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MultiMam™ Stable Kit Contents

Plasmid acceptor vector
pACEMam3/Integrator Module 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)

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. coli strains as agar stabs
pirHC, pirLC cells’

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

Keep agar stabs at 4°C or at RT; do not freeze! We recommend to immediately
prepare stocks from streaked bacterial colonies (see p. 26).

" E. coli strains expressing the pir gene for propagation of donor vectors (any other strain
with pir” background can be used as well). LC: low copy number propagation, HC: high copy
number propagation of plasmids with R6Ky origin.

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

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

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

T4 DNA ligase

Cre recombinase

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

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

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

Antibiotics
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B. 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
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 multisubunit 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.
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Multiprotein expression tools

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, or interaction networks are expressed at only low abundance in their
native cells. This makes analysis of their structure or function difficult, but this can be
remedied by using recombinant technologies to facilitate large-scale heterologous protein
production. In addition modern biopharmaceutical manufacturing, and synthetic biology
applications require multiprotein expression technologies. Various heterologous systems
have been developed for the major production/host organisms E.coli, yeast, insect and
mammalian cells. While sophisticated systems 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.

Co-transfection, whether by biochemical or physical means, or through viruses, still is
the method of choice when it comes to delivering multiple 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 and is a process that typically requires weeks to months. In addition, and
critically, expression from stable cell lines cannot easily be adjusted once the stable cell line is
generated. Vector systems that improve stable transfection of multiple genes are in demand
for mammalian cells. This manual introduces a technology called MultiMam™ Stable which
enables generation of stable multiprotein-expressing mammalian cell lines, where the

relative stoichiometry of individual expression cassettes is controllable on a DNA level.

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 (see also Vijayachandrain et al., 2011) boasts two major advances that are

instrumental in fully exploiting the potential of this heterologous protein production system:
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1) New transfer vectors (pACEMam1, pACEMam2, pACEMam3/Integrator Module,
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.

Acce ptor vectors N Homing endonuclease site 1 (I-Ceu l)

CAG @Homing endonuclease site 2 [PI-Sce)

BA
n ] [] Bstxisite

CMV, CAG: cytomegalovirusand CMV
early enhancer / chicken fractin hybrid
O promoter

cMV SV40

SV40: V40 terminator
PA: B-actin terminator

GmR oricoEl GmR orjcoEL Gm: gentamycin Cm: chloramphenicol
Kn/Kan: kanamycin  Sp: spectinemyecin
ACEMam1 ACEMam?2 Loxp
P

Imperfect inverted repeat forCre
mediated fusion

Donor vectors
CAG

CmR orifeky KnR oriReky SpR orifeky

pMDC pMDK pMDS

Figure 1: Schematic representation of the MultiMam™ Stable acceptor and donor vectors. More detailed
vectors maps and sequence information can be found in Chapter C and in the Appendix.

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 stable expression. This protocol can be used to integrate multigene

MultiMam™ Stable www.geneva-biotech.com



-7-

cassettes with coding sequences for multiprotein complex subunits but also to integrate

specific enzymes (kinases, acetylases etc.) for modifying the proteins under investigation.

Figure 2a: Schematic overview of the MultiMam™ Stable system

Genes of interest are assembled into multigene expression cassettes using the multiplication
module present on the donor (pMDC, pMDK, pMDS) and acceptor vectors (pACEMamil,
pACEMam2, Integrator Module). Acceptor-donor fusions can then be generated by Cre-LoxP
recombination. These multigene fusions contain one Acceptor and one to several Donor vectors,
each with one or several genes of interest (here A-H). Desired Acceptor-Donor combinations are
identified by transformation into E.coli and subsequent antibiotic selection. LoxP sites in the
acceptor-donor fusions have been omitted for reasons of clarity.

B iy

= Mes !
© © F=
LoxP *
—1 e MG ey
A— < pPMDK
e o
o

Cre-Lox recombination

pMDCKS-CDEF
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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 Figure 2A carries only one antibiotic resistance marker, the construct in Figure 2B will
carry three, one from each donor vector. This will allow selection of multigene constructs with
higher 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.
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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

Wherever necessary, appropriate polyA signal sequences are available (SV40 late for pACEMam1).

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

associated regulatory regions).

Figure 3A: Circle map representation of
3260 BstZ171 3266 BstXl

SV40 late
polyA

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

2894 Hindlll
2881 Pstl
n|2873 Xbal
2858 Notl
]2839 sall
< 2823 EcoRl
2816 BssHI
2807 Rsrll

Both vectors carry a ColE1 origin of replication
for maintenance of high plasmid copy number.
2510 Ncol Acceptor vectors also host CMV (pACEMam1)
and hybrid CAG (pACEMam2) promoters, SV40

2383 Ndel 1166 Sacll  terminator, multiple cloning sites (MCS),
1224 EcoRV

2103 Pvul iti
5087 Pl . transposition elements (Tn7L, Tn7R) and a
2060 |-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
444321;\852?' 1 Agel either side and is defined by the restriction sites

ColE1origin

40768"33'\ 520 ApalLl for the homing endonuclease |-Ceu and the

restriction endonuclease BstXl, respectively.

3573 Apal i
Genes or gene cassettes can also be recombined

CAG promoter

pACEMam2
4618 bp

1109 Mscl

1224 Ecory Vi@ Cre-Lox recombination making use of the

A incomplete inverted LoxP sites hosted on the
entR

vectors.

2060 I-Ceul
2087 Pmel

rabhit B-globin 2339 PfiMI (1)

2630 Kpnl poly A signal
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(6784) BstXI Agel (1)

(6772) BspDI* - ClaI*
(6757) Spel
(6755) BstZ171

(6414) SnaBI

BciVI (636)

BspQI - SapI (881)
(5913) Apal FsplI - FspAI (890)
(5909) PspOMI

Fsel (1255)

BmgBI (1393)
MauBI (1487)
MscI (1524)

I-Scel (1996)

PI-PspI (2017)
HpaI (2112)
Mfel (2121)
BsaBI* (2213)
Scal (2283)

(5615) Blpl
(5544) Aarl
(5457) Mrel

pACEMam3
6954 bp

(5017) BbsI

(4286) BsrGI
(4266) Sacl
(4264) Eco53kI
(4253) BstBI
(4239) Sall
(4231) Kpnl

(4227) Acc651

(3942) PfIMI

(3687) Pmel
(3675) I-Ceul

RsrII (2842)
AsiSI - Pvul (2891)

Sfil (3327)

Figure 3B: Circle map representation of pACEMam3/Integrator Module

In Figure 3B, pACEMam3/Integrator module is shown schematically. This is the vector which
drives integration of multiprotein expression cassettes into the mammalian genome. It is absolutely
REQUIRED for generation of stable integrants so please take care to use this vector in your The vector
contains a Zeocin resistance marker to drive selection of stable integrants and gene amplification. It
also contains a YFP expression cassette driven by a mammalian promoter to allow for monitoring of

successful genome integration events, and relative expression yield, via fluorescence.

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. Vectors also
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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

pirLC and pirHC cells contained in the kit).

Figure 4: Circle map representation of Donor vectorsa) 3)
pMDC, b) pMDK, c) pMDS.

5 BstXI
Circle maps show promoters (CMV, CAG), terminators 2%33%3N0|e7| 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 ’ myen. PECHNOMYEIN, = () 313 Ral 693 Agel
respectively). Genes of interest are cloned into the Q%}%Z ggﬁHll

MCS using unique restriction sites. The multiplication = 2070 xbal

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
R6KYy ori

4087 Clal
267Psi 4041 PI-Scel

3453 BstXI|
3445 Pmel

rabbit B-globin
polyA signal

“uKanR 3598 Pvul
N 3495 Apall

CAG
promoter

pMDK

1061 PI-Scel

3025 BspHI 4130 bp
)| 2904 Kpnl 1100 Avrll 2988 Agel
(O 2891 Nsil 1107 Clal
2 2880 Nhel 1113 Spel
2867 Scil 1117 BstZ171 2646 Hindlll
2867 Xhol R6Ky ori
1759 Smal
1961 Apal 2353 BstX| 1767 Xhol

CAG promoter 1773 Neol [ <
1780 Nhel ®)
1791 Nsil
1798 Sphl

1804 Kpnl

rabbit B-globin
polyA signal

The MultiMam™ Stable system 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
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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 MultiMam™ Stable system usage.

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 MultiMam™
Stable vectors contain a homing endonuclease (HE) site and a correspondingly designed BstXI 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 (I-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 / BstX| (acceptors) or Pl-Scel / BstX| (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.

