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GTP-binding proteins with Mr values of 22 000 and 25 000 in bovine brain cytosol were ADP-ribosylated by an exoenzyme (termed C3) purified 
from Clostridium botulinum type C. The rate of C3-catalyzed ADP-ribosylation of the partially purified substrates was extremely low by itself, 
but was increased enormously when a protein factor(s) obtained from the cytosol was simultaneously added. The rate of the C3-catalyzed reaction 
was also stimulated by the addition of certain types of detergents or phospholipids even in the absence of the protein factors. The ADP-ribosylation 
appeared to be enhanced to an extent more than the additive effect of either the protein factors or the detergents (and phospholipids). Thus, ADP- 
ribosylation catalyzed by botulinum C3 enzyme was affected not only by cytoplasmic protein factors but also by detergents or phospholipids in 

manners different from each other. 
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1. INTRODUCTION 

A family of structurally homologous membrane- 
associated GTP-binding proteins (G proteins) is present 
in a variety of cells [1]. They act as a signal transducer 
between membrane receptors and effectors such as 
adenylate cyclase, phospholipase C (or A2), K + (or 
Ca 2+) channels and cGMP-specific phosphodiesterase. 
Some bacterial toxins exert their influences on euka- 
ryotic cells by catalyzing ADP-ribosylation of the ce- 
subunits (Mr = 39000-45000) of G proteins. Cholera 
toxin ADP-ribosylates the ce-subunit of Gs and ac- 
tivates the G protein. A protein cofactor, termed ARF, 
which has also a GTP-binding activity, is required for 
the ADP-ribosylation [2]. On the other hand, pertussis 
toxin (islet-activating protein; IAP) ADP-ribosylates 
the c~-subunits of Gi and Go. This reaction requires flT- 
subunits of G proteins [3], and is enhanced by ATP and 
Chaps [4]. 

There is another family of structurally homologous 
GTP-binding proteins with Mr values of about 20000 in 
mammalian tissues. This family includes the GTP- 
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binding proteins of ras- and rho-gene products and 
other novel proteins with similar molecular weight. 
Recently, Narumiya and coworkers [5] reported that 
certain types of botulinum toxins (or enzymes) 
displayed an ADP-ribosyltransferase activity whose 
substrate was a protein with a n  M r  value of 21000. 
Aktories et al. [6,7] also reported that another ADP- 
ribosyltransferase, termed C3, was produced by 
Clostridium botulinum type C. These toxin (or enzyme) 
substrates have been copurified with a GTP-binding ac- 
tivity [8,9], and some of them have recently been iden- 
tified as GTP-binding proteins identical with putative 
products of rho and rac genes [9-12]. 

In the previous paper [13], we have reported that the 
rate of C3-catalyzed ADP-ribosylation of substrate 
proteins partially purified from bovine brain cytosol 
was extremely low by itself, and that this reaction was 
markedly enhanced by cytoplasmic protein factor(s) 
obtained from the brain cytosol. In this paper, we 
report that C3-catalyzed ADP-ribosylation occurred 
very rapidly even in the absence of the cytoplasmic fac- 
tor(s), when membrane-bound proteins extracted with 
cholate and partially purified from bovine brain were 
used as the substrates. Both activities as ADP- 
ribosyltransferase and NAD glycohydrolase of C3 en- 
zyme were markedly stimulated by certain types of 
detergents and phospholipids. Some characteristics of 
the stimulation are described with relation to the pro- 
tein factor(s) that have been identified in the previous 
paper [13]. 
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2. M A T E R I A L S  A N D  M E T H O D S  

2.1. Purifications of C3 enzyme and bovine brain cytoplasmic 
substrate and activator proteins for C3-catalyzed ADP- 
ribosylation 

Botulinum ADP-ribosyltransferase C3 was purified from the 
culture medium of Clostridium botulinum type C strain 903 as 
described previously [13]. Cytoplasmic substrate and activator pro- 
teins for C3-catalyzed ADP-ribosylation were partially purified from 
bovine brain as described by Ohtsuka et al. [13]. 

