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The IL-2 receptor complex is minimally composed of two genetically unrelated subunits of relative molecular masses 55
and 75 kDa respectively. Structural information deduced from the cDNA sequences of either subunit have not revealed
significant information as to the basis of the mechanisms of IL-2 receptor signal transduction. Nevertheless, IL-2
stimulates the activation of one or more tyrosine kinases requiring the functional participation of the p75 member of the
receptor complex. Here we have developed the methods to isolate the receptor complex with an associated tyrosine protein
kinase. Extracts of membrane glycoproteins from activated normal human T lymphocytes and cell lines demonstrated
catalytic activation of tyrosine kinase activity when stimulated with IL-2. Purification of the receptor complex with
biotinylated IL-2 revealed the presence of two dominant phosphotyrosyl-proteins of approximate molecular masses 58
and 97 kDa. Denaturation gel electrophoresis followed by renaturation of proteins associated with the IL-2 receptor
complex demonstrated that the 97 kDa protein had catalytic autophosphorylation activity. The results indicate that the
58 and 97 kDa phosphotyrosyl-proteins can be found to co-precipitate with the IL-2 receptor complex and that the
97 kDa protein was demonstrated to have protein kinase activity. The association of such kinases with receptors devoid
of catalytic structure may represent a unique paradigm of growth-factor receptor mechanisms.

INTRODUCTION

The p75 f-chain glycoprotein, which is a constituent of the
high-affinity interleukin 2 receptor (IL-2R) complex is a member
of a new family of receptor/recognition molecules termed the
'haematopoietin superfamily'. Receptor proteins included in this
superfamily recognize diverse ligands, including tumour necrosis
factor, IL-3, IL-4, IL-7, granulocyte macrophage colony-
stimulating factor, erythropoietin and the endocrine hormone
prolactin [1-3]. Common gene organizations exist among the
members of this family, and the most astonishing feature is the
finding that no members of this family have any apparent
catalytic domains. This fact appears structurally to distinguish
members of this family from other well-studied receptors for
growth factors such as epidermal growth factor, platelet-derived
growth factor and insulin, which appear to transduce membrane
signalling by the activation of intrinsic tyrosine kinase activity
[4]. Nevertheless, cytokine ligands, including IL-2, activate tyro-
sine kinase activity [5-8]. Since both the known subunits of the
interleukin 2 receptor (IL-2R) complex have no structural
domains showing sequence similarities to features characteristic
of tyrosine kinases or other enzyme activities [9,10], it appears
that the regulation of tyrosine kinases by IL-2 stimulation may
use unique mechanisms distinct from that observed with other
growth-factor receptors.

Initially, IL-2 was shown to increase tyrosine phosphorylation
ofa number ofproteins detected by one-dimensional SDS/PAGE
and immunoblotting with anti-phosphotyrosine antibody [5].
Workers in our laboratory further studied the regulation of
tyrosine phosphorylation by IL-2 stimulation using high-
resolution two-dimensional electrophoresis and phosphoamino

acid analysis. We demonstrated that IL-2 stimulates tyrosine
phosphorylation on a number of proteins ranging from 180 to
43 kDa [6,7]. The same or a similar set of proteins are

phosphorylated upon IL-2 stimulation of normal human T
lymphocytes, which express both the p55 IL-2Ra and p75 IL-
2R,8 subunits, and leukaemic cell lines, which express only the
p75 IL-2R, chains [6]. Furthermore, normal human large
granular lymphocytes, which express only the p75 IL-2R,8 chain,
respond to IL-2 by phosphorylation of the same proteins found
in proliferating lymphocytes, where both chains participate to
form the high-affinity complex [7]. Thus the signal-transduction
process which results in tyrosine kinase activation appears to
require only the participation of the p75 subunit of the complex,
the p55 chain appearing to function primarily in the regulation
of the ligand affinity state.
We have developed a unique methodology which has allowed

us to extract the IL-2R complex and stimulate the activation of
an associated tyrosine protein kinase in vitro with the physio-
logical ligand. The p55 and p75 glycoproteins of the IL-2R
complex can be extracted from activated human T cells and cell
lines with detergent and bind avidly to lectins such as con-

canavalin A (Con A) and wheat-germ agglutinin. After elution
from lectin-Sepharose with the appropriate sugar, ligand binding
to both subunits can be demonstrated using 125I-IL-2 [11]. The
addition of IL-2 and ATP revealed the presence of tyrosine
protein kinase activity observed by increased phosphorylation
of proteins detected by anti-phosphotyrosine monoclonal anti-
body (mAb). Furthermore, using biotinylated IL-2 (b-IL-2)-
streptavidin-agarose we precipitated the IL-2R complex and
found at least two major phosphotyrosyl-proteins associated
with the complex. Renaturation of protein kinase activity within
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the IL-2R complex showed a 97 kDa protein to have catalytic
autophosphorylation properties. These data suggested that the
97 kDa protein may be a protein kinase important for the IL-2R
signal-transduction process.

