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ANT-PATHOGEN TREATMENTS
RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 60/355.359, filed Feb. 7, 2002, U.S. Pro
visional Application No. 60/355,022, filed Feb. 7, 2002, and
U.S. Provisional Application No. 60/432,386, filed Dec. 10,
2002.

The entire teachings of the above applications are incor
porated herein by reference.
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GOVERNMENT SUPPORT

The invention was Supported, in whole or in part, by

15

contract number F19628-00-C-0002 from the United States

Air Force. The Government has certain rights in the inven
tion.
BACKGROUND OF THE INVENTION

Many pathogens have the ability to evade the natural
defenses of an infected host cell or organism. Consequently,
the infected host develops the disease or disorder which is
associated with that pathogen.
Treatments for pathogenic infections typically target a
distinguishing feature or characteristic of a specific patho
gen. For example, acyclovir targets the replication stage of
herpesvirus infection, zidovudine/AZT targets the reverse
transcriptase of human immunodeficiency virus (HIV), and
various protease inhibitors target HIV protease. Generally,
however, these therapies have many disadvantages, includ
ing limited usefulness for only a specific pathogen, ineffec
tiveness due to pathogen variation, and toxic side effects. In
addition, many of these therapies tend to be slow to develop.
A need exists therefore, for the development of anti
pathogen therapies that are effective for a broad spectrum of
pathogens and which overcome disadvantages of existing
therapies.

25
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In another embodiment of the invention, a method of

35
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SUMMARY OF THE INVENTION

The present invention relates to an agent, such as a
chimeric molecule, or components thereof, which are
capable of being assembled together to form said chimeric
molecule or agent, as described herein. The chimeric mol
ecule or agent of the invention has at least one pathogen
detection domain (or a pathogen-recognition domain), or
molecular structure that is capable of specifically interacting
with a pathogen, pathogen component, pathogen product or
pathogen-induced product, and/or at least one effector
domain, or molecular structure capable of eliciting a desired

45

treating or preventing a pathogen infection in a cell includes
administering to a cell an agent having at least one pathogen
interacting molecular structure and at least one effector
mediating molecular structure. Such pathogen-interacting
molecular structure and effector-mediating molecular struc
ture being a non-naturally occurring agent in a cell, and
wherein in the presence of a pathogen in a cell, the agent
binds to the pathogen, pathogen component or pathogen
product, and activates the effector-mediating molecular
structure, thus treating or preventing the pathogen infection
in the cell.

In still another embodiment of the invention, a method of

50

effector function, these domains or molecular structures not

being typically associated or bound together in nature. This
invention also relates to the use of this agent for the
treatment or prevention of a pathogen infection in a cell or
an organism.
In one embodiment, a method for treating or preventing a
pathogen infection in a cell includes administering to a cell
chimeric molecules having at least one pathogen-detection
domain and at least one effector domain, such pathogen
detection domain and effector domain being not normally
bound to each other, and wherein in the presence of a
pathogen in the cell, the chimeric molecules bind to the
pathogen, pathogen component or pathogen product, and
activate the effector domain, thus treating or preventing the
pathogen infection in the cell.

2
In another embodiment, a method for treating or prevent
ing a pathogen infection in a cell includes administering to
a cell chimeric molecules having at least one pathogen
induced product-detection domain and at least one effector
domain, such pathogen-induced product-detection domain
and effector domain being not normally bound to each other,
and wherein in the presence of a pathogen-induced product
in a cell, the chimeric molecules bind to the pathogen
induced product and activate the effector domain, thus
treating or preventing the pathogen infection in the cell.
In a further embodiment, a method for treating or pre
venting the spread of a pathogen infection in an organism,
includes administering to the organism, chimeric molecules
having at least one pathogen-detection domain and at least
one effector domain, such pathogen-detection domain and
effector domain being not normally bound to each other, and
wherein in the presence of a pathogen in the organism, the
chimeric molecules bind to the pathogen, pathogen compo
nent or pathogen product, and activate the effector domain,
thus treating or preventing the spread of the pathogen
infection in the organism.
In a still further embodiment, a method for treating or
preventing the spread of a pathogen infection in an organ
ism, includes administering to the organism, chimeric mol
ecules having at least one pathogen-induced product-detec
tion domain and at least one effector domain, such pathogen
induced product-detection domain and effector domain
being not normally bound to each other, and wherein in the
presence of a pathogen-induced product in the organism, the
chimeric molecules bind to the pathogen-induced product
and activate the effector domain, thus treating or preventing
the spread of the pathogen infection in the organism.

55
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treating or preventing a pathogen infection in a cell includes
administering to a cell an agent having at least one pathogen
induced product-interacting molecular structure and at least
one effector-mediating molecular structure. Such pathogen
induced product-interacting molecular structure and effec
tor-mediating molecular structure being a non-naturally
occurring agent in a cell, and wherein in the presence of a
pathogen-induced product in a cell, the agent binds to the
pathogen-induced product and activates the effector-medi
ating molecular structure, thus treating or preventing the
pathogen infection in the cell.
In a further embodiment, a method for treating or pre
venting the spread of a pathogen infection in an organism,
includes administering to the organism an agent having at
least one pathogen-interacting molecular structure and at
least one effector-mediating molecular structure, such patho
gen-interacting molecular structure and effector-mediating
molecular structure being a non-naturally occurring agent in
a cell, and wherein in the presence of a pathogen in the
organism, the agent binds to the pathogen, pathogen com
ponent or pathogen product, and activates the effector

US 7,125,839 B2
3
mediating molecular structure, thus treating or preventing
the spread of the pathogen infection in the organism.
In another embodiment, a method for treating or prevent
ing the spread of a pathogen infection in an organism,
includes administering to the organism an agent having at
least one pathogen-induced product-interacting molecular
structure and at least one effector-mediating molecular struc
ture, such pathogen-induced product-interacting molecular
structure and effector-mediating molecular structure being a
non-naturally occurring agent in a cell, and wherein in the
presence of a pathogen in the organism, the agent binds to
the pathogen-induced product and activates the effector
mediating molecular structure, thus treating or preventing
the spread of the pathogen infection in the organism.
In yet another embodiment of the invention, a method of
treating or preventing a pathogen infection in a cell includes
administering to the cell individual components of a chi
meric molecule, such components being assembled together
to form a chimeric molecule having at least one pathogen

4
detection domain and at least one effector domain, Such

pathogen-detection domain and effector domain being one
that is non-naturally-occurring in a cell.
In a still further embodiment of the invention, a chimeric

10

15

detection domain and at least one effector domain, Such

pathogen-detection domain and effector domain being not
normally bound to each other, and wherein in the presence
of a pathogen, pathogen component or pathogen product in
the cell, the chimeric molecules bind to the pathogen,
pathogen component or pathogen product in the cell, and
activate the effector domain, thus treating or preventing the
pathogen infection in the cell.

detection domain and at least one effector domain, Such

25

In another embodiment of the invention, a method of

treating or preventing a pathogen infection in a cell includes
administering to the cell individual components of a chi
meric molecule, such components being assembled together
to form a chimeric molecule having at least one pathogen
induced product-detection domain and at least one effector
domain, Such pathogen-induced product-detection domain
and effector domain being not normally bound to each other,
and wherein in the presence of a pathogen-induced product
in a cell, the chimeric molecules bind to the pathogen
induced product and activate the effector domain, thus
treating or preventing the pathogen infection in the cell.

In still another embodiment of the invention, a method of

treating or preventing a pathogen infection in an organism
includes administering to the organism individual compo
nents of a chimeric molecule. Such components being
assembled together to form a chimeric molecule having at
least one pathogen-detection domain and at least one effec
tor domain, such pathogen-detection domain and effector
domain being not normally bound to each other, and wherein
in the presence of a pathogen in the organism, the chimeric
molecules bind to the pathogen, pathogen component or
pathogen product, and activate the effector domain, thus
treating or preventing the spread of the pathogen infection in
the organism.

30

In a further embodiment of the invention, a chimeric

molecule is provided which has at least one pathogen

chimeric molecule being one that is non-naturally-occurring
in a cell, wherein in the presence of a pathogen, pathogen
component or pathogen product in the cell, the chimeric
molecules bind to the pathogen, pathogen component or
pathogen product, and activate the effector domain, thus
determining the presence or absence of apoptosis in the cell
indicates the presence or absence of a pathogen infection in
the cell.

