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THE INVENTION Provided are methods for selecting for
and identifying modified toxins that have reduced
toxicity. Also provided are modified toxins that have
reduced toxicity, and conjugates containing such
modified toxin. Methods for producing such modified
toxins, or conjugates thereof, are provided. The
conjugates are used in methods for treating diseases
associated with proliferation, migration, and
physiological activity of cells involved in
inflammatory responses. BACKGROUND Inflammatory
responses are mediated by immune defense cells and
associated tissue residential cells that accumulate at
the site of tissue injury or trauma to rid the bodyof
unwanted exogenous agents (e.g., microbes) and
endogenous agents (e.g., cancer cell clones); to clean
up cellular debris, and to participate in tissue and
wound healing. Unfortunately, the molecular mechanisms
involved in these reparatory (inflammatory) processes
due to, for example, the inappropriate activation of
leukocytes can initiate secondary tissue damage,
which, in turn, contributes to the pathogenesis and
persistent pathology of several inflammatory and
immunomodulatory diseases. The molecular mechanisms
and the cellular and chemical mediators involved in
secondary tissue damage, are similar, if not
identical, in most inflammatory diseases of man.
Hence, various therapeutics have been developed to
treat such inflammatory and immunomodulatory diseases
by targeting these molecular mechanisms and/or other
common mediators. For example, therapeutics have been
developed that target specific single biochemical
events that occur at the cellular level (e.g.,
cytotoxic actions of excitatory amino acids or
reactive oxygen species) involved with the
pathophysiological process of such inflammatory and
immunomodulatory diseases. Included among such
therapeutics are steroids such as, but not limited to,
methylprednisolone and its synthetic 21 aminosteroid
(lazaroid) derivative (e.g. , trisilazad), which act
as oxygen free radical scavengers. Beneficial side
effects of steroids are hindered by debilitating side
effects, so that long term steroid treatment is not a
viable clinical option. Therapeutics also have been
developed to treat inflammatory diseases by targeting
specific inflammatory mediators (i.e. cytokines,
growth factors, or their receptors) induced and/or
involved in the pathophysiological process. Included
among such therapeutics are Remicade(r) (infliximab, a
neutralizing antibody to tumor necrosis factor
(TNF)-a), Enbrel(r) (etanercept, a soluble TNFa
receptor), and neutralizing antibodies to various
growth factors including basic fibroblast and vascular
endothelial growth factors (McDonald et al. (2001)
IDrugs, 4:427-442). While being specific, such
therapeutics all focus on a single component involved
in the pathology of the disease. Hence, such
therapeutics typically only provide partial or
temporary benefits, due to the compensatory nature of
the inflammatory response and the existence of other
inflammatory cytokines and growth factors that are
left to participate in the pathological
process.Therapeutics that provide a more comprehensive
approach to treat inflammatory disease and other
conditions having an immunomodulatory component by
targeting the cellular mediators of the disease have
been developed. Included among such celltargeted
therapeutics are those that contain a toxin moiety and
that are able to gain entry into one or more cells by
various mechanisms resulting in elimination of the
cell(s). Exemplary of such molecules are any set forth
in U.S. application Serial Nos. 09/360,242,
09/453,851, and 09/792,793, now U.S. Patent Nos.
7,166,702, 7,157,418 and 7,192,736. Such conjugates
can be designed to specifically and predictably target
cell types associated with disease pathology, and
hence are useful for disease treatment. Fusion protein
conjugates are produced in host cells. The toxin
moiety in the conjugates, however, limits efficient
production of these molecules. While such molecules
are known and available, a need exists to efficiently
produce large quantities for widespread dissemination
and use thereof. Accordingly, among the objects
herein, it is an object to provide methods for more
efficient production of toxins and conjugates
containing the toxins. SUMMARY Provided herein are
methods for production of therapeutic molecules, and
the use of modified toxin conjugates to target
cellular mediators associated with the pathology of
inflammatory or immunomodulatory diseases or
conditions. In particular, provided are modified toxin
polypeptides, conjugates containing the modified toxin
polypeptides and methods for generating, and preparing
modified toxin polypeptides. The modified toxin
polypeptides (and/or conjugates containing them)
exhibit reduced toxicity in host cells in which they
are expressed, permitting expression of higher levels
compared to toxin polypeptides not so-modified. The
modifications occur in the primary amino acid sequence
of the polypeptide. Provided are methods of selection
or identification of a modified ribosome inactivation
protein (RIP), or active portion or fragment thereof,
that are identified by virtue of expression in a host
cell or cells. In particular, the methods select for
RIPs that have reduced toxicity to the host cell
compared to the starting RIP protein used in
theselection methods herein. In practicing the methods
provided herein, a nucleic acid encoding a RIP, or
active portion thereof, is introducing into a host
cell(s), the cells are grown, cells that grow are
isolated, and from among the cells that grow a cell
expressing a RIP is isolated. The methods provided
herein can be performed such that the cells are grown
in medium that does not contain a selective modulator,
for example, an adenine analog such as
4-aminopyrazolo[3,4-cT|pyrirnidine (4-APP). The
methods provided herein can further include the step
of expanding the cells that expresses a RIP. In one
example, the RIP expressed in the isolated cell is
identified, isolated or purified. The RIP can be
identified by its sequence or its molecular weight. In
some cases, the RIP can be identified by sequencing.
Also provided are the RIPs produced by the methods. In
some examples of the method, the cells with nucleic
acid encoding a RIP are grown in the presence of a
selective modulator. The selective modulator can be a
RIP inhibitor, for example, an adenine analog. The
adenine analog can be 4-aminopyrazolo[
3,4-<fjpyrimidine (4-APP). hi using a selective
modulator, such as a RIP inhibitor, for example, an
adenine analog such as 4-APP, the concentration is
chosen such that it is not toxic to the host cells, hi
some aspects, the concentration is chosen to inhibit
toxicity of the RIP on the host cell, hi one example,
the inhibition of toxicity is sufficient to increase
the amount of RIP expressed compared to the absence of
the RIP inhibitor, adenine analog, or 4-APP. For
example, the toxicity of the RIP is inhibited by 0.1%,
0.5%, 1%, 5%, 10%, 15%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 95%, or 100%. Where the RIP inhibitor is
4-APP, the concentration of inhibitor used in the
methods herein is about or is 0.1 mM to about or 5.0
mM. For other inhibitors, suitable concentrations can
be determined empirically or by reference to 4-APP. In
some examples, the concentration of 4-APP is between
about or is 0.1 to 2, 3, or 4 mM, or is 0.2, 0.3, 0.4,
0.5, 0.6, 0.7, 0.9, or 1mM. hi other examples, the
concentration of 4-APP is about or is 0.5 mM. Hence
provided are methods for selection of toxins with
reduced toxicity and also methods for production of
toxins with reduced toxicity. The selection method
identifies toxins that have a reduced toxicity. Such
toxins, normally, when nucleic acids encodingthem are
introduced into bacteria for expression, are not
expressed, but generally are expressed a low levels.
The selection method looks for the toxins that are
expressed, and then expands the cells that express
toxins with reduced toxicity to permit expression.
Also provided are production methods, which is another
way to select for mutants by growing the cells in the
presence of an inhibitor, such as 4-APP, typically a
low dose form of 4-APP, which further inhibits the
high level of toxicity, and results production of
toxin and also mutants that retain a good deal of
toxicity, but not as much as the wildtype. Thus the
method of selection permits the identification of
toxins with reduced toxicity. Such modified toxins can
be produced at higher levels than the wildtype. In the
methods of production, the toxins, wildtype or
modified, can be expressed in the presence of 4-APP
(generally higher concentrations than used in the
selection methods) to render the toxins less toxic. If
a modified toxin identified in the selection method
already is less toxic than wild type, the presence of
4-APP will further limit the toxicity, so that more
can be produced compared to wildtype or the mutant in
the absence of 4- APP or that a lower concentration of
4-APP could be used. In all instances, sufficient
toxicity is retained to render them cytotoxic for use
in the methods. The toxins are so toxic, that even
with a large reduction in the their toxicity, such as
reduction to 1% toxicity, they are sufficiently toxic
for the methods herein. In one aspect, the methods
provided herein are such that the host cell is a
eukaryotic cell. In another aspect, the host cell used
in the methods herein is a prokaryotic cell, for
example, E. coli. In the methods provided herein, the
RIP encoded by the introduced nucleic acid molecule
can be a type I RIP, or an active fragment thereof.
For example, the RIP used in the methods herein
include, but are not limited to, dianthin 30, dianthin
32, lychnin, saporin-1, saporin-2, saporin-3,
saporin-4, saporin-5, saporin-6, saporin-7, saporin-8,
saporin-9, PAP, PAP II, PAP-R, PAP-S, PAP-C, mapalmin,
dodecandrin, bryodin-L, bryodin, bryodin II, clavin,
colicin-1, colicin-2, luffin-A, luffin-B, luffin-S,
19K-PSI, 15K-PSI, 9K-PSI, alpha-kirilowin,
beta-kirilowin, gelonin, momordin, momordin-II,
momordin-Ic, Mirabilis Antiviral Protein (MAP),
MAP-30, alpha-momorcharin, betamomorcharin,
trichosanthin, TAP-29, trichokirin, barley RIP I,
barley RIP II, tritin, flax RIP, maize RIP 3, maize
RIP 9, maize RP X, asparin-1, or asparin 2. In other
examples of the method provided herein, the RIP
encoded by the introduced nucleic acid molecule is a
type II RIP, the catalytic subunit thereof or an
active fragment thereof. For example, the RIP used in
the methods herein include, but are not limited to,
Shiga toxin (Stx), Shiga-like toxin II (Stx2),
volkensin, ricin, nigrin- CIP-29, abrin, vircumin,
modeccin, ebulitin- , ebulitin-/3, ebultin-g, or
porrectin. In one aspect, the introduced nucleic acid
encodes RIP subunit A, or an active fragment thereof.
In another aspect, the introduced nucleic acid encodes
subunit Al (SAl) of the RIP Shiga Toxin. The SAl can
be truncated. For example, the SAl can be truncated by
deletion of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12
contiguous amino acids at the N- or C-terminus. In 



another example, the SAl can be modified by
replacement of Cys with another amino acid such as
Ser. Exemplary of nucleic acids introduced into host
cells in the methods provided herein are nucleic acid
molecules that encode an SAl having a sequence of
amino acids set forth in SEQ ID NO: 22 or SEQ ID
NO:24. For example, the SAl can be encoded by a
nucleic acid molecule containing bases whose sequence
is set forth in SEQ ID NO: 23 or SEQ ID NO:25. In the
methods provided herein, the RIP encoded by the
introduced nucleic acid molecule can be conjugated to
a ligand to form a ligand-toxin conjugate. The RIP and
ligand in the conjugate can be linked directly via a
covalent or ionic linkage. For example, the RIP and
ligand can be joined via a linker such as a peptide,
polypeptide or an amino acid. Exemplary of a linker is
an Ala-Met linker. Typically, the ligand-toxin
conjugate is a fusion protein. The ligand in the
ligand-toxin conjugate can be a chemokine receptor
targeting agent, a non-chemokine cytokine, a hormone,
a growth factor, an antibody specific for a cell
surface receptor, a TNF superfamily ligand, and a
pattern recognition receptor (PRR) ligand. In one
example, the ligand is a growth factor such as VEGF.
In another example, the ligand is a chemokine receptor
targeting agent such as a chemokine, or a fragment of
the chemokine, or an antibody that specifically binds
to a chemokine receptor, or afragment of an antibody,
wherein the fragment binds to the chemokine receptor.
Where the ligand is an antibody, it can be a
monoclonal antibody, or an antigen-specific fragment
thereof. Exemplary of monoclonal antibodies are those
that are specific for an antigen including, but not
limited to, (DARC), D6, CXCR-I, CXCR-2, CXCR-3A,
CXCR3B, CXCR-4, CXCR-5, CXCR6, CXCR7, CCR- 1, CCR-2A,
CCR-2B, CCR-3, CCR-4, CCR-5, CCR-6, CCR-7, CCR-8,
CCR-9, CCRlO, CX3CR-1, and XCRl. In an additional
example, the ligand is a chemokine. Exemplary of
chemokines in the ligand-toxin conjugates used in the
methods herein include, but are not limited to,
monocytes chemotactic protein- 1 (MCP-I), MCP-2,
MCP-3, MCP-4, MCP-5, eosinophils chemotactic protein
l(Eotaxin-l), Eotaxin-2, Eotaxin-3, stromal derived
factor- l b, SDF- la, SDF-2, macrophage inhibitory
protein la (MIP- la), MIP- l b, MIPl g, MIP-2, MIP-2a,
MIP-2b, MIP-3, MIP-3b, MIP-3a, MIP-4, MIP-5, Regulated
on Activation, Normal T cell Expressed and Secreted
(RANTES) protein, interleukin-8 (IL- 8), growth
regulated protein a (GRO-a), interferon-inducible
protein 10 (IP-IO), macrophage-derived chemokine
(MDC), granulocyte chemotactic protein 2 (GCP-2),
epithelial-derived neutrophil-activating protein 78
(ENA-78), platelet basic protein (PBP), gamma
interferon-induced monokine (MIG), platelet factor 4
(PF-4), hemofiltrate CC chemokine 1 (HCC-I), thymus
and activation-regulated chemokine (TARC),
lymphotactin, lungkine, ClO, liver-expressed chemokine
(LEC), exodus-2 (SLC), thymus expressed chemokine
(TECK), cutaneous T-cell attracting chemokine (CTACK),
mucosae-associated epithelial chemokine (MEC), single
C motif 1-b (SCM- l b), interferon-inducible T-cell
alpha chemoattractant (I-TAC), breast and
kidney-expressed chemokine (BRAK), fractalkine, and B
cell-attracting chemokine 1 (BCA-I), and allelic or
species variants thereof. In one example, the
chemokine is any of MCP-I, Eotaxin-1, SDF- l b, GRO-a,
MIP- l b, IL-8, IP-10, MCP-3, MIP-3a, MDC, MIP- la,
and BCA-I, and allelic or species variants thereof. In
another example, the chemokine is MCP-I. Exemplary of
a nucleic acid encoding a ligand toxin conjugate is a
nucleic acid molecule encoding a ligand-toxin
conjugate having the sequence of amino acid residues
set forth inSEQ ID NO: 38 or SEQ ID NO:40. Among such
a nucleic acid molecule are those having the sequence
set forth as in SEQ ID NO: 37 or SEQ ID NO:39. In one
aspect of the methods herein, the identified RIP
contains a mutation compared to the RIP encoded by the
introduced nucleic acid molecule. In the methods
provided herein, the identified RIP is assessed for
its toxicity. The toxicity can be assessed by assays
including, but not limited to, a protein synthesis
assay, a depurination assay, and a cell
growth/viability assay. Typically, the identified RIP
retains toxicity compared to the RIP encoded by the
introduced nucleic acid molecule. The identified RIP
retains 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or more
toxicity. Also provided in the methods herein are
additional steps to produce the identified RIP. Such
methods include introducing a nucleic acid molecule
encoding the identified RIP, or active fragment
thereof into a host cell(s), incubating the cells in
the presence of a RIP inhibitor, wherein the amount of
RIP inhibitor is selected to decrease the toxicity of
the RIP polypeptide; and growing the cells under
conditions, whereby the RIP or active fragment thereof
is produced. The RIP can be purified such that,
generally, the amount of RIP expressed or purified or
both is greater than in the absence of the RIP
inhibitor. The methods provided herein also can
include a further step of preparing a conjugate
containing the identified RIP. In the methods provided
herein, the methods also include synthesizing the
identified RIP, or conjugate containing the identified
RIP. Also provided herein is a method for increasing
production of a ribosome inactivating protein (RIP),
or active fragment thereof. Such methods allow for
efficient production of RIPs, or conjugates containing
RIPs, for example, to provide for a viable source of
such conjugates for use as therapeutics. In the
methods of production herein, nucleic acid encoding a
RIP, or active fragment thereof, is introduced into a
host cell. The cells are incubated in the presence of
a RIP inhibitor, such that the amount of RIP inhibitor
is selected to decrease the toxicity of the RIP. In
the methods of increased production herein, the cells
are grown under conditions where a RIP or active
fragment thereof is produced. In one aspect, the
method of production includes a step where theRIP is
purified. Typically, the amount of RIP expressed or
purified or both is greater than in the absence of the
RIP inhibitor. In the methods of production provided
herein, the RIP encoded by the introduced nucleic acid
molecule can be a type I RIP, or an active fragment
thereof. For example, the RIP used in the methods
herein include, but are not limited to, dianthin 30,
dianthin 32, lychnin, saporin-1, saporin-2, saporin-3,
saporin-4, saporin-5, saporin-6, saporin-7, saporin-8,
saporin-9, PAP, PAP II, PAP-R, PAP-S, PAP-C, mapalmin,
dodecandrin, bryodin-L, bryodin, bryodin II, clavin,
colicin-1, colicin-2, luffm-A, luffin-B, luffin-S,
19K-PSI, 15K-PSI, 9K-PSI, alpha-kirilowin,
beta-kirilowin, gelonin, momordin, momordin-II,
momordin-Ic, Mirabilis Antiviral Protein (MAP),
MAP-30, alphamomorcharin, beta-momorcharin,
trichosanthin, TAP-29, trichokirin, barley RIP I,
barley RIP II, tritin, flax RIP, maize RIP 3, maize
RIP 9, maize RIP X, asparin-1, or asparin 2. In other
examples of the method of production provided herein,
the RIP encoded by the introduced nucleic acid
molecule is a type II RIP, the catalytic subunit
thereof or an active fragment thereof. For example,
the RIP used in the methods herein include, but are
not limited to, Shiga toxin (Stx), Shiga-like toxin II
(Stx2), volkensin, ricin, nigrin- CIP-29, abrin,
vircumin, modeccin, ebulitin-a, ebulitin-b, ebultin-g,
or porrectin. In one aspect, the introduced nucleic
acid encodes RIP subunit A, or an active fragment
thereof. In another aspect, the introduced nucleic
acid encodes subunit Al (SAl) of the RIP Shiga Toxin.
The SAl can be truncated. For example, the SAl can be
truncated by deletion of 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11 or 12 contiguous amino acids at the N- or
C-terminus. In one aspect, the RIP, for example an
SAl, encoded by the introduced nucleic acid is
modified. In one example, the SAl can be modified by
replacement of Cys with another amino acid such as
Ser. In another example, the SAl is modified by
replacement of one or both of positions 38 or position
219 with reference to amino acid positions in an SAl
having a sequence of amino acids set forth in SEQ ID
NO:22. For example, the amino acid replacement can
correspond to L38R and/or V219A. In one example, the
amino acid replacement corresponds to V219A. Exemplary
of nucleic acids introduced into host cells in the
methods provided herein are nucleic acid molecules
that encode anSAl having a sequence of amino acids set
forth in SEQ ID NO: 26 or SEQ ID NO:28. For example,
the SAl can be encoded by a nucleic acid molecule
containing nucleotides whose sequence is set forth in
SEQ ID NO: 27 or SEQ ID NO:29. In the methods of
production provided herein, the RIP inhibitor is an
adenine analog. For example, the adenine analog is
4-aminopyrazolo[3,4-J]pyrimidine (4-APP). Generally,
in the methods of production herein, the concentration
of the RIP inhibitor, adenine analog or 4-APP is
chosen such that it is effective to decrease the
toxicity of the RIP by at or about 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100%. Where the RIP inhibitor is
4-APP, the concentration used in the methods herein is
about or is 1 niM to about or 40.0 mM. In one example,
the concentration of 4-APP is between about or is 2.0
mM, 3.0 mM, 4.0 mM, 5.0 mM, 6.0 mM, 7.0 mM, 8.0 mM,
9.0 mM, 10.0 mM, 15.0 mM, or 20.0 mM. In one aspect in
the methods of production provided herein production
is in eukaryotic host cells. In another aspect,
production is in prokaryotic host cells, for example,
E. coli. In the methods of production herein, an
induction agent can be used in the methods of
production such that the RIP polypeptide is expressed
after induction with an induction agent. The induction
agent can be IPTG. The RIP inhibitor used in the
methods of production herein can be added before,
during and/or after the addition of the induction
agent. In some aspects, the methods of production
herein are used to increase production of a conjugate
containing a RIP. In such methods, the nucleic acid
molecule that encodes the RIP includes a sequence of
nucleotides encoding a ligand, whereby the molecule
encodes a ligand-toxin conjugate. The RIP and ligand
in the conjugate can be linked directly via a covalent
or ionic linkage. For example, the RIP and ligand can
be joined via a linker such as a peptide, polypeptide
or an amino acid. Exemplary of a linker is an Ala-Met
linker; the Met can be included as the start codon in
the linked polypeptide. Typically, the ligand-toxin
conjugate is a fusion protein.Conjugates that contain
one or more receptor targeting agents, such as
chemokine-receptor targeting linked, either directly
or via a linker, to one or more targeted agents are
provided. In particular, conjugates provided herein
contain the following components: (receptor targeting
agent)n, (L)q, and (targeted agent)m in which at least
one receptor targeting agent, such as a receptor
ligand or receptor-specific antibody, or an effective
portion of the ligand or antibody, is(are) linked
directly or via one or more linkers (L) to at least
one targeted agent. L refers to a linker. Any suitable
association among the elements of the conjugate is
contemplated as long as the resulting conjugates
interacts with a targeted receptor such that
internalization of an associated targeted agent is
effected. In the conjugates provided herein, the
targeted agent is a modified toxin, such as a modified
RIP, or a toxic fragment thereof. The toxin or
fragment is modified in its primary amino acid
sequence such that it is less toxic to host cells in
which it is expressed for production thereof than the
unmodified form thereof. The toxins or conjugates are
modified by the methods provided herein. The variables
n and m are integers of 1 or greater and q is 0 or any
integer. The variables n, q and m are selected such
that the resulting conjugate interacts with the
targeted receptor and a targeted agent is internalized
by a cell to which it has been targeted. Typically n
is between 1 and 3; q is 0 or more, depending upon the
number of linked targeting and targeted agents and/or
functions of the linker, q is generally 1 to 4; m is 1
or more, generally 1 or 2. When more than one targeted
agent is present in a conjugate the targeted agents
may be the same or different. Similarly, when more
than one receptor targeting agent is present in the
conjugates they can be the same or different. The
conjugates provided herein can be produced as fusion
proteins, can be chemically coupled or include a
fusion protein portion and a chemically linked portion
or any combination thereof. For purposes herein, the
receptor targeting agent is any agent, typically a
polypeptide, that specifically interacts with a
receptor, such as chemokine receptors on activated
leukocytes, and that, upon interacting with the
receptor, internalizes a linked or otherwise
associated targeted agent, such as a toxin, intended
to be internalized by the targeted cell.The ligand in
the ligand-toxin conjugate can be a chemokine receptor
targeting agent, a non-chemokine cytokine, a hormone,
a growth factor, an antibody specific for a cell
surface receptor, a TNF superfamily ligand, and a
pattern recognition receptor (PRR) ligand. In one
example, the ligand is a growth factor such as VEGF.
In another example, the ligand is a chemokine receptor
targeting agent such as a chemokine, or a fragment of
the chemokine, or an antibody that specifically binds
to a chemokine receptor, or a fragment of an antibody,
wherein the fragment binds to the chemokine receptor.
Where the ligand is an antibody, it can be a
monoclonal antibody, or an antigen-specific fragment
thereof. Exemplary of monoclonal antibodies are those
that are specific for an antigen selected including,
but not limited to, (DARC), D6, CXCR-I , CXCR-2, CXCR-
3A, CXCR3B, CXCR-4, CXCR-5, CCR-I, CCR-2A, CCR-2B,
CCR-3, CCR-4, CCR-5, CCR-6, CCR-7, CCR-8, CCR-9,
CCRlO, CX3CR-1, and XCRl. In an additional example,
the ligand is a chemokine. Exemplary of chemokines in
the ligand-toxin conjugates used in the methods herein
include, but are not limited to, monocytes chemotactic
protein- 1 (MCP- 1), MCP-2, MCP-3, MCP-4, MCP-5,
eosinophils chemotactic protein l(Eotaxin-l),
Eotaxin-2, Eotaxin-3, stromal derived factor- l b,
SDF- la, SDF-2, macrophage inhibitory protein la (MIP-
la), MIP- l b, MIPl g, MIP-2, MIP-2a, MIP-2b, MIP-3,
MIP-3b, MIP-3a, MIP-4, MIP-5, Regulated on Activation,
Normal T cell Expressed and Secreted (RANTES) protein,
interleukin-8 (IL- 8), growth regulated protein a
(GRO-a), interferon-inducible protein 10 (IP-10),
macrophage-derived chemokine (MDC), granulocyte
chemotactic protein 2 (GCP-2), epithelial-derived
neutrophil-activating protein 78 (ENA-78), platelet
basic protein (PBP), gamma interferon-induced monokine
(MIG), platelet factor 4 (PF-4), hemof ltrate CC
chemokine 1 (HCC-I), thymus and activation-regulated
chemokine (TARC), 



lymphotactin, lungkine, ClO, liver-expressed chemokine
(LEC), exodus-2 (SLC), thymus expressed chemokine
(TECK), cutaneous T-cell attracting chemokine (CTACK),
mucosae-associated epithelial chemokine (MEC), single
C motif 1-b (SCM- l b), interferon-inducible T-cell
alpha chemoattractant (I-TAC), breast and
kidney-expressed chemokine (BRAK), fractalkine, and B
cell-attracting chemokine 1 (BCA-I), and allelicor
species variants thereof. In one example, the
chemokine is any of MCP-I, Eotaxin-1, SDF-I 1 , GRO-a,
MIP-IjS, IL-8, IP-IO, MCP-3, MIP-3a, MDC, MIP-Ia, and
BCA-I, and allelic or species variants thereof. In
another example, the chemokine is MCP-I. The toxin
moiety in the ligand-toxin conjugate can be a Shiga
toxin, catalytically active fragment thereof, or
active fragment thereof. For example, the toxin moiety
in the ligand-toxin conjugate produced in the methods
herein can be SAl . The toxin moiety, such as SAl, in
the ligand-toxin conjugate can be a modified toxin.
Exemplary of a nucleic acid encoding a ligand-toxin
conjugate produced in the methods herein is a nucleic
acid molecule encoding a ligand-toxin conjugate having
the sequence of amino acid residues set forth any of
SEQ ID NOS: 42, 44, 46, 48, 50, 52, 54, 56, 58, 60,
62, 64, or 67. Among such a nucleic acid molecule are
those having the sequence set forth in any of SEQ ID
NO:41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65
or 66. Provided are modified toxins, particularly,
modified RIPs, that exhibit reduced toxicity compared
to the starting materials, which are RIPs, which
include wildtype and variant RIPs. Included among such
modified RIP toxins, or conjugates thereof, are any
identified in the methods herein. Among the modified
toxins provided herein are modified Shiga Toxin
polypeptide, or active fragment thereof, that has one
or more amino acid modifications in a Shiga Toxin,
allelic or species variant thereof, catalytically
active portion thereof, or active fragment thereof,
such that the modification confers reduced toxicity.
In one example, the one or more amino acid
modifications are replacements of one or both of
positions corresponding to positions 38 and/or 219
with reference to amino acid positions in Shiga Toxin
Al subunit (SAl) having a sequence of amino acids set
forth in SEQ ID NO:22. The modified Shiga toxins
provided herein have at least about 40%, 50%, 60%,
70%, 80%, 90%, 95%, 96%, 97%, 98%, 99% sequence
identity to the polypeptide having the sequence of
amino acids set forth set forth in SEQ ID NO: 22 and
that includes modifications at loci corresponding to
amino acid positions 38 and/or 219. Among
modifications at positions 38 and/or 219 are those
that correspond to L38R and/or V219A. The modified
Shiga toxins include subunit A. For example, the
modified Shigatoxins can include only the SAl of Shiga
toxin, or an active fragment thereof. The SAl can be
truncated. For example, the truncated SAl can be
truncated by deletion of 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11 or 12 contiguous amino acids at the N- or
C-terminus. Exemplary of modified Shiga Toxins are
those having a sequence of amino acids set forth in
SEQ ID NOS: 26 or 28, or is an allelic or species
variant thereof. Also provided herein, are conjugates
containing a targeted agent that is a modified
ribosome inactivating protein (RIP), such as any
modified RIP identified in the methods herein. Also
provided are conjugates containing a targeted agent
that is a modified Shiga Toxin, or active fragment
thereof, such as any modified Shiga Toxin as noted
above. The conjugates also contain a targeting agent,
or a portion thereof, that facilitates binding of the
conjugate to a cell surface receptor resulting in
internalization of the targeted agent in cells bearing
the receptor. Among such conjugates are those having
the following components: (targeting agent)n, (L)q,
and (targeted agent)m, where L is a linker for linking
the targeting agent to the targeted agent, the
targeting agent is any moiety that selectively binds
to a cell surface receptor, m and n, which are
selected independently, are at least 1, and q is 0 or
more as long as the resulting conjugate binds to the
targeted receptor, is internalized and delivers the
targeted agent. Typically, the resulting conjugate
binds to a receptor that interacts with and
internalizes a targeting agent, whereby the targeted
agent(s) is internalized in a cell bearing the
receptor. In some cases where the conjugate contains a
plurality of targeted agents, the targeted agents are
the same or different. Typically, the targeted agents
are all modified forms of a RIP toxin. Also, when the
conjugate contains a plurality of targeting agents,
the targeting agents are the same or different. In one
example, m and n, which are selected independently,
are 1-6. In another example, q is 1, n is 2 and m is
1. In conjugates provided herein, the targeting agent
includes a receptor targeting agent, such as but not
limited to, a chemokine receptor targeting agent, a
non-chemokine cytokine, a hormone, a growth factor, an
antibody specific for a cell surface receptor, a TNF
superfamily ligand, and a pattern recognition receptor
(PRR) ligand. In oneexample, the ligand is a growth
factor such as VEGF. In another example, the ligand is
a chemokine receptor targeting agent such as a
chemokine, or a fragment of the chemokine, or an
antibody that specifically binds to a chemokine
receptor, or a fragment of an antibody, wherein the
fragment binds to the chemokine receptor. Where the
ligand is an antibody, it can be a monoclonal
antibody, or an antigen-specific fragment thereof.
Exemplary of monoclonal antibodies are those that are
specific for an antigen including, but not limited to,
(DARC), D6, CXCR-I, CXCR-2, CXCR-3A, CXCR3B, CXCR-4,
CXCR-5, CXCR6, CXCR7, CCR-I, CCR-2A, CCR-2B, CCR-3,
CCR-4, CCR-5, CCR-6, CCR-7, CCR-8, CCR-9, CCRlO,
CX3CR-1, and XCRl. In an additional example, the
ligand is a chemokine. Exemplary of chemokines in the
ligand-toxin conjugates provided herein include, but
are not limited to, monocytes chemotactic protein- 1
(MCP-I), MCP-2, MCP-3, MCP-4, MCP-5, eosinophils
chemotactic protein l(Eotaxin-l), Eotaxin-2,
Eotaxin-3, stromal derived factor- l b, SDFl a, SDF-2,
macrophage inhibitory protein la (MIP- la), MIP- l b,
MIP- l g, MIP-2, MIP- 2a, MIP-2b, MIP-3, MIP-3b,
MIP-3a, MIP-4, MIP-5, Regulated on Activation, Normal
T cell Expressed and Secreted (RANTES) protein,
interleukin-8 (IL-8), growth regulated protein a
(GRO-a), interferon-inducible protein 10 (IP-IO),
macrophage-derived chemokine (MDC), granulocyte
chemotactic protein 2 (GCP-2), epithelial-derived
neutrophil-activating protein 78 (ENA-78), platelet
basic protein (PBP), gamma interferon-induced monokine
(MIG), platelet factor 4 (PF-4), hemofiltrate CC
chemokine 1 (HCC-I), thymus and activation-regulated
chemokine (TARC), lymphotactin, lungkine, ClO,
liver-expressed chemokine (LEC), exodus-2 (SLC),
thymus expressed chemokine (TECK), cutaneous T-cell
attracting chemokine (CTACK), mucosae-associated
epithelial chemokine (MEC), single C motif 1-b (SCM- l
b), interferon-inducible T-cell alpha chemoattractant
(I-TAC), breast and kidney-expressed chemokine (BRAK),
fractalkine, and B cell-attracting chemokine 1
(BCA-I), and allelic or species variants thereof. In
one example, the chemokine is any of MCP-I, Eotaxin-1,
SDF- l b, GRO-a, MIP- l b, IL-8, IP- 10, MCP-3,
MIP-3a, MDC, MIP-Ia, and BCA-I, and allelic or species
variants thereof. In another example, the chemokine is
MCP-I.The targeting agent in the conjugates provided
herein specifically bind to one or more cell surface
receptors on one or more immune effector cells, or
other cells associated with an immune or inflammatory
response. In one example, the immune effector cell or
cells is a leukocyte. In another example, the other
cells associated with an immune or inflammatory
response are tissue residential cells (TRC). The cells
targeted by the conjugates provided herein include,
but are not limited to, monocytes, macrophages,
dendritic cells, T cells, B cells, eosinophils,
basophils, mast cells, natural killer (NK) cells, and
neutrophils. Included among macrophages are tissue
macrophages such as alveolar macrophages, microglia,
and kupfer cells. Included among dendritic cells are
immature dendritic cells, mature dendritic cells, and
langerhans cells. Included among T cells are CD4+
(such as ThI, Th2 or ThI 7 cells) and CD8+ T cells.
Included among TRC are mesangial cells, glial cells,
endothelial cells, epithelial cells, tumor cells,
fibroblasts, and synoviocytes. The cells targeted by
the conjugates can be activated. For example, cell
activation can induce the expression of one or more
cell surface receptors targeted by the conjugates.
Among the conjugates provided herein, are those that
target cell surface receptors that bind to one or more
chemokines. Such chemokine receptors include, but are
not limited to, CXCRl, CXCR2, CXCR3A, CXCR3B, CXCR4,
CXCR5, CXCR6, CXCR7, CCRl, CCR2A, CCR2B, CCR3, CCR4,
CCR5, CCR6, CCR7, CCR8, CCR9, XCRl and CX3CR-1 .
Binding of the conjugate to the chemokine receptor
promotes internalization of the conjugate into a cell
bearing the receptor. In the conjugates provided
herein, the targeting agent and targeted agent, or
active fragment thereof, are linked via a covalent or
ionic linkage. For example, a modified RIP and ligand
in the conjugate can be linked directly via a covalent
or ionic linkage. In some cases, the RIP and ligand
can be joined via a linker such as a peptide,
polypeptide, amino acid or chemical linker. Exemplary
of a linker is an Ala-Met linker. Exemplary of a
linker also includes, but is not limited to,
N-succinimidyl (4-iodoacetyl)- aminobenzoate,
sulfosuccinimidyl (4-iodoacetyl)-aminobenzoate,
4-succinimidyloxycarbonyl- - (2-pyridyldithio)toluene
, sulfosuccinimidyl-6-(
-methyl-0!-(pyridyldithiol)-toluamido) hexanoate,
N-succinimidyl-3-(-2-pyridyldithio) - proprionate,
succinimidyl 6(3(-(-2-pyridyldithio)-proprionamido)
hexanoate, sulfosuccinimidyl 6(3(-(-
2-pyridyldithio)-propionamido) hexanoate,
3-(2-pyridyldithio)-propionyl hydrazide, Ellman's
reagent, dichlorotriazinic acid, and
S-(2-thiopyridyl)-L-cysteine. Provided herein are
conjugates having a sequence of amino acids set forth
in any of SEQ ID NOS: 44, 46, 48, 50, 52, 54, 56, 58,
60, 62, 64 or 67. Also provided are pharmaceutical
compositions containing any of the modified toxin
conjugates provided herein, such as any having a
modified SAl. The pharmaceutical compositions contain
pharmaceutically acceptable excipients, and can be
formulated for any suitable route of administration,
including, but not limited to, systemic, oral, nasal,
pulmonary, local and topical administration. Also
provided are kits containing any of the pharmaceutical
compositions a device for administration of the
composition and, optionally, instructions for
administration. Nucleic acid molecules encoding any of
the conjugates provided herein also are provided. Also
provided are plasmids containing the nucleic acid
molecules and cells containing the nucleic acid
molecules or plasmids. Also provided herein is a
method of targeting a toxin to a cell. Such a method
includes administering a conjugate, such as to a
sample of subject. The conjugate that is administered
contains a modified toxin, such as any provided
herein, and a cell surface receptor targeting agent,
such as a ligand. The targeted cell expresses the cell
surface receptor for the targeting agent. Provided
herein is a method of treatment of subjects having an
immune or inflammatory disease or disorder. In the
method of treatment, a pharmaceutical composition
containing any of the conjugates provided herein is
administered to a subject and such that the
composition inhibits the proliferation, migration or
physiological activity of secondary tissue
damage-promoting inflammatory cells. Also provided
herein is a method of inhibiting a disease or disorder
in an animal or subject or treating an animal or
subject having a disease or disorder, such as, a
disease or disorder that is an immune or inflammatory
condition associated with inflammatoryresponses and/or
secondary tissue damage associated with activation,
proliferation and migration of one or more cells by
administering a conjugate, such as any conjugate
provided herein. In the method, the conjugate binds to
one or more cell surface receptors expressed on one or
more cells resulting in internalization of the
targeted agent in cells bearing the receptor thereby
inhibiting the activation, proliferation or migration
of one or more cells. In one example, treatment is of
a mammal. In another example, treatment is of a human.
In the methods, the one or more cells can be an immune
effector cell, or other cell associated with the
immune or inflammatory condition. In one example, the
immune effector cell is a leukocyte. In another
example, the other cell associated with the immune or
inflammatory condition is a tissue residential cells
(TRC). The cells include, but are not limited to,
monocytes, macrophages, dendritic cells, T cells, B
cells, eosinophils, basophils, mast cells, natural
killer (NK) cells, and neutrophils. Included among
macrophages are tissue macrophages such as alveolar
macrophages, microglia, or kupffer cells. Included
among dendritic cells are immature dendritic cells,
mature dendritic cells, or langerhans cells. Included
among T cells are CD4+ (such as ThI, Th2 or Th 17
cells) and CD8+ T cells. Included among TRC are
mesangial cells, glial cells, epithelial cells, tumor
cells, fibroblasts, and synoviocytes. In some cases,
the one or more cells is activated, such that, for
example, cell surface receptors expressed on the cells
are upregulated. In one aspect of the method of
inhibiting a disease or disorder herein, the conjugate
inhibits the activation, proliferation or migration of
one or more cells involved in a disease or disorder
such as, but not limited to, CNS injury, CNS
inflammatory diseases, neurodegenerative disorders,
heart disease, inflammatory eye diseases, inflammatory
skin diseases, inflammatory bowel diseases,
inflammatory joint diseases, inflammatory kidney or
renal diseases, inflammatory lung diseases,
inflammatory nasal diseases, inflammatory systemic
diseases, inflammation in obesity and associated
diseases, inflammatory thyroid diseases, inflammatory
responses associated with bacterial or viral
infections, cancers, and angiogenesis-mediated
disease.In one example, the CNS inflammatory diseases
and/or neurodegenerative disorders include, but are
not limited to, closed head injury,
leukoencephalopathy, choriomeningitis, meningitis,
adrenoleukodystrophy, AIDS dementia complex,
Alzheimer's Disease, Down's Syndrome, chronic fatigue
syndrome, encephalitis, encephalomyelitis, spongiform
encephalopathies, multiple sclerosis, Parkinson=s
disease and spinal cord injury/trauma (SCI). In
another example, the heart disease is atherosclerosis.
Inflammatory eye diseases, include but are not limited
to proliferative 



diabetes retinopathy, proliferative vitreoretinopathy,
retinitis, scleritis, scleroiritis, choroiditis and
uveitis. Inflammatory skin diseases include, but are
not limited to, psoriasis, eczema and dermatitis. The
inflammatory bowel disease can include, but is not
limited to, chronic colitis, Crohn=s disease and
ulcerative colitis. The inflammatory joint disease
includes, but is not limited to, juvenile rheumatoid
arthritis, osteoarthritis, rheumatoid arthritis and
spondylarthropathies such as, ankylosing spondylitis,
Reiter=s syndrome, reactive arthritis, psoriatic
arthritis, spondylitis, undifferentiated
spondylarthopathies and Behcet=s syndrome. The
inflammatory kidney or renal disease includes, but is
not limited to, glomerulonephritis, IgA nephropathy
and lupus nephritis. The inflammatory lung disease
includes, but is not limited to, acute respiratory
distress syndrome, eosinophilic lung disease, chronic
eosinophilic pneumonia, acute eosinophilic pneumonia,
bronchoconstriction, bronchopulmonary dysplasia,
bronchoalveolar eosinophilia, allergic
bronchopulmonary, aspergillosis, pneumonia and
fibrotic lung disease. Inflammatory nasal diseases
include, but are not limited to, polyposis, sinusitis
and rhinitis. The inflammatory thyroid disease
includes, but is not limited to, thyroiditis. The
cancers include, but are not limited to, gliomas,
atheromas carcinomas, adenocarcinomas, granulomas,
glioblastomas, granulomatosis, lymphomas, leukemias,
lung cancers, melanomas, myelomas, sarcomas,
sarcoidosis, microgliomas, meningiomas, astrocytomas,
oligodendrogliomas, gastric or stomach cancer
including gastrointestinal cancer, pancreatic cancer,
cervical cancer, ovarian cancer, liver cancer, bladder
cancer, hepatoma, breast cancer, colon cancer, rectal
cancer, colorectal cancer, endometrial or uterine
carcinoma, salivary gland carcinoma, kidney or renal
cancer,prostate cancer, vulval cancer, thyroid cancer,
hepatic carcinoma, anal carcinoma, penile carcinoma,
and head and neck cancer. In one aspect, the disease
or disorder selected is a kidney disease, spinal cord
injury, or a delayed type hypersensitivity disease or
disorder. In the method of treatment or inhibition of
a disease or disorder herein, the targeting agent of
the conjugate includes, but is not limited to, MCP-I,
Eotaxin-1, SDFl b, GRO-a, MIP-I b, IL-8, IP-IO, MCP-3,
MIP-3a, MDC, MIP- la, and BCA-I, and allelic or
species variants thereof, and the targeted agent is a
modified Shiga Toxin. In one example, the targeting
agent is MCP-I. Exemplary of conjugates include, but
are not limited to, LPMIc, LPMId, LPM2, LPM3, LPM4,
LPM5, LPM6, LPM7, LPM8, LPM9, LPMlO, and LPMl 1. Such
conjugates have a sequence of amino acids set forth in
any of SEQ ID NOS: 42, 44, 46, 48, 50, 52, 54, 56, 58,
60, 62, 64 or 67, respectively. For example, the
disease can be multiple sclerosis (MS). For such
embodiments, the targeted cells are those that express
receptors that are upregulated in MS. For example,
targeted cells include those that express receptors
selected from among, for example, one or more, such as
one or at least two, of CCL1-8, CXCL8-13, CCRl -3,5, 6
and CXCRl-3, 4. The conjugate for treatment of MS
contains a targeting agent, such as a chemokine or
fragment thereof sufficient for binding and
internalization of linked (directly or indirectly)
agents, that binds to and is internalized by such
receptors. Hence, for example, the conjugates can
contain a chemokine or fragment thereof sufficient for
binding and internalization by a receptor therefor;
and the chemokine, for example, is selected from
among, for example, 1-309, MCP-I, MIP- la, MIP-I b,
RANTES, MCP-3, MCP-2, IL-8, MIG, IP-10, 1-TAC, SDF-
la, SDF- l b, BCA-I, an Eotaxin, MCP-4, MCP- 5, ClO,
LEC and MIP-lb2. Exemplary of such conjugates is
LPMId. In one example of the methods herein, the
targeting agent of the conjugate contains a PF-4 or
allelic or species variants thereof, and the disease
or condition is an angiogenesis-mediated disease. In
another example, the targeting agent of the conjugate
is a VEGF or allelic or species variants thereof, and
the disease or condition is an angiogenesis-mediated
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Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as is commonly
understood by one of skill in the art to which
theinvention(s) belong. All patents, patent
applications, published applications and publications,
Genbank sequences, databases, websites and other
published materials referred to throughout the entire
disclosure herein, unless noted otherwise, are
incorporated by reference in their entirety. In the
event that there is a plurality of definitions for
terms herein, those in this section prevail. Where
reference is made to a URL or other such identifier or
address, it understood that such identifiers can
change and particular information on the internet can
come and go, but equivalent information can be found
by searching the internet. Reference thereto evidences
the availability and public dissemination of such
information. As used herein, toxin (also referred to
as a cytotoxin) refers to a molecule such as a
polypeptide or drug, that when internalized into a
cell inhibits cell function, such as by inhibiting
cell growth and/or proliferation. The toxin can
inhibit proliferation or is toxic to cells. Any
molecule that when internalized by a cell interferes
with or detrimentally alters cellular metabolism or in
any manner inhibits cell growth or proliferation are
included within the ambit of this term, including, but
are not limited to, molecules whose toxic effects are
mediated when transported into the cell and also those
whose toxic effects are mediated at the cell surface.
A variety of cytotoxins are known and include those
that inhibit protein synthesis and those that inhibit
expression of certain genes essential for cellular
growth or survival. Toxins include those that result
in cell death and those that inhibit cell growth,
proliferation and/or differentiation or otherwise
detrimentally alter cellular metabolism. For example,
toxins, include, but are not limited to,
ribosome-inactivating proteins (RIPs). The RIPs, upon
internalization into a cell, alter metabolism or gene
expression in the cell, regulate or alter protein
synthesis, inhibits proliferation, kill the cell or
otherwise detrimentally affect the cell. For purposes
herein, a toxin, for example, a RIP protein, such as a
modified RIP protein provided herein, is a targeted
agent. The toxins inhibit growth and proliferation or
interfere with or detrimentally alter cellular
metabolism or in any manner of host cells in which
they are expressed when the cells are cultured under
standard or normal conditions for such cells.As used
herein, growth under standard conditions with
reference to host cells, refers to conditions under
which such cells are normally grown to express encoded
proteins or recombinant proteins. As used herein,
ribosome inactivating protein (RIP) refers to a class
of proteins expressed in plants and bacteria that are
potent inhibitors of eukaryotic and prokaryotic 



protein synthesis. RIPs also degrade cellular DNA upon
import into the nucleus. RIPs are N-glycosidases or
polynucleotide:adenosine glycosidases and are able to
inactivate ribosomal and nonribosomal nucleic acid
substrates. As used herein, reference to RIP
polypeptides refers to any polypeptide that exhibits
N-glycosidase activity and inactivates ribosomes.
These include polypeptides isolated from natural
sources as well as those made synthetically, such as
by recombinant methods , by chemical synthesis or any
method. They also include variants, wildtype, species
and allelic variants. Exemplary RIPs include, but are
not limited to, any Type I or Type II RIPs including,
but not limited to, Shiga toxin including Shiga toxin
1 (Stxl), Stx2, Saporin 6, Barley RIP I, Barley RIP
II, Gelonin, Ricin A, Momordin I, Momordin II, Bryodin
I, Bryodin II, Pap-S, Luffin, Trichosanthin, Clavin,
Abrin-a, Maize RIP 3, Maize RIP 9, Maize RIP X,
Tritin, MAP, Dianthin 30, Nigrin b, Nigrin I, Ebulin,
cytotoxically active fragments of these toxins, and
other RIPs known to those of skill in this art. RIP
polypeptides also encompass variants and other
modified forms, such as muteins, of RIP polypeptides.
Typically variants and modified forms possess
Nglycosidase activity. Variants include, for example,
allelic and species variants and also those with
insertions or deletions of amino acid residues.
Exemplary sequences of RIP proteins are any that
include amino acid residues having an amino acid
sequence set forth in any of SEQ ID NOS: 1, 5, 89-1 11
as well as allelic and/or species variants thereof and
homologs and modified versions thereof that have at
least 40, 50, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97,
98, 99 or more sequence identity, particularly any
that retain Nglycosidase activity. Exemplary RIP
variants include any known in the art or those
provided herein, such as a RIP protein having any one
or more amino acid variations as set forth in SEQ ID
NOS: 3, 6-21, 162-169.As used herein, a "functional
activity" or "activity" of a RIP polypeptide refers to
any activity exhibited by a RIP polypeptide that can
be assessed. Such activities can be tested in vitro
and/or in vivo and include, but are not limited to
N-glyocosidase activity and/or
polynucleotideiadenosine glycosidase activity
including RNAase and DNAase activity. Other activities
include, but are not limited to, superoxide dismuatase
activity, phospholipase activity, chitinase activity
and anti-viral activity. Assays to determine activity
of RIP polypeptides, modified forms thereof or
conjugates thereof, are known to those of skill in the
art. For example, activity can be assessed by assaying
for protein synthesis, depurination and/or cell
growth/viability. In addition, the polynucleotide:
adenosine glycosidase activity can be assessed, for
example, by purifying the DNA from cells treated with
a RIP polypeptide and visualizing by staining with
ethidium bromide. Exemplary assays to assess the
activity of a RIP polypeptide, such as a modified SAl
polypeptide, or conjugates thereof are set forth
herein or described in Examples 2 and 5. As used
herein, an active fragment (used interchangeably with
an active portion) of a toxin refers to a fragment
that has an activity, such as a toxic activity, or a
catalytic activity. Hence reference is made to
catalytically active fragments of toxins, such RIPs,
and fragments that retain toxin activity. Where a
modified toxin, such as a modified Shiga toxin, is
provided, the active fragment includes a modification.
As used herein, variant toxin polypeptides, such as
variant RIPs, refer collectively to RIPs prior to
modification to reduce toxicity as described herein.
Variant toxin is any form of that polypeptide that
differs from a wildtype form, and includes allelic
and/or species variants, polypeptides encoded by
splice variants, and/or modified forms, particularly
variants with changes in the primary structure.
Variants include those that contain deletion,
replacement, or addition of amino acids compared to a
wildtype form of the protein. For example, variants of
SAl include those that contain amino acid mutations or
are truncated compared to the wildtype SAl
corresponding to amino acids 1-251 of the mature A
domain set forth in SEQ ID NO:5, as well as allelic or
speciesvariations thereof. Exemplary of truncations
are variants 1 and variants 2 set forth in SEQ ID NOS:
22 and 24, respectively. As used herein, species
variants refer to variants in polypeptides among
different species, including different bacterial
species, such as Escherichia and Shigella. As used
herein, allelic variants refer to variations in
proteins among members of the same species. As used
herein, an unmodified RIP polypeptide refers to a
starting protein that is selected for modification.
The starting target polypeptide can be the
naturally-occurring, wild-type form of a polypeptide.
In addition, the starting target polypeptide can have
been previously altered or mutated, such that it
differs from the native wild type isoform but is
nonetheless referred to herein as a starting
unmodified target protein relative to the subsequently
modified proteins produced herein. Thus, proteins
known that have been modified to have a desired
increase or decrease in a particular activity or
property compared to an unmodified reference protein
can be used as the starting unmodified target protein.
For purposes herein, an unmodified RIP polypeptide
includes the RIP polypeptide alone, or an active
fragment thereof, or conjugates containing a RJP
polypeptide or active fragment thereof. As used
herein, a "modified" or "mutant" RIP polypeptide
refers to a polypeptide that has one or more
modifications in primary sequence compared to a
reference starting protein or unmodified polypeptide,
such as a wildtype polypeptide, or other starting RIP
polypeptide including allelic variants, of a
particular species and other variants. The
modification or mutation alters toxicity (i.e., the
ability to alter metabolism or gene expression in the
cell, regulate or alter protein synthesis, inhibit
proliferation, kill the cell or otherwise
detrimentally affect the cell). Hence a modified or
mutant RIP contains mutations, including insertions
and deletions of amino acid residues in any RIP,
whereby toxicity is reduced compared to the starting
RIP. The one or more mutations include one or more
amino acid replacements (substitutions), insertions,
deletions and any combination thereof. A modified RIP
polypeptide can have 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more
modified positions. Generally, thesemutations change
the toxicity and/or one or more other activities of
the RIP polypeptide. Such modification include those
identified in the selection methods herein. In
addition to containing modifications that alter the
toxicity of the polypeptide, a modified RIP
polypeptide also can contain other modifications. A
modified RIP polypeptide typically has 60%, 70%, 80 %,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or more sequence identity to a corresponding sequence
of amino acids of a wildtype or starting unmodified
RIP polypeptide. As used herein, Shiga Toxin refers to
a RIP polypeptide originally isolated from bacteria,
particularly members of the genus Shigella and other
related genuses, such as Shigella dysenteriae. Shiga
Toxin is a multisubunit protein made up of an A
subunit, which becomes cleaved into Al and A2 to form
the active Shiga Toxin Al (SAl) moiety. and five B
subunits. The B subunits are linked to the A2 moiety
and are required for entry of Shiga Toxin into cells
(Sandvig and van Deurs, EMBOJ., 19: 5943-50, 2000). In
the conjugates herein, the B subunits are replaced
with a targeting agent for entry into a cell. Hence
the conjugates include the toxin subunit, particularly
subunit A, and most particularly, the catalytically
active fragment (SAl) or an active fragment thereof.
An exemplary precursor sequence of an A subunit of
Shiga Toxin is set forth in SEQ ID NO: 1, and the
mature sequence is set forth in SEQ ID NO:5. The
catalytically active Al fragment (SAl) corresponds to
amino acids 1-251 of the sequence set forth in SEQ ID
NO:5, and the A2 fragment corresponds to amino acids
252-293 of the sequence set forth in SEQ ID NO:5.
Shiga toxins also exhibit allelic and species
variations. Examples of shiga toxins include those
produced by Shigella species and allelic and species
variants there, such as, but not limited to, those
produced in Shigella dysenteriae, E. coli,
Citrobacterfreundii, Aeromononas hydrophila,
Aeromononas caviae, and Enterobacter cloacae.
Exemplary sequences of the precursor or mature form of
the A chains of various Shiga Toxins are set forth in
any of SEQ ID NOS: 1, 3, 5 and 7-21. Other variants in
the Shiga Toxin A chain are set forth in SEQ ID NO:6
.As used herein, "enzymatic subunit" or "catalytically
active subunit" or "active subunit" of a RIP
polypeptide refers to the portion of the polypeptide
that mediates a toxic activity. The toxic activity can
be any property or activity of the polypeptide, such
as due to inhibitory activity against rRNA by virtue
of an N-glycosidase activity, or depurination of DNA,
mRNA, or viral DNA or viral RNA. For example, for
Shiga Toxin, the active portion is the Al subunit
(SAl), which is activated by cleavage of the A subunit
into Al and A2 fragments. Hence, an active portion of
the A-chain of Shiga Toxin is the Al subunit also
referred to as SAl. Active portions of Shiga Toxins,
as well as of any RIP, are known or can be empirically
identified using, in in vitro or in vivo activity
assays that assess activity (see, e.g., Stirpe et al.,
Bio/Technology 10:405-12, 1992; and Sandvig and Van
Deurs, Physiol. Rev. 76:949-66, 1996; Stirpe and
Battelli, Cell MoI Life ScL, 63: 1850-66, 2006). The A
subunits of exemplary RIPs are set forth in Table 3
herein, and or are known or could be identified by one
of skill in the art. As used herein, an "active
portion thereof or "active fragment thereof of a RIP
toxin refers to a polypeptide that contains at least
the minimal amino acid residues to manifest a toxic
activity. Typically an active portion contains
contiguous amino acids from a RIP polypeptide, such as
the minimal portion of the A subunit or Al subunit,
required to provide a toxic activity. Active fragments
and the minimal amino acid residues can be empirically
determined by producing and testing truncations of one
or both of the N- or C- termini of a RIP polypeptide A
subunit or Al subunit to determine those that display
an activity. Activity can be assessed by various
assays described herein or known in the art including,
but not limited to, protein synthesis assays,
depurination assays, or cell growth/viability assays.
Activity can be any percentage of activity (more or
less) of the full-length polypeptide, including but
not limited to, 1% of the activity, 2%, 3%, 4%, 5%,
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%,
97%, 98%, 99%, 100%, 200%, 300%, 400%, 500%, or more
activity compared to the full polypeptide.Typically,
an active fragment of a RIP toxin is a truncated
fragment in which about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, or 15 amino acids at the N- or C-
terminus of the A-chain of the polypeptide are
missing. Exemplary active fragments of the
catalytically active SAl subunit, or an active
fragment thereof of a Shiga Toxin are set forth in SEQ
ID NO:22 or SEQ ID NO:24. As used herein, toxicity
refers to the ability of a molecule, including a
peptide, protein, chemical, or other molecule to alter
metabolism or gene expression in the cell, regulate or
alter protein synthesis, inhibit proliferation, kill
the cell or otherwise detrimentally affect the cell.
For purposes herein, with respect to RIPs, toxicity
refers to the ability of a RIP, or subunit thereof or
fragment thereof, to, upon internalization into a cell
to alter metabolism or gene expression in the cell,
regulate or alter protein synthesis, inhibit
proliferation, kill the cell or otherwise
detrimentally affect the cell. For example, RIP
polypeptides, or conjugates thereof, exhibit cellular
toxicity via a variety of activities including, but
not limited to, their N-glycosidase activity and/or
polynucleotideiadenosine glycosidase activity. As used
herein, N-glycosidase activity refers to polypeptide
enzymes that cleave nucleotide N-glycosidic bonds. RIP
polypeptides exhibit glycosidase activity by removing
a specific adenine residue from ribosomal rRNA. Such
activity results in the inhibition of protein
synthesis and subsequent cell death by preventing the
binding of elongation factors to the ribosome. As used
herein, corresponding residues refers to residues that
occur at aligned loci. Related or variant polypeptides
are aligned by any method known to those of skill in
the art. Such methods typically maximize matches, and
include methods, such as using manual alignments and
by using the numerous alignment programs available
(for example, BLASTP) and others known to those of
skill in the art. By aligning the sequences of
polypeptides, one skilled in the art can identify
corresponding residues, using conserved and identical
amino acid residues as guides. For example, one of
skill in the art recognizes that the referenced
positions of a mature Shiga toxin A-chain set forth in
SEQ ID NO: 5 differs by twenty two amino acid residues
when compared to aprecursor Shiga toxin A-chain set
forth in SEQ ID NO: 1, due to the presence of a signal
sequence. Thus, the amino acid at position twenty
three of SEQ ID NO: 1 "corresponds to" the first amino
acid residue of SEQ ID NO: 5. Further, one skilled in
the art also can employ conserved amino acid residues
as guides to find corresponding amino acid residues
between and among human and non-human sequences.
Corresponding positions also can be based on
structural alignments, for example by using computer
simulated alignments of protein structure. In other
instances, corresponding regions can be identified.
One skilled in the art also can employ conserved amino
acid residues as guides to find corresponding amino
acid residues between and among human and nonhuman
sequences. As used herein, "primary sequence" refers
to the sequence of amino acid residues in a
polypeptide. As used herein, the terms "homology" and
"identity"" are used interchangeably, but homology for
proteins can include conservative amino acid changes.
In general to identify corresponding positions the
sequences of amino acids are aligned so that the
highest order match is obtained (see, e.g.:
Computational Molecular Biology , Lesk, A.M., ed.,
Oxford University Press, New York, 1988; Biocomputing:
Informatics and Genome Projects , Smith, D.W., ed.,
Academic Press, New York, 1993; Computer Analysis of
Sequence Data, Part I, Griffin, A.M., and Griffin,
H.G., eds., Humana Press, New Jersey, 



