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(57) ABSTRACT 
A neW superfamily of protein kinases has been discovered 
that centers around eukaryotic elongation factor-2 kinase 
(eEF-2 kinase). The protein kinases of this neW superfamily 
have the following characteristics: 1) sequence similarity to 
eEF-2 kinase; 2) no sequence similarity to the protein 
kinases of either the serine/threonine/tyrosine kinase or 
histidine kinase superfamily; and, 3) speci?cally phospho 
rylates ot-helical regions of proteins as opposed to [3-turns, 
as seen in all other protein kinases. Assays have been 
developed utilizing eEF-2 kinase and a phosphorylation 
target consisting of a novel ot-helical 16-amino acid peptide 
sequence to facilitate high-throughput screening for com 
pounds that can speci?cally inhibit this protein kinase that 
has been implicated tumor groWth and other hyperproliferi 
tive disorders. Additionally, the disclosed invention includes 
assessing eEF-2 kinase levels for diagnostic purposes, and 
therapeutic formulations to inhibit eEF-2 kinase activity. 
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ELONGATION FACTOR-2 KINASE (EF-2 KINASE) 
AND METHODS OF USE THEREFOR 

FIELD OF THE INVENTION 

[0001] This invention relates generally to the identi?ca 
tion of a neW superfamily of eukaryotic protein kinases and 
the use of one member of this superfamily, elongation 
factor-2 kinase (eEF-2 kinase), in assays to screen for 
speci?c inhibitors. Speci?c inhibitors of the eEF-2 kinase 
may be potent therapeutics for amelioration of malignant 
transformation. Additionally, sequences complementary to 
eEF-2 kinase may have therapeutic ef?cacy as antisense 
drugs or be used in gene therapy. Speci?cally, the invention 
relates to assays developed using the recombinant eEF-2 
kinase to screen for inhibitors of phosphorylation of a 
peptide derived from the myosin heavy chain (MHC) pro 
tein. 

BACKGROUND OF THE INVENTION 

[0002] Protein phosphorylation plays a critical role in 
many cellular processes (Krebs (1994) Trends Biochem. Sci. 
191439; Hanks and Hunter, (1996) FASEB J. 91576-596; 
Hardie and Hanks, (1995) The Protein Kinase Facts Book 
(Academic, London)). There are tWo Well-characterized 
superfamilies of protein kinases, With most of the protein 
kinases belonging to the serine/threonine/tyrosine kinase 
superfamily (Hanks and Hunter, (1996); Hardie and Hanks, 
(1995)). The characteriZation of several hundred members 
of this superfamily revealed that they all share a similar 
structural organiZation of their catalytic domains Which 
consist of tWelve conserved subdomains (Hanks and Hunter, 
(1996); Hardie and Hanks, (1995)). The other superfamily is 
referred to as the histidine kinase superfamily and is 
involved in the prokaryotic tWo-component signal transduc 
tion system, acting as sensor components (Stock et al., 
(1989) Microbiol. Rev. 531450-490; Parkinson and Kofoid, 
(1992)Annu. Rev. Genet. 26171-112; SWanson, et al., (1994) 
Trends Biochem. Sci. 191485-490). Recently, eukaryotic 
members of this superfamily have also been described 
(Chang et al., (1993) Science 2631539-544; Ota and Var 
shavsky, (1993) Science 2621566-569; Maeda et al., (1994) 
Nature 3691242-245). Mitochondrial protein kinases have 
also recently been described that shoW structural homology 
to the histidine kinases, but phosphorylate their substrates on 
serine (Popov et al., (1992) J. Biol. Chem. 267113127 
13130; Popov et al., (1993) J. Biol. Chem. 268126602 
22606). Finally, several neW protein kinases have been 
reported that shoW a lack of homology With either of the 
kinase superfamilies (Maru and Witte, (1991) Cell 671459 
468; Beeler et al., (1994) Mol. Cell. Biol. 141982-988; 
Dikstein et al., (1996) Cell 841781-790; Futey et al., (1995) 
J. Biol. Chem. 2701523-529; Eichenger et al., (1996) EMBO 
J. 1515547-5556). HoWever, these protein kinases are 
vieWed as an exception to the general rule as they have yet 
to be fully characteriZed. 

[0003] The cloning and sequencing of the extensively 
characteriZed eukaryotic elongation factor-2 kinase (eEF-2 
kinase) from a variety of eukaryotic organisms has noW 
revealed the existence of a novel class of protein kinases 
(RyaZanov et al., (1997) Proc. Natl. Acad. Sci., USA 
9414884-4889). eEF-2 kinase, previously knoWn as Ca2+/ 
calmodulin-dependent protein kinase III, is highly speci?c 
for phosphorylation of elongation factor-2 (eEF-2), an abun 
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dant cytoplasmic protein that catalyZes the movement of the 
ribosome along mRNA during translation in eukaryotic cells 
(revieWed in RyaZanov and Spirin, (1993) In Translational 
Regulation of Gene Expression (Plenum, NeW York) Vol. 2, 
pp. 433-455; Nairn and Palfrey, (1996) In Translational 
Control (CSHL Press, NeW York) pp. 295-318). All mam 
malian tissues, and various invertebrate organisms, exhibit 
eEF-2 kinase activity (Abdelmajid et al., (1993) Int. J. Dev. 
Biol. 371279-290). eEF-2 kinase catalyZes the phosphoryla 
tion of eEF-2 at tWo highly conserved threonine residues 
located Within a GTP-binding domain (RyaZanov and Spirin, 
(1993) In Translational Regulation of Gene Expression 
(Plenum, NeW York) Vol. 2, pp. 433-455; Nairn and Palfrey, 
(1996) In Translational Control (CSHL Press, NeW York) pp. 
295-318). When eEF-2 is phosphorylated, it becomes inac 
tive With respect to protein synthesis (RyaZanov et al., 
(1988) Nature 3341170-173). Since eEF-2 phosphorylation 
is dependent on Ca2+ and calmodulin, eEF-2 kinase plays a 
pivotal role in modulating the protein synthesis rate in 
response to changes in intracellular calcium concentration. 
Phosphorylation of eEF-2 has also been linked to the regu 
lation of cell cycle progression. For example, transient 
phosphorylation of eEF-2 occurs during the mitogenic 
stimulation of quiescent cells (Palfrey et al., (1987) J. Biol. 
Chem. 26219785-9792) and during mitosis (Celis et al., 
(1990) Proc. Natl. Acad. Sci., USA 8714231-4235). In addi 
tion, changes in the level of eEF-2 kinase activity is asso 
ciated With a host of cellular processes such as cellular 
differentiation (End et al., (1982) J. Biol. Chem. 25719223 
9225; KoiZumi et al., (1989) FEBS Lett. 253155-58; Brady 
et al., (1990) J. Neurochem. 5411034-1039), oogenesis (Sev 
erinov et al., (1990) New Biol. 21 887-893), and malignant 
transformation (Bagaglio et al., (1993) Cancer Res. 
5312260-2264). 
[0004] The sequence eEF-2 kinase appears to have no 
homology to either the Ca2+/calmodulin-dependent protein 
kinases or to any members of the knoWn protein kinase 
superfamilies (RyaZanov et al., (1997) Proc. Natl. Acad. 
Sci., USA 9414884-4889). HoWever, the recently described 
myosin heavy chain kinase A (MHCK A) from Dictyostel 
ium (Futey et al., (1995) J. Biol. Chem. 2701523-529) shoWs 
a great deal of homology With eEF-2 kinase. These tWo 
kinases de?ne a novel class of protein kinases that may 
represent a neW superfamily. 

