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Tripartite systems for protein dimerization and methods of use

This application claims priority from U.S. Provisional Application No. 62/874,025, filed 15 July 2019, the

contents and elements of which are herein incorporated by reference for all purposes.

Field

The present disclosure relates to compositions and methods that permit the controlled interaction of
polypeptides to which a target protein and binding members are fused to. The compositions and methods
make use of a target protein that binds to a small molecule to form a complex and a binding member that
specifically binds the complex, wherein the target protein is derived from a non-human protein and the
small molecule is an inhibitor of the non-human protein. The non-human protein may be derived from a
bacterial, viral, fungal or protozoal protein. The non-human protein may be derived from a viral protease
and the small molecule is a viral protease inhibitor. The present disclosure also relates to dimerization-
inducible proteins, such as split transcription factors and split chimeric antigen receptors, that contain the
target protein and binding member. The methods and compositions described herein find application, for
example, in cell and gene therapy methods that involve the controlled expression and/or activation of
proteins.

Background

Protein-protein interactions (PPIs) represent a universal regulatory mechanism that controls multiple
biological functions. For example, gene transcription, protein folding, protein localisation, protein
degradation, and signal transduction all rely on the interaction or proximity of one protein to another, or
indeed several others. By temporally controlling protein-protein interactions, researchers can readily
monitor the functional consequences of a PPI, enabling the dissection of complex biological mechanisms.
Furthermore, the ability to control biological functions are being utilised in cell and gene therapy to control

therapeutic activity, enabling safer and more personalised therapies.

A commonly used technique for controlling protein-protein interactions is to use so-called chemical
inducers of dimerization (CID), small molecules that bring together two proteins that do not interact in the
absence of the CID, to form a tripartite ternary complex (Stanton, Chory, and Crabtree 2018). The most
widely used CID is rapamycin (an immunosuppressive drug derived from Streptomyces hygroscopicus)
and analogues thereof, that forms a heterodimeric complex with the proteins FKBP12 (12-kDa FK506-
binding protein) and FRB (a domain from mTOR (mammalian target of rapamycin)) (Sabers et al. 1995).
An attractive feature of rapamycin, along with other naturally-occurring CIDs, such as the plant hormones
S-(+)-abscisic acid (ABA) and gibberellin (GA3-AM), is its co-operative binding mechanism whereby
protein 2 can only bind to the protein 1:CID complex ((Banaszynski, Liu, and Wandless 2005). De novo
CIDs have also been generated through the chemical linkage of two small molecules that bind the same,

or different proteins, with these proteins constituting the dimerization protein pair (Belshaw, Ho, et al.
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1996; Belshaw, Spencer, et al. 1996). In these systems however, at high concentrations of the bi-
functional CID, non-productive complexes between one protein partner and the CID out-compete the

production of tripartite complexes, meaning that a linear dose-response cannot be achieved.

As such, there is a growing urgency for new co-operative binding CID systems that can be used to
regulate cellular function and to expand the number of orthogonal systems that can be used in complex
genetic circuits. Furthermore, there are very few CIDs that have been approved for chronic human use.
Recently, a method to generate de novo CID systems (AbCIDs) using antibody-based phage display
selection methods was described (Hill et al. 2018). The CID used in that study was ABT-737, a Bcl-2 and
Bcl-xL inhibitor, and Bcl-xL itself was employed as one of the protein partners. The second protein was
then selected from a phage display library of single chain Fab (scFab) molecules to be selective for the

Bcel-xL:ABT-737 complex over Bcl-xL alone.

The approach described in Hill et al. 2018 and WO 2018/213848 A1 of identifying complex-specific
molecules by utilising existing small molecules and their targets is an attractive one, however, the
overexpression of certain human proteins (e.g. the anti-apoptotic Bcl-xL protein) and use of small
molecules that bind to human targets within the body is not without its risks. For example,
overexpression of a functional human protein will have consequences for the cells in which it is
expressed, which could impact cell health and viability. Additionally, the use of small molecules whose
targets are expressed in the body, can result in an increased dose requirement due to the competition of
binding of the small molecule to the endogenous target and the overexpressed target. Moreover, the
binding of the small molecule to the endogenous target will affect the function of that protein that may be

detrimental to the cells in which the target is expressed.

Summary

Disclosed herein is an approach aimed to overcome the limitations of the AbCID system as described by
Hill et al. Firstly, the small molecules described herein are those that have already been approved for
human use, to facilitate a smoother path to regulatory approval. Secondly, and importantly, rather than
identifying small molecules with human targets, the inventors recognised that there were advantages
associated with selecting small molecules that bind to non-human proteins, in particular viral proteins.
For example, the use of a small molecule that does not have a human target is expected to improve
safety when used in humans. It was also reasoned that the use of viral, bacterial, fungal or protozoal
target proteins would remove the risk of an endogenous small molecule “sink” when used in a human,
where the small molecule binds to endogenous targets in the human in addition to binding to the target
protein. Furthermore, the expression of a viral, bacterial, fungal or protozoal protein within human cells is
less likely to impact the cellular physiology of the cell than a human protein, that has endogenous

function, would.

Antivirals have been approved that bind to and inhibit various viral proteins including viral polymerases,

integrases, transcriptases and proteases. The present inventors recognised that target proteins derived
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from viral proteases in particular would be beneficial as these proteases are cytoplasmically located, are

smaller, and consist of discrete domains.
Thus, the present disclosure provides one or more expression vectors comprising:

)] a first expression cassette encoding a target protein, wherein the target protein is
capable of binding to a small molecule in order to form a complex between the target protein and

small molecule (T-SM complex); and

i) a second expression cassette encoding a binding member, wherein the binding member

binds to the T-SM complex with a higher affinity than the binding members binds to both the

target protein alone and the small molecule alone,
wherein the target protein is derived from a non-human protein and the small molecule is an inhibitor of
the non-human protein. In one embodiment, the non-human protein is derived from a viral protein and
the small molecule is an inhibitor of the viral protein. In one embodiment, the non-human protein is
derived from a viral protease and the small molecule is a viral protease inhibitor. In one embodiment, the
non-human protein is derived from a bacterial protein and the small molecule is an inhibitor of the
bacterial protein. In one embodiment, the non-human protein is derived from a fungal protein and the
small molecule is an inhibitor of the fungal protein. In one embodiment, the non-human protein is derived

from a protozoal protein and the small molecule is an inhibitor of the protozoal protein.

As demonstrated herein, binding of the binding member to the T-SM complex forms a tripartite complex
made up of the binding member, target protein and small molecule and the formation of this tripartite
complex can be controlled by the presence of the small molecule. The controlled formation of the
tripartite complex is useful as, for example, it permits the controlled interaction of polypeptides to which

the target protein and binding member are fused to.
The present disclosure also provides a system comprising:

)] a target protein, wherein the target protein is capable of binding to a small molecule in

order to form a complex between the target protein and small molecule (T-SM complex); and

i) a binding member, wherein the binding member specifically binds to the T-SM complex
such that the binding member binds the T-SM complex at a higher affinity than it binds to both the

target protein alone and the small molecule alone,

wherein the target protein is derived from a non-human protein and the small molecule is an
inhibitor of the non-human protein. In one embodiment, the non-human protein is derived from a viral
protein and the small molecule is an inhibitor of the viral protein. In one embodiment, the non-human
protein is derived from a viral protease and the small molecule is a viral protease inhibitor. In one
embodiment, the non-human protein is derived from a bacterial protein and the small molecule is an
inhibitor of the bacterial protein. In one embodiment, the non-human protein is derived from a fungal
protein and the small molecule is an inhibitor of the fungal protein. In one embodiment, the non-human

protein is derived from a protozoal protein and the small molecule is an inhibitor of the protozoal protein.
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In some embodiments, the viral protease is an HCV NS3/4A protease or HIV protease. These proteases
are known to be targeted by several approved small molecules that are known to be generally well
tolerated in humans and suitable for chronic dosing and therefore represent suitable target proteins for

use herein.

In some embodiments, the viral protease is an HCV NS3/4A protease such as the protease having the
amino acid sequence of SEQ ID NO: 1. The HCV NS3/4A protease is a small, monomeric protein that
can be expressed cytoplasmically and has a limited number of endogenous human targets, therefore

making it an ideal target protein.

In some embodiments, the small molecule is selected from the group consisting of simeprevir,
asunaprevir, vaniprevir, boceprevir, narlaprevir, and telaprevir. All these small molecules are approved
for treatment in humans. In some embodiments, the small molecule is selected from the group consisting
of simeprevir, boceprevir, and telaprevir. These small molecules are approved for treatment in humans

and are generally well tolerated in humans.

In some embodiments, the small molecule is simeprevir. Simeprevir (Olysio®) is a small molecule that is
administered orally, is cell-permeable, and has a pharmacokinetics (PK) profile that supports once-daily
dosing. It has been used chronically (up to 39 months) to treat HCV infection in combination with ribavirin
and pegylated interferon, and is on the WHO essential medicines list, indicative of a well-tolerated and

widely administered drug.

The inventors made the realisation that any potential off-target activity caused by overexpression of the
viral protease could be mitigated by using target proteins that have attenuated viral activity compared to
the viral protease from which it is derived. Thus, in some embodiments the target protein has attenuated

viral activity compared to the viral protease from which it is derived.

For example, the target protein may contain one or more amino acid mutations compared to the viral
protease from which it is derived. In particular embodiments where the viral protease is an HCV NS3/4A
protease, the target protein may have an amino acid mutation at one or more amino acids selected from
positions 72, 96, 112, 114, 154, 160 and 164, wherein the amino acid numbering corresponds to SEQ ID
NO: 1. For example, the target protein may have an amino acid mutation at position 154, such as a
mutation to alanine, wherein the amino acid numbering corresponds to SEQ ID NO: 1. As described
below, positions 72, 96, 112, 114, 154, 160 and 164 of SEQ ID NO: 1 correspond to positions 57, 81, 97,
99, 139, 145 and 149, respectively, of the full length NS3 protein set forth in SEQ ID NO: 199. The
examples refer to amino acid positions according to the amino acid numbering of the full length NS3
protein. For example, reference to a 'S139A’ mutation in the examples corresponds to a ‘S154A’

mutation where the amino acid numbering corresponds to SEQ ID NO:1.

In some cases, it may be desirable that a competing small molecule is able to bind the target protein in
the T-SM complex such that the competing small molecule is capable of displacing the small molecule in
the T-SM complex, where the second small molecule is different to the small molecule in the T-SM

complex. In this way, the second small molecule can decrease the half-life of the tripartite complex
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formed between the binding member, the target protein and the small molecule. This may be desirable,
for example, in situations where it is considered useful to use the second small molecule to speed up
dissociation of the tripartite complex, e.g. in order to rapidly inhibit activity of a dimerization-inducible

protein activated by formation of the tripartite complex.

As demonstrated herein, simeprevir binds the target protein HCV NS3/4A protease (S139A) (SEQ ID NO:
2) with a very high affinity such that other small molecules that bind the target protein are unable to
displace simeprevir from the T-SM complex. The inventors determined that certain affinity reducing
mutations could be introduced in the target protein that reduce the affinity of simeprevir for the HCV
NS3/4A protease and allow other small molecules to “compete” with simeprevir and disrupt the tripartite
complex formed. Thus, in some embodiments where the viral protease is an HCV NS3/4A protease and
the small molecule is simeprevir, the target protein may comprise an affinity reducing amino acid
substitution at one or more amino acids selected from positions 151 and 183, wherein the amino acid
numbering corresponds to SEQ ID NO: 1. In some embodiments, the affinity reducing amino acid
mutation at position 151 is a mutation to aspartic acid, asparagine or histidine (e.g. aspartic acid or
asparagine) and the affinity reducing mutation at position 183 is to glutamic acid, glutamine or alanine
(e.g. glutamic acid). The target protein may comprise the affinity reducing amino acid mutation in addition
to other mutations described herein, such as the amino acid mutation at one or more amino acids
selected from positions 72, 96, 112, 114, 154, 160 and 164.

In some embodiments the binding member is an antibody molecule, such as a single-chain variable
fragment (scFv), or an antibody mimetic, such as a Tn3 protein. In particular embodiments, the binding
member is a Tn3 protein or an scFv, such as the Tn3 proteins and scFvs defined herein. Compared to
the single chain Fabs (scFabs) used in the system described by Hill et al., both Tn3 proteins and scFvs
are smaller in size. This may be advantageous, for example where the expression cassettes are being
delivered by expression vectors that are limited in coding capacity such as viral vectors. Described
herein is the development and use of particular Tn3 proteins and scFvs that bind to a complex between
HCV NS3/4A protease and simeprevir, which are demonstrated to function as binding members in the
context of the present disclosure. These Tn3 proteins and scFvs are termed HCV NS3/4A PR:simeprevir

complex-specific binding (PRSIM) molecules.

It was realised that the approach described herein could be used where the target protein and binding
member are individually fused to polypeptides (termed “component polypeptides”). In particular, it was
realised that the approach could be implemented to control the activity of proteins that require
dimerization or clustering to drive their activity. Such proteins are termed herein as “dimerization-
inducible proteins” and include “split proteins”, “dimerization-deficient proteins” and “split complexes”.
Split proteins comprise single proteins that can be segregated or split into two or more domains,
rendering the component parts non-functional or minimally active; function or activity can be initiated or

restored, however, when the separated component polypeptides are brought into close proximity.
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Examples include split fluorescent proteins (e.g. split GFP), split luciferases (e.g. NanoBiT) and split
kinases. A further example describes a split transcription factor, whereby the distinct DNA binding (DBD)
and activation domains (AD) are separated such that the individual transcription factor domains alone
cannot initiate transcription. Only when the two domains are brought into close proximity are they able to
reconstitute the transcriptional activation of relevant genes (i.e. they form a functional “transcription
factor”). Dimerization-deficient proteins are proteins that require dimerization for activity, but their
endogenous dimerization capacity has been disabled e.g. via mutation or removal of the dimerization
domain(s). One such example is the iCasp9 molecule, a caspase 9 protein that has had its dimerization
(CARD) domain removed. Split complexes denote either single proteins or 2 or more different proteins
that are not optimally functional or function differently, until they are brought into close proximity or
“clustered”. Once such example is the split chimeric antigen receptor (CAR). Here, specific intracellular
domains of the CAR that are responsible for the activation of cell signalling are physically separated such
that full cellular activation is prevented. Once the domains are brought into close proximity, cell signalling

is activated (i.e. they form a fully functional CAR).

Thus, in some embodiments the target protein is fused to a first component polypeptide and the binding
member is fused to a second component polypeptide. In preferred embodiments, the one or more
expression vectors encode a dimerization-inducible protein, such as a split transcription factor or a split
CAR.

In one embodiment: (1) the first component polypeptide comprises a DNA binding domain and is fused to
the target protein to form a DBD-T (DBD-target protein) fusion protein; and the second component
polypeptide comprises a transcriptional regulatory domain and is fused to the binding member to form a
TRD-BM (transcriptional regulatory domain-binding molecule) fusion protein, or (2) the first component
polypeptide comprises a transcriptional regulatory domain and is fused to the target protein to form a
TRD-T fusion protein; and the second component polypeptide comprises a DNA binding domain and is
fused to the binding member to form a DBD-BM fusion protein, wherein the first and second component

polypeptide form a transcription factor upon dimerization.

In another embodiment, the first component polypeptide comprises a first co-stimulatory domain and is
fused to the target protein; and the second component polypeptide comprises an intracellular signalling
domain is fused to the binding member. The first component polypeptide may further comprise an
antigen-specific recognition domain and a transmembrane domain; and the second component
polypeptide further comprises a transmembrane domain and a second co-stimulatory domain, wherein

the first and second component polypeptide form a chimeric antigen receptor (CAR) upon dimerization.

Alternatively, the first component polypeptide comprises an intracellular signalling domain and is fused to
the target protein and the second component polypeptide comprises a first co-stimulatory domain and is
fused to the binding member. The first component polypeptide further comprises a transmembrane

domain and a second co-stimulatory domain; and the second component polypeptide further comprises
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an antigen-specific recognition domain and a transmembrane domain, and wherein the first and second

component polypeptide form a chimeric antigen receptor (CAR) upon dimerization.

In another embodiment, the first component polypeptide comprises a first caspase component; and the
second component polypeptide comprises a second caspase component, and the first and second

component polypeptides form a caspase upon dimerization.
In some embodiments the one or more expression vector is a viral vector, such as an AAV vector.

The present disclosure also provides an in vitro method of making viral particles comprising transfecting
host cells with the viral vector(s) defined herein and expressing viral proteins necessary for viral particle
formation in the host cells; culturing the transfected cells in a culture medium, such that the cells produce

viral particles.
The present disclosure also provides one or more viral particles comprising

)] a first expression cassette encoding a target protein, wherein the target protein is
capable of binding to a small molecule in order to form a complex between the target protein and

the small molecule (T-SM complex); and

i) a second expression cassette encoding a binding member, wherein the binding member
specifically binds to the T-SM complex such that the binding member binds the T-SM complex at

a higher affinity than it binds both the target protein alone and the small molecule alone,

wherein the target protein is derived from a non-human protein and the small molecule is an inhibitor of
the non-human protein, and wherein the first and second expression cassettes form part of a viral
genome in the one or more viral particles. In one embodiment, the non-human protein is derived from a
viral protein and the small molecule is an inhibitor of the viral protein. In one embodiment, the non-human
protein is derived from a viral protease and the small molecule is a viral protease inhibitor. In another

embodiment, the non-human protein is derived from a bacterial, fungal or protozoal protein.

The expression cassettes, target protein, small molecule, binding member in the one or more viral
particles may be as further described herein. The target protein and binding member may be fused to a
first and second component polypeptide, respectively, (e.g. for encoding a dimerization-inducible protein)

as further described herein.
The viral particle may be an AAV particle.

In one aspect the present disclosure provides a binding member that specifically binds to a complex
between i) a target protein derived from a non-human protein and ii) a small molecule that is an inhibitor
of the non-human protein, wherein the binding member binds the complex at a higher affinity than it binds
both the target protein alone and the small molecule alone. In one embodiment, the non-human protein is
derived from a viral protein and the small molecule is an inhibitor of the viral protein. In one embodiment,
the non-human protein is derived from a viral protease and the small molecule is a viral protease inhibitor.

In another embodiment, the non-human protein is derived from a bacterial, fungal or protozoal protein.
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As described herein, such complex-specific binding members are useful as a way of controlling formation
of a tripartite complex between the binding member, target protein and small molecule in a manner that

overcomes the drawbacks of the binding molecules described by Hill et al.

In another aspect, the present disclosure provides dimerization-inducible proteins comprising the target
proteins and binding members, as defined herein. The dimerization-inducible proteins may be a split

transcription factor, a split CAR or a split caspase protein, for example.

In one aspect, the present disclosure provides cells, e.g. allogeneic or autologous cells, including stem
cells, induced pluripotent stem (iPS) cells or immune cells, comprising one or more of the expression
cassettes, expression vectors, binding members, target proteins or dimerization inducible proteins defined
herein. The cells may express the binding member, target protein or dimerization-inducible protein
described herein. The present disclosure also provides methods of genetically modifying a cell to
produce cells expressing the binding member or dimerization inducible protein described herein, the
method comprising administering expression vectors to the cell. This method may be carried out in vifro

or ex vivo.

It was additionally recognised that the approach described herein where the target protein and binding
member are fused to component polypeptides of a split transcription factor could have uses in gene
therapy methods that involve regulating the expression of a desired expression product (e.g. a desired

polypeptide) in a cell.

Thus, in one aspect the present disclosure provides a method of regulating the expression of a desired
expression product in a cell, comprising:
)] expressing the dimerization-inducible protein defined herein in the cell, wherein the first
and second component polypeptides form a transcription factor upon dimerization, and wherein
the DNA binding domain binds to a target sequence in the cell such that the transcription factor is
capable of regulating expression of the desired expression product in the cell; and
i) administering the small molecule to the cell in order to regulate expression of the desired

expression product.

In some embodiments of the method, the DNA binding domain target sequence is located in a promoter

that is operably linked to a coding sequence for the desired expression product.

The method may involve delivery of the expression cassettes encoding the dimerization-inducible protein

to control expression of a desired expression product that is also delivered exogenously to the cell.

Thus, in some embodiments, the method comprises administering a third expression cassette to a cell,
wherein the third expression cassette encodes the desired expression product, and wherein the third

expression cassette comprises the target sequence of the DNA binding domain.

Alternatively, the method may involve delivery of the expression cassettes encoding the dimerization-
inducible protein to control expression of a desired expression product that is already present as part of

the genome of the cell (i.e. an endogenous desired expression product).
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Thus, in other embodiments of the method, the target sequence is located in the genome of the cell.

Furthermore, it was recognised that the approach described herein could have use in methods of cellular
therapy. Such methods typically involve taking cells from an individual (autologous cells), modifying the
cells ex vivo to express a particular protein, e.g. a dimerization-inducible protein, and administered back

into the individual.
Thus, in another aspect the present disclosure provides a method of treatment, the method comprising:

)] administering the cell comprising the expression cassettes encoding the dimerization-

inducible protein as defined herein to an individual in need thereof; and
i) administering the small molecule to the individual.

In one aspect, the present disclosure provides nucleic acids encoding the binding members, target

proteins and dimerization-inducible proteins as defined herein.
In one aspect the present disclosure provides kits, as defined herein.

It was additionally recognised that it would be possible to make use of an additional small molecule
(termed herein as a “competing small molecule”) to induce disassembly of a tripartite complex formed
between the binding member, target protein and small molecule. This may be useful, for example, where
it is desirable to rapidly inactivate a chemical inducer of dimerization (CID) disclosed herein, such as in
order to turn off transgene expression or therapeutic activity association with activity of a dimerization-

inducible protein.

This, in another aspect the present disclosure provides a method of inducing disassembly of a tripartite
complex, the method comprising administering a competing small molecule to a cell comprising the

tripartite complex,

wherein the tripartite complex is formed between a binding member and a complex formed of a target
protein and a small molecule (T-SM complex), wherein the binding member binds the T-SM complex at a

higher affinity than it binds both the target protein alone and the small molecule alone, and

wherein the competing small molecule is capable of binding the target protein in the T-SM complex and

displacing the small molecule from the T-SM complex.

Methods of determining whether the competing small molecule is capable of binding to the target protein
in the T-SM complex and displacing the small molecule from the T-SM complex include assays where a
pre-formed tripartiate complex is generated and the ability of the binding member to bind the T-SM
complex is measured (e.g. by a homogeneous time-resolved florescence (HTFR) binding assay) as
increasing concentrations of the competing small molecule are added. A competing small molecule may
be capable to displaying the small molecule from the T-SM complex if it is capable of inhibiting binding of
inhibiting the binding member from binding the T-SM complex by at least 50%, by at least 75%, by at
least 80%, by at least 85%, by at least 90%, or by at least 95% when measured using the HTFR binding

assay. In some embodiments, the competing small molecule is asunaprevir, paritaprevir, vaniprevir,
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grazoprevir, danoprevir or glecaprevir. The binding member, target protein and small molecule using in

the method may be as further defined herein in relation to other aspects of the disclosure.

In particular embodiments, the target protein may be derived from an HCV NS3/4A protease and the
small molecule in the T-SM complex may be simprevir and, optionally, the binding member may be
PRSIM_23. For example, the target protein may have an amino acid sequence having at least 90%
identity to SEQ ID NO: 1. As demonstrated herein, simeprevir binds the target protein HCV NS3/4A
protease (S139A) (SEQ ID NO: 2) with a very high affinity such that other small molecules that bind the
target protein are unable to displace simeprevir from the T-SM complex. As further demonstrated herein,
it is possible to introduce mutations in the HCV NS3/4A protease that reduce affinity for simeprevir to the
HCV NS3/4A protease and allow for a competing small molecule to disrupt the tripartite complex formed
between the HCV NS3/4A protease, simeprevir and the binding member PRSIM_23

Accordingly, in embodiments where target protein is derived from an HCV NS3/4A protease and the small
molecule is simeprevir, the target protein may have an affinity reducing amino acid mutation (e.g.
substitution) at one or more amino acids selected from positions 151 and 183, wherein the amino acid
numbering corresponds to SEQ ID NO: 1. In some embodiments, the affinity reducing amino acid
mutation at position 151 is a mutation to aspartic acid, asparagine or histidine, and the affinity reducing
mutation at position 183 is to glutamic acid, glutamine or alanine. In some embodiments, the affinity
reducing amino acid mutation at position 151 is a mutation to aspartic acid or asparagine and the affinity
reducing mutation at position 183 is to glutamic acid. The target protein may comprise the affinity
reducing amino acid mutation in addition to another amino acid mutation described herein (e.g. in addition

to the amino acid mutation at position 154, such as to an alanine).

The present disclosure includes the combination of the aspects and preferred features described except

where such a combination is clearly impermissible or expressly avoided.

Summary of the Figures

Embodiments and experiments illustrating the principles of the present disclosure will now be discussed

with reference to the accompanying figures in which:

FIG. 1 shows a schematic of the three components of the exemplary PRSIM-based chemical inducer of
dimerization (CID). A represents the target protein (e.g. the exemplified HCV NS3/4A PR (S139A)
mutant), B represents the small molecule (e.g. the exemplified simeprevir), and C represents the binding
member (e.g. an scFv or Tn3 that is specific for the complex of simeprevir and HCV NS3/4A PR
(S139A)).

FIG. 2 depicts the three-dimensional structure of simeprevir in complex with HCV NS3/4A PR (PDB code:
3KEE; 2.4 A) and illustrates the shallow binding site of HCV NS3/4A PR and large surface-exposed area

of simeprevir.
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FIG. 3A shows an SDS-PAGE gel of recombinant WT and S139A HCV NS3/4A PR. The S139A HCV
NS3/4A PR comprises a serine to alanine mutation at a position that corresponds to amino acid position
139 of the full length NS3 protein (SEQ ID NO: 199). The position of this serine to alanine mutation
corresponds to position 154 of the HCV NS3/4A protease provided here as SEQ ID NO: 1.

FIG. 3B illustrates the minimal activity of the S139A mutant of HCV NS3/4A PR, compared to its WT

counterpart in a peptide cleavage assay.

FIG. 3C shows isothermal calorimetry data that demonstrates an equivalent affinity of simeprevir for the
WT and S139A versions of HCV NS3/4A PR.

FIG. 4A shows the selection strategy that was adopted to isolate HCV NS3/4A PR (S139A):simeprevir-

selective binding molecules (PRSIMS).

FIG. 4B shows the outputs from different rounds of selection for three different libraries as represented by
the fold-change in ELISA signal in the presence of simeprevir, compared to the binding signal obtained in
the presence of HCV NS3/4A PR (S139A) alone.

FIG. 5 shows a schematic of the homogeneous time-resolved fluorescence (HTRF) assay employed to
measure the binding of PRSIM molecules to HCV NS3/4A PR (S139A) alone or in complex with

simeprevir.

FIG. 6 shows the HTRF data obtained with a panel of PRSIM molecules that demonstrate HCV NS3/4A
PR (8139A):simeprevir-selective binding. The top row is in the presence of simeprevir and the bottom

row is in the absence of simeprevir.

FIGS. 7A-B show BlAcore-derived affinity data for HCV NS3/4A PR (S139A) binding to FIG. 7A:
PRSIM_57 and FIG. 7B: PRSIM_23 in the presence of simeprevir (left) and no significant binding in the
absence of simeprevir (middle). BSA in the presence of simeprevir was used as a control (right). Grey
curves represent measured data points and dashed black lines represent the global-fit lines used for

analysis.

FIG. 7C shows a titration curve for the induction of HCV NS3/4A PR (S139A)/ PRSIM_57 (left; EC50 =
4.57 nM) or HCV NS3/4A PR (S139A)/ PRSIM_23 (right; EC50 = 4.03 nM) heterodimerisation by
simeprevir. & = 40 nM HCV NS3/4A PR (S139A) + 0 nM simeprevir.

FIG. 8 shows a schematic (left) of the nanoBiT system (Promega) that was used to identify PRSIM
molecules capable of reconstituting the function of nanoLuc by bringing the LgBiT and SmBIT domains
into close proximity. The different orientations of LgBiT- and SmBiT-fusion proteins generated and tested

are also depicted (right).

FIG. 9 shows the data obtained from the nanoBiT screen where the fold-change luminescence signal in
the presence of simeprevir over the signal in the absence of simeprevir is depicted and demonstrates that

several of the PRSIM binding molecules are capable of reconstituting nanoLuc activity.
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FIG. 10 depicts the components of the two plasmids used in transient transfections to measure the ability
of simeprevir to reconstitute a split transcription factor, and activate transcription of a luciferase reporter
gene, when the component parts are fused to HCV NS3/4A PR (S139A) and different PRSIM molecules.

FIGS. 11A-B show the dose-response data obtained from the split transcription factor assay for Tn3-
based PRSIM molecules (FIG. 11A), and scFv-based PRSIM molecules (FIG. 11B). Several of the
PRSIM molecules tested enable dose-dependent activation of transcription of the luciferase reporter

gene.

FIG. 12A show the dose-response data obtained from the split transcription factor assay for PRSIM_23
and PRSIM_57 compared to the rapamycin-inducible FRB:FKBP12 positive control, whereby superior

fold-change and EC50 values were obtained.

FIG. 12B show the data obtained from the split transcription factor assay for PRSIM_23 and PRSIM_57
compared to the rapamycin-inducible FRB:FKBP12 positive control, in the absence of simeprevir or
rapamycin, respectively, indicating that the PRSIM-based CIDs have lower basal expression levels, and

are therefore more tightly regulated.

FIG. 13 depicts the anticipated increase in reporter gene expression when three copies of the molecule to
which the DBD is fused is used, compared to a single copy, through recruitment of more AD domains,

and associated regulatory molecules.

FIG. 14A shows the data obtained from plasmids encoding a single versus three copies of PRSIM_23 or
FKBP12 fused to the DBD, indicating that an increase in copy number has a synergistic effect on the fold-

change of expression.

FIG. 14B shows the data obtained from plasmids encoding varying copies of PRSIM_23 and a null Tn3
fused to the DBD, indicating that an increase in copy number has a synergistic effect on the fold-change

of expression.

FIG. 15A depicts the plasmid used to express a PRSIM-based split chimeric antigen receptor, and the

proteins expressed from this plasmid.

FIG. 15B demonstrates the effect of addition of simeprevir on the association of the PRSIM-based split

CAR components, and the resultant cell activation achieved.

FIG. 16 shows the dose-dependent increase in IL-2 release, as a marker of T cell activation, from cells
expressing a PRSIM-based split CAR in the presence of simeprevir, compared to an equivalent
FRB:FKBP12-based CAR.

FIG. 17 shows the dose-response of simeprevir in inducing the expression of MEDI8852 via reconstitution

of a split transcription factor assay using a PRSIM_23-containing CID.

FIG. 18A depicts the vectors used to generate separate AAV particles encoding either the inducible
luciferase transgene or the PRSIM_23 / HCV NS3/4A PR (S139A)-based split transcription factor
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components. Also depicted are the proteins expressed after transduction with both AAV particles, and

luciferase expression after treatment with simeprevir.

FIG. 18B shows that the PRSIM_23 switch can activate dose-dependent expression of luciferase in the
presence of simeprevir when the PRSIM_23 switch and the inducible luciferase transgene are delivered

to cells in separate AAV particles.

FIG. 18C depicts the vector used to generate AAV particles encoding both the inducible IL-2 transgene
and the PRSIM_23 / HCV NS3/4A PR (S139A)-based split transcription factor components. Also
depicted are the proteins expressed after transduction with these AAV particles, and IL-2 expression after

treatment with simepreuvir.

FIG. 18D shows that the PRSIM_23 switch can activate dose-dependent expression of IL-2 in the
presence of simeprevir when the PRSIM_23 switch and the inducible IL-2 transgene are delivered to cells

in the same AAV particle.

FIG. 18E shows that the level of IL-2 expression induced by the PRSIM_23 switch when the PRSIM_23
switch and the inducible IL-2 transgene are delivered to cells in the same AAV particle is similar to the

level of IL-2 expression achieved by AAV delivery of IL-2 constitutively expressed from a CAG promoter.

FIG. 19A depicts the components of both the PRSIM-based activation plasmid and the |L-2 targeting
gRNA plasmid, used to determine the ability of simeprevir to regulate endogenous gene expression within
a CRISPRa approach.

FIG. 19B shows the induction of IL-2 expression from cells expressing both a PRSIM-based activation

plasmid and an IL-2 targeting gRNA plasmid, only in the presence of Simeprevir.

FIG. 20 shows the dose-dependent induction of complex formation with a panel of small molecule HCV

protease inhibitors.
FIG. 21 illustrates two-dimensional interactions diagram of simeprevir binding site of HCV NS3/NS4A.

FIG. 22 shows the ability of a panel of mutant HCV proteases to form a complex with PRSIM_23 and

simeprevir.

FIG. 23 shows Octet-derived affinity data for simeprevir binding to HCV NS3/NS4A ‘WT' (S139A) PR
(FIG. 23A), HCV NS3/NS4A K136D PR (FIG. 23B), HCV NS3/NS4A K136N PR (FIG. 23C) and HCV
NS3/NS4A D168E PR (FIG. 23D). Data is representative of 2-3 independent experiments.

FIG. 24A shows a titration curve for the induction of mutant HCV NS3/4A PR/ PRSIM_23 binding
molecule heterodimerisation by simeprevir; HCV NS3/4A PR ‘WT’ (§139A) (e), HCV PR NS3/4A K136D
(m), HCV PR NS3/4A K136N (A) and HCV PR NS3/4A D168E ().

FIGS. 24B-E show BlAcore-derived affinity data for HCV NS3/4A PR "WT’ (S139A) (FIG. 24B), HCV PR
NS3/4A K136D (FIG. 24C), HCV PR NS3/4A K136N (FIG. 24D) and HCV PR NS3/4A D168E (FIG. 24E)
binding to PRSIM_23 in the presence of simeprevir (20, 800, 40 and 20 nM simeprevir, respectively) (left)

and no significant binding in the absence of simeprevir (right). Grey curves represent measured data
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points and dashed black lines represent the global-fit lines used for analysis. Data is representative of 3

independent experiments.

FIG 25A compares addition of small molecule inhibitors of HCV NS3/4A PR to inhibit formation of the
switch complex with and without simeprevir/HCV NS3/4A PR pre-incubation.

FIG. 25B Small molecule inhibitors of HCV NS3/4A PR can disrupt the switch complex by competing with

simeprevir for binding to HCV NS3/4A PR variants with an amino acid mutation at position 168 or 136.

FIG. 26 A show the data obtained from the split transcription factor assay for PRSIM_23 HCV NS3/4A PR

mutants compared to wild-type.

FIG. 26B depicts the vectors used to generate monoclonal cell lines expressing GFP-PEST under control
of PRSIM_23 HCV NS3/4 PR WT and mutants achieved by AAVS1 transgene knockin via CRISPR. Also

depicted are the proteins expressed and the effect of simeprevir addition resulting in the cell activation.

FIG. 26C shows representative histograms that demonstrate GFP fluorescence intensity as measured by
flow cytometry in cell lines expressing GFP-PEST under control of split transcription factor PRSIM_23

HCV NS3/4 PR WT and mutants. Monoclonal cell lines were induced with simeprevir for 24hr.

FIG. 26D show the data obtained for GFP fluorescence in cell lines expressing GFP-PEST under control
of the split transcription factor PRSIM_23 HCV NS3/4A PR wt or mutants. Cells were treated with
Simeprevir to induce expression. Simeprevir was removed and GFP fluorescence was determined at

various timepoints after removal using flow cytometry.

FIG. 27A shows the overall structure of the HCV NS3/4A (S193A) PR:PRSIM_57:simeprevir ternary
complex. Upper image: The HCV NS3/4A (S193A) PR (light grey) and PRSIM_57 (dark grey) are shown
in a surface representation, with the simeprevir molecule shown in ball-and-stick format (black)
sandwiched in the interface of the two proteins. Lower image: The HCV NS3/4A (S193A) PR (light grey)
and PRSIM_57 (dark grey) are shown in cartoon format. The simeprevir is shown in ball-and-stick format

(black) with the 2mFo-DFc electron density contoured at 2 ©.

FIG. 27B shows details of the molecular interactions between HCV NS3/4A (S193A) PR, PRSIM_57 and
simeprevir. Upper panel. Details of the interactions made with simeprevir by HCV NS3/4A (S193A) PR
and PRSIM_57. HCV NS3/4A (S193A) PR residues interacting with simeprevir (ball-and-stick, black) are
as previously determined (PDB 3KEE) and are shown with side chains in ball-and-stick format (carbon —
light grey, oxygen/nitrogen — black). Hydrophobic residues in PRSIM_57 forming the hydrophobic cavity
(Phe77, lle74, lle125 and Trp249) around simeprevir are shown in ball-and-stick format (carbon — dark
grey, oxygen/nitrogen — black). A direct interaction occurs between the side chain of Phe77 and the
simeprevir quinoline. Lower panel. Details of interactions between HCV NS3/4A (S193A) PR and

PRSIM_57 coloured as in left panel. Interacting residues are shown in ball-and-stick format.

FIGS. 28A-C show design of kill switch. FIG. 28A: homodimerization of Caspase 9 (Casp9) via its CARD
dimerization domain is crucial for induction of cell death via apoptosis. FIG. 28B: Replacement of CARD

domain with PRSIM switch components. FIG. 28C: Addition of simeprevir induces formation of the
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PRSIM23-HCV PR heterodimer resulting in dimerisation of Casp9 active domains and subsequent

induction of apoptosis.

FIGS. 29A-E show functionality of kill switch upon addition of simeprevir. FIG. 29A: Phase contrast
images of HEK293 cells stably transduced with the wt kill switch showing rapid cell death upon treatment
with simeprevir. FIG. 29B: Phase contrast images of human tumour cell lines HCT116 and HT29 stably
transduced with the wt kill switch showing rapid cell death upon treatment with simeprevir. FIG. 29C:
Schematic outlining Caspase 3 assay. FIG. 29D: Caspase 3 activity in wt Kill switch-transduced HEK293
+/- 10 nM Simeprevir relative to treated untransduced HEK293 cells. FIG. 29E: Caspase 3 activity in
three single cell clones for Kill switch transduced HCT116 and HT29 relative to non-transduced HCT116

and HT29 in the presence of 10 nM simeprevir. **** p< 0.0001; ns = not significant.

FIG. 30 shows the confluency over time of a non-transduced ES cell line Sa121, and the same cell line
transduced with the simeprevir-inducible wt Kill switch, upon addition of increasing concentrations of

simeprevir.

FIGS. 31A-C B2M locus-targeted knock-in of the kill switch in induced pluripotency stem cells (iPSCs)
facilitates simeprevir-induced cell killing. FIG. 31A: Schematic of the knock-in strategy of the kill switch.
The Kill switch (iCasp9) was knocked in to the B2M gene locus of iPSCs. Adeno-associated viral (AAV)
vector was used to deliver the donor template containing the iCasp9 expression cassette flanked by the
B2M homologous arms. The light symbol indicated the CRISPR targeting site. LHA, left homologous arm;
RHA, right homologous arm; EF1a promt, EF-1alpha promoter; P2A, porcine teschovirus-1 derived 2A
self-cleaving peptides; Puro, puromycin-resistant gene; blast, blasticidin-resistant gene; bGH pA; bovine
growth hormone polyadenylation signal; PrimerF, forward primer for genotyping; PrimerR, reverse primer
for genotyping. FIG. 31B: Genotyping of single-cell clones of the kill switch-containing iPSCs. Five single-
cell iPSC clones (1B7, 1D6, 1D12, 1G8 and 2D8) were isolated after gene knock-in. Genome DNA from
these clones were extracted. Primers indicated in A) were used to amplify the targeted gene locus.
Amplicons were loaded in 1.2 % agarose gel for electrophoresis. Genotyping data indicated that single
cell clones 1B7, 1D12, 1G8 and 2D8 have bi-allelic B2M-targeted kill switch knockin, while clone 1D6 has
a mono-allelic kill switch knockin. iPSC-WT, wild type (unmodified) iPSCs; Kl, amplicons of knock-in
allele; WT, amplicons of wild type allele. FIG. 31C: Cell proliferation index quantified by xCELLigence
Real-Time Cell Analysis (RTCA) assay. iPSC single-cell clones were cultured for 1 day prior to the

simeprevir induction. Cell index were monitored for 3 days before and after the induction.

FIGS. 32A-B show functionality of kill switch S196A mutant upon addition of simeprevir. FIG. 32A: Phase
contrast images of HEK293 cells stably transduced with the kill switch S196A mutant showing rapid cell
death upon treatment with simeprevir. FIG. 32B: Caspase 3 activity in wt and S196A mutant kill switch-
transduced HEK293 +/- 10 nM Simeprevir relative to treated untransduced HEK293 cells. *** p< 0.0005;

ns = not significant.
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Detailed Description

Aspects and embodiments of the present disclosure will now be discussed with reference to the
accompanying figures. Further aspects and embodiments will be apparent to those skilled in the art. All

documents mentioned in this text are incorporated herein by reference.

Expression vectors and expression casseftes

An “expression vector” as used herein is a DNA molecule used for expression of foreign genetic material
in a cell. Any suitable vectors known in the art may be used. Suitable vectors include DNA plasmids,
binary vectors, viral vectors and artificial chromosomes (e.g. yeast artificial chromosomes). In certain
embodiments, the expression vector is a viral vector as described in more detail below. In certain

embodiments, the expression vector is a DNA plasmid.

An “expression cassette” as used herein is a polynucleotide sequence that is capable of effecting
transcription of an expression product, which may be a protein. A “coding sequence” is intended to mean
a portion of a gene’s polynucleotide sequence that encodes the expression product. Where the
expression product is a protein, this sequence may be referred to as a “protein coding sequence”. The
protein coding sequence typically begins at the 5’ end by a start codon and ends at the 3’ end with a stop
codon. The expression cassette may be part of an expression vector, or part of a viral genome in a viral

particle, as described in more detail below.

Typically, the expression cassette comprises a promoter operably linked to a protein coding sequence.
The term “operably linked” includes the situation where a selected coding sequence and promoter are
covalently linked in such a way as to place the expression of the protein coding sequence under the
influence or control of the promoter. Thus, a promoter is operably linked to the protein coding sequence if
the promoter is capable of effecting transcription of the protein coding sequence. Where appropriate, the

resulting transcript may then be translated into a desired protein.

Any suitable promoter known in the art may be used in the expression cassette providing it functions in
the cell type being used. For example, where the cell is a mammalian cell, the promoter may be a
cytomegalovirus (CMV) promoter. Where multiple expression cassettes are used, each coding sequence
may be independently operably linked to its own promoter. Alternatively, the coding sequence for one or

more of the expression cassettes may be operably linked to the same promoter.

Where multiple expression cassettes are described, e.g. a first and second expression cassette, they may
be part of the same or different expression vectors. Thus, in some embodiments, the first and second
expression cassettes may be located on the same expression vector. In other embodiments, the first
expression cassette is located on a first expression vector and the second expression cassette is located

on a second expression vector.

Where multiple expression cassettes are located on the same expression vector, the individual

expression cassettes (e.g. first and second expression cassettes) may be separated by an Internal
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Ribosome Entry Site (IRES) or 2A element. The use of IRES or 2A elements allows multiple expression
products to be expressed using the same promoter. In other words, when first and second expression
cassettes are separated by an IRES or 2A element, both the first and second expression cassettes can

be operably linked to the same promoter.

Target profeins and small molecules

Aspects and embodiments of the present disclosure are directed to target proteins that are derived from a
non-human protein, i.e. a protein that is not endogenous to a human. In one embodiment, the non-
human protein is derived from a viral, bacterial, fungal or protozoal protein. In one embodiment, the non-
human protein is derived from a viral protein and the small molecule is an inhibitor of the viral protein. In
one embodiment, the non-human protein is derived from a bacterial protein and the small molecule is an
inhibitor of the bacterial protein. In one embodiment, the non-human protein is derived from a fungal
protein and the small molecule is an inhibitor of the fungal protein. In one embodiment, the non-human
protein is derived from a protozoal protein and the small molecule is an inhibitor of the protozoal protein.
In one embodiment, the non-human protein is derived from a viral protease and the small molecule is an

inhibitor of the viral protease.

The term “derived from” in the context of target proteins is intended to mean that the target protein has a
similar, but not necessarily identical, amino acid sequence to the protein from which it is derived and the
target protein is still capable of binding to the small molecule. A target protein that is derived from a
protein may have an amino acid sequence that is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identical to the protein from which it is derived. A target protein that is derived from a
protein may contain less than 50, less than 40, less than 30, less than 20, less than 10, less than 9, less
than 8, less than 7, less than 6, less than 5, less than 4, less than 3, or less than 2 sequence alterations
compared to the protein from which it is derived. For example, a target protein having the amino acid
sequence set forth in SEQ ID NO: 2 is derived from the viral protease having the sequence set forth in
SEQ ID NO: 1. Additionally, the target protein may have fewer amino acids (i.e. it is a shorter protein)

than the protein from which it is derived.

Viral proteases are enzymes encoded by the genetic material of viral pathogens. The normal function of
these enzymes is to catalyse the cleavage of specific peptide bonds in viral polyprotein precursors orin
cellular proteins. Examples of viral proteases include those encoded by hepatitis C virus (HCV), human
immunodeficiency virus (HIV), herpesvirus, retrovirus and human rhinovirus (HRV) families. Certain viral
proteases, along with examples of small molecule inhibitors of these proteases, are described for

example in Patick and Potts. 1998.

A small molecule is an organic compound that typically has a molecular weight of 2000 daltons or less.

The small molecule may be synthetic or naturally occurring.
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The choice of viral protease inhibitor as small molecule is not particularly limited provided it a) is able to
bind the target protein and b) has been evaluated for clinical purposes in humans. Viral protease
inhibitors that have been evaluated for clinical purposes in humans include those that have been
approved by a regulatory agency for clinical use in humans, for example, inhibitors approved for
treatment by the Food and Drug Administration (FDA) and/or by the European Medicines Agency (EMA).
Viral protease inhibitors that have been evaluated for clinical purposes also include those that are being /
have been tested in clinical trials involving humans and have preferably have proceeded past phase |
clinical trials. Preferably the viral protease inhibitor is approved for clinical use in humans. Preferably the
viral protease inhibitor is suitable for chronic dosing (daily for six months or greater), cell permeable,

orally dosed and/or not used as a first line therapy.

The viral protease used may be monomeric or multimeric (e.g. dimeric, trimeric, tetrameric, etc.). The
use of a monomeric viral protease may be preferred, for example where a strict 1:1 ratio of the target
protein fusion protein and binding member fusion protein elicit the desired functional activity. There may
be alternative situations where a multimeric viral protease is preferred, for example when the target
protein is fused to a transcriptional regulatory domain in a split transcription factor and the use of a
multimeric viral protease could increase the number of transcriptional regulatory domains that are

recruited to a target gene.

In some embodiments the viral protease is an HCV NS3/4A protease or a HIV protease. Both these
proteases are known to be targeted by several approved small molecule inhibitors that are known to be
generally well tolerated in humans and suitable for chronic dosing. Examples of small molecule inhibitors
that target HCV NS3/4A protease are described in De Clercq. 2014. Examples of small molecule
inhibitors that target HIV protease are described in Lv et al. 2015.

In some embodiments the viral protease is an HCV NS3/4A protease. HCV NS3/4A PR is monomeric,
relatively small in size (21 kDa), can be expressed cytoplasmically, and is not found associated with DNA,
making it an ideal candidate as a viral protease for use in the disclosure. The HCV NS3/4A protease may
have the amino acid sequence of amino acid positions 1030-1206 of the amino acid sequence set forth in
UniProt accession number ABDG50-1 (version 2 of the sequence; sequence update 29 April 2008). In
some embodiments the HCV NS3/4A protease may have the amino acid sequence set forth in SEQ ID
NO: 1. Atarget protein that is derived from a HCV NS3/4A protease may have an amino acid sequence
that is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the amino acid
sequence set forth in SEQ ID NO: 1.

There are several small molecule inhibitors that are known to bind the HCV NS3/4A protease and have

been approved for human use. Some of these are set forth in the following table:

Target protein Small molecule | Structure accession | Small molecule
number in PDB accession number in PDB

HCV NS3/4A protease | asunaprevir 4\WF8 2R9
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HCV NS3/4A protease | vaniprevir 3SuU6 SU3
HCV NS3/4A protease | boceprevir 3LOX MCX
HCV NS3/4A protease | narlaprevir 3LON NNA
HCV NS3/4A protease | simeprevir 3KEE 30B
HCV NS3/4A protease | telaprevir 3SV6 SV6
HCV NS3/4A protease | grazoprevir 6CVY FHD
HCV NS3/4A protease | danoprevir 6C2N TSV

The structures of the target proteins in complex with the respective small molecule are provided as PDB
accession numbers, which correspond to the crystal structures available from the Protein Data Bank
(PDB). The small molecule structures and chemical names are also provided as PDB accession

numbers.

no

The small molecule may be a peptide mimetic. The terms “peptide mimetic”, “peptidomimetic” and
“peptide analogue” are used interchangeably and refer to a chemical compound that is not composed of
amino acids but has substantially the same characteristics as a peptidic compound that is entirely

composed of amino acids.

Other small molecule inhibitors that are being / have been tested in clinical trials involving humans include

faldaprevir, sovaprevir, vedroprevir.

In some embodiments, the small molecule is selected from the group consisting of simeprevir, boceprevir,
telaprevir, asunaprevir, vaniprevir, voxilaprevir, glecaprevir, paritaprevir, narlaprevir, danoprevir,
faldaprevir, grazoprevir, sovaprevir, vedroprevir, or a pharmacologically acceptable analog or derivative
thereof. Allthese small molecules have been approved for human use and/or have been tested in clinical
trials involving humans. In some embodiments, the small molecule is selected from the group consisting
of simeprevir, boceprevir, telaprevir, asunaprevir, vaniprevir, voxilaprevir, glecaprevir, paritaprevir,
grazoprevir, danoprevir and narlaprevir, or a pharmacologically acceptable analog or derivative thereof.

These small molecules have been approved for human use.

In particular embodiments, the small molecule is selected from the group consisting of simeprevir,
boceprevir and telaprevir, or a pharmacologically acceptable analog or derivative thereof. These small
molecules (simeprevir, boceprevir and telaprevir) are well tolerated in humans and have been approved
for chronic human use. In particular embodiments, the small molecule may be simeprevir or a
pharmacologically acceptable analog or derivative thereof. Simeprevir (Olysio®) is a small molecule that
is administered orally, is cell-permeable, and has a pharmacokinetics (PK) profile that supports once-daily
dosing. It has been used chronically (up to 39 months) to treat HCV infection in combination with ribavirin
and pegylated interferon, and is on the WHO essential medicines list, indicative of a well-tolerated and

widely administered drug.

Pharmacologically acceptable analogs and derivatives of the small molecules include compounds that

differ from the “parent” small molecule but contain a similar antiviral activity as the parent small molecule
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and include tautomers, regioisomers, geometric isomers, and where applicable, sterecisomers, including
optical isomers (enantiomers) and other steroisomers (diastereomers) thereof, as well as
pharmaceutically acceptable salts and derivatives (including prodrug forms) thereof where applicable, in
context. For example, analogs of simeprevir include those compounds encompassed by formula (l)
defined in WO 2007014926 A1.

Simeprevir may have the following chemical structure:

In some embodiments the viral protease is a HIV protease. HIV protease exists as a 22 kDa homodimer,
with each subunit made up of 99 amino acids. The HIV protease may have the amino acid sequence of
amino acid positions 501 — 599 of the amino acid sequence set forth in UniProt accession number
P03366-1 (version 3 of the sequence; sequence update 23 January 2007). A target protein thatis
derived from a HIV protease may have an amino acid sequence that is at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to the amino acid sequence of amino acid positions 501 —
599 of the amino acid sequence set forth in UniProt accession number P03366-1. A target protein that is
derived from a HIV protease may be a monomeric protein. For example, the target protein may contain

one or more amino acid mutations that reduce the likelihood of the formation of a homodimeric protein.

There are several small molecule inhibitors that are known to bind the HIV protease and have been

approved for human use. Some of these are set forth in the following table:

Target protein | Small molecule Structure accession Small molecule
number in PDB accession number in PDB
HIV protease amprenavir 3NU3 478
HIV protease atazanavir 3EKY DR7
HIV protease darunavir 2HS1 017
HIV protease fosamprenavir Not available Not available
HIV protease indinavir 2AVO/3WSJ MKA1
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HIV protease lopinavir / ritonavir | 2Q5K AB1
HIV protease nelfinavir 10HR 1UN
HIV protease ritonavir 4EYR RIT
HIV protease saquinavir 2NMZ ROC
HIV protease tipranavir 3SPK TPV

Fosamprenavir is a prodrug form of amprenavir that has better solubility and bioavailability than

amprenavir.

In some embodiments, the small molecule is selected from the group consisting of atazanavir, darunavir
and fosamprenavir, amprenavir, indinavir, lopinavir / ritonavir, nelfinavir, ritonavir, saquinavir and

tipranavir, or a pharmacologically acceptable analog or derivative thereof.

In particular embodiments, the small molecule is selected from the group consisting of atazanavir,
darunavir and fosamprenavir, or a pharmacologically acceptable analog or derivative thereof. These
small molecules are well tolerated in humans and have good bioavailability. Furthermore, HIV protease
inhibitors are typically used in patients for long periods of time and it is expected that these small

molecule inhibitors would be tolerated for use over a long period of time.

In some embodiments, the target protein has attenuated viral activity compared to the viral protease from
which it is derived. Attenuated viral activity in this context is intended to mean that the target protein has
a lower enzymatic activity, e.g. lower protease activity, compared to the viral protease from which it is
derived. Enzymatic activity can be tested, for example, using a fluorogenic peptide cleavage assay as
described in the examples or described in Sabariegos et al. 2009. Briefly, the fluorgenic peptide cleavage
assay involves using incubating the target protein / viral protease with a fluorogenic protease FRET
substrate containing a donor-quencher pair such that cleavage of the peptide separates the donor from

the quencher, emitting energy that can be detected at a certain wavelength, e.g. 490 nm.

In some embodiments, the target protein is considered to have attenuated viral activity compared to the
viral protease from which it is derived if the target protein has an activity that is less than 10% of the
activity of the viral protease as measured in an enzymatic activity assay, such as a fluorogenic peptide
cleavage assay. In some embodiments, the target protein does not display any detectable viral activity
when measured in an enzymatic activity assay, such as a fluorogenic peptide cleavage assay, when the

target protein is at a concentration less than 1 nM, less than 10 nM, less than 100 nM, or less than 1 uM.

The target protein may comprise one or more amino acid mutations (e.g. substitutions / insertions /
deletions) compared to the viral protease from which it is derived (e.g. compared to SEQ ID NO: 1). The
target protein comprising the one or more amino acid mutations should retain its ability to form a tripartite
complex with the small molecule and binding member, which can be determined, e.g. using a

homogeneous time-resolved fluorescence (HTRF) assay as described in the examples.

In some embodiments, the target protein comprises one or more amino acid mutations compared to the

viral protease from which it is derived, wherein the one or more amino acid mutations attenuate the viral
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activity of the target protein. The one or more amino acid mutations may be in the active site of the viral

protease.

For example, the HCV NS3/4A protease contains a catalytic triad involving the amino acid residues H57,
D81 and S139 of the HCV NS3/4A protease. See, e.g. Grakoui et al. 1993; Eckart et al. 1993; and
Bartenschlager et al. 1993. These amino acid residues correspond to positions H72, D96 and S154 of
the amino acid sequence of SEQ ID NO: 1. Thus, the target protein may contain an amino acid mutation
at one or more amino acids selected from positions 72, 96 and 154 of the HCV NS3/4A protease, wherein
amino acid numbering corresponds to SEQ ID NO: 1. Other residues of the HCV NS3/4A protease that
are known to be involved in viral activity include C97, C99, C145 and H149 of the HCV NS3/4A protease
(corresponding to positions C112, C114, C160 and H164 of SEQ ID NO: 1). See, e.g. Hikikata et al.
1993; and Stempniak et al. 1997. In some embodiments, the target protein contains an amino acid
mutation (e.g. substitution) at one or more amino acids selected from positions 72, 96, 112, 114, 154, 160

and 164 of the HCV NS3/4A protease, wherein amino acid numbering corresponds to SEQ ID NO: 1.

In particular embodiments, the target protein comprises an amino acid mutation at position 154 of the
HCV NS3/4A protease, wherein amino acid numbering corresponds to SEQ ID NO: 1, such as a mutation

to alanine. In certain embodiments, the target protein has an amino acid sequence of SEQ ID NO: 2.

The full-length sequence of the NS3 protein is provided in SEQ ID NO: 199. The amino acid mutation
described here at position 154 of SEQ ID NO: 1 corresponds to the position 139 of SEQ ID NO: 199.

A table identifying the potential amino acid mutations described above numbered according to the full
length NS3 protein (SEQ ID NO: 199) and their corresponding positions in the NS3/4A protease amino

acid sequence set forth in SEQ ID NO: 1 is set out as follows:

Location of potential mutation in full length Corresponding position wherein
NS3 protein provided as SEQ ID NO: 199 number is according to SEQ ID NO: 1
H57 H72

D81 D96

S$139 S154

co7 C112

C99 C114

C145 c160

H149 H164

As a further example, the HIV protease contains a catalytic triad involving the amino acid residues D25,
T26 and G27, wherein amino acid numbering is according to the HIV protease having the amino acid
sequence of amino acid positions 501 — 599 of the amino acid sequence set forth in UniProt accession
number P03366-1 (version 3 of the sequence; sequence update 23 January 2007). Thus, the target

protein may contain an amino acid mutation at one or more amino acids selected from positions 25, 26
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and 27 of the HIV protease, wherein amino acid numbering is according to the HIV protease having the
amino acid sequence of amino acid positions 501 — 599 of the amino acid sequence set forth in UniProt

accession number P03366-1 (version 3 of the sequence; sequence update 23 January 2007).

The target protein and small molecule interact to form a complex between the target protein and small
molecule referred to herein as a T-SM complex. The interaction may be a covalent interaction or a non-
covalent interaction. In some embodiments the small molecule binds to the target protein with a kD that
is lower than 1 mM, preferably lower than 500 nM, more preferably lower than 200 nM, even more
preferably lower than 100 nM, or yet more preferably lower than 50 nM, when measured for example
using surface plasmon resonance or bio-layer interferometry. In some embodiments, the small molecule
binds to the target protein with a kD between 25 nM and 200 nM, between 25 nM and 100 nM, or
between 25 and 75 nM, when measured for example using surface plasmon resonance or bio-layer

interferometry.

It may be desirable to introduce amino acid mutations (e.g. substitutions) in the target protein in order to
reduce the affinity of the small molecule for the target protein and allow a second small molecule to
displace the small molecule in the T-SM complex. For example, as demonstrated herein, simeprevir
binds the target protein HCV NS3/4A protease (S139A) (SEQ ID NO: 2) with a very high affinity such that
other small molecules that bind the target protein are unable to displace simeprevir from the T-SM
complex. Reducing the binding affinity of simeprevir to HCV NS3/4A protease by introducing amino acid
modification(s) in the target protein allows for the use of different small molecules inhibitors of the HCV
NS3/4A protease to disrupt the tripartite complex formed between HCV NS3/4A protease (S1394),
simeprevir and PRSIM_23. Thus, in some embodiments the target protein comprises one or more affinity
reducing amino acid mutations (e.g. substitutions) compared the viral protease from which it is derived
(e.g. SEQ ID NO: 1), such that the small molecule binds the target molecule with a lower affinity than the
small molecule binds a parent target protein. The ‘parent target protein’ in this context lacks the one or
more affinity reducing amino acid mutations but is otherwise identical to the target protein. The parent
target protein may be the viral protease from which the target protein is derived from (e.g. the parent
target protein may have the amino acid sequence set forth in SEQ ID NO: 1), or the parent target protein
may itself be derived from a viral protease (e.g. the parent target protein may have the amino acid
sequence set forth in SEQ ID NO: 2).

The one or more affinity reducing amino acid mutations may result in the small molecule binding the
target protein with at least a 1.5-fold lower affinity than the small molecule binds the parent target protein.
The one or more affinity reducing amino acid mutations may result in the small molecule binding the
target protein with an affinity that is between 1.5-fold and 10-fold lower than the small molecule binds the
parent target protein, or between 1.5-fold and 5-fold lower than the small molecule binds the parent target
protein. The one or more affinity reducing amino acid mutations may result in the small molecule binding
the target protein with a KD between 25 nM and 200 nM, between 25 and 100 nM, or between 25 and 75

nM, optionally where affinity is measured using bio-layer interferometry, such as using an Octet RED384.
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As demonstrated herein, amino acid substitutions at positions 151 and 183 of a HCV NS3/4A protease,
wherein numbering amino acid numbering corresponds to SEQ ID NO: 1, were found to reduce the
affinity of simeprevir to the HCV NS3/4A protease and allow a second small molecule that disrupt the
tripartite complex formed between the HCV NS3/4A protease, simeprevir and the binding member
PRSIM_23. Further, target proteins comprising these affinity reducing mutations were also demonstrated
to retain functionality in dimerization-inducible proteins such as in split transcription factors. Amino acid
positions 151 and 183 of SEQ ID NO: 1 correspond to amino acid positions 136 and 168, respectively, of
the full length NS3 protein set forth in SEQ ID NO: 99.

Thus, in some embodiments where the target protein is derived from a viral protease that is an HCV
NS3/4A protease, the target protein may have an affinity reducing amino acid mutation (e.g. substitution)
at one or more amino acids selected from positions 151 and 183, wherein the amino acid numbering
corresponds to SEQ ID NO: 1. In some embodiments, the affinity reducing amino acid mutation at
position 151 is a mutation to aspartic acid, asparagine or histidine, and the affinity reducing mutation at
position 183 is to glutamic acid, glutamine or alanine. In some embodiments, the affinity reducing amino
acid mutation at position 151 is a mutation to aspartic acid or asparagine and the affinity reducing
mutation at position 183 is to glutamic acid. The target protein may comprise the affinity reducing amino
acid mutation in addition to another amino acid mutation described herein (e.g. in addition to the amino

acid mutation at position 154, such as to an alanine).

In certain embodiments, the target protein has an amino acid sequence having at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% identity to SEQ ID NO: 1 and comprises alanine at position 154
and aspartic acid, asparagine or histidine (e.g. aspartic acid or asparagine) at position 151, wherein the
amino acid numbering corresponds to SEQ ID NO: 1. In certain embodiments, the target protein is
derived from a viral protease having the amino acid sequence set forth in SEQ ID NO: 1, wherein the
target protein differs from the viral protease in that it comprises alanine at position 154 and aspartic acid,
asparagine or histidine (e.g. aspartic acid or asparagine) at position 151, and optionally 1, 2, 3,4, 5,6, 7,
8,9,10,11,12, 13, 14, 15, 16, 17, 18, 19 or 20 additional sequence alterations (e.g. functionally
conservative substitutions), wherein the amino acid numbering corresponds to SEQ ID NO: 1. In certain
embodiments, the target protein comprises an amino acid sequence having at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to any one of the sequences set forth
in SEQ ID NOs: 211 and 215.

In certain embodiments, the target protein has an amino acid sequence having at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% identity to SEQ ID NO: 1 and comprises alanine at position 154
and glutamic acid, glutamine or alanine (e.g. glutamic acid) at position 183, wherein the amino acid
numbering corresponds to SEQ ID NO: 1. In certain embodiments, the target protein is derived from a
viral protease having the amino acid sequence set forth in SEQ ID NO: 1, wherein the target protein

differs from the viral protease in that it comprises alanine at position 154 and aspartic acid, asparagine or
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histidine (e.g. aspartic acid) at position 151, and optionally 1, 2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19 or 20 additional sequence alterations (e.g. functionally conservative substitutions), wherein
the amino acid numbering corresponds to SEQ ID NO: 1. In certain embodiments, the target protein
comprises an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% sequence identity to the sequences set forth in SEQ ID NOs: 213.

Binding members

As used herein “binding member” refers to a polypeptide or protein that specifically binds to the T-SM
complex. The term "specific’" may refer to the situation in which the binding member will not show any
significant binding to molecules other than the T-SM complex. Such molecules are referred to as “non-
target molecules” and include the target protein alone and the small molecule alone, i.e. the target protein

or small molecule when not part of the T-SM complex.

In some embodiments, the binding member is considered to not show any significant binding to a non-
target molecule if the extent of binding to a non-target molecule is less than about 10% of the binding of
the binding member to the T-SM as measured, e.g., by isothermal calorimetry, ELISA, surface plasmon
resonance (SPR), Bio-Layer Interferometry (BLI), homogeneous time-resolved fluorescence (HTRF),
MicroScale Thermophoresis (MST), or by a radioimmunoassay (RIA). In some embodiments, the extent
of binding to a non-target molecule is less than about 5% or less than about 1% of the binding of the
binding member to the T-SM. Methods used to determine the extent of binding involving SPR (Biacore)
and HTRF are described in the Examples. In some embodiments, where the extent of binding is
measured by HTFR, the binding member described herein binds to the T-SM complex with an affinity that
is at least 2-fold greater than the affinity towards another, non-target molecule, e.g. the target protein
alone or small molecule alone. In some embodiments, the binding member binds to its target molecule
with an affinity that is one of at least 3-, 5-, 10-, 20- fold greater than the affinity towards another, non-
target molecule. Alternatively, the binding specificity may be reflected in terms of binding affinity, where
the binding member described herein binds to the T-SM complex with an affinity that is at least 10-fold
greater than the affinity towards another, non-target molecule, e.g. the target protein alone or small
molecule alone. Binding affinity may be measured by surface plasmon resonance, e.g. Biacore. In some
embodiments, the binding member binds to its target molecule with an affinity that is one of at least 50-,

100-, 1000-, 10000- fold greater than the affinity towards another, non-target molecule.

Binding affinity is typically measured by Kd (the equilibrium dissociation constant between the binding
member and its target). As is well understood, the lower the Kd value, the higher the binding affinity of
the binding member. For example, a binding member that binds to the T-SM complex with a Kd of 1 nM
would be considered to be binding the T-SM complex with an affinity that is greater than a binding

member that binds to a non-target molecule with a Kd of 100 nM.

The binding member may bind to the T-SM complex with an affinity having a Kd equal to or lower than 50

nM, 25 nM, 20 nM, 15 nM or 10 nM. The binding member may bind to the target protein alone or small
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molecule alone with an affinity having a Kd equal to or higher than 500 nM, 1 uM, 10 uM, 100 uM, or 1
mM. Binding affinity may be measured by SPR, e.g. by Biacore. The binding member may show minimal

or no binding to the target protein alone and/or to the small molecule alone when measured by SPR.

In some embodiments, the binding member specifically binds the T-SM complex at an epitope that is only
present on the T-SM complex and not on the target protein alone or small molecule alone. For example,
the binding member may bind to a site of the T-SM complex comprising at least a portion of the small
molecule and a portion of the target protein. Alternatively, the formation of a T-SM complex may induce a
conformational change in the target protein that results in the formation of a new epitope that is
specifically bound by the binding member. Methods of determining whether the binding member binds to
a specific epitope include X-ray crystallography, peptide scanning, site-directed mutagenesis mapping

and mass spectrometry.

