
TRUNCATED VARIANT OF THE MAMMAT,TAN TARGET FOR
RAPAMYCIN (mTOR) PROTEIN Field of the Invention The
present invention relates to a truncated variant of
the mammalian target for rapantycin (mTOR) protein.
Background of the Invention The mammalian target of
rapamycin (mTOR) is a serine/threonine kinase, which
belongs to a large family of PI3K-related kinases,
which also includes DNA-dependent protein kinase, ATM
and ATR. Biochemical and genetic studies demonstrated
that mTOR integrates growth factor stimulation,
energy, and nutrient availability to regulate
biosynthetic processes responsible for cell growth,
size, and cell cycle progression. The regulation of
mTOR kinase activity in response to various
extracellular cues has been extensively studied in the
last decade. A whole range of cellular proteins with
various enzymatic activities, scaffold and adaptor
functions have been implicated in signaling to and
regulating the activity of mTOR, including protein
kinases PKB/Akt and AMPK, tumor suppressors PTEN and
tuberous sclerosis complex TSC1/2, small GTP-binding
protein Rheb, scaffolding proteins Raptor and Rictor.
In an activated state, mTOR transduces signaling and
metabolic information by phosphorylating major
downstream targets, such as S6Ks, 4E-BP1 and PKB/Akt.
Studies from various laboratories indicated that mTOR
exists in two functionally distinct complexes, termed
mTOR complex 1 (mTORCl) and mTORC2. The mTORCl
contains the core components mTOR, raptor, and
mLST8/GbL, and is sensitive to rapamycin. The mT0RC2
is believed to be rapamycin insensitive and contains
mTOR, Rictor, and mLST8/GbL. Rapamycin and its
analogues are currently evaluated as anticancer drugs
in a number of clinical trials. In addition, they are
now widely used for coating stents to reduce
poststenting restenosis after coronary angioplasty. In
contrast to yeasts, which have two TOR genes, mammals
possess only one gene, known to encode a single
polypeptide with molecular weight of approximately 280
kDa. One important downstream target of mTOR is S6K.
S6 kinase (p70 S6 kinase (p70s6k)) is responsible for
S6 phosphorylation of the ribosomal S6 protein, which
is a component of the 4OS subunit of eukaryotic
ribosomes (z.e., the cellular machinery 



responsible for translation of mRNA and protein
synthesis). It is also believed to be themajor
physiological S6 kinase in mammalian cells (Proud,
1996 Trends Biochem. Sci. 21:181-185). The 4OS
ribosomal protein S6 is a component of the 4OS subunit
of eukaryotic ribosomes. The S6 protein is
phosphorylated in response to certain cellular
signaling events such as hormone or growth factor
induced cellular proliferation. S6 Kinase is activated
by a variety of growth factors such as insulin, and
mitogens (Alessi et al, 1998 Curr. Biol. 8:69-81).
Certain drugs that regulate S6 kinase activity have
been identified including rapamycin, which is the most
potent inhibitor of S6 kinase (Pullen et al, 1997 FEBS
Letters 410:78-82). The structure of and some
functions of S6 kinase alpha and S6 kinase beta are
disclosed in U.S. Patent 6,830,909, herein
incorporated by reference in its entirety. S6 kinase
has been shown to be both phosphorylated and
acetylated. It was found that S6 kinase protein is
acetylated both in vivo and in vitro by p300 and P/CAF
acetyltransferases. More accurate to say that in
conditions under which 86K acetylation is increased
(i.e., presence of HDAC inhibitors/overexpression of
p300), S6 kinase activity and 412 phosphorylation are
reduced. Mutation of the P-loop lysines (which are
acetylated by p300 in vitro) to glutamine. which
mimics acetylation, results in the complete
inactivation of S6Ks and loss of 412 phosphorylation.
S6K2 (S6K beta) has also been shown to possesses an
AT-hook DNA binding motif. Thus, S6 kinase 2 protein
binds to DNA and is thereby activated which in turn
stimulates its kinase activity. Therefore, S6K2 is
thought to transduce growth-promoting effects in
response to mitogens and nutrients. This may involve
the regulation of transcription factors and/or
chromatin remodeling proteins by phosphorylation, when
S6K2 complexes with DNA and is activated by this
interaction. Regulation of S6 Kinase protein activity
and related methods are disclosed in WO 2007/019421,
incorporated herein by reference in its entirety.
Summary of the Invention The present invention relates
to a newly discovered splice form of mTOR, called mTOR
beta (mTORb) . In particular, the invention provides
an isolated polypeptide which phosphorylates S6K1
and/or 4E-BP1 selected from the group consisting of:
(a) an isolated polypeptide comprising the amino acid
sequence of SEQ ID NO: 2; (b) an isolated polypeptide
comprising an amino acid sequence having at least 75% 



sequence identity with the amino acid sequence of SEQ
ID NO: 2; and(c) an isolated polypeptide comprising
the amino acid sequence encoded by SEQ ID NO: 1. The
invention also provides: An isolated polynucleotide
selected from the group consisting of: (a) a
polynucleotide encoding a polypeptide of the
invention; (b) a polynucleotide comprising the
nucleotide sequence of SEQ ID NO: 1 or the complement
thereof; (c) a polynucleotide comprising a nucleic
acid sequence having at least 80% sequence identity
over the entire contiguous sequence of SEQ ID NO : 1
and encoding a protein that phosphorylates S6K1 and/or
4E-BP 1; and (d) an isolated nucleic acid molecule
which hybridizes to the nucleotide sequence of SEQ ID
NO: 1 or the complement thereof under conditions which
employ 0.1 SSC at 680C and encoding a protein which
phosphorylates S6K1 and/or 4E-BP1. A vector comprising
a polynucleotide of the invention. - A host cell
comprising a polypeptide of the invention, a
polynucleotide of the invention or a vector of the
invention. An isolated antibody that specifically
binds to a polypeptide of the invention. A method for
producing a polypeptide comprising culturing a host
cell of the invention under conditions in which a
polypeptide of the invention or a polypeptide encoded
by a polynucleotide of the invention is expressed. A
method of screening for an agent that modulates
mTORbeta activity, comprising the following steps: (a)
contacting a polypeptide of the invention with a test
agent; and (b) detecting any change in the activity of
said polypeptide, wherein a change in activity is
indicative of an agent capable of modulating mTORbeta
activity. A method of screening for an agent that
modulates mTORbeta expression and/or activity,
comprising the following steps: (a) providing a host
cell according to claim 5 that comprises or expresses
a a polypeptide of the invention or a polypeptide
encoded by a polynucleotide of the invention; (b)
contacting said host cell with a test agent; and 



(c) detecting any change in the expression and/or
activity of said polypeptide, wherein a change in
expression and/or activity is indicative of an agent
capable of modulating mTORbeta expression and/or
activity.8 001548 A method of treating a disease
associated with aberrant expression of a polypeptide
of the invention comprising administration of an
effective amount of an agent to a subject in need
thereof, wherein said agent alters the activity and/or
expression of said polypeptide. - An agent that alters
activity and/or expression of a polypeptide of the
invention for use in the treatment of a disease
associated with aberrant expression of said
polypeptide. Brief Description of the Drawings Figure
1 shows a Western blot analysis of niTOR expression in
rat tissues using the C-terminal and FIl anti-mTOR
antibodies. Protein extracts (30 mg) of rat tissues
were resolved by SDS-PAGE, transferred to a PVDF
membrane, and probed with the Cterminal mTOR
polyclonal antibodies from Cell Signaling (upper
panel). The membrane was then stripped and reprobed
with anti-actin antibodies (lower panel). Figure 2
shows a Northern blot analysis of mTOR expression in
human tissues. The blot was stripped and reprobed for
b-actin expression (lower panel). Figure 3 shows
immunoprecipitation of mTORb from Hep2G, Hek293 and
MCF7 cells with the C-terminal anti-mTOR antibodies.
The lysates of Her2G, Hek293 and MCF7 cells were
immunoprecipitated with the C-terminal anti-mTOR
antibodies * (Cell Signaling) and immune complexes
probed in Western blotting with the N-temiinal
anti-mTOR antibodies (Santa Cruz). Figure 4 shows the
identification of potential mTOR splice variant in
human cell lines by PCR. Figure 4A shows agarose gels
for the total RNA and mTOR beta RNA from Hep2G,
HEK293, and MCF7. Total RNA was purified from Hep2G,
HEK293 and MCF7 cell lines and converted into first
strand DNAs. A set of mTOR specific primers was used
in PCR reactions to search for potential splice
variants. Amplified fragments were resolved by
electrophoresis in 2% agarose gel. The most prominent
bands were excised from the gel and sequence analyzed.
One set of primers (Nl and 



C3) consistently amplified a 100 bp fragment from
three cell lines. Specific fragments of
glyceraldehyde-3 -phosphate dehydrogenase (GADPH) and
b-actin were amplified and used as loading and quality
controls of first strand DNA. Figure 4B shows the
sequence alignment of 100 bp PCR fragments, amplified
with Nl and C3 mTOR specific primers. Amplified
fragments were sequenced and aligned by Clustal
Wprogram. The position of the potential splice fusion
is indicated by an arrow. Figure 4C shows the amino
acid sequence of a 100 bp PCR product, amplified with
Nl and C3 mTOR specific primers. The arrow indicates
the position of a potential splice fusion. The
sequences, corresponding to the N-terminal region and
the FATN domain of mTOR are underlined. Figure 5 shows
the domain organization of the full-length mTORa and
mTORb splicing isoform. The location of each domain,
including its amino acid position, is indicated. The
localization of the epitopes, corresponding to
anti-mTOR antibodies is indicated. Regions mediating
the interaction of known mTOR binding partners are
underlined. There are 20 HEAT motifs (Huntingtin, EF3,
A subunit of PP2A and Tor) of 37-43 amino acids each
which are implicated in protein-protein interactions.
HEATl 8 and 19 are sufficient to target mTOR to the ER
or Golgi. mTOR dimerizes via these HEAT regions. FAT
domain = FRAP/ATM/TRAPP; FATN = FAT domain at
N-terminus; FATC = FAT domain at C-terminus. The FATC
domain was found to be necessary for mTOR kinase
activity and function. FRB (FKBP 12-rapamycin binding)
domain is a conserved 11 kDa region necessary and
sufficient for FKBPl 2-rapamycin binding. KD = kinase
domain, believed to be a PI3K-related domain. RD =
regulatory domain. Figure 6 shows that mTORb is
phosphorated at a serine residue corresponding to
Ser2448 of the entire mTORa amino acid sequence in
response to serum stimulation and phosphorylates S6K1
and 4E-BP1 in in vitro kinase assay. Figure 6A shows a
gel of cells expressing mTORb upon transfection with
pcDNA 3.1 mTORb. HEK293 cells were transfected with
pcDNA3.1 or pcDNA 3.1 mTORb. One day later, cells were
starved for 24 hours and than stimulated with 10%
fetal bovine serum for 1 hour. Rapamycin (1OnM) was
added 30 minutes before stimulation. Cells were lysed,
resolved by SDS-PAGE and immunobloted with the
C-terminal anti-mTOR and pS2448 mTOR antibodies.
Figure 6B shows the results of the mTOR in vitro
kinase assay. 



HEK293 cells were transfected with pcDNA3.1, pcDNA
3.1/FLAG-mTOR b or pcDNA 3.1/FLAG-mTORa. Two days
later, cells were lysed and immunoprecipitated with
anti- FLAG antibody. The immune complexes were used in
mTOR in vitro kinase assay with His-4E-BPl and
His-S6K1C as substrates. Kinase reactions were
resolved by SDS-PAGE and immunoblotted with
phosphospecific antibodies to 4E-BP1 p65 andS6K1 p389.
The level of immunoprecipitated FLAG-mTORa and
FLAG-mTOR b was measured by Western blotting with
anti-FLAG. Figure 7 shows the specific interaction of
mTORb with Raptor, Rictor, and GbL. HEK293 cells were
transfected with pcDNA3.1-mTOR b-FLAG and pRKRaptor-
HA or pcDNA3.1-mTORb-FLAG and pRK-Rictor-Myc or
pcDNA3.1-mTORb- FLAG and pcRK-GbL. The supernatants of
lysed cells were immunoprecipitated with anti-FLAG
antibody or control nonspecific antibody. The immune
complexes or total cell lysates from transfected cells
(15 mg) were resolved by SDS-PAGE and probed in
Western blotting with anti-HA, anti-Rictor, or
anti-GbL antibodies. Figure 8 shows that mTORb is less
sensitive to Rapamycin in comparison to mTORa. HEK293
cells were transfected with pcDNA3.1, pcDNA 3.1 mTORb,
or pcDNA 3.1 mTORa. One day later, cells were starved
for 24 hours and then stimulated with 10% serum for 1
hour. Various concentrations of Rapamycin were added
30 minutes before stimulation. Cells were lysed,
resolved by SDS-PAGE and immunobloted with the
C-terminal mTOR antibody, anti-actin and different
phosphospecific antibodies. Figure 9 shows the
subcellular localization of mTORb. Exponentially
growing HEK293 cells were fractionated using
ProteoExstract Extraction kit (Calbiochem). mTORa and
mTORb were immunoprecipitated from all fractions using
anti-mTOR Cterminal antibodies and immune complexes
resolved by SDS-PAGE and immunoblotted with anti-mTOR
N-terminal antibodies. Anti-4EBP1, HSP60, and c-Jun
antibodies were used as controls for cytoplasm,
membrane, and nuclear fractions, respectively. Figure
10 shows that overexpression of mTORb but not mTORa
induces cell proliferation. Hek293 stable cell lines,
over-expressing mTORb wt, mTORa wt or EGFP were seeded
into a 96 well plate at various densities (250, 500,
1000 and 2000 cells per well) and grown under standard
conditions for 7 days. Cell numbers were than measured
in each well by a Resosurin based assay. Normalized
growth curves for each 



cell line were calculated using data from six
independent experiments (A). Western blot analysis of
total cell lysates of stable cell lines with
antibodies to c-myc and its transcription targets (B).
The level of proteins was densitometrically measured,
actin normalized and folds were calculated against
EGFP expressing stable cell line (C). Figure 11 shows
that mTORb kinase activity is required for the
induction of proliferation. HEK293 stable cell lines,
overexpressing mTORb wt, mTORb kinasedead or EGFP were
seeded into 96 well plate at various densities (1000,
2000, 4000 and 8000 cells per well) and grown under
standard conditions for 5 days. Cell numbers were then
measured in each well by Resazurin based assay.
Normalized growth curves for each cell line were
calculated using data from six independent experiments
(A). Western blot analysis of total cell lysates of
stable cell lines with antibodies to c-myc and its
transcription targets. The level of proteins was
densitometrically measured, actin normalized and folds
were calculated against EGFP expressing stable cell
line (B). Figure 12 shows that mTOR b is critical for
Gl progression of the cell cycle. HEK293 cells stably
overexpressing mTOR b, mTORa or EGFP were pulse
labeled with BrdU for 30 minutes and chased every 2
hours for 24 hours. The incorporation of BrdU was
measured by FACS analysis. Duration of Gl, S and G2
phases of cell cycle observed for each cell line is
presented on graph. SD, p=0.05. Figure 13 shows that
overexpression of mTORb protects cells from
starvationinduced cell death (A). mTOR b kinase
activity is required for mediating pro-survival effect
(B). Hek293 stable cell lines, overexpressing mTOR b
wt, mTOR a wt, mTOR b kinase dead or EGFP were serum
starved for 60 hours. Cell survival was assessed by
the Trypan Blue dye exclusion assay. Data are means
SE of 5 experiments. * P value  O.Ol. Figure 14 shows
that mTOR b overexpression leads to increase in cell
oncogenic potential. HEK293 cells stably
overexpressing mTORb, mTOR a or EGFP were plated in a
thin layer of agarose in culture medium. After 14
days, colonies were stained using MTT (A). Colonies
were counted using Quantity One Software (Bio-Rad) and
folds were plotted (B). Data are means  SE of 4
experiments. * P value < 0.01. Brief Description of
the Sequence Listing SEQ ID NO: 1 is the
polynucleotide sequence encoding the human mTOR beta
splice variant and SEQ ID NO: 2 is the amino acid
sequence of the human mTOR beta 



protein. SEQ ID NO: 3 is the polynucleotide sequence
encoding the full-length human mTOR alpha protein and
SEQ ID NO: 4 is the amino acid sequence of the human
mTOR alpha protein. SEQ ID Nos 5 to 8 are the primers
used in Example 4.SEQ ID NO: 9 is an amplified
fragment produced by PCR from human MCF7, Keh293 and
HEP2G cell lines and SEQ ID NO: 10 is the amino acid
sequence encoded by SEQ ID NO: 9. Detailed Description
of the Invention The present invention is based on the
identification and characterization of a new splice
form of the mammalian target for rapamycin (mTOR)
protein. This is the first time that the existence of
a new splice form (termed herein after mTOR beta or
mTORb) of mTOR has been shown. The present invention
is based on assays for the mTOR beta protein and
studies of its activity. It has been determined that
mTOR beta is a splice fusion of N-terminal amino acids
1 to 23 and the C-terminal amino acids 1867 to 2549 of
the currently known mTOR (hereinafter mTORa), which
produces a fusion protein 706 amino acids in length
(SEQ ID NO: 2). In the fusion protein, the regulatory
HEAT and FAT domains are lost. It has also been shown
that mRNA transcripts corresponding to mTORb are
highly expressed in heart and liver, while kidney,
liver, blood, small, and large intestine have the
highest protein level of mTORb. Furthermore, similarly
to the full-length mTORa, the splice form is also
capable to associate with substrate-presenting
molecules Raptor, Rictor, and GbL. mTORb can also
phosphorylate S6K1 and 4E-BP1 in vitro. In addition,
it was shown that mTORb is phosphorylated at a serine
residue corresponding to Ser244S (S2448) of the entire
mTORa amino acid sequence (Ser605 of mTOR b) in
response to serum stimulation. Phosphorylation of
mTORb at a serine residue corresponding to Ser2448 of
the entire mTORa amino acid sequence is sensitive to
Rapamycin. Also, it was shown that when compared to
mTORa, mTOR b is less sensitive to Rapamycin. As used
herein, the term "mTOR beta" (mTORb) refers to the
splice-form of mTOR. For example, the inventors have
found that the polypeptide of SEQ ID NO: 2 is a
naturally occurring human mTOR beta polypeptide. This
protein is thought to be 706 



