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MultiBacMam™ Kit Plus Competent Cells Contents.

e Plasmid acceptor vectors

pACEMam1, pACEMam?2; approx. 5 ug DNA per vial (in buffer solution)

keep at 4°C for short-term storage and in a freezer at -20°C or lower for medium- and
long-term storage (take care to avoid repeated freeze-thaw cycles, e.g. by aliquotting
DNA prior to freezing)

e Plasmid donor vectors

pMDC, pMDK, pMDS; approx. 5 pg DNA per vial (in buffer solution)

keep at 4°C for short-term storage and in a freezer at -20°C or lower for medium- and
long-term storage (take care to avoid repeated freeze-thaw cycles, e.g. by aliquotting
DNA prior to freezing)

e E. coli strains as competent cells

a) E.coli strain harboring DH10EMBacVSV™ bacmid (12 aliquots of 100ul chemical
competent cells)

The DH10EMBacVSV backbone contains a constituitively expressing mCHERRY
expression cassette which allows for easy monitoring of viral titres via flourescence
without plaque assays.

c) pirHC cells (5 aliquots 100ul each chemical competent cells)

For propagation and amplification of donor vectors, donor multigene expression
constructs or donor-donor fusions

Keep competent cells at -80°C do not store at -20!

+ . . . . . .
E. coli strains expressing the pir gene for propagation of donor vectors (any other strain
with pir’ background can be used as well). HC: high copy number propagation of plasmids

with R6Ky origin.
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Reagents to be supplied by the user (see also Section D. Protocols)

e Restriction enzymes and Homing endonucleases PI-Scel and I-Ceul

e Mammalian cells, e.g. HEK293, CHO, etc.

e T4 DNA ligase

e Crerecombinase

e Standard E. coli strains for cloning (such as TOP10, DH5a, HB101 etc.)

e Standard laboratory buffers, solutions, media and equipment for bacterial and mammalian cell
culture, transformation etc.

e Commercially available transfection reagents, e.g. FUGENE® (Roche), jetPEI™ (Polyplus
transfection), etc. or an apparatus for electroporation

e Antibiotics
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B. MultiBacMam™ Expression System Key Components:

MultiBacMam™ is a MultiBac™-based viral vector system which is VSV-pseudotyped to

enhance mammalian cell transduction efficiency.

e Comprises the DH10EMBacVSV genome, and a series of plasmid transfer vectors that
enable multiprotein expression in a broad range of mammalian and primary cells

e Hybrid promoter vectors are available which enable the same virus to express in both
insect and mammalian cells

e MultiBacMam™ has mCherry in the DH10EMBacVSV backbone which is only active in
insect cells, to enable easy visualization of successful virus production.

e Genes of interest are integrated via transfer plasmids into DH10EMBacVSV cells by

Tn7 transposition/blue white screening according to standard protocols (e.g.

Bieniossek et al, Current Protocols 2008).

General Introduction: cellular interaction networks and protein

complexes

In 1998, Bruce Alberts confronted conventional thinking that predicated on the action
of individual proteins on Beadle and Tatum’s one-gene/one-enzyme hypothesis (published in
1941) which for decades had shaped much of biological research. Instead, Alberts asked us to
direct our focus to a modular cellular machinery composed of protein complexes (Alberts,

1998).

Proteins are the physical representatives of the information encoded by their
corresponding genes and mRNAs. They are themselves embedded into a tightly and
intricately regulated DNA-RNA-network (Vidal et al., 2011). These proteins determine many
structural and physiological properties of cells but rarely act in isolation to mediate their
effects. More often than not they will have multiple partners - not only proteins but also
nucleic acids and small molecules — which they bind or bind to or associate with in larger
complexes. Whether you look at replication, transcription, translation, transport processes
across internal and external membranes, signaling events, etc. - protein complexes come into

play in all of these processes. More importantly, such complexes — if disrupted by mutations
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or the like - also engender often severe physiological deficits (Ehmsen et al., 2002; Vidal et al.,
2011). Some of these complexes will, by their functional nature, either be long-lived ("stable”)
or transitory. Fleeting interaction of proteins, e.g. in cell signaling, will result in only minute

amounts of a protein complex that usually also exists for only a limited period of time.

Deconvoluting this social life of the cell (Robinson et al., 2007) is a daunting task but
has been tackled with high resolution imaging and analysis techniques (cryoEM, X-ray
crystallography, NMR, mass spectroscopy, etc.). Extensive bioinformatics work-up and
computer modeling support the experimental structural biology work and contribute to
solving complex multi-subunit assemblies down to the atomic level (e.g. Imasaki et al., 2011).
All these results enter into a better understanding of molecular interactions between proteins
and other macromolecules, now known as the interactome (Figeys, 2008; Charbonnier et al.,

2008) and their effects on the biological system of the cell.

Multiprotein expression tools

Various heterologous systems have been developed for the major production/host
organisms E.coli, yeast, insect and mammalian cells. While sophisticated system for
expressing individual proteins exist, the repertoire of tools for multiprotein expression to date
is rather limited (e.g., Bieniossek et al. 2009; Trowitzsch et al., 2010), especially for

mammalian cells.

This cell culture of transgene-expressing cells has become one of the mainstays of
functional investigations in cellular physiology and biochemistry. Co-transfection, whether by
biochemical or physical means or through viruses, still is the method of choice when it comes
to delivering genes of interest into mammalian cells. Co-transfection often fails to warrant
uniform and constant expression of all vectors in one transfection experiment. Stable
transfection remedies this problem to a certain degree but is cumbersome and requires

multiple rounds of selection and re-culturing to yield uniform and stable clones.

Vector systems that enable uniform transient and, also stable transfection of multiple
genes are in demand for mammalian cells. This manual introduces a set of novel mammalian
transfer vectors that specifically enables efficient delivery of large DNA circuits into a wide

range of mammalian cells.
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The role of protein interaction networks (the so-called interactome) has become an
intense focus of biological research efforts in the post-genomic era. Many of the identified
multiprotein complexes are expressed at only low abundance in their native cells. This makes
analysis of their structure difficult, but this can be remedied by using recombinant
technologies to facilitate large-scale heterologous protein production. Currently, recombinant
expression methods require a disproportionate investment in both labor and materials prior
to multiprotein expression, and, once expression has been established, provide little or no
flexibility for rapidly altering the multiprotein components, which is a prerequisite for revising
expression studies. The mammalian expression system introduced here boasts three major
advances that are instrumental in fully exploiting the potential of this heterologous protein

production system:

Advance 1: New transfer vectors (PACEMam1, pACEMam?2, pMDC, pMDK, pMDS; see Figure
1) that contain a homing endonuclease-based multiplication module. These vectors greatly
facilitate modular combination of heterologous genes (in their respective gene expression
cassettes) with a minimum requirement for unique restriction sites (BstXl). Strong
viral/mammalian promoters (currently CMV and the hybrid CAG promoters) can be
exchanged in our vectors for other promoter sequences if desired. Likewise, terminator

sequences (currently SV40, rabbit B-actin) can be substituted as required.
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Acce ptor vectors N Homing endonuclease site 1 {I-Ceu 1}

cMv SV40 pA CAG BHoming endonuclease site 2 (PI-Sce 1)
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SpR oriRGK}'
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Figure 1: Schematic representation of the MultiBacMam™ acceptor and donor vectors. More detailed
vectors maps and sequence information can be found in Chapter E.

Advance 2: New protocol for rapid generation of multigene expression constructs via Cre-
LoxP recombineering. The resulting multigene fusion can then be transfected directly into
mammalian cells for transient expression. This protocol can be used to integrate multigene
cassettes with coding sequences for multiprotein complex subunits but also to integrate

specific enzymes (kinases, acetylases etc.) for modifying the proteins under investigation.
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Figure 2a: Schematic overview of the MultiBacMam™ system and its application.

1) Design and clone your gene(s) of interest (GOIs) into MultiBacMam™ acceptor and donor vectors. 2) Match
and mix your GOIs and then (re)combine them into one construct. 3) Select your construct using unique
combination of antibiotic markers. 4) Transfer the entire GOls-assembly into the DH10EMBacVSV™ bacmid. 5)
Select and amplify your gene-containing DH10EMBacVSV™ bacmid. 6) Transfect insect cells with purified
DH10EMBacVSV™ bacmid. 7) Amplify baculovirus in insect cells and collect desired scale of virus. 8) Transfect
mammalian cells with baculovirus. 9) Drug discovery, bioproduction, stem cell differentiation etc.

B T

—1 MCS P
— - "~ pMDC
© © F =
LoxP
] e M5 ey
- pMDK

Cre-Lox recombination

pMDCKS-CDEF

Figure 2B: Generation of multigene donor constructs through Cre-Lox fusion.

As indicated in Figure 2A, donor multigene expression cassette constructs can also be generated by Cre-Lox
recombination. Individual or multiple gene cassettes are cloned into the multiple cloning site via standard
restriction-ligation cloning or, when introducing multiple gene cassettes, homing endonuclease /BstXI cloning.
The gene cassettes harbored on different donor vectors are then merged into a single vector construct via Cre-
Lox recombination. This construct will differ from the multigene constructs in Figure 2a with respect to selective
markers. While the multigene construct in fig. 2A carries only one antibiotic resistance marker, the construct in
fig. 2B will carry three, one from each donor vector. This will allow selection of multigene constructs with higher
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stringency by subjecting the constructs to a multi-antibiotic selection regimen (refer to protocol 2). LoxP sites in
the donor fusion have been omitted for reasons of clarity.

Advance 3: MultiBacMam™ boasts the first "mammalianized" baculovirus genome: displaying
a vesicular stomatitis virus (VSV) peptide on the baculovirus surface that increases virus
uptake by an order of magnitude, and a stably integrated mCherry fluorescent protein
expression cassette to simplify monitoring of virus amplification (Figure 2C). Prior art BacMam
systems bring VSV pseudotyping together with your GOI, which generates significant selection
pressure against the VSV DNA and results in lower protein density of the VSV relative to our

system.

Figure 2C: Amplification of MultiBacMam™ virus in insect cell shaker cultures.
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C. New Tools for Multigene Applications in Mammalian Cells

C.1. Transfer vectors: the Acceptor-Donor recombineering system.

The Acceptor vectors pACEMam1 and pACEMam2 contain multiple cloning sites (MCS; see
appendix) flanked by either a CMV or CAG promoter to drive high-level expression in mammalian cells

with appropriate polyA signal sequences when necessary (SV40 late for pACEMam1).

A multiplication module M - defined by the homing endonuclease site I-Ceul and a
corresponding BsXI site (see Figure 3) — allows integration of multiple gene cassettes (ORFs and

associated regulatory regions).

Figure 3: Circle map representation of Acceptor
3260 BstZ171 3266 BstXl
SV40 late
polyA

vectors
(a) pACEMam1 (3443 bp),
(b) pACEMam2 (4618 bp)

2894 Hindlll

%)) 2873 Xbal
2858 Notl
= %g%g E?L'Ru Both vectors carry a ColE1 origin of replication
2816 BssHII . . .
2807 Rsrll for maintenance of high plasmid copy number.
2801 BamHI
2510 Neol Acceptor vectors also host CMV (pACEMam1)
2488 SnaBl .
CMV promoter and hybrid CAG (pACEMam2) promoters, SV40
2383 Ndel 1166 Sacll  terminator, multiple cloning sites (MCS),

1224 EcoRV

2103 Pvul iti
087 Pl . transposition elements (Tn7L, Tn7R) and a
2060 1-Ceul o gentamycin resistance marker. Genes of interest
are cloned into the unique restriction sites in the
multiple cloning site.
4441 BstXI The multiplication module flanks the MCS on
4421 Spel . . ) . L
1 Agel either side and is defined by the restriction sites
4408 Asel 9 ColE1origin v
4076 SnaBl / ~520 Apall for the homing endonuclease I-Ceu and the

restriction endonuclease BstXl, respectively.

3573 Apal .
Genes or gene cassettes can also be recombined
CAG promoter

pACEMam2

1109 Mscl
via Cre-Lox recombination making use of the
4618 bp —1224 EcoRV g
GentR incomplete inverted LoxP sites hosted on the

2675 Smal vectors.

2667 Xhol
(/)|2661 Ncol
2654 Nhel
O|2649 Pwull
E 2643 Nsil
2636 Sphl
2630 Accb5l
2630 Kpnl

2060 I-Ceul
2087 Pmel

rabbit B-globin 2339 PfIMI (1)
poly A signal
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The Donor vectors pMDC, pMDS, pMDK are similar to the acceptor vectors with respect to
their over-all design. The multiple cloning site is bracketed by a multiplication element (in this case, PI-
Scel / BstXl) to enable concatenation of inserts between the different donor vectors. Donor vectors
also contain a LoxP incomplete inverted repeat to create acceptor-donor or donor-donor fusions. The
vectors contain “tell-tale” resistance markers (pMDC: chloramphenicol, pMDK: kanamycin, pMDS:
spectinomycin) and, importantly, a conditional R6Ky origin of replication which makes propagation of
the donor vectors dependent on the expression of the pir gene in the prokaryotic host (such as the

pir’ cells contained in the kit).

