(19 DANMARK (10 DK/EP 2692865 T3

(12) Oversaettelse af
europaeisk patentskrift

Patent-og
Varamaerkestyrelsen

(51) Int.Cl.: C 12N 15/10 (2006.01) C 12N 15/90 (2006.01)
(45) Oversaettelsen bekendtgjort den: 2015-02-16

(80) Dato for Den Europaeiske Patentmyndigheds
bekendigorelse om meddelelse af patentet: 2014-12-10

(86) Europaeisk ansagning nr.: 12178529.9
(86) Europeeisk indleveringsdag: 2012-07-30
(87) Den europaeiske ansggnings publiceringsdag: 2014-02-05

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE Sl SK SM TR

(73) Patenthaver: NBE-Therapeutics LLC, Technology Parc Basel , Hochbergerstrasse 60C, 4057 Basel, Schweiz
(72) Opfinder: Grawunder, UIf, Technology Parc Basel, Hochbergerstr. 60C, 5057 Basel, Schweiz

(74) Fuldmaegtig i Danmark: Michalski Hittermann & Partner Patentanwilte MbH, Hafenspitze Speditionstr. 21, 40221
Dusseldorf, Tyskland

(54) Benaevnelse: Transponeringsmedieret identifikation af specifik binding eller funktionelle proteiner

(56) Fremdragne publikationer:
KEMPENI JOACHIM: "Preliminary results of early clinical trials with the fully human anti-TNFalpha monoclonal
antibody D2E7", ANNALS OF THE RHEUMATIC DISEASES, vol. 58, no. SUPPL. 1, December 1999 (1999-12),
pages 170-172, XP008104763, ISSN: 0003-4967
URBAN JOHANNES H ET AL: "Selection of functional human antibodies from retroviral display libraries",
NUCLEIC ACIDS RESEARCH, OXFORD UNIVERSITY PRESS, GB, vol. 33, no. 4, 1 February 2005 (2005-02-01),
page e35, XP009142695, ISSN: 1362-4962, DOI: 10.1093/NAR/GNI033 [retrieved on 2005-02-24]
CHIANG S L ET AL: "Construction of a mariner-based transposon for epitope-tagging and genomic targeting”,
GENE, ELSEVIER, AMSTERDAM, NL, vol. 296, no. 1-2, 21 August 2002 (2002-08-21), pages 179-185,
XP027353680, ISSN: 0378-1119 [retrieved on 2002-08-21]
HENSEL M ET AL: "SIMULTANEOUS IDENTIFICATION OF BACTERIAL VIRULENCE GENES BY NEGATIVE
SELECTION", SCIENCE, AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, WASHINGTON,
DC; US, vol. 269, 21 July 1995 (1995-07-21), pages 400-403, XP000645478, ISSN: 0036-8075, DOI:
10.1126/SCIENCE.7618105



DK/EP 2692865 T3



10

15

20

25

30

35

40

45

50

55

DK/EP 2692865 T3

EP 2 692 865 B1
Description
BACKGROUND OF THE INVENTION
Field of the Invention
(a) Technologies for the identification of specific functional and binding proteins

[0001] Thediscovery of target-specific proteins, including antibodies and fragments thereof, is of significant commercial
interest, because the selection of highly selective functional proteins or binding proteins, including antibodies and frag-
ments thereof, has a high potential for the development of new biological entities (NBEs) with novel therapeutic properties
that very specifically integrate, or interfere with biological processes, and therefore are predicted to display lower side-
effect profiles than conventional new chemical entities (NCEs). In that respect, particularly the development of highly
target-specific, therapeutic antibodies, and antibody-based therapeutics, have paved the way to completely novel ther-
apies with improved efficacy. As a consequence, therapeutic monoclonal antibodies represent the fastest growing seg-
ment in the development of new drugs over the last decade, and presently generate about USD 50 billion globalrevenues,
which accounts for a significant share of the total global market of pharmaceutical drugs. Additional page 1a.

[0002] Therefore, efficient and innovative technologies, that allow the discovery of highly potent, but also well tolerated
therapeutic proteins, in particular antibody-based therapeutics, are in high demand.

[0003] Inordertoidentify a protein with a desired functionality or a specific binding property, as is the case for antibodies,
itis required to generate, to functionally express and to screen large, diverse collections, or libraries of proteins, including
antibodies and fragments thereof, for desired functional properties or target binding specificity. A number of technologies
have been developed over the past twenty years, which allow expression of diverse protein libraries either in host cells,
oronviraland phage particles and methods for their high-throughput screening and/or panning toward a desired functional
property, or binding phenotype.

[0004] In Kempeni, Ann Rheum Dis 1999, 58 (suppl 1) 170-2, the preliminary results of early clinical trials with fully
human anti-TNF alpha monoclonal antibody D2E7 is discussed.

[0005] Furthermore, Urban et al., Nucleic Acids Research, 2005, Vol. 33, No.4 discusses the display of single chain
Fv fragments expressed on the surface of retroviral particles by fusion to a retroviral envelope protein and selection of
single chain Fv fragments binders by panning of retroviral particles to a desired binding protein. It is not related to the
display of full-length antibodies on the surface of mammalian cells.

[0006] Standard, state-of-the-arttechnologies to achieve identification of target-specific binders or proteins with desired
functional properties include, e.g. phage-display, retroviral display, bacterial display, yeast display and various mam-
malian cell display technologies, in combination with solid surface binding (panning) and/or other enrichment techniques.
All of these technologies are covered by various patents and pending patent applications.

[0007] While phage and prokaryotic display systems have been established and are widely adopted in the biotech
industry and in academia for the identification of target-specific binders, including antibody fragments (Hoogenboom,
Nature Biotechnology 23, 1105-1116 (2005)), they suffer from a variety of limitations, including the inability to express
full-length versions of larger proteins, including full-length antibodies, the lack of proper post-translational modification,
the lack of proper folding by vertebrate chaperones, and, in the case of antibodies, an artificially enforced heavy and
light chain combination. Therefore, in case of antibody discovery by these methods, "reformatting” into full-length anti-
bodies and mammalian cell expression is required. Due to the above-mentioned limitations this frequently results in
antibodies with unfavorable biophysical properties (e.g. low stability, tendency to aggregate, diminished affinity), limiting
the therapeutic and diagnostic potential of such proteins. This, on one hand, leads to significant attrition rates in the
development of lead molecules generated by these methods, and, on the other hand, requires significant effort to correct
the biophysical and molecular liabilities in these proteins for further downstream drug development.

[0008] Therefore, protein and antibody discovery technologies have been developed using lower eukaryotic (e.g.
yeast) and, more recently, also mammalian cell expression systems for the identification of proteins with desired prop-
erties, as these technologies allow (i) expression of larger, full-length proteins, including full-length antibodies, (ii) better
or normal post-translational modification, and, (iii) in case of antibodies, proper heavy-light chain pairing (Beerli & Rader,
mAbs 2, 365-378 (2010)). This, in aggregate, selects for proteins with favorable biophysical properties that have a higher
potential in drug development and therapeutic use.

[0009] Although expression and screening of proteins in vertebrate cells would be most desirable, because vertebrate
cells (e.g. hamster CHO, human HEK-293, or chicken DT40 cells) are preferred expression systems for the production
of larger therapeutic proteins, such as antibodies, these technologies are currently also associated with a number of
limitations, which has lead to a slow adoption of these technologies in academia and industry.

[0010] First, vertebrate cells are not as efficiently and stably genetically modified, as, e.g. prokaryotic orlower eukaryotic
cells like yeast. Therefore, its remains a challenge to generate diverse (complex) enough vertebrate cell based proteins
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libraries, from which candidates with desired properties or highest binding affinities can be identified. Second, in order
to efficiently isolate proteins with desired properties, usually iterative rounds of cell enrichment are required. Vertebrate
expression either by transient transfection of plasmids (Higuchi et al J. Immunol. Methods 202, 193-204(1997) ), or
transient viral expression systems, like sindbis or vaccinia virus (Beerli et al. PNAS 105, 14336-14341 (2008), and
WO002102885) do not allow multiple rounds of cell selection required to efficiently enrich highly specific proteins, and
these methods are therefore either restricted to screening of small, pre-enriched libraries of proteins, or they do require
tedious virus isolation/cell re-infection cycles.

[0011] Inorderto achieve stable expression of binding proteins and antibodies in vertebrate cells, that do allow multiple
rounds of selections based on stable genotype-phenotype coupling, technologies have been developed, utilizing specific
recombinases (flp/frt recombinase system, Zhou et al. mAbs 5, 508-518 (2010)), or retroviral vectors (W02009109368).
However, the flp/frt recombination is a low-efficient system for stable integration of genes into vertebrate host cell
genomes and therefore, again, only applicable to small, pre-selected libraries, or the optimization of selected protein or
antibody candidates.

[0012] Incomparison to the flp/frtrecombinase system, retroviral vectors allow more efficient stable genetic modification
of vertebrate host cells and the generation of more complex cellular libraries. However, (i) they are restricted to only
selected permissible cell lines, (ii) they represent a biosafety risk, when human cells are utilized, (iii) retroviral expression
vectors are subject to unwanted mutagenesis of the library sequences due to low-fidelity reverse transcription, (iv)
retroviral vectors do not allow integration of genomic expression cassettes with intact intron/exon structure, due to splicing
of the retroviral genome prior to packaging of the vector into retroviral particles, (v) retroviruses are subject to uncon-
trollable and unfavorable homologous recombination of library sequences during packaging of the viral genomes, (vi)
are subject to retroviral silencing, and (vii) require a tedious two-step packaging-cell transfection / host-cell infection
procedure. All these limitations represent significant challenges and linitations, and introduce significant complexities
for the utility of retroviral vector based approaches in generating high-quality/high complexity vertebrate cell libraries for
efficient target-specific protein, or antibody discovery.

[0013] Therefore, clearly a need exists for a more efficient, more controllable and straightforward technology that
allows the generation of high-quality and highly complex vertebrate cell based libraries expressing diverse libraries of
proteins including antibodies and fragments thereof from which proteins with highly specific function and/or binding
properties and high affinities can be isolated.

(b) Transposases/Transposition:

[0014] Transposons, or transposable elements (TEs), are genetic elements with the capability to stably integrate into
host cell genomes, a process that is called transposition (lvics et al. Mobile DNA 1, 25 (2010) . TEs were already
postulated in the 1950s by Barbara McClintock in genetic studies with maize, but the first functional models for trans-
position have been described for bacterial TEs at the end of the 1970s (Shapiro, PNAS 76, 1933-1937 (1979).

[0015] Meanwhile it is clear that TEs are present in the genome of every organism, and genomic sequencing has
revealed that approximately 45% ofthe human genome is transposon derived (International Human Genome Sequencing
Consortium Nature 409: 860-921 (2001)). However, as opposed to invertebrates, where functional (or autonomous) TEs
have been identified (Fig. 1a), humans and most higher vertebrates do not contain functional TEs. It has been hypoth-
esized that evolutionary selective pressure against the mutagenic potential of TEs lead to their functional inactivation
millions of years ago during evolution.

[0016] Autonomous TEs comprise DNA that encodes a transposase enzyme located in between two inverted terminal
repeat sequences (ITRs), which are recognized by the transposase enzyme encoded in between the ITRs and which
can catalyze the transposition of the TE into any double stranded DNA sequence (FIG. 1a). There are two different
classes of transposons: class |, or retrotransposons, that mobilize via an RNA intermediate and a "copy-and-paste"
mechanism (FIG. 2b), and class Il, or DNA transposons, that mobilize via excision-integration, or a "cut-and-paste"
mechanism (FIG. 2a) (lvics et al. Nat. Methods 6, 415-422(2009).

[0017] Bacterial, lower eukaryotic (e.g. yeast) and invertebrate transposons appear to be largely species specific, and
cannot be used for efficient transposition of DNA in vertebrate cells. Only, after a first active transposon had been
artificially reconstructed by sequence shuffling of inactive TEs from fish, which was therefore called "sleeping beauty"
(lvics et al. Cell 91, 501-510 (1997)), did it become possible to successfully achieve DNA integration by transposition
into vertebrate cells, including human cells. Sleeping beauty is a class || DNA transposon belonging to the Tc1/mariner
family of transposons (Ni et al. Briefings Funct. Genomics Proteomics 7, 444-453 (2008)). In the meantime, additional
functional transposons have been identified or reconstructed from different species, including Drosophila, frog and even
human genomes, that all have been shown to allow DNA transposition into vertebrate and also human host cell genomes
(FIG. 3). Each of these transposons, have advantages and disadvantages that are related to transposition efficiency,
stability of expression, genetic payload capacity, etc.

[0018] To date, transposon-mediated technologies for the expression of diverse libraries of proteins, including anti-
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bodies and fragments thereof, in vertebrate host cells for the isolation of target specific, functional binding proteins,
including antibodies and fragments thereof, have not been disclosed in the prior art.

BRIEF SUMMARY OF THE INVENTION

[0019] The method as characterized in the claims and disclosed herein describes a novel technology offering unpar-
alleled efficiency, flexibility, utility and speed for the discovery and optimization of polypeptides having a desired binding
specificity and/or functionality, including antigen-binding molecules such as antibodies and fragments thereof, for desired
functional and/or binding phenotypes. The novel method is based on transposable constructs and diverse DNA libraries
cloned into transposable vectors and their transfection into host cells by concomitant transient expression of a functional
transposase enzyme. This ensures an efficient, stable introduction of the transposon-based expression vectors into
vertebrate host cells in one step, which can then be screened for a desired functional or binding phenotype of the
expressed proteins, after which the relevant coding sequences for the expressed proteins, including antibodies and
fragments thereof, can be identified by standard cloning and DNA sequencing techniques.

[0020] In one embodiment, the invention is broadly directed to a method for identifying a polypeptide having a desired
binding specificity or functionality, comprising:

(i) generating a diverse collection of polynucleotides encoding polypeptides having different binding specificities or
functionalities, wherein said polynucleotides comprise a sequence coding for a polypeptide disposed between first
and second inverted terminal repeat sequences that are recognized by and functional with a least one transposase
enzyme;

(i) introducing the diverse collection ofpolynucleotides of (i) into host cells;

(iii) expressing at least one transposase enzyme functional with said inverted terminal repeat sequences in said
host cells so that said diverse collection of polynucleotides is integrated into the host cell genome to provide a host
cell population that expresses said diverse collection of polynucleotides encoding polypeptides having different
binding specificities or functionalities;

(iv) screening said host cells to identify a host cell expressing a polypeptide having a desired binding specificity or
functionality; and

(v) isolating the polynucleotide sequence encoding said polypeptide from said host cell.

[0021] In a preferred embodiment, the polynucleotides are DNA molecules. In one embodiment, the diverse collection
of polynucleotides comprises a ligand-binding sequence of a receptor or a target binding sequence of a binding molecule.
In a preferred embodiment, the polynucleotides comprise a sequence encoding an antigen-binding molecule, such as
an antibody VH or VL domain, or an antigen-binding fragment thereof, or antibody heavy or light chains that are full-
length (i.e., which include the constant region). In certain embodiments, the polynucleotides may comprise a sequence
encoding both a VH and VL region, or both antibody heavy and light chains. In another embodiment, the polynucleotides
comprise a sequence encoding a single-chain Fv or a Fab domain.

[0022] In one embodiment, the diverse collection of polynucleotides is generated by subjecting V region gene se-
quences to PCR under mutagenizing conditions, for example, by PCR amplification of V region repertoires from vertebrate
B cells. In another embodiment, the diverse collection of polynucleotides is generated by gene synthesis (e.g., by
randomization of sequences encoding a polypeptide having known binding specificity and/or functionality).In one useful
embodiment, the diverse collection of polynucleotides comprises plasmid vectors. In another useful embodiment, the
diverse collection of polynucleotides comprises double-stranded DNA PCR amplicons. The plasmid vectors may com-
prise a sequence encoding a marker gene, such as a fluorescent marker, a cell surface marker, or a selectable marker.
The marker gene sequence may be upstream or downstream of the sequence encoding the polypeptide having a binding
specificity or functionality, but between the inverted terminal repeat sequences. Alternatively, the marker gene sequence
may be downstream of said sequence encoding a polypeptide having binding specificity or functionality and separated
by an internal ribosomal entry site.

[0023] Insome embodiments, the diverse collection of polynucleotides encode a plurality of antigen-binding molecules
of a vertebrate, such as a mammal, e.g., a human.

[0024] In one embodiment, step (ii) of the method comprises introducing into host cells polynucleotides comprising
sequences encoding immunoglobulin VH or VL regions, or antigen-binding fragments thereof, and wherein said VH and
VL region sequences are encoded on separate vectors. In another embodiment, step (ii) of the method of the invention
comprises introducing into host cells polynucleotides comprising sequences encoding full-length immunoglobulin heavy
or light chains, or antigen-binding fragments thereof, wherein said full-length heavy and light chain sequences are on
separate vectors. The vectors may be introduced into the host cells simultaneously or sequentially. In another embod-
iment, sequences encoding VH and VL regions or full-length heavy and light chains are introduced into host cells on the
same vector. In the event that the VH and VL sequences or the full-length antibody heavy and light chain sequences
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are introduced into the host cells on different vectors, it is useful for the inverted terminal repeat sequences on each
vector to be recognized by and functional with different transposase enzymes.

[0025] The host cells are preferably vertebrate cells, and preferably mammalian cells, such as rodent or human cells.
Lymphoid cells, e.g, B cells, are particularly useful. B cells may be progenitor B cells or precursor B cells such as, for
example, Abelson-Murine Leukemia virus transformed progenitor B cells or precursor B cells and early, immunoglobulin-
null EBV transformed human proB and preB cells. Other useful host cells include B cell lines such as Sp2/0 cells, NSO
cells, X63 cells, and Ag8653 cells, or common mammalian cell lines such as CHO cells, Per.C6 cells, BHK cells, and
293 cells.

[0026] In one embodiment of the method of the invention, the expressing step (iii) comprises introducing into said host
cells an expression vector encoding a transposase enzyme that recognizes and is functional with at least one inverted
terminal repeat sequence in the polynucleotides. The vector encoding the transposase enzyme may be introduced into
the host cells concurrently with or prior or subsequent to the diverse collection of polynucleotides. In one embodiment,
the transposase enzyme is transiently expressed in said host cell. Alternatively, the expressing step (iii) may comprise
inducing an inducible expression system that is stably integrated into the host cell genome, such as, for example, a
tetracycline-inducible or tamoxifen-inducible system. In a preferred embodiment, step (iii) comprises expressing in the
host cell(s) a vector comprising a functional Sleeping Beauty transposase or a functional PiggyBac transposase. In one
useful embodiment, step (iii) comprises expressing in said host cell a vector comprising SEQ ID NO:17. In another useful
embodiment, the vector encodes SEQ ID NO:18, or a sequence with at least 95% amino acid sequence homology and
having the same or similar inverted terminal repeat sequence specificity.

[0027] In one embodiment of the method of the invention, the screening step (iv) comprises magnetic activated cell
sorting (MACS), fluorescence activated cell sorting (FACS), panning against molecules immobilized on a solid surface
panning, selection for binding to cell-membrane associated molecules incorporated into a cellular, natural or artificially
reconstituted lipid bilayer membrane, or high-throughput screening of individual cell clones in multi-well format for a
desired functional or binding phenotype. In one embodiment, the screening step (iv) comprises screening to identify
polypeptides having a desired target-binding specificity or functionality. In a preferred embodiment, the screening step
(iv) comprises screening to identify antigen-binding molecules having a desired antigen specificity. In one useful em-
bodiment, the screening step further comprises screening to identify antigen-binding molecules having one or more
desired functional properties. The screening step (iv) may comprise multiple cell enrichment cycles with host cell ex-
pansion between individual cell enrichment cycles.

[0028] Inone embodimentofthe method of the invention, the step (v) of isolating the polynucleotide sequence encoding
the polypeptide having a desired binding specificity or functionality comprises genomic or RT-PCR amplification or next-
generation deep sequencing. In one useful embodiment, the polynucleotide sequence isolated in step (v) is subjected
to affinity optimization. This can be done by subjecting the isolated polynucleotide sequence to PCR or RT-PCR under
mutagenizing conditions. In another useful embodiment, the mutagenized sequence is then further subjected to steps
(i)-(v) of the method of the invention. In a preferred embodiment, the polynucleotide sequence obtained in (v) comprises
asequence encoding a VH or VL region of an antibody, or an antigen-binding fragment thereof, and wherein said antibody
optimization comprises introducing one or more mutations into a complementarity determining region or framework
region of said VH or VL.

[0029] In one useful embodiment, the inverted terminal repeat sequences are from the PiggyBac transposon system
and are recognized by and functional with the PiggyBac transposase. In one embodiment, the sequence encoding the
upstream PiggyBac inverted terminal repeat sequence comprises SEQ ID NO:1. In another embodiment, the sequence
encoding the downstream PiggyBac inverted terminal repeat sequence comprises SEQ ID NO:2.

[0030] Inanotherusefulembodiment, the inverted terminal repeat sequences are from the Sleeping Beauty transposon
system and are recognized by and functional with the Sleeping Beauty transposase. In one embodiment, the sequence
encoding the upstream Sleeping Beauty inverted terminal repeat sequence comprises SEQ ID NO:14. In another em-
bodiment, the sequence encoding the downstream Sleeping Beauty inverted terminal repeat sequence comprises SEQ
ID NO:15.

[0031] In one embodiment of the invention, the polynucleotides comprise VH or VL region sequences encoding a
sequence derived from a human anti-TNF alpha antibody. In one embodiment, the human anti-TNF alpha antibody is
D2E7.

[0032] In a useful embodiment, step (iii) comprises introducing into said host cell a vector comprising a sequence
encoding a functional PiggyBac transposase. In one embodiment the vector comprises SEQ ID NO:11. In another
embodiment, the vector encodes SEQ ID NO:12, or a sequence with at least 95% amino acid sequence homology and
having the same or similar inverted terminal repeat sequence specificity.

[0033] In preferred embodiments, the inverted terminal repeat sequences are recognized by and functional with at
leastone transposase selected from the group consisting of: PiggyBac, Sleeping Beauty, Frog Prince, Himar1, Passport,
Minos, hAT, Tol1, Tol2, Ac/Ds, PIF, Harbinger, Harbinger3-DR, and Hsmar1.

[0034] The presentinvention is further directed to a library of polynucleotide molecules encoding polypeptides having
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different binding specificities or functionalities, comprising a plurality of polynucleotide molecules, wherein said polynu-
cleotide molecules comprise a sequence encoding a polypeptide having a binding specificity or functionality disposed
between inverted terminal repeat sequences that are recognized by and functional with at least one transposase enzyme.
Preferably the polynucleotides are DNA.molecules and comprise a ligand-binding sequence of a receptor or a target-
binding sequence of a binding molecule. In a particularly preferred embodiment, the library comprises polynucleotides,
wherein each polynucleotide comprises a sequence encoding an antigen-binding sequence of an antibody. In one
embodiment, the library comprises polynucleotides encoding a VH or VL region of an antibody or an antigen-binding
fragment thereof. Alternatively, the polynucleotides may encode a VH region and a VL region. In a preferred embodiment,
the polynucleotides of the library comprise a sequence encoding a full-length antibody heavy or light chain (i.e., including
the constant region) or an antigen-binding fragment thereof. Alternatively, the polynucleotides may encode both a full-
length immunoglobulin heavy and light chain. In other embodiments, the polynucleotides of the library comprise a
sequence encoding a single-chain Fv or a Fab domain. In preferred embodiments, the polynuclectides of the library are
in the form of plasmids or double stranded DNA PCR amplicons. In certain embodiments, the plasmids of the library
comprise a marker gene. In another embodiment, the plasmids comprise a sequence encoding a transposase enzyme
that recognizes and is functional with the inverted terminal repeat sequences. In one embodiment, the library of the
invention comprises polynucleotides that encode the full-length immunoglobulin heavy chain including the natural in-
tron/exon structure of an antibody heavy chain. The full-length immunoglobulin heavy chain may comprise the endog-
enous membrane anchor domain.

[0035] The present invention is also directed to a method for generating a library of transposable polynucleotides
encoding polypeptides having different binding specificities or functionality, comprising (i) generating a diverse collection
of polynucleotides comprising sequences encoding polypeptides having different binding specificities or functionalities,
wherein said polynucleotides comprise a sequence encoding polypeptide having a binding specificity or functionality
disposed between inverted terminal repeat sequences that are recognized by and functional with a least one transposase
enzyme.

[0036] The present invention is also directed to a vector comprising a sequence encoding a VH or VL region of an
antibody, or antigen-binding portion thereof, disposed between inverted terminal repeat sequences that are recognized
by and functional with at least one transposase enzyme. In certain embodiments, the vector encodes a full-length heavy
or light chain of an immunoglobulin. Preferably, the sequence encoding the VH or VL or the heavy or light chain is a
randomized sequence generated by, for example, PCR amplification under mutagenizing conditions or gene synthesis.
In one embodiment, the vector comprises inverted terminal repeat sequences that are recognized by and functional with
the PiggyBac transposase. In another embodiment, the inverted terminal repeat sequences are recognized by and
functional with the Sleeping Beauty transposase. In one embodiment, the vector comprises a VH or VL region sequence
derived from an anti-TNF alpha antibody such as, for example, D2E7. In certain embodiments, the vector comprises at
least one sequence selected from the group consisting of: SEQ ID NO:5, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10,
SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:16, SEQ ID NO:17, and SEQ ID NO:19.

[0037] The present invention is also directed to a host cell comprising a vector of the invention as described above.
In a preferred embodiment, the host cell further comprises an expression vector comprising a sequence encoding a
transposase that recognizes and is functional with at least one inverted terminal repeat sequence in the vector encoding
said VH or VL region sequence.

[0038] The present invention is still further directed to antigen-binding molecules, e.g., antibodies, produced by a
method comprising claim 1.

[0039] The presentinventionis also directed to a method for generating a population of host cells capable of expressing
polypeptides having different binding specificities or functionalities, comprising:

(i) generating a diverse collection of polynucleotides comprising sequences encoding polypeptides having different
binding specificities or functionalities, wherein said polynucleotides comprise a sequence encoding a polypeptide
having a binding specificity or functionality disposed between inverted terminal repeat sequences that are recognized
by and functional with a least one transposase enzyme; and

(i) introducing said diverse collection of polynucleotides into host cells.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0040]
FIG. 1: a.) This drawing depicts the configuration of an autonomous transposable element (TE), which can transpose
or "jump" into any target DNA sequence. The key components of a TE are an active transposase enzyme that

recognizes the inverted terminal repeats (ITRs) flanking the transposase enzyme itself up- and downstream of its
sequence. TEs catalyze either the copying or the excision of the TE, and the integration in unrelated target DNA
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sequences. b.) This drawing depicts the configuration of a transposon vector system, in which the expression of an
active transposase enzyme is effected by an expression vector that is not coupled to the TE itself. Instead, the TE
may contain any sequence(s), or gene(s) of interest that is/are cloned in between the up- and downstream ITRs.
Integration of the TE containing any sequence(s), or gene(s) of interest (e.g. a DNA library encoding a library of
proteins) may integrate into unrelated target DNA sequences, if the transposase enzyme expression is provided in
trans, e.g. by a separate transposase expression construct, as depicted here.

FIG. 2: a) This drawing depicts the two different ways how TEs can "jump" or transpose into unrelated target DNA.
For group Il transposons the transposase enzyme in a first step recognizes the ITRs of the transposable element
and catalyzes the excision of the TE from DNA. In a second step, the excised TE is inserted into unrelated target
DNA sequence, which is also catalyzed by the transposase enzyme. This results in a "cut-and-paste" mechanism
of transposition. For group | transposons (shown in b.) the coding information of the TE is first replicated (e.g.
transcribed and reverse transcribed, in the case of retrotransposons) and the replicated TE then integrates into
unrelated target DNA sequence, which is catalyzed by the transposase enzyme. This results in a "copy-and-paste"
mechanism of transposition.

FIG. 3: This figure provides an overview of active transposase enzymes that have been identified and/or reconstructed
from dormant, inactive TEs, and that have been shown to be able to confer transposition in various vertebrate and
also human cells, as provided in the table. The table has been adapted from Table | of publication Ni et al. Briefings
Functional Genomics Proteomics 7, 444-453 (2008).