I 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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Pl-Scel / BstXI '/
. — |L_GOI1
I-Ceu | BstXI restriction
S — cloning
| GOl | Pl-Scel / BstX! '/
I-Ceu | BstXI"
HE* BstXI*
| 3<HE +
3< BstXI BstXl =—
PI-Scel / BstX!'/
I-Ceu | BstXI"
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 PI-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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GOl4

\
< BstXI

< HE + BstXI

GOl 4

J——

3< HE 3<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, DH5¢, 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
pACEMam1-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 MultiMam™ Stable 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

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).

MultiMam™ Stable www.geneva-biotech.com



- 18_
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, DH5q,
HB101) and plated on agar containing gentamycin (7 ug/ml). Ligation reactions for pIDx derivatives are
transformed into E. coli cells expressing the pir gene (pirHC and pirLC 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 pug/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

MultiMam™ Stable donor vectors contain a recognition site for the homing endonuclease PI-Scel (fig.
3). Upon cleavage, this HE site yields a 3’ overhang with the sequence -GTGC. Acceptor vectors contain

the homing endonuclease site I-Ceul (see fig. 2), which upon cleavage will result in a 3’ overhang of -
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CTAA. On acceptors and donors, the respective HE site precedes the MCS (see Figure 2). The 3’ end of
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 BstXl. The recognition sequence of BstXl 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 MultiMam™ Stable vector will be (1) directional and (2) result in a hybrid DNA
sequence where a HE halfsite 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.2 Protocol 1. Multiplication by 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 pul 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
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10x restriction enzyme buffer 4 pul
10 mM BSA 2 ul
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 4 pul
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 1l

Gel extraction of vector:

Processed vector is then purified by agarose gel extraction using commercial kits (Qiagen,
MachereyNagel 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 ul
10x T4 DNA Ligase buffer 2 ul
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T4 DNA Ligase 0.5 ul

Ligation reactions are performed at 25°C for 1h or at 16°C overnight.

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 pug/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 Cre-LoxP reaction of Acceptors and Donors

D 3.1. 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 (from NEB or self-made)

Standard E. coli competent cells (pir strain)

Antibiotics

96-well microtiter plates

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

1. For a 20 pl 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.
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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.

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 to many 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 ul 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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4 clones

4 clones
‘ LB + Gentamycin

‘ LB + Chloramphenicol
., O LB + Kanamycin
Gm/Cm/Kn/Sp C LB + Spectinomycin
‘ Positional marker (red dye)

4 clones O Empty well

4 clones 4 clones
A A
e

Gm/Kn Gm/Sp

Figure 9: 96 well analysis of Cre assembly

Add 1 ul 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, VectorNTI or similar programs).
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D 3.4. 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
=== ===

4 clones /{:Iones

. LB + Gentamycin

Media control . LB + Chloramphenicol

O LB + Kanamycin

C LB + Spectinomycin
. Positional marker (blue dye)

—sz2

Gm/Cm/Kn/Sp
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 pul of the reaction on an analytical agarose gel for examination.

Heat inactivation at 70°C for 10 minutes before gel loading is strongly recommended.
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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 analysis, inoculate four colonies each from agar plates containing a defined set of
antibiotics into approx. 500 ul 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.
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D 4. Generation of stable cell lines

Generation of stable mammalian cell lines with the MultiMam™ Stable fusion DNA's generated from

e.g. D2.3 above requires three distinct processes :

I Linearization of MultiMam™ Stable fusion DNA via homing endonuclease PI-Pspl, or I-Scel.
These enzymes will linearize the multigene (multiplasmid) fusion construct, with an antibiotic
selection marker at each end (see map of pACEMam3/Integrator Module below). Note: As an
alternative to transfecting linearized MultiMam™ Stable fusion DNA into e.g. HEK-293 cells,
the FRT site in pACEMam3/Integrator Module makes our system compatible with the Flp-In™-
293 Cell Line (Life Tech).

(6784) BstXI Agel (1)

(6772) BspDI* - ClaI*
(6757) Spel
(6755) BstZ17I1

(6414) SnaBI

BciVI (636)

BspQI - SapI (881)

(5913) Apal Fspl - FspAI (890)

(5909) PspOMI

Fsel (1255)

BmgBI (1393)
MauBI (1487)
MscI (1524)

FRY

I-Scel (1996)

(PI-PspIl
PI-Pspl (2017)
Hpal (2112)
Mfel (2121)
BsaBI* (2213)
Scal (2283)

(5615) BlpI
(5544) Aarl
(5457) Mrel

pACEMam3
6954 bp

(5017) BbsI

(4286) BsrGI
(4266) Sacl
(4264) Eco53kI
(4253) BstBI
(4239) Sall
(4231) Kpnl

(4227) Acc651

(3942) PIMI

(3687) Pmel
(3675) I-Ceul

RsrII (2842)
AsiSI - Pvul (2891)

Sfil (3327)
I-Ceul

II.  Transfection of linearized MultiMam™ Stable fusion DNA into your mammalian cell line of

interest.

M. Selection of stable cell lines, a process where your MultiMam™ Stable fusion DNA integrates
into the host cell chromosome, and then forms tandem repeats via DNA recombination,
driven by antibiotic selection. Key to this process also is the pACEMam3/Integrator Module
plasmid shown above. The vector contains both a Zeocin resistance marker, and a Hygromycin

marker, to drive selection of stable integrands and gene amplification. Use of two markers
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rather than one also helps stabilize the DNA during tandem expansion to protect against
deletions. pACEMam3/Integrator Module also contains an eYFP expression cassette driven by
a mammalian promoter to allow for monitoring of successful genome integration events, and
relative expression vyield, via fluorescence. We recommend concentrations of Zeocin +

Hygromycin using the specific antibiotic manufacturer’s instructions.

D 4.1 Protocol 4: Generation of stable cell lines

This protocol is designed for generating stable cell lines from MultiMam™ Stable fusion DNA created
e.g. via D3.1. Successful creation of multiprotein expressing stable cell lines is confirmed conveniently

via fluorescence.

Reagents:

Homing endonucleases PI-Pspl, or I-Scel

10cm cell culture dishes

Standard cell culture cell culture pipettes

Mammalian cell line

PBS/HBSS

Gibco™ Opti-MEM™ or preferred mammalian cell culture media
DMEM medium

FUGENE® 6 Transfection Reagent or preferred substitute

Antibiotics Zeocin + Hygromycin

1. Digest 3.5ug multigene fusion DNA containing pACEMam3/Integrator Module with PI-Pspl, or
I-Scel according to the manufacturer’s instructions. Note: if using the Flp-In™-293 Cell Line
(Life Tech), and follow the Flp-In™-293 Cell Line manufacturer’s instructions for DNA

integration, and proceed to step 9

2. In 10 cm dish, use HEK-293 cells in DMEM medium that are 50-60% confluent and have not

reached 100% confluency at any time in the last 3 weeks.

3. Pre-warm Gibco™ Opti-MEM™ medium to 37°C, let FUGENE® 6 Transfection Reagent come to
RT
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Remove DMEM medium from the HEK-293 cells in 10cm dishes, wash 1x PBS, add 10 ml of

Opti-MEM™ medium to cells and incubate 20 min at 37°C.

In sterile Eppendorf tube, mix the 3.5 ug linearized DNA from step 1 and 500uL Opti-MEM™

medium.

Mix 20 uL FUGENE® 6 and 500uL Opti-MEM™ in a second tube (for 2 transfections = 40 uL and

1ml etc.)

Combine the DNA tube from Step 5 and the FUGENE® 6 tube from step 6, incubate 10’ at room

temperature.

Add transfection mix DROPWISE to cells.

Incubate for 24h in Opti-MEM™, then exchange medium for selective medium: DMEM+ FCS +
PeniStrep + both HygR and ZeoR.

Replace medium every 2-3 days to remove dead cells. Be careful not to wash off colonies.

Visualize developing colonies under fluorescent microscope to look for eYFP expression from

pACEMam3/Integrator Module to identify best putative clones.
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E. Appendix

E.1. Preparing bacterial stock from agar stabs

We recommend that you prepare your personal bacterial stock from the agar stabs 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 agar stabs only have a limited

shelf life.