Figure 4: Circle map representation of Donor vectors a) a)
pMDC, b) pMDK, c) pMDS.
5 BstXI

Circle maps show promoters (CMV, CAG), terminators 228%473NC|3|| 54 Kpnl
ru
(Sv40, rabbit B-globin), multiple cloning sites (MCS), 2560 Ndel R6KY ori
the incomplete inverted repeat for cre-lox site-specific CMV promoter
recombination (LoxP) and resistance markers
chloramphenicol, kanamycin, and spectinomycin, 2142 BamHI
( P y P y |2135 Rarl 693 Agel

respectively). Genes of interest are cloned into the QO %1%1 ggﬁHll
MCS using unique restriction sites. The multiplication = 2070 xpal
module consists of the homing endonuclease site PI-

Scel and the restriction endonuclease site BstXI. All

donor vectors host a conditional R6Ky origin of 1650 PI-Scel
replication.
b) c)
3967 AlwNI
3746 Hindlll 4087 Clal 13 Spel
R6Ky ori 267 Pstl 4041 PI-Scel 17 Bstz17
3453 BstX| “O.KanR 3598 Pvul
3495 Apall
3445 Pmel
rabbit f-globin CAG
polyA signal pM D K promoter
3025 BspHl 4130 bp 1061 Pl-Scel
()| 2904 Kpnt 1100 Avrll 2088 Agel
()| 2891 Nsil 1107 Clal
= 2880 Nhel 1113 Spel _
2867 Scil 1117 Bstz171 2646 Hindlll
2867 Xhol R6Ky ori
1759 Smal
1961 Apal 1767 Xhol
CAG promoter 2353 BstXl 1773 Ncol
1780 Nhel [
. . 1791 Nsil
rabbit f-globin
polyA signal 1798 Sphl »
1804 Kpnl
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The MultiBacMam™ vectors in their current form do not contain DNA sequences that code for
affinity tags (that will facilitate purification or solubilization of the protein(s) of interest). Tags that are
typically used are C- or N-terminal oligohistidine tags, with or without protease cleavage sites for tag
removal. They can be introduced by designing the respective PCR primers used for amplification of the
genes of interest. We recommend outfitting Donors or Acceptors of choice with any custom tag that is
favored in individual user laboratories prior to inserting recombinant genes of interest. This is best
done by using a design that will, after tag insertion, still be compatible with the recombination-based

principles of MultiBacMam™ system usage (Figs 5-8).

The same holds true for reporter genes, most notably fluorescent proteins that are commonly
used in protein localization or protein interaction studies. These can also be fused to your protein

under investigation using PCR techniques.
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C.2. Generating multigene expression cassettes

C.2.1. Using the homing endonuclease/BstXI multiplication module

The acceptor and donor vectors are suited for generating multigene expression cassettes from
individual gene expression cassettes (complete with regulatory regions such as promoter and
terminator) via a multiplication module bracketing the multiple cloning site (MCS). All MultiBacMam™
vectors contain a homing endonuclease (HE) site and a correspondingly designed BstXl site that
together bracket the MCS. Homing endonucleases have long recognition sites (20-30 base pairs or
more). Although not all equally stringent, homing endonuclease sites are very likely unique in the

context of even large plasmids, or, in fact, entire genomes.

The logic of multiplication is illustrated below. The homing endonuclease site can be used to
insert entire expression cassettes into a vector that already contains one gene or several genes of
interest as separate expression cassettes. The only prerequisite for assembling multigene expression
cassettes is that the homing endonucleases and restriction enzymes used for multiplication (/-Ceul/PI-
Scel and BstXl) are unique, which can be easily accomplished, for instance by site-directed
mutagenesis prior to multigene cassette assembly. First, individual genes are cloned into the multiple
cloning sites of the acceptor and donor vectors. The entire expression cassette, including promoter
and terminator, is then excised by /-Ceul / BstXI (acceptors) or Pl-Scel / BstXl (donors) digestion. The
resulting fragment is placed into the multiplication module of another acceptor or donor vector
containing single or multiple gene cassettes. The restriction sites involved are eliminated in the
process and multiplication can be repeated iteratively using the module present in the inserted
cassette. Moreover, promoter and terminator sequences can be easily modified if desired using

appropriate restriction sites in our vectors.

l Please note that multiplication cannot be accomplished from donors to acceptors and vice

® versasince the overhangs generated by endonuclease digestion are incompatible.
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PI-Scel / BstX!l '/
i BstXI" restriction — Lcol
GOI1 &= *loning
Pl-Scel / BstX| '/
FGeu | BstXI"
HE* BstX1*
| ><HE +
3< BstXI BstX| —
Pl-Scel / BstXI '/
|-Ceu | BstX|"
BstX1*
><HE +
BstXI

Figure 5: Assembling individual gene cassettes into multigene expression cassettes. The logic of
multiplication is shown schematically. The expression cassette containing the gene of choice (denoted as
GOI2 in this case) is excised by digestion with the homing endonuclease (red box) and BstXI (green box).
For acceptors vectors, I-Ceul is the homing endonuclease of choice, and for donor vectors Pl-Scel. The
plasmid vector harboring the GOll-cassette only needs to be linearized with BstXl. The homing
endonucleases produce cohesive ends that are compatible with the ends generated by the BstXI digest.
Upon insertion of GOI2 into the target vector, a homing endonuclease/BstX| hybrid restriction site is
created that can then cannot be cut by either enzyme (crossed-out red/green box) while the 3’-BstXl site
is regenerated. The same procedure can be repeated over and over as exemplified by the integration of
GOI3. This cycling logic can be used to generate multigene assemblies. Note that the promoters and

terminators are not explicitly shown for reasons of clarity.
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GOl 4

\
< BstXI

2<HE + BstXI

GOl 4

I

< HE 2<HE + BstXI

Figure 6: Combining multigene expression cassettes. Different multigene expression cassettes can be
combined into one expression construct following the same logic that applies to the generation of
multigene expression cassettes from individual gene cassettes (Figure 4). The 5" homing endonuclease
recognition site (filled red box) will be preserved if GOI1 has been introduced by conventional restriction
cloning into the MCS. Promoters and terminators are not explicitly shown for reasons of clarity but flank

the GOls in every individual gene expression cassette.
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C.2.2. Multigene construction using Cre-Lox recombination

Cre recombinase is a member of the integrase family (Type | topoisomerase from
bacteriophage P1). It recombines a 34 bp loxP site in the absence of accessory protein or any auxiliary
DNA sequence. The loxP site is comprised of two 13 bp recombinase-binding elements arranged as

inverted repeats which flank an 8 bp central region where cleavage and the ligation reaction occur.

The site-specific recombination mediated by Cre recombinase involves the formation of a
Holliday junction (HJ). The recombination events catalyzed by Cre recombinase depend on the
location and relative orientation of the loxP sites. Two DNA molecules, for example an acceptor and a
donor plasmid, containing single loxP sites will be fused. Furthermore, the Cre recombination is an
equilibrium reaction with 20-30% efficiency in recombination. This provides useful options for

multigene combinations for multiprotein complex expression.

13bp 8bp 13bp

5..ATAACTTCGTATA GCATACAT TATACGAAGTTAT...3’
3’..TATTGAAGCATAT CGTATGTA ATATGCTTCAATA...5’

inverted repeat Spacer inverted repeat

Figure 7: LoxP imperfect inverted repeat

In a reaction where several DNA molecules such as donors and acceptors are incubated with
Cre recombinase, the fusion/excision activity of the enzyme will result in an equilibrium state where
single vectors (educt vectors) and all possible fusions coexist. Donor vectors can be used with
acceptors and/or donors, and vice versa. Higher order fusions are also generated where more than

two vectors are fused. This is shown schematically in Figure 8.

The fact that Donors contain a conditional origin of replication that depends on a pir’ (pir
positive) background now allows for selecting out from this reaction mix all desired Acceptor-Donor(s)
combinations. For this, the reaction mix is used to transform pir negative strains (TOP10, DH5a, HB101
or other common laboratory cloning strains). Then, Donor vectors will act as suicide vectors when
plated out on agar containing the antibiotic corresponding to the Donor encoded resistance marker,
unless fused with an Acceptor. By using agar with the appropriate combinations of antibiotics, all

desired Acceptor-Donor fusions can be selected for.
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Antibiotic Resistance

Level
Triple
pACEMam1l-pMDK-pMDS
AD

pACEMaml-pMDK  pACEMam1l-pMDS

Figure 8: Cre and De-Cre reaction pyramid

Cre-mediated assembly and disassembly of pACEMam1, pMDK, and pMDS vectors are shown in a
schematic representation (left). LoxP sites are shown as red circles, resistance markers and origins are
labeled. White arrows stand for the entire expression cassette (including promoter, terminator and gene
integration/multiplication elements) in the MultiBacMam™ vectors. Not all possible fusion products are
shown for reasons of clarity. Levels of multi-resistance are indicated (right column).

C.2.3. Combining HE/BstXI cycling and Cre-Lox recombination

Of course, both methods can also be combined to generate multiple gene-expression cassette
constructs. To this end, you can introduce multiple gene cassettes with the homing
endonuclease/BstXI protocol into different Acceptor/Donor vectors and then fuse these using the Cre-

Lox modules (illustrated in Figure 2a).
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D. Protocols

D.0 Introductory remarks

Please note that the bacteria in the agar stabs have not been made competent for transformation. If
you wish to use them to transform your constructs, you will have to prepare competent cells. This
applies specifically to the pirHC and pirLC strains used to maintain donor constructs. You may follow
your preferred protocol for preparing chemically or electrocompetent cells, e.g. Inoue et al. (1990) or
variations of this protocol, or standard protocols as described in Current Protocols in Molecular

Biology or Sambrook and Russell: Molecular Cloning (3™ edition, 2001, or older versions).
D.1 Cloning into pACEMam or pMDx transfer vectors

Reagents:

Restriction endonucleases
DNA ligase
E. coli competent cells

Antibiotics: Chloramphenicol, Gentamycin, Kanamycin, Spectinomycin

The genes of choice are cloned using standard cloning procedures into the multiple cloning sites MCS
(see Supplementary Information) of pACEMam1/2 and pMDC, pMDK, pMDS. Ligation reactions for
pACEMam derivatives are transformed into standard E. coli cells for cloning (such as TOP10, DH5a,
HB101) and plated on agar containing gentamycin (7 pg/ml). Ligation reactions for pMDx derivatives
are transformed into E. coli cells expressing the pir gene (pirHC from this kit — in this case you will need
to make the cells electro- or chemically competent first; other strains, e.g. BW23473, BW23474) and
plated on agar containing chloramphenicol (pMDC; 25 pg/ml), kanamycin (pMDK; 50 ug/ml) or
spectinomycin (pMDS; 50 pg/ml). Correct clones are selected based on specific restriction digestion

patterns and DNA sequencing of the inserts.

D.2 Multiplication by using the HE and BstXI sites

MultiBacMam™ donor vectors contain a recognition site for the homing endonuclease PI-Scel (Figure
3). Upon cleavage, this HE site yields a 3’ overhang with the sequence -GTGC. Acceptor vectors contain
the homing endonuclease site I-Ceul (see Figure 2), which upon cleavage will result in a 3’ overhang of

-CTAA. On acceptors and donors, the respective HE site precedes the MCS (see Figure 2). The 3’ end of
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the MIE contains a specifically designed BstXI site, which upon cleavage will generate a matching
overhang. The basis of this is the specificity of cleavage by BstXI. The recognition sequence of BstXI is
defined as CCANNNNN’NTGG (the apostrophe marks the position of the phosphodiester link
cleavage). The residues denoted as N can be chosen freely. Donor vectors thus contain a BstXI
recognition site with the sequence CCATGTGC'CTGG, and Acceptor vectors contain CCATCTAA'TTGG.
The overhangs generated by BstXI| cleavage in each case will match the overhangs generated by HE

cleavage. Note that Acceptors and Donors have different HE sites.

The recognition sites are not symmetric. Therefore, ligation of a HE/BstXI digested fragment
into a HE site of an MultiBacMam™ vector will be (1) directional and (2) result in a hybrid DNA
sequence where a HE half site is combined with a BstXI half site (see Figure 5). This site will be cut by
neither the HE nor BstXIl. Therefore, in a construct that has been digested with a HE, insertion by
ligation of HE/BstXI digested DNA fragment containing an expression cassette with one or several
genes will result in a construct which contains all heterologous genes of interest, enveloped by an
intact HE site in front, and a BstXI| site at the end. Therefore, the process of integrating entire
expression cassettes by means of HE/BstXl digestion and ligation into a HE site can be repeated

iteratively.