1994; Sequence Analysis in Molecular Biology , von
Heinje, G., Academic Press, 1987; and Sequence
Analysis Primer, Gribskov, M. and Devereux, J., eds.,
M Stockton Press, New York, 1991; Carillo et al.
(1988) SIAM J Applied Math 48:1073). As use herein,
"sequence identity" refers to the number of identical
amino acids (or nucleotide bases) in a comparison
between a test and a reference polypeptide or
polynucleotide. Homologous polypeptides refer to a
pre-determined number of identical or homologous amino
acid residues. Homology includes conservative amino
acid substitutions as well as identical residues.
Sequence identity can be determined by standard
alignment algorithm programs used with default gap
penalties established by each supplier. Homologous
nucleic acid molecules refer to a pre-determined
number ofidentical or homologous nucleotides. Homology
includes substitutions that do not change the encoded
amino acid (i.e., "silent substitutions") as well as
identical residues. Substantially homologous nucleic
acid molecules hybridize typically at moderate
stringency or at high stringency all along the length
of the nucleic acid or along at least about 70%, 80%
or 90% of the full-length nucleic acid molecule of
interest. Also contemplated are nucleic acid molecules
that contain degenerate codons in place of codons in
the hybridizing nucleic acid molecule or in the
molecule with a specified sequence identity. For
determination of homology of proteins, conservative
amino acids can be aligned as well as identical amino
acids; in this case, percentage of identity and
percentage homology varies. Whether any two nucleic
acid molecules have nucleotide sequences (or any two
polypeptides have amino acid sequences) that are at
least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
"identical" can be determined using known computer
algorithms such as the "FAST A" program, using for
example, the default parameters as in Pearson et al.
Proc. Natl. Acad. Sci. USA 85: 2444 (1988) (other
programs include the GCG program package (Devereux,
J., et al., Nucleic Acids Research 12(1): 387 (1984)),
BLASTP, BLASTN, FASTA (Atschul, S.F., et al., J.
Molec. Biol. 215:403 (1990); Guide to Huge Computers
Martin J . Bishop, ed., Academic Press, San Diego
(1994), and Carillo et al. SIAM J Applied Math 48:
1073 (1988)). For example, the BLAST function of the
National Center for Biotechnology Information database
can be used to determine identity. Other commercially
or publicly available programs include DNAStar
"MegAlign" program (Madison, WI) and the University of
Wisconsin Genetics Computer Group (UWG) "Gap" program
(Madison WI)). Percent homology or identity of
proteins and/or nucleic acid molecules can be
determined, for example, by comparing sequence
information using a GAP computer program (e.g. ,
Needleman et al. J. MoI. Biol. 48: 443 (1970), as
revised by Smith and Waterman (Adv. Appl. Math. 2 :
482 (1981)). Briefly, a GAP program defines similarity
as the number of aligned symbols (i.e., nucleotides or
amino acids) which are similar, divided by the total
number of symbols in the shorter of the two sequences.
Default parameters for the GAP program can include:
(1) a unary comparison matrix (containing a value of 1
for identitiesand 0 for non identities) and the
weighted comparison matrix of Gribskov et al. Nucl.
Acids Res. 14: 6745 (1986), as described by Schwartz
and Dayhoff, eds., Atlas of Protein Sequence and
Structure, National Biomedical Research Foundation,
pp. 353-358 (1979); (2) a penalty of 3.0 for each gap
and an additional 0.10 penalty for each symbol in each
gap; and (3) no penalty for end gaps. As used herein,
the term "identity" represents a comparison between a
test and a reference polypeptide or polynucleotide. In
one non-limiting example, "at least 90% identical to"
refers to percent identities from 90 to 100% relative
to the reference polypeptides. Identity at a level of
90% or more is indicative of the fact that, assuming
for exemplification purposes a test and reference
polynucleotide length of 100 amino acids are compared,
no more than 10% {i.e., 10 out of 100) of amino acids
in the test polypeptide differs from that of the
reference polypeptides. Similar comparisons can be
made between a test and reference polynucleotides.
Such differences can be represented as point mutations
randomly distributed over the entire length of an
amino acid sequence or they can be clustered in one or
more locations of varying length up to the maximum
allowable, e.g., 10/100 amino acid difference
(approximately 90% identity). Differences are defined
as nucleic acid or amino acid substitutions,
insertions or deletions. At the level of homologies or
identities above about 85-90%, the result should be
independent of the program and gap parameters set;
such high levels of identity can be assessed readily,
often without relying on software. As used herein, it
also is understood that the terms "substantially
identical" or "similar" varies with the context as
understood by those skilled in the relevant art, but
that those of skill can assess such. As used herein, a
"selection method" refers to any method where a
protein is identified based on a particular attribute,
property or activity. For purposes herein, RIP
polypeptides, or active fragments thereof, identified
in the selection method herein include those that
display a reduced toxicity compared to an unmodified
or starting protein.As used herein, production by
recombinant methods refers to using recombinant DNA
methods to express a recombinant polypeptide. Such
methods are well-known to one of skill in the art and
typically include methods of molecular biology for
expressing proteins encoded by cloned DNA. As used
herein, "increased yield" refers to the amount of a
RIP produced, such as mg/1 or absolute amount, with
reference to the amount of a RIP produced in the
presence of a RIP inhibitor compared to in the absence
of the RIP inhibitor. As used herein, "isolated" with
reference to cells refers to the separation of a cell,
colony of cells, or population of cells away from
other cell colonies or populations of cells. Isolation
can be effected by any procedure which separates
cells, such as plating conditions, purification
techniques such as the use of magnetic beads,
particular cellular characteristics such as
granularity, or other similar techniques. For example,
isolation can be effected by plating out or spreading
a sample of a cell culture, such as a bacterial cell
culture, on a nutrient agar surface under conditions
where each viable cell grows and forms a colony of
cells. Plating conditions can be optimized, such as by
diluting of the cell culture, so that a single colony
of cells is detected as a discrete colony. Cells or
colonies of cells can be individually picked or
selected as a single cell. As used herein, "isolated"
with reference to a nucleic acid molecule or
polypeptide or other biomolecule means that the
nucleic acid or polypeptide has separated from the
genetic environment from which the polypeptide or
nucleic acid or cell were obtained. It also can mean
altered from the natural state. For example, a
polynucleotide or a polypeptide naturally present in a
living animal is not "isolated," but the same
polynucleotide or polypeptide separated from the
coexisting materials of its natural state is
"isolated," as the term is employed herein. Thus, a
polypeptide or polynucleotide produced and/or
contained within a recombinant host cell is considered
isolated. Also intended as an "isolated polypeptide"
or an "isolated polynucleotide" are polypeptides or
polynucleotides that have been partially or
substantially purified from a recombinant host cell or
from a native source. For example, a recombinantly
produced version of a compound can be substantially
purified by the one-step method described inSmith et
al, Gene, 67:31-40 (1988). The terms isolated and
purified can be used interchangeably. Thus, by
"isolated" it is meant that the nucleic acid is free
of coding sequences of those genes that, in the
naturally-occurring genome of the organism (if any),
immediately flank the gene encoding the nucleic acid
of interest. Isolated DNA can be single-stranded or
double-stranded, and can be genomic DNA, cDNA,
recombinant hybrid DNA or synthetic DNA. It can be
identical to a starting DNA sequence or can differ
from such sequence by the deletion, addition, or
substitution of one or more nucleotides. As used
herein, "purified" preparations made from biological
cells or hosts mean at least the purity of a cell
extract containing the indicated DNA or protein
including a crude extract of the DNA or protein of
interest. For example, in the case of a protein, a
purified preparation can be obtained following an
individual technique or a series of preparative or
biochemical techniques, and the DNA or protein of
interest can be present at various degrees of purity
in these preparations. The procedures can include, but
are not limited to, ammonium sulfate fractionation,
gel filtration, ion exchange chromatography, affinity
chromatography, density gradient centrifugation, and
electrophoresis. As used herein, a preparation of DNA
or protein that is "substantially pure" or "isolated"
refers to a preparation substantially free from
naturally-occurring materials with which such DNA or
protein is normally associated in nature and generally
contains 5% or less of the other contaminants. As used
herein, a cell extract that contains the DNA or
protein of interest refers to a homogenate preparation
or cell-free preparation obtained from cells that
express the protein or contain the DNA of interest.
The term "cell extract" is intended to include culture
medium, especially spent culture medium from which the
cells have been removed. As used herein, a "selective
agent" or "selection agent" refers to any factor to
which cells or populations of cells are sensitive or
susceptible, and which, by virtue of the sensitivity
can be used to identify cells that exhibit resistance
to the agent or to the effectsof the agent on the
cells. Typically, selection agents are used in
combination with expression systems to select for
expressed polypeptides that confer resistance to the
host cell to the specific selective agent. Exemplary
of selective agents are antibiotics. As used herein, a
"selection modulating agent" or "selection modulator"
or "agent that modulates selection" refers to any
factor or agent used in a selection method that
improves or increases the ability to select a
particular attribute, property or activity, such as an
attribute, property or activity of a recombinant
polypeptide. For purposes herein, an agent that
modulates selection can be used in the methods of
selection to improve the selection of RIP
polypeptides, or active fragments thereof, which
exhibit altered toxicity. Exemplary of selection
modulators are RIP inhibitors. For example, a RIP
inhibitor, such as an adenine analog, decreases or
eases the toxicity of a RIP polypeptide to a host
cell, thereby allowing for expression of the RIP in
the host cell. The selection modulator chosen, its
concentration and incubation time are factors that can
influence the ability of a selection modulator to
enhance the ability to select for a particular
attribute, property or activity. Selection modulators
thus differ from selection agents As used herein, an
"induction agent" refers to any factor that is used to
initiate recombinant protein expression in a host
cell. Factors that can be used as inducers include,
but are not limited to, changes in temperature or the
administration of a small molecules, peptides or
polypeptides. The choice of induction agent depends on
the host cell used for recombinant protein expression
and on the specific promoter used to express the
protein. One of skill in the art is familiar with
various induction agents. For example, in the pET
expression system, the T7 RNA polymerase required for
gene expression is under the control of the
IPTG-inducible T7 promoter. Protein expression does
not occur in host cells, typically E. coli BL21(DE3)
cells, transformed with a pET vector containing a
cloned gene, until induction by IPTG. As used herein,
a RIP inhibitor is any chemical, such as a peptide,
polypeptide, oligonucleotide or other molecule or
condition, that inhibits the activity of a RIP
polypeptide. Typically, RIP inhibitors include any
that inhibit the N-glycosidase activity of a RIP
polypeptide. Hence, RIP inhibitors are any agent,
polypeptide, or othermolecule that reduces the
activity of a RIP polypeptide. Such agents are known
and include any that reduce the activity of a RIP
polypeptide. Exemplary of a RIP inhibitor is
4-aminopyrazolo[3,4-d]pyrimidine (4-APP). As used
herein, "effective to inhibit the toxicity of a RIP
polypeptide" when referring to a RIP inhibitor means
that in the presence of the inhibitor, a RIP
polypeptide retains no to little activity or its
activity is reduced when incubated in the presence of
the RIP inhibitor. For example, a RIP polypeptide
whose toxicity is inhibited exhibits a 50%, 60%, 70%,
80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% reduction in toxicity compared to the toxic
activity of the RIP polypeptide in the absence of the
RIP inhibitor. As used herein, "retains toxic
activity" refers to a RIP polypeptide or active
portion thereof that exhibits an activity of a RIP
polypeptide, which activity is typically reduced
compared to a wild-type, starting or reference form of
a RIP polypeptide. For purposes herein, an activity is
retained if it is sufficient enough to exhibit a toxic
activity against a ribosome, DNA, mRNA, tRNA or target
host cell. For example, a RIP polypeptide or active
portion thereof retains an activity if it displays at
least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or more
activity compared to a wild-type, starting or
reference RIP polypeptide. A RIP or other toxin can
exhibit a substantial reduction in activity, even to
less than 1% of its original activity, as long as a
conjugate containing such RIP is effective for
treatment. As used herein, a conjugate refers to the
molecules provided herein that include one or more
targeting moieties linked directly or indirectly to
one or more targeted agents that are modified RIP
toxins. These conjugates also are referred to herein
as ligand-toxin conjugates and include, for example,
leukocyte population modulators (LPMs). Such
conjugates include fusion proteins, those produced by
chemical conjugates and those produced by any other
method whereby at least one modified toxin is linked,
directly or indirectly to a targeting agent, whereby
upon binding to a cell surface receptor the toxin is
internalized into the targeted cell.As used herein, a
leukocyte population modulator (LPM) is a ligand-toxin
conjugate where the targeting agent is a polypeptide
portion that is sufficient to target the conjugate to
one or more chemokine receptors expressed on a cell
thereby effecting internalization of a linked or
otherwise associated targeted agent. Generally, the 



polypeptide portion of an LPM is a chemokine ligand,
fragment or allelic, species or splice variant
thereof, that targets the conjugate to one or more
chemokine receptors. Typically, via cell surface
expressed chemokine receptors, such a conjugate is
targeted to one or more than one leukocyte. As used
herein, a fusion protein refers to a polypeptide that
contains at least two polypeptide components, such as
a targeting moiety (i.e. a chemokine) and a targeted
agent, the toxin, and optionally a peptide or
polypeptide linker. Such proteins can be produced by
expression of a nucleic acid encoding the conjugate in
host cells. As used herein, a targeted agent is any
agent that is intended for internalization by linkage
to a targeting moiety, as defined herein, and that
upon internalization in some manner alters or affects
cellular metabolism, growth, activity, viability or
other property or characteristic of the cell. The
targeted agents herein are the modified toxins.
Exemplary of targeted agents provided herein are SAl
or active fragments thereof, including modified SAl
polypeptides. As used herein, to target a targeted
agent means to direct it to a cell that expresses a
selected receptor by linking the agent to a targeting
moiety. Upon binding to the receptor the targeted
agent or targeted agent linked to the receptor binding
moiety is internalized by the cell. As used herein,
"immune cell" or "immune effector cell" refers to any
cell that helps defend the body against infectious
disease and foreign materials as part of the immune
system. Such cells include those found in the blood,
in the lymphatic system, and in other body tissues.
These include, but are not limited to, leukocytes and
other tissue resident cells such as kupffer cells,
microglia, alveolar macrophage or other tissue
associated immune cell.As used herein, leukocyte
refers to a white blood cell that plays a role in the
body's host immune defense system. Leukocytes include,
but are not limited to, monocytes, macrophages,
dendritic cells, mast cells, natural killer cells,
granulocytes (basophils, eosinophils, neutrophils),
and lymphocytes (B and T lymphocytes). As used herein,
tissue residential cell (TRC) refer to specialized
cells that reside in or is specific to particular
tissues or organs. Many tissue residential cells play
a role in the body's immune defenses, particularly
with respect to the specific tissue. Included among
such TRC are Kupffer cells of the liver, microglia of
the brain and alveolar macrophages of the lung. As
used herein, activated cells with reference to immune
cells or leukocytes refers to cells that, upon
stimulation, exhibit an altered gene expression
profile compared to cells that were not stimulated.
Typically, such cells secrete or produce or upregulate
expression of soluble or cell surface-bound peptide or
polypeptide mediators, such as inflammatory or other
immune mediators, for example, cytokines, chemokines
or other chemical messenger proteins or receptors
therefor, which expression or production is greater
than prior to stimulation. As used herein, a targeting
agent refers to any cell binding ligand polypeptide,
or portion thereof, that binds to a targeted cell by
binding to a cell surface receptor followed by
internalization thereof. A targeting agent is any
agent that facilitates internalization of the targeted
moiety. Hence, it is any agent that binds to an
endocytic cell surface receptor. Targeting moieties
can include any polypeptide, or portion thereof, that
binds to any cellular receptor or cellular ligand so
long as the polypeptide is internalized by the cell
following binding to the cell surface molecule. For
example, targeting moieties include, but are not
limited to, antibodies, growth factors, cytokines,
chemokines, and others. Exemplary of targeting agents
are those agents that target to chemokine receptors.
As used herein, chemokine receptors refer to receptors
that specifically interact with a naturally-occurring
member of the chemokine family of proteins and
transport it into a cell bearing such receptors. These
include, but are not limited to, the receptors(CXCRl
-7, including CXCR3A and CXCR3B) to which CXC
chemokines bind and the receptors (CCRl-IO, including
CCR2A and CCR2B) to which CC chemokines bind, and any
other receptors to which any chemokine specifically
binds and facilitates internalization of a linked
targeted agent. As used herein, a chemokine receptor
targeting agent refers to any molecule or ligand that
specifically binds to a chemokine receptor on a cell
and effects internalization of a linked or otherwise
associated targeted agent. Chemokine receptor binding
moieties, include, but are not limited to, any
polypeptide that is capable of binding to a
cell-surface protein to which a chemokine would be
targeted, and is capable of facilitating the
internalization of a ligand-containing fusion protein
into the cell. Such polypeptides include chemokines,
antibodies, or fragments thereof so long as the
polypeptide binds to one or more chemokine receptors
and effects internalization of any linked targeted
agent. Identification of fragments or portions of a
polypeptide, such as a chemokine or antibody, that is
effective in binding to one or more chemokine
receptors and internalizing a linked targeted agents
can be done empirically, by testing, for example, a
fragment linked to a cytotoxic agent, and looking for
cell death using any of the assays therefor described
herein or known to those of skill in the art. Hence, a
chemokine receptor targeting agent includes all of the
peptides characterized and designated as chemokines,
which include, but are not limited to, classes
described herein, and truncated versions and portions
thereof that are sufficient to direct a linked
targeted agent to a cell surface receptor or protein
to which the full-length chemokine specifically binds
and to facilitate or enable internalization by the
cell on which the receptor or protein is present. As
used herein, the term "cytokine" refers to
polypeptides that include interleukins, chemokines,
lymphokines, monokines, colony stimulating factors,
growth factors, adipokines and receptor associated
proteins, and functional fragments thereof. For
purposes herein, non-chemokine cytokines refer to all
cytokines, most typically the classic cytokines and
does not include the chemokines, which have
chemoattractant and other activities not generally
exhibited by other (classic) cytokines. Chemokines,
asrecognized by those skill in the art and discussed
herein below, however, are a distinct class of
polypeptides. As used herein, chemokines refers to a
family of small proteins secreted from cells that
promote the movement or chemotaxis of nearby cells.
Some chemokines are considered pro-inflammatory and
can be induced during an immune response while others
are considered homeostatic. Typically, chemokines
exert their chemoattractant function and other
functions by binding to one or more chemokine
receptors. Chemokines include proteins isolated from
natural sources as well as those made synthetically,
by recombinant means or by chemical synthesis.
Exemplary chemokines (set forth in SEQ ID NOs:
112-161) include, but are not limited to, MCP-I,
Eotaxin, SDF- lb, GRO-a, MIP- l b, IL-8, IP-IO, MCP-3,
MIP-3a, MDC, MIP- la, BCA-I, GCP-2, ENA-78, PBP, MIG,
PF-4, PF-4varl, SDF-2, MCP-2, MCP-4, MIP-4, MIP-3b,
MIP-2a, MIP-2b, MIP-5, HCC-I, RANTES, Eotaxin-2, TARC,
1-309, Lymphotactin, Lungkine, ClO, MlP-l g, MCP-5,
LEC, Exodus-2, MIP-3, TECK, Eotaxin-3, CTACK, MEC,
SCMl b, I-TAC, BRAK, SR-PSOX, Fractalkine, LD78-b,
MIP- Ib2, and others known to those of skill in the
art. References to chemokines typically includes
monomeric forms of such chemokines. Chemokines also
include dimeric or other multimeric forms. Chemokine
encompasses variants or muteins of chemokines that
possess the ability to target a linked targeted agent
to chemokine-receptor bearing cells. Muteins of
chemokines also are contemplated as targeting agents
for use in the conjugates. Such muteins can have
conservative amino acid changes, such as those set
forth below in the following Table 1. Nucleic acids
encoding such muteins will, unless modified by
replacement of degenerate codons, hybridize under
conditions of at least low stringency to DNA,
generally high stringency, to DNA encoding a wild-type
protein. Muteins and modifications of the proteins
also include, but are not limited to, minor allelic or
species variations and insertions or deletions of
residues. Examples of chemokine variants are set forth
in SEQ ID NOs: 170-191. Suitable conservative and
non-conservative substitutions of amino acids are
known to those of skill in this art and can be made
generally without altering the activity of the
resulting molecule. Those of skill in this art
recognize that, ingeneral, single amino acid
substitutions in non-essential regions of a
polypeptide do not substantially alter activity (see,
e.g., Watson et al. Molecular Biology of the Gene, 4th
Edition, 1987, The Benjamin/Cummings Pub. co., p.224).
Such substitutions can be made in accordance with
those set forth as follows: TABLE 1 Original residue
Conservative substitution Ala (A) GIy; Ser Arg (R) Lys
Asn (N) GIn; His Cys (C) Ser; neutral amino acid GIn
(Q) Asn GIu (E) Asp GIy (G) Ala; Pro His (H) Asn; GIn
He (I) Leu; VaI Leu (L) He; VaI Lys (K) Arg; GIn; GIu
Met (M) Leu; Tyr; He Phe (F) Met; Leu; Tyr Ser (S) Thr
Thr (T) Ser Tip (W) Tyr Tyr (Y) Trp; Phe VaI (V) He;
Leu Other substitutions also are permissible and can
be determined empirically or in accord with known
conservative or non-conservative substitutions. Any
such modification of the polypeptide can be effected
by any means known to those of skill in this art. As
used herein, a portion of a chemokine refers to a
fragment or piece of chemokine that is sufficient,
either alone or as a dimer with another fragment or a
chemokine monomer, to bind to a chemokine receptor for
internalization of a linked targeted agent. Various in
vitro assays for identification of chemokines and
chemokine activity, particularly chemotactic
activities, are known to those of skill in the art
(see, e.g., WaIz et al. (1987) Biochem. Biophys. Res.
Commun. 149:755 to identify chemotaxis of neutrophils;
Larsen et al. (1989) Science 243:1464 and Carr et al.
(1994) Proc. Natl. Acad. Sci. U.S.A. 91:3652 to assay
chemotaxis of lymphocytes; see, also InternationalPCT
application No. WO 99/33990, which describes numerous
assays and exemplifies means to identify chemokines).
Such assays can be used to identify chemokines,
modified chemokines and active fragments thereof.
Binding assays, as described herein and known to those
of skill in the art can be used to identify moieties
that will specifically recognize chemokine receptors,
and cytotoxic assays can be used to identify those
that also internalize linked or associated targeted
agents. As used herein, nucleic acid encoding a
chemokine peptide or polypeptide refers to any of the
nucleic acid fragments set forth herein as coding such
peptides, to any such nucleic acid fragments known to
those of skill in the art, any nucleic acid fragment
that encodes a chemokine that binds to a chemokine
receptor and is internalized thereby and can be
isolated from a human cell library using any of the
preceding nucleic acid fragments as a probe or any
nucleic acid fragment that encodes any of the known
chemokine peptides, including those set forth in SEQ
ID NOs:l 12-161, 170-191 and any DNA fragment that can
be produced from any of the preceding nucleic acid
fragments by substitution of degenerate codons. It is
understood that once the complete amino acid sequence
of a peptide, such as a chemokine peptide, and one
nucleic fragment encoding such peptide are available
to those of skill in the art, it is routine to
substitute degenerate codons and produce any of the
possible nucleic fragments that encode such peptide.
It also is generally possible to synthesize nucleic
acids encoding such peptides based on the amino acid
sequence. As used herein, a linker is a peptide or
other molecule that links a targeting agent (i.e.
chemokine polypeptide) to the targeted agent. The
linker can be bound via the N- or C-terminus or an
internal reside near, typically within about 20 amino
acids, of either terminus of a targeted agent, if the
agent is a polypeptide or peptide. Typically, where
the targeted agent is a chemokine, linkage herein is
at the C-terminus. The linkers used herein can serve
merely to link the components of the conjugate, to
increase intracellular availability, serum stability,
specificity and solubility of the conjugate or provide
increased flexibility or relieve steric hindrance in
the conjugate. For example, specificity or
intracellular availability of the targeted agent can
be conferred by including a linkerthat is a substrate
for certain proteases, such as a protease that is
present at higher levels in tumor cells than normal
cells. As used herein, peptide and/or polypeptide
means a polymer in which the monomers are amino acid
residues which are joined together through amide
bonds, alternatively referred to as a polypeptide.
When the amino acids are alpha-amino acids, either the
L-optical isomer or the D-optical isomer can be used,
the L-isomers being preferred. Additionally, unnatural
amino acids such as beta-alanine, phenylglycine, and
homoarginine are meant to be included. Commonly
encountered amino acids that are not gene-encoded also
can be used in ligand-toxin chimeras provided herein,
although 



preferred amino acids are those that are encodable. As
used herein, the "amino acids," which occur in the
various amino acid sequences appearing herein, are
identified according to their well-known, three-letter
or one-letter abbreviations (see Table 1). The
nucleotides, which occur in the various DNA fragments,
are designated with the standard single-letter
designations used routinely in the art. As used
herein, an "amino acid" is an organic compound
containing an amino group and a carboxylic acid group.
A polypeptide contains two or more amino acids. For
purposes herein, amino acids include the twenty
naturally-occurring amino acids, non-natural amino
acids, and amino acid analogs (e.g., amino acids
wherein the a-carbon has a side chain). As used
herein, "amino acid residue" refers to an amino acid
formed upon chemical digestion (hydrolysis) of a
polypeptide at its peptide linkages. The amino acid
residues described herein are generally in the "L"
isomeric form. Residues in the "D" isomeric form can
be substituted for any L-amino acid residue, as long
as the desired functional property 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
carboxyl terminus of a polypeptide. In keeping with
standard polypeptide nomenclature described in J .
Biol. Chem., 243:3552-59 (1969) and adopted at 37
C.F.R. . 1.821 - 1.822, abbreviations for amino acid
residues are shown in Table 2.All sequences of amino
acid residues represented herein by a formula have a
left to right orientation in the conventional
direction of amino-terminus to carboxyl-terminus. In
addition, the phrase "amino acid residue" is defined
to broadly include the amino acids listed in the Table
of Correspondence (Table 2) and modified, non-natural
and unusual amino acids, such as those referred to in
37 C.F.R.  1.821-1.822, and incorporated herein by
reference. 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 or to an
amino-terminal group such as NH2 or to a
carboxylterminal group such as COOH. As used herein,
"naturally occurring amino acids" refer to the 20
L-amino acids that occur in polypeptides. As used
herein, the term "non-natural amino acid" refers to an
organic compound that has a structure similar to a
natural amino acid but has been modified structurally
tomimic the structure and reactivity of a natural
amino acid. Non-naturally occurring amino acids thus
include, for example, amino acids or analogs of amino
acids other than the 20 naturally occurring amino
acids and include, but are not limited to, the
Disostereomers of amino acids. Exemplary non-natural
amino acids are known to those of skill in the art. As
used herein, vector or plasmid refers to discrete
elements that are used to introduce heterologous DNA
into cells for either expression of the heterologous
DNA or for replication of the cloned heterologous DNA.
Selection and use of such vectors and plasmids are
well within the level of skill of the art. As used
herein, expression refers to the process by which
nucleic acid is transcribed into mRNA and translated
into peptides, polypeptides, or proteins. If the
nucleic acid is derived from genomic DNA, expression
can, if an appropriate eukaryotic host cell or
organism is selected, include splicing of the mRNA. As
used herein, expression vector includes vectors
capable of expressing DNA fragments that are in
operative linkage with regulatory sequences, such as
promoter regions, that are capable of effecting
expression of such DNA fragments. Thus, an expression
vector refers to a recombinant DNA or RNA construct,
such as a plasmid, a phage, recombinant virus or other
vector that, upon introduction into an appropriate
host cell, results in expression of the cloned DNA.
Appropriate expression vectors are well known to those
of skill in the art and include those that are
replicable in eukaryotic cells and/or prokaryotic
cells and those that remain episomal or can integrate
into the host cell genome. As used, the term
"nucleotide sequence coding for expression of a
polypeptide refers to a sequence that, upon
transcription and subsequent translation of the
resultant mRNA, produces the polypeptide. As used
herein, the term "expression control sequences" refers
to nucleic acid sequences that regulate the expression
of a nucleic acid sequence to which it is operatively
linked. Expression control sequences are operatively
linked to a nucleic acid sequence when the expression
control sequences control and regulate the
transcriptionand, as appropriate, translation of the
nucleic acid sequence. Thus, expression control
sequences can include appropriate promoters,
enhancers, transcription terminators, a start codon
(i.e., ATG) in front of a protein-encoding gene,
splicing signals for introns, and maintenance of the
correct reading frame of a protein-encoding gene to
permit proper translation of the mRNA, and stop
codons. In addition, DNA sequences encoding a
fluorescent indicator polypeptide, such as a green or
blue fluorescent protein, can be included in order to
select positive clones (i.e., those host cells
expressing the desired polypeptide). As used herein,
"host cells" are cells in which a vector can be
propagated and its nucleic acid expressed. The term
also includes any progeny of the subject host cell. It
is understood that all progeny may not be identical to
the parental cell since there can be mutations that
occur during replication. Such progeny are included
when the term "host cell" is used. As used herein,
secretion signal refers to a peptide region within the
precursor protein that directs secretion of the
precursor protein from the cytoplasm of the host into
the periplasmic space or into the extracellular growth
medium. Such signals can be either at the amino
terminus or carboxy terminus of the precursor protein.
The preferred secretion signal is linked to the amino
terminus and can be heterologous to the protein to
which it is linked. Typically signal sequences are
cleaved during transit through the cellular secretion
pathway. Cleavage is not essential or need to be
precisely placed as long as the secreted protein
retains its desired activity. As used herein,
transfection refers to the taking up of DNA or RNA by
a host cell. Transformation refers to this process
performed in a manner such that the DNA is replicable,
either as an extrachromosomal element or as part of
the chromosomal DNA of the host. Methods and means for
effecting transfection and transformation are well
known to those of skill in this art (see, e.g., Wigler
et al. (1979) Proc. Natl. Acad. Sd. USA 76:1373-1376;
Cohen et al. (1972) Proc. Natl. Acad. ScL USA 69:21
10). As used herein, the term "functional fragment"
refers to a polypeptide which possesses an activity
that can be identified through a defined functional
assay and that isassociated with a particular
biologic, morphologic, or phenotypic alteration in a
cell or cell mechanism or cell activity. As used
herein, activity refers to any activity of a
polypeptide exhibited in vitro and/or in vivo. As used
herein, biological activity refers to the in vivo
activities of a compound or physiological responses
that result upon in vivo administration of a compound,
such as the conjugates provide herein, composition or
other mixture. Biological activity, thus, encompasses
therapeutic effects and pharmaceutical activity of
such compounds, compositions and mixtures. Such
biological activity can, however, be defined with
reference to particular in vitro activities, as
measured in a defined assay. Thus, for example,
reference herein to the biological activity of a
chemokine monomer, dimer or fragment thereof, or other
combination of chemokine monomers and fragments,
refers to the ability of the chemokine to bind to
cells bearing chemokine receptors and internalize a
linked agent. Such activity is typically assessed in
vitro by linking the chemokine (dimer, monomer or
fragment) to a cytotoxic agent, such as a modified
shiga-Al subunit, contacting cells bearing chemokine
receptors, such as leukocytes, with the conjugate and
assessing cell proliferation or growth. Such in vitro
activity should be extrapolative to in vivo activity.
Numerous animal models are referenced and described
herein. As used herein, the term biologically active,
or reference to the biological activity of a conjugate
made up of a targeting agent, such as a conjugate
containing a chemokine and a targeted agent, such as a
modified shiga-Al subunit, refers in that instance to
the ability of such polypeptide to enzymatically
inhibit protein synthesis by inactivation of ribosomes
either in vivo or in vitro or to inhibit the growth of
or kill cells upon internalization of the
toxin-containing polypeptide by the cells. Such
biological or cytotoxic activity can be assayed by any
method known to those of skill in the art including,
but not limited to, the in vitro assays that measure
protein synthesis and in vivo assays that assess
cytotoxicity by measuring the effect of a test
compound on cell proliferation or on protein
synthesis. Particularly preferred, however, are assays
that assess cytotoxicity in targeted cells.As used
herein, specifically binds to a targeted receptor
means to bind with sufficient affinity for the
receptor to effect internalization. Typically binding
is with an affinity (Ka) of 107 1/mol, 108 1/mol
greater. As used herein, to bind to a receptor refers
to the ability of a ligand to specifically recognize
and specifically bind or detectably bind, as assayed
by standard in vitro assays, to such receptors. For
example, binding measures the capacity of the
chemokine conjugate, chemokine monomer, or other
chemokine receptor targeting agent to recognize a
chemokine receptor on cells known to express such
chemokine receptors. Such cells include cell lines or
various primary leukocyte cell subtypes such as, but
not limited to, microglia, monocytes, macrophages,
neutrophils, eosinophils, basophils, natural killer
cells, B cells, mast cells, dendritic cells and
T-cells, or other tissue residential cells, or
activated forms of such cells using well described
ligand-receptor binding assays, chemotaxis assays,
histopathologic analyses, flow cytometry and confocal
microscopic analyses, and other assays known to those
of skill in the art and/or exemplified herein. As used
herein, a culture means a propagation of cells in a
medium conducive to their growth, and all sub-cultures
thereof. The term subculture refers to a culture of
cells grown from cells of another culture (source
culture), or any subculture of the source culture,
regardless of the number of subculturings that have
been performed between the subculture of interest and
the source culture. The term "to culture" refers to
the process by which such culture propagates. As used
herein, a composition refers to any mixture of two or
more products or compounds (e.g., agents, modulators,
regulators, etc.). It can be a solution, a suspension,
liquid, powder, a paste, aqueous, non-aqueous
formulations or any combination thereof. As used
herein, a combination refers to any association
between two or more items. As used herein an effective
amount of a compound for treating a particular disease
is an amount that is sufficient to ameliorate, or in
some manner reduce the symptoms associated with the
disease. Such amount can be administered as a
singledosage or can be administered according to a
regimen, whereby it is effective. The amount can cure
the disease but, typically, is administered in order
to ameliorate the symptoms of the disease. Repeated
administration can be required to achieve the desired
amelioration of symptoms. As used herein,
pharmaceutically acceptable salts, esters or other
derivatives of the conjugates include any salts,
esters or derivatives that can be readily prepared by
those of skill in this art using known methods for
such derivatization and that produce compounds that
can be administered to animals or humans without
substantial toxic effects and that either are
pharmaceutically active or are prodrugs. As used
herein, treatment means any manner in which the
symptoms of a condition, disorder or disease are
ameliorated or otherwise beneficially altered.
Treatment also encompasses any pharmaceutical use of
the compositions herein. As used herein, amelioration
of the symptoms of a particular disorder by
administration of a particular pharmaceutical
composition refers to any lessening, whether permanent
or temporary, lasting or transient that can be
attributed to or associated with administration of the
composition. As used herein, the term "subject" refers
to an animals, including a mammal, such as a human
being. As used herein, a patient refers to a human
subject. As used herein, the term "antibody" as used
herein includes intact molecules as well as functional
fragments thereof, such as Fab, F(ab')2, and Fv that
are capable of binding the epitopic determinant. These
functional antibody fragments retain some ability to
selectively bind with their respective antigen or
receptor and are defined as follows: (1) Fab, the
fragment which contains a monovalent antigen-binding
fragment of an antibody molecule, can be produced by
digestion of whole antibody with the enzyme papain to
yield an intact light chain and a portion of one heavy
chain;(2) Fab1, the fragment of an antibody molecule
that can be obtained by treating whole antibody with
pepsin, followed by reduction, to yield an intact
light chain and a portion of the heavy chain; two
Fab1fragments are obtained per antibody molecule; (3)
F(ab')2, the fragment of the antibody that can be
obtained by treating whole antibody with the enzyme
pepsin without subsequent reduction; F(ab')2 is a
dimer of two Fab' fragments held together by two
disulfide bonds; (4) Fv, defined as a genetically
engineered fragment containing the variable region of
the light chain and the variable region of the heavy
chain expressed as two chains; and (5) Single chain
antibody ("SCA"), a genetically engineered molecule
containing the variable region of the light chain and
the variable region of the heavy chain, linked by a 



suitable polypeptide linker as a genetically fused
single chain molecule. Methods of making these
fragments are known in the art (see, for example,
Harlow and Lane, Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory, New York, 1988, incorporated
herein by reference). As used herein, the term
"epitope" means any antigenic determinant on an
antigen to which the paratope of an antibody binds.
Epitopic determinants contain chemically active
surface groupings of molecules such as amino acids or
carbohydrate side chains and usually have specific
three dimensional structural characteristics, as well
as specific charge characteristics. As used here , the
singular forms "a," "an" and "the" include plural
referents unless the context clearly dictates
otherwise. Thus, for example, reference to compound,
"comprising an extracellular domain" includes
compounds with one or a plurality of extracellular
domains. As used herein, ranges and amounts can be
expressed as "about" a particular value or range.
About also includes the exact amount. Hence "about 5
bases" means "about 5 bases" and also "5 bases". As
used herein, "optional" or "optionally" means that the
subsequently described event or circumstance does or
does not occur, and that the description includes
instanceswhere said event or circumstance occurs and
instances where it does not. For example, an
optionally substituted group means that the group is
unsubstituted or is substituted. As used herein, the
abbreviations for any protective groups, amino acids
and other compounds are, unless indicated otherwise,
in accord with their common usage, recognized
abbreviations, or the IUPAC-IUB Commission on
Biochemical Nomenclature (1972) Biochem., 11: 942-944.
B. Ribosome Inactivating Proteins (RIPs), Selection,
Expression and Production Thereof Provided are methods
for selecting, identifying, purifying and/or isolating
for ribosome inactivating protein (RIP) toxins with
reduced toxicity, the resulting modified RIPs, and
methods of expressing RIPs and modified RIPs and
conjugates thereof. Toxicity is reduced sufficiently
to increase expression of the protein, but sufficient
toxicity remains for the RIP to exhibit the
therapeutic effect (inhibition or killing of cells).
Since RIPs are so toxic, a reduction in activity of
10-, 100-, 1000-fold, or more does not substantially
impact on the use of the toxin as a toxin in the
conjugates for inhibiting or killing cells or
affecting cellular metabolism. The methods provided
herein employ RIP inhibitors, such as 4-aminopyrazolo
[3, 4-d]-pyrimidine (4-APP), to modulate the selection
of RIP toxins and to increase the high-yield
production thereof. Also provided are ligand-toxin
conjugates containing all or part of a modified RIP
sufficient to exert toxic activity, for example, any
provided herein. The selected modified RIPs, and
conjugates containing modified RIPs, exhibit less
toxicity to host cells resulting in an increased yield
of protein product following expression thereof. The
increased yield is associated with less inherent
toxicity and/or inhibition of activity with 4-APP as
noted and described in detail herein below. RIPs are
toxins that promote cellular toxicity and death by
depurinating eukaryotic and prokaryotic ribosomal RNA
(rRNA) resulting in protein synthesis inhibition.
Generally, RIPs, including ricin and Shiga Toxin, have
toxic activity against eukaryotic ribosomes. Some
RIPs, however, can attack eukaryotic and
prokaryoticribosomes. These include, for example,
Shiga toxin, which exhibits toxicity toward E. coli
cells (Skinner and Jackson, Microb. Pathol, 24:
117-22, 1998; Suh et al. (1998) Biochemistry 37:
9394-8). Thus, the expression of RIPs, and therefore
high yield protein production thereof, is often
hampered by the cytotoxic effects of RIPs on either
one or both of prokaryotic or eukaryotic host cells
used for recombinant protein expression thereof. Given
the general toxicity of RIPs to eukaryotic cells,
RIPs, or conjugates containing RIPs, are typically
produced in E.coli. For example, several RIP
containing fusion proteins have been previously
expressed in E coli. These include for example fusions
with saporin, pokeweed antiviral protein, or shiga
toxin as the toxin moiety. Generally, relatively low
levels of expression are obtained. In some cases, this
is due to a leaky promoter system that releases a
sufficient amount of toxin to interfere with cell
viability. Strategies to optimize expression have been
employed. Generally, induction systems are used to
suppress expression until the host cells have grown
sufficiently. This allows for a tightly controlled
means to allow for sufficient growth of transformed
cells to occur before induction of the toxin begins to
kill the host culture thereby limiting the overall
production of the RIP toxin. For example, a standard
method for the production of toxins, or conjugates
thereof, is via expression under the control of a T7
late promoter in transformed E.coli BL21(DE3) cells
after induction by isopropyl b-D-thiogalactoside
(IPTG). Under this system, expression of RIPs, or
conjugates thereof, has been further optimized using
BL21(DE3)pLysS bacterial cells, which strongly
represses expression from the pET vector in the
absence of induction (Joshi et al. (2005), Prot. Exp.
Purif., 39:189-198). In both systems, the resulting
protein remains intracellular in association with
inclusion bodies and requires de- and renaturation
procedures upon purification (Barth et al. (2000) App
Environ. Microbiol, 66:1572-1579). Other induction
systems also have been used. For example, the gene for
the Mirabilis Antiviral Protein (MAP) has been
expressed under the control of a temperature-regulated
promoter whereby expression of the MAP gene is induced
by elevating the culture temperature from 30 to 420C
at the log-phase of \88-10992. Often,even using such
inducible systems, the RIPs can be toxic to the host
cells. In some cases, no transformants can be obtained
or transformants grow very poorly, which indicates
that the inducible system is leaky and/or that the
toxin moiety of the products can be responsible for
killing the host cells. Other strategies also have
been employed to increase the expression and/or the
yield of active protein. In one example, the
expression vector can be designed to achieve secretion
of the protein product promptly from the cytosol of
the host to reduce the toxic effects on the host cell
ribosomes. For example, for E.coli to secrete a
protein a signal sequence is required. OmpA is a major
outer membrane protein in E. coli that is produced in
large quantities and secreted by E.coli (Habuka et al.
(1990) J. Biol. Chem., 265:10988-10992). Hence,
secretion and production of the MAP protein has been
achieved by operatively linking the signal sequence of
E.coli OmpA to the sequence encoding MAP. In other
cases, RIPs or conjugates containing RIPs, have been
expressed using other bacterial expression systems,
such as for example, ones that direct the periplasmic
expression of the toxin, hi contrast to the bacterial
cytoplasm, the bacterial periplasm is a nonreducing
environment which permits disulfide bond formation
required for the native conformation of some proteins.
Although this strategy can be beneficial for those
proteins that require disulfide bond formation,
protein insolubility in the periplasmic environment
can affect the protein yield and thereby require the
use of compatible solutes during expression and
purification (Barth et al. (2000) App Environ.
Microbiol, 66:1572-1579). RIPs, or conjugates
containing RIPs, also have been expressed in yeast
Pichia pastoris, although this requires de novo design
and construction of synthetic genes to optimize
heterologous expression in yeast (Gurkan et al. (2005)
Microbial Cell Factories, 4:33). Although combinations
of each of the above strategies are sometimes or
somewhat effective, depending on the RIP or host cell
used, in many cases host cells continue to be
susceptible to the toxic effects of RIPs. In such
cases, other strategies have been employed in attempts
to express and produce toxins from host cells,
although each has its limitations. For example,
Fabrini et al (FASEB J . 14:391-398 (2000))
haveproposed the use of anti-RIP antibodies as
neutralizing agents in eukaryotic cells to protect
host ribosomes from inactivation while still allowing
the majority of the synthesized polypeptide to be
secreted in a biologically active form. Although
neutralizing anti-saporin (SAP) antibodies have been
used in the generation of a SAP conjugate, such a
strategy requires the constitutive and stable
expression of anti-RIP antibody fragments in host
cells. Thus, provided herein are methods to produce
RIPs, or ligand-toxin conjugates containing RIPs, to
overcome these limitations by taking advantage of the
N-glycosidase mechanism by which RIPs mediate their
toxic effects on prokaryotic and eukaryotic host
cells. Adenine and several analogs thereof are capable
of inhibiting RIP activity as measured by in vitro
ribosome inactivation, including for example,
inhibition by 4- aminopyrazolo [3,4-J]-pyrimidine
(4-APP) (Brigotti et al. (2000) Nucleic Acids Res.,
28: 2383-8; Brigotti et al. (2000) Life ScL, 68:
331-6). It is recognized herein that the use of
adenine analogs (e.g., 4-APP) can be used in the
selection of cellular expression clones, for example,
bacterial clones, and in the large scale expression of
toxins and ligand-toxin conjugate molecules including,
for example, leukocyte population modulators (LPMs).
The methods provided herein are designed to 1) select
for modified RIP toxins that exhibit reduced toxicity
for host cells, while still maintaining sufficient
toxic activity, which selection can be modulated in
the presence of adenine analogs and 2) express the
selected modified RIP toxins, or conjugates containing
the modified RIP toxins, in host cells in the presence
of one or more adenine analogs. Such methods allow for
the identification of selected modified RIP toxins,
which can be tested to identify those that retain
sufficient toxic activity against target host cell
ribosomes. Further, methods are provided herein which
allow for the large scale expression and generation of
RIP toxins, and conjugates containing the RIP toxins,
in the presence of one or more RIP inhibitor, such as
4-APP. Hence, the methods allow for the identification
of modified RIP toxins that can be used in the design
of ligand-toxin conjugates containing modified RIP
toxins that exhibit reduced cytotoxicity to the host
expressing bacterial strain and thereby provide
aviable expression strategy for the production of
greater quantities of product for use in preclinical
and clinical studies. The suitability of the modified
ligand-toxin conjugates to treat diseases and
disorders such as inflammatory disease states
associated with proliferation, migration and/or
physiological activity of cells that promote
inflammatory responses including secondary tissue
damage can be assessed using in vitro and in vivo
assays that assess an activity or biological activity.
C. Ribosome Inactivating Proteins (RIPs) and Methods
of Action Ribosome inactivating proteins (RIPs) are a
class of proteins expressed in plants, fungi and
bacteria that are potent inhibitors of eukaryotic and
prokaryotic protein synthesis via a conserved
mechanism. RIPs are N-glycosidases or polynucleotide:
adenosine glycosidases and are able to inactivate
ribosomal and nonribosomal nucleic acid substrates.
RIPs are classified into two groups. Type I RIPs (also
called holo-RIPs; i.e. trichosanthin and luffin) have
a single polypeptide chain of- 30 kDa having ribosome
inactivating activity. Type II RIPs (also called
chimero-RIPs; i.e. ricin, abrin, as well as bacterial
toxins such as Shiga toxin) contain two polypeptide
chains or species, denoted A (usually a single
subunit) and B (single or multiple subunits), linked
by a disulfide bond. The B chain of type II RIPs is
required for cell entry, but can be substituted by a
polypeptide that effects cellular entry. There also
are examples of other RIPs that do not fall into
either the type-I or type-II family. These are called
two-chain type-I RIPs that contain only an A-chain but
require proteolytic processing, and the type- Ill RIP
proteins that are proteins structurally and
functionally related to the barley RIP JIP60 (Peumans
et al. (2001) The FASEB Journal, 15: 1493). The
B-chains of the type II RIPs bind to
galactose-containing receptors on the cell surface and
allow the A-chains to enter the cytoplasm where they
inactivate ribosomes. Typically, type II RIPs are
synthesized as a prepropolypeptide that contains A and
B chains. Following targeting of the prepropolypeptide
to the endoplasmic reticulum (ER), the signal sequence
is cleaved off to yield a propolypeptide. In the ER,
the protein undergoes disulfide bond formation between
the two chains, and N-glycosylation occurs. The
propolypeptide is transported through the Golgi
apparatus into protein bodies whereit is
proteolytically cleaved by an endopeptidase within the
protein bodies. The endopeptidase splits the
propolypeptide into an A-chain and a B-chain or chains
that remain linked by a single disulfide bond.
Processing of the RIPs in this manner ensures that the
toxins avoid poisoning its own host cell ribosomes,
such as by leakage into the cytosol, during synthesis
and transport. Toxic activity of RIPs requires
internalization of the catalytic subunit into the
cytosol of a host cell. Cell entry of type II RIPs is
facilitated by the B-subunit(s) whereas type I RIPs,
which are not specifically recognized by hematogenous,
tissue residing and intrinsic tissue cells, are less
efficient in their toxic activity than type II RIPs. A
variety of cell entry mechanisms exist for toxin
internalization including, but not limited to,
clathrin-dependent and clathrin-independent
endocytosis, caveolae-independent endocytosis, and
macropinocytosis. In addition, upon entry into the
cells, toxins are transported to the cytosol via
diverse mechanisms (Sandvig et al. (2005) Gene
Therapy, 12: 865-872). Once inside the cytosol, RIPs
catalyze the depurination of ribosomes thereby
disrupting protein synthesis. Type I RIPs and the
A-chain of type II RIPs are responsible for the
enzymatic activity of these toxins by inhibiting
protein synthesis by removing a specific adenine from
28 S rRNA of eukaryotic and prokaryotic ribosomes.
Generally, type II RIPs are considered active only
against eukaryotic ribosomes, while type I RIPs are
active against eukaryotic and prokaryotic ribosomes.
Some type II RIPS, such as for example Shiga Toxin
(STX), also inhibit prokaryotic ribosomes (Skinner et
al. (1998), Microbial Pathogenesis, 24: 117-122). The
toxic activity of RIPs, either single-chain (type I)
or two-chain (type II, 



