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Abstract Title: Method for screening the activity of expressed polypeptides using solution titration

methodology

(57) A method for screening the activity of a polypeptide, and/or producing a polypeptide with a desired activity by said
screening, comprising (i) expressing a polypeptide by cell-free in vitro translation and (ii) determining the activity of
the expressed polypeptide by solution titration with an interaction member Preferably the method uses solution
equilibrium titration (SET). The screening of a wild-type polypeptide and a mutant library derived there from can be
used for identifying a activity of these polypeptides to an interaction member as a consequence of one or more
point mutations. Furthermore, the present invention relates to methods for identifying polypeptides with
therapeutically relevant properties as a consequence of the identified desired activity of a polypeptide from a

mutant library.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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METHOD FOR SCREENING THE ACTIVITY OF EXPRESSED POLYPEPTIDES

Field of the invention

The present invention is in the field of identifying proteins for commercial
applications, more in particular in the field of screening of polypeptides from a mutant
library, and, equally for producing a polypeptide with a desired activity by said
screening for identifying therapeutically relevant polypeptides with improved

characteristics.

Background Art

Recognition and binding of ligands regulate almost all biological processes, such as
immune recognition, cell signaling and communication, transcription and translation,
intracellular signalling, and catalysis, i.e., enzyme reactions. Understanding, which
peptides in a protein sequence can bind to a given interaction member is of
considerable interest for engineering and developing new generations of therapeutic
proteins and peptides and in order to design and monitor the effectiveness of
therapeutic products. The engineering and development of new generation proteins
for commercial applications, including without limitation therapeutic, diagnostic,
cosmetic, crop science, consumer product, scientific and other industrial applications
comprising for example antibodies, enzymes, hormones, growth factors, neuroactive
molecules, and immune epitopes, has been a longstanding interest in the art
(Patents US510240A; W0201497113 A2; Tobin et al., 2014, Curr. Drug Metab.
15(7): 73-756; Popplewell, 2015, ADME and Translational
Pharmacokinetics/Pharmacodynamics of Therapeutic Proteins). A wide range of
screening techniques based on a procedure to express a polypeptide and to detect
the interaction between a polypeptide are know in the art (Nieri et al, Current Clinical
Medicine, 16: 753-779 (2009); Rajpal et al, Proc. Natl. Acad. Sci., 102: 8466-8471
(2005); Dubel et al, Trends Biotechnology, 28: 333-339 (2010); Igawa et al, mAbs,
3(3): 243-252 (2011);, Bostrom et al, Science, 323: 1610-1614 (2009); (Mason et al.,



10

15

20

25

30

Trends Mol. Med. 8: 324-329 (2002); Wurm an Bernard, Curr. Opin.Biotechnol. 10:
156-159 (1999); Zoller, Cur. Opin. Biotechnol. 2:526-531); Brannigan and Wilkinson,
Nature Rev. Mol. CEIIBiol. 3: 964-970 (2002); Watson et al., Recombinant DNA,
Scientific American Books, New York, 453-470 (1992)).

A routinely used approach for generating protein candidates for commercial
applications encompasses the combination of (a) constructing a mutant library from
an existing protein and (b) screening library members by means of a range of
different affinity strategies until better performing polypeptides, including modified
affinities, increased stability, reduced immunogenicity, and the like, are found (lgawa
et al, mAbs, 3(3): 243-252 (2011); Bostrom et al, Science, 323: 1610-1614 (2009)). In
addition to affinity assays, enzyme assays may be of particular interest for
engineering and development of new generation enzymes, or substrates or co-
factors thereof with increased activity for commercial applications. However, for
example, enzymes isolated from different species, e.g. from bacteria, are expected to
have a high immunogenicity when applied to a human subject. Procedures for
enzyme assays are documented or cited in various standard books (Bergmeyer,
Verlag Chemie, Grundlagen der enzymatischen Analyse (1977); Bergmeyer, Verlag
Chemie, Methods of Enzymatic Analysis, 3" ed. (1983); Bisswanger, Wiley-VCH,
Enzyme Kinetics, Principles and Methods, 2™ ed. (2008); Bisswanger, Wiley-
Blackwell, Practical Enzymology, 2"* ed. (2011); Schomburg, Springer, Springer

Handbook of Enzymes, 2" ed. (2009); Brenda database (www_ brenda-enzymes.org),

ExPASy database (www. wxpasy.org/enzymesy). For evaluating the activity of an

enzyme, or the activity of an enzyme by its interaction with variants of a co-factor
thereof, or of a regulatory protein thereof, or of a substrate thereof, the enzyme initial
velocity may be determined. Thereby, for example, a fixed concentration of enzyme
is incubated with varying concentrations of substrate (and co-factors or regulatory
proteins of the enzyme reaction, where applicable) whereas the product formed at
different substrate concentrations is monitored and plotted as a progress curve over
time. As the catalyzed reaction initially follows a linear relationship, the velocity (Vo)
may be determined from the slope of the linear part of the progress curve for each

substrate concentration and is referred to as the number of moles of product formed
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within a distinct time unit (1 min or 1 s). Then, the reaction velocity may be plotted as
a function of the concentration of substrate, or regulatory protein, or co-factor of the
enzyme under study. Thereby, the relationship between the reaction velocity and the
substrate concentrations follows a Michaelis-Menten kinetic, i.e. a hyperbolic curve
that rises linearly as substrate concentrations increase and then begins to level off
and approaches a maximum at higher substrate concentrations. Thus, the maximum
velocity (Vmax) and the half-maximal velocity (Kn) also referred to as Michaelis-
Menten constant can be derived from the Michaelis-Menten plot. The constant (Vimax/
Km) is a measure of how efficiently an enzyme converts a substrate into product
(Bisswanger, Perspectives in Science, 1:41-55 (2014)). Furthermore, enzyme assays
suitable for high throughput have been developed with the aim to provide sufficient
performance to support the testing of a broad range of samples in a highly
reproducible manner (Acker and Auld, Perspectives in Science, 1:56-73 (2014);
Inglese et al, Nat. Chem. Biol., 3:466 (2007); Inglese et al, Nat. Chem. Biol., 3:438
(2007)).

Moreover, a wide range of screening techniques based on affinity assays have been
developed to identify or improve the binding reactions of antibodies for their
therapeutic, diagnostic, analytical and chromatographic applications and including for
example surface-based methods such as biolayer interferometry (BLI) and surface
plasmon resonance (SPR) (Nieri et al, Current Clinical Medicine, 16: 753-779 (2009);
Rajpal et al, Proc. Natl. Acad. Sci., 102: 8466-8471 (2005); Dubel et al, Trends
Biotechnology, 28: 333-339 (2010)). For example, biolayer interferometry is a label-
free technology for measuring biomolecular interactions based on an optical
analytical technique which detects the interference pattern of white light reflected
from two layers comprising a layer of immobilized protein on the biosensor and a
reference layer. Changes in the amount of molecules bound to the biosensor result in
a shift in the interference pattern which detects the kinetics of association and
dissociation of the two molecule molecules as well as the affinity constant for the
protein interaction (Fang et al., 2007, Trends in Bio/Pharmaceutical Industry. 3: 34-8;
Rich and Myska, 2005, Analytical Biochemistry. 361 (1): 1-6). Another example for a

commonly used label-free technique for the measurement of biomolecular
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interactions is surface plasmon resonance, which measures the change in the
refractive index of light reflected from a metal surface (the "biosensor"). In brief, a
common application comprises one biomolecule binding to one binding partner that is
immobilized on the surface. Upon binding of the biomolecule to the surface, a change
in the refractive index is induced which is proportional to the mass added to the
surface. Measuring the rates of addition and displacement of one binding partner
provided in solution phase to a second binding partner that is immobilized on the
surface provides information regarding the affinity of a biomolecule by quantifying
dissociation constants (Kp) (Hemerhorst et al., 2012, Clin Biochem Rev 33(4): 161-
173).

Although production and screening of individual proteins and peptides with high
affinities down to the picomolar range is today feasible with state-of-the-art
technologies, such technologies usually require expensive equipment and do not
lend themselves well to true high throughput analysis. Hence, they are rather
inefficient, cost and labor intensive. For example, while SPR-based measurements
often yield affinities that agree well with solution methods (Day et al., 2002, Protein
Sci 11: 1017-1025; Myszka et al., 2003, J Biomol Tech 14: 247-269; Bee et al., 2012,
PLOS ONE 7: e36261; Drake et al., 2004, Anal Biochem 328: 35-43), the use of a
surface can sometimes give misleading results due to the introduction of artefacts,
which may be influenced by the choice of sensor chip type used (Abdiche et al.,
2011, Anal Biochem 411: 139-151) and the relative charges of the analyte/ligand pair
being studied (Drake et al., 2012, Anal Biochem 429: 58-69). Further, since affinity
measurement by SPR is usually based on measuring kinetic rates, especially the
long off rates that are associated with high affinity interactions are often difficult to

measure in high throughput.

Due to increasing demands in sensitivity, diverse sample applicability and
throughput, the set up of biophysical affinity assays has been transformed
significantly over the past decade to implement multiwell measurements and
automation modules. Such advancement is needed for improving the efficacy of the

research and development of protein-based entities for commercial applications by
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decreasing the resource requirement and widening the experimental design space. In
addition, with the beginning of the development of recombinant proteins for
commercial applications, the greater chemical complexity of proteins led to greater
sizes of mutant libraries to be tested and has also demanded the need of the use of
high throughput biophysical affinity screening assays. The benefits of applying high-
throughput technologies in the development of proteins for commercial applications
from early stages of candidate screening and selection through to the later stages
are obvious in terms of the potential for time and cost saving. Ideally high-throughput
assays should also be designed such that they only require small volumes and
sample amounts. Saving on the amount of sample required can help overcome the
inefficiencies of production and purification processes for providing the samples
which at the screening stage may not have been optimized. A third advantage of high
throughout assays is that they permit many more drug candidates to be tested within
a shorter period of time than would be possible using a standard approach. Recent
microfluidic and automation technologies have been used to develop higher-
throughput kinetic assays. For example, the Biacore A100 biosensor is based on the
SPR principle and can process multiple samples. However, the scope for
multiplexing with these technologies is still limited and automated sample loading and
running can be hampered for samples that have to be processed in sequence and
which have e.g. slow off rates that take hours rather than seconds or minutes to

measure.

Hence, although high-throughput biophysical methods become increasingly important
in the development of therapeutic proteins, most biophysical methods have not been
adapted to true high-throughput formats where hundreds or thousands of samples

can be analysed in one to two days.

It is clear that there is a need for new and better high-throughput biophysical assays
and that the needs of the biopharmaceutical industry will play a role in their

development.
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In particular, there is a need of high throughput screening methods for identifying a
relevant commercially applicable proteins that can be performed efficiently. This
means, that screening of candidates should allow testing of large libraries of
recombinant proteins to be screened at low cost, in a short time, whilst still providing

high quality data on binding affinities and other activity properties.

For the first step of such a screening method, i.e. the establishment of mutant
libraries to be screened, recombinant DNA technology has been widely applied as an
important tool in engineering and developing new generation therapeutic proteins

and peptides produced by and purified from a wide range of organisms.

As such, traditional strategies for recombinant protein expression are cell-based and
involve the combination of an expression vector, that contains the template of the
cloned DNA and the host vector that provides a context to allow foreign gene function
in a host cell, that is, produce proteins at a high level. The expression vector is
delivered into the host cell by transfection of cells with the DNA vector that contains
the template and then culturing the cells so that they transcribe and translate the
desired protein. Commonly used production systems for recombinant protein
expression include host cells derived from bacteria, yeast, baculovirus/insect cells,
mammalian cells, and transgenic animals and plants (Mason et al., Trends Mol. Med.
8: 324-329 (2002); Wurm and Bernard, Curr. Opin.Biotechnol. 10: 156-159 (1999);
Zoller, Cur. Opin. Biotechnol. 2:526-531); Brannigan and Wilkinson, Nature Rev. Mol.
Cell Biol. 3: 964-970 (2002); Watson et al., Recombinant DNA, Scientific American
Books, New York, 453-470 (1992)). Commonly used DNA sources and delivery
mechanisms are viruses, plasmids, artificial chromosomes and bacteriophage.
Typically, the cells are then lysed to extract the expressed protein for subsequent
purification, or the protein is recovered from cell culture supernatant. The selection of
the system depends on the type of protein, the requirements for functional activity
and the desired yield. Bacterial protein expression systems are popular because
bacteria are easy to culture, grow fast and produce high yields of recombinant
protein. However, multi-domain eukaryotic proteins expressed in bacteria often are

non-functional because bacteria are prokaryotes and are not equipped with the full



10

15

20

25

30

enzymatic machinery to accomplish the required post-translational modifications or
molecular folding. Furthermore, many proteins become insoluble as inclusion bodies
that are very difficult to recover without harsh denaturants and subsequent
cumbersome protein-refolding. To address these concerns, expression systems
using eukaryotic mammalian cells were developed as these cells usually produce
fully folded and thus functional protein. Unless expression is optimized, mammalian
expression systems can have low yield, high costs of production and be rather time-
consuming. In addition, such in vitro systems are not conducive to either high

throughput protein synthesis or expression of proteins that are toxic to host cells.

Cell-free protein expression system, also referred to as in vitro translation, IVT, or
cell-free expression is the in vitro synthesis of protein using translation-compatible
extracts of whole cells. Common components of a cell-free translation system include
a cell extract from rabbit reticulocytes, wheat germ and E. coli (Carlson et al., 2012,
Biotechnol. Adv. 30 (5): 1185-94). The extracts are prepared as crude extracts
containing all the required macromolecular components for translation of exogeneous
RNA including 70S or 80S ribosomes, tRNAs, aminoacyl-tRNA synthetases,
translation initiation and elongation factors, nucleases, etc.. To ensure efficient
translation, each extract must be supplemented with energy sources (ATP, GTP),
amino acids, co-factors and the starting material consisting of RNA or DNA with the
desired genes. Cell-free protein expression systems have several advantages over
traditional cell-based in vitro systems for protein production such as bacterial
fermentation and cell culture. Most notably, cell-free expression allows for fast
synthesis of proteins within a few hours without the requirement of gene transfection
and cell culture, whereas cell-based expression systems typically take days or weeks

to run from start to finish.

Moreover, IVT is essentially free from many cellular mechanisms that regulate gene
expression except protein production itself. IVT protein synthesis therefore has
advantages in the production of cytotoxic, and otherwise difficult to express proteins.
In addition, IVT assays allow direct access and manipulation of the endogenous

components by chemicals, enzymes, or modifications by the addition of recombinant
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proteins due to the absence of cell wall (Ohlmann et al. EMBO J., 16(4): 844-855,
1997; Ohlmann et al. J Mol Biol., 318(1): 9-20, 2002; Ziegler et al. Virology, 213(2):
549-557, 1995; Ziegler et al. J Virol.,, 69(6): 3465-3474, 1995). Hence, cell-free
systems allow the rapid expression of many different proteins simultaneously and
thus allow testing protein mutations by expression on a small scale from many
different recombinant DNA templates. Thus, IVT is routinely exploited to perform high
throughput production of protein libraries (Goshima et al. Nat Methods, 5(12): 1011-
1017, 2008). As IVT has been an important tool in many areas of bioengineering,
molecular biology, diagnostic assays, and biological discovery, further applications of
IVT include rapid identification of gene products (e.g., proteomics), localization of
mutations through synthesis of truncated gene products, protein folding studies, and
incorporation of modified or unnatural amino acids for functional studies (Lu et al.,
2017, Synthetic and Systems Biotechnology, 2(1): 23-27). Hence, the utility of IVT is
that it can save significant amounts of time in obtaining an expressed protein, which,
in turn, is uselful in generating a mutant library of polypeptides, parallel protein

synthesis, and optimization of expression constructs, among others.

However, the generation of therapeutic protein candidates with desired affinity by
combination of constructing such mutant libraries with sophisticated affinity strategies
using methods known in the art suffer from several drawbacks. In particular, only low
yields can be obtained by IVT compared to in vivo expression systems. Moreover,
crude expressed proteins obtained by IVT typically contain too much matrix
contamination to work well in affinity assays such as SPR and biolayer interferometry
without further purification due to the high background noise produced by the

contaminants.

Combining the generation of mutant libraries by IVT and a method for determining
the affinity of a polypeptide and/or the activity of an enzyme, or the activity of an
enzyme by its interaction with variants of a substrate of such enzyme, or with variants
of a regulatory of such enzyme, which can be performed in high throughput mode
has to be carefully adapted. With respect to high-throughput screening (HTS)

enzyme assays, it is important to determine the enzyme activity, e.g. by measuring
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the enzyme velocity at a range of substrate and/or where applicable regulatory
protein or co-factor concentrations. In this context, e.g. the enzyme reaction of
multiple batches with fixed enzyme concentration and varying substrate
concentrations can be compared. However, due to the divergent features of
enzymes, many parameters need to be considered for developing robust and
sensitive enzyme assays suitable for HTS screening, such as buffer and salt
concentrations, pH, co-factor requirements, temperature, concentrations of
substrates, enzymes and additives. With respect to the screening of large libraries of
mutants of enzymes, mutants of substrates of enzymes, mutants of regulatory
proteins of enzymes, for the development of molecules with improved activity for
commercial applications, e.g. therapeutic application, there is a need for constructing
robust and sensitive enzyme assays as HTS. Although recent advances in the
development of HTS enzyme assays have been achieved, further improvement of
HTS enzyme assays is required in particular for providing efficient and cost-effective

procedures.