amino acids in length and is encoded by a nucleic acid
of SEQ ID NO: 1, approximately 2121 nucleotides in
length. As used herein, the term "mTOR alpha" (mTORa)
refers to full-length mammalian target for rapamycin
(mTOR) protein. For example, the human mTOR alpha
polypeptide is thought to be a protein approximately
2549 amino acids in length (SEQ ID NO: 4) and is
thought to be encoded by a nucleotide of SEQ ID NO:
3.Polypeptides The present invention provides mTOR
beta polypeptides. A "polypeptide" is used herein in
its broadest sense to refer to a compound of two or
more subunit amino acids, amino acid analogs, or other
peptidomimetics. The term "polypeptide" thus includes
short peptide sequences and also longer polypeptides
and proteins. As used herein, the term "amino acid"
refers to either natural and/or unnatural or synthetic
amino acids, including glycine and both the D or L
optical isomers, and amino acid analogs and
peptidomimetics. The polypeptides of the present
invention are preferably provided in isolated form. As
used herein, a protein is said to be isolated when
physical, mechanical, or chemical methods are employed
to remove the protein from cellular constituents that
are normally associated with the protein. A skilled
artisan can readily employ standard purification
methods to obtain an isolated protein. The present
invention includes mTOR beta (mTORb polypeptides. An
mTOR beta polypeptide according to the invention may
be a naturally occurring mTOR beta polypeptide, or may
be a variant, derivative or fragment thereof as
described herein. In one embodiment of the invention,
an mTOR beta po peptide consists of, consists
essentially of or comprises the amino acid sequence of
SEQ ID NO: 2. In one embodiment of the invention, an
mTOR beta polypeptide is a splice fusion between
Nterminal amino acids 1 to 23 and the C-terminal amino
acids 1867 to 2549 of mTORa, such as those amino acids
in the mTORapoypeptide of SEQ ID NO: 4. In another
embodiment of the invention, the mTOR beta polypeptide
consists of, consists essentially of or comprises a
sequence having at least 75% or at least 95% sequence
identity with the amino acid sequence of SEQ ID NO: 2
and phosphorylates S6K1 and/or 4E-BP1. A polypeptide
of the invention may be encoded by a polynucleotide of
the invention as described herein, such as by the
nucleotide sequence of SEQ ID NO: 1 or 



by a polynucleotide comprising SEQ ID NO: 1. A
polypeptide of the invention may be encoded by a
polynucleotide having at least 80% or at least 95%
sequence identity over the entire contiguous sequence
of SEQ ID NO: 1, or by a polynucleotide that
hybridizes to the polynucleotide of SEQ ID NO: 1 under
conditions that employ O.lx SSC at 68C. The
polypeptide encoded by such polynucleotides will be
capable of phosphorylating S6K1 and/or 4E-BP1.The mTOR
beta polypeptide may be a naturally occurring mTOR
beta polypeptide or a variant, derivative or fragment
thereof. The naturally occurring mTOR beta polypeptide
may be an mTOR beta polypeptide that is naturally
expressed in any species, preferably a mammalian
species. For example, a suitable naturally occurring
mTOR beta polypeptide may be a mammalian mTOR beta
polypeptide from a human, a non-human primate, a
rodent (e.g. rat or mouse), a rabbit, a horse, or a
livestock animal (e.g. a goat, sheep, pig or cow). The
mTOR beta polypeptide may be a rabbit, mouse, rat,
porcine, bovine, ovine, equine, human or non-human
primate mTORb polypeptide. Preferably, the mTOR beta
polypeptide is a human mTOR beta polypeptide. For
example, the amino acid sequence of a human mTOR beta
polypeptide is given in SEQ ID NO: 2. The
polynucleotide sequence encoding a human mTOR beta
polypeptide is given in SEQ ID NO: 1. An mTOR beta
polypeptide according to the invention may be any such
naturally occurring mTOR beta polypeptide, such as a
human polypeptide, or may be an allelic variant
thereof. Allelic variants, though possessing a
slightly different amino acid sequence than those
recited above, will still have the same or similar
biological functions associated with the disclosed
protein. The mTOR beta polypeptide may be a variant
polypeptide, such as a derivative, analog, polypeptide
fragment or mimetic of a naturally occurring mTOR beta
peptide. Such a variant polypeptide preferably retains
the same biological function or activity as a
naturally occurring mTOR beta peptide. The activity
may be any activity possessed by a naturally occurring
mTOR beta polypeptide. A number of activities of mTOR
beta are disclosed herein. A suitable variant
polypeptide may have any one or more of these
activities. For example, a variant polypeptide may
retain the ability to be acetylated and/or the ability
to phosphorylate second proteins and/or the ability to
bind DNA. For example, a suitable variant polypeptide
may induce cMyc impression. A suitable variant
polypeptide may be phosphorylated at a serine residue
corresponding to S2448 



of the entire mTORa amino acid sequence of SEQ ID NO:
4 (Ser605 of the mTORb polypeptide of SEQ ID NO: 2). A
suitable variant polypeptide may have the ability to
phosphorylate S6K1. A suitable variant polypeptide may
have the ability to phosphorylate 4E-BP1 . A suitable
variant polypeptide may have the ability to
phosphorylate S6K1 and 4E-BP1. A suitable variant
polypeptide may interact with one, two, or all three
of Raptor, Rictor and GbL. A suitable variant
polypeptide may induce cell proliferation. A suitable
variant polypeptide may protect cells from
starvationinduced cell death. A suitable variant
polypeptide may increase the oncogenic potentialof a
cell. A suitable variant polypeptide may decrease the
length of the Gl phase of the cell cycle. Methods for
assessing these activities are described herein and
would be readily understood by the skilled reader. The
Examples show how such activities may be assessed and
use the polypeptide of SEQ ID NO: 2 as an example.
These methods could be readily adapted for use with
other polypeptides as described herein. An mTORb
polypeptide of the invention may retain one or more
functions of a full length mTORapolypeptide. These
functions may include one or more of: kinase activity;
avtivations through the phosphorylation of a serine
residue corresponding to S2448 of the mTORa amino acid
sequence of SEQ ID NO: 4 (Ser605 of the mTOR b
polypeptide of SEQ ID NO: 2); the ability to
phosphorylate other proteins, such as the ability to
phosporylate S6K1 and/or the ability to phosphorylate
4E-BP1 ; the ability to interact with, or bind to,
one, two, or all three of Raptor, Rictor and GbL. An
mTOR beta polypeptide of the invention may retain at
least one activity of naturally occurring mTOR beta
that is different to that of full length mTOR alpha
polypeptide. For example, as described herein, cells
expressing mTORb proliferate faster than cells
expressing mTORa; expression of mTORb, but not mTORa,
leads to induction of c-Myc protein expression; cells
expressing mTORb have a shorter duration of Gl phase
than cells expressing mTORa; expression of mTORb, but
not mTORa, protects cells against the effects of serum
starvation; expression of mTORb leads to an increase
in cell oncogenic potential compared to cells
expressing mTORa. An mTORb polypeptide of the
invention may retain any one or more of these
differences when compared to an mTORapolypeptide.
Polypeptide variants include, but are not limited to,
deletion, addition or substitution variants of a
naturally occurring mTORb polypeptide such as the 



polypeptide of SEQ ID NO: 2. For example, a suitable
variant may be a substitution, deletion or addition
variant of such a sequence or may be a fragment of any
such sequence. A variant polypeptide may comprise 1,
2, 3, 4, 5, up to 10, up to 20, up to 30, up to 40, up
to 50, up to 75 or more amino acid substitutions
and/or deletions from a naturally occurring mTORb
polypeptide sequence, such as from SEQ ID NO: 2.
"Substitution" variants preferably involve the
replacement of one or more amino acids with the same
number of amino acids and making conservative amino
acid substitutions. A polypeptide may have
conservative substitution of one or more amino acids
with one or more other amino acids. One skilled in the
art is aware that various amino acids have similar
characteristics. One or more such amino acids of
apolypeptide can often be substituted by one or more
other such amino acids without eliminating a desired
property of that polypeptide (such as
acetyltransferase activity). For example, an amino
acid may be substituted with an alternative amino acid
having similar properties, for example, another basic
amino acid, another acidic amino acid, another neutral
amino acid, another charged amino acid, another
hydrophilic amino acid, another hydrophobic amino
acid, another polar amino acid, another aromatic amino
acid or another aliphatic amino acid. Some properties
of the 20 main amino acids which can be used to select
suitable substituents are as follows: For example, the
amino acids glycine, alanine, valine, leucine, and
isoleucine can often be substituted for one another
(amino acids having aliphatic side chains). Of these
possible substitutions it is preferred that glycine
and alanine are used to substitute for one another
(since they have relatively short side chains) and
that valine, leucine and isoleucine are used to
substitute for one another (since they have larger
aliphatic side chains which are hydrophobic). Other
amino acids that can often be substituted for one
another include phenylalanine, tyrosine and tryptophan
(amino acids having aromatic side chains), lysine,
arginine and histidine (amino acids having basic side
chains); aspartate and glutamate (amino acids having
acidic side chains); asparagine and glutamine (amino
acids having amide side chains); and cysteine and
methionine (amino acids having sulphur containing side
chains).As used herein, a conservative variant refers
to alterations in the amino acid sequence that do not
adversely affect a biological function or activity of
the protein such as a function/activity as described
above. For example, conservative variants may retain
their ability to be acetylated, the ability to
phosphorylate second proteins and the ability 



to bind DNA. A substitution, insertion, or deletion is
said to adversely affect the protein when the altered
sequence prevents or disrupts a biological function or
activity associated with the protein. For example, the
overall charge, structure, or hydrophobic/hydrophilic
properties of the protein can be altered without
adversely affecting a biological activity.
Accordingly, the amino acid sequence can be altered,
for example to render the polypeptide more hydrophobic
or hydrophilic, without adversely affecting the
biological activities of the protein. Variant
polypeptides may have an amino acid sequence having at
least about 75% amino acid sequence identity with a
naturally occurring mTOR b polypeptide sequence, such
as with the entire sequence set forth in SEQ ID NO: 2,
more preferably at least about 80%, at least about
90%, at least about 95%, at least about 97%, and most
preferably at least about 99% sequence identity. For
example, human, mouse and rat TOR share 95% identity
on the protein level. Any of these levels of amino
acid identity may be present across the full length of
the naturally occurring mTOR b polypeptide sequence,
or may be present across a subsection of the full
length sequence, such as across 50, 100, 150, 200 or
more amino acids thereof. Any of these levels of amino
acid identity may be present across the full
contiguous mTORb polypeptide sequence. The level of
sequence identity may vary in different regions of the
mTORb sequence. For example, a variant mTORb may have
at least 75% amino acid identity across the full
length of a naturally occurring mTORb polypeptide, but
may have a higher level of sequence identity within
some regions. For example, such a variant po peptide
may retain one or more conserved domains from the
naturally occurring sequence. Identity or homology
with respect to such sequences is defined herein as
the percentage of amino acid residues in the candidate
sequence that are identical with the known peptides,
after aligning the sequences and introducing gaps, if
necessary, to achieve the maximum percent homology,
and not considering any conservative substitutions as
part of the sequence identity. Fusion proteins, or
N-terminal, Cterminal or internal extensions,
deletions, or insertions into the polypeptide sequence
shall not be construed as affecting homology.In
connection with amino acid sequences, "sequence
identity" refers to sequences which have the stated
value when assessed using ClustalW (Thompson et al.,
1994, supra) with the following parameters: Pairwise
alignment parameters -Method: 



accurate, Matrix: PAM, Gap open penalty: 10.0O5 Gap
extension penalty: 0.10; Multiple alignment parameters
-Matrix: PAM, Gap open penalty: 10.00, % identity for
delay: 30, Penalize end gaps: on, Gap separation
distance: 0, Negative matrix: no, Gap extension
penalty: 0.20, Residue-specific gap penalties: on,
Hydrophilic gap penalties: on, Hydrophilic residues:
GPSNDQEKR. Sequence identity at a particular residue
is intended to include identical residues which have
simply been derivatized. Preferred "derivatives" or
"variants" include those in which instead of the
naturally occurring amino acid the amino acid which
appears in the sequence is a structural analog
thereof. Amino acids used in the sequences may also be
derivatized or modified, e.g. labelled, providing the
function of the peptide is not significantly adversely
affected. Derivatives and variants as described above
may be prepared during synthesis of the peptide or by
post- production modification, or when the peptide is
in recombinant form using the known techniques of
site- directed mutagenesis, random mutagenesis, or
enzymatic cleavage and/or ligation of nucleic acids.
Deletion and insertion variants of the polypeptides
are within the scope of the present invention. Amino
acid deletions can be advantageous since the overall
length and the molecular weight of a polypeptide can
be reduced whilst retaining a desired activity. This
can enable the amount of polypeptide required for a
particular purpose to be reduced. "Deletion" variants
may comprise the deletion of individual amino acids,
deletion of small groups of amino acids such as 2, 3,
4 or 5 amino acids, or deletion of larger amino acid
regions, such as the deletion of specific amino acid
domains or other features. Amino acid insertions
relative to a polypeptide can also be made. This may
be done to alter the nature of the polypeptide (e.g.,
to assist in identification, purification or
expression). Polypeptides incorporating amino acid
changes (whether substitutions, deletions or
insertions) relative to the sequence of a polypeptide
as defined above can be provided using any suitable
techniques. For example, a nucleic acid sequence
incorporating a desired sequence change can be
provided by site-directed mutagenesis. This can then
be used to allow the expression of a polypeptide
having a corresponding change in its amino acid
sequence.The polypeptides of the present invention
include naturally occurring mTOR b molecules, such as
the polynucleotide having the amino acid sequence
disclosed in SEQ 



ID NO: 2, and amino acid sequence variants of any
thereof wherein one or more amino acid residues has
been inserted N- or C- terminal to, or within, the
disclosed coding sequence. As explained above, the
mTORb polypeptide of SEQ ID NO: 2 is formed by
splicing together two fragments from a full length
mTORapolypeptide. SEQ ID NO: 2 thus comprises amino
acids 1 to 23 and 1867-1549 of SEQ ID NO: 4. A variant
mTOR b may comprise the equivalent fragments from
another mTORapolypeptide, such as for another
naturally occurring mTORapolypeptide. The equivalent
amino acids in a related polypeptide ma} be readily
identified by, for example, sequence alignment and
comparison. A variant mTORb may thus be formed by
combining an N terminal fragment and a C terminal
fragment from a naturally occurring mTORa polypeptide.
A variant mTORb polypeptide may also vary in sequence
from such N and C terminal fragments. For example, a
variant mTORb polypeptide may have any of the degress
of amino acid sequence identity discussed above when
compared to the relevant N and C terminal fragments
from any naturally occurring mTORapolypeptide. A
variant mTORb may comprise different fragments from an
mTORa polypeptide that can be spliced together to form
a polypeptide having mTORb activity as defined above.
Using the mTORapolypeptide of SEQ ID NO: 4 as an
example, the mTOR b polypeptide of the invention may
comprise amino acids 1 to 23 of SEQ ID NO: 4, or may
comprise more or fewer amino acids from the N-terminal
of mTORa. A suitable fragment of mTORamay start from
residue 1 of SEQ ID NO; 4 or may start from a
subsequent residue, such as amino acid 2, 3, 4, 5, 6
or a later amino acid. A suitable fragment of mTORamay
end at residue 23 of SEQ ID NO: 4 or may end at a
different residue such as amino acid 18, 19, 20, 21,
22, 24, 25, 26, 27 or 28 or an earlier or later amino
acid residue. Any combination of these start and end
points may be used to form a suitable fragment. A
suitable fragment from the N terminal of mTORamay be,
for example, 15, 17, 18, 20, 21, 22, 23, 24, 25, 27,
30, 35 or more amino acids in length. Similarly, the
mTORb polypeptide may comprise amino acids 1867-2549
of SEQ ID NO: 4 or may comprise more or fewer amino
acids from the C-terminal of mTORa. A suitable
fragment of mTORamay start from residue 1867 of SEQ ID
NO; 4 or may start from a different residue, such as
amino acid 1860, 1861, 1862, 1863, 1864, 



