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Background: Jak3 is a tyrosine kinase, and the mecha-
nism of Jak3 interactions with cytoskeletal proteins is not
known.
Results:Tyrosine autophosphorylation of SH2 domain of
Jak3 facilitated the interactions between the Jak3-FERM
domain and cytoskeletal proteins.
Conclusion: Results demonstrate the molecular mecha-
nism of interactions between Jak3 and cytoskeletal
proteins.
Significance: Understanding of Jak3 functions has
important implications in transplant biology, epithelial
wound repair, cancer metastasis, and immune cell
migration.

Janus kinase 3 (Jak3) is a nonreceptor tyrosine kinase
expressed in both hematopoietic and nonhematopoietic cells.
Although mutations that abrogate Jak3 functions cause differ-
ent immunological disorders, its constitutive activation leads to
various types of cancer. Previously, we demonstrated that Jak3
interacted with actin-binding protein villin, thereby facilitating
cytoskeletal remodeling and wound repair. In this study, we
characterize the structural determinants that regulate the inter-
actions between Jak3 and cytoskeletal proteins of the villin/
gelsolin family. Functional reconstitution of kinase activity by
recombinant full-length (wt) Jak3 using Jak3-wt or villin/gelso-
lin-wt as substrate showed that Jak3 autophosphorylation was
the rate-limiting step during interactions between Jak3 and
cytoskeletal proteins. Determination of kinetic parameters
showed that phosphorylated (P) Jak3-wt binds to P-villin-wt
with a dissociation constant (Kd) of 23 nM and aHill’s coefficient
of 3.7. Pairwise binding between Jak3 mutants and P-villin-wt
showed that the FERMdomain of Jak3was sufficient for binding
to P-villin-wt with aKd of 40.0 nM. However, the SH2 domain of
Jak3 prevented P-villin-wt frombinding to the FERMdomain of
nonphosphorylated protein.We demonstrate that the intramo-

lecular interaction between the FERMand SH2domains of non-
phosphorylated Jak3 prevented Jak3 from binding to villin and
that tyrosine autophosphorylation of Jak3 at the SH2 domain
decreased these intramolecular interactions and facilitated
binding of the FERMdomain to villin. Thus we demonstrate the
molecular mechanism of interactions between Jak3 and cyto-
skeletal proteins where tyrosine phosphorylation of the SH2
domain acted as an intramolecular switch for the interactions
between Jak3 and cytoskeletal proteins.

Janus kinases (Jaks) are a family of nonreceptor tyrosine
kinasewith fourmembers: Jak1, Jak2, Jak3, andTyk2. Like other
members, Jak3 mediates signals initiated by cytokine through
interactions with receptors for IL-2, IL-5, IL-7, IL-9, and IL-15
via the common � chain of these receptors (1). Jak3 protein
contains seven Jak homology (JH)2 domains common with
other Jak proteins. The characteristic feature of the Jaks is the
presence of a fully functional tyrosine kinase domain (JH1) and
a catalytically inactive pseudokinase domain (JH2) (3). Apart
from these two, Jaks also contain five other conserved regions.
The recently described JH3-JH4 regions have homology with
SH2 domains (5). Although the presence of the SH2 domain
indicates interactions with other signaling molecule, the spe-
cific signaling partner(s) has not been identified. On the other
hand, the JH6-JH7 domains have homologies with the FERM
domain found inmolecules such as Band 4.1, ezrin, radixin, and
moesin. Although the FERM domains mediate intermolecular
interactionswith cytokine receptor (6), they are also involved in
intramolecular binding to JH1 kinase domain, thereby enhanc-
ing the kinase activity (7). The crystal structure of the JH1
kinase domain has been solved (PDB ID:1 YVJ) but there is no
report on the functions and/or crystal structure of other
domains of Jak3. Previously, we reported that intestinal epithe-
lial cells (IECs) express functional specific Jak3 (8, 9), whose
biological functions had been presumed to be largely limited to
lymphocyte and macrophage populations (1), and proposed
mechanisms through which activated Jak3 regulated mucosal
wound repair through its interactions with cytoskeletal protein
villin (8) and mucosal homeostasis (9).
Villin is an actin-binding protein expressed in specific epi-

thelial cells where it can nucleate, cap, sever, and bundle actin
filaments (10). Villin knock-out mice showed compromised
mucosal wound repair (11), and Jak3 mediated tyrosine phos-
phorylation of villin was necessary for its role in wound repair
(8). However, the molecular mechanism of Jak3 interactions
with villin is not known. In this study, we demonstrate amolec-
ular switch on Jak3 that regulates its interactions with cytoskel-
etal proteins including epithelial-specific villin and ubiqui-
tously expressed gelsolin.
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EXPERIMENTAL PROCEDURES

