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Three classes of proteins (mol wts 7Ok, 64k and 45k) having the character- 
i s t i c s  of in te r leuk in  2 receptor were detected in phytohemagglutinin-activated 
human lymphocytes using two monoclonal antibodies which recognize d i s t i n c t  epi-  
topes on the receptor. I t  was shown that at least port ions of these proteins 
were phosphorylated on tyrosine by analyses for phosphotyrosine by immunoblot- 
t ing and by immunoaffinity chromatography with antibodies to phosphotyrosine. 
In addit ion an iodinated phosphotyrosine der ivat ive was iden t i f i ed  in par t ia l  
hydrolysates of these proteins iodinated in v i t r o .  ® 1987 Academic P ..... Inc. 

Tyrosine phosphorylation of key proteins has been implicated in the regula- 

t ion of cel l  growth mediated by certain growth factors as well as in the mecha- 

nism of cel l  transformation caused by src-re lated oncogenes (reviewed in refs. 

1 and 2). We have recent ly found that there is a class of PTyr-proteins which 

cannot be detected by the conventional method of metabolic label ing w i t h ~ 2 ~ p i  

but can be detected among proteins isolated with anti-PTyr antibodies by i n  v i t r o  

iodinat ion with 1251 (3). Presumably proteins of th is  class have PTyr residues 

at which the phosphate undergoes slow turnover. Even long-term label ing with 

32p did not enable the detection of these proteins because they disappeared rapid- 

ly  when ce l ls  were cultured in Pi-minus medium general ly used for 32p label ing.  
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By using our 1251 method, we have been able to show that PTyr-proteins indeed 

increase in a wide var ie ty  of human carcinomas and leukemic ce l ls  (4,5,6).  

Our method also could detect tyrosine phosphorylation of IL-2-R or proteins 

related to i t ,  which were induced on the surface of human lymphoid ce l ls  trans- 

formed with HTLV-I (7). The receptors were found to be induced by a funct ion 

of the v i rus genome (8) and th is  induct ion has been implicated in the mechanism 

of transformation of infected ce l ls  (9). To determine whether the tyrosine 

phosphorylation of IL-2-R is unique to the ce l ls  transformed with the v i rus ,  we 

analyzed IL-2-R induced in PHA-activated normal human lymphocytes. 

MATERIALS AND METHODS 

Lymphocytes and antibodies. Normal human lymphocytes from peripheral blood 
were treated with I% PHA and cultured i n  RPMI 1640 medium supplemented with 10% 
fetal  ca l f  serum and human in te r leuk in  2 for  7 days ( I0) .  Two mouse monoclonal 
antibodies to IL-2-R, mAb H-31 and HIEI, used here recognize d i f fe ren t  epitopes 
on the IL-2-R molecule ( I 0 , I I ) .  Rabbit polyclonal antibodies to PTyr were pre- 
pared and a f f i n i t y - p u r i f i e d  as described (12). Mouse monoclonal antibodies with 
no a f f i n i t y  to IL-2-R or PTyr, mAb GIN-14 and P3/X63-Ag8 ( I 0 , I I ) ,  were used as 
controls.  
Iso la t ion and 1251-1abeling of IL-2-R. PHA-activated ce l ls  (I X 107 ) were 
homogenized in Iml cold buffer A (lOmM Tr is -C l ,  pH 7.3, 150mM NaCl, 5 mM EDTA, 
I% Tr i ton X-IO0, and I00 Kal l ik~ein units/ml of aprot in in)  and centri fuged at 
15,000~ for 30 min (6). The supernatant was applied to a O.5ml Sepharose 4B 
column to which mAb H-31 or HIEI had been immobilized. The column was washed 
extensively with buffer B (50mM NaCl and lOmM Tr is -C l ,  pH 7.4),  and proteins 
bound to the column were-eluted with buffer B containing 0.1% SDS. Proteins 
eluted ( th is  w i l l  be referred to as IL-2-R p~eparation) were precip i tated with 
20% t r i ch lo roace t i c  acid, washed with cold acetone, and then labeled with 1251 
as described (4). SDS/PAGE analysis of labeled proteins and autoradiography 
were as described previously (4,6).  
Immunoblotting. Proteins separated by SDS/PAGE were e lect roblot ted to Durapore 
f i l t e r s  (Mi l l ipore  Co., Bedford, Mass). IL-2-R or PTyr-proteins were v isual ized 
by immunostaining with mAb HIEI or a f f i n i t y - p u r i f i e d  anti-PTyr ant ibodies, res- 
pect ive ly ,  with the aid of b io t iny la ted anti-mouse or rabbi t  antibody (Vector 
Lab. Inc . ,  Burlingame, Cal i f )  and s t reptav id in  bridge reagents (Amersham In t .  
Plc, Buckinghamshire, UK) according to the manufacturer's protocol. 
Iso la t ion of tyrosine-phosphorylated IL-2-R. IL-2-R preparations obtained from 
1X 107 Cells as above were subjected to immunoaffinity chromatography on O.5ml 
Sepharose columns to which anti-PTyr antibodies (5mg IgG) had been immobilized. 
The procedure was the same as described for  the i so la t ion  of IL-2-R except that 
PTyr-proteins were eluted from the columns with 40mM phenylphosphate in buffer B. 
Dephosphorylation of IL-2-R. IL-2-R preparations from 1 X 107 cel ls  were i n c u -  
bated in 30~I of 50mM Tr is -C l ,  pH 7.5, containing ImM d i t h i o t h r e i t o l  and 5~g 
bovine- intest ine a lka l ine phosphatase type VII-S (Sigma Chem. Cor.,St. Louis, 
Mo) at 30oc for 30 min (13), and then heated at lO0OC for 3 min in the presence 
of 2% SDS and 5% mercaptoethanol. 
I den t i f i ca t i on  of iodinated PTyr der ivat ives.  The procedure has been described 
(3) .  B r ie f l y ,  125i- labeled proteins were eluted from gels, p a r t i a l l y  hydrolyzed 
with 6N HCI at lO(]°Cfor I00 min, then analyzed for 1251-1abeled PTyr der ivat ives 
by two-dimensional separation followed by autoradiography. Authentic monoiodo- 
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and diiodo-phosphotyrosine, and PTyr included in the analysis were located with 
ninhydrin and by a color reaction for  iodinated compounds (14). 