D.3.1 Protocol 1. Multiplication using homing endonuclease/BstXI.

Reagents required:

Homing endonucleases PI-Scel, I-Ceul
10x Buffers for homing endonucleases
Restriction enzyme BstXI (and 10x Buffer)
T4 DNA ligase (and 10x Buffer)

E. coli competent cells

Antibiotics

Step 1: Insert preparation

Restriction reactions are carried out in 40 ul reaction volumes, using homing endonucleases PI-
Scel (Donors) or I-Ceul (Acceptors) as recommended by the supplier.

Acceptor or donor plasmid ( 2 0.5 pg) in ddH,0 32 ul
10x restriction enzyme buffer 4 ul
10 mM BSA 2 ul
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PI-Scel (Donors) or I-Ceul (acceptors) 2 ul

Reactions are then purified using a PCR extraction kit or by acidic ethanol precipitation, and
subsequently digested with BstXl according to the supplier’s recommendations.

HE digested DNA in ddH,0 32 ul
10x restriction enzyme buffer 4l
10 mM BSA 2 ul
BstXI 2 ul

Gel extraction of insert(s):

Processed insert is then purified by agarose gel extraction using commercial kits (Qiagen,
Macherey Nagel etc). Elution of the extracted DNA in the minimal volume defined by the
manufacturer is recommended.

Step 2: Vector preparation

Restriction reactions are carried out in 40 pl reaction volumes, using homing endonucleases PI-
Scel (Donors) or I-Ceul (Acceptors) as recommended by the supplier.

Acceptor or donor plasmid ( 2 0.5 pg) in ddH,0 33 ul
10x Restriction enzyme buffer 4 pul
10 mM BSA 2 ul
BstXI 2 ul

Reactions are then purified by PCR extraction kit or acidic ethanol precipitation, and next treated
with intestinal alkaline phosphatase according to the supplier's recommendations.
Dephosphorylation is performed to minimize vector re-annealing and to increase integration of

the insert.

HE digested DNA in ddH,0 17 ul
10x Alkaline phosphatase buffer 2 ul
Alkaline phosphatase 1ul

Gel extraction of vector:

Processed vector is then purified by agarose gel extraction using commercial kits (Qiagen,
Macherey Nagel etc). Elution of the extracted DNA in the minimal volume defined by the
manufacturer is recommended.

Step 3: Ligation

Ligation reactions are carried out in 20 pl reaction volumes:

HE/Phosphatase treated vector (gel extracted) 4 ul
HE/BstXI treated insert (gel extracted) 14 pl
10x T4 DNA Ligase buffer 2 ul
T4 DNA Ligase 0.5 ul

Ligation reactions are performed at 25°C for 1h or at 16°C overnight.
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Step 4: Transformation

Mixtures are next transformed into competent cells following standard transformation
procedures.

Ligation reactions for pACEMam1 and pACEMam?2 derivatives are transformed into standard E.
coli cells for cloning (such as TOP10, DH5a, HB101) and, after recovery, are plated on agar
containing gentamycin (7 pg/ml).

Reactions for Donor derivatives are transformed into E. coli cells expressing the pir gene (such as
BW23473, BW23474, or PIR1 and PIR2 from Invitrogen and, of course, pirLC and pirHC in this kit)
and plated on agar containing chloramphenicol (25 pg/ml, pMDC), kanamycin (50 pg/ml, pMDK),
or spectinomycin (50 pg/ml, pMDS).

Step 5: Plasmid analysis

Plasmids are cultured and correct clones selected based on specific restriction digestion and DNA
sequencing of the inserts.

D.3.2 Cre-LoxP reaction of Acceptors and Donors

Protocol 2: Cre-LoxP fusion of Acceptors and Donors

This protocol is designed for generating multigene fusions from Donors and Acceptors by Cre-LoxP

reaction.

Reagents:

Cre recombinase (e.g. from NEB)

Standard E. coli competent cells (Top10 etc.)

Antibiotics

96-well microtiter plates

12 well tissue-culture plates (or Petri dishes) w. agar/antibiotics
LB or 2XYT bacterial medium

1. For a 20 ul Cre reaction, mix 1-2 pg of each educt in approximately equal amounts. Add ddH,0
to adjust the total volume to 16-17 pl, then add 2 pl 10x Cre buffer and 1-2 ul Cre recombinase
(1-2U).

2. Incubate Cre reaction at 37°C (or 30°C) for 1 hour.

3. Optional: load 2-5 pul of Cre reaction on an analytical agarose gel for examination.

Heat inactivation at 70°C for 10 minutes before gel loading is strongly recommended.

4. For chemical transformation, mix 10-15 pl Cre reaction with 200 ul chemically competent
cells. Incubate the mixture on ice for 15-30 minutes. Then perform heat shock at 42°C for 45-
60 s.
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Up to 20 ul Cre reaction (0.1 volumes of the chemically competent cell suspension) can be directly
transformed into 200 ul chemical competent cells.

For electrotransformation, up to 2 pl Cre reaction can be directly mixed with 100 pl
electrocompetent cells, and transformed by using an electroporator (e.g. BIORAD E. coli
Pulser) at 1.8-2.0 kV.

Larger volumes of Cre reaction must be desalted by ethanol precipitation or via PCR purification columns
before electrotransformation. The desalted Cre reaction mix should not exceed 0.1 volumes of the
electrocompetent cell suspension.

The cell/DNA mixture can be immediately used for electrotransformation without prolonged incubation
onice.

5. Add up to 400 pl of LB (or SOC) medium per 100 pl of cell/DNA suspension immediately after
the transformation (heat shock or electroporation).

6. Incubate the suspension in a 37°C shaking incubator overnight or for at least 4 hours (recovery
period).

To recover multifusion plasmid containing more than 2 resistance markers, it is strongly recommended
to incubate the suspension at 37°C overnight.

7. Plate out the recovered cell suspension on agar containing the desired combination of
antibiotics. Incubate at 37°C overnight.

8. Clones from colonies present after overnight incubation can be verified by restriction
digestion at this stage (refer to steps 12-16).

This quality control step should be carried out especially in the case that only one specific multifusion
plasmid is desired.

For further selection by single antibiotic challenges on a 96 well microtiter plate, continue to
step 9.

Several different multifusion plasmid combinations can be processed and selected in parallel on one 96
well microtiter plate.

9. For 96 well antibiotic tests, inoculate four colonies from each agar plate with different
antibiotic combinations into approx. 500 pl LB medium without antibiotics. Incubate the cell
cultures in a 37°C shaking incubator for 1-2 hours.

10. While incubating the colonies, fill a 96-well microtiter plate with 150 ul antibiotic-containing
LB medium (following lllustration 7). It is recommended to add coloured dye (positional
marker) in the wells indicated.

A typical arrangement of the solutions, which is used for parallel selections of multifusion plasmids, is
shown in Figure 9. The concept behind the 96 well plate experiment is that every cell suspension from
single colonies needs to be challenged by all four single antibiotics for unambiguous interpretation.
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Figure 9: 96 well analysis of Cre assembly

Add 1 pl aliquots of pre-incubated cell culture (Step 9) to the corresponding wells. Then
incubate the inoculated 96 well microtiter plate in a 37°C shaking incubator overnight at 180-
200 rpm.

Recommended: use parafilm or any other adhesive seal to wrap the plate to avoid drying out.
The remainder of the pre-incubated cell cultures can be kept at 4°C for further inoculations if necessary.

Select transformants containing desired multifusion plasmids based on antibiotic resistance,
according to the combination of dense (positive) and clear (no growth) cell microcultures from
each colony. Inoculate 10-20 ul cell culture into 10 ml LB media with corresponding
antibiotics. Incubate in a 37°C shaking incubator overnight.

Centrifuge the overnight cell cultures at 4000g for 5-10 minutes. Purify plasmid from the
resulting cell pellets with common plasmid miniprep kits, according to manufacturer’s
recommendation.

Determine the concentrations of purified plasmid solutions by using UV absorption
spectrophotometry (e.g. by using a NanoDrop™ 1000 machine).

Digest 0.5-1 pg of the purified plasmid solution in a 20 ul restriction digestion with appropriate
endonuclease(s). Incubate under recommended reaction condition for approx. 2 hours.

Use 5-10 pl of the digestion for analytical agarose (0.8-1.2%) gel electrophoresis. Verify
plasmid integrity by comparing the experimental restriction pattern to a restriction pattern
predicted in silico (e.g. by using program Snapgene, or VectorNTI from Invitrogen or similar
programs).
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D 3.3. Protocol 3. Deconstruction of fusion vectors by Cre

The following protocol is suitable for releasing any single educt from multifusion constructs
(deconstruction). This is achieved by Cre-LoxP reaction; transformation and plating on agar with
appropriately reduced antibiotic resistance level (cf. Figure 10). In the liberated educt entity, encoding
genes can be modified and diversified. Then, the diversified construct is resupplied by Cre-LoxP

reaction (C3.1).

Gm Cm
ﬁ ﬁ
SRR =5

4 clones /clones

10 11 12

. LB + Gentamycin

Media control . LB + Chloramphenicol

O LB + Kanamycin
‘ LB + Spectinomycin
7

Positional marker (blue dye
Gm/Cm/Kn/Sp ( vel

Empty well

4 clones

Figure 10: 96 well analysis of Cre de-assembly

Reagents:

Cre recombinase (and 10x Buffer)
E. coli competent cells
(pir" strains, pir strains can be used only when partially deconstructed Acceptor-Donor
fusions are desired).
Antibiotics
1. Incubate approx. 1 pg multifusion plasmid with 2 pl 10x Cre buffer, 1-2 ul Cre recombinase,
add ddH,0 to adjust the total reaction volume to 20 pl.
2. Incubate this Cre deconstruction reaction mixture at 30°C for 1 to 4 hour(s).
3. Optional: load 2-5 pl of the reaction on an analytical agarose gel for examination.

Heat inactivation at 70°C for 10 minutes before gel loading is strongly recommended.

MultiBacMam™ www.geneva-biotech.com




-27 -

4. For chemical transformation, mix 10-15ul De-Cre reaction with 200 ul chemically competent
cells. Incubate the mixture on ice for 15-30 minutes. Then perform heat shock at 42°C for 45-
60 s.

Up to 20 ul De-Cre reaction (0.1 volumes of the chemical competent cell suspension) can be directly
transformed into 200 ul chemically competent cells.

For electrotransformation, up to 2 ul De-Cre reaction can be directly mixed with 100 pl
electrocompetent cells, and transformed by using an electroporator (e.g. BIORAD E. coli
Pulser) at 1.8-2.0 kV.

Larger volume of De-Cre reaction must be desalted by ethanol precipitation or PCR purification column
prior to electrotransformation. The desalted De-Cre reaction mix should not exceed 0.1 volumes of the
electrocompetent cell suspension.

The cell/DNA mixture can be immediately used for electrotransformation without prior incubation on
ice.

5. Add up to 400 pl of LB media (or SOC media) per 100 pl of cell/DNA suspension immediately
after the transformation (heat shock or electroporation).

6. Incubate the suspension in a 37°C shaking incubator (recovery).

For recovery of partially deconstructed double/triple fusions, incubate the suspension in a 37°C shaking
incubator for 1 to 2 hours.

For recovery of individual educts, incubate the suspension in a 37°C shaking incubator overnight or for at
least 4 hours.

7. Plate out the recovered cell suspension on agar containing the desired (combination of)
antibiotic(s). Incubate at 37°C overnight.

8. Colonies after overnight incubation can be verified directly by restriction digestion at this
stage (refer to steps 12-16).

This is especially recommended in cases where only a single educt or partially deconstructed multifusion
plasmid is desired.

For further selection by single antibiotic challenge on a 96 well microtiter plate, continue with
step 9.

Several different single educts/partially deconstructed multifusion plasmids can be processed and
selected in parallel on one 96 well microtiter plate.

9. For 96 well analyses, inoculate four colonies each from agar plates containing a defined set of
antibiotics into approx. 500 pl LB medium without antibiotics. Incubate the cell cultures in a
37°C shaking incubator for 1-2 hours.

10. While incubating the colonies, fill a 96 well microtiter plate with 150 pl antibiotic-containing
LB medium or dye (positional marker) in the corresponding wells.

Refer to Figures 9 and 10 for the arrangement of the solutions in the wells, which are used for parallel
selection of single educts or partially deconstructed multifusion plasmids. The concept is that every cell
suspension from a single colony needs to be challenged by all four antibiotics separately for
unambiguous interpretation.