In embodiments where the T-SM complex comprises a target protein derived from a HCV NS3/4A
protease (e.g. SEQ ID NO: 2) and the small molecule simeprevir, the binding member may specifically
bind the T-SM by forming interactions with at least one of the following residues of the target protein:
Tyr71, Gly75, Thr76, Val93, Asp94, where the amino acid numbering corresponds to SEQ ID NO: 1. The
binding member may form interactions with 1, 2, 3, 4, or most preferably all 5 of these residues. The
binding member may additionally specifically bind the T-SM complex by forming interactions with the
quinoline moiety of simeprevir. At least some of these interactions may by hydrophobic interactions
and/or water-mediated interactions. Interactions can be determined using X-ray crystallography, for

example as described in the examples.

The binding member may be an antibody molecule, such as a single chain variable fragment, or an

antibody mimetic, such as a Tn3 protein.

Antibody molecules

Aspects and embodiments of the present disclosure are directed to binding members that are antibody

molecules, such as single chain variable fragments (scFv).

The term “antibody molecule” describes an immunoglobulin whether natural or partly or wholly
synthetically produced. The antibody molecule may be human or humanised. The antibody molecule
may be a monoclonal antibody molecule. Examples of antibodies are the immunoglobulin isotypes, such
as immunoglobulin G (IgG), and their isotypic subclasses, such as IgG1, IgG2, IgG3 and IgG4, as well as

fragments thereof.

An antibody molecule generally comprises six complementarity-determining regions (CDRS); three in the
variable heavy (VH) region: HCDR1, HCDR2 and HCDR3, and three in the variable light (VL) region:
LCDR1, LCDR2, and LCDR3. The six CDRs together define the paratope of the antibody molecule, which
is the part of the antibody molecule which binds to the T-SM complex. The VH region and VL region

comprise framework regions (FRs) either side of each CDR, which provide a scaffold for the CDRs. From
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N-terminus to C-terminus, VH regions comprise the following structure: N term-[HFR1]-[HCDR1]-[HFR2]-
[HCDRZ2]-[HFR3]-[HCDR3]-[HFR4]-C term; and VL regions comprise the following structure: N term-
[LFR1]-[LCDR1]-[LFR2]-[LCDR2]-[LFR3]-[LCDR3]-[LFR4]-C term.

There are several different conventions for defining antibody CDRs and FRs, such as those described in
Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, MD (1991), Chothia et al., J. Mol. Biol. 196:901-917 (1987), IMGT
numbering as described in LeFranc et al., Nucleic Acids Res. (2015) 43 (Database issue):D413-22, and
VBASE2, as described in Retter et al., Nucl. Acids Res. (2005) 33 (suppl 1): D671-D674. The CDRs and
FRs of the VH regions and VL regions of the antibody molecules described herein were defined according
to Kabat (Kabat, E.A et al (1991).

The term “antibody molecule”, as used herein, includes antibody fragments, provided they display binding
to the relevant target molecule(s). Examples of antibody fragments include Fv, scFv, Fab, scFab, F(ab’)2,
Fab2, diabodies, triabodies, scFv-Fc, minibodies and single domain antibodies (e.g. VhH), etc.). Unless
the context requires otherwise, the term “antibody molecule”, as used herein, is thus equivalent to
“antibody molecule or antigen-binding fragment thereof”. In particular exemplified embodiments, the

antibody molecule is a single chain variable fragment (scFv).

Antibody molecules and methods for their construction and use are well-known in the art and are
described in, for example, Holliger & Hudson, Nature Biotechnology 23(9):1126-1136 (2005). It is
possible to take monoclonal and other antibody molecules and use technigues of recombinant DNA
technology to produce other antibody or chimeric molecules which retain the specificity of the original
antibody. Such technigues may involve introducing CDRs or variable regions of one antibody molecule
into a different antibody molecule (EP-A-184187, GB 2188638A and EP-A-239400).

In view of today's techniques in relation to monoclonal antibody technology, antibody molecules can be
prepared to most antigens. The antigen-binding domain may be a part of an antibody (for example a Fab
fragment) or a synthetic antibody fragment (for example an scFv). Suitable monoclonal antibodies to
selected antigens may be prepared by known techniques, for example those disclosed in "Monoclonal
Antibodies: A manual of techniques ", H Zola (CRC Press, 1988) and in "Monoclonal Hybridoma
Antibodies: Technigues and Applications ", J G R Hurrell (CRC Press, 1982). Chimeric antibodies are
discussed by Neuberger et al (1988, 8th International Biotechnology Symposium Part 2, 792-799).

The sequence identifiers (SEQ ID NOs) for HCDR1, HCDR2, HCDR3, LCDR1, LCDR2, LCDR3, variable
heavy (VH) chain, variable light (VL) chain and scFv amino acid sequences for PRSIM_57, PRSIM_01,
PRSIM_04, PRSIM_67, PRSIM_72 and PRSIM_75 are as set forth in the following table:

PRSIM HCDR1 | HCDR2 | HCDR3 | LCDR1 LCDR2 LCDR3 | VH chain VL chain | scFv
clone
PRSIM_57 | 151 152 153 154 155 156 186 187 12

PRSIM_01 | 151 152 198 154 155 156 188 189 10
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PRSIM_04 | 151 152 163 154 155 164 190 191 11
PRSIM_67 | 165 166 167 168 169 170 192 193 13
PRSIM_72 | 171 172 173 174 175 176 194 195 14
PRSIM_75 | 177 178 179 180 181 182 196 197 15

In some embodiments, the antibody molecule comprises heavy chain complementarity determining

regions (HCDRs) 1 to 3 and/or light chain complementarity determining regions (LCDRS) of:
i) PRSIVM_57 set forth in SEQ ID NOs: 151, 152, 153, 154, 155, and 156, respectively;
ii) PRSIVM_01 set forth in SEQ ID NOs 151, 152, 198, 154, 155, and 156, respectively;
iii) PRSIV_04 set forth in SEQ ID NOs: 151, 152, 163, 154, 155, and 164, respectively;
iv) PRSIV_67 set forth in SEQ ID NOs: 165, 166, 167, 168, 169, and 170, respectively;
V) PRSIM_72 set forth in SEQ ID NOs: 171,172, 173, 174, 175, and 176, respectively; or
vi) PRSIM_75 set forth in SEQ ID NOs: 177, 178, 179, 180, 181, and 182, respectively,
wherein the CDR sequences are defined according to the Kabat numbering scheme.

In some embodiments, the binding member comprises a number of sequence alterations, e.g. one, two,

three, four, or five sequence alterations, in any one or more of the CDRs defined above.

In some embodiments, the antibody molecule comprises a variable heavy (VH) chain and/or variable light
(VL) chain of;

i) PRSIM_57 set forth in SEQ ID NOs: 186 and 187, respectively;
ii) PRSIM_01 set forth in SEQ ID NOs 188 and 189, respectively;
iii) PRSIM_04 set forth in SEQ ID NOs: 190 and 191, respectively;
iv) PRSIM_67 set forth in SEQ ID NOs: 192 and 193, respectively;
V) PRSIM_72 set forth in SEQ ID NOs: 194 and 195, respectively; or
vi) PRSIM_75 set forth in SEQ ID NOs: 196 and 197, respectively.

In particular embodiments, the antibody molecule is a single-chain variable fragment (scFv). Typically,
an scFV comprises a VH chain and a VL chain separated by a peptide linker. The peptide linker may be
as defined herein. In some embodiments, the peptide linker separating the VH and VL chain may

comprise the amino acid sequence of SEQ ID NO: 204.

In some embodiments, the scFv comprises an amino acid sequence having at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98% or 99% identity with the amino acid sequence of:

i) PRSIM_57 set forth in SEQ ID NO: 12;
ii) PRSIM_01 set forth in SEQ ID NO: 10;

iii) PRSIM_04 set forth in SEQ ID NO: 11;
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iv) PRSIVM_67 set forth in SEQ ID NO: 13;

v) PRSIM_72 set forth in SEQ ID NO: 14; or

vi) PRSIM_75 set forth in SEQ ID NOs: 15.

In particular embodiments, the scFv comprises an amino acid sequence of;
i) PRSIM_57 set forth in SEQ ID NO: 12;

ii) PRSIM_01 set forth in SEQ ID NO: 10;

iii) PRSIM_04 set forth in SEQ ID NO: 11;

iv) PRSIVM_67 set forth in SEQ ID NO: 13;

v) PRSIM_72 set forth in SEQ ID NO: 14; or

Vi) PRSIM_75 set forth in SEQ ID NOs: 15.

Anfibody mimetics

The binding member may be an antibody mimetic. Antibody mimetics are organic compounds that are
able to specifically bind antigens but are structurally different to antibody molecules. Examples of
antibody mimetics include scaffold proteins such as Tn3 proteins, affibodies, affilins, affimers, affitins,
alphabodies, anticalins, avimers, DARPIns, flynomers, Kunitz domain peptides, monobodies and
nanoCLAMPs.

In particular aspects and embodiments, the binding member is a Tn3 protein.

Tn3 proteins are based on the structure of a type Ill fibronectin module (Fnlll) and are derived from the
third Fnlll domain of human tenascin C. The generation and use of Tn3 proteins is described for example
in WO 2009/058379, WO 2011/130324, WO2011130328 and Gilbreth et al. 2014.

The Tn3 proteins and the native Fnlll domain from tenascin C are characterized by the same
tridimensional structure, namely a beta-sandwich structure with three beta strands (A, B, and E) on one
side and four beta strands (C, D, F, and G) on the other side, connected by six loop regions. These loop
regions are designated according to the beta-strands connected to the N- and C-terminus of each loop.
Accordingly, the AB loop is located between beta strands A and B, the BC loop is located between
strands B and C, the CD loop is located between beta strands C and D, the DE loop is located between
beta strands D and E, the EF loop is located between beta strands E and F, and the FG loop is located
between beta strands F and G. Fnlll domains possess solvent exposed loops tolerant of randomization,
which facilitates the generation of diverse pools of protein scaffolds capable of binding specific targets

with high affinity.

A wild-type Tn3 protein may comprise the sequence SEQ ID NO: 134. In the wild-type Tn3 protein, the
BC, DE and FG loops are located at positions 23 to 31, 51 to 56 and 75 to 80, wherein the amino acid

numbering corresponds to SEQ ID NO: 134. The Tn3 protein may contain one, preferably two, more
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preferably three, even more preferably four of the stabilising mutations selected from the list consisting of
I132F, D49K, E861 and T89K, wherein the amino acid numbering corresponds to SEQ ID NO: 134. The
amino acid sequence of a wild-type Tn3 protein comprising all four stabilising mutations is set forth in
SEQ ID NO: 135. The Tn3 protein may additionally contain one or more of the stabilising mutations
described in Gilbreth et al. 2014 (see, in particular, Table 1 of Gilbreth et al. 2014).

Tn3 proteins can be subjected to directed evolution designed to randomize one or more of the loops
which are analogous to the complementarity-determining regions (CDRs) of an antibody variable region.
Such a directed evolution approach results in the production of antibody-like binding members with high

affinities for targets of interest, e.g., the T-SM complexes described herein.

Thus, the Tn3 protein that specifically binds to the T-SM complex described herein may comprise the BC,
DE and FG loops of PRSIM_23, PRSIM_32, PRSIM_33, PRSIM_36, or PRSIM_47. For example, the
Tn3 protein may comprise the sequence of SEQ ID NO: 134 or SEQ ID NO: 135, where the BC, DE and
FG loops located at positions 23 to 31, 51 to 56, and 75 to 80, respectively, are substituted for the BC, DE
and FG loops of PRSIM_23, PRSIM_32, PRSIM_33, PRSIM_36, or PRSIM_47, wherein the amino acid
numbering corresponds to SEQ ID NO: 134.

A person skilled in the art would be readily able to determine the amino acid sequences of the BC, DE

and FG loops of the PRSIM clones described herein. For example, the amino acid sequences of the

PRSIM clones could be compared to the amino acid sequences of the wild-type Tn3 protein, e.g. those
amino acid sequences set forth in SEQ ID NO: 134 or 135.

The Tn3 sequence, amino acid positions and sequences of the BC, DE and FG loops of PRSIM_23,
PRSIM_32, PRSIM_33, PRSIM_36, or PRSIM_47 are as set forth in the following table:

PRSIM Tn3 BC loop BC loop DE loop DE loop FG loop FG loop
clone sequence | location sequence | location in sequence location in sequence
Tn3 Tn3 Tn3
sequence sequence sequence
PRSIM_23 | SEQID 231032 VDPRYDD | 52to 57 YLNDPY 76 to 85 YTGDSYSR
NO: 5 IWW (SEQ (SEQID NO: SGSNPA
ID NO: 137) (SEQ ID NO:
136) 138)
PRSIM_32 | SEQID 23t0 34 WSPRYYY | 54 to 59 DYASND 78 to 87 VWNYGDWR
NO: 6 ASISG (SEQ ID NO: YSSSNPA
(SEQ ID 140) (SEQ ID NO:
NO: 139) 141)
PRSIM_33 | SEQID 23t0 34 YPPGRW | 54 to 59 ARGDDV 78 to 87 WGPDRGD
NO: 7 YDDIWY (SEQ ID NO: RAGSNPA
(SEQ ID 143) (SEQ ID NO:
NO: 142) 144)
PRSIM_36 | SEQID 23t0 34 SWPRDD | 54 to 59 LNYASP 78 to 87 VVPDTYGR
NO: 8 DYDIWY (SEQ ID NO: GTSNPA
(SEQ ID 146) (SEQ ID NO:
NO: 145) 147)
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PRSIM_47 | SEQ ID 23 to 31 SRPGVSI | 51 to 56 DYRSYY 7510 84 GSYGLVGV
NO: 9 WY (SEQ (SEQ ID NO: RASNPA
ID NO: 149) (SEQ ID NO:
148) 150)

In some embodiments, the Tn3 protein comprises the BC, DE and FG loops of:
i) PRSIM_23, set forth in SEQ ID NOs: 136, 137, and 138, respectively;
ii) PRSIM_32, set forth in SEQ ID NOs: 139, 140, and 141, respectively;
iii) PRSIM_33, set forth in SEQ ID NOs: 142, 143, and 144, respectively;
iv) PRSIM_36, set forth in SEQ ID NOs: 145, 146, and 147, respectively; or
V) PRSIM_47, set forth in SEQ ID NOs: 148, 149, and 150, respectively,

In some embodiments, the Tn3 protein comprises the BC, DE and FG loops of:

)] PRSIM_23, wherein the BC loop comprises amino acids at positions 23 to 32 of SEQ ID NO: 5;
the DE loop comprises amino acids at position 52 to 57 of SEQ ID NO: 5; and the FG loop comprises
amino acids at positions 76 to 85 of SEQ ID NO: 5;

i PRSIM_32, wherein the BC loop comprises amino acids at positions 23 to 34 of SEQ ID NO: 6;
the DE loop comprises amino acids at position 54 to 59 of SEQ ID NO: 6; and the FG loop comprises
amino acids at positions 78 to 87 of SEQ ID NO: 6;

iii) PRSIM_33, wherein the BC loop comprises amino acids at positions 23 to 34 of SEQ ID NO: 7;
the DE loop comprises amino acids at position 54 to 59 of SEQ ID NO: 7; and the FG loop comprises
amino acids at positions 78 to 87 of SEQ ID NO: 7,

iv) PRSIM_36, wherein the BC loop comprises amino acids at positions 23 to 34 of SEQ ID NO: 8;
the DE loop comprises amino acids at position 54 to 59 of SEQ ID NO: 8; and the FG loop comprises
amino acids at positions 78 to 87 of SEQ ID NO: 8; or

V) PRSIM_47, wherein the BC loop comprises amino acids at positions 23 to 31 of SEQ ID NO: 9;
the DE loop comprises amino acids at position 51 to 56 of SEQ ID NO: 9; and the FG loop comprises
amino acids at positions 75 to 84 of SEQ ID NO: 9.

In some embodiments, the Tn3 protein comprises a number of sequence alterations, e.g. one, two, three,
four, or five sequence alterations, in any one or more of the BC, DE and EF loops defined above. In
some embodiments, the Tn3 protein comprises a number of sequence alterations, e.g. one, two, three,

four, or five sequence alterations, outside the BC, DE and EF loops defined above.

In some embodiments, the Tn3 protein comprises an amino acid sequence having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identity with the amino acid sequence of:

i) PRSIM_23 set forth in SEQ ID NO: 5;
ii) PRSIM_32 set forth in SEQ ID NO: 6;

iii) PRSIM_33 set forth in SEQ ID NO: 7;
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iv) PRSIM_36 set forth in SEQ ID NO: 8; or

V) PRSIM_47 set forth in SEQ ID NOs: 9.

In particular embodiments, the Tn3 protein comprises an amino acid sequence of:
i) PRSIM_23 set forth in SEQ ID NO: 5;

ii) PRSIM_32 set forth in SEQ ID NO: 6;

iii) PRSIM_33 set forth in SEQ ID NO: 7;

iv) PRSIVM_36 set forth in SEQ ID NO: 8; or

V) PRSIM_47 set forth in SEQ ID NOs: 9.

Dimerization-inducible proteins

In some embodiments the target protein is fused to a first component polypeptide and the binding
member is fused to a second component polypeptide. In particular embodiments the first and second

component polypeptides form part of a dimerization-inducible protein.

As used herein “dimerization-inducible protein” refers to a protein or complex comprising a first and
second component polypeptide, wherein the first and second polypeptide form a functional protein upon
dimerization. The term “dimerization-inducible proteins” includes “split proteins”, “dimerization-deficient
proteins” and “split complexes”. The term “component polypeptide” is intended to encompass both
single-chain and multi-chain polypeptides. The first and second component polypeptides in the
dimerization-inducible protein typically do not have activity or have less activity when separated, but upon
dimerization are brought into close proximity and as such become active or have increased activity. As
described in the examples, the combination of particular binding members, target proteins and small
molecules described herein are able to regulate dimerization of the dimerization-inducible protein such
that a significant increase in activity is observed when the binding member is bound to the T-SM complex

compared to the separate components of the dimerization-inducible protein alone.

Examples of dimerization-inducible proteins include split chimeric antigen receptor (split CAR; e.g. as
described in Wu et al. 2015), split kinases (e.g. as described in Camacho-Soto et al. 2014), split
transcription factors (e.g. as described in Taylor et al. 2010), split apoptotic proteins (e.g. split caspases

as described in Chelur et al. 2007), split reporter systems (e.g. as described in Dixon et al. 2016).

The dimerization-inducible protein will have increased activity when the binding member is bound to the
T-SM complex. Increased activity can be compared to the activity observed when the binding member is
not bound to the T-SM complex (e.g. because one or more of the target protein, small molecule or binding
member is not present). In some embodiments, the increased activity observed when the binding
member is bound to the T-SM complex is at least a 1.5-fold, 2-fold, 3-fold, 5-fold, 10-fold, 15-fold, 20-fold,
25-fold, 30-fold, 35-fold, 40-fold, 45-fold, 50-fold, 55-fold, 60-fold, 65-fold, 70-fold, 75-fold, 80-fold, 85-fold,
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90-fold, 95-fold, 100-fold, 105-fold, 110-fold, 115-fold, or 120-fold increase in activity as compared to

activity observed when the binding member is not bound to the T-SM complex.

Methods of measuring the activity of the dimerization-inducible protein will depend upon the particular
dimerization-inducible protein being studied. Where the first and second component polypeptide form a
chimeric antigen receptor (CAR) upon dimerization, CAR activity can be determined by measuring the
immune cell activation and/or proliferation. As described in the examples, CAR activity can be measured
by interleukin-2 (IL-2) production, e.g. by ELISA, after stimulation of the CAR by an antigen. Where the
first and second component polypeptide form a kinase upon dimerization, activity of the kinase can be
measured by incorporation of phosphate, e.g. radioactive 32P, into a peptide substrate as described in
Camacho-Soto et al. 2014. Where the first and second component polypeptides form a transcription
factor upon dimerization, transcriptional activity can be determined by measuring expression of a
downstream desired expression cassette modulated by the split transcription factor as described in the
examples. Where the first and second component polypeptide form a therapeutic protein upon
dimerization, activity can be measured by using suitable assays for determining functional activity of the
protein. Where the first and second component polypeptides form a caspase upon dimerization, caspase
activity can be measured using a caspase activity assay or by measuring apoptotic cell death. Where the
first and second component polypeptides form a reporter system upon dimerization, reporter activity can

be determined by measuring expression of the reporter, e.g. a luciferase.

The first component polypeptide may be fused to the C-terminus or the N-terminus of the target protein or
binding member. The second component polypeptide may be fused to the C-terminus or the N-terminus
of the target protein or binding member. The component polypeptides may be fused to the target protein
or binding member via a peptide linker. Suitable peptide linkers include those represented by [G]n, [S]n,
[Aln, [GS]n, [GGS]n, [GGGS]n (SEQ ID NO.: 239), [GGGGS)n (SEQ ID NO.: 240), [GGSG]n (SEQ ID
NO.: 241), [GSGG]n (SEQ ID NO.: 242), [SGGG]n (SEQ ID NO.: 243), [SSGG]n (SEQ ID NO.: 244),
[SSSG]n (SEQ ID NO.: 245), [GG]n, [GGG]n, [SA]n, [TGGGGSGGGGS]n (SEQ ID NO.: 185), and
combinations thereof, wherein n is an integer between 1 and 30. For example, n may be 1, 2, 3, 4, 5, 6,
7,8, 9,10, or any number up to 30. The component polypeptide may be fused to the target protein or
binding member directly, e.g. in the format - first component polypeptide — peptide linker — target protein.
Alternatively, the component polypeptide may be fused to the target protein or binding member indirectly
with one or more additional polypeptides separating the first component polypeptide from the target
protein or binding member, e.g. first component polypeptide — additional polypeptide — peptide linker —

target protein.

In some embodiments, the first component polypeptide is fused to more than one target protein or binding
member. In some embodiments, the second component polypeptide is fused to more than one target
protein or binding member or a combination of both. For example, the first or second component
polypeptide may be fusedto 1, 2, 3,4, 5,6, 7, 8,9, or 10 binding members. In some embodiments, the
first or second component polypeptide is fused to between 2 and 10, or between 2 and 5 binding

members. In particular embodiments, the first or second component polypeptide is fused to 3 binding
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members. For example, the first or second component polypeptide may be fusedto 1, 2, 3,4, 5,6, 7, 8,
9, or 10 target proteins. In some embodiments, the first or second component polypeptide is fused to
between 2 and 10, or between 2 and 5 target proteins. In particular embodiments, the first or second
component polypeptide is fused to 3 target proteins. Where multiple binding members or target proteins
are present, they may be fused to each other by peptide linkers, e.g. those peptide linkers described

above.

Split transcription factor

The dimerization-inducible protein may be a split transcription factor. In some embodiments, the first
component polypeptide comprises a DNA binding domain; and the second component polypeptide
comprises a transcriptional regulatory domain, and wherein the first component polypeptide and second
component polypeptide form a transcription factor upon dimerization. By “form a transcription factor” it is
meant that the first and second component polypeptides are brought into close enough proximity that they
are able to reconstitute the transcriptional regulatory activity of desired expression products. The
dimerization-inducible protein will have increased transcriptional regulatory activity when the binding
member is bound to the T-SM complex, wherein the transcriptional regulatory activity is increased
compared to the transcriptional regulatory activity observed when the binding member is not bound to the

T-SM complex.

The transcriptional regulatory domain may be a transcriptional activation domain that is capable of
upregulating transcription of a gene that the split transcription factor binds to. Suitable transcriptional
activation domains include the p65 subunit of nuclear factor kappa B (Bitko & Barik, J. Virol. 72:5610-
5618 (1998) and Doyle & Hunt, Neuroreport 8:2937-2942 (1997)); Liu et al., Cancer Gene Ther. 5:3-28
(1998)); the replication and transcription activator (RTA; Lukac et al., J Virol. 73, 9348-61 (1999)), a the
HSV VP16 activation domain (see, e.g., Hagmann et al., J. Virol. 71, 5952-5962 (1997)) nuclear hormone
receptors (see, e.g., Torchia et al., Curr. Opin. Cell. Biol. 10:373-383 (1998)); or artificial chimeric
functional domains such as VP64 (Beerli ef al., (1998) Proc. Natl. Acad. Sci. USA 95:14623-33), and
degron (Molinari et al., (1999) EMBO J. 18, 6439-6447). Additional exemplary activation domains
include, Oct 1, Oct-2A, Sp1, AP-2, and CTF1 (Seipel ef al., EMBO J. 11, 4961-4968 (1992) as well as
p300, CBP, PCAF, SRC1 PvALF, AtHD2A and ERF-2. See, for example, Robyr ef al. (2000) Mol.
Endocrinol. 14:329-347; Collingwood et al. (1999) J. Mol. Endocrinol. 23.255-275; Leo et al. (2000) Gene
245:1-11; Manteuffel-Cymborowska (1999) Acta Biochim. Pol. 46:77-89; McKenna ef al. (1999) J. Steroid
Biochem. Mol. Biol. 69:3-12; Malik ef al. (2000) Trends Biochem. Sci. 25:277-283; and Lemon et al.
(1999) Curr. Opin. Genet. Dev. 9:499-504. Additional exemplary activation domains include, but are not
limited to, OsGAl, HALF-1, C1, AP1, ARF-5,-6,-7, and -8, CPRF1, CPRF4, MYC-RP/GP, and TRAB1 and
a modified Cas9 transactivator protein. See, for example, Ogawa ef al. (2000) Gene 245:21-29; Okanami
et al. (1996) Genes Cells 1:87-99; Goff et al. (1991) Genes Dev. 5:298-309; Cho ef al. (1999) Plant Mol.
Biol. 40:419-429; Ulmason ef al. (1999) Proc. Natl. Acad. Sci. USA 96:5844-5849; Sprenger-Haussels et
al. (2000) Plant J. 22:1-8; Gong et al. (1999) Plant Mol. Biol. 41:33-44; Hobo ef al. (1999) Proc. Natl.
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Acad. Sci. USA 96:15,348-15,353; and Perez-Pinera et al. (2013) Nature Methods 10:973-976). The
transcriptional activation domain may comprise any combination of the above exemplary activation
domains. In some embodiments multiple transcriptional activation domains may be used, e.g. tandem
reports of the same domains or fusions of different domains. In some embodiments the transcriptional
activation domain is VPR, a tripartite activate made up of the VP64, p65 and Rta domains. An example
of a TRD-T fusion protein comprising VPR is set forth in SEQ ID NO: 225 (NS4A/3 PR S139A-VPR).
Generation and use of VPR as a transcriptional activator is described for example in Chavez et al. 2015.

In some embodiments the transcriptional activation domain is HSF-1, optionally in combination with p65.

Alternatively, the transcriptional regulatory domain may be a transcriptional repression domain that is
capable of downregulating transcription of a gene that the split transcription factor binds to.
Transcriptional repression domains include, but are not limited to, KRAB A/B, KOX, TGF-beta-inducible
early gene (TIEG), v-erbA, SID, MBD2, MBD3, members of the DNMT family (e.g., DNMT1, DNMT3A,
DNMT3B), Rb, and MeCP2. See, for example, Bird ef al. (1999) Cell 99:451-454; Tyler ef al. (1999) Cell
99:443-446; Knoepfler ef al. (1999) Cell 99:447-450; and Robertson ef al. (2000) Nature Genet. 25:338-
342. Additional exemplary repression domains include, but are not limited to, ROM2 and AtHD2A. See,
for example, Chem et al. (1996) Plant Cell 8:305-321; and Wu ef al. (2000) Plant J. 22:19-27.

The DNA binding domain may be any protein that binds to a target sequence in a sequence specific
manner. For example, the DNA binding domain may be or may contain a transcription factor that binds to
a target sequence in a sequence specific manner, or a DNA-binding fragment thereof. It is expected that
any transcription factor, or DNA-binding fragment thereof, that is capable of binding to a target sequence
in a specific manner can be used with the split transcription factors disclosed herein. The DNA-binding
domain may be or comprise a naturally occurring DNA-binding domain such as a binding domain from a
human transcription factor. For example, the DNA-binding protein may be any of the human transcription
factors described in Vaquerizas et al. (2009) (e.g. any of those listed in Supplementary information S3), or
a DNA-binding fragment thereof. For example, the DNA-binding protein may be a member of the C2H2
zinc-finger family, the homeodomain family or the helix-loop-helix family or a DNA-binding fragment
thereof. In particular embodiments the DNA binding domain may be zinc finger homeodomain
transcription factor 1 (ZFHD1). ZFHD1 contains zinc fingers 1 and 2 from the Zif268 transcription factor
and the Oct-1 homeodomain. The design and construction of ZFHD1 is described for example in

Pomerantz et al. 1995.

The DNA binding domain may be or comprise a DNA-binding domain such as a zinc finger DNA binding
domain, a TALE DNA binding domain, a DNA binding domain from a meganuclease (e.g. based on Iscel)
or a DNA binding domain from a CRISPR/Cas system. These binding domains can be engineered to
bind a target sequence of choice, e.g. a target sequence in a target gene that is naturally present
(endogenous) in a cell or a target sequence that has been provided in trans (e.g. as part of a third
expression cassette). The engineering of zinc finger DNA binding domains to bind particular target
sequences is described for example in US6453242B1. In one embodiment, the DNA-binding domain is a
TALE DNA binding domain. The engineering of TALE DNA binding domain domains to bind particular
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target sequences is described for example in WO2010079430A1. In one embodiment, the DNA binding
domain is an engineered DNA binding domain from a meganuclease. The engineering of meganucleases
to bind particular target sequence is described for example in WO2007047859A1. A meganuclease may
be engineered such that they no longer cleave DNA. In one embodiment, the DNA binding domain is an
engineered DNA binding domain from a CRISPR/Cas system. The engineering of DNA binding domains
from CRISPR/Cas systems to bind particular sequences is described for example in WO2013176772A1.
CRISPR/Cas systems generally involve an RNA-guided endonuclease (e.g. Cas9) that is directed to a
specific DNA sequence through complementarity between the associated guide RNA (gRNA) and its
target sequence. Thus, the engineered DNA binding domain from a CRISPR/Cas system typically
comprises a complex of a RNA-guided endonuclease (e.g. Cas9 or a variant thereof) and a guide RNA.
Variants of Cas9 have been generated that lack the endonucleolytic activity but retain the capacity to
interact with DNA. See for example Chavez et al. 2015 which describes the use of nuclease-null (dCas9)
variants in a method of transcriptional regulation. Thus, the DNA-binding domain may include a nuclease
null Cas9 variant which, upon addition of a particular gRNA specific for a target sequence, binds to the
target sequence. An example of a DBD-BM fusion protein comprising dCas9 as a DNA-binding domain is
set forth in SEQ ID NO: 227 (spdCas9-PRSIM_23x3). An example of a guide RNA that targets the DBD-
BM to human IL-2 is set forth in SEQ ID NO: SEQ ID NO: 229. The use of a dCas9 variant as part of a
split transcription factor is described in Hill et al. 2018 and WO 2018/213848 A1.

The binding member may be fused to the transcriptional regulatory domain or to the DNA binding domain.
In some embodiments:

) the first component polypeptide comprises a DNA binding domain and is fused to a target

protein to form a DBD-T fusion protein; and

the second component polypeptide comprises a transcriptional regulatory domain and is

fused to a binding member to form a TRD-BM fusion protein, or

(2) the first component polypeptide comprises a transcriptional regulatory domain and is

fused to a target protein to form a TRD-T fusion protein; and

the second component polypeptide comprises a DNA binding domain and is fused to a binding

member to form a DBD-BM fusion protein,

wherein the DNA binding domain, target protein, transcriptional regulatory domain and binding

member are as further defined herein.
In certain embodiments:

) the first component polypeptide comprises a DNA binding domain and is fused to a target
protein to form a DBD-T fusion protein, wherein the target protein comprises an amino acid

sequence having at least 90% identity to the amino acid sequence set forth in SEQ ID NO: 1, and
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the second component polypeptide comprises a transcriptional regulatory domain and is

fused to a binding member to form a TRD-BM fusion protein, or

(2) the first component polypeptide comprises a transcriptional regulatory domain and is
fused to a target protein to form a TRD-T fusion protein, wherein the target protein has an amino

acid sequence having at least 90% identity to SEQ ID NO: 1, and

the second component polypeptide comprises a DNA binding domain and is fused to a

binding member to form a DBD-BM fusion protein,
wherein in either (1) or (2):
a) the binding member comprises the BC, DE and FG loops, or Tn3 sequence, of

PRSIM_23;

b) the binding member comprises the BC, DE and FG loops, or Tn3 sequence, of
PRSIM_32;

C) the binding member comprises the BC, DE and FG loops, or Tn3 sequence, of
PRSIM_33;

d) the binding member comprises the BC, DE and FG loops, or Tn3 sequence, of
PRSIM_36;

e) the binding member comprises the BC, DE and FG loops, or Tn3 sequence, of
PRSIM_47;

f) the binding member comprises the HCDRs and/or LCDRs, or VH and/or VL sequence, of
PRSIM_57;

Q) the binding member comprises the HCDRs and/or LCDRs, or VH and/or VL sequence, of
PRSIM_01;

h) the binding member comprises the HCDRs and/or LCDRs, or VH and/or VL sequence, of
PRSIM_04;

)] the binding member comprises the HCDRs and/or LCDRs, or VH and/or VL sequence, of
PRSIM_67;

) the binding member comprises the HCDRs and/or LCDRs, or VH and/or VL sequence, of
PRSIM_72; or

K) the binding member comprises the HCDRs and/or LCDRs, or VH and/or VL sequence, of
PRSIM_75.

The DBD-T fusion protein may comprise an amino acid sequence having at least 90% identity to the
amino acid sequence set forth in SEQ ID NO: 45. In particular embodiments TRD-BM fusion protein
defined in (1) above may comprise an amino acid sequence having at least 90% sequence identity to the

amino acid sequence set forth in any one of SEQ ID NOs: 57 — 67.
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The TRD-T fusion protein may comprise an amino acid sequence having at least 90% identity to the
amino acid sequence set forth in SEQ ID NO: 44. In particular embodiments, the DBD-BM fusion protein
defined in (2) above may comprise an amino acid sequence having at least 90% sequence identity to the

amino acid sequence set forth in any one of SEQ ID NOs: 46 — 56.

As described in the examples, some of the exemplified binding members showed a preference for fusion
to either the DNA binding domain or the transcriptional regulatory domain, whereby increased
transcriptional regulatory activity was observed depending on if the particular binding member was fused

to the DNA binding domain or transcriptional regulatory domain. Thus, in some embodiments:

) the first component polypeptide comprises a DNA binding domain and is fused to a target
protein to form a DBD-T fusion protein, wherein the target protein comprises an amino acid sequence

having at least 90% identity to the amino acid sequence set forth in SEQ ID NO: 1, and

the second component polypeptide comprises a transcriptional regulatory domain and is

fused to a binding member to form a TRD-BM fusion protein,
wherein:

a) the binding member in the TRD-BM fusion protein comprises the BC, DE and FG
loops, or Tn3 sequence, of PRSIM_23;

b) the binding member in the TRD-BM fusion protein comprises the BC, DE and FG
loops, or Tn3 sequence, of PRSIM_47, or

C) the binding member in the TRD-BM fusion protein comprises the HCDRs and/or
LCDRs, or VH and/or VL sequence, of PRSIM_04;

d) the binding member in the TRD-BM fusion protein comprises the HCDRs and/or
LCDRs, or VH and/or VL sequence, of PRSIM_72;

e) the binding member in the TRD-BM fusion protein comprises the HCDRs and/or
LCDRs, or VH and/or VL sequence, of PRSIM_67; or

f) the binding member in the TRD-BM fusion protein comprises the HCDRs and/or
LCDRs, or VH and/or VL sequence, of PRSIM_75, or

(2) the first component polypeptide comprises a transcriptional regulatory domain and is
fused to a target protein to form a TRD-T fusion protein, wherein the target protein has an amino

acid sequence having at least 90% identity to SEQ ID NO: 1, and

the second component polypeptide comprises a DNA binding domain and is fused to a

binding member to form a DBD-BM fusion protein,
wherein:

Q) the binding member in the DBD-BM fusion protein comprises the BC, DE and FG
loops, or Tn3 sequence, of PRSIM_23;
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h) the binding member in the DBD-BM fusion protein comprises the HCDRs and/or
LCDRs, or VH and/or VL sequence, of PRSIM_01;

i) the binding member in the DBD-BM fusion protein comprises the HCDRs and/or
LCDRs, or VH and/or VL sequence, of PRSIM_57;

) the binding member in the DBD-BM fusion protein comprises and the BC, DE
and FG loops, or Tn3 sequence, of PRSIM_32;

K) the binding member in the DBD-BM fusion protein comprises the BC, DE and FG
loops, or Tn3 sequence, of PRSIM_33; or

1) the binding member in the DBD-BM fusion protein comprises the BC, DE and FG
loops, or Tn3 sequence, of PRSIM_36.

In some embodiments, the binding member or target protein is fused to the C-terminus of the DNA
binding domain. In other embodiments, the binding member or target protein is fused to the N-terminus
of the transcriptional regulatory domain. The binding member or target protein may be fused to the DNA
binding domain or transcriptional regulatory domain via a peptide linker, for example via one or more of
the peptide linkers set out above. In particular embodiments the linkers have the amino acid sequence
TGGGGSGGGGS (SEQ ID NO: 185) or SA.

As described in the examples, PRSIM_23 was found to provide strong gene expression regulation in both

orientations. Thus, in some embodiments:

) the first component polypeptide comprises a DNA binding domain and is fused to a target
protein to form a DBD-T fusion protein, wherein the target protein comprises an amino acid
sequence having at least 90% identity to the amino acid sequence set forth in SEQ ID NO: 1;

and:

the second component polypeptide comprises a transcriptional regulatory domain and is

fused to a binding member to form a TRD-BM fusion protein, or

(2) the first component polypeptide comprises a transcriptional regulatory domain and is
fused to a target protein to form a TRD-T fusion protein, wherein the target protein has an amino

acid sequence having at least 90% identity to SEQ ID NO: 1; and

the second component polypeptide comprises a DNA binding domain and is fused to a

binding member to form a DBD-BM fusion protein,

wherein in either (1) or (2), the binding member comprises the BC, DE and FG loops, or Tn3
sequence, of PRSIM_23.

In particular embodiments:
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) the DBD-T fusion protein comprises an amino acid sequence having at least 90% identity
to SEQ ID NO: 45; and the TRD-BM fusion protein has an amino acid sequence having at least
90% identity to the amino acid sequence set forth in SEQ ID NO: 57, or

(2) the DBD-BM fusion protein comprises an amino acid sequence having at least 90%
identity to the amino acid sequence set forth in SEQ ID NO: 46; and the TRD-T fusion protein
comprises an amino acid sequence having at least 90% identity to the amino acid sequence set
forth in SEQ ID NO: 44.

As also demonstrated in the examples, the PRSIM-based CIDs can also be applied to an activating

CRISPR (CRISPRa) system. This can be used, for example, to facilitate endogenous gene regulation.

Thus, in some embodiments the DBD-BM fusion protein comprises an amino acid sequence having at
least 90% identity to the amino acid sequence set forth in SEQ ID NO: 227; and the TRD-T fusion protein
comprises an amino acid sequence having at least 90% identity to the amino acid sequence set forth in
SEQ ID NO: 225. The DBD-BM fusion protein can be guided to a target sequence through the use of

particular guide RNAs that are specific for said target sequence.

As demonstrated in the examples, split transcription factors comprising a DNA binding domain fused to
multiple copies of the target protein or binding member exhibited increased expression relative to a split
transcription factor comprising a DNA binding domain fused to a single copy of the target protein or

binding member.
Thus, in some embodiments,

the DBD-T fusion protein comprises the DNA binding domain fused to multiple copies of the

target protein (e.g. two, three, four, five or more target proteins); or

the DBD-BM fusion protein comprises the DNA binding domain fused to multiple copies of the

target protein (e.g. two, three, four, five or more binding members).

The multiple binding members or multiple target proteins may be separated by a linker, for example by
one or more peptide linkers as set out above. In particular exemplified embodiments the DBD-T fusion
protein comprises a DNA binding domain fused to three target proteins, or the DBD-BM fusion protein

comprises a DNA binding domain fused to three binding members.

The first and/or second component polypeptide may additionally comprise nuclear localization signals

(such as, for example, that from the SV40 medium T-antigen).

A split transcription factor may also be provided with a third expression cassette, wherein the third
expression cassette encodes a desired expression product, wherein the DNA binding domain of the split
transcription factor binds to a target sequence in the third expression cassette such that the transcription
factor is capable of regulating expression of the desired expression product. By “capable of regulating
expression” it is intended to mean that the DNA binding domain is able to bind the target sequence and

upon forming a transcription factor with the transcriptional regulatory domain (i.e. upon dimerization of the
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dimerization-inducible protein), has transcriptional regulatory activity that regulates (increases or

decreases) expression of the desired expression product. The desired expression product can be RNA
or peptidic (peptide, polypeptide or protein). Preferably the desired expression product is peptidic. The
desired expression product may be a therapeutic protein, i.e. a protein that exerts a therapeutic effect in

the subject.

The target sequence may be located in or in close proximity to a promoter that is operably linked to a
coding sequence for the desired expression product. By “close proximity” it is meant that the target
sequence is within 500 bp, within 250 bp, within 100 bp, within 50 bp, or within 25 bp of the sequence

corresponding to the promoter.

Split chimeric antigen receptor

The dimerization-inducible protein may be a split chimeric antigen receptor (split CAR).

CARs combine both antibody-like recognition with T-cell-activating function. They are typically composed
of an antigen-specific recognition domain, e.g. derived from an antibody, a transmembrane domain to
anchor the CAR to the T cell, a co-stimulatory domain and one or more intracellular signalling domains
that induce persistence, trafficking and effector functions in transduced T cells. The design and use of

CARs is well known in the art and is described, for example in Sadelain et al. 2013.

Split CARs have been designed that require an exogenous, user-provided signal to activate the CAR, for
example as described in Wu et al. 2015. In these split receptors, antigen binding and intracellular

signalling components only assemble in the presence of a heterodimerizing small molecule, allowing the
user to precisely control the timing, location and dosage of T-cell activity. Such split CARs are expected

to mitigate toxicity for example by inducing less off-target effects.
In one embodiment the dimerization-inducible protein comprises:

a first component polypeptide comprising a co-stimulatory domain and is fused to the target

protein as defined herein; and

a second component polypeptide comprising an intracellular signalling domain and is fused to the

binding member as defined herein.

The first component polypeptide set out above may further comprise an antigen-specific recognition
domain and a transmembrane domain and the second component polypeptide further comprises a
transmembrane domain and a second co-stimulatory domain, and wherein the first and second
component polypeptide form a chimeric antigen receptor (CAR) upon dimerization. By “form a CAR” it is
meant that the first and second component polypeptides are brought into close enough proximity that they

are able to reconstitute a fully functional CAR.

In another embodiment the dimerization-inducible protein comprises:
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a first component polypeptide comprising an intracellular signalling domain and is fused to the

target protein as defined herein; and

a second component polypeptide comprising a first co-stimulatory domain and is fused to the

binding member as defined herein.

The first component polypeptide set out above may further comprise a transmembrane domain and a
second co-stimulatory domain and the second component polypeptide further comprises an antigen-
specific recognition domain and a transmembrane domain, wherein the first and second component

polypeptide form a chimeric antigen receptor (CAR) upon dimerization,

The split CAR will have increased activity when the binding member is bound to the T-SM complex,
wherein the activity is increased compared to the activity observed when the binding member is not

bound to the T-SM complex.

In one embodiment the first component polypeptide comprises, from N-terminal to C-terminal:

)] an antigen-specific recognition domain;
i a transmembrane domain; and
i a first co-stimulatory domain;

and the second component polypeptide comprises, from N-terminal to C-terminal:

)] a transmembrane domain;
i a second co-stimulatory domain; and
iii) an intracellular signalling domain,

wherein the first component polypeptide and second component polypeptide form a CAR upon

dimerization.

In some embodiments the target protein and binding member are fused at a location that is C-terminal to
the respective transmembrane domains in the first and second component polypeptides. For example,
the target protein or binding member may be fused to the N-terminus or C-terminus of the respective co-
stimulatory domains in the first and second component polypeptides. In a particular embodiment, one of
the target protein and binding member is fused to the C-terminus of the first co-stimulatory domain and

the other is fused to the C-terminus of the second co-stimulatory domain.

For example, in one embodiment the first component polypeptide comprises from N-terminal to C-

terminal:
)] an antigen-specific recognition domain;
i) a transmembrane domain
iii) a first co-stimulatory domain;

and the second component polypeptide comprises from N-terminal to C-terminal:
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)] a transmembrane domain;
i) a second co-stimulatory domain; and
iii) an intracellular signalling domain,

wherein, the target protein is fused to the C-terminus of the first co-stimulatory domain and the binding

member is fused to the C-terminus of the second co-stimulatory domain.

For example, in another embodiment the first component polypeptide comprises from N-terminal to C-

terminal:
)] an antigen-specific recognition domain;
i) a transmembrane domain
iii) a first co-stimulatory domain;

and the second component polypeptide comprises from N-terminal to C-terminal:

)] a transmembrane domain;
i) a second co-stimulatory domain; and
iii) an intracellular signalling domain,

wherein, the binding member is fused to the C-terminus of the first co-stimulatory domain and the target

protein is fused to the C-terminus of the second co-stimulatory domain.

The target protein and/or binding member may be fused directed to the respective co- stimulatory
domains. More preferably, the target protein and binding member are separated from their respective co-
stimulatory domains by peptide linkers. The peptide linkers may be as further defined herein. In some
embodiments, the target protein and binding member are separated from their respective co-stimulatory
domains by a linker comprising the amino acid sequence set forth in SEQ ID NO; 204. Similarly, peptide
linkers may separate the various domains in the first and second component polypeptides. For example,
the transmembrane domain may be separated from the second co-stimulatory domain by a peptide linker,
e.g. a peptide linker comprising the amino acid sequence GS, and/or the second co-stimulatory domain
may be separated from the intracellular signalling domain by a peptide linker, e.g. a peptide linker

comprising the amino acid sequence set forth in SEQ ID NO: 204.

Non-limiting examples of suitable co-stimulatory domains include, but are not limited to, activation
domains from 4-1BB (CD137), CD28, ICOS, OX-40, BTLA, CD27, CD30, GITR, and HVEM. In one

embodiment the first and second co-stimulatory domain is a 4-1BB activation domain.

Non-limiting examples of suitable intracellular signalling domains include, but are not limited to,
cytoplasmic sequences of the T cell receptor (TCR) and co-receptors that act in concert to initiate signal
transduction following antigen receptor engagement, as well as any derivative or variant of these
sequences and any synthetic sequence that has the same functional capability. Particular intracellular

signalling domains are those that include signaling motifs which are known as immunoreceptor tyrosine-
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based activation motifs or ITAMs. Examples of ITAM containing signaling domains include those derived
from TCR zeta, FCR gamma, FcR beta, CD3 gamma, CD3 delta, CD3 epsilon, CD3 zeta, CD5, CD22,
CD79a, CD79b, and CD66d. In particular embodiments the intracellular signalling domain is derived from
CD3 zeta.

The transmembrane domain may be derived either from a natural or from a synthetic source. Where the
source is natural, the domain may be derived from any membrane-bound or transmembrane protein.
Transmembrane regions may be derived from (i.e. comprise at least the transmembrane region(s) of) the
alpha, beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CD5, CD8, CD9, CD16,
CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137, CD154, or from an immunoglobulin such as
IgG4. Alternatively, the transmembrane domain may be synthetic, in which case it will comprise
predominantly hydrophobic residues such as leucine and valine. A triplet of phenylalanine, tryptophan
and valine may be found at each end of a synthetic transmembrane domain. Optionally, a short oligo- or
polypeptide linker, preferably between 2 and 10 amino acids in length may form the linkage between

the transmembrane domain and the intracellular signalling domain of the CAR. A glycine-serine doublet
provides a particularly suitable linker. In particular embodiments, the transmembrane domain is derived
from CD28.

The first and second polypeptides may additionally include a hinge domain, such as an IgG4 or
CD8a hinge domain, N-terminal to the transmembrane domains in the first and/or second polypeptides.
Examples of hinge domains are described in, for example, Qin et al. 2017. In particular embodiments,

the hinge domain is a human IgG4 hinge domain.

An antigen-specific recognition domain suitable for use in a dimerization-inducible protein of the present
disclosure can be any antigen-binding polypeptide, a wide variety of which are known in the art. In some
instances, the antigen-binding domain is a single chain Fv (scFv). Other antibody-based recognition
domains (cAb VHH (camelid antibody variable domains) and humanized versions, IgNAR VH (shark
antibody variable domains) and humanized versions, sdAb VH (single domain antibody variable domains)
and "camelized" antibody variable domains are suitable for use. In some instances, T-cell receptor (TCR)
based recognition domains such as single chain TCR (scTv, single chain two-domain TCR containing v

vp) are also suitable for use.

In particular embodiments, the antigen-specific recognition domain is a single chain Fv (scFv). As
described elsewhere, an scFv typically comprises a VH chain separated from a VL chain by a peptide

linker, e.g. a peptide linker comprising the amino acid sequence set forth in SEQ ID NO: 204.

An antigen-specific recognition domain suitable for use in a dimerization-inducible protein of the present
disclosure can have a variety of antigen-binding specificities. In some cases, the antigen-binding domain
is specific for an epitope present in an antigen that is expressed by (synthesized by) a cancer cell, i.e., a
cancer cell associated antigen. The cancer cell associated antigen can be an antigen associated with,
e.g., a breast cancer cell, a B cell ymphoma, a Hodgkin lymphoma cell, an ovarian cancer cell, a prostate

cancer cell, a mesothelioma, a lung cancer cell (e.g., a small cell lung cancer cell), a non-Hodgkin B-cell
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lymphoma (B-NHL) cell, an ovarian cancer cell, a prostate cancer cell, a mesothelioma cell, a lung cancer
cell (e.g., a small cell lung cancer cell), a melanoma cell, a chronic lymphocytic leukemia cell, an acute
lymphocytic leukemia cell, a neuroblastoma cell, a glioma, a glioblastoma, a medulloblastoma, a
colorectal cancer cell, etc. A cancer cell associated antigen may also be expressed by a non-cancerous

cell.

In particular exemplary embodiments, the target protein used in the split-CAR is derived from an HCV
NS3/4A protease, the small molecule is simeprevir and the binding member is based on PRSIM_23 (e.g.
comprises the BC, DE and FG loops or Tn3 sequence of PRSIM_23, optionally with the sequence identity

and/or alterations described herein).

In some embodiments the first component polypeptide comprises from N-terminal to C-terminal:

)] an antigen-specific recognition domain;
i) a transmembrane domain
iii) a first co-stimulatory domain;

and the second component polypeptide comprises from N-terminal to C-terminal:

)] a transmembrane domain;
i) a second co-stimulatory domain; and
iii) an intracellular signalling domain,

wherein the target protein is fused to the C-terminus of the first co-stimulatory domain and the binding
member is fused to the C-terminus of the second co-stimulatory domain, wherein the first component
polypeptide fused to the target protein comprises an amino acid sequence having at least 90% identity to
the amino acid sequence set forth in SEQ ID NO: 70; and wherein the second component polypeptide
fused to the binding member comprises an amino acid sequence having at least 90% identity to the
amino acid sequence set forth in SEQ ID NO: 200, optionally wherein the antigen-specific recognition
domain (e.g. scFv) is located N-terminal to the amino acid sequence having at least 90% identity to the
amino acid sequence set forth in SEQ ID NO: 70.

In some embodiments, the first component polypeptide comprises a first signal peptide located N-terminal
to the antigen-specific recognition domain. The first signal peptide may comprise the amino acid
sequence set forth in SEQ ID NO: 201 or SEQ ID NO: 202. In exemplified embodiments, the first signal
peptide comprises the amino acid sequence set forth in SEQ ID NO: 201.

In some embodiments, the second component polypeptide comprises a second signal peptide located N-
terminal to the transmembrane domain. The second signal peptide may comprise the amino acid
sequence set forth in SEQ ID NO: 201 or SEQ ID NO: 202. In exemplified embodiments, the second
signal peptide comprises the amino acid sequence set forth in SEQ ID NO: 202. In one embodiment, the
second component polypeptide comprises an amino acid sequence having at least 90% identity to the
amino acid sequence set forth in SEQ ID NO: 203.
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Also provided is an engineered immune cell comprising the split CAR disclosed herein. In one
embodiment the immune cell is a T-cell. Also provided is a method of genetically modifying an immune
cell to express a split CAR disclosed herein. The method may be carried out ex vivo. The method may
comprise administering the one or more expression vectors described herein to the immune cell such that

the split CAR is expressed on the surface of the immune cell.

Split reporter system

The dimerization-inducible protein may be a split reporter system. The split reporter system may be an
enzyme or fluorescent protein that provides an observable phenotype when the first and second
component polypeptides dimerise. The observable phenotype may be a colorimetic signal, a
luminescent signal or a fluorescent signal. Particular examples of split reporter systems are provided in
Dixon et al. 2017.

In some embodiments, the first component polypeptide comprises a first reporter component; and the
second component polypeptide comprises a second reporter component, and wherein the first
component polypeptide and second component polypeptide form a reporter system upon dimerization,
optionally wherein the reporter system provides an increased colorimetric, luminescent, or a fluorescent

signal when the binding member is bound to the T-SM complex.

Split apoptotic protein

The dimerization-inducible protein may be a split apoptotic protein. A split apoptotic protein is any protein
that is capable of inducing apoptosis when the first and second component polypeptides of the split
apoptotic protein dimerise. An example of a split apoptotic protein is a split caspase (e.g. split caspase 9
or split caspase 3), that is capable to inducing apoptosis upon dimerization and as such can be used to
kill specific cells that contain the split apoptotic protein (e.g. diseased cells, or therapeutic cells that have
been administered for cell therapy purposes). Examples of split caspases are provided in Chelur et al.
2007. The use of an inducible caspase 9 suicide gene system is described, for example, in Gargett et al.
2014.

In some embodiments, the first component polypeptide comprises a first caspase component; and the
second component polypeptide comprises a second caspase component, wherein the first component
polypeptide and second component polypeptide form a caspase upon dimerization. The split caspase

may be capable of inducing cell death when the binding member is bound to the T-SM complex.

In certain embodiments, the first and second caspase components are identical, for example both
caspase components comprise caspase 9 activation domains. An exemplary caspase 9 activation
domain is provided as amino acids residues 152-414 of the human caspase 9 amino acid sequence
provided as NCBI accession number AAO21133.1 (version 1, last updated 1 December 2009). In cases

where the first and second caspase components are identical, the first and second caspase components
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may be encoded from the same expression cassette. For example, a split apoptotic protein may be
encoded from one or more expression cassettes encoding the target protein, the binding member and the
caspase 9 activation domain, where both the target protein and the binding member are fused to a
caspase 9 activation domain. Upon expression, a plurality of proteins comprising the target protein,
binding member and caspase 9 activation domain are produced and dimerization of the caspase 9
activation domains (i.e. at least a first and a second caspase 9 activation domain) can be regulated

through the addition of the small molecule.

In certain exemplary embodiments, the split apoptotic protein comprises an amino acid sequence having
at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID
NO: 223.

Other dimerization-inducible proteins

Other dimerization proteins contemplated for use with the present disclosure include split therapeutic
proteins, split TEV proteases and split Cas9. A split therapeutic protein is any protein that is capable of
exerting a therapeutic effect when the first and second component polypeptides of the split therapeutic

protein dimerize.

Viral vectors and viral particles

In one embodiment the expression vector is a viral vector. Suitable viral vectors for use include adeno-
associated virus vectors, adenovirus vectors, herpes simplex virus vectors, retrovirus vectors, lentivirus
vectors, alphavirus vectors, flavivirus vectors, rhabdovirus vectors, measles virus vectors, Newcastle

disease virus vectors, poxvirus vectors and picornavirus vectors.

As used herein a viral vector means a DNA expression vector which comprises the first and second
expression cassettes such that the expression cassettes are converted into a viral genome that is
packaged in the viral particle when expressed in a cell alongside the necessary components for the
assembly of the viral particle. Additionally, in one embodiment, the viral vector comprises a third

expression cassette encoding a desired expression product.

In a particular embodiment the expression vector is an adeno-associated virus (AAV) vector. AAVs are
one of the most actively investigated gene therapy vehicles and are characterized by excellent safety
profile and high efficiency of transduction in a broad range of target tissues. The use of AAVs as a vector

for gene therapy is described in for example Naso et al. 2017 and Colella et al. 2018.

Various AAV serotypes, including AAV1, AAV3, AAV4, AAV5, AAVE, AAV6.2, AAVE.2FF, AAV8, AAV
8.2, AAV9, and AAV rh10 and pseudotyped AAV such as AAV2/8, AAV2/5 and AAV2/6 can also be used
in accordance with the present disclosure. Further examples of serotypes and their isolation are

described in Srivastava, 2006.
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The AAV particle is a small (25-nm) virus from the Parvoviridae family, and it is composed of a non-
enveloped icosahedral capsid (protein shell) that contains a linear single-stranded DNA genome of
around 4.8 kb. The AAV genome encodes for several protein products, namely, four non-structural Rep
proteins, three capsid proteins (VP1-3), and the assembly-activating protein (AAP). The AAV genes are

flanked by two AAV-specific palindromic inverted terminal repeats (ITRs).

Thus, where the expression vector is an AAV vector, this may mean that the first and second expression
cassettes are flanked by ITRs (e.g. ITR — first expression cassette — second expression cassette — ITR),
such that the expression cassettes are converted into a single-stranded genome that is packaged in an

AAYV particle when expressed in a cell alongside the necessary components for the assembly of the AAV

particle.

The AAV vector may be engineered, for example in order to improve their function. Examples of AAVs

that have been engineered for clinical gene therapy are described in Kotterman and Schaffer, 2014.

AAV vectors have a packaging capacity of less than 5 kb, which can limits the size of the genetic material
(e.g. expression cassettes) that can be introduced in the viral genome. As demonstrated herein, the use
of components that have a relatively small size, such as Tn3 proteins and scFvs as the binding members,
allow for the expression cassette(s) encoding the tripartite complex (e.g. as part of a dimerization-
inducible protein such as a split transcription factor) to fit within a single AAV vector. As additionally
demonstrated herein, the small size of the expression cassette(s) encoding the tripartite complex allowed
for a transgene (e.g. as part of a third expression cassette) to be introduced into the same AAV vector as
the components of the split transcription factor, allowing the split transcription factor to be delivered “in

cis” with the transgene.

The disclosure also includes in vifro methods of making viral particles. In one embodiment, a method of
making viral particles involves transfecting host cells such as mammalian cells with a viral vector as
described herein and expressing viral proteins necessary for particle formation in the cells and culturing
the transfecting cells in a culture medium, such that the cells produce viral particles. The viral particles
may be released into the culture medium, or the method may additionally involve lysing and isolating
particules from the cell lysates. An example of a suitable mammalian cell is a human embryonic kidney
(HEK) 293 cell.

Typically, multiple plasmid expression vectors are utilised to generate the various protein components
that generate the viral particles. Itis also possible to make use of cell lines that constitutively express

components for viral packaging, enabling the use of few plasmids.

For example, construction of an AAV particle requires the Rep and Cap proteins and additional genes
from adenovirus to mediate AAV replication. Making AAV particles is described for example in Robert et
al. 2017

An exemplary method of producing AAV particles is described in Robert et al. 2017. Briefly, this involves

transfection of a mammalian cell line, such as HEK293 cells, with three plasmids. One vector encodes
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the rep and cap genes of AAV (pRepCap) using their endogenous promoters; one vector (pHelper)
encodes three additional adenoviral helper genes (E4, E2A and VA RNASs) not present in HEK293 cells
and; one vector (the viral vector) (pAAV-GOI) contains the one or more expression cassettes flanked by
two ITRs. See Figure 2 of Robert et al.

Following release of viral particles, the culture medium comprising the viral particles may be collected
and, optionally the viral particles may be separated from the cell lysate. Optionally, the viral particles may

be concentrated.

Following production and optional concentration, the viral particles may be stored, for example by

freezing at -80°C ready for use by administering to a cell and/or use in therapy.

The disclosure also provides viral particles, such as AAV particles, for example those produced by the
methods described herein. As used herein, a viral particle comprises a viral genome packaged within the

viral envelope that is capable of infecting a cell, e.g. a mammalian cell.
Disclosed herein are one or more viral particles comprising a viral genome encoding:

)] a target protein, wherein the target protein is capable of binding to a small molecule in

order to form a complex between the target protein and small molecule (T-SM complex); and

i) a binding member, wherein the binding member specifically binds to the T-SM complex
such that the binding member binds the T-SM complex at a higher affinity than it binds both the

target protein alone and the small molecule alone,

wherein the target protein is derived from a viral protease and the small molecule is a viral
protease inhibitor. In one embodiment, the target protein is fused to a first component polypeptide and

the binding member is fused to a second component polypeptide.
Also disclosed herein are one or more viral particles comprising:

)] a first expression cassette encoding a target protein, wherein the target protein is
capable of binding to a small molecule in order to form a complex between the target protein and the

small molecule (T-SM complex); and

i) a second expression cassette encoding a binding member, wherein the binding member
specifically binds to the T-SM complex such that the binding member binds the T-SM complex at a higher

affinity than it binds both the target protein alone and the small molecule alone,

wherein the target protein is derived from a non-human protein and the small molecule is an
inhibitor of the non-human target protein, and wherein the first and second expression cassettes form part
of a viral genome in the one or more viral particles. In one embodiment, the non-human protein is derived
from a viral protease and the small molecule is a viral protease inhibitor. In one embodiment, the target
protein is fused to a first component polypeptide and the binding member is fused to a second component

polypeptide.
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In some embodiments, the first and second expression cassettes form part of the same viral genome of a
viral particle. In other embodiments, the first expression cassette is located in a first viral genome of a
first viral particle and the second expression cassette is located in a second viral genome of a second

viral particle.

The expression cassette, target protein, binding member, small molecule and first and second component
polypeptides may be as further defined above. Depending on the viral particle used, the viral genome
may be a single stranded or double stranded nucleic acid and may be RNA or DNA. For example, when
the viral particle is an AAV particle, the viral genome is a single stranded DNA viral genome. The viral

genome may encode the split proteins as defined above.

Gene therapy

The agents (i.e. the one or more expression vectors, expression products or viral particles, plus small
molecule) may be administered to a patient as part of a method of treatment or a method of prophylaxis
of a disease. Following binding of the binding member to the T-SM complex the recipient individual may
experience a reduction in symptoms of the disease or disorder being treated. This may have a beneficial

effect on the disease condition in the individual.

The term “treatment,” as used herein in the context of treating a condition, pertains generally to treatment
and therapy of a human, in which some desired therapeutic effect is achieved, for example, the inhibition
of the progress of the condition, and includes a reduction in the rate of progress, a halt in the rate of

progress, regression of the condition, amelioration of the condition, and cure of the condition. Treatment

as a prophylactic measure (i.e., prophylaxis, prevention) is also included.

“Prophylaxis” in the context of the present specification should not be understood to circumscribe
complete success i.e. complete protection or complete prevention. Rather prophylaxis in the present
context refers to a measure which is administered in advance of detection of a symptomatic condition with

the aim of preserving health by helping to delay, mitigate or avoid that particular condition.

The method of treatment may involve expressing one or more dimerization-inducible proteins as defined
further herein in a cell. The dimerization-inducible protein may, for example, comprise a first component
polypeptide and a second component polypeptide that form a therapeutic polypeptide upon dimerization.
In this way, addition of the small molecule can result in the therapeutic protein having increased activity
and can be used, for example, in a method of treatment of a disease where the therapeutic protein is

deficient.

Disclosed herein is a method of regulating the expression of a desired expression product in a cell,
comprising i) expressing a dimerization-inducible protein described herein in the cell, wherein the first and
second component polypeptides form a transcription factor upon dimerization, and wherein the DNA
binding domain binds to a target sequence in the cell such that the transcription factor is capable of

regulating (i.e. increasing or decreasing) expression of the desired expression product in the cell, and ii)
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administering the small molecule to the cell in order to regulate expression of the desired expression

product.

Additionally disclosed herein is a dimerization-inducible protein for use in a method of regulating the
expression of a desired expression product in a cell in a human or animal subject, the method comprising
expressing the dimerization-inducible protein described herein in the cell, wherein the first and second
component polypeptides form a transcription factor upon dimerization, and administering the small
molecule to the cell in order to regulate (e.g. increase or decrease) expression of the desired expression
product. Also disclosed herein is a small molecule for use in a method of regulating the expression of a
desired expression product in a cell in a human or animal subject, the method comprising expressing the
dimerization-inducible protein described herein in the cell, wherein the first and second component
polypeptides form a transcription factor upon dimerization, and administering the small molecule to the

cell in order to regulate (e.g. increase or decrease) expression of the desired expression product.

The method may comprise administering one or more expression vectors or viral particles as described
herein in order to express the dimerization-inducible protein in the cell. In other embodiments the method
may comprise administering an expression product produced from the one or more expression vectors,
e.g. MRNA encoding the dimerization-inducible protein, to the cell. The particular administration would be
at the discretion of the physician who would also select dosages using his/her common general

knowledge and dosing regimens known to a skilled practitioner.

The desired expression product can be RNA or a peptidic (peptide, polypeptide or protein). Preferably
the desired expression product is peptidic. The desired expression product may be a therapeutic protein,

i.e. a protein that exerts a therapeutic effect in the subject.

The desired expression product may be part of an endogenous gene present in the genome of the target
cell. Forexample, where the method is carried out in a human cell, the desired expression product may
be part of a human gene. Alternatively, the desired expression product may be part of a transgene
delivered to the target cell, e.g. a therapeutic transgene. Regulating expression of the gene may be used
in a method of treatment or a method of prophylaxis of a disease. Following expression of the split
transcription factor and administration of the small molecule, the recipient individual may exhibit reduction
in symptoms of the disease or disorder being treated. This may have a beneficial effect on the disease

condition in the individual.

Where the target sequence is part of a transgene delivered to the cell, the method may further comprise
administering a third expression cassette to the cell, wherein the third expression cassette encodes the
desired expression product and wherein the third expression cassette comprises the target sequence.
The transgene may comprise a promoter that is operably linked to a coding sequence for the desired
expression product, which may be a therapeutic protein, e.g. a therapeutic antibody. An example of a
therapeutic antibody is MEDI8852, having the heavy chain amino acid sequence set forth as SEQ ID NO:
205 and the light chain amino acid sequence set forth as SEQ ID NO: 206. The third expression cassette

may be part of the same expression vector or viral particle as one or both of the first and second
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expression cassettes. In other words, the transgene may be delivered “in cis” with the split transcription
factor to the cell, such within the same viral (e.g. AAV) particle. Alternatively, the third expression cassette
may be part of a different expression vector or viral particle as one or both of the first and second
expression cassettes. In other words, the transgene may be delivered “in trans” with the split
transcription factor to the cell, such as within separate viral (e.g. AAV) particles. As demonstrated herein,
the split transcription factors of the disclosure are suitable for both “in cis” and “in trans” delivery with the

transgene.