1865, 1866, 1868, 1869, 1870, 1871, 1872, 1873 or an
earlier or later amino acid. Asuitable fragment of
mTORamay end at residue 2549 of SEQ ID NO: 4 or may
end at an earlier residue such as amino acid 2548,
2547, 2546, 2545, 2544 or an earlier amino acid
residue. However, it is preferred that the C-terminal
fragment of mTORaincludes the FATC domain located at
amino acids 2517 to 2549 of SEQ ID NO: 4. Any
combination of these start and end points may be used
to form a suitable fragment. A suitable fragment from
the C terminal of mTORamay be, for example, up to 680,
681, 682, 683, 684, 685, 686, 690, 695, 700 or more
amino acids in length. The mTORb polypeptide may
comprise any combination of such N-terminal and
C-terminal fragments from an mTORapolypeptide. Such
fragments may be further modified from a naturally
occurring sequence by substitution, addition or
deletion as described herein. As described above, the
mTORb polypeptide will retain at least one
function/activity of mTORb, such as at least one
function/activity of mTORa. As shown in Figure 5, the
mTORb of SEQ ID NO: 2 retains certains domain from
mTORa, but lacks others. For example, the mTORb of SEQ
ID NO: 2 lacks the regulatory HEAT and FATN domains
from mTORa. It therefore appears that these domains
are unnecessary for the function fo mTORb. The mTORb
polypeptide may therefore lack one, more or all HEAT
domains from an mTORapolypeptide. The mTORb may
completely lack functional HEAT domains. The mTORb
polypeptide may lack the FATN domain from an
mTORapolypeptide. The mTORb po peptide may lack a
functional FAT domain. The mTORb polypeptide of SEQ ID
NO:2 does, however, retain other domains from mTORa.
Amino acids or structural features from these domains
may be responsible for the various activities of
mTORb. The mTORb polypeptide may therefore retain an
FRB domain and/or a kinase domain (KD) and/or a
regulatory domain and/or an FATC domain. The FRB
domain is necessary and sufficient for
FKBP12-rapamycin binding. The mTORb polypeptide may
retain an FRB domain. The mTORb polypeptide may retain
an alternative or variant domain that confers
FKBP12-rapamycin binding ability. The kinase domain is
a P13 kinase-related domain. The mTORb polypeptide may
retain a kinase domain. The mTORb polypeptide may
retain an alternative or variant domain that confers
Pl 3 kinase ability. The FATC 



domain is necessary for mTOR kinase activity and
function. The mTORb polypeptide may retain an FATC
domain. The mTORb polypeptide may retain an altenative
or variant domain that confers such mTORb kinase
activity and function. The mTORbpolypeptide may retain
two or more of these domains from mTORa, such as both
a kinase domain and an FATC domain. The mTORb
polypeptide may also retain functional binding sites
for Raptor and/or Rictor and/or GbL. The polypeptides
of the invention also include naturally occurring
mTORb molecules such as the polynucleotide having the
amino acid sequence disclosed in SEQ ID NO: 2 and
amino acid sequence variants of the disclosed
sequence, or their fragments as defined above, that
have been substituted by at least one residue. Such
fragments, also referred to as peptides or
polypeptides, may contain functional regions of the
protein identified as regions of the amino acid
sequence which correspond to known protein domains,
such as the AT-hook domain, as well as regions of
pronounced hydrophilicity. The regions are all easily
identifiable by using commonly available protein
sequence analysis software such as MacVector (Oxford
Molecular). Polypeptide "fragments" according to the
invention may be made by truncation, e.g. by removal
of one or more amino acids from the N and/or
C-terminal ends of a polypeptide. Up to 10, up to 20,
up to 30, up to 40, up to 50, up to 60, up to 75 or
more amino acids may be removed from the N and/or C
terminal in this way. Fragments may also be generated
by one or more internal deletions. A polypeptide of
the invention may comprise further additional
sequences, for example those encoded by the
polynucleotides and vectors described below. The
polypeptide may comprise a leader sequence, i.e. a
sequence at or near the amino terminus of the
polypeptide that functions in targeting or regulation
of the polypeptide. For example a sequence may be
included in the polypeptide that targets it to
particular tissues in the body, or which helps the
processing or folding of the polypeptide upon
expression. Various such sequences are well known in
the art and could be selected by the skilled reader
depending upon, for example, the desired properties
and production method of the polypeptide. A
polypeptide may further comprise a tag or label to
identify or screen for the polypeptide, or for
expression of the polypeptide. Suitable labels include
radioisotopes such as 1251, 32P or 35S, fluorescent
labels, enzyme labels, or other protein labels such as



biotin. Suitable tags may be short amino acid
sequences that can be identified by routine screening
methods. For example, a short amino acid sequence may
be included that is recognised by a particular
monoclonal antibody. Polyeptides of the invention, as
defined herein, may be chemically modified, for
example, post-translationally modified. For example
they may be g cosylated orcomprise modified amino acid
residues. They can be in a variety of forms of
polypeptide derivatives, including amides and
conjugates with polypeptides. Chemically modified
peptides also include those having one or more
residues chemically derivatized by reaction of a
functional side group. Such derivatized side groups
include those which have been derivatized to form
amine hydrochlorides, ptoluene sulfonyl groups,
carbobenzoxy groups, t-butyloxycarbonyl groups,
chloroacetyl groups and formyl groups. Free carboxyl
groups may be derivatized to form salts, methyl and
ethyl esters or other types of esters or hydrazides.
Free hydroxyl groups may be derivatized to form O-acyl
or O-alkyl derivatives. The imidazole nitrogen of
histidine may be derivatized to form
N-im-benzylhistidine. Peptides may also be modified by
phosphorylation, for example 3 amino phosphorylation
and by glycosylation for example mannosylation. Also
included as chemically modified peptides are those
which contain one or more naturally occurring amino
acid derivatives of the twenty standard amino acids.
For example, 4-hydroxyproline may be substituted for
proline or homoserine may be substituted for serine.
Contemplated variants of polypeptides containing
and/or derivatives further include those containing
predetermined mutations by, e.g., homologous
recombination, site-directed or PCR mutagenesis, and
the corresponding proteins of other animal species,
including but not limited to rabbit, mouse, rat,
porcine, bovine, ovine, equine and non-human primate
species, and the alleles or other naturally occurring
variants of the family of proteins; and derivatives
wherein the protein has been covalently modified by
substitution, chemical, enz}'inatic, or other
appropriate means with a moiety other than a naturally
occurring amino acid (for example a detectable moiety
such as an enzyme or radioisotope). mTOR beta Peptide
Mimics Peptide mimetics may be produced that mimic the
three-dimensional structure of 



mTORb. Such peptide mimetics may have significant
advantages over naturally occurring peptides
including, for example, more economical production,
greater chemical stability, enhanced pharmacological
properties (half-life, absorption, potency, efficacy,
etc.), altered specificity (e.g., a broad-spectrum of
biological activities), reduced antigenicity and
others.Such mimetics may have any oen or more of the
functions or activites of mTORb discussed above. In
one form, mimetics are peptide-containing molecules
that mimic elements of mTORb secondary structure. In
another embodiment, the mimetics are capable of
binding to cMyc. In an alternate embodiment, the
mimetics are able to bind with any one of Raptor,
Rictor, and GbL. In yet another embodiment, the
mimetics are able to phosphorylate S6K1 and/or 4E-BP1
. The underlying rationale behind the use of peptide
mimetics is that the peptide backbone of proteins
exists chiefly to orient amino acid side chains in
such a way as to facilitate molecular interactions,
similar to those of antibody and antigen. A peptide
mimetic is expected to permit molecular interactions
similar to the natural molecule. In another form,
peptide analogs are commonly produced in the
pharmaceutical industry as non-peptide drugs with
properties analogous to those of the template peptide.
These types of non-peptide compounds are also referred
to as peptide mimetics or peptidomimetics (Fauchere
(1986) Adv. Drug Res. 15, 29-69; Veber & Freidinger
(1985) Trends Neurosci. 8, 392-396; Evans et al (1987)
J . Med. Chem. 30, 1229-1239 which are incorporated
herein by reference) and are usually developed with
the aid of computerized molecular modeling. Peptide
mimetics that are structurally similar to
therapeutically useful peptides may be used to produce
an equivalent therapeutic or prophylactic effect.
Generally, peptide mimetics are structurally similar
to a paradigm polypeptide (i.e., a polypeptide that
has a biochemical property or pharmacological
activity), but have one or more peptide linkages
optionally replaced by a chemical linkage not normally
found in peptides by methods known in the art.
Labeling of peptide mimetics usually involves covalent
attachment of one or more labels, directly or through
a spacer {e.g., an amide group), to non-interfering
positions on the peptide mimetic that are predicted by
quantitative structure-activity data and molecular
modeling. Such non-interfering positions generally are
positions that do not form direct contacts with the 



macromolecules to which the peptide mimetic binds to
produce the therapeutic effect. Derivitization (e.g.,
labeling) of peptide mimetics should not substantially
interfere with the desired biological or
pharmacological activity of the peptide mimetic. The
use of peptide mimetics can be enhanced using
combinatorial chemistry to create drug libraries. The
design of peptide mimetics can be aided by identifying
amino acid mutations that increase or decrease binding
of a peptide to, for instance, a tumor cell.
Approaches that can be used include the yeast two
hybrid method (see Chien et al.(1991) Proc. Natl.
Acad. Sci. USA 88, 9578-9582) and using the phage
display method. The two-hybrid method detects
protein-protein interactions in yeast (Fields et al.
(1989) Nature 340, 245-246). The phage display method
detects the interaction between an immobilized protein
and a protein that is expressed on the surface of
phages such as lambda and M13 (Amberg et al. ( 1993)
Strategies 6 2-4; Hogrefe et al. ( 1993) Gene 128,
119-126). These methods allow positive and negative
selection for peptide-protein interactions and the
identification of the sequences that determine these
interactions. Nucleic Acid Molecules The present
invention provides nucleic acid molecules that encode
mTOR beta polypeptides. As used herein, the terms
"nucleic acid" and "polynucleotide" are used
interchangeably and refer to a polymeric form of
nucleotides of any length, either deoxyribonucleotides
(adenine, guanine, thymine, and/or cytosine) or
ribonucleotides, or analogs thereof. Such
polynucleotides may be in a single stranded form, or
in a double-stranded helix. This term refers only to
the primary and secondary structure of the molecule
and is not limited to any particular tertiary form.
Non-limiting examples of polynucleotides include a
gene, a gene fragment, DNA, messenger RNA (niRNA),
cDNA, single-stranded RNA or DNA, double-stranded DNA
found in linear DNA molecules (e.g., restriction
fragments), viruses, chromosomes, recombinant
polynucleotides, plasmids, vectors, isolated DNA of
any sequence, isolated RNA of any sequence, nucleic
acid probes, and primers. Polynucleotide sequences
such as sequences of double-stranded DNA molecules,
may be described herein according to the normal
convention of giving only the sequence in the 5' to 3'
direction along the non-transcribed strand of DNA
(e.g. , the strand having a sequence homologous to the
niRNA). 



A polynucleotide of the invention may be provided in
isolated or purified form. As used herein, a nucleic
acid molecule is said to be "isolated" when the
nucleic acid molecule is substantially separated from
contaminant nucleic acid molecules encoding other
polypeptides. A polynucleotide of the invention may be
a polynucleotide (for example an RNA or DNA) that
encodes a polypeptide of the invention as defined
above. A polynucleotide of the invention may be a
polynucleotide that is complementary to a nucleic acid
sequence encoding a polypeptide of the invention. A
polynucleotide of theinvention may be a polynucleotide
that hybridizes to a nucleic acid encoding a
polypeptide of the invention across the open reading
frame under appropriate stringency conditions. A
polynucleotide of the invention may be a
polynucleotide that encodes a polypeptide that shares
at least about 75% or at least about 95% identity with
the entire contiguous amino acid sequence of SEQ ID
NO: 2. Specifically contemplated are genomic DNA,
cDNA, mRNA and antisense molecules, as well as nucleic
acids based on alternative backbones or including
alternative bases whether derived from natural sources
or synthesized. Such nucleic acids, however, are
defined further as being novel and unobvious over any
prior art nucleic acid including that which encodes,
hybridizes under appropriate stringency conditions, or
is complementary to nucleic acid encoding a protein
according to the present invention. A polynucleotide
of the invention may be any polynucleotide that
encodes a polypeptide as described above. A
polynucleotide of the invention may be any
polynucleotide that encodes an mTORb po peptide. A
polynucleotide of the invention may comprise a
sequence that encodes the mTORb polypeptide of SEQ ID
NO: 2, a polypeptide comprising or consisting
essentially of the mTORb polypeptide of SEQ ID NO:2,
or a valiant or fragment of any thereof as described
above. A polynucleotide of the invention may comprise,
consist essentially or of consist of the nucleic acid
sequence of SEQ ID NO: 1 or a nucleic acid sequence
that varies from SEQ ID NO: 1 only through redundancy
in the genetic code, i.e. another nucleic acid
sequence that encodes the same polypeptide as SEQ ID
NO: 1. A nucleic acid "coding sequence" or a nucleic
acid sequence which "encodes" a selected polypeptide
is a nucleic acid molecule (e.g. DNA or RNA) which is
transcribed (in the case of DNA) and translated (in
the case of mRNA) into a polypeptide in vivo 



when placed under the control of appropriate
regulatory sequences. The boundaries of the coding
sequence are determined by a start codon at the 5'
(amino) terminus and a translation stop codon at the 3
(carboxy) terminus. A polyadenylation signal and
transcription termination sequence will usually be
located 3' to the coding sequence. For the purposes of
the invention, such nucleic acid sequences can
include, but are not limited to, cDNA from viral,
prokaryotic or eukaryotic mRNA, genomic sequences from
viral or prokaryotic DNA or RNA, and even synthetic
DNA. A polynucleotide of the invention may be a
naturally occurring nucleic acid that encodes an mTORb
polypeptide. For example, the polynucleotide of SEQ ID
NO: 1 encodes the mTORb polypeptide of SEQ ID NO: 2. A
polynucleotide of the inventionmay be a variant of
such a polypeptide or may encode a variant of a
naturally occurring mTORb polypeptide as described
above. A polynucleotide of the invention may encode a
polypeptide having at least about 75% sequence
identity, preferably at least about 80%, at least
about 85%, at least about 90%, at least about 95% or
more, at least about 97%, or most preferably at least
about 99% or more identity with a naturally occurring
mTORb polypeptide, such as with the entire contiguous
amino acid sequence of SEQ ID NO: 2. A polynucleotide
of the invention may share at least 80%, preferably at
least about 85%, at least about 90%, at least about
95% or more, at least about 97% or more, and most
preferably 99% sequence identity with a naturally
occurring mTORb polynucleotide sequence, such as with
the nucleotide sequence of SEQ ID NO: 1 or other
polynucleotides encoding the polypeptide of SEQ ID NO:
2, particularly across the open reading frame. Methods
of measuring homology or identity are well known in
the art and it will be understood by those of skill in
the art that in the present context, homology is
calculated on the basis of nucleic acid identity. Such
homology may exist over a region of at least 15,
preferably at least 30, for instance at least 40, 60,
100, 200 or more contiguous nucleotides. Such homology
may exist over the entire length of the unmodified
mTORb polynucleotide or polypeptide sequence. For
example the UWGCG Package provides the BESTFIT program
which can be used to calculate homology (e.g. used on
its default settings) (Devereux et al (1984) Nucleic
Acids Research 12, p387-395). The PILEUP and BLAST
algorithms can also be used to calculate homology or
line up sequences (typically on their default
settings), for 



example as described in Altschul S.F. (1993) J MoI
Evol 36:290-300; Altschul, S, F et al (1990) J MoI
Biol 215:403-10. Homology or sequence identity at the
nucleotide or amino acid sequence level is preferably
determined by BLAST (Basic Local Alignment Search
Tool) analysis using the algorithm employed by the
programs blastp, blastn, blastx, tblastn and tblastx
(Altschul et al. (1997) Nucleic Acids Res. 25,
3389-3402 and Karlin et al. (1990) Proc. Natl. Acad.
Sci. USA 87, 2264-2268, both fully incorporated by
reference) which are tailored for sequence similarity
searching. The approach used by the BLAST program is
to first consider similar segments, with gaps
(non-contiguous) and without gaps (contiguous),
between a query sequence and a database sequence, then
to evaluate the statistical significance of all
matches that are identified and finally to summarize
only those matches which satisfy a preselected
threshold of significance. For a discussion ofbasic
issues in similarity searching of sequence databases,
see Altschul et a (1994) Nature Genetics 6, 119-129
which is fully incorporated by reference. The search
parameters for histogram, descriptions, alignments,
expect {i.e., the statistical significance threshold
for reporting matches against database sequences),
cutoff, matrix and filter (low complexity) are at the
default settings. The default scoring matrix used by
blastp, blastx, tblastn, and tblastx is the BLOSUM62
matrix (Henikoff et al. (1992) Proc. Natl. Acad. Sci.
USA 89, 10915-10919, fully incorporated by reference),
recommended for query sequences over eighty-five
nucleotides or amino acids in length. For blastn, the
scoring matrix is set by the ratios of M (i.e., the
reward score for a pair of matching residues) to N
{i.e., the penalty score for mismatching residues),
wherein the default values for M and N are +5 and -4,
respectively. Four blastn parameters were adjusted as
follows: Q=IO (gap creation penalt}'); R=IO (gap
extension penalty); wink=l (generates word hits at
every wink*" position along the query); and gapw=l 6
(sets the window width within which gapped alignments
are generated). The equivalent Blastp parameter
settings were Q=9; R=2; wink=l; and gapw=32. A Bestfit
comparison between sequences, available in the GCG
package version 10.0, uses DNA parameters GAP=50 (gap
creation penalty) and LEN=3 (gap extension penalty)
and the equivalent settings in protein comparisons are
GAP=S and LEN=2. A variant polynucleotide may differ
from a sequence in the relevant 