FIG. 4: This figure outlines the principle of the method disclosed herein, for the isolation of coding information for
proteins, including antibodies and fragments thereof, with a desired function, e.g. the binding to a target of interest,
as depicted here. The gene(s) of interest, e.g. a diverse transposable DNA library encoding proteins, including
antibody polypeptide chains or fragments thereof, that is cloned in between inverted terminal repeats (ITRs) of a
transposable construct is introduced into a vertebrate host cell together with an expression vector for an active
transposase enzyme (see top of the drawing). The expression of the transposon enzyme in said host cells in trans
and the presence of the gene(s) of interest cloned in between ITRs that can be recognized by the transposase
enzyme allows the stable integration of the ITR-flanked gene(s) of interest into the genome of the host cells, which
can then stably express the protein(s) of interest encoded by the genes of interest. The cellular library expressing
the protein(s) of interest can then be screened for a desired functionality of the expressed proteins, e.g., but not
limited to the binding to a target protein of interest, as depicted here. By means of cell separation techngiues known
in the art, e.g. MACS or FACS, the cells expressing the protein(s) of interest with the desired phenotype and which
therefore contain the corresponding genotype, can be isolated and the coding information for the gene(s) of interest
can be retrieve from the isolated cells by cloning techniques known in the art, e.g. but not limited to genomic PCR
cloning, as depicted here.

FIGs. 5a) and 5b): This drawing outlines the cloning strategy for the generation of a transposable human immu-
noglobulin (Ig) kappa light chain (LC) expression vector, as described in Example 1. FIG. 5 a.) depicts the cloning
strategy for the insertion of 5’- and 3’-ITRs from the PiggyBac transposon into the mammalian expression vector
pIRES-EGFP (Invitrogen, Carlsbad, CA, USA), which already contains the strong mammalian cell promoter element
pCMV(IE) (immediate early promoter of CMV), and intron/polyA signals for strong mammalian host cell expression.
In addition, downstream of the Clal, EcoRV, Notl, EcoRI containing multiple cloning site, into which gene(s) of
interest can be cloned, pIRES-EGFP contains an internal ribosomal entry site (IRES) with a downstream ORF of
enhanced green fluorescent protein (EGFP), which effects the coupling of expression of gene(s) of interest cloned
upstream of the IRES. Bacterial functional elements (ampicillin resistance gene, ampR) and a bacterial origin of
replication (Col El) for amplification and selection of the plasmid in E. coli are depicted as well. The resulting PiggyBac
ITRs containing plasmid is designated pIRES-EGFP-T1T2. FIG 5b) then depicts the insertion of a gene synthesized
human Ig kappa LC into the unique EcoRV restriction enzyme site of pIRES-EGFP-T1-T2, which positions the
human Ig kappa LC upstream of the IRES-EGFP cassette, and thereby couples the expression of the human Ig
kappa LC to EGFP marker gene expression. The insertion of the human Ig kappa LC results in transposable human
Ig kappa LC expression vector pIRES-EGFP-T1T2-IgL. The drawings show selected unique restriction enzyme sites
in the plasmids, as well as selected duplicated sites resulting from cloning steps.

FIG. 6: This drawing outlines the cloning of a transposable human immunoglobulin (Ig) gamma 1 heavy chain (HC)
expression vector, which can be generated by exchange of the human Ig kappa LC open reading frame (ORF)
against the ORF for a human Ig gamma 1 HC ORF. The design of the final |g gamma 1 HC ORF is similar, also
with regard to the engineering of a unique Eco47lll restriction enzyme site separating the variable (V) from the
constant (C) coding regions, which allows the exchange of a single antibody V coding region against a diverse library
of antibody V coding regions, as described in Example 3.

Fig. 7: This drawing depicts the cloning of a mammalian PiggyBac transposase enzyme expression vector, as
described in the Example 4, using pPCDNAS3.1(+) hygro as the backbone of the mammalian expression vector, into
which the gene synthesized ORF from PiggyBac transposase is cloned into the unique EcoRYV restriction enzyme
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site of pPCDNAZ3.1(+) hygro, resulting in PiggyBac transposon expressin vector pPCDNA3.1(+) hygro-PB.expression
vector pPCDNA3.1(+) hygro-PB. Also in this drawing the relative position of other mammalian functional elements
(CMV-IE promoter, BGH-polyA signal, SV40-polyA segment, hygromycinB ORF) and bacterial functional elements
(ampicillin resistance gene, ampR, origin of replication, ColE1), as well as selected relevant restriction enzyme
recognition sites are shown.

Fig. 8: This drawing depicts the cloning of a Sleeping Beauty transposable human immunoglobulin kappa light chain
(Ig-kappa LC) expression vector, as described in Example 5. The cloning can be performed by sequentially replacing
the PiggyBac 5’ and 3’ ITRs with Sleeping Beauty 5’ and 3’ITRs in construct pIRES-EGFP-T1T2-IgL. Also in this
drawing the relative position of other mammalian functional elements (CMV-IE promoter, BGH-polyA signal, SV40-
polyA segment, hygromycinB ORF) and bacterial functional elements (ampicillin resistance gene, ampR, origin of
replication, Co1E1), as well as selected relevant restriction enzyme recognition sites are shown.

[0052] Fig. 9: This drawing depicts the cloning of a mammalian Sleeping Beauty transposase enzyme expression
vector, as described in the Example 6, using pCDNA3.1(+) hygro as the backbone of the mammalian expression
vector, into which the gene synthesized ORF from Sleeping Beauty transposase is cloned into the unique EcoRV
restriction enzyme site of pCDNAS3.1(+) hygro, resulting in Sleeping Beauty transposon expression vector
pCDNAZ3.1(+) hygro-SB. Also in this drawing the relative position of other mammalian functional elements (CMV-
IE promoter, BGH-polyA signal, SV40-polyA segment, hygromycinB ORF) and bacterial functional elements (amp-
icillin resistance gene, ampR, origin of replication, ColEl), as well as selected relevant restriction enzyme recognition
sites are shown.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

[0041] As used herein, "diverse collection” means a plurality of variants or mutants of particular functional or binding
proteins exhibiting differences in the encoding nucleotide sequences or in the primary amino acid sequences, which
define different functionalities or binding properties.

[0042] As used herein, "library" means a plurality of polynucleotides encoding polypeptides having different binding
specificities and/or functionalities. In certain embodiments, the library may comprise polynucleotides encoding at least
102, at least 103, at least 104, at least 109, at least 106, at least 107, at least 108, or at least 10° unique polypeptides,
such as, for example, full-length antibody heavy or light chains or VH or VL domains.

[0043] As used herein, "inverted terminal repeat sequence"” or "ITR" means a sequence identified at the 5’ or 3’ termini
of transposable elements that are recognized by transposases and which mediate the transposition of the ITRs including
intervening coding information from one DNA construct or locus to another DNA construct or locus.

[0044] As used herein, "transposase" means an enzyme that has the capacity to recognize and to bind to ITRs and
to mediate the mobilization of a transposable element from one target DNA sequence to another target DNA sequence.
[0045] As used herein, "antigen binding molecule" refers in its broadest sense to a molecule that specifically binds an
antigenic determinant. A non-limiting example of an antigen binding molecule is an antibody or fragment thereof that
retains antigen-specific binding. By "specifically binds" is meant that the binding is selective for the antigen and can be
discriminated from unwanted or nonspecific interactions.

[0046] As used herein, the term "antibody" is intended to include whole antibody molecules, including monoclonal,
polyclonal and multispecific (e.g., bispecific) antibodies, as well as antibody fragments having an Fc region and retaining
binding specificity, and fusion proteins that include a region equivalent to the Fc region of an immunoglobulin and that
retain binding specificity. Also encompassed are antibody fragments that retain binding specificity including, but not
limited to, VH fragments, VL fragments, Fab fragments, F(ab’), fragments, scFv fragments, Fv fragments, minibodies,
diabodies, triabodies, and tetrabodies (see, e.g., Hudson and Souriau, Nature Med. 9: 129-134 (2003)).

[0047] Anembodiment of the invention disclosed herein is a method as characterized in the claims for the identification
of specific functional or binding polypeptides, including, but not limited to antibody chains or fragments thereof (FIG. 4),
which comprises:

i. cloning of diverse transposable DNA libraries encoding proteins, including antibody polypeptide chains or fragments
thereof, in between inverted terminal repeats (ITRs) derived from transposable elements and recognizable by and

functional with at least one transposase enzyme,

ii. introduction of one or more diverse transposable DNA libraries of step (i) into vertebrate host cells by standard
methods known in the art,

iii. providing temporary expression of at least one functional transposase enzyme in said vertebrate host cells in
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trans, such that said one or more diverse transposable DNA libraries are stably integrated into the vertebrate host
cell genomes, thereby providing a vertebrate host cell population that then stably expresses diverse libraries of
proteins, including antibody chains or fragments thereof,

iv. screening of said diverse cellular libraries, stably expressing proteins, including antibodies or fragments thereof,
for a desired functional or binding phenotype by methods known in the art,

v. optionally, including iterative enrichment cycles with the stably genetically modified vertebrate host cells for a
desired binding or functional phenotype, and

vi. isolation of the corresponding genes from the enriched host cells encoding the desired binding or functional
phenotype by standard cloning methods, known in the art, for instance, but not limited to, PCR (polymerase chain
reaction), using primers specific for the sequences contained in the one or more transposed DNA library constructs.

[0048] A preferred embodiment of step (i) is to generate diverse transposable DNA libraries either by gene synthesis,
or by polymerase chain reaction (PCR) using appropriate primers for the amplification of diverse protein coding regions,
and DNA templates comprising a diversity of binding proteins, including antibodies, or fragments thereof, by methods
known in the art.

[0049] Forthe generation of diverse antibody libraries, a diverse collection of antibody heavy and light chain sequences
may be generated by standard gene synthesis in which the V region coding sequences may be randomized at certain
positions, e.g. but not limited to, any or all of the complementarity determining regions (CDRs) of the antibody heavy or
light chain V-regions. The diversity can be restricted to individual CDRs of the V-regions, or to a particular or several
framework positions, and/or to particular positions in one or more of the CDR regions. The V regions with designed
variations, as described above, can be synthesized as a fragment encoding entire antibody heavy or light chains that
are flanked by inverted terminal repeats functional for at least one desired transposase enzyme. Preferably, the DNA
library containing diverse variable domains encoding V regions for antibody heavy or light chains is generated, and
flanked by appropriate cloning sites, including but not limited to restriction enzyme recognition sites, that are compatible
with cloning sites in antibody heavy or light chain expression vectors. Useful transposon expression systems for use in
the methods of the invention include, for example, the PiggyBac transposon system as described, for example, in US
Pat. Nos. 6,218,185, 6,551,825, 6,962,810; 7,105,343; and 7,932,088 and the Sleeping Beauty transposon system as
described in US Pat. Nos. 6,489,458; 7,148,203; 7,160,682; US 2011 117072; US 2004 077572; and US 2006 252140.
[0050] Diverse antibody heavy and light chain libraries may also be obtained from B cell populations isolated from
desired vertebrate species, preferably humans, and preferably from cellular compartments containing B cells, e.g., but
not limited to peripheral or cord blood, and lymphoid organs like bone marrow, spleen, tonsils and lymph-node tissues.
In this case, diverse antibody V region sequences for antibody heavy and light chains can be isolated by RT-PCR or by
genomic PCR using antibody heavy and light chain specific degenerate PCR primer pairs, that can amplify the majority
of V-region families by providing upstream primers that bind to homologous sequences upstream of, or within leader
sequences, upstream of or within V-region frameworks, and by providing downstream primers that bind in regions of
homology within or downstream of the J joining gene segment of variable domain coding regions, or within or downstream
of the coding regions of the constant regions of antibody heavy or light chains.

[0051] The PCR primer sets utilized for the amplification of diverse variable coding regions may be flanked by appro-
priate cloning sites, e.g. but not limited to restriction enzyme recognition sites, that are compatible with cloning sites in
antibody heavy or light chain expression vectors.

[0052] The transposable DNA libraries of step (i) encoding diverse proteins, including antibodies and antibody frag-
ments thereof, can be provided in the form of plasmid libraries, in which the gene-synthesized or the PCR amplified
transposable DNA libraries are cloned using appropriate cloning sites, as mentioned above. Alternatively, the transpos-
able DNA libraries encoding diverse libraries of binding proteins, such as antibodies and fragments thereof, can be
provided in form of linear, double-stranded DNA constructs, directly as a result of DNA synthesis, or as a result of PCR
amplification. The latter approach of providing the transposable DNA libraries as linear double-stranded DNA PCR
amplicons, that have not been cloned into expression vectors or plasmids (in comparison to all other vertebrate cell
expression systems) has the advantage that the maximum molecular complexity of the transposable DNA libraries is
maintained and not compromised by a limited cloning or ligation efficiency into an expression vector. In contrast, cloning
by ligation, or otherwise, into plasmid expression or shuttle vectors is a necessary intermediate for all other plasmid-
based or viral vector based vertebrate cell expression systems.

[0053] However, the use of plasmid-based transposon expression vectors containing the diverse transposable DNA
libraries encoding diverse binding proteins, including antibodies and antibody fragments thereof, has the advantage that
these expression vectors can be engineered to contain additional functional elements, that allow the screening, or,
alternatively, the selection for stably transposed vertebrate host cells for the stable integration of the transposon expres-
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sion vector in transposed vertebrate host cells.

[0054] This is achieved by providing in operable linkage to the diverse transposable DNA libraries, i.e. cloned into the
transposon expression vectors in cis, expression cassettes for marker genes including., but not limited to, fluorescent
marker proteins (e.g. green, yellow, red, or blue fluorescent proteins, and enhanced versions thereof, as known in the
art), or expression cassettes for cell surface markers including, but not limited to, CD markers, against which specific
diagnostic antibodies or other diagnostic tools are available.

[0055] Alternatively, expression cassettes for selectable markers, that allow selection of transposed vertebrate host
cells for antibiotic resistance, including, but not limited to, puromycin, hygromycinB, bleomycin, neomycin resistance,
can be provided in operable linkage to the diverse transposable DNA libraries, i.e. cloned into the transposon expression
vectors in cis.

[0056] The operable linkage can be achieved by cloning of said expression cassettes for marker genes or antibiotic
resistance markers, either up- or downstream of the coding regions comprising said diverse transposable DNA libraries,
but within the inverted terminal repeats of the transposon vector.

[0057] Alternatively, the operable linkage can be achieved by cloning of the coding regions for said marker or antibiotic
resistance genes downstream of the coding regions comprising said diverse transposable DNA libraries, but separated
by internal ribosomal entry site (IRES) sequences, that ensure transcriptional coupling of the expression of said diverse
transposable DNA libraries with said marker or antibiotic resistance genes, and thereby allowing the screening for or
selection of stably transposed vertebrate host cells.

[0058] In step (ii) of the method disclosed herein, said diverse transposable DNA libraries encoding diverse libraries
of proteins, including antibodies and fragments thereof, are introduced into desired vertebrate host cells by methods
known in the art to efficiently transfer DNA across vertebrate cell membranes, including., but not limited to, DNA-
transfection using liposomes, Calcium phosphate, DEAE-dextran, polyethyleneimide (PEI) magnetic particles, or by
protoplast fusion, mechanical transfection, including physical, or ballistic methods (gene gun), or by nucleofection. Any
of the above-mentioned methods and other appropriate methods to transfer DNA into vertebrate host cells may be used
individually, or in combination for step (ii) of the method disclosed herein.

[0059] In the case of dimeric proteins, including, but not limited to, antibodies and fragments thereof, it is a useful
embodiment of the method disclosed herein to introduce diverse transposable DNA libraries and/or transposon vectors
for antibody heavy or light chains contained in separate transposable vectors, which can independently be introduced
into the vertebrate host cells. This either allows the sequential introduction of diverse transposable DNA libraries for
antibody heavy or light chains into said cells, or their simultaneous introduction of diverse transposable DNA libraries
for antibody heavy or light chains, which, in either case, allows the random shuffling of any antibody heavy with any
antibody light chain encoded by the at least two separate diverse transposable DNA libraries.

[0060] Another useful embodiment of the previous embodiment is to utilize separate transposon vectors and/or diverse
DNA transposable libraries for antibody heavy and light chains, where said constructs or libraries are contained on
transposable vectors recognized by different transposase enzymes (Fig. 3). This allows the independent transposition
of antibody heavy and antibody light chain constructs without interference between the two different transposase en-
zymes, as one transposable vector is only recognized and transposed by its specific transposase enzyme. In case of
sequential transposition of transposable vectors or DNA libraries encoding antibody heavy or light chains, the advantage
of utilizing different transposase enzymes with different ITR sequences is, that upon the second transposition event, the
first already stably transposed construct is not again mobilized for further transposition.

[0061] This embodiment also allows the discovery of antibodies by the method of guided selection (Guo-Qiang et al.
Methods Mol. Biol. 562, 133-142 (2009)) . Guided selection can e.g. be used for the conversion of any non-human
antibody specific for a desired target/epitope specificity and with a desired functionality into a fully human antibody,
where the same target/epitope specificity and functionality is preserved. The principle of guided selection entails the
expression of a single antibody chain (heavy or light chain) of a reference (the "guiding") antibody, in combination with
a diverse library of the complementary antibody chains (i.e. light, or heavy chain, respectively), and screening of these
heavy-light chain combinations for the desired functional or binding phenotype. This way, the first antibody chain, "guides"”
the selection of one or more complementary antibody chains from the diverse library for the desired functional or binding
phenotype. Once the one or more novel complementary antibody chains are isolated, they can be cloned in expression
vectors and again be used to "guide" the selection of the second, complementary antibody chain from a diverse antibody
chain library. The end-result of this two-step process is that both original antibody heavy and light chains of a reference
antibody are replaced by unrelated and novel antibody chain sequences from the diverse libraries, but where the novel
antibody heavy-light chain combination exhibits the same, or similar functional or binding properties of the original
reference antibody. Therefore, this method requires the ability to independently express antibody heavy and light chain
constructs or libraries in the vertebrate host cells, which can be achieved by the preferred embodiment to provide antibody
heavy and light chain expression cassettes in different transposable vector systems, recognized by different transposon
enzymes.

[0062] However, diverse transposable DNA libraries can also be constructed in a way, that the coding regions for
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multimeric proteins, including antibodies and fragments thereof, are contained in the same transposon vector, i.e. where
the expression of the at least two different subunits of a multimeric protein, for example VH and VL regions or full-length
heavy and light chains, isoperably linked by cloning of the respective expression cassettes or coding regions into the
same transposable vector.

[0063] Useful vertebrate host cells for the introduction of transposable constructs and/or transposable DNA libraries
of step (ii) are cells from vertebrate species that can be or that are immortalized and that can be cultured in appropriate
cell culture media and under conditions known in the art. These include, but are not limited to, cells from e.g. frogs, fish,
avians, but preferably from mammalian species, including, but not limited to, cells from rodents, ruminants, non-human
primate species and humans, with cells from rodent or human origin being preferred.

[0064] Useful cell types from the above-mentioned species include, but are not limited to cells of the lymphoid lineage,
which can be cultured in suspension and at high densities, with B-lineage derived cells being preferred, as they endog-
enously express all the required proteins, factors, chaperones, and post-translational enzymes for optimal expression
of many proteins, in particular of antibodies, or antibody-based proteins. Of B-lineage derived vertebrate cells, those
are preferred that represent early differentiation stages, and are known as progenitor (pro) or precursor (pre) B cells,
because said pro- or preB cells in most cases do not express endogenous antibody chains that could interfere with
exogenous or heterologous antibody chain expression that are part of the method disclosed herein.

[0065] Useful pro-and pre-B lineage cells from rodentorigin are Abelson-Murine Leukemia virus (A-MulLV) transformed
proB and preB cells (Alt et al. Cell 27, 381-390(1981)) that express all necessary components for antibody expression
and also for their proper surface deposition, including the B cell receptor components Ig-alpha (CD79a, or mb-1), and
Ig-beta (CD79b, or B-29) (Hombach et al. Nature 343, 760-762 (1990)), but as mentioned above, mostly lack the
expression of endogenous antibody or immunoglobulin chains. Here, A-MuLV transformed pro- and preB cells are
preferred that are derived from mouse mutants, including, but not limited to, mouse mutants defective in recombination
activating gene-1 (RAG-1), or recombination activating gene-2 (RAG-2), or animals carrying other mutations in genes
required for V(D)J recombination, e.g. XRCC4, DNA-ligase |V, Ku70, or Ku80, Artemis, DNA-dependent protein kinase,
catalytic subunit (DNA-PK_,), and thus lack the ability to normally express of endogenous antibody polypeptides.
[0066] Additional useful types of progenitor (pro) and precursor (pre) B lineage cells are early, immunoglobulin-null
(Ig-null) EBV transformed human proB and preB cells (Kubagawa et al. PNAS 85, 875-879(1988)) that also express all
the required factors for expression, post-translational modification and surface expression of exogenous antibodies
(including CD79a and CD79b).

[0067] Other host cells of the B lineage can be used, that represent plasma cell differentiation stages of the B cell
lineage, preferably, but not limited to Ig-null myeloma cell lines, like Sp2/0, NSO, X63, Ag8653, and other myeloma and
plasmacytoma cells, known in the art. Optionally, these cell lines may be stably transfected or stably genetically modified
by other means than transfection, in order to over-express B cell receptor components Ig-alpha (CD79a, or mb-1), and
Ig-beta (CD79b, or B-29), in case optimal surface deposition of exogenously expressed antibodies is desired.

[0068] Other, non-lymphoid mammalian cells lines, including but not limited to, industry-standard antibody expression
host cells, including, but not limited to, CHO cells, Per.C6 cells, BHK cells and 293 cells may be used as host cells for
the method disclosed herein, and each of these cells may optionally also be stably transfected or stably genetically
modified to over-express B cell receptor components Ig-alpha (CD79a, or mb-1), and Ig-beta (CD79b, or B-29), in case
optimal surface deposition of exogenously expressed antibodies is desired.

[0069] Essentially, any vertebrate host cell, which is transfectable, can be used for the method disclosed herein, which
represents a major advantage in comparison to any viral expression systems, such as., but not limited to vaccinia virus,
retroviral, adenoviral, or sindbis virus expression systems, because the method disclosed herein exhibits no host cell
restriction due to virus tropism for certain species or cell types, and furthermore can be used with all vertebrate cells,
including human cells, at the lowest biosafety level, adding to its general utility.

[0070] Step (iii) of the method disclosed herein results in the stable genetic modification of desired vertebrate host
cells with the transfected transposable constructs of step (ii) by temporary, or transient expression of a functional trans-
posase enzyme, such that a stable population of vertebrate host cells is generated that expresses diverse libraries of
proteins encoded by said constructs.

[0071] A useful embodiment of step (iii) is to transiently introduce into the host cells, preferably by co-transfection, as
described above, a vertebrate expression vector encoding a functional transposase enzyme together with said at least
one diverse transposable DNA library. It is to be understood that transient co-transfection or co-integration of a trans-
posase expression vector can either be performed simultaneously, or shortly before or after the transfer of the trans-
posable constructs and/or diverse transposable DNA libraries into the vertebrate host cells, such that the transiently
expressed transposase can optimally use the transiently introduced transposable vectors of step (ii) for the integration
of the transposable DNA library into the vertebrate host cell genome.

[0072] Another useful embodiment of step (iii) is to effect the stable integration of the introduced transposable vectors
and/or transposable DNA libraries of step (ii) by transiently expressing a functional transposase enzyme by means of
an inducible expression system known in the art, that is already stably integrated into the vertebrate host cell genome.
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Such inducible and transient expression of a functional transposase may be achieved by e.g., tetracycline inducible (tet-
on/tet-off) or tamoxifen-inducible promoter systems known in the art. In this case, only the one or more transposable
vector or DNA library needs to be introduced into the host cell genome, and the stable transposition of the constructs
and the stable expression of the proteins encoded by the one or more transposable vector or DNA library is effected by
the transiently switched on expression of the functional transposase enzyme in the host cells.

[0073] Step (iv) of the method disclosed herein effects the isolation of transposed vertebrate host cells expressing
proteins with a desired functionality or binding phenotype.

[0074] A preferred embodiment of step (iv) is to screen for and to isolate the transposed host cells of step (iii) expressing
desired proteins, including antibodies and fragments thereof, with target-binding assays and by means of standard cell
separation techniques, like magnetic activated cell sorting (MACS) or high-speed fluorescence activated cell sorting
(FACS) known in the art. Especially, in a first enrichment step of a specific population of transposed vertebrate host
cells, where large number of cells need to be processed, it is preferred to isolate target specific cells from a large number
of non-specific cells by MACS-based techniques.

[0075] Particularly, for additional and iterative cell enrichment cycles, FACS enrichment is preferred, as potentially
fewer numbers of cells need to be processed, and because multi channel flow cytometry allows the simultaneous
enrichment of functionalities, including., but not limited to, binding to a specific target of more than one species, or the
specific screening for particular epitopes using epitope-specific competing antibodies in the FACS screen.

[0076] If proteins, including antibodies and fragments thereof, are to be discovered that interact with soluble binding
partners, these binding partners are preferably labeled with specific labels or tags, such as but not limited to biotin, myc,
or HA-tags known in the art, that can be detected by secondary reagents, e.g. but not limited to, streptavidin or antibodies,
that themselves are labeled magnetically (for MACS based cell enrichment) or with fluorochromes (for FACS based cell
enrichment), so that the cell separation techniques can be applied.

[0077] If proteins, including antibodies and fragments thereof are to be discovered against membrane bound proteins,
which cannot easily be expressed as soluble proteins, like e.g. but not limited to, tetraspannins, 7-transmembranbe
spanners (like G-coupled protein coupled receptors), or ion-channels, these may be expressed in viral particles, or
overexpressed in specific cell lines, which are then used for labeling or panning methods known in the art, which can
enrich the vertebrate host cells expressing the proteins from the transposed constructs, including antibodies and frag-
ments thereof.

[0078] Duetothe stable genotype-phenotype coupling in the stably transposed vertebrate host cell population, a useful
embodiment of step (v) is to repeat cell enrichment cycles for a desired functional or binding phenotype, until a distinct
population of cells is obtained that is associated with a desired functional or binding phenotype. Optionally, individual
cell clones can be isolated e.g., but not limited to, by single-cell sorting using flow cytometry technology, or by limiting
dilution, in order to recover the transposed DNA information from individual cell clones that are coupled to a particular,
desired functional or binding phenotype.

[0079] For the identification of functional target-specific antibodies it is often favorable to not only screen and to select
for a particular binding phenotype, but to additionally screen for additional functional properties of target specific anti-
bodies, in particular antagonistic or agonistic effects in biological assay.

[0080] Therefore, it is desirable to be able to efficiently "switch" cell membrane bound antibody expression to secreted
antibody expression in the vertebrate host cells with sufficient yields, in order to produce enough quantity of a particular
antibody clone for functional assays.

[0081] In natural B lineage cells the switch from membrane bound to secreted antibody expression occurs via a
mechanism of alternative splicing, in which in preB and B cells an alternative splice donor near the 3’end of the last
heavy chain constant region exon is preferentially spliced to a splice acceptor of a membrane anchor exon downstream
of the heavy chain constant regions exons. This way, an antibody heavy chain is produced in B cells with an extended
C-terminal, membrane spanning domain, that anchors the heavy chain and thereby the entire heavy-light chain containing
antibody in the cell membrane. The C-terminal, membrane spanning domain also interacts non-covalently with the
membrane spanning components Ig-alpha (CD79a or mb-1) and Ig-beta (CD79b or B29), which likely results in better
membrane anchoring and higher surface immunoglobulin expression in B lineage cells.

[0082] Once, a B cell differentiates further to the plasma cell stage, the alternative splicing does not occur any more
and the alternative splice donor near the 3’ end of the last heavy chain constant region is no longer recognized or utilized,
and the mRNA template is terminated downstream of the heavy chain constant region stop codon, and a heavy chain
of a secreted antibody is translated.

[0083] In order to exploit this natural mechanism of alternative splicing and "switching" from membrane bound to
secreted expression of expressed antibodies, it is a useful embodiment of the method disclosed herein to construct the
transposable vectors and diverse DNA libraries encoding proteins, including antibodies or fragments thereof, in such a
way that the natural intron/exon structure of a constant antibody heavy chain, including the exons encoding the membrane
spanning domains is maintained. This embodiment represents a clear advantage against retroviral expression systems,
as the retroviral vector genome is already spliced before it is packaged into a retroviral particle and stably transduced
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into the host cell genome.

