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Fig. 15
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P ODOM R VY OFE A QL LG L L LL WL PG AKOD
TOCAGATBACCUAGT CTCUTTCOASCU TG CTSUATO T GTASGAGACATARTCACEAT CADT TECLIKMGCLALT CAGR
FiooM T Q8 P B3 T L8 A S Y 6D RV T IT O RAS D
CTATTAGTAGRTOET TAEOCT GOTAT CAKCAGAAALCAGREARA LS T SBAGC TCUTGATC TATGATELCTCRAGTT
¥3 1 08 S W L A WY QG K P G XK AP K L LYY DA S S
TOSARAGT GOEGT COTAT CAARET T CAGCEUCAGTOBA T TORDACAGAAT TCATTCT CACCAT CAGCARGE T LCADL
YL E 85 G V¥V P B R F 8 G 5 8 &€ GgT E F T L T &€ 8 1L @
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P DD R AT Y Y O OQ G- - - - - - T F G G G T K L E
Beiwl
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TTETETOCCTGOTOAAT AACT TCT AT CCOAGAGAGOO CAMMETACAGT BEAASETOGAT AACOICOTCOARTORAGETA
Py WV L L L RN F Y PR E A KV QWK Y DNAL QS S
ACTCLCAGGAGART BT CACAGAGCAGTACAGCAARGADANCALT TADAGCE T CABCAGCACLE T BADGL T GAGCAAAG

N 8 O E 8 ¥ T E D D & K D S T ¥ 8 L S & T LT L 8 K
CACACT ACTACARSACACAAATT T ALGCCTOCEANIT CACTOAT CAGERUCTEABCT COUCITTRACAMMGAITTUA
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Fig. 16
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Fy £ 8 8 8 ¢ ¥V ¥V QP & R $§ L R L 58 ¢ A& A S G F YT F 8
COTATGCTATRCACT 0T CLOONAGC T COAGGUAAGEGRC TAGAGT I GIECAET TATATCATATGAT GRARGT A
PSS Y A M OH WV R O AP @ K € L E WY AV I B3 Y DG S
ATAAATACT ACECAGALT CUGT BSAGEECOEAT TCALCATCT COAGABALAAT TOLAABAACALGCTCTATCT GLARA
PNOK Y Y A D S ¥ K &R F T 1 OB R DNSENT LY LD
TOAALAGROTABAGC TEAGGACACEECT GTGT AT TALT (7 GLA3AROGNMNIKINKNNIINKEACNIK T GECGICAAGEAS
PMON S L R A E DT A Y Y Y &A - < - - - D o- WS O G
Khel
COCTEGT CARLGT CTCOT GAGL TAGUACTAARGRRCOATCHGTCT TCORCOT QILALLCT COT COAABATCACETOT G
FT L ¥ T V 8 § A 8 YT K G P S V¥V F R L AP S S8 K ST 8
CORGCACARCAGCCC T H6RNT GLCT GG CARGGEACTACT TCUOCHASGCEGT BACIGT 5TUGT BGARCT CAGGCECCD
PGS G T A AL @ C LV K DY PR E P VYTV 3 WHRSE G A
TGACUABCORIGTGCACALCT TOROESCT CTCRTACARTCCT CAGRRACT CTACT COLT CACCAGEGT GTIBACTGTRC
LT 8 GV R T F P A Y L G S8 8 &L Y &L B8 B YV VTV
CCTUCAGCAGET THEOGLACTCAGAICT ATAT CT BUARCE T GAAT LACAAECCUAGIAALACTAARGET QEACAAGARAT
PS8 8 5 LG OT QT ¥ P C N Y N HNPRS§NT K YD KK
TTCABCLCARATET TOTEACAARALT CATAGAT GUCCALIOT BUCEAGTACT T GAALT CU T CACACIIT CAGTTT
Py OE P KOS C DK Y M T G OR R CPF AP EL L BGEPE SV
TOCTOT TOCORCCOAAALCOUAAGRACATTOCT CAT AT GT QLCHARCUO T BAGET CACAT GO (T GETIHALET GA
Fe oL F P OB K OB K DT LMt S R TYTOREE VT CY Y VO N
GUCACRAABACCCT AGET CAAGT TCAAUTRET ACKT GRACTECTT OGANET ZUAT AATRUCAABALARSC NG
s o OB DR OE VW OHKEOFONWY ¥ OIS VY E YV HNAHE T KRR
AATECABT ALAACATUAGGT ACTGT GYBGTCAGRGT GUT CARDGT COT GUACTAREATT GRETRAAT GRCAAGALT
PE OE Q@ OY N S T Y R OV Y OB VW L T W L OHODWL NG K E
ACRAGT GLAAGST LT CRABTAAAGCCCT COLAGICLUCATCRAGAAAACTAT U T CUARAGOUAAAGIOCAGILCIGAS
¥y K 0 K ¥ 8 N K A L ¢ A P 1 B X T { 8 K A K &  # R
AACCACARGT BT ACACCOT GUCOICAT CUCHERAT CARC TBAINAAGAACCAGRT CARCETGACCT GICTEOTRAAAG
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*Y 1L 0D S D G S8 F F L Y X K L T ¥ D K 8 R W@ B NV
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Fig. 17

JK template: Scal strategy (AGT/ACT)

e TCA TGA AAG CCG ..
T F G

ACTTTC QGO ...
TGA AAG CUG . => linearized templute
TF G

JH template: Drdl strategy (GACNNNNNNGTC)
LA CATTGG GGT CAG ..

LT GTA ACCCCAGTC L

W G Q
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TRANSPOSITION-MEDIATED
IDENTIFICATION OF SPECIFIC BINDING
OR FUNCTIONAL PROTEINS

FIELD OF THE INVENTION

[0001] Technologies for the identification of specific func-
tional and binding proteins.

BACKGROUND OF THE INVENTION

[0002] The discovery of target-specific proteins, including
antibodies and fragments thereof, is of significant commer-
cial interest, because the selection of highly selective func-
tional proteins or binding proteins, including antibodies and
fragments 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 anti-
body-based therapeutics, have paved the way to completely
novel therapies with improved efficacy. As a consequence,
therapeutic monoclonal antibodies represent the fastest
growing segment in the development of new drugs over the
last decade, and presently generate about USD 50 billion
global revenues, which accounts for a significant share of the
total global market of pharmaceutical drugs.

[0003] 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.

[0004] In order to identify a protein with a desired func-
tionality or a specific binding property, as is the case for
antibodies, it is 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, or on viral and phage particles
and methods for their high-throughput screening and/or
panning toward a desired functional property, or binding
phenotype.

[0005] Standard, state-of-the-art technologies 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 vari-
ous mammalian cell display technologies, in combination
with solid surface binding (panning) and/or other enrich-
ment techniques. All of these technologies are covered by
various patents and pending patent applications.

[0006] 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 (Hoogen-
boom, 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 chap-
erones, 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

May 23, 2019

full-length antibodies and mammalian cell expression is
required. Due to the above-mentioned limitations this fre-
quently results in antibodies with unfavorable biophysical
properties (e.g. low stability, tendency to aggregate, dimin-
ished affinity), limiting the therapeutic and diagnostic poten-
tial of such proteins. This, on one hand, leads to significant
attrition rates in the development of lead molecules gener-
ated 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.

[0007] Therefore, protein and antibody discovery tech-
nologies 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 thera-
peutic use.

[0008] 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 tech-
nologies are currently also associated with a number of
limitations, which has lead to a slow adoption of these
technologies in academia and industry.

[0009] First, vertebrate cells are not as efficiently and
stably genetically modified, as, e.g. prokaryotic or lower
eukaryotic cells like yeast. Therefore, its remains a chal-
lenge to generate diverse (complex) enough vertebrate cell
based proteins 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 transfec-
tion 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 W0O02102885) 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.

[0010] In order to 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,
Thou 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 optimiza-
tion of selected protein or antibody candidates.

[0011] In comparison to the flp/frt recombinase system,
retroviral vectors allow more efficient stable genetic modi-
fication of vertebrate host cells and the generation of more
complex cellular libraries. However, (i) they are restricted to
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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 transcrip-
tion, (iv) retroviral vectors do not allow integration of
genomic expression cassettes with intact intron/exon struc-
ture, due to splicing of the retroviral genome prior to
packaging of the vector into retroviral particles, (v) retro-
viruses are subject to uncontrollable 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 limita-
tions represent significant challenges and limitations, and
introduce significant complexities for the utility of retroviral
vector based approaches in generating high-quality/high
complexity vertebrate cell libraries for efficient target-spe-
cific protein, or antibody discovery.

[0012] 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:

[0013] Transposons, or transposable elements (TEs), are
genetic elements with the capability to stably integrate into
host cell genomes, a process that is called transposition
(Ivics et al. Mobile DNA 1, 25 (2010)) (incorporated herein
by reference in its entirety). TEs were already postulated in
the 1950s by Barbara McClintock in genetic studies with
maize, but the first functional models for transposition have
been described for bacterial TEs at the end of the 1970s
(Shapiro, PNAS 76, 1933-1937 (1979)) (incorporated herein
by reference in its entirety).

[0014] Meanwhile it is clear that TEs are present in the
genome of every organism, and genomic sequencing has
revealed that approximately 45% of the human genome is
transposon derived (International Human Genome Sequenc-
ing Consortium Nature 409: 860-921 (2001)) (incorporated
herein by reference in its entirety). However, as opposed to
invertebrates, where functional (or autonomous) TEs have
been identified (FIG. 1a), humans and most higher verte-
brates do not contain functional TEs. It has been hypoth-
esized that evolutionary selective pressure against the muta-
genic potential of TEs lead to their functional inactivation
millions of years ago during evolution.

[0015] Autonomous TEs comprise DNA that encodes a
transposase enzyme located in between two inverted termi-
nal 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 I, or retrotransposons, that
mobilize via an RNA intermediate and a “copy-and-paste”
mechanism (FIG. 24), and class 11, or DNA transposons, that
mobilize via excision-integration, or a “cut-and-paste”
mechanism (FIG. 2a) (Ivics et al. Nat. Methods 6, 415-422
(2009)) (incorporated herein by reference in its entirety).
[0016] Bacterial, lower eukaryotic (e.g. yeast) and inver-
tebrate transposons appear to be largely species specific, and
cannot be used for efficient transposition of DNA in verte-
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brate 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” (Ivics et al. Cel/ 91, 501-510 (1997)) (incorporated
herein by reference in its entirety), did it become possible to
successfully achieve DNA integration by transposition into
vertebrate cells, including human cells. Sleeping Beauty is a
class II DNA transposon belonging to the Tcl/mariner
family of transposons (Ni et al. Briefings Funct. Genomics
Proteomics 7, 444-453 (2008)) (incorporated herein by
reference in its entirety). In the meantime, additional func-
tional 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 advan-
tages and disadvantages that are related to transposition
efficiency, stability of expression, genetic payload capacity,
etc.

[0017] To date, transposon-mediated technologies for the
expression of diverse libraries of proteins, including anti-
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

[0018] The method disclosed herein describes a novel
technology offering unparalleled efficiency, flexibility, util-
ity and speed for the discovery and optimization of poly-
peptides having a desired binding specificity and/or func-
tionality, 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 intro-
duction 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.

[0019] In one embodiment, the invention is broadly
directed to a method for identifying a polypeptide having a
desired binding specificity or functionality, comprising:

(1) generating a diverse collection of polynucleotides encod-
ing 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;

(ii) introducing the diverse collection of polynucleotides of
(1) 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 poly-
nucleotides encoding polypeptides having different binding
specificities or functionalities;
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(iv) screening said host cells to identify a host cell express-
ing a polypeptide having a desired binding specificity or
functionality; and

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

[0020] In apreferred 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 mol-
ecule. In a preferred embodiment, the polynucleotides com-
prise 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 V,, and V; region, or both anti-
body heavy and light chains. In another embodiment, the
polynucleotides comprise a sequence encoding a single-
chain Fv or a Fab domain.

[0021] In one embodiment, the diverse collection of poly-
nucleotides is generated by subjecting V region gene
sequences 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 polynucle-
otides comprises plasmid vectors. In another useful embodi-
ment, the diverse collection of polynucleotides comprises
double-stranded DNA PCR amplicons. The plasmid vectors
may comprise 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 hav-
ing 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 func-
tionality and separated by an internal ribosomal entry site.

[0022] In some embodiments, the diverse collection of
polynucleotides encode a plurality of antigen-binding mol-
ecules of a vertebrate, such as a mammal, e.g., a human.

[0023] In one embodiment, step (ii) of the method com-
prises introducing into host cells polynucleotides compris-
ing sequences encoding immunoglobulin V; or V; regions,
or antigen-binding fragments thereof, and wherein said V,
and V; region sequences are encoded on separate vectors. In
another embodiment, step (ii) of the method of the invention
comprises introducing into host cells polynucleotides com-
prising 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 embodi-
ment, sequences encoding V,, and V; regions or full-length
heavy and light chains are introduced into host cells on the
same vector. In the event that the V, and V; sequences or the
full-length antibody heavy and light chain sequences 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.
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[0024] 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 pro-
genitor B cells or precursor B cells and early, immunoglobu-
lin-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 mam-
malian cell lines such as CHO cells, Per.C6 cells, BHK cells,
and 293 cells.

[0025] 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 inte-
grated 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:11. In another
useful 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.

[0026] In another 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 embodi-
ment, 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 mol-
ecules having desired antigen specificity. In one useful
embodiment, 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
expansion between individual cell enrichment cycles.
[0028] In one embodiment of the method of the invention,
the step (v) of isolating the polynucleotide sequence encod-
ing the polypeptide having a desired binding specificity or
functionality comprises genomic or RT-PCR amplification
or next-generation deep sequencing. In one useful embodi-
ment, the polynucleotide sequence isolated in step (v) is
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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 sub-
jected to steps (1)-(v) of the method of the invention. In a
preferred embodiment, the polynucleotide sequence
obtained in (v) comprises a sequence encoding a V or V,
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 V, or V.
[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 com-
prises SEQ ID NO:1. In another embodiment, the sequence
encoding the downstream PiggyBac inverted terminal repeat
sequence comprises SEQ ID NO:2.

[0030] In another useful embodiment, the inverted termi-
nal repeat sequences are from the Sleeping Beauty transpo-
son 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 embodiment, the sequence encoding the down-
stream Sleeping Beauty inverted terminal repeat sequence
comprises SEQ ID NO:15.

[0031] Inone embodiment of the invention, the polynucle-
otides comprise V, or V, 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 intro-
ducing into said host cell a vector comprising a sequence
encoding a functional PiggyBac transposase. In one embodi-
ment 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 another 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.

[0034] In preferred embodiments, the inverted terminal
repeat sequences are recognized by and functional with at
least one transposase selected from the group consisting of:
PiggyBac, Sleeping Beauty, Frog Prince, Himarl, Passport,
Minos, hAT, Toll, Tol2, Ac/Ds, PIF, Harbinger, Harbinger3-
DR, and Hsmarl.

[0035] The present invention is further directed to a library
of polynucleotide molecules encoding polypeptides having
different binding specificities or functionalities, comprising
a plurality of polynucleotide molecules, wherein said poly-
nucleotide molecules comprise a sequence encoding a poly-
peptide having a binding specificity or functionality dis-
posed 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 particu-
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larly preferred embodiment, the library comprises poly-
nucleotides, wherein each polynucleotide comprises a
sequence encoding an antigen-binding sequence of an anti-
body. In one embodiment, the library comprises polynucle-
otides encoding a V or V, region of an antibody or an
antigen-binding fragment thereof. Alternatively, the poly-
nucleotides may encode a V,, region and a V; 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 poly-
nucleotides may encode both a full-length immunoglobulin
heavy and light chain. In other embodiments, the polynucle-
otides of the library comprise a sequence encoding a single-
chain Fv or a Fab domain. In preferred embodiments, the
polynucleotides of the library are in the form of plasmids or
double stranded DNA PCR amplicons. In certain embodi-
ments, 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 func-
tional with the inverted terminal repeat sequences. In one
embodiment, the library of the invention comprises poly-
nucleotides that encode the full-length immunoglobulin
heavy chain including the natural intron/exon structure of an
antibody heavy chain. The full-length immunoglobulin
heavy chain may comprise the endogenous membrane
anchor domain.

[0036] 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 collec-
tion of polynucleotides comprising sequences encoding
polypeptides having different binding specificities or func-
tionalities, 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.

[0037] The present invention is also directed to a vector
comprising a sequence encoding a V or V, region of an
antibody, or antigen-binding portion thereof, disposed
between inverted terminal repeat sequences that are recog-
nized 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 V; or V; 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 embodi-
ments, 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 1D
NO:13, SEQ ID NO:16, SEQ ID NO:17, and SEQ ID
NO:19, SEQ ID NO: 20, SEQ ID NO:21, SEQ ID NO:22,
SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:32, SEQ 1D



US 2019/0153433 Al

NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36,
SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID
NO:40, and SEQ ID NO:41.

[0038] 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 trans-
posase that recognizes and is functional with at least one
inverted terminal repeat sequence in the vector encoding
said V; or V; region sequence.

[0039] The present invention is still further directed to
antigen-binding molecules, e.g., antibodies, produced by a
method comprising claim 1.

[0040] The present invention is also directed to a method
for generating a population of host cells capable of express-
ing polypeptides having different binding specificities or
functionalities, comprising:

[0041] (i) generating a diverse collection of polynucle-
otides 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

[0042] (ii) introducing said diverse collection of poly-
nucleotides into host cells.

BRIEF DESCRIPTION OF THE
DRAWINGS/FIGURES

[0043] 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
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.

[0044] FIG. 2: a) This drawing depicts the two different
ways how TEs can “jump” or transpose into unrelated target
DNA. For group II 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 I transposons (shown in 5.) the
coding information of the TE is first replicated (e.g. tran-
scribed and reverse transcribed, in the case of retrotranspo-
sons) and the replicated TE then integrates into unrelated
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target DNA sequence, which is catalyzed by the transposase
enzyme. This results in a “copy-and-paste” mechanism of
transposition.

[0045] FIG. 3: This figure provides an overview of active
transposase enzymes that have been identified and/or recon-
structed from dormant, inactive TEs, and that have been
shown to be able to confer transposition in various verte-
brate and also human cells, as provided in the table. The
table has been adapted from Table I of publication Ni et al.
Briefings Functional Genomics Proteomics 7, 444-453
(2008) (incorporated herein by reference in its entirety)

[0046] FIG. 4: This figure outlines the principle of the
method disclosed herein, for the isolation of coding infor-
mation 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, includ-
ing 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 trans-
posase 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 techniques 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.

[0047] FIGS. 5a) and 5b6): This drawing outlines the
cloning strategy for the generation of a transposable human
immunoglobulin (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, Calif., USA), which
already contains the strong mammalian cell promoter ele-
ment pCMV(IE) (immediate early promoter of CMV), and
intron/polyA signals for strong mammalian host cell expres-
sion. 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 (ampi-
cillin resistance gene, amp”) and a bacterial origin of
replication (Col E1) 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 posi-
tions the human Ig kappa LC upstream of the IRES-EGFP
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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.

[0048] 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 Ig gamma 1 HC ORF is similar, also
with regard to the engineering of a unique Eco4711I restric-
tion enzyme site separating the variable (V) from the con-
stant (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.
[0049] FIG. 7: This drawing depicts the cloning of a
mammalian PiggyBac transposase enzyme expression vec-
tor, as described in the Example 4, using pCDNA3.1(+)
hygro as the backbone of the mammalian expression vector,
into which the gene synthesized ORF from PiggyBac trans-
posase is cloned into the unique EcoRV restriction enzyme
site of pCDNA3.1(+) hygro, resulting in PiggyBac transpo-
son expression vector pCDNA3.1(+) hygro-PB expression
vector pCDNA3.1(+) hygro-PB. Also in this drawing the
relative position of other mammalian functional elements
(CMV-IE promoter, BGH-polyA signal, SV40-polyA seg-
ment, hygromycin B ORF) and bacterial functional elements
(ampicillin resistance gene, ampR, origin of replication,
ColEl), as well as selected relevant restriction enzyme
recognition sites are shown.

[0050] 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, hygromycin B ORF)
and bacterial functional elements (ampicillin resistance
gene, ampR, origin of replication, ColEl), as well as
selected relevant restriction enzyme recognition sites are
shown.

[0051] FIG. 9: This drawing depicts the cloning of a
mammalian Sleeping Beauty transposase enzyme expres-
sion 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 restric-
tion enzyme site of pCDNA3.1(+) hygro, resulting in Sleep-
ing Beauty transposon expression vector pCDNA3.1(+)
hygro-SB. Also in this drawing the relative position of other
mammalian functional elements (CMV-IE promoter, BGH-
polyA signal, SV40-polyA segment, hygromycin B ORF)
and bacterial functional elements (ampicillin resistance
gene, ampR, origin of replication, ColEl), as well as
selected relevant restriction enzyme recognition sites are
shown.

[0052] FIG. 10: This drawing shows the arrangement of
functional elements and position of selected unique restric-
tion enzyme sites within the gene-synthesized DNA frag-
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ments 1.) and 2.) that were utilized in Example 4, in order
to clone both “empty” IgH chain expression vectors allow-
ing transposition utilizing either PiggyBac or Sleeping
Beauty transposase. The origin of the functional elements is
disclosed in detail in the description of the Example.

[0053] FIG. 11: This drawing shows the final design and
plasmid map of the transposable expression vectors for
human, membrane bound Ig-gammal heavy chains (left)
and human Ig kappa light chains (right). For the IgH
expression vector, the V-coding region may be replaced by
V; coding regions of any other monoclonal antibody, or by
a V-gene library, using unique restriction enzyme sites
Notl and Nhel, flanking the V, coding region in this vector.
For the IglL expression vector, the V,-coding region may be
replaced by V, coding regions of any other monoclonal
antibody, or by a V-gene library, using unique restriction
enzyme sites Notl and BsiWI, flanking the V; coding region
in this vector. The 8 vector constructions for PiggyBac and
Sleeping Beauty transposable IgH and Igl. vectors, disclosed
in detail in Example 4 all share this general design. The two
vector maps displayed here correspond to the vector maps of
pPB-EGFP-HC-Ac10 (left) and pPB-EGFP-LC-Acl0
(right), and the additional vectors for hBU12 heavy chain
(HC) or light chain (L.C), containing either PiggyBac or
Sleeping Beauty ITRs, are provided in the tables below.
Sequences of all vectors in this figure are provided in
Example 4.

[0054] FIG. 12: This figure shows two dimensional FACS
dot-plots, in which the surface expression of human IgG
from transfected and transposed IgHC and Igl.C expression
vectors is detected on the surface of 63-12 A-MuLV trans-
formed murine proB cells derived from RAG-2-deficient
mice. d2 post TF means that the FACS analysis was per-
formed 2 days after transfection of vector constructs into
63-12 cells. The FACS plots in the left-hand column repre-
sents negative and positive controls for the transfection.
NC=mock electroporation of cells without plasmid DNA.
pEGFP-N3=transfection control with pEGFP-N3 control
vector, which controls for the transfection efficiency by
rendering transfected cells green. The second column from
the left shows FACS plots from 63-12 cells co-transfected
with either PiggyBac-transposase vector, pPB-EGFP-HC-
Acl0, pPB-EGFP-LC-Ac10 vectors (top row), or PiggyBac-
transposase vector, pPB-EGFP-HC-hBU12, pPB-EGFP-
LC-hBU12 vectors (middle row), or with Sleeping Beauty-
transposase vector, pSB-EGFP-HC-Ac10, pSB-EGFP-LC-
Ac10 vectors (bottom row). The second-left column labeled
“d2 post TF” shows the analysis for cells expressing IgG on
the cell surface (Y-axis) and EGFP expression (X-axis) two
days post co-transfection of the vectors as mentioned above.
Surface 1gG and EGFP double positive cells were FACS
sorted as indicated by the rectangular gate. The second-right
column labeled “d9 1x sorted” shows the analysis of surface
IgG and EGFP expression in the cell population that was
sorted at day 2 after transfection, analyzed in the same way.
Sorting gates for the second FACS sort are also provided as
rectangular gates. The rightmost column labeled “d16 2x
sorted” shows the analysis of surface IgG and EGFP expres-
sion of the cell populations that had been re-sorted at day 9
after transfection, and analyzed in the same way for surface
IgG and EGFP expression as in the previous experiments.

[0055] FIG. 13: This figure depicts the demonstration that
proB cells expressing CD30-specific IgG on the surface of
63-12 cells can specifically be stained and detected by CD30
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antigen, and that the CD30-specific cells be detected and
re-isolated from a large population of cells expressing sur-
face IgG of unrelated specificity (here CD19), in which the
CD30-specific cells have been spiked in with decreasing
frequency. The FACS dot-plot on top shows the detection of
IgG (via anti-kappal.C staining) and CD30 binding (via
CD30-antigen staining) on the surface of the positive control
cells, which are 63-12 cells stably transposed and 2x sorted
for expressing human anti-CD30 IgG, clone Ac10 on the cell
surface. As expected, a quite pure population (97.3%) of
IgG-positive/CD30-reactive was detectable in the upper
right quadrant of the FACs-dot-plot. The numbers on top of
each FACS-plot indicates the number of live cells based on
FSC/SSC gating that were acquired in each experiment. The
middle row shows the FACS analysis for IgG-positive/CD30
reactive cells detectable in a background of IgGpositive/
CD19 specific cells. The number above the number of events
indicates the dilution factor of anti-CD30 specific IgG
positive cells that were used for the generation of the
“spiked-in” population of anti-CD30 mAb IgG positive cells
in a background of anti-CD19 mAb IgG positive cells. The
sorting gates are indicated that were used to specifically
isolate IgG-positive/CD30 antigen reactive cells from the
spiked-in populations. Larger numbers of events needed to
be acquired in order to allow detection and isolation of the
1gG-positive/CD30 cells at higher dilutions. The lower row
of FACS plots then shows the re-analysis of sorted cells after
the cells had been expanded for 12 days for the same
parameters (IgG-expression & CD30 antigen specificity).

[0056] FIG. 14: This figure shows the cloning of a trans-
posable vector for a human Ig-gammal heavy chain (HC) in
genomic configuration. The linear fragment on top repre-
sents the human gammal exon and introns for membrane-
bound Ig-gammal-HC, with flanking Nhel and BstBI
restriction sites added to allow ligation into Ig-gammal HC
cDNA vector pPB-EGFP-HC-Ac10. H-designates the
Hinge-region exon, M1 and M2 represent the exons encod-
ing the trans-membrane region of surface expressed Ig
heavy chain. With a simple one-step ligation the cDNA
C-gammal region of the transposable human heavy chain
vector is replaced by its genomic counterpart as indicated in
the figure. Using this strategy, the V,, coding region will be
ligated in-frame to the Cg,l coding exon of human
C-gammal.

[0057] FIG. 15: This figure shows the sequence and over-
all design of the kappa light chain library. CDR3 coding
region is underlined. Useful restriction sites are indicated.

[0058] FIG. 16: This figure shows the sequence and over-
all design of the gamma heavy chain library, showing as an
example the library fragment randomized using the NNK4
randomization strategy. The gamma heavy chain library
fragments randomized using the NNK6, NNK8 and NNK10
randomization strategies differ only in the number of ran-
domized amino acid residues in the HCDR3 region. HCDR3
coding region is underlined. The ARG codon encodes Lysine
and Arginine. Useful restriction sites are indicated.

[0059] FIG. 17: This figure shows the digestion of PCR
templates prior to amplification with primers. (A) Digestion
of pUCS57_Jkappa2-Ckappa with the restriction endonu-
clease Scal produces a blunt-ended DNA fragment ideal for
priming with the primer LCDR3-NNKG6-F. (B) Digestion of
pUC57_J 4 with the restriction endonuclease Drdl produces
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a DNA fragment ideal for priming with the primers HCDR3-
NNK4-F, HCDR3-NNK6-F, HCDR3-NNKS8-F, and
HCDR3-NNK10-F

[0060] FIG. 18: This figure shows the electropherograms
spanning the randomized LCDR3 and HCDR3 region of the
PCR amplicons generated to diversify the LCDR3 region by
the NNK-6 approach for Vkappa (A), and the HCDR3
region by the NNK4-approach for V,, as disclosed in
Examples 12 and 13, respectively.

DETAILED DESCRIPTION OF THE
INVENTION

Definitions

[0061] As used herein, “diverse collection” means a plu-
rality 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.
[0062] 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 107, at least 10°, at least 10, at least 10°,
at least 105, at least 107, at least 10%, or at least 10° unique
polypeptides, such as, for example, full-length antibody
heavy or light chains or VH or VL. domains.
[0063] 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.
[0064] 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.
[0065] 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.
[0066] 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 retain-
ing 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 anti-
body fragments that retain binding specificity including, but
not limited to, VH fragments, VL fragments, Fab fragments,
F(ab"), fragments, scFv fragments, Fv fragments, minibod-
ies, diabodies, triabodies, and tetrabodies (see, e.g., Hudson
and Souriau, Nature Med. 9: 129-134 (2003)) (incorporated
by reference in its entirety).
[0067] Anembodiment of'the invention disclosed herein is
a method for the identification of specific functional or
binding polypeptides, including, but not limited to antibody
chains or fragments thereof (FIG. 4), which comprises:
[0068] 1i. cloning of diverse transposable DNA libraries
encoding proteins, including antibody polypeptide chains
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or fragments thereof, in between inverted terminal repeats
(ITRs) derived from transposable elements and recogniz-
able by and functional with at least one transposase
enzyme,

[0069] ii. introduction of one or more diverse transposable
DNA libraries of step (i) into vertebrate host cells by
standard methods known in the art,

[0070] iii. providing temporary expression of at least one
functional transposase enzyme in said vertebrate host
cells in trans, such that said one or more diverse trans-
posable DNA libraries are stably integrated into the
vertebrate host cell genomes, thereby providing a verte-
brate host cell population that then stably expresses
diverse libraries of proteins, including antibody chains or
fragments thereof,

[0071] iv. screening of said diverse cellular libraries, sta-
bly expressing proteins, including antibodies or fragments
thereof, for a desired functional or binding phenotype by
methods known in the art,

[0072] v. optionally, including iterative enrichment cycles
with the stably genetically modified vertebrate host cells
for a desired binding or functional phenotype, and

[0073] vi. isolation of the corresponding genes from the
enriched host cells encoding the desired binding or func-
tional 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.

[0074] 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.

[0075] For the 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 anti-
body 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 particu-
lar 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 U.S. Pat. Nos. 6,218,185; 6,551,
825; 6,962,810, 7,105,343; and 7,932,088 (the entire con-
tents of each of which are hereby incorporated by reference)
and the Sleeping Beauty transposon system as described in
U.S. Pat. Nos. 6,489,458; 7,148,203; 7,160,682; US 2011
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117072; US 2004 077572; and US 2006 252140 (the entire
contents of each of which are hereby incorporated by
reference.)

[0076] Diverse antibody heavy and light chain libraries
may also be obtained from B cell populations isolated from
desired vertebrate species, preferably humans, and prefer-
ably 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 I 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.

[0077] The PCR primer sets utilized for the amplification
of diverse variable coding regions may be flanked by
appropriate 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.
[0078] The transposable DNA libraries of step (i) encod-
ing diverse proteins, including antibodies and antibody
fragments thereof, can be provided in the form of plasmid
libraries, in which the gene-synthesized or the PCR ampli-
fied transposable DNA libraries are cloned using appropriate
cloning sites, as mentioned above. Alternatively, the trans-
posable 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 trans-
posable 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 expres-
sion systems.

[0079] However, the use of plasmid-based transposon
expression vectors containing the diverse transposable DNA
libraries encoding diverse binding proteins, including anti-
bodies 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-
sion vector in transposed vertebrate host cells.

[0080] 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 includ-
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ing, but not limited to, CD markers, against which specific
diagnostic antibodies or other diagnostic tools are available.
[0081] 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 transpos-
able DNA libraries, i.e. cloned into the transposon expres-
sion vectors in cis.

[0082] 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.

[0083] 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 compris-
ing 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 screen-
ing for or selection of stably transposed vertebrate host cells.
[0084] In step (ii) of the method disclosed herein, said
diverse transposable DNA libraries encoding diverse librar-
ies 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-trans-
fection using liposomes, Calcium phosphate, DEAE-dex-
tran, polyethyleneimide (PEI) magnetic particles, or by
protoplast fusion, mechanical transfection, including physi-
cal, 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.

[0085] 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 vec-
tors for antibody heavy or light chains contained in separate
transposable vectors, which can independently be intro-
duced into the vertebrate host cells. This either allows the
sequential introduction of diverse transposable DNA librar-
ies 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.

[0086] 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 with-
out interference between the two different transposase
enzymes, 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 advan-
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tage 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.

[0087] 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)) (incorporated
herein by reference in its entirety). 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 pre-
served. The principle of guided selection entails the expres-
sion 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 anti-
body chains from the diverse library for the desired func-
tional 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 unre-
lated 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. There-
fore, this method requires the ability to independently
express antibody heavy and light chain constructs or librar-
ies 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.
[0088] However, diverse transposable DNA libraries can
also be constructed in a way, that the coding regions for
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 V, and V, regions or
full-length heavy and light chains, is operably linked by
cloning of the respective expression cassettes or coding
regions into the same transposable vector.

[0089] 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, includ-
ing, but not limited to, cells from rodents, ruminants, non-
human primate species and humans, with cells from rodent
or human origin being preferred.

[0090] Useful cell types from the above-mentioned spe-
cies 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 endogenously express all the required proteins, factors,
chaperones, and post-translational enzymes for optimal
expression of many proteins, in particular of antibodies, or
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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.

[0091] Useful pro- and pre-B lineage cells from rodent
origin are Abelson-Murine Leukemia virus (A-MuLV) trans-
formed proB and preB cells (Alt et al. Cell 27, 381-390
(1981) (incorporated herein by reference in its entirety)) 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)) (incorporated herein by reference in its
entirety), but as mentioned above, mostly lack the expres-
sion 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 acti-
vating 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
IV, Ku70, or Ku80, Artemis, DNA-dependent protein
kinase, catalytic subunit (DNA-PK_,), and thus lack the
ability to normally express of endogenous antibody poly-
peptides.

[0092] 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)) (incorporated
herein by reference in its entirety) that also express all the
required factors for expression, post-translational modifica-
tion and surface expression of exogenous antibodies (includ-
ing CD79a and CD79b).

[0093] 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 (CD79, or B-29), in case optimal
surface deposition of exogenously expressed antibodies is
desired.

[0094] 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 com-
ponents Ig-alpha (CD79a, or mb-1), and Ig-beta (CD79b, or
B-29), in case optimal surface deposition of exogenously
expressed antibodies is desired.

[0095] Essentially, any vertebrate host cell, which is trans-
fectable, 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
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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.

[0096] 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.

[0097] 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 simulta-
neously, 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 tran-
siently expressed transposase can optimally use the tran-
siently introduced transposable vectors of step (ii) for the
integration of the transposable DNA library into the verte-
brate host cell genome.

[0098] 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. Such
inducible and transient expression of a functional trans-
posase 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.

[0099] Step (iv) of the method disclosed herein effects the
isolation of transposed vertebrate host cells expressing pro-
teins with a desired functionality or binding phenotype.
[0100] A preferred embodiment of step (iv) is to screen for
and to isolate the transposed host cells of step (iii) express-
ing desired proteins, including antibodies and fragments
thereof, with target-binding assays and by means of standard
cell separation techniques, like magnetic activated cell sort-
ing (MACS) or high-speed fluorescence activated cell sort-
ing (FACS) known in the art. Especially, in a first enrich-
ment 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.
[0101] Particularly, for additional and iterative cell enrich-
ment 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.

[0102] If proteins, including antibodies and fragments
thereof, are to be discovered that interact with soluble
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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 mag-
netically (for MACS based cell enrichment) or with fluoro-
chromes (for FACS based cell enrichment), so that the cell
separation techniques can be applied.

[0103] If proteins, including antibodies and fragments
thereof are to be discovered against membrane bound pro-
teins, which cannot easily be expressed as soluble proteins,
like e.g. but not limited to, tetraspannins, 7-transmembrane
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.

[0104] Due to the 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, indi-
vidual 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.
[0105] 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
antibodies, in particular antagonistic or agonistic effects in
biological assay.

[0106] 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.

[0107] In natural B lineage cells the switch from mem-
brane 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 anti-
body 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 con-
taining 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 immuno-
globulin expression in B lineage cells.

[0108] Once, a B cell differentiates further to the plasma
cell stage, the alternative splicing does not occur anymore
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.
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[0109] In order to exploit this natural mechanism of alter-
native 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 embodi-
ment represents a clear advantage against retroviral expres-
sion systems, as the retroviral vector genome is already
spliced before it is packaged into a retroviral particle and
stably transduced into the host cell genome.

[0110] 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 splic-
ing. 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 Gerome Biol. 8,
Suppl 1, S7 (2007)) (incorporated herein by reference in its
entirety). Therefore, it is a useful embodiment of the method
disclosed herein to construct transposable expression vec-
tors 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 5 kb, at least 6 kb, at least 7 kb, at least
8 kb, at least 9 kb, at least 10 kb in size into host cell
genomes.

[0111] The differentiation of earlier B lineage differentia-
tion 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 stimu-
lation by mitogens, such as, but not limited to, lipopolysac-
charide (LPS), or other polyclonal activators, Staph. aureus
Cowan (SAC) strain activators, and CpG nucleotides, or any
combination thereof.

[0112] Preferably, this differentiation is effected in trans-
formed cells, in which the proliferation can artificially be
inhibited, 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)) (incorporated
herein by reference in its entirety). Therefore, it is a pre-
ferred 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 test-
ing 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-lin-
eage cell differentiation by stable overexpression of anti-
apoptotic factors, known in the art, including, but not limited
to, bel-2 or bel-x;.

[0113] After step (iv), the enrichment of transposed ver-
tebrate host cells as described above has been performed,
optionally, additional cell enrichments according to the
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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.

[0114] 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.

[0115] A useful embodiment of step (vi) for the isolation
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 informa-
tion 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.

[0116] Cloning and sequencing of the relevant coding
information for a desired functional or binding protein,
including an antibody or antibody fragment thereof, as
described in the previous paragraph by genomic or RT-PCR
amplification can also be performed with transposable IgH
and Igl, expression vector, such that the binding protein
coding region cannot only be identified, but at the same time
also be expressed upon stable transposition into mammalian
host cells as disclosed herein. For the expression of secreted
antibodies this would only require the use of transposable Ig
heavy chain expression vectors lacking the IgH transmem-
brane spanning coding region.

[0117] Another useful embodiment of step (vi) is to sub-
ject 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)) (incorporated herein by reference in its
entirety), 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 con-
structs. 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 anti-
body or fragment thereof (Reddy et al. Nat. Biotech. 28,
965-969 (2010)) (incorporated herein by reference in its
entirety). Statistically overrepresented sequences are then
resynthesized and cloned into expression vector for expres-
sion 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.

[0118] Yet another useful embodiment of the method
disclosed herein is to utilize transposition-mediated verte-
brate cell expression of proteins, including antibodies or
fragments thereof, for the mutagenesis and optimization of
desired proteins, including the affinity optimization of anti-
bodies and fragments thereof.

[0119] This can be achieved by isolating the genes encod-
ing the proteins, including antibody chains or fragments
thereof, from transposed vertebrate cell populations
enriched for a desired binding or functional phenotype
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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 muta-
genized 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 bind-
ing properties.

[0120] In one useful embodiment of this approach, spe-
cific primers are used that allow the PCR amplification
under mutagenizing conditions of complete transposed con-
structs, including the flanking ITRs.

[0121] 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 muta-
tions (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).

[0122] 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 vec-
tors is required, which is a mandatory requirement in all
other plasmid-based or viral expression systems, if a muta-
genized sequence shall be subjected to another round of
screening.

[0123] 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 re-introduced and re-transposed into novel ver-
tebrate host cells for expression and screening for improved
properties and/or affinity matured mutants.

[0124] Taken together, the methods disclosed herein, of
utilizing TEs for the stable genetic modification of verte-
brate host cells with transposable constructs and/or diverse
transposable DNA libraries encoding proteins, including
antibodies and fragments thereof, offers unparalleled effi-
ciency, flexibility, utility and speed for the discovery and
optimization of said proteins for optimal desired functional
or binding phenotypes.

EXAMPLES

Example 1: Instruction for Cloning of Basic
PiggyBac Transposable Light Chain Expression
Vector for Human Antibody Kappa Light Chains

Compatible with the PiggyBac Transposase

Enzyme

[0125] A basic transposable expression vector for human
kappa light chains can be generated by cloning of the ITRs
from the PiggyBac transposon up and downstream of a
human immunoglobulin kappa light chain expression cas-
sette.

[0126] 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 U.S. Pat. No.
7,105,343) (incorporated herein by reference in its entirety)
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-
Life Technologies, Carlsbad, Calif., USA)
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[0127] The upstream PiggyBac ITR sequence with the 5'
terminal repeat has to be gene synthesized with flanking
Munl restriction enzyme sequence, 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 provided in SEQ ID NO:1.

[0128] The downstream PiggyBac ITR sequence with the
3' terminal repeat has to be gene synthesized with flanking
Xhol restriction enzyme sequence compatible with a unique
Xhol restriction enzyme site in pIRES-EGFP, and additional
four random nucleotides allowing proper restriction enzyme
digestion. This sequence is provided in SEQ ID NO:2. Upon
Munl restriction enzyme digestion of the gene synthesized
SEQ ID NO:1, 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 restric-
tion enzyme digestion, and/or by DNA sequencing of the
cloned construct (FIG. 5a).

[0129] In a next step gene synthesized and Xhol digested
DNA fragment SEQ ID NO:2, 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. 554). The proper ori-
entation of the insert can be verified by diagnostic restriction
enzyme digestion, and/or by DNA sequencing of the cloned
construct (FIG. 5b).

[0130] 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 anti-
body D2E7 can be synthesized, which can be retrieved from
European patent application EP 1 285 930 A2 (incorporated
herein by reference in its entirety).

[0131] The coding region for human Ig kappa light chain
of human anti-TNF-alpha specific antibody D2E7, in which
the V region of D2E7 is 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, which is
provided in SEQ ID NO:3.

[0132] The nucleotide sequence of SEQ ID NO:3 trans-
lates in the amino acid sequence SEQ ID NO:4. The DNA
fragment SEQ ID NO:3 encoding the D2E7 Ig kappa light
chain 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 methods know
in the art, resulting in construct pIRES-EGFP-T1T2-Igl,
(FIG. 5b)

[0133] SEQ ID NO:3 has been engineered to contain a
unique Eco47IIl 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 Eco47111. 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).
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[0134] The entire sequence for the transposable human
antibody kappa light chain vector pIRES-EGFP-T1T2-Iglis
provided in sequence SEQ ID NO:5.

Sequences Referred to in this Example 1

[0135] SEQ ID NO:1 (327 bp long PiggyBac 5-ITR
sequence. The Munl restriction enzyme sites at each end are
underlined and typed in boldface print, the random nucleo-
tide additions at the termini are printed in lowercase)
[0136] Seq-1ID2 (264 bp long PiggyBac 3'-ITR sequence.
The Xhol restriction enzyme sites at each end are underlined
and typed in boldface print, the random nucleotide additions
at the termini are printed in lowercase)

[0137] SEQ ID NO:3 (711 bp long Ig-kappal.C coding
region of anti-TNF-alpha-specific mAb D2E7)

[0138] SEQ ID NO:4 (236 amino acids long sequence of
anti-TNF-alpha-specific mAb D2E7)

[0139] SEQ ID NO:5 (6436 bp long DNA sequence of
PiggyBac transposable Ig-kappa-LC expression vector
pIRES-EGFP-T1T2-IgL)

Example 2: Instruction for Cloning of a Basic
PiggyBac Transposable Heavy Chain Expression
Vector for Membrane Spanning Human Antibody

Gammal Heavy Chains

[0140] In order to clone a transposable Ig heavy chain
expression vector, the kappa light chain ORF from pIRES-
EGFP-T1T2-Igl. (SEQ ID NO:5) needs to be exchanged
with an ORF encoding a fully human IgG1 heavy chain
coding region.

[0141] For the replacement of the human kappa light chain
in vector pIRES-EGFP-T1T2-Igl. by a human immuno-
globulin gamma-1 heavy chain, the V,, region of antibody
D2E7, which is specific for human TNF-alpha (see: EP 1
285 930 A2) (incorporated herein by reference in its
entirety) can be synthesized. For this, a leader sequence of
a close germ-line V,3-region family member is fused in
frame to the V,, region of antibody D2E7, which then is
fused in frame to the coding region of a human gammal
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 present at the 5' and the 3' end of the sequence
(underlined), respectively. Additionally, four nucleotides
flanking the restriction enzyme sites (highlighted in lower-
case letters at the ends of the sequence) allow proper
restriction enzyme digestion of the gene-synthesized DNA
fragment and ligation into the Clal-Nod linearized pIRES-
EGFP-T1T2-IgL. backbone, according to standard methods.
The sequence that needs to be gene synthesized is provided
in SEQ 1D NO:6.

[0142] From the start codon in position 11 of SEQ ID
NO:6 (highlighted in boldface print), this nucleotide
sequence translates to the human IgGl heavy chain of
anti-TNF-alpha specific clone D2E7 (see: EP 1 285 930 A2)
(incorporated herein by reference in its entirety), but includ-
ing the human gammal transmembrane exons M1 and M2.
The protein translation of SEQ ID NO:6 is provided in SEQ
ID NO:7. The DNA fragment SEQ ID NO:6 encoding the
D2E7 Ig gamma-1 heavy chain can then be double-digested
by Clal and Notl restriction enzymes and directionally
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ligated into Clal and Nod linearized pIRES-EGFP-T1T2-
Igl., resulting in construct pIRES-EGFP-T1T2-IgH (FIG. 6)
[0143] SEQ ID NO:6 has also been engineered to contain
a unique Eco47III restriction enzyme site in between the
V-heavy variable and the C-gammal constant coding
regions (highlighted in boldface and underlined in SEQ ID
NO:7), which allows the replacement 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
Eco47111. The correct ligation of the insert can be verified by
diagnostic restriction enzyme digestion, and/or by DNA
sequencing of the cloned construct (FIG. 6).

[0144] The entire sequence for the transposable human
antibody gamma-1 heavy chain vector pIRES-EGFP-T1T2-
IgH is provided in sequence SEQ ID NO:8

[0145] Examples 1 and 2 provide instructions for the
cloning of basic PiggyBac transposable expression vectors
for human antibody kappa light and human gamma-1 heavy
chains (membrane bound form) and therefore for full-length,
membrane bound human IgG1, that can be utilized for the
reduction to practice of the invention.

Sequences Referred to in this Example 2

[0146] SEQ ID NO:6 (1642 bp long DNA fragment con-
taining the coding region for membrane bound Ig-gammal-
HC of anti-TNF-alpha-specific mAb D2E7)

[0147] SEQ ID NO:7 (539 amino acids long sequence of
membrane bound Ig-gammal-HC of anti-TNFalpha anti-
body

[0148] SEQ ID NO:8 (7341 bp long DNA sequence of
PiggyBac transposable human Ig-gammal-membrane-HC
expression vector pIRES-EGFP-T1T2-IgH)

Example 3: Instructions for Cloning of Basic
Transposable Light Chain Expression Vector for
Human Antibody Kappa Light Chains Compatible
with the Sleeping Beauty Transposase Enzyme

[0149] In order to transpose human immunoglobulin
heavy and light chain expression vectors contained in a
transposable vector independently into host cells, a trans-
posable immunoglobulin light chain construct with different
inverted terminal repeat (ITR) sequences can be constructed
that are recognized by the Sleeping Beauty transposase.
[0150] For this, the human Ig-kappa light chain expression
vector pIRES-EGFP-T1T2-Igl. (SEQ ID NO: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'TTR and 3'ITR, recog-
nized and functional with the Sleeping Beauty transposase,
can be retrieved from patent document US7160682B1/
US2003154500A1.

[0151] 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 con-
struct pIRES-EGFP-T1T2-Igl. (SEQ ID NO:5) of example
1 by the Sleeping Beauty 5'TTR sequence. This sequence is
provided as SEQ ID NO:14 below, at the end of this
Example.

[0152] The downstream Sleeping beauty ITR sequence
with the 3' terminal repeat (also published in U.S. Pat. No.
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7,160,682B1/US2003154500A1) has to be gene synthesized
with flanking Xhol restriction enzyme sequences, allowing
the replacement of the Xhol flanked PiggyBac 3'TTR in
construct pIRES-EGFP-T1T2-Igl. (SEQ ID NO:5) of
example 1 by the Sleeping beauty 3'ITR sequence. This
sequence is as provided in SEQ ID NO:15 below, at the end
of this Example (Xhol restriction enzyme sites are high-
lighted in boldface print and 4 additional flanking random
nucleotides, allowing proper restriction enzyme digestion of
the gene synthesized fragment, are indicated in lowercase
letters):

[0153] In a first step, the Munl-flanked PiggyBac S'TTR of
construct pIRES-EGFP-T1T2-IgL. (SEQ ID NO:5) has to be
replaced by the Sleeping Beauty 5S'TTR by digesting pIRES-
EGFP-T1T2-Igl. (SEQ ID NO:5) with Munl restriction
enzyme and by ligating the Munl digested gene-synthesized
fragment from SEQ ID NO:14 into the Munl linearized
vector backbone of pIRES-EGFP-T1T2-Igl. (SEQ ID
NO:5). The correct orientation of Sleeping Beauty 5'TTR can
be checked by diagnostic restriction enzyme digestions
and/or DNA sequencing. The resulting plasmid is called
pIRES-EGFP-sbT1-pbT2-IgL (FIG. 8).

[0154] Ina second step, the Xhol-flanked PiggyBac 3'TTR
of construct still contained in pIRES-EGFP-sbT1-pbT2-Igl.
has to be replaced by the Sleeping Beauty 3'TTR by digesting
pIRES-EGFP-sbT1-pbT2-Igl. with Xhol restriction enzyme
and by ligating the Xhol digested gene-synthesized fragment
from SEQ ID NO:15 into the Xhol linearized vector back-
bone of pIRES-EGFP-sbT1-pbT2-Igl.. The correct orienta-
tion 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).

[0155] The entire sequence of the Ig-kappa L.C expression
vector pIRES-EGFP-sbT1T2-IgL. transposable by the Sleep-
ing Beauty transposase is provided in SEQ ID NO:16 below,
at the end of this Example.

Sequences Referred to in this Example 3

[0156] SEQ ID NO:14 (246 bp long DNA fragment con-
taining the 5'TTR of the Sleeping Beauty transposon system.
Flanking Munl restriction enzyme sites are printed in bold-
face and underlined)

[0157] SEQ ID NO:15 (248 bp long DNA fragment con-
taining the 3'TTR of the Sleeping Beauty transposon system)

[0158] SEQ ID NO:16 (6339 bp long DNA sequence of
Sleeping Beauty transposable Ig-kappa-L.C expression vec-
tor pIRES-EGFP-sbT1T2-IgL)

Example 4: Cloning of PiggyBac and Sleeping
Beauty Transposable Vectors for Membrane Bound
Human IgG,

[0159] In addition to the cloning instructions for basic
PiggyBac transposable IgH and Igl. expression vectors
provided in Examples 1 and 2, and the construction of a
basic Sleeping Beauty transposable Igl. expression vector
provided in Example 3, additionally cloning of improved
PiggyBac and Sleeping Beauty transposable IgH and Igl.
expression vectors for a chimeric anti-humanCD30 mAb
and for a humanized anti-humanCD19 mAb has been per-
formed, in order to reduce the invention to practice.
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[0160] For this, in a first step, the following two gene
fragments have been synthesized (commissioned to Gen-
script, Piscataway, N.J., USA):

[0161] 1.) A 4975 bp DNA fragment containing an expres-
sion cassette, in which the expression of a human membrane
bound IgG, heavy chain is driven by the EF1-alpha pro-
moter (basepairs 1-1335 of Clontech expression vector
pEF1-alpha-IRES, Cat-No. #631970), and in which the
expression of Ig chains is linked to EGFP expression via an
internal ribosomal entry site (IRES). The DNA sequences
for the IRES and EGFP regions were derived from pIRES-
EGFP (basepairs 1299-1884 and 1905-2621, respectively, of
Clontech expression vector pIRES-EGFP (Cat.-No. #6064-
1, Life Technologies). In addition, the synthesized DNA
fragment contained a chimeric intron positioned in between
the Ig constant coding region and the IRES sequence, whose
sequence was derived from pCl mammalian expression
vector (basepairs 857-989. od Promega, Cat.-No. #E1731).
At the 3' end of the expression cassette the synthesized
fragment contained a bovine growth hormone polyade-
nylation signal (BGH-polyA), whose sequence was derived
from pCDNA3.1-hygro(+) expression vector (basepairs
1021-1235 of Invitrogen-Life Technologies, Cat.-No.
#V870-20). The expression cassette was flanked up- and
downstream by PiggyBac transposon ITRs already disclosed
in SEQ ID NO:1 and SEQ ID NO:2 further above.

[0162] A map of the elements and their arrangement in the
gene-synthesized DNA fragment is provided in FIG. 10,
including additionally added unique restriction enzyme sites
that can be used to excise or to replace any of the functional
elements of the expression cassette.

[0163] The sequence of the 4975 bp long gene-synthesized
fragment is provided as SEQ ID NO:20 below, at the end of
this Example.

[0164] It shall be noted here that the gene synthesized
expression cassette for human IgH chains provided in SEQ
1D NO:20, on purpose, did not yet contain the coding region
for a V; domain, such that the construct can be used for the
insertion of any desired V, coding region and/or V, coding
gene library using unique restriction enzyme sites Nod and
Nhel. This construct therefore is designated “empty”
Ig-gammal-HC expression cassette.

[0165] 2.) In order to provide a plasmid backbone for the
transposable expression cassette of SEQ ID NO:20, a 2774
bp long DNA fragment had been gene synthesized (per-
formed by Genscript, Piscataway, N.J., USA) that contained
a bacterial ColE1 on and an ampicillin resistance gene. The
sequence information for these plasmid backbone compo-
nents were derived from the plasmid backbone of expression
vector pCl (Promega, Cat.-No. #£1731). The synthetic gene
fragment additionally contained 5' and 3' ITRs of the Sleep-
ing Beauty transposon, already disclosed in SEQ ID NO:14
and SEQ ID NO:15, respectively. This fragment needed to
be circularized and could be propagated in E. coli as an
autonomous plasmid, due to the presence of the ColE1 on
and the ampicillin resistance gene.

[0166] A map of the elements and their arrangement in the
gene-synthesized DNA fragment is provided in FIG. 10,
including position of additionally added unique restriction
enzyme sites that can be used to excise or to replace any of
the functional elements of the expression vector.

