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(57) ABSTRACT

Provided herein are methods for making targeted therapeu-
tics. In several embodiments, the therapeutics are directed
against soluble agents such as toxins, venoms, and/or other
factors that alter physiological biopathways as well as
methods of using such therapeutics to treat patients or
patient populations to reduce, eliminate, or inactivate, det-
rimental soluble agents that such patients or patient popu-
lations have been exposed to. In several embodiments, the
therapeutics are directed to patient-specific disease markers.
In several embodiments, the methods comprise screening a
library comprising proteins linked to their cognate mRNAs
to identify mRNA-protein pairs that bind to the diseased
cells, isolating one or more proteins from the identified
mRNA-protein pairs, and conjugating the isolated protein(s)
to a therapeutic agent.

Specification includes a Sequence Listing.
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MODULAR TARGETED THERAPEUTIC
AGENTS AND METHODS OF MAKING
SAME

RELATED CASES

[0001] The contents of each priority document listed in the
accompanying Application Data Sheet is incorporated in its
entirety by reference herein. This application also incorpo-
rates by reference the sequence listing submitted as ASCIT
text filed concurrently via EFS-Web. The Sequence Listing
is provided as a file entitled “ST25 Sequence Listing—
PRONOV.009P1”, created on Mar. 1, 2013 and which is
11.4 kilobytes in size.

BACKGROUND

Field of the Invention

[0002] The present invention relates to methods for mak-
ing therapeutics tailored to individual patients or sub-popu-
lations of patients. Several embodiments relate to methods
for making therapeutics that target soluble agents such as
toxins, venoms, and/or other factors that alter physiological
biopathways. Methods of using such targeted therapeutics
are also provided, for example using therapeutics targeting
soluble agents to treat patients or patient populations that
have been exposed to such agents to reduce, eliminate, or
inactivate, such detrimental soluble agents or their effects or
use of therapeutics to treat malignancies, pathogenic infec-
tions, and other conditions, and to reduce or prevent trans-
plant rejection.

Description of the Related Art

[0003] Many malignant cells display epitopes that are
specific not only to the type of malignancy but also to the
individual patient. Likewise, cells that are infected, diseased,
transplanted from a donor to host, or are otherwise compro-
mised in their health or function have been found to express
one or more unique markers. Also, numerous toxins, ven-
oms, chemical agents, and other agents that alter physiologi-
cal biopathways exist and exposure to such agents presents
a potentially significant health risk. Differentiating between
the normal healthy cells of subject (or those transplanted
into a subject) and those that are diseased, injured, infected
or malfunctioning is important to many different therapies.

SUMMARY

[0004] In several embodiments, there are provided herein
methods for generating a modular targeted therapeutic that
targets an agent of interest, the method comprising: identi-
fying a first protein capable of specifically interacting with
the agent of interest; identifying a first mRNA that encodes
for the first protein; identifying non-antibody second portion
capable of eliciting an immune response through interaction
with one or more components of the immune system,
identifying a second mRNA that encodes for the non-
antibody second portion; generating a first and a second
c¢DNA corresponding to each of the first and the second
mRNAs; fusing the first and the second cDNA to the first
and second ends of a bridge ¢cDNA to generate a fused
c¢DNA; and translating the fused cDNA into a corresponding
fused protein, wherein a first portion of the fused protein is
capable of interacting with the agent of interest and a second
portion of the fused protein is capable of eliciting an immune
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response, thereby generating a bifunctional targeted thera-
peutic that targets the agent of interest.

[0005] In several embodiments, the non-antibody second
portion is a second protein. In several embodiments, the first
protein is identified by screening a library comprising pro-
teins linked to their cognate mRNAs to identify one or more
proteins that interact with the agent of interest. Additionally,
the method can optionally further comprise screening the
bifunctional targeted therapeutic against the agent of interest
and the one or more components of the immune system.
[0006] In several embodiments, the non-antibody second
portion has a known mRNA sequence. Advantageously, this
allows for generation of the encoded protein from that
mRNA, once the desired characteristics of second protein
have been identified (e.g,. interaction with desired portion of
the immune system for the particular embodiment. For
example, in several embodiments, the the second protein is
capable of binding to the heavy chain of an antibody. In
several embodiments, the second protein is capable of
binding to the constant region of the heavy chain of the
antibody. In particular, in several embodiments, the second
protein is capable of binding to the CHI region of the heavy
chain. In particular embodiments, the non-antibody second
portion is capable of binding to an IgG antibody.

[0007] In several embodiments, the agent of interest is
soluble (e.g., in the bloodstream of a subject), while in
additional embodiments, the agent of interest is a cell
surface molecule or marker. In several embodiments, soluble
agents of interest are selected from the group consisting of
animal toxins, insect toxins, plant toxins, algae-derived
toxins, fungi-derived toxins, bacterial-derived toxins, bio-
warfare agents, biopathway modulators, and combinations
thereof.

[0008] In several embodiments, the agent of interest tar-
gets (and adversely affects) one or more of the blood, blood
vessels, nervous tissue, and muscle tissue, one or more ion
channels, induces muscle paralysis, prevents blood clotting,
and/or induces increased gastrointestinal water secretion.
[0009] In several embodiments, the screening methods
used to identify modular therapeutics capable of targeting
the agent of interest (out of a pool of candidate modular
therapeutics) comprise positive selection, negative selection,
or combinations thereof. For example, in several embodi-
ments, screening for bifunctional therapeutics that target the
agent of interest comprises blocking a site on the agent of
interest with which the first protein interacts, exposing a
plurality of candidate bifunctional targeted therapeutics to
the blocked agent of interest, identifying those candidate
bifunctional targeted therapeutics that bind to the blocked
agent of interest and those that do not bind to the blocked
agent of interest; and collecting those candidate bifunctional
targeted therapeutic that do not bind to the blocked agent of
interest. In several embodiments, the collection of those that
do not bind is facilitated by first immobilizing the agent of
interest on a solid support. Thus, a wash of the solid support
and collection of the wash solution facilitates specific col-
lection of those bifunctional targeted therapeutics that inter-
act with the site on the agent of interest that was pre-blocked.
[0010] Additionally, in several embodiments, the screen-
ing optionally further comprises screening the collected
candidate bifunctional targeted therapeutics for interaction
with one or more components of the immune system. Such
additional screening methods comprise, in some embodi-
ments, exposing the collected candidate bifunctional tar-
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geted therapeutics to the component of the immune system;
identifying those candidate bifunctional targeted therapeu-
tics that bind to component of the immune system and those
that do not bind to the component of the immune system;
and discarding those candidate bifunctional targeted thera-
peutics that do not bind to the component of the immune
system and collecting those that do bind to the component of
the immune system. As with the first screening described
above, the component of the immune system may optionally
be immobilized on a solid support. Likewise, the component
of the immune system can also be pre-blocked (at a site or
sites of interest) such that the candidate bifunctional targeted
therapeutics that fail to bind to the blocked component are
collected (as the failure to bind indicates preferential inter-
action with the blocked sites).

[0011] In several embodiments, the component of the
immune system is an antibody. In some embodiments, the
antibody is an IgG antibody. In some embodiments, the
antibody is an IgG isotype 1, 2, 3, or 4 antibody.

[0012] In several embodiments there is also provided a
method for treating a subject that has been exposed to a
soluble agent, comprising identifying a subject who has
been exposed to a soluble agent; and administering to the
subject a bifunctional targeted therapeutic that has been
screened for specific interaction with the soluble agent and
with a component of the immune system, and wherein upon
interaction with the soluble agent via the first portion of the
targeted therapeutic, the second portion elicits an immune
response, which results in clearance of the soluble agent and
treatment of the subject.

[0013] In various aspects, methods are provided herein for
developing targeted therapeutics useful in treating a wide
range of conditions by targeting cell-surface markers (e.g.,
epitopes, idiotypes, and the like) or other molecules that are
differentially expressed by, or in close proximity to, malig-
nant cells, pathogens, transplanted cells, and/or other entities
targeted for treatment. Also provided are methods for treat-
ing a disease or condition by administering a therapeutic
produced by methods described herein.

[0014] Insome preferred embodiments, methods provided
herein utilize novel techniques for linking proteins to their
corresponding mRNAs, and screening the protein-mRNA
complexes for binding to a molecular target associated with
one or more etiological determinants. In various preferred
embodiments, therapeutics provided herein are designed to
recognize molecular targets that are differentially expressed
in an individual patient seeking treatment, or in a sub-
population of patients, such as patients diagnosed with a
specific strain or subtype of a disease or condition. Proteins
having high affinity for a target of interest are preferably
isolated and linked to one or more therapeutic agents effec-
tive against the disease being treated (e.g., cytotoxic agents),
to produce a variety of targeted therapeutics. Advanta-
geously, the rapid and efficient identification, isolation, and
production of proteins capable of recognizing targets of
interest provides effective, low cost methods for the pro-
duction of patient- and/or disease-specific therapeutics. In
various embodiments, methods provided herein beneficially
allow a wide range of diseases and conditions to be treated
with tailored therapeutics, within the context of existing
health care budgets and resource allocations.

[0015] In various aspects, methods are provided herein for
producing tailored therapeutics for treating cancers and
other conditions, wherein the tailored therapeutics comprise
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a “targeting domain” that binds to a molecular target asso-
ciated with a disease or condition selected for treatment, and
a “therapeutic agent” capable of treating or preventing said
disease or condition. In some preferred embodiments, the
targeting domain is tailored to recognize targets that are
differentially expressed in particular patients or sub-popu-
lations of patients, while in these and/or other embodiments,
the therapeutic agent does not require substantial tailoring to
individual patients or sub-populations of patients. This
“modular” architecture advantageously allows for the cre-
ation of individualized therapeutics by tailoring only the
small portion of the administrable therapeutic comprising
the targeting domain, which can then be used to enhance the
efficacy of a variety of pre-existing or easily prepared
therapeutic agents.

[0016] In some preferred embodiments, the targeting
domain is tailored to bind an epitope selectively or prefer-
entially expressed by cancerous cells relative to non-can-
cerous cells in a patient seeking treatment, and the thera-
peutic agent is an antibody or other molecule (hereinafter
referred to as the “immune effector”) capable of stimulating
an immune response in the patient. In some preferred
embodiments, the targeted epitopes are substantially absent
from non-cancerous cells, and the therapeutic agent does not
otherwise substantially bind to non-cancerous cells. In some
preferred embodiments, the cancer is a hematological can-
cer, such as a lymphoma (e.g., non-Hodgkin’s lymphoma),
a leukemia, or a multiple myeloma, wherein cancerous
and/or malignant cells express a patient-specific epitope that
can be an idiotype.

[0017] In various embodiments, the therapeutic agent is
linked, fused, or derivatized, directly or indirectly, to the
targeting domain to form the modular therapeutic. In some
embodiments, an immune effector is covalently linked to a
target-binding domain, while in other embodiments it is
non-covalently bound. In some embodiments, the target-
binding domain is part of a bifunctional protein comprising
a target-binding domain fused to a second domain that binds
the immune effector. The immune effector-binding domain
may comprise an epitope recognized by variable regions of
an antibody, or a molecule that binds other regions of an
antibody, such as the Fc region. The immune effector-
binding domain may also comprise a peptide sequence
designed to bind the immune effector. The bifunctional
protein may comprise a fusion protein, or the two domains
can be covalently or non-covalently linked. The target-
binding domain and the immune effector binding domain
can be directly lirked, or indirectly linked, for example via
a flexible linker peptide.

[0018] In other aspects, the invention provides methods
for preparing a therapeutic for treating a cancer comprising
isolating complexes of expressed mRNA molecules and
their nascent polypeptides from an mRNA expression
library; screening the protein-mRNA complexes for binding
to a molecular target associated with an etiological deter-
minant, such as an epitope displayed by a cancerous cell;
isolating and expressing mRNA encoding a protein that
binds the target epitope; and derivatizing the target epitope-
binding protein (or derivatives, fragments or subunits
thereof) to a therapeutic agent, such as an antibody capable
of eliciting an immune response against the target. In some
embodiments, the preparation of the therapeutic further
comprises allowing isolated mRNA encoding a target-bind-
ing domain to undergo in vitro evolution, selective muta-
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genesis, and/or other methods known in the art to identify
and isolate mRNAs exhibiting stronger or more effective
binding to the target epitope, as described in more detail
below.

[0019] Inyet further aspects, the invention provides meth-
ods for treating a disease or condition, such as a cancer,
comprising identifying a target epitope or other molecule
specifically or preferentially expressed on, or in close prox-
imity to, an etiological determinant of the condition targeted
for treatment, in a patient in need of treatment; isolating a
protein that binds the target, but does not bind substantially
to non-targets; linking the target-binding protein (or deriva-
tives, fragments or subunits thereof) to a therapeutic agent,
such as an antibody capable of eliciting an immune response
in the subject of interest; and administering the therapeutic
to the patient in an amount and for a time sufficient to treat
the condition targeted for treatment.

[0020] In a still further aspect, the invention provides
methods for identifying proteins that bind cancer cell target
epitopes, or other etiological determinants, comprising iso-
lating complexes of expressed mRNA molecules and their
nascent polypeptides from an mRNA expression library;
screening the protein-mRNA complexes for binding to a
target epitope displayed by a cancerous cell; isolating and
expressing mRNA encoding a protein that binds the target
epitope; and derivatizing the target epitope-binding protein
(or derivatives, fragments or subunits thereof) to an antibody
capable of eliciting an immune response. In some embodi-
ments, the methods may further comprise allowing isolated
mRNA encoding a target epitope-binding protein to undergo
in vitro evolution, selective mutagenesis, or other methods
known in the art to identify and isolate mRNAs exhibiting
stronger or more effective binding to the target epitope.

[0021] In yet another aspect, the invention provides a kit
for developing an individualized therapeutic for the treat-
ment of a disease or condition characterized by the expres-
sion of disease- and/or patient-specific etiological determi-
nants. In some preferred embodiments, a kit is provided for
developing patient-specific therapeutics for the treatment of
a cancer, including solid tumors and hematological cancers,
wherein the therapeutics are targeted to a unique cell-surface
epitope differentially expressed on the surface of cancerous
and/or malignant cells.

[0022] In an additional aspect, the invention provides
therapeutics and methods for reducing or preventing trans-
plant rejection. In some embodiments, the target-binding
protein binds to cell surface antigens displayed by trans-
planted cells, such as MHC antigens, and the therapeutic
agent (e.g., the immune effector) comprises a protein or
other molecule that binds to and inhibits one or more
molecular determinants of the immune response. In some
preferred embodiments, the immune effector binds the Clg
or C3 components of the complement system to thereby
inhibit the activation of complement-mediated immunity. In
other embodiments, the immune effector stimulates an
immune response to eliminate transplanted cells bearing
“foreign” MHC or other antigens. In further embodiments,
the therapeutic agent ablates or prevents the clonal expan-
sion of lymphocyte subpopulations expressing specific
epitopes, for example epitopes that recognize MHC anti-
gens.
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[0023] Several embodiments of the present invention fur-
ther provide methods and kits for inhibiting transplant
rejection that are essentially similar to those described above
for treating malignancies.

[0024] Further aspects of the invention provide therapeu-
tics, methods and kits, essentially similar to those described
above, wherein the target-binding domain is selected to bind
one or more variable epitopes expressed by a disease-
causing pathogen, or one or more cells infected by a
discase-causing pathogen, and the therapeutic agent com-
prises an anti-pathogenic drug, such as an antibiotic or other
cytotoxic agent. In some embodiments, the pathogen is a
virus, such as HIV.

[0025] In various aspects, methods provided herein allow
for the rapid and cost-effective creation of individualized
therapeutics. The following detailed description illustrates
various aspects of the invention as they relate to particular
applications. However, the description applies equally to the
development and use of therapeutics and methods for the
treatment of a wide variety of conditions, including but not
limited to, the treatment of malignancies, the reduction and
elimination of pathogens, the reduction and/or prevention of
transplant rejection, and in general, the treatment of any
condition involving a therapeutic target which exhibits dif-
ferential binding characteristics relative to non-targeted cells
or molecules.

[0026] Additionally, in various aspects, methods are pro-
vided herein for developing targeted therapeutics useful in
treating a wide range of conditions by targeting soluble
targets (e.g., toxins, venoms and the like). Methods are also
provided herein that target soluble proteins without a pre-
immunization of a subject with an epitope of the desired
target. Also provided are methods for treating a disease or
condition by administering a therapeutic produced by meth-
ods described herein.

[0027] In several embodiments, there is provided a
method for generation of a bifunctional targeted therapeutic
that targets a soluble agent, the method comprising identi-
fying a first protein capable of interacting with a desired
soluble target, identifying a first mRNA that encodes for the
first protein, identifying an antigen capable of eliciting an
immune response through interaction with one or more
components of the immune system, identifying a second
mRNA that encodes for the antigen, generating a first and a
second ¢DNA corresponding to each of the first and the
second mRNAs, fusing the first and the cDNA to generate a
fused ¢cDNA, translating the fused cDNA into a correspond-
ing fused protein, wherein the a first portion of the fused
protein is capable of interacting with the desired soluble
target and a second portion of the fused protein is capable of
eliciting an immune response, thereby generating a bifunc-
tional targeted therapeutic that targets a soluble agent. In one
embodiment, the antigen has a known mRNA sequence.
[0028] In several embodiments, there is provided a
method for generation of a bifunctional targeted therapeutic
that targets a soluble agent, the method comprising identi-
fying a first protein capable of interacting with a desired
soluble target, identifying a first mRNA that encodes for the
first protein, identifying a second protein capable of eliciting
an immune response through interaction with one or more
components of the immune system, identifying a second
mRNA that encodes for the second protein, generating a first
and a second cDNA corresponding to each of the first and
the second mRNAs, fusing the first and the ¢cDNA to
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generate a fused cDNA, translating the fused cDNA into a
corresponding fused protein, wherein the a first portion of
the fused protein is capable of interacting with the desired
soluble target and a second portion of the fused protein is
capable of eliciting an immune response, thereby generating
a bifunctional targeted therapeutic that targets a soluble
agent. In some embodiments, the second protein is capable
of binding to an antibody. In some embodiments, the second
protein is capable of binding to the heavy chain of an
antibody. In some embodiments, the second protein is
capable of binding to the constant region of the heavy chain.
In some embodiments, the second protein is capable of
binding to the CHI region of the heavy chain. In some
embodiments, the antibody is an IgG antibody.

[0029] In several embodiments, the proteins are linked to
their cognate mRNAs via a cross-linker. In one embodiment,
the cross-linker is placed on a codon. In one embodiment,
the cross-linker is placed on a pseudo-stop codon. In one
embodiment, the cross-linker comprises a psoralen cross-
linker, and wherein exposure of the mRNA to UV light links
the mRNA to the protein. In some embodiments, the linker
is selected from the group consisting of tRNA, modified
RNA, and tRNA analogs.

[0030] In some embodiments, the first protein is identified
by screening a library comprising proteins linked to their
cognate mRNAs to identify one or more proteins that
interact with the soluble agent. In some embodiments, the
method further comprises screening the bifunctional tar-
geted therapeutic against the soluble agent and the one or
more components of the immune system. In some embodi-
ments, the fused cDNA comprises a bridge cDNA between
the first and the second ¢cDNA.

[0031] In some embodiments, the soluble agent is a
selected from the group consisting of animal toxins, insect
toxins, plant toxins, algae-derived toxins, fungi-derived tox-
ins, bacterial-derived toxins, biowarfare agents, and biopath-
way modulators.

[0032] In some embodiments, the soluble agent targets
one or more of the blood, blood vessels, nervous tissue, and
muscle tissue.

[0033] In some embodiments, the soluble agent targets an
ion channel.
[0034] In some embodiments, the soluble agent induces

muscle paralysis.

[0035] In some embodiments, the soluble agent targets
prevents blood clotting.

[0036] In some embodiments, the soluble agent induces
increased gastrointestinal water secretion.

[0037] In several embodiments, there is provided a
method for treating a subject that has been exposed to a
soluble agent, comprising: identifying a subject who has
been exposed to a soluble agent; and administering to the
subject a bifunctional targeted therapeutic, wherein the
immune response results in clearance of the soluble agent.
[0038] In several embodiments, there is provided a
method for treating a subject that has been exposed to a
soluble agent, comprising identifying a subject who has
been exposed to a soluble agent, administering to the subject
an antigen, wherein administration of the antigen induces
production of antibodies directed to the antigen by the
subject; administering to the subject the bifunctional tar-
geted therapeutic comprising the antigen, wherein the
administration allows the targeted therapeutic to bind to
interact with the soluble agent and with the produced
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antibodies, wherein the interaction results in clearance the
soluble target by the immune system, thereby treating the
subject.

[0039] In several embodiments, there is provided a
method for treating a subject that has been exposed to a
soluble agent, comprising identifying a subject who has
been exposed to a soluble agent, administering to the subject
an antigen in order for the subject to produce antibodies to
the antigen, identifying a first protein capable of interacting
with the soluble agent, identifying a first mRNA that
encodes for the first protein, identifying a second mRNA that
encodes for the antigen, generating a first and a second
c¢DNA corresponding to each of the first and the second
mRNAs, fusing the first and the cDNA to generate a fused
cDNA, translating the fused cDNA into a corresponding
fused protein, administering the fused protein to the subject,
wherein the administration allows the first portion of allows
a first portion of the fused protein to interact with the soluble
agent and a second portion of the fused protein to interact
with the antibodies produced in response to the administra-
tion of the antigen, wherein the interactions result in the
clearance of the soluble agent by the immune system,
thereby treating the subject.

[0040] In several embodiments there is provided a method
for treating a subject that has been exposed to a soluble
agent, comprising, identifying a subject who has been
exposed to a soluble agent, identifying a first protein capable
of interacting with the soluble agent, identifying a first
mRNA that encodes for the first protein, identifying a second
protein capable of binding to an antibody, identifying a
second mRNA that encodes for the second protein, gener-
ating a first and a second ¢cDNA corresponding to each of the
first and the second mRNAs, fusing the first and the cDNA
to generate a fused cDNA, translating the fused cDNA into
a corresponding fused protein, administering the fused pro-
tein to the subject, wherein the administration allows a first
portion of the fused protein to interact with the soluble agent
and a second portion of the fused protein to interact with the
antibody, wherein the interaction with the antibody elicits an
immune response, and wherein the immune response results
in clearance of the soluble agent, thereby treating the sub-
ject.

[0041] In one embodiment, the antibody is an IgG anti-
body.
[0042] In several embodiments there is provided a use of

bifunctional therapeutic generated according to the methods
disclosed herein for the treatment of exposure to a soluble
agent, wherein the exposure induces a deleterious effect in
an exposed subject, and wherein the bifunctional therapeutic
clears the soluble agent from the subject, thereby treating the
exposure.

[0043] In several embodiments there is provided a use of
a bifunctional therapeutic comprising a known antigen for
the pre-treatment of a subject likely to be exposed to a
soluble agent, wherein administration to the identified anti-
gen induces the production of antibodies directed against the
antigen, wherein subsequent actual exposure to the soluble
agent induces the interaction of the first portion of the
bifunctional protein with the soluble agent and the interac-
tion of the produced antibodies with the second portion of
the bifunctional protein, and wherein the interactions clear
the soluble agent from the subject.

[0044] In several embodiments, methods provided herein
utilize novel techniques for linking proteins to their corre-
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sponding mRNAs, and screening the protein-mRNA com-
plexes for binding to a target associated with a particular
soluble agent. In some embodiments, the identified proteins
having high affinity for a soluble agent of interest are
preferably isolated and linked to one or more immune
modulators, to produce a variety of targeted therapeutics.
Advantageously, the rapid and efficient identification, isola-
tion, and production of proteins capable of recognizing
targets of interest provides effective, low cost methods for
the production of patient- and/or condition-specific thera-
peutics. In various embodiments, methods provided herein
beneficially allow a wide range of soluble agents, and
exposure thereto, to be treated with tailored therapeutics,
within the context of existing health care budgets and
resource allocations.

[0045] In various aspects, methods are provided herein for
producing for treating exposure, or the possible exposure in
the future to certain deleterious soluble agents, the thera-
peutics comprise a “targeting domain” that binds to all or a
portion of a soluble agent, and a immune effector region
capable of initiating an immune response. This “modular”
architecture advantageously allows for the creation of
uniquely targeted therapeutics by tailoring the targeting
domain, which can then be used to enhance the efficacy of
a variety of pre-existing or easily prepared therapeutic
agents.

[0046] In various embodiments, the immune effector
region of the therapeutic is linked, fused, or derivatized,
directly or indirectly, to the soluble agent targeting domain
to form the bifunctional therapeutic. In some embodiments,
an immune effector is covalently linked to a target-binding
domain, while in other embodiments it is non-covalently
bound. In several embodiments, the target-binding domain
and the immune effector binding domain can be directly
linked, or indirectly linked, for example via a flexible linker
peptide.

[0047] In other aspects, the invention provides methods
for preparing a therapeutic for treating exposure to a soluble
agent comprising isolating complexes of expressed mRNA
molecules and their nascent polypeptides from an mRNA
expression library; screening the protein-mRNA complexes
for binding to all or a portion of a soluble agent; isolating
and expressing mRNA encoding a protein that binds the
target; and linking the target-binding protein (or derivatives,
fragments or subunits thereof) to a therapeutic agent, such as
an antibody capable of eliciting an immune response. In
some embodiments, the preparation of the therapeutic fur-
ther comprises allowing isolated mRNA encoding a target-
binding domain to undergo in vitro evolution, selective
mutagenesis, and/or other methods known in the art to
identify and isolate mRNAs exhibiting stronger or more
effective binding to the target, as described in more detail
below.

[0048] In yet another aspect, the invention provides a kit
for developing a bifunctional therapeutic for the treatment of
(or pre-treatment of) exposure to a soluble agent. In some
embodiments, a kit is provided for developing patient-
specific therapeutics for the treatment of soluble agent
exposure, wherein the therapeutics are targeted to a unique
marker, epitope, structural feature, etc., that is differentially
expressed by the soluble agent (as compared to other mol-
ecules or compounds in the bloodstream.
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[0049] These and other objects and features of the inven-
tion will become more fully apparent when the following
detailed description is read in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG. 1 depicts a complex comprising a target
epitope-binding protein and an immune effector antibody
reacted with a malignant cell via the Fab idiotype expressed
on the cell surface.

