
THE JOURNAL OF BIOLOGICAL CHEMISTRY 
8 1991 by The American Society for Biochemistry and Molecular Biology, Inc. 

Vol. 266, No. 22, Issue of August 5 ,  pp. 14217-14225,1991 
Printed in U. S. A.  

Purification of an AIFT and  G-protein @r-Subunit-regulated 
Phospholipase C-activating Protein* 

(Received  for publication,  February  19,1991) 

Gary L. Waldo, Jose L. Boyer,  Andrew J. Morris, and T.  Kendall  Harden$ 
From  the  Department of Pharmacology, University of North Carolina  School of Medicine, Chapel Hill, North Carolina 27599 

A 160-kDa phospholipase  C has  previously  been  pu- 
rified  from  turkey  erythrocytes  and  has been  shown 
by  reconstitution  with  turkey  erythrocyte  membranes 
to be a receptor-  and  G-protein-regulated  enzyme 
(Morris, A. J., Waldo, G. L., Downes, C. P., and 
Harden, T. K. (1990) J. Biol. Chern. 265,  13601- 
13507;  Morris, A. J., Waldo, G. L., Downes, C. P., and 
Harden, T. K. (1990) J. Biol. Chern. 265, 13508- 
13614). Combination of this  150-kDa  protein  with 
phosphoinositide substrate-containing phospholipid 
vesicles prepared  with a cholate extract  from  purified 
turkey  erythrocyte  plasma  membranes  resulted  in con- 
ferrence of  AlF; sensitivity  to  the  purified phospholi- 
pase C. Guanosine 5’-3-0-(thio)triphosphate also  acti- 
vated  the  reconstituted phospholipase  C in a manner 
that  was  inhibited by  guanosine  5’-2-0-(thio)- 
diphosphate.  The  magnitude of the  AlFi  stimulation 
was increased  with  increasing  amounts of plasma 
membrane  extract,  and  was  also  dependent  on  the 
concentration of purified phospholipase C. Using re- 
constitution of  AlF; sensitivity as an assay, the  puta- 
tive  G-protein  conferring  regulation  to  the  160-kDa 
phospholipase C was  purified  to  near homogeneity  by 
sequential  chromatography  over Q-Sepharose, Sepha- 
cry1 5-300, octyl-Sepharose,  hydroxylapatite, and 
Mono-Q. Reconstituting  activity  co-purified  with an 
approximately  43-kDa  protein  identified  by  silver 
staining;  lesser  amounts of a 35-kDa  protein  was pres- 
ent  in  the  final  purified  fractions, as was a minor  40- 
kDa protein.  The  43-kDa  protein  strongly  reacted  with 
antiserum  against a 12-amino  acid  sequence  found at  
the  carboxyl  terminus of G, and GI1, the  35-kDa  pro- 
tein  strongly  reacted  with  G-protein  &subunit  anti- 
serum,  and  the  40-kDa  protein  reacted  with  antiserum 
that recognizes Gi3. Immunoprecipitation of the  43- 
kDa  protein  resulted  in loss of phospholipase  C-stimu- 
lating  activity of the  purified  fraction.  The  idea  that 
this is a phospholipase C-regulating  G-protein is fur- 
ther supported  by the observation that co-reconstitu- 
tion of G-protein  &subunit  with  the  purified phospho- 
lipase  C-activating  fraction  resulted in a &-subunit- 
dependent  inhibition of A1F;-stimulated phospholipase 
C activity  in  the  reconstituted  preparation. 
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Cell surface  receptors for a  broad  range of stimuli regulate 
a diverse group of effector proteins, e.g. adenylyl cyclase, ion 
channels, cyclic GMP phosphodiesterase,  through  activation 
of intermediary G-proteins  (1,2).’  The inositol lipid signalling 
cascade represents  one of the major second messenger path- 
ways (3), but identification of its molecular components has 
proven difficult. Litosch et al. (4)  and Cockcroft and Gomperts 
(5) first reported data  that directly  implicated  a G-protein  in 
receptor regulation of inositol lipid-specific phospholipase C. 
Subsequent work has  pointed  out kinetic  similarities between 
the guanine  nucleotide-dependent  regulation of phospholipase 
C and  that of other effector proteins (6,7), and evidence that 
the phospholipase  C-regulating  G-protein  is  a  heterotrimeric 
protein analogous to known members of the G-protein family 
has been presented (8, 9).  Encouraging progress has been 
made recently in  its identification. 

Taylor and co-workers (10) have purified a rat liver protein 
that increases  activity of a  partially purified phospholipase C 
preparation from rat liver plasma  membranes that were preac- 
tivated with GTPyS prior to solubilization. This protein does 
not  react with antisera selective for known G-protein a- 
subunits,  but  antiserum against  a  concensus sequence found 
in most  G-proteins recognizes this 42,000-dalton protein. 
Sternweis and co-workers (11) have developed an affinity 
matrix consisting of G-protein  &subunits linked to a solid 
support. Passage of Lubrol extracts of brain  plasma  mem- 
branes over this affinity  matrix and subsequent  elution with 
the  G-protein  activator, AlF; (20 FM A1Cl3, 10 mM NaF), 
resulted in purification of a protein, G,, with internal amino 
acid sequence identity (12) to sequence predicted by a  G- 
protein cDNA cloned from  a mouse brain library (13). This 
protein, when combined with  a  partially purified phospholi- 
pase  C  from bovine brain, resulted in stimulation of poly- 
phosphoinositide hydrolysis in  an A1F;-dependent fashion 
(14). 

P2y-purinergic  receptor- and G-protein-regulated  inositol 
lipid hydrolysis has been studied in detail in turkey erythro- 
cyte  membranes (9, 15-18). A  150-kDa  phospholipase C re- 
cently has been purified from turkey erythrocytes  (19), and 
when reconstituted  with  turkey  erythrocyte  ghosts or plasma 
membranes devoid of phospholipase  C  activity, the purified 
150-kDa protein acquires  receptor- and G-protein-regulated 
enzyme activity that is  indistinguishable from that of native 

The abbreviations used are:  G-protein,  guanine nucleotide-bind- 
ing regulatory protein;  SDS-PAGE, sodium dodecyl sulfate-polyacryl- 
amide gel electrophoresis;  PtdIns(4,5)P2,  phosphatidylinositol 4,5- 
bisphosphate;  PtdIns-4P,  phosphatidylinositol  4-phosphate;  EGTA, 
[ethylenebis(oxyethylenenitrilo)]tetraacetic acid; Hepes,  4-(2-hy- 
droxyethy1)-1-piperazineethanesulfonic acid  PMSF,  phenylmethyl- 
sulfonyl  fluoride;  fplc, fast protein liquid chromatography; BSA, 
bovine serum  albumin;  GTPTS,  guanosine 5’-3-O-(thio)triphosphate; 
GDPBS, guanosine 5’-(2-O-(tbio)diphosphate; CHAPS,  3-[(3-cho- 
lamidopropyl)dimethylammonio]-l-propanesulfonate. 
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membranes (20). This  protein  has been different.iated from 
previously  purified/cloned mammalian  phospholipases  C by 
immunoreactivity  and by partial  internal  amino acid se- 
quence.’ We now report  that  this purified G-prot.ein-regulated 
phospholipase  C  can be used  in an assay to identify  and  purify 
a 43,000-dalton protein in Na cholate  extracts from turkey 
erythrocyte  plasma  membranes  that  when  reconstituted  with 
substrate-containing  phospholipid vesicles confers AIFY- and 
G-protein /3y-subunit sensitivity  to  the  reconstituted purified 
phospholipase C. 