With respect to HTS ligand binding assays, essential features for implementation into
a HTS assay are (1) estimation of the degree of affinity by the equilibrium
dissociation constant (Kp) of the respective clones; (2) reliable identification of
affinity-improved candidates; (3) high-throughput processing by automation of all
sample-handling steps; and (4) compatibility with crude production matrices, such as
bacterial extracts or cell culture supernatants. Conventional binding assays for affinity
determination well known in the art including surface plasmon resonance (SPR; e.g.,
Biacore) and bio-layer interferometry (BLI; e.g., Octet) only partially fulfill these
criteria. For example, in view of the affinity, it is a major difficulty to estimate the Kp in
the picomolar (pM) range with a reasonable throughput. This problem has been
addressed by Della Ducata et al. (Journal of Biomolecular Screening, 20(10): 1256-
1267, 2015) describing a high-throughput screening (HTS) method based on the
principle of solution equilibrium titration (SET) immunoassay (see for example Friguet
B et al. (Protein Structure, A Practical Approach, Second Ed. 1997, Chapter 13,
Section 5, p.335) for an introduction) using electrochemiluminescence (ECL) as a

readout system for affinity estimation of antibodies derived from phage display
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libraries in crude sample matrices. Different purification steps can be applied to
improve the specificity of the affinity assay, but make the method more labor

intensive.

Many desired mutant libraries are typically very large, i.e. 100s to 1000s of variants
are intended to be screened, so that screening using affinity strategies are
impractical with current technologies, inefficient and labor intensive. In view of these
drawbacks, the overall generation of proteins for commercial applications using a
combination of expression system technology and affinity/activity strategies is often
time-consuming due to the need of cell culture and protein purification as well as
unsatisfactory efficiency due to large-scale libraries, impurity of the sample, low yield
and/or concentration of sample that is not compatible to rapidly and efficiently

estimate affinities.

Thus, there is a need for screening methods enabling the screening of a large
amount of individual polypeptide variants simultaneously, by providing less time-
consuming techniques, in particular less time-consuming recombinant protein
expression technologies, while maintaining or more preferably improving the
specificity of high throughput affinity assays and keeping cost-effective procedures of

the HTS screening.

The present invention is directed toward satisfying such needs by providing a method
for screening the activity of a polypeptide and for producing a polypeptide with a
desired activity in an economic and efficient manner with high specificity, which can

be performed in a high-throughput mode.

Summary of the Invention

The above drawbacks and disadvantages of the prior art are overcome by the

present invention, which relates to the embodiments as characterized in the claims.

Thus, in a first aspect, the present invention provides a method for screening the
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activity of a polypeptide comprising (i) expressing a polypeptide by cell-free in vitro
translation and (ii) determining the activity of the expressed polypeptide by solution

titration with an interaction member.

Equally provided is a method for producing a polypeptide with a desired activity
comprising (i) expressing a polypeptide by cell-free in vitro translation and (ii)
determining the activity of the expressed polypeptide by solution titration with an

interaction member.

In a preferred embodiment, the polypeptide expressed by cell-free in vitro translation
comprises less than 1 ug of active polypeptide per reaction, preferably less than 100

ng of active polypeptide, and more preferably less than 10 ng of active polypeptide.

In a preferred embodiment, the active polypeptide expressed by cell-free in vitro

translation comprises up to 5% (w/v) of the lysate.

In further preferred embodiments, the methods of the present invention comprise
introducing at least one point mutation in the amino acid sequence of the polypeptide
to be expressed in step (i). Preferably, the said at least one point mutation is
generated by site-directed mutagenesis. More preferably, the said at least one point
mutation comprises one or more amino acid substitutions, deletions, additions,

and/or insertions.

In a preferred embodiment, the method comprises the expression and screening of at

least 100 polypeptide variants.

Preferably, in the methods of the present invention, the activity to be determined is
the binding affinity of the polypeptide to the interaction member and wherein solution
titration comprises solution equilibrium titration. In a preferred embodiment, the Kp of
the binding affinity is less than 1 nM, preferably less than 100 pM and more
preferably less than 10 pM.
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In a preferred embodiment, the polypeptide is selected from the group consisting of
antibodies and fragments thereof, receptors, preferably T cell receptors, enzymes,
substrates of enzymes, regulatory proteins of enzymes, cytokines, Fc fusion proteins,
anticoagulants, blood factors, bone morphogenetic proteins, engineered protein

scaffolds, growth factors, hormones, interferons, interleukins, and thrombolytics.

In a preferred embodiment, the expressed polypeptide or its interaction member

contains a binding domain of an antibody fragment.

In a preferred embodiment, the expressed polypeptide or its interaction member
contains the active domain of an enzyme, or the active domain of a substrate of an

enzyme, or the active domain of a regulatory protein of an enzyme.

In a preferred embodiment, the screening comprises identifying a polypeptide with an
affinity to an interaction member that is altered as a consequence of one or more

introduced point mutations in said polypeptide.

In a preferred embodiment, the screening comprises identifying a polypeptide with an
affinity to an interaction member that is not substantially altered as a consequence of

one or more introduced point mutations in said polypeptide.

In a preferred embodiment, the screening comprises identifying a polypeptide with an
affinity to an interaction member that is either increased or not substantially altered
as a consequence of one or more introduced point mutations and wherein one or
more of said point mutations reduces the binding of a sub-sequence of the

polypeptide comprising at least one of said mutations to an MHC molecule.

In a preferred embodiment, the screening comprises identifying a polypeptide with a
cross-reactivity between more than one interaction member, and wherein the extent
of such cross-reactivity is altered as a consequence of one or more introduced point

mutations in said polypeptide.
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In a preferred embodiment, the polypeptide to be screened is an enzyme, or a
substrate of an enzyme or a regulatory protein of an enzyme, and the activity of the

polypeptide is the activity of the polypeptide in a corresponding enzyme reaction.

In a preferred embodiment the activity of the polypeptide in a corresponding enzyme
reaction is increased as a consequence one or more introduced point mutations in

the polypeptide.

In a preferred embodiment, the screening comprises identifying a polypeptide with an
activity that is either increased or not substantially altered as a consequence of one
or more introduced point mutations and wherein one or more of said point mutations
reduces the binding of a sub-sequence of the polypeptide comprising at least one of

said mutations to an MHC molecule.

In a preferred embodiment, the methods of the present invention further comprise the
screened polypeptide(s) comprising a surface charge that is altered as a

consequence of one or more introduced point mutations in said polypeptide(s).

In a preferred embodiment, the methods of the present invention further comprise the
screened polypeptide(s) having an increased half-life in vivo as a consequence of

one or more introduced point mutations in said polypeptide(s).

Preferably, the increased half-life in vivo as a consequence of one or more
introduced point mutations in the polypeptide(s) is due to an altered binding affinity of

said polypeptide(s) to FcRn.

In a preferred embodiment, the methods of the present invention further comprise the
screened polypeptide(s) exhibiting increased stability as a consequence of one or

more introduced point mutations in said polypeptide(s).
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In a preferred embodiment, the methods of the present invention further comprise the

screened a polypeptide(s) exhibiting a reduced propensity to aggregate as a

consequence of one or more introduced point mutations in said polypeptide(s).

In a preferred embodiment, the methods of the present invention further comprise the

screened polypeptide(s) exhibiting a reduced viscosity when formulated as a

consequence of one or more introduced point mutations in said polypeptide(s).

Brief Description of the Drawings

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Free Avastin or wild type Avastin single chain variable fragment (wt Av
scFv) present in equilibrium with varying concentrations of VEGF as
measured by SET ELISA. Curves have been normalised to maximum
(100 %) and minimum (0 %) luminescence signals. Data shown are of

one experiment performed in duplicate.

Free UPH1-6 present in equilibrium with varying concentrations of
VEGF as determined by SET ELISA. Data shown are of one experiment

performed in duplicate.

The biochemical reaction catalyzed by a protein kinase. A phosphate
group (P) is transferred from a molecule of ATP to a phosphoacceptor

protein to produce a phosphoprotein and a molecule of ADP.

Schematic representation of a sandwich ELISA-based assay used as
discontinuous assay for determination of the reaction velocity (V). The
product of an enzyme reaction (phosphoprotein formed by the catalytic
reaction of a protein kinase) is immobilized on a surface coated with an
antibody directed against the product. A secondary antibody binds to
the phosphate group of the phosphoprotein. A detection antibody linked
with a detection marker is directed against the Fc portion of the

secondary antibody.
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Figure 5:

Figure 6:

Figure 7:

Figure 8A:

Figure 8B:

15

Measurement of concentration of product [P] over time at a fixed
enzyme concentration and different substrate concentrations ([S]4, [S]z,
[S]a, [S]a) for the determination of the reaction velocity (Vo). The reaction
velocity is determined from the slope of the linear part of the progress

curve as exemplarily shown for progress curve [S]s.

Michaelis-Menten plot of reaction velocity (Vo) as a function of substrate
concentration [S]. Values for reaction velocity (Vo) were obtained from
continuous measurement of concentration of product [P] over time at a
fixed enzyme concentration and different substrate concentrations ([S]y,
[S]2, [S]s, [S]a) as provided by Figure 5.

Michaelis-Menten plot of reaction velocity (Vy) as a function of substrate
concentration [S]. Vmnax represents the maximum reaction velocity
achieved by the system at saturating substrate concentrations [S], and
the Michaelis-Menten constant, Ky, is the substrate concentration at
which the reaction rate is half of Vax. The Michaelis-Menten equation is

shown to the right.

Michaelis-Menten curves illustrating the kinetic properties of enzymes

with improved efficiencies relative to the wild-type enzyme.

Michaelis-Menten curves illustrating the kinetic properties of enzymes

with decreased efficiencies relative to the wild-type enzyme.

Detailed Description of the Invention

The present invention provides a method that overcomes the above-mentioned

drawbacks and disadvantages of the prior art. Accordingly, the present invention

relates to a method for screening the activity of a polypeptide comprising (i)

expressing a polypeptide by cell-free in vitro translation and (ii) determining the

activity of the expressed polypeptide by solution titration with an interaction member.

Equally provided is a method for producing a polypeptide with a desired activity
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comprising (i) expressing a polypeptide by cell-free in vitro translation and (ii)
determining the activity of the expressed polypeptide by means of a solution titration

assay with an interaction member.

The present invention is based on the finding that, by applying the aforementioned
methods, low amounts of and less purified polypeptides can be screened for a
desired activity in an efficient, i.e. high throughput setting, and cost-effective manner.
Thereby, the affinity and/or activity of the polypeptide can be determined with high
specificity. The methods of the invention are particularly useful in connection with the
development of a therapeutic polypeptide, typically involving the screening of a large
library of polypeptides requiring techniques capable to be performed in high-
throughput formats with high specificity while at the same time being cost-effective
and less time-consuming. The methods of the invention are particularly useful for
screening of an end-phase engineered polypeptide in order to further optimize a
commercial protein agent in the final stages of design with respect to one or more
remaining functional features (such as the removal of immunogenic epitopes while
maintaining good binding properties, removal of undesired amino acids, changing the
charge surface of the protein, changing the cross-reactivity between said protein and
two or more binding partners, changing stability, increasing half life, improving

expression yields, and improving ease of purification).

It is to be understood in accordance with the present invention that both the foregoing
general description and the following detailed description are exemplary and
explanatory only and are not intended to limit the scope of the current teachings. The
singular form “a”, “an” and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a polypeptide” includes a
plurality of polypeptides. The terms ‘“comprising," "having," "including," and
"containing" of the present invention are to be construed as open-ended terms (i.e.,
meaning "including, but not limited to") unless otherwise noted. Recitation of ranges
of values herein are merely intended to serve as a shorthand method of referring

individually to each separate value falling within the range, and includes the endpoint
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boundaries defining the range, unless otherwise indicated herein, and each separate

value is incorporated into the specification as if it were individually recited herein.

In general, the terms and phrases used in accordance with the present invention are
to be construed with ordinary and typical meaning to those of ordinary skill in the art,
and can be found by reference to standard texts, journal references and contexts
known to those skilled in the art. The following definitions are provided to clarify their

specific use in the context of the present invention.

The term “polypeptide” used in accordance with the present invention refers to a
sequence of covalently linked amino acids of any length and is intended to be used

with the terms “peptide,” “oligopeptide,” or “protein” interchangeably. Polypeptides of
the present invention refer to a chain of two or more amino acids which are linked
together with peptide or amide bonds. In accordance with the present invention,
polypeptides can comprise more than one subunit, where each subunit is encoded by
a separate DNA sequence. As used in the present invention, the screening of
polypeptides includes wild-type polypeptides and mutant polypeptides. The terms
"wild-type polypeptide", “wt” and "reference polypeptide" are used interchangeably in
accordance with the present invention and refer to a polypeptide having an amino
acid sequence isolated from a naturally occurring or non-modified polypeptide, e.g.,
the original or parent polypeptide clone, with specificity for a known interaction
member. As used in accordance with the present invention, the terms "modified",
"variant", "mutant”, "mutated" and "derived" refer to a variant of polypeptide that has
one or more mutations in the amino acid sequence of the wild-type polypeptide. In a
preferred embodiment of the invention, the polypeptide comprises introducing at least
one point mutation in the amino acid sequence of the polypeptide to be expressed by
cell-free in vitro translation. As used in accordance with the present invention, the
term “point mutation” refers to a change of the nucleotide present at a site of a
mutation in the mutant copy of a genomic locus causing a change in the encoded
amino acid sequence. The nucleotide may be on either strand of a double stranded
DNA molecule. In accordance with the present invention, the point mutation

comprises insertions, deletions, substitutions and additions in the DNA or RNA
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encoding the polypeptide. The term “genomic locus” of the present invention refers to
a defined region in a genome. As provided in the methods of the present invention,

the term "amino acid sequence” refers to a contiguous sequence of amino acids.

In the context of the present invention, the term “at least one point mutation” refers to
the substitution, deletion, addition or insertion of one to 25 amino acid residues in
the polypeptide sequence, preferably, one to 5 amino acid residues in the
polypeptide sequence, and more preferably one amino acid residues in the

polypeptide sequence.

In a preferred embodiment, the said at least one point mutation is generated by site-
directed mutagenesis. As provided in the methods of the present invention, the term
“site-directed mutagenesis” refers to any suitable known method in the art to
introduce one or more point mutations in the amino acid sequence of the polypeptide.
For example, one or more point mutations can be introduced by the use of an
oligonucleotide encoding the desired mutation which is annealed to one strand of a
DNA of interest and serves as a primer for initiation of DNA synthesis. In this manner,
the oligonucleotide primer may be incorporated into the newly synthesized strand.
Methods for generating site-directed mutagenesis in accordance with the methods of
the present invention are well known in the art (Angag and Schutz, Biotech. 30: 486-
488 (2001); Wang and Wilkinson, Biotech. 29: 976-978 (2000); Kang et al.,
Biotech.20: 44-46 (1996); Ogel and McPherson, Protein Engineer. 5: 467-468 (1992);
Kirsch and Joly, Nuc. Acids. Res. 26: 1848-1850 (1998); Rhem and Hancock, J.
Bacteriol. 178: 3346-3349 (1996); Boles and Miogsa, Curr. Genet. 28: 197-198
(1995); Barrenttino et al., Nuc. Acids. Res. 22: 541-542 (1993); Tessier and Thomas,
Meths. Molec. Biol. 57: 229-237; and Pons et al., Meth. Molec. Biol. 67: 209-218).
Briefly, the key elements of the method include introducing a mutation into the DNA
sequence of a polypeptide using a single oligonucleotide mutagenic primer, which in
an extension/polymerization reaction, produces one or more newly synthesized
copies of the DNA sequence comprising the primer with the mutation. Preferably, the
reaction is cyclic which produces a multiplicity of the mutated copies of the DNA. A

selective means is used for degrading or removing the wild-type DNA from the newly
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synthesized copies of the DNA with the mutation and propagation of the copies in
host cells. Thus, the method comprises three steps (1) design and synthesis of the
primer, (2) annealing the primer to a parental target DNA and producing one or more
mutated copies of the parental target DNA in a single reaction, and (3) degrading or
removing the parental target DNA and propagating the mutated copies in host cells.
In a preferred embodiment of the invention, the polypeptide comprising at least one
mutation further comprises one or more amino acid substitutions, deletions,
additions, and/or insertions compared to the wild-type polypeptide clone. A
“substitution”, as used in accordance with the present invention, refers to the
replacement of one or more amino acids or nucleotides by different amino acids or
nucleotides, respectively. A “deletion”, as used in the present invention, refers to a
change in the amino acid or nucleotide sequence that results in the absence of one
or more amino acid residues or nucleotides. The terms “addition” and “insertion” are
used interchangeably in the present invention and refer to a change in the amino acid
or nucleotide sequence that result in the presence of one or more additional amino
acid residues or nucleotides. As used in the methods of the present invention,
identification of a point mutation in the amino acid sequence of a polypeptide to be
expressed in step (i) can be performed by methods well known in the art and include
but are not limited to Sanger Sequencing or the more recent next generation
sequencing technology (Sanger and Coulson, J. Mol. Biol., 94(3):41-448 (1975);
Sanger et al., Proc. Natl Acad. Sci, 74(12):5463-5467 (1977); Mardis, Annu. Rev.
Genomics Hum. Genet., 9:387-402 (2008); Metzker, Nat. Rev. Genet., 11:31-46
(2010); Shendure and Ji, Nat. Biotechnol., 26:1135-1145 (2008)). Next generation
sequencing allows faster and cheaper sequencing of DNA and RNA compared to the
previously used Sanger sequencing. A number of different next generation sequence
technologies include but are not limited to lllumina (Solexa) sequencing, Roche 454
sequencing or lon torrent sequencing (Kulski et al., Intech, p.141-481 (2014); Aird et
al, Kozareva et al., Nat. Methods, 6:291-295 (2009)). Further methods well known in
the art include but are not limited to quantitative PCR using TagMan® (Lie et al.,
Curr Opin Biotechnol, 9: 43-8 (1998)); quantitative assay using molecular beacons
(Tan et al., Chemistry 6: 1107-11 (2000)); fluorescence in situ hybridization FISH
(Laan et al., Hum Genet 96:275-80 (1995)) or comparative genomic hybridization
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(CGH) (Forozan et al., Trends Genet, 13:405-9 (1997)), isothermic DNA amplification
(Lizardi et al., Nat Genet, 19:225-32 (1998)); and quantitative hybridization to an
immobilized probe(s) (Southern, J. Mol. Biol. 98: 503 (1998)).

