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Summary The r o l e  of guanine n u c l e o t i d e  b ind ing  r e g u l a t o r y  p r o t e i n s  (G 
p r o t e i n s )  in the r e g u l a t i o n  of phosphory la t ion  of the y subuni t  of the CD3 
an t igen  has been examined. CD3 %- chain phosphory la t i on  in i s o l a t e d  T c e l l  
microsomes was s t i m u l a t e d  by the G p r o t e i n  a c t i v a t o r  guanosine 5 ' - 0  
t h i o t r i p h o s p h a t e  (GTPyS), but c y c l i c  adenosine monophosphate and guanosine 
5 ' - d i p h o s p h a t e  were i n e f f e c t i v e  a t  inducing ~" chain phosphory l a t i on .  The 
effect of GTPyS was rapid and transient; a half maximal effect was 
observed with 50VM of the nucleotide, y polypeptide phosphorylated in 
vitro in GTP~rS stimulated microsomes incorporated phosphate on Serines 123 
and 126. These data are consistent with the involvement of a G protein in 
the signalling mechanisms that regulate the phosphorylation of the CD3 v 
chain. ® 1988 Academic Press, Inc. 

T lymphocyte a c t i v a t i o n  i s  r e g u l a t e d  by the T c e l l  an t igen  

receptor/CD3 (Ti/CD3) complex (1) .  Ti has been i d e n t i f i e d  as an i d i o t y p i c  

d i s u l p h i d e  l i nked  he te rod imer  compris ing two g l y c o s y l a t e d  p o l y p e p t i d e s  (~ 

and ~) of Mr 50,000 and 439000 r e s p e c t i v e l y  (1 ) .  The CD3 a n t i ge n  which i s  

i n v a r i a n t ,  i s  noncova len t ly  a s s o c i a t e d  with Ti and c o n s i s t s  of 3 cha ins :  

two g l y c o s y l a t e d  p o l y p e p t i d e s  of Mr 26000 and 21000 (y and 6 r e s p e c t i v e l y )  

Abbrev i a t i ons  

Guanosine 5'-0 thiotriphosphate: GTPyS, Guanosine 5 t diphosphate: GDPSS 

Cycl ic  adenosine monophosphate: cAMP, 4 - ( 2 - h y d r o x y e t h y l ) - i  

- p i p e r a z i n e e t h a n e  su lphonic  ac id :  Hepes, Phorbol 12,13 d i b u t y r a t e :  Pdbu 
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and one n o n - N - g l y c o s y l a t e d  p o l y p e p t i d e  o f  Mr 19000 (¢)  ( 2 , 3 ) .  R e c e n t l y  we 

have shown t h a t  an immedia te  consequence  o f  a n t i g e n  a c t i v a t i o n  of  T c e l l s  

i s  a s e l e c t i v e  p h o s p h o r y l a t i o n  of  the  CD3 7 s u b u n i t  ( 4 - 7 ) .  The p roposed  

r o l e  f o r  t h i s  p h o s p h o r y l a t i o n  i s  t h a t  i t  c o n t r o l s  the  c e l l  s u r f a c e  

e x p r e s s i o n  and f u n c t i o n s  of  the  Ti/CD3 complex ( 7 , 8 ) .  

Two c e l l  s u r f a c e  r e c e p t o r s  a r e  known to i n i t i a t e  the  p h o s p h o r y l a t i o n  

of  CD3 7 c h a i n s  in  i n t a c t  c e l l s ,  namely the  Ti/CD3 complex and CD2 a n t i g e n  

( 4 , 9 ) .  There  a r e  a l s o  two c a n d i d a t e s  f o r  the  immune r e g u l a t e d  k i n a s e  t h a t  

m e d i a t e s  CD3 7 s u b u n i t  p h o s p h o r y l a t i o n ,  namely p r o t e i n  k i n a s e  C (pkC) and 

an u n i d e n t i f i e d  ca l c ium r e g u l a t e d  k i n a s e  ( 7 , 1 0 ) .  The p r o d u c t s  of  

p h o s p h o i n o s i t i d e  me tabo l i sm a r e  thought  to  a c t  a s  i n t r a c e l l u l a r  s i g n a l s  

c o u p l i n g  the  Ti/CD3 complex and CD2 a n t i g e n s  to  t he  CD3 7 c h a i n  k i n a s e  