mediated via the A-chain) is mediated by the
N-glycosidase activity of the proteins. This enzymatic
activity results in the removal of one adenine from
adenosine in a precise position (A4324 in the case of
rat liver 28S rRNA, A2660 o E.coli rRNA) in a
universally conserved GAGA tetraloop of the major
rRNA, also called the alpha-sarcin/ricin loop (see
e.g., Endo et al. (1987) J. Biol. Chem., 262:8128;
Barbieri et al. (1993) Biochim. Biophys. Acta.,
1154:237; Sandvig et al. (2001) Toxicon, 39:
1629-1635; Ippoliti et al.(2004) The Italian Journal
of Biochemistry, 53: 92; Stirpe and Battelli, Cell MoI
Life ScI, 63: 1850-66, 2006). The removal of the
adenine base results in the inability of the ribosome
to bind elongation factor 2 and thus termination of
RNA translation. The GAGA sequence is present in
prokaryotic and eukaryotic ribosomes. The enzymatic
activity of RIP toxins is mediated by the interaction
of the catalytic chain with ribosomal proteins. The
interaction with the adenine occurs in an active site
cleft of the toxin proteins. Differences in substrate
binding between toxins can be due to amino acid
differences in the active site cleft. For example,
although X-ray crystallography data shows that the
active site cleft between the A-subunits of Stx and
ricin are similar, there are at least seven invariant
residues in the active site of these proteins
(Brigotti et al. (2000) Nucleic Acids Research,
28:2383-2388). Further, differences in substrate
specificity between eukaryotic and prokaryotic cells
among toxins are believed to be due to differing
abilities of RIPs to interact with different ribosomal
proteins. For example, the rat liver proteins L9 and
LlOe are the binding targets of the ricin A-chain,
while the ribosomal protein L3 is the binding factor
of pokeweed antiviral protein (PAP). L3 is a highly
conserved ribosomal protein, which explains the broad
specificity of PAP towards ribosomes of different
species (Peuman et al. (2001) The FASEB Journal, 15:
1493-1496). The removal of adenine results in a
conformational change of the rRNA and prevents the
binding of elongation factor 2. Thus, depurinated
ribosomes are unable to elongate the nascent peptide
chain. In addition to inactivating ribosomes and
inhibiting protein synthesis, RIPs also have other
functions due to their interaction with other
substrates besides rRNA. RIPs can depurinate DNA,
mRNA, and viral polynucleotides (Ippoliti et al.
(2004) The Italian Journal of Biochemistry, 53: 92;
Parikh et al. (2004) Mini-Reviews in Medicinal
Chemistry, 4:523-543). Hence, in addition to
N-glycosidase activity, RIPs have been demonstrated to
have polynucleotide:adenosine glycosidase activity due
to their ability to deadenylate adenine-containing
polynucleotides, single-stranded DNA, double-stranded
DNA, and mRNA. For example, RIPs have been reported to
degrade supercoiled DNA (see e.g., Li et al. (1991)
Nucleic Acid Res., 22:6309; Ling et al. (1994) FEBS
Lett.,345:143; Roncuzzi et al. (1996) FEBS Lett.,
392:16) and fragment genomic DNA (Bagga et al. (2003)
J Biol. Chem., 278:4813-4820). Moreover, some RIPs
release more than one adenine residue from ribosomes
(Barbieri et al. (1992) Biochem. J , 286:1), act on
RNA species other than ribosomal RNA, including viral
RNAs, or also act on poly(A) and on DNA (Barbieri et
al. (1994) Nature, 372:624; Stirpe et al. (1996) FEBS
Lett., 382:309; Picard et al. (2005j J Biol. Chem.,
280:20069-20075). Additionally several RIPs have been
shown to inhibit the 3'-end processing and
strand-transfer activities of HIV-I integrase which in
turn inhibits the insertion of the viral genome into
the host cell genome (Au et al., FEBS Lett, 471:
169-72, 2000). Hence viral propagation is inhibited.
Consequently, some RIPs exhibit anti-viral activity in
addition to or instead of protein synthesis inhibition
via inactivation of ribosomes (Parikh et al. (2004)
Mini-Reviews in Medicinal Chemistry, 4:523-543; Erice
et al. (1993) Antimicrobial Agents and Chemotherapy,
37: 835-838). Thus many, if not all, RIPs have one or
more of Nglycosidase activity, RNase activity, DNase
activity, and other activities such as, but not
limited to, superoxide dismutase, phospholipase
activity, chitinase activity and anti-viral activity
(Park et al. (2004) Planta, 219:1093-1096; Bagga et
al. (2003) J Biol. Chem., 278:4813-4820; Parikh et al.
(2004) Mini-Reviews in Medicinal Chemistry, 4:523-543;
Au et al., FEBS Lett, All: 169-72, 2000). 1. Exemplary
RIPs Exemplary toxins used in the methods provided
herein for selection of modified toxins with reduced
toxicity such as for improved production of toxins, or
conjugates thereof, or in the generation of
ligand-toxin conjugates, can be any toxin that
exhibits cellular toxicity due to N-glycosidase
enzymatic activity via depurination of rRNA. Such
toxins are known to those of skill in the art and
typically include the RIP family of toxins. For
example, over 400 RIPs have been proposed, of which
more than 50 type I RIPs and 15 Type-II RIPs have been
sequenced and/or cloned (Peumans et al. (2001) The
FASEB Journal, 15: 1493). Exemplary type I RIPs
include, but are not limited to, dianthin 30, dianthin
32, lychnin, saporin-1, saporin-2, saporin-3,
saporin-4, saporin-5, saporin-6, saporin-7, saporin-8,
saporin-9, PAP, PAP II, PAP-R, PAP-S, PAP-C,
mapalmin,dodecandrin, bryodin-L, bryodin, colicin-1,
colicin-2, luffin-A, luffin-B, luffin-S, 19KPSI,
15K-PSI, 9K-PSI, alpha-kirilowin, beta-kirilowin,
gelonin, momordin, momordin-II, momordin-Ic, MAP-30,
alpha-momorcharin, beta-momorcharin, trichosanthin,
TAP-29, trichokirin, barley RIP, tritin, flax RIP,
corn RIP, asparin-1, and asparin 2. Exemplary type II
RIPs include, but are not limited to, volkensin,
ricin, Shiga toxin, nigrin-CIP-29, abrin, vircumin,
modeccin, ebulitin-a, ebulitin-b, ebultin-g, and
porrectin. Generally, the A-chain, or an active
fragment thereof, is sufficient for the enzymatic
activity of type II RIPs. The discussion of various
RIP toxin polypeptides is not meant to limit the scope
of the embodiments provided. It is understood that any
RIP polypeptide known to one of skill in the art, or
subsequently identified hereto, is contemplated in the
methods provided herein. Those of skill in the art are
familiar with the identification and functional
characterization of RIP toxins. A list of exemplary
RIP toxin polypeptides and their corresponding SEQ ID
NOs is set forth in Table 3. TABLE 3: Exemplar RIP
ToxinsShiga Toxin Shiga toxins (STX) are a family of
RIP proteins that are produced by bacteria. Shiga
toxins are classified into three different groups.
Shiga toxin (Stx) is produced by Shigella dysenteriae
and is a type-II RIP protein containing a 32-kDa
enzymatic A subunit (StxA), noncovalently associated
with a ring of five 7.7 kDa B subunits (StxB). Stx is
identical in amino acid sequence to Shiga-like toxin 1
(Stxl, also called Verotoxin, SLTl or VTl), produced
by E. coli. The A-chain precursors of Stx and Stxl are
315 amino acids in length (set forth in SEQ ID NO:1)
and contain a signal sequence of 22 amino acids in
length corresponding to amino acids 1-22 of SEQ ID
NO:1. The mature Stx/Stxl A chain is 293 amino acids
in length corresponding to amino acids 23-315 of SEQ
ID NO: 1 and is set forth in SEQ ID NO:5. The third
Stx is Shiga-like toxin 2 (Stx2, also called Verotoxin
2, SLT2 or VT2), which exhibits sequence differences
compared to Stx and Stxl. The A-chain precursor of
Stx2 is 319 amino acids in length (set forth in SEQ ID
NO:3) and contains a signal sequence 22 amino acids in
length corresponding to amino acids 1-22 of SEQ ID
NO:3. The mature Stx2 A chain is 297 amino acids in
length corresponding to amino acids 23-319 of SEQ ID
NO:3. The Bsubunits of Stx/Stxl and Stx2 are 89 amino
acids in length (set forth in SEQ ID NOs:2 and 4,
respectively). Shiga-like toxins also have been
reported to be produced in Citrobacterfreundii,
Aeromononas hydrophila, Aeromononas caviae, and
Enterobacter cloacae (Sandvig et al. (2001) Toxicon,
39: 1629-1635). The A chain of Stx (StxA) has an
enzymatically active A fragment that contains an
internal disulfide bond formed between C242 and C261
of the sequence set forth in SEQ ID NO:5
(corresponding to C264 and C283, respectively, of the
sequence set forth in SEQ ID NO: 1). The sequence
248Arg-VaI-Ala-Arg251 in SEQ ID NO:5, which is located
in a loop between the two cysteines, is recognized by
trypsin or by the cellular protease furin. Furin is
found in the trans golgi network (TGN) and in
endosomes and likely cleaves StxA during its
posttranslational processing. Trypsin or furin cleaves
StxA at the COOH-terminal side of Arg251 in the
sequence set forth in SEQ ID NO:5, separating the
A-chain into Al and A2 fragments (Sandvig et al.
(2001) Toxicon, 39: 1629-1635; Garred et al. (1995) J
Biol. Chem., 270: 10817-10821). Hence, the cleaved Al
fragment of Stx (SAl) corresponds to amino acids 1 to
251 and the A2 fragment of Stx (SA2) corresponds to
amino acids 252-293 of the sequence of amino acids set
forth in SEQ ID NO:5. Furin cleavage activates the Al
fragment (SAl). The Al domain remains associated with
the A2/B subunits due to the disulfide bond between
C242 and C261 until transport through the ER where the
disulfide bond is reduced and the Al fragment is
allowed to retrotranslocate to the cytosol (LaPointe
et al. (2005) J Biol. Chem., 280:23310-8). The Al
fragment of Stx is 6- to 400-fold more active than the
intact Stx protein (Suh et al. (1998) Biochemistry,
37:9394-9398). As such, SAl contains the RIP enzymatic
activity and is responsible for inhibiting protein
synthesis by depurination of the 28S RNA of the 60S
ribosomal subunit. The first 239 amino acids of the Al
chain represent the minimal catalytically active
region of the StxAl RIP domain (LaPointe et al. (2005)
J Biol. Chem., 280:23310-8). SAl truncations retaining
catalytic activity include, for example, the variant 1
SAl sequence set forth in SEQ ID NO:22 and encoded by
a sequence of nucleotides set forth in SEQ ID NO:23
and a variant 2 sequence setforth in SEQ ID NO:24 and
encoded by a sequence of nucleotides set forth in SEQ
ID NO:25. Like other RIPs, the active SAl subunit of
Stx attacks eukaryotic ribosomes; however, it also has
activity against bacterial ribosomes. For example,
various groups have reported that the growth o E.coli
cells is reduced in the presence of SAl (see e.g. ,
Skinner et al. (1998) Microbial Pathogenesis, 24:1
17-122; Suh et al. (1998) Biochemistry, 37:9394-9398).
The toxic activity of SAl on prokaryotic cells
requires expression of the toxin in the cytoplasm,
such as due to the absence of its native signal
sequence; no Stx-mediated toxicity is observed in
cells following the export of SAl into the periplasm
by its signal sequence. The toxic activity of SAl on
prokaryotic cells is comparable to its toxic activity
on eukaryotic cells. Other RIPs also target
prokaryotic cells, including for example, the plant
RIPs PAP and MAP, although in most cases the toxic
activity of such plant RIPS is about 100 times more
efficient against eukaryotic ribosomes (Suh et al.
(1998) Biochemistry, 37:9394-9398). In contrast, other
RIPs, such as RTA (the enzymatic subunit of ricin)
displays no toxicity towards prokaryotic cells. 2. RIP
Toxin Inhibitors Inhibitors are known or can be
identified that inactivate toxic RIPs. Studies of such
inhibitors have provided insight about the structure
of the active site of the toxins. In addition, there
is an interest in identifying and developing RIP
inhibitors for various reasons, including but not
limited to, diagnostic purposes, antidotes in
poisoning or as prophylactic and therapeutic agents in
infections triggered by RIP-expressing bacteria
(Brigotti et al. (2000) Life Sciences, 68: 331-336,
U.S. Patent Application No. 6,562,969). Some RIP
inhibitors target the conserved N-glycosidase activity
of RIP toxins. Included among such RIP toxin
inhibitors are RlP-specific oligonucleotide
inhibitors, such as RNA aptamers (see e.g.,
Hesselberth et al. (2000) J. Biol. Chem.,
275:4937-4942; Hirao et al. (200O) J. Biol. Chem.,
275: 4943-4948), RIP-specific antibodies, and/or
adenine isomers including, for example, adenine, 4-
aminopyrazolo[3,4-d]pyrimidine (4-APP), and other
similar isomers (Pallanca et al. (1998) Biochimica et
Biophysica Acta, 1384: 277-284; Brigotti et al. (2000)
NucleicAcids Research, 28: 2383-2388; Brigotti et al.
(2000) Life ScL, 68: 331-6; U.S. Patent Application
No. 6,562,969). 4-APP and other adenine analogs
Adenine is a base in the natural substrate for RIP
toxins (i.e. the first adenine base in the loop
sequence of GAGA). Hence, adenine and analogs thereof
inhibit RIP toxic activity (Pallanca et al. (1998)
Biochimica et Biophysica Acta, 1384: 277-284; Brigotti
et al. (2000) Nucleic Acids Research, 28: 2383-2388;
Brigotti et al. (2000) Life ScL, 68: 33 1-6) by acting
as an inhibitor of the RNA N-glycosidase activity.
Typically, an adenine analog includes any fused
bicyclic compound where one of the rings is 6-
aminopyrimidine, and the other ring is a 5-membered
heterocyclic ring that contains at least two adjacent
carbon atoms, including but not limited to, pyrrole,
pyrazole, imidazole, triazole, oxazole, isoxazole,
thiazole, isothiazole, furan and thiophene. Typically,
fusion of the rings occurs between the carbon atoms at
the 4 and 5 positions of 6-aminopyrimidine, and any
two adjacent carbon atoms of the 5-membered ring, in
either mode of attachment. This includes, for example,
adenine itself whose 5-membered ring is in the
imidazole configuration. The structure of adenine is
as follows: Further, such analogs also include any
with rearrangements of the nitrogen atoms of the
5-membered ring from the imidazole to the pyrazole
configuration including, for example, 4-APP and
formycin base, which only differ in the mode of
attachment of the 6- aminopyrimidine to the 5-membered
pyrazole ring (see e.g., Brigotti et al. (2000) Life
ScL, 68: 331-6). In additions, inhibitors provided
herein include the ribonucleoside
anddeoxyribonucleoside analogs of formycin A base,
such as the ribonucleotide 5'mono-, 5' di-, 5' tri and
3' monophosphate analogs of formycin A bases, as well
as the deoxyribonucleotides 5' mono-, 5' di-, 5' tri
and 3' monophosphate analogs of formycin A, or any
other similar or known compound such as any
subsequently identified hereto (see e.g., U.S. Patent
Application No. 6,562,969). The structure of 4-APP and
formycin A base are as follows: 4-aminopyrazolo[3
,4-d]pyrimidine (4-APP) Formycin A base Despite the
conserved N-glyosidase activity of RIP toxins, adenine
and analogs of adenine, such as 4-APP, exhibit
differential abilities to protect ribosomes from
inactivation by RIPs (Pallanca et al. (1998)
Biochimica et Biophysica Acta, 1384: 277- 284;
Brigotti et al. (2000) Nucleic Acids Research, 28:
2383-2388; Brigotti et al. (2000) Life Sci., 68:
331-6). For example, 4-APP is a strong inhibitor of
Stx, momordin, and 



other plant RIPs, but exhibits little inhibition of
ricin. Further, 4-APP exhibits greater inhibitory
activity on Stx than does adenine, however, 4-APP and
adenine display comparable inhibitory activity to the
RIP toxin momordin. Also, adenine protects ribosomes
from inactivation by ricin, whereas 4-APP displays
little inhibitory action on the toxic activity of
ricin. Hence, RIP toxins differ in their abilities to
be inhibited by various adenine isomers indicating
that RIP toxins do not share a common active site
binding cleft. The inhibitory activity of adenine
isomers on RIP activity are known (Pallanca et al.
(1998) Biochimica et Biophysica Acta, 1384: 277-284;
Brigotti et al. (2000) Nucleic Acids Research, 28:
2383-2388; Brigotti et al. (2000) Life ScL, 68:
331-6), or can be determined by one of skill in the
art such as by determining the RNA Nglycosidase
activity (i.e. RIP activity) of the toxin in the
presence of the inhibitor. As is described in detail
below, RIP inhibitors, such as adenine and analogs
thereof including, for example 4-APP, can be used in
methods to select for modified forms of RIPs and also
can be used in methods of improving the production of
a RIP toxin, or conjugate thereof, such as any
modified RIP toxin provided herein or identified by
the selection methods provided herein. D. Methods of
Selecting Modified Toxins or Conjugates Thereof
Provided herein are methods of selecting modified RIP
toxins that exhibit reduced cytotoxicity to the host
expressing cells. In the methods herein, it has been
found that because of the toxicity of the RIPs to
particular host cells, the RIP is often expressed at
low levels in a culture of cells, even under
conditions in which it is toxic ultimately to all, or
substantially all, of the cells. Typically, RIPs are
expressed because a requisite amount is required to
exhibit toxicity to the cells, some cells could become
resistant to the toxic affects of RIPs, and, as shown
herein, the RIPs mutate. As a result, in a culture of
cells containing nucleic acids encoding a RIP, RIP is
expressed, but at relatively low levels. Accordingly,
the methods are designed to select and identify those
RIP toxins produced by host cells under conditions
where the starting RIP protein is not produced or is
produced at low levels. To perform the methods
provided herein, a nucleic acid encoding an unmodified
or starting form of a RIP toxin is introduced into a
host cell, the host cell is allowed to grow, cells
that grow are isolated and those RIP toxins that are
expressed in the cells are identified and tested for
activity, such as for example, Nglycosidase activity
and/or other RIP activities including, but not limited
to, RNase activity, DNase activity, superoxide
dismutase and phospholipase activities. In some
examples, selection is additionally performed in the
presence of a selection modulator, such as a RIP
inhibitor. Generally, such identified RIP toxins are
modified compared to the starting RIP protein and, by
virtue of the modification, the RIP toxin has an
altered activity, such as analtered toxic activity or
other activity, compared to the starting RIP toxin.
Generally, the toxicity of the modified RIP
polypeptide is reduced. In some examples, the modified
RIP polypeptide identified in the selection methods
herein exhibits no toxic activity. Typically, however,
a modified RIP toxin, or conjugate thereof, retains
0.5%, 1%, 1.5%, 2%, 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%, or 100% of the toxic activity
compared to a wild-type form of the toxin, or
conjugate thereof. Due to the retained cytotoxic
activity, conjugates containing such modified toxins
can be designed to target specific cells, thereby
resulting in killing of the targeted cell or cells
upon internalization of the conjugate. For example, as
is described in detail below, conjugates containing a
modified RIP toxin can be used in methods of treating
various diseases or disorders by targeting one or more
cells or populations of cells involved in the disease
process. Such modified toxins also can be used in
methods to express and produce RIP toxins or
conjugates thereof, thereby enabling high yield
protein production. 1. Candidate RIP Proteins or
Conjugates Thereof Generally, because many RIP
proteins exhibit toxic activity to prokaryotic and/or
eukaryotic cells they inhibit protein synthesis by
cellular ribosomes, they cannot be expressed at high
levels in some or all host cell systems. Provided
herein are methods to reduce the toxicity of RIPs so
that they can be expressed at higher levels, but still
exhibit sufficient toxicity to be used therapeutically
in conjugates that employ RIPs. Included are the
conjugates in U.S. Patent Nos. 7,166,702, 7,157,418
and 7,192,736 as well conjugates of cytokines, such as
growth factors, including FGF, VEGF, EGF and others.
In the methods provided herein, a RIP toxin or
conjugate thereof is produced that exhibits a reduced
toxicity in a host cell. Such modified RIP toxins or
conjugates thereof are thereby less toxic to cells.
Selecting for RIP proteins, or conjugates thereof,
that are modified to exhibit reduced toxicity allows
for the expression of such toxin by host cells and
improved yields. Accordingly, such a method allows for
the generation of RIP toxins, or conjugates thereof
that can be produced effectively and efficiently and
thereby used in methods to treat diseases or disorders
for which they are designed.RIP proteins to be
modified by the selection method provided herein can
be any RIP protein, or any polypeptide containing a
RIP protein or active portion thereof, which under
standard or normal growth conditions, is not expressed
or is expressed at low levels in a host cell due to
toxic activity against the host cell ribosomes. The
proteins are modified and then, under the same
conditions, are expressed at higher levels. Candidate
RIP protein for selection includes wildtype or variant
forms of a wildtype RIP protein, or active portions
thereof exhibiting toxic activity, including allelic
or species variants and isoforms of a RIP protein that
have not been selected by the methods herein. Included
among such RIP proteins are any set forth in Table 3
above, such as any having a sequence of amino acids
set forth in any of SEQ ID NOS: 5, 89-1 11,
particularly the active portion of the A-chain of such
RIP proteins, such as the Al chain of Shiga toxin
(i.e. SAl), or any active fragment thereof. For
example, a starting protein used in the methods
provided herein can be any that are truncated in their
A-chain or Al chain, but that still exhibit catalytic
activity. Also included as a starting protein in the
methods provided herein is any polypeptide containing
a variant form of a RIP protein, such as an allelic or
species variant thereof. Exemplary variants of RIP
proteins are set forth in any of SEQ ID NOS: 6, 9-21,
or 162-169. Conjugates containing such proteins linked
to a targeting agent also are provided. Also included
as a starting protein in the methods herein are
conjugates containing any such RIP toxin noted above,
or an active portion of such a RIP toxin, linked
directly or indirectly to another polypeptide moiety.
For example, such conjugates include ligand-toxin
conjugates, including those where the RIP toxin is
linked directly or indirectly to a chemokine,
cytokine, antibody, growth factor, or other such
ligand protein that is capable of binding to a cell
surface receptor. Typically, such conjugates are
encoded by a nucleic acid molecule encoding a fusion
protein. Exemplary RIP proteins used as starting
proteins in the methods provided herein include SAl,
for example having a sequence of amino acids
corresponding to amino acids 1-251 of SEQ ID NO:5, or
truncations thereof such as an SAl having an amino
acid sequence set forth in SEQ ID NO: 22 (i.e. variant
1 SAl) or SEQ ID NO.24 (i.e. variant 2SAl),
respectively, or any allelic or species variants
thereof. Exemplary of such conjugates are any
containing any of the SAl moiety noted above, where
the SAl moiety is linked directly or indirectly to a
ligand or other cell receptor binding molecule. For
example, such conjugates include chemokine conjugates
(i.e. leukocyte population modulators) such as set
forth and described in U.S. Patent Nos. 7,166,702,
7,157,418 and 7,192,736. These include, for example,
one having an MCP-I chemokine linked to SAl. An
exemplary sequence of an MCP-I-SAl conjugate linked to
a variant 1 SAl RIP protein (i.e. LPMIa) is set forth
in SEQ ID NO:38 and is encoded by a sequence of
nucleotides set forth in SEQ ID NO:37. An additional
exemplary sequence of an MCP-ISAl conjugate linked to
a variant 2 SAl RIP protein (i.e. LPMIb) is set forth
in SEQ ID NO: 40 and is encoded by a sequence of
nucleotides set forth in SEQ ID NO:39. 2. Introduction
of RIPs or conjugates thereof into host cells Nucleic
acids encoding a desired starting RIP protein, or a
conjugate thereof, are introduced into any desired
host cell. Typically, a host cell chosen in the
selection method is one which is susceptible to the
toxic effects of the starting RIP protein, or
conjugate thereof, such that protein synthesis of the
host cell is abolished or significantly impaired upon
expression of the RIP in the host cell. Included among
host cells for use in the selection methods herein
include any prokaryotic cell including, but not
limited to, any bacterial cell such as E. coli. Also
included among host cells are any eukaryotic cells
including, but not limited to, yeast such as Pichia
pastoris, Xenopus oocytes, and mammalian cells, such
as for example, Vero, Hep2, Chang, A549, COS-I, and
HeLa cells. In deciding an appropriate host cell to
use in the selection methods herein, the influence of
a RIP protein, or conjugate thereof, on recombinant
protein expression in the host cell can be determined
by various methods described herein below or known to
those of skill in the art. Assays to assess effects on
protein synthesis include, for example, depurination
assays (i.e. release of adenine), cell-free protein
synthesis assays, such as a rabbit reticulocyte lysate
or a wheat germ lysate protein synthesis assay, or
cell growth/viability assays. For example, by using
such assays, it is known that SAl displays significant
toxic activity to eukaryotic and prokaryotic ribosomes
(Suh et al.(1998) Biochemistry, 37:9394). Hence, in
one example, selection of a modified form of SAl, or
active form thereof, is performed in eukaryotic cells.
In another example, selection of a modified form of
SAl, or active portion thereof, is performed in
bacterial cells, such as in E. coli. Various E. coli
host strains are available and include but are not
limited to BL21(DE3) or BL21(DE3)pLysS cells. A
nucleic acid molecule encoded a starting RIP protein,
or conjugate thereof, for use in the methods herein,
can be produced or isolated by any method known in the
art including isolation from natural sources,
generation by standard recombinant DNA techniques such
as via standard cloning procedures from cells, tissues
and organisms, and by other recombinant methods and by
methods including in silico steps, synthetic methods
and any methods known to those of skill in the art.
Such nucleic acid molecules can include additional
sequences such as restriction enzyme sequences,
linkers, tags, or other such sequences. Exemplary of
nucleic acid molecules include any encoding a RIP
protein, active forms thereof, or variant thereof such
as any encoding a polypeptide set forth in any of SEQ
ID NOS: 1, 3, 5, 7-22, 24, 89-1 11, or 162-169, or any
encoding a conjugate containing any such RIP protein.
Exemplary nucleic acid sequences include, for example,
sequences of a variant 1 or variant 2 form of SAl such
as is set for in SEQ ID NO: 23 or SEQ ID NO: 25,
respectively. Other exemplary nucleic acid sequences
include sequences encoding a conjugate such as, for
example, a conjugate of a chemokine such as MCP-I
linked to an SAl variant. For example, nucleic acid
sequences encoding an LPMIa or LPMIb conjugate can be
used in the methods provided herein and include the
sequences set forth in SEQ ID NO:37 and 39,
respectively. Typically, a nucleic acid molecule used
to introduce host cells with sequences for selection
and expression of a modified RIP protein or conjugate
thereof are in the form of an expression vector
including those having expression control sequences
operatively linked to a nucleic acid sequence coding
for expression of the polypeptide. Such expression
vectors are described in detail herein below. The
appropriate vector can be chosen depending on the host
cell and/or any desired transcription/translation
elements including, for example, constitutive and
inducible promoters, transcription enhancerelements,
transcription terminators, etc. In one example,
inducible expression systems are used in the methods
herein which allow for optimal growth of the host cell
before expression of the toxin. Exemplary of an
inducible system in E. coli is pET vectors, such as
the PET9c plasmid, which are under the control of a T7
late promoter and require induction by IPTG. In other
examples, the host cells used for expression of the
encoding nucleic acids introduced thereto can be
chosen which themselves also carry further components
that optimize toxin expression. For example, where the
host cell is E. coli, a cell line BL21(DE3)pLysS can
be used which strongly repress expression from the T7
promoter (such as in a pET vector) in the absence of
induction, compared to the parental host cells
BL21(DE3) which can be leaky. Nucleic acid molecules
encoding RIP proteins, active forms thereof, or
conjugates thereof can be introduced into a host cell
by any method known to those of skill in the art. Such
methods are chosen depending on the chosen host cell
and include, but are not limited to, transfection,
transformation, electroporation, and any other
suitable method. In some cases, DNA also can be
introduced into cells by transduction using viral
vectors. Typically, when introducing DNA into
bacterial cells, transformation or electroporation
methods are used. a. Transfection Transfection can be
used to introduce a nucleic acid into eukaryotic or
prokaryotic cells. Transfection can be achieved by
various methodologies, but typically involves the
opening of transient "holes" into the cell to allow
entry of the DNA, which then becomes transiently
expressed in the host cell. Examples of methodologies
to introduce DNA by transfection include, but are not
limited to, calcium phosphate methods, lipofection,
and gene gun approaches. For example, in the
lipofection approach, DNA is included in liposomes or
by using lipid-cation reagents which are then able to
fuse with the cell membrane releasing the DNA into the
cell. Examples of cationic lipids include, but are not
limited to, Lipofectin (Life Technologies, Inc.,
Burlington, Ont.)(l:l (w/w) formulation of the
cationic lipid
N-[l-(2,3-dioleyloxy)propyl]-N,N,Ntrimethylammonium
chloride (DOTMA) and
dioleoylphosphatidylethanolamine(DOPE)); LipofectAMINE
(Life Technologies, Burlington, Ont, see U.S. Patent
No. 5,334,761) (3:1 (w/w) formulation of polycationic
lipid 2,3-dioleyloxy-N-[2(sperminecarboxamido)
ethyl]-N,N-dimethyl- 1-propanaminiumtrifluoroacetate
(DOSPA) and dioleoylphosphatidylethanolamine (DOPE),
LipofectAMINE PLUS (Life Technologies, 



Burlington, Ont. see U.S. Patent Nos. 5,334,761 and
5,736,392; see, also U.S. Patent No. 6,051,429)
(LipofectAmine and Plus reagent), LipofectAMINE 2000
(Life Technologies, Burlington, Ont.; see also
International PCT application No. WO 00/27795)
(Cationic lipid), Effectene (Qiagen, Inc.,
Mississauga, Ontario) (Non liposomal lipid
formulation), Metafectene (Biontex, Munich, Germany)
(Polycationic lipid), Eu-fectins (Promega Biosciences,
Inc., San Luis Obispo, CA) (ethanolic cationic lipids
numbers 1 through 12: C52H106N6O4-4CF3CO2H,
C8SH178N8O4S2.4CF3CO2H, C40Hg4NO3P CF3CO2H,
C50H103N7O3.4CF3CO2H, C55H116N8O2-OCF3CO2H,
C49H102N6O3.4CF3CO2H, C44H 89N 5O3JCF 3CO2H C 10OH206N
12O4S2-SCF 3CO2H C I62H33ON 22O9-UCF 3CO2H ,
C43H88N4O2 CF3CO2H, C43H88N4O3 CF3CO2H, C4 1H78NO8P);
Cytofectene (Bio-Rad, Hercules, CA ) (mixture of a
cationic lipid and a neutral lipid), GenePORTER (Gene
Therapy Systems Inc., San Diego, CA) (formulation of a
neutral lipid (Dope) and a cationic lipid) and FuGENE
6 (Roche Molecular Biochemicals, Indianapolis, IN)
(Multicomponent lipid based non-liposomal reagent). b.
Transformation Transformation is distinguished from
transfection in that the introduced DNA is
incorporated into the cell's genome for expression of
the genetic material. Typically, expression vectors
that are used for stable transformation have a
selectable marker, such as for example, antibiotic
resistance, which allows selection and maintenance of
the transformed cells. Transformation requires the
transfer of DNA into the cell which is achieved in
cells that are naturally competent or are rendered
competent to take up DNA across the cell's membranes
or membranes. Calcium chloride is one method used to
render cells, such as E. coli cells, more competent.
Following heat-shock of bacterial cells, they are
induced to take in the DNA. Transformation is not
limited to bacteria, but also can be performed in
yeast, plants, and mammalian cells including embryonic
stemcells. Methods of transformation are well known
(see e.g., Mello et al. (1995) Methods Cell Biol,
48:451-82). c. Electroporation Electroporation
temporarily opens up pores in a cell's outer membrane
by use of pulsed rotating electric fields. Methods and
apparatus used for electroporation in vitro and in
vivo are well known (see, e.g., U.S. Patent Nos.
6,027,488, 5,993,434, 5,944,710, 5,507,724, 5,501,662,
5,389,069, 5,318,515). Standard protocols can be
employed. 3. Expression, Selection and Identification
Introduction of host cells with a DNA molecule results
in amplification of the gene product and thereby
enables multiple copies of the gene to be expressed.
Since the starting RIP toxins, or conjugates thereof,
used in the selection methods herein are normally
toxic to the chosen host cell, amplification and
expression of the starting proteins does not typically
occur, for example, due to cell death. Hence, the
methods provided herein use the normal toxicity of the
starting proteins as a selection method to select for
those modified forms of the protein that exhibit less
toxicity to the host cell and are thereby expressed.
Typically, such expressed proteins are modified in
their primary sequence by one or more amino acid
mutations that render the protein less toxic. In some
cases, the expressed proteins are modified via
truncation of the amino acid sequence compared to the
starting protein, which renders the protein less
toxic. In most host cell expression systems, the gene
encoding the modified RIP toxin can be obtained in
large quantities by growing transformants, isolating
the recombinant DNA molecules from the transformants
and, when necessary, retrieving the inserted gene from
the isolated recombinant DNA. In some examples, an
additional agent or agents is added to the selection
method in order to modulate selection to optimize for
recovery of a modified RIP toxin or conjugate thereof.
Such selection modulators typically are any that
reduce the toxic activity of the RIP toxin or
conjugate thereof. For example, any RIP inhibitor can
be used to modulate selection. Any RIP toxin inhibitor
known to one of skill in the art, or subsequently
identified hereto, which can inactivate a RIP toxin,
can be used in themethods provided herein. Typically,
such RIP toxin inhibitors are any that inhibit toxic
activity by targeting, for example, the conserved
N-glycosidase activity of RIP toxins. Other RIP toxin
inhibitors can be chosen that target any one or more
other RIP activities including, but not limited to,
RNase activity, DNase activity, and superoxide
dismutase and phospholipase activities. For purposes
herein, any RIP inhibitor, such as adenine or any
analog thereof, can be used in the methods herein so
long as the inhibitor exhibits an inhibitory activity
against the starting form of the RIP toxin, for
example, the wildtype form of the RIP toxin or active
fragment thereof. For example, 4-APP can be used in
the methods herein to select for a modified RIP
including, but not limited to, a modified SAl,
saporin, momordin, or bryodin (Brigotti et al. (2000)
Life Sciences, 68:33 1-336). Typically, 4-APP is used
in the methods herein to select for a modified SAl .
It also is contemplated that other inhibitors can be
used to select for a modified SAl. The amount of RIP
inhibitor used in the selection methods can be
empirically determined based on its known effects on
the toxic activity of a RIP protein or conjugate
thereof. It is important that the RIP inhibitor used
in the methods herein is itself not toxic to the
specific host cell, which toxicity is known or can be
determined by one of skill the art depending on the
host cell chosen. Further, to ensure that a RIP
inhibitor effectively modulates selection of a
modified RIP toxin or conjugate thereof, a
concentration of RIP inhibitor is chosen such that it
inhibits the toxic activity of the starting protein.
Typically, a concentration of RIP inhibitor is chosen
such that the starting RIP protein retains some
activity in the presence of the RIP inhibitor, thereby
allowing for some degree of selective pressure or
modulation of the RIP inhibitor in the selection
method. Generally, a concentration of the RIP
inhibitor is chosen that inhibits at least or about
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, or 90% of the toxic activity
of a RIP toxin, or conjugate thereof, but less than
100% of the toxic activity. Various assays known to
one of skill in the art can be used to test the
affects of various concentrations of RIP inhibitors on
the activities of host cells or RIP proteins.
Typically, in the selection methods herein, a RIP
inhibitor, such as for example 4- APP, is added to
modulate selection at about or at 0.1 mM, 0.2 mM, 0.3
mM, 0.4 mM.0.5 mM. 0.6 niM, 0.7 niM, 0.8mM, 0.9 mM,
1.0 mM, 1.5 niM, 2.0 niM, 3.0 mM, 4.0 mM, 5.0 mM, 6.0
mM. 7.0 mM, 8.0 mM, 9.0 mM, 10.0 mM, or more so long
as the inhibitor is itself not toxic to the host cell
chosen. It is understood that the concentration of the
RIP inhibitor chosen can vary depending on the host
cell chosen or the conditions used for recombinant
expression. For example, exemplary of a chosen
concentration of 4-APP for use in the selection
methods herein in an E. coli cell expression system is
at or about 0.2 to 0.8 mM, generally 0.5 mM of
inhibitor. The RIP inhibitor can be added before,
during, or after treatment of the host cells with the
starting protein RIP toxin or conjugate thereof. In
some examples, the RIP inhibitor is added to a liquid
culture or medium such as for example to cell culture
medium. In other examples, the RIP inhibitor is added
to a medium capable of solidifying such as a solid
agar. For example, a RIP inhibitor, such as for
example, 4- APP, can be added to luria broth (LB) agar
for the generation of agar plates containing the RIP
inhibitor. The RIP inhibitor can be used as a
selective modulator alone or can be used in the
presence of other selective modulators or selective
agents such as, but not limited to, other RIP
inhibitors or antibiotics conferring antibiotic
resistance. The selected modified toxins expressed
from the host cell transformants can be amplified to
facilitate identification of the selected modified RIP
toxin or conjugate thereof. Such methods include
general recombinant DNA techniques and are routine to
those of skill in the art. The vector from the host
cell transformants containing the modified toxin DNA
can be isolated to enable purification of the selected
protein. For example, following transformation of
E.coli host cells with a RIP starting protein as set
forth above, the cell transformants grow as individual
clones which can be isolated such as by individually
picking a colony and growing it up for plasmid
purification using any method known to one of skill in
the art, and if necessary can be prepared in large
quantities, such as for example, using the Midi
Plasmid Purification Kit (Qiagen). The purified
plasmid can be used for DNA sequencing to identify the
sequence of the modified toxin, or can be used to
transfect into any cell for further expression and
production thereof, such as but not limited to, a
prokaryotic or eukaryotic expressionsystem. In some
examples, a one or two-step PCR can be performed to
amplify the selected sequence, which can be subcloned
into an expression vector of choice. The PCR primers
can be designed to facilitate subcloning, such as by
including the addition of restriction enzyme sites.
Following further expression and production of
selected toxins in any desired cell expression system,
conditioned medium containing the RIP toxin
polypeptide or conjugate thereof can be tested in
activity assays or can be used for further
purification. Typically, any further expression and
production of the selected modified RIP toxin or
conjugate thereof is performed in the presence of a
RIP inhibitor. Such a method is described in detail
below under Section G for the improved production of
RIP toxins or conjugates thereof. 4. Activity
Assessment Modified RIP toxins, or conjugates thereof,
selected in the methods provided herein can be tested
to determine if, following selection, they retain
toxic activity against host cell ribosomes. Typically,
such modified toxins are selected for because they
exhibit a reduced toxic activity compared to a
starting RIP protein or conjugate thereof. Generally,
however, selected modified toxins retain some activity
of the starting toxin protein. Modified RIP toxins, or
conjugates thereof, provided herein retain 0.5%, 1%,
1.5%, 2%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 95%, or more of the toxic activity compared to a
reference or starting form of the toxin, or conjugate
thereof. Exemplary of assays can be any assay that
tests for an activity of a RIP polypeptide including,
for example, assays that assess N-glycosidase
activity, DNAase activity, RNAase activity, or other
activities. Any method known to one of skill in the
art can be used to assess toxic activity of a RIP
protein or conjugate thereof, and typically include
any that assay for effects of the N-glycosidase
activity of the RIP protein. Exemplary assays to
assess the toxic activity of any RIP toxin or
conjugate thereof, including modified forms of such
toxins, are described below. a. Protein Synthesis
AssaysThe activity of RIP toxins or conjugates
thereof, such as any modified RIP, including, for
example, any modified toxin identified in the
selection method provided herein, can be measured to
determine effects of the toxin on translation using a
protein synthesis assay. Such assays are routine and
are known to one of skill in the art. Exemplary of
such an assay is a rabbit reticulocyte lysate assay.
Typically the rabbit reticulocyte lysate contains or
is supplemented with components needed for efficient
transcription and translation such as magnesium and
potassium ions and NTPs. A template RNA also is added
which is the source of the synthesized protein. Such
an assay allows for the coupled in vitro transcription
and translation of proteins by rabbit ribosomes which
can be detected. In one method, detection can be
achieved via incorporation of radioactivity such as
[3H]Leu, [35S]Met or [35S]Met-Cys which is
incorporated into the synthesized protein and can be
measured following precipitation with trichloroacetic
acid (TCA; Baas et al. (1992) The Plant Cell, 4:
225-234; Zhao et al. (2005) Journal of Microbiology,
54: 1023-1030). In another method, luciferase DNA can
be used as the template, which is then, detected using
a luminometer. Exemplary of rabbit reticulocyte lysate
systems are those sold by Promega including, for
example, the TNT(r) Coupled Reticulocyte Lysate
Systems. Such an assay is described in Example 2. The
assay can be adapted to be used with other translation
systems including wheat or maize reticulocyte lysates,
or can be adapted in translation reactions containing
intact cell lysates or lysates reconstructed from
various supernatant fractions and purified ribosomes
or polyribosomes (Baas et al. (1992) The Plant Cell, 4
: 225-234). In some methods the assay can be adapted
to assess effects on protein synthesis in whole cells,
where detection of protein synthesis can be
facilitated by adenoviral expressed luciferase (Zhao
et al. (2005) Journal of Microbiology, 54: 1023-1030).
In addition, kinetic analysis and dose response curves
can be performed to determine the relative activity of
the toxin as determined by the concentration of the
toxin necessary to give one-half the maximum response
(RIC50). b. Depurination assaysThe activity of RIP
toxins or conjugates thereof, such as any modified
RIP, including, for example, any modified toxin
identified in the selection method provided herein,
can be determined in a depurination assay.
RIP-mediated depurination of the large ribosomal
subunit of RNA increases susceptibility of the
sugar-phosphate backbone to hydrolysis at the
depurination site (Turner et al. (1997) Proc. Natl.
Acad. Sci., 94: 3866-3871). Following treatment with
aniline, hydrolysis can be observed typically by
release of a small fragment. Thus, ribosomes can be
treated in the presence or absence of increasing
concentration of toxin, the RNA extracted and treated
with aniline, and analyzed by gel electrophoresis.
Fragments can be visualized by staining with ethidium
bromide (Turner et al. (1997) Proc. Natl. Acad. Sci.,
94: 3866-3871; Hartley et al. (1991) FEBS, 290:
1:65-68). The percent dupurination can be determined
by scanning negatives of photographs of the RNA gels
(see e.g., Taylor et al. (1994) The Plant Journal, 5 :
827- 835). c. Cell growth/ survival/ viability assays
The activity of RIP toxins or conjugates thereof, such
as any modified RIP, including, for example, any
modified toxin identified in the selection method
provided herein, can be determined by directly
assessing effects on cell growth. In such an assay, 



any prokaryotic or eukaryotic cell can be introduced
with DNA encoding a toxin such as in the form of a
suitable expression vector. Alternatively, any
prokaryotic or eukaryotic cell can be administered
directly with a RIP polypeptide, or a conjugate
thereof such as, for example, a ligand-toxin
conjugate. Any cell can be tested, including but not
limited to, any primary cell such as directly obtained
from a subject, i.e. from the blood, serum, or other
tissue source. Included among such cells are any
leukocyte subtypes or activated leukocytes thereof.
Cell lines also can be used in assays to assess the
toxicity of RIP polypeptides, or conjugates thereof.
Exemplary of a cell line is THP-I, U251 or HT-29
cells. Cell growth can be monitored by assaying for
cell proliferation, cell viability or cell survival.
Growth can be monitored over time and in the presence
or absence of increasing concentrations of the toxin.
For example, cell growth can be monitored bycounting
the cells in a Coulter Counter, measuring the optical
density of the cells over time (Suh et al. (1998)
Biochemistry, 37: 9394-9398), using a DNA dye such as
MTT which is reduced by live cells to form insoluble
purple formazan crystals that can be measured (Arora
et al. (1999) Cancer Research, 59: 183-188; McDonald
et al. (2001) IDrugs, 4:427-442), or by using a dye
such as trypan blue which is excluded from viable
cells but not dead cells (McDonald et al. (2001)
IDrugs, 4:427-442). In another example, cell viability
can be assessed by measuring the amount of ATP
released into the cell culture medium. Exemplary of
such an assay is the CellTiter-Glo(tm) Luminescent
Cell Viability Assay Kit (Promega, Madison WI) such as
is described, for example, in Example 5. Upon lysis of
the cells with the ATP reaction mixture (supplied by
the manufacturer as CellTiter-Glo(r) Reagent), ATP
drives the oxygenation of luciferin resulting in a
luminescent signal which is proportional to ATP
concentrations in the wells. This is directly
proportional to the number of viable cells in the
culture. E. Exemplary Modified Toxins Provided herein
are modified RIP toxin polypeptides, or conjugates
thereof, that exhibit reduced toxic activity compared
to a wildtype RIP polypeptide. For example, a modified
RIP toxin polypeptide, or conjugate thereof, exhibits
0.5%, 1%, 1.5%, 2%, 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%, or more of the toxic activity
compared to a reference or starting form of the toxin,
or conjugate thereof. By virtue of the reduced
toxicity, such modified RIP toxin polypeptides are
expressed by host cells, and can be purified, isolated
and/or identified therefrom. The modified toxins, or
conjugates thereof, exhibit reduced toxicity to
eukaryotic or prokaryotic cells. Generally, the
modified RIP toxins or conjugates thereof exhibit
reduced toxicity to bacterial cells, such as E. coli,
which thereby permit a source of toxin that can be
used in production methods in E. coli. Typically, such
modified RIP toxin polypeptides, or conjugates
thereof, retain one or more activities of the starting
or wildtype form of the protein (i.e. unmodified
polypeptide). For example, the modified RIP toxin
polypeptides, or conjugates thereof, retain at least
or about 0.5%, 1%, 1.5%, 2%, 5%, 10%, 20%, 30%, 40%,
50%, 60%, 70%,80%, 90%, 95%, or more activity of one
or more than one RIP activity compared to the
unmodified or wildtype RIP polypeptide, or conjugate
thereof. Activities of a RIP polypeptide include, but
are not limited to, any one or more of N-glycosidase
activity, polynucleotide:adenosine glycosidase
activity including RNAase activity and DNAase
activity, superoxide dismutase activity, phospholipase
activity, chitinase activity and anti viral activity.
Activity can be assessed in vitro or in vivo and can
be compared to the activity of the starting RIP
polypeptide. In some examples, such modified RIP
polypeptides are identified in the selection methods
herein such as by virtue of their expression by a host
cell compared to a starting RIP polypeptide, or a
polypeptide conjugate containing a RIP polypeptide,
that is not expressed by the host cell or is expressed
at low levels. As is described above, such modified
RIP toxin polypeptides are identified following
introduction of a nucleic acid encoding a starting or
wildtype RIP polypeptide, for example, any nucleic
acid encoding a RIP polypeptide set forth in Table 3,
or an active fragment thereof, followed by selection
and identification of expressed RIP polypeptides. In
some examples, the modified RIP toxin polypeptides
provided herein are identified following expression of
a toxin from a host cell introduced with nucleic acid
encoding a starting RIP toxin or active portion
thereof. In other examples, the modified RIP toxin
polypeptides provided herein are identified following
expression of a RIP toxin conjugate polypeptide (i.e.
ligand-toxin conjugate) from a host cell that is
introduced with a starting conjugate encoding a
polypeptide containing a RIP toxin, or active portion
thereof. Typically, such a conjugate is a fusion
protein, thereby enabling introduction of a nucleic
acid molecule encoding the fusion protein into the
cell. Using methods described herein, the particular
modification in the expressed RIP polypeptide can be
identified, such as for example, by sequencing of the
polypeptide. Typically, modifications identified in
the methods herein include any that alter the primary
sequence of the unmodified polypeptide and include,
but are not limited, any one or more amino acid
replacements, amino acid deletions and/or amino acid
truncations. For example, modifications include any
one or more amino acid mutations in the
primarysequence, or truncation of the primary
sequence, or any combination thereof. Hence,
modifications of amino acid residues in a RIP
polypeptide, or active fragment thereof, can be
identified that confer reduced cell toxicity by virtue
of a change to the primary sequence of the
polypeptide. The modification(s) identified in the
selection method herein in an expressed RIP
polypeptide can be made in a corresponding position(s)
of any target protein, for example, any related
polypeptide such as, but not limited to, any allelic,
species, truncated or other variant form of the
expressed RIP polypeptide. Such modifications can be
made by standard recombinant DNA techniques such as
are routine to one of skill in the art. Any method
known in the art to effect mutation of any one or more
amino acids in a target protein can be employed.
Methods include standard site-directed mutagenesis
(using e.g. , a kit, such as QuikChange available from
Stratagene) of encoding nucleic acid molecules, or by
solid phase polypeptide synthesis methods. In
addition, any modified RIP polypeptide identified in
the methods herein, or generated based on a
modification identified in the methods herein, can be
used to generate a fusion protein or conjugate. For
example, a ligand-toxin conjugate can be generated
having the modified toxin moiety as the targeted agent
(see Section F below) linked directly or indirectly to
any moiety that targets to a cell surface receptor for
internalization thereof. Such conjugates can be
generated by routine recombinant DNA techniques. For
example, conjugates can be generated using restriction
enzymes and cloning methodologies for routine
subcloning of the desired conjugate components. Any
modified polypeptide generated, including any
conjugate, having a modification identified in the
selection methods herein retains toxic activity. Such
modified polypeptides generally retain or exhibit any
one or more RIP activities. The toxic activity and
other activities of the conjugates can be tested.
Other modifications that are or are not in the primary
sequence of the polypeptide also can be included in a
modified RIP polypeptide, or conjugate thereof, such
as, but not limited to, the addition of a carbohydrate
moiety, the addition of a polyethylene glycol(PEG)
moiety, the addition of an Fc domain, etc. For
example, such additional modifications can be made to
increase the stability or half life of the protein.
Modified SAl Toxins Exemplary of RIP toxins provided
herein are modified forms of SAl, including
modifications in any active form thereof, for example
any truncated form thereof so long as the truncated
polypeptide exhibits a RIP activity, and allelic or
species variants thereof. For example, a modified SAl
polypeptide can include any one or more modifications
in a truncated variant of SAl such as is set forth in
SEQ ID NO:22 or SEQ ID NO:24, or any allelic or
species variant thereof. Modified SAl toxins can be
truncated, or can express amino acid mutations
compared to the starting SAl toxin used in the
selection methods. Typically, such modified toxins
retain one or more activities compared to the starting
SAl polypeptide. Accordingly, such modified SAl
polypeptides can be used in methods to improve
production of an SAl polypeptide and/or can be used in
fusion proteins to generate conjugate proteins
containing the modified SAl polypeptide. The modified
SAl polypeptides can be identified in the selection
methods herein. In one example, the modified SAl
polypeptide can be identified following introduction
of nucleic acid encoding an SAl polypeptide, or active
fragment thereof. For example, selection of a modified
SAl polypeptide can be achieved following introduction
of nucleic acid encoding a variant 1 SAl polypeptide
such as is set forth in SEQ ID NO:22. In another
example, selection of a modified SAl polypeptide can
be achieved following introduction of nucleic acid
encoding a variant 2 SAl polypeptide. The variant 2
SAl is a form of SAl made to lack the five C-terminal
amino acids (CHHHA) compared to the variant 1 SAl set
forth in SEQ ID NO:22 in order to avoid
cysteine-induced dimerization. The amino acid sequence
of variant 2 SAl is set forth in SEQ ID NO:24 and
encoded by a sequence of nucleic acids set forth in
SEQ ID NO:25. In some cases, selection for a modified
SAl polypeptide can be achieved following introduction
of nucleic acid encoding a conjugate containing an SAl
polypeptide portion. The conjugates can include any
ligand-toxin conjugate or otherconjugate so long as
the conjugate contains an SAl polypeptide, or active
fragment thereof. For example, chemokine conjugates
described in U.S. Patent Nos. 7,166,702, 7,157,418 and
7,192,736 can be used as a starting protein to
identify modified forms of a variant 1 SAl polypeptide
(set forth in SEQ ID NO:22 and encoded by a sequence
of nucleic acids set forth in SEQ ID NO:23). In one
example, an LPMIa polypeptide is used as a starting
protein, which is a conjugate of the chemokine MCP-I
linked indirectly to the variant 1 SAl polypeptide.
The LPMIa conjugate is set forth in SEQ ID NO: 38 and
encoded by a sequence of nucleic acids set forth in
SEQ ID NO:37. In another example, a conjugate
containing the chemokine MCP-I linked with a variant 2
form of SAl can be used as the starting unmodified
protein, also termed LPMIb herein. The LPMIb conjugate
is set forth in SEQ ID NO: 40 and encoded by a
sequence of nucleic acids set forth in SEQ ID NO:39.
Provided herein is a modified SAl toxin that contains
an amino acid mutation at position 38, corresponding
to position 38 of a variant SAl polypeptides set forth
in SEQ ID NO: 22. For example, amino acid
modifications can correspond to position L38. An
exemplary amino acid mutation in SAl identified in the
methods provided herein correspond to modification
L38R in a variant SAl polypeptide such as set forth in
SEQ ID NOS: 22. In some examples, the corresponding
L38R mutation is identified or made in other SAl
variant forms, including allelic or species variants.
For example, a corresponding L38R mutation can be made
in a variant 2 sequence of SAl set forth in SEQ ID
NO:24. An exemplary SAl toxin having an amino acid
mutation of L38R is set forth in SEQ ID NO: 26 and
encoded by a sequence of amino acids set forth in SEQ
ID NO:27. This modified SAl also is termed mutant
variant 1 (also called variant 3) herein. The mutant
variant 1 SAl polypeptide can be used to generate
further toxin conjugates, which can be used, for
example, in methods to treat disease or disorders for
which the conjugate is designed. Additionally, the
mutant variant 1 SAl polypeptide can be used in
methods to improve production of SAl or conjugates
thereof. In another example, provided herein is a
modified SAl toxin that contains an amino acid
mutation at position 219, corresponding to position
219 of a variant SAlpolypeptides set forth in SEQ ID
NO: 22. For example, amino acid modifications can
correspond to position V219. An exemplary amino acid
mutation in SAl identified in the methods provided
herein correspond to modification of V219A in a
variant SAl polypeptide set forth in SEQ ID NOS:22. In
some examples, the corresponding V219A mutation is
identified or made in other SAl variant forms,
including allelic or species variants. For example, a
corresponding V219A mutation can be made in a variant
2 sequence of SAl set forth in SEQ ID NO:24. An
exemplary modified SAl polypeptide having an amino
acid mutation of V219A is set forth in SEQ ID NO: 28
and encoded by a sequence of amino acids set forth in
SEQ ID NO:29. This modified SAl also is termed mutant
variant 2 (also called variant 4) herein. The mutant
variant 2 SAl polypeptide can be used to generate
further toxin conjugates, which can be used, for
example, in methods to treat disease or disorders for
which the conjugate is designed. Additionally, the
mutant variant 2 SAl polypeptide can be used in
methods to improve production of SAl or conjugates
thereof. In addition, any of the mutations identified
in a modified RIP polypeptide in the selection methods
herein can be combined. For example, a modified SAl
polypeptide, or conjugate thereof, can be generated
having a modification of L38 and V219, corresponding
to positions in a variant SAl set forth in any of SEQ
ID NO: 22. Such a modification can be made
corresponding position in any SAl polypeptide, such as
an SAl polypeptide set forth in SEQ ID NOS:22 or 24,
respectively, any allelic or species variants thereof,
or any other SAl variants known to one of skill in the
art. Further, any of the mutations identified in a
modified RIP polypeptides in the selection method
herein can be combined with any other mutations in the
RIP polypeptide known to skill of the art or
subsequently identified hereto. Typically, any such
combination mutant in a RIP polypeptide, or a
conjugate thereof, exhibits reduced toxicity to a host
cell compared to a wild-type or starting form of a RIP
polypeptide, yet retains 0.5%, 1%, 1.5%, 2%, 5%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or more
of the toxic activity compared to a reference or
starting form of the toxin, or conjugate thereof. F.
Targeting Agents and Conjugates ThereofProvided herein
are conjugates containing RIP polypeptide toxins, or
active 



