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Thank you for purchasing the DUALmembrane pairwise interaction kit

Introduction

How to get started

DUALmembrane
pairwise interaction
kit

The DUALmembrane system is a yeast-based screening assay to identify and
characterize protein-protein interactions between integral membrane proteins,
membrane-associated proteins and soluble proteins in their natural setting. When
using the DUALmembrane system interactions between full-length integral
membrane proteins can be detected in situ at cellular membranes.

When using the DUALmembrane system, your starting point is an integral
membrane protein of interest. The DUALmembrane system allows you to identify
and characterize protein-protein interactions between this membrane protein of
interest and:

e Other integral membrane proteins
e Membrane-associated proteins
e Cytosolic proteins

The DUALmembrane system can be used to investigate the interaction between
two defined, known proteins (pair wise interaction analysis) or to identify novel
interactors of your membrane protein of interest by screening cDNA libraries
(cDNA library screening).

The DUALmembrane pairwise interaction kit contains bait and prey vectors,
controls and the yeast reporter strain to enable pairwise interaction assays
between two integral membrane proteins or an integral membrane protein and
its cytosolic interaction partner.
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License number

Support

Newsletter
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Each DUALmembrane pairwise interaction kit comes with a unique license
number. You can find the license number on the DUALmembrane pairwise
interaction kit package. Please keep the license number for your records, it will
enable you to receive quick, personalized support from Dualsystems.

Accessory products

DUALmembrane accessory product Quantity :LOdUCt
HTX High throughput B-galactosidase 1 kit P01002
assay kit
DS Yeast transformation kit 1 kit P01003
TOTAL protein extraction kit 1 kit P01013
Single-stranded DNA 3x 1 ml P06001
Media starter package 1 1 pack, 5 screens P09001
Mouse anti LexA antibody 1 pack P06004
Mouse anti HA antibody 1 pack P06005
Related products
Related products Quantity Product
no.
EasyClone cDNA library construction kit |1 kit P01010
DUALhybrid kit 1 kit P01004
DUALhunter kit 1 kit P01005

Should you encounter any problems during the application of the DUALmembrane
system, please consult our support pages at www.dualsystems.com. Support
protocols and our Knowledge Base are constantly updated and hold answers for
most commonly encountered problems when working with yeast. If you cannot
find answers to your questions in our support pages, contact us at
support@dualsystems.com and we will help you as quickly as possible.

We offer a Newsletter with tips and tricks for working with yeast, discussions of
recent literature and descriptions of novel products. Please go to
www.dualsystems.com to subscribe.
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1 Kit contents

The DUALmembrane pairwise interaction kit contains the following components:

Component Supplied as

g:::;gctor 5 ug lyophilized plasmid
g::?\;gctor 5 ug lyophilized plasmid
EEP\;Zchtcor 5 ug lyophilized plasmid
ESRZLEW 5 ug lyophilized plasmid
gf:;/-ﬂbrary vector 5 ug lyophilized plasmid
gfj;/-lfibrary vector 5 pg lyophilized plasmid
IErP(S;/-EillJnfary vector 5 pg lyophilized plasmid
ErPS;/-EinEary vector 5 pg lyophilized plasmid
Egrsmtlo,l\lgzy 5 ng lyophilized plasmid
I[;Issilii%::ntrol bait 5 pg lyophilized plasmid
pNubG-Fe65

Positive control prey > 1g lyophilized plasmid

MATa his3A200 trp1-901 leu2-3,112 ade2

NMY51 LYS2::(lexAop)4-HIS3 ura3::(lexAop)s-lacZ
Yeast reporter strain ade2::(lexAop)g-ADE2 GAL4
Lyophilized yeast culture
DSY Trafo kit Sufficient for 5 library scale transformations or 80 small
P01003 scale transformations

HTX B-galactosidase assay kit | Sufficient for 4 x 96 assays
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2 Storage and handling instructions

Storage and handling
of plasmids

Plasmids are supplied lyophilized. Upon receipt, add 50 ul water (final
concentration 0.1 pg/pul) and incubate at 50°C for 5 minutes. Vortex for 1 minute
and store at -20°C.

Storage and handling
of yeast strains supplied
as lyophilized stocks

To rehydrate the strain, add 50 pl sterile Millipore quality water and let stand for
10 minutes at room temperature. Resuspend by gentle shaking (some undissolved
clumps may remain, this does not decrease the performance of the strain) and
streak out 4 and 45 ul on fresh YPAD plates. Incubate at 30°C for 2-3 days, until
1-2 mm diameter white/pinkish colonies become visible. Store plate at 4°C,
restreak every week.

Storage and handling
of yeast strains supplied
as agar stabs

Insert a sterile inoculation loop into the cloudy area of the agar stab, remove and
streak onto a YPD plate. Seal plate with parafilm and incubate at 30°C for 2-3
days until white 1-2 mm diameter colonies appear. Proceed immediately to
preparing glycerol stocks. Store plate at 4°C for up to 1 month.

Checking the genotype
of NMY51

Collect several colonies of NMY51 grown on YPAD medium and resuspend in 1 ml
0.9 % NaCl solution. Dip a loop into the resuspended yeast cells and streak onto
SD-leu, SD-trp, SD-his and SD-ade selective (minimal medium) plates. Seal the
plates with parafilm and incubate for 3 days at 30°C.

Selection plate Growth phenotype (NMY51)
SD-leu No visible growth after 3 days at 30°C
SD-trp No visible growth after 3 days at 30°C

You may see a background of very small colonies. These
colonies stay smaller than 1 millimeter in diameter and do not

SD-his turn red upon storage. The background is due to the slight
leakiness of the HIS3 gene.
You may see a background of very small colonies. These
SD-ade colonies stay smaller than 1 millimeter in diameter and do not

become red upon storage. They are due to the slight leakiness
of the ADE2 reporter gene.

Be sure to omit adenine from your basic SD medium since this will lead to growth
on SD-ade plates!
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ADE2 phenotype
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In the absence of a protein-protein interaction, the ADE2 reporter gene is not
transcribed and therefore, a red-colored intermediate accumulates in the
adenine metabolic pathway. Activation of the ADE2 gene by a protein-protein
interaction leads to expression of the ADE2 gene product and unblocks the
pathway. For this reason, NMY51 cells expressing an interacting protein pair will
display a very faint pink to white color, depending on the strength of the
interaction. In the absence of a protein-protein interaction, NMY51 displays a
pink color, similar to strains carrying an ade2 mutation.

Preparing glycerol stocks

of NMY51

Inoculate several colonies into 20 ml liquid 1x YPAD medium and grow overnight
at 30°C with shaking. Pellet cells by centrifugation at 2500 g for 5 minutes,
discard the supernatant and resuspend the pellet in 10 ml freezing mix (2 x YPAD
medium / 25 % glycerol). Aliquot into cryotubes and place at -80°C (do NOT flash
freeze in liquid nitrogen!). Glycerol stocks are viable for several years when
stored at -80°C.

To restreak a stock, remove a cryotube from the freezer and scratch off the
yeast from the surface of the frozen stock using a sterile loop. Streak onto a
YPAD plate, seal the plate with parafilm and incubate at 30°C for 2-3 days. Yeast
plates can be stored at 4°C for 1 month. Do not use yeast older than 2 weeks for
transformation.
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3 How to carry out a DUALmembrane pairwise interaction assay

How does the
DUALmembrane system
work?

The split-ubiquitin
mechanism

The DUALmembrane system takes advantage of the split-ubiquitin system
(Johnsson and Varshavsky, 1994), to detect the interaction of two heterologously
expressed fusion proteins in the yeast Saccharomyces cerevisiae. As opposed to
the most popular yeast based screening system, the yeast two-hybrid system
(Fields and Song, 1989), there is no requirement for the interacting proteins to
be located in the nucleus. Therefore, the DUALmembrane system allows
investigation of protein-protein interactions involving full-length integral
membrane proteins or membrane-associated proteins in their natural setting
inside cellular membranes.

Advantages of the DUALmembrane system include:

e Full-length proteins can be assayed

¢ Interactions are detected at the cellular membrane

¢ Interactions involving integral membrane proteins, membrane-associated
proteins and soluble proteins can be detected

e Post-translational modifications such as glycosylation are preserved

The DUALmembrane system is based on the reconstitution of ubiquitin, a small
and highly conserved protein which tags other proteins for degradation (Hershko,
2005; Mayer, 2000). When an intracellular protein is destined for degradation, a
series of enzymatic reactions covalently attaches a chain of ubiquitin molecules
to this protein (Figure 1A). The poly-ubiquitin tagged protein is then transported
to the 26S proteasome, where it is degraded (Figure 1B). To recycle the
ubiquitin, the cell has evolved a mechanism to cleave the poly-ubiquitin chain off
the target protein. This process is mediated by so-called ubiquitin specific
proteases (UBPs). The UBPs specifically recognize intact, folded ubiquitin and
cleave the polypeptide chain after the last residues of ubiquitin (a Gly-Gly
motif). Free monomeric ubiquitin is thus released back into the cytosol, whereas
the target protein is degraded.
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Figure 1
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The split-ubiquitin
system

A
The inventors of the split- 5 i
ubiquitin system, Nils Johnsson

and Alexander  Varshavsky, .

found that yeast ubiquitin can - A P
be split into two halves, termed Cub
Nub (for N-terminal ubiquitin) ‘»

and Cub (for C-terminal

ubiquitin).  When  expressed

separately within a cell, Nub
and Cub remain only partially

8
folded and hence are not
recognized by UBPs (Figure 1A).