The target sequence may be located in or in close proximity to a promoter that is operably linked to a
coding sequence for the desired expression product. By “close proximity” it is meant that the target
sequence is within 500 bp, within 250 bp, within 100 bp, within 50 bp, or within 25 bp of the sequence

corresponding to the promoter.

Administration to the cell may occur by any suitable means. For example, the expression cassettes may
be delivered by viral, e.g. as part of a viral particle described herein, or by non-viral means. Non-viral
means of delivery include electroporation, lipofection, microinjection, biolistics, virosomes, liposomes,
immunoliposomes, polycation or lipid:nucleic acid conjugates, naked DNA, naked RNA, artificial virions,
and agent-enhanced uptake of DNA. In one embodiment, the expression cassettes are delivered as

MRNA. In one embodiment, the expression cassettes are delivered as DNA plasmids.

In any of the in vivo methods disclosed herein, the small molecule may be orally administered to a human
subject, for example in an acceptable dosage form such as a capsule, tablet, aqueous suspension or
solution. The amount used will depend on the host treated and the particular mode of administration.
The small molecule may be administered as a single dose, multiple doses or over an established period

of time.

Where the method involves administering a viral particle to a cell, the unit dose may be calculated in
terms of the dose of viral particles being administered. Viral doses include a particular number of virus
particles or plaque forming units (pfu) or viral genome copies (vgc). For embodiments involving AAV,
particular unit doses include 103, 104, 105, 10°, 107, 108, 10°, 10'°, 10", 10'2, 103,104, 105, 10'® viral
genome copies (vgc) per kg of body weight. Particle doses may be somewhat higher (10 to 100-fold) due

to the presence of infection-defective particles.

Without wishing to be bound by theory, infection and transduction of cells by viral particles (e.g. AAV
particles) is believed to occur by a series of sequential events as follows: interaction of the viral capsid
with receptors on the surface of the target cell, internalization by endocytosis, intracellular trafficking
through the endocytic/proteasomal compartment, endosomal escape, nuclear import, virion uncoating,
and viral DNA double-strand conversion that leads to the transcription and expression of proteins

encoded by the viral genome in the viral particle.

While it is possible for the one or more expression vectors, expression products, viral particles, and small
molecules to be used (e.g., administered) alone, it is often preferable to present the individual

components as a composition or formulation e.g. with a pharmaceutically acceptable carrier or diluent.
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For example, the one or more viral particles may be administered as a pharmaceutical composition
comprising the one or more viral particles and a pharmaceutically acceptable carrier or diluent. As
another example, the small molecules may be administered as a pharmaceutical composition comprising

the small molecule and a pharmaceutically acceptable carrier or diluent.

The term “pharmaceutically acceptable,” as used herein, pertains to compounds, ingredients, materials,
compositions, dosage forms, etc., which are, within the scope of sound medical judgment, suitable for use
in contact with the tissues of the subject in question (e.g., human) without excessive toxicity, irritation,
allergic response, or other problem or complication, commensurate with a reasonable benefit/risk ratio.
Each carrier, diluent, excipient, etc. must also be “acceptable” in the sense of being compatible with the

other ingredients of the formulation.

The agents (i.e. the one or more expression vectors, DNA plasmids or viral particles, plus small molecule)
may be administered simultaneously or sequentially and may be administered in individually varying dose
schedules and via different routes. For example, when administered sequentially, the agents can be
administered at closely spaced intervals (e.g., over a period of 5-10 minutes) or at longer intervals (e.qg.,
1, 2, 3, 4 or more hours apart, or even longer periods apart where required), the precise dosage regimen
being commensurate with the properties of the agent(s) being administered. In one embodiment, the
small molecule is administered after administration of the one or more expression vectors, DNA plasmids

or viral particles.

Cellular therapy

Also provided are methods of cellular therapy. Cellular therapy involves administering cells that have
been genetically modified to express an expression product, such as a dimerization-inducible protein, to a

patient.

Cells such as stem cells may be used methods of cellular therapy. One potential advantage associated
with using stem cells is that they can be differentiated into other cell types in vitro, and can be introduced
into a mammal (such as the donor of the cells) where they will engraft in the bone marrow. Suitable stem
cells include embryonic stem cells, induced pluripotent stem cells, hematopoietic stem cells,

mesenchymal stem cells, neuronal stem cells, cardiac stem cells and mesenchymal stem cells.

For example, the cellular therapy may involve administering the one or more expression vectors
described herein to a cell (e.g. a stem cell) in an ex vivo method such that a dimerization-inducible protein
is expressed by the cell and administering the cell to a patient. Following administration of the cell
expressing the dimerization-inducible protein, a small molecule may be administered to the individual in
order to induce dimerization of the first and second component polypeptides in order to reconstitute their
function upon dimerization. For example, the first and second component polypeptides may form a
transcription factor upon dimerization, or the first and second component polypeptides may form a CAR

upon dimerization.
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Disclosed herein is a method of treatment comprising administering a cell expressing a dimerization-
inducible protein defined herein to a patient, the method comprising:
)] administering the cell to an individual; and

i) administering the small molecule to the individual.

The dimerization-inducible protein may be for example a split transcription factor, a split CAR, a split
apoptotic protein or a split therapeutic protein. The method of treatment may be a method of treating

cancer.

Cellular therapy may involve isolating cells from a patient, transfecting the cells with one or more
expression vectors ex vivo and the cells are administered to the patient. Various cell types suitable for ex
vivo transfection are well known to those of skill in the art (see, e.g., Freshney ef al., Culture of Animal
Cells, A Manual of Basic Technique (3rd ed. 1994)) and the references cited therein for a discussion of

how to isolate and culture cells from patients).

For example, the cellular therapy may involve isolating a cell from a patient, administering the one or
more expression vectors described herein to the cell in an ex vivo method such that a dimerization-
inducible protein is expressed by the cell, and administering the cell back to the patient. Following
administration of the cell expressing the dimerization-inducible protein, a small molecule may be
administered to the individual in order to induce dimerization of the first and second component

polypeptides as described herein.

In one embodiment, the cell is an immune cell (such as a T-cell) and the dimerization-inducible protein
expressed by the cell is a split CAR. Methods of treatment involving CAR T-cell therapy are known in the

art and are described for example in Miliotou and Papadopoulou, 2018.

Disclosed herein is a method of treatment comprising administering a cell expressing the dimerization-
inducible protein defined herein to a patient thereof, wherein the first and second component polypeptide
form a CAR upon dimerization, the method comprising:

)] administering the cell to an individual; and

i) administering the small molecule to the individual.

The method of treatment may be a method of treating cancer.

Nucleic acids

The disclosure also provides a nucleic acid molecule or molecules encoding a binding member or
dimerization-inducible protein defined herein. The nucleic acid molecule or molecules may be isolated
nucleic acid molecule or molecules. The nucleic acids encoding the binding members and dimerization-
inducible proteins may have the requisite features and sequence identity as described herein in relation to
the expression vectors. The skilled person would have no difficulty in preparing such nucleic acid

molecules using methods well-known in the art.
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In some embodiments the nucleic acid molecule or molecules encode the VH and/or VL domain(s) of
PRSIM_57, PRSIM_01, PRSIM_04, PRSIM_67, PRSIM_72, or PRSIM_75. The amino acid sequences

for those VH or VL domains are defined herein.

In some embodiments, the nucleic acid molecule or molecules encode the binding member of PRSIM_23,
PRSIM_32, PRSIM_33, PRSIM_36, PRSIM_47, PRSIM_57, PRSIM_01, PRSIM_04, PRSIM_67,

PRSIM_72, or PRSIM_75. The amino acid sequences for those binding members are defined herein.

In some embodiments, the nucleic acid molecule or molecules comprise a nucleic acid sequence having
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% sequence identity with the exemplary nucleic acid sequences set forth for PRSIM_23,
PRSIM_32, PRSIM_33, PRSIM_36, PRSIM_47, PRSIM_57, PRSIM_01, PRSIM_04, PRSIM_67,
PRSIM_72, or PRSIM_75. In some embodiments, the nucleic acid molecule or molecules comprise a
nucleic acid sequence of PRSIM_23, PRSIM_32, PRSIM_33, PRSIM_36, PRSIM_47, PRSIM_57,
PRSIM_01, PRSIM_04, PRSIM_67, PRSIM_72, or PRSIM_75. The nucleic acid sequences for those

exemplary binding members are set forth in the following table:

Binding member | Nucleic acid sequence provided as:
PRSIM_23 SEQ ID NO: 73
PRSIM_32 SEQ ID NO: 74
PRSIM_33 SEQ ID NO: 75
PRSIM_36 SEQ ID NO: 76
PRSIM_47 SEQ ID NO: 77
PRSIM_57 SEQ ID NO: 80
PRSIM_01 SEQ ID NO: 78
PRSIM_04 SEQ ID NO: 79
PRSIM_67 SEQ ID NO: 81
PRSIM_72 SEQ ID NO: 82
PRSIM_75 SEQ ID NO: 83

In some embodiments, the nucleic acid molecule or molecules encodes the first component polypeptide
and/or second component polypeptides fused to the target protein or binding member as described

above. The amino acid sequences for those component polypeptides are defined herein.

In some embodiments, the nucleic acid molecule or molecules encodes one or more of the DBD-T fusion
protein, TRD-BM fusion protein, DBD-BM fusion protein, and TRD-T fusion protein as described above.

The amino acid sequences for those fusion proteins are defined herein.
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In some embodiments, the nucleic acid molecule or molecules encoding a TRD-T fusion protein has a
nucleic acid sequence having at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity with the nucleic acid sequence
set forth in SEQ ID NO: 108. In some embodiments, the nucleic acid molecule or molecules encoding a
TRD-T fusion protein has the nucleic acid sequence of SEQ ID NO: 108.

In some embodiments, the nucleic acid molecule or molecules encoding a DBD-T fusion protein has a
nucleic acid sequence having at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity with the nucleic acid sequence
set forth in SEQ ID NO: 109. In some embodiments, the nucleic acid molecule or molecules encoding a
DBD-T fusion protein has the nucleic acid sequence of SEQ ID NO: 109.

In some embodiments, the nucleic acid molecule or molecules encoding a DBD-BM fusion protein has a
nucleic acid sequence having at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity with any one of the nucleic acid
sequences set forth in SEQ ID NOs: 110-120. In some embodiments, the nucleic acid molecule or
molecules encoding a DBD-BM fusion protein has the nucleic acid sequence of any one of SEQ ID NOs:
110-120.

In some embodiments, the nucleic acid molecule or molecules encoding a TRD-BM fusion protein has a
nucleic acid sequence having at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity with any one of the nucleic acid
sequences set forth in SEQ ID NO: 121- 131. In some embodiments, the nucleic acid molecule or
molecules encoding a TRD-BM fusion protein has the nucleic acid sequence of any one of SEQ ID NOs:
121-131.

In some embodiments the nucleic acid molecule or molecules encode a split CAR as defined herein. In
some embodiments the nucleic acid molecule or molecules encoding a split CAR has a nucleic acid
sequence having at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity with the nucleic acid sequence set forth in
SEQ ID NO: 133 and a nucleic acid sequence encoding the antigen-specific recognition domain. In some
embodiments, the nucleic acid molecule or molecules encoding a split CAR has the nucleic acid
sequence of SEQ ID NO: 133 and a nucleic acid sequence encoding the antigen-specific recognition
domain. In some embodiments, the nucleic acid molecule or molecules encoding a split CAR comprises
a nucleic acid sequence encoding an antigen-specific recognition domain (e.g. an scFv) located between

positions 66 and 67, wherein the nucleotide numbering corresponds to SEQ ID NO: 133.

An isolated nucleic acid molecule may be used to express a binding member or dimerization-inducible
protein disclosed herein. The nucleic acid will generally be provided in the form of one or more expression

vectors, for example having the features of the expression vectors described herein.
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Kits

The disclosure also provides kits that comprise one or more expression vectors, one or more viral
particles, cells, or one or more nucleic acids, all as defined herein, with a small molecule, also as defined
herein. In some embodiments, the small molecule is simeprevir. Where the one or more expression
vector or nucleic acid encodes a polypeptide containing a DNA binding domain that is from a
CRISPR/Cas system, the kit may additionally include a guide RNA specific for the target sequence, ora

nucleic acid encoding the guide RNA specific for the target sequence.

Sequence identity and alterations

Sequence identity is commonly defined with reference to the algorithm GAP (Wisconsin GCG package,
Accelerys Inc, San Diego USA). GAP uses the Needleman and Wunsch algorithm to align two complete
sequences, maximising the number of matches and minimising the number of gaps. Generally, default
parameters are used, with a gap creation penalty equalling 12 and a gap extension penalty equalling 4.
Use of GAP may be preferred but other algorithms may be used, e.g. BLAST (which uses the method of
Altschul ef al. (1990)), FASTA (which uses the method of Pearson and Lipman (1988)), or the Smith-
Waterman algorithm (Smith and Waterman (1981)), or the TBLASTN program, of Altschul ef al. (1990)

supra, generally employing default parameters. In particular, the psi-Blast algorithm may be used.

Where the disclosure makes reference to a particular amino acid sequence having at least 90%
sequence identity to a reference amino acid sequence, this includes the amino acid sequence having
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% and 100% sequence identity to the reference

amino acid sequence.

The term “sequence alterations” as used herein is intended to encompass the substitution, deletion
and/or insertion of an amino acid residue. Thus, a protein containing one or more amino acid sequence
alterations compared to a reference sequence contains one or more substitutions, one or more deletions
and/or one or more insertions of an amino acid residues as compared to the reference sequence. The
term “amino acid mutation” is also herein used interchangeably with “sequence alteration”, unless the

context clearly identifies otherwise.

In some embodiments in which one or more amino acids are substituted with another amino acid, the
substitutions may be conservative substitutions, for example according to the following Table. In some
embodiments, amino acids in the same block in the middle column are substituted, i.e. a non-polar amino
acid is substituted for another non-polar amino acid for example. In some embodiments, amino acids in

the same line in the rightmost column are substituted, i.e. G is substituted for A or P for example.

ALIPHATIC Non-polar GAP
LV
Polar - uncharged |CSTM
N Q
Polar - charged DE
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In some embodiments, substitution(s) may be functionally conservative. That is, in some embodiments
the substitution may not affect (or may not substantially affect) one or more functional properties (e.g.
binding affinity) of the protein comprising the substitution as compared to the equivalent unsubstituted

protein.

The binding member may also comprise a variant of a BC, DE or FG loop, Tn3, CDR, VH domain, VL
domain, and/or scFv sequence as disclosed herein. Suitable variants can be obtained by means of
methods of sequence alteration, or mutation, and screening. In a preferred embodiment, a binding
member comprising one or more variant sequences retains one or more of the functional characteristics
of the parent binding member, such as binding specificity and/or binding affinity for the T-SM complex.
For example, a binding member comprising one or more variant sequences preferably binds to T-SM
complex with the same affinity as, or a higher affinity than, the (parent) binding member. The parent
binding member is a binding member which does not comprise the amino acid substitution(s), deletion(s),

and/or insertion(s) which has (have) been incorporated into the variant binding member.

For example, a binding member may comprise a BC, DE or FG loops, Tn3, CDR, VH domain, VL domain,
or scFv sequence which has at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, at least 99.1%, at least 99.2%, at least
99.3%, at least 99.4%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9%
sequence identity to a BC, DE or FG loops, Tn3, CDR, VH domain, VL domain, or scFv sequence

disclosed herein.

A binding member may comprise a BC, DE or FG loops, Tn3, CDR, VH domain, VL domain, or scFv
sequence which has one or more amino acid sequence alterations (addition, deletion, substitution and/or
insertion of an amino acid residue), preferably 20 alterations or fewer, 15 alterations or fewer, 10
alterations or fewer, 5 alterations or fewer, 4 alterations or fewer, 3 alterations or fewer, 2 alterations or
fewer, or 1 alteration compared with a BC, DE or FG loops, Tn3, CDR, VH domain, VL domain, or scFv

sequence disclosed herein.

The features disclosed in the foregoing description, or in the following claims, or in the accompanying
drawings, expressed in their specific forms or in terms of a means for performing the disclosed function,
or a method or process for obtaining the disclosed results, as appropriate, may, separately, or in any

combination of such features, be utilised for realising the present disclosure in diverse forms thereof.

While the present disclosure has been described in conjunction with the exemplary embodiments
described above, many equivalent modifications and variations will be apparent to those skilled in the art

when given this disclosure. Accordingly, the exemplary embodiments of the present disclosure set forth
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above are considered to be illustrative and not limiting. Various changes to the described embodiments

may be made without departing from the spirit and scope of the present disclosure.

For the avoidance of any doubt, any theoretical explanations provided herein are provided for the
purposes of improving the understanding of a reader. The inventors do not wish to be bound by any of

these theoretical explanations.

Any section headings used herein are for organizational purposes only and are not to be construed as

limiting the subject matter described.

Throughout this specification, including the claims which follow, unless the context requires otherwise, the
word “comprise” and “include”, and variations such as “comprises”, “comprising”, and “including” will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but not the

exclusion of any other integer or step or group of integers or steps.

ElY ]

It must be noted that, as used in the specification and the appended claims, the singular forms “a,” “an,’
and “the” include plural referents unless the context clearly dictates otherwise. Ranges may be expressed
herein as from “about” one particular value, and/or to “about” another particular value. When such a range
is expressed, another embodiment includes from the one particular value and/or to the other particular
value. Similarly, when values are expressed as approximations, by the use of the antecedent “about,” it
will be understood that the particular value forms another embodiment. The term “about” in relation to a

numerical value is optional and means for example +/- 10%.

Examples

EXAMPLE 1 - Materials and methods

Solvent-accessible surface area calculations

The Visual Molecular Dynamics (VMD) software (University of lllinois at Urbana-Champaign) built-in
measure sasa command was used to calculate the solvent accessible surface area (SASA) of simeprevir
from the three-dimensional structure of HCV NS3/4A PR:simeprevir complex available from the Protein
Data Bank (PDB; http://www.rcsb.org/); PDB code 3KEE. The -restrict option, and a radius of 1.4 A was
used to calculate the surface of simeprevir not bound to HCV NS3/4A PR, in other words, the solvent

accessible surface area.

Generation of biotinylated HCV NS3/4A protease

The sequence used in the design of HCV NS3/4A PR constructs is derived from Uniprot entry ASDG50
(Hepatitis C virus subtype 1a genome polyprotein) and incorporates additional modifications from US
patent US6800456. The protease domain corresponds to residues 1030-1206 of the polyprotein. A single

chain consisting of an 11-residue peptide derived from the viral NS4A protein fused to the N-terminus of
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NS3 protease (SEQ ID 1) was used to create a fully folded and activated polypeptide. This sequence with
N-terminal hexahistidine (6His) and AviTag (SEQ ID 3) (to enable affinity purification and biotinylation,
respectively) was purchased as a linear DNA string (GeneArt). In parallel, a DNA string encoding an
equivalent sequence with the active site mutation S139A (SEQ ID 4) was ordered. The DNA strings were
cloned into the pET-28a vector (for bacterial expression) using Gibson assembly. A second set of DNA
strings were ordered encoding human codon-optimised versions of the His and Avitag tagged WT and
S139A protease and these were cloned into a mammalian expression vector with a CMV promoter. The

sequences of the final constructs were verified via Sanger sequencing of the entire coding sequences.

For bacterial expression, the pET-28a plasmids were transformed into BL21(DE3) E. coli cells and
selected on plates containing kanamycin (50 pg/ml). For each expression, a single colony was used to
inoculate a 5 ml 2xTY + 50 yg/ml kanamycin culture that was grown at 37°C overnight. This culture was
used to inoculate 500 ml TB Autoinduction medium (Formedium, supplemented with 10 ml/L glycerol and
100 pg/ml kanamycin) at 1:500 dilution. The culture was grown at 37°C to an OD600 of 1.3-1.5 and then
transferred to 20°C for 20 hours for expression to be induced. Cells were harvested by centrifugation and

the pellets were stored at -80°C.

For mammalian expression, plasmid DNA was prepared with the Qiagen Plasmid Plus Gigaprep Kkit.
Gigaprep DNA was transfected into Expi293F cells (ThermoFisher) cultured in FreeStyle293 medium
(ThermoFisher) using PEI-mediated delivery with cells at a density of 2.5 x 10° cells/ml at the point of
transfection. Cells were cultured at 37°C, 5% COz, 140 rpm, 70% humidity for 6 days. Cells were
harvested at 4,000g and pellets stored at -80°C.

For protein purification, each bacterial pellet from 500 ml culture was thawed and re-suspended in 50 ml
lysis buffer (2 x DPBS, 200 mM NacCl, pH 7.4). The cells were lysed using a probe sonicator and the
lysate was clarified by centrifugation at 50,000g for 40 min at 4°C. Mammalian cell pellets were lysed via
resuspension in lysis buffer containing detergent (2x DPBS, 200 mM NacCl, 1 mM TCEP, cOmplete,
EDTA-free Protease Inhibitor and 25 U/ml Turbonuclease, 1% Triton X-100, pH 7.4) and rotation at 10
rom, 4°C for 2 hours. The mammalian lysed sample was centrifuged at 50,000g, 30 min, 4°C. All samples
were filtered with 0.22 um bottle-top filtration devices prior to column chromatography. The filtered
supernatant was loaded on a 5 ml HisTrap HP column (GE Healthcare) at 5 ml/min flow rate. The column
was washed with 100 ml wash buffer (2 x DPBS, 200 mM additional NaCl, 20 mM Imidazole, pH 7.4) and
eluted with an imidazole gradient over 5 column volumes from 20-400 mM imidazole. Fractions were
analysed by SDS-PAGE and those that were enriched for the correct protein were pooled and buffer
exchanged with a HiPrep 26/10 Desalting column (GE Healthcare) into lysis buffer (2 x DPBS, 200 mM
NaCl, pH 7.4). Desalted protein fractions were pooled, concentrated with a centrifugal concentration
device and were purified on a HiLoad Superdex 75 26/600 pg column (GE Healthcare) equilibrated in 2 x
DPBS, 2 mM DTT, 10 uM ZnCl2. Fractions were analysed by SDS-PAGE and those that were > 95% pure
were pooled, had their concentration determined via UV absorbance, and were snap frozen in liquid
nitrogen prior to storage at -70°C. Final sample purity was verified with RP-HPLC on an XBridge BEH300,
C4 (Waters).
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The purified protein was biotinylated on its AviTag using an MBP-tagged BirA enzyme incubated with
sample for 2.5 hours at 22°C in the presence of ATP and biotin. Biotinylated protein was purified via size
exclusion chromatography on a HiLoad Superdex 75 16/600 pg column (GE Healthcare) in 2 x DPBS, 2
mM DTT, 1 uM ZnCl.. Fractions were analysed by SDS-PAGE and those containing the protease were
pooled and the extent of biotinylation was confirmed by intact mass spectrometry on a Xevo G2-CS MS

(Waters). Biotinylated protein was split into aliquots, snap frozen in liquid nitrogen and stored at -70°C.

For production of His- and Avitag tagged NS3/4A S139A protease with the introduction of additional
mutations either to reduce affinity for simeprevir, the pET-28a derived plasmid encoding the protease was
used as a template for site-directed mutagenesis with the Quikchange Lightning site-directed
mutagenesis kit. Mutant forms of the protease construct were verified via Sanger sequencing of the entire
coding sequences prior to expression. Mutant proteins were transformed into a BL21(DE3) E. coli
derivative bearing a plasmid for IPTG-inducible overexpression of BirA biotin protein ligase to enable
biotinylation during bacterial expression. An overnight culture was used to inoculate 50 ml 2xTY + 50
pg/ml kanamycin at a 1:20 dilution. The culture was grown at 37°C to an OD600 of 0.6, and then
supplemented with 50 uM biotin and induced with 1 mM IPTG. The induced culture was transferred to
25°C for 20 hours for expression. Cells were harvested by centrifugation and the pellets were stored at -
20°C. For purification, each pellet was resuspended in 20 ml lysis buffer (50 mM HEPES, 500 mM NacCl,
1 mM TCEP, cOmplete, EDTA-free Protease Inhibitor) and lysed by passage through a cell disruptor
(Constant Systems) at 40,000 kpsi. Protein was purified in an automated 2-step procedure of IMAC
followed by buffer exchange with a desalting column. Once loaded on an IMAC resin, sample was
washed with lysis buffer supplemented with 20 mM imidazole and eluted with buffer containing 400 miM
imidazole. Eluate was automatically captured and loaded on a desalting column equilibrated in 50 mM
HEPES, 300 mM NacCl, 0.5 mM TCEP, pH 7.5. Final protein samples were split into aliquots, snap frozen

in liquid nitrogen and stored at -70°C.

HCV NS3/4A PR protease activily assay

To assess enzyme activity, cleavage of a fluorogenic HCV protease FRET substrate with an EDANS-
DABCYL donor-quencher pair by purified HCV NS3/4A PR and the S139A mutant (RET S1, AnaSpec)
was measured. When in close proximity (10-100 A), as would be the case for the intact peptide, EDANS
is excited at 340nm, and the energy emitted from EDANS (at 490nm) is quenched by DABCYL. Cleavage
of the peptide by the HCV NS3/4A PR separates DABCYL from EDANS, allowing detection of

fluorescence at 490nm.

Serial dilutions of HCV NS3/4A PR and the active site mutant S139A in assay buffer (HEPES pH 7.8,
5mM DTT, 100mM NacCl, 10% glycerol, 0.01% CHAPS) were incubated with the fluorogenic substrate at
room temperature. Fluorescence was measured after 3 hours using a PerkinElmer Envision plate reader

(excitation 340nm, emission 490nm).
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Isothermal calorimefry

Isothermal calorimetry (ITC) was carried out using the Auto-ITC 200 (Malvern), with a preliminary
injection of 0.4 ul followed by 19 injections of 2 ul each, at 120 second intervals. Rotation of the solution
was set to 750 rom and temperature 37°C. Simeprevir (125 uM) was titrated into HCV NS3/4A PR (WT 8
MM and S139A mutant 8.2 uM) or protein buffer (control); the protein buffer was enriched with 2.5%
DMSO to equal the amount present in the simeprevir solution. The WT was run once; the S139A mutant
was run in duplicate. The data were analysed with the ITC-PEAQ software (Malvern) using a one-site

binding model and reference subtraction point-by-point.

Phage display selections

scFv and Tn3 sequences were isolated from phage display selections using three phage display libraries
as follows (i) Library 1, a Tn3 library developed as an Fnlll alternative scaffold based on the third such
module in human tenascin C ((Leahy et al. 1992), (Oganesyan et al. 2013), (Gilbreth et al. 2014)), (ii)

Library 2, a restricted framework scFv library and (iii) Library 3 a naive scFv library.

All phage selections were performed according to previously established protocols ((Vaughan et al.
1996), (Swers et al. 2013)). Phage display selections were performed using biotinylated HCV NS3/4A PR
(S139A) captured on streptavidin coated magnetic beads (Promega). In total, 4 rounds of phage display
selection were performed for each phage library, using decreasing concentrations of biotinylated HCV
NS3/4A PR and simeprevir (Fig. 4A and Fig. 4B).

The biotinylated HCV NS3/4A PR (S139A) antigen was pre-incubated with a 50-fold molar excess of
simeprevir prior to selections commencing, to ensure saturation of the protease. Prior to each selection,
the phage pool was incubated with streptavidin beads alone to deplete the library of any binders to the
streptavidin beads. For phage display selections rounds 1 and 2, no deselection step on biotinylated HCV
NS3/4A PR (S139A) in the absence of simeprevir was performed. However, for rounds 3 and 4,
selections were performed in parallel, with one arm having no deselection step on biotinylated HCV
NS3/4A PR (S139A), and the other arm having a deselection step where the phage particles were pre-
incubated with 250 nM biotinylated HCV NS3/4A PR (S139A) for 15 minutes at room temperature prior to
removing the protease using streptavidin coated beads. Following this the resulting phage were then
added to the biotinylated HCV NS3/4A PR (S139A) coated on streptavidin beads in the presence of

simeprevir for the selection protocol.

Phage display selections were performed using the following concentrations of biotinylated HCV NS3/4A
PR (S139A) at each round:

Round 1: 250nM biotinylated HCV NS3/4A PR (S139A) + 12.5 uM simeprevir
Round 2: 100nM biotinylated HCV NS3/4A PR (S139A) + 5 uM simeprevir

Round 3: 25nM biotinylated HCV NS3/4A PR (S139A) + 1.25 uM simeprevir
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Round 4: 25nM biotinylated HCV NS3/4A PR (S139A) + 1.25 uM simeprevir

Following incubation with the biotinylated HCV NS3/4A PR (S139A) in the presence of simeprevir, the
phage bound to the complex were washed three times with D-PBS (Sigma) followed by elution with
trypsin. Eluted phage were used to infect mid-log phage cultures of E. coli TG1 cells and plated on agar

plates (containing 100 pg/ml ampicillin and 2% (w/v) glucose).

Individual phage clones from round 3 and round 4 were picked for DNA sequencing and screening for

antigen binding by phage ELISA. DNA sequence information is shown in Table 1.

Phage Rescue

Specific binding to HCV NS3/4A PR (S139A) was assessed by phage ELISA using single phagemid scFv
or Tn3 clones induced for expression as described ((Osbourn et al. 1996)). Briefly, individual TG1
colonies encoding phage clones from round 3 and round 4 selection outputs, and negative control clones,
were grown in 96 well plates at 37°C shaking at 280rpm to log phase in media containing 100 nug/mi
ampicillin and 2% (w/v) glucose. Helper phage was then added to each well and the plates incubated at
37°C for 1 hour, shaking at 150rpm. Plates were then centrifuged at 4500 rpm for 10 minutes at room
temperature and the media was removed and replaced with media containing 100 ug/ml ampicillin and 50
pg/ml kanamycin. Plates were then incubated overnight at 25°C, shaking at 280 rpm. The following day,
phage preparations were blocked by adding an equal volume of 2 x PBS containing 6% (w/v) skimmed

milk powder (Marvel) to each well of the plate.

Phage ELISA

Biotinylated HCV NS3/4A PR (S139A) was used to coat 96 well streptavidin-coated plates at 5 pg/ml
(1.875 uM) in the presence and absence of a 3-fold excess of simeprevir (5.6 uM). Coated plates were
washed with PBS and blocked with PBS containing 3% (w/v) skimmed milk powder (Marvel) for one hour.
Following this blocking step, the plate wells were washed three times with PBS, prior to adding the
blocked phage preps (produced as described in the phage rescue section). Phage preps were incubated
with the antigens for 1 hour at room temperature prior to washing three times with PBS/Tween 20 (0.1%
v/v). Phage that bound specifically to the antigen coated plate were detected using an anti-M13 phage-
HRP tagged antibody (GE Healthcare), followed by detection using 3,3', 5,5-Tetramethylbenzidine (TMB;
Sigma). The detection reaction was stopped using 0.5 M H2S04 and plates were read using a fluorescent
plate reader at 450nm. Fluorescent readings determined for each clone binding to biotinylated HCV
NS3/4A PR (S139A) in the presence of simeprevir was compared to those binding in the absence of
simeprevir, by dividing the signal observed in the presence of simeprevir to the signal observed in the
absence of simeprevir. These data were plotted on graphs (Fig. 4B). From these data, a panel of scFv
and Tn3 clones named PRSIM_xx where xx refers to the clone number were selected for further study.

Clones that were selected had uniqgue DNA sequences and demonstrated no binding to HCV NS3/4A PR
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(S139A) in the absence of simeprevir as determined by phage ELISA (except controls PRSIM 51, PRSIM
54, PRSIM 55 and PRSIM 85 which demonstrated binding to the HCV NS3/4A PR (S139A) in both the

presence and absence of simeprevir).

Expression of scFv and Tn3 PRSIM binding molecules

scFv and Tn3 PRSIM binding molecules were purified from E. coli using methods previously described
(Vaughan et al., 1996), using nickel-chelate chromatography, followed by size exclusion chromatography.
To increase the expression level of the most promising Tn3 PRSIM binding molecules, the DNA
sequences encoding them were subcloned to the pET16b vector, using the oligonucleotides
Tn3_pETFwd2 (5™-
CGATCATATGGACTACAAGGACGACGATGACAAGGGCAGCCGTCTGGATGCACCGAGCCAG -3’
(SEQ ID NO: 183)) and Tn3_pETRev2 (5’ -
ATCGGGATCCCTACAGACCGGTTTTAAAGGTAATTTTTGCCGG -3' (SEQ ID NO: 184)) and expressed
cytoplasmically in BL21 (DE3) E. coli (New England Biolabs). Following lysis in BugBuster plus
Benzonase (EMD Millipore), Tn3-based PRSIM binding molecules were purified to homogeneity using
nickel-chelate chromatography, followed by size exclusion chromatography to provide a monomeric
protein in PBS (pH 6.5).

Homogeneous fime-resolved fluorescence (HTRF) binding screens

scFv and Tn3 PRSIM binding molecules that were selective for the HCV NS3/4A PR (S139A) were
identified in homogeneous time-resolved fluorescence (HTRF®) assays run in parallel to measure binding
in the presence and absence of simeprevir. HCV NS3/4A PR (S139A), and serial dilutions of purified
PRSIM binding molecules, were prepared in assay buffer (PBS containing 0.4 M potassium fluoride and
0.1% BSA). Streptavidin cryptate (Cisbio) was pre-mixed with either anti-FLAG XL665 (to detect the Tn3
molecules) or anti-c-myc XL665 (to detect the scFv molecules) in assay buffer. For each assay 2.5 pl of
sample titration was added to 2.5 yl HCV NS3/4A PR (S139A) and 2.5 pl of pre-mixed detection
reagents. Either 2.5 yl simeprevir or 2.5 ul of a DMSO blank were also added to each well. Background
was defined using wells with zero sample addition. Assay plates were incubated overnight at 4°C, prior to
reading the time resolved fluorescence at 620nm and 665nm emission wavelengths using a PerkinElmer
Envision plate reader. Data was analysed by calculating % Delta F values for each sample. Delta F was

determined according to equation 1.
Equation 1:

% Delta F = ((sample 665nm/620nm ratio value) — (background 665nm/620nm ratio value)/ (background
665nm/620nm ratio value)) X 100

Selective binding molecules are defined as those scFv and Tn3 PRSIM binding molecules that bind to
HCV NS3/4A PR (S139A) in complex with simeprevir and no binding to HCV NS3/4A PR (S139A).
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Binding kinetics analysis

The affinity of the scFv and Tn3 PRSIM binding molecules were measured using the Biacore 8K (GE
Healthcare) at 25°C. The scFv and Tn3 PRSIM binding molecules were covalently immobilised to a CM5
chip surface using standard amine coupling techniques at a concentration of 1 yg/ml in 10 mM sodium

acetate pH 4.5.

The HCV NS3/4A PR (S139A), or BSA control, was diluted 1:4 (1.25-20 nM) £ 10 nM simeprevir in 10
mM Hepes pH 7.4, 150 mM NacCl, 0.05% Surfactant P20, 0.01% DMSO, ensuring constant simeprevir
and DMSO concentration. The samples were flowed over the chip at 50 ul/min using single cycle kinetics,
with 120 sec association and 600 sec dissociation. The chip surface was regenerated with two 20 sec
pulses of 10 mM Glycine-HCI pH 3.0. The final sensorgrams were analysed using the Biacore 8K
Evaluation Software and the affinity constant Ko was determined using a 1:1 binding model. The same
method was used for measuring the affinity of the HCV NS3/4A PR mutants for PRSIM_23 with minor
deviations. The mutants were diluted 1:4 (2.5-40 nM) % simeprevir in 10 mM Hepes pH 7.4, 150 mM
NaCl, 0.05% Surfactant P20, 0.08% DMSO, ensuring constant simeprevir and DMSO concentration. The
samples were flowed over the chip at 50 pl/min using single cycle kinetics, with 180 sec association and

600 sec dissociation.

The effect of simeprevir concentration on the formation of the HCV NS3/4A PR (S139A)/PRSIM binding
molecule complex was also measured using the Biacore 8K. PRSIM_57 and PRSIM_23 were covalently
immobilised on a CM5 chip surface, as before. Simeprevir was diluted 1:2 (0.0152-300 nM) in 10 mM
Hepes pH 7.4, 150 mM NacCl, 0.05% Surfactant P20, 0.3% DMSO at a constant 40 nM HCV NS3/4A PR
(S139A) concentration. The samples were flowed over the chip at 50 ul/min using multi cycle kinetics,
with 240 sec association and 600 sec dissociation. Regeneration conditions were as described above.
Titration curves for the induction of HCV NS3/4A PR (S139A)/PRSIM dimerization by simeprevir were
generated. The response for each simeprevir concentration at 225 sec (15 sec before the end of the
association) was normalized as a percentage of the response for 300 nM Simeprevir at 225 sec and
plotted against the Simeprevir concentration. Each data point represents the mean of 3 independent
experiments £ s.e.m. The ECso reported was calculated using nonlinear regression curve fit. The same
method was used for the mutant HCV NS3/4A proteases, except simeprevir was diluted 1:2 (0.0457-900
or 0.412-8,100 nM) in 10 mM Hepes pH 7.4, 150 mM NacCl, 0.05% Surfactant P20, 0.82% DMSO at a
constant 40 nM HCV NS3/4A PR (S139A) concentration and the response for each simeprevir

concentration was normalized against the highest simeprevir concentration.

The affinity of simeprevir was measured using the Octet RED384 (ForteBio) at 25°C. The biotinylated
HCV NS3/4A PR (S139A), HCV NS3/4A K136D PR, HCV NS3/4A K136N PR and HCV NS3/4A D168E
PR were loaded on High Precision Streptavidin (SAX) biosensors at a concentration of 2 ug/mlin 10 mM
Hepes pH 7.4, 150 mM NacCl, 0.05% Surfactant P20, 0.3% DMSO. The simeprevir was diluted 1:1 (46.88-

3,000 nM) in the same buffer and the loaded biosensors were dipped into the simeprevir samples for 180
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sec to measure the association. For the dissociation the biosensors were dipped into the buffer for 600
sec. The traces were analysed using ForteBio Data Analysis software and fit globally using a 1:1 binding

model.

Split NanoLuc reconstitution assay

The ability of the PRSIM binding molecules to promote dimerization of two proteins to which they are
fused was assessed with the NanoBIT system (Promega) that measures the reconstitution of a split
Nanoluciferase (NanoLuc) and the resultant luminescence upon supply of a live cell imaging Nano-Glo
NanoLuc substrate (Fig. 8). In the NanoBiT system, one interaction partner is fused via a flexible linker to
an 18 kDa fragment of NanoLuc termed LgBiT (for “large bit”) (SEQ ID NO: 16) and the other is fused via
an equivalent linker to a 1.3 kDa peptide SmBIT (“small bit”) (SEQ ID NO: 17). LgBit and SmBIT have a
low affinity (190 uM) for each other in the absence of interacting partners and will not reconstitute to form
an active luciferase enzyme. Once fused to the interacting proteins of a CID and supplied with inducer,
they will reconstitute, and luminescence can be measured. The NanoBiT system supplies two sets of
control proteins fused to LgBiT and SmBIT: a set of constitutively interacting proteins
PRKAR2A:PRKACA; and the FRB:FKBP12 pair whose dimerization can be induced with rapamycin.

To establish the optimal orientation of the HCV NS3/4A PR (S139A) and PRSIM components, constructs
whereby HCV NS3/4A PR (S139A) was fused at either the N- or C-terminus to SmBIT (SEQ ID NOs: 18
and 19, respectively) and a parallel set of constructs for each PRSIM binding module fused to either the
N- or C-terminus of LgBIT (SEQ ID NOS: 20-30 and 31-41, respectively). The NanoBiT kit (Promega)
supplies a set of vectors enabling these constructs to be generated. DNA strings encoding HCV NS3/4A
PR (8139A) and the PRSIM molecules were purchased from GeneArt and amplified via PCR with primers
with extensions containing restriction sites compatible with the NanoBIT vectors and were cloned via

Gibson assembly. All constructs were verified via Sanger sequencing of the entire coding sequence.

All NanoBIT screens were performed in adherent HEK293 cells cultured in 96-well plates. Cells
enzymatically dissociated from a tissue culture flask were counted and plated at 2 x 10* cells/well in a
white, opaque-bottomed 96-well plate (Costar 3917). The plates were incubated overnight at 37°C with
5% CO:2 to allow the cells to adhere. On day 2, plasmids were co-transfected with Lipofectamine LTX
(ThermoFisher) at a final concentration of 100 ng/well (50 ng/plasmid, one encoding a SmBIT fusion, the
other a LgBIiT fusion). On day 3, wells were treated with 100nM of the appropriate small molecule inducer
(rapamycin (FRB:FKBP12) or simeprevir (HCV NS3/4A PR:PRSIM)) or vehicle control, and luminescence
was quantified with an Envision plate reader immediately following addition of Nano-Glo Live Cell

Substrate (Promega).

Transcriptional regulation assay
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The iDimerize regulated transcription system (Takara) was used to test the ability of PRSIM-based CIDs
to regulate gene expression. It is based on the reconstitution of a split transcription factor, where the
DNA binding domain (DBD) and activation domain (AD) are separated such that transcription does not
occur. The DBD and AD are separately fused to the two protein components of a CID such that, only in
the presence of the small molecule inducer, the AD is brought into close proximity to the DBD, recruiting
the transcription machinery to a promoter harbouring the DBD recognition sites. The iDimerize regulated
transcription system (Takara) provides two vectors, pHet-Act1-2 and pZFHD1-Luciferase. The pHet-
Act1-2 vector encodes two fusion proteins that represent a positive control; one is a fusion between FRB
(T82L mutant; DmrC) and an activation domain (AD) from human p65 (SEQ ID NO: 42); the otheris a
fusion protein comprised of a DNA binding domain (ZFHD1) (SEQ ID NO: 43) fused to three tandem
copies of FKBP12 (DmrA). These sequences are preceded by a CMV promoter and separated by an
internal ribosome entry site (IRES). The ZFHD1 vector encodes luciferase preceded by an inducible
promoter consisting of 12 copies of the recognition sequence of the ZFHD1 DBD upstream of a minimal
IL-2 promoter. Binding of the DBD to its recognition sequence and recruitment of the transcriptional
machinery by the AD initiates transcription of the luciferase reporter gene. The DNA sequence encoding
HCV NS3/4A PR (S139A) was purchased as a DNA string from GeneArt and cloned into the pHet-Act1-2
vector as either an N-terminal fusion partner to the activation domain (SEQ ID NO: 44) (replacing FRB) or
as a C-terminal fusion partner to the DNA binding domain (SEQ ID NO: 45) (replacing FKBP12) with
flexible linkers (TGGGGSGGGGS (SEQ ID NO: 185) and SA, respectively) between the fusion partners.
Subsequently, sequences encoding one copy of a panel of 12 PRSIM molecules (Table 2) were
purchased as DNA strings from GeneArt and were cloned using Gibson assembly into the HCV NS3/4A
PR (8139A)-containing pHetAct1-2 constructs described above, as a fusion partner to either the DBD
(SEQ ID NOS: 46-56) or AD (SEQ ID NOS: 57-67), respectively. An equivalent construct was generated
to replace the three copies of FKBP12 in pHet-Act1-2 with a single copy of FKBP12. The sequence of
the constructs encoding both activation domain and DNA-binding domain fusion proteins was confirmed

by Sanger sequencing of the entire coding region.

The DNA sequence encoding NanoLuc-PEST (Promega) (SEQ ID NO: 68) was purchased as a DNA
string from GeneArt and cloned into the pZFHD1-2 vector (Takara) downstream of the ZFHD1 inducible
promoter using Gibson assembly cloning. The nucleotide sequence of the final construct was confirmed

by sequencing.

The DNA sequence encoding MEDI8852 (SEQ ID NO: 237 and SEQ ID NO: 238, separated by an
internal ribosome entry site (IRES) sequence) was purchased as a as a DNA string from GeneArt and
cloned into the pZFHD1-2 vector (Takara) downstream of the ZFHD1 inducible promoter using Gibson

assembly cloning. The nucleotide sequence of the final construct was confirmed by sequencing.

Sequences encoding the three HCV NS3/4A PR (S139A) mutants (Table 6) were purchased as DNA
strings from GeneArt and were cloned using Gibson assembly into the pHetAct1-2 HCV NS3/4A PR
(S139A)-PRSIM_23 (3 tandem copy) construct described above as a fusion partner to the AD (SEQ ID
NOs: 211-216).
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All transcriptional regulation assays were performed in adherent HEK293 cells cultured in 384-well plates.
Cells enzymatically dissociated from a tissue culture flask were counted and plated at 7.5 x 10° cells/well
in a 384-well plate. The plates were incubated overnight at 37°C with 5% CO:2 to allow the cells to adhere.
On day 2, the cells were co-transfected with a pHet-Act1-2 plasmid (containing the FRB:FKBP12 control
fusion proteins (Clontech) or the HCV NS3/4A PR (S139A):PRSIM fusion proteins) and a pZFHD1
plasmid (encoding either luciferase (Clontech) or NanoLuc-PEST (as described above)) using
Lipofectamine LTX (ThermoFisher). On day 3, wells were treated with different concentrations of either
A/C heterodimeriser (for the FRB:FKBP12 control), simeprevir or with vehicle control, and 24 hours later
luminescence was quantified with an Envision plate reader immediately following addition of SteadyGlo
luciferase substrate (Promega) or Nano-Glo Vivazine luciferase substrate (Promega). Alternatively,
reverse transfections were carried out on Day 1, addition of dimeriser on Day 2 and luminescence

quantified 24 hours later on Day 3.

Luminescence readings were converted into fold-change by dividing the signal in the presence of

simeprevir by that in the absence of simeprevir.

For the quantification of antibody expression (MEDI8852) utilising the transcriptional regulation assay, the
cells were co-transfected with a pHet-Act1-2 plasmid (containing the HCV NS3/4A PR
(S139A):PRSIM_23) and a pZFHD1 plasmid (encoding MEDI8852); 24 hours later wells were treated with
different concentrations of simeprevir. Antibody concentration was determined in the supernatants 48
hours post the addition of simeprevir using MSD kit (Singleplex Human/NHP IgG Isotyping Kit

(Mesoscale).

Split chimeric antigen recepfor activation assay

A chimeric antigen receptor (CAR), a synthetic, genetically engineered version of a T-cell receptor, can
direct the activation of immune cells in response to user-defined targets via target-specific recognition
domains, e.g. a single chain variable antibody fragment (scFv). These multi-domain, synthetic proteins
are typically constructed by fusion of the target recognition domain to a transmembrane domain, T-cell
receptor co-stimulatory domain and a C-terminal CD3 zeta cytoplasmic activation domain. A split-CAR
can be generated by expressing the target recognition/transmembrane/co-stimulatory domain and the
CD3 zeta activation domain as two separate proteins. Addition of the appropriate heterodimerising switch
components, to the respective proteins, will then allow activation of the CAR in the presence of the target

protein via chemical-induced heterodimerisation.

Two split CAR-encoding constructs were generated utilising either the FRB:FKBP12 or HCV NS3/4A PR
(S139A):PRSIM_23 heterodimerising components. For both split CARs a tricistronic construct was
generated. The three fusion proteins encoded were 1) From N-terminus to C-terminus, a signal peptide

sequence, an scFv fragment that recognises the target antigen, a hinge domain from human IgG4, a
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transmembrane domain from CD28, the intracellular domain of co-stimulatory protein 4-1BB activation
domain and either FKBP12 or HCV NS3/4A PR (S139A), 2) From N-terminus to C-terminus, a signal
peptide sequence, a hinge domain from human IgG4, a transmembrane domain from CD28, the
intracellular domain of co-stimulatory protein 4-1BB activation domain, either FRB or PRSIM_23, followed
by the CD3 zeta domain and 3) green fluorescent protein (GFP) which was used as a marker for
transfected cells (Fig. 15A). Fusion proteins 1 and 2 were linked via a P2A self-cleaving peptide, and
proteins 2 and 3 were linked via a further T2A self-cleaving peptide. The tricistronic DNA sequences
encoding the FRB:FKBP12- and HCV NS3/4A PR (S129A):PRSIM_23-based split CARs were purchased
from GeneArt (Life Technologies) and cloned into the pCDH expression lentivector (Systems Bioscience)
and sequences were verified by Sanger sequencing. The tricistronic DNA sequences for FRB:FKBP12
split CAR (without the scFv fragment that recognises the target antigen) is provided as SEQ ID NO: 132
and the tricistonic DNA sequence for HCV NS3/4A PR (S139A):PRSIM_23 (also without the scFV
fragment that recognises the target antigen) is provided as SEQ ID NO: 133. A DNA sequence encoding
the scFv fragment that recognises the target antigen was inserted between nucleotide positions 66 and
67 of SEQ ID Nos: 132 and 133, respectively.

Lentiviral particles encoding each split CAR were generated using the pPACKH1 HIV lentivector
packaging kit (Systems Bioscience), according to the manufacturer’s protocol. Jurkat cells were
transduced with lentiviral particles in the presence of 8 ug/ml polybrene for 24 hours, after which time the
cells were changed into fresh growth media (RPMI-1640 + 10% foetal bovine serum) and allowed to grow
for 5 days. Split CAR-transduced Jurkat cell pools were FACS-sorted based on GFP fluorescence to
achieve equivalent expression levels for both the FKBP12:FRB and HCV NS3/4A PR (S139A).PRSIM_23
CARs before functional testing. Activation of the split-CAR-expressing Jurkat cells can be measured by
interleukin-2 (IL-2) production after stimulation of the CAR (Smith-Garvin, Koretzky, and Jordan 2009). A
co-culture assay was employed to facilitate CAR activation whereby CAR-expressing Jurkat cells were
mixed with either HepG2 (antigen positive) or A375 (antigen negative) cells at a ratio of 1:1. Different
concentrations of simeprevir or the vehicle control (DMSO) was added to the cell mixtures and incubated
for 24 hours. Following incubation, the cells are pelleted by centrifugation and the supernatant was tested
for IL-2 expression via a commercially-available IL-2 ELISA (R&D Systems) as per the manufacturer’s

protocol.
AAV transduction experiments

AAV expression vectors were generated by subcloning specific promoter and transgene elements into an
intermediate vector derived from pAAV-CMV (Takara) in which the CMV promoter downstream of the
5'ITR was removed and a WPRE element and SV40 polyA sequence were inserted upstream of the 3’
ITR.

To generate AAV encoding an inducible luciferase transgene, the ZHFD1-luciferase cassette was
amplified by PCR from pZFHD1-Luciferase provided in the iDimerize regulated transcription system

(Takara) and subcloned into the intermediate AAV vector. To generate AAV encoding constitutively
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expressed hulL-2, a gene encoding human IL-2 (SEQ ID NO: 210) was subcloned downstream of a CAG
promoter in the intermediate AAV vector (Fig. 18A). To generate AAV encoding the PRSIM_23 CID in
the context of the split transcription factor, a cassette encoding two fusion proteins (the ZFHD1 DNA
binding domain fused to 3 copies of PRSIM_23 and HCV NS3/4A PR (S139A) fused to the AD) separated
by a P2A self-cleaving peptide (SEQ ID NO: 208) was subcloned downstream of a hybrid EF1alpha-
HTLV-1 promoter in the intermediate AAV vector. To generate AAV encoding an inducible IL-2 transgene
in addition to the PRSIM_23 CID-split transcription factor, human IL-2 was subcloned in place of the
luciferase transgene in the pZFHD1-Luciferase vector, and the ZFHD1-hulL-2 cassette was amplified by
PCR and inserted immediately downstream of the 5’ ITR in the AAV vector encoding the PRSIM_23 CID-

split transcription factor construct (Fig. 18C). All constructs were verified via Sanger sequencing.

Recombinant AAV (rAAV) was produced by triple-transfection of 40 T-175 cm? flasks containing HEK293
T-17 cells at 80% confluency using a standard helper-free approach. Briefly, each flask was transfected
with 15ug of a helper plasmid (a plasmid containing adenoviral E2A and E4), 7.5 ug of the AAV ITR-
bearing, and transgene-encoding plasmid and 7.5 ug of the AAV capsid plasmid (containing the AAV8
capsid and the corresponding Rep genes) using 90 ug of 40 kD linear polyethylenimine (PEI). Five days
after transfection, media was collected from all the flasks, treated with 2000 units of Benzonase nuclease
and incubated at 37°C for 1 hr. The media was then filtered through a 0.22 um filter and concentrated to a
volume of 80ml using tangential flow filtration (TFF). This volume was further concentrated and buffer
exchanged with PBS using an Amicon-15mI-100 kDa filter before loading onto a stepwise iodixanol
gradient (15%/25%/40%/60%) and spinning at 69000 rpm on an ultracentrifuge in a Ti70 rotor for 1.5 hrs
at 18°C. Fractions were taken from the ultraclear centrifuge tubes by piercing the tube with a 19 gauge
syringe in the 60% layer below the clear band representing the virus and the purity of each fraction was
assessed by SDS-PAGE of each fraction and subsequent Sypro Ruby analysis. Pure fractions were
combined, buffer exchanged with PBS in an Amicon-15ml-100 kDa filter and concentrated to a final
volume of 150 ul and stored at -80C in aliquots to avoid any repeated freeze/thaws. The viruses were
titered using digital-droplet PCR and a TagMan probe specific to the ITRs. Typical titres ranged from 1-3

x 10"% genome copies (GC)/ml.

All rAAV transduction assays were performed in adherent HEK293 cells cultured in 96-well plates. Cells
enzymatically dissociated from a tissue culture flask were counted and plated at 2.5 x 104 cells/well in a
96-well plate. The plates were incubated overnight at 37°C with 5% CO: to allow the cells to adhere. On
Day 2, the cells were transduced with 2.5-5 x 10° GC/ml (corresponding to a multiplicity of infection (MOI)
of 1-2 x 10%) of the relevant rAAV. After incubation for 48-72 hours, the cells were treated with different
concentrations of simeprevir or with vehicle control and incubated for a further 24 hours. For
luminescence assays, SteadyGlo luciferase substrate (Promega) was added and luminescence was
quantified with an Envision plate reader. Luminescence readings were converted into fold-change by

dividing the signal in the presence of simeprevir by that in the absence of simeprevir. For IL-2 assays,
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supernatant was harvested and IL-2 quantified using a V-PLEX Human IL-2 Kit (Meso Scale Discovery)

following the manufacturer’s protocol.

Endogenous gene regulation assay

To demonstrate endogenous gene regulation by the PRSIM-based CID, an activating CRISPR
(CRISPRa) approach was employed. CRISPRa relies on the use of a dead Cas9 enzyme (dCas9) with no
endonuclease activity to bind to a target site within the promoter region of an endogenous gene via a
single guide RNA. Upon recruitment of a transcriptional activator, transcription of the endogenous gene is

initiated.

For this approach, the dCas9 and the VPR activation domain (AD) are separated such that transcription
does not occur. The dCas9 and AD are separately fused to the two protein components of the CID such
that, only in the presence of the small molecule inducer, the AD is brought into close proximity to dCas9,
allowing recruitment of the transcription machinery to the promoter region of an endogenous gene via a
single guide RNA (sgRNA). In this example, an activation plasmid was generated consisting of two
functional units; an AD fused to the HCV NS3/4A PR (S139A) (SEQ ID 226) and a dCas9 fused to three
tandem copies of PRSIM-23 (SEQ ID 228). The sequences are preceded by a CMV promoter and
separated by an internal ribosome entry site (IRES). A gRNA plasmid was generated by golden gate
assembly, utilising Bsal. The gRNA plasmid encodes the human U6 promoter, an interleukin-2 (IL-2)
target sequence (GTTACATTAGCCCACACTT; SEQ ID NO: 229) and a scaffold RNA sequence to allow
Cas9 binding (Fig. 19A).

Transcriptional regulation assays were performed in adherent HEK293 cells cultured in 96-well plates.
Cells enzymatically dissociated from a tissue culture flask were counted and plated at 2.5 x10* cells/well.
The plates were incubated overnight at 37°C with 5% CO: to allow the cells to adhere. On day 2, the cells
were co-transfected with the activation and gRNA plasmids using Lipofectamine 3000 (ThermoFisher),
using a gRNA:activation plasmid DNA ratio of 2:1. On day 3, wells were incubated with 300 nM
simeprevir or with vehicle control. 72 hours post-treatment (day 6), the cell supernatant was harvested
and |L-2 quantified using a V-PLEX Human IL-2 Kit (Meso Scale Discovery), as per the manufacturer’s

protocol.

Molecular simulations fo identify mutations predicted to reduce the affinity of simeprevir to hepatitis C
virus (HCV)) fo NS3/4A protease

The co-crystal structure of HCV in complex with Simeprevir was first prepared using Protein Preparation
Wizard (Sastry ef al., 2013) to add hydrogen atoms, fill in missing side chains, assign the proper
ionization state for both the amino acids and Simeprevir at physiological pH. The FEP+ (module) in the
Schrodinger 2019-2 (Moraca ef al., 2019) release with the OPLS3e force field was then used to predict
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the relative binding free energies upon mutations of residues H57, K136, S139 and R155 in HCV NS3/4A

PR. Mutations that are predicted to reduce the affinity of HCV protease to Simeprevir are listed in Table 4.
Generation of stable cell lines expressing GFP-PEST under control of split transcription factor

Monoclonal cell lines were generated using CRISPR-mediated knockin system for transgene integration
at AAVS1 locus (ORIGENE) according to manufacturer’s instructions (Figure 26B). Initially, HEK293 cells
expressing GFP-PEST (SEQ ID NO: 232, 233) under control of inducible promoter (minimal IL-2
promoter) were obtained by transient transfections with previously linearized pHet-ZFHD1-GFP-PEST
plasmid. Transfected cells were selected by addition of 800ug/ml geneticin into growth media (DMEM +
10% foetal bovine serum + 1% Non-essential amino acids). Subsequently, polyclonal cells were
transfected with pHet-Act1-2-HCV NS3/4A PR (S139A)-PRSIM23 (3 tandem copies) plasmid and FACS
sorted based on GFP fluorescence intensity in response to simeprevir treatment to isolate single cell
clones. Final monoclonal cell line was used as a base for further generation of HEK293 cells expressing
GFP-PEST under control of split transcription factor PRSIM_23 HCV NS3/4 PR WT and mutants.

AAVS1 safe harbor CRISPR-mediated knockin system employs two plasmids: the CRISPR all-in-one
vector, pCAS-Guide-AAVS1 vector and the donor vector (pAAVS1-DNR-Puromycin) with AAVS1
homologous arms (SEQ ID NO: 234, 235). The AAVS1 targeting sequence (SEQ ID NO: 236) was
previously cloned into pCAS-Guide plasmid. The donor vector was engineered by addition of Sbfl and
Hpal restriction enzyme sites via Gibson assembly to enable further sub-cloning of HCV NS3/4A PR
(S139A) and mutants:PRSIM_23 heterodimerising components. Subsequently, pHet-Act1-2-HCV NS3/4A
PR (S139A)-PRISM23 (3 tandem copies) plasmid was digested with Sbfl and Hpal restriction enzymes
(New England Biolabs) to obtain HCV NS3/4A PR (S139)-PRISM23 DNA which was further sub-cloned
into the donor vector by Gibson Assembly. HCV NS3/4A PR variants including HCV NS3/4 PR (K136D)
(SEQ ID NO: 211), HCV NS3/4 PR (D168E) (SEQ ID NO: 213) and HCV NS3/4 PR (K136N) (SEQ ID
NO: 215) were sub-cloned from pHet-Act1-2-HCV NS3/4 PR (K136D/ D168E or K136N)-PRISM23 into
PAAVS1- HCV NS3/4A PR (S139A)-PRISM23-Puromycin plasmid by Gibson assembly using Sbfl and

Afel restriction enzyme sites. The nucleotide sequences were confirmed by Sanger sequencing.

Stable cells expressing GFP-PEST under control of inducible promoter alone were co-transfected with
pAAVS1-HCV NS3/4A PR (S139A; K136D; D168E; K136N)-PRISM23-Puromycin donor vector and
pCAS-Guide-AAVS1 to enable targeted integration into AAVS1 locus. Transfected cells were selected by
addition of 1ug/ml puromycin into growth media (DMEM + 10% foetal bovine serum + 1% Non-essential
amino acids + 800ug/ml Geneticin) 48hr post-transfection. Following 14 day selection period, polyclonal
cell lines were induced with 500nM simeprevir and FACS sorted based on GFP fluorescence intensity to
isolate single cell clones. Final monoclonal cell lines (Fig. 26C) were FACS characterised based on GFP

signal in response to 500nM simeprevir treatment.

Flow cyfometry to determine the kinetics of GFP-PEST expression from the simeprevir-inducible swifch

Monoclonal cell lines expressing GFP-PEST under the control of the split transcription factor system were

enzymatically dislodged from tissue culture flasks and plated into 96 well collagen-coated plates. The
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following day, cells were treated with 100 nM Simeprevir. 24h post-treatment, cells were washed twice in
growth medium without Simeprevir, and cells were further maintained in medium without Simeprevir.
Cellular GFP-fluorescence at various timepoints after the removal of Simeprevir was determined using
flow cytometry on a Fortessa Flow cytometer (BD Biosciences). For analysis, the GFP-fluorescence (in
relative fluorescence units = RFU) of untreated cells was subtracted from all experimental values. RFU

values were further normalised to timepoint ‘Oh’, taken at the time of Simeprevir removal.

Structure determination of the HCV NS3/4A PR (S139A).PRSIM 57 complex

The single chain HCV protease construct — an 11-residue peptide derived from the viral NS4A protein
fused to the N-terminus of NS3 protease with S139A mutation — was redesigned with an N-terminal
hexahistidine (6His) followed by a tobacco etch virus (TEV) protease cleavage site (to enable affinity
purification and removal of the tags, respectively) (SEQ ID NO: 218). A second construct was designed to
express the PRSIM_57 scFv with an N-terminal pelB leader to direct periplasmic secretion and C-terminal
TEV site and 6His tag (SEQ ID NO: 221). Both sequences were purchased as linear DNA strings
(GeneArt) and were cloned into the pET-28a vector (for bacterial expression) using Gibson assembly.
The sequences of the final constructs were verified via Sanger sequencing of the entire coding

sequences.

For expression, the pET-28a plasmids were transformed into BL21(DE3) E. coli cells and selected on
plates containing kanamycin (50 ug/ml). For each expression, a single colony was used to inoculate a 5
ml 2xTY + 50 yg/ml kanamycin culture that was grown at 37°C overnight. This culture was used to
inoculate 500 ml TB Autoinduction medium (Formedium, supplemented with 10 ml/L glycerol and 100
pg/ml kanamycin) at 1:500 dilution. The culture was grown at 37°C to an OD600 of 1.3-1.5 and then
transferred to 25°C (HCV NS3/4A PR (S139A)) or 30°C (PRSIM_57) for 20 hours for expression to be

induced. Cells were harvested by centrifugation and the pellets were stored at -80°C.

For protein purification of HCV NS3/4A PR (S139A), each bacterial pellet from 500 ml culture was thawed
and re-suspended in 50 ml lysis buffer (50 mM HEPES, 500 mM NacCl, 1 mM TCEP, pH 8.0). The cells
were lysed by passage through a cell disruptor at 30,000 kpsi and the lysate was clarified by
centrifugation at 50,0009 for 30 min at 4°C. The clarified supernatant was loaded on a 5 ml HisTrap HP
column (GE Healthcare) at 5 ml/min flow rate. The column was washed sequentially with wash buffers
(50 mM HEPES, 500 mM NaCl, 1 mM TCEP, 20 mM Imidazole, pH 8.0 and 50 mM HEPES, 500 mM
NaCl, 1 mM TCEP, 40 mM Imidazole, pH 8.0) and eluted with an imidazole gradient over 5 column
volumes from 40-400 mM imidazole. Fractions were analysed by SDS-PAGE and those that were
enriched for the correct protein were pooled and buffer exchanged with a HiPrep 26/10 Desalting column
(GE Healthcare) into 50 mM HEPES, 200 mM NaCl, 0.3 mM TCEP, 10 uM ZnClz, pH 7.5 (storage buffer).
Desalted protein fractions were treated with His-tagged TEV protease at 1:100 w/w overnight at 4°C. TEV
protease was removed by passing the sample through a HisTrap HP column and the resulting flow-

through material was polished by loading on a Superdex 75 26/600 column equilibrated in storage buffer.
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The PRSIM-57 His-tagged scFv sample was released from the periplasm via osmotic shock of the cell
pellets: cells were first resuspended in 300 ml 50 mM Tris, 1 mM EDTA, 20% sucrose, pH 8.0 and then
pelleted and resuspended in water to exert osmotic shock and release periplasm contents. The sample
was purified by loading on a HisTrap excel column and washing and eluting with the same buffers as
used for the HCV NS3/4A PR (S139A) construct. The eluted protein was buffer exchanged by loading on
a HiPrep 26/10 desalting column in 50 mM HEPES, 200 mM NacCl, pH 7.5 and treated with TEV protease
at 1:50 w/w ratio overnight at 4°C. TEV-digested material was further purified with IMAC and size
exclusion steps as for the protease and stored in 50 mM HEPES, 200 mM NaCl, pH 7.5.

To form the ternary complex of HCV NS3/4A PR (S139A), PRSIM_57 and simeprevir, HCV NS3/4A PR
(S139A) at a concentration of 50 uM was mixed with a 1.1-fold excess of PRSIM_57 and to this was
added simeprevir to a final concentration of 100 uM with DMSO at 3% in the final solution. The sample
was incubated at room temperature for 60 min to allow equilibration and then loaded on Superdex 75
16/600 column at 0.75 ml/min in 20 mM HEPES, 200 mM NacCl, pH 7.5. Fractions containing the complex
were pooled, concentrated to 12 mg/ml, split into aliquots and snap frozen in liquid nitrogen prior to
storage at -70°C. An aliquot of the complex was thawed and run on an HP-SEC column to verify complex

integrity and monodispersity prior to crystallisation.

The ternary complex was crystallised using sitting drop vapour diffusion method. A number of proprietary
crystallisation screens were set up at 277K and 293K. Hits from these screens were optimised using
sitting drop and hanging drop vapour diffusion experiments as appropriate. Final crystals were obtained at
293K from reservoir solutions comprised of 20-25% (w/v) PEG 8000, 100-300mM magnesium chloride
and HEPES buffer, pH 7.0-8.0. Crystals were exposed to cryoprotectant solution of reservoir

supplemented with 20% (v/v) ethylene glycol and then frozen directly in liquid nitrogen.

Data collection was carried out at Diamond Light Source, beamline i04, at cryogenic temperatures. The
CCP4 and autoBUSTER software packages were used to solve and refine the structures, and the
program Coot was used for manual building of the models. The structure was solved by molecular
replacement using models of HCV NS3/4A (S139A) from the Protein Data Bank.

In silico prediction of stability of HCV NS3/4A PR (S193A) mutants

The change in stability of the HCV protein upon mutation was calculated using Schroedinger Residue
Scanning tool (Schridinger Release 2020-2: SiteMap, Schridinger, LLC, New York, NY, 2020).

A Prime MM/GBSA energy function with an implicit solvent term was used for the calculations (Li ef al.,
2011). A cutoff of 6 A was used for the protein refinement around the mutation. Negative values of the

change in stability are linked to an increased mutant stability.

