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Abstract

Insulin receptor substrate-1 (IRS-1) is phosphorylated on multiple tyrosine residues
by ligand-activated insulin receptor. These tyrosine phosphorylation sites serve to dock
several SH2-containing signaling proteins. In addition. IRS-1 also contains several protein
modules that have been implicated in protein-protein or protein-lipid interactions. In an
attempt to identify novel proteins that may interact with these IRS-1 protein modules. veast
two-hybrid screening was employed. The bait. corresponding to the N-terminal 500 amino
acids of the Xenopus IRS-1 (XIRS-1). was comprised of a pleckstrin homology (PH) domain.
a phosphotyrosine binding (PTB) domain and a SAIN (Shc and IRS-1 NPXY binding)
domain. Screening of a Xenopus oocyte cDNA library with the bait resulted in the isolation
of a partial Xenopus cDNA. XROKe. The cloned cDNA contains an open reading frame of
about 500 amino acids (in frame with the N-terminal GAL4 activating domain) which are
90% identical to the C-terminus of the recently identified RhoA-associated protein kinase
o (ROKe). The partial XROKea ¢cDNA contains the putative Rho binding domain as well as
the C-terminal pleckstrin homology/cysteine rich domain (PH/CRD) but lacks the N-
terminal serine/threonine kinase domain. Using the veast two-hybrid system. we showed that
XROK interacts strongly with a constitutively active form of RhoA (V14-RhoA). Further
analysis indicated that the XIRS-1 PTB domain is specifically involved in binding to
XROKoe. To further characterize the potential role of XROKe in insulin signalling. [ have
cloned the entire coding sequence of XROKa by a combination of hybridyzation screening
and PCR amplification. I have also generated XROKa specific polyclonal antibodies. Using

these antibodies I have detected endogenous XROK « protein by both Western blotting and
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by immune kinase assay in vitro. Taken together. these studies have identified an IRS-1
binding serine/threonine kinase which may play an important role in modulating insulin

signalling.
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Chapter One

INTRODUCTION

My thesis work was directed towards identification of novel proteins that may interact
with the N-terminal portion of Xenopus IRS-1 (XIRS-1). which contains several identifiable
protein modules. In particular. I will describe identification of Xenopus homolog of a Rho-
associated kinase (XROKea) as an IRS-1 binding protein using the veast two-hybrid
screening. Work described in this thesis. together with related work carried out by others in
our laboratory. strongly suggests that ROK . which is known as an effector of Rho GTPases
in modulating actin cytoskeleton. has a novel function in regulating insulin signalling
through its direct interaction with IRS-1. Therefore. [ will review literature in insulin
signalling in some details but also will briefly review literature on Rho GTPases and Rho-

associated protein kinases and their roles in regulating actin cytoskeleton.

1.1 Insulin Signalling
1.1.1 Insulin and IGF-1

Insulin and insulin like growth factor (IGF-1) are closely related polypeptide
hormones capable of inducing pleiotropic responses in many cell types. including activation
of metabolic processes (glucose and amino acid uptake. glycogen synthesis etc) and
stimulation of cell growth and differentiation (Rechler and Nissley. 1983). It is believed that

in vivo, insulin mediates mostly metabolic effects. whereas IGF-1 acts as a potent growth and
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differentiation factor. In vitro however the two often have related and overlapping cellular

effect which is at least in part due to the fact that insulin is capable of binding and activating

IGF-1 receptor at higher (non-physiological) concentrations. and vise versa.

1.1.2 Insulin receptor and IGF-1 receptor

Insulin and IGF-1 initiate cellular functions by activating their homologous receptors
containing protein-tyrosine kinase activity (Kasuga. ez al.. 1982. White & Kahn. 1986.
Rosen. 1987. Czech er al.. 1989. Pawson. 1992. White & Kahn. 1994. Lienhard. 1994).
These receptors are disulphide-linked heterotetramers containing two identical & subunits
and two (3-subunits (Hedo et al.. 1981). The & and B subunits of the respective receptor are
encoded by the same gene and made as a precursor protein containing both subunits in
tendon. Post translational proteolytic cleavage of the receptor precursor resulted in the « and
B subunits which are then assembled at the cell surface (Rechler and Nissley. 1990). The «-
subunits are located entirely outside of the cell and contain the insulin binding site(s).
whereas the intracellular portion of the B-subunit contains the insulin-regulated tyrosine
protein kinase. Insulin-induced tyrosine autophosphorylation of the receptors within the
kinase domains stimulates kinase activity towards exogenous substrates (White er al..
1988a). Cross-reactivity of insulin and IGF-1 with the two related receptor is perhaps best
illustrated in the example of Xenopus oocyte maturation which is the model system used in
our laboratory. Xenopus laevis oocyte maturation can be induced in vitro by insulin or IGF-1.
The relatively low potency of insulin (EC.,=12nM) compared to the much higher potency

of IGF-1 (EC.=0.4nM) suggests that insulin/IGF-1-induced oocyte maturation is mediated
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by endogenous IGF-1 receptor (Maller and Koontz. 1981). Work in our laboratory
(Cummings er al., 1996: Zhu. et al.. Endocrinology in press) have demonstrated that indeed
Xenopus IGF-1 receptor is responsible for insulin/IGF-1-induced oocyte maturation.
1.1.3 Insulin receptor substrate-1 as an SH2 docking protein

Insulin receptor substrate-1 (IRS-1) was first identified as a 180 kDa
phosphotyrosine-containing protein in insulin-stimulated cells (White. 1985). Protein
purification and molecular cloning studies have revealed that IRS-1 contains multiple
potential tyrosine phosphorylation sites but lacks any identifiable enzymatic domains (Sun
et al.. 1991). Indeed. following insulin stimulation. IRS-1 is rapidly phosphorvlated on
multiple tyrosine residues (Sun et al.. 1993). Tyrosine phosphorylated IRS-1 binds several
proteins containing Src homology 2 (SH2) domains (Anderson er al.. 1990). These include
the lipid kinase phosphatidylinositol-3-OH kinase (PI 3-kinase) (Backer et al..1992). a
protein phosphotyrosine phosphatase SHP2 (Plutzky er al..1992 and Kuhné er al.. 1993). a
complex that catalyses the release of GDP from Ras (Grb2-Sos) (Baltensperger er al..1993).
and a protein with vet unknown function (Nck) (Lee et al..1993). Binding to each of these
SH2 containing proteins to IRS-1 is directed through a specific tyrosine phosphorylation
site.

The PI 3-kinase was the first SH2 containing protein found to bind IRS-1. This
enzyme consist of two subunits. p85 regulatory subunit and p110 catalytic subunit. It
phosphorylates the D3 position of phosphotidylinositol (PI). PI 4 monophosphate or PI (4.5)
bisphosphate to produce PI 3 P. PI(3.4)P, or PI(3.4.5 )P; repectively (Carpenter ez al.. 1990).

These 3-phosphoinositides are thought to act as some form of second messengers capabie
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of inducing multiple downstream responses. The best known of these is perhaps Akt or PKB
(Burgering and Cofter. 1995). PI 3-kinase is activated when phosphorylated IRS-1 binds to
the SH2 domains in its p835 regulatory subunit (Backer er al.. 1992). The IRS-1 tyrosine
phosphorylated Tyr*® and Tyr**® in pYMXM motif are double binding sites for the two SH2
domains of p85 (Sun ez al..1993).

SHP2. a protein tyrosine phosphatase that contains two SH2 domains. preferentially
binds to Tyr''™ in IRS-1. The association of SHP2 with IRS-1 results in the activation of the
phosphatase (Lechleider ez al.. 1993). although the in vivo significance of SHP2 in insulin
signalling remains unknown.

Grb2 is a small cytoplasmic protein that contains one SH2 domain and two Src
homology 3 (SH3) domains (Mayer et al.. 1988). The Grb2 SH3 domains was found to bind
a gaunine nucleotide exchange factor for p21™ termed mSOS [homologous to the Drosophila
protein. son-of-sevenless(Sos)]. Since phosphorylated Tyr™ IRS-1 binds to SH2 domain of
Grb2. Grb2-Sos complex protein serves as an adaptor molecule linking phosphorylated IRS-1
to Ras pathway (Baltensperger et al..1993). Microinjection of Grb2 or p21™ alone into
fibroblasts has no effect on DNA synthesis. whereas co-injection of Grb2 and p21®
stimulates cell proliferation (Lowenstein er al.. 1992). [n addition to IRS-1. another insulin
receptor substrate. Shc. may also play a role in linking IR to Ras activation. Shc is
phosphorylated by IR and tyrosine-phosphorylated Shc binds Grb2/mSos and hence provides
the coupling (Sasaoka er al.. 1994). To complicate thing even more. a recent study using
veast two-hybrid system and in vitro interaction assay demonstrates a direct interaction

between Shc and IRS-1 (Kasus-Jacobi ef al.. 1997).