2.2. Partial purification of substrate proteins for C3-catalyzed ADP- 
ribosylation from bovine brain membranes 

The initial steps used for purification of C3 substrate proteins from 
bovine brain membranes were similar to those described previously 
for purification of IAP substrates [14,15]. Briefly, cholate extract 
(550 ml) was prepared from the membrane and applied to a column 
(4.4 × 40 cm) of DEAE-Sephacel (Pharmacia LKB Biotechnology 
Inc.) which had been equilibrated with 1.8 1 of TED (20 mM Tris- 
HCI, pH 8.0, 1 mM EDTA and 1 mM dithiothreitol) containing 
25 mM NaC1, aprotinin and 1% sodium cholate. The column was 
then eluted with a linear gradient of NaCI (1.2 1; 0-200 mM) in TED 
containing 1% sodium cholate and aprotinin and followed by further 
elution with 500 ml of 250 mM NaC1 in the same solution. The activi- 
ty of C3 substrates was eluted with NaC1 at 250 mM, while IAP 
substrates were recovered from the column at about 125 mM NaCI 
[24]. The C3 substrate-rich fractions (240 ml) from the DEAE- 
Sephacel were concentrated and then fractionated on a column (3.2 × 
90 cm) of Sephacryl S-300HR (Pharmacia LKB) in TMDG (20 mM 
Tris-HCl, pH 8.0, 1 mM MgCI/, 1 mM dithiothreitol and 1 ,aM 
GDP) containing 100 mM NaCI, aprotinin and 1% sodium cholate. 
The activity of C3 substrates was eluted from the column in a single 
peak along with a GTPTS-binding activity. The fractions (140 ml), 
after being concentrated to approximately 20 ml, were diluted with 
5 vols of TMDG containing 300 mM NaC1 and 5% ethyleneglycol, 
and then applied to a column (2.2 × 10 cm) of phenyl-Sepharose 
CL-4B (Pharmacia LKB) which had been equilibrated with 250 ml of 
TMDG containing 250 mM NaC1, 5% ethyleneglycol and 0.25% 
sodium cholate. The column was washed with 50 ml of the equilibra- 
tion buffer and eluted with a linear gradient of 0.25% sodium 
cholate/250 mM NaC1 to 2°7o sodium cholate/0 mM NaC1 (200 ml) 
in TMDG containing 5% ethyleneglycol. C3 substrates were eluted 
from the column with NaCI at about 155 mM and with sodium 
cholate at about 0.9% as a single peak. The fractions that also con- 
tained GTPyS-binding activity with a specific activity similar to the 
C3 substrate were used for the following experiments. 

2.3. Assays of C3-catalyzed ADP-ribosylation and NAD glyco- 
hydrolase 

Assay of C3-catalyzed ADP-ribosylation of protein substrates was 
described in [13]. The [32P]ADP-ribosylated proteins were also elec- 
trophoresed through SDS-polyacrylamide gels (12.5%) as described 
in [3,16], and an autoradiogram was made with a Kodak X-Omat AR 
film using an intensifying screen at -85°C. NAD glycohydrolase ac- 
tivity was assayed by a method described in [17,18]. The reaction 
mixture contained 20 mM sodium Hepes (pH 7.4), 1 mM MgCI2, 
20,aM [4)H-nicotinamide]NAD (approximately 1000 cpm/pmol) 
and other additions as indicated in Table I. Reaction was initiated 
with the addition of C3 enzyme (2.7 "ag/ml), and continued at 37°C 
for 3 h. [4-3H]Nicotinamide formed during the incubation was 
separated by a column (0.8 × 1 cm) of AG1-X2 (Bio-Rad) as describ- 
ed in [18]. 

2.4. Miscellaneous 
[35S]GTPyS-binding activity was determined with the use of a 

rapid filtration method as described in [3]. Protein was quantitated 
by staining with Amide black with bovine serum albumin as a stan- 
dard protein [19]. [a)zP]NAD was obtained from DuPont New 
England Nuclear; [4)H-nicotinamide]NAD from Amersham. 
Phospholipids were obtained from Serdary Research Laboratories. 

Other materials and chemicals were obtained from the same sources 
as described in [13-15,20-22]. 

