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Thank you for purchasing a DUALhunter  starter kit  

Introduction  

The DUALhunter starter kit has been designed as a solution for those proteins 

which present problems in classical protein interaction assays, such as 

transcriptionally active proteins or proteins containing clu sters of highly acidic 

amino acids.   

How to get started  

When using the DUALhunter system, your starting point is a self-activating 

protein  which cannot be used in a classical yeast two -hybrid system. The protein 

of i nterest or a protein fragment/ domain is immobilized at the membrane by 

means of a small membrane anchor (for a detailed description of the DUALhunte r 

technology, please see page 8).  

 

The DUALhunter system can be used to investigate the interaction between two 

defined, known proteins ( pair wise interaction analysis) or to identify novel 

interactors by screening cDNA libraries (cDNA library screening).  

DUALhunter   
cDNA libraries  

The DUALhunter system can be used to assay the interaction between two known 

proteins or to find novel interaction part ners 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 DUALhunter screen generates a certain 

number of non-specific interactions (often called òfalse positivesó). Non-specific 

interactors can be easily removed by comparing the  prote ins identified in a 

DUALhunter  screen against a background database containing non-specific 

interactions assembled from previous screens. Our in -house background database 

contains information on non -specific interact ions from several hundred 

DUALhunter  screens and therefore allows quick and specific removal of fal se 

positives from a DUALhunter  screen. 

Please contact us if you wish to submit your DUALhunter  data for false positive 

filtering.  

DUALhunter  accessory service  Service no.  

False positive filtering service  S02130 
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Accessory products  

DUALhunter  accessory product  Quantity  
Product 
no.  

HTX High throughput Ɲ-galactosidase 
assay kit  

1 kit  P01002 

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 

Media starter package 2 1 pack, 100 prey clones P09002 

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 

DUALmembrane pairwise interaction  kit  1 kit  P01501 

DUALmembrane starter kit N 1 kit  P01201- 29 

DUALmembrane starter kit SUC 1 kit  P01301- 29 

DUALmembrane starter kit STE 1 kit  P01401- 29 

 

Support  

 Should you encounter any problems during the application of the  DUALhunter 

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 screening in 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.  

 

Newsletter  

 We offer a Newsletter with tips and  tricks for w orking with yeast , discussions of 

recent literature and descriptions of novel products. Please go to 

www.dualsystems.com to subscribe.  

mailto:support@dualsystems.com
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1 Kit contents  

 

The DUALhunter starter kit contains the following components:  

 

Component  Supplied as 

pDHB1 

Bait vector  
5 g lyophilized plasmid  

pPR3-N 

Prey/Library vector  
5 g lyophilized plasmid  

pDHB1-largeT 

Control bait  
5 g lyophilized plasmid  

pDSL-æp53 

Control prey 
5 g lyophilized plasmid  

pOst1-NubI 

Functional control  
5 g lyophilized plasmid  

NMY51 

Yeast reporter strain  

MATa his3 200 trp1-901 leu2-3,112 ade2 LYS2::(lexAop)4-HIS3 

ura3::(lexAop) 8-lacZ ade2::(lexAop) 8-ADE2 GAL4  

Yeast stab culture  

DUALhunter library * 60 g dissolved cDNA  

DSY Trafo kit 

P01003 

Sufficient for 5  library scale transformations or 80  small scale 

transformations  

HTX Ɲ-galactosidase 

assay kit  
Sufficient for 4x 96 assays 

 

*A DUALhunter cDNA library is included in each DUALhunter starter kit. You can 

select the library of your choice when purchasing the DUALhunter starter kit.  
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2 Storage and handling instructions  

Storage and handling  
of plasmids  

Plasmids are supplied lyophilized. Upon receipt, add 50  l water (final 

concentration 0.1  g/ l) and incubate at 50°C for 5  minutes. Vortex for 1  minute 

and store at -20°C. 

Storage and handling  
of cDNA libraries  

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

Storage and handling  
of y east strain s 

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  

SD-his 

You may see a background of very small colonies. These 

colonies stay smaller than 1 millimeter in diameter and do not 

turn red upon storage. The background is due to the slight 

leakiness of the HIS3 gene. 

SD-ade 

You may see a background of very small colonies. These 

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!  

  



  
 
 
  

 
Storage and handling instructions 
 
 

 
 

Page 7 of 48 

 
ADE2 phenotype  

 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 absen ce 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 DUALhunter  screen 

How does the  
DUALhunter  system  
work? 