11. Add 1 pl aliquots from the pre-incubated cell cultures (Step 9) into the corresponding wells.
Incubate the 96 well microtiter plate in a 37°C shaking incubator overnight at 180-200 rpm.

Recommended: use parafilm to wrap the plate to prevent desiccation.
The remainder of the pre-incubated cell cultures can be kept at 4°C in a refrigerator for further
inoculations if necessary.
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Select transformants containing desired single educts or partially deconstructed multifusion
plasmids according to the combination of dense (growth) and clear (no growth) cell cultures
from each colony. Inoculate 10-20 pl from the cell cultures into 10 ml LB media with
corresponding antibiotic(s). Incubate in a 37°C shaking incubator overnight.

The next day, centrifuge the overnight cell cultures at 4000g for 5-10 minutes. Purify plasmid
from cell pellets with common plasmid miniprep kits, according to manufacturers’ protocols.

Determine the concentrations of purified plasmid solutions by using UV absorption
spectroscopy (e.g. NanoDrop™ 1000).

Digest 0.5-1 pg of the purified plasmid solution in a 20 pl restriction digestion (with 5-10 units
endonuclease). Incubate under recommended reaction condition for approx. 2 hours.

Use 5-10 ul of the digestion for analytical agarose gel (0.8-1.2%) electrophoresis. Verify
plasmid integrity by comparing the de facto restriction pattern to the in silico predicted
restriction pattern (e.g. by using VectorNTI, Invitrogen, or any other similar program).

Optional: Occasionally, a deconstruction reaction is not complete but yields partially
deconstructed fusions which still retain entities to be eliminated. In this case, we recommend
to pick these partially deconstructed fusions containing and perform a second round of Cre
deconstruction reaction (repeat steps 1-8) by using this construct as starting material.

D 3.4. Protocol 4. Mammalian cell transfection protocol (Hela cells,
monolayer, TC flask):

1.

Plate Hela cells on tissue culture flask (here T25cm2/T75cm?2) following generic protocols.

Rinse Hela cells twice with 10mL/15mL of 1xPBS (directly on the T25cm2/T75cm2 flask,
respectively), after taking off the supernatant from the cell culture plate.

Detach cells with 1mL/2mL Trypsin-EDTA 0.05% (T25cm2/T75cm2 flask, respectively), by

incubating for 1-3min at 37°C/5% CO, (hit culture plate 2-3 times if necessary to help cells
detaching; avoid incubating times higher than 5min).

Add 10mL of DMEM complete media (containing 10% FCS and 8mM L-Glutamine) to stop
trypsinization. Resuspend cells by pipetting up and down very gently.

Centrifuge down cells in a 50mL falcon at 1500-2000 rpm for 3min (using centrifuge available
in the L2 room, model: Eppendorf 5702). Remove supernatant.

Resuspend cells in 6mL of DMEM complete media.

Count cells using a hemocytometer (neubauer chamber) and prepare a 15mL cell suspension
at 2x10A5 cells/mL.
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8. Pipet/seed 500uL cells/well (24 wells plate) of the above prepared cell suspension (25ul/well
or 1.5mL/well, if using 384 wells or 6 wells plates, respectively). Gently swirl the plate for
homogeneous cell distribution.

Note: one should seed 5000 cells/well in 384 wells plates, 100’000 cells/well in 24 wells
plates, 4*1076 cells/well in 6 wells plates in order to have 80% cell confluency on the day itself
(or next day).

9. Incubate at 37°C/5% CO, for 3-4h.

10. Test different MOI’s of virus (0, 1, 10, 100, 500). MOI= multiplicity of infection; MOI=10 is
equivalent to 10 infectious viral particles/cell.

11. Empty plate by aspirating the medium and add 300 pL of the transduction/transfection
solution to each well of the 24 wells plate (50uL/well if using 384 wells plates and 1mL/well
for 6 wells plates). Gently swirl the plate for homogeneous virus distribution.

Note: emptying plate by inversion can be used for 384 wells plates.

12. Centrifuge the plate at 1200 rpm for 30min at RT (centrifuge model: eppendorf 5804 R).
Note: due to the lack of an adequate centrifuge this step can only be done for 384 well plates
13. Incubate for 4h30 at 37°C/5% CO, (or 4h if centrifugation in step 11 was done).

14. Empty plate by aspirating the virus mix and add 500uL of complete DMEM media
supplemented with 3mM sodium butyrate (25uL if using 384 wells plates and 1.5 mL in 6 wells
plates). Sterilize the sodium butyrate previously by filtering it with a 0.22um sterile filter.

Note 1: sodium butyrate enhances protein expression and transduction efficiency of the
virus.

Note 2: emptying plate by inversion can be used for 384 wells plates.
15. Incubate overnight at 37°C/5% CO,.
16. The following day check/scan/take picture of the cells on the L2 culture room microscope (live

cells on 24 or 6 wells plates) / confocal microscope (fixed cells in cover slides or fixed/live cells
in lab tek chambers). Take exposures at 24h, 48h and 72h.
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MultiBacMam VSVG

Tn7L spec Gent™ Tph7R
pMDS-Z pACEMam-ABC

Figure 11: MultiBacMam™ virus amplified in insect cells (Sf21). Note that color of insect cells (mCherry
production).

Figure 12: Hela cells transfected with MultiBacMam™ virus expressing human transcription factor complex an
CFP (under CMV control). Transfection is (close to) quantitative.
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D.4. Transposition protocol for pACEMam derivatives

(electrocompetent cells or chemical competent).

Reagents:

Electrocompetent or chemical competent DH10EMBacVSV cells
Kanamycin

Tetracyclin

Gentamycin

BluoGal

IPTG

Electroporation: Approximately 5-10 ng of the sequenced pACEMam derivative or of an
acceptor-donor fusion is incubated on ice (15 min) with 50-100 pl electro-competent
DH10EMBacVSV cells. Optimum electroporation settings need to be determined for the

equipment used.

Transformation of chemical competent cells: Approximately 100 ng (maximally 10 ul volume)

of the sequenced pACEMam derivative or of an acceptor-donor fusion in is incubated on ice
(30 min) with 50-100ul chemical-competent DH10EMBacVSV cells. Heat shock is carried out

at 42 °C for 15 seconds and the cells are placed again quickly on ice.

Following electroporation or transformation using chemical competent cells, 500 microliters
prewarmed SOC media is added to cells. Cells are incubated at 37 °C for 4 hours and plated on
agar plates containing kanamycin (50 pg/ml), gentamycin (7 pug/ml), (ampicillin (100 pg/ml)),
tetracyclin (10 pg/ml), BluoGal (100 pg/ml) and IPTG (40 pg/ml). X-gal at a concentration of
(500 pg/ml) can substitute for BluoGal (100 pg/ml). We recommend plating a dilution series
in SOC or 2XYT media, plating 300 microliters transformed cells on one plate, and plating 30

microliters transformed cells on a second plate.

White colonies are selected after incubation at 37 °C (24 hours). Deeper blue and white color
colonies become more visible after leaving the plates for an additional day on the bench at

room temperature. Proceed to bacmid preparation for insect cell infection (D.5.).

D.5. Bacmid preparation and infection of insect cells.
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Preparation of bacmid DNA, infection of insect cells and protein expression is carried
out according to established protocols, e.g. O’Reilly, D.R., Miller, LK. & Luckow, V.A.
”Baculovirus expression vectors. A laboratory manual.” Oxford University Press, New York -
Oxford, 1994 or David W. Murhammer (ed.). Baculovirus and Insect Cell Expression Protocols,
2" edition, Methods in Molecular Biology™ 388, Humana Press, Totowa 2007. You may also
refer to Fitzgerald et al. (2006), especially pp. 1025-27 and Bieniossek et al. (2008) for
protocols on insect cell culture and bacmid preparation. These publicaions are available for

download here MultiBac Link.

Large plasmid kits (e.g. Qiagen) can also be used to extract recombinant bacmids, but
we prefer precipitation of crude DNA with isopropanol from cleared lysate as described in

Fitzgerald et al. (2006), especially pp. 1025-27 and Bieniossek et al. (2008) over using kits.

D.6. Determining MultiBacMam™ baculoviral production in insect

cells

As you need to produce virus in insect cells prior to transduction of mammalian or
primary cells, please refer to refer to Fitzgerald et al. (2006), and Bieniossek et al. (2008) for
protocols on insect cell culture virus production and bacmid preparation. These publicaions

are available for download here MultiBac Link.

Specific to the DH10EMBacVSV bacmid please see Figure 11. Note that color of insect
cells infected with DH10EMBacVSV derivatives is a wine color due to mCherry production. To
be clear, this mCherry is not produced subsequently in mammalian cells, because the
production is driven by an insect cell specific baculovirus promoter that does not fire in

mammalian cells.
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E. Appendix

E.1. Preparing bacterial stock from competent cells

We recommend that you prepare your personal bacterial stock from the competent
cells you received in the kit or transform your laboratory strain of choice with the vectors
(please note that for the donor vectors this needs to be a pir+ strain). This is advisable since

competent cells only have a limited shelf life.

To generate your bacterial stock for long-term storage, streak bacteria from the
competent cells onto an appropriate selective plate (refer to the vector maps for acceptor
and donor vectors) or plates without antibiotics (pirHC and pirLC strains; we recommend to
test these strains against a panel of antibiotics to be on the safe side; no growth of colonies
should be observed under conditions of antibiotic selection). Incubate the plates over night at
37°C and then proceed to prepare stocks from individual colonies for long-term storage
according to your protocol of choice (glycerol, DMSO, etc.), as described, for example, in
Inoue et al. (1990), Molecular Cloning (Sambrook and Russell, 2000), Current Protocols in

Molecular Biology (Ausubel et al., 1994), etc.
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E.2. MultiBacMam™ vectors: maps, sequences, MCS, restriction

Note: All acceptor and donor vector sequences can be provided in electronic format.
These sequences contain all relevant information such as unique restriction sites, oris,
resistance markers, etc. that is also shown in the circle maps. Request your set of vector files

and accompanying files from Geneva Biotech at contact@geneva-biotech.com.

Acceptor and donor vectors are presented as circle maps and, in addition, the multiple
cloning site (MCS) of each vector is shown featuring relevant unique restriction sites.
Moreover, you will find, for the purposes of designing a restriction strategy, a non-exhaustive
list of restriction endonucleases that cut once, twice or not at all. Additional restriction sites
can be identified with any sequence analysis software, e.g. Snapgene, VectorNTI, ApE, etc. or

by using online tools such as WebCutter 2.0 (http://rna.lundberg.gu.se/cutter2) or the NEB

cutter V2.0 (http://tools.neb.com/NEBcutter2/).
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E.2.1 Acceptor vectors

E.2.1.1 pACEMam1: 3443 bp

3260 BstZ17I

SV40 late
polyA

3266 BstXl

2894 Hindlll

MCS

2816 BssHII
2807 Rsrll
2801 BamHI

2510 Ncol
2488 SnaBl

CMV promoter
2383 Ndel

pACEMam1
3443 bp

1166 Sacll
1224 EcoRV

2103 Pvul
2087 Pmel GentR
2060 I-Ceul .
Multiple Cloning Site (promoter to terminator)
AatI
BamHT RsrII BssHIT EcoRT Stul

Sall

GGCTAGTGGATCCCGGTCCGAAGCGCGCGGAATTCAAAGGCCTACGTCGACGAGCTCACTTGT

NotI BstBI Xbal PstI

HindIII

CGCGGCCGCTTTCGAATCTAGAGCCTGCAGTCTCGACAAGCTTGTCGAGAAGTACTAGAGGA

Enzymes that cut pACEMam1 once (not exhaustive)

1 Age | 420  AlwNI 520  Apall
2801  BamHl, Bstl 3231 Blpl 114 BspHI
2816  BssHII 3266 BstXI 3260 BstZ17I
2101  Clal 1979 Dralll 2823 EcoRl
2894  Hindlll 3020 Hpal 3009 Mfel
1109  Mscl 2510 Ncol 2383 Nde
2087  Pmel 2881 Pstl 2103 Pvul
1166  Sacll 2839 Sall 2907 Sca
2833  Stul 2873 Xbal 1629

Bold type: restriction enzymes cutting in the MCS

Enzymes that cut pACEMam1 twice (not exhaustive)

2839,3260 Accl
949, 1418 Bglll
2095, 2149 Spel

2156,2761 Asel / Vspl

1169, 2859 Eagl

3254
2867
2074
1224
2128
2859
2807
2490

Avrll
BstBI
Bsu36l
EcoRV
Mlul
Notl
Rsrll
SnaBlI

2714, 2845
834, 1647

Banll / Sacl
Pcil
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Enzymes that do not cut pACEMam1 (not exhaustive)