fragments thereof, linked directly or indirectly to
one or more moieties or agents, such as any chemical,
polypeptide, or peptide moiety, or portions thereof.
Typically, the toxins for use in the conjugates
provided herein are those containing any RIP toxin
variant, including any modified RIP toxin variant.
Such modified toxins include any modified RIP toxin
provided herein or identified using the methods of
selection provided herein, such as for example, a
modified SAl toxin, or allelic variants or fragments
thereof. Included among such a modified SAl is a
mutant variant 1 SAl (i.e. variant 3) or a mutant
variant 2 SAl (i.e. variant 4) identified in the
selection methods herein. Typically, a modified RIP
toxin is linked directly or indirectly to a targeting
agent, including any agent that targets the conjugate
to one or more cell types by selectively binding to a
cell surface receptor (i.e. referred to herein as
ligand-toxin conjugates). Hence, any polypeptide or
molecule that binds to a cell surface receptor and is
internalized by a cell is intended for use herein.
Such targeting agents include, but are not limited to,
growth factors, cytokines, chemokines, antibodies, and
hormones, or allelic variants, muteins, or fragments
thereof so long as the targeting agent is internalized
by a cell surface receptor. Further, the conjugates
provided herein can optionally include additional
components, such as for example, but not limited to,
additional sequences or moieties to facilitate
cloning, expression, post-translational modification,
purification, detection, and administration. These
include, for example, restriction enzyme sequences,
translational start or stop codon sequences, His tags,
or other such components. For example, a starting
methionine codon or Kozak sequence can be added to the
coding nucleic acid sequence to permit or enhance
translation of a mature polypeptide or a fragment
polypeptide. Furthermore, as described above in
Section D, any nucleic acid molecule that encodes a
ligand-toxin conjugate containing a targeting agent
linked to a target agent, such as an SAl subunit, or
active portion thereof, can be used to screen for
variants of the targeted agent, such as a modified SAl
as described above and in the Examples herein. 1.
Targeting AgentsGenerally, the modified RIP toxin
conjugates provided herein contain a targeting agent
that targets the conjugate to a receptor or receptors
on a cell or a population of cells involved in the
pathology of various disease processes. Depending on
the disease or disorder, such cells are activated
cells that are a function of the disease as well as
the disease process, or are bystander cells that
support the disease process. Consequently, targeting
these receptors and the cells that express these
receptors permits the therapy to be tailored to the
particular disease and also to the progress of the
disease. Hence, conjugates provided herein can be used
as therapeutics in the treatment of various diseases.
For example, conjugates provided herein include
ligand-toxins which contain a targeting moiety that
binds to receptors on specific cells types involved in
the immune response, including various leukocyte
subtypes involved in inflammatory diseases. For
example, as a component of the conjugates provided
herein, a targeting moiety can include a ligand that
targets one or more cell surface receptors expressed
on cells of the immune system, such as any cell of the
leukocyte lineage or other tissue residential cells,
including on activated cells involved in diseases
processes. Examples of cell types that can be targeted
herein by the conjugates include, but are not limited
to leukocytes including, but not limited to,
monocytes, macrophages including tissue macrophages
such as microglia of the brain, kupfer cells of the
liver or alveolar macrophages of the lung, B cells, T
cells including ThI and Th2 cells, basophils,
eosinophils, dendritic cells including immature and
mature dendritic cells and langerhans cells, mast
cells, natural killer cells, and neutrophils. Other
examples of cell types that can be targeted herein
include, platelets, astrocytes, endothelial cells,
neurons, epithelial cells and adipose cells. a.
Chemokines Provided herein are conjugates whereby the
targeting agent used in the ligandtoxin conjugate is
selected from the family of chemokines. To appreciate
the use of a chemokine as a targeting agent in the
conjugates herein, an understanding of the function
and interaction of chemokine ligands and their
receptors is helpful. The following discussion
provides such background.Chemokines are a family of
forty or more small proteins that typically are
secreted by cells and stimulate the activation and/or
migration ("chemotaxis") of nearby responsive cells,
typically leukocytes, which express cognate chemokine
receptors. Together, chemokines target the entire
spectrum of leukocyte subtypes; individually each
targets a part of the spectrum. Although some
chemokines are constitutive and involved in
homeostatic immune responses, many chemokines are
termed inflammatory chemokines and are induced from a
wide variety of cells in response to bacterial
infection, viruses and other stimulatory agents.
Chemokines have a variety of biological activities.
They were initially isolated by their ability to
stimulate leukocyte migration and activation.
Chemokines, in association with adhesion molecules,
recruit subsets of leukocytes to specific sites of
inflammation and tissue injury. For example,
chemokines function mainly as chemoattractants via
stimulation of chemokine receptors expressed on a
variety of leukocytes including those in innate
immunity thereby recruiting monocytes, neutrophils and
other effector cells from the blood to sites of
infection or damage, and also those in adaptive
immunity including recruitment of lymphocytes to sites
of immune reactions. Generally, chemokines and
chemokine receptor expression are up-regulated in
disease, with chemokines acting in an autocrine or
paracrine manner (Glabinski et al. (1995) Int. J. Dev.
NeuroscL, 13:153-65; Furie and Randolph (1995) Am. J.
Pathol., 146:1287-301; Benveniste E.N. (1997) J. MoI.
Med., 75:165-73; Schall et al. (1994) Current Biol, 6
: 865-73; Taub et al. (1994) Ther. Immunol., 1:229-46;
Baggliolini et al. (1994) Adv. Immunol., 55:97-179;
and Haelens et al. (1996) Immunobiol, 195: 499-521;
Taub, Cytokine Growth Factor Res., 7 : 355-76, 1996;
Dong et al, Eur. J . Dermatol., 13: 224- 30, 2003;
Pastore et al., Eur. J . Dermatol, 14: 203-8, 2004:
Charo and Ransohoff, N Eng J Med., 354: 610-21, 2006).
Chemokines also induce activation of cells, including
but not limited to, microglia and macrophages. Thus,
chemokines are thought to induce the production and
release of reactive oxygen species, degradative
enzymes, and inflammatory and toxic cytokines from
various leukocyte populations. In addition, chemokines
have been shown to regulatenegative hematopoietic
progenitor proliferation, and several CXC chemokines
can regulate angiogenesis. Chemokines also play a role
in many diseases that involve inflammatory tissue
destructions, such as adult respiratory distress
syndrome, myocardial infarction, rheumatoid arthritis,
and atherosclerosis. Chemokines were originally named,
for example, according to their functions or origins.
The most common name for a given ligand is used in the
text herein. Recent systematic nomenclature has been
adopted which uses the chemokine group name followed
by a number. For example the ligands monocyte
chemoattractant protein (MCP) - 1 and interleukin (IL)
-8 are systematically referred to as CCL2 and CXCL8,
respectively. Their receptors are referred to as CCR2
and CXCRl/2, respectively (Table x and 7; Bacon, et
ai, J . Interferon Cytokine Res., 22: 1067-8, 2002;
Murphy, Pharmacol. Rev, 54: 227-9, 2002; Murphy et al,
Pharmacol. Rev., 52: 145-76, 2000). Chemokines and
chemokine receptors are referred to herein
interchangeably with reference to the common and
systematic nomenclature. Given one name, one of skill
in the art knows or could determine the corresponding
names. i. Ligands Chemokines, as noted above, are a
superfamily of small (approximately about 6 to about
14 kDa), inducible and secreted, chemoattractant
cytokines that act primarily on leukocyte subtypes.
Chemokine ligands have between 15 and 50% identity in
their primary structures but it is their shared highly
conserved three-dimensional structure that is
responsible for receptor binding and activation. The
superfamily is divided into four sub-families based
upon the position (or existence) of four conserved
cysteine residues in the primary sequences. Three of
the groups contain four cysteines, the other group
does not. The groups are defined by the arrangement of
the first two cysteines. If the first two cysteines
are separated by a single amino acid they are members
of the CXC family (also called alpha); if the
cysteines are adjacent, they are classified in the CC
family (also called beta); if the cysteines are
separated by three amino acids CX C, they are members
of the third group (also called delta). The fourth
group of chemokines, C or gamma, contain two
cysteines, corresponding to the first and third
cysteines in the other groups.Structural analysis
demonstrates that most chemokines function as monomers
and that the two regions necessary for receptor
binding reside within the first 35 amino acids of the
flexible N-terminus of the mature polypeptide
(Clark-Lewis et al (1995) J Leukocyte Biol, 57:703-1
1; Beall et al (1996) Biochem. J. 313:633-40; and
Steitz et al. (1998) FEBS Lett 430: 158-64). Dimers of
chemokines can form, which formation varies between
chemokines. The formation of dimers typically occurs
at high concentration in solution (Baggiolini et al.
(2001) J Int. Med., 250:91-104). Dimers, however,
dissociate upon dilution and the monomers constitute
the biologically active molecule. In general, the
alpha chemokine members preferentially are active on
neutrophils and T-lymphocytes, and the beta chemokines
are active on monocytes, macrophages, eosinophils and
T-lymphocytes. Additionally, several members of the
alpha and beta chemokines sub-families are active on
dendritic cells, which are migratory cells that
exhibit potent antigen-presenting properties following
their activation and maturation from immature
phagocytic cells, and are thought to participate in
the pathophysiology of many inflammatory diseases
{e.g., Xu et ah, J. Leukoc. Biol, 60: 365-71, 1996;
and Sozzani et al., J. Immunol, 159: 1993-2000, 1997;
Hashimoto et al, J Dermatol ScL, 44: 93-9, 2006; van
Rijt et al, J Exp Med, 201: 981-91, 2005). A fourth
human CX3C-type chemokine referred to as fractalkine
has recently been reported (Bazan et al, Nature,
555:640-4, 1997; Imai et al, Cell, 91:521-30, 1997;
Mackay, Curr. Biol 7 : R384-6, 1997). Unlike other
chemokines, fractalkine exists in membrane and soluble
forms. The soluble form is a potent chemoattractant
for monocytes and T-cells. The cell surface receptor
for this chemokine is termed CX3CR1 . It should be
noted that there can be subtle differences between the
chemical nature and physiological effects of
chemokines derived from different species (Baggliolini
et al., Adv. Immunol, 55: 97-179, 1994; and Haelens et
al, Immunobiol, 195: 499-521, 1996). Table 4 sets
forth exemplary chemokines, including synonyms
therefor, and exemplary SEQ ID NOS. Further, Table 4
sets forth the signal sequence and amino acid
positions coding for the mature chemokine with
reference to positions in the respective SEQ ID NO. It
is noted that, the description of amino acid positions
are for illustrativepurposes and are not meant to
limit the scope of the embodiments provided. It is
understood that polypeptides and the description
thereof are theoretically derived based on homology
analysis and alignments with similar polypeptides.
Thus, the exact locus can vary, and is not necessarily
the same for each polypeptide. Allelic variant or
species variants of chemokines also are known.
Examples of allelic variations in exemplary chemokines
are set forth in any of SEQ ID NOS: 170-191. TABLE 4 ;
Exem lar Chemokine Li andsMETHODS OF SELECTING AND
PRODUCING MODIFIED TOXINS, CONJUGATES CONTAINING
MODIFIED TOXINS AND USES THEREOF PRIORITY CLAIM AND
RELATED APPLICATIONS Benefit of priority is claimed to
US provisional application Serial No. 60/965,977,
filed August 22, 2007, to Hongesheng Su, Philip J .
Coggins, John R. McDonald and Laura M. Mclntosh,
entitled "METHODS OF SELECTING AND PRODUCING MODIFIED
TOXINS, CONJUGATES CONTAINING MODIFIED TOXINS, AND
USES THEREOF," and to US provisional application
Serial No. 60/878,166, filed December 29, 2006, to
Hongesheng Su, Philip J . Coggins, John R. McDonald
and Laura M. Mclntosh, entitled "METHODS OF SELECTING
AND PRODUCING MODIFIED TOXINS, CONJUGATES CONTAINING
MODIFIED TOXINS, AND USES THEREOF." This application
also is related to U.S. application Serial No.
09/360,242, filed July 22, 1999, now U.S. Patent No.
7,157,418, entitled "METHODS AND COMPOSITIONS FOR
TREATING SECONDARY TISSUE DAMAGE AND OTHER
INFLAMMATORY CONDITIONS AND DISORDERS," which claims
the benefit of priority under 35 U.S.C. 120 as a
continuation-in-part of International PCT application
No. PCT/CA99/00659, filed July 21, 1999, by Osprey
Pharmaceuticals Limited, McDONALD, John R. and
COGGINS, Philip J. entitled "METHODS AND COMPOSITIONS
FOR TREATING SECONDARY TISSUE DAMAGE AND OTHER
INFLAMMATORY CONDITIONS AND DISORDERS," and claims the
benefit of priority under 35 U.S.C.  119(e) to U.S.
provisional application Serial No. 60/155,186, filed
on July 22, 1998, to John R. McDonald and Philip J.
Coggins, entitled "METHODS AND COMPOSITIONS FOR
TREATING SECONDARY TISSUE DAMAGE." This application
also is related to U.S. application Serial No.
09/453,851, now U.S. Patent No. 7,166,702, filed
December 02, 1999 , to John R. McDonald and Philip J .
Coggins, entitled "CYTOTOXIC CONJUGATES COMPRISING A
CHEMOKINE RECEPTOR TARGETING AGENT," which is a
divisional of U.S. application Serial No. 09/360,242,
now U.S. Patent No. 7,157,418. This application also
is related to U.S.application Serial No. 09/792,793,
now U.S. Patent No. 7,192,736, filed February 22,
2001, entitled "NUCLEIC ACID MOLECULES ENCODING
CYTOTOXIC CONJUGATES THAT CONTAIN A CHEMOKINE RECEPTOR
TARGETING AGENT," which is a divisional of U.S.
application Serial No. 09/360,242 and U.S. application
Serial No. 09/453,85 1. This application also is
related to U.S. application Serial No. 10/375,209, now



abandoned, filed February 24, 2003, entitled "METHODS
AND COMPOSITIONS FOR TREATING SECONDARY TISSUE DAMAGE
AND OTHER INFLAMMATORY CONDITIONS AND DISORDERS,"
which is a continuation of U.S. application Serial No.
09/792,793, U.S. application Serial No. 09/453,851,
and U.S. application Serial No. 09/360,242. This
application also is related to U.S. application Serial
No. 11/361,977, filed February 24, 2006, entitled
"METHODS AND COMPOSITIONS FOR TREATING SECONDARY
TISSUE DAMAGE AND OTHER INFLAMMATORY CONDITIONS AND
DISORDERS," which is a continuation of U.S.
application Serial No. 10/375,209, U.S. application
Serial No. 09/792,793, U.S. application Serial No.
09/453,851, and U.S. application Serial No.
09/360,242. Where permitted the subject matter of each
of the above noted applications and patents is
incorporated by reference in its entirety. FIELD OF
THE INVENTION Provided are methods for selecting for
and identifying modified toxins that have reduced
toxicity. Also provided are modified toxins that have
reduced toxicity, and conjugates containing such
modified toxin. Methods for producing such modified
toxins, or conjugates thereof, are provided. The
conjugates are used in methods for treating diseases
associated with proliferation, migration, and
physiological activity of cells involved in
inflammatory responses. BACKGROUND Inflammatory
responses are mediated by immune defense cells and
associated tissue residential cells that accumulate at
the site of tissue injury or trauma to rid the bodyof
unwanted exogenous agents (e.g., microbes) and
endogenous agents (e.g., cancer cell clones); to clean
up cellular debris, and to participate in tissue and
wound healing. Unfortunately, the molecular mechanisms
involved in these reparatory (inflammatory) processes
due to, for example, the inappropriate activation of
leukocytes can initiate secondary tissue damage,
which, in turn, contributes to the pathogenesis and
persistent pathology of several inflammatory and
immunomodulatory diseases. The molecular mechanisms
and the cellular and chemical mediators involved in
secondary tissue damage, are similar, if not
identical, in most inflammatory diseases of man.
Hence, various therapeutics have been developed to
treat such inflammatory and immunomodulatory diseases
by targeting these molecular mechanisms and/or other
common mediators. For example, therapeutics have been
developed that target specific single biochemical
events that occur at the cellular level (e.g.,
cytotoxic actions of excitatory amino acids or
reactive oxygen species) involved with the
pathophysiological process of such inflammatory and
immunomodulatory diseases. Included among such
therapeutics are steroids such as, but not limited to,
methylprednisolone and its synthetic 21 aminosteroid
(lazaroid) derivative (e.g. , trisilazad), which act
as oxygen free radical scavengers. Beneficial side
effects of steroids are hindered by debilitating side
effects, so that long term steroid treatment is not a
viable clinical option. Therapeutics also have been
developed to treat inflammatory diseases by targeting
specific inflammatory mediators (i.e. cytokines,
growth factors, or their receptors) induced and/or
involved in the pathophysiological process. Included
among such therapeutics are Remicade(r) (infliximab, a
neutralizing antibody to tumor necrosis factor
(TNF)-a), Enbrel(r) (etanercept, a soluble TNFa
receptor), and neutralizing antibodies to various
growth factors including basic fibroblast and vascular
endothelial growth factors (McDonald et al. (2001)
IDrugs, 4:427-442). While being specific, such
therapeutics all focus on a single component involved
in the pathology of the disease. Hence, such
therapeutics typically only provide partial or
temporary benefits, due to the compensatory nature of
the inflammatory response and the existence of other
inflammatory cytokines and growth factors that are
left to participate in the pathological
process.Therapeutics that provide a more comprehensive
approach to treat inflammatory disease and other
conditions having an immunomodulatory component by
targeting the cellular mediators of the disease have
been developed. Included among such celltargeted
therapeutics are those that contain a toxin moiety and
that are able to gain entry into one or more cells by
various mechanisms resulting in elimination of the
cell(s). Exemplary of such molecules are any set forth
in U.S. application Serial Nos. 09/360,242,
09/453,851, and 09/792,793, now U.S. Patent Nos.
7,166,702, 7,157,418 and 7,192,736. Such conjugates
can be designed to specifically and predictably target
cell types associated with disease pathology, and
hence are useful for disease treatment. Fusion protein
conjugates are produced in host cells. The toxin
moiety in the conjugates, however, limits efficient
production of these molecules. While such molecules
are known and available, a need exists to efficiently
produce large quantities for widespread dissemination
and use thereof. Accordingly, among the objects
herein, it is an object to provide methods for more
efficient production of toxins and conjugates
containing the toxins. SUMMARY Provided herein are
methods for production of therapeutic molecules, and
the use of modified toxin conjugates to target
cellular mediators associated with the pathology of
inflammatory or immunomodulatory diseases or
conditions. In particular, provided are modified toxin
polypeptides, conjugates containing the modified toxin
polypeptides and methods for generating, and preparing
modified toxin polypeptides. The modified toxin
polypeptides (and/or conjugates containing them)
exhibit reduced toxicity in host cells in which they
are expressed, permitting expression of higher levels
compared to toxin polypeptides not so-modified. The
modifications occur in the primary amino acid sequence
of the polypeptide. Provided are methods of selection
or identification of a modified ribosome inactivation
protein (RIP), or active portion or fragment thereof,
that are identified by virtue of expression in a host
cell or cells. In particular, the methods select for
RIPs that have reduced toxicity to the host cell
compared to the starting RIP protein used in
theselection methods herein. In practicing the methods
provided herein, a nucleic acid encoding a RIP, or
active portion thereof, is introducing into a host
cell(s), the cells are grown, cells that grow are
isolated, and from among the cells that grow a cell
expressing a RIP is isolated. The methods provided
herein can be performed such that the cells are grown
in medium that does not contain a selective modulator,
for example, an adenine analog such as
4-aminopyrazolo[3,4-d]pvrimidine (4-APP). The methods
provided herein can further include the step of
expanding the cells that expresses a RIP. In one
example, the RIP expressed in the isolated cell is
identified, isolated or purified. The RIP can be
identified by its sequence or its molecular weight. In
some cases, the RIP can be identified by sequencing.
Also provided are the RIPs produced by the methods. In
some examples of the method, the cells with nucleic
acid encoding a RIP are grown in the presence of a
selective modulator. The selective modulator can be a
RIP inhibitor, for example, an adenine analog. The
adenine analog can be 4-aminopyrazolo[
3,4-<f]pyrirnidine (4-APP). In using a selective
modulator, such as a RIP inhibitor, for example, an
adenine analog such as 4-APP, the concentration is
chosen such that it is not toxic to the host cells. In
some aspects, the concentration is chosen to inhibit
toxicity of the RIP on the host cell. In one example,
the inhibition of toxicity is sufficient to increase
the amount of RIP expressed compared to the absence of
the RIP inhibitor, adenine analog, or 4-APP. For
example, the toxicity of the RIP is inhibited by 0.1%,
0.5%, 1%, 5%, 10%, 15%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 95%, or 100%. Where the RIP inhibitor is
4-APP, the concentration of inhibitor used in the
methods herein is about or is 0.1 mM to about or 5.0
mM. For other inhibitors, suitable concentrations can
be determined empirically or by reference to 4-APP. In
some examples, the concentration of 4-APP is between
about or is 0.1 to 2, 3, or 4 mM, or is 0.2, 0.3, 0.4,
0.5, 0.6, 0.7, 0.9, or 1mM. In other examples, the
concentration of 4-APP is about or is 0.5 mM. Hence
provided are methods for selection of toxins with
reduced toxicity and also methods for production of
toxins with reduced toxicity. The selection method
identifies toxins that have a reduced toxicity. Such
toxins, normally, when nucleic acids encodingthem are
introduced into bacteria for expression, are not
expressed, but generally are expressed a low levels.
The selection method looks for the toxins that are
expressed, and then expands the cells that express
toxins with reduced toxicity to permit expression.
Also provided are production methods, which is another
way to select for mutants by growing the cells in the
presence of an inhibitor, such as 4-APP, typically a
low dose form of 4-APP, which further inhibits the
high level of toxicity, and results production of
toxin and also mutants that retain a good deal of
toxicity, but not as much as the wildtype. Thus the
method of selection permits the identification of
toxins with reduced toxicity. Such modified toxins can
be produced at higher levels than the wildtype. In the
methods of production, the toxins, wildtype or
modified, can be expressed in the presence of 4-APP
(generally higher concentrations than used in the
selection methods) to render the toxins less toxic. If
a modified toxin identified in the selection method
already is less toxic than wild type, the presence of
4-APP will further limit the toxicity, so that more
can be produced compared to wildtype or the mutant in
the absence of 4- APP or that a lower concentration of
4-APP could be used. In all instances, sufficient
toxicity is retained to render them cytotoxic for use
in the methods. The toxins are so toxic, that even
with a large reduction in the their toxicity, such as
reduction to 1% toxicity, they are sufficiently toxic
for the methods herein. In one aspect, the methods
provided herein are such that the host cell is a
eukaryotic cell. In another aspect, the host cell used
in the methods herein is a prokaryotic cell, for
example, E. coli. In the methods provided herein, the
RIP encoded by the introduced nucleic acid molecule
can be a type I RIP, or an active fragment thereof.
For example, the RIP used in the methods herein
include, but are not limited to, dianthin 30, dianthin
32, lychnin, saporin-1, saporin-2, saporin-3,
saporin-4, saporin-5, saporin-6, saporin-7, saporin-8,
saporin-9, PAP, PAP II, PAP-R, PAP-S, PAP-C, mapalmin,
dodecandrin, bryodin-L, bryodin, bryodin II, clavin,
colicin-1, colicin-2, luffin-A, luffin-B, luffin-S,
19K-PSI, 15K-PSI, 9K-PSI, alpha-kirilowin,
beta-kirilowin, gelonin, momordin, momordin-II,
momordin-Ic, Mirabilis Antiviral Protein (MAP),
MAP-30, alpha-momorcharin, betamomorcharin,
trichosanthin, TAP-29, trichokirin, barley RIP I,
barley RIP II, tritin, flax RIP, maize RIP 3, maize
RIP 9, maize RIP X, asparin-1, or asparin 2. In other
examples of the method provided herein, the RIP
encoded by the introduced nucleic acid molecule is a
type II RIP, the catalytic subunit thereof or an
active fragment thereof. For example, the RIP used in
the methods herein include, but are not limited to,
Shiga toxin (Stx), Shiga-like toxin II (Stx2),
volkensin, ricin, nigrin- CIP-29, abrin, vircumin,
modeccin, ebulitin- , ebulitin-/3, ebultin-g, or
porrectin. In one aspect, the introduced nucleic acid
encodes RIP subunit A, or an active fragment thereof.
In another aspect, the introduced nucleic acid encodes
subunit Al (SAl) of the RIP Shiga Toxin. The SAl can
be truncated. For example, the SAl can be truncated by
deletion of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12
contiguous amino acids at the N- or C-terminus. In
another example, the SAl can be modified by
replacement of Cys with another amino acid such as
Ser. Exemplary of nucleic acids introduced into host
cells in the methods provided herein are nucleic acid
molecules that encode an SAl having a sequence of
amino acids set forth in SEQ ID NO: 22 or SEQ ID
NO:24. For example, the SAl can be encoded by a
nucleic acid molecule containing bases whose sequence
is set forth in SEQ ID NO: 23 or SEQ ID NO:25. In the
methods provided herein, the RIP encoded by the
introduced nucleic acid molecule can be conjugated to
a ligand to form a ligand-toxin conjugate. The RIP and
ligand in the conjugate can be linked directly via a
covalent or ionic linkage. For example, the RIP and
ligand can be joined via a linker such as a peptide,
polypeptide or an amino acid. Exemplary of a linker is
an Ala-Met linker. Typically, the ligand-toxin
conjugate is a fusion protein. The ligand in the
ligand-toxin conjugate can be a chemokine receptor
targeting agent, a non-chemokine cytokine, a hormone,
a growth factor, an antibody specific for a cell
surface receptor, a TNF superfamily ligand, and a
pattern recognition receptor (PRR) ligand. In one
example, the ligand is a growth factor such as VEGF.
In another example, the ligand is a chemokine receptor
targeting agent such as a chemokine, or a fragment of
the chemokine, or an antibody that specifically binds
to a chemokine receptor, or afragment of an antibody,
wherein the fragment binds to the chemokine receptor.
Where the ligand is an antibody, it can be a
monoclonal antibody, or an antigen-specific fragment
thereof. Exemplary of monoclonal antibodies are those
that are specific for an antigen including, but not
limited to, (DARC), D6, CXCR-I, CXCR-2, CXCR-3A,
CXCR3B, CXCR-4, CXCR-5, CXCR6, CXCR7, CCR- 1, CCR-2A,
CCR-2B, CCR-3, CCR-4, CCR-5, CCR-6, CCR-7, CCR-8,
CCR-9, CCRlO, CX3CR-1, and XCRl. In an additional
example, the ligand is a chemokine. Exemplary of
chemokines in the ligand-toxin conjugates used in the
methods herein include, but are not limited to,
monocytes chemotactic protein- 1 (MCP-I), MCP-2,
MCP-3, MCP-4, MCP-5, eosinophils chemotactic protein
l(Eotaxin-l), Eotaxin-2, Eotaxin-3, stromal derived
factor- l b, SDF- la, SDF-2, macrophage inhibitory
protein la (MIP- la), MIP- l b, MIPl g, MIP-2, MIP-2a,
MIP-2b, MIP-3, MIP-3b, MIP-3a, MIP-4, MIP-5, Regulated
on Activation, Normal T cell Expressed and Secreted
(RANTES) protein, interleukin-8 (IL- 8), growth
regulated protein a (GRO-a), interferon-inducible
protein 10 (IP-IO), macrophage-derived chemokine
(MDC), granulocyte chemotactic protein 2 (GCP-2),
epithelial-derived neutrophil-activating protein 78
(ENA-78), platelet basic protein (PBP), gamma
interferon-induced monokine (MIG), platelet factor 4
(PF-4), hemofiltrate 



CC chemokine 1 (HCC-I), thymus and
activation-regulated chemokine (TARC), lymphotactin,
lungkine, ClO, liver-expressed chemokine (LEC),
exodus-2 (SLC), thymus expressed chemokine (TECK),
cutaneous T-cell attracting chemokine (CTACK),
mucosae-associated epithelial chemokine (MEC), single
C motif 1-b (SCM- l b), interferon-inducible T-cell
alpha chemoattractant (I-TAC), breast and
kidney-expressed chemokine (BRAK), fractalkine, and B
cell-attracting chemokine 1 (BCA-I), and allelic or
species variants thereof. In one example, the
chemokine is any of MCP-I, Eotaxin-1, SDF- l b, GRO-a,
MIP- l b, IL-8, IP-10, MCP-3, MIP-3a, MDC, MIP- la,
and BCA-I, and allelic or species variants thereof. In
another example, the chemokine is MCP-I. Exemplary of
a nucleic acid encoding a ligand toxin conjugate is a
nucleic acid molecule encoding a ligand-toxin
conjugate having the sequence of amino acid residues
set forth inSEQ ID NO: 38 or SEQ ID NO:40. Among such
a nucleic acid molecule are those having the sequence
set forth as in SEQ ID NO: 37 or SEQ ID NO:39. In one
aspect of the methods herein, the identified RIP
contains a mutation compared to the RIP encoded by the
introduced nucleic acid molecule. In the methods
provided herein, the identified RIP is assessed for
its toxicity. The toxicity can be assessed by assays
including, but not limited to, a protein synthesis
assay, a depurination assay, and a cell
growth/viability assay. Typically, the identified RIP
retains toxicity compared to the RIP encoded by the
introduced nucleic acid molecule. The identified RIP
retains 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or more
toxicity. Also provided in the methods herein are
additional steps to produce the identified RIP. Such
methods include introducing a nucleic acid molecule
encoding the identified RIP, or active fragment
thereof into a host cell(s), incubating the cells in
the presence of a RIP inhibitor, wherein the amount of
RIP inhibitor is selected to decrease the toxicity of
the RIP polypeptide; and growing the cells under
conditions, whereby the RIP or active fragment thereof
is produced. The RIP can be purified such that,
generally, the amount of RIP expressed or purified or
both is greater than in the absence of the RIP
inhibitor. The methods provided herein also can
include a further step of preparing a conjugate
containing the identified RIP. In the methods provided
herein, the methods also include synthesizing the
identified RIP, or conjugate containing the identified
RIP. Also provided herein is a method for increasing
production of a ribosome inactivating protein (RIP),
or active fragment thereof. Such methods allow for
efficient production of RIPs, or conjugates containing
RIPs, for example, to provide for a viable source of
such conjugates for use as therapeutics. In the
methods of production herein, nucleic acid encoding a
RIP, or active fragment thereof, is introduced into a
host cell. The cells are incubated in the presence of
a RIP inhibitor, such that the amount of RIP inhibitor
is selected to decrease the toxicity of the RIP. In
the methods of increased production herein, the cells
are grown under conditions where a RIP or active
fragment thereof is produced. In one aspect, the
method of production includes a step where theRIP is
purified. Typically, the amount of RIP expressed or
purified or both is greater than in the absence of the
RIP inhibitor. In the methods of production provided
herein, the RIP encoded by the introduced nucleic acid
molecule can be a type I RIP, or an active fragment
thereof. For example, the RIP used in the methods
herein include, but are not limited to, dianthin 30,
dianthin 32, lychnin, saporin-1, saporin-2, saporin-3,
saporin-4, saporin-5, saporin-6, saporin-7, saporin-8,
saporin-9, PAP, PAP II, PAP-R, PAP-S, PAP-C, mapalmin,
dodecandrin, bryodin-L, bryodin, bryodin II, clavin,
colicin-1, colicin-2, luffm-A, luffin-B, luffin-S,
19K-PSI, 15K-PSI, 9K-PSI, alpha-kirilowin,
beta-kirilowin, gelonin, momordin, momordin-II,
momordin-Ic, Mirabilis Antiviral Protein (MAP),
MAP-30, alphamomorcharin, beta-momorcharin,
trichosanthin, TAP-29, trichokirin, barley RIP I,
barley RIP II, tritin, flax RIP, maize RIP 3, maize
RIP 9, maize RIP X, asparin-1, or asparin 2. In other
examples of the method of production provided herein,
the RIP encoded by the introduced nucleic acid
molecule is a type II RIP, the catalytic subunit
thereof or an active fragment thereof. For example,
the RIP used in the methods herein include, but are
not limited to, Shiga toxin (Stx), Shiga-like toxin II
(Stx2), volkensin, ricin, nigrin- CIP-29, abrin,
vircumin, modeccin, ebulitin-a, ebulitin-b, ebultin-g,
or porrectin. In one aspect, the introduced nucleic
acid encodes RIP subunit A, or an active fragment
thereof. In another aspect, the introduced nucleic
acid encodes subunit Al (SAl) of the RIP Shiga Toxin.
The SAl can be truncated. For example, the SAl can be
truncated by deletion of 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11 or 12 contiguous amino acids at the N- or
C-terminus. In one aspect, the RIP, for example an
SAl, encoded by the introduced nucleic acid is
modified. In one example, the SAl can be modified by
replacement of Cys with another amino acid such as
Ser. In another example, the SAl is modified by
replacement of one or both of positions 38 or position
219 with reference to amino acid positions in an SAl
having a sequence of amino acids set forth in SEQ ID
NO:22. For example, the amino acid replacement can
correspond to L38R and/or V219A. In one example, the
amino acid replacement corresponds to V219A. Exemplary
of nucleic acids introduced into host cells in the
methods provided herein are nucleic acid molecules
that encode anSAl having a sequence of amino acids set
forth in SEQ ID NO: 26 or SEQ ID NO:28. For example,
the SAl can be encoded by a nucleic acid molecule
containing nucleotides whose sequence is set forth in
SEQ ID NO: 27 or SEQ ID NO:29. In the methods of
production provided herein, the RIP inhibitor is an
adenine analog. For example, the adenine analog is
4-aminopyrazolo[3,4-J]pyrimidine (4-APP). Generally,
in the methods of production herein, the concentration
of the RIP inhibitor, adenine analog or 4-APP is
chosen such that it is effective to decrease the
toxicity of the RIP by at or about 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100%. Where the RIP inhibitor is
4-APP, the concentration used in the methods herein is
about or is 1 niM to about or 40.0 mM. In one example,
the concentration of 4-APP is between about or is 2.0
mM, 3.0 mM, 4.0 mM, 5.0 mM, 6.0 mM, 7.0 mM, 8.0 mM,
9.0 mM, 10.0 mM, 15.0 mM, or 20.0 mM. In one aspect in
the methods of production provided herein production
is in eukaryotic host cells. In another aspect,
production is in prokaryotic host cells, for example,
E. coli. In the methods of production herein, an
induction agent can be used in the methods of
production such that the RIP polypeptide is expressed
after induction with an induction agent. The induction
agent can be IPTG. The RIP inhibitor used in the
methods of production herein can be added before,
during and/or after the addition of the induction
agent. In some aspects, the methods of production
herein are used to increase production of a conjugate
containing a RIP. In such methods, the nucleic acid
molecule that encodes the RIP includes a sequence of
nucleotides encoding a ligand, whereby the molecule
encodes a ligand-toxin conjugate. The RIP and ligand
in the conjugate can be linked directly via a covalent
or ionic linkage. For example, the RIP and ligand can
be joined via a linker such as a peptide, polypeptide
or an amino acid. Exemplary of a linker is an Ala-Met
linker; the Met can be included as the start codon in
the linked polypeptide. Typically, the ligand-toxin
conjugate is a fusion protein.Conjugates that contain
one or more receptor targeting agents, such as
chemokine-receptor targeting linked, either directly
or via a linker, to one or more targeted agents are
provided. In particular, conjugates provided herein
contain the following components: (receptor targeting
agent)n, (L)q, and (targeted agent)m in which at least
one receptor targeting agent, such as a receptor
ligand or receptor-specific antibody, or an effective
portion of the ligand or antibody, is(are) linked
directly or via one or more linkers (L) to at least
one targeted agent. L refers to a linker. Any suitable
association among the elements of the conjugate is
contemplated as long as the resulting conjugates
interacts with a targeted receptor such that
internalization of an associated targeted agent is
effected. In the conjugates provided herein, the
targeted agent is a modified toxin, such as a modified
RIP, or a toxic fragment thereof. The toxin or
fragment is modified in its primary amino acid
sequence such that it is less toxic to host cells in
which it is expressed for production thereof than the
unmodified form thereof. The toxins or conjugates are
modified by the methods provided herein. The variables
n and m are integers of 1 or greater and q is 0 or any
integer. The variables n, q and m are selected such
that the resulting conjugate interacts with the
targeted receptor and a targeted agent is internalized
by a cell to which it has been targeted. Typically n
is between 1 and 3; q is 0 or more, depending upon the
number of linked targeting and targeted agents and/or
functions of the linker, q is generally 1 to 4; m is 1
or more, generally 1 or 2. When more than one targeted
agent is present in a conjugate the targeted agents
may be the same or different. Similarly, when more
than one receptor targeting agent is present in the
conjugates they can be the same or different. The
conjugates provided herein can be produced as fusion
proteins, can be chemically coupled or include a
fusion protein portion and a chemically linked portion
or any combination thereof. For purposes herein, the
receptor targeting agent is any agent, typically a
polypeptide, that specifically interacts with a
receptor, such as chemokine receptors on activated
leukocytes, and that, upon interacting with the
receptor, internalizes a linked or otherwise
associated targeted agent, such as a toxin, intended
to be internalized by the targeted cell.The ligand in
the ligand-toxin conjugate can be a chemokine receptor
targeting agent, a non-chemokine cytokine, a hormone,
a growth factor, an antibody specific for a cell
surface receptor, a TNF superfamily ligand, and a
pattern recognition receptor (PRR) ligand. In one
example, the ligand is a growth factor such as VEGF.
In another example, the ligand is a chemokine receptor
targeting agent such as a chemokine, or a fragment of
the chemokine, or an antibody that specifically binds
to a chemokine receptor, or a fragment of an antibody,
wherein the fragment binds to the chemokine receptor.
Where the ligand is an antibody, it can be a
monoclonal antibody, or an antigen-specific fragment
thereof. Exemplary of monoclonal antibodies are those
that are specific for an antigen selected including,
but not limited to, (DARC), D6, CXCR-I , CXCR-2, CXCR-
3A, CXCR3B, CXCR-4, CXCR-5, CCR-I, CCR-2A, CCR-2B,
CCR-3, CCR-4, CCR-5, CCR-6, CCR-7, CCR-8, CCR-9,
CCRlO, CX3CR-1, and XCRl. In an additional example,
the ligand is a chemokine. Exemplary of chemokines in
the ligand-toxin conjugates used in the methods herein
include, but are not limited to, monocytes chemotactic
protein- 1 (MCP- 1), MCP-2, MCP-3, MCP-4, MCP-5,
eosinophils chemotactic protein l(Eotaxin-l),
Eotaxin-2, Eotaxin-3, stromal derived factor- l b,
SDF- la, SDF-2, macrophage inhibitory protein la (MIP-
la), MIP- l b, MIPl g, MIP-2, MIP-2a, MIP-2b, MIP-3,
MIP-3b, MIP-3a, MIP-4, MIP-5, Regulated on Activation,
Normal T cell Expressed and Secreted (RANTES) protein,
interleukin-8 (IL- 8), growth regulated protein a
(GRO-a), interferon-inducible protein 10 (IP-10),
macrophage-derived chemokine (MDC), granulocyte
chemotactic protein 2 (GCP-2), epithelial-derived
neutrophil-activating protein 78 (ENA-78), platelet
basic protein (PBP), gamma interferon-induced monokine
(MIG), platelet factor 4 (PF-4), hemof ltrate CC
chemokine 1 (HCC-I), thymus and activation-regulated
chemokine (TARC), lymphotactin, lungkine, ClO,
liver-expressed chemokine (LEC), exodus-2 (SLC),
thymus expressed chemokine (TECK), cutaneous T-cell
attracting chemokine (CTACK), mucosae-associated
epithelial chemokine (MEC), single C motif 1-b (SCM- l
b), interferon-inducible T-cell alpha chemoattractant
(I-TAC), breast and kidney-expressed chemokine (BRAK),
fractalkine, and B cell-attracting chemokine 1
(BCA-I), and allelicor species variants thereof. In
one example, the chemokine is any of MCP-I, Eotaxin-1,
SDF-I 1 , GRO-a, MIP-I 1 , IL-8, IP-IO, MCP-3, MIP-3a,
MDC, MIP-Ia, and BCA-I, and allelic or species
variants thereof. In another example, the chemokine is
MCP-I. The toxin moiety in the ligand-toxin conjugate
can be a Shiga toxin, catalytically active fragment
thereof, or active fragment thereof. For example, the
toxin moiety in the ligand-toxin conjugate produced in
the methods herein can be SAl . The toxin moiety, such
as SAl, in the ligand-toxin conjugate can be a
modified toxin. Exemplary of a nucleic acid encoding a
ligand-toxin conjugate produced in the methods herein
is a nucleic acid molecule encoding a ligand-toxin
conjugate having the sequence of amino acid residues
set forth any of SEQ ID NOS: 42, 44, 46, 48, 50, 52,
54, 56, 58, 60, 62, 64, or 67. Among such a nucleic
acid molecule are those having the sequence set forth
in any of SEQ ID NO:41, 43, 45, 47, 49, 51, 53, 55,
57, 59, 61, 63, 65 or 66. Provided are modified
toxins, particularly, modified RIPs, that exhibit
reduced toxicity compared to the starting materials,
which are RIPs, which include wildtype and variant
RIPs. Included among such modified RIP toxins, or
conjugates thereof, are any identified in the methods
herein. Among the modified toxins provided herein are
modified Shiga Toxin polypeptide, or active fragment
thereof, that has one or more amino acid modifications
in a Shiga Toxin, allelic or species variant thereof,
catalytically active portion thereof, or active
fragment thereof, such that the modification confers
reduced toxicity. In one example, the one or more
amino acid modifications are replacements of one or
both of positions corresponding to positions 38 and/or
219 with reference to amino acid positions in Shiga
Toxin Al subunit (SAl) having a sequence of amino
acids set forth in SEQ ID NO:22. The modified Shiga
toxins provided herein have at least about 40%, 50%,
60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, 99% sequence
identity to the polypeptide having the sequence of
amino acids set forth set forth in SEQ ID NO: 22 and
that includes modifications at loci corresponding to
amino acid positions 38 and/or 219. Among
modifications at positions 38 and/or 219 are those
that correspond to L38R and/or V219A. The modified
Shiga toxins include subunit A. For example, the
modified Shigatoxins can include only the SAl of Shiga
toxin, or an active fragment thereof. The SAl can be
truncated. For example, the truncated SAl can be
truncated by deletion of 1, 2, 3, 