3. R E S U L T S  

In  a p r e v i o u s  p a p e r  [13], we h a v e  pa r t i a l l y  p u r i f i e d  
G T P - b i n d i n g  p r o t e i n s  wi th  Mr  va lues  o f  22000  a n d  

25 000 f r o m  b o v i n e  b r a i n  cy toso l  as the  subs t r a t e  fo r  a 
b o t u l i n u m  A D P - r i b o s y l t r a n s f e r a s e  ( t e r m e d  C3).  As  

s h o w n  in Fig .  1A, the  ac tua l  ra te  o f  the  A D P -  

r i b o s y l a t i o n  was e x t r e m e l y  low w h e n  the  c y t o p l a s m i c  
subs t r a t e s  by  t h e m s e l v e s  were  i n c u b a t e d  wi th  C3 en-  
z y m e  in the  p r e sence  o f  [32p]NAD.  H o w e v e r ,  the  reac-  

t i o n  was  m a r k e d l y  e n h a n c e d  by the  a d d i t i o n  o f  p r o t e i n  
f ac to r ( s )  o b t a i n e d  f r o m  the  cy to so l  f r a c t i o n  in acco r -  
d a n c e  wi th  o u r  p r e v i o u s  resul ts  [13]. T h e r e  were  a lso  

C 3 - s u b s t r a t e  p ro t e in s  in the  m e m b r a n e  f r a c t i o n s  o f  
w h i c h  the  Mr  va lues  were  the  s a m e  as the  cy to so l  p r o -  

te ins  (da t a  n o t  shown) .  T h e  m e m b r a n e - b o u n d  

subs t r a t e s  were  pa r t i a l l y  p u r i f i e d  f r o m  the  m e m b r a n e  
c h o l a t e  ex t rac t s  a n d  s u b j e c t e d  to  C 3 - c a t a l y z e d  A D P -  

r i b o s y l a t i o n  u n d e r  the  s a m e  assay  c o n d i t i o n s .  T h e  
A D P - r i b o s y l a t i o n  o c c u r r e d  v e r y  r ap id ly  even  in the  

a b s e n c e  o f  the  c y t o p l a s m i c  a c t i v a t o r  p ro t e in ;  t he r e  was 

no  f u r t h e r  s t i m u l a t i o n  by  the  a c t i v a t o r  p r o t e i n  
(Fig .  1B). W h e n  the  m e m b r a n e  subs t ra tes  were  

r e c o n s t i t u t e d  in to  p h o s p h o l i p i d  vesicels  f ree  f r o m  
c h o l a t e ,  t he re  was a m a r k e d  r e d u c t i o n  in the  A D P -  

r i b o s y l a t i o n  o f  t he  m e m b r a n e  subs t ra tes  (da ta  no t  
s h o w n ) ;  u n d e r  this  c o n d i t i o n ,  the  a c t i v a t o r  p r o t e i n  ef-  
f ec t i ve ly  s t i m u l a t e d  the  C 3 - c a t a l y z e d  A D P - r i b o s y l a t i o n  

o f  t he  m e m b r a n e  subs t ra tes .  

S ince  the  a b o v e  d a t a  s h o w e d  tha t  C 3 - c a t a l y z e d  A D P -  
r i b o s y l a t i o n  o f  m e m b r a n e  subs t ra tes  as wel l  as its 

suscep t ib i l i ty  to  the  a c t i v a t o r  p r o t e i n  was m a r k e d l y  af -  
f ec t ed  by  cho l a t e ,  we s tud ied  the  e f f ec t  o f  the  d e t e r g e n t  

o n  the  s a m e  C 3 - i n d u c e d  m o d i f i c a t i o n  o f  c y t o p l a s m i c  
subs t r a t e s  t ha t  were  in s o l u t i o n  w i t h o u t  d e t e r g e n t  o r  

p h o s p h o l i p i d s .  As  expec t ed ,  the  A D P - r i b o s y l a t i o n  o f  
c y t o p l a s m i c  subs t ra tes  was s t i m u l a t e d  s ign i f i can t ly ,  
t h o u g h  s l ight ly ,  by  the  a d d i t i o n  o f  c h o l a t e  to  t he  reac-  

t i o n  m i x t u r e  (Fig.  2). T h e  deg ree  o f  the  s t i m u l a t i o n  by 

c h o l a t e  was  fa r  less t h a n  tha t  by  the  c y t o p l a s m i c  ac- 
t i v a t o r  p r o t e i n .  T h e  c o m b i n e d  a d d i t i o n  o f  c h o l a t e  wi th  
t he  a c t i v a t o r  p r o t e i n  e n h a n c e d  the  C 3 - c a t a l y z e d  reac-  

t i o n  to  an  ex ten t  m o r e  t h a n  the  a d d i t i v e  o f  t he  e f fec t  o f  
e i the r  a lone ,  sugges t ing  tha t  these  a c t i v a t o r s  a c t ed  
t h r o u g h  m e c h a n i s m s  d i f f e r e n t  f r o m  each  o the r .  

