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Thank you for purchasing a DUALmembrane starter kit

Introduction

How to get started

Choose the
appropriate kit for
your project

The DUALmembrane systemis a yeast-based screening assayto identify and
characterize prote in-protein interactions between integral membrane proteins,
membrane-associated proteins and soluble proteins in their natural setting. When
using the DUALmembrane system nteractions between full -length integral
membrane proteins can be detected in situ a t cellular membrane s.

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 ident ify novel
interactors of your membrane protein of interest by screening cDNA libraries
(cDNA library screening).

Define your project

Screening one
bait of interest, i.e.
only one type of
embrane protein.

Screening several
different baits

Studying pairwise
protein interactions

Determine the appropriate

bait vector. See protocol 1

(Bait construction) and the
Critical Parameters and
Troubleshooting section

A

Choose the DUALmembrane
Choose the appropriate starter kit SUC plus the Choose the DUALmembrane

DUALmembrane starter kit DUALmembrane vector pairwise interaction kit

complementation set SUC
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DUALmembrane
Sarter kits
The DUALmembranestarter kit is available in three different versions :
e DUALmembrane starter kit N (P01201:-P01229)
e DUALmembrane starter kit SUC (P01301P01329)
e DUALmembranestarter kit STE (P01401-P01429)
The choice of three different starter kits  allows you to select the optimal kit for
studying your membrane protein of interest. Everythin g needed to perform a
DUALmembrane screen is included in the starter kit. If necessary, your
DUALmembrane starter kit can easily be complemented with additional vectors ,
resulting in a sophisticated tool for the d etection and characterization of
protein -protein interactions in vivo.
Protocol | (Bait construction) explains the differences between the three
DUALmembrane starter kits and helps you choose the right kit for your
membrane protein of interest.
DUALmembrane

cDNA libraries

The DUALmembrane system can be used to assay the interaction between two
known proteins or to find novel interaction partners of a protein of interest by
screening cDNA libraries. Please visit www.dualsystems.com for available cDNA
libraries.

False positive filtering
service

Like any yeast-based screening system, a DUALmembrane screen generates a

certain numberofnon-speci fic interactions (often cal
specific interactors can be easily removed by comparing the proteins identified in

a DUALmembrane screen against a background database containing nonspecific
interactions assembled from previous screens. Our in -house background database

contains information on non -specific interact ions from several hundred
DUALnembrane screens and therefore allows quick and specific removal of false

positives from a DUALmembrane screen.

Please contact us if you wish to submit your DUALmembrane data for false
positive filtering.

DUALmembrane accessory service Service no.

False positive filtering service 02130
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Additional DUALmembrane

kits and vector s

DUALmembrane accessory p roduct Quantity E(r)(.)duct
:;-sé;(ii%h throughpu t -gdlactosidase 1 kit P01002
DS Yeast transformation kit 1 kit P01003
TOTALprotein extraction kit 1 kit P01013
Single-stranded DNA 3x1ml P06001
Media starter package 1 1 pack, 5 screens P09001
Media starter package 2 1 pack, 100 prey clones | P09002
Mouse anti LexAantibody 1 pack P06004
Mouse anti HAantibody 1 pack P06005
DUALmembrane kits and vectors Quantity Ecr;.)duct
DUALmembrane pairwise interaction kit | 1 kit P01501
complementation set SUC L PO1503
pBT3N DUALmembrane bait vector 5 ug lyophilized plasmid | P03230
pBT3SUC DUALmembrane bait vector 5 ug lyophilized plasmid | P03232
pBT3STE DUALmMembrane bait vector 5 ug lyophilized plasmid | P03233
pBT3C DUALmMembrane bait vector 5 ug lyophilized plasmid | P03231
pPR3C DUALmMembrane prey vector 5 ug lyophilized plasmid | P03235
pPR3SUC DUALmembrane prey vector |5 ug lyophilized plasmid | P03236
pPR3STE DUALmMembrane prey vector |5 ug lyophilized plasmid | P03237
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Related products Quantity Product
no.
EasyClone cDNA library construction kit | 1 kit P01010
DUALhybridkit 1 kit P01004
DUALhunter starter kits 1 kit P01601-
P01630

Should you encounter any problems during the application of the DUALmembrane
system, please conault 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 screening in yeast. If you cannot

find answers to your questions in our support pages, contact us at

support@dualsystems.comand 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 DUAImembrane starter kit N (P01201-P01229, DUALmembrane starter kit
SUC (P01301-P01329 and DUALmembrane starter kit STE (P01401-P01429
contain the following components:

2 2o | 2w
I < D S
: 5Z | gwn | g»n

Component Supplied as E_|E_| E_
ex | 8| g%
J % J 9 J %
S| x|z
D ®© D ®© D ®©
O | 0O | OB

pBT3N . .