(Ii). Thus, triggering of both Ti/CD3 and CD2 molecules initiates an 

immediate breakdown of phosphatidyllnositol biphosphate generating inositol 

phospholipids that regulate intracellular Ca 2+ and diacylglycerols that 

collectively or separately control pkC and the other kinase. In T cells, 

as in many cells, the turnover of phosphoinositides is apparently 

controlled by guanine nucleotide binding (G) proteins (12-16). G proteins 

are activated when GTP is bound and inactivated when bound GTP is 

hydrolysed. Accordingly, non hydrolysable analogues of GTP can retain G 

proteins in a functional state and allow an assessment of the role of G 

proteins in a particular signal transduction pathway. In the present study 

we have explored the role of G proteins in the mechanisms that control the 

phosphorylation of the CD3 7 chain. We demonstrate that guanosine 5'-0-[3 

thiotriphosphate] can modulate the phosphorylation of the CD3 7 subunit. 

This demonstration suggests that a G protein(s) is involved in the 

intracellular pathways that couple the CD3 7 chain to cellular kinases 

and/or phosphatases. 

Materials and Methods 

R e a g e n t s .  Phorbo l  12,13 d i b u t y r a t e  (Pdbu) was p u r c h a s e d  from 
Calbiochem (Behr ing  D i a g n o s t i c s ) ,  Guanos ine  and a d e n o s i n e  n u c l e o t i d e s  
were pu rchased  from B o e h r i n g e r  Mannheim. 

Phosphorylation. Human T lymphocyte microsomal membranes were 
prepared from exponentially growing T lymphocytes as described 
previously (10). Microsomal pellets were resuspended at lOmg 
protein/ml in Hepes buffer pH 7.5 using a Dounce homogenlser and 
stored in lml aliquots at -70°C. Microsomes (80-100ug) were 
phosphorylated at 30°C in a final volum~2of 50~I containing lOmM 
MgCl~, 20mM Hepes buffer pH 7.5, 25 ~M [7- P] ATP (5~Ci, Amersham) 
and -guanosine nucleotides as indicated. The reaction was timed from 
the addition of the ATP and stopped with 500~i of ice cold NP40 lysis 
buffer containing img/ml bovine serum albumin. 
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CD3 antigen was isolated by immunoprecipltation using the monoclonal 
antibody UCBT1 and the subun~s were separated by SDS/PAGE under 
reducing conditions (7,10). ~ P-Incorporation into the y chain was 
quantitated by scanning autoradiographs densitometrlcally using a 
Joyce-Loebl Chromoscan 3. The relative intensities of the bands were 
compared on the basis of peak areas (arbitary units). Tryptic peptide 
analysis of the V subunit for location of the phosphate group(s) by 
anion exchange was as described previously (10). 

Results 

GTP~,S re~,ulates CD3 y chain phosphorylation. Microsomal membranes were 

incubated at 30°C with 32p-labelled ATP in the presence or absence of 100UM 

GTPyS and immunoprecipitates of the CD3 antigen were subsequently analysed 

by SDS-PAGE. The data (Fig IA) show that incorporation of 32p into the Mr 

26000 y subunlt was enhanced by the presence of GTPyS but not IO0~M GDPSS 

in the incubation mixture. Fig 1B shows that IO0uM cAMP did not stimulate 

CD3 y chain phosphorylation. In 5 separate experiments the GTPyS 

enhancement of y chain phosphorylation ranged from 4 to 10 fold. As shown 

in Fig. 1 three predominant phosphorylated bands were observed in CD3 

immunoprecipitates prepared from microsomes phosphorylated in vitro. These 

include the Mr 26000 y chain but also bands of Mr 55000 and 20000. The Mr 

20000 band comprises an endoglycosidase F resistant component and a 

component that reduces to Mr 14000 after the removal of N-linked sugars 

(data not shown) and probably represents a mixture of phosphorylated CD3 

and 6 chains. The identity of the Mr 55000 polypeptide is, however, 

unknown. The effects of GTPyS on phosphorylation were rapid and transient, 

peaking within 30 seconds exposure to the guanine nucleotide and declining 

to baseline levels within 5 minutes (Fig 1C). A half maximal effect was 

observed with 50~M GTPyS (Fig ID). 