To generate your bacterial stock for long-term storage, streak bacteria from the agar stab
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. MultiMam™ Stable 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 BstZ171 3266 BstXl

SV40 late
polyA

2894 Hindlll

MCS

2816 BssHII
2807 Rsrll
2801 BamHlI

2510 Ncol
2488 SnaBl

CMV promoter
2383 Ndel

pACEMam1
3443 bp

1166 Sacll

1224 EcoRV
2103 Pvul
2087 Pmel

2060 I-Ceul GentR

Multiple Cloning Site (promoter to terminator)
Aatl
BamHI RsrII BssHIT EcoRI Stul Sall
GGCTAGTGGATCCCGGTCCGAAGCGCGCGGAATTCAAAGGCCTACGTCGACGAGCTCACTTGT

NotI BstBI Xbal PstI HindITII
CGCGGCCGCTTTCGAATCTAGAGCCTGCAGTCTCGACAAGCTTGTCGAGAAGTACTAGAGGA

Enzymes that cut pACEMam1 once (not exhaustive)

1 Age 420  AlwNI 520  Apall 3254  Avrll
2801  BamHlI, Bstl 3231 Blpl 114 BspHI 2867 BstBI
2816  BssHII 3266 BstXI 3260 Bstz171 2074 Bsu36l
2101 Clal 1979 Dralll 2823 EcoRl 1224  EcoRV
2894  Hindlll 3020 Hpal 3009 Mfel 2128 Mlul
1109  Mscl 2510 Ncol 2383 Ndel 2859 Notl
2087 Pmel 2881 Pstl 2103 Pvul 2807 Rsrll
1166  Sacll 2839 Sall 2907 Scal 2490 SnaBlI
2833  Stul 2873 Xbal 1629

Bold type: restriction enzymes cutting in the MCS

Enzymes that cut pACEMam1 twice (not exhaustive)

2839,3260 Accl 2156,2761 Asel / Vspl 2714, 2845 Banll / Sacl
949, 1418 Bglll 1169, 2859 Eagl 834, 1647 Pcil
2095, 2149  Spel
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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
acgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttecttgagatcce
tttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagecggtggtttgttt
gccggatcaagagctaccaactctttttccgaaggtaactggecttcagcagagcgcagataccaaa
tactgttcttctagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcctacata
cctcgctctgctaatcctgttaccagtggectgectgccagtggecgataagtecgtgtcttacecgggtt
ggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacaca
gcccagcttggagcgaacgacctacaccgaactgagatacctacagecgtgagctatgagaaagecgce
cacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcg
cacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgecacctetg
acttgagcgtcgatttttgtgatgctcgtcaggggggcggagecctatggaaaaacgccagcaacgce
ggcctttttacggttcctggecttttgectggececttttgetcacatgttectttecctgegttatcecece
tgattgacttgggtcgctcttcecectgtggatgecgcagatgececctgegtaagecgggtgtgggecggaca
ataaagtcttaaactgaacaaaatagatctaaactatgacaataaagtcttaaactagacagaata
gttgtaaactgaaatcagtccagttatgctgtgaaaaagcatactggacttttgttatggctaaag
caaactcttcattttctgaagtgcaaattgccecgtcgtattaaagaggggcgtggccaagggecatg
taaagactatattcgcggcgttgtgacaatttaccgaacaactccgcggeccgggaagecgateteg
gcttgaacgaattgttaggtggcggtacttgggtcgatatcaaagtgcatcacttcttceccecegtatg
cccaactttgtatagagagccactgcgggatcgtcaccgtaatctgcttgcacgtagatcacataa
gcaccaagcgcgttggcctcatgecttgaggagattgatgagcgcggtggcaatgecectgecteccecgg
tgctcgccggagactgcgagatcatagatatagatctcactacgcggectgectcaaacttgggcaga
acgtaagccgcgagagcgccaacaaccgcecttecttggtcgaaggcagcaagcgcgatgaatgtetta
ctacggagcaagttcccgaggtaatcggagtceccggctgatgttgggagtaggtggctacgtcectecg
aactcacgaccgaaaagatcaagagcagcccgcatggatttgacttggtcagggeccgagectacat
gtgcgaatgatgcccatacttgagccacctaactttgttttagggcgactgeccctgectgegtaaca
tcgttgctgctgecgtaacatcecgttgectgectccataacatcaaacatcgacccacggcgtaacgecge
ttgctgcttggatgcccgaggcatagactgtacaaaaaaacagtcataacaagccatgaaaaccgce
cactgcgccgttaccaccgctgegttecggtcaaggttectggaccagttgegtgagegecatacgceta
cttgcattacagtttacgaaccgaacaggcttatgtcaactgggttcgtgccttcatceccgtttceca
cggtgtgcgtcacccggcaaccttgggcagcagcgaagtcgeccataacttecgtatagcatacatta
tacgaagttatctgtaactataacggtcctaaggtagcgagtttaaacactagtatcgatcgecgat
gtacgggccagatatacgcgttgacattgattattgactagttattaatagtaatcaattacgggg
tcattagttcatagcccatatatggagttccgecgttacataacttacggtaaatggececcgectgge
tgaccgcccaacgacccecceccgceccattgacgtcaataatgacgtatgttcecccatagtaacgceccaata
gggactttccattgacgtcaatgggtggactatttacggtaaactgcccacttggcagtacatcaa
gtgtatcatatgccaagtacgcccectattgacgtcaatgacggtaaatggcccgectggecattat
gcccagtacatgaccttatgggactttcctacttggcagtacatctacgtattagtcatcgectatt
accatggtgatgcggttttggcagtacatcaatgggcgtggatagcggtttgactcacggggattt
ccaagtctccaccccattgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttcca
aaatgtcgtaacaactccgccecccattgacgcaaatgggcggtaggecgtgtacggtgggaggtctat
ataagcagagctctctggctaactagagaacccactgcttactggcttatcgaaattaatacgact
cactatagggagacccaagctggctagtggatcccggtccgaagcgcgecggaattcaaaggectac
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gtcgacgagctcacttgtcgcggccecgcetttcgaatctagagecctgcagtctcgacaagettgtcecga
gaagtactagaggatcataatcagccataccacatttgtagaggttttacttgctttaaaaaacct
cccacacctccecctgaacctgaaacataaaatgaatgcaattgttgttgttaacttgtttattge
agcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcact
gcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctggatctgatcactgcect
tgagcctagaagatccggctgctaacaaagcccgaaaggaagctgagttggectgectgecaccgetg
agcaataactatcataacccctagggtatacccatctaattggaaccagataagtgaaatctagtt
ccaaactattttgtcatttttaattttcgtattagcttacgacgctacacccagttcccatctatt
ttgtcactcttccctaaataatccttaaaaactccatttccaccecctcecccagttcecccaactatttt
gtccgcccaca -3’
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E.2.1.2 pACEMam2: 4618 bp

4441 BstXl
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|z64 Puai
vu 2060 I-Ceul
2643 Nsil
=|5635 Sphi 2087 Pmel
2630 Acc65l/ rabbit B-globin 2339 PfIMI (1)
2630 Kpnl poly A signal
Multiple Cloning Site (promoter to terminator)
Smal
BbsI Xmal Xhol Ncol NheI Pvull

GCGGCCGTCTCAGGCCACCGAAGACTTGATCACCCGGGATCTCGAGCCATGGTGCTAGCAGCT

KpnI
NsiI SphI  Acc65I
GATGCATAGCATGCGGTACCTAA

Enzymes that cut pACEMam2 once (not exhaustive)

2630  Acc65I 1 Agel 420
520 Apall 4408 Asel, Vspl 2688
4441  BstXI 4417 BstZ17I 1224
2630 Kpnl 1109 Mscl 2661
2643  Nsil 2339 PfIMI 2087
2675 Smal, Xmal 4076 SnaBl 4421
3120 Sse232I 2667 Xhol, Scil