4, 5, 6, 7, 8, 9, 10, 11 or 12 contiguous amino acids
at the N- or C-terminus. Exemplary of modified Shiga
Toxins are those having a sequence of amino acids set
forth in SEQ ID NOS: 26 or 28, or is an allelic or
species variant thereof. Also provided herein, are
conjugates containing a targeted agent that is a
modified ribosome inactivating protein (RIP), such as
any modified RIP identified in the methods herein.
Also provided are conjugates containing a targeted
agent that is a modified Shiga Toxin, or active
fragment thereof, such as any modified Shiga Toxin as
noted above. The conjugates also contain a targeting
agent, or a portion thereof, that facilitates binding
of the conjugate to a cell surface receptor resulting
in internalization of the targeted agent in cells
bearing the receptor. Among such conjugates are those
having the following components: (targeting agent)n,
(L)q, and (targeted agent)m, where L is a linker for
linking the targeting agent to the targeted agent, the
targeting agent is any moiety that selectively binds
to a cell surface receptor, m and n, which are
selected independently, are at least 1, and q is 0 or
more as long as the resulting conjugate binds to the
targeted receptor, is internalized and delivers the
targeted agent. Typically, the resulting conjugate
binds to a receptor that interacts with and
internalizes a targeting agent, whereby the targeted
agent(s) is internalized in a cell bearing the
receptor. In some cases where the conjugate contains a
plurality of targeted agents, the targeted agents are
the same or different. Typically, the targeted agents
are all modified forms of a RIP toxin. Also, when the
conjugate contains a plurality of targeting agents,
the targeting agents are the same or different. In one
example, m and n, which are selected independently,
are 1-6. In another example, q is 1, n is 2 and m is
1. In conjugates provided herein, the targeting agent
includes a receptor targeting agent, such as but not
limited to, a chemokine receptor targeting agent, a
non-chemokine cytokine, a hormone, a growth factor, an
antibody specific for a cell surface receptor, a TNF
superfamily ligand, and a pattern recognition receptor
(PRR) ligand. In oneexample, the ligand is a growth
factor such as VEGF. In another example, the ligand is
a chemokine receptor targeting agent such as a
chemokine, or a fragment of the chemokine, or an
antibody that specifically binds to a chemokine
receptor, or a fragment of an antibody, wherein the
fragment binds to the chemokine receptor. Where the
ligand is an antibody, it can be a monoclonal
antibody, or an antigen-specific fragment thereof.
Exemplary of monoclonal antibodies are those that are
specific for an antigen including, but not limited to,
(DARC), D6, CXCR-I, CXCR-2, CXCR-3A, CXCR3B, CXCR-4,
CXCR-5, CXCR6, CXCR7, CCR-I, CCR-2A, CCR-2B, CCR-3,
CCR-4, CCR-5, CCR-6, CCR-7, CCR-8, CCR-9, CCRlO,
CX3CR-1, and XCRl. In an additional example, the
ligand is a chemokine. Exemplary of chemokines in the
ligand-toxin conjugates provided herein include, but
are not limited to, monocytes chemotactic protein- 1
(MCP-I), MCP-2, MCP-3, MCP-4, MCP-5, eosinophils
chemotactic protein l(Eotaxin-l), Eotaxin-2,
Eotaxin-3, stromal derived factor- l b, SDFl a, SDF-2,
macrophage inhibitory protein la (MIP- la), MIP- l b,
MIP- l g, MIP-2, MIP- 2a, MIP-2b, MIP-3, MIP-3b,
MIP-3a, MIP-4, MIP-5, Regulated on Activation, Normal
T cell Expressed and Secreted (RANTES) protein,
interleukin-8 (IL-8), growth regulated protein a
(GRO-a), interferon-inducible protein 10 (IP-IO),
macrophage-derived chemokine (MDC), granulocyte
chemotactic protein 2 (GCP-2), epithelial-derived
neutrophil-activating protein 78 (ENA-78), platelet
basic protein (PBP), gamma interferon-induced monokine
(MIG), platelet factor 4 (PF-4), hemofiltrate CC
chemokine 1 (HCC-I), thymus and activation-regulated
chemokine (TARC), lymphotactin, lungkine, ClO,
liver-expressed chemokine (LEC), exodus-2 (SLC),
thymus expressed chemokine (TECK), cutaneous T-cell
attracting chemokine (CTACK), mucosae-associated
epithelial chemokine (MEC), single C motif 1-b (SCM- l
b), interferon-inducible T-cell alpha chemoattractant
(I-TAC), breast and kidney-expressed chemokine (BRAK),
fractalkine, and B cell-attracting chemokine 1
(BCA-I), and allelic or species variants thereof. In
one example, the chemokine is any of MCP-I, Eotaxin-1,
SDF- l b, GRO-a, MIP- l b, IL-8, IP- 10, MCP-3,
MIP-3a, MDC, MIP-Ia, and BCA-I, and allelic or species
variants thereof. In another example, the chemokine is
MCP-I.The targeting agent in the conjugates provided
herein specifically bind to one or more cell surface
receptors on one or more immune effector cells, or
other cells associated with an immune or inflammatory
response. In one example, the immune effector cell or
cells is a leukocyte. In another example, the other
cells associated with an immune or inflammatory
response are tissue residential cells (TRC). The cells
targeted by the conjugates provided herein include,
but are not limited to, monocytes, macrophages,
dendritic cells, T cells, B cells, eosinophils,
basophils, mast cells, natural killer (NK) cells, and
neutrophils. Included among macrophages are tissue
macrophages such as alveolar macrophages, microglia,
and kupfer cells. Included among dendritic cells are
immature dendritic cells, mature dendritic cells, and
langerhans cells. Included among T cells are CD4+
(such as ThI, Th2 or ThI 7 cells) and CD8+ T cells.
Included among TRC are mesangial cells, glial cells,
endothelial cells, epithelial cells, tumor cells,
fibroblasts, and synoviocytes. The cells targeted by
the conjugates can be activated. For example, cell
activation can induce the expression of one or more
cell surface receptors targeted by the conjugates.
Among the conjugates provided herein, are those that
target cell surface receptors that bind to one or more
chemokines. Such chemokine receptors include, but are
not limited to, CXCRl, CXCR2, CXCR3A, CXCR3B, CXCR4,
CXCR5, CXCR6, CXCR7, CCRl, CCR2A, CCR2B, CCR3, CCR4,
CCR5, CCR6, CCR7, CCR8, CCR9, XCRl and CX3CR-1 .
Binding of the conjugate to the chemokine receptor
promotes internalization of the conjugate into a cell
bearing the receptor. In the conjugates provided
herein, the targeting agent and targeted agent, or
active fragment thereof, are linked via a covalent or
ionic linkage. For example, a modified RIP and ligand
in the conjugate can be linked directly via a covalent
or ionic linkage. In some cases, the RIP and ligand
can be joined via a linker such as a peptide,
polypeptide, amino acid or chemical linker. Exemplary
of a linker is an Ala-Met linker. Exemplary of a
linker also includes, but is not limited to,
N-succinimidyl (4-iodoacetyl)- aminobenzoate,
sulfosuccinimidyl (4-iodoacetyl)-aminobenzoate,
4-succinimidyloxycarbonyl- - (2-pyridyldithio)toluene
, sulfosuccinimidyl-6-(
-methyl-0!-(pyridyldithiol)-toluamido) hexanoate,
N-succinimidyl-3-(-2-pyridyldithio) - proprionate,
succinimidyl 6(3(-(-2-pyridyldithio)-proprionamido)
hexanoate, sulfosuccinimidyl 6(3(-(-
2-pyridyldithio)-propionamido) hexanoate,
3-(2-pyridyldithio)-propionyl hydrazide, Ellman's
reagent, dichlorotriazinic acid, and
S-(2-thiopyridyl)-L-cysteine. Provided herein are
conjugates having a sequence of amino acids set forth
in any of SEQ ID NOS: 44, 46, 48, 50, 52, 54, 56, 58,
60, 62, 64 or 67. Also provided are pharmaceutical
compositions containing any of the modified toxin
conjugates provided herein, such as any having a
modified SAl. The pharmaceutical compositions contain
pharmaceutically acceptable excipients, and can be
formulated for any suitable route of administration,
including, but not limited to, systemic, oral, nasal,
pulmonary, local and topical administration. Also
provided are kits containing any of the pharmaceutical
compositions a device for administration of the
composition and, optionally, instructions for
administration. Nucleic acid molecules encoding any of
the conjugates provided herein also are provided. Also
provided are plasmids containing the nucleic acid
molecules and cells containing the nucleic acid
molecules or plasmids. Also provided herein is a
method of targeting a toxin to a cell. Such a method
includes administering a conjugate, such as to a
sample of subject. The conjugate that is administered
contains a modified toxin, such as any provided
herein, and a cell surface receptor targeting agent,
such as a ligand. The targeted cell expresses the cell
surface receptor for the targeting agent. Provided
herein is a method of treatment of subjects having an
immune or inflammatory disease or disorder. In the
method of treatment, a pharmaceutical composition
containing any of the conjugates provided herein is
administered to a subject and such that the
composition inhibits the proliferation, migration or
physiological activity of secondary tissue
damage-promoting inflammatory cells. Also provided
herein is a method of inhibiting a disease or disorder
in an animal or subject or treating an animal or
subject having a disease or disorder, such as, a
disease or disorder that is an immune or inflammatory
condition associated with inflammatoryresponses and/or
secondary tissue damage associated with activation,
proliferation and migration of one or more cells by
administering a conjugate, such as any conjugate
provided herein. In the method, the conjugate binds to
one or more cell surface receptors expressed on one or
more cells resulting in internalization of the
targeted agent in cells bearing the receptor thereby
inhibiting the activation, proliferation or migration
of one or more cells. In one example, treatment is of
a mammal. In another example, treatment is of a human.
In the methods, the one or more cells can be an immune
effector cell, or other cell associated with the
immune or inflammatory condition. In one example, the
immune effector cell is a leukocyte. In another
example, the other cell associated with the immune or
inflammatory condition is a tissue residential cells
(TRC). The cells include, but are not limited to,
monocytes, macrophages, dendritic cells, T cells, B
cells, eosinophils, basophils, mast cells, natural
killer (NK) cells, and neutrophils. Included among
macrophages are tissue macrophages such as alveolar
macrophages, microglia, or kupffer cells. Included
among dendritic cells are immature dendritic cells,
mature dendritic cells, or langerhans cells. Included
among T cells are CD4+ (such as ThI, Th2 or Th 17
cells) and CD8+ T cells. Included among TRC are
mesangial cells, glial cells, epithelial cells, tumor
cells, fibroblasts, and synoviocytes. In some cases,
the one or more cells is activated, such that, for
example, cell surface receptors expressed on the cells
are upregulated. In one aspect of the method of
inhibiting a disease or disorder herein, the conjugate
inhibits the activation, proliferation or migration of
one or more cells involved in a disease or disorder
such as, but not limited to, CNS injury, CNS
inflammatory diseases, neurodegenerative disorders,
heart disease, inflammatory eye diseases, inflammatory
skin diseases, inflammatory bowel diseases,
inflammatory joint diseases, inflammatory kidney or
renal diseases, inflammatory lung diseases,
inflammatory nasal diseases, inflammatory systemic
diseases, inflammation in obesity and associated
diseases, inflammatory thyroid diseases, inflammatory
responses associated with bacterial or viral
infections, cancers, and angiogenesis-mediated
disease.In one example, the CNS inflammatory diseases
and/or neurodegenerative disorders include, but are
not limited to, closed head injury,
leukoencephalopathy, choriomeningitis, meningitis,
adrenoleukodystrophy, AIDS dementia complex,
Alzheimer's Disease, Down's Syndrome, chronic fatigue
syndrome, encephalitis, encephalomyelitis, spongiform
encephalopathies, multiple sclerosis, Parkinson=s
disease and spinal cord injury/trauma (SCI). In
another example, the heart disease is atherosclerosis.
Inflammatory eye diseases, include but are not limited
to proliferative diabetes retinopathy, proliferative
vitreoretinopathy, retinitis, scleritis, scleroiritis,
choroiditis and uveitis. Inflammatory skin diseases
include, but are not limited to, psoriasis, eczema and
dermatitis. The inflammatory bowel disease can
include, but is not limited to, chronic colitis,
Crohn=s disease and ulcerative colitis. The
inflammatory joint disease includes, but is not
limited to, juvenile rheumatoid arthritis,
osteoarthritis, rheumatoid arthritis and
spondylarthropathies such as, ankylosing spondylitis,
Reiter=s syndrome, reactive arthritis, psoriatic
arthritis, spondylitis, undifferentiated
spondylarthopathies and Behcet=s syndrome. The
inflammatory kidney or renal disease includes, but is
not limited to, glomerulonephritis, IgA nephropathy
and lupus nephritis. The inflammatory lung disease
includes, but is not limited to, acute respiratory
distress syndrome, eosinophilic lung disease, chronic
eosinophilic pneumonia, acute eosinophilic pneumonia,
bronchoconstriction, bronchopulmonary dysplasia,
bronchoalveolar eosinophilia, allergic
bronchopulmonary, aspergillosis, pneumonia and
fibrotic lung disease. Inflammatory nasal diseases
include, but are not limited to, polyposis, sinusitis
and rhinitis. The inflammatory thyroid disease
includes, but is not limited to, thyroiditis. The
cancers include, but are not limited to, gliomas,
atheromas carcinomas, adenocarcinomas, granulomas,
glioblastomas, granulomatosis, lymphomas, leukemias,
lung cancers, melanomas, myelomas, sarcomas,
sarcoidosis, microgliomas, meningiomas, astrocytomas,
oligodendrogliomas, gastric or stomach cancer
including gastrointestinal cancer, pancreatic cancer,
cervical cancer, ovarian cancer, liver cancer, bladder
cancer, hepatoma, breast cancer, colon cancer, rectal
cancer, colorectal cancer, endometrial or uterine
carcinoma, salivary gland carcinoma, kidney or renal
cancer,prostate cancer, vulval cancer, thyroid cancer,
hepatic carcinoma, anal carcinoma, penile carcinoma,
and head and neck cancer. In one aspect, the disease
or disorder selected is a kidney disease, spinal cord
injury, or a delayed type hypersensitivity disease or
disorder. In the method of treatment or inhibition of
a disease or disorder herein, the targeting agent of
the conjugate includes, but is not limited to, MCP-I,
Eotaxin-1, SDFl b, GRO-a, MIP-I b, IL-8, IP-IO, MCP-3,
MIP-3a, MDC, MIP- la, and BCA-I, and allelic or
species variants thereof, and the targeted agent is a
modified Shiga Toxin. In one example, the targeting
agent is MCP-I. Exemplary of conjugates include, but
are not limited to, LPMIc, LPMId, LPM2, LPM3, LPM4,
LPM5, LPM6, LPM7, LPM8, LPM9, LPMlO, and LPMl 1. Such
conjugates have a sequence of amino acids set forth in
any of SEQ ID NOS: 42, 44, 46, 48, 50, 52, 54, 56, 58,
60, 62, 64 or 67, respectively. For example, the
disease can be multiple sclerosis (MS). For such
embodiments, 



the targeted cells are those that express receptors
that are upregulated in MS. For example, targeted
cells include those that express receptors selected
from among, for example, one or more, such as one or
at least two, of CCL1-8, CXCL8-13, CCRl -3,5, 6 and
CXCRl-3, 4. The conjugate for treatment of MS contains
a targeting agent, such as a chemokine or fragment
thereof sufficient for binding and internalization of
linked (directly or indirectly) agents, that binds to
and is internalized by such receptors. Hence, for
example, the conjugates can contain a chemokine or
fragment thereof sufficient for binding and
internalization by a receptor therefor; and the
chemokine, for example, is selected from among, for
example, 1-309, MCP-I, MIP- la, MIP-I b, RANTES,
MCP-3, MCP-2, IL-8, MIG, IP-10, 1-TAC, SDF- la, SDF- l
b, BCA-I, an Eotaxin, MCP-4, MCP- 5, ClO, LEC and
MIP-lb2. Exemplary of such conjugates is LPMId. In one
example of the methods herein, the targeting agent of
the conjugate contains a PF-4 or allelic or species
variants thereof, and the disease or condition is an
angiogenesis-mediated disease. In another example, the
targeting agent of the conjugate is a VEGF or allelic
or species variants thereof, and the disease or
condition is an angiogenesis-mediated disease.DETAILED
DESCRIPTION Outline A. Definitions B. Ribosome
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Exemplary Chemokine Targeting Agents b. Non-Chemokine
Cytokines c. Antibody Ligand Moieties d. Other
targeting agents and receptor targets Growth Factors
2. Linker Moieties a. Exemplary Linkers i.
Heterobifunctional Cross-linking Reagents ii. Acid
Cleavable, Photocleavable and Heat Sensitive Linkers
iii. Other Linkers for Chemical Conjugation iv.
Peptide Linkers 3. Exemplary Leukocyte Population
Modulator (LPM) Conjugates G. PREPARATION OF MODIFIED
RIP TOXINS AND CONJUGATES THEREOF 1. Methods of
Generating and Cloning Toxin Polypeptides, or
Conjugates Containing Toxin Polypeptides 2. Production
of Conjugates Containing Fusion Proteins and
Expression Systems a. PIasmids and host cells for
expression i. Bacterial cell expression systems ii.
Insect cell expression systems iii. Yeast cell
expression systems iv. Plant cell expression systemsv.
Mammalian cell expression systems b. Purification 3.
Production of chemical conjugates H. Methods to
Increase Production of RIP Polypeptides, or Conjugates
thereof Additional Methods to Increase Protein
Production I. In vitro and In vivo Assays to measure
activity of toxins or conjugates thereof 1. In vitro
activity assays a. Cell-Based Toxicity Assays b.
Receptor Binding Assays and Internalization c.
Chemotaxis Assays 2. In vivo Animal Models for Testing
of Conjugates a. Spinal cord injury (SCI) b. Traumatic
brain injury and stroke c. Alzheimer's Disease d.
Multiple Sclerosis e. Arthritis and autoimmune disease
f. Inflammatory lung diseases g. Inflammation after
gene therapy h. Angiogenesis i. Tumor growth j. Human
Immunodeficiency Virus (HIV) k. kidney disease 1.
hypersensitivity J . Formulation and Administration of
Compositions Containing Toxins and Conjugates Thereof
K. Methods of Treatment of Diseases and Disorders
Using Toxins or Conjugates Thereof 1. The Immune Host
Defense System and Inflammation a. Homeostatic
inflammation b. Pathological inflammation 2. Candidate
Therapeutics and Limitations Thereof 3. Ligand-toxin
conjugates (i.e. LPMs) Selection of Ligand-Toxin
Conjugate for Treatment of Selected Diseases or
Disorders Selection and Design of Leukocyte Population
Modulators 4. Exemplary Diseases a. Cancer b. Kidney
Disease c. Spinal Cord Injury (SCI) d.
Hypersensitivity e. HIV infection and AIDS and
infections with other pathogens f. Inflammatory Joint
Disease and Autoimmune Disease g. Pulmonary Disease h.
Other Disease mediated by Secondary Tissue Damage 5.
Combination Therapies L. Examples A. DEFINITIONS
Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as is commonly
understood by one of skill in the art to which
theinvention(s) belong. All patents, patent
applications, published applications and publications,
Genbank sequences, databases, websites and other
published materials referred to throughout the entire
disclosure herein, unless noted otherwise, are
incorporated by reference in their entirety. In the
event that there is a plurality of definitions for
terms herein, those in this section prevail. Where
reference is made to a URL or other such identifier or
address, it understood that such identifiers can
change and particular information on the internet can
come and go, but equivalent information can be found
by searching the internet. Reference thereto evidences
the availability and public dissemination of such
information. As used herein, toxin (also referred to
as a cytotoxin) refers to a molecule such as a
polypeptide or drug, that when internalized into a
cell inhibits cell function, such as by inhibiting
cell growth and/or proliferation. The toxin can
inhibit proliferation or is toxic to cells. Any
molecule that when internalized by a cell interferes
with or detrimentally alters cellular metabolism or in
any manner inhibits cell growth or proliferation are
included within the ambit of this term, including, but
are not limited to, molecules whose toxic effects are
mediated when transported into the cell and also those
whose toxic effects are mediated at the cell surface.
A variety of cytotoxins are known and include those
that inhibit protein synthesis and those that inhibit
expression of certain genes essential for cellular
growth or survival. Toxins include those that result
in cell death and those that inhibit cell growth,
proliferation and/or differentiation or otherwise
detrimentally alter cellular metabolism. For example,
toxins, include, but are not limited to,
ribosome-inactivating proteins (RIPs). The RIPs, upon
internalization into a cell, alter metabolism or gene
expression in the cell, regulate or alter protein
synthesis, inhibits proliferation, kill the cell or
otherwise detrimentally affect the cell. For purposes
herein, a toxin, for example, a RIP protein, such as a
modified RIP protein provided herein, is a targeted
agent. The toxins inhibit growth and proliferation or
interfere with or detrimentally alter cellular
metabolism or in any manner of host cells in which
they are expressed when the cells are cultured under
standard or normal conditions for such cells.As used
herein, growth under standard conditions with
reference to host cells, refers to conditions under
which such cells are normally grown to express encoded
proteins or recombinant proteins. As used herein,
ribosome inactivating protein (RIP) refers to a class
of proteins expressed in plants and bacteria that are
potent inhibitors of eukaryotic and prokaryotic
protein synthesis. RIPs also degrade cellular DNA upon
import into the nucleus. RIPs are N-glycosidases or
polynucleotide:adenosine glycosidases and are able to
inactivate ribosomal and nonribosomal nucleic acid
substrates. As used herein, reference to RIP
polypeptides refers to any polypeptide that exhibits
N-glycosidase activity and inactivates ribosomes.
These include polypeptides isolated from natural
sources as well as those made synthetically, such as
by recombinant methods , by chemical synthesis or any
method. They also include variants, wildtype, species
and allelic variants. Exemplary RIPs include, but are
not limited to, any Type I or Type II RIPs including,
but not limited to, Shiga toxin including Shiga toxin
1 (Stxl), Stx2, Saporin 6, Barley RIP I, Barley RIP
II, Gelonin, Ricin A, Momordin I, Momordin II, Bryodin
I, Bryodin II, Pap-S, Luffin, Trichosanthin, Clavin,
Abrin-a, Maize RIP 3, Maize RIP 9, Maize RIP X,
Tritin, MAP, Dianthin 30, Nigrin b, Nigrin I, Ebulin,
cytotoxically active fragments of these toxins, and
other RIPs known to those of skill in this art. RIP
polypeptides also encompass variants and other
modified forms, such as muteins, of RIP polypeptides.
Typically variants and modified forms possess
Nglycosidase activity. Variants include, for example,
allelic and species variants and also those with
insertions or deletions of amino acid residues.
Exemplary sequences of RIP proteins are any that
include amino acid residues having an amino acid
sequence set forth in any of SEQ ID NOS: 1, 5, 89-1 11
as well as allelic and/or species variants thereof and
homologs and modified versions thereof that have at
least 40, 50, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97,
98, 99 or more sequence identity, particularly any
that retain Nglycosidase activity. Exemplary RIP
variants include any known in the art or those
provided herein, such as a RIP protein having any one
or more amino acid variations as set forth in SEQ ID
NOS: 3, 6-21, 162-169.As used herein, a "functional
activity" or "activity" of a RIP polypeptide refers to
any activity exhibited by a RIP polypeptide that can
be assessed. Such activities can be tested in vitro
and/or in vivo and include, but are not limited to
N-glyocosidase activity and/or
polynucleotideiadenosine glycosidase activity
including RNAase and DNAase activity. Other activities
include, but are not limited to, superoxide dismuatase
activity, phospholipase activity, chitinase activity
and anti-viral activity. Assays to determine activity
of RIP polypeptides, modified forms thereof or
conjugates thereof, are known to those of skill in the
art. For example, activity can be assessed by assaying
for protein synthesis, depurination and/or cell
growth/viability. In addition, the polynucleotide:
adenosine glycosidase activity can be assessed, for
example, by purifying the DNA from cells treated with
a RIP polypeptide and visualizing by staining with
ethidium 



bromide. Exemplary assays to assess the activity of a
RIP polypeptide, such as a modified SAl polypeptide,
or conjugates thereof are set forth herein or
described in Examples 2 and 5. As used herein, an
active fragment (used interchangeably with an active
portion) of a toxin refers to a fragment that has an
activity, such as a toxic activity, or a catalytic
activity. Hence reference is made to catalytically
active fragments of toxins, such RIPs, and fragments
that retain toxin activity. Where a modified toxin,
such as a modified Shiga toxin, is provided, the
active fragment includes a modification. As used
herein, variant toxin polypeptides, such as variant
RIPs, refer collectively to RIPs prior to modification
to reduce toxicity as described herein. Variant toxin
is any form of that polypeptide that differs from a
wildtype form, and includes allelic and/or species
variants, polypeptides encoded by splice variants,
and/or modified forms, particularly variants with
changes in the primary structure. Variants include
those that contain deletion, replacement, or addition
of amino acids compared to a wildtype form of the
protein. For example, variants of SAl include those
that contain amino acid mutations or are truncated
compared to the wildtype SAl corresponding to amino
acids 1-251 of the mature A domain set forth in SEQ ID
NO:5, as well as allelic or speciesvariations thereof.
Exemplary of truncations are variants 1 and variants 2
set forth in SEQ ID NOS: 22 and 24, respectively. As
used herein, species variants refer to variants in
polypeptides among different species, including
different bacterial species, such as Escherichia and
Shigella. As used herein, allelic variants refer to
variations in proteins among members of the same
species. As used herein, an unmodified RIP polypeptide
refers to a starting protein that is selected for
modification. The starting target polypeptide can be
the naturally-occurring, wild-type form of a
polypeptide. In addition, the starting target
polypeptide can have been previously altered or
mutated, such that it differs from the native wild
type isoform but is nonetheless referred to herein as
a starting unmodified target protein relative to the
subsequently modified proteins produced herein. Thus,
proteins known that have been modified to have a
desired increase or decrease in a particular activity
or property compared to an unmodified reference
protein can be used as the starting unmodified target
protein. For purposes herein, an unmodified RIP
polypeptide includes the RIP polypeptide alone, or an
active fragment thereof, or conjugates containing a
RJP polypeptide or active fragment thereof. As used
herein, a "modified" or "mutant" RIP polypeptide
refers to a polypeptide that has one or more
modifications in primary sequence compared to a
reference starting protein or unmodified polypeptide,
such as a wildtype polypeptide, or other starting RIP
polypeptide including allelic variants, of a
particular species and other variants. The
modification or mutation alters toxicity (i.e., the
ability to alter metabolism or gene expression in the
cell, regulate or alter protein synthesis, inhibit
proliferation, kill the cell or otherwise
detrimentally affect the cell). Hence a modified or
mutant RIP contains mutations, including insertions
and deletions of amino acid residues in any RIP,
whereby toxicity is reduced compared to the starting
RIP. The one or more mutations include one or more
amino acid replacements (substitutions), insertions,
deletions and any combination thereof. A modified RIP
polypeptide can have 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more
modified positions. Generally, thesemutations change
the toxicity and/or one or more other activities of
the RIP polypeptide. Such modification include those
identified in the selection methods herein. In
addition to containing modifications that alter the
toxicity of the polypeptide, a modified RIP
polypeptide also can contain other modifications. A
modified RIP polypeptide typically has 60%, 70%, 80 %,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or more sequence identity to a corresponding sequence
of amino acids of a wildtype or starting unmodified
RIP polypeptide. As used herein, Shiga Toxin refers to
a RIP polypeptide originally isolated from bacteria,
particularly members of the genus Shigella and other
related genuses, such as Shigella dysenteriae. Shiga
Toxin is a multisubunit protein made up of an A
subunit, which becomes cleaved into Al and A2 to form
the active Shiga Toxin Al (SAl) moiety. and five B
subunits. The B subunits are linked to the A2 moiety
and are required for entry of Shiga Toxin into cells
(Sandvig and van Deurs, EMBOJ., 19: 5943-50, 2000). In
the conjugates herein, the B subunits are replaced
with a targeting agent for entry into a cell. Hence
the conjugates include the toxin subunit, particularly
subunit A, and most particularly, the catalytically
active fragment (SAl) or an active fragment thereof.
An exemplary precursor sequence of an A subunit of
Shiga Toxin is set forth in SEQ ID NO: 1, and the
mature sequence is set forth in SEQ ID NO:5. The
catalytically active Al fragment (SAl) corresponds to
amino acids 1-251 of the sequence set forth in SEQ ID
NO:5, and the A2 fragment corresponds to amino acids
252-293 of the sequence set forth in SEQ ID NO:5.
Shiga toxins also exhibit allelic and species
variations. Examples of shiga toxins include those
produced by Shigella species and allelic and species
variants there, such as, but not limited to, those
produced in Shigella dysenteriae, E. coli,
Citrobacterfreundii, Aeromononas hydrophila,
Aeromononas caviae, and Enterobacter cloacae.
Exemplary sequences of the precursor or mature form of
the A chains of various Shiga Toxins are set forth in
any of SEQ ID NOS: 1, 3, 5 and 7-21. Other variants in
the Shiga Toxin A chain are set forth in SEQ ID NO:6
.As used herein, "enzymatic subunit" or "catalytically
active subunit" or "active subunit" of a RIP
polypeptide refers to the portion of the polypeptide
that mediates a toxic activity. The toxic activity can
be any property or activity of the polypeptide, such
as due to inhibitory activity against rRNA by virtue
of an N-glycosidase activity, or depurination of DNA,
mRNA, or viral DNA or viral RNA. For example, for
Shiga Toxin, the active portion is the Al subunit
(SAl), which is activated by cleavage of the A subunit
into Al and A2 fragments. Hence, an active portion of
the A-chain of Shiga Toxin is the Al subunit also
referred to as SAl. Active portions of Shiga Toxins,
as well as of any RIP, are known or can be empirically
identified using, in in vitro or in vivo activity
assays that assess activity (see, e.g., Stirpe et al.,
Bio/Technology 10:405-12, 1992; and Sandvig and Van
Deurs, Physiol. Rev. 76:949-66, 1996; Stirpe and
Battelli, Cell MoI Life ScL, 63: 1850-66, 2006). The A
subunits of exemplary RIPs are set forth in Table 3
herein, and or are known or could be identified by one
of skill in the art. As used herein, an "active
portion thereof or "active fragment thereof of a RIP
toxin refers to a polypeptide that contains at least
the minimal amino acid residues to manifest a toxic
activity. Typically an active portion contains
contiguous amino acids from a RIP polypeptide, such as
the minimal portion of the A subunit or Al subunit,
required to provide a toxic activity. Active fragments
and the minimal amino acid residues can be empirically
determined by producing and testing truncations of one
or both of the N- or C- termini of a RIP polypeptide A
subunit or Al subunit to determine those that display
an activity. Activity can be assessed by various
assays described herein or known in the art including,
but not limited to, protein synthesis assays,
depurination assays, or cell growth/viability assays.
Activity can be any percentage of activity (more or
less) of the full-length polypeptide, including but
not limited to, 1% of the activity, 2%, 3%, 4%, 5%,
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%,
97%, 98%, 99%, 100%, 200%, 300%, 400%, 500%, or more
activity compared to the full polypeptide.Typically,
an active fragment of a RIP toxin is a truncated
fragment in which about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, or 15 amino acids at the N- or C-
terminus of the A-chain of the polypeptide are
missing. Exemplary active fragments of the
catalytically active SAl subunit, or an active
fragment thereof of a Shiga Toxin are set forth in SEQ
ID NO:22 or SEQ ID NO:24. As used herein, toxicity
refers to the ability of a molecule, including a
peptide, protein, chemical, or other molecule to alter
metabolism or gene expression in the cell, regulate or
alter protein synthesis, inhibit proliferation, kill
the cell or otherwise detrimentally affect the cell.
For purposes herein, with respect to RIPs, toxicity
refers to the ability of a RIP, or subunit thereof or
fragment thereof, to, upon internalization into a cell
to alter metabolism or gene expression in the cell,
regulate or alter protein synthesis, inhibit
proliferation, kill the cell or otherwise
detrimentally affect the cell. For example, RIP
polypeptides, or conjugates thereof, exhibit cellular
toxicity via a variety of activities including, but
not limited to, their N-glycosidase activity and/or
polynucleotideiadenosine glycosidase activity. As used
herein, N-glycosidase activity refers to polypeptide
enzymes that cleave nucleotide N-glycosidic bonds. RIP
polypeptides exhibit glycosidase activity by removing
a specific adenine residue from ribosomal rRNA. Such
activity results in the inhibition of protein
synthesis and subsequent cell death by preventing the
binding of elongation factors to the ribosome. As used
herein, corresponding residues refers to residues that
occur at aligned loci. Related or variant polypeptides
are aligned by any method known to those of skill in
the art. Such methods typically maximize matches, and
include methods, such as using manual alignments and
by using the numerous alignment programs available
(for example, BLASTP) and others known to those of
skill in the art. By aligning the sequences of
polypeptides, one skilled in the art can identify
corresponding residues, using conserved and identical
amino acid residues as guides. For example, one of
skill in the art recognizes that the referenced
positions of a mature Shiga toxin A-chain set forth in
SEQ ID NO: 5 differs by twenty two amino acid residues
when compared to aprecursor Shiga toxin A-chain set
forth in SEQ ID NO: 1, due to the presence of a signal
sequence. Thus, the amino acid at position twenty
three of SEQ ID NO: 1 "corresponds to" the first amino
acid residue of SEQ ID NO: 5. Further, one skilled in
the art also can employ conserved amino acid residues
as guides to find corresponding amino acid residues
between and among human and non-human sequences.
Corresponding positions also can be based on
structural alignments, for example by using computer
simulated alignments of protein structure. In other
instances, corresponding regions can be identified.
One skilled in the art also can employ conserved amino
acid residues as guides to find corresponding amino
acid residues between and among human and nonhuman
sequences. As used herein, "primary sequence" refers
to the sequence of amino acid residues in a
polypeptide. As used herein, the terms "homology" and
"identity"" are used interchangeably, but homology for
proteins can include conservative amino acid changes.
In general to identify corresponding positions the
sequences of amino acids are aligned so that the
highest order match is obtained (see, e.g.:
Computational Molecular Biology , Lesk, A.M., ed.,
Oxford University Press, New York, 1988; Biocomputing:
Informatics and Genome Projects , Smith, D.W., ed.,
Academic Press, New York, 1993; Computer Analysis of
Sequence Data, Part I, Griffin, A.M., and Griffin,
H.G., eds., Humana Press, New Jersey, 1994; Sequence
Analysis in Molecular Biology , von Heinje, G.,
Academic Press, 1987; and Sequence Analysis Primer,
Gribskov, M. and Devereux, J., eds., M Stockton Press,
New York, 1991; Carillo et al. (1988) SIAM J Applied
Math 48:1073). As use herein, "sequence identity"
refers to the number of identical amino acids (or
nucleotide bases) in a comparison between a test and a
reference polypeptide or polynucleotide. Homologous
polypeptides refer to a pre-determined number of
identical or homologous amino acid residues. Homology
includes conservative amino acid substitutions as well
as identical residues. Sequence identity can be
determined by standard alignment algorithm programs
used with default gap penalties established by each
supplier. Homologous nucleic acid molecules refer to a
pre-determined number ofidentical or homologous
nucleotides. Homology includes substitutions that do
not change the encoded amino acid (i.e., "silent
substitutions") as well as identical residues.
Substantially homologous nucleic acid molecules
hybridize typically at moderate stringency or at high
stringency all along the length of the nucleic acid or
along at least about 70%, 80% or 90% of the
full-length nucleic acid molecule of interest. Also
contemplated are nucleic acid molecules that contain
degenerate codons in place of codons in the
hybridizing nucleic acid molecule or in the molecule
with a specified sequence identity. For determination
of homology of proteins, conservative amino acids can
be aligned as well as identical amino acids; in this
case, percentage of identity and percentage homology
varies. Whether any two nucleic acid molecules have
nucleotide sequences (or any two polypeptides have
amino acid sequences) that are at least 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% "identical" can be
determined using known computer algorithms such as the
"FAST A" program, using for example, the default
parameters as in Pearson et al. Proc. Natl. Acad. Sci.
USA 85: 2444 (1988) (other programs include the GCG
program package (Devereux, J., et al., Nucleic Acids
Research 12(1): 387 (1984)), BLASTP, BLASTN, FASTA
(Atschul, S.F., et al., J. Molec. Biol. 215:403
(1990); Guide to Huge Computers Martin J . Bishop,
ed., Academic Press, San Diego (1994), and Carillo et
al. SIAM J Applied Math 48: 1073 (1988)). For example,
the BLAST function of the National Center for
Biotechnology Information database can be used to
determine identity. Other commercially or publicly
available programs include DNAStar "MegAlign" program
(Madison, WI) and the University of Wisconsin Genetics
Computer Group (UWG) "Gap" program (Madison WI)).
Percent homology or identity of proteins and/or
nucleic acid molecules can be determined, for example,
by comparing sequence information using a GAP computer
program (e.g. , Needleman et al. J. MoI. Biol. 48: 443
(1970), as revised by Smith and Waterman (Adv. 



Appl. Math. 2 : 482 (1981)). Briefly, a GAP program
defines similarity as the number of aligned symbols
(i.e., nucleotides or amino acids) which are similar,
divided by the total number of symbols in the shorter
of the two sequences. Default parameters for the GAP
program can include: (1) a unary comparison matrix
(containing a value of 1 for identitiesand 0 for non
identities) and the weighted comparison matrix of
Gribskov et al. Nucl. Acids Res. 14: 6745 (1986), as
described by Schwartz and Dayhoff, eds., Atlas of
Protein Sequence and Structure, National Biomedical
Research Foundation, pp. 353-358 (1979); (2) a penalty
of 3.0 for each gap and an additional 0.10 penalty for
each symbol in each gap; and (3) no penalty for end
gaps. As used herein, the term "identity" represents a
comparison between a test and a reference polypeptide
or polynucleotide. In one non-limiting example, "at
least 90% identical to" refers to percent identities
from 90 to 100% relative to the reference
polypeptides. Identity at a level of 90% or more is
indicative of the fact that, assuming for
exemplification purposes a test and reference
polynucleotide length of 100 amino acids are compared,
no more than 10% {i.e., 10 out of 100) of amino acids
in the test polypeptide differs from that of the
reference polypeptides. Similar comparisons can be
made between a test and reference polynucleotides.
Such differences can be represented as point mutations
randomly distributed over the entire length of an
amino acid sequence or they can be clustered in one or
more locations of varying length up to the maximum
allowable, e.g., 10/100 amino acid difference
(approximately 90% identity). Differences are defined
as nucleic acid or amino acid substitutions,
insertions or deletions. At the level of homologies or
identities above about 85-90%, the result should be
independent of the program and gap parameters set;
such high levels of identity can be assessed readily,
often without relying on software. As used herein, it
also is understood that the terms "substantially
identical" or "similar" varies with the context as
understood by those skilled in the relevant art, but
that those of skill can assess such. As used herein, a
"selection method" refers to any method where a
protein is identified based on a particular attribute,
property or activity. For purposes herein, RIP
polypeptides, or active fragments thereof, identified
in the selection method herein include those that
display a reduced toxicity compared to an unmodified
or starting protein.As used herein, production by
recombinant methods refers to using recombinant DNA
methods to express a recombinant polypeptide. Such
methods are well-known to one of skill in the art and
typically include methods of molecular biology for
expressing proteins encoded by cloned DNA. As used
herein, "increased yield" refers to the amount of a
RIP produced, such as mg/1 or absolute amount, with
reference to the amount of a RIP produced in the
presence of a RIP inhibitor compared to in the absence
of the RIP inhibitor. As used herein, "isolated" with
reference to cells refers to the separation of a cell,
colony of cells, or population of cells away from
other cell colonies or populations of cells. Isolation
can be effected by any procedure which separates
cells, such as plating conditions, purification
techniques such as the use of magnetic beads,
particular cellular characteristics such as
granularity, or other similar techniques. For example,
isolation can be effected by plating out or spreading
a sample of a cell culture, such as a bacterial cell
culture, on a nutrient agar surface under conditions
where each viable cell grows and forms a colony of
cells. Plating conditions can be optimized, such as by
diluting of the cell culture, so that a single colony
of cells is detected as a discrete colony. Cells or
colonies of cells can be individually picked or
selected as a single cell. As used herein, "isolated"
with reference to a nucleic acid molecule or
polypeptide or other biomolecule means that the
nucleic acid or polypeptide has separated from the
genetic environment from which the polypeptide or
nucleic acid or cell were obtained. It also can mean
altered from the natural state. For example, a
polynucleotide or a polypeptide naturally present in a
living animal is not "isolated," but the same
polynucleotide or polypeptide separated from the
coexisting materials of its natural state is
"isolated," as the term is employed herein. Thus, a
polypeptide or polynucleotide produced and/or
contained within a recombinant host cell is considered
isolated. Also intended as an "isolated polypeptide"
or an "isolated polynucleotide" are polypeptides or
polynucleotides that have been partially or
substantially purified from a recombinant host cell or
from a native source. For example, a recombinantly
produced version of a compound can be substantially
purified by the one-step method described inSmith et
al, Gene, 67:31-40 (1988). The terms isolated and
purified can be used interchangeably. Thus, by
"isolated" it is meant that the nucleic acid is free
of coding sequences of those genes that, in the
naturally-occurring genome of the organism (if any),
immediately flank the gene encoding the nucleic acid
of interest. Isolated DNA can be single-stranded or
double-stranded, and can be genomic DNA, cDNA,
recombinant hybrid DNA or synthetic DNA. It can be
identical to a starting DNA sequence or can differ
from such sequence by the deletion, addition, or
substitution of one or more nucleotides. As used
herein, "purified" preparations made from biological
cells or hosts mean at least the purity of a cell
extract containing the indicated DNA or protein
including a crude extract of the DNA or protein of
interest. For example, in the case of a protein, a
purified preparation can be obtained following an
individual technique or a series of preparative or
biochemical techniques, and the DNA or protein of
interest can be present at various degrees of purity
in these preparations. The procedures can include, but
are not limited to, ammonium sulfate fractionation,
gel filtration, ion exchange chromatography, affinity
chromatography, density gradient centrifugation, and
electrophoresis. As used herein, a preparation of DNA
or protein that is "substantially pure" or "isolated"
refers to a preparation substantially free from
naturally-occurring materials with which such DNA or
protein is normally associated in nature and generally
contains 5% or less of the other contaminants. As used
herein, a cell extract that contains the DNA or
protein of interest refers to a homogenate preparation
or cell-free preparation obtained from cells that
express the protein or contain the DNA of interest.
The term "cell extract" is intended to include culture
medium, especially spent culture medium from which the
cells have been removed. As used herein, a "selective
agent" or "selection agent" refers to any factor to
which cells or populations of cells are sensitive or
susceptible, and which, by virtue of the sensitivity
can be used to identify cells that exhibit resistance
to the agent or to the effectsof the agent on the
cells. Typically, selection agents are used in
combination with expression systems to select for
expressed polypeptides that confer resistance to the
host cell to the specific selective agent. Exemplary
of selective agents are antibiotics. As used herein, a
"selection modulating agent" or "selection modulator"
or "agent that modulates selection" refers to any
factor or agent used in a selection method that
improves or increases the ability to select a
particular attribute, property or activity, such as an
attribute, property or activity of a recombinant
polypeptide. For purposes herein, an agent that
modulates selection can be used in the methods of
selection to improve the selection of RIP
polypeptides, or active fragments thereof, which
exhibit altered toxicity. Exemplary of selection
modulators are RIP inhibitors. For example, a RIP
inhibitor, such as an adenine analog, decreases or
eases the toxicity of a RIP polypeptide to a host
cell, thereby allowing for expression of the RIP in
the host cell. The selection modulator chosen, its
concentration and incubation time are factors that can
influence the ability of a selection modulator to
enhance the ability to select for a particular
attribute, property or activity. Selection modulators
thus differ from selection agents As used herein, an
"induction agent" refers to any factor that is used to
initiate recombinant protein expression in a host
cell. Factors that can be used as inducers include,
but are not limited to, changes in temperature or the
administration of a small molecules, peptides or
polypeptides. The choice of induction agent depends on
the host cell used for recombinant protein expression
and on the specific promoter used to express the
protein. One of skill in the art is familiar with
various induction agents. For example, in the pET
expression system, the T7 RNA polymerase required for
gene expression is under the control of the
IPTG-inducible T7 promoter. Protein expression does
not occur in host cells, typically E. coli BL21(DE3)
cells, transformed with a pET vector containing a
cloned gene, until induction by IPTG. As used herein,
a RIP inhibitor is any chemical, such as a peptide,
polypeptide, oligonucleotide or other molecule or
condition, that inhibits the activity of a RIP
polypeptide. Typically, RIP inhibitors include any
that inhibit the N-glycosidase activity of a RIP
polypeptide. Hence, RIP inhibitors are any agent,
polypeptide, or othermolecule that reduces the
activity of a RIP polypeptide. Such agents are known
and include any that reduce the activity of a RIP
polypeptide. Exemplary of a RIP inhibitor is
4-aminopyrazolo[3,4-d]pyrimidine (4-APP). As used
herein, "effective to inhibit the toxicity of a RIP
polypeptide" when referring to a RIP inhibitor means
that in the presence of the inhibitor, a RIP
polypeptide retains no to little activity or its
activity is reduced when incubated in the presence of
the RIP inhibitor. For example, a RIP polypeptide
whose toxicity is inhibited exhibits a 50%, 60%, 70%,
80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% reduction in toxicity compared to the toxic
activity of the RIP polypeptide in the absence of the
RIP inhibitor. As used herein, "retains toxic
activity" refers to a RIP polypeptide or active
portion thereof that exhibits an activity of a RIP
polypeptide, which activity is typically reduced
compared to a wild-type, starting or reference form of
a RIP polypeptide. For purposes herein, an activity is
retained if it is sufficient enough to exhibit a toxic
activity against a ribosome, DNA, mRNA, tRNA or target
host cell. For example, a RIP polypeptide or active
portion thereof retains an activity if it displays at
least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or more
activity compared to a wild-type, starting or
reference RIP polypeptide. A RIP or other toxin can
exhibit a substantial reduction in activity, even to
less than 1% of its original activity, as long as a
conjugate containing such RIP is effective for
treatment. As used herein, a conjugate refers to the
molecules provided herein that include one or more
targeting moieties linked directly or indirectly to
one or more targeted agents that are modified RIP
toxins. These conjugates also are referred to herein
as ligand-toxin conjugates and include, for example,
leukocyte population modulators (LPMs). Such
conjugates include fusion proteins, those produced by
chemical conjugates and those produced by any other
method whereby at least one modified toxin is linked,
directly or indirectly to a targeting agent, whereby
upon binding to a cell surface receptor the toxin is
internalized into the targeted cell.As used herein, a
leukocyte population modulator (LPM) is a ligand-toxin
conjugate where the targeting agent is a polypeptide
portion that is sufficient to target the conjugate to
one or more chemokine receptors expressed on a cell
thereby effecting internalization of a linked or
otherwise associated targeted agent. Generally, the
polypeptide portion of an LPM is a chemokine ligand,
fragment or allelic, species or splice variant
thereof, that targets the conjugate to one or more
chemokine receptors. Typically, via cell surface
expressed chemokine receptors, such a conjugate is
targeted to one or more than one leukocyte. As used
herein, a fusion protein refers to a polypeptide that
contains at least two polypeptide components, such as
a targeting moiety {i.e. a chemokine) and a targeted
agent, the toxin, and optionally a peptide or
polypeptide linker. Such proteins can be produced by
expression of a nucleic acid encoding the conjugate in
host cells. As used herein, a targeted agent is any
agent that is intended for internalization by linkage
to a targeting moiety, as defined herein, and that
upon internalization in some manner alters or affects
cellular metabolism, growth, activity, viability or
other property or characteristic of the cell. The
targeted agents herein are the modified toxins.
Exemplary of targeted agents provided herein are SAl
or active fragments thereof, including modified SAl
polypeptides. As used herein, to target a targeted
agent means to direct it to a cell that expresses a
selected receptor by linking the agent to a targeting
moiety. Upon binding to the receptor the targeted
agent or targeted agent linked to the receptor binding
moiety is internalized by the cell. As used herein,
"immune cell" or "immune effector cell" refers to any
cell that helps defend the body against infectious
disease and foreign materials as part of the immune
system. Such cells include those found in the blood,
in the lymphatic system, and in other body tissues.
These include, but are not limited to, leukocytes and
other tissue resident cells such as kupffer cells,
microglia, alveolar macrophage or other tissue
associated immune cell.As used herein, leukocyte
refers to a white blood cell that plays a role in the
body's host immune defense system. Leukocytes include,
but are not limited to, monocytes, macrophages,
dendritic cells, mast cells, natural killer cells,
granulocytes (basophils, eosinophils, neutrophils),
and lymphocytes (B and T lymphocytes). As used herein,
tissue residential cell (TRC) refer to specialized
cells that reside in or is specific to particular
tissues or organs. Many tissue residential cells play
a role in the body's immune defenses, particularly
with respect to the specific tissue. Included among
such TRC are Kupffer cells of the liver, microglia of
the brain and alveolar macrophages of the lung. As
used herein, activated cells with reference to immune
cells or leukocytes refers to cells that, upon
stimulation, exhibit an altered gene expression
profile compared to 



cells that were not stimulated. Typically, such cells
secrete or produce or upregulate expression of soluble
or cell surface-bound peptide or polypeptide
mediators, such as inflammatory or other immune
mediators, for example, cytokines, chemokines or other
chemical messenger proteins or receptors therefor,
which expression or production is greater than prior
to stimulation. As used herein, a targeting agent
refers to any cell binding ligand polypeptide, or
portion thereof, that binds to a targeted cell by
binding to a cell surface receptor followed by
internalization thereof. A targeting agent is any
agent that facilitates internalization of the targeted
moiety. Hence, it is any agent that binds to an
endocytic cell surface receptor. Targeting moieties
can include any polypeptide, or portion thereof, that
binds to any cellular receptor or cellular ligand so
long as the polypeptide is internalized by the cell
following binding to the cell surface molecule. For
example, targeting moieties include, but are not
limited to, antibodies, growth factors, cytokines,
chemokines, and others. Exemplary of targeting agents
are those agents that target to chemokine receptors.
As used herein, chemokine receptors refer to receptors
that specifically interact with a naturally-occurring
member of the chemokine family of proteins and
transport it into a cell bearing such receptors. These
include, but are not limited to, the receptors(CXCRl
-7, including CXCR3A and CXCR3B) to which CXC
chemokines bind and the receptors (CCRl-IO, including
CCR2A and CCR2B) to which CC chemokines bind, and any
other receptors to which any chemokine specifically
binds and facilitates internalization of a linked
targeted agent. As used herein, a chemokine receptor
targeting agent refers to any molecule or ligand that
specifically binds to a chemokine receptor on a cell
and effects internalization of a linked or otherwise
associated targeted agent. Chemokine receptor binding
moieties, include, but are not limited to, any
polypeptide that is capable of binding to a
cell-surface protein to which a chemokine would be
targeted, and is capable of facilitating the
internalization of a ligand-containing fusion protein
into the cell. Such polypeptides include chemokines,
antibodies, or fragments thereof so long as the
polypeptide binds to one or more chemokine receptors
and effects internalization of any linked targeted
agent. Identification of fragments or portions of a
polypeptide, such as a chemokine or antibody, that is
effective in binding to one or more chemokine
receptors and internalizing a linked targeted agents
can be done empirically, by testing, for example, a
fragment linked to a cytotoxic agent, and looking for
cell death using any of the assays therefor described
herein or known to those of skill in the art. Hence, a
chemokine receptor targeting agent includes all of the
peptides characterized and designated as chemokines,
which include, but are not limited to, classes
described herein, and truncated versions and portions
thereof that are sufficient to direct a linked
targeted agent to a cell surface receptor or protein
to which the full-length chemokine specifically binds
and to facilitate or enable internalization by the
cell on which the receptor or protein is present. As
used herein, the term "cytokine" refers to
polypeptides that include interleukins, chemokines,
lymphokines, monokines, colony stimulating factors,
growth factors, adipokines and receptor associated
proteins, and functional fragments thereof. For
purposes herein, non-chemokine cytokines refer to all
cytokines, most typically the classic cytokines and
does not include the chemokines, which have
chemoattractant and other activities not generally
exhibited by other (classic) cytokines. Chemokines,
asrecognized by those skill in the art and discussed
herein below, however, are a distinct class of
polypeptides. As used herein, chemokines refers to a
family of small proteins secreted from cells that
promote the movement or chemotaxis of nearby cells.
Some chemokines are considered pro-inflammatory and
can be induced during an immune response while others
are considered homeostatic. Typically, chemokines
exert their chemoattractant function and other
functions by binding to one or more chemokine
receptors. Chemokines include proteins isolated from
natural sources as well as those made synthetically,
by recombinant means or by chemical synthesis.
Exemplary chemokines (set forth in SEQ ID NOs:
112-161) include, but are not limited to, MCP-I,
Eotaxin, SDF- lb, GRO-a, MIP- l b, IL-8, IP-IO, MCP-3,
MIP-3a, MDC, MIP- la, BCA-I, GCP-2, ENA-78, PBP, MIG,
PF-4, PF-4varl, SDF-2, MCP-2, MCP-4, MIP-4, MIP-3b,
MIP-2a, MIP-2b, MIP-5, HCC-I, RANTES, Eotaxin-2, TARC,
1-309, Lymphotactin, Lungkine, ClO, MlP-l g, MCP-5,
LEC, Exodus-2, MIP-3, TECK, Eotaxin-3, CTACK, MEC,
SCMl b, I-TAC, BRAK, SR-PSOX, Fractalkine, LD78-b,
MIP- Ib2, and others known to those of skill in the
art. References to chemokines typically includes
monomeric forms of such chemokines. Chemokines also
include dimeric or other multimeric forms. Chemokine
encompasses variants or muteins of chemokines that
possess the ability to target a linked targeted agent
to chemokine-receptor bearing cells. Muteins of
chemokines also are contemplated as targeting agents
for use in the conjugates. Such muteins can have
conservative amino acid changes, such as those set
forth below in the following Table 1. Nucleic acids
encoding such muteins will, unless modified by
replacement of degenerate codons, hybridize under
conditions of at least low stringency to DNA,
generally high stringency, to DNA encoding a wild-type
protein. Muteins and modifications of the proteins
also include, but are not limited to, minor allelic or
species variations and insertions or deletions of
residues. Examples of chemokine variants are set forth
in SEQ ID NOs: 170-191. Suitable conservative and
non-conservative substitutions of amino acids are
known to those of skill in this art and can be made
generally without altering the activity of the
resulting molecule. Those of skill in this art
recognize that, ingeneral, single amino acid
substitutions in non-essential regions of a
polypeptide do not substantially alter activity (see,
e.g., Watson et al. Molecular Biology of the Gene, 4th
Edition, 1987, The Benjamin/Cummings Pub. co., p.224).
Such substitutions can be made in accordance with
those set forth as follows: TABLE 1 Original residue
Conservative substitution Ala (A) GIy; Ser Arg (R) Lys
Asn (N) GIn; His Cys (C) Ser; neutral amino acid GIn
(Q) Asn GIu (E) Asp GIy (G) Ala; Pro His (H) Asn; GIn
He (I) Leu; VaI Leu (L) He; VaI Lys (K) Arg; GIn; GIu
Met (M) Leu; Tyr; He Phe (F) Met; Leu; Tyr Ser (S) Thr
Thr (T) Ser Tip (W) Tyr Tyr (Y) Trp; Phe VaI (V) He;
Leu Other substitutions also are permissible and can
be determined empirically or in accord with known
conservative or non-conservative substitutions. Any
such modification of the polypeptide can be effected
by any means known to those of skill in this art. As
used herein, a portion of a chemokine refers to a
fragment or piece of chemokine that is sufficient,
either alone or as a dimer with another fragment or a
chemokine monomer, to bind to a chemokine receptor for
internalization of a linked targeted agent. Various in
vitro assays for identification of chemokines and
chemokine activity, particularly chemotactic
activities, are known to those of skill in the art
(see, e.g., WaIz et al. (1987) Biochem. Biophys. Res.
Commun. 149:755 to identify chemotaxis of neutrophils;
Larsen et al. (1989) Science 243:1464 and Carr et al.
(1994) Proc. Natl. Acad. Sci. U.S.A. 91:3652 to assay
chemotaxis of lymphocytes; see, also InternationalPCT
application No. WO 99/33990, which describes numerous
assays and exemplifies means to identify chemokines).
Such assays can be used to identify chemokines,
modified chemokines and active fragments thereof.
Binding assays, as described herein and known to those
of skill in the art can be used to identify moieties
that will specifically recognize chemokine receptors,
and cytotoxic assays can be used to identify those
that also internalize linked or associated targeted
agents. As used herein, nucleic acid encoding a
chemokine peptide or polypeptide refers to any of the
nucleic acid fragments set forth herein as coding such
peptides, to any such nucleic acid fragments known to
those of skill in the art, any nucleic acid fragment
that encodes a chemokine that binds to a chemokine
receptor and is internalized thereby and can be
isolated from a human cell library using any of the
preceding nucleic acid fragments as a probe or any
nucleic acid fragment that encodes any of the known
chemokine peptides, including those set forth in SEQ
ID NOs:l 12-161, 170-191 and any DNA fragment that can
be produced from any of the preceding nucleic acid
fragments by substitution of degenerate codons. It is
understood that once the complete amino acid sequence
of a peptide, such as a chemokine peptide, and one
nucleic fragment encoding such peptide are available
to those of skill in the art, it is routine to
substitute degenerate codons and produce any of the
possible nucleic fragments that encode such peptide.
It also is generally possible to synthesize nucleic
acids encoding such peptides based on the amino acid
sequence. As used herein, a linker is a peptide or
other molecule that links a targeting agent (i.e.
chemokine polypeptide) to the targeted agent. The
linker can be bound via the N- or C-terminus or an
internal reside near, typically within about 20 amino
acids, of either terminus of a targeted agent, if the
agent is a polypeptide or peptide. Typically, where
the targeted agent is a chemokine, linkage herein is
at the C-terminus. The linkers used herein can serve
merely to link the components of the conjugate, to
increase intracellular availability, serum stability,
specificity and solubility of the conjugate or provide
increased flexibility or relieve steric hindrance in
the conjugate. For example, specificity or
intracellular availability of the targeted agent can
be conferred by including a linkerthat is a substrate
for certain proteases, such as a protease that is
present at higher levels in tumor cells than normal
cells. As used herein, peptide and/or polypeptide
means a polymer in which the monomers are amino acid
residues which are joined together through amide
bonds, alternatively referred to as a polypeptide.
When the amino acids are alpha-amino acids, either the
L-optical isomer or the D-optical isomer can be used,
the L-isomers being preferred. Additionally, unnatural
amino acids such as beta-alanine, phenylglycine, and
homoarginine are meant to be included. Commonly
encountered amino acids that are not gene-encoded also
can be used in ligand-toxin chimeras provided herein,
although preferred amino acids are those that are
encodable. As used herein, the "amino acids," which
occur in the various amino acid sequences appearing
herein, are identified according to their well-known,
three-letter or one-letter abbreviations (see Table
1). The nucleotides, which occur in the various DNA
fragments, are designated with the standard
single-letter designations used routinely in the art.
As used herein, an "amino acid" is an organic compound
containing an amino group and a carboxylic acid group.
A polypeptide contains two or more amino acids. For
purposes herein, amino acids include the twenty
naturally-occurring amino acids, non-natural amino
acids, and amino acid analogs (e.g., amino acids
wherein the a-carbon has a side chain). As used
herein, "amino acid residue" refers to an amino acid
formed upon chemical digestion (hydrolysis) of a
polypeptide at its peptide linkages. The amino acid
residues described herein are generally in the "L"
isomeric form. Residues in the "D" isomeric form can
be substituted for any L-amino acid residue, as long
as the desired functional property 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
carboxyl terminus of a polypeptide. In keeping with
standard polypeptide nomenclature described in J .
Biol. Chem., 243:3552-59 (1969) and adopted at 37
C.F.R. . 1.821 - 1.822, abbreviations for amino acid
residues are shown in Table 2.All sequences of amino
acid residues represented herein by a formula have a
left to right orientation in the conventional
direction of amino-terminus to carboxyl-terminus. In
addition, the phrase "amino acid residue" is defined
to broadly include the amino acids listed in the Table
of Correspondence (Table 2) and modified, non-natural
and unusual amino acids, such as those referred to in
37 C.F.R.  1.821-1.822, and incorporated herein by
reference. 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 or to an
amino-terminal group such as NH2 or to a
carboxylterminal group such as COOH. As used herein,
"naturally occurring amino acids" refer to the 20
L-amino acids that occur in polypeptides. As used
herein, the term "non-natural amino acid" refers to an
organic compound that has a structure similar to a
natural amino acid but has been modified structurally
tomimic the structure and reactivity of a natural
amino acid. Non-naturally occurring amino acids thus
include, for example, amino acids or analogs of amino
acids other than the 20 naturally occurring amino
acids and include, but are not limited to, the
Disostereomers 