1.1.4 Other IRS-1 protein modules ( PH, PTB,and SAIN domains).

In addition to the multiple tyrosine phosphorylation sites which serve to dock SH2
domain containing proteins. IRS-1 contains other potential protein binding domains
including pleckstrin homology (PH) domain. a phosphotyrosine binding (PTB) domain and
Shc and IRS-1 NPEY binding (SAIN) domain (Pawson. 1995) (Fig.1).

The PH domain was first described in 1993 (Haslam er al.. 1993 and Mayer er al..
1993) and was so called because it was originally detected as an internal repeat in pleckstrin.
a 47 kDa protein that is the major substrate of protein kinase C in platelets. PH domains are
comprised of about 100 amino acids which later were detected in a number of proteins with
diverse cellular functions. The PH domain seems to bind phosphoinositides. particularly
PI(3.4.5)P; (Lemmon et al.. 1996) and therefore may play an important role in propagating
signals downstream of PI 3'-kinase. Deletion of the IRS-1 PH domain results in a decrease
of its phosphorylation by the insulin receptor which suggests that IRS-1 PH domain may play
an important role in mediating IRS-1 interaction with the the receptor or with membrane
(Myers er al.. 1995).

The PTB domain was first reported in Shc protein as a phosphotyrosine binding
domain that are structurally distinct from SH2 domains which also bind phosphotyrosines
(Kavanaugh and Williams. 1994. Bork and Margolis. 1995). While SH2 domain binding is
determined by amino acids consensus sequence C-terminal to phosphotyrosine (Songyang
et al.. 1993). PTB domain specifically recognize NPXpY motif . The presence of a PTB

domain in IRS-1 explains the earlier observation that mutation of NPEY-950 (or Y-960 of
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human IGF-1 receptor) autophophorylation site diminished IRS-1 phosphorylation (White
et al.. 1988b). Mutation studies suggest that amino acids 162-265 of rat IRS-1 are the
required component of the PTB domain that binds the NPEpY motif of the insulin receptor
(Wolf et al.. 1995). This was confirmed by studying the crystal structures of the IRS-1 PTB
domain. alone or in complex with the juxtamembrane region of the insulin receptor
containing the NPXpY motif (Eck e al.. 1996). However. using the yeast two-hybrid assay.
Gustafson’s group have identified additional amino acid sequence carboxy-terminal to the
PTB domain in IRS-1 to be involved in binding to insulin receptor NPEpY
autophosphorylated site. This motit” was called SAIN domain and is located within amino
acids 313-462 on IRS-1 (O Neill ez al.. 1994, Gustafson et al.. 1995. He et al.. 1995. He er

al.. 1996) .

1.1.5 IRS-1 serine threonine phosphorylation.

[RS-1 is also prominently phosphorylated on serine/threonine residues. both at basal
level as well as following insulin stimulation (Sun ez al..1991. Myers et al..1996). Many
kinases. including casein kinase II (Tanasijevic er al.. 1993). PI 3-kinase (PI 3-kinase also
has intrinsic serine kinase activity) (Tanti et al., 1994b). and MAP kinase (Mothe and Van
obberghen. 1996) are capable of phosphorylating IRS-1. although the physiological
significance of these modifications are unknown.

An insulin-resistance state (a smaller than normal response to given amount of
insulin) is reached after treating cells with either okadaic acid (Tanti er al..1994a) or tumor

necrosis factor TNFa (Hotamisligil et al.. 1996). In okadaic acid treated 3T3-L1 adipocytes
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a decrease in IRS-1 tyrosine phosphorylation was linked to increased phosphorylation on
serine/threonine residues. (Tanti er al..1994a). Treatment of cultured murine adipocytes with
TNFa was shown to induce serine phosphorylation of IRS-1 and convert IRS-1 into an
inhibitor of the IR tyrosine kinase activity in vitro (Hotamisligil er al.. 1996). In both cases
serine/threonine phosphorylation of IRS-1 appears to inhibit its tyrosine phosphorylation by

IR. thus providing a possible negative regulation mechanism for insulin action.

1.1.6 Other IRS proteins

Two groups have recently generated mice homozygous for the /RS-/ gene
(Tamemoto er al..1994. Araki et al..1994). Two important conclusions can be drawn from
theses studies. The first is the existence of other IRS-1-like genes in mice. Unlike mice
homozygous for IGF-1 receptor which are severely retarded during gestation and died shortly
after birth (Liu er al.. 1993). the IRS-1 knockout mice suffer relatively mild retardation
during gestation and live to adulthood. In addition. while a lack of insulin or its receptor
causes diabetes. mice lacking IRS-1 did not develop any form of diabetes. These strongly
suggest that other [RS-1-like gene(s) may compensate for the loss of IRS-1 function in
mediating insulin/IGF-1 signalling in the knockout mice. The second conclusion is that IRS-
1 is important in insulin signalling. since the knockout mice developed significant insulin
resistance.

Indeed. several other IRS proteins have since been discovered. IRS-2. which is
slightly larger than IRS-1. was found to be a protein having a role in both insulin signalling

and in cytokine signalling (IL-4) (Sun er al..1995, He er al..1996). Function of the two
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newest members. a 60kD IRS-3 (Lavan er a/..1997a) and 160 kDa IRS-$ (Lavan er
al..1997b). are not known. All three new IRS proteins. like IRS-1. possesss highly conserved
PH and PTB domains at the N terminus of the proteins and various tyrosine phosphorylation

sites spread over the C-terminal portion of the proteins (Fig.1).

1.2 Xenopus oocytes as a model to study insulin signalling

Fully grown oocytes of Xenopus laevis are physiologically arrested at the G./M
transition of the first meiotic prophase. Oocyte maturation is the release of G2/M arrest
causing oocytes to progress through meiosis until the second meiotic metaphase where
oocytes await fertilization. This process occurs just prior to ovulation and is believed to be
triggered by progesterone. which is produced by the surrounding follicle cells in response to
a pre-ovulatory gonadotropin surge. In addition to progesterone. a variety of substances can
induce oocyte maturation in vitro. Of particular interest is the observation that insulin and
IGF-1 are potent inducer of Xenopus oocyte maturation (EI-Etr er al..1979. Maller and
Koontz er al.. 1981).

The relatively low potency of insulin (EC,,=12nM) compared to the much higher
potency of IGF-1 (EC,,=0.4nM) in meiosis induction suggests that insulin/IGF-1-induced
oocyte maturation is mediated by endogenous IGF-1 receptor (Maller and Koontz. 1981).
Our laboratory has recently cloned the full-length cDNA encoding Xenopus IGF-1 receptor
(Zhu. er al. Endocrinology in press). Sequence analysis reveals high percentage identity
(90%) between the human (Ulrich er al.. 1986) and Xenopus IGF-1 receptors with all

important elements conserved. These include the three catalytically important
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autophosphorylation sites within the kinase domain and the NPEY motif (another
autophosphorylation site) which is apparently important for insulin-induced phosphorylation
of [RS-1 (White er al.. 1988b and Yamasaki er al.. 1992).

Earlier studies by Chuang er al. demonstrated that recombinant IRS-1 potentiates
insulin signalling in Xenopus oocytes (Chaung er al..1993). suggesting the presence of an
endogenous [RS-1 protein. Multiple anti-IRS-1 antibodies or antibodies against
phosphotyrosine. however. failed to detect any such proteins. To address this issue. our
laboratory set out to clone cDNA for Xenopus IRS-1-like proteins. A candidate XIRS-1 was
cloned and it encodes a protein similar in size and predicted amino acid sequence to
mammalian IRS-1. XIRS-1 expressed in a baculovirus expression system was readily
phosphorylated by recombinant insulin receptor and the phosphorylated XIRS-1 bound PI

3-kinase (Liu. et al., 1993).

1.3 Rho family GTP-binding proteins

The Rho family small GTPases (Rho. Rac. and Cdc 42) are known to function in
reorganization of the actin cytoskeleton. Like other small GTPases in the Ras superfamily.
these GTPases also function as molecular switches having two nucleotide-bound states. At
basal state. Rho exists in the biologically inactive GDP-bound state. In response to an up-
stream signal (growth factors, lysophosphatidic acid etc), Rho undergoes GDP release and
followed by binding to GTP. a process catalysed by guanine nucleotide releasing proteins
(Ridley and Hall. 1992). The GTP-bound Rho then triggers downstream signals by binding

and activating effector molecules. Hydrolysis of the bound GTP by its intrinsic GTPase
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activity which is enhanced in vivo by GTPase activating proteins (GAP) returns Rho protein
back to the GDP-bound state. Such a G protein cycle is often disrupted by mutation in the
GTPases. The most significant mutation. replacing Gly-14 with valine (a mutation equivalent
to that found in viral Ras protein). abolishes the intrinsic GTPase activity of Rho thereby
resulting in a constitutively active Rho protein. On the other hand. Rho proteins can be
specifically inhibited by a bacterial toxin. clostridium botulinum C3 transferase. which ADP
ribosylates Asn41 in the effector region of RhoA. Different members of the Rho subfamily
GTPases regulate distinct cellular processes involving actin polymerization. For example.
Rac proteins are involved in growth factor induced membrane ruffling ( Ridley er a/..1992).
whereas Rho is required for the formation of stress fibres and focal adhesion (Ridley and
hall.1992). Cdc 42 activation leads to the formation of filopodial protrusions at cell periphery

(Nobes and Hall. 1995).

