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35s promom, followed by the tACCZ ACC syn- 
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5299 bp) (9). 

25. Fruits werr placed in 4lim glass jars and flushed 
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and phospholipase C (1, 2). Activation of 
GTP-binding proteins in T cells by nonhy- 
drolyzable GTP analogs induces phosphoi- 
nositol turnover, suggesting that GTP- 
binding proteins may function in T cell 
activation (3). Ultraviolet cross-linking of 
[cx-~~PIGTP to T cell proteins reveals ten 
GTP-binding proteins, including ones of 
30 and 34 kD (4). 

To determine if the CWp56ld and 
C D 8 - ~ 5 6 ~  complexes (5) contained a 
GTP-binding protein, we used an antiserum 
(ant i4  protein) to the consensus GTP- 
binding region (Gly-(X),-Gly-Lys) of the 
heterotrimeric G protein G, (6) that recog- 
nizes a subunits of the heterotrimeric G 
proteins G,, Gi, &, Go, and transducin. 

Immune complexes were isolated tiom 
[r-32P]adenosine triphosphate (ATP)-la- 
beled membranes of the human T cell line 
HPB-ML. Antibodies to CD4 (anti-CD4) 
and CD8 (anti-CD8) precipitated a phos- 
phorylated 55- to 60-kD protein corre- 
sponding to p561d, a 32- to 33-kD doublet 
(p32), and several higher molecular weight 
bands (Fig. 1). An t i4  protein precipitated 

Rg. 1. Coprecipitation of C 
p32 with the CD4-p56& * m 

and CD8-p56lEL: complexes. 
Membranes from HPB- 
ALL cek (A), thymocytes kD 
(B), or PBLs (C) (8 x 10' 97- 
cells per milliliter) were pre- 68- 
pared ( I  I )  and labeled in 
100 p1 of 25 mM Hepcs 43- 
(pH 7.2), 3.8 mM MnCI,, 
3.7 rnM MgCI,, and 60 pCi 
of [y-32P]ATP (3000 Ci/ 
-01, NEN) for 12 min at 31- 

25°C. Membranes were sol- 
9 10 11 

ubilized in 20 mM iris (pH 
8.15), 150 rnM NaCl 1 mM phenylmethylsulfo- 
nyl fluoride (PMSF), andNP-40 (1%). The lysate 
was incubated with antibody and BSA (1 mg per 
sample) at 4°C for 1 hour, and 50 p1 of a 
suspension (1:l) of protein A-Sepharose (Phar- 
macia LKB) in lysis buffer containing NP-40 
(1%) was added. The sample was rotated for 30 
min and washed twice with lysis buffer containing 
NP-40 (1%). The an t iWes  used were 1 9 t h ~  
5D7 (anti-CD4) (14), 2T8-5H7 (anti-CD8) (15),  
P-960 [anti-G protein (anti-G)] (6), anti-lck 
(16), RaslO (anti-Ras) (17), 2F12 (anti-CDlla) 
(18), T112 (anti-CD2) (19), and rabbit antibody 
m mouse IgG (Dako). 

Flg. 2. Precipitation of p32 and asso- A anti4 B 
ciated molecules by a n t i 4  protein g o  g $ + +  
(anti-G). Precipitation was blocked by G GIG, 18 Lck ---- 2 1 9  22:: the peptide used m generate the anti- E E E  E E E Z  
serum (G) and by a mixture of Gi and m m m  m m m m  taH: l l rz  kD . - - -.-- 
Go (A). The p32 protein immunopre- - m o w  

cipitatcd with anti-CD4 was reprecipi- -- - --;c. - 07 - 
t a d  by anti-G protein (B). Immuno- - 6 6 -  

precipitations were done as described 
in Fig. 1; peptides were added during - 43 - 

incubation with the antibody. T8 p e p  
tide, ArgArgValCysLysCysProArgPro- rrr- m - 31 - 
ValValLysSer; Ldr peptide, GluLeu- ' 
TyrGlnLeuMetArgLmCysTrpLysGlu- 
Arg. For reprecipitations (5), anti- 1 2 3 4 5 6 7 8 9  

CD4 immunoprecipitates were boded 
for 5 min in 30 p1 of a solution of SDS 10 11 12 13 14 15 18 