PRISM-based kill switch cloning
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The sequence encoding a kill switch fusion protein of PRSIM23, HCV NS3/4A PR and ACARDCaspase9
with short GGGSG between the three fragments (SEQ ID NO: 223) was purchased as a cloned gene in
vector pcDNA3.1 from Geneart (Life Technologies). The fusion protein was sub-cloned into EcoRI/Notl
digested lentiviral vector pCDH-EF1a-MCS-(PGK-GFP-T2A-Puro) (Systems Bioscience) using Gibson
assembly cloning. To generate the Caspase 9 S196A mutation, a DNA fragment altering the equivalent
Ser371 in the kill switch construct to Ala was synthesized by Geneart was cloned into Clal/Not| cleaved

kill switch vector (SEQ ID NO: 230). Gene sequences were confirmed by DNA sequencing.

PRISM-based kill switch cell line generation

Lentiviral particles encoding the kill switch fusion protein (SEQ ID NO: 223) or kill switch S196A mutant
fusion protein (SEQ ID NO: 230) were generated using pPACKH1 HIV lentiviral packaging kit (Systems
Bioscience), according to manufacturer’s instructions. HEK293 cells were transduced for 24h in the
presence of 8 pyg/ml polybrene after which cells were changed into fresh growth medium (DMEM + 10%
foetal bovine serum + 1% Non-essential amino acids). 24 h later transduced cells were selected by
addition of 2 pg/ml puromycin for 5 days. Before functional testing, transduced cell pools were FACS

sorted based on GFP fluorescence to isolate high expressing cell line pools and single cell clones.

HCT116 and HT29 transduced cells were generated following the same protocol with exception of using
McCoy’s 5A medium + 10% foetal bovine serum as growth medium, supplemented with 2 pg/ml

puromycin for selection of transduced cells.

The hESC line Sa121 (TakaraBio Europe) was also transduced with the lentiviral particles encoding the
PRSIM-based kill switch fusion protein described above (SEQ ID 223). Cells (passage 19) were plated at
3.5 x 105 cells/cm? in the DEF-CS culture system, and the cells were transduced 30h later. 24h after
transduction, puromycin selection was initiated and the antibiotic selection was maintained until a stable

cell pool was achieved.

Generation of stable iPS cell lines expressing the PRSIM-based kill switch

A stable induced pluripotency stem cell (iPSC) line (a single clone (B-3/1F1) derived from the fibroblast
cells of a healthy human donor from Research Specimen Collection Program of Astrazeneca) stably
expressing the simeprevir-inducible kill switch was generated using CRISPR/Cas9 technology, using

AAV-encoded DNA as template for targeted integration into the 2 microglobulin (B2M) locus.

The donor construct (Fig. 33A) encoding the PRSIM-based kill switch (SEQ ID 223) was synthesized and
purchased from GenScript, Inc. and was subcloned into an AAV shuttle plasmid backbone. The donor
construct was packaged into adeno-associated viral (AAV) particles; briefly, the donor plasmid was co-
transfected with two helper plasmids, pAd5Helper and pR2C6, encoding adenoviral components essential
for AAV replication and AAV2 replication (rep)/AAV6 capsid (cap) proteins respectively. After 72 hours,

the cells were collected and were disrupted by freeze-thawing. The cell lysate was digested with
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Benzonase (100 U/ml) for 1 hour at 37 °C and were centrifugated. The vector-containing supernatant was
collected and applied to lodixanol gradient followed by ultracentrifugation. After ultracentrifugation, the
vector containing solution was collected and washed with 20 mL PBS in a centrifugal concentrator tube
for 3 times. Finally, the solution was concentrated to 1 mL. The vector genome copies contained in the

solution was titered by gPCR.

The iPSC cells seeded in Vitronectin-coated 6-well plates at 50~70% confluency (approximately 1.2 x 108
cells) were used for transfectionftransduction. Cells were maintained in 2 mL fresh StemFlex medium
containing 1x RevitaCell (Life Technologies). For each well, 200 uL Opti-MEM (Life Technologies)
medium containing 220 nM of CRISPR-ribonucleoprotein and 12 uL of RNAIMAX (Life Technologies) was
applied. In the meantime, the AAV vectors were applied with the multiplicity of infection (MOI) of 50,000.

After 24-hour incubation, the RNP/AAV-containing medium was replace by fresh StemFlex medium.

At 48-hour post transfection, the medium was replaced by fresh StemFlex medium containing 5 pg/mL
Blasticidin S HCI (Life Technologies). The medium was replaced with fresh Blasticidin-containing
StemFlex medium each day for another 3 to 4 days. Then, the cells were maintained in regular StemFlex

medium again.

To identify cells that were B2M-negative, and thus encoding the PRSIM-based kill switch, FACS was
performed. Cells were detached from the plates using TrypLE Express (Life Technologies) and
resuspended in FACS buffer (HBBS containing 1% PBS and 1x RevitaCell) at a density of 1 x 107
cells/mL containing 5% of APC-labeled anti-human B2M antibody (BioLegend, Inc.) solution. After 10-
minute incubation, cells were washed using 10 times volume of FACS buffer for two times and
resuspended in FACS buffer at a density of 2 x 107 cells/mL. B2M-negative cells were collected by FACS

(FACSAria; BD Biosciences) and cultured for further experiment.

Single cell clones were then isolated using single-cell printing. Cells were detached from the plates using
TrypLE Express (Life Technologies) and resuspended in SCP buffer (HBBS containing 1x RevitaCell) at a
density of 1.6 x 10° cells/ml. Cell suspension was loaded to a cartridge of the Cytena CloneSelect Single-
Cell Printer (Cytena). Cells were seeded at 1 cell per well in the Matrigel or Vitronectin-coated 96-well
plates containing 200 uL of mL fresh mTeSR (STEMCELL Technologies) or StemFlex medium containing
1x RevitaCell (Life Technologies). The media was replaced by fresh StemFlex media on the next day of
SCP.

Five single cell clones were recovered, expanded from 96-well plates to Vitronectin-coated 24-well plates,
and were further expanded and maintained in Vitronectin-coated 6-well plates. For each single-cell clone,
approximately 5 x 10° cells were collected. Genome DNA was isolated using the DNeasy Blood & Tissue
Kit (Qiagen). The targeted region of human B2M gene were amplified using the primers below and using
the SuperFi DNA polymerase (Life Technologies). The PCR products were loaded in 1.2 % agarose gel
for electrophoresis. The gel were visualized to identify the gene knock-in status of the single-cell clones
by the size of the amplicons (Fig. 33B). Clones 1B7, 1D12, 1G8 and 2D8 were shown to be biallelic at

the B2M locus, and were used for functional analysis of the kill switch activity.
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B2M_LHA_PF2 GGGAGGAACTTCTTGGCACA (SEQ ID NO.: 246)
B2M_RHA_PR2 AGGAGAGACTCACGCTGGAT (SEQ ID NO.: 247)

Kill switch cell viability and Caspase 3 functional assay

HEK293, HCT116 or HT29 cells stably expressing the PRSIM-based kill switch fusion protein (SEQ ID
NO: 223) or HEK293 cells stably expressing the PRSIM kill switch S196A mutant fusion protein (SEQ ID
NO: 230) were plated onto collagen-coated 96-well plates and 24h later treated with 100 nM simeprevir.
Phase contrast images were acquired at various timepoints using 10x or 20x objectives on an Incucyte

Zoom (EssenBioscience).

Functional Caspase 9 activates Caspase 3, and this proteolytic activity can be determined using cleavage
of non-fluorescent substrate DEVD-AMC into cleavage products DEVD and fluorescent AMC, such that
AMC fluorescence signal at 430 nm is proportional to Caspase 3 activity. For the Caspase 3 assay, cells
were plated in duplicate onto 6 well tissue-culture treated plates. 24h later, one of the duplicate wells was
treated with 10 nM simeprevir for 3h. Cells lysates were analysed in triplicate using a Caspase 3 assay
from BD Biosciences according to manufacturer’s instruction with the modification that total protein input
was normalised to 50 ug by BCA assay (LifeTechnologies). Fluorescence was determined on an Envision
plate reader (PerkinElmer), Ex:380nm, Em: 430nm. For quantification, RFU (raw fluorescence value) for
wells that contained only the assay substrate were subtracted from all RFU derived from assay samples.
Results were normalised to non-transduced, simeprevir-treated cells. Analysis was performed in Prism

(GraphPad) using a One-Way-Anova followed by multiple comparisons.

PRSIM-based Kill switch activity in ESC cells

To test the induction of the kill switch in Sa121 ES cells, the cells were plated at 3.5 x 105/cm? two days
before inducing Kill switch activity by treating with simeprevir at concentrations from 10nm to 1uM. The
cells were imaged using the Incucyte S3 (EssenBioscience) at intervals ranging from 10-20 min; Kill

switch efficiency was quantified by image analysis of confluency.

Real-Time Cell Analysis (RTCA) assay fo detect simeprevir-inducible kill switch activity in iPS cells

The cells for each of the single-cell clones described above were plated in the vitronectin-coated 96-well
electronic microtiter plates (E-Plate® 96, ACEA Biosciences Inc.) at the density of 40,000 cells per well.
The plate was set connected with the xCelligence module and incubated at 37°C in a humidified incubator
with 5% CO2 so that the cell proliferation index can be monitored without interrupting regular cell growth.
The cell proliferation index was measured and recorded every 15 minutes for 24 hours. Simeprevir at
different concentration was then added and the cell proliferation index measured every 5 minutes for 8

hours and then every 15 minutes for further 40 hours. All experiments were performed in triplicate wells
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for each clone and each condition. The average cell index were quantified by using the xCELLigence

RTCA Software Pro (ACEA Biosciences Inc.)

EXAMPLE 2 - Identification of simeprevir and HCV NS3/4A PR as the basis for a chemical inducer of
dimerization (CID) module

To generate a de novo chemical inducer of dimerization module, we adopted an approach whereby the
small molecule inducer is a clinically approved small molecule and one of the protein components is the
target of the small molecule (target protein). The second protein component (binding member) is derived
from a library of binding molecules (Tn3 or scFv) and demonstrates exquisite selectivity for the target
protein bound to the small molecule over the unbound target protein (Fig. 1). By focussing on approved
small molecules, we reasoned that the path to regulatory approval would be significantly smoother
considering that the small molecules are already considered safe for human use, at appropriate doses.
Rather than use small molecules that target human proteins, we decided to focus instead on small
molecules that bind to non-human proteins such as anti-viral compounds. We reasoned that the
advantages of this approach are that the small molecule will not elicit any on-target pharmacology which
could be detrimental and, as there is no target protein present in (uninfected) patients, there is no
competition for binding to the small molecule which could impact its pharmacokinetics. To determine a

preferred small molecule/target protein pair we considered the following criteria:

Ideal small molecule criteria:

Approved

e Suitable for chronic dosing (daily for >6 months)
e Cell permeable

e Orally dosed

e Not used as first line therapy as an antiviral

Ideal target protein criteria:
e Monomeric
e Small (= 30 kDa)

e Overexpression of target protein (or domain thereof) is non-toxic OR target protein can be

rendered inactive but retain SM binding

e Can be expressed cytoplasmically (i.e. not integral to membrane or bound to DNA)

Small molecule:target protein complex criteria:
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e There is reason to believe that the bound target protein will have epitopes that are distinct from

the unbound target protein

An extensive analysis was carried out, and one of the preferred small molecule/target protein pairings
identified was simeprevir and its target, the NS3/4A protease from hepatitis C virus (HCV NS3/4A PR).
Simeprevir (Olysio®) is a small molecule that is administered orally, is cell-permeable, and has a
pharmacokinetics (PK) profile that supports once-daily dosing. It has been used chronically (up to 39
months) to treat HCV infection in combination with ribavirin and pegylated interferon, and is on the WHO
essential medicines list, indicative of a well-tolerated and widely administered drug. HCV NS3/4A PR is
monomeric, relatively small in size (21 kDa), can be expressed cytoplasmically, and is not found
associated with DNA. Furthermore, three-dimensional X-ray crystallography of the complex (PDB code:
3KEE) reveals that simeprevir is bound in the shallow substrate-binding groove of HCV NS3/4A PR with
364 A of exposed surface area (Fig. 2); we reasoned that this relatively large exposed area would be
sufficiently different from the unbound HCV NS3/4A PR that complex-specific binding molecules could be
identified.

EXAMPLE 3 - A mutant HCV NS3/4A PR (S139A) retains binding to simeprevir, despite a significant

reduction in activity

The HCV NS3/4A PR is an enzyme that cleaves at four junctions of the HCV polyprotein precursor, and it
is known to cleave a limited number of endogenous human targets (Li, Sun, et al. 2005; Li, Foy, et al.
2005). To limit this activity within human cells, we reasoned that identification of a mutant form of the
HCV NS3/4A PR that is enzymatically inactive but retains binding to simeprevir would be necessary. An
active site mutant of HCV NS3/4A PR (S139A) had previously been shown to demonstrate significantly
less activity than its wild-type counterpart (Sabariegos et al. 2009). To confirm this, and to investigate
whether the mutant HCV NS3/4A PR would retain binding to simeprevir, recombinant proteins were
expressed in E. coli and purified to homogeneity. HCV NS3/4A PR with an N-terminal hexahistidine and
AviTag, both WT (SEQ ID NO: 3) and S139A mutant (SEQ ID NO: 4) were expressed separately in 1 litre
culture of BL21(DES3) induced via autoinduction. The cultures were harvested and proteins purified using
a combination of immobilised metal affinity chromatography and size exclusion chromatography. Final
pooled samples were assessed via SDS-PAGE indicating a >99% level of purity (Fig. 3A). Aliquots of the
purified proteins were site-specifically biotinylated at the AviTag using BirA enzyme and re-purified via
size exclusion chromatography; both WT and S139A HCV NS3/4A PR had 100% biotinylation

incorporation, as verified by mass spectrometry.

These recombinant HCV NS3/4A PR WT and S139A proteins were tested for enzymatic activity in a
fluorogenic peptide cleavage assay, where the significantly reduced activity of the HCV NS3/4A PR
S139A mutant was confirmed. No enzymatic activity could be detected at most concentrations tested,

with minimal activity observed only at high nM to uM concentrations (Fig. 3B).
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Isothermal calorimetry was performed to assess the binding affinity of simeprevir to the WT and S139A
HCV NS3/4A PR proteins. Both proteins gave very similar results, with the same stoichiometry (~0.6
Sim/NS3 binding sites) and AH values (~22 kcal/mol) obtained (Fig. 3C). The dissociation constant
calculated was very low (~1 pM), but with a very high associated error (10 nM), suggesting the affinity is
too high to be precisely measured using this technique without using a competitive ligand. Nevertheless,
as the stoichiometry and AH values are the same, it is very likely that there is no major difference in
binding affinities between the WT and S139A HCV NS3/4A PR proteins.

Based on these data we chose to proceed with the selection of HCV NS3/4A PR:simeprevir complex-

specific binding (PRSIM) molecules based on the S139A mutant protein.

EXAMPLE 4 - Selection of HCV NS3/4A PR (S139A):simeprevir complex-specific binding (PRSIM)
molecules

Four rounds of phage display selections were performed on biotinylated HCV NS3/4A PR (S139A) in the
presence of simeprevir. From the round 3 and round 4 selection outputs, phage ELISAs were performed
on biotinylated HCV NS3/4A PR (S139A) in both the presence and absence of simeprevir, and binding
determined by fluorescent signal measured (Fig. 4A and Fig. 4B). The phage ELISA binding data was
compared to the DNA sequence data from the same clones, and a panel of 34 scFv and 28 Tn3 clones
with unique sequences that demonstrated selective binding to biotinylated HCV NS3/4A PR (S139A) in
the presence of simeprevir were selected to be expressed for further biochemical studies (Table 1A and
Table 1B). In addition, one scFv clone (PRSIM_51) and 3 Tn3 clones (PRSIM_54, PRSIM_55 and
PRSIM_85) that demonstrated binding to biotinylated HCV N3/4A protease (S139A) in both the presence

and absence of simeprevir were also selected for further biochemical study.

Table 1A
Binding fold change [(HCV HTRF max.

Clone Selection protease + Simeprevir binding) signal (%

Name Format Library round / HCV protease alone] delta F) *
PRSIM_23 Tn3 Library 1 4 23.8 1573
PRSIM_24 Tn3 Library 1 3 315 561
PRSIM_25 Tn3 Library 1 4 24.0 577
PRSIM_26 Tn3 Library 1 4 255 304
PRSIM_27 Tn3 Library 1 4 253 422
PRSIM_28 Tn3 Library 1 3 271 692
PRSIM_29 Tn3 Library 1 3 26.0 365
PRSIM_30 Tn3 Library 1 3 254 550
PRSIM_31 Tn3 Library 1 4 25.0 351
PRSIM_32 Tn3 Library 1 4 22.4 1955
PRSIM_33 Tn3 Library 1 3 29.9 1704
PRSIM_34 Tn3 Library 1 3 222 614
PRSIM_35 Tn3 Library 1 3 24.8 437
PRSIM_36 Tn3 Library 1 3 27.9 1440
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PRSIM_37 Tn3 Library 1 3 253 867
PRSIM_38 Tn3 Library 1 3 23.3 1061
PRSIM_39 Tn3 Library 1 4 24.9 1015
PRSIM_40 Tn3 Library 1 3 26.1 218
PRSIM_41 Tn3 Library 1 4 22.8 964
PRSIM_42 Tn3 Library 1 3 8.8 1895
PRSIM_43 Tn3 Library 1 3 28.6 317
PRSIM_44 Tn3 Library 1 3 256 340
PRSIM_45 Tn3 Library 1 4 33.3 842
PRSIM_46 Tn3 Library 1 3 33.3 362
PRSIM_47 Tn3 Library 1 3 25.3 1367
PRSIM_438 Tn3 Library 1 3 26.6 1780
PRSIM_49 Tn3 Library 1 4 30.0 761
PRSIM_50 Tn3 Library 1 4 26.3 897
PRSIM 54 1n3 Library 1 3 2.1 703(293)
PRISM 55 Tnd Library 1 3 1.8 1655 (550)
PRISN 85 Tn3 Library 1 3 21 333 (73)
Table 1B
Binding fold change [(HCV HTRF max.

Clone Selection | protease + Simeprevir binding) / signal (%

Name Format Library round HCV protease alone] delta F)*
PRSIM_04 scFv Library 2 3 30.3 1055
PRSIM_06 scFv Library 2 4 9.0 234
PRSIM_07 scFv Library 2 4 21.7 535
PRSIM_08 scFv Library 2 4 39.5 272
PRSIM_10 scFv Library 2 4 21.8 191
PRSIM_56 scFv Library 2 4 16.3 829
PRSIM_57 scFv Library 2 4 15.7 1076
PRSIM_58 scFv Library 2 4 25.5 610
PRSIM_59 scFv Library 2 4 17.5 506
PRSIM_60 scFv Library 2 4 23.2 441
PRSIM_61 scFv Library 2 4 17.8 450
PRSIM_62 scFv Library 2 4 2.3 146
PRSIM_63 scFv Library 2 4 23.5 760
PRSIM_64 scFv Library 3 4 26.1 1006
PRSIM_65 scFv Library 3 3 15.0 411
PRSIM_66 scFv Library 3 3 19.6 559
PRSIM_67 scFv Library 3 3 12.7 1708




WO 2021/009692 PCT/IB2020/056657

82

PRSIM_68 scFv Library 3 3 15.3 133
PRSIM_69 scFv Library 3 3 8.1 292
PRSIM_70 scFv Library 3 3 15.3 25
PRSIM_T71 scFv Library 3 3 7.9 83
PRSIM_72 scFv Library 3 3 12.5 1107
PRSIM_73 scFv Library 3 3 25.4 418
PRSIM_74 scFv Library 3 3 10.1 250
PRSIM_75 scFv Library 3 3 6.9 1030
PRSIM_76 scFv Library 3 3 14.9 285
PRSIM_77 scFv Library 3 3 15.2 288
PRSIM_78 scFv Library 3 3 20.2 852
PRSIM_79 scFv Library 3 3 222 91
PRSIM_80 scFv Library 3 3 19.1 209
PRSIM_81 scFv Library 3 3 30.8 111
PRSIM_82 scFv Library 3 3 231 316
PRSIM_83 scFv Library 3 3 21.9 115
PRSIM_84 scFv Library 3 3 27.0 419
PR&IM 51 SeFv Library 8 3 1.0 818 (717)

* All data reported in the presence of simeprevir except data in parenthesis which was determined in the

absence of simeprevir.

EXAMPLE 5 - A panel of PRSIM molecules are specific for the HCV NS3/4A PR (S139A).simeprevir
complex

The PRSIM binding proteins identified from phage display selections as complex-specific were expressed
and purified at larger scale to provide sufficient material for further analysis. A homogeneous time-
resolved fluorescence (HTRF) binding screen (Fig. 5) was performed on all the HCV NS3/4A PR
(S139A):simeprevir complex-specific PRSIM molecules and a panel of 8 Tn3-based and 14 scFv-based
molecules were confirmed as complex-specific with no detectable binding to the HCV NS3/4A PR
(S139A) protein alone (Table 1 (in bold), Fig. 6).

To further characterise the PRSIM binding molecules, 5 scFv molecules (PRSIM_4, PRSIM_57,
PRSIM_67, PRSIM_72 and PRSIM_75) and 5 Tn3 molecules (PRSIM_23, PRSIM_32, PRSIM_33,
PRSIM_36, PRSIM_47) were selected and the kinetics of HCV NS3/4A PR (S139A) protease binding in
the presence or absence of simeprevir were determined using Biacore 8K (Table 2). All the PRSIM
binding molecules tested showed selectivity for simeprevir-bound HCV NS3/4A PR (S139A) and only
three showed minor non-specific binding to HCV NS3/4A PR (S139A) alone. PRSIM_57 (Fig. 7A) and
PRSIM_23 (Fig. 7B) were selected for further characterization. HCV NS3/4A PR (S139A) had an affinity
for PRSIM_57 (scFv) of 15.0 nM and for PRSIM_23 (Tn3) of 6.3 nM. The effect of simeprevir
concentration on the formation of the HCV NS3/4A PR (S139A) /PRSIM_57/23 complex was also
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assessed (Fig. 7C). Simeprevir had an almost equivalent ECso for PRSIM_57 and PRSIM_23 in complex
with HCV NS3/4A PR (S139A); 4.57 and 4.03 nM, respectively.

Table 2: Binding and kinetic constants measured for the binding of HCV NS3/4A PR (S139A) to PRSIM

binding molecules in the presence or absence of simeprevir. BSA in the presence of simeprevir was used

as a control.
HCV NS3/4A PR (S139A)
Immobilised BSA
Simeprevir Ka Ka Kb Rmax | control
ID level ($)
(RUs) 10 nM (M s1) (s™) (nM) | (RUs)
+ 1.74E+07 | 1.95E-01 | 11.2 | 65.9 #
PRSIM_4 290
- N.D. N.D. #
+ 1.73E+07 | 2.60E-01 15 69.1 #
PRSIM_57 380
- N.D. N.D. #
+ 1.97E+07 | 2.26E-01 | 11.5| 19.3 #
scFv | PRSIM_67 145
- N.D. N.D. #
+ 1.18E+06 | 1.18E-03 1 334 #
PRSIM_72 164
- N.D. N.D. #
+ 9.09E+06 | 2.67E-03 | 0.3 88.8 #
PRSIM_75 218
- N.D. N.D. #
+ 5.03E+06 | 3.18E-02 | 6.3 284 #
PRSIM_23 616
- N.D. N.D. *
+ 2.51E+09 | 4.01E+01 | 16 19.9 #
PRSIM_32 532
- N.D. N.D. *
+ 3.65E+06 | 3.03E-02 | 83 | 171.9 #
Tn3 | PRSIM_33 737
- N.D. N.D. #
+ 5.15E+06 | 4.98E-02 | 9.7 | 2144 #
PRSIM_36 679
- N.D. N.D. #
+ 1.32E+10 | 5.12E+01 | 3.9 9 #
PRSIM_47 674
- N.D. N.D. #

N.D. = indicates the values could not be determined due to absence of detectable binding
# = no binding

* = minimal non-specific binding

Data in italics indicates high association rate and/or lower than expected Rmax

$ = BSA control was only measured in the presence of 10 nM Simeprevir

EXAMPLE 6 - PRSIM-based CIDs can requlate reconstitution of a split protein

Having isolated PRSIM binding molecules that specifically bound simeprevir:HCV NS3/4A PR (S139A)
complexes, we reasoned that the system could be used to regulate the reconstitution of a split protein. By
providing temporal and spatial regulation of protein dimerization within a cell, the CID could be applied
within a post-translational context to control a desired protein-protein interaction or activity. Numerous

examples of split proteins that gain activity upon reconstitution exist, one of which is the split
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Nanoluciferase as provided in the NanoBiT system (Promega) (Fig. 8). We applied this system to the
PRSIM-based CIDs by fusion of HCV NS3/4A PR (S139A) to SmBIT and the PRSIM binding members
fused to LgBiT. A screen was performed, testing five Tn3 and six scFv PRSIM binding modules arising
from the phage selection process, using both N- and C-terminal fusions to LgBiT and the equivalent N-
and C-terminal fusions of HCV NS3/4A PR (S139A) fused to SmBIT. Cells were transfected with the
appropriate plasmids, incubated for 24 hours and then treated with 100 nM simeprevir or vehicle control
(or 100 nM rapamycin in the case of the FRB:FKBP12 control supplied with the kit). Luminescence was
measured and the fold change of the signal in the presence of simeprevir over the signal obtained in the
absence of simeprevir was calculated (Fig. 9). An overall trend was observed, with significant fold-change
in luminescence generally only observed where LgBiT was fused to the C-terminus of a PRSIM binding
module. Significant signals above background in this context were observed for the following PRSIM
binding modules: PRSIM_23 (31-fold), PRSIM_33 (9-fold), PRSIM_01 (16-fold), PRSIM_06 (11-fold),
PRSIM_57 (14-fold) and PRSIM_75 (51-fold). The results indicate that in the presence of simeprevir a
number of the isolated PRSIM binding modules can specifically induce the dimerization of the split

NanoLuc from the NanoBiT system.

EXAMPLE 7 - PRSIM-based CIDs can requlafe gene expression via reconstitution of a split transcription

factor

Having demonstrated that PRSIM-based CIDs were capable of reconstituting the activity of a split protein
via fusion of the HCV NS3/4A PR (S139A) and PRSIM molecules to the separate components of the split
NanoLuc enzyme, we reasoned that the same CIDs could regulate expression of transgenes via fusion to
the two domains of a split transcription factor. To demonstrate this, we utilised the iDimerize regulated
transcription system (Takara) in which two separate vectors are provided; one vector (pHet-Act1-2)
encodes FRB fused to the activation domain (AD) p65, and the DNA binding domain (DBD) ZFHD1 fused
to 3 copies of FKBP12, separated by an IRES sequence and preceded by the constitutive promoter,
CMV; the other vector (pZFHD1_Luciferase) encodes luciferase under the control of an inducible
promoter that contains 12 copies of the ZFHD1 recognition sequence upstream of a minimal IL-2
promoter. When both plasmids are transfected into cells, the FRB-AD and DBD-FKBP12 proteins are
expressed; the DBD recognises its target site on the inducible promoter, but as there is no AD in close
proximity to the promoter, transcription initiation does not occur. Only when the rapalog inducer “A/C
heterodimeriser” is added, is the AD recruited to the DBD bound to the promoter upstream of the

luciferase gene and expression commences.

We exchanged the FRB and FKBP12 coding sequences for those encoding one copy of the HCV NS3/4A
PR (8139A) and one of the 11 PRSIM molecules described below, where the PRSIM molecules were

either fused to the N-terminus of the activation domain or the C-terminus of the DNA binding domain (Fig.
10). Following transfection of cells with the pHet-Act1-2 (PRSIM) and pZFHD1_Luciferase constructs, we

assessed the ability of the PRSIM-based CIDs to regulate luciferase gene expression in the presence of
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increasing concentrations of simeprevir. The different PRSIM-based CID constructs demonstrated dose-
dependent gene expression regulation ranging from 1.4- to 146-fold (Fig. 11A and Fig. 11B, Table 3)
with 6 Tn3-based and 5 scFv-based PRSIM molecules demonstrating over 10-fold increases in gene
expression. The highest fold-change achieved for the Tn3-based clones was 106-fold, based on
PRSIM_23 fused to the activation domain. Interestingly, the majority of PRSIM clones demonstrated a
preference for fusion to either the AD or the DBD; PRSIM_23 is unique in its ability to provide strong gene
expression regulation in both orientations (106-fold fused to the AD and 88-fold when fused to the DBD).
PRSIM_23 also demonstrated the lowest EC50 (2 nM), meaning that lower concentrations of simeprevir
were required to activate transcription. The clone that demonstrated the highest fold-change upon
addition of simeprevir was scFv-based PRSIM_57 fused to the DBD, which reached 146-fold induction
and a low EC50 value (3 nM).

Table 3: EC50 and fold-change values for PRSIM-based CIDs in a split transcription factor assay.

PRISM clone Fusion (AD or DBD) EC50 [nM] Max fold change
PRSIM_01 AD Ambiguous 5.83
PRSIM_01 DBD 6.99 86.76
PRSIM_04 AD 158988 6.9
PRSIM_04 DBD 6.55 1.364
PRSIM_57 AD 3.21 10.73
PRSIM_57 DBD 3.54 146.6
PRSIM_6&7 AD 4.97 871
PRSIM_67 DBD 2.05 1
PRSIM_72 AD 4.84 22
PRSIM_72 DBD 32.99 1.4
PRSIM_75 AD 2171 40.67
PRSIM_75 DBD 2.668 94
PRSIM_23 AD 2.82 106.67
PRSIM_23 DBD 2.47 88.8
PRSIM_32 AD 12.3 22
PRSIM_32 DBD 29.3 65.77
PRSIM_33 AD 82.39 2.9
PRSIM_33 DBD 12.85 33.14
PRSIM_36 AD 3.54 33.74
PRSIM_36 DBD 5.66 73.3
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PRSIM_47 AD 6.15 3.85
PRSIM_47 DBD 8.87 3

When the ability of the HCV NS3/4A PR (S139A)-AD and DBD-PRSIM_23 or DBD-PRSIM_57-based
constructs to regulate the expression of luciferase in the presence of simeprevir was directly compared to
the FRB:FKBP12:rapalog positive control, the PRSIM-based CIDs (100-fold increase) outperformed the
FRB:FKBP12-based CID (30-fold increase) (Fig. 12A). Analysis of the luminescence values obtained in
the absence of inducer (i.e. simeprevir or rapalog) revealed that the levels were higher for the
FRB:FKBP12:rapalog-based CID, suggesting a level of leakiness that was improved in the PRSIM-based
CID (Fig. 12B)

EXAMPLE 8 - Increasing tandem copies of PRSIM fused to the DBD improves gene requiation

To assess the impact of copy number of the target protein fused to the DNA binding domain, we
generated pHet-Act1-2-based constructs encoding FRB-AD or HCV NS3/4A PR (S139A)-AD and DBD-
FKBP12 or DBD-PRSIM_23, whereby the protein fused to the DBD was included either as a single copy
or as three tandem copies separated by short peptide linkers (Fig. 13). When the ability of the
PRSIM_23-based CID to regulate the expression of a NanoLuc-PEST protein in the presence of
simeprevir was compared to the FRB:FKBP12:rapalog positive control, we found that the PRSIM_23-
based CID outperformed the FRB:FKBP12-based CIDs when either one copy (55-fold vs 13-fold) or three
copies (100-fold vs 55-fold) of the DBD fusion partner were used (Fig. 14A).

Furthermore, when the impact of one, two or three tandem copies of PRSIM_ 23 fused to the DBD was
assessed via the same split transcription factor assay, and the induction of firefly luciferase expression
was measured, a graded response was observed; one copy of PRSIM_23 resulted in a max fold change
of 364.5, whereas two tandem PRSIM_23 molecules resulted in max fold change of 2436 and a further
increase to 4862-fold for three tandem PRSIM_23 molecule (Fig 14B).

This data suggests that it is possible to improve the regulation of gene expression from the inducible
promoter by recruiting more copies of the activation domain, and that this is a common phenomenon,

independent of CID used.

EXAMPLE 9 - PRSIM-based CIDs can requlafe activity of a split chimeric anfigen recepfor (CAR)

Regulation of CAR activity via chemical-induced heterodimerisation was previously shown to be an
effective way to modulate CAR function (Wu et al. 2015); (Hill et al. 2018). We hypothesized that the
application of the heterodimerising PRSIM components to a CAR would facilitate CAR regulation in a
similar manner. The previously described FKBP12:FRB system (\Wu et al. 2015) was used as a

comparator to regulate CAR function. To test this, we engineered Jurkat T-cells to express PRSIM and
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FKBP12:FRB-regulated CARs using a lentiviral expression system (Fig. 15A). Activation of the CARs,
upon antigen binding, would result in the secretion of IL-2 in the presence of either the rapamycin analog
AP2196 (FKBP12:FRB dimeriser) or simeprevir (PRSIM dimeriser) in a dose-dependent manner (Fig.
15B). IL-2 expression can be rapidly quantified via an IL-2-specific ELISA (R&D Systems). The design of
these systems should facilitate activation of the T-cells only in the presence of the appropriate dimeriser
and upon antigen binding. In both PRSIM and FKBP12:FRB-regulated CAR systems, the addition of
simeprevir or AP2196, respectively, resulted in a dose-dependent activation of the CAR-expressing
Jurkats cells in the presence of antigen-positive HepG2 cells as measured by IL-2 production (Fig. 16).
Importantly, no activation of either CAR was observed in the presence of antigen-negative A375 cells
(Fig. 16). While both the FKBP12:FRB and PRSIM system both showed dose-dependent activation, the
PRSIM system exhibited tighter control of CAR activity evidenced by lower background IL-2 levels and a
larger dynamic range for CAR activation (Fig. 16). Both systems exhibited comparable maximal IL-2
expression levels. These data demonstrate that the PRSIM heterodimerising system can be used for

simeprevir-mediated regulation/modulation of CAR-initiated cellular signalling pathways.

EXAMPLE 10 - PRSIM-based CIDs can requlate gene expression of an antibody (MEDI8852)

In addition to demonstrating gene regulation of two recombinant intracellular proteins (luciferase
(Example 7) and NanoLuc-PEST (Example 8)) using a PRSIM-based CID, the regulation of gene
expression of a secreted antibody (MEDI8852; SEQ ID NO: 205 and SEQ ID NO: 206) was also
investigated. pHet-Act1-2-based constructs encoding HCV NS3/4A PR (S139A)-AD and DBD-PRSIM_23
(three tandem copies) and a construct encoding pZFHD1_MEDI8852) were generated. When cells were
transfected with these two constructs, the expression of MEDI8852 was shown to be dependent on the
dose of simeprevir, as measured using the Singleplex Human/NHP IgG Isotyping Kit (Mesoscale) (Fig.
17).

EXAMPLE 11 - PRSIM-based ClDs can requlate gene expression of a profein via adeno-associated virus

Recombinant adeno-associated virus (rAAV) vectors represent a well-studied platform which could be
used to deliver the DNA encoding a PRSIM_23/HCV NS3/4A PR (S139A)-based CID to cells to control
gene therapy. One such application is the regulation of an exogenous transgene delivered to cells either
together with, or in separate AAV particles to the PRSIM_23/HCV NS3/4A PR (S139A)-based split
transcription factor components described in Example 7. In the context of the system described here, the
packaging capacity of AAV limits the size of the transgenes that can be delivered in the same AAV vector

to ~550 bp, or the size of transgenes that can be delivered in separate AAV particles to ~3.6 kb.

To demonstrate delivery of the CID-encoding DNA and an inducible transgene “in trans”, two different
AAV vectors were generated, one encoding the PRSIM_23/HCV NS3/4A PR (S139A)-based split

transcription factor components, with expression driven by the constitutive EF1/HTLV hybrid promoter,
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and the second encoding the firefly luciferase gene under control of the inducible ZFHD1 promoter (Fig.
18A). AAV particles were generated from these vectors and following transduction of HEK293 cells with
the two separate AAV8 preparations, we observed simeprevir-dose-dependent regulation of luciferase
gene expression by the PRSIM_23/HCV NS3/4A PR (S139A)-based CID only when both AAVS8 particle
preps were added, with a 228-fold induction of luciferase activity (Fig 18B).

To demonstrate that the CID and an inducible transgene can be delivered “in cis”, an AAV8 vector
encoding both the PRSIM_23/HCV NS3/4A PR (S139A)-based transcription factor components and an
inducible IL-2 transgene was generated (Fig. 18C). Following transduction of HEK293 cells with AAVS8
particles generated using this AAV vector, we observed simeprevir-dose-dependent regulation of IL-2
gene expression by the PRSIM_23/HCV NS3/4A PR (S139A)-based, with maximal levels of ~3500 pg/ml
IL-2 observed (Fig. 18D). The level of IL-2 expression induced by the PRSIM_23/HCV NS3/4A PR
(S139A)-based CID at the highest concentrations of simeprevir tested was comparable (3506 +/- 817
pg/ml) to that achieved from a control AAV8 vector encoding the IL-2 transgene under the control of a
constitutive CAG promoter (2606 +/- 189 pg/ml) (Fig. 18E).

Thus, the ability of the PRSIM-based CID to control gene expression via AAV transduction was

demonstrated, using either a single, or dual AAV-based system.

EXAMPLE 12 - PRSIM-based CID can requlate the franscription of an endogenous gene

Having demonstrated that PRSIM-based CIDs can regulate the expression of transgenes via fusion to the
two domains of a split transcription factor, we reasoned that the PRSIM-based CID could also regulate
the expression of endogenous genes. The use of chemical-induced heterodimerisation systems to
regulate endogenous gene activity has previously been shown to be an effective way to modulate gene
regulation (Foight et al. 2019). We therefore hypothesized that the application of the heterodimerising
PRSIM components to an activating CRISPR (CRISPRa) system could facilitate endogenous gene

regulation in a similar manner.

To demonstrate this, an inactive form of the Sfrepfococcus pyogenes Cas9 enzyme (dCas9) and an
activation domain (AD) consisting of a fusion of three transcriptional activators (VP64, p65 and Rta; VPR)
were separately fused to the two protein components of the CID (three copies of PRSIM_23 and HCV
NS3/4A PR (S139A), respectively) such that, only in the presence of the small molecule inducer, the AD
is brought into close proximity to the dCas9. Co-transfection of the PRSIM-based CID and a guide RNA
(gRNA) targeting the promoter of interleukin-2 (IL-2) allows dCas9 to bind to the target site on the
promoter of IL-2. Upon administration of the PRSIM dimeriser (simeprevir) the AD and associated
transcription machinery is subsequently recruited to the promoter region of the endogenous IL-2 gene,
enabling initiation of transcription (Fig. 19A). Activation of the system can therefore by measured by IL-2

production and quantified via an IL-2 specific cytokine assay (MSD).
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In HEK293 cells transiently expressing the PRSIM regulated split dcas9/AD cassette and an IL-2 targeted
gRNA, the addition of simeprevir resulted in secretion of IL-2. (Fig. 19B). Importantly, no IL-2 was
detected in cells expressing only part of the system (gRNA only or PRISM-dCas9 only) or in those cells
expressing a non-I1L-2 targeting gRNA.

This data demonstrates that the PRSIM heterodimerising system can be used for simeprevir-mediated

regulation of endogenous gene expression.

EXAMPLE 13 - The HCV NS3/4A PR (S139A).PRSIM 23 and HCV NS3/4A PR (S139A).PRSIM 57

complexes are specific for simeprevir

Having demonstrated that formation of the active switch complex is dependent on the presence of
simeprevir, we wanted to test the specificity of this interaction with respect to alternative small molecule
inhibitors of HCV protease. There are several small molecule inhibitors that are known to bind the HCV
NS3/4A protease and have been approved for human use. A panel of such small molecules were
assessed for their ability to induce complex formation between HCV NS3/4A PR (S139A) and PRSIM_23
or PRSIM_57. These were glecaprevir, boceprevir, telaprevir, asunaprevir, paritaprevir, vaniprevir,

narlaprevir, grazoprevir, and danoprevir.

A homogeneous time-resolved fluorescence (HTRF) binding assay (Fig. 20) was performed to determine
the level of HCV NS3/4A PR (S139A):PRSIM_23 and HCV NS3/4A PR (S139A):PRSIM_57 complex
formed when simeprevir was substituted with in the alternative HCV PR inhibitor small molecules. We
found that induction of complex formation was specific for simeprevir as none of the HCV PR inhibitors
could form a complex with HCV NS3/4A PR (S139A) and PRSIM_23, nor HCV NS3/4A PR
(S139A):PRSIM_57.

This data suggests that administration of other HCV NS3/4A PR inhibitor small molecules, such as in the
case of a HCV-infected individual, would not be able to form an active HCV NS3/4A PR
(S139A).PRSIM_23 complex, and that the HCV NS3/4A PR (S139A):PRSIM_23 complex is exquisitely

specific for simeprevir.

EXAMPLE 14 — Residues in HCV NS3/4A PR are predicted fo reduce the affinity for simeprevir

The affinity of simeprevir for HCV NS3/4A PR is very high (Example 3; Fig. 3B), which will likely impact
the rate at which the complex can dissociate once simeprevir dosing has ceased. The identification of
HCV NS3/4A PR variants with a reduced affinity for simeprevir could afford some flexibility in modulating
the half-life of the complex, allowing such PRSIM-based CIDs to be more rapidly inactivated where

necessary e.g. if an adverse event were encountered and rapid reversal of activity were required.

In order to identify mutations on the Hepatitis C virus (HCV) protease protein that reduce simeprevir
binding, the co-crystal structure of HCV NS3/NS4A in complex with simeprevir (PDB: 3KEE, Resolution:
2.4 A) was first analysed. The analysis showed that the HCV NS3/NS4A:simeprevir interface is made up
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of 25 HCV residues where 6 residues contribute towards hydrogen bond and salt bridge interactions and
12 are surface-exposed (Fig. 21). Residues were shortlisted for inclusion in a detailed mutational analysis
via selection on two criteria: Firstly, residues that are solvent exposed were omitted to avoid any negative
impact of mutagenesis on binding of the PRSIM molecules to the complex; secondly, those exhibiting a
predicted change in free energy upon mutation to Alanine of > 1 kcal/mol were included. Free energy
perturbation calculations were then used to predict the relative binding free energies upon mutation of the
interacting side chains of these residues (H57, K136, S139 and R155). Mutations that are predicted to
reduce the affinity of HCV protease for simeprevir are listed in Table 4. Although the FEP+ alanine
scanning analysis only predicted a relatively small change in predicted binding free energy for D168, due
to its published role in resistance to simeprevir we additionally evaluated 3 mutations (D168A, D168E and

D168Q) experimentally at this position.

Table 4: Predicted changes in binding free energies of HCV NS3/NS4A protease for simeprevir upon

mutation of key binding residues.

Mutation | % Exposure | Predicted | Predicted

Bound WT AAG AAG Error
H57D 12.94 0.541
H57T 11.35 0.757

6%
H571 10.42 0.572
H57K 6.66 0.449
K136D 4.85 0.46
K136N 45% 3.15 0.42
K136H ~2.5 ~0.61
S139D 17.82 2.23
S139H ~10 ~2

0%
S139N 11.64 0.75
S139T 419 1.29
R155wW 6.83 1.07
R155F 1% 4.77 0.28
R155K 3.95 0.3
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EXAMPLE 15 - Mutations in the HCV NS3/4A PR affect formation of the HCV NS3/4A PR (S139A):

simeprevir: PRSIM 23 complex

Having identified a panel of mutants predicted to reduce the affinity of HCV NS3/4A PR for simeprevir, we
reasoned that if the mutations affected the affinity of HCV NS3/4A PR for simeprevir as predicted, this
would the influence formation of the HCV NS3/4A PR (S139A): simeprevir: PRSIM_23 complex. To
assess the impact these mutations have on the formation of the HCV NS3/4A PR (S139A): simeprevir:
PRSIM_23 complex we measured the amount of complex formation in a homogeneous time-resolved

fluorescence (HTRF) binding assay (Fig. 22) in the presence of increasing concentrations of simeprevir.

We found that mutations made at positions R155, H57 and S139 were not tolerated and no complex was
formed. Mutations made at position K136 resulted in complex-competent HCV PR variants, with the
degree of complex formation reaching the same maximum as observed with HCV PR “wt”. Mutations at
residue D168 are also tolerated, but with a reduction in the amount of complex formed at the equivalent
HCV PR concentration. The EC50 observed for simeprevir is increased with K136N and K136D mutants,
and for all mutants at position D168, indicating that different affinities exist within the complex for these

mutants.

EXAMPLE 16 - Some HCV NS3/4A PR mutants show decreased affinity for simeprevir

Having identified that mutations at position K136 and D168 resulted in complex competent HCV PR
variants, three mutants (K136D, K136N and D168E) were selected for further characterization. To assess
the impact on the affinity of simeprevir, the kinetics of simeprevir binding to HCV NS3/4A PR 'WT’
(S139A) protease and the three mutants were determined using Octet RED384 (Fig. 23, Table 5). The
K136D mutation had the biggest effect on the simeprevir affinity, ~3.5-fold decreased affinity compared to
the HCV NS3/4A PR ‘WT' (S139A). The K136N and D168E had resulted in ~2-fold decreased affinity.

The changes in affinity were mainly driven by an increase in the dissociation rate (Kor).

Table 5: Binding and kinetic constants measured using Octet RED384 for the binding of simeprevir to
mutants of HCV NS3/NS4A protease.

Simeprevir

kon koff KD
HCV NS3/4A PR

(M) (s™) (nM) n=
WT (S139A) 2.78E+04 (+ 6.47E+03) 4.95E-04 (+ 1.09E-04) 17.8 (£ 1.1) 3
K136D 3.62E+04 (+ 2.19E+04) 2.34E-03 (£ 1.67E-03) | 62.6 (x 10) 3
K136N 3.38E+04 (+ 7.00E+02) 1.07E-03 (£ 2.75E-04) | 31.5(7) 3
D168E 2.00E+04 (+ 4.74E+03) 6.65E-04 (£ 2.10E-04) | 33.0(x2.8) 2

Data is mean £ s.d.
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EXAMPLE 17 - The change in simeprevir affinity caused by the mutations in the HCV NS3/4A PR
(S139A) affects formation of the HCV NS3/4A PR (S139A): simeprevir: PRSIM 23 complex

To further characterise the three mutant proteases, the effect of simeprevir concentration on the formation
of the mutant HCV NS3/4A PR (S139A) /PRSIM_23 complex was also assessed using Biacore 8K (Fig.
24A, Table 6). In line with the decreased affinity of simeprevir (Table 5) the ECso of simeprevir in the
HCV NS3/4A PR K136D /simeprevir /PRSIM_23 complex had increased to 131.5 nM, ~30-fold higher
than for the wt complex. The K136N mutation also resulted in a higher ECso for simeprevir compared to
‘wt’, albeit the effect was less than for the K136D mutation. The D168E mutation however, had an almost

equivalent ECso compared to the ‘wt’ complex; 3.69 and 4.53 nM, respectively.

The HCV NS3/4A PR mutants binding in the presence or absence of simeprevir to PRSIM_23 were also
determined using Biacore 8K (Fig. 24B-E). All the protease mutants tested showed similar minor non-
specific binding to PRSIM_23 alone, as shown previously for the HCV NS3/4A PR 'WT’ (S139A) (Table
2, Fig. 7B). Due to the different affinities of simeprevir and the different effects the mutations had on the
formation of the HCV NS3/4A PR /simeprevir /PRSIM_23 complex (Fig. 24A), a different fixed
concentration of simeprevir was used for each HCV NS3/4A PR in order to form the complex on the
Biacore chip. The simeprevir concentration for each mutant was determined to be 5-6x the respective
ECso for simeprevir (Table 6). The complexes containing a mutant HCV NS3/4A PR all had lower affinity
than the HCV NS3/4A PR ‘WT' (S139A) complex (Table 7). HCV NS3/4A PR ‘WT' (§139A) had an
affinity for PRSIM_23 of 5.4 nM (Fig. 24B), whereas the affinity of HCV NS3/4A PR K136D (Fig. 24C)
and HCV NS3/4A PR K136N (Fig. 24D) had decreased ~6-7-fold compared to ‘wt’ (Table 7). HCV
NS3/4A PR D168E had an affinity for PRSIM_23 of 14.7 nM (Fig. 24E), ~3-fold lower affinity than ‘wt’

protease.

Table 6: Simeprevir ECso values for the induction of mutant HCV NS3/4A PR/ PRSIM_23 binding

molecule heterodimerisation by simeprevir.

Simeprevir
ECso 95% ClI
Mutation
(nM) (nM)
‘WT’ (S139A) | 4.53 3.95-5.19
HCV PR + | K136D 1315 116.0-149.0
PRSIM_23 | k136N 8.06 6.70-9.71
D168E 3.69 3.40-4.01
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Table 7: Binding and kinetic constants measured for the binding of mutant HCV NS3/4A PR to

PRSIM_23 binding molecule in the presence of simeprevir.

Immobilised K K K R
Simeprevir | *a d o max
Mutation | level
(nM)
(RUs) (M s) (s) (nM) (RUs)
WT 5.59E+09 3.10E+01 5.4 215
~500 20
(8139A) (£ 4.70E+09) | (£+2.80E+01) | (£0.3) | (16)
1.69E+10 3.73E+02 33.0 168
K136D ~630 800
HCV PR + (£2.72E+10) | (£5.77E+02) | (x16) | (x61)
PRSIM_23 5.31E+08 2.04E+01 39.5 198
K136N ~640 40
(£ 5.27E+08) | (£ 1.87E+01) | (¢ 5) (£ 42)
1.47E+09 2.14E+01 14.7 199
D168E ~590 20
(£ 1.44E+09) | (£2.09E+01) | (£0.4) | (+20)

Data is mean £ s.d., n=3

EXAMPLE 18 - Small molecule inhibifors of HCV PR can disrupt the PRSIM 23 complex by competing

with simeprevir for binding fo HCV PR variants, but not fo HCV PR “wt”

Having demonstrated that HCV NS3/4A PR (S139A):PRSIM_23 complex formation was specific for
simeprevir (Example 13), we went on to investigate whether our panel of small molecule HCV PR
inhibitors were able to disrupt the HCV NS3/4A PR (S139A): simeprevir: PRSIM_23 complex, by
competing with simeprevir for binding to HCV PR. We found that when the small molecule inhibitors were
added in a homogeneous time-resolved fluorescence (HTRF) binding assay concomitantly with
simeprevir, a subset of these small molecules were able to inhibit HCV NS3/4A PR (S139A).PRSIM_23
complex formation. However, when simeprevir is pre-incubated with HCV NS3/4A PR (S139A) prior to

addition of the small molecule inhibitors, no significant complex inhibition is observed (Fig. 25A).

To further characterise the mutations made to the HCV NS3/4A PR, we investigated whether the small
molecules were able to disrupt pre-formed mutant HCV PR: simeprevir: PRSIM_23 complexes. Where a
mutation at position 136 is made, more pronounced inhibition of the mutant HCV PR: simepreuvir:
PRSIM_23 complex is observed with a subset of the small molecule inhibitors (asunaprevir, paritaprevir,
vaniprevir, grazoprevir, danoprevir and glecaprevir), but not with others (narlaprevir, boceprevir and
telaprevir) (Fig. 25B). The degree of inhibition is dependent on the specific mutation made. Approximately
75% inhibition is observed with K136H, despite having a similar EC80 for simeprevir as HCV PR “wt”.

Near complete inhibition is seen for K136N and complete inhibition is observed for K136D. Complete
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inhibition of the HCV NS3/4A PR (S139A): simeprevir: PRSIM_23 complex is observed for all HCV PR

variants with a mutation at position 168.

The ability of other small molecule inhibitors (asunaprevir, paritaprevir, vaniprevir, grazoprevir, danoprevir
and glecaprevir) to “compete” with simeprevir, and disrupt the complex between PRSIM_23 and mutant
versions of HCV NS3/4A PR, provides an opportunity to rapidly inactivate any PRSIM-based CID, and
turn off transgene expression or therapeutic activity. Furthermore, the inability of other inhibitors
(narlaprevir, boceprevir and telaprevir) to compete with simeprevir for HCV NS3/4A PR binding provides
an opportunity to develop orthogonal HCV NS3/4A PR-based molecular switches that are induced by

these small molecules.

EXAMPLE 19 - Mutants of HCV NS3/4A PR that are incorporated info a split franscription factor system
retain the ability fo requlate gene expression

To assess the impact mutations of HCV NS3/4A PR on gene regulation we generated pHet-Act1-2-based
constructs encoding HCV NS3/4A PR (S139A)-AD mutants & DBD-PRSIM_23 (three tandem copies).
Following transfection of cells with these pHet-Act1-2 (HCV NS3/4A PR (S139A)-AD mutants & DBD-
PRSIM_23 (three tandem copies)) constructs or ‘WT’ construct (HCV NS3/4A PR (S139A)-AD & DBD-
PRSIM_23 (three tandem copies)) with the reporter construct pZFHD1_Luciferase, we assessed gene
expression. The ability to regulate luciferase gene expression in the presence of increasing
concentrations of simeprevir was determined. All PRSIM HCV NS3/4A PR (S139A)-AD mutants
demonstrated dose-dependent gene expression of luciferase, albeit with a slight reduction of the max fold
change and increase in EC50 relative to the ‘WT' HCV NS3/4A PR (S139A)-AD (Fig. 26 and Table 8).

The combined data from examples 14-19 suggests that mutant HCV NS3/4A PR-containing PRSIM-
based CIDs could provide alternatives to the HCV NS3/4A (S139A) “wt’-based CID in scenarios where
rapid reversal of CID-based activity is required, through the administration of “competing” small molecule
HCV PR inhibitors.

Table 8; EC50 and fold-change values for HCV NS3/4A PR variants in a split transcription factor assay.

HCV NS3/4A PR
EC50 (nM) Max fold change

variant

K136D 34.66 5569
D168E 18.67 5877
K136N 18.17 5899

“WT” S139A 6.082 6973
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To assess whether the decreased affinity/increased dissociation rate of the HCV NS3/4A PR (S139A)
mutants (K136D, D168E, K136N) would impact the rate at which gene expression could be switched off
upon simeprevir removal, a cell-based assay was performed using a live cell time-course assay.
Monoclonal stable cell lines were generated in which the expression of a short-lived green fluorescent
protein (GFP-PEST, half-live ~2h) was placed under the control of a split transcription factor composed
of HCV NS3/4A PR (S139A)-AD variants & DBD-PRSIM_23 (three tandem copies). GFP expression was
induced by 24h treatment with simeprevir after which simeprevir was removed and GFP fluorescence at
timepoints after removal was determined. The ‘WT' S139A retained high GFP-fluorescence over 24h.
This shows that once formed in a simeprevir-dependent fashion, the transcription factor complex
containing the HCV NS3/4A PR (S139A) remains stable for a prolonged period of time to drive continued
GFP-PEST-expression which does not require the continued presence of excess simeprevir in the culture
medium. However, over the same period of time, all three mutants (K136D, K136N, D168E) return to a
native, non-expressing state within 15-24h after removal of simeprevir demonstrating the reduced stability
of the transcription factor complexes formed using HCV NS3/4A PR (S139A)-AD mutants & DBD-
PRSIM_23 (three tandem copies) compared to HCV NS3/4A PR (S139A)-AD ‘WT’ & DBD-PRSIM_23

(three tandem copies).

This data suggests that, by reducing the affinity of simeprevir to mutants of HCV NS3/4A PR, it is possible
to alter the kinetics of gene expression, enabling the cessation of gene expression to occur faster than
when using the “wt” HCV NS3/4A PR-based CID, in the split transcription format.

EXAMPLE 20 - Crystal structure of the HCV NS3/4A PR (S139A): simeprevir: PRSIM 57 complex

reveals the mechanism of small molecule tfriggered dimerization

Simeprevir induces the formation of a heterodimer of the HCV NS3/4A PR (S139A) and the scFv
molecule PRSIM_57 by binding to a pocket on the surface of the protease and generating a new epitope
that is specifically recognised by PRSIM_57. In order to understand the molecular mechanisms
underlying this heterodimerisation event, a crystal structure of the complex between protease, scFv and
simeprevir was determined. To derive the structure, forms of the protease and PRSIM_57 scFv with
tobacco etch virus (TEV)-cleavable His-tags were both expressed separately in BL21(DE3) E. coli. The
proteins were purified to homogeneity using a combination of immobilised metal affinity chromatography
and size exclusion chromatography, and tags removed by treatment with TEV protease. In order to form
the ternary complex, the protease was incubated with an excess of PRSIM_57 and simeprevir and the
resulting complex was purified from non-complexed material using size exclusion chromatography. The
fractions containing pure complex were pooled and concentrated to 12 mg/ml and set up in crystal trials.
The complex was crystallised via sitting drop vapour diffusion and X-ray diffraction data were collected
from crystals at a synchrotron X-ray source. The structure was solved using molecular replacement with
the structure of the apo form of HCV NS3/4A PR (S139A) as the search model.
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All three components of the ternary complex are clearly visible in the electron density (Fig. 27A). The
simeprevir is bound to the HCV NS3/4A PR (S139A) in the same pose and via the same interactions
observed previously (PDB id 3KEE). The structure reveals that the majority of the interactions made by
the PRSIM_57 scFv are direct to residues in the protease, with limited contacts with simeprevir. The scFv
forms a primarily hydrophobic pocket around simeprevir (including side chains of Phe77, lle74, 1le125 and
Trp249), clamping either side of it and engaging the protease. The binding is dominated by the scFv
complementarity determining region (CDR) loops HCDR2, HCDR3 and LCDR3.

The following interactions can be identified between PRSIM_57 and HCV NS3/4A PR (S139A) (Fig.
27B): 1) The sidechain carboxyl of Asp94 (HCV NS3/4A PR) makes interactions with the backbone
nitrogen atoms of lle125 and Thr126 (PRSIM_57) and with the sidechain hydroxyl of Thr126. 2) The
sidechain hydroxyl of Tyr71 (HCV NS3/4A PR) makes interactions with the sidechains of His251 and
Trp249 (PRSIM_57). 3) A hydrophobic interaction is made between the sidechains of Val93 (HCV
NS3/4A PR) and Trp249 (PRSIM_57). 4) Water-mediated interactions between Glu254 (PRSIM_57) and
backbone nitrogen atoms of Gly75 and Thr76 (HCV NS3/4A PR). The major interaction between
PRSIM_57 and simeprevir is an interaction of the simeprevir quinoline moiety with the side chain of
Phe77 in HCDR2 (PRSIM_57).

EXAMPLE 21 - PRSIM-based CiIDs can requlate the acfivity of an apopfotic protein to conirol cell death

The ability to “remotely control” therapeutic cells once they have been administered, provides a safety
net, in the advent of uncontrolled proliferation or adverse event. One way to control such cells is to
endow them with a so called “kill switch” such that they can be removed at will once they have performed
their function or pose a safety risk. As such, a PRSIM-based, simeprevir-responsive Caspase 9-based
kill switch was generated and tested in vitro. The homo-dimerisation CARD domain of Caspase 9 was
replaced with both the PRSIM23 and HCV NS3/4A PR (S139A) domains, separated by short linkers. An
active Caspase 9 homodimer can thus only be reconstituted by addition of simeprevir (Fig. 28). Addition
of simeprevir to HEK293, HCT116 and HT29 cells stably transduced with the PRSIM-based Kill switch
construct shows rapid cell death upon addition of 100 nM simeprevir by microscopic inspection of cells
(Fig. 29A, B). Active Caspase 9 activates downstream Caspase3 by proteolytic cleavage. Caspase 3
activity is detected by cleavage of fluorogenic substrate Ac-DEVD-AMC (Fig. 29C). Caspase 3 activity is
significantly (p<0.0001) up-regulated in simeprevir-treated kill-switch-transduced HEK293 cells (Fig. 29D)
or kill switch transduced human tumour cell lines HCT116 and HT29 (Fig. 29E).

To demonstrate that the PRSIM-based kill switch can eliminate therapeutically-relevant cells, stable cell
lines were made in both embryonic stem (ES) cells and induced pluripotent stem cells (iPSC). In ES
cells, a dose-response to simeprevir can be observed whereby a high dose of simeprevir (1uM) rapidly
and efficiently eliminates up to 95% of cells within 4 hours, as measured by cell confluency, with an onset
of ~15 minutes (Fig. 30). Lower doses initiate cell killing with a delayed onset; 100nM of simeprevir was

able to induce ~90% cell killing within 4 hours, whereas at 10nM maximal cell killing was not reached
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within the 4 hours timeframe of the experiment. In contrast, wt Sa121 cells did not respond to treatment
with simeprevir.

To demonstrate the effectiveness of the PRSIM-based kill switch in iPSC cells, four individual iPSC
clones that were biallelic for the PRSIM-based kill switch at the B2M locus were generated. These cells,
alongside parental iPSC cells were incubated with 1nM simeprevir and the cell proliferation index was
measured over time using the xCELLigence RTCA Software Pro (ACEA Biosciences Inc.). All cell clones
that encoded the PRSIM-based kill switch showed a dramatic reduction in cell proliferation index after 5
hours which was maintained over the course of the experiment (~60 hours, post-simeprevir addition),

whereas the parental cells continued to proliferate.

These data demonstrate that a PRSIM-based kill switch can efficiently eliminate a wide range of cell

types in vitro and provides a means for the rapid removal of therapeutic cells in patients.