1.4 ROK proteins

RhoA-binding kinase (ROK) is the prototype of a family of newly identified
serine/threonine kinases that bind to. and are activated by. GTP-bound Rho. ROKea was first
cloned by screening an expression library using GTP-RhoA as a probe (Leung er al.. 1995).
The isolated rat ROKa cDNA encodes a 160 kDa protein with an N-terminal
serine/threonine kinase domain. This protein also contains a coiled-coil domain. RhoA
binding domain. and a C-terminal PH domain that is split by cysteine rich sequence
(PH/CRD). Several other proteins with very similar sequence and binding properties have

been identified (Mukai and Ono.1994. Mukai er al.. 1993, Palmer er al..1995. Watanabe et
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al..1996). As expected. ROK proteins promoted formation of stress fibers and focal adhesion
(Leung er al.. 1996 and Amano et al.. 1997. Ishizaki er al,1996). In these studies.
overexpression of the catalytic kinase domain of ROK proteins induced the formation of
stress fibers and focal adhesion. In contrast. dominant negative mutants of ROK¢ blocked
stress fiber formation induced by either the activated Rho or by external stimuli (growth

factors and lysophosphatidic acid).
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Figure 1:

Structure of IRS proteins

Schematic representation of the various IRS proteins. The N-terminus contains the PH. PTB.
and SAIN domain (only in IRS-1. XIRS-1 and IRS-2). whereas the C-terminus contains the
phosphotyrosine reisdues implicated in binding SH2 domains in signalling proteins.



Chapter Two

ROKe is an IRS-1 binding protein

Insulin and IGF-I initiate cellular functions by activating their homologous tyrosine
kinase receptors. In most mammalian cell types. this results in rapid tyrosine phosphorylation
of a high-molecular-weight substrate termed [RS-1. In addition. IRS-1 contains several
protein modules implicated in protein-protein or protein-lipid interaction.

In an attempt to detect proteins interacting with these protein modules the veast two-
hybrid screening strategy was emploved. In this chapter I described the identification of
Xenopus ROKea as an IRS-1 binding protein. Further analysis showed that IRS-1 PTB

domain is mainly responsible for the interaction with XROKe.

Overview of the Yeast two-hybrid system

The two-hybrid system is based on the two-hybrid assay developed by Fields and co-
workers (Bartel er al.. 1993. Chien ez al.. 1991. Fields and Song. 1989). The two-hybrid
assay is a sensitive in vivo method for identifving genes encoding proteins that interact with
a protein of interest and is well-suited for detecting weak or transient interactions (Guarente.
1993). Moreover. since the assay is performed in living cells. the proteins in question are

more likely to be in their native conformation.
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The yeast two-hybrid method is built on the restoration of transcriptional activation
to indicate interaction between two known proteins. The veast GAL4 transcription activator
consist of two physically discrete domains. with one acting as the DNA binding domain and
the other as the activator domain. The yeast two-hybrid system take advantage of the concept
that the two GAL4 sub-domains need to be fused for normal activation. The DNA-binding
domain vector is used to generate a fusion of the GAL4 DNA-binding domain and a target
protein X. while the activation domain is used to generate a fusion of the GAL4 activation
domain and a target protein Y. The two hybrids are cotransformed into a yeast host strain
containing reporter genes (LacZ and HIS3) with upstream GAL4 binding sites. In these veast
strains the endogenous gal4. gal80 (inhibitor of GAL4) and his genes are mutated or deleted.
When an interaction occurs between the target protein X and the candidate protein Y. the two
GAL4 domains are fused together resulting in the restoration of transcriptional activation.
Thus expression of the reporter genes indicates an interaction of proteins X and Y.

The yeast two-hybrid system is also used for screening GAL4 activation domain
libraries to identifv genes encoding proteins that interact with a target protein (Fig.2). The
cDNA of the protein of interest is used to make a fusion protein with a GAL4 DNA binding
domain in a cloning vector containing the GAL4 DNA binding domain. The DNA binding
hybrid protein cannot activate transcription since it does not contain a transcriptional
activation domain. The GAL4 activation domain/cDNA fusion library. can activate
transcription but cannot itself interact with DNA. The two types of hybrid are then

cotransformed into the yeast host strain. which has the two reporter genes (HIS3 and LacZ).
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Figur
Screening GAL4 AD fusion libraries for proteins that interact with a target protein
Adapted from the MATCHMAKER Library Protocol (see text for detail).
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Thus. if the target protein interacts with a library encoded protein. then a functional GAL4
activator is reconstituted. and the expression of the HIS3 reporter gene is activated. Primary
His+ transformants are tested for expression of the second reporter gene. LacZ to reduce the

background of false positive arising in the His selection.

2.1 Material and Methods

2.1.1 Yeast Strains and plasmids

Sarccharomyces cervisiae yeast strains HF7c (MATa. ura3-52, his3-200. ys2-801.
ade2-101. trp1-901. leu2-3, 112, gal4-542, gal80-538. LYS2::GALI-HIS3. URA3::(GAL4
[7-mer); -CYCl-lacZ) and Y190 strain (MATa. leu2-3. [12. ura3-32. trpl-901. ;lis3-200.
ade2-101. gal4D. gal80D, URA3::GALI-lacZ, LYS2::GALI-HIS3. cyh") were used. Yeast
expression plasmids (Clontech) pAS1-CYH2 (pAS2) and pGAD10 were used with Y190
and HF7c yeast strains containing a LacZ gene downstream of the Gal4 binding sequence.
PAS2 contains Gal4 DNA binding domain (Gal4 BD). trvptophan as a marker gene. and a
hemagglutinin (HA) tag (Fig.3). pGAD10 contains the Gal4 activation domain (Gal4 AD)

and leucine marker gene (Fig.4).
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Figure 3:

The N-terminal XIRS-1 in pAS2 construct

The N-terminus of XIRS-1 containing the PH. PTB. and SAIN domains were subcloned into
the pAS2 vector. pAS2 is a veast GAL4 DNA-binding domain cloning vector designed for
use in the veast two hybrid system. pAS2 contains the 7rp/ gene (for selection in veast
strains deficient in tryptophan) and the hemaggiutinin (HA) epitope tag.
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Figure 4:

pGAD 10 yeast activating domain cloning vector.

pGADIO is a yeast GAL4 activation domain designed for use with GAL4-based
MATCHMAKER two hybrid system. This vector is used to generate fusions of a protein
with the GAL4 activation domain. The LEU2 gene allows selection in yeast host strains.
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2.1.2 Bait Construction

The N-terminal XIRS-1 (amino acids 3-500) was used as bait to screen an oocyte
cDNA library. 1500 nucleotides from the 5' end of XIRS-1 cDNA were amplified by the
polymerase chain reaction (PCR) with primers Y2HN and Y2HC as 5’ and 3'. containing
BamH]1 and Sall sites. respectively (Tablel). The PCR fragment was agarose gel purified
using the geneclean kit (Bio 101) and digested by BamH1 and Sal1 restriction enzymes using
appropriate buffer (Gibco). This digested PCR product was then subcloned into a pAS2
vector. in-frame with the GAL4 DNA binding domain cDNA (Fig.3). HF 7c competent yeast

cells were transformed with the resultant BD/XIRS-1; ,,, plasmid.

2.1.3 Library preparation

The MATCHMAKER Xenopus laevis oocyte cDNA library was constructed in the
pGADI10 vector (AD/library; Clontech). The library was titered and amplified to obtain
sufficient plasmid for veast transformation according to the manufacturer’s protocol
(Clontech). Library derived plasmids were isolated from £. coli using the cesium chloride
gradient purification method (Maniatis.1989). Briefly. the E. coli culture cells were collected
by centrifugation and resuspended in sucrose-TE (0.44M sucrose. S0mM Tris-HCI pH 8.5
and 50mM EDTA). The cells were lysed with lvsozyme and lysis solution (0.1% Triton X-
100. 50mM Tris-HCI pH 8.5 and 50mM EDTA) and cell debris was cleared by centrifugation
at 15.000 g for 45 min at 4°C. Cesium chloride and ethidium bromide were added to the

supernatant to a final concentration of 0.95g/ml and 0.12mg/ml. respectively. The mixture
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was then centrifuged at 24.000 g for 20h at 20°C. Two DNA bands were visible under UV
illumination. the above one represent nicked or linear DNA. whereas the lower band is the
supercoiled DNA. The lower band was drawn out using a 20g needle and the DNA was
extracted by adding cesium chloride and water saturated iso-butanol. The library DNA was
then precipitated with two volumes of 93% ethanol and the pellet was washed with 70%

ethanol and resuspended in Tris-EDTA (10mM Tris-HCl and ImM EDTA).