[0167] The sequence of the 2774 bp long gene-synthesized
fragment is provided as SEQ ID NO:21 below at the end of
this Example:
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[0168] These two gene fragments allowed the construction
of both PiggyBac and Sleeping Beauty transposable vectors
by ligating fragments from these vectors, upon digestion
with different restriction enzymes, followed by ligation, as
follows:

[0169] The PiggyBac transposable vector was cloned by
ligating EcoRI-Clal fragments from SEQ ID NO:20 and
SEQ ID NO:21, such that the resulting construct contains the
entire PiggyBac ITR-flanked expression cassette of SEQ ID
NO:20, and the ColE1-amp containing backbone without the
Sleeping Beauty ITRs of Sq-ID21. Conversely, the ligation
of Xbal-Mlul fragments from SEQ ID NO:20 and SEQ ID
NO:21 resulted in the ligation of the expression cassette
without the PiggyBac ITRs into the linearized plasmid
backbone of SEQ ID NO:21 still containing the Sleeping
Beauty ITRs. Miniprep plasmids resulting from the two
ligations were analyzed by diagnostic restriction enzyme
digestions using a mixture of Xhol-Nhel-BamHI and in
addition with Pvul restriction enzymes, in order to identify
correctly ligated plasmids. One selected DNA clone of each
ligation was retransformed into E. coli to generate a DNA
maxiprep, which was verified by DNA sequencing using
sequencing primers allowing sequencing of the entire plas-
mid sequence.

[0170] The entire sequences of PiggyBac and Sleeping
beauty transposable vectors (containing the “empty” human
gammal-HC expression cassette) generated as described
above and verified by DNA sequencing is provided as SEQ
ID NO:22 (PiggyBac transposable vector) and SEQ ID
NO:23 (Sleeping Beauty transposable vector) below, at the
end of this Example.

[0171] V and V; coding regions of chimeric anti-human
CD30 antibody brentuximab (clone Ac10) could be retrieved
from sequences 1 and 9 of patent application
US2008213289A1, and are provided below as SEQ ID
NO:24 and SEQ ID NO:25, respectively.

[0172] V, and V, coding regions of humanized anti-
human CD19 antibody hBU12 were retrieved from patent
document U.S. Pat. No. 8,242,252 B2 as sequence variants
HF and LG, respectively, and are provided in SEQ ID NO:26
and SEQ 1D NO:27 further below, at the end of the Example.
[0173] In order to allow construction of final PiggyBac
and Sleeping Beauty transposable anti-CD30 and anti-CD19
IgHC expression vectors, the DNA fragments for the V,
domains were designed to have flanking Nhel and Nod
restriction enzyme sites. The nucleotide sequence encoding
the V, of anti-CD30 antibody brentuximab (clone Ac10) has
additionally been modified to also contain a leader sequence
for mammalian cell expression. The DNA sequences of the
Notl-Nhel fragments encoding the V,, of anti-CD30 and
anti-CD19 mAbs are provided in SEQ ID NO:28 and SEQ
ID NO:29 at the end of this Example. The DNA fragments
had been gene synthesized by GeneArt, Regensburg, Ger-
many (Notl and Nhel sites are underlined).

[0174] In order to generate anti-CD30 and anti-CD19 IgH
chain expression vectors that are transposable with either
PiggyBac or Sleeping Beauty transposase, the Notl-Nhel
digested fragments of SEQ ID NO:28 SEQ ID NO:29 were
ligated into Notl-Nhel linearized vectors disclosed in SEQ
ID NO:22 or SeqlD23, respectively. This resulted in the
generation of four vectors containing a fully functional
heavy chain (HC) of anti-CD30 mAb brentuximab (clone
Acl0) and of anti-CD19 mAb hBU12 and the constructs
were designated: pPB-EGFP-HC-Ac10, pPB-EGFP-HC-
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hBU12, pSB-EGFP-HC-Ac10, and pSB-EGFP-HC-hBU12
and their vector maps are provided in FIG. 11. These vectors
have specifically been designed to allow surface expression
of the heavy chains, and, upon co-expression of light chains,
surface 1gG expression. However, simple omission of the
coding region of for the membrane spanning region of the Ig
heavy chains would result in transposable expression vectors
for secreted IgG.

[0175] In order to generate anti-CD30 and anti-CD19 Igl.
chain expression vectors that are transposable with either
PiggyBac or Sleeping Beauty transposase, the IgH constant
region genes from the vectors disclosed in SEQ ID NO:22
and SEQ ID NO:23 needed to be replaced with Igl. chain
coding regions of anti-CD30 and anti-CD19 antibodies. This
was achieved by gene synthesizing gene fragments contain-
ing the V; coding regions as disclosed in SEQ ID NO:25 and
SEQ ID NO:27 fused in-frame to a human constant kappa
light chain coding region, with a leader sequence at the 5'
end and flanked by Notl-BstBI cloning sites that allow the
ligation of the NotI-BstBI digested fragment into NotI-BstBI
linearized vectors disclosed in SEQ ID NO:22 and SEQ ID
NO:23, thereby replacing the IgH constant coding region of
SEQ ID NO:22 and SEQ ID NO:23 with the Igl. coding
regions of anti-CD30 mAb AclO and anti-CD19 mAb
hBU12.

[0176] The gene-fragments containing the Igl. coding
regions of anti-CD30 mAb AclO and anti-CD19 mAb
hBU12, with leader sequence and flanked by Notl-BstBI
cloning sites is disclosed in SEQ ID NO:30 and SEQ ID
NO:31 below, at the end of the Example. The gene synthesis
of these DNA fragments was performed by Genscript (Pis-
cataway, N.J., USA).

[0177] In order to generate anti-CD30 and anti-CD19 Igl.
chain expression vectors that are transposable with either
PiggyBac or Sleeping Beauty transposase, Notl-BstBI
digested fragments of SEQ ID NO:30 and SEQ ID NO:31
had been ligated into Notl-BstBI linearized vectors dis-
closed in SEQ ID NO:22 or SeqlD23. The resulting four
vectors were called: pPB-EGFP-L.C-Ac10, pPB-EGFP-LC-
hBU12, pSB-EGFP-LC-Ac10, and pSB-EGFP-LC-hBU12
and their vector maps are provided in FIG. 11.

[0178] Complete sequences of the PiggyBac and Sleeping
beauty anti-CD30 and anti-CD19 IgH and Igl. constructs
(eight combinations) are provided in SEQ ID NO:32 (pPB-
EGFP-HC-Acl10), SEQ ID NO:33 (pPB-EGFP-HC-
hBU12), SEQ ID NO:34 (pSB-EGFP-HC-Ac10), SEQ ID
NO:35 (pSB-EGFP-HC-hBU12), and in SEQ ID NO:36
(pPB-EGFP-LC-Ac10), SEQ ID NO:37 (pPB-EGFP-LC-
hBU12), SEQ ID NO:38 pSB-EGFP-LC-Ac10), and SEQ
1D NO:39 (pSB-EGFP-L.C-hBU12) below, at the end of this
Example

Sequences Referred to in this Example

[0179] SEQ ID NO:20 (4975 bp long DNA sequence
containing a PiggyBac ITR-flanked expression cassette for
membrane spanning human Ig-gammal heavy chains)
[0180] SEQ ID NO:21 (2774 bp long DNA sequence
containing vector backbone components ColE1 and ampi-
cillin resistance flanked by 5' and 3' ITRs of Sleeping
Beauty)

[0181] SEQ ID NO:22 (7242 bp long sequence of Piggy-
Bac transposable “empty” human gammal-HC vector)
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[0182] SEQ ID NO:23 (7146 bp long sequence of Sleep-
ing Beauty transposable “empty” human gammal-HC vec-
tor)

[0183] SeqlD-24 (351 bp long V; coding region of anti-
human CD30 antibody brentuximab)

[0184] SEQ ID NO:25 (333 bp long V; coding region of
anti-human CD30 antibody brentuximab)

[0185] SEQ ID NO:26 (417 bp long V,, coding region of
anti-human CD19 mAb huB12, including leader)

[0186] SEQ ID NO:27 (375 bp long V,; coding region of
anti-human CD19 mAb huB12, including leader)

[0187] SEQ ID NO:28 (423 bp long DNA fragment,
containing NotI-Nhel-flanked V; coding region of the V,
domain of anti-human CD30 mAb brentuximab)

[0188] SEQ ID NO:29 (432 bp long DNA fragment,
containing NotI-Nhel-flanked V; coding region of the V,
domain of anti-human CD19 mAb hBU12)

[0189] SEQ ID NO:30 (733 bp long DNA fragment con-
taining Igl. coding region of anti-CD30 mAb Acl0 and
flanked by Notl and BstBI restriction enzyme sites)

[0190] SEQ ID NO:31 (718 bp long DNA fragment con-
taining Igl. coding region of anti-CD19 mAb hBU12 and
flanked by Notl and BstBI restriction enzyme sites)

[0191] SEQ ID NO:32 (7645 bp sequence of pPB-EGFP-
HC-Ac10

[0192] SEQ ID NO:33 (7654 bp sequence of pPB-EGFP-
HC-hBU12)

[0193] SEQ ID NO:34 (7549 bp sequence of pSB-EGFP-
HC-Ac10)

[0194] SEQ ID NO:35 (7558 bp sequence of pSB-EGFP-
HC-hBU12)

[0195] SEQ ID NO:36 (6742 bp long sequence of pPB-
EGFP-LC-Ac10)

[0196] SEQ ID NO:37 (6727 bp long sequence of pPB-
EGFP-LC-hBU12)

[0197] SEQ ID NO:38 (6646 bp long sequence of pSB-
EGFP-LC-Ac10)

[0198] SEQ ID NO:39 (6631 bp long sequence of pSB-
EGFP-LC-hBU12)

Example 5: Instructions for Cloning of a PiggyBac
Transposase Expression Vector

[0199] The ORF of functional PiggyBac transposase
enzyme can be retrieved from U.S. Pat. No. 7,105,343 B1
(incorporated herein by reference in its entirety) and is
provided in SEQ ID NO:11 below, at the end of this
Example. The DNA sequence of SEQ ID NO:11 translates
into the amino acid SEQ ID NO:12 also provided at the end
of this Example.

[0200] 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 pCDNA3.1-
hygro(+) (catalogue # V870-20, Invitrogen, Carlsbad, Calif.,
USA), by methods know in the art. The correct ligation of
the PiggyBac OREF, relative to the pPCDNA3 promoter can be
verified by diagnostic restriction enzyme digestion, and/or
by DNA sequencing of the cloned PiggyBac expression
construct pCDNA3.1-hygro(+)-PB (FIG. 7). The construc-
tion of a PiggyBac expression vector was performed as
described herein and the vector design was verified by
diagnostic restriction enzyme digestion, and DNA sequenc-
ing.
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[0201] The sequence of the PiggyBac expression construct
pCDNA3.1-hygro(+)-PB is provided as SEQ ID NO: 13,
below at the end of this Example

Sequences Referred to in this Example 5

[0202] SEQ ID NO:11 (ORF of PiggyBac transposase)
[0203] SEQ ID NO:12 (amino acid sequence of PiggyBac
transposase)

[0204] SEQ ID NO:13 (pCDNA3.1-hygro(+)-PiggyBac

expression vector)

Example 6: Instructions for Cloning of a Sleeping
Beauty Transposase Expression Vector

[0205] The open reading frame (ORF) of the Sleeping
Beauty transposase enzyme can be found in patent reference
U.S. Pat. No. 7,160,682B1/US2003154500A1. The
sequence is provided in SEQ ID NO:17, below at the end of
this Example. This DNA sequence of SEQ ID NO:17
translates into the amino acid sequence of SEQ ID NO:18,
also provided at the end of this Example, further below.
[0206] In order to 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
pCDNA3.1-hygro(+) (catalogue # V870-20, Invitrogen,
Carlsbad, Calif., 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 pCDNA3.1-hygro(+)-
SB (FIG. 9).

[0207] The sequence of the Sleeping Beauty expression
construct pCDNA3.1-hygro(+)-SB is provided in SEQ ID
NO:19, below, at the end of this Example.

[0208] The construction of a Sleeping Beauty expression
vector was performed as described herein and the vector
design was verified by diagnostic restriction enzyme diges-
tion, and DNA sequencing. The coding regions for PiggyBac
and Sleeping Beauty transposase enzymes had been gene
synthesized by Genscript, Piscataway, N.J. With the eight
different transposable IgH and Igl. expression vectors for
PiggyBac and Sleeping Beauty transposases, and the
pCDNA3.1-hygro(+) expression vectors for PiggyBac and
Sleeping Beauty transposase enzymes, all vectors have been
generated that allow the expression of anti-CD30 and anti-
CD19 antibodies on the cell surface of mammalian cells.

Sequences Referred to in this Example 6

[0209] SEQ ID NO:17 (ORF of Sleeping Beauty trans-
posase enzyme)

[0210] SEQ ID NO:18 (amino acid sequence of Sleeping
Beauty transposase)

[0211] SEQ ID NO:19 (DNA sequence of Sleeping Beauty
expression vector pPCDNA3.1-hygro(+)-SB)

Example 7: Generation of Murine preB Cells
Stably Expressing Membrane Bound Human IgG
from Stably Transposed Expression Vectors

[0212] Inorder to demonstrate stable expression of human
IgG antibodies in mammalian cells, transposable human IgH
and Igl. expression constructs have been transfected into
Abelson murine leukemia virus (A-MulV) transformed
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proB cell line 63-12, originally derived from RAG-2 defi-
cient mice (Shinkai et al. (1992) Cell 68, 855-867) and
therefore unable to initiate V(D)J recombination. This host
cell line represents a B cell lineage lymphocyte cell type that
expresses all cellular components for optimal membrane
bound antibody expression, including the B cell receptor
co-factors Ig-alpha (CD79a or mb-1) and Ig-beta (CD79b or
B29) that interact with the transmembrane spanning amino
acids of membrane bound immunoglobulin. Therefore, these
cells optimally anchor IgG molecules with a trans-mem-
brane spanning region in the cell surface membrane. 63-12
cells were grown in static culture in suspension using IMDM
medium supplemented with 2% FCS, 0.03% Primatone™
RL-UF (Sheffield Bioscience), 2 mM L-glutamine, 50 uM
2-mercaptoethanol, at 37° C. in a humidified incubator and
a 10% CO, atmosphere. For the co-transfection of the
transposable IgH and Igl. expression vectors (Example 4)
with a transposon expression vector (Examples 5 or 6), the
cells were passaged 24 hours prior to transfection and
seeded at a density of 5x10° cells/ml, in order to allow the
cells to enter into log-phase growth until the time-point of
transfection.

[0213] At the day of transfection, 63-12 cells were har-
vested by centrifugation and resuspended in RPMI 1640
medium without any supplements or serum at a density of
5x106 cells/ml. 400 ul of this cell suspension (corresponding
to 2x10° cells) were transferred into 0.4 cm electroporation
cuvettes (BioRad order #165-2081) and mixed with 400 pl
of RPMI 1640 medium containing the desired plasmid DNA
(or a mixture of plasmids). Cells were then transfected using
a BioRad Gene Pulser II at 950 pF/300V settings and
incubated for 5 min at room temperature after a single
electroporation pulse. After this, the cells were transferred
into 5 ml IMDM-based growth medium and the cells were
centrifuged once, in order to remove cell debris and DNA
from the electroporation, before the cells were transferred
into IMDM-based growth medium for recovery and expres-
sion of proteins from transfected plasmids.

[0214] The electroporation settings have been determined
as the most optimal transfection conditions for A-MulV
transformed proB cell line 63-12 that routinely resulted in
transient transfection efficiencies ranging between 30-40%.
The result of such a transfection by electroporation is
documented in the FACS analyses depicted in FIG. 12,
where the transfection controls, two days post transfection,
are depicted on the left column panels. The negative control
(labeled NC), that was mock-electroporated without DNA,
as expected, does not show any green fluorescent cells,
whereas the transfection control that was transfected with 15
ng pEGFP-N3 plasmid (Clontech, order #6080-1), showed
that 38.8% of the cells were transiently transfected, as
detected by cells expressing enhanced green fluorescent
protein (see cell in lower right quadrant). As expected, the
transfection controls do not show any Ig-kappa signal,
because none of the transfection controls was transfected
with an Ig-expression construct.

[0215] For transposition of IgH and Igl. expression vec-
tors, 63-12 cells were also transfected by electroporation
with a mix of 5 ng each of a transposable IgH expression
vector, 5 ug of a transposable Igl. expression vector, and 5
ng of an expression vector allowing expression of a trans-
posase mediating the transposition of the IgH and Igl
expression vector. The result of this transfection is also
shown in FIG. 12.
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[0216] Expression of human IgG on the surface of the
cells was detected by a biotinylated anti-human kappa light
chain specific antibody (Affymetrix, ebioscience, order #13-
9970-82) detected with streptavidin-allophycocyanin (strep-
APC) (Affymetrix, ebioscience, order #17-4317-82), and is
shown on the Y-axis of the FACS dot-plots. As can be seen
in FIG. 10, the measurements depicted in the second column
from left show the analysis of cells transfected with IgH+
Igl.+transposase expression vectors two days after elec-
troporation (labeled “d2 post TF”). The FACS analysis after
two days of transfection showed that between 1.8% and
2.8% of the cells express human IgH+Igl. on the cell surface,
because Igl. expression on the cell surface can only be
detected, if IgH chains are co-expressed in the cells, such
that a complete IgG can be expressed on the surface of the
cells.

[0217] From this data it can be inferred that if ca. 38% of
the cells are transiently transfected, ca. 5-7.5% of these cells
have been co-transfected with both IgH and IgL. expression
vectors. From this experiment it is concluded that the
transposable IgH and Igl. expression constructs allow high-
level expression of human IgG on the surface of murine
A-MulLV transformed proB cells, which is comparable to
surface IgG signals obtained by staining of human periph-
eral B lymphocytes with the same antibody staining reagents
(data not shown).

[0218] As expected the cells showing IgG expression also
displayed EGFP expression, because the EGFP expression
was transcriptionally coupled to IgH or Igl. expression via
IRES sequences. However, the EGFP expression was sig-
nificantly lower, as compared to the EGFP expression from
the pEGFP-N3 control plasmid, which is expected, as the
EGFP expression in pEGFP-N3 is directly driven by a strong
constitutive promoter, whereas EGFP expression in the
transposable IgH and IglL expression vectors is effected by
transcriptional coupling to the IgH and Igl. coding region
using an internal ribosomal entry site (IRES). Nevertheless,
as expected, cells displaying higher IgG expression also
displayed higher EGFP signals (leading to a slightly diago-
nal Ig-kappa*/EGFP* population), which clearly demon-
strates, that both expression levels are coupled.

[0219] When cells were analyzed without cell sorting after
one week of transfection, the EGFP signal in pEGFP-N3
control transfections was no longer detectable (data not
shown), showing that the cells do not stably integrate
expression constructs at any significant frequency. In con-
trast, a low ca. 1-2% IgG-EGFP double-positive population
of cells was maintained in cells that have been co-trans-
fected with transposable IgH&Igl. vectors together with a
transposase expression vector, already indicating that ca.
3-6% of the cell transiently transfected cells stably integrate
simultaneously the transposable IgH and Igl. expression
vectors into their genome (data not shown).

[0220] In order to enrich for these stably transposed cells,
Ig-kappa light chain and EGFP double positive cells have
been FACS sorted at day 2 post transfection, as indicated by
the sorting gates (black rectangles in the second left column
FACS dot plots). Each 5,000 cells falling into this gate have
been sorted from the PiggyBac transpositions with IgH&Igl,
of anti-CD30 mAb Ac10 (top row), and of anti-CD19 mAb
hBU12 (middle row), and 3,000 cells have been sorted from
the Sleeping Beauty transposition with IgH&IgL. of anti-
CD30 mAb Acl0 (bottom row), as indicated in FIG. 12.
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[0221] The FACS-sorted cells were expanded for one
week (representing day 9 post transfection), and were re-
analyzed again for surface IgG expression by detection of
IgG with an anti-kappa light chain antibody, as described
above. As can be seen in FIG. 10 (second column from the
right), over 30%, 50% and 5% of the one-time sorted cells
stably expressed IgG on the cell surface, while these cells,
as expected, were also EGFP-positive. This demonstrates
that a significant percentage of transiently IgH & Igl
co-transfected cells stably maintain IgG expression. The
PiggyBac mediated transpositions in this experimental set-
up appear to have occurred with about 6-10-fold higher
efficiency than the Sleeping Beauty mediated transpositions.

[0222] A couple of additional conclusions can be drawn
from this transposition experiment: First, from the IgG/
EGFP double positive cells sorted on day two post trans-
fection, about 75% of cells remained stably EGFP+ in the
PiggyBac transpositions, as ca. 40% and 30% of the PB-
Acl0 and PB-hBU12 transposition generate EGFP+ cells
lacking IgG surface expression. These cells most likely have
stably transposed only one of the two transposable IgH and
IgL. expression vectors, which does not allow for surface IgG
expression, but sufficient to render the cells EGFP-positive.
This also means that from the ca. 38% originally transiently
transfected cells, at least 5% are stably transposed with at
least one transposable Ig expression vector.

[0223] The numbers of stably transposed cells for the
Sleeping Beauty transposition were lower, than those of the
PiggyBac transposition, and after a first round of FACS
sorting of IgH+Igl +transposase co-transfected cells, only
about 5% of stably IgG expressing cells was obtained.
However, if also the stably EGFP positive cells are consid-
ered, about 9% of stably transposed cells were obtained after
the first FACS sorting cycle using Sleeping Beauty trans-
posase.

[0224] When these stably IgG-positive and IgH/IgL trans-
posed cells were FACS sorted again, over 99% stably IgG
expressing cells were obtained (FIG. 12, rightmost column),
and the stable expression phenotype was maintained for over
four weeks, without any change in the percentage of 1gG+
cells (data not shown). Therefore, it is concluded that the
transposable expression vectors for human IgH and Igl
chains, as disclosed in this invention, are functional and can
stably be integrated into a mammalian host cell genome with
high efficiency.

Example 8: Enrichment of Stably 1gG Transposed
and IgG Expressing Cells Via Specific Antigen
Binding

[0225] Inorder to demonstrate that human IgG expressing
proB cells, generated by transposition of IgH and Igl
expression vectors, as disclosed in Example 7 above, can be
used for the isolation of antigen-specific cells, decreasing
numbers of the proB cell line 63-12, expressing anti-CD30
mADb (see d16, 2x sorted, 63-12+PB-Acl0, of FIG. 12) were
mixed with proB cell line 63-12 expressing anti-CD19 mAb
(see d16, 2x sorted, 63-12+PB-hBU12, of FIG. 12) at ratios
1072,1073,107%,107%,107° (see FIG. 13). A total of 107 cells
were stained in 1 ml PBS; supplemented with 2% FCS, for
30 min on ice, with the following reagents:
[0226] 0.1 pug 6xHis-tagged, recombinant human CD30
(Sino Biological Inc., Beijing, China, order #10777-
HO8H), and
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[0227] 10 Wl mouse anti-human Ig-kappal.C-APC
labeled antibody (Life Technologies, Invitrogen, order
#MH10515).

[0228] After these primary reagents were removed from
the cells, by centrifugation and washing in PBS, 2% FCS, a
secondary staining was performed in 1 ml PBS, supple-
mented with 2% FCS, for 30 min on ice, with:

[0229] 0.1 pg biotinylated anti-His-tag antibody (IBA
Life Sciences, Gottingen, Germany, order #2-1590-
001)

[0230] After this secondary reagent was removed from
the cells, by centrifugation and washing in PBS, 2%
FCS, the CD30-6xHis/anti-His-tag-bio combination
was detected by staining in 1 ml PBS, 2% FCS, for 30
min on ice, with:

[0231] 1/500 diluted streptavidin-Phycoerythrin (strep-
PE) (Affymetrix ebioscience, order #12-4317-87)
reagent.

[0232] After the final FACS staining, the cells were again
washed twice in ice-cold PBS, 2% FCS, and then resus-
pended in 1.0 ml PBS, 2% FCS, after which the cells were
subjected to FACS analysis and cell sorting of Ig-kappal.C/
CD30 positive cells (see FIG. 13).

[0233] As can be seen from the results disclosed in FIG.
13, a specific population of IgG positive and anti-CD30
reactive cells is detectable in the upper-right quadrant of the
FACS-plots of the positive control, and as expected the
intensity of the FACS signal for surface IgG (detected via
anti-Ig-kappa-APC) correlates with the FACS signal for
anti-CD30 resulting in a diagonal staining pattern for this
population.

[0234] In the mixtures of anti-CD30 mAb expressing cells
with anti-CD19 mAb expressing cells, the level of dilution
of the specific anti-CD30 mAb expressing cells is very well
reflected by the frequency of CD30 antigen specific cells in
the upper right quadrant and the stringently defined FACS
sorting gate (black square in the upper right quadrant). The
very rare events corresponding to CD30-reactive/IgG posi-
tive cells upon increased dilution of the specific cells (1:10,
000, 1:100,000, 1:1,000,000) are hardly visible on the print-
outs of the FACS-dot-plots, even, if increasing numbers of
events were acquired, as indicated above the individual dot
plots. However, the frequency of CD30 detectable cells
correlated well with their frequency as expected from the
dilution factor. From this result it is concluded that the
display and antigen-specific detection of cells expressing an
antigen-specific antibody by means of transposition medi-
ated human IgG expression on the surface of mammalian
and proB cells, as shown here, can reliably be performed.

[0235] The bottom row of FACS dot-plots in FIG. 13
shows the re-analysis of the FACS sorted cells from the
different spike-in dilution experiments. As can be seen from
the results, the re-analysis of the cells FACS sorted from the
1:100, 1:1,000 and 1:10,000 dilution resulted in almost the
same cell population being enriched, which showing ca.
90-95% antigen reactive cells. The FACS sorted cells from
the 1:100,000 dilution contained a small, additional popu-
lation that did not fall into the gate of IgG-positive/CD30
reactive cells, but also in this experiment ca. 85% of the
FACS sorted cells were antigen-specific IgG-expressing
cells. Surprisingly, the highest purity of cells, with regard to
CD30-reactivity and IgG expression, resulted from the
FACS sort, in which only 1 in 1,000,000 had been CD30
antigen specific, and where only ca. 14 cells had been sorted.
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This can only be explained that her almost clonal effects
need to be considered such that the sort was not a mixture
from IgG-positive-CD30 reactive cells, but rather a few
clones that all represented IgG-positive-CD30 reactive cell
clones.

[0236] Nevertheless, the results of the specific antigen-
mediated staining and identification of antigen-specific anti-
body expressing cells and their successful enrichment by
preparative FACS-mediated cell sorting clearly demon-
strates the feasibility of the method disclosed herein for the
isolation of cells expressing antibodies with a desired bind-

ing phenotype.

Example 9: Instruction for the Generation and Use

of Transposable IgH Expression Vectors that can be

Used to Switch from Membrane Bound to Secreted
Antibody Expression

[0237] The transposable Ig expression vectors disclosed in
Examples 1 to 4 only allow expression of human IgG on the
surface of mammalian cells, such that the binding phenotype
of antibodies can readily be identified and enriched for by
antigen-binding to the cells, by means of FACS, as exem-
plified in Example 8, or by cell-panning or batch enrichment
methods (e.g. magnetic bead activated cell sorting, MACS).
However, it is often desired to rapidly analyze the antigen-
binding properties of a given antibody displayed by a cell
also as a secreted antibody in solution. While it is possible
to PCR-amplify the relevant V, and V; coding regions of an
antigen-specific cell clone into expression vectors for
secreted IgG expression, this approach is time consuming
and labour intensive.

[0238] In the detailed description of the invention it is
already disclosed that transposable IgH expression con-
structs can be employed that exploit the natural “switch”
from membrane bound to secreted antibody expression,
based on alternative splicing of genomic IgH chain con-
structs.

[0239] This switch from membrane bound to secreted
antibody expression can be achieved as follows:

[0240] Instead of a cDNA-based expression cassette for
human Ig-gammal heavy chains, the original genomic orga-
nization of human Ig-gammal gene locus needs to be cloned
into the IgH expression vectors as disclosed before in
Example 4. The sequence of the entire immunoglobulin gene
locus in germline configuration can be retrieved from contig
NT_010168 of the human genome project, which covers the
human Ig heavy chain locus located on chromosome 14. The
human Ig-gammal heavy chain gene locus starting from the
first amino acid of the C,1 domain at the 5' end to 500 bp
downstream of the last stop codon of the second membrane-
spanning exon gammal-M2 at the 3' end has a length of
5807 base pairs and displays no internal Nhel or BstBI sites.
Therefore, this gene locus can be synthesized with flanking
Nhel and BstBI sites, that can be used for directional
cloning. Such a gene synthesized fragment can then directly
be used to replace the cDNA coding region of the mem-
brane-bound gammal-constant coding region in pPB-
EGFP-HC-Ac10 (SEQ ID NO:32)

[0241] The DNA sequence of a genomic human
Ig-gammal fragment to be synthesized is provided in SEQ
ID NO:40 below, at the end of this Example (5'-Nhel and
3'-BstBI sites are highlights in boldface print).

[0242] The organization of the exon and introns of the
human Ig-gammal-heavy chain germline locus, including
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their membrane spanning exons M1 and M2 is depicted in
FIG. 14. The coding and non-coding regions in this genomic
gene fragment left in its original genomic configuration are
supposed to contain all required cis-regulatory elements to
allow alternative splicing of an Ig-gammal mRNA depend-
ing on the differentiation stage of the B-lineage cells, in
which the mRNA is processed (Peterson et al. (2002) Mol.
Cell. Biol. 22, 5606-5615). The cloning of fragment SEQ ID
NO:40 into a transposable Ig-gammal HC expression vector
can be performed by replacing the C-gammal coding region
in pPB-EGFP-HC-Ac10 by digesting pPB-EGFP-HC-Ac10
with Nhel and BstBI restriction enzymes and ligating the
genomic fragment of SEQ ID NO:40 as a Nhel-BstBI
digested fragment into the Nhel-BstBI linearized vector
fragment of pPB-EGFP-HC-Ac10.

[0243] The result of this ligation is shown schematically in
FIG. 14, and the sequence of the construct is provided in
SEQ ID NO:41 below at the end of this Example.

[0244] A-MulV transformed proB cells, like 63-12 cells,
represent a suitable cell line to exploit the natural mecha-
nism of alternative splicing of a genomic Ig-gammal HC
construct, as it is possible to effect phenotypic differentiation
of these cells to more mature B-lineage cells, if the trans-
forming activity of the Abl-kinase is inhibited. This can
specifically be achieved with the Abl-kinase inhibitor
Gleevec (also known as Imatinib, or STI-571) (Muljo and
Schlissel (2003) Nature Immunol. 4, 31-37). However, if
A-MuLV transformed proB cells are treated with Gleevec,
they not only initiate phenotypic differentiation to more
mature B lineage stages, but this process is also associated
with an induction of apoptosis (unpublished observation).
This can be prevented by first establishing a 63-12 A-MulLV
transformed cell line that is stably transfected with a bcl-2
expression vector.

[0245] The mouse bel-2 mRNA sequence can be found in
NCBI-Genbank entry NM_009741, and has the following
sequence SEQ ID NO:42, shown below at the end of this
Example. This open reading frame translates into the fol-
lowing amino acid sequence SEQ ID NO:43, also provided
below, at the end of the Example.

[0246] In order to generate a mammalian bcl-2 expression
vector, the murine bcl-2 coding region can be gene synthe-
sized with flanking Kpnl and Xhol restriction enzyme sites
that are not present in the coding region of bcl-2 and a
Kpnl-Xhol double digested gene-synthesized DNA frag-
ment can be ligated into pCDNA3.1-hygro(+) described
further above in order to generate a mammalian expression
vector for bel-2 that can stably be transfected into 63-12
cells in order to select for stable bel-2 transfectants.

[0247] The entire sequence of the pCDNA3.1-hygro(+)
expression vector containing the murine bcl-2 gene inserted
into the Kpnl and Xhol restriction sites of the multiple
cloning site is provided as SEQ ID NO:44 below, at the end
of this Example.

[0248] In order to facilitate the generation of stable trans-
fectants, this vector can e.g. be linearized outside of the
expression cassettes for bcl-2 or hygromycinB using the
enzyme Fspl, that linearizes the vector in the bacterial
ampicillin resistance gene. 20 ng of such a linearized vector
can be transfected into 2x10° 63-12 cells by electroporation
at 950 uF/300V exactly as disclosed further above for the
transfection of transposable vectors. Following electropora-
tion, the cells can then be diluted in 100 ml growth medium
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and plated into five 96-well plates with each 200 pl/well,
which will result in the plating of ca. 4x10° cells/well.

[0249] Stable transfectants can then selected by adding
800 pg/ml hygromycinB 48 hours post transfection. Indi-
vidual stably transfected cell clones, of which 20-100 can be
expected from such an experiment, can then be obtained 2-3
weeks later. Stable bcl-2 transfected cell clones are best
functionally tested for their ability to protect cells from
apoptosis, by measuring the survival of individual clones
upon exposure of 0.1 to 1 mM Gleevec (Imatinib, or
STI-571). Once a 63-12 stable bel-2 transfectant is identified
that has high resistance to Gleevec (Imatinib, or STI-571),
this clone can be utilized as a host cell for expression of
human IgG from transposable genomic Ig-gammal HC and
Ig-kappa LC expression vectors, e g utilizing vectors SEQ
ID NO:41 and SEQ ID NO:36.

[0250] These vector can be co-transfected with PiggyBac
expression vector (SEQ ID NO:13) into the stably Bcl-2
transfected 63-12 cells, and stably transposed and IgG
expressing cells can be established as described further
above (equivalent to Example 7). Because proB cells rep-
resent a differentiation stage, where endogenous immuno-
globulin is expressed as membrane bound immunoglobulin,
it can be expected that also the Ig-HC expressed from a
transposable Ig-gammal HC expression vector in genomic
configuration will be expressed as membrane bound version.

[0251] However, if the cells are treated with 0.1 to 1 mM
Gleevec (Imatinib, or STI-571), the Abl-kinase encoded by
the A-MulLV is specifically inhibited, the cells are no longer
transformed and continue their intrinsic differentiation pro-
gram to more mature B cell differentiation stages. In vitro,
this differentiation is independent of functionally expressed
Ig proteins (Grawunder et al. (1995) Int. Immunol. 7,
1915-1925). It has even been shown that in vitro differen-
tiation of non-transformed proB cells renders them respon-
sive to T cell derived anti-I[.4 and CD40 stimulation, upon
which the cells even differentiate into plasma cell stage cells
undergoing class-switch recombination and where they can
be fused with myeloma cells to generate hybridomas (Rolink
et al. (1996) Immunity 5, 319-330).

[0252] This means that also A-MuLV transformed 63-12
cells, which are rendered resistant to apoptosis by stable
expression of bcl-2 can be differentiated into cells of the
plasma cell stage upon treatment with Gleevec and simul-
taneous incubation with 10 pg/ml agonistic anti-CD40 anti-
body, and 100 U/ml recombinant 1.4, exactly as described
in Rolink et al. (1996) Immunity 5, 319-330.

[0253] This treatment will induce a change in the cellular
differentiation program, that will change the cellular alter-
native splicing program from membrane bound IgG expres-
sion to secreted IgG expression from an Ig HC expression
construct in genomic organization. This will allow the
production of secreted antibody from replica plated cell
clones identified and isolated by surface display and antigen
binding, without the need to re-clone V, and V; coding
regions from selected cell clones and without the need to
ligate them into expression vectors for secreted IgG anti-
bodies. This is a functional feature of the vectors that cannot
easily be incorporated in most mammalian cell expression
system, particularly not into many virus-based expression
systems, in which such extended genomic expression vec-
tors cannot easily be inserted.
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Sequences Referred to in this Example 9
[0254] SEQ ID NO:40 (5812 bp long genomic human
Ig-gammal-heavy chain gene)
[0255] SEQ ID NO:41 (transposable Ig-gammal-HC
expression vector in genomic configuration)

[0256] SEQ ID NO:42 (murine bel-2 coding region)
[0257] SEQ ID NO:43 (amino acid sequence of murine
Bcl-2 protein

[0258] SEQ ID NO:44 (pCDNA3.1-hygro(+)-bcl2 mam-

malian expression vector)

Example 10: Instruction for the Generation of
Vectors Encoding Basic Human Antibody Heavy
and Light Chain Libraries as PiggyBac
Transposable Vectors

[0259] In order to generate simple transposable DNA
libraries encoding human antibody heavy and light chain
libraries, only the V, and V,, 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 human V,,
and V; coding regions flanked by Clal and Eco4 7111 restric-
tion enzyme sites, and by allowing nucleotide variations in
certain HCDR and LCDR positions, as provided in SEQ ID
NO:9, which encodes libraries for variable heavy chain
domains, and SEQ ID NO:10, which encodes libraries for
variable light chain domains, and which are provided at the
end of this Example. Both of these sequences contain a
stretch of N-sequences in the HCDR3 (boldface), and
LCDR3 (boldface), respectively. Both SEQ ID NO:9 and
SEQ ID NO:10 sequences are flanked by Clal and Eco47111
restriction enzymes (underlined), respectively, including
four nucleotides flanking the restriction enzyme sites (high-
lighted 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-
Eco471Il linearized pIRES-EGFP-T1T2-IgH and pIRES-
EGFP-T1T2-IgL. backbones, respectively.

[0260] This way, diverse transposable DNA libraries,
encoding antibody heavy and light chains on separate vec-
tors, in which the expression of the antibody chains are
transcriptionally and therefore operably linked to a green
fluorescent marker protein can be generated.

[0261] SEQ ID NO:9 (VL domain coding region with
variable N-sequence variation at positions encoding
LCDR3)

[0262] SEQ ID NO:10 (V. domain coding region with
variable N-sequence variation at positions encoding
HCDR3)

Example 11: Instructions for the Generation of a
Basic Sleeping Beauty Transposable Human
Ig-Kappa Light Chain Expression Library

[0263] In order to generate a diverse Sleeping Beauty
transposable DNA library encoding human antibody light
chain libraries, the V; region of Sleeping Beauty transpos-
able vector pIRES-EGFP-sbT1T2-Igl. of Example 5 needs
to be replaced with a diverse V, gene repertoire. This can be
done by gene synthesizing of human V, coding regions
flanked by Clal and Eco47III restriction enzyme sites, and
by allowing nucleotide variations in certain HCDR and
LCDR positions, as already provided in SEQ ID NO:10
above. The SEQ ID NO:10 sequence is flanked by Clal and
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Eco4 7111 restriction enzymes allowing directed ligation into
Clal-Eco4711 linearized pIRES-EGFP-sbT1T2-Igl.. This
way a Sleeping Beauty transposable DNA library encoding
diverse human antibody light chain can be generated.
[0264] This way, diverse transposable DNA libraries,
encoding antibody heavy and light chains on separate vec-
tors, in which the expression of the antibody chains are
transcriptionally and therefore operably linked to a green
fluorescent marker protein can be generated.

Example 12: Cloning of a Transposable Igl. Chain
Expression Library

[0265] A V-kappa light chain library with randomized
LCDR3 region was constructed as described below. Six
amino acid residues were randomized, i.e. encoded by the
codon NNK (N=any nucleotide; K=T or G), which accom-
modates each of the 20 amino acids. The library was based
on germline human Vkappal-5 and Jkappa2 gene segments
and was randomized between the conserved cysteine at the
end of the framework 3 region and the Jkappa2-based
framework 4 region as follows: Gln-Gln-(NNK)s-Thr. The
sequence and overall design of the kappa light chain library
is shown in FIG. 15.

[0266] A linear DNA molecule encoding the kappa light
chain library was generated by PCR. For this, two templates
were generated by total gene synthesis (performed by Gen-
Script, Piscataway, N.J., USA). On one hand, a synthetic
construct was generated comprising the Vkappal-5 gene
segment cloned into the EcoRV site of pUCS57 (Genscript
order #SD1176), pUC57_Vkappal-5 (SEQ ID NO:45); on
the other hand, a synthetic construct was generated com-
prising the Jkappa2 gene segment fused to the Ckappa
coding region cloned into the EcoRV site of pUCS7,
pUC57_Jkappa2-Ckappa (SEQ ID NO:46).

[0267] A first linear DNA comprising the Vkappal-5 gene
segment was PCR amplified from pUCS57_Vkappal-5 using
the primers pUC57-1 (5'-CGT TGT AAA ACG ACG GCC
AG-3") and LCDR3-B (5'-CTG TTG GCA GTA ATA AGT
TGC-3"). A second linear DNA comprising the randomized
CDR3 region (Gln-Gln-(NNK),-Thr), the Jkappa2 gene
segment and the Ckappa constant region was amplified from
pUC57_Jkappa2-Ckappa using the primers LCDR3-
NNK6-F (5'-GCA ACT TAT TAC TGC CAA CAG NNK
NNK NNK NNK NNK NNK ACT TTT GGC CAG GGG
ACC AAG-3") and pUC57-2 (5-TCA CAC AGG AAACAG
CTA TG-3"). To prevent introduction of a sequence bias due
to priming of the randomized region of the primer LCDR3-
NNKG6-F on pUCS57_Jkappa2-Ckappa, the plasmid was first
linearized by digestion with the restriction enzyme Scal
(FIG. 17A).

[0268] The resulting DNA molecules (SEQ ID NO:47 and
SEQ ID NO:48) displayed an overlap of 21 bp and were
assembled by PCR overlap extension using the primers
pUC57-1 and pUCS57-2, generating a DNA molecule com-
prising the kappa light chain library flanked by Nod and
Asull (=BstBI) restriction sites as shown in FIG. 15. The
PCR amplicon of the V-kappa light chain library was
subjected to PCR-fragment sequencing, and the result
shown in FIG. 18, demonstrate that indeed the expected
diversity was introduced as designed in the positions of the
LCDR3, as evidenced by overlapping electropherogram
signals in the randomized positions. This PCR fragment was
digested with the restriction endonucleases Notl and BstBI
(an isoschizomer of Asull) and cloned into the PiggyBac-
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transposable vector pPB-EGFP_HC-gl (SEQ ID NO:049,
resulting in a library conmsisting of 5.2x10” independent
clones. The size of this library can easily be increased by a
factor 10 by scaling up the ligation reaction.

[0269] Light chain libraries incorporating distinct random-
ization designs, or comprising Vkappa and Jkappa gene
segments other than the ones used in this example, can be
produced the same way. Likewise, the strategy described
here can be employed for the production of Vlambda light
chain libraries.

Sequences Referred to in this Example 12

SEQ ID NO:45 (pUC57_Vkappal-5)

SEQ ID NO:46 (pUCS57_Jkappa2-C-kappa)

SEQ ID NO:47 (Vkappal-5 PCR product)

SEQ ID NO:48 (NNK6-Jkappa2-C-kappa PCR

[0270]
[0271]
[0272]
[0273]
product

Example 13: Cloning of Transposable IgH Chain
Expression Libraries with Variable HCDR3 Length

[0274] A human gammal heavy chain library with ran-
domized HCDR3 region was constructed as described
below. Several amino acid residues were randomized, i.e.
encoded by the codon NNK (N=any nucleotide; K=T or G),
which accommodates each of the 20 amino acids. The
library was based on the V,3-30 and J 4 gene segments and
was randomized between the conserved Cysteine residue at
the end of the framework 3 region and the J A-based
framework 4 region as follows: Ala-Lys/Arg-(NNK),-Asp-
NNK. Various HCDR3 lengths were explored, with n=4, 6,
8, or 10 (NNK4, NNK6, NNKS8, and NNK10 randomiza-
tion). The sequence and overall design of the gamma heavy
chain library is shown in FIG. 16.

[0275] A linear DNA molecule encoding the heavy chain
variable region (V) library was generated by PCR. For this,
two templates were generated by total gene synthesis (per-
formed by GenScript, Piscataway, N.J., USA). On one hand,
a synthetic construct was generated comprising the V,,3-30
gene segment cloned into the EcoRV site of pUCS7,
pUCS57_V3-30 (SEQ ID NO:49); on the other hand, a
synthetic construct was generated comprising the J,4 gene
segment cloned into the EcoRV site of pUC57, pUCS57_J 4
(SEQ ID NO:50).

[0276] A first linear DNA comprising the V;3-30 gene
segment was PCR amplified from pUC57_V ;3-30 using the
primers V,3-30-F (5'-GAT ATC CAA TGC GGC CGC
ATG-3") and HCDR3-B (5'-CGC ACA GTA ATACAC AGC
CGT G-3"). Additional linear DNA molecules comprising
the randomized HCDR3 regions Ala-Lys/Arg-(NNK),-Asp-
NNK, Ala-Lys/Arg-(NNK),-Asp-NNK,  Ala-Lys/Arg-
(NNK)g-Asp-NNK, or Ala-Lys/Arg-(NNK), ,-Asp-NNK
fused to the J 4 gene segment were amplified from pUC57_
JH4 using, respectively, the primers HCDR3-NNK4-F (5'-
CAC GGC TGT GTA TTA CTG TGC GAR GNN KNN
KNN KNN KGA CNN KTG GGG CCA AGG AAC CCT
GGT C-3"), HCDR3-NNK6-F (5'-CAC GGC TGT GTA
TTA CTG TGC GAR GNN KNN KNN KNN KNN KNN
KGA CNN KTG GGG CCA AGG AAC CCT GGT C-39,
HCDR3-NNKS8-F (5-CAC GGC TGT GTATTACTG TGC
GAR GNN KNN KNN KNN KNN KNN KNN KNN KGA
CNN KTG GGG CCA AGG AAC CCT GGT C-3", or
HDR3-NNK10-F (5'-CAC GGC TGT GTATTA CTG TGC
GAR GNN KNN KNN KNN KNN KNN KNN KNN KNN
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KNN KGA CNN KTG GGG CCA AGG AAC CCT GGT
C-3") in combination with the primer pUC57-3 (5'-CAG
GTT TCC CGA CTG GAA AG-3"). To prevent introduction
of'a sequence bias due to priming of the randomized region
of the primers HCDR3-NNK4-F, HCDR3-NNKG6-F,
HCDR3-NNKS8-F and HCDR3-NNK10-F on pUC57_J,A,
the plasmid was first linearized by digestion with the restric-
tion enzyme Drdl (FIG. 17B).

[0277] The resulting V;3-30 PCR product (SEQ ID
NO:51) displayed an overlap of 22 bp with the NNK4-J .4,
NNK6-J 4, NNK8-J,4 and NNK10-J,4 PCR products
(SEQ ID NO:52 to 55), and was assembled with each by
PCR overlap extension in 4 separate reactions, using the
primers V;3-30-F and pUC57-3. The resulting DNA mol-
ecules comprised the V; library flanked by Notl and Nhel
restriction sites as shown in FIG. 16. All PCR amplicons
obtained from the PCRs employing the NNK4-J,,4, NNK6-
J A, NNK8-J4 and NNK10-J,4 degenerate oligos were
subjected to direct DNA sequencing, and it was confirmed
that the designed randomization of the HCDR3 positions
was obtained, as expected. This is shown by way of example
in FIG. 18 (B), where the electropherogram of the region
spanning the HCDR3 is provided. The randomized positions
show expected sequence peak overlays demonstrating the
nucleotide diversity in these positions (FIG. 18). The 4
different V; library DNAs were mixed in equimolar ratio,
digested with the restriction endonucleases Nod and Nhel
and cloned into the PiggyBac-transposable vector pPB-
EGFP_HC-gammal (SEQ ID NO:22), upstream of the
gammal heavy chain constant region, resulting in a library
consisting of 3.7x107 independent clones. The size of this
library can easily be increased by a factor 10 by scaling up
the ligation reaction.

[0278] Heavy chain libraries incorporating distinct ran-
domization designs, or comprising Vand J,, gene segments
other than the ones used in this example, can be produced the
same way.

DNA Sequences Referred to in this Example 13

[0279] SEQ ID NO:49 (pUC57_VH3-30)

[0280] SEQ ID NO:50 (pUC57_J,4)

[0281] SEQ ID NO:51 (V,,3-30 PCR product)
[0282] SEQ ID NO:52 (NNK4-J,4 PCR product)
[0283] SEQ ID NO:53 (NNK6-J,4 PCR product)
[0284] SEQ ID NO:54 (NNK8-J,4 PCR product)
[0285] SEQ ID NO:55 (NNK10-J,4 PCR product)

Example 14: Identification of Variable Light and
Heavy Chain Coding Regions from
Antigen-Reactive, Enriched and Stably Transposed
Host Cells

[0286] Due to the stable integration of the transposable
expression vectors encoding antibody heavy and light chains
in the host, the variable heavy and light chain coding regions
can be re-isolated in a straightforward way by standard PCR
amplification followed by direct sequencing of the PCR
amplicons or, upon re-cloning, from re-cloned plasmid vec-
tors. For this, isolated cells or cell clones, expressing anti-
gen-specific antibodies are centrifuged for 5 minutes at
1200xg. Total RNA is isolated from these cells using TRIzol
reagent (Sigma-Aldrich). First strand cDNA can be synthe-
sized with PowerScript (Clontech-Life Technologies) using
an oligio-dT primer. The light chain coding regions can then
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amplified by PCR using the primers SP-F (5'-GAG GAG
GAG GCG GCC GCC ATG AAT TTT GGA C-3") and
CK-rev (5'-GAG GAG GAG TTC GAA AGC GCT AAC
ACT CTC-3"), which will result in a PCR amplicon of ca.
740 bp, depending on length of the V-kappa region con-
tained in the PCR amplicon. If desired, this PCR amplicon
can be digested with restriction endonucleases Notl and
BstBI, and cloned into the vector pPB-EGFP_HC-g1 (SEQ
1D NO:22), in order to subclone individual clones of the
PCR amplicon for further sequence identification. Individual
V-kappa region clones can then be subjected to sequencing
using the primer pPB-seq13 (5'-GGC CAG CTT GGC ACT
TGA TG-3"), binding in the EF1-alpha promoter, upstream
of the cloned V-coding region.

[0287] The heavy chain variable regions can be PCR
amplified on cDNA, generated as above, using the primers
SP-F (§'-GAG GAG GAG GCG GCC GCC ATG AAT TTT
GGA C-3" and CG-revseq-1 (§'-GTT CGG GGAAGT AGT
CCT TG-3') that will result in a PCR amplicon of ca. 530 bp
expected size, depending in the length of the V-region
contained in the PCR amplicon. If desired, this PCR ampli-
con can be digested with restriction endonucleases Notl and
Nhel, and cloned into the vector pPB-EGFP_HC-gl (SEQ
1D NO:22). Individual clones are then subjected to sequenc-
ing of the V-region using the primer pPB-seql3 (5'-GGC
CAG CTT GGC ACT TGA TG-3", binding in the EF 1-alpha
promoter, upstream of the cloned V-coding region.

EXEMPLARY EMBODIMENTS OF THE
INVENTION

[0288] 1. A method for identifying a polypeptide having a
desired binding specificity or functionality, comprising:

(1) generating a diverse collection of polynucleotides encod-
ing 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;

(ii) introducing the diverse collection of polynucleotides of
(1) 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 poly-
nucleotides encoding polypeptides having different binding
specificities or functionalities;

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

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

Embodiment A2

[0289] A method according to Embodiment Al, wherein
said polynucleotides are DNA molecules.

Embodiment A3

[0290] A method according to Embodiment Al, wherein
said polynucleotides comprise a ligand-binding sequence of
a receptor or a target-binding sequence of a binding mol-
ecule.

May 23, 2019

Embodiment A4

[0291] A method according to Embodiment Al, wherein
said polynucleotides comprise an antigen-binding sequence
of an antibody.

Embodiment A5

[0292] A method according to Embodiment Al, wherein
said polynucleotides comprise a sequence encoding a VH or
VL region of an antibody, or an antigen-binding fragment
thereof.

Embodiment A6

[0293] A method according to Embodiment Al, wherein
said polynucleotides comprise a sequence encoding an anti-
body VH region and an antibody VL region.

Embodiment A7

[0294] A method according to Embodiment Al, wherein
said polynucleotides comprise a sequence encoding a full-
length immunoglobulin heavy chain or light chain, or an
antigen-binding fragment thereof.

Embodiment A8

[0295] A method according to Embodiment Al, wherein
said polynucleotides comprise a sequence encoding a single-
chain Fv or a Fab domain.

Embodiment A9

[0296] A method according to Embodiment Al, wherein
generating said diverse collection of polynucleotides com-
prises subjecting V region gene sequences to PCR under
mutagenizing conditions.

Embodiment A10

[0297] A method according to Embodiment Al, wherein
generating said diverse collection of polynucleotides com-
prises gene synthesis.

Embodiment A1l

[0298] A method according to Embodiment Al, wherein
generating said diverse collection of polynucleotides com-
prises PCR amplification of V region repertoires from ver-
tebrate B cells.

Embodiment A12

[0299] A method according to Embodiment Al, wherein
said diverse collection of polynucleotides comprises plas-
mid vectors.

Embodiment A13

[0300] A method according to Embodiment Al, wherein
said diverse collection of polynucleotides comprises double-
stranded DNA PCR amplicons.

Embodiment Al14

[0301] A method according to Embodiment A4, wherein
said antigen-binding sequence is of a vertebrate.



US 2019/0153433 Al

Embodiment A15

[0302] A method according to Embodiment A4, wherein
said antigen-binding sequence is mammalian.

Embodiment A16

[0303] A method according to Embodiment A4, wherein
said antigen-binding sequence is human.

Embodiment A17

[0304] A method according to Embodiment A12, wherein
said plasmid vectors further encode a marker gene.

Embodiment A18

[0305] A method according to Embodiment A17, wherein
said marker is selected from the group consisting of: a
fluorescent marker, a cell surface marker and a selectable
marker.

Embodiment A19

[0306] A method according to Embodiment A17, wherein
said marker gene sequence is upstream or downstream of the
sequence encoding the polypeptide having a binding speci-
ficity or functionality, but between the inverted terminal
repeat sequences.

Embodiment A20

[0307] A method according to Embodiment A17, wherein
said marker gene sequence is downstream of said sequence
encoding a polypeptide having binding specificity or func-
tionality and separated by an internal ribosomal entry site.

Embodiment A21

[0308] A method according to Embodiment Al, wherein
step (i) comprises introducing into said host cells poly-
nucleotides comprising sequences encoding immunoglobu-
lin VH or VL regions, or antigen-binding fragments thereof,
and wherein said VH and VL region sequences are encoded
on separate vectors.

Embodiment A22

[0309] A method according to Embodiment A21, wherein
step (i) comprises introducing into said host cells poly-
nucleotides 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.

Embodiment A23

[0310] A method according to Embodiment A21, wherein
said vectors comprising VH sequences and said vectors
comprising VL sequences are introduced into said host cells
simultaneously.

Embodiment A24

[0311] A method according to Embodiment A21, wherein
said vectors comprising VH sequences and said vectors
comprising VL sequences are introduced into said host cells
sequentially.
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Embodiment A25

[0312] A method according to Embodiment Al, wherein
step (ii) comprises introducing into said host cells a vector
comprising sequences encoding antibody VH and VL
chains.