EXPERIMENTAL PROCEDURES A N D  RESULTS:’ 

Development of a reliable assay for screening  putative 
phospholipase  C-regulatory  G-proteins  has  proven difficult. 
Efforts  to selectively inactivate  the  endogenous  turkey  eryth- 
rocyte phospholipase  C-regulatory  G-protein by bacterial  tox- 
ins or through chemical modifications  have failed, thus  mak- 
ing  difficult the use of ghosts or membranes  containing  en- 
dogenous phospholipase  C  and  PtdIns(4,5)P2  substrate as an 
acceptor  system in a G-protein  reconstitution  assay.  Further- 
more,  there  are  no available cell lines  deficient in the  phos- 
pholipase  C regulatory G-protein as has been the  case  for  the 
G,-deficient cyc- S-49  mutant cell line. The  recent  purifica- 
tion  (19) of a 150-kDa G-protein-regulated  phospholipase  C 
from  turkey  erythrocytes  (see Fig. 1A for a Ag-stained  SDS- 
polyacrylamide gel  of the purified phospholipase  C) allowed 
development of an  artificial  phospholipid  substrate  prepara- 
tion  into which detergent  extracts  containing  putative  phos- 
pholipase  C-regulatory  G-protein could  be introduced  prior  to 
reconstitution with the purified 150-kDa  phospholipase C. Na 
cholate  has been  used to efficiently extract  G-proteins from 
plasma  membranes of a variety of tissues,  but, as previously 
shown  in cell-free assays  (19), relatively low concentrations 
of Na cholate (0.2’%, w/v) stimulate  the  catalytic  activity of 
turkey  erythrocyte  phospholipase C. Thus, a procedure was 
adapted  (see  “Experimental  Procedures”) in  which dispersed 
phospholipids were combined  with Na cholate  extract of 
turkey erythroc-yte plasma  membranes followed by gel filtra- 
tion  on  Sephadex G-50 to remove Na cholate from  t.he extract/ 
phospholipid mixture  and  to form unilamellar  phospholipid 
vesicles containing  [“H]PtdIns(4,5)P2.  These  phospholipid 
vesicles containing  detergent  extract were combined with 
purified 150-kDa  phospholipase  C  and  incubated in the  pres- 
ence of G T P r S  or AIF; (Fig. 1R).  GTPyS  consistently pro- 
duced a small  stimulation of polyphosphoinositide hydrolysis 
which was blocked by GDPDS (Fig. 1R); addition of AIF, 
markedly stimulated  [“H]PtdIns(4,5)P2 hydrolysis. The  stim- 
ulatory effect of  AIF; on  [.‘H]PtdIns(4,5)P2 hydrolysis  re- 
quired  reconstitution of phospholipid vesicles with both Na 
cholate  extract  and purified phospholipase C. There was no 
effect of  AIF; on  polyphosphoinositide hydrolysis  when either 
phospholipase  C or Na cholate  extract were omitted from the 
assay  (data  not  shown).  Heat  inactivation of the Na cholate 
extract from plasma  membranes  prior  to its combination with 
phospholipids  and  the purified phospholipase  C  abolished  the 
effects of  AIF;, as did heat  inactivation of the purified phos- 
pholipase  C  prior  to  reconstitution with substrate-containing 
vesicles (data  not  shown,  but see Fig. 5). Finally,  dephospho- 
rylation of polyphosphoinositide substrates  is  minimal  under 

‘Waldo, C.. Is., Morris, A. *J. ,  Klapper, D. G., and  Harden, T. K. 
(1991) Mol. fhnrmncol., in press. 

’ Portions of this paper (including  “Experimental  Procedures”  and 
Figs. 2 and 7-10) are presented in miniprint  at  the  end of this  paper. 
Miniprint is easily read with  the  aid of a standard  magnifying glass. 
Full size  photocopies  are  included in the  microfilm  edition of the 
.Journal that is availahle from \Vaverly Press. 
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FIG. 1 .  Reconstitution of purified  turkey  erythrocyte  phos- 
pholipase C with  Na  cholate  extract-containing  phospholipid 
vesicles. A ,  a silver  stained  SL)S-polyacn.lamidr grl I)I .lo0 nc of 
purified  turkey  erythrocyte PIX’.  H ,  purifird  turkry  erythrncyte 
plasma memhranes  were  extracted  with Na cholate as descrihrd  under 
“F:xperimentaI Procedures.“ A M F  was  omitted from the  extrtlrtion 
huffer. The  extract  was  comhined  with  dispersed  phosphnlipids  con- 
taining [ ’H]I’tdlns(4,5)P..  Phospholipid  vesicles werr f’nrmrtl Iry de- 
salting  the  dispersed  phospholipitls/Sa  cholate  extract on  Srphndrx 
G-50 (see “Experimental  I’rocerlures”). The S a  cholate  extract-rnn- 
taining  phospholipid  vesicles were reconstituted  with  approximatrly 
1 0 0  ng of purified  phospholipase C and  incuhated  with 1 0  m u  Hepes 
(vehirle), 50 VM G’TPyS, 50 p~ GTPyS,  and :VI0 p v  ( ; D I ’ , S  or 1 0  
mM NaF, 20 p M  AICI! (AIF, ). The  results are represrntntivr o f  thnw 
ohtained in se\ren separate  experiments. 

the  conditions of these  reconstitution  assays,  and  therefore, 
the  effects of  AIF;, a potential  phosphatase  inhihitor,  cannot 
be explained by preservation of an  otherwise labile phospho- 
lipase C  substrate  (data not shown). 

A partially purified fraction of reconstituting  activity was 
prepared by passage of the Na cholate  extract over a Q -  
Sepharose  column  (see  “Experimental  Procedures”) prior to 
the  reconstitution  steps described  ahove. As shown in Fig. 2, 
the  capacity of the  eluate to confer AIF; sensitivity  to phos- 
pholipase C was restricted  to a narrow  range of fractions 
eluting as a sharp peak of activity.  Fractions of reconstituting 
activity were pooled and used to  examine  further  the  proper- 
ties of the  phospholipase  C-regulating  activitv. 