Caspase 9 can be inactivated by Akt kinase-mediated phosphorylation on Ser196. This poses a risk of
“‘escape” from Caspase 9 mediated apoptosis by cells that have undergone phosphorylation of Ser196 on
the Caspase 9 fusion protein. To mitigate this risk, a stable HEK cell line encoding the PRSIM-based Kkill
switch fusion protein containing a Ser196 to Ala substitution was generated. Addition of 100 nM
simeprevir to kill switch S196A cells showed rapid cell killing in a timeframe comparable to the wt Kill
switch (Fig. 32A). Activity of downstream caspase 3 was significantly (p <0.0005) upregulated in both wt
and S196A mutant kill switch cells compared to non-transduced cells; in the same assay, no significant
differences between wt and S196A Kill switch cells were detected (Fig. 32B). This demonstrates that the
S196A version of the PRSIM-based kill switch fusion protein is as active as the wild-type Caspase 9-
based kill switch, and can be used as a mechanism to prevent the Akt-mediated cellular evasion

mechanism.
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SEQ Description Protei | Sequence
ID NO: n/DNA
1 Wild-type Protein | MKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNQVE
HCV NS3/4A GEVQIVSTATQTFLATSINGVLWTVYHGAGTRTIASPKGPVTQMYTN
PR VDKDLVGWQAPQGSRSLTPCTCGSSDLYLVTRHADVIPVRRRGDSR
GSLLSPRPISYLKGSSGGPLLCPAGHAVGIFRAAVSTRGVAKAVDFIP
VESLETTMRSP
2 HCV NS3/4A | Protein | MKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNQVE
PR (S139A) GEVQIVSTATQTFLATSINGVLWTVYHGAGTRTIASPKGPVTQMYTN
VDKDLVGWQAPQGSRSLTPCTCGSSDLYLVTRHADVIPVRRRGDSR
GSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRGVAKAVDFIP
VESLETTMRSP
3 Wild-type Protein | MGSSHHHHHHGSGLNDIFEAQKIEWHEGGGGSMKKKGSVVIVGRIN
HCV NS3/4A LSGDTAYAQQTRGEEGCQETSQTGRDKNQVEGEVQIVSTATQTFLA
PR with N- TSINGVLWTVYHGAGTRTIASPKGPVTQMYTNVDKDLVGWQAPQGS
terminal 6His RSLTPCTCGSSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGS
and AviTag SGGPLLCPAGHAVGIFRAAVSTRGVAKAVDFIPVESLETTMRSP
4 HCV NS3/4A | Protein | MGSSHHHHHHGSGLNDIFEAQKIEWHEGGGGSMKKKGSVVIVGRIN
PR (S139A) LSGDTAYAQQTRGEEGCQETSQTGRDKNQVEGEVQIVSTATQTFLA
with N- TSINGVLWTVYHGAGTRTIASPKGPVTQMYTNVDKDLVGWQAPQGS
terminal 6His RSLTPCTCGSSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGS
and AviTag AGGPLLCPAGHAVGIFRAAVSTRGVAKAVDFIPVESLETTMRSP
5 PRSIM_23 Protein | RLDAPSQIEVKDVTDTTALITWVDPRYDDIWWFELTYGIKDVPGDRTT
IKLYLNDPYYSIGNLKPDTEYEVSLISYTGDSYSRSGSNPAKITFKTGL
6 PRSIM_32 Protein | RLDAPSQIEVKDVTDTTALITWWSPRYYYASISGFELTYGIKDVPGDR
TTIKLDYASNDYSIGNLKPDTEYEVSLISWNYGDWRYSSSNPAKITFK
TGL
7 PRSIM_33 Protein | RLDAPSQIEVKDVTDTTALITWYPPGRWYDDIWYFELTYGIKDVPGD
RTTIKLARGDDVYSIGNLKPDTEYEVSLISWGPDRGDRAGSNPAKITF
KTGL
8 PRSIM_36 Protein | RLDAPSQIEVKDVTDTTALITWSWPRDDDYDIWYFELTYGIKDVPGD
RTTIKLLNYASPYSIGNLKPDTEYEVSLISVVPDTYGRGTSNPAKITFK
TGL
9 PRSIM_47 Protein | RLDAPSQIEVKDVTDTTALITWSRPGVSIWYFELTYGIKDVPGDRTTIK
LDYRSYYYSIGNLKPDTEYEVSLISGSYGLVGVRASNPAKITFKTGL
10 PRSIM_01 Protein | QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGL
EWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAV
YYCARGQGYITVFDYWGQGTLVTVSSGGGGSGGGGSGGGGSAQS
VLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAPKLLI
YSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWDH
HWEQVVFGGGTKLTVL
11 PRSIM_04 Protein | QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGL
EWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAV
YYCARGMAHFYQFDLWGQGTLVTVSSGGGGSGGGGSGGGGSAQ
SVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAPKLL
[YSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAGDH
DHEHVVFGGGTKLTVL
12 PRSIM_57 Protein | QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGL
EWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAV
YYCARHTNYITVFDYWGQGTLVTVSSGGGGSGGGGSGGGGSAQS
VLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAPKLLI
YSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWDH
HWEQVVFGGGTKLTVL
13 PRSIM_67 Protein | EVQLVQSGAEVKKPGAAVRISCKTSGYVFTSYYVHWVRQAPGQGLE
WMGVINPSGGNTNYAQKFQDRVTMTRDTSTTTVYMELSSLMFDDT
AVYYCAKRDYGGPLANWGRGTLVTVSSGGGGSGGGGSGGGGSAL
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SYELTQPPSVSEAPRQRVTISCSGSSSNIGNNAVNWYQQLPGKAPK
LLIFYDDLLPSGVSDRFSGSKSGTSASLAISGLQSEDEADYYCAAWD
DSLNGLVFGTGTKLTVL

14

PRSIM_72

Protein

QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGL
EWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAV
YYCARGMAHFYQFDLWGQGTLVTVSSGGGGSGGGGSGGGGSAQ
SVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAPKLL
[YSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAGDH
DHEHVVFGGGTKLTVL

15

PRSIM_75

Protein

EVAQLVQSGAEVKKPGSSVKVSCKASGGSFNSYTLDWVRQAPGQGL
EWMGGIIPVFGSPNYGQKFQGRVTITADESTSTAYMELSSLKSDDTA
VYYCARGLVYQPLDSWGRGTLVTVSSGGGGSGGGGSGGGGSAQA
VLTQPSSASGTPGQRVTISCSGSSSNIGSYTVNWYQQFPGTAPKLLI
YSNTQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWDDS
LNGWVFGGGTKVTVL

16

LgBiT

Protein

MVFTLEDFVGDWEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIV
RSGENALKIDIHVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPY

GTLVIDGVTPNMLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLI
TPDGSMLFRVTIN

17

SmBIT

Protein

VTGYRLFEEIL

18

HCV_NS4A_
NS3_S139A_
SmBIT

Protein

MKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNQVE
GEVQIVSTATQTFLATSINGVLWTVYHGAGTRTIASPKGPVTQMYTN
VDKDLVGWQAPQGSRSLTPCTCGSSDLYLVTRHADVIPVRRRGDSR
GSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRGVAKAVDFIP
VESLETTMRSPGSSGGGGSGGGGSSGVTGYRLFEEIL

19

SmBIT_HCV_
NS4A_NS3_S
139A

Protein

MVTGYRLFEEILGSSGGGGSGGGGSSGKKKGSVVIVGRINLSGDTA
YAQQTRGEEGCQETSQTGRDKNQVEGEVQIVSTATQTFLATSINGV
LWTVYHGAGTRTIASPKGPVTQMYTNVDKDLVGWQAPQGSRSLTP
CTCGSSDLYLVTRHADVIPVYRRRGDSRGSLLSPRPISYLKGSAGGPL
LCPAGHAVGIFRAAVSTRGVAKAVDFIPVESLETTMRSP

20

PRSIM_23_L
gBIT

Protein

MGSRLDAPSQIEVKDVTDTTALITWVDPRYDDIWWFELTYGIKDVPG
DRTTIKLYLNDPYYSIGNLKPDTEYEVSLISYTGDSYSRSGSNPAKITF
KTGLSGSSGGGGSGGGGSSGVFTLEDFVGDWEQTAAYNLDQVLEQ
GGVSSLLQNLAVSVTPIQRIVRSGENALKIDIHVIIPYEGLSADQMAQIE
EVFKVVYPVDDHHFKVILPYGTLVIDGVTPNMLNYFGRPYEGIAVFDG
KKITVTGTLWNGNKIIDERLITPDGSMLFRVTIN

21

PRSIM_32_L
gBiT

Protein

MGSRLDAPSQIEVKDVTDTTALITWWSPRYYYASISGFELTYGIKDVP
GDRTTIKLDYASNDYSIGNLKPDTEYEVSLISWNYGDWRY SSSNPAKI
TFKTGLSGSSGGGGSGGGGSSGVFTLEDFVGDWEQTAAYNLDQVL
EQGGVSSLLQNLAVSVTPIQRIVRSGENALKIDIHVIIPYEGLSADQMA
QIEEVFKVVYPVYDDHHFKVILPYGTLVIDGVTPNMLNYFGRPYEGIAV

FDGKKITVTGTLWNGNKIIDERLITPDGSMLFRVTIN

22

PRSIM_33_L
gBIT

Protein

MGSRLDAPSQIEVKDVTDTTALITWYPPGRWYDDIWYFELTYGIKDV
PGDRTTIKLARGDDVYSIGNLKPDTEYEVSLISWGPDRGDRAGSNPA
KITFKTGLSGSSGGGGSGGGGSSGVFTLEDFVGDWEQTAAYNLDQ
VLEQGGVSSLLQNLAVSVTPIQRIVRSGENALKIDIHVIIPYEGLSADQ
MAQIEEVFKVVYPVDDHHFKVILPYGTLVIDGVTPNMLNYFGRPYEGI
AVFDGKKITVTGTLWNGNKIIDERLITPDGSMLFRVTIN

23

PRSIM_36_L
gBIT

Protein

MGSRLDAPSQIEVKDVTDTTALITWSWPRDDDYDIWYFELTYGIKDV
PGDRTTIKLLNYASPYSIGNLKPDTEYEVSLISVVPDTYGRGTSNPAKI
TFKTGLSGSSGGGGSGGGGSSGVFTLEDFVGDWEQTAAYNLDQVL
EQGGVSSLLQNLAVSVTPIQRIVRSGENALKIDIHVIIPYEGLSADQMA
QIEEVFKVVYPVYDDHHFKVILPYGTLVIDGVTPNMLNYFGRPYEGIAV
FDGKKITVTGTLWNGNKIIDERLITPDGSMLFRVTIN

24

PRSIM_47_L
gBIT

Protein

MGSRLDAPSQIEVKDVTDTTALITWSRPGVSIWYFELTYGIKDVPGD
RTTIKLDYRSYYYSIGNLKPDTEYEVSLISGSYGLVGVRASNPAKITFK
TGLSGSSGGGGSGGGGSSGVFTLEDFVGDWEQTAAYNLDQVLEQ
GGVSSLLQNLAVSVTPIQRIVRSGENALKIDIHVIIPYEGLSADQMAQIE
EVFKVVYPVDDHHFKVILPYGTLVIDGVTPNMLNYFGRPYEGIAVFDG
KKITVTGTLWNGNKIIDERLITPDGSMLFRVTIN
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25

PRSIM_01_L
gBIT

Protein

MGSQVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPG
QGLEWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSE
DTAVYYCARGQGYITVFDYWGQGTLVTVSSGGGGSGGGGSGGGG
SAQSVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTA
PKLLIYSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAA
WDHHWEQVVFGGGTKLTVLSGSSGGGGSGGGGSSGVFTLEDFVG
DWEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIVRSGENALKIDI
HVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPYGTLVIDGVTPN
MLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLITPDGSMLFRY
TIN

26

PRSIM_06_L
gBIT

Protein

MGSQVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPG
QGLEWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSE
DTAVYYCARGAGYYMRVDYWGQGTLVTVSSGGGGSGGGGSGGG
GSAQSVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGT
APKLLIYSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCA
AWDHDVEHVVFGGGTKLTVLSGSSGGGGSGGGGSSGVFTLEDFVG
DWEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIVRSGENALKIDI
HVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPYGTLVIDGVTPN
MLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLITPDGSMLFRYV
TIN

27

PRSIM_57_L
gBIT

Protein

MGSQVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPG
QGLEWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSE
DTAVYYCARHTNYITVFDYWGQGTLVTVSSGGGGSGGGGSGGGGS
AQSVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAP
KLLIYSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAW
DHHWEQVVFGGGTKLTVLSGSSGGGGSGGGGSSGVFTLEDFVGD
WEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIVRSGENALKIDIH
VIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPYGTLVIDGVTPNM
LNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLITPDGSMLFRVTI
N

28

PRSIM_67_L
gBiT

Protein

MGSEVQLVQSGAEVKKPGAAVRISCKTSGYVFTSYYVHWVRQAPG
QGLEWMGVINPSGGNTNYAQKFQDRVTMTRDTSTTTVYMELSSLM
FDDTAVYYCAKRDYGGPLANWGRGTLVTVSSGGGGSGGGGSGGG
GSALSYELTQPPSVSEAPRQRVTISCSGSSSNIGNNAVNWYQQLPG
KAPKLLIFYDDLLPSGVSDRFSGSKSGTSASLAISGLQSEDEADYYCA
AWDDSLNGLVFGTGTKLTVLSGSSGGGGSGGGGSSGVFTLEDFVG
DWEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIVRSGENALKIDI
HVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPYGTLVIDGVTPN
MLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLITPDGSMLFRYV
TIN

29

PRSIM_72_L
gBiT

Protein

MGSQVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPG
QGLEWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSE
DTAVYYCARGMAHFYQFDLWGQGTLVTVSSGGGGSGGGGSGGGG
SAQSVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTA
PKLLIYSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAA
GDHDHEHVVFGGGTKLTVLSGSSGGGGSGGGGSSGVFTLEDFVGD
WEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIVRSGENALKIDIH
VIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPYGTLVIDGVTPNM
LNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLITPDGSMLFRVTI
N

30

PRSIM_75_L
gBIT

Protein

MGSEVQLVQSGAEVKKPGSSVKVSCKASGGSFNSYTLDWVRQAPG
QGLEWMGGIIPVFGSPNYGQKFQGRVTITADESTSTAYMELSSLKSD
DTAVYYCARGLVYQPLDSWGRGTLVTVSSGGGGSGGGGSGGGGS
AQAVLTQPSSASGTPGQRVTISCSGSSSNIGSYTVNWYQQFPGTAP
KLLIYSNTQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAW
DDSLNGWVFGGGTKVTVLSGSSGGGGSGGGGSSGVFTLEDFVGD
WEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIVRSGENALKIDIH
VIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPYGTLVIDGVTPNM
LNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLITPDGSMLFRVTI
N




WO 2021/009692

PCT/IB2020/056657

103

31

LgBiT_PRSIM

23

Protein

MVFTLEDFVGDWEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIV
RSGENALKIDIHVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPY
GTLVIDGVTPNMLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLI
TPDGSMLFRVTINSGSSGGGGSGGGGSSGRLDAPSQIEVKDVTDTT
ALITWVDPRYDDIWWFELTYGIKDVPGDRTTIKLYLNDPYYSIGNLKP
DTEYEVSLISYTGDSYSRSGSNPAKITFKTGL

32

LgBiT_PRSIM

32

Protein

MVFTLEDFVGDWEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIV
RSGENALKIDIHVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPY
GTLVIDGVTPNMLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLI
TPDGSMLFRVTINSGSSGGGGSGGGGSSGRLDAPSQIEVKDVTDTT
ALITWWSPRYYYASISGFELTYGIKDVPGDRTTIKLDYASNDYSIGNLK
PDTEYEVSLISWNYGDWRYSSSNPAKITFKTGL

33

LgBiT_PRSIM
33

Protein

MVFTLEDFVGDWEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIV
RSGENALKIDIHVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPY

GTLVIDGVTPNMLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLI
TPDGSMLFRVTINSGSSGGGGSGGGGSSGRLDAPSQIEVKDVTDTT
ALITWYPPGRWYDDIWYFELTYGIKDVPGDRTTIKLARGDDVYSIGNL
KPDTEYEVSLISWGPDRGDRAGSNPAKITFKTGL

34

LgBiT_PRSIM
36

Protein

MVFTLEDFVGDWEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIV
RSGENALKIDIHVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPY
GTLVIDGVTPNMLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLI
TPDGSMLFRVTINSGSSGGGGSGGGGSSGRLDAPSQIEVKDVTDTT
ALITWSWPRDDDYDIWYFELTYGIKDVPGDRTTIKLLNYASPYSIGNL
KPDTEYEVSLISVVPDTYGRGTSNPAKITFKTGL

35

LgBiT_PRSIM
47

Protein

MVFTLEDFVGDWEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIV
RSGENALKIDIHVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPY
GTLVIDGVTPNMLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLI
TPDGSMLFRVTINSGSSGGGGSGGGGSSGRLDAPSQIEVKDVTDTT
ALITWSRPGVSIWYFELTYGIKDVPGDRTTIKLDYRSYYYSIGNLKPDT
EYEVSLISGSYGLVGVRASNPAKITFKTGL

36

LgBiT_PRSIM
01

Protein

MVFTLEDFVGDWEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIV
RSGENALKIDIHVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPY
GTLVIDGVTPNMLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLI
TPDGSMLFRVTINSGSSGGGGSGGGGSSGQVQLVQSGAEVKKPGS
SVKVSCKASGGTFSSYAISWVRQAPGQGLEWMGGIIPIFGTANYAQK
FQGRVTITADESTSTAYMELSSLRSEDTAVYYCARGQGYITVFDYWG
QGTLVTVSSGGGGSGGGGSGGGGSAQSVLTQPPSASGTPGQRVTI
SCSGSSSNIGSNTVNWYQQLPGTAPKLLIYSNNQRPSGVPDRFSGS
KSGTSASLAISGLQSEDEADYYCAAWDHHWEQVVFGGGTKLTVL

37

LgBiT_PRSIM
06

Protein

MVFTLEDFVGDWEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIV
RSGENALKIDIHVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPY
GTLVIDGVTPNMLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLI
TPDGSMLFRVTINSGSSGGGGSGGGGSSGQVQLVQSGAEVKKPGS
SVKVSCKASGGTFSSYAISWVRQAPGQGLEWMGGIIPIFGTANYAQK
FQGRVTITADESTSTAYMELSSLRSEDTAVYYCARGAGYYMRVDYW
GQGTLVTVSSGGGGSGGGGSGGGGSAQSYLTQPPSASGTPGQRY
TISCSGSSSNIGSNTVNWYQQLPGTAPKLLIYSNNQRPSGVPDRFSG
SKSGTSASLAISGLQSEDEADYYCAAWDHDVEHVVFGGGTKLTVL

38

LgBiT_PRSIM
57

Protein

MVFTLEDFVGDWEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIV
RSGENALKIDIHVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPY
GTLVIDGVTPNMLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLI
TPDGSMLFRVTINSGSSGGGGSGGGGSSGQVQLVQSGAEVKKPGS
SVKVSCKASGGTFSSYAISWVRQAPGQGLEWMGGIIPIFGTANYAQK
FQGRVTITADESTSTAYMELSSLRSEDTAVYYCARHTNYITVFDYWG
QGTLVTVSSGGGGSGGGGSGGGGSAQSVLTQPPSASGTPGQRVTI
SCSGSSSNIGSNTVNWYQQLPGTAPKLLIYSNNQRPSGVPDRFSGS
KSGTSASLAISGLQSEDEADYYCAAWDHHWEQVVFGGGTKLTVL

39

LgBiT_PRSIM
67

Protein

MVFTLEDFVGDWEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIV
RSGENALKIDIHVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPY
GTLVIDGVTPNMLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLI
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TPDGSMLFRVTINSGSSGGGGSGGGGSSGEVQLVQSGAEVKKPGA
AVRISCKTSGYVFTSYYVHWVRQAPGQGLEWMGVINPSGGNTNYA
QKFQDRVTMTRDTSTTTVYMELSSLMFDDTAVYYCAKRDYGGPLAN
WGRGTLVTVSSGGGGSGGGGSGGGGSALSYELTQPPSVSEAPRQ
RVTISCSGSSSNIGNNAVNWYQQLPGKAPKLLIFYDDLLPSGVSDRF
SGSKSGTSASLAISGLQSEDEADYYCAAWDDSLNGLVFGTGTKLTVL

40

LgBiT_PRSIM
72

Protein

MVFTLEDFVGDWEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIV
RSGENALKIDIHVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPY
GTLVIDGVTPNMLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLI
TPDGSMLFRVTINSGSSGGGGSGGGGSSGQVQLVQSGAEVKKPGS
SVKVSCKASGGTFSSYAISWVRQAPGQGLEWMGGIIPIFGTANYAQK
FQGRVTITADESTSTAYMELSSLRSEDTAVYYCARGMAHFYQFDLW
GQGTLVTVSSGGGGSGGGGSGGGGSAQSVLTQPPSASGTPGQRY
TISCSGSSSNIGSNTVNWYQQLPGTAPKLLIYSNNQRPSGVPDRFSG
SKSGTSASLAISGLQSEDEADYYCAAGDHDHEHVVFGGGTKLTVL

41

LgBiT_PRSIM

75

Protein

MVFTLEDFVGDWEQTAAYNLDQVLEQGGVSSLLQNLAVSVTPIQRIV
RSGENALKIDIHVIIPYEGLSADQMAQIEEVFKVVYPVDDHHFKVILPY
GTLVIDGVTPNMLNYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLI
TPDGSMLFRVTINSGSSGGGGSGGGGSSGEVQLVQSGAEVKKPGS
SVKVSCKASGGSFNSYTLDWVRQAPGQGLEWMGGIIPVFGSPNYG
QKFQGRVTITADESTSTAYMELSSLKSDDTAVYYCARGLVYQPLDS
WGRGTLVTVSSGGGGSGGGGSGGGGSAQAVLTQPSSASGTPGQR
VTISCSGSSSNIGSYTVNWYQQFPGTAPKLLIYSNTQRPSGVPDRFS
GSKSGTSASLAISGLQSEDEADYYCAAWDDSLNGWVFGGGTKVTVL

42

p65 AD

Protein

DEFPTMVFPSGQISQASALAPAPPQVLPQAPAPAPAPAMVSALAQA
PAPVPVLAPGPPQAVAPPAPKPTQAGEGTLSEALLQLQFDDEDLGAL
LGNSTDPAVFTDLASVDNSEFQQLLNQGIPVAPHTTEPMLMEYPEAI
TRLVTGAQRPPDPAPAPLGAPGLPNGLLSGDEDFSSIADMDFSALLS
QISSTSY

43

ZFHD1 DBD
(+ leader)

Protein

MDYPAAKRVKLDSRERPYACPVESCDRRFSRSDELTRHIRIHTGQKP
FQCRICMRNFSRSDHLTTHIRTHTGGGRRRKKRTSIETNIRVALEKSF
LENQKPTSEEITMIADQLNMEKEVIRVWFCNRRQKEKRINT

44

HCV-Pro - AD
fusion

Protein

MGKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNQV
EGEVQIVSTATQTFLATSINGVLWTVYHGAGTRTIASPKGPVTQMYT
NVDKDLVGWQAPQGSRSLTPCTCGSSDLYLVTRHADVIPYRRRGDS
RGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRGVAKAVDFI
PVESLETTMRSP

45

DBD - HCV
Pro fusion

Protein

MDYPAAKRVKLDSRERPYACPVESCDRRFSRSDELTRHIRIHTGQKP
FQCRICMRNFSRSDHLTTHIRTHTGGGRRRKKRTSIETNIRVALEKSF
LENQKPTSEEITMIADQLNMEKEVIRVWFCNRRQKEKRINTSAGSRL
DAPSQIEVKDVTDTTALITWVDPRYDDIWWFELTYGIKDVPGDRTTIK
LYLNDPYYSIGNLKPDTEYEVSLISYTGDSYSRSGSNPAKITFKTGL

46

PRSIM_23_D
BD_fusion

Protein

MDYPAAKRVKLDSRERPYACPVESCDRRFSRSDELTRHIRIHTGQKP
FQCRICMRNFSRSDHLTTHIRTHTGGGRRRKKRTSIETNIRVALEKSF
LENQKPTSEEITMIADQLNMEKEVIRVWFCNRRQKEKRINTSAGSRL
DAPSQIEVKDVTDTTALITWVDPRYDDIWWFELTYGIKDVPGDRTTIK
LYLNDPYYSIGNLKPDTEYEVSLISYTGDSYSRSGSNPAKITFKTGL

47

PRSIM_32_D
BD_fusion

Protein

MDYPAAKRVKLDSRERPYACPVESCDRRFSRSDELTRHIRIHTGQKP
FQCRICMRNFSRSDHLTTHIRTHTGGGRRRKKRTSIETNIRVALEKSF
LENQKPTSEEITMIADQLNMEKEVIRVWFCNRRQKEKRINTSAGSRL
DAPSQIEVKDVTDTTALITWWSPRYYYASISGFELTYGIKDVPGDRTTI
KLDYASNDYSIGNLKPDTEYEVSLISWNYGDWRYSSSNPAKITFKTG
L

48

PRSIM_33_D
BD_fusion

Protein

MDYPAAKRVKLDSRERPYACPVESCDRRFSRSDELTRHIRIHTGQKP
FQCRICMRNFSRSDHLTTHIRTHTGGGRRRKKRTSIETNIRVALEKSF
LENQKPTSEEITMIADQLNMEKEVIRVWFCNRRQKEKRINTSAGSRL
DAPSQIEVKDVTDTTALITWYPPGRWYDDIWYFELTYGIKDVPGDRT
TIKLARGDDVYSIGNLKPDTEYEVSLISWGPDRGDRAGSNPAKITFKT
GL
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49

PRSIM_36_D
BD_fusion

Protein

MDYPAAKRVKLDSRERPYACPVESCDRRFSRSDELTRHIRIHTGQKP
FQCRICMRNFSRSDHLTTHIRTHTGGGRRRKKRTSIETNIRVALEKSF
LENQKPTSEEITMIADQLNMEKEVIRVWFCNRRQKEKRINTSAGSRL
DAPSQIEVKDVTDTTALITWSWPRDDDYDIWYFELTYGIKDVPGDRT
TIKLLNYASPYSIGNLKPDTEYEVSLISVVPDTYGRGTSNPAKITFKTG
L

50

PRSIM_47_D
BD_fusion

Protein

MDYPAAKRVKLDSRERPYACPVESCDRRFSRSDELTRHIRIHTGQKP
FQCRICMRNFSRSDHLTTHIRTHTGGGRRRKKRTSIETNIRVALEKSF
LENQKPTSEEITMIADQLNMEKEVIRVWFCNRRQKEKRINTSAGSRL
DAPSQIEVKDVTDTTALITWSRPGVSIWYFELTYGIKDVPGDRTTIKLD
YRSYYYSIGNLKPDTEYEVSLISGSYGLVGVRASNPAKITFKTGL

51

PRSIM_01_D
BD_fusion

Protein

MDYPAAKRVKLDSRERPYACPVESCDRRFSRSDELTRHIRIHTGQKP
FQCRICMRNFSRSDHLTTHIRTHTGGGRRRKKRTSIETNIRVALEKSF
LENQKPTSEEITMIADQLNMEKEVIRVWFCNRRQKEKRINTSAGSQV
QLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGLEW
MGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYY
CARGQGYITVFDYWGQGTLVTVSSGGGGSGGGGSGGGGSAQSYL
TQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAPKLLIYS
NNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWDHHW
EQVVFGGGTKLTVL

52

PRSIM_04_D
BD_fusion

Protein

MDYPAAKRVKLDSRERPYACPVESCDRRFSRSDELTRHIRIHTGQKP
FQCRICMRNFSRSDHLTTHIRTHTGGGRRRKKRTSIETNIRVALEKSF
LENQKPTSEEITMIADQLNMEKEVIRVWFCNRRQKEKRINTSAGSQV
QLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGLEW
MGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYY
CARGMAHFYQFDLWGQGTLVTVSSGGGGSGGGGSGGGGSAQSVL
TQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAPKLLIYS
NNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAGDHDHE
HVVFGGGTKLTVL

53

PRSIM_57_D
BD_fusion

Protein

MDYPAAKRVKLDSRERPYACPVESCDRRFSRSDELTRHIRIHTGQKP
FQCRICMRNFSRSDHLTTHIRTHTGGGRRRKKRTSIETNIRVALEKSF
LENQKPTSEEITMIADQLNMEKEVIRVWFCNRRQKEKRINTSAGSQV
QLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGLEW
MGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYY
CARHTNYITVFDYWGQGTLVTVSSGGGGSGGGGSGGGGSAQSVLT
QPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAPKLLIYSN
NQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWDHHWE
QVVFGGGTKLTVL

54

PRSIM_67_D
BD_fusion

Protein

MDYPAAKRVKLDSRERPYACPVESCDRRFSRSDELTRHIRIHTGQKP
FQCRICMRNFSRSDHLTTHIRTHTGGGRRRKKRTSIETNIRVALEKSF
LENQKPTSEEITMIADQLNMEKEVIRVWFCNRRQKEKRINTSAGSEV
QLVQSGAEVKKPGAAVRISCKTSGYVFTSYYVHWVRQAPGQGLEW
MGVINPSGGNTNYAQKFQDRVTMTRDTSTTTVYMELSSLMFDDTAV
YYCAKRDYGGPLANWGRGTLVTVSSGGGGSGGGGSGGGGSALSY
ELTQPPSVSEAPRQRVTISCSGSSSNIGNNAVNWYQQLPGKAPKLLI
FYDDLLPSGVSDRFSGSKSGTSASLAISGLQSEDEADYYCAAWDDS
LNGLVFGTGTKLTVL

55

PRSIM_72_D
BD_fusion

Protein

MDYPAAKRVKLDSRERPYACPVESCDRRFSRSDELTRHIRIHTGQKP
FQCRICMRNFSRSDHLTTHIRTHTGGGRRRKKRTSIETNIRVALEKSF
LENQKPTSEEITMIADQLNMEKEVIRVWFCNRRQKEKRINTSAGSQV
QLVQSGAEVKKPGSSVKVSCKVSGGSFNNYGVSWVRQAPGQGLE
WMGRIIPIRDTANYAQKFQGRVTITADTSTNIAYMELSGLRSDDTAVY
YCARVLEDDFWGGYYDFYFYVMDVWGQGTLVTVSSGGGGSGGGG
SGGGGSALSSELTQDPVVSVPLGQTARITCQGDSLTTYYATWYQQK
PGQAPVLVLYNEHKRPSGISDRFSGSSAGDAASLTITDTQAEDEADY
YCSSRDTGGKHVLFGGGTKLTVL

56

PRSIM_75_D
BD_fusion

Protein

MDYPAAKRVKLDSRERPYACPVESCDRRFSRSDELTRHIRIHTGQKP
FQCRICMRNFSRSDHLTTHIRTHTGGGRRRKKRTSIETNIRVALEKSF
LENQKPTSEEITMIADQLNMEKEVIRVWFCNRRQKEKRINTSAGSEV
QLVQSGAEVKKPGSSVKVSCKASGGSFNSYTLDWVRQAPGQGLEW
MGGIIPVFGSPNYGQKFQGRVTITADESTSTAYMELSSLKSDDTAVY
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YCARGLVYQPLDSWGRGTLVTVSSGGGGSGGGGSGGGGSAQAVL
TQPSSASGTPGQRVTISCSGSSSNIGSYTVYNWYQQFPGTAPKLLIYS
NTQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWDDSLN
GWVFGGGTKVTVL

57

PRSIM_23_A
D_fusion

Protein

MGSRLDAPSQIEVKDVTDTTALITWVDPRYDDIWWFELTYGIKDVPG
DRTTIKLYLNDPYYSIGNLKPDTEYEVSLISYTGDSYSRSGSNPAKITF
KTGLTGGGGSGGGGSDEFPTMVFPSGQISQASALAPAPPQVLPQAP
APAPAPAMVSALAQAPAPVPVLAPGPPQAVAPPAPKPTQAGEGTLS
EALLQLQFDDEDLGALLGNSTDPAVFTDLASVDNSEFQQLLNQGIPV
APHTTEPMLMEYPEAITRLVTGAQRPPDPAPAPLGAPGLPNGLLSGD
EDFSSIADMDFSALLSQISSTSY

58

PRSIM_32_A
D_fusion

Protein

MGSRLDAPSQIEVKDVTDTTALITWWSPRYYYASISGFELTYGIKDVP
GDRTTIKLDYASNDYSIGNLKPDTEYEVSLISWNYGDWRY SSSNPAKI
TFKTGLTGGGGSGGGGSDEFPTMVFPSGQISQASALAPAPPQVLPQ
APAPAPAPAMVSALAQAPAPVPVLAPGPPQAVAPPAPKPTQAGEGT
LSEALLQLQFDDEDLGALLGNSTDPAVFTDLASVYDNSEFQQLLNQGI
PVAPHTTEPMLMEYPEAITRLVTGAQRPPDPAPAPLGAPGLPNGLLS
GDEDFSSIADMDFSALLSQISSTSY

59

PRSIM_33_A
D_fusion

Protein

MGSRLDAPSQIEVKDVTDTTALITWYPPGRWYDDIWYFELTYGIKDV
PGDRTTIKLARGDDVYSIGNLKPDTEYEVSLISWGPDRGDRAGSNPA
KITFKTGLTGGGGSGGGGSDEFPTMVFPSGQISQASALAPAPPQVL
PQAPAPAPAPAMVSALAQAPAPVPVYLAPGPPQAVAPPAPKPTQAGE
GTLSEALLQLQFDDEDLGALLGNSTDPAVFTDLASVDNSEFQQLLNQ
GIPVAPHTTEPMLMEYPEAITRLVTGAQRPPDPAPAPLGAPGLPNGL
LSGDEDFSSIADMDFSALLSQISSTSY

60

PRSIM_36_A
D_fusion

Protein

MGSRLDAPSQIEVKDVTDTTALITWSWPRDDDYDIWYFELTYGIKDV
PGDRTTIKLLNYASPYSIGNLKPDTEYEVSLISVVPDTYGRGTSNPAKI
TFKTGLTGGGGSGGGGSDEFPTMVFPSGQISQASALAPAPPQVLPQ
APAPAPAPAMVSALAQAPAPVPVLAPGPPQAVAPPAPKPTQAGEGT
LSEALLQLQFDDEDLGALLGNSTDPAVFTDLASVYDNSEFQQLLNQGI
PVAPHTTEPMLMEYPEAITRLVTGAQRPPDPAPAPLGAPGLPNGLLS
GDEDFSSIADMDFSALLSQISSTSY

61

PRSIM_47_A
D_fusion

Protein

MGSRLDAPSQIEVKDVTDTTALITWSRPGVSIWYFELTYGIKDVPGD
RTTIKLDYRSYYYSIGNLKPDTEYEVSLISGSYGLVGVRASNPAKITFK
TGLTGGGGSGGGGSDEFPTMVFPSGQISQASALAPAPPQVLPQAPA
PAPAPAMVSALAQAPAPVPVLAPGPPQAVAPPAPKPTQAGEGTLSE
ALLQLQFDDEDLGALLGNSTDPAVFTDLASVDNSEFQQLLNQGIPVA
PHTTEPMLMEYPEAITRLVTGAQRPPDPAPAPLGAPGLPNGLLSGDE
DFSSIADMDFSALLSQISSTSY

62

PRSIM_01_A
D_fusion

Protein

MGSQVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPG
QGLEWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSE
DTAVYYCARGQGYYGYFDYWGQGTLVTVSSGGGGSGGGGSGGG
GSAQSVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGT
APKLLIYSNNQRPSGVPDRFSVSKSGTSASLAISGLQSEDEADYYCA
AWDHGHEHVVFGGGTKLTVLTGGGGSGGGGSDEFPTMVFPSGQIS
QASALAPAPPQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQA
VAPPAPKPTQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVFTDLA
SVDNSEFQQLLNQGIPVAPHTTEPMLMEYPEAITRLVTGAQRPPDPA
PAPLGAPGLPNGLLSGDEDFSSIADMDFSALLSQISSTSY

63

PRSIM_04_A
D_fusion

Protein

MGSQVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPG
QGLEWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSE
DTAVYYCARGMAHFYQFDLWGQGTLVTVSSGGGGSGGGGSGGGG
SAQSVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTA
PKLLIYSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAA
GDHDHEHVVFGGGTKLTVLTGGGGSGGGGSDEFPTMVFPSGQISQ
ASALAPAPPQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQAYV
APPAPKPTQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVFTDLAS
VDNSEFQQLLNQGIPVAPHTTEPMLMEYPEAITRLVTGAQRPPDPAP
APLGAPGLPNGLLSGDEDFSSIADMDFSALLSQISSTSY
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64

PRSIM_57_A
D_fusion

Protein

MGSQVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPG
QGLEWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSE
DTAVYYCARHTNYITVFDYWGQGTLVTVSSGGGGSGGGGSGGGGS
AQSVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAP
KLLIYSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAW
DHHWEQVVFGGGTKLTVLTGGGGSGGGGSDEFPTMVFPSGQISQA
SALAPAPPQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQAVA
PPAPKPTQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVFTDLASY
DNSEFQQLLNQGIPVAPHTTEPMLMEYPEAITRLVTGAQRPPDPAPA
PLGAPGLPNGLLSGDEDFSSIADMDFSALLSQISSTSY

65

PRSIM_67_A
D_fusion

Protein

MGSEVQLVQSGAEVKKPGAAVRISCKTSGYVFTSYYVHWVRQAPG
QGLEWMGVINPSGGNTNYAQKFQDRVTMTRDTSTTTVYMELSSLM
FDDTAVYYCAKRDYGGPLANWGRGTLVTVSSGGGGSGGGGSGGG
GSALSYELTQPPSVSEAPRQRVTISCSGSSSNIGNNAVNWYQQLPG
KAPKLLIFYDDLLPSGVSDRFSGSKSGTSASLAISGLQSEDEADYYCA
AWDDSLNGLVFGTGTKLTVLTGGGGSGGGGSDEFPTMVFPSGQIS
QASALAPAPPQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQA
VAPPAPKPTQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVFTDLA
SVDNSEFQQLLNQGIPVAPHTTEPMLMEYPEAITRLVTGAQRPPDPA
PAPLGAPGLPNGLLSGDEDFSSIADMDFSALLSQISSTSY

66

PRSIM_72_A
D_fusion

Protein

MGSQVQLVQSGAEVKKPGSSVKVSCKVSGGSFNNYGVSWVRQAP
GQGLEWMGRIIPIRDTANYAQKFQGRVTITADTSTNIAYMELSGLRSD
DTAVYYCARVLEDDFWGGYYDFYFYVMDVWGQGTLVTVSSGGGG
SGGGGSGGGGSALSSELTQDPVVSVPLGQTARITCQGDSLTTYYAT
WYQQKPGQAPVLVLYNEHKRPSGISDRFSGSSAGDAASLTITDTQA
EDEADYYCSSRDTGGKHVLFGGGTKLTVLTGGGGSGGGGSDEFPT
MVFPSGQISQASALAPAPPQVLPQAPAPAPAPAMVSALAQAPAPVP
VLAPGPPQAVAPPAPKPTQAGEGTLSEALLQLQFDDEDLGALLGNST
DPAVFTDLASVDNSEFQQLLNQGIPVAPHTTEPMLMEYPEAITRLVT
GAQRPPDPAPAPLGAPGLPNGLLSGDEDFSSIADMDFSALLSQISST
SY

67

PRSIM_75_A
D_fusion

Protein

MGSEVQLVQSGAEVKKPGSSVKVSCKASGGSFNSYTLDWVRQAPG
QGLEWMGGIIPVFGSPNYGQKFQGRVTITADESTSTAYMELSSLKSD
DTAVYYCARGLVYQPLDSWGRGTLVTVSSGGGGSGGGGSGGGGS
AQAVLTQPSSASGTPGQRVTISCSGSSSNIGSYTVNWYQQFPGTAP
KLLIYSNTQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAW
DDSLNGWVFGGGTKVTVLTGGGGSGGGGSDEFPTMVFPSGQISQA
SALAPAPPQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQAVA
PPAPKPTQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVFTDLASY
DNSEFQQLLNQGIPVAPHTTEPMLMEYPEAITRLVTGAQRPPDPAPA
PLGAPGLPNGLLSGDEDFSSIADMDFSALLSQISSTSY

68

NanoLuc-Pest

Protein

MVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRI
VLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILH
YGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERL
INPDGSLLFRVTINGVTGWRLCERILANSHGFPPEVEEQAAGTLPMS
CAQESGMDRHPAACASARINV

69

FKBP12:FRB
CAR

Protein

MLLLVTSLLLCELPHPAFLLIPESKYGPPCPPCPFWVLVVVGGVLACY
SLLVTVAFIIFWVKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEE
EEGGCELSRGSGSGSGSMGVQVETISPGDGRTFPKRGQTCVVHYT
GMLEDGKKFDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRA
KLTISPDYAYGATGHPGIIPPHATLVFDVELLKLEGSGATNFSLLKQAG
DVEENPGPMIHLGHILFLLLLPVAAAQTTPGERSSLPAFYPGTSGSCS
GCGSLSLPESKYGPPCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWV
SLKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELILW
HEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKET
SFNQAYGRDLMEAQEWCRKYMKSGNVKDLLQAWDLYYHVFRRISK
GSGSGSGSSLRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGER
RRGKGHDGLYQGLSTATKDTYDALHMQALPPRGSGEGRGSLLTCG
DVEENPGPSGMESDESGLPAMEIECRITGTLNGVEFELVGGGEGTP
KQGRMTNKMKSTKGALTFSPYLLSHVMGYGFYHFGTYPSGYENPFL
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HAINNGGYTNTRIEKYEDGGVLHVSFSYRYEAGRVIGDFKVVGTGFP
EDSVIFTDKIIRSNATVEHLHPMGDNVLVGSFARTFSLRDGGYYSFVV
DSHMHFKSAIHPSILANGGPMFAFRRVEELHSNTELGIVEYQHAFKT
PIAFARSRAQSSNSAVDGTAGPGSTGSR

70

PRSIM_23
CAR 18
polypeptide

Protein

ESKYGPPCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLL
YIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELGGGGSGGGGSM
KKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNQVEGE
VQIVSTATQTFLATSINGVLWTVYHGAGTRTIASPKGPVTQMYTNVD
KDLVGWQAPQGSRSLTPCTCGSSDLYLVTRHADVIPVRRRGDSRGS
LLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRGVAKAVDFIPVE
SLETTMRSPGSG

71

Wild-type
HCV NS3/4A
PR with N-
terminal 6His
and AviTag

DNA

ATGGGTAGCAGCCATCACCATCATCATCATGGTAGCGGTCTGAAC
GATATTTTTGAAGCCCAGAAAATCGAATGGCATGAAGGTGGTGGT
GGTAGCATGAAAAAAAAGGGTAGCGTTGTTATTGTGGGTCGCATT
AATCTGAGCGGTGATACCGCATATGCACAGCAGACCCGTGGTGA
AGAAGGTTGTCAAGAAACCAGCCAGACCGGTCGTGATAAAAATCA
GGTTGAAGGTGAAGTTCAGATTGTTAGCACCGCAACACAGACCTT
TCTGGCAACCAGCATTAATGGTGTTCTGTGGACCGTTTATCATGG
TGCAGGCACCCGTACCATTGCAAGCCCGAAAGGTCCGGTTACAC
AGATGTATACCAATGTGGATAAAGATCTGGTTGGTTGGCAGGCAC
CGCAGGGTAGCCGTAGTCTGACCCCGTGTACCTGTGGTAGCAGC
GATCTGTATCTGGTTACCCGTCATGCAGATGTTATTCCGGTTCGT
CGTCGTGGTGATAGCCGTGGTAGCCTGCTGAGTCCGCGTCCGAT
TAGCTATCTGAAAGGTAGCAGTGGTGGTCCGCTGCTGTGTCCGG
CAGGTCATGCAGTTGGTATTTTTCGTGCAGCAGTTAGCACCCGTG
GCGTTGCAAAAGCAGTTGATTTTATCCCGGTTGAAAGCCTGGAAA
CCACCATGCGTAGCCCG

72

HCV NS3/4A
PR (S139A)
with N-
terminal 6His
and AviTag

DNA

ATGGGTAGCAGCCATCACCATCATCATCATGGTAGCGGTCTGAAC
GATATTTTTGAAGCCCAGAAAATCGAATGGCATGAAGGTGGTGGT
GGTAGCATGAAAAAAAAGGGTAGCGTTGTTATTGTGGGTCGCATT
AATCTGAGCGGTGATACCGCATATGCACAGCAGACCCGTGGTGA
AGAAGGTTGTCAAGAAACCAGCCAGACCGGTCGTGATAAAAATCA
GGTTGAAGGTGAAGTTCAGATTGTTAGCACCGCAACACAGACCTT
TCTGGCAACCAGCATTAATGGTGTTCTGTGGACCGTTTATCATGG
TGCAGGCACCCGTACCATTGCAAGCCCGAAAGGTCCGGTTACAC
AGATGTATACCAATGTGGATAAAGATCTGGTTGGTTGGCAGGCAC
CGCAGGGTAGCCGTAGTCTGACCCCGTGTACCTGTGGTAGCAGC
GATCTGTATCTGGTTACCCGTCATGCAGATGTTATTCCGGTTCGT
CGTCGTGGTGATAGCCGTGGTAGCCTGCTGAGTCCGCGTCCGAT
TAGCTATCTGAAAGGTAGTGCCGGTGGTCCGCTGCTGTGTCCGG
CAGGTCATGCAGTTGGTATTTTTCGTGCAGCAGTTAGCACCCGTG
GCGTTGCAAAAGCAGTTGATTTTATCCCGGTTGAAAGCCTGGAAA
CCACCATGCGTAGCCCG

73

PRSIM_23

DNA

CGTCTGGATGCACCGAGCCAGATTGAAGTTAAAGATGTTACCGAT
ACCACCGCACTGATTACCTGGGTTGACCCGCGTTACGACGACATT
TGGTGGTTTGAACTGACCTATGGCATCAAAGATGTTCCGGGTGAT
CGTACCACCATTAAACTGTACCTGAACGACCCGTACTATAGCATT
GGTAATCTGAAACCGGATACCGAATATGAAGTTAGCCTGATTAGC
TACACTGGTGACTCTTACTCTCGTTCTGGTAGCAATCCGGCAAAA
ATTACCTTTAAAACCGGTCTG
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74

PRSIM_32

DNA

CGTCTGGATGCACCGAGCCAGATTGAAGTTAAAGATGTTACCGAT
ACCACCGCACTGATTACCTGGTGGTCTCCGCGTTACTACTACGCT
TCTATTTCTGGTTTTGAACTGACCTATGGCATCAAAGATGTTCCGG
GTGATCGTACCACCATTAAACTGGACTACGCTTCTAACGACTATA
GCATTGGTAATCTGAAACCGGATACCGAATATGAAGTTAGCCTGA
TTAGCTGGAACTACGGTGACTGGCGTTACTCTTCTAGCAATCCGG
CAAAAATTACCTTTAAAACCGGTCTG

75

PRSIM_33

DNA

CGTCTGGATGCACCGAGCCAGATTGAAGTTAAAGATGTTACCGAT
ACCACCGCACTGATTACCTGGTACCCGCCGGGTCGTTGGTACGA
CGACATTTGGTACTTTGAACTGACCTATGGCATCAAAGATGTTCC
GGGTGATCGTACCACCATTAAACTGGCTCGTGGTGACGACGTTTA
TAGCATTGGTAATCTGAAACCGGATACCGAATATGAAGTTAGCCT
GATTAGCTGGGGTCCGGACCGTGGTGACCGTGCTGGTAGCAATC
CGGCAAAAATTACCTTTAAAACCGGTCTG

76

PRSIM_36

DNA

CGTCTGGATGCACCGAGCCAGATTGAAGTTAAAGATGTTACCGAT
ACCACCGCACTGATTACCTGGTCTTGGCCGCGTGACGACGACTA
CGACATTTGGTACTTTGAACTGACCTATGGCATCAAAGATGTTCC
GGGTGATCGTACCACCATTAAACTGCTGAACTACGCTTCTCCGTA
TAGCATTGGTAATCTGAAACCGGATACCGAATATGAAGTTAGCCT
GATTAGCGTTGTTCCGGACACTTACGGTCGTGGTACTAGCAATCC
GGCAAAAATTACCTTTAAAACCGGTCTG

77

PRSIM_47

DNA

CGTCTGGATGCACCGAGCCAGATTGAAGTTAAAGATGTTACCGAT
ACCACCGCACTGATTACCTGGTCTCGTCCGGGTGTTTCTATTTGG
TACTTTGAACTGACCTATGGCATCAAAGATGTTCCGGGTGATCGT

ACCACCATTAAACTGGACTACCGTTCTTACTACTATAGCATTGGTA
ATCTGAAACCGGATACCGAATATGAAGTTAGCCTGATTAGCGGTT

CTTACGGTCTGGTTGGTGTTCGTGCTAGCAATCCGGCAAAAATTA
CCTTTAAAACCGGTCTG

78

PRSIM_01

DNA

CAGGTTCAGCTGGTTCAGTCTGGCGCCGAAGTGAAGAAACCTGG
CAGCAGCGTGAAGGTGTCCTGCAAAGCTTCTGGCGGCACCTTCA
GCAGCTACGCCATCTCTTGGGTTCGACAGGCCCCTGGACAAGGC
CTGGAATGGATGGGAGGCATCATCCCCATCTTCGGCACCGCCAA
TTACGCCCAGAAATTCCAGGGCAGAGTGACCATCACCGCCGACG
AGTCTACAAGCACCGCCTACATGGAACTGAGCAGCCTGAGAAGC
GAGGACACCGCCGTGTACTATTGTGCCAGAGGCCAGGGCTACTA
CGGCTACTTCGATTATTGGGGCCAGGGCACCCTGGTCACAGTTT
CTAGCGGAGGCGGAGGATCTGGTGGCGGAGGAAGTGGCGGAGG
CGGTTCTGCTCAATCTGTGCTGACACAGCCTCCTAGCGCCTCTGG
AACACCTGGCCAGAGAGTGACAATCAGCTGTAGCGGCAGCAGCA
GCAACATCGGCAGCAACACCGTGAACTGGTATCAGCAGCTGCCT
GGCACAGCCCCTAAACTGCTGATCTACAGCAACAACCAGCGGCC
TAGCGGCGTGCCCGATAGATTTTCCGTGTCTAAGAGCGGCACCA
GCGCCAGCCTGGCTATTTCTGGACTGCAGAGCGAGGACGAGGCC
GACTATTATTGTGCCGCCTGGGATCACGGACACGAGCACGTTGT
GTTTGGAGGCGGCACCAAGCTGACAGTGCTT

79

PRSIM_04

DNA

CAGGTGCAGCTGGTGCAGTCTGGCGCTGAAGTGAAGAAGCCGG
GCTCTTCTGTGAAGGTGTCTTGCAAGGCTTCTGGCGGCACCTTCT
CTTCTTACGCTATCTCTTGGGTGCGTCAGGCTCCGGGCCAGGGG
CTGGAGTGGATGGGCGGCATCATCCCGATCTTCGGCACCGCTAA
CTACGCTCAGAAATTTCAGGGCCGTGTGACCATCACCGCTGATGA
ATCTACCTCTACCGCTTACATGGAACTGTCATCTCTGCGTTCTGAA
GATACCGCTGTATACTACTGCGCTCGTGGCATGGCTCACTTCTAC
CAGTTCGATCTGTGGGGCCAGGGCACCCTGGTAACCGTCTCGAG
TGGTGGTGGCGGCTCTGGTGGCGGTGGCTCTGGCGGTGGTGGC
AGTGCACAGTCTGTGCTGACCCAGCCGCCGTCTGCTTCTGGCAC
CCCGGGCCAGCGTGTGACCATCTCTTGCTCTGGCTCTTCTTCTAA
CATCGGCTCTAACACCGTGAACTGGTACCAGCAGCTGCCGGGCA
CCGCTCCGAAGCTGCTGATATACTCTAACAACCAGCGTCCGTCTG
GCGTGCCGGATCGTTTCTCTGGCTCTAAGTCTGGCACCTCTGCTT
CTCTGGCTATCTCTGGCCTGCAGTCTGAAGACGAAGCTGATTACT
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ACTGCGCTGCTGGGGATCACGATCACGAACACGTGGTGTTCGGC
GGCGGCACCAAGCTGACCGTGCTG

80

PRSIM_57

DNA

CAGGTGCAGCTGGTGCAGTCTGGCGCTGAAGTGAAGAAGCCGG
GCTCTTCTGTGAAGGTGTCTTGCAAGGCTTCTGGCGGCACCTTCT
CTTCTTACGCTATCTCTTGGGTGCGTCAGGCTCCGGGCCAGGGG
CTGGAGTGGATGGGCGGCATCATCCCGATCTTCGGCACCGCTAA
CTACGCTCAGAAATTTCAGGGCCGTGTGACCATCACCGCTGATGA
ATCTACCTCTACCGCTTACATGGAACTGTCATCTCTGCGTTCTGAA
GATACCGCTGTATACTACTGCGCTCGTCACACGAACTACATCACG
GTTTTCGATTACTGGGGCCAGGGCACCCTGGTAACCGTCTCGAG
TGGTGGTGGCGGCTCTGGTGGCGGTGGCTCTGGCGGTGGTGGC
AGTGCACAGTCTGTGCTGACCCAGCCGCCGTCTGCTTCTGGCAC
CCCGGGCCAGCGTGTGACCATCTCTTGCTCTGGCTCTTCTTCTAA
CATCGGCTCTAACACCGTGAACTGGTACCAGCAGCTGCCGGGCA
CCGCTCCGAAGCTGCTGATCTACTCTAACAACCAGCGTCCGTCTG
GCGTGCCGGATCGTTTCTCTGGCTCTAAGTCTGGCACCTCTGCTT
CTCTGGCTATCTCTGGCCTGCAGTCTGAAGACGAAGCTGATTACT
ACTGCGCTGCTTGGGATCACCACTGGGAACAGGTGGTGTTCGGC
GGCGGCACCAAGCTGACCGTGCTG

81

PRSIM_67

DNA

GAAGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTG
GGGCCGCAGTGAGGATTTCCTGCAAGACATCTGGATACGTCTTCA
CCAGCTACTATGTGCACTGGGTGCGACAGGCCCCTGGACAAGGG
CTTGAGTGGATGGGAGTTATCAACCCTAGTGGTGGTAATACGAAC
TACGCACAGAAGTTCCAGGACAGAGTCACCATGACCAGGGACAC
GTCCACGACCACAGTCTATATGGAGTTGAGCAGCCTGATGTTTGA
TGACACGGCCGTGTATTACTGTGCGAAGCGAGACTACGGGGGAC
CCTTGGCAAACTGGGGCCGGGGAACCCTGGTCACCGTCTCGAGT
GGAGGCGGCGGTTCAGGCGGAGGTGGCTCTGGCGGTGGCGGAA
GTGCACTTTCCTATGAGCTGACTCAGCCACCCTCGGTGTCTGAAG
CCCCGAGGCAGAGGGTCACCATCTCCTGTTCTGGAAGCAGCTCC
AACATCGGAAATAATGCTGTAAACTGGTACCAGCAGCTCCCAGGA
AAGGCTCCCAAACTCCTCATTTTTTATGATGATCTGCTGCCCTCAG
GGGTCTCTGACCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCT
CCCTGGCCATCAGTGGGCTCCAGTCCGAGGATGAGGCTGATTAT
TACTGTGCAGCATGGGATGACAGCCTGAATGGTCTAGTCTTCGGA
ACTGGGACCAAGCTGACCGTCCTA

82

PRSIM_72

DNA

CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCGG
GGTCCTCGGTGAAGGTCTCCTGCAAGGTTTCTGGAGGCAGCTTC
AATAATTATGGTGTCAGTTGGGTGCGACAGGCCCCTGGACAAGG
GCTTGAGTGGATGGGAAGGATCATCCCTATCCGTGATACAGCAAA
CTACGCACAGAAGTTCCAGGGCAGAGTCACGATTACCGCGGACA
CATCCACGAACATTGCCTACATGGAACTGAGCGGCCTGAGATCTG
ACGACACGGCCGTGTATTACTGTGCGAGAGTACTTGAGGACGATT
TCTGGGGTGGTTATTATGACTTCTATTTCTACGTTATGGACGTCTG
GGGCCAGGGCACCCTGGTCACCGTCTCGAGTGGAGGCGGCGGT
TCAGGCGGAGGTGGCTCTGGCGGTGGCGGAAGTGCACTTTCTTC
TGAGCTGACTCAGGACCCTGTTGTGTCTGTGCCCTTGGGACAGA
CAGCCAGGATCACATGCCAAGGAGACAGCCTCACCACTTATTATG
CAACCTGGTACCAGCAGAAGCCAGGACAGGCCCCTGTTCTTGTC
CTCTATAATGAACACAAAAGGCCCTCAGGGATCTCAGACCGATTC
TCTGGCTCCAGCGCAGGAGACGCAGCTTCCTTGACCATCACTGA
CACCCAGGCGGAAGATGAGGCCGACTATTATTGTAGCTCCCGGG
ACACCGGTGGGAAGCATGTGCTTTTCGGCGGAGGGACCAAGCTG
ACCGTCCTA
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83

PRSIM_75

DNA

GAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTG
GGTCCTCGGTGAAGGTCTCCTGCAAGGCTTCTGGAGGCTCCTTC
AACAGTTATACTCTCGACTGGGTGCGACAGGCCCCTGGACAAGG
GCTTGAGTGGATGGGAGGGATCATCCCTGTCTTTGGTTCCCCGA
ACTACGGACAGAAATTCCAGGGCAGAGTCACCATTACCGCGGAC
GAATCAACGAGCACAGCCTACATGGAGCTGAGCAGTCTCAAATCT
GACGACACGGCCGTGTATTACTGTGCGCGAGGGTTGGTATACCA
GCCCCTTGACTCCTGGGGCCGAGGCACCCTGGTCACCGTCTCGA
GTGGAGGCGGCGGTTCAGGCGGAGGTGGCTCTGGCGGTGGCG
GAAGTGCACAGGCTGTGCTGACTCAGCCGTCCTCAGCGTCTGGG
ACCCCCGGGCAGAGGGTCACCATCTCTTGTTCTGGAAGCAGCTC
CAACATCGGAAGTTATACTGTAAACTGGTACCAGCAATTCCCAGG
AACGGCCCCCAAACTCCTCATCTATAGTAATACTCAGCGGCCCTC
AGGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGGCACCTCAG
CCTCCCTGGCCATCAGTGGGCTCCAGTCTGAGGATGAGGCTGAT
TATTACTGTGCAGCATGGGATGACAGCCTGAATGGTTGGGTGTTC
GGCGGAGGGACCAAGGTCACCGTCCTA

84

HCV_NS4A_
NS3_S139A_
SmBIT

DNA

ATGGGCAAGAAAAAGGGCTCTGTGGTCATCGTGGGCAGAATCAA
CCTGAGCGGCGATACCGCCTACGCTCAGCAGACAAGAGGCGAG
GAAGGCTGCCAAGAGACAAGCCAGACCGGCAGAGACAAGAACCA
GGTGGAAGGCGAGGTGCAGATCGTGTCTACAGCTACCCAGACCT
TCCTGGCCACCAGCATCAATGGCGTGCTGTGGACAGTGTATCAC
GGCGCTGGCACCAGAACAATCGCCTCTCCAAAGGGCCCCGTGAC
ACAGATGTACACCAACGTGGACAAGGACCTCGTCGGATGGCAAG
CCCCTCAGGGCTCTAGAAGCCTGACACCTTGTACCTGCGGCAGC
AGCGATCTGTACCTGGTCACAAGACACGCCGACGTGATCCCCGT
CAGAAGAAGAGGCGATAGCAGAGGCAGCCTGCTGAGCCCTAGAC
CTATCAGCTACCTGAAGGGATCTGCCGGCGGACCTCTGCTTTGTC
CTGCTGGACATGCCGTGGGCATCTTTAGAGCCGCCGTGTCTACT
AGAGGCGTGGCCAAGGCCGTGGACTTCATCCCTGTGGAAAGCCT
GGAAACCACCATGCGGAGCCCCTCTGGCTCGAGCGGTGGTGGC
GGGAGCGGAGGTGGAGGGTCGTCAGGTGTGACCGGCTACCGGC
TGTTCGAGGAGATTCTG

85

SmBIT_HCV_
NS4A_NS3_S
139A

DNA

ATGGTGACCGGCTACCGGCTGTTCGAGGAGATTCTCGGGAGTTC
CGGTGGTGGCGGGAGCGGAGGTGGAGGCTCGAGCGGTAAGAAA
AAGGGCTCTGTGGTCATCGTGGGCAGAATCAACCTGAGCGGCGA
TACCGCCTACGCTCAGCAGACAAGAGGCGAGGAAGGCTGCCAAG
AGACAAGCCAGACCGGCAGAGACAAGAACCAGGTGGAAGGCGA
GGTGCAGATCGTGTCTACAGCTACCCAGACCTTCCTGGCCACCA
GCATCAATGGCGTGCTGTGGACAGTGTATCACGGCGCTGGCACC
AGAACAATCGCCTCTCCAAAGGGCCCCGTGACACAGATGTACAC
CAACGTGGACAAGGACCTCGTCGGATGGCAAGCCCCTCAGGGCT
CTAGAAGCCTGACACCTTGTACCTGCGGCAGCAGCGATCTGTAC
CTGGTCACAAGACACGCCGACGTGATCCCCGTCAGAAGAAGAGG
CGATAGCAGAGGCAGCCTGCTGAGCCCTAGACCTATCAGCTACC
TGAAGGGATCTGCCGGCGGACCTCTGCTTTGTCCTGCTGGACAT
GCCGTGGGCATCTTTAGAGCCGCCGTGTCTACTAGAGGCGTGGC
CAAGGCCGTGGACTTCATCCCTGTGGAAAGCCTGGAAACCACCA
TGCGGAGCCCC

86

PRSIM_23_L
gBIT

DNA

ATGGGCTCTAGACTGGATGCCCCTAGCCAGATCGAAGTGAAGGA
CGTGACCGACACCACCGCTCTGATCACCTGGGTTGACCCCAGAT
ACGACGACATCTGGTGGTTCGAGCTGACCTACGGCATCAAGGAT
GTGCCCGGCGACAGAACCACCATCAAGCTGTACCTGAACGACCC
CTACTACAGCATCGGCAACCTGAAGCCTGACACCGAGTACGAGG
TGTCCCTGATCAGCTACACCGGCGACTCCTACAGCAGAAGCGGC
AGCAATCCTGCCAAGATCACCTTCAAGACCGGCCTTTCTGGCTCG
AGCGGTGGTGGCGGGAGCGGAGGTGGAGGGTCGTCAGGTGTCT
TCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACAGCCGCC
TACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTCCAGTTTG
CTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAGGATTGTC
CGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGTCATCATC
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CCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGATCGAAGA
GGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGT
GATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTACGCCGA
ACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGT
TCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGGAACGGC
AACAAAATTATCGACGAGCGCCTGATCACCCCCGACGGCTCCAT
GCTGTTCCGAGTAACCATCAACAGC

87

PRSIM_32_L
gBIT

DNA

ATGGGCTCTAGACTGGATGCCCCTAGCCAGATCGAAGTGAAGGA
CGTGACCGACACCACCGCTCTGATCACATGGTGGTCCCCACGGT
ACTACTACGCCAGCATCAGCGGCTTCGAGCTGACCTACGGCATC
AAGGATGTGCCCGGCGACAGAACCACCATCAAGCTGGACTACGC
CTCCAACGACTACAGCATCGGCAACCTGAAGCCTGACACCGAGT
ACGAGGTGTCCCTGATCAGCTGGAACTACGGCGATTGGCGGTAC
AGCAGCAGCAACCCTGCCAAGATCACCTTCAAGACCGGCCTTTCT
GGCTCGAGCGGTGGTGGCGGGAGCGGAGGTGGAGGGTCGTCA
GGTGTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACA
GCCGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTC
CAGTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAG
GATTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGT
CATCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGA
TCGAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACT
TTAAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTA
CGCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATC
GCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTG
GAACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACG
GCTCCATGCTGTTCCGAGTAACCATCAACAGC

88

PRSIM_33_L
gBIT

DNA

ATGGGCTCTAGACTGGATGCCCCTAGCCAGATCGAAGTGAAGGA
CGTGACCGACACCACCGCTCTGATCACCTGGTATCCACCTGGCC
GTTGGTACGACGACATCTGGTACTTCGAGCTGACCTACGGCATCA
AGGACGTGCCCGGCGATAGAACCACCATCAAACTGGCCAGAGGC
GACGACGTGTACAGCATCGGCAACCTGAAGCCTGACACCGAGTA
CGAGGTGTCCCTGATCTCTTGGGGCCCTGACAGAGGCGATAGAG
CCGGATCTAACCCCGCCAAGATCACCTTCAAGACCGGCCTTTCTG
GCTCGAGCGGTGGTGGCGGGAGCGGAGGTGGAGGGTCGTCAG
GTGTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACAG
CCGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTCC
AGTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAGG
ATTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGTC
ATCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGAT
CGAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACTT
TAAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTAC
GCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATCG
CCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGG
AACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACGG
CTCCATGCTGTTCCGAGTAACCATCAACAGC

89

PRSIM_36_L
gBIT

DNA

ATGGGCTCTAGACTGGATGCCCCTAGCCAGATCGAAGTGAAGGA
CGTGACCGACACCACCGCTCTGATCACCTGGTCCTGGCCTAGAG
ATGACGACTACGACATCTGGTACTTCGAGCTGACCTACGGCATCA
AGGACGTGCCCGGCGATAGAACCACCATCAAGCTGCTGAACTAC
GCCTCTCCATACAGCATCGGCAACCTGAAGCCTGACACCGAGTA
CGAGGTGTCCCTGATCAGCGTGGTGCCCGACACATATGGCAGAG
GCACAAGCAACCCCGCCAAGATCACCTTCAAGACCGGACTTTCTG
GCTCGAGCGGTGGTGGCGGGAGCGGAGGTGGAGGGTCGTCAG
GTGTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACAG
CCGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTCC
AGTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAGG
ATTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGTC
ATCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGAT
CGAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACTT
TAAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTAC
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GCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATCG
CCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGG
AACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACGG
CTCCATGCTGTTCCGAGTAACCATCAACAGC

90

PRSIM_47_L
gBIT

DNA

ATGGGCTCTAGACTGGATGCCCCTAGCCAGATCGAAGTGAAGGA
CGTGACCGACACCACCGCTCTGATCACCTGGTCAAGACCTGGCG
TGTCCATCTGGTACTTCGAGCTGACCTACGGCATCAAGGACGTGC
CCGGCGATAGAACCACCATCAAGCTGGACTACCGCAGCTACTAC
TACAGCATCGGCAACCTGAAGCCTGACACCGAGTACGAGGTGTC
CCTGATCAGCGGCTCTTATGGCCTCGTGGGCGTCAGAGCCTCTA
ATCCCGCCAAGATCACCTTTAAGACCGGCCTTTCTGGCTCGAGCG
GTGGTGGCGGGAGCGGAGGTGGAGGGTCGTCAGGTGTCTTCAC
ACTCGAAGATTTCGTTGGGGACTGGGAACAGACAGCCGCCTACA
ACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTCCAGTTTGCTG
CAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAGGATTGTCCGG
AGCGGTGAAAATGCCCTGAAGATCGACATCCATGTCATCATCCCG
TATGAAGGTCTGAGCGCCGACCAAATGGCCCAGATCGAAGAGGT
GTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGAT
CCTGCCCTATGGCACACTGGTAATCGACGGGGTTACGCCGAACA
TGCTGAACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTC
GACGGCAAAAAGATCACTGTAACAGGGACCCTGTGGAACGGCAA
CAAAATTATCGACGAGCGCCTGATCACCCCCGACGGCTCCATGC
TGTTCCGAGTAACCATCAACAGC

91

PRSIM_01_L
gBIT

DNA

ATGGGATCTCAGGTTCAGCTGGTTCAGTCTGGCGCCGAAGTGAA
GAAACCTGGCAGCAGCGTGAAGGTGTCCTGCAAAGCTTCTGGCG
GCACCTTCAGCAGCTACGCCATCTCTTGGGTTCGACAGGCCCCT
GGACAAGGCCTGGAATGGATGGGAGGCATCATCCCCATCTTCGG
CACCGCCAATTACGCCCAGAAATTCCAGGGCAGAGTGACCATCA
CCGCCGACGAGTCTACAAGCACCGCCTACATGGAACTGAGCAGC
CTGAGAAGCGAGGACACCGCCGTGTACTATTGTGCCAGAGGCCA
GGGCTACTACGGCTACTTCGATTATTGGGGCCAGGGCACCCTGG
TCACAGTTTCTAGCGGAGGCGGAGGATCTGGTGGCGGAGGAAGT
GGCGGAGGCGGTTCTGCTCAATCTGTGCTGACACAGCCTCCTAG
CGCCTCTGGAACACCTGGCCAGAGAGTGACAATCAGCTGTAGCG
GCAGCAGCAGCAACATCGGCAGCAACACCGTGAACTGGTATCAG
CAGCTGCCTGGCACAGCCCCTAAACTGCTGATCTACAGCAACAAC
CAGCGGCCTAGCGGCGTGCCCGATAGATTTTCCGTGTCTAAGAG
CGGCACCAGCGCCAGCCTGGCTATTTCTGGACTGCAGAGCGAGG
ACGAGGCCGACTATTATTGTGCCGCCTGGGATCACGGACACGAG
CACGTTGTGTTTGGAGGCGGCACCAAGCTGACAGTGCTTTCTGG
CTCGAGCGGTGGTGGCGGGAGCGGAGGTGGAGGGTCGTCAGGT
GTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACAGC
CGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTCCA
GTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAGGA
TTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGTCA
TCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGATC
GAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTT
AAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTAC
GCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATCG
CCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGG
AACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACGG
CTCCATGCTGTTCCGAGTAACCATCAACAGC
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92

PRSIM_06_L
gBIT

DNA

ATGGGCTCTCAGGTGCAGCTTGTTCAGTCTGGCGCCGAAGTGAA
GAAACCCGGCAGCTCTGTGAAGGTGTCCTGCAAAGCTTCCGGCG
GCACCTTTAGCAGCTACGCCATCTCTTGGGTCCGACAGGCTCCT
GGACAAGGCCTGGAATGGATGGGCGGCATCATCCCTATCTTCGG
CACCGCCAATTACGCCCAGAAATTCCAGGGCAGAGTGACCATCA
CCGCCGACGAGTCTACAAGCACCGCCTACATGGAACTGAGCAGC
CTGAGAAGCGAGGACACCGCCGTGTACTACTGTGCTAGAGGCGC
TGGCTACTACATGAGAGTGGACTATTGGGGCCAGGGCACCCTGG
TCACAGTTTCTAGCGGAGGCGGAGGATCTGGCGGCGGAGGTAGT
GGTGGTGGCGGATCTGCTCAGTCTGTGCTGACACAGCCTCCTAG
CGCCTCTGGAACACCTGGCCAGAGAGTGACAATCAGCTGTAGCG
GCAGCAGCAGCAACATCGGCAGCAACACCGTGAACTGGTATCAG
CAGCTGCCTGGCACAGCCCCTAAACTGCTGATCTACAGCAACAAC
CAGCGGCCTAGCGGCGTGCCCGATAGATTTTCTGGCAGCAAGAG
CGGCACAAGCGCCAGCCTGGCTATTTCTGGACTGCAGAGCGAGG
ACGAGGCCGACTATTATTGTGCCGCCTGGGACCACGACGTGGAA
CACGTTGTGTTTGGCGGAGGCACCAAGCTGACAGTGCTTTCTGG
CTCGAGCGGTGGTGGCGGGAGCGGAGGTGGAGGGTCGTCAGGT
GTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACAGC
CGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTCCA
GTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAGGA
TTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGTCA
TCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGATC
GAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTT
AAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTAC
GCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATCG
CCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGG
AACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACGG
CTCCATGCTGTTCCGAGTAACCATCAACAGC