If Nub and Cub are co-expressed

within the same cell, their »
strong affinity for each other

leads to efficient re-assembly of

Nub and Cub into so-called ¢

“split-ubiquitin”, which assumes lte 3> Gly3

the native fold of ubiquitin and

is immediately recognized and
cleaved by UBPs (Figure 2B).
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Figure 2

The strong affinity between wild type Nub (also termed “Nubl” due to an
isoleucine at position 3 of the protein) and Cub can be abolished by exchanging
the isoleucine at position 3 for a glycine (Figure 2C). Nubl thus becomes NubG
and this mutated Nub displays almost no affinity for Cub when co-expressed in
the same cell. As NubG and Cub do not re-assemble when co-expressed, Cub
remains partially unfolded and is thus not recognized by UBPs (Figure 3A).

Johnsson and Varshavsky then converted this into a protein complementation
assay by fusing a protein of interest X to Cub and a second protein of interest Y
to NubG. An interaction between proteins X and Y forces NubG and Cub into very
close proximity, leading to re-assembly of the two halves into split-ubiquitin. The
split-ubiquitin is then recognized and cleaved by UBPs (Figure 3B).

Figure 3
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The DUALmembrane
system

The DUALmembrane (Stagljar et al., 1998; Thaminy et al., 2003) system takes
advantage of the split-ubiquitin mechanism to measure the interaction between
an integral membrane protein and its interaction partners (either integral
membrane proteins or soluble proteins). As the interaction is detected in situ at
the membrane, the assay represents a more physiological situation than a
conventional yeast two-hybrid assay, where only subdomains of integral
membrane proteins can be assayed and the interaction takes place in the
nucleus.

A first membrane protein of interest (the bait) is fused to the C-terminal half of
ubiquitin (Cub) and the artificial transcription factor LexA-VP16 (Figure 4A). A
second protein of interest (the prey) is fused to the mutated N-terminal half of
ubiquitin (NubG, Figure 4B). If bait and prey interact NubG and Cub are forced
into close proximity, resulting in the reconstitution of split-ubiquitin. Split-
ubiquitin is immediately recognized by UBPs which then cleave the polypeptide
chain between Cub and LexA-VP16. As a result, the artificial transcription factor
is released from the membrane and translocates to the nucleus where it binds to
the LexA operators situated upstream of a reporter gene via its LexA DNA binding
domain. The VP16 transactivator domain then recruits the RNA polymerase II
complex to the transcriptional start of the reporter gene, resulting in its
transcriptional activation (Figure 4C). The reporter genes used in the
DUALmembrane system are two auxotrophic growth markers (HIS3 and ADE2),
whose activation enables the yeast to grow on defined minimal medium lacking
histidine or adenine, and lacZ, encoding the enzyme B-galactosidase. Thus, the
interaction between two proteins at the membrane of yeast is translated into a
transcriptional readout, resulting in growth of yeast on selective medium and
color development in a B-galactosidase assay.
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What are the applications

of the DUALmembrane
system?

Published literature

The DUALmembrane system is intended for the detection and identification of
interactions involving integral membrane proteins and membrane-associated
proteins in yeast.

The DUALmembrane pairwise interaction kit enables you to:

¢ Investigate the interaction between a membrane protein (integral or
membrane-associated) and a membrane protein or soluble protein

e Map domains or amino acids which are critical for an interaction

e Screen cDNA libraries using a membrane protein as a bait to find novel
interacting proteins (requires purchase of a separate cDNA library from
Dualsystems)

Below, we have listed some publications citing the use of the DUALmembrane
system for investigating pair wise interactions or finding novel protein
interactions by screening cDNA libraries. An up-to-date list of publications can be
found at www.dualsystems.com.

Pairwise interactions between defined proteins

McGee et al. (2008) UNC-83 IS a KASH protein required for nuclear migration and
is recruited to the outer nuclear membrane by a physical interaction with the
SUN protein UNC-84. Mol. Biol Cell 17(4):1790-801

Miller, J.P. et al. (2005) Large-scale identification of yeast integral membrane
protein interactions. Proc. Natl. Acad. Sci. USA 102:12123-1218

Yan, A. et al. (2005) Studies of yeast oligosaccharyl transferase subunits using
the split-ubiquitin system: topological features and in vivo interactions. Proc.
Natl. Acad. Sci. USA 102:7121-7126

Pandey, S. and Assmann, S.M. (2004) The Arabidopsis putative G protein-coupled
receptor GCR1 interacts with the G protein alpha subunit GPA1 and regulates
abscisic acid signaling. Plant Cell. 16:1616-1632
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Overview of a

cDNA library screens

Felkl, M. and Leube, R.E. (2008) Interaction assays in yeast and cultured cells
confirm known and identify novel partners of the synaptic vesicle protein
synaptophysin. Neuroscience 156: 344-352

Paumi et al. (2007) Mapping protein-protein interactions for the yeast ABC
transporter Ycf1p by integrated split-ubiquitin membrane yeast two-hybrid
analysis. Mol. Cell 26(1):15-25

Matsuda, S. et al. (2005) The familial dementia BRI2 gene binds the Alzheimer's
gene APP and inhibits Abeta production. J. Biol. Chem. 280:28912-28916

Vitale, R. and Buxbaum, J.D. (2004) Use of the split-ubiquitin two-hybrid system
to identify proteins interacting with the Alzheimer proteins APP and LRP. Biol.
Bull. 207:167

Wang et al. (2004) The yeast split-ubiquitin membrane protein two-hybrid screen
identifies BAP31 as a regulator of the turnover of endoplasmic reticulum-
associated protein tyrosine phosphatase-like B. Mol. Cell. Biol. 24:276727-78

DUALmembrane pairwise

interaction assay

A DUALmembrane pairwise interaction assay is divided into two parts:

e Bait and prey construction and expression verification
o Cotransformation of bait and prey and assay of interaction

Bait and prey construction
and expression verification

Cloning your cDNA of interest into the bait and prey vectors

Cloning of your insert is done using the Sfi | sites provided in the MCS of the
DUALmembrane bait and prey vectors. The absence of Sfi | sites in most
eukaryotic cDNAs means that most full-length cDNAs can be directionally cloned
into the vectors. The sequence-verified constructs are then transformed into
NMY51 for expression tests and the DUALmembrane interaction assay (see
Protocols 2 and 3).

Please consult the Appendix for vector properties, and the support section of
www.dualsystems.com for vector maps and sequences. The complete sequences
of all DUALmembrane vectors are available for download on our website.
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Verifying correct expression of your bait and prey by Western blotting

Verification of expression is done by Western blot analysis of total yeast extracts
using either an antibody directed against your protein of interest or antibodies
directed against the LexA domain (for DUALmembrane baits) and the HA epitope
tag (for DUALmembrane preys). Certified antibodies are available from
Dualsystems Biotech (Order numbers P06004 and P06005). We recommend the
use of these antibodies as they have the high affinities and specificities needed
to detect DUALmembrane baits and preys expressed at low levels and have been
specifically tested for this purpose. Protocol 2 describes the preparation of total
extracts from yeast.

Testing pairwise protein-

protein interactions

The DUALmembrane pairwise interaction assay

Correct expression of the bait and its interaction with the prey is tested in the
pairwise interaction assay (Protocol 3). The control prey construct pOst1-Nubl
expresses a fusion of the yeast resident ER protein Ost1 to the wild type Nub
portion of yeast ubiquitin. Proper controls for interaction are included in the
assay.

If your bait is properly inserted into the membrane of yeast and the Cub-LexA-
VP16 moiety is located on the cytosolic side of the membrane, co-expression of
the bait with Ost1-Nubl results in rapid formation of split-ubiquitin due to the
strong affinity of wild type Nub for Cub. The UBPs recognize split-ubiquitin and
liberate the LexA-VP16 transcription factor by proteolytic cleavage.
Consequently, the free LexA-VP16 translocates to the nucleus and activates the
reporter genes. Reporter gene activation is assayed by growing the yeast
transformants on minimal medium.

On the other hand, co-expression of your bait with the NubG-nonsense peptide
fusion expressed from the pPR3-N prey vector does not lead to split-ubiquitin
formation as NubG has no affinity for Cub and your bait is unlikely to interact
with the NubG fused nonsense peptide. Consequently, yeast coexpressing your
bait and the NubG-nonsense peptide fusion does not grow on selective medium
and is negative in the B-galactosidase assay.

The controls integrated into the DUALmembrane pairwise interaction assay
enable you to determine whether your bait is functional in the assay and whether
it displays any non-specific background. DUALmembrane preys do not need to be
tested for non-specific background since they are not fused to any transcriptional
activator.

The bait pTSU2-APP expressing the type | integral membrane protein APP
(amyloid A4 precursor protein) and the prey pNubG-Feé5 expressing the cytosolic
protein Fe65 (amyloid beta A4 precursor protein-binding family B member 1) are
used as positive controls in the DUALmembrane pairwise interaction assay.
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4 Protocols

In the following sections you will find all protocols needed to carry out a
DUALmembrane screen.