Cell Culture, IL-2 Treatment, Wound Closure, and Cell Pro-
liferation Assays—HT-29 Cl-19A is a human-derived differen-
tiated IEC line. Methods for culture maintenance, IL-2 treat-
ment, wound closure, and cell proliferations were reported
before (8, 9).
Site-directedMutagenesis—Mutationswere created by intro-

ducing a stop codon (TGA) at different positions in full-length
Jak3 cDNA as reported (12). Jak3-SH2 domainwithN-terminal
FLAG tag in p6X His-ET vector was synthesized by a commer-
cial facility (Integrated DNA Technologies Inc.).
Expression and Purification of the Recombinant Proteins—

Wild type or mutant Jak3 cDNAs cloned in pGEX-4T or p6X
His-ET were expressed in Escherichia coli BL21 or TKX1 cells
using protocols as reported before (12) and detailed in the sup-
plemental Methods.
In Vitro Kinase Assay and Protein-Protein Interaction Study—

In vitro kinase and pairwise binding assays were developed
(available through the Texas A&M University System, Office
of Technology Commercialization, Disclosure 3196HSC10).
Kinetic parameters were determined as reported (12).
Stable Transfection—pCDNA-HA-Jak3-wt and pCDNA-HA-

Jak3-V484*were stably transfected into theHT-29CL19A cells
using methods as reported before (9).
Immunoprecipitations (IP), Immunoblotting (IB), and Immu-

nofluorescence Microscopy (IM)—Standard methods for IP, IB,
and IMwere used as reported before (8), using villin, HA (Santa
Cruz Biotechnology Cruz), pY20 (MP Biomedicals), GST (Mil-
lipore), His (GenScript), and FLAG (Sigma) antibody.

RESULTS

Recombinant Jak3 Autophosphorylates Itself and Transphos-
phorylates Cytoskeletal Proteins of Villin/Gelsolin Family—
The molecular mechanism and the structural determinants
that regulate Jak3 interactions with villin are not known. As a
first step to determine these, we expressed and purified the
phosphorylated (P) and nonphosphorylated forms of Jak3-wt
and villin-wt using the TKX1 and BL21 expression systems,
respectively (Fig. 1A). To determine whether the nonphospho-
rylated form of Jak3-wt was functionally active, we reconsti-
tuted its in vitro kinase activity. Since immunoprecipitated Jak3
autophosphorylates itself (15), we determined the autophos-
phorylation of recombinant Jak3-wt. As shown in Fig. 1B,
Jak3-wt autophosphorylated itself in a time-dependentmanner
with a t1⁄2 (the time taken to reach half of the maximum phos-
phorylation) of autophosphorylation at 135 s. To further con-
firm these, we determined the dose effect of Jak3 inhibitor
CP-690550. Using crystal structure studies, it was shown that
CP-690550 directly bound to the kinase domain of nonphos-
phorylated Jak3 (14). Fig. 1C showed that CP-690550 inhibited
Jak3 autophosphorylation in a dose-dependentmanner with an
inhibition constant (IC50) of 128 nM. Because autophosphoryl-
ation of Jak3 led to the activation of Jak3 (13), we determined
whether the autophosphorylated Jak3-wt could transphospho-
rylate cytoskeletal proteins of the villin/gelsolin family. As
shown in Fig. 1D, incubation of villin-wt with activated Jak3-wt
(from Fig. 1B) led to phosphorylation of villin-wt in a time-de-