Bait vector 5 ug lyophilized plasmid \%

pBT3-SUC . . i i

Bait vector 5 ug lyophilized plasmid \Y

pBT3-STE . . i i

Bait vector 5 ug lyophilized plasmid \%

pPR3N

Prey/Library 5 ug lyophilized plasmid \% \Y \%

vector

pOst1-Nubl . .

Control prey 5 ug lyophilized plasmid \% \% \%

pTSU2APP

Positive control 5 ug lyophilized plasmid \% \% \%

bait

pNubGFe65

Positive control 5 ug lyophilized plasmid \% \% \%

prey

NMY51 MATa his3\200 trp1-901 leu2-3,112 ade?2

v LYS2::(lexAop)-HIS3 ura3::(lexAop)s- Vv v v

east reporter lacZ ade2::(lexAop) s- ADE2 GAL4
strain
agar stab
I?UALmembrane 60 ug dissolved cDNA \% \% \%
library*
. Sufficient for 5 library scale
DSY Trafo ki .
P(?lOO:raa O kit transfor mations or 80 small scale \% \% \%
transformations
HTX Ngalactosi- | o icient for 4x 96 assays \Y Y v
dase assaykit

*A DUALmembane cDNA library is included in each DUALmembrane starter Kkit.
You can select the library of your choice when purchasing the DUALmembrane
starter kit.
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2 Storage and handling instructions

Storage and handling
of plasmids

Storage and handling
of cDNA libraries

Storage and handling

of y east strain s supplied

as agar stabs

Checking the genotype
of NMY51

ADEZ2 phenotype

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

cDNA libraries are supplied dissolved. Store at -20°C.

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

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
SDleu, SDtrp, SD-his and SDade selective (minimal medium) plates. Seal the
plates with parafilm and incubate for 3 days at 30°C.

Selection plate Growth phenotype (NMY51)
SDleu No visible growth after 3 days at 30°C
SDtrp No visible growth after 3 days a t 30°C

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

SDhis turn red upon storage. The background is due to the slight
leakiness of the HIS3gene.
You may see a background of very small colonies. These
SDade colonies stay smaller than 1 millimeter in diameter and do not

become red upon storage. They are due to the slight leakiness
of the ADEZ2reporter gene.

Be sure to omit adenine from your basic SD medium since this will lead to g rowth
on SDade plates!

In the absence of a protein -protein interaction, the ADEZ2reporter gene is not
transcribed and therefore, a red -colored intermediate accumulates in the
adenine metabolic pathway. Activation of the ADE2gene 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.
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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 pelletin 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!). Glyce rol 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 parafil m 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 Howto carry outa DUALmembrane screen

How does the
DUALmembrane system
work?

The split -ubiquitin
mechanism

The DUALmembrane systen 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 opposedto
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 membrane s.

Advantages of the DUALmembrane systeminclude:

e Full-length proteins can be assayed

e Interactions are detected at the cellular membrane

e Interactions involving integral me mbrane proteins, membrane -associated
proteins and soluble proteins can be detected

e Posttranslational modifications such as glycosylation are preserved

The DUALmembranesystem is based on the reconstitution of ubiquitin, a s mall
and highly conserved protein which tags other proteins for degr adation (Hershko,
2005; Mayer, 2000). When an intracellular protein is de stined 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 p rocess 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.