In a preferred embodiment of the invention, the polypeptide to be expressed is
selected from the group consisting of antibodies and fragments thereof, receptors,
preferably T cell receptors, enzymes, substrates of enzymes, regulatory proteins of
enzymes, cytokines, Fc fusion proteins, anticoagulants, blood factors, bone
morphogenetic proteins, engineered protein scaffolds, growth factors, hormones,
interferons, interleukins, and thrombolytics. In a particular preferred embodiment, the
polypeptide is selected from the group consisting of antibodies and fragments
thereof, receptors, preferably T cell receptors, enzymes and Fc fusion proteins. More
preferably, the polypeptide is selected from the group consisting of antibodies and
fragments thereof and T cell receptors. Most preferably, the polypeptide is an
antibody or fragment thereof. In a further embodiment of the present invention, the
polypeptide is an enzyme, or a substrate of an enzyme, or a regulatory protein of an
enzyme. It is to be understood that the above-mentioned polypeptides include both

the wild-type and the mutant polypeptides selected from said group.

In connection with the present invention, the term “antibody” is used herein in
accordance with the art-establishing meaning and refers to all types of
immunoglobulins and mutants thereof which are capable of specifically binding to an
antigen. As used in the present invention, antibodies may comprise one, or several
units, each of which consisting of two heavy (H) polypeptide chains and two light (L)
polypeptide chains. Generally, the H and L chains are made up of a series of
domains. The L chains, of which there are two major types (k and A), consist of two
domains. The H chains are of several types, including y, 8, and y (of which there are
several subclasses), a and €. In humans, there are eight genetically and structurally
identified antibody classes and subclasses as defined by heavy chain isotypes: IgM,
IgD, IgG1, 1gG2a, 1gG2, 1gG3, IgG4, IgE, and IgA. Further, for example, “IgG” means
an antibody of the G class, and “IgG1” refers to an IgG molecules of subclass 1 of

the G class. A constant region in the antibodies used in connection with the present
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invention is not particularly limited, and any constant region may be used. Preferred
examples of the constant region include human antibody-derived constant regions
(for example, Cy1, Cy2, Cy3, Cy4, Cu, Cd, Ca1, Ca2, and Ce for the H chain, and
Ck, CA, and such for the L chain). Particularly preferred examples of natural human
antibody constant regions include constant regions derived from 1gG1, IgG2a, 1gG2b,
or IgG4.

Furthermore, as noted above, the immunoglobulin (antibody), or fragment thereof
used Iin the present invention may be monoclonal in nature. The genetic code of
monoclonal antibodies used for IVT of the present invention can be derived from the
genetic code of such monoclonal antibodies in hybridomas which are publicly
available from sources such as the American Type Culture Collection (“ATCC”)
10801 University Boulevard, Manassas, Va. 20110-2209.

In accordance with the present invention, the immunoglobulin can for example be
monoclonal, chimeric, bifunctional and hybrid antibodies or fragment thereof. The

”» "

terms “chimeric”, “bifunctional” and “hybrid” have their general meaning in the art.

For example, a chimeric antibody or fragment thereof is a monoclonal antibody
comprising a variable region, i.e. binding region, from one source or species and at
least a portion of a constant region derived from a different source or species, usually
prepared by recombinant DNA techniques. Chimeric antibodies and fragment thereof
comprising a non-human variable region, for example from mouse or monkey, and a
human constant region are preferred in certain applications of the invention,
particularly human therapy, because such antibodies are readily prepared and may
be less immunogenic than purely non-human monoclonal antibodies. Methods for
producing chimeric antibodies are well known in the art, e.g., Morrison et al., Proc.
Nat'l Acad. Sci. 81:6851 (1984). The term “humanized” refers to those antibodies and
fragment thereof in which one or more of the “complementarity” determining regions
(“CDR”) from a non-human immunoglobulin molecule have been introduced to
substantially replace the CDRs of an immunoglobulin molecule with human

framework regions.. Common genetic engineering techniques for producing
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humanized antibodies are known in the art (see EP Patent Application Publication
No. EP 125023 and WO 96/02576). A humanized antibody is obtained by linking the
obtained DNA to a DNA encoding a human antibody constant region or a modified
human antibody constant region, then incorporating this into an expression vector,
and transfecting the vector into a host to produce antibodies (see EP Patent
Application Publication No. EP 239400 and WO 96/02576).

In addition to approaches wherein antibodies may be converted to increasingly more
human-like antibodies, techniques to produce fully human monoclonal antibodies and
fragments thereof have been developed in which monoclonal antibodies are in fact
devoid of any non-human sequences. Such techniques are generally known in the art
and include, for example, employing human antibody genes in phage display libraries
or using human antibody genes in transgenic mice (Hoogenboom et al., Immunol
Today, 21(8):371-8 (2000); Gavilondo et al., Biotechniques, 29(1):128-32 (2000)). In
the human antibody gene phage display technique, genes encoding the VH and VL
chains are generated by polymerase chain reaction (PCR) cloning from “naive”
human lymphocytes; these genes are then assembled into a library from which they
can be expressed either as disulfide-linked Fab fragments or as single-chain Fv
(scFv) fragments; the Fab- or scFv-encoding genes are also fused to a surface coat
protein of filamentous bacteriophage (lba, Immunol. Cell Biol. 75, 217-221 (1997);
Marks, N. Engl. J. Med. 335, 730-733 (1996)). Preferably, human antibodies are

used in accordance with the present invention.

The bifunctional or hybrid antibody or fragment thereof refers to an antibody in
accordance with the present invention that comprises within the same antibody
molecule, variable regions recognizing different epitopes. For example, the
bifunctional antibody may be one in which each arm has specificity for a different
epitope such as of a tumor associated antigen of the cell to be therapeutically or
biologically modified. In any case, the hybrid antibody has a dual specificity,
preferably with one or more binding sites specific for an antigen, for example, an

antigen associated with a tumor, an infectious organism, or other disease state.
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Bispecific antibodies can be prepared with genetic engineering techniques known in
the art.

In any event, the present invention should not be construed as limited in scope by
any particular method of production of an antibody whether bifunctional, chimeric,

humanized, human or an antigen-recognizing fragment or derivative thereof.

In connection with the present invention, the term “antibody fragment” refers to
molecules which specifically bind to an antigen and which are derived from a whole
immunoglobulin by cleavage, by recombinant methods or by any other process that
results in a functional equivalent of a conventional antibody fragment. Preferably,
antibody fragments are not particularly limited as long as they can bind to an
interaction member. The antibody fragments used in the present invention are not
particularly limited so long as they include a part of a whole antibody, but preferably
include either VH or VL, and particularly preferably include both VH and VL. Another
preferred example of the antibody fragments used in the present invention includes
fragments comprising antibody CDRs. The CDRs included in the antibody fragments
may be all six CDRs of the antibody or some of the CDRs. Such antibody fragments,
also referred to as minibodies typically have a smaller molecular weight compared to
the whole antibody; however, they may form multimers such as a dimer, trimer, or

tetramer, and their molecular weight may become larger than the whole antibody.

As one skilled in the art will recognize, such fragments can be prepared with
recombinant techniques using DNA sequences of the immunoglobulin fragment.
Recombinant DNA techniques to produce antibody fragments comprise constructing
genes encoding the antibody fragments, introducing the gene into an expression
vector, and then expressing these antibody fragments (see, for example, Co, M.S. et
al., J. Immunol. (1994) 152, 2968-2976; Better, M. and Horwitz, A .H., Methods in
Enzymology (1989) 178, 476-496; Plueckthun, A. and Skerra, A., Methods in
Enzymology (1989) 178, 476-496; Lamoyi, E., Methods in Enzymology (1989) 121,
652-663; Rousseaux, J. et al., Methods in Enzymology (1989) 121, 663-669; and
Bird, R.E. etal., TIBTECH (1991) 9, 132-137).
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Examples of antibody fragments include Fab, Fab’, F(ab’)2, Fv, scFv (single-chain
Fv), diabody, sc(Fv)2 (single-chain (Fv)2), etc. Polymers thereof (such as dimers,
trimers, tetramers, or polymers) are also included in the antibody fragments used in
the present invention. In a preferred embodiment of the invention, the
immunoglobulin may be a single chain antibody (“SCA”). These may consist of single
chain Fv fragments (“scFv”). A scFv is an antibody of a single-chain polypeptide
obtained by linking VH and VL through a linker or such (Huston, J.S. et al., Proc.
Natl. Acad. Sci. U. S. A. (1988) 85, 5879-5883; and Plueckthun, “The Pharmacology
of Monoclonal Antibodies” Vol.113, Ed Resenburg and Moore, Springer Verlag, New
York, pp.269-315, (1994)). The H chain V region and L chain V region in a scFv may
be derived from any antibody described herein. There is no particular limitation on
the peptide linkers that link the V regions. The amino acid sequence of the peptide
linker can be suitably selected by those skilled in the art according to the objective.
For example, the variable light (“V[L]’) and variable heavy (“V[H]’) domains are linked

by a peptide bridge or by disulfide bonds.

The V regions of both chains linked by a peptide bridge can be produced by PCR
methods known in the art. To link the V regions using the PCR method, a DNA
encoding the entire or desired partial amino acid sequence of the DNAs comprising a
DNA sequence encoding the H chain or the H chain V region of the antibody, and a
DNA sequence encoding the L chain or the L chain V region of the antibody is used
as template. Each DNA encoding the V regions of the H chain or L chain is amplified
by the PCR method using pairs of primers with sequences corresponding to the
sequences at both ends of the DNA to be amplified. Next, a DNA encoding the
peptide linker portion is prepared. The DNA encoding the peptide linker can also be
synthesized by PCR. Nucleotide sequences that can link the amplification products
of each separately synthesized V region are added to the 5’side of the primers used
at this time. Next, a PCR reaction is carried out using the “H chain V region DNA”,
the “peptide linker DNA”, and the “L chain V region DNA” together with the primers
for the assembly PCR. The primers for the assembly PCR consist of a combination of

a primer that anneals to the 5’side of the “H chain V region DNA” and a primer that
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anneals to the 3’ side of the “L chain V region DNA". Therefore, the primers for the
assembly PCR consist of a primer set that can amplify the DNA encoding the entire
sequence of the scFv to be synthesized. Conversely, nucleotide sequences that can
link to each V region DNA are added to the “peptide linker DNA”. As a result, these
DNAs are linked together and the full-length scFv is finally produced as an
amplification product of the primers used for the assembly PCR. The order of VHs
and VLs to be linked is not particularly limited, and they may be arranged in any
order, for example as [VH] linker [VL] or as [VL] linker [VH]. In a particularly preferred
embodiment, the scFv may be Avastin scFv, as also illustrated in the Examples of

the present invention.

The term “receptor” as used in accordance with the present invention refers to the
entire receptor or to portions thereof capable of binding to an interaction member,
such as the natural ligand of the receptor. The term “T-cell receptor” (TCR) has its
general meaning in the art and, as used in connection with the present invention,
refers to a molecule capable of recognizing a peptide comprising a T cell epitope
when presented by an MHC molecule. The molecule may be a heterodimer of two
chains a and B (or optionally y and d) or it may be a single chain TCR construct. In a

preferred embodiment of the invention, the receptor is a T cell receptor.

The term “enzyme” has its conventional meaning in the art and, as used herein,
encompasses proteins that catalyze at least one biochemical reaction. A compound
to which a particular enzyme catalyzes a reaction is typically referred to as a
substrate of the enzyme. Generally, enzymes include but are not limited to those
catalyzing reduction/oxidation or redox reactions, hydrolysis, removal from or addition
to a substrate of specific chemical groups, isomeration, or the combination or binding

together of substrate units.

The term “cytokine” has its conventional meaning in the art and, as used in the
present invention, particularly refers to a polypeptide that is naturally secreted by
mammalian cells and that binds to a cell surface receptor on a leukocyte affecting the

functions of other immune cells, and is a molecule which modulates interactions
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between cells in the immune or inflammatory response. The term “cytokine” also
encompasses polypeptides that act as ligand to a receptor for a naturally occurring
cytokine. Cytokines as used in the present invention include, but are not limited to,
monokines and lymphokines regardless of which cells produce them. For instance, a
monokine is generally referred to as being produced and secreted by a mononuclear
cell, such as a macrophage and/or monocyte but many other cells produce
monokines, such as natural killer cells, fibroblasts, basophils, neutrophils, endothelial
cells, brain astrocytes, bone marrow stromal cells, epideral keratinocytes, and B-
lymphocytes. Lymphokines are generally referred to as being produced by
lymphocytes. Examples of cytokines include, but are not limited to, interleukin-1 (IL-

1), tumor necrosis factor-alpha (TNFa) and tumor necrosis factor beta (TNF().

The term “growth factor” has the generally accepted meaning in the art. As used in
the methods of the present invention, the growth factor refers to a polypeptide that is
capable of effecting proliferation and/or differentiation of cells. Examples of growth
factors as contemplated for use in accordance with the present invention include but
are not limited to epidermal growth factors (EGF), transforming growth factor-alpha
(TGFa), transforming growth factor-beta (TGF), human endothelial cell growth factor
(ECGF), granulocyte macrophage colony stimulating factor (GM-CSF), bone
morphogenetic protein (BMP), nerve growth factor (NGF), vascular endothelial
growth factor (NEGF), fibroblast growth factor (FGF), insulin-like growth factor (IGF),
cartilage derived morphogenetic protein (CDMP), and platelet derived growth factor
(PDGF).

The term “hormone” has the generally accepted meaning in the art. In accordance
with the present invention, it refers to a polypeptide released from a cell into the
extracellular fluid in low quantities, which acts on a target cell to produce a response.
Hormones comprise endocrine hormones, which are released directly into the
bloodstream, and exocrine hormones, which are secreted directly into a duct, and,
from the duct, they flow either into the bloodstream or from cell to cell by diffusion in
a process known as paracrine signaling. In particular, hormones can comprise

polypeptide hormones, lipid and phospholipid-derived hormones and monoamines.
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For the purpose of the present invention, hormones will be polypeptide hormones.
Examples of polypeptide hormones in accordance with the present invention, but not

limiting, include insulin and growth hormone.

The term “interferon” has its generally accepted meaning in the art. In accordance
with the present invention, it generally refers to a family of polypeptides that inhibit
viral replication and cellular proliferation and modulate immune response and include
type | interferons (e.g., interferon-a and interferon-B) as well as type Il inteferons

(e.g., interferon-y).

The term “interleukin” has its generally accepted meaning in the art. In accordance
with the present invention, it refers to a group of cytokines that are produced by
macrophage, lymphocyte, monocyte and endothelial cells. For example, interleukin-1
is produced by the macrophage, and interleukin -2 and interleukin -3 is produced by

the lymphocyte.

The term “anticoagulant” has its generally accepted meaning in the art In
accordance with the present invention, it generally refers to any polypeptide having
anticoagulant activity. In particular, anticoagulants refer to any polypeptide that
interfere, directly or indirectly, with the proteolytic enzymes involved in blood
coagulation of vertebrates, preferably mammals and, in particular, humans. For
example, the anticoagulants of the present invention include but are not limited to

hirudin, antithrombin Ill, venom and mutants thereof.

The term “blood factors” has its generally accepted meaning in accordance with the
present invention and refers to polypeptides, which are involved in the modulation,
localization or dissolution of blood clots. For example blood factors of the present
invention include but are not limited to Factors I, V, VII, VIII IX, X, XI and Xll, von

Willebrand Factor, Proteins C and S, thrombin, fibrinogen and mutants thereof.

The term “thrombolytics” has the generally accepted meaning in the art. As provided

in the methods of the present invention, it refers to a polypeptide having thrombolytic
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activity, for example but not limited to staphylokinase (SAK), tissue-type plasminogen
activator (t-PA), streptokinase (SK), urokinase (UK), urokinase-like plasminogen

activator (u-PA), venom and mutants thereof.

The term “bone morphogenic protein” or “BMP” refers to any one of the family of
growth factors or fragments thereof with the ability to promote bone growth, cartilage

growth, or osteoblast differentiation and typically includes BMP-2, BMP-5, or BMP-7.