Protocol Content
I Bait and prey construction

I Transformation of bait and prey constructs into NMY51

1 Verifying expression of your bait and prey by Western blotting

v The DUALmembrane pairwise interaction assay

\'% Assay for the detection of B-galactosidase activity

Water

Unless noted otherwise, use Nanopure water or water of similar quality.

Troubleshooting

If you have difficulties with a particular protocol please consult the Critical
Parameter and Troubleshooting section of this manual. Additional technical
information and general information relating to yeast can be found on our
Knowledge Base at www.dualsystems.com. If you cannot find an answer there,
please contact us by email (support@dualsystems.com) and we will try to help as
quickly as possible.
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Protocol (l.) Bait and prey construction

Obtain a cDNA clone
encoding your protein
of interest

Using the Sfi | sites

Bait primer design

To construct DUALmembrane baits and preys, the following steps are performed:

e Obtain cDNA clones encoding the entire open reading frame of your
proteins of interest
o Amplify the cDNAs using appropriate primers containing Sfi | sites

e Subclone the PCR products into the appropriate bait and prey vectors

If you do not have the cDNA encoding your protein of interest, you may obtain it
by searching full-length cDNA repositories, such as RIKEN or the IMAGE
consortium. Sequence verified full-length cDNAs can also be obtained from
commercial sources (ResGen, OpenBiosystems, Origene).

We recommend that you clone your cDNA into the two Sfi I restriction sites
provided in the multiple cloning site of the DUALmembrane vectors. Sfi | has the
recognition sequence GGCCNNNN’NGGCC, with a variable core of five nucleotides
(the cleavage site is indicated by ’ ). There are two Sfi | sites in all
DUALmembrane vectors: GGCCATTA’CGGCC and GGCCGCCT’CGGCC. The two
Sfi | sites have different overhangs which allow directional cloning of cDNAs into
the bait vector. Since Sfi | sites are very rare in eukaryotic genomes, most cDNAs
do not contain internal Sfi [ sites.

Design your bait primers according to the following instructions.
Cloning into pBT3-N

When subcloning into pBT3-N, the PCR fragment encoding your protein of
interest should start with the ATG codon of the ORF and should end with the stop
codon of the ORF. Add Sfi | sites in the correct reading frame to ensure a
continuous translation from the upstream LexA-VP16-Cub ORF, as shown below.
The annealing portion of your primers should be long enough to ensure a melting
temperature(Tm) of > 62°C, as calculated using the (G+C)/(A+T) method.

5' primer for subcloning into pBT3-N (5" to 3’)

ATTAACAAG GCC ATT ACG GCC NNN NNN NNN NNN NNN NNN NNN NNN NNN
Buffer Sfi | Gene-specific sequence

3’ primer for subcloning into pBT3-N (sense strand, 5' to 3')

NNN NNN NNN NNN NNN NNN NNN NNN GGCCGCCTCGGCCAATCAGTT
Gene-specific sequence Sfi l Buffer

Note: most oligonucleotide manufacturing companies require you to indicate the
sequence of your oligonucleotide primer in the 5 to 3' orientation. Be sure to convert the
final 3' primer into the reverse complement sequence to obtain the actual primer
sequence for ordering.
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Cloning into pBT3-C

When subcloning into pBT3-C, the PCR fragment encoding your protein of
interest should start with the ATG codon of the ORF, preceded by the sequence
'AAAA’ to ensure efficient initiation of translation. The PCR fragment should end
with the last codon BEFORE the stop codon of the ORF. (i.e. the stop codon must
be removed to ensure a continuous translation with the downstream Cub-LexA-
VP16 ORF). Add Sfi | sites in the correct reading frame to ensure a continuous
translation from the upstream SUC2 ORF and the downstream Cub-LexA-VP16
ORF, as shown below. The annealing portion of your primers should be long
enough to ensure a melting temperature(Tm) of > 62°C, as calculated using the
(G+C)/(A+T) method.

5' primer for subcloning into pBT3-C (5' to 3')

ATTAACAAGGCCATTACGGCC AAAA NNN NNN NNN NNN NNN NNN NNN NNN
Buffer Sfi | Gene-specific sequence, starting with ATG

3’ primer for subcloning into pBT3-C (sense strand, 5' to 3')

NNN NNN NNN NNN NNN NNN NNN NNN GGG GCC GCC TCG GCC AATCAGTT
Gene-specific sequence Sfi l Buffer

Cloning into pBT3-SUC

When subcloning into pBT3-SUC, the PCR fragment encoding your protein of
interest should start with the codon encoding the first amino acid downstream
of the signal peptide cleavage site, as predicted by computer-based algorithms
described in the section “Predict the topology of your protein of interest”. The
PCR fragment should end with the last codon BEFORE the stop codon of the ORF.
(i.e. the stop codon must be removed to ensure a continuous translation with the
downstream Cub-LexA-VP16 ORF). Add Sfi | sites in the correct reading frame to
ensure a continuous translation from the upstream SUC2 ORF and the
downstream Cub-LexA-VP16 ORF, as shown below. The annealing portion of your
primers should be long enough to ensure a melting temperature(Tm) of > 62°C,
as calculated using the (G+C)/(A+T) method.

5' primer for subcloning into pBT3-SUC (5' to 3')

ATTAACAAG GCC ATT ACG GCC NNN NNN NNN NNN NNN NNN NNN NNN NNN
Buffer Sfi | Gene-specific sequence

3’ primer for subcloning into pBT3-SUC (sense strand, 5’ to 3')

NNN NNN NNN NNN NNN NNN NNN NNN GGG GCC GCC TCG GCC AATCAGTT

Gene-specific sequence Sfi l Buffer

Note: most oligonucleotide manufacturing companies require you to indicate the
sequence of your oligonucleotide primer in the 5' to 3' orientation. Be sure to convert the
final 3' primer into the reverse complement sequence to obtain the actual primer
sequence for ordering. The “GG” depicted in red are used to ensure in-frame fusion with
the downstream Cub-LexA-VP16 ORF. The resulting codon GGG encodes Gly.
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Cloning into pBT3-STE

When subcloning into pBT3-STE, the PCR fragment encoding your protein of
interest should start with the first codon after the ATG codon of the ORF. The
PCR fragment should end with the last codon BEFORE the stop codon of the ORF.
(i.e. the stop codon must be removed to ensure a continuous translation with the
downstream Cub-LexA-VP16 ORF). Add Sfi | sites in the correct reading frame to
ensure a continuous translation from the upstream SUC2 ORF and the
downstream Cub-LexA-VP16 ORF, as shown below. The annealing portion of your
primers should be long enough to ensure a melting temperature(Tm) of > 62°C,
as calculated using the (G+C)/(A+T) method.

5' primer for subcloning into pBT3-STE (5' to 3')

ATTAACAAG GCC ATT ACG GCC NNN NNN NNN NNN NNN NNN NNN NNN NNN
Buffer Sfi Gene-specific sequence

3’ primer for subcloning into pBT3-STE (sense strand, 5' to 3')

NNN NNN NNN NNN NNN NNN NNN NNN GGG GCC GCC TCG GCC AATCAGTT
Gene-specific sequence Sfi l Buffer

Note: most oligonucleotide manufacturing companies require you to indicate the
sequence of your oligonucleotide primer in the 5' to 3' orientation. Be sure to convert the
final 3' primer into the reverse complement sequence to obtain the actual primer
sequence for ordering. The “GG” depicted in red are used to ensure in-frame fusion with
the downstream Cub-LexA-VP16 ORF. The resulting codon GGG encodes Gly.

1.  Amplify the gene of interest by PCR using the oligonucleotides designed
according to the instructions above.

2. Clone your PCR fragment into the appropriate bait vector using standard
cloning procedures.

3. Transform E. coli with the plasmid and check for the presence of the insert
using restriction enzymes and DNA sequencing.

Forward primers Primer sequence
pBT3-C
pBT3-SUC 5’ TGGCATGCATGTGCTCTG 3’
pBT3-STE
pBT3-N 5’ cagaaggagtccaccttac 3’
Reverse primers Primer sequence
pBT3-C
pBT3-SUC 5° GTAAGGTGGACTCCTTCT 3’
pBT3-STE
pBT3-N 5" AAGCGTGACATAACTAATTAC 3’
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Design your prey primers according to the following instructions.
Cloning into pPR3-N

When subcloning into pPR3-N, the PCR fragment encoding your protein of
interest should start with the ATG codon of the ORF and should end with the stop
codon of the ORF. Add Sfi | sites in the correct reading frame to ensure a
continuous translation from the upstream NubG ORF, as shown below. The
annealing portion of your primers should be long enough to ensure a melting
temperature(Tm) of > 62°C, as calculated using the (G+C)/(A+T) method.

5' primer for subcloning into pPR3-N (5' to 3')

ATTAACAAG GCC ATT ACG GCC NNN NNN NNN NNN NNN NNN NNN NNN NNN
Buffer Sfi Gene-specific sequence

3’ primer for subcloning into pPR3-N (sense strand, 5' to 3')

NNN NNN NNN NNN NNN NNN NNN NNN GGCCGCCTCGGCCAATCAGTT
Gene-specific sequence Sfi l Buffer

Note: most oligonucleotide manufacturing companies require you to indicate the
sequence of your oligonucleotide primer in the 5' to 3' orientation. Be sure to convert the
final 3' primer into the reverse complement sequence to obtain the actual primer
sequence for ordering.