2.1.4 Yeast transformation
2.1.4.1 Library transformation

To screen the Xenopus oocyte cDNA library using the veast two-hybrid system.
competent veast cells were first transformed with the bait. (see section 2.1.2) and then with
the cDNA library (see section 2.1.3) using the lithium acetate method developed by [to er al..
(1983) and modified by Gietz et al.. (1992). The HF 7¢c yeast strain containing the BD/XIRS-
15500 Was inoculated into synthetic dropout media lacking tryptophan (SD/-Trp) and
incubated overnight at 30°C to select for the presence of pAS2. Cells were harvested by
centrifugation. and washed by resuspending them in 0.5% volumes of distilled deionized
water followed by centrifugation. The purified Xenopus cDNA library DNA was added to
the prepared competent cells to a final concentration of 0.17ug/ul along with DNA-carrier
mix (salmon sperm DNA .0.022mg/ml . 34% PEG. and 0.1M lithium acetate). Cells were
heat-shocked at 42°C for 30 min. and collected by centrifugation. Transformants were spread
onto plates containing SD medium lacking histidine (-His). leucine (-Leu). and tryptophan

(-Trp). supplemented with 3-aminotriazole (3AT). The plates were incubated at 30°C for 10
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days to select for colonies expressing interacting hybrid proteins until His+ colonies were

approximately Imm in diameter.

2.1.4.2 Elimination of False Positives

Several different AD/library plasmids may have been present in each B-galactosidase
positive colony. Restreaking each of the positive colonies on SD/-Trp/-Lew/-His selection
plates will. in many cases. allow multiple AD/library plasmids to segregate. To verifyv the -
galactosidase-positive phenotype. completely isolated colonies were reassayed by colony lift
assay.
To eliminate the DNA-BD/target plasmid. plasmids in yeast were segregated by removing
the Trp selection. Positive colonies were streaked on Leu- plates. Under these conditions. the
AD/library plasmid carrying the LEU2 gene was maintained but the DNA-BD/target plasmid
carrving TRP1 was randomly lost from some transformants. The same step was repeated
several times until a colony lost B-galactosidase activity. Colonies were plated on two SD
plates. one -Lew/-Trp and the other -leu only. Trp auxotrophs which were able to grow on
+trp but not on -trp medium had lost the DNA-BD/target plasmid with TRP1 but retained
the AD/library plasmid with LEU?2. The colonies were further assayed for lacZ function by
fB-galactosidase activity. Negative colonies were isolated and these AD/library plasmids were
considered candidates for encoding a genuine interacting protein (Fig.5). Trp auxotrophs that
still retained B-galactosidase activity most likely contained an AD/library plasmid encoding
a transcriptional activator that recognized the GAL1 promoter and were discarded. Library-

derived plasrhids were rescued directly from Trp auxotrophs negative for B-galactosidase.
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Figure 5:

Procedure for eliminating false positives.

Adapted from the MATCHMAKER Library Protocol
(see text for explanation)



23-

To verify positive results. AD/library plasmids extracted from all positive colonies
were co-transformed with the XIRS-1 bait in Y190 yeast cells using purified plasmids. The
ability of transformants to grow on SD/-Trp/-Lew-His and to express B-galactosidase were

confirmed (see below).

2.1.4.3 Cotransformation method

To confirm interaction between the positive clones and the bait. the isolated library
plasmid and BD/XIRS-1 ; ,,, plasmid were cotransformed in Y190 competent cells. Y190
competent cells were prepared by growing a single colony of Y190 yeast cells overnight at
37°C in YEPD media (peptone. 20g/L. yeast extract. 10g/L. and 2% dextrose: Difco) YEPD
media was innoculated with the overnight culture and grown to the mid-log phase (OD,,
1.0). Cells were harvested. washed with LiAcTE (100mM lithium acetate. 10mM Tris-HCl
pH 8. ImM EDTA). and resuspended in LiSORB (LiAcTE + IM sorbitol). Both BD/XIRS-
15500 DNA of and its interacting plasmid (isolated from the library) were added to the yeast
cell suspension along with salmon sperm DNA (0.022 mg/ml) followed by the addition of
40% PEG-3550 in LiAcTE. Cells were heat-shocked at 42°C for 10 min and transferred to
selective media (SD/-Trp/-Lew/-His). The culture was incubated at 30°C for 3-4 h. collected
by centrifugation. and spread onto plates containing selective media (SD/-Trp/-Lew/-His) and

2% agar.
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2.1.5 Yeast f-Galactosidase Assay (lift assay)

To assay for -galactosidase activity by blue/white screening. the colony lift B-
galactosidase assay was used. Dry Whatman Grade 413 filter papers were layed onto veast
plates. The filters were peeled off. with veast colonies sticking to them. and were immersed
into a pool of liquid nitrogen for 30 s to permeabilize the cells. Then the filters were thawed
and laid onto whatman 3MM paper saturated with X-Gal [5-bromo-4-chloro-3-indolyi-$-D-
galactopyranoside: 0.1% in N.N-dimethylformamide (DMF)] in Z buffer solution (16.1g/L.
Na,HPO, 7H,0. 5.5g/L NaH , PO ; H,0. 0.75g/L KCl. and 0.246g/L MgSO , 7H,0) with
0.027ml P-mercaptoethanol. This was incubated overnight at 30°C for blue color
development. Colony color assays were performed on at least five separate colonies from

each transformation to reduce variability.

2.1.6 Yeast B-Galactosidase Assay (liquid assay)

For quantitative analysis. a liquid culture B-galactosidase assay with O-nitrophenyl
B-D galactopyranoside (ONPG) as substrate was used. A saturated veast culture was diluted
in selective media (SD/-Trp/-Leu /-His) and grown at 30°C to the mid-log phase (A4, = 0.5
to 0.8). Cells were harvested. resuspended in pre-mix buffer [0.1 M NaPi pH 7.5. 100XMg
(100mM MgCl.. 4.5M B-mercaptoethanol). and -galactosidase substrate 0-nitrophenyl B-D
galactopyranoside (133mM ONPG in DMF)]. The mixture was incubated at 37°C for 50 min.
or until a yellow colour appeared. The reaction was stopped by adding Na,CO; to 6.25mM
and [-galactosidase activity was measured spectrophotometrically by reading the absorbance

at 420nm. One unit of B-galactosidase was defined as the amount of enzyme which
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hydrolyzes 1umole of ONPG to o-nitrophenol and D-galactose per minute at 37°C (Miller.
1972) and B-galactosidase activity was calculated as follows:

B-galactosidase activity = 1000 x OD,,¢/(t X V x ODjy)

where: t = elapsed time (in min) of incubation

V= 0.1ml X concentration factor

OD g0 = Aggo of 1 ml of culture

2.1.7 Fast Yeast Plasmid Rescue

Yeast colonies of 3-5 mm were picked from recently streaked plates into rescue
buffer (100mM NaCl. 10 mM Tris pH 8.0. ImM EDTA. 0.1% SDS). Glass beads (0.45mm)
were added and the mixture was vortexed. The plasmids derived from veast cells were
extracted with phenol. followed by extraction with chloroform/isoamyl alcohol (24:1). DNA
was precipitated with 95% ethanol and the pellet was washed with 70% ethanol and

resuspended in Tris-EDTA.

2.1.8 Sequence analysis.

DNA sequence analysis was carried out using the Licor automated sequencer. Briefly.
Infrared fluorescent dye IRD41 Labelled primers were employed in sequithermal cycle
sequencing (Licor). The resultant labelled PCR products were resolved on a Long Ranger 4%
polyacrylamide gel and sequenced using the Licor automated sequencer. In some cases
manual sequencing was also carried out following the protocol provided in the USB

sequencing kit.



2.1.9 N-terminal XIRS-1 subclones

To delineate the domains of XIRS-1 responsible for interacting with clones isolated
from the library. several subclones of the N-terminus of XIRS-1 were constructed in the
pAS2 plasmid. The various regions of XIRS-1 (Fig. 11) were amplified by PCR using
specific primers (Table 1). which introduced a BamH1 and Sall sites at the ends of the
cDNA fragments to allow an in frame insertion into pAS2. The PCR fragments were gel-
purified and digested with BamH]1 and Sall and subcloned into a pAS2 vector previously
digested with BamH]1 and Sall. These constructs were cotransformed with the previously
isolated AD/library plasmid in Y190 yeast cells to run the two hybrid assay (described in

section 2.1.4.3).