The term “engineered protein scaffold” has its generally accepted meaning in the art.
As used in connection with the methods of the present invention, the engineered
protein scaffold refers to a type of polypeptides having a structure with distinct
biochemical functions and may comprise a plurality of structural domains and a
plurality of loop regions that include an amino acid sequence that varies from a
naturally-occurring loop region by at least one amino acid deletion, substitution, or
addition. Generally, the structural domain or domains can include at least one B
structure or at least one a helix. For example, a review by Skerra, “Engineered
protein scaffolds for molecular recognition,” J. Mol. Recognit. 2000; 13:167-187
describes the following scaffolds: single domains of antibodies of the immunoglobulin
superfamily, protease inhibitors, helix-bundle proteins, disulfide-knotted peptides and
lipocalins. Further examples of engineered protein scaffolds in accordance with the
present invention include inactivated staphylococcal nuclease, green fluorescent
protein (GFP) and thioredoxin A (TrxA), the fibronectin type Ill domain (‘Fn3),
lipocalin family proteins, bilin binding protein (BBP), as well as isolated protein folds
such as the Z domain of staphylococcal protein A, “affibodies”, anticalins, and ankyrin

repeats, and others.

In connection with the present invention, the polypeptide may also be a fusion
protein. The term “fusion protein” has its generally accepted meaning in the art. In
accordance with the present invention, it particularly refers to a protein having at
least two linked heterologous polypeptide portions. The term “heterologous” used in
the context of the present invention indicates that said polypeptide portions are not

found in the same relationship to each other in nature. The fusion protein is typically
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recombinantly produced, i.e. coding regions from different sources are ligated and

the ligation product is expressed as the fusion protein.

The fusion protein used in the present invention may also be a protein comprising a
tag. The term “tagged” or “protein tag” refers to a peptide sequence which is grafted
onto a polypeptide and includes affinity tags, solubilization tags, chromatography
tags and fluorescence tags. The polypeptide used in the present invention may be
tagged, for example, for detection purposes. As used in the present invention, the
polypeptide of interest can be tagged with a molecule to which an interaction member
specifically binds. In a preferred embodiment of the invention, tags refer to epitope
tags consisting of short sequences. It is known to the skilled person in the art that
epitope tags are recognized by well-characterized antibodies. For example, suitable
tags for antibodies and fragments thereof as used in accordance with the present
invention include but are not limited to Myc tag, Flag-peptide tag, His Tag, Strep-Tag,
GST-Tag, MBP- Tag, SNAP-Tag, Halo-Tag, Tap-Tag, INPACT-CN, pk or V5 tag, HA-
tag and NE-tag. The cognate interaction members for each of these tags are known
and can be used, for example, for detection and isolation of tagged proteins of
interest. In a preferred embodiment of the invention, the tag is pk tag. The term "pk”
and “V&” are used interchangeably herein and refers to a tag that is composed of a
14 residue peptide, GKPIPNPLLGLDST, derived from a small epitope (pk) present
on the P and V proteins of the paramyxovirus of simian virus 5 (SV5). Preferably, the

tag used in accordance with the present invention is a pK tag.

Preferably, fusion proteins used in the present invention are Fc fusion proteins. The
term “Fc fusion protein” has its conventional meaning in the art and, as used in
accordance with the present invention, particularly refers to a Fc region of an
immunoglobulin or a functional portion thereof, which is referred to as the “Fc”, that is
fused to a moiety derived from a second, non-immunoglobulin protein. By the term
“Fc” it is meant to include any part of the Fc-fusion protein in accordance with the
present invention, which is derived from the Fc region of the immunoglobulin to form
the Fc fusion protein. The fusion protein can be produced by a method of fusing a

polynucleotide encoding an antibody of the present invention comprising the Fc
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portion and a polynucleotide encoding another peptide or polypeptide in-frame and
inserting this into an expression vector, then expressing this in a host, and methods

known to those skilled in the art may be used.

The terms “cell-free in vitro translation”, “in vitro translation® (IVT) “cell-free
translation®, “in vitro protein expression and “in vitro protein synthesis“ are used
interchangeably herein, and are intended to refer to any suitable method for the cell-
free synthesis of RNA from a protein-coding DNA (transcription) and of a protein from
the RNA (translation). In accordance with the present invention, IVT systems can be
used which are known in the art and include, but are not limited to, those described in
U.S. Pat. Nos. 5,665,563; 5,492817; and 5,324,637, to Beckler et al., entitled
“Coupled transcription and translation in eukaryotic cell-free extract’; U.S. Pat. No.
6,518,058 to Biryukov et al., “Method of preparing polypeptides in cell-free system
and device for its realization”; U.S. Pat. No. 6,783,957 to Biryukov et al., entitled
“‘Method for synthesis of polypeptides in cell-free systems”; United States Patent
Application 2002/0168706 to Chatteijee et al., published Nov. 14, 2002, entitled
“Improved in vitro synthesis system”; U.S. Pat. No. 6,548,276 to Swartz et al., issued
Apr. 15, 2003, entitled “Enhanced in vitro synthesis of active proteins containing
disulfide bonds”; United States Patent Application 2004/0110135 to Nemetz et al.,
published Jun. 10, 2004, entitled “Method for producing linear DNA fragments for the
in vitro expression of proteins”, United States Patent Application 2004/0209321 to
Swartz et al., published Oct. 21, 2004, entitled “Methods of in vitro protein synthesis”;
United States Patent Application 2004/0214292 to Motoda et al., published Oct. 28,
2004, entitled “Method of producing template DNA and method of producing protein
in cell-free protein synthesis system using the same”; United States Patent
Application 2005/0032086 to Sakanyan et al., published Feb. 10, 2005, entitled
“‘Methods of RNA and protein synthesis”.

One prerequisite for in vitro protein synthesis is the production of a template
comprising RNA or DNA. Templates for IVT used in accordance with the present
invention refer to nucleic acid comprising RNA or DNA that encode the protein to be

expressed and can be circular (inside plasmids, for example) or linear. In preferred
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embodiments of the methods of the present invention, RNA is messenger RNA
(mRNA), which encodes proteins. In a particularly preferred embodiment, the
template for IVT is DNA. As used in the present invention, the DNA template is
preferably cDNA. The term “cDNA” means DNA that corresponds to or is
complementary to at least a portion of messenger RNA (mRNA) sequence and is
generally synthesized from an mRNA preparation using reverse transcriptase or
other methods. Moreover, the term is often used to refer to cDNA sequences
incorporated into a plasmid or viral vector which can, in turn, be present in a bacterial
cell, mammalian packaging cell line, or host cell. Methods for producing cDNA
templates are well known in the art and include the isolation of mMRNA from a cellular
source. General protocols are, for example, disclosed in Current Protocols in
Molecular Biology, John Wiley & Sons, Ausubel et. al. eds., 1988, updated October
2001, Chapter 5, Construction of Recombinant DNA Libraries, particularly Section lll,
Preparation of Insert DNA from Messenger RNA. Methods for isolating RNA from
eukaryotic and prokaryotic cells are well known in the art. For example, see Current
Protocols in Molecular Biology, John Wiley & Sons, Ausubel et. al. eds., 1988,
updated October 2001, Chapter 4, Preparation of RNA from Eukaryotic and
Prokaryotic Cells. The initial MRNA may be present in a variety of different samples,
where the sample will typically be derived from a physiological source. The
physiological source may be derived from a variety of eukaryotic and prokaryotic
sources. Physiological sources of interest include sources derived from single celled
organisms such as yeast and multicellular organisms, including plants and animals,
particularly mammals, preferably humans, primates and rodents, where the
physiological sources from multicellular organisms may be derived from particular
organs or tissues of the multicellular organism, or from isolated cells derived
therefrom. In obtaining the sample of RNAs from the physiological source from which
it is derived, the physiological source may be subjected to a number of different
processing steps, where such processing steps might include tissue homogenization,
cell isolation and cytoplasmic extraction, nucleic acid extraction and the like, where
such processing steps are known to those of skill in the art. Eukaryotic and

prokaryotic sources include, but are not limited to, bacteria, plant, fungi, insect and
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mammalian sources. Preferred sources of RNA for use in the present invention are

human, rodent, and primate.

Once isolated, mMRNAs are then used as template for the synthesis of double
stranded cDNA (dscDNA) using the enzyme reverse transcriptase. Synthesis of
cDNA may be done in vitro or in vivo, as known from methods known in the art (for
example, see U.S. Pat. No. 5,891,637, issued 6 Apr. 1999 to Ruppert et. Al). In the
process of converting mRNA into double stranded cDNA in vitro, a first cDNA strand
is synthesized by the reverse transcriptase. A DNA polymerase, such as E. coli DNA
polymerase, then uses the first cDNA strand as a template for the synthesis of the
second cDNA strand, thereby producing a population of double stranded DNA
molecules. First strand cDNA synthesis is performed using any convenient protocol.
In preparing the first strand cDNA, a primer is contacted with the mRNA, a reverse
transcriptase, and other reagents necessary for primer extension under conditions
sufficient for first strand cDNA synthesis to occur. The use of primers in cDNA
synthesis is well known in the art. Additional reagents that may be present include:
dNTPs; buffering agents, e.g. TrisCl; cationic sources, both monovalent and divalent,
e.g. KCI, MgCly; sulfuhydryl reagents, e.g. dithiothreitol, and the like. A variety of
enzymes, usually DNA polymerases, possessing reverse transcriptase activity can
be used for the first strand cDNA synthesis step. The double stranded cDNA is
ligated to adaptors, and adaptor-modified cDNA is subsequently directionally cloned
into expression vectors. "Expression vector" includes vectors of the present invention
which are capable of expressing cDNA sequences contained therein. An expression
vector typically contains a promoter in reading frame with the gene and compatible
with the proposed cell extract. A number of vectors such as those are described in
U.S. Pat. Appin. Ser. Nos. 307473; 291892; and 305657 (EPO Publ. Nos. 0036776;
0048970 and 0051873). Examples of expression vectors derived from E. coli include
pGEX-5X-1 (manufactured by Pharmacia), “QlAexpress system” (manufactured by
QIAGEN), pEGFP, and pET (in this case, the host is preferably BL21 expressing T7
RNA polymerase). In addition to E. coli, a vector for producing a protein or
polypeptide of the present invention may be, for example, expression vectors derived

from mammals (e.g., pcDNA3 (manufactured by Invitrogen), pEF-BOS (Nucleic Acids
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Res. 1990, 18(17), p5322), pEF, pCDMS8), expression vectors derived from insect
cells (e.g., “Bac-to-BAC baculovirus expression system” (manufactured by GIBCO-
BRL), pBacPAKS8), expression vectors derived from plants (e.g., pMH1, pMH2),
expression vectors derived from animal viruses (e.g., pHSV, pMV, pAdexLcw),
expression vectors derived from retroviruses (e.g., pZIPneo), expression vectors
derived from yeasts (e.g., “Pichia Expression Kit” (manufactured by Invitrogen,
pNV11, SP-Q01), and expression vectors derived from Bacillus subtilis (e.g.,
pPL608, pKTHS50).

In a particularly preferred of the invention, the cDNA template is cloned into the
pT7CFE1-Nhis-GST-CHA vector or a pT7CFE1 vector derivative thereof. It is to be
understood that cDNA encoding mutated polypeptides to be screened according to
the present invention generated by site-directed mutagenesis, can be
correspondingly obtained by methods as described above. Hence, a cDNA library
containing the wild-type and variants of the mutated polypeptide of the present
invention can be prepared from mRNA using suitable primers and at least one point
mutation of the generated cDNA is introduced, preferably by site-directed

mutagenesis as described above.

Methods to amplify DNA templates are well known in the art and are commonly
based on the PCR method. As it belongs to prior art knowledge, PCR allows for
replicating/amplifying trace amounts DNA fragments from a template. Briefly, a
typical PCR reaction includes three steps: a denaturing step in which a target nucleic
acid is denatured; an annealing step in which a set of PCR primers (forward and
backward primers) anneal to complementary DNA strands; and an elongation step in
which a thermostable DNA polymerase elongates the primers. By repeating this step
multiple times, a DNA fragment is amplified to produce an amplicon, corresponding
to the target DNA sequence. Typical PCR reactions include 30 or more cycles of
denaturation, annealing and elongation. In many cases, the annealing and elongation
steps can be performed concurrently, in which case the cycle contains only two
steps. The specificity of any given PCR reaction relies heavily, but not exclusively, on

the identity of the primer sets. The primer sets are pairs of forward and reverse
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oligonucleotide primers that anneal to a target DNA sequence to permit amplification

of the target sequence, thereby producing a target sequence-specific amplicon.

In IVT systems used for the present invention wherein the input template nucleic acid
molecule is linear DNA, the components necessary both for transcription (to produce
mMmRNA) and for translation (to synthesize protein) can be contained in a single IVT
system. Common components of a cell-free translation system necessary both for
transcription (to produce mRNA) and for translation (to synthesize protein) of DNA in
IVT systems are known in the art. In accordance with the present invention, such
components present in cell extracts include, for example, but are not limited to a cell
extract from HelLa cells, CHO cells, yeast, rabbit reticulocytes, wheat germ and E.
coli. The extracts are prepared as crude extracts containing all the required
macromolecular components for translation of exogeneous RNA including 70S or
80S ribosomes, tRNAs, aminoacyl-tRNA synthetases, translation initiation and
elongation factors, nucleases, etc.. To ensure efficient translation, each extract is
generally supplemented with energy sources (ATP, GTP), amino acids, co-factors
(magnesium, potassium, etc.) and the DNA template cloned into a vector. As known
to the skilled person, a vector containing a T7 promoter and an EMCV Internal
Ribosome Entry Site (IRES) can facilitate high levels of in vitro protein expression.
Hence, in a prefered embodiment of the invention, the vector of the present invention

contains a T7 promoter and an EMCV Internal Ribosome Entry Site (IRES).

In alternate methods of the present invention, additional enzymes, substrates and/or
co-factors for post-translational modification can optionally be added to a cell extract

comprising the template to be transcribed and translated in an IVT system.

If necessary, a purification step can be performed prior to IVT of the DNA template.
IVT can be preceded by a purification step in order to free the nucleic acid from
unwanted cellular contaminants which may interfere with subsequent processing.
Various methods to purify vector DNA include but are not limited to isolating and
purifying plasmid DNA include lysis by boiling (Holmes and Quigley, Anal. Biochem.
114, 193 (1981)), lysis with alkali (Birnboim and Doly, Nuc. Acids Res. 7, 1513
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(1979)), and lysis with detergent (Godson and Vapnek, Biochem. Biophys. Acta 299,
516 (1973)). Commonly used mini-scale plasmid DNA extraction protocols exploit
reagents originally developed by Birnboim and Doly (Birnboim, H. C. and Doly, J.,
Nucl. Acids Res. 7, 1513 (1979). For mini-scale purification, the clarified solution is
usually applied to a microspin column containing a glass fiber matrix or silica
membrane. Vector DNA binds to the column in the presence of a chaotrope, while
soluble impurities do not bind. After the soluble impurities are washed off, the
plasmid DNA are eluted with an appropriate elution buffer. In a preferred embodiment

of the invention, a mini-prep protocol is used for the purification of the vector DNA.

In accordance with the present invention, the preparation of cell extracts that support
the synthesis of proteins in vitro from purified mMRNA transcripts, or from DNA
transcribed into mRNA during the in vitro synthesis reactions are well known in the
art and include both prokaryotic and eukaryotic systems, which are commercially

available.

Prokaryotic extracts to be used in the present invention encompass extracts from any
prokaryotic cells, including, without limitation, gram negative and gram positive
bacteria, including Escherichia sp. (e.g., E. coli), Klebsiella sp., Streptomyces sp.,
Streptococcus sp., Shigella sp., Staphylococcus sp., Erwinia sp., Klebsiella sp.,
Bacillus sp. (e.g., B. cereus, B. subtilis and B. megaterium), Serratia sp.,
Pseudomonas sp. (e.g., P. aeruginosa and P. syringae), Salmonella sp. (e.g., S.
typhi and S. typhimurium), and Rhodobacter sp. Standard IVT systems may be made
from E. coli lysates. Cell extracts can be made from bacterial strains mutated to lack
a nuclease or protease activity, or to lack the activity of one or more proteins that can
interfere with purification or detection of translated proteins (see U.S. Patent

Publication No. US2005/0136449, herein incorporated by reference in its entirety).

Eukaryotic extracts to be used in the present invention for include without limitation
rabbit reticulocyte lysates, wheat germ lysates, Drosophila embryo extracts, insect
cell lysates, rabbit oocyte lysates and human cell lysates (Zubay (1973), Pratt (1984),
and U.S. Pat. No. 5,665,563, Pelham et al, European Journal of Biochemistry, 67:
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247, (1976) among others). Some of these extracts and lysates are available
commercially (Promega, Madison, Wis.; Agilent, La Jolla, Calif.;, GE Healthcare,
Arlington Heights, Ill.; Thermo Fisher Scientific, Grand Island, N.Y.). Various
embodiments of the current invention will be applicable to any IVT systems,
including, but not limited to HelLa cell lysates, CHO cell lysates, reticulocyte lysates
and wheat germ extracts. In a particularly preferred embodiment of the invention, the

cell extract is HelLa cell lysate.