The effects of  AIF; on  phospholipase C were dependent on 
the  concentration of  AlF,; (Fig. 3) and, in agreement with our 
previous observations of the  substrate specificity of the 150- 
kDa phospholipase C (19), occurred irrespective of whether 
[,”H]PtdIns(4,5)P2 or [“H]Ptdlns-4P was utilized as  substrate 
(data  not  shown).  The effect of  AlF; on inositol lipid hydrol- 
ysis  was dependent  on  the  amount of purified  150-kDa phos- 
pholipase C reconstituted with the vesicles made with the Q- 
Sepharose pool (Fig. 4).  In the  absence of  AIF; essentially no 
inositol  lipid  hydrolysis was observed  even  with the  reconsti- 
tution of 300 ng of the purified 150-kDa phospholipase C per 
assay (Fig. 4).  When a constant  amount of purified phospho- 
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FIG. 3. NaF dependence of phospholipase C-regulating  pro- 
tein  reconstituted  with  purified phospholipase C. Turkey  eryth- 
rocyte plasma membranes (25 mg)  were extracted with 1.2% Na 
cholate in the absence of AMF and  the phospholipase C-regulating 
protein was partially purified by chromatography on a  1-ml column 
of Q-Sepharose as described under  “Experimental Procedures.” AMF 
was omitted from all chromatography buffers. Column fractions con- 
taining  the peak activity of the phospholipase C-regulating protein 
were  pooled (4 ml) and reconstituted (10 pllassay) with purified 
phospholipase C (100 ng/assay) in phospholipid vesicles as described 
under “Experimental Procedures.” Phospholipase C activity was 
measured in the presence of  20 p~ AlCl3 and  the indicated concen- 
trations of NaF. 
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FIG. 4. Concentration dependence of phospholipase C 
(PLC) for A1F;-stimulated polyphosphoinositide hydrolysis. 
A pool  of phospholipase C-regulating protein was prepared from the 
eluate of a Q-Sepharose column as described in the legend to Fig. 3. 
The indicated amount of purified phospholipase C was reconstituted 
in phospholipid vesicles with 10 pl of the phospholipase C regulating 
protein per assay. Phospholipase C activity was determined  in the 
presence of AlF; (0) or 10 mM Hepes (0). 

lipase C was reconstituted with vesicles prepared with increas- 
ing  amounts of the Q-Sepharose pool, a  protein-dependent 
increase in A1F;-stimulated polyphosphoinositide hydrolysis 
was observed (Fig. 5 ) .  Reconstitution of  2.5  pg  of the Q- 
Sepharose pool under the conditions described under  “Exper- 
imental Procedures” resulted in an A1F;-stimulated rate of 
hydrolysis of 0.33 pmol/min/mg of 150-kDa phospholipase C. 
Under identical conditions in the absence of  AlF;, the  rate of 
polyphosphoinositide hydrolysis was  0.01 pmol/min/mg of 
phospholipase C. Heat  inactivation of the Q-Sepharose pool 
prior to formation of vesicles abolished the stimulation of the 
purified phospholipase C (Fig. 5). 

Ca2+ previously has been shown to increase the activity of 
phospholipase C enzymes (including the turkey  erythrocyte 
enzyme) against exogenous inositol lipid substrate,  although 
the reasons for this  enhanced activity are  not understood (26). 
As illustrated  in Fig.  6, a  Ca2+-dependent increase in phos- 
phoinositide hydrolysis was observed when vesicles prepared 
with Q-Sepharose pool  were incubated with purified 150-kDa 
phospholipase C. Incubation of these vesicles with AlF; had 
little effect on the concentration dependence of Ca2+ for 
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FIG. 5. Concentration dependence of partially  purified Na 
cholate extract  for A1F;-stimulated polyphosphoinositide hy- 
drolysis. A pool of phospholipase C-regulating protein was prepared 
from the eluate of a Q-Sepharose column as described in the legend 
to Fig. 3. The indicated volumes of the pool  (-0.25 mg  of total 
protein/ml of pool) were reconstituted with purified phospholipase C 
(100 ng/assay) in phospholipid vesicles as described under “Experi- 
mental Procedures.” Phospholipase C activity was determined in the 
presence of  AlF; for control (0) or for vesicles reconstituted with 
partially purified extract that was heat-inactivated prior to reconsti- 
tution (0). Phospholipase C activity observed in the absence of 
AlF; has been subtracted. 

- log [ca2+] , M 

FIG. 6. CaZ+ dependence of polyphosphoinositide hydrolysis 
i n  phospholipid vesicles prepared  with  partially purified Na 
cholate extract. A pool of phospholipase C-regulating protein was 
prepared from the eluate of a Q-Sepharose column as described in 
the legend to Fig. 3. The phospholipase C-regulating protein (10 pl/ 
assay) was reconstituted with purified phospholipase C (100 ng/assay) 
in phospholipid vesicles as described under “Experimental Proce- 
dures.” Phospholipase C activity was determined in the presence of 
AlF; (0) or 10 mM Hepes (0) at  the indicated free Ca2+ concentra- 
tions. 

promoting inositol lipid hydrolysis, but markedly increased 
the maximal activity observed. These results are remarkably 
similar to those previously observed with native turkey  eryth- 
rocyte membranes (16),  or with purified turkey erythrocyte 
membranes in which purified 150-kDa phospholipase C  has 
been reconstituted (20). 

The results presented above  suggest that a  protein exists in 
turkey  erythrocyte plasma membranes that confers sensitivity 
of phospholipase C to activators of G-proteins. Experiments 
were initiated to purify this protein. Purified turkey  erythro- 
cyte plasma membranes were prepared and  a Na cholate 
extract generated as described under “Experimental Proce- 
dures.’’ It was found in preliminary experiments that there 
was a rapid time-dependent loss of capacity of the Na cholate 
extract  to confer AlF; sensitivity to purified 150-kDa phos- 
pholipase C, and  that maintenance of the extract in AMF (see 
“Experimental  Procedures”) greatly reduced this loss of activ- 
ity. Thus,  the extraction  step  and all subsequent purification 
steps were carried out in buffer containing AMF. The Na 
cholate extract from plasma membranes was passed sequen- 
tially over Q-Sepharose, Sephacryl s-300, octyl-Sepharose, 
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hydroxylapatite (where the  elution buffer contained  CHAPS 
rather  than  Na  cholate),  and fast protein liquid chromatog- 
raphy Mono-Q as described under  “Experimental  Proce- 
dures.” Substrate-containing phospholipid vesicles were re- 
constituted  with column fractions  and purified  150-kDa phos- 
pholipase  C as described  above  for Figs. 1-6 and  is  presented 
in  detail  under  “Experimental Procedures.” As with  the Q- 
Sepharose column step (Fig. 2),  the  capacity  to confer AlF; 
sensitivity  to  the  phospholipase C was  restricted to a sharp 
peak of activity  eluting  from  the  Sephacryl S-300 (Fig. 7) 
column,  and  this  activity did not coelute with  the  majority of 
the  protein.  Reconstituting  activity  eluted  as a much  broader 
band of activity from the  octyl-Sepharose column (Fig. 8), 
and  elution of activity from the  hydroxylapatite  column (Fig. 
9) occurred as a sharp peak that also  coincided  with elution 
of a sharp  peak of protein.  Elution of reconstituting  activity 
from  the Mono-Q  column (Fig. 10)  also occurred as a sharp 
peak. 