MATERIALS AND METHODS

YT cells (human NK-like cell line expressing large amounts of
p70-75 relative to p55) and MLA-144 cell line were grown and
prepared as described elsewhere [6,13]. Human T lymphocytes
were purified from human peripheral-blood mononuclear cells
and activated as described previously [7,11].

Preparation of the IL-2R extracts and in vitro protein kinase
assays

Cells were solubilized at 4°C for 90 min in 1% Nonidet
P40/50 mM-Hepes (pH 7.2)/150 mM-NaCI/5 mM-EDTA/1 mM-
phenylmethanesulphonyl fluoride (PMSF)/soybean trypsin
inhibitor (0.2 mg/ml)/leupeptin (2,g/ml)/pepstatin A (2jtg/
ml)/100,uM-sodium orthovanadate/1 % BSA. After centrifu-
gation, the IL-2R complex was partially purified by chroma-
tography on Con A-Sepharose 4B (Pharmacia; Uppsala,
Sweden) as described by Michiel et al. [11]. The Con A-bound
receptor complex was eluted with 0.6M-a-methyl D-manno-
pyranoside in kinase buffer (0.1 % Nonidet P40 in 50 mM-Hepes,
pH 7.2, containing 150 mM-NaCl, 10 mM-MgCI2, 10 mM-MnCI2,
100#,M-sodium orthovanadate, 100 /M-dithiothreitol and 10%
(v/v) glycerol).
For immunoprecipitations with PY20 anti-phosphotyrosine

mAb (ICN, Biochemicals, Cleveland, OH, U.S.A.) [12], 150,g
of protein eluted from Con A-Sepharose was incubated in
presence or absence of 10,ug of recombinant human IL-2 (rhIL-
2) for 20 min at room temperature. Phosphorylation was initiated
by the addition of 150,uCi of [y-32P]ATP (3000 Ci/mmol; du
Pont-New England Nuclear, Boston, MA, U.S.A.). After in-
cubation for 5 min at 30QC the reaction was stopped by the
addition of 100 mM-EDTA and 10 mM-ATP. Phosphotyrosyl-
proteins were immunoprecipitated with PY-20 mAb, eluted with
phenol phosphate after extensive washing, and analysed by non-
equilibrating pH gel electrophoresis (NEPHGE)-SDS/PAGE
two-dimensional electrophoresis as previously described [6].

Purification of IL-2R complex with b-IL-2
rhIL-2 (Hoffman-La Roche, Nutley, NJ, U.S.A.) or recom-

binant human granulocyte macrophage colony-stimulating fac-
tor (rhGM-CSF; Boehringer Mannheim Biochemicals, Indian-
apolis, IN, U.S.A.) were biotinylated by the method of Taki etal.
[14], with the modification described by Michiel et al. [11].
For additional purification of the IL-2R complex, 150 ,tg of

the Con A-Sepharose eluate was incubated with 10,ug of rhIL-
2 (or GM-CSF) or 10 ,ug of b-IL-2 (or GM-CSF) for 20 min at
room temperature. Phosphorylation was performed as described
above and the reaction mixtures were incubated with
streptavidin-agarose for 1 h at 4 'C. After washing with 50 mm-
Hepes (pH 7.2)/150 mM-NaCI/0. 1 % Nonidet P40/10 % glycerol
(Hepes buffer), the IL-2R complex was eluted with citrate buffer,
pH 3.5, containing 0.1 % Nonidet P40 and analysed by two-
dimensional electrophoresis.