of amino acids. Exemplary non-natural amino acids are
known to those of skill in the art. As used herein,
vector or plasmid refers to discrete elements that are
used to introduce heterologous DNA into cells for
either expression of the heterologous DNA or for
replication of the cloned heterologous DNA. Selection
and use of such vectors and plasmids are well within
the level of skill of the art. As used herein,
expression refers to the process by which nucleic acid
is transcribed into mRNA and translated into peptides,
polypeptides, or proteins. If the nucleic acid is
derived from genomic DNA, expression can, if an
appropriate eukaryotic host cell or organism is
selected, include splicing of the mRNA. As used
herein, expression vector includes vectors capable of
expressing DNA fragments that are in operative linkage
with regulatory sequences, such as promoter regions,
that are capable of effecting expression of such DNA
fragments. Thus, an expression vector refers to a
recombinant DNA or RNA construct, such as a plasmid, a
phage, recombinant virus or other vector that, upon
introduction into an appropriate host cell, results in
expression of the cloned DNA. Appropriate expression
vectors are well known to those of skill in the art
and include those that are replicable in eukaryotic
cells and/or prokaryotic cells and those that remain
episomal or can integrate into the host cell genome.
As used, the term "nucleotide sequence coding for
expression of a polypeptide refers to a sequence that,
upon transcription and subsequent translation of the
resultant mRNA, produces the polypeptide. As used
herein, the term "expression control sequences" refers
to nucleic acid sequences that regulate the expression
of a nucleic acid sequence to which it is operatively
linked. Expression control sequences are operatively
linked to a nucleic acid sequence when the expression
control sequences control and regulate the
transcriptionand, as appropriate, translation of the
nucleic acid sequence. Thus, expression control
sequences can include appropriate promoters,
enhancers, transcription terminators, a start codon
(i.e., ATG) in front of a protein-encoding gene,
splicing signals for introns, and maintenance of the
correct reading frame of a protein-encoding gene to
permit proper translation of the mRNA, and stop
codons. In addition, DNA sequences encoding a
fluorescent indicator polypeptide, such as a green or
blue fluorescent protein, can be included in order to
select positive clones (i.e., those host cells
expressing the desired polypeptide). As used herein,
"host cells" are cells in which a vector can be
propagated and its nucleic acid expressed. The term
also includes any progeny of the subject host cell. It
is understood that all progeny may not be identical to
the parental cell since there can be mutations that
occur during replication. Such progeny are included
when the term "host cell" is used. As used herein,
secretion signal refers to a peptide region within the
precursor protein that directs secretion of the
precursor protein from the cytoplasm of the host into
the periplasmic space or into the extracellular growth
medium. Such signals can be either at the amino
terminus or carboxy terminus of the precursor protein.
The preferred secretion signal is linked to the amino
terminus and can be heterologous to the protein to
which it is linked. Typically signal sequences are
cleaved during transit through the cellular secretion
pathway. Cleavage is not essential or need to be
precisely placed as long as the secreted protein
retains its desired activity. As used herein,
transfection refers to the taking up of DNA or RNA by
a host cell. Transformation refers to this process
performed in a manner such that the DNA is replicable,
either as an extrachromosomal element or as part of
the chromosomal DNA of the host. Methods and means for
effecting transfection and transformation are well
known to those of skill in this art (see, e.g., Wigler
et al. (1979) Proc. Natl. Acad. Sd. USA 76:1373-1376;
Cohen et al. (1972) Proc. Natl. Acad. ScL USA 69:21
10). As used herein, the term "functional fragment"
refers to a polypeptide which possesses an activity
that can be identified through a defined functional
assay and that isassociated with a particular
biologic, morphologic, or phenotypic alteration in a
cell or cell mechanism or cell activity. As used
herein, activity refers to any activity of a
polypeptide exhibited in vitro and/or in vivo. As used
herein, biological activity refers to the in vivo
activities of a compound or physiological responses
that result upon in vivo administration of a compound,
such as the conjugates provide herein, composition or
other mixture. Biological activity, thus, encompasses
therapeutic effects and pharmaceutical activity of
such compounds, compositions and mixtures. Such
biological activity can, however, be defined with
reference to particular in vitro activities, as
measured in a defined assay. Thus, for example,
reference herein to the biological activity of a
chemokine monomer, dimer or fragment thereof, or other
combination of chemokine monomers and fragments,
refers to the ability of the chemokine to bind to
cells bearing chemokine receptors and internalize a
linked agent. Such activity is typically assessed in
vitro by linking the chemokine (dimer, monomer or
fragment) to a cytotoxic agent, such as a modified
shiga-Al subunit, contacting cells bearing chemokine
receptors, such as leukocytes, with the conjugate and
assessing cell proliferation or growth. Such in vitro
activity should be extrapolative to in vivo activity.
Numerous animal models are referenced and described
herein. As used herein, the term biologically active,
or reference to the biological activity of a conjugate
made up of a targeting agent, such as a conjugate
containing a chemokine and a targeted agent, such as a
modified shiga-Al subunit, refers in that instance to
the ability of such polypeptide to enzymatically
inhibit protein synthesis by inactivation of ribosomes
either in vivo or in vitro or to inhibit the growth of
or kill cells upon internalization of the
toxin-containing polypeptide by the cells. Such
biological or cytotoxic activity can be assayed by any
method known to those of skill in the art including,
but not limited to, the in vitro assays that measure
protein synthesis and in vivo assays that assess
cytotoxicity by measuring the effect of a test
compound on cell proliferation or on protein
synthesis. Particularly preferred, however, are assays
that assess cytotoxicity in targeted cells.As used
herein, specifically binds to a targeted receptor
means to bind with sufficient affinity for the
receptor to effect internalization. Typically binding
is with an affinity (Ka) of 107 1/mol, 108 1/mol
greater. As used herein, to bind to a receptor refers
to the ability of a ligand to specifically recognize
and specifically bind or detectably bind, as assayed
by standard in vitro assays, to such receptors. For
example, binding measures the capacity of the
chemokine conjugate, chemokine monomer, or other
chemokine receptor targeting agent to recognize a
chemokine receptor on cells known to express such
chemokine receptors. Such cells include cell lines or
various primary leukocyte cell subtypes such as, but
not limited to, microglia, monocytes, macrophages,
neutrophils, eosinophils, basophils, natural killer
cells, B cells, mast cells, dendritic cells and
T-cells, or other tissue residential cells, or
activated forms of such cells using well described
ligand-receptor binding assays, chemotaxis assays,
histopathologic analyses, flow cytometry and confocal
microscopic analyses, and other assays known to those
of skill in the art and/or exemplified herein. As used
herein, a culture means a propagation of cells in a
medium conducive to their growth, and all sub-cultures
thereof. The term subculture refers to a culture of
cells grown from cells of another culture (source
culture), or any subculture of the source culture,
regardless of the number of subculturings that have
been performed between the subculture of interest and
the source culture. The term "to culture" refers to
the process by which such culture propagates. As used
herein, a composition refers to any mixture of two or
more products or compounds (e.g., agents, modulators,
regulators, etc.). It can be a solution, a suspension,
liquid, powder, a paste, aqueous, non-aqueous
formulations or any combination thereof. As used
herein, a combination refers to any association
between two or more items. As used herein an effective
amount of a compound for treating a particular disease
is an amount that is sufficient to ameliorate, or in
some manner reduce the symptoms associated with the
disease. Such amount can be administered as a
singledosage or can be administered according to a
regimen, whereby it is effective. The amount can cure
the disease but, typically, is administered in order
to ameliorate the symptoms of the disease. Repeated
administration can be required to achieve the desired
amelioration of symptoms. As used herein,
pharmaceutically acceptable salts, esters or other
derivatives of the conjugates include any salts,
esters or derivatives that can be readily prepared by
those of skill in this art using known methods for
such derivatization and that produce compounds that
can be administered to animals or humans without
substantial toxic effects and that either are
pharmaceutically active or are prodrugs. As used
herein, treatment means any manner in which the
symptoms of a condition, disorder or disease are
ameliorated or otherwise beneficially altered.
Treatment also encompasses any pharmaceutical use of
the compositions herein. As used herein, amelioration
of the symptoms of a particular disorder by
administration of a particular pharmaceutical
composition refers to any lessening, whether permanent
or temporary, lasting or transient that can be
attributed to or associated with administration of the
composition. As used herein, the term "subject" refers
to an animals, including a mammal, such as a human
being. As used herein, a patient refers to a human
subject. As used herein, the term "antibody" as used
herein includes intact molecules as well as functional
fragments thereof, such as Fab, F(ab')2, and Fv that
are capable of binding the epitopic determinant. These
functional antibody fragments retain some ability to
selectively bind with their respective antigen or
receptor and are defined as follows: (1) Fab, the
fragment which contains a monovalent antigen-binding
fragment of an antibody molecule, can be produced by
digestion of whole antibody with the enzyme papain to
yield an intact light chain and a portion of one heavy
chain;(2) Fab1, the fragment of an antibody molecule
that can be obtained by treating whole antibody with
pepsin, followed by reduction, to yield an intact
light chain and a portion of the heavy chain; two
Fab1fragments are obtained per antibody molecule; (3)
F(ab')2, the fragment of the antibody that can be
obtained by treating whole antibody with the enzyme
pepsin without subsequent reduction; F(ab')2 is a
dimer of two Fab' fragments held together by two
disulfide bonds; (4) Fv, defined as a genetically
engineered fragment containing the variable region of
the light chain and the variable region of the heavy
chain expressed as two chains; and (5) Single chain
antibody ("SCA"), a genetically engineered molecule
containing the variable region of the light chain and
the variable region of the heavy chain, linked by a
suitable polypeptide linker as a genetically fused
single chain molecule. Methods of making these
fragments are known in the art (see, for example,
Harlow and Lane, Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory, New York, 1988, incorporated
herein by reference). As used herein, the term
"epitope" means any antigenic determinant on an
antigen to which the paratope of an antibody binds.
Epitopic determinants contain chemically active
surface groupings of molecules such as amino acids or
carbohydrate side chains and usually have specific
three dimensional structural characteristics, as well
as specific charge characteristics. As used here , the
singular forms "a," "an" and "the" include plural
referents unless the context clearly dictates
otherwise. Thus, for example, reference to compound,
"comprising an extracellular domain" includes
compounds with one or a plurality of extracellular
domains. As used herein, ranges and amounts can be
expressed as "about" a particular value or range.
About also includes the exact amount. Hence "about 5
bases" means "about 5 bases" and also "5 bases". As
used herein, "optional" or "optionally" means that the
subsequently described event or circumstance does or
does not occur, and that the description includes
instanceswhere said event or circumstance occurs and
instances where it does not. For example, an
optionally substituted group means that the group is
unsubstituted or is substituted. As used herein, the
abbreviations for any protective groups, amino acids
and other compounds are, unless indicated otherwise,
in accord with their common usage, recognized
abbreviations, or the IUPAC-IUB Commission on
Biochemical Nomenclature (1972) Biochem., 11: 942-944.
B. Ribosome Inactivating Proteins (RIPs), Selection,
Expression and Production Thereof Provided are methods
for selecting, identifying, purifying and/or isolating
for ribosome inactivating protein (RIP) toxins with
reduced toxicity, the resulting modified RIPs, and
methods of expressing RIPs and modified RIPs and
conjugates thereof. Toxicity is reduced sufficiently
to increase expression of the protein, but sufficient
toxicity remains for the RIP to exhibit the
therapeutic effect (inhibition or killing of cells).
Since RIPs are so toxic, a reduction in activity of
10-, 100-, 1000-fold, or more does not substantially
impact on the use of the toxin as a toxin in the
conjugates for inhibiting or killing cells or
affecting cellular metabolism. The methods provided
herein employ RIP inhibitors, such as 4-aminopyrazolo
[3, 



4-d]-pyrimidine (4-APP), to modulate the selection of
RIP toxins and to increase the high-yield production
thereof. Also provided are ligand-toxin conjugates
containing all or part of a modified RIP sufficient to
exert toxic activity, for example, any provided
herein. The selected modified RIPs, and conjugates
containing modified RIPs, exhibit less toxicity to
host cells resulting in an increased yield of protein
product following expression thereof. The increased
yield is associated with less inherent toxicity and/or
inhibition of activity with 4-APP as noted and
described in detail herein below. RIPs are toxins that
promote cellular toxicity and death by depurinating
eukaryotic and prokaryotic ribosomal RNA (rRNA)
resulting in protein synthesis inhibition. Generally,
RIPs, including ricin and Shiga Toxin, have toxic
activity against eukaryotic ribosomes. Some RIPs,
however, can attack eukaryotic and
prokaryoticribosomes. These include, for example,
Shiga toxin, which exhibits toxicity toward E. coli
cells (Skinner and Jackson, Microb. Pathol, 24:
117-22, 1998; Suh et al. (1998) Biochemistry 37:
9394-8). Thus, the expression of RIPs, and therefore
high yield protein production thereof, is often
hampered by the cytotoxic effects of RIPs on either
one or both of prokaryotic or eukaryotic host cells
used for recombinant protein expression thereof. Given
the general toxicity of RIPs to eukaryotic cells,
RIPs, or conjugates containing RIPs, are typically
produced in E.coli. For example, several RIP
containing fusion proteins have been previously
expressed in E coli. These include for example fusions
with saporin, pokeweed antiviral protein, or shiga
toxin as the toxin moiety. Generally, relatively low
levels of expression are obtained. In some cases, this
is due to a leaky promoter system that releases a
sufficient amount of toxin to interfere with cell
viability. Strategies to optimize expression have been
employed. Generally, induction systems are used to
suppress expression until the host cells have grown
sufficiently. This allows for a tightly controlled
means to allow for sufficient growth of transformed
cells to occur before induction of the toxin begins to
kill the host culture thereby limiting the overall
production of the RIP toxin. For example, a standard
method for the production of toxins, or conjugates
thereof, is via expression under the control of a T7
late promoter in transformed E.coli BL21(DE3) cells
after induction by isopropyl b-D-thiogalactoside
(IPTG). Under this system, expression of RIPs, or
conjugates thereof, has been further optimized using
BL21(DE3)pLysS bacterial cells, which strongly
represses expression from the pET vector in the
absence of induction (Joshi et al. (2005), Prot. Exp.
Purif., 39:189-198). In both systems, the resulting
protein remains intracellular in association with
inclusion bodies and requires de- and renaturation
procedures upon purification (Barth et al. (2000) App
Environ. Microbiol, 66:1572-1579). Other induction
systems also have been used. For example, the gene for
the Mirablis Antiviral Protein (MAP) has been
expressed under the control of a temperature-regulated
promoter whereby expression of the MAP gene is induced
by elevating the culture temperature from 30 to 420C
at the log-phase of \88-10992. Often,even using such
inducible systems, the RIPs can be toxic to the host
cells. In some cases, no transformants can be obtained
or transformants grow very poorly, which indicates
that the inducible system is leaky and/or that the
toxin moiety of the products can be responsible for
killing the host cells. Other strategies also have
been employed to increase the expression and/or the
yield of active protein. In one example, the
expression vector can be designed to achieve secretion
of the protein product promptly from the cytosol of
the host to reduce the toxic effects on the host cell
ribosomes. For example, for E.coli to secrete a
protein a signal sequence is required. OmpA is a major
outer membrane protein in E. coli that is produced in
large quantities and secreted by E.coli (Habuka et al.
(1990) J. Biol. Chem., 265:10988-10992). Hence,
secretion and production of the MAP protein has been
achieved by operatively linking the signal sequence of
E.coli OmpA to the sequence encoding MAP. In other
cases, RIPs or conjugates containing RIPs, have been
expressed using other bacterial expression systems,
such as for example, ones that direct the periplasmic
expression of the toxin, hi contrast to the bacterial
cytoplasm, the bacterial periplasm is a nonreducing
environment which permits disulfide bond formation
required for the native conformation of some proteins.
Although this strategy can be beneficial for those
proteins that require disulfide bond formation,
protein insolubility in the periplasmic environment
can affect the protein yield and thereby require the
use of compatible solutes during expression and
purification (Barth et al. (2000) App Environ.
Microbiol, 66:1572-1579). RIPs, or conjugates
containing RIPs, also have been expressed in yeast
Pichia pastoris, although this requires de novo design
and construction of synthetic genes to optimize
heterologous expression in yeast (Gurkan et al. (2005)
Microbial Cell Factories, 4:33). Although combinations
of each of the above strategies are sometimes or
somewhat effective, depending on the RIP or host cell
used, in many cases host cells continue to be
susceptible to the toxic effects of RIPs. In such
cases, other strategies have been employed in attempts
to express and produce toxins from host cells,
although each has its limitations. For example,
Fabrini et al. (FASEB J . 14:391-398 (2000))
haveproposed the use of anti-RIP antibodies as
neutralizing agents in eukaryotic cells to protect
host ribosomes from inactivation while still allowing
the majority of the synthesized polypeptide to be
secreted in a biologically active form. Although
neutralizing anti-saporin (SAP) antibodies have been
used in the generation of a SAP conjugate, such a
strategy requires the constitutive and stable
expression of anti-RIP antibody fragments in host
cells. Thus, provided herein are methods to produce
RIPs, or ligand-toxin conjugates containing RIPs, to
overcome these limitations by taking advantage of the
N-glycosidase mechanism by which RIPs mediate their
toxic effects on prokaryotic and eukaryotic host
cells. Adenine and several analogs thereof are capable
of inhibiting RIP activity as measured by in vitro
ribosome inactivation, including for example,
inhibition by 4- aminopyrazolo [3,4-J]-pyrimidine
(4-APP) (Brigotti et al. (2000) Nucleic Acids Res.,
28: 2383-8; Brigotti et al. (2000) Life ScL, 68:
331-6). It is recognized herein that the use of
adenine analogs (e.g., 4-APP) can be used in the
selection of cellular expression clones, for example,
bacterial clones, and in the large scale expression of
toxins and ligand-toxin conjugate molecules including,
for example, leukocyte population modulators (LPMs).
The methods provided herein are designed to 1) select
for modified RIP toxins that exhibit reduced toxicity
for host cells, while still maintaining sufficient
toxic activity, which selection can be modulated in
the presence of adenine analogs and 2) express the
selected modified RIP toxins, or conjugates containing
the modified RIP toxins, in host cells in the presence
of one or more adenine analogs. Such methods allow for
the identification of selected modified RIP toxins,
which can be tested to identify those that retain
sufficient toxic activity against target host cell
ribosomes. Further, methods are provided herein which
allow for the large scale expression and generation of
RIP toxins, and conjugates containing the RIP toxins,
in the presence of one or more RIP inhibitor, such as
4-APP. Hence, the methods allow for the identification
of modified RIP toxins that can be used in the design
of ligand-toxin conjugates containing modified RIP
toxins that exhibit reduced cytotoxicity to the host
expressing bacterial strain and thereby provide
aviable expression strategy for the production of
greater quantities of product for use in preclinical
and clinical studies. The suitability of the modified
ligand-toxin conjugates to treat diseases and
disorders such as inflammatory disease states
associated with proliferation, migration and/or
physiological activity of cells that promote
inflammatory responses including secondary tissue
damage can be assessed using in vitro and in vivo
assays that assess an activity or biological activity.
C. Ribosome Inactivating Proteins (RIPs) and Methods
of Action Ribosome inactivating proteins (RIPs) are a
class of proteins expressed in plants, fungi and
bacteria that are potent inhibitors of eukaryotic and
prokaryotic protein synthesis via a conserved
mechanism. RIPs are N-glycosidases or polynucleotide:
adenosine glycosidases and are able to inactivate
ribosomal and nonribosomal nucleic acid substrates.
RIPs are classified into two groups. Type I RIPs (also
called holo-RIPs; i.e. trichosanthin and luffin) have
a single polypeptide chain of- 30 kDa having ribosome
inactivating activity. Type II RIPs (also called
chimero-RIPs; i.e. ricin, abrin, as well as bacterial
toxins such as Shiga toxin) contain two polypeptide
chains or species, denoted A (usually a single
subunit) and B (single or multiple subunits), linked
by a disulfide bond. The B chain of type II RIPs is
required for cell entry, but can be substituted by a
polypeptide that effects cellular entry. There also
are examples of other RIPs that do not fall into
either the type-I or type-II family. These are called
two-chain type-I RIPs that contain only an A-chain but
require proteolytic processing, and the type- Ill RIP
proteins that are proteins structurally and
functionally related to the barley RIP JIP60 (Peumans
et al. (2001) The FASEB Journal, 15: 1493). The
B-chains of the type II RIPs bind to
galactose-containing receptors on the cell surface and
allow the A-chains to enter the cytoplasm where they
inactivate ribosomes. Typically, type II RIPs are
synthesized as a prepropolypeptide that contains A and
B chains. Following targeting of the prepropolypeptide
to the endoplasmic reticulum (ER), the signal sequence
is cleaved off to yield a propolypeptide. In the ER,
the protein undergoes disulfide bond formation between
the two chains, and N-glycosylation occurs. The
propolypeptide is transported through the Golgi
apparatus into protein bodies whereit is
proteolytically cleaved by an endopeptidase within the
protein bodies. The endopeptidase splits the
propolypeptide into an A-chain and a B-chain or chains
that remain linked by a single disulfide bond.
Processing of the RIPs in this manner ensures that the
toxins avoid poisoning its own host cell ribosomes,
such as by leakage into the cytosol, during synthesis
and transport. Toxic activity of RIPs requires
internalization of the catalytic subunit into the
cytosol of a host cell. Cell entry of type II RIPs is
facilitated by the B-subunit(s) whereas type I RIPs,
which are not specifically recognized by hematogenous,
tissue residing and intrinsic tissue cells, are less
efficient in their toxic activity than type II RIPs. A
variety of cell entry mechanisms exist for toxin
internalization including, but not limited to,
clathrin-dependent and clathrin-independent
endocytosis, caveolae-independent endocytosis, and
macropinocytosis. In addition, upon entry into the
cells, toxins are transported to the cytosol via
diverse mechanisms (Sandvig et al. (2005) Gene
Therapy, 12: 865-872). Once inside the cytosol, RIPs
catalyze the depurination of ribosomes thereby
disrupting protein synthesis. Type I RIPs and the
A-chain of type II RIPs are responsible for the
enzymatic activity of these toxins by inhibiting
protein synthesis by removing a specific adenine from
28 S rRNA of eukaryotic and prokaryotic ribosomes.
Generally, type II RIPs are considered active only
against eukaryotic ribosomes, while type I RIPs are
active against eukaryotic and prokaryotic ribosomes.
Some type II RIPS, such as for example Shiga Toxin
(STX), also inhibit prokaryotic ribosomes (Skinner et
al. (1998), Microbial Pathogenesis, 24: 117-122). The
toxic activity of RIPs, either single-chain (type I)
or two-chain (type II, mediated via the A-chain) is
mediated by the N-glycosidase activity of the
proteins. This enzymatic activity results in the
removal of one adenine from adenosine in a precise
position (A4324 in the case of rat liver 28S rRNA,
A2660 o E.coli rRNA) in a universally conserved GAGA
tetraloop of the major rRNA, also called the
alpha-sarcin/ricin loop (see e.g., Endo et al. (1987)
J. Biol. Chem., 262:8128; Barbieri et al. (1993)
Biochim. Biophys. Acta., 1154:237; Sandvig et al.
(2001) Toxicon, 39: 1629-1635; Ippoliti et al.(2004)
The Italian Journal of Biochemistry, 53: 92; Stirpe
and Battelli, Cell MoI Life ScI, 63: 1850-66, 2006).
The removal of the adenine base results in the
inability of the ribosome to bind elongation factor 2
and thus termination of RNA translation. The GAGA
sequence is present in prokaryotic and eukaryotic
ribosomes. The enzymatic activity of RIP toxins is
mediated by the interaction of the catalytic chain
with ribosomal proteins. The interaction with the
adenine occurs in an active site cleft of the toxin
proteins. Differences in substrate binding between
toxins can be due to amino acid differences in the
active site cleft. For example, although X-ray
crystallography data shows that the active site cleft
between the A-subunits of Stx and ricin are similar,
there are at least seven invariant residues in the
active site of these proteins (Brigotti et al. (2000)
Nucleic Acids Research, 28:2383-2388). Further,
differences in substrate specificity between
eukaryotic and prokaryotic cells among toxins are
believed to be due to differing abilities of RIPs to
interact with different ribosomal proteins. For
example, the rat liver proteins L9 and LlOe are the
binding targets of the ricin A-chain, while the
ribosomal protein L3 is the binding factor of pokeweed
antiviral protein (PAP). L3 is a highly conserved
ribosomal protein, which explains the broad
specificity of PAP towards ribosomes of different
species (Peuman et al. (2001) The FASEB Journal, 15:
1493-1496). The removal of adenine results in a
conformational change of the rRNA and prevents the
binding of elongation factor 2. Thus, depurinated
ribosomes are unable to elongate the nascent peptide
chain. In addition to inactivating ribosomes and
inhibiting protein synthesis, RIPs also have other
functions due to their interaction with other
substrates besides rRNA. RIPs can depurinate DNA,
mRNA, and viral polynucleotides (Ippoliti et al.
(2004) The Italian Journal of Biochemistry, 53: 92;
Parikh et al. (2004) Mini-Reviews in Medicinal
Chemistry, 4:523-543). Hence, in addition to
N-glycosidase activity, RIPs have been demonstrated to
have polynucleotide:adenosine glycosidase activity due
to their ability to deadenylate adenine-containing
polynucleotides, single-stranded DNA, double-stranded
DNA, and mRNA. For example, RIPs have been reported to
degrade supercoiled DNA (see e.g., Li et al. (1991)
Nucleic Acid Res., 22:6309; Ling et al. (1994) FEBS
Lett.,345:143; Roncuzzi et al. (1996) FEBS Lett.,
392:16) and fragment genomic DNA (Bagga 



et al. (2003) J Biol. Chem., 278:4813-4820). Moreover,
some RIPs release more than one adenine residue from
ribosomes (Barbieri et al. (1992) Biochem. J , 286:1),
act on RNA species other than ribosomal RNA, including
viral RNAs, or also act on poly(A) and on DNA
(Barbieri et al. (1994) Nature, 372:624; Stirpe et al.
(1996) FEBS Lett., 382:309; Picard et al. (2005j J
Biol. Chem., 280:20069-20075). Additionally several
RIPs have been shown to inhibit the 3'-end processing
and strand-transfer activities of HIV-I integrase
which in turn inhibits the insertion of the viral
genome into the host cell genome (Au et al., FEBS
Lett, 471: 169-72, 2000). Hence viral propagation is
inhibited. Consequently, some RIPs exhibit anti-viral
activity in addition to or instead of protein
synthesis inhibition via inactivation of ribosomes
(Parikh et al. (2004) Mini-Reviews in Medicinal
Chemistry, 4:523-543; Erice et al. (1993)
Antimicrobial Agents and Chemotherapy, 37: 835-838).
Thus many, if not all, RIPs have one or more of
Nglycosidase activity, RNase activity, DNase activity,
and other activities such as, but not limited to,
superoxide dismutase, phospholipase activity,
chitinase activity and anti-viral activity (Park et
al. (2004) Planta, 219:1093-1096; Bagga et al. (2003)
J Biol. Chem., 278:4813-4820; Parikh et al. (2004)
Mini-Reviews in Medicinal Chemistry, 4:523-543; Au et
al, FEBS Lett, All: 169-72, 2000). 1. Exemplary RIPs
Exemplary toxins used in the methods provided herein
for selection of modified toxins with reduced toxicity
such as for improved production of toxins, or
conjugates thereof, or in the generation of
ligand-toxin conjugates, can be any toxin that
exhibits cellular toxicity due to N-glycosidase
enzymatic activity via depurination of rRNA. Such
toxins are known to those of skill in the art and
typically include the RIP family of toxins. For
example, over 400 RIPs have been proposed, of which
more than 50 type I RIPs and 15 Type-II RIPs have been
sequenced and/or cloned (Peumans et al. (2001) The
FASEB Journal, 15: 1493). Exemplary type I RIPs
include, but are not limited to, dianthin 30, dianthin
32, lychnin, saporin-1, saporin-2, saporin-3,
saporin-4, saporin-5, saporin-6, saporin-7, saporin-8,
saporin-9, PAP, PAP II, PAP-R, PAP-S, PAP-C,
mapalmin,dodecandrin, bryodin-L, bryodin, colicin-1,
colicin-2, luffin-A, luffin-B, luffin-S, 19KPSI,
15K-PSI, 9K-PSI, alpha-kirilowin, beta-kirilowin,
gelonin, momordin, momordin-II, momordin-Ic, MAP-30,
alpha-momorcharin, beta-momorcharin, trichosanthin,
TAP-29, trichokirin, barley RIP, tritin, flax RIP,
corn RIP, asparin-1, and asparin 2. Exemplary type II
RIPs include, but are not limited to, volkensin,
ricin, Shiga toxin, nigrin-CIP-29, abrin, vircumin,
modeccin, ebulitin-a, ebulitin-b, ebultin-g, and
porrectin. Generally, the A-chain, or an active
fragment thereof, is sufficient for the enzymatic
activity of type II RIPs. The discussion of various
RIP toxin polypeptides is not meant to limit the scope
of the embodiments provided. It is understood that any
RIP polypeptide known to one of skill in the art, or
subsequently identified hereto, is contemplated in the
methods provided herein. Those of skill in the art are
familiar with the identification and functional
characterization of RIP toxins. A list of exemplary
RIP toxin polypeptides and their corresponding SEQ ID
NOs is set forth in Table 3. TABLE 3: Exemplar RIP
ToxinsShiga Toxin Shiga toxins (STX) are a family of
RIP proteins that are produced by bacteria. Shiga
toxins are classified into three different groups.
Shiga toxin (Stx) is produced by Shigella dysenteriae
and is a type-II RIP protein containing a 32-kDa
enzymatic A subunit (StxA), noncovalently associated
with a ring of five 7.7 kDa B subunits (StxB). Stx is
identical in amino acid sequence to Shiga-like toxin 1
(Stxl, also called Verotoxin, SLTl or VTl), produced
by E. coli. The A-chain precursors of Stx and Stxl are
315 amino acids in length (set forth in SEQ ID NO:1)
and contain a signal sequence of 22 amino acids in
length corresponding to amino acids 1-22 of SEQ ID
NO:1. The mature Stx/Stxl A chain is 293 amino acids
in length corresponding to amino acids 23-315 of SEQ
ID NO: 1 and is set forth in SEQ ID NO:5. The third
Stx is Shiga-like toxin 2 (Stx2, also called Verotoxin
2, SLT2 or VT2), which exhibits sequence differences
compared to Stx and Stxl. The A-chain precursor of
Stx2 is 319 amino acids in length (set forth in SEQ ID
NO:3) and contains a signal sequence 22 amino acids in
length corresponding to amino acids 1-22 of SEQ ID
NO:3. The mature Stx2 A chain is 297 amino acids in
length corresponding to amino acids 23-319 of SEQ ID
NO:3. The Bsubunits of Stx/Stxl and Stx2 are 89 amino
acids in length (set forth in SEQ ID NOs:2 and 4,
respectively). Shiga-like toxins also have been
reported to be produced in Citrobacterfreundii,
Aeromononas hydrophila, Aeromononas caviae, and
Enterobacter cloacae (Sandvig et al. (2001) Toxicon,
39: 1629-1635). The A chain of Stx (StxA) has an
enzymatically active A fragment that contains an
internal disulfide bond formed between C242 and C261
of the sequence set forth in SEQ ID NO:5
(corresponding to C264 and C283, respectively, of the
sequence set forth in SEQ ID NO: 1). The sequence
248Arg-VaI-Ala-Arg251 in SEQ ID NO:5, which is located
in a loop between the two cysteines, is recognized by
trypsin or by the cellular protease furin. Furin is
found in the trans golgi network (TGN) and in
endosomes and likely cleaves StxA during its
posttranslational processing. Trypsin or furin cleaves
StxA at the COOH-terminal side of Arg251 in the
sequence set forth in SEQ ID NO:5, separating the
A-chain into Al and A2 fragments (Sandvig et al.
(2001) Toxicon, 39: 1629-1635; Garred et al. (1995) J
Biol. Chem., 270: 10817-10821). Hence, the cleaved Al
fragment of Stx (SAl) corresponds to amino acids 1 to
251 and the A2 fragment of Stx (SA2) corresponds to
amino acids 252-293 of the sequence of amino acids set
forth in SEQ ID NO:5. Furin cleavage activates the Al
fragment (SAl). The Al domain remains associated with
the A2/B subunits due to the disulfide bond between
C242 and C261 until transport through the ER where the
disulfide bond is reduced and the Al fragment is
allowed to retrotranslocate to the cytosol (LaPointe
et al. (2005) J Biol. Chem., 280:23310-8). The Al
fragment of Stx is 6- to 400-fold more active than the
intact Stx protein (Suh et al. (1998) Biochemistry,
37:9394-9398). As such, SAl contains the RIP enzymatic
activity and is responsible for inhibiting protein
synthesis by depurination of the 28S RNA of the 60S
ribosomal subunit. The first 239 amino acids of the Al
chain represent the minimal catalytically active
region of the StxAl RIP domain (LaPointe et al. (2005)
J Biol. Chem., 280:23310-8). SAl truncations retaining
catalytic activity include, for example, the variant 1
SAl sequence set forth in SEQ ID NO:22 and encoded by
a sequence of nucleotides set forth in SEQ ID NO:23
and a variant 2 sequence setforth in SEQ ID NO:24 and
encoded by a sequence of nucleotides set forth in SEQ
ID NO:25. Like other RIPs, the active SAl subunit of
Stx attacks eukaryotic ribosomes; however, it also has
activity against bacterial ribosomes. For example,
various groups have reported that the growth o E.coli
cells is reduced in the presence of SAl (see e.g. ,
Skinner et al. (1998) Microbial Pathogenesis, 24:1
17-122; Suh et al. (1998) Biochemistry, 37:9394-9398).
The toxic activity of SAl on prokaryotic cells
requires expression of the toxin in the cytoplasm,
such as due to the absence of its native signal
sequence; no Stx-mediated toxicity is observed in
cells following the export of SAl into the periplasm
by its signal sequence. The toxic activity of SAl on
prokaryotic cells is comparable to its toxic activity
on eukaryotic cells. Other RIPs also target
prokaryotic cells, including for example, the plant
RIPs PAP and MAP, although in most cases the toxic
activity of such plant RIPS is about 100 times more
efficient against eukaryotic ribosomes (Suh et al.
(1998) Biochemistry, 37:9394-9398). In contrast, other
RIPs, such as RTA (the enzymatic subunit of ricin)
displays no toxicity towards prokaryotic cells. 2. RIP
Toxin Inhibitors Inhibitors are known or can be
identified that inactivate toxic RIPs. Studies of such
inhibitors have provided insight about the structure
of the active site of the toxins. In addition, there
is an interest in identifying and developing RIP
inhibitors for various reasons, including but not
limited to, diagnostic purposes, antidotes in
poisoning or as prophylactic and therapeutic agents in
infections triggered by RIP-expressing bacteria
(Brigotti et al. (2000) Life Sciences, 68: 331-336,
U.S. Patent Application No. 6,562,969). Some RIP
inhibitors target the conserved N-glycosidase activity
of RIP toxins. Included among such RIP toxin
inhibitors are RlP-specific oligonucleotide
inhibitors, such as RNA aptamers (see e.g.,
Hesselberth et al. (2000) J. Biol. Chem.,
275:4937-4942; Hirao et al. (200O) J. Biol. Chem.,
275: 4943-4948), RIP-specific antibodies, and/or
adenine isomers including, for example, adenine, 4-
aminopyrazolo[3,4-d]pyrimidine (4-APP), and other
similar isomers (Pallanca et al. (1998) Biochimica et
Biophysica Acta, 1384: 277-284; Brigotti et al. (2000)
NucleicAcids Research, 28: 2383-2388; Brigotti et al.
(2000) Life ScL, 68: 331-6; U.S. Patent Application
No. 6,562,969). 4-APP and other adenine analogs
Adenine is a base in the natural substrate for RIP
toxins (i.e. the first adenine base in the loop
sequence of GAGA). Hence, adenine and analogs thereof
inhibit RIP toxic activity (Pallanca et al. (1998)
Biochimica et Biophysica Acta, 1384: 277-284; Brigotti
et al. (2000) Nucleic Acids Research, 28: 2383-2388;
Brigotti et al. (2000) Life ScL, 68: 33 1-6) by acting
as an inhibitor of the RNA N-glycosidase activity.
Typically, an adenine analog includes any fused
bicyclic compound where one of the rings is 6-
aminopyrimidine, and the other ring is a 5-membered
heterocyclic ring that contains at least two adjacent
carbon atoms, including but not limited to, pyrrole,
pyrazole, imidazole, triazole, oxazole, isoxazole,
thiazole, isothiazole, furan and thiophene. Typically,
fusion of the rings occurs between the carbon atoms at
the 4 and 5 positions of 6-aminopyrimidine, and any
two adjacent carbon atoms of the 5-membered ring, in
either mode of attachment. This includes, for example,
adenine itself whose 5-membered ring is in the
imidazole configuration. The structure of adenine is
as follows: Further, such analogs also include any
with rearrangements of the nitrogen atoms of the
5-membered ring from the imidazole to the pyrazole
configuration including, for example, 4-APP and
formycin base, which only differ in the mode of
attachment of the 6- aminopyrimidine to the 5-membered
pyrazole ring (see e.g., Brigotti et al. (2000) Life
ScL, 68: 331-6). In additions, inhibitors provided
herein include the ribonucleoside
anddeoxyribonucleoside analogs of formycin A base,
such as the ribonucleotide 5'mono-, 5' di-, 5' tri and
3' monophosphate analogs of formycin A bases, as well
as the deoxyribonucleotides 5' mono-, 5' di-, 5' tri
and 3' monophosphate analogs of formycin A, or any
other similar or known compound such as any
subsequently identified hereto (see e.g., U.S. Patent
Application No. 6,562,969). The structure of 4-APP and
formycin A base are as follows: Despite the conserved
N-glyosidase activity of RIP toxins, adenine and
analogs of adenine, such as 4-APP, exhibit
differential abilities to protect ribosomes from
inactivation by RIPs (Pallanca et al. (1998)
Biochimica et Biophysica Acta, 1384: 277- 284;
Brigotti et al. (2000) Nucleic Acids Research, 28:
2383-2388; Brigotti et al. (2000) Life Sci., 68:
331-6). For example, 4-APP is a strong inhibitor of
Stx, momordin, and other plant RIPs, but exhibits
little inhibition of ricin. Further, 4-APP exhibits
greater inhibitory activity on Stx than does adenine,
however, 4-APP and adenine display comparable
inhibitory activity to the RIP toxin momordin. Also,
adenine protects ribosomes from inactivation by ricin,
whereas 4-APP displays little inhibitory action on the
toxic activity of ricin. Hence, RIP toxins differ in
their abilities to be inhibited by various adenine
isomers indicating that RIP toxins do not share a
common active site binding cleft. The inhibitory
activity of adenine isomers on RIP activity are known
(Pallanca et al. (1998) Biochimica et Biophysica Acta,
1384: 277-284; Brigotti et al. (2000) Nucleic Acids
Research, 28: 2383-2388; Brigotti et al. (2000) Life
ScL, 68: 331-6), or can be determined by one of skill
in the art such as by determining the RNA Nglycosidase
activity (i.e. RIP activity) of the toxin in the
presence of the inhibitor. As is described in detail
below, RIP inhibitors, such as adenine and analogs
thereof including, for example 4-APP, can be used in
methods to select for modified forms of RIPs and also
can be used in methods of improving the production of
a RIP toxin, or conjugate thereof, such as any
modified RIP toxin provided herein or identified by
the selection methods provided herein. D. Methods of
Selecting Modified Toxins or Conjugates Thereof
Provided herein are methods of selecting modified RIP
toxins that exhibit reduced cytotoxicity to the host
expressing cells. In the methods herein, it has been
found that because of the toxicity of the RIPs to
particular host cells, the RIP is often expressed at
low levels in a culture of cells, even under
conditions in which it is toxic ultimately to all, or
substantially all, of the cells. Typically, RIPs are
expressed because a requisite amount is required to
exhibit toxicity to the cells, some cells could become
resistant to the toxic affects of RIPs, and, as shown
herein, the RIPs mutate. As a result, in a culture of
cells containing nucleic acids encoding a RIP, RIP is
expressed, but at relatively low levels. Accordingly,
the methods are designed to select and identify those
RIP toxins produced by host cells under conditions
where the starting RIP protein is not produced or is
produced at low levels. To perform the methods
provided herein, a nucleic acid encoding an unmodified
or starting form of a RIP toxin is introduced into a
host cell, the host cell is allowed to grow, cells
that grow are isolated and those RIP toxins that are
expressed in the cells are identified and tested for
activity, such as for example, Nglycosidase activity
and/or other RIP activities including, but not limited
to, RNase activity, DNase activity, superoxide
dismutase and phospholipase activities. In some
examples, selection is additionally performed in the
presence of a selection modulator, such as a RIP
inhibitor. Generally, such identified RIP toxins are
modified compared to the starting RIP 



protein and, by virtue of the modification, the RIP
toxin has an altered activity, such as analtered toxic
activity or other activity, compared to the starting
RIP toxin. Generally, the toxicity of the modified RIP
polypeptide is reduced. In some examples, the modified
RIP polypeptide identified in the selection methods
herein exhibits no toxic activity. Typically, however,
a modified RIP toxin, or conjugate thereof, retains
0.5%, 1%, 1.5%, 2%, 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%, or 100% of the toxic activity
compared to a wild-type form of the toxin, or
conjugate thereof. Due to the retained cytotoxic
activity, conjugates containing such modified toxins
can be designed to target specific cells, thereby
resulting in killing of the targeted cell or cells
upon internalization of the conjugate. For example, as
is described in detail below, conjugates containing a
modified RIP toxin can be used in methods of treating
various diseases or disorders by targeting one or more
cells or populations of cells involved in the disease
process. Such modified toxins also can be used in
methods to express and produce RIP toxins or
conjugates thereof, thereby enabling high yield
protein production. 1. Candidate RIP Proteins or
Conjugates Thereof Generally, because many RIP
proteins exhibit toxic activity to prokaryotic and/or
eukaryotic cells they inhibit protein synthesis by
cellular ribosomes, they cannot be expressed at high
levels in some or all host cell systems. Provided
herein are methods to reduce the toxicity of RIPs so
that they can be expressed at higher levels, but still
exhibit sufficient toxicity to be used therapeutically
in conjugates that employ RIPs. Included are the
conjugates in U.S. Patent Nos. 7,166,702, 7,157,418
and 7,192,736 as well conjugates of cytokines, such as
growth factors, including FGF, VEGF, EGF and others.
In the methods provided herein, a RIP toxin or
conjugate thereof is produced that exhibits a reduced
toxicity in a host cell. Such modified RIP toxins or
conjugates thereof are thereby less toxic to cells.
Selecting for RIP proteins, or conjugates thereof,
that are modified to exhibit reduced toxicity allows
for the expression of such toxin by host cells and
improved yields. Accordingly, such a method allows for
the generation of RIP toxins, or conjugates thereof
that can be produced effectively and efficiently and
thereby used in methods to treat diseases or disorders
for which they are designed.RIP proteins to be
modified by the selection method provided herein can
be any RIP protein, or any polypeptide containing a
RIP protein or active portion thereof, which under
standard or normal growth conditions, is not expressed
or is expressed at low levels in a host cell due to
toxic activity against the host cell ribosomes. The
proteins are modified and then, under the same
conditions, are expressed at higher levels. Candidate
RIP protein for selection includes wildtype or variant
forms of a wildtype RIP protein, or active portions
thereof exhibiting toxic activity, including allelic
or species variants and isoforms of a RIP protein that
have not been selected by the methods herein. Included
among such RIP proteins are any set forth in Table 3
above, such as any having a sequence of amino acids
set forth in any of SEQ ID NOS: 5, 89-1 11,
particularly the active portion of the A-chain of such
RIP proteins, such as the Al chain of Shiga toxin
(i.e. SAl), or any active fragment thereof. For
example, a starting protein used in the methods
provided herein can be any that are truncated in their
A-chain or Al chain, but that still exhibit catalytic
activity. Also included as a starting protein in the
methods provided herein is any polypeptide containing
a variant form of a RIP protein, such as an allelic or
species variant thereof. Exemplary variants of RIP
proteins are set forth in any of SEQ ID NOS: 6, 9-21,
or 162-169. Conjugates containing such proteins linked
to a targeting agent also are provided. Also included
as a starting protein in the methods herein are
conjugates containing any such RIP toxin noted above,
or an active portion of such a RIP toxin, linked
directly or indirectly to another polypeptide moiety.
For example, such conjugates include ligand-toxin
conjugates, including those where the RIP toxin is
linked directly or indirectly to a chemokine,
cytokine, antibody, growth factor, or other such
ligand protein that is capable of binding to a cell
surface receptor. Typically, such conjugates are
encoded by a nucleic acid molecule encoding a fusion
protein. Exemplary RIP proteins used as starting
proteins in the methods provided herein include SAl,
for example having a sequence of amino acids
corresponding to amino acids 1-251 of SEQ ID NO:5, or
truncations thereof such as an SAl having an amino
acid sequence set forth in SEQ ID NO: 22 (i.e. variant
1 SAl) or SEQ ID NO.24 (i.e. variant 2SAl),
respectively, or any allelic or species variants
thereof. Exemplary of such conjugates are any
containing any of the SAl moiety noted above, where
the SAl moiety is linked directly or indirectly to a
ligand or other cell receptor binding molecule. For
example, such conjugates include chemokine conjugates
(i.e. leukocyte population modulators) such as set
forth and described in U.S. Patent Nos. 7,166,702,
7,157,418 and 7,192,736. These include, for example,
one having an MCP-I chemokine linked to SAl. An
exemplary sequence of an MCP-I-SAl conjugate linked to
a variant 1 SAl RIP protein (i.e. LPMIa) is set forth
in SEQ ID NO:38 and is encoded by a sequence of
nucleotides set forth in SEQ ID NO:37. An additional
exemplary sequence of an MCP-ISAl conjugate linked to
a variant 2 SAl RIP protein (i.e. LPMIb) is set forth
in SEQ ID NO: 40 and is encoded by a sequence of
nucleotides set forth in SEQ ID NO:39. 2. Introduction
of RIPs or conjugates thereof into host cells Nucleic
acids encoding a desired starting RIP protein, or a
conjugate thereof, are introduced into any desired
host cell. Typically, a host cell chosen in the
selection method is one which is susceptible to the
toxic effects of the starting RIP protein, or
conjugate thereof, such that protein synthesis of the
host cell is abolished or significantly impaired upon
expression of the RIP in the host cell. Included among
host cells for use in the selection methods herein
include any prokaryotic cell including, but not
limited to, any bacterial cell such as E. coli. Also
included among host cells are any eukaryotic cells
including, but not limited to, yeast such as Pichia
pastoris, Xenopus oocytes, and mammalian cells, such
as for example, Vero, Hep2, Chang, A549, COS-I, and
HeLa cells. In deciding an appropriate host cell to
use in the selection methods herein, the influence of
a RIP protein, or conjugate thereof, on recombinant
protein expression in the host cell can be determined
by various methods described herein below or known to
those of skill in the art. Assays to assess effects on
protein synthesis include, for example, depurination
assays (i.e. release of adenine), cell-free protein
synthesis assays, such as a rabbit reticulocyte lysate
or a wheat germ lysate protein synthesis assay, or
cell growth/viability assays. For example, by using
such assays, it is known that SAl displays significant
toxic activity to eukaryotic and prokaryotic ribosomes
(Suh et al.(1998) Biochemistry, 37:9394). Hence, in
one example, selection of a modified form of SAl, or
active form thereof, is performed in eukaryotic cells.
In another example, selection of a modified form of
SAl, or active portion thereof, is performed in
bacterial cells, such as in E. coli. Various E. coli
host strains are available and include but are not
limited to BL21(DE3) or BL21(DE3)pLysS cells. A
nucleic acid molecule encoded a starting RIP protein,
or conjugate thereof, for use in the methods herein,
can be produced or isolated by any method known in the
art including isolation from natural sources,
generation by standard recombinant DNA techniques such
as via standard cloning procedures from cells, tissues
and organisms, and by other recombinant methods and by
methods including in silico steps, synthetic methods
and any methods known to those of skill in the art.
Such nucleic acid molecules can include additional
sequences such as restriction enzyme sequences,
linkers, tags, or other such sequences. Exemplary of
nucleic acid molecules include any encoding a RIP
protein, active forms thereof, or variant thereof such
as any encoding a polypeptide set forth in any of SEQ
ID NOS: 1, 3, 5, 7-22, 24, 89-1 11, or 162-169, or any
encoding a conjugate containing any such RIP protein.
Exemplary nucleic acid sequences include, for example,
sequences of a variant 1 or variant 2 form of SAl such
as is set for in SEQ ID NO: 23 or SEQ ID NO: 25,
respectively. Other exemplary nucleic acid sequences
include sequences encoding a conjugate such as, for
example, a conjugate of a chemokine such as MCP-I
linked to an SAl variant. For example, nucleic acid
sequences encoding an LPMIa or LPMIb conjugate can be
used in the methods provided herein and include the
sequences set forth in SEQ ID NO:37 and 39,
respectively. Typically, a nucleic acid molecule used
to introduce host cells with sequences for selection
and expression of a modified RIP protein or conjugate
thereof are in the form of an expression vector
including those having expression control sequences
operatively linked to a nucleic acid sequence coding
for expression of the polypeptide. Such expression
vectors are described in detail herein below. The
appropriate vector can be chosen depending on the host
cell and/or any desired transcription/translation
elements including, for example, constitutive and
inducible promoters, transcription enhancerelements,
transcription terminators, etc. In one example,
inducible expression systems are used in the methods
herein which allow for optimal growth of the host cell
before expression of the toxin. Exemplary of an
inducible system in E. coli is pET vectors, such as
the PET9c plasmid, which are under the control of a T7
late promoter and require induction by IPTG. In other
examples, the host cells used for expression of the
encoding nucleic acids introduced thereto can be
chosen which themselves also carry further components
that optimize toxin expression. For example, where the
host cell is E. coli, a cell line BL21(DE3)pLysS can
be used which strongly repress expression from the T7
promoter (such as in a pET vector) in the absence of
induction, compared to the parental host cells
BL21(DE3) which can be leaky. Nucleic acid molecules
encoding RIP proteins, active forms thereof, or
conjugates thereof can be introduced into a host cell
by any method known to those of skill in the art. Such
methods are chosen depending on the chosen host cell
and include, but are not limited to, transfection,
transformation, electroporation, and any other
suitable method. In some cases, DNA also can be
introduced into cells by transduction using viral
vectors. Typically, when introducing DNA into
bacterial cells, transformation or electroporation
methods are used. a. Transfection Transfection can be
used to introduce a nucleic acid into eukaryotic or
prokaryotic cells. Transfection can be achieved by
various methodologies, but typically involves the
opening of transient "holes" into the cell to allow
entry of the DNA, which then becomes transiently
expressed in the host cell. Examples of methodologies
to introduce DNA by transfection include, but are not
limited to, calcium phosphate methods, lipofection,
and gene gun approaches. For example, in the
lipofection approach, DNA is included in liposomes or
by using lipid-cation reagents which are then able to
fuse with the cell membrane releasing the DNA into the
cell. Examples of cationic lipids include, but are not
limited to, Lipofectin (Life Technologies, Inc.,
Burlington, Ont.)(l:l (w/w) formulation of the
cationic lipid
N-[l-(2,3-dioleyloxy)propyl]-N,N,Ntrimethylammonium
chloride (DOTMA) and
dioleoylphosphatidylethanolamine(DOPE)); LipofectAMINE
(Life Technologies, Burlington, Ont, see U.S. Patent
No. 5,334,761) (3:1 (w/w) formulation of polycationic
lipid 2,3-dioleyloxy-N-[2(sperminecarboxamido)
ethyl]-N,N-dimethyl- 1-propanaminiumtrifluoroacetate
(DOSPA) and dioleoylphosphatidylethanolamine (DOPE),
LipofectAMINE PLUS (Life Technologies, Burlington,
Ont. see U.S. Patent Nos. 5,334,761 and 5,736,392;
see, also U.S. Patent No. 6,051,429) (LipofectAmine
and Plus reagent), LipofectAMINE 2000 (Life
Technologies, Burlington, Ont.; see also International
PCT application No. WO 00/27795) (Cationic lipid),
Effectene (Qiagen, Inc., Mississauga, Ontario) (Non
liposomal lipid formulation), Metafectene (Biontex,
Munich, Germany) (Polycationic lipid), Eu-fectins
(Promega Biosciences, Inc., San Luis Obispo, CA)
(ethanolic cationic lipids numbers 1 through 12:
C52H106N6O4-4CF3CO2H, C88H178N8O4S2.4CF3CO2H,
C40H84NO3P CF3CO2H, C5OH 103N7O3 CF3CO2H,
C55Hi16N8O2-OCF3CO2H, C49H102N6O3 CF3CO2H,
C44H89N5O3JCF 3CO2H, C100H206N12O4S2.8CF3CO2H,
Ci62H330N22O9.13CF 3CO2H, C43H88N4O2 CF3CO2H,
C43H88N4O3 CF3CO2H, C4 1H78NO8P); Cytofectene
(Bio-Rad, Hercules, CA ) (mixture of a cationic lipid
and a neutral lipid), GenePORTER (Gene Therapy Systems
Inc., San Diego, CA) (formulation of a neutral lipid
(Dope) and a cationic lipid) and FuGENE 6 (Roche
Molecular Biochemicals, Indianapolis, IN)
(Multicomponent lipid based non-liposomal reagent). b.
Transformation Transformation is distinguished from
transfection in that the introduced DNA is
incorporated into the cell's genome for expression of
the genetic material. Typically, expression vectors
that are used for stable transformation have a
selectable marker, such as for example, antibiotic
resistance, which allows selection and maintenance of
the transformed cells. Transformation requires the
transfer of DNA into the cell which is achieved in
cells that are naturally competent or are rendered
competent to take up DNA across the cell's membranes
or membranes. Calcium chloride is one method used to
render cells, such as E. coli cells, more competent.
Following heat-shock of bacterial cells, they are
induced to take in the DNA. Transformation is not
limited to bacteria, but also can be performed in
yeast, plants, and mammalian cells including embryonic
stemcells. Methods of transformation are well known
(see e.g., Mello et al. (1995) Methods Cell Biol,
48:451-82). c. Electroporation Electroporation
temporarily opens up pores in a cell's outer membrane
by use of pulsed rotating electric fields. Methods and
apparatus used for electroporation in vitro and in
vivo are well known (see, e.g., U.S. Patent Nos.
6,027,488, 5,993,434, 5,944,710, 5,507,724, 5,501,662,
5,389,069, 5,318,515). Standard protocols can be
employed. 3. Expression, Selection and Identification
Introduction of host cells with a DNA molecule results
in amplification of the gene product and thereby
enables multiple copies of the gene to be expressed.
Since the starting RIP toxins, or conjugates thereof,
used in the selection methods herein are normally
toxic to the chosen host cell, amplification and
expression of the starting 