35

In yet another embodiment of the invention, an assay for
the detection of a pathogen infection in an organism includes
obtaining a cell or cells from the organism and culturing the
cell(s) in a Suitable cell culture medium and administering to
the cell(s) chimeric molecules having at least pathogen
detection domain and at least one effector domain, Such

40
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In another embodiment of the invention, a method of

treating or preventing a pathogen infection in an organism
includes administering to the organism individual compo
nents of a chimeric molecule. Such components being
assembled together to form a chimeric molecule having at
least one pathogen-induced product-detection domain and at
least one effector domain, such pathogen-induced product
detection domain and effector domain being not normally
bound to each other, and wherein in the presence of a
pathogen-induced product in the organism, the chimeric
molecules bind to the pathogen-induced product and activate
the effector domain, thus treating or preventing the spread of
the pathogen infection in the organism.

molecule is provided which has at least one pathogen
induced product-detection domain and at least one effector
domain, such pathogen-induced product-detection domain
and effector domain being one that is non-naturally-occur
ring in a cell.
In yet another embodiment of the invention, an agent is
provided which has at least one pathogen-interacting
molecular structure and at least one effector-mediating
molecular structure, Such agent being one that is non
naturally-occurring in a cell.
In a further embodiment of the invention, an agent is
provided which has at least one pathogen-induced product
interacting molecular structure and at least one effector
mediating molecular structure, Such agent being one that is
non-naturally-occurring in a cell.
In another embodiment of the invention, an assay for the
detection of a pathogen infection in a cell includes culturing
the cell in a suitable cell culture medium and administering
to the cell chimeric molecules having at least one pathogen

chimeric molecule being one that is non-naturally-occurring
in a cell, wherein in the presence of a pathogen, pathogen
component or pathogen product, chimeric molecules bind to
the pathogen, pathogen component or pathogen product, and
activate the effector domain. Thus, determining the presence
or absence of apoptosis in the cell isolated from the organ
ism indicates the presence or absence of a pathogen infec
tion in the organism.
In a still further embodiment of the invention, an assay for
the detection of a pathogen infection in an organism,
includes obtaining a sample from the organism and adding
the sample to an uninfected cell, then culturing this cell in
a suitable cell culture medium and administering to that cell
chimeric molecules having at least one pathogen-detection
domain and at least one effector domain, such chimeric

55
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molecules are non-naturally-occurring in a cell, wherein in
the presence of a pathogen, pathogen component or patho
gen product, the chimeric molecules bind to the pathogen,
pathogen component or pathogen product, and activate the
effector domain. Thus, determining the presence or absence
of effector domain activation indicates the presence or
absence of a pathogen infection in the sample obtained from
the organism.
In a still further embodiment of the invention, an assay for
the detection of a pathogen infection in an organism,
includes obtaining a sample from the organism and adding
the sample to an uninfected cell, then culturing this cell in
a suitable cell culture medium and administering to that cell
an agent having at least one pathogen-interacting molecular

US 7,125,839 B2
5
structure and at least one effector-mediating molecular struc
ture, such agent being one that is non-naturally-occurring in
a cell, wherein in the presence of a pathogen, pathogen
component or pathogen product in the cell, the agent binds
to the pathogen, pathogen component or pathogen product,
and activates the effector-mediating molecular structure.
Thus, determining the presence or absence of activation of
the effector-mediating molecular structure in the cell indi
cates the presence or absence of a pathogen infection in the
sample obtained from the organism.
In further embodiment of the invention, an assay for the
detection of a pathogen infection in a cell includes culturing
the cell in a suitable cell culture medium and administering
to that cell an agent having at least one pathogen-interacting
molecular structure and at least one effector-mediating
molecular structure, such agent being one that is non
naturally-occurring in a cell, wherein in the presence of a
pathogen, pathogen component or pathogen product in the
cell, the agent binds to the pathogen, pathogen component or
pathogen product, and activates the effector-mediating
molecular structure. Thus, determining the presence or
absence of activation of the effector-mediating molecular
structure in the cell indicates the presence or absence of a
pathogen infection in the cell.
In another embodiment of the invention, an assay for the
detection of a pathogen infection in an organism includes
obtaining a cell or cells from the organism and culturing the
cell(s) in a Suitable cell culture medium and administering to
the cell(s) an agent having at least one pathogen-interacting
molecular structure and at least one effector-mediating
molecular structure, such agent being one that is non
naturally-occurring in a cell, wherein in the presence of a
pathogen, pathogen component or pathogen product, chi
meric molecules bind to the pathogen, pathogen component
or pathogen product, and activate the effector-mediating
molecular structure. Thus, determining the presence or
absence of activation of the effector-mediating molecular
structure in the cell indicates the presence or absence of a
pathogen infection in the organism.
In another embodiment of the invention, an assay for the
detection of a pathogen infection in a cell includes culturing
the cell in a suitable cell culture medium and administering
to the cell chimeric molecules having at least one pathogen
induced product-detection domain and at least one effector
domain, Such chimeric molecule being one that is non
naturally-occurring in a cell, wherein in the presence of a
pathogen-induced product in the cell, the chimeric mol
ecules bind to the pathogen-induced product, and activate
the effector domain, thus determining the presence or
absence of apoptosis in the cell indicates the presence or
absence of a pathogen infection in the cell.
In yet another embodiment of the invention, an assay for
the detection of a pathogen infection in an organism includes
obtaining a cell or cells from the organism and culturing the
cell(s) in a Suitable cell culture medium and administering to
the cell(s) chimeric molecules having at least pathogen
induced product-detection domain and at least one effector
domain, Such chimeric molecule being one that is non
naturally-occurring in a cell, wherein in the presence of a
pathogen, pathogen component or pathogen product, chi
meric molecules bind to the pathogen-induced product, and
activate the effector domain. Thus, determining the presence
or absence of apoptosis in the cell isolated from the organ
ism indicates the presence or absence of a pathogen infec
tion in the organism.
In further embodiment of the invention, an assay for the
detection of a pathogen infection in a cell includes culturing
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the cell in a suitable cell culture medium and administering
to that cell an agent having at least one pathogen-induced
product-interacting molecular structure and at least one
effector-mediating molecular structure, such agent being one
that is non-naturally-occurring in a cell, wherein in the
presence of a pathogen-induced product in the cell, the agent
binds to the pathogen-induced product, and activates the
effector-mediating molecular structure. Thus, determining
the presence or absence of activation of the effector-medi
ating molecular structure in the cell indicates the presence or
absence of a pathogen infection in the cell.
In a still further embodiment of the invention, an assay for
the detection of a pathogen infection in an organism,
includes obtaining a sample from the organism and adding
the sample to an uninfected cell, then culturing this cell in
a suitable cell culture medium and administering to that cell
chimeric molecules having at least one pathogen-induced
product-detection domain and at least one effector domain,
Such chimeric molecules are non-naturally-occurring in a
cell, wherein in the presence of a pathogen-induced product,
the chimeric molecules bind to the pathogen-induced prod
uct, and activate the effector domain. Thus, determining the
presence or absence of effector domain activation indicates
the presence or absence of a pathogen infection in the
sample obtained from the organism.
In a still further embodiment of the invention, an assay for
the detection of a pathogen infection in an organism,
includes obtaining a sample from the organism and adding
the sample to an uninfected cell, then culturing this cell in
a suitable cell culture medium and administering to that cell
an agent having at least one pathogen-induced product
interacting molecular structure and at least one effector
mediating molecular structure, Such agent being one that is
non-naturally-occurring in a cell, wherein in the presence of
a pathogen-induced product, chimeric molecules bind to the
pathogen-induced product, and activate the effector-medi
ating molecular structure. Thus, determining the presence or
absence of activation of the effector-mediating molecular
structure in the cell indicates the presence or absence of a
pathogen infection in the sample obtained from the organ
ism.

45

50

55

60

65

In another embodiment of the invention, an assay for the
detection of a pathogen infection in an organism includes
obtaining a cell or cells from the organism and culturing the
cell(s) in a Suitable cell culture medium and administering to
the cell(s) an agent having at least one pathogen-induced
product-interacting molecular structure and at least one
effector-mediating molecular structure, such agent being one
that is non-naturally-occurring in a cell, wherein in the
presence of a pathogen-induced product, chimeric molecules
bind to the pathogen-induced product, and activate the
effector-mediating molecular structure. Thus, determining
the presence or absence of activation of the effector-medi
ating molecular structure in the cell indicates the presence or
absence of a pathogen infection in the organism.
In another embodiment, a method for treating or prevent
ing the spread of a pathogen infection in an organism,
includes administering to the organism, chimeric molecules
having at least one pathogen-detection domain and at least
one effector domain, such pathogen-detection domain and
effector domain being not normally bound to each other, and
wherein the presence of a pathogen in the organism, the
chimeric molecules bind to the pathogen, pathogen compo
nent or pathogen product and activate the effector domain,
thus treating or preventing the spread of the pathogen
infection in the organism.
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In yet another embodiment, the method includes admin
istering to a cell chimeric molecules which have at least one
double-stranded RNA binding domain and at least one
apoptosis mediator domain, the chimeric molecule being
one that is non-naturally-occurring in a cell. Such that in the
presence of a pathogen in the cell, chimeric molecules bind
to the double-stranded RNA produced by the pathogen and
activate the apoptosis mediator domain, thereby causing
apoptosis of the cell, thus treating or preventing the patho
gen infection in the cell.

10

In a further embodiment, the method includes adminis

tering to a cell an agent which has at least one double
Stranded RNA-interacting molecular structure and at least
one apoptosis-effector mediating molecular structure, the
agent being one that is non-naturally-occurring in a cell,
Such that in the presence of a pathogen in the cell, the agent
binds to the double-stranded RNA produced by the pathogen
and activates the apoptosis-effector mediating molecular
structure, thereby causing apoptosis of the cell, thus treating
or preventing the pathogen infection in the cell.