Cloning into pPR3-SUC

When subcloning into pPR3-SUC, the PCR fragment encoding your protein of
interest should start with the codon encoding the first amino acid downstream
of the signal peptide cleavage site, as predicted by computer-based algorithms
described in the section “Predict the topology of your protein of interest”. The
PCR fragment should end with the last codon BEFORE the stop codon of the ORF.
(i.e. the stop codon must be removed to ensure a continuous translation with the
downstream NubG ORF). Add Sfi | sites in the correct reading frame to ensure a
continuous translation from the upstream SUC2 ORF and the downstream NubG
ORF, as shown below. The annealing portion of your primers should be long
enough to ensure a melting temperature(Tm) of > 62°C, as calculated using the
(G+C)/(A+T) method.

5' primer for subcloning into pPR3-SUC (5' to 3')

ATTAACAAG GCC ATT ACG GCC NNN NNN NNN NNN NNN NNN NNN NNN NNN
Buffer Sfi | Gene-specific sequence

3’ primer for subcloning into pPR3-SUC (sense strand, 5' to 3')

NNN NNN NNN NNN NNN NNN NNN NNN GGG GCC GCC TCG GCC AATCAGTT
Gene-specific sequence Sfi l Buffer

Note: most oligonucleotide manufacturing companies require you to indicate the
sequence of your oligonucleotide primer in the 5’ to 3' orientation. Be sure to convert the
final 3' primer into the reverse complement sequence to obtain the actual primer
sequence for ordering. The “GG” depicted in red are used to ensure in-frame fusion with
the downstream NubG ORF. The resulting codon GGG encodes Gly.
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Cloning into pPR3-STE

When subcloning into pPR3-STE, the PCR fragment encoding your protein of
interest should start with the first codon after the ATG codon of the ORF. The
PCR fragment should end with the last codon BEFORE the stop codon of the ORF.
(i.e. the stop codon must be removed to ensure a continuous translation with the
downstream NubG ORF). Add Sfi | sites in the correct reading frame to ensure a
continuous translation from the upstream SUC2 ORF and the downstream NubG
ORF, as shown below. The annealing portion of your primers should be long
enough to ensure a melting temperature(Tm) of > 62°C, as calculated using the
(G+C)/(A+T) method.

5' primer for subcloning into pPR3-STE (5' to 3')

ATTAACAA GGC CAT TAC GGC CTT NNN NNN NNN NNN NNN NNN NNN NNN NNN
Buffer Sfi Gene-specific sequence

3’ primer for subcloning into pPR3-STE (sense strand, 5' to 3')

NNN NNN NNN NNN NNN NNN NNN NNN GGG GCC GCC TCG GCC AATCAGTT
Gene-specific sequence Sfi l Buffer

Note: most oligonucleotide manufacturing companies require you to indicate the
sequence of your oligonucleotide primer in the 5' to 3' orientation. Be sure to convert the
final 3' primer into the reverse complement sequence to obtain the actual primer
sequence for ordering. The “TT” depicted in red in the 5’ primer sequence ensures in-
frame fusion with the upstream STE2 ORF. The resulting codon CTT encodes Leu. The
“GG” depicted in red in the 3’ primer sequence ensures in-frame fusion with the
downstream NubG ORF. The resulting codon GGG encodes Gly.

1.  Amplify the gene of interest by PCR using the oligonucleotides designed
according to the instructions above.

2. Clone your PCR fragment into the appropriate prey vector using standard
cloning procedures.

3. Transform E. coli with the plasmid and check for the presence of the insert
using restriction enzymes and DNA sequencing.

Forward primers Primer sequence
pPR3-N 5" GTCGAAAATTCAAGACAAGG 3’
ETPE3'C’ PPR3-SUC, PPR3- | 5 1r1cTGCACAATATTTCAAGE 3

Reverse primers Primer sequence
pPR3-N 5" AAGCGTGACATAACTAATTAC 3’
EE?'C' PPR3-SUC, PPR3- | 5 1TGACGAAAATCTGCATGG 3
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Protocol (Il.)  Transformation of bait and prey constructs into NMY51

After constructing your bait and prey, transform them into the reporter strain
NMY51 to verify expression by Western blotting. It is recommended to include
pTSU2-APP and pNubG-Fe65 as a positive controls for Western blotting.

Protocol

1.

Prepare 100 mm diameter SD-leu and SD-trp selection plates using the
Media starter package 1 (P09001).

We recommend to use the Media starter packages for the preparation of your yeast
media. Alternatively, you may use standard yeast media recipes to prepare your
selection plates.

Inoculate 50 ml YPAD medium with several colonies of NMY51 taken from a
fresh plate and grow overnight at 30°C with shaking.

When transforming plasmids into yeast, make sure that you are using colonies from a
plate that is no older than 2 weeks. It is good practice to prepare several glycerol
stocks from the original strain and use these for re-streaking at regular intervals.
Always using fresh yeast ensures maximum transformation efficiencies and avoids
unwanted artefacts.

Measure the ODs44 of the overnight culture, which should be 0.6-0.8. If the
ODs4 reading is above 1.0, dilute the culture to an ODs4 of 0.2 and regrow
to an OD546 0.6.

Culture density is critical to achieve high transformation efficiencies. As ODsyq
readings vary according to the spectrophotometer used, we recommend to adjust the
ODs4 reading of your spectrophotometer to the actual cell number. See Critical
Parameters and Troubleshooting for further information.

Pellet the overnight culture for 5 minutes at 2500x g and resuspend in
2.5 ml water.

Use the reagents of the DSY Yeast Transformation Kit (P01003) for the
following yeast transformation.

Prepare the PEG/LiOAc master mix (sufficient for 5 transformations):

PEG/LiOAc master mix

Component Amount
50 % PEG 1.2 ml
1 M LiOAc 180 pl
Single-stranded carrier DNA | 125 pl
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7. Set up the following reactions:
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Reaction Amount Plasmid
1 1.5 pg Bait construct

2 1.5 pg Prey construct

3 1.5 ug pTSU2-APP

4 1.5 pg pNubG-Fe65

8. Add 300 pl PEG/LiOAc master mix to each tube, vortex briefly.

9. Add 100 pl resuspended yeast cells from step 4 to each tube, vortex
1 minute to thoroughly mix all components.

10. Incubate in a 42°C water bath for 45 minutes.

11. Pellet the reactions for 5 minutes at 700x g.

12. Dissolve each pellet in 100 pl 0.9 % NaCl and plate each transformation
onto the following 100 mm diameter plates:

Reaction Plasmid SD-leu SD-trp
1 Bait construct 100 pl

2 Prey construct 100 pl

3 pTSU2-APP 100 pl

4 pNubG-Fe65 100 pl

13. Seal all plates with parafilm and incubate for 4 days at 30°C.

After 4 days at 30°C approximately 100-1000 colonies per plate should appear,
depending on the transformation efficiency. If fewer than 20 colonies per plate
are observed after 4 days, repeat the entire transformation procedure. See
Critical Parameters and Troubleshooting for suggestions on how to increase
transformation efficiency.

P09001 Media starter package 1

P0O1003 DS Yeast Transformation kit

P06001 Single-stranded carrier DNA
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Verifying expression of your bait and prey by Western blot

Alternate protocol

You now have four transformant strains, each bearing either your bait construct,
prey construct or control constructs. In order to assay expression of the fusion
proteins, each transformant strain is inoculated in liquid selective medium and
grown overnight. Total extracts of the transformant strains are prepared and
assayed for expression of fusion proteins by Western blotting.

For optimal Western blotting results we recommend the use of our TOTAL protein
extraction kit (P01013). The reagents in the TOTAL protein extraction kit have
been carefully optimized to ensure complete lysis of yeast cells and subsequent
solubilization of total proteins, including integral membrane proteins.

If you prefer not to use the TOTAL protein extraction kit, we have listed an
alternate protocol below.

>

© N o wu

10.
11.
12.
13.

14.
15.
16.
17.

18.

19.

Inoculate several colonies of each transformant strain from Protocol 2 into
10 ml SD-leu medium (transformant strains 1 and 3) or SD-trp medium
(transformant strains 2 and 4) and incubate overnight at 30°C. Grow to an
OD546 of 0.6-1.

Centrifuge in a 14 ml Falcon tube at 700x g for 5 minutes.
Wash the pellet once with 1 mM EDTA/water.

Add 200 pl 2 M NaOH, transfer to an eppendorf tube and incubate on ice
for 10 minutes.

Add 200 pl 50 % TCA, mix well and incubate on ice for 2 hours.
Centrifuge at 14’000x g for 20 minutes, 4°C, in a benchtop centrifuge.
Decant the supernatant.

Add 200 pl ice-cold acetone to the pellet and gently break up the pellet
using a yellow tip.

Centrifuge at 14’000x g for 20 minutes, 4°C in a benchtop centrifuge.
Discard the supernatant and add 200 pul 5 % SDS/water to the pellet.
Resuspend the pellet by pipetting or vortexing.

Add an equal volume of SDS sample buffer and mix by vortexing.

If the color of the sample is yellow, add several drops of 2 M Tris-Cl pH 9
until the color changes from yellow to blue.