2.1.10 Western Blot Analysis of Hybrid Protein Expression

Yeast cells transformed with subdomains of the N-terminus XIRS-1 in pAS2 were
grown in selctive media (SD/-Trp /-Leu) to the mid-log phase. Cells were lysed in sample
buffer (20% glycerol. 4% SDS. 0.005% Bromophenol blue. 125mM Tris. and 10% beta-
mercaptoethanol) with protease inhibitors (ImM PMSEF. 10ug/L leupeptin) and glass beads.
Proteins were denatured by boiling at 95°C for 5-10 min. and resolved on 10% sodium
dodecyl sulfate-polyacrylamide gels (SDS-PAGE). Gels were electroblotted to nitrocellulose
membranes in transfer buffer (48mM Tris. 39mM glycine. 0.0375% SDS and 20% methanol)
using a Biorad semi-dry transfer apparatus. Membranes were blocked for at least 1h in TBST

(50mM Tris-HCI pH 7.5.150mM NaCl. 0.5% Tween 20) plus 5% skim milk powder and



27-
immunoblotted with anti-hemagglutinin (HA) monoclonal antibody (in 5% skim milk) for
2h. The blots was then washed with several rinses of TBST and probed with horseradish
peroxidase (HRP)-conjugated anti-mouse IgG secondary antibody. The blot was washed
again with TBST and developed by enhanced chemiluminescence (ECL) (Amersham)

reaction. Membranes were exposed to XAR-5 Kodak film to visualize immunoreactive

bands.
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2.2 Results

2.2.1 Identification of XROK« as an IRS-1 binding protein

Amino acids 3 to 500 of XIRS-1 containing the PH. PTB and SAIN domains. were
PCR amplified and subcloned into the pAS2 vector. The resulting plasmid encoded a fusion
protein containing a hemagglutinin (HA) epitope tag. and the Gal4 DNA-binding domain.
followed by the XIRS-1 sequence. This plasmid. BD/XIRS-1 ; ;... was introduced into the
HF7c veast strain.

To determine if the BD/XIRS-1 ., fusion protein was being expressed in the
transformed HF 7c cells. Western blot analysis using an anti-HA antibody was employved. As
a positive control. SF9 insect expressed HA tagged XIRS-1 protein lacking the PH domain
(Liu er al., 1995) was also blotted (Fig.6). As can be seen in Figure 6. a 100 kDa protein was
detected in the HF 7¢ yeast cells transformed with the BD/XIRS-1, _;y, plasmid whereas this
protein was not detected when SF7 was cotransformed only with the BD vector. In the
positive control lane. the HA antibody detected the expected 120 kDa HA/XIRS-1 protein.
as well as two bands which probably represented degradation products.

To demonstrate that the bait was not able to serve as a transcription factor. which
would produce false positives (i.e. B-galactosidase activity). transformants expressing
BD/XIRS-1 ; (4 hvbrid protein were analysed by the colony lift assay for f3-galactosidase

activity (see section 2.1.5). No f3-galactosidase activity was observed (data not shown).
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Figure 6:

Immunoblot analysis of expression of the XIRS-1 hybrid protein

Expression of the XIRS-1 hybrid was analysed by immunoblotting with the hemagglutinin
epitope tag antibody as described in Material and Methods.Lane 1 contains only the pGADI10
vector. whereas Lanes 2 is the bait. XIRS-1 N-terminal sequence 3-500 amino acids. lane 3
is HA/XIRS-1 lacking the PH domain expressed in SF9 cells. used as positive control. The
extracts used for immunoblotting were derived from the same veast cultures that were used
in the solution B-galactosidase assays. Sizes are indicated in kilodaltons according to
prestained protein markers.



The Xenopus Laevis MATCHMAKER AD/library were amplified to obtain
sufficient plasmid for veast transformations. The purified library DNA was introduced into
the HF7¢ yeast strain previously transformed with the bait plasmid. A total of 7.5x10°
transformants were plated and screened on appropriate media (SD/-Trp/-Lew/-His) to select
for colonies expressing interacting hybrid proteins. Following 10 days. histidine prototrophs
were screened by a colony lift assay. Four positive clones (SF7. SF77. SF107A. and SF107B)
were identified..

Since more than one AD/library plasmids may be present in each p-galactosidase
positive colony. re-streaking of each of the positive colonies on SD/-Trp/-Leu/-His selection
plates was used to segregate muitiple AD/library plasmids (Fig.5). As well. to eliminate the
bait plasmid BD/XIRS-1, ., the positive colonies were re-streaked several times on SD/-Leu
media. removing the Trp selection. to select for Trp auxotrophs. These colonies would have
then presumably lost the bait plasmid (7RP!) vet still have had the AD/library plasmid with

(LEU2).

2.2.2 The two hybrid assay demonstrates the specific interaction of XIRS-1 with
XROKa

To confirm the positive results obtained. AD/library plasmid DNA extracted from all
positive colonies were co-transformed with the BD/XIRS-1 ;. in an other yeast strain.

Y190. Y190 transformants containing BD/XIRS-1, ,,, together with each of the four clones
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(SEF7.SF77.SF107A. and SF107B) were able to produce blue colour by the colony lift assay
indicating B-galactosidase activity. confirming the results obtained in HF 7¢ cells.

An EcoR1 digest of the positive clones revealed that two positive clones (SF7 and
SF107A) contained similar 3.5 kb inserts. whereas the remaining two clones contained 0.7
kb inserts. Sequence analyses of both plasmids containing the insert SF7 and SF107A
showed that they were identical. The SF7/ SF107 clones encodes an open reading frame of
500 amino acids fused in frame with the GAL4 activating domain.

To ensure that the SF7 was not interacting with the pAS2 portion of the bait. it was
co-transformed with a non-specific bait VAMP1 constructed in the same vector (Calakos and
Scheller. 1994: provided by Dr. J. Ngsee). As can be seen in Figure 7. colony lift assays for
[-galactosidase activity revealed no activity with this combination. While SF7 with the
original bait BD/XIRS-1,, showed B-galactosidase activity. demonstrating that SF7
interacted specifically with the XIRS-1 portion and not the pAS2 portion of the bait.

The DNA sequence of the SF7 clone was compared to reported sequences in the
databases. This analysis revealed that the 5' end of the cDNA encodes an open reading frame
(ORF) of 500 amino acid which was highly homologous to the C-terminus of rat ROKa with
80% and 90% identity in nucleotide and amino acid sequences. respectively (Fig.8).
Compared to rat ROKa. the N-terminus of SF7 encodes the putative RhoA binding domain
and the PH/CR domains. The rest of the insert presumably was derived from the 3' non-

translated region of the mRNA (Fig.9).
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Figure 7:

SF7 interacts specifically with N-terminal XIRS-1 in the two hybrid assay.

SF7 induced B-galactosidase activity when cotransformed with the GAL4/XIRS-1 fused
plasmid. but not when cotransformed with a vector containing an unrelated insert (VAMP1).
confirming that the B-galactosidase activity was dependent on the bait. B-galactosidase
activity. reflecting an interaction between hybrid proteins, was analysed by colony Lift assay
using X-Gal as substrate.

The yeast strainY 190. transformed with SF7 plasmid was cotransformed with VAMP1. in
pAS2. plasmid in lane 1 and with XIRS-1 in. pAS2. in lane 2. both transformants were
streaked on SD /-Trp /-Leu media
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Figur .

Nucleotide sequence comparison between XROKa and rat ROKc clones.

Nucleotide sequence of SF7 was compared to that of ROK« using Bestfit program (Genetic
Computer Group. Madison. Wisconsin)
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Figure 8B:
Predicted Amino acids sequence of SF7
Comparison of the deduced amino acid sequence from SF7 to that of XROKe (Bestfit).
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Figure 9:

Schematic comparison between SF7 and rat ROK«

Representation of the linear peptide sequence of rat ROKa and the sequence encoded by the
partial cDNA sequence of XROKa. SF7. obtained by yeast two-hybrid screening.

BD = binding domain. PH/CR = pleckstrin homology and cysteine rich domain.



In order to determine whether SF7 interacted with activated RhoA. SF7 was co-transformed
with pAS2/V14-RhoA. (provided by Dr. J. Ngsee). Both filter lift assay and liquid assay for

B-galactosidase demonstrated that SF7 interacted strongly with V14-RhoA (Fig.10)

2.2.3 Identification of specific XIRS-1 domains interacting with XROKc.

Having demonstrated interaction between XIRS-1 and SF7 in the two-hybrid system
(see section 2.2.2). [ went on to delineate the domain of XIRS-1 ; .y, that was responsible for
interacting with SF7. A series of deletion mutants were generated. These Included PH (2-
140). PH/PTB (2-324). PTB (136-324). PTB/SAIN (136-500). and SAIN (307-500) domains
inserted into the pAS2 vector. These constructs were cotransformed with SF7 (Fig. 11).

There was no interaction between the PH domain and SF7 despite high-levels of
protein expression (see below: Fig.12). The highest binding to SF7 was found to occur with
the XIRS-1; . PTB or PTB/SAIN domains. while the SAIN domain displaved less binding
to the SF7. This suggested that the major XIRS-1 domain interacting with SF7 was primarily
located within the PTB domain. RhoA was used as positive control and the pAS2 as a

negative control (Fig.11)



BD hybrid AD hybrid Colony lift | B-
assay galactosidase
activity (units)
BD/XIRS-1 ; g, — 0.15
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Fi 10:

SF7 interacts with RhoA

Interactions of indicated constructs were determined by both filter assay and liquid assay for
B-galactosidase activity (see Material and Methods). The colony colour assay showed either
white (-). blue (++). or dark blue (+++) colonies. B-galactosidase (B-GAL) activity is
reported by Miller units as mean (Miller. 1972).