[0051] FIG. 2 depicts an illustration of a known human
antibody (Ab) to a small human protein (Ebbd). The protein
can serve as an epitope that links the antibody (Ab) to the
therapeutic. The role of the Ab is to act as an immune
effector that ultimately triggers an immune response.
[0052] FIG. 3 depicts an illustration of scaled up produc-
tion of mRNA encoding an immune effector-binding protein
(Ebbd) for ligation purposes in construction of oligonucle-
otide sequence that codes for the bifunctional protein com-
ponent of the therapeutic.

[0053] FIG. 4 depicts a system for breeding a protein that
binds selectively to an epitopes expressed on the surface of
certain cancer cells. The system includes in vitro translation
of an mRNA library to give protein libraries in which each
protein remains linked with its cognate mRNA. Selection
includes steps to identity proteins that selectively bind the
cancer epitopes but not the epitopes expressed by normal
cells. The selection methods used are dependent on the
epitopes isolation and display procedure used. The system
also includes rapid directed evolution, selection, and pro-
duction, in quantity, of the protein(s) with targeted proper-
ties.

[0054] FIG. 5 depicts one embodiment of a process for
isolating the mRNA from the protein that binds the idiotype
or target epitope on malignant cells. The illustration
excludes negative selection.

[0055] FIG. 6 depicts one embodiment of a bifunctional
protein translated from an oligonucleotide sequence created
by the ligation of the mRNAs that code for a target epitope-
binding protein and for a human protein (the immune
effector binding domain (Ebbd)) that is bound by a human
antibody.

[0056] FIG. 7 depicts an individualized cancer therapeutic
prepared by forming a complex that includes a bifunctional
protein with epitopes for the immune effector Ab (Anti-Ebbd
antibody) and the Fab idiotype or target epitope.

[0057] FIG. 8 depicts an illustration of a malignant cell
tagged by the therapeutic through the linkage between the
idiotype or target epitope and the protein that binds the
idiotype or target epitope. The exposed human antibody
triggers the curative immune response.

[0058] FIG. 9 depicts a therapeutic comprising a first
peptide (the target epitope-binding domain) bred to bind to
the target epitope and a second peptide (the immune effec-
tor-binding domain) bred to bind a stable C3 convertase (the
immune effector). Binding of the therapeutic to the target
epitope elicits a complement-mediated immune response at
the binding site.

[0059] FIG. 10 depicts a therapeutic comprising a first
peptide (the target epitope-binding domain) bred to bind to
the target epitope and a second peptide (the immune effec-
tor) bred to bind the C1 component of the complement
system. Binding of the therapeutic to the target epitope
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elicits binding of endogenous C1 to the effector, and the
initiation of a complement-mediated immune response at the
binding site.

[0060] FIG. 11 illustrates schematically one example of
the complex formed by the mRNA and its protein product
when linked by a modified tRNA or analog. As shown, a
codon of the mRNA pairs with the anticodon of a modified
tRNA and is covalently crosslinked to a psoralen monoad-
duct, or a non-psoralen crosslinker or aryl azides by UV
irradiation. The translated polypeptide is linked to the modi-
fied tRNA via the ribosomal peptidyl transferase. Both
linkages occur while the mRNA and nascent protein are held
in place by the ribosome.

[0061] FIG. 12 illustrates schematically an example of the
in vitro selection and evolution process, wherein the starting
nucleic acids and their protein products are linked (e.g.,
according to FIG. 1) and are selected by a particular char-
acteristic exhibited by the protein. Proteins not exhibiting
the particular characteristic are discarded and those having
the characteristic are amplified with variation, preferably via
amplification with variation of the mRNA, to form a new
population. In various embodiments, nonbinding proteins
will be selected. The new population is translated and linked
via a modified tRNA or analog, and the selection process is
repeated. As many selection and amplification/mutation
rounds as desired can be performed to optimize the protein
product.

[0062] FIG. 13 illustrates one method of construction of a
tRNA molecule of the invention. In this embodiment, the 5'
end of a tRNA, a nucleic acid encoding an anticodon loop
and having a molecule capable of stably linking to mRNA
(such as psoralen, as used in this example), and the 3' end of
tRNA modified with a terminal puromycin molecule are
ligated to form a complete modified tRNA for use in the in
vitro evolution methods of the invention. Other embodi-
ments do not include puromycin.

[0063] FIG. 14 describes two alternative embodiments by
which the crosslinking molecule psoralen can be positioned
such that it is capable of linking the mRNA with the tRNA
in the methods of the invention. A first embodiment includes
linking the crosslinker (e.g., psoralen monoadduct) to the
mRNA, and a second embodiment includes linking the
crosslinker to the anticodon of the tRNA molecule. The
crosslinker can either be monoadducted to the anticodon or
the 3' terminal codon of the reading frame for known or
partially known messages. This can be done in a separate
procedure from translation, e.g., before translation occurs.

[0064] FIG. 15 illustrates the chemical structures for uri-
dine and pseudouridine. Pseudouridine is a naturally occur-
ring base found in tRNA that forms hydrogen bonds just as
uridine does, but lacks the 5-6 double bond that is the target
for psoralen.

[0065] FIG. 16 illustrates some embodiments of the pres-
ent invention. The SATA, Linking tRNA Analog and Non-
sense Suppressor analog, in certain embodiments, are
shown.

[0066] FIGS. 17A-17D depict a scheme for development
of therapeutics targeted to soluble targets. Panel A depicts
identification of an mRNA linked to its cognate protein. A
soluble target (e.g., a toxin or venom) on solid substrate is
panned with a library of proteins (each of which may or may
not interact with the soluble target) that are linked to their
cognate mRNA. Panel B depicts identification of an mRNA
associated with a known antigen, that antigen to be used to
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immunize a patient. Panel C depicts the fusion of the cDNAs
from the mRNAs identified in each of Panels A and B. Panel
D depicts the generation of a pool of bifunctional proteins
directed to the soluble target, which are generated through
translation of the cDNA with a linker provided between the
two ends of the bi functional protein.

[0067] FIGS. 18A-18D depict a scheme for selecting
bifunctional proteins that specifically react with the soluble
target of interest and the known antigen used to immunize a
subject. Panel A depicts the panning of the pool of bifunc-
tional proteins against the soluble target which is affixed to
a solid substrate. Panel B depicts specific binding of certain
bifunctional proteins to the target of interest. Panel C depicts
the reaction of the antigen portion of the bifunctional protein
with a specific antibody bound to a substrate. Panel D
represents the pool of generated bifunctional proteins that
are to be used in treatments (e.g., those that have both a
portion that reacts with the soluble target of interest and the
known antigen of interest).

[0068] FIGS. 19A-19C depict a schematic for the treat-
ment of a subject who has been exposed to the soluble target.
Panel 3A depicts the administration of the targeted thera-
peutic to the subject. Panel B represents the in vivo activity
of the targeted therapeutic, e.g., the soluble target is bound
to one end of the therapeutic and the other end of the
therapeutic is bound by an antibody present in the subject.
Panel C depicts the complex that is formed, which is then
destroyed by the immune system.

[0069] FIGS. 20A-20D depict a schematic for develop-
ment of therapeutics targeted to soluble targets to be admin-
istered to subjects who have not been pre-immunized with a
known antigen. Panel A depicts identification of a first
mRNA linked to its cognate protein. A soluble target (e.g.,
atoxin or venom) on solid substrate is panned with a library
of proteins (each of which may interact with the soluble
target) that are linked to their cognate mRNA. Panel B
depicts an IgG molecule on a solid substrate that is panned
with the library of proteins that are linked to their cognate
mRNA, thereby identifying those proteins that react with the
CHI region of the antibody. Panel C depicts the generation
of a fusion protein from ¢cDNAs generated from each of the
identified mRNAs. Panel D represents the pool of bifunc-
tional proteins that are to be used in treatments (e.g., those
that have both a portion that reacts with the soluble target of
interest and the CHI1 region of an antibody).

[0070] FIG. 21 depicts an example of the therapeutic agent
generated by methods described herein.

[0071] FIGS. 22A-22D depicts a scheme for selecting
bifunctional proteins that specifically react with the soluble
target of interest and the CHI1 region of an antibody. Panel
A depicts the panning of the pool of bifunctional proteins
against the soluble target which is affixed to a solid substrate.
Panel B depicts specific binding of certain bifunctional
proteins to the target of interest. Panel C depicts the reaction
of the bifunctional protein with the CH1 region of antibodies
bound to a substrate. Panel D represents the pool of gener-
ated bifunctional proteins that are to be used in treatments
(e.g., those that have both a portion that reacts with the
soluble target of interest and with the CHI region of an
antibody).

[0072] FIGS. 23A-23E depict the process in vivo that
results in the clearance of the soluble target and generation
of cells bearing antigen related to the soluble target. Panel A
depicts a typical macrophage having an Fc receptor on its
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surface as well as the soluble target-bifunctional protein-
antibody complex. Panel B depicts the binding of the
complex to the macrophage. Panel C depicts the phagocy-
tosis of the complex by the macrophage. Panel D depicts the
digestion of the complex into small peptide fragments by
enzymes. Panel E depicts the generation of a macrophage
with the small peptides expressed on its surface, which will
induce antibody production.

DETAILED DESCRIPTION

[0073] As used herein, the terms “bifunctional therapeu-
tic”, “targeted therapeutic”, and “tailored therapeutic” shall
be used interchangeably, shall be given their ordinary mean-
ing and shall also refer to therapeutics with a soluble agent
targeting portion and an immune effector portion (e.g., an
antigen or an antibody binding region).

[0074] The terms “T lymphocyte” and “T cell” as used
herein shall be given their ordinary meaning and shall also
encompass any cell within the T lymphocyte lineage from T
cell precursors to mature T cells.

[0075] The terms “B lymphocyte” and “B cell” shall be
given their ordinary meaning and shall also encompass any
cell within the B cell lineage from B cell precursors, such as
pre-B cells, to mature B cells and plasma cells.

[0076] Immunoglobulin molecules consist of heavy (H)
and light (L) chains, which comprise highly specific variable
regions at their amino termini. The variable (V) regions of
the H (V) and L (V) chains combine to form the unique
antigen recognition or antigen combining site of the immu-
noglobulin (Ig) protein. The variable regions of an Ig
molecule contain determinants (e.g., molecular shapes) that
can be recognized as antigens or idiotypes.

[0077] The term “epitope” shall be given its ordinary
meaning and shall also refer to the set of antigenic or
epitopic determinants (i.e., idiotopes) of an immunoglobulin
V domain (i.e., the antigen combining site formed by the
association of the complementarity determining regions or
Vyand V; regions).

[0078] The term “idiotope™ shall be given its ordinary
meaning and shall also refer to a single idiotypic epitope
located along a portion of the V region of an immunoglobu-
lin molecule.

[0079] The term “immune effector” shall be given its
ordinary meaning and shall also refer to a molecule, or
derivatives, fragments, or subunits thereof, able to stimulate
an immune response in the subject being treated, and may
comprise an antibody, or derivatives, fragments, or subunits
thereof, or a non-antibody molecule.

[0080] An “adjuvant” shall be given its ordinary meaning
and shall also refer to a compound which enhances or
stimulates the immune response when administered with one
or more antigen(s).

[0081] The term “malignant cells” shall be given its ordi-
nary meaning and shall also refer to cells, which if left
untreated, give rise to a cancer.

[0082] The terms “protein,” “peptide,” and “polypeptide”
shall be given their ordinary meaning and shall also refer to
a polymeric molecule of two or more units comprised of
amino acids in any form (e.g., D- or L- amino acids,
synthetic or modified amino acids capable of polymerizing
via peptide bonds, etc.), and these terms may be used
interchangeably herein.

[0083] The terms “soluble target” and “soluble agent”
shall be given their ordinary meaning and shall also refer to
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toxins, venoms, factors that have the capacity to alter
biochemical pathways, biochemical agents, and the like that
are not solid or tissue-based (e.g., they present in the blood
circulation of a subject as opposed to being a mass of cells,
etc.). Non-limiting examples of soluble targets are shown in
Tables 1-8, below.

[0084] Limited therapies are available for subjects
exposed to certain soluble molecules, (e.g., toxins). For
example, antivenin against the venom particular snakes can
be used to treat snake bites. The principle of antivenin is
based on that of vaccines. Rather than inducing immunity in
the patient directly, it is induced in a host animal and the
hyperimmunized serum is transfused into the patient. Unfor-
tunately, the number and variety of soluble toxins and agents
is greater than the current host of therapies available to treat
them.

[0085] Thus, there exists a need for methods of producing
therapeutics that are specifically targeted against specific
soluble targets and for methods of treating individuals or
populations that have been exposed to such agents.

[0086] Provided herein, are methods for producing tar-
geted therapeutics that are tailored to specific soluble targets,
as well as methods for treating subjects who have been
exposed to such soluble targets. In several embodiments, the
therapeutics are comprised of a “modular” architecture that
allows a portion of the therapeutic to bind, engage, or
otherwise interact the soluble target, and a second domain
that binds, engages, or otherwise interacts with one or more
components of a subject’s immune system.

[0087] Lymphocytes are critical to the immune system of
vertebrates. Lymphocytes are produced in the thymus,
spleen and bone marrow (adult) and represent about 30% of
the total white blood cells present in the circulatory system
of humans (adult). There are two major sub-populations of
lymphocytes: T cells and B cells. T cells are responsible for
cell-mediated immunity, while B cells are responsible for
antibody production (humoral immunity). In a typical
immune response, T cells are activated when the T cell
receptor binds to fragments of an antigen that are bound to
major histocompatibility complex (“MHC”) glycoproteins
on the surface of an antigen presenting cell; such activation
causes release of biological mediators (“interleukins”)
which, in essence, stimulate B cells to differentiate and
produce antibody (“immunoglobulins”) against the antigen.
[0088] The etiology of hematological cancers such as
lymphomas, leukemias and multiple myelomas varies or is
unknown. Suspected causes range from viral and chemical
exposure to familial propensities. A common denominator in
these cancers however, is that they all begin with a malig-
nantly transformed B-cell or T-cell which divides to form a
clone of cells that express the same Fab idiotype on the
immunoglobulin proteins they express on their surface. One
of the difficulties in treating these cancers is that each cancer
expresses a unique idiotype. Developing a therapeutic treat-
ment that effectively and selectively treats all possible
idiotypes has therefore been elusive.

[0089] Conventional treatments for hematological cancers
typically involve procedures that destroy all blood produc-
ing cells in the bone marrow, including the malignant clone,
followed by bone marrow replacement with stem cells
isolated from the patient or bone marrow from a matched
donor to reconstruct the blood producing system. These
treatments are highly invasive and marginally curative. One
approach involves treatment with monoclonal antibody vac-
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cines that recognize cell surface proteins utilized as “mark-
ers” for identification. Therapeutics adopting this approach
include Compath-H (Alemtuzumab), HLL2 (Epartuzumab),
HulD10, and Rituximab, (e.g., U.S. Pat. No. 6,455,043).
However, a serious limitation with these monoclonal anti-
body based therapeutics is that the targeted cell surface
antigens are often found on both normal as well as malignant
cells. In addition, because of the difficulties in producing
human monoclonal antibodies, monoclonal antibody vac-
cines typically utilize “Chimeric” antibodies, i.e., antibodies
which comprise portions from two or more different species
(e.g., mouse and human). Repeated injections of such for-
eign antibodies can lead to the induction of immune
responses leading to harmful hypersensitivity reactions. For
murine-based monoclonal antibodies, this is often referred
to as a Human Anti-Mouse Antibody response (“HAMA”
response). Patients may also develop a Human Anti-Chime-
ric Antibody response (“HACA” response). HAMA and
HACA can attack “foreign” antibodies so that they are, in
effect, neutralized before they reach their target site(s). A
further drawback to monoclonal antibody vaccines is the
time and expense required to produce monoclonal antibod-
ies. This is particularly problematic considering that targeted
epitopes, such as CD20, CD19, CD52w, and anti-class 1I
HLA can readily mutate to form new tumors that are
resistant to previous therapeutics (see e.g., Clinical Cancer
Research, 5:611-615, 1999). Thus, there is a need in the art
for effective, low cost therapeutics for treating malignancies
by selectively targeting an individual’s cancerous cells over
benign cells.

[0090] Like malignant cells, the cells of transplanted tis-
sues and organs display cell-surface epitopes that are dif-
ferentially expressed in transplanted cells relative to native
cells. In some aspects, the present invention is directed to
therapeutics that can be targeted to the cells of transplanted
tissues or organs by recognition of such variable epitopes.
Transplant rejection is caused by an immune response to
alloantigens on the transplanted cells, which are proteins
specific for an individual patient (including the donor), and
which are thus perceived as foreign by the recipient. The
most common alloantigens involved in transplant rejections
are MEW (major histocompatibility complex) molecules,
which are expressed on the surface of transplanted cells and
are highly polymorphic among individuals. Foreign MHC
molecules are recognized by the recipient’s immune system,
causing an immune response that leads to rejection of the
transplant.

[0091] One pathway through which the immune system
rejects transplanted tissues is complement-mediated immu-
nity, which can be activated by binding of C1 (a first
component of complement) to an immune complex consist-
ing of an MHC antigen on a transplanted cell and the
recipient’s natural antibody against the MHC antigen. Acti-
vation of the pathway results in the assembly of enzymes
called C3 convertases, which cleave the complement com-
ponent C3 to form C3a and C3b. Some of the C35 molecules
then bind to the C3 convertases to cleave C5 to C5a and
C5b. The biological activities of the complement system, in
turn, are derived from the cleavage products of C3 and C5.
Another subcomponent of the complement system, Clg, is
involved in the initial steps of complement activation. To
date, methods for treating transplant rejection by modulating
complement-mediated immunity have suffered from side
effects associated with non-selectivity, due, for example, to
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the suppression of all complement-mediated immune
responses by a therapeutic agent, which eliminates an impot-
tant component of the immune system’s ability to protect
against foreign molecules.

[0092] In some aspects, several embodiments of the pres-
ent invention are directed to therapeutics that can be targeted
to patient-specific epitopes, such as, for example those
displayed on malignant lymphocytes, infected tissues, or
tissues expressing unique disease markers.

[0093] Likewise, several embodiments provide therapeu-
tics for reducing or preventing transplant rejection by selec-
tively inhibiting the body’s immune response against trans-
planted cells while retaining protection against foreign
pathogens, and/or by selectively destroying particular cell
types that stimulate a larger immune response.

[0094] Additionally, provided herein, are methods for pro-
ducing individualized therapeutics that are tailored to spe-
cific patients, or to sub-populations of patients suffering
from a particular disease or condition. In various embodi-
ments, the therapeutics are comprised of a “modular” archi-
tecture that allows tailoring of a small protein domain (the
“target-binding domain”) to bind one or more patient- and/or
disease-specific markers, and use of the tailored domain to
direct a variety of existing or easily produced therapeutics
that are effective against the condition targeted for treatment.
The targeted disease markers can comprise any type of
molecule, or portion or derivative thereof, or complex of
molecules, including but not limited to, proteins, nucleic
acids, lipids, chemical compounds, polymers, and metals, as
well as biological structures, such as cell membranes, cyto-
skeletal elements, receptors, and even entire cells. Advan-
tageously, the markers are expressed on, or in close prox-
imity to, an etiological determinant of the condition targeted
for treatment, and activity of the therapeutic agent is focused
to disease-causing cells, pathogens, proteins, and/or other
determinants of the condition being treated.

[0095] In some embodiments, the modular therapeutic is
tailored for the treatment of a hematological cancer, and
designed to bind to the unique Fab idiotype on the surface
of malignant B-cells and/or T-cells. For example, in some
preferred embodiments, a therapeutic is provided for the
treatment of non-Hodgkin’s Lymphoma (NHL), which is a
“clonal” B-cell disease, in which all cancerous cells are
derived from a single, malignant B-cell. As a result, every
NHL cell expresses a common idiotype (comprising the
variable domains of surface expressed IgM molecules) that
is unique to each patient, which can be targeted by the
target-binding portions of the modular therapeutics provided
herein. B-cells can be isolated from the lymph nodes, or
from peripheral blood, using methods known in the art. For
example, in some embodiments, erythrocytes and/or granu-
locytes may be separated from the B-cells by centrifugation
in a liquid having a density intermediate between the groups
of cells to be separated. Means of obtaining T-lymphocytes
are also well known in the art, such as isolation from the
peripheral blood of a patient, and separation on the basis of
size and/or density. Extraction of proteins from B-cells
and/or T-cells may be performed by any of the many means
known in the art. For example, cells may be lysed by a
detergent or by mechanical means. If desired, nucleic acids
can be removed from the cell preparation by enzymatic
digestion or by precipitation with agents such as streptomy-
cin. Such means are well known in the art.
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[0096] The mechanism of action of a modular therapeutic
for treating a hematological cancer prepared according to
one embodiment of the methods described herein is illus-
trated in FIG. 1. The administered therapeutic binds to the
unique Fab idiotype on the surface of malignant B-cells
and/or T-cells, and the etiological determinant of the hema-
tological cancer, with which the idiotype is associated,
comprises malignant and/or cancerous cells expressing the
targeted idiotype. Binding of the targeting domain to the
idiotype effects an immune response that destroys the malig-
nant cells. By itself, the target-binding protein is too small
to elicit an immune response, and thus the bound immune
effector will not produce an IR in the absence of binding to
the targeted idiotype. When the target-binding protein binds
to the Fab idiotype on the surface of a malignant cell, the
malignant cell acts as a carrier that confers immunogenicity
to the target epitope-binding protein, allowing the immune
effector to produce an IR that targets the malignant cell. In
further embodiments, therapeutics and methods of the
invention can also be used to target epitopes that distinguish
non hematological cancers.

[0097] In various preferred embodiments, targeted mark-
ers are differentially expressed (i) in an individual patient, or
a defined sub-group of patients, relative to other patients
having similar diagnoses, and/or (ii) in association with cells
or other molecular targets associated with the etiology of the
condition, relative to cells/molecules that are unassociated
with the condition and preferably not subjected to the
therapeutic agent. Advantageously, the selectivity of tailored
therapeutics enhances the efficacy of treatment relative to
existing, non-tailored therapeutics, due, for example, to the
non-selective activity of non-tailored therapeutics against
healthy cells, and/or failure of existing targeted therapeutics
to account for inter-patient variability in the targeted marker
(s). For example, in the case of hematological cancers, the
targeted idiotype is unique to both the patient and to the
malignant cells, allowing the activity of the therapeutic
agent (effecting an immune response) to be selectively
directed to targeted cells, sparing non-cancerous cells.
Moreover, because the idiotype is unique to each patient,
non-tailored therapeutics would result in a non-selective, or
less-selective, therapeutic response.

[0098] Examples of cell-surface markers differentially
expressed by malignant cells include, but are not limited to:
for fluid tumors, stable cell surface antigen epitopes, such as
CD-20 and CD-22, and for solid tumors, surface epitopes,
such as CD-19 and CD-33, which become internalized upon
binding with a mAb. Other differentially expressed cell-
surface markers are known in the art, including but not
limited to, CD-52w and class II HLA antigens. In some
preferred embodiments, the targeted epitope is a cancer
cell-specific epitope that is mutated (see e.g., Clinical Can-
cer Research, 5:611-615, 1999) in the patient targeted for
treatment. Advantageously, methods provided herein allow
for more efficacious treatment of cancers by allowing the
development of individualized therapeutics that target
mutated epitopes, which are unique to each patient.

[0099] In some preferred embodiments (as shown, e.g., in
FIG. 2), the target-binding domain of the modular therapeu-
tic comprises a first sub-domain that binds the target (e.g., a
target epitope-binding domain (Tebd)), and a second sub-
domain that binds the therapeutic agent (e.g., an immune
effector-binding domain (Ebbd)). In some embodiments, the
therapeutic agent is an agent that is capable of stimulating an
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immune response in the subject targeted for treatment, such
as an antibody, or a derivative, fragment, or subunit thereof,
and the domain that binds the therapeutic agent is a small
protein recognized by the therapeutic agent, for example an
epitope recognized by a therapeutic agent antibody. Well-
characterized antibody-antigen pairs can also be utilized that
are known in the art, and are commercially available.
Antibodies useful in the invention may be derived from any
mammal, or may be a chimeric antibody derived from a
combination of different mammals. The mammal may be,
for example, a rabbit, a mouse, a rat, a goat, or a human. The
antibody is preferably a human antibody. Reactivity of
antibodies against a target antigen may be established by a
number of well known means, including Western blot,
immunoprecipitation, ELISA, and FACS analyses using, as
appropriate, Fab idiotype fragments, peptides, idiotype-
expressing cells or extracts thereof. The antibody can belong
to any antibody class and/or sub-class. The antibodies may
also contain fragments from antibodies of different classes
and sub-classes, thereby forming a composite.

[0100] In various embodiments, human monoclonal anti-
bodies having a desired binding activity are produced using
methods known in the art (for review, see Vaughan et al.,
1998, Nature Biotechnology 16: 535-539), for example by
screening a phage display library, as described, e.g., in
Parmley and Smith Gene 73:305-318 (1988), Barbas et al.,
Proc. Natl. Acad. Sci. USA 88: 7978-7982 (1991), Griffiths
et al., EMBO J 13: 3245-3260 (1994), Griffiths and Hoo-
genboom, Building an in vitro immune system: human
antibodies from phage display libraries. In: Protein Engi-
neering of Antibody Molecules for Prophylactic and Thera-
peutic Applications in Man. Clark, M. (Ed.), Nottingham
Academic, pp 45-64 (1993), and Burton and Barbas, Human
Antibodies from combinatorial libraries. Id., pp 65-82, all of
which are herein incorporated by reference. Typically,
clones corresponding to antibodies which produce binding
affinities of a desired magnitude are identified, and the DNA
is used to produce the antibodies of interest using standard
recombinant expression methods.