pendent manner. The t1⁄2 for transphosphorylation of villin-wt
by Jak3-wt was �35 s. Because in a reaction, the slowest step is
considered as rate-limiting, these results showed that auto-
phosphorylation of Jak3 was the rate-limiting step during tyro-
sine phosphorylation of villin by Jak3. To further confirm that
Jak3-wt transphosphorylated villin-wt, the kinase reaction was
carried out in the presence of CP-690550. As shown in Fig. 1E,
CP-690550 inhibited the phosphorylation of villin-wt by Jak3-
wt. To determine whether the phosphorylation by Jak3-wt was
villin/gelsolin family-specific, the kinase reaction was also car-
ried out using gelsolin-wt as substrate. Jak3-wt also phospho-
rylated recombinant gelsolin-wt in a time-dependent manner
(supplemental Fig. S1A).
Determination of Kinetic Parameters for Jak3 Interactions

with Villin—Because Jak3-wt phosphorylated villin-wt, we
determined the binding kinetics of P-Jak3-wt to P-villin-wt.
Pairwise binding studies showed that P-Jak3-wt interactedwith
P-villin-wt in a dose-dependent manner with a Kd of 23 nM and
a Hill’s coefficient of 3.7 (Fig. 1, F–G). This showed that the
binding between P-rJak3 and P-villin was cooperative.
FERM Domain of Jak3 Is Sufficient for the Interactions

between Jak3 and Villin—We determined the structural deter-
minants of Jak3 responsible for these interactions. Fig. 1H
shows the schematic diagram for truncation mutants of Jak3.
Jak3-wt and these mutants were expressed and purified using
the BL21 expression system (Fig. 1I) and were allowed to inter-
act with P-villin-wt using a pairwise binding assay. The binding
between P-Jak3-wt and P-villin-wt was �4-fold higher as com-
pared with binding between Jak3-wt and P-villin-wt (Fig. 1J),
which indicated that tyrosine phosphorylation of Jak3 was
important for the interactions between Jak3 and villin. Next, we
determined whether truncation of Jak3 had an effect on the
interactions between P-villin-wt and Jak3. Truncation of either
kinase or kinase along with pseudokinase domain (Jak3-T788*
and Jak3-V484*, respectively) resulted in decreased binding
between Jak3 and P-villin-wt, whichwas comparable with Jak3-
wt. However, truncation of the kinase, pseudokinase, and SH2
domains altogether (Jak3-G257*) resulted in substantial increase
in binding between Jak3 and P-villin-wt, which was comparable
withP-Jak3-wt. Fig. 1K shows that theFERMdomainof Jak3 inter-
actedwith P-villin-wt in a dose-dependentmannerwith aKd of 40
nM. Taken together, these data suggested that in nonphosphory-
lated Jak3 protein, the presence of the SH2 domain prevented the
FERM domain from binding to P-villin-wt.
Tyrosine Phosphorylation of Jak3-SH2Domain Facilitates the

Interactions between Villin and Jak3—Because the interactions
of Jak3-G257* (FERM) with P-villin-wt increased substantially
as compared with Jak3-V484* (FERM�SH2), we investigated
thepossibilitywhether Jak3-V484*couldbe tyrosine-phosphor-
ylated in vitro and in a mammalian cell culture model and
whether these phosphorylations facilitated the interactions
between Jak3 and villin. As shown in Fig. 2A, Jak3-V484* was
tyrosine-phosphorylated both in vitro using the TKX1 expres-
sion system (first and second panels) and in stably transfected
mammalian cells (HT-29Cl-19A) upon IL-2 activation (third
and fourth panels). Previously, we showed that IL-2 treatment
led to tyrosine phosphorylation of Jak3 in HT-29cl19A cells
that facilitated its interactions with villin that enhanced IL-2-
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induced wound repair (8). Here we showed that IL-2 treatment
also led to tyrosine phosphorylation of Jak3-V484* that co-im-
munoprecipitated with villin only in the presence of IL-2 (Fig.
2B). To further confirm these, we used a pairwise binding assay
using tyrosine-phosphorylated Jak3-V484* and P-villin-wt gen-
erated using TKX1 cells. As shown in Fig. 1J (sixth bar from the
left), tyrosine phosphorylation of the SH2 domain in Jak3-
V484* was necessary for the interactions of the FERM domain
with P-villin-wt. Determination of IL-2 functions in IEC
showed that deletion of the pseudokinase and kinase domain
resulted in increased deposition of villin-HA-Jak3V484* com-
plex at the cell margin with defective cell periphery (Fig. 2C)

and F-actin turnover (data not shown), which were absent in
HA-Jak3-wt-expressing cells. However, all untreated control
cells showed no difference (supplemental Fig. S1C). Moreover,
IL-2-induced wound closure and cell proliferation were
decreased in these mutant cells compared to their wt counter-
parts (data not shown).
Intramolecular Interactions between FERM and SH2 Do-

mains of Jak3 Prevent Jak3 Interactions with Villin—Because
nonphosphorylated Jak3-FERM (Jak3-G257*) domain inter-
acted with P-villin-wt but only the phosphorylated form of the
Jak3-FERM plus SH2 (Jak3-V484*) domains interacted with
P-villin-wt, we determined how the SH2 domain regulated the