Embodiment A26

[0313] A method according to Embodiment Al, wherein
step (ii) comprises introducing into said host cells a vector
comprising sequences encoding a full-length immunoglobu-
lin heavy chain and a full-length immunoglobulin light
chain.

Embodiment A27

[0314] A method according to Embodiment A21, wherein
said vector comprising the VH sequence comprises inverted
terminal repeat sequences that are recognized by a different
transposase enzyme than the inverted terminal repeat
sequences in the vector comprising the VL sequence.

Embodiment A28

[0315] A method according to Embodiment Al, wherein
the host cells of step (ii) are vertebrate cells.

Embodiment A29

[0316] A method according to Embodiment A28, wherein
said host cells are mammalian.

Embodiment A30

[0317] A method according to Embodiment A29, wherein
said host cells are human or rodent cells.

Embodiment A31

[0318] A method according to Embodiment A28, wherein
said vertebrate host cells are lymphoid cells.

Embodiment A32

[0319] A method according to Embodiment A31, wherein
said host cells are B cells.

Embodiment A33

[0320] A method according to Embodiment A32, wherein
said host cells are progenitor B cells or precursor B cells.

Embodiment A34

[0321] A method according to Embodiment A33, wherein
said host cells are selected from the group consisting of:
Abelson-Murine [eukemia virus transformed progenitor B
cells or precursor B cells and early, immunoglobulin-null
EBV transformed human proB and preB cells.

Embodiment A35

[0322] A method according to Embodiment A32, wherein
said host cells are selected from the group consisting of:
Sp2/0 cells, NSO cells, X63 cells, and Ag8653 cells.
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Embodiment A36

[0323] A method according to Embodiment A29, wherein
said host cells are selected from the group consisting of:
CHO cells, Per.C6 cells, BHK cells, and 293 cells.

Embodiment A37

[0324] A method according to Embodiment Al, wherein
said expressing step (iii) comprises introducing into said
host cells an expression vector encoding a transposase
enzyme that recognizes and is functional with an least one
inverted terminal repeat sequence.

Embodiment A38

[0325] A method according to Embodiment A37, wherein
said vector encoding said transposase enzyme is introduced
into said host cells concurrently with or prior or subsequent
to the diverse collection of polynucleotides.

Embodiment A39

[0326] A method according to Embodiment A37, wherein
said transposase enzyme is transiently expressed in said host
cell.

Embodiment A40

[0327] A method according to Embodiment A1, wherein
said expressing step (iii) comprises inducing an inducible
expression system that is stably integrated into the host cell
genome.

Embodiment A41

[0328] A method according to Embodiment A40, wherein
said inducible expression system is tetracycline-inducible or
tamoxifen-inducible.

Embodiment A42

[0329] A method according to Embodiment Al, wherein
said 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.

Embodiment A43

[0330] A method according to Embodiment A1, wherein
said screening step (iv) comprises screening to identify
polypeptides having a desired target-binding specificity or
functionality.

Embodiment A44

[0331] A method according to Embodiment Al, wherein
said screening step (iv) comprises screening to identify
antigen-binding molecules having a desired antigen speci-
ficity.
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Embodiment A45

[0332] A method according to Embodiment A44, wherein
said screening step further comprises screening to identify
antigen-binding molecules having one or more desired func-
tional properties.

Embodiment A46

[0333] A method according to Embodiment Al, wherein
said screening step (iv) comprises multiple cell enrichment
cycles with host cell expansion between individual cell
enrichment cycles.

Embodiment A47

[0334] A method according to Embodiment Al, wherein
said step (v) of isolating the polynucleotide sequence encod-
ing the polypeptide having a desired binding specificity or
functionality comprises genomic or RT-PCR amplification
or next-generation deep sequencing.

Embodiment A48

[0335] A method according to Embodiment Al, further
comprising (vi) affinity optimizing the polynucleotide
sequence obtained in (v).

Embodiment A49

[0336] A method according to Embodiment A48, wherein
said affinity optimization comprises genomic PCR or RT-
PCR under mutagenizing conditions.

Embodiment A50

[0337] A method according to Embodiment A49, further
comprising subjecting the mutagenized sequences to steps
(1)-(v) of claim 1.

Embodiment A51

[0338] A method according to Embodiment Al, wherein
said inverted terminal repeat sequences are from the Piggy-
Bac transposon system.

Embodiment A52

[0339] A method according to Embodiment A51, wherein
the sequence encoding the upstream PiggyBac inverted
terminal repeat sequence comprises SEQ ID NO:1.

Embodiment A53

[0340] A method according to Embodiment A51, wherein
the sequence encoding the downstream PiggyBac inverted
terminal repeat sequence comprises SEQ ID NO:2.

Embodiment A54

[0341] A method according to Embodiment AS, wherein
said VH or VL region sequences encode a sequence derived
from a human anti-TNF alpha antibody.

Embodiment A55

[0342] A method according to Embodiment A54, wherein
said human anti-TNF alpha antibody is D2E7.
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Embodiment A56
[0343] A method according to Embodiment AS5, wherein

the VH and VL regions of D2E7 are encoded by separate
transposable vectors.

Embodiment A57

[0344] A method according to Embodiment A56, wherein
said vector comprising said VL region sequence comprises
SEQ ID NO:5.

Embodiment A58

[0345] A method according to Embodiment A56, wherein
said vector comprising said VH region sequence comprises
SEQ ID NO:8.

Embodiment A59

[0346] A method according to Embodiment A56, wherein
said vector comprising said VH region sequence comprises
a randomized sequence as set forth in SEQ ID NO:9.

Embodiment A60

[0347] A method according to Embodiment A56, wherein
said vector comprising said VL region sequence comprises
a randomized sequence as set forth in SEQ ID NO:10.

Embodiment A61

[0348] A method according to Embodiment Al, wherein
step (iii) comprises introducing into said host cell a vector
comprising a sequence encoding a functional PiggyBac
transposase.

Embodiment A62

[0349] A method according to Embodiment A61, wherein
said vector comprises SEQ ID NO:11.

Embodiment A63

[0350] A method according to Embodiment A61, wherein
said 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 specific-

ity.
Embodiment A64

[0351] A method according to Embodiment A claim 1,
wherein said inverted terminal repeat sequences are recog-
nized by and functional with at least one transposase
selected from the group consisting of: PiggyBac, Sleeping
Beauty, Frog Prince, Himarl, Passport, Minos, hAT, Toll,
Tol2, Ac/Ds, PIF, Harbinger, Harbinger3-DR, and Hsmarl.

Embodiment B65

[0352] A library of polynucleotide molecules encoding
polypeptides having different binding specificities or func-
tionalities, comprising a plurality of polynucleotide mol-
ecules, wherein said polynucleotide molecules comprise a
sequence encoding a polypeptide having a binding specific-
ity or functionality disposed between inverted terminal
repeat sequences that are recognized by and functional with
at least one transposase enzyme.
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Embodiment B66

[0353] A library according to Embodiment B65, wherein
said polynucleotides are DNA molecules.

Embodiment B67

[0354] A library according to Embodiment B65, wherein
said polynucleotides comprise a ligand-binding sequence of
a receptor or a target-binding sequence of a binding mol-
ecule.

Embodiment B68

[0355] A library according to Embodiment B65, wherein
said polynucleotides comprise at least one sequence encod-
ing an antigen-binding sequence of an antibody.

Embodiment B69

[0356] A library according to Embodiment B65, wherein
said polynucleotides comprise a sequence encoding a VH or
VL region of an antibody or an antigen-binding fragment
thereof.

Embodiment B70

[0357] A library according to Embodiment B65, wherein
said polynucleotides comprise a sequence encoding an anti-
body VH region and an antibody VL region.

Embodiment B71

[0358] A library according to Embodiment B65, wherein
said polynucleotides comprise a sequence encoding a full-
length immunoglobulin heavy chain or light chain, or an
antigen-binding fragment thereof.

Embodiment B72

[0359] A library according to Embodiment B65, wherein
said polynucleotides comprise a sequence encoding a single-
chain Fv or a Fab domain.

Embodiment B73

[0360] A library according to Embodiment B65, wherein
said polynucleotide molecules are plasmids.

Embodiment B74

[0361] A library according to Embodiment B65, wherein
said polynucleotide molecules are double stranded DNA
PCR amplicons.

Embodiment B75

[0362] A library according to Embodiment B73, wherein
said plasmids further comprise a sequence encoding a
marker gene.

Embodiment B76

[0363] A library according to Embodiment B73, wherein
said plasmids further comprise a sequence encoding a trans-
posase enzyme that recognizes and is functional with the
inverted terminal repeat sequences.
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Embodiment C77

[0364] A method for generating a library of transposable
polynucleotides encoding polypeptides having different
binding specificities or functionality, comprising:

[0365] (i) generating a diverse collection of polynucle-
otides 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.

Embodiment D78

[0366] 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.

Embodiment D79

[0367] A vector according to Embodiment D78, compris-
ing a sequence encoding a full-length heavy or light chain of
an immunoglobulin.

Embodiment D8O

[0368] A vector according to Embodiment D78, wherein
said VH or VL region sequence is randomized.

Embodiment D81

[0369] A vector according to Embodiment D78, wherein
said inverted terminal repeat sequences are recognized by
and functional with the PiggyBac transposase.

Embodiment D82

[0370] A vector according to Embodiment D78, wherein
said VH or VL region sequence is derived from an anti-TNF
alpha antibody.

Embodiment D83

[0371] A vector according to Embodiment D82, wherein
said antibody is D2E7.

Embodiment D84

[0372] A vector according to Embodiment D78, compris-
ing 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.

Embodiment D85

[0373] A host cell comprising a vector according to any
one of claims 78-84.

Embodiment D86

[0374] A host cell according to Embodiment D85 further
comprising 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.
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Embodiment E87

[0375] An antibody produced by a method comprising
claim 1.

Embodiment E88
[0376] A method according to Embodiment Al, wherein

said inverted terminal repeat sequences are from the Sleep-
ing Beauty transposon system.

Embodiment E89

[0377] A method according to Embodiment A88, wherein
the sequence encoding the upstream Sleeping Beauty
inverted terminal repeat sequence comprises SEQ ID
NO:14.

Embodiment E90

[0378] A method according to Embodiment A88, wherein
the sequence encoding the downstream Sleeping Beauty
inverted terminal repeat sequence comprises SEQ ID
NO:15.

Embodiment E91

[0379] A method according to Embodiment A88, wherein
step (iii) comprises expressing in said host cell a vector
comprising a functional Sleeping Beauty transposase.

Embodiment A92

[0380] A method according to Embodiment A48, wherein
said polynucleotide sequence obtained in (v) comprises a
sequence 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.

Embodiment B93

[0381] A library according to Embodiment B71, wherein
said full-length immunoglobulin heavy chain comprises the
natural intron/exon structure of an antibody heavy chain.

Embodiment B94

[0382] A library according to Embodiment B93, wherein
said full-length immunoglobulin heavy chain comprises the
endogenous membrane anchor domain.

Embodiment F95

[0383] A method for generating a population of host cells
capable of expressing polypeptides having different binding
specificities or functionalities, comprising:

[0384] (i) generating a diverse collection of polynucle-
otides 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



[0386]

sequences that are recognized by and functional with a
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least one transposase enzyme; and

[0385]

(ii) introducing said diverse collection of poly-

nucleotides into host cells.

Embodiment D96

A vector according to Embodiment D78, wherein
said inverted terminal repeat sequences are recognized by
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Embodiment A97
[0387] A method according to Embodiment A91, wherein
step (iii) comprises expressing in said host cell a vector
comprising SEQ ID NO:17.

Embodiment A98
[0388] A method according to Embodiment A91, wherein
said 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 specific-

and functional with the Sleeping Beauty transposase ity.
SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 55
<210> SEQ ID NO 1
<211> LENGTH: 327
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PiggyBac ITR sequence
<400> SEQUENCE: 1
atatcaattg ttaaccctag aaagatagtc tgcgtaaaat tgacgcatgce attcttgaaa 60
tattgctcte tetttctaaa tagcgcgaat cegtegetgt gecatttagga catctcagte 120
gcegettgga geteccgtga ggcgtgettg tcaatgeggt aagtgtcact gattttgaac 180
tataacgacc gcgtgagtca aaatgacgca tgattatctt ttacgtgact tttaagattt 240
aactcatacg ataattatat tgttatttca tgttctactt acgtgataac ttattatata 300
tatattttct tgttatacaa ttgatat 327
<210> SEQ ID NO 2
<211> LENGTH: 264
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: downstream PiggyBac ITR sequence
<400> SEQUENCE: 2
atatctcgag ttaaccctag aaagataatc atattgtgac gtacgttaaa gataatcatg 60
cgtaaaattg acgcatgtgt tttatcggtc tgtatatcga ggtttattta ttaatttgaa 120
tagatattaa gttttattat atttacactt acatactaat aataaattca acaaacaatt 180
tatttatgtt tatttattta ttaaaaaaaa acaaaaactc aaaatttctt ctataaagta 240
acaaaacttt tatcctcgag atat 264
<210> SEQ ID NO 3
<211> LENGTH: 711
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: V region of D2E7
<400> SEQUENCE: 3
atggacatga gggtccctge tcagctcectg ggactectge tgctcectgget cccaggtgece 60
agatgtgaca tccagatgac ccagtctcca tcctecctgt ctgcatctgt aggggacaga 120
gtcaccatca cttgtcggge aagtcagggce atcagaaatt acttagectyg gtatcagcaa 180
aaaccaggga aagcccctaa getcectgate tatgetgcat ccactttgca atcaggggte 240
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-continued
ccatcteggt tcagtggcag tggatctggg acagatttca ctctcaccat cagcagcecta 300
cagcctgaag atgttgcaac ttattactgt caaaggtata accgtgcacc gtatactttt 360
ggccagggga ccaaggtgga aatcaagcgc tctgtggetg caccatctgt cttcatcttce 420
ccgccatcectg atgagcagtt gaaatctgga actgcctcetg ttgtgtgect gectgaataac 480
ttctatccca gagaggccaa agtacagtgg aaggtggata acgccctcca atcgggtaac 540
tcccaggaga gtgtcacaga gcaggacagc aaggacagca cctacagcct cagcagcacce 600
ctgacgctga gcaaagcaga ctacgagaaa cacaaagtct acgcctgcga agtcacccat 660
cagggcctga gctcgcccgt cacaaagagce ttcaacaggg gagagtgtta a 711

<210> SEQ ID NO 4

<211> LENGTH: 236

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Protein sequence of V region of D2E7

<400> SEQUENCE: 4

Met Asp Met Arg Val Pro Ala Gln Leu Leu Gly Leu Leu Leu Leu Trp
1 5 10 15

Leu Pro Gly Ala Arg Cys Asp Ile Gln Met Thr Gln Ser Pro Ser Ser
20 25 30

Leu Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser

Gln Gly Ile Arg Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys
50 55 60

Ala Pro Lys Leu Leu Ile Tyr Ala Ala Ser Thr Leu Gln Ser Gly Val
65 70 75 80

Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr
85 90 95

Ile Ser Ser Leu Gln Pro Glu Asp Val Ala Thr Tyr Tyr Cys Gln Arg
100 105 110

Tyr Asn Arg Ala Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu Ile
115 120 125

Lys Arg Ser Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp
130 135 140

Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn
145 150 155 160

Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu
165 170 175

Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp
180 185 190

Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr
195 200 205

Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser
210 215 220

Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
225 230 235

<210> SEQ ID NO 5

<211> LENGTH: 6436

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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-continued
<220> FEATURE:
<223> OTHER INFORMATION: pIRES-EGFP-T1T2-IgL
<400> SEQUENCE: 5
gacggatcgyg gagatctccee gatccectat ggtcegactcet cagtacaatc tgcetcectgatg 60
ccgecatagtt aagccagtat ctgctcectg cttgtgtgtt ggaggtceget gagtagtgeg 120
cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgttaa ccctagaaag 180
atagtctgeg taaaattgac gcatgcattce ttgaaatatt getctctett tctaaatage 240
gcgaatcegt cgetgtgcat ttaggacatc tcagtegecg cttggagetce cegtgaggeg 300
tgcttgtcaa tgcggtaagt gtcactgatt ttgaactata acgaccgcegt gagtcaaaat 360
gacgcatgat tatcttttac gtgactttta agatttaact catacgataa ttatattgtt 420
atttcatgtt ctacttacgt gataacttat tatatatata ttttcttgtt atacaattgc 480
atgaagaatc tgcttagggt taggcgtttt gegetgette gegatgtacyg ggccagatat 540
acgcgttgac attgattatt gactagttat taatagtaat caattacggg gtcattagtt 600
catagcccat atatggagtt ccgcgttaca taacttacgg taaatggcecce gcectggetga 660
cecgeccaacg acccececgece attgacgtca ataatgacgt atgttcccat agtaacgcca 720
atagggactt tccattgacg tcaatgggtg gactatttac ggtaaactgce ccacttggca 780
gtacatcaag tgtatcatat gccaagtacg ccccctattg acgtcaatga cggtaaatgg 840
ccegectgge attatgecca gtacatgacce ttatgggact ttectacttyg gcagtacate 900
tacgtattag tcatcgctat taccatggtg atgeggtttt ggcagtacat caatgggcegt 960

ggatagcggt ttgactcacg gggatttcca agtctccacc ccattgacgt caatgggagt 1020
ttgttttggce accaaaatca acgggacttt ccaaaatgtc gtaacaactc cgccccattg 1080
acgcaaatgg gcggtaggcg tgtacggtgg gaggtctata taagcagagce tcectctggceta 1140
actagagaac ccactgctta ctggcttatc gaaattaata cgactcacta tagggagacc 1200
caagcttggt accgagctcecg gatcgatatg gacatgaggg tccctgctca getcecctggga 1260
ctecctgetge tetggctece aggtgccaga tgtgacatcce agatgaccca gtcetccatce 1320
tcectgtetg catctgtagg ggacagagtce accatcactt gtcgggcaag tcagggcatce 1380
agaaattact tagcctggta tcagcaaaaa ccagggaaag cccctaagcet cctgatctat 1440
gctgcatceca ctttgcaate aggggtccca tcectceggttca gtggcagtgg atctgggaca 1500
gatttcactc tcaccatcag cagcctacag cctgaagatg ttgcaactta ttactgtcaa 1560
aggtataacc gtgcaccgta tacttttggce caggggacca aggtggaaat caagcgctct 1620
gtggctgcac catctgtctt catcttceceg ccatctgatg agcagttgaa atctggaact 1680
gcctetgttyg tgtgectget gaataacttce tatcccagag aggccaaagt acagtggaag 1740
gtggataacyg cccteccaate gggtaactcce caggagagtg tcacagagca ggacagcaag 1800
gacagcacct acagcctcag cagcaccctg acgctgagca aagcagacta cgagaaacac 1860
aaagtctacg cctgcgaagt cacccatcag ggcctgagcet cgcccgtcac aaagagctte 1920
aacaggggag agtgttaaat ctgcggccgce gtcgacggaa ttcagtggat ccactagtaa 1980
cggccgecag tgtgctggaa ttaattecgcet gtetgcgagg geccagetgtt ggggtgagta 2040
ctccctetca aaagcgggca tgacttectge gctaagattg tcagtttcca aaaacgagga 2100

ggatttgata ttcacctggc ccgcggtgat gectttgagg gtggccgegt ccatctggte 2160



US 2019/0153433 Al May 23, 2019
31

-continued

agaaaagaca atctttttgt tgtcaagctt gaggtgtggc aggcttgaga tcectggccata 2220
cacttgagtg acaatgacat ccactttgcc tttcectcteca caggtgtcca ctecccaggte 2280
caactgcagg tcgagcatgc atctagggcg gccaattcecg cccctecteece tecccccece 2340
ctaacgttac tggccgaagc cgcttggaat aaggccggtg tgcgtttgte tatatgtgat 2400
tttccaccat attgccgtet tttggcaatg tgagggcccg gaaacctgge cctgtcettet 2460
tgacgagcat tcctaggggt ctttcceccte tcgccaaagg aatgcaaggt ctgttgaatg 2520
tcgtgaagga agcagttecct ctggaagctt cttgaagaca aacaacgtct gtagcgaccce 2580
tttgcaggca gcggaaccce ccacctggeg acaggtgect ctgeggccaa aagccacgtg 2640
tataagatac acctgcaaag gcggcacaac cccagtgcca cgttgtgagt tggatagttg 2700
tggaaagagt caaatggctc tcecctcaagcg tattcaacaa ggggctgaag gatgcccaga 2760
aggtacccca ttgtatggga tcectgatctgg ggectcecggtg cacatgcecttt acatgtgttt 2820
agtcgaggtt aaaaaaacgt ctaggccccce cgaaccacgg ggacgtggtt ttectttgaa 2880
aaacacgatg ataagcttgc cacaacccgg gatccacegyg tegecaccat ggtgagcaag 2940
ggcgaggagce tgttcaccgg ggtggtgccce atcctggteg agetggacgg cgacgtaaac 3000
ggccacaagt tcagegtgte cggegagggce gagggcgatg ccacctacgg caagctgacce 3060
ctgaagttca tctgcaccac cggcaagctg ccegtgeect ggcccacccet cgtgaccacce 3120
ctgacctacg gecgtgcagtyg cttcageccge taccccgacce acatgaagca gcacgactte 3180
ttcaagtcecg ccatgccecga aggctacgte caggagcegca ccatcttctt caaggacgac 3240
ggcaactaca agacccgcge cgaggtgaag ttcgagggeg acaccctggt gaaccgcatce 3300
gagctgaagyg gcatcgactt caaggaggac ggcaacatcc tggggcacaa gctggagtac 3360
aactacaaca gccacaacgt ctatatcatg geccgacaagce agaagaacgyg catcaaggtg 3420
aacttcaaga tccgccacaa catcgaggac ggcagcegtge agcetcgcecga ccactaccag 3480
cagaacacce ccatcggcga cggccceegtg ctgetgeceyg acaaccacta cctgagcace 3540
cagtcecgece tgagcaaaga ccccaacgag aagcgcgate acatggtect getggagtte 3600
gtgaccgeeyg cegggatcac tcteggcatg gacgagetgt acaagtaaag cggecctaga 3660
gctegetgat cagectcgac tgtgectcecta gttgccagec atctgttgtt tgcccctecce 3720
ccgtgectte cttgaccetyg gaaggtgcca ctcecccactgt cctttectaa taaaatgagg 3780
aaattgcatc gcattgtctg agtaggtgtc attctattet ggggggtggg gtggggcagg 3840
acagcaaggg ggaggattgg gaagacaata gcaggcatge tggggatgeyg gtgggcetcta 3900
tggcttcetga ggcggaaaga accagctggg gctcgaggat aaaagttttg ttactttata 3960
gaagaaattt tgagtttttg ttttttttta ataaataaat aaacataaat aaattgtttg 4020
ttgaatttat tattagtatg taagtgtaaa tataataaaa cttaatatct attcaaatta 4080
ataaataaac ctcgatatac agaccgataa aacacatgcg tcaattttac gcatgattat 4140
ctttaacgta cgtcacaata tgattatctt tctagggtta actcgagtgce attctagttg 4200
tggtttgtce aaactcatca atgtatctta tcatgtcetgt ataccgtcga cctctagceta 4260
gagcttggeg taatcatggt catagctgtt tcctgtgtga aattgttatc cgctcacaat 4320
tccacacaac atacgagccg gaagcataaa gtgtaaagcc tggggtgcct aatgagtgag 4380

ctaactcaca ttaattgcgt tgcgctcact gccecgcttte cagtcgggaa acctgtegtg 4440
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-continued

ccagctgcat taatgaatcg gccaacgcgce ggggagaggce ggtttgcecgta ttgggcgcetce 4500
ttececgettee tegctcactyg actcecgetgeg cteggtegtt cggctgecgge gagcggtatce 4560
agctcactca aaggcggtaa tacggttatce cacagaatca ggggataacyg caggaaagaa 4620
catgtgagca aaaggccagc aaaaggccag gaaccgtaaa aaggccgegt tgctggegtt 4680
tttccatagg ctccgceccecee ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtg 4740
gcgaaacceg acaggactat aaagatacca ggcgtttcece cctggaagcet ccctegtgeg 4800
ctctectgtt ccgaccctge cgcttaccgg atacctgtece gectttcectece cttegggaag 4860
cgtggegett tcetcaatget cacgctgtag gtatctcagt tcggtgtagg tegttcegetce 4920
caagctgggce tgtgtgcacg aacccceccgt tcagcecccgac cgctgegect tatccggtaa 4980
ctatcgtectt gagtccaacc cggtaagaca cgacttatcg ccactggcag cagccactgg 5040
taacaggatt agcagagcga ggtatgtagg cggtgctaca gagttcttga agtggtggcce 5100
taactacggc tacactagaa ggacagtatt tggtatctgc gectctgctga agccagttac 5160
cttcggaaaa agagttggta gcectcttgatce cggcaaacaa accaccgctg gtageggtgg 5220
tttttttgtt tgcaagcagc agattacgcg cagaaaaaaa ggatctcaag aagatccttt 5280
gatcttttet acggggtctg acgctcagtg gaacgaaaac tcacgttaag ggattttggt 5340
catgagatta tcaaaaagga tcttcaccta gatcctttta aattaaaaat gaagttttaa 5400
atcaatctaa agtatatatg agtaaacttg gtctgacagt taccaatgct taatcagtga 5460
ggcacctatc tcagcgatct gtcectattteg ttcatccata gttgectgac tceccegtegt 5520
gtagataact acgatacggg agggcttacc atctggcccc agtgctgcaa tgataccgeg 5580
agacccacgce tcaccggctce cagatttatce agcaataaac cagccagcecyg gaagggccga 5640
gcgcagaagt ggtcctgcaa ctttatccge ctccatccag tcectattaatt gttgeccggga 5700
agctagagta agtagttcgc cagttaatag tttgcgcaac gttgttgcca ttgctacagg 5760
catcgtggtg tcacgctegt cgtttggtat ggcttcattc agctceggtt cccaacgatce 5820
aaggcgagtt acatgatccc ccatgttgtg caaaaaagcg gttagctccect teggtcectcece 5880
gatcgttgtc agaagtaagt tggccgcagt gttatcactc atggttatgg cagcactgca 5940
taattctectt actgtcatge catccgtaag atgcecttttet gtgactggtg agtactcaac 6000
caagtcattc tgagaatagt gtatgcggcg accgagttge tecttgecccgg cgtcaatacg 6060
ggataatacc gcgccacata gcagaacttt aaaagtgctc atcattggaa aacgttcttce 6120
ggggcgaaaa ctctcaagga tcttaccget gttgagatcce agttcgatgt aacccactceg 6180
tgcacccaac tgatcttcag catcttttac tttcaccage gtttcectgggt gagcaaaaac 6240
aggaaggcaa aatgccgcaa aaaagggaat aagggcgaca cggaaatgtt gaatactcat 6300
actcttectt tttcaatatt attgaagcat ttatcagggt tattgtctca tgagcggata 6360
catatttgaa tgtatttaga aaaataaaca aataggggtt ccgcgcacat ttccccgaaa 6420

agtgccacct gacgtce 6436

<210> SEQ ID NO 6

<211> LENGTH: 1642

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: VH region of D2E7 with restriction sites
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<400> SEQUENCE: 6

aattatcgat atggagtttg ggctgagetg ggttttectt gttgegattt tagaaggtgt 60

ccagtgtgag gtgcagetgg tggagtetgg gggaggettg gtacageecg gcaggtceect 120

gagactctce tgtgeggect ctggattcac ctttgatgat tatgecatge actgggteeg 180
gcaagcteca gggaagggcece tggaatgggt ctcagcetate acttggaata gtggtcacat 240
agactatgcg gactctgtgg agggccgatt caccatctec agagacaacg ccaagaacte 300
cctgtatetyg caaatgaaca gtctgagage tgaggatacg gecgtatatt actgtgcgaa 360
agtctegtac cttagcaccg cgtecteect tgactattgg ggccaaggta ccctggtcac 420
cgtetegage gettecacca agggeccate ggtcttecee ctggcacect cctccaagag 480
cacctetggyg ggcacageag cectgggetyg cctggtcaag gactacttee ccgaacceggt 540
gacggtgtceg tggaactcag gegecctgac cageggegtg cacaccttece cggetgtect 600
acagtcctca ggactctact cectcageag cgtggtgace gtgeccteca gcagettggg 660
cacccagacce tacatctgca acgtgaatca caageccage aacaccaagdg tggacaagaa 720
agttgagccce aaatcttgtg acaaaactca cacatgecca cegtgeccag cacctgaact 780
cctgggggga cegtcagtet tectettece cccaaaacce aaggacacce tcatgatcte 840
ceggaccect gaggtcacat gegtggtggt ggacgtgage cacgaagace ctgaggtcaa 900
gttcaactgg tacgtggacg gcgtggaggt gcataatgece aagacaaagce cgegggagga 960

gcagtacaac agcacgtacc gtgtggtcag cgtcctcacc gtecctgcacce aggactggcet 1020
gaatggcaag gagtacaagt gcaaggtctc caacaaagcc cteccagecc ccatcgagaa 1080
aaccatctcee aaagccaaag ggcagcccceg agaaccacag gtgtacacce tgcccccate 1140
ccgggatgag ctgaccaaga accaggtcag cctgacctge ctggtcaaag gcecttctatce 1200
cagcgacate gccgtggagt gggagagcaa tgggcagecg gagaacaact acaagaccac 1260
gcctecegtyg ctggactcececg acggctectt cttectctac agcaagctca ccgtggacaa 1320
gagcaggtgg cagcagggga acgtcttctc atgctccgtg atgcatgagg ctctgcacaa 1380
ccactacaca cagaagagcc tctccctgte tceccggagetg caactggagg agagctgtgce 1440
ggaggcgcayg gacggggage tggacgggct gtggacgacce atcaccatct tcatcacact 1500
cttcctgtta agegtgtget acagtgccac cgtcacctte ttcaaggtga agtggatctt 1560
cteccteggtg gtggacctga agcagaccat catccccgac tacaggaaca tgatcggaca 1620

gggggectag gcggecgegt cg 1642

<210> SEQ ID NO 7

<211> LENGTH: 539

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Protein sequence translated from Seq ID No 6

<400> SEQUENCE: 7

Met Glu Phe Gly Leu Ser Trp Val Phe Leu Val Ala Ile Leu Glu Gly
1 5 10 15

Val Gln Cys Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln
20 25 30

Pro Gly Arg Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe
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35 40 45

Asp Asp Tyr Ala Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
50 55 60

Glu Trp Val Ser Ala Ile Thr Trp Asn Ser Gly His Ile Asp Tyr Ala
65 70 75 80

Asp Ser Val Glu Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn
Ser Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val
100 105 110

Tyr Tyr Cys Ala Lys Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Asp
115 120 125

Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys
130 135 140

Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly
145 150 155 160

Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro
165 170 175

Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr
180 185 190

Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val
195 200 205

Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn
210 215 220

Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro
225 230 235 240

Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu
245 250 255

Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
260 265 270

Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
275 280 285

Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly
290 295 300

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn
305 310 315 320

Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp
325 330 335

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro
340 345 350

Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu
355 360 365

Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn
370 375 380

Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile
385 390 395 400

Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
405 410 415

Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
420 425 430

Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys
435 440 445



US 2019/0153433 Al May 23, 2019
35

-continued

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu
450 455 460

Ser Leu Ser Pro Glu Leu Gln Leu Glu Glu Ser Cys Ala Glu Ala Gln
465 470 475 480

Asp Gly Glu Leu Asp Gly Leu Trp Thr Thr Ile Thr Ile Phe Ile Thr
485 490 495

Leu Phe Leu Leu Ser Val Cys Tyr Ser Ala Thr Val Thr Phe Phe Lys
500 505 510

Val Lys Trp Ile Phe Ser Ser Val Val Asp Leu Lys Gln Thr Ile Ile
515 520 525

Pro Asp Tyr Arg Asn Met Ile Gly Gln Gly Ala
530 535

<210> SEQ ID NO 8

<211> LENGTH: 7341

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

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

<400> SEQUENCE: 8

gacggatcgyg gagatctccee gatccectat ggtcegactcet cagtacaatc tgcetcectgatg 60
ccgecatagtt aagccagtat ctgctcectg cttgtgtgtt ggaggtceget gagtagtgeg 120
cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgttaa ccctagaaag 180
atagtctgeg taaaattgac gcatgcattce ttgaaatatt getctctett tctaaatage 240
gcgaatcegt cgetgtgcat ttaggacatc tcagtegecg cttggagetce cegtgaggeg 300
tgcttgtcaa tgcggtaagt gtcactgatt ttgaactata acgaccgcegt gagtcaaaat 360
gacgcatgat tatcttttac gtgactttta agatttaact catacgataa ttatattgtt 420
atttcatgtt ctacttacgt gataacttat tatatatata ttttcttgtt atacaattgc 480
atgaagaatc tgcttagggt taggcgtttt gegetgette gegatgtacyg ggccagatat 540
acgcgttgac attgattatt gactagttat taatagtaat caattacggg gtcattagtt 600
catagcccat atatggagtt ccgcgttaca taacttacgg taaatggcecce gcectggetga 660
cecgeccaacg acccececgece attgacgtca ataatgacgt atgttcccat agtaacgcca 720
atagggactt tccattgacg tcaatgggtg gactatttac ggtaaactgce ccacttggca 780
gtacatcaag tgtatcatat gccaagtacg ccccctattg acgtcaatga cggtaaatgg 840
ccegectgge attatgecca gtacatgacce ttatgggact ttectacttyg gcagtacate 900
tacgtattag tcatcgctat taccatggtg atgeggtttt ggcagtacat caatgggcegt 960

ggatagcggt ttgactcacg gggatttcca agtctccacc ccattgacgt caatgggagt 1020

ttgttttggce accaaaatca acgggacttt ccaaaatgtc gtaacaactc cgccccattg 1080

acgcaaatgg gcggtaggcg tgtacggtgg gaggtctata taagcagagce tcectctggceta 1140

actagagaac ccactgctta ctggcttatc gaaattaata cgactcacta tagggagacc 1200

caagcttggt accgagctcecg gatcgatatg gagtttgggce tgagctgggt tttecttgtt 1260

gcgattttag aaggtgtcca gtgtgaggtg cagctggtgg agtctggggg aggcttggta 1320

cagccceggca ggtcectgag actctectgt gcggectetg gattcacctt tgatgattat 1380
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gccatgcact gggtccggca agctccaggg aagggcctgg aatgggtctce agctatcact 1440
tggaatagtg gtcacataga ctatgcggac tctgtggagg gccgattcac catctccaga 1500
gacaacgcca agaactccct gtatctgcaa atgaacagtc tgagagctga ggatacggcece 1560
gtatattact gtgcgaaagt ctcgtacctt agcaccgcgt cctcecccttga ctattgggge 1620
caaggtaccc tggtcaccgt ctcgagecgct tccaccaagg gceccatcggt ctteccectg 1680
gcaccctect ccaagagcac ctctggggge acagcagcecce tgggcetgect ggtcaaggac 1740
tacttcecceg aaccggtgac ggtgtcegtgg aactcaggcg ccctgaccag cggcgtgcac 1800
accttececgg ctgtectaca gtecctcagga ctcectactece tcagcagcegt ggtgaccgtg 1860
ccctecagea gettgggcac ccagacctac atctgcaacyg tgaatcacaa gcccagcaac 1920
accaaggtgg acaagaaagt tgagcccaaa tcttgtgaca aaactcacac atgcccaccyg 1980
tgcccagcac ctgaactcecct ggggggaccg tcagtcttee tettceccccee aaaacccaag 2040
gacacccteca tgatctcecccecg gacccecctgag gtcacatgeg tggtggtgga cgtgagecac 2100
gaagaccctg aggtcaagtt caactggtac gtggacggceg tggaggtgca taatgccaag 2160
acaaagccge gggaggagca gtacaacagce acgtaccgtyg tggtcagegt cctcaccgte 2220
ctgcaccagg actggctgaa tggcaaggag tacaagtgca aggtctccaa caaagceccte 2280
ccagecccca tcgagaaaac catctccaaa gecaaaggge agcecccgaga accacaggtg 2340
tacaccctge ccccatcccg ggatgagetg accaagaacce aggtcagect gacctgectg 2400
gtcaaaggct tctatcccag cgacatcgcece gtggagtggg agagcaatgg gcagccggag 2460
aacaactaca agaccacgcc tccecgtgcetg gactccgacg gectcecttett ccetcectacage 2520
aagctcaccg tggacaagag caggtggcag caggggaacg tcttctcatg ctcececgtgatg 2580
catgaggctc tgcacaacca ctacacacag aagagcctct ccectgtctece ggagctgcaa 2640
ctggaggaga gctgtgegga ggcgcaggac ggggagetgyg acgggctgtyg gacgaccate 2700
accatcttca tcacactctt cctgttaage gtgtgctaca gtgccaccgt caccttcette 2760
aaggtgaagt ggatcttcte cteggtggtg gacctgaagce agaccatcat ccccgactac 2820
aggaacatga tcggacaggg ggcctaggeg gecgegtega cggaattcag tggatccact 2880
agtaacggcce gccagtgtge tggaattaat tcgetgtetg cgagggccag ctgttggggt 2940
gagtactccce tctcaaaage gggcatgact tcectgcgctaa gattgtcagt ttccaaaaac 3000
gaggaggatt tgatattcac ctggcccgeg gtgatgcecctt tgagggtggce cgcgtccatce 3060
tggtcagaaa agacaatctt tttgttgtca agcttgaggt gtggcaggct tgagatctgg 3120
ccatacactt gagtgacaat gacatccact ttgcctttet ctccacaggt gtccactcce 3180
aggtccaact gcaggtcgag catgcatcta gggcggccaa ttccgeccceet ctecectecece 3240
ccecectaac gttactggece gaagcecgctt ggaataaggce cggtgtgcegt ttgtctatat 3300
gtgattttcc accatattgce cgtettttgg caatgtgagg gcccggaaac ctggccctgt 3360
cttcttgacg agcattccta ggggtcettte ccctectegec aaaggaatgce aaggtcetgtt 3420
gaatgtcgtyg aaggaagcag ttcecctctgga agcttcecttga agacaaacaa cgtcectgtage 3480
gaccctttge aggcagcgga accccccace tggcgacagg tgcctcetgeg gecaaaagec 3540
acgtgtataa gatacacctg caaaggcggc acaaccccag tgccacgttg tgagttggat 3600

agttgtggaa agagtcaaat ggctctccte aagcgtattc aacaaggggc tgaaggatgce 3660
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ccagaaggta ccccattgta tgggatctga tctggggect cggtgcacat getttacatg 3720
tgtttagtcg aggttaaaaa aacgtctagg ccccccgaac cacggggacg tggttttect 3780
ttgaaaaaca cgatgataag cttgccacaa cccgggatcce accggtcgece accatggtga 3840
gcaagggcga ggagcetgtte accggggtgg tgcccatcct ggtcegagetg gacggcgacyg 3900
taaacggcca caagttcagce gtgtceggeg agggcgaggyg cgatgccace tacggcaagce 3960
tgaccctgaa gttcatctge accaccggca agctgceegt gecctggcece accctegtga 4020
ccaccctgac ctacggegtg cagtgcttca gecgctaccee cgaccacatyg aagcagcacyg 4080
acttcttcaa gtccgccatg cccgaaggct acgtccagga gcgcaccatce ttcecttcaagg 4140
acgacggcaa ctacaagacc cgcgccgagg tgaagttcga gggcgacacce ctggtgaace 4200
gcatcgaget gaagggcatce gacttcaagg aggacggcaa catcctgggg cacaagctgg 4260
agtacaacta caacagccac aacgtctata tcatggccga caagcagaag aacggcatca 4320
aggtgaactt caagatccgc cacaacatcg aggacggcag cgtgcagctce gccgaccact 4380
accagcagaa cacccccatce ggcgacggece cegtgcetget geccgacaac cactacctga 4440
gcacccagte cgecctgage aaagacccca acgagaagceg cgatcacatg gtectgetgg 4500
agttcgtgac cgccgccggg atcactcectceg gcatggacga gcectgtacaag taaagcggcece 4560
ctagagctcg ctgatcagecc tcgactgtge ctctagttge cagccatctg ttgtttgece 4620
ctcceeegtg cecttecttga cectggaagg tgccactcece actgtecttt cctaataaaa 4680
tgaggaaatt gcatcgcatt gtctgagtag gtgtcattct attctggggg gtggggtggg 4740
gcaggacage aagggggagg attgggaaga caatagcagg catgcetgggg atgeggtggg 4800
ctctatgget tectgaggcegg aaagaaccag ctggggctceg aggataaaag ttttgttact 4860
ttatagaaga aattttgagt ttttgttttt ttttaataaa taaataaaca taaataaatt 4920
gtttgttgaa tttattatta gtatgtaagt gtaaatataa taaaacttaa tatctattca 4980
aattaataaa taaacctcga tatacagacc gataaaacac atgcgtcaat tttacgcatg 5040
attatcttta acgtacgtca caatatgatt atctttctag ggttaactcg agtgcattct 5100
agttgtggtt tgtccaaact catcaatgta tcttatcatg tctgtatacc gtcgacctcet 5160
agctagagct tggcgtaatc atggtcatag ctgtttectg tgtgaaattg ttatccgetce 5220
acaattccac acaacatacg agccggaagc ataaagtgta aagcctgggg tgcctaatga 5280
gtgagctaac tcacattaat tgcgttgcgce tcactgcceg ctttceccagtce gggaaacctyg 5340
tcgtgccage tgcattaatg aatcggccaa cgcgcgggga gaggcggttt gegtattggg 5400
cgctetteeg cttecteget cactgactceg ctgegcectegg tegttegget geggcgageg 5460
gtatcagctc actcaaaggc ggtaatacgg ttatccacag aatcagggga taacgcagga 5520
aagaacatgt gagcaaaagg ccagcaaaag gccaggaacc gtaaaaaggce cgcgttgcetg 5580
gcgtttttee ataggctccecg ccecccctgac gagcatcaca aaaatcgacg ctcaagtceag 5640
aggtggcgaa acccgacagg actataaaga taccaggcegt ttcccecctgg aagctcececte 5700
gtgcgctete ctgtteccgac cctgccgett accggatacce tgtccgectt tcetecctteg 5760
ggaagcgtgg cgctttctca atgctcacge tgtaggtatce tcagtteggt gtaggtegtt 5820
cgctceccaage tgggctgtgt gcacgaacce ccegttcage ccgaccgctg cgecttatcee 5880

ggtaactatc gtcttgagtc caacccggta agacacgact tatcgccact ggcagcagcece 5940
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actggtaaca ggattagcag agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg 6000
tggcctaact acggctacac tagaaggaca gtatttggta tctgcgctcet getgaagceca 6060
gttacctteg gaaaaagagt tggtagctct tgatccggca aacaaaccac cgctggtage 6120
ggtggttttt ttgtttgcaa gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat 6180
cctttgatct tttctacggg gtctgacgct cagtggaacg aaaactcacg ttaagggatt 6240
ttggtcatga gattatcaaa aaggatcttc acctagatcc ttttaaatta aaaatgaagt 6300
tttaaatcaa tctaaagtat atatgagtaa acttggtctg acagttacca atgcttaatc 6360
agtgaggcac ctatctcagc gatctgtcta tttegttcecat ccatagttge ctgactccce 6420
gtcgtgtaga taactacgat acgggagggce ttaccatctg gecccagtgce tgcaatgata 6480
cecgegagace cacgctcacce ggctccagat ttatcagcaa taaaccagec agccggaagg 6540
gccgagcgceca gaagtggtcee tgcaacttta tccgectceca tcecagtcectat taattgttge 6600
cgggaagcta gagtaagtag ttcgccagtt aatagtttgce gcaacgttgt tgccattget 6660
acaggcatcg tggtgtcacg ctcecgtegttt ggtatggcett cattcagcte cggttceccaa 6720
cgatcaaggc gagttacatg atcccccatg ttgtgcaaaa aagcggttag ctectteggt 6780
cctcecgateg ttgtcagaag taagttggcce gcagtgttat cactcatggt tatggcagca 6840
ctgcataatt ctcttactgt catgccatcc gtaagatget tttctgtgac tggtgagtac 6900
tcaaccaagt cattctgaga atagtgtatg cggcgaccga gttgctcttg cccggegtca 6960
atacgggata ataccgcgcc acatagcaga actttaaaag tgctcatcat tggaaaacgt 7020
tcttegggge gaaaactctce aaggatctta ccgcectgttga gatccagtte gatgtaacce 7080
actcgtgcac ccaactgatc ttcagcatct tttactttca ccagecgttte tgggtgagca 7140
aaaacaggaa ggcaaaatgc cgcaaaaaag ggaataaggg cgacacggaa atgttgaata 7200
ctcatactct tecctttttca atattattga agcatttatc agggttattg tctcatgagce 7260
ggatacatat ttgaatgtat ttagaaaaat aaacaaatag gggttccgcg cacatttcecce 7320
cgaaaagtgc cacctgacgt ¢ 7341
<210> SEQ ID NO 9
<211> LENGTH: 437
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: libraries for variable heavy chain domains
containing N-sequences in the HCDR3 and flanked by Clal and
Eco47I11 restriction sites
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (362)..(385)
<223> OTHER INFORMATION: N = wildcard, nucleotide can be any of the
four nucleotides occuring in DNA
<400> SEQUENCE: 9

aattatcgat atggagtttg ggctgagetg ggttttectt gttgegattt tagaaggtgt 60

ccagtgtgag gtgcagetgg tggagtetgg gggaggettg gtacageecg gcaggtceect 120

gagactctce tgtgeggect ctggattcac ctttgatgat tatgecatge actgggteeg 180
gcaagcteca gggaagggcece tggaatgggt ctcagcetate acttggaata gtggtcacat 240
agactatgcg gactctgtgg agggccgatt caccatctec agagacaacg ccaagaacte 300

cctgtatetyg caaatgaaca gtctgagage tgaggatacg gecgtatatt actgtgcgaa 360
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annnnnnnnn nnnnnnnnnn nnnnntcecct tgactattgg ggccaaggta ccctggtcac

cgtctegage getgeat

<210> SEQ ID NO 10

<211> LENGTH: 395

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: libraries for variable light chain domains
containing N-sequences in the LCDR3 and flanked by Clal and
Eco47I11 restriction sites

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (337)..(351)

<223> OTHER INFORMATION: N = wildcard, nucleotide can be any of the
four nucleotides occuring in DNA

<400> SEQUENCE: 10

atggacatga gggtccctge tcageteetg ggactectge tgetcetgget cccaggtgece
agatgtgaca tccagatgac ccagtcteca tectecetgt ctgeatctgt aggggacaga
gtcaccatca cttgtcggge aagtcaggge atcagaaatt acttagectyg gtatcagcaa
aaaccaggga aagcccctaa getectgate tatgetgeat ccactttgea atcaggggte
ccatcteggt tcagtggcag tggatctggg acagattteca ctctcaccat cagcagecta
cagcctgaag atgttgeaac ttattactgt caaaggnnnn nnnnnnnnnn ntatactttt
ggccagggga ccaaggtgga aatcaagege tgcat

<210> SEQ ID NO 11

<211> LENGTH: 1784

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

420

437

60

120

180

240

300

360

395

<223> OTHER INFORMATION: ORF of functional PiggyBac transposase enzyme

<400> SEQUENCE: 11

atgggtagtt ctttagacga tgagcatatc ctetetgete ttetgcaaag cgatgacgag

cttgttggtyg aggattctga cagtgaaata tcagatcacg taagtgaaga tgacgtccag

agcgatacag aagaagcgtt tatagatgag gtacatgaag tgcagccaac gtcaageggt

agtgaaatat tagacgaaca aaatgttatt gaacaaccag gttcttcatt ggcttctaac

agaatcttga ccttgecaca gaggactatt agaggtaaga ataaacattg ttggtcaact

tcaaagtcca cgaggegtag ccgagtctet gecactgaaca ttgtcagatce tcaaagaggt

ccgacgegta tgtgecgcaa tatatatgac ccacttttat gettcaaact attttttact

gatgagataa tttcggaaat tgtaaaatgg acaaatgctg agatatcatt gaaacgtcgg

gaatctatga caggtgctac atttcgtgac acgaatgaag atgaaatcta tgetttettt

ggtattctgg taatgacagc agtgagaaaa gataaccaca tgtccacaga tgacctettt

gatcgatctt tgtcaatggt gtacgtctcet gtaatgagte gtgatcgttt tgattttttg

atacgatgtce ttagaatgga tgacaaaagt atacggccca cacttegaga aaacgatgta

tttactcctyg ttagaaaaat atgggatcte tttatccatc agtgcataca aaattacact

ccaggggete atttgaccat agatgaacag ttacttggtt ttagaggacg gtgtcegttt

aggatgtata tcccaaacaa gccaagtaag tatggaataa aaatcctcat gatgtgtgac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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agtggtacga agtatatgat aaatggaatg ccttatttgg gaagaggaac acagaccaac 960
ggagtaccac tcggtgaata ctacgtgaag gagttatcaa agcctgtgca cggtagttgt 1020
cgtaatatta cgtgtgacaa ttggttcacc tcaatccctt tggcaaaaaa cttactacaa 1080
gaaccgtata agttaaccat tgtgggaacc gtgcgatcaa acaaacgcga gataccggaa 1140
gtactgaaaa acagtcgctc caggccagtg ggaacatcga tgttttgttt tgacggaccce 1200
cttactctecg tectcatataa accgaagcca gctaagatgg tatacttatt atcatcttgt 1260
gatgaggatg cttctatcaa cgaaagtacc ggtaaaccgc aaatggttat gtattataat 1320
caaactaaag gcggagtgga cacgctagac caaatgtgtt ctgtgatgac ctgcagtagg 1380
aagacgaata ggtggcctat ggcattattg tacggaatga taaacattgc ctgcataaat 1440
tcttttatta tatacagcca taatgtcagt agcaagggag aaaaggttca aagtcgcaaa 1500
aaatttatga gaaaccttta catgagcctg acgtcatcegt ttatgcgtaa gegtttagaa 1560
gctectactt tgaagagata tttgcgcgat aatatctcta atattttgcec aaatgaagtg 1620
cctggtacat cagatgacag tactgaagag ccagtaatga aaaaacgtac ttactgtact 1680
tactgccect ctaaaataag gcgaaaggca aatgcatcegt gcaaaaaatg caaaaaagtt 1740
atttgtcgag agcataatat tgatatgtgc caaagttgtt ttag 1784
<210> SEQ ID NO 12
<211> LENGTH: 593
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Protein sequence of functional PiggyBac
transposase enzyme

<400> SEQUENCE: 12

Met Gly Ser Ser Leu Asp Asp Glu His Ile Leu Ser Ala Leu Leu Gln
1 5 10 15

Ser Asp Asp Glu Leu Val Gly Glu Asp Ser Asp Ser Glu Ile Ser Asp
20 25 30

His Val Ser Glu Asp Asp Val Gln Ser Asp Thr Glu Glu Ala Phe Ile
35 40 45

Asp Glu Val His Glu Val Gln Pro Thr Ser Ser Gly Ser Glu Ile Leu
50 55 60

Asp Glu Gln Asn Val Ile Glu Gln Pro Gly Ser Ser Leu Ala Ser Asn
65 70 75 80

Arg Ile Leu Thr Leu Pro Gln Arg Thr Ile Arg Gly Lys Asn Lys His
85 90 95

Cys Trp Ser Thr Ser Lys Ser Thr Arg Arg Ser Arg Val Ser Ala Leu
100 105 110

Asn Ile Val Arg Ser Gln Arg Gly Pro Thr Arg Met Cys Arg Asn Ile
115 120 125

Tyr Asp Pro Leu Leu Cys Phe Lys Leu Phe Phe Thr Asp Glu Ile Ile
130 135 140

Ser Glu Ile Val Lys Trp Thr Asn Ala Glu Ile Ser Leu Lys Arg Arg
145 150 155 160

Glu Ser Met Thr Gly Ala Thr Phe Arg Asp Thr Asn Glu Asp Glu Ile
165 170 175

Tyr Ala Phe Phe Gly Ile Leu Val Met Thr Ala Val Arg Lys Asp Asn
180 185 190
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His Met Ser Thr Asp Asp Leu Phe Asp Arg Ser Leu Ser Met Val Tyr
195 200 205

Val Ser Val Met Ser Arg Asp Arg Phe Asp Phe Leu Ile Arg Cys Leu
210 215 220

Arg Met Asp Asp Lys Ser Ile Arg Pro Thr Leu Arg Glu Asn Asp Val
225 230 235 240

Phe Thr Pro Val Arg Lys Ile Trp Asp Leu Phe Ile His Gln Cys Ile
245 250 255

Gln Asn Tyr Thr Pro Gly Ala His Leu Thr Ile Asp Glu Gln Leu Leu
260 265 270

Gly Phe Arg Gly Arg Cys Pro Phe Arg Met Tyr Ile Pro Asn Lys Pro
275 280 285

Ser Lys Tyr Gly Ile Lys Ile Leu Met Met Cys Asp Ser Gly Thr Lys
290 295 300

Tyr Met Ile Asn Gly Met Pro Tyr Leu Gly Arg Gly Thr Gln Thr Asn
305 310 315 320

Gly Val Pro Leu Gly Glu Tyr Tyr Val Lys Glu Leu Ser Lys Pro Val
325 330 335

His Gly Ser Cys Arg Asn Ile Thr Cys Asp Asn Trp Phe Thr Ser Ile
340 345 350

Pro Leu Ala Lys Asn Leu Leu Gln Glu Pro Tyr Lys Leu Thr Ile Val
355 360 365

Gly Thr Val Arg Ser Asn Lys Arg Glu Ile Pro Glu Val Leu Lys Asn
370 375 380

Ser Arg Ser Arg Pro Val Gly Thr Ser Met Phe Cys Phe Asp Gly Pro
385 390 395 400

Leu Thr Leu Val Ser Tyr Lys Pro Lys Pro Ala Lys Met Val Tyr Leu
405 410 415

Leu Ser Ser Cys Asp Glu Asp Ala Ser Ile Asn Glu Ser Thr Gly Lys
420 425 430

Pro Gln Met Val Met Tyr Tyr Asn Gln Thr Lys Gly Gly Val Asp Thr
435 440 445

Leu Asp Gln Met Cys Ser Val Met Thr Cys Ser Arg Lys Thr Asn Arg
450 455 460

Trp Pro Met Ala Leu Leu Tyr Gly Met Ile Asn Ile Ala Cys Ile Asn
465 470 475 480

Ser Phe Ile Ile Tyr Ser His Asn Val Ser Ser Lys Gly Glu Lys Val
485 490 495

Gln Ser Arg Lys Lys Phe Met Arg Asn Leu Tyr Met Ser Leu Thr Ser
500 505 510

Ser Phe Met Arg Lys Arg Leu Glu Ala Pro Thr Leu Lys Arg Tyr Leu
515 520 525

Arg Asp Asn Ile Ser Asn Ile Leu Pro Asn Glu Val Pro Gly Thr Ser
530 535 540

Asp Asp Ser Thr Glu Glu Pro Val Met Lys Lys Arg Thr Tyr Cys Thr
545 550 555 560

Tyr Cys Pro Ser Lys Ile Arg Arg Lys Ala Asn Ala Ser Cys Lys Lys
565 570 575

Cys Lys Lys Val Ile Cys Arg Glu His Asn Ile Asp Met Cys Gln Ser
580 585 590
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Cys