Incubate extracts at 37°C for 15 minutes with shaking.
Centrifuge extracts at 14’000x g for 5 minutes.
Proceed immediately to SDS-PAGE or store the extracts at -20°C.

Load extracts onto a standard SDS-PAGE and perform a Western blot using
any standard method.

To detect the bait construct and the pTSU2-APP control construct, use the
mouse monoclonal antibody directed against LexA (P06004).

To detect the prey construct and the pPR3-N control construct, use the
mouse monoclonal antibody directed against the HA epitope tag (P06005).
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Below, the MWs for the proteins expressed from the control constructs are listed.
The negative control sample 4 (NMY51 transformed with pPR3-N) should yield no
detectable bands. If your bait is properly expressed, sample 1 (NMY51
transformed with your bait construct) should yield a band corresponding to the
molecular weight of your bait protein (x) plus 38 kDa for the Cub-LexA-VP16
fusion. If your prey is properly expressed, sample 2 (NMY51 transformed with
your prey construct) should yield a band corresponding to the molecular weight
of your prey (x) plus 7 kDa for the NubG fusion.

Sample Plasmid MW (kDa)
1 Bait construct X + 38
2 Prey construct X+7
3 pTSU2-APP 118.5
4 pNubG-Fe65 78.7

In some cases, failure to detect expression of your bait or prey protein may be
connected with either inefficient translation of the fusion protein by yeast or by
inefficient extraction and/or precipitation of the fusion protein during the
extraction procedure. Even if you are unable to detect your bait or prey protein
of interest by Western blotting, we recommend to carry out the DUALmembrane
pairwise interaction assay (please compare the Critical Parameters and
Troubleshooting section of this manual).

50 % TCA solution
Reagent Final . For 100 ml
concentration
TCA (trichloroacetic acid) 50 % 50¢g
water - to 100 ml

Store at 4°C.

SDS sample buffer

Reagent concE:\r‘tarLtion For 50 ml
Tris-Cl pH 6.8 25 mM 1.25ml1 M
Urea IM 27 g
EDTA 1 mM 0.1 ml0.5M
SDS 1% 2.5 ml 20 % stock
B-mercaptoethanol 0.7M 2 ml
Glycerol 10% 5 ml
water to 50 ml

Add bromophenol blue to desired color intensity, divide into aliquots and store at
-20°C. Store the working aliquot at room temperature.
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The DUALmembrane pairwise interaction assay

Protocol

In order to assay the interaction of your bait and prey proteins in yeast, the bait
plasmid is co-transformed with the prey plasmid and tested for growth on
selective medium. Growth under selection indicates an interaction between the
bait and prey expressed from the respective vectors. In addition, a control
control reaction is performed where your bait is cotransformed with plasmids
pOst1-Nubl and pPR3-N. Co-expression of your bait together with Ost1-Nubl
should result in reconstitution of split-ubiquitin through the strong affinity of
wild type Nub for Cub and the concurrent activation of reporter genes. Growth of
yeast expressing your bait and the Ost1-Nubl control signifies that your bait is
functional in the DUALmembrane system. Co-expression of your bait with the
NubG-nonsense peptide fusion expressed from the pPR3-N prey vector should not
lead to split-ubiquitin formation as NubG has no affinity for Cub and your bait is
unlikely to interact with the nonsense peptide fused to NubG. Consequently,
yeast coexpressing your bait and the NubG-nonsense peptide fusion should not
grow on selective medium. Coexpression of Cub-fused APP and NubG-fused Fe65
from pTSU2-APP and pNubG-Feé65 should lead to robust growth on selective
medium as APP and Fe65 interact with each other and consequently initiate the
split-ubiquitin mechanism.

Note

For some projects (e.g. testing a high number of preys against a single bait) it is
recommended to test the functionality of the bait in advance, using the pOst1-Nubl
functional control vector other control described in Protocol IV.

1. Prepare 100 mm diameter SD-trp-leu, SD-trp-leu-his and SD-trp-leu-his-ade
selection plates using the Media starter package 1 (P09001).

2. Inoculate 50 ml YPAD with several colonies of NMY51 taken from a fresh
plate and grow overnight at 30°C with shaking.

When transforming plasmids into yeast, make sure that you are using colonies from a
plate that is no older than 2 weeks. It is good practice to prepare several glycerol
stocks from the original strain and use these for re-streaking at regular intervals.
Always using fresh yeast ensures maximum transformation efficiencies and avoids
unwanted artefacts.

3. Measure the ODs4 oOf the overnight culture, which should be 0.6-0.8. If the
ODs4 reading is above 1.0, dilute the culture to an ODs4 of 0.2 and regrow
to an OD546 0.6.

4. Pellet the overnight culture for 5 minutes at 2500x g and resuspend in
2.5 ml water.

5. Use the reagents of the DSY Yeast Transformation Kit for the following
yeast transformation.
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6. Prepare the PEG/LiOAc master mix (sufficient for 10 transformations):
PEG/LiOAc master mix
Component Amount
50 % PEG 2.4 ml
1 M LiOAc 360 pl
Single-stranded carrier DNA | 250 pl
7. Set up the following reactions:
Reaction Amount Plasmid 1 Plasmid 2
1 1.5 pg each Bait construct pOst1-Nubl
2 1.5 pg each Bait construct pPR3-N
3 1.5 pg each pTSU2-APP pNubG-Fe65
4 1.5 ng each pTSU2-APP pPR3-N
5 1.5 pg each Bait construct Prey construct
6 1.5 pg each pTSU2-APP Prey construct

Dualsystems Biotecl

8. Add 300 ul PEG/LiOAc master mix to each tube, vortex briefly.

9. Add 100 pul resuspended yeast cells from step 4 to each tube, vortex for one
minute to thoroughly mix all components.

10. Incubate in a 42°C water bath for 45 minutes.
11. Pellet the reactions for 5 minutes at 700x g.

12. Dissolve each pellet in 150 ul 0.9 % NaCl and plate each transformation
onto the following 100 mm diameter selection plates:

Reaction SD-trp-leu SD-trp-leu-his | SD-trp-leu-his-ade
1 50 pl 50 pl 50 pl
2 50 pl 50 pl 50 pl
3 50 pl 50 pl 50 pl
4 50 pl 50 pl 50 pl
5 50 pl 50 pl 50 pl
6 50 pl 50 pl 50 pl

13. Seal all plates with parafilm and incubate for 4 days at 30°C.

Growth on SD-trp-leu plates

After 4 days at 30°C you should have approximately 100-1000 colonies on every
SD-trp-leu plate, depending on the transformation efficiency. If you observe
fewer than 20 colonies per plate, we recommend that you repeat the entire
transformation procedure since the results of the pairwise interaction assay will
only be meaningful if a good transformation efficiency has been achieved. Please
see Critical Parameters and Troubleshooting for suggestions on how to increase
transformation efficiency.
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If you do not observe any colonies at all, incubate the plates for another 1-2 days
at 30°C. If you still do not see any colonies, check your plasmids and
transformation reagents and repeat the transformation procedure.

Interaction of your bait with pOst1-Nubl and pPR3-N

Count the number of colonies on all plates and calculate the percentage of
growth on selective plates (SD-trp-leu-his and SD-trp-leu-his-ade) versus non-
selective plates (SD-trp-leu) as detailed below. Enter the data into the table
provided below.

(number of colonies on selective plate * 100)

% growth under selection =
number of colonies on non-selective plate

Reaction SD-trp- SD-trp- % growth SD-trp- % growth
leu leu-his on SD-trp- leu-his- on SD-trp-
leu-his ade leu-his-ade

DU AN WIN|[=

If your bait is properly expressed and functional in the pairwise interaction assay,
you should observe between 10 % and 100 % growth on SD-trp-leu-his and SD-trp-
leu-his-ade plates derived from transformation reaction 1, depending on the
expression level of your bait. Robust growth under selection indicates that your
bait is well expressed and that the Cub moiety is accessible for interaction with
the Ost1-Nubl moiety expressed from the pOst-Nubl control prey.

You should observe no significant growth on selective plates derived from
transformation reaction 2, as your bait does not interact with the NubG fused
nonsense-peptide expressed from the pPR3-N control prey.

Transformation reaction 3 should yield robust growth under selection since the
APP bait (pTSU2-APP) is well expressed and interacts strongly with the Fe65 prey
fusion. Transformation reaction 4 (the negative control) should vyield
considerably fewer colonies than reaction 3.

If bait and prey interact, transformation reaction 5 should show 10%-100% growth
on SD-trp-leu-his and/or SD-trp-leu-his-ade plates. Whether you observe growth
under both selective conditions or only with one particular selective condition
will depend on several factors, including the relative strength of expression of
bait and prey and the strength of their interaction. To ensure reproducibility, we
recommend to carry out the entire interaction assay at least twice.

Transformation reaction 6 is a negative control to test your prey for non-specific
interaction. Growth on SD-trp-leu-his or SD-trp-leu-his-ade plates indicates that
the prey interacts non-specifically with any DUALmembrane bait. This may be
due to either overexpression of the prey, partial unfolding of the prey or a
general tendency of your prey to undergo non-specific interactions. If you
observe stronger growth in transformation reaction 5 than 6, this may indicate
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that your prey interacts specifically with the bait, despite a certain tendency for
non-specific interactions.