Acc65I Aflll Apal Ascl Bbsl BsaBl
Drall EcoNI Fsel Kasl Kpnl Nael
Narl Nhel Nrul Nsil Pacl Pfol
Pvull Sbfl Sfil Sfol Smal/Xmal Sphl
Srfl Sspl Xcml Xhol Xmnl

Sequence
5 r _

accggttgacttgggtcaactgtcagaccaagtttactcatatatactttagattgatttaaaact
tcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatccctta
acgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcecttgagatcce
tttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagecggtggtttgttt
gccggatcaagagctaccaactctttttccgaaggtaactggecttcagcagagcgcagataccaaa
tactgttcttctagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcecctacata
cctcgctctgctaatcctgttaccagtggectgectgeccagtggecgataagtecgtgtecttacecgggtt
ggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacaca
gcccagcttggagcgaacgacctacaccgaactgagatacctacagecgtgagctatgagaaagecgce
cacgcttcccgaagggagaaaggcggacaggtatccggtaagecggcagggtcggaacaggagagceg
cacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgecacctetg
acttgagcgtcgatttttgtgatgctcgtcaggggggcggagecctatggaaaaacgccagcaacgce
ggcctttttacggttcctggecttttgectggececttttgetcacatgttectttecctgegttatecece
tgattgacttgggtcgctcttcecectgtggatgecgcagatgececctgegtaagecgggtgtgggecggaca
ataaagtcttaaactgaacaaaatagatctaaactatgacaataaagtcttaaactagacagaata
gttgtaaactgaaatcagtccagttatgctgtgaaaaagcatactggacttttgttatggctaaag
caaactcttcattttctgaagtgcaaattgcccgtcecgtattaaagaggggcgtggccaagggecatg
taaagactatattcgcggcgttgtgacaatttaccgaacaactccgcggeccgggaagecgateteg
gcttgaacgaattgttaggtggcggtacttgggtcgatatcaaagtgcatcacttcttceccecegtatyg
cccaactttgtatagagagccactgcgggatcgtcaccgtaatctgcttgcacgtagatcacataa
gcaccaagcgcgttggcctcatgcttgaggagattgatgagcgcggtggcaatgcecctgectceccgg
tgctcgccggagactgcgagatcatagatatagatctcactacgecggectgectcaaacttgggcaga
acgtaagccgcgagagcgccaacaaccgcttecttggtecgaaggcagcaagecgecgatgaatgtetta
ctacggagcaagttcccgaggtaatcggagtceccggctgatgttgggagtaggtggctacgtcectecg
aactcacgaccgaaaagatcaagagcagcccgcatggatttgacttggtcagggeccgagectacat
gtgcgaatgatgcccatacttgagccacctaactttgttttagggcgactgeccctgectgegtaaca
tcgttgctgctgecgtaacatcecgttgectgectccataacatcaaacatcgacccacggcgtaacgecge
ttgctgcttggatgcccgaggcatagactgtacaaaaaaacagtcataacaagccatgaaaaccgce
cactgcgccgttaccaccgcectgegttecggtcaaggttctggaccagttgecgtgagecgecatacgcecta
cttgcattacagtttacgaaccgaacaggcttatgtcaactgggttcgtgccttcatceccgtttceca
cggtgtgcgtcacccggcaaccttgggcagcagcgaagtcgeccataacttecgtatagcatacatta
tacgaagttatctgtaactataacggtcctaaggtagcgagtttaaacactagtatcgatcgecgat
gtacgggccagatatacgcgttgacattgattattgactagttattaatagtaatcaattacgggg
tcattagttcatagcccatatatggagttccgegttacataacttacggtaaatggceccgectgge
tgaccgcccaacgaccccecgceccattgacgtcaataatgacgtatgttcccatagtaacgceccaata
gggactttccattgacgtcaatgggtggactatttacggtaaactgcccacttggcagtacatcaa
gtgtatcatatgccaagtacgcccectattgacgtcaatgacggtaaatggcccgectggecattat
gcccagtacatgaccttatgggactttcctacttggcagtacatctacgtattagtcatcgectatt
accatggtgatgcggttttggcagtacatcaatgggcgtggatagcggtttgactcacggggattt
ccaagtctccaccccattgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttcca
aaatgtcgtaacaactccgceccccattgacgcaaatgggcggtaggcecgtgtacggtgggaggtcectat
ataagcagagctctctggctaactagagaacccactgcttactggcttatcgaaattaatacgact
cactatagggagacccaagctggctagtggatcccggtccgaagcgcgecggaattcaaaggectac
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gtcgacgagctcacttgtcgcggccecgcetttcgaatctagagecctgcagtctcgacaagecttgtecga
gaagtactagaggatcataatcagccataccacatttgtagaggttttacttgctttaaaaaacct
cccacacctccceccctgaacctgaaacataaaatgaatgcaattgttgttgttaacttgtttattge
agcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcact
gcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctggatctgatcactgcect
tgagcctagaagatccggctgctaacaaagcccgaaaggaagctgagttggectgectgecaccgetg
agcaataactatcataacccctagggtatacccatctaattggaaccagataagtgaaatctagtt
ccaaactattttgtcatttttaattttcgtattagcttacgacgctacacccagttcccatctatt
ttgtcactcttccctaaataatccttaaaaactccatttccaccecctecccagtteccaactatttt
gtccgcccaca -3’

MultiBacMam™ www.geneva-biotech.com



-38-
E.2.1.2 pACEMam2: 4618 bp

4441 BstXI
4421 Spel
1 Agel
4408 Asel ColE1origin
4076 SnaBI\ 520 Apall

3573 Apal
CAG promoter pACEMam2 1109 Mscl
4618 bp —1224 EcoRV
GentR
2675 Smal
2667 Xhol
(/)|2661 Ncol
O|2648 Puui
vu 2060 I-Ceul
2643 Nsil
=|5635 Sphi 2087 Pmel
2630 Acce5l,/ rabbit B-globin 2339 PfIMI (1)
2630 Kpnl poly A signal
Multiple Cloning Site (promoter to terminator)
Smal
BbsI Xmal Xhol Ncol Nhel Pvull

GCGGCCGTCTCAGGCCACCGAAGACTTGATCACCCGGGATCTCGAGCCATGGTGCTAGCAGCT

KpnI
NsiI SphI  Acc65I
GATGCATAGCATGCGGTACCTAA

Enzymes that cut pACEMam2 once (not exhaustive)

2630  Acc65I 1 Age l 420 AlwNI 3573 Apal
520 Apall 4408 Asel, Vspl 2688  Bbsl 3278  Blpl
4441  BstXI 4417 BstZ17I 1224 EcoRV 888 Fspl
2630 Kpnl 1109 Mscl 2661 Ncol 2654 Nhel
2643  Nsil 2339 PfIMI 2087 Pmel 2649  Pwull
2675 Smal, Xmal 4076 SnaBl 4421 Spel 2636 Sphli
3120 Sse232| 2667 Xhol, Scil
Bold type: restriction enzymes cutting in the MCS
Enzymes that cut pACEMam2 twice (not exhaustive)
3478, 3640 Afel 114, 2509 BspHI 2967, 3010 Bbel, Kasl, Narl, Sfol

2964, 3121 Nael 1166, 3405  Sacll

Enzymes that do not cut pACEMam2 (not exhaustive)

Aflll Ascl Avrll BamHI
BspEl BstBI Clal EcoNI
Hindlll Hpal Mfel Mlul

Bcll BsaBl
EcoRl Fsel
Notl Nrul
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Pacl Pstl Pvul Rsrll Sacl Sall
Sbfl Scal Sfil Sgfl Srfl Sspl
Stul Xbal Xcml Xmnl

Sequence
57 -

accggttgacttgggtcaactgtcagaccaagtttactcatatatactttagattgatttaaaact
tcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatccctta
acgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttecttgagatcce
tttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagecggtggtttgttt
gccggatcaagagctaccaactctttttccgaaggtaactggecttcagcagagcgcagataccaaa
tactgttcttctagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcecctacata
cctcgctctgctaatcctgttaccagtggectgectgeccagtggecgataagtecgtgtecttacecgggtt
ggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacaca
gcccagcttggagcgaacgacctacaccgaactgagatacctacagecgtgagctatgagaaagecgce
cacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcg
cacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgecacctetg
acttgagcgtcgatttttgtgatgctcgtcaggggggcggagecctatggaaaaacgccagcaacgce
ggcctttttacggttcctggecttttgectggececttttgetcacatgttectttecctgegttatcececece
tgattgacttgggtcgctcttcecectgtggatgecgcagatgececctgegtaagecgggtgtgggecggaca
ataaagtcttaaactgaacaaaatagatctaaactatgacaataaagtcttaaactagacagaata
gttgtaaactgaaatcagtccagttatgctgtgaaaaagcatactggacttttgttatggctaaag
caaactcttcattttctgaagtgcaaattgcccgtcecgtattaaagaggggcgtggccaagggecatg
taaagactatattcgcggcgttgtgacaatttaccgaacaactccgcggeccgggaagecgateteg
gcttgaacgaattgttaggtggcggtacttgggtcgatatcaaagtgcatcacttcttceccegtatyg
cccaactttgtatagagagccactgcgggatcgtcaccgtaatctgcttgcacgtagatcacataa
gcaccaagcgcgttggcctcatgecttgaggagattgatgagcgcggtggcaatgecectgectceccecgg
tgctcgccggagactgcgagatcatagatatagatctcactacgcggectgectcaaacttgggcaga
acgtaagccgcgagagcgccaacaaccgcttecttggtcgaaggcagcaagcgcgatgaatgtetta
ctacggagcaagttcccgaggtaatcggagtccggcectgatgttgggagtaggtggctacgtctecg
aactcacgaccgaaaagatcaagagcagcccgcatggatttgacttggtcagggccgagectacat
gtgcgaatgatgcccatacttgagccacctaactttgttttagggcgactgeccctgectgegtaaca
tcgttgctgctgecgtaacatcecgttgectgectccataacatcaaacatcgacccacggcgtaacgecge
ttgctgcttggatgcccgaggcatagactgtacaaaaaaacagtcataacaagccatgaaaaccgce
cactgcgccgttaccaccgctgegttecggtcaaggttectggaccagttgegtgagegecatacgceta
cttgcattacagtttacgaaccgaacaggcttatgtcaactgggttcgtgeccttcatcecgtttceca
cggtgtgcgtcacccggcaaccttgggcagcagcgaagtcgecataacttcecgtatagcatacatta
tacgaagttatctgtaactataacggtcctaaggtagcgagtttaaacgtcgagggatcttcataa
gagaagagggacagctatgactgggagtagtcaggagaggaggaaaaatctggctagtaaaacatg
taaggaaaattttagggatgttaaagaaaaaaataacacaaaacaaaatataaaaaaaatctaacc
tcaagtcaaggcttttctatggaataaggaatggacagcagggggctgtttcatatactgatgacc
tctttatagccacctttgttcatggcagccagcatatggcatatgttgccaaactctaaaccaaat
actcattctgatgttttaaatgatttgccctcccatatgtecctteccgagtgagagacacaaaaaat
tccaacacactattgcaatgaaaataaatttcctttattagccagaagtcagatgctcaaggggcet
tcatgatgtccccataatttttggcagagggaaaaagatctcagtggtatttgtgageccagggcecat
tagccacaccagccaccaccttctgataggcagectgcacctgaggagtgaattaggtaccgecatg
ctatgcatcagctgctagcaccatggctcgagatcccgggtgatcaagtcttcggtggectgagac
ggccgcaattctttgccaaaatgatgagacagcacaacaaccagcacgttgcccaggagctgtagg
aaaaagaagaaggcatgaacatggttagcagaggctctagcagccgccggtcacacgccagaagce
gaaccccgccecctgececgteccecceccgaaggcagcecgteccececctgecggcagecccgaggctggaga
tggagaaggggacggcggcgcggcgacgcacgaaggccctcecceccececgeccattteecttectgecggeg
ccgcaccgcttcecgeccgcegeccgctagagggggtgecggecggegectcecccagatttecggetecgeca
gatttgggacaaaggaagtccctgcgceccctctecgcacgattaccataaaaggcaatggctgcecggcet
cgccgcgcctcgacagccgceccggecgctccggggeccgceccgcecgeccctecececcecgageccteececcggec