In a further embodiment of the invention, a method of
15

In another embodiment of the invention, a method for

treating or preventing a virus infection in a cell includes
administering to the cell chimeric molecules that have at
least one double-stranded RNA binding domain and at least
one apoptosis mediator domain, the chimeric molecule
being one not naturally-occurring in a cell. Such that in the
presence of a virus in the cell, the chimeric molecules bind
to a double-stranded RNA produced by the virus and acti
vate the apoptosis mediator domain, thereby causing apop
tosis of the cell, thus treating or preventing the virus
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In still another embodiment of the invention, a method of
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In still another embodiment of the invention, a method of

treating or preventing the spread of a pathogen infection in
an organism, includes administering to the organism chi
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meric molecules that have at least one double-stranded RNA

binding domain and at least one apoptosis mediator domain,
the double-stranded RNA binding domain being one that is
not naturally bound to the apoptosis mediator domain, Such
that in the presence of a pathogen in a cell or cells of the
organism, the chimeric molecules bind to double-stranded
RNA produced by the pathogen and activate the apoptosis
mediator domain, thereby causing apoptosis of the cell in the
organism, thus treating or preventing the spread of the
pathogen in the organism.
In yet another embodiment, a method of treating or
preventing the spread of a pathogen infection in an organ

RNA binding domain and at least one apoptosis mediator
domain, Such that in the presence of a pathogen in the cell,
the chimeric molecules bind to double-stranded RNA pro
duced by the pathogen and activate the apoptosis mediator
domain, thus treating or preventing the pathogen infection in
the cell.

the cell, the chimeric molecules bind to double-stranded

RNA produced by the pathogen and activate the apoptosis
mediator domain and cause apoptosis of the cell, thus
treating or preventing the pathogen infection in the cell.

binding domain isolated from protein kinase R and at least
one apoptosis mediator domain isolated from FADD, such
that in the presence of the pathogen in a cell or cells of an
organism, the chimeric molecules bind to double-stranded
RNA produced by that pathogen and activate the apoptosis
mediator domain, thereby causing apoptosis of the cell in the
organism, thus treating or preventing the spread of the
pathogen in the organism.
In yet another embodiment of the invention, a method of
treating or preventing a pathogen infection in a cell includes
administering to the cell individual components of a chi
meric molecule, such components being assembled together
to form a chimeric molecule at least one double-stranded

In another embodiment of the invention, a method of

treating or preventing a pathogen infection in a cell com
prises administering to the cell chimeric molecules having at
least one double-stranded RNA binding domain isolated
from protein kinase R and at least one apoptosis mediator
domain isolated from Fas-associated protein with death
domain (FADD). Such that in the presence of a pathogen in

In another embodiment of the invention, a method for

meric molecules that have at least one double-stranded RNA

these chimeric molecules bind to the double-stranded RNA

produced by the pathogen and activate the pro-enzymatic
caspase-3 domain thereby causing apoptosis of the cell, thus
treating or preventing the pathogen infection in the cell.

treating or preventing the spread of a pathogen infection in
an organism, includes administering to the organism chi
meric molecules having at least one double-stranded RNA
binding domain isolated from protein kinase R and at least
one pro-enzymatic caspase-3 domain, such that in the pres
ence of the pathogen in a cell or cells of the organism, the
chimeric molecules bind to the double-stranded RNA pro
duced by the pathogen and activate the pro-enzymatic
caspase-3 domain, thereby causing apoptosis of the cell in
the organism, thus treating or preventing the spread of the
pathogen in the organism.
treating or preventing the spread of a pathogen infection in
an organism, includes administering to the organism chi

infection in the cell.

In an additional embodiment of the invention, a method of
treating or preventing a pathogen infection in a cell includes
administering to the cell chimeric molecules having at least
one double-stranded RNA binding domain isolated from
protein kinase R and at least one pro-enzymatic caspase-3
domain, Such that in the presence of a pathogen in the cell,
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ism, includes administering to the organism an agent which
has at least one double-stranded RNA-interacting molecular
structure and at least one apoptosis-effector mediating
molecular structure whereby, the agent being one that is
non-naturally-occurring in a cell. Such that in the presence of
a pathogen in a cell or cells of the organism, the agent binds
to the double-stranded RNA produced by the pathogen and
activates the apoptosis-effector mediating molecular struc
ture, thereby causing apoptosis of the cell in the organism,
thus treating or preventing the spread of the pathogen in the
organism.

60
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treating or preventing the spread of a pathogen infection in
an organism includes administering to the organism indi
vidual components of a chimeric molecule. Such compo
nents being assembled together to form a chimeric molecule
having at least one double-stranded RNA binding domain
and at least one apoptosis mediator domain, Such that in the
presence of a pathogen, the chimeric molecules bind to
double-stranded RNA produced by the pathogen and acti
vate the apoptosis mediator domain, thus treating or pre
venting the spread of a pathogen infection in the organism.

In a further embodiment of the invention, a method of

mediating apoptosis in a cell infected with a pathogen,
includes administering to the cell chimeric molecules having
at least one double-stranded RNA binding domain and at
least one apoptosis mediator domain, the double-stranded
RNA binding domain being one that is not naturally bound
to the apoptosis mediator domain, Such that in the presence
of a pathogen in the cell, the chimeric molecules bind to the
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double-stranded RNA produced by that pathogen and acti
vate the apoptosis mediator domain, thus causing apoptosis

10
pathogen in a cell or cells of the organism, the chimeric
molecules bind to the double-stranded RNA produced by
that pathogen and activate the pro-enzymatic caspase-3
domain, causing apoptosis of the cell in the organism.

of the cell.

In a further embodiment of the invention, a method of

mediating apoptosis in a cell infected with a pathogen,
includes administering to the cell an agent which has at least
one double-stranded RNA-interacting molecular structure
and at least one apoptosis-effector mediating molecular
structure, the agent being one that is non-naturally-occurring
in a cell. Such that in the presence of a pathogen, the agent
binds to the double-stranded RNA produced by the pathogen
and activates the apoptosis-effector mediating molecular
structure, thereby causing apoptosis of the cell.
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In another embodiment of the invention, a method of

mediating apoptosis in a cell infected with a pathogen,
includes administering to the cell chimeric molecules having
at least one double-stranded RNA binding domain isolated
from protein kinase R and at least one pro-enzymatic
caspase-3 domain, the double-stranded RNA binding
domain being one that is not naturally bound to the apoptosis
mediator domain, Such that in the presence of the pathogen

15

In another embodiment of the invention, a chimeric
mediator domain.

In still another embodiment, is an agent that has at least
one double-stranded RNA-interacting molecular structure
and at least one apoptosis-effector mediating molecular

stranded RNA produced by the pathogen and activate pro
enzymatic caspase-3, thus causing apoptosis of the cell.

Structure.

In a further embodiment of the invention, a method of

25

domain isolated from FADD, the double-stranded RNA

30

binding domain being one that is not naturally bound to the
apoptosis mediator domain, such that in the presence of the
pathogen in the cell, the chimeric molecules bind to the
double-stranded RNA produced by that pathogen and acti
vate the apoptosis mediator domain, and cause apoptosis of

35

mediating apoptosis in a cell infected with a pathogen,
includes administering to the cell chimeric molecules having
at least one double-stranded RNA binding domain isolated
from protein kinase R and at least one apoptosis mediator

the cell.

In still another embodiment of the invention, a method of

In a further embodiment, a chimeric molecule is provided
that has at least one double-stranded RNA binding domain
isolated from protein kinase R and at least one apoptosis
mediator domain isolated from pro-enzymatic caspase-3, the
double-stranded RNA binding domain being one that is not
naturally bound to the apoptosis mediator domain.
In another embodiment, a chimeric molecule is provided
that has at least one double-stranded RNA binding domain
isolated from protein kinase R and at least one apoptosis
mediator domain isolated from FADD apoptosis mediator,
the double-stranded RNA binding domain being one that is
not naturally bound to the apoptosis mediator domain.
In a further embodiment of the invention, a chimeric

40

molecule having more than one double-stranded RNA bind
ing domain and at least one apoptosis mediator domain, the
double-stranded RNA binding domains being ones that are
not naturally bound to the apoptosis mediator domain, is
provided.
In an alternative embodiment, a chimeric molecule of the
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In another embodiment of the invention, a method of

mediating apoptosis in an organism infected with a patho
gen, includes administering to the organism an agent having
at least one double-stranded RNA-interacting molecular
structure and at least one apoptosis-effector mediating
molecular structure, the agent being one that is non-natu
rally-occurring in a cell. Such that in the presence of the
pathogen in a cell or cells of the organism, the agent binds
to the double-stranded RNA produced by the pathogen and
activates the apoptosis-effector mediating molecular struc
ture, thereby causing apoptosis of the cell in the organism.
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In further embodiment of the invention, a method of

60

mediating apoptosis in an organism infected with a patho
gen, includes administering to the organism chimeric mol
ecules having at least one double-stranded RNA binding
domain isolated from protein kinase R and at least one
pro-enzymatic caspase-3 domain, the double-stranded RNA
binding domain being one that is not naturally bound to the
apoptosis mediator domain, such that in the presence of a

mediator domain isolated from FADD, the double-stranded

RNA binding domain being one that is not naturally bound
to the apoptosis mediator domain, Such that in the presence
of a pathogen in a cell or cells of the organism, the chimeric
molecules bind to the double-stranded RNA produced by
that pathogen and activate the apoptosis mediator domain,
causing apoptosis of the cell in the organism.
molecule is provided which has at least one double-stranded
pathogen-RNA binding domain and at least one apoptosis

in the cell, the chimeric molecules bind to the double

mediating apoptosis in an organism infected with a patho
gen, includes administering to the organism chimeric mol
ecules having at least one double-stranded RNA binding
domain and at least one apoptosis mediator domain, the
double-stranded RNA binding domain being one that is not
naturally bound to the apoptosis mediator domain, such that
in the presence of the pathogen in a cell or cells of the
organism, the chimeric molecules bind to the double
Stranded RNA produced by the pathogen and activate apo
ptosis mediator domain, thereby causing apoptosis of the
cell in the organism.