S

®
El ’
ﬁ gg Eg}l_igase Q Da@

ad 7/
O 0®
()
/4 P Q C

OR K
QM Figure 1

Page 10 of 58




How to carry out a DUALmembrane screen Dualsystems Biotech

The split -ubiquitin
system

The inventors of the split - A

ubiquitin system, Nils Johnsson / ’ Nub
and Alexander Varshavsky,
found that yeast ubiquitin can ’ \ -

be split into two halves, wBps -
termed Nub (for N-terminal ‘ »

ubiquitin) and Cub (for C- a \>
terminal  ubiquitin). When

expressed separately within a
cell, Nub and Cub remain only

partial ly folded and hence are
not recognized by UBPs (Figure _—
UBPS -
\‘b

B

1A). If Nub and Cub are co-
expressed within the same cell, >
their strong affinity for each 2

other leads to efficient re -
assembly of Nub and Cub into

socall ed -ubis @i Ile 3> Gly 3
which assumes the native fold .
of ubiquitin and is immediately Nubl e

recognized and cleaved by

UBPs (Figure 28, Figure 2

The strong affinity between wild type Nub (a | so ter med ONubl 6
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 reassemble 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).

, !
O
> »

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 Cubare forced
into close proximity, resulting in the reconstitution of split -ubiquitin . Split-
ubiquitin is immediately recognized by UBPswhich 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 up stream of a reporter gene via its LexA DNA binding
domain. The VP16 transactivator domain then recruits the RNA polymerase |l
complex to the transcriptional start of the reporter gene, resulting in its
transcriptional activation (Figure 4C). The reporter g enes used in the
DUALmembane 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 N-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 N-galactosidase assay.

A B C
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Transcription OFF Transcription OFF Transcription ON

Figure 4
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What are the applications
of the D UALmembrane
system?

cDNA library screening

Published literature

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

The kit enables you to:

e Investigate the interaction between a memb rane protein (integral or
membrane-associated) and a membrane protein or soluble protein

e Mapdomains 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

Together with the use of NubG -fused cDNA libraries, the DUALmembrane system
is capable of identifying novel interaction partners of a given integral membrane
protein of interest. Both cytosolic interaction partners and membrane proteins
can be identified in a screen. cDNA libraries are available in two orientations:
NubGx (expressing fusion proteins with N -terminal NubG) and x-NubG
(expressing  fusion  proteins with C-terminal NubG). Please visit
www.dualsystems.com for premade DUALmembrane cDM libraries.

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 publicati ons can be
found at www.dualsystems.com.

Pairwise interactions between defined proteins

McGeeet al. (2008) UNC83 IS a KASH protein required for nuclear migration and
is recruited to the outer nuclear membrane by a physical interaction with the
SUN protén UNG-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. USA102:12123-1218

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 1027121-7126

Pandey, S.and Assmann, S.M. (2004)The Arabidopsis putative G protein -coupled
receptor GCR1 interacts with the G protein alpha subunit GPA1l and regulates
abscisic acid signaling. Plant Cell. 16:1616-1632
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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 Ycflp 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 p roteins APP and LRP Biol.
Bull. 207:167

Wanget 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 pho sphatase-like B. Mol. Cell. Biol. 24:276727-78
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Overview of a
DUALmembrane screen

A DUALmembranescreen is divided into three major parts:

e Bait construction and expression verification
e Library transformation and selection of positive clones
e Confirmation of interactors and sequence analyss

Bait construction

- Bait cloning
- Western blotting
- Functional assay

Modify bait

unctiona
assay
positive? «

YES
v

[ Pilot screen

ncrease
selection
tringenc

YES

Bait shows
elf-activation?

NO
v

[ Library screen

Decrease
selection

stringency or
modify bait_£

NO

Screen yields
positive clones

YES

Clone analysis

- Plasmid isolation

- Confirmations assay
- Sequencing

- BLAST analysis
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Bait construction and
expression verification

Cloning your cDNA of interest into  the bait vector

Cloning of your insert is done using the Sfi | sites provided in the MCS of the
DUALmembranebait vector. The absence of Sfi | sites in most eukaryotic cDNAs
means that most full -length cDNAs can be directionally cloned into the bait
vector. The sequence-verified bait construct is then transformed into NMY51for
expression tests and the DUALmembrane functional assays(see Protocols Il and

V).

Please corsult the Appendix for vector properties, and the support section of
www.dualsystems.com for vector maps and sequences. The complete sequences
of all DUALmembranevectors are available for download on our website .

Verifying correct expression of your bait by Western blot ting

Verification of expression is done by Weste rn blot analysis of total yeast extracts
using either an antibody directed against your protein of interest or  an antibody
directed against the LexA domain of the fusion protein (available from
Dualsystems Biotech, P06004. Protocol Ill describes the preparation of total
extracts from yeast.