93

PRSIM_57_L
gBIT

DNA

ATGGGCTCTCAGGTTCAGCTGGTTCAGTCTGGCGCCGAAGTGAA
GAAACCTGGCAGCAGCGTGAAGGTGTCCTGCAAAGCTTCTGGCG
GCACCTTCAGCAGCTACGCCATCTCTTGGGTTCGACAGGCCCCT
GGACAAGGCCTGGAATGGATGGGAGGCATCATCCCCATCTTCGG
CACCGCCAATTACGCCCAGAAATTCCAGGGCAGAGTGACCATCA
CCGCCGACGAGTCTACAAGCACCGCCTACATGGAACTGAGCAGC
CTGAGAAGCGAGGACACCGCCGTGTACTACTGTGCCAGACACAC
CAACTACATCACCGTGTTCGACTACTGGGGCCAGGGCACACTGG
TCACAGTTTCTAGCGGAGGCGGAGGATCTGGTGGCGGAGGAAGT
GGCGGAGGCGGTTCTGCTCAATCTGTGCTGACACAGCCTCCTAG
CGCCTCTGGAACACCTGGCCAGAGAGTGACAATCAGCTGTAGCG
GCAGCAGCAGCAACATCGGCAGCAACACCGTGAACTGGTATCAG
CAGCTGCCTGGCACAGCCCCTAAACTGCTGATCTACAGCAACAAC
CAGCGGCCTAGCGGCGTGCCCGATAGATTTTCTGGCAGCAAGAG
CGGCACAAGCGCCAGCCTGGCTATTTCTGGACTGCAGAGCGAGG
ACGAGGCCGACTATTATTGTGCCGCCTGGGACCACCACTGGGAG
CAAGTTGTTTTTGGAGGCGGCACCAAGCTGACCGTGCTTTCTGGC
TCGAGCGGTGGTGGCGGGAGCGGAGGTGGAGGGTCGTCAGGTG
TCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACAGCC
GCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTCCAG
TTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAGGAT
TGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGTCAT
CATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGATCG
AAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTA
AGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTACG
CCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATCGC
CGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGGA
ACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACGGC
TCCATGCTGTTCCGAGTAACCATCAACAGC
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94

PRSIM_67_L
gBIT

DNA

ATGGGCTCTGAAGTGCAGCTGGTTCAGTCTGGCGCCGAAGTGAA
GAAACCTGGCGCCGCTGTCAGAATCAGCTGCAAGACAAGCGGCT
ACGTGTTCACCAGCTACTACGTGCACTGGGTCCGACAGGCTCCA
GGACAAGGACTGGAATGGATGGGCGTGATCAATCCCAGCGGCG
GCAACACCAATTACGCCCAGAAATTCCAGGACCGCGTGACCATG
ACCAGAGACACCAGCACCACCACCGTGTACATGGAACTGAGCAG
CCTGATGTTCGACGACACCGCCGTGTACTACTGCGCCAAGAGAG
ATTACGGCGGACCCCTGGCCAATTGGGGCAGAGGAACACTGGTC
ACAGTGTCTAGCGGAGGCGGAGGATCTGGTGGCGGAGGAAGTG
GCGGAGGCGGTTCTGCTCTGAGCTATGAGCTGACACAGCCTCCA
AGCGTGTCCGAGGCTCCTAGACAGAGAGTGACCATCAGCTGTAG
CGGCAGCAGCAGCAACATCGGCAACAACGCCGTGAACTGGTATC
AGCAGCTGCCTGGCAAGGCCCCTAAACTGCTGATCTTCTACGAC
GACCTGCTGCCTAGCGGAGTGTCCGATAGATTCAGCGGCTCTAA
GAGCGGCACATCTGCCAGCCTGGCCATCTCTGGACTGCAGAGCG
AAGATGAGGCCGACTACTATTGCGCCGCCTGGGACGATTCTCTG
AACGGCCTGGTTTTTGGCACCGGCACCAAGCTGACAGTGCTGTC
TGGCTCGAGCGGTGGTGGCGGGAGCGGAGGTGGAGGGTCGTCA
GGTGTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACA
GCCGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTC
CAGTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAG
GATTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGT
CATCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGA
TCGAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACT
TTAAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTA
CGCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATC
GCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTG
GAACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACG
GCTCCATGCTGTTCCGAGTAACCATCAACAGC

95

PRSIM_72_L
gBIT

DNA

ATGGGATCTCAGGTTCAGCTGGTTCAGTCTGGCGCCGAAGTGAA
GAAACCTGGCAGCAGCGTGAAGGTGTCCTGCAAAGTGTCTGGCG
GCAGCTTCAACAACTACGGCGTGTCCTGGGTTCGACAGGCCCCT
GGACAAGGACTGGAATGGATGGGCAGAATCATCCCCATCCGGGA
CACCGCCAATTACGCCCAGAAATTCCAGGGCAGAGTGACCATCA
CCGCCGACACCAGCACCAATATCGCCTACATGGAACTGAGCGGC
CTGCGGAGTGATGACACCGCCGTGTACTATTGCGCCAGAGTGCT
GGAAGATGACTTCTGGGGCGGCTACTACGACTTCTACTTCTACGT
GATGGACGTGTGGGGCCAGGGCACACTGGTTACAGTTTCTAGCG
GAGGCGGAGGATCTGGTGGCGGAGGAAGTGGCGGAGGCGGTTC
TGCTCTTTCTAGCGAGCTGACCCAGGATCCAGTGGTGTCTGTTCC
TCTGGGCCAGACCGCCAGAATTACCTGTCAGGGCGATAGCCTGA
CCACCTACTACGCCACCTGGTATCAGCAGAAGCCAGGCCAGGCT
CCTGTGCTGGTGCTGTACAATGAGCACAAGAGGCCCAGCGGCAT
CAGCGACAGATTTTCTGGATCTTCTGCCGGCGACGCCGCCAGCC
TGACAATCACAGATACACAGGCCGAGGACGAGGCCGACTACTAC
TGCAGCTCTAGAGATACCGGCGGCAAACACGTGCTGTTTGGAGG
CGGCACAAAGCTGACAGTGCTTTCTGGCTCGAGCGGTGGTGGCG
GGAGCGGAGGTGGAGGGTCGTCAGGTGTCTTCACACTCGAAGAT
TTCGTTGGGGACTGGGAACAGACAGCCGCCTACAACCTGGACCA
AGTCCTTGAACAGGGAGGTGTGTCCAGTTTGCTGCAGAATCTCGC
CGTGTCCGTAACTCCGATCCAAAGGATTGTCCGGAGCGGTGAAA
ATGCCCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTC
TGAGCGCCGACCAAATGGCCCAGATCGAAGAGGTGTTTAAGGTG
GTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCCCTAT
GGCACACTGGTAATCGACGGGGTTACGCCGAACATGCTGAACTA
TTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAA
AGATCACTGTAACAGGGACCCTGTGGAACGGCAACAAAATTATCG
ACGAGCGCCTGATCACCCCCGACGGCTCCATGCTGTTCCGAGTA
ACCATCAACAGC
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96

PRSIM_75_L
gBIT

DNA

ATGGGATCTGAAGTGCAGCTGGTTCAGTCTGGCGCCGAAGTGAA
GAAACCTGGCAGCAGCGTGAAGGTGTCCTGCAAAGCTTCTGGCG
GCAGCTTCAACAGCTACACCCTGGACTGGGTTCGACAGGCCCCT
GGACAAGGACTGGAATGGATGGGCGGAATCATCCCCGTGTTCGG
CAGCCCTAATTACGGCCAGAAATTCCAGGGCAGAGTGACCATCA
CCGCCGACGAGTCTACAAGCACCGCCTACATGGAACTGAGCAGC
CTGAAGTCCGACGACACCGCCGTGTACTATTGTGCCAGAGGCCT
GGTGTACCAGCCACTGGATTCTTGGGGCAGAGGCACCCTGGTCA
CAGTTTCTAGCGGAGGCGGAGGATCTGGTGGCGGAGGAAGTGG
CGGAGGCGGTTCTGCTCAAGCTGTTCTGACACAGCCTAGCAGCG
CCTCTGGAACACCTGGCCAGAGAGTGACAATCAGCTGTAGCGGC
AGCAGCAGCAACATCGGCTCCTACACCGTGAACTGGTATCAGCA
GTTCCCCGGCACAGCCCCTAAGCTGCTGATCTACAGCAACACCC
AGAGGCCAAGCGGCGTGCCCGATAGATTTTCTGGCAGCAAGAGC
GGCACAAGCGCCAGCCTGGCTATTTCTGGACTGCAGAGCGAGGA
CGAGGCCGACTATTATTGTGCCGCCTGGGACGACAGCCTGAACG
GATGGGTTTTCGGCGGAGGCACCAAAGTGACAGTGCTTTCTGGC
TCGAGCGGTGGTGGCGGGAGCGGAGGTGGAGGGTCGTCAGGTG
TCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACAGCC
GCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTCCAG
TTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAGGAT
TGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGTCAT
CATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGATCG
AAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTA
AGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTACG
CCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATCGC
CGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGGA
ACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACGGC
TCCATGCTGTTCCGAGTAACCATCAACAGC

97

LgBiT_PRSIM
23

DNA

ATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACA
GCCGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTC
CAGTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAG
GATTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGT
CATCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGA
TCGAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACT
TTAAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTA
CGCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATC
GCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTG
GAACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACG
GCTCCATGCTGTTCCGAGTAACCATCAACAGTGGGAGTTCCGGT
GGTGGCGGGAGCGGAGGTGGAGGCTCGAGCGGTAGACTGGATG
CCCCTAGCCAGATCGAAGTGAAGGACGTGACCGACACCACCGCT
CTGATCACCTGGGTTGACCCCAGATACGACGACATCTGGTGGTTC
GAGCTGACCTACGGCATCAAGGATGTGCCCGGCGACAGAACCAC
CATCAAGCTGTACCTGAACGACCCCTACTACAGCATCGGCAACCT
GAAGCCTGACACCGAGTACGAGGTGTCCCTGATCAGCTACACCG
GCGACTCCTACAGCAGAAGCGGCAGCAATCCTGCCAAGATCACC
TTCAAGACCGGCCTT

98

LgBiT_PRSIM
32

DNA

ATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACA
GCCGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTC
CAGTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAG
GATTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGT
CATCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGA
TCGAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACT
TTAAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTA
CGCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATC
GCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTG
GAACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACG
GCTCCATGCTGTTCCGAGTAACCATCAACAGTGGGAGTTCCGGT
GGTGGCGGGAGCGGAGGTGGAGGCTCGAGCGGTAGACTGGATG
CCCCTAGCCAGATCGAAGTGAAGGACGTGACCGACACCACCGCT
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CTGATCACATGGTGGTCCCCACGGTACTACTACGCCAGCATCAG
CGGCTTCGAGCTGACCTACGGCATCAAGGATGTGCCCGGCGACA
GAACCACCATCAAGCTGGACTACGCCTCCAACGACTACAGCATC
GGCAACCTGAAGCCTGACACCGAGTACGAGGTGTCCCTGATCAG
CTGGAACTACGGCGATTGGCGGTACAGCAGCAGCAACCCTGCCA
AGATCACCTTCAAGACCGGCCTT

99

LgBiT_PRSIM
33

DNA

ATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACA
GCCGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTC
CAGTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAG
GATTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGT
CATCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGA
TCGAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACT
TTAAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTA
CGCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATC
GCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTG
GAACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACG
GCTCCATGCTGTTCCGAGTAACCATCAACAGTGGGAGTTCCGGT
GGTGGCGGGAGCGGAGGTGGAGGCTCGAGCGGTAGACTGGATG
CCCCTAGCCAGATCGAAGTGAAGGACGTGACCGACACCACCGCT
CTGATCACCTGGTATCCACCTGGCCGTTGGTACGACGACATCTG
GTACTTCGAGCTGACCTACGGCATCAAGGACGTGCCCGGCGATA
GAACCACCATCAAACTGGCCAGAGGCGACGACGTGTACAGCATC
GGCAACCTGAAGCCTGACACCGAGTACGAGGTGTCCCTGATCTC
TTGGGGCCCTGACAGAGGCGATAGAGCCGGATCTAACCCCGCCA
AGATCACCTTCAAGACCGGCCTT

100

LgBiT_PRSIM
36

DNA

ATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACA
GCCGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTC
CAGTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAG
GATTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGT
CATCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGA
TCGAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACT
TTAAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTA
CGCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATC
GCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTG
GAACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACG
GCTCCATGCTGTTCCGAGTAACCATCAACAGTGGGAGTTCCGGT
GGTGGCGGGAGCGGAGGTGGAGGCTCGAGCGGTAGACTGGATG
CCCCTAGCCAGATCGAAGTGAAGGACGTGACCGACACCACCGCT
CTGATCACCTGGTCCTGGCCTAGAGATGACGACTACGACATCTG
GTACTTCGAGCTGACCTACGGCATCAAGGACGTGCCCGGCGATA
GAACCACCATCAAGCTGCTGAACTACGCCTCTCCATACAGCATCG
GCAACCTGAAGCCTGACACCGAGTACGAGGTGTCCCTGATCAGC
GTGGTGCCCGACACATATGGCAGAGGCACAAGCAACCCCGCCAA
GATCACCTTCAAGACCGGACTT

101

LgBiT_PRSIM
47

DNA

ATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACA
GCCGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTC
CAGTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAG
GATTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGT
CATCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGA
TCGAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACT
TTAAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTA
CGCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATC
GCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTG
GAACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACG
GCTCCATGCTGTTCCGAGTAACCATCAACAGTGGGAGTTCCGGT
GGTGGCGGGAGCGGAGGTGGAGGCTCGAGCGGTAGACTGGATG
CCCCTAGCCAGATCGAAGTGAAGGACGTGACCGACACCACCGCT
CTGATCACCTGGTCAAGACCTGGCGTGTCCATCTGGTACTTCGAG
CTGACCTACGGCATCAAGGACGTGCCCGGCGATAGAACCACCAT
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CAAGCTGGACTACCGCAGCTACTACTACAGCATCGGCAACCTGAA
GCCTGACACCGAGTACGAGGTGTCCCTGATCAGCGGCTCTTATG
GCCTCGTGGGCGTCAGAGCCTCTAATCCCGCCAAGATCACCTTTA
AGACCGGCCTT

102

LgBiT_PRSIM
01

DNA

ATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACA
GCCGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTC
CAGTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAG
GATTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGT
CATCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGA
TCGAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACT
TTAAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTA
CGCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATC
GCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTG
GAACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACG
GCTCCATGCTGTTCCGAGTAACCATCAACAGTGGGAGTTCCGGT
GGTGGCGGGAGCGGAGGTGGAGGCTCGAGCGGTCAGGTTCAGC
TGGTTCAGTCTGGCGCCGAAGTGAAGAAACCTGGCAGCAGCGTG
AAGGTGTCCTGCAAAGCTTCTGGCGGCACCTTCAGCAGCTACGC
CATCTCTTGGGTTCGACAGGCCCCTGGACAAGGCCTGGAATGGA
TGGGAGGCATCATCCCCATCTTCGGCACCGCCAATTACGCCCAG
AAATTCCAGGGCAGAGTGACCATCACCGCCGACGAGTCTACAAG
CACCGCCTACATGGAACTGAGCAGCCTGAGAAGCGAGGACACCG
CCGTGTACTATTGTGCCAGAGGCCAGGGCTACTACGGCTACTTC
GATTATTGGGGCCAGGGCACCCTGGTCACAGTTTCTAGCGGAGG
CGGAGGATCTGGTGGCGGAGGAAGTGGCGGAGGCGGTTCTGCT
CAATCTGTGCTGACACAGCCTCCTAGCGCCTCTGGAACACCTGG
CCAGAGAGTGACAATCAGCTGTAGCGGCAGCAGCAGCAACATCG
GCAGCAACACCGTGAACTGGTATCAGCAGCTGCCTGGCACAGCC
CCTAAACTGCTGATCTACAGCAACAACCAGCGGCCTAGCGGCGT
GCCCGATAGATTTTCCGTGTCTAAGAGCGGCACCAGCGCCAGCC
TGGCTATTTCTGGACTGCAGAGCGAGGACGAGGCCGACTATTATT
GTGCCGCCTGGGATCACGGACACGAGCACGTTGTGTTTGGAGGC
GGCACCAAGCTGACAGTGCTT

103

LgBiT_PRSIM
06

DNA

ATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACA
GCCGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTC
CAGTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAG
GATTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGT
CATCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGA
TCGAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACT
TTAAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTA
CGCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATC
GCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTG
GAACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACG
GCTCCATGCTGTTCCGAGTAACCATCAACAGTGGGAGTTCCGGT
GGTGGCGGGAGCGGAGGTGGAGGCTCGAGCGGTCAGGTGCAG
CTTGTTCAGTCTGGCGCCGAAGTGAAGAAACCCGGCAGCTCTGT
GAAGGTGTCCTGCAAAGCTTCCGGCGGCACCTTTAGCAGCTACG
CCATCTCTTGGGTCCGACAGGCTCCTGGACAAGGCCTGGAATGG
ATGGGCGGCATCATCCCTATCTTCGGCACCGCCAATTACGCCCA
GAAATTCCAGGGCAGAGTGACCATCACCGCCGACGAGTCTACAA
GCACCGCCTACATGGAACTGAGCAGCCTGAGAAGCGAGGACACC
GCCGTGTACTACTGTGCTAGAGGCGCTGGCTACTACATGAGAGT
GGACTATTGGGGCCAGGGCACCCTGGTCACAGTTTCTAGCGGAG
GCGGAGGATCTGGCGGCGGAGGTAGTGGTGGTGGCGGATCTGC
TCAGTCTGTGCTGACACAGCCTCCTAGCGCCTCTGGAACACCTG
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GCCAGAGAGTGACAATCAGCTGTAGCGGCAGCAGCAGCAACATC
GGCAGCAACACCGTGAACTGGTATCAGCAGCTGCCTGGCACAGC
CCCTAAACTGCTGATCTACAGCAACAACCAGCGGCCTAGCGGCG

TGCCCGATAGATTTTCTGGCAGCAAGAGCGGCACAAGCGCCAGC
CTGGCTATTTCTGGACTGCAGAGCGAGGACGAGGCCGACTATTA

TTGTGCCGCCTGGGACCACGACGTGGAACACGTTGTGTTTGGCG
GAGGCACCAAGCTGACAGTGCTT

104

LgBiT_PRSIM
57

DNA

ATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACA
GCCGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTC
CAGTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAG
GATTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGT
CATCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGA
TCGAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACT
TTAAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTA
CGCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATC
GCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTG
GAACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACG
GCTCCATGCTGTTCCGAGTAACCATCAACAGTGGGAGTTCCGGT
GGTGGCGGGAGCGGAGGTGGAGGCTCGAGCGGTCAGGTTCAGC
TGGTTCAGTCTGGCGCCGAAGTGAAGAAACCTGGCAGCAGCGTG
AAGGTGTCCTGCAAAGCTTCTGGCGGCACCTTCAGCAGCTACGC
CATCTCTTGGGTTCGACAGGCCCCTGGACAAGGCCTGGAATGGA
TGGGAGGCATCATCCCCATCTTCGGCACCGCCAATTACGCCCAG
AAATTCCAGGGCAGAGTGACCATCACCGCCGACGAGTCTACAAG
CACCGCCTACATGGAACTGAGCAGCCTGAGAAGCGAGGACACCG
CCGTGTACTACTGTGCCAGACACACCAACTACATCACCGTGTTCG
ACTACTGGGGCCAGGGCACACTGGTCACAGTTTCTAGCGGAGGC
GGAGGATCTGGTGGCGGAGGAAGTGGCGGAGGCGGTTCTGCTC
AATCTGTGCTGACACAGCCTCCTAGCGCCTCTGGAACACCTGGC
CAGAGAGTGACAATCAGCTGTAGCGGCAGCAGCAGCAACATCGG
CAGCAACACCGTGAACTGGTATCAGCAGCTGCCTGGCACAGCCC
CTAAACTGCTGATCTACAGCAACAACCAGCGGCCTAGCGGCGTG
CCCGATAGATTTTCTGGCAGCAAGAGCGGCACAAGCGCCAGCCT
GGCTATTTCTGGACTGCAGAGCGAGGACGAGGCCGACTATTATT
GTGCCGCCTGGGACCACCACTGGGAGCAAGTTGTTTTTGGAGGC
GGCACCAAGCTGACCGTGCTT

105

LgBiT_PRSIM
67

DNA

ATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACA
GCCGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTC
CAGTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAG
GATTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGT
CATCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGA
TCGAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACT
TTAAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTA
CGCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATC
GCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTG
GAACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACG
GCTCCATGCTGTTCCGAGTAACCATCAACAGTGGGAGTTCCGGT
GGTGGCGGGAGCGGAGGTGGAGGCTCGAGCGGTGAAGTGCAGC
TGGTTCAGTCTGGCGCCGAAGTGAAGAAACCTGGCGCCGCTGTC
AGAATCAGCTGCAAGACAAGCGGCTACGTGTTCACCAGCTACTAC
GTGCACTGGGTCCGACAGGCTCCAGGACAAGGACTGGAATGGAT
GGGCGTGATCAATCCCAGCGGCGGCAACACCAATTACGCCCAGA
AATTCCAGGACCGCGTGACCATGACCAGAGACACCAGCACCACC
ACCGTGTACATGGAACTGAGCAGCCTGATGTTCGACGACACCGC
CGTGTACTACTGCGCCAAGAGAGATTACGGCGGACCCCTGGCCA
ATTGGGGCAGAGGAACACTGGTCACAGTGTCTAGCGGAGGCGGA
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GGATCTGGTGGCGGAGGAAGTGGCGGAGGCGGTTCTGCTCTGA
GCTATGAGCTGACACAGCCTCCAAGCGTGTCCGAGGCTCCTAGA
CAGAGAGTGACCATCAGCTGTAGCGGCAGCAGCAGCAACATCGG
CAACAACGCCGTGAACTGGTATCAGCAGCTGCCTGGCAAGGCCC
CTAAACTGCTGATCTTCTACGACGACCTGCTGCCTAGCGGAGTGT
CCGATAGATTCAGCGGCTCTAAGAGCGGCACATCTGCCAGCCTG
GCCATCTCTGGACTGCAGAGCGAAGATGAGGCCGACTACTATTG
CGCCGCCTGGGACGATTCTCTGAACGGCCTGGTTTTTGGCACCG
GCACCAAGCTGACAGTGCTG

106

LgBiT_PRSIM
72

DNA

ATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACA
GCCGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTC
CAGTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAG
GATTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGT
CATCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGA
TCGAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACT
TTAAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTA
CGCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATC
GCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTG
GAACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACG
GCTCCATGCTGTTCCGAGTAACCATCAACAGTGGGAGTTCCGGT
GGTGGCGGGAGCGGAGGTGGAGGCTCGAGCGGTCAGGTTCAGC
TGGTTCAGTCTGGCGCCGAAGTGAAGAAACCTGGCAGCAGCGTG
AAGGTGTCCTGCAAAGTGTCTGGCGGCAGCTTCAACAACTACGG
CGTGTCCTGGGTTCGACAGGCCCCTGGACAAGGACTGGAATGGA
TGGGCAGAATCATCCCCATCCGGGACACCGCCAATTACGCCCAG
AAATTCCAGGGCAGAGTGACCATCACCGCCGACACCAGCACCAA
TATCGCCTACATGGAACTGAGCGGCCTGCGGAGTGATGACACCG
CCGTGTACTATTGCGCCAGAGTGCTGGAAGATGACTTCTGGGGC
GGCTACTACGACTTCTACTTCTACGTGATGGACGTGTGGGGCCA
GGGCACACTGGTTACAGTTTCTAGCGGAGGCGGAGGATCTGGTG
GCGGAGGAAGTGGCGGAGGCGGTTCTGCTCTTTCTAGCGAGCTG
ACCCAGGATCCAGTGGTGTCTGTTCCTCTGGGCCAGACCGCCAG
AATTACCTGTCAGGGCGATAGCCTGACCACCTACTACGCCACCTG
GTATCAGCAGAAGCCAGGCCAGGCTCCTGTGCTGGTGCTGTACA
ATGAGCACAAGAGGCCCAGCGGCATCAGCGACAGATTTTCTGGA
TCTTCTGCCGGCGACGCCGCCAGCCTGACAATCACAGATACACA
GGCCGAGGACGAGGCCGACTACTACTGCAGCTCTAGAGATACCG
GCGGCAAACACGTGCTGTTTGGAGGCGGCACAAAGCTGACAGTG
CT

107

LgBiT_PRSIM
75

DNA

ATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGGAACAGACA
GCCGCCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTC
CAGTTTGCTGCAGAATCTCGCCGTGTCCGTAACTCCGATCCAAAG
GATTGTCCGGAGCGGTGAAAATGCCCTGAAGATCGACATCCATGT
CATCATCCCGTATGAAGGTCTGAGCGCCGACCAAATGGCCCAGA
TCGAAGAGGTGTTTAAGGTGGTGTACCCTGTGGATGATCATCACT
TTAAGGTGATCCTGCCCTATGGCACACTGGTAATCGACGGGGTTA
CGCCGAACATGCTGAACTATTTCGGACGGCCGTATGAAGGCATC
GCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTG
GAACGGCAACAAAATTATCGACGAGCGCCTGATCACCCCCGACG
GCTCCATGCTGTTCCGAGTAACCATCAACAGTGGGAGTTCCGGT
GGTGGCGGGAGCGGAGGTGGAGGCTCGAGCGGTGAAGTGCAGC
TGGTTCAGTCTGGCGCCGAAGTGAAGAAACCTGGCAGCAGCGTG
AAGGTGTCCTGCAAAGCTTCTGGCGGCAGCTTCAACAGCTACAC
CCTGGACTGGGTTCGACAGGCCCCTGGACAAGGACTGGAATGGA
TGGGCGGAATCATCCCCGTGTTCGGCAGCCCTAATTACGGCCAG
AAATTCCAGGGCAGAGTGACCATCACCGCCGACGAGTCTACAAG
CACCGCCTACATGGAACTGAGCAGCCTGAAGTCCGACGACACCG
CCGTGTACTATTGTGCCAGAGGCCTGGTGTACCAGCCACTGGATT
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CTTGGGGCAGAGGCACCCTGGTCACAGTTTCTAGCGGAGGCGGA
GGATCTGGTGGCGGAGGAAGTGGCGGAGGCGGTTCTGCTCAAG
CTGTTCTGACACAGCCTAGCAGCGCCTCTGGAACACCTGGCCAG
AGAGTGACAATCAGCTGTAGCGGCAGCAGCAGCAACATCGGCTC
CTACACCGTGAACTGGTATCAGCAGTTCCCCGGCACAGCCCCTA
AGCTGCTGATCTACAGCAACACCCAGAGGCCAAGCGGCGTGCCC
GATAGATTTTCTGGCAGCAAGAGCGGCACAAGCGCCAGCCTGGC
TATTTCTGGACTGCAGAGCGAGGACGAGGCCGACTATTATTGTGC
CGCCTGGGACGACAGCCTGAACGGATGGGTTTTCGGCGGAGGC
ACCAAAGTGACAGTGCTT

108

HCV-Pro - AD
fusion

DNA

ATGGGCAAGAAAAAGGGCAGCGTGGTCATCGTGGGCAGAATCAA
CCTGAGCGGCGATACCGCCTACGCTCAGCAGACAAGAGGCGAG
GAAGGCTGCCAAGAGACAAGCCAGACCGGCAGAGACAAGAACCA
GGTGGAAGGCGAGGTGCAGATCGTGTCTACAGCTACCCAGACCT
TCCTGGCCACCAGCATCAATGGCGTGCTGTGGACAGTGTATCAC
GGCGCTGGCACCAGAACAATCGCCTCTCCAAAGGGCCCCGTGAC
ACAGATGTACACCAACGTGGACAAGGACCTCGTCGGATGGCAAG
CCCCTCAGGGCTCTAGAAGCCTGACACCTTGTACCTGCGGCAGC
AGCGATCTGTACCTGGTCACAAGACACGCCGACGTGATCCCCGT
CAGAAGAAGAGGCGATAGCAGAGGCAGCCTGCTGAGCCCTAGAC
CTATCAGCTACCTGAAGGGATCTGCCGGCGGACCTCTGCTTTGTC
CTGCTGGACATGCCGTGGGCATCTTTAGAGCCGCCGTGTCTACT
AGAGGCGTGGCCAAAGCCGTGGACTTCATCCCTGTGGAAAGCCT
GGAAACCACCATGAGAAGCCCCACCGGTGGCGGAGGATCTGGC
GGAGGCGGATCTGATGAATTTCCCACCATGGTGTTTCCTTCTGGG
CAGATCAGCCAGGCCTCGGCCTTGGCCCCGGCCCCTCCCCAAGT
CCTGCCCCAGGCTCCAGCCCCTGCCCCTGCTCCAGCCATGGTAT
CAGCTCTGGCCCAGGCCCCAGCCCCTGTCCCAGTCCTAGCCCCA
GGCCCTCCTCAGGCTGTGGCCCCACCTGCCCCCAAGCCCACCCA
GGCTGGGGAAGGAACGCTGTCAGAGGCCCTGCTGCAGCTGCAG
TTTGATGATGAAGACCTGGGGGCCTTGCTTGGCAACAGCACAGA
CCCAGCTGTGTTCACAGACCTGGCATCCGTCGACAACTCCGAGTT
TCAGCAGCTGCTGAACCAGGGCATACCTGTGGCCCCCCACACAA
CTGAGCCCATGCTGATGGAGTACCCTGAGGCTATAACTCGCCTA
GTGACAGGGGCCCAGAGGCCCCCCGACCCAGCTCCTGCTCCAC
TGGGGGCCCCGGGGCTCCCCAATGGCCTCCTTTCAGGAGATGAA
GACTTCTCCTCCATTGCGGACATGGACTTCTCAGCCCTGCTGAGT
CAGATCAGCTCCACTAGTTAT

109

DBD - HCV
Pro fusion

DNA

TCTAGAGAACGCCCATATGCTTGCCCTGTCGAGTCCTGCGATCGC
CGCTTTTCTCGCTCGGATGAGCTTACCCGCCATATCCGCATCCAC
ACAGGCCAGAAGCCCTTCCAGTGTCGAATCTGCATGCGTAACTTC
AGTCGTAGTGACCACCTTACCACCCACATCCGCACCCACACAGG
CGGCGGCCGCAGGAGGAAGAAACGCACCAGCATAGAGACCAAC
ATCCGTGTGGCCTTAGAGAAGAGTTTCTTGGAGAATCAAAAGCCT
ACCTCGGAAGAGATCACTATGATTGCTGATCAGCTCAATATGGAA
AAAGAGGTGATTCGTGTTTGGTTCTGTAACCGCCGCCAGAAAGAA
AAAAGAATCAACACTAGCGCTAAGAAAAAGGGCAGCGTGGTCATC
GTGGGCAGAATCAACCTGAGCGGCGATACCGCCTACGCTCAGCA
GACAAGAGGCGAGGAAGGCTGCCAAGAGACAAGCCAGACCGGC
AGAGACAAGAACCAGGTGGAAGGCGAGGTGCAGATCGTGTCTAC
AGCTACCCAGACCTTCCTGGCCACCAGCATCAATGGCGTGCTGT
GGACAGTGTATCACGGCGCTGGCACCAGAACAATCGCCTCTCCA
AAGGGCCCCGTGACACAGATGTACACCAACGTGGACAAGGACCT
CGTCGGATGGCAAGCCCCTCAGGGCTCTAGAAGCCTGACACCTT
GTACCTGCGGCAGCAGCGATCTGTACCTGGTCACAAGACACGCC
GACGTGATCCCCGTCAGAAGAAGAGGCGATAGCAGAGGCAGCCT
GCTGAGCCCTAGACCTATCAGCTACCTGAAGGGATCTGCCGGCG
GACCTCTGCTTTGTCCTGCTGGACATGCCGTGGGCATCTTTAGAG
CCGCCGTGTCTACTAGAGGCGTGGCCAAAGCCGTGGACTTCATC
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CCTGTGGAAAGCCTGGAAACCACCATGAGAAGCCCT

110

PRSIM_23_D
BD_fusion

DNA

TCTAGAGAACGCCCATATGCTTGCCCTGTCGAGTCCTGCGATCGC
CGCTTTTCTCGCTCGGATGAGCTTACCCGCCATATCCGCATCCAC
ACAGGCCAGAAGCCCTTCCAGTGTCGAATCTGCATGCGTAACTTC
AGTCGTAGTGACCACCTTACCACCCACATCCGCACCCACACAGG
CGGCGGCCGCAGGAGGAAGAAACGCACCAGCATAGAGACCAAC
ATCCGTGTGGCCTTAGAGAAGAGTTTCTTGGAGAATCAAAAGCCT
ACCTCGGAAGAGATCACTATGATTGCTGATCAGCTCAATATGGAA
AAAGAGGTGATTCGTGTTTGGTTCTGTAACCGCCGCCAGAAAGAA
AAAAGAATCAACACTAGCGCTGGCTCTAGACTGGATGCCCCTAGC
CAGATCGAAGTGAAGGACGTGACCGACACCACCGCTCTGATCAC
CTGGGTTGACCCCAGATACGACGACATCTGGTGGTTCGAGCTGA
CCTACGGCATCAAGGATGTGCCCGGCGACAGAACCACCATCAAG
CTGTACCTGAACGACCCCTACTACAGCATCGGCAACCTGAAGCCT
GACACCGAGTACGAGGTGTCCCTGATCAGCTACACCGGCGACTC
CTACAGCAGAAGCGGCAGCAATCCTGCCAAGATCACCTTCAAGA
CCGGCCTT

111

PRSIM_32_D
BD_fusion

DNA

TCTAGAGAACGCCCATATGCTTGCCCTGTCGAGTCCTGCGATCGC
CGCTTTTCTCGCTCGGATGAGCTTACCCGCCATATCCGCATCCAC
ACAGGCCAGAAGCCCTTCCAGTGTCGAATCTGCATGCGTAACTTC
AGTCGTAGTGACCACCTTACCACCCACATCCGCACCCACACAGG
CGGCGGCCGCAGGAGGAAGAAACGCACCAGCATAGAGACCAAC
ATCCGTGTGGCCTTAGAGAAGAGTTTCTTGGAGAATCAAAAGCCT
ACCTCGGAAGAGATCACTATGATTGCTGATCAGCTCAATATGGAA
AAAGAGGTGATTCGTGTTTGGTTCTGTAACCGCCGCCAGAAAGAA
AAAAGAATCAACACTAGCGCTGGCTCTAGACTGGATGCCCCTAGC
CAGATCGAAGTGAAGGACGTGACCGACACCACCGCTCTGATCAC
ATGGTGGTCCCCACGGTACTACTACGCCAGCATCAGCGGCTTCG
AGCTGACCTACGGCATCAAGGATGTGCCCGGCGACAGAACCACC
ATCAAGCTGGACTACGCCTCCAACGACTACAGCATCGGCAACCT
GAAGCCTGACACCGAGTACGAGGTGTCCCTGATCAGCTGGAACT
ACGGCGATTGGCGGTACAGCAGCAGCAACCCTGCCAAGATCACC
TTCAAGACCGGCCTT

112

PRSIM_33_D
BD_fusion

DNA

TCTAGAGAACGCCCATATGCTTGCCCTGTCGAGTCCTGCGATCGC
CGCTTTTCTCGCTCGGATGAGCTTACCCGCCATATCCGCATCCAC
ACAGGCCAGAAGCCCTTCCAGTGTCGAATCTGCATGCGTAACTTC
AGTCGTAGTGACCACCTTACCACCCACATCCGCACCCACACAGG
CGGCGGCCGCAGGAGGAAGAAACGCACCAGCATAGAGACCAAC
ATCCGTGTGGCCTTAGAGAAGAGTTTCTTGGAGAATCAAAAGCCT
ACCTCGGAAGAGATCACTATGATTGCTGATCAGCTCAATATGGAA
AAAGAGGTGATTCGTGTTTGGTTCTGTAACCGCCGCCAGAAAGAA
AAAAGAATCAACACTAGCGCTGGCTCTAGACTGGATGCCCCTAGC
CAGATCGAAGTGAAGGACGTGACCGACACCACCGCTCTGATCAC
CTGGTATCCACCTGGCCGTTGGTACGACGACATCTGGTACTTCGA
GCTGACCTACGGCATCAAGGACGTGCCCGGCGATAGAACCACCA
TCAAACTGGCCAGAGGCGACGACGTGTACAGCATCGGCAACCTG
AAGCCTGACACCGAGTACGAGGTGTCCCTGATCTCTTGGGGCCC
TGACAGAGGCGATAGAGCCGGATCTAACCCCGCCAAGATCACCT
TCAAGACCGGCCTT

113

PRSIM_36_D
BD_fusion

DNA

TCTAGAGAACGCCCATATGCTTGCCCTGTCGAGTCCTGCGATCGC
CGCTTTTCTCGCTCGGATGAGCTTACCCGCCATATCCGCATCCAC
ACAGGCCAGAAGCCCTTCCAGTGTCGAATCTGCATGCGTAACTTC
AGTCGTAGTGACCACCTTACCACCCACATCCGCACCCACACAGG
CGGCGGCCGCAGGAGGAAGAAACGCACCAGCATAGAGACCAAC
ATCCGTGTGGCCTTAGAGAAGAGTTTCTTGGAGAATCAAAAGCCT
ACCTCGGAAGAGATCACTATGATTGCTGATCAGCTCAATATGGAA
AAAGAGGTGATTCGTGTTTGGTTCTGTAACCGCCGCCAGAAAGAA
AAAAGAATCAACACTAGCGCTGGCTCTAGACTGGATGCCCCTAGC
CAGATCGAAGTGAAGGACGTGACCGACACCACCGCTCTGATCAC
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CTGGTCCTGGCCTAGAGATGACGACTACGACATCTGGTACTTCGA
GCTGACCTACGGCATCAAGGACGTGCCCGGCGATAGAACCACCA
TCAAGCTGCTGAACTACGCCTCTCCATACAGCATCGGCAACCTGA
AGCCTGACACCGAGTACGAGGTGTCCCTGATCAGCGTGGTGCCC
GACACATATGGCAGAGGCACAAGCAACCCCGCCAAGATCACCTT
CAAGACCGGACTT

114

PRSIM_47_D
BD_fusion

DNA

TCTAGAGAACGCCCATATGCTTGCCCTGTCGAGTCCTGCGATCGC
CGCTTTTCTCGCTCGGATGAGCTTACCCGCCATATCCGCATCCAC
ACAGGCCAGAAGCCCTTCCAGTGTCGAATCTGCATGCGTAACTTC
AGTCGTAGTGACCACCTTACCACCCACATCCGCACCCACACAGG
CGGCGGCCGCAGGAGGAAGAAACGCACCAGCATAGAGACCAAC
ATCCGTGTGGCCTTAGAGAAGAGTTTCTTGGAGAATCAAAAGCCT
ACCTCGGAAGAGATCACTATGATTGCTGATCAGCTCAATATGGAA
AAAGAGGTGATTCGTGTTTGGTTCTGTAACCGCCGCCAGAAAGAA
AAAAGAATCAACACTAGCGCTGGCTCTAGACTGGATGCCCCTAGC
CAGATCGAAGTGAAGGACGTGACCGACACCACCGCTCTGATCAC
CTGGTCAAGACCTGGCGTGTCCATCTGGTACTTCGAGCTGACCTA
CGGCATCAAGGACGTGCCCGGCGATAGAACCACCATCAAGCTGG
ACTACCGCAGCTACTACTACAGCATCGGCAACCTGAAGCCTGACA
CCGAGTACGAGGTGTCCCTGATCAGCGGCTCTTATGGCCTCGTG
GGCGTCAGAGCCTCTAATCCCGCCAAGATCACCTTTAAGACCGG
CCTT

115

PRSIM_01_D
BD_fusion

DNA

TCTAGAGAACGCCCATATGCTTGCCCTGTCGAGTCCTGCGATCGC
CGCTTTTCTCGCTCGGATGAGCTTACCCGCCATATCCGCATCCAC
ACAGGCCAGAAGCCCTTCCAGTGTCGAATCTGCATGCGTAACTTC
AGTCGTAGTGACCACCTTACCACCCACATCCGCACCCACACAGG
CGGCGGCCGCAGGAGGAAGAAACGCACCAGCATAGAGACCAAC
ATCCGTGTGGCCTTAGAGAAGAGTTTCTTGGAGAATCAAAAGCCT
ACCTCGGAAGAGATCACTATGATTGCTGATCAGCTCAATATGGAA
AAAGAGGTGATTCGTGTTTGGTTCTGTAACCGCCGCCAGAAAGAA
AAAAGAATCAACACTAGCGCTGGCTCTCAGCTGGTTCAGTCTGGC
GCCGAAGTGAAGAAACCTGGCAGCAGCGTGAAGGTGTCCTGCAA
AGCTTCTGGCGGCACCTTCAGCAGCTACGCCATCTCTTGGGTTC
GACAGGCCCCTGGACAAGGCCTGGAATGGATGGGAGGCATCATC
CCCATCTTCGGCACCGCCAATTACGCCCAGAAATTCCAGGGCAG
AGTGACCATCACCGCCGACGAGTCTACAAGCACCGCCTACATGG
AACTGAGCAGCCTGAGAAGCGAGGACACCGCCGTGTACTATTGT
GCCAGAGGCCAGGGCTACTACGGCTACTTCGATTATTGGGGCCA
GGGCACCCTGGTCACAGTTTCTAGCGGAGGCGGAGGATCTGGTG
GCGGAGGAAGTGGCGGAGGCGGTTCTGCTCAATCTGTGCTGACA
CAGCCTCCTAGCGCCTCTGGAACACCTGGCCAGAGAGTGACAAT
CAGCTGTAGCGGCAGCAGCAGCAACATCGGCAGCAACACCGTGA
ACTGGTATCAGCAGCTGCCTGGCACAGCCCCTAAACTGCTGATCT
ACAGCAACAACCAGCGGCCTAGCGGCGTGCCCGATAGATTTTCC
GTGTCTAAGAGCGGCACCAGCGCCAGCCTGGCTATTTCTGGACT
GCAGAGCGAGGACGAGGCCGACTATTATTGTGCCGCCTGGGATC
ACGGACACGAGCACGTTGTGTTTGGAGGCGGCACCAAGCTGACA
GTGCTT

116

PRSIM_04_D
BD_fusion

DNA

TCTAGAGAACGCCCATATGCTTGCCCTGTCGAGTCCTGCGATCGC
CGCTTTTCTCGCTCGGATGAGCTTACCCGCCATATCCGCATCCAC
ACAGGCCAGAAGCCCTTCCAGTGTCGAATCTGCATGCGTAACTTC
AGTCGTAGTGACCACCTTACCACCCACATCCGCACCCACACAGG
CGGCGGCCGCAGGAGGAAGAAACGCACCAGCATAGAGACCAAC
ATCCGTGTGGCCTTAGAGAAGAGTTTCTTGGAGAATCAAAAGCCT
ACCTCGGAAGAGATCACTATGATTGCTGATCAGCTCAATATGGAA
AAAGAGGTGATTCGTGTTTGGTTCTGTAACCGCCGCCAGAAAGAA
AAAAGAATCAACACTAGCGCTGGCTCTCAGGTGCAGCTTGTTCAG
TCTGGCGCCGAAGTGAAGAAACCCGGCAGCTCTGTGAAGGTGTC
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CTGCAAAGCTTCCGGCGGCACCTTTAGCAGCTACGCCATCTCTTG
GGTCCGACAGGCTCCTGGACAAGGCCTGGAATGGATGGGCGGC
ATCATCCCTATCTTCGGCACCGCCAATTACGCCCAGAAATTCCAG
GGCAGAGTGACCATCACCGCCGACGAGTCTACAAGCACCGCCTA
CATGGAACTGAGCAGCCTGAGAAGCGAGGACACCGCCGTGTACT
ATTGCGCCAGAGGCATGGCCCACTTCTACCAGTTTGATCTGTGGG
GCCAGGGCACCCTGGTCACAGTTTCTAGCGGAGGCGGAGGATCT
GGCGGCGGAGGTAGTGGTGGTGGCGGATCTGCTCAGTCTGTGC
TGACACAGCCTCCTAGCGCCTCTGGAACACCTGGCCAGAGAGTG
ACAATCAGCTGTAGCGGCAGCAGCAGCAACATCGGCAGCAACAC
CGTGAACTGGTATCAGCAGCTGCCTGGCACAGCCCCTAAACTGC
TGATCTACAGCAACAACCAGCGGCCTAGCGGCGTGCCCGATAGA
TTTTCTGGCAGCAAGAGCGGCACAAGCGCCAGCCTGGCTATTTCT
GGACTGCAGAGCGAGGACGAGGCCGACTACTATTGTGCTGCCGG
CGATCACGACCACGAGCACGTTGTGTTTGGCGGAGGCACCAAGC
TGACAGTGCTT

117

PRSIM_57_D
BD_fusion

DNA

TCTAGAGAACGCCCATATGCTTGCCCTGTCGAGTCCTGCGATCGC
CGCTTTTCTCGCTCGGATGAGCTTACCCGCCATATCCGCATCCAC
ACAGGCCAGAAGCCCTTCCAGTGTCGAATCTGCATGCGTAACTTC
AGTCGTAGTGACCACCTTACCACCCACATCCGCACCCACACAGG
CGGCGGCCGCAGGAGGAAGAAACGCACCAGCATAGAGACCAAC
ATCCGTGTGGCCTTAGAGAAGAGTTTCTTGGAGAATCAAAAGCCT
ACCTCGGAAGAGATCACTATGATTGCTGATCAGCTCAATATGGAA
AAAGAGGTGATTCGTGTTTGGTTCTGTAACCGCCGCCAGAAAGAA
AAAAGAATCAACACTAGCGCTGGCTCTCAGGTTCAGCTGGTTCAG
TCTGGCGCCGAAGTGAAGAAACCTGGCAGCAGCGTGAAGGTGTC
CTGCAAAGCTTCTGGCGGCACCTTCAGCAGCTACGCCATCTCTTG
GGTTCGACAGGCCCCTGGACAAGGCCTGGAATGGATGGGAGGC
ATCATCCCCATCTTCGGCACCGCCAATTACGCCCAGAAATTCCAG
GGCAGAGTGACCATCACCGCCGACGAGTCTACAAGCACCGCCTA
CATGGAACTGAGCAGCCTGAGAAGCGAGGACACCGCCGTGTACT
ACTGTGCCAGACACACCAACTACATCACCGTGTTCGACTACTGGG
GCCAGGGCACACTGGTCACAGTTTCTAGCGGAGGCGGAGGATCT
GGTGGCGGAGGAAGTGGCGGAGGCGGTTCTGCTCAATCTGTGCT
GACACAGCCTCCTAGCGCCTCTGGAACACCTGGCCAGAGAGTGA
CAATCAGCTGTAGCGGCAGCAGCAGCAACATCGGCAGCAACACC
GTGAACTGGTATCAGCAGCTGCCTGGCACAGCCCCTAAACTGCT
GATCTACAGCAACAACCAGCGGCCTAGCGGCGTGCCCGATAGAT
TTTCTGGCAGCAAGAGCGGCACAAGCGCCAGCCTGGCTATTTCT
GGACTGCAGAGCGAGGACGAGGCCGACTATTATTGTGCCGCCTG
GGACCACCACTGGGAGCAAGTTGTTTTTGGAGGCGGCACCAAGC
TGACCGTGCTT

118

PRSIM_67_D
BD_fusion

DNA

TCTAGAGAACGCCCATATGCTTGCCCTGTCGAGTCCTGCGATCGC
CGCTTTTCTCGCTCGGATGAGCTTACCCGCCATATCCGCATCCAC
ACAGGCCAGAAGCCCTTCCAGTGTCGAATCTGCATGCGTAACTTC
AGTCGTAGTGACCACCTTACCACCCACATCCGCACCCACACAGG
CGGCGGCCGCAGGAGGAAGAAACGCACCAGCATAGAGACCAAC
ATCCGTGTGGCCTTAGAGAAGAGTTTCTTGGAGAATCAAAAGCCT
ACCTCGGAAGAGATCACTATGATTGCTGATCAGCTCAATATGGAA
AAAGAGGTGATTCGTGTTTGGTTCTGTAACCGCCGCCAGAAAGAA
AAAAGAATCAACACTAGCGCTGGCTCTGAAGTGCAGCTGGTTCAG
TCTGGCGCCGAAGTGAAGAAACCTGGCGCCGCTGTCAGAATCAG
CTGCAAGACAAGCGGCTACGTGTTCACCAGCTACTACGTGCACT
GGGTCCGACAGGCTCCAGGACAAGGACTGGAATGGATGGGCGT
GATCAATCCCAGCGGCGGCAACACCAATTACGCCCAGAAATTCCA
GGACCGCGTGACCATGACCAGAGACACCAGCACCACCACCGTGT
ACATGGAACTGAGCAGCCTGATGTTCGACGACACCGCCGTGTAC
TACTGCGCCAAGAGAGATTACGGCGGACCCCTGGCCAATTGGGG
CAGAGGAACACTGGTCACAGTGTCTAGCGGAGGCGGAGGATCTG
GTGGCGGAGGAAGTGGCGGAGGCGGTTCTGCTCTGAGCTATGA
GCTGACACAGCCTCCAAGCGTGTCCGAGGCTCCTAGACAGAGAG
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TGACCATCAGCTGTAGCGGCAGCAGCAGCAACATCGGCAACAAC
GCCGTGAACTGGTATCAGCAGCTGCCTGGCAAGGCCCCTAAACT
GCTGATCTTCTACGACGACCTGCTGCCTAGCGGAGTGTCCGATA

GATTCAGCGGCTCTAAGAGCGGCACATCTGCCAGCCTGGCCATC
TCTGGACTGCAGAGCGAAGATGAGGCCGACTACTATTGCGCCGC
CTGGGACGATTCTCTGAACGGCCTGGTTTTTGGCACCGGCACCA
AGCTGACAGTGCTT

119

PRSIM_72_D
BD_fusion

DNA

TCTAGAGAACGCCCATATGCTTGCCCTGTCGAGTCCTGCGATCGC
CGCTTTTCTCGCTCGGATGAGCTTACCCGCCATATCCGCATCCAC
ACAGGCCAGAAGCCCTTCCAGTGTCGAATCTGCATGCGTAACTTC
AGTCGTAGTGACCACCTTACCACCCACATCCGCACCCACACAGG
CGGCGGCCGCAGGAGGAAGAAACGCACCAGCATAGAGACCAAC
ATCCGTGTGGCCTTAGAGAAGAGTTTCTTGGAGAATCAAAAGCCT
ACCTCGGAAGAGATCACTATGATTGCTGATCAGCTCAATATGGAA
AAAGAGGTGATTCGTGTTTGGTTCTGTAACCGCCGCCAGAAAGAA
AAAAGAATCAACACTAGCGCTGGCTCTCAGGTTCAGCTGGTTCAG
TCTGGCGCCGAAGTGAAGAAACCTGGCAGCAGCGTGAAGGTGTC
CTGCAAAGTGTCTGGCGGCAGCTTCAACAACTACGGCGTGTCCT
GGGTTCGACAGGCCCCTGGACAAGGACTGGAATGGATGGGCAG
AATCATCCCCATCCGGGACACCGCCAATTACGCCCAGAAATTCCA
GGGCAGAGTGACCATCACCGCCGACACCAGCACCAATATCGCCT
ACATGGAACTGAGCGGCCTGCGGAGTGATGACACCGCCGTGTAC
TATTGCGCCAGAGTGCTGGAAGATGACTTCTGGGGCGGCTACTA
CGACTTCTACTTCTACGTGATGGACGTGTGGGGCCAGGGCACAC
TGGTTACAGTTTCTAGCGGAGGCGGAGGATCTGGTGGCGGAGGA
AGTGGCGGAGGCGGTTCTGCTCTTTCTAGCGAGCTGACCCAGGA
TCCAGTGGTGTCTGTTCCTCTGGGCCAGACCGCCAGAATTACCTG
TCAGGGCGATAGCCTGACCACCTACTACGCCACCTGGTATCAGC
AGAAGCCAGGCCAGGCTCCTGTGCTGGTGCTGTACAATGAGCAC
AAGAGGCCCAGCGGCATCAGCGACAGATTTTCTGGATCTTCTGC
CGGCGACGCCGCCAGCCTGACAATCACAGATACACAGGCCGAG
GACGAGGCCGACTACTACTGCAGCTCTAGAGATACCGGCGGCAA
ACACGTGCTGTTTGGAGGCGGCACAAAGCTGACAGTGCTT

120

PRSIM_75_D
BD_fusion

DNA

TCTAGAGAACGCCCATATGCTTGCCCTGTCGAGTCCTGCGATCGC
CGCTTTTCTCGCTCGGATGAGCTTACCCGCCATATCCGCATCCAC
ACAGGCCAGAAGCCCTTCCAGTGTCGAATCTGCATGCGTAACTTC
AGTCGTAGTGACCACCTTACCACCCACATCCGCACCCACACAGG
CGGCGGCCGCAGGAGGAAGAAACGCACCAGCATAGAGACCAAC
ATCCGTGTGGCCTTAGAGAAGAGTTTCTTGGAGAATCAAAAGCCT
ACCTCGGAAGAGATCACTATGATTGCTGATCAGCTCAATATGGAA
AAAGAGGTGATTCGTGTTTGGTTCTGTAACCGCCGCCAGAAAGAA
AAAAGAATCAACACTAGCGCTGGCTCTGAAGTGCAGCTGGTTCAG
TCTGGCGCCGAAGTGAAGAAACCTGGCAGCAGCGTGAAGGTGTC
CTGCAAAGCTTCTGGCGGCAGCTTCAACAGCTACACCCTGGACT
GGGTTCGACAGGCCCCTGGACAAGGACTGGAATGGATGGGCGG
AATCATCCCCGTGTTCGGCAGCCCTAATTACGGCCAGAAATTCCA
GGGCAGAGTGACCATCACCGCCGACGAGTCTACAAGCACCGCCT
ACATGGAACTGAGCAGCCTGAAGTCCGACGACACCGCCGTGTAC
TATTGTGCCAGAGGCCTGGTGTACCAGCCACTGGATTCTTGGGG
CAGAGGCACCCTGGTCACAGTTTCTAGCGGAGGCGGAGGATCTG
GTGGCGGAGGAAGTGGCGGAGGCGGTTCTGCTCAAGCTGTTCTG
ACACAGCCTAGCAGCGCCTCTGGAACACCTGGCCAGAGAGTGAC
AATCAGCTGTAGCGGCAGCAGCAGCAACATCGGCTCCTACACCG
TGAACTGGTATCAGCAGTTCCCCGGCACAGCCCCTAAGCTGCTG
ATCTACAGCAACACCCAGAGGCCAAGCGGCGTGCCCGATAGATT
TTCTGGCAGCAAGAGCGGCACAAGCGCCAGCCTGGCTATTTCTG
GACTGCAGAGCGAGGACGAGGCCGACTATTATTGTGCCGCCTGG
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GACGACAGCCTGAACGGATGGGTTTTCGGCGGAGGCACCAAAGT
GACAGTGCTT

121

PRSIM_23_A
D_fusion

DNA

ATGGGCTCTAGACTGGATGCCCCTAGCCAGATCGAAGTGAAGGA
CGTGACCGACACCACCGCTCTGATCACCTGGGTTGACCCCAGAT
ACGACGACATCTGGTGGTTCGAGCTGACCTACGGCATCAAGGAT
GTGCCCGGCGACAGAACCACCATCAAGCTGTACCTGAACGACCC
CTACTACAGCATCGGCAACCTGAAGCCTGACACCGAGTACGAGG
TGTCCCTGATCAGCTACACCGGCGACTCCTACAGCAGAAGCGGC
AGCAATCCTGCCAAGATCACCTTCAAGACCGGCCTTACCGGTGG
CGGAGGATCTGGCGGAGGCGGATCTGATGAATTTCCCACCATGG
TGTTTCCTTCTGGGCAGATCAGCCAGGCCTCGGCCTTGGCCCCG
GCCCCTCCCCAAGTCCTGCCCCAGGCTCCAGCCCCTGCCCCTGC
TCCAGCCATGGTATCAGCTCTGGCCCAGGCCCCAGCCCCTGTCC
CAGTCCTAGCCCCAGGCCCTCCTCAGGCTGTGGCCCCACCTGCC
CCCAAGCCCACCCAGGCTGGGGAAGGAACGCTGTCAGAGGCCC
TGCTGCAGCTGCAGTTTGATGATGAAGACCTGGGGGCCTTGCTT
GGCAACAGCACAGACCCAGCTGTGTTCACAGACCTGGCATCCGT
CGACAACTCCGAGTTTCAGCAGCTGCTGAACCAGGGCATACCTG
TGGCCCCCCACACAACTGAGCCCATGCTGATGGAGTACCCTGAG
GCTATAACTCGCCTAGTGACAGGGGCCCAGAGGCCCCCCGACCC
AGCTCCTGCTCCACTGGGGGCCCCGGGGCTCCCCAATGGCCTC
CTTTCAGGAGATGAAGACTTCTCCTCCATTGCGGACATGGACTTC
TCAGCCCTGCTGAGTCAGATCAGCTCCACTAGTTAT

122

PRSIM_32_A
D_fusion

DNA

ATGGGCTCTAGACTGGATGCCCCTAGCCAGATCGAAGTGAAGGA
CGTGACCGACACCACCGCTCTGATCACATGGTGGTCCCCACGGT
ACTACTACGCCAGCATCAGCGGCTTCGAGCTGACCTACGGCATC
AAGGATGTGCCCGGCGACAGAACCACCATCAAGCTGGACTACGC
CTCCAACGACTACAGCATCGGCAACCTGAAGCCTGACACCGAGT
ACGAGGTGTCCCTGATCAGCTGGAACTACGGCGATTGGCGGTAC
AGCAGCAGCAACCCTGCCAAGATCACCTTCAAGACCGGCCTGAC
CGGTGGCGGAGGATCTGGCGGAGGCGGATCTGATGAATTTCCCA
CCATGGTGTTTCCTTCTGGGCAGATCAGCCAGGCCTCGGCCTTG
GCCCCGGCCCCTCCCCAAGTCCTGCCCCAGGCTCCAGCCCCTG
CCCCTGCTCCAGCCATGGTATCAGCTCTGGCCCAGGCCCCAGCC
CCTGTCCCAGTCCTAGCCCCAGGCCCTCCTCAGGCTGTGGCCCC
ACCTGCCCCCAAGCCCACCCAGGCTGGGGAAGGAACGCTGTCA
GAGGCCCTGCTGCAGCTGCAGTTTGATGATGAAGACCTGGGGGC
CTTGCTTGGCAACAGCACAGACCCAGCTGTGTTCACAGACCTGG
CATCCGTCGACAACTCCGAGTTTCAGCAGCTGCTGAACCAGGGC
ATACCTGTGGCCCCCCACACAACTGAGCCCATGCTGATGGAGTA
CCCTGAGGCTATAACTCGCCTAGTGACAGGGGCCCAGAGGCCCC
CCGACCCAGCTCCTGCTCCACTGGGGGCCCCGGGGCTCCCCAA
TGGCCTCCTTTCAGGAGATGAAGACTTCTCCTCCATTGCGGACAT
GGACTTCTCAGCCCTGCTGAGTCAGATCAGCTCCACTAGTTAT
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123

PRSIM_33_A
D_fusion

DNA

ATGGGCTCTAGACTGGATGCCCCTAGCCAGATCGAAGTGAAGGA
CGTGACCGACACCACCGCTCTGATCACCTGGTATCCACCTGGCC
GTTGGTACGACGACATCTGGTACTTCGAGCTGACCTACGGCATCA
AGGACGTGCCCGGCGATAGAACCACCATCAAACTGGCCAGAGGC
GACGACGTGTACAGCATCGGCAACCTGAAGCCTGACACCGAGTA
CGAGGTGTCCCTGATCTCTTGGGGCCCTGACAGAGGCGATAGAG
CCGGATCTAACCCCGCCAAGATCACCTTCAAGACCGGCCTTACC
GGTGGCGGAGGATCTGGCGGAGGCGGATCTGATGAATTTCCCAC
CATGGTGTTTCCTTCTGGGCAGATCAGCCAGGCCTCGGCCTTGG
CCCCGGCCCCTCCCCAAGTCCTGCCCCAGGCTCCAGCCCCTGCC
CCTGCTCCAGCCATGGTATCAGCTCTGGCCCAGGCCCCAGCCCC
TGTCCCAGTCCTAGCCCCAGGCCCTCCTCAGGCTGTGGCCCCAC
CTGCCCCCAAGCCCACCCAGGCTGGGGAAGGAACGCTGTCAGA
GGCCCTGCTGCAGCTGCAGTTTGATGATGAAGACCTGGGGGCCT
TGCTTGGCAACAGCACAGACCCAGCTGTGTTCACAGACCTGGCA
TCCGTCGACAACTCCGAGTTTCAGCAGCTGCTGAACCAGGGCAT
ACCTGTGGCCCCCCACACAACTGAGCCCATGCTGATGGAGTACC
CTGAGGCTATAACTCGCCTAGTGACAGGGGCCCAGAGGCCCCCC
GACCCAGCTCCTGCTCCACTGGGGGCCCCGGGGCTCCCCAATG
GCCTCCTTTCAGGAGATGAAGACTTCTCCTCCATTGCGGACATGG
ACTTCTCAGCCCTGCTGAGTCAGATCAGCTCCACTAGTTAT

124

PRSIM_36_A
D_fusion

DNA

ATGGGCTCTAGACTGGATGCCCCTAGCCAGATCGAAGTGAAGGA
CGTGACCGACACCACCGCTCTGATCACCTGGTCCTGGCCTAGAG
ATGACGACTACGACATCTGGTACTTCGAGCTGACCTACGGCATCA
AGGACGTGCCCGGCGATAGAACCACCATCAAGCTGCTGAACTAC
GCCTCTCCATACAGCATCGGCAACCTGAAGCCTGACACCGAGTA
CGAGGTGTCCCTGATCAGCGTGGTGCCCGACACATATGGCAGAG
GCACAAGCAACCCCGCCAAGATCACCTTCAAGACCGGACTTACC
GGTGGCGGAGGATCTGGCGGAGGCGGATCTGATGAATTTCCCAC
CATGGTGTTTCCTTCTGGGCAGATCAGCCAGGCCTCGGCCTTGG
CCCCGGCCCCTCCCCAAGTCCTGCCCCAGGCTCCAGCCCCTGCC
CCTGCTCCAGCCATGGTATCAGCTCTGGCCCAGGCCCCAGCCCC
TGTCCCAGTCCTAGCCCCAGGCCCTCCTCAGGCTGTGGCCCCAC
CTGCCCCCAAGCCCACCCAGGCTGGGGAAGGAACGCTGTCAGA
GGCCCTGCTGCAGCTGCAGTTTGATGATGAAGACCTGGGGGCCT
TGCTTGGCAACAGCACAGACCCAGCTGTGTTCACAGACCTGGCA
TCCGTCGACAACTCCGAGTTTCAGCAGCTGCTGAACCAGGGCAT
ACCTGTGGCCCCCCACACAACTGAGCCCATGCTGATGGAGTACC
CTGAGGCTATAACTCGCCTAGTGACAGGGGCCCAGAGGCCCCCC
GACCCAGCTCCTGCTCCACTGGGGGCCCCGGGGCTCCCCAATG
GCCTCCTTTCAGGAGATGAAGACTTCTCCTCCATTGCGGACATGG
ACTTCTCAGCCCTGCTGAGTCAGATCAGCTCCACTAGTTAT

125

PRSIM_47_A
D_fusion

DNA

ATGGGCTCTAGACTGGATGCCCCTAGCCAGATCGAAGTGAAGGA
CGTGACCGACACCACCGCTCTGATCACCTGGTCAAGACCTGGCG
TGTCCATCTGGTACTTCGAGCTGACCTACGGCATCAAGGACGTGC
CCGGCGATAGAACCACCATCAAGCTGGACTACCGCAGCTACTAC
TACAGCATCGGCAACCTGAAGCCTGACACCGAGTACGAGGTGTC
CCTGATCAGCGGCTCTTATGGCCTCGTGGGCGTCAGAGCCTCTA
ATCCCGCCAAGATCACCTTTAAGACCGGCCTTACCGGTGGCGGA
GGATCTGGCGGAGGCGGATCTGATGAATTTCCCACCATGGTGTTT
CCTTCTGGGCAGATCAGCCAGGCCTCGGCCTTGGCCCCGGCCC
CTCCCCAAGTCCTGCCCCAGGCTCCAGCCCCTGCCCCTGCTCCA
GCCATGGTATCAGCTCTGGCCCAGGCCCCAGCCCCTGTCCCAGT
CCTAGCCCCAGGCCCTCCTCAGGCTGTGGCCCCACCTGCCCCCA
AGCCCACCCAGGCTGGGGAAGGAACGCTGTCAGAGGCCCTGCT
GCAGCTGCAGTTTGATGATGAAGACCTGGGGGCCTTGCTTGGCA
ACAGCACAGACCCAGCTGTGTTCACAGACCTGGCATCCGTCGAC
AACTCCGAGTTTCAGCAGCTGCTGAACCAGGGCATACCTGTGGC
CCCCCACACAACTGAGCCCATGCTGATGGAGTACCCTGAGGCTA
TAACTCGCCTAGTGACAGGGGCCCAGAGGCCCCCCGACCCAGCT
CCTGCTCCACTGGGGGCCCCGGGGCTCCCCAATGGCCTCCTTTC
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AGGAGATGAAGACTTCTCCTCCATTGCGGACATGGACTTCTCAGC
CCTGCTGAGTCAGATCAGCTCCACTAGTTAT

126

PRSIM_01_A
D_fusion

DNA

ATGGGCTCTCAGGTTCAGCTGGTTCAGTCTGGCGCCGAAGTGAA
GAAACCTGGCAGCAGCGTGAAGGTGTCCTGCAAAGCTTCTGGCG
GCACCTTCAGCAGCTACGCCATCTCTTGGGTTCGACAGGCCCCT
GGACAAGGCCTGGAATGGATGGGAGGCATCATCCCCATCTTCGG
CACCGCCAATTACGCCCAGAAATTCCAGGGCAGAGTGACCATCA
CCGCCGACGAGTCTACAAGCACCGCCTACATGGAACTGAGCAGC
CTGAGAAGCGAGGACACCGCCGTGTACTATTGTGCCAGAGGCCA
GGGCTACTACGGCTACTTCGATTATTGGGGCCAGGGCACCCTGG
TCACAGTTTCTAGCGGAGGCGGAGGATCTGGTGGCGGAGGAAGT
GGCGGAGGCGGTTCTGCTCAATCTGTGCTGACACAGCCTCCTAG
CGCCTCTGGAACACCTGGCCAGAGAGTGACAATCAGCTGTAGCG
GCAGCAGCAGCAACATCGGCAGCAACACCGTGAACTGGTATCAG
CAGCTGCCTGGCACAGCCCCTAAACTGCTGATCTACAGCAACAAC
CAGCGGCCTAGCGGCGTGCCCGATAGATTTTCCGTGTCTAAGAG
CGGCACCAGCGCCAGCCTGGCTATTTCTGGACTGCAGAGCGAGG
ACGAGGCCGACTATTATTGTGCCGCCTGGGATCACGGACACGAG
CACGTTGTGTTTGGAGGCGGCACCAAGCTGACAGTGCTTACCGG
TGGCGGAGGATCTGGCGGAGGCGGATCTGATGAATTTCCCACCA
TGGTGTTTCCTTCTGGGCAGATCAGCCAGGCCTCGGCCTTGGCC
CCGGCCCCTCCCCAAGTCCTGCCCCAGGCTCCAGCCCCTGCCCC
TGCTCCAGCCATGGTATCAGCTCTGGCCCAGGCCCCAGCCCCTG
TCCCAGTCCTAGCCCCAGGCCCTCCTCAGGCTGTGGCCCCACCT
GCCCCCAAGCCCACCCAGGCTGGGGAAGGAACGCTGTCAGAGG
CCCTGCTGCAGCTGCAGTTTGATGATGAAGACCTGGGGGCCTTG
CTTGGCAACAGCACAGACCCAGCTGTGTTCACAGACCTGGCATC
CGTCGACAACTCCGAGTTTCAGCAGCTGCTGAACCAGGGCATAC
CTGTGGCCCCCCACACAACTGAGCCCATGCTGATGGAGTACCCT
GAGGCTATAACTCGCCTAGTGACAGGGGCCCAGAGGCCCCCCGA
CCCAGCTCCTGCTCCACTGGGGGCCCCGGGGCTCCCCAATGGC
CTCCTTTCAGGAGATGAAGACTTCTCCTCCATTGCGGACATGGAC
TTCTCAGCCCTGCTGAGTCAGATCAGCTCCACTAGTTAT