[0101] Fully human monoclonal antibodies may also be
produced using transgenic mice engineered to contain
human immunoglobulin gene loci, as described in PCT
Patent Application W098/24893 and Jakobovits, 1998, Exp.
Opin. Invest. Drugs 7(4): 607-614, herein incorporated by
reference. This method avoids the in vitro manipulation
required with phage display technology and efficiently pro-
duces high affinity authentic human antibodies.

[0102] In some embodiments, an antibody against an
antigen of interest, such as an immune effector-binding
domain, is produced in the patient selected for treatment
with the modular therapeutic. For example, in some embodi-
ments, the patient is “vaccinated” with the antigen of inter-
est, and antibodies from the patient against the antigen are
selected by binding to the antigen of interest, as described in
Zebedee, et al. Proc. Natl. Acad. Sci. USA 89: 3175-3179
(1992), Burton et al., Proc. Natl. Acad. Sci. USA 88:
10134-10137 (1991), and Barbas et al., Proc. Natl. Acad.
Sci. USA 89: 10164-20168 (1991).

[0103] Insome embodiments, additional rounds of screen-
ing are performed to increase the affinity of the originally
isolated antibody. For example, in some embodiments, the
affinity of the antibody is enhanced by affinity maturation, in
which hypervariable antibody regions are mutated to pro-
duce a large number of combinations, and the corresponding
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antibody variants are screened via phage display to select
antibodies having the desired affinity for the antigen. In
further embodiments, the small protein epitope can undergo
in vitro evolution, as described in more detail below, to
increase its binding affinity for the antibody. Advanta-
geously, in some embodiments, for example those in which
antibodies are produced by “vaccinating” a patient, an
analogous process is carried out by the host immune system
(e.g., via clonal selection) to produce high affinity antibodies
specific for the antigen of interest.

[0104] In other embodiments, the immune effector com-
prises a non-antibody molecule capable of stimulating an
immune response in the subject receiving treatment. For
example, the immune effector may comprise a C3 conver-
tase, as described, e.g., in U.S. Pat. No. 6,268,485 to Farries
and Harrison, which is herein incorporated by reference. C3
convertase is an enzyme that catalyzes the proteolytic con-
version of C3 protein into C3a and C3b, which conversion
comprises a critical step in the generation of the complement
system response. C3b binds to cell surfaces near its site of
generation, where it mediates phagocytosis and other
destructive immune responses. In some embodiments, C3
convertase is modified or derivatized to confer reduced
susceptibility to inhibitors, resistance to proteolytic cleav-
age, enhanced affinity for cofactors, or other modifications
that enhance the effectiveness of the enzyme in stimulating
a complement-mediated immune response. In some embodi-
ments, the immune effector comprises a C5 convertase, a
mannose binding protein (MBP), or another molecule that
stimulates complement-mediated immunity.

[0105] Linking C3 convertase to the therapeutics of the
instant invention allows a complement-mediated immune
response to be directed to cells, pathogens, pathogen-in-
fected cells, and/or other cells targeted for treatment by
binding of the target epitope binding protein to variable
epitopes on the surface of the targeted cells. A therapeutic
with C3 convertase as the immune effector is illustrated in
FIG. 9. In a preferred embodiment, peptide sequences
encoding proteins that bind C3 convertase (the immune
effector binding protein) and a target epitope (the target
epitope binding protein) are identified, isolated, and option-
ally bred by in vitro evolution or other techniques to increase
their affinity to their target ligands. A bifunctional fusion
protein is then constructed comprising the target epitope
binding domain, and the convertase binding peptide as the
immune effector binding domain (Ebbd). The therapeutic is
administered to a patient in need of treatment, upon which
the target epitope-binding domain binds to the surface of a
malignant cell or other target, and the C3 convertase pro-
duces a complement-mediated immune response, which
includes the production of membrane attack complexes that
mediate the destruction of the targeted cell.

[0106] In some embodiments, the therapeutic comprises a
target epitope-binding domain and a C3 convertase binding
domain. Upon being administered, such therapeutics bind a
target epitope and recruit endogenous C3 convertase to
initiate a complement-mediated immune response. Such an
approach is illustrated in FIG. 10, which shows a therapeutic
in which the immune effector binds the C1 component of the
complement system. Upon being administered to a patient in
need of treatment, the therapeutic binds to the target epitope
and recruits endogenous C1 to the cell surface, where it
induces a complement-mediated immune response.
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[0107] In other embodiments, the immune effector com-
ponent of the therapeutic binds to and inhibits Clg, C3, C5,
and/or other molecules involved in generating complement-
mediated immune responses, such as the proteins described
in U.S. Pat. No. 5,650,389. Upon being administered to a
patient in need of treatment, such therapeutics bind to the
target epitope and inhibit the immune response that would
otherwise be directed at or near the binding site. For
example, in some preferred embodiments, a patient is the
recipient of transplanted cells (e.g., stem cells, or cells
comprising a transplanted organ), and the targeted therapeu-
tic is capable of recognizing transplanted cells, and inhib-
iting an immune response against such cells. In further
embodiments, targeted therapeutics for the inhibition of
transplant rejection comprise a target-binding domain that
targets one or more epitopes of immune cells that recognize
transplanted cells, for example epitopes that bind MHC
antigens on the surfaces of transplanted cells, and the
therapeutic agent is an immune effector capable of stimu-
lating an immune response in the patient against the anti-
transplant immune cells.

[0108] Advantageously, in several embodiments, the
methods provided herein are rapid and cost-effective enough
to allow routine creation of individualized therapeutics.
Therapeutics according to several embodiments can prefer-
ably be created, from reception of the biopsy material to the
completion of the therapeutic, in a reduced period of time
and for less money than other methods.

[0109] A bifunctional fusion protein for use in the inven-
tion can be produced according to standard recombinant
DNA techniques known to those skilled in the art (e.g.,
Sambrook, J. et al., Molecular Cloning: A Laboratory
Manual, 2nd ed., Cold Spring Harbor Laboratory Press, New
York (1989)). In some embodiments, the purified bifunc-
tional protein can be reacted with the immune effector,
yielding a conjugated effector-bifunctional protein complex,
as shown FIG. 7, which comprises the therapeutic. The
bifunctional protein can also be chemically bound to the
immune effector through means known in the art.

[0110] In some embodiments, a protein coupling agent,
such as  N-succinimidyl-3-(2-pyridyldithiol )propionate
(SPDP), iminothiolane (IT), bifunctional derivatives of imi-
doesters (such as dimethyl adipimidate HCL), active esters
(such as disuccinimidyl suberate), aldehydes (such as glu-
tareldehyde), bis-azido compounds (such as bis (p-azido-
benzoyl)hexaned-iamine), bis-diazonium derivatives (such
as bis-(p-diazoniumbenzoyl)-ethyl-enediamine), diisocya-
nates (such as tolyene 2,6-diisocyanate), or bis-active fluo-
rine compounds (such as 1,5-difluoro-2,4-dinitrobenzene),
is used to link two or more protein components comprising
the therapeutic.

[0111] In some embodiments, a recombinant fusion pro-
tein is prepared by: linking a first polynucleotide sequence
encoding a target-epitope-binding protein, or derivatives,
fragments or subunits thereof, to a second polynucleotide
sequence encoding an epitope or other protein that binds the
immune effector to generate a chimeric coding sequence;
subcloning the chimeric coding sequence into an expression
vector; transfecting a cell with the expression vector; and
purifying the fusion protein expressed by the transfected
cell. In some embodiments, the chimeric polynucleotide can
include an initiation sequence appropriate for prokaryotic
and/or eukaryotic in vitro translation systems, and/or a
selectable marker.
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[0112] In some embodiments, the bifunctional protein
complex is made by in vitro translation of an mRNA oligo
that includes the mRNA encoding both proteins and, in some
embodiments, the major histocompatibility complex I and/or
11. The cDNA for the mRNA sequences can be synthesized
or obtained commercially, and transcribed by PCR to obtain
sufficient mRNA, as shown in FIG. 3. In various embodi-
ments, the oligo is formed by ligating mRNA encoding the
immune effector-binding domain and the mRNA encoding
the target epitope-binding domain. In some cases this fusion
can be connected through an mRNA bridge that codes for
hydrophilic amino acids, as illustrated in FIG. 6. The mRNA
can then be translated in vitro using prokaryotic or eukary-
otic translation systems, and the resultant bifunctional pro-
tein can purified by gel electrophoresis or any other method
known in the art.

[0113] The present fusion proteins can also comprise one
or more numerous other components that enhance the utility
of the chimeric proteins. For example, the proteins can be
designed to contain an epitope tag useful, for example, to
facilitate purification of the fusion proteins. For example, the
chimeric coding sequence can be modified to encode two or
more neighboring histidine residues, for example, in the
amino or carboxy terminus of the peptide. Histidine residue
insertion can be readily accomplished by the splice-by-
overlap extension methodology, by incorporating histidine-
encoding CAT and CAC triplet codons into the PCR primers
at suitable locations in the coding sequence. Histidine-
modified proteins can be efficiently and quantitatively iso-
lated by nickel-sepharose chromatography methods known
in the art.

[0114] In some embodiments, therapeutics provided
herein may also be conjugated to a second molecule, such as
a therapeutic agent (e.g., a cytotoxic agent). For example,
the therapeutic agent includes, but is not limited to, an
anti-tumor drug, a toxin, a radioactive agent, a cytokine, a
second antibody or an enzyme. Examples of cytotoxic
agents include, but are not limited to ricin, ricin A-chain,
doxorubicin, daunorubicin, taxol, ethidium bromide, mito-
mycin, etoposide, tenoposide, vincristine, vinblastine,
colchicine, dihydroxy anthracin dione, actinomycin D, diph-
teria toxin, Pseudomonas exotoxin (PE) A, PE40, abrin,
arbrin A chain, modeccin A chain, alpha-sarcin, gelonin,
mitogellin, retstrictocin, phenomycin, enomycin, curicin,
crotin, calicheamicin, sapaonaria officinalis inhibitor, may-
tansinoids, and glucocorticoid and other chemotherapeutic
agents, as well as radioisotopes such as 2'*Bi, ***1, *°Y, and
136Re. Suitable detectable markers include, but are not
limited to, a radioisotope, a fluorescent compound, a biolu-
minescent compound, chemiluminescent compound, a metal
chelator or an enzyme. The therapeutics of the invention
may also be conjugated to an anti-cancer pro-drug activating
enzyme capable of converting the pro-drug to its active
form. See, for example, U.S. Pat. No. 4,975,287.

[0115] In some preferred embodiments, the secondary
therapeutic agent has a complementary mode of action with
the primary therapeutic agent. For example, in some
embodiments, the primary and secondary therapeutic agents
act against different aspects of a signal transduction system
involved in the etiology of a cancer or other disease, leading
to enhanced eflicacy, fewer side effects, an improved thera-
peutic index, and/or other benefits relative to tailored thera-
peutics bearing the primary and/or secondary therapeutic
agents only. In some embodiments, the first therapeutic
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agent potentiates the second therapeutic agent, or vice versa,
or the first and second therapeutic agents exhibit a synet-
gistic enhancement in one or more aspects of treatment.
Methods for assessing synergism, potentiation, and other
combined pharmacological effects are known in the art, and
described, e.g., in Chou and Talalay, Adv Enzyme Regul.,
22:27-55 (1984), incorporated herein by reference.

[0116] In some embodiments, the therapeutic agent is
conjugated to an antibody immune effector component of
the therapeutic. Techniques for conjugating or joining thera-
peutic agents to antibodies are well known (see, e.g., Arnon
et al., “Monoclonal Antibodies For Immuno-targeting Of
Drugs In Cancer Therapy”, in Monoclonal Antibodies And
Cancer Therapy, Reisfeld et al. (eds.), pp. 243-56 (Alan R.
Liss, Inc. 1985); Hellstrom et al., “Antibodies For Drug
Delivery”, in Controlled Drug Delivery (2nd Ed.), Robinson
etal. (eds.), pp. 623-53 (Marcel Dekker, Inc. 1987); Thorpe,
“Antibody Carriers Of Cytotoxic Agents In Cancer Therapy:
A Review”, in Monoclonal Antibodies *84: Biological And
Clinical Applications, Pinchera et al. (eds.), pp. 475-506
(1985); and Thorpe et al., “The Preparation And Cytotoxic
Properties Of Antibody-Toxin Conjugates”, Immunol. Rev.,
62:119-58 (1982)).

[0117] Depending on the embodiment, the therapeutics
produced according to the methods disclosed herein are
suitable for administration by methods such as intravenous
injection, intramuscular injection, topical administration,
oral ingestion, rectal administration, and inhalation. Alter-
natively, the therapeutics of the present invention can be
delivered directly to the site of the malignancy (or other
target site). The therapeutic may be administered in admix-
ture with a pharmaceutically acceptable carrier. Any such
carrier can be used according to the present methods, as long
as compatibility problems do not arise. An effective amount
of the present recombinant fusion protein should be admin-
istered to the patient. The term “effective amount” refers to
that amount of the fusion protein needed to bring about the
desired response.

[0118] In some preferred embodiments, therapeutics made
according to methods providing herein inhibit proliferation
and/or induces apoptosis of cells bearing the epitope against
which the epitope binding protein was screened. For
example, in some embodiments, the epitope-binding portion
of the therapeutic complex can bind with the epitopes
expressed on the surface of malignant cells, or other targets.
Once bound, the IR-eliciting antibody component of the
complex stimulates the immune system to attack and elimi-
nate the tagged cells, while sparing the normal cells, as
illustrated in FIG. 8.

[0119] In various embodiments, the tailoring of individu-
alized therapeutics provided herein for binding to patient-
and/or disease-specific targets is made possible by utilizing
novel methods for linking proteins to their corresponding
mRNAs (as “cognate pairs”). In some preferred embodi-
ments, protein libraries are prepared comprising a large
number of cognate pairs, and the libraries are screened for
cognate pairs that bind to a target of interest, such as the
individualized targets described herein.

[0120] Various aspects of the present invention use modi-
fied tRNA and/or mRNA molecules to link translated protein
products to their corresponding mRNAs via a tRNA linker,
forming a “cognate pair.” In several embodiments, mRNAs
having unknown sequences are expressed in an in vitro
translation system, for example from an mRNA library, and
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their corresponding proteins are screened for one or more
desired characteristics, such as binding to the target epitope-
binding domain, or another ligand of interest, and/or selec-
tivity over one or more additional ligands, such as epitopes
displayed by healthy cells. In further embodiments, proteins
and their linked nucleic acids identified in one or more
rounds of selection are modified, for example through
nucleic acid evolution (FIG. 4), to produce proteins with
enhanced aflinities for the target ligand. Proteins having
desired characteristics, such as a high affinity for the target
ligand, can then be produced in large quantities using
standard cloning techniques by isolating their corresponding
mRNA from the protein-mRNA cognate pairs.

[0121] In some preferred embodiments, cognate pairs are
formed using a eukaryotic in vitro translation system, such
as rabbit reticulocyte lysate (RLL), wheat germ, E. coli, or
yeast lysate systems. However, it is understood by the
skilled artisan that any in vitro translation system can be
used, including in situ systems, as well as hybrid systems,
which combine components of different systems. For
example, in some embodiments, one or more prokaryotic
factors are used in a eukaryotic translation system, such as
translation suppressor proteins (see e.g., Geller and Rich
Nature 283:41 (1980); Edwards et al PNAS 88:1153 (1991);
Hou and Schimmel Biochem 28:6800 (1989), all herein
incorporated by reference). In some embodiments, one or
more tRNAs or tRNA analogs are charged in a prokaryotic
system and then purified according to established methods
(Lucas-Lenard and Haenni, PNAS 63:93 (1969), herein
incorporated by reference) for use in a eukaryotic system.
[0122] In various embodiments, proteins comprising cog-
nate pairs are linked to tRNA or a tRNA analog by the action
of ribosomal peptidyl transferase. In some embodiments,
proteins are linked to a stable aminoacyl tRNA analog
(SATA). In some embodiments, the SATA is a tRNA with an
amino acid or amino acid analog attached to its 3' end via a
stable bond, relative to the corresponding high-energy ester
bond in the native structure. When the SATA recognizes a
particular codon, for example via hydrogen bonding, and
accepts a nascent peptide chain by the action of the ribo-
somal peptidyl transferase, the stable aminoacyl bond pre-
vents the detachment of the tRNA from the polypeptide by
peptidyl transferase, and also preserves the tRNA-polypep-
tide structure during subsequent steps.

[0123] Insomeembodiments, a SATA is created according
to methods generally described in Fraser and Rich, PNAS,
70:2671 (1973), herein incorporated by reference, which
involve the conversion of a tRNA, or tRNA analog, to a
3'-amino-3'-deoxy tRNA. This is accomplished by adding a
3'-amino-3'-deoxy adenosine to the end of a native (RNA
with tRNA nucleotidyl transferase after removing the native
adenosine, and then charging the modified tRNA with an
amino acid with the respective aminoacyl tRNA synthetase
(aaRS). In some embodiments, the aaRS charges the tRNA
on the 3, rather than the 2', hydroxyl, linking the amino acid
to the tRNA by a stable amide bond, rather than the usual
labile high-energy ester bond. Thus, when the SATA accepts
a peptide from ribosomal peptidyl transferase it will stably
hold the peptide and be unable to donate it to another
acceptor.

[0124] In certain embodiments, tRNAs aminoacylated via
a 3' amide bond may not combine with the elongation factor
EF-TU, which assists in binding to the A site (e.g., Sprinzl
and Cramer, Prog. Nuc. Acid Res. 22:1 (1979), herein
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incorporated by reference). Such modified tRNAs do, how-
ever, bind to the A site. This binding of 3' modified tRNAs
can be increased by changing the Mg** concentration (Chi-
nali et al., Biochem. 13:3001 (1974), herein incorporated by
reference). The appropriate concentrations of and/or molar
ratios of SATA and Mg>* can be determined empirically. For
example, if the concentration or A site avidity of a SATA is
too high, the SATA may compete with native tRNAs for
non-cognate codons, stalling translation. Alternatively, if the
concentration or A site avidity of SATA is too low, the SATA
might fail to effectively compete with release factors, pre-
venting it from stably accepting the nascent peptide.

[0125] While the elongation factor is also believed to aid
in proofreading codon-anticodon recognition, the absence of
this source of proofreading would not be expected to inter-
fere with methods provided herein. Without being bound to
a particular mechanism, it is believed that the error rate in
the absence of elongation factor and associated GTP hydro-
lysis is approximately 1 in 100 for codons one nucleotide
away (Voet and Voet, Biochemistry 2% ed. pp. 1000-1002
(1995), John Wiley and Sons, herein incorporated by refer-
ence). In some preferred embodiments, UAA is used as the
linking codon. UAA has 7 non stop codons that differ from
it by one amino acid, which comprises 7/61, or about 11.5%
of the non stop codons. Thus, the probability of miscoding
a given codon can be estimated as (0.01)(0.115)=1.15x10*
miscodes per codon, or about one miscode every 870
codons, a frequency that would not substantially impair
performance of various methods described herein. In some
additional embodiments, UAG can be used as the linking
codon without substantial impairment due to the absence of
elongation factor-mediated proofreading.

[0126] In some embodiment, the SATA is a tRNA, or
tRNA analog, with one or more modified bases in the
acceptor stem, or another region of the molecule. Various
methods for producing tRNAs with acceptor stem modifi-
cation are known in the art, and are described, for example,
in Sprinzl and Cramer, Prog. Nuc. Acid Res., 22:1 (1979),
herein incorporated by reference. In some embodiments, a
tRNA is modified with a puromycin moiety, such that the
tRNA mimics aminoacyl-Tyr tRNA and is incorporated into
the nascent polypeptide, terminating translation. In some
embodiments, acceptor stem-modified tRNAs are formed
from “transcriptional tRNA”, wherein the sequence of the
tRNA itself, rather than post-transcriptional processing,
leads to the atypical and modified bases. Transcriptional
tRNAs are capable of functioning as tRNAs (see e.g.,
Dabrowski et al., EMBO J. 14:4872, 1995; and Harrington
et al., Biochem. 32: 7617, 1993, both herein incorporated by
reference). Transcriptional tRNA can be produced by meth-
ods known in the art, such as transcription, or by connecting
commercially available RNA sequences (e.g., from Dhar-
macon Research Inc., Boulder, Colo.) together, piece-wise
as in FIG. X, or by some combination of established
methods. For example, with reference to Fig. X, the 5'
phosphate and 3' puromycin are commercially available
attached to oligoribonucleotides, which can be connected
together using T4 DNA ligase (e.g., Moore and Sharp,
Science 256: 992, (1992), herein incorporated by reference)
or alternatively, T4 RNA ligase (Romaniuk and Uhlenbeck,
Methods in Enzymology 100:52 (1983), herein incorporated
by reference).

[0127] Additional methods for producing modified tRNAs
are known in the art, and are described, e.g., in Chinali et al.,
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Biochem. 13:3001 (1974) and Krayevsky and Kukhanova,
Prog. Nuc. Acid Res 23:1 (1979), both herein incorporated
by reference.

[0128] In some embodiments, the tRNA is a nonsense
suppressor tRNA comprising a modified or unmodified
RNA, or tRNA analog, that recognizes a stop codon or a
pseudo-stop codon, preferably by codon-anticodon hydro-
gen bonding, such that translation is terminated when the
nascent protein is attached to the tRNA by peptidyl trans-
ferase. In some embodiments, the nonsense suppressor
tRNA has 3' modifications and/or sequences that conform to
the Yarus extended anticodon rules (Yarus, Science 218:646-
652, 1982, herein incorporated by reference). A “pseudo
stop codon,” as defined herein, refers to a codon which,
while not naturally a nonsense codon, prevents a message
from being further translated. A pseudo stop codon can
comprise a codon recognized by a “stable aminoacyl tRNA
analog,” or SATA, as described herein, or a codon for which
tRNA bearing a complementary anticodon is substantially
depleted or absent, such that translation is terminated when
the absent tRNA is required, i.e. at the pseudo stop codon.
One skilled in the art will appreciate that are numerous ways
to create a pseudo stop codon, as defined herein.

[0129] In some preferred embodiments, the tRNA is a
native tRNA, linked to the nascent polypeptide via a native
peptide bond. In some embodiments, the SATA is a tRNA
that is unmodified at the 3' end, but which may have one or
more modifications to the anticodon loop and/or other
regions of the molecule. In various embodiments, the use of
native tRNAs and/or tRNAs that are unmodified at the 3' end
results in improvements in various selection methods
described herein, giving rise to quicker, less error-prone,
more efficient, more cost-effective, and/or higher yield
methods. While not being bound by a particular theory, it is
believed that, under certain conditions, puromyecin (and
similar linkers) can result in lower yields due to interference
with the interaction between elongation factor(s) and
tRNAs.

[0130] In one embodiment of the invention, the cross-
linker is an agent that chemically or mechanically links two
molecules together. In one embodiment, the crosslinker is an
agent that can be activated to form one or more covalent
bonds with tRNA and/or mRNA. In one embodiment, the
crosslinker is a sulfur-substituted nucleotide. In another
embodiment, the crosslinker is a halogen-substituted nucleo-
tide. Examples of crosslinkers include, but are not limited to,
2-thiocytosine, 2-thiouridine, 4-thiouridine, 5-iodocytosine,
5-iodouridine, 5-bromouridine and 2-chloroadenosine, aryl
azides, and modifications or analogues thereof. In one
embodiment, the crosslinker is psoralen or a psoralen ana-
log.

[0131] In some preferred embodiments, a psoralen is
monoadducted to a tRNA, or a tRNA analog (e.g., a 3'
modified SATA), for example by connecting a psoralen
linked oligonucleotide (FIG. 3), or by monoadduction (FIG.
4), to a native or modified tRNA or tRNA analog, preferably
to the anticodon or another site distinct from the linkage to
the polypeptide. When irradiated with UV light of a desired
wavelength, a covalent psoralen crosslink is formed between
the SATA and mRNA, as described in more detail below. In
some embodiments, the anticodon or other portion of a
tRNA is derivatized with a non-psoralen moiety capable of
forming a crosslink to the mRNA, such as 2-thiocytosine,
2-thiouridine, 4-thiouridine 5-iodocytosine, S-iodouridine,
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S-bromouridine, 2-chloroadenosine, aryl azides, and modi-
fications or analogues thereof. These and other cross-linkers
are known in the art, and are available commercially, for
example from Ambion, Inc. (Austin, Tex.), Dharmacon, Inc.
(Lafayette, Colo.), and other well-known manufacturers of
scientific materials.

[0132] In various embodiments, a SATA-polypeptide
complex or a tRNA-polypeptide complex is linked to the
mRNA encoding the polypeptide via a linker moiety, which
can be located on the mRNA and/or on the tRNA. In some
preferred embodiments, the mRNA comprises a cross-linker,
preferably at or near a stop codon at the 3'-end of the
transcript, and the mRNA-tRNA linkage is mediated entirely
by the mRNA-based cross-linker. In further embodiments,
the tRNA is unmodified at its 3'-end (e.g., a nonsense
suppressor tRNA). In some preferred embodiments, an
mRNA comprises a pseudo-stop codon located at the end of
the translatable reading frame. A pseudo-stop codon can be
effectively placed at the end of a reading frame where the
pseudo-stop codon is located at the 3' end of the mRNA,
where the translation system is depleted of tRNAs corre-
sponding to codons 3' to the pseudo-stop codon, and/or
where 3'-modified tRNAs corresponding to the pseudo-stop
codon are used, rendering the transcript untranslatable and
incapable of activating release factors. In some embodi-
ments, the mRNA comprises a stop codon corresponding to
a tRNA stop anticodon. Advantageously, a stop codon/
anticodon pair selects for full-length transcripts. One skilled
in the art will understand that an mRNA not having a stop
codon may also be used and that any codon or nucleic acid
triplet may be used.

[0133] In some methods, a SATA is attached to the trans-
lated message by a psoralen cross link between the codon
and anticodon. Psoralen cross links are preferentially made
between sequences that contain complementary 5' pyrimi-
dine-purine 3' sequences, especially UA or TA sequences
(Cimino et al., Ann. Rev. Biochem. 54:1151 (1985), herein
incorporated by reference). The codon coding for the SATA,
or the linking codon, can be PYR-PUR-X or X-PYR-PUR,
so that several codons may be used for the linking codon.
Conveniently, the stop or nonsense codons have this con-
figuration. Using a codon that codes for an amino acid may
require minor adjustments to the genetic code, which could
complicate some applications. Therefore, in a preferred
embodiment, a stop codon is used as the linking codon and
the SATA functions as a nonsense suppressor in that it
recognizes the linking codon. One skilled in the art, how-
ever, will appreciate that, with appropriate adjustments to
the system, any codon can be used.