(5%). The supematant was filtered 
with an Amicon concentrator (Centricon 30), diluted in lysis buffer containing NP-40 (I%), and 
immunoprecipitated. 

two prominent bands of 56 kD and 32 to 33 
kD (Fig. l), suggesting that a molecule 
recognized by this antiserum is associated 
with CD4-p561d and CD8-p56'd. Occa- 
sionally, other less prominent bands of40 to 
85 kD were coprecipitated; these may rep- 
resent other G proteins or G protein-asso- 
ciated proteins. Similar patterns of immuno- 
precipitated bands were observed from 
normal human thymocytes and peripheral 
blood lymphocytes (PBL) (Fig. 1). 

Recognition of p32 and associated pro- 
teins by a n t i 4  protein was blocked by the 
peptide used to generate the antiserum, 
and by purified Gi and Go, which contain 
the consensus GTP-binding domain (Fig. 
2). Peptides corresponding to portions of 
CD8 and p56'& did not block recognition 
(Fig. 2). 

To determine if the p32 associated with 
CD4 was directly recognized by an t i4  pro- 
tein, anti-CD4 immunoprecipitates were de- 
natured in SDS and reprecipitated with an- 
t i 4  protein. Of the proteins present in the 
anti-CD4 immunoprecipitate, only p32 was 
recognized by an t i4  protein (Fig. 2). Fur- 
thermore, recognition of p32 was blocked by 
the peptide used to generate the antiserum 
but not by an irrelevant peptide (Fig. 2). 

To determine if the 3 2 - 0  proteins pre- 
cipitated by antibody to ~ 5 6 ' ~  (anti-lck), 
anti-CD4, and a n t i 4  protein were identi- 
cal, the immunoprecipitated proteins were 
analyzed by two-dimensional SDS-poly- 
acrylamide gel electrophoresis (PAGE). 
Anti-CD4, anti-lck, and a n t i 4  protein 
precipitated a 32- to 33-kD protein that 
resolved at an identical isoelectric point 
(PI) of 5.0 to 5.2 (Fig. 3). Likewise, the 
55- to 60-kD protein (p561d) coprecipi- 
tated by anti-CD4 migrated at the same pI 
as the corresponding protein precipitated 
by a n t i 4  protein. 

To examine the function of p32, we mea- 
sured GTP biding and hydrolysis of GTP 

acid bame acid base 

Rg. 3. Two-dimensional SDS-PAGE analysis of 
immunoprecipitates formed by anti-CD2 (A), 
anti-CD4 (B), anti-lck (C), and a n t i 4  protein 
(D) . Immunoprccipitatcs of [? -32P]ATP-labeled 
proteins from HPB-ALL cells were prepared as 
described (Fig. 1). Two-dimensional gels were 
run as described (20). Acidic and basic ends of the 
isoelectric focusing gel are indicated. 

to GDP by the immunoprecipitated pro- 
teins. Both anti-CD4 and anti-CD8 im- 
munoprecipitates bound GTP (Fig. 4 4 .  
Immunoprecipitates with antibody to 
CDlla (Fig. 4 4 ,  antibody to CD2, and 
rabbit antibody to mouse immunoglobulin 
G (IgG) (7) showed no binding of GTP. 
The amounts of GTP biding and GTP 
hydrolysis detected in anti-CD4 and anti- 
CD8 immunoprecipitates increased over 
time. The ratio of bound GDP to total 
bound nudeotide remained approximately 
constant during the 60-min incubation. 
Samples of the supernatant contained low 
amounts of unbound GDP, averaging 9% of 
unbound nudeotide. A much higher pro- 
portion of GDP (60 to 70% of bound 
nucleotide) was associated with CD4 and 
CD8 immunoprecipitates, indicating that 
GTP hydrolysis is specific to CD4 and CD8. 
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An excess of unlabeled GTP blocked all 
[a-32P]GTP binding; uridine triphosphate 
(UTP) and cytidine triphosphate (CTP) in
hibited to a lesser degree, demonstrating 
specificity of nucleotide binding in immuno-
precipitates with anti-CD4, anti-GD8, and 
antibody to pH™ (anti-Ras) (Fig. 4B). Hy
drolysis of GTP was Mg2+-dependent (7). 