<210> SEQ ID NO 13

<211> LENGTH: 7385

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: sequence of the PiggyBac expression construct

PCDNA3 .1-hygro(+) -PB

<400> SEQUENCE: 13

gacggatcgg gagatctcee gatccectat ggtcgactcet cagtacaatce tgetetgatg
ccgcatagtt aagccagtat ctgetecetg cttgtgtgtt ggaggteget gagtagtgeg
cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgcatg aagaatctge
ttagggttag gecgttttgeg ctgcttegeg atgtacggge cagatatacg cgttgacatt
gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat ageccatata
tggagttcceg cgttacataa cttacggtaa atggecegec tggetgaccg cccaacgace
ccegeccatt gacgtcaata atgacgtatg tteccatagt aacgccaata gggactttece
attgacgtca atgggtggac tatttacggt aaactgeccca cttggcagta catcaagtgt
atcatatgcce aagtacgccce cctattgacg tcaatgacgg taaatggece gectggeatt
atgcccagta catgacctta tgggacttte ctacttggea gtacatctac gtattagtca
tcgetattac catggtgatg cggttttgge agtacatcaa tgggegtgga tageggtttg
actcacgggg atttccaagt cteccacceca ttgacgtcaa tgggagtttg ttttggcace
aaaatcaacg ggactttcca aaatgtegta acaacteccge ceccattgacg caaatgggeg
gtaggcegtgt acggtgggag gtctatataa gcagagctcet ctggctaact agagaaccca
ctgcttactg gecttatcgaa attaatacga ctcactatag ggagacccaa gcetggcetage
gtttaaactt aagcttggta ccgagctcgyg atccactagt ccagtgtggt ggaattetge
agatatgggt agttctttag acgatgagca tatcctetet getettetge aaagegatga
cgagecttgtt ggtgaggatt ctgacagtga aatatcagat cacgtaagtg aagatgacgt
ccagagcgat acagaagaag cgtttataga tgaggtacat gaagtgcage caacgtcaag
cggtagtgaa atattagacg aacaaaatgt tattgaacaa ccaggttett cattggette
taacagaatc ttgaccttge cacagaggac tattagaggt aagaataaac attgttggte
aacttcaaag tccacgagge gtagccgagt ctetgecactg aacattgtca gatctcaaag
aggtccgacyg cgtatgtgec geaatatata tgacccactt ttatgettca aactattttt
tactgatgag ataatttcgg aaattgtaaa atggacaaat gectgagatat cattgaaacg
tcgggaatct atgacaggtg ctacattteg tgacacgaat gaagatgaaa tctatgettt
ctttggtatt ctggtaatga cagcagtgag aaaagataac cacatgtcca cagatgacct
ctttgatcga tctttgtcaa tggtgtacgt ctetgtaatg agtegtgate gttttgattt
tttgatacga tgtcttagaa tggatgacaa aagtatacgg cccacactte gagaaaacga
tgtatttact cctgttagaa aaatatggga tctctttatce catcagtgca tacaaaatta
cactccaggg gctcatttga ccatagatga acagttactt ggttttagag gacggtgtcce
gtttaggatg tatatcccaa acaagccaag taagtatgga ataaaaatcc tcatgatgtg

tgacagtggt acgaagtata tgataaatgg aatgecttat ttgggaagag gaacacagac

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

1800

1860

1920
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caacggagta ccactcggtg aatactacgt gaaggagtta tcaaagcctg tgcacggtag 1980
ttgtcgtaat attacgtgtyg acaattggtt cacctcaatc cctttggcaa aaaacttact 2040
acaagaaccg tataagttaa ccattgtggg aaccgtgcga tcaaacaaac gcgagatacc 2100
ggaagtactg aaaaacagtc gctccaggcce agtgggaaca tcgatgtttt gttttgacgg 2160
accccttact ctegtctcat ataaaccgaa gccagctaag atggtatact tattatcatce 2220
ttgtgatgag gatgcttcta tcaacgaaag taccggtaaa ccgcaaatgg ttatgtatta 2280
taatcaaact aaaggcggag tggacacgct agaccaaatg tgttctgtga tgacctgcag 2340
taggaagacg aataggtggc ctatggcatt attgtacgga atgataaaca ttgcctgcat 2400
aaattctttt attatataca gccataatgt cagtagcaag ggagaaaagg ttcaaagtcg 2460
caaaaaattt atgagaaacc tttacatgag cctgacgtca tcgtttatge gtaagcgttt 2520
agaagctcct actttgaaga gatatttgcg cgataatatc tctaatattt tgccaaatga 2580
agtgcctggt acatcagatg acagtactga agagccagta atgaaaaaac gtacttactg 2640
tacttactgc ccctctaaaa taaggcgaaa ggcaaatgca tcgtgcaaaa aatgcaaaaa 2700
agttatttgt cgagagcata atattgatat gtgccaaagt tgttttagat ccagcacagt 2760
ggcggccget cgagtctaga gggcccgttt aaacccgctg atcagectceg actgtgectt 2820
ctagttgcca geccatctgtt gtttgcccct ccececcgtgee ttecttgace ctggaaggtg 2880
ccactcceccac tgtcctttec taataaaatg aggaaattgce atcgcattgt ctgagtaggt 2940
gtcattctat tectggggggt ggggtgyggggce aggacagcaa gggggaggat tgggaagaca 3000
atagcaggca tgctggggat gcggtgggct ctatggettce tgaggcggaa agaaccagct 3060
ggggctctag ggggtatcce cacgcgecct gtagecggcege attaagcgceg gcgggtgtgg 3120
tggttacgcg cagcgtgacc gctacacttg ccagcgeect agcgcccget ccectttegett 3180
tctteectte ctttetegee acgttegecg gcecttteeceeg tcaagectcta aatcggggca 3240
tcectttagg gttecgattt agtgctttac ggcacctcega ccccaaaaaa cttgattagg 3300
gtgatggttc acgtagtggg ccatcgccct gatagacggt ttttcecgececct ttgacgttgg 3360
agtccacgtt ctttaatagt ggactcttgt tccaaactgg aacaacactc aaccctatct 3420
cggtctattc ttttgattta taagggattt tggggatttc ggcctattgg ttaaaaaatg 3480
agctgattta acaaaaattt aacgcgaatt aattctgtgg aatgtgtgtc agttagggtg 3540
tggaaagtcc ccaggctceccece caggcaggca gaagtatgca aagcatgcat ctcaattagt 3600
cagcaaccag gtgtggaaag tccccagget ceccagcagyg cagaagtatyg caaagcatge 3660
atctcaatta gtcagcaacc atagtcccgce ccctaactcecce geccatcceceg cecctaacte 3720
cgcccagtte cgcccattet cegeccccatg gctgactaat tttttttatt tatgcagagg 3780
ccgaggcecge ctcetgectet gagctattcee agaagtagtg aggaggcttt tttggaggcece 3840
taggcttttg caaaaagctc ccgggagctt gtatatccat tttcecggatct gatcagcacg 3900
tgatgaaaaa gcctgaactc accgcgacgt ctgtcgagaa gtttctgatc gaaaagttcg 3960
acagcgtctce cgacctgatg cagctcectcecgg agggcgaaga atctcgtget ttcagetteg 4020
atgtaggagg gcgtggatat gtcctgeggg taaatagetg cgccgatggt ttctacaaag 4080
atcgttatgt ttatcggcac tttgcatcgg ccgcgctecce gattccggaa gtgcttgaca 4140

ttggggaatt cagcgagagc ctgacctatt gcatctcecg cecgtgcacag ggtgtcacgt 4200
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tgcaagacct gcctgaaacc gaactgcccg ctgttcectgeca gecggtcgeg gaggcecatgg 4260
atgcgatcgce tgcggccgat cttagccaga cgagegggtt cggcccatte ggaccgcaag 4320
gaatcggtca atacactaca tggcgtgatt tcatatgcge gattgctgat ccccatgtgt 4380
atcactggca aactgtgatg gacgacaccg tcagtgcgtc cgtcgcgcag getctcegatg 4440
agctgatgcet ttgggccgag gactgccccg aagtccggca cctcegtgcac geggattteg 4500
gctccaacaa tgtcecctgacg gacaatggcece gcataacagce ggtcattgac tggagcgagg 4560
cgatgttcgg ggattcccaa tacgaggtcg ccaacatctt cttcectggagg cegtggttgg 4620
cttgtatgga gcagcagacg cgctacttcg agcggaggca tccggagctt gcaggatcgce 4680
cgeggceteeg ggcgtatatg cteccgcattg gtettgacca actctatcag agettggttg 4740
acggcaattt cgatgatgca gcttgggcgce agggtcgatg cgacgcaatc gtccgatccg 4800
gagccgggac tgtcgggegt acacaaatcg cccgcagaag cgcggecgtce tggaccgatg 4860
gectgtgtaga agtactcgece gatagtggaa accgacgccce cagcactegt ccgagggcaa 4920
aggaatagca cgtgctacga gatttcgatt ccaccgccge cttctatgaa aggttgggcet 4980
tcggaategt tttcececgggac gecggctgga tgatccteca gegcecggggat ctcatgetgg 5040
agttcttege ccaccccaac ttgtttattg cagcttataa tggttacaaa taaagcaata 5100
gcatcacaaa tttcacaaat aaagcatttt tttcactgca ttctagttgt ggtttgtcca 5160
aactcatcaa tgtatcttat catgtctgta taccgtcgac ctctagctag agcttggegt 5220
aatcatggtc atagctgttt cctgtgtgaa attgttatcc gctcacaatt ccacacaaca 5280
tacgagccgg aagcataaag tgtaaagcct ggggtgcecta atgagtgagce taactcacat 5340
taattgcegtt gecgctcactg cccgetttcee agtecgggaaa cctgtegtge cagcectgcatt 5400
aatgaatcgg ccaacgcgceg gggagaggcg gtttgcgtat tgggcgctcet tecgettect 5460
cgctcactga ctcgectgege teggtegtte ggetgcggeg agcggtatca gcetcactcaa 5520
aggcggtaat acggttatcc acagaatcag gggataacgce aggaaagaac atgtgagcaa 5580
aaggccagca aaaggccagg aaccgtaaaa aggccgcegtt gectggegttt tteccataggce 5640
tcegecccee tgacgagcat cacaaaaatc gacgctcaag tcagaggtgyg cgaaacccga 5700
caggactata aagataccag gcgtttccce ctggaagcectce cctegtgcecge tetectgtte 5760
cgacccectgece gettaccgga tacctgtcecceg cctttetece ttcecgggaage gtggegettt 5820
ctcaatgctc acgctgtagg tatctcagtt cggtgtaggt cgttcgctece aagctgggcet 5880
gtgtgcacga acccccegtt cagcccgacce gectgecgectt atccggtaac tatcgtettg 5940
agtccaaccce ggtaagacac gacttatcgce cactggcagce agccactggt aacaggatta 6000
gcagagcgag gtatgtaggce ggtgctacag agttcttgaa gtggtggect aactacggcet 6060
acactagaag gacagtattt ggtatctgcg ctctgctgaa gccagttacce ttcggaaaaa 6120
gagttggtag ctcttgatce ggcaaacaaa ccaccgctgg tageggtggt ttttttgttt 6180
gcaagcagca gattacgcgce agaaaaaaag gatctcaaga agatcctttg atcttttceta 6240
cggggtcetga cgctcagtgg aacgaaaact cacgttaagg gattttggtce atgagattat 6300
caaaaaggat cttcacctag atccttttaa attaaaaatg aagttttaaa tcaatctaaa 6360
gtatatatga gtaaacttgg tctgacagtt accaatgctt aatcagtgag gcacctatct 6420

cagcgatctg tctatttegt tcatccatag ttgecctgact cecccecgtcecgtg tagataacta 6480
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cgatacggga gggcttacca tcectggcccca gtgctgcaat gataccgcga gacccacgct 6540
caccggcetee agatttatca gcaataaacc agecagecegg aagggccgag cgcagaagtg 6600
gtcctgcaac tttatccgce tccatccagt ctattaattg ttgccgggaa gctagagtaa 6660
gtagttcgec agttaatagt ttgcgcaacg ttgttgccat tgctacaggc atcgtggtgt 6720
cacgctegte gtttggtatg gettcattca gctecggtte ccaacgatca aggcgagtta 6780
catgatcccce catgttgtgce aaaaaagcgg ttagctcectt cggtcecctceeg atcgttgtca 6840
gaagtaagtt ggccgcagtg ttatcactca tggttatggc agcactgcat aattctcetta 6900
ctgtcatgcce atccgtaaga tgcttttcectg tgactggtga gtactcaacc aagtcattct 6960
gagaatagtg tatgcggcga ccgagttgcet cttgcccgge gtcaatacgg gataataccyg 7020
cgccacatag cagaacttta aaagtgctca tcattggaaa acgttctteg gggcgaaaac 7080
tctcaaggat cttaccgetg ttgagatcca gttcgatgta acccactcgt gcacccaact 7140
gatcttcage atcttttact ttcaccagcg tttctgggtg agcaaaaaca ggaaggcaaa 7200
atgccgcaaa aaagggaata agggcgacac ggaaatgttg aatactcata ctcttecttt 7260
ttcaatatta ttgaagcatt tatcagggtt attgtctcat gagcggatac atatttgaat 7320
gtatttagaa aaataaacaa ataggggttc cgcgcacatt tccccgaaaa gtgccacctg 7380
acgtc 7385
<210> SEQ ID NO 14

<211> LENGTH: 246

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: upstream Sleeping beauty 5'ITR sequence

<400> SEQUENCE: 14

atatcaattg agttgaagtc ggaagtttac atacacttaa gttggagtca ttaaaactcg 60
tttttcaact acaccacaaa tttcttgtta acaaacaata gttttggcaa gtcagttagg 120
acatctactt tgtgcatgac acaagtcatt tttccaacaa ttgtttacag acagattatt 180
tcacttataa ttcactgtat cacaattcca gtgggtcaga agtttacata cactaacaat 240
tgatat 246

<210> SEQ ID NO 15

<211> LENGTH: 248

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: downstream Sleeping beauty 3'ITR sequence

<400> SEQUENCE: 15

atatctcgag ttgagtgtat gttaacttct gacccactgg gaatgtgatyg aaagaaataa 60
aagctgaaat gaatcattct ctctactatt attctgatat ttcacattct taaaataaag 120
tggtgatcct aactgacctt aagacaggga atctttacte ggattaaatyg tcaggaattg 180
tgaaaaagtg agtttaaatg tatttggcta aggtgtatgt aaacttccga cttcaactct 240
cgagatat 248

<210> SEQ ID NO 16
<211> LENGTH: 6339
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

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

<400> SEQUENCE: 16

gacggatcgyg gagatctccee gatccectat ggtcegactcet cagtacaatc tgcetcectgatg 60
ccgecatagtt aagccagtat ctgctcectg cttgtgtgtt ggaggtceget gagtagtgeg 120
cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgagtt gaagtcggaa 180
gtttacatac acttaagttg gagtcattaa aactcgtttt tcaactacac cacaaatttc 240
ttgttaacaa acaatagttt tggcaagtca gttaggacat ctactttgtg catgacacaa 300
gtcatttttc caacaattgt ttacagacag attatttcac ttataattca ctgtatcaca 360
attccagtgg gtcagaagtt tacatacact aacaattgca tgaagaatct gcttagggtt 420
aggcegttttyg cgctgetteg cgatgtacgg gecagatata cgegttgaca ttgattattg 480
actagttatt aatagtaatc aattacgggg tcattagtte atagcccata tatggagtte 540
cgegttacat aacttacggt aaatggeccg cctggctgac cgeccaacga ccccecgecca 600
ttgacgtcaa taatgacgta tgttcccata gtaacgccaa tagggacttt ccattgacgt 660
caatgggtgg actatttacg gtaaactgcc cacttggcag tacatcaagt gtatcatatg 720
ccaagtacgce cccctattga cgtcaatgac ggtaaatgge ccegectggea ttatgeccag 780
tacatgacct tatgggactt tcctacttgg cagtacatct acgtattagt catcgcetatt 840
accatggtga tgcggttttg gcagtacatc aatgggegtyg gatagceggtt tgactcacgg 900
ggatttccaa gtcteccacce cattgacgtc aatgggagtt tgttttggca ccaaaatcaa 960

cgggactttc caaaatgtcg taacaactcc gccccattga cgcaaatggg cggtaggegt 1020
gtacggtggg aggtctatat aagcagagct ctctggctaa ctagagaacc cactgcttac 1080
tggcttatcg aaattaatac gactcactat agggagaccc aagcttggta ccgagctegg 1140
atcgatatgg acatgagggt ccctgctcag ctecctgggac tectgetget ctggetecca 1200
ggtgccagat gtgacatcca gatgacccag tctccatcet cectgtetge atctgtaggg 1260
gacagagtca ccatcacttg tcgggcaagt cagggcatca gaaattactt agcctggtat 1320
cagcaaaaac cagggaaagc ccctaagctc ctgatctatg ctgcatccac tttgcaatca 1380
ggggtcccat ctecggttcag tggcagtgga tctgggacag atttcactct caccatcagce 1440
agcctacage ctgaagatgt tgcaacttat tactgtcaaa ggtataaccg tgcaccgtat 1500
acttttggcce aggggaccaa ggtggaaatc aagcgctcetg tggctgcacce atctgtcette 1560
atcttcecge catctgatga gcagttgaaa tctggaactg cctetgttgt gtgectgetg 1620
aataacttct atcccagaga ggccaaagta cagtggaagg tggataacgc cctccaatcg 1680
ggtaactcee aggagagtgt cacagagcag gacagcaagg acagcaccta cagcectcage 1740
agcaccctga cgctgagcaa agcagactac gagaaacaca aagtctacge ctgcgaagte 1800
acccatcagg gecctgagete geccgtcaca aagagcttca acaggggaga gtgttaaatce 1860
tgcggecegeg tcgacggaat tcagtggatce cactagtaac ggccgccagt gtgctggaat 1920
taattcgectg tectgcgaggg ccagctgttg gggtgagtac tccctcectcaa aagcgggcat 1980

gacttctgeg ctaagattgt cagtttccaa aaacgaggag gatttgatat tcacctggece 2040
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cgcggtgatg cectttgaggg tggccgegte catctggtca gaaaagacaa tetttttgtt 2100
gtcaagcttg aggtgtggca ggcttgagat ctggccatac acttgagtga caatgacatc 2160
cactttgeccet ttctectcecac aggtgtccac tceccaggtcece aactgcaggt cgagcatgca 2220
tctagggegg ccaattcege cectctecct ccececccecece taacgttact ggccgaagcece 2280
gcttggaata aggccggtgt gegtttgtet atatgtgatt ttccaccata ttgccgtett 2340
ttggcaatgt gagggcccegg aaacctggcce ctgtcettett gacgagcatt cctaggggtce 2400
tttcecectet cgccaaagga atgcaaggtce tgttgaatgt cgtgaaggaa gcagttcectce 2460
tggaagcttc ttgaagacaa acaacgtctg tagcgaccct ttgcaggcag cggaaccccce 2520
cacctggcega caggtgectce tgcggccaaa agecacgtgt ataagataca cctgcaaagg 2580
cggcacaacc ccagtgccac gttgtgagtt ggatagttgt ggaaagagtc aaatggctct 2640
cctcaagegt attcaacaag gggctgaagg atgcccagaa ggtaccccat tgtatgggat 2700
ctgatctggg gecteggtge acatgcttta catgtgttta gtcgaggtta aaaaaacgtce 2760
taggcceccce gaaccacggg gacgtggttt tcectttgaaa aacacgatga taagcttgece 2820
acaacccggg atccaccggt cgccaccatg gtgagcaagg gcgaggaget gttcaccggg 2880
gtggtgcecca tcectggtcga gctggacgge gacgtaaacyg gccacaagtt cagegtgtcece 2940
ggcgagggeyg agggcgatge cacctacggce aagctgaccce tgaagttcat ctgcaccacce 3000
ggcaagctyge cegtgecctg geccacccte gtgaccacce tgacctacgg cgtgcagtge 3060
ttcagceget accccgacca catgaagcag cacgacttet tcaagtccge catgceccgaa 3120
ggctacgtece aggagcgcac catcttecttce aaggacgacg gcaactacaa gacccgcgec 3180
gaggtgaagt tcgagggcga caccctggtg aaccgcatceg agctgaaggg catcgacttce 3240
aaggaggacg gcaacatcct ggggcacaag ctggagtaca actacaacag ccacaacgte 3300
tatatcatgg ccgacaagca gaagaacggc atcaaggtga acttcaagat ccgccacaac 3360
atcgaggacg gcagegtgca getcegecgac cactaccage agaacacccece catcggcgac 3420
ggeccegtyge tgctgcccga caaccactac ctgagcacce agtccgecct gagcaaagac 3480
cccaacgaga agcgcgatca catggtecctg ctggagtteg tgaccgccge cgggatcact 3540
ctcggcatgg acgagctgta caagtaaagc ggccctagag ctcecgctgatce agectcgact 3600
gtgcctctag ttgccagceca tcetgttgttt geccctcecee cgtgecttee ttgaccetgg 3660
aaggtgccac tcccactgte ctttcectaat aaaatgagga aattgcatcg cattgtctga 3720
gtaggtgtca ttctattctg gggggtgggg tggggcagga cagcaagggg gaggattggg 3780
aagacaatag caggcatgct ggggatgcgg tgggctctat ggcttctgag gcecggaaagaa 3840
ccagctgggg ctcgagttga gtgtatgtta acttctgacce cactgggaat gtgatgaaag 3900
aaataaaagc tgaaatgaat cattctctct actattattc tgatatttca cattcttaaa 3960
ataaagtggt gatcctaact gaccttaaga cagggaatct ttactcggat taaatgtcag 4020
gaattgtgaa aaagtgagtt taaatgtatt tggctaaggt gtatgtaaac ttccgacttce 4080
aactctcgag tgcattctag ttgtggtttg tccaaactca tcaatgtatc ttatcatgtce 4140
tgtataccgt cgacctctag ctagagecttg gcgtaatcat ggtcataget gtttectgtg 4200
tgaaattgtt atccgctcac aattccacac aacatacgag ccggaagcat aaagtgtaaa 4260

gcctggggtyg cctaatgagt gagctaactc acattaattg cgttgcgetce actgecccget 4320
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ttccagtegg gaaacctgte gtgccagcetg cattaatgaa tecggccaacg cgcggggaga 4380
ggcggtttge gtattgggcg ctetteceget tectegctceca ctgactecget gcecgeteggte 4440
gttcggctge ggcgageggt atcagctcac tcaaaggcgg taatacggtt atccacagaa 4500
tcaggggata acgcaggaaa gaacatgtga gcaaaaggcc agcaaaaggc caggaaccgt 4560
aaaaaggccg cgttgctgge gtttttecat aggctccegece ceccctgacga gcatcacaaa 4620
aatcgacgct caagtcagag gtggcgaaac ccgacaggac tataaagata ccaggcgttt 4680
ccecctggaa getceectegt gegetcetect gttecgacce tgccgettac cggatacctg 4740
tcegecttte tecctteggyg aagegtggceg ctttcectcaat gectcacgctg taggtatcte 4800
agttcggtgt aggtcgtteg cteccaagcectg ggetgtgtge acgaacccece cgttcagecce 4860
gaccgctgeg ccttatccgg taactategt cttgagtcca acccggtaag acacgactta 4920
tcgccactgg cagcagccac tggtaacagg attagcagag cgaggtatgt aggcggtgcet 4980
acagagttct tgaagtggtg gcctaactac ggctacacta gaaggacagt atttggtatc 5040
tgcgctetge tgaagccagt taccttcgga aaaagagttg gtagctcttg atccggcaaa 5100
caaaccaccg ctggtagcgg tggttttttt gtttgcaagce agcagattac gcgcagaaaa 5160
aaaggatctc aagaagatcc tttgatcttt tctacggggt ctgacgctca gtggaacgaa 5220
aactcacgtt aagggatttt ggtcatgaga ttatcaaaaa ggatcttcac ctagatcctt 5280
ttaaattaaa aatgaagttt taaatcaatc taaagtatat atgagtaaac ttggtctgac 5340
agttaccaat gcttaatcag tgaggcacct atctcagcga tctgtctatt tegttcatce 5400
atagttgcct gactcccegt cgtgtagata actacgatac gggagggctt accatctggce 5460
cccagtgetg caatgatacc gcgagaccca cgctcaccgg ctccagattt atcagcaata 5520
aaccagccag ccggaagggce cgagcgcaga agtggtcectyg caactttatce cgectccate 5580
cagtctatta attgttgccg ggaagctaga gtaagtagtt cgccagttaa tagtttgcegce 5640
aacgttgttg ccattgctac aggcatcgtg gtgtcacget cgtcecgtttgg tatggcttca 5700
ttcagctceg gttceccaacyg atcaaggcga gttacatgat cccccatgtt gtgcaaaaaa 5760
gcggttaget cctteggtcee tcecgategtt gtcagaagta agttggccgce agtgttatca 5820
ctcatggtta tggcagcact gcataattct cttactgtca tgccatccgt aagatgettt 5880
tctgtgactg gtgagtactc aaccaagtca ttctgagaat agtgtatgcg gcgaccgagt 5940
tgctcttgee cggcgtcaat acgggataat accgcgccac atagcagaac tttaaaagtg 6000
ctcatcattg gaaaacgttc ttcggggcga aaactctcaa ggatcttacce getgttgaga 6060
tccagttega tgtaacccac tcecgtgcacce aactgatcectt cagcatcttt tactttcacce 6120
agegtttetyg ggtgagcaaa aacaggaagg caaaatgccyg caaaaaaggyg aataagggcg 6180
acacggaaat gttgaatact catactcttc ctttttcaat attattgaag catttatcag 6240
ggttattgtc tcatgagcgg atacatattt gaatgtattt agaaaaataa acaaataggg 6300

gttcecgecgea catttccccg aaaagtgcca cctgacgte 6339

<210> SEQ ID NO 17

<211> LENGTH: 1023

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: open reading frame (ORF) of the Sleeping
Beauty transposase enzyme
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<400> SEQUENCE: 17

atgggaaaat caaaagaaat cagccaagac ctcagaaaaa aaattgtaga cctccacaag 60
tctggttcat ccttgggage aatttccaaa cgectgaaag taccacgttce atctgtacaa 120
acaatagtac gcaagtataa acaccatggg accacgcagce cgtcataccyg ctcaggaagg 180
agacgcgtte tgtctectag agatgaacgt actttggtge gaaaagtgca aatcaatcce 240
agaacaacag caaaggacct tgtgaagatg ctggaggaaa caggtacaaa agtatctata 300
tccacagtaa aacgagtcct atatcgacat aacctgaaag gccgctcage aaggaagaag 360
ccactgctee aaaaccgaca taagaaagcec agactacggt ttgcaactge acatggggac 420
aaagatcgta ctttttggag aaatgtecte tggtctgatyg aaacaaaaat agaactgttt 480
ggccataatyg accatcgtta tgtttggagg aagaaggggyg aggcttgcaa gccgaagaac 540
accatcccaa ccgtgaagca cgggggtgge agecatcatgt tgtgggggtyg ctttgetgea 600
ggagggactyg gtgcacttca caaaatagat ggcatcatga ggaaggaaaa ttatgtggat 660
atattgaagc aacatctcaa gacatcagtc aggaagttaa agcttggteg caaatgggte 720
ttccaaatgg acaatgaccc caagcatact tccaaagttyg tggcaaaatyg gcttaaggac 780
aacaaagtca aggtattgga gtggccatca caaagccctyg acctcaatcce tatagaaaat 840
ttgtgggcag aactgaaaaa gcgtgtgcga gcaaggagge ctacaaacct gactcagtta 900
caccagctcet gtcaggagga atgggccaaa attcacccaa cttattgtgg gaagettgtg 960
gaaggctacc cgaaacgttt gacccaagtt aaacaattta aaggcaatgc taccaaatac 1020
tag 1023

<210> SEQ ID NO 18

<211> LENGTH: 340

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Protein sequence of the Sleeping Beauty
transposase enzyme

<400> SEQUENCE: 18

Met Gly Lys Ser Lys Glu Ile Ser Gln Asp Leu Arg Lys Lys Ile Val
1 5 10 15

Asp Leu His Lys Ser Gly Ser Ser Leu Gly Ala Ile Ser Lys Arg Leu
20 25 30

Lys Val Pro Arg Ser Ser Val Gln Thr Ile Val Arg Lys Tyr Lys His
35 40 45

His Gly Thr Thr Gln Pro Ser Tyr Arg Ser Gly Arg Arg Arg Val Leu
50 55 60

Ser Pro Arg Asp Glu Arg Thr Leu Val Arg Lys Val Gln Ile Asn Pro
65 70 75 80

Arg Thr Thr Ala Lys Asp Leu Val Lys Met Leu Glu Glu Thr Gly Thr
85 90 95

Lys Val Ser Ile Ser Thr Val Lys Arg Val Leu Tyr Arg His Asn Leu
100 105 110

Lys Gly Arg Ser Ala Arg Lys Lys Pro Leu Leu Gln Asn Arg His Lys
115 120 125

Lys Ala Arg Leu Arg Phe Ala Thr Ala His Gly Asp Lys Asp Arg Thr
130 135 140
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Phe Trp Arg Asn Val Leu Trp Ser Asp Glu Thr Lys Ile Glu Leu Phe
145 150 155 160

Gly His Asn Asp His Arg Tyr Val Trp Arg Lys Lys Gly Glu Ala Cys
165 170 175

Lys Pro Lys Asn Thr Ile Pro Thr Val Lys His Gly Gly Gly Ser Ile
180 185 190

Met Leu Trp Gly Cys Phe Ala Ala Gly Gly Thr Gly Ala Leu His Lys
195 200 205

Ile Asp Gly Ile Met Arg Lys Glu Asn Tyr Val Asp Ile Leu Lys Gln
210 215 220

His Leu Lys Thr Ser Val Arg Lys Leu Lys Leu Gly Arg Lys Trp Val
225 230 235 240

Phe Gln Met Asp Asn Asp Pro Lys His Thr Ser Lys Val Val Ala Lys
245 250 255

Trp Leu Lys Asp Asn Lys Val Lys Val Leu Glu Trp Pro Ser Gln Ser
260 265 270

Pro Asp Leu Asn Pro Ile Glu Asn Leu Trp Ala Glu Leu Lys Lys Arg
275 280 285

Val Arg Ala Arg Arg Pro Thr Asn Leu Thr Gln Leu His Gln Leu Cys
290 295 300

Gln Glu Glu Trp Ala Lys Ile His Pro Thr Tyr Cys Gly Lys Leu Val
305 310 315 320

Glu Gly Tyr Pro Lys Arg Leu Thr Gln Val Lys Gln Phe Lys Gly Asn
325 330 335

Ala Thr Lys Tyr
340

<210> SEQ ID NO 19

<211> LENGTH: 6624

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of the Sleeping Beauty expression
construct pCDNA3.1l-hygro(+)-SB

<400> SEQUENCE: 19

gacggatcgg gagatctcee gatccectat ggtcgactcet cagtacaatce tgetetgatg 60
ccgcatagtt aagccagtat ctgetecetg cttgtgtgtt ggaggteget gagtagtgeg 120
cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgcatg aagaatctge 180
ttagggttag gecgttttgeg ctgcttegeg atgtacggge cagatatacg cgttgacatt 240
gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat ageccatata 300
tggagttcceg cgttacataa cttacggtaa atggecegec tggetgaccg cccaacgace 360
ccegeccatt gacgtcaata atgacgtatg tteccatagt aacgccaata gggactttece 420
attgacgtca atgggtggac tatttacggt aaactgeccca cttggcagta catcaagtgt 480
atcatatgcce aagtacgccce cctattgacg tcaatgacgg taaatggece gectggeatt 540
atgcccagta catgacctta tgggacttte ctacttggea gtacatctac gtattagtca 600
tcgetattac catggtgatg cggttttgge agtacatcaa tgggegtgga tageggtttg 660
actcacgggg atttccaagt cteccacceca ttgacgtcaa tgggagtttg ttttggcace 720

aaaatcaacg ggactttcca aaatgtegta acaacteccge ceccattgacg caaatgggeg 780
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gtaggcgtgt acggtgggag gtctatataa gcagagctct ctggctaact agagaaccca 840
ctgcttactg gcttatcgaa attaatacga ctcactatag ggagacccaa gctggctagce 900
gtttaaactt aagcttggta ccgagctcgg atccactagt ccagtgtggt ggaattctge 960

agatatggga aaatcaaaag aaatcagcca agacctcaga aaaaaaattyg tagacctcca 1020
caagtctggt tcatccttgg gagcaatttc caaacgcctg aaagtaccac gttcatctgt 1080
acaaacaata gtacgcaagt ataaacacca tgggaccacyg cagccgtcat accgctcagg 1140
aaggagacgc gttctgtcte ctagagatga acgtactttg gtgcgaaaag tgcaaatcaa 1200
tcccagaaca acagcaaagg accttgtgaa gatgctggag gaaacaggta caaaagtatce 1260
tatatccaca gtaaaacgag tcctatatcg acataacctg aaaggccgct cagcaaggaa 1320
gaagccactyg ctccaaaacc gacataagaa agccagacta cggtttgcaa ctgcacatgg 1380
ggacaaagat cgtacttttt ggagaaatgt cctctggtct gatgaaacaa aaatagaact 1440
gtttggccat aatgaccatc gttatgtttg gaggaagaag ggggaggctt gcaagccgaa 1500
gaacaccatc ccaaccgtga agcacggggg tggcagcatc atgttgtggg ggtgctttge 1560
tgcaggaggg actggtgcac ttcacaaaat agatggcatc atgaggaagg aaaattatgt 1620
ggatatattg aagcaacatc tcaagacatc agtcaggaag ttaaagcttg gtcgcaaatg 1680
ggtcttccaa atggacaatg accccaagca tacttccaaa gttgtggcaa aatggcttaa 1740
ggacaacaaa dtcaaggtat tggagtggcc atcacaaagc cctgacctca atcctataga 1800
aaatttgtgg gcagaactga aaaagcgtgt gcgagcaagg aggcctacaa acctgactca 1860
gttacaccag ctctgtcagg aggaatgggc caaaattcac ccaacttatt gtgggaagct 1920
tgtggaaggc tacccgaaac gtttgaccca agttaaacaa tttaaaggca atgctaccaa 1980
atactagatc cagcacagtg gcggccgctce gagtctagag ggcccgttta aacccgctga 2040
tcagcctega ctgtgcectte tagttgccag ccatctgttg tttgccccte cececgtgect 2100
tcettgacce tggaaggtgce cactcccact gtectttect aataaaatga ggaaattgca 2160
tcgcattgte tgagtaggtg tcattctatt ctggggggtg gggtggggca ggacagcaag 2220
ggggaggatt gggaagacaa tagcaggcat gctggggatg cggtgggctc tatggcttcet 2280
gaggcggaaa gaaccagctg gggctctagg gggtatccce acgegecctg tageggcegea 2340
ttaagcgcgg cgggtgtggt ggttacgcge agecgtgaccg ctacacttge cagcgcccta 2400
gcgeecgete ctttegettt ctteccttece tttcetegeca cgttegeecgg cttteceegt 2460
caagctctaa atcggggcat ccctttaggg ttecgattta gtgctttacg gcacctcgac 2520
cccaaaaaac ttgattaggg tgatggttca cgtagtgggce catcgccctg atagacggtt 2580
tttcgeectt tgacgttgga gtccacgtte tttaatagtg gactcttgtt ccaaactgga 2640
acaacactca accctatctc ggtctattct tttgatttat aagggatttt ggggatttcg 2700
gcctattggt taaaaaatga gctgatttaa caaaaattta acgcgaatta attctgtgga 2760
atgtgtgtca gttagggtgt ggaaagtccce caggctcccce aggcaggcag aagtatgcaa 2820
agcatgcatc tcaattagtc agcaaccagg tgtggaaagt ccccaggctce cccagcaggce 2880
agaagtatgc aaagcatgca tctcaattag tcagcaacca tagtcccgece cctaactecg 2940
ccecatcecge cectaactec geccagttcee gceccattete cgccccatgg ctgactaatt 3000

ttttttattt atgcagaggc cgaggccgcce tctgectetg agctattcca gaagtagtga 3060
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ggaggctttt ttggaggcct aggcttttgce aaaaagctcec cgggagcttg tatatccatt 3120
ttcggatctg atcagcacgt gatgaaaaag cctgaactca ccgcgacgtce tgtcgagaag 3180
tttctgatcg aaaagttcga cagcgtcectcee gacctgatge agctctcgga gggcgaagaa 3240
tctegtgett tcagecttega tgtaggaggg cgtggatatg tcctgegggt aaatagctgce 3300
gccgatggtt tctacaaaga tcgttatgtt tatcggcact ttgcatcggce cgcgctececyg 3360
attccggaag tgcttgacat tggggaattc agcgagagcc tgacctattg catctcecccecgce 3420
cgtgcacagg gtgtcacgtt gcaagacctg cctgaaaccg aactgcccge tgttctgecag 3480
ccggtegegg aggccatgga tgcgatcgcet gcggccgatce ttagccagac gagcegggtte 3540
ggcccatteg gaccgcaagg aatcggtcaa tacactacat ggcgtgattt catatgegeg 3600
attgctgatc cccatgtgta tcactggcaa actgtgatgg acgacaccgt cagtgcgtcce 3660
gtcgegcagg ctectcecgatga gctgatgett tgggccgagg actgccccga agtcecggcac 3720
ctcgtgcacg cggatttegg ctccaacaat gtecctgacgg acaatggccg cataacagceg 3780
gtcattgact ggagcgaggc gatgttcggg gattcccaat acgaggtcgc caacatcttce 3840
ttectggagge cgtggttgge ttgtatggag cagcagacgce gctacttcga gceggaggcat 3900
ccggagettg caggatcgec geggctecgg gcgtatatge tccgcattgg tettgaccaa 3960
ctctatcaga gecttggttga cggcaatttce gatgatgcag cttgggcgca gggtcgatgce 4020
gacgcaatcyg tccgatccgg agccgggact gtcegggegta cacaaatcgce ccgcagaagce 4080
gcggecgtet ggaccgatgg ctgtgtagaa gtactcgceg atagtggaaa ccgacgceccce 4140
agcactcgtc cgagggcaaa ggaatagcac gtgctacgag atttcgattce caccgccgcece 4200
ttctatgaaa ggttgggett cggaatcgtt ttcecgggacg ccggctggat gatcctecag 4260
cgcggggatce tcatgctgga gttcecttegcee caccccaact tgtttattge agecttataat 4320
ggttacaaat aaagcaatag catcacaaat ttcacaaata aagcattttt ttcactgcat 4380
tctagttgtg gtttgtccaa actcatcaat gtatcttatc atgtctgtat accgtcgacc 4440
tctagctaga gecttggcgta atcatggtca tagectgtttce ctgtgtgaaa ttgttatccg 4500
ctcacaattc cacacaacat acgagccgga agcataaagt gtaaagcctg gggtgcctaa 4560
tgagtgagct aactcacatt aattgcgttg cgctcactge cecgctttceca gtecgggaaac 4620
ctgtcgtgece agctgcatta atgaatcggce caacgcgegg ggagaggcgg tttgcegtatt 4680
gggcgctett cegettecte gctcactgac tecgctgeget cggtegttceg gctgeggcega 4740
gcggtatcag ctcactcaaa ggcggtaata cggttatcca cagaatcagg ggataacgca 4800
ggaaagaaca tgtgagcaaa aggccagcaa aaggccagga accgtaaaaa ggccgegttg 4860
ctggcgtttt tccataggcect ccgcccccct gacgagcatc acaaaaatcg acgctcaagt 4920
cagaggtggce gaaacccgac aggactataa agataccagg cgtttcccee tggaagetce 4980
ctegtgeget ctectgttec gaccctgecg cttaccggat acctgtceccge cttteteect 5040
tcgggaagceg tggcgcttte tcaatgctca cgectgtaggt atctcagtte ggtgtaggtce 5100
gttcgcteca agetgggctg tgtgcacgaa cccccegtte agecccgaccg ctgecgcectta 5160
tcecggtaact atcgtcttga gtccaacccg gtaagacacg acttatcgecce actggcagca 5220
gccactggta acaggattag cagagcgagg tatgtaggcg gtgctacaga gttcecttgaag 5280

tggtggccta actacggcta cactagaagg acagtatttg gtatctgcge tetgctgaag 5340
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ccagttacct tcggaaaaag agttggtagce tcttgatccg gcaaacaaac caccgctggt 5400
agcggtggtt tttttgtttg caagcagcag attacgcgca gaaaaaaagg atctcaagaa 5460
gatcctttga tettttctac ggggtctgac gctcagtgga acgaaaactc acgttaaggg 5520
attttggtca tgagattatc aaaaaggatc ttcacctaga tccttttaaa ttaaaaatga 5580
agttttaaat caatctaaag tatatatgag taaacttggt ctgacagtta ccaatgctta 5640
atcagtgagg cacctatctc agcgatctgt ctatttegtt catccatagt tgcctgactce 5700
ccegtegtgt agataactac gatacgggag ggcttaccat ctggccccag tgctgcaatg 5760
ataccgcgag acccacgctc accggctceca gatttatcag caataaacca gccagecgga 5820
agggccgagce gcagaagtgg tcecctgcaact ttatccgect ccatccagte tattaattgt 5880
tgccgggaag ctagagtaag tagttcgcca gttaatagtt tgcgcaacgt tgttgccatt 5940
gctacaggca tcgtggtgte acgctcecgteg tttggtatgg cttcattcag cteecggttece 6000
caacgatcaa ggcgagttac atgatcccce atgttgtgca aaaaagcggt tagctcectte 6060
ggtccteega tegttgtcag aagtaagttg geccgcagtgt tatcactcat ggttatggca 6120
gcactgcata attctcttac tgtcatgcca tccgtaagat gettttetgt gactggtgag 6180
tactcaacca agtcattctg agaatagtgt atgcggcgac cgagttgctce ttgcccggeg 6240
tcaatacggg ataataccgc gccacatagce agaactttaa aagtgctcat cattggaaaa 6300
cgttcttegg ggcgaaaact ctcaaggatc ttaccgetgt tgagatccag ttcgatgtaa 6360
cccactegtg cacccaactg atcttcagca tcttttactt tcaccagcgt ttcectgggtga 6420
gcaaaaacag gaaggcaaaa tgccgcaaaa aagggaataa gggcgacacg gaaatgttga 6480
atactcatac tcttecctttt tcaatattat tgaagcattt atcagggtta ttgtctcatg 6540
agcggataca tatttgaatg tatttagaaa aataaacaaa taggggttcc gcgcacattt 6600
ccecgaaaag tgccacctga cgtce 6624
<210> SEQ ID NO 20
<211> LENGTH: 4975
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: DNA sequence containing a PiggyBac ITR-

flanked expression cassette for membrane spanning human Ig-

gammal heavy chains

<400> SEQUENCE: 20

gaattcttaa ccctagaaag atagtctgceg taaaattgac gecatgcattc ttgaaatatt 60
getetetett tctaaatage gcgaatcegt cgetgtgcat ttaggacatc tcagtcgecg 120
cttggagete ccgtgaggceg tgcttgtcaa tgcggtaagt gtcactgatt ttgaactata 180
acgaccgcegt gagtcaaaat gacgcatgat tatcttttac gtgactttta agatttaact 240
catacgataa ttatattgtt atttcatgtt ctacttacgt gataacttat tatatatata 300
ttttettgtt atacctcgag gctagtctag agagtaatte atacaaaagyg actcgeccct 360
gecttgggga atcccaggga ccgtegttaa actcccacta acgtagaacc cagagatcge 420
tgegtteceg cccectcace cgcccgetet cgtcatcact gaggtggaga agagcatgeg 480
tgaggctceg gtgccegtca gtgggcagag cgcacatcge ccacagtcecce cgagaagttg 540

gggggagggyg tcggcaattg aaccggtgee tagagaaggt ggcgeggggt aaactgggaa 600
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agtgatgtcg tgtactggct ccegecttttt cccgagggtg ggggagaacc gtatataagt 660
gcagtagtcg ccgtgaacgt tctttttege aacgggtttg cecgccagaac acaggtaagt 720
gccgtgtgtg gtteccgegyg gectggecte tttacgggtt atggcccttg cgtgcecttga 780
attacttcca cgeccecctgge tgcagtacgt gattcttgat cccgagettc gggttggaag 840
tgggtgggag agttcgaggc cttgcgctta aggagcccct tcgectegtyg cttgagttga 900
ggcctggett gggegetggg gecgecgegt gegaatctgg tggcacctte gegectgtet 960

cgctgettte gataagtcte tagccattta aaatttttga tgacctgctg cgacgctttt 1020
tttctggcaa gatagtcttyg taaatgcggg ccaagatctg cacactggta tttecggtttt 1080
tggggccgeg ggcggegacyg gggccegtge gteccagege acatgttegyg cgaggegggyg 1140
cctgegageg cggcecaccga gaatcggacg ggggtagtet caagetggece ggectgetcet 1200
ggtgectgge ctegegecge cgtgtatcege cccgeectgg geggcaaggce tggeccggte 1260
ggcaccagtt gegtgagegg aaagatggcece gettceegge cetgcetgecag ggagctcaaa 1320
atggaggacg cggcgetegg gagageggge gggtgagtcea cccacacaaa ggaaaagggce 1380
ctttecegtece tcagecgteg cttcatgtga cteccacggag taccgggcgce cgtccaggca 1440
cctcgattag ttctecgaget tttggagtac gtegtcttta ggttgggggg aggggtttta 1500
tgcgatggag tttccccaca ctgagtgggt ggagactgaa gttaggccag cttggcactt 1560
gatgtaattc tccttggaat ttgccctttt tgagtttgga tettggttca ttctcaagece 1620
tcagacagtg gttcaaagtt tttttcttce atttcaggtg tcgtgagcgg ccgctagatt 1680
gctagcacca agggcccate ggtcecttecece ctggcaccet cctceccaagag cacctcectggg 1740
ggcacagcag ccctgggcectg cctggtcaag gactacttec ccgaaccggt gacggtgteg 1800
tggaactcag gcgcecctgac cagcggcegtg cacaccttece cggctgtcect acagtcectca 1860
ggactctact ccctcagcag cgtggtgacce gtgccctceca gcagettggg cacccagacce 1920
tacatctgca acgtgaatca caagcccage aacaccaagg tggacaagaa agttgagcce 1980
aaatcttgtg acaaaactca cacatgccca ccgtgcccag cacctgaact cctgggggga 2040
ccgtcagtet tectecttece cccaaaacce aaggacaccce tcatgatcte ccggacccect 2100
gaggtcacat gcgtggtggt ggacgtgagc cacgaagacc ctgaggtcaa gttcaactgg 2160
tacgtggacyg gcgtggaggt gcataatgcec aagacaaage cgcgggagga gcagtacaac 2220
agcacgtacc gtgtggtcag cgtcctcacce gtecctgcacce aggactggct gaatggcaag 2280
gagtacaagt gcaaggtctc caacaaagcc ctcccagece ccatcgagaa aaccatctec 2340
aaagccaaag ggcagcecccg agaaccacag gtgtacacce tgcccccatce ccgggatgag 2400
ctgaccaaga accaggtcag cctgacctgce ctggtcaaag gcttctatce cagcgacatce 2460
geegtggagt gggagagcaa tgggcagcecg gagaacaact acaagaccac gecteccegtg 2520
ctggactcecg acggctcectt cttectectac agcaagctca cecgtggacaa gagcaggtgg 2580
cagcagggga acgtcttcte atgctcecegtg atgcatgagg ctctgcacaa ccactacaca 2640
cagaagagce tcteectgte tccggagetg caactggagyg agagetgtge ggaggcegcag 2700
gacggggagc tggacgggct gtggacgacc atcaccatct tcatcacact cttectgtta 2760
agcgtgtget acagtgccac cgtcacctte ttcaaggtga agtggatctt ctecteggtg 2820

gtggacctga agcagaccat catccccgac tacaggaaca tgatcggaca gggggectag 2880
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taagcttagce gectttcgaag ggcaggtaag tatcaaggtt acaagacagg tttaaggaga 2940
ccaatagaaa ctgggcttgt cgagacagag aagactcttg cgtttctgat aggcacctat 3000
tggtcttact gacatccact ttgcctttct ctceccacaggt gtcctacgta gegatcgeca 3060
attcecgecce tetceecteee ceccceectaa cgttactgge cgaagecget tggaataagg 3120
ccggtgtgeg tttgtctata tgtgatttte caccatattg cecgtcecttttg gcaatgtgag 3180
ggccecggaaa cctggecectg tcettettgac gagcattcecet aggggtettt ccectcetege 3240
caaaggaatg caaggtctgt tgaatgtcgt gaaggaagca gttcctctgg aagcttettg 3300
aagacaaaca acgtctgtag cgaccctttg caggcagegg aaccccccac ctggcgacag 3360
gtgectetge ggccaaaage cacgtgtata agatacacct gcaaaggcegg cacaacccca 3420
gtgccacgtt gtgagttgga tagttgtgga aagagtcaaa tggctctcct caagcgtatt 3480
caacaagggg ctgaaggatg cccagaaggt accccattgt atgggatctg atctggggcece 3540
tcggtgcaca tgctttacat gtgtttagtc gaggttaaaa aaacgtctag gccccccgaa 3600
ccacggggac gtggttttcecc tttgaaaaac acgatgataa gcttgccaca acccggttta 3660
aacggatcce gccaccatgg tgagcaaggg cgaggagetyg ttcaccgggyg tggtgeccat 3720
cctggtegag ctggacggceg acgtaaacgg ccacaagtte agegtgteceyg gcecgagggcga 3780
gggcgatgece acctacggca agctgaccct gaagttcatce tgcaccaccg gcaagctgece 3840
cgtgcecectgg cccacccteg tgaccaccct gacctacgge gtgcagtget tcagecgceta 3900
ccecgaccac atgaagcage acgacttett caagtcecgece atgeccgaag gctacgtcca 3960
ggagcgcace atcttecttca aggacgacgg caactacaag acccgcegecg aggtgaagtt 4020
cgagggcgac accctggtga accgcatcga getgaaggge atcgacttca aggaggacgg 4080
caacatcctg gggcacaagc tggagtacaa ctacaacagc cacaacgtct atatcatggce 4140
cgacaagcag aagaacggca tcaaggtgaa cttcaagatc cgccacaaca tcgaggacgg 4200
cagcgtgcag ctcgecgace actaccagca gaacaccceece atcggcgacyg gcccegtget 4260
gectgeccegac aaccactacce tgagcaccca gtccegecctg agcaaagacc ccaacgagaa 4320
gcgecgatcac atggtcecctge tggagttegt gaccgecgec gggatcactce tcggcatgga 4380
cgagectgtac aagtaaagcg gcatatgege cggeggatat ceggegegece gagcetcegetg 4440
atcagccteg actgtgccte tagttgccag ccatctgttg tttgccccte ceccecgtgect 4500
tcettgacce tggaaggtgce cactcccact gtectttect aataaaatga ggaaattgca 4560
tcgcattgte tgagtaggtg tcattctatt ctggggggtg gggtggggca ggacagcaag 4620
ggggaggatt gggaagacaa tagcaggcat gctggggatg cggtgggctc tatggcttcet 4680
gaggcggaaa gaaccagctg gggttaatta aacgcgttta accctagaaa gataatcata 4740
ttgtgacgta cgttaaagat aatcatgcgt aaaattgacg catgtgtttt atcggtctgt 4800
atatcgaggt ttatttatta atttgaatag atattaagtt ttattatatt tacacttaca 4860
tactaataat aaattcaaca aacaatttat ttatgtttat ttatttatta aaaaaaaaca 4920

aaaactcaaa atttcttcta taaagtaaca aaacttttat atcgattcgce gcgeg 4975

<210> SEQ ID NO 21

<211> LENGTH: 2774

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence



US 2019/0153433 Al May 23, 2019
56

-continued

<220> FEATURE:

<223> OTHER INFORMATION: DNA sequence containing vector backbone
components ColEl and ampicillin resistance flanked by 5' and 3'
ITRs of Sleeping Beauty