Tryptic peptide analysis of 32p-labelled y chain. Anion exchange 

chromatographic analyses of tryptic peptides of CD3 v subunits 

phosphorylated in vivo, and of phosphorylated synthetic peptides 

corresponding to portions of the cytoplasmic domain of the ~ chain, have 

identified two major phosphorylatlon sites in the CD3 ~ chain at serine 

residues number 123 and 126 (10), (Fig 2). The data in Fig 2 depict the 

anion exchange elution profile of the tryptic peptides derived from the y 

polypeptide phosphorylated in vitro in GTPvS stimulated microsomes. The 

elution pattern comprises 3 peaks of radioactivity (A, B and C) and is 

consistent with multiple sites phosphorylation of the ~ chain. Peaks B and 

C elute in identical positions with those expected for peptldes 

phosphorylated on serine residues 123 and 126 respectively. The ratio of 

phosphorylation between serine residues 123 and 126 is approximately 1:1. 
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GTPyS regulates CD3 y cha~w phosphorylation. 
SDS/PAGE analyses of ~P labelled CD3 antigen immunoprecipitates 

prepared from T cell microsomes which had been A) unstimulated (track 
i), exposed to IO0~M GTPyS (track 2) or 100~M GDPBS (track 3) for 2 
minutes. B) unstimulated (track I) or exposed to IO0~M GTPyS (track 
2) or lO0pM cAMP (track 3) for 2 minutes. 
Kinetics of GTPyS stimulated y chain phosphorylation. CD3 
immunoprecipitates were prepared from T cell microsomes 
phosphorylated in vitro in the presence of 100~H GTPyS for the 
indicated time. 
Concentration dependence of GTPyS effects on y chain phosphorylation. 
T cell microsomes were phosphorylated in vitro in the presence of ~; 
indicated concentration of GTPyS for 2 minutes. Data in C,D show 
incorporation into the y chain as quantitated by densitometry 
(arbitary units) of autoradiographs of SDS/PAGE analyses of CD3 
immunoprecipiates. 

The identity of the more acidic peptide which elutes in peak D is unknown, 

although it could represent y chains phosphorylated on both Set 123 and 

126. 

The e f f e c t  of  phorbol  e s t e r s  on y chain  p h o s p h o r y l a t i o n .  GTPyS could 

effect y chain phosphorylation in T cell microsomes via stimulation of pkC. 

The experiment shown in Fig 3 compares the effects of GTPyS and the pkC 

activator Pdbu on CD3 antigen phosphorylation. The data indicate that Pdbu 

enhanced y chain phosphorylation, but its maximum effect was not as great 

as that induced by GTPyS. 
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Fig 2. Anion exchang~o chromatographic analyses of trTptlc peptides derived 
from in vitro ~P labelled y chain. 

A) Amino acid sequence of the cytoplasmic domain of the CD3 y subunit; 
vertical arrows indicate potential sites of tryptlc cleavage. 

B) Tryptic peptide analyses of the y chain phosphorylated in vitro in T 
cell microsomes stimulated with GTPyS for 2 minutes. Previous 
studies have demonstrated that peak A represents radioactivity that 
does not bind to the column. 

Peptides QS123-PO4R, 0S123-P04AS126DK elute in peak B. 

Peptide ASI26-PO4DK elutes in peak C. 

The identity of peak D is unknown. 