Low amounts of GTP binding were de
tected in anti-G protein immunopre-
cipitates (7), which is not surprising be
cause that antiserum reacts with a region 
crucial to GTP binding (8). A 4000-fold 
molar excess of the ATP analog S'-ade-
nylimidodiphosphate (AMP-PNP) was in
cluded in all GTPase assays, to prevent 
binding and hydrolysis of GTP by protein 
kinases that primarily utilize ATP, such as 

p56lck. Anti-lck immunoprecipitates (7) 
bound low amounts of GIT and contained 
low amounts of phosphorylated p32 (Fig. 
3). 

Ultraviolet irradiation of guanine nucleo-
tidc-binding proteins forms covalcnt link
ages between those proteins and bound 
guanine nucleotide (4). Proteins from T cell 
membranes were cross-linked with [a-32P] 
GTP and separated by two-dimensional SDS-
PAGE. One oftheT cell proteins migrated at 
the same molecular weight and isoelectric 
point as 32P-labeled p32 from an anti-CD4 
immunoprecipitate. This [a-32P]GTP-la-
beled molecule was coprecipitated by anti-
CD4, demonstrating that p32 associated with 
CD4 binds GTP (Fig. 4C). 

Receptors with tyrosine kinase activity 
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Fig. 4. Binding and hydrolysis of GTP in anti-CD4 and anti-CD8 immunoprecipitates. (A) Hydrolysis 
of bound GTP assayed essentially as described (21). Unlabeled immunoprecipitates were washed in 
(HP binding buftr (21) cwitai^^ 
25 nM [a-*P]GTP (Amersham, 400 Ci/mmol) and 0.1 mM 5' AMP-PNP (Sigma). Samples of the 
supernatant were taken at each time point to monitor hydrolysis of unbound GTP. The Sepharose beads 
were washed twice in GTP-binding buffer with Triton X-100 (0.01%) (Pierce) and the nucleotides were 
dufied in a solution of 2 mM EDTA and SDS (0.5%) at 65°C. Ehited nucleotides and supernatant were 
spotted on polyethyiencimine-cellulosc thin-layer chromatography plates (Thomas) and developed in LiCl 
(0.2 M for 2 min, 1.0 M for 6 min, 1.6 M for remainder). (B) Specificity of GTP binding. Nucleotide 
competition assays were done as in (A), with 0.1 mM unlabeled UTP, CTP, or GTP in the incubation 
buffer. Sepharose beads were washed and counted in Biofluor (NEN) (n = 3). (C) Two-dimensional 
SDS-PAGE analysis of T cell GTP-binding proteins covalently linked to [a-32P]GTP by ultraviolet 
photoaffinity labeling. A protein (panel a) was detected with a molecular weight and pi identical to those 
of 32P-labeled p32, from an anti-CD4 immunoprecipitate (panel c). The [a-32P]GTP-labeled protein p32 
was coprecipitated by anti-CD4 (panel b). The 50-kD band was nonspecincally immunoprecipitated, 
appearing in the negative controls (7). Membranes were made as described in Fig. 1, washed in buflfer 
containing 10 mM tris (pH 7.4), 150 mM N a d , and 0.12 M (NH4)2S04. GTP was cross-linked to T cell 
GTP-binding proteins by ultraviolet irradiation as described (4). Whole membranes (from approximately 
4 x 106 cells) were sohibilized in sample buflfer containing NP-40 (3.6%), amphoiines (0.09%), 9.4 M 
urea, and p-mercaptoethanol (0.1%). Membranes (from approximately 9 x 10^cells) were sohibilized in 
lysis buflfer containing NP-40 (1%) and immunoprecipitated as described in Fig. 1. 

such as the epidermal growth factor recep
tor have been functionally linked to G 
proteins (9). Our results demonstrate that 
T cell receptors with associated kinase ac
tivity interact with a GTP-binding protein, 
which can only be definitively identified by 
cloning of p32. Aggregation of CD4 or 
CD8 with T cell receptor-CD3 (10, 11) 
and association of p56kk with CD8 or 
CD4 (12) are correlated with proliferation 
of T cells. These proliferative effects may be 
mediated by both p56kk and p32. The 
interaction of p56kk with p32 may be 
similar to the functional dependence of sre 
on $21™ (13). 
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