[0005] Evidence for MHCK and eEF-2 kinase forming the 
core of a neW superfamily is as folloWs. MHCK A from 
Diclyostelium, has a demonstrated role in the regulation of 
myosin assembly (Futey et al., (1995) J. Biol. Chem. 
2701523-529; Cote et al., (1997) J. Biol. Chem. 27216846 
6849). eEF-2 kinase is a ubiquitous Ca2+/calmodulin-depen 
dant protein kinase involved in the regulation of protein 
synthesis by Ca2+ (Redpath et al., (1996) J. Biol. Chem 
271117547-17554; RyaZanov et al., (1997) Proc. Natl. Acad. 
Sci., USA 9414884-4889). Both MHCKA and eEF-2 kinase 
display no homology to any of the knoWn protein kinases, 
but are strikingly similar to each other; amino acid 
sequences of their catalytic domains are 40% identical. 
Another protein kinase homologous to MHCKA and eEF-2 
kinase has recently been identi?ed in Dictyostelium (Clancy 
et al., (1997) J. Biol. Chem. 272111812-11815), and an 
expressed sequence tag (EST) sequence, With a high degree 
of similarity to the catalytic domain common to both MHCK 
A and eEF-2 kinase, has been deposited in GenBank (clone 
FC-AN09/accession #C22986). An amino acid sequence 
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alignment of the catalytic domains of these neW protein 
kinases is shown in FIG. 1A. These kinases have a catalytic 
domain of approximately 200 amino acids Which can be 
subdivided into seven conserved subdomains. Subdomains 
V, VI, and VII have a predicted [3-sheet structure and are 
presumably involved in ATP-binding, While subdomains I 
through IV may be involved in substrate binding and cataly 
sis. These neW protein kinases have no homology to the 
members of the eukaryotic serine/threonineltyrosine protein 
kinase superfamily With the exception of the GXGXXG 
motif in subdomain VI Which is present in many ATP 
binding proteins. Thus, MHCK A, eEF-2 kinase, and related 
protein kinases may represent a neW superfamily. Evolu 
tionary analysis of these neW kinases (FIG. 1B) reveals that 
they can be subdivided into 2 families: the eEF-2 kinase 
family Which includes eEF-2 kinases from different organ 
isms, and the MHCK family Which includes MHCK A, 
MHCK B and FC-AN09. These tWo families appear to have 
split more than a billion years ago. 

[0006] An interesting question is Why does nature employ 
these unusual kinases to phosphorylate eEF-2 and myosin 
heavy chains? Perhaps the ansWer is related to the secondary 
structure of the phosphorylation sites. As Was originally 
reported by Small et al. (Small et al., (1977), Biochim. 
Biophys. Res. Comm. 791341-346), phosphorylation sites are 
usually located at predicted [3-turns. Subsequent studies, 
including X-ray crystallographic data, demonstrated that 
phosphoacceptor sites in substrates of conventional protein 
kinases are often located in turns or loops and usually have 
?exible extended conformation (Knighton et al., (1991) 
Science 253:414-420; Pinna and RuZZene (1996) Biochim. 
Biophys. Acta 1314: 191-225). In contrast to this, the existing 
evidence suggests that the peptides around phosphorylation 
sites for eEF-2 kinases and MHCK A have an ot-helical 
conformation. The tWo major phosphorylation sites for 
MHCK A are located in a region Which has a coiled-coil 

ot-helical structure (Vaillancourt et al., (1988) J. Biol. Chem. 
253:10082-10087). The major phosphorylation site in eEF 
2, threonine 56, is located Within a sequence Which is 
homologous among all translational elongation factors. In 
the crystal structure of the prokaryotic elongation factor 
EF-Tu, this sequence has an ot-helical conformation (Pole 
khina et al., (1996) Structure 411141-1151; Abel et al., 
(1996) Structure 4:1153-1159). These facts suggest that 
eEF-2 kinase and MHCKA differ from conventional protein 
kinases in that they phosphorylate amino acids located 
Within ot-helices. 

[0007] Thus, in addition to the tWo Well-characterized 
superfamily of eukaryotic protein kinases, Which phospho 
rylate amino acids located in loops and turns, there appears 
to be a third superfamily of ot-helix-directed kinases. 

SUMMARY OF THE INVENTION 

[0008] Novel protein kinase inhibitors have the potential 
to form the basis for pharmaceutical compositions that can 
ameliorate malignant transformation. In order to ?nd these 
inhibitors, libraries of chemical compounds are routinely 
screened using an automated protein kinase assay. The 
draWback to this approach is that most protein kinases have 
a very similar structure, thus making it difficult to speci?c 
inhibitors Which act solely on a particular protein kinase. We 
have recently determined the primary structure of eEF-2 
kinase, a ubiquitous enZyme Which is involved in the regu 
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lation of protein synthesis and the cell cycle. Unexpectedly, 
We found that eEF-2 kinase has a unique structure. It has no 
homology to any other mammalian protein kinase. This 
feature makes eEF-2 kinase an ideal target in the search for 
a speci?c protein kinase inhibitor. Since preliminary evi 
dence suggests that eEF-2 kinase is upregulated in human 
cancers (data not shoWn), including, but not limited to, 
breast cancer, identi?cation of speci?c inhibitors of eEF-2 
kinase can eventually lead to the development of novel 
anticancer drugs. In order be able to perform a high through 
put screen for an eEF-2 kinase inhibitor, it is ?rst necessary 
to develop a simple assay Which is amenable to automation. 
The existing assay involves incubation of partially puri?ed 
eEF-2 kinase along With puri?ed eEF-2 and [y-32P]ATP as 
substrates in the presence of increasing concentrations of 
candidate inhibitors. Results are then obtained by electro 
phoretic separation of the reaction mixtures, folloWed by 
autoradiography. Results are then quanti?ed by either den 
sitometry or scintillation counting of excised bands from the 
gel containing 32P-eEF-2. Clearly, this assay, as it stands, is 
time-consuming, expensive, and not amenable to automa 
tion. Furthermore, it is dif?cult to purify large amounts of 
native eEF-2 required to perform multiple assays, and 
attempts to overexpress a recombinant form of eEF-2 Were 
unsuccessful as its overexpression Was toxic to host strains 
(personal communication from James Bodley, University of 
Minnesota, Minneapolis). Therefore, We have developed 
neW methodologies for determining eEF-2 kinase activity, 
Which involves the use of a speci?c peptide substrate; easily 
and economically manufactured in large scale. These meth 
ods are relatively inexpensive, fast, and can be fully auto 
mated. 

[0009] In our ?rst attempt to use a peptide as an eEF-2 
kinase substrate, We generated peptides centered around the 
phosphorylation site of eEF-2. This strategy did not yield a 
peptide that Was functional in phosphorylation assays (data 
not shoWn). Surprisingly, We found that a 16‘mer peptide 
(RKKFGESEKTKTKEFL (SEQ ID NO: 20)), based on the 
phosphorylation site of Dictyostelium discoideum MHC, 
Was an acceptable substrate for use With eEF-2 kinase in 
phosphorylation assays. It is interesting to note that While 
eEF-2 kinase can phosphorylate a peptide derived from 
MHC, it is not able to phosphorylate native MHC (RyaZanov 
et al., (1997) Proc. Natl. Acad. Sci., USA 94:4884-4889). 

[0010] In accordance With the present invention, a neW 
superfamily of protein kinases and corresponding methods 
for assaying their phosphorylation activity are disclosed. 
The protein kinases of this neW superfamily have the fol 
loWing characteristics: 1) No signi?cant sequence homology 
to protein kinases of either the serine/threonine/tyrosine 
kinase or histidine kinase super families; 2) moderate to high 
(240%) to eEF-2 kinases from any organism; and, 3) 
phosphorylates an amino acid Within an ot-helical domain. 

[0011] The present invention also relates to a recombinant 
DNA molecule or cloned gene, or a degenerate variant 
thereof, Which encodes eEF-2 kinase; preferably a nucleic 
acid molecule, in particular a recombinant DNA molecule or 
cloned gene, encoding the eEF-2 kinase has a nucleotide 
sequence or is complementary to a DNA sequence shoWn in 
FIG. 5 (SEQ ID NO: 1, 3, and 9). 

[0012] The human and murine DNA sequences of the 
eEF-2 kinase gene of the present invention or portions 
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thereof, may be prepared as probes to screen for comple 
mentary sequences and genomic clones in the same or 
alternate species. The present invention extends to probes so 
prepared that may be provided for screening cDNA and 
genomic libraries for the eEF-2 kinase gene. For example, 
the probes may be prepared With a variety of knoWn vectors, 
such as the phage A vector. The present invention also 
includes the preparation of plasmids including such vectors, 
and the use of the DNA sequences to construct vectors 
expressing antisense RNA or riboZymes Which Would attack 
the mRNAs of any or all of the DNA sequences set forth in 
FIGS. 5 (SEQ ID NO: 1, 3, and 9). Correspondingly, the 
preparation of antisense RNA and riboZymes are included 
herein. 

[0013] The present invention also includes eEF-2 kinase 
proteins having the activities noted herein, and that display 
the amino acid sequences set forth and described above and 
selected from SEQ ID NO: 2, 4, and 10. 

[0014] In a further embodiment of the invention, the full 
DNA sequence of the recombinant DNA molecule or cloned 
gene so determined may be operatively linked to an expres 
sion control sequence Which may be introduced into an 
appropriate host. The invention accordingly extends to uni 
cellular hosts transformed With the cloned gene or recom 
binant DNA molecule comprising a DNA sequence encod 
ing eEF-2 kinase, and more particularly, the complete DNA 
sequence determined from the sequences set forth above and 
in SEQ ID NO: 1, 3, and 9. 

[0015] According to other preferred features of certain 
preferred embodiments of the present invention, a recom 
binant expression system is provided to produce biologically 
active animal or human eEF-2 kinase. 