Discuss ion  

The present data demonstrate that exposure of microsomes from 

T-lymphocytes to GTPyS leads to the phosphorylation of the y subunit of the 

CD3 antigen, and that this effect is not mimiced by other nucleotides such 

as GDPSS and cAMP. GTPyS irreversibly activates G proteins and, thus, the 

present data provide indirect evidence for the involvement of a G 

protein(s) in the regulation of CD3 y chain phosphorylation. This 

conclusion is compatible with the data of O'Shea et al who observed that 

aluminium fluoride complexes, which are thought to interact with G 
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Fig 3. Effect of Pdbu on y chain phosphorylation in T cell microsomes. 

Data show 32p incorporated into the ? chain, quantitated by 
densitometry (arbitary units) of autoradiographs of CD3 
immunoprecipitates prepared from T cell microsomes phosphorylated in 
vitro for 2 minutes. Histograms 1-4 represent control, GTPyS 
(lO0~M), Pdbu (5ng/ml) Pdbu (50ng/ml) treated cells respectively. 

proteins, modulated the phosphorylation of CD3 y subunits (14). Protein 

phosphorylation is determined ultimately by a balance of kinase and 

phosphatase activities and, therefore, the enhancing effects of GTPyS can 

be explained in terms of the stimulation of kinase(s) and/or inhibition of 

phosphatase(s). One kinase that is known to regulate CD3 y subunit 

phosphorylation in vivo is pkC (7). As GTPyS can activate phospholipase C 

in T lymphocytes (15,16), it is possible that GTPyS stimulates pkC in T 

cell microsomes via the breakdown of polyphosphoinositides and the 

subsequent generation of diacylglycerols. However, if the simple model of 

diacylglycerol activated pkC accounts for the enhancing effects of GTPyS on 

CD3 phosphorylation, then phorbol esters, which mimic the effect of 

diacylglycerols and activate pkC, should also enhance y chain 

phosphorylation. Although Pdbu enhanced CD3 phosphorylation in T cell 

microsomes (Fig 3), it was much less effective than GTPyS, suggesting that 

GTPyS regulates CD3 y chain phosphorylation via an alternative pathway or 

perhaps via a combination of pkC dependent and independent mechanisms. A 

further indication that pkC is not the only regulatory factor controlling 

the effects of GTPvS on CD3 phosphorylation in T cell microsomes, comes 

from the observation that in intact cells, serine residue 126 of the 

chain is the major target for pkC regulated phosphorylation, whereas GTPyS 

induced phosphorylation of residues 123 and 126. The latter pattern of 

phosphorylation is similar to that observed in intact cells following 

stimulation with ionomycin (I0). As a result, it is possible that GTPyS 

modulates v chain phosphorylation similarly to ionomycin via a calcium 

regulated kinase. 

There are major differences between the pattern of phosphorylation of 

the CD3 antigen in T cell microsomes compared with intact cells. For 

example, in intact cells, the basal level of CD3 y chain phosphorylation is 

3 3 3  
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below the limits of experimental detection and induction of phosphorylation 

by external stimuli is both rapid and transient (7,8). In contrast, in T 

cell microsomes, phosphorylation of the y chains was readily detected in 

the absence of known external stimuli. Another difference is that in 

i n t a c t  c e l l s  the y chain i s  the p r e f e r e n t i a l  t a r g e t  fo r  phosphory la t ion ,  

the 6 chain is phosphorylated weakly and there is no detectable 

phosphorylation of the ~ chain (7), whereas, in microsomes, there is marked 

phosphorylation of both the ~ and 6 chains. A possible explanation for the 

differences between the phosphorylation patterns in vivo and in vitro is 

that in intact cells the conformation of the CD3 antigen - T cell antigen 

receptor complex permits an interaction between a kinase and the y chain, 

but prohibits a similar interaction with the 6 and ¢ chains. It is also 

possible that in vitro, there is a breakdown in the restraints imposed by 

subcellular compartmentalisation on the localisation of the kinase with the 

result that potential phosphorylation sites in the extracellular domains of 

the 6 and ~ subunits become accessible to kinases. 
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