MultiBacMam™ www.geneva-biotech.com



-40 -

cgaggcggccccgceccccgeccggecaccccecacctgecgecacccecccgeccggcacggcgagecce
gcgccacgccccgcacggagccccgcacccgaagecgggecgtgectcagcaactcggggagggggg
tgcaggggggggttacagcccgaccgccgcgcecccacaccceccecctgetcaccececcccacgcacacace
ccgcacgcagcecctttgttceccecectecgecageccececccgcaccgecggggcaccgeccccggecgegete
ccctcgcgcacacgcggagcgcacaaagccccgcecgecgecgeccgecagegcectcacagecgecgggea
gcgcgggccgcacgcggcgctceccccacgcacacacacacgcacgcaccccccgagcecgcetecececce
cgcacaaagggccctcccggagecctttaaggectttcacgcagccacagaaaagaaacgagcecgte
attaaaccaagcgctaattacagcccggaggagaagggccgtceccecgeccgcectcacctgtgggagta
acgcggtcagtcagagccggggcgggcggcgcgaggcggegcggagcggggcacggggcgaaggcea
acgcagcgactcccgceccecgcecgegegettegetttttatagggececgecgecgecgecgectecgeca
taaaaggaaactttcggagcgcgccgctctgattggctgeccgecgcacctectececgectcecgeccecge
cccgcceccctegecccgeccecccgecccgectggecgegegeccceccccccccccgeccceccategetgea
caaaataattaaaaaataaataaatacaaaattgggggtggggaggggggggagatggggagagtyg
aagcagaacgtggggctcacctcgacccatgagtaatagcgatgactaatacgtagatgtactgece
aagtaggaaagtcccataaggtcatgtactgggcataatgccaggcgggccatttaccgtcattga
cgtcaatagggggcgtacttggcatatgatacacttgatgtactgccaagtgggcagtttaccgta
aatagtccacccattgacgtcaatggaaagtccctattggecgttactatgggaacatacgtcatta
ttgacgtcaatgggcgggggtcgttgggcggtcagccaggcgggeccatttaccgtaagttatgtaa
cgcggaactccatatatgggctatgaactaatgaccccgtaattgattactattaataacgtatac
tagtatcgtagtatcgatccatctaattggaaccagataagtgaaatctagttccaaactattttg
tcatttttaattttcgtattagcttacgacgctacacccagttcccatctattttgtcactcttee
ctaaataatccttaaaaactccatttccacccctcecccagttcecccaactattttgteccgeccaca -
3!
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E.2.2 Donor vectors

E.2.2.1 pMDC: 2889 bp

5 BstXl

2843 Clal
2837 Nrul

54 Kpnl

2560 Ndel
CMV promoter

R6Ky ori

2142 BamHl|
2135 Rsrll
2127 BssHII
2104 Sall
2070 Xbal
2062 Pstl

MCS

SV40 late polyA

1711 Blpl
1650 PI-Scel

693 Agel

Multiple Cloning Site (promoter to terminator)

BamHI Rsrl BssHIT

Stul

Sall

AGACCCAAGCTGGCTAGTGGATCCCGGTCCGAAGCGCGCGGAATTCAAAGGCCTACGTCGAC

Sacl Xbal PstI

GAGCTCACTAGTCGCGGCCGCTTTCGAATCTAGAGCCTGCAGTCTCGACAA

Enzymes that cut pMDC once (not exhaustive)

1302  Acclll, BspEl 54 Acc65l 693 Agel
2176 BamHI 1682 Bglll 2161  BssHII
643 Bsu36l 2877 Clal 1957  Hpal
1968  Mfel 2849 Mlul 1033  Mscl
2096  Pstl 2169 Rsrll 58 Sacll
988 Sspl 2146 Stul 2104  Xbal

Bold type: restriction enzymes cutting in the MCS

Enzymes that cut pMDC twice (not exhaustive)

768, 2110 BstBI 61, 2118 BstZI, Eagl
349, 2083 Hindlll 997, 2467 Ncol
1634, 1668 PfIMI 316, 1937 Psil
2132,2263 Sacl 883,2070  Scal

Enzymes that do not cut pMDC (not exhaustive)

Afel Aflll AlwNI Apal
Bbsl Bcll BspHI BstZ17I
EcoRV Fsel Fspl Kasl

1723

54
2871
2138

1298, 2154
60, 2117
573, 1400
107, 2489

Ascl
Drall

Nael

Avrll
BstXI
Kpnl

Nrul

Sall

EcoRl
Notl
Pvull
SnaBlI

Bbel
EcoNI
Narl
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Nhel Nsil Pacl Pmel Pvul Sbfl
Scil Sfil Sgfl Smal Sphl Xcml
Xhol Xmal Xmnl

Sequence

5" -
aaacccatgtgcctggcagataacttcgtataatgtatgctatacgaagttatggtaccgcggeccgecgtagaggat
ctgttgatcagcagttcaacctgttgatagtacgtactaagctctcatgtttcacgtactaagctctcatgtttaa
cgtactaagctctcatgtttaacgaactaaaccctcatggctaacgtactaagctctcatggctaacgtactaage
tctcatgtttcacgtactaagctctcatgtttgaacaataaaattaatataaatcagcaacttaaatagecctctaa
ggttttaagttttataagaaaaaaaagaatatataaggcttttaaagcttttaaggtttaacggttgtggacaaca
agccagggatgtaacgcactgagaagcccttagagecctctcaaagcaattttgagtgacacaggaacacttaacgg
ctgacatgggaattagcttcacgctgccgcaagcactcagggcgcaagggctgctaaaggaagcggaacacgtaga
aagccagtccgcagaaacggtgctgaccccggatgaatgtcagectgggaggcagaataaatgatcatatcgtcaat
tattacctccacggggagagcctgagcaaactggcecctcaggcatttgagaagcacacggtcacactgcttececggta
gtcaataaaccggtaaaccagcaatagacataagcggctatttaacgaccctgeccctgaaccgacgaccgggtcecga
atttgctttcgaatttctgccattcatccgecttattatcacttattcaggecgtagcaaccaggecgtttaagggecac
caataactgccttaaaaaaattacgccccgecctgceccactcatcgcagtactgttgtaattcattaagecattetge
cgacatggaagccatcacaaacggcatgatgaacctgaatcgccagecggcatcagcaccttgtecgecttgegtata
atatttgcccatggtgaaaacgggggcgaagaagttgtccatattggccacgtttaaatcaaaactggtgaaactce
acccagggattggctgagacgaaaaacatattctcaataaaccctttagggaaataggccaggttttcaccgtaac
acgccacatcttgcgaatatatgtgtagaaactgccggaaatcgtcgtggtattcactccagagcgatgaaaacgt
ttcagtttgctcatggaaaacggtgtaacaagggtgaacactatcccatatcaccagctcaccgtectttcattgece
atacggaattccggatgagcattcatcaggcgggcaagaatgtgaataaaggccggataaaacttgtgecttatttt
tctttacggtctttaaaaaggccgtaatatccagectgaacggtctggttataggtacattgagcaactgactgaaa
tgcctcaaaatgttctttacgatgccattgggatatatcaacggtggtatatccagtgatttttttctceccatttta
gcttccttagctcecctgaaaatctcgataactcaaaaaatacgcccggtagtgatcttatttcattatggtgaaagt
tggaccctcttacgtgccgatcaacgtctcattttecgeccaaaagttggeccagatctatgtecgggtgeggagaaag
aggtaatgaaatggcacctaggggttatgatagttattgctcagcggtggcagcagccaactcagectteectttegg
gctttgttagcagccggatcttctaggctcaagcagtgatcagatccagacatgataagatacattgatgagtttg
gacaaaccacaactagaatgcagtgaaaaaaatgctttatttgtgaaatttgtgatgctattgctttatttgtaac
cattataagctgcaataaacaagttaacaacaacaattgcattcattttatgtttcaggttcagggggaggtgtgg
gaggttttttaaagcaagtaaaacctctacaaatgtggtatggctgattatgatcctctagtacttctcgacaage
ttgtcgagactgcaggctctagattcgaaagcggceccgcgactagtgagetegtecgacgtaggectttgaattecge
gcgcttcggaccgggatccactagccagcttgggtctececctatagtgagtecgtattaatttecgataageccagtaag
cagtgggttctctagttagccagagagctctgcttatatagacctcccaccgtacacgecctaccgcececatttgegt
caatggggcggagttgttacgacattttggaaagtccecgttgattttggtgccaaaacaaactcccattgacgtca
atggggtggagacttggaaatccccgtgagtcaaaccgctatccacgecccattgatgtactgccaaaaccgecatca
ccatggtaatagcgatgactaatacgtagatgtactgccaagtaggaaagtcccataaggtcatgtactgggecata
atgccaggcgggccatttaccgtcattgacgtcaatagggggcgtacttggcatatgatacacttgatgtactgcece
aagtgggcagtttaccgtaaatactccacccattgacgtcaatggaaagtccctattggecgttactatgggaacat
acgtcattattgacgtcaatgggcgggggtcgttgggcggtcagccaggcgggccatttaccgtaagttatgtaac
gcggaactccatatatgggctatgaactaatgaccccgtaattgattactattaataactagtcaataatcaatgt
caacgcgtatatctggcccgtacatcgcgaatcgatactagta

_3’
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E.2.2.2 pMDK: 4130 bp
3967 AlwNI
3746 Hindlll
R6Ky ori 267 Pstl
—
3453 BstX| \\\\KanR
3445 Pmel ANY

rabbit B-globin

polyA signal
3025 BspHI 1061 PI-Scel
2904 Kpnl 1100 Avrll
O 2891 Nsil 1107 Clal
E 2880 Nhel 1113 Spel
2867 Scil 1117 BstZ171

2867 Xhol

CAG promoter

Multiple Cloning Site (promoter to terminator)

Scil
BbsI XholI Ncol NhelI
GCGGCCGTCTCAGGCCACCGAAGACTTGATCACCCGGGATCTCGAGCCATGGTGCTAGCAGCT
Acc65I
NsiTl KpnI

GATGCATAGCATGCGGTACCTAA

Enzymes that cut pMDK once (not exhaustive)

2904  Acc65l, Kpnl 3967 AlwNI 1961  Apal 1100  Auvrll
3025 BspHI 899 BstBI 3453  BstXI 1117  BstZ171
2919 Bsu36l 1107 Clal 318 Fspl 3746  Hindlll
298 Mscl 2873 Ncol 2880  Nhel 2891  Nsil
3190 PfIMI 3445 Pmel 267 Pstl 733 Rsrll
2129  Sacll 1113 Spel 27 Xeml 2867  Xhol

Bold type: restriction enzymes cutting in the MCS

Enzymes that cut pMDK twice (not exhaustive)
1894, 2056  Afel 1126, 3668 Asel 54, 2990 Bglll

993, 1954 Pfol 1055, 2859  Smal, Xmal 1458, 3504 SnaBl
619,2898  Sphl

Enzymes that do not cut pMDK (not exhaustive)

Acclll Acll Aflll Agel Apall Ascl
BamHI Bcll BspEl EcoNI EcoRl EcoRV
Fsel Hpal Mfel Milul Notl Nrul
Pacl Pvul Sacl Sall Sbfl Scal
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Sfil Sgfl Sspl Stul Xbal Xmnl