Another embodiment of the invention is a method of

mediating apoptosis in an organism infected with a patho
gen, by administering to the organism chimeric molecules
having at least one double-stranded RNA binding domain
isolated from protein kinase R and at least one apoptosis
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invention has at least one double-stranded RNA binding
domain and more than one apoptosis mediator domain, the
double-stranded RNA binding domain being one that is not
naturally bound to the apoptosis mediator domains.
In further embodiment of the invention, an assay for the
detection of a pathogen infection in a cell includes, culturing
the cell in a suitable cell culture medium and administering
to that cell chimeric molecules having at least one double
Stranded RNA binding domain and at least one apoptosis
mediator domain, the double-stranded RNA binding domain
being one that is not naturally bound to the apoptosis
mediator domain, such that in the presence of a pathogen in
the cell, the chimeric molecules bind to the double-stranded
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RNA produced by the pathogen and activate the apoptosis
mediator domain, thus determining the presence or absence
of apoptosis in the cell indicates the presence or absence of
a pathogenic infection in the cell.
In further embodiment of the invention, an assay for the
detection of a pathogen infection in a cell includes, culturing
the cell in a suitable cell culture medium and administering
to that cell an agent having at least one double-stranded
RNA-interacting molecular structure, and at least one apo
ptosis-effector mediating molecular structure, the agent
being one that is non-naturally occurring in a cell. Such that
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in the presence of a pathogen in the cell, the agent binds to
the double-stranded RNA produced by the pathogen and
activates the apoptosis-effector mediating molecular struc
ture, thus determining the presence or absence of apoptosis
in the cell indicates the presence or absence of a pathogenic

12
methods and post-infection treatments. Furthermore, the
claimed invention can overcome at least some disadvantages
of existing therapies.
BRIEF DESCRIPTION OF THE DRAWINGS

infection in the cell.

In still a further embodiment of the invention, an assay for
the detection of double-stranded RNA in a sample includes
the steps of administering to the sample chimeric molecules
having at least one double-stranded RNA binding domain
and at least one apoptosis mediator domain, the double
stranded RNA binding domain being one that is not naturally
bound to the apoptosis mediator domain, such that in the
presence of double-stranded RNA in the sample, the chi
meric molecules will bind to that double-stranded RNA and

activate the apoptosis mediator domain. A determination of
the presence or absence of activation of the apoptosis
mediator domain will indicate the presence or absence of
double-stranded RNA in the sample.
In another embodiment of the invention, an assay for the
detection of double-stranded RNA in a sample includes the
steps of administering to the sample an agent having at least
one double-stranded RNA-interacting molecular structure
and at least one apoptosis-effector mediating molecular
structure, the agent being one that is non-naturally occurring
in a cell, such that in the presence of double-stranded RNA
in the sample, the agent binds to that double-stranded RNA
and activates the apoptosis-effector mediating molecular
structure, thus a determination of the presence or absence of
activation of the apoptosis-effector mediating molecular
structure will indicate the presence or absence of double
stranded RNA in the sample.
In further embodiment of the invention, an assay for the
detection of a pathogen infection in an organism includes,
obtaining a cell or cells from the organism, culturing the
cell(s) in a suitable cell culture medium, and administering
to the cell(s) chimeric molecules having at least one double
Stranded RNA binding domain and at least one apoptosis
mediator domain, the double-stranded RNA binding domain
being one that is not naturally bound to the apoptosis
mediator domain, Such that in the presence of a pathogen in

FIG. 1 is a chart illustrating some of the possible cellular
methods for detecting and responding (by mediating one or
more effects or effector functions) to pathogens. Detection
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inhibit.

the cell, the chimeric molecules bind to the double-stranded

RNA produced by the pathogen and activate the apoptosis
mediator domain. Determining the presence or absence of
apoptosis in the cell indicates the presence or absence of a
pathogenic infection in the organism.
In another embodiment of the invention, an assay for the
detection of a pathogen infection in an organism includes,
obtaining a cell or cells from the organism, culturing the
cell(s) in a Suitable cell culture medium and administering to
the cell(s) an agent having at least one double-stranded
RNA-interacting molecular structure, and at least one apo
ptosis-effector mediating molecular structure, the agent
being one that is non-naturally occurring in a cell. Such that
in the presence of a pathogen in the cell, the agent binds to
the double-stranded RNA produced by the pathogen and
activates the apoptosis-effector mediating molecular struc
ture. Determining the presence or absence of apoptosis in the
cell indicates the presence or absence of a pathogenic
infection in the organism.
The invention described herein provides chimeric mol
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ecules, and methods of use of said chimeric molecules, for

treatment and prevention of pathogenic infections in a cell or
an organism. Advantages of the claimed invention include,
for example, its applicability to a broad spectrum of patho
genic infections, in addition to its use in both prophylactic

methods include, but are not limited to, detection of inter

feron, double-stranded RNA (dsRNA), lipopolysaccharide
(LPS), and apoptosis signals. Cellular responses with anti
pathogen effects (effector functions) include, but are not
limited to, various responses from the interferon pathway,
apoptosis, heat shock, and other stress responses, enhancing
or inducing the immune response by upregulating MHC
Class I molecules on cell surfaces or by other methods,
dsRNase activity, inhibition of endosome function, and
nuclear localization signal inhibitors.
FIG. 2 is a simplified diagram showing three of the natural
cellular pathways that interact with viruses or other patho
gens. As shown, a line ending in an arrow indicates a general
tendency to stimulate, while a line ending in a bar indicates
a general tendency to inhibit.
FIG. 3 is a simplified diagram depicting the interferon
pathway and the methods by which Some pathogens inhibit
it. As shown, a line ending in an arrow indicates a general
tendency to stimulate, while a line ending in a bar indicates
a general tendency to inhibit.
FIG. 4 is a simplified diagram showing the apoptosis
pathway and the methods by which Some pathogens inhibit
it. As shown, a line ending in an arrow indicates a general
tendency to stimulate, while a line ending in a bar indicates
a general tendency to inhibit. The diagram illustrates some
of the ways by which pathogens can inhibit apoptosis to
prevent premature death of the host cells.
FIG. 5 is a simplified diagram depicting the pathway
involving heat shock and other stress responses, as well as
its interactions with some pathogens. As shown, a line
ending in an arrow indicates a general tendency to stimulate,
while a line ending in a bar indicates a general tendency to
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FIG. 6 is a diagram representing how parts of the inter
feron and apoptosis pathways can be combined to create a
novel dsRNA-activated caspase or related treatments that
selectively kill pathogen-infected cells. A chimeric (pro)
caspase protein with a dsRNA-binding domain such as that
from PKR will selectively kill infected cells. Alternatively,
a small-molecule drug that binds both dsRNA (e.g., livido
mycin) and caspases (e.g., by mimicking the caspase-bind
ing region of APAF-1 or FADD) will selectively kill infected
cells by crosslinking and thereby activating endogenous
caspases when dsRNA is present.
FIG. 7 is an outline of a polymerase chain reaction (PCR)
strategy for the synthesis of a dsRNA-activated caspase.
PCR was used to produce PCR product 7. The dsRNA
binding domain from PKR (amino acids 1-174) is fused in
frame with a short flexible polypeptide linker (S-G-G-G-S-G
(SEQ ID NO: 1)) and full-length caspase-3. A Kozak
sequence and stop codon are included as shown. BamHI and
Mlul restriction sites are included at the polynucleotide ends
for insertion into an appropriate vector.
FIG. 8 is an outline of a PCR strategy used to produce
PCR product 8, another novel dsRNA-activated caspase.
The dsRNA-binding domain from PKR (amino acids 1-174)
and part of the natural linker region from PKR (amino acids
175-181) are fused in frame with full-length caspase-3. A
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Kozak sequence and stop codon are included as shown.
BamHI and Mlul restriction sites are included at the poly
nucleotide ends for insertion into an appropriate vector.
FIG. 9 is an outline of a PCR strategy used to produce
PCR product 9, a novel dsRNA-activated caspase activator.
The dsRNA-binding domain from PKR (amino acids 1-174)
and part of the natural linker region from PKR (amino acids
175-181) are fused in frame with amino acids 1-125 of
FADD, which includes the death effector domain (DED) that
binds to procaspase-8. A Kozak sequence and stop codon are

5

10

included as shown. BamHI and Mlul restriction sites are

included at the polynucleotide ends for insertion into an
appropriate vector.
FIG. 10 is an outline of a PCR strategy used to produce
PCR product 10, another novel dsRNA-activated caspase
activator. The dsRNA-binding domain from PKR (amino
acids 1-174) is fused in frame with a short flexible polypep
tide linker (S-G-G-G-S-G (SEQID NO: 1)) and amino acids

15

1–125 of FADD, which includes the death effector domain

(DED) that binds to procaspase 8. A Kozak sequence and
stop codon are included as shown. BamHI and Mlul restric
tion sites are included at the ends for ease of insertion into
a VectOr.

FIG. 11, on the left panel, is a schematic diagram of a
Clontech vector (pTRE2hyg), into which PCR products 7
through 10, encoding four different versions of the dsRNA
activated caspase (or caspase activator), are inserted by
using the BamHI and Mlul restriction sites. The vector
includes a doxycycline or tetracycline-inducible promoter
for the inserted gene, as well as a hygromycin resistance
gene for selection of transfected cells. A Clontech-supplied
control vector has a luciferase gene inserted after the induc
ible promoter. All vectors with inserted genes were linear
ized by digestion with an FspI restriction enzyme before
transfection. Linearized DNA constructs containing PCR
products 7 through 10 and control vector were electrophore
sed on an agarose gel as shown in the photograph in the right
panel. DNA size markers are in the left-most lane.
FIG. 12 is a schematic diagram of the linearized vectors
with inserted PCR 7, 8, 9, 10, or luciferase transfected into
a Clontech Tet-OnTM HeLa human cell line, which contains