XIRS-L subclones in pAS1
and
XROKa in pGADIO0

Colony colour
intensity




Figure 11:

The PTB/SAIN of XIRS-1 interacts with the SF7

Schematic representation of five XIRS-1 activation domain hybrids used in the two hybrid
assay. Following cotransformation of plasmids encoding for these hybrid proteins the colony
colour assay showed either white (-), very light blue (+). blue (++). or dark blue (+++). (3
independent colony were used for each separate subclone)
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Figure 12:

Immunoblot analysis of expression of the XIRS-1 fusion protein

Immunoblot analysis of expression of the XIRS-1 domain hybrid proteins using HA
antibody. Equal amount of cell lysate were analysed for all samples as described in Material
and Methods. Lane 1 HA tagged XIRS-1 expressed in Sf9 cells as a control (Liu et al., 1995):
lane 2 N-terminal XIRS-1 hybrid 3-500: lane 3. PH domain hybrid: lane 4. PH/PTB hybrid:
lane 5. PTB hybrid: lane 6. PTB/SAIN hybrid; and lane 7 SAIN hybrid. The extracts used
for immunoblotting were derived from the same veast cultures that were used in the solution
[3-galactosidase assays (Fig. 13). Sizes are indicated in kilodaltons.
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To confirm the expression of the deletion mutants in the Y190 veast cells. veast
lysates were resolved on an SDS-PAGE gel and then Western blotted with HA antibody.
While all constructs expressed proteins of anticipated molecular weight (Fig. 12). the levels
varied considerably. The PTB domain. although expressed at a relatively low level. activated
f3-galactosidase to a similar level as the original bait (XIRS-1;_.y,) (Fig. 12). The PH domain.
in contrast. showed no P-galactosidase activity despite a considerably higher level of
expression. The SAIN domain was expressed to an extremely high level. making it difficult
to interpret the relatively weak binding observed (Fig.11).

As a more quantitative method to determine the degrees of binding with SF7. six
representative colonies from each deletion mutants co-transformed with SF7 were assayed
for B-galactosidase activity. using a liquid assay. When B-galactosidase activity obtained
from these transformants was analysed (Fig.13). the PTB/SAIN domain demonstrated about
twice as much as XIRS-1; ;. However. the PH domain did not show any interaction with
XROKea. The PTB domain interacted with XROKa almost at the same level as the XIRS-1;.

w0 (Fig.13).
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Figure 13:

Binding of the various N-terminal XIRS-1 domains to SF7 was assessed by liquid pB-gal
assay

Shown are average of 6 separate transformants with standard errors.
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Chapter Three

Cloning and characterization full length XROKa

In the preceding chapter. I described the identification of XROKa as an IRS-1
binding protein. In order to carry out functional studies of XROKe in insulin signalling. I
decided to clone the full length cDNA of XROKe and to generate XROKa specific

antibodies.

3.1 Materials and Methods

3.1.1 Library Screening

A Agtl0 Xenopus laevis oocyte cDNA library was provided by D.A. Melton
(Dumont. 1971). Recombinant Agt10 phage were allowed to adsorb to an overnight culture
E. coli C600 bacteria for 10 min at 37°C. plated (20,000 pfu/15cm plate). and incubated for
8-12 hr at 37°C. Nitrocellulose filters were overlayed on the plates for 1 min. and then soaked
in denaturing solution ( 1.5M NaCl. 0.5M NaOH) for 5min. They were then neutralized in
1.5 M NaCl and 0.5 M Tris-HCI pH 8. for 5 min. and finally rinsed in 0.2 M Tris-HCI pH
7.5 and 2X SSC (1X SSC is 0.15M NaCl and 0.01M soduim citrate) for 30 sec. The DNA
was fixed to the filters by baking them at 80°C for 2 hr. The filters were then probed with
specific probes derived from XROKa cDNA. These probes were labelled with «**P dCTP

using a random primed extension labelling kit (Boehringer). Prehybridization was carried out
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in 50% formamide. 5X SSPE (1X SSPE is 0.18 M NaCl. 10mM NaH,PO,. and ImM EDTA
pH 8). 5X Denhardt’s solution (50X Dnehardt’s is 1% ficoll. 1% polyvinyl pyrrolidone. 1%
bovine serum albumin) and 0.1% SDS. The hybridization buffer consisted of 50%
formamide. 5X SSPE. 1X Denhardt’s solution. 90 mg of dextran suifate per ml. and 0.1%
SDS. Hybridization was carried out at 42°C for overnight. The filters were washed several
times with large volumes of increasingly dilute SSC containing 0.1% SDS at increasing
temperatures. then autoradiographed by exposure to Kodak XAR-5 X-ray film. Positive
clones were confirmed and purified by secondary and tertiary screening using the same

XROKa probe used for the primary screening.

3.1.2 Isolation of bacteriophage DNA

To verify the positive clones obtained from screening. bacteriophage DNA was
isolated using Dario Grossberger's method (1987). An isolated Agt10 phage plaque was
picked from the plates using the small end of a pasture pipette and resuspended in SM buffer
(0.09M NaCl. 8mM MgSO; 7 H,O. 50mM Tris-HCI (pH 7.5). and 0.01% gelatin solution:
Maniatis. 1989). The phage were allowed to adsorb to an overnight culture of E. coli (C600)
liquid culture for 10 min at 37°C. Ten milliliters of LB broth containing 10 mM MgCl, and
0.1% glucose was added to the phage/bacterium mixture and the tubes were shaken overnight
in a 37°C during which cell lysis occur. The cell debris were pelleted by two low speed
centrifugation. The phage particles were then pelleted by high speed centrifugation (50.000g
for 1h) and resuspended in SM buffer. Proteinase K was added to a final concentration of

50ug/ml and the samples were incubated at 37°C for 2 h. Following this incubation. the
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samples were extracted once with phenol and once with chloroform. The DNA was
precipitated with 0.3M ammonium acetate and 100% ethanol. The precipitated DNA was
pelleted by centrifugation. washed with 70% ethanol. dried. and dissolved in TE (10mM

Tris-HC] pH 7.4 and ImM EDTA pH 8.0)

3.1.3 Southern blot analysis

Purified bacteriophage DNA was digested with EcoR1 restriction enzymes to excise
the insert. The electrophoretically separated DNA fragments were transferred by capillary
blotting for 16 h to Hybond-N membranes (Amersham) following standard procedure
(Maniatis. 1989). The DNA was cross-linked to the membranes by exposing them to 120 mJ
ultraviolet light using a GS Gene linker UV chamber (Biorad). Prehybridization of the
membrane was carried out in 50% formamide. 5X Denhardt’s solution. 53X SSPE. 0.1% SDS
and 10ug/ml heat-denatured salmon sperm DNA for 4 to 16 h at 42°C. Hybridization was
carried out in the above mentioned prehybridization buffer with the addition of 1X
Denhardt’s solution and 90 mg/ml of dextran sulfate. A random-primed a**P-labelled DNA
probe (using Boehringer kit) with a specific activity between 3-20 X 10° cpm/ml was added
to the hybrid mix and then incubated at 42°C for 8 to 12 h. Filters were washed in 3 times
using of 2X SSC and 0.1% SDS at room temperature for 2 h. followed by several washes in
0.2% SSC and 0.1% SDS at 42°C for 2h to remove non-specifically bound probe. The filters

were then exposed to Kodak (XAR-5) films.



3.1.4 Oocyte Protein Isolation

Stage VI Xenopus oocyte (Dumont. 1971) were isolated from pregnant mare serum
gonadotropin (PMSG)-primed female. Oocytes were lysed by forcing them through pipette
tips in PBS lysis buffer (10 mM sodium phosphate. pH 7.5. 150mM NaCl. 1% Triton X-100.
10pg/ml each of leupeptin and aprotinin. ImM phenylmethyisulfonate and ImM sodium
orthovanadate: 10ul/oocyte). The homogenate was centrifuged at 15000 rpm for 15 min at
4°C. Under these conditions. the volk protein (vitellogenin) was not solubilized and was
discarded as a pellet. The cell lysates. which were usually clouded due to the presence of

lipids. were suitable for immunoprecipitation and western blotting.

3.1.5 Generation of an XROKoa antibody

A 1100 bp fragment of SF7 was isolated by digestion with BamH1 restriction enzyme
(Fig.9). The gel-purified fragment was subcloned into a BamH]1 digested pGEX vector. The
pGEX vector allowed the fusion of a gene of interest to the C-terminus of glutathione S-
transferase (GST). The GST fusion proteins were produced by isopropyl thio-f-D-
galactoside (IPTG) induction and the fusion protein was isolated by affinity purification
according to Frangioni and Neel (1993) method.

The purified GST fusion proteins were used to immunize rabbits. For the first
injection each rabbit received 200ug of purified protein mixed with complete Freund's

adjuvant. The rabbit was injected 4 weeks later using half as much antigen mixed with
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incomplete Freund's adjuvant. 10-14 days later the rabbit was bled. The blood was incubated
at 37°C for 1h to allow clogs to develop. After a low speed centrifugation the serum was

recovered and used directly without further processing.