Denaturation-renaturation kinase and 'in vitro' tyrosine
kinase-substrate assays

For analysis of kinase activity found in association with the
purified IL-2R complex, 120 jag of the Con A-Sepharose extracts
from YT cells was incubated with 10 jag of IL-2 or b-IL-2. The

mixture was then incubated with streptavidin-agarose for1 h at
4 'C. The streptavidin-agarose was washed with Hepes buffer,
followed by kinase buffer. Phosphorylation was performed in
kinase buffer with 20 1sCi of [y-32P]ATP for 20 min at 30 'C. The
reaction was stopped with 100 mM-EDTA/10 mM-ATP, washed
with Hepes buffer, then eluted with citrate buffer, pH 3.8, and
analysed by two-dimensional electrophoresis.
The 'in vitro' tyrosine kinase-substrate assay was carried out

on extracts purified from Con A-Sepharose or biotinylated
lymphokines (IL-2 or GM-CSF) as described above with the
addition of synthetic substrates. The phosphorylation reaction
mixtures were incubated for 5 min at 30 'C in the presence or
absence of tyrosine synthetic substrates, poly[Glu,Tyr(4:1)]
(Sigma, St. Louis, MO, U.S.A.) or Src peptide (Bachem,
Torrance, CA, U.S.A.) (2 mg/ml) and aliquots (5,u) were
spotted on Whatman P-81 paper (2 cm x 2 cm). The papers were
washed with 0.50% phosphoric acid containing 1 mM-sodium
pyrophosphate, dried, and 32p incorporation was determined by
liquid-scintillation counting.

In the denaturation-renaturation assay the IL-2R complex
was purified from T cells by using the Con A-Sepharose
procedure, followed by b-IL-2-streptavidin-agarose and eluted
from the precipitate with citrate buffer, pH 3.8. The samples
were resolved by SDS/PAGE and transferred to Immobilon
poly(vinylidene difluoride) membranes (Millipore, Bedford, MA,
U.S.A.). The proteins were renatured and kinase activity assayed
by the method of Ferrel & Martin [15].

Phosphoamino acid analysis
Two-dimensional gels containing b-IL-2-streptavidin-agar-

ose-purified IL-2R complex proteins phosphorylated in vitro
as previously described were electrophoretically transferred to
Immobilon and the p97/p58 bands were excised and acid-
hydrolysed with 5M-HCI at 110 'C for 2 h. The hydrolysate was
mixed with a pool of purified standard phosphoamino acids
(phosphoserine, phosphothreonine and phosphotyrosine; Sigma)
and separated by h.p.l.c. as described by Chang et al. [16]. To
detect incorporation of 32P the phosphoamino acids eluted from
the h.p.l.c. column were collected, dried by speed vacuum and
resuspended in 10O l of water; samples were then spotted on
Whatman 3 MM paper, dried and autoradiographed.

RESULTS

Glycoprotein extracts were prepared from the cells which
express both the p55 and p75 subunits or only the p75 protein.
These glycoprotein extracts, containing the receptor complex,
retained the ability to bind IL-2 to both a- and f-subunits [11].
Tyrosine protein kinase activity was detected upon the addition
of IL-2 and ATP to a receptor-extract kinase reaction mixture,
and phosphotyrosyl-proteins were revealed by immunoprecipi-
tation with anti-phosphotyrosine mAb PY20 [12], followed by
two-dimensional NEPHGE. Fig. 1 shows the autoradiographs of
phosphotyrosyl-proteins regulated in receptor extracts where IL-
2 was added. In the YT cell line, which expresses higher amounts
of the p75 protein compared with p55 [13], the addition of IL-2
stimulated the tyrosine phosphorylation of several proteins, with
the dominant proteins found at approx. 97 and 55-58 kDa.
Proteins with the same mass and charge (pl 5.3) were found to be
phosphorylated in receptor extracts prepared from activated
human T cells (p55 and p75 chain) and the gibbon leukaemia cell
line MLA-144, which expresses only the p75 chain [6]. Unstim-
ulated receptor extracts had very few detectable phosphotyrosyl-
proteins. Phosphoamino acid analysis using h.p.l.c. of the pro-
teins eluted from the gels at the 97 kDa and 58 kDa positions
confirmed that the phosphoproteins precipitated by the anti-
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Fig. 1. In vitro tyrosine kinase activity of glycoprotein extracts stimulated
by Il-2

YT cells, activated human T cells and MLA-144 cells were grown

and prepared as described in the Materials and methods section.
Cells were solubilized and the IL-2 receptor complex partially
purified by chromatography on Con A-Sepharose 4B. Protein
kinase activity in the Con A-Sepharose eluate was assayed in the
absence (Control) or presence of 10 ,ug of rhIL-2 (+ IL-2).
Phosphotyrosyl-proteins were immunoprecipitated with PY-20
mAb, eluted with phenyl phosphate and analysed by NEPHGE-
SDS/PAGE two-dimensional electrophoresis. Autoradiographs
show the effect of IL-2 stimulation on the phosphorylation of
specific substrates detected in each cell line extract. Abbreviation:
M, molecular mass.