A concentration of protein-dependent  increase  in AIR- 
stimulated polyphosphoinositide  hydrolysis  was  observed 
when phospholipid vesicles prepared  with  increasing  amounts 
of purified protein from the Mono-Q column were reconsti- 
tuted with  a fixed amount of purified phospholipase C (Fig. 
11). As little as 0.5 ng of purified protein  resulted  in  marked 
AlF; stimulation of purified phospholipase C (70 ng  under 
the conditions for the  experiment  depicted  in Fig. 11). This 
corresponds  to a “concentration” of approximately 1 X 1 O - I o  

M of a putative molecular mass 50,000 phospholipase C- 
activating  G-protein  and 2 X lod9 M for  the  150-kDa purified 
phospholipase C. Reconstitution of 3.3 ng of purified protein 
per assay  resulted in a A1F;-stimulated rate of hydrolysis of 
0.36 pmol/min/mg of purified phospholipase C a t  subsatur- 
ating  concentrations of polyphosphoinositide substrate.  In  the 
absence of  AlF; the  rate of polyphosphoinositide  hydrolysis 
was 0.02 pmol/min/mg of purified phospholipase C. Until 
more is known concerning  the  percent of reconstituted  G- 
protein available  for activation,  the  extent  to which the  phos- 
pholipase  C interacts  with vesicle-associated G-protein,  and 
the kinetic particulars of these  interactions,  it  is  not possible 
to  make confident conclusions concerning  the  activities ob- 
served under  these  conditions a t  subsaturating  substrate  con- 
centration. 

Mono-Q  column fractions  expressing  the  reconstituting 
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FIG. 11. Concentration  dependence of purified  phospholi- 
pase  C-regulating  protein  for A1F:-stimulated phosphoinosi- 
tide  hydrolysis. The indicated  amounts of  purified  phospholipase 
C-regulating  protein from the Mono-Q  column were reconstituted 
with  purified  phospholipase C (70 ng/assay) in  phospholipid vesicles 
as described  under  “Experimental  Procedures:”  Phospholipase C ac- 
tivity  was  determined  in the presence of  AIF;. Phospholipase C 
activity observed  in the absence  of AIF; has  been  subtracted. 

activity  depicted  in Fig. 10 were subjected to SDS-polyacryl- 
amide gel electrophoresis; proteins were stained  with silver 
(Fig. 12). The major protein  coeluting  with  reconstituting 
activity was  a  43-kDa protein. A  35-kDa protein was also 
observed, and a  less prominent  band of approximately 40- 
kDa was present. 

The  identity of proteins in the Mono-Q column  eluates 
conferring AlF; sensitivity  to  the purified phospholipase C 
was investigated  with  G-protein-  and sequence-selective anti- 
sera. Antisera  against  the  amino acid  sequence ILQLNLK- 
EYNLV, which represents  the  12  amino acids at the carboxyl 
terminus of the  recently  identified  G-protein  a-subunits, G, 
and  GI1  (13,22),  strongly  reacted  with  the  prominent  approx- 
imately 43-kDa protein  that coeluted  with the  peak of recon- 
stituting  activity  from  the  hydroxylapatite  (data  not  shown) 
and  Mono-Q  columns (Fig. 13).  Antibody W082, which  was 
generated  against an  internal sequence in G, (12),  also  rec- 
ognized the 43-kDa protein  but  with less  sensitivity.  Antibody 
EC, which has been reported to show  selectivity  for (yil (23), 
recognized the  minor  protein of approximately 40-kDa  ob- 
served  in some of the  fractions  conferring AlF; sensitivity, 
but  did  not  react  with  the 35-kDa protein  and weakly reacted 
with  the major  43-kDa protein (Fig. 13). No  protein was 
identified by the  antisera AS  which has been reported  to 
recognize G,,  Gi,,l, and GinP (Fig. 13). The 35-kDa protein  is 
apparently  G-protein  @-subunit based on  its  strong  immuno- 
reactivity  with  antisera  against  this  subunit (Fig. 13). 

Based on  its coelution with  reconstituting activity and  the 
fact  that  it  is  the  most  prominent Ag-stained protein observed, 
i t  seems likely that  the 43-kDa protein  is  the species that 
confers A1F; sensitivity  to  the purified  phospholipase C. Fur- 
thermore,  this  is  the  approximate size of the  protein isolated 
from  liver membranes  that  activates phospholipase  C  (10) 
and of  G,, the  protein  shown by Smrcka et al. (14) to  stimulate 
partially purified phospholipase C from bovine  brain. The 
strong  immunoreactivity of the 43-kDa protein with antisera 
to a  carboxyl terminus  amino acid  sequence found  in G, and 
predicted  from two cDNAs  that encode G-protein  a-subunits 
very similar  in  structure to G, supports  the idea that  this  is a 
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FIG. 12. SDS-polyacrylamide  gel  electrophoresis  of  the 

phospholipase C regulating  protein  fractions  eluting  from  the 
Mono-Q column. Fractions from the Mono-Q  column  were  analyzed 
by SDS-PAGE as described  under  “Experimental  Procedures.” Mo- 
lecular  weight  standards  are  indicated  on the left and  column  fraction 
numbers  are listed across the top. For reference,  bovine brain Go a- 
and @-subunits were electrophoresed in the left most lane. The gel 
was  stained  with silver. 
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FIG. 13. Immunoblot analysis of  the phospholipase C-regu- 
lating protein fractions eluting from the Mono-Q column. 
Fractions  from  the  Mono-Q  column  were  subjected  to  SDS-PAGE 
and  transferred  to nitrocellulose for Western  blot  analysis as de- 
scribed  under  “Experimental  Procedures.”  The  30-45-kDa  region for 
each  immunoblot is shown. The specificities of the  G-protein  antisera 
are as follows: X384 was  raised  against a carboxyl  terminus  sequence 
in CY,, and rill; W082 was raised  against  an  internal  amino  acid 
sequence  in tu,,; AS was  raised  against (Y, but also recognizes (Y ,~  and 
o,?; EC was  raised  against a carboxyl  terminus  sequence  in (Y,:~; 8-8 
recognizes the  G-protein  &subunit.  The  antisera  used for immuno- 
detection  are  indicated  on  the  right.  Molecular  weight  markers  are 
indicated  on  the left and  fraction  numbers  are  listed  across  the  top. 