Bold type: restriction enzymes cutting in the MCS

Enzymes that cut pACEMam2 twice (not exhaustive)
3478,3640 Afel 114, 2509 BspHI

2964, 3121 Nael 1166, 3405  Sacll

Enzymes that do not cut pACEMam2 (not exhaustive)
Aflll Ascl Avrll BamHI

BspEl BstBI Clal EcoNI

AlwNI 3573  Apal

Bbsl 3278  Blpl

EcoRV 888 Fspl

Ncol 2654  Nhel

Pmel 2649  Pwull

Spel 2636  Sphi
2967,3010 Bbel, Kasl, Narl, Sfol

Bcll
EcoRl

BsaBI

Fsel
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Hindlll Hpal Mfel Milul Notl Nrul
Pacl Pstl Pvul Rsrll Sacl Sall
Sbfl Scal Sfil Sgfl Srfl Sspl
Stul Xbal Xcml Xmnl
Sequence
5’ —

accggttgacttgggtcaactgtcagaccaagtttactcatatatactttagattgatttaaaact
tcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatccctta
acgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcce
tttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagecggtggtttgttt
gccggatcaagagctaccaactctttttccgaaggtaactggecttcagcagagcgcagataccaaa
tactgttcttctagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcctacata
cctcgctctgctaatcctgttaccagtggectgectgeccagtggecgataagtecgtgtecttacecgggtt
ggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacaca
gcccagcttggagcgaacgacctacaccgaactgagatacctacagecgtgagctatgagaaagegce
cacgcttcccgaagggagaaaggcggacaggtatccggtaagecggcagggtcggaacaggagagceg
cacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgecacctetg
acttgagcgtcgatttttgtgatgctcgtcaggggggcggagecctatggaaaaacgccagcaacgce
ggcctttttacggttcctggecttttgectggececttttgetcacatgttectttecctgegttatececece
tgattgacttgggtcgctcttcecectgtggatgcgcagatgeccctgegtaagecgggtgtgggeggaca
ataaagtcttaaactgaacaaaatagatctaaactatgacaataaagtcttaaactagacagaata
gttgtaaactgaaatcagtccagttatgctgtgaaaaagcatactggacttttgttatggctaaag
caaactcttcattttctgaagtgcaaattgcccgtcecgtattaaagaggggcgtggccaagggecatg
taaagactatattcgcggcgttgtgacaatttaccgaacaactccgcggccgggaagecgateteg
gcttgaacgaattgttaggtggcggtacttgggtcgatatcaaagtgcatcacttcttceccecegtatyg
cccaactttgtatagagagccactgcgggatcgtcaccgtaatctgcttgcacgtagatcacataa
gcaccaagcgcgttggcctcatgcttgaggagattgatgagcgcggtggcaatgccctgectceccgg
tgctcgccggagactgcgagatcatagatatagatctcactacgecggectgectcaaacttgggcaga
acgtaagccgcgagagcgccaacaaccgcttecttggtecgaaggcagcaagecgecgatgaatgtetta
ctacggagcaagttcccgaggtaatcggagtceccggctgatgttgggagtaggtggctacgtcectecg
aactcacgaccgaaaagatcaagagcagcccgcatggatttgacttggtcagggeccgagectacat
gtgcgaatgatgcccatacttgagccacctaactttgttttagggcgactgeccctgectgegtaaca
tcgttgctgctgcgtaacatcgttgectgetccataacatcaaacatcgacccacggecgtaacgecge
ttgctgcttggatgcccgaggcatagactgtacaaaaaaacagtcataacaagccatgaaaaccgce
cactgcgccgttaccaccgcectgegttecggtcaaggttctggaccagttgegtgagecgecatacgceta
cttgcattacagtttacgaaccgaacaggcttatgtcaactgggttcgtgccttcatceccgtttceca
cggtgtgcgtcacccggcaaccttgggcagcagcgaagtcgeccataacttecgtatagcatacatta
tacgaagttatctgtaactataacggtcctaaggtagcgagtttaaacgtcgagggatcttcataa
gagaagagggacagctatgactgggagtagtcaggagaggaggaaaaatctggctagtaaaacatg
taaggaaaattttagggatgttaaagaaaaaaataacacaaaacaaaatataaaaaaaatctaacc
tcaagtcaaggcttttctatggaataaggaatggacagcagggggctgtttcatatactgatgacc
tctttatagccacctttgttcatggcagccagcatatggcatatgttgccaaactctaaaccaaat
actcattctgatgttttaaatgatttgccctcccatatgtccttceccgagtgagagacacaaaaaat
tccaacacactattgcaatgaaaataaatttcctttattagccagaagtcagatgctcaaggggcet
tcatgatgtccccataatttttggcagagggaaaaagatctcagtggtatttgtgageccagggeat
tagccacaccagccaccaccttctgataggcagcecctgcacctgaggagtgaattaggtaccgeatg
ctatgcatcagctgctagcaccatggctcgagatcccgggtgatcaagtcttecggtggectgagac
ggccgcaattctttgccaaaatgatgagacagcacaacaaccagcacgttgecccaggagctgtagg
aaaaagaagaaggcatgaacatggttagcagaggctctagcagccgccggtcacacgeccagaagcee
gaaccccgccecctgeccecgtcecceccecccecccgaaggcagecgteccecctgecggcagecccgaggctggaga
tggagaaggggacggcggcgcggcgacgcacgaaggccctcececceccecgeccatttececttectgecggeg
ccgcaccgcttcecgeccgegeccgctagagggggtgcggecggegectecccagatttecggectecgeca
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gatttgggacaaaggaagtccctgcgceccecctcectecgcacgattaccataaaaggcaatggctgecgget
cgccgcgcectcgacagccgceccggegcteccggggecgecgegecccteececcecgageccteececcggec
cgaggcggccccgceccccgeccggecacccccacctgecgecacccecccgeccggcacggcgagecce
gcgccacgccccgcacggagccccgcacccgaagecgggecgtgectcagcaactcggggagggggg
tgcaggggggggttacagcccgaccgccgcgceccacaccceccecctgetcaccececcccacgcacacace
ccgcacgcagcecctttgttceccecectecgecageccececccgcaccgecggggcaccgeccccggecgegete
ccctcgcgcacacgcggagcgcacaaagccccgcecgecgecgceccgecagegcectcacagecgecgggea
gcgcgggccgcacgcggcgctceccccacgcacacacacacgcacgcaccccccgagcecgcetecececce
cgcacaaagggccctcccggagecctttaaggectttcacgcagccacagaaaagaaacgagecgte
attaaaccaagcgctaattacagcccggaggagaagggccgtceccecgeccecgctcacctgtgggagta
acgcggtcagtcagagccggggcgggcggcgcgaggcggcecgcggagcggggcacggggcgaaggcea
acgcagcgactcccgcecccecgcecgegegettegetttttatagggeecgecgecgeecgecgectecgeca
taaaaggaaactttcggagcgcgccgctctgattggctgeccgecgcacctectececgectcecgeccecge
cccgcccctecgecccgeccccgecccgectggecgegegeccceccecccccccccgeccceccategetgea
caaaataattaaaaaataaataaatacaaaattgggggtggggaggggggggagatggggagagtg
aagcagaacgtggggctcacctcgacccatgagtaatagcgatgactaatacgtagatgtactgece
aagtaggaaagtcccataaggtcatgtactgggcataatgccaggcgggccatttaccgtcattga
cgtcaatagggggcgtacttggcatatgatacacttgatgtactgccaagtgggcagtttaccgta
aatagtccacccattgacgtcaatggaaagtccctattggecgttactatgggaacatacgtcatta
ttgacgtcaatgggcgggggtcgttgggcggtcagccaggcgggeccatttaccgtaagttatgtaa
cgcggaactccatatatgggctatgaactaatgaccccgtaattgattactattaataacgtatac
tagtatcgtagtatcgatccatctaattggaaccagataagtgaaatctagttccaaactattttg
tcatttttaattttcgtattagcttacgacgctacacccagttcccatctattttgtcactcttee
ctaaataatccttaaaaactccatttccacccctecccagttcecccaactattttgteccgeccaca -
3!
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E.2.1.3 pACEMam3/Integrator Module: 6954 bp

(6784) BstXI AgelI (1)

(6772) BspDI* - Clal*
(6757) Spel
(6755) BstZ171

(6414) SnaBI

BciVI (636)

BspQI - SapI (881)
(5913) Apal FspI - FspAI (890)
(5909) PspOMI

Fsel (1255)

BmgBI (1393)
MauBI (1487)
Mscl (1524)

(5615) BlpI
(5544) Aarl
(5457) Mrel

pACEMam3
6954 bp FRT)

I-Scel (1996)

PI-PspI (2017)
Hpal (2112)
Mfel (2121)
BsaBI* (2213)
Scal (2283)

(5017) Bbsl

(4286) BsrGI
(4266) Sacl
(4264) Eco53KI
(4253) BstBI
(4239) Sall
(4231) Kpnl

(4227) Acc651

(3942) PfIMI

(3687) Pmel
(3675) I-Ceul

RsrII (2842)
AsiSI - Pvul (2891)