<400> SEQUENCE: 21

ttaattaaac gcgtttgagt gtatgttaac ttctgaccca ctgggaatgt gatgaaagaa 60
ataaaagctg aaatgaatca ttctctctac tattattcetg atatttcaca ttcttaaaat 120
aaagtggtga tcctaactga ccttaagaca gggaatcttt actcggatta aatgtcagga 180
attgtgaaaa agtgagttta aatgtatttg gctaaggtgt atgtaaactt ccgacttcaa 240
ctatcgatte gcegegegtge attctagttg tggtttgtec aaactcatca atgtatctta 300
tcatgtctgt ataccgtcga cctctageta gagettggeyg taatcatggt catagetgtt 360
tcectgtgtga aattgttatc cgctcacaat tcecacacaac atacgagcecyg gaagcataaa 420
gtgtaaagcce tggggtgcct aatgagtgag ctaactcaca ttaattgegt tgegcetcact 480
geeegettte cagtcgggaa acctgtegtg ccagetgcat taatgaatcg gecaacgege 540
ggggagaggce ggtttgcgta ttgggegetce ttecegettee tegetcactg actegetgeg 600
cteggtegtt cggetgegge gagceggtatce agetcactca aaggcggtaa tacggttate 660
cacagaatca ggggataacg caggaaagaa catgtgagca aaaggccagc aaaaggccag 720
gaaccgtaaa aaggccgcegt tgctggegtt tttecatagg ctecgeccce ctgacgagea 780
tcacaaaaat cgacgctcaa gtcagaggtg gcgaaacceyg acaggactat aaagatacca 840
ggegttteee cctggaaget ccoctegtgeg ctetectgtt cegaccctge cgettacegy 900
atacctgtcee gectttetcee cttcegggaag cgtggegett tcetcaatget cacgetgtag 960

gtatctcagt tcggtgtagg tcgttcecgete caagctggge tgtgtgcacg aaccccecegt 1020
tcagcccgac cgctgcgect tatccggtaa ctatcgtett gagtccaacce cggtaagaca 1080
cgacttatcg ccactggcag cagccactgg taacaggatt agcagagcga ggtatgtagg 1140
cggtgctaca gagttcttga agtggtggcce taactacggce tacactagaa ggacagtatt 1200
tggtatctge gectctgctga agccagttac cttecggaaaa agagttggta gcetcttgatce 1260
cggcaaacaa accaccgctg gtageggtgg tttttttgtt tgcaagcage agattacgceg 1320
cagaaaaaaa ggatctcaag aagatccttt gatcttttet acggggtctg acgctcagtg 1380
gaacgaaaac tcacgttaag ggattttggt catgagatta tcaaaaagga tcttcaccta 1440
gatcctttta aattaaaaat gaagttttaa atcaatctaa agtatatatg agtaaacttg 1500
gtctgacagt taccaatgct taatcagtga ggcacctatc tcagcgatct gtctattteg 1560
ttcatccata gttgcctgac tceccccecgtcegt gtagataact acgatacggg agggcttacce 1620
atctggcccce agtgctgcaa tgataccgcg agacccacgce tcaccggcte cagatttatce 1680
agcaataaac cagccagccg gaagggecga gegcagaagt ggtectgcaa ctttatccge 1740
ctccatccag tectattaatt gttgccggga agctagagta agtagttcge cagttaatag 1800
tttgcgcaac gttgttgcca ttgctacagg catcgtggtg tcacgctcecgt cgtttggtat 1860
ggcttcatte agctccggtt cccaacgatc aaggcgagtt acatgatccc ccatgttgtg 1920
caaaaaagcg gttagctecct teggtcectcee gategttgte agaagtaagt tggccgcagt 1980
gttatcactc atggttatgg cagcactgca taattctctt actgtcatgc catccgtaag 2040

atgcttttect gtgactggtyg agtactcaac caagtcattc tgagaatagt gtatgcggcg 2100
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accgagttge tecttgccegg cgtcaatacg ggataatacc gcgccacata gcagaacttt 2160
aaaagtgctc atcattggaa aacgttcttc ggggcgaaaa ctctcaagga tcecttaccgcet 2220
gttgagatcc agttcgatgt aacccactcg tgcacccaac tgatcttcag catcttttac 2280
tttcaccage gtttctgggt gagcaaaaac aggaaggcaa aatgccgcaa aaaagggaat 2340
aagggcgaca cggaaatgtt gaatactcat actcttcctt tttcaatatt attgaagcat 2400
ttatcagggt tattgtctca tgagcggata catatttgaa tgtatttaga aaaataaaca 2460
aataggggtt ccgcgcacat ttccccgaaa agtgccacct gacgtcgacg gatcgggect 2520
gcaggaattc agttgaagtc ggaagtttac atacacttaa gttggagtca ttaaaactcg 2580
tttttcaact acaccacaaa tttcttgtta acaaacaata gttttggcaa gtcagttagg 2640
acatctactt tgtgcatgac acaagtcatt tttccaacaa ttgtttacag acagattatt 2700
tcacttataa ttcactgtat cacaattcca gtgggtcaga agtttacata cactaacctc 2760
gaggctagtc taga 2774
<210> SEQ ID NO 22

<211> LENGTH: 7242

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of PiggyBac transposable “empty”

human gammal-HC vector

<400> SEQUENCE: 22

gaattcttaa ccctagaaag atagtctgceg taaaattgac gecatgcattc ttgaaatatt 60
getetetett tctaaatage gcgaatcegt cgetgtgcat ttaggacatc tcagtcgecg 120
cttggagete ccgtgaggceg tgcttgtcaa tgcggtaagt gtcactgatt ttgaactata 180
acgaccgcegt gagtcaaaat gacgcatgat tatcttttac gtgactttta agatttaact 240
catacgataa ttatattgtt atttcatgtt ctacttacgt gataacttat tatatatata 300
ttttettgtt atacctcgag gctagtctag agagtaatte atacaaaagyg actcgeccct 360
gecttgggga atcccaggga ccgtegttaa actcccacta acgtagaacc cagagatcge 420
tgegtteceg cccectcace cgcccgetet cgtcatcact gaggtggaga agagcatgeg 480
tgaggctceg gtgccegtca gtgggcagag cgcacatcge ccacagtcecce cgagaagttg 540

gggggagggyg tcggcaattg aaccggtgee tagagaaggt ggcgeggggt aaactgggaa 600

agtgatgtcg tgtactgget cegecttttt cececgagggtg ggggagaace gtatataagt 660
gcagtagtcg ccgtgaacgt tcetttttege aacgggtttg cegecagaac acaggtaagt 720
geegtgtgty gttcecegegg gectggecte tttacgggtt atggeccttyg cgtgecttga 780
attacttcca cgccectgge tgcagtacgt gattettgat cecgagette gggttggaag 840
tgggtgggag agttcgagge cttgegetta aggagecccet tegectegtyg cttgagttga 900
ggcctggett gggegetggg gecgeegegt gegaatctgg tggcacctte gegectgtet 960

cgctgettte gataagtcte tagccattta aaatttttga tgacctgctg cgacgctttt 1020

tttctggcaa gatagtcttyg taaatgcggg ccaagatctg cacactggta tttecggtttt 1080

tggggcegeg ggcggegacg gggeccegtge gteccagege acatgttegyg cgaggegggg 1140

cctgegageg cggcecaccga gaatcggacg ggggtagtet caagetggece ggectgetcet 1200
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ggtgectgge ctegegecge cgtgtatcege cccgeectgg geggcaaggce tggeccggte 1260
ggcaccagtt gegtgagegg aaagatggcece gettceegge cetgcetgecag ggagctcaaa 1320
atggaggacg cggcgetegg gagageggge gggtgagtcea cccacacaaa ggaaaagggce 1380
ctttecegtece tcagecgteg cttcatgtga cteccacggag taccgggcgce cgtccaggca 1440
cctcgattag ttctecgaget tttggagtac gtegtcttta ggttgggggg aggggtttta 1500
tgcgatggag tttccccaca ctgagtgggt ggagactgaa gttaggccag cttggcactt 1560
gatgtaattc tccttggaat ttgccctttt tgagtttgga tettggttca ttctcaagece 1620
tcagacagtg gttcaaagtt tttttcttce atttcaggtg tcgtgagcgg ccgctagatt 1680
gctagcacca agggcccate ggtcecttecece ctggcaccet cctceccaagag cacctcectggg 1740
ggcacagcag ccctgggcectg cctggtcaag gactacttec ccgaaccggt gacggtgteg 1800
tggaactcag gcgcecctgac cagcggcegtg cacaccttece cggctgtcect acagtcectca 1860
ggactctact ccctcagcag cgtggtgacce gtgccctceca gcagettggg cacccagacce 1920
tacatctgca acgtgaatca caagcccage aacaccaagg tggacaagaa agttgagcce 1980
aaatcttgtg acaaaactca cacatgccca ccgtgcccag cacctgaact cctgggggga 2040
ccgtcagtet tectecttece cccaaaacce aaggacaccce tcatgatcte ccggacccect 2100
gaggtcacat gcgtggtggt ggacgtgagc cacgaagacc ctgaggtcaa gttcaactgg 2160
tacgtggacyg gcgtggaggt gcataatgcec aagacaaage cgcgggagga gcagtacaac 2220
agcacgtacc gtgtggtcag cgtcctcacce gtecctgcacce aggactggct gaatggcaag 2280
gagtacaagt gcaaggtctc caacaaagcc ctcccagece ccatcgagaa aaccatctec 2340
aaagccaaag ggcagcecccg agaaccacag gtgtacacce tgcccccatce ccgggatgag 2400
ctgaccaaga accaggtcag cctgacctgce ctggtcaaag gcttctatce cagcgacatce 2460
geegtggagt gggagagcaa tgggcagcecg gagaacaact acaagaccac gecteccegtg 2520
ctggactcecg acggctcectt cttectectac agcaagctca cecgtggacaa gagcaggtgg 2580
cagcagggga acgtcttcte atgctcecegtg atgcatgagg ctctgcacaa ccactacaca 2640
cagaagagce tcteectgte tccggagetg caactggagyg agagetgtge ggaggcegcag 2700
gacggggagc tggacgggct gtggacgacc atcaccatct tcatcacact cttectgtta 2760
agcgtgtget acagtgccac cgtcacctte ttcaaggtga agtggatctt ctecteggtg 2820
gtggacctga agcagaccat catccccgac tacaggaaca tgatcggaca gggggcctag 2880
taagcttagce gectttcgaag ggcaggtaag tatcaaggtt acaagacagg tttaaggaga 2940
ccaatagaaa ctgggcttgt cgagacagag aagactcttg cgtttctgat aggcacctat 3000
tggtcttact gacatccact ttgcctttct ctceccacaggt gtcctacgta gegatcgeca 3060
attcecgecce tetceecteee ceccceectaa cgttactgge cgaagecget tggaataagg 3120
ccggtgtgeg tttgtctata tgtgatttte caccatattg cecgtcecttttg gcaatgtgag 3180
ggccecggaaa cctggecectg tcettettgac gagcattcecet aggggtettt ccectcetege 3240
caaaggaatg caaggtctgt tgaatgtcgt gaaggaagca gttcctctgg aagcttettg 3300
aagacaaaca acgtctgtag cgaccctttg caggcagegg aaccccccac ctggcgacag 3360
gtgectetge ggccaaaage cacgtgtata agatacacct gcaaaggcegg cacaacccca 3420

gtgccacgtt gtgagttgga tagttgtgga aagagtcaaa tggctctcct caagcgtatt 3480
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caacaagggg ctgaaggatg cccagaaggt accccattgt atgggatctg atctggggcece 3540
tcggtgcaca tgctttacat gtgtttagtc gaggttaaaa aaacgtctag gccccccgaa 3600
ccacggggac gtggttttcecc tttgaaaaac acgatgataa gcttgccaca acccggttta 3660
aacggatcce gccaccatgg tgagcaaggg cgaggagetyg ttcaccgggyg tggtgeccat 3720
cctggtegag ctggacggceg acgtaaacgg ccacaagtte agegtgteceyg gcecgagggcga 3780
gggcgatgece acctacggca agctgaccct gaagttcatce tgcaccaccg gcaagctgece 3840
cgtgcecectgg cccacccteg tgaccaccct gacctacgge gtgcagtget tcagecgceta 3900
ccecgaccac atgaagcage acgacttett caagtcecgece atgeccgaag gctacgtcca 3960
ggagcgcace atcttecttca aggacgacgg caactacaag acccgcegecg aggtgaagtt 4020
cgagggcgac accctggtga accgcatcga getgaaggge atcgacttca aggaggacgg 4080
caacatcctg gggcacaagc tggagtacaa ctacaacagc cacaacgtct atatcatggce 4140
cgacaagcag aagaacggca tcaaggtgaa cttcaagatc cgccacaaca tcgaggacgg 4200
cagcgtgcag ctcgecgace actaccagca gaacaccceece atcggcgacyg gcccegtget 4260
gectgeccegac aaccactacce tgagcaccca gtccegecctg agcaaagacc ccaacgagaa 4320
gcgecgatcac atggtcecctge tggagttegt gaccgecgec gggatcactce tcggcatgga 4380
cgagectgtac aagtaaagcg gcatatgege cggeggatat ceggegegece gagcetcegetg 4440
atcagccteg actgtgccte tagttgccag ccatctgttg tttgccccte ceccecgtgect 4500
tcettgacce tggaaggtgce cactcccact gtectttect aataaaatga ggaaattgca 4560
tcgcattgte tgagtaggtg tcattctatt ctggggggtg gggtggggca ggacagcaag 4620
ggggaggatt gggaagacaa tagcaggcat gctggggatg cggtgggctc tatggcttcet 4680
gaggcggaaa gaaccagctg gggttaatta aacgcgttta accctagaaa gataatcata 4740
ttgtgacgta cgttaaagat aatcatgcgt aaaattgacg catgtgtttt atcggtctgt 4800
atatcgaggt ttatttatta atttgaatag atattaagtt ttattatatt tacacttaca 4860
tactaataat aaattcaaca aacaatttat ttatgtttat ttatttatta aaaaaaaaca 4920
aaaactcaaa atttcttcta taaagtaaca aaacttttat atcgattcgce gcgecgtgcat 4980
tctagttgtg gtttgtccaa actcatcaat gtatcttatc atgtctgtat accgtcgacc 5040
tctagctaga gecttggcgta atcatggtca tagectgtttce ctgtgtgaaa ttgttatccg 5100
ctcacaattc cacacaacat acgagccgga agcataaagt gtaaagcctg gggtgcctaa 5160
tgagtgagct aactcacatt aattgcgttg cgctcactge cecgctttceca gtecgggaaac 5220
ctgtcgtgece agctgcatta atgaatcggce caacgcgegg ggagaggcgg tttgcegtatt 5280
gggcgctett cegettecte gctcactgac tecgctgeget cggtegttceg gctgeggcega 5340
gcggtatcag ctcactcaaa ggcggtaata cggttatcca cagaatcagg ggataacgca 5400
ggaaagaaca tgtgagcaaa aggccagcaa aaggccagga accgtaaaaa ggccgegttg 5460
ctggcgtttt tccataggcect ccgcccccct gacgagcatc acaaaaatcg acgctcaagt 5520
cagaggtggce gaaacccgac aggactataa agataccagg cgtttcccee tggaagetce 5580
ctegtgeget ctectgttec gaccctgecg cttaccggat acctgtceccge cttteteect 5640
tcgggaagceg tggcgcttte tcaatgctca cgectgtaggt atctcagtte ggtgtaggtce 5700

gttcgcteca agetgggctg tgtgcacgaa cccccegtte agecccgaccg ctgecgcectta 5760
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tcecggtaact atcgtcttga gtccaacccg gtaagacacg acttatcgecce actggcagca 5820
gccactggta acaggattag cagagcgagg tatgtaggcg gtgctacaga gttcecttgaag 5880
tggtggccta actacggcta cactagaagg acagtatttg gtatctgcge tetgctgaag 5940
ccagttacct tcggaaaaag agttggtagce tcttgatccg gcaaacaaac caccgctggt 6000
agcggtggtt tttttgtttg caagcagcag attacgcgca gaaaaaaagg atctcaagaa 6060
gatcctttga tettttctac ggggtctgac gctcagtgga acgaaaactc acgttaaggg 6120
attttggtca tgagattatc aaaaaggatc ttcacctaga tccttttaaa ttaaaaatga 6180
agttttaaat caatctaaag tatatatgag taaacttggt ctgacagtta ccaatgctta 6240
atcagtgagg cacctatctc agcgatctgt ctatttegtt catccatagt tgcctgactce 6300
ccegtegtgt agataactac gatacgggag ggcttaccat ctggccccag tgctgcaatg 6360
ataccgcgag acccacgctc accggctceca gatttatcag caataaacca gccagecgga 6420
agggccgagce gcagaagtgg tcecctgcaact ttatccgect ccatccagte tattaattgt 6480
tgccgggaag ctagagtaag tagttcgcca gttaatagtt tgcgcaacgt tgttgccatt 6540
gctacaggca tcgtggtgte acgctcecgteg tttggtatgg cttcattcag cteecggttece 6600
caacgatcaa ggcgagttac atgatcccce atgttgtgca aaaaagcggt tagctcectte 6660
ggtccteega tegttgtcag aagtaagttg geccgcagtgt tatcactcat ggttatggca 6720
gcactgcata attctcttac tgtcatgcca tccgtaagat gettttetgt gactggtgag 6780
tactcaacca agtcattctg agaatagtgt atgcggcgac cgagttgctce ttgcccggeg 6840
tcaatacggg ataataccgc gccacatagce agaactttaa aagtgctcat cattggaaaa 6900
cgttcttegg ggcgaaaact ctcaaggatc ttaccgetgt tgagatccag ttcgatgtaa 6960
cccactegtg cacccaactg atcttcagca tcttttactt tcaccagcgt ttcectgggtga 7020
gcaaaaacag gaaggcaaaa tgccgcaaaa aagggaataa gggcgacacg gaaatgttga 7080
atactcatac tcttecctttt tcaatattat tgaagcattt atcagggtta ttgtctcatg 7140
agcggataca tatttgaatg tatttagaaa aataaacaaa taggggttcc gcgcacattt 7200
ccecgaaaag tgccacctga cgtcgacgga tcgggcectge ag 7242
<210> SEQ ID NO 23

<211> LENGTH: 7146

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of Sleeping Beauty transposable

“empty” human gammal-HC vector

<400> SEQUENCE: 23

gaattcagtt gaagtcggaa gtttacatac acttaagttg gagtcattaa aactegtttt 60
tcaactacac cacaaatttc ttgttaacaa acaatagttt tggcaagtca gttaggacat 120
ctactttgtg catgacacaa gtcattttte caacaattgt ttacagacag attatttcac 180
ttataattca ctgtatcaca attccagtgg gtcagaagtt tacatacact aacctcgagg 240
ctagtctaga gagtaattca tacaaaagga ctegecectg cettggggaa tcccagggac 300
cgtegttaaa ctcccactaa cgtagaacce agagateget gegttecege ccectcaccce 360
gecegetete gtcatcactg aggtggagaa gagcatgegt gaggetcegyg tgecegtcag 420

tgggcagage gcacatcgece cacagtccce gagaagttgg ggggaggggt cggcaattga 480
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accggtgect agagaaggtg gcgcggggta aactgggaaa gtgatgtegt gtactggete 540
cgecttttte ccgagggtgyg gggagaaccg tatataagtyg cagtagtege cgtgaacgtt 600
ctttttegea acgggtttge cgccagaaca caggtaagtyg cegtgtgtgyg ttceecgeggg 660
cctggectet ttacgggtta tggcccttge gtgecttgaa ttacttccac gecectgget 720
gcagtacgtyg attcttgatc ccgagetteg ggttggaagt gggtgggaga gttcgaggece 780
ttgcgettaa ggagecectt cgectegtge ttgagttgag gectggettyg ggcgetgggyg 840
cegeegegty cgaatetggt ggcacctteg cgectgtete getgettteg ataagtcetet 900
agccatttaa aatttttgat gacctgctgce gacgcttttt ttctggcaag atagtcttgt 960

aaatgcgggce caagatctgce acactggtat tteggttttt ggggccgcgg geggcgacgg 1020
ggecegtgeyg tceccagcegea catgttegge gaggegggge ctgcgagege ggecaccgag 1080
aatcggacgg gggtagtcte aagctggccg gcectgctetg gtgcctggece tegegecgece 1140
gtgtatcgee cegecctggg cggcaaggct ggcccggteg geaccagttg cgtgagegga 1200
aagatggceg ctteceggee ctgctgecagg gagctcaaaa tggaggacge ggcgetceggg 1260
agagcgggeg ggtgagtcac ccacacaaag gaaaagggece ttteecgtect cagecgtcege 1320
ttcatgtgac tccacggagt accgggcgcce gtccaggcac ctcgattagt tcetcgagett 1380
ttggagtacg tcgtctttag gttgggggga ggggttttat gcgatggagt ttccccacac 1440
tgagtgggtg gagactgaag ttaggccagc ttggcacttg atgtaattct ccttggaatt 1500
tgcccttttt gagtttggat cttggttcat tctcaagect cagacagtgg ttcaaagttt 1560
ttttctteca tttcaggtgt cgtgagegge cgctagattg ctagcaccaa gggcccatcg 1620
gtcttceceee tggcacccte ctecaagage acctetgggg gcacagcagce cctgggetge 1680
ctggtcaagg actacttccecc cgaaccggtg acggtgtegt ggaactcagg cgccctgacce 1740
agcggegtge acacctteece ggctgtecta cagtcecctcag gactctacte cctcagcagce 1800
gtggtgaccg tgccctceccag cagcettggge acccagacct acatctgcaa cgtgaatcac 1860
aagcccagca acaccaaggt ggacaagaaa gttgagccca aatcttgtga caaaactcac 1920
acatgcccac cgtgcccage acctgaactce ctggggggac cgtcagtctt cctcettecce 1980
ccaaaaccca aggacaccct catgatctce cggaccectg aggtcacatg cgtggtggtg 2040
gacgtgagcc acgaagaccce tgaggtcaag ttcaactggt acgtggacgg cgtggaggtyg 2100
cataatgcca agacaaagcc gcgggaggag cagtacaaca gcacgtaccyg tgtggtcage 2160
gtcectcacceg tectgcacca ggactggetg aatggcaagg agtacaagtg caaggtctcece 2220
aacaaagcce tcccagecce catcgagaaa accatctceca aagccaaagyg gcagcecccga 2280
gaaccacagyg tgtacaccct gccecccatce cgggatgage tgaccaagaa ccaggtcage 2340
ctgacctgcce tggtcaaagg cttctatcce agcgacatcg ccgtggagtg ggagagcaat 2400
gggcagccegyg agaacaacta caagaccacg cctecegtge tggactcecga cggetcectte 2460
ttcctetaca gcaagctcac cgtggacaag agcaggtggce agcaggggaa cgtcttcetca 2520
tgctcegtga tgcatgaggce tcectgcacaac cactacacac agaagagcct cteccctgtet 2580
ccggagetge aactggagga gagctgtgeg gaggcegcagyg acggggaget ggacgggcetg 2640
tggacgacca tcaccatctt catcacactc ttecctgttaa gegtgtgcta cagtgccacc 2700

gtcaccttet tcaaggtgaa gtggatcttc tcctecggtgg tggacctgaa gcagaccatce 2760
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atcceccgact acaggaacat gatcggacag ggggcctagt aagcttageg ctttcecgaagg 2820
gcaggtaagt atcaaggtta caagacaggt ttaaggagac caatagaaac tgggcttgtce 2880
gagacagaga agactcttgc gtttctgata ggcacctatt ggtcttactg acatccactt 2940
tgcctttete teccacaggtyg tectacgtag cgatcgecaa ttceccgeccet ctecctecece 3000
ccecectaac gttactggece gaagcecgctt ggaataaggce cggtgtgcegt ttgtctatat 3060
gtgattttcc accatattgce cgtettttgg caatgtgagg gcccggaaac ctggccctgt 3120
cttcttgacg agcattccta ggggtcettte ccctectegec aaaggaatgce aaggtcetgtt 3180
gaatgtcgtyg aaggaagcag ttcecctctgga agcttcecttga agacaaacaa cgtcectgtage 3240
gaccctttge aggcagcgga accccccace tggcgacagg tgcctcetgeg gecaaaagec 3300
acgtgtataa gatacacctg caaaggcggc acaaccccag tgccacgttg tgagttggat 3360
agttgtggaa agagtcaaat ggctctccte aagcgtattc aacaaggggc tgaaggatgce 3420
ccagaaggta ccccattgta tgggatctga tctggggect cggtgcacat getttacatg 3480
tgtttagtcg aggttaaaaa aacgtctagg ccccccgaac cacggggacg tggttttect 3540
ttgaaaaaca cgatgataag cttgccacaa cccggtttaa acggatcccg ccaccatggt 3600
gagcaagggce gaggagctgt tcaccggggt ggtgcccatce ctggtcegage tggacggega 3660
cgtaaacgge cacaagttca gegtgtecgg cgagggcgag ggcgatgceca cctacggcaa 3720
gctgaccetg aagttcatct gcaccaccgg caagctgcec gtgceccectggce ccaccctegt 3780
gaccaccctyg acctacggeg tgcagtgett cagcecgetac cecgaccaca tgaagcagcea 3840
cgacttcecttc aagtccgcca tgcccgaagg ctacgtcecag gagcgcacca tettcttcaa 3900
ggacgacggce aactacaaga cccgegecga ggtgaagtte gagggcegaca cectggtgaa 3960
ccgecatcegag ctgaagggca tcgacttcaa ggaggacgge aacatcctgg ggcacaagcet 4020
ggagtacaac tacaacagcc acaacgtcta tatcatggcce gacaagcaga agaacggcat 4080
caaggtgaac ttcaagatcc gccacaacat cgaggacgge agcegtgcage tcgecgacca 4140
ctaccagcag aacaccccca tcggcgacgg ceccgtgetyg ctgeccgaca accactacct 4200
gagcacccag tccgecctga gcaaagaccce caacgagaag cgcgatcaca tggtectget 4260
ggagttcgtyg accgccgcecg ggatcactcect cggcatggac gagctgtaca agtaaagcegg 4320
catatgcgcce ggcggatatce cggcgcegcecg agcetcecgetga tcagecctcecga ctgtgcectcet 4380
agttgccagce catctgttgt ttgcccectcee ccegtgectt cecttgaccet ggaaggtgece 4440
actcccactg tectttecta ataaaatgag gaaattgcat cgcattgtet gagtaggtgt 4500
cattctattc tggggggtgg ggtggggcag gacagcaagg gggaggattg ggaagacaat 4560
agcaggcatg ctggggatgc ggtgggctct atggcttcetg aggcggaaag aaccagctgg 4620
ggttaattaa acgcgtttga gtgtatgtta acttctgacc cactgggaat gtgatgaaag 4680
aaataaaagc tgaaatgaat cattctctct actattattc tgatatttca cattcttaaa 4740
ataaagtggt gatcctaact gaccttaaga cagggaatct ttactcggat taaatgtcag 4800
gaattgtgaa aaagtgagtt taaatgtatt tggctaaggt gtatgtaaac ttccgacttce 4860
aactatcgat tcgcgcgegt gcattctagt tgtggtttgt ccaaactcat caatgtatct 4920
tatcatgtct gtataccgtc gacctctage tagagcttgg cgtaatcatg gtcatagetg 4980

tttcectgtgt gaaattgtta teccgctcaca attccacaca acatacgagce cggaagcata 5040
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aagtgtaaag cctggggtgc ctaatgagtg agctaactca cattaattgce gttgcgctca 5100
ctgccegett teccagtcggg aaacctgtceg tgccagetge attaatgaat cggccaacgce 5160
gcggggagag gceggtttgeg tattgggege tcecttecegett cctegcetcac tgactcegetg 5220
cgcteggteg ttcecggctgeg gegagceggta tcagctcact caaaggcggt aatacggtta 5280
tccacagaat caggggataa cgcaggaaag aacatgtgag caaaaggcca gcaaaaggcce 5340
aggaaccgta aaaaggccgce gttgctggceg tttttcecata ggctcecgceece cectgacgag 5400
catcacaaaa atcgacgctc aagtcagagg tggcgaaacc cgacaggact ataaagatac 5460
caggcgtttce cccctggaag cteccctegtg cgetcectectg ttceccgaccet gecgettace 5520
ggatacctgt ccgectttcet cceectteggga agegtggcege tttcectcaatg ctcacgetgt 5580
aggtatctca gttcggtgta ggtcgttcge tccaagetgg getgtgtgca cgaaccccecce 5640
gttcagceceg accgctgcege cttatceggt aactatcgte ttgagtccaa cccggtaaga 5700
cacgacttat cgccactggc agcagccact ggtaacagga ttagcagagc gaggtatgta 5760
ggcggtgcta cagagttctt gaagtggtgg cctaactacg gctacactag aaggacagta 5820
tttggtatct gecgctctget gaagccagtt accttcggaa aaagagttgg tagctcecttga 5880
tcecggcaaac aaaccaccgce tggtageggt ggtttttttg tttgcaagca gcagattacg 5940
cgcagaaaaa aaggatctca agaagatcct ttgatctttt ctacggggtce tgacgctcag 6000
tggaacgaaa actcacgtta agggattttg gtcatgagat tatcaaaaag gatcttcacc 6060
tagatccttt taaattaaaa atgaagtttt aaatcaatct aaagtatata tgagtaaact 6120
tggtctgaca gttaccaatg cttaatcagt gaggcaccta tctcagcgat ctgtctattt 6180
cgttcatcca tagttgcectg actcccegte gtgtagataa ctacgatacg ggagggctta 6240
ccatctggcece ccagtgctge aatgataccg cgagacccac gctcaccggce tccagattta 6300
tcagcaataa accagccagce cggaagggcece gagcgcagaa gtggtcctge aactttatce 6360
gcctecatee agtctattaa ttgttgceccgg gaagctagag taagtagttc gccagttaat 6420
agtttgcgca acgttgttge cattgctaca ggcatcgtgg tgtcacgcte gtegtttggt 6480
atggcttcat tcagctcecgg ttecccaacga tcaaggcgag ttacatgatce ccccatgttg 6540
tgcaaaaaag cggttagctc cttcggtcecct ccgatcgttg tcagaagtaa gttggccgca 6600
gtgttatcac tcatggttat ggcagcactg cataattctc ttactgtcat gccatccecgta 6660
agatgctttt ctgtgactgg tgagtactca accaagtcat tctgagaata gtgtatgegg 6720
cgaccgagtt gectcttgccce ggcgtcaata cgggataata ccgcgccaca tagcagaact 6780
ttaaaagtgc tcatcattgg aaaacgttct tcggggcgaa aactctcaag gatcttaccg 6840
ctgttgagat ccagttcgat gtaacccact cgtgcaccca actgatcttce agcatctttt 6900
actttcacca gcgtttctgg gtgagcaaaa acaggaaggce aaaatgccgce aaaaaaggga 6960
ataagggcga cacggaaatg ttgaatactc atactcttecc tttttcaata ttattgaagc 7020
atttatcagg gttattgtct catgagcgga tacatatttg aatgtattta gaaaaataaa 7080
caaatagggg ttccgcgcac atttccccga aaagtgccac ctgacgtcga cggatcgggce 7140

ctgcag 7146

<210> SEQ ID NO 24
<211> LENGTH: 351
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: VH coding region of anti-human CD30 antibody
brentuximab

<400> SEQUENCE: 24

cagatccage tgcagcagtc tggacctgag gtggtgaage ctggggcette agtgaagata 60
tcctgcaagg cttetggeta caccttcact gactactata taacctgggt gaagcagaag 120
cctggacagg gacttgagtg gattggatgg atttatcctyg gaagcggtaa tactaagtac 180
aatgagaagt tcaagggcaa ggccacattg actgtagaca catcctccag cacagectte 240
atgcagctca gcagectgac atctgaggac actgetgtet atttetgtge gaactatggt 300
aactactggt ttgcttactg gggccaaggg actcaggtca ctgtctctge a 351

<210> SEQ ID NO 25

<211> LENGTH: 333

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: VL coding region of anti-human CD30 antibody
brentuximab

<400> SEQUENCE: 25

gacattgtge tgacccaatc tccagettcet ttggetgtgt ctetagggca gagggccacce 60
atctectgca aggccagcca aagtgttgat tttgatggtg atagttatat gaactggtac 120
caacagaaac caggacagcc acccaaagtce ctcatctatg ctgcatccaa tctagaatct 180
gggatcccag ccaggtttag tggcagtggg tcectgggacag acttcaccct caacatccat 240
cctgtggagg aggaggatgce tgcaacctat tactgtcage aaagtaatga ggatccgtgg 300
acgttcggtg gaggcaccaa gctggaaatc aaa 333

<210> SEQ ID NO 26

<211> LENGTH: 417

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: VH coding region of anti-human CD19 mAb huB12,
including leader sequence

<400> SEQUENCE: 26

atgggatgga gctggatctt tettttecte ctgtcaggaa ctgcaggtgt ccattgtcag 60
gttcagetge aagagtctgg cectgggttyg gttaagecct cccagaccct cagtetgact 120
tgtactgtgt ctgggggtte aatcagcact tctggtatgg gtgtaggetg gattaggcag 180
cacccaggga agggtctgga gtggattgga cacatttggt gggatgatga caagagatat 240
aacccagccce tgaagagcag agtgacaatce tctgtggata cctccaagaa ccagtttage 300
ctcaagctgt ccagtgtgac agctgcagat actgetgtet actactgtge tagaatggaa 360
ctttggtect actattttga ctactgggge caaggcacce ttgtcacagt ctectcea 417

<210> SEQ ID NO 27

<211> LENGTH: 375

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: VL coding region of anti-human CD19 mAb huB12,
including leader sequence
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<400> SEQUENCE: 27

atgaagttgce ctgttaggct gttggtgetg atgttcetgga ttectgette cagcagtgaa 60
attgttctca cccagtctce agcaaccctyg tetetcetete caggggaaag ggctaccctg 120
agctgcagtg ccagctcaag tgtaagttac atgcactggt accagcagaa gccagggcag 180
gcteccagac tectgattta tgacacatce aaactggett ctggtattcc agcaaggttce 240
agtggcagtg ggtctggaac agattttaca ctcacaatca gcagcctgga gccagaggat 300
gttgctgtet attactgttt tcaggggagt gtatacccat tcacttttgg ccaagggaca 360
aagttggaaa tcaaa 375

<210> SEQ ID NO 28

<211> LENGTH: 423

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: DNA fragment, containing NotI-NheI-flanked VH
coding region of the VH domain of anti-human CD30 mAb brentuximab

<400> SEQUENCE: 28

geggecgeca tgaattttgg actgaggetg attttectgg tgctgaccct gaaaggegte 60
cagtgtcaga tccagctgca gcagtctgga cctgaggtgg tgaagcectgyg ggcttcagtg 120
aagatatcct gcaaggcttc tggctacacce ttcactgact actatataac ctgggtgaag 180
cagaagcctg gacagggact tgagtggatt ggatggattt atcctggaag cggtaatact 240
aagtacaatg agaagttcaa gggcaaggcce acattgactg tagacacatc ctccagcaca 300
gecttcatge agctcagcag cctgacatct gaggacactg ctgtctattt ctgtgcgaac 360
tatggtaact actggtttgc ttactggggc caagggactce aggtcactgt ctctgcaget 420
agc 423

<210> SEQ ID NO 29

<211> LENGTH: 432

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: DNA fragment, containing NotI-NheI-flanked VH
coding region of the VH domain of anti-human CD19 mAb hBU12

<400> SEQUENCE: 29

geggecgeca tgaattttgg actgaggetg attttectgg tgctgaccct gaaaggegte 60
cagtgtcagg tgcagctgca ggaatctgge cctggecteg tgaagectte ccagaccctg 120
tctetgaccet gcacegtgte cggcggetcece atctctacct ctggcatggyg cgtgggetgg 180
atcagacagc atcctggcaa gggcctggaa tggatcggece acatttggtyg ggacgacgac 240
aagcggtaca accccgecct gaagtccaga gtgaccatcet cegtggacac ctccaagaac 300
cagttctccee tgaagetgtce ctccegtgacce gecgetgata cegecgtgta ctactgegece 360
cggatggaac tgtggtccta ctacttegac tactggggece agggcaccct cgtgaccegtg 420
tcatctgcta gc 432

<210> SEQ ID NO 30

<211> LENGTH: 733

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:

<223> OTHER INFORMATION: DNA fragment containing IgL coding region of
anti-CD30 mAb Acl0 and flanked by NotI and BstBI restriction
enzyme sites

<400> SEQUENCE: 30

geggecgeca tgaattttgg actgaggetg attttectgg tgctgaccct gaaaggegte 60
cagtgtgaca ttgtgctgac ccaatctcca gettetttgg ctgtgtcetet agggcagagg 120
gecaccatet cctgcaagge cagccaaagt gttgattttg atggtgatag ttatatgaac 180
tggtaccaac agaaaccagg acagccaccce aaagtccteca tctatgetge atccaatcta 240
gaatctggga tcccagccag gtttagtgge agtgggtcetg ggacagactt caccctcaac 300
atccatcctyg tggaggagga ggatgctgca acctattact gtcagcaaag taatgaggat 360
cegtggacgt tceggtggagg caccaagetg gaaatcaaac gtacggtgge tgcaccatct 420
gtettcatet teccgecate tgatgagcag ttgaaatctg gaactgectce tgttgtgtge 480
ctgctgaata acttctatcce cagagaggcec aaagtacagt ggaaggtgga taacgcccte 540
caatcgggta actcccagga gagtgtcaca gagcaggaca gcaaggacag cacctacagce 600
ctcagcagca ccctgacgct gagcaaagca gactacgaga aacacaaagt ctacgectge 660
gaagtcacce atcagggcct gagctcgecce gtcacaaaga gcettcaacag gggagagtgt 720
tagcgcettte gaa 733

<210> SEQ ID NO 31

<211> LENGTH: 718

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: DNA fragment containing IgL coding region of
anti-CD19 mAb hBU12 and flanked by NotI and BstBI restriction
enzyme sites

<400> SEQUENCE: 31

geggecgeca tgaattttgg actgaggetyg attttectgg tgctgaccct gaaaggegte 60
cagtgtgaaa ttgttctcac ccagtcteca gcaaccetgt ctetctetee aggggaaagg 120
gctaccctga getgcagtge cagctcaagt gtaagttaca tgcactggta ccagcagaag 180
ccagggcagyg ctcccagact cctgatttat gacacatcca aactggette tggtattcca 240
gcaaggttca gtggcagtgg gtctggaaca gattttacac tcacaatcag cagectggag 300
ccagaggatyg ttgctgteta ttactgtttt caggggagtg tatacccatt cacttttgge 360
caagggacaa agttggaaat caaacgtacg gtggctgcac catctgtett catcttcceg 420
ccatctgatg agcagttgaa atctggaact gectetgttg tgtgectget gaataactte 480
tatcccagag aggccaaagt acagtggaag gtggataacg cectccaate gggtaactcece 540
caggagagtyg tcacagagca ggacagcaag gacagcacct acagcctcag cagcaccctg 600
acgctgagca aagcagacta cgagaaacac aaagtctacg cctgcgaagt cacccatcag 660
ggcctgaget cgecegtcac aaagagettce aacaggggag agtgttageg ctttegaa 718

<210> SEQ ID NO 32

<211> LENGTH: 7645

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of pPB-EGFP-HC-Acl0
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<400> SEQUENCE: 32

gaattcttaa ccctagaaag atagtctgceg taaaattgac gecatgcattc ttgaaatatt 60
getetetett tctaaatage gcgaatcegt cgetgtgcat ttaggacatc tcagtcgecg 120
cttggagete ccgtgaggceg tgcttgtcaa tgcggtaagt gtcactgatt ttgaactata 180
acgaccgcegt gagtcaaaat gacgcatgat tatcttttac gtgactttta agatttaact 240
catacgataa ttatattgtt atttcatgtt ctacttacgt gataacttat tatatatata 300
ttttettgtt atacctcgag gctagtctag agagtaatte atacaaaagyg actcgeccct 360
gecttgggga atcccaggga ccgtegttaa actcccacta acgtagaacc cagagatcge 420
tgegtteceg cccectcace cgcccgetet cgtcatcact gaggtggaga agagcatgeg 480
tgaggctceg gtgccegtca gtgggcagag cgcacatcge ccacagtcecce cgagaagttg 540

gggggagggyg tcggcaattg aaccggtgee tagagaaggt ggcgeggggt aaactgggaa 600

agtgatgtcg tgtactgget cegecttttt cececgagggtg ggggagaace gtatataagt 660
gcagtagtcg ccgtgaacgt tcetttttege aacgggtttg cegecagaac acaggtaagt 720
geegtgtgty gttcecegegg gectggecte tttacgggtt atggeccttyg cgtgecttga 780
attacttcca cgccectgge tgcagtacgt gattettgat cecgagette gggttggaag 840
tgggtgggag agttcgagge cttgegetta aggagecccet tegectegtyg cttgagttga 900
ggcctggett gggegetggg gecgeegegt gegaatctgg tggcacctte gegectgtet 960

cgctgettte gataagtcte tagccattta aaatttttga tgacctgctg cgacgctttt 1020
tttctggcaa gatagtcttyg taaatgcggg ccaagatctg cacactggta tttecggtttt 1080
tggggccgeg ggcggegacyg gggccegtge gteccagege acatgttegyg cgaggegggyg 1140
cctgegageg cggcecaccga gaatcggacg ggggtagtet caagetggece ggectgetcet 1200
ggtgectgge ctegegecge cgtgtatcege cccgeectgg geggcaaggce tggeccggte 1260
ggcaccagtt gegtgagegg aaagatggcece gettceegge cetgcetgecag ggagctcaaa 1320
atggaggacg cggcgetegg gagageggge gggtgagtcea cccacacaaa ggaaaagggce 1380
ctttecegtece tcagecgteg cttcatgtga cteccacggag taccgggcgce cgtccaggca 1440
cctcgattag ttctecgaget tttggagtac gtegtcttta ggttgggggg aggggtttta 1500
tgcgatggag tttccccaca ctgagtgggt ggagactgaa gttaggccag cttggcactt 1560
gatgtaattc tccttggaat ttgccctttt tgagtttgga tettggttca ttctcaagece 1620
tcagacagtg gttcaaagtt tttttcttce atttcaggtg tcgtgagcgg ccgccatgaa 1680
ttttggactg aggctgattt tcecctggtgct gaccctgaaa ggcgtccagt gtcagatcca 1740
gctgcagecag tcectggccecccecg aggtcgtgaa acctggcecgece tecgtgaaga tctectgceaa 1800
ggecteegge tacaccttca ccgactacta catcacctgg gtcaagcaga agcccggeca 1860
gggectggaa tggatcgget ggatctatce cggctecgge aacaccaagt acaacgagaa 1920
gttcaagggc aaggccacce tgaccgtgga cacctectet tcecaccgect tcatgcaget 1980
gtcecteceetyg acctecgagg ataccgecgt gtacttctge gecaactacg gcaactattg 2040
gttcgectac tggggccagg gcacacaagt gaccgtgtet getgctagca ccaagggcecce 2100
atcggtette cccctggcac cctecteccaa gagcacctet gggggcacag cagccctggg 2160

ctgcctggte aaggactact tceccccgaacce ggtgacggtg tcgtggaact caggcgccect 2220
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gaccagcggce gtgcacacct tceceggetgt cctacagtec tcaggactct actceccctceag 2280
cagcgtggtg accgtgcecct ccagcagctt gggcacccag acctacatct gcaacgtgaa 2340
tcacaagcce agcaacacca aggtggacaa gaaagttgag cccaaatctt gtgacaaaac 2400
tcacacatgc ccaccgtgcec cagcacctga actecctgggg ggaccgtcag tettectett 2460
ccececaaaa cccaaggaca ccctcatgat cteccggace cctgaggtca catgegtggt 2520
ggtggacgtyg agccacgaag accctgaggt caagttcaac tggtacgtgg acggcgtgga 2580
ggtgcataat gccaagacaa agccgeggga ggagcagtac aacagcacgt accgtgtggt 2640
cagcgtecte accgtcecctge accaggactg gctgaatggce aaggagtaca agtgcaaggt 2700
ctccaacaaa gcccteccag cccccatcga gaaaaccate tccaaagceca aagggcagcece 2760
ccgagaacca caggtgtaca ccctgeccece atcccgggat gagctgacca agaaccaggt 2820
cagcctgacce tgcctggtca aaggcttcta tcccagecgac atcgecegtgg agtgggagag 2880
caatgggcag ccggagaaca actacaagac cacgcctceee gtgctggact ccgacggcete 2940
cttcttecte tacagcaagce tcaccgtgga caagagcagg tggcagcagg ggaacgtcett 3000
ctcatgctce gtgatgcatg aggctctgca caaccactac acacagaaga gcctctcect 3060
gtectecggayg ctgcaactgg aggagagetg tgcggaggeg caggacgggg agetggacgg 3120
gctgtggacg accatcacca tcttcatcac actcttcectg ttaagcegtgt gctacagtge 3180
caccgtcacce ttcttcaagg tgaagtggat cttectecteg gtggtggacce tgaagcagac 3240
catcatccece gactacagga acatgatcgg acagggggcce tagtaagctt agcgcetttceg 3300
aagggcaggt aagtatcaag gttacaagac aggtttaagg agaccaatag aaactgggct 3360
tgtcgagaca gagaagactc ttgcgtttct gataggcacc tattggtctt actgacatcce 3420
actttgecctt tctctccaca ggtgtectac gtagcgatceg ccaattccge cectcteect 3480
ccececececce taacgttact ggccgaagce gcttggaata aggccggtgt gegtttgtet 3540
atatgtgatt ttccaccata ttgccgtctt ttggcaatgt gagggcccgg aaacctggcece 3600
ctgtcttett gacgagcatt cctaggggtce tttecccctet cgccaaagga atgcaaggtce 3660
tgttgaatgt cgtgaaggaa gcagttcctce tggaagcttc ttgaagacaa acaacgtctg 3720
tagcgaccct ttgcaggcag cggaaccccece cacctggega caggtgcecte tgcggcecaaa 3780
agccacgtgt ataagataca cctgcaaagg cggcacaacc ccagtgccac gttgtgagtt 3840
ggatagttgt ggaaagagtc aaatggctct cctcaagcgt attcaacaag gggctgaagg 3900
atgcccagaa ggtaccccat tgtatgggat ctgatctggg gectcggtge acatgcttta 3960
catgtgttta gtcgaggtta aaaaaacgtc taggcccccce gaaccacggg gacgtggttt 4020
tcetttgaaa aacacgatga taagcttgce acaaccceggt ttaaacggat cccgccacca 4080
tggtgagcaa gggcgaggag ctgttcaccg gggtggtgcce catcctggte gagctggacg 4140
gcgacgtaaa cggccacaag ttcagegtgt ccggcgaggg cgagggcegat gecacctacy 4200
gcaagctgac cctgaagttce atctgcacca ccggcaagcet geccgtgecc tggeccacee 4260
tcgtgaccac cctgacctac ggcgtgcagt gcttcagecg ctaccccgac cacatgaagce 4320
agcacgactt cttcaagtcc gccatgcccg aaggctacgt ccaggagcgce accatcttcet 4380
tcaaggacga cggcaactac aagacccgeg ccgaggtgaa gttcgaggge gacaccctgg 4440

tgaaccgcat cgagctgaag ggcatcgact tcaaggagga cggcaacatce ctggggcaca 4500
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agctggagta caactacaac agccacaacg tctatatcat ggccgacaag cagaagaacg 4560
gcatcaaggt gaacttcaag atccgccaca acatcgagga cggcagegtg cagetcgecg 4620
accactacca gcagaacacc cccatcggeg acggeccegt getgetgece gacaaccact 4680
acctgagcac ccagtccgcece ctgagcaaag accccaacga gaagcgcgat cacatggtcee 4740
tgctggagtt cgtgaccgcc gecgggatca ctctecggcat ggacgagctg tacaagtaaa 4800
gcggcatatg cgccggcgga tatccggege gecgagcteg ctgatcagec tcgactgtge 4860
ctctagttge cagccatctg ttgtttgcce ctececccegtg cecttecttga cectggaagg 4920
tgccactcce actgtceccttt cctaataaaa tgaggaaatt gcatcgcatt gtctgagtag 4980
gtgtcattect attctggggg gtggggtggg gcaggacagce aagggggagg attgggaaga 5040
caatagcagg catgctgggg atgcggtggg ctctatgget tcectgaggcgg aaagaaccag 5100
ctggggttaa ttaaacgcgt ttaaccctag aaagataatc atattgtgac gtacgttaaa 5160
gataatcatg cgtaaaattg acgcatgtgt tttatcggtc tgtatatcga ggtttattta 5220
ttaatttgaa tagatattaa gttttattat atttacactt acatactaat aataaattca 5280
acaaacaatt tatttatgtt tatttattta ttaaaaaaaa acaaaaactc aaaatttctt 5340
ctataaagta acaaaacttt tatatcgatt cgcgcgcegtg cattctagtt gtggtttgtce 5400
caaactcatc aatgtatctt atcatgtctg tataccgtcg acctctaget agagcttggce 5460
gtaatcatgg tcatagctgt ttecctgtgtg aaattgttat ccgctcacaa ttccacacaa 5520
catacgagcce ggaagcataa agtgtaaagc ctggggtgcce taatgagtga gctaactcac 5580
attaattgcg ttgcgctcac tgcccgettt ccagtcggga aacctgtcgt gecagctgca 5640
ttaatgaatc ggccaacgcg cggggagagg cggtttgegt attgggcget cttecgette 5700
ctecgetcecact gactcgctge getecggtegt tceggctgegg cgagcggtat cagctcactce 5760
aaaggcggta atacggttat ccacagaatc aggggataac gcaggaaaga acatgtgage 5820
aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg ttgctggcegt ttttccatag 5880
gctecgecee cctgacgage atcacaaaaa tcgacgetca agtcagaggt ggcgaaaccce 5940
gacaggacta taaagatacc aggcgtttcc ccctggaage tcecctegtge gctetectgt 6000
tcecgaccectg cecgcttaceg gatacctgte cgectttete cecttecgggaa gegtggeget 6060
ttctcaatge tcacgctgta ggtatctcag ttecggtgtag gtcecgttcecget ccaagetggg 6120
ctgtgtgcac gaacccceeg ttcagcccga ccgcectgegece ttatccggta actatcgtcet 6180
tgagtccaac ccggtaagac acgacttatc gccactggca gcagccactg gtaacaggat 6240
tagcagagcg aggtatgtag gcggtgctac agagttcettg aagtggtggce ctaactacgg 6300
ctacactaga aggacagtat ttggtatctg cgctctgctg aagccagtta ccttcecggaaa 6360
aagagttggt agctcttgat ccggcaaaca aaccaccgct ggtageggtg gtttttttgt 6420
ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa gaagatcctt tgatctttte 6480
tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa gggattttgg tcatgagatt 6540
atcaaaaagg atcttcacct agatcctttt aaattaaaaa tgaagtttta aatcaatcta 6600
aagtatatat gagtaaactt ggtctgacag ttaccaatgc ttaatcagtg aggcacctat 6660
ctcagcgatc tgtctatttc gttcatccat agttgcctga ctccecegteg tgtagataac 6720

tacgatacgg gagggcttac catctggcce cagtgctgca atgataccgce gagacccacg 6780
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ctcaccgget ccagatttat cagcaataaa ccagccagece ggaagggcecyg agcgcagaag 6840
tggtcctgca actttatceg cctccatcca gtctattaat tgttgeccggg aagctagagt 6900
aagtagttcg ccagttaata gtttgcgcaa cgttgttgcc attgctacag gcatcgtggt 6960
gtcacgcteg tegtttggta tggcecttcatt cagctccggt tceccaacgat caaggcgagt 7020
tacatgatcc cccatgttgt gcaaaaaagc ggttagctcce ttcggtceccte cgatcecgttgt 7080
cagaagtaag ttggccgcag tgttatcact catggttatg gcagcactgce ataattctct 7140
tactgtcatg ccatccgtaa gatgctttte tgtgactggt gagtactcaa ccaagtcatt 7200
ctgagaatag tgtatgcggc gaccgagttg ctcettgccecg gecgtcaatac gggataatac 7260
cgcgccacat agcagaactt taaaagtgct catcattgga aaacgttctt cggggcgaaa 7320
actctcaagg atcttaccge tgttgagatc cagttcgatg taacccactce gtgcacccaa 7380
ctgatcttca gcatctttta ctttcaccag cgtttctggg tgagcaaaaa caggaaggca 7440
aaatgccgca aaaaagggaa taagggcgac acggaaatgt tgaatactca tactcttcect 7500
ttttcaatat tattgaagca tttatcaggg ttattgtctc atgagcggat acatatttga 7560
atgtatttag aaaaataaac aaataggggt tccgcgcaca tttccccgaa aagtgccacce 7620
tgacgtcgac ggatcgggec tgcag 7645
<210> SEQ ID NO 33