You may fine tune the selection stringency by using 3-aminotriazole (3-AT).
Repeat the pairwise interaction assay using the selection conditions which have
yielded the lowest background and supplement the selection plates with
increasing concentrations of 3-AT: 0, 1, 2.5, 5, 7.5, 10 and 15 mM 3-AT.

Interpreting the different

colors of yeast clones

Due to the ADE2 reporter gene, the strain NMY51 will display different colors,
ranging from dark red to white, depending on whether an interacting protein pair
is expressed or not. When the ADE2 reporter gene is not transcribed (i.e. no
protein interaction takes place between a DUALmembrane bait and a prey), the
adenine synthesis pathway is blocked and a red colored intermediate
accumulates, turning the cells red. This may initially be visible as a slightly pink
color and can turn into dark red upon longer storage of the yeast.

If a DUALmembrane bait and prey interact, the ADE2 reporter gene is activated
and the adenine synthesis pathway is unblocked, leading to the disappearance of
the red colored intermediate. Thus, the color of yeast clones harboring a
protein-protein interaction can reach from faintly pink (weak interaction,
corresponds to slow growth on SD-trp-leu-his-ade selection medium) to white
(strong interaction, corresponds to strong growth on SD-trp-leu-his-ade selection
medium). The differences in color between individual yeast clones can help you
to judge whether a particular clone harbors an interacting protein pair.
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Protocol (V.)  Assay for the detection of N-galactosidase activity

In addition to the growth reporters HIS3 and ADE2 the strain NMY51 also contains
the color reporter lacZ. The lacZ gene encodes the bacterial enzyme
B-galactosidase, which converts the substrate X-gal into a blue compound. Yeast
cells expressing B-galactosidase therefore turn blue when incubated with X-gal or
a similar substrate. The lacZ reporter gene is used to assess the strength of
interaction of the individual transformants selected in a library screen.

HTX p-galactosidase
assay kit

We strongly recommend the use of our HTX B-galactosidase assay kit (P01002).
The HTX kit is easy to use and allows simultaneous quantitation of
B-galactosidase activities from hundreds of colonies with a minimum of hands-on
time. A HTX trial size kit is included with the DUALmembrane starter kit.

Please consult the manual that is included in the HTX kit for instructions.
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5 Critical Parameters and Troubleshooting

How to determine the
optimal bait or prey

vector for your membrane

protein of interest.

To be suitable for the DUALmembrane system, your protein of interest must
fulfill the following criteria:
e Integral membrane protein with at least one membrane-spanning domain
if used as bait
¢ Integral membrane protein OR cytosolic protein when used as prey
e Either the N-terminus or the C-terminus (or both) must be located on the
cytosolic face of the membrane

The latter requirement is crucial for the DUALmembrane system to work properly
with your protein of interest since the Cub and NubG modules must be located on
the cytosolic face of the membrane for UBP-mediated cleavage and activation of
reporter genes to occur.

If no experimental evidence for the topology of your membrane protein is
available, we recommend that you use computer-based algorithms to predict the
topology. You can find links to suitable algorithms in the support section of our
website (www.dualsystems.com).

Some classes of integral membrane proteins have a defined topology. If your
protein belongs to one of the classes listed below, simply follow these
suggestions to construct a bait for the DUALmembrane system.

Type | integral membrane proteins

Location of Location of Number of Appropriate
N-terminus C-terminus transmembrane domains | vector
Lumenal Cytosolic 1 pBT3-SUC

pPR3-SUC
Examples:

e Receptor tyrosine kinases (EGFR, VEGFRs, ErbB family)
¢ Adhesion proteins (Cadherins, Integrins)

Some signal sequences of mammalian type | membrane proteins are not well
recognized in yeast. We recommend that you replace the endogenous signal
sequence of your protein of interest with a signal sequence derived from a yeast
type | membrane protein. The vectors pBT3-SUC and pPR3-SUC carry a signal
sequence derived from the Saccharomyces cerevisiae invertase (SUC2) gene. The
invertase signal sequence has been used many times for secretion of
heterologous proteins in yeast and is well suited to ensure proper insertion of
your bait into yeast membranes.
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| am unable to detect

Type Il integral membrane proteins

Location of | Location of Number of Appropriate vector
N-terminus C-terminus |transmembrane domains
Cytosolic Lumenal or Variable pBT3-N or

cytosolic pBT3-STE

pPR3-N or pPR3-STE

If your protein of interest is a type Il integral membrane protein with its N-
terminus in the cytoplasm and its C-terminus in the lumen, use the type II
vectors pBT3-N or pPr3-N. If your protein of interest has both the N-terminus and
the C-terminus in the cytosol, we recommend that you clone the cDNA into both
pBT3-N and pBT3-STE or pPR3-N and pPR3-STE and then use the functional assay
to determine which bait is optimal for screening.

G protein-coupled receptors (GPCRs)

Location of Location of | No. of transmembrane Appropriate vector
N-terminus C-terminus |domains

Lumenal Cytosolic 7 pBT3-SUC or pBT3-STE
pPR3-SUC or pPR3-STE

GPCRs are seven transmembrane domain receptors with the N-terminus on the
lumenal and the C-terminus on the cytosolic side of the membrane. Some GPCRs
carry an N-terminal cleavable signal sequence. For this reason, we recommend
that you check your GPCR of interest for the presence of a signal sequence using
an appropriate computer-based algorithm (please consult the Support/Bio-
informatics tools section of our website at www.dualsystems.com).

If a signal sequence is predicted, use pBT3-SUC or pPR3-SUC for constructing your
bait. If no signal sequence is predicted, use pBT3-STE or pPR3-STE.

expression of my bait by

Western blotting.

A commonly encountered problem when using mammalian bait proteins in the
DUALmembrane system is that the bait under investigation is not detectable by
immunoblotting.

In some cases, failure to detect expression of the bait protein may be due to
inefficient translation of the fusion protein, protein or RNA stability, active
degradation of the fusion protein or inefficient extraction of the fusion protein
from the yeast cell. A major factor when extracting proteins from yeast is its
rigid cell wall, which has to be disrupted mechanically or enzymatically to ensure
recovery of the fusion protein. Mechanical disruption by vortexing should be
sufficient in most cases, but the efficiency can be greatly increased by using
mechanical disruptors (e.g., the FastPrep machine available from MP
Biomedicals). In some cases it may also help to apply alternative protocols for
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My transformation
Efficiency is too low.

Yeast media

protein extraction from yeast. Please contact our  support
(support@dualsystems.com) if you wish to use alternative extraction protocols.

We recommend to always test the functionality of the bait with the Ost1-Nubl
functional control. If your bait yields a positive result together with the Ost1-
Nubl positive control, you may proceed to the DUALmembrane pairwise
interaction assay even in the absence of a positive Western blotting result.

If your bait is negative in the Western blot and the Ost1-Nubl functional assay,
bait expression levels in yeast have to be increased. The standard
DUALmembrane bait vectors pBT3-N, pBT3-C, pBT3-SUC and pBT3-STE express
the bait from the weak CYC1 promoter to avoid overexpression artifacts. Cloning
the bait into a vector with a stronger promoter (e.g. ADH1 or TEF1) may help to
increase expression levels.

For highest transformation efficiencies, single-stranded carrier DNA should be
denatured two times at 95°C for 5 minutes immediately prior to use.

Always store single-stranded carrier DNA at -20°C. Keep on ice after thawing and
immediately return it to -20°C after use.

Aliquot the DNA to prevent excessive thawing/freezing cycles.

The concentration of the PEG solution influences the transformation efficiency.
Always close the bottle containing the 50% PEG solution tightly to avoid
evaporation.

Make sure the media are prepared correctly. If you suspect that the media or
amino acid stock solutions have been over-autoclaved, prepare fresh solutions
and either filter sterilize them or adjust the autoclave settings.

Vitality of the yeast strain is important for high transformation efficiency. Do not
use yeast from plates which are older than two weeks.

Randomly primed libraries tend to have smaller insert sizes than oligo dT primed
libraries and require the original ATG of the cDNA sequence at the 5’ end to
ensure translation of a prey-NubG fusion protein. For these reasons, the number
of productive clones in a X-NubG library tends to be smaller than in a NubG-X
library.

Dropout mix is a formulation of amino acids and other factors required by yeast
to grow under defined conditions. Amino acids that have been omitted from a
particular dropout mix are usually denoted by “-aa”. Thus, an SD-leu dropout
lacks the amino acid leucine and can be used to select for the presence of
constructs bearing the LEU2Z marker, such as the pBT3-N bait vector. Dropout
mixes may be purchased readymade or can be assembled from individual amino
acids.

For use with the DUALmembrane system, you need -leu, -trp-leu, -trp-leu-his and
-trp-leu-his-ade dropouts. The Dualsystems Media packages 1 and 2 have been
specially assembled to give you an easy start to screening using the
DUALmembrane system. Alternatively, you can prepare your own media
according to standard yeast media recipes.
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7 Vector information

Dualsystems Biotecl

Vector maps and
sequences

For PDF versions of all vector maps, as well as vector sequence files, please visit
the support section of www.dualsystems.com.