The DUALmembrane functional assay

Correct expression of the bait should also be tested using the DUALmembrane
functional assay (Protocol V). The control prey construct pOstl-Nubl expresses a
fusion of the yeast resident ERprotein Ostl to the wild type Nub portion of yeast
ubiquitin .

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 Ostl-Nubl results in rapid formation of split -ubiquitin due to the
strong affinity of wild type Nub for Cub. The UBPs recognize splitubiquitin and
liberate the LexA-VPL6 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 min imal medium.

On the other hand, c o-expression of your bait with the NubGnonsense 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 i s 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 N-galactosidase assay

The DUALmembranefunctional assayenables you to determine whether your bait
is functional in the ass ay and whether it displays an y non-specific background.

The bait pTSU2APP expressing the type | integral membrane protein APP
(amyloid A4 precursor protein) and the prey pNubG-Fe65 expressing the cytosolic
protein Fe65 (amyloid beta A4 precursor protein -binding family B member 1) are
used as positive controls in the DUALmembrane functional assay.
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Library screen
and selection of
positive clones

Confirmation of
interactors and
sequence analysis

Verifying that your bait is not self  -activating

Next, a pilot screen is performed to determine whether the bait displays any
self-activation when transformed together with an empty library vector (Protocol
V). Self-activation of your bait (activation of the reporter genes in the absence of

a protein -protein interaction) may have several causes: overexpression of the
bait often causes self -activation. Some baits may also display strong self-
activation because they are unstable or contain sequences that are targets for
endogenous proteases.

To assay the level of self-activation of your bait, the bait construct is co-
transformed with an aliquot of the empty library  vector and assayed on selective
plates of increasing stringency. Those selective plates not displaying any growth
are selected for the library screen.

Library transformation

The cDNA library is transformed into NMY5lexpressing your bait (Protocol VI) and
interactors are selected using the stringency conditions determined in the self -
activation assay.

Picking of positive clones and re -testing of reporter gene activation

Colonies that grow on the screening plates are restreaked onto selective plates
of the same stringency to confirm their growth on selective medium and are then
carried on to a N-galactosidase test (Protocol VII.). Only those colonies which are
positive in both tests are transferred to the n ext step.

Plasmid isolation from yeast and retransformation into  E. coli

Library plasmids are isolated from all positive clones and retransformed into
E. coli (Protocol VIIl.). For each original yeast clo ne, two in dependent colonies
are picked and plasmid DNA is prepared. At this step, you may determine the
insert size of each clone by a restriction digest.

Confirmation of positive interactors

Following the isolation of plasmid DNA, each prey clone should be reintroduced
into NMY51 together with the bait used in the screen. The resulting
cotransformants are assayed again for growth on the same selective medium that
was used in the library screen and for color formation in a N-galactosidase assay.
Only those prey clones which are positive in both assays encode true interactors.
Prey clones which fail either test probably represent false positives from the
screen.

True interactors are sequenced to determine the identity of the cDNA encoding
the interactor. Please refer to the table in Protocol 9 for sequencing primers.
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’

Water

Troubleshooting

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

DUALmembranescreen.
Protocol | Content
1 Bait construction
2 Transformation of the bait construct into NMY51
3 Verifying expression of your bait by Western blot
4 The DUALmembrane functional assay
5 Optimizing the screening stringency using a pilot screen
6 Library transformation and selection of interactors
7 Assays for detection of -galactosidase activity
8 Plasmid recovery from yeast and retransformation in E. coli
9 Confirmation of positive interactors

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

If you have difficulties with a particular pro

Parameter and Troubleshooting section of this manual. Additional technical
information and general information relating to yeast can be found on our
Knowledge Baseat 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 (I.)

Dualsystems Biotech

Bait construction

Your DUALmembrane
starter kit

The fundamental requirement of the DUALmembrane system is that the Cub -
LexA-VP16 module of the bait and the Nub G module of the prey must be located
in the cytosol. For this reason, choosing the correct DUALmembrane starter kit
depends on the topology of your membrane protein of interest. Please consult

the table below to choose the appropriate DUALmembrane starter kit for your
membrane protein of interest.