<211> LENGTH: 7654

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of pPB-EGFP-HC-hBU12

<400> SEQUENCE: 33

gaattcttaa ccctagaaag atagtctgceg taaaattgac gecatgcattc ttgaaatatt 60
getetetett tctaaatage gcgaatcegt cgetgtgcat ttaggacatc tcagtcgecg 120
cttggagete ccgtgaggceg tgcttgtcaa tgcggtaagt gtcactgatt ttgaactata 180
acgaccgcegt gagtcaaaat gacgcatgat tatcttttac gtgactttta agatttaact 240
catacgataa ttatattgtt atttcatgtt ctacttacgt gataacttat tatatatata 300
ttttettgtt atacctcgag gctagtctag agagtaatte atacaaaagyg actcgeccct 360
gecttgggga atcccaggga ccgtegttaa actcccacta acgtagaacc cagagatcge 420
tgegtteceg cccectcace cgcccgetet cgtcatcact gaggtggaga agagcatgeg 480
tgaggctceg gtgccegtca gtgggcagag cgcacatcge ccacagtcecce cgagaagttg 540

gggggagggyg tcggcaattg aaccggtgee tagagaaggt ggcgeggggt aaactgggaa 600

agtgatgtcg tgtactgget cegecttttt cececgagggtg ggggagaace gtatataagt 660
gcagtagtcg ccgtgaacgt tcetttttege aacgggtttg cegecagaac acaggtaagt 720
geegtgtgty gttcecegegg gectggecte tttacgggtt atggeccttyg cgtgecttga 780
attacttcca cgccectgge tgcagtacgt gattettgat cecgagette gggttggaag 840
tgggtgggag agttcgagge cttgegetta aggagecccet tegectegtyg cttgagttga 900
ggcctggett gggegetggg gecgeegegt gegaatctgg tggcacctte gegectgtet 960

cgctgettte gataagtcte tagccattta aaatttttga tgacctgctg cgacgctttt 1020

tttctggcaa gatagtcttyg taaatgcggg ccaagatctg cacactggta tttecggtttt 1080
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tggggccgeg ggcggegacyg gggccegtge gteccagege acatgttegyg cgaggegggyg 1140
cctgegageg cggcecaccga gaatcggacg ggggtagtet caagetggece ggectgetcet 1200
ggtgectgge ctegegecge cgtgtatcege cccgeectgg geggcaaggce tggeccggte 1260
ggcaccagtt gegtgagegg aaagatggcece gettceegge cetgcetgecag ggagctcaaa 1320
atggaggacg cggcgetegg gagageggge gggtgagtcea cccacacaaa ggaaaagggce 1380
ctttecegtece tcagecgteg cttcatgtga cteccacggag taccgggcgce cgtccaggca 1440
cctcgattag ttctecgaget tttggagtac gtegtcttta ggttgggggg aggggtttta 1500
tgcgatggag tttccccaca ctgagtgggt ggagactgaa gttaggccag cttggcactt 1560
gatgtaattc tccttggaat ttgccctttt tgagtttgga tettggttca ttctcaagece 1620
tcagacagtg gttcaaagtt tttttcttce atttcaggtg tcgtgagcgg ccgccatgaa 1680
ttttggactg aggctgattt tcecctggtgct gaccctgaaa ggcgtccagt gtcaggtgca 1740
gctgcaggaa tcectggcecctg gecctegtgaa gectteccag accctgtectce tgacctgceac 1800
cgtgteegge ggctceccatet ctacctetgg catgggegtg ggctggatca gacagcatcce 1860
tggcaagggce ctggaatgga tcggccacat ttggtgggac gacgacaagce ggtacaacce 1920
cgccctgaag tccagagtga ccatcteccgt ggacacctcecce aagaaccagt tetcecctgaa 1980
gctgtectee gtgaccgecg ctgataccge cgtgtactac tgcgcecccgga tggaactgtg 2040
gtcctactac ttcgactact ggggccaggg caccctcegtg accgtgtcat ctgctagcac 2100
caagggccca tceggtettcee cecctggeace ctectcecaag agcacctetyg ggggcacage 2160
agccctggge tgcctggtca aggactactt cceccgaaccg gtgacggtgt cgtggaactce 2220
aggcgccectg accagcggceg tgcacacctt ccecggctgte ctacagtcect caggactcta 2280
ctcecctecage agcegtggtga cegtgceccte cagcagettg ggcacccaga cctacatctg 2340
caacgtgaat cacaagccca gcaacaccaa ggtggacaag aaagttgagce ccaaatcttg 2400
tgacaaaact cacacatgcc caccgtgecce agcacctgaa ctectggggyg gaccgtcagt 2460
cttcctette ceccccaaaac ccaaggacac cctcatgatce tcccggacce ctgaggtcac 2520
atgcgtggtg gtggacgtga gccacgaaga ccctgaggtce aagttcaact ggtacgtgga 2580
cggegtggag gtgcataatg ccaagacaaa gecgcegggag gagcagtaca acagcacgta 2640
ccgtgtggte agcgtcectceca cegtectgca ccaggactgg ctgaatggca aggagtacaa 2700
gtgcaaggtce tccaacaaag ccctecccage ccccatcgag aaaaccatct ccaaagccaa 2760
agggcagcce cgagaaccac aggtgtacac cctgcccceca teccgggatyg agctgaccaa 2820
gaaccaggtc agcctgacct gcctggtcaa aggcttctat cccagcgaca tcgecgtgga 2880
gtgggagage aatgggcagce cggagaacaa ctacaagacc acgcctcceeg tgetggacte 2940
cgacggctcce ttcttectet acagcaagct caccgtggac aagagcaggt ggcagcaggg 3000
gaacgtctte tcatgctccg tgatgcatga ggctctgcac aaccactaca cacagaagag 3060
cctetecctyg tetecggage tgcaactgga ggagagetgt geggaggege aggacgggga 3120
gctggacggyg ctgtggacga ccatcaccat cttcatcaca ctcttcectgt taagegtgtg 3180
ctacagtgcce accgtcacct tcecttcaaggt gaagtggatc ttctectcecgg tggtggacct 3240
gaagcagacc atcatccceg actacaggaa catgatcgga cagggggect agtaagetta 3300

gcgetttega agggcaggta agtatcaagg ttacaagaca ggtttaagga gaccaataga 3360
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aactgggctt gtcgagacag agaagactct tgcgtttcetg ataggcacct attggtctta 3420
ctgacatcca ctttgccttt ctectccacag gtgtectacg tagcgatcge caattccgece 3480
cctecteecte ceccceccect aacgttactg gccgaagecg cttggaataa ggccggtgtg 3540
cgtttgtcta tatgtgattt tccaccatat tgcecgtcettt tggcaatgtg agggcccgga 3600
aacctggccce tgtcttcecttg acgagcattce ctaggggtcet ttceccecctcte gecaaaggaa 3660
tgcaaggtct gttgaatgtc gtgaaggaag cagttcctcect ggaagcecttcet tgaagacaaa 3720
caacgtcectgt agcgacccectt tgcaggcagce ggaaccccecce acctggcgac aggtgcctcet 3780
geggccaaaa gccacgtgta taagatacac ctgcaaaggce ggcacaaccce cagtgccacyg 3840
ttgtgagttg gatagttgtg gaaagagtca aatggctctc ctcaagcgta ttcaacaagg 3900
ggctgaagga tgcccagaag gtaccccatt gtatgggatc tgatctgggg ccteggtgca 3960
catgctttac atgtgtttag tcgaggttaa aaaaacgtct aggcccccecg aaccacgggg 4020
acgtggtttt cctttgaaaa acacgatgat aagcttgcca caacccggtt taaacggatc 4080
ccgccaccat ggtgagcaag ggcgaggagce tgttcaccgg ggtggtgcce atcctggtceg 4140
agctggacgg cgacgtaaac ggccacaagt tcagegtgte cggegaggge gagggcgatg 4200
ccacctacgg caagctgacc ctgaagttca tctgcaccac cggcaagctg cccgtgcect 4260
ggeccaccect cgtgaccace ctgacctacg gegtgcagtyg cttcagecge taccccgace 4320
acatgaagca gcacgacttc ttcaagtccg ccatgcccga aggctacgte caggagcgca 4380
ccatcttett caaggacgac ggcaactaca agacccgege cgaggtgaag ttcgagggeg 4440
acaccctggt gaaccgcatc gagctgaagg geatcgactt caaggaggac ggcaacatce 4500
tggggcacaa gctggagtac aactacaaca gccacaacgt ctatatcatg gccgacaage 4560
agaagaacgg catcaaggtg aacttcaaga tccgccacaa catcgaggac ggcagegtge 4620
agctegecga ccactaccag cagaacaccce ccatcggega cggecccegtyg ctgcetgeccg 4680
acaaccacta cctgagcacc cagtccgecce tgagcaaaga ccccaacgag aagcgcegate 4740
acatggtcct gectggagtte gtgaccgccg ccgggatcac tcectcecggcatg gacgagetgt 4800
acaagtaaag cggcatatgc gccggeggat atccggegeg cegagctege tgatcagect 4860
cgactgtgcce tctagttgec ageccatctgt tgtttgecce teccccegtge cttecttgac 4920
cctggaaggt gccactccecca ctgtecttte ctaataaaat gaggaaattg catcgcattg 4980
tctgagtagg tgtcattcta ttetgggggg tggggtgggg caggacagca agggggagga 5040
ttgggaagac aatagcaggc atgctgggga tgcggtgggce tcectatggctt ctgaggcgga 5100
aagaaccagc tggggttaat taaacgcgtt taaccctaga aagataatca tattgtgacg 5160
tacgttaaag ataatcatgc gtaaaattga cgcatgtgtt ttatcggtct gtatatcgag 5220
gtttatttat taatttgaat agatattaag ttttattata tttacactta catactaata 5280
ataaattcaa caaacaattt atttatgttt atttatttat taaaaaaaaa caaaaactca 5340
aaatttcttc tataaagtaa caaaactttt atatcgattc gcgcgecgtge attctagttg 5400
tggtttgtce aaactcatca atgtatctta tcatgtcetgt ataccgtcga cctctagceta 5460
gagcttggeg taatcatggt catagctgtt tcctgtgtga aattgttatc cgctcacaat 5520
tccacacaac atacgagccg gaagcataaa gtgtaaagcc tggggtgcct aatgagtgag 5580

ctaactcaca ttaattgcgt tgcgctcact gccecgcttte cagtcgggaa acctgtegtg 5640
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ccagctgcat taatgaatcg gccaacgcgce ggggagaggce ggtttgcecgta ttgggcgcetce 5700
ttececgettee tegctcactyg actcecgetgeg cteggtegtt cggctgecgge gagcggtatce 5760
agctcactca aaggcggtaa tacggttatce cacagaatca ggggataacyg caggaaagaa 5820
catgtgagca aaaggccagc aaaaggccag gaaccgtaaa aaggccgegt tgctggegtt 5880
tttccatagg ctccgceccecee ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtg 5940
gcgaaacceg acaggactat aaagatacca ggcgtttcece cctggaagcet ccctegtgeg 6000
ctctectgtt ccgaccctge cgcttaccgg atacctgtece gectttcectece cttegggaag 6060
cgtggegett tcetcaatget cacgctgtag gtatctcagt tcggtgtagg tegttcegetce 6120
caagctgggce tgtgtgcacg aacccceccgt tcagcecccgac cgctgegect tatccggtaa 6180
ctatcgtectt gagtccaacc cggtaagaca cgacttatcg ccactggcag cagccactgg 6240
taacaggatt agcagagcga ggtatgtagg cggtgctaca gagttcttga agtggtggcce 6300
taactacggc tacactagaa ggacagtatt tggtatctgc gectctgctga agccagttac 6360
cttcggaaaa agagttggta gcectcttgatce cggcaaacaa accaccgctg gtageggtgg 6420
tttttttgtt tgcaagcagc agattacgcg cagaaaaaaa ggatctcaag aagatccttt 6480
gatcttttet acggggtctg acgctcagtg gaacgaaaac tcacgttaag ggattttggt 6540
catgagatta tcaaaaagga tcttcaccta gatcctttta aattaaaaat gaagttttaa 6600
atcaatctaa agtatatatg agtaaacttg gtctgacagt taccaatgct taatcagtga 6660
ggcacctatc tcagcgatct gtcectattteg ttcatccata gttgectgac tceccegtegt 6720
gtagataact acgatacggg agggcttacc atctggcccc agtgctgcaa tgataccgeg 6780
agacccacgce tcaccggctce cagatttatce agcaataaac cagccagcecyg gaagggccga 6840
gcgcagaagt ggtcctgcaa ctttatccge ctccatccag tcectattaatt gttgeccggga 6900
agctagagta agtagttcgc cagttaatag tttgcgcaac gttgttgcca ttgctacagg 6960
catcgtggtg tcacgctegt cgtttggtat ggcttcattc agctceggtt cccaacgatce 7020
aaggcgagtt acatgatccc ccatgttgtg caaaaaagcg gttagctccect teggtcectcece 7080
gatcgttgtc agaagtaagt tggccgcagt gttatcactc atggttatgg cagcactgca 7140
taattctectt actgtcatge catccgtaag atgcecttttet gtgactggtg agtactcaac 7200
caagtcattc tgagaatagt gtatgcggcg accgagttge tecttgecccgg cgtcaatacg 7260
ggataatacc gcgccacata gcagaacttt aaaagtgctc atcattggaa aacgttcttce 7320
ggggcgaaaa ctctcaagga tcttaccget gttgagatcce agttcgatgt aacccactceg 7380
tgcacccaac tgatcttcag catcttttac tttcaccage gtttcectgggt gagcaaaaac 7440
aggaaggcaa aatgccgcaa aaaagggaat aagggcgaca cggaaatgtt gaatactcat 7500
actcttectt tttcaatatt attgaagcat ttatcagggt tattgtctca tgagcggata 7560
catatttgaa tgtatttaga aaaataaaca aataggggtt ccgcgcacat ttccccgaaa 7620

agtgccacct gacgtcgacg gatcgggcect gcag 7654

<210> SEQ ID NO 34

<211> LENGTH: 7549

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of pSB-EGFP-HC-Acl0
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<400> SEQUENCE: 34

gaattcagtt gaagtcggaa gtttacatac acttaagttg gagtcattaa aactcgtttt 60
tcaactacac cacaaatttc ttgttaacaa acaatagttt tggcaagtca gttaggacat 120
ctactttgtg catgacacaa gtcatttttc caacaattgt ttacagacag attatttcac 180
ttataattca ctgtatcaca attccagtgg gtcagaagtt tacatacact aacctcgagg 240
ctagtctaga gagtaattca tacaaaagga ctcgcccctyg ccettggggaa tcccagggac 300
cgtegttaaa ctcccactaa cgtagaacce agagatcget gegttecege cccctcacce 360
geeegetete gtcatcactyg aggtggagaa gagcatgegt gaggctceegg tgceccgtceag 420
tgggcagagce gcacatcgcece cacagtceccee gagaagttgg ggggaggggt cggcaattga 480
accggtgect agagaaggtg gcgcggggta aactgggaaa gtgatgtegt gtactggete 540
cgecttttte ccgagggtgyg gggagaaccg tatataagtyg cagtagtege cgtgaacgtt 600
ctttttegea acgggtttge cgccagaaca caggtaagtyg cegtgtgtgyg ttceecgeggg 660
cctggectet ttacgggtta tggcccttge gtgecttgaa ttacttccac gecectgget 720
gcagtacgtyg attcttgatc ccgagetteg ggttggaagt gggtgggaga gttcgaggece 780
ttgcgettaa ggagecectt cgectegtge ttgagttgag gectggettyg ggcgetgggyg 840
cegeegegty cgaatetggt ggcacctteg cgectgtete getgettteg ataagtcetet 900
agccatttaa aatttttgat gacctgctgce gacgcttttt ttctggcaag atagtcttgt 960

aaatgcgggce caagatctgce acactggtat tteggttttt ggggccgcgg geggcgacgg 1020
ggecegtgeyg tceccagcegea catgttegge gaggegggge ctgcgagege ggecaccgag 1080
aatcggacgg gggtagtcte aagctggccg gcectgctetg gtgcctggece tegegecgece 1140
gtgtatcgee cegecctggg cggcaaggct ggcccggteg geaccagttg cgtgagegga 1200
aagatggceg ctteceggee ctgctgecagg gagctcaaaa tggaggacge ggcgetceggg 1260
agagcgggeg ggtgagtcac ccacacaaag gaaaagggece ttteecgtect cagecgtcege 1320
ttcatgtgac tccacggagt accgggcgcce gtccaggcac ctcgattagt tcetcgagett 1380
ttggagtacg tcgtctttag gttgggggga ggggttttat gcgatggagt ttccccacac 1440
tgagtgggtg gagactgaag ttaggccagc ttggcacttg atgtaattct ccttggaatt 1500
tgcccttttt gagtttggat cttggttcat tctcaagect cagacagtgg ttcaaagttt 1560
ttttctteca tttcaggtgt cgtgagcegge cgccatgaat tttggactga ggctgatttt 1620
cctggtgetg accctgaaag gegtceccagtg tcagatccag ctgcagcagt ctggecccga 1680
ggtcgtgaaa cctggcgect ccgtgaagat ctcectgcaag gectcecgget acaccttceac 1740
cgactactac atcacctggg tcaagcagaa geccggcecag ggectggaat ggatcggetg 1800
gatctatcee ggctceccggca acaccaagta caacgagaag ttcaagggca aggccaccct 1860
gaccgtggac acctcctctt ccaccgectt catgcagctg tectccectga cctecgagga 1920
taccgeegtg tacttctgeg ccaactacgg caactattgg ttcgectact ggggccaggg 1980
cacacaagtg accgtgtctg ctgctagcac caagggccca tcggtcttece cectggcacce 2040
ctecctecaag agcacctetg ggggcacagce agcecctggge tgcctggtca aggactactt 2100
ccecgaaceg gtgacggtgt cgtggaacte aggegcecctyg accagceggeyg tgcacacctt 2160

cceggetgte ctacagtect caggactcta ctecectcage agegtggtga cegtgccecte 2220
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cagcagcettyg ggcacccaga cctacatctg caacgtgaat cacaagccca gcaacaccaa 2280
ggtggacaag aaagttgagc ccaaatcttg tgacaaaact cacacatgcc caccgtgcecce 2340
agcacctgaa ctcctggggg gaccgtcagt cttectette cccccaaaac ccaaggacac 2400
cctcatgatce tcccggacce ctgaggtcac atgegtggtg gtggacgtga gcecacgaaga 2460
ccetgaggte aagttcaact ggtacgtgga cggcgtggag gtgcataatg ccaagacaaa 2520
geegegggayg gagcagtaca acagcacgta cecgtgtggte agegtectca cegtectgea 2580
ccaggactgg ctgaatggca aggagtacaa gtgcaaggtce tccaacaaag ccctcccage 2640
ccccatcegag aaaaccatct ccaaagecaa agggcagecce cgagaaccac aggtgtacac 2700
cctgecccca tcecegggatyg agectgaccaa gaaccaggte agectgacct gectggtcaa 2760
aggcttctat cccagcgaca tcgccgtgga gtgggagage aatgggcage cggagaacaa 2820
ctacaagacc acgcctceeg tgctggactce cgacggcetece ttcecttectet acagcaagcet 2880
caccgtggac aagagcaggt ggcagcaggg gaacgtcttce tcatgctceg tgatgcatga 2940
ggctcectgcac aaccactaca cacagaagag cctctceccctg teteccggage tgcaactgga 3000
ggagagctgt gcggaggcge aggacgggga getggacggg ctgtggacga ccatcaccat 3060
cttcatcaca ctcttcctgt taagegtgtg ctacagtgcce accgtcacct tcettcaaggt 3120
gaagtggatc ttctcectcecgg tggtggacct gaagcagacc atcatccceccg actacaggaa 3180
catgatcgga cagggggcct agtaagctta gcgcectttega agggcaggta agtatcaagg 3240
ttacaagaca ggtttaagga gaccaataga aactgggctt gtcgagacag agaagactct 3300
tgcgtttetg ataggcacct attggtectta ctgacatcca ctttgecttt ctetccacag 3360
gtgtcctacyg tagcgatcge caattccgece cctcteccte ceccccecect aacgttactg 3420
gccgaageceg cttggaataa ggecggtgtg cgtttgtcta tatgtgattt tccaccatat 3480
tgccgtettt tggcaatgtyg agggcccgga aacctggcecce tgtcttcecttg acgagcatte 3540
ctaggggtct ttccecctete gecaaaggaa tgcaaggtcect gttgaatgtce gtgaaggaag 3600
cagttcctect ggaagcttet tgaagacaaa caacgtcetgt agcgaccctt tgcaggcagce 3660
ggaaccccee acctggcgac aggtgectcet geggccaaaa gecacgtgta taagatacac 3720
ctgcaaaggc ggcacaaccc cagtgccacg ttgtgagttg gatagttgtg gaaagagtca 3780
aatggctctce ctcaagcgta ttcaacaagg ggctgaagga tgcccagaag gtaccccatt 3840
gtatgggatc tgatctgggg ccteggtgca catgctttac atgtgtttag tcgaggttaa 3900
aaaaacgtct aggcccceeg aaccacgggg acgtggtttt cctttgaaaa acacgatgat 3960
aagcttgcca caacceggtt taaacggatce cegecaccat ggtgagcaag ggcgaggage 4020
tgttcaccgg ggtggtgcce atcctggtceg agectggacgg cgacgtaaac ggccacaagt 4080
tcagegtgte cggcgaggge gagggcgatg ccacctacgg caagctgacce ctgaagttca 4140
tctgcaccac cggcaagetg ccegtgecct ggeccaccect cgtgaccace ctgacctacg 4200
gcgtgcagtyg cttcagecge taccccgacce acatgaagca gcacgacttce ttcaagtecg 4260
ccatgeccga aggctacgtce caggagegca ccatcttett caaggacgac ggcaactaca 4320
agacccgege cgaggtgaag ttcgagggeg acaccctggt gaaccgcatce gagctgaagg 4380
gcatcgactt caaggaggac ggcaacatcc tggggcacaa gctggagtac aactacaaca 4440

gccacaacgt ctatatcatg gccgacaage agaagaacgg catcaaggtyg aacttcaaga 4500
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tcegecacaa catcgaggac ggcagegtge agetcgecga ccactaccag cagaacacce 4560
ccateggega cggeccegtyg ctgctgeceg acaaccacta cctgagcace cagtccgece 4620
tgagcaaaga ccccaacgag aagcgcgatce acatggtect getggagtte gtgaccgecg 4680
ccgggatcac tectceggcatg gacgagetgt acaagtaaag cggcatatge gecggcggat 4740
atccggegeg ccgagctege tgatcagect cgactgtgece tcectagttgee ageccatctgt 4800
tgtttgccece teccceccgtge cttecttgac cctggaaggt geccactccca ctgtecttte 4860
ctaataaaat gaggaaattg catcgcattg tctgagtagg tgtcattcta ttctgggggg 4920
tggggtgggy caggacagca agggggagga ttgggaagac aatagcaggce atgctgggga 4980
tgcggtggge tcectatggett ctgaggcgga aagaaccagce tggggttaat taaacgcgtt 5040
tgagtgtatg ttaacttctg acccactggg aatgtgatga aagaaataaa agctgaaatg 5100
aatcattctc tctactatta ttctgatatt tcacattcectt aaaataaagt ggtgatccta 5160
actgacctta agacagggaa tctttactcg gattaaatgt caggaattgt gaaaaagtga 5220
gtttaaatgt atttggctaa ggtgtatgta aacttccgac ttcaactatc gattcgegeg 5280
cgtgcattct agttgtggtt tgtccaaact catcaatgta tcttatcatg tcectgtatacce 5340
gtcgacctet agctagagct tggcgtaatc atggtcatag ctgtttecctg tgtgaaattg 5400
ttatccgete acaattccac acaacatacg agccggaagce ataaagtgta aagcctgggg 5460
tgcctaatga gtgagctaac tcacattaat tgcgttgege tcactgcceg ctttcecagte 5520
gggaaacctg tcgtgccage tgcattaatg aatcggccaa cgcgcgggga gaggcggttt 5580
gcgtattggg cgctctteccecg cttecteget cactgacteg ctgegcetegg tegttegget 5640
gcggcgageg gtatcagcete actcaaaggce ggtaatacgg ttatccacag aatcagggga 5700
taacgcagga aagaacatgt gagcaaaagg ccagcaaaag gccaggaacc gtaaaaaggce 5760
cgegttgetg gegtttttee ataggctceccg ccceccctgac gagcatcaca aaaatcgacg 5820
ctcaagtcag aggtggcgaa acccgacagg actataaaga taccaggcgt ttcccectgg 5880
aagctcecte gtgcgctete ctgttecgac cctgeccgett accggatacce tgtceccgectt 5940
tctecectteg ggaagegtgg cgctttectca atgctcacge tgtaggtatce tcagtteggt 6000
gtaggtcgtt cgctccaage tgggctgtgt gcacgaacce cccgttcage ccgaccgetg 6060
cgecttatcece ggtaactate gtcecttgagte caacccggta agacacgact tatcgccact 6120
ggcagcagcc actggtaaca ggattagcag agcgaggtat gtaggcggtg ctacagagtt 6180
cttgaagtgg tggcctaact acggctacac tagaaggaca gtatttggta tcectgcgectcet 6240
gctgaagceca gttaccttcecg gaaaaagagt tggtagctcet tgatccggca aacaaaccac 6300
cgctggtage ggtggttttt ttgtttgcaa gcagcagatt acgcgcagaa aaaaaggatc 6360
tcaagaagat cctttgatct tttctacggg gtctgacget cagtggaacg aaaactcacg 6420
ttaagggatt ttggtcatga gattatcaaa aaggatcttc acctagatcc ttttaaatta 6480
aaaatgaagt tttaaatcaa tctaaagtat atatgagtaa acttggtctg acagttacca 6540
atgcttaatc agtgaggcac ctatctcagc gatctgtcecta tttcecgttcat ccatagttgce 6600
ctgactccce gtcecgtgtaga taactacgat acgggagggce ttaccatctg gecccagtgce 6660
tgcaatgata ccgcgagacc cacgctcacce ggctccagat ttatcagcaa taaaccagcce 6720

agccggaagg gccgagcgca gaagtggtce tgcaacttta tccgecctceca tcecagtcetat 6780
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taattgttgc cgggaagcta gagtaagtag ttcgccagtt aatagtttgce gcaacgttgt 6840
tgccattget acaggcatcg tggtgtcacg ctegtcegttt ggtatggctt cattcagcetce 6900
cggttcccaa cgatcaaggc gagttacatg atcccccatg ttgtgcaaaa aagcggttag 6960
ctecctteggt cctecgateg ttgtcagaag taagttggcce gcagtgttat cactcatggt 7020
tatggcagca ctgcataatt ctcttactgt catgccatcc gtaagatgct tttectgtgac 7080
tggtgagtac tcaaccaagt cattctgaga atagtgtatg cggcgaccga gttgctcttg 7140
cceggegtca atacgggata ataccgcgcce acatagcaga actttaaaag tgctcatcat 7200
tggaaaacgt tcttcggggc gaaaactctc aaggatctta ccgctgttga gatccagttce 7260
gatgtaaccc actcgtgcac ccaactgatc ttcagcatct tttactttca ccagegttte 7320
tgggtgagca aaaacaggaa ggcaaaatgc cgcaaaaaag ggaataaggyg cgacacggaa 7380
atgttgaata ctcatactct tcctttttca atattattga agcatttatc agggttattg 7440
tctcatgage ggatacatat ttgaatgtat ttagaaaaat aaacaaatag gggttccgceg 7500
cacatttccce cgaaaagtgc cacctgacgt cgacggatcg ggcctgcag 7549
<210> SEQ ID NO 35

<211> LENGTH: 7558

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of pSB-EGFP-HC-hBU12

<400> SEQUENCE: 35

gaattcagtt gaagtcggaa gtttacatac acttaagttg gagtcattaa aactcgtttt 60
tcaactacac cacaaatttc ttgttaacaa acaatagttt tggcaagtca gttaggacat 120
ctactttgtg catgacacaa gtcatttttc caacaattgt ttacagacag attatttcac 180
ttataattca ctgtatcaca attccagtgg gtcagaagtt tacatacact aacctcgagg 240
ctagtctaga gagtaattca tacaaaagga ctcgcccctyg ccettggggaa tcccagggac 300
cgtegttaaa ctcccactaa cgtagaacce agagatcget gegttecege cccctcacce 360
geeegetete gtcatcactyg aggtggagaa gagcatgegt gaggctceegg tgceccgtceag 420
tgggcagagce gcacatcgcece cacagtceccee gagaagttgg ggggaggggt cggcaattga 480
accggtgect agagaaggtg gcgcggggta aactgggaaa gtgatgtegt gtactggete 540
cgecttttte ccgagggtgyg gggagaaccg tatataagtyg cagtagtege cgtgaacgtt 600
ctttttegea acgggtttge cgccagaaca caggtaagtyg cegtgtgtgyg ttceecgeggg 660
cctggectet ttacgggtta tggcccttge gtgecttgaa ttacttccac gecectgget 720
gcagtacgtyg attcttgatc ccgagetteg ggttggaagt gggtgggaga gttcgaggece 780
ttgcgettaa ggagecectt cgectegtge ttgagttgag gectggettyg ggcgetgggyg 840
cegeegegty cgaatetggt ggcacctteg cgectgtete getgettteg ataagtcetet 900
agccatttaa aatttttgat gacctgctgce gacgcttttt ttctggcaag atagtcttgt 960

aaatgcgggce caagatctgce acactggtat tteggttttt ggggccgcgg geggcgacgg 1020

ggccegtgeyg tceccagegea catgttegge gaggcegggge ctgcgagege ggecaccgag 1080

aatcggacgg gggtagtcte aagctggccg gcectgctetg gtgcctggece tegegecgece 1140

gtgtatcgee ccgcectggg cggcaaggcet ggecceggteg geaccagttyg cgtgagegga 1200
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aagatggceg ctteceggee ctgctgecagg gagctcaaaa tggaggacge ggcgetceggg 1260
agagcgggeg ggtgagtcac ccacacaaag gaaaagggece ttteecgtect cagecgtcege 1320
ttcatgtgac tccacggagt accgggcgcce gtccaggcac ctcgattagt tcetcgagett 1380
ttggagtacg tcgtctttag gttgggggga ggggttttat gcgatggagt ttccccacac 1440
tgagtgggtg gagactgaag ttaggccagc ttggcacttg atgtaattct ccttggaatt 1500
tgcccttttt gagtttggat cttggttcat tctcaagect cagacagtgg ttcaaagttt 1560
ttttctteca tttcaggtgt cgtgagcegge cgccatgaat tttggactga ggctgatttt 1620
cctggtgetg accctgaaag gegtceccagtg tcaggtgcag ctgcaggaat ctggecctgg 1680
cctegtgaag cctteccaga cectgtetet gacctgcacce gtgtceggeg getcecatcte 1740
tacctectgge atgggcgtgg getggatcag acagcatcect ggcaagggcece tggaatggat 1800
cggccacatt tggtgggacg acgacaagceg gtacaacccee gcecctgaagt ccagagtgac 1860
catctcegtg gacacctceca agaaccagtt ctcececctgaag ctgtcecctceeg tgaccgccgce 1920
tgataccgcce gtgtactact gecgcccggat ggaactgtgg tectactact tcegactactg 1980
gggccaggge accctecgtga ccgtgtcate tgctagcacce aagggcccat cggtcettecce 2040
cctggeaccee tcctecaaga gecacctetgg gggcacagea gecctggget gectggtcaa 2100
ggactacttc cccgaaccgg tgacggtgtce gtggaactca ggcgccctga ccagcggcegt 2160
gcacacctte ccggetgtcee tacagtectce aggactctac tceccctcagca gcgtggtgac 2220
cgtgecctee agcagettgg gcacccagac ctacatctge aacgtgaatc acaagceccag 2280
caacaccaag gtggacaaga aagttgagcc caaatcttgt gacaaaactc acacatgcce 2340
accgtgcecca gcacctgaac tectgggggg accgtcagtce ttcectecttee ceccaaaacce 2400
caaggacacc ctcatgatct cccggaccce tgaggtcaca tgcegtggtgg tggacgtgag 2460
ccacgaagac cctgaggtca agttcaactg gtacgtggac ggcgtggagg tgcataatgce 2520
caagacaaag ccgcgggagg agcagtacaa cagcacgtac cgtgtggtca gcegtectcac 2580
cgtectgecac caggactgge tgaatggcaa ggagtacaag tgcaaggtct ccaacaaagce 2640
ccteccagee cccatcgaga aaaccatctce caaagccaaa gggcagcccece gagaaccaca 2700
ggtgtacacc ctgcccccat cccgggatga getgaccaag aaccaggtca gectgacctg 2760
cctggtcaaa ggcttctate ccagcgacat cgccgtggag tgggagagca atgggcagcece 2820
ggagaacaac tacaagacca cgcctceegt gectggactcec gacggctect tcttectceta 2880
cagcaagctc accgtggaca agagcaggtg gcagcagggg aacgtcttcet catgctcecegt 2940
gatgcatgag gctctgcaca accactacac acagaagagc ctctccectgt ctecggaget 3000
gcaactggayg gagagctgtg cggaggcgca ggacggggag ctggacgggce tgtggacgac 3060
catcaccatc ttcatcacac tcttcectgtt aagegtgtge tacagtgcca ccgtcacctt 3120
cttcaaggtg aagtggatct tctceccteggt ggtggacctg aagcagacca tcatccccga 3180
ctacaggaac atgatcggac agggggccta gtaagcttag cgctttcgaa gggcaggtaa 3240
gtatcaaggt tacaagacag gtttaaggag accaatagaa actgggcttg tcgagacaga 3300
gaagactctt gcgtttctga taggcaccta ttggtcttac tgacatccac tttgecttte 3360
tctccacagg tgtcectacgt agcgatcgcce aattccgecce ctctecectee ceccececta 3420

acgttactgg ccgaagccgce ttggaataag gccggtgtge gtttgtctat atgtgatttt 3480



US 2019/0153433 Al May 23, 2019
79

-continued

ccaccatatt gccgtctttt ggcaatgtga gggcccggaa acctggccct gtcettettga 3540
cgagcattcc taggggtcectt teccctetceg ccaaaggaat gcaaggtctg ttgaatgtceg 3600
tgaaggaagc agttcctcetg gaagcttctt gaagacaaac aacgtctgta gcgacccttt 3660
gcaggcageyg gaacccccca cctggegaca ggtgectetyg cggccaaaag ccacgtgtat 3720
aagatacacc tgcaaaggcg gcacaacccce agtgccacgt tgtgagttgg atagttgtgg 3780
aaagagtcaa atggctctcc tcaagcgtat tcaacaaggg gctgaaggat gcccagaagg 3840
taccccattg tatgggatct gatctggggce cteggtgcac atgctttaca tgtgtttagt 3900
cgaggttaaa aaaacgtcta ggccccccga accacgggga cgtggtttte ctttgaaaaa 3960
cacgatgata agcttgccac aacccggttt aaacggatcc cgccaccatg gtgagcaagg 4020
gcgaggagcet gttcaccggg gtggtgccca tectggtcga getggacggce gacgtaaacy 4080
gccacaagtt cagegtgtcee ggcgagggceg agggcgatge cacctacggce aagcetgaccce 4140
tgaagttcat ctgcaccacc ggcaagctgce ccgtgcectg geccacccte gtgaccacce 4200
tgacctacgg cgtgcagtgce ttcagccgct accccgacca catgaagcag cacgacttcet 4260
tcaagtccge catgcccgaa ggctacgtce aggagcgcac catcttctte aaggacgacg 4320
gcaactacaa gacccgcegee gaggtgaagt tcgagggcega caccctggtg aaccgcatceg 4380
agctgaaggg catcgacttc aaggaggacg gcaacatcct ggggcacaag ctggagtaca 4440
actacaacag ccacaacgtc tatatcatgg ccgacaagca gaagaacggce atcaaggtga 4500
acttcaagat ccgccacaac atcgaggacg gcagcegtgea gctegecgac cactaccage 4560
agaacaccce catcggcgac ggcccegtge tgetgceccga caaccactac ctgagcacce 4620
agtcegecct gagcaaagac cccaacgaga agcgcgatca catggtcectyg ctggagtteg 4680
tgaccgecge cgggatcact ctcecggcatgg acgagctgta caagtaaagce ggcatatgceg 4740
ccggcggata tccggcgege cgagctegcet gatcagectce gactgtgcect ctagttgeca 4800
gccatctgtt gtttgcccect cceececgtgece ttecttgace ctggaaggtg ccactccecac 4860
tgtcctttee taataaaatg aggaaattgc atcgcattgt ctgagtaggt gtcattctat 4920
tetggggggt ggggtgggge aggacagcaa gggggaggat tgggaagaca atagcaggca 4980
tgctggggat gecggtgggcet ctatggctte tgaggcggaa agaaccagct ggggttaatt 5040
aaacgcgttt gagtgtatgt taacttctga cccactggga atgtgatgaa agaaataaaa 5100
gctgaaatga atcattctct ctactattat tctgatattt cacattctta aaataaagtg 5160
gtgatcctaa ctgaccttaa gacagggaat ctttactcgg attaaatgtc aggaattgtg 5220
aaaaagtgag tttaaatgta tttggctaag gtgtatgtaa acttccgact tcaactatcg 5280
attcgecgege gtgcattcta gttgtggttt gtccaaactc atcaatgtat cttatcatgt 5340
ctgtataccg tcgacctcta gctagagctt ggcegtaatca tggtcatage tgtttcectgt 5400
gtgaaattgt tatccgctca caattccaca caacatacga gccggaagca taaagtgtaa 5460
agcctggggt gectaatgag tgagctaact cacattaatt gegttgcecget cactgcccgce 5520
tttccagtceg ggaaacctgt cgtgccagct gcattaatga atcggccaac gegcggggag 5580
aggcggtttg cgtattggge gcectcttecge ttectecgete actgactcecge tgcgeteggt 5640
cgttecggetyg cggcgagegg tatcagectca ctcaaaggcg gtaatacggt tatccacaga 5700

atcaggggat aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagdg ccaggaaccg 5760
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taaaaaggcce gecgttgctgg cgtttttcecca taggctecege ccecccectgacg agcatcacaa 5820
aaatcgacgce tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggegtt 5880
tcecectgga agceteccteg tgcgetectcee tgtteccgace ctgccgcectta cceggatacct 5940
gtcegecttt cteecttegg gaagegtgge getttcectcaa tgctcacget gtaggtatcet 6000
cagttcggtg taggtcgtte gcectccaagct gggctgtgtg cacgaaccce ccgttcagece 6060
cgaccgcectge gecttatceg gtaactatcg tcecttgagtece aacccggtaa gacacgactt 6120
atcgccactg gcagcagcca ctggtaacag gattagcaga gcgaggtatg taggcggtgce 6180
tacagagttc ttgaagtggt ggcctaacta cggctacact agaaggacag tatttggtat 6240
ctgcgcectetg ctgaagccag ttaccttcgg aaaaagagtt ggtagcectctt gatccggcaa 6300
acaaaccacc gctggtageg gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa 6360
aaaaggatct caagaagatc ctttgatctt ttctacgggg tctgacgctce agtggaacga 6420
aaactcacgt taagggattt tggtcatgag attatcaaaa aggatcttca cctagatcct 6480
tttaaattaa aaatgaagtt ttaaatcaat ctaaagtata tatgagtaaa cttggtctga 6540
cagttaccaa tgcttaatca gtgaggcacc tatctcagcg atctgtctat ttegttcatce 6600
catagttgcce tgactccceg tegtgtagat aactacgata cgggagggct taccatctgg 6660
ccecagtget gecaatgatac cgcgagacce acgctcaccg gcectccagatt tatcagcaat 6720
aaaccagcca gccggaaggg ccgagegcag aagtggtect gcaactttat ccgectccat 6780
ccagtctatt aattgttgcc gggaagctag agtaagtagt tcgccagtta atagtttgeg 6840
caacgttgtt gccattgcta caggcatcgt ggtgtcacge tcgtegtttg gtatggcectte 6900
attcagctce ggttcccaac gatcaaggcg agttacatga tcccccatgt tgtgcaaaaa 6960
agcggttage teccttcecggte cteccgatcecgt tgtcagaagt aagttggccg cagtgttatce 7020
actcatggtt atggcagcac tgcataattc tcttactgtc atgccatccg taagatgcett 7080
ttctgtgact ggtgagtact caaccaagtc attctgagaa tagtgtatgce ggcgaccgag 7140
ttgctettge ccggecgtcaa tacgggataa taccgcgceca catagcagaa ctttaaaagt 7200
gctcatcatt ggaaaacgtt ctteggggcg aaaactctca aggatcttac cgctgttgag 7260
atccagttcg atgtaaccca ctcecgtgcacce caactgatct tcagcatctt ttactttcac 7320
cagegtttet gggtgagcaa aaacaggaag gcaaaatgece gcaaaaaagyg gaataagggce 7380
gacacggaaa tgttgaatac tcatactctt cctttttcaa tattattgaa gcatttatca 7440
gggttattgt ctcatgagcg gatacatatt tgaatgtatt tagaaaaata aacaaatagg 7500
ggttccgege acatttceccce gaaaagtgcce acctgacgtce gacggatcgg gcectgcag 7558
<210> SEQ ID NO 36

<211> LENGTH: 6742

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of pPB-EGFP-LC-Acl0

<400> SEQUENCE: 36

gaattcttaa ccctagaaag atagtctgceg taaaattgac gecatgcattc ttgaaatatt 60

getetetett tctaaatage gegaatcegt cgetgtgeat ttaggacatce tcagtegeceg 120

cttggagete cegtgaggeg tgcttgtcaa tgeggtaagt gtcactgatt ttgaactata 180
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acgaccgcegt gagtcaaaat gacgcatgat tatcttttac gtgactttta agatttaact 240
catacgataa ttatattgtt atttcatgtt ctacttacgt gataacttat tatatatata 300
ttttettgtt atacctcgag gctagtctag agagtaatte atacaaaagyg actcgeccct 360
gecttgggga atcccaggga ccgtegttaa actcccacta acgtagaacc cagagatcge 420
tgegtteceg cccectcace cgcccgetet cgtcatcact gaggtggaga agagcatgeg 480
tgaggctceg gtgccegtca gtgggcagag cgcacatcge ccacagtcecce cgagaagttg 540

gggggagggyg tcggcaattg aaccggtgee tagagaaggt ggcgeggggt aaactgggaa 600

agtgatgtcg tgtactgget cegecttttt cececgagggtg ggggagaace gtatataagt 660
gcagtagtcg ccgtgaacgt tcetttttege aacgggtttg cegecagaac acaggtaagt 720
geegtgtgty gttcecegegg gectggecte tttacgggtt atggeccttyg cgtgecttga 780
attacttcca cgccectgge tgcagtacgt gattettgat cecgagette gggttggaag 840
tgggtgggag agttcgagge cttgegetta aggagecccet tegectegtyg cttgagttga 900
ggcctggett gggegetggg gecgeegegt gegaatctgg tggcacctte gegectgtet 960

cgctgettte gataagtcte tagccattta aaatttttga tgacctgctg cgacgctttt 1020
tttctggcaa gatagtcttyg taaatgcggg ccaagatctg cacactggta tttecggtttt 1080
tggggccgeg ggcggegacyg gggccegtge gteccagege acatgttegyg cgaggegggyg 1140
cctgegageg cggcecaccga gaatcggacg ggggtagtet caagetggece ggectgetcet 1200
ggtgectgge ctegegecge cgtgtatcege cccgeectgg geggcaaggce tggeccggte 1260
ggcaccagtt gegtgagegg aaagatggcece gettceegge cetgcetgecag ggagctcaaa 1320
atggaggacg cggcgetegg gagageggge gggtgagtcea cccacacaaa ggaaaagggce 1380
ctttecegtece tcagecgteg cttcatgtga cteccacggag taccgggcgce cgtccaggca 1440
cctcgattag ttctecgaget tttggagtac gtegtcttta ggttgggggg aggggtttta 1500
tgcgatggag tttccccaca ctgagtgggt ggagactgaa gttaggccag cttggcactt 1560
gatgtaattc tccttggaat ttgccctttt tgagtttgga tettggttca ttctcaagece 1620
tcagacagtg gttcaaagtt tttttcttce atttcaggtg tcgtgagcgg ccgccatgaa 1680
ttttggactg aggctgattt tcctggtgct gaccctgaaa ggcgtccagt gtgacattgt 1740
gctgacccaa tcectceccagett ctttggetgt gtctctaggg cagagggceca ccatctectg 1800
caaggccagc caaagtgttg attttgatgg tgatagttat atgaactggt accaacagaa 1860
accaggacag ccacccaaag tcctcatcta tgctgcatcc aatctagaat ctgggatccce 1920
agccaggttt agtggcagtg ggtctgggac agacttcacc ctcaacatcc atcctgtgga 1980
ggaggaggat gctgcaacct attactgtca gcaaagtaat gaggatccgt ggacgttegg 2040
tggaggcacc aagctggaaa tcaaacgtac ggtggctgca ccatctgtcet tcecatcttcece 2100
gccatctgat gagcagttga aatctggaac tgcctcectgtt gtgtgcectgce tgaataactt 2160
ctatcccaga gaggccaaag tacagtggaa ggtggataac gccctccaat cgggtaactce 2220
ccaggagagt gtcacagagc aggacagcaa ggacagcacce tacagcctca gcagcaccct 2280
gacgctgage aaagcagact acgagaaaca caaagtctac gectgcgaag tcacccatca 2340
gggcctgage tcegceccgtca caaagagctt caacagggga gagtgttagce gctttcgaag 2400

ggcaggtaag tatcaaggtt acaagacagg tttaaggaga ccaatagaaa ctgggcttgt 2460
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cgagacagag aagactcttg cgtttctgat aggcacctat tggtcttact gacatccact 2520
ttgcctttet ctccacaggt gtecctacgta gcgatcgceca attccgcecce tetecctece 2580
cceccectaa cgttactgge cgaagcecgct tggaataagg ccggtgtgeg tttgtcectata 2640
tgtgattttc caccatattg ccgtcttttg gcaatgtgag ggcccggaaa cctggccctg 2700
tcttettgac gagcattect aggggtecttt ccectctege caaaggaatg caaggtcetgt 2760
tgaatgtcgt gaaggaagca gttcctectgg aagettettg aagacaaaca acgtctgtag 2820
cgaccetttyg caggcagegg aaccccececac ctggegacag gtgectcetge ggccaaaagce 2880
cacgtgtata agatacacct gcaaaggcgg cacaacccca gtgccacgtt gtgagttgga 2940
tagttgtgga aagagtcaaa tggctctcct caagcgtatt caacaagggg ctgaaggatg 3000
cccagaaggt accccattgt atgggatctg atctggggcce tcggtgcaca tgctttacat 3060
gtgtttagtc gaggttaaaa aaacgtctag gccccccgaa ccacggggac gtggttttece 3120
tttgaaaaac acgatgataa gcttgccaca acccggttta aacggatccce geccaccatgg 3180
tgagcaaggg cgaggagctg ttcaccgggg tggtgcccat cctggtcgag ctggacggceg 3240
acgtaaacgg ccacaagttc agcgtgtecceg gegagggcga gggcgatgece acctacggca 3300
agctgaccct gaagttcatce tgcaccaccg gcaagctgcece cgtgcecctgg cccacccteg 3360
tgaccaccct gacctacggce gtgcagtget tcagecgcta ccececgaccac atgaagcagce 3420
acgacttctt caagtccgec atgcccgaag gctacgtceca ggagcgcacce atcttcettca 3480
aggacgacgg caactacaag acccgcegecg aggtgaagtt cgagggcgac accctggtga 3540
accgcatcga gctgaaggge atcgacttca aggaggacgg caacatcctyg gggcacaagce 3600
tggagtacaa ctacaacagc cacaacgtct atatcatgge cgacaagcag aagaacggca 3660
tcaaggtgaa cttcaagatc cgccacaaca tcgaggacgg cagegtgcag ctcegecgace 3720
actaccagca gaacaccccce atcggegacg geccegtget getgeccgac aaccactace 3780
tgagcaccca gtccgecctyg agcaaagacce ccaacgagaa gcgegatcac atggtectge 3840
tggagttcgt gaccgccgece gggatcacte tcggcatgga cgagctgtac aagtaaagcg 3900
gcatatgcege cggcggatat ccggcgegece gagctegcectg atcagectceg actgtgecte 3960
tagttgccag ccatctgttg tttgcceccte ccecegtgect tecttgacce tggaaggtgce 4020
cactcccact gtcctttect aataaaatga ggaaattgca tcgcattgtce tgagtaggtg 4080
tcattctatt ctggggggtyg gggtggggca ggacagcaag ggggaggatt gggaagacaa 4140
tagcaggcat gctggggatg cggtgggctce tatggcttet gaggcggaaa gaaccagctg 4200
gggttaatta aacgcgttta accctagaaa gataatcata ttgtgacgta cgttaaagat 4260
aatcatgcgt aaaattgacg catgtgtttt atcggtctgt atatcgaggt ttatttatta 4320
atttgaatag atattaagtt ttattatatt tacacttaca tactaataat aaattcaaca 4380
aacaatttat ttatgtttat ttatttatta aaaaaaaaca aaaactcaaa atttcttcta 4440
taaagtaaca aaacttttat atcgattcgc gcgecgtgcat tctagttgtg gtttgtccaa 4500
actcatcaat gtatcttatc atgtctgtat accgtcgacc tctagctaga gettggcgta 4560
atcatggtca tagctgtttc ctgtgtgaaa ttgttatccg ctcacaattc cacacaacat 4620
acgagccgga agcataaagt gtaaagcctg gggtgcctaa tgagtgagcet aactcacatt 4680

aattgcgttg cgctcactge ccgctttcecca gtcgggaaac ctgtcgtgece agctgcatta 4740
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atgaatcggce caacgcgcegg ggagaggcgg tttgcgtatt gggcgcectctt cegettecte 4800
gctcactgac tcecgectgeget cggtegtteg getgcggcga geggtatcag ctcactcaaa 4860
ggcggtaata cggttatcca cagaatcagg ggataacgca ggaaagaaca tgtgagcaaa 4920
aggccagcaa aaggccagga accgtaaaaa ggccgcgttg ctggegtttt tecatagget 4980
cegecccect gacgagcatce acaaaaatcg acgctcaagt cagaggtgge gaaacccgac 5040
aggactataa agataccagg cgtttcccce tggaagctcecce ctcecgtgeget ctectgttece 5100
gaccectgeeg cttaccggat acctgtecge ctttectcecceet tegggaagceg tggegcttte 5160
tcaatgctca cgctgtaggt atctcagttc ggtgtaggtc gttcgctcca agctgggetg 5220
tgtgcacgaa cccceccgtte agecccgaccg ctgcgcectta tccggtaact atcgtcettga 5280
gtccaacceg gtaagacacg acttatcgec actggcagca gccactggta acaggattag 5340
cagagcgagg tatgtaggcg gtgctacaga gttcecttgaag tggtggccta actacggcta 5400
cactagaagg acagtatttg gtatctgcgce tctgctgaag ccagttacct tceggaaaaag 5460
agttggtagce tcttgatccg gcaaacaaac caccgctggt agecggtggtt tttttgtttg 5520
caagcagcag attacgcgca gaaaaaaagg atctcaagaa gatcctttga tettttctac 5580
ggggtctgac gctcagtgga acgaaaactc acgttaaggg attttggtca tgagattatc 5640
aaaaaggatc ttcacctaga tccttttaaa ttaaaaatga agttttaaat caatctaaag 5700
tatatatgag taaacttggt ctgacagtta ccaatgctta atcagtgagg cacctatctc 5760
agcgatctgt ctatttcgtt catccatagt tgcctgactc cccgtegtgt agataactac 5820
gatacgggag ggcttaccat ctggccccag tgctgcaatg ataccgcgag acccacgcetce 5880
accggetcca gatttatcag caataaacca gecagccgga agggccgage gcagaagtgg 5940
tcetgcaact ttatccgect ccatccagte tattaattgt tgccgggaag ctagagtaag 6000
tagttcgcca gttaatagtt tgcgcaacgt tgttgccatt gectacaggca tegtggtgte 6060
acgctcegteg tttggtatgg cttcattcag cteeggttece caacgatcaa ggcgagttac 6120
atgatccccece atgttgtgca aaaaagcggt tagcectcctte ggtcectceccga tegttgtcag 6180
aagtaagttg gccgcagtgt tatcactcat ggttatggca gcactgcata attctcttac 6240
tgtcatgcca tccgtaagat gettttetgt gactggtgag tactcaacca agtcattctg 6300
agaatagtgt atgcggcgac cgagttgctce ttgcccggeg tcaatacggg ataataccgce 6360
gccacatage agaactttaa aagtgctcat cattggaaaa cgttcttcgg ggcgaaaact 6420
ctcaaggatc ttaccgctgt tgagatccag ttcgatgtaa cccactcgtg cacccaactg 6480
atcttcagca tcttttactt tcaccagcecgt ttectgggtga gcaaaaacag gaaggcaaaa 6540
tgccgcaaaa aagggaataa gggcgacacg gaaatgttga atactcatac tcecttcectttt 6600
tcaatattat tgaagcattt atcagggtta ttgtctcatg agcggataca tatttgaatg 6660
tatttagaaa aataaacaaa taggggttcc gcgcacattt ccccgaaaag tgccacctga 6720

cgtcgacgga tcgggcectge ag 6742

<210> SEQ ID NO 37

<211> LENGTH: 6727

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of pPB-EGFP-LC-hBU12
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<400> SEQUENCE: 37

gaattcttaa ccctagaaag atagtctgceg taaaattgac gecatgcattc ttgaaatatt 60
getetetett tctaaatage gcgaatcegt cgetgtgcat ttaggacatc tcagtcgecg 120
cttggagete ccgtgaggceg tgcttgtcaa tgcggtaagt gtcactgatt ttgaactata 180
acgaccgcegt gagtcaaaat gacgcatgat tatcttttac gtgactttta agatttaact 240
catacgataa ttatattgtt atttcatgtt ctacttacgt gataacttat tatatatata 300
ttttettgtt atacctcgag gctagtctag agagtaatte atacaaaagyg actcgeccct 360
gecttgggga atcccaggga ccgtegttaa actcccacta acgtagaacc cagagatcge 420
tgegtteceg cccectcace cgcccgetet cgtcatcact gaggtggaga agagcatgeg 480
tgaggctceg gtgccegtca gtgggcagag cgcacatcge ccacagtcecce cgagaagttg 540

gggggagggyg tcggcaattg aaccggtgee tagagaaggt ggcgeggggt aaactgggaa 600

agtgatgtcg tgtactgget cegecttttt cececgagggtg ggggagaace gtatataagt 660
gcagtagtcg ccgtgaacgt tcetttttege aacgggtttg cegecagaac acaggtaagt 720
geegtgtgty gttcecegegg gectggecte tttacgggtt atggeccttyg cgtgecttga 780
attacttcca cgccectgge tgcagtacgt gattettgat cecgagette gggttggaag 840
tgggtgggag agttcgagge cttgegetta aggagecccet tegectegtyg cttgagttga 900
ggcctggett gggegetggg gecgeegegt gegaatctgg tggcacctte gegectgtet 960

cgctgettte gataagtcte tagccattta aaatttttga tgacctgctg cgacgctttt 1020
tttctggcaa gatagtcttyg taaatgcggg ccaagatctg cacactggta tttecggtttt 1080
tggggccgeg ggcggegacyg gggccegtge gteccagege acatgttegyg cgaggegggyg 1140
cctgegageg cggcecaccga gaatcggacg ggggtagtet caagetggece ggectgetcet 1200
ggtgectgge ctegegecge cgtgtatcege cccgeectgg geggcaaggce tggeccggte 1260
ggcaccagtt gegtgagegg aaagatggcece gettceegge cetgcetgecag ggagctcaaa 1320
atggaggacg cggcgetegg gagageggge gggtgagtcea cccacacaaa ggaaaagggce 1380
ctttecegtece tcagecgteg cttcatgtga cteccacggag taccgggcgce cgtccaggca 1440
cctcgattag ttctecgaget tttggagtac gtegtcttta ggttgggggg aggggtttta 1500
tgcgatggag tttccccaca ctgagtgggt ggagactgaa gttaggccag cttggcactt 1560
gatgtaattc tccttggaat ttgccctttt tgagtttgga tettggttca ttctcaagece 1620
tcagacagtg gttcaaagtt tttttcttce atttcaggtg tcgtgagcgg ccgccatgaa 1680
ttttggactg aggctgattt tcctggtgct gaccctgaaa ggcgtccagt gtgaaattgt 1740
tctcacccag tectcecagcaa cectgtetcet cteteccaggg gaaagggcta cectgagetg 1800
cagtgccagce tcaagtgtaa gttacatgca ctggtaccag cagaagccag ggcaggctcce 1860
cagactcctg atttatgaca catccaaact ggcttctggt attccagcaa ggttcagtgg 1920
cagtgggtct ggaacagatt ttacactcac aatcagcagc ctggagccag aggatgttgce 1980
tgtctattac tgttttcagg ggagtgtata cccattcact tttggccaag ggacaaagtt 2040
ggaaatcaaa cgtacggtgg ctgcaccatc tgtcttcatc ttcccgeccat ctgatgagca 2100
gttgaaatct ggaactgcct ctgttgtgtg cctgctgaat aacttctatc ccagagaggce 2160

caaagtacag tggaaggtgg ataacgccct ccaatcgggt aactcccagg agagtgtcac 2220



US 2019/0153433 Al May 23, 2019
&5

-continued

agagcaggac agcaaggaca gcacctacag cctcagcage accctgacge tgagcaaagce 2280
agactacgag aaacacaaag tctacgectg cgaagtcacce catcagggece tgagetcgece 2340
cgtcacaaag agcttcaaca ggggagagtg ttagcgcettt cgaagggcag gtaagtatca 2400
aggttacaag acaggtttaa ggagaccaat agaaactggg cttgtcgaga cagagaagac 2460
tcttgegttt ctgataggca cctattggtce ttactgacat ccactttgcce tttctcetceca 2520
caggtgtcct acgtagcgat cgccaattce gccectcetece ctcecececccee cctaacgtta 2580
ctggccgaag ccgcttggaa taaggccggt gtgegtttgt ctatatgtga ttttccacca 2640
tattgcegte ttttggcaat gtgagggccce ggaaacctgg ccectgtctte ttgacgagca 2700
ttecctagggg tettteccect ctegccaaag gaatgcaagg tcectgttgaat gtegtgaagg 2760
aagcagttcce tctggaagcet tcettgaagac aaacaacgtc tgtagcgacce ctttgcaggce 2820
agcggaacce cccacctgge gacaggtgece tcetgeggeca aaagccacgt gtataagata 2880
cacctgcaaa ggcggcacaa ccccagtgce acgttgtgag ttggatagtt gtggaaagag 2940
tcaaatggct ctcctcaage gtattcaaca aggggctgaa ggatgcccag aaggtacccce 3000
attgtatggg atctgatctg gggccteggt gcacatgcett tacatgtgtt tagtcgaggt 3060
taaaaaaacg tctaggcccecce ccgaaccacg gggacgtggt tttcectttga aaaacacgat 3120
gataagcttyg ccacaacccg gtttaaacgg atcccgecac catggtgage aagggcgagyg 3180
agctgttcac cggggtggtyg cccatcctgg tcgagctgga cggcgacgta aacggccaca 3240
agttcagcegt gtceggegag ggcgagggeg atgcecaccta cggcaagetyg accctgaagt 3300
tcatctgcac caccggcaag ctgcccegtge cctggcccac cctcegtgacce accctgacct 3360
acggcgtgca gtgcttcage cgctaccccg accacatgaa gcagcacgac ttcecttcaagt 3420
cegecatgee cgaaggctac gtccaggage geaccatctt cttcaaggac gacggcaact 3480
acaagaccceg cgccgaggtyg aagttcgagg gegacaccct ggtgaaccge atcgagetga 3540
agggcatcga cttcaaggag gacggcaaca tcctggggca caagctggag tacaactaca 3600
acagccacaa cgtctatatc atggccgaca agcagaagaa cggcatcaag gtgaacttca 3660
agatccgcca caacatcgag gacggcageg tgcagctege cgaccactac cagcagaaca 3720
cceccategg cgacggecce gtgctgetge cegacaacca ctacctgage acccagtcecg 3780
ccctgagcaa agaccccaac gagaagegeg atcacatggt ccetgetggag ttegtgaccg 3840
cegecgggat cactctegge atggacgage tgtacaagta aagcggcata tgcgecggeg 3900
gatatccgge gcegecgagct cgetgatcag cctcecgactgt gectctagtt gccagccatce 3960
tgttgtttge cecctecceeg tgecttectt gaccctggaa ggtgccacte ccactgtect 4020
ttcctaataa aatgaggaaa ttgcatcgca ttgtctgagt aggtgtcatt ctattctggg 4080

gggtggggty gggcaggaca gcaaggggga ggattgggaa gacaatagca ggcatgetgg 4140

ggatgcggtyg ggctctatgg cttetgagge ggaaagaacc agctggggtt aattaaacgce 4200

gtttaaccct agaaagataa tcatattgtg acgtacgtta aagataatca tgcgtaaaat 4260

tgacgcatgt gttttatcgg tcectgtatatc gaggtttatt tattaatttg aatagatatt 4320

aagttttatt atatttacac ttacatacta ataataaatt caacaaacaa tttatttatg 4380

tttatttatt tattaaaaaa aaacaaaaac tcaaaatttc ttctataaag taacaaaact 4440

tttatatcga ttcgcgcgeg tgcattctag ttgtggtttg tccaaactca tcaatgtatce 4500



US 2019/0153433 Al May 23, 2019
86

-continued

ttatcatgtc tgtataccgt cgacctctag ctagagcttg gcgtaatcat ggtcataget 4560
gtttectgtyg tgaaattgtt atccgctcac aattccacac aacatacgag ccggaagcat 4620
aaagtgtaaa gcctggggtyg cctaatgagt gagctaactc acattaattg cgttgcgcetce 4680
actgcceget ttccagtegg gaaacctgte gtgccagetg cattaatgaa tceggccaacg 4740
cgcggggaga ggcggtttge gtattgggcg ctetteceget tectecgcectceca ctgacteget 4800
gcgeteggte gtteggectge ggcgageggt atcagctcac tcaaaggcgg taatacggtt 4860
atccacagaa tcaggggata acgcaggaaa gaacatgtga gcaaaaggcc agcaaaaggce 4920
caggaaccgt aaaaaggccg cgttgctgge gtttttecat aggctceccgece cccctgacga 4980
gcatcacaaa aatcgacgct caagtcagag gtggcgaaac ccgacaggac tataaagata 5040
ccaggcegttt ccccectggaa gcectceccectegt gecgetctect gttecgacce tgccgcttac 5100
cggatacctg tccgecttte tecctteggg aagegtggeg ctttcectcaat getcacgetg 5160
taggtatctc agttcggtgt aggtcgttcg cteccaagetg ggctgtgtge acgaaccccce 5220
cgttcagcece gaccgctgeg ccttatecgg taactategt cttgagtcca acccggtaag 5280
acacgactta tcgccactgg cagcagccac tggtaacagg attagcagag cgaggtatgt 5340
aggcggtgct acagagttcect tgaagtggtg gcctaactac ggctacacta gaaggacagt 5400
atttggtatc tgcgctctge tgaagccagt taccttcecgga aaaagagttg gtagcetcettg 5460
atccggcaaa caaaccaccg ctggtagegg tggttttttt gtttgcaage agcagattac 5520
gcgcagaaaa aaaggatctc aagaagatcc tttgatcttt tcectacggggt ctgacgctca 5580
gtggaacgaa aactcacgtt aagggatttt ggtcatgaga ttatcaaaaa ggatcttcac 5640
ctagatcctt ttaaattaaa aatgaagttt taaatcaatc taaagtatat atgagtaaac 5700
ttggtctgac agttaccaat gcttaatcag tgaggcacct atctcagcga tcectgtctatt 5760
tcgttcatce atagttgect gactccccgt cgtgtagata actacgatac gggagggcett 5820
accatctggce cccagtgcetg caatgatacc gcgagaccca cgctcaccgg ctccagattt 5880
atcagcaata aaccagccag ccggaagggce cgagcgcaga agtggtcctyg caactttate 5940
cgcctecate cagtctatta attgttgccg ggaagctaga gtaagtagtt cgccagttaa 6000
tagtttgcge aacgttgttg ccattgctac aggcatcgtg gtgtcacget cgtegtttgg 6060
tatggcttca ttcagcteceg gttcccaacg atcaaggcga gttacatgat cccccatgtt 6120
gtgcaaaaaa gcggttagct ccttecggtecce tceccgatcgtt gtcagaagta agttggecge 6180
agtgttatca ctcatggtta tggcagcact gcataattct cttactgtca tgccatccgt 6240
aagatgcttt tctgtgactg gtgagtactc aaccaagtca ttctgagaat agtgtatgceg 6300
gcgaccgagt tgctcttgce cggcgtcaat acgggataat accgcgccac atagcagaac 6360
tttaaaagtg ctcatcattg gaaaacgttc ttcggggcga aaactctcaa ggatcttacce 6420
gctgttgaga tccagttcga tgtaacccac tcgtgcaccec aactgatctt cagcatcttt 6480
tactttcacc agcgtttetyg ggtgagcaaa aacaggaagg caaaatgccg caaaaaaggg 6540
aataagggcg acacggaaat gttgaatact catactcttc ctttttcaat attattgaag 6600
catttatcag ggttattgtc tcatgagcgg atacatattt gaatgtattt agaaaaataa 6660
acaaataggg gttccgcgca catttccccg aaaagtgcca cctgacgteg acggatcggg 6720

cctgcag 6727
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<210> SEQ ID NO 38