Sfil (3327)
I-Ceul

accggttgacttgggtcaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagat
cctttttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagegtcagaccccgtagaaaagatcaaaggatcttcttgagatcec
tttttttctgecgegtaatctgetgettgcaaacaaaaaaaccaccgctaccageggtggtttgtttgeccggatcaagagetaccaactctttttccgaa
ggtaactggcttcagcagagcgcagataccaaatactgttcttctagtgtageccgtagttaggeccaccacttcaagaactctgtagcaccgcectaca
tacctcgctctgctaatcctgttaccagtggcetgectgeccagtggegataagtcgtgtcttaccgggttggactcaagacgatagttaccggataagge
gcagcggtcgggctgaacggggggttcgtgcacacageccagcettggagegaacgacctacaccgaactgagatacctacagegtgagcetatga
gaaagcgccacgcttcccgaagggagaaaggeggacaggtatccggtaageggcagggtcggaacaggagagegcacgagggagettccagg
gggaaacgcctggtatctttatagtectgtegggtttegecacctetgacttgagegtegatttttgtgatgctegtcaggggggeggagectatgga
aaaacgccagcaacgeggectttttacggttectggecttttgetggecttttgetcacatgttctttectgegttateecctgattgacttgggtegetc
ttcetgtggatgegeacagacatgataagatacattgatgagtttggacaaaccacaactagaatgcagtgaaaaaaatgctttatttgtgaaattt
gtgatgctattgctttatttgtaaccattataagctgcaataaacaagttggggtgggcgaagaactccageatgagatccccgegetggaggatea
tccagecggegtcccggaaaacgattccgaageccaacctttcatagaaggeggeggtggaatcgaaatcetegtageacgtgtcagtectgetect
cggccacgaagtgcacgeagttgecggeegggtegegeagggegaactcecgeecccacggetgetegecgateteggtcatggecggeeceggag
gegtcecggaagttegtggacacgacctecgaccacteggegtacagetegtccaggecgegeacccacacccaggecagggtgttgtecggeace
acctggtcctggaccgegctgatgaacagggtcacgtcgtcccggaccacaccggcgaagtcgtectccacgaagtcccgggagaacccgagecg

gtcggtccagaactcgaccgetccggegacgtcgegegeggtgageaccggaacggeactggtcaacttggecatggtttagttcctcaccttgteg
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tattatactatgccgatatactatgecgatgattaattgtcaacacgtgctgatcagatccgaaaatggatatacaagetcccgggagcetttttgeaa
aagcctaggectccaaaaaagectectcactacttctggaatagetcagaggcagaggeggecteggectctgcataaataaaaaaaattagtea
gccatggggeggagaatgggeggaactgggeggagttaggggegggatgggeggagttaggggegggactatggttgetgactaattgagatge
atgctttgcatacttctgectgetggggagectggggactttccacacctggttgetgactaattgagatgeatgetttgeatacttetgectgectgga
agttcctatactttctagagaataggaacttcggaataggaacttcattaccctgttatccctacccataatacccataatagetgtttgecageagtg
aaaaaaatgctttatttgtgaaatttgtgatgctattgetttatttgtaaccattataagetgcaataaacaagttaacaacaacaattgceattcatttt
atgtttcaggttcagggggaggtgtgggaggttttttaaagcaagtaaaacctctacaaatgtggtatggetgattatgatectctagaactctattc
ctttgcectcggacgagtgetggggegteggtttecactateggegagtacttctacacagecateggtccagacggecgegcettetgegggegattt
gtgtacgcccgacagtceceggeteeggateggacgattgegtegeategaccctgegeccaagetgeatcategaaattgeegtcaaccaagetctg
atagagttggtcaagaccaatgcggagcatatacgcccggagecgeggegatectgcaagetecggatgectecgetcgaagtagegegtetgetg
ctccatacaagccaaccacggectccagaagaagatgttggegacctegtattgggaatceccgaacategectegetccagtcaatgaccegetgtt
atgcggccattgtccgtcaggacattgttggagecgaaatccgegtgeacgaggtgecggacttcggggeagtectcggeccaaageatcagcetcea
tcgagagcctgegegacggacgcactgacggtgtegtccatcacagtttgecagtgatacacatggggatcagcaatcgegeatatgaaatcacge
catgtagtgtattgaccgattccttgeggtccgaatgggecgaacccgcetegtetggetaagateggecgeagegategeatcecatggecteegega
ccggctgcagaacagegggeagttcggtttcaggeaggtcttgcaacgtgacaccctgtgeacggegggagatgcaataggtcaggcetctegetga
attccccaatgtcaagcacttccggaatcgggagegeggecgatgcaaagtgecgataaacataacgatctttgtagaaaccatcggegeagcetat
ttacccgcaggacatatccacgceectcectacatcgaagetgaaagceacgagattcttcgecctecgagagetgeatcaggteggagacgetgtega
acttttcgatcagaaacttctcgacagacgtcgeggtgagttcaggetttttcatggaagcetttttgcaaaagectaggectccaaaaaagectectc
actacttctggaatagctcagaggcecgaggeggccteggectctgcataaataaaaaaaattagtcagecatggggeggagaatgggeggaactg
ggcggagttaggggcgggatgggeggagttaggggegggactatggtigetgactaattgagatgeatgcetttgeatacttetgectgetggggag
cctggggactttccacacctggttgetgactaattgagatgeatgcetttgeatacttetgectgetggggagectggggactttecacacggtgtgegt
cacccggcaaccttgggeagcagegaagtcgecataacttegtatageatacattatacgaagttatctgtaactataacggtcctaaggtagega
gtttaaacgtcgagggatcttcataagagaagagggacagctatgactgggagtagtcaggagaggaggaaaaatctggctagtaaaacatgta
aggaaaattttagggatgttaaagaaaaaaataacacaaaacaaaatataaaaaaaatctaacctcaagtcaaggcttttctatggaataagga
atggacagcagggggctgtttcatatactgatgacctctttatagccacctttgttcatggcagccagcatatggcatatgttgccaaactctaaacc
aaatactcattctgatgttttaaatgatttgccctcccatatgteccttccgagtgagagacacaaaaaattccaacacactattgcaatgaaaataaa
tttcctttattagccagaagtcagatgctcaaggggcttcatgatgtccccataatttttggcagagggaaaaagatctcagtggtatttgtgageca
gggcattagccacaccagccaccaccttctgataggcagcectgcacctgaggagtgaattaggtacctcattagtcgactgcagaattcgaagcett
gagctcgagatctgagtccggacttgtacagctcgtccatgeccgagagtgatcccggeggeggtcacgaactccagecaggaccatgtgategegcet
tctegttggggtetttgetcagggeggactggtagetcaggtagtggttgtcgggeageageacggggecgtegecgatgggggtgttctgetggta
gtggtcggegagetgeacgetgecgtectegatgttgtggeggatettgaagttcaccttgatgecegttcttctgettgteggecatgatatagacgtt
gtggctgttgtagttgtactccagettgtgecccaggatgttgeegtectecttgaagtegatgeccttcagetegatgeggttcaccagggtgtegec

ctcgaacttcacctcggegegggtcttgtagttgecgtegtecttgaagaagatggtgegetectggacgtagecttcgggeatggeggacttgaag

aagtcgtgctgcttcatgtggtcggggtagegggcgaageactgeaggecgtagecgaaggtggtcacgagggtgggecagggcacgggcagett
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gceggtggtgcagatgaacttcagggtcagettgecgtaggtggeategecctegecctegecggacacgetgaacttgtggecgtttacgtegecg
tccagctcgaccaggatgggeaccaccecggtgaacagetectegeccttgetcaccatggetegagateecgggtgatcaagtctteggtggectg
agacggccgcaattctttgccaaaatgatgagacagcacaacaaccageacgttgeccaggagetgtaggaaaaagaagaaggeatgaacatg
gttagcagaggctctagcagecgecggtcacacgccagaagecgaaccecgeectgecccgteccceccgaaggeagecgteecectgeggeage
cccgaggctggagatggagaaggggacggeggegeggegacgeacgaaggecctceecegeccatttecttectgecggegeegeaccgettegec
cgegeecgcetagaggggstgeggeggegecteccagattteggetecgecagatttgggacaaaggaagtceectgegecctetegeacgattacca
taaaaggcaatggctgceggctegeegegectcgacageegeeggegctecggggeegeegegecccteccccgagecctecccggeccgaggegs
CCCCECCCCgrCrggracccccacctgcgrcaccccccgeccggracggcgagecccgrgcacgccccgracggagecccgracccgaagee
gggcegtgctcageaactcggggaggggggtgcaggggggggttacageccgaccgecgegeccacacccectgetcacceccccacgeacaca
cccegeacgceagcectttgttcecctegeageccceccgeaccgeggggeaccgeecccggecgegeteecctegegeacacgeggagegeacaaa
geeeegegecgegeccgeagegetcacageegeegggeagegegggecgeacgeggegetceccacgeacacacacacgeacgeaccceccgag
cegcteecccccgcacaaagggeccteceggagecctttaaggetttcacgcagecacagaaaagaaacgagecgtcattaaaccaagegctaat
tacagcccggaggagaagggcecgtcccgeccgctcacctgtgggagtaacgeggtcagtcagagecggggegggeggegcgaggrggcgegga
gcggggeacggggcgaaggraacgeagegactceecgecegeegegegettegetttttatagggecgecgecgecgeegectcgecataaaagga
aactttcggagegegecgetctgattggetgecgecgeacctcetecgectegeecccgeecegeecctegecccgececgecccgectggegegegec
cccececcccccgeccccategetgcacaaaataattaaaaaataaataaatacaaaattgggggtggggaggggggggagatggggagagtga
agcagaacgtggggctcacctcgacccatgagtaatagegatgactaatacgtagatgtactgccaagtaggaaagtcccataaggteatgtact
gggcataatgccaggegggccatttaccgtcattgacgtcaatagggggegtacttggeatatgatacacttgatgtactgecaagtgggceagttta
ccgtaaatagtccacccattgacgtcaatggaaagtccctattggegttactatgggaacatacgtcattattgacgtcaatgggegggggtegttg
ggcggtcagccaggegggcecatttaccgtaagttatgtaacgeggaactccatatatgggetatgaactaatgaccecgtaattgattactattaat
aacgtatactagtatcgtagtatcgatccatctaattggaaccagataagtgaaatctagttccaaactattttgtcatttttaattttcgtattagett
acgacgctacacccagttcccatctattttgtcactcttccctaaataatccttaaaaactccatttccaccecteccagttcccaactattttgtecgec