DUALmembrane Location of Location of Bait
_ N-terminus C-terminus vector
starter kit of your bait of your bait
Lumenal
DUALmembrane :
starter kit SUC N-terminal cleavable Cytosolic PBT3-SUC
signal sequence present
Lumenal
No N-terminal cleavable Cytosolic
DUALmembrane signal sequence present BT3STE
starter kit STE g g P P
Cytosolic Cytosolic
Cytosolic Lumenal
DUALmembrane
starter kit N PBTSN
Cytosolic Cytosolic

Your DUALmembrane starter kit can be upgraded with add iti onal bait vectors ,
allowing the simultaneous study of different membrane proteins. For more
detailed information concerning the bait vect or selection please refer to the
entry entitled OHow to determine the
protein of interestdé in the Critic.al

Because the DUALmembrane system can be used to screen fultlength integ ral
membrane proteins, we recommend that you use a cDNA encoding the entire
protein of interest for subcloning.

To construct a DUALmembrane bait, the following steps are performed:

e Obtain a cDNA clone encoding the entire open reading frame of your
protein of intere st
o Amplify the cDNA using appropriate primers containing Sfi | sites

e Subclone the PCR product into the appropriate bait vector

Page 19 of 58
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Obtain a cDNA clone
encoding your protein
of interest

Using the Sfi | sites

Primer design

Dualsystems Biotech

If you do not have the cDNA encoding your protein of interest, yo u 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 | restriction sites

provided in the multiple cloning site of the DUALmembranebait vector s. Sfi | has

t he recognition sequence GGCCNNNNGB&GNGGCC,
nucleotides (the cleavage site is indicated by & ) . TherSHil sitesén alt wo
DUALmembranev ect or s : GGCCATTABCGGCC and GGCCGC
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 -VP16Cub 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")

ATTAACAL GCC ATT ACG GCIINN NNN NNN NNN NNN NNN NNN NNN NN
Buffer Sfil Gene-specific sequence

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

NNN NNN NNN NNN NNN NNN NNN NENCCGCCTCGGBBTCAGTT
Gene-specific sequence Sfil Buffer

Note: most oligonucleotide manufacturing companies require you to indica te 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 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 @Poédiat ofhéeéntepe
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
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downstream Cub-LexA-VP16 ORF). AddSfi | sites in the correct reading f rame 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)

ATTAACAS GCC ATT ACG GCIINN NNN NNN NNN NNN NNN NNN NNN NNN
Buffer Sfil Gene-specific sequence

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

NNN NNN NNN NNN NNN NNN NNN NSISG GCC GCC TCG GGATCAGTT
Gene-specific sequence Sfil 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 0GG6 dfempefusiorewith i n r ed

the downstream Cub-LexA-VP16 ORF. The resulthg codon GGG encodes Gly.

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 thestop codon of the ORF.
(i.e. the stop codon must be removed to ensure a continuous translation with the
downstream Cub-LexA-VP16 ORF). AddSfi | 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')

ATTAACAL GCCATT ACG GCTINN NNN NNN NNN NNN NNN NNN NNN NNN
Buffer Sfil Gene-specific sequence

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

NNN NNN NNN NNN NNN NNN NNN NSSG GCC GCC TCG GGATCAGTT
Gene-specific sequence Sfil 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 ¢ omplement sequence to obtain the actual primer
sequence for ordering. The 0GGO6 dfeupefusibrendth i n r ed
the downstream Cub-LexA-VP16 ORF. The resulting codon GGG encodes Gly.
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Amplify the gene of interest b y PCR usingthe oligonucleotides designed
according to the instructions above .

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

Transform E. coli with the plasmid and check for t he presence of the insert
using restric tion enzymes and DNA sequencing

Forward primers Primer sequence

pBT3-SUC 5

DBT3STE 5 @GGCATGCATGTGCTCTSE0

pBT3N 5 @agaaggagtccaccttac 3 0

Reverse primers Primer sequence

pBT3-SUC .

pBT3STE 50 GTAAGGTGGACTCCTTCT
pBT3N 56 AAGCGTGACAAQ@QAXOr AATT
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Protocol (ll.) Transformation of the bait construct  into NMY51
After constructing your bait, transform it into the reporter strain NMY51 to verify
expression by Western blotting. It is recommended to include pTSU2-APP as a
positive control and pPR3-N as a negative control for W estern blotting.

Protocol

7.

8.

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

We recommend to use the Media starter packages for the preparation of your yeast
media. Alternat ively, 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 avoid s
unwanted artefacts .