the rtTA regulatory protein necessary for the proper func
tioning of the tetracycline or doxycycline-inducible promot
ers. The transfected cells are continuously cultured in the
presence of hygromycin to kill any cells without the trans
fected genes. The resulting cells have the transfected genes
stably integrated into their genomes and express them in
response to doxycycline.
FIG. 13 is a Western blot analysis. Doxycycline induces
cells transfected with PCR-7-containing vectors to express
the corresponding dsRNA-activated caspase. Clonal popu
lations of transfected cells were isolated by limiting dilu
tions. Cells are cultured with either 10 ug/ml doxycyline or
no doxycline for two days, and then Western blots are used
to probe the cell extracts with anti-caspase-3 antibodies. The
32-kDa natural (pro)caspase 3 is visible in all the cells,
either with or without doxycycline. For each cell clone
shown, doxycycline up-regulates the expression of the trans
fected dsRNA-activated caspase, which has approximately
the predicted size and contains caspase-3 epitopes recog
nized by the antibodies.
FIG. 14 are Western blot analyses. Doxycycline induces
cells transfected with PCR-8-containing vectors to express
the corresponding dsRNA-activated caspase. Clonal popu
lations of transfected cells were isolated by limiting dilu
tions. The cells were cultured with either 10 ug/ml doxy
cyline or no doxycline for two days, and then Western blots
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were used to probe the cell extracts with anti-caspase-3
antibodies. The 32-kDa natural (pro)caspase 3 is visible in
all the cells, either with or without doxycycline. For cell
clones 8-9, 8-13, and 8-17, doxycycline up-regulates the
expression of the transfected dsRNA-activated caspase,
which has approximately the predicted size and contains
caspase-3 epitopes recognized by the antibodies.
FIG. 15 is a Western blot analysis. Doxycycline induces
cells transfected with PCR-9-containing vectors to express
the corresponding dsRNA-activated caspase activator.
Clonal populations of transfected cells were isolated by
limiting dilutions. The cells were cultured with either 1
ug/ml doxycyline or no doxycline for two days, and then
Western blots were used to probe the cell extracts with
anti-FADD antibodies. The 28-kDa natural FADD is visible

in all the cells, either with or without doxycycline. For each
cell clone shown, doxycycline upregulates expression of the
dsRNA-activated caspase activator, which has approxi
mately the predicted size and contains FADD epitopes
recognized by the antibodies.
FIG. 16 is a Western blot analysis. Doxycycline induces
cells transfected with PCR-10-containing vectors to express
the corresponding dsRNA-activated caspase activator.
Clonal populations of transfected cells were isolated by
limiting dilutions. Cells were cultured with either 10 ug/ml
doxycyline or no doxycline for two days, and then Western
blots were used to probe the cell extracts with anti-FADD
antibodies. The 28-kDa natural FADD is visible in all the
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cells, either with or without doxycycline. For each cell clone
shown, doxycycline up-regulates expression of the dsRNA
activated caspase activator, which has approximately the
predicted size and contains FADD epitopes recognized by
the antibodies.
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FIG. 17 are Western blot analyses. The concentration of
doxycycline controls the level of dsRNA-activated caspase
(or caspase activator) expression in transfected cells. Cell
clone 7-6 contains PCR 7, clone 8-13 contains PCR 8, clone
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10-6 contains PCR 10, and 9A is a pool of clones that
contain PCR 9 but are not separated into individual clonal
populations by limiting dilution. Untransfected HeLa cells
were used as a control. Cells were cultured with 0, 0.01, 0.1,
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1, or 10 ug/ml doxycyline for two days, and then Western
blots were used to probe the cell extracts with anti-caspase-3
or anti-FADD antibodies. Increasing the doxycycline con
centration generally increases the expression level of the
dsRNA-activated caspase (or caspase activator) relative to
natural caspase 3 or FADD.
FIG. 18 is a graph charting the toxicity of dsRNA
activated caspase (PCR 7) levels induced by different con
centrations of doxycycline assayed. Cells were added to

96-well plates at an initial density of 5x10" cells/ml, and
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different expression levels of the transfected genes were
induced by adding 0, 0.01, 0.1. 1, or 10 ug/ml doxycyline.
The cell numbers were estimated after three days using
CellTiter 96(R) (Promega), which is metabolized by live cells.
After subtracting the background absorbance without cells,
the absorbance at 492 nm was approximately linear with the
number of live cells. All assays were performed in quadru
plicate to reduce statistical variations. At all doxycycline
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concentrations, the metabolism of cell clones 7-1, 7-3, 7-4,
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and 7-6 was approximately the same as that of untransfected
HeLa cells, indicating little or no toxicity.
FIG. 19 is a graph charting the toxicity of dsRNA
activated caspase (PCR 8) levels induced by different con
centrations of doxycycline assayed. Cells were added to

96-well plates at an initial density of 5x10" cells/ml, and

different expression levels of the transfected genes were
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induced by adding 0, 0.01, 0.1, 1or 10 g/ml doxycyline.
The cell numbers were estimated after three days using
CellTiter 96(R) (Promega), which is metabolized by live cells.
After subtracting the background absorbance without cells,
the absorbance at 492 nm was approximately linear with the
number of live cells. All assays were performed in quadru
plicate to reduce statistical variations. At all doxycycline
concentrations, the metabolism of cell clones 8-9, 8-13, and

8-17 is approximately the same as that of untransfected
HeLa cells, indicating little or no toxicity.
FIG. 20 is a graph charting the toxicity of dsRNA
activated caspase activator (PCR 9) levels induced by dif
ferent concentrations of doxycycline assayed. Cells were

added to 96-well plates at an initial density of 5x10'

cells/ml, and different expression levels of the transfected
genes were induced by adding 0, 0.01, 0.1. 1, or 10 ug/ml
doxycyline. The cell numbers were estimated after three
days using CelTiter 96(R) (Promega), which is metabolized
by live cells. After subtracting the background absorbance
without cells, the absorbance at 492 nm was approximately
linear with the number of live cells. All assays were per
formed in quadruplicate to reduce statistical variations.
FIG. 21 is a graph charting the toxicity of dsRNA
activated caspase activator (PCR 10) levels induced by
different concentrations of doxycycline assayed. Cells were
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untransfected HeLa cells.
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added to 96-well plates at an initial density of 5x10'

cells/ml, and different expression levels of the transfected
genes were induced by adding 0, 0.01, 0.1. 1, or 10 ug/ml
doxycyline. The cell numbers were estimated after three
days using CellTiter 96R (Promega), which is metabolized
by live cells. After subtracting the background absorbance
without cells, the absorbance at 492 nm was approximately
linear with the number of live cells. All assays were per
formed in quadruplicate to reduce statistical variations.
FIG.22 are photographs demonstrating dsRNA-activated
caspase activity of cell clone 8-13. Cells were cultured either
with or without 10 ug/ml doxycycline for two days, and then
treated with the Invitrogen transfection reagents LIPOFEC
TINR) and PLUS reagent either alone or with poly(I)-poly
(C) synthetic dsRNA approximately 20 hours prior to pho
tographing. Healthy cells tend to spread out, whereas
apoptotic cells round up and appear to have bright granu
lated interiors. Cells without dsRNA appear healthy, regard
less of doxycycline treatment (top left and bottom left
photographs). Cells without doxycyline but with dsRNA
appear generally healthy but include Some apoptotic cells
(top, right photograph), possibly due to the low-level expres
sion of the dsRNA-activated caspase even in the absence of
doxycycline. Cells with both doxycycline and dsRNA
exhibit widespread apoptosis as expected (bottom, right
photograph).
FIG. 23 are photographs demonstrating dsRNA-activated
caspase activity of cell clone 8-9. Cells were cultured either
with or without 10 ug/ml doxycycline for two days, and then
treated with the Invitrogen transfection reagents LIPOFEC
TINR) and PLUS reagent either alone or with poly(I)-poly
(C) synthetic dsRNA approximately 20 hours prior to pho
tographing. Healthy cells tend to spread out, whereas
apoptotic cells round up and appear to have bright granu
lated interiors. Cells without dsRNA appear healthy, regard
less of doxycycline treatment (top left and bottom left
photographs). Cells without doxycyline but with dsRNA
appear generally healthy but include Some apoptotic cells
(top, right photograph), possibly due to the low-level expres
sion of the dsRNA-activated caspase even in the absence of
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doxycycline. Cells with both doxycycline and dsRNA
exhibit widespread apoptosis as expected (bottom, right
photograph).
FIG. 24 are photographs demonstrating HeLa cells not
transfected with a dsRNA-activated caspase construct (con
trol cells). Cells were cultured either with or without 10
ug/ml doxycycline for two days, and then treated with the
Invitrogen transfection reagents LIPOFECTINR) and PLUS
reagent either alone or with poly(I)-poly(C) synthetic
dsRNA approximately 20 hours prior to photographing.
Healthy cells tend to spread out, whereas apoptotic cells
round up and appear to have bright granulated interiors.
Cells either with or without doxycycline and either with
dsRNA (top right and bottom right photographs) or without
dsRNA (top left and bottom left photographs) appear gen
erally healthy, with a limited number of round or apoptotic
cells visible in each of the four cases. The widespread
apoptosis that was visible in clones 8-9 and 8-13 treated with
both doxycycline and dsRNA does not occur with the
FIG. 25 is a diagram of an interferon-induced heat shock
protein which selectively protects uninfected cells near
infected ones. An interferon-induced heat shock protein
gene is a new anti-pathogen defense that can be added to
cells via gene therapy or other methods to inhibit pathogen
replication in cells. Because its effect is localized in both
space and time, only occuring in cells near infected ones,
side-effects are minimized.
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FIG. 26 is a diagram of an interferon-inducible vector
created by adding an interferon-inducible promoter and
poly-A sequence to the Invitrogen pCMV/Bsd blasticidin
resistance vector. A multiple cloning sequence between the
new interferon-inducible promoter and poly-A sequence
permits one to add any gene, Such as genes for heat shock
proteins Haj-1, Hsp70, Hsp90, luciferase (as a control), or
other genes with anti-pathogen effects.
FIG. 27 is an outline of a PCR strategy used to produce
the SV40 poly-A sequence copied from pCMV/Bsd via PCR
with the illustrated primers (PCR product 11). PCR product
11 is then inserted into pCMV/Bsd as shown to create a
second poly-A sequence in the vector.
FIG. 28 is an outline of a PCR strategy used to produce
PCR product 12. An interferon-inducible promoter contain
ing multiple interferon-stimulated response elements
(ISREs) is cloned from the Stratagene vector plSRE-Luc
using the PCR primers shown in the figure. PCR product 12
is inserted into the modified pCMV/Bsd containing the
second poly-A sequence, resulting in a general-purpose
interferon-inducible vector, pCMV/Bsd/ISRE. Any desired
gene can be inserted into this new interferon-inducible
Vector.
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FIG. 29 is an outline of a PCR strategy used to produce
PCR product 13. The gene for heat shock protein Ha-1
(NCBI Accession #X62421) is cloned in PCR 13, and the
PCR primers are used to add a Kozak sequence as well as
BssHII and Mlul restriction enzyme sites. PCR product 13
containing Ha-1 is inserted into the vector from FIG. 28,
creating an interferon-inducible Ha-1 expression vector.
FIG. 30 is an outline of a PCR strategy used to produce
PCR product 14. The gene for heat shock protein Hsp70
(NCBI Accession #M11717 M15432) is cloned in PCR 14,
and the PCR primers are used to add a Kozak sequence as
well as BssHII and Mlul restriction enzyme sites. PCR
product 14 containing Hsp70 is inserted into the vector from
FIG. 28, creating an interferon-inducible Hsp70 expression
Vector.
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FIG. 31 is an outline of a PCR strategy used to produce
PCR product 15. The gene for heat shock Hsp90 (NCBI
Accession #M16660) is cloned in PCR 15, and the PCR
primers are used to add a Kozak sequence as well as BSSHII
and Mlul restriction enzyme sites. PCR product 15 contain
ing Hsp90 is inserted into the vector from FIG. 28, creating
an interferon-inducible Hsp90 expression vector.
FIG. 32 is an outline of a PCR strategy used to produce
PCR product 16. The luciferase gene is cloned from the
Stratagene vector plSRE-Luc in PCR 16, and the PCR
primers are used to add a Kozak sequence as well as BSSHII
and Mlul restriction enzyme sites. PCR product 16 contain
ing the luciferase gene is inserted into the vector from FIG.
28, creating an interferon-inducible luciferase expression
Vector.