caca
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E.2.2 Donor vectors

E.2.2.1 pMDC: 2889 bp

2560 Ndel
CMV promoter

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

693 Agel

MCS

SV40 late polyA

1711 Blpl
1650 PI-Scel

Multiple Cloning Site (promoter to terminator)

BamHI RsrI BssHII Stul Sall
AGACCCAAGCTGGCTAGTGGATCCCGGTCCGAAGCGCGCGGAATTCAAAGGCCTACGTCGAC

Sacl Xbal PstI
GAGCTCACTAGTCGCGGCCGCTTTCGAATCTAGAGCCTGCAGTCTCGACAA

Enzymes that cut pMDC once (not exhaustive)

1302  Acclll, BspEl 54 Acc65I 693 Age l 1723  Avrll
2176 BamHI 1682 Bglll 2161  BssHII 5 BstXI
643 Bsu36l 2877 Clal 1957  Hpal 54 Kpnl
1968 Mfel 2849 Mlul 1033  Mscl 2871  Nrul
2096 Pstl 2169 Rsrli 58 Sacll 2138  Sall
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 1298, 2154 EcoRlI
349, 2083 Hindlll 997, 2467 Ncol 60, 2117 Notl

1634, 1668 PfIMI 316, 1937 Psil 573, 1400 Pvull
2132,2263 Sacl 883,2070  Scal 107, 2489 SnaBl

Enzymes that do not cut pMDC (not exhaustive)

Afel Aflll AlwNI Apal Ascl Bbel
Bbsl Bcll BspHI Bstz17I Drall EcoNI
EcoRV Fsel Fspl Kasl Nael Narl
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Nhel Nsil Pacl Pmel Pvul Sbfl
Scil Sfil Sgfl Smal Sphl Xeml
Xhol Xmal Xmnl

Sequence

5"-

aaacccatgtgcctggcagataacttcgtataatgtatgctatacgaagttatggtaccgecggecg
cgtagaggatctgttgatcagcagttcaacctgttgatagtacgtactaagctctcatgtttcacg
tactaagctctcatgtttaacgtactaagctctcatgtttaacgaactaaaccctcatggctaacg
tactaagctctcatggctaacgtactaagctctcatgtttcacgtactaagctctcatgtttgaac
aataaaattaatataaatcagcaacttaaatagcctctaaggttttaagttttataagaaaaaaaa
gaatatataaggcttttaaagcttttaaggtttaacggttgtggacaacaagccagggatgtaacyg
cactgagaagcccttagagcecctctcaaagcaattttgagtgacacaggaacacttaacggctgaca
tgggaattagcttcacgctgccgcaagcactcagggcgcaagggctgctaaaggaagcggaacacqg
tagaaagccagtccgcagaaacggtgctgaccccggatgaatgtcagectgggaggcagaataaatg
atcatatcgtcaattattacctccacggggagagcctgagcaaactggcctcaggcatttgagaag
cacacggtcacactgcttccggtagtcaataaaccggtaaaccagcaatagacataagcggctatt
taacgaccctgccctgaaccgacgaccgggtcgaatttgcectttcgaatttectgeccattcateceget
tattatcacttattcaggcgtagcaaccaggcgtttaagggcaccaataactgccttaaaaaaatt
acgccccgcecctgceccactcatcgcagtactgttgtaattcattaagcattctgeccgacatggaagce
catcacaaacggcatgatgaacctgaatcgccagcggcatcagcaccttgtcgecttgegtataat
atttgcccatggtgaaaacgggggcgaagaagttgtccatattggccacgtttaaatcaaaactgg
tgaaactcacccagggattggctgagacgaaaaacatattctcaataaaccctttagggaaatagg
ccaggttttcaccgtaacacgccacatcttgcgaatatatgtgtagaaactgccggaaatcgtegt
ggtattcactccagagcgatgaaaacgtttcagtttgctcatggaaaacggtgtaacaagggtgaa
cactatcccatatcaccagctcaccgtctttcattgccatacggaattccggatgagcattcatceca
ggcgggcaagaatgtgaataaaggccggataaaacttgtgcttatttttcectttacggtctttaaaa
aggccgtaatatccagctgaacggtctggttataggtacattgagcaactgactgaaatgcctcaa
aatgttctttacgatgccattgggatatatcaacggtggtatatccagtgatttttttctccattt
tagcttccttagctcecctgaaaatctcgataactcaaaaaatacgcccggtagtgatcttattteat
tatggtgaaagttggaccctcttacgtgccgatcaacgtctcattttcecgeccaaaagttggcecccaga
tctatgtcgggtgcggagaaagaggtaatgaaatggcacctaggggttatgatagttattgctcag
cggtggcagcagccaactcagcttcectttecgggectttgttagcagecggatcttcectaggetcaage
agtgatcagatccagacatgataagatacattgatgagtttggacaaaccacaactagaatgcagt
gaaaaaaatgctttatttgtgaaatttgtgatgctattgctttatttgtaaccattataagctgca
ataaacaagttaacaacaacaattgcattcattttatgtttcaggttcagggggaggtgtgggagg
ttttttaaagcaagtaaaacctctacaaatgtggtatggctgattatgatcctctagtacttctcg
acaagcttgtcgagactgcaggctctagattcgaaagcggccgecgactagtgagectecgtecgacgta
ggcctttgaattccgecgecgcecttcggaccgggatccactageccagettgggtectececctatagtgagt
cgtattaatttcgataagccagtaagcagtgggttctctagttagccagagagectctgcttatata
gacctcccaccgtacacgcctaccgceccatttgegtcaatggggecggagttgttacgacattttgg
aaagtcccgttgattttggtgccaaaacaaactcccattgacgtcaatggggtggagacttggaaa
tcccecgtgagtcaaaccgctatccacgcecccattgatgtactgccaaaaccgcatcaccatggtaat
agcgatgactaatacgtagatgtactgccaagtaggaaagtcccataaggtcatgtactgggecata
atgccaggcgggccatttaccgtcattgacgtcaatagggggcgtacttggcatatgatacacttg
atgtactgccaagtgggcagtttaccgtaaatactccacccattgacgtcaatggaaagtccctat
tggcgttactatgggaacatacgtcattattgacgtcaatgggcgggggtcgttgggecggtcagec
aggcgggccatttaccgtaagttatgtaacgcggaactccatatatgggctatgaactaatgaccce
cgtaattgattactattaataactagtcaataatcaatgtcaacgcgtatatctggcccgtacatce
gcgaatcgatactagta-3’
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E.2.2.2 pMDK: 4130 bp

3967 AlwNI
3746 Hindlll
R6KYy ori

267 Pstl
L

\\\\K\z‘;\nR

3453 BstXl
3445 Pmel

rabbit B-globin
polyA signal

3025 BspHI
(/)] 2904 Kpnl

2891 Nsil
(2) 2880 Nhel

2867 Scil
2867 Xhol

CAG promoter

1061 PI-Scel
1100 Avrll
1107 Clal
1113 Spel
1117 BstZ17

Multiple Cloning Site (promoter to terminator)

Scil
BbsI Xhol Ncol Nhel
GCGGCCGTCTCAGGCCACCGAAGACTTGATCACCCGGGATCTCGAGCCATGGTGCTAGCAGCT
Acc65T
NsiTl KpnI