[0134] In some preferred embodiments, the SATA or pep-
tidyl-tRNA is cross-linked to the translated mRNA, for
example between the codon and anticodon, by a psoralen
cross-link, or by a cross-link formed from the group con-
sisting of: 2-thio cytosine, 2-thio uridine, 4thio uridine
5-iodocytosine, S-iodouridine, 5-bromouridine, 2-chloroad-
enosine, and aryl azides. Psoralen cross links are, in some
embodiments, preferentially made between sequences that
contain complementary 5' pyrimidine-purine 3' sequences,
especially UA or TA sequences (Cimino et al., Ann. Rev.
Biochem. 54:1151 (1985), herein incorporated by refer-
ence). In some embodiments, non-psoralen crosslinkers or
aryl azides are used and in certain embodiments, are par-
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ticularly advantageous because they are less stringent in
their requirements and therefore increase the possible
codon-anticodon pairs.

[0135] In various embodiments, translation terminates
when the nascent protein is attached to a SATA by the
peptidyl transferase and/or when the end of the reading
frame is reached. When a large number of ribosomes are in
this position, the SATA and the mRNA are cross-linked by
application of UV light. In a preferred method, cross-linking
is accomplished by forming a psoralen crosslink upon
irradiation with UV light, preferably in the range of 320 nm
to 400 nm. Psoralens comprise a furan side and a pyrone
side, and they readily intercalate between complementary
base pairs in double stranded DNA, RNA, and DNA-RNA
hybrids (Cimino et al., Ann. Rev. Biochem. 54:1151 (1985),
herein incorporated by reference). In some preferred
embodiments, psoralen cross-linking forms monoadducts,
described more fully below, that are either pyrone sided or
furan sided monoadducts. Upon further irradiation, the furan
sided monoadducts can be covalently crosslinked to comple-
mentary base pairs, whereas the pyrone sided monoadducts
cannot be further crosslinked. The formation of furan-sided
psoralen monoadducts (MM) is achieved according to estab-
lished methods. In additional embodiments, psoralen can
also be attached at the end of the reading frame of the
message.

[0136] Methods for large scale production of purified MAf
on oligonucleotides are described in the literature (e.g.,
Speilmann et al., PNAS 89:4514, 1992, herein incorporated
by reference), as are methods that require less resources, but
have some non-cross-linkable pyrone sided psoralen mono-
adduct contamination (e.g., U.S. Pat. No. 4,599,303,
Gamper et al., J. Mol. Biol. 197:349 (1987); Gamper et al.,
Photochem. Photobiol. 40:29 (1984), both herein incorpo-
rated by reference). In several embodiments of the current
invention, psoralen labeling is accomplished by using either
method. In a preferred embodiment, furan sided monoad-
ducts will be created using visible light, preferably in the
range of approximately 400 nm-420 nm, according to the
methods described in U.S. Pat. No. 5,462,733 and Gasparro
et al., Photochem. Photobiol. 57:1007 (1993), both herein
incorporated by reference. In one aspect of this invention, a
SATA with a furan sided monoadduct or monoadducted
oligonucleotides for placement on the 3' end of mRNAs,
along with a nonadducted SATA are provided as the basis of
a kit.

[0137] In one embodiment, the formation and reversal of
monoadducts and crosslinks are performed according to the
methods of Bachellerie et al. (Nuc Acids Res 9:2207
(1981)), herein incorporated by reference. In a preferred
embodiment, efficient production of monoadducts, resulting
in high yield of the end-product, is accomplished using the
methods of Kobertz and Essigmann, J. A. Chem. Soc. 1997,
119, 5960-5961 and Kobertz and Essigmann, J. Org. Chem.
1997, 62, 2630-2632, both herein incorporated by reference.
[0138] Other methods for connecting the mRNA to its
protein can be used, as well as methods of phage display.
[0139] In several embodiments, appropriate concentra-
tions of SATA and Mg*™ are used in the in vitro translation
system in the presence of the mRNA molecules, causing
translation to cease when ribosomes reach a stop, or pseudo-
stop, codon which permits the SATA to accept the peptide
chain, as described above. After a short time, a substantial
proportion and/or number of the stop or pseudo-stop codons
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are occupied by SATAs within ribosomes, and in some
embodiments, the system is then irradiated with UV light to
generate cross-links between the tRNA-polypeptides and
their corresponding mRNAs. In several embodiments, the
ribosomes are released or denatured after cross-linking of to
mRNA, preferably by the depletion of Mg** through dialy-
sis, dilution, or chelation. One skilled in the art will under-
stand that other methods, including but not limited to,
denaturation by changing the ionic strength, the pH, or the
solvent system can also be used to release cognate pairs from
associated ribosomes and/or other translation factors.
[0140] In various embodiments, cognate pairs are selected
based on one or more desired characteristics. In some
embodiments, the selection of cognate pairs is based upon
the binding of a target cell, protein, and/or other biomol-
ecule, as determined by any of a variety of established
methods, including, but not limited to, arrays, affinity col-
umns, immunoprecipitation, and the like. In some preferred
embodiments, selection criteria are measured using a high
throughput screening procedure. The selection can be posi-
tive or negative in various embodiments, according to the
desired characteristics of the therapeutic agent. In several
preferred embodiments, mRNAs whose sequences are
unknown are expressed (e.g., in the form of an mRNA
library from a patient, tissue, or other source of interest) and
linked to their encoded polypeptides using methods
described herein, and the cognate pairs are screened to select
for desired properties. For example, in some preferred
embodiments, cognate pairs are assayed for binding to a
ligand of interest, such as an Fab idiotype displayed by a
malignant cell, or other surface characteristic of a target cell.
mRNA can be isolated for proteins exhibiting the desired
binding characteristics, and large quantities of the protein
can be produced using standard molecular cloning tech-
niques known in the art. As described in more detail herein,
the protein of interest can then be incorporated into a
modular therapeutic agent, for example to target the agent to
a patient- and/or disease-specific target.

[0141] In various embodiments, the selected cognate pairs
can be those that do bind well to a ligand or those that do not.
For instance, for a protein to accelerate a thermodynamically
favorable reaction, i.e., act as an enzyme for that reaction, it
should bind both the substrate and a transition state analog.
However, the transition state analog should be bound much
more tightly than the substrate.

[0142] This is described by the equation

kenzyme _ Kirans

k(pmzyme Kxubxr

[0143] where the ratio of the rate of the reaction with the

enzyme, K, ... to the rate without, k.. is equal to the
ratio of the binding of the transition state to the enzyme
K, uns OVer the binding of the substrate to the enzyme K, ,
(Voet and Voet, Biochemistry 2% ed. p. 380, (1995), John
Wiley.

[0144] In some preferred embodiments, proteins which
compete poorly for binding to the substrate but compete well
for binding to the transition state analog are selected. Opera-
tionally, this may be accomplished by taking the proteins
that are easily eluted from a matrix with substrate or
substrate analog bound to it and are the most difficult to

remove from matrix with transition state analog bound to it.
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By sequentially repeating this selection and reproducing the
proteins through replication and translation of the nucleic
acid of the cognate pairs, an improved enzyme should
evolve. Affinity to one entity and lack of affinity to another
in the same selection process is used in several embodiments
of the current invention. In some additional embodiments,
cognate pairs can be selected according to one or more
properties of the mRNA portion.

[0145] There are many methods known in the art for
identifying epitopes expressed by normal and malignant
cells. For example, in some embodiments, a peptide
microarray can be used to isolate cell-specific marker pep-
tides from a combinatorial library, as described, e.g., by by
Aina et al, “Therapeutic Cancer Targeting Peptides,” Biopo-
lymers 66:184-199 (2002). In some preferred embodiments,
the protein-mRNA complex library is reacted an isolated
population of malignant cells, and the degree of binding to
the malignant cell epitope is measured relative to binding
observed against a population of normal cells. In some
embodiments, proteins are selected having substantial affin-
ity for malignant cells, with substantially lower or no affinity
for normal cells. For example, in some embodiments, poly-
peptides are identified that bind an epitope or other target of
interest with an affinity of less than about 10 pM, preferably
less than about 1 UM, more preferably less than about 0.1
uM, and even more preferably less than about 10 nM. In
some preferred embodiments, a polypeptide has an affinity
for the epitope or other target of less than about 1 nM.
Screening methods can be carried out with the potential
ligands (e.g., proteins linked to their cognate mRNA) and
targets (e.g., cells targeted for treatment) in a variety of
orientations. For example, in some embodiments, malignant
cells are presented on a planar surface, such as a glass slide,
and are exposed to a solution containing mRNA-protein
cognate pairs. Bound proteins (cognate pairs) can be
detected via a variety of methods known in the art. For
example, in some embodiments, the cognate pairs are
derivatized, preferably on the mRNA and/or the (RNA
linker, with a detectable probe, such as a biotin moiety,
which can then be detected with a secondary reporter probe,
for example using avidin coated magnetic beads. The resul-
tant idiotype-(protein:mRNA)-biotin-avidin-magnetic bead
complex can be identified with a Ventana 320 automated
immunohistochemistry system (Ventana Medical Systems,
Tucson, Ariz.), or a similar system, as described, for
example, in Davis et al., Clinical Cancer Research 5: 611-
615, (1999).

[0146] The method can further comprise providing a plu-
rality of distinct nucleic acid-polypeptide complexes, pro-
viding a ligand with a desired binding characteristic, con-
tacting the complexes with the ligand, removing unbound
complexes, and recovering complexes bound to the ligand.

[0147] Several methods of the current invention involve
the evolution of nucleic acid molecules and/or proteins. In
some embodiments, such methods comprise amplifying the
nucleic acid component (as RNA, or corresponding cDNA)
of the recovered complexes and introducing variation to the
sequence of the nucleic acids, for example by error-prone
PCR, as described, e.g., in Cadwell et al., PCR Methods
Appl., 2: 28 (1992), incorporated herein by reference, in
vitro recombination, described, e.g., in U.S. Pat. No. 5,605,
793, mutagenesis, described, e.g., in U.S. Pat. No. 5,830,
721, “DNA shuffling,” described, e.g., in Coco et al., Nat
Biotechnol, 19(4):354-9 (2001), and/or other methods
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known in the art. In some preferred embodiments, at least
one amino acid substitution is introduced at each position in
the protein. In further embodiments, the method further
comprises translating polypeptides from the amplified and
varied nucleic acids, linking them together using tRNA, and
contacting them with the ligand to select another new
population of bound complexes. Several embodiments of the
present invention use selected protein-mRNA complexes in
a process of in vitro evolution, especially the iterative
process in which the selected mRNA is reproduced with
variation, translated and again connected to cognate protein
for selection.

The Replication Threshold

[0148] A nominal minimum number of replications for
efficient evolution may be estimated using the following
formulae. If there is a sequence which is n sequences in
length, with a selective improvement r mutations away with
a mutation rate of p, the probability of generating the
selective improvement on replication may be determined as
follows:

[0149] For r =1, probability of a mutation at the right
point, p, times the probability that it mutated to the right one
of the three nucleotides that are different from the starting
point, V3, times the probability that the other n-1 sites remain
unmutated, (1-p)®", or

ol -
P=(3) L=p" "

[0150] where, P=the probability of attaining a given
change r mutations away. More generally, for all r values:

p=[2]

z _ )
\3) (1=-p)

[0151] It is instructive to compare the chances of finding
an advantage one mutation away with the chances three
mutations away. This is because, given the triplet genetic
code, any given codon can only change into nine other
codons in one mutation. Indeed, it turns out that no codon
can actually change into nine other amino acid codes in one
mutation. The maximum number of amino acids that can be
accessed in one mutation is seven amino acids and there are
only eight codons of the sixty-four that can do this. Most
codons have five or six out of nineteen other amino acids
within one mutation. To reach all nineteen amino acids that
are different from the starting one requires, in general, three
mutations. These three mutations cannot be sequential since
the two intervening ones will not, in general, be selectively
advantageous. Therefore we need to use steps that are, at
least, three mutations in size (r=3) to use all 20 amino acids.

[0152] For a mutation rate of 0.0067, which is that
reported for “error-prone PCR”, using a message of 300
nucleotides, which gives a short protein of 100 amino acids:

Py=1.51x107
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[0153] Therefore, one would expect to need a threshold of:
— =6.64x10°
1.51x107°

[0154] replications at that mutation rate to reasonably

expect to reach the next amino acid that is advantageous.
This is not the replication to use since the binomial expan-
sion shows that over % of trials (actually about 1/e) would
not contain the given sequence with selective advantage.
[0155] A poisson approximation for large n and small p for
a given W can be calculated so that we can compute the
general term when 1 is, say, of the order 10° and p is of the
order 107°. The general term of the approximation is:

P

u
rlet

[0156] An amplification factor of greater than approxi-
mately 6/P ensures that evolution will progress with the use
of all amino acids. This is useful when the production of
novel proteins precludes the use of “shuffling” of preexisting
proteins.

Limits on Purification

[0157]
for A:

Given a reversible binding where B and C compete

ABo A+B

ACo A+C

_[AlB]
VY
o = 1A

[AC]

[0158]
lows:

The total concentrations can be expressed as fol-

(Bl7=[B]+[45] &)

[Cl=[C+4C] 4
[0159] Dividing (3) by (4):

[0160] And substituting (1) and (2) for [B] and [C]:
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[0161] Rearranging the equation gives the following
results:
kg +[A]
18l _ ()
[l - ke +[A]
a5
[0162] Canceling the [A]’s in the numerator and denomi-
nator:

[0163] Finally, rearranging the equation provides the fol-
lowing equation:

=

[AB]  [Blp(kc +[A]
(kg +

TAC] ~ [Clytks +TAD
(ke +1AD

(kg +[A]

{(Enrichment Factor)

[0164] The above factor is termed the “Enrichment Fac-
tor”. The ratio of the total components is multiplied by this
factor to calculate the ratio of the bound components, or the
enrichment of B over C. The maximum enrichment factor is
k/ks, when the [A] is significantly smaller than k.. or k.
When [A] is significantly greater than k. or k, the enrich-
ment is 1, that is, there is no enrichment of one over the
other.

[0165] The enrichment is limited by the ratio of binding
constants. To enrich a scarce protein that is bound 100 times
as strongly as its competitors, the ratio of that protein to its
competitors is increased by 1 million with 3 enrichments. To
enrich a protein that only binds twice as strongly as its
competitors, 10 enrichment cycles would gain only an
enrichment of ~1000.

[0166] By an exactly analogous method an enrichment
factor of selecting proteins that bind least well can be shown:
[0167] In the equation:

(€] _ kelClp([A] +kp)

Bl "~ ks[Blr(Al+kc)

[0168] The enrichment here is maximal at [A]>k, or k.

ke([Al+kp)
kp([A] +kc)

Therapeutics Directed to Soluble Targets

[0169] As discussed above, the terms “soluble target” and
“soluble agent” shall be given their ordinary meaning and
shall also refer to toxins, venoms, factors that have the
capacity to alter biochemical pathways, biochemical agents,
and the like that are not solid or tissue-based (e.g., they are
present in the blood circulation of a subject as opposed to
being a in or on a cell or mass of cells, etc.). Non-limiting
examples of soluble targets are shown in Tables 1-8, below.
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TABLE 1

17

Animal or Insect Toxins Targeting Blood and Blood Vessels

General Target

Toxin Producers

Example Organism  Examples of Toxins Produced

Blood Vessel Dilators  Cephalopods

Anticlotting Toxins

Dipteran insects
Frogs
Hymenopteran
insects

Short-tailed shrews

octopus
mosquito
toad

bee

shrew

Toxicoferan reptiles lizard

Dipteran insects

Assassin bugs
(reduviidae)

Leeches

Snakes

Ticks

Fleas
Hymenopteran
insects
Caterpillars

mosquito

kissing bug

leech

rattlesnake

tick

bee

wooly bear

eledoisin
tachykinin-like peptides
sialokining
tachykinin-like peptides
tachykinin-like peptides

blarinatoxin

kallikrein

peptidase S1 toxins

aegyptin

anopheline antiplatelet protein
apyrase

thrombostasins

anopheling

pallidipin and related lipocaling

infestin and related kazal-type
proteins

rhodnius prolixus aggregation
inhibitor-1

leech antiplatelet protein

saratin

hirudins

ornatins

snake venom metalloproteinases
C-type lectin toxing

factor Xa-like proteases
bothrojaracin

moubatin and related lipocalins
apyrase

savignin and related kunitz-type
proteins

variegin

variabilin

apyrase

apyrase

lopap
lonomin III

TABLE 2

Animal or Insect Toxins Targeting Nervous and Muscle Tissue

General Example
Target Toxin Producers Organism Examples of Toxins Produced
Calcium Assassin bugs (reduviidae) kissing bug  assassin bug toxins
Channel
Blockers
Cone snails cone snail -conotoxins
Lampreys lamprey lamprey salivary CRISP
Snakes rattlesnake  calcicludine
Spiders black widow w-neurotoxins
Toxicoferan reptiles lizard CRISP toxins
Potassium-  Cone snails cone snail K-conotoxin
Channel
Blockers
Hymenopteran insects bee apamin
Scorpions scorpion short scorpion toxins
Sea anemones sea anemone cnidaria kunitz-type proteinase
inhibitors
sea anemone type 3 potassium channel
toxins
Snakes rattlesnake  dendrotoxins
Spiders black widow K-atracotoxins

Toxicoferan reptiles

lizard

CRISP toxins
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TABLE 2-continued

Animal or Insect Toxins Targeting Nervous and Muscle Tissue

General Example
Target Toxin Producers Organism Examples of Toxins Produced
Sodium- Cone snails cone snail u-O-conotoxins (pre- and post-synaptic)
Channel
Blockets
Spiders black widow hainantoxins
protoxin-II
huwentoxin-IV
Sodium- Scorpions scorpion B-toxins
Channel
Activators
Spiders black widow -neurotoxing
Sodium- Cone snails cone snail d-conotoxins
Channel
Prolongers
Trukandji jellyfish jellyfish irukandji-toxing
Scorpions scorpion o-toxins
Sea anemones sea anemone sea anemone sodium channel inhibitory
toxins
Spiders black widow &-atracotoxins
Nicotinic Cone snails cone snail O-conotoxing
Receptor
Antagonists
Snakes rattlesnake  o-neurotoxins
Muscarinic  Scorpions scorpion uncharacterized toxin or toxins
Receptor
Antagonists
Snakes rattlesnake  three-finger toxins
phospholipase A2 toxins
TABLE 3

Plant Toxing

Toxin Producers

Toxin Produced

Symptoms Induced by Toxin

Rosary pea

Bitter almonds (prunus dulcis)

Shikima plant
Nux-vomica tree
Water hemlock
Delphinium
Djenkon beans
American mayapple
Gensing

Ivy

Gelonium plant
Cotton plant
Cassava leaves and roots
Lotus

Lima beans
Roseroot

White clover
Cycad seeds
Hemlock water dropwart
Oleanders
Boraginaceae
Compositae
Orchidaceae
Leguminosiae

Euphorbia (resin spurge latex)

Castor bean

Foxglove

Nightshade datura
Nux-vomica tree (seeds)
Locoweed

Abyssinian kale

Tutu plant

abin

amygdolin

anisatin

brucine

cicutoxin

delphinine

djenkolic acid
epipodophyllotoxin
falcarinol

falcarinol

gelonin

gossypol

linamarin

lotaustralin

lotaustralin

lotaustralin

lotaustralin
B-methylamino-1L-alanine
oemanthotoxin
oleandrin
pyrrolizidane al
pyrrolizidane al
pyrrolizidane al
pyrrolizidane al
resiniferatoxin
ricin

saponin (digoxine)
scopolamine
strychnine
swainsonine
thionins

tututoxin

kaloids
kaloids
kaloids
kaloids

nhibits protein synthesis
p-glucosidosis in gut releases cyanide
respiratory paralysis
stryhnine-like toxin
CNS toxin

cardiac activity toxin
kidney toxin

cytotoxin

contact dermatitis
contact dermatitis
protein synthesis toxin
dehydrogenase enzyme inhibitor
gut releases cyanide

gut releases cyanide

gut releases cyanide

gut releases cyanide

gut releases cyanide
neurotoxin

CNS toxin

neuro- and cardio-toxins
liver toxins

liver toxins

liver toxins

liver toxins

pain inducer

severe allergin

cardiac toxin

neurotoxin

neurotoxin

neurotoxin

cytotoxin

convolsant
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TABLE 4 TABLE 4-continued

Algae Derived Toxins Algae Derived Toxins

. Toxin Symptoms . General Target Toxin Producers g?:cflced Isrfdr?lgizrisy Toxin
General Target Toxin Producers  Produced Induced by Toxin
Dinoflagellates brevetoxin  neuro toxin
Nervous Tissue Dinoflagellates Saxitoxin paralytic poisoning (in shellfish)
(in shellfish) Dinoflagellates okadaic acid dlarrhetic poisoning

Dinoflagellates ~ domoic acid amnesic shellfish (in shellfish)

poisoning {in mussels, Hepatic Tissue Blue green algae microcystins liver failure

oysters, fish)

TABLE 5

Fungi Derived Toxins

Toxin Producers Toxin Produced Symptoms Induced by Toxin

Amanita C-amanitin deadly liver damage within 1-3 days

Amanitas phallotoxin gastrointestinal upset

Cortinarius orellanine deadly kidney failure within 3 weeks

Omphalotus muscarine respiratory failure, sometimes deadly

Gyromitra gyromitrin deadly neurotoxicity, GI upset, destruction of blood cells
Coprinus coprine causes illness when consumed with alcohol

A. muscaria ibotenic acid, muscimol  hallucinogenic

A. pantherina ibotenic acid, muscimol  hallucinogenic

A. gemmata ibotenic acid, muscimol  hallucinogenic

Psilocybe psilocybin, psilocin hallucinogenic

Pleurotus ostreatus
Boletus satanas
Claviceps purpurea

arabitol
bolesatine
ergotamine

gastrointestinal irritation
hemotoxin
affects vascular system, loss of limbs, death

TABLE 6

Bacterial Derived Toxing

Toxin Producers

Toxin Produced

Symptoms Induced by Toxin

Bacillus anthracis
Bordetella pertussis
Staphylococcus aureus
Vibrio cholerae
Escherichia coli

Escherichia coli

Shigella dysenieriae E. coli

0O157:H7

Clostridium perfringens
Clostridium difficile
Clostridium botulinum
Clostridium tetani
Corynebacterium
diphtheriae

Pseudomonas aeruginosa

Bacillus anthracis
Bovdetella pertussis

Staphylococcus aureus
Staphylococcus aureus

Staphylococcus aureus

Staphylococcus pyogenes

Anthrax toxin (EF)

Adenylate cyclase toxin (pertussis

AC)
Alpha toxin

Cholera enterotoxin (Ctx)

E. coli LT toxin
E. coli ST toxins

Shiga toxin

Perfringens enterotoxin

ToxinA/ToxinB
Botulinum toxin
Tetanus toxin

Diphtheria toxin (Dtx)

Exotoxin A
Anthrax toxin (LF)
Pertussis toxin (Ptx)

Exfoliatin toxin

Staphylococcus enterotoxins

Toxic shock syndrome toxin (TSST-

D
Erythrogenic toxin

edema and decreased phagocytic
response

formation of ion-permeable pores in cell
membranes

formation of ion channel in cell plasma
membrane

secretion of water, electrolytes leading
to diarrhea

secretion of water, electrolytes leading
to diarrhea

secretion of water, electrolytes leading
to diarrthea

diarrhea, hemorrhagic colitis, hemolytic
uremic syndrome

diarrhea

cell necrosis, bloody diarrhea, colitis
flaccid paralysis

spastic paralysis

inhibits protein synthesis in target cells

inhibits protein synthesis

cytotoxicity of cells

interferes with metabolic regulation in
cells

intraepidermal separation

causes massive activation of immune
system

inflammation, fever, shock (acts on
vascular syst.)

inflammation, fever, shock
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TABLE 7

Biowarfare Agents

Agent Target

Example Agent

Symptoms Induced by Agent

Nerve Agents

Blood Agents

Vesicant Agents

Pulmonary Agents

Lachrymatory Agents

Incapacitating Agents

Cytotoxic Protein Agents

Cyclosarin (“GF~)
Sarin (“GB”)
Soman (“GD”)
Tabun (“GA™)
VX

VR

VM

VG

VE

Insecticides (some)
Novichok agents

Cyanogen chloride
Hydrogen cyanide
Arsines (most)
Sulfur mustard
Nitrogen mustard
Lewisite

Phosgene oxime
Chlorine

Hydrogen chloride
Nitrogen oxides
Phosgene

Tear gas

Pepper spray

Agent 15

Quinuclidinyl benzilate

Ricin

Abrin

weakness, nausea; long-term neuro
functioning damage

weakness, nausea; long-term neuro
functioning damage

vision, breathing difficulties; diarrhea;
fatal in large doses

vision, breathing difficulties; diarrhea;
fatal in large doses

vision, breathing difficulties; diarrhea;
fatal in large doses

breathing difficulties; slow heartbeat;
paralysis in large doses

vision, breathing difficulties; diarrhea;
fatal in large doses

vision, breathing difficulties; diarrhea;
fatal in large doses

vision, breathing difficulties; diarrhea;
fatal in large doses

vision, breathing difficulties; diarrhea;
fatal in large doses

respiratory problems; convulsions; fatal
in large doses

respiratory problems; convulsions; fatal
in large doses

weakness, fatigue, nausea, paralysis or
death in large doses

skin & eye irritant, difficulty breathing;
abdominal pain

skin & eye irritant, difficulty breathing;
abdominal pain; seizures

eye, respiratory irritant; diarrhea;
seizures; low blood pressure

skin hives; severe lung and eye irritant
burning of eyes, nose, throat; nausea;
skin blisters; pulmonary edema
corrosive burns in eyes, nose, throat,
upper respiratory tract

eye, skin, respiratory irritation;
pulmonary edema

burning of eyes, throat; shortness of
breath; nausea

eye, nose, mouth, lung irritant; skin
burns; nausea

eye, nose, skin, respiratory irritant;
neurogenic inflammation

confusion, hallucinations, blurred visicn,
rapid heart rate

confusion, hallucinations, blurred vision,
rapid heart rate

respiratory distress, fever, nausea,
vomiting, diarthea, organ failure
respiratery distress, fever, nausea,
vomiting, diarthea, organ failure

TABLE 8

Biopathway Modulators

Factor

Biological Action

Interleuking

Vascular Endothelial Growth Factors

(VEGE, A, B,C,D,E, F)
Placental Growth Factor

(PLGF)

Tumor Necrosis Factor Alpha
Tumor Necrosis Factor Beta

CC Chemokine
(B-Chemokine)

Tyrosine kinase inducers
Cancer and other disorders

Cancer angiogenesis/vasculogenesis

Inflammation, arthritis

Kills infected cells, product of CD8" T cells

Cell migration inducer
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TABLE 8-continued
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Biopathway Modulators

Factor Biological Action

CC Chemokine ligands
(CCL-1, 15, 23, 28}

Migration inducer for monocytes, NK and dendritic cells

Monocyte Chemo attractant Protein 1 (MCP- Inducer of monocytes to become tissue macrophages

1 or CCL2)
RANTES (CCL-5)
Glutamic Acid-leucine-arginine

(ELR)

CXCL13 Chemo attractant for lymphocytes
Lymphotactin Alpha Attract T cell precursors to thymus
(XCL-1)

Lymphotactin Beta Attract T cell precursors to thymus
(XCL-2)

Fractalkine Adhesion molecule

(CX,CL1)

Interferon Type I, II, & IIT

Attract CCR6 expressing T cells, eosinophils and basophils
Inducer of migration of neutrophils

Anti viral and cancer, activate Nk cells and macrophages

[0170] It shall be appreciated, based on the non-limiting
examples of soluble agents presented herein that the variety
of soluble agents and the potential deleterious effects that
they induce is quite broad. However, in several embodi-
ments the methods and therapies disclosed herein allow the
rapid, cost-effective, and specific generation and use of
bifunctional therapeutics that reduce, eliminate or otherwise
diminish the deleterious effects of exposure to such soluble
agents.