[0016] The present invention naturally contemplates sev 
eral means for preparation of eEF-2 kinase, including as 
illustrated herein knoWn recombinant techniques, and the 
invention is accordingly intended to cover such synthetic 
preparations Within its scope. The isolation of the cDNA and 
amino acid sequences disclosed herein facilitates the pro 
duction of eEF-2 kinase by such recombinant techniques, 
and accordingly, the invention extends to expression vectors 
prepared from the disclosed DNA sequences for expression 
in host systems by recombinant DNA techniques, and to the 
resulting transformed hosts. 

[0017] The invention includes an assay system for screen 
ing of potential drugs effective at attenuating eEF-2 kinase 
activity of target mammalian cells by interrupting or poten 
tiating the phosphorylation of eEF-2. In one instance, the 
test drug could be administered to a cellular sample along 
With ATP carrying a detectable label on its y-phosphate that 
gets transferred to eEF-2, or a peptide substrate, by eEF-2 
kinase. Quanti?cation of the labeled eEF-2 or peptide sub 
strate is diagnostic of the candidate drug’s ef?cacy. A further 
embodiment Would provide for the assay to be performed 
using a purely in vitro system comprised of eEF-2 kinase, 
ATP or labeled ATP, eEF-2 or peptide analog of a portion of 
eEF-2 or MHC, appropriate buffer, and detection reagents 
and/or instrumentation to detect and quantify the extent of 
eEF-2 kinase-directed phosphorylation activity. 

[0018] The assay system could more importantly be 
adapted to identify drugs or other entities that are capable of 
binding to the eEF-2 kinase and/or its cognate phosphory 
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lation target (e.g. eEF-2), either in the cytoplasm or in the 
nucleus, thereby inhibiting or potentiating eEF-2 kinase 
activity and its resultant phenotypic outcome. Such an assay 
Would be useful in the development of drugs that Would be 
speci?c against particular cellular activity, or that Would 
potentiate such activity, in time or in level of activity. For 
example, such drugs might be used to treat various carci 
nomas or other hyperproliferitive pathologies. 

[0019] The present invention likeWise extends to antibod 
ies against speci?cally phosphorylated eEF-2 kinase targets 
(e.g. eEF-2 or peptide), including naturally raised and 
recombinantly prepared antibodies. These antibodies and 
there labeled counterparts are included Within the scope of 
the present invention for their particular ability in detecting 
eEF-2 kinase activity via detection of the phosphorylated 
product by ELISA or any other immunoassay knoWn to the 
skilled artisan. 

[0020] In the instance Where a radioactive label, such as 
the isotopes 3H, 14C, 32P, 33P, 35S, 36Cl, 51Cr, 57Co, 58Co, 
59Fe, 90Y, 1251, 1311, and 186Re are used, knoWn currently 
available counting procedures may be utiliZed. In the 
instance Where the label is an enZyme, detection may be 
accomplished by any of the presently utiliZed calorimetric, 
spectrophotometric, ?uorospectrophotometric, amperomet 
ric or gasometric techniques knoWn in the art. 

[0021] In a further embodiment, the present invention 
contemplates antagonists of the activity of eEF-2 kinase. In 
particular, an agent or molecule that inhibits phosphoryla 
tion of eEF-2. In a speci?c embodiment, the antagonist can 
be a peptide comprising sequences, or sequence variants 
adjacent to, and including, the phosphorylation site in either 
eEF-2 or MHC. It is anticipated that these peptides Would be 
competitive inhibitors of eEF-2 kinase’s cognate target. 

[0022] In still a further embodiment, the invention con 
templates antisense drugs such that sequences complemen 
tary to the eEF-2 kinase mRNA inhibit production of func 
tional eEF-2 kinase. In a speci?c embodiment, the antisense 
drug may be a complementary oligonucleotide (DNA, RNA, 
or hybrid thereof), Which may or may not be modi?ed so as 
to have the folloWing characteristics: 1) enhanced hybrid 
iZation kinetics; 2) tighter binding to complementary 
sequence than its unmodi?ed counterpart; and/or, 3) resis 
tance to nucleases. In another speci?c embodiment, the 
antisense drug may be a complementary oligonucleotide 
(DNA, RNA, or hybrid thereof), that has the ability to cleave 
its target sequence either by riboZyme, or riboZyme-like, 
activity, or by nuclease activity imparted on the antisense 
drug by physical attachment to anyone of a number of 
nucleases. 

[0023] More speci?cally, the therapeutic method generally 
referred to herein could include the method for the treatment 
of various pathologies or other cellular dysfunctions and 
derangements by the administration of pharmaceutical com 
positions that may comprise effective inhibitors of eEF-2 
kinase activity, or other equally effective drugs developed 
for instance by a drug screening assay prepared and used in 
accordance With a further aspect of the present invention. 

[0024] Accordingly, it is a principal object of the present 
invention to provide a method and an associated assay 
system for screening potential inhibitors of eEF-2 kinase 
activity. 
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[0025] It is a further object of the present invention to 
provide antibodies to the phosphorylated eEF-2 kinase tar 
get, and methods for their preparation, including recombi 
nant means. 

[0026] It is a further object of the present invention to 
provide a method for detecting eEF-2 kinase activity in 
mammals in Which invasive, spontaneous, or idiopathic 
pathological states are suspected to be present. 

[0027] It is a still further object of the present invention to 
provide a method for the treatment of mammals to control 
the amount or activity of eEF-2 kinase, so as to alter the 
adverse consequences of such presence or activity, or Where 
bene?cial, to enhance such activity. 

[0028] It is a still further object of the present invention to 
provide a method for the treatment of mammals to control 
the amount or activity of eEF-2 kinase, so as to treat or avert 
the adverse consequences of invasive, spontaneous or idio 
pathic pathological states. 

[0029] It is a still further object of the present invention to 
provide pharmaceutical compositions for use in therapeutic 
methods Which comprise or are based upon a sequence 
complementary to that of the eEF-2 kinase mRNA, Which 
Would form the basis for an antisense therapeutic that can 
reduce expression, and thus activity, of eEF-2 kinase. 

[0030] It is yet another object of the invention to provide 
pharmaceutical compositions for use in therapeutic methods 
Which comprise or are based upon peptide analogs of eEF-2 
phosphorylation target amino acid sequences. It is antici 
pated that certain peptide analogs may act as efficacious 
competitive inhibitors of eEF-2 phosphorylation. 

[0031] Other objects and advantages Will become apparent 
to those skilled in the art from a revieW of the ensuing 
description Which proceeds With reference to the folloWing 
illustrative draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1. A, Sequence alignment of the catalytic 
domains of human eEF-2 kinase, C. elegans eEF-2 kinase, 
MHCK A, MHCK B and clone FC-AN O9. Identical amino 
acids (bold) and conserved hydrophobic amino acids (0) are 
noted. B, Phylogenetic tree of sequences shoWn in (A), With 
the addition of mouse and rat eEF-2 kinases. Tree Was 
obtained using the J. Hein method With PAM250 residue 
Weight table. The folloWing accession numbers Were used 
for the sequences: U93846-U93850, 1495779, 1170675, 
1903458, C22986. 

[0033] FIG. 2. Expression of recombinant eEF-2 kinase in 
vitro. Plasmid DNA from clones Cefk-l, Cefk-2, as Well as 
mouse and human eEF-2 kinase cDNA Were used in the 
TNT Wheat germ extract coupled transcription/translation 
system (Promega). [35S]Methionine-labeled products Were 
then analyZed by SDS/PAGE. 

[0034] FIG. 3. Activity of recombinant eEF-2 kinase in 
vitro. A large scale (0.5 ml) reaction using a mixture of 
Cefk-l and Cefk-2 plasmids Was run as in FIG. 2, With the 
omission of labeled methionine. In the control experiment, 
the reaction Was run With a plasmid containing a luciferase 
gene. (A) The reaction mixtures Were separated by chroma 
tography on a Mono Q column as described. (B) eEF-2 
kinase activity in fractions Was measured as the ability to 
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phosphorylate puri?ed rabbit eEF-2 in the presence of 
[y-32P]AT P. Puri?ed rabbit reticulocyte eEF-2 kinase Was 
used in the (+) control experiments. (C) Ca2+/calmodulin 
dependency of recombinant C. elegans eEF-2 kinase. Mono 
Q fraction 25 Was assayed in a standard eEF-2 kinase assay 
in the presence and absence of Ca2+and calmodulin and 20 
pM tri?uoperaZine (TFP) or N-(6 aminohexyl)-5-chloro-1 
napthalene-sulfonamide (D) Ca2+/calmodulin-depen 
dency of recombinant human eEF-2 kinase. Human eEF-2 
kinase cDNA Was expressed in a coupled transcription/ 
translation system as described above and eEF-2 kinase 
activity Was assayed Without further puri?cation. 