[0084] Other viral vector systems may be restricted in the length of the DNA insert that can be incorporated into the
vectors, thereby precluding the cloning of larger genomic regions into such expression vectors and thereby preventing
the exploitation of the natural "switching" from membrane-bound to secreted antibody expression by alternative splicing.
Certain transposons (e.g. Tol2, see Fig. 3), have been characterized to be able to efficiently transpose more than 10 kb
DNA fragments into vertebrate host cells without any loss in transposition efficiency (Kawakami Genome Biol. 8, Suppl
I, S7 (2007)) Therefore, it is a useful embodiment of the method disclosed herein to construct transposable expression
vectors comprising genomic exon/intron structures for better and proper expression and for the natural regulation switch-
ing from membrane bound to secreted antibody expression. The methods of the invention are useful to transpose DNA
fragments at least 5kb, at least 6kb, at least 7kb, at least 8kb, at least 9 kb, at least 10 kb in size into host cell genomes.
[0085] The differentiation of earlier B lineage differentiation stage that favors membrane bound antibody expression,
to a later, plasma cell stage, that favors secreted antibody expression can be induced by B cell differentiation factors,
such as, but not limited to, CD40/1L4 triggering, or stimulation by mitogens, such as, but not limited to, lipopolysaccharide
(LPS), or other polyclonal activators, Staph. aureus Cowan (SAC) strain activators, and CpG nucleotides, or any com-
bination thereof.

[0086] Preferrably, this differentiation is effected in transformed cells, in which the proliferation can artificially be in-
hibited, such that proper B cell differentiation can again occur, as it has been described for A-MuLV transformed murine
preB cells, in which the Abelson tyrosine kinase is specifically inhibited by the tyrosine inhibitor Gleevec (Muljo et al.
Nat. Immunol 4, 31-37 (2003)). Therefore, it is a preferred embodiment to utilize Ig-null A-MuLV transformed murine
preB cells for the method, which by treatment with Gleevec, can again differentiate to more mature B cell stages, including
plasma cells, which then secrete sufficient amounts of secreted antibody for additional functional testing on the basis of
alternative splicing of genomic heavy chain expression constructs. It is a preferred embodiment of the method disclosed
herein, to further improve such B-lineage cell differentiation by stable overexpression of anti-apoptotic factors, known
in the art, including, but not limited to, bcl-2 or bel-x .

[0087] After step (iv), the enrichment of transposed vertebrate host cells as described above has been performed,
optionally, additional cell enrichments according to the above-mentioned methods may be performed (step (v)), until cell
populations, or individual cells are isolated expressing proteins, including antibodies and fragments thereof, with desired
functional and/or binding properties.

[0088] Step (vi) of the method disclosed herein is then performed in order to isolate the relevant coding information
contained in the transposed vertebrate host cells, isolated for a desired functional and/or binding property.

[0089] A useful embodiment of step (vi) for the isolationm cloning and sequencing of the relevant coding information
for a desired functional or binding protein, including an antibody or antibody fragment thereof, contained in the isolated
cells, is to utilize genomic or RT-PCR amplification with specific primer pairs for the relevant coding information comprised
in the transposed DNA constructs, and to sequence the genomic or RT-PCR amplicons either directly, or after sub-
cloning into sequencing vectors, known in the art, e.g., but not limited into TA- or Gateway-cloning vectors.

[0090] Another useful embodiment of step (vi) is to subject the enriched cell populations of steps (iv) or (v), which
exhibit a desired functional or binding phenotype to next-generation ("deep") sequencing (Reddy et al. Nat. Biotech. 28,
965-969 (2010)), in order to retrieve directly and in one step a representative set of several thousands of sequences for
the coding information contained in the transposed DNA constructs. Based on a bioinformatics analysis of the relative
frequency of sequences identified from the enriched cell populations, it allows a prediction about which sequences
encoded a functional or binding protein, including an antibody or fragment thereof (Reddy et al. Nat. Biotech. 28, 965-969
(2010)). Statistically overrepresented sequences are then resynthesized and cloned into expression vector for expression
as recombinant proteins, antibodies or fragments thereof, in order to characterize them functionally and for their binding
properties. This method can significantly accelerate the identification of relevant sequences within a functionally and
phenotypically enriched cell population, that expresses proteins with functional or target specific properties.

[0091] Yet another useful embodiment of the method disclosed herein is to utilize transposition-mediated vertebrate
cell expression of proteins, including antibodies or fragments thereof, for the mutagenesis and optimization of desired
proteins, including the affinity optimization of antibodies and fragments thereof.

[0092] This can be achieved by isolating the genes encoding the proteins, including antibody chains or fragments
thereof, from transposed vertebrate cell populations enriched for a desired binding or functional phenotype according
to the methods disclosed in step (iv), such as but not limited to, by genomic PCR or RT-PCR amplification under
mutagenizing conditions, know in the art. The mutagenized sequences can then be re-cloned into transposition vectors
and then again be transposed into vertebrate host cells, in order to subject them to screening according to the methods
disclosed herein, for improved functional or binding properties.

[0093] In one useful embodiment of this approach, specific primers are used that allow the PCR amplification under
mutagenizing conditions of complete transposed constructs, including the flanking ITRs.

[0094] By this method a mutagenized PCR amplicon containing a defined average frequency of random mutations is
generated from the functionally or phenotypically selected transposed cells. Said PCR amplicon with controlled mutations

13



10

15

20

25

30

35

40

45

50

55

DK/EP 2692865 T3

EP 2 692 865 B1

(variations) of the original templates can now directly be re-transposed into new vertebrate host cells, according to
preferred embodiments disclosed in the methods applicable in step (ii).

[0095] The main advantage of this method over other approaches of genetically modifying vertebrate cells is, that with
this technology no time-consuming re-cloning of the mutagenized PCR amplicons and time consuming quality control
of the mutagenized sequences into expression vectors is required, which is a mandatory requirement in all other plasmid-
based or viral expression systems, if a mutagenized sequence shall be subjected to another round of screening.
[0096] Because transposition of DNA only requires the presence of ITRs flanking the coding region of genes of interest,
PCR-amplified mutagenized PCR amplicons can directly be reintroduced and re-transposed into novel vertebrate host
cells for expression and screening for improved properties and/or affinity matured mutants.

[0097] Taken together, the methods disclosed herein, of utilizing TEs for the stable genetic modification of vertebrate
host cells with transposable constructs and/or diverse transposable DNA libraries encoding proteins, including antibodies
and fragments thereof, offers unparalleled efficiency, flexibility, utility and speed for the discovery and optimization of
said proteins for optimal desired functional or binding phenotypes.

Examples:

Example 1: Cloning of transposable light chain expression vector for human antibody kappa light chains compatible
with the PiggyBac transposase enzyme

[0098] A transposable expression vector for human kappa light chains can be generated by cloning of the ITRs from
the PiggyBac transposon system up and downstream of a human immunoglobulin kappa light chain expression cassette.
[0099] For this, as a first step, the minimal sequences for the up- and downstream ITRs of the PiggyBac transposon
can be derived from pXLBacll (published in US 7,105,343 and can be gene synthesized with flanking restriction enzyme
sites for cloning into the mammalian expression vector pIRES-EGFP (PT3157-5, order #6064-1, Invitrogen, Carlsbad,
CA, USA)

[0100] The upstream PiggyBac ITR sequence with the 5’ terminal repeat has to be gene synthesized with flanking
Munl restriction enzyme sequence (boldface and underlined), compatible with a unique Munl restriction enzyme site in
pIRES-EGFP, and additional four random nucleotides (in lowercase letters) allowing proper restriction enzyme digestion.
This sequence is as follows:

Seq-ID1:

57 -
atatCAATTGTTAACCCTAGAAAGATAGTCTGCGTAAAATTGACGCATGCATTCTTGAAATATTGCTCTCTC
TTTCTAAATAGCGCGAATCCGTCGCTGTGCATTTAGGACATCTCAGTCGCCGCTTGGAGCTCCCGTGAGGCG
TGCTTGTCAATGCGGTAAGTGTCACTGATTTTGAACTATAACGACCGCGTGAGTCAAAATGACGCATGATTA
TCTTTTACGTGACTTTTAAGATTTAACTCATACGATAATTATATTGTTATTTCATGTTCTACTTACGTGATA
ACTTATTATATATATATTTTCTTGTTATACAATTGatat -3 v

[0101] The Munlrestriction enzyme sites at each end are underlined and typed in boldface print, the random nucleotide
additions at the termini are printed in lowercase.

[0102] The downstream PiggyBac ITR sequence with the 3’ terminal repeat has to be gene synthesized with flanking
Xhol restriction enzyme sequence(boldface and underlined)compatible with a unique Xhol restriction enzyme site in
pIRES-EGFP, and additional four random nucleotides (in lowercase letters) allowing proper restriction enzyme digestion.
This sequence is as follows:
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Seq-1D2:

5’-
atatCTCGAGTTAACCCTAGAAAGATAATCATATTGTGACGTACGTTAARAAGATAATCATGCGTAAAATTGAC
GCATGTGTTTTATCGGTCTGTATATCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTATTATATTT
ACACTTACATACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATTAARAAAAAACAAAA
ACTCAAAATTTCTTCTATAAAGTAACAAAACTTTTATCCICGAGatat -3’

[0103] Upon Munl restriction enzyme digestion of the gene synthesized Seq-IDI, the DNA fragment can be ligated
into Munl linearized pIRES-EGFP, generating pIRES-EGFP-TR1 according to standard methods, known in the art. The
proper orientation of the insert can be verified by diagnostic restriction enzyme digestion, and/or by DNA sequencing of
the cloned construct (Fig. 5a).

[0104] In a next step gene synthesized and Xhol digested DNA fragment Seqg-ID2, can be ligated into Xhol linearized
pIRES-EGFP-T1 (Fig. 5a) by standard methods known in the art in order to generate pIRES-EGFP-T1T2, containing
both PiggyBac ITRs up and downstream of the IRES-EGFP expression cassette (Fig. 5b). The proper orientation of the
insert can be verified by diagnostic restriction enzyme digestion, and/or by DNA sequencing of the cloned construct (Fig.
5b).

[0105] For the cloning of a human immunoglobulin kappa light chain into the vector pIRES-EGFP-T1T2, the human
Ig kappa light chain from human anti-TNF-alpha specific antibody D2E7 can be synthesized, which can be retrieved
from European patent application EP 1 285 930.

[0106] The V region of D2E7 fused in frame to a Vk1-27 leader sequence (Genbank entry: X63398.1), which is the
closest germ-line gene V-kappa family member V-kappa of D2E7, and to the human kappa constant region (Genbank
entry: J00241) has the following nucleotide sequence:

Seq-ID3:

5’-atggacatgagqgtccctgctcagctcctgggactcctgctgctctggctcccaggtgccagatthACATCCA
GATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGGGACAGAGTCACCATCACTTGTCGGGCAAGTCAGGGC
ATCAGAAATTACTTAGCCTGGTATCAGCAAAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGCTGCATCCACTT
TGCAATCAGGGGTCCCATCTCGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTACA
GCCTGAAGATGTTGCAACTTATTACTGTCAAAGGTATAACCGTGCACCGTATACTTTTGGCCAGGGGACCAAGGTG
GAAATCAAGCGCTCTGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTG
CCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACGCCCTCCA
ATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCA
CARAAGAGCTTCAACAGGGGAGAGTGTTAA-3'

[0107] This translates in the following amino acid sequence:

Seq-1D4:

MDMRVPAQLLGLLLLWLPGARCDIQMTQSPSSLSASVGDRVTITCRASQGIRNYLAWYQQOKPGKAPKLLIYA
ASTLQSGVPSRFSGSGSGTDFTLTISSLOPEDVATYYCQRYNRAPYTFGQGTKVE IKRSVAAPSVFIFPPSD
EQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC
EVTHQGLSSPVTKSFNRGEC

[0108] The DNA fragment Seg-ID3 encoding the D2E7 Ig kappa light chain of Seq-ID4 can be gene synthesized and
directly ligated by blunt-ended ligation into the unique EcoRV restriction enzyme site (which is also a blunt cutter), by
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methods know in the art, resulting in construct pIRES-EGFP-T1T2-IgL (Fig. 5b)

[0109] Seq-ID3 has been engineered to contain a unique Eco47lll restriction enzyme site in between the V-kappa and
the C-kappa coding regions (highlighted in boldface and underlined), which allows the replacement of V-kappa regions
in this construct against other V-kappa regions or V-kappa libraries, using a unique restriction enzyme upstream of V-
kappa coding region in the construct, together with Eco47IIl. The proper orientation of the kappa light chain insert can
be verified by diagnostic restriction enzyme digestion, and/or by DNA sequencing of the cloned construct (Fig. 5b).
[0110] The sequence forthe transposable human antibody kappa light chain vector pIRES-EGFP-T1T2-IgL is provided
in sequence Seq-ID5:

Seq-IDS:

5’-
GACGGATCGGGAGATCTCCCGATCCCCTATGGTCGACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAA
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GCCAGTATCTGCTCCCTIGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAA
GGCAAGGCTTGACCGACAATTGTTAACCCTAGAAAGATAGTCTGCGTAAAATTGACGCATGCATTCTTGAAA
TATTGCTCTCTCTTTCTAAATAGCGCGAATCCGTCGCTGTGCATTTAGGACATCTCAGTCGCCGCTTGGAGC
TCCCGTGAGGCGTGCTTGTCAATGCGGTAAGTGTCACTGATTTTGAACTATAACGACCGCGTGAGTCAAAAT
GACGCATGATTATCTTTTACGTGACTTTTAAGATTTAACTCATACGATAATTATATTGTTATTTCATGTTCT
ACTTACGTGATAACTTATTATATATATATTTTCTTGTTATACAATTGCATGAAGAATCTGCTTAGGGTTAGG
CGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAG
TAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGC
CCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCA
ATAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTG
TATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTAC
ATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGG
TTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGAC
GTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTG
ACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCC
ACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTTGGTACCGAGCTCGGATC
GATatggacatgagggtccctgctcagctecctgggactectgetgetetggeteccaggtgecagatgtGAC
ATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGGGACAGAGTCACCATCACTTGTCGGGCA
AGTCAGGGCATCAGAAATTACTTAGCCTGGTATCAGCAAAAACCAGGGAAAGCCCCTAAGCTCCTGATCTAT
GCTGCATCCACTTTGCAATCAGGGGTCCCATCTCGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTC
ACCATCAGCAGCCTACAGCCTGAAGATGTTGCAACTTATTACTGTCAAAGGTATAACCGTGCACCGTATACT
TTTGGCCAGGGGACCAAGGTGGAAATCAAGCGCTCTGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCT
GATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAA
GTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAG
GACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCC
TGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAAATCTGC
GGCCGCGTCGACGGAATTCAGTGGATCCACTAGTAACGGCCGCCAGTGTGCTGGAATTAATTCGCTGTCTGC
GAGGGCCAGCTGTTGGGGTGAGTACTCCCTCTCAAAAGCGGGCATGACTTCTGCGCTAAGATTGTCAGTTTC
CAAAAACGAGGAGGATTTGATATTCACCTGGCCCGCGGTGATGCCTTTGAGGGTGGCCGCGTCCATCTGGTC
AGAAAAGACAATCTTTTTGTTGTCAAGCTTGAGGTGTGGCAGGCTTGAGATCTGGCCATACACTTGAGTGAC
AATGACATCCACTTTGCCTTTCTCTCCACAGGTGTCCACTCCCAGGTCCAACTGCAGGTCGAGCATGCATCT
AGGGCGGCCAATTCCGCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCC
GGTGTGCGTTTGTCTATATGTGATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTG
GCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATG
TCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGC
GGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCARAAGCCACGTGTATAAGATACACCTGCAAAGGCGG
CACAACCCCAGTGCCACGTTGTGAGTTGGATAGT TGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCA
ACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCT
TTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAA
AAACACGATGATAAGCTTGCCACAACCCGGGATCCACCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGLCTG
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TTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGC
GAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTG
CCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAG
CAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGAC
GGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGC
ATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTAT
ATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGC
GTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCALC
TACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTC
GTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTARAGCGGCCCTAGAGCTCGCTGATCA
GCCTCGACTGTGCCTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAG
GTGCCACTCCCACTGTCCTTTCCTAATARAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTA
TTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATG
CGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCGAGGATAAAAGTTTTGTTACTTTATA
GAAGAAATTTTGAGTTTTTGTTTTTTTTTAATAAATAAATAAACATAAATAAATTGTTTGTTGAATTTATTA
TTAGTATGTAAGTGTAAATATAATAAAACTTAATATCTATTCAAATTAATAAATAAACCTCGATATACAGAC
CGATAAAACACATGCGTCAATTTTACGCATGATTATCTTTAACGTACGTCACAATATGATTATCTTTCTAGG
GTTAACTCGAGTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTC
GACCTCTAGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTITCCTGTGTGAAATTGTTATCCGCTCACAAT
TCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATT
AATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCA
ACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGT
CGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAA
CGCAGGAAAGAACATGTGAGCAARAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTT
TTITCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGAC
AGGACTATAAAGATACCAGGCGTTITCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCT
TACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCT
CAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGC
CTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGG
TAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTA
CACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAARAGAGTTGGTAGCTC
TTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAA
AAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTA
AGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAA
ATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTC
AGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGG
CTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAAT
AAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAA
TTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTI TAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGG
CATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTAC
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ATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGC
CGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTT
TTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCC
GGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGARAACGTTCTTC
GGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTG
ATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAARATGCCGCAARAAA
GGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCA
GGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATT TAGAAAAATAAACAAATAGGGGTTCCGCGCAC
ATTTCCCCGAAAAGTGCCACCTGACGTC-3"'

Example 2: Cloning of a transposable heavy chain expression vector for human antibody gamma1 heavy chains:

[0111] In order to clone a transposable heavy chain vector, the ORF from pIRES-EGFP-T1T2-IgL simply needs to be
exchanged with a fully human IgG1 heavy chain coding region.

[0112] Forthe replacement of the human kappa light chain in vector pIRES-EGFP-T1T2-IgL by a human immunoglob-
ulin gamma-1 heavy chain, the VH region of antibody D2E7, which is specific for human TNF-alpha (see: EP 1 285 930
A2) can be synthesized and fused in frame to the leader sequence of a close germ-line VH3-region family member and
in addition fused in frame to the coding region of a human gamma1 constant region (Genbank: J00228) including the
membrane spanning exons (Genbank: X52847). In order to be able to replace the human Ig kappa light chain from
pIRES-EGFP- T1T2-IgL unique Clal and Notl restriction enzyme sites need to be at the 5’ and the 3’ end of the sequence
(underlined), respectively, including four nucleotides flanking the restriction enzyme sites (highlighted in lowercase letters
at the ends of the sequence), allowing proper restriction enzyme digestion of the gene-synthesized DNA fragment and
ligation into the Clal-Notl linearized pIRES-EGFP- T1T2-IgL backbone, according to standard methods. The sequence
that needs to be gene synthesized is the following sequence:

Seq-1D6:

5-

aat tATCGATATGGAGTTTGGGCTGAGCTGGETTTTCCTTGTTGCGATTTTAGAAGGTGTCCAGTGTGAGGT
GCAGCTGGTGGAGTCTGGGGGAGGCTTCETACAGCCCGGCAGGTCCCTGAGACTCTCCTGTGCGGCCTCTGG
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ATTCACCTTTGATGATTATGCCATGCACTGGGTCCGGCAAGCTCCAGGGAAGGGCCTGGAATGGGTCTCAGC
TATCACTTGGAATAGTGGTCACATAGACTATGCGGACTCTGTGGAGGGCCGATTCACCATCTCCAGAGACAA
CGCCAAGAACTCCCTGTATCTGCAAATGAACAGTCTGAGAGCTGAGGATACGGCCGTATATTACTGTGCGAA
AGTCTCGTACCTTAGCACCGCGTCCTCCCTTGACTATTGGGGCCAAGGTACCCTGGTCACCGTCTCGAGCGC
TTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCAGCCCT
GGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGG
CGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTC
CAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAA
AGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACC
GTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGT
GGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAA
TGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCA
CCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAA
AACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCT
GACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGA
GAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCT
CTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGA
GGCTCTGCACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCCGGAGCTGCAACTGGAGGAGAGCTGTGC
GGAGGCGCAGGACGGGGAGCTGEGACGGGCTGTGCGACGACCATCACCATCTTCATCACACTCTTCCTGTTAAG
CGTGTGCTACAGTGCCACCGTCACCTTCTTCAAGGTGAAGTGGATCTTCTCCTCGGTGGTGGACCTGAAGCA
GACCATCATCCCCGACTACAGGAACATGATCGGACAGGGGGCCTAGGCGGCCGCgtcg-3'

[0113] From the start codon in position 11 of Seg-ID6, this nucleotide sequence translates to the human IgG1 heavy
chain of anti-TNF-alpha specific clone D2E7 (see: EP 1 285 930 A2), but including the human gamma1 transmembrane
exons M1 and M2. The protein translation is provided in Seqg-ID7 below.

Seqg-ID7:

MEFGLSWVFLVAILEGVQCEVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRQAPGKGLEWVSAITW
NSGHIDYADSVEGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCAKVSYLSTASSLDYWGQGTLVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVD
VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPELQLEESCAEAQDGELDGLWTTITIFITLFLLSVCY
SATVTFFKVKWIFSSVVDLKQTIIPDYRNMIGQGA

[0114] The DNA fragment Seq-ID6 encoding the D2E7 I|g gamma-1 heavy chain can then be double-digested by Clal
and Notl restriction enzymes and directionally ligated into Clal and Notl linearized pIRES-EGFP- T1T2-IgL, resulting in
construct pIRES-EGFP- T1T2-IgH (Fig. 6)

[0115] Seq-ID6 has also been engineered to contain a unique Eco47lll restriction enzyme site in between the V-heavy
variable and the C-gamma constant coding regions (highlighted in boldface and underlined), which allows the replace-
ment of V-heavy regions in this construct against other V-heavy regions or V-heavy libraries, using a unique restriction
enzyme upstream of V-heavy coding region in the construct, together with Eco47l1ll. The correct ligation of the insert
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can be verified by diagnostic restriction enzyme digestion, and/or by DNA sequencing of the cloned construct (Fig. 6).
[0116] The sequence for the transposable human antibody gamma-1 heavy chain vector pIRES-EGFP- T1T2-IgH is
provided in sequence Seqg-1D8.
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Seq-1DS:

57 -
GACGGATCGGGAGATCTCCCGATCCCCTATGGTCGACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAA
GCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAA
GGCAAGGCTTGACCGACAATTGTTAACCCTAGAARAGATAGTCTGCGTAAAATTGACGCATGCATTCTTGAAA
TATTGCTCTCTCTTTCTAAATAGCGCGAATCCGTCGCTGTGCATTTAGGACATCTCAGTCGCCGCTTGGAGC
TCCCGTGAGGCGTGCTTGTCAATGCGGTAAGTGTCACTGATTTTGAACTATAACGACCGCGTGAGTCAAAAT
GACGCATGATTATCTTTTACGTGACTTITTAAGATTTAACTCATACGATAATTATATTGTTATTTCATGTTCT
ACTTACGTGATAACTTATTATATATATATTTTCTTGTTATACAATTGCATGAAGAATCTGCTTAGGGTTAGG
CGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAG
TAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTARATGGC
CCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCA
ATAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTG
TATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTAC
ATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGG
TTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGAC
GTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTG
ACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCC
ACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTTGGTACCGAGCTCGGATC
GATATGGAGTTTGGGCTGAGCTGGGTTTTCCTTGTTGCGATTTTAGAAGGTGTCCAGTGTGAGGTGCAGCTG
GTGGAGTCTGGGGGAGGCTTGGTACAGCCCGGCAGGTCCCTGAGACTCTCCTGTGCGGCCTCTGGATTCACC
TTTGATGATTATGCCATGCACTGGGTCCGGCAAGCTCCAGGGAAGGGCCTGGAATGGGTCTCAGCTATCACT
TGGAATAGTGGTCACATAGACTATGCGGACTCTGTGGAGGGCCGATTCACCATCTCCAGAGACAACGCCAAG
AACTCCCTGTATCTGCAAATGAACAGTCTGAGAGCTGAGGATACGGCCGTATATTACTGTGCGARAGTCTCG
TACCTTAGCACCGCGTCCTCCCTTGACTATTGGGGCCAAGGTACCCTGGTCACCGTCTCGAGCGCTTCCACC
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AAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCAGCCCTGGGCTGC
CTGGTCAAGGACTACTTICCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCAC
ACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGC
TTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAAAGTTGAG
CCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTC
TTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTG
GACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGAC
TGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATC
TCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAT
GGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGC
AAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCCGGAGCTGCAACTGGAGGAGAGCTGTGCGGAGGCG
CAGGACGGGGAGCTGGACGGGCTGTGGACGACCATCACCATCTTCATCACACTCTTCCTGTTAAGCGTGTGC
TACAGTGCCACCGTCACCTTCTTCAAGGTGAAGTGGATCTTCTCCTCGGTGGTGGACCTGAAGCAGACCATC
ATCCCCGACTACAGGAACATGATCGGACAGGGGGCCTAGGCGGCCGCGTCGACGGAATTCAGTGGATCCACT
AGTAACGGCCGCCAGTGTGCTGGAATTAATTCGCTGTCTGCGAGGGCCAGCTGTTGGGGTGAGTACTCCCTC
TCAAAAGCGGGCATGACTTCTGCGCTAAGATTGTCAGTTTCCARAAACGAGGAGGATTTGATATTCACCTGG
CCCGCGGTGATGCCTTTGAGGGTGGCCGCGTCCATCTGGTCAGAAAAGACAATCTTTTTGTTGTCAAGCTTG
AGGTGTGGCAGGCTTGAGATCTGGCCATACACTTGAGTGACAATGACATCCACTTTGCCTTTCTCTICCACAG
GIGTCCACTCCCAGGTCCAACTGCAGGTCGAGCATGCATCTAGGGCGGCCAATTCCGCCCCTCTCCCTCCCC
CCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTGATTTTCCAC
CATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGG
TCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTC
TTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTG
CGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGT TGGAT
AGTTGTGGAAAGAGTCAAATGGCICTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACC
CCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACG
TCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGATAAGCTTGCCACAACCCGGG
ATCCACCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGC
TGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGC
TGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCT
ACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCG
AAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGT
TCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGG
GGCACAAGCTGGAGTACAACTACAACAGCCACAACGTICTATATCATGGCCGACAAGCAGAAGAACGGCATCA
AGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACA
CCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCARAG
ACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGG
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ACGAGCTGTACAAGTAAAGCGGCCCTAGAGCTCGCTGATCAGCCTCGACTGTGCCTCTAGTTGCCAGCCATC
TGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAA
TGAGGRAATTGCATCGCATTGTCTGAGTAGGTGTICATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAA
GGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGARAAG
AACCAGCTGGGGCTCGAGGATAAAAGTTTTGTTACTTTATAGAAGAAATTTTGAGTTTITTGTTTTTTTTTAA
TAAATAAATAAACATAAATAAATTGTTTGTTGAATTTATTATTAGTATGTAAGTGTAAATATAATAAAACTT
AATATCTATTCAAATTAATAAATAAACCTCGATATACAGACCGATAAAACACATGCGTCAATTTTACGCATG
ATTATCTTTAACGTACGTCACAATATGATTATCTTTCTAGGGTTAACTCGAGTGCATTCTAGTTGTGGTTTG
TCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGG
TCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAG
TGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAG
TCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGG
CGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCAC
TCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAG
CAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCAT
CACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCT
GGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCG
GGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTG
GGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAAC
CCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGC
GGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCT
CTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGC
GGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAARAGGATCTCAAGAAGATCCTTTGATCTTT
TCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGG
ATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGG
TCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTT
GCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATA
CCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGA
AGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCG
CCAGTTAATAGTTTGCGCAACGTTGTITGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATG
GCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAARRAGCGGTT
AGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCA
CTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCA
TTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACAT
AGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGARAACTCTCAAGGATCTTACCGCTG
TTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTT
TCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATA
CTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTT
GAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTC -3
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and human gamma-1 light chains and therefore for full-length, membrane bound human IgG1.
Example 3: Generation of transposable DNA libraries encoding human antibody heavy and light chain libraries.

[0118] Inordertogenerate diverse transposable DNA libraries encoding human antibody heavy and light chainlibraries,
only the VL and VH regions from transposable vectors pIRES-EGFP-T1T2-IgL of Example 2 and pIRES-EGFP- T1T2-
IgH of Example 3, respectively, need to be replaced. This can be done by gene synthesizing of human VH and VL coding
regions flanked by Clal and Eco47lll restriction enzyme sites, and by allowing nucleotide variations in certain HCDR
and LCDR positions, as provided in Seg-ID9, which encodes libraries for variable heavy chain domains, and Seg-ID-
10, which encodes libraries for variable light chain domains, because both of them contain N-sequences in the HCDR3
(boldface), and LCDR3 (boldface), respectively. Both Seq-ID9 and Seg-ID10 sequences are flanked by C1al and Eco4 711l
restriction enzymes (underlined), respectively, including four nucleotides flanking the restriction enzyme sites (highlighted
in lowercase letters at the ends of the sequence), allowing proper restriction enzyme digestion of the gene-synthesized
DNA fragments and directed ligation into Clal-Eco47Ill linearized pIRES-EGFP- T1T2-IgH and pIRES-EGFP- T1T2-IgL
backbones, respectively.