In particular, the DNA template used for the present invention can be transcribed and
translated simultaneously in a coupled IVT system, or RNA may be used as a
starting material for IVT by preparing an RNA template prior to addition to the IVT
system. In accordance with the present invention, transcription of the DNA template
prior to in vitro translation can occur in vivo from prokaryotic cells, eukaryotic cells,
from DNA sequences cloned into a vector containing an RNA polymerase promoter,
or in vitro from cell extracts from prokaryotic or eukaryotic cells or from DNA
sequences cloned into a vector containing an RNA polymerase promoter. Preferably,
the DNA template used for the present invention is transcribed and translated

simultaneously in a coupled IVT system.

Coupled IVT systems are also commercially available and can be used in
accordance with the methods of the present invention. One example is the RTS™
system (Rapid Translation System) of Roche Biochemicals (Germany) which uses E.
coli extracts and employs continuous exchange cell-free system (CECF) and an
improved energy-regeneration system (Kim et al., Biotechnol Bioeng., 74(4):309-16
(2001)). Other examples of commercially available IVT systems that can also be
used in the invention include IVT Kits of Thermo Scientific (Rockford, lllinois)
ProteinScript PRO™ of Ambion (Austin, Tex.), and TNT® system of Promega

(Madison, Wis.), among others.

Detection and quantification of expressed proteins used for the present invention can
be performed by methods well known in the art and include but are not limited to

SDS-polyacrylamide gel electrophoresis, capillary electrophoresis, limited proteolysis
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and tandem array mass spectrometry, enzyme assay, cell-based assays and a wide
of immunological techniques such as Western blotting and ELISA. In a preferred
embodiment of the invention, such methods would be simple, inexpensive and rapid,

with high sensitivity and specificity for the target molecule to be detected.

In a preferred embodiment of the methods of the present invention, the polypeptide
expressed by cell-free in vitro translation comprises less than 1 pg of active
polypeptide, preferably less than 100 ng of active polypeptide, and more preferably
less than 10 ng of active polypeptide. This preferred embodiment reflects the
surprising beneficial finding of the invention that, by the use of solution titration
followed by sandwich immuno-assay, such as ELISA, for activity determination, the
screening can be done in an efficient and highly specific manner using low amounts
of and less purified polypeptides. The term “active polypeptide” as used in
accordance with the present invention refers to the polypeptide fraction in a
preparation that is able to perform a biological function, i.e. that the polypeptide has a
conformation (“folded form”) which is the same as or closely analogous to its
naturally occurring configuration. When folded correctly or substantially correctly, for
example, with the formation of properly folded units, a-helices, B-sheets, domains,
disulphide bridges, etc., a polypeptide generally has the ability to perform its
biological function. Methods for detection and quantification of active polypeptides
expressed by IVT are well known in the art and include, e.g., methods which depend
on having an antibody ligand for the protein, such as Western blotting (see, e.g.,
Burnette, 1981, A. Anal. Biochem. 112:195-203). Such methods also include
enzymatic activity assays, which are available for most well-studied protein drug
targets, including, but not limited to, HMG CoA reductase (Thorsness et al., 1989,
Mol. Cell. Biol. 9:5702-5712), and calcineurin (Cyert et al., 1992, Mol. Cell. Biol.
12:3460-3469). In a particularly preferred embodiment of the invention, expressed

active proteins are detected and quantified by Western blotting.

As used in the present invention, the concentration of the active polypeptide
expressed by cell-free in vitro translation in a cell lysate comprises up to 10 % (w/v)

and more preferably, the concentration of the active polypeptide expressed by cell-
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free in vitro translation in a cell lysate comprises up to 7 % (w/v) and even more
preferably, the concentration of the active polypeptide expressed by cell-free in vitro
translation in a cell lysate comprises up to 5 % (w/v). In a preferred embodiment of
the methods of the present invention, the active polypeptide expressed by cell-free in
vitro translation comprises up to 5% (w/v) of the lysate. The terms “lysate”, “cell
lysate” and “cell extract” are used interchangeably herein and refer to preparations
obtained by lysing cells as well as functional fractions thereof. Cell lysates typically
comprise a complex mixture of constituents such as proteins, glycoproteins,
polysaccharides, lipids, nucleic acids etc. A cell lysate for use in the present invention
may comprise the entire cell material, parts of cells or any fractions or mixtures
thereof obtained after a lysis step. The concentration of the active polypeptide
expressed by cell-free in vitro translation in a cell lysate used for the present
invention varies according to the type of cell lysate. As used in the present invention,
the percentage of the active polypeptide expressed by cell-free in vitro translation in
a cell lysate refers to the weight percentage of total protein in the cell lystate, as
determined by a suitable protein quantification assays as described above well
known in the art (see, e.g.,, Schena et al., 1995, Quantitative monitoring of gene
expression patterns with a complementary DNA micro-array, Science 270:467-470;
Lockhort et al., 1996, Expression monitoring by hybridization to high-density
oligonucleotide arrays, Nature Biotechnology 14:1675-1680; Blanchard et al., 1996,
Sequence to array: Probing the genome's secrets, Nature Biotechnology 14, 1649;
1996, U.S. Pat. No. 5,569,588, issued Oct. 29, 1996 to Ashby et al. entitled “Methods

for Drug Screening’).

IVT systems used in accordance with the present invention can preferably be applied
in a high-throughput setting, where preferably at least two of the templates are
processed simultaneously in multi-well reaction plates, where each nucleic acid
template is in a well of the plate. The reaction plate has preferably at least 2 wells,
and even more preferably 12-, 24-, 48-, 96-, 384-, or 1536-wells; other sizes may

also be used.
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Optionally, the polypeptide expressed by IVT can be purified. Methods for purification
of proteins are commonly known in the art and are not limited to any method.
Polypetides expressed by IVT may be purified by appropriately selecting and
combining, for example, column chromatography, filtration, ultrafiltration, salting out,
solvent precipitation, solvent extraction, distillation, immunoprecipitation, SDS-
polyacrylamide gel electrophoresis, isoelectric  focusing, dialysis, and
recrystallization. Chromatography includes, for example, affinity chromatography, ion
exchange chromatography, hydrophobic chromatography, gel filtration, reverse-
phase chromatography, and adsorption chromatography (Strategies for Protein
Purification and Characterization: A Laboratory Course Manual. Ed Daniel R.
Marshak et al., Cold Spring Harbor Laboratory Press, 1996). Such chromatography
can be carried out using liquid phase chromatography such as HPLC and FPLC.
Columns used for affinity chromatography include protein A column and protein G
column, Nickel_NTA columns for purifying His-tagged proteins and GST columns for
purifying GST-tagged proteins. Examples of columns using protein A column include
Hyper D, POROS, and Sepharose FF (GE Healthcare Biosciences). Preferably, the
methods of the present invention are carried out without purifying the polypeptide

expressed by IVT.

The term “screening the activity of a polypeptide” as used in accordance with the
present invention refers to a procedure in which a property of one or more
polypeptides is determined by expressing a polypeptide and determining the
interaction activity between a polypeptide, for example an antibody, and an
interaction member, for example an antigen using IVT. In a preferred embodiment of
the methods of the present invention, the activity of a polypeptide is the binding
affinity of the polypeptide to the interaction member. The term “binding” according to
the invention preferably relates to specific binding. “Specific binding” means that a
polypeptide of the invention binds stronger to an interaction member for which it is

specific compared to the binding to another non-polypeptide target.

It is to be understood that the screening of the activity of a polypeptide includes both

the expression of a polypeptide to be screened and the measurement of the activity
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of said polypeptide. In the context of the present invention, the expression of a
polypeptide to be screened is performed by IVT as described above. In a preferred
embodiment of the invention, the expressed polypeptide to be screened is any of the
polypeptides described above. In a particularly preferred embodiment, the screening

comprises the screening of a library of polypeptide variants.

In the context of the present invention, solution titration is used as the assay for
“‘determining the activity” of the expressed polypeptide with an interaction member.
Preferably, the determined activity is the binding activity of the polypeptide to the

interaction member.

Solution titration methods are known in the art and are described in further detail
below. As provided in the present invention, a solution titration assay in particular
refers to a method for determining the binding affinity of a polypeptide to an
interaction member. In a preferred embodiment of the present invention, the activity
is the binding activity of the polypeptide to the interaction member and the solution
titration comprises solution equilibrium titration and can be performed as
demonstrated in the Examples set out below. Solution equilibrium titration for
screening the interaction of antibodies or fragments thereof with their relevant binding
partners is for example described in Heanel and Coworkers in 2005 and has been
applied in different groups since then (Gustchina et al., Virology, 393:112-119 (2009);
Huber et al., J. Struct. Biol. 159:206-221 (2007)). The starting point of this method is
to measure a protein's binding affinity to its interaction member by titration with an
interaction member. Thereby, a constant concentration of polypeptide is incubated
with decreasing concentrations of the interaction member in solution. As the
polypeptide will bind to the interaction member and some polypeptides will remain
free in solution, equilibrium of the polypeptide - interaction member reactions is
reached. The portion of free polypeptide can be quantified in a second assay step,
wherein the equilibrated samples are briefly incubated on a plate coated with the
interaction member, allowing binding of the free polypeptide to the coated interaction
member. After washing the coated plate to remove unbound material, the

concentration of the polypeptide can be determined by well-known detection methods
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as described in more detail below. Subsequently, an equilibrium dissociation
constant, Kp, can be determined taking the applied concentrations of polypeptide and
interaction member into consideration. The Kp is a well known constant used as a
measure for binding affinity between a polypeptide and an interaction member. Thus,
the binding affinity of said interaction polypeptide in relation to the binding member
and more preferably the binding affinities of multiple polypeptides or polypeptide
variants that all bind the same interaction member can be determined by determining
their corresponding Kp. These measurements can then be used to rank the binding
affinities, as for example shown by Della Ducata et al. (Journal of Biomolecular
Screening, 20(10): 1256-1267, 2015)) describing a SET setting for high-throughput
affinity estimation of unpurified antibodies and fragments. In this method the
concentration of expressed active constructs was measured based on a standard
immunoassay standard curve approach. Based on this della Ducata et al show that
using SET with only 4 titration points for the ligand of the ligand-antibody pair
investigated in that publication, ranging through an interval of 5-10-fold below the Kp
of the wild type to at least 10-20 times above said Kp, a reasonably accurate Kp can
be determined for most mutants in high throughput. These methods are therefore

equally applicable to the present invention.

As readout system for the SET assay preferably chemiluminescence or fluorescence,
or electrochemiluminescence (ECL) is used, e.g.,, as described by Haenel and
coworkers in 2005 (Anal. Biochem. 339: 182-184). Preferably, the SET assay, as
used in accordance with the present invention, is transferred from a bead-based
approach to a plate-based method such as the plate-based Meso Scale Discovery
(MSD; Meso Scale Diagnostics, Rockville, MD) platform. The principle of the general
plate-based or MSD-based SET assay is based on incubation of a constant
concentration of protein or peptide with decreasing concentrations of the interaction
member in solution which is carried out in a multi-well assay plate. When the
interaction between the polypeptide and the interaction member is equilibrated, the
portion of free antibody is transferred to the relevant binding plate that can be coated
with an antigen, to allow for binding of the free polypeptide to the coated antigen. For

detection, a labeled secondary antibody is added to the plate which is suitable for
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detection e.g. by fluorescence, chemiluminescence or electrochemiluminisecence.
Most preferably, chemiluminescence is used in accordance with the present
invention. Thereby, the intensity of the emitted signal can be quantified as a directly
proportional measure of concentration of free polypeptide. From the resulting titration
data, the Kp value can be determined taking into account the concentration of free
polypeptide for each sample. The SET screening platform is particularly applicable
for screening approaches for reliably determining the Kp of complex samples, such
as antibody fragments and full length antibodies in unpurified matrices, and ranking
of the binding affinity. Furthermore, the typical throughput of an affinity SET
screening campaign is approximately 100-2000 antibodies within two days including
data evaluation. This is rather rapid compared to other known screening platforms
(SPR or BLI) (Lad et al., J. Biomol. Screen., 20:498-507 (2015); Ylera et al., Anal.
Biochem., 441:208-213 (2013); Canziani et al., Anal. Biochem., 325:301-307 (2004)).
On the one hand SET can be carried out easily using dozens of multi-well
microplates for which efficient dispensing, handling and plate reading equipment
exists. Compared to SPR and BLI the SET method, which essentially relies on a
sandwich immuno-assay principle, is much more tolerant to analyzing crude

samples.

The term “determining the activity of the polypeptide” used in accordance with in the
present invention in a preferred embodiment of the invention refers to determining
the binding affinity of a polypeptide to be screened to an interaction member by
solution equilibrium titration. As used in accordance with said preferred embodiment,
the binding affinity is characterized by the strength of the binding interaction between
a polypeptide and its interaction member, wherein the binding affinity is generally
quantified by the solution equilibrium dissociation constant, Kp. The term “equilibrium
dissociation constant” refers to a constant that describes the binding affinity between
binding partner molecules at equilibrium relating the proportion of the products of the
concentrations of unbound binding partner molecules to the concentration of the
bound binding partner complexes. It describes the state of equilibrium between free
and bound polypeptide. The term “state of equilibrium” refers to the state wherein the

concentrations of the free and bound polypeptide each remain constant. The term
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"bound polypeptide" as used in accordance with the present invention refers to a
polypeptide which is bound to an interaction member. The equilibrium dissociation
constant Kp is a term well known in the art and described in detail in the following

Wikipedia article hitps:/fen wikipedia. orgiwiki/Dissociation _constant where it is

referred to as K.

In a preferred embodiment of the invention, a Kp that is not substantially altered
varies less than 10-fold more preferably less than 3-fold Alternatively, the Kp of the
polypeptide with a desired activity to an interaction member refers to an affinity that is

altered.

In a preferred embodiment of the invention, the binding affinity of the polypeptide is
measured by SET and subsequently the Kp is determined by a detection suitable
detection method known to the skilled person in the art, for example but not limited

by fluorescence, chemilumnescence, or electrochemiluminescence (ECL).

In a preferred embodiment of the methods of the invention, the Kp of the binding
affinity of the polypeptide is less than 1 nM, preferably less than 100 pM and more
preferably less than 10 pM. In a further preferred embodiment of the invention, the Kp

is less than 1 pM

As used in accordance with the present invention, the term “interaction member”
refers to a molecule that interacts with another molecule. According to the present
invention, such other molecule specifically or non-specifically binds to the interaction
member. In a preferred embodiment of the invention, such other molecule specifically
binds to the interaction member. Binding, in particular specific binding, is mediated by
physical forces, for instance electrostatic attraction, hydrogen bonds or van der
Waals bonds, resulting in binding of the interaction member to the other ligand. A
particularly preferred interaction member, as used in the methods according to the
present invention, could be a protein in the cytosol of a cell. Another particularly
preferred interaction member could be a membrane protein. However, the interaction

member not necessarily needs to be a protein, but can be a nucleic acid, a lipid, a
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carbohydrate, a combination of any of the afore-mentioned compound classes, or
any other kind of molecule. For example, an interaction member includes antibodies
(forming an antibody/epitope complex), antigens, nucleic acids (e.g. natural or
synthetic DNA, RNA, cDNA, mRNA, tRNA, etc.), lectins, sugars (e.g. forming a
lectin/sugar complex), glycoproteins, receptors and their cognate ligand (e.g. growth
factors and their associated receptors, cytokines and their associated receptors,
signaling receptors, etc.), small molecules such as drug candidates (either from
natural products or synthetic analogues developed and stored in combinatorial
libraries), metabolites, drugs of abuse and their metabolic by-products, co-factors
such as vitamins and other naturally occurring and synthetic compounds, oxygen and
other gases found in physiologic fluids, cells, cellular constituents, cell membranes
and associated structures, inter-cellular spaces, including serum and plasma, other
natural products found in plant and animal sources, other partially or completely
synthetic products, and the like. In a preferred embodiment of the invention, the

interaction member is VEGF.

The term “producing a polypeptide with a desired activity” refers to the method of the
present invention capable of identifying a polypeptide variant with a desired activity
by producing a set of protein variants and selecting for the desired activity by
applying the screening method of the invention comprising step (i) and (ii). Thus, the
production method may comprise a step of devising a set of protein variants, said
variants preferably differing from each other by point mutations, which precedes said
steps (i) and (ii). Preferably, the desired activity in accordance with the present

invention is a desired binding affinity.

In a preferred embodiment of the methods of the present invention, the methods
comprise the expression and activity determination of at least 100 polypeptide
variants. The variant may have “conservative” changes, wherein a substituted amino
acid has similar structural or chemical properties (e.g., replacement of leucine with
isoleucine). A variant may also have “nonconservative” changes (e.g., replacement of
glycine with tryptophan). Preferably, the variation at one particular position of the

amino acid sequence comprises all 20 standard amino acids. Analogous variations
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may also include amino acid deletions or insertions, or both. Preferably a variant of a
polypeptide has at least 60% identity to the wild-type polypeptide. More preferably a
variant of a polypeptide is at least 70% identical to the wild-type polypeptide. Protein
variants can be, for example, at least 80%, at least 90%, at least 95%, or at least
99% identical to wild-type polypeptide. Preferably, the polypeptides of a mutant
library comprise at least 300 polypeptide variants, more preferably at least 500, and

even more preferably at least 1000 polypeptides.