T h e  e f fec t s  o f  v a r i o u s  de t e rgen t s  on  C 3 - c a t a l y z e d  

A D P - r i b o s y l a t i o n  o f  t he  c y t o p l a s m i c  subs t ra tes  were  
e x a m i n e d  in the  p r e sence  o r  the  absence  o f  t he  a c t i v a t o r  
p r o t e i n ,  a n d  the  resul ts  a re  s u m m a r i z e d  in Fig .  3. T h e  
r a t e  o f  t he  A D P - r i b o s y l a t i o n  was  s t i m u l a t e d  u p o n  the  
a d d i t i o n  o f  cho l a t e  (Fig.  3A)  o r  d e o x y c h o l a t e  (Fig.  3B) 

r ega rd l e s s  o f  w h e t h e r  the  r e a c t i o n  m i x t u r e  was sup-  
p l e m e n t e d  wi th  the  a c t i v a t o r  p r o t e i n  o r  no t .  T h e  m a x -  
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Fig. 1. C3-catalyzed ADP-ribosylation of the cytoplasmic and 
membrane substrates partially purified from bovine brain. 
Cytoplasmic (A) or membrane (B) proteins that had been partially 
purified from bovine brain as substrates for C3-catalyzed ADP- 
ribosylation were incubated at 37°C in 175/A of a reaction mixture 
containing C3 enzyme (70 ng) and 2/zM [3zP]NAD in the presence 
(•) or the absence (o) of a protein factor (70/~g) partially purified as 
the activator for the C3-induced reaction. At the indicated times, 
aliquots (25/d) were withdrawn and analyzed for [32P]ADP- 

ribosylated proteins as described in section 2.3. 

i m u m  s t imula t ions  were ob t a ined  with chola te  and 
deoxycho la t e  at  0 .2% and  0.1°70, respect ively,  in the 
presence o f  the ac t iva tor  pro te in .  Fu r the r  increases in 
concen t r a t i on  b e y o n d  these points  caused m a r k e d  in- 
h ib i t ion  o f  the A D P - r i b o s y l a t i o n  in ei ther case. A 
s imi lar  b iphas ic  effect  was observed  for  deoxycho la te  
even in the absence  o f  the  ac t iva tor  with a peak  value  
at  the  concen t ra t ion  o f  0.1°70. On  the o ther  hand ,  
C h a p s  (Fig. 3C) or  L u b r o l - P X  (Fig. 3D) inhib i ted  the 
C3-ca ta lyzed  A D P - r i b o s y l a t i o n  in a concen t ra t ion-  
dependen t  manner .  The  concen t ra t ion  dependence  o f  
the  inh ib i t ion  caused by  Chaps  or  Lub ro l  was af fec ted  
by  the presence o f  the  ac t iva tor  prote in ;  essent ial ly the 
to ta l  inh ib i t ion  occur red  at a lower  concen t ra t ion  in the 
absence  o f  the  ac t iva tor  than  in its presence.  

Poss ib le  in terac t ions  o f  var ious  detergents  with C3 
enzyme was s tudied  (Table  I) in which N A D  
g lycohydro l a se  act ivi ty  o f  C3 enzyme was de te rmined  
in the  absence o f  p ro te in  serving as the  subs t ra te  o f  
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Fig. 2. Time course of C3-catalyzed ADP-ribosylation of the 
cytoplasmic substrates in the presence of cholate and/or the activator 
protein. The partially purified cytoplasmic substrates (24/zg) were 
incubated at 37°C in 150/zl of a reaction mixture containing C3 
enzyme (60 ng) and [32p]NAD in the presence (I, • ; lanes 4-6 and 
10-12) or the absence (o, [] ; lanes 1-3 and 7-9) of 0.3% sodium 
cholate. The incubation mixture was further supplemented with 60/~g 
of the partially purified activator protein ([] ,o; lanes 7-12) or not 
(• , . ;  Lanes 1-6). At the indicated times, aliquots (25/4) were 
withdrawn and analyzed for [32p]ADP-ribosylated proteins as 
described in section 2.3. Inset: Other aliquots were subjected to SDS- 

polyacrylamide gel electrophoresis and autoradiography. 