[0035] FIG. 4. Northern blot analysis of tissue distribution 
of mouse eEF-2 kinase mRNA. Northern blots of mouse 
tissue containing 2 pg of polyadenylated RNA per lane Were 
probed With the random-primed 32P-labeled mouse eEF-2 
kinase cDNA (31). The major transcript appeared at 3.1 kb 
and minor transcripts at 6.1 and 2.5 kb Were also apparent 
(exposure time, 5 days). The same blots Were stripped and 
rehybridiZed With a human eEF-2 cDNA (exposure time, 4 
days). 

[0036] FIG. 5. Sequence alignment of C. elegans, mouse, 
human eEF-2 kinase, and the catalytic domain of Dictyos 
telium discoideum MHCK A. Identical amino acids are 
indicated by dark blue boxed regions and chemically con 
served amino acids are indicated by light blue shaded 
regions. Amino acids in the human sequence that are iden 
tical to the mouse sequence are represented by dots. Amino 
acids underlined in black correspond to the six regions that 
match peptides obtained from the sequencing of puri?ed 
rabbit reticulocyte eEF-2 kinase. The GXGXXG nucleotide 
binding motif is underlined in red. The blue dashed line over 
residues 625-632 in C. elegans eEF-2 kinases designates the 
amino acids corresponding to exon 4, Which is missing in 
Cefk-2. 

[0037] FIG. 6. Substrate speci?city of eEF-2 kinase and 
MHCK A. Phosphorylation assays containing eEF-2 kinase 
(‘50 ng) or MHCK A (0.2 pg) and either 0.5 pg rabbit 
reticulocyte eEF-2 or 0.1 pg Dictyostelium myosin Were 
performed under standard conditions except that incubation 
time Was extended to 10 min. 

[0038] FIG. 7. Schematic representation of the structure 
of mammalian and C. elegans eEF-2 kinases and MHCK A. 
The homologous regions are represented by dark shading. 
The regions of Weak similarity are represented by light 
shading. The position of the GXGXXG motif is indicated by 
vertical arroWs. 

[0039] FIG. 8. Assay for eEF-2 kinase activity. Recom 
binant eEF-2 kinase (2 pg) Was incubated With increasing 
concentrations of a peptide phosphorylation target 
(RKKGESEKTKTKEFL) in a buffer consisting of 12.5 mM 
Hepes-KOH (pH 7.4), 2.5 mM magnesium acetate, 1.25 mM 
DTT, 25 pM CaCl2, 0.5 pg calmodulin, 100 pM ATP, and 0.5 
pCi [y-33P]ATP in a total volume of 50 pl. Samples Were 
incubated at 30° C. and aliquots Were WithdraWn at various 
time points, and the reaction Was terminated by incubation 
in an ice Water bath. The aliquots Were then spotted onto 
phosphocellulose paper (2 cm><2 cm) and Washed (4><4 min) 
With 75 mM phosphoric acid. The papers Were then rinsed 
With 100% ethanol, dried, and then counted in a scintillation 
counter. 
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DETAILED DESCRIPTION 

[0040] In accordance With the present invention there may 
be employed conventional molecular biology, microbiology, 
and recombinant DNA techniques Within the skill of the art. 
Such techniques are explained fully in the literature. See, 
e.g., Sambrook et al, “Molecular Cloning: A Laboratory 
Manual” (1989); “Current Protocols in Molecular Biology” 
Volumes I-III [Ausubel, R. M., ed. (1994)]; “Cell Biology: 
A Laboratory Handbook” Volumes I-III [J. E. Celis, ed. 
(1994))]; “Current Protocols in Immunology” Volumes I-III 
[Coligan, J. E., ed. (1994)]; “Oligonucleotide Synthesis” (M. 
J. Gait ed. 1984); “Nucleic Acid HybridiZation”[B. D. 
Hames & S. J. Higgins eds. (1985)]; “Transcription And 
Translation”[B. D. Hames & S. J. Higgins, eds. (1984)]; 
“Animal Cell Culture”[R. I. Freshney, ed. (1986)]; “Immo 
biliZed Cells And EnZymes”[IRL Press, (1986)]; B. Perbal, 
“A Practical Guide To Molecular Cloning” (1984). 

[0041] Therefore, if appearing herein, the folloWing terms 
shall have the de?nitions set out beloW. 

[0042] The terms “elongation factor-2 kinase”, “eEF-2 
kinase ”, “EF-2 kinase”, “Cefk”, and any variants not 
speci?cally listed, may be used herein interchangeably, and 
as used throughout the present application and claims refer 
to proteinaceous material including single or multiple pro 
teins, and extends to those proteins having the amino acid 
sequence data described herein and presented in FIGS. 1 
and 5 (SEQ ID NO: 2, 4, 6, 8, 10, 12, abd 14), and the pro?le 
of activities set forth herein and in the claims. Accordingly, 
proteins displaying substantially equivalent or altered activ 
ity are likeWise contemplated. These modi?cations may be 
deliberate, for example, such as modi?cations obtained 
through site-directed mutagenesis, or may be accidental, 
such as those obtained through mutations in hosts that are 
producers of the complex or its named subunits. Also, the 
terms elongation factor-2 kinase”, “eEF-2 kinase”, “EF-2 
kinase”, and “Cefk” are intended to include Within their 
scope proteins speci?cally recited herein as Well as all 
substantially homologous analogs and allelic variations. 

[0043] The amino acid residues described herein are pre 
ferred to be in the “L” isomeric form. HoWever, residues in 
the “D” isomeric form can be substituted for any L-amino 
acid residue, as long as the desired fractional property of 
immunoglobulin-binding is retained by the polypeptide. 
NH2 refers to the free amino group present at the amino 
terminus of a polypeptide. COOH refers to the free carboxy 
group present at the carboxy terminus of a polypeptide. In 
keeping With standard polypeptide nomenclature, J. Biol. 
Chem, 243:3552-59 (1969), abbreviations for amino acid 
residues are shoWn in the folloWing Table of Correspon 
dence: 

TABLE OF CORRESPONDENCE 

SYMBOL 

1 Letter 3-Letter AMINO ACID 

Y Tyr tyrosine 
G Gly glycine 
F Phe phenylalanine 
M Met methionine 
A Ala alanine 
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-continued 

TABLE OF CORRESPONDENCE 

SYMBOL 

1-Ietter 3-Letter AMINO ACID 

S Ser serine 
I Ile isoleucine 
L Leu leucine 
T Thr threonine 
V Val valine 
P Pro proline 
K Lys lysine 
H His histidine 
Q Gln glutamine 
E Glu glutamic acid 
W Trp tryptophan 
R Arg arginine 
D Asp aspartic acid 
N Asn asparagine 
C Cys cysteine 

[0044] It should be noted that all amino-acid residue 
sequences are represented herein by formulae Whose left and 
right orientation is in the conventional direction of amino 
terminus to carboxy-terminus. Furthermore, it should be 
noted that a dash at the beginning or end of an amino acid 
residue sequence indicates a peptide bond to a further 
sequence of one or more amino-acid residues. The above 
Table is presented to correlate the three-letter and one-letter 
notations Which may appear alternately herein. 

[0045] A “replicon” is any genetic element (e.g., plasmid, 
chromosome, virus) that functions as an autonomous unit of 
DNA replication in vivo; i.e., capable of replication under its 
oWn control. 

[0046] A “vector” is a replicon, such as plasmid, phage or 
cosmid, to Which another DNA segment may be attached so 
as to bring about the replication of the attached segment. 

[0047] A“DNA molecule” refers to the polymeric form of 
deoxyribonucleotides (adenine, guanine, thymine, or 
cytosine) in its either single stranded form, or a double 
stranded helix. This term refers only to the primary and 
secondary structure of the molecule, and does not limit it to 
any particular tertiary forms. Thus, this term includes 
double-stranded DNA found, inter alia, in linear DNA 
molecules (e.g., restriction fragments), viruses, plasmids, 
and chromosomes. In discussing the structure of particular 
double-stranded DNA molecules, sequences may be 
described herein according to the normal convention of 
giving only the sequence in the 5‘ to 3‘ direction along the 
nontranscribed strand of DNA (i.e., the strand having a 
sequence homologous to the mRNA). 

[0048] An “origin of replication” refers to those DNA 
sequences that participate in DNA synthesis. 

[0049] A DNA “coding sequence” is a double-stranded 
DNA sequence Which is transcribed and translated 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‘ 
(carboxyl) terminus. A coding sequence can include, but is 
not limited to, prokaryotic sequences, cDNA from eukary 
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otic mRNA, genomic DNA sequences from eukaryotic (e.g., 
mammalian) DNA, and even synthetic DNA sequences. A 
polyadenylation signal and transcription termination 
sequence Will usually be located 3‘ to the coding sequence. 