GATGCATAGCATGCGGTACCTAA

Enzymes that cut pMDK once (not exhaustive)

2904  Acc65l, Kpnl 3967 AlwNI 1961  Apal
3025 BspHI 899 BstBI 3453  BstXI
2919 Bsu36l 1107 Clal 318 Fspl
298 Mscl 2873 Ncol 2880  Nhel
3190 PfIMI 3445 Pmel 267 Pstl
2129  Sacll 1113  Spel 27 Xeml

Bold type: restriction enzymes cutting in the MCS

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

993, 1954 Pfol 1055, 2859  Smal, Xmal
619,2898  Sphl

Enzymes that do not cut pMDK (not exhaustive)

Acclll Acll Aflll Agel
BamHI Bcll BspEl EcoNI
Fsel Hpal Mfel Milul
Pacl Pvul Sacl Sall

1100  Auvrll
1117  BstZ171
3746  Hindlll
2891  Nsil
733 Rsrll
2867 Xhol
54, 2990 Bglll
1458, 3504 SnaBl
Apall Ascl
EcoRlI EcoRV
Notl Nrul
Sbfl Scal
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Sfil Sgfl Sspl Stul Xbal Xmnl

Sequence

5'_

aagtaaactggatggctttcttgccgccaaggatctgatggcgcaggggatcaagatctgatcaag
agacaggatgaggatcgtttcgcatgattgaacaagatggattgcacgcaggttctccggecgett
gggtggagaggctattcggctatgactgggcacaacagacaatcggctgctctgatgccgeccgtgt
tccggctgtcagecgcaggggecgeccggttetttttgtcaagaccgacctgtecggtgecectgaatyg
aactgcaggacgaggcagcgcggctatcgtggctggccacgacgggcecgtteccttgecgecagetgtge
tcgacgttgtcactgaagcgggaagggactggctgctattgggcgaagtgccggggcaggatctcee
tgtcatctcaccttgctcctgccgagaaagtatccatcatggctgatgcaatgecggeggetgecata
cgcttgatccggctacctgcecccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtacte
ggatggaagccggtcttgtcgatcaggatgatctggacgaagagcatcaggggctcgecgccagccyg
aactgttcgccaggctcaaggcgcgcatgcccgacggcgaggatctecgtecgtgacacatggcecgatg
cctgcttgccgaatatcatggtggaaaatggccgcettttcectggattcatcgactgtggeccggetgg
gtgtggcggaccgctatcaggacatagcgttggctacccgtgatattgctgaagagcttggeggceg
aatgggctgaccgcttcctecgtgetttacggtatcgeccgctecccgattcecgcagegecatcecgecttet
atcgccttcttgacgagttcttctgagcgggactctggggttcgaaatgaccgaccaagcgacgcce
caacctgccatcacgagatttcgattccaccgceccgecttctatgaaaggttgggecttcggaategt
tttccgggacgccggctggatgatcecctccagegecggggatctcatgetggagttecttegeccacce
cgggatctatgtcgggtgcggagaaagaggtaatgaaatggcacctaggtatcgatactagtatac
gttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgcgttacat
aacttacggtaaatggcccgcecctggectgaccgecccaacgacccccgeccattgacgtcaataatga
cgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggactatttacggt
aaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgccccctattgacgtcaatg
acggtaaatggcccgcctggcattatgcccagtacatgaccttatgggactttectacttggecagt
acatctacgtattagtcatcgctattactcatgggtcgaggtgagccccacgttctgecttcactcet
ccccatctcecccececcecectecccaccceccaattttgtatttatttattttttaattattttgtgecage
gatgggggcggggggggggggggcgcgcgccaggcggggcggggcggggcgaggggcggggcgggg
cgaggcggagaggtgcggcggcagccaatcagagcggcgcgectccgaaagtttecttttatggega
ggcggcggcggcggcggcecctataaaaagcgaagcgcgcggcgggcecgggagtecgetgegttgectt
cgccccecgtgecccegcetecgegecgectecgegecgeccgeccecggetetgactgacecgegttactece
cacaggtgagcgggcgggacggcccttcectectececgggetgtaattagegettggtttaatgacgge
tcgtttettttectgtggectgegtgaaagecttaaagggecteccgggagggecctttgtgecggggggyg
agcggctcggggggtgegtgegtgtgtgtgtgecgtggggagegecgegtgeggecegegetgeeeg
gcggctgtgagegcectgcgggegeggcgeggggetttgtgegeteegegtgtgecgegaggggagege
ggccgggggcggtgeccccgeggtgegggggggetgcgaggggaacaaaggetgegtgeggggtgtyg
tgcgtgggggggtgagcagggggtgtgggcgcggcggtcgggctgtaacccecceccecctgecaccecece
tcceccgagttgcectgagcacggcecceccggecttecgggtgeggggeteccgtgeggggegtggegeggggcet
cgccgtgecgggcggggggtggeggcaggtgggggtgccgggeggggcggggeegeectcgggecgg
ggagggctcgggggaggggcgcggcggecccggagegeeggeggetgtcgaggegeggegagecge
agccattgccttttatggtaatcgtgcgagagggcgcagggacttcectttgtcccaaatctggegg
agccgaaatctgggaggcgccgceccgcaccccectctagecgggecgcgggcgaagcggtgeggegecgg
caggaaggaaatgggcggggagggccttcgtgcgtcgceccgegecgecgteccecttcectecatcteca
gcctcggggctgecgecagggggacggctgecttcgggggggacggggcagggcggggttcggette
tggcgtgtgaccggcggctgctagagcctctgctaaccatgttcatgeccttettetttttectaca
gctcctgggcaacgtgctggttgttgtgctgtctcatcattttggcaaagaattgecggecgtctea
ggccaccgaagacttgatcacccgggatctcgagccatggtgctagcagectgatgcatagecatgceg
gtacctaattcactcctcaggtgcaggctgcctatcagaaggtggtggctggtgtggectaatgecc
tggctcacaaataccactgagatctttttccctctgccaaaaattatggggacatcatgaageccecce
ttgagcatctgacttctggctaataaaggaaatttattttcattgcaatagtgtgttggaattttt
tgtgtctctcactcggaaggacatatgggagggcaaatcatttaaaacatcagaatgagtatttgg
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tttagagtttggcaacatatgccatatgctggctgccatgaacaaaggtggctataaagaggtcat
cagtatatgaaacagccccctgcectgtceccattceccttattccatagaaaageccttgacttgaggttag
attttttttatattttgttttgtgttatttttttctttaacatccctaaaattttccttacatgtt
ttactagccagatttttcctectcectectgactactcecccagtcatagetgtececctettetettatga
agatccctcgacgtttaaacccatgtgcctggcagataacttcgtataatgtatgctatacgaagt
tatggtacgtactaagctctcatgtttcacgtactaagctctcatgtttaacgtactaagctctca
tgtttaacgaactaaaccctcatggctaacgtactaagctctcatggctaacgtactaagctctca
tgtttcacgtactaagctctcatgtttgaacaataaaattaatataaatcagcaacttaaatagcecc
tctaaggttttaagttttataagaaaaaaaagaatatataaggcttttaaagcttttaaggtttaa
cggttgtggacaacaagccagggatgtaacgcactgagaagcccttagagcctctcaaagcaattt
tcagtgacacaggaacacttaacggctgacagaattagcttcacgctgccgcaagcactcagggcg
caagggctgctaaaggaagcggaacacgtagaaagccagtccgcagaaacggtgctgaccceccggat
gaatgtcagctactgggctatctggacaagggaaaacgcaagcgcaaagagaaagcaggtagecttyg
cagtgggcttacatggcgatagctagactgggcggttttatggacagcaagcgaaccggaattgece
agctggggcgccctctggtaaggttgggaagccctgeca-37
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E.2.2.3 pMDS: 4088 bp

3598 Pvul
3495 Apall

2646 Hindlll

4041 PI-Scel

4087 Clal

CAG
promoter

R6KYy ori
1759 Smal
2353 BstXI o N =
2345 Pmel [1890 Bglll 1780 Nhel O
. . 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
NsiTl 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  Pvull 358,2404  SnaBlI