Sequence

57—

aagtaaactggatggctttcttgccgccaaggatctgatggcgcaggggatcaagatctgatcaag
agacaggatgaggatcgtttcgcatgattgaacaagatggattgcacgcaggttctccggecgett
gggtggagaggctattcggctatgactgggcacaacagacaatcggctgctctgatgccgeccgtgt
tccggcectgtcagecgcaggggecgeccggttetttttgtcaagaccgacctgtecggtgecectgaatyg
aactgcaggacgaggcagcgcggctatcgtggctggccacgacgggcecgtteccttgecgecagetgtge
tcgacgttgtcactgaagcgggaagggactggctgctattgggcgaagtgccggggcaggatctcce
tgtcatctcaccttgctcctgccgagaaagtatccatcatggectgatgcaatgecggecggetgecata
cgcttgatccggctacctgcecccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtacte
ggatggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgcgccagccyg
aactgttcgccaggctcaaggcgcgcatgcccgacggcgaggatctecgtecgtgacacatggcecgatg
cctgcttgccgaatatcatggtggaaaatggccgcettttcectggattcatcgactgtggecggetgg
gtgtggcggaccgctatcaggacatagcgttggctacccgtgatattgctgaagagcttggeggceg
aatgggctgaccgcttcctecgtgectttacggtatcgeccgcteccecgattcgcagegecatecgecttet
atcgccttcttgacgagttecttectgagecgggactectggggttcgaaatgaccgaccaagcgacgcce
caacctgccatcacgagatttcgattccaccgccgecttctatgaaaggttgggecttcggaategt
tttccgggacgccggctggatgatcecctceccagegecggggatctcatgetggagttecttegeccacce
cgggatctatgtcgggtgcggagaaagaggtaatgaaatggcacctaggtatcgatactagtatac
gttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgcgttacat
aacttacggtaaatggcccgcecctggctgaccgcccaacgacccecccgeccattgacgtcaataatga
cgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggactatttacggt
aaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgccccctattgacgtcaatg
acggtaaatggcccgcctggcattatgcccagtacatgaccttatgggactttectacttggecagt
acatctacgtattagtcatcgctattactcatgggtcgaggtgagccccacgttctgecttcactcet
ccccatctcecccecceccecectecccaccceccaattttgtatttatttattttttaattattttgtgecage
gatgggggcggggggggggggggcgcgcgccaggcggggcggggcggggcgaggggcggggcgggyg
cgaggcggagaggtgcggcggcagccaatcagagcggecgecgecteccgaaagtttecttttatggega
ggcggcggcggcggcggccctataaaaagcgaagcgcgcecggcgggcgggagtecgetgegttgectt
cgccccecgtgecccegcetecgecgecgectecgegecgeccgeccecggetetgactgacecgegttactece
cacaggtgagcgggcgggacggcccttcectectececgggetgtaattagegettggtttaatgacgge
tcgtttettttectgtggectgegtgaaagecttaaagggecteccgggagggecctttgtgecggggggyg
agcggctcggggggtgegtgegtgtgtgtgtgegtggggagegeecgegtgeggeecgegetgeceyg
gcggctgtgagcgctgcgggegeggegeggggetttgtgegetececgegtgtgegegaggggagegce
ggccgggggcggtgeccccecgeggtgecgggggggctgcgaggggaacaaaggctgegtgeggggtgtyg
tgcgtgggggggtgagcagggggtgtgggcgcggcggtcgggctgtaacccceccececctgcaccecece
tcceccgagttgcectgagcacggcecceccggettecgggtgeggggeteccgtgeggggegtggegeggggcet
cgccgtgecgggeggggggtggeggcaggtgggggtgecgggeggggcggggecgectcgggecygyg
ggagggctcgggggaggggcgcggcggeccecggagcecgecggcggetgtcgaggegeggecgagecgce
agccattgccttttatggtaatcgtgcgagagggcgcagggacttcectttgtcccaaatctggegg
agccgaaatctgggaggcgccgccgcaccceccecctctagecgggecgecgggcgaagecggtgeggegecgg
caggaaggaaatgggcggggagggccttcgtgcgtcgceccgegecgecgteccecttectecatcteca
gcctcggggcetgecgcagggggacggctgeecttcgggggggacggggcagggeggggtteggette
tggcgtgtgaccggcggctgctagagecctctgctaaccatgttcatgeccttettetttttectaca
gctcctgggcaacgtgctggttgttgtgctgtctcatcattttggcaaagaattgecggecgtctea
ggccaccgaagacttgatcacccgggatctcgagceccatggtgctagcagectgatgcatagecatgeg
gtacctaattcactcctcaggtgcaggctgecctatcagaaggtggtggctggtgtggectaatgecce
tggctcacaaataccactgagatctttttccecctctgccaaaaattatggggacatcatgaagecce
ttgagcatctgacttctggctaataaaggaaatttattttcattgcaatagtgtgttggaattttt
tgtgtctctcactcggaaggacatatgggagggcaaatcatttaaaacatcagaatgagtatttgg
tttagagtttggcaacatatgccatatgctggctgccatgaacaaaggtggctataaagaggtcat
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cagtatatgaaacagccccctgcectgtceccattcecttattccatagaaaagecttgacttgaggttag
attttttttatattttgttttgtgttatttttttctttaacatccctaaaattttceccttacatgtt
ttactagccagatttttcctectcectectgactactecccagtcatagetgtecectettetettatga
agatccctcgacgtttaaacccatgtgcctggcagataacttcgtataatgtatgctatacgaagt
tatggtacgtactaagctctcatgtttcacgtactaagctctcatgtttaacgtactaagctctca
tgtttaacgaactaaaccctcatggctaacgtactaagctctcatggctaacgtactaagctctca
tgtttcacgtactaagctctcatgtttgaacaataaaattaatataaatcagcaacttaaatagcecce
tctaaggttttaagttttataagaaaaaaaagaatatataaggcttttaaagcttttaaggtttaa
cggttgtggacaacaagccagggatgtaacgcactgagaagcccttagagcctctcaaagcaattt
tcagtgacacaggaacacttaacggctgacagaattagcttcacgctgccgcaagcactcagggcg
caagggctgctaaaggaagcggaacacgtagaaagccagtccgcagaaacggtgctgaccceccggat
gaatgtcagctactgggctatctggacaagggaaaacgcaagcgcaaagagaaagcaggtagecttyg
cagtgggcttacatggcgatagctagactgggcggttttatggacagcaagcgaaccggaattgec
agctggggcgccctctggtaaggttgggaagccctgca-37
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E.2.2.3 pMDS: 4088 bp

4087 Clal
4041 PI-Scel

3598 Pvul
3495 Apall

CAG
promoter

2646 Hindlll
R6KYy ori
1759 Smal
2353 BstXI N =
2345 Pmel |1890 Bglll 1780 Nhel e
. . 1791 Nsil
rabbit B-globin ()]
polyA signal 1798 Sphl
1804 Kpnl
Multiple Cloning Site (promoter to terminator)
Xmal Scil
BbsI Smal Xhol Ncol Nhel
GCGGCCGTCTCAGGCCACCGAAGACTTGATCACCCGGGATCTCGAGCCATGGTGCTAGCAGCT
Acc65I
NsiI SphI KpnI

GATGCATAGCATGCGGTACCTAA

Enzymes that cut pMDS once (not exhaustive)

1804 Acc65l, Kpnl 2988 Agel 861
4080 Avrll 1746 Bbsl 1890
2353  BstXI 17 BstZ171 4087
1773 Ncol 1780 Nhel 1791
2345 Pmel 2613  Psil 3598
1767  Scil 1759 Smal, Xmal 13
1312 Sse232I 1767 Xhol

Bold type: restriction enzymes cutting in the MCS

Enzymes that cut pMDS twice (not exhaustive)

794, 956 Afel, Vspl 26, 2568 Asel
1925,3220 BspHI 1819, 2938 Bsu36l
1785, 2868 Pwvull 358,2404  SnaBlI

Apal
Bglll
Clal
Nsil
Pvul

Spel

3495  Apall
3380  BspEll
2646  Hindlll
2090  PfIMI
1029  Sacll
1798  Sphl
1424, 1467 Bbel, Narl
1012, 1728 Eagl
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Enzymes that do not cut pMDS (not exhaustive)

Acll AlwNI Ascl BamHiI Bcll BsaBl
BspEl BstBI EcoNI EcoRI EcoRV Fsel

Fspl Hpal Mfel Milul Mscl Notl
Nrul Pacl Pmll Pstl Rsrll Sac

Sall Sbfl Scal Sfil Sgfl Stul

Xbal Xcml Xmnl

Sequence

5"-

cgatactacgatactagtatacgttattaatagtaatcaattacggggtcattagttcatagccca
tatatggagttccgcgttacataacttacggtaaatggcccgcectggectgaccgcccaacgaccce
cgcccattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgt
caatgggtggactatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagt
acgccccctattgacgtcaatgacggtaaatggcccgectggcattatgecccagtacatgacctta
tgggactttcctacttggcagtacatctacgtattagtcatcgctattactcatgggtcgaggtga
gccccacgttctgcecttcactcectceccccatctececcceecctecccacccecccaattttgtatttattta
ttttttaattattttgtgcagcgatgggggcggggggggggggggcgcgcgccaggcggggcgggyg
cggggcgaggggcggggcggggcgaggcggagaggtgcggcggcagccaatcagageggegegcete
cgaaagtttccttttatggcgaggcggcggcggcggcggeccctataaaaagcgaagcgcgcggcgg
gcgggagtcgctgecgttgecttcgecececgtgcececccgectecgecgeccgectcgecgeccgecccgecccygyg
ctctgactgaccgcgttactcccacaggtgagcgggcgggacggecccttcectectecgggetgtaat
tagcgcttggtttaatgacggctecgtttecttttctgtggctgegtgaaageccttaaagggectecgg
gagggccctttgtgcgggggggageggctcecggggggtgegtgegtgtgtgtgtgegtggggagege
cgcgtgcggcccgegctgceccggeggectgtgagecgetgecgggecgeggegecggggetttgtgegete
cgcgtgtgcgecgaggggagegcggccgggggcggtgeccegeggtgecgggggggctgcgaggggaa
caaaggctgcgtgcggggtgtgtgcgtgggggggtgagcagggggtgtgggegecggeggteggget
gtaacccccceccecctgcacccceccctececccgagttgectgagcacggeccggcecttegggtgeggggetece
gtgcggggcgtggcgeggggctcgecgtgeccgggcggggggtggcggcaggtgggggtgecgggeg
gggcggggccgcectcgggeccggggagggctcgggggaggggcgcggcggccccggagegecggegg
ctgtcgaggcgcggcgagccgcagcecattgecttttatggtaatecgtgecgagagggecgcagggact
tcetttgtceccaaatctggecggageccgaaatctgggaggecgecgeccgecaccecctectagegggege
gggcgaagcggtgcggcgccggcaggaaggaaatgggeggggagggecttegtgegtegecgegec
gccgtcecccecttetceccatcectceccagectecggggectgecgcagggggacggcectgecttecgggggggacyg
gggcagggcggggttcggcttctggecgtgtgaccggecggctgctagagectectgectaaccatgtte
atgccttcttetttttectacagectecctgggcaacgtgcectggttgttgtgetgtctcatcattttg
gcaaagaattgcggccgtctcaggccaccgaagacttgatcacccgggatctcgageccatggtget
agcagctgatgcatagcatgcggtacctaattcactcctcaggtgcaggctgcecctatcagaaggtg
gtggctggtgtggctaatgccctggctcacaaataccactgagatcttttteccctcectgceccaaaaat
tatggggacatcatgaagccccttgagcatctgacttctggctaataaaggaaatttattttecatt
gcaatagtgtgttggaattttttgtgtctctcactcggaaggacatatgggagggcaaatcattta
aaacatcagaatgagtatttggtttagagtttggcaacatatgccatatgctggctgccatgaaca
aaggtggctataaagaggtcatcagtatatgaaacagccccctgectgtccatteccttattcecatag
aaaagccttgacttgaggttagattttttttatattttgttttgtgttatttttttctttaacatc
cctaaaattttccttacatgttttactagccagatttttcctectectectgactacteccagteat
agctgtccctcttcectcttatgaagatccctcgacgtttaaacccatgtgectggcagataactteg
tataatgtatgctatacgaagttatggtacgtactaagctctcatgtttcacgtactaagctctca
tgtttaacgtactaagctctcatgtttaacgaactaaaccctcatggctaacgtactaagctctca
tggctaacgtactaagctctcatgtttcacgtactaagctctcatgtttgaacaataaaattaata
taaatcagcaacttaaatagcctctaaggttttaagttttataagaaaaaaaagaatatataaggce
ttttaaagcttttaaggtttaacggttgtggacaacaagccagggatgtaacgcactgagaagccce
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ttagagcctctcaaagcaattttgagtgacacaggaacacttaacggctgacataattcagcttca
cgctgccgcaagcactcagggcgcaagggctgctaaaggaagcggaacacgtagaaagccagtecg
cagaaacggtgctgaccccggatgaatgtcagctgggaggcagaataaatgatcatatcgtcaatt
attacctccacggggagagcctgagcaaactggcctcaggcatttgagaagcacacggtcacactg
cttccggtagtcaataaaccggtaagtagcgtatgcgctcacgcaactggtccagaaccttgaccg
aacgcagcggtggtaacggcgcagtggcggttttcatggcttgttatgactgtttttttggggtac
agtctatgcctcgggcatccaagcagcaagcgcecgttacgececgtgggtcgatgtttgatgttatgga
gcagcaacgatgttacgcagcagggcagtcgccctaaaacaaagttaaacatcatgagggaagcgg
tgatcgccgaagtatcgactcaactatcagaggtagttggcgtcatcgagcgccatctcgaaccga
cgttgctggccgtacatttgtacggctccgcagtggatggecggecctgaagccacacagtgatattg
atttgctggttacggtgaccgtaaggcttgatgaaacaacgcggcgagctttgatcaacgaccttt
tggaaacttcggcttccecctggagagagcgagattctcececgegectgtagaagtcaccattgttgtge
acgacgacatcattccgtggcgttatccagctaagcgcgaactgcaatttggagaatggcagecgca
atgacattcttgcaggtatcttcgagccagccacgatcgacattgatctggctatcttgectgacaa
aagcaagagaacatagcgttgccttggtaggtccagcggcggaggaactctttgatcecggttectg
aacaggatctatttgaggcgctaaatgaaaccttaacgctatggaactcgccgecccgactgggetg
gcgatgagcgaaatgtagtgcttacgttgtccecgcatttggtacagcgcagtaaccggcaaaatcg
cgccgaaggatgtcgctgccgactgggcaatggagcgecctgccggecccagtatcagececcgtcatac
ttgaagctagacaggcttatcttggacaagaagaagatcgcttggcctcgecgecgecagatcagttgg
aagaatttgtccactacgtgaaaggcgagatcaccaaggtagtcggcaaataatgtctaacaattc
gttcaagccgacggatctatgtcgggtgcggagaaagaggtaatgaaatggcacctaggtat -3/
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E.3 DH10EMBacVSV™ Baculoviral Genome

The genome (size approx. 130 kb) is a derivative of the Autographa californica
nucleopolyhedrovirus (AcMNPV) genome. It has been genetically engineered for improved
protein production and reduced protein degradation. In addition, it contains an element for
accepting donor DNA into its transposition acceptor site (mini-attTn7) that concomitantly
allows blue-white selection to identify successful transposition events. The bacmid possesses

the F replicon from the F plasmid that keeps the plasmid copy number at 1 (single copy).