[0050] Transcriptional and translational control sequences 
are DNA regulatory sequences, such as promoters, enhanc 
ers, polyadenylation signals, terminators, and the like, that 
provide for the expression of a coding sequence in a host 
cell. 

[0051] 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 de?ning the present invention, the 
promoter sequence is bounded at its 3‘ terminus by the 
transcription initiation site and extends upstream (5‘ direc 
tion) to include the minimum 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 (conveniently de?ned by map 
ping With nuclease S1), as Well as protein binding domains 
(consensus sequences) responsible for the binding of RNA 
polymerase. Eukaryotic promoters Will often, but not 
alWays, contain “TATA” boxes and “CAT” boxes. Prokary 
otic promoters contain Shine-Dalgarno sequences in addi 
tion to the —10 and —35 consensus sequences. 

[0052] An “expression control sequence” is a DNA 
sequence that controls and regulates the transcription and 
translation of another DNA sequence. A coding sequence is 
“under the control” of transcriptional and translational con 
trol sequences in a cell When RNA polymerase transcribes 
the coding sequence into mRNA, Which is then translated 
into the protein encoded by the coding sequence. 

[0053] A “signal sequence” can be included before the 
coding sequence. This sequence encodes a signal peptide, 
N-terminal to the polypeptide, that communicates to the host 
cell to direct the polypeptide to the cell surface or secrete the 
polypeptide into the media, and 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. 

[0054] The term “oligonucleotide,” as used herein in refer 
ring to the probe of the present invention, is de?ned as a 
molecule comprised of tWo or more ribonucleotides, pref 
erably more than three. Its exact siZe Will depend upon many 
factors Which, in turn, depend upon the ultimate function 
and use of the oligonucleotide. 

[0055] The term “primer” as used herein refers to an 
oligonucleotide, Whether occurring naturally as in a puri?ed 
restriction digest or produced synthetically, Which is capable 
of acting as a point of initiation of synthesis When placed 
under conditions in Which synthesis of a primer extension 
product, Which is complementary to a nucleic acid strand, is 
induced, i.e., in the presence of nucleotides and an inducing 
agent such as a DNA polymerase and at a suitable tempera 
ture and pH. The primer may be either single-stranded or 
double-stranded and must be suf?ciently long to prime the 
synthesis of the desired extension product in the presence of 
the inducing agent. The exact length of the primer Will 
depend upon many factors, including temperature, source of 
primer and use of the method. For example, for diagnostic 
applications, depending on the complexity of the target 
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sequence, the oligonucleotide primer typically contains 
15-25 or more nucleotides, although it may contain feWer 
nucleotides. 

[0056] The primers herein are selected to be “substan 
tially” complementary to different strands of a particular 
target DNA sequence. This means that the primers must be 
suf?ciently complementary to hybridiZe With their respec 
tive strands. Therefore, the primer sequence need not re?ect 
the exact sequence of the template. For example, a non 
complementary nucleotide fragment may be attached to the 
5‘ end of the primer, With the remainder of the primer 
sequence being complementary to the strand. Alternatively, 
non-complementary bases or longer sequences can be inter 
spersed into the primer, provided that the primer sequence 
has suf?cient complementarity With the sequence of the 
strand to hybridiZe thereWith and thereby form the template 
for the synthesis of the extension product. 

[0057] As used herein, the terms “restriction endonu 
cleases” and “restriction enZymes” refer to bacterial 
enZymes, each of Which cut double-stranded DNA at or near 

a speci?c nucleotide sequence. 

[0058] A cell has been “transformed” by exogenous or 
heterologous DNA When such DNA has been introduced 
inside the cell. The transforming DNA may or may not be 
integrated (covalently linked) into chromosomal DNA mak 
ing up the genome of the cell. In prokaryotes, yeast, and 
mammalian cells for example, the transforming DNA may 
be maintained on an episomal element such as a plasmid. 
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 demon 
strated by the ability of the eukaryotic cell to establish cell 
lines or clones comprised of a population of daughter cells 
containing the transforming DNA. A“clone” is a population 
of cells derived from a single cell or common ancestor by 
mitosis. A “cell line” is a clone of a primary cell that is 
capable of stable groWth in vitro for many generations. 

[0059] TWo DNA sequences are “substantially homolo 
gous” When at least about 75% (preferably at least about 
80%, and most preferably at least about 90 or 95%) of the 
nucleotides match over the de?ned length of the DNA 
sequences. Sequences that are substantially homologous can 
be identi?ed by comparing the sequences using standard 
softWare available in sequence data banks, or in a Southern 
hybridiZation experiment under, for example, stringent con 
ditions as de?ned for that particular system. De?ning appro 
priate hybridiZation conditions is Within the skill of the art. 
See, e.g., Maniatis et al., supra; DNA Cloning, Vols. I & II, 
supra; Nucleic Acid Hybridization, supra. 

[0060] It should be appreciated that also Within the scope 
of the present invention are DNA sequences encoding eEF-2 
kinase Which code for a protein having the same amino acid 
sequence as SEQ ID NO: 2, 4, and 10, but Which are 
degenerate to SEQ ID NO: 1, 3, and 9. By “degenerate to” 
is meant that a different three-letter codon is used to specify 
a particular amino acid. It is Well knoWn in the art that the 
folloWing codons can be used interchangeably to code for 
each speci?c amino acid: 
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Phenylalanine (Phe or F) UUU or UUC 
Leucine (Leu or L) UUA or UUG or CUU or CUC or CUA or 

CUG 
Isoleucine (Ile or I) AUU or AUC or AUA 
Methionine (Met or M) AUG 
Valine (Val or V) GUU or GUC of GUA or GUG 
Serine (Ser or S) UCU or UCC or UCA or UCG or AGU or 

AGC 
CCU or CCC or CCA or CCG 

ACU or ACC or ACA or ACG 

GCU or GCG or GCA or GCG 

Proline (Pro or P) 
Threonine (Thr or T) 
Alanine (Ala or A) 
Tyrosine (Tyr or Y) UAU or UAC 
Histidine (His or H) CAU or CAC 
Glutamine (Gln or Q) CAA or CAG 
Asparagine (Asn or N) AAU or AAC 
Lysine (Lys or K) AAA or AAG 
Aspartic Acid (Asp or D) GAU or GAC 
Glutamic Acid (Glu or E) GAA or GAG 
Cysteine (Cys or C) UGU or UGC 
Arginine (Arg or R) CGU or CGC or CGA or CGG or AGA or 

AGG 
Glycine (Gly or G) GGU or GGC or GGA or GGG 
Tryptophan (Trp or W) UGG 
Termination codon UAA (ochre) or UAG (amber) or UGA (opal) 

[0061] It should be understood that the codons speci?ed 
above are for RNA sequences. The corresponding codons for 
DNA have a T substituted for U. 

[0062] Mutations can be made in SEQ ID NO: 1, 3, and 9 
such that a particular codon is changed to a codon Which 
codes for a different amino acid. Such a mutation is gener 
ally made by making the fewest nucleotide changes pos 
sible. A substitution mutation of this sort can be made to 
change an amino acid in the resulting protein in a non 
conservative manner (i.e., by changing the codon from an 
amino acid belonging to a grouping of amino acids having 
a particular size or characteristic to an amino acid belonging 
to another grouping) or in a conservative manner (i.e., by 
changing the codon from an amino acid belonging to a 
grouping of amino acids having a particular size or charac 
teristic to an amino acid belonging to the same grouping). 
Such a conservative change generally leads to less change in 
the structure and function of the resulting protein. A non 
conservative change is more likely to alter the structure, 
activity or function of the resulting protein. The present 
invention should be considered to include sequences con 
taining conservative changes Which do not signi?cantly alter 
the activity or binding characteristics of the resulting pro 
tein. 