Bait vectors

Auxotrophic Origin of . Origin of
Vector marker replication ReSIStaEnce lrln arker replication
(yeast) (yeast) (E. coli) (E. coli)
Kan
CEN/ARS . .
pBT3-N LEU2 (1-2 copies/cell) (select v.v1th 30 pg/ml | High copy
kanamycine)
Kan
CEN/ARS . :
pBT3-C LEU2 (1-2 copies/cell) (select v.v1th 30 pg/ml | High copy
kanamycine)
Kan
CEN/ARS . :
pBT3-SUC LEU2 (1-2 copies/cell) (select w1th 30 pg/ml | High copy
kanamycine)
Kan
CEN/ARS . :
pBT3-STE LEU2 (1-2 copies/cell) I((select w1th 30 pg/ml | High copy
anamycine)
Library vectors
Auxotrophic Origin of . Origin of
R Resistance marker A
Vector marker replication E. coli) replication
(yeast) (yeast) (E. (E. coli)
2micron Amp
pPR3-N TRP1 (20-50 (select with 100 ug/ml | High copy
copies/cell) ampicillin)
2micron Amp
pPR3-C TRP1 (20-50 (select with 100 ug/ml | High copy
copies/cell) ampicillin)
2micron Amp
pPR3-SUC TRP1 (20-50 (select with 100 pg/ml | High copy
copies/cell) ampicillin)
2micron Amp
pPR3-STE TRP1 (20-50 (select with 100 pg/ml | High copy
copies/cell) ampicillin)
Control vectors
Auxotrophic Orlgln pf Resistance Origin of replication
Vector marker replication marker (E. coli
(yeast) (yeast) (E. coli) ’ )
Kan
CEN/ARS .
pTSU2-APP LEU2 (1-2 (Se/lﬁflt with 30| Lo copy
copies/cell K8 .
kanamycine)
2micron Amp
pNubG-Fe65 TRP1 (20-50 (select with 100 | High copy
copies/cell) pg/ml ampicillin)
2micron Amp
pOst1-Nubl Trp1 (20-50 (select with 100 | High copy
copies/cell) pg/ml ampicillin)
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pBT3-N bait vector
P03230

Xbal (353)

Xhol (110)
BamH! (558)
Nhel (2) cvel Sal | (662)
EcoRI (971)
CEN/ARS . Smal (978)
? Smal (1110)
\‘
0BS ori Lexd Not | (1225)
BamHI (1242)
VP16
<5‘a/l (1384)
Cla | (5883) cus
Cla | (1394)
Xhol (5732) /\ Hin dlll (1399)
pBT3-N cyeT
Clal (5641) EcoRI (1411)
7608 b
Smal (5460) P Pst 1 (1421)
Sfi 1 (1430)
KanR

Sfi 1 (1457)
Hin dlll (5212) Neol (1463)

Sacll (1483)

ECcoRI (3775) Cla1(3290)
Pst |
-------- Sfil Sfil Nco | Sac ll
aat tcc tgc agg gece att acg gec agg cct tta att aag gec gec teg gee cca tgg taa gta gct aac cgc gga
NSCRAITARPLIKA AS APW* V ANRG
_________________ >
Cub reading frame
Vector features
Position Feature Position Feature
Start: 62  End: 352 CYC1 promoter Start: 2499 End: 4709 LEU2 auxotrophic marker

Start: 364 End: 969

Start: 988 End: 1224
Start: 1231 End: 1365
Start: 1509 End: 1768

LexA DNA binding domain

VP16 transactivation domain

Cub, amino acids 34-76 of ubiquitin
CYCL1 terminator

Start: 4858 End: 5891
Start: 6184 End: 6851
Start: 6973 End: 7512

KanR resistance gene
pBluescript origin of replication
CEN/ARS origin of replication
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pBT3-C bait vector
P03231

Xrol (110) Ncol (429)

EcoRT (447)
HindIII (452)

ST (40

BarHI (41)
NotI (633)

| BarH (833)
pES ort SalI (937)

EcoRT (1246)
Smal (1253)
Smal (1335)

7599 bp

ClaI (3281)

EcoRT (3766)

Xba | Sfil Sfil

atc tag acg gcc att acg gcc aaa ctc gct cgc ccg ggc cga acc agt ggc tgc agg gec gec tcg gec
| * T A | T A K L A R P G R T S G C R A A S A

Nco | Hind 111

aaa ggc ctc cat ggg tat atc tgc agg aat tcg ata tca agc tta tcg ata ccg tcg acc atg tcg ggg

K G L H G Y | C R N S | S S L S | P S T M S G

Vector features

Position Feature Position Feature

Start: 62  End: 352 CYC1 promoter Start: 2490 End: 4700 LEU2 auxotrophic marker
Start: 480 End: 614 Cub, amino acids 34-76 of ubiquitin Start: 4849 End: 5882 KanR resistance gene

Start: 639 End: 1250 LexA DNA binding domain Start: 6175 End: 6842 pBluescript origin of replication
Start: 1263 End: 1499 VP16 transactivation domain Start: 6964 End: 7503 CEN/ARS origin of replication

Start: 1501 End: 1758 CYCL1 terminator
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pBT3-SUC bait vector
P03232

Dualsystems Biotech

cycip
Xho! (110)
Xbal (353)
Sacll (5) Hin d11l (375)
Sfi 1 (431)
Sfi 1 (458)
Pst | (470)
CENJARS EcoRI (472)
>/> 1 Hin dl11 (484)
// Cla| (491)
Sal | (499)
) | sucz
pBS ori CcUB BamH| (516)
Lexd Not | (658)
BamH| (858)
Cla | (5899) VP16 Sal | (962)
Xhol (5748)
pBT3-SUC cyel EcoRI (1271)
Cla | (5657)
7624 bp Smal (1278)
Smal (5476) Smal (1410)
KanR
/ Cla | (3306)
EcoRI (3791)
Sfil Sfil Pst |

gca atg gec att acg gec agg cct tta att aag gec gec teg gec ate tge agg aat
AMAITARPLIKAASAICRN

Cub reading frame

Start: 1526 End: 1783
Start: 2515 End: 4725
Start: 4874 End: 5907

__________________ >
SUC2 reading frame
Vector features

Position Feature Position

Start: 62  End: 352 CYC1 promoter

Start: 361 End: 423 SUC2 cleavable signal sequence

Start: 505 End: 639 Cub, amino acids 34-76 of ubiquitin

Start: 664 End: 1275 LexA DNA binding domain

Start: 1288 End: 1524

VP16 transactivation domain

Start: 6200 End: 6867
Start: 6989 End: 7528

Feature

CYC1 terminator

LEU2 auxotrophic marker
KanR resistance gene
pBluescript origin of replication
CEN/ARS origin of replication
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pBT3-STE bait vector
P03233

Xhol (110)
Sacll (5) Xbal (353)
cycip Sfi 1 (421)
Sfi 1 (448)
Pst | (460)
EcoRI (462)
Hin dlll (474)
CEN/ARS

Sal | (489)
BamH! (506)

——___Not (648)
STEZ leader

pBS ori A BamH| (848)
Cub ~ Sall (952)
LexA FcoRI (1261)
VP16
Xho! (5738)
pBT3-STE cyeT
7614 bp
KanR

EcoRI (3781)
Sfi | Sfil Pst | Hind I

gta atg gcc att acg gcc agg cct tta att aag gcc gec tcg gece atc tge agg aat tcg ata tca agce tta tcg

VMAITARPLIKAASAICRNSISSLS
__________________ > .
STE2 reading frame Cub reading frame
Vector features

Position Feature Position Feature

Start: 62  End: 352 CYC1 promoter Start: 1516 End: 1773 CYC1 terminator

Start: 369 End: 407
Start: 495 End: 629
Start: 654 End: 1265
Start: 1278 End: 1514

STEZ2 leader sequence

Cub, amino acids 34-76 of ubiquitin
LexA DNA binding domain

VP16 transactivation domain

Start: 2505 End: 4715
Start: 4864 End: 5897
Start: 6190 End: 6857
Start: 6979 End: 7518

LEU2 auxotrophic marker
KanR resistance gene
pBluescript origin of replication
CEN/ARS origin of replication
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PPR3-N NubG-X library vector
P03234

Dualsystems Biotech

CYCIp xpal (353)

Xhol (110)
Spel (359)
Sacll (5)
NubG
HA tag
‘ BamH| (512)
PBS ori l SFi 1 (548)
- //Smal (554)
/ Sfi1(577)
Xho! (584)
EcoRI (589)
cyciterm Hin dlll (601)
Clal (608)
Amp Sall (616
pPR3-N e
Xhol (622)
6200 bp
P H/n dill (1794)
\ S
\ TRPI1
Xbal (2223)
2micron /
Xbal (3206)
Small
BamH | Sfil Sfil

gct gga tcc aag cag tgg tat caa cgc aga gtg gec att a

Cg gcc cgg gaa aaa aca tgt cgg ccg cct cgg cct ctc gag
L E

A SKQWYQRRVAITAREKTCRPPR P

_______________________ >
NubG HA reading frame

EcoR | Clal Sal |

aat tcg ata tca agc tta tcg ata ccg tcg acc
NSISSLSIPST

Vector features

Position

Start: 62 End: 352
Start: 364 End: 480
Start: 481 End: 510
Start: 622 End: 883

Feature

CYC1 promoter

NubG, ubiquitin amino acids 1-38
HA epitope tag

CYCL terminator

Position

Start: 1598 End: 2791
Start: 2855 End: 4202
Start: 4335 End: 5193
Start: 5328 End: 5995