polynucleotide by up to 3, up to 5, up to 10, up to
15, up to 20, up to 30, up to 50, up to 100 or more
mutations (each of which may be a substitution,
deletion or insertion). These mutations may be
measured over a region of at least 30, for instance at
least 40, 60 or 100 or more contiguous nucleotides of
the variant, or across the full length of the variant
or the polynucleotide from which it is derived. A
variant polynucleotide of the invention may hybridize
with an mTORb polynucleotide, such as a naturally
occurring mTORb polynucleotide, such as the
polynucleotide of SEQ ID NO: 1, or the complement of
any thereof, at a level significantly above
background. The signal level generated by the
interaction between the variant and the original
polynucleotide is typically at least 10 fold,
preferably at least 100 fold, as intense as
"background hybridisation". The intensity of
interaction may be measured, for example, by
radiolabelling the probe, e.g. with 32P. Such a
variant may or may not encode a polypeptide of the
invention. Preferred molecules are those that
hybridize to the complement of SEQ ID NO: 1 and which
encode a functionalprotein, such as an mTORb
polypeptide as defined above. Even more preferred
hybridizing molecules are those that hybridize under
the above conditions to the complement strand of the
open reading frame of SEQ ID NO: 1. Such hybridization
preferably occurs under stringent consitions.
"Stringent conditions" are those that (1) employ low
ionic strength and high temperature for washing, for
example, 0.015 M NaCl/0.0015 M sodium citrate/0.1% SDS
at a temperature of at least 50C, or (2) employ during
hybridization a denaturing agent such as formamide,
for example, 50% (vol/vol) formamide with 0.1% bovine
serum albumin/0. 1% Ficoll/0.1%
polyvinylpyrrolidone/50 mM sodium phosphate buffer (pH
6.5) with 750 mM NaCl, 75 mM sodium citrate at 420C.
Another example is hybridization in 50% formamide, 5x
SSC (0.75 M NaCl, 0.075 M sodium citrate), 50 mM
sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate,
5 Denhardt's solution, sonicated salmon sperm DNA (50
mg/ml), 0.1% SDS, and 10% dextran sulfate at a
temperature of at least 42C, with washes at 42C in
0.2* SSC and 0.1% SDS. A skilled artisan can readily
determine and vary the stringency conditions
appropriately to obtain a clear and detectable
hybridization signal. The present invention further
provides fragments of the encoding nucleic acid
molecule. A polynucleotide of the invention may thus
be a fragment of any of the 



polynucleotides described herein or may encode a
fragment polypeptide as described above. As used
herein, a fragment of an encoding nucleic acid
molecule refers to a small portion of the entire
protein coding sequence. The size of the fragment will
be determined by the intended use. For example, if the
fragment is chosen to encode an active portion of the
protein, the fragment will need to be large enough to
encode the functional regions of the protein. If the
fragment is to be used as a nucleic acid probe or PCR
primer, then the fragment length is chosen to obtain a
relatively small number of false positives during
probing/priming. Polynucleotide "fragments" according
to the invention may be made by truncation, e.g. by
removal of one or more nucleotides from one or both
ends of a polynucleotide. Up to 10, up to 20, up to
30, up to 40, up to 50, up to 75, up to 100, up to 200
or more nucleic acids may be removed from the 3'
and/or 5' end of the polynucleotide in this way.
Fragments may also be generated by one or more
internal deletions. Fragments of the nucleic acid
molecules of the present invention (i.e., synthetic
oligonucleotides) may be used as probes or specific
primers for the polymerase chainreaction (PCR), or to
synthesize gene sequences encoding proteins of the
invention. Such molecules can easily be synthesized by
chemical techniques, for example, the phosphotriester
method of Matteucci et al. (1981) J . Am. Chem. Soc.
103, 3185-3191 or using automated synthesis methods.
In addition, larger DNA segments can readily be
prepared by well-known methods, such as synthesis of a
group of oligonucleotides that define various modular
segments of the gene, followed by ligation of
oligonucleotides to build the complete modified gene.
In a preferred embodiment, a nucleic acid molecule of
the present invention contains a contiguous open
reading frame of at least about 2121 nucleotides. A
polypeptide of the invention may thus be produced from
or delivered in the form of a polynucleotide which
encodes, and is capable of expressing, it.
Polynucleotides of the invention can be synthesised
according to methods well known in the art, as
described by way of example in Sambrook et al (1989,
Molecular Cloning - a laboratory manual; Cold Spring
Harbor Press). That is, polynucleotide sequences
coding for the above-described polypeptides can be
obtained using recombinant methods, such as by
screening cDNA and genomic libraries, or by deriving
the coding 



sequence for a polypeptide from a vector known to
include the same. Furthermore, the desired sequences
can be isolated directly from cells and tissues
containing the same, using standard techniques, such
as phenol extraction and PCR of cDNA or genomic DNA.
Polynucleotide sequences can also be produced
synthetically, rather than cloned. The nucleic acid
molecules of the present invention may further be
modified to contain a detectable label for diagnostic
and probe purposes. A variety of such labels is known
in the art and can readily be employed with the
encoding molecules herein described. Suitable labels
include, but are not limited to, biotin, radiolabeled
nucleotides, and the like. A skilled artisan can
readily employ any such label to obtain labeled
variants of the nucleic acid molecules of the
invention. Modifications to the primary structure
itself by deletion, addition, or alteration of the
amino acids incorporated into the protein sequence
during translation can be made without destroying the
activity of the protein. Such substitutions or other
alterations result in proteins having an amino acid
sequence encoded by a nucleic acid falling within the
contemplated scope of the present invention.Vectors
and Host Cells The polynucleotides of the invention
may be provided in a vector, such as an expression
vector. The polypeptides, polynucleotides and vectors
of the invention may be provided in a host cell. The
present invention further provides recombinant DNA
molecules (rDNA) that contain a coding sequence. As
used herein, an rDNA molecule is a DNA molecule that
has been subjected to molecular manipulation in situ.
Methods for generating rDNA molecules are well known
in the art, for example, see Sambrook et a (2001),
Molecular Cloning - A Laboratory Manual, Cold Spring
Harbor Laboratory Press. In the preferred rDNA
molecules, a coding DNA sequence is operably linked to
expression control sequences and/or vector sequences.
In one embodiment of the invention, the coding
sequence contains SEQ ID NO: 1 or fragment thereof. In
an alternate embodiment, the coding sequence encodes
the polypeptide of SEQ ID NO: 2 or fragment thereof.
The nucleic acid molecules of the present invention
may be provided in the form of an expression cassette
which includes control sequences operably linked to
the inserted sequence, thus allowing for expression of
the polypeptide of the invention in 



vivo in a targeted subject species. These expression
cassettes, in turn, are typically provided within
vectors. A suitable vector may be any vector which is
capable of carrying a sufficient amount of genetic
information, and allowing expression of a polypeptide
of the invention. Vectors may be used to simplify
manipulation of the nucleic acids of the invention,
either for preparation of large quantities of nucleic
acids for further processing (cloning vectors) or for
expression of the poljf eptides (expression vectors).
Such proteins include mTORb, proteins comprising one
or more mutations at any amino acid residue of SEQ ID
NO: 2 and derivative polypeptides, thereof. Vectors
comprise plasmids, viruses (including phage), and
integrated DNA fragments {i.e., fragments that are
integrated into the host genome by recombination).
Once a coding sequence for an mTORb polypeptide of the
invention has been prepared or isolated, it can be
cloned into any suitable vector and thereby maintained
in a composition of cells, which is substantially free
of cells that do not contain any mTORb coding
sequence. As described herein, numerous cloning
vectors are known to those of skill in the art.
Cloning vectors need not contain expression control
sequences.The present invention also includes
expression vectors that comprise polynucleotide
sequences or rDNA molecules of the invention. Such
expression vectors are routinely constructed in the
art of molecular biology and may for example involve
the use of plasmid DNA and appropriate initiators,
promoters, enhancers and other elements, such as for
example polyadenylation signals which may be
necessary, and which are positioned in the correct
orientation, in order to allow for expression of a
peptide of the invention. Other suitable vectors would
be apparent to persons skilled in the art. By way of
further example in this regard we refer to Sambrook et
al. Thus, a polypeptide of the invention may be
provided by delivering such a vector to a cell and
allowing transcription from the vector to occur.
Preferably, a polynucleotide of the invention or for
use in the invention in a vector is operably linked to
a control sequence which is capable of providing for
the expression of the coding sequence by the host
cell, i.e. the vector is an expression vector.
"Operably linked" refers to an arrangement of elements
wherein the components so described are configured so
as to perform their usual function. Thus, a given
regulatory sequence, such as a promoter, operably
linked to a nucleic acid sequence is 



capable of effecting the expression of that sequence
when the proper enzymes are present. The promoter need
not be contiguous with the sequence, so long as it
functions to direct the expression thereof. Thus, for
example, intervening untranslated yet transcribed
sequences can be present between the promoter sequence
and the nucleic acid sequence and the promoter
sequence can still be considered "operably linked'" to
the coding sequence. The choice of vector and/or
expression control sequences to which one of the
protein family encoding sequences of the present
invention is operably linked depends directly, as is
well known in the art, on the functional properties
desired, e.g. , protein expression, and the host cell
to be transformed. A vector contemplated by the
present invention is at least capable of directing the
replication or insertion into the host chromosome, and
preferably, also expression, of the polynucleotide of
the invention e.g. of a structural gene included in
the rDNA molecule. Expression control elements that
are used for regulating the expression of an operably
linked protein encoding sequence are known in the art
and include, but are not limited to, inducible
promoters, constitutive promoters, secretion signals,
and other regulatory elements. Preferably, the
inducible promoter is readily controlled, such as
being responsive to a nutrient in the host cell's
medium.In one embodiment, the vector containing a
coding nucleic acid molecule will include a
prokaryotic replicon, i.e., a DNA sequence having the
ability to direct autonomous replication and
maintenance of the recombinant DNA molecule
extrachromosomally in a prokaryotic host cell, such as
a bacterial host cell, transformed therewith. Such
replicons are well known in the art. hi addition,
vectors that include a prokaryotic replicon may also
include a gene whose expression confers a detectable
marker such as a drug resistance. Typical bacterial
drug resistance genes are those that confer resistance
to ampicillin or tetracycline. Vectors that include a
prokaryotic replicon can further include a prokaryotic
or bacteriophage promoter capable of directing the
expression (transcription and translation) of the
coding gene sequences in a bacterial host cell, such
as E. coli. A promoter is an expression control
element formed by a DNA sequence that permits binding
of RNA polymerase and transcription to occur. Promoter
sequences compatible with bacterial hosts are
typically provided in plasmid vectors containing
convenient 



restriction sites for insertion of a DNA segment of
the present invention. Typical of such vector plasmids
are pUC8, pUC9, rBR322 and pBR329 (BioRad), pPL and
pKK223 (Pharmacia). Expression vectors compatible with
eukaryotic cells, preferably those compatible with
vertebrate cells, can also be used to form vector or
rDNA molecules that contain a coding sequence.
Eukaryotic cell expression vectors, including viral
vectors, are well known in the art and are available
from several commercial sources. Typically, such
vectors are provided containing convenient restriction
sites for insertion of the desired DNA segment.
Typical of such vectors are pSVL and pKSV-10
(Pharmacia), pBPV-l/pML2d (International
Biotechnologies, Inc.), pTDTl (ATCC), the vector pCDMS
described herein, and the like eukaryotic expression
vectors. An exemplary eukaryotic expression system is
that employing vaccinia virus, which is well-known in
the art (see, for example, WO 86/07593). Yeast
expression vectors are known in the art (see, for
example, U.S. Patents 4,446,235 and 4,430,428).
Another expression system is vector pHSI, which
transforms Chinese hamster ovary cells (see WO
87/02062). Mammalian tissue may be co-transformed with
DNA encoding a selectable marker such as dihydrofolate
reductase (DHFR) or thymidine kinase and DNA encoding
mTORb or derivative. If wild type DHFR gene is
employed, it is preferable to select a host cell,
which is deficient in DHFR, thus permitting the useof
the DHFR coding sequence as marker for successful
transfection in hgt medium, which lacks hypoxanthine,
glycine, and thymidine. Eukaryotic cell expression
vectors used as vectors of the invention or used to
construct the rDNA molecules of the present invention
may further include a selectable marker that is
effective in a eukaryotic cell, preferably a drug
resistance selection marker. A preferred drug
resistance marker is the gene whose expression results
in neomycin resistance, i.e., the neomycin
phosphotransferase (neo) gene. (Southern et ah (1982)
J . MoI. Anal. Genet. 1, 327-341). Alternatively, the
selectable marker can be present on a separate
plasmid, and the two vectors are introduced by
co-transfection of the host cell, and selected by
culturing in the appropriate drug for the selectable
marker. Control sequences in an expression vector may
include transcriptional and translational control
sequences such as a transcriptional promoter, a
sequence encoding suitable ribosome binding sites, and
sequences, which control termination of 



transcription and translation. In one embodiment, the
expression vector may include a selection gene to
facilitate the stable expression of the mTORb gene
and/or to identify transformed cells. However, the
selection gene for maintaining expression can be
supplied by a separate vector in co-transformation
systems using eukaryotic host cells. Suitable vectors
generally will contain a replicon (origins of
replication, for use in non-integrative vectors) and
control sequences, which are derived from species
compatible with the intended expression host. By the
term "replicable" vector as used herein, it is
intended to encompass vectors containing such
replicons as well as vectors, which are replicated by
integration into the host genome Expression vectors
for host cells ordinarily include an origin of
replication, a promoter located upstream from the mTOR
beta polypeptide coding sequence, together with a
ribosome binding site, a polyadenylation site, and a
transcriptional termination sequence. An expression
vector may comprise transcriptional and translational
control sequences. These are DNA regulatory sequences,
such as promoters, enhancers, polyadenylation signals,
terminators, and the like, that provide for the
expression of a coding sequence in a host cell. Those
of ordinary skill will appreciate that certain of
these sequences are not required for expression in
certain hosts. An expression vector for use with
microbes need only contain an origin of replication
recognized by the host, a promoter that will function
in the host, and a selection gene. As used herein, a
"promoter sequence" is a DNA regulatory region capable
of binding RNA polymerase in a cell and initiating
transcription of a downstream (3"direction) coding
sequence. For purposes of defining the present
invention, the promoter sequence is bounded
(inclusively) at its 3' terminus by the transcription
initiation site and extends upstream (5' direction) to
include the rninimum number of bases or elements
necessary to initiate transcription at levels
detectable above background. Within the promoter
sequence will be found a transcription initiation
site, as well as protein binding domains responsible
for the binding of RNA polymerase. Eukaryotic
promoters will often, but not always, contain "TATA"
boxes and "CAT" boxes. Commonly used promoters are
derived from polyoma, bovine papilloma virus, CMV
(cytomegalovirus, either murine or human), Rouse
sarcoma virus, adenovirus, and simian virus 40 (SV40).
Other control sequences (e.g., terminator, polyA, 



enhancer, or amplification sequences) can also be
used. An expression vector is constructed so that the
mTORb or derivative polypeptide coding sequence is
located in the vector with the appropriate regulatory
sequences. The positioning and orientation of the
coding sequence with respect to the control sequences
is such that the coding sequence is transcribed and
translated under the "control" of the control
sequences i.e., RNA polymerase which binds to the DNA
molecule at the control sequences transcribes the
coding sequence into mRNA. The control sequences may
be ligated to the coding sequence prior to insertion
into a vector, such as the cloning vectors previously
described. Alternatively, the coding sequence can be
cloned directly into an expression vector, which
already contains the control sequences and an
appropriate restriction site. If the selected host
cell is a mammalian cell, the control sequences can be
heterologous or homologous to the mTORb or derivative
polypeptide coding sequence and the coding sequence
can be either genomic DNA containing introns or cDNA.
A "signal sequence" can be included before the coding
sequence. This sequence encodes a signal peptide,
N-terminal to the polypeptide that directs the
polypeptide to the cell surface or instructs the host
cell to secrete the polypeptide to the extracellular
space. This signal peptide is clipped off by the host
cell before the protein leaves the cell. Signal
sequences can be found associated with a variety of
proteins native to prokaryotes and eukaryotes. For
instance, alpha-factor, a native yeast protein, is
secreted from yeast, and its signal sequence can be
attached to heterologous proteins to be secreted into
the media (see U.S. Patent 4,546,082). Further, the
alpha-factor and its analogs have been found to
secrete heterologous proteins from a variety of yeast,
suchas Saccharomyces and Kluyveromyces (see e.g., EP
88312306.9, EP 0324274, and EP 0301669). An example
for use in mammalian cells is the tPA signal used for
expressing Factor VIIIc light chain. A "heterologous"
region of the nucleic acid construct is an
identifiable segment of a nucleic acid within a larger
nucleic acid molecule that is not found in association
with the larger molecule in nature. Thus, when the
heterologous region encodes a mammalian gene, the gene
will usually be flanked by DNA that does not flank the
mammalian genomic DNA in the genome of the source
organism. Another example of a heterologous coding
sequence is a construct where the coding sequence
itself is not 