G-protein  a-subunit.  A  number of experiments  addressed  this 
possibility. First,  experiments were performed to  assess  the 
capacity of G-protein selective antisera  to remove reconsti- 
tuting  activity by immunoprecipitation.  The purified fraction 
was  treated with preimmune  sera  or  with  antisera X384, 
W082, EC  (Gic,:J,  or B-8 (&subunit)  antisera,  and  antigen- 
antibody complexes immunoprecipitated  with  protein A- 
Sepharose  as described under  “Experimental Procedures.” 
Immunoprecipitation  with  immune X384 antisera,  but  not 
preimmune  sera, removed the 43-kDa protein from the  super- 
natant  and reduced reconstituting  activity by 70-80% (Fig. 
14). In contrast,  although  antibody  to Ge:\ immunoprecipi- 
tated  the 40-kDa protein,  it  had  no effect on  the  capacity of 
the purified fraction  to confer A1F; sensitivity,  indicating  that 
this  protein is not involved in  regulation of the purified turkey 
erythrocyte phospholipase C. Furthermore,  reconstitution of 
up  to 500 ng of purified  bovine brain G,/Gi a-subunit  under 
the  conditions used here did not  result  in AIF; promoted 
activation of phospholipase C  (data  not  shown). W082 and 
/3-8 antisera did not  immunoprecipitate  their respective anti- 
gens and  had  no effect on  reconstitution of the purified 
fraction (Fig. 14). 

We previously have  shown that  reconstitution of G-protein 
&-subunits with turkey  erythrocyte  membranes  has  marked 
effects on phospholipase C activity;  suggesting the involve- 
ment of a phospholipase C-regulating  heterotrimeric  G-pro- 
tein (9). Although  based on Ag staining  there  is clearly  less 
@-subunit  than t,he  43-kDa protein in activating  fractions,  the 
above data suggest  some co-purification of ,&subunit with 

I ’ Xi84 w .52 .., p R 
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- - - x-384 

EC 

B-0 

FIG.  14. Immunoprecipitation of  the purified phospholipase 
C-regulating protein with G-protein antisera. I’urifietl phos- 
pholipase  C-regulating  protein (200 ng)  from the  Mono-Q  column 
was  immunoprecipitated  with  the  indicated  G-protein  antisera as 
described  under  “Experimental  Procedures.”  The  immunoprecipi- 
tat,ed  protein  was  removed by centrifugation  and  the  capacity of the 
supernatant (3.3 ng/assav of phospholipase  C-regulating  protein in 
t,he preimmune  sample)  to  confer  AlFJ  sensitivity  to  purified  phos- 
pholipase C (22 ng/assay) was examined  in a reconstitution  assay 
(panel A ) .  Phospholipase C activity  was  determined  in  the  presence 
of  AIF;. The  G-protein  content of the  supernatant  was  examined hy 
immunoblot  analysis (panel R ) .  The  antisera used for  immunoprecip- 
itation  are  listed  across  the  top.  The  antisera used for  immunodetec- 
tion  are  indicated  on  the  right. 

reconstituting  fractions.  This could be fortuitous or could 
represent purification of a phospholipase  C-regulating G- 
protein  as  an oligomer in  spite of its  maintenance  under 
supposed activating  conditions, i.e. 50 p M  AlCl,,, 10 mM MgCl,, 
and 10 mM NaF.  Thus,  the effects of purified by-subunits  on 
the responses illustrated above were examined. Reconstitu- 
tion of By-subunit with the purified  phospholipase C-activat- 
ing  fraction resulted  in a  marked decrease  in the  stimulatory 
effects of  AIF; on  the purified  phospholipase C (Fig. 15). This 
effect  was dependent  on  the  concentration of Bysubunit. It. 
occurred with  as  little  as  7 ng of By-subunit  and  a 60-70% 
inhibition was  observed under  conditions in which 175 ng of 
fly-subunit were reconstituted with 6.6 ng of phospholipase 
C-activating  protein.  Inhibitory effects were observed irre- 
spective of whether  the /3y-subunit was combined  with  recon- 
stituting  activity  fractions  prior  to (Fig. 15) or  after  (data  not 
shown)  formation of phospholipid vesicles. Purified Py-sub- 
unit  had  no effect on purified  phospholipase C  reconstituted 
with  phospholipid vesicles prepared in the absence of the 
purified phospholipase  C-activating fraction (data not 
shown). Likewise, heat  inactivation of /3y-subunit prior  to 
reconstitution with the purified fraction  that confers AlF; 
sensitivity resulted  in  failure to modify A1F.T promoted acti- 
vation of the purified  phospholipase C (Fig. 15). 

DISCUSSION 

Knowledge of the regulatory properties of the receptor- and 
guanine nucleotide-activated  phospholipase C of turkey  eryth- 
rocyte membranes allowed us to purify a 150-kDa  phospholi- 
pase  C (19), and show by reconstitution  assay  t,hat t,he purified 
protein would fully reconstitute  properties of the signalling 
response observed in native  membranes  to membranes that 
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FIG. 15. Effect of purified  G-protein  &-subunit  on  recon- 
stituted  phospholipase  C-regulating  activity. A, a  silver-stained 
SDS-polyacrylamide gel  of the purified  phospholipase  C-regulating 
protein (lane 1 ) and purified  turkey  erythrocyte  G-protein By subunit 
( lane 2). a, the  indicated  amounts of purified  turkey  erythrocyte By- 
subunit (50 nM = 175 ng of ey/assay)  were  combined  with  purified 
phospholipase  C-regulating  protein (6.6 ng/assay)  from  the  Mono-Q 
column  and  reconstituted  with  purified  phospholipase C (70 ng/assay) 
into phospholipid  vesicles as  described  under  "Experimental  Proce- 
dures."  Phospholipase C activity  was  determined  in  the  presence of 
AIF; for  native By subunit (0) or subunit  heat-inactivated  prior 
to  reconstitution (0). Phospholipase C activity  in  t,he  absence of 
AIF; has  been  subtracted. 

were devoid of such  activities  (20).  Thus, we have purified the 
receptor  and  G-protein-regulated  phospholipase C of turkey 
erythrocytes,  and  this  has provided  a  necessary reagent for 
the purification of an  activating  G-protein based solely on  its 
capacity  to  activate  the effector  phospholipase. The  data 
presented  here suggest that  this goal has been  accomplished. 

By combining  purified phospholipase C  with  phospholipid 
vesicles that  contain polyphosphoinositide substrate  and  pro- 
teins from a Na  cholate  extract of plasma  membranes devoid 
of phospholipase  C  activity, we have been able to measure  the 
capacity of components in the  extract  to confer  regulatory 
activities  on  the purified phospholipase C that  are  represent- 
ative of those observed in  native  membranes.  The  extent  to 
which the  phospholipase  C-activating  protein  is  incorporated, 
embedded, or otherwise  associated with  the bilayer of these 
vesicles is currently  unknown.  Simple  combination of the 
purified  phospholipase  C  with substrate-containing vesicles 
prepared with Na  cholate  extract from plasma  membranes 
did not result  in an increase in polyphosphoinositide  hydrol- 
ysis by the purified  enzyme. However, addition of  AlF; to  this 
reconstituted  preparation markedly  increased phospholipase 
C  activity  with properties analogous to  those observed with 
activation in native membranes. The  fact  that  GTPyS also 
produced  a stimulation  supports  the idea that responsiveness 
was  conferred to  the phospholipase  C by a G-protein  in  the 
Na cholate extract,  but we have  been troubled by the relatively 
minor response to  guanine nucleotide that  has been  observed. 
The small  guanine  nucleotide  effect could indicate  that  stim- 
ulation by AlF; is not  through a G-protein,  but we doubt  this 
is  the case. Kinetic  analyses of the  activation process  in crude 

membranes suggest that  the involved G-protein does not 
readily turn over bound  GDP (17). Preliminary  studies with 
vesicles of phospholipid  composition different from that  uti- 
lized in  the  studies described here  and  with longer times of 
activation, suggest that  conditions  can be  identified, whereby 
guanine nucleotides activate  the  G-protein  and  its associated 
phospholipase C to  an  extent  similar  to  that observed with 
AlFT.1 