127

PRSIM_04_A
D_fusion

DNA

ATGGGCTCTCAGGTGCAGCTTGTTCAGTCTGGCGCCGAAGTGAA
GAAACCCGGCAGCTCTGTGAAGGTGTCCTGCAAAGCTTCCGGCG
GCACCTTTAGCAGCTACGCCATCTCTTGGGTCCGACAGGCTCCT
GGACAAGGCCTGGAATGGATGGGCGGCATCATCCCTATCTTCGG
CACCGCCAATTACGCCCAGAAATTCCAGGGCAGAGTGACCATCA
CCGCCGACGAGTCTACAAGCACCGCCTACATGGAACTGAGCAGC
CTGAGAAGCGAGGACACCGCCGTGTACTATTGCGCCAGAGGCAT
GGCCCACTTCTACCAGTTTGATCTGTGGGGCCAGGGCACCCTGG
TCACAGTTTCTAGCGGAGGCGGAGGATCTGGCGGCGGAGGTAGT
GGTGGTGGCGGATCTGCTCAGTCTGTGCTGACACAGCCTCCTAG
CGCCTCTGGAACACCTGGCCAGAGAGTGACAATCAGCTGTAGCG
GCAGCAGCAGCAACATCGGCAGCAACACCGTGAACTGGTATCAG
CAGCTGCCTGGCACAGCCCCTAAACTGCTGATCTACAGCAACAAC
CAGCGGCCTAGCGGCGTGCCCGATAGATTTTCTGGCAGCAAGAG
CGGCACAAGCGCCAGCCTGGCTATTTCTGGACTGCAGAGCGAGG
ACGAGGCCGACTACTATTGTGCTGCCGGCGATCACGACCACGAG
CACGTTGTGTTTGGCGGAGGCACCAAGCTGACAGTGCTTACCGG
TGGCGGAGGATCTGGCGGAGGCGGATCTGATGAATTTCCCACCA
TGGTGTTTCCTTCTGGGCAGATCAGCCAGGCCTCGGCCTTGGCC
CCGGCCCCTCCCCAAGTCCTGCCCCAGGCTCCAGCCCCTGCCCC
TGCTCCAGCCATGGTATCAGCTCTGGCCCAGGCCCCAGCCCCTG
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TCCCAGTCCTAGCCCCAGGCCCTCCTCAGGCTGTGGCCCCACCT
GCCCCCAAGCCCACCCAGGCTGGGGAAGGAACGCTGTCAGAGG
CCCTGCTGCAGCTGCAGTTTGATGATGAAGACCTGGGGGCCTTG
CTTGGCAACAGCACAGACCCAGCTGTGTTCACAGACCTGGCATC
CGTCGACAACTCCGAGTTTCAGCAGCTGCTGAACCAGGGCATAC
CTGTGGCCCCCCACACAACTGAGCCCATGCTGATGGAGTACCCT
GAGGCTATAACTCGCCTAGTGACAGGGGCCCAGAGGCCCCCCGA
CCCAGCTCCTGCTCCACTGGGGGCCCCGGGGCTCCCCAATGGC
CTCCTTTCAGGAGATGAAGACTTCTCCTCCATTGCGGACATGGAC
TTCTCAGCCCTGCTGAGTCAGATCAGCTCCACTAGTTAT

128

PRSIM_57_A
D_fusion

DNA

ATGGGCTCTCAGGTTCAGCTGGTTCAGTCTGGCGCCGAAGTGAA
GAAACCTGGCAGCAGCGTGAAGGTGTCCTGCAAAGCTTCTGGCG
GCACCTTCAGCAGCTACGCCATCTCTTGGGTTCGACAGGCCCCT
GGACAAGGCCTGGAATGGATGGGAGGCATCATCCCCATCTTCGG
CACCGCCAATTACGCCCAGAAATTCCAGGGCAGAGTGACCATCA
CCGCCGACGAGTCTACAAGCACCGCCTACATGGAACTGAGCAGC
CTGAGAAGCGAGGACACCGCCGTGTACTACTGTGCCAGACACAC
CAACTACATCACCGTGTTCGACTACTGGGGCCAGGGCACACTGG
TCACAGTTTCTAGCGGAGGCGGAGGATCTGGTGGCGGAGGAAGT
GGCGGAGGCGGTTCTGCTCAATCTGTGCTGACACAGCCTCCTAG
CGCCTCTGGAACACCTGGCCAGAGAGTGACAATCAGCTGTAGCG
GCAGCAGCAGCAACATCGGCAGCAACACCGTGAACTGGTATCAG
CAGCTGCCTGGCACAGCCCCTAAACTGCTGATCTACAGCAACAAC
CAGCGGCCTAGCGGCGTGCCCGATAGATTTTCTGGCAGCAAGAG
CGGCACAAGCGCCAGCCTGGCTATTTCTGGACTGCAGAGCGAGG
ACGAGGCCGACTATTATTGTGCCGCCTGGGACCACCACTGGGAG
CAAGTTGTTTTTGGAGGCGGCACCAAGCTGACCGTGCTTACCGG
TGGCGGAGGATCTGGCGGAGGCGGATCTGATGAATTTCCCACCA
TGGTGTTTCCTTCTGGGCAGATCAGCCAGGCCTCGGCCTTGGCC
CCGGCCCCTCCCCAAGTCCTGCCCCAGGCTCCAGCCCCTGCCCC
TGCTCCAGCCATGGTATCAGCTCTGGCCCAGGCCCCAGCCCCTG
TCCCAGTCCTAGCCCCAGGCCCTCCTCAGGCTGTGGCCCCACCT
GCCCCCAAGCCCACCCAGGCTGGGGAAGGAACGCTGTCAGAGG
CCCTGCTGCAGCTGCAGTTTGATGATGAAGACCTGGGGGCCTTG
CTTGGCAACAGCACAGACCCAGCTGTGTTCACAGACCTGGCATC
CGTCGACAACTCCGAGTTTCAGCAGCTGCTGAACCAGGGCATAC
CTGTGGCCCCCCACACAACTGAGCCCATGCTGATGGAGTACCCT
GAGGCTATAACTCGCCTAGTGACAGGGGCCCAGAGGCCCCCCGA
CCCAGCTCCTGCTCCACTGGGGGCCCCGGGGCTCCCCAATGGC
CTCCTTTCAGGAGATGAAGACTTCTCCTCCATTGCGGACATGGAC
TTCTCAGCCCTGCTGAGTCAGATCAGCTCCACTAGTTAT

129

PRSIM_67_A
D_fusion

DNA

ATGGGCTCTGAAGTGCAGCTGGTTCAGTCTGGCGCCGAAGTGAA
GAAACCTGGCGCCGCTGTCAGAATCAGCTGCAAGACAAGCGGCT
ACGTGTTCACCAGCTACTACGTGCACTGGGTCCGACAGGCTCCA
GGACAAGGACTGGAATGGATGGGCGTGATCAATCCCAGCGGCG
GCAACACCAATTACGCCCAGAAATTCCAGGACCGCGTGACCATG
ACCAGAGACACCAGCACCACCACCGTGTACATGGAACTGAGCAG
CCTGATGTTCGACGACACCGCCGTGTACTACTGCGCCAAGAGAG
ATTACGGCGGACCCCTGGCCAATTGGGGCAGAGGAACACTGGTC
ACAGTGTCTAGCGGAGGCGGAGGATCTGGTGGCGGAGGAAGTG
GCGGAGGCGGTTCTGCTCTGAGCTATGAGCTGACACAGCCTCCA
AGCGTGTCCGAGGCTCCTAGACAGAGAGTGACCATCAGCTGTAG
CGGCAGCAGCAGCAACATCGGCAACAACGCCGTGAACTGGTATC
AGCAGCTGCCTGGCAAGGCCCCTAAACTGCTGATCTTCTACGAC
GACCTGCTGCCTAGCGGAGTGTCCGATAGATTCAGCGGCTCTAA
GAGCGGCACATCTGCCAGCCTGGCCATCTCTGGACTGCAGAGCG
AAGATGAGGCCGACTACTATTGCGCCGCCTGGGACGATTCTCTG
AACGGCCTGGTTTTTGGCACCGGCACCAAGCTGACAGTGCTGAC
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CGGTGGCGGAGGATCTGGCGGAGGCGGATCTGATGAATTTCCCA
CCATGGTGTTTCCTTCTGGGCAGATCAGCCAGGCCTCGGCCTTG
GCCCCGGCCCCTCCCCAAGTCCTGCCCCAGGCTCCAGCCCCTG
CCCCTGCTCCAGCCATGGTATCAGCTCTGGCCCAGGCCCCAGCC
CCTGTCCCAGTCCTAGCCCCAGGCCCTCCTCAGGCTGTGGCCCC
ACCTGCCCCCAAGCCCACCCAGGCTGGGGAAGGAACGCTGTCA
GAGGCCCTGCTGCAGCTGCAGTTTGATGATGAAGACCTGGGGGC
CTTGCTTGGCAACAGCACAGACCCAGCTGTGTTCACAGACCTGG
CATCCGTCGACAACTCCGAGTTTCAGCAGCTGCTGAACCAGGGC
ATACCTGTGGCCCCCCACACAACTGAGCCCATGCTGATGGAGTA
CCCTGAGGCTATAACTCGCCTAGTGACAGGGGCCCAGAGGCCCC
CCGACCCAGCTCCTGCTCCACTGGGGGCCCCGGGGCTCCCCAA
TGGCCTCCTTTCAGGAGATGAAGACTTCTCCTCCATTGCGGACAT
GGACTTCTCAGCCCTGCTGAGTCAGATCAGCTCCACTAGTTAT

130

PRSIM_72_A
D_fusion

DNA

ATGGGCTCTCAGGTTCAGCTGGTTCAGTCTGGCGCCGAAGTGAA
GAAACCTGGCAGCAGCGTGAAGGTGTCCTGCAAAGTGTCTGGCG
GCAGCTTCAACAACTACGGCGTGTCCTGGGTTCGACAGGCCCCT
GGACAAGGACTGGAATGGATGGGCAGAATCATCCCCATCCGGGA
CACCGCCAATTACGCCCAGAAATTCCAGGGCAGAGTGACCATCA
CCGCCGACACCAGCACCAATATCGCCTACATGGAACTGAGCGGC
CTGCGGAGTGATGACACCGCCGTGTACTATTGCGCCAGAGTGCT
GGAAGATGACTTCTGGGGCGGCTACTACGACTTCTACTTCTACGT
GATGGACGTGTGGGGCCAGGGCACACTGGTTACAGTTTCTAGCG
GAGGCGGAGGATCTGGTGGCGGAGGAAGTGGCGGAGGCGGTTC
TGCTCTTTCTAGCGAGCTGACCCAGGATCCAGTGGTGTCTGTTCC
TCTGGGCCAGACCGCCAGAATTACCTGTCAGGGCGATAGCCTGA
CCACCTACTACGCCACCTGGTATCAGCAGAAGCCAGGCCAGGCT
CCTGTGCTGGTGCTGTACAATGAGCACAAGAGGCCCAGCGGCAT
CAGCGACAGATTTTCTGGATCTTCTGCCGGCGACGCCGCCAGCC
TGACAATCACAGATACACAGGCCGAGGACGAGGCCGACTACTAC
TGCAGCTCTAGAGATACCGGCGGCAAACACGTGCTGTTTGGAGG
CGGCACAAAGCTGACAGTGCTGACCGGTGGCGGAGGATCTGGC
GGAGGCGGATCTGATGAATTTCCCACCATGGTGTTTCCTTCTGGG
CAGATCAGCCAGGCCTCGGCCTTGGCCCCGGCCCCTCCCCAAGT
CCTGCCCCAGGCTCCAGCCCCTGCCCCTGCTCCAGCCATGGTAT
CAGCTCTGGCCCAGGCCCCAGCCCCTGTCCCAGTCCTAGCCCCA
GGCCCTCCTCAGGCTGTGGCCCCACCTGCCCCCAAGCCCACCCA
GGCTGGGGAAGGAACGCTGTCAGAGGCCCTGCTGCAGCTGCAG
TTTGATGATGAAGACCTGGGGGCCTTGCTTGGCAACAGCACAGA
CCCAGCTGTGTTCACAGACCTGGCATCCGTCGACAACTCCGAGTT
TCAGCAGCTGCTGAACCAGGGCATACCTGTGGCCCCCCACACAA
CTGAGCCCATGCTGATGGAGTACCCTGAGGCTATAACTCGCCTA
GTGACAGGGGCCCAGAGGCCCCCCGACCCAGCTCCTGCTCCAC
TGGGGGCCCCGGGGCTCCCCAATGGCCTCCTTTCAGGAGATGAA
GACTTCTCCTCCATTGCGGACATGGACTTCTCAGCCCTGCTGAGT
CAGATCAGCTCCACTAGTTAT

131

PRSIM_75_A
D_fusion

DNA

ATGGGCTCTGAAGTGCAGCTGGTTCAGTCTGGCGCCGAAGTGAA
GAAACCTGGCAGCAGCGTGAAGGTGTCCTGCAAAGCTTCTGGCG
GCAGCTTCAACAGCTACACCCTGGACTGGGTTCGACAGGCCCCT
GGACAAGGACTGGAATGGATGGGCGGAATCATCCCCGTGTTCGG
CAGCCCTAATTACGGCCAGAAATTCCAGGGCAGAGTGACCATCA
CCGCCGACGAGTCTACAAGCACCGCCTACATGGAACTGAGCAGC
CTGAAGTCCGACGACACCGCCGTGTACTATTGTGCCAGAGGCCT
GGTGTACCAGCCACTGGATTCTTGGGGCAGAGGCACCCTGGTCA
CAGTTTCTAGCGGAGGCGGAGGATCTGGTGGCGGAGGAAGTGG
CGGAGGCGGTTCTGCTCAAGCTGTTCTGACACAGCCTAGCAGCG
CCTCTGGAACACCTGGCCAGAGAGTGACAATCAGCTGTAGCGGC
AGCAGCAGCAACATCGGCTCCTACACCGTGAACTGGTATCAGCA
GTTCCCCGGCACAGCCCCTAAGCTGCTGATCTACAGCAACACCC
AGAGGCCAAGCGGCGTGCCCGATAGATTTTCTGGCAGCAAGAGC
GGCACAAGCGCCAGCCTGGCTATTTCTGGACTGCAGAGCGAGGA
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CGAGGCCGACTATTATTGTGCCGCCTGGGACGACAGCCTGAACG
GATGGGTTTTCGGCGGAGGCACCAAAGTGACAGTGCTGACCGGT
GGCGGAGGATCTGGCGGAGGCGGATCTGATGAATTTCCCACCAT
GGTGTTTCCTTCTGGGCAGATCAGCCAGGCCTCGGCCTTGGCCC
CGGCCCCTCCCCAAGTCCTGCCCCAGGCTCCAGCCCCTGCCCCT
GCTCCAGCCATGGTATCAGCTCTGGCCCAGGCCCCAGCCCCTGT
CCCAGTCCTAGCCCCAGGCCCTCCTCAGGCTGTGGCCCCACCTG
CCCCCAAGCCCACCCAGGCTGGGGAAGGAACGCTGTCAGAGGC
CCTGCTGCAGCTGCAGTTTGATGATGAAGACCTGGGGGCCTTGC
TTGGCAACAGCACAGACCCAGCTGTGTTCACAGACCTGGCATCC
GTCGACAACTCCGAGTTTCAGCAGCTGCTGAACCAGGGCATACC
TGTGGCCCCCCACACAACTGAGCCCATGCTGATGGAGTACCCTG
AGGCTATAACTCGCCTAGTGACAGGGGCCCAGAGGCCCCCCGAC
CCAGCTCCTGCTCCACTGGGGGCCCCGGGGCTCCCCAATGGCC
TCCTTTCAGGAGATGAAGACTTCTCCTCCATTGCGGACATGGACT
TCTCAGCCCTGCTGAGTCAGATCAGCTCCACTAGTTAT

132

FKBP12:FRB
CAR

DNA

ATGCTGCTGCTGGTTACATCTCTGCTGCTGTGCGAGCTGCCCCAT
CCTGCCTTTCTGCTGATTCCTGAAAGCAAATACGGCCCTCCGTGT
CCTCCTTGTCCTTTCTGGGTGCTCGTGGTTGTTGGCGGAGTGCTG
GCCTGTTATAGCCTGCTTGTGACCGTGGCCTTCATCATCTTTTGG
GTCAAGCGGGGCAGAAAGAAGCTGCTGTACATCTTCAAGCAGCC
CTTCATGCGGCCCGTGCAGACCACACAAGAGGAAGATGGCTGCT
CCTGCAGATTCCCCGAGGAAGAAGAAGGCGGCTGCGAGCTGTCT
AGAGGCAGCGGATCAGGCTCTGGATCTATGGGCGTGCAGGTCGA
GACAATCTCTCCTGGCGACGGCAGAACATTCCCCAAGAGGGGCC
AGACATGCGTGGTGCACTATACCGGCATGCTCGAGGACGGCAAG
AAGTTCGACAGCTCCCGGGACAGAAACAAGCCCTTCAAGTTCATG
CTGGGCAAGCAAGAAGTGATCAGAGGCTGGGAAGAGGGCGTCG
CCCAGATGTCTGTTGGCCAGAGAGCCAAACTGACAATCAGCCCC
GATTACGCCTACGGCGCCACAGGACACCCTGGAATCATTCCTCC
ACACGCCACACTGGTGTTCGACGTGGAACTGCTGAAGCTGGAAG
GCAGCGGCGCCACCAATTTCAGCCTGCTGAAACAGGCCGGCGAC
GTCGAAGAGAACCCCGGACCTATGATCCACCTGGGCCACATTCT
GTTTCTGTTGCTGCTGCCTGTGGCCGCTGCTCAGACAACACCTG
GCGAGAGATCTAGCCTGCCTGCCTTCTATCCTGGCACCAGCGGC
TCTTGTTCTGGCTGTGGATCTCTGAGCCTGCCAGAGTCTAAGTAC
GGCCCTCCGTGTCCACCATGTCCATTTTGGGTCCTCGTTGTCGTC
GGAGGCGTGCTGGCTTGCTATTCTCTGCTCGTGACAGTCGCCTTT
ATTATCTTCTGGGTGTCCCTGAAGAGAGGCCGGAAAAAACTGCTC
TATATCTTTAAACAGCCGTTTATGCGCCCGGTCCAGACAACCCAA
GAAGAGGACGGCTGTAGCTGCCGGTTTCCTGAAGAAGAGGAAGG
CGGTTGCGAACTGATCCTGTGGCACGAGATGTGGCATGAAGGCC
TGGAAGAGGCCAGCAGACTGTACTTCGGCGAGAGAAACGTGAAA
GGCATGTTCGAGGTGCTGGAACCTCTGCACGCCATGATGGAAAG
AGGCCCTCAGACACTGAAAGAGACAAGCTTCAACCAGGCCTACG
GCCGGGATCTGATGGAAGCCCAAGAGTGGTGCCGGAAGTACATG
AAGTCCGGCAACGTGAAGGACCTGCTGCAGGCCTGGGATCTGTA
CTACCACGTGTTCCGGCGGATCAGCAAAGGCTCCGGAAGCGGAT
CTGGAAGCTCCCTGAGAGTGAAGTTCAGCAGAAGCGCCGACGCT
CCTGCCTATCAGCAGGGACAGAACCAGCTGTACAACGAGCTGAA
CCTGGGGAGAAGAGAAGAGTACGACGTGCTGGACAAGCGGAGA
GGCAGAGATCCTGAGATGGGCGGCAAGCCCAGACGGAAGAATC
CTCAAGAGGGCCTGTATAATGAGCTGCAGAAAGACAAGATGGCC
GAGGCCTACAGCGAGATCGGAATGAAGGGCGAGCGCAGAAGAG
GCAAGGGACACGATGGACTGTACCAGGGCCTGAGCACCGCCAC
CAAGGATACCTATGATGCCCTGCACATGCAGGCCCTGCCTCCAA
GAGGTAGTGGCGAAGGCAGAGGCTCTCTGCTGACATGCGGAGAT
GTGGAAGAGAATCCTGGGCCAAGCGGCATGGAAAGCGACGAATC
TGGACTCCCCGCCATGGAAATCGAGTGCAGAATCACCGGCACAC
TGAACGGCGTGGAATTCGAACTCGTTGGAGGCGGCGAGGGCACA
CCTAAGCAGGGCAGAATGACCAACAAGATGAAGTCCACCAAAGG
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CGCCCTGACTTTCAGCCCCTACCTGCTGTCTCACGTGATGGGCTA
CGGCTTCTACCACTTCGGCACATACCCTAGCGGCTACGAGAACC
CCTTCCTGCATGCCATCAACAACGGCGGCTACACCAACACCAGAA
TCGAGAAGTACGAGGATGGCGGCGTGCTGCACGTGTCCTTCAGC
TACAGATATGAGGCCGGCAGAGTGATCGGCGACTTCAAGGTTGT
CGGCACCGGCTTTCCAGAGGACAGCGTGATCTTCACCGACAAGA
TCATCCGGTCCAACGCCACCGTCGAGCATCTGCACCCTATGGGC
GATAATGTGCTTGTGGGCAGCTTCGCCAGAACCTTCAGTCTGCGT
GATGGCGGCTACTACAGCTTCGTGGTGGACAGCCACATGCACTT
CAAGAGCGCCATCCATCCTAGCATCCTGCAGAACGGCGGACCCA
TGTTCGCCTTCAGAAGAGTGGAAGAACTGCACTCCAACACCGAG
CTGGGCATCGTGGAATACCAGCACGCTTTCAAGACCCCTATCGC
CTTCGCAAGAAGCAGAGCCCAGAGCAGCAATAGCGCCGTGGATG
GAACAGCCGGACCTGGCTCTACAGGCTCCAGA

133

PRSIM_23
CAR

DNA

ATGCTGCTGCTGGTTACATCTCTGCTGCTGTGCGAGCTGCCCCAT
CCTGCCTTTCTGCTGATTCCTGAAAGCAAATACGGCCCTCCGTGT
CCTCCTTGTCCTTTCTGGGTGCTCGTGGTTGTTGGCGGAGTGCTG
GCCTGTTATAGCCTGCTTGTGACCGTGGCCTTCATCATCTTTTGG
GTCAAGCGGGGCAGAAAGAAGCTGCTGTACATCTTCAAGCAGCC
CTTCATGCGGCCCGTGCAGACCACACAAGAGGAAGATGGCTGCT
CCTGCAGATTCCCCGAGGAAGAAGAAGGCGGCTGCGAGCTGGG
TGGCGGAGGATCTGGCGGAGGCGGATCTATGAAGAAAAAGGGCT
CTGTGGTCATCGTGGGCAGAATCAACCTGAGCGGCGATACCGCC
TACGCTCAGCAGACAAGAGGCGAGGAAGGCTGCCAAGAGACAAG
CCAGACCGGCAGAGACAAGAACCAGGTGGAAGGCGAGGTGCAG
ATCGTGTCTACAGCTACCCAGACCTTCCTGGCCACCAGCATCAAT
GGCGTGCTGTGGACAGTGTATCACGGCGCTGGCACCAGAACAAT
CGCCTCTCCAAAGGGCCCCGTGACACAGATGTACACCAACGTGG
ACAAGGACCTCGTCGGATGGCAAGCCCCTCAGGGCTCTAGAAGC
CTGACACCTTGTACCTGCGGCAGCAGCGATCTGTACCTGGTCAC
AAGACACGCCGACGTGATCCCCGTCAGAAGAAGAGGCGATAGCA
GAGGCAGCCTGCTGAGCCCTAGACCTATCAGCTACCTGAAGGGA
TCTGCCGGCGGACCTCTGCTTTGTCCTGCTGGACATGCCGTGGG
CATCTTTAGAGCCGCCGTGTCTACTAGAGGCGTGGCCAAGGCCG
TGGACTTCATCCCTGTGGAAAGCCTGGAAACCACCATGCGGAGC
CCCGGCAGCGGCGCCACCAATTTCAGCCTGCTGAAACAGGCCGG
CGACGTCGAAGAGAACCCCGGACCTATGATCCACCTGGGCCACA
TTCTGTTTCTGTTGCTGCTGCCTGTGGCCGCTGCTCAGACAACAC
CTGGCGAGAGATCTAGCCTGCCTGCCTTCTATCCTGGCACCAGC
GGCTCTTGTTCTGGCTGTGGATCTCTGAGCCTGCCAGAGTCTAAG
TACGGCCCTCCGTGTCCACCATGTCCATTTTGGGTCCTCGTTGTC
GTCGGAGGCGTGCTGGCTTGCTATTCTCTGCTCGTGACAGTCGC
CTTTATTATCTTCTGGGTGTCCCTGAAGAGAGGCCGGAAAAAACT
GCTCTATATCTTTAAACAGCCGTTTATGCGCCCGGTCCAGACAAC
CCAAGAAGAGGACGGCTGTAGCTGCCGGTTTCCTGAAGAAGAGG
AAGGCGGTTGCGAACTGGGTGGCGGAGGATCTGGCGGAGGCGG
ATCTATGGGCTCTAGACTGGATGCCCCTAGCCAGATCGAAGTGAA
GGACGTGACCGACACCACCGCTCTGATCACCTGGGTTGACCCCA
GATACGACGACATCTGGTGGTTCGAGCTGACCTACGGCATCAAG
GATGTGCCCGGCGACAGAACCACCATCAAGCTGTACCTGAACGA
CCCCTACTACAGCATCGGCAACCTGAAGCCTGACACCGAGTACG
AGGTGTCCCTGATCAGCTACACCGGCGACTCCTACAGCAGAAGC
GGCAGCAATCCTGCCAAGATCACCTTCAAGACCGGCCTTGGTGG
CGGAGGATCTGGCGGAGGCGGATCTCTGAGAGTGAAGTTCAGCA
GAAGCGCCGACGCTCCTGCCTATCAGCAGGGACAGAACCAGCTG
TACAACGAGCTGAACCTGGGGAGAAGAGAAGAGTACGACGTGCT
GGACAAGCGGAGAGGCAGAGATCCTGAGATGGGCGGCAAGCCC
AGACGGAAGAATCCTCAAGAGGGCCTGTATAATGAGCTGCAGAA
AGACAAGATGGCCGAGGCCTACAGCGAGATCGGAATGAAGGGC
GAGCGCAGAAGAGGCAAGGGACACGATGGACTGTACCAGGGCC
TGAGCACCGCCACCAAGGATACCTATGATGCCCTGCACATGCAG
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GCCCTGCCTCCAAGAGGTAGTGGCGAAGGCAGAGGCTCTCTGCT
GACATGCGGAGATGTGGAAGAGAATCCTGGGCCAAGCGGCATGG
AAAGCGACGAATCTGGACTCCCCGCCATGGAAATCGAGTGCAGA
ATCACCGGCACACTGAACGGCGTGGAATTCGAACTCGTTGGAGG
CGGCGAGGGCACACCTAAGCAGGGCAGAATGACCAACAAGATGA
AGTCCACCAAAGGCGCCCTGACTTTCAGCCCCTACCTGCTGTCTC
ACGTGATGGGCTACGGCTTCTACCACTTCGGCACATACCCTAGC
GGCTACGAGAACCCCTTCCTGCATGCCATCAACAACGGCGGCTA
CACCAACACCAGAATCGAGAAGTACGAGGATGGCGGCGTGCTGC
ACGTGTCCTTCAGCTACAGATATGAGGCCGGCAGAGTGATCGGC
GACTTCAAGGTTGTCGGCACCGGCTTTCCAGAGGACAGCGTGAT
CTTCACCGACAAGATCATCCGGTCCAACGCCACCGTCGAGCATCT
GCACCCTATGGGCGATAATGTGCTTGTGGGCAGCTTCGCCAGAA
CCTTCAGTCTGCGTGATGGCGGCTACTACAGCTTCGTGGTGGAC
AGCCACATGCACTTCAAGAGCGCCATCCATCCTAGCATCCTGCAG
AACGGCGGACCCATGTTCGCCTTCAGAAGAGTGGAAGAACTGCA
CTCCAACACCGAGCTGGGCATCGTGGAATACCAGCACGCTTTCA
AGACCCCTATCGCCTTCGCAAGAAGCAGAGCCCAGAGCAGCAAT
AGCGCCGTGGATGGAACAGCCGGACCTGGCTCTACAGGCTCCAG
A

134 Wild type TN3 | Protein | RLDAPSQIEVKDVTDTTALITWFKPLAEIDGIELTYGIKDVPGDRTTIDL
TEDENQYSIGNLKPDTEYEVSLISRRGDMSSNPAKETFTTGL
135 Wild type TN3 | Protein | RLDAPSQIEVKDVTDTTALITWFKPLAEIDGFELTYGIKDVPGDRTTIK
with stabilising LTEDENQYSIGNLKPDTEYEVSLISRRGDMSSNPAKITFKTGL
mutations
136 PRSIM_23 Protein | VDPRYDDIWW
BC loop
137 PRSIM_23 Protein | YLNDPY
DE loop
138 PRSIM_23 Protein | YTGDSYSRSGSNPA
FG loop
139 PRSIM_32 Protein | WSPRYYYASISG
BC loop
140 PRSIM_32 Protein | DYASND
DE loop
141 PRSIM_32 Protein | WNYGDWRYSSSNPA
FG loop
142 PRSIM_33 Protein | YPPGRWYDDIWY
BC loop
143 PRSIM_33 Protein | ARGDDV
DE loop
144 PRSIM_33 Protein | WGPDRGDRAGSNPA
FG loop
145 PRSIM_36 Protein | SWPRDDDYDIWY
BC loop
146 PRSIM_36 Protein | LNYASP
DE loop
147 PRSIM_36 Protein | VWVPDTYGRGTSNPA

FG loop
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148 PRSIM_47 Protein | SRPGVSIWY
BC loop

149 PRSIM_47 Protein | DYRSYY
DE loop

150 PRSIM_47 Protein | GSYGLVGVRASNPA
FG loop

151 PRSIM_57 Protein | SYAIS
HCDR1

152 PRSIM_57 Protein | GIIPIFGTANYAQKFQG
HCDR2

153 PRSIM_57 Protein | HTNYITVFDY
HCDR3

154 PRSIM_57 Protein | SGSSSNIGSNTVN
LCDR1

155 PRSIM_57 Protein | SNNQRPS
LCDR2

156 PRSIM_57 Protein | AAWDHHWEQVV
LCDR3

151 PRSIM_01 Protein | SYAIS
HCDR1

152 PRSIM_01 Protein | GIIPIFGTANYAQKFQG
HCDR2

198 PRSIM_01 Protein | GQGYITVFDY
HCDR3

154 PRSIM_01 Protein | SGSSSNIGSNTVN
LCDR1

155 PRSIM_01 Protein | SNNQRPS
LCDR2

156 PRSIM_01 Protein | AAWDHHWEQVV
LCDR3

151 PRSIM_04 Protein | SYAIS
HCDR1

152 PRSIM_04 Protein | GIIPIFGTANYAQKFQG
HCDR2

163 PRSIM_04 Protein | GMAHFYQFDL
HCDR3

154 PRSIM_04 Protein | SGSSSNIGSNTVN
LCDR1

155 PRSIM_04 Protein | SNNQRPS
LCDR2

164 PRSIM_04 Protein | AAGDHDHEHVV

LCDR3
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165 PRSIM_67 Protein | SYYVH
HCDR1
166 PRSIM_67 Protein | VINPSGGNTNYAQKFQD
HCDR2
167 PRSIM_67 Protein | RDYGGPLAN
HCDR3
168 PRSIM_67 Protein [ SGSSSNIGNNAVN
LCDR1
169 PRSIM_67 Protein | YDDLLPS
LCDR2
170 PRSIM_67 Protein | AAWDDSLNGLV
LCDR3
171 PRSIM_72 Protein | NYGVS
HCDR1
172 PRSIM_72 Protein | RIIPIRDTANYAQKFQG
HCDR2
173 PRSIM_72 Protein | VLEDDFWGGYYDFYFYVMDV
HCDR3
174 PRSIM_72 Protein | QGDSLTTYYAT
LCDR1
175 PRSIM_72 Protein | NEHKRPS
LCDR2
176 PRSIM_72 Protein | SSRDTGGKHVL
LCDR3
177 PRSIM_75 Protein | SYTLD
HCDR1
178 PRSIM_75 Protein | GIIPVFGSPNYGQKFQG
HCDR2
179 PRSIM_75 Protein [ GLVYQPLDS
HCDR3
180 PRSIM_75 Protein | SGSSSNIGSYTVN
LCDR1
181 PRSIM_75 Protein | SNTQRPS
LCDR2
182 PRSIM_75 Protein | AAWDDSLNGWV
LCDR3
183 Tn3_pETFwd | DNA CGATCATATGGACTACAAGGACGACGATGACAAGGGCAGCCGTC
2 TGGATGCACCGAGCCAG
184 Tn3_pETRev2 | DNA ATCGGGATCCCTACAGACCGGTTTTAAAGGTAATTTTTGCCGG
185 Linker Protein [ TGGGGSGGGGS




WO 2021/009692

PCT/IB2020/056657

136

186

PRSIM_57
VH

Protein

QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGL
EWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAV
YYCARHTNYITVFDYWGQGTLVTVSS

187

PRSIM_57 VL

Protein

QSVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAPK
LLIYSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWD
HHWEQVVFGGGTKLTVL

188

PRSIM_01
VH

Protein

QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGL
EWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAV
YYCARGQGYITVFDYWGQGTLVTVSS

189

PRSIM_01 VL

Protein

QSVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAPK
LLIYSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWD
HHWEQVVFGGGTKLTVL

190

PRSIM_04
VH

Protein

QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGL
EWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAV
YYCARGMAHFYQFDLWGQGTLVTVSS

191

PRSIM_04 VL

Protein

QSVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAPK
LLIYSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAGD
HDHEHVVFGGGTKLTVL

192

PRSIM_67
VH

Protein

EVQLVQSGAEVKKPGAAVRISCKTSGYVFTSYYVHWVRQAPGQGLE
WMGVINPSGGNTNYAQKFQDRVTMTRDTSTTTVYMELSSLMFDDT
AVYYCAKRDYGGPLANWGRGTLVTVSS

193

PRSIM_67 VL

Protein

SYELTQPPSVSEAPRQRVTISCSGSSSNIGNNAVNWYQQLPGKAPK
LLIFYDDLLPSGVSDRFSGSKSGTSASLAISGLQSEDEADYYCAAWD
DSLNGLVFGTGTKLTVL

194

PRSIM_72
VH

Protein

QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGL
EWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAV
YYCARGMAHFYQFDLWGQGTLVTVSS

195

PRSIM_72 VL

Protein

QSVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAPK
LLIYSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAGD
HDHEHVVFGGGTKLTVL

196

PRSIM_75
VH

Protein

EVAQLVQSGAEVKKPGSSVKVSCKASGGSFNSYTLDWVRQAPGQGL
EWMGGIIPVFGSPNYGQKFQGRVTITADESTSTAYMELSSLKSDDTA
VYYCARGLVYQPLDSWGRGTLVTVSS

197

PRSIM_75 VL

Protein

QAVLTQPSSASGTPGQRVTISCSGSSSNIGSYTVNWYQQFPGTAPK
LLIYSNTQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWD
DSLNGWVFGGGTKVTVL

199

Full length
NS3 protein

Protein

APITAYAQQTRGEEGCQETSLTGRDKNQVEGEVQIVSTAAQTFLATS
INGVCWTVYHGAGTRTIASPKGPVIQMYTNVDQDLVGWPAPQGSRS
LTPCTCGSSDLYLVTRHADVIPYRRRGDSRGSLLSPRPISYLKGSSG
GPLLCPAGHAVGIFRAAVCTRGVAKAVDFIPVENLETTMRSPVFTDN
SSPPVVPQSFQVAHLHAPTGSGKSTKVPAAYAAQGYKVLVLNPSVA
ATLGFGAYMSKAHGIDPNIRTGVRTITTGSPITYSTYGKFLADGGCSG
GAYDIIICDECHSTDATSILGIGTVLDQAETAGARLVVLATATPPGSVT
VPHPNIEEVALSTTGEIPFYGKAIPLEVIKGGRHLIFCHSKKKCDELAA
KLVALGINAVAYYRGLDVSVIPTSGDVVVVATDALMTGYTGDFDSVID
CNTCVTQTVDFSLDPTFTIETITLPQDAVSRTQRRGRTGRGKPGIYRF
VAPGERPSGMFDSSVLCECYDAGCAWYELTPAETTVRLRAYMNTP
GLPVCQDHLEFWEGVFTGLTHIDAHFLSQTKQSGENLPYLVAYQATV
CARAQAPPPSWDQMWKCLIRLKPTLHGPTPLLYRLGAVQNEITLTHP
VTKYIMTCMSADLEVVT

200

PRSIM_23
CAR 2nd
polypeptide

Protein

ESKYGPPCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVSLKRGRKK
LLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELGGGGSGGGG
SMGSRLDAPSQIEVKDVTDTTALITWVDPRYDDIWWFELTYGIKDVP
GDRTTIKLYLNDPYYSIGNLKPDTEYEVSLISYTGDSYSRSGSNPAKIT
FKTGLGGGGSGGGGSLRVKFSRSADAPAYQQGQNQLYNELNLGRR
EEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEI
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GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPRGSG

201 PRSIM_23 Protein | MLLLVTSLLLCELPHPAFLLIP
CAR 1st
signal peptide
202 PRSIM_23 Protein | MIHLGHILFLLLLPVAAAQTTPGERSSLPAFYPGTSGSCSGCGSLSLP
CAR 2nd
signal peptide
203 PRSIM_23 Protein | MIHLGHILFLLLLPVAAAQTTPGERSSLPAFYPGTSGSCSGCGSLSLP
CAR 2nd ESKYGPPCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVSLKRGRKK
polypeptide + LLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELGGGGSGGGG
signal peptide SMGSRLDAPSQIEVKDVTDTTALITWVDPRYDDIWWFELTYGIKDVP
GDRTTIKLYLNDPYYSIGNLKPDTEYEVSLISYTGDSYSRSGSNPAKIT
FKTGLGGGGSGGGGSLRVKFSRSADAPAYQQGQNQLYNELNLGRR
EEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEI
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPRGSG
204 Linker Protein | GGGGSGGGGS
205 MEDI8852 Protein | QVQLQQSGPGLVKPSQTLSLTCAISGDSVSSYNAVWNWIRQSPSRG
heavy chain LEWLGRTYYRSGWYNDYAESVKSRITINPDTSKNQFSLQLNSVTPED
TAVYYCARSGHITVFGVNVDAFDMWGQGTMVTVSSASTKGPSVFPL
APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVL
QSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCD
KTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDW
LNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTK
NQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY
SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
206 MEDI8852 Protein | DIQMTQSPSSLSASVGDRVTITCRTSQSLSSY THWYQQKPGKAPKLL
light chain IYAASSRGSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQSRTF
GQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVY
QWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPVTKSFNRGEC
207 DBD- Protein | MDYPAAKRVKLDSRERPYACPVESCDRRFSRSDELTRHIRIHTGQKP
PRSIM_23x3- FQCRICMRNFSRSDHLTTHIRTHTGGGRRRKKRTSIETNIRVALEKSF
P2A-NS4A/3 LENQKPTSEEITMIADQLNMEKEVIRVWFCNRRQKEKRINTSAGSRL
PR S139A-AD DAPSQIEVKDVTDTTALITWVDPRYDDIWWFELTYGIKDVPGDRTTIK
LYLNDPYYSIGNLKPDTEYEVSLISYTGDSYSRSGSNPAKITFKTGLRL
DAPSQIEVKDVTDTTALITWVDPRYDDIWWFELTYGIKDVPGDRTTIK
LYLNDPYYSIGNLKPDTEYEVSLISYTGDSYSRSGSNPAKITFKTGLRL
DAPSQIEVKDVTDTTALITWVDPRYDDIWWFELTYGIKDVPGDRTTIK
LYLNDPYYSIGNLKPDTEYEVSLISYTGDSYSRSGSNPAKITFKTGLTS
KGSGATNFSLLKQAGDVEENPGPMAKKGSVVIVGRINLSGDTAYAQ
QTRGEEGCQETSQTGRDKNQVEGEVQIVSTATQTFLATSINGVLWT
VYHGAGTRTIASPKGPVTQMYTNVDKDLVGWQAPQGSRSLTPCTC
GSSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCP
AGHAVGIFRAAVSTRGVAKAVDFIPVESLETTMRSPTRDEFPTMVFP
SGQISQASALAPAPPQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPG
PPQAVAPPAPKPTQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVF
TDLASVDNSEFQQLLNQGIPVAPHTTEPMLMEYPEAITRLVTGAQRP
PDPAPAPLGAPGLPNGLLSGDEDFSSIADMDFSALLSQISSTSY
208 DBD- DNA | ATGGACTATCCTGCTGCCAAGAGGGTCAAGTTGGACTCTAGAGAA
PRSIM_23x3- CGCCCATATGCTTGCCCTGTCGAGTCCTGCGATCGCCGCTTTTCT
P2A-NS4A/3

CGCTCGGATGAGCTTACCCGCCATATCCGCATCCACACAGGCCA
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PR S139A-AD

GAAGCCCTTCCAGTGTCGAATCTGCATGCGTAACTTCAGTCGTAG
TGACCACCTTACCACCCACATCCGCACCCACACAGGCGGCGGCC
GCAGGAGGAAGAAACGCACCAGCATAGAGACCAACATCCGTGTG
GCCTTAGAGAAGAGTTTCTTGGAGAATCAAAAGCCTACCTCGGAA
GAGATCACTATGATTGCTGATCAGCTCAATATGGAAAAAGAGGTG
ATTCGTGTTTGGTTCTGTAACCGCCGCCAGAAAGAAAAAAGAATC
AACACTAGCGCTGGCTCTAGACTGGATGCCCCTAGCCAGATCGA
AGTGAAGGACGTGACCGACACCACCGCTCTGATCACCTGGGTTG
ACCCCAGATACGACGACATCTGGTGGTTCGAGCTGACCTACGGC
ATCAAGGATGTGCCCGGCGACAGAACCACCATCAAGCTGTACCT
GAACGACCCCTACTACAGCATCGGCAACCTGAAGCCTGACACCG
AGTACGAGGTGTCCCTGATCAGCTACACCGGCGACTCCTACAGC
AGAAGCGGCAGCAATCCTGCCAAGATCACCTTCAAGACCGGCCT
GAGACTGGACGCACCCTCTCAGATTGAAGTCAAAGATGTCACCGA
CACGACAGCCCTGATTACATGGGTTGACCCTCGCTACGATGATAT
TTGGTGGTTTGAACTCACGTACGGGATCAAAGACGTGCCAGGGG
ATCGCACAACAATCAAGCTCTATCTCAATGATCCGTACTACTCCAT
CGGGAATCTGAAACCCGATACAGAGTACGAAGTCTCCCTCATCTC
TTACACCGGGGACAGCTACTCCAGATCCGGCTCCAATCCAGCCA
AAATTACGTTTAAGACAGGCCTGCGGCTGGATGCTCCATCTCAAA
TAGAAGTTAAGGATGTGACGGATACGACGGCCCTCATCACTTGG
GTTGACCCTCGATATGACGATATTTGGTGGTTCGAATTGACGTAT
GGCATTAAGGACGTCCCAGGCGACCGGACAACTATTAAGCTGTAT
CTTAACGATCCTTATTATAGCATCGGAAATCTCAAGCCGGATACC
GAATATGAGGTTTCCCTCATTTCCTATACTGGGGACTCCTACTCTC
GCTCCGGCTCTAACCCAGCTAAGATCACTTTTAAAACCGGGCTTA
CTTCGAAAGGAAGCGGCGCCACAAACTTTAGCCTGCTGAAACAG
GCCGGCGACGTCGAAGAAAATCCCGGGCCTATGGCTAAAAAGGG
CTCTGTGGTCATCGTGGGCAGAATCAACCTGAGCGGCGATACCG
CCTACGCTCAGCAGACAAGAGGCGAGGAAGGCTGCCAAGAGACA
AGCCAGACCGGCAGAGACAAGAACCAGGTGGAAGGCGAGGTGC
AGATCGTGTCTACAGCTACCCAGACCTTCCTGGCCACCAGCATCA
ATGGCGTGCTGTGGACAGTGTATCACGGCGCTGGCACCAGAACA
ATCGCCTCTCCAAAGGGCCCCGTGACACAGATGTATACCAACGT
GGACAAGGACCTCGTCGGATGGCAAGCCCCTCAGGGCTCTAGAA
GCCTGACACCTTGTACCTGCGGCAGCAGCGATCTGTACCTGGTC
ACAAGACACGCCGACGTGATCCCCGTCAGAAGAAGAGGCGATAG
CAGAGGCAGCCTGCTGAGCCCTAGACCTATCAGCTACCTGAAGG
GATCTGCCGGCGGACCTCTGCTTTGTCCTGCTGGACATGCCGTG
GGCATCTTTAGAGCCGCCGTGTCTACTAGAGGCGTGGCCAAGGC
CGTGGACTTCATCCCTGTGGAAAGCCTGGAAACCACCATGCGGA
GCCCCACTAGAGATGAGTTTCCCACCATGGTGTTTCCTTCTGGGC
AGATCAGCCAGGCCTCGGCCTTGGCCCCGGCCCCTCCCCAAGTC
CTGCCCCAGGCTCCAGCCCCTGCCCCTGCTCCAGCCATGGTATC
AGCTCTGGCCCAGGCCCCAGCCCCTGTCCCAGTCCTAGCCCCAG
GCCCTCCTCAGGCTGTGGCCCCACCTGCCCCCAAGCCCACCCAG
GCTGGGGAAGGAACGCTGTCAGAGGCCCTGCTGCAGCTGCAGTT
TGATGATGAAGACCTGGGGGCCTTGCTTGGCAACAGCACAGACC
CAGCTGTGTTCACAGACCTGGCATCCGTCGACAACTCCGAGTTTC
AGCAGCTGCTGAACCAGGGCATACCTGTGGCCCCCCACACAACT
GAGCCCATGCTGATGGAGTACCCTGAGGCTATAACTCGCCTAGT
GACAGGGGCCCAGAGGCCCCCCGACCCAGCTCCTGCTCCACTG
GGGGCCCCGGGGCTCCCCAATGGCCTCCTTTCAGGAGATGAAGA
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CTTCTCCTCCATTGCGGACATGGACTTCTCAGCCCTGCTGAGTCA
GATCAGCTCCACTAGTTAT

209

hulL-2

Protein

MYRMQLLSCIALSLALVTNSAPTSSSTKKTQLQLEHLLLDLQMILNGIN
NYKNPKLTRMLTFKFYMPKKATELKHLQCLEEELKPLEEVLNLAQSK
NFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFC
QSIISTLT

210

hulL-2

DNA

ATGTACAGGATGCAACTCCTGTCTTGCATTGCACTAAGTCTTGCA
CTTGTCACAAACAGTGCCCCTACCAGCAGCAGCACCAAGAAAACC
CAGCTGCAACTGGAACACCTCCTGCTGGACCTGCAGATGATCCT
GAACGGCATCAACAACTACAAGAACCCCAAGCTGACCCGGATGC
TGACCTTCAAGTTCTACATGCCCAAGAAGGCCACCGAGCTGAAGC
ACCTCCAGTGCCTGGAAGAGGAACTGAAGCCCCTGGAAGAAGTG
CTGAATCTGGCCCAGAGCAAGAACTTCCACCTGAGGCCTAGGGA
CCTGATCAGCAACATCAACGTGATCGTGCTGGAACTGAAAGGCA
GCGAGACAACCTTCATGTGCGAGTACGCCGACGAGACAGCTACC
ATCGTGGAATTTCTGAACCGGTGGATCACCTTCTGCCAGAGCATC
ATCAGCACCCTGACC

211

NS4A/3 PR
S139A K136D

Protein

MGKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNQV
EGEVQIVSTATQTFLATSINGVLWTVYHGAGTRTIASPKGPVTQMYT
NVDKDLVGWQAPQGSRSLTPCTCGSSDLYLVTRHADVIPYRRRGDS
RGSLLSPRPISYLDGSAGGPLLCPAGHAVGIFRAAVSTRGVAKAVDFI
PVESLETTMRSPT

212

NS4A/3 PR
S139A K136D

DNA

ATGGGCAAGAAAAAGGGCAGCGTGGTCATCGTGGGCAGAATCAA
CCTGAGCGGCGATACCGCCTACGCTCAGCAGACAAGAGGCGAG
GAAGGCTGCCAAGAGACAAGCCAGACCGGCAGAGACAAGAACCA
GGTGGAAGGCGAGGTGCAGATCGTGTCTACAGCTACCCAGACCT
TCCTGGCCACCAGCATCAATGGCGTGCTGTGGACAGTGTATCAC
GGCGCTGGCACCAGAACAATCGCCTCTCCAAAGGGCCCCGTGAC
ACAGATGTACACCAACGTGGACAAGGACCTCGTCGGATGGCAAG
CCCCTCAGGGAAGCAGAAGCCTGACACCTTGTACCTGCGGCAGC
AGCGATCTGTACCTGGTCACAAGACACGCCGACGTGATCCCCGT
CAGAAGAAGAGGCGATAGCAGAGGCAGCCTGCTGAGCCCTAGAC
CTATCAGCTACCTGGATGGATCTGCCGGCGGACCTCTGCTTTGTC
CTGCTGGACATGCCGTGGGCATCTTTAGAGCCGCCGTGTCTACT
AGAGGCGTGGCCAAAGCCGTGGACTTCATCCCCGTGGAAAGCCT
GGAAACCACCATGAGATCTCCAACC

213

NS4A/3 PR
S139A D168E

Protein

MGKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNQV
EGEVQIVSTATQTFLATSINGVLWTVYHGAGTRTIASPKGPVTQMYT
NVDKDLVGWQAPQGSRSLTPCTCGSSDLYLVTRHADVIPYRRRGDS
RGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRGVAKAVEFI
PVESLETTMRSPT

214

NS4A/3 PR
S139A D168E

DNA

ATGGGCAAGAAAAAGGGCAGCGTGGTCATCGTGGGCAGAATCAA
CCTGAGCGGCGATACCGCCTACGCTCAGCAGACAAGAGGCGAG
GAAGGCTGCCAAGAGACAAGCCAGACCGGCAGAGACAAGAACCA
GGTGGAAGGCGAGGTGCAGATCGTGTCTACAGCTACCCAGACCT
TCCTGGCCACCAGCATCAATGGCGTGCTGTGGACAGTGTATCAC
GGCGCTGGCACCAGAACAATCGCCTCTCCAAAGGGCCCCGTGAC
ACAGATGTACACCAACGTGGACAAGGACCTCGTCGGATGGCAAG
CCCCTCAGGGAAGCAGAAGCCTGACACCTTGTACCTGCGGCAGC
AGCGATCTGTACCTGGTCACAAGACACGCCGACGTGATCCCCGT
CAGAAGAAGAGGCGATAGCAGAGGCAGCCTGCTGAGCCCTAGAC
CTATCAGCTACCTGAAGGGATCTGCCGGCGGACCTCTGCTTTGTC
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CTGCTGGACATGCCGTGGGCATCTTTAGAGCCGCCGTGTCTACT
AGAGGCGTGGCCAAAGCCGTGGAATTCATCCCCGTGGAAAGCCT
GGAAACCACCATGAGATCTCCAACC

215

NS4A/3 PR
S139A K136N

Protein

MGKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNQV
EGEVQIVSTATQTFLATSINGVLWTVYHGAGTRTIASPKGPVTQMYT
NVDKDLVGWQAPQGSRSLTPCTCGSSDLYLVTRHADVIPYRRRGDS
RGSLLSPRPISYLNGSAGGPLLCPAGHAVGIFRAAVSTRGVAKAVDFI
PVESLETTMRSPT

216

NS4A/3 PR
S139A K136N

DNA

ATGGGCAAGAAAAAGGGCAGCGTGGTCATCGTGGGCAGAATCAA
CCTGAGCGGCGATACCGCCTACGCTCAGCAGACAAGAGGCGAG
GAAGGCTGCCAAGAGACAAGCCAGACCGGCAGAGACAAGAACCA
GGTGGAAGGCGAGGTGCAGATCGTGTCTACAGCTACCCAGACCT
TCCTGGCCACCAGCATCAATGGCGTGCTGTGGACAGTGTATCAC
GGCGCTGGCACCAGAACAATCGCCTCTCCAAAGGGCCCCGTGAC
ACAGATGTACACCAACGTGGACAAGGACCTCGTCGGATGGCAGG
CTCCTCAGGGCTCTAGAAGCCTGACACCTTGTACCTGCGGCAGC
AGCGATCTGTACCTGGTCACAAGACACGCCGACGTGATCCCCGT
CAGAAGAAGAGGCGATAGCAGAGGCAGCCTGCTGAGCCCTAGAC
CTATCAGCTACCTGAACGGATCTGCCGGCGGACCTCTGCTTTGTC
CTGCTGGACATGCCGTGGGCATCTTTAGAGCCGCCGTGTCTACT
AGAGGCGTGGCCAAAGCCGTGGACTTCATCCCTGTGGAAAGCCT
GGAAACCACCATGAGAAGCCCCACC

217

His-TEV-
NS4A/3 PR
S139A

Protein

MGSSHHHHHHGSENLYFQSKKKGSVVIVGRINLSGDTAYAQQTRGE
EGCQETSQTGRDKNQVEGEVQIVSTATQTFLATSINGVLWTVYHGA
GTRTIASPKGPVTQMYTNVDKDLVGWQAPQGSRSLTPCTCGSSDLY
LVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVG
IFRAAVSTRGVAKAVDFIPVESLETTMRSP

218

His-TEV-
NS4A/3 PR
S139A

DNA

ATGGGTAGCAGCCATCACCATCATCATCATGGTAGCGAAAATCTG
TATTTCCAGAGCAAAAAAAAGGGCAGCGTTGTTATTGTGGGTCGT
ATTAATCTGAGCGGTGATACCGCATATGCACAGCAGACCCGTGGT
GAAGAAGGTTGTCAAGAAACCAGCCAGACCGGTCGTGATAAAAAT
CAGGTTGAAGGTGAAGTTCAGATTGTTAGCACCGCAACACAGACC
TTTCTGGCAACCAGCATTAATGGTGTTCTGTGGACCGTTTATCATG
GTGCAGGCACCCGTACCATTGCAAGCCCGAAAGGTCCGGTTACA
CAGATGTATACCAATGTGGATAAAGATCTGGTTGGTTGGCAGGCA
CCGCAGGGTAGCCGTAGTCTGACCCCGTGTACCTGTGGTAGCAG
CGATCTGTATCTGGTTACCCGTCATGCAGATGTTATTCCGGTTCG
TCGTCGTGGTGATAGCCGTGGTAGCCTGCTGAGTCCGCGTCCGA
TTAGCTATCTGAAAGGTAGTGCCGGTGGTCCGCTGCTGTGTCCG
GCAGGTCATGCAGTTGGTATTTTTCGTGCAGCAGTTAGCACCCGT
GGCGTTGCAAAAGCAGTTGATTTTATCCCGGTTGAAAGCCTGGAA
ACCACCATGCGTAGCCCG

219

NS4A/3
S139A post-
TEV cleavage

Protein

SKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNQVEG
EVQIVSTATQTFLATSINGVLWTVYHGAGTRTIASPKGPVTQMYTNV
DKDLVGWQAPQGSRSLTPCTCGSSDLYLVTRHADVIPVRRRGDSR
GSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRGVAKAVDFIP
VESLETTMRSP

220

pelB-
PRSIM_57-
TEV-His

Protein

MKYLLPTAAAGLLLLAAQPAMAQVQLVQSGAEVKKPGSSVKVSCKA
SGGTFSSYAISWVRQAPGQGLEWMGGIIPIFGTANYAQKFQGRVTIT
ADESTSTAYMELSSLRSEDTAVYYCARHTNYITVFDYWGQGTLVTVS
SGGGGSGGGGSGGGGSAQSVLTQPPSASGTPGQRVTISCSGSSS
NIGSNTVNWYQQLPGTAPKLLIYSNNQRPSGVPDRFSGSKSGTSAS
LAISGLQSEDEADYYCAAWDHHWEQVVFGGGTKLTVLENLYFQSHH




WO 2021/009692

PCT/IB2020/056657

141

HHHH

221

pelB_PRSIM_
57-TEV-His

DNA

ATGAAATATCTGCTGCCGACCGCAGCAGCGGGTCTGCTGCTGCT
GGCAGCACAGCCTGCAATGGCACAGGTTCAGCTGGTTCAGAGCG
GTGCAGAAGTTAAAAAACCGGGTAGCAGCGTTAAAGTTAGCTGTA
AAGCAAGCGGTGGCACCTTTAGCAGCTATGCAATTAGCTGGGTTC
GTCAGGCACCTGGTCAAGGTCTGGAATGGATGGGTGGTATTATTC
CGATTTTTGGCACCGCAAATTATGCCCAGAAATTTCAGGGTCGTG
TTACCATTACCGCAGATGAAAGCACCAGCACCGCATATATGGAAC
TGAGCAGCCTGCGTAGCGAAGATACCGCAGTGTATTATTGTGCAC
GTCATACCAACTATATCACCGTGTTTGATTATTGGGGTCAGGGCA
CCCTGGTTACCGTTAGCAGCGGTGGTGGTGGTAGCGGTGGCGG
AGGTTCAGGTGGTGGCGGTTCAGCACAGAGCGTTCTGACCCAGC
CTCCGAGCGCAAGCGGTACACCGGGTCAGCGTGTGACCATTAGC
TGTAGCGGTAGCAGCAGTAATATTGGTAGCAATACCGTTAATTGG
TATCAGCAGCTGCCAGGCACCGCACCGAAACTGCTGATTTATAGC
AATAATCAGCGTCCGAGCGGTGTTCCGGATCGTTTTAGCGGTAGT
AAAAGCGGCACCAGCGCAAGCCTGGCAATTAGCGGTCTGCAGAG
CGAAGATGAAGCAGATTATTACTGTGCAGCATGGGATCATCATTG
GGAACAAGTTGTTTTTGGTGGTGGCACCAAACTGACCGTTCTGGA
AAATCTGTATTTCCAGAGCCATCACCATCATCATCAT

222

PRSIM_57
post-TEV
cleavage,
pelB removal

Protein

QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGL
EWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAV
YYCARHTNYITVFDYWGQGTLVTVSSGGGGSGGGGSGGGGSAQS
VLTQPPSASGTPGQRVTISCSGSSSNIGSNTYNWYQQLPGTAPKLLI
YSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWDH
HWEQVVFGGGTKLTVLENLYFQ

223

PRSIM23_NS
4A/3 PR
S139A_DCas

p9

Protein

MGSRLDAPSQIEVKDVTDTTALITWVDPRYDDIWWFELTYGIKDVPG
DRTTIKLYLNDPYYSIGNLKPDTEYEVSLISYTGDSYSRSGSNPAKITF
KTGLGGGSGMKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQT
GRDKNQVEGEVQIVSTATQTFLATSINGVLWTVYHGAGTRTIASPKG
PVTQMYTNVDKDLVGWQAPQGSRSLTPCTCGSSDLYLVTRHADVIP
VRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRG
VAKAVDFIPVESLETTMRSPGGGSGVDGFGDVGALESLRGNADLAYI
LSMEPCGHCLIINNVNFCRESGLRTRTGSNIDCEKLRRRFSSLHFMV
EVKGDLTAKKMVLALLELARQDHGALDCCVVVILSHGCQASHLQFPG
AVYGTDGCPVSVEKIVNIFNGTSCPSLGGKPKLFFIQACGGEQKDHG
FEVASTSPEDESPGSNPEPDATPFQEGLRTFDQLDAISSLPTPSDIFV
SYSTFPGFVSWRDPKSGSWYVETLDDIFEQWAHSEDLQSLLLRVAN
AVSVKGIYKQMPGCFNFLRKKLFFKTS

224

PRSIM23_NS
4A/3 PR
S139A_DCas

p9

DNA

ATGGGCTCTAGACTGGATGCCCCTAGCCAGATCGAAGTGAAGGA
CGTGACCGACACCACCGCTCTGATCACCTGGGTTGACCCCAGAT
ACGACGATATCTGGTGGTTCGAGCTGACCTACGGCATCAAGGAT
GTGCCCGGCGACAGAACCACCATCAAGCTGTACCTGAACGACCC
CTACTACAGCATCGGCAACCTGAAGCCTGACACCGAGTACGAGG
TGTCCCTGATCAGCTACACCGGCGACTCCTACAGCAGAAGCGGC
AGCAATCCTGCCAAGATCACCTTCAAGACCGGCCTTGGGGGCGG
ATCCGGCATGAAGAAAAAGGGCTCTGTGGTCATCGTGGGCAGAA
TCAACCTGAGCGGCGATACCGCCTACGCTCAGCAGACAAGAGGC
GAGGAAGGCTGCCAAGAGACAAGCCAGACCGGCAGAGACAAGA
ACCAGGTGGAAGGCGAGGTGCAGATCGTGTCTACAGCTACCCAG
ACCTTCCTGGCCACCAGCATCAATGGCGTGCTGTGGACAGTGTAT
CACGGCGCTGGCACCAGAACAATCGCCTCTCCAAAGGGCCCCGT
GACACAGATGTACACCAACGTGGACAAGGACCTCGTCGGATGGC
AAGCCCCTCAGGGCTCTAGAAGCCTGACACCTTGTACCTGCGGC
AGCAGCGATCTGTACCTGGTCACAAGACACGCCGACGTGATCCC




WO 2021/009692

PCT/IB2020/056657

142

CGTCAGAAGAAGAGGCGATAGCAGAGGCAGCCTGCTGAGCCCTA
GACCTATCAGCTACCTGAAGGGATCTGCCGGCGGACCTCTGCTT
TGTCCTGCTGGACATGCCGTGGGCATCTTTAGAGCCGCCGTGTC
TACTAGAGGCGTGGCCAAAGCCGTGGACTTCATCCCTGTGGAAA
GCCTGGAAACCACCATGCGGAGCCCCGGGGGAGGCTCCGGCGT
GGATGGCTTTGGAGATGTGGGCGCCCTGGAATCCCTGAGAGGAA
ATGCCGATCTGGCCTACATCCTGAGCATGGAACCTTGCGGCCAC
TGCCTGATTATCAACAATGTGAACTTCTGCCGCGAGAGCGGCCTG
AGAACAAGAACCGGCAGCAACATCGATTGCGAGAAGCTGCGGAG
AAGATTCAGCAGCCTGCACTTCATGGTGGAAGTGAAGGGCGACC
TGACCGCCAAGAAAATGGTGCTGGCTCTGCTGGAACTGGCCAGA
CAGGATCATGGCGCACTGGATTGCTGCGTGGTCGTGATTCTGAG
CCACGGCTGTCAGGCCAGCCATCTGCAATTCCCTGGCGCCGTGT
ATGGCACCGATGGCTGTCCTGTGTCCGTGGAAAAGATCGTGAAC
ATCTTCAACGGCACCAGCTGTCCTAGCCTCGGCGGAAAGCCCAA
GCTGTTCTTCATCCAAGCCTGTGGCGGCGAGCAGAAGGATCACG
GATTTGAGGTGGCCAGCACAAGCCCCGAGGATGAGAGCCCTGGA
AGCAACCCTGAGCCTGACGCCACACCTTTCCAAGAGGGACTGAG
AACCTTCGACCAGCTGGACGCTATCAGCTCCCTGCCTACACCTAG
CGACATCTTCGTGTCCTACAGCACATTCCCCGGCTTTGTGTCTTG
GCGGGACCCCAAGTCTGGCTCTTGGTACGTGGAAACCCTGGATG
ACATCTTCGAGCAGTGGGCCCATAGCGAGGACCTGCAATCTCTG
CTGCTGAGAGTGGCCAATGCCGTGTCCGTGAAGGGCATCTACAA
GCAGATGCCCGGCTGCTTCAACTTCCTGCGGAAGAAGCTGTTTTT
CAAGACCAGCTGATAG

225

NS4A/3 PR
S139A-VPR

Protein

MGKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNQV
EGEVQIVSTATQTFLATSINGVLWTVYHGAGTRTIASPKGPVTQMYT
NVDKDLVGWQAPQGSRSLTPCTCGSSDLYLVTRHADVIPYRRRGDS
RGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRGVAKAVDFI
PVESLETTMRSPTGGGGSGGGGSEASGSGRADALDDFDLDMLGSD
ALDDFDLDMLGSDALDDFDLDMLGSDALDDFDLDMLINSRSSGSPK
KKRKVGSQYLPDTDDRHRIEEKRKRTYETFKSIMKKSPFSGPTDPRP
PPRRIAVPSRSSASVPKPAPQPYPFTSSLSTINYDEFPTMVFPSGQIS
QASALAPAPPQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQA
VAPPAPKPTQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVFTDLA
SVDNSEFQQLLNQGIPVAPHTTEPMLMEYPEAITRLVTGAQRPPDPA
PAPLGAPGLPNGLLSGDEDFSSIADMDFSALLGSGSGSRDSREGMF
LPKPEAGSAISDVFEGREVCQPKRIRPFHPPGSPWANRPLPASLAPT
PTGPVHEPVGSLTPAPVPQPLDPAPAVTPEASHLLEDPDEETSQAVK
ALREMADTVIPQKEEAAICGQMDLSHPPPRGHLDELTTTLESMTEDL
NLDSPLTPELNEILDTFLNDECLLHAMHISTGLSIFDTSLF

