 2. Reconstitution of normal rho A protein with urea-treated ROS 
membranes. [32p]ADP-ribosylation of partially purified normal rho 
A protein (0.3 #g protein) by C3 was performed in the absence of ROS 
membranes (lane l) and in the presence of urea-treated ROS mem- 
branes 05/zg protein) either in dim red light (C, lane 2) or in bright 
white light (L, lane 3). In lane 4, urea-treated ROS membranes were 
incubated with C3 and [32p]NAD in the absence of rho proteins. 

Shown is an autoradiogram. 
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Fig. 3. Regulation of ADP-ribosylation of normal rho A protein 
reconstituted with urea-treated ROS membranes by light and GDP. 
[32p]ADP-ribosylation of partially purified normal rho A protein (0.3 
#g protein) by C3 was performed in the presence of dark-adapted 
urea-treated ROS membranes (15 #g protein) either in dim red light 
(C, lanes 1 and 3) or in bright white light (L, lanes 2 and 4) in the 
absence (-) or presence of 10 t~M GDP as indicated. Shown is an 

autoradiogram. 

A protein with dark-adapted urea-treated ROS mem- 
branes increased [32p]ADP-ribosylation by C3 (data 
not shown). Furthermore,  when the Val-14 rho A pro- 
tein was combined with the ROS membranes under 
bright white light, [32p]ADP-ribosylation by C3 was 
decreased compared to dim red light conditions (Fig. 4). 
Similar to the normal rho A protein, the presence of  
GDP (10 #M) inhibited or prevented the light-induced 
decrease in [32p]ADP-ribosylation of  the Val-14 rho A 
protein. When [32p]ADP-ribosylation of  Val-14 rho A 
protein combined with urea-treated ROS membranes 
was performed in the presence of  the poorly hydrolyz- 
able GTP analog, guanosine-5'-O-(3-thiotriphosphate) 
(GTP[S], 10/zM), ADP-ribosylation by C3 was decreas- 
ed, even when studied under dim red light conditions. 
Illumination of  the ROS membranes caused a further 
substantial decrease in [32p]ADP-ribosylation. 
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Fig. 4. Regulation of ADP-ribosylation of Val-14 rho A protein 
reconstituted with urea-treated ROS membranes by light and guanine 
nucleotides. [3zP]ADP-ribosylation of partially purified Val-14 rho A 
protein (0.3/zg protein) by C3 was performed in the presence of dark- 
adapted urea-treated ROS membranes (15 t~g protein) either in dim 
red light (C, lanes i,3,5) or in bright white light (L, lanes 2,4,6) in the 
absence (-) and presence of GDP (10 #M) or GTP[S] (10 #M) as in- 

dicated. Shown is an autoradiogram. 

4. DISCUSSION 

ADP-ribosylation of  small molecular mass GTP-  
binding proteins present in bovine ROS membranes by 
the botulinum exoenzyme C3 is regulated by light and 
guanine nucleotides in a manner similar to the ADP- 
ribosylation of  transducin by pertussin toxin [14]. 
These data suggested that these endogenous small G 
proteins may interact with the light receptor rhodopsin 
as it is known for the heterotrimeric G protein trans- 
ducin [15]. In contrast to transducin, the C3 substrate G 
proteins are not released from illuminated membranes 
in the presence of  GTP,  which data indicate that these 
proteins have a more distinct membrane attachment 
than transducin and suggest that the possible target of  
these proteins is different from that of  transducin. 

Treatment of  ROS membranes with 5 M urea causes 
a depletion of  most of  the endogenous proteins, with 
the exception of  rhodopsin still being capable of  in- 
teracting with transducin in a light-dependent manner 
[17]. Therefore, we used these membranes to study 
whether the light regulation of  C3 substrates observed 
in crude ROS membranes is due to a direct interaction 
of  rhodopsin with the small G proteins. Since rho pro- 
teins (A, B and C) are substrates of  C3 [4,9-13], we us- 
ed recombinant human rho A protein expressed in E. 
coli for the reconstitution with urea-treated ROS mem- 
branes. As is shown herein, ADP-ribosylation of  rho A 
protein by C3 is regulated by light when studied in this 
reconstitution assay in a manner similar to endogenous 
C3 substrates. Furthermore,  as has been reported for 
the endogenous C3 substrates [14], the presence of  the 
nucleoside diphosphate GDP inhibited or prevented the 
influence caused by illumination of  the ROS mem- 
branes. Furthermore, the metabolically stable GTP 
analog GTP[S] inhibited ADP-ribosylation of  en- 
dogenous C3 substrates and of  the recombinant rho A 
proteins. This inhibition was further increased by il- 
lumination of  the ROS membranes. The endogenous 
C3 substrates and the recombinant rho A proteins 
[32p]ADP-ribosylated by C3 comigrated on SDS- 
P A G E (data not shown). Since however rac proteins 
with molecular masses and amino acid compositions 
similar to rho proteins are also substrates for C3 [19] 
and since highly sensitive and specific antibodies for 
either of  these small G proteins are not available, final 
elucidation of  the small G protein subtype present in 
bovine ROS membranes and interacting with rhodopsin 
will require purification and amino acid analysis of  the 
purified protein. 