Assuming that  the response of phospholipase C to AlF; 
conferred by the  Na  cholate  extract was provided by the 
phospholipase  C-regulating  G-protein, we used the reconsti- 
tution  assay  to purify this  protein.  The  chromatographic  steps 
used were adapted from those originally  applied to purify the 
adenylyl  cyclase-regulating G-proteins (28-31) and G,, (32, 
33). The  reconstituted response to AlF; was used to identify 
the  putative  phospholipase  C-regulating  G-protein  rather 
than  [""SIGTPyS  binding  or  immunoblots with G-protein- 
selective or  G-protein-common  antibodies,  and  the goal here 
was to purify the  phospholipase  C-related  G-protein  to ho- 
mogeneity rather  than  to provide any comparison of the 
elution  properties of this  protein  to  other  GTP-binding  pro- 
teins. We do know, however, from [""SIGTPyS  binding  stud- 
ies that  the bulk of GTPyS binding  activity does not co- 
purify  with  reconstituting  activity over most of the column 
steps4 Our assumption from activity  measurements  is  that 
the  phospholipase  C-regulating  G-protein will not readily bind 
["'SS]GTPyS, a t  least  under  the  conditions routinely used to 
measure  conferrence of regulated activity  to purified phos- 
pholipase C. This idea is supported by the observation that 
the  final purified fraction  binds less than 0.1 mol of ['''SI 
GTPySlmol of 50,000 M ,  p r ~ t e i n . ~  Although we do  not  think 
this  to be the case, inactivation of the  G-protein  during 
purification  could  also explain  these  results,  as could a gross 
overestimation of the level of purity of the final preparation. 

The most highly purified fraction of reconstituting activity 
consisted of an  approximately 43-kDa protein  and less than 
stoichiometric  amounts of a  35-kDa protein  that, based on 
immunoreactivity,  is a G-protein  p-subunit.  Protein also ran 
with  the dye front of SDS-PAGE gels suggesting that a G- 
protein  y-subunit  is  present,  although  appropriate  SDS- 
PAGE  conditions  or  G-protein  y-subunit  antisera have not 
been  applied to prove that a y-subunit  has co-purified  with 
the 43- and 35-kDa proteins.  The 43-kDa protein is present 
in excess of the 35-kDa protein,  and  the  extent  to which 
reconstituting  activity purifies in  the form of a G-protein 
heterotrimer is not known. All of the purification steps were 
in  the presence of AMF (50 pM AlCL, 10 mM MgCl?, 10 mM 
NaF), which theoretically  should  maintain  the  G-protein in 
an  activated  state.  Whether  this would involve dissociation 
of a  species that  exists  as a heterotrimer in its  native  state is 
not known and  is  not really addressed by our studies. The a- 
and  @subunits of  G, co-purified  over  similar  column steps 
and  conditions  similar  to  those used  here (28), including the 
presence of  AlF;; furthermore,  the phospholipase  C-activating 
protein purified  from GTPyS-preactivated  rat liver mem- 
branes  also co-purified  with py-subunit (10). 

Selective immunoprecipitation of the species recognized by 
antisera  (EC)  against a  carboxyl terminus sequence  in G x ~  
failed to  alter  reconstituting  activity of the purified  fraction 
leading to  the conclusion that phospholipase  C-regulating 
activity does not reside  in this  protein, which is not  surprising 
based on  the lack of effect of pertussis  toxin  on  the receptor- 
and  G-protein-regulated phospholipase  C  activity of turkey 
erythrocytes.  Thus,  stimulatory  activity  seems  to reside in the 

J. L. Royer, G .  L. Waldo, A. J. Morris, and T. K. Harden, 
unpublished  observations. 
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43-kDa  protein(s) alone. This  protein  detected by Ag staining 
always  coeluted with  reconstituting  activity,  and removal of 
this  protein from the purified fraction by immunoprecipita- 
tion  resulted  in loss of reconstituting activity. We have not 
identified  this  protein,  but  it  seems safe to conclude that  it  is 
a member of the G, class of proteins,  one of which has been 
purified by Sternweis  and colleagues (12),  and several of which 
have been  cloned from a mouse brain  cDNA  library by Strath- 
mann et al. (13,22).  The  report by Smrcka et al. (14)  indicates 
that G, and probably Gl1 will stimulate  the  activity of partially 
purified  phospholipase  C from bovine brain. The  strong  im- 
munoreactivity of the 43-kDa protein purified from  turkey 
erythrocytes  with  antisera  against a 12-amino acid  sequence 
found at  the carboxyl terminus of each  member of this  class 
of G-proteins  supports  this idea; it  is  further  strongly  sup- 
ported by the  aforementioned  immunoprecipitation results. It 
is  not  clear  whether  the  43-kDa species identified by Ag 
staining  and  immunoreactivity  consists of a  single protein  or 
is  made-up of more than  one of the G, class of proteins.  These 
proteins  share  greater  than 90% sequence homology, so inter- 
nal  amino acid  sequence  may not necessarily help  to  confirm 
the  identity of the  turkey  G-protein, especially in  light of 
possible  species  differences.  Molecular cloning of the cDNA 
for  the  turkey  protein  seems necessary to fully answer  this 
question.  The  relationship of the purified turkey  erythrocyte 
phospholipase C-regulating  protein  to  the  one purified from 
liver membranes by Taylor et al. (10) has  not  been  established, 
although based on  similarity of size and  properties  it  seems 
likely that  the  brain  and liver proteins  are  similar if not  the 
same. 

Finally, work described here was directed  toward  identifi- 
cation/purification of a phospholipase  C-activating  protein, 
and  has  not produced insight  into  the  mechanism by which 
the purified protein  confers AlF; sensitivity  to  phospholipase 
C. We believe the  data  indicate  that  combination of two 
proteins, a G-protein  a-subunit  and a  purified phospholipase 
C, with substrate  containing  unilamellar  phospholipid vesicles 
is necessary and sufficient to observe G-protein-regulated 
phospholipase  C  activity. The relatively low extent of guanine 
nucleotide  regulation under  these  conditions  potentially  infers 
the necessity of a third  protein  for  promotion of guanine 
nucleotide  exchange, although  there  seems  little compelling 
reason  to propose that  this  component need be anything  but 
an  agonist-activated  hormone  receptor, e.g. the  Pzy-purinergic 
receptor. Further work will be required  to define the  nature 
of interaction of G-protein,  phospholipase C, and  the poly- 
phosphoinositide  substrate-containing  unilamellar  phospho- 
lipid vesicles, and  to define the  mechanism of activation.  The 
capability of purifying  a G-protein  as well as  the  effector 
phospholipase C that  it  regulates  supports  the idea that  the 
turkey  erythrocyte will be a useful  homogeneous cell model 
in which to  study  inositol lipid signalling at  the  protein level. 
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SUPPLEMENTARY  MATERIAL TU 

PURIFICATION OF AN Alp," AND B-PROTEIU BT-SUBUNIT-RE~ULATED  PHOSPHOLIPASE c- 
ACTIVATIUB PROTBIU. 