<211> LENGTH: 6646

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of pSB-EGFP-LC-Acl0

<400> SEQUENCE: 38

gaattcagtt gaagtcggaa gtttacatac acttaagttg gagtcattaa aactegtttt
tcaactacac cacaaatttc ttgttaacaa acaatagttt tggcaagtca gttaggacat
ctactttgtg catgacacaa gtcattttte caacaattgt ttacagacag attatttcac
ttataattca ctgtatcaca attccagtgg gtcagaagtt tacatacact aacctcgagg
ctagtctaga gagtaattca tacaaaagga ctegecectg cettggggaa tcccagggac
cgtegttaaa ctcccactaa cgtagaacce agagateget gegttecege ccectcaccce
gecegetete gtcatcactg aggtggagaa gagcatgegt gaggetcegyg tgecegtcag
tgggcagage gcacatcgece cacagtccce gagaagttgg ggggaggggt cggcaattga
accggtgect agagaaggtg gegeggggta aactgggaaa gtgatgtegt gtactggete
cgecttttte cegagggtygg gggagaaccg tatataagtg cagtagtege cgtgaacgtt
ctttttegeca acgggtttge cgccagaaca caggtaagtg cegtgtgtgg ttecegeggg
cctggectet ttacgggtta tggeccttge gtgecttgaa ttacttccac geccctgget
gcagtacgtg attcttgatc ccgagetteg ggttggaagt gggtgggaga gttegaggec
ttgcgettaa ggagecectt cgectegtge ttgagttgag gectggettyg ggegetgggg
cegecgegty cgaatctggt ggcacctteg cgectgtete getgettteg ataagtetet
agccatttaa aatttttgat gacctgetge gacgettttt ttetggcaag atagtettgt
aaatgcggge caagatctge acactggtat tteggttttt ggggeegegyg geggegacgg
ggccegtgeyg tceccagegea catgttegge gaggcegggge ctgcgagege ggecaccgag
aatcggacgg gggtagtete aagetggecg gectgetetg gtgectggee tegegecgece
gtgtatcgee ccgcectggg cggcaaggcet ggecceggteg geaccagttyg cgtgagegga
aagatggcceg ctteeeggee ctgetgecagg gagctcaaaa tggaggacge ggegeteggg
agagcgggeg ggtgagtcac ccacacaaag gaaaagggec tttecgtect cagecegtege
ttcatgtgac tccacggagt accgggegee gtecaggeac ctcegattagt tcetegagett
ttggagtacg tcgtetttag gttgggggga ggggttttat gegatggagt ttcecccacac
tgagtgggtyg gagactgaag ttaggccage ttggecacttg atgtaattct ccttggaatt
tgcccttttt gagtttggat cttggttecat tctcaagect cagacagtgg ttcaaagttt
ttttctteca tttcaggtgt cgtgagegge cgecatgaat tttggactga ggetgatttt
cctggtgetyg accctgaaag gegtccagtg tgacattgtg ctgacccaat ctccagette
tttggetgtyg tctctaggge agagggccac catctectge aaggccagece aaagtgttga
ttttgatggt gatagttata tgaactggta ccaacagaaa ccaggacagc cacccaaagt
cctcatctat getgeateca atctagaate tgggatccca gecaggttta gtggcagtgg

gtctgggaca gacttcaccce tcaacatcca tectgtggag gaggaggatyg ctgcaaccta

ttactgtcag caaagtaatg aggatcecgtg gacgtteggt ggaggcacca agetggaaat

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

1800

1860

1920

1980
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caaacgtacg gtggctgcac catctgtctt catctteccg ccatctgatg agcagttgaa 2040
atctggaact gectectgttg tgtgectgct gaataacttce tatcccagag aggccaaagt 2100
acagtggaag gtggataacg ccctccaatce gggtaactece caggagagtyg tcacagagca 2160
ggacagcaag gacagcacct acagcctcag cagcaccctg acgctgagca aagcagacta 2220
cgagaaacac aaagtctacg cctgcgaagt cacccatcag ggectgaget cgcccgtcac 2280
aaagagcttc aacaggggag agtgttagcg ctttcgaagg gcaggtaagt atcaaggtta 2340
caagacaggt ttaaggagac caatagaaac tgggcttgtc gagacagaga agactcttgc 2400
gtttctgata ggcacctatt ggtcttactg acatccactt tgcctttectce tccacaggtyg 2460
tcectacgtag cgatcgccaa tteccgeccct cteectecce cecccectaac gttactggece 2520
gaagccgett ggaataaggce cggtgtgegt ttgtctatat gtgattttcce accatattge 2580
cgtecttttgg caatgtgagg gcccggaaac ctggccctgt cttcettgacg agcattecta 2640
ggggtcttte ccctectegee aaaggaatgce aaggtcectgtt gaatgtegtg aaggaagcag 2700
ttcctetgga agcettcttga agacaaacaa cgtcectgtage gaccctttge aggcagcgga 2760
accceccace tggcgacagg tgcctetgeg gecaaaagece acgtgtataa gatacacctg 2820
caaaggcggce acaaccccag tgccacgttg tgagttggat agttgtggaa agagtcaaat 2880
ggctctecte aagecgtatte aacaaggggce tgaaggatgce ccagaaggta ccccattgta 2940
tgggatctga tctggggect cggtgcacat gctttacatg tgtttagtcg aggttaaaaa 3000
aacgtctagg ccccccgaac cacggggacg tggttttect ttgaaaaaca cgatgataag 3060
cttgccacaa cccggtttaa acggatcccg ccaccatggt gagcaagggce gaggagctgt 3120
tcaccggggt ggtgcccate ctggtcgage tggacggcga cgtaaacggce cacaagttca 3180
gcgtgtecegyg cgagggcgag ggcgatgcca cctacggcaa gctgaccctg aagttcatcet 3240
gcaccaccgyg caagctgcece gtgecctgge ccaccctegt gaccaccctg acctacggeg 3300
tgcagtgctt cagccgctac cccgaccaca tgaagcagca cgacttctte aagtccgeca 3360
tgccecgaagg ctacgtccag gagcgcacca tcettettcaa ggacgacgge aactacaaga 3420
ccegegecga ggtgaagttce gagggcgaca cectggtgaa cegecatcgag ctgaagggca 3480
tcgacttcaa ggaggacggce aacatcctgg ggcacaaget ggagtacaac tacaacagcce 3540
acaacgtcta tatcatggcc gacaagcaga agaacggcat caaggtgaac ttcaagatcc 3600
gccacaacat cgaggacgge agcgtgcage tcgcecgacca ctaccagcag aacaccccca 3660
teggegacgg cccegtgetyg ctgcccgaca accactacct gagcacccag tccgecctga 3720
gcaaagacce caacgagaag cgcgatcaca tggtcectget ggagttegtg accgecgecyg 3780
ggatcactct cggcatggac gagctgtaca agtaaagcgg catatgcgcec ggcggatatce 3840
cggcgcegecg agctegctga tcagectcga ctgtgectet agttgeccage catctgttgt 3900
ttgccectee ceccecgtgectt ccettgaccct ggaaggtgcce actcccactg tectttecta 3960

ataaaatgag gaaattgcat cgcattgtct gagtaggtgt cattctattce tggggggtgg 4020

ggtggggcag gacagcaagg gggaggattyg ggaagacaat agcaggcatyg ctggggatge 4080

ggtgggctcet atggcttctg aggcggaaag aaccagctgg ggttaattaa acgcgtttga 4140

gtgtatgtta acttctgacc cactgggaat gtgatgaaag aaataaaagc tgaaatgaat 4200

cattctectet actattattc tgatatttca cattcttaaa ataaagtggt gatcctaact 4260
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gaccttaaga cagggaatct ttactcggat taaatgtcag gaattgtgaa aaagtgagtt 4320
taaatgtatt tggctaaggt gtatgtaaac ttccgacttc aactatcgat tcgecgcegegt 4380
gcattctagt tgtggtttgt ccaaactcat caatgtatct tatcatgtct gtataccgtce 4440
gacctctage tagagcttgg cgtaatcatg gtcatagctg tttecctgtgt gaaattgtta 4500
tcegectcaca attccacaca acatacgagce cggaagcata aagtgtaaag cctggggtgce 4560
ctaatgagtg agctaactca cattaattgc gttgcgctca ctgccecgctt tecagteggg 4620
aaacctgtcg tgccagctge attaatgaat cggccaacgce gcggggagag geggtttgeg 4680
tattgggcgce tcttecgett cctegcetcac tgactcecgetg cgcteggteg tteggetgeg 4740
gcgagcggta tcagctcact caaaggceggt aatacggtta tccacagaat caggggataa 4800
cgcaggaaag aacatgtgag caaaaggcca gcaaaaggcec aggaaccgta aaaaggccgce 4860
gttgctggeg ttttteccata ggctccgece cecctgacgag catcacaaaa atcgacgcetce 4920
aagtcagagg tggcgaaacc cgacaggact ataaagatac caggcgtttce cccctggaag 4980
ctecectegtg cgctetectyg ttecgaccct gecegecttace ggatacctgt cegectttet 5040
ccetteggga agegtggege tttcetcaatg ctcacgetgt aggtatctca gttecggtgta 5100
ggtcgttege tceccaagetgg gctgtgtgca cgaaccccee gttcagecccg accgctgege 5160
cttatceggt aactatcgtce ttgagtccaa cccggtaaga cacgacttat cgccactggce 5220
agcagccact ggtaacagga ttagcagagc gaggtatgta ggcggtgcta cagagttctt 5280
gaagtggtgg cctaactacg gctacactag aaggacagta tttggtatct gcgctctget 5340
gaagccagtt accttcggaa aaagagttgg tagctcttga tccggcaaac aaaccaccgce 5400
tggtagcggt ggtttttttg tttgcaagca gcagattacg cgcagaaaaa aaggatctca 5460
agaagatcct ttgatctttt ctacggggtc tgacgctcag tggaacgaaa actcacgtta 5520
agggattttg gtcatgagat tatcaaaaag gatcttcacc tagatccttt taaattaaaa 5580
atgaagtttt aaatcaatct aaagtatata tgagtaaact tggtctgaca gttaccaatg 5640
cttaatcagt gaggcaccta tctcagcgat ctgtctattt cgttcatcca tagttgectg 5700
actcceegte gtgtagataa ctacgatacg ggagggctta ccatctggece ccagtgctgce 5760
aatgataccg cgagacccac gctcaccgge tcecagattta tcagcaataa accagccage 5820
cggaagggcce gagcgcagaa gtggtcectge aactttatcce gectceccatce agtctattaa 5880
ttgttgccgg gaagctagag taagtagttc gccagttaat agtttgcgca acgttgttgce 5940
cattgctaca ggcatcgtgg tgtcacgctce gtecgtttggt atggcttcat tcagctcececgg 6000
ttcccaacga tcaaggcgag ttacatgatc ccccatgttg tgcaaaaaag cggttagcetce 6060
cttcggtect cecgatcgttyg tcagaagtaa gttggccgca gtgttatcac tcatggttat 6120
ggcagcactg cataattctc ttactgtcat gccatccgta agatgcetttt ctgtgactgg 6180
tgagtactca accaagtcat tctgagaata gtgtatgcegg cgaccgagtt gcectcttgecce 6240
ggcgtcaata cgggataata ccgcgccaca tagcagaact ttaaaagtgc tcatcattgg 6300
aaaacgttct tcggggcgaa aactctcaag gatcttaccg ctgttgagat ccagttcgat 6360
gtaacccact cgtgcaccca actgatcttc agcatctttt actttcacca gcgtttetgg 6420
gtgagcaaaa acaggaaggc aaaatgccgc aaaaaaggga ataagggcga cacggaaatg 6480

ttgaatactc atactcttcc tttttcaata ttattgaagc atttatcagg gttattgtct 6540
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catgagcgga tacatatttg aatgtattta gaaaaataaa caaatagggg ttccgcgcac 6600

atttccecga aaagtgccac ctgacgtcga cggatcggge ctgcag 6646

<210> SEQ ID NO 39

<211> LENGTH: 6631

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: sequence of pSB-EGFP-LC-hBUl2

<400> SEQUENCE: 39

gaattcagtt gaagtcggaa gtttacatac acttaagttg gagtcattaa aactcgtttt 60
tcaactacac cacaaatttc ttgttaacaa acaatagttt tggcaagtca gttaggacat 120
ctactttgtg catgacacaa gtcatttttc caacaattgt ttacagacag attatttcac 180
ttataattca ctgtatcaca attccagtgg gtcagaagtt tacatacact aacctcgagg 240
ctagtctaga gagtaattca tacaaaagga ctcgcccctyg ccettggggaa tcccagggac 300
cgtegttaaa ctcccactaa cgtagaacce agagatcget gegttecege cccctcacce 360
geeegetete gtcatcactyg aggtggagaa gagcatgegt gaggctceegg tgceccgtceag 420
tgggcagagce gcacatcgcece cacagtceccee gagaagttgg ggggaggggt cggcaattga 480
accggtgect agagaaggtg gcgcggggta aactgggaaa gtgatgtegt gtactggete 540
cgecttttte ccgagggtgyg gggagaaccg tatataagtyg cagtagtege cgtgaacgtt 600
ctttttegea acgggtttge cgccagaaca caggtaagtyg cegtgtgtgyg ttceecgeggg 660
cctggectet ttacgggtta tggcccttge gtgecttgaa ttacttccac gecectgget 720
gcagtacgtyg attcttgatc ccgagetteg ggttggaagt gggtgggaga gttcgaggece 780
ttgcgettaa ggagecectt cgectegtge ttgagttgag gectggettyg ggcgetgggyg 840
cegeegegty cgaatetggt ggcacctteg cgectgtete getgettteg ataagtcetet 900
agccatttaa aatttttgat gacctgctgce gacgcttttt ttctggcaag atagtcttgt 960

aaatgcgggce caagatctgce acactggtat tteggttttt ggggccgcgg geggcgacgg 1020
ggecegtgeyg tceccagcegea catgttegge gaggegggge ctgcgagege ggecaccgag 1080
aatcggacgg gggtagtcte aagctggccg gcectgctetg gtgcctggece tegegecgece 1140
gtgtatcgee cegecctggg cggcaaggct ggcccggteg geaccagttg cgtgagegga 1200
aagatggceg ctteceggee ctgctgecagg gagctcaaaa tggaggacge ggcgetceggg 1260
agagcgggeg ggtgagtcac ccacacaaag gaaaagggece ttteecgtect cagecgtcege 1320
ttcatgtgac tccacggagt accgggcgcce gtccaggcac ctcgattagt tcetcgagett 1380
ttggagtacg tcgtctttag gttgggggga ggggttttat gcgatggagt ttccccacac 1440
tgagtgggtg gagactgaag ttaggccagc ttggcacttg atgtaattct ccttggaatt 1500
tgcccttttt gagtttggat cttggttcat tctcaagect cagacagtgg ttcaaagttt 1560
ttttctteca tttcaggtgt cgtgagcegge cgccatgaat tttggactga ggctgatttt 1620
cctggtgetg accctgaaag gegtccagtg tgaaattgtt ctcacccagt ctceccagcaac 1680
cctgtetete tectecagggg aaagggctac cctgagetge agtgccaget caagtgtaag 1740
ttacatgcac tggtaccagc agaagccagg gcaggctcecc agactcctga tttatgacac 1800

atccaaactg gecttectggta tteccagcaag gttcagtgge agtgggtctg gaacagattt 1860
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tacactcaca atcagcagcc tggagccaga ggatgttget gtctattact gttttcaggg 1920
gagtgtatac ccattcactt ttggccaagg gacaaagttyg gaaatcaaac gtacggtggce 1980
tgcaccatct gtcttcatcect teccgcecatce tgatgagcag ttgaaatctg gaactgcecte 2040
tgttgtgtge ctgctgaata acttctatcce cagagaggcc aaagtacagt ggaaggtgga 2100
taacgcccte caatcgggta actcccagga gagtgtcaca gagcaggaca gcaaggacag 2160
cacctacagce ctcagcagca ccctgacget gagcaaagca gactacgaga aacacaaagt 2220
ctacgectge gaagtcacce atcagggect gagetcegece gtcacaaaga gcttcaacag 2280
gggagagtgt tagcgctttc gaagggcagg taagtatcaa ggttacaaga caggtttaag 2340
gagaccaata gaaactgggc ttgtcgagac agagaagact cttgcgtttc tgataggcac 2400
ctattggtct tactgacatc cactttgcct ttcectctecac aggtgtccta cgtagcgatce 2460
gccaatteeg ccectetece teececcceccee ctaacgttac tggccgaagce cgcttggaat 2520
aaggccggtg tgcgtttgte tatatgtgat tttceccaccat attgccgtet tttggcaatg 2580
tgagggcccg gaaacctgge cctgtcettcet tgacgagcat tecctaggggt cttteccecte 2640
tcgccaaagg aatgcaaggt ctgttgaatg tcgtgaagga agcagttcct ctggaagcett 2700
cttgaagaca aacaacgtct gtagcgacce tttgcaggea gceggaacccee ccacctggeg 2760
acaggtgcct ctgcggccaa aagccacgtg tataagatac acctgcaaag gcggcacaac 2820
cccagtgeca cgttgtgagt tggatagttg tggaaagagt caaatggctce tectcaagceg 2880
tattcaacaa ggggctgaag gatgcccaga aggtacccca ttgtatggga tcectgatctgg 2940
ggccteggtyg cacatgettt acatgtgttt agtcgaggtt aaaaaaacgt ctaggccccce 3000
cgaaccacgg ggacgtggtt ttcctttgaa aaacacgatg ataagcttgce cacaacccgg 3060
tttaaacgga tcccgccacce atggtgagca agggcgagga gctgttcacce ggggtggtgce 3120
ccatectggt cgagetggac ggcgacgtaa acggccacaa gttcagegtyg tccggegagg 3180
gcgagggcega tgccacctac ggcaagctga ccctgaagtt catctgcacce accggcaage 3240
tgccegtgece ctggcccace ctegtgacca ccctgaccta cggcecgtgcag tgcttcagece 3300
gctacceega ccacatgaag cagcacgact tcttcaagte cgecatgecce gaaggctacy 3360
tccaggageg caccatctte ttcaaggacg acggcaacta caagacccge gccgaggtga 3420
agttcgaggg cgacaccctg gtgaaccgca tcgagctgaa gggcatcgac ttcaaggagg 3480
acggcaacat cctggggcac aagctggagt acaactacaa cagccacaac gtctatatca 3540
tggccgacaa gcagaagaac ggcatcaagg tgaacttcaa gatccgccac aacatcgagg 3600
acggcagcegt gcagctcgcece gaccactacce agcagaacac ccccatcgge gacggecccg 3660
tgctgetgee cgacaaccac tacctgagca cccagtcege cctgagcaaa gaccccaacyg 3720
agaagcgcga tcacatggtce ctgctggagt tcgtgaccge cgccgggatce actctceggca 3780
tggacgagct gtacaagtaa agcggcatat gegecggegyg atatccggeyg cgccgagcete 3840
gctgatcage ctcgactgtg cctectagttg ccageccatet gttgtttgece cctecceegt 3900
gccttecttyg accctggaag gtgccactcecce cactgtcectt tectaataaa atgaggaaat 3960

tgcatcgcat tgtctgagta ggtgtcattce tattctgggg ggtggggtgg ggcaggacag 4020

caagggggag gattgggaag acaatagcag gcatgctggg gatgcggtgg gctctatggce 4080

ttctgaggcyg gaaagaacca gctggggtta attaaacgcg tttgagtgta tgttaacttce 4140
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tgacccactg ggaatgtgat gaaagaaata aaagctgaaa tgaatcattc tctctactat 4200
tattctgata tttcacattc ttaaaataaa gtggtgatcc taactgacct taagacaggg 4260
aatctttact cggattaaat gtcaggaatt gtgaaaaagt gagtttaaat gtatttggct 4320
aaggtgtatg taaacttccg acttcaacta tcgattcgeg cgcgtgcatt ctagttgtgg 4380
tttgtccaaa ctcatcaatg tatcttatca tgtctgtata ccgtcgacct ctagctagag 4440
cttggcgtaa tcatggtcat agctgtttce tgtgtgaaat tgttatccge tcacaattcce 4500
acacaacata cgagccggaa gcataaagtg taaagcctgg ggtgcctaat gagtgagcta 4560
actcacatta attgcgttgce gctcactgce cgctttecag tcgggaaacce tgtcgtgeca 4620
gctgcattaa tgaatcggce aacgcgceggg gagaggcggt ttgecgtattg ggegcetcette 4680
cgcttecteg ctcactgact cgctgcegcecte ggtegttegg ctgcggcgag cggtatcagce 4740
tcactcaaag gcggtaatac ggttatccac agaatcaggg gataacgcag gaaagaacat 4800
gtgagcaaaa ggccagcaaa aggccaggaa ccgtaaaaag gccgcegttge tggegttttt 4860
ccataggcte cgccccectg acgagcatca caaaaatcga cgctcaagtce agaggtggeg 4920
aaacccgaca ggactataaa gataccaggc gtttcccect ggaagctcece tegtgegetce 4980
tcetgttecg accctgcege ttaccggata cctgtceccegece tttceteccecctt cgggaagegt 5040
ggcgctttet caatgctcac gctgtaggta tctcagtteg gtgtaggtcg ttecgctecaa 5100
gctgggctgt gtgcacgaac ccecccgttca geccgaccge tgcgecttat ccggtaacta 5160
tcgtcttgag tccaaccecgg taagacacga cttatcgceca ctggcagcag ccactggtaa 5220
caggattagc agagcgaggt atgtaggcgg tgctacagag ttcttgaagt ggtggcctaa 5280
ctacggctac actagaagga cagtatttgg tatctgcget ctgctgaagce cagttacctt 5340
cggaaaaaga gttggtagct cttgatccgg caaacaaacc accgctggta geggtggttt 5400
ttttgtttgce aagcagcaga ttacgcgcag aaaaaaagga tctcaagaag atcctttgat 5460
cttttctacg gggtctgacyg ctcagtggaa cgaaaactca cgttaaggga ttttggtcat 5520
gagattatca aaaaggatct tcacctagat ccttttaaat taaaaatgaa gttttaaatc 5580
aatctaaagt atatatgagt aaacttggtc tgacagttac caatgcttaa tcagtgaggc 5640
acctatctca gcgatctgte tatttegtte atccatagtt gectgactcece cegtegtgta 5700
gataactacg atacgggagg gcttaccatc tggccccagt gctgcaatga taccgcgaga 5760
cccacgetea cceggetecag atttatcage aataaaccag ccagccggaa gggcecgagceg 5820
cagaagtggt cctgcaactt tatccgectce catccagtet attaattgtt gecgggaagce 5880
tagagtaagt agttcgccag ttaatagttt gcgcaacgtt gttgccattg ctacaggcat 5940
cgtggtgtca cgctegtegt ttggtatgge ttcattcage tccggttcece aacgatcaag 6000
gcgagttaca tgatccccca tgttgtgcaa aaaagcggtt agectcecttcecg gtectcecgat 6060
cgttgtcaga agtaagttgg ccgcagtgtt atcactcatg gttatggcag cactgcataa 6120
ttctecttact gtcatgccat ccgtaagatg cttttcectgtg actggtgagt actcaaccaa 6180
gtcattctga gaatagtgta tgcggcgacc gagttgctet tgcccggegt caatacggga 6240
taataccgcg ccacatagca gaactttaaa agtgctcatc attggaaaac gttctteggg 6300
gcgaaaactc tcaaggatct taccgctgtt gagatccagt tcgatgtaac ccactcgtge 6360

acccaactga tcttcagcat cttttacttt caccagegtt tctgggtgag caaaaacagg 6420
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aaggcaaaat gccgcaaaaa agggaataag ggcgacacgg aaatgttgaa tactcatact 6480
cttccttttt caatattatt gaagcattta tcagggttat tgtctcatga gcggatacat 6540
atttgaatgt atttagaaaa ataaacaaat aggggttccg cgcacatttc cccgaaaagt 6600
gccacctgac gtcgacggat cgggcctgca g 6631
<210> SEQ ID NO 40

<211> LENGTH: 5812

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 40

getagcacca agggceccate ggtcettecce ctggcaccct cctcecaagag cacctetggg 60
ggcacagcag ccctgggetg cctggtcaag gactacttee ccgaaccggt gacggtgteg 120
tggaactcag gcgcectgac cageggegtyg cacaccttece cggetgtect acagtcectca 180
ggactctact ccctcagcag cgtggtgace gtgccctceca gecagettggyg cacccagace 240
tacatctgca acgtgaatca caagcccage aacaccaagg tggacaagaa agttggtgag 300
aggccagcac agggagggag ggtgtcetget ggaagecagg ctcagegete ctgectggac 360
gecatccegge tatgcagece cagtccaggg cagcaaggca ggccccegtet gectetteac 420
ceggaggect ctgecegece cactcatget cagggagagg gtettetgge ttttteccca 480
ggctcetggge aggcacagge taggtgcccce taacccagge cctgcacaca aaggggcagg 540
tgctgggete agacctgeca agagccatat ccgggaggac cctgecccetyg acctaagecce 600
accccaaagg ccaaactcte cactcectca geteggacac cttetetect cccagattece 660
agtaactccce aatcttetet ctgcagagece caaatcttgt gacaaaacte acacatgccce 720
accgtgecca ggtaagccag cccaggecte geectccage tcaaggeggg acaggtgecce 780
tagagtagce tgcatccagg gacaggccce agecgggtge tgacacgtcee acctccatct 840
cttectcage acctgaacte ctggggggac cgtcagtett cetettcece ccaaaaccca 900
aggacaccct catgatctee cggacccctg aggtcacatg cgtggtggtyg gacgtgagece 960

acgaagaccc tgaggtcaag ttcaactggt acgtggacgg cgtggaggtg cataatgcca 1020
agacaaagcce gcgggaggag cagtacaaca gcacgtaceg tgtggtcage gtcctcaccg 1080
tcctgecacca ggactggetyg aatggcaagg agtacaagtyg caaggtctcece aacaaagccce 1140
tceccagecee catcgagaaa accatctceca aagccaaagyg tgggaccegt ggggtgcgag 1200
ggccacatgyg acagaggccg gctceggecca cectetgece tgagagtgac cgetgtacca 1260
acctectgtee ctacagggca geccccgagaa ccacaggtgt acaccctgece cccatcccegg 1320
gatgagctga ccaagaacca ggtcagcctg acctgectgg tcaaaggcett ctatcccage 1380
gacatcgeeyg tggagtggga gagcaatggg cagccggaga acaactacaa gaccacgect 1440
ccegtgetgg actcecgacgg ctecttette ctetacageca agctcaccgt ggacaagagce 1500
aggtggcagc aggggaacgt cttctcatge tcegtgatge atgaggctcet gcacaaccac 1560
tacacacaga agagcctcte cctgtcteeg ggtaaatgag tgccacggece ggcaagccce 1620
cgcteeccag getcetegggyg tegecgcecgagg atgecttggca cgtaccccegt gtacatactt 1680
cccaggcace cagcatggaa ataaagcacce cagcgcttee ctgggcccect gcgagactgt 1740

gatggttectt tceccacgggtce aggccgagtce tgaggcctga gtggcatgag ggaggcagag 1800
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tgggtcceccac tgtccccaca ctggceccagg ctgtgcaggt gtgcctggge cgcctagggt 1860
ggggctcage caggggctge ccteggcagg gtgggggatt tgccagegtg gccctcecte 1920
cagcagcage tgcectggge tgggccacga gaagccctag gageccctgyg ggacagacac 1980
acagccectg cectetgtagg agactgtcect gttetgtgag cgccctgtece tecgaccegce 2040
atgcccactce gggggcatgce ctagtccatg tgcgtaggga caggccctcece ctcacccatce 2100
taccecccacg gcactaacce ctggcagecce tgeccagect cgcacccgea tggggacaca 2160
accgactceg gggacatgca ctectcegggece ctgtggagag actggtccag atgceccacac 2220
acacactcag cccagacccg ttcaacaaac ceccgcactga ggttggceegyg ccacacggece 2280
accacacaca cacgtgcacg cctcacacac ggagcctcac ccgggcgaac cgcacagcac 2340
ccagaccaga gcaaggtcct cgcacacgtg aacactccte ggacacaggce ccccacgagce 2400
cccacgegge acctcaagge ccacgagecg cteggcaget tcetcecacatg ctgacctget 2460
cagacaaacc cagccctect ctcacaaggt geccctgeag ccegecacaca cacacagggg 2520
atcacacacc acgtcacgtc cctggcecctg gcccacttece cagtgecgece ctteectgea 2580
gctggggtceca catgaggtgt gggcttcacce atcctectge ccectetgggece tcagggaggy 2640
acacgggaga cggggagcgg gtcctgetga gggecaggte getatctagyg gecgggtgte 2700

tggctgagee ccggggecaa agetggtgee cagggeggge agetgtgggg agetgaccte 2760

aggacattgt tggcccatcc cggccgggcece ctacatcctg ggtcecctgcca cagagggaat 2820
cacceccaga ggcccaagcece cagggggaca cagcactgac caccccctte ctgtcecagag 2880
ctgcaactgg aggagagctg tgcggaggeg caggacgggyg agctggacgyg gctgtggacyg 2940
accatcacca tcttcatcac actcttectg ttaagegtgt gectacagtge caccgtcacce 3000
ttecttcaagg tecggccgcac gttgtcccca gctgtecttg acattgtcce ccatgcetgte 3060
acaaactgtc tctgacactg tcccacaggce tgtceccccacce tgtcecctgac getgtceccce 3120
atgctctcac aaactgtccc tgacattgtce cccaatgcetg ceccccacctg tcecaacagtg 3180
tcececcagge tetceecccaca tgtcecccecgac actgtceccecce atgctgtcece catctgtece 3240
caacactgtc ccccaccetg teccectttg tceecccaacac tgtcccccac agtttcecace 3300
tgtcecctgac actgtccecee atgcetttceccee cacctgtece tgacaccatce cecccactcetg 3360
tceectatag ttectggece tgtcccccac gctgtecceect acagtacctg gcactgtece 3420
ccatgctgtce ccctectgta tgaaaccctg tcccacatge tgtccccacce tgtceccgtgac 3480
aatatccccce acactgtceccecce cacctgtcce cgacactcete ctccacgttg ttettaccta 3540
aacccgacac tttcectcecat getgtceccca cccatctecg acactgtacce ccacgttgte 3600
cccacctgte ctcaacactg tcecccccatge tgteccccacce tgtccccaac actctectece 3660
atgctgtccce cacctgteccece tgatattgte ccccatgcag tcectccacctg tecccaatgce 3720
tgtcceecag getgtaccta ccagtacaac actgtccceccce atgctgtceece cacctgtece 3780
tgacactgtc ccccacgetg teccectectg tcececcgacac tgtceccecccac actgtceccca 3840
cctgtececcca acactatccect ccatgcetgte ccectectgte ceccacctgte cectacactg 3900
tcececcatge tgtcecccace agtccccaaa actttectece acactgtcece cacctgtece 3960
caacactgtc ccccacgcta teccccectgt cceccgacaat gtccccactg tttectectg 4020

ttcecctecta teccctgacac tgtccgeccat gctgtceccecca cectgtecctg acactgtcete 4080



US 2019/0153433 Al May 23, 2019
95

-continued

ccactctgtce ccctataatce cctgacactg tcececccacge cgtccecctee cgtatgcace 4140
actgtcccece aagctgteccecce cacctgtcect caacacagtce ccccatgctg tecccacctg 4200
tceccaacac tectcectecat gteccccacct gteectgata ttgtcccceca tgcagtecce 4260
acctgtecece gatgectgtece cccgggetgt acctaccagt ccaacactgt cccccacact 4320
ctccccacct gtcectgata ctgtcececcca tgctgtecce acctgtcecceceg gacactgtte 4380
tccacgetet ceccctectgt cectgacact gtceccccaca ctgtceccecccac ctgtecccaa 4440
cactatcctce catcctgtece caacctgtcet cctacactgt cccccatget gtceccccacca 4500
gtcececcaaca ctgtectceca tgctgteccece catgtcecccca acactgteccce ccatgctatce 4560
tceectgtee ctgacaatgt ccccactgtt tectgtecce tectatcceet gacactgtcece 4620
ccecatgetgt ccccacctgt cccccacatg gtctceccaccg gtccectgaca ctgtctecca 4680
ctectgtecece tataatcect gacactgtce cccacaccegt cccctectgt atgcaccact 4740
gtcececccatg ctgtecccac ctgtccecctga tgctgtcecte cacacagtcece ccacctetece 4800
ctgacactgt ccccatctcect ccccaacact ctecctcecatg ctgtecttaa ctgtccccaa 4860
cactcttecca cactectgtet ccacctgtcee ctgacactgt cccccacact gtectcacct 4920
gtgtctgaca ctgtccceccca cgetgteccece acctgtcecceet gacgetgtet tetgtgetgt 4980
ccacatgctg ttggtgcecct ggctctgcte tctatcacca agcectcagag caggcagtgg 5040
tgaggccatg gcacctgggt ggcatgaggg gecggatggg cctcagggge agggetgtgg 5100
cctgegtgga ctgacgggtyg ggtgggectt gggggcagag aggtggcectce agtgccctga 5160
ggggtgggtyg gggctcgggg gcagggctgt ggcctegcte acccecctgtge tgtgecttge 5220
ctacaggtga agtggatctt cteccteggtg gtggacctga agcagaccat catccccgac 5280

tacaggaaca tgatcggaca gggggectag ggecaccecte tgeggggtgt ccagggecge 5340

ccagacccca cacaccagcece atgggcecatg ctcagccace acccaggceca cacctgecce 5400
cgacctcacc geccctcaacce ccatgactct ctggectege agttgecccte tgaccctgac 5460
acacctgaca cgccecccecett ccagaccctg tgcatagcag gtctacccca gacctcecget 5520

gcttggtgca tgcagggcac tgggggccag gtgtccccte agcaggacgt ccttgcectce 5580
cggaccacaa ggtgctcaca caaaaggagg cagtgaccgg tatcccagge ccccacccag 5640
gcaggaccte gecectggage caaccccgte cacgccagec tectgaacac aggegtggtt 5700
tccagatggt gagtgggage gtcagecgece aaggtaggga agccacagca ccatcaggcece 5760
ctgttgggga ggcttccgag agctgcgaag gctcactcag acggcctteg aa 5812
<210> SEQ ID NO 41
<211> LENGTH: 12238
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: transposable Ig-gammal-HC expression vector

in genomic configuration
<400> SEQUENCE: 41
gaattcttaa ccctagaaag atagtctgceg taaaattgac gecatgcattc ttgaaatatt 60

getetetett tctaaatage gegaatcegt cgetgtgeat ttaggacatce tcagtegeceg 120

cttggagete cegtgaggeg tgcttgtcaa tgeggtaagt gtcactgatt ttgaactata 180
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acgaccgcegt gagtcaaaat gacgcatgat tatcttttac gtgactttta agatttaact 240
catacgataa ttatattgtt atttcatgtt ctacttacgt gataacttat tatatatata 300
ttttettgtt atacctcgag gctagtctag agagtaatte atacaaaagyg actcgeccct 360
gecttgggga atcccaggga ccgtegttaa actcccacta acgtagaacc cagagatcge 420
tgegtteceg cccectcace cgcccgetet cgtcatcact gaggtggaga agagcatgeg 480
tgaggctceg gtgccegtca gtgggcagag cgcacatcge ccacagtcecce cgagaagttg 540

gggggagggyg tcggcaattg aaccggtgee tagagaaggt ggcgeggggt aaactgggaa 600

agtgatgtcg tgtactgget cegecttttt cececgagggtg ggggagaace gtatataagt 660
gcagtagtcg ccgtgaacgt tcetttttege aacgggtttg cegecagaac acaggtaagt 720
geegtgtgty gttcecegegg gectggecte tttacgggtt atggeccttyg cgtgecttga 780
attacttcca cgccectgge tgcagtacgt gattettgat cecgagette gggttggaag 840
tgggtgggag agttcgagge cttgegetta aggagecccet tegectegtyg cttgagttga 900
ggcctggett gggegetggg gecgeegegt gegaatctgg tggcacctte gegectgtet 960

cgctgettte gataagtcte tagccattta aaatttttga tgacctgctg cgacgctttt 1020
tttctggcaa gatagtcttyg taaatgcggg ccaagatctg cacactggta tttecggtttt 1080
tggggccgeg ggcggegacyg gggccegtge gteccagege acatgttegyg cgaggegggyg 1140
cctgegageg cggcecaccga gaatcggacg ggggtagtet caagetggece ggectgetcet 1200
ggtgectgge ctegegecge cgtgtatcege cccgeectgg geggcaaggce tggeccggte 1260
ggcaccagtt gegtgagegg aaagatggcece gettceegge cetgcetgecag ggagctcaaa 1320
atggaggacg cggcgetegg gagageggge gggtgagtcea cccacacaaa ggaaaagggce 1380
ctttecegtece tcagecgteg cttcatgtga cteccacggag taccgggcgce cgtccaggca 1440
cctcgattag ttctecgaget tttggagtac gtegtcttta ggttgggggg aggggtttta 1500
tgcgatggag tttccccaca ctgagtgggt ggagactgaa gttaggccag cttggcactt 1560
gatgtaattc tccttggaat ttgccctttt tgagtttgga tettggttca ttctcaagece 1620
tcagacagtg gttcaaagtt tttttcttce atttcaggtg tcgtgagcgg ccgccatgaa 1680
ttttggactg aggctgattt tcecctggtgct gaccctgaaa ggcgtccagt gtcagatcca 1740
gctgcagecag tcectggccecccecg aggtcgtgaa acctggcecgece tecgtgaaga tctectgceaa 1800
ggecteegge tacaccttca ccgactacta catcacctgg gtcaagcaga agcccggeca 1860
gggectggaa tggatcgget ggatctatce cggctecgge aacaccaagt acaacgagaa 1920
gttcaagggc aaggccacce tgaccgtgga cacctectet tcecaccgect tcatgcaget 1980
gtcecteceetyg acctecgagg ataccgecgt gtacttctge gecaactacg gcaactattg 2040
gttcgectac tggggccagg gcacacaagt gaccgtgtet getgctagca ccaagggcecce 2100
atcggtette cccctggcac cctecteccaa gagcacctet gggggcacag cagccctggg 2160
ctgcctggte aaggactact tceccccgaacce ggtgacggtg tcgtggaact caggcgccect 2220
gaccagcggce gtgcacacct tceceggetgt cctacagtec tcaggactct actceccctceag 2280
cagcgtggtg accgtgcecct ccagcagctt gggcacccag acctacatct gcaacgtgaa 2340
tcacaagcce agcaacacca aggtggacaa gaaagttggt gagaggccag cacagggagg 2400

gagggtgtct gctggaagcce aggctcageg ctcectgectg gacgcatccce ggctatgceag 2460
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ccecagteca gggcagcaag gcaggcecceg tetgectett cacceggagyg cctetgeccyg 2520
cceccactcecat gectcagggag agggtcettcet ggetttttece ccaggctcectg ggcaggcaca 2580
ggctaggtge ccctaaccca ggccectgcac acaaagggge aggtgetggg ctcagacctg 2640
ccaagagcca tatccgggag gaccctgecce ctgacctaag cccaccccaa aggccaaact 2700
ctccactecce tcagctcgga caccttectcet ccteccagat tccagtaact cccaatctte 2760
tctectgcaga geccaaatcet tgtgacaaaa ctcacacatg cccaccgtge ccaggtaagce 2820
cagcecagge ctcegecctece agctcaagge gggacaggtyg ccectagagta gcctgeatce 2880
agggacaggc cccagccggg tgctgacacg tccaccteca tetcettecte agcacctgaa 2940
ctectggggg gaccgtcagt cttectette cceccaaaac ccaaggacac cctcatgatce 3000
tceecggacce ctgaggtcac atgegtggtg gtggacgtga gccacgaaga ccctgaggtce 3060
aagttcaact ggtacgtgga cggcgtggag gtgcataatyg ccaagacaaa gccgegggag 3120
gagcagtaca acagcacgta ccgtgtggtc agcgtcecctca ccgtectgca ccaggactgg 3180
ctgaatggca aggagtacaa gtgcaaggtc tccaacaaag cccteccage ccccatcgag 3240
aaaaccatct ccaaagccaa aggtgggacce cgtggggtge gagggccaca tggacagagg 3300
ccggcetegge ccaccctetg cectgagagt gaccgctgta ccaacctctg tecctacagg 3360
gcagccccga gaaccacagg tgtacaccct geccccatce cgggatgage tgaccaagaa 3420
ccaggtcagce ctgacctgcec tggtcaaagg cttcectatccce agcgacatcg ccgtggagtg 3480
ggagagcaat gggcagccgg agaacaacta caagaccacg cctccegtge tggactccga 3540
cggctectte ttectctaca gcaagctcac cgtggacaag agcaggtggce agcaggggaa 3600
cgtcttetca tgcteccgtga tgcatgaggce tctgcacaac cactacacac agaagagcect 3660
ctcecctgtet cecgggtaaat gagtgccacg gccggcaagce ccccgcectcee caggcteteg 3720
gggtcgcgeg aggatgecttg gcacgtaccce cgtgtacata cttcecccaggce acccagcatg 3780
gaaataaagc acccagcgct tcecctgggece cctgcgagac tgtgatggtt ctttcecacgg 3840
gtcaggccga gtctgaggce tgagtggcat gagggaggca gagtgggtcce cactgtceccce 3900
acactggcce aggctgtgca ggtgtgectg ggecgectag ggtggggete agcecagggge 3960
tgccctegge agggtggggg atttgccage gtggccctece ctccagcage agctgccctg 4020
ggctgggeca cgagaagccce taggagecce tggggacaga cacacagcecc ctgectetgt 4080
aggagactgt cctgttctgt gagcgcecctg tcecteccgace cgcatgceccca ctecgggggca 4140
tgcctagtcece atgtgcgtag ggacaggccce tcecctcacce atctacccece acggcactaa 4200
ccectggeag ccctgeccag cctcegeaccee geatggggac acaaccgact ccggggacat 4260
gecactctegyg gecctgtgga gagactggtce cagatgecca cacacacact cagceccagac 4320
cegttcaaca aaccccgcac tgaggttgge cggecacacyg gcecaccacac acacacgtge 4380
acgcctcaca cacggagect cacccgggeg aaccgcacag cacccagacce agagcaaggt 4440
cctegeacac gtgaacactc ctcggacaca ggeccccacyg agcecccacge ggcacctcaa 4500
ggcccacgag ccgeteggea gettcetecac atgctgacct getcagacaa acccagcect 4560
cctetecacaa ggtgecectyg cagccgecac acacacacag gggatcacac accacgtcac 4620
gtcecetggee ctggeccact tceccagtgece gecctteceet gcagetgggg tcacatgagg 4680

tgtgggcecttc accatcctece tgccctetgg gectcaggga gggacacggg agacggggag 4740
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cgggtectge tgagggccag gtcecgctatct agggccgggt gtctggctga gecccecggggce 4800

caaagctggt gcccagggceg ggcagctgtg gggagctgac ctcaggacat tgttggccca 4860
tceeggeegg gecectacate ctgggtectyg ccacagaggg aatcaccccece agaggceccaa 4920
geecagggygyg acacagcact gaccacccce ttectgtceca gagctgcaac tggaggagag 4980
ctgtgcggag gcgcaggacg gggagctgga cgggctgtgg acgaccatca ccatcttcat 5040
cacactcttc ctgttaageg tgtgctacag tgccaccgtce accttcecttca aggtcecggecg 5100
cacgttgtcce ccagctgtec ttgacattgt cccccatget gtcacaaact gtctctgaca 5160

ctgtcccaca ggctgtceee acctgteccct gacgctgtece cccatgectet cacaaactgt 5220

ccetgacatt gtccccaatg ctgcccccac ctgtccaaca gtgtccccca ggctctecece 5280
acatgtccce gacactgtece cccatgetgt cceccatetgt cecccaacact gtecccccacce 5340
ctgtccecect ttgtccccaa cactgteccce cacagtttece acctgtccect gacactgtcece 5400

ccecatgettt ccccacctgt cectgacacce atcccccact ctgtceccccta tagttectgg 5460

ccetgtecece cacgetgtece cctacagtac ctggcactgt cccccatget gteccectect 5520
gtatgaaacc ctgtcccaca tgctgtceccecce acctgtccecgt gacaatatcce cccacactgt 5580
ccecaccetgt cecccgacact ctectcecacg ttgttcecttac ctaaacccga cactttecte 5640

catgctgtcce ccacccatcect ccgacactgt accccacgtt gtccccacct gtectcaaca 5700
ctgtccecca tgctgtcececee acctgtecce aacactctece tceccatgetgt cecccacctgt 5760
ccetgatatt gtcccccatg cagtcteccac ctgtceccccaa tgctgtceccece caggcetgtac 5820
ctaccagtac aacactgtcc cccatgetgt ccccacctgt cecctgacact gtcecccccacg 5880
ctgtccecte ctgtecccega cactgteccce cacactgtece ccacctgtece ccaacactat 5940
ccteccatget gtcecectect gtecccacct gteccecctaca ctgtcceccceca tgctgtecce 6000
accagtcccce aaaactttec tcecacactgt ccccacctgt cecccaacact gtcecccccacg 6060
ctatccecccece tgtcecccgac aatgtcccca ctgtttecte ctgttecccte ctatcectga 6120
cactgtccge catgctgtece ccacctgtcee ctgacactgt ctcccactet gtceccectata 6180
atccctgaca ctgtceccceca cgeccgtecce tceecegtatge accactgtece cccaagetgt 6240
ccecaccetgt cctcaacaca gtcecccccatg ctgtceccccac ctgtccccaa cactctecte 6300
catgtcccca cctgtcececetg atattgtcce ccatgcagte cccacctgte cecgatgetg 6360
tceceeggge tgtacctacce agtccaacac tgtcecccccac actctcecccca cetgtecctg 6420
atactgtccce ccatgctgte cccacctgte ccggacactg ttctceccacge teteccectee 6480
tgtcecctgac actgtcccee acactgtcce cacctgtece caacactatce ctceccatectg 6540
tceccaacctg tetectacac tgtcccccat gcectgtceccecca ccagtcccca acactgtect 6600
ccatgctgtce ccccatgtece ccaacactgt cccccatget atctcecceccecctg tecctgacaa 6660
tgtcececact gtttectgte cectectate cctgacactg tecccccatge tgtcecccace 6720
tgtccececac atggtcteca cecggtceecctg acactgtete ccactcectgte cectataatce 6780
cctgacactg tcccccacac cgtcccectcee tgtatgcacce actgtcecccece atgetgtece 6840
cacctgteccce tgatgctgte cteccacacag tccccaccte teccctgacac tgtccccatce 6900
tctcecccaac actctectece atgcectgtect taactgtecce caacactctt ccacactcetg 6960

tcteccacctg teccctgacac tgtcccccac actgtcectceca cectgtgtcectg acactgtece 7020
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ccacgctgte cccacctgte cctgacgectg tcecttetgtge tgtccacatg ctgttggtge 7080
cctggetetg ctetetatca ccaagectca gagcaggcag tggtgaggee atggecacctg 7140
ggtggcatga ggggccggat gggectcagg ggcagggcetyg tggectgegt ggactgacgg 7200
gtgggtggge cttgggggca gagaggtgge ctcagtgccc tgaggggtgg gtggggetcg 7260
ggggcagggce tgtggcctceg ctcaccectg tgctgtgecet tgcctacagg tgaagtggat 7320
cttctecteg gtggtggace tgaagcagac catcatcccce gactacagga acatgatcgg 7380
acagggggcece tagggcecacce ctetgegggg tgtccaggge cgeccagacce ccacacacca 7440
gecatgggee atgctcagece accacccagg ccacacctge ceccgaccte accgecctca 7500
accccatgac tctcetggect cgcagttgce ctetgaccect gacacacctg acacgccccce 7560
cttccagacce ctgtgcatag caggtctacce ccagacctcecce getgettggt gecatgcaggg 7620
cactgggggc caggtgtccce ctcagcagga cgtceccttgece ctceccggacca caaggtgcetce 7680
acacaaaagg aggcagtgac cggtatccca ggeccccace caggcaggac ctcgecctgg 7740
agccaacccce gtccacgceca gectectgaa cacaggegtg gttteccagat ggtgagtggg 7800
agcgtcagee gccaaggtag ggaagccaca gcaccatcag gecectgttgyg ggaggettee 7860
gagagctgceg aaggctcact cagacggcct tcgaagggca ggtaagtatc aaggttacaa 7920
gacaggttta aggagaccaa tagaaactgg gcttgtcgag acagagaaga ctcttgegtt 7980
tctgatagge acctattggt cttactgaca tccactttge ctttectctee acaggtgtcce 8040
tacgtagcga tcgccaatte cgcccectcete ccteccecce cectaacgtt actggcecgaa 8100
gccgettgga ataaggccgg tgtgegtttg tcectatatgtg attttcecacce atattgecgt 8160
cttttggcaa tgtgagggcc cggaaacctg gccctgtett cttgacgage attcctaggg 8220
gtctttceceee tcectegeccaaa ggaatgcaag gtctgttgaa tgtcgtgaag gaagcagttce 8280
ctctggaagce ttcttgaaga caaacaacgt ctgtagcgac cctttgcagg cagcggaacce 8340
ccecacctgg cgacaggtge ctetgeggec aaaagccacyg tgtataagat acacctgcaa 8400
aggcggcaca accccagtge cacgttgtga gttggatagt tgtggaaaga gtcaaatggce 8460
tctectecaag cgtattcaac aaggggctga aggatgccca gaaggtaccce cattgtatgg 8520
gatctgatct ggggcectcecgg tgcacatget ttacatgtgt ttagtcgagg ttaaaaaaac 8580
gtctaggeccec cccgaaccac ggggacgtgg ttttectttyg aaaaacacga tgataagcett 8640
gccacaacce ggtttaaacyg gatcccgeca ccatggtgag caagggcegag gagetgttca 8700
ceggggtggt geccatectyg gtcegagetgg acggcgacgt aaacggccac aagttcageg 8760
tgtcecggega gggcgagggce gatgccacct acggcaagct gaccctgaag ttcatctgea 8820
ccaccggcaa gctgecegtyg cectggecca cectegtgac caccctgace tacggegtge 8880
agtgcttcag ccgctacccece gaccacatga agcagcacga cttcttcaag tccgccatgce 8940
ccgaaggcta cgtccaggag cgcaccatct tettcaagga cgacggcaac tacaagacce 9000
gegecgaggt gaagttcgag ggcgacacce tggtgaaccg catcgagetg aagggcatcg 9060
acttcaagga ggacggcaac atcctgggge acaagctgga gtacaactac aacagccaca 9120
acgtctatat catggccgac aagcagaaga acggcatcaa ggtgaacttc aagatccgcece 9180
acaacatcga ggacggcagce gtgcagecteg ccgaccacta ccagcagaac acccccatcg 9240

gegacggece cgtgetgetg cecgacaacce actacctgag cacccagtcece geectgagea 9300
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aagaccccaa cgagaagcgce gatcacatgg tectgctgga gttegtgace gcecgecggga 9360
tcactctecgg catggacgag ctgtacaagt aaagcggcat atgcgceccggce ggatatccecgg 9420
cgecgecgage tecgctgatca gectcgactg tgcctctagt tgccagcecat ctgttgtttg 9480
ccecteccee gtgecttect tgaccctgga aggtgccact cccactgtece tttectaata 9540
aaatgaggaa attgcatcgc attgtctgag taggtgtcat tctattctgg ggggtggggt 9600
ggggcaggac agcaaggggg aggattggga agacaatagc aggcatgcetg gggatgceggt 9660
gggctctatg gettcectgagg cggaaagaac cagctggggt taattaaacg cgtttaaccce 9720
tagaaagata atcatattgt gacgtacgtt aaagataatc atgcgtaaaa ttgacgcatg 9780
tgttttatcg gtctgtatat cgaggtttat ttattaattt gaatagatat taagttttat 9840
tatatttaca cttacatact aataataaat tcaacaaaca atttatttat gtttatttat 9900
ttattaaaaa aaaacaaaaa ctcaaaattt cttctataaa gtaacaaaac ttttatatcg 9960
attcgecgege gtgcattcta gttgtggttt gtccaaactce atcaatgtat cttatcatgt 10020
ctgtataccg tcgacctcta gctagagcett ggcgtaatca tggtcatage tgtttectgt 10080
gtgaaattgt tatccgctca caattccaca caacatacga gccggaagca taaagtgtaa 10140
agcctggggt gectaatgag tgagctaact cacattaatt gegttgeget cactgeccge 10200
tttccagtceg ggaaacctgt cgtgccagct gcattaatga atcggccaac gegcggggag 10260
aggcggtttg cgtattgggce gectcttecge ttectegete actgactcege tgegeteggt 10320
cgttecggetyg cggcgagegg tatcagctca ctcaaaggcg gtaatacggt tatccacaga 10380
atcaggggat aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccg 10440
taaaaaggcce gcgttgctgg cgtttttcecca taggctcecge ccccectgacg agcatcacaa 10500
aaatcgacgc tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggcgtt 10560
tcecectgga ageteccecteg tgcgetetcee tgttceccgace ctgcecgcetta ccggatacct 10620
gtcecgecttt ctececttegg gaagegtgge getttetcaa tgctcacget gtaggtatct 10680
cagttcggtg taggtcgttce gectccaagcet gggctgtgtg cacgaaccce ccgttcagee 10740
cgaccgcectge gecttatceg gtaactatceg tcttgagtce aacccggtaa gacacgactt 10800
atcgccactg gcagcagcca ctggtaacag gattagcaga gcgaggtatg taggcecggtge 10860
tacagagttc ttgaagtggt ggcctaacta cggctacact agaaggacag tatttggtat 10920
ctgcgcetetyg ctgaagccag ttaccttcgg aaaaagagtt ggtagectctt gatccggcaa 10980
acaaaccacc gctggtageg gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa 11040
aaaaggatct caagaagatc ctttgatctt ttctacgggg tctgacgctce agtggaacga 11100
aaactcacgt taagggattt tggtcatgag attatcaaaa aggatcttca cctagatcct 11160
tttaaattaa aaatgaagtt ttaaatcaat ctaaagtata tatgagtaaa cttggtctga 11220
cagttaccaa tgcttaatca gtgaggcacc tatctcagcg atctgtctat ttcgttcate 11280
catagttgcce tgactcceceg tegtgtagat aactacgata cgggagggct taccatctgg 11340
ccecagtget gecaatgatac cgcgagacce acgctcaccg gctccagatt tatcagcaat 11400
aaaccagcca gccggaaggg ccgagcegcag aagtggtect gcaactttat ccgcctceccat 11460
ccagtctatt aattgttgcc gggaagctag agtaagtagt tcgccagtta atagtttgeg 11520

caacgttgtt gccattgcta caggcatcgt ggtgtcacge tcgtegtttg gtatggette 11580
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attcagctce ggttcccaac gatcaaggcg agttacatga tcccccatgt tgtgcaaaaa 11640
agcggttage tecttcecggte ctceccgatcegt tgtcagaagt aagttggcecg cagtgttate 11700
actcatggtt atggcagcac tgcataattc tcttactgtce atgccatccg taagatgett 11760
ttectgtgact ggtgagtact caaccaagtc attctgagaa tagtgtatgce ggcgaccgag 11820
ttgctettge ccggcgtcaa tacgggataa taccgcgcca catagcagaa ctttaaaagt 11880
gctcatcatt ggaaaacgtt ctteggggceg aaaactctca aggatcttac cgcetgttgag 11940
atccagttcg atgtaaccca ctcecgtgcacc caactgatct tcagcatctt ttactttcac 12000
cagcgtttcet gggtgagcaa aaacaggaag gcaaaatgcce gcaaaaaagg gaataagggce 12060
gacacggaaa tgttgaatac tcatactctt cctttttcaa tattattgaa gcatttatca 12120
gggttattgt ctcatgagcg gatacatatt tgaatgtatt tagaaaaata aacaaatagg 12180
ggttccgege acatttceccce gaaaagtgcce acctgacgtce gacggatcgg gcectgcag 12238
<210> SEQ ID NO 42