RESULTS AND DISCUSSION 

Proteins having the charac ter is t i cs  of IL-2-R were iso la ted by immunoaff ini ty 

chromatography from the lysates of PHA-activated human lymphocytes, then labeled 

with 1251, and analyzed by SDS/PAGE followed by autoradiography. As shown in 

Fig. I, D and F, proteins of apparent mol wts of 7Ok, 64k and 45k were commonly 

detected with e i the r  an t i - IL -2 -R antibody, mAb H-31 or HIEI. Several f a i n t  bands 

of mol wts smaller than 45k were cons is tent ly  seen in IL-2-R preparations obtain- 

ed with mAb HIEI, but they were not detected in samples obtained with mAb H-31 

and therefore t he i r  i d e n t i t y  is not c lear .  No bands were seen in controls in 

which antibodies to IL-2-R were replaced by control antibodies (Fig. I ,  C & E). 

A B C D E F G H I J K 

7O 64 k 

4 5 k  

Fig. I .  Lane A: immunoblotting analysis of IL-2-R stained with a 
control antibody, GIN-14; and lane B: stained with mAb HIEI. 
Lanes D & F: SDS/PAGE of 1251-]abeled IL-2-R proteins isolated with 
mAb H-31 and HIEI, respectively; and lanes C & E: controls in which 
H-31 and HIEI were replaced by mAb GIN-14 and P3/X63-Ag8, respec- 
t ive ly .  Lane G: PTyr-proteins isolated by sequential immunoaffinity 
chromatography f i r s t  with mAb HIEI and second with anti-PTyr anti- 
bodies, iodinated, and analyzed by SDS/PAGE; and lane H: a control 
in which the anti-PTyr column was pretreated with PTyr, other con- 
ditions were the same as in lane G. Lane J: immunoblotting anal- 
ysis for PTyr of an IL-2-R preparation obtained with mAb HIEI; 
lane K: the same as lane J except that immunostaining was blocked 
with 2mM PTyr; and lane I:  a dephosphorylated IL-2-R preparation 
was immunoblotted in the same manner as in lane J. Mol wt markers 
(not shown) were: phosphorylase b (94k), bovine serum albumin (67k), 
ovalbumin (43k) and carbonic anhydrase (3Ok). 

162 



Vol. 144, No. 1, 1987 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

The poss ib i l i t y  that the 70k protein represents a complex of an interleukin 2 

molecule and i ts  receptor protein (15) may be excluded, because, when the 70k 

protein extracted from gels was heated in 8M urea under reducing conditions and 

the product was again analyzed by SDS/PAGE, no changes were observed in i ts  mo- 

b i l i t y  on gels (not shown). We assume that these three size classes of proteins 

represent IL-2-R i t se l f  or proteins closely related to i t ,  because they share 

two d is t inc t  epitopes characterist ic of IL-2-R (Fig. I ,  D & F) and no such 

proteins were found in PHA untreated peripheral lymphocytes (data not shown). 

Similar protein bands of mol wts 7Ok, 64k and 45k were also observed when 

cell extracts were d i rect ly  subjected to SDS/PAGE, blotted onto membranes, and 

immunostained with mAb HIEI (Fig. I ,  B). Again, no bands were seen in the con- 

t ro l ,  stained with the control antibody (Fig. I ,  A). 