found in nature (e.g., a cDNA where the genomic coding
sequence contains introns or synthetic sequences
having codons different from the native gene). The
vectors and expression cassettes of the present
invention may be administered directly as "a naked
nucleic acid construct", preferably further comprising
flanking sequences homologous to the host cell genome.
As used herein, the term "naked DNA" refers to a
vector such as a plasmid comprising a polynucleotide
of the present invention together with a short
promoter region to control its production. It is
called "naked" DNA because the vectors are not carried
in any delivery vehicle. When such a vector enters a
host cell, such as a eukaryotic cell, the proteins it
encodes are transcribed and translated within the
cell. The vector of the invention may thus be a
plasmid vector, that is, an autonomously replicating,
extrachromosomal circular or linear DNA molecule.
Alternatively, the vectors of the present invention
may be introduced into suitable host cells using a
variety of viral techniques which are known in the
art, such as for example infection with recombinant
viral vectors such as retroviruses, herpes simplex
viruses and adenoviruses. As an alternative to viral
vectors, liposomal preparations can alternatively be
used to deliver the nucleic acid molecules of the
invention or the nucleic acid molecules of the present
invention may be encapsulated, adsorbed to, or
associated with, particulate carriers. The present
invention further provides cells that have been
modified to express a polypeptide of the invention,
such as host cells transformed with a nucleic acid
molecule that encodes a polypeptide of the present
invention. The host cell can be either prokaryotic or
eukaryotic. Eukaryotic cells useful for expression of
a protein of the invention are not limited, so long as
the cell line is compatible with cell culture methods
and compatible with the propagation of the expression
vector and expressionof the gene product. Such cells
include transient, or preferably stable higher
eukaryotic cell lines, such as mammalian cells or
insect cells, and lower eukaryotic cells, such as
yeast cells. Preferred eukaryotic host cells include,
but are not limited to, yeast, insect and mammalian
cells, preferably vertebrate cells such as those from
a mouse, rat, monkey, or human cell line. Preferred
eukaryotic host cells include Chinese hamster ovary
(CHO) cells available from the ATCC as CCL61, NIH
Swiss mouse embryo cells (NIH-3T3) available from the
ATCC as CRL 1658, baby hamster kidney cells (BHK), 



and the like eukaryotic tissue culture cell lines.
Preferably the cell line selected will be one which is
not only stable, but also allows for mature
glycosylation and cell surface expression of a
polypeptide. Expression may be achieved in transformed
oocytes. A suitable peptide may be expressed in cells
of a transgenic non-human animal, preferably a mouse.
A transgenic non-human animal expressing a peptide of
the invention is included within the scope of the
invention. A peptide of the invention may also be
expressed in Xenopus laevis oocytes or melanophores.
Any prokaryotic host can be used to express a
polynucleotide, vector or rDNA molecule encoding a
polypeptide of the invention. In one embodiment, the
preferred prokaryotic host is E. coli. Transformation
of appropriate cell hosts with a polynucleotide,
vector or rDNA molecule of the present invention is
accomplished by well-known methods that typically
depend on the type of vector used and host system
employed. With regard to transformation of prokaryotic
host cells, electroporation and salt treatment methods
are typically employed, see, for example, Cohen et al.
(1972) Proc. Natl. Acad. Sci. USA 69, 2 110; and
Sambrook et al. (1989) Molecular Cloning - A
Laboratory Manual, Cold Spring Harbor Laboratory
Press. With regard to transformation of vertebrate
cells with vectors containing rDNAs, electroporation,
cationic lipid, or salt treatment methods are
typically employed, see, for example, Graham et al.
(1973) Virol. 52, 456; Wigler et al. (1979) Proc.
Natl. Acad. Sci. USA 76, 1373-1376. Successfully
transformed cells, i.e., cells that contain a
polynucleotide, vector or rDNA molecule of the present
invention, can be identified by well-known techniques
including the selection for a selectable marker. For
example, cells resulting from the introduction of an
rDNA of the present invention can be cloned to produce
single colonies. Cells from those colonies can be
harvested, lysed and their DNA content examined for
the presence of the rDNA using a method such as that
described bySouthern ((1975) J . MoI. Biol. 98,
503-504) or Berent et al. ((1985) Biotech. 3, 208-
209) or the proteins produced from the cell assayed
via an immunological method. Such cell lines of the
invention may be cultured using routine methods to
produce a polypeptide of the invention, or may be used
therapeutically or prophylactically to deliver
polypeptides of the invention to a subject. For
example, cell lines capable of secreting a polypeptide
of the invention may be administered to a 



subject. Alternatively, polynucleotides, expression
cassettes or vectors of the invention may be
administered to a cell from a subject ex vivo and the
cell then returned to the body of the subject. For
example, methods for the ex vivo delivery and
reimplantation of transformed cells into a subject are
known (e.g., dextran-mediated transfection, calcium
phosphate precipitation, electroporation, and direct
microinjection into nuclei). Depending on the
expression system and host selected, the peptide of
interest, such as mTORb or a variant or derivative
thereof, may be produced by growing host cells
transformed b an exogenous or heterologous DNA
construct, such as an expression vector described
above under conditions whereby the polypeptide is
expressed. The peptide of interest, such as mTORb or
derivative polypeptides thereof, is then isolated from
the host cells and purified. If the expression system
secretes the protein or peptide into the growth media,
the protein can be purified directly from cell-free
media. The selection of the appropriate growth
conditions and initial crude recovery methods are
within the skill of the art. Transformed host cells
are cells which have been transformed or transfected
either with vectors containing mTORb or mTORb
derivative polypeptide encoding nucleic acid. The
expressed polypeptides may be secreted into the
culture supernatant, under the control of suitable
processing signals in the expressed peptide (e.g.,
homologous or heterologous signal sequences). A cell
has been "transformed" by an exogenous or heterologous
nucleic acid when such nucleic acid as been introduced
inside the cell. The transforming nucleic acid may or
may not be integrated (covalently linked) into
chromosomal DNA making up the genome of the cell. In
prokaryotes, for example, the transforming nucleic
acid may be maintained on an episomal element such as
a plasmid or viral vector. With respect to eukaryotic
cells, a stably transformed cell is one in which the
transforming DNA has become integrated into a
chromosome so that it is inherited by daughter cells
through chromosome replication. This stability is
demonstrated by the ability of theeukaryotic cell to
establish cell lines or clones comprised of a
population of daughter cells containing the
transforming nucleic acid. As used herein, a "cell
line" is a clone of a primary cell that is capable of
stable growth in vitro for many generations. As used
herein, nucleic acid sequences display "substantial
identity" when at least about 85 percent (preferably
at least about 90 



percent, more preferably at least about 95, more
preferably at least about 97 and most preferably at
least about 99 percent) of the nucleotides match over
the defined length of the nucleotide sequences.
Sequences that are substantially identical can be
identified in a Southern hybridization experiment
under, for example, stringent conditions as defined
for that particular system. Defining appropriate
hybridization conditions is within the skill of the
art. Higher eukaryotic cell cultures may be used to
express the proteins of the present invention, whether
from vertebrate or invertebrate cells, including
insects, and the procedures of propagation thereof are
known. Production of Recombinant Proteins using an
rDNA Molecule The present invention further provides
methods for producing a protein of the invention using
nucleic acid molecules herein described. In general
terms, the production of a recombinant form of a
protein typically involves the following steps. First,
a nucleic acid molecule is obtained that encodes a
protein of the invention, such as a nucleic acid
molecule comprising, consisting essentially of, or
consisting of the nucleic acid sequence encoding an
amino acid of SEQ ID NO: 2 or derivatives thereof.
Second, the nucleic acid molecule is then preferably
placed in operable linkage with suitable control
sequences, as described above, to form an expression
unit containing the protein open reading frame. The
expression unit is used to transform a suitable host
and the transformed host is cultured under conditions
that allow the production of the recombinant protein.
Optionally the recombinant protein is isolated from
the medium or from the cells; recovery and
purification of the protein may not be necessary in
some instances where some impurities may be tolerated.
Each of the foregoing steps can be done in a variety
of ways. For example, the desired coding sequences may
be obtained from genomic fragments and used directly
in appropriate hosts. The construction of expression
vectors that are operable in a variety of hosts is
accomplished using appropriate replicons and control
sequences, as set forthabove. The control sequences,
expression vectors, and transformation methods are
dependent on the type of host cell used to express the
gene and were discussed in detail earlier. Suitable
restriction sites can, if not normally available, be
added to the ends of the coding sequence to provide an
excisable gene to insert into these vectors. A skilled



artisan can readily adapt any host/expression system
known in the art for use with the nucleic acid
molecules of the invention to produce recombinant
protein. Antibodies Another class of agents of the
present invention are antibodies immunoreactive with
mTOR beta (mTORb) . hi a preferred embodiment, the
antibodies are immunoreactive with mTOR beta (mTORb)
but not with mTOR alpha. Antibody agents are obtained
by immunization of suitable mammalian subjects with
peptides, containing as antigenic regions, those
portions of the protein intended to be targeted by the
antibodies. The antibodies may be polyclonal or
monoclonal. Antibodies which bind to the active sites
of mTOR beta are encompassed in the invention. In one
embodiment of the invention, the antibody binds to the
active site of mTOR beta that phosphorylates 4E-BP1 .
In another embodiment of the invention, the antibody
binds to the active site of mTOR beta that
phosphorylates S6K1 . In an alternate embodiment, the
antibody binds to the site in mTOR beta that leads to
the induction of cMyc expression. Antibodies capable
of inhibiting the activity of this protein are also
encompassed in the invention. Antibodies are prepared
by immunizing suitable mammalian hosts in appropriate
immunization protocols using the peptides,
polypeptides, or proteins of the invention, such as
mTOR beta (mTORb), variants and isolated binding
partners, if they are of sufficient length, or, if
desired, or if required to enhance immunogenicity,
conjugated to suitable carriers. Methods for preparing
immunogenic conjugates with carriers such as bovine
serum albumin (BSA), keyhole limpet hemocyanin (KLH),
or other carrier proteins are well known in the art.
In some circumstances, direct conjugation using, for
example, carbodiimide reagents may be effective; in
other instances linking reagents well known in the
art, may be desirable to provide accessibility to the
hapten. The hapten peptides can be extended at either
the amino or the carboxy terminus with a cysteine
residue or interspersed with cysteine residues, for
example, to facilitate linking to a carrier.
Administration of the immunogens is conducted
generally by injection overa suitable time period and
with use of suitable adjuvants, as is generally
understood in the art. During the immunization
schedule, titers of antibodies are taken to determine
adequacy of antibody formation. 



Anti-peptide antibodies can be generated using
synthetic peptides corresponding to, for example, the
carboxy terminal 15 amino acids of mTOR beta (mTORb).
Antibodies which bind to the phosphorylation site on a
kinase can also be generated and include antibodies
which bind to the phosphorylation site on the mTOR
beta (mTORb) protein. Synthetic peptides can be as
small as 1 to 3 amino acids in length, but are
preferably at least 4 or more amino acid residues
long. The peptides are coupled to KLH using standard
methods and can be immunized into animals such as
rabbits. Polyclonal anti-mTOR beta (mTORb) antibodies
can then be purified, for example by using Actigel
beads containing the covalently bound peptide. While
the polyclonal antisera produced in this way may be
satisfactory for some applications, for pharmaceutical
compositions, use of monoclonal preparations is
preferred. Immortalized cell lines, which secrete the
desired monoclonal antibodies, may be prepared using
the standard method of Kohler and Milstein or
modifications, which effect immortalization of
lymphocytes or spleen cells, as is generally known.
The immortalized cell lines secreting the desired
antibodies are screened by immunoassay in which the
antigen is the peptide hapten polypeptide or protein.
When the appropriate immortalized cell culture
secreting the desired antibody is identified, the
cells can be cultured either in vitro or by production
in ascites fluid. Of particular interest, are
monoclonal antibodies that recognize the
FK506/Rapamycin domain, the ldnase domain, or the
regulatory domain. The desired monoclonal antibodies
are then recovered from the culture supernatant or
from the ascites supernatant. Fragments of the
monoclonals or the polyclonal antisera that contain
the immunologically significant portion can be used as
antagonists, as well as the intact antibodies. Use of
immunologically reactive fragments, such as Fav, scFV,
Fab, Fab' or F(ab )2 fragments is often preferable,
especially in a therapeutic context, as these
fragments are generally less immunogenic than the
whole immunoglobulin. Antigen binding fragments such
as F(ab)2, Fab and Fv fragments may be used, i.e.
antibody fragments from the "variable" regiosn of an
antibody that comprise the antigen binding site.
Antibodies may be human, humanized, or chimeric
variants of theforegoing. Such antibodies can be less
immunogenic when administered to a subject. Methods of
producing humanized or chimeric antibodies are well
known in the art. The 



antibodies contemplated also include different
isotypes and isotype subclasses (e.g., IgGi, IgG2, and
IgM). These antibodies can be prepared by raising them
in vertebrates, in hybridoma cell lines or other cell
lines, or by recombinant means. For references on how
to prepare these antibodies, see Harlow & Lane (1988),
Antibodies: A Laboratory Manual, Cold Spring Harbor
Press. The antibodies or fragments may also be
produced, using current technology, by recombinant
means. Regions that bind specifically to the desired
regions of receptor can also be produced in the
context of chimeras with multiple species origin.
Methods of Treatment This invention also relates to
methods for the treatment of a disease associated with
aberrant expression of mTOR beta, comprising
administration of an effective amount of an agent, to
a subject in need thereof, capable of modulating the
activity and/or expression of mTOR beta. Such an agent
may therefore be used in the treatment (which may be
therapeutic and/or prophylactic), diagnosis or
prevention of such a disease. The aberrant expression
may be, for example, increased expression of mTOR beta
or decreased expression of mTOR beta. A suitable agent
may be selected depending upone whether the level of
mTOR beta is to be supplemented or reduced. In one
embodiment, the agent is an inhibitor of mTOR beta.
Such an inhibitor may act to reduce the amount of mTOR
beta that is present, for example by inhibitor or
preventing mTOR beta gene expression or protein
production or by acting to remove or break down mTOR
beta mRNA or protein. Such an inhibitor may act to
reduce the activity of mTOR beta, for example any
activity or function of mTOR beta as discussed above.
A suitable inhibitor may be a molecule that binds to
mTOR beta and prevents its function. For example, a
suitable inhibitor may be an antibody that binds to
mTOR beta. In another embodiment, the agent is an mTOR
beta antagonist. In another embodiment, the agent is a
promoter or activator of mTOR beta. Such an agent may
act to increase the amount of mTOR beta protein that
is present. For example, the agent may be a
polynucleotide, vector, rDNA, polypeptide or host cell
as described herein. The agent may act to increase the
life span of an mTOR beta mRNA or polypeptide, for
example by increasing the resistance of the mRNA or
polypeptide to degradation processes within the cell
or organism. Such an agent may act to increasethe
activity or function of mTOR beta, for example any
activity or function of niTOR 



beta as discussed above. An effective amount of
capable of modulating the activity and/or expression
of mTOR beta may be an amount which exerts a suitable
effect as described herein. For example, a suitable
amount of an mTOR beta inhibitor may be that which is
sufficient to exert an inhibitory effect on the
activity of mTOR beta. An effective amount may also be
an amount that is effective to inhibit the
proliferation of cells exhibiting aberrant mTOR beta
expression. In some embodiments of this method, the
disease associated with aberrant expression of mTOR
beta is cancer, including, but not limited to,
prostate cancer, breast cancer, multiple myeloma, lung
cancer, non-small cell lung carcinoma, bone cancer,
liver cancer, pancreatic cancer, skin cancer, cancer
of the head or neck, cutaneous or intraocular
melanoma, uterine cancer, ovarian cancer, rectal
cancer, cancer of the anal region, stomach cancer,
colon cancer, uterine cancer, carcinoma of the
fallopian tubes, carcinoma of the endometrium,
carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of
the esophagus, cancer of the small intestine, cancer
of the endocrine system, cancer of the thyroid gland,
cancer of the parathyroid gland, cancer of the adrenal
gland, sarcoma of soft tissue, cancer of the urethra,
cancer of the penis, chronic or acute leukemia,
lymphocytic lymphomas, cancer of the bladder, cancer
of the kidney or ureter, renal cell carcinoma,
carcinoma of the renal pelvis, neoplasms of the
central nervous system (CNS), neuroectodermal cancer,
spinal axis tumors, glioma, meningioma, pituitary
adenoma, or a combination of one or more of the
foregoing cancers. In another embodiment of said
method, said abnormal cell growth is a benign
proliferative disease, including, but not limited to,
psoriasis, benign prostatic hyperplasia, hypertrophy,
or restinosis. In one embodiment of the invention, the
agent is a kinase inhibitor. Exemplary types of kinase
inhibitors which can be used in the methods of the
invention include, but are not limited to, rapamycin,
rapamycin derivatives such as e.g. RADOOl (Lane (2003)
MoI. Targets Cancer Therapeut. 259-260), CCI-779 and
AP23573. In practicing the methods of this invention,
these agents may be used alone or in combination with
other active or inactive ingredients. The methods of
the invention therefore include administration of a
polypeptide comprising these agents linked to a 