FIG. 33 is a diagram of interferon-induced heat shock
proteins and photographs of PCR products 11 through PCR
16 electrophoresed on an agarose gel. PCR 11 is the poly-A
sequence, PCR 12 is the ISRE-containing interferon-induc
ible promoter, PCR 13 is Ha-1, PCR 14 is Hsp70, PCR 15
is Hsp90, and PCR16 is luciferase.
FIG. 34 is a photograph of a DNA electrophoresis agarose
gel of the interferon-inducible vectors and genes. Lane 1 is
a DNA size marker. Lane 2 is the completed interferon
inducible vector pCMV/Bsd/ISRE without an inserted gene.
Lane 3 is the same vector with Hsp90 inserted, and Lane 4
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cells induced with 10 ug/ml doxycycline were grown in

25-cm tissue culture flasks. Cells were infected with human
15

25

is the vector with luciferase inserted. The vector in these

lanes has been digested with the restriction enzymes Bss HII
and Mlul for analysis. Lane 5 is a DNA size marker. Lanes
6 and 7 are the Haj-1 and Hsp70 genes inserted into the
Invitrogen TOPO vector, respectively, digested with EcoRI
for analysis. Using the methods illustrated in FIGS. 29 and
30, the Haj-1 and Hsp70 genes are inserted into pCMV/

30

Bsd/ISRE.

FIG. 35 is a diagram of an interferon-inducible heat shock
protein (HSP) expression vector on the left panel and on the
right panel is a photograph of interferon-inducible HSP
expression vectors electrophoresed on an agarose gel.
FIG. 36 is a diagram of other anti-pathogen effectors that
can be added to cells, and induced by interferon, dsRNA,
LPS, apoptosis signals, or other pathogen detection meth
ods, or alternatively, the anti-pathogen effectors can be
constitutively present or active. For example, interferon can
induce a gene for bacterial RNase III or one of its eukaryotic
homolog dsRNases, which degrade viral dsRNA while leav
ing cellular RNA relatively intact. Or, one or more endo
Some inhibitors can be used to inhibit the uncoating of a
virus in the endosome. Examples of endosome inhibitors
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with or without doxycycline. For each cell clone shown,
doxycycline upregulated expression of the dsRNA-activated
caspase activator, which has approximately the predicted
size (FIG. 40, labeled as 41 kDa new protein) and contains
FADD epitopes recognized by the antibodies.
FIG. 41 is a Western blot analysis. Doxycycline induces
293 cells transfected with the PCR-10-containing vector to
express the corresponding dsRNA-activated caspase activa
tor. Cells were cultured with either 10 g/ml doxycycline or
no doxycycline for two days, and then Western blots were
used to probe the cell extracts with anti-FADD antibodies.
The 28-kDa natural FADD was visible in all the cells, either
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NLSs into the nucleus. The NLS inhibitor can be a truncated

version of importin-alpha that binds to an NLS but is not
transported into the nucleus, or it can be any other NLS
binding protein that is not transported into the nucleus.
Proteins with an NLS, or other decoy proteins that bind to
importin-alpha, can be overexpressed in the presence of
interferon as another method of inhibiting pathogen NLSs.
FIG. 37 is a Western blot analysis. Doxycycline induces
8S cells to express the dsRNA-activated caspase. Untrans
fected H1-HeLa cells were cultured without doxycycline for
two days, and 8S cells were cultured with 0, 1, or 10 ug/ml
doxycycline for two days. Western blots were then used to

rhinovirus 14 (American Type Culture Collection (ATCC)
number VR-284) (FIG.38, lower left and right panels). After
7 days of incubation at 33°C., all untransfected cell popu
lations exposed to rhinovirus were dead and detached from
their flasks surfaces (FIG. 38, lower left panel). In contrast,
transfected 8S H1-HeLa cells that have been exposed to
rhinovirus were alive, attached, and confluent, and they
show no signs of infection (FIG. 38, lower right panel). Both
untransfected and transfected cells not exposed to rhinovirus
were also confluent and healthy (FIG. 38, upper left and
right panels, respectively).
FIG. 39 is a Western blot analysis. Doxycycline induces
293 cells transfected with the PCR-7- or PCR-8-containing
vectors to express the corresponding dsRNA-activated
caspase. Cells were cultured with either 10 ug/ml doxycy
cline or no doxycycline for two days, and then Western blots
were used to probe the cell extracts with anti-caspase-3
antibodies. The 32-kDa natural (pro)caspase 3 was visible in
all the cells, either with or without doxycycline. For each
cell clone shown, doxycycline upregulated expression of the
dsRNA-activated caspase, which has approximately the
predicted size (FIG. 39, labeled as 53 kDa new protein) and
contains caspase-3 epitopes recognized by the antibodies.
FIG. 40 is a Western blot analysis. Doxycycline induces
293 cells transfected with the PCR-9-containing vector to
express the corresponding dsRNA-activated caspase activa
tor. Cells were cultured with either 10 g/ml doxycycline or
no doxycycline for two days, and then Western blots were
used to probe the cell extracts with anti-FADD antibodies.
The 28-kDa natural FADD was visible in all the cells, either

include, but are not limited to, vacuolar H"-ATPase inhibi

tors (such as the human papillomavirus 16 E5 protein, a
defective ATPase subunit, or bafilomycin Al) or vesicular
trafficking inhibitors (such as the Salmonella SpiC protein).
Alternatively, expression of a nuclear localization signal
(NLS) inhibitor can be induced by interferon in order to
prevent transport of pathogens or pathogen components with
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probe the cell extracts with anti-caspase-3 antibodies. The
32-kDa natural (pro)caspase 3 was visible in all the cells,
regardless of transfection or doxycycline. For 8S cells, 1 or
10 ug/ml doxycycline upregulated expression of the dsRNA
activated caspase, which has approximately the predicted
size (FIG. 37, labeled 53 kDa new protein) and contains
caspase-3 epitopes recognized by the antibodies.
FIG.38 are photographs demonstrating the effectiveness
of dsRNA-activated caspase against virus. Control untrans
fected H1-HeLa cells without doxycycline and 8S H1-HeLa
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with or without doxycycline. For each cell clone shown,
doxycycline upregulated expression of the dsRNA-activated
caspase activator, which has approximately the predicted
size (FIG. 41, labeled as 41 kDa new protein) and contains
FADD epitopes recognized by the antibodies.
FIG. 42 is a diagram of the synthesis strategy for PCR
product 25, which encodes a novel pathogen-activated
caspase activator. 2',5'-oligoadenylate is produced within
cells in response to pathogen components such as dsRNA.
The 2',5'-oligoadenylate-binding domain from RNase L
(amino acids 1–335) was fused in frame with a short flexible
polypeptide linker (amino acid sequence S-G-G-G-S-G
(SEQ ID NO: 1)) and amino acids 1–97 of Apaf-1, which
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included the caspase recruitment domain (CARD) that binds
to procaspase 9. A Kozak sequence and stop codon were
included, as shown. BamHI and Mlul restriction sites were

included at the ends for ease of insertion into the pTRE2hyg
vector. PCR 21 used the indicated 5' and 3' PCR primers to
copy the region encoding amino acids 1–335 of RNase L
from the provided plasmid. PCR 22 used the indicated 5' and
3' PCR primers to copy the region encoding amino acids
1–97 of Apaf-1 from the provided plasmid. PCR 25 used the
gel-purified products of PCR 21 and 22, 5' primer from PCR
21, and 3' primer from PCR 22 to create the desired product
via splicing by overlap extension (C. W. Dieffenbach and G.
S. Dveksler (eds.), PCR Primer: A Laboratory Manual,
1995, Cold Spring Harbor Laboratory Press, Plainview,
N.Y.).
FIG. 43 is a diagram of the synthesis strategy for PCR
product 26, which encodes a novel pathogen-activated
caspase activator. Lipopolysaccharide (LPS) is a component
of pathogens such as bacteria. The LPS-binding domain
from BPI (amino acids 1-199) was fused in frame with a
short flexible polypeptide linker (amino acid sequence S-GG-G-S-G (SEQID NO: 1)) and amino acids 1–97 of Apaf-1,
which included the caspase recruitment domain (CARD)
that binds to procaspase 9. A Kozak sequence and stop
codon were included, as shown. BamHI and Mlul restriction
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and Mlul restriction sites were included at the ends for ease
15