Seq-1D9:

5°-
aattATCGATATGGAGTTTGGGCTGAGCTGGGTTTTCCTTGTTGCGATTTTAGAAGGTGTCCAGTGTGAGGT
GCAGCTGGTGGAGTCTGGGGGAGGCTTGGTACAGCCCGGCAGGTCCCTGAGACTCTCCTGTGCGGCCTCTGG
ATTCACCTTTGATGATTATGCCATGCACTGGGTCCGGCAAGCTCCAGGGAAGGGCCTGGAATGGGTCTCAGC
TATCACTTGGAATAGTGGTCACATAGACTATGCGGACTCTGTGGAGGGCCGATTCACCATCTCCAGAGACAA
CGCCAAGAACTCCCTGTATCTGCAAATGAACAGTCTGAGAGCTGAGGATACGGCCGTATATTACTGTGCGAA
ANNNNNNNNNNNNNNNNNNNNNNNNTCCCTTGACTATTGGGGCCAAGGTACCCTGGTCACCGTCTCGAGCGC
Tgcat-3’

Seq-1D10:

5.
atggacatgagggtccctgctcagectectgggactectgetgetetggetecccaggtgecagatgbGACATC
CAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGGGACAGAGTCACCATCACTTGTCGGGCAAGT
CAGGGCATCAGAAATTACTTAGCCTGGTATCAGCAAAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGCT
GCATCCACTTTGCAATCAGGGGTCCCATCTCGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACC
ATCAGCAGCCTACAGCCTGAAGATGTTGCAACTTATTACTGTCAAAGGNNNNNNNNNNNNNNNTATACTTTT
GGCCAGGGGACCAAGGTGGARATCAAGCGCTgcat -3

[0119] This way, diverse transposable DNA libraries, encoding antibody heavy and light chains on separate vectors,
in which the expression of the antibody chains are transcriptionally and therefore operably linked to a green fluorescent
marker protein can be generated.

Example 4: Cloning of a PiggyBac transposase expression vector

[0120] The OREF of functional PiggyBac transposase enzyme can be retrieved from US Patent US 7,105,343 B1 and
is provided in Seqg-ID11.
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Seq-ID11:

5.

ATGGGTAGTTCTTTAGACGATGAGCATATCCTCTCTGCTCTTCTGCAAAGCGATGACGAGCTTGTTGGTGAG
GATTCTGACAGTGAAATATCAGATCACGTAAGTGAAGATGACGTCCAGAGCGATACAGAAGAAGCGTTTATA
GATGAGGTACATGAAGTGCAGCCAACGTCAAGCGGTAGTGAAATATTAGACGAACAAAATGTTATTGAACAA
CCAGGTTCTTCATTGGCTTCTAACAGAATCTTGACCTTGCCACAGAGGACTATTAGAGGTAAGAATAAACAT
TGTTGGTCAACTTCAAAGTCCACGAGGCGTAGCCGAGTCTCTGCACTGAACATTGTCAGATCTCARAGAGGT
CCGACGCGTATGTGCCGCAATATATATGACCCACTTTTATGCTTCAAACTATTTTTTACTGATGAGATAATT
TCGGAAATTGTAAAATGGACAAATGCTGAGATATCATTGAAACGTCGGGAATCTATGACAGGTGCTACATTT
CGTGACACGAATGAAGATGAAATCTATGCTTTCTTTGGTATTCTGGTAATGACAGCAGTGAGAAAAGATAAC
CACATGTCCACAGATGACCTCTTTGATCGATCTTTGTCAATGGTGTACGTCTCTGTAATGAGTCGTGATCGT
TTTGATTTTTTGATACGATGTCTTAGAATGGATGACAAAAGTATACGGCCCACACTTCGAGARAACGATGTA
TTTACTCCTGTTAGAAAARATATGGGATCTCTTTATCCATCAGTGCATACAAAATTACACTCCAGGGGCTCAT
TTGACCATAGATGAACAGTTACTTGGTTTTAGAGGACGGTGTCCGTTTAGGATGTATATCCCAAACAAGCCA
AGTAAGTATGGAATAAAAATCCTCATGATGTGTGACAGTGGTACGAAGTATATGATAAATGGAATGCCTTAT
TTGGGAAGAGGAACACAGACCAACGGAGTACCACTCGGTGAATACTACGTGAAGGAGTTATCAAAGCCTGTG
CACGGTAGTTGTCGTAATATTACGTGTGACAATTGGTTCACCTCAATCCCTTTGGCAARAAACTTACTACAA
GAACCGTATAAGTTAACCATTGTGGGAACCGTGCGATCAAACAAACGCGAGATACCGGAAGTACTGAAAAAC

AGTCGCTCCAGGCCAGTGGGAACATCGATGTTTTGTTTTGACGGACCCCTTACTCTCGTCTCATATAAACCG
AAGCCAGCTAAGATGGTATACTTATTATCATCTTGTGATGAGGATGCTTCTATCAACGAAAGTACCGGTARAA
CCGCAAATGGTTATGTATTATAATCAAACTAAAGGCGGAGTGGACACGCTAGACCAAATGTGTTCTGTGATG
ACCTGCAGTAGGAAGACGAATAGGTGGCCTATGGCATTATTGTACGGAATGATAAACATTGCCTGCATAAAT
TCTTTTATTATATACAGCCATAATGTCAGTAGCAAGGGAGAAAAGGTTCAAAGTCGCAAAAAATTTATGAGA
AACCTTTACATGAGCCTGACGTCATCGTTTATGCGTAAGCGTTTAGAAGCTCCTACTTTGAAGAGATATTTG
CGCGATAATATCTCTAATATTTTGCCAAATGAAGTGCCTGGTACATCAGATGACAGTACTGAAGAGCCAGTA
ATGAAAAAACGTACTTACTGTACTTACTGCCCCTCTAAAATAAGGCGAAAGGCAAATGCATCGTGCAAAAAA
TGCAAAAAAGTTATTTGTCGAGAGCATAATATTGATATGTGCCAAAGTTGTTTTAG-3'

[0121] This sequence translates into the amino acid Seq-ID12.
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Seq-ID12:

MGSSLDDEHILSALLQSDDELVGEDSDSEISDHVSEDDVQSDTEEAFIDEVHEVQPTSSGSEILDEQN
VIEQPGSSLASNRILTLPQRTIRGKNKHCWSTSKSTRRSRVSALNIVRSQRGPTRMCRNIYDPLLCF
KLFFTDEIISEIVKWTNAEISLKRRESMTGATFRDTINEDEIYAFFGILVMTAVRKDNHMSTDDLEFDRS
LSMVYVSVMSRDRFDFLIRCLRMDDKSIRPTLRENDVFTPVRKIWDLFIHQCIQNYTPGAHLT IDEQ
LLGFRGRCPFRMYIPNKPSKYGIKILMMCDSGTKYMINGMPYLGRGTQTNGVPLGEYYVKELSKP
VHGSCRNITCDNWETSIPLAKNLLQEPYKLTIVGTVRSNKREIPEVLKNSRSRPVGTSMFCFDGPLT
LVSYKPKPAKMVYLLSSCDEDASINESTGKPOMVMY YNQTKGGVDTLDOMCSVMTCSRKTNRWP
MALLYGMINIACINSFIIYSHNVSSKGEKVQSRKKFMRNLYMSLTSSFMRKRLEAPTLKRYLRDNISNI
LPNEVPGTSDDSTEEPVMKKRTYCTYCPSKIRRKANASCKKCKKVICREHNIDMCQSC

[0122] In order to generate a vertebrate cell expression vector for the PiggyBac transposase enzyme, this ORF can
be gene synthesized and cloned as a blunt ended DNA into the unique, blunt-cutting restriction enzyme site EcoRV in
the standard vertebrate cell expression vector pCDNAS3.1-hygro(+) (catalogue # V870-20, Invitrogen, Carlsbad, CA,
USA), by methods know in the art. The correct ligation of the PiggyBac ORF, relative to the pCDNA3 promoter can be
verified by diagnostic restriction enzyme digestion, and/or by DNA sequencing of the cloned PiggyBac expression
construct pPCDNA3.1-hygro(+)-PB (Fig. 7).

[0123] The sequence of the PiggyBac expression construct pCDNA3.1-hygro(+)-PB is provided in Seqg-ID 13, below:

Seq-ID13:

57 - GACGGATCGGGAGATCTCCCGATCCCCTATGGTCGACTCTCAGTACAATCTGCTCTGAT
GCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATT
TAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTG
CTTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACG
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GGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGA
CCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTC
CATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCA
AGTACGCCCCCTATTGACGTCAATGACGGTARATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGG
GACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTAC
ATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGT
TTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGC
GGTAGGCGTGTACGGTGCGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGG
CTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTGGCTAGCGTTTAAACTTAAGCTTGGTACCG
AGCTCGGATCCACTAGTCCAGTGTIGGTGGAATTCTGCAGATATGGGTAGTTCTTTAGACGATGAGCATATCC
TCTCTGCTCTTCTGCAAAGCGATGACGAGCTTGTTGGTGAGGATTCTGACAGTGARATATCAGATCACGTAA
GTGAAGATGACGTCCAGAGCGATACAGAAGAAGCGTTTATAGATGAGGTACATGAAGTGCAGCCAACGTCAA
GCGGTAGTGAAATATTAGACGAACAAAATGTTATTGAACAACCAGGTTICTICATTGGCTTCTAACAGAATCT
TGACCTTGCCACAGAGGACTATTAGAGGTAAGAATAAACATTGTTGGTCAACTTCAAAGTCCACGAGGCGTA
GCCGAGTCTCTGCACTGAACATTGTCAGATCTCAAAGAGGTCCGACGCGTATGTGCCGCAATATATATGACC
CACTTTTATGCTTCAAACTATTTTTTACTGATGAGATAATT TCGGAAATTGTAAAATGGACAAATGCTGAGA
TATCATTGAAACGTCGGGAATCTATGACAGGTGCTACATT TCGTGACACGAATGAAGATGAAATCTATGCTT
TCTTTGGTATTCTGGTAATGACAGCAGTGAGAAAAGATAACCACATGTCCACAGATGACCTCTTTGATCGAT
CTTTGTCAATGGTGTACGTCTCTGTAATGAGTCGTGATCGTTTTGATTTTTTGATACGATGTCTTAGAATGG
ATGACAAAAGTATACGGCCCACACTTCGAGAAAACGATGTATTTACTCCTGTTAGAAARAATATGGGATCTCT
TTATCCATCAGTGCATACAARAATTACACTCCAGGGGCTCATTTGACCATAGATGAACAGTTACTTGGTTTTA
GAGGACGGTIGICCGTITAGGATGTATATCCCAAACAAGCCAAGTAAGTATGGAATAAAAATCCTCATGATGT
GTGACAGTGGTACGAAGTATATGATAAATGGAATGCCTTATTTGGGAAGAGGAACACAGACCAACGGAGTAC
CACTCGGTGAATACTACGTGAAGGAGTTATCAAAGCCTGTGCACGGTAGTIGTCGTAATATTACGTGTGACA
ATTGGTTCACCTCAATCCCTTTGCCAAAAAACTTACTACAAGAACCGTATAAGTTAACCATTGTGGGAACCG
TGCGATCAAACAAACGCGAGATACCGGAAGTACTGAAAAACAGTCGCTCCAGGCCAGTGGGAACATCGATGT
TTTGTTTTGACGGACCCCTTACTCTCGTCTCATATAARACCGAAGCCAGCTAAGATGGTATACTTATTATCAT
CTTGTGATGAGGATGCTTCTATCAACGAAAGTACCGGTAAACCGCAAATGGTTATGTATTATAATCAAACTA
AAGGCGGAGTGGACACGCTAGACCAAATGTGTTCTGTGATGACCTGCAGTAGGAAGACGAATAGGTGGCCTA
TGGCATTATTGTACGGAATGATAAACATTGCCTGCATAAATTCTTTTATTATATACAGCCATAATGTCAGTA
GCAAGGGAGAAAAGGTTCAAAGTCGCAAAAAATTTATGAGAAACCTTTACATGAGCCTIGACGTCATCGTTTA
TGCGTAAGCGTTTAGAAGCTCCTACTTTGAAGAGATATTTGCGCGATAATATCTCTAATATTTTGCCAAATG
AAGTGCCTGGTACATCAGATGACAGTACTGAAGAGCCAGTAATGAAAAAACGTACTTACTGTACTTACTGCC
CCTCTAAAATAAGGCGAAAGGCAAATGCATCGTGCAAAAAATGCAAAAAAGTTATTTGTCGAGAGCATAATA
TTGATATGTGCCAARAGTTGTTTTAGATCCAGCACAGTGGCGGCCGCTCGAGTCTAGAGGGCCCGTTTAAACC
CGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTG
ACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGG
TGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCAT
GCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCAC
GCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGC
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GCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCT
CTAAATCGGGGCATCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAG
GGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTC
TTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAA
GGGATTTTGGGGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTAATTC
TGTGGAATGTGTGTCAGTITAGGGTGTGGAAAGTCCCCAGGCTCCCCAGGCAGGCAGAAGTATGCAAAGCATG
CATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATG
CATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCC
GCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCTGCCTCTGAG
CTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCCGGGAGCTTGTATA
TCCATTTTCGGATCTGATCAGCACGTGATGAAAAAGCCTGAACTCACCGCGACGTCTGTCGAGAAGTTTCTG
ATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGGGCGARGAATCTCGTGCTTTCAGCTTC
GATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGATGGTTTCTACAAAGATCGTTATGTT
TATCGGCACTTTGCATCGGCCGCGCTCCCGATTCCGGAAGTGCTTGACATTGGGGAATTCAGCGAGAGCCTG
ACCTATTGCATCTCCCGCCGTGCACAGGGTGTCACGTTGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTT
CTGCAGCCéGTCGCGGAGGCCATGGATGCGATCGCTGCGGCCGATCTTAGCCAGACGAGCGGGTTCGGCCCA
TTCGGACCGCAAGGAATCGGTCAATACACTACATGGCGTGATTTCATATGCGCGATTGCTGATCCCCATGIG
TATCACTGGCAAACTGTGATGGACGACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGATGAGCTGATGCTT
TGGGCCGAGGACTGCCCCGAAGTCCGGCACCTCGTGCACGCGGATTTCGGCTCCAACAATGTCCTGACGGAC
AATGGCCGCATAACAGCGGTCATTGACTGGAGCGAGGCGATGTTCGGGGATTCCCAATACGAGGTCGCCAAC
ATCTTCTTCTGGAGGCCGTGGTTGGCTTGTATGGAGCAGCAGACGCGCTACTTCGAGCGGAGGCATCCGGAG
CTTGCAGGATCGCCGCGGCTCCGGGCGTATATGCTCCGCATTGGTCTTGACCAACTCTATCAGAGCTTGGTT
GACGGCAATTTCGATGATGCAGCTTGGGCGCAGGGTCGATGCGACGCAATCGTCCGATCCGGAGCCGGGACT
GTCGGGCGTACACAAATCGCCCGCAGAAGCGCGGCCGTCTGGACCGATGGCTGTGTAGAAGTACTCGCCGAT
AGTGGAAACCGACGCCCCAGCACTCGTCCGAGGGCAAAGGAATAGCACGTGCTACGAGATTTCGATTCCACC
GCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGEG
GATCTCATGCIGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAAT
AGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAAT
GTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCT
GTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATARAGTGTAAAGCCTGGGGT
GCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGARACCTGTCG
TGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCC
TCGCTCACTGACTCGCTIGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATA
CGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAAC
CGTAAAAAGGCCGCGTTGCTGGCGTITTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGC
TCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTG
CGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTT
TCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAA
CCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGAC
TTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTC
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TTGAARGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAARGCCAGTT
ACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTT
TGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGAC
GCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATC
CTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAA
TGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTC
GTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGC
TCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACT
TTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTG
CGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCC
GGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCT
CCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTT
ACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGT
ATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAA
GTGCTCATCATTGGAAAACGTTCTTCGGGGCGAARACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCG
ATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCARAA
ACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTT
TTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAA
AATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTC-3'

[0124] With the completion of Example 4, all genetic constructs are available to realize the method disclosed herein.

Example 5: Cloning of transposable light chain expression vector for human antibody kappa light chains compatible
with the Sleeping Beauty Transposase enzyme

[0125] In order to transpose human immunoglobulin heavy and light chain expression vectors contained in a trans-
posable vector independently into host cells, a transposable immunoglobulin light chain construct with different inverted
terminal repeat (ITR) sequences can be constructed that are recognized by the Sleeping Beauty transposase.

[0126] For this, the human Ig-kappa light chain expression vector pIRES-EGFP-T1T2-IgL (Seqg-ID-5) of example 1
can be used to replace the 5’ and 3’ ITRs of the PiggyBac transposon system, contained in this vector, with the 5’ and
3’ ITRs of the Sleeping Beauty transposon system. The sequences for the Sleeping Beauty 5’ITR and 3'ITR, recognized
and functional with the Sleeping Beauty transposase, can be retrieved from patent document US7160682B1.

[0127] The upstream Sleeping beauty ITR sequence with the 5’ terminal repeat has to be gene synthesized with
flanking Munl restriction enzyme sequences, allowing the replacement of the Munl flanked PiggyBac 5’ITR in construct
pIRES-EGFP-T1T2-IgL (Seg-ID-5) of example 1 by the Sleeping beauty 5’|ITR sequence. This sequence is as follows
(Mun | restriction enzyme sites are highlighted in boldface print and 4 additional flanking random nucleotides, allowing
proper restriction enzyme digestion of the gene synthesized fragment, are indicated in lowercase letters):

Seq-ID14:

5°- .
atatCAATTGAGTTGAAGTCGGAAGTTTACATACACTTAAGTTGGAGTCATTAA
AACTCGTTTTTCAACTACACCACAAATTTCTTGTTAACAAACAATAGTTTTGG
CAAGTCAGTTAGGACATCTACTTTGTGCATGACACAAGTCATTTTTCCAACAA
TTGTTTACAGACAGATTATTTCACTTATAATTCACTGTATCACAATTCCAGTGG
GTCAGAAGTTTACATACACTAACAATTGatat-3’
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[0128] The downstream Sleeping beauty ITR sequence with the 3’ terminal repeat (also published in US7160682B1)
has to be gene synthesized with flanking Xhol restriction enzyme sequences, allowing the replacement of the Xhol
flanked PiggyBac 3’ITR in construct pIRES-EGFP-T1T2-IgL (Seg-ID-5) of example 1 by the Sleeping beauty 3’'ITR
sequence. This sequence is as follows (Xhol restriction enzyme sites are highlighted in boldface print and 4 additional
flanking random nucleotides, allowing proper restriction enzyme digestion of the gene synthesized fragment, areindicated
in lowercase letters):

Seq-ID15:

5.
atatCTCGAGTTGAGTGTATGTTAACTTCTGACCCACTGGGAATGTGATGAAAG
AAATAAAAGCTGAAATGAATCATTCTCTCTACTATTATTCTGATATTTCACAT
TCTTAAAATAAAGTGGTGATCCTAACTGACCTTAAGACAGGGAATCTTTACTC
GGATTAAATGTCAGGAATTGTGAAAAAGTGAGTTTAAATGTATTTGGCTAAG
GTGTATGTAAACTTCCGACTTCAACICTCGAGatat%’

[0129] In a first step, the Munl-flanked PiggyBac 5’ITR of construct pIRES-EGFP-T1T2-IgL (Seq-ID-5) has to be
replaced by the Sleeping Beauty 5’ITR by digesting pIRES-EGFP-T1T2-IgL (Seqg-ID-5) with Munl restriction enzyme
and by ligating the Munl digested gene-synthesized fragment from Seg-ID-14 into the Munl linearized vector backbone
of pIRES-EGFP-T1T2-IgL (Seqg-ID-5). The proper replacement and correct orientation of Sleeping Beauty 5’ITR can be
checked by diagnostic restriction enzyme digestions and/or DNA sequencing. The resulting plasmid is called pIRES-
EGFP-sbT1-pbT2-IgL (Fig. 8).

[0130] In a second step, the Xhol-flanked PiggyBac 3’ITR of construct still contained in pIRES-EGFP-sbT1-pbT2-IgL
has to be replaced by the Sleeping Beauty 3’ITR by digesting pIRES-EGFP-sbT1-pbT2-IgL with Xhol restriction enzyme
and by ligating the Xhol digested gene-synthesized fragment from Seg-ID-15 into the Xhol linearized vector backbone
of pIRES-EGFP-sbT1-pbT2-IgL. The proper replacement and correct orientation of Sleeping Beauty 3'ITR can be
checked by diagnostic restriction enzyme digestions and/or DNA sequencing. The resulting plasmid is called pIRES-
EGFP-sbT1T2-IgL (Fig. 8).

[0131] The entire sequence of the human Ig-kappa LC expression vector pIRES-EGFP-sbT1T2-IgL transposable by
the Sleeping Beauty transposase is provided in Seq-ID-16:
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Seq-ID16:

o
GACGGATCGGGAGATCTCCCGATCCCCTATGGTCGACTCTCAGTACAATCTGC
TCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGT
CGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACC
GACAATTGAGTTGAAGTCGGAAGTTTACATACACTTAAGTTGGAGTCATTAA
AACTCGTTTTTCAACTACACCACAAATTTCTTGTTAACAAACAATAGTTTTGG
CAAGTCAGTTAGGACATCTACTTTGTGCATGACACAAGTCATTTTTCCAACAA
TTGTTTACAGACAGATTATTTCACTTATAATTCACTGTATCACAATTCCAGTGG
GTCAGAAGTTTACATACACTAACAATTGCATGAAGAATCTGCTTAGGGTTAG
GCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATTGAT
TATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCA
TATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACC
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GCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAA
CGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACT
GCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGA
CGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTAT
GGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATG
GTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACG
GGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACC
AAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCA
AATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGG
CTAACTAGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTA
TAGGGAGACCCAAGCTTGGTACCGAGCTCGGATCGATatggacatgagggtcectgctcag
ctectgggactectgetgcetetggetcccaggtgecagatgtGACATCCAGATGACCCAGTCTCCATCC
TCCCTGTCTGCATCTGTAGGGGACAGAGTCACCATCACTTGTCGGGCAAGTCA
GGGCATCAGAAATTACTTAGCCTGGTATCAGCAAAAACCAGGGAAAGCCCCT
AAGCTCCTGATCTATGCTGCATCCACTTTGCAATCAGGGGTCCCATCTCGGTT
CAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTACAG
CCTGAAGATGTTGCAACTTATTACTGTCAAAGGTATAACCGTGCACCGTATAC
TTTTGGCCAGGGGACCAAGGTGGAAATCAAGCGCTCTGTGGCTGCACCATCT
GTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGT
TGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAG
GTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGG
ACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGC
AGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGGCCTG
AGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAAATCTGCGGCC
GCGTCGACGGAATTCAGTGGATCCACTAGTAACGGCCGCCAGTGTGCTGGAA
TTAATTCGCTGTCTGCGAGGGCCAGCTGTTGGGGTGAGTACTCCCTCTCAAAA
GCGGGCATGACTTCTGCGCTAAGATTGTCAGTTTCCAAAAACGAGGAGGATT
TGATATTCACCTGGCCCGCGGTGATGCCTTTGAGGGTGGCCGCGTCCATCTGG
TCAGAAAAGACAATCTTTTTGTTGTCAAGCTTGAGGTGTGGCAGGCTTGAGAT
CTGGCCATACACTTGAGTGACAATGACATCCACTTTGCCTTTCTCTCCACAGG
TGTCCACTCCCAGGTCCAACTGCAGGTCGAGCATGCATCTAGGGCGGCCAATT
CCGCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAAT
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AAGGCCGGTGTGCGTTTGTCTATATGTGATTTTCCACCATATTGCCGTCTTTTG
GCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGG
GGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGA
AGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTIT
GCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCC
ACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTG
AGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACA
AGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGG
GCCTCGGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAG
GCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGATAAGC
TTGCCACAACCCGGGATCCACCGGTCGCCACCATGGTGAGCAAGGGCGAGGA
GCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAAC
GGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCA
AGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCC
ACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGA
CCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTC
CAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCG
AGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCAT
CGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTAC
AACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGG
TGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGA
CCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGAC
AACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGC
GCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGC
ATGGACGAGCTGTACAAGTAAAGCGGCCCTAGAGCTCGCTGATCAGCCTCGA
CTGTGCCTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTT
GACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTG
CATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAG
GACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCGAGTTGAG
TGTATGTTAACTTCTGACCCACTGGGAATGTGATGAAAGAAATAAAAGCTGA
AATGAATCATTCTCTCTACTATTATTCTGATATTTCACATTCTTAAAATAAAGT
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GGTGATCCTAACTGACCTTAAGACAGGGAATCTTTACTCGGATTAAATGTCAG
GAATTGTGAAAAAGTGAGTTTAAATGTATTTGGCTAAGGTGTATGTAAACTTC
CGACTTCAACTCTCGAGTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATG
TATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCA
TGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAA
CATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGC
TAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCT
GTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTG
CGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTT
CGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCA
CAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAA
AGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCG
CCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAAC
CCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGC
GCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTT
CGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTG
TAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGA
CCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACG
ACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTA
TGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTA
GAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAA
AGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTT
TTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGA
TCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTT
AAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTA
AATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTC
TGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTAT
TTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGG
GAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCT
CACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCG
CAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCC
GGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCC
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ATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAG
CTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAA
AAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCA
GTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCC
ATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAG
AATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAA
TACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTT
CGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTA
ACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTC
TGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGC
GACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCA
TTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAA
AATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACG
TC-3’

Example 6: Cloning of a Sleeping Beauty expression vector

[0132] The open reading frame (ORF) of the Sleeping Beauty transposase enzyme can also be found in patent
reference US7160682B 1/US2003154500A1.
[0133] This sequence is provided in Seq-ID17, below:

Seq-ID17:

5
ATGGGAAAATCAAAAGAAATCAGCCAAGACCTCAGAAAAAAAATTGTAGAC
CTCCACAAGTCTGGTTCATCCTTGGGAGCAATTTCCAAACGCCTGAAAGTACC
ACGTTCATCTGTACAAACAATAGTACGCAAGTATAAACACCATGGGACCACG
CAGCCGTCATACCGCTCAGGAAGGAGACGCGTTCTGTCTCCTAGAGATGAAC
GTACTTTGGTGCGAAAAGTGCAAATCAATCCCAGAACAACAGCAAAGGACCT
TGTGAAGATGCTGGAGGAAACAGGTACAAAAGTATCTATATCCACAGTAAAA
CGAGTCCTATATCGACATAACCTGAAAGGCCGCTCAGCAAGGAAGAAGCCAC
TGCTCCAAAACCGACATAAGAAAGCCAGACTACGGTTTGCAACTGCACATGG
GGACAAAGATCGTACTTTTTGGAGAAATGTCCTCTGGTCTGATGAAACAAAA
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ATAGAACTGTTTGGCCATAATGACCATCGTTATGTTTGGAGGAAGAAGGGGG
AGGCTTGCAAGCCGAAGAACACCATCCCAACCGTGAAGCACGGGGGTGGCA
GCATCATGTTGTGGGGGTGCTTTGCTGCAGGAGGGACTGGTGCACTTCACAA
AATAGATGGCATCATGAGGAAGGAAAATTATGTGGATATATTGAAGCAACAT
CTCAAGACATCAGTCAGGAAGTTAAAGCTTGGTCGCAAATGGGTCTTCCAAA
TGGACAATGACCCCAAGCATACTTCCAAAGTTGTGGCAAAATGGCTTAAGGA
CAACAAAGTCAAGGTATTGGAGTGGCCATCACAAAGCCCTGACCTCAATCCT
ATAGAAAATTTGTGGGCAGAACTGAAAAAGCGTGTGCGAGCAAGGAGGCCT
ACAAACCTGACTCAGTTACACCAGCTCTGTCAGGAGGAATGGGCCAAAATTC
ACCCAACTTATTGTGGGAAGCTTGTGGAAGGCTACCCGAAACGTTTGACCCA
AGTTAAACAATTTAAAGGCAATGCTACCAAATACTAG-3’

[0134] This sequence translates into the following amino acid sequence:

Seq-ID18:

MGKSKEISQDLRKKIVDLHKSGSSLGAISKRLKVPRSSVQTIVRKYKHHGT
TQPSYRSGRRRVLSPRDERTLVRKVQINPRTTAKDLVKMLEETGTKVSISTVKRV
LYRHNLKGRSARKKPLLQNRHKKARLRFATAHGDKDRTFWRNVLWSDETKIEL
FGHNDHRYVWRKKGEACKPKNTIPTVKHGGGSIMLWGCFAAGGTGALHKIDGI
MRKENY VDILKQHLKTSVRKLKLGRKWVFQMDNDPKHTSKVVAKWLKDNKYV
KVLEWPSQSPDLNPIENLWAELKKRVRARRPTNLTQLHQLCQEEWAKIHPTYCG
KLVEGYPKRLTQVKQFKGNATKY'*

[0135] Inorderto generate a vertebrate cell expression vector for the Sleeping Beauty transposase enzyme, this ORF
can be gene synthesized and cloned as a blunt ended DNA into the unique, blunt-cutting restriction enzyme site EcoRV
in the standard vertebrate cell expression vector pCDNAS3.1-hygro(+) (catalogue # V870-20, Invitrogen, Carlsbad, CA,
USA), by methods know in the art. The correct ligation of the Sleeping Beauty ORF, relative to the pCDNA3 promoter
can be verified by diagnostic restriction enzyme digestion, and/or by DNA sequencing of the cloned Sleeping Beauty
expression construct pPCDNAS3.1-hygro(+)-SB (Fig. 9).