cytotoxic agent for the treatment of a disease
associated with abnormal cell growth, including
cancer. Examples of cytotoxic agents include, but are
not limited to, gelonin,ricin, saponin, pseudonomas
exotoxin, pokeweed antiviral protein, diphtheria
toxin, complement proteins, or any other agent knolvn
in the art that is capable of killing a cell upon
contact with that cell. The present invention also
extends to compositions, such as pharmaceutical
compositions comprising molecules and agents as
described herein. Formulation of a composition
comprising a molecule of the invention, such as a
polynucleotide, expression cassette, vector,
polypeptide, cell or antibody as described above, can
be carried out using standard pharmaceutical
formulation chemistries and methodologies all of which
are readily available to the reasonably skilled
artisan. For example, compositions containing one or
more molecules of the invention can be combined with
one or more pharmaceutically acceptable excipients or
vehicles. Auxiliary substances, such as wetting or
emulsifying agents, pH buffering substances and the
like, may be present in the excipient or vehicle.
These excipients, vehicles and auxiliary substances
are generally pharmaceutical agents that do not induce
an immune response in the individual receiving the
composition, and which may be administered without
undue toxicity. Pharmaceutically acceptable excipients
include, but are not limited to, liquids such as
water, saline, polyethyleneglycol, hyaluronic acid,
glycerol and ethanol. Pharmaceutically acceptable
salts can also be included therein, for example,
mineral acid salts such as hydrochlorides,
hydrobromides, phosphates, sulfates, and the like; and
the salts of organic acids such as acetates,
propionates, malonates, benzoates, and the like. A
thorough discussion of pharmaceutically acceptable
excipients, vehicles and auxiliary substances is
available in Remington's Pharmaceutical Sciences (Mack
Pub. Co., N.J. 1991). The present invention thus
further provides compositions comprising a molecule as
described herein such as a polypeptide of the
invention, e.g. , mTOR beta or a variant or derivative
thereof, and a diluent. Suitable diluents can be
aqueous or non-aqueous solvents or a combination
thereof, and can comprise additional components, for
example water-soluble salts or glycerol, that
contribute to the stability, solubility, activity,
and/or storage of the protein or polypeptide. The
pharmaceutical composition may also comprise, consist
of, or consist 



essentially of one or more agents capable of
modulating the activity and/or expression of mTOR beta
and a pharmaceutically acceptable carrier. Such a
composition may comprise an agent to be administered
as part of a therapeutic method of the invention as
described above. The pharmaceutical compositions of
the present invention maycontain suitable
pharmaceutically acceptable carriers comprising
excipients and auxiliaries that facilitate processing
of the active compounds into preparations that can be
used pharmaceutically for delivery to the site of
action. Suitable formulations for parenteral
administration include aqueous solutions of the active
compounds in watersoluble form, for example,
water-soluble salts. In addition, suspensions of the
active compounds as appropriate oily injection
suspensions may be administered. Suitable lipophilic
solvents or vehicles include fatty oils, for example,
sesame oil, or synthetic fatty acid esters, for
example, ethyl oleate, or triglycerides. Aqueous
injection suspensions may contain substances which
increase the viscosity of the suspension. Examples of
such viscosity increasing substances include are
sodium carboxymethyl cellulose, sorbitol and dextran.
Optionally, the suspension may also contain
stabilizers. Liposomes can also be used to encapsulate
the agent for delivery into the cell. Pharmaceutical
compositions of the invention, such as those
comprising one or more agents capable modulating the
activity and/or expression of mTOR beta, can be
administered via parenteral, subcutaneous,
intravenous, intramuscular, intraperitoneal,
intrathecal, intracranial or transdermal or buccal
routes. For example, an agent may be administered
locally to a rumor or the site of aberrant mTOR beta
expression via microinfusion. Alternatively, or
concurrently, administration may be by the oral route.
The dosage administered will be dependent upon the
age, health, and weight of the recipient, kind of
concurrent treatment, if any, frequency of treatment,
and the nature of the effect desired. While individual
needs vary, determination of optimal ranges of
effective amounts of each component is within the
skill of the art. Dosages of an agent capable of
modulating the activity and/or expression of mTOR beta
of the present invention typically comprise about 1.0
ng/kg body weight to about 0.13 mg/kg body weight. In
one embodiment, dosages of an agent capable of
modulating the activity and/or expression of mTOR beta
comprise about 1.0 ng/kg body weight to about 0.1
mg/kg body weight. In a preferred embodiment, dosages
for systemic administration comprise 



about 0.01 mg/kg body weight to about 0.1 mg/kg body
weight. In another embodiment, the dosage of an agent
capable of modulating the activity and/or expression
of mTOR beta comprises less than about 0.1 mg/kg body
weight. More preferred dosages for systemic
administration comprise about 0.1 mg/kg body weight to
about 0.05 mg/kg body weight. In another preferred
embodiment, the dosage of an agent capable of
modulating the activity and/or expression of mTOR beta
comprises less than about 0.05mg/kg body weight. The
most preferred dosages for systemic administration
comprise between about 1.0 mg/kg body weight to about
0.01 mg/kg body weight hi other embodiments, the
amount of an agent capable of modulating the activity
and/or expression of mTOR beta administered is an
amount effective to bring the concentration of an
agent capable of modulating the activity and/or
expression of mTOR beta in the serum to a
concentration of about 20.0, 10.0, 5.0, 2.50, 1.25,
0.625, 0.3125, 0.156, 0.078, 0.039, 0.020, 0.010,
0.005, 0.003, 0.0015, 0.0008, 0.0003, or 0.0001 nM.
The preferred dosages for direct administration to a
site via micro-infusion comprise 1 ng/kg body weight
to 1 mg/kg body weight. The pharmaceutical formulation
for systemic administration according to the invention
may be formulated for enteral, parenteral, or topical
administration. Indeed, all three types of
formulations may be used simultaneously to achieve
systemic administration of the active ingredient. As
mentioned above for some methods of the invention,
topical administration may be used. Any common topical
formulation such as a solution, suspension, gel,
ointment or salve and the like may be employed.
Preparation of such topical formulations are described
in the art of pharmaceutical formulations as
exemplified, for example, by Gennaro et al. (2000)
Remington's Pharmaceutical Sciences, Mack Publishing.
For topical application, the compositions could also
be administered as a powder or spray, particularly in
aerosol form. In some embodiments, the compositions of
this invention may be administered by inhalation. For
inhalation therapy, the active ingredients may be in a
solution useful for administration by metered dose
inhalers or in a form suitable for a dry powder
inhaler. In another embodiment, the compositions are
suitable for administration by bronchial lavage.
Suitable formulations for oral administration include
hard or soft gelatin capsules, pills, tablets,
including coated tablets, elixirs, suspensions, syrups
or 



inhalations and controlled release forms thereof. The
compositions and methods of the invention for
therapeutic purposes can be utilized in vivo,
ordinarily in mammals, such as e.g., humans, sheep,
horses, cattle, pigs, dogs, cats, rats, and mice or ex
vivo. The invention is particularly useful in the
treatment of human subjects.Methods to Identify Agents
that Modulate Expression and/or Activity of mTOR beta
The present invention also provides for methods
identifying {i.e., screening) for an agent that
modulates mTOR beta expression and/or activity. In one
embodiment of the invention, the agent modulates mTOR
beta expression hi another embodiment, the agent
modulates mTOR beta activity. A decrease of mTOR
expression and/or activity is indicative of an agent
that inhibits mTOR beta. An increase of mTOR
expression and/or activity is indicative of an agent
that stimulates mTOR beta. Another embodiment of the
present invention provides methods for identifying
agents that modulate the expression of a nucleic acid
encoding a mTOR beta (mTORb) protein, such as a
protein having the amino acid sequence of SEQ ID NO:
2. Such assays may utilize any available means of
monitoring for changes in the expression level of the
nucleic acids of the invention. As used herein, an
agent is said to modulate the expression of a nucleic
acid of the invention, for instance a nucleic acid
encoding the protein having the sequence of SEQ ID NO:
2 or a nucleic acid having SEQ ID NO: 1, if it is
capable of up- or down-regulating expression of the
nucleic acid in a cell. The invention thus provides
methods for the screening or identification of agents
that modulate the activity and/or expression of mTOR
beta. A method of the invention may comprise the
following steps: (a) providing a polypeptide of the
invention (such as a polypeptide of the invention or a
polypeptide encoded by a polynucleotide of the
invention); (b) contacting said polypeptide with a
test agent; and (c) detecting any change in the
activity of said polypeptide, wherein a change in
activity is indicative of an agent capable of
modulating mTOR beta activit)'. Equivalent methods may
also be carried out using a polynucleotide of the
invention, for example to identify an agent capable of
modulating gene expression, or an agent capable of
modulating the level of, or transcriptions of, mTOR
beta mRNA. 



A method of the invention may be carried out in vitro
or in vivo. A method of the invention may be carried
out using an isolated (or substantially isolated) or
purified (or substantially purified) polypeptide.
Alternatively a method may be carried out in a cell
that comprises the polypeptide. For example, such a
method may comprise the following steps:(a) providing
a host cell of the invention, such as a host cell that
comprises or expresses a polypeptide of the invention
(such as a polypeptide of the invention or a
polypeptide encoded by a polynucleotide of the
invention); (b) contacting said host cell with a test
agent; and (c) detecting any change in the expression
and/or activity of said polypeptide, wherein a change
in expression and/or activity is indicative of an
agent capable of modulating mTOR beta expression
and/or activity. A particular method may comprise the
following steps: (a) exposing a cell expressing a
polypeptide of the invention to the agent; and (b)
detecting the change in expression and/or activity of
said polypeptide, wherein a change in expression
and/or activity is indicative of an agent capable of
modulating mTOR beta expression and/or activity. In
one assay format, cell lines that contain reporter
gene fusions between the open reading frame of the
mTOR beta (e.g. SEQ ID NO: 1) and any assayable fusion
partner may be prepared. Numerous assayable fusion
partners are known and readily available including the
firefly luciferase gene and the gene encoding
chloramphenicol acetyltransferase (Alam et al, 1990
Anal. Biochem. 188, 245-254). Cell lines containing
the reporter gene fusions are then exposed to the
agent or a control to be tested under appropriate
conditions and time. Differential expression of the
reporter gene between samples exposed to the agent and
control samples identifies agents, which modulate the
expression of a nucleic acid encoding the mTOR beta.
In another assay format, the ability of an agent to
modulate mTOR beta expression is based on measuring
the expression of proteins such as e.g., c-Myc whose
expression is modulated as a result of modulation of
mTOR beta expression. Additional assay formats may be
used to monitor the ability of the agent to modulate
the expression of a nucleic acid encoding a protein of
the invention such as mTOR beta. For instance, rnRNA
expression may be monitored directly by 



hybridization to the nucleic acids of the invention.
Cell lines are exposed to the agent and/or a
polypeptide comprising a mTOR beta to be tested under
appropriate conditions and time and total RNA or mRNA
is isolated by standard procedures such those
disclosed in Sambrook et al. (2001) Molecular Cloning,
A Laboratory Manual, Cold Spring Harbor Laboratory
Press. Probes to detect differences in RNA expression
levels between cells exposed to the agent and control
cells may be prepared from the nucleic acids of the
invention. It ispreferable, but not necessary, to
design probes which hybridize only with target nucleic
acids under conditions of high stringency. Only highly
complementary nucleic acid hybrids form under
conditions of high stringency. Accordingly, the
stringency of the assay conditions determines the
amount of complementarity which should exist between
two nucleic acid strands in order to form a hybrid.
Stringency should be chosen to maximize the difference
in stability between the probe: target hybrid and
potential probe :non-target hybrids. Probes may be
designed from the nucleic acids of the invention
through methods known in the art. For instance, the
G+C content of the probe and the probe length can
affect probe binding to its target sequence. Methods
to optimize probe specificity are commonly available
in Sambrook et al. (2001) or Ausubel et al. (1995)
Current Protocols in Molecular Biology, Greene
Publishing Company). Hybridization conditions are
modified using known methods, such as those described
by Sambrook et al. (2001) and Ausubel et al. (1995) as
required for each probe. Hybridization of total
cellular RNA or RNA enriched for polyA RNA can be
accomplished in any available format. For instance,
total cellular RNA or RNA enriched for polyA RNA can
be affixed to a solid support and the solid support
exposed to at least one probe comprising at least one,
or part of one of the sequences of the invention under
conditions in which the probe will specifically
hybridize. Alternatively, nucleic acid fragments
comprising at least one, or part of one of the
sequences of the invention can be affixed to a solid
support, such as a porous glass wafer. The glass wafer
can then be exposed to total cellular RNA or polyA RNA
from a sample under conditions in which the affixed
sequences will specifically hybridize. Such glass
wafers and hybridization methods are widely available,
for example, those disclosed by Beattie (WO 95/1
1755). By examining for the ability of a given probe
to specifically hybridize 



to an RNA sample from an untreated cell population and
from a cell population exposed to the agent, agents
which up or down regulate the expression of a nucleic
acid encoding the mTOR beta protein. The present
invention also provides methods for identifying agents
that modulate at least one activity of an mTOR beta
polypeptide such as the polypeptide of SEQ ID NO: 2.
Such methods or assays may utilize any means of
monitoring or detecting the desired activity. These
assays may include detection of phosphorylation of
mTOR beta, detection of phosphorylation of S6K1,
detection of phosphorylation of 4E-BP1, monitoring
induction of cMyc expression or monitoring for the
ability of S6K1and/or 4E-BP1 to phosphorylate a second
protein. In one embodiment of the invention, the
activity of mTOR beta is detected based on detecting
phosphorylation of PKB/Akt. In one format, the
specific activity of a protein of the invention .,
normalized to a standard unit, between a cell
population that has been exposed to the agent to be
tested compared to an un-exposed control cell
population may be assayed. Cell lines or populations
are exposed to the agent to be tested under
appropriate conditions and time. Cellular lysates may
be prepared from the exposed cell line or population
and a control, unexposed cell line or population. The
cellular lysates are then analyzed with the probe.
Antibody probes can be prepared by immunizing suitable
mammalian hosts utilizing appropriate immunization
protocols using the proteins of the invention or
antigen-containing fragments thereof. To enhance
immunogenicity, these proteins or fragments can be
conjugated to suitable carriers. Methods for preparing
immunogenic conjugates with carriers such as BSA, KLH
or other carrier proteins are well known in the art.
In some circumstances, direct conjugation using, for
example, carbodiimide reagents may be effective; in
other instances, linking reagents such as those
supplied by Pierce Chemical Co. may be desirable to
provide accessibility to the hapten. The hapten
peptides can be extended at either the amino or the
carboxy terminus with a cysteine residue or
interspersed with cysteine residues, for example, to
facilitate linking to a carrier. Administration of the
immunogens is conducted generally by injection over a
suitable time period and with use of suitable
adjuvants, as is generally understood in the art.
During the immunization schedule, titers of antibodies
are taken to determine adequacy of antibody formation.
While the polyclonal antisera produced in this way may
be satisfactory for some 



applications, for pharmaceutical compositions, use of
monoclonal preparations is preferred. Immortalized
cell lines which secrete the desired monoclonal
antibodies may be prepared using standard methods, see
e.g., Kohler & Milstein (1992) Biotechnology 24,
524-526 or modifications which effect immortalization
of lymphocytes or spleen cells, as is generally known.
The immortalized cell lines secreting the desired
antibodies can be screened by immunoassay in which the
antigen is the peptide hapten, polypeptide, or
protein. When the appropriate immortalized cell
culture secreting the desired antibody is identified,
the cells can be cultured either in vitro or by
production in ascites fluid. The desired monoclonal
antibodies may be recovered from the culture
supernatant or from the ascites supernatant. Fragments
of the monoclonal antibodies orthe polyclonal antisera
that contain the immunologically significant portion
can be used as antagonists, as well as the intact
antibodies. Use of immunologically reactive fragments,
such as Fab or Fab' fragments, is often preferable,
especially in a therapeutic context, as these
fragments are generally less immunogenic than the
whole immunoglobulin. The antibodies or fragments may
also be produced, using current technology, by
recombinant means. Antibody regions that bind
specifically to the desired regions of the protein can
also be produced in the context of chimeras with
multiple species origin. Antibody regions that bind
specifically to the desired regions of the protein can
also be produced in the context of chimeras with
multiple species origin, for instance, humanized
antibodies. The antibody can therefore be a humanized
antibody or human antibody, as described in U.S.
Patent 5,585,089 or Riechmann et al. (1988) Nature
332, 323-327. Agents that are assayed in the above
method can be randomly selected or rationally selected
or designed. As used herein, an agent is said to be
randomly selected when the agent is chosen randomly
without considering the specific sequences involved in
the association of the a protein of the invention
alone or with its associated substrates, binding
partners, etc. An example of randomly selected agents
is the use a chemical library or a peptide
combinatorial library, or a growth broth of an
organism. As used herein, an agent is said to be
rationally selected or designed when the agent is
chosen on a non-random basis which takes into account
the sequence of the 



target site or its conformation in connection with the
agent's action. Agents can be rationally selected or
rationally designed by utilizing the peptide sequences
that make up these sites. For example, a rationally
selected peptide agent can be a peptide whose amino
acid sequence is identical to or a derivative of any
functional consensus site. The agents of the present
invention can be, as examples, peptides, peptide
mimetics, antibodies, antibody fragments, small
molecules, vitamin derivatives, as well as
carbohydrates. Peptide agents of the invention can be
prepared using standard solid phase (or solution
phase) peptide synthesis methods, as is known in the
art. In addition, the DNA encoding these peptides may
be synthesized using commercially available
oligonucleotide synthesis instrumentation and produced
recombinantly using standard recombinant production
systems. The production using solid phase peptide
synthesis is necessitated if non-gene-encoded amino
acids are to be included.Methods to Identify Binding
Partners Another embodiment of the present invention
provides methods for use in isolating and identifying
binding partners of mTOR beta or derivative. In
general, a protein of the invention is mixed with a
potential binding partner or an extract or fraction of
a cell under conditions that allow the association of
potential binding partners with the protein of the
invention. After mixing, peptides, polypeptides,
proteins or other molecules that have become
associated with a protein of the invention are
separated from the mixture. The binding partner, which
bound to the protein of the invention, can then be
removed and further analyzed. To identify and isolate
a binding partner, the entire protein, for instance a
protein comprising the entire amino acid sequence of
SEQ ID NO: 2 or a protein encoded by a nucleotide of
SEQ ID NO: 1, can be used. Alternatively, a fragment
of the protein can be used. As used herein, a cellular
extract refers to a preparation or fraction that is
made from a lysed or disrupted cell. The preferred
source of cellular extracts will be cells derived from
human skin tissue or the human respiratory tract or
cells derived from a biopsy sample of human lung
tissue in patients with allergic hypersensitivity.
Alternatively, cellular extracts may be prepared from
normal tissue or available cell lines, particularly
granulocytic cell lines. A variety of methods can be
used to obtain an extract of a cell. Cells can be
disrupted using either physical or chemical disruption
methods. Examples of physical 