[0063] The folloWing is one example of various groupings 
of amino acids: 

[0064] Amino Acids With Nonpolar R Groups 

[0065] Alanine 

[0066] Valine 

[0067] Leucine 

[0068] Isoleucine 

[0069] Proline 

[0070] Phenylalanine 
[0071] Tryptophan 
[0072] Methionine 
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[0073] Amino Acids With Uncharged Polar R Groups 

[0074] Glycine 
[0075] Serine 

[0076] Threonine 

[0077] Cysteine 
[0078] Tyrosine 
[0079] Asparagine 
[0080] Glutamine 

[0081] Amino Acids With Charged Polar R Groups (Nega 
tively Charged at pH 6.0) 

[0082] Aspartic acid 

[0083] Glutamic acid 

[0084] Basic Amino Acids (Positively Charged at pH 6.0) 

[0085] Lysine 
[0086] Arginine 
[0087] Histidine (at pH 6.0) 

[0088] Another Grouping May be Those Amino Acids 
With Phenyl Groups: 

[0089] Phenylalanine 
[0090] Tryptophan 
[0091] Tyrosine 

[0092] Another Grouping May be According to Molecular 
Weight (i.e., SiZe of R Groups): 

Glycine 75 
Alanine 89 
Serine 105 
Proline 115 
Valine 117 
Threonine 119 
Cysteine 121 
Leucine 131 
Isoleucine 131 
Asparagine 132 
Aspartic acid 133 
Glutamine 146 
Lysine 146 
Glutamic acid 147 
Methionine 149 
Histidine (at pH 6.0) 155 
Phenylalanine 165 
Arginine 174 
Tyrosine 181 
Tryptophan 204 

[0093] Particularly preferred substitutions are: 

[0094] Lys for Ar, and vice versa such that a positive 
charge may be maintained; 

[0095] Glu for Asp and vice versa such that a negative 
charge may be maintained; 

[0096] Ser for Thr such that a free —OH can be 
maintained; and 

[0097] Gln for Asn such that a free NH2 can be main 
tained. 
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[0098] Amino acid substitutions may also be introduced to 
substitute an amino acid With a particularly preferable 
property. For example, a Cys may be introduced a potential 
site for disul?de bridges With another Cys. A His may be 
introduced as a particularly “catalytic” site (i.e., His can act 
as an acid or base and is the most common amino acid in 
biochemical catalysis). Pro may be introduced because of its 
particularly planar structure, Which induces [3-turns in the 
protein’s structure. 

[0099] TWo amino acid sequences are “substantially 
homologous” When at least about 70% of the amino acid 
residues (preferably at least about 80%, and most preferably 
at least about 90 or 95%) are identical, or represent conser 
vative substitutions. 

[0100] A“heterologous” region of the DNA construct is an 
identi?able segment of DNA Within a larger DNA molecule 
that is not found in association With the larger molecule in 
nature. Thus, When the heterologous region encodes a mam 
malian gene, the gene Will usually be ?anked by DNA that 
does not ?ank 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 than the native gene). Allelic varia 
tions or naturally-occurring mutational events do not give 
rise to a heterologous region of DNA as de?ned herein. 

[0101] An “antibody” is any immunoglobulin, including 
antibodies and fragments thereof, that binds a speci?c 
epitope. The term encompasses polyclonal, monoclonal, and 
chimeric antibodies, the last mentioned described in further 
detail in Us. Pat. Nos. 4,816,397 and 4,816,567. 

[0102] An “antibody combining site” is that structural 
portion of an antibody molecule comprised of heavy and 
light chain variable and hypervariable regions that speci? 
cally binds antigen. 

[0103] The phrase “antibody molecule” in its various 
grammatical forms as used herein contemplates both an 
intact immunoglobulin molecule and an immunologically 
active portion of an immunoglobulin molecule. 

[0104] Exemplary antibody molecules are intact immuno 
globulin molecules, substantially intact immunoglobulin 
molecules and those portions of an immunoglobulin mol 
ecule that contains the paratope, including those portions 
knoWn in the art as Fab, Fab‘, F(ab‘)2 and F(v), Which 
portions are preferred for use in the therapeutic methods 
described herein. 

[0105] Fab and F(ab‘)2 portions of antibody molecules are 
prepared by the proteolytic reaction of papain and pepsin, 
respectively, on substantially intact antibody molecules by 
methods that are Well-knoWn. See for example, U.S. Pat. No. 
4,342,566 to Theo?lopolous et al. Fab‘ antibody molecule 
portions are also Well-knoWn and are produced from F(ab‘)2 
portions folloWed by reduction of the disul?de bonds linking 
the tWo heavy chain portions as With mercaptoethanol, and 
folloWed by alkylation of the resulting protein mercaptan 
With a reagent such as iodoacetamide. An antibody contain 
ing intact antibody molecules is preferred herein. 

[0106] The phrase “monoclonal antibody” in its various 
grammatical forms refers to an antibody having only one 
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species of antibody combining site capable of immunore 
acting With a particular antigen. Amonoclonal antibody thus 
typically displays a single binding af?nity for any antigen 
With Which it immunoreacts. A monoclonal antibody may 
therefore contain an antibody molecule having a plurality of 
antibody combining sites, each immunospeci?c for a differ 
ent antigen; e.g., a bispeci?c (chimeric) monoclonal anti 
body. 

[0107] The phrase “pharmaceutically acceptable” refers to 
molecular entities and compositions that are physiologically 
tolerable and do not typically produce an allergic or similar 
untoWard reaction, such as gastric upset, diZZiness and the 
like, When administered to a human. 

[0108] The phrase “therapeutically effective amount” is 
used herein to mean an amount sufficient to prevent. and 
preferably reduce by at least about 30 percent, more pref 
erably by at least 50 percent, most preferably by at least 90 
percent, a clinically signi?cant change in the S phase activity 
of a target cellular mass, or other feature of pathology such 
as for example, elevated blood pressure, fever or White cell 
count as may attend its presence and activity. 

[0109] A DNA sequence is “operatively linked” to an 
expression control sequence When the expression control 
sequence controls and regulates the transcription and trans 
lation of that DNA sequence. The term “operatively linked” 
includes having an appropriate start signal (e.g., ATG) in 
front of the DNA sequence to be expressed and maintaining 
the correct reading frame to permit expression of the DNA 
sequence under the control of the expression control 
sequence and production of the desired product encoded by 
the DNA sequence. If a gene that one desires to insert into 
a recombinant DNA molecule does not contain an appro 
priate start signal, such a start signal can be inserted in front 
of the gene. 

[0110] The term “standard hybridiZation conditions” 
refers to salt and temperature conditions substantially 
equivalent to 5x SSC and 65° C. for both hybridiZation and 
Wash. HoWever, one skilled in the art Will appreciate that 
such “standard hybridiZation conditions” are dependent on 
particular conditions including the concentration of sodium 
and magnesium in the buffer, nucleotide sequence length 
and concentration, percent mismatch, percent formamide, 
and the like. Also important in the determination of “stan 
dard hybridiZation conditions” is Whether the tWo sequences 
hybridiZing are RNA-RNA, DNA-DNA or RNA-DNA. 
Such standard hybridiZation conditions are easily deter 
mined by one skilled in the art according to Well knoWn 
formulae, Wherein hybridiZation is typically 10-20° C. 
beloW the predicted or determined Trn With Washes of higher 
stringency, if desired. 

[0111] In one aspect, the present invention relates to the 
identi?cation of a neW superfamily of protein kinases cen 
tered around eEF-2 kinase. Accordingly, it includes the DNA 
sequences coding for these family members. In addition, the 
invention also contemplates that each member of this neW 
protein kinase superfamily has its oWn cognate phosphory 
lation target. As speci?ed supra, tWo of these targets are 
eEF-2 and MHC, Which are phosphorylated by eEF-2 kinase 
and MHCK A, respectively. 

[0112] In a particular embodiment, the present invention 
relates to phosphorylation target analogs, Which are short 
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peptide sequences derived from phosphorylation targets of 
this neW superfamily of protein kinases centered around 
eEF-2 kinase. Speci?cally, it is contemplated that these 
peptide analogs Will be instrumental in the development of 
high throughput screening assays to identify inhibitors of 
members of this neW superfamily. 

[0113] As overexpression of eEF-2 kinase has been asso 
ciated With a variety of cancers and other hyperproliferitive 
pathologies (discussed supra), the invention also includes 
assay systems for the screening of potential drugs effective 
at inhibiting eEF-2 kinase activity. It is contemplated that 
any of the recited assays can be automated using technology 
that is standard to the skilled artisan. 

[0114] As stated above, the present invention also relates 
to a recombinant DNA molecule or cloned gene, or a 

degenerate variant thereof, Which encodes a eEF-2 kinase, or 
a fragment thereof, that possesses a molecular Weight of 
about 100 kD and an amino acid sequence set forth in FIG. 
5 (SEQ ID NO: 2, 4, and 10); preferably a nucleic acid 
molecule, in particular a recombinant DNA molecule or 
cloned gene, encoding the 100 kD eEF-2 kinase has a 
nucleotide sequence or is complementary to a DNA 
sequence shoWn in FIG. 5 (SEQ ID NO: 1, 3, and 9). 