226

NS4A/3 PR
S139A-VPR

DNA

ATGGGCAAGAAAAAGGGCAGCGTGGTCATCGTGGGCAGAATCAA
CCTGAGCGGCGATACCGCCTACGCTCAGCAGACAAGAGGCGAG
GAAGGCTGCCAAGAGACAAGCCAGACCGGCAGAGACAAGAACCA
GGTGGAAGGCGAGGTGCAGATCGTGTCTACAGCTACCCAGACCT
TCCTGGCCACCAGCATCAATGGCGTGCTGTGGACAGTGTATCAC
GGCGCTGGCACCAGAACAATCGCCTCTCCAAAGGGCCCCGTGAC
ACAGATGTACACCAACGTGGACAAGGACCTCGTCGGATGGCAAG
CCCCTCAGGGCTCCAGAAGCCTGACACCTTGTACCTGCGGCAGC
AGCGATCTGTACCTGGTCACAAGACACGCCGACGTGATCCCCGT
CAGAAGAAGAGGCGATAGCAGAGGCAGCCTGCTGAGCCCTAGAC
CTATCAGCTACCTGAAGGGATCTGCCGGCGGACCTCTGCTTTGTC
CTGCTGGACATGCCGTGGGCATCTTTAGAGCCGCCGTGTCTACT
AGAGGCGTGGCCAAAGCCGTGGACTTCATCCCTGTGGAAAGCCT
GGAAACCACCATGAGAAGCCCCACCGGTGGCGGCGGATCTGGC
GGAGGTGGAAGTGAAGCTTCTGGCAGCGGTAGAGCCGACGCTCT
GGACGACTTCGACCTGGATATGCTGGGCTCTGACGCCCTGGATG
ATTTTGATCTGGACATGCTCGGCAGCGACGCCCTCGACGATTTCG
ATCTCGATATGTTGGGAAGCGACGCACTTGATGACTTTGACCTCG
ACATGTTGATCAATAGCAGAAGCAGCGGCAGCCCCAAGAAAAAG
CGGAAAGTGGGCAGCCAGTACCTGCCTGACACCGACGACAGACA
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CCGGATCGAAGAGAAGCGGAAGCGGACCTACGAGACATTCAAGA
GCATCATGAAGAAGTCCCCATTCAGCGGCCCCACCGATCCTAGA
CCTCCACCTAGAAGAATCGCCGTGCCTAGCAGATCTAGCGCCAG
CGTGCCAAAACCTGCTCCTCAGCCTTATCCTTTCACCAGCAGCCT
GAGCACCATCAACTACGACGAGTTCCCTACCATGGTGTTCCCCAG
CGGCCAGATCTCTCAGGCTTCTGCTCTTGCTCCAGCTCCTCCTCA
GGTTCTGCCTCAAGCTCCTGCACCAGCACCGGCTCCAGCTATGG
TTTCTGCTTTGGCTCAGGCCCCTGCTCCTGTGCCTGTTCTTGCTC
CTGGACCACCTCAGGCTGTTGCTCCTCCTGCTCCAAAACCTACAC
AGGCCGGCGAGGGAACACTGTCTGAAGCTCTGCTGCAGCTCCAG
TTCGACGACGAAGATCTGGGAGCCCTGCTGGGCAATAGCACAGA
TCCTGCCGTGTTCACCGATCTGGCCAGCGTGGACAATAGCGAGT
TCCAGCAGCTCCTGAATCAGGGCATCCCTGTGGCTCCTCACACC
ACCGAACCTATGCTGATGGAATACCCCGAGGCCATCACCAGACT
GGTCACCGGCGCTCAAAGACCACCTGATCCAGCTCCAGCACCTC
TGGGAGCACCAGGACTGCCTAATGGACTGCTGTCTGGCGACGAG
GACTTCAGCTCTATCGCCGACATGGATTTCAGCGCCCTGCTCGG
CTCTGGCTCCGGCTCTAGAGATAGCAGAGAAGGCATGTTCCTGC
CTAAGCCTGAGGCCGGCTCTGCCATCTCCGATGTGTTTGAGGGC
AGAGAAGTGTGCCAGCCTAAGCGGATCCGGCCTTTTCACCCTCC
TGGAAGCCCTTGGGCCAACAGACCTCTGCCTGCTTCTCTGGCCC
CTACACCAACAGGACCTGTGCACGAACCTGTGGGCAGTCTGACC
CCAGCTCCTGTTCCTCAACCTCTGGATCCCGCTCCTGCTGTGACA
CCTGAAGCCTCTCATCTGCTGGAAGATCCCGACGAAGAGACAAG
CCAGGCCGTGAAGGCCCTGAGAGAAATGGCCGACACAGTGATCC
CTCAGAAAGAGGAAGCCGCCATCTGCGGACAGATGGACCTGTCT
CATCCTCCACCAAGAGGCCACCTGGACGAGCTGACAACCACACT
GGAATCCATGACCGAGGACCTGAACCTGGACAGCCCTCTGACAC
CCGAGCTGAACGAGATCCTGGACACCTTCCTGAACGACGAGTGT
CTGCTGCACGCCATGCACATCTCTACCGGCCTGAGCATCTTCGAC
ACCAGCCTGTTC

227

spdCas9-
PRSIM_23x3

Protein

MDYYPYDVPDYADKKYSIGLAIGTNSVYGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQE
FSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKY
PTIYHLRKKLVYDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDV
DKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLP
GEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNL
LAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEH
HQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFI
KPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRR
QEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEET]
TPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTV
YNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKED
YFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDIL
EDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLS
RKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKA
QVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPEN
VIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQL
QNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSID
NKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDN
LTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDEND
KLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGT
ALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIM
NFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQ
VNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPT
VAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGY
KEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNF
LYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIEQISEFSKRVILAD
ANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDR
KRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDPKKKRKVGSAGSR
LDAPSQIEVKDVTDTTALITWVDPRYDDIWWFELTYGIKDVPGDRTTI
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KLYLNDPYYSIGNLKPDTEYEVSLISYTGDSYSRSGSNPAKITFKTGL
RLDAPSQIEVKDVTDTTALITWVDPRYDDIWWFELTYGIKDVPGDRTT
IKLYLNDPYYSIGNLKPDTEYEVSLISYTGDSYSRSGSNPAKITFKTGL
RLDAPSQIEVKDVTDTTALITWVDPRYDDIWWFELTYGIKDVPGDRTT
IKLYLNDPYYSIGNLKPDTEYEVSLISYTGDSYSRSGSNPAKITFKTGL

228

spdCas9-
PRSIM_23x3

DNA

ATGGACTATTACCCCTACGACGTGCCCGATTACGCCGACAAGAAG
TATTCTATCGGACTGGCCATCGGGACTAATAGCGTCGGGTGGGC
CGTGATCACTGACGAGTACAAGGTGCCCTCTAAGAAGTTCAAGGT
GCTCGGGAACACCGACCGGCATTCCATCAAGAAAAATCTGATCG
GAGCTCTCCTCTTTGATTCAGGGGAAACCGCTGAAGCAACCCGC
CTCAAGCGGACTGCTAGACGGCGGTACACCAGGAGGAAGAACCG
GATTTGTTACCTTCAAGAGATATTCTCCAACGAAATGGCAAAGGTC
GACGACAGCTTCTTCCATAGGCTGGAAGAATCATTCCTCGTGGAA
GAGGATAAGAAGCATGAACGGCATCCCATCTTCGGTAATATCGTC
GACGAGGTGGCCTATCACGAGAAATACCCAACCATCTACCATCTT
CGCAAAAAGCTGGTGGACTCAACCGACAAGGCAGACCTCCGGCT
TATCTACCTGGCCCTGGCCCACATGATCAAGTTCAGAGGCCACTT
CCTGATCGAGGGCGACCTCAATCCTGACAATAGCGATGTGGATAA
ACTGTTCATCCAGCTGGTGCAGACTTACAACCAGCTCTTTGAAGA
GAACCCCATCAATGCAAGCGGAGTCGATGCCAAGGCCATTCTGT
CAGCCCGGCTGTCAAAGAGCCGCAGACTTGAGAATCTTATCGCT
CAGCTGCCGGGTGAAAAGAAAAATGGACTGTTCGGGAACCTGAT
TGCTCTTTCACTTGGGCTGACTCCCAATTTCAAGTCTAATTTCGAC
CTGGCAGAGGATGCCAAGCTGCAACTGTCCAAGGACACCTATGA
TGACGATCTCGACAACCTCCTGGCCCAGATCGGTGACCAATACG
CCGACCTTTTCCTTGCTGCTAAGAATCTTTCTGACGCCATCCTGCT
GTCTGACATTCTCCGCGTGAACACTGAAATCACCAAGGCCCCTCT
TTCAGCTTCAATGATTAAGCGGTATGATGAGCACCACCAGGACCT
GACCCTGCTTAAGGCACTCGTCCGGCAGCAGCTTCCGGAGAAGT
ACAAGGAAATCTTCTTTGACCAGTCAAAGAATGGATACGCCGGCT
ACATCGACGGAGGTGCCTCCCAAGAGGAATTTTATAAGTTTATCA
AACCTATCCTTGAGAAGATGGACGGCACCGAAGAGCTCCTCGTG
AAACTGAATCGGGAGGATCTGCTGCGGAAGCAGCGCACTTTCGA
CAATGGGAGCATTCCCCACCAGATCCATCTTGGGGAGCTTCACG
CCATCCTTCGGCGCCAAGAGGACTTCTACCCCTTTCTTAAGGACA
ACAGGGAGAAGATTGAGAAAATTCTCACTTTCCGCATCCCCTACT
ACGTGGGACCCCTCGCCAGAGGAAATAGCCGGTTTGCTTGGATG
ACCAGAAAGTCAGAAGAAACTATCACTCCCTGGAACTTCGAAGAG
GTGGTGGACAAGGGAGCCAGCGCTCAGTCATTCATCGAACGGAT
GACTAACTTCGATAAGAACCTCCCCAATGAGAAGGTCCTGCCGAA
ACATTCCCTGCTCTACGAGTACTTTACCGTGTACAACGAGCTGAC
CAAGGTGAAATATGTCACCGAAGGGATGAGGAAGCCCGCATTCC
TGTCAGGCGAACAAAAGAAGGCAATTGTGGACCTTCTGTTCAAGA
CCAATAGAAAGGTGACCGTGAAGCAGCTGAAGGAGGACTATTTCA
AGAAAATTGAATGCTTCGACTCTGTGGAGATTAGCGGGGTCGAAG
ATCGGTTCAACGCAAGCCTGGGTACCTACCATGATCTGCTTAAGA
TCATCAAGGACAAGGATTTTCTGGACAATGAGGAGAACGAGGACA
TCCTTGAGGACATTGTCCTGACTCTCACTCTGTTCGAGGACCGGG
AAATGATCGAGGAGAGGCTTAAGACCTACGCCCATCTGTTCGACG
ATAAAGTGATGAAGCAACTTAAACGGAGAAGATATACCGGATGGG
GACGCCTTAGCCGCAAACTCATCAACGGAATCCGGGACAAACAG
AGCGGAAAGACCATTCTTGATTTCCTTAAGAGCGACGGATTCGCT
AATCGCAACTTCATGCAACTTATCCATGATGATTCCCTGACCTTTA
AGGAGGACATCCAGAAGGCCCAAGTGTCTGGACAAGGTGACTCA
CTGCACGAGCATATCGCAAATCTGGCTGGTTCACCCGCTATTAAG
AAGGGTATTCTCCAGACCGTGAAAGTCGTGGACGAGCTGGTCAA
GGTGATGGGTCGCCATAAACCAGAGAACATTGTCATCGAGATGG
CCAGGGAAAACCAGACTACCCAGAAGGGACAGAAGAACAGCAGG
GAGCGGATGAAAAGAATTGAGGAAGGGATTAAGGAGCTCGGGTC
ACAGATCCTTAAAGAGCACCCGGTGGAAAACACCCAGCTTCAGAA
TGAGAAGCTCTATCTGTACTACCTTCAAAATGGACGCGATATGTAT
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GTGGACCAAGAGCTTGATATCAACAGGCTCTCAGACTACGACGTG
GACGCCATCGTCCCTCAGAGCTTCCTCAAAGACGACTCAATTGAC
AATAAGGTGCTGACTCGCTCAGACAAGAACCGGGGAAAGTCAGA
TAACGTGCCCTCAGAGGAAGTCGTGAAAAAGATGAAGAACTATTG
GCGCCAGCTTCTGAACGCAAAGCTGATCACTCAGCGGAAGTTCG
ACAATCTCACTAAGGCTGAGAGGGGCGGACTGAGCGAACTGGAC
AAAGCAGGATTCATTAAACGGCAACTTGTGGAGACTCGGCAGATT
ACTAAACATGTCGCCCAAATCCTTGACTCACGCATGAATACCAAG
TACGACGAAAACGACAAACTTATCCGCGAGGTGAAGGTGATTACC
CTGAAGTCCAAGCTGGTCAGCGATTTCAGAAAGGACTTTCAATTC
TACAAAGTGCGGGAGATCAATAACTATCATCATGCTCATGACGCA
TATCTGAATGCCGTGGTGGGAACCGCCCTGATCAAGAAGTACCC
AAAGCTGGAAAGCGAGTTCGTGTACGGAGACTACAAGGTCTACG
ACGTGCGCAAGATGATTGCCAAATCTGAGCAGGAGATCGGAAAG
GCCACCGCAAAGTACTTCTTCTACAGCAACATCATGAATTTCTTCA
AGACCGAAATCACCCTTGCAAACGGTGAGATCCGGAAGAGGCCG
CTCATCGAGACTAATGGGGAGACTGGCGAAATCGTGTGGGACAA
GGGCAGAGATTTCGCTACCGTGCGCAAAGTGCTTTCTATGCCTCA
AGTGAACATCGTGAAGAAAACCGAGGTGCAAACCGGAGGCTTTT
CTAAGGAATCAATCCTCCCCAAGCGCAACTCCGACAAGCTCATTG
CAAGGAAGAAGGATTGGGACCCTAAGAAGTACGGCGGATTCGAT
TCACCAACTGTGGCTTATTCTGTCCTGGTCGTGGCTAAGGTGGAA
AAAGGAAAGTCTAAGAAGCTCAAGAGCGTGAAGGAACTGCTGGG
TATCACCATTATGGAGCGCAGCTCCTTCGAGAAGAACCCAATTGA
CTTTCTCGAAGCCAAAGGTTACAAGGAAGTCAAGAAGGACCTTAT
CATCAAGCTCCCAAAGTATAGCCTGTTCGAACTGGAGAATGGGCG
GAAGCGGATGCTCGCCTCCGCTGGCGAACTTCAGAAGGGTAATG
AGCTGGCTCTCCCCTCCAAGTACGTGAATTTCCTCTACCTTGCAA
GCCATTACGAGAAGCTGAAGGGGAGCCCCGAGGACAACGAGCAA
AAGCAACTGTTTGTGGAGCAGCATAAGCATTATCTGGACGAGATC
ATTGAGCAGATTTCCGAGTTTTCTAAACGCGTCATTCTCGCTGATG
CCAACCTCGATAAAGTCCTTAGCGCATACAATAAGCACAGAGACA
AACCAATTCGGGAGCAGGCTGAGAATATCATCCACCTGTTCACCC
TCACCAATCTTGGTGCCCCTGCCGCATTCAAGTACTTCGACACCA
CCATCGACCGGAAACGCTATACCTCCACCAAAGAAGTGCTGGAC
GCCACCCTCATCCACCAGAGCATCACCGGACTTTACGAAACTCG
GATTGACCTCTCACAGCTCGGAGGGGATCCCAAGAAGAAGCGGA
AAGTCGGCAGCGCTGGCTCTAGACTGGATGCCCCTAGCCAGATC
GAAGTGAAGGACGTGACCGACACCACCGCTCTGATCACCTGGGT
TGACCCCAGATACGACGACATCTGGTGGTTCGAGCTGACCTACG
GCATCAAGGATGTGCCCGGCGACAGAACCACCATCAAGCTGTAC
CTGAACGACCCCTACTACAGCATCGGCAACCTGAAGCCTGACAC
CGAGTACGAGGTGTCCCTGATCAGCTACACCGGCGACTCCTACA
GCAGAAGCGGCAGCAATCCTGCCAAGATCACCTTCAAGACCGGC
CTGAGACTGGACGCACCCTCTCAGATTGAAGTCAAAGATGTCACC
GACACGACAGCCCTGATTACATGGGTTGACCCTCGCTACGATGAT
ATTTGGTGGTTTGAACTCACGTACGGGATCAAAGACGTGCCAGG
GGATCGCACAACAATCAAGCTCTATCTCAATGATCCGTACTACTC
CATCGGGAATCTGAAACCCGATACAGAGTACGAAGTCTCCCTCAT
CTCTTACACCGGGGACAGCTACTCCAGATCCGGCTCCAATCCAG
CCAAAATTACGTTTAAGACAGGCCTGCGGCTGGATGCTCCATCTC
AAATAGAAGTTAAGGATGTGACGGATACGACGGCCCTCATCACTT
GGGTTGACCCTCGATATGACGATATTTGGTGGTTCGAATTGACGT
ATGGCATTAAGGACGTCCCAGGCGACCGGACAACTATTAAGCTGT
ATCTTAACGATCCTTATTATAGCATCGGAAATCTCAAGCCGGATAC
CGAATATGAGGTTTCCCTCATTTCCTATACTGGGGACTCCTACTCT
CGCTCCGGCTCTAACCCAGCTAAGATCACTTTTAAAACCGGGCTT
TAA

229

gRNA IL-2

DNA

GTTACATTAGCCCACACTT
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230

PRSIM23_NS
4A/3 PR
S139A_DCas
p9 (S196A)

Protein

MGSRLDAPSQIEVKDVTDTTALITWVDPRYDDIWWFELTYGIKDVPG
DRTTIKLYLNDPYYSIGNLKPDTEYEVSLISYTGDSYSRSGSNPAKITF
KTGLGGGSGMKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQT
GRDKNQVEGEVQIVSTATQTFLATSINGVLWTVYHGAGTRTIASPKG
PVTQMYTNVDKDLVGWQAPQGSRSLTPCTCGSSDLYLVTRHADVIP
VRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRG
VAKAVDFIPVESLETTMRSPGGGSGVDGFGDVGALESLRGNADLAY
LSMEPCGHCLIINNVNFCRESGLRTRTGSNIDCEKLRRRFSALHFMVY
EVKGDLTAKKMVLALLELARQDHGALDCCVVVILSHGCQASHLQFPG
AVYGTDGCPVSVEKIVNIFNGTSCPSLGGKPKLFFIQACGGEQKDHG
FEVASTSPEDESPGSNPEPDATPFQEGLRTFDQLDAISSLPTPSDIFV
SYSTFPGFVSWRDPKSGSWYVETLDDIFEQWAHSEDLQSLLLRVAN
AVSVKGIYKQMPGCFNFLRKKLFFKTS

231

PRSIM23_NS
4A/3 PR
S139A_DCas
p9 (S196A)

DNA

ATGGGCTCTAGACTGGATGCCCCTAGCCAGATCGAAGTGAAGGA
CGTGACCGACACCACCGCTCTGATCACCTGGGTTGACCCCAGAT
ACGACGATATCTGGTGGTTCGAGCTGACCTACGGCATCAAGGAT
GTGCCCGGCGACAGAACCACCATCAAGCTGTACCTGAACGACCC
CTACTACAGCATCGGCAACCTGAAGCCTGACACCGAGTACGAGG
TGTCCCTGATCAGCTACACCGGCGACTCCTACAGCAGAAGCGGC
AGCAATCCTGCCAAGATCACCTTCAAGACCGGCCTTGGGGGCGG
ATCCGGCATGAAGAAAAAGGGCTCTGTGGTCATCGTGGGCAGAA
TCAACCTGAGCGGCGATACCGCCTACGCTCAGCAGACAAGAGGC
GAGGAAGGCTGCCAAGAGACAAGCCAGACCGGCAGAGACAAGA
ACCAGGTGGAAGGCGAGGTGCAGATCGTGTCTACAGCTACCCAG
ACCTTCCTGGCCACCAGCATCAATGGCGTGCTGTGGACAGTGTAT
CACGGCGCTGGCACCAGAACAATCGCCTCTCCAAAGGGCCCCGT
GACACAGATGTACACCAACGTGGACAAGGACCTCGTCGGATGGC
AAGCCCCTCAGGGCTCTAGAAGCCTGACACCTTGTACCTGCGGC
AGCAGCGATCTGTACCTGGTCACAAGACACGCCGACGTGATCCC
CGTCAGAAGAAGAGGCGATAGCAGAGGCAGCCTGCTGAGCCCTA
GACCTATCAGCTACCTGAAGGGATCTGCCGGCGGACCTCTGCTT
TGTCCTGCTGGACATGCCGTGGGCATCTTTAGAGCCGCCGTGTC
TACTAGAGGCGTGGCCAAAGCCGTGGACTTCATCCCTGTGGAAA
GCCTGGAAACCACCATGCGGAGCCCCGGGGGAGGCTCCGGLGT
GGATGGCTTTGGAGATGTGGGCGCCCTGGAATCCCTGAGAGGAA
ATGCCGATCTGGCCTACATCCTGAGCATGGAACCTTGCGGCCAC
TGCCTGATTATCAACAATGTGAACTTCTGCCGCGAGAGCGGCCTG
AGAACAAGAACCGGCAGCAACATCGATTGCGAGAAGCTGCGGAG
AAGATTCAGCGCCCTGCACTTCATGGTGGAAGTGAAGGGCGACC
TGACCGCCAAGAAAATGGTGCTGGCTCTGCTGGAACTGGCCAGA
CAGGATCATGGCGCACTGGATTGCTGCGTGGTCGTGATTCTGAG
CCACGGCTGTCAGGCCAGCCATCTGCAATTCCCTGGCGCCGTGT
ATGGCACCGATGGCTGTCCTGTGTCCGTGGAAAAGATCGTGAAC
ATCTTCAACGGCACCAGCTGTCCTAGCCTCGGCGGAAAGCCCAA
GCTGTTCTTCATCCAAGCCTGTGGCGGCGAGCAGAAGGATCACG
GATTTGAGGTGGCCAGCACAAGCCCCGAGGATGAGAGCCCTGGA
AGCAACCCTGAGCCTGACGCCACACCTTTCCAAGAGGGACTGAG
AACCTTCGACCAGCTGGACGCTATCAGCTCCCTGCCTACACCTAG
CGACATCTTCGTGTCCTACAGCACATTCCCCGGCTTTGTGTCTTG
GCGGGACCCCAAGTCTGGCTCTTGGTACGTGGAAACCCTGGATG
ACATCTTCGAGCAGTGGGCCCATAGCGAGGACCTGCAATCTCTG
CTGCTGAGAGTGGCCAATGCCGTGTCCGTGAAGGGCATCTACAA
GCAGATGCCCGGCTGCTTCAACTTCCTGCGGAAGAAGCTGTTTTT
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CAAGACCAGCTGATAG

232

GFP-PEST

DNA

ATGGAAAGCGACGAGTCTGGCCTGCCTGCTATGGAAATCG
AGTGCCGGATCACCGGCACACTGAACGGCGTGGAATTCGA
ACTCGTTGGCGGCGGAGAGGGCACACCTGAACAGGGCAG
AATGACCAACAAGATGAAGTCCACCAAAGGCGCCCTGACAT
TCAGCCCCTACCTGCTGTCTCACGTGATGGGCTACGGCTT
CTACCACTTCGGCACATACCCTAGCGGCTACGAGAACCCT
TTCCTGCACGCCATCAACAACGGCGGCTACACCAACACCA
GAATCGAGAAGTACGAGGACGGCGGCGTGCTGCACGTGTC
CTTCAGCTACAGATATGAGGCCGGCAGAGTGATCGGCGAC
TTCAAAGTGATGGGCACCGGATTTCCCGAGGACAGCGTGA
TCTTCACCGACAAGATCATCCGGTCCAACGCCACCGTGGA
ACATCTGCACCCTATGGGCGACAACGACCTGGATGGCAGC
TTCACCAGAACCTTCAGCCTGAGAGATGGCGGCTACTACA
GCAGCGTGGTGGACAGCCACATGCACTTCAAGAGCGCCAT
CCATCCTAGCATCCTGCAGAACGGCGGACCCATGTTCGCC
TTCAGAAGAGTGGAAGAGGACCACAGCAACACCGAGCTGG
GCATCGTGGAATACCAGCACGCCTTCAAGACCCCTGATGC
CGATGCCGGCGAGGAAAGAAGCAGAGATATCAGCCACGGC
TTCCCACCAGCTGTGGCCGCTCAAGATGATGGCACACTGC
CTATGAGCTGCGCCCAAGAGTCCGGCATGGATAGACATCC
TGCCGCCTGTGCCAGCGCCAGAATCAATGTGTAA

233

GFP-PEST

Protein

MESDESGLPAMEIECRITGTLNGVEFELVGGGEGTPEQGRMT
NKMKSTKGALTFSPYLLSHVMGYGFYHFGTYPSGYENP
FLHAINNGGYTNTRIEKYEDGGVLHVSFSYRYEAGRVIGDFKV
MGTGFPEDSVIFTDKIIRSNATVEHLHPMGDNDLDGS
FTRTFSLRDGGYYSSVVDSHMHFKSAIHPSILQNGGPMFAFR
RVEEDHSNTELGIVEYQHAFKTPDADAGEERSRDISHG
FPPAVAAQDDGTLPMSCAQESGMDRHPAACASARINV

234

hAAV1 left
homologous
arm

DNA

GAGCACTTCCTTCTCGGCGCTGCACCACGTGATGTCCTCT
GAGCGGATCCTCCCCGTGTCTGGGTCCTCTCCGGGCATCT
CTCCTCCCTCACCCAACCCCATGCCGTCTTCACTCGCTGG
GTTCCCTTTTCCTTCTCCTTCTGGGGCCTGTGCCATCTCTC
GTTTCTTAGGATGGCCTTCTCCGACGGATGTCTCCCTTGCG
TCCCGCCTCCCCTTCTTGTAGGCCTGCATCATCACCGTTTT
TCTGGACAACCCCAAAGTACCCCGTCTCCCTGGCTTTAGCC
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ACCTCTCCATCCTCTTGCTTTCTTTGCCTGGACACCCCGTT
CTCCTGTGGATTCGGGTCACCTCTCACTCCTTTCATTTGGG
CAGCTCCCCTACCCCCCTTACCTCTCTAGTCTGTGCTAGCT
CTTCCAGCCCCCTGTCATGGCATCTTCCAGGGGTCCGAGA
GCTCAGCTAGTCTTCTTCCTCCAACCCGGGCCCCTATGTCC
AC

235

hAAV1 Right
Homologous
arm

DNA

GATCCTGGGAGGGAGAGCTTGGCAGGGGGTGGGAGGGAA
GGGGGGGATGCGTGACCTGCCCGGTTCTCAGTGGCCACC
CTGCGCTACCCTCTCCCAGAACCTGAGCTGCTCTGACGCG
GCCGTCTGGTGCGTTTCACTGATCCTGGTGCTGCAGCTTC
CTTACACTTCCCAAGAGGAGAAGCAGTTTGGAAAAACAAAA
TCAGAATAAGTTGGTCCTGAGTTCTAACTTTGGCTCTTCACC
TTTCTAGTCCCCAATTTATATTGTTCCTCCGTGCGTCAGTTT
TACCTGTGAGATAAGGCCAGTAGCCAGCCCCGTCCTGGCA
GGGCTGTGGTGAGGAGGGGGGTGTCCGTGTGGAAAACTC
CCTTTGTGAGAATGGTGCGTCCTAGGTGTTCACCAGGTCGT
GGCCGCCTCTACTCCCTTTCTCTTTCTCCATCCTTCTTTCCT
TAAAGAGTCCCCAGTGCTATCTGGGACATATTCCTCCGCCC
AGAGCAGGGTCCCGCTTCCCTAAGGCCCTGCTCTGTCTAG
A

236

gRNA
AAVS1

DNA

GTTAATGTGGCTCTGGTTCT

237

MEDI8852
heavy chain

DNA

caggttcagctgcagcagtctggacctggcectggtcaagcctagccagacactgtctctgaccetgt
gccatcageggcegatagcegtgtccagcetacaacgcecgtgtggaactggatcagacagagcecect
agcagaggcctggaatggcetgggcagaacctactacagaagcggctggtacaacgactacge
cgagagcgtgaagtcccggatcaccatcaatcccgacaccagcaagaaccagttcagectcee
agctgaacagcgtgacccctgaggataccgecgtgtactactgtgccagatccggcecacatcac
cgtgttcggagtgaacgtggacgcecticgatatgtggggccagggceacaatggtcaccgtgtcta
gcgcectctacaaagggcecctagcegtgttecetetggetectagcagcaagtctacaageggagg
aacagccgctctgggcetgcectegtgaaggattactttcccgagcectgtgaccgtgtectggaattct
ggcgctctgacaagceggcegtgcacaccttticcagctgtgetgcaaagcageggcectgtactetct
gagcagcgtggtcacagtgccaagctctagectgggcacccagacctacatctgcaatgtgaat
cacaagcccagcaacaccaaggtggacaagagagtggaacccaagagctgcgacaagac
ccacacctgtcctccatgtectgcetccagaactgceteggeggaccttecgtgttectgtttectccaa
agcctaaggacaccctgatgatcagcagaacccctgaagtgacctgegtggtggtggatgtgtet
cacgaggaccccgaagtgaagttcaattggtacgtggacggcgtggaagtgcacaacgecaa
gaccaagcctagagaggaacagtacaacagcacctacagagtggtgtccgtgctgaccgtgct
gcaccaggattggctgaacggcaaagagtacaagtgcaaggtgtccaacaaggcecctgcctg
ctcctatcgagaaaaccatcagcaaggccaagggccagcectagggaaccccaggtttacaca
ctgcctccaagcegggaagagatgaccaagaatcaggtgtecctgacctgectggttaagggcet
tctaccectecgatatcgecegtggaatgggagagcaatggecagcectgagaacaactacaaga
caaccccteetgtgctggacagcgacggctcattcticctgtacagcaagcetgacagtggacaag
tccagatggcagcagggcaacgtgttctcetgcagegtgatgcacgaggcecctgcacaaccact
acacccagaagtccctgagcectgtctectggcaaa
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238

MEDI8852
light chain

DNA

gacatccagatgacacagagccctagcagcctgtctgecagegtgggagacagagtgaccate
acctgtagaaccagccagagcctgagcagctacacccactggtatcagcagaagcectggcaa
ggcccctaagctgetgatctatgecgecagetctagaggcageggagtgecttctagattticegg
cagcggctcecggceaccgatttcaccctgaccatatctagectgcagectgaggacttcgecacct
actactgccagcagagcagaacctttggccagggcaccaaggtggaaatcaagcggacagtg
gccgctectagegtgttcatetttccacctagcgacgagcagcetgaagtctggcacagcectctgte
gtgtgcctgctgaacaacttctaccccagagaagcecaaggtgcagtggaaggtggacaacgcec
ctgcagagcggcaatagccaagagagcegtgaccgagcaggacagcaaggactctacctact
ctctgagcagcaccctgacactgagcaaggcecgactacgagaagcacaaagtgtacgectge
gaagtgacccaccagggcctttctagccectgtgaccaagagctticaaccggggcegaatgt
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Claims:

1.

One or more expression vectors comprising:

)] a first expression cassette encoding a target protein, wherein the target protein is
capable of binding to a small molecule in order to form a complex between the target protein and
the small molecule (T-SM complex); and

i) a second expression cassette encoding a binding member, wherein the binding member
specifically binds to the T-SM complex such that the binding member binds the T-SM complex at
a higher affinity than it binds both the target protein alone and the small molecule alone,

wherein the target protein is derived from a non-human protein and the small molecule is an

inhibitor of the non-human protein.

2. The one or more expression vectors of claim 1, wherein the target protein is derived from a viral

protease and the small molecule inhibitor is a viral protease inhibitor.

The one or more expression vectors of claim 2, wherein the viral protease is an HCV NS3/4A

protease or HIV protease.

The one or more expression vectors of claim 3, wherein the viral protease is an HCV NS3/4A

protease.

The one or more expression vectors of claim 1, wherein the small molecule is selected from the
group consisting of simeprevir, boceprevir, telaprevir, asunaprevir, vaniprevir, voxilaprevir,
glecaprevir, paritaprevir and narlaprevir, optionally wherein the small molecule is selected from

the group consisting of simeprevir, boceprevir, and telaprevir.

The one or more expression vectors of claim 5, wherein the small molecule is simeprevir.

The one or more expression vectors of any one of claims 1-6, wherein the target protein has an
amino acid sequence having at least 90% identity to SEQ ID NO: 1.

The one or more expression vectors of any one of claims 2-7, wherein the target protein has
attenuated activity compared to the protein from which it is derived, optionally wherein the target
protein has attenuated viral activity compared to the viral protein from which it is derived.

The one or more expression vectors of claim 8, wherein the target protein comprises one or more
amino acid mutations compared to the protein from which it is derived, wherein the one or more
amino acid mutations attenuate the activity of the target protein, optionally wherein the target

protein has attenuated viral activity compared to the viral protein from which it is derived.
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12.

13.

14.

151

The one or more expression vectors of claim 9, wherein the target protein has an amino acid
sequence having at least 90% identity to SEQ ID NO: 1 and the target protein comprises an
amino acid mutation at one or more amino acids selected from positions 72, 96, 112, 114, 154,
160 and 164, wherein the amino acid numbering corresponds to SEQ ID NO 1.

. The one or more expression vectors of claim 10, wherein the target protein comprises an amino

acid mutation at position 154, optionally wherein the amino acid mutation at position 154 is a
mutation to an alanine.

The one or more expression vectors of any one of claims 1-11, wherein the target protein has the
amino acid sequence set forth in SEQ ID NO: 2.

The one or more expression vectors of any one of claims 1-11, wherein the target protein has an
amino acid sequence having at least 90% identity to SEQ ID NO: 1 and the target protein
comprises an affinity reducing amino acid mutation at one or more amino acids selected from
positions 151 and 183, wherein the amino acid numbering corresponds to SEQ ID NO: 1,
optionally wherein the amino acid mutation at position 151 is a mutation to aspartic acid,
asparagine, or histidine and the amino acid mutation at position 183 is a mutation to glutamic
acid, glutamine or alanine.

The one or more expression vectors of any one of claims 1-13, wherein the binding member
binds to the T-SM complex with:

)] at least a 10-fold higher affinity;

i) at least a 50-fold higher affinity;

iii) at least a 100-fold higher affinity; or

iv) at least a 1000-fold higher affinity

than the binding member binds to either the target protein alone and/or the small molecule alone.

15.

)

ii)
iii)
iv)

v)

The one or more expression vectors of any one of claims 1-14, wherein the binding member
binds to the target protein or to the small molecule with an affinity having a Ko value that is higher
than

500 nM;

1 UM,

10 UM,

100 pM; or

1 mM,

optionally wherein affinity is measured using surface plasmon resonance.

16.

The one or more expression vectors of any one of claims 1-15, wherein the binding member

exhibits no significant binding to the target protein alone and/or the small molecule alone, or
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wherein the binding member exhibits no binding or no detectable binding to the target protein alone

and/or the small molecule alone.

17.

18.

19.

)

ii)
iii)
iv)

v)

The one or more expression vectors of any one of claims 1-16, wherein the binding member
specifically binds the T-SM complex at an epitope that is only present on the T-SM complex and

not present on the target protein alone or small molecule alone.

The one or more expression vectors of any one of claims 1-16, wherein formation of the T-SM
complex induces a conformational change in the target protein that results in the formation of the

epitope that is specifically bound by the binding member.

The one or more expression vectors of any one of claims 1-18, wherein the binding member
binds to the T-SM complex with an affinity having a Ko value that is lower than

50 nM;

25 nM;

20 nM;

15 nM; or

10 nM,

optionally wherein affinity is measured using surface plasmon resonance.

20.

21.

22

23.

The one or more expression vectors of any one of claims 1-19, wherein the binding memberis a

Tn3 protein or an antibody molecule.
The one or more expression vectors of claim 20, wherein the binding member is a Tn3 protein.

The one or more expression vectors of claim 21, wherein the Tn3 protein comprises the BC, DE
and FG loops of;

i) PRSIM_23, set forth in SEQ ID NOs: 136, 137, and 138, respectively;

ii) PRSIM_32, set forth in SEQ ID NOs: 139, 140, and 141, respectively;

iii) PRSIM_33, set forth in SEQ ID NOs: 142, 143, and 144, respectively;

iv) PRSIM_36, set forth in SEQ ID NOs: 145, 146, and 147, respectively; or

V) PRSIM_47, set forth in SEQ ID NOs: 148, 149, and 150, respectively, and

optionally wherein the Tn3 protein comprises 3, 2, or 1 sequence alterations in the BC, DE,
and/or EF loop.

The one or more expression vectors of claim 22, wherein the Tn3 comprises an amino acid
sequence having at least 90% identity with the amino acid sequence of;

i) PRSIM_23 set forth in SEQ ID NO: 5;

ii) PRSIM_32 set forth in SEQ ID NO: 6;

iii) PRSIM_33 set forth in SEQ ID NO: 7;

iv) PRSIM_36 set forth in SEQ ID NO: 8; or
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V) PRSIM_47 set forth in SEQ ID NOs: 9.

The one or more expression vectors of claim 23, wherein the Tn3 comprises an amino acid
sequence of:

i) PRSIM_23 set forth in SEQ ID NO: 5;

ii) PRSIM_32 set forth in SEQ ID NO: 6;

iii) PRSIM_33 set forth in SEQ ID NO: 7;

iv) PRSIM_36 set forth in SEQ ID NO: 8; or

v) PRSIM_47 set forth in SEQ ID NOs: 9.

The one or more expression vectors of claim 23, wherein the Tn3 comprises an amino acid
sequence having at least 90% identity with the amino acid sequence of PRSIM_23 set forth in
SEQ ID NO: 5.

The one or more expression vectors of claim 24, wherein the Tn3 comprises an amino acid
sequence of PRSIM_23 set forth in SEQ ID NO: 5.

The one or more expression vectors of claim 20, wherein the binding member is a single-chain
variable fragment (scFv).

The one or more expression vectors of claim 27, wherein the scFv comprises heavy chain
complementarity determining regions (HCDRs) 1 to 3 and light chain complementarity
determining regions (LCDRS) of:

i) PRSIVM_57 set forth in SEQ ID NOs: 151, 152, 153, 154, 155, and 156, respectively;
ii) PRSIVM_01 set forth in SEQ ID NOs 151, 152, 198, 154, 155, and 156, respectively;
iii) PRSIV_04 set forth in SEQ ID NOs: 151, 152, 163, 154, 155, and 164, respectively;
iv) PRSIV_67 set forth in SEQ ID NOs: 165, 166, 167, 168, 169, and 170, respectively;
V) PRSIM_72 set forth in SEQ ID NOs: 171,172, 173, 174, 175, and 176, respectively; or
vi) PRSIM_75 set forth in SEQ ID NOs: 177, 178, 179, 180, 181, and 182, respectively,
wherein the CDR sequences are defined according to the Kabat numbering scheme, and
optionally wherein the scFv comprises 3, 2, or 1 sequence alterations in the HCDR1, HCDR2,
HCDR3, LCDR1, LCDR2, and/or LCDR3.

The one or more expression vectors of claim 28, wherein the scFv comprises an amino acid
sequence having at least 90% identity with the amino acid sequence of;

i) PRSIM_57 set forth in SEQ ID NO: 12;

ii) PRSIM_01 set forth in SEQ ID NO: 10;

iii) PRSIV_04 set forth in SEQ ID NO: 11;

iv) PRSIM_67 set forth in SEQ ID NO: 13;

v) PRSIM_72 set forth in SEQ ID NO: 14; or

vi) PRSIM_75 set forth in SEQ ID NOs: 15.
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30. The one or more expression vectors of claim 29, wherein the scFv comprises an amino acid
sequence of:
i) PRSIM_57 set forth in SEQ ID NO: 12;
ii) PRSIM_01 set forth in SEQ ID NO: 10;
iii) PRSIV_04 set forth in SEQ ID NO: 11;
iv) PRSIM_67 set forth in SEQ ID NO: 13;
v) PRSIM_72 set forth in SEQ ID NO: 14; or
vi) PRSIM_75 set forth in SEQ ID NOs: 15.

31. The one or more expression vectors of claim 29, wherein the scFv comprises an amino acid
sequence having at least 90% identity with the amino acid sequence of PRSIM_57 set forth in
SEQ ID NO: 12.

32. The one or more expression vectors of claim 30, wherein the scFv comprises an amino acid
sequence of PRSIM_57 set forth in SEQ ID NO: 12.

33. The one or more expression vectors of any one of claims 1-32, wherein
the target protein is fused to a first component polypeptide; and

the binding member is fused to a second component polypeptide.

34. The one or more expression vectors of claim 33, wherein the one or more expression vectors
encode a dimerization-inducible protein.

35. The one or more expression vectors of claim 34, wherein

) the first component polypeptide comprises a DNA binding domain and is fused to the
target protein to form a DBD-T fusion protein; and

the second component polypeptide comprises a transcriptional regulatory domain and is
fused to the binding member to form a TRD-BM fusion protein, or
(2) the first component polypeptide comprises a transcriptional regulatory domain and is
fused to the target protein to form a TRD-T fusion protein; and

the second component polypeptide comprises a DNA binding domain and is fused to the
binding member to form a DBD-BM fusion protein,

wherein the first and second component polypeptides form a transcription factor upon dimerization.

36. The one or more expression vectors of claim 35, wherein the transcriptional regulatory domain is
a transcriptional activation domain, or wherein the transcriptional regulatory domain is a

transcriptional repression domain.

37. The one or more expression vectors of claim 35 or claim 36, further comprising a third expression
cassette, wherein the third expression cassette encodes a desired expression product, wherein
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the DNA binding domain binds to a target sequence in the third expression cassette such that the
transcription factor is capable of regulating expression of the desired expression product,
optionally wherein the target sequence is located in a promoter that is operably linked to a coding
sequence for the desired expression product.

38. The one or more expression vectors of claim 37, wherein the desired expression product is a

therapeutic protein, optionally wherein the therapeutic protein is a therapeutic antibody.

39. The one or more expression vectors of any one of claims 35 -38, wherein

the DBD-T fusion protein comprises the DNA binding domain fused to two or more target
proteins; or

the DBD-BM fusion protein comprises the DNA binding domain fused to two or more binding

members.

40. The one or more expression vectors of claim 34, wherein

) the first component polypeptide comprises a first co-stimulatory domain and is fused to
the target protein; and

the second component polypeptide comprises an intracellular signalling domain and is
fused to the binding member, or
(2) the first component polypeptide comprises an intracellular signalling domain and is fused
to the target protein; and

the second component polypeptide comprises a first co-stimulatory domain and is fused
to the binding member.

41. The one or more expression vectors of claim 40(1), wherein

the first component polypeptide further comprises an antigen-specific recognition domain and a
transmembrane domain; and

the second component polypeptide further comprises a transmembrane domain and a second co-
stimulatory domain,
wherein the first and second component polypeptides form a chimeric antigen receptor (CAR) upon
dimerization,
optionally wherein the target protein is fused to the C-terminus of the first co-stimulatory domain;
and/or the binding member is fused to the C-terminus of the second co-stimulatory domain.

42. The one or more expression vectors of claim 40(2), wherein

the first component polypeptide further comprises a transmembrane domain and a second co-
stimulatory domain; and

the second component polypeptide further comprises an antigen-specific recognition domain and
a transmembrane domain,
wherein the first and second component polypeptides form a chimeric antigen receptor (CAR) upon
dimerization,
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optionally wherein the binding member is fused to the C-terminus of the first co-stimulatory domain;

and/or the target protein is fused to the C-terminus of the second co-stimulatory domain.

43. The one or more expression vectors of claim 41, wherein the first component polypeptide fused
to the target protein comprises an amino acid sequence having at least 90% identity to the amino
acid sequence set forth in SEQ ID NO: 70; and
the second component polypeptide fused to the binding member comprises an amino acid

sequence having at least 90% identity to the amino acid sequence set forth in SEQ ID NO: 200,

optionally wherein the antigen-specific recognition domain is located N-terminal to the amino acid

sequence having at least 90% identity to the amino acid sequence set forth in SEQ ID NO: 70.

44. The one or more expression vectors of claim 34, wherein
the first component polypeptide comprises a first caspase component; and
the second component polypeptide comprises a second caspase component,
and wherein the first and second component polypeptides form a caspase upon dimerization,

optionally wherein the first and second caspase components comprise caspase 9 activation domains.

45. The one or more expression vectors of any one of claims 1-44, wherein

) the first and second expression cassettes are located on the same expression vector,
optionally wherein the third expression cassette is located on the same expression vector or on a
separate expression vector; or

(2) the first expression cassette is located on a first expression vector and the second
expression cassette is located on a second expression vector, optionally wherein the third expression
cassette is located on the first expression vector or the second expression vector or on a third

expression vector.

46. The one or more expression vectors of any one of claims 1-45, wherein each of the one or more

expression vectors is a DNA plasmid.

47. The one or more expression vectors of any one of claims 1-45, wherein each of the one or more

expression vectors is a viral vector.

48. The one or more expression vectors of claim 47, wherein the viral vector is selected from the list
consisting of adeno-associated virus (AAV) vectors, adenovirus vectors, herpes simplex virus
vectors, retrovirus vectors, lentivirus vectors, alphavirus vectors, flavivirus vectors, rhabdovirus
vectors, measles virus vectors, Newcastle disease virus vectors, poxvirus vectors and

picornavirus vectors.

49. The one or more expression vectors of claim 48, wherein the viral vector is an AAV vector.

50. An in vifro method of making viral particles comprising:
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transfecting host cells with the viral vector(s) according to any one of claims 47 - 49 and
expressing viral proteins necessary for viral particle formation in the host cells;

culturing the transfected cells in a culture medium, such that the cells produce viral particles; and

optionally further comprising separating the viral particles from the culture medium and optionally
concentrating the viral particles.

51. A binding member that specifically binds to a complex between i) a target protein derived from a
non-human protein and ii) a small molecule that is an inhibitor of the non-human protein, wherein
the binding member binds the complex at a higher affinity than it binds the target protein alone
and/or the small molecule alone,

optionally wherein the non-human protein is a viral protease, optionally an HCV NS3/4A protease,

further optionally wherein the viral protease has an amino acid sequence having at least 90% identity

to SEQ ID NO: 2,

further optionally wherein the small molecule is simeprevir.

52. The binding member of claim 51, wherein the binding member is a Tn3 protein, optionally
wherein the Tn3 protein comprises the BC, DE and FG loops of;
i) PRSIM_23, set forth in SEQ ID NOs: 136, 137, and 138, respectively;
ii) PRSIM_32, set forth in SEQ ID NOs: 139, 140, and 141, respectively;
iii) PRSIM_33, set forth in SEQ ID NOs: 142, 143, and 144, respectively;
iv) PRSIM_36, set forth in SEQ ID NOs: 145, 146, and 147, respectively; or
V) PRSIM_47, set forth in SEQ ID NOs: 148, 149, and 150, respectively, and
optionally wherein the Tn3 protein comprises 3, 2, or 1 sequence alterations in the BC, DE,
and/or EF loop.

53. The binding member of claim 52, wherein the Tn3 comprises an amino acid sequence having at
least 90% identity with the amino acid sequence of:
i) PRSIM_23 set forth in SEQ ID NO: 5;
ii) PRSIM_32 set forth in SEQ ID NO: 6;
iii) PRSIM_33 set forth in SEQ ID NO: 7;
iv) PRSIM_36 set forth in SEQ ID NO: 8; or
v) PRSIM_47 set forth in SEQ ID NOs: 9.

54. The binding member of claim 53, wherein the Tn3 comprises an amino acid sequence of;
i) PRSIM_23 set forth in SEQ ID NO: 5;
ii) PRSIM_32 set forth in SEQ ID NO: 6;
iii) PRSIM_33 set forth in SEQ ID NO: 7;
iv) PRSIM_36 set forth in SEQ ID NO: 8; or
v) PRSIM_47 set forth in SEQ ID NOs: 9.
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The binding member of claim 51, wherein the binding member is an scFv, optionally wherein the
scFv comprises heavy chain complementarity determining regions (HCDRs) 1 to 3 and/or light
chain complementarity determining regions (LCDRs) 1 to 3 of;

i) PRSIM_57 set forth in SEQ ID NOs: 151, 152, 153, 154, 155, and 156, respectively;

ii) PRSIVM_01 set forth in SEQ ID NOs 151, 152, 198, 154, 155, and 156, respectively;

iii) PRSIV_04 set forth in SEQ ID NOs: 151, 152, 163, 154, 155, and 164, respectively;
iv) PRSIV_67 set forth in SEQ ID NOs: 165, 166, 167, 168, 169, and 170, respectively;

V) PRSIM_72 set forth in SEQ ID NOs: 171,172, 173, 174, 175, and 176, respectively; or
vi) PRSIM_75 set forth in SEQ ID NOs: 177, 178, 179, 180, 181, and 182, respectively,
wherein the CDR sequences are defined according to the Kabat numbering scheme, and
optionally wherein the scFv comprises 3, 2, or 1 sequence alterations in the HCDR1, HCDR2,
HCDR3, LCDR1, LCDR2, and/or LCDR3.

The binding member of claim 55, comprising an amino acid sequence having at least 90%
identity with the amino acid sequence of:

i) PRSIM_57 set forth in SEQ ID NO: 12;

ii) PRSIM_01 set forth in SEQ ID NO: 10;

iii) PRSIV_04 set forth in SEQ ID NO: 11;

iv) PRSIM_67 set forth in SEQ ID NO: 13;

v) PRSIM_72 set forth in SEQ ID NO: 14; or

vi) PRSIM_75 set forth in SEQ ID NOs: 15.

The binding member of claim 56, comprising an amino acid sequence of;
i) PRSIM_57 set forth in SEQ ID NO: 12;

ii) PRSIM_01 set forth in SEQ ID NO: 10;

iii) PRSIV_04 set forth in SEQ ID NO: 11;

iv) PRSIM_67 set forth in SEQ ID NO: 13;

v) PRSIM_72 set forth in SEQ ID NO: 14; or

vi) PRSIM_75 set forth in SEQ ID NOs: 15.

The binding member of any one of claims 51-57, wherein the binding member specifically binds
the T-SM by forming interactions with at least one or the following residues of the target protein:
Tyr71, Gly75, Thr76, Val93, Asp94, where the amino acid numbering corresponds to SEQ ID NO:
1, optionally wherein the binding member additionally forms interactions with the quinolone

moiety of simeprevir.

A dimerization-inducible protein comprising:

a first component polypeptide fused to a target protein; and

a second component polypeptide fused to a binding member,

wherein the target protein is capable of binding to a small molecule in order to form a complex

between the target protein and the small molecule (T-SM complex), wherein the binding member
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specifically binds to the T-SM complex such that the binding member binds the T-SM complex at a

higher affinity than it binds both the target protein alone and/or the small molecule alone, and
wherein the target protein is derived from a non-human protein and the small molecule is an

inhibitor of the non-human protein, optionally wherein the non-human protein is a viral protease and

the small molecule is a viral protease inhibitor.

60. The dimerization-inducible protein of claim 59, wherein the viral protease is an HCV NS3/4A
protease, optionally wherein the viral protease has an amino acid sequence having at least 90%
identity to SEQ ID NO: 2.

61. The dimerization-inducible protein of claim 59 or claim 60, wherein the small molecule is
simeprevir,
optionally wherein the target protein has an amino acid sequence having at least 90%
identity to the sequence set forth in SEQ ID NO: 1, wherein the target protein comprises an
amino acid mutation compared to SEQ ID NO: 1 at one or more amino acids selected from

positions 151 and 183, wherein the amino acid numbering corresponds to SEQ ID NO: 1.

62. The dimerization-inducible protein of any one of claims 59 - 61, wherein the binding member is as

defined in any one of claims 51 - 58.

63. The dimerization-inducible protein of any one of claims 59 - 62, wherein the

) the first component polypeptide comprises a DNA binding domain and is fused to the
target protein to form a DBD-T fusion protein; and

the second component polypeptide comprises a transcriptional regulatory domain and is
fused to the binding member to form a TRD-BM fusion protein, or
(2) the first component polypeptide comprises a transcriptional regulatory domain and is
fused to a target protein to form a TRD-T fusion protein; and

the second component polypeptide comprises a DNA binding domain and is fused to the
binding member to form a DBD-BM fusion protein,
wherein the first component polypeptide and second component polypeptide form a transcription

factor upon dimerization.

64. The dimerization-inducible protein of claim 63, wherein

the DBD-T fusion protein comprises the DNA binding domain fused to two or more target
proteins; or

the DBD-BM fusion protein comprises the DNA binding domain fused to two or more binding

members.

65. The dimerization-inducible protein of claims 63 or 64, wherein
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the DBD-T fusion protein comprises an amino acid sequence having at least 90% identity to the
amino acid sequence set forth in SEQ ID NO: 45;

the TRD-BM fusion protein comprises an amino acid sequence having at least 90% identity to the
amino acid sequence set forth in any one of SEQ ID NOs: 57 — 67;

the DBD-BM fusion protein comprises an amino acid sequence having at least 90% identity to the
amino acid sequence set forth in any one of SEQ ID NOs: 46 — 56; and/or

the TRD-T fusion protein comprises an amino acid sequence having at least 90% identity to the
amino acid sequence set forth in any one of SEQ ID NOs: 44.

66. The dimerization-inducible protein of any one of claims 59 - 62, wherein

) the first component polypeptide comprises a first co-stimulatory domain and is fused to
the target protein; and

the second component polypeptide comprises an intracellular signalling domain is fused
to the binding member, or
(2) the first component polypeptide comprises an intracellular signalling domain and is fused
to the target protein; and

the second component polypeptide comprises a first co-stimulatory domain and is fused

to the binding member.

67. The dimerization-inducible protein of claim 66(1), wherein

the first component polypeptide further comprises an antigen-specific recognition domain and a
transmembrane domain; and

the second component polypeptide further comprises a transmembrane domain and a second co-
stimulatory domain, and
wherein the first and second components polypeptide form a chimeric antigen receptor (CAR) upon
dimerization,
optionally wherein the target protein is fused to the C-terminus of the first co-stimulatory domain;

and/or the binding member is fused to the C-terminus of the second co-stimulatory domain.

68. The dimerization-inducible protein of claim 66(2), wherein

the first component polypeptide further comprises a transmembrane domain and a second co-
stimulatory domain; and

the second component polypeptide further comprises an antigen-specific recognition domain and
a transmembrane domain, and
wherein the first and second component polypeptides form a chimeric antigen receptor (CAR) upon
dimerization,
optionally wherein the binding member is fused to the C-terminus of the first co-stimulatory domain;

and/or the target protein is fused to the C-terminus of the second co-stimulatory domain.

69. The dimerization-inducible protein of claim 67, wherein
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the first component polypeptide fused to the target protein comprises an amino acid sequence
having at least 90% identity to the amino acid sequence set forth in SEQ ID NO: 70; and

the second component polypeptide fused to the binding member comprises an amino acid
sequence having at least 90% identity to the amino acid sequence set forth in SEQ ID NO: 200,

optionally wherein the antigen-specific recognition domain is located N-terminal to the amino acid

sequence having at least 90% identity to the amino acid sequence set forth in SEQ ID NO: 70.

70. The dimerization-inducible protein of any one of claims 59 - 62, wherein

the first component polypeptide comprises a first caspase component; and

the second component polypeptide comprises a second caspase component,

and wherein the first component polypeptide and second component polypeptide form a caspase
upon dimerization,

optionally wherein the first and second caspase components comprise caspase 9 activation

domains.

71. A cell expressing the dimerization-inducible protein of any one of claims 59-70.

72. The cell of claim 71, wherein the cell is a stem cell or immune cell.

73. A method of genetically modifying a cell to produce the cell of claim 71 or 72, the method
comprising administering the one or more expression vectors of any one of claims 33 - 44 to the

cell, optionally where the method is carried out in vifro or ex vivo.

74. One or more viral particles comprising:
)] a first expression cassette encoding a target protein, wherein the target protein is
capable of binding to a small molecule in order to form a complex between the target protein and
the small molecule (T-SM complex); and
i) a second expression cassette encoding a binding member, wherein the binding member
specifically binds to the T-SM complex such that the binding member binds the T-SM complex at
a higher affinity than it binds both the target protein alone and/or the small molecule alone,
wherein the target protein is derived from a non-human protein and the small molecule is an
inhibitor of the non-human protein, optionally wherein the non-human protein is derived from a viral
protease and the small molecule is a viral protease inhibitor,
and wherein the first and second expression cassettes form part of a viral genome in the one or
more viral particles,

optionally wherein the viral particle is an AAV particle.

75. The one or more viral particles of claim 74, wherein the first and second expression cassettes
form part of the same viral genome, or wherein the first expression cassette forms part of a first
viral genome in a first viral particle and the second expression cassette forms part of a second

viral genome in a second viral particle.
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76. The one or more viral particles of any one of claim 74 or claim 75, wherein

the viral protease is an HCV NS3/4A protease, optionally wherein the viral protease has an amino
acid sequence having at least 90% identity to SEQ ID NO: 1, further optionally wherein the target
protein has the amino acid sequence set forth in SEQ ID NO: 2; and/or

the small molecule is simeprevir.

77. The one or more viral particles of any one of claims 74 - 76, wherein the binding member is as

defined in any one of claims 51 - 56.

78. The one or more viral particles of any one of claims 74 - 77, wherein
the target protein is fused to a first component polypeptide; and
the binding member is fused to a second component polypeptide, and

wherein the one or more expression vectors encode a dimerization-inducible protein.

79. The one or more viral particles of claim 78, wherein
) the first component polypeptide comprises a DNA binding domain and is fused to the
target protein to form a DBD-T fusion protein; and
the second component polypeptide comprises a transcriptional regulatory domain and is
fused to the binding member to form a TRD-BM fusion protein, or
(2) the first component polypeptide comprises a transcriptional regulatory domain and is
fused to the target protein to form a TRD-T fusion protein; and
the second component polypeptide comprises a DNA binding domain and is fused to the
binding member to form a DBD-BM fusion protein,
wherein the first and second component polypeptides form a transcription factor upon
dimerization,
optionally further comprising a third expression cassette, wherein the third expression cassette
encodes a desired expression product, wherein the DNA binding domain binds to a target sequence
in the third expression cassette such that the transcription factor is capable of regulating expression
of the desired expression product,
further optionally wherein the third expression cassettes forms part of the same viral genome as
the first and/or second expression cassette, or wherein the third expression cassette forms part of a

third viral genome in a third viral particle.

80. The one or more viral particles of claim 78, wherein
) the first component polypeptide comprises a first co-stimulatory domain, an antigen-
specific recognition domain and a transmembrane domain, and the first component polypeptide is
fused to the target protein; and
the second component polypeptide comprises an intracellular signalling domain, a
transmembrane domain and a second co-stimulatory domain, and the second component

polypeptide is fused to the binding member, or
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(2) the first component polypeptide comprises an intracellular signalling domain, a
transmembrane domain and a second co-stimulatory domain, and the first component
polypeptide is fused to the target protein; and
the second component polypeptide comprises a first co-stimulatory domain, an antigen-
specific recognition domain and a transmembrane domain, and the second component
polypeptide is fused to the binding member,
wherein the first and second component polypeptides form a chimeric antigen receptor (CAR)

upon dimerization.

One or more nucleic acids encoding the binding member or dimerization-inducible protein of any
one of claims 51 - 70.

One or more nucleic acids encoding the first and/or second component polypeptide fused to the
target protein and/or binding domain of the dimerization-inducible protein of any one of claims 59
-70.

One or more expression vectors of any one of claims 1-49 for use in a method of treatment of the

human or animal body.

One or more viral particles of any one of claims 74-80 for use in a method of treatment of the

human or animal body.

A method of regulating the expression of a desired expression product in a cell, comprising:
)] expressing the dimerization-inducible protein of any one of claims 63 — 65 in the cell,
wherein the DNA binding domain binds to a target sequence in the cell such that the transcription
factor is capable of regulating expression of the desired expression product in the cell; and
i) administering the small molecule to the cell in order to regulate expression of the desired
expression product,

optionally wherein the method comprises administering a third expression cassette to the
cell, wherein the third expression cassette encodes the desired expression product, and wherein
the third expression cassette comprises the target sequence, further optionally wherein the target
sequence is located in a promoter that is operably linked to a coding sequence for the desired

expression product.

The method of claim 85, wherein the cell is part of a human patient and the method is carried out

in vivo.

The dimerization-inducible protein of any one of claims 63 — 65 for use in a method of regulating
the expression of a desired expression product in a cell in a human or animal subject, wherein
the first and second component polypeptides form a transcription factor upon dimerization, the
method comprising:
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)] expressing the dimerization-inducible protein of any one of claims 63 — 65 in the cell,

wherein the DNA binding domain binds to a target sequence in the cell such that the transcription

factor is capable of regulating expression of the desired expression product in the cell; and

i) administering a small molecule to the cell in order to regulate expression of the desired
expression product,

optionally wherein the method comprises administering a third expression cassette to the cell,
wherein the third expression cassette encodes the desired expression product, and wherein the third
expression cassette comprises the target sequence, further optionally wherein the target sequence is

located in a promoter that is operably linked to a coding sequence for the desired expression product.

88. A small molecule for use in a method of regulating the expression of a desired expression
product in a cell in a human or animal subject, the method comprising:

)] expressing a dimerization-inducible protein of any one of claims 63 — 65 in the cell,
wherein the DNA binding domain binds to a target sequence in the cell such that the transcription
factor is capable of regulating expression of the desired expression product in the cell; and

i) administering the small molecule to the cell in order to regulate expression of the desired
expression product,
optionally wherein the method comprises administering a third expression cassette to the cell,
wherein the third expression cassette encodes the desired expression product, and wherein the third
expression cassette comprises the target sequence, further optionally wherein the target sequence is

located in a promoter that is operably linked to a coding sequence for the desired expression product.

89. The method of claim 85 or 86, dimerization-inducible protein for use according to claim 87, or
small molecule for use according to claim 88, wherein the dimerization-inducible protein is
expressed in the cell by administering the one or more expression vectors of claims 35— 39, or

one or more viral particles of claim 79 to the cell.

90. A method of treatment comprising administering the cell of claim 71 or 72 to an individual in need
thereof, the method comprising:
)] administering the cell to the individual; and

i) administering the small molecule to the individual.

91. The cell of claim 71 or 72, for use in a method of treatment of a human or animal body, the
method comprising:
)] administering the cell to an individual; and

i) administering the small molecule to the individual.

92. A small molecule for use in a method of treatment of a human or animal body, the method
comprising
)] administering the cell of claim 71 or 72 to an individual; and
i) administering the small molecule to the individual.



WO 2021/009692 PCT/IB2020/056657

165

93. Use of the cell of claim 71 or 72 for the manufacture of a medicament for the treatment of a
human or animal body, the treatment comprising:
)] administering the cell to an individual; and

i) administering the small molecule to the individual.

94. Use of a small molecule for the manufacture of a medicament for the treatment of a human or
animal body, the treatment comprising:
)] administering the cell of claim 71 or 72 to an individual; and

i) administering the small molecule to the individual.

95. The method of claim 90, cell for use according to claim 91, small molecule for use according to
claim 92, use of a cell according to claim 93, or use of a small molecule according to claim 94,
wherein the cell is an immune cell, optionally wherein the immune cell is a T-cell.

96. The method, cell for use, small molecule for use, use of a cell, or use of a small molecule
according to claim 95, wherein the first and second component polypeptides form a CAR upon

dimerization.

97. A kit comprising the one or more expression vectors of any one of claims 1 — 49 and the small

molecule.

98. A kit comprising the cell of claim 71 or 72 and the small molecule.

99. A kit comprising the one or more viral particles of any one of claims 74 — 80 and the small

molecule.
100. A kit comprising the one or more nucleic acids of claim 81 or 82 and the small molecule.
101. The kit of any one of claims 97 - 100, wherein the small molecule is simeprevir.
102. A system comprising:

)] a target protein, wherein the target protein is capable of binding to a small molecule in

order to form a complex between the target protein and small molecule (T-SM complex); and
i) a binding member, wherein the binding member specifically binds to the T-SM complex
such that the binding member binds the T-SM complex at a higher affinity than it binds to both the
target protein alone and the small molecule alone,

wherein the target protein is a non-human protein and the small molecule is an inhibitor of the
non-human protein, optionally wherein the non-human protein is derived from a viral protease

and the small molecule is a viral protease inhibitor.
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103. A method of inducing disassembly of a tripartite complex, the method comprising

administering a competing small molecule to a cell comprising the tripartite complex,

wherein the tripartite complex is formed between a binding member that specifically binds
a complex formed of a target protein and a small molecule (T-SM complex), wherein the binding
member binds the T-SM complex at a higher affinity than it binds both the target protein alone
and the small molecule alone, and

wherein the competing small molecule is capable of binding the target protein in the T-
SM complex and displacing the small molecule from the T-SM complex.

104. The method of claim 103, wherein the cell is part of a human patient and the method is
carried out in vivo.

105. A competing small molecule for use in a method of inducing disassembly of a tripartite
complex in the human body, the method comprising administering the competing small molecule
to a cell comprising the tripartite complex,

wherein the tripartite complex is formed between a binding member that specifically binds
a complex of a target protein and a small molecule (T-SM complex), wherein the binding member
binds the T-SM complex at a higher affinity than it binds both the target protein alone and the
small molecule alone, and

wherein the competing small molecule is capable of binding the target protein in the T-
SM complex and displacing the small molecule from the T-SM complex.

106. The method of claim 103 or claim 104, or competing small molecule for use according to
claim 105, wherein the target protein has the amino acid sequence having at least 90% identity to

the sequence set forth in SEQ ID NO: 1, and wherein the small molecule is simeprevir.

107. The method or competing small molecule for use according to claim 106, wherein the
target protein comprises an affinity reducing amino acid mutation at one or more amino acids
selected from positions 151 and 183, wherein the amino acid numbering corresponds to SEQ ID
NO: 1, optionally wherein the amino acid mutation at position 151 is a mutation to aspartic acid,
asparagine or histidine, and the amino acid mutation at position 183 is a mutation to glutamic
acid, glutamine or alanine.

108. The method or competing small molecule for use according to any one of claims 103-
107, wherein the competing small molecule is selected from the list consisting of; asunaprevir,

paritaprevir, vaniprevir, grazoprevir, danoprevir and glecaprevir.

109. The method or competing small molecule for use according to any one of claims 103 —
108, wherein the target protein and binding member form part of a dimerization-inducible protein,

optionally wherein the dimerization-inducible protein is as defined in any one of claims 59-70.
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110. A target protein derived from a HCV NS3/4A protease, wherein the target protein has an
amino acid sequence having at least 90% identity to the sequence set forth in SEQ ID NO: 1,
wherein the target protein comprises an amino acid mutation compared to SEQ ID NO: 1 at one
or more amino acids selected from positions 151 and 183, wherein the amino acid numbering

corresponds to SEQ ID NO: 1, and wherein simeprevir is capable of binding the target protein.

111. The target protein of claim 110, wherein the amino acid mutation at position 151 is a
mutation to aspartic acid, asparagine or histidine, and the amino acid mutation at position 183 is

a mutation to glutamic acid, glutamine or alanine.

112, The target protein of claim 110 or claim 111, wherein the target protein further comprises
an amino acid mutation compared to SEQ ID NO: 1 at position 154, optionally wherein the amino

acid mutation at position 154 is a mutation to alanine.

113. The target protein of any one of claims 110 to 112, wherein the target protein comprises
the amino acid sequence set forth in any one of SEQ ID NOs: 211, 213 and 215.
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