The mol wts of IL-2-R proteins determined here somewhat d i f fe r  from those 

reported previously for IL-2-R and i ts  precursors: 60k-65k and 40k respectively 

in ref. 16, 55k and 33k-37k respectively in ref. 17, and 60k in ref. I I .  Such 

discrepancy could have part ly resulted from difference in the methods by which 

these proteins were labeled besides cell differences. Biosynthetic labeling 

employed by these groups may have preferent ia l ly  detected de novo synthesized 

intermediates of the processing of IL-2-R as well as i ts  mature forms. By con- 

t rast ,  the two methods used here are expected to detect IL-2-R proteins which 

are present in re la t ive ly  large quantit ies regardless of their  metabolism. 

To examine whether these proteins isolated with anti-IL-2-R antibodies are 

phosphorylated on tyrosine, they were subjected, before iodination, to immuno- 

a f f i n i t y  chromatography this second time on columns to which anti-PTyr antibodies 

were immobilized. At least portions of the 7Ok, 64k and 45k proteins were bound 

to the column and eluted with a ligand, phenylphosphate (Fig. I ,  G). No bands 

were detected when the a f f i n i t y  columns were blocked with PTyr before the appli- 

cation of samples (Fig. I ,  H). The band intensi t ies in lanes F and G cannot be 

d i rect ly  compared, because the total amount of proteins subjected to iodination 

was much less in lane G. This higher 1251/protein rat io presumably caused more 

labeling of proteins in lane G than in lane F. For presumably the same reason, 
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DIPTYR 

MIPTYR 
PTYR 

A B C 

Fig. 2. Two-dimensional analysis of 1251-1abeled PTyr derivatives 
in partial hydrolysates of the 70k (A), 64k (B), and 45k (C) pro- 
teins extracted from the gel shown in Fig. I ,  lane F. The right 
bottom corner of each diagram denotes the origin. MIPTYR: mono- 
iodophosphotyrosine; and DIPTYR: diiodophosphotyrosine. 

nonspecific background 1251 was high in lane G, and tended to obscure the bands 

that migrated into the lower hal f  of the gel. 

Immunoblotting analysis also showed that the 7Ok, 64k and 45k proteins are 

phosphorylated on tyrosine. In th is  tes t ,  proteins isolated with mAb HIEI were 

subjected to SDS/PAGE, e lectroblot ted onto membranes, and immunostained with 

anti-PTyr antibodies. No def in i te  bands were detected in controls in which 

immunostaining was blocked with 2mM PTyr (Fig. I ,  K). Also, the same IL-2-R 

preparation was f i r s t  treated with phosphatase under the conditions which f a c i l -  

i tated dephosphorylation of PTyr (13) and then subjected to immunoblotting (Fig. 

I ,  I ) .  In the l a t t e r  contro l ,  we confirmed that the phosphatase treatment did 

not cause detectable degradation of the protein moieties (data not shown). In 

the analysis shown in Fig. I ,  J, in addit ion to the bands of 7Ok, 64k and 45k 

a number of new bands were seen; these included several clear bands of mol wts 

smaller than 45k. Since these bands were undetectable, or very fa in t  i f  any, 

in the analyses shown in Fig. I ,  B and F, the resul ts suggest that these proteins 

were highly posphorylated on tyrosine,  compared to the major 7Ok, 64k and 45k 

proteins. The nature of these proteins is as yet not clear. 

To fur ther  ascertain the existence of PTyr in the 7Ok, 64k and 45k proteins, 

each protein was extracted from gels, p a r t i a l l y  hydrolyzed, and analyzed for  

iodinated PTyr der ivat ives by two-dimensional separation; 1251-1abeled monoiodo- 

phosphotyrosine was detected in a l l  of these proteins (Fig. 2) 

The above resul ts were essent ia l ly  the same as those obtained for  human T 

cel ls  transformed with HTLV-I (7) with respect to: ( i )  the apparent mol wts of 
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the major classes of proteins recognized by ant i - IL-2-R antibodies and ( i i )  t he i r  

par t ia l  phosphorylation on tyrosine. Therefore such phosphorylation is net an 

event unique to virus-transformed ce l l s .  I t  has been shown that two d i s t i n c t  

types of IL-2-R with high and low a f f i n i t i e s  for  in te r leuk in  2 are induced in 

lec t in -ac t iva ted lymphocytes (15), and that IL-2-R expressed on HTLV-l-trans- 

formed ce l ls  is mostly of the low a f f i n i t y  type (9). Whether or not the phos- 

phorylat ion of tyrosine residues is the molecular bases for the dif ference 

between the high and low a f f i n i t y  receptors w i l l  be an important issue in future 

studies. 
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