[0171] Inseveral embodiments, the generation of a bifunc-
tional targeted therapeutic is performed based on the exploi-
tation of a known antigen and a sequence of mRNA that
encodes that antigen (see e.g., FIGS. 17A-17D). In several
embodiments, a more general immune-mediated approach is
used to generate the therapeutics (see e.g., FIGS. 20A-20D).
However, in both such approaches, a specific protein that
interacts with the soluble agent is identified. Thus, the
bifunctional (one portion interacts with the soluble target
while another interacts with one or more components of the
immune system) protein functions to snare the soluble target
and simultaneously (or subsequently) clear the soluble agent
from a subject via an immune-mediated response.

[0172] In several embodiments, the bifunctional targeted
therapeutics are particularly advantageous because no
therapy or treatment means for clearing the agent presently
exists. In some embodiments, the selectivity the bifunctional
targeted therapeutics enhances the efficacy of treatment
relative to non-tailored therapeutics, due, for example, to the
non-selective activity of non-tailored therapeutics. In some
embodiments, the therapeutics provided are more efficient at
interacting with a wider variety of soluble agents as the
protein-target interaction presents a wider scope of interac-
tions that can be exploited. For example, use of an antibody
based approach against certain soluble agents may not be
particularly effective against agents having a low immuno-
genicity. In contrast, the use of targeted therapeutics provide
for herein can, in some embodiments, exploit protein-protein
interactions between the soluble agent and the protein thera-
peutic (e.g., a steric relationship that is not highly immuno-
genic). As such, the possible ways of capturing or interacting
with the soluble agent may be greater, and in some embodi-
ments, more effective, than simply relying on antibody-
based interactions. In additional embodiments, proteins that
interact with soluble chemical agents are used in the gen-
eration of the bifunctional protein.

Generation of Bifunctional Targeted Therapeutics

Therapeutics Exploiting a Known Antigen

[0173] In various embodiments, the generation of bifunc-
tional therapeutics provided herein for binding to a variety
of soluble agents is made possible by utilizing novel meth-
ods for linking proteins to their corresponding mRNAs (as
“cognate pairs”). In some preferred embodiments, protein
libraries are prepared comprising a large number of cognate
pairs, and the libraries are screened for cognate pairs that
bind to a target of interest, such as the individualized targets
described herein. Further information regarding the genera-
tion and use of a library of proteins linked to their cognate
mRNAs can be found in U.S. Pat. Nos. 6,962,781; 7,351,
812; 7,410,761; and 7,488,600 and the following U.S. patent
applications Ser. No.: 11/813,849, filed May 2, 2008 (cur-
rently pending) and Ser. No. 12/525,437, filed Jul. 31, 2009
(currently pending). Each of the aforementioned Patents and
patent applications are expressly incorporated in their
entirety by reference herein. As shown generally in FIGS.
17A-17D, several embodiments, bifunctional targeted thera-
peutics are produced that will be used in conjunction with a
known antigen. In FIG. 17A, a soluble target is shown on a
solid substrate that is panned with protein-SATA-mRNA
library under neutral and then acid conditions, stimulating-
plasma and endosome conditions. As shown in FIG. 17A, a
soluble target of interest is immobilized on a solid substrate
and panned with a library of proteins that are linked to their
cognate mRNA (e.g., the mRNA sequences that code for that
particular protein). Entire proteins need not be used, frag-
ments, or portions of proteins are sufficient to interact with
a soluble target in some embodiments. In several embodi-
ments, the library is panned against the soluble target under
conditions similar to those in the bloodstream (e.g.. about a
neutral pH). In several embodiments, the library is also
panned against the soluble target under acidic conditions,
simulating the endosome or other cellular complex in which
the degradation of the soluble target may occur. Based on the
panning of the library a particular protein (or protein frag-
ment) that demonstrates an interaction with the soluble
target may be selected.

[0174] In several embodiments, a known or particularly
desirable epitope on the soluble target is “pre-blocked”, for
example by a natural antigen that binds that epitope. In some
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cases, for example, if the target is a ligand to a receptor, the
target can be pre-incubated with a peptide that encodes the
portion of the receptor that interacts with the ligand. Thus,
in several embodiments, the target that is to be panned has
the key site of interest blocked when the candidate mol-
ecules are screened. When the candidate molecules are
screened against the pre-blocked target, a portion of the
candidate molecules will bind to the target and a portion will
fail to bind to the target. Those that bind to the target are less
desirable than those that fail to bind, as those that bind are
interacting with the target at a site other than the epitope of
interest (which is blocked). Thus, in several embodiments,
the candidate molecules that fail to bind the target are
collected and those that bind the target are discarded. It shall
be appreciated that this “pre-blocking” step is optional, and
multiple rounds of screening of candidate molecules can be
performed and selection of a final candidate being based on
other characteristics of the molecule and/or the target. How-
ever, advantageously, the pre-blocking and negative selec-
tion, in several embodiments provide a more efficient
screening process and result in a pool of candidate mol-
ecules that are more precisely defined in terms of the
epitopes with which they will interact.

[0175] In some embodiments, the retained candidate mol-
ecules that failed to bind to the pre-blocked epitope of
interest are further screened against a target with an
unblocked epitope. These will only bind to the chosen
epitope since the proteins that bind to other epitopes have
been discarded. Such additional screening can be used to
provide confirmation of the specificity of the candidate
molecules. Competitive binding assays may also optionally
be performed in order to characterize the various candidate
molecules in terms of their interaction efficiency with the
target of interest.

[0176] In FIG. 17B, an antigen with known code for its
mRNA is used to immunize patient(s). The immunized
patient makes antibodies to the antigen. As shown in FIG.
17B, an antigen that is known is selected. In some embodi-
ments, the antigen is one to which a subject has already been
exposed. In some embodiments, the known antigen is
administered to the subject, in order to “vaccinate” the
subject and induce the generation of antibodies against that
antigen. The advantage of using a known antigen are that an
mRNA sequence known to encode that antigen may already
be known, thereby reducing the need to pan an additional
protein-mRNA library to generate the portion of the thera-
peutic that will elicit an immune response. However, in
some embodiments, a second panning step is used.

[0177] InFIG. 17C, the two mRNAs, converted to cDNA
and PCR amplified, are then enzymatically fused with a
bridge cDNA between the two cDNAs. As shown in FIG.
17C, the mRNA encoding the protein that interacts with the
soluble target and the mRNA that encodes the known
antigen are, in some embodiments, converted to cDNA by a
reverse transcription reaction. In some embodiments, a
linker or bridge sequence of cDNA is ligated between the
two cDNAs, and then the entire sequence is amplified by
polymerase chain reaction. In some embodiments, the bridge
c¢DNA encodes a sequence of known hydrophilic amino
acids. In some embodiments, the bridge (or other portion of
the cDNAs) encode a series of amino acids that can be later
used to purify the resultant protein (e.g., a histidine tag,
allowing for well-established nickel-sepharose chromatog-
raphy methods). In some embodiments, the individual
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c¢DNAs are first amplified and then ligated with the bridge
c¢DNA. Regardless, of the order of amplification and liga-
tion, the resultant sequence of ¢cDNA (now comprising a
c¢DNA sequence for the protein that interacts with the
soluble target and a cDNA sequence that encodes the known
antigen and a bridge ¢cDNA sequence) is then, in some
embodiments, translated into protein.

[0178] In still additional embodiments, the individual
c¢DNAs are translated into protein and later linked together
to form the bifunctional therapeutic. In some embodiments,
a protein coupling agent, such as N-succinimidyl-3-(2-
pyridyldithiol)propionate  (SPDP), iminothiolane (IT),
bifunctional derivatives of imidoesters (such as dimethyl
adipimidate HCL), active esters (such as disuccinimidyl
suberate), aldehydes (such as glutareldehyde), bis-azido
compounds (such as bis (p-azidobenzoyl)hexaned-iamine),
bis-diazonium derivatives (such as bis-(p-diazoniumben-
zoyl)-ethyl-enediamine), diisocyanates (such as tolyene 2,6-
diisocyanate), or bis-active fluorine compounds (such as
1,5-difluoro-2,4-dinitrobenzene), is used to link two or more
protein components comprising the therapeutic. In some
embodiments, such an approach is particularly advantageous
as a variety of pools of soluble agent binding domains and
antigenic domains can be prepared, stored, and later used in
various combinations depending on the needs of a particular
subject. In some embodiments, the translation is in vitro,
while in some embodiments, in vivo translation is used,
followed by isolation of the resultant protein (e.g., by gel
electrophoresis, size exclusion, selective tag purification, or
any other means known in the art to purify proteins).

[0179] After generation of a putative bifunctional thera-
peutic, a series of panning steps are performed, in some
embodiments, to identify and select for therapeutics that are
more efficient at interacting with the soluble agent and/or an
antibody. As shown in FIG. 18A, a pool of bifunctional
therapeutic candidate molecules are panned (e.g., reacted
with) the soluble target of interest, which is bound to a solid
substrate. The candidate molecules are represented by the
small geometric, semi-rectangular geometric shapes (the
portion which may interact with a soluble target) a linker
portion (the curvy line) and a rounded portion (represents
the antigen domain, which will interact with an antibody
generated by the “vaccinated” subject).

[0180] As shown in Panel B, the bifunctional proteins that
recognize the soluble target will bind with it; those that do
not will be removed by washing (or other similar removal
step). Those that bind with the soluble target are collected
and the soluble target is removed (e.g., by incubation or
washing in detergent-rich buffers), in some embodiments,
re-reacted with unbound soluble target. In several embodi-
ments, such an approach assures that the soluble target does
not cause steric hindrance changes in the bifunctional pro-
tein that affect the reaction with the antibody. As shown in
Panel C, the target bound bifunctional protein is reacted with
antibodies that are directed to the known antigen portion of
the bifunctional protein. In several embodiments, the anti-
bodies that bind the antigen portion of the bifunctional
proteins are affixed to a solid substrate. Only bifunctional
protein candidates with the correct immunizing antigen will
bind with the idiotype site of the antibodies while those with
other antigens will not, and can be removed (e.g., washed)
from the reaction site). As represented in Panel D, only the
bifunctional proteins with both correct ends are collected.
After removal of the soluble target component, these bifunc-



US 2019/0231870 A1l

tional proteins become the therapeutic. In other embodi-
ments, other methods are used to determine if the candidate
therapeutics interact with the soluble target and/or the gen-
erated antibody, for example Western blot, immunoprecipi-
tation, ELISA, and FACS analyses using, as appropriate,
Fab idiotype fragments, peptides, idiotype-expressing cells
or extracts thereof.

Therapeutics with Direct Antibody Binding Regions

[0181] As shown in FIGS. 20A-20D, in some embodi-
ments, a bifunctional therapeutic that comprises a region
that interacts with the soluble target and a region that binds
directly to the structural portions of an antibody are gener-
ated. As shown in FIG. 20A, the soluble target on solid
substrate is panned with a protein-SATA-mRNA library
under both neutral and acid conditions to stimulate plasma
and endosome conditions, similar to that described above.

[0182] As discussed above, in several embodiments, a
known or particularly desirable epitope on the soluble target
is “pre-blocked”, for example by a natural antigen that binds
that epitope. Thus, in several embodiments, the target that is
to be panned has the key site of interest blocked when the
candidate molecules are screened. When the candidate mol-
ecules are screened against the pre-blocked target, a portion
of the candidate molecules will bind to the target and a
portion will fail to bind to the target. Those that bind to the
target are less desirable than those that fail to bind, as those
that bind are interacting with the target at a site other than
the epitope of interest (which is blocked). Thus, in several
embodiments, the candidate molecules that fail to bind the
target are collected and those that bind the target are
discarded.

[0183] Insome embodiments, the retained candidate mol-
ecules that failed to bind to the pre-blocked epitope of
interest are further screened against a target with an
unblocked epitope. Such additional screening can be used to
provide confirmation of the specificity of the candidate
molecules prior to generation of a final bifunctional protein.
[0184] In FIG. 20B, IgG on solid substrate is panned with
protein-SATA-mRNA library under both neutral and acid
conditions to simulate plasma and endosome conditions. For
both panning methods, both neutral and acidic conditions
are used to simulate both plasma and endosome-like envi-
ronments. In FIG. 20C, the two mRNA’s are converted to
¢DNA and PCR amplified. then enzymatically fused with a
bridge cDNA between them. The fused, cDNA is then PCR
amplified and transcribed to mRNA and translated in vitro,
and screened for intact bifunctional proteins.

[0185] In some embodiments, the antibody panned is an
1gG, though IgM, IgA, or IgE isotypes are used in some
embodiments. In some embodiments, using IgG isotypes,
isotype 1, 2, 3, or 4 can be used, depending on the embodi-
ment. In some embodiments, the optimum binding protein-
1gG isotype combinations will be made empirically, while in
others, the isotype can be selected ahead of time. In some
embodiments, proteins that bind to the variable regions are
identified by panning and used in generation of the bifunc-
tional therapeutic. In several embodiments, those proteins
that bind to the constant region of an antibody are used. In
some embodiments, the constant heavy chain is the pre-
ferred binding site of proteins to be used in generating the
therapeutic.

[0186] FIG. 21 depicts a representative targeted therapeu-
tic that is consistent with several embodiments disclosed
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herein. It shall be appreciated that other interactions with
antibodies are used, depending on the specific embodiment.
[0187] Several embodiments utilizing 1gG are particularly
advantageous due to the presence of the FcRn binding site
on the TgG. The FcRn binding site is located between the
C,y, and Cy; regions of the Fe stem of the IgG, provides a
salvage pathway for returning IgG to the circulation. As
such, use of IgG antibodies provide a longer residence time
in the circulation, and, in some embodiments, an increased
therapeutic time.

[0188] As discussed above, the selections, in some
embodiments, are performed at both neutral and acid pH (pH
5-6.2) to ensure that the bifunctional protein will remain
bound to the soluble target while in the endosome.

[0189] The remainder of the generation of the targeted
therapeutic is performed as described above, with the excep-
tion, of course, that one portion of the therapeutic will bind
directly to a portion of an antibody that preexists in a subject.
As such, this approach advantageously obviates the need for
vaccination of the subject with a known antigen prior to
administration of the targeted therapeutic.

[0190] In FIG. 22A, bifunctional protein candidates are
panned against soluble target affixed on a solid substrate. In
FIG. 22B, the bifunctional proteins that recognize the
soluble target will bind with it, and those that do not
recognize the soluble target will not bind. Those that bind
are collected, and then re-reacted with soluble target. This
assures that the soluble target does not cause steric hindrance
changes in the bifunctional protein that might affect the
reaction with the CH1 portion of the antibody. In FIG. 22C,
the bifunctional protein candidates pre-reacted with soluble
target are panned against IgG affixed to solid substrate.
Bifunctional protein candidates that recognize the CHI
portion of the IgG specifically will bind, and those that do
not recognize the CH1 portion will not bind. In FIG. 22D,
only the bifunctional proteins with both correct ends are
collected. With removal of the soluble target component,
they can become therapeutic.

[0191] Screening of candidate bifunctional proteins is
likewise performed as described above, with the exception
that the antibody that is panned is matched to the antibody
isotype that the mRNA used to generated the bifunctional
protein encoded (e.g., IgG with IgG). See, for example
FIGS. 23A-23E.

Administration of Bifunctional Targeted
Therapeutics

Therapeutics Exploiting a Known Antigen

[0192] In several embodiments, the initiation of therapy
with bifunctional therapeutics that exploit known antigens
occurs when a subject who has been exposed to a soluble
target is administered the known antigen. As discussed
above, an mRNA that encodes the known antigen will be
used in the generation of the bifunctional therapeutics. The
pre-administration of the known antigen to the subject acts
to induce generation of antibodies directed against that
antigen. After the screening of the candidate bifunctional
therapeutics and identification of one (or more) that appro-
priately react with both the soluble target and the antibody,
the identified bifunctional therapeutics are administered to
the subject. FIG. 19A shows the therapeutic bifunctional
protein being infused into the patient. As shown in FIG. 19B,
the “target” side of the bifunctional therapeutic binds with
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the soluble target. The antigen portion of the bifunctional
therapeutic is bound by the patient’s own antibodies against
the antigen. As seen in FIG. 19C, the result of the two
reactions is that the soluble target which is bound indirectly
via the bifunctional therapeutic to the antibodies is flagged
for destruction by the immune system, thereby removing the
target from the individual.

Therapeutics with Direct Antibody Binding Regions

[0193] Incontrast to the use of the bifunctional therapeutic
proteins wherein one portion of the protein comprises an
antigen against which the patient has been immunized, the
administration of therapeutics with a region that directly
binds to a portion of an antibody dose not need to be
preceded by vaccination of the subject with a known anti-
gen. Thus, in several embodiments, a subject who has been
exposed to a soluble target is identified. As discussed above,
a bifunctional therapeutic is generated that is directed spe-
cifically to the soluble target and also to a specific portion of
an antibody (e.g., an IgG). After screening the candidate
pool, the selected bifunctional therapeutics are administered
to a subject. In the subject’s circulation, the target portion of
the bifunctional protein interacts with the soluble target.
Similarly, the antibody binding portion interacts with a
circulating antibody. In several embodiments, the antibody
binding portion binds to the heavy chain of an IgG within the
constant region (e.g., the C,; binding site). The schematic
for the subsequent reaction in vivo is illustrated in FIG. 23.
As shown in FIG. 23A, macrophages express Fc receptors
on their surface. In several embodiments, after administra-
tion of the bifunctional therapeutic, the Fc domain of the IgG
complexes bound to the bifunctional therapeutic will bind
the Fc receptors on the macrophages (FIG. 23B). The
bifunctional complex is subsequently phagocytosed (FIG.
23C). After phagocytosis, the bifunctional therapeutic will
be digested to small peptide fragments by enzymes in the
endosome, lysosome or other acid vesicle to which the
bifunctional therapeutic is trafficked. While in the lysosome
(or other vesicle), in several embodiments, the resultant
fragments are associated with MHC II and are subsequently
presented on the surface of the macrophage. Once on the
surface, they are recognized by CD4* T cells that express the
appropriate T cell receptor. Binding of the fragment, which
is now functionally an antigen, and CD4 to the MHC II
activates the T cells to secrete cytokines (interleukins) that
activate B cells. The activated B cells undergo proliferation
and produce antibodies against the antigen fragment. Thus,
in several embodiments, the single administration of the
bifunctional therapeutic induces a last therapeutic immune
response. However, in some embodiments, both for the
direct antibody binding therapeutic and the antigen encoding
(pre-immunization) therapeutic, two, three, four, five, or
more administrations may be given in certain embodiments.

[0194] While a number of preferred embodiments of the
current invention and variations thereof have been described
in detail, other modifications and methods of use will be
readily apparent to those of skill in the art. For all of the
embodiments described above, the steps of the methods
need not be performed sequentially. Accordingly, it should
be understood that various applications, modifications and
substitutions may be made without departing from the spirit
of the invention or the scope of the claims.
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Example 1: Production of the SATA

[0195] One skilled in the art will understand that the SATA
can be produced in a number of different ways. The proto-
cols described below in the following examples can be used
for SATAs that have both a puromycin and a crosslinker on
the tRNA, or that have a puromycin on the tRNA and a
crosslinker on the mRNA. Where the crosslinker is on the
mRNA, Example 4, below, provides guidance. The follow-
ing protocol is also instructive for Linking tRNA Analogs, in
the sense that Linking tRNA Analogs also, in a preferred
embodiments, have a crosslinker on the tRNA.

[0196] For example, in a preferred embodiment, three
fragments (FIG. 1) were purchased from a commercial
source (e.g., Dharmacon Research Inc., Boulder, Colo.).
Modified bases and a fragment 3 with a pre-attached puro-
mycin on its 3' end and a PO4 on its 3' end were included,
all of which were available commercially. Three fragments
were used to facilitate manipulation of the fragment 2 in
forming the monoadduct.

[0197] Yeast tRNAAla or yeast tRNAPhe were used,
however, sequences can be chosen from widely known
tRNAs or by selecting sequences that will form into a
tRNA-like structure. Preferably, sequences with only a lim-
ited number of U’s in the portion that corresponds to the
fragment 2 are used. Using a sequence with only a few U’s
is not necessary because psoralen preferentially binds
STUA3" sequences (Thompson J. F., et al Biochemistry
21:1363, herein incorporated by reference). However, there
would be less doubly adducted product to purify out if such
a sequence was used.

[0198] Fragment 2 was preferably used in a helical con-
formation to induce the psoralen to intercalate. Accordingly,
a complementary strand was required. RNA or DNA was
used, and a sequence, such as poly C to one or both ends,
was added to facilitate separation and removal after mono-
adduct formation was accomplished.

[0199] Fragment 2 and the cRNA were combined in
buffered 50 mM NaCl solution. The Tm was measured by
hyperchromicity changes. The two molecules were rean-
nealed and incubated for 1 hour with the selected psoralen
at a temperature ~10° C. less than the Tm. The psoralen was
selected based upon the sequence used. A relatively
insoluble psoralen, such as 8 MOP, could be selected which
has a higher sequence stringency but may need to be
replenished. A more soluble psoralen, such as AMT, has less
stringency but will fill most sites. Preferably, HMT is used.
If a fragment 2 is chosen that contains more non-target U’s,
a greater stringency is desired. Decreasing the temperature
or increasing ionic strength by adding Mg++ was also used
to increase the stringency. In a preferred embodiment,
MG++ was omitted and ~400 mM NaCl solution was used.
[0200] Following incubation, psoralen was irradiated at a
wavelength greater than approximately 400 nm. The irra-
diation depends on the wavelength chosen and the psoralen
used. For instance, approximately 419 nm 20-150 J/cm2 was
preferably used for HMT. This process results in an almost
entirely furan sided monoadduct.

Purification of a Monoadduct

[0201] The monoadduct was then purified by HPLC as
described in Sastry et al, J. Photochem. Photobiol. B Biol.
14:65-79, herein incorporated by reference. The fact that
fragment 2 was separate from fragment 3 facilitated the
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purification step because, generally, purification of mono-
adducts =25 mer is difficult (Spielmann et al. PNAS 89:
4514-4518, herein incorporated by reference).

Ligation of Fragment 2 and 3

[0202] The fragment 2 was ligated to the fragment 3 using
T4 RNA ligase. The puromycin on the 3' end acted as a
protecting group. This is done as per Romaniuk and Uhlen-
beck, Methods in Enzymology 100:52-59 (1983), herein
incorporated by reference. Joining of fragment 2+3 to the 3'
end of fragment 1 was done according to the methods
described in Uhlenbeck, Biochemistry 24:2705-2712
(1985), herein incorporated by reference. Fragment 2+3 was
5" phosphorylated by polynucleotide kinase and the two half
molecules were annealed.

[0203] In an alternative method, significant quantities of
furan sided monoadducted U were formed by hybridizing
poly UA to itself and irradiating as above. The poly UA was
then enzymatically digested to yield furan sided U which
was protected and incorporated into a tRNA analog by
nucleoside phosphoramidite methods. Other methods of
forming the psoralen monoadducts include the methods
described in Gamper et al., J. Mol. Biol. 197: 349 (1987);
Gamper et al., Photochem. Photobiol. 40:29, 1984; Sastry et
al, J. Photochem. Photobiol. B Biol. 14:65-79; Spielmann et
al. PNAS 89:4514-4518, U.S. Pat. No. 4,599,303, all herein
incorporated by reference.

[0204] SATAs generated by the methods described above
read UAG (anticodon CUA). Additionally, UAA or UGA
was also used. In various embodiments, any message that
had the stop codon that was selected as the “linking codon”
was used.