phosphotyrosine mAb were indeed phosphorylated on tyrosine
residues (results not shown). Additional phosphotyrosyl-proteins
were also seen, including one at approx. 70-75 kDa found in the
T-cell and MLA-144 glycoprotein extracts. This protein may be
the p75 fl-chain, since it is known to be phosphorylated by IL-2
stimulation [8]. The high degree of constitutive phosphorylation
of the p75 chain found in the YT cell line in situ [13] may make
in vitro phosphorylation of sites already modified in situ more

difficult to reveal.
These data suggested that the addition of IL-2 to receptor

extracts from cells containing either the p55 and p75 subunits or

p75 subunit alone resulted in the activation of one or more

tyrosine kinases, as indicated by the tyrosine phosphorylation of
several substrates. In order to ascertain which of these phospho-
proteins may be intimately associated with the receptor complex

Fig. 2. Two-dimensional analysis of phosphoproteins associated with the
IL-2 receptor complex purified by lgand affinty chromatography
using b-IL-2

The eluate from Con A-Sepharose chromatography of either
activated-T-cell (upper panels) or -YT-cell (lower panels) extracts
was phosphorylated in vitro by the addition of [32P]ATP in the
presence of unconjugated IL-2 (left panels) as a control or b-IL-2
(right panels). The b-IL-2-IL-2R complex was then precipitated
with streptavidin-agarose and analysed by NEPHGE-SDS/PAGE
two-dimensional electrophoresis. Abbreviation: M, molecular mass.

itself, we used b-IL-2 as an affinity probe for precipitating the
receptor complex. b-IL-2 has previously been shown to show
stable biological activity and affinity for both receptor subunits
[14]. Fig. 2 shows the phosphoproteins associated with the
receptor complex purified by streptavidin-agarose precipitation
of the b-IL-2-IL-2R complex after the in vitro kinase assay. In

these experiments unconjugated IL-2 served as the control for
the streptavidin-agarose precipitation. IL-2, biotin or b-GM-
CSF alone was unable to serve as a precipitating ligand with

extracts eluted from Con A-Sepharose from either normal

activated human T lymphocytes or YT cells. However, the b-IL-

2 was capable of precipitating phosphoproteins at the 97 and

58 kDa. These proteins had a mobility identical with that of

those found using the anti-phosphotyrosine mAb after the

in vitro kinase assay (Fig. 1). Other minor phosphoproteins were

also observed in the purified receptor b-IL-2 precipitations, but

the 97 and 58 kD proteins were clearly the most abundantly
phosphorylated. Often the 97 and 58 kDa proteins focused as
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Fig. 3. Phosphoamino acid analysis of p97 and p55-58 proteins associated
with the IL-2R complex purified by b-IL-2

IL-2R complex from YT cells was purified and the kinase reaction
performed as described in Fig. 2. The samples were analysed by
NEPHGE-SDS/PAGE two-dimensional electrophoresis and trans-
ferred to Immobilon membranes. The phosphoproteins were
identified by autoradiography and p97/p55-58 was excised, hydro-
lysed and the phosphoamino acids separated by h.p.l.c. The 32P
incorporated into phosphoamino acids was revealed by auto-
radiography of the phosphoserine [Ser(P)], phosphothreonine
[Thr(P)] or phosphotyrosine [Tyr(P)] spotted on 3 MM paper as
described in the Materials and methods section.

doublets in the anti-phosphotyrosine mAb precipitations and the
b-IL-2-streptavidin-agarose precipitations. At this time we can-
not conclude that these doublets represent distinct molecular
species or covalently modified phosphorylated forms of the same
principal proteins. However, the minor differences in mobility
reflected by the appearance of doublets is consistent with many
molecules that undergo multiple sites of phosphorylation.
The 97 and 58 kDa proteins were excised from the two-

dimensional gels, which resolved the b-IL-2-IL-2R complex
precipitated in the in vitro kinase reaction (Fig. 2), amino acid
hydrolysis was done and the residues were separated by h.p.l.c.
and analysed (Fig. 3). The results showed that both the 97 and
58 kDa proteins had tyrosine and serine residues phosphorylated.
These experiments showed that the addition of IL-2 to in vitro
glycoprotein extracts could stimulate tyrosine phosphorylation
of specific substrates which were found in association with the
receptor complex.