[0115] Therapeutic possibilities are raised by the knoWl 
edge of the eEF-2 kinase sequence and the existence of 
peptide analogs that can act as phosphorylation targets for 
the kinase. Accordingly, it is contemplated that sequences 
that are derived from the complement to the eEF-2 kinase 
mRNA sequence, and various modi?cations thereof, can act 
as potent antisense drugs that either inhibit expression in a 
competitive fashion, or, more effectively, by nuclease activ 
ity associated With the antisense drug that cleaves the eEF-2 
kinase mRNA sequence, thus rendering it irreversibly inac 
tive. Alternative therapeutics are also contemplated that 
concern the use of peptides and peptide analogs representing 
portions of phosphorylation target amino acid sequences. It 
is envisioned that such peptide-based drugs Would inhibit 
eEF-2 kinase activity on its native target, thus bypassing the 
cascade of events that Would lead to malignant transforma 
tion. 

[0116] The antisense or peptide-based drugs may be pre 
pared in pharmaceutical compositions, With a suitable car 
rier and at a strength effective for administration by various 
means to a patient experiencing an adverse medical condi 
tion associated With speci?c malignancies for the treatment 
thereof. A variety of administrative techniques may be 
utiliZed, among them parenteral techniques such as subcu 
taneous, intravenous and intraperitoneal injections, catheter 
iZations and the like. Average quantities of the antisense or 
peptide-based drugs may vary and in particular should be 
based upon the recommendations and prescription of a 
quali?ed physician or veterinarian. 

[0117] Also, antibodies including both polyclonal and 
monoclonal antibodies, and drugs that modulate the produc 
tion or activity of eEF-2 kinase may possess certain diag 
nostic applications and may, for example, be utiliZed for the 
purpose of detecting and/or measuring levels of eEF-2 
kinase. It is anticipated that further experimentation Will 
reveal a prognostic correlation betWeen eEF-2 kinase levels 
and the prediction and or progression of certain malignan 
cies associated With carcinoma. For example, eEF-2 kinase 
may be used to produce both polyclonal and monoclonal 
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antibodies to themselves in a variety of cellular media, by 
knoWn techniques such as the hybridoma technique utiliZ 
ing, for example, fused mouse spleen lymphocytes and 
myeloma cells. Likewise, small molecules that mimic or 
antagoniZe the activity of eEF-2 kinase of the invention may 
be discovered or synthesiZed, and may be used in diagnostic 
and/or therapeutic protocols. 

[0118] The general methodology for making monoclonal 
antibodies by hybridomas is Well knoWn. Immortal, anti 
body-producing cell lines can also be created by techniques 
other than fusion, such as direct transformation of B lym 
phocytes With oncogenic DNA, or transfection With Epstein 
Barr virus. See, e.g., M. Schreier et al., “Hybridoma Tech 
niques” (1980); Hammerling et al., “Monoclonal Antibodies 
And T-cell Hybridomas” (1981); Kennett et al., “Mono 
clonal Antibodies” (1980); see also US. Pat. Nos. 4,341, 
761; 4,399,121; 4,427,783; 4,444,887; 4,451,570; 4,466, 
917; 4,472,500; 4,491,632; 4,493,890. 

[0119] Panels of monoclonal antibodies produced against 
eEF-2 kinase peptides can be screened for various proper 
ties; i.e., isotype, epitope, af?nity, etc. Of particular interest 
are monoclonal antibodies that neutraliZe the activity of 
eEF-2 kinase. Such monoclonals can be readily identi?ed in 
eEF-2 kinase activity assays. High af?nity antibodies are 
also useful When immunoaf?nity puri?cation of native or 
recombinant eEF-2 kinase is desired. 

[0120] Preferably, the anti-eEF-2 kinase antibody used in 
the diagnostic methods of this invention is an af?nity puri 
?ed polyclonal antibody. More preferably, the antibody is a 
monoclonal antibody (mAb). In addition, it is preferable for 
the anti-eEF-2 kinase antibody molecules used herein be in 
the form of Fab, Fab‘, F(ab‘)2 or F(v) portions of Whole 
antibody molecules. 

[0121] As suggested earlier, the diagnostic method of the 
present invention comprises examining a cellular sample or 
medium by means of an assay including an effective amount 
of an antagonist to eEF-2 kinase, such as an anti-eEF-2 
kinase antibody, preferably an af?nity-puri?ed polyclonal 
antibody, and more preferably a mAb. In addition, it is 
preferable for the anti-eEF-2 kinase antibody molecules 
used herein be in the form of Fab, Fab‘, F(ab‘)2 or F(v) 
portions or Whole antibody molecules. As previously dis 
cussed, patients capable of bene?ting from this method 
include those suffering from cancer, a pre-cancerous lesion, 
a viral infection or other like pathological derangement. 
Methods for isolating the eEF-2 kinase and inducing anti 
eEF-2 kinase antibodies and for determining and optimiZing 
the ability of anti-eEF-2 kinase antibodies to assist in the 
examination of the target cells are all Well-knoWn in the art. 

[0122] Methods for producing polyclonal anti-polypeptide 
antibodies are Well-knoWn in the art. See US. Pat. No. 
4,493,795 to Nestor et al. A monoclonal antibody, typically 
containing Fab and/or F(ab‘)2 portions of useful antibody 
molecules, can be prepared using the hybridoma technology 
described inAntib0a'ies—A Laboratory Manual, HarloW and 
Lane, eds., Cold Spring Harbor Laboratory, NeW York 
(1988), Which is incorporated herein by reference. 

[0123] Splenocytes are typically fused With myeloma cells 
using polyethylene glycol (PEG) 6000. Fused hybrids are 
selected by their sensitivity to HAT. Hybridomas producing 
a monoclonal antibody useful in practicing this invention are 
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identi?ed by their ability to immunoreact With the present 
eEF-2 kinase and their ability to inhibit speci?ed eEF-2 
kinase activity in target cells. 

[0124] A monoclonal antibody useful in practicing the 
present invention can be produced by initiating a mono 
clonal hybridoma culture comprising a nutrient medium 
containing a hybridoma that secretes antibody molecules of 
the appropriate antigen speci?city. The culture is maintained 
under conditions and for a time period suf?cient for the 
hybridoma to secrete the antibody molecules into the 
medium. The antibody-containing medium is then collected. 
The antibody molecules can then be further isolated by 
Well-knoWn techniques. 

[0125] Media useful for the preparation of these compo 
sitions are both Well-knoWn in the art and commercially 
available and include synthetic culture media, inbred mice 
and the like. An exemplary synthetic medium is Dulbecco’s 
minimal essential medium (DMEM; Dulbecco et al., Viral. 
8:396 (1959)) supplemented With 4.5 gm/l glucose, 20 mM 
glutamine, and 20% fetal calf serum. An exemplary inbred 
mouse strain is the Balb/c. 

[0126] Methods for producing monoclonal anti-eEF-2 
kinase antibodies are also Well-knoWn in the art. See Niman 
et al., Proc. Natl. Acad. Sci. USA, 80:4949-4953 (1983). 
Typically, the present eEF-2 kinase or a peptide analog is 
used either alone or conjugated to an immunogenic carrier, 
as the immunogen in the before described procedure for 
producing anti-eEF-2 kianse monoclonal antibodies. The 
hybridomas are screened for the ability to produce an 
antibody that immunoreacts With the eEF-2 kinase peptide 
analog and the present eEF-2 kinase. 

[0127] The present invention further contemplates thera 
peutic compositions useful in practicing the therapeutic 
methods of this invention. Asubj ect therapeutic composition 
includes, in admixture, a pharmaceutically acceptable 
excipient (carrier) and one or more of an anti-eEF-2 kinase 
antibody, peptide analog capable of competing for phospho 
rylation of eEF-2 by eEF-2 kinase. antisense drug against 
eEF-2 kinase mRNA, or any other compound that is found 
to inhibit eEF-2 kinase activity. In a preferred embodiment, 
the composition comprises an antigen capable of modulating 
the activity of eEF-2 kinase Within a target cell. 

[0128] The preparation of therapeutic compositions Which 
contain polypeptides, analogs or active fragments as active 
ingredients is Well understood in the art. Typically, such 
compositions are prepared as injectables, either as liquid 
solutions or suspensions, hoWever, solid forms suitable for 
solution in, or suspension in, liquid prior to injection can 
also be prepared. The preparation can also be emulsi?ed. 
The active therapeutic ingredient is often mixed With excipi 
ents Which are pharmaceutically acceptable and compatible 
With the active ingredient. Suitable excipients are, for 
example, Water, saline, dextrose, glycerol, ethanol, or the 
like and combinations thereof. In addition, if desired, the 
composition can contain minor amounts of auxiliary sub 
stances such as Wetting or emulsifying agents, pH buffering 
agents Which enhance the effectiveness of the active ingre 
dient. 