Example 2: Production of Psoralenated Furan Sided
Monoadducts

UV Light Exposure of RNA:DNA Hybrids

[0205] Equal volumes of 3 ng/ml RNA:cRNA hybrid
segments and of 10 ug/ml HMT both comprised of 50 mM
NaCl were transferred into a new 1.5 ml capped polypro-
pylene microcentrifuge tube and incubated at 37° C. for 30
minutes in the dark. This was then transferred onto a new
clean culture dish. This was positioned in a photochemical
reactor (419 nm peak Southern New England Ultraviolet
Co.) at a distance of about 12.5 c¢cm so that irradiance was
~6.5 mW/cm2 and irradiated for 60-120 minutes.

Removal of Low Molecular Weight Protoproducts

[0206] 100 pl of chloroform-isoamyl alcohol (24:1) was
pipetted and mixed by vortex. The mixture was centrifuged
for 5 minutes at 15000xg in a microcentrifuge tube. The
chloroform-isoamyl alcohol layer was removed with a
micropipette. The chloroform-isoamyl alcohol extraction
was repeated once again. Clean RNA was precipitated out of
the solution.

Alcohol Precipitation

[0207] Two volumes (~1000 pl) ice cold absolute ethanol
was added to the mixture. The tube was centrifuged for 15
minutes at 15,000xg in a microcentrifuge. The supernatant
was decanted and discarded and the precipitated RNA was
redissolved in 100 ul DEPC treated water then re-exposed to
the RNA+8-MOP.
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Isolation of the Psoralenated RNA Fragments Using
HPLC

[0208] All components, glassware and reagents were pre-
pared so that they were RNAase free. The HPLC was set up
with a Dionex DNA PA-100 package column. The pso-
ralenated RNA:DNA hybrid was warmed to 4° C. The
psoralenated RNA was applied to HPLC followed by oli-
gonucleotide analysis, as described in the following section
entitled “Oligonucleotide Analysis by HPLC.” The collected
fractions represented:

(SEQ ID NO: 1)
5'CUAGAWCUGGAGG3 ', where W is pseudouridine

(SEQ ID NO: 2)
Furan sided 5'CUPsoralenAGAWCUGGAGG3' monoadducts

(SEQ ID NO: 3)
5' XXXXXCCUCCAGAUCUAGXXXXX3'

(SEQ ID NO: 4)
5' XXXXXCCUCCAGAUCUPsoralenAGXXXXX3"

[0209] The fractions were stored at 4° C. in new, RNAase
free snapped microcentrifuge tubes and stored at -20° C. if
more than four weeks of storage were required.

Identification of the RNA Fragments Represented
by Each Peak Fraction Collected by HPLC Using
Polyacrylamide Gel Electrophoresis (PAGE)

[0210] The electrophoresis unit was set up in a 4° C.
refrigerator. A gel was selected with a 2 mm spacer. Each 5
wl of HPLC fraction was diluted to 10 ul with Loading
Buffer. 10 pl of each diluted fraction was loaded into
appropriately labeled sample wells. The tracking dye was
loaded in a separate lane and electrophoresis was run as
described in the following section entitled “Polyacrylamide
Gel Electrophoresis (PAGE) of Psoralenated RNA Frag-
ments.” After the electrophoresis run was complete, the
electrophoresis was stopped when the tracking dye reached
the edge of the gel. The apparatus was disassembled. The
gel-glass panel unit was placed on the UV light box. UV
lights were turned on. The RNA bands were identified. The
bands appeared as denser shadows under UV lighting con-
ditions.

Extraction of the RNA from the Gel

[0211] Each band was excised with a new sterile and
RNAase free scalpel blade and transferred into a new 1.5 ml
snap capped microcentrifuge tube. Each gel was crushed
against the walls of the microcentrifuge tubes with the side
of the scalpel blade. A new blade was used for each sample.
1.0 ml of 0.3M sodium acetate was added to each tube and
eluted for at least 24 hours at 4° C. The eluate was trans-
ferred to a new 0.5 ml snap capped polypropylene micro-
centrifuge tube with a micropipette. A new RNAase free
pipette tip was used for each tube and the RNA with ethanol
was precipitated out.

Ethanol Precipitation

[0212] Two volumes of ice cold ethanol was added to each
eluate then centrifuged at 15,000xg for 15 minutes in a
microcentrifuge. The supernatants were discharged and the
precipitated RNA was re-dissolved in 100 ul of DEPC
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treated DI water. The RNA was stored in the microcentrifuge
tubes at 4° C. until needed. The tubes were stored at -20° C.
if storage was for more than two weeks. The following was
order of rate of migration for each fragment in order from
fastest to slowest:

(SEQ ID NO: 1)
5 ' CUAGAWCUGGAGG3 '

(SEQ ID NO: 2)
Furan sided 5'CUPsoralenAGAWCUGGAGG3' monoadducts

(SEQ ID NO: 3)
5' XXXXXCCUCCAGAUCUAGXXXXX3'

(SEQ ID NO: 4)
5' XXXXXCCUCCAGAUCUPsoralenAGXXXXX3'

[0213] The tubes containing the remainder of each fraction
were labeled and stored at -20° C.

Ethanol Precipitation

[0214] RNA oligonucleotide fragments were precipitated,
and all glassware was cleaned to remove any traces of
RNase as described in the following section entitled “Inac-
tivation of RNases on Equipment, Supplies, and in Solu-
tions.” All solutions were stored in RNAase free glassware
and introduction of nucleases was prevented. Absolute etha-
nol was stored at 0° C. until used. Micropipettes were used
to add two volumes of ice cold ethanol to nucleic acids that
were to be precipitated in microcentrifuge tubes. Capped
microcentrifuge tubes were placed into the microfuge and
spun at 15,000xg for 15 minutes. The supernatant was
discarded and precipitated RNA was re-dissolved in DEPC
treated DI-water. RNA was stored at 4° C. in microcentri-
fuge tubes until ready to use.

Ligation of RNA Fragments 2 and 3

[0215] All glassware was cleaned to remove any traces of
RNase as described in the following section entitled “Inac-
tivation of RNases on Equipment, Supplies, and in Solu-
tions.” The following was added to a new 1.5 ml polypro-
pylene snap capped microcentrifuge tube using a 100-1000
ul pipette and a new sterile pipette tip was used for each
solution:

Fragment 2 (3.0 nM) 125.0
Fragment 3 (3.0 nM) 125.0
Reaction buffer 250.0 pl
RNA T4 ligase (9-12 U/ml) 42 1l
Reaction Buffer
[0216]
RNase free DI-water 90.00 ml
Tris-HCI (50 mM) 079 g
MgCl2 (10 mM) 020 g
DTT (5 mMj} 0078 g
ATP (1 mM) 055 g

pH to 7.8 with HCL

RNase free DI-water QS to 100.00 ml
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[0217] The mixture was gently mixed and the RNA was
melted by incubating the mixture at 16° C. for one hour in
a temperature controlled refrigerated chamber. RNA was
precipitated out of the solution immediately after the incu-
bation was completed.

Alcohol Precipitation

[0218] Two volumes (~1000 ul) of ice cold absolute
ethanol were added to the reaction mixture. The microcen-
trifuge tube was placed in a microcentrifuge at 15,000xg for
15 minutes. The supernatant was decanted and discarded and
the precipitated RNA was redissolved in 100 wl DEPC
treated water. The mixture was electrophoresed as described
in the following section entitled “Polyacrylamide Gel Elec-
trophoresis (PAGE) of Psoralenated RNA Fragments.” The
following was the order of rate of migration for each
fragment in order from fastest to slowest:

a) Frag. 2
(SEQ ID NO: 5)
5' CUAGAWCUGGAGG3 ' -OHPsoralen

b) Frag. 3
(SEQ ID NO: 6)
5' UCCUGUGTWCGAUCCACAGAAUUCGCACC - Puromyc in

c¢) Frag 2 + 3
(SEQ ID NO: 7)
5'CUPzoral enAGAYCUGGAGGUCCUGUGTWCGAUCCACAGAAUUCGCA

CC Puromycin

[0219] Each fraction was isolated by UV shadowing, the
bands were cut out, the RNAs were eluted from the gels and
the RNA elute was precipitated out as described in the
following section entitled “Polyacrylamide Gel Electropho-
resis (PAGE) of Psoralenated RNA Fragments.” The ligation
procedure was repeated with any residual unligated frag-
ment 2 and 3 fractions. The ligated fractions 2 and 3 were
pooled and stored in a small volume of RNase free DI-water
at 4° C.

Ligation of RNA Fragment 1 with Fragment 2+3

[0220] All glassware was cleaned to remove any traces of
RNase as described in the following section entitled “Inac-
tivation of RNases on Equipment, Supplies, and in Solu-
tions.” The following was added to a new 1.5 ml polypro-
pylene snap capped microcentrifuge tube. A 100-1000 pl
pipette and new tip was used for each solution:

Fragment 2 + 3 (3.0 1M) 125.0 pl

Reaction buifer 250.0 pl

T4 Polynucleotide Kinase(5-10 U/ml) 1.7 ul

Reaction Buffer
[0221]

RNase free DI-water 90.00 ml
Tris-HCI (40 mM) 063 g
MgCI2 (10 mM) 020 g
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DIT (5 mM)
ATP (1 mM)
pH to 7.8 with HCL
RNase free DI-water

008 g
0.006 g

QS to 100.00 ml

[0222] The RNA was gently mixed then melted by heating
the mixture to 70° C. for 5 minutes in a heating block. The
mixture was cooled to room temperature over a two hour
period and the RNA was allowed to anneal in a tRNA
configuration. The RNA was precipitated out of the solution.

Alcohol Precipitation

[0223] Two volumes (~1000 wl) of ice cold absolute
ethanol were added to the reaction mixture. The microcen-
trifuge tube was placed in a microcentrifuge at 15,000xg for
15 minutes. The supernatant was decanted and discarded and
the precipitated RNA was redissolved in 100 wl DEPC
treated water. The mixture was electrophoresed as described
in the following section entitled “Polyacrylamide Gel Elec-
trophoresis (PAGE) of Psoralenated RNA Fragments.” The
following was the order of rate of migration for each
fragment in order from fastest to slowest:

a) Frag. 1

(SEQ ID NO: 8)
5 ' GCGGAUUUAGCUCAGUUGGCGAGAGCGCCAGACUS !
b) Frag 2 + 3

(SEQ ID NO: 6)

5'CUPsoral enAGAYCUGGAGGUCCUGUGTW CGAUCCACAGAAUUCGCA
CCPuromycin

¢) Frag. 1 + 2 + 3
(SEQ ID NO:

5'GCGGAUUUAGCUCAGUUGGGAGAGCGCCAGACUCUPsoral enAGAY

9)

CUGGAGGUCCUGUGTWCGAUCCACAGAAUUCGCACCPuromycin

[0224] Each fraction was isolated by UV shadowing, the
bands were cut out, the RNAs were eluted from the gels and
the RNA elute was precipitated out as described in the
following section entitled “Polyacrylamide Gel Electropho-
resis (PAGE) of Psoralenated RNA Fragments.” The ligation
procedure was repeated with the unligated Fragment 1 and
the 243 Fraction. The ligated fractions 2 +3 were pooled and
stored in a small volume of RNase free DI-water at 4° C.

Final RNA Ligation

[0225] The following was added to a new 1.5 ml poly-
propylene snap capped microcentrifuge tube. A 100-1000 pl
pipette and new tip was used for each solution:

Fragment 1 + 2 + 3 (3.0 nM) 250 pl
reaction buffer 250 pl
RNA T4 ligase (44 pug/ml) 22 ug

[0226] The mixture was incubated at 17° C. in a tempera-
ture controlled refrigerator for 4.7 hours. Immediately after
the incubation the tRNA was precipitated out as described in
step 6.2 above and the tRNA was isolated by electrophoresis
as described in the following section entitled “Polyacrylam-
ide Gel Electrophoresis (PAGE) of Psoralenated RNA Frag-
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ments.” The tRNA was pooled in a small volume of RNase
free water and stored at 4° C. for up to two weeks or stored
at =20° C. for periods longer than two weeks.

Polyacrylamide Gel Electrophoresis (Page) of
Psoralenated RNA Fragments

Acrylamide Gel Preparation

[0227] All reagents and glassware were made RNAase
free as described in the following section entitled “Inacti-
vation of RNases on Equipment, Supplies, and in Solu-
tions.” The gel apparatus was assembled to produce a 4 mm
thick by 20 emx42 ¢cm square gel. 29 parts acrylamide with
1 part ammonium crosslinker were mixed at room tempera-
ture with the appropriate amount of acrylamide solution in
an RNAase free, thick walled Erlenmeyer flask.

Acrylamide Solution

[0228]
urea (7M) 42042 ¢
TBE (1X) QStol L
5X TBE
0.455M Tris-HCI 339 g
10 mM EDTA 20 ml of 0.5M
RNAase free DI water 900 ml
pH with boric acid to pH 9
QS with RNAase free DI water to 1L

[0229] The mixture was degassed with vacuum pressure
for one minute. The appropriate amount of TEMED was
added, mixed gently, and then the gel mixture was poured
between the glass plates to within 0.5 cm of the top. The
comb was immediately inserted between the glass sheets and
into the gel mixture. An RNAase free gel comb was used.
The comb produced wells for a S mm wide dye lane and 135
mm sample lanes. The gel was allowed to polymerize for
about 30-40 minutes then the comb was carefully removed.
The sample wells were rinsed out with a running buffer
using a micropipette with a new pipette tip. The wells were
then filled with running buffer.

Sample Preparation

[0230] An aliquot of the sample was suspended in loading
buffer in a snap capped microcentrifuge tube and vortex
mixed. Indicator dye was not added to the sample.

Loading Buffer

[0231]
Urea (TM) 42042 g
Tris HCL (50 mM) 785 g
QS with RNAase free D-H20 tol L

Electrophoresis Run

[0232] The maximum volume of RNA/loading buffer
solution was loaded into the 135 mm sample wells and the
appropriate volume of tracking dye in 5 mm tracking lane.
The samples were electrophoresed in a 5° C. refrigerator.
The electrophoresis was stopped when the tracking dye
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reached the edge of the gel. The apparatus was then disas-
sembled. Glass panels were not removed from the gel. The
gel-glass panel unit was placed on a UV light box. With UV
filtering goggles in place, the UV lights were turned on. The
RNA bands were identified. They appeared as denser shad-
ows under UV lighting conditions. The RNA was extracted
from the gel. Each band was excised with a new sterile and
RNAase free scalpel blade and each band was transferred
into a new 1.5 ml snap capped microcentrifuge tube. Each
gel was crushed against the walls of the microcentrifuge
tubes with the side of the scalpel blade. A new blade was
used for each sample. 1.0 ml of 0.3M sodium acetate was
added to each tube and eluted for at least 24 hours at 4° C.
The eluate was transferred to a new 0.5 ml snap capped
polypropylene microcentrifuge tubes with a micropipette
with a new RNAase free pipette tip for each tube. Two
volumes of ice cold ethanol was added to each eluate, then
centrifuged at 15,000xg for 15 minutes in a microcentrifuge.
The supernatants were discarded and the precipitated RNA
was redissolved in 100 pl of DEPC treated DI water. The
RNA was stored in the microcentrifuge tubes at 4° C. until
needed.

Oligonucleotide Analysis By HPLC

[0233] HPLC purification of the RNA oligonucleotides is
best effected using anion exchange chromatography. Either
the 2'-protected or 2'-deprotected forms can be chromato-
graphed. The 2'-protected form offers the advantage of
minimizing secondary structure effects and provides resis-
tance to nucleases. If the RNA is fully deprotected, sterile
conditions are required during purification.

Deprotection of 2'-Orthoester Protected RNA

[0234] The tubes are centrifuged at 15,000xg for 30 sec-
onds or until the RNA pellet is at the bottom. 400 ul of pH
3.8 deprotection buffer is added to each tube of RNA.

Deprotection Buffer

[0235] Acetic acid (100 mM) is adjusted to pH 3.8 with
tetramethylethylenediamine (TEMED). The pellet is com-
pletely dissolved in the buffer by drawing in and out of a
pipette. The tubes are vortexed for 10 seconds and centri-
fuged at 15,000xg. The tubes are incubated in a 60° C. water
bath for 30 minutes. The samples are lyophilized before use.

HPLC Column Conditions

[0236] A 4x250 mm column (DNAPAC PA, No. 043010)
packed with Dionex (800)-DIONEX-0 (346-6390), with a
capacity of 40 optical density units (ODU) at 260 nm is
installed. The column temperature is set to 54° C. The
injection volume is adjusted such that 5 ul produces approxi-
mately 0.20 ODU.

Elution Buffers

[0237]
Condition Buffer A Buffer B
Sodium perchlorare 3 mM) 2.8 g (300 mM) 1680 ¢g
Tris-HCI 24 g 24 g
Acetonitrile (2%) 80.0 ml 80.0 ml
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Condition Buffer A Buffer B
DI Water 3900 ml 900 ml
Adjusted pH 8.0 with HCL, 8.0 with HCL
q.s. 4000 ml 4000 ml

[0238]

HPLC Gradient

A 30% to 60% gradient of Buffer B for oligos
17-32 base pairs long is provided:

Time Flow
(minutes) (ml/min) % A % B Curve
0 1.5 100 0 *
1 1.5 100 0 6
3 1.5 70* 30* 6
15 1.5 40* 60* 6
155 2.3 0 100 6
17 2.5 0 100 6
17.25 2.3 100 0 6
23 2.3 100 0 6
23.1 1.5 100 0 6
24 1.5 100 0 6
25 0.1 100 0 6

*% values that can be changed to modify the gradient. Typical gradients are 0-30%,

20-50%, 30-60%, and 40-70% of Buffer B.

Gradient Selection

[0239]
bases, as follows:

The gradient is selected based upon the number of

Number of bases Gradient
0-5 0-30
6-10 10-40
11-16 20-50
17-32 30-60
33-30 40-70
>50 50-80

[0240] After HPLC, the target samples are collected and
the RNA concentration is determined with a spectrophotom-
eter at 260 nm. The samples are stored at =70° C.

Inactivation of RNAses on Equipment, Supplies,
and in Solutions

[0241] Glassware was treated by baking at 180° C. for at
least 8 hours. Plasticware was treated by rinsing with
chloroform. Alternatively, all items were soaked in 0.1%
DEPC.

Treatment with 0.1% DEPC

[0242] 0.1% DEPC was prepared. DI water was filtered
through a 0.2 uM membrane filter. The water was autoclaved
at 15 psi for 15 minutes on a liquid cycle. 1.0 g (wt/v)
DEPC/liter of sterile filtered water was added.

Glass and Plasticware

[0243] All glass and plasticware was submerged in 0.1%
DEPC for two hours at 37° C. The glassware was rinsed at
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least 5x with sterile DI water. The glassware was heated to
100° C. for 15 minutes or autoclaved for 15 minutes at 15
psi on a liquid cycle.

Electrophoresis Tanks Used for Electrophoresis of
RNA

[0244] Tanks were washed with detergent, rinsed with
water then ethanol and air dried. The tank was filled with 3%
(v/v) hydrogen peroxide (30 ml/L) and left standing for 10
minutes at room temperature. The tank was rinsed at least 5
times with DEPC treated water.

Solutions

[0245]  All solutions were made using Rnase free glass-
ware, plastic ware, autoclaved water, chemicals reserved for
work with RNA and RNase free spatulas. Disposable gloves
were used. When possible, the solutions were treated with
0.1% DEPC for at least 12 hours at 37° C. and then heated
to 100° C. for 15 minutes or autoclaved for 15 minutes at 15
psi on a liquid cycle.

RNA Translation

[0246] 2 pl of gastroinhibitory peptide (GIP) mRNA at a
concentration of 20 wml was placed in a 250 pl snapcap
polypropylene microcentrifuge tube. 35 pl of rabbit reticu-
locyte lysate (available commercially from Promega) was
added. 1 pl of amino acid mixture which did not contain
methionine (available commercially from Promega) was
added. 1 pl of **S methionine or unlabeled methionine was
added. 2 pl of **P GIP mRNA or unlabeled GIP mRNA was
added. Optionally, 2 ml of luciferase may be added to some
tubes to serve as a control. In a preferred embodiment,
luciferase was used instead of GIP mRNA. One skilled in the
art will understand that indeed any mRNA fragment con-
taining the appropriate sequences may be used.

[0247] SATA was added to the experimental tubes. Con-
trol tubes which did not contain SATA were also prepared.
The quantity of SATA used was approximately between 0.1
ug to 500 ug, preferably between 0.5 pg to 50 ug. 1 pl of
Rnasin at 40 units/ml was added. Nuclease free water was
added to make a total volume of 50 pl.

[0248] For proteins greater than approximately 150 amino
acids, the amount of tRNA may need to be supplemented.
For example, approximately 10-200 pg of tRNA may be
added. In general, the quantity of the SATA should be high
enough to effectively suppress stop or pseudo stop codons.
The quantity of the native tRNA must be high enough to out
compete the SATA which does not undergo dynamic proof-
reading under the action of elongation factors.

[0249] Each tube was immediately capped, parafilmed and
incubated for the translation reactions at 30° C. for 90
minutes. The contents of each reaction tube was transferred
into a 50 ul quartz capillary tube by capillary action. The
SATA was crosslinked with mRNA by illuminating the
contents of each tube with 2-10 J/em2~350 nm wavelength
light, as per Gasparro et al. (Photochem. Photobiol. 57:1007
(1993), herein incorporated by reference). Following pho-
tocrosslinking, the contents of each tube were transferred
into a new snapcap microfuge tube. The ribosomes were
dissociated by chelating the calcium cations by adding 2 pl
of 10 mM EDTA to each tube. Between each step, each tube
was gently mixed by stirring each component with a pipette
tip upon addition.
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[0250] The optimal RNA for a translation was determined
prior to performing definitive experiments. Serial dilutions
may be required to find the optimal concentration of mRNA
between 5-20 pg/ml.

[0251] SDS-Page electrophoresis was performed on each
sample, as described above. Autoradiography on the gel was
performed, as described by Sambrook et. al., Molecular
Cloning, A Laboratory Manual, 2"¢ ed., Coldspring Harbor
Press (1989), herein incorporated by reference.

[0252] The above example teaches the production and use
of SATA (e.g., puromycin on tRNA plus crosslinker on the
tRNA) and the production and use of Linking tRNA Analog
(e.g., no puromycin, but has crosslinker on tRNA).

[0253] In another example, the SATA was produced in a
manner similar to the above methodology, except that uri-
dines were substituted with pseudouridines. Substitution by
pseudouridines can also be used with Linking tRNA Analog,
as it facilities the formation of crosslinker monoadduct
formation (such as formation of the psoralen monoadduct).
This technique is discussed below in Example 2.

Example 3: Production of the SATA Using
Pseudouridine

[0254] As discussed above, one skilled in the art will
appreciate that the SATA, Linking tRNA Analog and Non-
sense Suppressor tRNA can be produced in a number of
different ways. FIG. 5 shows the chemical structures for
uridine and pseudouridine. Pseudouridine is a naturally
occurring base found in tRNA that forms hydrogen bonds
just as uridine does, but lacks the 5-6 double bond that is the
target for psoralen. Pseudouridine, as used herein, shall
include the naturally occurring base and any synthetic
analogs or modifications. In a preferred embodiment, the
SATA was produced using pseudouridine. Linking tRNA
Analog can also be produced using pseudouridine. Specifi-
cally, in a preferred embodiment, three fragments (FIG. 1)
were purchased from a commercial source (Dharmacon
Research Inc., Boulder, Colo.). Modified bases and a frag-
ment 3 (“Fragment 3”) with a pre-attached puromycin on its
3'end and a PO, on its 3' end were included, all of which are
available commercially. The three fragments were used to
facilitate manipulation of a fragment 2 (“Fragment 2”) in
forming the monoadduct. Sequences of the three fragments,
according to some embodiments, are as follows (2 example
sequences are provided for each fragment):

Fragment 1
(SEQ ID NO: 10)
5 ' PO,GCGGAUUUAGCUCAGUUGGGAGAGCGCCAGACOHS !

(SEQ ID NO: 16)
5' PO,GCGGAUUUAGCUCAGUUGGGAGAGCGC CAGACOH3 !

Fragment 2
(SEQ ID NO: 11)
5' OHWCUAACWCOH3!

(SEQ ID NO: 17)
5' OHWCUAAAWCOH3 '

Fragment 3
(SEQ ID NO: 12)
5 ' PO, UGGAGGUCCUGUGTWCGAUCCACAGARUUCGCACCPUromycing !

(SEQ ID NO: 18)
5' PO, UGCAGGUCCUGUGTWCGAUCCACAGARUUCGCACCPUromycing !
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[0255] The above sequences listed in Fragment 3 are
applicable for SATA. For Linking tRNA Analogs, the
sequences would be similar, except the puromycin would be
replaced by adenosine.

[0256] Modified yeast tRNAAla or yeast tRNAPhe was
used according to one embodiment of the invention. How-
ever, one skilled in the art will understand that sequences can
be chosen widely from known tRNAs or by selecting
sequences that will form into a tRNA-like structure. One
advantage of using pseudouridine in some embodiments is
that the pseudouridine in Fragment 2 avoids psoralen label-
ing of the nontarget U’s. Use of pseudouridine instead of
uridine decreases the avidity of the A site of the ribosome for
the tRNA analog but eliminates the interaction of the ter-
minal uridine with psoralen. The use of the Yarus “extended
anticodon” guidelines increases A site binding (Yarus, Sci-
ence 218:646-652, 1982, herein incorporated by reference).
[0257] In one embodiment, Fragment 2 was used in a
helical conformation to induce the psoralen to intercalate.
One skilled in the art will understand that other conforma-
tions can also be used in accordance with several embodi-
ments of the invention. A complementary strand was also
used. RNA or DNA was used, and a sequence, such as poly
C or poly G when C interacts with the psoralen to one or
both ends, was added to facilitate separation and removal
after monoadduct formation was accomplished. Use of
pseudouridine instead of uridines in the complement per-
mitted the use of a high efficiency wave length, such as about
365 nm, without fear of crosslinking the product. Irradiation
was preferably in the range of about 300-450 nm, more
preferably in the range of about 320 to 400 nm, and most
preferably about 365 nm. Further, use of pseudouridine left
the furan-sided monoadduct in place on Fragment 2 because
the Maf is the predominate first step in the crosslink forma-
tion.