[0136] The sequence of the Sleeping Beauty expression construct pPCDNA3.1-hygro(+)-SB is provided in Seq-ID 19,
below:
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Seq-ID19:
5°-

GACGGATCGGGAGATCTCCCGATCCCCTATGGTCGACTCTCAGTACAATCTGC
TCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGT
CGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACC
GACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGA
TGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGT
AATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACA
TAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATT
GACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATT
GACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCA
AGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGC
CCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAG
TACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTA
CATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACC
CCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCA
AAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTAC
GGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGC
TTACTGGCTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTGGCT
AGCGTTTAAACTTAAGCTTGGTACCGAGCTCGGATCCACTAGTCCAGTGTGGT
GGAATTCTGCAGATATGGGAAAATCAAAAGAAATCAGCCAAGACCTCAGAA
AAAAAATTGTAGACCTCCACAAGTCTGGTTCATCCTTGGGAGCAATTTCCAAA
CGCCTGAAAGTACCACGTTCATCTGTACAAACAATAGTACGCAAGTATAAAC
ACCATGGGACCACGCAGCCGTCATACCGCTCAGGAAGGAGACGCGTTCTGTC
TCCTAGAGATGAACGTACTTTGGTGCGAAAAGTGCAAATCAATCCCAGAACA
ACAGCAAAGGACCTTGTGAAGATGCTGGAGGAAACAGGTACAAAAGTATCTA
TATCCACAGTAAAACGAGTCCTATATCGACATAACCTGAAAGGCCGCTCAGC
AAGGAAGAAGCCACTGCTCCAAAACCGACATAAGAAAGCCAGACTACGGTTT
GCAACTGCACATGGGGACAAAGATCGTACTTTTTGGAGAAATGTCCTCTGGTC
TGATGAAACAAAAATAGAACTGTTTGGCCATAATGACCATCGTTATGTTTGGA
GGAAGAAGGGGGAGGCTTGCAAGCCGAAGAACACCATCCCAACCGTGAAGC
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ACGGGGGTGGCAGCATCATGTTGTGGGGGTGCTTTGCTGCAGGAGGGACTGG
TGCACTTCACAAAATAGATGGCATCATGAGGAAGGAAAATTATGTGGATATA
TTGAAGCAACATCTCAAGACATCAGTCAGGAAGTTAAAGCTTGGTCGCAAAT
GGGTCTTCCAAATGGACAATGACCCCAAGCATACTTCCAAAGTTGTGGCAAA
ATGGCTTAAGGACAACAAAGTCAAGGTATTGGAGTGGCCATCACAAAGCCCT
GACCTCAATCCTATAGAAAATTTGTGGGCAGAACTGAAAAAGCGTGTGCGAG
CAAGGAGGCCTACAAACCTGACTCAGTTACACCAGCTCTGTCAGGAGGAATG
GGCCAAAATTCACCCAACTTATTGTGGGAAGCTTGTGGAAGGCTACCCGAAA
CGTTTGACCCAAGTTAAACAATTTAAAGGCAATGCTACCAAATACTAGATCC
AGCACAGTGGCGGCCGCTCGAGTCTAGAGGGCCCGTTTAAACCCGCTGATCA
GCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTG
CCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGA
GGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGG
TGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTG
GGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTC
TAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTG
GTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCC
TTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCT
CTAAATCGGGGCATCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGA
CCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGAT
AGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCT
TGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTAT
AAGGGATTTTGGGGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAA
AAATTTAACGCGAATTAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAA
GTCCCCAGGCTCCCCAGGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTA
GTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATG
CAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCC
CATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGAC
TAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCTGCCTCTGAGCTATTCC
AGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCC
GGGAGCTTGTATATCCATTTTCGGATCTGATCAGCACGTGATGAAAAAGCCTG
AACTCACCGCGACGTCTGTCGAGAAGTTTCTGATCGAAAAGTTCGACAGCGT
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CTCCGACCTGATGCAGCTCTCGGAGGGCGAAGAATCTCGTGCTTTCAGCTTCG
ATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGATGGTTT
CTACAAAGATCGTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCGATTC
CGGAAGTGCTTGACATTGGGGAATTCAGCGAGAGCCTGACCTATTGCATCTCC
CGCCGTGCACAGGGTGTCACGTTGCAAGACCTGCCTGAAACCGAACTGCCCG
CTGTTCTGCAGCCGGTCGCGGAGGCCATGGATGCGATCGCTGCGGCCGATCTT
AGCCAGACGAGCGGGTTCGGCCCATTCGGACCGCAAGGAATCGGTCAATACA
CTACATGGCGTGATTTCATATGCGCGATTGCTGATCCCCATGTGTATCACTGG
CAAACTGTGATGGACGACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGATG
AGCTGATGCTTTGGGCCGAGGACTGCCCCGAAGTCCGGCACCTCGTGCACGC
GGATTTCGGCTCCAACAATGTCCTGACGGACAATGGCCGCATAACAGCGGTC
ATTGACTGGAGCGAGGCGATGTTCGGGGATTCCCAATACGAGGTCGCCAACA
TCTTCTTCTGGAGGCCGTGGTTGGCTTGTATGGAGCAGCAGACGCGCTACTTC
GAGCGGAGGCATCCGGAGCTTGCAGGATCGCCGCGGCTCCGGGCGTATATGC
TCCGCATTGGTCTTGACCAACTCTATCAGAGCTTGGTTGACGGCAATTTCGAT
GATGCAGCTTGGGCGCAGGGTCGATGCGACGCAATCGTCCGATCCGGAGCCG
GGACTGTCGGGCGTACACAAATCGCCCGCAGAAGCGCGGCCGTCTGGACCGA
TGGCTGTGTAGAAGTACTCGCCGATAGTGGAAACCGACGCCCCAGCACTCGT
CCGAGGGCAAAGGAATAGCACGTGCTACGAGATTTCGATTCCACCGCCGCCT
TCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATC
CTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTAT
TGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAAT
AAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTA
TCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATG
GTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACA
TACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTA
ACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGT
CGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCG
TATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCG
GCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACA
GAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAG
GCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCC
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CCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCG
ACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTC
TCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGG
AAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGG
TCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGC
TGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTT
ATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTA
GGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAA
GGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGA
GTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTT
TGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCT
TTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGG
GATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATT
AAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGAC
AGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCG
TTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGG
GCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCG
GCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAA
GTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAA
GCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGC
TACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCG
GTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGC
GGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGT
TATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCC
GTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATA
GTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACC
GCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGG
GGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCC
ACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGG
TGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACA
CGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTAT
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CAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAA
ACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTC-3’

Example 7: Generation of a Sleeping Beauty transposable human Ig-kappa light chain expression library

[0137] Inorder to generate a diverse Sleeping Beauty transposable DNA library encoding human antibody light chain
libraries, the VL region of Sleeping Beauty transposable vector pIRES-EGFP-sbT1T2-IgL of Example 5 needs to be
replaced with a diverse VL gene repertoire. This can be done by gene synthesizing of human VL coding regions flanked
by Clal and Eco47lll restriction enzyme sites, and by allowing nucleotide variations in certain HCDR and LCDR positions,
as already provided in Seq-ID-10 above. The Seg-ID10 sequence is flanked by Clal and Eco47lll restriction enzymes
allowing directed ligation into Clal-Eco47Ill linearized pIRES-EGFP-sbT1T2-IgL. This way a Sleeping Beauty transpos-
able DNA library encoding diverse human antibody light chain can be generated.

[0138] This way, diverse transposable DNA libraries, encoding antibody heavy and light chains on separate vectors,
in which the expression of the antibody chains are transcriptionally and therefore operably linked to a green fluorescent
marker protein can be generated.

[0139] Having generated PiggyBac transposable human IgH chain expression vectors (Example 2) and human IgH
chain library expression vectors (Example 3), as well as Sleeping Beauty transposable expression vectors for human
IgL chains (Example 5) and human IgL chain libraries (Example 7), and in addition having provided the vertebrate
expression vectors for the PiggyBac and Sleeping Beauty transposases (Examples 4 and 6, respectively), allows the
realization of the invention by independent transposition of immunoglobulin heavy and light chain vectors into host cells
using two separate transposition systems, if followed by standard cell biology and molecular biology methods, that
include the culture of vertebrate or mammalian host cells in vitro, their transfection with the above-mentioned constructs
by methods known in the art, such that stable transposition of the constructs occurs and expression of the polypeptides
of interest from those constructs is effected, followed by standard cell screening and separation techniques for desired
binding or function of the expressed proteins, and, lastly, followed by the identification of the coding sequences from
transposed constructs contained in the selected cells by standard genomic or RT-PCR methods in combination with
standard or next generation DNA sequencing.

SEQUENCE LISTING
[0140]
<110> Grawunder, UIf
<120> Transposition-mediated identification of specific binding or functional proteins
<130> ND 40268
<160> 19
<170> PatentIn version 3.3
<210>1
<211> 327
<212> DNA
<213> Artificial sequence
<220>
<223> Upstream PiggyBac ITR sequence with flanking Munl restriction enzyme recognition sequences and 4 nu-

cleotides at 5’ and 3’ ends to facilitate restriction enzyme digestion

<400> 1

1
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atatcaattg
tattgctctce
gcegettgga
tataacgacc
aactcatacg

tatattttet

<210> 2
<211> 264
<212> DNA

ttaaccctag
tctttctaaa
gctccegtga
gcgtgagtca
ataattatat

tgttatacaa

<213> Artificial Sequence

<220>

EP 2 692 865 B1

aaagatagtc tgcgtaaaat
tagcgegaat ccgtegetgt
ggcgtgettg tcaatgeggt
aaatgacgca tgattatctt
tgttatttca tgttctactt

ttgatat

DK/EP 2692865 T3

tgacgcatge
gcatttagga
aagtgtcact
ttacgtgact

acgtgataac

attcttgaaa
catctcagtc
gattttgaac
tttaagattt

ttattatata

60

120

180

240

300

327

<223> Downstream PiggyBac ITR sequence with flanking Xhol restriction enzyme recognition sequences and 4

nucleotides at 5’ and 3’ ends to facilitate restriction enzyme digestion

<400> 2

atatctcgag
cgtaaaattg
tagatattaa
tatttatgtt

acaaaacttt

<210> 3
<211> 711
<212> DNA

ttaaccctag
acgcatgtgt
gttttattat
tatttattta

tatcctcgag

<213> Artificial Sequence

<220>

aaagataatc atattgtgac gtacgttaaa gataatcatg

tttatcggtc tgtatatcga ggtttattta ttaatttgaa

atttacactt acatactaat aataaattca acaaacaatt

ttaaaaaaaa acaaaaactc aaaatttctt ctataaagta

atat

<223> Full-length human Ig kappa light chain coding region, including VL
coding region of D2E7 and human constant kappa light chain coding region

<400> 3

42

60

120

180

240

264
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atggacatga
agatgtgaca
gtcaccatca
aaaccaggga
ccatcteggt
cagcctgaag
ggccagggga
ccgccatcetg
ttctatccca
tccecaggaga
ctgacgctga
cagggcctga

<210> 4
<211> 236
<212> PRT

gggtccctge
tccagatgac
cttgtcggge
aagcccctaa
tcagtggcag
atgttgcaac
ccaaggtgga
atgagcagtt
gagaggccaa
gtgtcacaga
gcaaaécaga

gctcgececegt

<213> Artificial Sequence

<220>

EP 2

tcagcetcectg
ccagtctcca
aagtcagggc
gctcctgate
tggatctggg
ttattactgt
aatcaagcgce
gaaatctgga
agtacagtgg
gcaggacagc
étacgagaaa

cacaaagagc

692 865 B1

ggactcctge
tccteectgt
atcagaaatt
tatgctgeat
acagatttca
caaaggtata
tctgtggetg
actgecctetg
aaggtggata
aaggacagca
cacaaagtct

ttcaacaggg

DK/EP 2692865 T3

tgctetgget
ctgcatctgt
acttagectg
ccactttgcea
ctctcaccat
accgtgecace
caccatctgt
ttgtgtgect
acgccectceca
cctacagcct
acgcctgega

gagagtgtta

cccaggtgcece
aggggacaga
gtatcagcaa
atcaggggtce
cagcagccté
gtatactttt
cttcatctte
gctgaataac
atcgggtaac
cagcagcacc
agtcacccat

a

60

120

180

240

300

360

420

480

540

600

660

711

<223> Protein sequence of full-length human Ig kappa light chain, encoded by VL coding region of D2E7 and human
constant kappa light chain coding region

<400> 4

Met

Leu

Asp

Met Arg

Ala

val

Pro Ala

Leu

Ala
65

Pro

Pro

Ser

Gly

50

Pro

Ser

Gly

Ala

35

Ile

Lys

Arg

20

Ser

Arg

Leu

Phe

Arg

val

Asn

Leu

Ser
85

Cys

Gly

Tyr

Ile

70

Gly

Asp

Asp

Leu

55

Tyr

Se:

Gln Leu

10

Leu

Ile Gln

25

Met

Val Thr

40

Ala Trp Tyr

Ala Ala Ser

Ser Gly

90

Gly

43

Gly Leu

Thr Gln

Leu

Ser

Leu
15

Leu

Pro Ser

Trp

Ile Thr

Gln Gln

60

Thr
75

Leu

Thr Asp

Cys

45

Lys

Gln

Phe

30

Arg

Pro

Ser

Thr

Ala

Gly

Gly

Leu
95

Ser

Ser

Lys

Val

80

Thr



10

15

20

25

30

35

40

45

50

55

Ile

Tyr

Lys

Glu

145

Phe

Gln

Ser

Glu

Ser
225

<210>5
<211> 6436
<212> DNA

Ser

Asn

Arg

130

Gln

Tyr

Thr

Lys
210

Pro

Ser

Arg

115

Ser

Leu

Pro

Gly

Tyr

195

His

val

<213> Artificial Sequence

<220>

Leu

100

Ala

val

Lys

Arg

Asn

180

Ser

Lys

Thr

<223> pIRES-EGFP-T1T2-IgL

<400> 5

Gln

Pro

Ala

Ser

Glu

165

Ser

Leu

val

Lys

Pro

Tyr

Ala

Gly

150

Ala

Gln

Ser

Tyr

Ser
230

EP 2 692 865 B1

Glu Asp Val Ala

Thr

Pro

135

Thr

Lys

Glu

Ser

Ala

215

Phe

Phe

120

Ser

Ala

val

Ser

Thr

200

Cys

Asn

44

105

Gly

Val

Ser

Gln

Val

185

Leu

Glu

Arg

Gln

Phe

val

Trp

170

Thr

Thr

val

Gly

Thr

Gly

Ile

Val

155

Lys

Glu

Leu

Thr

Glu
235

Tyr

Thr

Phe

140

Cys

val

Gln

Ser

His

220

Cys
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Tyr

Lys

125

Pro

Leu

Asp

Asp

Lys

205

Gln

Cys

110
val
Pro
Leu
Asn
Ser
190

Ala

Gly

Gln

Glu

Ser

Asn

Ala

175

Lys

Asp

Leu

Arg

Ile

Asp

Asn

160

Leu

Asp

Tyr

Ser
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gacggatcgg
ccgecatagtt
cgagcaaaat
atagtctgcg
gcgaatccgt
tgcttgtcaa
gacgcatgat
atttcatgtt
atgaagaatc

acgcegttgac

gagatctcce
aagccagtat
ttaagctaca
taaaattgac
cgctgtgeat
tgcggtaagt
tatcttttac
ctacttacgt

fgcttagggt

attgattatt
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gatccectat
ctgctecectg
acaaggcaag
gcatgcattc
ttaggacatc
gtcactgatﬁ
gtgactttta
gataacttat
taggcegtttt

gactagttat

ggtcgactct
cttgtgtgtt
gcttgaccga
ttgaaatatt
tcagtcegeeg
ttgaactata
agatttaact
tatatatata
gcgetgette

taatagtaat

45
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cagtacaatc
ggaggtcgct
caattgttaa
gctetetett
cttggagctc
acgaccgegt
catacgataa
ttttettgtt
gcgatgtacg

caattacggg

tgctctgatg
gagtagtgcg
ccctagaaag
tctaaatagc
ccgtgaggeg
gagtcaaaat
ttatattgtt
atacaattgce
ggccagatat

gtcattagtt

60

120

180

240

300

360

420

480

540

600
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catagcccat
ccgeccaacyg
atagggactt
gtacatcaag
cccgectgge
tacgtattag
ggatagcggt
ttgttttgge
acgcaaatgg
actagagaac
caagcttggt
ctectgetge
tcectgtetg
agaaattact
gctgcatcca
gatttcactc
aggtataacc
gtggctgcac
gcectcetgttg
gtggataacg
gacagcacct
aaagtctacg
aacaggggag
cggcegeeag
ctecectetcea
ggatttgata
agaaaagaca
cacftgagtg
caactgcagg
ctaacgttac

tttccaccat

tgacgagcat

atatggagtt
acceccgeec
tccattgacg
tgtatcatat
attatgccca
tcatcgctat
ttgactcacg
accaaaatca
gcggtaggeg
ccactgetta
accgagceteg
tcetggetecce
catctgtagg
tagcctggta
ctttgecaatce
tcaccatcag
gtgcaccgta
catctgtett
tgtgecetget
ccctccaatce
acagcctcag
cctgcgaagt
agtgttaaat
tgtgctggaa
aaagcgggca
ttcacctgge
atctttttgt
acaatgacat
tcgagecatge
tggecgaage

attgeegtet

tcctaggggt

EP 2 692 865 B1

ccgcgttaca
attgacgtca
tcaatgggtg
gccaagtacyg
gtacatgacc
taccatggtg
gggatttcca
acgggacttt
tgtacggtgg
ctggettate
gatcgatatg
aggtgccaga
ggacagagtc
tcagcaaaaa
aggggtecca
cagcctacag
tacttttgge
catcttcececg
gaataacttce
gggtaactce
cagcacccetg
cacccatcag
ctgcggecge
ttaattceget
tgacttctge
ccgeggtgat
tgtcaagcett
ccactttgcce
atctagggceg
cgcttggaat

tttggcaatg

ctttccccetce

taacttacgg
ataatgacgt

gactatttac

vccccctattg

ttatgggact
atgceggtttt
agtctccacc
ccaaaatgtce
gaggtctata
gaaattaata
gacatgaggg
tgtgacatcce
accatcactt
ccagggaaag
tetcggttcea
cctgaagatg
caggggacca
ccatetgatg
tatccecagag
caggagagtg
acgctgagea
ggcetgaget

gtcgacggaa

gtctgcgagg-

gctaagattg
gcctttgagg
gaggtgtgge
tttctcteca
gccaattceg
aaggeccggtg

tgagggecccg

tcgccaaagg

46

taaatggcce
atgttcccat
ggtaaactge
acgtcaatga
ttectacttg
ggcagtacat
ccattgacgt
gtaacaactce
taagcagage
cgactcacta
tcectgetca
agatgaccca
gtcgggcaag
cccctaaget
gtggcagtgg
ttgcaactta
aggtggaaat
agcagttgaa
aggccaaagt
tcacagagca
aagcagacta
cgecegteac
ttcagtggat
gccagetgtt
tcagttteca
gtggcegegt
aggcttgaga
caggtgtcca
cccctctqcc
tgegtttgtce

gaaacctggc

aatgcaaggt

DK/EP 2692865 T3

gectggetga
agtaacgcca
ccacttggea
cggtaaatgg
gcagtacatc
caatgggcgt
caatgggagt
cgcecccattg
tetctggceta
tagggagacc
gctectggga
gtctceccatece
tcagggcatc
cctgatctat
atctgggaca
ttactgtcaa
caagcgcetct
atctggaact
acagtggaag
ggacagcaag
cgagaaacac
aaagagcttc
ccactagtaa
ggggtgagta
aaaacgagga
ccatctggte
tctggccata
cteccaggte
tceecececece
tatatgtgat

cctgtcttet

ctgttgaatg

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400

2460

2520



10

15

20

25

30

35

40

45

50

55

tcgtgaagga
tttgcaggeca
tataagatac
tggaaagagt
aggtacccca
agtcgaggtt
aaacacgatg
ggcgaggagce
ggccacaagt
ctgaagttca
ctgacctacg
ttcaagtcceg
ggcaactaca
gagctgaagg
aactacaaca
aacttcaaga
cagaacaccc
cagtccgcecc
gtgaccgceg
gctegetgat
ccgtgectte
aaattgcatc
acagcaaggyg
tggcttcetga
gaagaaattt
ttgaatttat
ataaataaac
ctttaacgta
tggtttgtcee
gagcttggeg
tccacacaac

ctaactcaca

agcagttcct
gcggaaccec
acctgcaaag
caaatggctc
ttgtatggga
aaaaaaacgt
ataagcttgce
tgttcaécgg
tcagcgtgtc
tctgcaccac
gegtgeagtyg
ccatgcecga
agacccgegc
gcatcgactt
gccacaacgt
tccgecacaa
ccatcggega
tgagcaaaga
ccgggatcac
cagcctcecgac
cttgaccctg
gcattgtetg
ggaggattgg
ggcggaaaga
tgagtttttg
tattagtatg
ctcgatatac
cgtcacaata
aaactcatca
téatcatggt
atacgagccg

ttaattgegt

EP 2 692 865 B1

ctggaagctt
ccacctggeg
gcggcacaac
tcctcaageg
tctgatctgg
ctaggcccecece
cacaaccegg
ggtggtgccce
cggcgagggce
cggcaagctg
¢ttecageege
aggctacgtc
cgaggtgaag
caaggaggac
ctatatcatg
catcgaggac
cggeceegtg
ccccaacgag
tcteggeatg
tgtgecetceta
gaaggtgcca
agtaggtgte
gaagacaata
accagctggg
ttttttttta
taagtgtaaa
agaccgataa
tgattatctt
atgtatctta
catagctgtt
gaagcataaa

tgegcectcact

cttgaagaca
acaggtgcecet
cccagtgeeca
tattcaacaa
ggecteggtyg
cgaaccacgg
gatccaccqy
atcctggteg
gagggcgatg
ccegtgeccet
taccccgace
caggagcgca
ttcgagggceg
ggcaacatce
gccgacaagce
ggcagcgtge
ctgetgececeg
aagcgcgate
gacgagctgt
gttgeccagee
ctecccactgt
attctattct
gcaggcatge
gctcgaggat
ataaataaat
tataataaaa
aacacatgcg
tctagggtta
tcatgtetgt
tcctgtgtga
gtgtaaagcc

geecgettte

47

aacaacgtct
ctgcggecaa
cgttgtgagt
ggggctgaag
cacatgettt
ggacgtggtt
tcgeccaccat
agctggacgg
ccacctacgg
ggcccaccct
acatgaagca
ccatcttett
acaccctggt
tggggcacaa
agaagaacgg
agctcgecga
acaaccacta
acatggtcct
acaagtaaag
atctgttgtt
cctttectaa
gg99gggtggg
tggggatgceg
aaaagttttg
aaacataaat
cttaatatct
tcaattttac
actcgagtge
ataccgtcga
aattgttatc
tggggtgect

cagtcgggaa

DK/EP 2692865 T3

gtagcgaccc
aagccacgtg
tggatagttg
gatgcccaga
acatgtgttt
ttcectttgaa
ggtgagcaag
cgacgtaaac
caagctgacc
cgtgaccacé
gcacgacttce
caaggacgac
gaaccgcaﬁc
gctggagtaq
catcaaggtg
ccactaccag
cctgagecacce
gctggagttce
cggccctaga
tgeeccetecee
taaaatgagg
gtggggcagg
gtgggctcta
ttactttata
aaattgtttg
attcaaatta
gcatgattat
attctagttg
cctectageta
cgctcacaat
aatgagtgag

acctgtegtg

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3800

3960

4020

4080

4140

4200

4260

4320

4380

4440
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ccagctgecat
tteecgettce
agctcactca
catgtgagca
ttteccatagg
gcgaaacceceqg
ctctcetgtt
cgtggegett
caagctggge
ctatcgtcett
taacaggatt
taactacgge
ctteggaaaa
tttttttgtt
gatcttttet
catgagatta
atcaatctaa
ggcacctatc
gtagataact
agacccacgce
gcgcagaagt
agctagagta
catagtggtg
aaggcgagtt

gatecgttgtc

taattctctt

caagtcattc
ggataatacc
ggggcgaaaa
tgcacccaac

aggaaggcaa

actcttectt

taatgaatcg
tecgetecactg
aaggcggtaa
aaaggccagce
ctcecgeeeee
acaggactat
ccgaccetge
tctcaatget
tgtgtgcacg
gagtccaacc
agcagagcga
tacactagaa
agagttggta
tgcaagcagc
acggggtctg
tcaaaaagga
agtatatatg
tcagegatct
acgatacggg
tcaccggcete

ggtcetgcaa

agtagttcgce

tcacgectegt
acatgatccc
agaagtaagt
actgtcatgc
tgagaatagt
gegccacata
ctctcaagga
tgatcttcag

aatgcecgcaa

tttcaatatt

EP 2 692 865 B1

gccaacgcege
actegetgeg
tacggttatc
aaaaggccag
ctgacgagca
aaagatacca
cgecttaccgg
cacgctgtag
aaccccceegt
cggtaagaca
ggtatgtagg
ggacagtatt
gctcttgatc
agattacgcg
acgctcagtyg
tcttcaccta
agtaaacttg
gtctattteg
agggcttacc
cagatttatc
ctttatecge
cagttaatag
cgtttggtat
ccatgttgtg
tggcegecagt
catccgtaag
gtatgcggeg
gcagaacttt
tcttaceget
catcttttac

aaaagggaat

attgaagcat

ggggagaggc
cteggtegtt
cacagaatca
gaaccgtaaa
tcacaaaaat
ggcgtttccee
atacctgtce
gtatctcagt
tcageccecgac
cgacttatcg
cggtgctaca
tggtatctge
cggcaaacaa
cagaaaaaaa
gaacgaaaac
gatcctttta
gtctgacagt
ttcatceata
atctggecce
agcaataaac
ctccatceecag
tttgegeaac
ggcttecatte
caaaaaagcg
gttatcacte
atgcettttet
accgagttge
aaaagtgctc
gttgagatcc
tttcaccage

aagggcgaca

ttatcagggt

48

ggtttgegta
cggetgegge
ggggataacg
aaggcegegt
cgacgctcaa
cctggaagcet.
gcetttetee
tcggtgtagg
cgctgegect
ccactggcag
gagttcttga
gctectgetga
accaccgctg
ggatctcaag
tcacgttaag
aattaaaaat
taccaatgct
gttgcctgac
agtgctgcaa
cagccagccg
tctattaatt
gttgttgeca
agctccggtt
gttagctect
atggttatgg
gtgactggtg
tcttgecegg
atcattggaa
agttcgatgt
gtttctgggt

cggaaatgtt

tattgtctca

DK/EP 2692865 T3

ttgggcgcete
gagcggtate
caggaaagaa
tgectggegtt
gtcagaggtg
ccctegtgeg
cttegggaag
tegttegete
tatccggtaa
cagccactgg
agtggtggcc
agccagttac
gtagcggtgg
aagatccttt
ggattttggt
gaagttttaa
taatcagtga
tecececegtegt
tgataccgcg
gaagggccga
gttgceggga
ttgctacagg
cccaacgatce
tcggtectece
cagcactgca
agtactcaac
cgtcaatacg
aacgttette
aacccactcg
gagcaaaaac

gaatactcat

tgagcggata

4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240

6300

6360
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DK/EP 2692865 T3

EP 2 692 865 B1

catatttgaa tgtatttaga aaaataaaca aataggggtt ccgecgcacat ttccccgaaa 6420

agtgccacct gacgtce 6436

<210> 6

<211> 1642

<212> DNA

<213> Artificial Sequence

<220>
<223> Full-length human Ig gamma1 heavy chain coding region, including VH coding region of D2E7 and human
constant gamma1 heavy chain coding region with human Ig gamma1 membrane spanning coding region, flanked

by Clal and Notl restriction enzyme sites and 4 nucleotides atat 5’ and 3’ ends to facilitate restriction enzyme digestion