In order to determine whether any of the phosphoproteins
observed in association with the receptor complex had catalytic
kinase activity, we precipitated the receptor complex with b-IL-
2 first and then added ATP to initiate the in vitro kinase assay.
Fig. 4(a) shows the results of a typical experiment in which
kinase activity was observed in b-IL-2 precipitations. Although
a number of phosphoproteins were seen, the dominant proteins
were identical in molecular mass and pl with the 97 and 58 kDa
phosphotyrosyl-proteins observed with all the other in vitro
kinase assay designs. The control receptor purification with
unconjugated IL-2 did not reveal any kinase activity, as indicated
by the lack of substrate phosphorylation. The receptor complexes
purified from T cells and the YT cell line with biotinylated IL-2
were further tested for tyrosine kinase activity by adding the
receptor complexes in vitro kinase reaction mixtures contain-
ing the synthetic tyrosine kinase substrates Src peptide or
poly[Glu,Tyr(4: l)]. b-GM-CSF was used as a ligand control. As
Fig. 4(b) shows, b-IL-2 precipitated tyrosine kinase activity
detected by synthetic substrate phosphorylation. The
poly[Glu,Tyr(4: l)] substrate tended to be preferred, and the YT
cell line, which has higher concentrations of receptor subunits,
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Fig. 4. Ligand-affinity-purified IL-2R complex expresses tyrosine kinase

activity

Eluate from Con A-Sepharose chromatography of YT-cell extract
(120 ,ug) (a) was incubated with 10 ,ug of IL-2 (left panel) or b-IL-2
(right panel), then with streptoavidin-agarose for 1 h at 4 'C. After
washing, phosphorylation was carried out as described in the
Materials and methods section. The reaction was stopped with
100 mM-EDTA/ 10 mM-ATP. Associated proteins were eluted with
citrate buffer, pH 3.8, and analysed by NEPHGE-SDS/PAGE two-
dimensional electrophoresis. The tyrosine kinase activity within the
IL-2R complex was identified by phosphorylation of synthetic
tyrosine kinase substrates (b). b-GM-CSF was used as a control.
The kinase reaction was run in the presence of Src peptide (left
panel) or poly[Glu,Tyr(4: 1)] (right panel). Values are averages + S.D.
for 32P incorporation data from four different experiments. The
b-GM-CSF does not show a significant tyrosine kinase activity.

gave higher tyrosine kinase catalytic activity in the purified
receptor extracts. These experiments further confirmed that a
tyrosine kinase catalytic activity could be detected in purified IL-
2R complexes. The foregoing experiments revealed that tyrosine
kinase activity could be found in association with ligand-affinity-
purified IL-2 receptor complex extracts and further suggested
that either of the two major phosphotyrosyl-proteins found
might have kinase activity. The design of the in vitro receptor
kinase assay does not distinguish between autophosphorylated
tyrosine protein kinases and substrates, since both sets of proteins
will be phosphorylated on tyrosine residues. We next used a
procedure which renatures proteins from SDS/PAGE and which
allowed us to determine the intrinsic catalytic activity of proteins
associated in the IL-2R complex represented by autophosphoryl-
ation. Receptor complexes from activated human T cells were
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Fig. 5. IL-2R complex purified with b-IL-2-streptavidin-agarose contains

a p97 protein with autophosphorylation kinase activity

The IL-2R complex was purified from T cells using the Con A-
Sepharose and b-II-2-streptavidin-agarose procedures described in
the Materials and methods section. The complex was eluted from
the streptavidin-agarose, subjected to SDS/PAGE and transferred
to Immobilon membrane; the proteins were renatured and kinase
activity was assayed; the autoradiograph shows the autophosphoryl-
ation of p97. Kinase activity is absent when unmodified IL-2 is used
as a control purification ligand ('IL-2').

purified by b-IL-2-streptavidin-agarose precipitation of glyco-
protein extracts eluted from Con A-Sepharose. The protein
samples were first denatured and separated by SDS/PAGE. The
gel proteins were then transferred to Immobilon membrane,
renatured and ATP added. This assay detects autophosphoryl-
ating protein kinase activity (Fig. 5) [15]. A single 97 kDa
protein was consistently found to be autophosphorylated in the
purified IL-2 receptor complexes obtained from activated normal
human T cells. Similar data was seen with receptor complexes
isolated from the YT cell line. Although the catalytic renaturation
experiment was performed by using SDS/PAGE, we were unable
to renature any catalytic activity when using two-dimensional
procedures in the presence of urea. Nevertheless, since most of
our in vitro kinase-IL 2 receptor complex assays revealed only
one major phosphotyrosyl-protein at approx. 97 kDa, we feel
that the catalytic activity detected in the renaturation experiment
is most likely the 97 kDa phosphotyrosyl-protein seen in all the
other IL-2R in vitro kinase assays.