A D P - r i b o s y l a t i o n .  W h e n  [4-3H-nicotinamide]NAD 
was incuba ted  with C3 enzyme at  37°C,  N A D  was 
hyd ro lyz e d  to rad ioac t ive  n ico t inamide  in accordance  
with  previous  results [23]. The hydro lys i s  was 
s igni f icant ly  s t imula ted  by  the add i t i on  o f  chola te  or  
deoxycho la te ,  an ac t iva tor  o f  the C3-ca ta lyzed  A D P -  
r i bosy l a t i on  o f  the cy top lasmic  subs t ra te  prote ins .  
C h a p s  or  L u b r o l - P X  was also effect ive in s t imula t ing  
the g lycohydro lase  react ion ,  a l though  the two 
detergents  inhib i ted  the  A D P - r i b o s y l a t i o n  o f  the 
subs t ra te  p ro te ins  (see Fig.  3C and  D). Thus ,  N A D  
g lycohydro lys i s  ca ta lyzed  by C3 enzyme was s t imula ted  
by  all de tergents  tested in the  present  s tudy.  

Tab le  I also shows that  C3-ca ta lyzed  N A D  
g lycohydro la se  was ac t iva ted  by  crude phospho l ip ids ,  
azolec t in .  Therefore ,  the effects o f  var ious  
phospho l i p id s  on the C3-ca ta lyzed  A D P - r i b o s y l a t i o n  
o f  the  cy top lasmic  subst ra tes  were fur ther  s tudied with 
ind iv idua l  phospho l ip ids  (Fig. 4). An ion ic  
phospho l ip id s ,  such as phospha t idy l inos i to l  (lanes 11 
and  12), phospha t idy l se r ine  (lanes 13 and  14), 
phospha t i d i c  acid (lanes 19 and 20) and card io l ip in  
( lanes 21 and  22), m a r k e d l y  enhanced  C3-ca ta lyzed  
A D P - r i b o s y l a t i o n  o f  cy top lasmic  subst ra tes ,  while 
l y sophospha t i dy l cho l ine  (lanes 5 and  6), l y sophospha -  
t i d y l e t h a n o l a m i n e  (lanes 7 and  8), phospha t idy lcho l ine  
( lanes 15 and 16) and p h o s p h a t i d y l e t h a n o l a m i n e  (lanes 
17 and  18) a p p e a r e d  to  inhibi t  the A D P - r i b o s y l a t i o n .  
The re  was no appa ren t  s t imula t ion  or  inh ib i t ion  o f  the 
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Fig. 3. Effects of various detergents on C3-catalyzed ADP- 
ribosylation of the cytoplasmic substrates in the presence or the 
absence of the activator protein. The partially purified cytoplasmic 
substrates (4/zg; approximately 3 pmol of the substrate activity) were 
incubated at 37°C for 1 min in 25/zl of a reaction mixture containing 
C3 enzyme (10 ng) and [32p]NAD in the presence of various 
concentrations of cholate (A), deoxycholate (B), Chaps (C) or 
Lubrol-PX (D). The incubation mixture was further supplemented 
with the activator protein (~) or not (©). The initial rate of ADP- 
ribosylation (pmol of ADP-ribose incorporated per min/tube) were 
plotted against the concentrations of detergents added to the reaction 

mixture. 
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Fig. 4. Effects of various phospholipids on C3-catalyzed ADP- 
ribosylation of the cytoplasmic substrates. The partially purified 
cytoplasmic substrates (4/~g) were incubated at 37°C in 25 gzl of a 
reaction mixture containing C3 enzyme (10 ng), [32p]NAD and the 
activator proteins (10/zg) in the presence of various phospholipids at 
the concentration of 0.4 mg/ml or their absence (lanes 1 and 2). The 
phospholipids used were cerebroside (3 and 4), lysophosphatidyl- 
choline (5 and 6), lysophosphatidylethanolamine (7 and 8), sphin- 
gomyelin (9 and 10), phosphatidylinositol (11 and 12), phosphatidyl- 
serine (13 and 14), phosphatidylcholine (15 and 16), phosphatidyl- 
ethanolamine (17 and 18), phosphatidic acid (19 and 20) and 
cardiolipin (21 and 22). After the incubation for the indicated 
periods, [32p]ADP-ribosylated proteins were subjected to SDS- 

polyacrylamide gel electrophoresis and autoradiography. 