<400> 6

49
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aattatcgat
ccagtgtgag
gagactctcc
gcaagctcca
agactatgecg
cctgtatetg
agtctcgtac
cgtctegage
cacctctggg
gacggtgteg
acagtcctca
cacccagacc
agttgagccce
cctgggggga
ccggacccect
gttca#ctgg
gcagtacaac
gaatggcaag
aaccatctcc
ccgggatgag
cagcgacatc
gcctecegtg

gagcaggtgg

ccactacaca

ggaggcgcag
cttcctgtta
ctccteggtyg
gggggcctag
<210>7

<211> 539
<212> PRT

atggagtttg
gtgcagetgg
tgtgeggect
gggaagggcc
gactctgtgg
caaatgaaca
cttagcaccg
gcttccacca
ggcacagcag
tggaactcag
ggactctact
tacatctgeca
aaatcttgtg
ccgtecagtcet
gaggtcacat
tacgtggacg
agcacgtacc
gagtacaagt
aaagccaaag
ctgaccaaga
gccgtggagt
ctggactccg
cagcagggga

cagaagagcc

gacggggagce
agcgtgtget
gtggacctga

gcggecgegt

<213> Artificial Sequence

EP 2 692 865 B1

ggctgagetg
tggagtctgg
ctggattcac
tggaatgggt
agggccgatt
gtctgagage
cgtccteect
agggcccatc
ccectgggetg
gcgecectgac
ccctcagecag
acgtgaatca

acaaaactca

tcctettece

gegtggtggt
gcgtggaggt
gtgtggtcag
gcaaggtctc
ggcagccceg
accaggtcag
gggagagcaa
acggctcecett
acgtcttcete

tctecetgte

tggacgggct
acagtgccac

agcagaccat

cg

ggttttecctt
gggaggcttg
ctttgatgat
ctcagctatce
caccatctce
tgaggatacg

tgactattgg

‘ggtcttccce

cctggtcaag
cagcggegtg
cgtggtgace
caagcccagce
cacatgccca
cccaaaaccce
ggacgtgage
gcataatgcc
cgtcctecacce
caacaaagcc
agaaccacag
cctgacctge
tgggcagecg
cttcctectac
atgctcegtg

tccggagetg

gtggacgacc
cgtcaccttc

catccecgac

50

DK/EP 2692865 T3

gttgcgattt
gtacagcccg
tatgccatge
acttggaata
agagacaacg
gccgtatatt
ggccaaggta
ctggcacccet
gactacttcc
cacaccttcce
gtgccctcecea
aacaccaagg
ccgtgeccag
aaggacaccc
cacgaagacc
aagacaaagc
gtcctgecace
ctcccageec
gtgtacacce

ctggtcaaag

gagaacaact
agcaagctca
atgcatgagg

caactggagg

atcaccatct
ttcaaggtga

tacaggaaca

tagaaggtgt
gcaggtccct
actgggtccg
gtggtcacat
ccaagaactc
actgtgcgaa
ccetggteac
cctccaagag
ccgaaccggt
cggcetgtect
gcagettggg
tggacaagaa
cacctgaact
tcatgatcte
ctgaggtcaa
cgcgggagga
aggactggct
ccatcgagaa
tgccceccate
gcttcetatcece
acaagaccac

ccgtggacaa

ctctgcacaa
agagctgtge
tcatcacact

agtggatctt

tgatcggaca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1642
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<220>

<223> Protein sequence of membrane-bound full-length human Ig gamma1 heavy chain, encoded by VH coding
region of D2E7 and human constantgamma1 heavy chain coding region with human Ig gamma1 membrane spanning

coding region

<400> 7

Met

Val

Pro

Asp

Glu

65

Asp

Ser

Tyr

Tyr

Gly

145

Gly

Glu

Gln

Gly

Asp

50

Trp

Ser

Leu

Tyr

Trp

130

Pro

Thr

Phe

Cys

Arg

35

Tyr

Val

vVal

Tyr

Cys

115

Gly

Ser

Ala

Gly

Glu

20

Ser

Ala

Ser

Glu

Leu

100

Ala

Gln

val

Ala

Leu

val

Leu

Met

Ala

Gly

85

Gln

Lys

Gly

Phe

Leu
165

Ser

Gln

Arg

His

Ile

70

Arg

Met

val

Thr

Pro

150

Gly

EP 2 692 865 B1

Trp

Leu

Leu

Trp
55

Thr
Phe
Asn
Ser
Leu
135

Leu

Cys

Val

Vval

Ser

40

Val

Trp

Thr

Ser

Tyr

120

Val

Ala

Leu

51

Phe

Glu

25

Cys

Arg

Asn

Ile

Leu

105

Leu

Thr

Pro

val

Leu

10

Ser

Ala

Gln

Ser

Ser

90

Arg

Ser

Vval

Ser

Lys
170

Val

Gly

Ala

Ala

Gly

75

Arg

Ala

Thr

Ser

Ser

155

Asp

Ala

Gly

Ser

Pro

60

His

Asp

Glu

Ala

Ser

140

Lys

Tyr

DK/EP 2692865 T3

Ile

Gly

Gly

45

Gly

Ile

Asn

Asp

Ser

125

Ala

Ser

Phe

Leu

Leu

30

Phe

Lys

Asp

Ala

Thr

110

Ser

Ser

Thr

Pro

Glu

15

val

Thr

Gly

Tyr

Lys

95

Ala

Leu

Thr

Ser

Glu
175

Gly

Gln

Phe

Leu

Ala

80

Asn

Val

Asp

Lys

Gly

160

Pro
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val

Phe

Val

Val

225

Lys

Leu

Thr

Vval

Val

305

Ser

Leu

Ala

Pro

Gln

385

Ala

Thr

Thr

Pro

Thr

210

Asn

Ser

Leu

Leu

Ser

290

Glu

Thr

Asn

Pro

Gln

370

val

val

Pro

Val

Ala

195

val

His

Cys

Gly

Met

275

His

val

Tyr

Gly

Tle

355

val

Ser

Glu

Pro

Ser

180

Val

Pro

Lys

Asp

Gly

260

Tle

Glu

His

Arg

Lys

340

Glu

Tyr

Leu

Trp

val
420

Trp
Leu
Ser
Pro
Lys
245
Pro
Ser
Asp
Asn
Val
325
Glu
Lys
Thr
Thr
Glu

405

Leu

Asn

Gln

Ser

Ser

230

Thr

Ser

Arg

Pro

Ala

310

val

Tyr

Thr

Leu

Cys

390

Ser

Asp

EP 2 692 865 B1

Ser

Ser

Ser

215

Asn

His

val

Thr

Glu

295

Lys

Ser

Lys

Ile

Prb

375

Leu

Asn

Ser

Gly Ala

Ser

200

Leu

Thr

Thr

Phe

Pro

280

Val

Thr

val

Cys

Ser

360

Pro

Vval

Gly

Asp

52

185

Gly

Gly

Lys

Cys

Leu

265

Glu

Lys

Lys

Leu

Lys

345

Lys

Ser

Lys

Gln

Gly
425

Leu

Leu

Thr

val

Pro

250

Phe

val

Phe

Pro

Thr

330

Val

Ala

Arg

Gly

Pro

410

Ser

Thr

Tyr

Gln

Asp

235

Pro

Pro

Thr

Asn

Arg

315

Val

Ser

Lys

Asp

Phe T

395

Glu

Phe

Ser

Ser

Thr

220

Lys

Cys

Pro

Cys

Trp

300

Glu

Leu

Asn

Gly

Glu

380

Asn

Phe

DK/EP 2692865 T3

Gly

Leu

205

Tyr

Lys

Pro

Lys

Val

285

Tyr

Glu

His

Lys

Gln

365

Leu

Pro

Asn

Leu

val

190

Ser

Ile

val

Ala

Pro

270

val

Val

Gln

Gln

Ala

350

Pro

Thr

Ser

Tyr

Tyr
430

His

Ser

Cys

Glu

Pro

255

Lys

Val

Asp

Tyr

Asp

335

Leu

Arg

Lys

Asp

Lys

415

Ser

Thr

Val

Asn

Pro

240

Glu

Asp

Asp

Gly

Asn
320

Trp

Pro

Glu

Asn

Ile

400

Thr

Lys
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Leu

Ser

Ser

465

Asp

Leu

val

Pro

<210> 8
<211> 7341
<212> DNA

Thr

val

450

Leu

Gly

Phe

Lys

Asp
530

val

435

Met

Ser

Glu

Leu

Trp

515

Tyr

<213> Artificial Sequence

<220>

<223> sequence for the transposable human antibody gamma-1 heavy chain vector pIRES-EGFP- T1T2-IgH

<400> 8

Asp

His

Pro

Leu

Leu

500

Ile

Arg

Lys

Glu

Glu

Asp

485

Ser

Phe

Asn

Ser

Ala

Leu

470

Gly

val

Ser

Met

EP 2 692 865 B1

Arg

Leu

455

Gln

Leu

Cys

Ser

Ile
535

Trp Gln Gln

440

His

Leu

Trp

Tyr

val

520

Gly

53

Asn

Glu

Thr

Ser

505

val

Gln

His

Glu

Thr

490

Ala

Asp

Gly

Gly

Tyr

Ser

475

Ile

Thr

Leu

Ala

Asn

Thr

460

Cys

Thr

val

Lys

DK/EP 2692865 T3

vVal

445

Gln

Ala

Ile

Thr

Gln
525

Phe

Lys

Glu

Phe

Phe

510

Thr

Ser

Ser

Ala

Ile

495

Phe

Ile

Cys

Leu

Gln

480

Thr

Lys

Ile
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gacggatcgg

ccgcatagtt
cgagcaaaat
atagtctgceg
gcgaatcegt
tgcttgtcaa
gacgcatgat
atttcatgtt
atgaagaatc
acgcgttgac
catagcccat
ccgeccaacg
atagggactt

gtacatcaag

gagatctccce
aagccagtat
ttaagctaca
taaaattgac
cgcetgtgcecat
tgcggtaagt
tatcttttac
ctacttacgt
tgcttagggt
attgattatt
atatggagtt
accceccgece
tccattgacg

tgtatcatat

EP 2 692 865 B1

gatcccectat
ctgctcectg
acaaggcaag
gcatgcattc
ttaggacatc
gtcactgatt
gtgactttta
gataacttat
taggcgtttt
gactagttat
ccgegttaca
attgacgtca
tcaatgggtg

gccaagtacg

ggtcgactet
cttgtgtgtt
gcﬁtgaccga
ttgaaatatt
tcagtcgeceg
ttgaactata
agatttaact
tatatatata
gcgctgcette
taatagtaat
taacttacgg
ataatgacgt
gactatttac

cccectattg

54

DK/EP 2692865 T3

cagtacaatc
ggaggtcget
caattgttaa
gctcetcetett
cttggagecte
acgaccgegt
catacgataa
ttttcttgtt
gcgatgtacg
caattacggg
taaatggccc
atgttcccat
ggtaaactgc

acgtcaatga

tgctctgatg
gagtagtgeg
ccctagaaag
tctaaatage
ccgtgaggeg
gagtcaaaat
ttatattgtt
atacaattgce
ggccagatat
gtcattagtt
gcctggetga
agtaacgcca
ccacttggca

cggtaaatgg

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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cccgectgge
tacgtattag
ggatagcggt
ttgttttgge
acgcaaatgg
actagagaac
caagcttggt
gcgattttag
cagcceggea
gccatgcact

tggaatagtg

gacaacgcca

gtatattact
caaggtaccce
gcaccctcect
tactteccecg
accttecegg
ccectcecagea
accaaggtgg
tgcccageac
gacaccctca
gaagacccetg
acaaagecege
ctgcaccagg
ccagccceca
tacaccctge
gtcaaaggct
aacaactaca
aagctcacceg
catgaggctc
ctggaggaga

accatcttca

attatgccca
tcatcgctat
ttgactcacg
accaaaatca
gcggtaggeg
ccactgctta
accgagctceg
aaggtgtcca
ggtccctgag
gggtccggea
gtcacataga
agaactccct
gtgcgaaagt
tggtcaécgt
ccaagégcac
aaccggtgac
ctgtectaca
gcttgggcac
acaagaaagt
ctgaactcet
tgatcteccecg
aggtcaagtt
gggaggagca
actggctgaa
tcgagaaaac
ccceatececeg
tctatceccag
agaccacgcc
tggacaagag
tgcacaacca
gctgtgegga

tcacactett

EP 2 692 865 B1

gtacatgacc
taccatggtg
gggatttcca
acgggacttt
tgtacggtgg
ctggcttatc
gatcgatatg
gtgtgaggtyg
actctcctgt
agctccaggg
ctatgcggac
gtatctgcaa
ctcgtaccett
ctcgageget
ctctggggge
ggtgtcgtgg
gtcctcagga
ccagacctac
tgagcccaaa
ggggggaccg
gacccctgag
caactggtac
gtacaacage
tggcaaggag
catctccaaa
ggatgagctg
cgacatcgee
tcecegtgetg
caggtggeag
ctacacacag
ggcgcaggac

cctgttaage

ttatgggact
atgcggtttt
agtctcceacce
ccaaaatgtc
gaggtctata
gaaattaata
gagtttgggce
cagctggtgg
gcggectcetg
aagggcctgg
tetgtggagg
atgaacagtc
agcaccgegt
tccaccaagg
acagcagccc
aactcaggeg
ctctactcce
atctgcaacg
tettgtgaca
tcagtcttce
gtcacatgcg
gtggacggceg
acgtacegtg
tacaagtgca
gccaaagggc
accaagaacc
gtggagtggg
gactccgacg
caggggaacg
aagagcctct
ggggagctag

gtgtgctaca

55

ttcctacttg
ggcagtacat
ccattgacgt
gtaacaactc
taagcagagc
cgactcacta
tgagctgggt
agtctggggg
gattcacctt
aatgggtctc
gccgattcac
tgagagctga
cctececttga
gcccateggt
tgggctgect
ccctgaccag
tcagcagcgt
tgaatcacaa
aaactcacac
tctteccece
tggtggtgga
tggaggtgca
tggtcagegt
aggtctccaa
agccccgaga
aggtcagcct
agagcaatgg
gctcecttett
tettetcatg
ccctgtcectee
acgggctgtg

‘gtgccaccegt

DK/EP 2692865 T3

gcagtacatc
caatgggegt
caatgggagt
cgccccattg
tctectggeta
tagggagacc
tttecettgtt
aggcttggta
tgatgattat
agctatcact
catctccaga
ggatacggcc
ctattggggce
ctteccectg
ggtcaaggac
cggegtgeac
ggtgaccgtg
gcccagcaac
atgcccaccg
aaaacccaag
cgtgagccac
taatgccaag
cctecacegte
caaagcccte
accacaggtg
gacctgecetg
gcageccggag
cctctacage
ctecegtgatg
ggagctgcaa
gacgaccatc

caccttctte

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

27760
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aaggtgaagt
aggaacatga
agtaacggcc
gagtactcce
gaggaggatt
tggtcagaaa
ccatacactt
aggtccaact
cccecctaac
gtgattttce
cttettgacg
gaatgtcgtg
gaccctttge
acgtgtataa
agttgtggaa
ccagaaggta
tgtttagtcg
ttgaaaaaca
gcaagggcga
taaacggcca
tgaccctgaa
ccaccctgac
acttcttcaa
acgacggcaa
gcatcgagcet
agtacaacta
aggtgaactt
accagcagaa
gcacccagte
agttcgtgac
ctagagcetcg
ctcececegtg

tgaggaaatt

ggatcttcete

tcggacaggg
gccagtgtge
tctecaaaage
tgatattcac
agacaatctt
gagtgacaat
gcaggtcgag
gttactggce
accatattge
agcattccta
aaggaagcag
aggcagcegga
gatacacctg
agagtcaaat
cceccattgta
aggttaaaaa
cgatgataag
ggagctgtte
caagttcagce
gttcatctge
ctacggegtyg
gtccgcecatg
ctacaagacce
gaagggcatc
caacagccac
caagatccge
cacccccate
cgececctgage
cgcecgeeggy
ctgatcagcc
ccttecttga

gcatcgcatt

EP 2 692 865 B1

ctcggtggtg
ggcctaggeg

tggaattaat
gggcatgact
ctggeecegeg
tttgttgteca
gacatccact

catgcatcta

gaagccgcett

cgtettttgg
ggggtcttte
ttecctetgga
accccccace
caaaggcggce
ggctctectce
tgggatctga
aacgtctagg
cttgccacaa
aceggggtgg
gtgtceggeg
accacceggea
cagtgcttca
cccgaaggcet
cgcgecgagg
gacttcaagg
aacgtctata
cacaacatcg
ggcgacggcece
aaagacccca
atcactctcg
tcgactgtge
ccctggaagg

gtctgagtag

gacctgaagc
geccgegtega
tcgectgtctg
tctgcgctaa
gtgatgectt
agcttgaggt
ttgecetttet
gggcggccaa
ggaataaggc
caatgtgagg
ccetectegee
agettettga
tggcgacagg
acaaccccag
aagcgtatte
tctggggect
ccecccgaac
ccecgggatcee
tgcccatcect
agggcgaggg
agctgceccgt
gccgctaccece
acgtccagga
tgaagttcga
aggacggcaa
tcatggecega
aggacggcag
cegtgetget
acgagaagceg
gcatggacga
ctctagttge
tgccactece

gtgtcattet

56

agaccatcat
cggaattcag
cgagggccag
gattgtcagt
tgagggtgge
gtggecaggcet
ctccacaggt
ttecegececcet
cggtgtgegt
gcccggaaac
aaaggaatgc
agacaaacaa
tgectetgeg
tgccacgttg
aacaaggggc
cggtgcacat
cacggggacg
accggtcgee
ggtcgagctg
cgatgecace
gcectggece
cgaccacatg
gcgcaccatc
gggcgacace
catcectgagg
caagcagaag
cgtgeagete
gcecgacaac
cgatcacatg
gctgtacaag
cagccatctg
actgtcettt

attctggggg

DK/EP 2692865 T3

cceccgactac
tggatccact
ctgttggggt
ttccaaaaac
cgegtecate
tgagatctgg
gtccactcec
ctecectecce
ttgtctatat
ctggeeetgt
aaggtctgtt
cgtetgtage
gccaaaagcc
tgagttggat
tgaaggatge
gctttacatg
tggttttcct
accatggtga
gacggcgacg
tacggcaagce
accctcgtga
aagcagcacg
ttcttecaagg
ctggtgaace
cacaagctgg
aacggcatca
gecgaceact
cactacctga
gtcctgetgg
taaagcggcec
ttgtttgecc
cctaataaaa

gtggggtggg

2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
2020
2080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680

4740
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gcaggacagc
ctectatgget
ttatagaaga
gtttgttgaa
aattaataaa
attatcttta
agttgtggtt
agctagaget
acaattccac
gtgagctaac
tegtgccage
cgctettecyg
gtatqagctc
aagaacatgt
gcgtttttcee
aggtggcgaa
gtgegetcete
ggaagcgtgg
cgctccaage
ggtaactatc
actggtaaca
tggcctaact
gttacctteg
ggtggttttt
cctttgatct
ttggtcatga
tttaaatcaa
agtgaggcac
gtcgtgtaga
ccgegagacce
gccgagcgea

cgggaagcta

aagggggagg
tctgaggegg
aattttgagt
tttattatta
taaacctega
acgtacgtca
tgtccaaact
tggcgtaate
acaacatacg
tcacattaat
tgcattaatg
ctteccteget
actcaaaggc
gagcaaaagg
ataggctceg
acccgacagg
ctgttcegac
cgctttetca
tgggctgtgt
gtcttgagte
ggattagcag
acggctacac
gaaaaagagt
ttgtttgcaa
tttctacggg
gattatcaaa
tctaaagtat
ctatctcagc
taactacgat
cacgctcacce
gaagtggtcc

gagtaagtag

EP 2 692 865 B1

attgggaaga
aaagaaccag
ttttgttttt
gtatgtaagt
tatacagacc
caatatgatt
catcaatgta
atggtcatag
agccggaagce
tgegttgege
aatcggccaa
cactgactcg
ggtaatacgg
ccagcaaaagqg
cceecctgac
actataaaga
cctgeegett
atgctcacge
gcacgaacce
caacccggta
agcgaggtat
tagaaggaca
tggtagctct
gcagcagatt
gtctgacgcet
aaggatctte
atatgagtaa
gatctgtcta
acgggaéggc
ggctccagat
tgcaacttta

ttcgeccagtt

caatagcagg
ctggggeteg
ttttaataaa
gtaaatataa
gataaaacac
atctttctag
tettatcatg
ctgtttcctg
ataaagtgta
tecactgecceg
¢gcgegggga
ctgcgctcegg
ttatccacag
gccaggaacce
gagcatcaca
taccaggegt
accggatacce
tgtaggtatc
ccegttcage
agacacgact
gtaggcggtyg
gtatttggta
tgatccggea
acgcgcagaa
cagtggaacg
acctagatcce
acttggtctg
tttcgttcat
ttaccatctg
ttatcagcaa
tcegectceca

aatagtttgc

57

catgctgggg
aggataaaag
taaataaaca
taaaacttaa
atgcgtcaat
ggttaactcg
tctgtatacce
tgtgaaattg
aagcctgggg
ctttecagte
gaggcggttt
tegttegget
aatcagggga
gtaaaaaggc
aaaatcgacg
ttecececeetgg
tgtcegectt
tcagtteggt
ccgaccgetyg
tatcgecact
ctacégagtt
tctgegetcet
aacaaaccac
aaaaaggatc
aaaactcacg
ttttaaatta
acagttacca
ccatagttgc
gccccagtge
taaaccagcce
tccagtctat

gcaacgttgt

DK/EP 2692865 T3

atgcggtggyg

ttttgttact
taaataaatt
tatctattca
tttacgcatg
agtgcattct
gtcgacctcet
ttatécgctc
tgcctaatga
gggaaacctg
gegtattggg
gcggcgagceg
taacgcagga
cgegttgetyg
ctcaagtcag
aagctcecte
tcteecetteg
gtaggtegtt
cgccttatce
ggcagcagcec
cttgaagtgg
gctgaagcca
cgctggtage
tcaagaagat
ttaagggatt
aaaatgaagt
atgcttaatc
ctgactcccce
tgcaatgata
agccggaagg
taattgttgc

tgeccattget

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660
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acaggcatcg
cgatcaaggc
cctecgatcg
ctgcataatt
fcaaccaagt
atacgggata
tcttcgggge
actcgtgcac
aaaacaggaa
ctcatactct
ggatacatat
cgaaaagtgc
<210>9

<211> 437
<212> DNA

tggtgtcacg
gagttacatg
ttgtcagaag
ctcttactgt
cattctgaga
ataccgegece
gaaaactctce
ccaactgatc
ggcaaaatgc
tcettttteca
ttgaatgtat

cacctgacgt

<213> Artificial Sequence

<220>

EP 2 692 865 B1

ctecgtegttt
atccccecatg
taagttggcce
catgccatcce
atagtgtatg
acatagcaga
aaggatctta
ttcagcatct
cgcaaaaaag
atattattga
ttagaaaaat

C

ggtatggctt
ttgtgcaaaa
gcagtgttat
gtaagatgct
cggcgaccga
actttaaaag
ccgetgttga
tttactttca
ggaataaggg
agcatttatc

aaacaaatag

DK/EP 2692865 T3

cattcagcetce
aagcggttag
cactcatggt
tttctgtgac
gttgctcettg
tgctcatcat
gatccagtte
ccagegttte
cgacacggaa
agggttattg

gggttcegeg

cggttcccaa
ctcctteggt
tatggcagca
tggtgagtac
cccggegtcea
tggaaaacgt
gatgtaaccc
tgggtgagca
atgttgaata
tctcatgage

cacatttcce

6720
6780
6840
6300
6960
7020
7080
7140
7200
7260
7320

7341

<223> DNA-library encoding variable heavy chain domains containing N-sequences in the HCDR3 and flanked by
Clal and Eco47lll restriction sites, with 4 additional nucleotides at 5’ and 3’ ends to facilitate restriction enzyme

digestion

<220>

<221> misc_feature
<222> (362)..(385)
<223> N = wildcard, nucleotide can be any of the four nucleotides occuring in DNA

<400> 9

aattatcgat
ccagtgtgag
gagactctce
gcaagctcca
agactatgeg
cctgtatctg
annnnnnnnn

cgtctcgage

<210> 10
<211> 395

atggagtttg
gtgcagctgg
tgtgcggect
gggaagggcc

gactctgtgg

caaatgaaca
nnannnnnnn

gctgeat

ggctgagetg
tggagtctgg
ctggattcac
tggaatgggt
agggccgatt
gtctgagagce

nnnnntccct

ggttttccett
gggaggcttg
ctttgatgat
ctcagctate
caccatctcec
tgaggatacg

tgactattgg

58

gttgcgattt
gtacagccceg
tatgccatgce
acttggaata
agagacaacg
gcecgtatatt

ggccaaggta

tagaaggtgt
gcaggtcect
actgggtccg
gtggtcacat
ccaagaactc
actgtgcgaa

ccectggtcecac

60

120

180

240

300

360

420

437
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<212> DNA

<213> Artificial Sequence

<220>

EP 2 692 865 B1

DK/EP 2692865 T3

<223> DNA-library encoding variable light chain domains containing N-sequences in the LCDR3 and flanked by
Clal and Eco47lll restriction sites, with 4 additional nucleotides at 5’ and 3’ ends to facilitate restriction enzyme

digestion

<220>

<221> misc_feature
<222> (337)..(351)
<223> N = wildcard, nucleotide can be any of the four nucleotides occuring in DNA