25

sites were included at the ends for ease of insertion into the

pTRE2hyg vector. PCR 23 used the indicated 5' and 3' PCR
primers to copy the region encoding amino acids 1-199 of
BPI from the provided plasmid. PCR 22 used the indicated
5' and 3' PCR primers to copy the region encoding amino
acids 1–97 of Apaf-1 from the provided plasmid. PCR 26
used the gel-purified products of PCR 22 and 23, 5' primer
from PCR 23, and 3' primer from PCR 22 to create the
desired product via splicing by overlap extension.
FIG. 44 is a diagram of the synthesis strategy for PCR
product 27, which encodes a novel dsRNA-activated
caspase activator. The dsRNA-binding domain from PKR
(amino acids 1-174) and part of the natural linker region
from PKR (amino acids 175 181) were fused in frame with
amino acids 1–97 of Apaf-1, which included the caspase
recruitment domain (CARD) that binds to procaspase 9.
When two or more copies of the protein encoded by PCR 27
are crosslinked by dsRNA, they will crosslink and activate
endogenous (pro)caspase 9. A Kozak sequence and stop
codon were included, as shown. BamHI and Mlul restriction
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FIG. 48 is a schematic of further chimeric caspases.
FIG. 49 is an illustration of examples of chimeric pro
teins.
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and Mlul restriction sites were included at the ends for ease

of insertion into the pTRE2hyg vector. PCR 21 used the
indicated 5' and 3' PCR primers to copy the region encoding
amino acids 1–335 of RNase L from the provided plasmid.

of insertion into the pTRE2hyg vector. PCR 23 used the
indicated 5' and 3' PCR primers to copy the region encoding
amino acids 1–199 of BPI from the provided plasmid. PCR
2 used the indicated 5' and 3' PCR primers to copy the
coding sequence of caspase 3 from the provided plasmid.
PCR 29 used the gel-purified products of PCR 23 and 2, 5'
primer from PCR 23, and 3' primer from PCR 2 to create the
desired product via splicing by overlap extension.
FIG. 47, left panel, is a schematic diagram of a Clontech
vector (pTRE2hyg), into which BamHI and Mlul restriction
enzyme digested PCR products 25, 26, 27, 28, and 29 were
ligated into the vector to create expression vectors for PCR
25, 26, 27, 28, and 29. The vectors include a doxycycline or
tetracycline-inducible promoter for the inserted gene, as
well as a hygromycin resistance gene for selection of
transfected cells. All of the vectors with the inserted genes
were linearized for transfection using the FspI restriction
enzyme as shown in the DNA gel electrophoresis photo
graph in the right panel. DNA size markers are in the
left-most lane.
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sites were included at the ends for ease of insertion into the

pTRE2hyg vector. PCR 3 used the indicated 5' and 3' PCR
primers to copy the region encoding amino acids 1-181 of
PKR from the provided plasmid. PCR 24 used the indicated
5' and 3' PCR primers to copy the region encoding amino
acids 1–97 of Apaf-1 from the provided plasmid. PCR 27
used the gel-purified products of PCR 3 and 24, 5' primer
from PCR3, and 3' primer from PCR 24 to create the desired
product via splicing by overlap extension.
FIG. 45 is a diagram of the synthesis strategy for PCR
product 28, which encodes a novel pathogen-activated
caspase. 2',5'-oligoadenylate is produced within cells in
response to pathogen components such as dsRNA. The
2',5'-oligoadenylate-binding domain from RNase L (amino
acids 1–335) was fused in frame with a short flexible
polypeptide linker (amino acid sequence S-G-G-G-S-G
(SEQ ID NO: 1)) and full-length caspase 3. A Kozak
sequence and stop codon were included, as shown. BamHI

20
PCR 2 used the indicated 5' and 3' PCR primers to copy the
coding sequence of caspase 3 from the provided plasmid.
PCR 28 used the gel-purified products of PCR 21 and 2, 5'
primer from PCR 21, and 3' primer from PCR 2 to create the
desired product via splicing by overlap extension.
FIG. 46 is a diagram of the synthesis strategy for PCR
product 29, which encodes a novel pathogen-activated
caspase. Lipopolysaccharide (LPS) is a component of patho
gens such as bacteria. The LPS-binding domain from BPI
(amino acids 1-199) was fused in frame with a short flexible
polypeptide linker (amino acid sequence S-G-G-G-S-G
(SEQ ID NO: 1)) and full-length caspase 3. A Kozak
sequence and stop codon were included, as shown. BamHI
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FIGS. 50(a)-(f) are illustrations of examples of chimeric
transcription factors.
FIG. 51 is a schematic of using IFN-induced defenses.
Illustrated is a vector with an ISRE-containing promoter
regulating the expression of at least one defense gene.
FIG. 52 demonstrates the synthesis strategy for a trun
cated importin C.1 gene and its insertion into the pCMV/
Bsd/ISRE vector to produce the new vector pCMV/Bsd/
ISRE/C.1. It encodes a truncated version of importin C.1 that
lacks the importin-B-binding domain.
FIG. 53 is a schematic for the production of PCR product
30. It encodes a truncated form of importin C.1 that lacks the
importin-B-binding domain but includes an HA epitope.
FIG. 54 illustrates the synthesis strategy for a truncated
importin C4 gene and its insertion into the pCMV/Bsd/ISRE
vector to produce the new vector pCMV/Bsd/ISRE/O4. It
encodes a truncated version of importin C4 that lacks the
importin-B-binding domain.
FIG.55 is a schematic for the production of PCR product
31. It encodes a truncated form of importin X4 that lacks the
importin-B-binding domain but includes an HA epitope.
FIG. 56 illustrates the synthesis strategy for a truncated
importin C.6 gene and its insertion into the pCMV/Bsd/ISRE
vector to produce the new vector pCMV/Bsd/ISRE/o.6. It
encodes a truncated version of importin C.6 that lacks the
importin-B-binding domain.
FIG. 57 is a schematic for the production of PCR product
32. PCR was carried out using the illustrated PCR primers
and the vector pCMV/Bsd/ISRE/C.6. It encodes a truncated
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form of importin C.6 that lacks the importin-B-binding
domain but includes an HA epitope.
FIG. 58 illustrates the creation of a gene encoding E. coli
RNase III with an HA epitope, and its subsequent insertion
into the pCMV/Bsd/ISRE vector to produce the new vector
pCMV/Bsd/ISRE/RNase III.
FIG. 59 is a schematic for the production of PCR product
33. PCR was carried out using the illustrated PCR primers
and the vector pCMV/Bsd/ISRE/RNase III. It encodes E.
coli RNase III with an HA epitope.
FIG. 60 is a schematic for the insertion of a gene encoding
the HPV-16 E5 protein into the pCMV/Bsd/ISRE vector to
produce the new vector pCMV/Bsd/ISRE/E5.
FIG. 61 is a schematic for the production of PCR product
34. PCR was carried out using the illustrated PCR primers
and the vector pCMV/Bsd/ISRE/E5. It encodes the HPV-16
E5 protein.
FIG. 62 illustrates the synthesis strategy for a gene
encoding the Salmonella SpiC protein with an HA epitope,
and its subsequent insertion into the pCMV/Bsd/ISRE vec
tor to produce the new vector pCMV/Bsd/ISRE/SpiC.
FIG. 63 is a schematic for the production of PCR product
35. It encodes the Salmonella SpiC protein with an HA
epitope.
FIG. 64 is a schematic for the production of PCR product
36. PCR was carried out using the illustrated PCR primers
and the vector pCMV/Bsd/ISRE/Hdl. 1. The resulting PCR
product 36 has BamHI and Mlul restriction sites for ease of
insertion into the pTRE2hyg vector. It encodes human
Hdi-1, also known as Hsp40.
FIG. 65 is a schematic for the production of PCR product
37. The resulting PCR product 37 has BamHI and Mlul
restriction sites for ease of insertion into the pTRE2hyg
vector. It encodes human Hsp70.
FIG. 66 is a schematic for the production of PCR product
38. It encodes human Hsp90.
FIG. 67 is a photograph of the linearized vectors with the
inserted products PCR 30–38 for transfection after electro
phoresis in an agarose gel. The far left lane contains a DNA
size marker.

FIG. 68 illustrates schematically how to produce test
proteins that contain protein transduction domains or tags.
FIG. 69 illustrates PCR primers for producing a DNA
sequence encoding aequorin fused to one of the following
protein transduction tags: TAT. PTD-4, an arginine-rich
sequence Arg, or no protein transduction tag.
FIG. 70 illustrates PCR primers for producing a DNA
sequence encoding enhanced green fluorescent protein
(EGFP) fused to one of the following protein transduction
tags: TAT. PTD-4, an arginine-rich sequence Arg, or no
protein transduction tag.
FIG. 71 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 7 or 8 fused to one of the following protein
transduction tags: TAT. PTD-4, an arginine-rich sequence
Arg, or no protein transduction tag.
FIG. 72 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 9 or 10 fused to one of the following protein
transduction tags: TAT. PTD-4, an arginine-rich sequence
Arg, or no protein transduction tag.
FIG. 73 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 25 fused to one of the following protein transduction
tags: TAT. PTD-4, an arginine-rich sequence Arg, or no
protein transduction tag.