DISCUSSION

We have developed the techniques to study in vitro the
activation of protein kinases associated with the IL-2R system.
The multi-unit structure of the proteins regulating ligand affinity
states and proteins involved with signal transduction represent a
highly complex biochemical mechanism in controlling the bio-
logical response to IL-2. Whereas the proteins which govern the
affinity states of the IL-2R have been rigorously studied, almost
nothing is known about the proteins which associate with the
receptor complex that have any known catalytic function.
Although a number of additional subunits have been proposed
and observed, particularly in the murine IL-2R complex [17,18],
we do not know whether any of the additional proteins found
within our receptor precipitations are related to any of the
additional subunits proposed by others. A lack of specific
antibodies against subunits other than the p55 and p75 chains
make difficult assumptions as to the relatedness of our obser-

vations to other putative subunits. Here we have shown that at
least two dominant phosphotyrosyl-proteins are associated with
the high-affinity IL-2R complex and may be uniquely associated
with the p75 subunit. Our findings that the same proteins are
associated with either affinity states governed by the presence of
p55 and p75 is not surprising, since the p75 chain alone is capable
of initiating tyrosine kinase activation and signals leading to gene
expression. Ligand affinity purification of the receptor complex
detected an associated tyrosine protein kinase activity which,
upon activation by the ligand, resulted in the phosphorylation of
several substrates. One of these substrates, a 97 kDa phospho-
tyrosyl-protein, could be demonstrated to have catalytic protein
kinase activity and was in physical association with the IL-2R
complex.
We cannot determine with certainty whether the 58 kDa

protein is not a kinase; rather our data may reflect its inability to
renature catalytic activity under the conditions used. Thus
whether additional protein kinases are associated with the IL-2R
complex, such as the src-like protein kinases found to cluster
with the platelet-derived-growth-factor receptor [19], remains an
issue for further investigation. In this regard a recent report by
Hatakeyama et al. [20] demonstrated the p56CIck could be found
associated with p75 precipitated with ap75 mAb. However,
transient transfection studies revealed that the p56lck did not
associate with the C-terminal region of p75 required for IL-2-
induced proliferation. Furthermore, BAF-3 cells transfected with
p75 proliferate in response to IL-2 in the absence of detectable
p561ck [21], and CTLL-2 cells not expressing p56CIck also proliferate
in response to IL-2 (W. L. Farrar, unpublished work). These data
support the notion that another kinase is probably the principal
signal enzyme. The identity of the 58 kDa and 97 kDa
phosphotyrosyl-proteins are unknown. We have immunoblotted
this region of the gel with antisera against LCK peptides, src-
COOH peptide, anti-LTK, and anti-FES peptide and have not
found any immunoreactive protein associated with the b-IL-2
precipitated material. Although we have not blotted the b-IL-2
precipitated material with antibody to p56fyn, we cannot entirely
exclude all members of the src family of protein kinases from
potential association with the IL-2R complex, even though anti-
(src-COOH peptide) antibody did not recognize the 58 kDa
proteins. Furthermore, non of these antisera were capable of
precipitating 1251-IL-2 cross-linked to YT cells (results not
shown). The 97 kDa catalytic protein may represent a unique
kinase unrelated to the src family or other families recently
described [22,23], although further purification is necessary for a
better understanding of the function of this enzyme.
The activation of protein kinases and particularly tyrosine

protein kinases has been obligatory for the biological action of
many growth factors. The identification of a protein kinase
associated with a member of a new family of growth-factor
receptors may constitute a new mechanistic paradigm for growth-
factor receptors where catalytic activities are not intrinsic to the
structure of the principal ligand-binding protein. Our finding of
a tyrosine protein kinase within the IL-2R complex suggests that
this kinase may be of fundamental importance to the signal-
transduction process initiated by a receptor system fundamental
to T-cell growth.
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