Measure the ORQy of the overnight culture, which should be 0.6 -0.8. If the
ODy46 reading is above 1.0, dilute the culture to an ODy4e of 0.2 and regrow
to an ODy,6 0.6.

Culture density is critical to achieve high transformation efficiencies . As ORye
readings vary according to the spectrophotometer used, we recommend to adjust
the ODs,6 reading of your spectrophotometer to the actual cell number.  See Critical
Parameters and Troubleshooting for further infor mation.

Pellet the overnight culture for 5 minutes at 2500 x 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 transformat ions):

PEG/LiOAc master mix

Component Amount
50 % PEG 1.2 ml
1 M LiOAc 180 ul
Single-stranded carrier DNA | 125 pl

Set up the following reactions:

Reaction | Amount Plasmid

1 1.5 ug Bait construct
2 1.5 ug pTSU2APP
3 1.5 ug pPR3N

Add 300 ul PEG/LIOAc master mix to each tube, vortex briefly
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9. Add 100 ul 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 700 x g.

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

Reaction | Plasmid SDleu SDtrp
1 Bait construct 100 wl -
2 pTSU2APP 100 pl -
3 pPR3N - 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 ef ficiency. If fewer than 20 colonies per plate
are observed after 4 days, repeat the entire transformation procedure. S ee
Critical Parameters and Troubleshooting for suggestions on how to increase
transformation efficiency.

P09001 Media starter package 1
P01003 DS Yeast Transformation kit
P06001 Single-stranded carrier DNA
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Verifying expression of your bait by Western blot

Alternate p rotocol

You now have three transformant strains, each bea ring either your bait construct
or control construct s. 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 protein s by Western blotting.

For optimal Western blotting results we recommend the use of our TOTALprotein
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 protein s, including integral membrane proteins.

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

1. Inoculate several colonies of each transformant strain from Protocol 2 into
10 ml SDleu medium (transformant strains 1-2) or SDtrp medium
(transformant strain 3 ) and incubate overnight at 30°C. Grow to an OD s4¢ Of
0.6-1.

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

»

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

Add 200 ul 50 % T@, mix well and inc ubate on ice for 2 hours.
Centrifuge at 1 4 8 8 @fér 20 minutes, 4°C, in a benchtop centrifuge .

Decant the supernatant.

© N o O

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

9. Centrifugeat 1 4 6 & @fér 20 minutes, 4°C in a benchtop centrifuge .
10. Discard the supernatant and add 200 ul 5 %SD3wvater to the pellet .
11. Resuspend the pellet by pipetting or vortexing .

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

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

14. Incubate extracts at 37°C for 15 minutes with shaking.
15. Centri fuge extxgfrdmeautest 146000
16. Proceed immediately to SDS-PAGE or $ore the extracts at -20°C.

17. Load extracts onto a stand ard SDSPAGE and perform a Western blot using
any standard method.

18. To detect your bait you may use:

e A hait-specific antibody
e Mouse monoclonal antibody directed against LexA (P06009

Page 25 of 58




Protocols

Results

Reagents

Dualsystems Biotech

The control samples 2 and 3 (NMY51transformed with pTSU2APP and pPR3N)
should be assayedusing the mouse monoclond antibody against LexA

Below, the MWs for the proteins expressed from the control constructs are listed.
The negative control sample 3 (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.

Sample Plasmid MW (kDa)
1 Bait construct X + 38

2 pTSU2APP 118.5

3 pPPR3N -

In some cases, failure to detect expression of your bait protein may be
connected with either inefficient translation of the fusion protein by yeast or by

recipitation of the fusion protein during the
detect your bait protein by

inefficient extraction and/or p
extraction procedure. Even if you are unable to
Western blotting, we recommend to carry out

the DUALmembrane functional

assay described in Protocol 4. If your bait is positive in the functional assay, it is

expressed in yeast and functional and can be used in a library screen.

50 % TCA solution

Final
Reagent concentration For 100 ml
TCA (trichloroacetic acid) 50 % 509
water - to 100 ml

Store at 4°C.

SDS sample buffer

Final
Reagent concentration For 50 ml
Tris-Cl pH 6.8 25 mM 1.25ml1 M
Urea I9M 279
EDTA 1mM 0.1ml0.5M
SDS 1% 2.5 ml 20 % stock
B-mercaptoethanol 0.7M 2ml
Glycerol 10 % 5 mi
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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