<211> LENGTH: 711

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: murine bcl-2 coding region

<400> SEQUENCE: 42

atggcgcaag ccgggagaac agggtatgat aaccgggaga tegtgatgaa gtacatacat 60
tataagctgt cacagagggg ctacgagtgg gatgetggag atgeggacge ggegeccectg 120
ggggctgece ccaccectgg catcttetee ttecagectg agagcaaccce aatgeccget 180
gtgcaccggg acatggctge caggacgtcet cctcectcagge cectegttge caccgetggg 240
cctgegeteca geectgtgee acctgtggte catctgacee tecgeeggge tggggatgac 300
ttctetegte gectacegteg tgacttegea gagatgtcca gtcagetgea cctgacgecce 360
ttcaccgega ggggacgett tgccacggtyg gtggaggaac tettcaggga tggggtgaac 420

tgggggagga ttgtggectt ctttgagtte ggtggggtea tgtgtgtgga gagegtcaac 480

agggagatgt cacccctggt ggacaacatce geectgtgga tgactgagta cctgaaccgg 540
catctgcaca cctggatcca ggataacgga ggetgggatg cetttgtgga actatatgge 600
cccagcatge gacctetgtt tgatttetee tggetgtete tgaagacect getcagectg 660
gecctggteg gggectgcat cactctgggt geatacctgg gecacaagtyg a 711

<210> SEQ ID NO 43

<211> LENGTH: 236

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: amino acid sequence of murine Becl-2 protein

<400> SEQUENCE: 43

Met Ala Gln Ala Gly Arg Thr Gly Tyr Asp Asn Arg Glu Ile Val Met
1 5 10 15

Lys Tyr Ile His Tyr Lys Leu Ser Gln Arg Gly Tyr Glu Trp Asp Ala
20 25 30

Gly Asp Ala Asp Ala Ala Pro Leu Gly Ala Ala Pro Thr Pro Gly Ile
35 40 45

Phe Ser Phe Gln Pro Glu Ser Asn Pro Met Pro Ala Val His Arg Asp
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50 55 60

Met Ala Ala Arg Thr Ser Pro Leu Arg Pro Leu Val Ala Thr Ala Gly
65 70 75 80

Pro Ala Leu Ser Pro Val Pro Pro Val Val His Leu Thr Leu Arg Arg
85 90 95

Ala Gly Asp Asp Phe Ser Arg Arg Tyr Arg Arg Asp Phe Ala Glu Met
100 105 110

Ser Ser Gln Leu His Leu Thr Pro Phe Thr Ala Arg Gly Arg Phe Ala
115 120 125

Thr Val Val Glu Glu Leu Phe Arg Asp Gly Val Asn Trp Gly Arg Ile
130 135 140

Val Ala Phe Phe Glu Phe Gly Gly Val Met Cys Val Glu Ser Val Asn
145 150 155 160

Arg Glu Met Ser Pro Leu Val Asp Asn Ile Ala Leu Trp Met Thr Glu
165 170 175

Tyr Leu Asn Arg His Leu His Thr Trp Ile Gln Asp Asn Gly Gly Trp
180 185 190

Asp Ala Phe Val Glu Leu Tyr Gly Pro Ser Met Arg Pro Leu Phe Asp
195 200 205

Phe Ser Trp Leu Ser Leu Lys Thr Leu Leu Ser Leu Ala Leu Val Gly
210 215 220

Ala Cys Ile Thr Leu Gly Ala Tyr Leu Gly His Lys
225 230 235

<210> SEQ ID NO 44

<211> LENGTH: 6250

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pCDNA3.l-hygro(+)-bcl2 mammalian expression
vector

<400> SEQUENCE: 44

gacggatcgg gagatctcee gatccectat ggtcgactcet cagtacaatce tgetetgatg 60
ccgcatagtt aagccagtat ctgetecetg cttgtgtgtt ggaggteget gagtagtgeg 120
cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgcatg aagaatctge 180
ttagggttag gecgttttgeg ctgcttegeg atgtacggge cagatatacg cgttgacatt 240
gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat ageccatata 300
tggagttcceg cgttacataa cttacggtaa atggecegec tggetgaccg cccaacgace 360
ccegeccatt gacgtcaata atgacgtatg tteccatagt aacgccaata gggactttece 420
attgacgtca atgggtggac tatttacggt aaactgeccca cttggcagta catcaagtgt 480
atcatatgcce aagtacgccce cctattgacg tcaatgacgg taaatggece gectggeatt 540
atgcccagta catgacctta tgggacttte ctacttggea gtacatctac gtattagtca 600
tcgetattac catggtgatg cggttttgge agtacatcaa tgggegtgga tageggtttg 660
actcacgggg atttccaagt cteccacceca ttgacgtcaa tgggagtttg ttttggcace 720
aaaatcaacg ggactttcca aaatgtegta acaacteccge ceccattgacg caaatgggeg 780
gtaggcegtgt acggtgggag gtctatataa gcagagctcet ctggctaact agagaaccca 840

ctgcttactg gecttatcgaa attaatacga ctcactatag ggagacccaa gcetggcetage 900
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gtttaaactt aagcttggta ccatggcgca agccgggaga acagggtatg ataaccggga 960
gatcgtgatg aagtacatac attataagct gtcacagagg ggctacgagt gggatgctgg 1020
agatgcggac gcggcgccecece tgggggctge ccccaccect ggcatcttet cettecagece 1080
tgagagcaac ccaatgccecg ctgtgcaccg ggacatggct gccaggacgt ctectcetcag 1140
gccectegtt gecaccgetg ggectgeget cagcecctgtyg ccacctgtgg tcecatctgac 1200
ccteegecgg getggggatg acttcteteg tcegectacegt cgtgactteg cagagatgte 1260
cagtcagctg cacctgacgce ccttcaccge gaggggacgce tttgccacgg tggtggagga 1320
actcttcagg gatggggtga actgggggag gattgtggcce ttctttgagt teggtggggt 1380
catgtgtgtg gagagcgtca acagggagat gtcacccctg gtggacaaca tcgccctgtg 1440
gatgactgag tacctgaacc ggcatctgca cacctggatc caggataacg gaggctggga 1500
tgcctttgtg gaactatatg gccccagcat gcgacctetg tttgatttet cetggcetgte 1560
tctgaagacce ctgctcagec tggccctggt cggggcctge atcactctgg gtgcatacct 1620
gggccacaag tgactcgagt ctagagggcce cgtttaaacc cgctgatcag cctcecgactgt 1680
gccttectagt tgccagecat ctgttgtttg ccccteccee gtgecttect tgaccctgga 1740
aggtgccact cccactgtcecce tttcecctaata aaatgaggaa attgcatcge attgtcectgag 1800
taggtgtcat tctattctgg ggggtggggt ggggcaggac agcaaggggg aggattggga 1860
agacaatagc aggcatgctg gggatgcggt gggctctatg gecttctgagg cggaaagaac 1920
cagctgggge tctagggggt atccccacge gecctgtage ggegcattaa gegeggceggyg 1980
tgtggtggtt acgcgcagceg tgaccgctac acttgccage geccctagcge ccgcectecttt 2040
cgectttette cecttecttte tegeccacgtt cgececggettt cecccecgtcaag ctctaaatcg 2100
gggcatcect ttagggttce gatttagtge tttacggcac ctcgacccca aaaaacttga 2160
ttagggtgat ggttcacgta gtgggccatc gccctgatag acggttttte gecctttgac 2220
gttggagtcc acgttcttta atagtggact cttgttccaa actggaacaa cactcaaccc 2280
tatctcggte tattcttttg atttataagg gattttgggg atttcggcct attggttaaa 2340
aaatgagctg atttaacaaa aatttaacgc gaattaattc tgtggaatgt gtgtcagtta 2400
gggtgtggaa agtccccagg ctccccagge aggcagaagt atgcaaagca tgcatctcaa 2460
ttagtcagca accaggtgtg gaaagtccce aggctcccca gcaggcagaa gtatgcaaag 2520
catgcatctc aattagtcag caaccatagt cccgccecta actccgccca teccgceccect 2580
aactccgecce agttceccgecce attctcecgcee ccatggetga ctaatttttt ttatttatge 2640
agaggccgag gccgectetg cctcectgaget attccagaag tagtgaggag gettttttgg 2700
aggcctaggce ttttgcaaaa agctcccggg agcttgtata tccatttteg gatctgatca 2760
gcacgtgatg aaaaagcctg aactcaccgce gacgtctgte gagaagtttc tgatcgaaaa 2820
gttcgacage gtctcecgacce tgatgcaget ctcggagggce gaagaatctce gtgcectttceag 2880
cttcgatgta ggagggcgtyg gatatgtcct gcgggtaaat agctgcgccg atggtttcta 2940
caaagatcgt tatgtttatc ggcactttgc atcggccgeg ctcecccgatte cggaagtgcet 3000
tgacattggg gaattcagcg agagcctgac ctattgcatc tcccgecgtg cacagggtgt 3060
cacgttgcaa gacctgcctg aaaccgaact gccecgctgtt ctgcagceccgg tegcggaggce 3120

catggatgcg atcgctgegg ccgatcttag ccagacgagce gggttcggece cattcggacce 3180
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gcaaggaatc ggtcaataca ctacatggcg tgatttcata tgcgcgattg ctgatcccca 3240
tgtgtatcac tggcaaactg tgatggacga caccgtcagt gcgtccgteg cgcaggctcet 3300
cgatgagctg atgctttggg ccgaggactg ccccgaagtce cggcaccteg tgcacgcgga 3360
tttcggcetece aacaatgtcecc tgacggacaa tggccgcata acagcggtca ttgactggag 3420
cgaggcgatg ttcggggatt cccaatacga ggtcgccaac atcttcecttet ggaggccgtg 3480
gttggcttgt atggagcagc agacgcgcta cttcgagcgg aggcatccgg agcettgcagg 3540
atcgeccegegg ctcececgggegt atatgctceccecg cattggtett gaccaactcet atcagagett 3600
ggttgacggc aatttcgatg atgcagcttg ggcgcagggt cgatgcgacg caatcgtecg 3660
atccggagee gggactgtceg ggcgtacaca aatcgcecege agaagcegegyg ccegtcetggac 3720
cgatggctgt gtagaagtac tcgccgatag tggaaaccga cgccccagca ctcecgtcecgag 3780
ggcaaaggaa tagcacgtgc tacgagattt cgattccacc gccgecttcet atgaaaggtt 3840
gggcttcgga atcgttttcece gggacgcecgg ctggatgatce cteccagegeg gggatctceat 3900
gctggagtte ttecgeccace ccaacttgtt tattgcaget tataatggtt acaaataaag 3960
caatagcatc acaaatttca caaataaagc atttttttca ctgcattcta gttgtggttt 4020
gtccaaactc atcaatgtat cttatcatgt ctgtataccg tcgacctcta gctagagett 4080
ggcgtaatca tggtcatagce tgtttccetgt gtgaaattgt tatccgctca caattccaca 4140
caacatacga gccggaagca taaagtgtaa agcctggggt gcctaatgag tgagctaact 4200
cacattaatt gcgttgcgcet cactgcccge tttecagteg ggaaacctgt cgtgccaget 4260
gcattaatga atcggccaac gcgcggggag aggcggtttyg cgtattgggce gctettecge 4320
ttectegete actgactege tgcgeteggt cgtteggetg cggcgagcgg tatcagetca 4380
ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa agaacatgtg 4440
agcaaaaggc cagcaaaagg ccaggaaccg taaaaaggcec gegttgetgg cgtttttceca 4500
taggctcege cccectgacg agcatcacaa aaatcgacge tcaagtcaga ggtggcgaaa 4560
cccgacagga ctataaagat accaggcgtt tccccctgga agctcececcteg tgcegetcetcece 4620
tgttccgace ctgccgctta ccggatacct gteecgecttt ctcececttegg gaagegtggce 4680
gctttcectecaa tgctcacgct gtaggtatct cagtteggtg taggtcegttce gctceccaaget 4740
gggctgtgtyg cacgaaccce ccgttcagece cgaccgctge gecttatccg gtaactatceg 4800
tcttgagtce aacccggtaa gacacgactt atcgccactg gcagcagcca ctggtaacag 4860
gattagcaga gcgaggtatg taggcggtgc tacagagttc ttgaagtggt ggcctaacta 4920
cggctacact agaaggacag tatttggtat ctgcgctcetg ctgaagccag ttaccttegg 4980
aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gctggtageg gtggtttttt 5040
tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc ctttgatctt 5100
ttctacgggg tctgacgcte agtggaacga aaactcacgt taagggattt tggtcatgag 5160
attatcaaaa aggatcttca cctagatcct tttaaattaa aaatgaagtt ttaaatcaat 5220
ctaaagtata tatgagtaaa cttggtctga cagttaccaa tgcttaatca gtgaggcacc 5280
tatctcagecg atctgtctat ttegttcate catagttgec tgactccceg tegtgtagat 5340
aactacgata cgggagggct taccatctgg ccccagtgcet gcaatgatac cgcgagaccce 5400

acgctcacceg gctccagatt tatcagcaat aaaccageca gecggaaggdg ccgagegeag 5460
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aagtggtcct gcaactttat ccgccteccat ccagtctatt aattgttgcce gggaagctag 5520
agtaagtagt tcgccagtta atagtttgcg caacgttgtt geccattgcta caggcatcgt 5580
ggtgtcacge tcgtegtttg gtatggettce attcagctec ggttcecccaac gatcaaggcy 5640
agttacatga tcccccatgt tgtgcaaaaa agcggttage tcecctteggte cteccgategt 5700
tgtcagaagt aagttggccg cagtgttatc actcatggtt atggcagcac tgcataattc 5760
tcttactgte atgccatccg taagatgctt ttetgtgact ggtgagtact caaccaagtce 5820
attctgagaa tagtgtatgc ggcgaccgag ttgctcttge ccggcgtcaa tacgggataa 5880
taccgcgcca catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt cttecggggceg 5940
aaaactctca aggatcttac cgctgttgag atccagtteg atgtaaccca ctecgtgcacce 6000
caactgatct tcagcatctt ttactttcac cagecgtttct gggtgagcaa aaacaggaag 6060
gcaaaatgcc gcaaaaaagg gaataagggc gacacggaaa tgttgaatac tcatactcett 6120
cctttttcaa tattattgaa gcatttatca gggttattgt ctcatgagcg gatacatatt 6180
tgaatgtatt tagaaaaata aacaaatagg ggttccgcegce acatttcccce gaaaagtgcece 6240
acctgacgtce 6250
<210> SEQ ID NO 45

<211> LENGTH: 3064

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pUC57_VkappaKl-5

<400> SEQUENCE: 45

tcgegegttt cggtgatgac ggtgaaaacce tctgacacat geagetcecg gagacggtca 60
cagcttgtet gtaageggat gecgggagca gacaageceg tcagggegeg tcagegggtg 120
ttggcegggty teggggetgg cttaactatg cggcatcaga gecagattgta ctgagagtge 180
accatatgcg gtgtgaaata ccgcacagat gcgtaaggag aaaataccege atcaggegec 240
attcgecatt caggctgege aactgttggg aagggegatce ggtgegggee tcettegetat 300
tacgccaget ggcgaaaggg ggatgtgetyg caaggegatt aagttgggta acgccagggt 360
tttcccagte acgacgttgt aaaacgacgg ccagtgaatt cgageteggt acctcegegaa 420
tgcatctaga tccaatccaa tgcggecgca tggacatgag ggtececget cagcetcectgg 480
ggctcectget getetggete ccaggtgceca aatgtgacat ccagatgacce cagtctectt 540
ccaccetgte tgcatectgta ggagacagag tcaccatcac ttgecgggece agtcagagta 600
ttagtagcetyg gttggectgg tatcagcaga aaccagggaa agcccctaag ctectgatcet 660
atgatgccte cagtttggaa agtggggtce catcaaggtt cageggcagt ggatctggga 720
cagaattcac tctcaccate agcagectge agectgatga ttttgcaact tattactgec 780
aacagatcgg atccegggece cgtegactge agaggectge atgcaagett ggegtaatca 840
tggtcatage tgtttectgt gtgaaattgt tatcecgetca caattccaca caacatacga 900
geccggaagca taaagtgtaa agcectggggt gectaatgag tgagctaact cacattaatt 960

gcgttgeget cactgcccge tttecagteg ggaaacctgt cgtgccaget gcattaatga 1020

atcggccaac gcgcggggag aggcggtttg cgtattggge gectcttceccge ttectegete 1080

actgactcge tgcgctceggt cgtteggcectg cggcgagegg tatcagctca ctcaaaggceg 1140
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gtaatacggt tatccacaga atcaggggat aacgcaggaa agaacatgtg agcaaaaggce 1200
cagcaaaagg ccaggaaccg taaaaaggcc gcgttgetgg cgtttttceca taggctceccecgce 1260
cceectgacyg agcatcacaa aaatcgacge tcaagtcaga ggtggcgaaa cccgacagga 1320
ctataaagat accaggcgtt tccccctgga agctcecccteg tgcgctctece tgttecgace 1380
ctgccgcetta ccggatacct gtceccgecttt cteecttegg gaagegtgge getttcetcat 1440
agctcacgct gtaggtatct cagttceggtg taggtcgttce gectccaaget gggcectgtgtg 1500
cacgaacccce ccgttcagec cgaccgectge gcecttatecg gtaactatceg tettgagtcece 1560
aacccggtaa gacacgactt atcgccactg gecagcagceca ctggtaacag gattagcaga 1620
gcgaggtatg taggcggtgce tacagagttc ttgaagtggt ggcctaacta cggctacact 1680
agaagaacag tatttggtat ctgcgctctg ctgaagccag ttaccttcgg aaaaagagtt 1740
ggtagctcectt gatccggcaa acaaaccacc gctggtageg gtggtttttt tgtttgcaag 1800
cagcagatta cgcgcagaaa aaaaggatct caagaagatc ctttgatctt ttctacgggg 1860
tctgacgecte agtggaacga aaactcacgt taagggattt tggtcatgag attatcaaaa 1920
aggatcttca cctagatcct tttaaattaa aaatgaagtt ttaaatcaat ctaaagtata 1980
tatgagtaaa cttggtctga cagttaccaa tgcttaatca gtgaggcacc tatctcagceg 2040
atctgtcectat ttcgttcatc catagttgce tgactcccecg tcgtgtagat aactacgata 2100
cgggagggcet taccatctgg ccccagtget geaatgatac cgecgagacce acgctcaccyg 2160
gctecagatt tatcagcaat aaaccagcca gccggaaggg ccgagcegcag aagtggtect 2220
gcaactttat ccgectceccat ccagtctatt aattgttgec gggaagctag agtaagtagt 2280
tcgccagtta atagtttgeg caacgttgtt gccattgcecta caggcatcgt ggtgtcacgce 2340
tcgtegtttg gtatggctte attcagectce ggttcecccaac gatcaaggcg agttacatga 2400
tcececcatgt tgtgcaaaaa agcggttage tcectteggte ctceccgatcgt tgtcagaagt 2460
aagttggccg cagtgttatc actcatggtt atggcagcac tgcataattc tcecttactgtce 2520
atgccatcecg taagatgctt ttectgtgact ggtgagtact caaccaagtce attctgagaa 2580
tagtgtatgc ggcgaccgag ttgctcecttge ccggcgtcaa tacgggataa taccgcgceca 2640
catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt cttcggggcg aaaactctca 2700
aggatcttac cgctgttgag atccagttcg atgtaaccca ctcgtgcacce caactgatct 2760
tcagcatctt ttactttcac cagcgtttct gggtgagcaa aaacaggaag gcaaaatgcce 2820
gcaaaaaagg gaataagggc gacacggaaa tgttgaatac tcatactctt cctttttcaa 2880
tattattgaa gcatttatca gggttattgt ctcatgagcg gatacatatt tgaatgtatt 2940
tagaaaaata aacaaatagg ggttccgcgce acatttcccce gaaaagtgcce acctgacgtce 3000
taagaaacca ttattatcat gacattaacc tataaaaata ggcgtatcac gaggcccttt 3060

cgte 3064

<210> SEQ ID NO 46

<211> LENGTH: 3100

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: pUC57_JkappaK2-C-kappakK

<400> SEQUENCE: 46
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tcegcegegttt cggtgatgac ggtgaaaacc tctgacacat gcagctcccg gagacggtca 60
cagcttgtcet gtaagcggat gccgggagca gacaagccceg tcagggegeg tcagegggtyg 120
ttggegggtg teggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtgce 180
accatatgcg gtgtgaaata ccgcacagat gcgtaaggag aaaataccgc atcaggcgcc 240
attcgeccatt caggctgcege aactgttggg aagggcgatc ggtgcegggece tcttegetat 300
tacgccagcet ggcgaaaggg ggatgtgctg caaggcgatt aagttgggta acgccagggt 360
tttceccagte acgacgttgt aaaacgacgg ccagtgaatt cgagctcggt acctcgcgaa 420
tgcatctaga tccaatccaa tagtactttt ggccagggga ccaagctgga gatcaaacgt 480
acggtggcetg caccatctgt cttcatctte ccgccatctg atgagcagtt gaaatctgga 540
actgecctetg ttgtgtgect gctgaataac ttctatccca gagaggccaa agtacagtgg 600
aaggtggata acgccctcca atcgggtaac tcccaggaga gtgtcacaga gcaggacagc 660
aaggacagca cctacagcct cagcagcacc ctgacgctga gcaaagcaga ctacgagaaa 720
cacaaagtct acgcctgcga agtcacccat cagggcctga gctcgcccgt cacaaagagc 780
ttcaacaggg gagagtgtta gcgctttcga aattggattg gatcggatcce cgggecccgtce 840
gactgcagag gcctgcatge aagcttggeg taatcatggt catagetgtt tcctgtgtga 900
aattgttatc cgctcacaat tccacacaac atacgagccg gaagcataaa gtgtaaagcc 960

tggggtgcct aatgagtgag ctaactcaca ttaattgegt tgcgctcact geccgcettte 1020
cagtcgggaa acctgtegtg ccagctgeat taatgaateg gccaacgege ggggagagge 1080
ggtttgcgta ttgggcgcte ttecegcttece tecgctcactg actcecgctgeg cteggtegtt 1140
cggctgegge gagcggtatce agctcactca aaggcggtaa tacggttatc cacagaatca 1200
ggggataacyg caggaaagaa catgtgagca aaaggccagc aaaaggccag gaaccgtaaa 1260
aaggccgegt tgctggcegtt tttceccatagg ctecgcecccece ctgacgagca tcacaaaaat 1320
cgacgctcaa gtcagaggtg gcgaaaccceg acaggactat aaagatacca ggcegtttcce 1380
cctggaagcet cectegtgeg ctetectgtt ccgaccetge cgcttaccgg atacctgtcece 1440
gcctttetee cttegggaag cgtggcgett tcectcataget cacgctgtag gtatctcagt 1500
tcggtgtagg tegttcecgete caagcetggge tgtgtgcacg aaccccccegt tcagceccgac 1560
cgctgegect tatccggtaa ctatcgtcectt gagtccaacce cggtaagaca cgacttatcg 1620
ccactggcag cagccactgg taacaggatt agcagagcga ggtatgtagg cggtgctaca 1680
gagttcttga agtggtggce taactacggce tacactagaa gaacagtatt tggtatctge 1740
gctetgctga agccagttac ctteggaaaa agagttggta gectcttgatce cggcaaacaa 1800
accaccgctg gtageggtgg tttttttgtt tgcaagcage agattacgcg cagaaaaaaa 1860
ggatctcaag aagatccttt gatcttttect acggggtctyg acgctcagtg gaacgaaaac 1920
tcacgttaag ggattttggt catgagatta tcaaaaagga tcttcaccta gatcctttta 1980
aattaaaaat gaagttttaa atcaatctaa agtatatatg agtaaacttg gtctgacagt 2040
taccaatgct taatcagtga ggcacctatc tcagcgatct gtctattteg ttcatccata 2100
gttgcctgac tcceccecgtegt gtagataact acgatacggg agggcttacce atctggeccce 2160
agtgctgcaa tgataccgcg agacccacgc tcaccggctce cagatttatc agcaataaac 2220

cagccagecg gaagggocga goegcagaagt ggtcctgcaa ctttatcege ctcecatccag 2280
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tctattaatt gttgccggga agctagagta agtagttcege cagttaatag tttgcgcaac 2340
gttgttgcca ttgctacagg catcgtggtg tcacgctcecgt cgtttggtat ggcttcatte 2400
agctceggtt cccaacgatc aaggcgagtt acatgatccce ccatgttgtg caaaaaagcg 2460
gttagctect teggtectcee gategttgte agaagtaagt tggccgcagt gttatcactce 2520
atggttatgg cagcactgca taattctctt actgtcatgc catccgtaag atgettttcet 2580
gtgactggtyg agtactcaac caagtcattc tgagaatagt gtatgcggcg accgagttge 2640
tcttgecececgg cgtcaatacyg ggataatacce gcgccacata gcagaacttt aaaagtgcectce 2700
atcattggaa aacgttcttc ggggcgaaaa ctctcaagga tcttaccget gttgagatcce 2760
agttcgatgt aacccactcg tgcacccaac tgatcttcag catcttttac tttcaccagce 2820
gtttctgggt gagcaaaaac aggaaggcaa aatgccgcaa aaaagggaat aagggcgaca 2880
cggaaatgtt gaatactcat actcttcctt tttcaatatt attgaagcat ttatcagggt 2940
tattgtctca tgagcggata catatttgaa tgtatttaga aaaataaaca aataggggtt 3000
ccgcgcacat ttccccgaaa agtgccacct gacgtctaag aaaccattat tatcatgaca 3060
ttaacctata aaaataggcg tatcacgagg ccctttegte 3100
<210> SEQ ID NO 47

<211> LENGTH: 411

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: VkappaKl-5 PCR product

<400> SEQUENCE: 47

cgttgtaaaa cgacggccag tgaattcgag cteggtaccet cgecgaatgca tctagatcca 60
atccaatgeg gccgcatgga catgagggte ccegetcage tectgggget ccetgetgete 120
tggcteccag gtgccaaatg tgacatccag atgacccagt ctecttccac cctgtetgea 180
tctgtaggag acagagtcac catcacttge cgggecagte agagtattag tagetggttg 240
gectggtate agcagaaacc agggaaagcce cctaagctcece tgatctatga tgectecagt 300
ttggaaagtyg gggtcccate aaggttcage ggcagtggat ctgggacaga attcactcete 360
accatcagca gcctgecagece tgatgatttt gcaacttatt actgccaaca g 411

<210> SEQ ID NO 48

<211> LENGTH: 495

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: NNK6-JkappaK2-CK-kappa PCR product
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (22)..(23)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (25)..(26)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (28)..(29)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (31)..(32)

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



US 2019/0153433 Al

109

May 23, 2019

-continued
<221> NAME/KEY: misc_feature
<222> LOCATION: (34)..(35)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (37)..(38)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 48
gcaacttatt actgccaaca gnnknnknnk nnknnknnka cttttggcca ggggaccaag 60
ctggagatca aacgtacggt ggctgcacca tctgtcttea tetteccgece atctgatgag 120
cagttgaaat ctggaactgc ctctgttgtg tgectgctga ataacttcta tcccagagag 180
gccaaagtac agtggaaggt ggataacgcc ctccaatcgg gtaactccca ggagagtgte 240
acagagcagg acagcaagga cagcacctac agcctcagea gcaccctgac gctgagcaaa 300
gcagactacyg agaaacacaa agtctacgcc tgcgaagtca cccatcaggg cctgageteg 360
ccegtcacaa agagcttcaa caggggagag tgttageget ttcgaaattyg gattggatcg 420
gatcceggge cegtegactg cagaggectg catgcaaget tggcegtaatc atggtcatag 480
ctgtttectg tgtga 495
<210> SEQ ID NO 49
<211> LENGTH: 3083
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: pUC57_VH3-30
<400> SEQUENCE: 49
tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceeyg gagacggtca 60
cagcttgtet gtaagcggat geccgggagca gacaagcceg tcagggcegeyg tcagegggtyg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accatatgceg gtgtgaaata ccgcacagat gegtaaggag aaaataccgce atcaggcgcece 240
attcgecatt caggctgege aactgttggg aagggcgate ggtgegggece tcttegetat 300
tacgccaget ggcgaaaggg ggatgtgetg caaggcgatt aagttgggta acgccagggt 360
tttcecagte acgacgttgt aaaacgacgg ccagtgaatt cgagctceggt acctecgcgaa 420
tgcatctaga tccaatccaa tcgcacagta atacacagec gtgtectcag ctctcagget 480
gttcatttge agatacagcg tgttcttgga attgtctcetyg gagatggtga atcggccctt 540
cacggagtct gcegtagtatt tattacttce atcatatgat ataactgcca cccactctag 600
ccecttgect ggagectgge ggacccagtg catagcatag ctactgaagyg tgaatccaga 660
ggctgcacag gagagtctca gggacctccee aggctggace acgcctcececc cagactccac 720
cagctgcace tgacactgga cacctcttaa aagagcaacyg aggaaaaccce agctcagccce 780
aaactccatg cggccgeatt ggatatcgga teccgggece gtcegactgea gaggectgca 840
tgcaagcttyg gcgtaatcat ggtcataget gtttectgtyg tgaaattgtt atccgetcac 900
aattccacac aacatacgag ccggaagcat aaagtgtaaa gcctggggtyg cctaatgagt 960
gagctaactc acattaattg cgttgcgectc actgcccget tteccagtegg gaaacctgtce 1020
gtgccagetyg cattaatgaa tcggccaacg cgcggggaga ggcggtttge gtattgggeg 1080
ctectteeget tectegcteca ctgacteget gecgeteggte gttecggctge ggcgageggt 1140
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atcagctcac tcaaaggcgg taatacggtt atccacagaa tcaggggata acgcaggaaa 1200
gaacatgtga gcaaaaggcc agcaaaaggc caggaaccgt aaaaaggccg cgttgctgge 1260
gtttttccat aggctccgce ccectgacga gcatcacaaa aatcgacgct caagtcagag 1320
gtggcgaaac ccgacaggac tataaagata ccaggcgttt ccccctggaa gcteccctegt 1380
gcgetcetect gtteccgacce tgccgcttac cggatacctg tecgecttte tceectteggy 1440
aagcgtggeg ctttectcata getcacgetg taggtatcte agttcecggtgt aggtcegttceg 1500
ctccaagetg ggctgtgtge acgaacccce cgttcagecce gaccgectgeg ccecttatcecegg 1560
taactatcgt cttgagtcca acccggtaag acacgactta tcgccactgg cagcagccac 1620
tggtaacagg attagcagag cgaggtatgt aggcggtgct acagagttct tgaagtggtg 1680
gcctaactac ggctacacta gaagaacagt atttggtatc tgcgctcectgce tgaagccagt 1740
taccttegga aaaagagttg gtagctecttg atccggcaaa caaaccaccg ctggtagegg 1800
tggttttttt gtttgcaagc agcagattac gcgcagaaaa aaaggatctc aagaagatcc 1860
tttgatcttt tctacggggt ctgacgctca gtggaacgaa aactcacgtt aagggatttt 1920
ggtcatgaga ttatcaaaaa ggatcttcac ctagatcctt ttaaattaaa aatgaagttt 1980
taaatcaatc taaagtatat atgagtaaac ttggtctgac agttaccaat gcttaatcag 2040
tgaggcacct atctcagcga tcectgtctatt tcgttcatcce atagttgcct gactcccegt 2100
cgtgtagata actacgatac gggagggctt accatctggce cccagtgctg caatgatacc 2160
gcgagaccca cgctcaccgg ctccagattt atcagcaata aaccagccag ccggaagggce 2220
cgagcgcaga agtggtcctg caactttatc cgcctccatce cagtctatta attgttgecg 2280
ggaagctaga gtaagtagtt cgccagttaa tagtttgcgce aacgttgttg ccattgctac 2340
aggcatcgtg gtgtcacgcet cgtcgtttgg tatggcttca ttcagectceg gtteccaacg 2400
atcaaggcga gttacatgat cccccatgtt gtgcaaaaaa gcggttaget cctteggtcece 2460
tcecgategtt gtcagaagta agttggccgce agtgttatca ctcatggtta tggcagcact 2520
gcataattct cttactgtca tgccatccgt aagatgcttt tcetgtgactg gtgagtactce 2580
aaccaagtca ttctgagaat agtgtatgcg gcgaccgagt tgctcttgcce cggcgtcaat 2640
acgggataat accgcgccac atagcagaac tttaaaagtg ctcatcattg gaaaacgttc 2700
ttcggggcga aaactctcaa ggatcttace gctgttgaga tccagttcga tgtaacccac 2760
tcgtgcacce aactgatctt cagcatcttt tactttcacce agecgtttctg ggtgagcaaa 2820
aacaggaagg caaaatgccg caaaaaaggg aataagggceyg acacggaaat gttgaatact 2880
catactcttc ctttttcaat attattgaag catttatcag ggttattgtce tcatgagecgg 2940
atacatattt gaatgtattt agaaaaataa acaaataggg gttccgcgca catttceccccg 3000
aaaagtgcca cctgacgtcect aagaaaccat tattatcatg acattaacct ataaaaatag 3060

gcgtatcacg aggcccttte gte 3083

<210> SEQ ID NO 50

<211> LENGTH: 2760

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: pUC57_JH4

<400> SEQUENCE: 50
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tcegcegegttt cggtgatgac ggtgaaaacc tctgacacat gcagctcccg gagacggtca 60
cagcttgtcet gtaagcggat gccgggagca gacaagccceg tcagggegeg tcagegggtyg 120
ttggegggtg teggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtgce 180
accatatgcg gtgtgaaata ccgcacagat gcgtaaggag aaaataccgc atcaggcgcc 240
attcgeccatt caggctgcege aactgttggg aagggcgatc ggtgcegggece tcttegetat 300
tacgccagcet ggcgaaaggg ggatgtgctg caaggcgatt aagttgggta acgccagggt 360
tttceccagte acgacgttgt aaaacgacgg ccagtgaatt cgagctcggt acctcgcgaa 420
tgcatctaga tgacgacatt ggggtcaggg aaccctggtce accgtctcct cagctagcga 480
catcggatcc cgggecccgte gactgcagag gcoctgcatge aagettggeg taatcatggt 540
catagctgtt tcctgtgtga aattgttatc cgctcacaat tccacacaac atacgagccg 600
gaagcataaa gtgtaaagcc tggggtgcct aatgagtgag ctaactcaca ttaattgegt 660
tgcgctcact gecccgettte cagtcgggaa acctgtegtg ccagetgcat taatgaatcg 720
gccaacgcge ggggagaggce ggtttgegta ttgggegete tteccegettec tcegctcactg 780
actcgetgeg cteggtegtt cggetgegge gagcggtatce agctcactca aaggceggtaa 840
tacggttatc cacagaatca ggggataacg caggaaagaa catgtgagca aaaggccagc 900
aaaaggccag gaaccgtaaa aaggccgcgt tgctggegtt tttccatagg ctceegeccce 960

ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtyg gcgaaacccyg acaggactat 1020
aaagatacca ggcgtttecee cctggaagct ccctegtgeg ctcetectgtt ccgaccctge 1080
cgcttaccgg atacctgtec gectttetee cttegggaag cgtggcgcett tetcataget 1140
cacgctgtag gtatctcagt teggtgtagg tcgttcecgete caagctggge tgtgtgcacg 1200
aaccceecgt tcagecccgac cgctgcegect tatccggtaa ctatcgtcectt gagtccaacce 1260
cggtaagaca cgacttatcg ccactggcag cagccactgg taacaggatt agcagagcga 1320
ggtatgtagg cggtgctaca gagttcttga agtggtggcc taactacggc tacactagaa 1380
gaacagtatt tggtatctgc gctcectgctga agccagttac cttcggaaaa agagttggta 1440
gctettgate cggcaaacaa accaccgctg gtagecggtgg tttttttgtt tgcaagcage 1500
agattacgcg cagaaaaaaa ggatctcaag aagatccttt gatcttttet acggggtctg 1560
acgctcagtg gaacgaaaac tcacgttaag ggattttggt catgagatta tcaaaaagga 1620
tcttcaccta gatcctttta aattaaaaat gaagttttaa atcaatctaa agtatatatg 1680
agtaaacttg gtctgacagt taccaatgct taatcagtga ggcacctatc tcagcgatct 1740
gtctattteg ttcatccata gttgcctgac tcccegtegt gtagataact acgatacggg 1800
agggcttacc atctggcccecce agtgctgcaa tgataccgeg agacccacgce tcaccggcetce 1860
cagatttatc agcaataaac cagccagccg gaagggccga gcgcagaagt ggtcectgcaa 1920
ctttatccge ctccatccag tcectattaatt gttgccggga agctagagta agtagttcegce 1980
cagttaatag tttgcgcaac gttgttgcca ttgctacagg catcgtggtg tcacgctegt 2040
cgtttggtat ggcttcattc agctccecggtt cccaacgatc aaggcgagtt acatgatccce 2100
ccatgttgtg caaaaaagcg gttagctcct tcggtcecctece gatcgttgte agaagtaagt 2160
tggccgcagt gttatcactce atggttatgg cagcactgca taattctctt actgtcatgce 2220

catccgtaag atgcttttet gtgactggtg agtactcaac caagtcattc tgagaatagt 2280
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gtatgcggeg accgagttge tcttgcececgg cgtcaatacg ggataatacc gcgccacata 2340
gcagaacttt aaaagtgctc atcattggaa aacgttcttc ggggcgaaaa ctctcaagga 2400
tcttaccget gttgagatcce agttcgatgt aacccactcg tgcacccaac tgatcttcag 2460
catcttttac tttcaccagc gtttctgggt gagcaaaaac aggaaggcaa aatgccgcaa 2520
aaaagggaat aagggcgaca cggaaatgtt gaatactcat actcttcctt tttcaatatt 2580
attgaagcat ttatcagggt tattgtctca tgagcggata catatttgaa tgtatttaga 2640
aaaataaaca aataggggtt ccgcgcacat ttccccgaaa agtgccacct gacgtctaag 2700
aaaccattat tatcatgaca ttaacctata aaaataggcg tatcacgagg ccctttegtce 2760
<210> SEQ ID NO 51

<211> LENGTH: 366

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: VH3-30 PCR product

<400> SEQUENCE: 51

gatatccaat gcggccgcat ggagtttggyg ctgagetggg ttttectegt tgetetttta 60

agaggtgtce agtgtcaggt geagetggtyg gagtetgggg gaggegtggt ccagectggg 120

aggtccctga gactctceetg tgcagectcet ggattcacct tcagtagcta tgctatgcac 180
tgggtcegee aggctccagg caaggggcta gagtgggtgg cagttatatc atatgatgga 240
agtaataaat actacgcaga ctccgtgaag ggccgattca ccatctccag agacaattcce 300
aagaacacgc tgtatctgca aatgaacagc ctgagagctg aggacacggce tgtgtattac 360
tgtgceg 366

<210> SEQ ID NO 52

<211> LENGTH: 299

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: NNK4-JH4 PCR product
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(27)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (29)..(30)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (32)..(33)

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

<221> NAME/KEY: misc_feature

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

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (41)..(42)

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

<400> SEQUENCE: 52
cacggctgtg tattactgtg cgargnnknn knnknnkgac nnktggggcc aaggaaccct 60
ggtcaccgte tectcageta gecgacatcegg atccegggee cgtcegactge agaggcctge 120

atgcaagctt ggcegtaatca tggtcatage tgttteetgt gtgaaattgt tatcegetca 180
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caattccaca caacatacga gccggaagca taaagtgtaa ageetggggt gectaatgag

tgagctaact cacattaatt gegttgeget cactgecege tttecagteg ggaaaccty

<210> SEQ ID NO 53

<211> LENGTH: 305

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: NNK6-JH4 PCR product
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(27)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (29)..(30)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (32)..(33)

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

<221> NAME/KEY: misc_feature

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

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (38)..(39)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (41)..(42)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (47)..(48)

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

<400> SEQUENCE: 53

cacggctgtg tattactgtg cgargnnknn knnknnknnk nnkgacnnkt ggggccaagg
aaccctggte accgtcetect cagctagega catcggatece cgggeccgte gactgcagag
gectgecatge aagettggeg taatcatggt catagetgtt tectgtgtga aattgttatce
cgctcacaat tccacacaac atacgagccg gaagcataaa gtgtaaagece tggggtgcect
aatgagtgag ctaactcaca ttaattgegt tgegctcact geccgettte cagtcgggaa

acctyg

<210> SEQ ID NO 54

<211> LENGTH: 311

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: NNK8-JH4 PCR product
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(27)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (29)..(30)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (32)..(33)

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

<221> NAME/KEY: misc_feature

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

240

299

60

120

180

240

300

305
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<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (38)..(39)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (41)..(42)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (44)..(45)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (47)..(48)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (53)..(54)

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

<400> SEQUENCE: 54

cacggctgtg tattactgtg cgargnnknn knnknnknnk nnknnknnkg acnnktgggg

ccaaggaacce ctggtcacceg tctectecage tagegacatce ggatcecggg ccegtcegact
gcagaggcect gcatgcaage ttggcegtaat catggtcata getgtttect gtgtgaaatt
gttatccget cacaattcca cacaacatac gagccggaag cataaagtgt aaagectggg
gtgcctaatyg agtgagctaa ctcacattaa ttgegttgeg ctcactgecce getttecagt

cgggaaacct g

<210> SEQ ID NO 55

<211> LENGTH: 317

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: NNK10-JH4 PCR product
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(27)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (29)..(30)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (32)..(33)

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

<221> NAME/KEY: misc_feature

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

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (38)..(39)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (41)..(42)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (44)..(45)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (47)..(48)

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

60

120

180

240

300

311
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<221> NAME/KEY: misc_feature

<222> LOCATION: (50)..(51)

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

<221> NAME/KEY: misc_feature

<222> LOCATION: (53)..(54)

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

<221> NAME/KEY: misc_feature

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

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

<400> SEQUENCE: 55

cacggctgtg tattactgtg cgargnnknn knnknnknnk

nnknnknnkn

nknnkgacnn

ktggggccaa ggaaccctgg tcaccgtete ctcagctage
tcgactgcag aggectgecat gcaagettgg cgtaatcatg
gaaattgtta tccgctcaca attccacaca acatacgage

cctggggtge ctaatgagtg agctaactca cattaattge

gacatcggat

gtcatagetg

cggaagcata

gttgcgectca

ccegggeccyg
tttectgtgt
aagtgtaaag

ctgecegett

60

120

180

240

300

tccagtceggg aaacctg

317

1-20. (canceled)

21. A method of obtaining a polypeptide having a desired
binding specificity or functionality, comprising:

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

(ii) introducing the diverse collection of polynucleotides
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 polynucle-
otides is integrated into the host cell genomes to
provide a host cell population that expresses said
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 identified in step (iv) from said host cell.

22. The method according to claim 21, wherein said
polynucleotides comprise a sequence encoding:

a) a ligand-binding domain of a receptor or a target-

binding domain of a binding molecule,

b) an antigen-binding domain of an antibody,

¢)a Vor V, region of an antibody or an antigen-binding
fragment thereof,

d) an antibody V; region and an antibody V; region,

e) a full-length immunoglobulin heavy chain or light
chain or an antigen-binding fragment thereof, or

f) a single-chain Fv or a Fab domain.

23. The method according to claim 22, wherein generat-
ing said diverse collection of polynucleotides comprises
subjecting V region gene sequences to PCR under mutagen-
izing conditions.

24. The method according to claim 21, wherein step (ii)
comprises introducing into said host cells polynucleotides
comprising sequences encoding:

a) immunoglobulin V,, or V, regions or antigen-binding
fragments thereof, wherein said V, and V, region
sequences are encoded on separate vectors,

b) full-length immunoglobulin heavy or light chains, or
antigen-binding fragments thereof, wherein said full-
length heavy and light chain sequences are encoded on
separate vectors,

c) an antibody V and V, chains encoded on the same
vector, or

d) a full-length immunoglobulin heavy chain and a full-
length immunoglobulin light chain encoded on the
same vector.

25. The method according to claim 21, wherein said
expressing step (iii) comprises introducing into said host
cells an expression vector encoding a transposase enzyme
that recognizes and is functional with an least one inverted
terminal repeat sequence, wherein said transposase enzyme
is transiently expressed in said host cells.

26. The method according to claim 21, wherein said
screening step (iv) comprises: magnetic activated cell sort-
ing (MACS), fluorescence activated cell sorting (FACS),
panning against molecules immobilized on a solid surface,
selection for binding to cell-membrane associated molecules
incorporated into a cellular, natural or artificially reconsti-
tuted lipid bilayer membrane, or high-throughput screening
of individual cell clones in a multi-well format for a desired
functional or binding phenotype.

27. The method according to claim 21, wherein said step
(v) of isolating the polynucleotide sequence encoding the
polypeptide having a desired binding specificity or function-
ality comprises genomic or RT-PCR amplification or next-
generation deep sequencing.

28. The method according to claim 21, wherein

a) said inverted terminal repeat sequences are from the
PiggyBac transposon system or the Sleeping Beauty
transposon system, and/or
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b) step (iii) comprises introducing into said host cells a
vector comprising a sequence encoding a functional
PiggyBac transposase or Sleeping Beauty transposase.

29. The method according to claim 21, wherein said
inverted terminal repeat sequences are recognized by and
functional with at least one transposase selected from the
group consisting of: PiggyBac, Sleeping Beauty, Frog
Prince, Himarl, Passport, Minos, hAT, Toll, Tol2, Ac/Ds,
PIF, Harbinger, Harbinger3-DR, and Hsmarl.

30-34. (canceled)

35. A vector or set of vectors, comprising a sequence
encoding a V, or V, 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.

36. The vector or set of vectors of claim 35, wherein said
V or V; region sequences encode a sequence derived from
a human anti-TNF alpha antibody.

37. The vector or set of vectors of claim 36, wherein the
Vy or V, regions are encoded by separate transposable
vectors.

38. The vector or set of vectors of claim 36, wherein the
antibody sequences are from D2E7.

39. The vector or set of vectors of claim 35, wherein a first
vector having the V,, sequence comprises inverted terminal
repeat sequences that are recognized by a different trans-
posase enzyme than the inverted terminal repeat sequences
in a second vector that has the V, sequence.

May 23, 2019

40. A host cell comprising a vector or set of vectors
according to claim 35.

41. The host cell of claim 40, wherein the host cell is
mammalian.

42. The host cell of claim 41, wherein the host cell is
human or rodent.

43. The host cell of claim 42, wherein the host cell is a
lymphoid cell.

44. The host cell of claim 43, wherein the host cell is
selected from: B cell, progenitor B cells, precursor B cells,
Abelson-Murine [eukemia virus transformed progenitor B
cells or precursor B cells, and early, immunoglobulin-null
EBV transformed human proB or preB cells.

45-47. (canceled)

48. A method for generating a population of host cells
capable of expressing polypeptides having different binding
specificities or functionalities, comprising:

(1) 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

(i1) introducing said diverse collection of polynucleotides
into the host.