The DUALhunter kit is intended for the detection and identification of 

interactions involving soluble proteins, protein domains or protein fragments, 

including cytosolic or nuclear proteins. The spatial uncoupling of the protein 

interaction from the eventu al transcriptional readout ensures that even full -

length transcription factors or highly acidic proteins can be investigated. Such 

proteins usually fail in classical yeast two -hybrid systems since they 

autonomously activate the reporter genes in the absenc e of a protein interaction 

(so-called autoactivating proteins). The mechanism employed by the DUALhunter 

system for detecting a protein interaction is based on the split -ubiquitin system 

(Johnsson and Varshavsky, 1994; Stagljar et al. , 1998).  

Applications of the DUALhunter kit include:  

 Characterization of pairwise interactions between soluble proteins, 

domains or protein fragments  

 Identification of novel interactors of soluble proteins, domains or protein 

fragments 

 The DUALhunter kit is targeted towards pro teins that are not suitable for 

the classical yeast two -hybrid system, such as transcription factors or 

acidic proteins (autoactivating proteins)  

The split -ubiquitin  
mechanism  

The DUALhunter system is based on the reconstitution of ubiquitin, a small and 

highly conserved protein which tags other proteins for degr adation (Hershko, 

2005; Mayer, 2000). When an intracellular protein is de stin ed 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.  

 Figure 1 
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The split -ubiquitin  
system 
 

The inventors of the split -

ubiquitin system, Nils Johnsson 

and Alexander Varshavsky, 

found that yeast ubiquitin  can 

be split into two halves, 

termed Nub (for N -terminal 

ubiquitin) and Cub (for C -

terminal ubiquitin).  When 

expressed separately within a 

cell, Nub and Cub remain only 

partial ly folded and hence are 

not reco gnized by UBPs (Figure 

2A). 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 òsplit-ubiquitinó, 

which assumes the native fold 

of ubiquitin and is immediately 

recognized and cleaved by UBPs (Figure 2B). 

 

The strong affinity between wild type Nub (also termed òNubIó 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). NubI 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 

Figure 2 
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The DUALhunter  
system 

The DUALhunter system was designed to screen those proteins  which are 

autoactivating in a conventional yeast two -hybrid assay. By enabling you to 

screen an intact protein instead of several smaller fragments the DUALhunter 

system represents an important step forward in protein interaction discovery. 

Furthermore, the DUALhunter system relies on the same basic detection 

mechanism as a yeast two-hybrid system, making it easy to use.  

In the DUALhunter system, a protein of interest (the bait) is fused at its N -

terminus to a small membrane an chor (the yeast ER protein Ost4) and at its C -

terminus to reporter cassette composed of the C-terminal half of ubiquitin (Cub) 

and a transcription factor (LexA -VP16, Figure 4A). A prey is expressed as a fusion 

to the mutated N -terminal half of ubiquitin (NubG , Figure 4A). The interaction 

between bait and prey forces NubG and Cub into close proxim ity and results in 

the reconstitution of so -called òsplit-ubiquitinó. Split-ubiquitin is recognized by 

ubiquitin -specific proteases that cleave the polypeptide chain between Cub and 

LexA-VP16. As a result, the transcription factor is released and diffuses into the 

nucleus where it activates a set of reporter genes  (Figure 4B). The expression of 

these reporter genes is measured and serves as a readout of a protein -protein 

interaction.  

Together with the use of NubG -fused cDNA libraries, the DUALhunter system is 

also capable of identifying novel interaction partners of a given protein of 

interest.  

 

Figure 4 
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cDNA library screening  

Together with the use of NubG -fused cDNA libraries, the DUALhunter system is 

capable of identifying novel interaction partners of a given autoactivating  protein 

of interest. Both cytosolic interaction partners and nuclear proteins can be 

identified in a screen.  cDNA libraries are available in two orientations: NubG -x 

(expressing fusion proteins with N -terminal NubG) and x -NubG (expressing fusion 

proteins with C -terminal NubG). Please visit www.dualsystems.com for premade 

DUALhunter cDNA libraries. 

 

Published literature  

The DUALhunter system has been developed by Dualsystems Biotech AG and has 

been published in 2007: 

Yeast split -ubiquitin -based cytosolic screening system to detect interactions 

between transcriptionally active proteins .  

Möckli et al. BioTechniques 42(6):725-730 (2007) 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.biotechniques.com/default.asp?page=current&subsection=article_display&id=112455
http://www.biotechniques.com/default.asp?page=current&subsection=article_display&id=112455
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Overview of a  
DUALhunter  screen  

A DUALhunter screen is divided into three major parts:  

 Bait construction and expression verification  

 Library transformation and selection of positive clones  

 Confirmation of interactors  and sequence 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 I sites provided in the MCS of the 

DUALhunter bait vector. The absence of Sfi I sites in most eukaryotic cDNAs 

means that most full -length cDNAs can be directionally cloned into the bait 

vector. The sequence-verifi ed bait construct is then transformed into NMY51 for 

expression tests and control assays (see Protocols III and IV).  

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 DUALhunter vectors are available for download at www.dualsystems.com.  