proteins does not typically occur, for example, due to
cell death. Hence, the methods provided herein use the
normal toxicity of the starting proteins as a
selection method to select for those modified forms of
the protein that exhibit less toxicity to the host
cell and are thereby expressed. Typically, such
expressed proteins are modified in their primary
sequence by one or more amino acid mutations that
render the protein less toxic. In some cases, the
expressed proteins are modified via truncation of the
amino acid sequence compared to the starting protein,
which renders the protein less toxic. In most host
cell expression systems, the gene encoding the
modified RIP toxin can be obtained in large quantities
by growing transformants, isolating the recombinant
DNA molecules from the transformants and, when
necessary, retrieving the inserted gene from the
isolated recombinant DNA. In some examples, an
additional agent or agents is added to the selection
method in order to modulate selection to optimize for
recovery of a modified RIP toxin or conjugate thereof.
Such selection modulators typically are any that
reduce the toxic activity of the RIP toxin or
conjugate thereof. For example, any RIP inhibitor can
be used to modulate selection. Any RIP toxin inhibitor
known to one of skill in the art, or subsequently
identified hereto, which can inactivate a RIP toxin,
can be used in themethods provided herein. Typically,
such RIP toxin inhibitors are any that inhibit toxic
activity by targeting, for example, the conserved
N-glycosidase activity of RIP toxins. Other RIP toxin
inhibitors can be chosen that target any one or more
other RIP activities including, but not limited to,
RNase activity, DNase activity, and superoxide
dismutase and phospholipase activities. For purposes
herein, any RIP inhibitor, such as adenine or any
analog thereof, can be used in the methods herein so
long as the inhibitor exhibits an inhibitory activity
against the starting form of the RIP toxin, for
example, the wildtype form of the RIP toxin or active
fragment thereof. For example, 4-APP can be used in
the methods herein to select for a modified RIP
including, but not limited to, a modified SAl,
saporin, momordin, or bryodin (Brigotti et al. (2000)
Life Sciences, 68:33 1-336). Typically, 4-APP is used
in the methods herein to select for a modified SAl .
It also is contemplated that other inhibitors can be
used to select for a modified SAl. The amount of RIP
inhibitor used in the selection methods can be
empirically determined based on its known effects on
the toxic activity of a RIP protein or conjugate
thereof. It is important that the RIP inhibitor used
in the methods herein is itself not toxic to the
specific host cell, which toxicity is known or can be
determined by one of skill the art depending on the
host cell chosen. Further, to ensure that a RIP
inhibitor effectively modulates selection of a
modified RIP toxin or conjugate thereof, a
concentration of RIP inhibitor is chosen such that it
inhibits the toxic activity of the starting protein.
Typically, a concentration of RIP inhibitor is chosen
such that the starting RIP protein retains some
activity in the presence of the RIP inhibitor, thereby
allowing for some degree of selective pressure or
modulation of the RIP inhibitor in the selection
method. Generally, a concentration of the RIP
inhibitor is chosen that inhibits at least or about
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, or 90% of the toxic activity
of a RIP toxin, or conjugate thereof, but less than
100% of the toxic activity. Various assays known to
one of skill in the art can be used to test the
affects of various concentrations of RIP inhibitors on
the activities of host cells or RIP proteins.
Typically, in the selection methods herein, a RIP
inhibitor, such as for example 4- APP, is added to
modulate selection at about or at 0.1 mM, 0.2 mM, 0.3
mM, 0.4 mM.0.5 mM. 0.6 niM, 0.7 niM, 0.8mM, 0.9 mM,
1.0 mM, 1.5 niM, 2.0 niM, 3.0 mM, 4.0 mM, 5.0 mM, 6.0
mM. 7.0 mM, 8.0 mM, 9.0 mM, 10.0 mM, or more so long
as the inhibitor is itself not toxic to the host cell
chosen. It is understood that the concentration of the
RIP inhibitor chosen can vary depending on the host
cell chosen or the conditions used for recombinant
expression. For example, exemplary of a chosen
concentration of 4-APP for use in the selection
methods herein in an E. coli cell expression system is
at or about 0.2 to 0.8 mM, generally 0.5 mM of
inhibitor. The RIP inhibitor can be added before,
during, or after treatment of the host cells with the
starting protein RIP toxin or conjugate thereof. In
some examples, the RIP inhibitor is added to a liquid
culture or medium such as for example to cell culture
medium. In other examples, the RIP inhibitor is added
to a medium capable of solidifying such as a solid
agar. For example, a RIP inhibitor, such as for
example, 4- APP, can be added to luria broth (LB) agar
for the generation of agar plates containing the RIP
inhibitor. The RIP inhibitor can be used as a
selective modulator alone or can be used in the
presence of other selective modulators or selective
agents such as, but not limited to, other RIP
inhibitors or antibiotics conferring antibiotic
resistance. The selected modified toxins expressed
from the host cell transformants can be amplified to
facilitate identification of the selected modified RIP
toxin or conjugate thereof. Such methods include
general recombinant DNA techniques and are routine to
those of skill in the art. The vector from the host
cell transformants containing the modified toxin DNA
can be isolated to enable purification of the selected
protein. For example, following transformation of
E.coli host cells with a RIP starting protein as set
forth above, the cell transformants grow as individual
clones which can be isolated such as by individually
picking a colony and growing it up for plasmid
purification using any method known to one of skill in
the art, and if necessary can be prepared in large
quantities, such as for example, using the Midi
Plasmid Purification Kit (Qiagen). The purified
plasmid can be used for DNA sequencing to identify the
sequence of the modified toxin, or can be used to
transfect into any cell for further expression and
production thereof, such as but not limited to, a
prokaryotic or eukaryotic expressionsystem. In some
examples, a one or two-step PCR can be performed to
amplify the selected sequence, which can be subcloned
into an expression vector of choice. The PCR primers
can be designed to facilitate subcloning, such as by
including the addition of restriction enzyme sites.
Following further expression and production of
selected toxins in any desired cell expression system,
conditioned medium containing the RIP toxin
polypeptide or conjugate thereof can be tested in
activity assays or can be used for further
purification. Typically, any further expression and
production of the selected modified RIP toxin or
conjugate thereof is performed in the presence of a
RIP inhibitor. Such a method is described in detail
below under Section G for the improved production of
RIP toxins or conjugates thereof. 4. Activity
Assessment Modified RIP toxins, or conjugates thereof,
selected in the methods provided herein can be tested
to determine if, following selection, they retain
toxic activity against host cell ribosomes. Typically,
such modified toxins are selected for because they
exhibit a reduced toxic activity compared to a
starting RIP protein or conjugate thereof. Generally,
however, selected modified toxins retain some activity
of the starting toxin protein. Modified RIP toxins, or
conjugates thereof, provided herein retain 0.5%, 1%,
1.5%, 2%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 95%, or more of the toxic activity compared to a
reference or starting form of the toxin, or conjugate
thereof. Exemplary of assays can be any assay that
tests for an activity of a RIP polypeptide including,
for example, assays that assess N-glycosidase
activity, DNAase activity, RNAase activity, or other
activities. Any method known to one of skill in the
art can be used to assess toxic activity of a RIP
protein or conjugate thereof, and typically include
any that assay for effects of the N-glycosidase
activity of the RIP protein. Exemplary assays to
assess the toxic activity of any RIP toxin or
conjugate thereof, including modified forms of such
toxins, are described below. a. Protein Synthesis
AssaysThe activity of RIP toxins or conjugates
thereof, such as any modified RIP, including, for
example, any modified toxin identified in the
selection method provided herein, can be measured to
determine effects of the toxin on translation using a
protein synthesis assay. Such assays are routine and
are known to one of skill in the art. Exemplary of
such an assay is a rabbit reticulocyte lysate assay.
Typically the rabbit reticulocyte lysate contains or
is supplemented with components needed for efficient
transcription and translation such as magnesium and
potassium ions and NTPs. A template RNA also is added
which is the source of the synthesized protein. Such
an assay allows for the coupled in vitro transcription
and translation of proteins by rabbit ribosomes which
can be detected. In one method, detection can be
achieved via incorporation of radioactivity such as
[3H]Leu, [35S]Met or [35S]Met-Cys which is
incorporated into the synthesized protein and can be
measured following precipitation with trichloroacetic
acid (TCA; Baas et al. (1992) The Plant Cell, 4:
225-234; Zhao et al. (2005) Journal of Microbiology,
54: 1023-1030). In another method, luciferase DNA can
be used as the template, which is then, detected using
a luminometer. Exemplary of rabbit reticulocyte lysate
systems are those sold by Promega including, for
example, the TNT(r) Coupled Reticulocyte Lysate
Systems. Such an assay is described in Example 2. The
assay can be adapted to be used with other translation
systems including wheat or maize reticulocyte lysates,
or can be adapted in translation reactions containing
intact cell lysates or lysates reconstructed from
various supernatant fractions and purified ribosomes
or polyribosomes (Baas et al. (1992) The Plant Cell, 4
: 225-234). In some methods the assay can be adapted
to assess effects on protein synthesis in whole cells,
where detection of protein synthesis can be
facilitated by adenoviral expressed luciferase (Zhao
et al. (2005) Journal of Microbiology, 54: 1023-1030).
In addition, kinetic analysis and dose response curves
can be performed to determine the relative activity of
the toxin as determined by the concentration of the
toxin necessary to give one-half the maximum response
(RIC50). b. Depurination assaysThe activity of RIP
toxins or conjugates thereof, such as any modified
RIP, including, for example, any modified toxin
identified in the selection method provided herein,
can be determined in a depurination assay.
RIP-mediated depurination of the large ribosomal
subunit of RNA increases susceptibility of the
sugar-phosphate backbone to hydrolysis at the
depurination site (Turner et al. (1997) Proc. Natl.
Acad. Sci., 94: 3866-3871). Following treatment with
aniline, hydrolysis can be observed typically by
release of a small fragment. Thus, ribosomes can be
treated in the presence or absence of increasing
concentration of toxin, the RNA extracted and treated
with aniline, and analyzed by gel electrophoresis.
Fragments can be visualized by staining with ethidium
bromide (Turner et al. (1997) Proc. Natl. Acad. Sci.,
94: 3866-3871; Hartley et al. (1991) FEBS, 290:
1:65-68). The percent dupurination can be determined
by scanning negatives of photographs of the RNA gels
(see e.g., Taylor et al. (1994) The Plant Journal, 5 :
827- 835). c. Cell growth/ survival/ viability assays
The activity of RIP toxins or conjugates thereof, such
as any modified RIP, including, for example, any
modified toxin identified in the selection method
provided herein, can be determined by directly
assessing effects on cell growth. In such an assay,
any prokaryotic or eukaryotic cell can be introduced
with DNA encoding a toxin such as in the form of a
suitable expression vector. Alternatively, any
prokaryotic or eukaryotic cell can be administered
directly with a RIP polypeptide, or a conjugate
thereof such as, for example, a ligand-toxin
conjugate. Any cell can be tested, including but not
limited to, any primary cell such as directly obtained
from a subject, i.e. from the blood, serum, or other
tissue source. Included among such cells are any
leukocyte subtypes or activated leukocytes thereof.
Cell lines also can be used in assays to assess the
toxicity of RIP polypeptides, or conjugates thereof.
Exemplary of a cell line is THP-I, U251 or HT-29
cells. Cell growth can be monitored by assaying for
cell proliferation, cell viability or cell survival.
Growth can be monitored over time and in the presence
or absence of increasing concentrations of the toxin.
For example, cell growth can be monitored bycounting
the cells in a Coulter Counter, measuring the optical
density of the cells over time (Suh et al. (1998)
Biochemistry, 37: 9394-9398), using a DNA dye such as
MTT which is reduced by live cells to form insoluble
purple formazan crystals that can be measured (Arora
et al. (1999) Cancer Research, 59: 183-188; McDonald
et al. (2001) IDrugs, 4:427-442), or by using a dye
such as trypan blue which is excluded from viable
cells but not dead cells (McDonald et al. (2001)
IDrugs, 4:427-442). In another example, cell viability
can be assessed by measuring the amount of ATP
released into the cell culture medium. Exemplary of
such an assay is the CellTiter-Glo(tm) Luminescent
Cell Viability Assay Kit (Promega, Madison WI) such as
is described, for example, in Example 5. Upon lysis of
the cells with the ATP reaction mixture (supplied by
the manufacturer as CellTiter-Glo(r) Reagent), ATP
drives the oxygenation of luciferin resulting in a
luminescent signal which is proportional to ATP
concentrations in the wells. This is directly
proportional to the number of viable cells in the
culture. E. Exemplary Modified Toxins Provided herein
are modified RIP toxin polypeptides, or conjugates
thereof, that exhibit reduced toxic activity compared
to a wildtype RIP polypeptide. For example, a modified
RIP toxin polypeptide, or conjugate thereof, exhibits
0.5%, 1%, 1.5%, 2%, 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%, or more of the toxic activity
compared to a reference or starting form of the toxin,
or conjugate thereof. By virtue of the reduced
toxicity, such modified RIP toxin polypeptides are
expressed by host cells, and can be purified, isolated
and/or identified therefrom. The modified toxins, or
conjugates thereof, exhibit reduced toxicity to
eukaryotic or prokaryotic cells. Generally, the
modified RIP toxins or conjugates thereof exhibit
reduced toxicity to bacterial cells, such as E. coli,
which thereby permit a source of toxin that can be
used in production methods in E. coli. 



Typically, such modified RIP toxin polypeptides, or
conjugates thereof, retain one or more activities of
the starting or wildtype form of the protein (i.e.
unmodified polypeptide). For example, the modified RIP
toxin polypeptides, or conjugates thereof, retain at
least or about 0.5%, 1%, 1.5%, 2%, 5%, 10%, 20%, 30%,
40%, 50%, 60%, 70%,80%, 90%, 95%, or more activity of
one or more than one RIP activity compared to the
unmodified or wildtype RIP polypeptide, or conjugate
thereof. Activities of a RIP polypeptide include, but
are not limited to, any one or more of N-glycosidase
activity, polynucleotide:adenosine glycosidase
activity including RNAase activity and DNAase
activity, superoxide dismutase activity, phospholipase
activity, chitinase activity and anti viral activity.
Activity can be assessed in vitro or in vivo and can
be compared to the activity of the starting RIP
polypeptide. In some examples, such modified RIP
polypeptides are identified in the selection methods
herein such as by virtue of their expression by a host
cell compared to a starting RIP polypeptide, or a
polypeptide conjugate containing a RIP polypeptide,
that is not expressed by the host cell or is expressed
at low levels. As is described above, such modified
RIP toxin polypeptides are identified following
introduction of a nucleic acid encoding a starting or
wildtype RIP polypeptide, for example, any nucleic
acid encoding a RIP polypeptide set forth in Table 3,
or an active fragment thereof, followed by selection
and identification of expressed RIP polypeptides. In
some examples, the modified RIP toxin polypeptides
provided herein are identified following expression of
a toxin from a host cell introduced with nucleic acid
encoding a starting RIP toxin or active portion
thereof. In other examples, the modified RIP toxin
polypeptides provided herein are identified following
expression of a RIP toxin conjugate polypeptide (i.e.
ligand-toxin conjugate) from a host cell that is
introduced with a starting conjugate encoding a
polypeptide containing a RIP toxin, or active portion
thereof. Typically, such a conjugate is a fusion
protein, thereby enabling introduction of a nucleic
acid molecule encoding the fusion protein into the
cell. Using methods described herein, the particular
modification in the expressed RIP polypeptide can be
identified, such as for example, by sequencing of the
polypeptide. Typically, modifications identified in
the methods herein include any that alter the primary
sequence of the unmodified polypeptide and include,
but are not limited, any one or more amino acid
replacements, amino acid deletions and/or amino acid
truncations. For example, modifications include any
one or more amino acid mutations in the
primarysequence, or truncation of the primary
sequence, or any combination thereof. Hence,
modifications of amino acid residues in a RIP
polypeptide, or active fragment thereof, can be
identified that confer reduced cell toxicity by virtue
of a change to the primary sequence of the
polypeptide. The modification(s) identified in the
selection method herein in an expressed RIP
polypeptide can be made in a corresponding position(s)
of any target protein, for example, any related
polypeptide such as, but not limited to, any allelic,
species, truncated or other variant form of the
expressed RIP polypeptide. Such modifications can be
made by standard recombinant DNA techniques such as
are routine to one of skill in the art. Any method
known in the art to effect mutation of any one or more
amino acids in a target protein can be employed.
Methods include standard site-directed mutagenesis
(using e.g. , a kit, such as QuikChange available from
Stratagene) of encoding nucleic acid molecules, or by
solid phase polypeptide synthesis methods. In
addition, any modified RIP polypeptide identified in
the methods herein, or generated based on a
modification identified in the methods herein, can be
used to generate a fusion protein or conjugate. For
example, a ligand-toxin conjugate can be generated
having the modified toxin moiety as the targeted agent
(see Section F below) linked directly or indirectly to
any moiety that targets to a cell surface receptor for
internalization thereof. Such conjugates can be
generated by routine recombinant DNA techniques. For
example, conjugates can be generated using restriction
enzymes and cloning methodologies for routine
subcloning of the desired conjugate components. Any
modified polypeptide generated, including any
conjugate, having a modification identified in the
selection methods herein retains toxic activity. Such
modified polypeptides generally retain or exhibit any
one or more RIP activities. The toxic activity and
other activities of the conjugates can be tested.
Other modifications that are or are not in the primary
sequence of the polypeptide also can be included in a
modified RIP polypeptide, or conjugate thereof, such
as, but not limited to, the addition of a carbohydrate
moiety, the addition of a polyethylene glycol(PEG)
moiety, the addition of an Fc domain, etc. For
example, such additional modifications can be made to
increase the stability or half life of the protein.
Modified SAl Toxins Exemplary of RIP toxins provided
herein are modified forms of SAl, including
modifications in any active form thereof, for example
any truncated form thereof so long as the truncated
polypeptide exhibits a RIP activity, and allelic or
species variants thereof. For example, a modified SAl
polypeptide can include any one or more modifications
in a truncated variant of SAl such as is set forth in
SEQ ID NO:22 or SEQ ID NO:24, or any allelic or
species variant thereof. Modified SAl toxins can be
truncated, or can express amino acid mutations
compared to the starting SAl toxin used in the
selection methods. Typically, such modified toxins
retain one or more activities compared to the starting
SAl polypeptide. Accordingly, such modified SAl
polypeptides can be used in methods to improve
production of an SAl polypeptide and/or can be used in
fusion proteins to generate conjugate proteins
containing the modified SAl polypeptide. The modified
SAl polypeptides can be identified in the selection
methods herein. In one example, the modified SAl
polypeptide can be identified following introduction
of nucleic acid encoding an SAl polypeptide, or active
fragment thereof. For example, selection of a modified
SAl polypeptide can be achieved following introduction
of nucleic acid encoding a variant 1 SAl polypeptide
such as is set forth in SEQ ID NO:22. In another
example, selection of a modified SAl polypeptide can
be achieved following introduction of nucleic acid
encoding a variant 2 SAl polypeptide. The variant 2
SAl is a form of SAl made to lack the five C-terminal
amino acids (CHHHA) compared to the variant 1 SAl set
forth in SEQ ID NO:22 in order to avoid
cysteine-induced dimerization. The amino acid sequence
of variant 2 SAl is set forth in SEQ ID NO:24 and
encoded by a sequence of nucleic acids set forth in
SEQ ID NO:25. In some cases, selection for a modified
SAl polypeptide can be achieved following introduction
of nucleic acid encoding a conjugate containing an SAl
polypeptide portion. The conjugates can include any
ligand-toxin conjugate or otherconjugate so long as
the conjugate contains an SAl polypeptide, or active
fragment thereof. For example, chemokine conjugates
described in U.S. Patent Nos. 7,166,702, 7,157,418 and
7,192,736 can be used as a starting protein to
identify modified forms of a variant 1 SAl polypeptide
(set forth in SEQ ID NO:22 and encoded by a sequence
of nucleic acids set forth in SEQ ID NO:23). In one
example, an LPMIa polypeptide is used as a starting
protein, which is a conjugate of the chemokine MCP-I
linked indirectly to the variant 1 SAl polypeptide.
The LPMIa conjugate is set forth in SEQ ID NO: 38 and
encoded by a sequence of nucleic acids set forth in
SEQ ID NO:37. In another example, a conjugate
containing the chemokine MCP-I linked with a variant 2
form of SAl can be used as the starting unmodified
protein, also termed LPMIb herein. The LPMIb conjugate
is set forth in SEQ ID NO: 40 and encoded by a
sequence of nucleic acids set forth in SEQ ID NO:39.
Provided herein is a modified SAl toxin that contains
an amino acid mutation at position 38, corresponding
to position 38 of a variant SAl polypeptides set forth
in SEQ ID NO: 22. For example, amino acid
modifications can correspond to position L38. An
exemplary amino acid mutation in SAl identified in the
methods provided herein correspond to modification
L38R in a variant SAl polypeptide such as set forth in
SEQ ID NOS: 22. In some examples, the corresponding
L38R mutation is identified or made in other SAl
variant forms, including allelic or species variants.
For example, a corresponding L38R mutation can be made
in a variant 2 sequence of SAl set forth in SEQ ID
NO:24. An exemplary SAl toxin having an amino acid
mutation of L38R is set forth in SEQ ID NO: 26 and
encoded by a sequence of amino acids set forth in SEQ
ID NO:27. This modified SAl also is termed mutant
variant 1 (also called variant 3) herein. The mutant
variant 1 SAl polypeptide can be used to generate
further toxin conjugates, which can be used, for
example, in methods to treat disease or disorders for
which the conjugate is designed. Additionally, the
mutant variant 1 SAl polypeptide can be used in
methods to improve production of SAl or conjugates
thereof. In another example, provided herein is a
modified SAl toxin that contains an amino acid
mutation at position 219, corresponding to position
219 of a variant SAlpolypeptides set forth in SEQ ID
NO: 22. For example, amino acid modifications can
correspond to position V219. An exemplary amino acid
mutation in SAl identified in the methods provided
herein correspond to modification of V219A in a
variant SAl polypeptide set forth in SEQ ID NOS:22. In
some examples, the corresponding V219A mutation is
identified or made in other SAl variant forms,
including allelic or species variants. For example, a
corresponding V219A mutation can be made in a variant
2 sequence of SAl set forth in SEQ ID NO:24. An
exemplary modified SAl polypeptide having an amino
acid mutation of V219A is set forth in SEQ ID NO: 28
and encoded by a sequence of amino acids set forth in
SEQ ID NO:29. This modified SAl also is termed mutant
variant 2 (also called variant 4) herein. The mutant
variant 2 SAl polypeptide can be used to generate
further toxin conjugates, which can be used, for
example, in methods to treat disease or disorders for
which the conjugate is designed. Additionally, the
mutant variant 2 SAl polypeptide can be used in
methods to improve production of SAl or conjugates
thereof. In addition, any of the mutations identified
in a modified RIP polypeptide in the selection methods
herein can be combined. For example, a modified SAl
polypeptide, or conjugate thereof, can be generated
having a modification of L38 and V219, corresponding
to positions in a variant SAl set forth in any of SEQ
ID NO: 22. Such a modification can be made
corresponding position in any SAl polypeptide, such as
an SAl polypeptide set forth in SEQ ID NOS:22 or 24,
respectively, any allelic or species variants thereof,
or any other SAl variants known to one of skill in the
art. Further, any of the mutations identified in a
modified RIP polypeptides in the selection method
herein can be combined with any other mutations in the
RIP polypeptide known to skill of the art or
subsequently identified hereto. Typically, any such
combination mutant in a RIP polypeptide, or a
conjugate thereof, exhibits reduced toxicity to a host
cell compared to a wild-type or starting form of a RIP
polypeptide, yet retains 0.5%, 1%, 1.5%, 2%, 5%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or more
of the toxic activity compared to a reference or
starting form of the toxin, or conjugate thereof. F.
Targeting Agents and Conjugates ThereofProvided herein
are conjugates containing RIP polypeptide toxins, or
active fragments thereof, linked directly or
indirectly to one or more moieties or agents, such as
any chemical, polypeptide, or peptide moiety, or
portions thereof. Typically, the toxins for use in the
conjugates provided herein are those containing any
RIP toxin variant, including any modified RIP toxin
variant. Such modified toxins include any modified RIP
toxin provided herein or identified using the methods
of selection provided herein, such as for example, a
modified SAl toxin, or allelic variants or fragments
thereof. Included among such a modified SAl is a
mutant variant 1 SAl (i.e. variant 3) or a mutant
variant 2 SAl (i.e. variant 4) identified in the
selection methods herein. Typically, a modified RIP
toxin is linked directly or indirectly to a targeting
agent, including any agent that targets the conjugate
to one or more cell types by selectively binding to a
cell surface receptor (i.e. referred to herein as
ligand-toxin conjugates). Hence, any polypeptide or
molecule that binds to a cell surface receptor and is
internalized by a cell is intended for use herein.
Such targeting agents include, but are not limited to,
growth factors, cytokines, chemokines, antibodies, and
hormones, or allelic variants, muteins, or fragments
thereof so long as the targeting agent is internalized
by a cell surface receptor. Further, the conjugates
provided herein can optionally include additional
components, such as for example, but not limited to,
additional sequences or moieties to facilitate
cloning, expression, post-translational modification,
purification, detection, and administration. These
include, for example, restriction enzyme sequences,
translational start or stop codon sequences, His tags,
or other such components. For example, a starting
methionine codon or Kozak sequence can be added to the
coding nucleic acid sequence to permit or enhance
translation of a mature polypeptide or a fragment
polypeptide. Furthermore, as described above in
Section D, any nucleic acid molecule that encodes a
ligand-toxin conjugate containing a targeting agent
linked to a target agent, such as an SAl subunit, or
active portion thereof, can be used to screen for
variants of the targeted agent, such as a modified SAl
as described above and in the Examples herein. 1.
Targeting AgentsGenerally, the modified RIP toxin
conjugates provided herein contain a targeting agent
that targets the conjugate to a receptor or receptors
on a cell or a population of cells involved in the
pathology of various disease processes. Depending on
the disease or disorder, such cells are activated
cells that are a function of the disease as well as
the disease process, or are bystander cells that
support the disease process. Consequently, targeting
these receptors and the cells that express these
receptors permits the therapy to be tailored to the
particular disease and also to the progress of the
disease. Hence, conjugates provided herein can be used
as therapeutics in the treatment of various diseases. 



For example, conjugates provided herein include
ligand-toxins which contain a targeting moiety that
binds to receptors on specific cells types involved in
the immune response, including various leukocyte
subtypes involved in inflammatory diseases. For
example, as a component of the conjugates provided
herein, a targeting moiety can include a ligand that
targets one or more cell surface receptors expressed
on cells of the immune system, such as any cell of the
leukocyte lineage or other tissue residential cells,
including on activated cells involved in diseases
processes. Examples of cell types that can be targeted
herein by the conjugates include, but are not limited
to leukocytes including, but not limited to,
monocytes, macrophages including tissue macrophages
such as microglia of the brain, kupfer cells of the
liver or alveolar macrophages of the lung, B cells, T
cells including ThI and Th2 cells, basophils,
eosinophils, dendritic cells including immature and
mature dendritic cells and langerhans cells, mast
cells, natural killer cells, and neutrophils. Other
examples of cell types that can be targeted herein
include, platelets, astrocytes, endothelial cells,
neurons, epithelial cells and adipose cells. a.
Chemokines Provided herein are conjugates whereby the
targeting agent used in the ligandtoxin conjugate is
selected from the family of chemokines. To appreciate
the use of a chemokine as a targeting agent in the
conjugates herein, an understanding of the function
and interaction of chemokine ligands and their
receptors is helpful. The following discussion
provides such background.Chemokines are a family of
forty or more small proteins that typically are
secreted by cells and stimulate the activation and/or
migration ("chemotaxis") of nearby responsive cells,
typically leukocytes, which express cognate chemokine
receptors. Together, chemokines target the entire
spectrum of leukocyte subtypes; individually each
targets a part of the spectrum. Although some
chemokines are constitutive and involved in
homeostatic immune responses, many chemokines are
termed inflammatory chemokines and are induced from a
wide variety of cells in response to bacterial
infection, viruses and other stimulatory agents.
Chemokines have a variety of biological activities.
They were initially isolated by their ability to
stimulate leukocyte migration and activation.
Chemokines, in association with adhesion molecules,
recruit subsets of leukocytes to specific sites of
inflammation and tissue injury. For example,
chemokines function mainly as chemoattractants via
stimulation of chemokine receptors expressed on a
variety of leukocytes including those in innate
immunity thereby recruiting monocytes, neutrophils and
other effector cells from the blood to sites of
infection or damage, and also those in adaptive
immunity including recruitment of lymphocytes to sites
of immune reactions. Generally, chemokines and
chemokine receptor expression are up-regulated in
disease, with chemokines acting in an autocrine or
paracrine manner (Glabinski et al. (1995) Int. J. Dev.
NeuroscL, 13:153-65; Furie and Randolph (1995) Am. J.
Pathol., 146:1287-301; Benveniste E.N. (1997) J. MoI.
Med., 75:165-73; Schall et al. (1994) Current Biol, 6
: 865-73; Taub et al. (1994) Ther. Immunol., 1:229-46;
Baggliolini et al. (1994) Adv. Immunol., 55:97-179;
and Haelens et al. (1996) Immunobiol, 195: 499-521;
Taub, Cytokine Growth Factor Res., 7 : 355-76, 1996;
Dong et al, Eur. J . Dermatol., 13: 224- 30, 2003;
Pastore et al., Eur. J . Dermatol, 14: 203-8, 2004:
Charo and Ransohoff, N Eng J Med., 354: 610-21, 2006).
Chemokines also induce activation of cells, including
but not limited to, microglia and macrophages. Thus,
chemokines are thought to induce the production and
release of reactive oxygen species, degradative
enzymes, and inflammatory and toxic cytokines from
various leukocyte populations. In addition, chemokines
have been shown to regulatenegative hematopoietic
progenitor proliferation, and several CXC chemokines
can regulate angiogenesis. Chemokines also play a role
in many diseases that involve inflammatory tissue
destructions, such as adult respiratory distress
syndrome, myocardial infarction, rheumatoid arthritis,
and atherosclerosis. Chemokines were originally named,
for example, according to their functions or origins.
The most common name for a given ligand is used in the
text herein. Recent systematic nomenclature has been
adopted which uses the chemokine group name followed
by a number. For example the ligands monocyte
chemoattractant protein (MCP) - 1 and interleukin (IL)
-8 are systematically referred to as CCL2 and CXCL8,
respectively. Their receptors are referred to as CCR2
and CXCRl/2, respectively (Table x and 7; Bacon, et
ai, J . Interferon Cytokine Res., 22: 1067-8, 2002;
Murphy, Pharmacol. Rev, 54: 227-9, 2002; Murphy et al,
Pharmacol. Rev., 52: 145-76, 2000). Chemokines and
chemokine receptors are referred to herein
interchangeably with reference to the common and
systematic nomenclature. Given one name, one of skill
in the art knows or could determine the corresponding
names. i. Ligands Chemokines, as noted above, are a
superfamily of small (approximately about 6 to about
14 kDa), inducible and secreted, chemoattractant
cytokines that act primarily on leukocyte subtypes.
Chemokine ligands have between 15 and 50% identity in
their primary structures but it is their shared highly
conserved three-dimensional structure that is
responsible for receptor binding and activation. The
superfamily is divided into four sub-families based
upon the position (or existence) of four conserved
cysteine residues in the primary sequences. Three of
the groups contain four cysteines, the other group
does not. The groups are defined by the arrangement of
the first two cysteines. If the first two cysteines
are separated by a single amino acid they are members
of the CXC family (also called alpha); if the
cysteines are adjacent, they are classified in the CC
family (also called beta); if the cysteines are
separated by three amino acids CX C, they are members
of the third group (also called delta). The fourth
group of chemokines, C or gamma, contain two
cysteines, corresponding to the first and third
cysteines in the other groups.Structural analysis
demonstrates that most chemokines function as monomers
and that the two regions necessary for receptor
binding reside within the first 35 amino acids of the
flexible N-terminus of the mature polypeptide
(Clark-Lewis et al (1995) J Leukocyte Biol, 57:703-1
1; Beall et al (1996) Biochem. J. 313:633-40; and
Steitz et al. (1998) FEBS Lett 430: 158-64). Dimers of
chemokines can form, which formation varies between
chemokines. The formation of dimers typically occurs
at high concentration in solution (Baggiolini et al.
(2001) J Int. Med., 250:91-104). Dimers, however,
dissociate upon dilution and the monomers constitute
the biologically active molecule. In general, the
alpha chemokine members preferentially are active on
neutrophils and T-lymphocytes, and the beta chemokines
are active on monocytes, macrophages, eosinophils and
T-lymphocytes. Additionally, several members of the
alpha and beta chemokines sub-families are active on
dendritic cells, which are migratory cells that
exhibit potent antigen-presenting properties following
their activation and maturation from immature
phagocytic cells, and are thought to participate in
the pathophysiology of many inflammatory diseases
{e.g., Xu et ah, J. Leukoc. Biol, 60: 365-71, 1996;
and Sozzani et al., J. Immunol, 159: 1993-2000, 1997;
Hashimoto et al, J Dermatol ScL, 44: 93-9, 2006; van
Rijt et al, J Exp Med, 201: 981-91, 2005). A fourth
human CX3C-type chemokine referred to as fractalkine
has recently been reported (Bazan et al, Nature,
555:640-4, 1997; Imai et al, Cell, 91:521-30, 1997;
Mackay, Curr. Biol 7 : R384-6, 1997). Unlike other
chemokines, fractalkine exists in membrane and soluble
forms. The soluble form is a potent chemoattractant
for monocytes and T-cells. The cell surface receptor
for this chemokine is termed CX3CR1 . It should be
noted that there can be subtle differences between the
chemical nature and physiological effects of
chemokines derived from different species (Baggliolini
et al., Adv. Immunol, 55: 97-179, 1994; and Haelens et
al, Immunobiol, 195: 499-521, 1996). Table 4 sets
forth exemplary chemokines, including synonyms
therefor, and exemplary SEQ ID NOS. Further, Table 4
sets forth the signal sequence and amino acid
positions coding for the mature chemokine with
reference to positions in the respective SEQ ID NO. It
is noted that, the description of amino acid positions
are for illustrativepurposes and are not meant to
limit the scope of the embodiments provided. It is
understood that polypeptides and the description
thereof are theoretically derived based on homology
analysis and alignments with similar polypeptides.
Thus, the exact locus can vary, and is not necessarily
the same for each polypeptide. Allelic variant or
species variants of chemokines also are known.
Examples of allelic variations in exemplary chemokines
are set forth in any of SEQ ID NOS: 170-191. TABLE 4 ;
Exem lar Chemokine Li andsMASK PROGRAMMABLE ANTI-FUSE
ARCHITECTURE CROSS REFERENCE TO RELATED APPLICATIONS
[001] This application claims the benefit of priority
of U.S. Provisional Patent Application No. 60/871 ,519
filed December 22, 2006, which is incorporated herein
by reference in its entirety. FIELD OF THE INVENTION
[002] The invention is directed to non-volatile
memories. More specifically, the invention is directed
to mask programming of non-volatile memory cells.
BACKGROUND OF THE INVENTION [003] Over the past 30
years, anti-fuse technology has attracted significant
attention of many inventors, IC designers and
manufacturers. An anti-fuse is a structure alterable
to a conductive state, or in other words, an
electronic device that changes state from not
conducting to conducting. Equivalently, the binary
states can be either one of high resistance and low
resistance in response to electric stress, such as a
programming voltage or current. There have been many
attempts to develop and apply anti-fuses in
microelectronic industry, but the most successful
anti-fuse applications to date can be seen in FGPA
devices manufactured by Actel and Quicklogic, and
redundancy or option programming used in DRAM devices
by Micron. Anti-fuse technology is well known in the
art, and example antifuse transistors are shown in
Figures 1 to 5b. [004] Anti-fuse memory is one type of
one-time programmable (OTP) memory in which the device
can be permanently programmed (electrically) with data
once. This data is programmed by an end user for a
particular application. There are several types of OTP
memory cells which can be used. OTP memories provide
users with a level flexibility since any data can be
programmed. [005] Anti-fuse memory can be utilized in
all one time programmable applications, including
RF-ID tags. RF-ID tagging applications are gaining
more acceptance in the industry, particularly in
sales, security, transport, logistics, and military
applications for example. The simplicity and full CMOS
compatibility anti-fuse memory allows for
applicationof the RF-ID tag concept to integrated
circuit manufacturing and testing processes.
Therefore, IC manufacturing productivity can be
increased by utilizing anti-fuse memory in combination
with an RF communication interface on every wafer
and/or every die on the wafer allowing for
contact-less programming and reading chip specific or
wafer specific information during IC manufacturing and
packaging, as well as during printed circuit board
assembly. [006] Figure 1 is a circuit diagram
illustrating the basic concept of an anti-fuse memory
cell, while Figures 2 and 3 show the planar and
cross-sectional views respectively, of the anti-fuse
memory cell shown in Figure 1. The memory cell of
Figure 1 includes a pass, or access transistor 10 for
coupling a bitline BL to a bottom plate of anti-fuse
device 12. A wordline WL is coupled to the gate of
access transistor 10 to turn it on, and a cell plate
voltage Vcp is coupled to the top plate of anti-fuse
device 12 for programming anti-fuse device 12. [007]
It can be seen from Figures 2 and 3 that the layout of
access transistor 10 and anti-fuse device 12 is very
straight-forward and simple. The gate 14 of access
transistor 10 and the top plate 16 of anti-fuse device
12 are constructed with the same layer of polysilicon,
which extend across active area 18. In the active area
18 underneath each polysilicon layer, is formed a thin
gate oxide 20, also known as a gate dielectric, for
electrically isolating the polysilicon from the active
area underneath. On either side of gate 14 are
diffusion regions 22 and 24, where diffusion region 24
is coupled to a bitline. Although not shown, those of
skill in the art will understand that standard CMOS
processing, such as sidewall spacer formation, lightly
doped diffusions (LDD) and diffusion and gate
silicidation, can be applied. While the classical
single transistor and capacitor celt configuration is
widely used, a transistor-only anti-fuse cell is
further desirable due to the semiconductor array area
savings that can be obtained for high-density
applications. Such transistor-only anti-fuses must be
reliable while simple to manufacture with a low cost
CMOS process. [008] Figure 4a shows a cross-sectional
view of an anti-fuse transistor that can be
manufactured with any standard CMOS process. Variants
of this anti-fuse transistor are disclosed in commonly
owned U.S. Patent Application No. 10/553,873 filed on
October 2 1, 2005, and commonly owned U.S. Patent
Application No. 11/762,552 filed on June 13 , 2007,
the contents of which are incorporated by reference.
In the presently shown example, the anti-fuse
transistor is almost identical to a simple thick gate
oxide, or input/output MOStransistor with one floating
diffusion terminal. The disclosed anti-fuse
transistor, also termed a split-channel capacitor or a
half-transistor, can be reliably programmed such that
the fuse link between the polysilicon gate and the
substrate can be predictably localized to a particular
region of the device. The cross-section view of Figure
4a is taken along the channel length of the device,
which in the presently described example is a
p-channel device. The channel is generally understood
to be the area underneath an overlying polysilicon
gate, having a length defined by edges of the
polysilicon gate adjacent respective diffusion
regions. [009] Anti-fuse transistor 30 includes a
variable thickness gate oxide 32 formed on the
substrate channel region 34, a polysilicon gate 36,
sidewall spacers 38, a field oxide region 40 a
diffusion region 42, and an LDD region 44 in the
diffusion region 42. A bitline contact 46 is shown to
be in electrical contact with diffusion region 42. The
variable thickness 



gate oxide 32 consists of a thick oxide and a thin
gate oxide such that a portion of the channel length
is covered by the thick gate oxide and the remaining
portion of the channel length is covered by the thin
gate oxide. Generally, the thin gate oxide is a region
where oxide breakdown can occur. The thick gate oxide
edge meeting diffusion region 42 on the other hand,
defines an access edge where gate oxide breakdown is
prevented and current between the gate 36 and
diffusion region 42 is to flow for a programmed
anti-fuse transistor. While the distance that the
thick oxide portion extends into the channel region
depends on the mask grade, the thick oxide portion is
preferably formed to be at least as long as the
minimum length of a high voltage transistor formed on
the same chip. [0010] In this example, the diffusion
region 42 is connected to a bitline through a bitline
contact 46, or other line for sensing a current from
the polysilicon gate 36, and can be doped to
accommodate programming voltages or currents. This
diffusion region 42 is formed proximate to the thick
oxide portion of the variable thickness gate oxide 32.
To further protect the edge of anti-fuse transistor 30
from high voltage damage, or current leakage, a
resistor protection oxide (RPO), also known as a
salicide protect oxide, can be introduced during the
fabrication process to further space metal particles
from the edge of sidewall spacer 38. This RPO is
preferably used during the salicidiation process for
preventing only a portion of diffusion region 42 and a
portion of polysilicon gate 36 from being salicided.
It is well known that salicided transistors are known
to have higher leakage and therefore lower breakdown
voltage. Thus having a non-salicided diffusion region
42 will reduce leakage. Diffusion region42 can be
doped for low voltage transistors or high voltage
transistors or a combination of the two resulting in
same or different diffusion profiles. [001 1] A
simplified plan view of the anti-fuse transistor 30 is
shown in Figure 4b. Bitline contact 46 can be used as
a visual reference point to orient the plan view with
the corresponding cross-sectional view of Figure 4a.
The active area 48 is the region of the device where
the channel region 34 and diffusion region 42 is
formed, which is defined by an OD mask during the
fabrication process. The dashed outline 50 defines the
areas in which the thick gate oxide is to be formed
via an OD2 mask during the fabrication process. More
specifically, the area enclosed by the dashed outline
50 designates the regions where thick oxide is to be
formed. OD simply refers to an oxide definition mask
that is used during the CMOS process for defining the
regions on the substrate where the oxide is to be
formed, and OD2 refers to a second oxide definition
mask different than the first. Details of the CMOS
process steps for fabricating anti-fuse transistor 30
will be discussed later. According to an embodiment of
the present invention, the thin gate oxide area
bounded by edges of the active area 48 and the
rightmost edge of the OD2 mask, is minimized. In the
presently shown embodiment, this area can be minimized
by shifting the rightmost OD2 mask edge towards the
parallel edge of active area 48. Commonly owned U.S.
Patent Application No. 11/762,552 filed on June 13,
2007, the contents of which are incorporated by
reference, describes alternate single transistor
anti-fuse memory cells which can be used in a
nonvolatile memory array. Two transistor anti-fuse
memory cells are known in the art, as shown in the
example of Figures 5a and 5b. [0012] Figure 5b shows a
planar view of a two-transistor anti-fuse memory cell
60 having a minimized thin gate oxide area that can be
manufactured with any standard CMOS process, according
to an embodiment of the present invention. Figure 5a
shows a crosssectional view of the memory cell 60 of
Figure 5b, taken along line B-B. Two-transistor
antifuse memory cell 60 consists of an access
transistor in series with an anti-fuse transistor. The
access transistor includes a polysilicon gate 62
overlying a thick gate oxide 64, which itself is
formed over the channel 66. On the left side of the
channel 66 is a diffusion region 68 electrically
connected to a bitline contact 70. On the right side
of the channel 66 is a common diffusion region 72
shared with the anti-fuse transistor. The anti-fuse
transistor includes a polysilicon gate 74 overlying a
thin gate oxide 76, which itself is formed over the
channel 78. The thick gate oxide 64 can correspond to
that used for high voltage transistors while the
thingate oxide 76 can correspond to that used for low
voltage transistors. The dashed outline 77 defines the
areas in which the thick gate oxide is to be formed
via an OD2 mask during the fabrication process. More
specifically, the area enclosed by the dashed outline
77 designates the regions where thick oxide is to be
formed. While the right-most edge of dashed outline 77
is showed to be substantially aligned with an edge of
the side-wall spacer adjacent to polysilicon gate 74,
those skilled in the art will understand that this
edge can be positioned anywhere between the sidewall
spacers of polysilicon gates 62 and 74. It is well
known that polysilicon gates 62 and 74 can be
independently controlled, or alternatively can be
connected to each other as shown in Figure 5b. In the
example of Figure 5b, both polysilicon gates 62 and 74
are part of the same polysilicon structure, and
connected to a wordline through wordline contact 80.
Both diffusion regions 68 and 72 can have LDD regions,
which can be identically doped or differently doped,
depending on the desired operating voltages to be
used. Commonly owned U.S. Patent Application No.
11/762,552 filed on June 13, 2007 describes alternate
two-transistor anti-fuse memory cells which can be
used in a non-volatile memory array. [0013] The
programming speed of OTP memories is relatively slow,
since each programming cycle will attempt to program a
certain number of data words at the same time.
Following each programming cycle is a program verify
cycle to ensure that the data words were successfully
programmed. Any bits that do not pass the program
verify step are reprogrammed. This process continues
until all the memory cell states have been
successfully programmed. [0014] There are applications
where the same data is to be programmed in every OTP
memory. Boot block data for example, can be the same
in every chip in the batch, while the actual user data
can be different. The boot block can be programmed by
the end user, or by the vendor. In either case, a
significant number of program cycles will be required
for programming this boot block data to all the OTP
memory devices in the batch. There may be other
applications where a portion of every OTP memory
device will store the same data. In some cases, this
data is not intended to be accessible or known by the
end user, thereby requiring programming before
delivery to the end user for integration into their
systems. However, this pre-programming will add time
overhead, which is undesired. [0015] Mask ROM memory
is a class of non-volatile memory which is programmed
with data during the chip manufacturing stage. In a
chip manufacturing stage, masks areused to define
which memory cells in the memory array are to be
permanently turned off. Since programming is performed
during chip manufacturing, the effective "programming"
speed is extremely high. This technique is cost
effective with economies of scale, due to the capital
cost of the mask sets that are required. For example,
known video gaming console game cartridges used Mask
ROM chips to store game data, and the fast
manufacturing of the chips allowed for large
quantities of game cartridges to be sold worldwide
with minimal time. [0016] Unfortunately, Mask ROM is
programmable only at the manufacturing stage, and does
not give end users the ability to program their own
data to the memory device. U.S. Patent No. 7,102,926
discloses a memory device whereby a Mask ROM memory
array is paired with an electrically erasable
programmable read only memory (EEPROM). However, there
is additional complexity and cost associated with such
a device because the manufacturing process for Mask
ROM differs substantially from that of an EEPROM.
Furthermore, the additional cost for an EEPROM device
is not economical for applications in which data is
only programmed to the memory once. [0017] It is,
therefore, desirable to provide a low cost OTP memory
device which is mask programmable while having user
programmability. SUMMARY OF THE INVENTION [0018] It is
an object of the present invention to obviate or
mitigate at least one disadvantage of prior OTP
memories. More specifically, it is an object of the
present invention provide an anti-fuse memory that is
both mask programmable and electrically programmable.
[0019] In a first aspect, the present invention
provides a hybrid memory having electrically
programmable and mask programmed memory cells arranged
in rows and columns. The hybrid memory array includes
a row of electrically programmable anti-fuse memory
cells and a row of mask programmed anti-fuse memory
cells. Each electrically programmable anti-fuse memory
cell is connected to a bitline and has a predetermined
layout and a gate oxide structure. Each mask
programmed anti-fuse memory cell is connected to the
bitline connected to one electrically programmable
anti-fuse memory cell, and has substantially the
predetermined layout and the gate oxide structure.
Each mask programmed anti-fuse memory cell represents
one logic state by being selectively maskprogrammed to
have a permanent coupling to a voltage supply. Each
mask programmed anti-fuse memory cell can represent
another logic state by being selectively mask
programmed to omit a channel region. According to an
embodiment of the present aspect, the row of mask
programmed anti-fuse memory cells includes an
electrically programmable status memory cell, and the
electrically programmable status memory cell is
identical to each of the electrically programmable
anti-fuse memory cells. According to further
embodiments of the present aspect, the permanent
coupling can include a contact electrically connected
to the voltage supply and coupled to the bitline when
a corresponding wordline is activated; a diffusion
region connected to the voltage supply and coupled to
the bitline when a corresponding wordline is
activated; and a diffusion region connected to a
corresponding wordline and coupled to the bitline when
the corresponding wordline is driven to the voltage
supply. [0020] In a further embodiment, the row of
mask programmed anti-fuse memory cells are coupled to
a wordline receiving a programming voltage, the hybrid
memory further including a program lock circuit
coupled to the wordline for inhibiting the programming
of the row of mask programmed anti-fuse memory cells.
The program lock circuit includes a mask programmable
inhibit circuit coupled to the wordline and programmed
to a lock state for changing the programming voltage
to a voltage level ineffective for programming in
response to the wordline at the programming voltage.
[0021] In another embodiment of the present aspect,
each of the electrically programmable anti-fuse memory
cells and each of the mask programmable anti-fuse
memory cells includes an access transistor and an
electrically programmable anti-fuse transistor. The
access transistor has a first diffusion region coupled
to the bitline and a first polysilicon gate. The
electrically programmable anti-fuse transistor is in
series with the access transistor and has a second
diffusion region shared with the access transistor,
and a second polysilicon gate. The gate oxide
structure including a thick gate oxide under the first
polysilicon gate and a thin gate oxide under the
second polysilicon gate. In the present embodiment,
the first polysilicon gate is dhvable to a read
voltage during a read operation, and the second
polysilicon gate is drivable to a programming voltage
during a programming operation. In an alternate
embodiment, the first polysilicon gate and the second
polysilicon gate are electrically coupled to each
other and to a wordline drivable to a programming
voltage. The permanent coupling can include a contact
electrically connected to the voltagesupply and
coupled to the bitline when the access transistor is
activated; a third diffusion region connected to the
voltage supply and coupled to the bitline when the
access transistor and the electrically programmable
anti-fuse transistor are activated; and a third
diffusion region connected to a diffusion line, the
diffusion line being coupled to the second polysilicon
gate. Furthermore, each mask programmed anti-fuse
memory cell representing another logic state is
selectively mask programmed to omit a channel region.
[0022] In yet another embodiment of the present
aspect, each of the electrically programmable
anti-fuse memory cells and each of the mask
programmable anti-fuse memory cells includes an
electrically programmable anti-fuse transistor. The
electrically programmable anti-fuse transistor has a
diffusion region coupled to the bitline, and a
polysilicon gate. The gate oxide structure including
an oxide breakdown region fusible to form a conductive
channel between the polysilicon gate and a substrate
beneath the gate oxide structure. The gate oxide
structure includes a variable thickness gate oxide
having a thin gate oxide portion corresponding to the
oxide breakdown region. The permanent coupling
includes another diffusion region connected to the
voltage supply, and coupled to the bitline when a
wordline coupled to the polysilicon gate is activated.
Alternately, the permanent coupling includes another
diffusion region connected to a diffusion line, the
diffusion line being coupled to the polysilicon gate.
Each mask programmed anti-fuse memory cell
representing another logic state can be selectively
mask programmed to omit a channel region. [0023] In a
second aspect, the present invention provides a hybrid
memory. The hybrid memory includes an electrically
programmable anti-fuse memory cell and a mask
programmed memory cell. The electrically programmable
anti-fuse memory cell being connected to a
corresponding bitline and a common wordline. The mask
programmed memory cell is connected to another bitline
and the common wordline for storing a validity bit.
The electrically programmable anti-fuse memory cell
includes an electrically programmable anti-fuse
transistor having a diffusion region coupled to the
bitline, and a polysilicon gate overlying a gate oxide
structure. The gate oxide structure has an oxide
breakdown region fusible to form a conductive channel
between the polysilicon gate and a substrate beneath
the gate oxide structure. The mask programmed memory
cell can either omit a channel region underlying the
common wordline, or include a permanent coupling to a
voltage supply. The permanent coupling can include
another diffusion region connected to the
voltagesupply, and coupled to the bitline when the
wordline coupled to the polysilicon gate is activated.
[0024] In an embodiment of the present aspect, the
hybrid memory further includes a second mask
programmed memory cell and a second electrically
programmable anti-fuse memory cell. The second mask
programmed memory cell is connected to the
corresponding bitline and a second common wordline.
The second electrically programmable anti-fuse 