disruption methods include, but are not limited to,
sonication and mechanical shearing. Examples of
chemical lysis methods include, but are not limited
to, detergent lysis and enzyme lysis. A skilled
artisan can readily adapt methods for preparing
cellular extracts in order to obtain extracts for use
in the present methods. Once an extract of a cell is
prepared, the extract is mixed with the protein of the
invention under conditions in which association of the
protein with the binding partner can occur. A variety
of conditions can be used, the most preferred being
conditions that closely resemble conditions found in
the cytoplasm of a human cell. Features such as
osmolarity, pH, temperature, and the concentration of
cellular extract used, can be varied to optimize the
association of the protein with the binding partner.
After mixing under appropriate conditions, the bound
complex is separated from the mixture. A variety of
techniques can be utilized to separate the mixture.
For example, antibodies specific to a protein of the
invention can be used to immunoprecipitate the binding
partner complex. Alternatively, standard
chemicalseparation techniques such as chromatography
and density/sediment centrifugation can be used. After
removal of non-associated cellular constituents found
in the extract, the binding partner can be dissociated
from the complex using conventional methods. For
example, dissociation can be accomplished by altering
the salt concentration or pH of the mixture. To aid in
separating associated binding partner pairs from the
mixed extract, the protein of the invention can be
immobilized on a solid support. For example, the
protein can be attached to a nitrocellulose matrix or
acrylic beads. Attachment of the protein to a solid
support aids in separating peptide/binding partner
pairs from other constituents found in the extract.
The identified binding partners can be either a single
protein or a complex made up of two or more proteins.
Alternatively, binding partners may be identified
using a Far-Western assay according to the procedures
of Takayama et al. (1997) Methods MoI. Biol. 69,
171-184 or Sauder et al. (1996) J. Gen.Virol. 77,
991-996 or identified using epitope tagged proteins or
GST fusion proteins . Alternatively, the nucleic acid
molecules of the invention can be used in a yeast
two-hybrid system. The yeast two-hybrid system has
been used to identify other protein partner pairs and
can readily be adapted to employ the nucleic acid
molecules herein 



described. Without further description, it is believed
that one of ordinary skill in the art can, using the
preceding description and the following illustrative
examples, make and utilize the agents of the present
invention (e.g., nucleic acids and polypeptides) and
practice the claimed methods. The following working
examples describe embodiments of the present
invention, and are not to be construed as limiting in
any way the remainder of the disclosure. Examples
Example 1: Western Blot Analysis of rat tissues with
the C-Terminal of mTOR antibody In contrast to yeasts,
which have two TOR genes, mammals possess only one
gene, known to encode a single polypeptide with
molecular weight of approximately 280 kDa. To further
elucidate the regulation and downstream signaling of
mTOR, a monoclonal antibody (Fl 1) was developed. This
antibody (Fl 1) recognizes specificallymTOR in Western
blotting, inimunoprecipitation and immunofluorescence
(data not shmvn). The fragment of mTOR (350 amino
acids in length), corresponding to the HEAT domains,
was expressed in bacteria as a GST-fusion protein and
used for immunization and screening for specific
hybridoma clones. When this generated antibody was
used to analyze in Western blotting the total cell
lysates from rat tissues and various cell lines,
predominantly one immunoreactive band of approximately
280 kDa was observed {see Figure 1, lower panel).
However, when a commercially available mTOR antibody
(Cell Signalling) generated against the C-terminal
peptide was used, several strong immunoreactive bands
were detected (Figure 1, upper panel). In addition to
a 280-kDa band, which is highly abundant in rat brain,
there were two strong immunoreactive bands of
approximately 80 kDa and 95 kDa. The 80-kDa band is
highly expressed in liver, blood, kidney, small, and
large intestine, while lung, stomach, spleen, testis,
and fat have medium/low level of expression.
Interestingly, the 95-kDa band seems to be organ
specific as it is only detected at a very high level
in liver (see Figure 1, upper panel). Furthermore,
liver and blood possess a relatively weak but
distinctive band of approximately 135 kDa. Re-probing
of the membrane with antiactin antibody served as a
protein loading control. The detection of mTOR
immunoreactive bands with lower molecular weights
could be explained by the 



existence of mTOR splicing forms or by proteolytic
degradation of a full-length protein. Experimental
Procedures for Plasmid Construction, siRNA and
Expression Studies For expression in mammalian cells,
the full-length cDNA for mTORb was cloned into the
tagged eukaryotic expression vector pcDNA3.1/FLAG
(Invitrogen). Kinase inactive point mutant of mTORb
with the substitution of Asp 514 to GIu (analog of Asp
2357 to GIu in TORa) was generated with the use of a
site-directed mutagenesis kit (Stratagene) according
to manufacturer's recommendations. Transient
transfections of cells were carried out with the use
of ExGene 500 reagent (Fermentas), under conditions
recommended by the manufacturer. The mTOR siRNA was
obtained from MWG Biotech (21 nucleotide in length,
corresponding to the 2241-2261 region of human mTOR
(Kim et al. 2002)). siRNA was transfected into Hek293
cells using Lipofectamine 2000 (Invitrogen) as
recommended by manufacturer. The C-terminal region of
S6K1 (His-S6K1C, amino acids 332-502) was cloned into
pET24a plasmid (Novagene) in-frame with the 6His-tag
sequence. The expression and affinity purification of
His-S6K1C was carried out in BL21 DE3 cells using
NTA-agarose(Qiagene), respectively. pCMV FLAG mTORa
plasmid was kindly provided by Prof. K. Yonezawa,
Kobe, Japan. Reagents, Antibodies, and Cell Cultures
Anti-FLAG tag, anti-HA tag and anti-b actin antibodies
were purchased from Sigma. The N-terminal anti-mTOR
antibody was from SantaCruz. All other antibodies were
purchased from Cell Signaling. Human embryonic kidney
HEK293 cells, human breast MCF7 and Human liver HepG2
cells were maintained at 37 C and 5% CO2 in Dulbecco's
modified Eagle's medium supplemented with 10% fetal
bovine serum (FBS; Hyclone), 2 mM L-glutamine, 50
units/ml penicillin, and 50 mg/ml streptomycin.
Experimental Proceduresfor RNApurification and RT-PCR
Total RNA was purified from HEK293, MCF7 and HepG2
cell lines using SV Total RNA Isolation System
(Promega). The first strand cDNA was synthesized by
annealing 10 mg of total RNA and 5 mg of oligo dT
primer using ReverAid H Minus First Strand cDNA
Synthesis Kit (Fermentas) at 70 0C for 5 minutes. Then
RT mix (final 1 reaction buffer, 40 U RiboLock
ribonuclease inhibitor (Fermentas), and 1mM dNTP) was
added and the solution and incubated for 5 minutes at
25 C. After the addition of RevertAid H Minus Reverse
Transcriptase (Fermentas), the 25- ml reaction 



mix was incubated for 10 minutes at 25 C and 1 hour at
37 C. The reverse transcriptase reaction was stopped
by incubating for 10 minutes at 70 C. The reaction
mixture was stored at -2O0C and 1 ml was used for each
PCRs. The RT-PCR was performed using a panel of
specific primers for mTOR. Specific fragments of
glyceraldehyde-3 -phosphate dehydrogenase (GADPH) and
b-actin were amplified and used as loading and quality
controls of first strand DNA. Example 2: Northern Blot
analysis of mTOR in human tissue To investigate these
possibilities, i.e., the existence of mTOR splicing
forms or proteolytic degradation of the full-length
protein, a Northern blot analysis of total RNA samples
purified from a panel of human tissues (OriGene) was
initially performed. The membrane was probed with a
DIG-labelled mTOR probe (750 bp), corresponding to its
C-terminal coding region. In this analysis, the
presence of several bands, which hybridized
specifically with the mTOR probe (Figure 2) were
observed. As expected,ubiquitously expressed band of
approximately 8.6 Kb, which would correspond to the
full-length mTOR transcript, lvere also observed. In
addition, there were several distinct bands in the
region of 1.5 to 3.5 Kb that showed high abundance in
liver and heart. The strongest signal corresponded to
bands of 2.7 Kb and 3.2 Kb. The results obtained in
Western and Northern blot analysis strongly implied
the existence of mTOR splicing forms. The Northern
blot analysis also indicates that mTORb is highly
expressed in heart and liver, while kidney, liver,
blood, small and large intestine have the highest
protein level of mTORb. Experimental Proceduresfor
Northern Blot Analysis The membrane-containing
poly(A)+ RNA samples from various human tissues was
purchased from OriGene. The Northern blot analysis was
performed using DIG Northern Starter kit (Roche
Diagnostics) as recommended by the manufacturer. The
mTOR DIG-labeled RNA probe was generated by using a
750 bp PCR product, corresponding to the C-terminal
coding region of mTOR, as a template for the in vitro
transcription reaction with dioxigenin-1 1-UTP. The
actin probe was supplied by the manufacturer. Example
3: Immuoprecipitation of mTOR beta To further examine
the nature of observed immunoreactive bands, mTOR was
immunoprecipitated from Hek293, MCF7, and Hep2G cells
using the C-terminal 



polyclonal antibody (Cell Signalling) and probed
immune complexes in Western blotting with the
N-terminal mTOR antibody. As shown in Figure 3, two
immunoreactive bands in the range of 280 kDa and 80
kDa were clearly detected in the immunoprecipitates
from all three cell lines. However, mTOR was
immunoprecipitated mTOR from these cell lines by using
Fl 1 Mabs, only one immunoreactive band of 280 kDa was
observed (data not shown). The obtained results
strongly suggest the existence of a potential mTOR
splice form which would possess both the N- and
C-terminal sequences and code a protein of
approximately 700 amino acids in length. Therefore,
the most abundant transcripts of 2.7 Kb and 3.2 Kb,
which were detected in mTOR Northern blotting, have
the potential to encode a splice variant of 80
kDa.Experimental Proceduresfor Immunoprecipitations
HEK293 cells were washed with ice-cold
phosphate-buffered saline (PBS) and extracted with the
lysis buffer containing 50 mM HEPES (pH 7.5), 150 mM
NaCl, 1% (v/v) Triton XlOO, 2 mM EDTA5 50 mM sodium
fluoride, 10 mM sodium pyrophosphate, 1mM sodium
orthovanadate, and a mixture of protease inhibitors
(Roche Applied Science). Whole-cell extracts were
centrifuged at 10,000 X g for 30 minutes at 4 0C.
Endogenous or transiently expressed proteins were
immunoprecipitated with corresponding antibodies
immobilized on protein ASepharose beads (Amersham
Biosciences) for 3 hours at 4 0C. The immune complexes
were then washed once with Tris-buffered saline
containing 0.05% Tween 20 and the Wash Buffer 1 (50 mM
HEPES [pH 7.5], 40 mM NaCl, and 2 mM EDTA) with 1%
Triton X-100, Wash Buffer 1 with 500 mM LiCl and 0.5%
Triton X-100, Wash Buffer 1 with 500 mM LiCl and Wash
Buffer 2 (50 mM HEPES [pH 7.5] and 150 mM NaCl). For
Raptor or Rictor immunoprecipitation studies, cells
were lysed in ice-cold Buffer B (Buffer A with 0.3%
CHAPS instead of Triton X-100). The mTOR
immunoprecipitates were washed four times in Buffer B
and twice in Wash Buffer 2. The immune complexes were
used for immunoblotting or for in vitro kinase
reactions. Example 4 : Identification of mTOR beta To
prove the existence of mTOR splice form(s) a PCR-based
search for corresponding cDNAs by employing a panel of
mTOR specific oligonucleotides and several human cell
lines was carried out. In this analysis, Hek293 and
MCF7 lines were used where a potential splice variant
was observed hi addition, the hepatoma cell line 



Hep2G was also examined, since liver was found to
possess several potential mTOR splice variants in
Northern and Western blotting. Initially, total RNA
was purified from exponentially growing cells using SV
Total RNA Isolation System (Promega). Then, equal
amounts of RNA purified from each cell line were
converted into the first strand cDNA by using ReverAid
H Minus First Strand cDNA Synthesis Kit (Fermentas).
The quality of generated first strand cDNAs was tested
by PCR amplification of actin and GADPH fragments.
Figure 4 shows that nearly equal amount of PCR
products for GADPH (570 bp) and b-actin (350 bp) were
PCR amplified from cDNA preparations of all cell
lines. Extensive PCR analysis of generated first
strand cDNAs with various sets of mTOR specific
primers produced a panel of amplified fragments. The
most prominent bands were excised from the gel and
sequenced. Among obtained mTORsequences, one mTOR
sequence which contained a potential splice variant,
was identified. This PCR fragment of approximately 100
bp was amplified with the Nterminal primer (Nl,
ATGCTTGGAACCGGACCTGCCG (SEQ ID NO: 5)) and the second
primer, located in the end of FATN domain (C3,
TTTGGACAGATCCTCAGTGACCT (SEQ ID NO: 6)). It is
important to note that this PCR product was
specifically amplified from all three cell lines (see
Figure 4A). As shown in Figure 4B, the amplified
fragments contain sequences corresponding to the
N-terminal region and the FATN domain of mTOR. The
translation of generated sequences clearly indicates
the continuation of the reading frame at the point of
a splice site (see Figure 4C). This splice form of
mTOR (mTOR beta) has the potential to encode a protein
of 706 amino acids in length, consisting of the
extreme N-terminal 23 amino acids and a stretch of 683
amino acids from the C-terminus of mTOR. In order to
obtain the full-length coding sequence of this
potential mTOR splice form, PCR amplifications from
generated first strand cDNAs using the extreme Nl
(ATGCTTGGAACCGGACCTGCCG (SEQ ID NO: 7)) and Cl
(TTACCAGAAAGGGCACCA (SEQ ID NO: 8)) mTOR specific
primers were carried out. By this approach, to a band
of approximately 2.3 Kb was amplified from Hek293
first strand cDNA. Initial sequence analysis of the
amplified band from the N- and the C-terminal ends
confirmed the existence of the predicted splice
variant of mTOR. The amplified PCR product was then
fully sequenced and its nucleotide sequence (SEQ ID
NO: I)) was found to have mTORb specific intron/exon
at 



nucleotides 68 to 72. The obtained sequence has an
open reading frame capable to encode a protein of 706
amino residues (SEQ ID NO: 1). The position of a
splice fusion between the N-terminal (1-23 aa) and the
C-terminal (1867-2549 aa) of mTORa is indicated by an
arrow. The identified splice form of mTOR was termed
"mTOR beta (mTORb)" and the full-length protein (mTOR
alpha (mTORa)). In contrast to the full-length mTORa,
the mTORb splice form lacks all HEAT domains and the
main part of the FATN domain (see Fig 5). The HEAT
domains have been implicated in mediating
proteinprotein interactions. In mTOR, the sequences
corresponding to HEAT domains were found to interact
with Raptor and Rictor, which are key players in mTOR
signaling. Moreover, the sequences within the HEAT
domain region were shown to localize mTOR to
endoplasmic reticulum and Golgi apparatus. Recent
studies indicated thatFAT domains possess HEAT-like
structures and might be also involved in
proteinprotein interactions. The mTORb possesses
intact FRB (FKBP12/Rapamycin Binding), kinase, and
FATC domains. The presence of these domains suggests
that mTORb could serve as a protein kinase and its
function could be regulated by Rapamycin and its
analogs. In addition, mTORb contains 23 amino acids of
unknown function from the extreme N-terminus and the
C-terminal part of FATN domain. Bioinformatic analysis
of the FATN C-terminal region point towards the
presence of a HEAT-like domain, which might facilitate
the interactions with regulatory proteins, such as
Rictor and Raptor. Example 5: mTORb regulation and
cellular function Following the identification and
cloning of mTORb, the work on the investigation of its
regulation and cellular functions was initiated.
Initially, the fulllength of mTORb was cloned in
pcDNA3.1 expression vector in frame with the Nterminal
FLAG-tag epitope. To examine the level of expression,
molecular weight, and regulation of FLAG-mTORb, Hek293
cells were transiently transfected with pcDNA3.1 or
pcDNA3. 1/FLAG-mTORb. One day after transfection,
cells were serum-starved for 36 hours and incubated in
the presence or absence of Rapamycin for 30 minute.
After serum stimulation for one hour, cells were lysed
and the lysates were used for Western blotting or
immunoprecipitation. When the supernatants of lysed
cells were immunoblotted with anti-mTOR polyclonal
antibody (Cell Signalling), it was clear that 