3.1.6 XROKca Immunoprecipitation and kinase assay

Oocytes were lysed with lysis buffer [25mM N-2-hydroxyethylpiperazine-N"-2-
ethanesulfonic acid (HEPES: pH 7.3). 0.3M NaCl. 1.5mM MgCl,. 0.2mM EDTA. 20mM
sodium (-glycerophosphate. | mM Sodium vanadate. 0.5% Triton X-100. and 5% glycerol].
For immunoprecipitation. extracts containing 2mg proteins were incubated with 5 pl of
preimmune-serum and immune-serum generated against GST-XROKa fusion protein.
described above. for 2 h before collection on protein A sepharose beads. After several
washes with lysis buffer a kinase reaction was carried out in buffer (50 mM HEPES (pH 7.3).
10mM MgCl,. 2mM MnCl.. ImM dithiothreitol. and 0.05% Triton X- 100 with 10uM [y-
*P] ATP and 5ug of myelin basic protein (MBP). After 30 min. the reaction was stopped by
sample buffer (20% glycerol. 4% SDS. 0.005 %Bromophenol blue. 125mM Tris (pH=6.8).
and 10% beta-mercaptoethanol) . Samples were denatured by boiling and resolved by SDS-
PAGE on 7.5% and 15% polyacrylamide gels to reveal autophosphorylation and

phosphorylation of MBP respectively.
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3.2 Results

3.2.1 Cloning full length XROKc.

In order to clone the remaining coding region of XROKu. the 1100 base pair (b.p)
BamH]1 fragment (Fig. 4). of (SF7) was used to screen a Agt10 Xenopus ovary cDNA library.
Through the screening of 0.6 x 10° recombinant phage plaques. 22 clones that hybridized
with the probe were isolated. To confirm that these were true positive clones. inserts were
excised by EcoR1 digest. Southern blotted with the same probe (Fig.14A). Almost all of the
22 clones hybridized with the partial sequence of XROKa. The longest clone of 3.5 kb (clone
45) was sequenced and found to contain an additional 1 kb sequence 5' to SF7 (Fig.16).

A subsequent screening of the same Agt10 Xenopus ovary cDNA library. using a 1.5
kb DNA fragment derived from the 5’ end of clone 45 (Fig. 16). identified 14 positive
clones. Restriction digests revealed that the longest clone. clone 63. contained a 2.6 kb insert.
Further confirmation was obtained from a southern blot and probed with a radioactive
labelled 1.5 kb 5" sequence of clone 45 (Fig.14B). Sequence comparison of clone 63 to rat
ROK. showed that clone 63 contained the entire kinase domain of XROKc:: however. it was

still missing 40 or 50 amino acids by comparison to ROKa.
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Southern Blot analysis

A) Positive clones from first round hybridization screening. the clone in lane 2 was
subcloned and sequenced (clone 45).

B) Positive clones from the second round of hybridization screening, the clone in lane 3 was
subcloned and sequenced (clone 63)
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3.2.2 PCR amplification of the 5' end of XROK«

The remaining DNA sequence of the 5' coding region of XROKa was obtained
using polymerase chain reaction (PCR) on the original Clontech’s pGAD10 Xenopus laevis
oocyte library. To do this. two nested primers (xrok63-2 and xrok63-4) antisense to the 5' end
of clone 63 were designed (tablel). These two primers were used in combination with
pGADI10 forward or reverse primers in PCR reaction. A fragment of 450 bases was amplified
by xrok63-4 and the pGADI10 reverse primer (Fig.15). The specificity of this amplification
was confirmed by re-amplification using xrok63-2. which is antisense to a region of XROK«
100 b.p. 3' to xrok63-4. This resulted in the amplification of an expected 350 b.p. fragment.
The 450 bp PCR product was cloned and sequenced. This clone. PCR L1. contains the

missing N-terminus of XROKex.

3.2.3 Characterization of XROKa in Xenopus oocytes

To characterize endogenous XROKe, I produced polyclonal antisera in rabbits.
Amino acids (994-1364) of XROKe (Fig.17) was subcloned in pGEX kt vector (Guan.
1991). Following induction with IPTG in transformed bacteria. a GST fusion protein
containing the XROKa sequence (~80 kDa) was detected by both coomasie blue staining and
by Western blotting using anti-GST antibody. This protein was subsequently purified by
binding to glutathione beads. The purified protein was used to immunize two rabbits. The

antisera obtained from the immunized rabbits were used out for further processing.
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Figure 13:

PCR Amplification of the extreme 5' end of the XROKa from a Xenopus library
Using xrok63-4 and pGAD10 reverse primers, 450 b.p. were amplified from the pGAD10
Xenopus cDNA library (lane 3). Re-amplifying this band by xrok63-2 and pGAD10 reverse
resulted in 350 b.p (lane 4). Lane 1 and 2 were two negative control for the PCR using single
primers.
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Figur
Diagramatic representation of the various XROKa subclones.
(See text for details)



Since ROKea was reported earlier (Leung er al..1995. Ishizaki er al.. 1996. Amano
et al.. 1996) to be capable of autophosphorylation and phosphorylation of MBP. we were
interested in detecting if XROKa exhibits a kinase activity. This possibility was examined
by immunoprecipitating endogenous XROKa with anti-XROKa antiserum. using
preimmune serum as a negative control. from oocyte lysates. The kinase assay was carried
out using these immunoprecipitates in the presence of [y-""p]ATP and myelin basic protein
(MBP). As shown in Figure 19 immunoprecipitated XROKa was able to phosphorylate
MBP. however this phosphorylation was not observed when pre-immune serum was used.
Moreover the autophosphorylation of a 200 kDa protein was also detected (Fig. 18). Western
blotting with the XROKea antibody revealed that the p200 was XROKa (Fig.18). This result

suggested that like ROK« (Leung.T.1996). XROKa is also a protein kinase.



Primer Sequence specification
xrok63-2 5'-CA GGG AAA TCA AGG TCC AG-3' PCR primer
100 bp apart
from the 5' end
of clone 63
xrok63-4 5'-CTT CGG CTT TCA TTT GAA GCT TGC GG-3' PCR primer
at the 5' end of
clone63
T3 5'-ATTAACCCTCACTAAAG-3 sequencing
primer for
pbluescript
pGADfor |S5'CTATTCGATGAAGATACCCCACCAAAC-3 PCR and seq.
pGADrev | S'GTGAACTTGCGGGGTTTTTCAGTATCTACG-3' | PCR and seq.
Primer Sequence specification
Y2HN S'TATGGATCCCTAGCCCCACAGATC-3' PCR for XIRS-1
Y2HC S'TATGTCGACTGAGGAGTGAGTCC ¥ PCR for XIRS-1
Y2HC1 STATGTCGACATCTCCATTTAAGC PCR for XIRS-1
Y2HNI 5' TATGGATCCATGATGGCTTAAATGG 3’ PCR for XIRS-1
Y2HC2 5' TATGTCGACACTAGATGCCCGG 3’ PCR for XIRS-1
Y2HN2 5' TATGGATCCCACCTGCTGGGGGTG 3’ PCR for XIRS-1
pGADfor |S'CTATTCGATGAAGATACCCCACCAAAC-3 sequencing
primer
pGADrev | S'GTGAACTTGCGGGGTTTTTCAGTATCTACG-3' | sequencing

primer




Table 1:
Primers used for both sequencing and PCR purposes through out the thesis



GAAAAGAGCAATATGGAAATAGATATGACCTACAAACTGRAAGCACTACAGCAAAGCGTT
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GAATTCGCGGCCGLCTCGACGCAGGCAAGGGGGACATCACATGGGATACAGACCTTTTGCA

CCTGGAGATAAAGAAGTGGCGAGACGAGGCTGAAGGATAAAARAACCTGTTACCCTTGAMA

ACAAGCCAAGGATTATTGTACCCCAGAGCAGAAATGTCTCCCCGGCAGGACGAGTACATG
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Figure 17:

The XROK« full length nucleotides and amino acid sequence

The coding sequence of XROKa with the corresponding amino acid sequence (in one letter
code). The bold-face regions (from amino-terminus to carboxy-terminus) correspond to the
kinase domain. Rho-binding domain and PH/CDR respectively. The boundaries of clones
A63 and SF7 are indicated.
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Figure 18:

Characterization of endogenous XROK« in Xenopus oocytes

Immunoprecipitation was carried out using either anti-XROKea. lane 2 and 3. or their
respective pre-immunesera. lane 1 and 4.(A) In vitro Kkinase assay showed
autophosphorylation of 200kDa band. (B) western blot analysis using anti XROKa. arrows
are pointing to endogenous XROKa
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Figure 19:

Kinase assays with myelin basic protein (MBP) as an exogenous substrate.
Endogenous XROKa protein was immunoprecipitated from oocyte lysate. Kinase activity
was performed using MBP as a substrate and [y*°P] ATP. In lanes 1 and 2 anti-XROKe
antibody was used. whereas preimmune serum was used in both lanes 3 and 4.