memory cell is connected to the another bitline and
the second common wordline. In an alternate embodiment
of the electrically programmable anti-fuse memory
cell, the electrically programmable anti-fuse memory
cell includes an access transistor and an electrically
programmable anti-fuse transistor. The access
transistor has a first diffusion region coupled to the
bitline, and a first polysilicon gate. The
electrically programmable anti-fuse transistor is in
series with the access transistor and has a second
diffusion region shared with the access transistor,
and a second polysilicon gate. The gate oxide
structure includes a thick gate oxide under the first
polysilicon gate and a thin gate oxide under the
second polysilicon gate. [0025] Other aspects and
features of the present invention will become apparent
to those ordinarily skilled in the art upon review of
the following description of specific embodiments of
the invention in conjunction with the accompanying
figures. BRIEF DESCRIPTION OF THE DRAWINGS [0026]
Embodiments of the present invention will now be
described, by way of example only, with reference to
the attached Figures, wherein: Fig. 1 is a circuit
diagram of a DRAM-type anti-fuse cell; Fig. 2 is a
planar layout of the DRAM-type anti-fuse cell of
Figure 1; Fig. 3 is a cross-sectional view of the
DRAM-type anti-fuse cell of Figure 2 along line x-x;
Fig. 4a is a cross-sectional view of a variable
thickness gate oxide anti-fuse transistor; Fig. 4b is
a planar layout of the variable thickness gate oxide
anti-fuse transistor of Figure 4a; Fig. 5a is a
cross-sectional view of a two-transistor anti-fuse
memory cell; Fig. 5b is a planar layout of the
two-transistor anti-fuse memory cell of Figure 5a;Fig.
6 is a block diagram of a hybrid one-time programmable
and mask programmed memory, according to an embodiment
of the present invention; Fig. 7a is a plan view
layout showing a hybrid memory array having
twotransistor one-time programmable memory cells and
two-transistor mask programmed memory cells, according
to an embodiment of the present invention; Fig. 7b is
a plan view layout showing a hybrid memory array
having twotransistor one-time programmable memory
cells and two-transistor mask programmed memory cells,
according to an alternate embodiment of the present
invention; Fig. 7c is a plan view layout showing a
hybrid memory array having alternate two transistor
one-time programmable memory cells and two-transistor
mask programmed memory cells, according to the
alternative mask programming technique of Figure 7a;
Fig. 7d is a plan view layout showing a hybrid memory
array having alternate two transistor one-time
programmable memory cells and two-transistor mask
programmed memory cells, according to the alternative
mask programming technique of Figure 7b; Fig. 8a is
the plan view layout showing a hybrid memory array
illustrating an alternate mask programming technique;
Fig. 8b is the plan view layout showing a hybrid
memory array illustrating the alternative mask
programming technique of Figure 8a; Fig. 9a is a plan
view layout showing a hybrid memory array having
single transistor one-time programmable memory cells
and single transistor mask programmed memory cells,
according to an embodiment of the present invention;
Fig. 9b is a plan view layout showing an alternate
hybrid memory array, according to an embodiment of the
present invention; Fig. 10a is a plan view layout of
single transistor mask programmed memory cells
programmed using an alternative mask programming
technique; Fig. 10b is a plan view layout of two
transistor mask programmed memory cells programmed
using the alternative mask programming technique of
Figure 10a; Fig. 11 is a block diagram of a hybrid
memory showing circuit details of a program lock
circuit according to an embodiment of the present
invention;Fig. 12a is an example embodiment of a mask
programmable transistor shown in Figure 11; Fig. 12b
is an example embodiment of an alternate mask
programmable transistor; Fig. 13 is a block diagram of
a hybrid memory with such a program lock circuit,
according to another embodiment of the present
invention; Fig. 14 is an example embodiment of mask
programmable inverter shown in Figure 13; Fig. 15 is a
block diagram of a hybrid memory array having a
programmable status array; Fig. 16a is a plan view
layout of a hybrid memory array with a status array
column, according to an embodiment of the present
invention; Fig. 16b is a plan view layout of a hybrid
memory array with a status array column, according to
an alternate embodiment of the present invention.
DETAILED DESCRIPTION [0027] Generally, the present
invention provides a memory array having both mask
programmable and one-time programmable memory cells
connected to the wordlines and the bitlines. All
memory cells of the memory array are configured as
one-time programmable memory cells. Any number of
these one-time programmable memory cells are
convertible into mask programmable memory cells
through mask programming, such as diffusion mask
programming or contact/via mask programming.
Manufacturing of such a hybrid memory array is
simplified because both types of memory cells are
constructed of the same materials, therefore only one
common set of manufacturing process steps is required.
Inadvertent user programming of the mask programmable
memory cells is inhibited by a programming lock
circuit. Each row of data can be tagged as invalid by
the user, while mask programmed data is protected from
user invalidation. [0028] Therefore, the same code can
be mask programmed to a large number of memory devices
during the manufacturing process simply by making the
appropriate mask modifications to the masks used for
manufacturing the one-time programmable memory device.
More specifically, the masks will be modified to
effect mask programming of specificmemory cells of the
memory array. After manufacturing, the memory devices
can then be immediately shipped to users for
programming their own data. The overhead for mask
programming is minimal prior to device fabrication,
and far less than the accumulated time required for
post-manufacturing electrical programming of each
memory device. Furthermore, the mask programmed lock
circuit provides security against post-manufacturing
programming of the mask programmed memory cells.
[0029] Figure 6 is a block diagram of a hybrid
one-time programmable and mask programmed memory,
according to an embodiment of the present invention.
The hybrid memory 100 includes a hybrid memory array
102, a wordline driver circuit block 104, a column
decoder circuit block 106, a sense amplifier circuit
block 108, a program lock circuit block 110, and a
high voltage switch circuit 112. Those skilled in the
art will understand that hybrid memory will include
other circuit blocks to enable proper operation of the
memory, but are not shown in Figure 6 as they are not
relevant to the embodiments of the invention. The
hybrid memory array 102 consists of rows and columns
of memory cells, where each row of memory cells are
connected to a common wordline while each column of
memory cells are connected to a common bitline. In the
present embodiment, the one-time programmable memory
cells and the mask programmed memory cells can have
the memory cell configuration shown in Figures 4a and
4b or Figures 5a and 5b. As illustrated in Figure 6 ,
different rows of memory cells will consist of one
type of memory cell. For example, Row 0 , Row 1, Row
9, Row 11, Row 13 and the last row, Row n, will
include only one-time programmable memory cells
(PROM), while Row 2 to Row 8, Row 10, Row 12 and Row
14 will include only mask programmed memory cells
(MROM). The different types of rows can be interleaved
with each other, or grouped together in consecutive
rows. Because the same type of memory cell is used for
both the one-time programmable memory cells and the
mask programmed memory cells, the wordline pitch and
bitline pitch is constant, thereby maximizing packing
density of the memory array 102. [0030] The wordline
driver circuit block 104 includes individual wordline
drivers for applying read and program voltages to the
wordlines. In the present embodiment, the read and
program voltages are provided by the high voltage
switch circuit 112 in response to a control signal
indicating that a read or program operation is to be
executed. The high voltage switch circuit 112 can
either generate the read and program voltages, or
couple received read and program voltages to the
wordline driver circuit block 104. Specific wordlines
areselected for a read or program operation in
response to an inputted row address. The column
decoder circuit block 106 couples any preset number of
bitlines to respective bitline sense amplifier
circuits in sense amplifier circuit block 108, in
response to an inputted column address. The column
decoder circuit block 106 can couple the appropriate
bias voltage levels to the bitlines for either
promoting or inhibiting programming of a one-time
programmable memory cell. Persons skilled in the art
will understand that there are many possible
architectures and circuit implementations for column
decoder circuit block 106 and sense amplifier circuit
block 108. [0031] Because a row of mask programmed
memory cells are essentially one-time programmable
memory cells, they can be programmed if the bitlines
are appropriately biased and the wordline is driven to
the program voltage level. Therefore, according to
another embodiment of the present invention, the
program lock circuit block 110 is provided as a means
for inhibiting programming of any row of memory cells,
thereby protecting mask programmed data stored in that
row. This inhibiting is achieved by disrupting the
programming voltage from reaching the memory cells.
Further details of the program lock circuit block 110
will follow later. [0032] Figure 7a is a plan view
layout of a portion of the memory array 102 of Figure
6 illustrating the integration of two-transistor
one-time programmable memory cells and twotransistor
mask programmed memory cells, according to an
embodiment of the present invention. In the present
example, a first row 120 of memory cells connected to
wordline WLi are one-time programmable memory cells
while a second row 122 of memory cells connected to
adjacent wordline WLi+1 are mask programmed memory
cells. Each memory cell of rows 120 and 122 are
two-transistor anti-fuse memory cells having the same
predetermined layout as shown in Figures 5a and 5b and
the same gate oxide structure. The dashed outline 123
defines the areas in which the thick gate oxide is to
be formed via an OD2 mask during the fabrication
process, and is analogous to dashed outline 77 shown
in Figure 5a. The gate oxide structure refers to both
the thin and thick gate oxide compositions of the
access transistor and the anti-fuse transistor. In the
configuration shown in Figure 7a, each pair of memory
cells from rows 120 and 122 share a common diffusion
region 124 and common bitline contact 126. In the
present example, one-time programmable memory cells of
row 120 are electrically programmable, and may or may
not have a fuse link 128 formed when a programming
voltage on WLi is applied while the bitline is biased
to ground, VSS orsome other sufficiently low voltage
level effective for creating fuse link 128 in the
presence of the program voltage. During a read
operation, WLi is driven to VDD and any memory cell of
row 120 having a fuse link 128 will couple VDD from
WLi to its corresponding bitline. Any memory cell of
row 120 without a fuse link 128 will not have any
effect on its corresponding bitline. [0033] The mask
programmed cells of row 122 are programmed by
connecting the source diffusion to a high voltage
level such as VDD to create the source-drain path for
VDD, via the channel region underneath the thin gate
oxide of the memory cell, such as thin gate oxide 76
shown in Figure 5a. The connection is easily made by
modifying the diffusion mask to include a diffusion
region for coupling the selected memory cells of row
122 to a VDD coupled diffusion line 130. During a read
operation, a memory cell of row 122 with the diffusion
region will couple its corresponding bitline to the
VDD coupled diffusion line 130 when the wordline WLi+1
is raised to VDD. In contrast, a memory cell of row
122 with an absence of the diffusion region cannot
couple its corresponding bitline to the VDD coupled
diffusion line 130, thereby resulting in no effect on
the bitline. Therefore, the reading method for the
memory cells of rows 120 and 122 is the same since the
memory cells of row 120 having a fuse link 128 behave
like a memory cell of row 122 having the diffusion
region connected to the VDD diffusion line 130, and
vice versa. [0034] In the embodiment of Figure 7a,
only the diffusions of anti-fuse memory cells to be
programmed with a particular state are mask programmed
to be coupled to the VDD coupled diffusion line 130,
while anti-fuse memory cells storing the opposite
state remain unmodified. In the alternate embodiment
of Figure 7b, further mask programming is applied to
those memory cells storing the opposite state. As
shown in Figure 7b, the left-most mask programmed
memory cell of row 122 is mask programmed such that
there is no channel region beneath polysilicon gate,
such as polysilicon gate 74 shown in Figure 5a. In
other words, the channel region is omitted or absent
from underneath the polysilicon gate during
fabrication. This will help prevent the mask
programmed memory cells from accidental electrical
programming. The prevention of accidental electrical
programming is further enhanced by adjusting the
common diffusion region shape, such as common
diffusion region 72 of Figure 5a, so that it is spaced
from the edge of the polysilicon gate 74. Accordingly,
the mask programmed memory cells of row 122 have
substantially thepredetermined layout as the memory
cells of row 120, where the only difference is the
presence or absence of the channel region and
connection to the VDD diffusion line 130. [0035]
Figure 7c shows an alternate embodiment of the hybrid
memory array shown 



in Figure 7a. In the embodiment of Figure 7c, memory
cells 120 and 122 share a common polysilicon cell
plate 129 carrying a cell plate voltage VCP and a
common polysilicon wordline 131 carrying a wordline
signal WL. The only difference in operation relative
to the embodiment of Figure 7a is that a programming
operation is executed by driving VCP to a high voltage
programming level and turning on the corresponding
wordline to couple the VSS biased bitline to the
shared diffusion area adjacent to the cell plate 129.
A read operation is executed by biasing VCP to a
positive voltage level while applying a read voltage
to the selected wordline WL. It is further noted that
the diffusion line 130 can be coupled to VDD or to a
reference voltage VREF or VSS in case of the memory
cell array with PMOS transistors. [0036] Figure 7d
shows an alternate embodiment of the hybrid memory
array shown in Figure 7b. In the embodiment of Figure
7d, memory cells 120 and 122 share a common
polysilicon cell plate 129 carrying a cell plate
voltage VCP and a common polysilicon wordline 131
carrying a wordline signal WL. This is similar to the
previously shown embodiment of Figure 7c, with the
further modification where further mask programming is
applied to those memory cells storing the opposite
state. As shown in Figure 7d, the left-most mask
programmed memory cell of row 122 is mask programmed
such that there is no channel region beneath
polysilicon gate 129. In other words, the channel
region is omitted or absent from underneath the
polysilicon gate 129 during fabrication. [0037] Figure
8a shows the plan view layout of Figure 7a, where the
two transistor mask programmed memory cells are
programmed using an alternative mask programming
technique. The row of memory cells 122 is now replaced
with a row of mask programmed memory cells 132, which
are identically configured to the one-time
programmable memory cells of row 120. Instead of
adding a diffusion region of the mask programmed
memory cells, the contact/via mask can be modified to
place metal VDD contacts 134 in the common diffusion
region 72 between the two polysilicon gates of the
memory cells of row 132. If required, other overlying
metal masks can be suitably modified to ensure that
the VDD voltage supply is coupled to contacts 134.
During a read operation, a memory cell of row 132
having a VDD contact 134 will couple its corresponding
bitline to VDD when the wordline WLi+1 is raised to
VDD. In contrast, a memory cell of row 132 with an
absence of the VDDcontact 134 cannot couple its
corresponding bitline to VDD, thereby resulting in no
effect on the bitline. Figure 8b shows the plan view
layout of Figure 7c, where the two transistor mask
programmed memory cells are programmed using the
alternative mask programming technique shown in Figure
8a. [0038] Figure 9a is a plan view layout of a
portion of the memory array 102 of Figure 6
illustrating the integration of single transistor
one-time programmable memory cells and single
transistor mask programmed memory cells, according to
another embodiment of the present invention. In the
present example, a first and fourth rows 150 of memory
cells connected to wordlines WLi and WLi+3
respectively, are one-time programmable memory cells.
A second and third rows 152 of memory cells connected
to wordlines WLi+1 and WLi+2 respectively, are mask
programmed memory cells. Each memory cell of rows 150
and 152 are single transistor anti-fuse memory cells
having the same predetermined layout as shown in
Figures 4a and 4b and the same gate oxide structure.
The gate oxide structure refers to the variable
thickness gate oxide composition of the anti-fuse
transistor. In the configuration shown in Figure 9a,
each pair of memory cells of rows 150 and 152 share a
common diffusion region 154 and common bitline contact
156. The dashed outlines 157 defines the areas in
which the thick gate oxide is to be formed via an OD2
mask during the fabrication process, and is analogous
to dashed outline 50 shown in Figure 4b. In the
present example, one-time programmable memory cells of
rows 150 are electrically programmable, and may or may
not have a fuse link 158 formed when a programming
voltage on WLi and WLi+3 is applied while the
corresponding bitlines are biased to ground, VSS or
some other sufficiently low voltage level effective
for creating fuse link 158 in the presence of the
program voltage. During a read operation for example,
WLi is driven to VDD and any memory cell of rows 150
having a fuse link 158 will couple VDD from WLi to its
corresponding bitline. Any memory cell of rows 150
without a fuse link 158 will not have any effect on
its corresponding bitline. [0039] The mask programmed
cells of rows 152 are programmed by connecting the
source diffusion to a high voltage level such as VDD
to create the source-drain path for VDD, via the
channel region underneath the variable thickness gate
oxide of the memory cell, such as variable thickness
gate oxide 32 shown in Figure 4a. The connection is
easily made by modifying the diffusion mask to
add/extend diffusion regions to the selected memory
cells of rows 152 to connect with a VDD coupled
diffusion line 160. During a read operation, amemory
cell of row 152 with the diffusion region will couple
its corresponding bitline to the VDD coupled diffusion
line 160 when the wordline WLi+1 is raised to VDD. In
contrast, a memory cell of row 152 with an absence of
the diffusion region cannot couple its corresponding
bitline to the VDD coupled diffusion line 160, thereby
resulting in no effect on the bitline. Therefore, the
reading method for the memory cells of rows 150 and
152 is the same since the memory cells of rows 150
having a fuse link 158 behave like a memory cell of
rows 152 having the diffusion region connected to the
VDD diffusion line 160, and vice versa. [0040] Figure
9b is an alternate plan view layout of the hybrid
memory array of Figure 9a, according to another
embodiment of the present invention. In the embodiment
of Figure 9a, only the diffusions of anti-fuse memory
cells to be programmed with a particular state are
mask programmed to be coupled to the VDD coupled
diffusion line 160, while anti-fuse memory cells
storing the opposite state remain unmodified. In the
present embodiment, further mask programming is
applied to those memory cells storing the opposite
state. As shown in Figure 9b, mask programmed memory
cells of rows 153 are programmed to store the opposite
state to that of the memory cell coupled to common
diffusion 154, such that there is no overlap between
the polysilicon gate of wordline WLi+2 and the
diffusion region. In other words, instead of extending
the common diffusion region 154, the common diffusion
region and the channel region is omitted or absent
from underneath polysilicon gate. This will further
help prevent the mask programmed memory cells from
accidental electrical programming. The prevention of
accidental electrical programming is further enhanced
by forming the common diffusion region 154 so that it
is spaced from the edge of the polysilicon gate, such
as polysilicon gate 36 shown in Figure 4a.
Accordingly, the mask programmed memory cells of rows
153 have substantially the predetermined layout as the
memory cells of rows 150, the only difference being
the presence or absence of the channel region and
connection to the VDD diffusion line 160. [0041]
Figure 10a shows the plan view layout of two rows 170
of single transistor mask programmed memory cells
programmed using an alternative mask programming
technique. Each single transistor mask programmed
memory cell of rows 170 is similar to the anti-fuse
memory cell shown in Figures 4a, 4b and 9a. The dashed
outline 173 defines the areas in which the thick gate
oxide is to be formed via an OD2 mask during the
fabrication process, and is analogous to dashed
outline 50 shown in Figure 4b. Mask programming
isachieved by modifying the masks such that the
selected memory cells have additional diffusion
regions 172 electrically connected to a diffusion line
171, which is in turn coupled to their respective
wordline through program couplings 174. Hence, the
additional diffusion regions 172 coupled to diffusion
line 171 will be formed for those memory cells storing
a first logic state. To store a second and opposite
logic state, the channel regions under the polysilicon
gate can be omitted during fabrication, as previously
described for the embodiment of Figure 9b. In the
present embodiment, each program coupling 174 includes
a contact formed on the diffusion line 171 and the
wordline, and conductive means for electrically
connecting them together using one or more available
metal layers. During a read operation, WLi is driven
to VDD and any memory cell of rows 170 having the
additional diffusion region 172 coupled to diffusion
line 171 will couple its corresponding bitline to VDD
voltage level supplied by the wordline. Of course,
this technique can be applied to the twotransistor
memory cells shown in Figures 7a and 7b. [0042] Figure
10b shows the plan view layout of two rows 170 of the
hybrid memory array of Figure 7d programmed using the
alternative mask programming technique shown in Figure
10a. The polysilicon gate 129 is now referred to as an
OTP_WL, which is driven to a positive voltage level
during read operations. Therefore, any two transistor
cell having the additional diffusion region 172
coupled to the diffusion line 130 will store a first
logic state, while any two transistor cell having an
absence of a channel region under polysilicon gate 129
will store a second and opposite logic state. While
only a single program coupling 174 is shown in the
previously shown embodiments, additional program
couplings can be included in parallel at predetermined
space intervals. [0043] As shown by the previous
embodiments, one-time programmable anti-fuse memory
cells and mask programmed one-time programmable
anti-fuse memory cells can coexist within the same
memory array and be accessed with the same read
operation. Furthermore, the one-time programmable
anti-fuse memory cells can then be programmed with
data by the end user. Depending on the application,
the mask programmed data should not be modified either
intentionally or accidentally. Since the mask
programmed cells in the previously discussed
embodiments are still one-time programmable anti-fuse
memory cells, they can be programmed when the wordline
is driven to the programming voltage and the bitlines
are biased to a voltage level effective for
programming the anti-fuse memory cell.[0044]
Therefore, a program lockout feature is provided for
inhibiting programming of any row of memory cells,
which can include mask programmed anti-fuse memory
cells or one-time programmable anti-fuse memory cells.
The hybrid one-time programmable and mask programmed
memory shown in Figure 6 included a program lock
circuit block 110 for executing this feature of the
present invention. The program lockout feature
provides physical security to ensure that mask
programmed data cannot be modified, and can be used to
lock out any number of one-time programmable rows
which may be deemed to be defective during testing.
[0045] Referring to Figure 6, the program lock circuit
block 110 will include mask programmable circuit
elements coupled to each wordline for automatically
inhibiting programming of any anti-fuse memory cells
connected to it when a wordline driver of wordline
driver circuit block 104 applies a programming
voltage. More specifically, the program lock circuit
block 110 will inhibit programming by adjusting the
programming voltage to a level ineffective for
inducing programming in the anti-fuse memory cell if
the mask programmable circuit element has been
programmed to a specific state. Figures 11 and 12
illustrate example embodiments of the program lock
circuit block 110. [0046] Figure 11 is a block diagram
of a hybrid memory with a program lock circuit,
according to an embodiment of the present invention.
Hybrid memory 200 includes the same circuit blocks as
shown in the hybrid memory 100 of Figure 6 . Hybrid
memory 200 includes a memory array 202, a wordline
driver circuit block 204, a program lock circuit block
210 and a high voltage switch circuit 212. For
clarity, a column decoder circuit block and a sense
amplifier circuit block are not shown as they are not
relevant to the present embodiment. The memory array
202 includes rows and columns of the same type of
memory cells, such as the anti-fuse memory cells shown
in Figures 4a to 5b, where each row of memory cells is
connected to a respective wordline. Each row can
either be mask programmed during fabrication or ready
to be electrically programmed. Wordline driver
circuits 214 apply a wordline voltage VWL to wordlines
WLO to WLn (where n is an integer value greater than
0) when selected in response to a decoded row address
signal such as Row_Addr[0] and Row_Addr[n]. [0047]
Wordline voltage VWL is controlled by high voltage
switch circuit 212 that receives both the regular
positive voltage supply VDD and a programming voltage
VPP. High voltage switch circuit 212 will drive VWL
with VDD in response to a first state of
selectionsignal SEL and will drive VWL with VPP in
response to a second state of selection signal SEL.
The first state can be set when a read operation is
being executed, while the second state can be set when
a programming operation is being executed. It is
during the programming operations that the program
lock circuit block 210 will be automatically enabled.
The program lock circuit block 210 includes mask
programmable inhibit circuits for disabling the
programming voltage, which in the present embodiment,
includes mask programmable transistors 216 and 218
connected in parallel to the VWL line via a voltage
drop circuit 220 consisting of a series of diodes. An
optional diode configured mask programmable master
lock transistor 222 is included in the present
embodiment. The gate terminal of each mask
programmable transistor 216 and 218 is coupled to a
respective wordline, as shown in Figure 11. The source
terminals of mask programmable transistors 216, 218
and 222 are connected in parallel to a common node and
grounding transistor 224. Grounding transistor 224
behaves as an enabling circuit for program lock
circuit 210. [0048] The mask programmable transistors
216, 218 and 222 will either have a channel region
formed between its drain and source terminals or an
absence of a channel region. Any wordline coupled to a
mask programmable transistor formed with a channel,
such as mask programmable transistor 218, is
considered to be a row of memory cells locked from
being programmed. Any wordline coupled to a mask
programmable transistor formed without a channel, such
as mask programmable transistor 216, is considered to
be a row of memory cells that are programmable. The
mechanism through which programming of a row of memory
cells is inhibited will now be described. [0049] It is
presumed that the desired rows are locked from being
programmed during fabrication by mask programming the
mask programmable transistors of the program lock
circuit block 210. During normal use of the memory
200, and in particular during a program operation, SEL
will control high voltage switch circuit 212 to drive
VWL to the VPP voltage level. The selected row is
activated by having a wordline driver circuit 214
drive its respective wordline with VWL at the VPP
level in response to an active decoded row address
signal. During a programming operation signal PGM is
driven to the high logic level to 



connect the source terminals of mask programmable
transistors 216, 218 and 222 to VSS. Any VPP driven
wordline coupled to a mask programmable transistor
having a channel region, such as mask programmable
transistor 218, will turn it on to couple VWL to VSS
through the voltage drop circuit. The voltage level of
VWL will then be reduced to a voltagelevel
insufficient for programming any of the anti-fuse
memory cells in the memory array 202. On the other
hand, if the VPP driven wordline is coupled to a mask
programmable transistor having no channel region, such
as mask programmable transistor 216, no conduction
path to VSS is formed. Therefore, the anti-fuse memory
cells connected to the VPP driven wordline can be
programmed as VWL remains at the VPP level. The
program lock circuit block 210 uses a feedback
mechanism for automatically locking a row from being
programmed by adjusting VWL from a programming voltage
level to a non-programming voltage level during
programming. No logic is required in the present
embodiment of the program lock circuit block 210.
[0050] During a read operation, PGM will be at the low
logic level to disable program lock circuit block 210,
and therefore has no effect during read operations. As
previously mentioned, an optional mask programmable
master lock transistor 222 is provided for locking all
rows of memory array 202 from being programmed. If
programmed to include a channel region, transistor 222
will automatically discharge VWL towards VSS as soon
as VWL is driven to VPP in a programming operation.
This feature allows for simplified locking of all rows
by mask programming a single transistor, instead of
mask programming all the mask programmable transistors
coupled to each wordline. [0051] As previously
mentioned, the mask programmable transistors used in
program lock circuit block 210 can be mask programmed
to include or omit a channel region. Figure 12a is an
example embodiment of mask programmable transistor 218
shown in Figure 11. Mask programmable transistor 218
has a drain region 230, a source region 232, an
optional channel region 234, and a polysilicon gate
236 coupled to wordline WLn. During mask programming,
transistor 218 can be formed with our without the
optional channel region 234, such that there is a
permanent open circuit connection between drain region
230 and source region 232. The length of optional
channel region 234 can be greater than or less than
the length of polysilicon gate 236. [0052] Figure 12b
is an example embodiment of an alternate mask
programmable transistor. Mask programmable transistor
240 has a drain region 242 coupled to WLn, a source
region 244, a polysilicon gate 246 coupled to program
signal PGM and overlying a channel region (not shown),
and optional diffusion area 248. In the present
embodiment, the source region 244 is electrically
connected to VSS, such that when PGM is driven to the
highlogic level during a programming operation, WLn is
coupled to VSS if the optional diffusion area 248 is
included during mask programming. On the other hand,
if the optional diffusion area 248 is omitted during
fabrication, then WLn can never be coupled to VSS
through mask programmable transistor 240. The optional
diffusion area 248 can be included or omitted from the
source region 244 instead of from the drain region
242. In another alternate mask programming technique,
an optional contact or via connection can be formed
between the wordline and drain region 242 in order to
lock the corresponding row of cells from being
programmed. The presences of an optional contact or
via will have the same effect as including the
optional diffusion area 248. [0053] The previously
discussed mask programming technique of including or
omitting an optional diffusion area can be applied to
the mask programmable transistor 218, while the
optional channel region mask programming technique can
be applied to the mask programmable transistor 240.
[0054] The program lock circuit of Figure 11 will
prevent programming of locked rows, where a locked row
has an inhibit circuit, or device, mask programmed
during fabrication to directly discharge the VPP
driven VWL line to a voltage level ineffective for
programming the anti-fuse memory cells. According to
another embodiment of the invention, the program lock
circuit is configured to override the high voltage
switch circuit. [0055] Figure 13 is a block diagram of
a hybrid memory with such a program lock circuit,
according to another embodiment of the present
invention. Hybrid memory 300 includes the same memory
array 202, wordline driver circuit block 204, high
voltage switch circuit 212 and wordline driver
circuits 214 shown in hybrid memory 200 of Figure 11.
The program lock circuit 302 uses a logical switching
technique for overriding the high voltage switch
circuit 304, and more specifically, controls high
voltage switch circuit 212 to drive VWL to the read
voltage, such as VDD in the event a protected row is
accessed for programming. The program lock circuit 302
includes a series of mask programmable inhibit
circuits 306, each being coupled to a respective
wordline, a master lock circuit 308, an override
signal line precharge circuit 310, and override logic
312. Each mask programmable inhibit circuit 306
includes a mask programmable inverter 314 having an
input coupled to a respective wordline, and an output
connected to the gate of a p-channel pull up
activating transistor 316. The pull up transistors 316
are arranged in a wired-OR configuration for coupling
VDD to override signal line SEL_OV when the output of
a mask programmable inverter 314 is atthe low logic
level. Any wordline coupled to a mask programmable
inverter 314 which has been mask programmed to operate
as a normal inverter will be considered to be a row of
memory cells locked from being programmed. [0056] The
master lock circuit 308 includes a mask programmable
inverter 318 having its input connected to VDD and its
output coupled to the gate of another pull up
transistor 320, which is configured identically to
p-channel pull up transistors 316 with respect to
override signal line SEL_OV. The function of master
lock circuit 308 is the same as mask programmable
master lock transistor 222 of Figure 11. The override
signal line precharge circuit 310 is essentially an
inverting circuit consisting of p-channel transistor
322 and an n-channel transistor 324 serially connected
between VDD and VSS and controlled by signal PGM. The
n-channel transistor may be a long channel transistor,
or can be a regular n-channel transistor with
resistance means in-line between SEL_OV and VSS. In
the present embodiment, the inverters are mask
programmable during fabrication to either include or
omit an optional channel region, or optional diffusion
regions. The override logic 312 includes a NAND gate
having a first input for receiving selection signal
SEL and a second inverting input for receiving SEL_OV.
The output of the NAND gate is connected to the input
of high voltage switch circuit 212 which had received
SEL directly in the embodiment of Figure 11. [0057]
The operation of program lock circuit 302 is as
follows. In the present embodiment, is assumed that
the output of override logic 312 at the high logic
level will cause VDD to be coupled to VWL, while a low
logic level output will cause VPP to be coupled to
VWL. SEL is set to the low logic level to couple VDD
to VWL during a read operation and then to the high
logic level to couple VPP to VWL during a programming
operation. PGM is set to the low logic level during a
read operation, and set to the high logic level during
a programming operation. Therefore, during a read
operation, the output of override logic 312 will be at
the high logic level. During a program operation, PGM
is driven to the high logic level to turn on n-channel
transistor 324, thereby setting SEL_OV to the low
logic level as it is now coupled to VSS. This enables
override logic 312 to respond to SEL, which is then
set to the high logic level. Accordingly, the output
of override logic 312 will change to the low logic
level. VWL is driven to VPP and a selected wordline is
driven to VPP via its wordline driver circuit 214. If
the mask programmable inverter 314 coupled to the
driven wordline is mask programmed to operate as a
normal inverter for locking the corresponding row,
then it will turn on its corresponding pull up
transistor 316. Now SEL_OVwill be driven to the high
logic level, thereby forcing the output of override
logic 312 to rise to the high logic level. [0058] In
response to the high logic level output of override
logic 312, the high voltage switch circuit couples VWL
to VDD, which is sufficiently low to inhibit
programming of the anti-fuse memory cells of the row.
It is noted that the long channel transistor 324, or
presence of an in-line resistance means, is selected
to have a resistance value effective for allowing pull
up transistors 316 to drive SEL_OV to VDD while
transistor 324 is turned on. Those skilled in the art
will understand that there are different possible
logic configurations of override logic 312 which can
be used in place of the illustrated NAND gate. [0059]
Figure 14 is an example embodiment of mask
programmable inverter 314 or 318 shown in Figure 13.
Those skilled in the art should be familiar with the
illustrated inverter layout. Inverter 314 includes a
p-channel transistor 350 and an n-channel transistor
352, having a common polysilicon gate 354 for
receiving input signal "in". The source and drain
terminals of transistors 350 and 352 are connected
together to provide an output signal "out". In the
present embodiment where the programming voltage is
positive, the n-channel transistor 352 will have an
optional channel region 356 which can be included or
omitted during fabrication. If the optional channel
region 356 is included, then inverter 314 will couple
"out" to VSS when "in" is at the high logic level,
thereby turning on its corresponding pull up
transistor 316. The absence of the optional channel
region 356 prevents "out" from being coupled to VSS,
thereby keeping its corresponding pull up transistor
316 turned off. It is noted that prior to programming
or a read operation, the wordlines are set to VSS,
therefore the pull up transistors 316 are turned off
because the inverter 314 will provide a high logic
level output. The gate of a pull up transistor 316 is
thus allowed to float at the high logic level if the
optional channel region 356 of inverter 314 is omitted
for a selected wordline. [0060] In an alternate
embodiment, the mask programmable inverters 314 and
318 are replaced with normal inverters, and the pull
up transistors 316 become mask programmable
transistors, where either optional diffusion areas or
optional channel regions such as those shown in
Figures 12a and 12b, can be included or omitted via
mask programming. Hence, any mask programmable pull up
transistor 316 having an optional channel region or
diffusion area will lock its corresponding row from
being programmed since it can change the logic state
of SEL_OV in response to the VPP level of the selected
wordline.[0061] The program lock circuit embodiments
shown in Figures 11 and 13 are effective for
preventing accidental programming of mask programmed
rows of anti-fuse memory cells. However, for
applications where security is required, intentional
tampering of the code stored in the mask programmable
memory cells can occur. If the program lock circuits
are somehow defeated, or there is no program lock
circuit available, resulting in the code being
modified through successful programming, then there
should be some indication to the system or the user
that the data stored in the tampered rows are no
longer valid. This can be done by including at least
one additional column of anti-fuse memory cells within
the hybrid memory array. [0062] Figure 15 is a block
diagram of a hybrid memory array having a programmable
status array which provides at least one status bit
corresponding to each row of the hybrid memory array.
The at least one status bit is read at the same time a
row of data is ready to indicate the validity of the
data. Hybrid memory 400 includes the same circuit
elements shown in Figure 11. Memory array 202 now
includes a status array 402 consisting of at least one
additional column of electrically programmable
anti-fuse memory cells connected to each wordline. In
general operation, any row of mask programmed
anti-fuse memory cells subjected to a programming
voltage, either intentionally or unintentionally, will
inherently program the anti-fuse memory cell of the
status array 402. Therefore, when that particular row
is read, the corresponding programmed memory cell in
the status array 402 is read. A programmed status bit
will indicate to the system or user that the row has
been tampered with, thereby allowing the user to
ignore the data as it may no longer be valid. [0063]
Figure 16a is a plan view layout showing a portion of
memory array 202 and status array 402. Hybrid memory
array 500 includes one-transistor anti-fuse memory
cells coupled to wordlines WLi and WLi+1 corresponding
to rows 508, and mask programmable one-transistor
anti-fuse memory cells coupled to wordlines WLi+2 and
WLi+3 corresponding to rows 506. The dashed outlines
510 defines the areas in which the thick gate oxide is
to be formed via an OD2 mask during the fabrication
process, and is analogous to dashed outline 50 shown
in Figure 4b. Hybrid memory array 500 is divided
column-wise into the memory array 502 which
corresponds to the memory array 202 of Figure 15, and
a status array 504 which corresponds to the status
array 402 of Figure 15. The memory array 502 is
similar to the memory array shown in Figure 9b, which
includes the same mask programmable and electrically
programmable one-transistor anti-fuse memory cells.
Hence details of thememory array 502 is not required.
The status array 504 includes a combination of both
mask programmable and electrically programmable
one-transistor anti-fuse memory cells, which can be
the same as those used in memory array 502. More
specifically, the status array 504 will include
electrically programmable anti-fuse status memory
cells coupled to WLi+2 and WLi+3, and a mask
programmed anti-fuse status memory cell coupled to WLi
and WLi+1 . Therefore, the status memory cells of
status array 504 associated with a row of electrically
programmable memory cells are mask programmed to store
a valid status bit, while by default, the status
memory cells of status array 504 associated with a row
of mask programmed memory cells are fabricated as
electrically programmable memory cells. [0064] In the
present example, since the status memory cells coupled
to WLi and WLi+1 do not have a channel region under
the polysilicon wordline, they are unprogrammable.
However, should a programming voltage be applied to
wordlines WLi+2 or WLi+3, then the corresponding
electrically programmable status memory cell will be
programmed to store an invalid status bit. It is
assumed that the bitline connected to all the status
memory cells is grounded, or set to a voltage level
effective for programming the antifuse memory cell in
the presence of a programming voltage on the wordline.
Therefore, in a subsequent read operation of WLi+2 or
WLi+3, the invalid status bit is read out with the
mask programmed data to indicate the invalid state of
the data. Because the anti-fuse memory cells of memory
array 502 coupled to WLi and WLi+1 are intended to be
electrically programmable, their corresponding status
memory cells of status array 504 are mask programmed
to always provide a valid status bit. [0065]
Accordingly, the hybrid memory array embodiment of
Figure 16a can have 



rows of mask programmable anti-fuse memory cells where
one of the cells of the row is an electrically
programmable anti-fuse memory cell, and rows of
electrically programmable antifuse memory cells where
one of the cells of the row is a mask programmed
anti-fuse memory cell. In an alternate embodiment,
rows of electrically programmable anti-fuse memory
cells will not have a corresponding mask programmed
anti-fuse status memory cell, which will have the same
effect on the corresponding bitline as a mask
programmed anti-fuse status memory cell having no
channel region under the wordline. Full robustness is
provided by combining any of the program lock circuit
embodiments of Figures 11 and 13 with the hybrid
memory array embodiment of Figure 16a having the
status array 504. In other words, if the program lock
circuits are defeated through tampering and the
program voltage is forced ontothe wordlines of the
mask programmed anti-fuse memory cells, then the
programmed status bit for that row will be programmed
as well. Therefore, the system will detect the invalid
status of the corresponding data upon readout. [0066]
Figure 16b is an alternate plan view layout of the
hybrid memory array 500 shown in Figure 16a. Hybrid
memory array 550 is identical to hybrid memory array
500 except that the status array 504 is replaced with
a modified status array 552. Now the status memory
cells of status array 504 coupled to the electrically
programmable memory cells of memory array 502 are
electrically programmable memory cells. Therefore,
when a row of electrically programmable memory cells
is programmed, the bitline coupled to the status array
504 will be grounded to allow the status memory cell
coupled to the row to be programmed at the same time.
The state of the status memory cell can indicate that
the corresponding row has been programmed at least
once. In a read operation the validity bit will
indicate that the data stored in the corresponding row
is potentially invalid. For example, the data in the
row is intended to be all logic zeros and hence are
not supposed to be programmed at all. Alternately, the
validity bit will indicate that the programming
operation has been performed on the row, which was
supposed to store at least one logic non-zero data, so
the programmed data are potentially valid. [0067]
While the embodiments shown in Figures 16a and 16b
uses one-transistor anti-fuse memory cells, the hybrid
array can consist of any of the previously shown
twotransistor anti-fuse memory cells with a status
array 504 or 552 consisting of corresponding
two-transistor anti-fuse memory cells. Although a
single column of anti-fuse memory cells will be
sufficient for tagging the status of the corresponding
row of mask programmed anti-fuse memory cells,
additional columns can be used to monitor other
parameters such as the programmability of the
electrically programmable anti-fuse memory cells.
[0068] The previously shown and described hybrid
memory array embodiments combines both mask ROM
programmability for storing preset data and OTP
programmability for storing user data. The hybrid
memory array is simple and reliable high density,
anti-fuse array architecture suitable for
implementation in standard CMOS technology, without
any additional processing steps and with limited
over-voltage exposure of switching elements. [0069] In
the preceding description, for purposes of
explanation, numerous details are set forth in order
to provide a thorough understanding of the embodiments
of the invention. However, it will be apparent to one
skilled in the art that these specific details arenot
required in order to practice the invention. In other
instances, well-known electrical structures and
circuits are shown in block diagram form in order not
to obscure the invention. For example, specific
details are not provided as to whether the embodiments
of the invention described herein are implemented as a
software routine, hardware circuit, firmware, or a
combination thereof. [0070] The above-described
embodiments of the invention are intended to be
examples only. Alterations, modifications and
variations can be effected to the particular
embodiments by those of skill in the art without
departing from the scope of the invention, which is
defined solely by the claims appended hereto.What is
claimed is: 1. A hybrid memory having electrically
programmable and mask programmed memory cells arranged
in rows and columns, comprising: a row of electrically
programmable anti-fuse memory cells, each electrically
programmable anti-fuse memory cell being connected to
a bitline and having a predetermined layout and a gate
oxide structure; a row of mask programmed anti-fuse
memory cells, each mask programmed anti-fuse memory
cell being connected to the bitline connected to one
electrically programmable antifuse memory cell, and
having substantially the predetermined layout and the
gate oxide structure, each mask programmed anti-fuse
memory cell representing one logic state being
selectively mask programmed to have a permanent
coupling to a voltage supply. 2 . The hybrid memory of
claim 1, wherein the row of mask programmed anti-fuse
memory cells includes an electrically programmable
status memory cell. 3. The hybrid memory of claim 2,
wherein the electrically programmable status memory
cell is identical to each of the electrically
programmable anti-fuse memory cells. 4 . The hybrid
memory of claim 1, wherein the permanent coupling
includes a contact electrically connected to the
voltage supply, and coupled to the bitline when a
corresponding wordline is activated. 5 . The hybrid
memory of claim 1, wherein the permanent coupling
includes a diffusion region connected to the voltage
supply, and coupled to the bitline when a
corresponding wordline is activated. 6. The hybrid
memory of claim 1, wherein the permanent coupling
includes a diffusion region connected to a
corresponding wordline, and coupled to the bitline
when the corresponding wordline is driven to the
voltage supply. 7 . The hybrid memory of claim 1,
wherein each mask programmed anti-fuse memory cell
representing another logic state is selectively mask
programmed to omit a channel region.8. The hybrid
memory of claim 1, wherein the row of mask programmed
anti-fuse memory cells are coupled to a wordline
receiving a programming voltage, the hybrid memory
further including a program lock circuit coupled to
the wordline for inhibiting the programming of the row
of mask programmed anti-fuse memory cells. 9 . The
hybrid memory of claim 8 , wherein the program lock
circuit includes a mask programmable inhibit circuit
coupled to the wordline and programmed to a lock state
for changing the programming voltage to a voltage
level ineffective for programming in response to the
wordline at the programming voltage. 10 . The hybrid
memory of claim 1, wherein each of the electrically
programmable antifuse memory cells and each of the
mask programmable anti-fuse memory cells includes an
access transistor having a first diffusion region
coupled to the bitline, and a first polysilicon gate,
and an electrically programmable anti-fuse transistor
in series with the access transistor and having a
second diffusion region shared with the access
transistor, and a second polysilicon gate, the gate
oxide structure including a thick gate oxide under the
first polysilicon gate and a thin gate oxide under the
second polysilicon gate. 11. The hybrid memory of
claim 10, wherein the first polysilicon gate is
drivable to a read voltage during a read operation.
12. The hybrid memory of claim 11, wherein the second
polysilicon gate is drivable to a programming voltage
during a programming operation. 13. The hybrid memory
of claim 10, wherein the first polysilicon gate and
the second polysilicon gate are electrically coupled
to each other and to a wordline drivable to a
programming voltage. 14. The hybrid memory of claim
10, wherein the permanent coupling includes a contact
electrically connected to the voltage supply, and
coupled to the bitline when the access transistor is
activated. 15. The hybrid memory of claim 10, wherein
the permanent coupling includes a thirddiffusion
region connected to the voltage supply, and coupled to
the bitline when the access transistor and the
electrically programmable anti-fuse transistor are
activated. 16. The hybrid memory of claim 10, wherein
the permanent coupling includes a third diffusion
region connected to a diffusion line, the diffusion
line being coupled to the second polysilicon gate. 17.
The hybrid memory of claim 10, wherein each mask
programmed anti-fuse memory cell representing another
logic state is selectively mask programmed to omit a
channel region. 18. The hybrid memory of claim 1,
wherein each of the electrically programmable antifuse
memory cells and each of the mask programmable
anti-fuse memory cells includes an electrically
programmable anti-fuse transistor having a diffusion
region coupled to the bitline, and a polysilicon gate,
the gate oxide structure including an oxide breakdown
region fusible to form a conductive channel between
the polysilicon gate and a substrate beneath the gate
oxide structure. 19. The hybrid memory of claim 18,
wherein the gate oxide structure includes a variable
thickness gate oxide having a thin gate oxide portion
corresponding to the oxide breakdown region. 20. The
hybrid memory of claim 18, wherein the permanent
coupling includes another diffusion region connected
to the voltage supply, and coupled to the bitline when
a wordline coupled to the polysilicon gate is
activated. 2 1. The hybrid memory of claim 18, wherein
the permanent coupling includes another diffusion
region connected to a diffusion line, the diffusion
line being coupled to the polysilicon gate. 22. The
hybrid memory of claim 18, wherein each mask
programmed anti-fuse memory cell representing another
logic state is selectively mask programmed to omit a
channel region. 23. A hybrid memory comprising:an
electrically programmable anti-fuse memory cell, the
electrically programmable anti-fuse memory cell being
connected to a corresponding bitline and a common
wordline; and, a mask programmed memory cell connected
to another bitline and the common wordline for storing
a validity bit. 24. The hybrid memory of claim 23,
wherein the electrically programmable anti-fuse memory
cell includes an electrically programmable anti-fuse
transistor having a diffusion region coupled to the
bitline, and a polysilicon gate overlying a gate oxide
structure, the gate oxide structure having an oxide
breakdown region fusible to form a conductive channel
between the polysilicon gate and a substrate beneath
the gate oxide structure. 25. The hybrid memory of
claim 24, wherein the mask programmed memory cell
omits a channel region underlying the common wordline.
26. The hybrid memory of claim 24, wherein the mask
programmed memory cell includes a permanent coupling
to a voltage supply. 27. The hybrid memory of claim
26, wherein the permanent coupling includes another
diffusion region connected to the voltage supply, and
coupled to the bitline when the wordline coupled to
the polysilicon gate is activated. 28. The hybrid
memory of claim 24, further including a second mask
programmed memory cell connected to the corresponding
bitline and a second common wordline, and a second
electrically programmable anti-fuse memory cell
connected to the another bitline and the second common
wordline. 29. The hybrid memory of claim 23, wherein
the electrically programmable anti-fuse memory cell
includes an access transistor having a first diffusion
region coupled to the bitline, and a firstpolysilicon
gate, an electrically programmable anti-fuse
transistor in series with the access transistor and
having a second diffusion region shared with the
access transistor, and a second polysilicon gate, the
gate oxide structure including a thick gate oxide
under the first polysilicon gate and a thin gate oxide
under the second polysilicon gate. 