10

15

25

30

35

40

45

50

55

60

65

22
FIG. 74 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 26 fused to one of the following protein transduction
tags: TAT. PTD-4, an arginine-rich sequence Arg, or no
protein transduction tag.
FIG. 75 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 27 fused to one of the following protein transduction
tags: TAT. PTD-4, an arginine-rich sequence Arg, or no
protein transduction tag.
FIG. 76 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 28 fused to one of the following protein transduction
tags: TAT. PTD-4, an arginine-rich sequence Arg, or no
protein transduction tag.
FIG. 77 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 29 fused to one of the following protein transduction
tags: TAT. PTD-4, an arginine-rich sequence Arg, or no
protein transduction tag.
FIG. 78 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 30 fused to one of the following protein transduction
tags: TAT. PTD-4, an arginine-rich sequence Arg, or no
protein transduction tag.
FIG. 79 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 31 fused to one of the following protein transduction
tags: TAT. PTD-4, an arginine-rich sequence Arg, or no
protein transduction tag.
FIG. 80 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 32 fused to one of the following protein transduction
tags: TAT. PTD-4, an arginine-rich sequence Arg, or no
protein transduction tag.
FIG. 81 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 33 fused to one of the following protein transduction
tags: TAT. PTD-4, an arginine-rich sequence Arg, or no
protein transduction tag.
FIG. 82 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 34 fused to one of the following protein transduction
tags: TAT. PTD-4, an arginine-rich sequence Arg, or no
protein transduction tag.
FIG. 83 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 35 fused to one of the following protein transduction
tags: TAT. PTD-4, an arginine-rich sequence Arg, or no
protein transduction tag.
FIG. 84 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 36 fused to one of the following protein transduction
tags: TAT. PTD-4, an arginine-rich sequence Arg, or no
protein transduction tag.
FIG. 85 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 37 fused to one of the following protein transduction
tags: TAT. PTD-4, an arginine-rich sequence Arg, or no
protein transduction tag.
FIG. 86 illustrates PCR primers for producing a DNA
sequence that includes the coding sequence from PCR
product 38 fused to one of the following protein transduction
tags: TAT. PTD-4, an arginine-rich sequence Arg, or no
protein transduction tag.
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DETAILED DESCRIPTION OF THE
INVENTION

Organisms, such as humans, other animals, and plants,
and their cells have natural defenses against pathogens. Such
as viruses, Viroids, bacteria, rickettsia, chlamydia, myco
plasma, fungi, protozoa, helminths, and prions. These natu
ral defenses include, for example and without limitation: (1)
the interferon pathway, by which an infected cell can warn
or prime nearby uninfected cells to increase their resistance
to infection; (2) apoptosis, in which an infected cell can
commit cell suicide to prevent further spread of the infec
tion; (3) heat shock and other stress responses, which help
cells Survive under stress conditions, such as infection; (4)
inflammatory responses, which can combat infections; (5)
unfolded-protein responses or endoplasmic reticulum-asso
ciated protein degradation responses, which help cells
respond to endoplasmic reticulum stress or protein accumu
lation, such as can be caused by a pathogen; (6) innate
immune responses, which inhibit abroad spectrum of patho
gens; and (7) adaptive immune responses, which identify
and respond to specific pathogens.
However, many pathogens, for example: viruses such as
variola major (smallpox), Ebola, HIV, hepatitis viruses,
influenza viruses, papillomaviruses, herpesviruses, and
adenoviruses; bacteria Such as Mycobacterium species, Sal
monella species, Yersinia species, Chlamydia species, Cox
iella burnetti, Francisella tularensis, Brucella species, Bor
detella species, Listeria monocytogenes, and Legionella
pneumophila; fungi such as Histoplasma capsulatum; and
protozoa Such as Plasmodium species, Trypanosoma spe
cies, Leishmania species, and Toxoplasma gondii, have
developed methods to evade some or all of these natural
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vivax, Plasmodium ovale, Plasmodium malariae, Plasmo
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defenses.

This invention provides chimeric molecules, agents, and
methods of use thereof, which manipulate or modify the
natural defenses to be more effective against pathogen
infections. This invention is also known as "Pharmacologi
cal Augmentation of Nonspecific Anti-pathogen Cellular
Enzymes and Activities (PANACEA). A chimeric molecule
of the invention, as described herein, is composed of at least
two domains, said domains being not normally found in
association together, or bound to one another, in a cell.
An agent of the invention, as described herein, is one that
is non-naturally-occurring in a cell.
A broad spectrum of pathogens will be susceptible to
treatment with the agents and chimeric molecules described
herein, and include, for example and without limitation:
viruses, including those belonging to the families of poxyi
rus (such as variola major), herpesvirus (Such as herpes
simplex virus types 1 and 2, varicella-Zoster virus, cytome
galoviruses, and Epstein-Barr virus), adenovirus (such as
various human adenovirus serotypes), papovavirus (Such as
human papillomaviruses), hepadnavirus (such as hepatitis B
virus), parvovirus (such as parvovirus-like agent), picor
navirus (such as poliovirus, Coxsachie viruses A and B,
rhinoviruses, and foot-and-mouth disease virus), calicivirus
(such as Norwalk agent and hepatitis E virus), togavirus
(such as equine encephalitis viruses and rubella virus),
flavivirus (such as West Nile virus, yellow fever virus, and
Powassan), coronavirus (such as human coronaviruses),
reovirus (such as Colorado tick fever virus), rhabdovirus
(such as rabies virus), filovirus (such as Ebola and Marburg
viruses), paramyxovirus (such as parainfluenza viruses,
measles, distemper, rinderpest, and respiratory syncytial
virus), orthomyxovirus (such as influenza viruses), bunyavi
rus (such as Rift Valley fever virus and Hantaan virus),
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arenavirus (such as Lassa virus), retrovirus (such as human
immunodeficiency virus and human T cell leukemia virus),
plant viruses, for example: dsDNA plant viruses (such as
cauliflower mosaic virus and badnaviruses); ssDNA plant
viruses (such as geminiviruses); dsRNA plant viruses (such
as plant reoviruses and cryptoviruses); negative-sense or
ambisense RNA plant viruses (such as rhabdoviruses,
tomato spotted wilt virus, and tenuiviruses); positive-sense
SSRNA plant viruses (such as tobacco mosaic virus, tobacco
rattle virus, and alfalfa mosaic virus); and viroids (such as
potato spindle tuber viroid); and other hepatitis viruses or
other viruses; bacteria, Such as Treponema pallidum, Bor
relia bergdorferi, Helicobacter pylori, Pseudomonas
aeruginosa, Legionella pneumophila, Neisseria meningiti
dis, Neisseria gonorrhoeae, Brucella species, Bordetella
pertussis, Francisella tularensis, Escherichia coli, Shigella
dysenteriae, Salmonella species, Klebsiella pneumoniae,
Proteus species, Yersinia species, Vibrio cholerae, Haemo
philus influenzae, Rickettsia species, Coxiella burnetii,
Chlamydia species, Mycoplasma species, Staphylococcus
species, Streptococcus species, Bacillus anthracis,
Clostridium species, Listeria monocytogenes, Corynebacte
rium diphtheriae, Mycobacterium tuberculosis, Mycobacte
rium leprae, and other Mycobacterium species, and Nocar
dia asteroides; prions, such as the causitive agents of kuru,
Creutzfeldt-Jakob disease, Gerstmann-Straussler syndrome,
scrapie, bovine spongiform encephalopathy, and transmis
sible mink encephalopathy; protozoa, such as Plasmodium
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dium falciparum, Toxoplasma gondii, Pneumocystis carinii,
Trypanosoma Cruzi, Trypanasoma bruceii gambiense, Try
panasoma bruceii rhodesiense, Leishmania species, Naegle
ria, Acanthamoeba, Trichomonas vaginalis, Cryptospo
ridium species, Isospora species, Balantidium coli, Giardia
lamblia, Entamoeba histolytica, and Dientamoeba fragilis;
fungi. Such as Candida albicans, Candida parasilosis, Cryp
tococcus neoformans, Apergillus filmigatus conidia and
Aspergillus fumigatus hyphae; or multicellular parasites
including Trichinella spiralis, nematode larvae, Schistosome
larvae, Ascaris, Tricuris, filarila worms and the like.

As used herein, a pathogen, which can be detected by a
chimeric molecule or agent of the invention, include those
parts of the pathogen that are sufficient for their detection by
the chimeric molecule or agent. For example, a pathogen
component, a pathogen product or an epitope that is patho
gen-specific are all encompassed by the term pathogen as
used herein.
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A pathogen-detection domain, as used herein, is generally
directed to a domain that is capable of recognizing or
binding a pathogen, pathogen component or product of the
pathogen. As used herein, the term pathogen-detection
domain is a region of the molecule that includes at least the
minimal region necessary to perform the pathogen recogni
tion (also referred to herein as pathogen detection) function
of the domain. The pathogen-detection domain can also be
encompassed within a larger region or structure, or Smaller
region or structure, but it still retains the pathogen recogni
tion function of the domain.
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More particularly, a detector domain, as used herein, is a
molecule that binds to, is stimulated by, or is inhibited by
one or more of the following: a pathogen (such as, for
example, an extracellular domain of a toll-like receptor that
binds to bacteria or other pathogens); a pathogen component
(such as, for example, the domain from approximately
amino acids 1–199 of human bactericidal/permeability-in
creasing protein (BPI) that binds to bacterial lipopolysac
charide (LPS)); a pathogen-produced product (such as, for