Gary L. Waldo. Jose L. Boyer, Andrew J. Morris 
and T. Kendall Harden 

MATERIALS. Q-Sepharose Fast Flow, Sephacryl S-300 HR, heparin-Sepharose, 
octyl-Sepharoae, protein A-Sepharose. Sephadex G-50F. and Mono-Q HR 5/5 were 
purchased from Pharmacia (PiScataway, NJ). BiDGel HTP  hydroxylapatite  and  the 
HPHT column were from BioRad Labs  (Richmond, CAI. Bovine brain 
phosphatidylserine and pho6ph.tidyleth.nolanine were from Avanti  Polar 
Lipids, Birmingham, AL. [3H11nonitol was from American Radiolabeled Chemicals 

method of ROBS and Schatz (21). CHAPS was from  Pierce (Rockford, IL). 
[St. Louia. MO). Sodium  cholate (Sigma, St. Louis, 10) was purified by the 

Dr. Paul Sternweis generously provided antisera X-384 raised against  the 
carboxyl  terminal  sequence  ILQLNLKEYNLv of o / & and w082 raised against 
the internal (115-133)  amino  acid  sequence EvDVEk+SAFENPKVDAIK Of m (see 
ref. 12 and 22). Dr. Allen  Spiegel  generously provided antibody EC'raieed 
against  the  carboxyl  terminal  sequence KNNLKECGLY Of ai3 (see ref. 23) and 
antibody AS raised  against  the  carboxyl  terminal  sequence KENLKDCGLF Of 01 
but that  recognizes  (lil,and (sea ref. 24). Dr. Tony Evans generously 
nrovided an antibodv deslanate:i$-8 raised aminst G-orotein I-subunit 

8- The  concentrated pool from the octyl- 
Sepharose  column was diluted  to 62.5 ml with  (20 mW Tris, pH 8.0, 1 
mn WTT, 50 Un AlCl 3 mn MqCl 1 mn NaF. 0.1 mn benrsmidine  and 0.1 mn 
P W F )  containinq o!L% Na .hole& and applied at 0.3 ml/min to a 7.8 x 100 

washed  with 6 ml of equilibration  buffer  followed by 10 ml 
(4.8 11) Biffiel-HPHT column equilibratid  with  the B a m i  buffer. The co1umn was 

containing 0.6% CHAPS. The column Vas eluted  with a 50 ml linear gradient 

collected in 1 6 1  f:actions. Fractions 35-36 were pooled (1.85 ml, 8 3  Y 9  
from 0-400 rW K HPO in containing 0.6% CHAPS. The  eluate was 

protein). 
nono-o m 51 
€, pH 8.0. containing 0.68 CHAPS  and  applied to a 0.5 x 5 cm (1 ml) Mono-p HR 

Of equilibration  buffer  and eluted with a 20 ml linear gradient from 0-400 mn 
5/5 column  equilibrated in the same buffer. The  column was washed with 4 m1 

pooled (2.25 ml. 18 uq protein). 
NaCl. The  eluate was collected in  0.5 ml fractions. Fractions 27-31 Were 

5 EhromatoaraDbv: The  HPHT pool Was diluted to 18 ml with hUE&z 

purified from humn.place6ta. ' 

(3HlPtdIns(4,51P and ['HIPtdInslP (specific radioactivity 0.8-1.0 ci/mol) 
were prepared fr8m lipid extracts of [3H]inositol labeled turkey  erythrocytes 
and unlabeled PtdInsfl.S)P,  and PtdInSP were Durified from lioid extracts  of 

. ~~ . ~~ 

bovine brain a6 previo"siy*described (~9). . 
PREPARATION OF TURKEY  ERYTHROCYTE  UEUBRIWES AND CYTOSOL. Washed turkey 
erythrocytes were prepared from 4 0  1 of whole blood and disrupted by nitrogen 
cavitation in a Parr cell disruotion  bomb as described Dreviouslv 1 1 9 1 .  The 

Of primary antisera for 2 - h ~ .  vashed'three times  with 0.05% TWEEN-20, and 
incubated  with an alkaline  phosphatase-sonjuqated secondary antibody for 1 h. 

with a solution  containing 3 mg/ml p-nitro blue  tetrazolium. 1.5 mg/nl 5-  
The  imUnOblots were washed  three  times  with 0.05% TWEEN-20 and developed 

b~080-4-chlo~0-3-indoyl  phosphate, 1 mM MgCl,, and 0.1 M NaHCO,, pH 9.8. 
PROTEIN ASSAY. Protein was determined by amido black according  to  Shaffner 
and Weissnann  (21)  using bovine serum albumin as standard. 
DATA PRBSENTATION. All data points are the mean of triplicate  determinations 
the values of Which varied by 15  percent or less. Data representative of 
results  Obtained in multiple  experiments  are presented. 

~ ~~ 

RESULTS 

precipitate  through column5 Of Q-Sepharose, hydroxilabatire, heparin-' 
Sepharose.  Sephacryl S-300 HR. fplC Mono-Q and BiDGel HPHT. 
RECONSTITUTION ASSAY. Phosphatidylserine. PhoQphatidylethanol~minp, and 

ratio Of l 0 : l O : I f  The  OhoSDholioidS Were dried under a stream Of nitrooen and 
[3H)PtdInr(4,5)P or [)H]PtdInslP Yere combined in chloroform in a molar 

. .  