FIGURE 1. Recombinant full-length Jak3 autophosphorylates itself and transphosphorylates villin. A, the expression and tyrosine phosphorylation of
recombinant proteins were detected through Western analysis using Jak3, villin, and pY20 antibody. B, changes in tyrosine autophosphorylation of Jak3-wt
were detected in the presence or absence (control) of ATP using a 96-well Multiplate coated with GST-Jak3-wt using pY20 antibody, horseradish peroxidase
(HRP)-conjugated secondary antibody, and 3,3�,5,5�-tetramethylbenzidine substrate kit (Thermo Scientific). Absorbance was measured at 450 nm in an ELISA
plate reader. C, similar experiments were performed as in B except in the presence or absence of different concentrations of Jak3 inhibitor CP-690505. D, similar
experiments were performed as in B except the 96-well microtiter plates were precoated with villin-wt proteins and the phosphorylation was induced by the
addition of P-Jak3-wt where P-Jak3-wt alone and villin-wt alone were taken as controls. E, similar experiments were performed as in D except in the presence
of Jak3 inhibitor CP-690505 and a fixed reaction time of 5 min. F and G, P-Jak3 interacts with P-villin. F, Jak3 interactions with villin were determined through
a pairwise binding assay using a 96-well Multiplate precoated with P-villin-wt. These plates were incubated with increasing concentrations of P-GST-Jak3-wt
proteins, and the bound P-GST-Jak3-wt was detected using anti-GST antibody as mentioned for B. GST alone was used as a control. Curve fitting was done as
reported before (11) using the Hyperbol-fit program in MicroCal Origin to calculate t1⁄2 (B and D), Kd (F), and IC50 (C). G, the Hill equation is rearranged as reported
before (11) and plotted to show the relation between the log Y/(1 � Y) and log (Jak3), where Y is the fractional saturation of absorbance. The Hill coefficient (h)
was derived from the slope. H, schematic representation of GST-Jak3-wt and mutants. I, these wt and mutant proteins were expressed and purified as in A, and
Western analyses of the expressed proteins were done using anti-GST antibody. Lanes shown were from the same blot, but unrelated lanes were removed for
clarity. Arrows indicate recombinant proteins. J, direct interactions between P-villin-wt and Jak3-wt (control) or its mutants or P-Jak3-wt or P-Jak3-V484* (from
Fig. 2A). Interactions were determined using pairwise binding assay as described under “Experimental Procedures.” GST alone was taken as control. K, binding
kinetics of GST-Jak3-G257* with P-villin-wt. The Kd for Jak3-G257* binding to P-villin-wt was calculated as in F. * indicates statistically significant differences
from p-Jak3-wt p � 0.05, n � 3 experiments. All blots shown are representative from n � 3 experiments. B–G and J–K, values are mean � S.E.* indicates
statistically significant differences from control p � 0.05, n � 3 experiments.
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interactions between Jak3 and villin. To do that, first we deter-
mined whether the Jak3-FERM domain interacted with the
Jak3-SH2 domain and whether these interactions were affected
by tyrosine phosphorylation of either of these domains. Phos-
phorylated and nonphosphorylated forms of GST-tagged Jak3-
FERM and His-tagged Jak3-SH2 domain proteins were
expressed and purified using the BL21 and TKX1 expression
systems, respectively (Fig. 2D). Pairwise binding kinetics
showed that the nonphosphorylated Jak3-FERM domain inter-
acted with the Jak3-SH2 domain with a Kd of 72 nM (Fig. 2E);
however, tyrosine phosphorylation of the Jak3-SH2 domain
resulted in decreased affinity between the SH2 and FERM
domain, which was reflected by an increase inKd from 72 nM to
1.73 �M (Fig. 2F). On the other hand, tyrosine phosphorylation
of the Jak3-FERM domain increased its affinity for the SH2

domain, and the affinity was highest when the FERMdomain was
phosphorylated and the SH2 domain was not phosphorylated
(supplemental Fig. S2, A and B, and supplemental Table ST1).
Taken together these results showed that there were intramolec-
ular interactionsbetween theFERMandSH2domainsof Jak3 that
prevented its interactions with phosphorylated villin. Moreover,
tyrosine phosphorylation of Jak3 specifically at the SH2 domain
was necessary to decrease the interactions between the SH2 and
FERM domains, making the FERM domain available to interact
with phosphorylated villin (Fig. 2G).