[0129] A polypeptide, analog or active fragment can be 
formulated into the therapeutic composition as neutraliZed 
pharmaceutically acceptable salt forms. Pharmaceutically 
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acceptable salts include the acid addition salts (formed With 
the free amino groups of the polypeptide or antibody mol 
ecule) and Which are formed With inorganic acids such as, 
for example, hydrochloric or phosphoric acids, or such 
organic acids as acetic, oxalic, tartaric, mandelic, and the 
like. Salts formed from the free carboxyl groups can also be 
derived from inorganic bases such as, for example, sodium, 
potassium, ammonium, calcium, or ferric hydroxides, and 
such organic bases as isopropylamine, trimethylamine, 
2-ethylamino ethanol, histidine, procaine, and the like. 

[0130] The therapeutic polypeptide-, analog- or active 
fragment-containing compositions are conventionally 
administered intravenously, as by injection of a unit dose, for 
example. The term “unit dose” When used in reference to a 
therapeutic composition of the present invention refers to 
physically discrete units suitable as unitary dosage for 
humans, each unit containing a predetermined quantity of 
active material calculated to produce the desired therapeutic 
effect in association With the required diluent; i.e., carrier, or 
vehicle. 

[0131] The compositions are administered in a manner 
compatible With the dosage formulation, and in a therapeu 
tically effective amount. The quantity to be administered 
depends on the subject to be treated, capacity of the subject’s 
immune system to utiliZe the active ingredient, and degree 
of inhibition or neutraliZation of eEF-2 kinase activity 
desired. Precise amounts of active ingredient required to be 
administered depend on the judgment of the practitioner and 
are peculiar to each individual. HoWever, suitable dosages 
may range from about 0.1 to 20, preferably about 0.5 to 
about 10, and more preferably one to several, milligrams of 
active ingredient per kilogram body Weight of individual per 
day and depend on the route of administration. Suitable 
regimes for initial administration and booster shots are also 
variable, but are typi?ed by an initial administration fol 
loWed by repeated doses at one or more hour intervals by a 
subsequent injection or other administration. Alternatively, 
continuous intravenous infusion sufficient to maintain con 
centrations of ten nanomolar to ten micromolar in the blood 
are contemplated. 

Formulations 

[0132] 

Ingredient mg/ml 

Intravenous Formulation I 

cefotaxime 250.0 
antibody, peptide, antisense drug, or other compound 10.0 
dextrose USP 45.0 
sodium bisul?te USP 3.2 
edetate disodium USP 0.1 
Water for injection q.s.a.d. 1.0ml 
Intravenous Formulation II 

ampicillin 250.0 
antibody, peptide, antisense drug, or other compound 10.0 
sodium bisul?te USP 3.2 
disodium edetate USP 0.1 
Water for injection q.s.a.d. 1.0ml 
Intravenous Formulation III 

gentamicin (charged as sulfate) 40.0 
antibody, peptide, antisense drug, or other compound 10.0 
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-continued 

Ingredient mg/ml 

sodium bisul?te USP 3.2 
disodium edetate USP 0.1 
Water for injection q.s.a.d. 1.0ml 
Intravenous Formulation IV 

antibody, peptide, antisense drug, or other compound 10.0 
dextrose USP 45.0 
sodium bisul?te USP 3.2 
edetate disodium USP 0.1 
Water for injection q.s.a.d. 1.0ml 

[0133] As used herein, “pg” means picogram, “ng” means 
nanogram, “ug” or “pg” mean microgram, “mg” means 
milligram, “ul” or “pl” mean microliter, “ml” means milli 
liter, “1” means liter. 

[0134] Another feature of this invention is the expression 
of the DNA sequences disclosed herein. As is Well knoWn in 
the art, DNA sequences may be expressed by operatively 
linking them to an expression control sequence in an appro 
priate expression vector and employing that expression 
vector to transform an appropriate unicellular host. 

[0135] Such operative linking of a DNA sequence of this 
invention to an expression control sequence, of course, 
includes, if not already part of the DNA sequence, the 
provision of an initiation codon, ATG, in the correct reading 
frame upstream of the DNA sequence. 

[0136] AWide variety of host/expression vector combina 
tions may be employed in expressing the DNA sequences of 
this invention. Useful expression vectors, for example, may 
consist of segments of chromosomal, non-chromosomal and 
synthetic DNA sequences. Suitable vectors include deriva 
tives of SV40 and knoWn bacterial plasmids, e.g., E. coli 
plasmids col E1, pCR1, pBR322, pMB9 and their deriva 
tives, plasmids such as RP4; phage DNAS, e.g., the numer 
ous derivatives of phage )t, e.g., NM989, and other phage 
DNA, e.g., M13 and ?lamentous single stranded phage 
DNA; yeast plasmids such as the 2p plasmid or derivatives 
thereof; vectors useful in eukaryotic cells, such as vectors 
useful in insect or mammalian cells; vectors derived from 
combinations of plasmids and phage DNAs, such as plas 
mids that have been modi?ed to employ phage DNAor other 
expression control sequences; and the like. 

[0137] Any of a Wide variety of expression control 
sequences—sequences that control the expression of a DNA 
sequence operatively linked to it—may be used in these 
vectors to express the DNA sequences of this invention. 
Such useful expression control sequences include, for 
example, the early or late promoters of SV40, CMV, vac 
cinia, polyoma or adenovirus, the lac system, the tip system, 
the TAC system, the TRC system, the LTR system, the major 
operator and promoter regions of phage )t, the control 
regions of fd coat protein, the promoter for 3-phosphoglyc 
erate kinase or other glycolytic enzymes, the promoters of 
acid phosphatase (e.g., PhoS), the promoters of the yeast 
ot-mating factors, and other sequences knoWn to control the 
expression of genes of prokaryotic or eukaryotic cells or 
their viruses, and various combinations thereof. 
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[0138] A Wide variety of unicellular host cells are also 
useful in expressing the DNA sequences of this invention. 
These hosts may include Well knoWn eukaryotic and 
prokaryotic hosts, such as strains of E. coli, Pseudomonas, 
Bacillus, Streptomyces, fungi such as yeasts, and animal 
cells, such as CHO, R1.1, B-W and L-M cells, African Green 
Monkey kidney cells (e.g., COS 1, COS 7, BSC1, BSC40, 
and BMT10), insect cells (e.g., Sf9), and human cells and 
plant cells in tissue culture. 

[0139] It Will be understood that not all vectors, expres 
sion control sequences and hosts Will function equally Well 
to express the DNA sequences of this invention. Neither Will 
all hosts function equally Well With the same expression 
system. HoWever, one skilled in the art Will be able to select 
the proper vectors, expression control sequences, and hosts 
Without undue experimentation to accomplish the desired 
expression Without departing from the scope of this inven 
tion. For example, in selecting a vector, the host must be 
considered because the vector must function in it. The 
vector’s copy number, the ability to control that copy 
number, and the expression of any other proteins encoded by 
the vector, such as antibiotic markers, Will also be consid 
ered. 

[0140] In selecting an expression control sequence, a 
variety of factors Will normally be considered. These 
include, for example, the relative strength of the system, its 
controllability, and its compatibility With the particular DNA 
sequence or gene to be expressed, particularly as regards 
potential secondary structures. Suitable unicellular hosts 
Will be selected by consideration of, e.g., their compatibility 
With the chosen vector, their secretion characteristics, their 
ability to fold proteins correctly, and their fermentation 
requirements, as Well as the toxicity to the host of the 
product encoded by the DNA sequences to be expressed, and 
the ease of puri?cation of the expression products. 

[0141] Considering these and other factors, a person 
skilled in the art Will be able to construct a variety of 
vector/expression control sequence/host combinations that 
Will express the DNA sequences of this invention on fer 
mentation or in large scale animal culture. 

[0142] The present invention extends to the preparation of 
antisense oligonucleotides and ribozymes that may be used 
to interfere With the expression of the eEF-2 kinase gene at 
the translational level. This approach utilizes antisense 
nucleic acid and ribozymes to block translation of a speci?c 
mRNA, either by masking that mRNA With an antisense 
nucleic acid or cleaving it With a ribozyme. 

[0143] Antisense nucleic acids are DNA or RNA mol 
ecules that are complementary to at least a portion of a 
speci?c mRNA molecule. (See Weintraub, 1990; Marcus 
Sekura, 1988.) In the cell, they hybridize to that mRNA, 
forming a double stranded molecule. The cell does not 
translate an mRNA in this double-stranded form. Therefore, 
antisense nucleic acids interfere With the expression of 
mRNA into protein. Oligomers of about ?fteen nucleotides 
and molecules that hybridize to the AUG initiation codon 
Will be particularly efficient, since they are easy to synthe 
size and are likely to pose feWer problems than larger 
molecules When introducing them into eEF-2 kinase-pro 
ducing cells. Antisense methods have been used to inhibit 
the expression of many genes in vitro (Marcus-Sekura, 
1988; Hambor et al., 1988). 










































