dispersed-by  sanicition in uf er (20 mn H ~ P ~ S ,  PH 7.4. 2 mn ngci i mn 
DTT, 100 mM NaC1, 0.1 PJ4 b e k h k e ,  0.1 mM PMSF and 1.2 % Na choliie)  to 
final concentrations of 2 mM phosphatidylserine,  2 mM 
phosph~tidylethanalamine. and 0.2 RPI [3H]PtdIns(4.5)P or [3H]PtdIns4P. 
Indicated volumes  Of  extracts or column fractions  to 6e tested for 
reconstitution Were diluted to 150 u1 with and combined with 150 u1 
Of dispersed lipid solution. Phospholipid  vesicles  then were prepared by gel 
filtration  through  5 ml columns Of Sephadex C-5oF equilibrated with 
(buffer  A  without Na cholate).  The columns Were washed Vlth  1  m1 of 

column volume. Electron microscopy of these preparations after negative 
and phospholipid vesicles Were eluted in the next 150 ul of Wash at the 

staining  with  uranyl  acetate revealed relatively  homogeneous  apparently 
unilamellar  vesicles  with mean diameter of approximately 50 nm. 
Reconstitution  assays ( l o o  u1  Tina1 ~ 0 1 u m e )  consisted  of  50 "1 lipid 
vesicles/G-protein. 25 ul drug and 25 u1 Of 4x assay buffer ( 4 8 0  mn KC1, 40 
mn NaCl. 8 mn EGTA. 4 0  mN Hepes, pH 1.4, 16 mM MgSO and added CaC1 to give 
1 uM free  Ca++ in the assay) containing 35 nq puriffed phospholipas: C/assay 
unless athewise indicated.  The final concentration (moles of lipid/liter of 

urn containing 10,000-20,000 cpm/ars!y. Assays were for 10 min at 3aoc and 
assay ~ o l ~ t i ~ n l  of [3H]PtdIns(4,5)P or ['HIPtdInslP in the assay was 15-20 

were terminated by the  addition  Of 0.315 m l  of CHCl 'Me0H:HCl (20:40:1) 
followed by 0.125 ml CHCl and 0.125 ml Of 0.1 M HC?: Radioactivity released 

spectrometry. For some experiments  purified  G-protein bc-subunits were 
into the  upper  aqueous ph:se was quantitated by liquid scintillation 

diluted  to 150 "1 with  containing 0.8% Na cholate and 0.1% BSA. The 
combined  With  the  purified 43 kDa phospholipase C-regulatory fraction and 

samples were then  mixed  With 150 u1 Of dispersed lipids and passed over G-50 
Sephadex columns  as described above. Where indicated, protein-containing 
smples were heat inactivated by incubafion for 15 ai" in boiling water  prior 
to  combination  with lipids. 
PURIPTCATION  OF  Q-PROTEIU 8.i SUBUNIT8.  G-protein  BY-subunit Wac purified 
from turkey erythrocytes as we have previously described (9). 

. .  . 

PURIFICATION OF THE 43 kDa PHOSPHOLIPASE C'REGULATING PROTEIN. 

purified turkey  erythrocyte  membranes in 420 ml Of (20 mn Tris,  pH 
pembnne extractioq:. A Na cholate extract was prepared by mixing 1 0 0  mg of 

1.4, 1 mn DTT, 50 uM A1C1 10 nll MgCl 10 mN NCIF. 0.1 mn benaamidine and 
0.1 mH PMSF) containing I?;% Na cholait:: The  solution was stirred at 4O for 
60 mi" and centrifuged  for  45  nin at 140,000 X g in a Beckman Type 15 TOtOZ'. 
The resultant supernatant was collected as the soluble extract I390 ml, 100 
mg protein). 

cm (36 al) column of Q-Sepharose equilibrated at a flow rate Of 2.5 ml/min 
O-BeDharOse ChrOmatograDhY: The Na cholate extract Was applied to a 1.6 X 18 

with m containing 0.8% Na cholate. The  column vas washed with 80 ml Of 
equilibration  buffer  and  eluted  with 1 400 rol linear gradient from 0-6PO rJ4 
NaC1.  The  column  then was Washed with 50 ml of 1 PI NaC1. The eluate was 
collected in 10 m 1  fractions. Fractions 17-24 were pooled (78 ml, 21 mg 
Droteinl and concentrated  to 1 5  m l  in an Amicon  stirred cell concentrator 
;sing  a.Prn-10 membrane. 

The  concentrated pool from the Q-sepharose 
column vas applied to a 2.5 x 92 cn (I50 m1) column of Sephacryl S-100 HR. 
The column was eluted  with  containing 100 M NaC1 and 0.8% Na 
cholate at  1.5 mllmin.  The  eluate was collected in 5.6 nrl fraCtiOnL. 
Fractions 46-53 were pooled ( 4 1  nl. 1.64 nq protein). 
OctvL-- The  Sephacryl 5-300 pool vas diluted to 211 
ml With m Containing 592 mn NaC1. The Final concentrations Of Na 
cholate and NaCl were 0.15% and 500 mn. respectively. The diluted pool was 
applied to a 1.6 x 18 CIP (16 ml) column of octyl-Sepharore equilibrated with 

ml/min. The column was washed with 40 ml Of  equilibration buffer and eluted 
Wl€sLS containing 0.15% Na cholate  and  500 nuI NaC1 at a flow  rate Of 1.85 

at 0.75  ml/rain with a 4 0 0  a1 linear gradient from 0.15% Na cholate/500 rJ6 
NaCl to 1.2% Na cholate. The eluate was collected in 8 11 fractions. 

FRACTION 

Figure 2. p-Si.pb.ros. sbromatograpby 05 Pu: r.9ul.ting aotivity. Cholate 
extract (100 mg protein)  prepared from turkey  erythrocyte plasm menbroines 
was applied to a column  of  a-sepharose and eluted  With a gradient of NaCl as 
described in Experimental  Procedures.  Fractions (1 .1  ul/assayl were 
reconstituted in phosphalipid  vesicles  with purified PIK (35 ng/aesayl. and 
PIK activity was measured in the presence of AIF 1-1 as described in 
Experimental  Procedures.  The  elution of protein determined by absorbance at 
280 nm also is illustrated (-1. 

FKACTION 

Figur. 7. Purificltion of PLc-regulaCInq activity Dy gel filtration 
ELLrOl~~.togra~b~ on Baphaoryl 8-300 81. Fractions  containing PLC-regulatory 
activity from the  Q-Sepharose column were Pooled,  concentrated and applied to 
a column of Sephacryl 5-300 HR. The column was eluted and fractions 

in the  presence Of AIF4- (+I e.S described in Experimental Procedures. The 
( 1 . 1  ul/assayl were reconstituted with purified PIK (35 ng/aesay) and assayed 

elution Of protein determined by absorbance at 280 nn also is illustrated. 
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FRACTION 

l i p r e  8 .  PurIKIoatioll O K  PLC".epl.tInq  .EtIYIty by Octyl-Bepharos. 
chrOmatoqr.phy. Fractions  containing  Pk-requlatory artivity from the 
Sephacryl 5-300 column were pooled,  diluted and applied to a column of octyl- 
Sepharose.  The  column was eluted and fractions (6.7 ul/assay) were 

AlFa- (+) as described in Experimental Procedures. The  elution Of protein 
reconstituted with purified PLC ( 3 5  ng/assay) and assayed in the  presence of 

datermined by absorbance at 280 m also is illustrated (-1. 
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FRACTION 

Pigur. 10. PurIKIsatIon OK PLC-r.PY1.ting mEtIYIty by Mono-Q .nIon .ICh.Wa 
ohromatoqraphy. Fractions  containing PIC-regulatory activity from the 
hydroxylapatite column were pooled and applied to a Hono-Q anion exchange 
fplc column. The  column was eluted and fractions (1.7 ul/assay) yere 

AlFa (+) as described in Experimental Procaduree. 
reconstituted with  purified PLC (35 nq/assay) and assayed in the  presence  Of 

FRACTION 