It is hosted in DH10EMBacVSV™ E.coli cells and can be isolated from the bacteria using
commercial “large construct” kits (e.g. Qiagen) or appropriate protocols for preparation of

large DNA molecules (e.g. King et al., 2007).

MultiBacMam VSVG

|n|AattTn7

CMV cMmv

Tn7L Ge“‘ Tn7R
pMDS-Z pACEMam-ABC

The MultiBacMam™ genome is called DH10EMBacVSV™ (left is a schematic diagram), and
shaker culture (right) of virus in insect cells infected with this genome, produce a deep wine

red color due to the presense of an mCherry expression cassette in the virus backbone.
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E.4 Compatibility of Mammalian Cells for BacMam-Mediated Transduction

143B (osteosarcoma, ATCC CRL-8303) 39 >90%
143TK- (fibroblast) 10 N/A

A549 (ATCC CCL-185, lung carcinoma) 41 N/A
BGC-823 (gastric carcinoma) 39 80%

Bone marrow fibroblasts 5 N/A

C3A liver cells 29 N/A
Cal-51 (human mammary carcinoma) M. Mueller, U. Heidelberg 50% - 60%
CHP212 (neuroblastoma) 9 N/A
Colo-205 epithelial cells C. Henery, Amnis Corp. 70% - 80%
CRL-1973 (NTEBA—Z, Nt-2; malignant pluripotent 4, Molecular Probes N/A
embryonal carcinoma)

DLS-1 13 N/A

DM§ 114 (ATCC CRL-2066, small cell lung 39 80%
carcinoma)

EA.hy926 (hybridoma of HUVEC and A549) 41 10% - 70%
Embryonic lung fibroblasts 11 N/A

FLC4 (human hepatocarcinoma) 15 N/A

Glioma: BT4C, BT325, BTL2 C6, H4, H52, H80,
SW1088, SW1783, U87, US7MG, U251, U373,  Genetech, 28, 35,46,50 80% - 90%
U373MG

HEK 293 2,5,15,27,39 >90%
Hela 4,5,9,15,18,19,39 60% - >90%
HepF—iZ (ATCC HB-8065, hepatocellular 12,1534, 39, 47 590%
carcinoma)

HuH-7 (hepatoma) 1,4,5,15,19, 53 >90%
Human adipose mesenchymal stem cells (MSC) Invitrogen >90%
Human bone-marrow derived mesenchymal . 0

stem cells (MSC) Invitrogen 80%
Human dendtric cells 25 15%
Human embryonic stem cells (HES) Invitrogen, 30 25% - 80%
Human embryonic neural stem cells 9 30%
Human mesenchymal stem cells (MSC)(from 20, 49 20%

umbilical chord blood and bone marrow)

IMR—32 n.eu.roblastoma (ATCC CCL-127) foIIowmg4'32 N/A
differentiation

K-562 (ATCC CCL-243, chronic myelogenous 5 15%
leukemia)

KATO-IIl (HTB-103, gastric carcinoma) 4 N/A
Keratinocytes > N/A

F.Matthi . Sci t

LNCaP (human prostatic adenocarcinoma) atthieu, U. Science e N/A

technologies de Lille
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MCF7 (ATCC HTB-22D, breast cancer cell line)  NIH-NCI, 39 >80%
MG63 (ATCC CRL-1427, osteosarcoma) 5 >90%
MRC-5 (lung fibroblast) 7,53 N/A
Pancreatic b-cells 8 N/A
PLC/PRF/5 (hepatoma; ATCC CRL-8024) 39 >90%
Prenatal cardiomyocytes (hCM) 18 N/A
Primary bone marrow fibroblasts 5 80%
Primary dendritic cells 25 N/A
I(DHriArr;T\;\é)human aortic smooth muscle cells Cascade Biologics >80%
Primary human astrocytes 9 N/A
Primary human cardiomyocytes 18 90%
Primary human chondrocytes NIH N/A
Primary human coronary artery endothelia cells o
(HCEQ) 18 40%
Primary human coronary smooth muscle cells o
(HCASMC) 18 80%
Primary human dermal fibroblasts - adult (HDFa) Cascade Biologics >90%
Primary human dermal fibroblasts - neonatal Cascade Biologics 590%
(HDFn)

Primary human fibroblasts (HFB) 18, Cascade Biologics >90%
Primary human foreskin fibroblasts (HFF) 5,12,28 30%
Primary human glial cells 9 ~60%
Primary human hepatic stellate cells 19, 23 90%
Primary human hepatocytes 1, 2, 5, Molecular Probes  >90%
Primary human keratinocytes (HEK) 5, Cascade Biologics >90%
Primary human lung fibroblasts NIH N/A
Primary human mammary epithelial cells (HMEC)Cascade Biologics >90%
Primary human melanocytes Cascade Biologics >90%
Primary human neuoepithelial and neuroblastic 9 N/A
cells

Primary human pancreatic islet cells 8 N/A
Primary umbilical vein endothelial cells (HUVEC) 28, Molecular Probes 90%
Saos-2 5,6,19, 38 >90%
SHSY-5Y (neuroblastoma) 27,29 N/A
SK-BR-3 Molecular Probes N/A
SK-N-MC 5 >90%
SK-OV-3 (ATCC HTB-77, adenocarcinoma) 50 N/A
T47D (breast carcinoma) 36 N/A
U-2 0S 27, Molecular Probes >90%
W12 (human cervical keratinocyte) 5 >90%
WI38 (human lung fibroblast) 5, 39 >90%

Non-human primate cells

COS-7 (African green monkey kidney fibroblast-
like cells)

CV-1 (normal African green monkey kidney 5,15, 39, Molecular Probes >90%

3,4,5,9, Molecular Probes >90%
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fibroblast cells)
Vero 14, A.Snyder, OHSU 50%

MDB (bovine kidney) epithelial cell line 5 N/A
BT (bovine turbinate) epithelial cell line (ATCC
CRL-1390)

5 N/A

FLL-YFT (fetal lamb lung) cell line 5 N/A

M. Davidson, Molecular

Indian Muntjac deer epidermis cell line . N/A
Expressions Inc.

CPK (porcine kidney) 4,5 N/A
FS-L3 (porcine kidney) epithelial cell line 4,5 N/A
PK-15 (porcine kidney; ATCC CCL-33) 5,34 N/A
Left atrial appendage progenitor cells - adult M. Rutten and K. Gregory,

N/A
stem cells OMLC
Porcine coronary artery smooth muscle cells 18
(pCSMC)

27, M. Davidson, Molecular
Expressions Inc.

M. Rutten and K. Gregory,
OMLC

LLC-PK1 (kidney proximal tubule) cell line N/A

Primary Cardiac Smooth Muscle Cells N/A

M. DaV|'dson, Molecular N/A
Expressions Inc.
MDCK (NBL-2; dog kidney) Molecular Probes N/A

FolLu (Gray fox lung fibroblasts)

M. Davidson, Molecular
Expressions Inc.

OK (opossum kidney) epithelial cell line N/A

CHO (Chinese hamster ovary cells: CHO K1, CHO

o/ _ o,
M1WT3, CHO-hIR) 5,15,31, Molecular Probes 75% - >90%

23, 38, 39, Molecular

3T3 mouse fibroblasts Probes 15% - 40%
BNL.lME A7.7R.1 (ATCC TIB-75, mouse liver 39 75%
carcinoma)

C2C12 (myoblast) 51 60%
Dendritic cells 36 15%
GnRH neuronal cells S. Singh, Johns Hopkins 60% - 70%
JC (adenocarcinoma) 39 20%

L?29 (ATCC CCL-1, subcutaneous connective 39 35%
tissue)
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Neuroblastoma (N2a)

P388D1 (ATCC CCL-46, lymphoma)
Primary kidney cells

Primary pancreatic acinar cell
Primary pancreatic islet cells
Primary ventricular cardiomyocytes
PT67 (embryo fibroblast)

Sol 8 (myoblast)

Ptk2

9 N/A
5 25%
22 N/A
Customer N/A
8 85%
Collaborator >90%
39 10%
51 75%

M. Davidson, Molecular

N/A
Expressions Inc. /

CRL-2560 (RH/K30, MT-2; rabbit T-cell line)
Primary aortic smooth muscle cells (RaASMC)
Primary chondrocytes

Primary chondrocytes (intervertebral disc
nucleus pulposus cells, in vitro and in vivo)
Primary hepatocytes

RK13 (normal rabbit kidney epithelial cells)

BHK

Brain choroid plexus cells (in vivo)

Brain pericytes cell line

C17.2 cells (differentiated, multipotent neural
stem cell line)

Neural stem cells

PC12

Primary cerebellar granule neurons

Primary chondrocytes

Primary glial cells (astrocytes)

Primary hepatic stellate cells

Primary hepatocytes
Primary myoblasts

Primary rat tendon fibroblasts
Primary spiral ganglion neurons

Rat2

REF-52 (rat embryo fibroblast)

RGM |
T6 (rat hepatic stellate cell line)

4 N/A

41 40% - 75%
44 >75%

24 85%

16 N/A

C. Harrison, U. Melbourne >80%

5,15,34 N/A

40 60% - >90%

Molecular Probes N/A

31 N/A

A. Moutri, Salk Institute 30%

4,5 20%

31 N/A

21,42, 45 85%

48 60% - 80%

23 20% (fresh) and
90% (activated)

2 N/A

51 75%

K. Gardner, Michigan State N/A

Univ.

33 N/A

M. Davidson, Molecular

Expressions Inc.

A. Cayemberg, Medical o

College of Wisconsin) >0%

4 N/A

23 20%
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G. Purchaser Notification: Limited Use Label License

The purchase of this product conveys to the buyer the non-transferable right to use the purchased amount of the
product and components of the product in research conducted by the buyer (whether the buyer is an academic or
for-profit entity).

The buyer cannot sell or otherwise transfer (a) this product (b) its components or (¢) materials made using this
product or its components to a third party or otherwise use this product or its components or materials made using
this product or its components for Commercial Purposes. The buyer may transfer information or materials made
through the use of this product to a scientific collaborator, provided that such transfer is not for any Commercial
Purpose, and that such collaborator agrees in writing (a) not to transfer such materials to any third party, and (b)
to use such transferred materials and/or information solely for research and not for Commercial Purposes.

Commercial Purposes means any activity by a party for consideration and may include, but is not limited to: (1)
use of the product or its components in manufacturing; (2) inclusion of the product as part of another product; (3)
use of the product or its components to provide a service, information, or data; (4) use of the product or its
components for ex vivo or in vivo therapeutic, diagnostic, prophylactic or other unauthorized commercial
purposes; (5) use in foods, drugs, devices or cosmetics of any kind, or for consumption by or use in connection
with or administration or application to humans or animals; (6) resale of the product or its components, whether or
not such product or its components are resold for use in research, or (7) any use other than research use.

For products that are subject to multiple limited use label licenses, the terms of the most restrictive limited use
label license shall control. Geneva Biotech will not assert a claim against the buyer of infringement of patents
owned or controlled by Geneva Biotech which cover this product based upon the manufacture, use or sale of a
therapeutic, clinical diagnostic, vaccine or prophylactic product developed in research by the buyer in which this
product or its components was employed, provided that neither this product nor any of its components was used in
the manufacture of such product.

If the purchaser does not agree with the terms or limitations of this limited use agreement, the customer can return
the product at their own costs but for a full refund (excluding shipping, tax and handling fees).

For information about purchasing a license to use this product or the technology embedded in it for any use other
than for research use please contact Geneva Biotech at contact@geneva-biotech.com
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