Chapter Four

DISCUSSION

4.1 XROK« as an IRS-1 binding protein

[n addition to the multiple tyrosine phosphoryvlation sites. IRS-1 contains several
identifiable protein modules (PH. PTB and SAIN) implicated in protein-protein and protein-
lipid interaction. Furthermore. these domains are the most highly conserved regions among
different members of the IRS family (Lavan er al.. 1997). For example. while the overall
homology between XIRS-1 and rat IRS-1 is about 65% identical in amino acid sequence. the
PH and PTB domain of XIRS-1 are more than 90% identical (Liu er al.. 1995). The highly
conserved nature of these protein modules prompted us to search for novel proteins
interacting with these domains. In this study. I describe the identification of Xenopus ROKa
as the first serine/threonine kinase that physically interacts with XIRS-1 PTB domain.

Many control experiments were carried out in this study to ensure that the interaction
between XIRS-1 and XROKe is specific. Before I started using the bait construct. two
experiments were carried out to ensure its suitability for the screening. The first was to
determine that XIRS-1.., when transformed into yeast alone. did not activate f-
galactosidase. Second. Western blot analysis was carried out to determine that a fusion
protein [HA-tagged GAL4-DB/XIRS-1, (] of expected size was indeed expressed in the

transformed yeast. The purpose of the first control was to ensure that XIRS-1, ., alone did
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not produce background false positive: that of the second control was to make sure that [ was
indeed searching for proteins interacting with XIRS-1(3-300) and not with a truncated or
mutated protein. due to errors either in PCR amplification of XIRS-1 or during subcloning.

Following isolation of the partial XROKa (SF7) as an [RS-1 binding proteins. several
more control experiments were carried out to verify the specificity of this interaction. First.
co-transformation was carried out using purified plasmids in two different veast strains
(HF7c and Y190) having slightly different genetic make-up. The co-transformation
experiments demonstrated that SF7 alone did not activate B-galactosidase expression. Rather.
its ability to activate f-galactosidase expression was dependent on the presence of bait
construct in the same cells. In other word. it was the interaction of XIRS-1(3-500) and SF7
that was responsible for the activation. Second. I carried out co-transformation using either
the vector (pAS2) or pAS2/VAMPI in combination with pPGAD10/SF7 which was negative
inf-galactosidase induction. These experiments suggest that SF7 did not interact non-
specifically with either the HA tag or the GAL4 DNA binding domain. but rather it interacts
with the XIRS-1 sequence.

In addition. in vivo confirmation of this interaction was done later in our lab by
injecting oocytes with Myc-tagged SF7 mRNA followed by immunoprecipitation using anti-
XIRS-1. but not a control antibody (anti-GST) resulted in co-immunoprecipitation of Myc-
SF7 detected by anti Myc antibody (Farah et al... in press).

These data suggest a direct binding between XIRS-1 and XROKa. although we
cannot exclude the possibility of accessory proteins that may mediate this binding. However

the presence of these accessory proteins in yeast seems unlikely. since veasts have not been
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found to have signalling systems such as the insulin receptor and IRS-1. Furthermore. if these
signalling accessory proteins were to exist in S. cerevisiae. it would be unlikely that they

localized in the nucleus where binding of the two hybrids occurs.

4.2 Cloning and characterization of full-length XROK«

The best evidence that support the notion that we have cloned Xenopus ROKe is
perhaps the fact the cloned sequence interacts strongly with an active form of RhoA (V14-
RhoA) (Fig. 10). The full-length Xenopus ROKe predicts a protein of 1370 amino acids with
calculated molecular weight of 159034 Daltons. This prediction is based on an initiation
codon (ATG) which is downstream from several in frame termination codons and
immediately preceded by a good Kozak consensus sequence (GAA) (see Fig 17) (Kozak.
1987). The termination codon following amino acid 1370 appears correct as well since
multiple termination codons are present in all three reading frames immediately after that
(not shown). Although the original SF7 clone contains at least 1.3 kb sequence 3' to the
termination codon. [ did not complete sequence analysis of the non-coding region. Therefore
it remains unknown at this point whether this region contains a polyadenylation signal
(AATAAA) or an actual polyA sequence typical of eukaryotic mRNA.

The predicted XROKa contains 1370 amino acids. 2 number aimost matches that of
rat ROK« (1379: leungh et al.. 1995). However. unlike rat ROK .. which was reported to be
a 160 kDa protein on SDS-PAGE. XROKa detected in Xenopus oocytes are over 200 kDa
by Western blotting (Fig.18). The reason for this discrepancy is not clear. We believe that

the >200 KD protein detected in Xenopus oocytes indeed represents XROK. First. while
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this protein was recognized by immune sera from two different rabbits. neither pre-immune
sera from the same two rabbits detected it (Fig. 18). Second. the >200 KD protein. like rat
ROKe. known to be serine threonine kinase. was capable of autophosphorylation and

phosphorylation of MBP (Fig. 19).

4.3 XIRS-1 PTB domain is responsible for binding XROKa

The yeast two-hybrid test indicates that the minimum region of XIRS-1 capable of
efficient binding to XROKe reside at amino acids 136-324. roughly corresponding to the
PTB domain. However. we do not vet know whether it is a functional PTB domain or a
smaller motif within it. is the binding domain. The distinction of these two possibilities must
await further investigation. For example. critical residues in the [IRS-1 PTB (Eck et al. 1996)
domain could be mutated to determine whether a functional PTB is indeed involved in
binding. Alternatively. phosphotyrosine peptides corresponding to the NPEpY
autophosphorylation site of insulin receptor can be used in competition experiments once an
in vitro binding assay is established. Nonetheless. it is interesting to note that the construct
containing both PH and PTB was much less potent than PTB alone in binding to SF7
XROKa. This may suggest that PH domain negatively regulates binding of the PTB to
XROKc.

PTB domain was originally identified as a protein module that recognizes
phosphotyrosines within the amino acid sequence NPXpY (Bork and Margolis. 1995.
Kavanaugh and Williams.1994). Recently. it has been reported that some PTB domains bind

YENPTY. regardless if the protein contains phosphotyrosine (Borg er al..1996). Neither
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NPXY nor YENPTY were present in the XROKa (Fig. 17). This suggests that XIRS-1 PTB
demain may interact with a yet unidentified motif in XROKa. Supporting this. several recent
studies have reported the involvement of PTB domains in a non-phosphotyrosine interactions
(Charest et al.. 1996. Borg. J.-P.. 1996. Kasus-Jacobi. 1997). One of these studies described
a phosphotyrosine-dependent interaction between IRS-1 and Shc. In addition. deletion
analysis of the proteins to map the domains implicated in this interaction shows that the PTB
of Shc binds to the region of IRS-1 comprising amino acids 583-661 (Kasus-Jacobi. A.
1997).

In an attempt to identify region within SF7 that is responsible for XIRS-1 binding.
I generated several pGADI10 fusion containing various sub-regions within SF7. Co-
transformation of each of these constructs with BD/XIRS-1, ,,, (the “bait™) was carried out.
Unfortunately. none of these constructs was able to inducef-galactosidase in veast when co-
transformed with the bait. whereas co-transformation of the bait with pGAD10-SF7 induced
B-galactosidase in the same experiments (not shown). Similar attempt was made to determine
whether any of these constructs express the anticipated GAL4-AD fusion was also
unsuccessful due to the poor quality of the commercial anti-GAL4-AD antibodies (Santa
Cruz). Further studies will therefore be needed to identify the motif in SF7 responsible for
binding XIRS-1.

In a related study carried out by Dr. Yehenew Agazie (Farah. er dl.. in press).
injection of cRNA corresponding to SF7 (the original “prey™ isolated from yeast) has
produced a protein that bound endogenous XIRS-1 and inhibited insulin-induced MAP

kinase activation with a concomitant inhibition of cocyte maturation. In contrast. a construct



-62-
containing the entire kinase domain (clone 63. Fig. 16) enhanced insulin signalling in
Xenopus oocytes. These data seem to suggest that full-length XROKa may participate
positively in insulin signalling leading the activation of MAP kinase (Farah er al. in press).
How do we explain these findings. particularly the role of XIRS-1 PTB domain in protein-
protein interaction ? Although it is possible that XROK« binding to XIRS-1 may interfere
with the presumed interaction of XIRS-1 with XIGF-1 receptor (a PTB-NPEpY interaction
discussed in Chapter 1) we consider the following more likely. We suggest that the PTB
domain may serve a dual. but sequential. function in linking both XIGF-1 receptor and
XROKGe. For example. the PTB domain may mediate a transient interaction between XIRS-1
and the receptor (NPEpY autophosphorylation site) which results in tyrosine phosphorylation
of XIRS-1. Tyrosine phosphorylated XIRS-1 may in turn bind XROKe via another PTB-
mediated interaction resulting in modulation of XROKa kinase activity and/or subcellular
localization. Alternatively. XIRS-1 may have to be phosphorylated by XIGF-1 receptor and.
subsequently. by XROKa and both phosphorylation events are mediated by XIRS-1 PTB
domain (in sequence).

In summary. we have identified the first serine/threonine kinase (apart from PI 3-
kinase which also possesses protein kinase activity and which binds IRS-1 through its non-
catalytic p85 subunit) capable of interacting with IRS-1 both physically and functionaliy.
Further studies using the reagents generated through these studies will undoubtedly reveal

novel and significant information on insulin signalling.
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