Feature

TRP1 auxotrophic marker
2micron origin of replication
AmpR resistance gene
pBluescript origin of replication
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pPPR3-C X-NubG library vector

P03235

Sacll (5)

Dualsystems Biotech

Spel (7172)
BamH! (778)
Sfi 1 (814)
Smal (820)
ADH1 S | (843)
Xho! (850)
EcoRI (855)
Hin dIll (867)

N

Amp

cac tag tgg atc caa gca gty gta

cga gaa ttc gat

Vector features

Position

Start: 62 End: 771
Start: 878 End: 910
Start: 917 End: 1054
Start: 1047 End: 1304

Cla| (874)

—___HA
Pst 1 (914)
NubG
cyel Sal 1 (1036)
PPR3-C Xho! (1042)
6620 bp
Zmicron / TRP1 Hin dlll (2214)
Xbal (3626)
Xbal (2643)
Small
Sfi

Clal

atc aag ctt atc gat atg tac

______________________ >
HA NubG reading frame

tca acg cag agt ggc cat

tac ggc ccg gga aaa aac atg tcg gcc gec tcg gec tct

Feature Position
ADH1 promoter Start: 2018 End: 3211
HA epitope tag Start: 3275 End: 4622

NubG, ubiquitin amino acids 1-38
CYC1 terminator

Start: 4755 End: 5613
Start: 5748 End: 6415

Feature

TRP1 auxotrophic marker
2micron origin of replication
AmpR resistance gene
pBluescript origin of replication
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pPR3-SUC X-NubG library vector
P03236

Sacll (5)
Spel (7172)
ADH1 Hin dI1l (794)
sucz
pBS ori .
g Sfi (850)

S// (877)
Et,‘o RI (883)

Hin dlll (895)
HA [ag
Clal (902)
NubG
Pst | (942)

Amp cyeT
pPR3-SUC Sall (1064)
6648 bp Xhol (1070)
Xbal (3654) TRPI
Xbal (2671)
Sfi | Sfil  EcoR| Clal
gca atg gcc att acg gcc agg cct tta att aag gcc gec tcg gec gaa ttc  gat atc aag ctt  atc gat atg
--------------------- > >
SUC2 reading frame HA- NubG reading frame
Vector features

Position Feature Position Feature
Start: 62  End: 771 ADH1 promoter Start: 2046 End: 3239 TRP1 auxotrophic marker
Start: 780 End: 839 SUC2 cleavable signal sequence Start: 3303 End: 4650 2micron origin of replication
Start: 906 End: 938 HA epitope tag Start: 4783 End: 5641 AmpR resistance gene
Start: 945 End: 1079 NubG, ubiquitin amino acids 1-38 Start: 5776 End: 6443 pBluescript origin of replication

Start: 1075 End: 1332 CYCL1 terminator
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pPpPR3-STE X-NubG library vector
P03237

Spel (7172)
Sacll (5) STEZ2 leader
ADH1 Sfi 1 (844)
Smal (850)
Sfi 1 (873)
pBS ori Xhol (880)
EcoRI (885)
Hin dill (897)
Cla | (904)
HA tag \Ps!l (944)
NubG Sal | (1066)
Xhol (1072)
Amp cyel
pPR3-STE
6650 bp
2micron / Hin dlll (2244)
Xbal (3656) TRP1
Xbal (2673)
Smal
Sfil Sfil EcoR | Clal
gtc agt ggc cat tac ggc ccg gga aaa aac atg tcg gcc gecc tcg gec tct cga gaa tic gat atc aag ctt atc gat atg
--------------------- > >
STE2 reading frame HA:- NubG reading frame
Vector features
Position Feature Position Feature
Start: 63 End: 770 ADH1 promoter Start: 2048 End: 3241 TRP1 auxotrophic marker
Start: 788 End: 835 STE2 leader sequence Start: 3305 End: 4652 2micron origin of replication
Start: 908 End: 940 HA epitope tag Start: 4785 End: 5643 AmpR resistance gene
Start: 947 End: 1081 NubG, ubiquitin amino acids 1-38 Start: 5778 End: 6445 pBluescript origin of replication

Start: 1077 End: 1334 CYCL1 terminator
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pTSU2-APP control vector
P03241

CEN/ARS

PBSori7/N A

Xhol (7933)

\

Smal (7661)
KanR

, pTSU2-APP
Hin dill (7413)
| 9897 bp
K
EcoRV (6089)

EcoRI (5976)
LEU2

Position Feature

Start: 112 End: 515 TEF1 promoter

Start: 524 End: 586 SUC2 cleavable signal sequence
Start: 599 End: 2632 APP coding sequence

Start: 2690 End: 2824
Start: 2849 End: 3454
Start: 3464 End: 3709

Cub, amino acids 34-76 of ubiquitin
LexA DNA binding domain
VP16 transactivation domain

TEFlprom

Xbal (516)
_suc2

Hin dlll (538)
Sfil (594)

Dualsystems Biotech

Xhol (1458)
" _APP
\
BamHI (1877)
NS
. Bglll (2317)

. EcoRI (2343)

I\ Sfil (2643)

cycT

Smal (3595)

VP16 |
Smal (3463) |

EcoRI (3456)

Position

Start: 3711 End: 3967
Start: 4700 End: 6910
Start: 7059 End: 8092
Start: 8385 End: 9052
Start: 9174 End: 9713

EcoRI (2657)
| [EcoRV (2665)
Hin dlll (2669)
\sall (2684)

BamH]I (2701)

|| BamHI (3043)
| sall (3147)
|LexA(M)

EcoRV (3215)

Feature

CYCL1 terminator

LEU2 auxotrophic marker
KanR resistance gene
pBluescript origin of replication
CEN/ARS origin of replication
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pPNubG-Fe65 control vector

P03242
Hin dlil (8030)
TRPL
EcoRV (7802)
Xbal (7601)
Xbal (6614) | |
2micron
A
,,,,7/
/\\,\\
AmpR
Position Feature

Start: 343 End: 1064
Start: 1065 End: 1187
Start: 1188 End: 1221
Start: 1238 End: 3237
Start: 3273 End: 3469

ADH1 promoter

NubG, ubiquitin amino acids 1-38
HA epitope tag

Rat Fe65 coding sequence
ADH1 terminator

pNubG-Fe65
8579 bp

pBSori

Hindlll (338)

_ EcoRV (356)
ADH1

\

Fe65
Xhol (2498)

Dualsystems Biotech

~ Xhol (1060)

- NubG
‘;_\San (1182)
HA tag
Sfil (1246)

BamHI (1489)

mal (1690)

Bglll (2582)

EcoRI(2683)
BamHI (3208)

Sfil (3233)

BamHI (3239)

‘ \Sall (3245)

“““‘“‘ ADH1term

Hin dill (3465)

Position

Start: 3828 End: 4495
Start: 4646 End: 5530
Start: 5621 End: 6968
Start: 7517 End: 8188

Feature

pBluescript origin of replication
AmMpR resistance gene
2micron origin of replication
TRP1 auxotrophic marker
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pOstl1-Nubl control vector

P03240

HindIII(7218)

EcoRV(6990)

XbaI(67889)

Xbal(5802)

Position

Start: 60 End: 767
Start: 770 End: 2302
Start: 2303 End: 2414
Start: 2460 End: 2652

2micron

%a

Feature

ADH1 promoter

OST1 coding sequence
Nubl, amino acids 1-38
ADH1 terminator

pOst1-Nubl
8061 bp

=]

Dualsystems Biotech

HindIII (44)
SacI(58)

EcoRV(62)

Sacl(2209)

BamHI (2212

NubI Sall(2290)
ADHIterm PstI(2300)

) SalIl(2420)

pUC ori . o

NotI(2432)

PstI(2443)
HindIII(2653)

Position Feature

Start: 2660 End: 3831 pUC origin of replication
Start: 4691 End: 3834 AmpR resistance gene
Start: 4822 End: 6169 2micron origin of replication
Start: 6705 End: 7376 TRP1 auxotrophic marker
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8 Contact and support

Following the protocols in this manual you should be able to carry out an entire
DUALmembrane pairwise interaction assay. If you have troubles at any point or
feel that there is an error in one of the protocols, please take a look at the
support section of our homepage www.dualsystems.com. If you don’t find an
answer to your question there, you may contact us at support@dualsystems.com
and we will try to answer your questions as quickly as possible.

Please keep your license number ready when calling us by phone or mention your
license number when writing an email to support@dualsystems.com. This will
help us to answer your questions faster.

Dualsystems Biotech AG
Grabenstrasse 11a

8952 Schlieren
Switzerland

phone +41 (0)44 738 50 00
fax  +41 (0)44 738 50 05

Notice to purchaser
DUALmembrane technology is subject to several granted and pending patents. Purchase of a DUALmembrane starter
kit includes a limited, non-transferable license to practice the DUALmembrane system for non-commercial purposes
only. Commercial entities who wish to purchase DUALmembrane reagents must obtain a separate license from
Dualsystems Biotech.

Use of the Sfi I cloning strategy is licensed under U.S. Patent #5,595,895 issued to the National Institutes of Health.

Protocol P01501-A05
Last revision 13.1.2010
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