In a preferred embodiment of the methods of the present invention, the expressed
polypeptide or its interaction member contains a binding domain of an antibody
fragment. The term “binding domain” refers to the part of an antibody fragment which
comprises the area which specifically binds to part or all of the expressed polypeptide
or its interaction member. Where the expressed polypeptide or its interaction member
is large, an antibody fragment may bind to a particular part of the interaction member

only, which part is termed an epitope.

In a preferred embodiment of the methods of the present invention, the expressed
polypeptide or its interaction member contains the active domain of an enzyme, or
the active domain of a substrate of an enzyme, or the active domain of a regulatory
protein of an enzyme. The term “the active domain” as used in accordance with the
present invention refers to the portion of the protein, which contains a region that is
required in the protein in order to participate in the function that is the object of
interest to the investigator. In a particularly preferred embodiment of the invention,

the active domain is a domain that participates in a corresponding enzyme reaction.

In the context of the present invention, said expressed polypeptide or interaction
member of said enzyme may be a substrate or regulatory protein of the enzyme with
one or more introduced point mutations, wherein the affinity and/or turn-over rate of
said substrate or regulatory protein with one or more introduced point mutations to
the enzyme may be increased compared to the affinity and/or turn-over rate by the
reaction with the wild-type substrate. Thereby, the mutated substrate and/or

regulatory protein may impair the binding and catalysis of the wild-type substrate due
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to the higher binding affinity. In addition, since the turn-over rate by an enzyme may
be a measure for enzyme activity, such enzyme activity may be increased by said

substrate or regulatory protein with one or more introduced point mutations.

In a preferred embodiment of the methods of the present invention, the screening
comprises identifying a polypeptide with an affinity to an interaction member that is
altered as a consequence of one or more introduced point mutations. The term
“‘altered affinity” as used in the methods of the present invention refers to a
polypeptide with a higher or lower affinity to in interaction member due to one or
more introduced point mutations. Methods to generate polypeptides with one or more
introduced point mutations are known in the art and described above. Methods to
measure the affinity of a polypeptide are well known in the art and described above.
Furthermore, the term “identifying a polypeptide with an affinity to an interaction
member” refers to the identification of the binding affinity of a polypeptide determined
by the Kp of the polypeptide to an interaction member as provided by the methods of
the present invention or known in the art and described above. When a mutant
polypeptide has a lower binding affinity to its interaction member compared to a
reference polypeptide, the methods of the present invention are useful to generate
mutant polypeptide variants having a higher binding affinity than the reference
polypeptide. The reference polypeptide preferably is the wild-type polypeptide from
which the mutant polypeptide has been derived. As an alternative embodiment, the
screened mutant polypeptide may also be derived from another mutant polypeptide.
Preferably, the Kp of the binding affinity of a polypeptide to an interaction member is
increased or decreased at least 10-fold, preferably at least 20-fold, more preferably
at least 50-fold, even more preferably at least 100-fold, 200-fold, 500-fold, or 1000-
fold than the Kp of the binding affinity of the reference polypeptide to the interaction
member. It is particularly desirable to identify polypeptides with an increased affinity
to their interaction member as a consequence by one or more point mutations, in

particular in connection with the development of a therapeutic application.

In a preferred embodiment of the methods of the present invention, the screening

comprises identifying a polypeptide with an affinity to an interaction member that is



10

15

20

25

30

47

not substantially altered as a consequence of one or more introduced point

mutations.

As provided by the methods of the present invention, the identification of the binding
affinity of a polypeptide is determined by the Kp of the polypeptide to an interaction
member. The term “not substantially altered” of the present invention denotes a
change of the Kp that does not affect the desired interaction of a polypeptide with an
interaction member in a noticeable way to the practitioner. In a preferred embodiment
of the invention, the binding affinity refers to Kp that is not substantially altered varies
less than 10-fold more preferably less than 3-fold. This preferred embodiment is
particularly useful in situations where the binding affinity of the polypeptide is already
at a desirable level and where one or more point mutations are being introduced for
reasons other than modifying the affinity, such as for removing a T cell epitope

potentially inducing an immune response in a patient.

Following the same goal, in a preferred embodiment of the methods of the present
invention, the screening comprises identifying a polypeptide with an affinity to an
interaction member that is either increased or not substantially altered as a
consequence of one or more introduced point mutations and wherein one or more of
said point mutations reduces the binding of a sub-sequence of the polypeptide
comprising at least one of said mutations to an MHC molecule. The terms “MHC
molecule” and “Major Histocompatibility Complex molecule” are used
interchangeably in the present invention and refer to molecules which are found on
the cell surface in tissues, play an important role in presenting cellular antigens in the
form of short linear peptides to T cells by interacting with T cell receptors (TCRs)
present on the surface of T cells. MHC molecules typically contain three “constituent
peptides” an MHC alpha and MHC beta chain, and an MHC binding peptide bound
in a groove formed by the alpha and beta chains when properly folded. In the above
interaction of the MHC molecule and the T cell receptor, the T cell recognizes and
binds to the peptide bound in the MHC binding groove and the surrounding area of
the MHC binding groove itself. In order for a peptide to bind to an MHC molecule and

therefore be able to cause an immune response in vivo, it needs to fit the properties
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of the binding groove. Understanding, which peptides in a protein sequence can bind
to a given MHC molecule and cause an immune response, is of considerable interest
for understanding cellular immunity and in order to design and monitor the
effectiveness of immunotherapeutic products. It is of particular interest of the present
embodiment to reduce the binding affinity of a polypeptide to an MHC molecule as a
low affinity may avoid unwanted immunogenicity. Preferably, the Kp of the sub-
sequence of the polypeptide with an MHC molecule when compared to a reference
sub-sequence is reduced by at least 10-fold, preferably at least 20-fold, more
preferably at least 50-fold, even more preferably at least 100-fold, 200-fold, 500-fold,
or 1000-fold compared to the Kp of the binding affinity of a reference sub-sequence
to the MHC molecule. The reference sub-sequence of the polypeptide preferably is
the wild-type sub-sequence of the polypeptide from which the mutant sub-sequence
has been derived. As an alternative embodiment, the screened mutant sub-sequence
may also be derived from another mutant polypeptide. Methods to determine the
affinity of a sub-sequence of a polypeptide binding to an MHC molecule are well

known in the art and described above.

In a preferred embodiment, the methods of the present invention further comprise
screening for a polypeptide with a cross-reactivity between more than one interaction
member as a consequence of one or more introduced point mutations in said
polypeptide. In the context of the present invention, the term cross-reactivity refers to
the capability of the polypeptide, preferably an antibody or fragment thereof, to
recognize and specifically bind to more than one interaction member. Preferably, a
cross-reactive polypeptide binds to more than one interaction member with a Kp of
100 nM or less, 10 nM or less, 1 nM or less, 100 pM or less, or 10 pM or less.
Examples for cross-reactivity between a polypeptide and more than one interaction
member can be found in the following references: (Gotch et al, 1988, J Exp Med.,
168(6):2045-57; Petrova et al.,, 2011, J Immunol., 186(11):6390-7; Kan-Mitchell et
al., 2006, J Immunol. 176(11):6690-701; Vali et al, 2011, J Virol., 85(1):254-63;
Acierno et al.,, 2003, J Transl Med., 14;1(1):3; Wedemeyer et al., 2001, J Virol,,
75(23):11392—400; Kasprowicz et al., 2008, J Clin Invest., 118(3):1143-53). For

example, T-cell cross-reactivity is a phenomenon of the immune system defined as
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the recognition of two or more peptide-MHC complexes (pMHCs) by the T cell
receptor (TCR). The recognition is based on the ability of the TCR to bind sufficiently
well to initiate a cellular response. The achievement of cross-reactivity may be useful
in the context of drug development. For instance, in the case of a therapeutic
antibody directed to a human target, it may be useful to achieve cross-reactivity to
the homologous target in a pre-clinical model close to the human system, such as in
non-human primates. In order for such a pre-clinical model to be properly valid,
however it is highly desirable that the mode of action of the antibody or drug is
replicated in the primate model. For drugs and antibodies that have inadequate
cross-reactivity there may therefore not be an adequate path to establish non-clinical
safety. If however the antibody can be re-engineered to increase cross-reactivity to
an equivalent non-human primate target then the sufficiency of the non-clinical safety
model can be improved and facilitate the clinical development of drug programs that

would otherwise not be feasible.

In another preferred embodiment of the present invention, the polypeptide to be
screened is an enzyme, or a substrate of an enzyme, or a regulatory protein of an
enzyme, and the activity of a polypeptide is the activity of the polypeptide in a
corresponding enzyme reaction. In accordance with the present invention, the term
“activity in an enzyme reaction” refers to the activity in the time-dependent catalytic
reaction of an enzyme to convert a substrate into one or more products. As used in
accordance with the present invention, the term “substrate” refers to any compound
on which an enzyme performs its catalytic activity to generate a product. As used in
accordance with the present invention, the term “regulatory protein” refers to any
protein which interacts with one or both of the enzyme and substrate to facilitate or
enhance or alter the catalytic activity of said enzyme on said substrate. For example,
so-called allosteric enzymes may exhibit increased catalytic activity upon binding of
regulatory proteins called allosteric modulators by inducing a conformational change
of the enzyme, which may result in an apparent change in binding affinity. In addition,
such allosteric enzymes are generally composed of more than one subunit or two or
more polypeptide chains. In many allosteric enzymes the substrate binding site and

the modulator binding site(s) are on different subunits, the catalytic (C) and
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regulatory (R) subunits, respectively. Another example for regulatory proteins as
used in the context of the present invention are subunits of an enzyme that are
needed for catalytic activity. Enzymes which consist of such subunits are called core
enzymes. A non-limiting example of a core enzyme is a RNA polymerase enzyme
which consists of two alpha (2a), one beta (B), one beta prime (B') and one omega
(w), wherein these five subunits retain the ability of the enzyme to transcribe RNA
from nonspecific initiation sequences. Addition of sigma factors (o) will allow the

enzyme to initiate RNA synthesis from specific bacterial and phage promoters.

In a further preferred embodiment the present invention, the term “determining the
activity” of the expressed polypeptide refers to determining the activity in a
corresponding enzyme reaction wherein an enzyme catalyzes the conversion of a
substrate into one or more products. As described below in more detail including in
the Examples given below, the enzyme activity is described by the constant Vimax/ Ku
providing a measure of how efficiently an enzyme converts a substrate into product.
In this regard, a solution titration assay can be performed for determining the activity
of the enzyme and for determining the enzyme activity of enzymes (or variants
thereof) interacting with variants of substrates of such enzymes or interacting with

variants of regulatory proteins of such enzymes.

As provided by the present invention, the solution titration assay refers in another
preferred embodiment to an enzyme assay. Enzyme assays are well known in the art
and are documented in various standard books (Bergmeyer, Verlag Chemie,
Grundlagen der enzymatischen Analyse (1977); Bergmeyer, Verlag Chemie,
Methods of Enzymatic Analysis, 3™ ed. (1983); Bisswanger, Wiley-VCH, Enzyme
Kinetics, Principles and Methods, 2" ed. (2008): Bisswanger, Wiley-Blackwell,
Practical Enzymology, 2" ed. (2011); Schomburg, Springer, Springer Handbook of
Enzymes, 2" ed. (2009); Brenda database (www.brendas-enzymes.org); ExPASy

database (www. wxpasy. org/enzymes)).

Common to all enzyme-catalyzed reactions is the fact that a substrate becomes

converted into one or more products. Hence, the aim of such enzyme assays is to
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determine the activity of an enzyme directly by observing the time-dependent
formation of a product or the consumption of the substrate over time. As an aside,
the activity of an enzyme can also be determined indirectly by observing the time-
dependent formation of a byproduct of the enzyme reaction if the byproduct is
produced in a coupled, stoichiometric manner. Thus, the term “enzyme activity”
refers to the amount of moles of substrate converted per unit time. For quantification,
the concentration of substrate or product is expressed by the enzyme unit U = 1 umol
min'1, or, alternatively, by the unit katal, wherein 1 katal = 1 mol s, Thus, these
units refer to the rate of reaction calculated from the concentration of substrate
disappearing or product produced per unit time. In accordance with the present
invention, the enzyme obtained by cell-free IVT is used in the enzyme assays to
determine the activity of said enzyme reaction. Thereby, the concentration of
enzyme, a substrate of an enzyme, or a regulatory protein of an enzyme, in a sample
mix can be determined by methods well known in the art. The common unit to
determine the activity of an enzyme in a crude IVT sample mix comprising the
enzyme is referred to as the activity of an enzyme per milligram of the total IVT
sample mix, expressed in umol min~'mg™" (umol product per minute per mg of active
enzyme). If the molecular weight of the enzyme is known, the activity of the enzyme

reaction with pure components can be calculated from the impure sample mix.

A large number of different methods for measuring the concentration of substrates
and products have been described. At a starting point of an enzyme assay, the
enzyme or a sample comprising the enzyme is mixed with a substrate. More
preferably, saturating concentrations of substrate are used because substrate
concentration directly correlates with the turnover rate in an enzyme assay. In this
context, increasing the concentration of substrate should increase the turnover rate
of the assay until the substrate is saturating the enzyme. Moreover, increasing the
concentration of substrate decreases the ability of competitive inhibitors to bind and
inhibit an enzyme. From these explanations, it becomes clear that at saturating
substrate and, where applicable, regulatory protein concentrations, the largest
reaction rate can be obtained for an enzyme assay. Moreover, the skilled person is

aware of further components involved in the enzyme activity reactions, like regulatory
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proteins of enzymes and co-factors and that those compounds should be added to
the reaction mix in higher amounts than the substrate to be determined, otherwise
the limiting compound would be determined (Bergmeyer, Verlag Chemie, Grundlagen
der enzymatischen Analyse (1977); Bergmeyer, Verlag Chemie, Methods of
Enzymatic Analysis, 3 ed. (1983)). Furthermore, the skilled person in the art can
determine appropriate conditions and parameters for an enzyme assay, including
temperature, pH, ionic strength and the concentrations of components. The
measurement of the reaction rate can be observed with different methods as
described below, which are subdivided into continuous and discontinuous assays. In
continuous assays, the reaction velocity for evaluating the enzyme activity can be
observed by various types of assays, for example by spectrophotometer, fluorimetry,
circular dichroism (CD) and optical rotary disruption (ORD) measurements,
chemiluminescence and the like. For example, in spectrophotometric assays, the
absorption of a substrate can be measured continuously over time (Cantor and
Schimmel, Biophysical Chemistry, W.H. Freeman (1980); Chance, Ann. Rev.
Biophys. Chem., 20:1-28 (1991); Harris and Bashford, IRL Press, Oxford (1987)). If
an enzyme reaction cannot be observed photometrically, other methods, such as
fluorimetry may be used (Cantor and Schimmel, Biophysical Chemistry, W.H.
Freeman (1980); Chance, Ann. Rev. Biophys. Chem., 20:1-28 (1991); Adler et al.,
Methods Enzymol., 27:675-735 (1973)). In contrast to continuous assays, in
discontinuous assays samples are taken from an enzyme reaction at different
intervals of the enzyme reaction and the amount of product production or substrate
consumption is measured in these samples. Such discontinuous assays include but
are not limited to radiometric assays, chromatographic assays, or immunoassay,
such as ELISA. In a preferred embodiment in accordance with the present invention,
a sandwich immunoassay, more preferably a sandwich ELISA assay, is used. For
example, in a sandwich ELISA, a sample is taken from the enzyme reaction at
different time points and added to a plate which is coated with an antibody directed
against the substrate or the product of the enzyme. After washing of the plate to
remove the unbound substrate or product, a primary antibody directed against the
substrate or product of the enzyme is added. Subsequently, a secondary antibody

labelled with a detection marker is applied that is directed against the Fc region of the
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primary antibody. Examples for detection markers include enzymes, in particular
horseradish peroxidase (HRP) or alkaline phosphatase (AP); or fluorescent dyes
such as fluorescein isothiocyanate (FITC), rhodamine derivatives, Alexa Fluor dyes;
or other molecules. After washing the plate to remove unbound material, a chemical
is added that is converted by the detection marker into a color, fluorescent or
electrochemical signal. The color, fluorescent or electrochemical signal can be
measured by methods well known in the art in order to determine the amount of
substrate or product formed at different re-determined time points of the enzyme

reaction.

The enzyme activity can be evaluated from the signal provided by the respective
continuous or discontinuous methods as described above. Thereby, the intensity of
the signal is a measure for the concentration of the observed substrate or product.
For example, in photometric assays, the concentration can be directly calculated
from the signal intensity by applying an absorption coefficient. If such a factor is not
available, a calibration curve with varying amounts of the respective compound must
be prepared under assay conditions. In accordance with the methods of the present
invention, a progress curve with the concentration of compound over time is
prepared. From the slope of the linear part of the progress curve the enzyme velocity
(Vo) is obtained as the amount of substrate converted during a time unit or the
product formed during a time unit. Notably, the time-dependent enzyme reaction
initially follows a linear relationship and, in the later progression, the enzyme reaction
slows down due to depletion of substrates. Thus, it is important that for determination
of the velocity only the linear part of the progress curve is taken. Such velocity values
serve for further calculation of the enzyme activity. By measuring the enzyme
reaction at a fixed enzyme concentration and varying substrate concentrations, the
velocity values for each enzyme reaction can be determined. Alternatively the
concentrations of enzyme substrates, or regulatory proteins can be maintained
constant and the enzyme concentration can be varied. By plotting reaction rate
against concentration, and using non-linear regression of the Michaelis—-Menten
equation, a hyperbolic curve is generated (Figure 6). From this curve, the parameters

of the maximum rate of catalyzed reaction (Vmax) and the substrate concentration at
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which the reaction rate is half (Ky) can be determined. The ratio of these parameters
(Vmax/ Km) provides a measure of how efficiently an enzyme converts a substrate into

product, that is, the enzyme activity.