<400> 10

atggacatga
agatgtgaca
gtcaccatca
aaaccaggga
ccatctcggt
cagcctgaag

ggccagggga

<210> 11
<211> 1784
<212> DNA

gggtccctge
tccagatgac
cttgtcgggce
aagcccectaa
tcagtggcag
atgttgcaac

ccaaggtgga

<213> Artificial Sequence

<220>

tcagctcetg
ccagtctcecca
aagtcagggc
gctectgatc
tggatctggg
ttattactgt

aatcaagcge

ggactcctge
tecteccetgt
atcagaaatt
tatgctgcat
acagatttca
caaaggnnnn

tgcat

<223> ORF of functional PiggyBac transposase enzyme

<400> 11

59

tgctetgget
ctgcatctgt
acttagcecctg
ccactttgca
ctctcaccat

nnnnnnnnnn

ccecaggtgcece
aggggacaga
gtatcagcaa
atcaggggtc
cagcagccta

ntatactttt

60

120

180

240

300

360

395



10

15

20

25

30

35

40

45

50

55

atgggtagtt
cttgttggtg
agcgatacag
agtgaaatat
agaatcttga
tcaaagtcca
ccgacgegta
gatgagataa
gaatctatga
ggtattctgg
gatcgatctt
atacgatgtc

tttactcetg

ccaggggcete
aggatgtata
agtggtacga
ggagtaccac
cgtaatatta
gaaccgtata
gtactgaaaa
cttactcteg
gatgaggatg
caaactaaag
aagacgaata
tcttttatta
aaatttatga
gctcctactt_
cctggtacat
tactgcqcct

atttgtcgag

ctttagacga
aggattctga
aagaagcgtt
tagacgaaca
ccttgeccaca
cgaggcgtag
tgtgcegeaa
tttcggaaat
caggtgctac
taatgacagc
tgtcaatggt
ttagaatgga

ttagaaaaat

atttgaccat
tcccaaacaa
agtatatgat
tcggtgaata
cgtgtgacaa
agttaaccat
acagtcgcte
tctcatataa
cttctatcaa
gcggagtgga
ggtggcctat
tatacagcca
gaaaccttta
tgaagagata
cagatgacag
ctaaaataag

agcataatat

EP 2 692 865 B1

tgagcatatc
cagtgaaata
tatagatgag
aaatgttatt
gaggactatt
ccgagtcectcet
tatatatgac
tgtaaaatgg
atttcgtgac
agtgagaaaa
gtacgtctet
tgacaaaagt

atgggatctc

agatgaacag
gccaagtaag
aaatggaatg
ctacgtgaag
ttggttcace
tgtgggaacc
caggccagtg
accgaagcca
cgaaagtacc
cacgctagac
ggcattattg
taatgtcagt
catgagcctg
tttgcgegat
tactgaagag
gcgaaaggca

tgatatgtgce

ctectetgete
tcagatcacg
gtacatgaag
gaacaaccag
agaggtaaga
gcactgaaca
ccacttttat
acaaatgctg
acgaatgaag
gataaccaca
gtaatgagtc
atacggccca

tttatccatce

ttacttggtt
tatggaataa
ccttatttgg
gagttatcaa
tcaatccctt
gtgcgatcaa
ggaacatcga
gctaagatgg
ggtaaaccgc
caaatgtgtt
tacggaatga
agcaagggag
acgtcatcgt
aatatctcta
ccagtaatga
aatgcatcgt

caaagttgtt

60

DK/EP 2692865 T3

ttctgcaaag
taagtgaaga
tgcagccaac
gttcttcatt

ataaacattg

ttgtcagatc

gcttcaaact
agatatcatt
atgaaatcta
tgtccacaga
gtgatcgttt
cacttcgaga

agtgcataca

ttagaggacg
aaatcctcat
gaagaggaac
agcctgtgeca
tggcaaaaaa
acaaacgcga
tgttttgttt
tatacttatt
aaatggttat
ctgtgatgac
taaacattgc
aaaaggttca
ttatgcgtaa
atattttgcece
aaaaacgtac
gcaaaaaatg

ttag

cgatgacgag
tgacgtccag
gtcaagcggt
ggcttctaac
ttggtcaact
tcaaagaggt
attttttact
gaaacgtcgg
tgctttettt
tgacctcettt
tgattttttg
aaacgatgta

aaattacact

gtgtccgttt
gatgtgtgac
acagaccaac
cggtagttgt
cttactacaa
gataccggaa
tgacggacce
atcatcttgt
gtattataat
ctgcagtagg
ctgcataaat
aagtcgcaaa
gcgtttagaa
aaatgaagtg
ttactgtact

caaaaaagtt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1784



10

15

20

25

30

35

40

45

50

55

<210> 12
<211> 593
<212> PRT

<213> Artificial Sequence

<220>

EP 2 692 865 B1

<223> Protein sequence of PiggyBac transposase enzyme

<400> 12

Met Gly Ser
1

Ser Asp Asp

His Val Ser
35

Asp Glu Val
50

Asp Glu Gln

Ser

Glu

20

Glu

His

Asn

Leu

Leu

Asp

Glu

val

Asp

vVal

Asp

Val

Ile
70

Asp

Gly

Val

Gln
55

Glu

Glu

Glu

Gln

40

Pro

Gln

61

His

Asp

25

Ser

Thr

Pro

Ile

10

Ser

Asp

Ser

Gly

Leu

Asp

Thr

Ser

Ser
75

Ser

Ser

Glu

Gly
60

Ser

DK/EP 2692865 T3

Ala

Glu

Ser

Leu

Leu
Ile
30

Ala

Glu

Ala

Leu

15

Ser

Phe

Ile

Ser

Gln

Asp

Ile

Leu

Asn
80
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Cys
Asn
Tyr
Ser
145
Glu
Tyr
His
val
Arg
225
Phe
Gln
Gly
Ser
Tyr

305

Gly

Ile

Trp

Ile

Asp

130

Glu

Ser

Ala

Met

Ser

210

Met

Thr

Asn

Phe

Lys

290

Met

val

Leu

Ser

Vval

115

Pro

Ile

Met

Phe

Ser

195

Val

Asp

Pro

Tyr

Arg

275

Tyr

Ile

Pro

Thr

Thr

100

Arg

Leu

val

Thr

Phe

180

Thr

Met

Asp

Val

Thr

260

Gly

Gly

Asn

Leu

Leu

Ser

Ser

Leu

Lys

Gly

165

Gly

Asp

Ser

Lys

Arg

245

Pro

Arg

Ile

Gly

Gly
325

Pro

Lys

Gln

Cys

Trp

150

Ala

Ile

Asp

Arg

Ser

230

Lys

Gly

Cys

Lys

Met

310

Glu

EP 2 692 865 B1

Gln Arg Thr Ile

Ser

Arg

Phe

135

Thr

Thr

Leu

Leu

Asp

215

Ile

Ile

Ala

Pro

Ile

295

Pro

Tyr

Thr

Gly

120

Lys

Asn

Phe

Val

Phe

200

Arg

Arg

Trp

His

Phe

280

Leu

Tyr

Tyr

Arg

105

Pro

Leu

Ala

Arg

Met

185

Asp

Phe

Pro

Asp

Leu

265

Arg

Met

Leu

val

62

90

Arg

Thr

Phe

Glu

ASp

170

Thr

Arg

Asp

Thr

Leu

250

Thr

Met

Met

Gly

Lys
330

Arg

Ser

Phe

Ile

155

Thr

Ala

Ser

Phe

Leu

235

Phe

Ile

Tyr

Cys

Arg

315

Glu

Gly

Arg

Met

Thr

140

Ser

Asn

val

Leu

Leu

220

Arg

Ile

Asp

Ile

Asp

300

Gly

Leu

Lys

Val

Cys

125

Asp

Leu

Glu

Arg

Ser

205

Ile

Glu

His

Glu

Pro

285

Ser

Thr

Serxr

DK/EP 2692865 T3

Asn

Ser

110

Arg

Glu

Lys

Asp

Lys

190

Met

Arg '

Asn

Gln

Gln

270

Asn

Gly

Gln

Lys

Lys

95

Ala

Asn

Ile

Arg

Glu

175

Asp

Val

Cys

Asp

Cys

255

Leu

Lys

Thr

Thr

Pro
335

His

Leu

Ile

Ile

Arg

160

Ile

Asn

Tyr

Leu

val

240

Ile

Leu

Pro

Lys

Asn

320

Val
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His

Pro

Gly

Ser

385

Leu

Leu

Pro

Leu

Trp

465

Ser

Gln

Ser

Asp
545

Tyr

Cys

Gly

Leu

Thr

370

Arg

Thr

Ser

Gln

Asp

450

Pro

Phe

Ser

Phe

Asp

530

Asp

Cys

Lys

Ser

Ala

355

Val

Ser

Leu

Ser

Met

435

Gln

Met

Ile

Arg

Met

515

Asn

Ser

Pro

Lys

Cys

340

Lys

Arg

Arg

Val

Cys

420

val

Met

Ala

Ile

Lys

500

Arg

Ile

Thr

Ser

val
580

Arg

Asn

Ser

Pro

Ser

405

Asp

Met

Cys

Leu

Tyr

485

Lys

Lys

Ser

Glu

Lys
565

Ile

Asn

Leu

Asn

vVal

390

Tyr

Glu

Tyr

Ser

Leu

470

Ser

Phe

Arg

Asn

Glu

550

Ile

Cys

EP 2 692 865 B1

Ile
Leu
Lys
375
Gly
Lys
Asp
Tyr
vVal
455
Tyr
His
Met
Leu
Ile
535

Pro

Arg

Arg

Thr

Gln

360

Arg

Thr

Pro

Ala

Asn

440

Met

Gly

Asn

Arg

Glu

520

Leu

val

Arg

Glu

Cys

345

Glu

Glu

Ser

Lys

Ser

425

Gln

Thr

Met

Val

Asn

505

Ala

Pro

Met

Lys

His

Asp

Pro

Ile

Met

Pro

410

Ile

Thr

Cys

Ile

Ser

490

Leu

Pro

Asn

Lys

Ala
570

Asn

585

63

Asn

Tyr

Pro

Phe

395

Ala

Asn

Lys

Ser

Asn

475

Ser

Tyr

Thr

Glu

Lys

555

Asn

Ile

Trp

Lys

Glu

380

Cys

Lys

Glu

Gly

Arg

460

Ile

Lys

Met

Leu

Val

540

Arg

Ala

Asp

Phe

Leu

365

val

Phe

Met

Ser

Gly

445

Lys

Ala

Gly

Ser

Lys

525

Pro

Thr

Ser

Met

DK/EP 2692865 T3

Thr

350

Thr

Leu

Asp

val

Thr

430

val

Thr

Cys

Glu

Leu

510

Arg

Gly

Tyr

Cys

Cys
590

Ser

Ile

Lys

Gly

Tyr

415

Gly

Asp

Asn

Ile

Lys

495

Thr

Tyr

Thr

Cys

Lys
575

Gln

Ile

val

Asn

Pro

400

Leu

Lys

Thr

Arg

Asn

480

Vval

Ser

Leu

Ser

Thr

560

Lys

Ser
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<210> 13

<211> 7385

<212> DNA

<213> Artificial Sequence

<220>

<223> sequence of the PiggyBac expression construct pPCDNA3.1-hygro(+)-PB

<400> 13

EP 2 692 865 B1

Cys

64
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gacggatcgg
ccgecatagtt
cgagcaaaat
ttagggttag
gattattgac
tggagttccg
ccegeccatt
attgacgtca
atcatatgcece
atgcccagta
tcgctattac
actcacgggg
aaaatcaacg
gtaggcgtgt
ctgcttactg
gtttaaactt
agatatgggt
cgagcttgtt
ccagagcgat
cggtagtgaa
taacagaatc
aacttcaaag
aggtccgacg
tactgatgag
tcgggaatct

ctttggtatt

gagatctccc
aagccagtat
ttaagctaca
gcgttttgeg
tagttattaa
cgttacataa
gacétcaata
atgggtggac
aagtacgccce
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag
gcttatcgaa
aagcttggta
agttetttag
ggtgaggatt
acagaagaag
atattagacg
ttgaccttge
tccacgagge
cgtatgtgcee
ataatttcgg

atgacaggtg

ctggtaatga

EP 2 692 865 B1

gatccectat
ctgctcectg
acaaggcaag
ctgcttegeg
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggactttce
cggttttgge
ctccacccca
aaatgtcgta
gtctatataa
attaatacga
ccgagctecgg
acgatgagca
ctgacagtga
cgtttataga
aacaaaatgt
cacagaggac
gtagccgagt
gcaatatata
aaattgtaaa
ctacatttcg

cagcagtgag

ggtcgactet
cttgtgtgtt
gcttgaccga
atgtacgggce
ttacggggtce
atggcccegcece
ttcccatagt
aaactgccceca
tcaatgacgg
ctacttggca
agtacatcaa
ttgacgtcaa
acaactccge
gcagagctct
ctcactatag
atccactagt
tatcctctet
aatatcagat
tgaggtacat
tattgaacaa
tattagaggt
ctctgcactg
tgacccactt
atggacaaat
tgacacgaat

aaaagataac

65
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cagtacaatc
ggaggtcgcet
caattgcatg
cagatatacg
attagttcat
tggctgaccg
aacgccaata
cttggcagta
taaatggccce
gtacatctac
tgggcgtgga
tgggagtttg
cccattgacg
ctggctaact
ggagacccaa
ccagtgtggt
gctcttcetge
cacgtaagtg
gaagtgcagc
ccaggttcett
aagaataaac
aacattgtca
ttatgcttca
gctgagatat
gaagatgaaa

cacatgtcca

tgctctgatg
gagtagtgceg
aagaatctge
cgttgacatt
agcccatata
cccaacgacce
gggactttcc
catcaagtgt
gcctggecatt
gtattagtca
tagecggtttg
ttttggcaéc
caaatgggcg
agagaaccca
gctggetage
ggaattctge
aaagcgatga
aagatgacgt
caacgtcaag
cattggcttc
attgttggtc
gatctcaaag
aactattttt
cattgaaacg
tctatgcettt

cagatgacct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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ctttgatcga
tttgatacga
tgtatttact
cactccaggg
gtttaggatg
tgacagtggt
caacggagta
ttgtcgtaat
acaagaaccg
ggaagtactg
accccttact
ttgtgatgag
taatcaaact
taggaagacg
aaattctttt
caaaaaattt
agaagctcct
agtgcctggt
tacttactge
agttatttgt
ggcggecget
ctagttgcca
ccacteccac
gtcattctat
atagcaggca
ggggctctag

tggttacgeg

tettecectte
tccctttagg
gtgatggttc
agtccacgtt

cggtctattce

tctttgtcaa
tgtcttagaa
cctgttagaa
gctcatttga
tatatcccaa
acgaagtata
ccactcggtg
attacgtgtg
tataagttaa
aaaaacagtc
ctcegtcetcat
gatgcttcta
aaaggcggag
aataggtggc
attatataca
atgagaaacc
actttgaaga
acatcagatg
ccctctaaaa
cgagagcata
cgagtctaga
gccatcetgtt
tgtecetttec
tctggggggt
tgctggggat
ggggtatecce

cagcgtgace

ctttctegee
gttccgattt
acgtagtggg
ctttaatagt

ttttgattta

EP 2 692 865 B1

tggtgtacgt
tggatgacaa
aaatatggga
ccatagatga
acaagccaag
tgataaatgg
aatactacgt
acaattggtt
ccattgtggg
gcteccaggece
ataaaccgaa
tcaacgaaag
tggacacgct
ctatggcatt
gccataatgt
tttacatgag
gatatttgcg
acagtactga
taaggcgaaa
atattgatat
gggceecgttt
gtttgcecet
taataaaatg
ggggtggggc

gcggtggget
cacgcgecct

gctacacttg

acgttcgeceg
agtgctttac
ccategecect
ggactcttgt

taagggattt

ctctgtaatg
aagtatacgg
tctctttate
acagttactt
taagtatgga
aatgccttat
gaaggagtta
cacctcaatc
aaccgtgecga
agtgggaaca
gccagctaag
taccggtaaa
agaccaaatg
attgtacgga
cagtagcaag
cctgacgtea
cgataatatc
agagccagta
ggcaaatgca
gtgccaaagt
aaacccgetg
ccececegtgee
aggaaattgce
aggacagcaa
ctatggette
gtagcggege

ccagcgecct

gcttteceecg
ggcacctcga
gatagacggt
tccaaactgg

tggggatttc

66

agtcgtgate
cccacactte
catcagtgca
ggttttagag
ataaaaatcce
ttgggaagag
tcaaagcctg
cctttggcaa
tcaaacaaac
tecgatgtttt
atggtatact
ccgcaaatgg
tgttctgtga
atgataaaca
ggagaaaagg
tcgtttatge
tctaatattt
atgaaaaaac
tcgtgcaaaa
tgttttagat
atcagectceg
ttecttgace
atcgecattgt
gggggaggat
tgaggcggaa
attaagcgceg

agcgeccgct

tcaagctcta
ccccaaaaaa
ttttegeecet
aacaacacte

ggcctattgg

DK/EP 2692865 T3

gttttgattt
gagaaaacga
tacaaaatta
gacggtgtcc
tcatgatgtg
gaacacagac
tgcacggtag
aaaacttact
gcgagatace
gttttgacgg
tattatcatc
ttatgtatta
tgacctgcag
ttgectgeat
ttcaaagteg
gtaagcgttt
tgccaaatga
gtacttactg
aatgcaaaaa
ccagcacagt
actgtgecett
ctggaaggtg
ctgagtaggt
tgggaagaca
agaaccagct

gcgggtgtgg

cctttegett

aatcggggca
cttgattagg
ttgacgttgg
aaccctatct

ttaaaaaatg

1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120

3180

3240
3300
3360
3420

3480
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agctgattta
tggaaagtce
cagcaaccag
atctcaatta
cgceccagtte
ccgaggccge
taggettttg
tgatgaaaaa
acagcgtcectce
atgtaggagg
atcgttatgt
ttggggaatt
tgcaagacct
atgcgatege
gaatcggtca
atcactggca
agctgatgcet
gctccaacaa
cgatgttcegg
cttgtatgga
cgcggcteeg
acggcaattt
gagccgggac
gctgtgtaga
aggaatagca
tcggaategt
agttcttege
gcatcacaaa
aactcatcaa
aatcatggtc
tacgagcegg

taattgegtt

acaaaaattt
ccaggetcecee
gtgtggaaag
gtcagcaacc
cgeecattet
ctctgectet
caaaaagctc
gcctgaacte
cgacctgatg
gcegtggatat
ttatcggcac
cagcgagagc
gcctgaaacce
tgcggccgat
atacactaca
aactgtgatg
ttgggccgag
tgtecctgacg
ggattcccaa
gcagcagacg
ggcgtatatg
cgatgatgca
tgtegggegt
agtactcegee
cgtgctacga
tttecegggac
ccaccccaac
tttcacaaat
tgtatcttat
atagctgttt
aagcataaag

gcgectcactg

EP 2 692 865 B1

aacgcgaatt
caggcaggca
tcccecagget
atagtccege
ccgecccatg
gagctattcce
ccgggagett
accgcgacgt
cagctctcgg
gtcctgeggg
tttgcatcegg
ctgacctatt
gaactgcceceg
cttagccaga
tggcgtgatt
gacgacaccg
gactgcececeg
gacaatggcc
tacgaggtcg
cgctactteg
ctcecgeattg
gcttgggege
acacaaatcg
gatagtggaa
gatttcgatt
geccggetgga
ttgtttattg
aaagcatttt
catgtctgta
cctgtgtgaa
tgtaaagcct

ccegetttee

aattctgtgg
gaagtatgca
ccccagcagyg
ccectaactce
gctgactaat
agaagtagtg
gtatatccat
ctgtcgagaa
agggcgaaga
taaatagctg
ccgegetece
gcatcteceg
ctgttctgea
cgagegggtt
tcatatgege
tcagtgegte
aagtccggca
gcataacagce
ccaacatctt
agcggaggea
gtcttgacca
agggtcgatg
cccgecagaag
accgacgccce
ccaccgccge
tgatccteca
cagcttataa
tttcactgca
taccgtegac
attgttatcc
ggggtgccta

agtcgggaaa

67

aatgtgtgtc
aagcatgcat
cagaagtatg
gcccatceceg
tttttttatt
aggaggcttt
tttcggatct
gtttctgatce
atctegtget
cgecgatggt
gattcecggaa
ccgtgcacag
gecggtegeg
cggcccatte
gattgctgat
cgtegegeag
cctegtgeac
ggtcattgac
cttetggagg
tccggagett
actctatcag
cgacgcaatc
cgeggecgte
cagcactcgt
cttctatgaa
gegeggggat
tggttacaaa
ttctagttgt

ctctagetag

gctcacaatt

atgagtgagc

cctgtegtge

DK/EP 2692865 T3

agttagggtg
ctcaattagt
caaagcatgc
ccecctaacte
tatgcagagg
tttggaggcc
gatcagcacg
gaaaagttcg
ttcagecttcg
ttctacaaag
gtgcttgaca
ggtgtcacgt
géggccatgg
ggaccgcaag
ccecatgtgt
gctectegatg
gcggatttceg
tggagcgagg
ccgtggttgg
gcaggatcge
agcttggttg
gtccgatceg
tggaccgatg
ccgagggcaa
aggttgggct
ctcatgcetgg
taaagcaata
ggtttgtcca
agcettggegt
ccacacaaca
taactcacat

cagctgcatt

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4380

5040

5100

5160

5220

5280

5340

5400
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aatgaatcgg
cgctcactga
aggcggtaat
aaggccagca
tcegececce
caggactata
cgaccctgcc
ctcaatgctce
gtgtgecacga
agtccaaccc
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtcetga
caaaaaggat
gtatatatga
cagcgatctg
cgatacggga
caccggcetce
gtcctgcaac
gtagttegee
cacgctcegte
catgatcccc
gaagtaagtt
ctgtcatgcc

gagaatagtg

cgccacatag
tctcaaggat
gatcttcage
atgccgcaaa

ttcaatatta

ccaacgcgceqg
ctegetgege
acggttatcc
aaaggccagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
acccceegtt
ggtaagacac
gtatgtagge
gacagtattt
ctcttgatece
gattacgege
cgctcagtgg
ctteacctag
gtaaacttgg
tctatttegt
gggcettacca
agatttatca
tttatccgee
agttaatagt
gtttggtatg
catgttgtge
ggccgeagtyg
atccgtaaga

tatgcggega

cagaacttta
cttaccgetg
atcttttact
aaagggaata

ttgaagcatt

EP 2 692 865 B1

gggagaggcg
teggtegtte
acagaatcag
aaccgtaaaa
cacaaaaatc
gcgttteeee
tacctgtccg
tatctcagtt
cagcccgace
gacttatcge
ggtgctacag
ggtatctgeg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tetgacagtt
tcatccatag
tctggeccca
gcaataaacc
tccatccagt
ttgegecaacg
gcttcattca
aaaaaagcgg
ttatcactca
tgcttttetg

ccgagttget

aaagtgctca.
ttgagatcca
ttcaccagceg

agggcgacac

tatcagggtt

gtttgegtat
ggctgeggeg
gggataacgc
aggccgegtt
gacgctcaag
ctggaagcetc
cctttctecce
cggtgtaggt
gctgegectt
cactggcagce
agttcttgaa
ctctgctgaa
ccaccgetgg
gétctcaaga
cacgttaagg
attaaaaatg
accaatgcett
ttgectgact
gtgctgcaat
agccagccgg
ctattaattg
ttgttgccat
gcteeggtte
ttagctectt
tggttatggce
tgactggtga

cttgeecegge

tcattggaaa
gttcgatgta
tttectgggtg
ggaaatgttg

attgtctcat

68

tgggcgetcet
agcggtatca
aggaaagaac
gctggegttt
tcagaggtgg
cctcgtgege
ttcgggaagce
cgttegetee
atccggtaac
agccactggt
gtggtggect
gececagttace
tagcggtggt
agatcctttg
gattttggte
aagttttaaa
aatcagtgag
cceegtegtg
gataccgcga
aagggccgag
ttgccgggaa
tgectacagge
ccaacgatca
cggtcctceccg
agcactgcat
gtactcaacc

gtcaatacgg

acgttcttcg
acccactcgt
agcaaaaaca
aatactcata

gagcggatac

DK/EP 2692865 T3

tcegettect
gctcactcaa
atgtgagcaa
ttccatagge
cgaaacccga
tctectgtte
gtggcgettt
aagctgggct
tatcgtettg
aacaggatta
aactacggct
ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatct
tagataacta
gacccacgcet
cgcagaagtg
gctagagtaa
atcgtggtgt
aggcgagtta
atcgttgtca
aattctctta
aagtcattct

gataataccg

gggcgaaaac

gcacccaact
ggaaggcaaa
ctettecttt

atatttgaat

5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960

7020

7080
7140
7200
7260

7320



10

15

20

25

30

35

40

45

50

55

DK/EP 2692865 T3

EP 2 692 865 B1

gtatttagaa aaataaacaa ataggggttc cgcgcacatt tccccgaaaa gtgccacctg

acgtc

<210> 14

<211> 246

<212> DNA

<213> Artificial Sequence

<220>

7380

7385

<223> Upstream Sleeping Beauty ITR sequence with flanking Munl restriction enzyme recognition sequences and

4 nucleotides at 5" and 3’ ends to facilitate restriction enzyme digestion

<400> 14

atatcaattg agttgaagtc ggaagtttac atacacttaa gttggagtca ttaaaactcg
tttttcaact acaccacaaa tttcttgtta acaaacaata gttttggcaa gtcagttagg
acatctactt tgtgcatgac acaagtcatt tttccaacaa ttgtttacag acagattatt
tcacttataa ttcactgtat cacaattcca gtgggtcaga agtttacata cactaacaat

tgatat

<210> 15

<211> 248

<212> DNA

<213> Artificial Sequence

<220>

60

120

180

240

246

<223> Downstream Sleeping Beauty ITR sequence with flanking Xhol restriction enzyme recognition sequences

and 4 nucleoctides at 5’ and 3’ ends to facilitate restriction enzyme digestion

<400> 15

atatctcgag ttgagtgtat gttaacttct gacccactgg gaatgtgatg aaagaaataa
aagctgaaat gaatcattct ctctactatt attctgatat ttcacattct taaaataaag
tggtgatccet aactgacctt aagacaggga atctttacte ggattaaatg tcaggaattg
tgaaaaagtg agttﬁaaatg tatttggcta aggtgtatgt aaacttccga cttcaactct

cgagatat
<210> 16
<211> 6339
<212> DNA
<213> Artificial Sequence

<220>
<223> sequence of the human Ig-kappa LC expression vector pIRES-EGFP-sbT1T2-IgL