DISCUSSION

Jak3 is involved in regulation of different signal transduction
pathways mainly through its association and activation of the
common � chain of diverse cytokine receptor including IL-2

FIGURE 2. Tyrosine phosphorylation of SH2 domain regulates the interactions between FERM domain of Jak3 and villin. A, tyrosine phosphorylation of
Jak3-V484* in vitro and in human IEC. Western analysis of recombinant GST-Jak3-V484* (expressed and purified as in Fig. 1A) was done using pY20 (the top panel) and
anti-GST (second from the top) antibodies. Tyrosine phosphorylation of Jak3-V484* in human IEC was determined by stable transfection of pCDNA-HA-Jak3-V484* into
HT-29 Cl-19A cells treated with or without 50 units/ml of IL-2 for 15 min as reported before (8). Equal amounts of proteins from the cell lysates were subjected to IP using
anti-HA antibody followed by IB using either pY20 (third from the top) or anti-HA (fourth from the top) antibody. B, tyrosine-phosphorylated Jak3-V484* interacts with
villin in a human IEC. Similar experiments were done as in A, and the cell lysates were subjected to IP using anti-villin antibody followed by IB using pY20 (first and third
from the top), anti-HA (second from the top), and anti-villin (the bottom panel) antibody. C–F, Jak3-V484* induces defective IL-2 functions in IEC. C, localization of
HA-tagged Jak3-wt or Jak3-V484* and villin was examined in stably transfected HT-29 Cl-19A cells treated with IL-2 using IM as described under “Experimental
Procedures.” Yellow color in the merged panels shows co-localization of HA-tagged protein and villin. Arrows indicate the defective periphery in cells expressing
HA-Jak3-V484* (Scale bar-14 �M). D, GST-Jak3-G257* and His-Jak3-SH2 are tyrosine-phosphorylated. Similar experiments were done as in Fig. 1A to generate phos-
phorylated and nonphosphorylated proteins of GST-Jak3-G257* and His-Jak3-SH2. The expression and tyrosine phosphorylation of these proteins were detected
through Western analysis using pY20 antibody (first and third from the top for JAk3-G257* and Jak3-SH2, respectively), anti-GST antibody (second from the top for
GST-Jak3-G257*), and anti-His antibody (the bottom panel for Jak3-SH2). E and F, determination of Kd for His-Jak3-SH2 (E) or P-His-Jak3SH2 (F) binding to GST-Jak3-
G257*. Similar experiments were done as in Fig. 1K to determine the Kd. G, proposed model for Jak3 interactions with villin. Tyrosine phosphorylation of the SH2
domain of Jak3 disrupts the interactions between the Jak3-FERM domain and Jak3-SH2 domain, making the F3 subdomain of the FERM domain available to interact
with phosphorylated villin. A, B, and D, blots shown are representative of n � 3 with similar results. E and F, values are mean � S.E. * indicates statistically significant
differences from control (p � 0.05, n � 6).
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(1). Inactivating mutation of Jak3 leads to childhood immuno-
deficiency (3, 15), and its abnormal activation is associated with
hematologic and epithelial malignancies (3, 4), indicating that
regulation of its activity is essential for normal hematopoietic
and epithelial functions. Although nonhematopoietic expres-
sion of this protein has been reported, the understandings of
Jak3 functions in these cells were very limited (1, 2). Recently,
we showed that Jak3 plays an essential role during mucosal
wound repair and homeostasis (8, 9). Interestingly, although
Jak3 interactions with cytoskeletal protein villin were essential
for its wound repair function (8), the mechanism of Jak3 inter-
actions with cytoskeletal proteins were not known. To achieve
this, we characterized the kinetics parameters of Jak3 auto-
phosphorylation and its transphosphorylation of villin. Con-
sistent with our previous study where we showed that Jak3
kinase domain phosphorylated villin (8), the current study
showed that full-length Jak3 also phosphorylated villin and
gelsolin where the t1⁄2 of villin/gelsolin transphosphorylation
was lower than that of Jak3 autophosphorylation (Fig. 1).
This indicated that Jak3 autophosphorylation was rate-lim-
iting during Jak3-cytoskeletal protein interactions. We fur-
ther confirmed these interactions by inhibition studies
where CP-690550 inhibited both Jak3 autophosphorylation and
villin transphosphorylation by Jak3. Although CP-690550 had
been reported to binddirectly to the kinase domain of truncated
Jak3 with IC50 of 35 nM (14), we showed that full-length Jak3
also bound to this inhibitor, albeit with a higher IC50 (128 nM).
These indicated that the presence of other domains in Jak3-wt
decreased the binding affinity of inhibitor to its kinase domain.
Information on the structure-function relationship of the