ADP- r ibosy l a t i on  when cerebroside (lanes 3 and  4) or 
sph ingomyel in  (lanes 9 and  10) was added.  Al though  
these results were ob ta ined  with the cytoplasmic ac- 
t ivator  prote in ,  essentially the same effects of various 
phosphol ip ids  were observed in the absence of the ac- 
t ivator  protein  (data not  shown).  

Table I 

Effects of detergents and phospholipids on C3-catalyzed NAD 
glycohydrolysis 

Additions (concentrations) Nicotinamide formed 
(nmol/min per mg protein) 

None 0.10 _+ 0.009 
Cholate (0.2%) 0.20 _+ 0.006 
Deoxycholate (0.07%) 0.19 _+ 0.008 
Chaps (0.3%) 0.24 _+ 0.012 
Lubrol-PX (0.02%) 0.24 +_ 0.012 
Azolectin (0.5 mg/ml) 0.16 _+ 0.013 

[4-3H-nicotinamide]NAD (20/tM) was incubated at 37°C for 3 h 
with C3 enzyme in the presence of the additions indicated as 
described in section 2.3, and the activities are expressed as nmol of 
nicotinamide formed per min/mg of C3 enzyme. The values are 

means _+ SE from four observations 

4. D I S C U S S I O N  

The enzymatic  activity of  bacterial  toxins dependent  
on  ADP- r ibosy la t ion  for their act ion appears to be la- 
tent;  u p o n  mild dena tu ra t ion  by detergents,  protease 
digest ion,  or the disulfide bond  reduct ion of  nat ive pro- 
tein,  there is a large increase in the enzymatic  activity. 
For  example,  act ivat ion of cholera toxin by thiol results 
f rom reduct ion of  a single disulfide bond  between the 
two peptides in the A subuni t  [24]. Act ion  of  A T P  to 
s t imulate  lAP-ca ta lyzed  ADP-r ibosy la t ion  appears to 
be due to the dissociat ion of the A protomer ,  en- 
zymatical ly  active subuni t  ($1), f rom the b ind ing  com- 
ponen t  of  B ol igomer [4]. The activities of  the two 
toxins are also s t imulated by a respectively specific type 
of  detergents,  such as SDS [25] and  Chaps [4], as a 
result  of  their direct interact ions with the toxin 
molecules rather than  their substrates,  G proteins.  

In  the previous s tudy [13], we have shown that  A D P -  
r ibosyla t ion  of cytoplasmic substrates catalyzed by 
b o t u l i n u m  C3 enzyme was markedly  s t imulated by pro- 
tein factors conta ined  in the bra in  cytosol, and  the 
fac tor - induced s t imula t ion  was p ro found ly  affected by 
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the ionic compos i t i on  o f  the reac t ion  mixture .  The pre- 
sent  paper  indicates  tha t  the C3-ca ta lyzed  A D P -  
r ibosy la t ion  was ac t iva ted  not  only  by  the p ro te in  fac- 
tor(s)  bu t  also by  cer ta in  types o f  de tergents  or  
phospho l ip ids .  The  m a j o r  f indings  ob ta ined  here are  
s ummar i zed  as fol lows.  (i) C3-ca ta lyzed  A D P -  
r ibosy la t ion  o f  cy top lasmic  subst ra tes  was s t imula ted  
by  an ionic  detergents ,  such as chola te  or  deoxychola te ,  
at  their  o p t i m u m  concent ra t ions ,  but  inhib i ted  by  zwit- 
te r ionic  (Chaps)  or  non ion ic  (Lub ro l -PX)  detergents  
(Fig.  3); the s t imula t ion  or  inh ib i t ion  occur red  in ei ther 
the  presence or  the absence o f  the p ro te in  factor(s)  tha t  
a p p e a r e d  to be a po ten t  ac t iva tor  by  a d i f ferent  
mechan i sm.  (ii) N A D  g lycohydro la se  act ivi ty  o f  C3 en- 
zyme observab le  in the absence o f  subs t ra te  pro te ins ,  
was s t imula ted  by  any o f  the detergents  tested (Table  I). 
(iii) Cer ta in  types o f  phospho l ip ids  s t imula ted ,  but  
o the r  phospho l ip id s  d id  not  (or inhibi ted) ,  
C3-ca ta lyzed  A D P - r i b o s y l a t i o n  o f  subs t ra te  p ro te ins  
(Fig.  4). (iv) C3-ca ta lyzed  A D P - r i b o s y l a t i o n  a p p e a r e d  
to be enhanced  synergis t ical ly  by  the p ro te in  factor(s)  
and  detergents  or  phospho l ip id s  (Figs 2 and  4). 