Interestingly, identical data were obtained with nor- 
mal rho A and with Val-14 rho protein, the latter ex- 
hibiting reduced basal and rho GAP-stimulated 
GTPase activities [6]. These data suggest that GTP  
hydrolysis caused by these proteins is most likely not in- 
volved in the observed regulation by light. The 
regulatory effects observed with GDP and GTP[S] were 
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very similar when studied with the endogenous C3 
substrates present in crude ROS membranes [14] and, 
as shown herein, with the normal and mutated Val-14 
rho A proteins reconstituted with urea-treated ROS 
membranes. The presence of GDP inhibited the regula- 
tion by light of either protein, but GDP had essentially 
no effect on ADP-ribosylation performed under dim 
red light conditions. Therefore, it is conceivable to 
assume that binding of this nucleotide to the proteins 
prevents their interaction with photoexcited rhodopsin. 
On the other hand, the additive or synergistic effects 
observed with GTP[S] and light do not necessarily in- 
dicate that photo-excited rhodopsin stimulates binding 
of this nucleotide to the small G proteins as it is known 
for transducin [15]. Together with the GDP data, the 
observed additivity may even suggest that activated 
rhodopsin preferentially interacts with the GTP-bound 
configuration of the rho proteins and that inhibition of 
ADP-ribosylation caused by these two agents, i.e. 
GTP[S] and light, is due to distinct molecular 
mechanisms. If the rho proteins interact with photo- 
excited rhodopsin preferentially in their GTP-bound 
configuration, the intriguing possibility has to be con- 
sidered that photo-excited rhodopsin is not regulating 
the function of these small G proteins as it does for 
transducin [15], but that rhodopsin is a functional 
target of the small G proteins, if the assumption is cor- 
rect that these small G proteins are active in the GTP- 
bound form as are the high molecular mass hetero- 
trimeric G proteins. 

Acknowledgements: This work was supported by the Deutsche 
Forschungsgemeinschaft and an Alexander von Humboldt Founda- 
tion fellowship to I.U. 

REFERENCES 

[1] Madaule, P. and Axel, R. (1985) Cell 41, 31-40. 
[2] Chardin, P., Madaule, P. and Tavitian, A. (1988) Nucleic Acids 

Res. 6, 2717. 
[3] Rubin, E.J., Gill, D.M., Boquet, P. and Popoff, M.R. (1988) 

Mol. Cell. Biol. 8, 418-426. 
[4] Chardin, P., Boquet, P., Madaule, P., Popoff, M.R., Rubin, 

E.J. and Gill, D.M. (1989) EMBO J. 8, 1087-1092. 
[5] Barbacid, M. (1987) Annu. Rev. Biochem. 56, 779-827. 
[6] Garrett, M.D., Self, A.J., van Oers, C. and Hall, A. (1989) J. 

Biol. Chem. 264, 10-13. 
[7] Ohga, N., Kikuchi, A., Ueda, T., Yamamoto, J. and Takai, Y. 

(1989) Biochem. Biophys. Res. Commun. 163, 1523-1533. 
[8] lsomura, M., Kaibuchi, K., Yamamoto, T., Kawamura, S., 

Katayama, M. and Takai, Y. (1990) Biochem. Biophys. Res. 
Commun. 169, 652-659. 

[9] Kikuchi, A., Yamamoto, K., Fujita, T. and Takai, Y. (1988) J. 
Biol. Chem. 263, 16303-16308. 

[10] Narumiya, S., Sekine, A. and Fujiwara, M. (1988) J. Biol. 
Chem. 263, 17255-17257. 

[11] Braun, U., Habermann, B., Just, I., Aktories, K. and Vande- 
kerckhove, J. (1989) FEBS Lett. 243, 70-76. 

[12] Aktories, K., Braun, U., R6sener, S., Just, I. and Hall, A. (1989) 
Biochem. Biophys. Res. Commun. 158, 209-213. 

[13] Aktories, K. and Hall, A. (1989) Trends Pharmacol. Sci. 10, 
415-418. 

[14] Wieland, T., Ulibarri, I., Aktories, K., Gierschik, P. and 
Jakobs, K.H. (1990) FEBS Lett. 263, 195-198. 

[15] Chabre, M. and Deterre, P. (1989) Eur. J. Biochem. 179, 
255-266. 

[16] Papermaster, D.S. and Dreyer, W.J. (1974) Biochemistry 13, 
2438-2444. 

[17] Yamazaki, A., Bartucca, F., Ting, A. and Bitensky, W. (1982) 
Proc. Natl. Acad. Sci. USA 79, 3702-3706. 

[18] Maehama, T., Ohoka, Y., Ohtsuka, T., Takahashi, K., Nagata, 
K., Nozawa, Y., Ueno, K., Ui, M. and Katada, T. (1990) FEBS 
Lett. 263, 376-380. 

[19] Didsbury, J., Weber, R.F., Bokoch, G.M., Evans, T. and 
Snyderman, R. (1989) J. Biol. Chem. 264, 16378-16382. 

114 