Preferably, enzyme assays are performed in HTS mode. For example, assay
parameters that should be evaluated in the transition from enzyme assays to a HTS-
compatible enzyme assay by Acker and Auld (Perspectives in Science, 1:56-73
(2014); Inglese et al. (Nat. Chem. Biol., 3:466 (2007)) and Inglese et al. (Nat. Chem.
Biol., 3:438 (2007)). Moreover, HTS ELISA assays have been successfully adapted
on multi-well microplates and automation of ELISA assays have been developed
providing equipment for efficient dispensing, handling and plate reading (e.g. ELISA
NIMBUS provided by Hamilton or EUROLabWokstation ELISA provided by
EUROIMMUN). An important aspect of the present invention is related to the use of
crude IVT samples for screening the activity of the enzyme by screening said
enzyme, said substrate of an enzyme, or said regulatory protein of an enzyme , by
enzyme assays as described above. As sandwich-type immunoassays are tolerant to
analyzing crude samples, for instance due to the extensive washing steps, sandwich
immunoassays read out by fluorescence, chemiluminescence, or
electrochemiluminescence are preferred assay formats in accordance with the

present invention.

In accordance with the methods of the present invention, the enzyme activities of
multiple variants of mutated enzymes, or the enzyme activities by interacting with
multiple variants of mutated substrates of an enzyme, or variants of mutated
regulatory proteins of an enzyme may be screened and compared by enzyme
assays. Thus, the constant Vinax/ Km can be obtained for these variants of enzymes or
for enzymes interacting with these variants of such substrates or with these variants
of such regulatory proteins to quantitatively compare the enzyme activity of such

variants.

In a further embodiment of the present invention, the term “producing a polypeptide

with a desired activity” refers to the method of the present invention capable of
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identifying a variant of an enzyme or a variant of a substrate of an enzyme or of a
regulatory protein of an enzyme, wherein a desired enzyme activity may be identified
by producing a set of variants of an enzyme, or variants of a substrate of an enzyme
or variants of a regulatory protein of an enzyme and selecting for the desired activity
by applying the screening method of the invention comprising step (i) and (ii). Thus,
the production method may comprise a step of devising a set of variants of an
enzyme, variants of a substrate of an enzyme or variants of a regulatory protein of an
enzyme, said variants preferably differing from each other by point mutations, which

precedes said steps (i) and (ii).

In a preferred embodiment of the methods of the present invention, the methods
comprise the expression of a polypeptide and enzyme activity determination of at
least 100 variants of an enzyme, or activity determination of enzymes interacting with
at least 100 variants of a substrate of such enzyme or at least 100 variants of a
regulatory protein of such. The variant may have “conservative” changes, wherein a
substituted amino acid has similar structural or chemical properties (e.g.,
replacement of leucine with isoleucine). A variant may also have “nonconservative”
changes (e.g., replacement of glycine with tryptophan). Preferably, the variation at
one particular position of the amino acid sequence comprises all 20 standard amino
acids. Analogous variations may also include amino acid deletions or insertions, or
both. Preferably a variant of an enzyme or the enzyme interacting with a variant of a
substrate of such enzyme or with variant of a regulatory protein of such enzyme, has
at least 10% of the activity of it's corresponding wild-type. More preferably said
activity is at least 30% of the corresponding wild-type. Most preferably said activity is

at least 70% of the corresponding wild-type.

In a further preferred embodiment, the methods of the present invention further
comprise a variant of an enzyme, or a variant of substrate of an enzyme, or a variant
of a regulatory protein of an enzyme, wherein the activity of the polypeptide is its

activity in the corresponding enzyme reaction.
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The term “increased enzyme activity” as used in the methods of the present invention
refers to an enzyme reaction that converts a substrate of said enzyme into one or
more products with a higher reaction rate (product formed over a specific time
interval) due to one or more introduced point mutations in an active domain of a
corresponding enzyme, or active domain of a substrate of a corresponding enzyme,
or active domain of a regulatory protein of a corresponding enzyme. “Active domain”
in this context refers to a domain of the corresponding protein that is required to be
present in an enzyme reaction. Methods to measure the activity of an enzyme are
known in the art and described above. Accordingly, the enzyme activity may be
determined by the constant ratio Vimax/ Kum using the methods of the present invention
and described above. Thereby, an increased constant ratio Vimaxy Ku refers to an
increased enzyme activity. The methods of the present invention are useful to
generate mutant variants of an enzyme, enzymes interacting with mutant variants of
a substrate of such enzymes or with mutant variants of a regulatory protein of such
enzymes having a higher enzyme activity than the reference enzyme. Preferably, the
constant ratio Vmax/ Km Of the enzyme activity is increased a least 3-fold, more
preferably 10-fold compared to the constant ratio Vina/ Ky of the reference enzyme

activity of the.

In another preferred embodiment of the methods of the present invention, the
screening comprises identifying a polypeptide being an enzyme, or a substrate of an
enzyme or a regulatory protein of an enzyme, the activity of the polypeptide is the
activity of the polypeptide in a corresponding enzyme reaction with a corresponding
activity of the polypeptide that is either increased or not substantially altered as a
consequence of one or more introduced point mutations and wherein one or more of
said point mutations reduces the binding of a sub-sequence of the polypeptide

comprising at least one of said mutations to an MHC molecule.

As provided by the methods of the present invention, the identification of the enzyme
activity is determined by the constant ratio Vimax/ Km Of the enzyme activity. The term
‘not substantially altered” of the present invention denotes that a change of the

constant ratio Vimax/ Ky does not affect the enzyme activity in a noticeable way to the
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practitioner. In a preferred embodiment of the invention, the constant ratio Vimax/ Ku
that is not substantially altered varies less than 3-fold more preferably less than 10-
fold. This preferred embodiment is particularly useful in situations where the enzyme
activity is already at a desirable level and where one or more point mutations are
being introduced for reasons other than increasing the enzyme activity, such as for

reducing immunogenicity.

A common strategy to reduce immunogenicity is to introduce one or more point
mutations into an enzyme, or a substrate of an enzyme or a regulatory protein of an
enzyme, to disrupt MHC binding, an underlying requirement for T cell stimulation, as
described above in more detail. Thus, it is of particular interest of the present
invention to reduce the binding affinity of a sequence portion of an enzyme or
substrate of an enzyme or regulatory protein of an enzyme to an MHC molecule as

this may help avoid unwanted immunogenicity.

In a preferred embodiment, the methods of the present invention further comprise the
screened polypeptide(s) comprising a surface charge that is altered as a
consequence of one or more introduced point mutations in said polypeptide(s). The
term “surface charge” as used in the present invention refers to the sum of charges
of amino acids on a surface of a polypeptide. The surface charge depends on the
proportion and distribution of polar and charged amino acids of the polypeptide, the
pH of the solution and the pKa of the side chains. It is also affected by the localized
environment around the amino acids on a surface of a polypeptide. Furthermore, the
surface charge of a polypeptide can be altered by at least one point mutation of the
polypeptide. In addition to at least one point mutation on the surface of a polypeptide,
a mutation in the vicinity of the surface can be done in a further attempt to influence
the surface charge at that site. The surface charge of a polypeptide can be
determined by methods known in the art, for example, CM-Sephadex column
chromatography. A commonly known approach to determine the surface charge of a
protein comprises the determination of the isoelectric point of a protein. The
isoelectric point is an important parameter which is useful in determining the acid-

base properties of proteins and is generally defined as the pH value at which the net
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overall charge on the protein is zero. Thus, it is generally recognized and accepted
that all proteins, whether or not they possess enzymatic activity, demonstrate the
characteristic property that their net overall electrical charge is dependent upon the
pH in the surrounding environment. Due to this pH-dependent charge characteristic,
all proteins, being composed of ionizable groups, demonstrate a pH-dependent
binding affinity. Due to this pH-dependent charge characteristic, all proteins, being
composed of ionizable groups, demonstrate a pH-dependent binding affinity to an
interaction member, whereby the degree of affinity varies with the pH value. In view
of the above, one skilled in the art recognizes that the binding affinity of a polypeptide
to an interaction member or the activity of an enzyme to a substrate is dependent on
its surface charge. In a preferred embodiment of the invention, the isoelectric point of
a polypeptide is altered by at least 0.2, more preferably by at least one pH unit as a

consequence of one or more introduced point mutations.

In a preferred embodiment, the methods of the present invention further comprise the
screened polypeptide(s) having an increased half-life in vivo as a consequence of
one or more introduced point mutations in said polypeptide(s). The term “half-life”
refers to the time taken by the polypeptide to be screened to be removed from the
blood stream. Methods to determine the half-life of a polypeptide are well known in
the art and include metabolic pulse-chase with isotopically labeled amino acids
(Dickson and Mendenhall, 2004), measurement of isotopically labeled amino acids of
a polypeptide by mass spectrometry (Bateman et al., 2006, Mawuenyega et al.,
2010). Small size polypeptides are often rapidly cleared from the blood stream (Batra
et al., 2002, Jain et al., 2007). Consequently, it is of particular interest for the
application of therapeutic polypeptides to extend the plasma half-life of these
molecules. As provided by technologies known in the art, an increase of the binding
affinity of a polypeptide of interest leads to an increased half-life (Hinton et al., J
Immunol., 176(1):346-56 (2005); Dall'Acqua et al., J. Biol. Chem. 281(33):23514-24
(2006); Johansson et al., J. Biol. Chem, 277:8114-8120 (2002); Linhult et al., Protein
Sci. 11: 206-213 (2002); Zalevsky et al., Nat. Biotechnol. 28(2): 157-159 (2010)). In
this regard, only the unbound fraction of a polypeptide used as a drug in a patient

undergoes degradation resulting in a reduced half-life of that drug. As the drug
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dissociates from the indented interaction member the drug undergoes metabolism in
the liver and other tissues. In turn, a higher affinity of the drug would lead to a higher
fraction of drug bound to the interaction member thereby typically increasing the half-

life of a drug.

In a preferred embodiment of the methods of the present invention, the increased
half-life in vivo as a consequence of one or more introduced point mutations in said
polypeptide(s) is due to an altered binding affinity of said polypeptide(s) to FCRn. The
term “FcRn” as used in accordance with the present invention refers to the neonatal
Fc receptor which is a membrane-associated receptor involved in both IgG and
albumin homeostasis, in maternal IgG transport across the placenta and in antigen-
IgG immune complex phagocytosis. FCRn structure consists of three extracellular
alpha (a) domains, a single pass transmembrane domain, and a short cytoplasmic
tail of approximately 44 amino acids. It was shown that increased binding affinity for
FcRn increases the half-life of an IgG, the most prevalent immunoglobulin class in
human and other mammals (see for example, Kim et al., Eur J Immunol., 24:2429
(1994); Kuo et al (2010), Journal of Clinical Immunology. 30 (6): 777-789; Zalevsky
et al.,, 2010 nature Biotechnology 28(2):157-159). For example, Kuo et al. (2010)
describes the ability of FCRn to prolong the half-life of IgG and albumin, which has
guided engineering of novel therapedutics. In this regard, two FCRn molecules bind to
a single IgG with a 2:1 stoichiometry, and the binding occurs at pH 6.0-6.5 with
minimal structural conformation change and not at pH 7.5. Site-directed mutagenesis
studies have proven that the critical binding sites in the Fc domain of IgG for FCRn
are Histidine 310, Histidine 435, and Isoleucine 253 and to a lesser extent Histidine
433 and Tyrosine 436. At acid pH, the protonated histidine residues on IgG form a
salt bridge with the FcRn a2 domain at Glutamic acid 117, Glutamic acid 132, and/or
Glutamic acid 135 and/or Aspartic acid 137. Therefore, FcRn can bind IgG from the
slightly acidic intestinal lumen and ensure efficient, unidirectional transport to the
basolateral side where the pH is neutral to slightly basic. Hence, it is of particular
interest of the present embodiment to increase the half-life of a polypeptide that is

intended for the development of a therapeutic protein.
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In a preferred embodiment, the methods of the present invention further comprise the
screened polypeptide(s) having an increased stability as a consequence of one or
more introduced point mutations in said polypeptide(s). The term “stability” refers to
the maintenance of the three-dimensional structure of the polypeptide to be
screened, a conformation that is usually biologically functional. The formation of the
three-dimensional structure refers to the physical process by which a polypeptide
folds into its characteristic and functional three-dimensional structure. The three-
dimensional structure is stabilized for example by non-covalent interactions such as
ionic interactions, weak van der Waals interactions, intramolecular hydrogen bonds,
hydrophobic interactions and covalent bonding in the form of disulfide bridges formed
between cysteine residues. lonic interactions form between an anion and a cation
and form salt bridges that help stabilize the protein. Van der Waals interactions
include nonpolar interactions. Techniques for determining protein folding are known
in the art and include NMR spectroscopy, X-ray crystallography; fluorescence
spectroscopy, circular dichroism. For example, NMR spectroscopy monitors the
hydrogen-deuterium exchange of backbone amide protons of proteins in their native
state, which provides both the residue-specific stability and overall stability of
proteins. The three-dimensional structure of a polypeptide may be vital for its
physiological function and may be destabilized by protein denaturation, a process in
which external stress such as a strong acid or base, a concentrated inorganic salt, an
organic solvent, such as alcohol or chloroform, radiation or heat is exposed to the
protein. For example, changes in pH may alter the charge of the proteins, which in
turn will alter the solubility and the three-dimensional structure of the protein. As
another example, high temperatures may result in the disruption of hydrogen bonds
thereby unfolding the protein. Temperatures at which proteins denature may vary, but
most human proteins function optimally at body temperature for about 37 °C. Thus,
protein stability may be analyzed by temperature alteration, use of chemical additives
and/or pH modification. In accordance with the methods of present invention, the
stability of a polypeptide may be analyzed in solution titration assays of the present
invention, e.g. by screening the polypeptides at different temperatures, in the
presence of varying concentrations of chemical additives and/or at different pH

values.
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In a preferred embodiment, the methods of the present invention further comprise the
screened polypeptide(s) exhibiting reduced propensity to aggregate as a
consequence of one or more introduced point mutations in said polypeptide(s). The
term “aggregation” refers to the biological phenomenon in which polypeptides
aggregate. As used in the present invention, the methods used for determining
protein aggregation can include any of the following: light scattering methodology,
tryptophan fluorescence, UV absorption, turbidity measurement, a filter retardation
assay, size exclusion chromatography, reversed-phase high performance liquid
chromatography, an immunological assay, a fluorescent binding assay, a protein-
staining assay, microscopy, or polyacrylamide gel electrophoresis (PAGE). The
propensity for proteins can be predicted based on their stability and also based on
the presence or absence of amino acids on the protein solvent exposed surface that
are prone to environmental degradation including permanent chemical modification,

such as oxidation and deamidation.

In a preferred embodiment, the methods of the present invention further comprise the
screened polypeptide(s) exhibiting reduced viscosity when formulated as a
consequence one or more introduced point mutations in said polypeptide(s). Proteins
tend to form viscous solutions at high concentration because of their macromolecular
nature and their potential for intermolecular interactions. The viscosity of a protein
formulation has implications for the stability, processing, storage, and, for those used
as drugs, drug delivery of the protein formulation to a patient. Increased viscosity of
protein formulations has negative ramifications from processing through drug delivery
to the patient. The viscosity of a formulated protein can in part be predicted by its
electrical dipole moment in the buffer formulation. The stronger the electrical dipole
moment the more likely the protein will array in solution into raft like protein solvent
structures that are effectively viscous. Many methods have been developed to
measure changes in the viscosity of fluids and are well known in the art. For
example, U.S. Pat. Nos. 3635678 and 3,967,934 describe an apparatus for

determining changes in viscosity of a fluid held within a test tube.
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Examples
The present invention will be further illustrated by way of the following examples,
which are however not intended to limit the same.

Example 1

1.1 Expression of wild-type and mutant Avastin® (bevacisumab) by coupled

cell-free in vitro transcription/translation (IVT) system

DNA encoding wild-type (wt) or mutant Avastin (Av) scFvs were expressed using a
cell-free in vitro coupled transcription/translation (IVT) system. A C-terminal affinity

tag was added to the scFv construct to enable later detection by ELISA.