Thus ,  it is very l ikely tha t  detergents  act not  only  on  
the C3 enzyme but  also on  the subs t ra te  pro te ins ,  p ro-  
b a b l y  dependen t  on  thei r  concen t ra t ions ,  since Chaps  
and  L u b r o l - P X  exer ted their  s t imula to ry  effect  only  on 
the N A D  g lycohydro la se  act ivi ty  o f  C3 despi te  their  in- 
h ib i to ry  ac t ion  on the A D P - r i b o s y l a t i o n  o f  the 
subs t ra te  p ro te in  added .  The  ac t ion  o f  the cy top lasmic  
p ro t e in  ac t iva tor  also a p p e a r e d  to result  f rom its in- 
t e r ac t ion  with bo th  C3 enzyme and the subs t ra te  p ro-  
teins [13] as had  been also the case with A R F ,  which 
ac t iva ted  chole ra  tox in -ca ta lyzed  A D P - r i b o s y l a t i o n  o f  
Gs [2,26,27]. However ,  the mechan i sm whereby  the 
p ro t e in  fac tor  ac t iva ted  the C3-ca ta lyzed  A D P -  
r ibosy la t ion  seems to be d i f ferent  f rom the mechan i sm 
for  the  de te rgen t - induced  ac t iva t ion;  the m a x i m u m  ac- 
t iv i ty  o f  A D P - r i b o s y l a t i o n  induced  by  op t ima l  concen-  
t r a t i on  o f  chola te  or  deoxycho la te  was fur ther  
increased  by  c o m b i n e d  add i t i on  o f  the p ro te in  fac tor  
(Fig.  3). 

Effec ts  of  phospho l ip id s  on bac te r ia l  tox in -ca ta lyzed  
A D P - r i b o s y l a t i o n s  have also been r epor t ed  previous ly  
[4,27]. No t  only  A R F  but  also phospho l ip id s  were 
essent ia l ly  requi red  for  cho le ra  tox in -ca ta lyzed  A D P -  
r ibosy la t ion  o f  pur i f ied  c~-subunit o f  Gs [27]. 
L y s o p h o s p h a t i d y l c h o l i n e  and  phospha t idy lcho l ine  
s t imula ted  th io l -dependen t  I A P - c a t a l y z e d  N A D  
g lycohydro la se  act ivi ty  [4]. A l t h o u g h  the effects of  
o the r  phospho l ip ids  have not  been s tudied  in the  above  
paper s ,  the  specif ici ty o f  phospho l ip id s  observed  with 
b o t u l i n u m  C3 enzyme seemed to be somehow di f ferent  
f rom tha t  observed  with chole ra  toxin  or  I A P ;  the 
C3-ca ta lyzed  A D P - r i b o s y l a t i o n  was m a r k e d l y  enhanc-  
ed by  negat ively  charged  phospho l ip id s  such as 
phospha t idy l inos i to l ,  phospha t idy l se r ine ,  phospha t id i c  
acid  and  ca rd io l ip in  (Fig. 4). Conce ivab ly ,  these 

phospho l i p id s  m a y  share the same mechan i sm as 
an ion ic  detergents  for  the  ac t iva t ion  o f  C3 enzyme.  
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