<400> 16

69

60

120

180

240

248
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gacggatcgg gagatctcce gatceccctat ggtcgactet cagtacaatc tgcetcetgatg
ccgcatagtt aagccagtat ctgectecctg cttgtgtgtt ggaggteget gagtagtgeg

cgagcaaaat ttaagctaca acaaggcaag gecttgaccga caattgagtt gaagtcggaa

70

60

120

180
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gtttacatac
ttgttaacaa
gtcattttte
attccagtygyg
aggcgttttg
actagttatt
cgcgttacat
ttgacgtcaa
caatgggtgg
ccaagtacge
tacatgacct
accatggtga
ggatttccaa
cgggactttc
gtacggtggg
tggettateg
atcgatatgg
ggtgccagat
gacagagtca
cagcaaaaac
ggggtcccat
agcctacage
acttttggee
atcttccege
aataacttct
ggtaactcce
agcaccctga
acccatcagg
tgcggcegeg
taattcgetg
gacttctgeg
cgcggtgatg

gtcaagcttg

acttaagttg
acaatagttt
caacaattgt
gtcagaagtt
cgctgcttcg
aatagtaatc
aacttacggt
taatgacgta
actatttacg
cccctattga
tatgggactt
tgcggttttyg
gtcteccaccee
caaaatgtceg
aggtctatat
aaattaatac
acatgagggt
gtgacatcca
ccatcacttg
cagggaaagc
ctcggttcag
ctgaagatgt
aggggaccaa
catctgatga
atcccagaga
aggagagtgt
cgctgageaa
gcetgagete
tcgacggaat
tctgcgaggg
ctaagattgt
cctttgaggg

aggtgtggea

EP 2 692 865 B1

gagtcattaa
tggcaagtca
ttacagacag
tacatacact
cgatgtacgg
aattacgggg
aaatggcceg
tgttcccata
gtaaactgce
cgtcaatgac
tcctacttgg
gcagtacatce
cattgacgtce
taacaactce
aagcagagct
gactcactat
ccctgetcag
gatgacccag
tcgggcaagt
cectaagete
tggcagtgga
tgcaacttat
ggtggaaatc
gcagttgaaa
ggccaaagta
cacagagcag
agcagactac
gecccgteaca
tcagtggatc
ccagctgttg
cagtttccaa
tggeccgegte

ggcttgagat

aactcgtttt
gttaggacat
attatttcac
aacaattgca
gccagatata
tcattagttce
cctggetgac
gtaacgccaa
cacttggcag
ggtaaatgge
cagtacatct
aatgggcgtg
aatgggagtt
gccccattga
ctctggctaa
agggagaccce
ctectgggac
tctecatect
cagggcatca
ctgatctatg
tetgggacag
tactgtcaaa
aagcgctetg
tctggaactg
cagtggaagg
gacagcaagg
gagaaacaca
aagagcttca
cactagtaac
gggtgagtac
aaacgaggag
catctggtca

ctggccatac

71

tcaactacac
ctactttgtg
ttataattca
tgaagaatct
cgegttgaca
atagcccata
cgeccaacga
tagggacttt
tacatcaagt
ccgectggea
acgtattagt
gatagcggtt
tgttttggca
cgcaaatggg
ctagagaacc
aagcttggta
tcctgetget
ccetgtetge
gaaattactt
ctgcatccac
atttcactct
ggtataaccg
tggctgcacc
cctetgttgt
tggataacgce
acagcaccta
aagtctacgce
acaggggaga
ggccgecagt
tcectcetcaa
gatttgatat
gaaaagacaa

acttgagtga

DK/EP 2692865 T3

cacaaattte
catgacacaa
ctgtatcaca
gcttagggtt
ttgattattg
tatggagttce
cccecgecca
ccattgacgt
gtatcatatg
ttatgccecag
catcgcectatt
tgactcacgg
ccaaaatcaa
cggtaggcegt
cactgcttac
ccgagetegg
ctggctecca
atctgtaggg
agcctggtat
tttgcaatca
caccatcagce
tgcaccgtat
atctgtcttc
gtgcctgetg
cctccaatceg
cagcctcage
ctgcgaagtc
gtgttaaatc

gtgctggaat

aagcegggeat
tcacctggee
tetttttgtt

caatgacatc

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100

2160
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cactttgecet
tctagggegg
gcttggaata
ttggcaatgt
tttececectet
tggaagcttce
cacctggecga
cggcacaacc
cctcaagegt
ctgatctégg
taggccecece
acaacccggy
gtggtgcccea
ggcgagggcg
ggcaagctgc
ttcagceget
ggctacgtce
gaggtgaagt
aaggaggacg
tatatcatgg
atcgaggacg
ggccecegtge
cccaacgaga
cteggecatgg
gtgcctctag
aaggtgccac
gtaggtgtca
aagacaatag
ccagctgggg
aaataaaagc
ataaagtggt

gaattgtgaa

ttctctecac
ccaattecege
aggceggtgt
gagggcceccgg
cgccaaagga
ttgaagacaa
caggtgectce
ccagtgecac
attcaacaag
gceteggtge
gaaccacggg
atccaccggt
tecectggtega
agggcgatge
ccgtgecectg
accccgacca
aggagcgceac
tcgagggega
gcaacatcct
ccgacaagca
gcagcgtgea
tgctgeecega
agcgcegatca
acgagctgta
ttgeccageca
tcccactgtce
ttctattetg
caggcafgct
ctcgagttga
tgaaatgaat
gatcctaact

aaagtgagtt

EP 2 692 865 B1

aggtgtccac
cccteteect
gcgtttgtcet
aaacctggcce
atgcaaggtc
acaacgtctg
tgcggccaaa
gttgtgagtt
gggctgaagg
acatgcttta
gacgtggttt
cgcecaccatg
gctggacgge
cacctacgge
gcccaccectce
catgaagcag
catcttette
caccctggtg
ggggcacaag
gaagaacggc
gctegecgac
caaccactac
catggtccetg
caagtaaagc
tctgttattt
ctttectaat
gggggtaggg
ggggatgcgg
gtgtatgtta
cattctctcet
gaccttaaga

taaatgtatt

tcececaggtece
ccececcececce
atatgtgatt
ctgtcttett
tgttgaatgt
tagcgaccct
agccacgtgt
ggatagttgt
atgcccagaa
catgtgttta
tcctttgaaa
gtgagcaagg
gacgtaaacg
aagctgacce
gtgaccaccc
cacgacttct
aaggacgacg
aaccgcatcg
ctggagtaca
atcaaggtga
cactaccagc
ctgagcacce
ctggagttcg
ggccctagag
geceectecce
aaaatgagga
tggggcagga
tgggctctat
acttctgacc
actattattc
cagggaatct

tggctaaggt

72

aactgcaggt

taacgttact
ttccaccata
gacgagcatt
cgtgaaggaa
ttgcaggcag
ataagataca
ggaaagagtc
ggtaccccat
gtcgaggtta
aacacgatga
gcgaggagcet
gccacaagtt
tgaagttcat

tgacctacgg

tcaagtecege

gcaactacaa
agctgaaggg
actacaacag
acttcaagat
agaacacccce
agtcegecct
tgacecgeege
ctegctgate
cgtgecttec
aattgcatcg
cagcaagggg
ggcttctgag
cactgggaat
tgatatttca
ttactcggat

gtatgtaaac

DK/EP 2692865 T3

cgagcatgeca
ggccgaagee
ttgcegtett
cctaggggtce
gcagttecete
cggaaccccce
cctgcaaagg
aaatggctct
tgtatgggat
aaaaaacgtc
taagcttgee
gttcaccggg
cagcgtgtcecce
ctgcaccacce
cgtgcagtgc
catgcccgaa
gacccgegee
catcgacttce
ccacaacgtc
ccgecacaac
catcggegac
gagcaaagac
cgggatcact
agcctcgact
ttgacecctgg
cattgtctga
gaggattggg
gcggaaagaa
gtgatgaaag
cattcttaaa
taaatgtcag

ttcecgacttce

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080
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aactctcecgag
tgtataccgt
tgaaattgtt
gcetggggtg
ttccagtcgg
ggcggtttge
gttcggcetge
tcaggggata
aaaaaggceceg
aatcgacget
cccectggaa
teccgeettte
agttcggtgt
gaccgctécg
tcgccaétgg
acagagttct
tgcgcectctge
caaaccaccg
aaaggatctc
aactcacgtt
ttaaattaaa
agttaccaat
atagttgect
cccagtgetg
aaccagccag
cagtctatta
aacgttgttyg
ttcagctecg
gcggttaget
ctcatggtta
tctgtgactg
tgctecttgee

ctcatcattg

tgcattctag
cgacctctag
atcecgetcac
cctaatgagt
gaaacctgte
gtattgggeg
ggcgageggt
acgcaggaaa
cgttgetgge
caagtcagag
gcteectegt
tcecetteggg
aggtecgttceg
ccttatecgy
cagcagccac
tgaagtggtg
tgaagccagt
ctggtagcgg
aagaagatcce
aagggatttt
aatgaagttt
gcttaatcag
gactcccegt
caatgatacc
ccggaagggce
attgttgeeg
ccattgcectac
gttcccaacy
cetteggtee
tggcagcact
gtgagtactc
cggcgtcaat

gaaaacgttc

EP 2 692 865 B1

ttgtggtttg
ctagagcttg
aattccacac
gagctaactc
gtgccagetg
ctettecget
atcagctcac
gaacatgtga
gtttttececat
gtggcgaaac
gegetetect
aagcgtggeg
ctccaagetyg
taactatcgt
tggtaacagg
gcctaactac
taccttcgga
tggttttttt
tttgatcttt
ggtcatgaga
taaatcaatc
tgaggcacct
cgtgtagata
gcgagacccea
cgagcgcaga
ggaagctaga
aggcatcgtg
atcaaggcga
tccgatcgtt
gcataattct
aaccaagtca
acgggataat

ttcggggcga

tccaaactca
gcgtaatcat
aacatacgag
acattaattg
cattaatgaa
tcctegetea
tcaaaggcgg
gcaaaaggcc
aggctecgece
ccgacaggac
gttccgacce
ctttctcaat
ggctgtgtge
cttgagtcca
attagcagag
ggctacacta
aaaagagttg
gtttgcaagce
tctacggggt
ttatcaaaaa
taaagtatat
atctcagcga
actacgatac
cgctcacegg
agtggtcctg
gtaagtagtt
gtgtcacgct
gttacatgat
gtcagaagta
cttactgtca
ttctgagaat
accgcgccac

aaactctcaa

73

tcaatgtatc
ggtcatagct
ccggaagcat
cgttgcgetc
teggecaacg
ctgacteget
taatacggtt
agcaaaaggc
cccctgacga
tataaagata
tgcegettac
gctecacgetg
acgaaccccece
acccggtaag
cgaggtatgt
gaaggacagt
gtagctcttg
agcagattac
ctgacgctca
ggatcttcac
atgagtaaac
tctgtctatt
gggagggctt
ctccagattt
caactttate
cgccagttaa
cgtegtttgg
cccecatgtt
agttggeege
tgccatccgt
agtgtatgceg
atagcagaac

ggatcttace

DK/EP 2692865 T3

ttatcatgtce
gtttcectgtg
aaagtgtaaa
actgcceceget
cgcggggaga
gcgeteggte
atccacagaa
caggaaccgt
gcatcacaaa
ccaggegttt
cggatacctg
taggtatctce
cgttcagece
acacgactta
aggcggtget
atttggtatc
atccggcaaa
gcgcagaaaa
gtggaacgaa
ctagatcctt
ttggtctgac
tcgttcatce
accatctggce
atcagcaata
cgectecate
tagtttgege
tatggettea
gtgcaaaaaa
agtgttatca
aagatgettt
gcgaccgagt
tttaaaagtg

gctgttgaga

4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000

6060
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tccagttcega

agcgtttctg

acacggaaat

ggttattgtc

gttccgegea
<210> 17

<211> 1023
<212> DNA

tgtaacccac
ggtgagcaaa
gttgaatact
tcatgagegg

catttecececeg

<213> Artificial Sequence

<220>

EP 2 692 865 B1

tcgtgcacce
aacaggaagg
catactcttce
atacatattt

aaaagtgcca

aactgatctt
caaaatgccg
ctttttcaat
gaatgtattt

cctgacgte

DK/EP 2692865 T3

cagcatcttt
caaaaaaggg
attattgaag

agaaaaataa

<223> open reading frame (ORF) of the Sleeping Beauty transposase enzyme

<400> 17

atgggaaaat
tctggttcat
acaatagtac
agacgcgttce
agaacaacag
tccacagtaa
ccactgctecce
aaagatcgta
ggccataatg
accatcccaa
ggagggactg
atattgaagce
ttccaaatgg
aacaaagtcé
ttgtgggecag
caccagctct
gaaggctacc

tag

<210> 18
<211> 340
<212> PRT

caaaagaaat
ccttgggagce
gcaagtataa
tgtctcctag
caaaggacct
aacgagtcct
aaaaccgaca
ctttttggag
accatcgtta
ccgtgaagca
gtgcacttca
aacatctcaa
acaatgaccc
aggtattgga
aactgaaaaa
gtcaggagga

cgaaacgttt

<213> Artificial Sequence

cagccaagac
aatttccaaa
acaccatggg
agatgaacgt
tgtgaagatg
atatcgacat
taagaaagcc
aaatgtcctce
tgtttggagg
cgggggtgge
caaaatagat
gacatcagtce
caagcatact
gtggccatca
gcgtgtgega
atgggccaaa

gacccaagtt

ctcagaaaaa
cgcctgaaag
accacgcagce
actttggtge
ctggaggaaa
aacctgaaag
agactacggt
tggtctgatg
aagaaggggg
agcatcatgt
ggcatcatga
aggaagttaa
tccaaagttg
caaagccectg
gcaaggaggc
attcacccaa

aaacaattta

74

aaattgtaga
taccacgttc
cgtcataccg
gaaaagtgca
caggtacaaa
gcecgetcage
ttgcaactgce
aaacaaaaat
aggcttgcaa
tgtgggggtg
ggaaggaaaa
agcttggtcg
tggcaaaatg
acctcaatce
ctacaaacct
cttattgtgg

aaggcaatgce

tactttcace
aataagggcg
catttatcag

acaaataggg

cctccacaag
atctgtacaa
ctcaggaagg
aatcaatccc
agtatctata
aaggaagaag
acatggggac
agaactgttt
gccgaagaac
ctttgctgca
ttatgtggat
caaatgggtc
gcttaaggac
tatagaaaat
gactcagtta
gaagcttgtg

taccaaatac

6120

6180

6240

6300

6339

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1023
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<220>

<223> Protein sequence of the Sleeping Beauty transposase enzyme

<400> 18

EP 2 692 865 B1

75

DK/EP 2692865 T3
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Met

Asp

Lys

His

Ser

65

Lys

Lys

Lys

Phe

145

Gly

Lys

Met

Ile

His

225

Phe

Gly

Leu

Val

Gly

Pro

Thr

.Val

Gly

Ala
130

Trp

His

Pro

Leu

Asp

210

Leu

Gln

Lys

His

Pro

35

Thr

Arg

Thr

Ser

Arg

115

Arg

Arg

Asn

Lys

Trp

195

Gly

Lys

Met

Ser

Lys

20

Arg

Thr

Asp

Ala

Ile

100

Ser

Leu

Asn

Asp

Asn

180

Gly

Ile

Thr

Asp

Lys

Ser

Ser

Gln

Glu

Lys

85

Ser

Ala

Arg

Vval

His

165

Thr

Cys

Met

Ser

Asn

Glu

Gly

Ser

Pro

Arg

70

Asp

Thr

Arg

Phe

Leu

150

Arg

Ile

Phe

Arg

val

230

Asp

EP 2 692 865 B1

Ile Ser Gln Asp

Ser

Val

Ser

55

Thr

Leu

Val

Lys

Ala

135

Trp

Tyr

Pro

Ala

Lys

215

Arg

Pro

Ser

Gln

40

Tyr

Leu

Val

Lys

Lys

120

Thr

Ser

Val

Thr

Ala

200

Glu

Lys

Lys

Leu

25

Thr

Arg

val

Lys

Arg

105

Pro

Ala

Asp

Trp

val

185

Gly

Asn

Leu

His

76

10

Gly

Ile

Ser

Arg

Met

90

Val

Leu

His

Glu

Arg

170

Lys

Gly

Tyr

Lys

Thr

Leu

Ala

val

‘Gly

Lys

75

Leu

Leu

Leu

Gly

Thr

155

Lys

His

Thr

val

Leu

235

Ser

Arg

Ile

Arg

Arg

60

val

Glu

Tyr

Gln

Asp

140

Lys

Lys

Gly

Gly

Asp

220

Gly

Lys

DK/EP 2692865 T3

Lys

Ser

Lys

45

Arg

Gln

Glu

Arg

Asn

125

Lys

Ile

Gly

Gly

Ala

205

Ile

Arg

val

Lys

Lys

30

Tyr

Arg

Ile

Thr

His

110

Arg

Asp

Glu
Glu
Gly
190
Leu
Leu

Lys

val

Ile

15

Arg

Lys

Val

Asn

Gly

95

Asn

His

Arg

Leu

Ala

175

Ser

His

Lys

Trp

Ala

Val

Leu

His

Leu

Pro

80

Thr

Leu

Lys

Thr

Phe

160

Cys

Ile

Lys

Gln

Val

240

Lys
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Trp

Pro

Val

Gln
305

Glu

Ala

<210> 19
<211> 6624
<212> DNA

Leu

Asp

Arg

290

Glu

Gly

Thr

Lys

Leu

275

Ala

Glu

Tyr

Lys

<213> Artificial Sequence

<220>

Asp

260

Asn

Arg

Trp

Pro

Tyr
340

245

Asn Lys

Pro Ile

Arg Pro

Ala Lys

310

Lys Arg
325

EP 2 692 865 B1

Val Lys

Glu Asn
280

Thr Asn
295

Ile His

Leu Thr

val

265

Leu

Leu

Pro

Gln

250

Leu Glu

Trp Ala

Thr Gln

Thr Tyr

315

Val Lys
330

Trp

Glu

Leu

300

Cys

Gln

DK/EP 2692865 T3

Pro

Leu

285

His

Gly

Phe

<223> sequence of the Sleeping Beauty expression construct pCDNAS3.1-hygro(+)-SB

<400> 19

77

Ser

270

Lys

Gln

Lys

Lys

255

Gln Ser

Lys Arg

Leu Cys

Leu Val

320

Gly Asn
335
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gacggatcgg
ccgcatagtt
cgagcaaaat
ttagggttag
gattattgac
tggagttccg
ccegeccatt
attgacgtca
atcatatgce
atgcccagta
tcgetattac
actcacgggg

aaaatcaacg

gtaggegtgt

gagatctcce
aagccagtat
ttaagctaca
gegttttgeg
tagttattaa
cgttacataa
gacgtcaata
atgggtggac
aagtacgccce
catgacctta
catggtgatg
atttccaagt

ggactttcca

acggtgggag

EP 2 692 865 B1

gatcccctat
ctgctcecetg
acaaggcaag
ctgecttegeg
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggacttte
cggttttgge
ctccaccecca
aaatgtcgta

gtctatataa

ggtcgactct
cttgtgtgtt
gcttgaccga
atgtacgggc
ttacggggtc
atggceccgece
ttcccatagt
aaactgccca
tcaatgacgg
ctacttggca
agtacatcaa
ttgacgtcaa
acaactccgce

gcagagcetct

78

DK/EP 2692865 T3

cagtacaatc
ggaggtcget
caattgcatg
cagatatacg
attagttcat
tggctgaccg
aacgccaata
cttggcagta
taaatggccc
gtacatctac
tgggegtgga
tgggagtttg
cccattgacg

ctggctaact

tgctctgatg
gagtagtgceg
aagaatctgce
cgttgacatt
agcccatata
cccaacgacce
gggactttcc
catcaagtgt
gcctggeatt
gtattagtca
tagcggtttg
ttttggcacce
caaatgggcg

agagaaccca

60
120
180
240
300
360
420
480
540
600
660
720
780

840
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ctgcttactg
gtttaaactt
agatatggga
caagtctggt
acaaacaata
aaggagacgc
tcccagaaca
tatatccaca
gaagccactg
ggacaaagat
gtttggeccat
gaacaccatc
tgcaggaggg
ggatatattg
ggtcttccaa
ggacaacaaa
aaatttgtgg
gttacaccag
tgtggaagge

atacﬁagatc

tcagcetega
teccttgacee
tcgcattgte
ggggaggatt
gaggcggaaa
ttaagcgegg
gcgecegetce
caagctctaa
cccaaaaaac
tttegecett
acaacactca

gcctattggt

gcttatcgaa
aagcttggta
aaatcaaaag
tcatccttgg
gtacgcaagt
gttetgtcetc
acagcaaagg
gtaaaacgag
ctccaaaacce
cgtacttttt
aatgaccatc
ccaaccgtga
actggtgcac
aagcaacatc
atggacaatg
gtcaaggtat
gcagaactga
ctetgteagg

tacececgaaac

cagcacagtg

ctgtgectte
tggaaggtgc
tgagtaggtg
gggaagacaa
gaaccagctg
cgggtgtggt
ctttcgettt
atcggggcat
ttgattaggg
tgacgttgga
accctatctc

taaaaaatga

EP 2 692 865 B1

attaatacga
ccgagctegg
aaatcagcca
gagcaatttc
ataaacacca
ctagagatga
accttgtgaa
tcctatateg
gacataagaa
ggagaaatét

gttatgtttg

agcacggggg

ttcacaaaat
tcaagacatc
accccaagca
tggagtggec
aaaagcgtgt
aggaatgggce
gtttgaccca

geggeegete

tagttgccag
cactcccact
tcattctatt
tagcaggcat
gggctctagg
ggttacgege
cttcccttee
cectttaggg
tgatggttca
gtccacgtte
ggtctattct

gctgatttaa

ctcactatag
atccactagt
agacctcaga
caaacgcctg
tgggaccacg
acgtactttg
gatgctggag
acataacctg
agccagacta
cctetggtet
gaggaagaag
tggcagecatc
agatggcatc
agtcaggaag
tacttccaaa
atcacaaagce
gcgagcaagg
caaaattcac
agttaaacaa

gagtctagag

ccatctgttg
gtcctttect
ctggggggtyg
gctggggatg
gggtatcccecce
agcgtgaccg
tttctegeca
ttecgattta
cgtagtggge
tttaatagtg
tttgatttat

caaaaattta

79

ggagacccaa
ccagtgtggt
aaaaaaattg
aaagtaccac
cagcegteat
gtgcgaaaag
gaaacaggta
aaaggccgcet
cggtttgcaa
gatgaaacaa
ggggaggctt
atgttgtggg
atgaggaagg
ttaaagcecttg
gttgtggcaa
cctgaccteca
aggcctacaa
ccaacttatt
tttaaaggca

ggccegttta

tttgececete
aataaaatga
gggtggggca
cggtgggete
acgcgccecetg
ctacacttgce
cgttecgeegg
gtgctttacyg
catcgcectg
gactcttgtt
aagggatttt

acgcgaatta

DK/EP 2692865 T3

gctggcetage
ggaattctge
tagacctcca
gttcatctgt
accgctcagg
tgcaaatcaa
caaaagtatc
cagcaaggaa
ctgcacatgg
aaatagaact
gcaagccgaa
ggtgctttge
aaaattatgt
gtcgcaaatg
aatggecttaa
atcctataga
acctgactca
gtgggaagct
atgctaccaa

aacccgctga

ccecgtgect
ggaaattgca
ggacagcaag
tatggettct
tagcggegea
cagcgcccta
cttteceegt
gcacctegac
atagacggtt
ccaaactgga

ggggatttcg

attctgtgga

9200

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980

2040

2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700

2760
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Transponeringsmedieret identifikation af specifik binding eller funktionelle proteiner
Patentkrav

1. En metode til at identificere et polypeptid, der har en gnsket
bindingsspecificitet eller funktionalitet, indeholdende:

(1) generering af en forskelligartet samling polynukleotider, fortrinsvis
plasmidvektorer eller dobbeltstrengede DNA PCR-amplikoner, der koder polypeptider
med forskellige bindingsspecificiteter eller funktionaliteter, hvori de nevnte
polynukleotider indeholder en sekvens, som koder et polypeptid, der er placeret mellem en
fgrste og en anden inverteret terminalrepeatsekvens, der genkendes af og fungerer med
mindst et transposaseenzym;

(i)  introduktion af den forskelligartede samling polynukleotider af (i) i vertscellerne;

(i11)  ekspression af mindst et transposaseenzym, der fungerer med de n@vnte
inverterede terminalrepeatsekvenser i naevnte vertsceller, sa nevnte forskelligartede
samling af polynukleotider er integreret i vertscellegenomet for at danne en
vartscellepopulation, der eksprimerer naevnte forskelligartede samling af polynukleotider,
der koder polypeptider med forskellige bindingsspecificiteter eller funktionaliteter;

(iv)  screening af nevnte vertsceller for at identificere en vertscelle, der eksprimerer et
polypeptid, der har en gnsket bindingsspecificitet eller funktionalitet; og

(v) isolering af polynukleotidsekvenser, der koder nevnte polypeptid, mod navnte
vartscelle.
2. En metode ifglge krav 1, hvori navnte polynukleotider indeholder

a) en ligand-bindingssekvens af en receptor eller en malbindingssekvens af et
bindingsmolekyle,

b) en antigenbindingssekvens af et antistof,

c) en sekvens, der koder en VH- eller VL-region af et antistof eller et
antigenbindingsfragment deraf,

d) en sekvens, der koder en antistof-VH-region og en antistof-VL-region,

e) en sekvens, der koder en fuldlang tung eller let immunoglobulinkade eller et
antigenbindingsfragment deraf og/eller

f) en sekvens, der koder et Fv- eller et Fab-enkeltkeededomeene.

3 En metode ifglge enhver af de fgrn@vnte krav, hvori generering af en
forskelligartet samling polynukleotider indeholder udsattelse af V-region-gensekvenser
for PCR under mutageniserende tilstande.
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4., En metode ifglge enhver af de fgrn@vnte krav, hvori trin (ii) indeholder
introduktion af nevnte vartscellepolynukleotider indeholdende sekvenser, der koder

a) VH- eller VL-immunoglobulinregioner eller antigenbindingsfragmenter deraf og hvori
nevnte VH- og VL-regionssekvenser er kodet pa separate vektorer og/eller

b) fuldlange tunge eller lette immunoglobulinkader eller antigenbindingsfragmenter deraf,
hvori nevnte fuldlange tunge og lette keedesekvenser er pa separate vektorer.

c) en vektor, der indeholder sekvenser, som koder VH- og VL-antistofkader,

d) en vektor, der indeholder sekvenser, som koder en fuldlang tung immunoglobulinkade
og en fuldlang let immunoglobulinkede.

5. En metode ifglge enhver af de fgrn®vnte krav, hvori nevnte
ekspressionstrin (iii) indeholder introduktion i na&vnte vertsceller af en
ekspressionsvektor, som koder et transposaseenzym, der genkender og fungerer med
nzvnte inverterede terminalrepeatsekvenser, hvori n@evnte transposaseenzym fortrinsvis
eksprimeres kortvarigt 1 nevnte vertscelle.

6. En metode ifglge enhver af de fgrnevnte krav, hvori nevnte screeningstrin
(iv) indeholder magnetisk aktiveret cellesortering (MACS), fluorescensaktiveret
cellesortering (FACS), udvaskning mod molekyler, der er immobiliseret pa en fast flade,
selektion til binding til cellemembranassocierede molekyler, der er inkorporeret i en
celluler, naturlig eller kunstigt rekonstitueret lipidbilagsmembran eller high-throughput
screening af individuelle cellekloner i multibrgndformat for en gnsket funktions- eller
bindingsfenotype.

7. En metode ifglge enhver af de fgrn@vnte krav, hvori naevnte trin (v) for
isolering af polynukleotidsekvenser, som koder polypeptidet, der har en gnsket
bindingspecificitet eller funktionalitet, indeholder genom- eller RT-PCR-amplifikation
eller dyb n®stegenerationssekventering.

8. En metode ifglge enhver af de fgrnevnte krav, hvori

a) nevnte inverterede terminalrepeatsekvenser er fra PiggyBac-transposonsystemet eller
Sleeping Beauty-transposonsystemet og/eller

b) trin (iii), der indeholder introduktion i nevnte vaertscelle af en vektor indeholdende en
sekvens, der koder en funktionel PiggyBac-transposase eller Sleeping Beauty-transposase.

9 En metode ifglge enhver af de fernevnte krav, hvori nevnte inverterede
terminalrepeatsekvenser genkendes af og fungerer med mindst en transposase, der er valgt
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fra gruppen bestaende af: PiggyBac, Sleeping Beauty, Frog Prince, Himar1, Passport,
Minos, hAT, Toll, Tol2, Ac/Ds, PIF, Harbinger, Harbinger3-DR og Hsmarl.

10.  Etbibliotek af polynukleotidmolekyler, der koder polypeptider med
forskellige bindingsspecificiteter eller -funktionaliteter, som indeholder et flertal af
polynukleotidmolekyler, fortrinsvis plasmider eller dobbeltstrengede DNA PCR-
amplikoner, hvori nevnte polynukleotidmolekyler indeholder en sekvens, der koder et
polypeptid med en bindingsspecificitet eller -funktionalitet, der er placeret mellem
inverterede terminalrepeatsekvenser, som er genkendt af og fungerer med mindst et
transposaseenzym.

11.  Etbibliotek ifglge krav 10, hvori nevnte polynukleotider indeholder
a) mindst en sekvens, der koder en antigenbindingssekvens af et antistof.

b) en sekvens, der koder en VH- eller VL-region af et antistof eller et
antigenbindingsfragment deraf.

c) en sekvens, der koder en antistof-VH-region og en antistof-VL-region.

d) en sekvens, der koder en fuldlang tung eller let immunoglobulinkade eller et
antigenbindingsfragment deraf.

e) en sekvens, der koder et Fv- eller et Fab-enkeltkeededomeane.

12.  Etbibliotek ifplge krav 10-11, hvori nevnte plasmider eller
dobbeltstrengede DNA PCR-amplikoner yderligere indeholder en sekvens, der koder et
transposaseenzym, som genkender og fungerer med de inverterede
terminalrepeatsekvenser.

13.  En metode til at generere et bibliotek af transposable polynukleotider, der
koder polypeptider med forskellige bindingsspecificiteter eller -funktionalitet, som
indeholder generering af en forskelligartet samling polynukleotider indeholdende
sekvenser, der koder polypeptider med forskellige bindingsspecificiteter eller -
funktionaliteter, hvori nevnte polynukleotider indeholder en sekvens, som koder et
polypeptid med en bindingsspecificitet eller -funktionalitet, der er placeret mellem
inverterede terminalrepeatsekvenser, som er genkendt af og fungerer med mindst et
transposaseenzym.

14.  En vektor indeholdende en sekvens, som koder en VH- eller VL-region af et
antistof eller en antigenbindingsdel deraf, der er placeret mellem inverterede
terminalrepeatsekvenser, som er genkendt af og fungerer med mindst et transposaseenzym.
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15 En vartscelle indeholdende en vektor ifglge krav 14.
16.  En metode til at generere en population af vertsceller, der er i stand til at

eksprimere polypeptider med forskellige bindingsspecificiteter eller —funktionaliteter
indeholdende:

(1) generering af en forskelligartet samling polynukleotider indeholdende
sekvenser, der koder polypeptider med forskellige bindingsspecificiteter eller —
funktionaliteter, hvori nevnte polynukleotider indeholder en sekvens, som koder et
polypeptid med en bindingsspecificitet eller -funktionalitet, der er placeret mellem
inverterede terminalrepeatsekvenser, som er genkendt af og fungerer med mindst et
transposaseenzym; og

(ii)  introduktion af n®vnte forskelligartede samling polynukleotider i
veertscellerne.

17. Metoden eller vektoren ifglge de fornevnte krav 2-16, hvori vektoren, der
indeholder VH-sekvensen, indeholder inverterede terminalrepeatsekvenser, der er
genkendt af et andet transposaseenzym end de inverterede terminalrepeatsekvenser i
vektoren indeholdende VL-sekvensen.

18. En metode eller vaertscelle ifglge de fgrnavnte krav 1-12, 15-17, hvori
veartscellerne er hvirvelceller, helst celler fra pattedyr, allerhelst humane celler eller
gnaverceller, sd vidt muligt allerhelst lymfoidceller stadig sa vidt muligt allerhelst B-celler,
i endnu hgjere grad allerhelst B-stamceller eller B-praekursorceller, specielt foretrukne
Abelson-murin-leuk@emivirus transformerede B-stamceller eller B-prekursorceller og
tidlige, EBV-transformerede humane proB- og preB-immunoglobulinnulceller.
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