Jak3-cytoskeletal protein complex showed that P-Jak3-wt
interacted with P-villin-wt in a dose-dependent manner with a
Kd of 23 nM and a Hill’s coefficient of 3.7, indicating a high
affinity and cooperative binding between Jak3 and villin (Fig. 1).
Due to lack of crystallographic data, the structure-function
relationship between Jaks and their interacting partners still
remains largely elusive. However, most of the Jaks bind to their
cytokine receptor through the N-terminal FERM domain,
which encompasses from JH7 through a part of JH4 domain
(16). In the case of Jak3, the FERM domain also interacted with
the JH1 kinase domain, thereby activating it (14). Our data
showed that tyrosine phosphorylation of Jak3 was necessary for
its interactionswith villin and that these interactions took place
through direct contact between the FERM domain of Jak3 and
villin (Fig. 1). Tyrosine phosphorylation of the FERM domain
per sewas not necessary for this interaction; however, the tyro-
sine phosphorylation of the SH2domainwas essential. Thiswas
because under nonphosphorylated conditions, there were
intramolecular interactions between the FERM and SH2
domain of Jak3 that prevented villin from interacting with Jak3.
Tyrosine phosphorylation of the SH2 domain decreased its
affinity for the FERM domain (F1–F3), resulting in disruption
of the interactions between these two domains, and this facili-
tated the interactions between the (now free) FERM domain of
Jak3 and villin (Fig. 2G). Conversely and interestingly, our data
also showed that tyrosine phosphorylation of the FERM
domain increased its affinity for the SH2 domain. However,
there was substantial decrease in affinity for the FERM domain

when the SH2 domain was tyrosine-phosphorylated irrespec-
tive of the phosphorylation status of the FERM domain (sup-
plemental Table ST1).Moreover, pairwise binding showed that
nonphosphorylated Jak3-G257* directly bound to villin. These
data, combined with data using the IEC culture model, which
showed that IL-2 activation resulted in tyrosine phosphoryla-
tion-dependent interactions between Jak3-V484* and villin,
indicated that tyrosine phosphorylation of the SH2 domain of
Jak3 played a major role during interactions between Jak3 and
villin. It was reported that the clover-shaped FERM domain is
composed of three subdomains: F1 with a ubiquitin-like
�-grasp fold, F2 with an acyl-CoA-binding protein-like fold,
and F3 that shares the fold of the phosphotyrosine binding or
pleckstrin homology domains (3). We predict that the F3 sub-
domain may be responsible for the intermolecular interactions
between tyrosine-phosphorylated villin and the FERM domain
(Fig. 2G). Previously, we reported that Jak3 regulated IL-2-in-
duced wound closure and proliferation in IEC (8, 9). The pres-
ent study showed that although Jak3-V484* interacted with vil-
lin, lack of kinase and pseudokinase domains compromised
Jak3-mediated physiological functions. This could be due to
defective F-actin turnover and failed signal integration leading
to surface defects induced by Jak3 mutants (Fig. 2C) and loss of
cobblestone morphology as seen in HA-Jak3-wt-expressing
epithelial cells (Fig. S1B). Taken together, these results showed
for the first time that the molecular mechanism of the interac-
tions between Jak3 and cytoskeletal proteins of the villin/gelso-
lin family and the structural determinants of Jak3 are responsi-
ble for these interactions.
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