[0258] The following cRNA sequences with pseudouri-
dine were used according to a preferred embodiment of the
present invention. One skilled in the art will understand that
substitutions and modifications of these sequences, and of
the other sequences listed herein, can also be used in
accordance with several embodiments of the current inven-
tion. For example, for SEQ ID NO: 19, listed below, the
sequence can also be

(SEQ ID NO: 30)
5 ' XXXXXXGAPWPWAGAXXXXXXX3 '

(SEQ ID NO: 13)
CCCWCCAGAGWWAGACCT

(SEQ ID NO: 19)
5'CCCCCCCAPWWAGACCCCCCes!

Step 1: Furan Sided Monoadduction of Psoralen to
Fragment 2

[0259] The formation of a furan sided psoralen monoad-
duct with the target uridine of Fragment 2 was performed as
follows:

[0260] A reaction buffer was prepared as follows:
Tris HCL 25 mM
NaCl 100 mM

Aug. 1,2019
-continued

EDTA 0.32 mM

pH 7.0

[0261] 4'hydroxy methyl-4,5'8'-triethyl psoralen (HMT)
was then added to a final concentration of 0.32 mM and
equimolar amounts of fragment 2 and cRNA were added to
a final molar ratio of fragment 2:cRNA:psoralen=1:1:1000.
A total volume of 100 ul was irradiated at a time.

[0262] The mixture of complementary oligos, HMT, pso-
ralen was processed as follows:

[0263] 1) Heated to 85° C. for 60 sec followed by cooling
to 4° C. over 15 min, using PCR thermocycler.

[0264] 2) Irradiated for 20 min at 4° C., in Eppendorf
UVette plastic cuvette, covered top with parafilm, laid on the
top of UV lamp (1 mW/cm® multi-wavelength UV lamp
(A>300 nm) (UV L21 model A 365 nm).

[0265] Steps 1 and 2 above were repeated 4 times to
re-intercalate and irradiate HMT. After the second irradia-
tion additional 10 ul of 1.6 mM HMT was added in total 100
ul reaction volume. After 4 cycles of irradiation, the free
psoralens were extracted with chloroform and all oligos
(labeled and unlabeled) were precipitated with ethanol over-
night (see precipitation step). A small aliquot was saved for
gel identification.

Step 2: Purification of HMT Conjugated Fragment
2 (2 MA) Oligo by HPLC

[0266] 1) The reaction mixture was dried with speed
vacuum for 10 minutes and then was dissolved with 2 pl of
0.1 M TEAA, pH 7.0 buffer.

0.1 M TEAA, pH 7.0 Buffer

[0267]
Acetic Acid 5.6 ml
Triethylamine 13.86 ml
H,0 (RNAase free) 950 ml
[0268] pH adjusted to 7.0 with acetic acid
[0269] and water added to 1 L
[0270] 2) The sample was loaded onto a Waters Xterra MS

C18, 2.5 um, 4.5x50 mm reverse-phase column pre-equili-
brated with buffer A (5% wt/wt acetonitrile in 0.1M TEAA,
pH 7.0) The sample was eluted with a gradient of 0-55%
buffer B (15% wt/wt acetonitrile in 0.1M TEAA, pH 7.0) to
buffer A over a 35 minute time frame at a flow rate of 1
ml/minute. The column temperature was 60° C. and the
detection wave length, set by a narrow band filter, was 340
nm. Furan sided psoralen monoadduct absorbs at 340 nm but
the RNA, and any pyrone sided monoadduct does not. The
buffer solutions were filtered and degassed before use.
[0271] The 2 MA eluted at around 25-28 minutes at a
buffer B concentration of 40%. Unpsoralenated fragment 2
eluted before 8 minutes based on subsequent gel electro-
phoresis analysis on collected fractions.

[0272] The column was washed with 100% acetonitrile for
5 minutes and was re-equilibrated with buffer A for 15
minutes. All fractions were dried with speed vacuum over-
night.
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[0273] The fractions containing the 2 MA were identified
by the level of absorbance at 260 nm (RNA) and 330 nm
(furan sided psoralen monoadducted RNA). This was done
by redissolving the dried fractions with 120 pl of Rnase-free
distilled water and the absorbance was measured with a
spectrophotometer at 260 nm and 330 nm. The fractions
with high absorbance at both wavelengths were pocled then
dried with speed vacuum. A small aliquot from each was
saved for gel analysis.

[0274] The cross-linked products were analyzed on a
denaturing 20% TBE-urea gel and visualized by gel silver
staining.

Step 3: Purification of HMT Conjugated Fragment
2 Oligo from cRNA by HPLC

[0275] The dried samples were pooled and then were
dissolved with 0.5xTE buffer. A sample of about 0.4 absor-
bance unit was loaded onto a Dionex DNAPac PA-100
(4x250 mm) column which was pre-equilibrated with buffer
C (25 mM Tris-HCI, pH 8.0) and the column temperature
was 85° C. (anion exchange HPLC).

[0276] The oligos were eluted at a flow rate of 1 ml/min.
with a concave gradient from 4% to 55% buffer D for 15
minutes followed by a convex gradient from 55% to 80%
with buffer D for the next 15 minutes. The oligos were
washed with 100% buffer D for 5 min and 100% buffer C for
another 5 min at a flow rate of 1.5 ml/min; Fractions were
collected that absorbed 260 nm light. 2 MA had a retention
time (RT) of 16.2 minutes and was eluted by 57% buffer D,
and free fragment 2 had RT less than 16.6 minutes, and was
eluted by 55% buffer D and free cRNA had RT greater than
19.2 minutes. The fractions were collected that absorbed at
254 or 260 nm. The collected fractions were dried with
speed vacuum overnight. All solutions were filtered and
degassed before use.

[0277] The solution used comprised the following:
[0278] C: 25 mM Tris-HCI pH 8.0,

[0279] D: 250 mM NaClO4 in 25mM Tris pH 8.0 buffer.
[0280] TE: 10 mM Tris-HCI pH 8.0 with 1mM EDTA

Step 4: Desalting, Precipitation and Collection of
the Purified 2 MA Oligo

[0281] The dried fractions were redesolved with 100 pl
Rnase free distilled water. 500 ul cool 100% ethanol with
0.5M (NH4)2CO3 was added and the mixture was vortexed
briefly. The mixture was then frozen on dry ice for 60
minutes or stored at -20° C. overnight.

[0282] The samples were then brought to 4° C. and
centrifuged at maximum speed in a microcentrifuge for 15
minutes. The position of the pellet was noted and the
supernatant was decanted or removed by pipette. Care was
taken not to disturb pellet. If the pellet still contained salt,
this step was repeated. The pellet was then washed with 70%
pre-cooled ethanol twice. The wet pellet was dried with
speed vacuum for 15 min. Urea PAGE gel identified the right
fractions for the next step.

Step 5: Ligation of 2 MA Oligo to Fragment 3

Oligo
[0283] The following steps were performed:
[0284] A. The following reagents and instruments were
used:
[0285] Nuclease-Free Water (Promega)
[0286] polyethylene glycol (PEG8000 Sigma) 40%(wt/wt
in water)
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[0287] RNasin® Ribonuclease Inhibitor (Promega)
[0288] phenol:chloroform

[0289] 1.5 ml sterile microcentrifuge tubes

[0290] 100% ethanol

[0291] 70% ethanol

[0292] Dry ice or =20° C. freezer

[0293] Microcentrifuge at room temperature and +4° C.
[0294] PCR thermocycler or water bath

[0295] B. The following reaction conditions were used:
[0296] 50 mM Tris-HCl (pH 7.8)

[0297] 10 mM MgCl2,

[0298] 10 mM DTT

[0299] 1 mM ATP

[0300] 18-20% PEG

[0301] C. The following reaction mixture was assembled

in a sterile microcentrifuge tube:

[0302] Fragment 3 (Donor) 1 pl (6 pg) (Purified, when
necessary, before using as a donor)

[0303] 2 MA (Acceptor) 1 ul (1.5 pg)

[0304] After adding 8 ul Rnase free dH20 8 pl, the
reactions were incubated at 85° C. for 1 minute to relax the
oligo secondary structure, then slowly cooled to 4° C., using
a PCR machine thermocycler. The preheated tube was
placed on ice to keep cool and centrifuged briefly, then the
following was added:

10X Ligase Buffer 4l
10 mM ATP 4 ul
Rnase Out or Rnasin (40 u/ul) Promega 0.5 pl
PEG, 40% (Sigma) 20 ul
T4 RNA Ligase (10 wulj (NEB) 1l

[0305] Nuclease-free water was added to final Volume of
40 pl. The mixture was incubate at 16° C. overnight (16 hr).
The mixture was centrifuged briefly and then was placed on
ice.

[0306] D. Precipitation of Oligonucleotides:

[0307] 60 pl DEPC RNase free distilled water was added
to the mixture and then 150 ul phenol/chloroform was
added. The mixture was vortexed vigorously for 30 seconds.
The precipitate was then centrifuged out at maximum speed
in a microcentifuge for 5 minutes at room temperature. The
aqueous phase was transferred to a new microcentrifuge
tube (>95 ul).

[0308] To this was added 3 pl 5 mg/ml glycogen, and 500
ul pre-cooled 100% ethanol with 0.5M (NH4)2CO3 and the
mixture was vortexed briefly and then was frozen on dry ice
for 60 minutes. At this point, it may be stored overnight at
-20° C. The dried fractions were redissolved with 100 pl
Rnase-free distilled water, 500 pl cool 100% ethanol with
0.5M (NH4)2CO3 was added and vortexed briefly. This was
then frozen on dry ice for 60 minutes or stored at —20C
overnight. The samples were then brought to 4° C. and
centrifuged at maximum speed in a microcentrifuge for 15
minutes and supernatant removed by pipette. Care was taken
not to disturb pellet. If the pellet still contained salt, this step
was repeated once. The pellet was then washed with 70%
pre-cooled ethanol several times. This was then centrifuged
at maximum speed in a microcentrifuge for 5 minutes at 4C.
The ethanol was carefully removed using a pipette. Cen-
trifugation was repeated again to collect remaining ethanol
which was carefully removed. The wet pellet was dried with
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speed vacuum for 10 min. A small aliquot was collected for
the gel analysis. For long term storage, the RNA was stored
in ethanol at —20C. Care was taken not to store the RNA in
DEPC water.

Step 6: Purification of the Ligated Fragment 3
Oligo Complex

[0309] The dried sample was redissolved with 0.5xTE
buffer and was loaded onto a DNAPac PA-100 column
which was equilibrated with buffer C. The column tempera-
ture was 85° C. and the detector operated at 254 nm to
identify fractions with RNA and at 340 nm to identify
fractions with 2 MaF. The oligos were eluted with a convex
gradient from 30% to 70% with buffer D for the first 20
minutes at a flow rate of 0.8 ml/min and followed with a
linear gradient from 70% to 98% D for another 20 min at the
same flow rate. The elution was completed by washing with
100% D for 7 min and 100% C for another 10 min at 1.0
ml/min flow rate. The fractions were detected with 254 or
260 nm wavelength light. The ligated oligos (2 MA-frag-
ment 3) were eluted after 34 min, by more than 90% buffer
B. Fractions with 254 nm absorbance (A,s, ,,,>0.01) were
collected and dried with speed vacuum overnight.

Step 7: Purified 2 MA-Fragment 3 Desalting and
Precipitation

[0310] The dried fractions were re-dissolved with 100 pl
Rnase free distilled water, 500 ul cool 100% ethanol with
0.5M (NH4)2CO3 was added and the mixture was vortexed
briefly. The mixture was then frozen on dry ice for 60
minutes or stored at =20 C overnight.

[0311] The samples were brought to 4° C. and centrifuged
at maximum speed in a microcentrifuge for 15 minutes. The
position of the pellet was noted and the supernatant decanted
or removed by pipette. Care was taken not to disturb pellet.
If still containing salt, this step was repeated. The pellet was
then washed with 70% pre-cooled ethanol twice. The wet
pellet was dried with speed vacuum for 15 min.

[0312] Urea PAGE was performed to identify the ligated
2 MA-fragment-3 for use in the next step of ligating frag-
ment 1 to the 2 MA-fragment-3 oligo which completes the
SATA linker.

Step 8: Preparation of SATA (or Other tRNA

Molecule)
[0313] A. RNA Oligo 5'phosphorylation
[0314] 1. Reagent and instrument:
[0315] Nuclease-Free Water (Cat. #P1193 Promega)
[0316] RNasin® Ribonuclease Inhibitor (Cat #N2511 Pro-
mega)
[0317] Phenol: chloroform
[0318] Sterile microcentrifuge tubes
[0319] 100% ethanol
[0320] 70% ethanol
[0321] Microcentrifuge at room temperature and 4° C.
[0322] PCR thermalcycler or water bath
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[0323] 2. Assemble the following reaction mixture in a
sterile microcentrifuge tube:

Component Volume
Acceptor RNA <200 ng
T4 ligase 10X Reaction Buffer* 4 ul
RNasin ® Ribonuclease Inhibitor (40 u/pl) 20 unit
T4 kinase (9-12 wpl) 2
10 mM ATP 4 ul
Nuclease-Free Water to final volume 40 ul
[0324] Incubate at 37° C. for 30 minutes in a PCR ther-

mocycler or water bath. For non-radioactive phosphory-
lation, use up to 300 pmol of 5' termini in a 30 to 40 pl
reaction containing 1xT4 Polynucleotide Kinase Reaction
Buffer, 1 mM ATP and 10 to 20 units of T4 Polynucleotide
Kinase. Incubate at 37° C. for 30 minutes. 1xT4 DNA
Ligase Reaction Buffer contains 1 mM ATP and can be
substituted in non-radioactive phosphorylations. T4 Poly-
nucleotide Kinase exhibits 100% activity in this buffer).
Fresh buffer is required for optimal activity (in older buffers,
loss of DTT due to oxidation lowers activity.

[0325] B. Annealing Fragmentl and 2 MA-fragment 3
oligo complex:

[0326] 1. Reagents and instruments:

[0327] PCR thermocycler instrument or water bath
[0328] 100 pg/m1 nuclease-free albumin

[0329] 100 mM MgCI12

[0330] 2. Assemble the following reaction mixture in a

sterile microcentrifuge tube:

Acceptor RNA oligo (1E)
Donor RNA oligo {3G-2G ligated oligo)
(5' phosphorylated oligo from step A)

<200 ng
<200 ng

[0331] Appropriate ratios are as follows: Acceptor oligo:
Donor oligo (Fragment 1:2 MA-Fragment 3) molar ratio
should be 1:1.1 to avoid fragment 1 self-ligation. MgCl, was
added to T4 ligase buffer (50 mM Tris-HCI, pH 7.8, 10 mM
MgCl,, 10 mM DTT and 1 mM ATP) to final 20 mM
concentration. Add Rnase free albumin to final 5 pg/ml. The
final volume should be no more than 100 pl. The solution
was heated to 70° C. for 5 min, then was cooled from 70°
C. to 26° C. over 2 hours and cooled from 26° C. to 0° C.
over 40 minutes. Incubate at 16° C. for 16 to 17 hours using
PCR instrument.

[0332] C. Ligation of annealed oligos
Annealed oligos <15 pl
10 mM ATP 2 ul
40% PEG 18 ul
T4 ligase 10X Buffer 2 ul
RNasin ® Ribonuclease Inhibitor (40 u/ul) 0.5 ul
T4 ligase (9-12 wnl) (NEB) 1 oul
Nuclease-Free Water to final volume 40 ul
[0333] D. Precipitating tRNA fragment
[0334] After ligation, 50 pl DEPC water and 150 pl

phenol: chloroform were added and vortexed vigorously for
30 seconds. This was then centrifuged at maximum speed in
a microcentrifuge for 5 minutes at room temperature. The
aqueous phase was transferred to a new microcentrifuge
tube (~100 pl). To this was added 2 pl 10 mg/m1 mussel
glycogen, 10 pl 3M sodium acetate, pH 5.2. This was mixed
well. Then 220 pl 95% ethanol was added and vortexed
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briefly. The mixture was then frozen on dry ice for 30
minutes. At this point the mixture may be stored over night
at =20° C. or one may proceed. In one embodiment, the
RNA should preferably not be stored in DEPC water, but in
ethanol, at =20° C.

[0335] Then the samples were brought to 4° C. and
centrifuged at maximum speed in a microcentrifuge for 15
minutes. The position of the pellet was noted and the
supernatant decanted or removed by pipette. Care was taken
not to disturb pellet. The pellet was then washed with 70%
pre-cooled ethanol twice. After removing the ethanol, the
wet pellet was dried with a speed vacuum for 15 min. The
dried pellet was stored at -20° C., until the next step.

RNA Translation

[0336] A luciferase mRNA which was modified to have
the stop codon corresponding to that recognized by the
anticodon of the SATA (in the present case UAG) was used
in a standard Promega in vitro translation kit in the recom-
mended 1 pl of concentration 1 pg/pl. One skilled in the art
will understand that indeed any mRNA fragment containing
the appropriate sequences may be used.

[0337] SATA was added to the experimental tubes. Con-
trol tubes which did not contain SATA were also prepared.
The quantity of SATA used was approximately between 0.1
ug to 500 ug, preferably between 0.5 pg to 50 ug. 1 pl of
Rnasin at 40 units/ml was added. Nuclease free water was
added to make a total volume of 50 pl.

[0338] For proteins greater than approximately 150 amino
acids, the amount of tRNA may need to be supplemented.
For example, approximately 10-200 pg of tRNA may be
added. In general, the quantity of the SATA should be high
enough to effectively suppress stop or pseudo stop codons.
The quantity of the native tRNA must be high enough to out
compete the SATA which does not undergo dynamic proof-
reading under the action of elongation factors.

[0339] Each tube was immediately capped, parafilmed and
incubated for the translation reactions at 30° C. for 90
minutes. The contents of each reaction tube was transferred
into a 50 ul quartz capillary tube by capillary action. The
SATA was crosslinked with mRNA by illuminating the
contents of each tube with 2-10 J/cm2~350 nm wavelength
light, as per Gasparro et al. (Photochem. Photobiol. 57:1007
(1993), herein incorporated by reference). Following pho-
tocrosslinking, the contents of each tube were transferred
into a new snapcap microfuge tube. The ribosomes were
dissociated by chelating the calcium cations by adding 2 pl
of 10 mM EDTA to each tube. Between each step, each tube
was gently mixed by stirring each component with a pipette
tip upon addition.

[0340] The optimal RNA for a translation was determined
prior to performing definitive experiments. Serial dilutions
may be required to find the optimal concentration of mRNA
between 5-20 pg/ml.

[0341] SDS-Page electrophoresis was performed on each
sample, as described above. Autoradiography on the gel was
performed, as described by Sambrook et al., Molecular
Cloning, A Laboratory Manual, 2"? ed., Coldspring Harbor
Press (1989), herein incorporated by reference.

[0342] The above example is instructive for the production
and use of SATA (puromycin on tRNA and crosslinker on
tRNA) and for the production and use of Linking tRNA
Analog (no puromycin, with crosslinker on tRNA).
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Example 4: Production of a tRNA Analog Using
Ribonucleotides Modified to Form Crosslinkers:
Use of Psoralen and Non-Psoralen Cross-Linkers

[0343] As described above, pseudouridine can be used in
some embodiments to minimize the formation of unwanted
monoadducts and crosslinks. In one embodiment, a cross-
linker modified mononucleotide is formed and used. One
advantage of the crosslinker modified mononucleotide is
that it minimizes the formation of undesirable monoadducts
and crosslinks.

[0344] As discussed above, one skilled in the art will
appreciate that the SATA, Linking tRNA Analog, and Non-
sense Suppressor Analog can be produced in a number of
different ways. In a preferred embodiment, psoralenated
uridine 5' mononucleotide, 2-thiocytosine, 2-thiouridine,
4-thiouridine 5-iodocytosine, 5-iodouridine, 5-bromouridine
or 2-chloroadenosine can be produced or purchased and
enzymatically ligated to an oligonucleotide to be incorpo-
rated into a tRNA analog. Aryl azides, and analogues of aryl
azides, and any modifications thereto, can also be used in
several embodiments, as a linking moiety or agent. The
following protocol can be employed for crosslinkers that are
located on the tRNA. One skilled in the art will understand
that this protocol can also be used for crosslinkers located on
the mRNA. Thus, the following example is instructive on the
production and use of SATA, Linking tRNA Analog, and
Nonsense Suppressor Analog.

Production of Modified Nucleotide

[0345] 4-thioU, 5-iodo and 5-bromo U with and without
puromycin can be purchased already incorporated into a
custom nucleotide up to 80 basepairs in length (Dharmacon,
Inc). Therefore, the SATA, and the Linking tRNA Analog
with these crosslinkers already in place, and similar cross-
linkers, can be purchased directly from Dharmacon, Inc.
Nonsense Suppressor Analog can also be purchased from
Dharmacon, Inc.

[0346] 2-thiocytosine, 2-thiouridine, 4thiouridine 5 -iodo-
cytosine, 5-iodouridine, 5-bromouridine or 2-chloroadenos-
ine can all be purchased for crosslinking from Ambion, Inc.
for the use in the Ambion MODIscript kit for incorporation
into RNA. Therefore, the SATA and the Linking tRNA
Analog along with these crosslinkers, and similar cross-
linkers, can be purchased directly from Ambion, Inc
[0347] The PO,U can be produced as follows:

psoralen

(SEQ ID NO: 20)
AUAUAUAUAUAUAUAUAUAUGGGGGG (seq Al) (available from

Dharmacon, Inc.)

(SEQ ID NO: 21)
CCCCCCATATATATATATATATATAT (seq A2) (available from

University of Southern California services) .

[0348] The formation of a furan-sided psoralen monoad-
duct with the target uridine is performed as follows:
[0349] A reaction buffer is prepared. The reaction buffer,
with a pH of 7.0, contains 25 mM Tris HCL, 100 mM NaCl,
and 0.32 mM EDTA.

[0350] 4'hydroxy methyl-4,5',8'-triethyl psoralen (HMT)
is then added to a final concentration of 0.32 mM and
equimolar amounts of seq Al and seq A2 are added to a final



US 2019/0231870 A1l

molar ratio of seq Al:seq A2:psoralen=1:1:1000. A total
volume of 100 pl is irradiated at a time.

[0351] The mixture of complementary oligos, HMT, trim-
ethylpsoralen is processed as follows: 1) Heat to 85° C. for
60 sec followed by cooling to 4° C. over 15 min, using PCR
thermocycler; and 2) Irradiate for 20 to 60 min at 4° C., in
Eppendorf UVette plastic cuvette, covered top with parafilm,
in an RPR-200 Rayonet Chamber Reactor equipped with a
cooling fan and 419 nm wave. This is either placed on an ice
water bath or in a —20° C. freezer.

[0352] Steps 1 and 2 above are repeated 4 times to
re-intercalate and irradiate HMT. After 4 cycles of irradia-
tion, the free psoralens are extracted with chloroform and all
oligos (labeled and unlabeled) are precipitated with ethanol
overnight (see precipitation step). A small aliquot is saved
for gel identification.

[0353] Comparable sequences can be produced using the
Ambion, Inc kit for non-psoralen crosslinkers.

RNase H Digestion of RNAs in DNA/RNA
Duplexes

[0354] The following steps are performed: (1) Dry down
oligos in speed vac; (2) Resuspend pellet in 10 pL. 1xHyb
Mix; (3) Heat at 68° C. for 10 minutes; (4) Cool slowly to
30° C. Pulse spin down; (5) Add 10 pL. 2xRNase H Buffer.
Mix. (6) Incubate at 30° C. for 60 minutes; (7) Add 130 uL
Stop Mix.

[0355] For the Phenol/Chloroform extract: (1) Add 1 vol.
phenol/chloroform; (2) Vortex well; (3) Spin down 2 min-
utes in room temperature microfuge; (4) Remove top layer
to new tube.

[0356] For the Chloroform extract: (1) Add 1 vol. chloro-
form; (2) Vortex well; (3) Spin down 2 minutes in room
temperature microfuge; (4) Remove top layer to new tube.
[0357] Then, (1) Add 375 ulL 100% ethanol; (2) Freeze at
-80° C.; (3) Spin down 10 minutes in room temperature
microfuge; (4) Wash pellet with 70% ethanol; (5) Resuspend
in 10 pL loading dye; (6) Heat at 100° C. for 3 minutes
immediately before loading.

[0358] Purification of monoribonuclectides nucleotides
from the longer cDNA as well as longer RNA fragments, is
accomplished using anion exchange HPLC. The psoralen-
monoadducted mononucleotides (PO,U,,,,..,,) are then
separated by reverse phase HPLC from mononucleotides
that were not monoadducted (PO,U and PO,A).

[0359] Similar digestion techniques and nucleotide incot-
poration, described below, can also be used for non-psoralen
crosslinkers using the Ambion, Inc kit.

Incorporation of Light Sensitive Nucleotides into
the tRNA Component Oligoribonuleotides

[0360] The following protocol can be used for incorpo-
rating a p U,y szimier 1010 @ CUA stop anticodon. However,
one skilled in the art will understand that other nucleotides
can also be used to produce other stop anticodons and
pseudo stop anticodons in accordance with the methods
described herein

[0361] Generally, methods adapted from the protocols for
T4 RNA ligase are used, but with some modification because
of the lack of protection of the 3' OH of the modified
nucleotides.

[0362] 5'0H CUC OH 3' oligoribonucleotides (seq B1) can
be purchased from Dharmacon, Inc. and can be as acceptors
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in the ligation. The molar ratio of Bl to psoralenated
mononucleotides is preferably kept at 10:1 to 50:1 so that the
modified U’s will be greatly out-numbered, thereby prevent-
ing the formation of CUC(U_,,zimer)n Lhis makes one of
the preferred reactions:

CUC+ PUpsomlcn CUCU,

psovaien
[0363] In one embodiment, the product is purified by
sequential anion exchange and reversed phase HPLC to
ensure that the psoralenated U and the longer psoralenated
7 mer are separated. The 7 mer is then 3' protected by
ligation with pAp yielding CUCU_, .. . AP (Fragment
2B).