Name Construct

UPH1 Avastin scFv

UPH2 [T28D/N31H/H101Y/S105T] Avastin scFv
UPH3 [T28D] Avastin scFv

UPH4 [N31H] Avastin scFv

UPH5 [H101Y] Avastin scFv

UPH6 [S105T] Avastin scFv

Table 1. List of UPH1-6 constructs and the mutations they contain from the wt Av
scFv, wherein the numbering of the mutated positions all refer to the amino acid
position in the wt Av heavy chain. The full heavy and light chain sequences for
Avastin are readily available from Drugbank:

hitps fiwww drugbank. ca/drugs/DB00112

1.2 Detection of wild-type Avastin by Solution Equilibrium Titration (SET)
ELISA

Introduction:

Solution Equilibrium Titration (SET) ELISA was carried out on crude IVT product
produced according to the method set out above for data for wild-type Avastin scFv
(UPH1).
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Materials and Methods:

In each case, wt Av scFv at a final dilution of 1:400 and Avastin at 15.625 pM final
concentration were mixed with VEGF at the concentrations shown in Figure 1 (i.e.,
10 nM - 0.1 pM) and allowed to reach equilibrium at room temperature overnight.
Equilibrium samples were incubated for 30 min at room temperature on 96-well
microtiter plates coated with 1 ug/ml VEGF (which had been blocked with 5 % (w/v)
BSA 1xPBS solution for 2 hours). After washing to remove unbound material, wt Av
scFv bound to the plate was probed for with an HRP labelled anti-tag antibody,
Avastin was probed for with anti-Human-HRP antibody and incubated at room
temperature for 1 h. ECL solution was added and signals detected immediately using
a Tecan ECL platereader.

Non-linear regression for Avastin calculated using the equation for bivalent
interactions:

Y=MAX/2/(2*A)*(-(X-(2*A)+K)+SQRT((X-(2*A)+K)"2+4*(2*A)*K)) (1)
Non-linear regression for UPH1 calculated using the equation for monovalent
interactions:

Y=MAX/2/A*(-(X-A+K)+SQRT((X-A+K)*2+4*A*K)) (2)
where in each case Y is the measured signal level, K=Kp; A= starting concentration
of the antibody or scFv ; X= the concentration of VEGF used in each titration step.
For UPH1 A was determined by regressing against this parameter as well, using the

equation above.

Results:
Figure 1 shows free Avastin or wt Av scFv present in equilibrium with varying
concentrations of VEGF as measured by SET ELISA. Curves have been normalised
to maximum (100 %) and minimum (0 %) luminescence signals. Data shown are of
one experiment performed in duplicate.
Kp values calculated from linear regression:
18.67 pM for Avastin when [Avastin] = 15.625 pM as determined by dilution
from stock solution.
16.00 pM for UPH1.
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1.3 Expression of wild-type and mutant Avastin scFv by coupled cell-free in

vitro transcription/translation (IVT) system

Introduction:
SET ELISAs were performed on crude IVT product for each of the constructs as set
out in Table 1. SET ELISA was carried out for these constructs in the same way as

set out for UPH1 above.

Materials and Methods:

In each case, mutant Av scFv at a final dilution of 1:400 were mixed with VEGF at the
concentrations shown in Figure 2 (i.e., 10 nM - 0.1 pM) and allowed to reach
equilibrium at room temperature overnight. Equilibrium samples were incubated for
30 min at room temperature on 96-well microtiter plates coated with 1 ug/ml VEGF
(which had been blocked with 5 % (w/v) BSA 1xPBS solution for 2 hours). After
washing to remove unbound material, mutant Av scFv bound to the plate was
probed for with anti-pk-HRP antibody, and incubated at room temperature for 1 h.
Chemiluminescence solution was added and signals detected immediately using a
chemiluminescence microplate reader.

Non-linear regression for UPH1-6 calculated using the equation (2) above for

monovalent interactions.

Results:
Name | Calculated Kp
(pPM)
UPH1 15.13
UPH2 0.39
UPH3 13.76
UPH4 4.03
UPH5 11.07
UPH6 8.99

Table 2. Kp values calculated for UPH1-6 constructs.
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Conclusion:

In this small scale experiment UPH1 represents the wild-type Av scFv construct with
a measured affinity approximately 15 pM, the affinity of UPH3 and UPHS are
measured to be essentially identical to that of UPH1, whilst, UPH2, 4, and 6 exhibit
an increased affinity constant. All five mutations therefore appear to be permissible
for introducing mutations into the construct with no loss of affinity. If an increased
affinity for a mutant construct is desired then UPH2, 4, and 6 are relevant design

choices.

2. Investigating Kinase Activity by High-throughput Solution Titration
Kinetics

Introduction:

The aim of this example is the determination of the kinase activity by a high-
throughput solution titration assay undertaken to identify point mutations that could
be introduced in the kinase without altering or with the possibility of improving its

ability to catalyze phosphorylation of a protein substrate.

Materials and Methods:

DNA encoding wild-type or mutant kinases are expressed using a cell-free in vitro
coupled transcription/translation (IVT) system. A combination of site-directed
mutagenesis and IVT are used to generate e.g. 100-2000 variants of the kinase
(each differing from the wild-type by a single amino acid substitution). A tag in
accordance with the present invention may optionally be added to the enzyme to

enable later detection by ELISA.

Results:

Subsequent to IVT of the kinase variants, the kinase variants are combined with the
kinase substrate and essential co-factors/co-substrates (i.e. ATP) in a reaction plate
of a solution titration assay. A solution titration of the substrate enables the reaction

rate to be monitored at a range of substrate concentrations. Reactions are initiated
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by the addition of the kinase. Kinases catalyze the transfer of a phosphate group
from a high-energy molecule (typically ATP) to a protein substrate (Figure 3). This

process is known as phosphorylation.

The amount of phosphorylated product formed is determined by a discontinuous
assay. In this regard, aliquots of the enzyme reaction are taken at different pre-
determined time points and the formation of the phosphorylated product is
determined by sandwich ELISA with antibodies directed against the reaction product

e.g. the protein itself as well as the phosphorylated amino acid (Figure 4).

For the determination of the reaction velocity of the kinase, the product formation
over a range of substrate concentrations at different time points is plotted over the
time (Figure 5). For many enzymes, the rate of catalysis (reaction velocity, Vy) rises
linearly as substrate concentration increases and then begins to level off and
approach a maximum at higher substrate concentrations (Figure 5). Subsequently,
the initial reaction velocity Vy is determined from the slope of the linear part of the

progress curve.

The initial velocity determined for each reaction is then plotted against the

concentration of substrate titrated into the reaction [S] (Figure 6).

A hyperbolic curve results, where V. represents the maximum reaction velocity
achieved by the system at saturating substrate concentrations [S], and the Michaelis-
Menten constant, Ky, is the substrate concentration at which the reaction rate is half
of Vmax (Figure 7). The Ky gives an inverse measure of the affinity of the enzyme-
substrate interaction; a lower Ky value indicates a higher affinity, as the reaction will
approach Viax more rapidly. The final curve characteristics and parameters can be
determined by non-linear regression of the result values obtained. In a very simple
assay setup it may be the case that the reaction cannot be carried to a point where
saturation begins to occur. Therefore in those situations it may be possible to
determine changes in Vy, but not Ky. Nevertheless even in such a case given that the
Kwn of the wild type enzyme is usually known, the assay can clearly show whether any
particular mutant enzyme is likely to have increased, decreased or unchanged

activity.
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Conclusion:

When considering the effect(s) of point mutations in an enzyme of interest, a
mutation affecting Vmax may not necessarily affect Ky. This is because the amino
acids involved in binding the substrate may not all be involved in the catalytic
reaction. Thus, a mutation may cause a drastic change in Ky with little or no change
in Vmax (Figure 8 A). The reverse is also possible; i.e. a mutation at/near the active
site of the enzyme may affect the V. but not the Ky if the mutated residue is not

involved in substrate binding (Figure 8 B).

The ratio of these values (Vmax'Km) gives a measure of how efficiently an enzyme

converts a substrate into product.
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CLAIMS

. A method for screening the activity of a polypeptide comprising (i) expressing

a polypeptide by cell-free in vitro translation and (ii) determining the activity of

the expressed polypeptide by solution titration with an interaction member.

. A method for producing a polypeptide with a desired activity comprising (i)

expressing a polypeptide by cell-free in vitro translation and (ii) determining
the activity of the expressed polypeptide by solution titration with an interaction

member.

. The method of claim 1 or 2, wherein the polypeptide expressed by cell-free in

vitro translation comprises less than 1 pg of active polypeptide, preferably less
than 100 ng of active polypeptide, and more preferably less than 10 ng of
active polypeptide.

. The method of any one of claims 1 to 3, wherein the active polypeptide

expressed by cell-free in vitro translation comprises up to 5% (w/v) of the

lysate.

. The method of any one of claims 1 to 4, further comprising introducing at least

one point mutation in the amino acid sequence of the polypeptide to be

expressed in step (i).

. The method of claim 5, wherein said at least one point mutation is generated

by site-directed mutagenesis.

. The method of claim & or 6, wherein said at least one point mutation

comprises one or more amino acid substitutions, deletions, additions, and/or

insertions.

. The method of any one of claims 1 to 7, wherein the method comprises the

expression and screening of at least 100 polypeptide variants.
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9. The method of any of claims 1 to 8, wherein the activity is the binding affinity
of the polypeptide to the interaction member and wherein solution titration

comprises solution equilibrium titration.

10. The method of claim 9, wherein the Kp of the binding affinity is less than 1 nM,
preferably less than 100 pM and more preferably less than 10 pM.

11.The method of claims 1 to 10, wherein the polypeptide is selected from the
group consisting of antibodies and fragments thereof, receptors, preferably T
cell receptors, enzymes, substrates of enzymes, regulatory proteins of
enzymes, cytokines, Fc fusion proteins, anticoagulants, blood factors, bone
morphogenetic proteins, engineered protein scaffolds, growth factors,

hormones, interferons, interleukins, and thrombolytics.

12.The method of any one of claims 1 to 11, wherein the expressed polypeptide

or its interaction member contains a binding domain of an antibody fragment.

13. The method of any one of claims 1 to 11, wherein the expressed polypeptide
or its interaction member contains the active domain of an enzyme, or the
active domain of a substrate of an enzyme, or the active domain of a

regulatory protein of an enzyme.

14. The method of any one of claims 1 to 13, wherein the screening comprises
identifying a polypeptide with an affinity to an interaction member that is
altered as a consequence of one or more introduced point mutations in said
polypeptide.

15.The method of any one of claims 1 to 13, wherein the screening comprises
identifying a polypeptide with an affinity to an interaction member that is not
substantially altered as a consequence of one or more introduced point

mutations in said polypeptide.
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16.The method of any one of claims 1 to 13, wherein the screening comprises
identifying a polypeptide with an affinity to an interaction member that is either
increased or not substantially altered as a consequence of one or more
introduced point mutations and wherein one or more of said point mutations
reduces the binding of a sub-sequence of the polypeptide comprising at least

one of said mutations to an MHC molecule.

17.The method of any one of claims 1 to 16, wherein screening comprises
identifying a polypeptide with a cross-reactivity between more than one
interaction member, and wherein the extent of such cross-reactivity is altered
as a consequence of one or more introduced point mutations in said

polypeptide.

18. The method of any one of claims 1 to 8, wherein the polypeptide to be
screened is an enzyme, or a substrate of an enzyme or a regulatory protein of
an enzyme, and wherein the activity of the polypeptide is the activity of the

polypeptide in a corresponding enzyme reaction.

19.The method of claim 18, wherein the activity of the polypeptide in a
corresponding enzyme reaction is increased as a consequence one or more

introduced point mutations in the polypeptide.

20.The method of any of claims 18 to 19, wherein the screening comprises
identifying a polypeptide with an activity that is either increased or not
substantially altered as a consequence of one or more introduced point
mutations and wherein one or more of said point mutations reduces the
binding of a sub-sequence of the polypeptide comprising at least one of said

mutations to an MHC molecule.
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21.The method of any one of claims 1 to 20, wherein the screened polypeptide(s)
comprise(s) a surface charge that is altered as a consequence of one or more

introduced point mutations in said polypeptide(s).

22.The method of any one of claims 1 to 21, wherein the screened polypeptide(s)
have an increased half-lfe in vivo as a consequence of one or more

introduced point mutations in said polypeptide(s).

23.The method of claim 22, wherein the increased half-life in vivo as a
consequence of one or more introduced point mutations in the polypeptide(s)

is due to an altered binding affinity of said polypeptide to FcRn.

24.The method of any one of claims 1 to 23, wherein the screened polypeptide(s)
exhbit increased stability as a consequence of one or more introduced point

mutations in said polypeptide(s).

25.The method of any one of claims 1 to 24, wherein the screened polypeptide(s)
exhibit a reduced propensity to aggregate as a consequence of one or more

introduced point mutations in said polypeptide(s).

26.The method of any one of claims 1 to 25, wherein the screened polypeptide(s)
exhibit a reduced viscosity when formulated as a consequence of one or more

introduced point mutations in said polypeptide(s).
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Amendments to claims have been filed as follows

CLAIMS

. A method for screening the activity of a polypeptide comprising (i) expressing

a polypeptide by cell-free in vitro translation and (ii) determining the activity of

the expressed polypeptide by solution titration with an interaction member.

. The method of claim 1, which is for producing a polypeptide with a desired

activity.

. The method of claim 1 or 2, wherein the polypeptide expressed by cell-free in

vitro translation comprises less than 1 ug of active polypeptide, preferably less
than 100 ng of active polypeptide, and more preferably less than 10 ng of
active polypeptide.

. The method of any one of claims 1 to 3, wherein the active polypeptide

expressed by cell-free in vitro translation comprises up to 5% (w/v) of the

lysate.

. The method of any one of claims 1 to 4, further comprising introducing at least

one point mutation in the amino acid sequence of the polypeptide to be

expressed in step (i).

. The method of claim 5, wherein said at least one point mutation is generated

by site-directed mutagenesis.

. The method of clam 5 or 6, wherein said at least one point mutation

comprises one or more amino acid substitutions, deletions, additions, and/or

insertions.

. The method of any one of claims 1 to 7, wherein the method comprises the

expression and screening of at least 100 polypeptide variants.

. The method of any of claims 1 to 8, wherein the activity is the binding affinity

of the polypeptide to the interaction member and wherein solution titration

comprises solution equilibrium titration.
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10. The method of claim 9, wherein the Kp of the binding affinity is less than 1 nM,
preferably less than 100 pM and more preferably less than 10 pM.

11. The method of claims 1 to 10, wherein the polypeptide is selected from the
group consisting of antibodies and fragments thereof, receptors, preferably T
cell receptors, enzymes, substrates of enzymes, regulatory proteins of
enzymes, cytokines, Fc fusion proteins, anticoagulants, blood factors, bone
morphogenetic proteins, engineered protein scaffolds, growth factors,

hormones, interferons, interleukins, and thrombolytics.

12. The method of any one of claims 1 to 11, wherein the expressed polypeptide

or its interaction member contains a binding domain of an antibody fragment.

13. The method of any one of claims 1 to 11, wherein the expressed polypeptide
or its interaction member contains the active domain of an enzyme, or the
active domain of a substrate of an enzyme, or the active domain of a

regulatory protein of an enzyme.

14. The method of any one of claims 1 to 13, wherein the screening comprises
identifying a polypeptide with an affinity to an interaction member that is
altered as a consequence of one or more introduced point mutations in said

polypeptide.

15. The method of any one of claims 1 to 13, wherein the screening comprises
identifying a polypeptide with an affinity to an interaction member that is not
substantially altered as a consequence of one or more introduced point

mutations in said polypeptide.

16. The method of any one of claims 1 to 13, wherein the screening comprises
identifying a polypeptide with an affinity to an interaction member that is either
increased or not substantially altered as a consequence of one or more

introduced point mutations and wherein one or more of said point mutations
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reduces the binding of a sub-sequence of the polypeptide comprising at least

one of said mutations to an MHC molecule.

17.The method of any one of claims 1 to 16, wherein screening comprises
identifying a polypeptide with a cross-reactivity between more than one
interaction member, and wherein the extent of such cross-reactivity is altered
as a consequence of one or more introduced point mutations in said

polypeptide.

18. The method of any one of claims 1 to 8, wherein the polypeptide to be
screened is an enzyme, or a substrate of an enzyme or a regulatory protein of
an enzyme, and wherein the activity of the polypeptide is the activity of the

polypeptide in a corresponding enzyme reaction.

19. The method of claim 18, wherein the activity of the polypeptide in a
corresponding enzyme reaction is increased as a consequence one or more
introduced point mutations in the polypeptide.

20.The method of any of claims 18 to 19, wherein the screening comprises
identifying a polypeptide with an activity that is either increased or not
substantially altered as a consequence of one or more introduced point
mutations and wherein one or more of said point mutations reduces the
binding of a sub-sequence of the polypeptide comprising at least one of said

mutations to an MHC molecule.

21.The method of any one of claims 1 to 20, wherein the screened polypeptide(s)
comprise(s) a surface charge that is altered as a consequence of one or more

introduced point mutations in said polypeptide(s).

22.The method of any one of claims 1 to 21, wherein the screened polypeptide(s)
have an increased half-life in vivo as a consequence of one or more

introduced point mutations in said polypeptide(s).
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23.The method of claim 22, wherein the increased half-life in vivo as a
consequence of one or more introduced point mutations in the polypeptide(s)

is due to an altered binding affinity of said polypeptide to FCRn.

24. The method of any one of claims 1 to 23, wherein the screened polypeptide(s)
exhbit increased stability as a consequence of one or more introduced point

mutations in said polypeptide(s).

25.The method of any one of claims 1 to 24, wherein the screened polypeptide(s)
exhibit a reduced propensity to aggregate as a consequence of one or more

introduced point mutations in said polypeptide(s).

26. The method of any one of claims 1 to 25, wherein the screened polypeptide(s)
exhibit a reduced viscosity when formulated as a consequence of one or more

introduced point mutations in said polypeptide(s).
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