Apal 3495  Apall
Bglll 3380  BspEll
Clal 2646  Hindlll
Nsil 2090 PflMI
Pvul 1029  Sacll
Spel 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
gccccacgttctgcettcactcectceccecceccatcteccececcectecccacceccaattttgtatttattta

ttttttaattattttgtgcagcgatgggggcggggggggggggggcgcgcgccaggcggggcgggyg
cggggcgaggggcggggcggggcgaggcggagaggtgcggcggcagceccaatcagageggegegcete
cgaaagtttccttttatggcgaggcggcggcggcggcggeccctataaaaagcgaagcgcgcecggcgg
gcgggagtcgctgecgttgecttcgecececgtgececccgectecgecgeccgectcgecgeccgecccgeccccygyg
ctctgactgaccgcgttactcccacaggtgagcgggcgggacggecccttcectecteccgggetgtaat
tagcgcttggtttaatgacggctcgtttettttctgtggctgecgtgaaageccttaaagggectecgg
gagggccctttgtgcgggggggageggctcecggggggtgegtgegtgtgtgtgtgegtggggagege
cgcgtgcggcccgcegctgceccggeggectgtgagecgetgecgggecgeggegecggggetttgtgegete
cgcgtgtgcgecgaggggagecgcggccgggggcggtgeccegeggtgecgggggggctgcgaggggaa
caaaggctgcgtgcggggtgtgtgcgtgggggggtgagcagggggtgtgggegecggeggteggget
gtaacccccceccectgcaccceccecteccecgagttgetgagcacggeccggettecgggtgeggggetee
gtgcggggcgtggcgeggggctcgecgtgececgggcggggggtggecggcaggtgggggtgecgggceyg
gggcggggccgectcgggecggggagggctcgggggaggggcgcggcggcecccggagcgecggegg
ctgtcgaggcgcggcgagccgcagcecattgecttttatggtaatecgtgecgagagggecgcagggact
tcetttgtceccaaatctggecggagecgaaatctgggaggecgecgeccgecaccecctectagegggege
gggcgaagcggtgcggcgccggcaggaaggaaatgggeggggagggecttegtgegtegecgegec
gccgtccceccttetceccatctceccagectcggggectgeccgcagggggacggctgecttcgggggggacyg
gggcagggcggggttcggcttctggcgtgtgaccggcggectgctagagectectgectaaccatgtte
atgccttcttetttttectacagctectgggcaacgtgetggttgttgtgetgtectcatcattttyg
gcaaagaattgcggccgtctcaggccaccgaagacttgatcacccgggatctcgageccatggtget
agcagctgatgcatagcatgcggtacctaattcactcctcaggtgcaggctgcecctatcagaaggtg
gtggctggtgtggctaatgccctggctcacaaataccactgagatcttttteccctectgceccaaaaat
tatggggacatcatgaagccccttgagcatctgacttctggctaataaaggaaatttattttecatt
gcaatagtgtgttggaattttttgtgtctctcactcggaaggacatatgggagggcaaatcattta
aaacatcagaatgagtatttggtttagagtttggcaacatatgccatatgctggctgccatgaaca
aaggtggctataaagaggtcatcagtatatgaaacagccccctgectgtccatteccttattcecatag
aaaagccttgacttgaggttagattttttttatattttgttttgtgttatttttttctttaacatc
cctaaaattttccttacatgttttactagccagatttttcctectcectectgactacteccagteat
agctgtccctcttctcttatgaagatccctcgacgtttaaacccatgtgectggcagataactteg
tataatgtatgctatacgaagttatggtacgtactaagctctcatgtttcacgtactaagctctca
tgtttaacgtactaagctctcatgtttaacgaactaaaccctcatggctaacgtactaagctctca
tggctaacgtactaagctctcatgtttcacgtactaagctctcatgtttgaacaataaaattaata
taaatcagcaacttaaatagcctctaaggttttaagttttataagaaaaaaaagaatatataaggce
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ttttaaagcttttaaggtttaacggttgtggacaacaagccagggatgtaacgcactgagaagccce
ttagagcctctcaaagcaattttgagtgacacaggaacacttaacggctgacataattcagcttca
cgctgccgcaagcactcagggcgcaagggctgctaaaggaagcggaacacgtagaaagccagtecg
cagaaacggtgctgaccccggatgaatgtcagctgggaggcagaataaatgatcatatcgtcaatt
attacctccacggggagagcctgagcaaactggcctcaggcatttgagaagcacacggtcacactg
cttccggtagtcaataaaccggtaagtagcgtatgcgctcacgcaactggtccagaaccttgaccg
aacgcagcggtggtaacggcgcagtggcggttttcatggcttgttatgactgtttttttggggtac
agtctatgcctcgggcatccaagcagcaagcgcecgttacgececgtgggtcgatgtttgatgttatgga
gcagcaacgatgttacgcagcagggcagtcgccctaaaacaaagttaaacatcatgagggaagcgg
tgatcgccgaagtatcgactcaactatcagaggtagttggcgtcatcgagcgccatctcgaaccga
cgttgctggccgtacatttgtacggctccgcagtggatggecggecctgaagccacacagtgatattyg
atttgctggttacggtgaccgtaaggcttgatgaaacaacgcggcgagctttgatcaacgaccttt
tggaaacttcggcttccecctggagagagcgagattctcececgegectgtagaagtcaccattgttgtge
acgacgacatcattccgtggcgttatccagctaagcgcgaactgcaatttggagaatggcagecgca
atgacattcttgcaggtatcttcgagccagccacgatcgacattgatctggctatcttgectgacaa
aagcaagagaacatagcgttgccttggtaggtccagcggcggaggaactctttgatcecggttectg
aacaggatctatttgaggcgctaaatgaaaccttaacgctatggaactcgccgecccgactgggetg
gcgatgagcgaaatgtagtgcttacgttgtccecgcatttggtacagcgcagtaaccggcaaaatcg
cgccgaaggatgtcgctgccgactgggcaatggagcgecctgceccggecccagtatcagecececgtcatac
ttgaagctagacaggcttatcttggacaagaagaagatcgcttggcctcgcgecgcagatcagttgg
aagaatttgtccactacgtgaaaggcgagatcaccaaggtagtcggcaaataatgtctaacaattce
gttcaagccgacggatctatgtcgggtgcggagaaagaggtaatgaaatggcacctaggtat -37

MultiMam™ Stable www.geneva-biotech.com



-50-

F. References

1. Alberts B (1998). The cell as a collection of protein machines: preparing the next generation of
molecular biologists. Cell 92: 291-294.

2. Ausubel F, Brent R, Kingston RE, Moore DD, Seidman JG, Smith JA, and Struhl K (eds., 1994). Current
Protocols in Molecular Biology. John Wiley & Sons, New York, electronic version DOI
10.1002/0471142727

3. Bieniossek C, Nie Y, Frey D, Olieric N, Schaffitzel C, Collinson I, Romier C, Berger P, Richmond TJ,
Steinmetz MO, Berger | (2009). Automated unrestricted multigene recombineering for multiprotein
complex production. Nature Methods 6: 447-450.

4. Charbonnier S, Gallego O, and Gavin AC (2008). The social network of a cell: Recent advances in
interactome mapping. Biotechnology Annual Review 14: 1-28.

5. Ehmsen J, Poon E, and Davies K (2002). The dystrophin-associated protein complex. Journal of Cell
Science 115: 2801-2803.

6. Figeys D (2008). Mapping the human protein interactome. Cell Research 18: 716-724.

7. Imasaki T, Calero G, Cai G, Tsai K-L, Yamada K, Gardelli F, Erdjument-Bromage H, Tempst P, Berger |,
Kornberg GL, Asturias FJ, Kornberg RL, and Takagi Y (2011). Architecture of the Mediator head module.
Nature 475: 240-245.

8. Inoue H, Nojima H and Okayama H (1990). High efficiency transformation of Escherichia coli with
plasmids. Gene 96: 23-28.

9. Robinson CV, Sali A, and Baumeister W (2007). The molecular sociology of the cell. Nature 450: 973-
982.

10. Sambrook J and Russell DW (2000). Molecular Cloning, A Laboratory Manual, 3rd edition. Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, available online at http://cshprotocols.cshlp.org

11. Trowitzsch S et al. (2010). New baculovirus expression tools for recombinant protein complex
production. Journal of Structural Biology 172: 45-54, epub Feb 21, 2010, doi: 10.1016/j.jsb.2010.02.010

12. Vidal M, Cusick ME, and Barabasi AL (2011). Interactome networks and human disease. Cell 144: 986-
98.

13. Vijayachandran LS, Viola C, et al. (2011). Robots, pipelines, polyproteins: Enabling multiprotein

expression in prokaryotic and eukaryotic cells. Journal of Structural Biology 175: 198-208.

We thank Dr. Imre Berger and his team from EMBL Grenoble for their input and assistance in
preparing this manual.

MultiMam™ Stable www.geneva-biotech.com



-51-

NOTES:

MultiMam™ Stable www.geneva-biotech.com



-52-

G. Purchaser Notification

Limited Use Label License : Geneva Biotech

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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