[0364] This is again purified with anion exchange HPLCF
or the next ligation.

First Ligation of Fragment 2B to 1B or 1Bl

[0365] This 2B fragment can be used in a tRNA analog
that has a stable acceptor or one that has a native esterified
acceptor. In one embodiment, to assure that the native 3' end
can be aminoacylated by native AA-tRNA synthetases, the
acceptor stem is modified in that version of the analog. In the
SATA version, in one embodiment, the 3' fragment is main-
tained with a commercially prepared puromycin as the
acceptor. Thus, in one embodiment, the following are used
in two different 5' ends:

(SEQ ID NO: 22)
5' OHGCGGAUUUAGCUCAGUUGGGAGAGCGCCAGA 3' seq 1B (to

be used with the tRNA analog with the stable

puromycin acceptor)
and

(SEQ ID NO: 23)
5' OHGGGGCUUUAGCUCAGUUGGGAGAGCGCCAGA 3' seq 1B; (to

be used with the native esterified acceptor).

[0366] The ligation is performed again with T4 RNA
ligase and purified by length. The equation for sequence 1B
is as follows:

(SEQ ID NO: 22)
5' OHGCGGAUUUAGCUCAGUUGGGAGAGCGCCAGA 3! +

CUCU, e BP0, 3 —

(SEQ ID NO: 24)
5' OHGCGGAUUUAGCUCAGUUGGGAGAGCGCCAGACUCU,

crosslinker
APO, 3'

For sequence 1B;:
(SEQ ID NO: 23)
5' OHGGGGCUUUAGCUCAGUUGGGAGAGCGCCAGA +

CUCU cyosstimkerAPO4 3 d

(SEQ ID NO: 25)
5' OHGGGGCUUUAGCUCAGUUGGGAGAGCGCCAGACUCT,

crosslinker

APO, 3°
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Ligation of the Two Half-Molecules of the TRNA
Analog

[0367] The above product is treated with T4 polynucle-
otide kinase in two separate steps to remove the 3' phosphate
and add a 5' phosphate.

[0368] The newly prepared 5' and 3' half molecules ends
are then ligated generally following the previous protocols.
The 3' sequences corresponding to the respective 5'
sequences are as follows:

Sequence 1B: (¥ = pgeudouridine)
(SEQ ID NO: 24)
5' PO,GCGCAUVUUAGCUCAGUUGGGAGAGCGCCAGACTUCT, ppssrinker

A 3' corresponded to the 3' half:

(SEQ ID NO: 31)
5' PO, UGGAGGUCCUGUGTWCGAUCCACAGAAUUCGCACCPUr 3', 3B
and

sequence 1BL,
(SEQ ID NO: 25)
5' OHGGGGCUUUAGCUCAGUUGGGAGAGCGCCAGACUCU

erosslinker

APQ,; correspended to 3' half

(SEQ ID NO: 32)
5'P0O,UGGAGGUCCUGUGTYCGAUCCACAGAAUCUCCACCAZ ' |

[0369] The latter is recognizable by the aminoacyl tRNA
synthetase for alanine in E. coli.

[0370] The example described above can be used to make
and use the SATA, Linking tRNA, and the Nonsense Sup-
pressor tRNA.

Example 5: Placement of Crosslinkers on the
mRNA for SATA and Nonsense Suppressor tRNA

[0371] In several embodiments, the crosslinker (such as
psoralen or a non-psoralen crosslinker) is not placed on the
tRNA, but rather located on the mRNA. For example, in one
embodiment, the SATA comprises a puromycin located on
the tRNA, while the crosslinker is on the mRNA. In yet
another embodiment, the Nonsense Suppressor tRNA is
used, and this comprises a tRNA with no puromycin, with
the crosslinker being on the mRNA. Placement of the
crosslinker on the message (the mRNA) can be accom-
plished as set forth below. The relevant sequence is as
follows:

(SEQ ID NO: 26)
GGGUUAACUUUAGAAGGAGGUCGCCACCAUG GUU AAA AUG ARA AUG

AAA AUG AAA AUG U, 0BG

[0372] For convenience only, and in one embodiment, a
message with both Kozak and Shine Dalgarno sequences
that has a large number of methionine codons for *3S
labeling is used.

[0373] For 4-thiouridine, 5-bromouridine and 5-iodouri-
dine, the message can be purchased fully-made from Dhar-
macon, Inc. For aryl azides, the method recited in Demesh-
kina, N, et al., RNA 6:1727-1736, 2000, herein incorporated
by reference, can be used.

[0374] For 2-thiocytosine, 2-thiouridine, S-iodocytosine,
or 2-chloroadenosine, the modified bases can be purchased
as the 5' monophosphate nucleotide from Ambion, Inc.
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When psoralen is used as the crosslinker, the modified 5'
monophosphate nucleotide is made as above.

[0375] The modified 5' monophosphate nucleotides are
first incorporated into hexamers to facilitate purification.
The construction of uridine containing crosslinkers is shown
but in several embodiments, the other bases can be incor-
porated into both stop and pseudo stop codons using similar
techniques:

[0376] AUG+pUcrosslinker —» AUGUcrosslinker
was accomplished using a similar protocol described above,
except a preponderance of AUG was used because of the
absence of a 3' protection of the pNcrosslinker. The product
was purified by anion exchange HPLC from the excess of
AUG. Then 5' pAGbiotin 3'was added with T4 RNA ligase.
The 3' biotin was simply a convenient 3' blocking group
available form Dharmacon. The resulting AUGU___. .. -
AGy,;,,, Was again purified followed by 5' phosphorylation
and ligated to:

(SEQ ID NO: 27)
GGGUUAACUUUAGAAGGAGGUCGCCACCAUGGUUAARAUGAAARUGAAAR

UGAAA (sequence M1)

to produce
(SEQ ID NO: 28)
GGGUUAACUUUAGAAGGAGGUCGCCACCAUGGNNAAAAUGAARAUGARAR

UGARRAUGU o s rinkerPCpiorin -

[0377] The yield is high enough to obviate purification.
Accordingly, using the protocol described above, SATAs
and Nonsense Suppressor tRNAs can be made and used in
accordance with several embodiments of the present inven-
tion.

Example 6: Using tRNA Systems that Do Not
Require Puromycin

[0378] Several embodiments of the present invention pro-
vide a system and method that do not require puromycin,
puromycin analogs, or other amide linkers. In one embodi-
ment, Linking tRNA Analogs and Nonsense Suppressor
tRNAs do not require puromycin and can be made and used
according to the following example.

[0379] For systems without puromycin, a translation sys-
tem to aminoacylate the tRNA can be used. In other embodi-
ments, aminoacylation can be accomplished chemically.
One skilled in the art will understand how to chemically
aminoacylate tRNA. Where translation systems are used,
any type of translation system for aminoacylation can be
employed, such as in vitro, in vivo and in situ. In one
embodiment, am £-coli translation system is used. An E. coli
translation system is used for systems with a tRNA modified
to be recognized by the aaRS*“. In one embodiment, this is
preferable for systems without the stable acceptor (e.g. the
puromycin)

[0380] 3 mcg of each of the following mRNA’s are
translated in 40 microliters each of Promega S30 E. coli
translation mixture:

a)
(SEQ ID NO: 28)
GGGUUAACUUUAGAAGGAGGUCGCCACCAUG GUU AAA AUG AAA AUG

AAA AUG AAA AUGUcrosslinkerAGbiotin
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and

b)
(SEQ ID NO: 29)
GGGUUAACUUUAGAAGGAGGUCGCCACCAUG GUU AAA AUG AAA AUG

AAA AUG AAA AUGUAG

[0381] 3 mcg of amber suppressor tRNA manufactured as
above are added to the first. 3mcg of suppressor with
crosslinker on the anticodon are added to the second. 35S-
methionine is added to both and the mixtures are then
incubated at 37° C. for 30 minutes. The reactions are then
rapidly cooled by placement in an ice bath, transferred to a
flat Petri dish and floated in an ice bath so that the mixture
is 1.5 cm below a ~350 nm light source. They are exposed
at ~20 J/cm for 15 min.

[0382] After irradiation, the mixtures are phenol extracted
and ethanol precipitated. In this manner, systems such as the
Linking tRNA Analogs and Nonsense Suppressor tRNAs are
aminoacylated and used to connect the message (nRNA) to
its coded peptide in accordance with several embodiments of
the present invention.

Example 7: Alternative Sequences

[0383] In a preferred embodiment, Fragments 1, 2 and 3,
described above in Example 1, have the following alternate
sequences:

Fragment 1 (SEQ ID NO: 13)
[0384]

5' PO4 GCGGAUUUAGCUCAGUUGGGAGAGCGCCAGA N3-Methyl-U

3
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Fragment 2 (SEQ ID NO: 14)
[0385]

5' UCUAAGWCWGGAGG 3

Fragment 3—Unchanged from the Sequence Listed
Above (SEQ ID NO: 6)

[0386]

5' P04 UCCUGUGTWCGAUCCACAGAAUUCGCACC Puromycin 3!

[0387] Using the methods described above, the sequence
of alternative Fragments 1+2+3 was (SEQ 1D NO: 15):

5' PO4GCGCAUUUAGCUCACUUGGGAGAGCGCCACA (N3 -Methy1U) UC
UPsoralenAAGYCWGGAGGUCCUGUGTYCGAUCCACAGAAUTUCG

Puromycin 3'

[0388] For linking tRNA Analog and Nonsense Suppres-
sor tRNA, the above sequences are similar, except adenosine
is used to replace puromycin.

[0389] While a number of preferred embodiments of the
current invention and variations thereof have been described
in detail, other modifications and methods of use will be
readily apparent to those of skill in the art. For all of the
embodiments described above, the steps of the methods
need not be performed sequentially. Accordingly, it should
be understood that various applications, modifications and
substitutions may be made without departing from the spirit
of the invention or the scope of the claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 32

<210> SEQ ID NO 1

<211> LENGTH: 13

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: n is a, ¢, g, or u

<400> SEQUENCE: 1

cuagancugg agyg

«<210> SEQ ID NO 2

<211> LENGTH: 13

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (2)..(3)

13

<223> OTHER INFORMATION: bases at positions 2 and 3 are linked by

psoralen
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-continued
<220> FEATURE:
<221> NAME/KEY: modified base
<222> LOCATION: (6)..(6)
<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (6)..(6)
<223> OTHER INFORMATION: n is a, ¢, g, or u
<400> SEQUENCE: 2
cuagancugyg agy 13
<210> SEQ ID NO 3
<21l> LENGTH: 23
<212> TYPE: RNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(5)
<223> OTHER INFORMATION: n is a, ¢, g, or u
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (19)..(23)
<223> OTHER INFORMATION: n is a, ¢, g, or u
<400> SEQUENCE: 3
nnnnnecuce agaucuagnn nnn 23

<210> SEQ ID NO 4

<211> LENGTH: 23

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(5)

<223> OTHER INFORMATION: n is a, ¢, g, or u
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (16)..(17)

<223> OTHER INFORMATION: bases at 16 and 17 are linked by psoralen
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (19)..(23)

<223> OTHER INFORMATION: n is a, ¢, g, or u

<400> SEQUENCE: 4

nnnnnccuce agaucuaghn nnn 23

<210> SEQ ID NO 5

<211> LENGTH: 13

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: n is a, ¢, g, or u

<400> SEQUENCE: 5
cuagancugg agg 13
<210> SEQ ID NO 6
<211> LENGTH: 29

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
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<220> FEATURE:

<221> NAME/KEY: modified base

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: n = pseudouridine
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: n is a, ¢, g, t or u
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (29)..(29)

<223> OTHER INFORMATION: Base at position 29 is coupled to puromycin

<400> SEQUENCE: 6

uccugugtne gauccacaga auucgcacc 29

<210> SEQ ID NO 7

<21l> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2)..(3)

<223> OTHER INFORMATION: bases at 2 and 3 are linked by psoralen
<220> FEATURE:

<221> NAME/KEY: modified base

<222> LOCATION: (22)..(22)

<223> OTHER INFORMATION: n = pseudouridine

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (22)..(22)

<223> OTHER INFORMATION: n is a, ¢, g, t or u

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (42)..(42)

<223> OTHER INFORMATION: Base at position 42 is coupled to puromycin

<400> SEQUENCE: 7

cuagaycugg agguccugug tncgauccac agaauucgca cc 42

<210> SEQ ID NO 8

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

geggauuuag cucaguuggg agagcegecag acu 33

<210> SEQ ID NO 9

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (35)..(36)

<223> OTHER INFORMATION: bases at 35 and 36 are linked by psoralen
<220> FEATURE:

<221> NAME/KEY: modified base

<222> LOCATION: (39)..(39)

<223> OTHER INFORMATION: n= pseudouridine
«<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (39)..(39)

<223> OTHER INFORMATION: n is a, ¢, g, t or u
<220> FEATURE:

<221> NAME/KEY: modified base

<222> LOCATION: (55)..(55)

<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:

<221> NAME/KEY: misc_feature
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<222> LOCATION: (55)..(55)

<223> OTHER INFORMATION: n is a, ¢, g, t or u

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (75)..(75)

<223> OTHER INFORMATION: Base at position 75 is coupled to puromycin

<400> SEQUENCE: 9
gcggauuuag cucaguugdg agagegecag acucuaganc uggagguccu gugtnegauc 60

cacagaauuc gcacce 75

<210> SEQ ID NO 10

<21l> LENGTH: 32

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

gcggauuuay cucaguugdyg agagegecag ac 32

<210> SEQ ID NO 11

<211> LENGTH: 8

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: modified base

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: n is a, ¢, g, or u
<220> FEATURE:

<221> NAME/KEY: modified_base

«222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: n is a, ¢, g, or u

<400> SEQUENCE: 11

ncuaacnc 8

<210> SEQ ID NO 12

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: n is a, ¢, g, t or u
<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (35)..(35)

<223> OTHER INFORMATION: Base at position 35 is coupled to puromycin

«<400> SEQUENCE: 12

uggagguccu gugtncgauc cacagaauuc gcacce 35
<210> SEQ ID NO 13

«<211> LENGTH: 18

<212> TYPE: RNA
<213> ORGANISM: Homo sapiens
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<220> FEATURE:
<221> NAME/KEY: modified base
<222> LOCATION: (4)..(4)
<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (4)..(4)
<223> OTHER INFORMATION: n is a, ¢, g, or u
<220> FEATURE:
<221> NAME/KEY: modified base
<222> LOCATION: (11)..(11)
<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (11)..(12)
<223> OTHER INFORMATION: n is a, ¢, g, or u
<220> FEATURE:
<221> NAME/KEY: modified base
<222> LOCATION: (12)..(12)
<223> OTHER INFORMATION: n= pseudouridine
<400> SEQUENCE: 13
ceenccagag nnagaccec 18
<210> SEQ ID NO 14
<21l> LENGTH: 14
<212> TYPE: RNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: modified base
<222> LOCATION: (7)..({7)
<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (7)..(7)
<223> OTHER INFORMATION: n is a, ¢, g, or u
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (9)..(9)
<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (9)..(9)
<223> OTHER INFORMATION: n is a, ¢, g, or u
<400> SEQUENCE: 14
ucuaagncng gagg 14

<210> SEQ ID NO 15

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: modified base

«222> LOCATION: (32)..(32)

<223> OTHER INFORMATION: n = N3-Methyluridine
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (32)..(32)

<223> OTHER INFORMATION: n is a, ¢, g, t or u
<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (35)..(36)

<223> OTHER INFORMATION: bases at 35 and 36 are linked by psorlen
<220> FEATURE:

<221> NAME/KEY: modified base

«222> LOCATION: (39)..(39)

<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (39)..(39)

<223> OTHER INFORMATION: n is a, ¢, g, t or u
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<220> FEATURE:

<221> NAME/KEY: modified base

<222> LOCATION: (41)..(41)

<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (41)..(41)

<223> OTHER INFORMATION: n is a, ¢, g, t or u
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (71)..(71)

<223> OTHER INFORMATION: Base at position 72 is coupled to puromycin

<400> SEQUENCE: 15
gcggauuuay cucaguugdyg agagegecag anucuaagne nggagguccu gugtycgauc 60

cacagaauuc g 7L

<210> SEQ ID NO 16

<21l> LENGTH: 32

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

gcggauuuay cucaguugdyg agagegecag ac 32

<210> SEQ ID NO 17

<211> LENGTH: 8

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: modified base

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: n is a, ¢, g, or u
<220> FEATURE:

<221> NAME/KEY: modified_base

«222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: n is a, ¢, g, or u

<400> SEQUENCE: 17

ncuaaanc 8

<210> SEQ ID NO 18

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: n= pseudouridine
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: n is a, ¢, g, t or u
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (35)..(35)

<223> OTHER INFORMATION: Base at position 35 is coupled to puromycin

<400> SEQUENCE: 18

uggagguccu gugthcgauc cacagaauuc geacce 35
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<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 19

LENGTH: 21

TYPE: RNA

ORGANISM: Homo sapiens

FEATURE:

NAME/KEY: modified base

LOCATION: (9)..(9)

OTHER INFORMATION: n= pseudouridine
FEATURE:

NAME/KEY: misc_feature

LOCATION: (9)..(11)

OTHER INFORMATION: n is a, ¢, g, or u
FEATURE:

NAME/KEY: modified base

LOCATION: (10)..(10)

OTHER INFORMATION: n= pseudouridine
FEATURE:

NAME/KEY: modified base

LOCATION: (11)..(11)

OTHER INFORMATION: n= pseudouridine

SEQUENCE: 19

¢ceeccecgann nagaccecee ¢ 21

<210>
<21l>
<212>
<213>

<400>

SEQ ID NO 20

LENGTH: 26

TYPE: RNA

ORGANISM: Homo sapiens

SEQUENCE: 20

auauauvauau auauauvauau gggggy 26

<210>
<211l>
<212>
<213>

<400>

SEQ ID NO 21

LENGTH: 26

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 21

cccceccatat atatatatat atatat 26

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 22

LENGTH: 31

TYPE: RNA

ORGANISM: Homo sapiens

SEQUENCE: 22

geggauuuag cucaguuggg agagcegecag a 31

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 23

LENGTH: 31

TYPE: RNA

ORGANISM: Homo sapiens

SEQUENCE: 23

ggggcuuuag cucaguuggg agagcgecag a 31

<210>
<211>
<212>
<213>
<220>
<221>
<222>
«223>

SEQ ID NO 24

LENGTH: 36

TYPE: RNA

ORGANISM: Homo sapiens

FEATURE:

NAME/KEY: misc_feature

LOCATION: (35)..(36)

OTHER INFORMATION: bases at 35 and 36 are joined by a crosslinker
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<400> SEQUENCE: 24

gcggauuuag cucaguugdg agagegecag acucua 36

<210> SEQ ID NO 25

<211l> LENGTH: 36

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (35)..(36)

<223> OTHER INFORMATION: bases at 35 and 36 are joined by a crosslinker

<400> SEQUENCE: 25

ggggcuuuay cucaguugdyg agagcegecag acucua 36

<210> SEQ ID NO 26

<21l> LENGTH: 61

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (59)..(60)

<223> OTHER INFORMATION: bases at 59 and 60 are joined by a crosslinker

<400> SEQUENCE: 26
ggguuaacuu uagaaggagg ucgccaccau gguuaaaaug aaaaugaaaa ugaaaaugua 60

g 6l

<210> SEQ ID NO 27

<211> LENGTH: 55

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 27

ggguuaacuu uagaaggagg ucgccaccau gguuaaaaug aaaaugaaaa ugaaa 55

<210> SEQ ID NO 28

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (59)..(60)

<223> OTHER INFORMATION: bases at 59 and 60 are joined by a crosslinker
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (61)..(61)

<223> OTHER INFORMATION: base at 60 comprises a biotin label

<400> SEQUENCE: 28

ggguuaacuu uagaaggagg ucgccaccau gguuaaaaug aaaaugaaaa ugaaaaugua 60
g 61
«210> SEQ ID NO 29

«211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 29

ggguuaacuu uagaaggagg ucgccaccau gguuaaaaug aaaaugaaaa ugaaaaugua 60

g 6l



US 2019/0231870 A1l

44

-continued

Aug. 1,2019

<210>
<211>
<212>
<213>
<220>
<221>
<222>
«223>
<220>
<221>
<222>
«223>
<220>
<221>
<222>
«223>
<220>
<221>
<222>
«223>

<400>

SEQ ID NO 30

LENGTH: 21

TYPE: RNA

ORGANISM: Homo sapiens

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1) ..(6)

OTHER INFORMATION: n is a, ¢, g, or
FEATURE:

NAME/KEY: modified base

LOCATION: (9).. (11

OTHER INFORMATION: n= pseudouridine
FEATURE:

NAME/KEY: misc_feature

LOCATION: (9).. (11

OTHER INFORMATION: n is a, ¢, g, or
FEATURE:

NAME/KEY: misc_feature

LOCATION: (15)..(21)

OTHER INFORMATION: n is a, ¢, g, or

SEQUENCE: 30

nnnnnngann nagannnnnn n

<210>
«211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 31

LENGTH: 35

TYPE: DNA

ORGANISM: Homo sapiens
FEATURE:

NAME/KEY: modified_base
LOCATION: (15)..(15)
OTHER INFORMATION: n= pseudouridine
FEATURE:

NAME/KEY: misc_feature
LOCATION: (15)..(15)

OTHER INFORMATION: n is a, ¢, g, t or u

FEATURE:
NAME/KEY: misc_feature
LOCATION: (35)..(35)

OTHER INFORMATION: Base at position 35 is coupled to puromycin

SEQUENCE: 31

uggagguccu gugtncgauc cacagaauuc gcacce

<210>
<211>
<212>
<213>
<220>
<221>
«222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 32

LENGTH: 36

TYPE: DNA

ORGANISM: Homo sapiens
FEATURE:

NAME/KEY: modified base
LOCATION: (15)..(15)
OTHER INFORMATION: n= pseudouridine
FEATURE:

NAME/KEY: misc_feature
LOCATION: (15)..(15)

OTHER INFORMATION: n is a, ¢, g, t or u

SEQUENCE: 32

uggagguccu gugtncgauc cacagaaucu ccacca

21

35

36
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1.-18. (canceled)

19. A system for making targeted therapeutics, the system
comprising:

a first protein-mRNA cognate pair comprising a first
mRNA sequence linked to a first protein by a first stable
aminoacyl tRNA analog (SATA), the first protein
encoded by the first mRNA sequence, the first protein
capable of specifically interacting with an agent of
interest; and

a second protein-mRNA cognate pair comprising a second
mRNA sequence linked to and a second protein by a
second SATA, the second protein encoded by the
second mRNA and capable of binding human IgG,

wherein each one of the first and second SATA is modified
with a puromycin moiety such that the each one of the
first and second SATA mimics an aminoacyl-Tyr tRNA.

20. The system of claim 19, further comprising a fused
protein comprising said first protein linked with said second
protein.

21. The system of claim 20, wherein a first portion of said
fused protein is capable of interacting with said agent of
interest and a second portion of said fused protein is capable
of binding human IgG.

22. The system of claim 19, wherein said agent of interest
targets one or more of the blood, blood vessels, nervous
tissue, muscle tissue, and one or more ion channels.

23. The system of claim 19, wherein said agent of interest
induces muscle paralysis, or prevents blood clotting, or
induces increased gastrointestinal water secretion.

24. The system of claim 21, wherein said second portion
is a non-antibody protein.

25. The system of claim 19, wherein said second portion
is capable of binding to the heavy chain of an antibody.

26. The system of claim 25, wherein said second portion
is capable of binding to the constant region of the heavy
chain of said antibody.

27. The system of claim 25, wherein said second portion
is capable of binding to the CHI region of the heavy chain.

28. The system of claim 19, wherein wherein agent of
interest is selected from the group consisting of animal
toxins, insect toxins, plant toxins, algae-derived toxins,
fungi-derived toxins, bacterial-derived toxins, biowarfare
agents, and biopathway modulators.

29. A system for making targeted therapeutics, the system
comprising:

a first protein-mRNA cognate pair comprising a first
mRNA sequence linked to a first protein by a first
linker, the first protein encoded by the first mRNA
sequence, the first protein capable of specifically inter-
acting with an agent of interest; and
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a second protein-mRNA cognate pair comprising a second
mRNA sequence linked to and a second protein by a
second linker, the second protein encoded by the sec-
ond mRNA and capable of binding human IgG,

wherein each one of the first and second linker is selected
from the group consisting of: a stable aminoacyl tRNA
analog (SATA) modified with a psoralen moiety mono-
adducted to an anticodon of the SATA, an aryl azide, an
analogue of aryl azides, a pseudouridine, a puromycin
moiety, and SEQ ID NO: 6.

30. The system of claim 29, further comprising a fused
protein comprising said first protein linked with said second
protein.

31. The system of claim 30, wherein a first portion of said
fused protein is capable of interacting with said agent of
interest and a second portion of said fused protein is capable
of binding human IgG.

32. The system of claim 31, wherein said second portion
is a non-antibody protein.

33. The system of claim 29, wherein said agent of interest
targets one or more of blood, a blood vessel, a tissue of a
nervous system, a muscle tissue, or one or more ion chan-
nels.

34. The system of claim 29, wherein said agent of interest
induces muscle paralysis, or prevents blood clotting, or
induces increased gastrointestinal water secretion.

35. The system of claim 29, wherein wherein agent of
interest is selected from the group consisting of animal
toxins, insect toxins, plant toxins, algae-derived toxins,
fungi-derived toxins, bacterial-derived toxins, biowarfare
agents, and biopathway modulators.

36. The system of claim 29, wherein said second portion
is capable of binding to the heavy chain of an antibody.

37. The system of claim 36, wherein said second portion
is capable of binding to the constant region of the heavy
chain of said antibody.

38. A method for treating a subject that has been exposed
to a soluble agent, comprising:

identifying a subject who has been exposed to a soluble
agent; and

administering to said subject a targeted therapeutic gen-
erated using the system of claim 11,

wherein said targeted therapeutic is generated to interact
with said soluble agent,

wherein the binding of said targeted therapeutic with the
soluble agent inactivates the soluble agent by prevent-
ing the soluble agent from binding to a receptor or an
active site.
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