pcDNA3. 1/FLAG-mTORb plasmid directs the expression of
the protein with the molecular weight of approximately
80 kDa {see Figure 6A, lower panel). The expression of
endogenous mTORb is evidently observed in Hek293 cells
transfected with rcDNA3.1 or pcDNA3.1/FLAG-mTORb. Due
to the presence of a FLAG epitope, the mobility of
FLAG-mTORb is slightly slower when compared to that of
endogenous mTORb. This analysis also showed that
starvation/stimulation of cells with serum do no
affect the level or gel mobility of both endogenous
and overexpressed mTORb. No significant changes were
also observed after Rapamycin treatment. Stimulation
of cells with serum or growth factors, such as IGFl is
known to induce phosphorylation of mTORa on S2448.
Originally, the phosphorylation of mTORa at S2448 was
found to be mediated by PKB/Akt. However, recent
studies have provided strong evidence for the
involvement of S6K in phosphorylating S2448.To find
whether mTORb is phosphorylated at a serine residue
corresponding to S2448 of the entire mTORa amino acid
in response to serum stimulation, the obtained lysates
from the above experiment were probed with S2448
phosphospecific antibody. As shown in Figure 6A (upper
panel), the phosphorylation of endogenous and
overexpressed mTORb at a serine residue corresponding
to S2448 of the entire mTORa amino acid sequence is
strongly induced by serum stimulation. Moreover, this
phosphorylation event is sensitive to Rapamycin. The
obtained data demonstrate that similarly to mTORa, the
phosphorylation of mTORb at a serine residue
corresponding to S2448 of the entire mTORa amino acid
sequence is induced in response to serum stimulation
and is sensitive to Rapamycin. Is mTORb able to
phosphorylate S6K and 4E-BP 1, which are the main
physiological substrates for mTORa? To answer this
question, FLAG-mTORb or FLAG-TORa were
immunoprecipitated from transiently transfected Hek293
cells. The immune complexes were then used in niTOR
kinase reactions, containing cold ATP and recombinant
4E-BP1 or His-S6K1 C. The kinase reactions were
resolved by SDSPAGE and immunobloted with
phosphospecific antibodies pT389-S6Kl and pS65-4EBPl.
Figure 6B undoubtedly demonstrates that mTORb can
phosphorylate both S6K1 and 4E-BP 1 in vitro, but to a
lesser extent than mTORa. Studies from various
laboratories indicated that mTOR requires binding
partners Raptor and Rictor for the phosphorylation of
its downstream substrates: S6K, 4E-BP1 



and PKB/Akt. Taking this into account, the interaction
of mTORb with known mTOR binding partners was tested.
In this study, HEK293 cells were transiently
transfected with pcDNA3. 1/FLAG-mTOR b and
pRK-Raptor-HA or pcDNA3.1/FLAG-mTOR b and
pRK/Rictor-Myc or pcDNA3.1/FLAG-mTORb and pcRK-GbL.
The supernatants of lysed cells were
immunoprecipitated with anti-FLAG monoclonal or
control nonspecific antibody. The immune complexes or
total cell lysates from transfected cells were
resolved by SDS-PAGE and immunobloted with various
antibodies. Figure 7 clearly shows that exogenously
expressed Raptor, Rictor, and GbL form specific
complexes with mTORb in vivo. The specificity of
interaction was tested by using irrelevant antibody in
the immunoprecipitation assay. Thus, similarly to the
full-length mTORa the splice form is also capable to
associate with Raptor, Rictor, and GbL. It can also
phosphorylate S6K1 and 4E-BP1 in vitro.As mentioned
above, mTORb possesses an intact FRB domain.
Therefore, it was interesting to compare the
sensitivity of mTORa and mTORb to Rapamycin. In this
study, HEK293 cells were transiently transfected with
pcDNA 3.1/FLAG-mTOR b, pcDNA 3.1/FLAG-mTOR a, or
pcDNA3.1. One day later, cells were starved for 24
hours and stimulated with 10% FCS for one (1) hour.
Various concentrations of Rapamycin ( 1 nM, 5 nM and
10 nM) were added 30 minutes before serum stimulation.
The supernatants of lysed cells were resolved by
SDS-PAGE and immunoblotted with various antibodies.
The expression of mTORa and mTORb was confirmed by
immunoblotting with the C-terminal polyclonal mTOR
antibody (see Figure 8). Probing the membrane with a
panel of phosphospecific antibodies directed against
known mTOR phosphorylation sites in S6K1 (pT389) and
4E-BP1 (pS70, pS37/46) indicated that cells expressing
mTORb are less sensitive to Rapamycin, when compared
to cells transfected with vector alone or pcDNA3
1/mTORa. Notably, the sensitivity was more obvious in
cells treated with low doses of Rapamycin, such as 1
nM. Previous studies found mTORa mainly in membrane
fractions of endoplasmic reticulum and Golgi
apparatus. Furthermore, mTOR was also observed on the
outer mitochondrial membrane and in the nucleus.
Sequences located in the HEAT domain region of
full-length mTOR (HEAT domain 18 and 19) have been
implicated in mediating its membrane localization.
Taking into account that HEAT and FATN domains are not
present in mTORb, it was interesting to examine its
subcellular 



localization by fractionation. Exponentially growing
HEK293 cells were fractionated using ProteoExstract
Extraction kit (Calbiochem). Both, mTORa and mTORb
were immunoprecipitated from all fractions using
anti-niTOR C-terminal antibodies. The immune complexes
were resolved by SDS-PAGE and immunoblotted with
anti-mTOR N-terminal antibodies. As expected, mTORa is
detected in obtained cytoplasmic, nuclear and membrane
fractions. In contrast to that, mTORb is predominantly
localized in the cytoplasm {see Figure 9). The quality
of prepared subcellular fractions was analyzed by
immunoblotting with anti-4E-BPl, HSP60, and c-Jun
antibodies. Currently immunofluorescent analysis is
being employed to study subcellular localization of
MycmTOR a and mTOR b in transiently transfected Hek293
cells (starved/stimulated and in response to cellular
stresses). To further investigate the role of mTORb in
the regulation of cellular processes, Hel<293 stable
cell lines, overexpressing mTORb wild type or mTORa
wild type, weregenerated. In addition, a cell line
over-expressing EGFP (Enhanced Green Fluorescent
Protein), which could be used as a control in mTORb
studies, has also developed. Initial examination of
generated cell lines indicated that cells expressing
wild type mTOR b grow faster, when compared with mTORa
or GFP expressing cells. Taking this into account, the
proliferation rate of generated stable cell lines
using a cell proliferation assay from Promega was
investigated. Stable cell lines, overexpressing mTOR b
wt mTORa wt or EGFP were seeded into a 96 well plate
at various densities and grown under standard
conditions for 7 days. Cell numbers were than measured
in each well by Resosurin based assay. In six
independent studies, it was found that mTOR b
expressing cells proliferate faster in comparison to
control cells {see Figure 10). In contrast, mTOR a wt
expressing cells showed no difference in proliferation
compared to control cells. This confirms a role of
mTOR b, but not mTORa in regulation of cell
proliferation. To investigate whether mTORb kinase
activity has a role in the regulation of cell
proliferation, a similar experiment was carried out in
Hek293 cell lines, overexpressing mTOR b wild type,
mTOR b kinase dead (ICD) mutant or EGFP. Cells were
seeded into a 96 well plate at various densities and
grown under standard conditions for 5 days. Cell
numbers were then measured in each well by Resazurin
based assay. In six independent studies, it was found
that mTOR b expressing cells 



proliferate approximately 1.6 times faster in
comparison to control cells {see Figure 11). The
obtained data also indicate that mTORb KD mutant does
not have a dominant negative effect on cell
proliferation, when expressed in Hek293 cells. It
exhibits a slightly opposite effect, as mTOR b KD
overexpressing cells grew to some extent faster when
compared with EGFP cells. It is further thought that
the induction of cell proliferation by mTOR b could be
transduced by various signaling pathways. One of those
pathways, signaling via the proto-oncogene Myc was
examined. The proto-oncogene Myc is known to affect
growth, proliferation, differentiation, and apoptosis
of cells through its ability to regulate the
transcription of a vast number of genes. cMyc has been
also implicated in the regulation of tumor
progression, including genetic stability, migration,
and angiogenesis. The expression and function of cMyc
protein is therefore tightly controlled. Indeed many
different pathways and factors have been identified
that modulate cMyc expression at the level of
transcription and translation, and its proteinfunction
through post-translational modifications hi regulating
of cell proliferation, c- Myc controls the expression
of genes, which participate in Gl/S transition of the
cell cycle. Signalling via mTOR pathway makes a major
contribution to the cell cycle progression at Gl/S
stage. Moreover, Rapamycin is a known inhibitor of the
Gl/S transition of the cell cycle. To test whether
cMyc is involved in mTOR b-induced proliferation,
HEK293 cells were transiently transfected with pEGFP,
pcDNA 3.1/mTOR b wt, pcDNA 3.1/mTOR b dead mutant, or
pcDNA 3.1/mTOR a wt. Two days after transfection cells
were lysed, separated by SDS-PAGE and immunoblotted
with antibodies to c-myc and its transcription targets
(e.g. anti-Myc (9El 0) monoclonal antibody). The
results presented in Figure 1OB, clearly demonstrate
that overexpression of mTOR b, but not mTOR a leads to
a significant increase in c-Myc protein level. The
induction of c-Myc translation is dependent on mTOR b
kinase activity, as a kinase dead mutant of mTOR b
does not stimulate c-Myc expression (Figure 1IB). The
expression level of transiently expressed mTOR a, mTOR
b wt, and KD mutant was monitored by irnmunobloting
with the C-term mTOR antibody. Overexpression of mTORb
wt was found to increases the level of Myc expression.
It was also found that Hek293 cells, overexpressing
mTOR b recover from Sorbitol-induced stress much
faster than mTORa overexpressing cells. 



To further investigate the role of mTOR b in the cell
cycle, Hek293 cells overexpressing mTOR b, mTORa or
EGFP were pulse labeled with BrdU for 30 minutes and
chased every 2 hours for 24 hours. Incorporation of
BrdU into the cells was measured by FACS analysis. The
duration of the Gl, S and G2 phases of cell cycle
observed for each cell line was determined (see Figure
12). The duration of S and G2 phases were similar in
all three cell groups. However, the duration of the Gl
phase was shorter in the mTOR b overexpressing cells
than in the mTORa or control cells. This suggests that
mTOR b is critical for Gl progression of the cell
cycle. The effects of mTORb in serum starved cells
were also assessed. Hek293 stable cell lines,
overexpressing mTOR b wt, mTORa wt, mTORb kinase dead
or EGFP were serum starved for 60 hours. Cell survival
was assessed by the Trypan Blue dye exclusion assay.
It was found that overexpression of mTOR b wt
protected cells from starvation induced cell death
(see Figure 13A) and that mTOR b kinase activity is
required for mediating this effect (see Figure 13B).To
further investigate the effect of mTORb expression on
cell oncogenic potential, Hek293 cells stably
overexpressing mTORb, mTORa or EGFP were plated in a
thin layer of agarose in culture medium. After 14
days, colonies were stained using MTT {see Figure
14A). Colonies were counted using quantity 1 software
(Bio-Rad) and folds were plotted {see Figure 14B). It
was found that mTORb overexpression led to an increase
in cell oncogenic potential compared with those cells
overexpressing mTORa and control cells. Experimental
Procedures for In Vitro Kinase Assay mTOR in vitro
kinase assa}' was performed as published previously
(Kim et al. 2002). Briefly, the kinase assay was
performed in 30 ml at 300C for 40 minutes and
contained about a quarter of the washed mTOR
immunoprecipitates from 5 x 106 HEK293 cells, 1 mg of
a 4E-BP1 (Calbiochem) or 0.5 mg of recombinant
His-S6K1C, 25 niM HEPES-KOH (pH 7.4), 50 mM KCL 20%
glycerol, 10 niM MgCl2, 4 mM MnCl2, 1mM DTT, and 50 mM
ATP. The reactions were stopped by adding 5x sample
buffer and resolved by SDS-PAGE and analyzed by
immunobloting. Experimental Procedures for Immunoblot
Analysis Immune complexes or total cell lysates were
separated by SDS-PAGE, transferred onto polyvinylidene
difluoride membrane (PVDF) and incubated for 1 hour 



with blocking solution (5% milk, Tris-buffered
saline/Tween 0.1%). Blocked membranes were then probed
overnight with primary antibodies at 4 C. After
extensive washing with Tris-buffered saline with 0.1%
Tween, the membranes were incubated for 1 hour with
secondary horseradish peroxidase-conjugated antibody
at RT. The antigen-antibody complexes were detected
using the ECL system (Millipore). When immunoblots had
to be re-probed, the membranes were initially stripped
(Restore Western Stripping Reagent, Pierce) and
incubated with another type of primary antibody.
Experimental Procedures for Subcellular Fractionation
Subcellular fractionation of HEK293 cells was
performed using ProteoExstract Extraction kit
(Calbiochem) as recommended by manufacturer. mTORa and
mTOR b were immunoprecipitated from all fractions
using anti-mTOR C-terminal antibodies.Immune complexes
were resolved by SDS-PAGE and immunoblotted with
anti-mTOR N-terminal antibody. Anti-4E-BPl, HSP60 and
c-Jun antibodies were used as controls for
cytoplasmic, membrane and nuclear fractions
respectively. Experimental Proceduresfor Stable cell
lines production and cell proliferation assay Stable
cell lines overexpressing wild type and kinase dead
mTORb lvere produced by transfecting linearized pcDNA
3.1/FLAG-Tor b wt or pcDNA 3.1 FLAG Tor b dead vectors
in to HEK293 cells. Cell lines were selected for 10
days on 500 mg/ml genetecin as recommended by
manufacturer (Invitrogen). For cell proliferation
assay, Helc293 stable cell lines, overexpressing mTOR
b wt, mTOR b kinase dead and EGFP were seeded into 96
well plate at various density (250, 500, 1000 and 2000
cell per well) and grown under standard conditions for
5 days. Cell numbers were than measured in each well
by Resosurin based assay (Cell Titer Blue Promega)) as
recommended by the manufacturer. Normalized growth
curves for each cell line were calculated using data
from at least six independent experiments). "V MIe the
invention has been described and illustrated herein by
references to various specific materials, procedures
and examples, it is understood that the invention is
not restricted to the particular combinations of
material and procedures selected for that purpose.
Numerous variations of such details can be implied as
will be appreciated by those skilled in the art. It is
intended that the specification and examples be
considered as exemplary, only, with the true scope and
spirit of the invention being 



indicated by the following claims. All references,
patents, and patent applications referred to in this
application are herein incorporated by reference in
their entirety.CLAIMS 1. An isolated polypeptide which
phosphorylates S6K1 and/or 4E-BP1 selected from the
group consisting of: (a) an isolated polypeptide
comprising the amino acid sequence of SEQ ID NO: 2;
(b) an isolated polypeptide comprising an amino acid
sequence having at least 75% sequence identity with
the amino acid sequence of SEQ ID NO: 2; and (c) an
isolated polypeptide comprising the amino acid
sequence encoded by SEQ ID NO: 1. 2. An isolated
polynucleotide selected from the group consisting of:
(a) a polynucleotide encoding a polypeptide according
to claim 1; (b) a polynucleotide comprising the
nucleotide sequence of SEQ ID NO: 1 or the complement
thereof; (c) a polynucleotide comprising a nucleic
acid sequence having at least 80% sequence identity
over the entire contiguous sequence of SEQ ID NO : 1
and encoding a protein that phosphorylates S6K1 and/or
4E-BP1; and (d) an isolated nucleic acid molecule
which hybridizes to the nucleotide sequence of SEQ ID
NO: 1 or the complement thereof under conditions which
employ 0.1 x SSC at 68C and encoding a protein which
phosphorylates S6K1 and/or 4E-BP1 . 3. A
polynucleotide according to claim 2, wherein said
polynucleotide is operably linked to one or more
expression control elements. 4. A vector comprising a
polynucleotide according to claim 2 or 3. 5. A host
cell comprising a polypeptide according to claim I a
polynucleotide according to claim 2 or 3 or a vector
according to claim 4. 6. An isolated antibody that
specifically binds to a polypeptide according to claim
1. 7. An antibody according to claim 6, wherein said
antibody is monoclonal.8. An antibody according to
claim 6 or 7, wherein the antibody is humanized. 9. A
method for producing a polypeptide comprising
culturing a host cell according to claim 5 under
conditions in which a polypeptide according to claim 1
or a polypeptide encoded by a polynucleotide according
to claim 2 is expressed. 10. A method of screening for
an agent that modulates mTORbeta activity, 



comprising the following steps: (a) contacting a
polypeptide according to claim 1 with a test agent;
and (b) detecting any change in the activity of said
polypeptide, wherein a change in activity is
indicative of an agent capable of modulating mTORbeta
activity. 11. A method of screening for an agent that
modulates mTORbeta expression and/or activity,
comprising the following steps: (a) providing a host
cell according to claim 5 that comprises or expresses
a a polypeptide according to claim 1 or a polypeptide
encoded by a polynucleotide according to claim 2; (b)
contacting said host cell with a test agent; and (c)
detecting any change in the expression and/or activity
of said polypeptide, wherein a change in expression
and/or activity is indicative of an agent capable of
modulating mTORbeta expression and/or activity. 12. A
method according to claim 10 or 11, wherein the
activity is detected by measuring S6K1 and/or 4E-BP-1
phosphorylation. 13. A method according to claim 10 or
11, wherein the activity is detected by measuring
expression of c-Myc protein. 14. A method according to
claim 11, wherein the expression is detected by
measuring the level of a nucleic acid comprising SEQ
ID NO: 1. 15. A method of treating a disease
associated with aberrant expression of a polypeptide
according to claim 1 comprising administration of an
effective amount ofan agent to a subject in need
thereof, wherein said agent alters the activity and/or
expression of said polypeptide. 16. An agent that
alters activity and/or expression of a polypeptide
according to claim 1 for use in the treatment of a
disease associated with aberrant expression of said
polypeptide. 17. A method according to claim 15 or an
agent according to claim 16, wherein the agent is an
antibody according to any one of claims 7 to 9. 