 

Verifying correct expression of your bait by Western blot  

Verification of correct expression is done by means of Western blo t analysis of 

total yeast extracts using an antibody directed against the LexA domain of the 

fusion protein (available from Dualsystems Biotech, order number P06004). 

Protocol III  describes preparation of total extracts from yeast.  

 

Verifying correct expr ession of your bait using the functional  assay 

Correct expression of the bait should also be tested using the DUALhunter  

functional assay (Protocol IV). The control prey construct pOst1-NubI expresses a 

fusion of the yeast resident ER protein Ost1 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 Ost1-NubI results in rapid formatio n 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, c o-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 Ɲ-galactosidase assay. 

The DUALhunter functional  assay enables you to determine whether your bait is 

functional in the assay and whether it displays any non -specific background.   

 

Verifying that your bait is not self -activating  

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 display strong self -activation, possibly 

because they are unstable or contain sequences that are targets for endogenous 

proteases (see Protocol V).  

http://www.dualsystems.com/
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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. In order to be suitable for screening against a 

cDNA library, your bait should not grow on selective medium when co -

transformed together with empty library vector.  

 
Library screen  
and selection of  
positive clones  

Library transformation and selection of interactors  

The cDNA library is transformed into NMY51 expressing your bait (Protocol VI ) and 

interactors are selected under the stringency conditions determined in the pilot 

screen. Two independent reporter readouts are used to assess interac tions: 

growth on selective medium and a colo ur readout measuring the enzyme -

galactosidase (lacZ) (Protocol VII).  

 

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

Colonies that are positive in both assays are restreaked onto selective plates. 

These plates are again subjected to a -galactosidase test. Only colonies that are 

positive in both tests are taken to the next step.  

 

Confirmation of  
interactors and  
sequence analysis 

Plasmid isolation from yeast and retransformation into E. coli   

Library plasmids are isolated from all positive clones and retransformed into 

E. coli  (Protocol VIII). For each original yeast clone, two independent colonies 

are picked up and pla smid DNA is prepared. At this step, you may determine the 

insert size of each clone by restriction digest.  

 

Confirmation of positive interactors   

Following the isolation of plasmid DNA, each prey clone should be reintroduced 

into NMY51, together with the b ait used in the screen. The resulting 

cotransformants are assayed again for activation of the reporter genes by growth 

on the selective medium used in the original library screen and by color 

formation in a -galactosidase assay. Only prey clones that result in growth under 

selection and display -galactosidase activity upon co -expression with the bait 

encode true interactors. Prey clones that fail to activate the reporters probably 

represent false positives that have arisen during the screen. A certain per centage 

of false positives is inherent in every genetic screening system. See for instance 

Bartel et al. , 1993 for a discussion of typical false positives in yeast two -hybrid 

systems. 

Finally, interactors are sequenced to determine the identity of the cDNA  

encoding the interactor  (Sequences of bait primers: p.16, sequences of prey 

primers: p.36)  
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4 Protocols  

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

DUALhunter screen.  

Protocol  Content  

I Bait construction  

II Transformation of the bait construct  into NMY51 

III Verifying expression of your bait by Western blot  

IV The DUALhunter functional assay 

V Optimizing the screening stringency using a pilot screen  

VI Library transformation and selection of interactors  

VII Assays for detection of -galactosidase activity  

VIII Plasmid recovery from yeast and retransformation in E. coli  

VIIII Confirmation of positive interactors   

 

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. 

http://www.dualsystems.com/
mailto:support@dualsystems.com
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Protocol (I.)  Bait construction  

 

Obtain the cDNA clone  
encoding your protein  
of interest  

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). 

 
Using the Sfi I sites  

We recommend that you clone your cDNA into the two Sfi I restriction sites 

provided in the multiple cloning site of t he DUALhunter bait vector s. Sfi I has the 

recognition sequence GGCCNNNNõNGGCC, with a variable core of five nucleotides 

(the cleavage site is indicated by õ ). There are two Sfi I sites in all DUALhunter 

vectors: GGCCATTAõCGGCC and GGCCGCCTõCGGCC. The two Sfi I sites have 

different overhangs which allow directional cloning of cDNAs into the bait vector. 

Since Sfi I sites are very rare in eukaryotic genomes, most cDNAs do not contain 

internal Sfi I sites. 

 

Protocol  

1. Amplify the gene of interest by PCR using o ligonucleotides flanked by the 

sequence of a restriction enzyme that is present in the multiple cloning site 

of the bait vector.  

If you are using Sfi I to subclone your insert, add 6 -8 nucleotides to the 5õ end of 

each PCR primer, since Sfi I does not cut very efficient ly at the ends of DNA 

fragments and make sure to digest vectors and PCR fragments overnight at 50°C 

using 5-10 units of enzyme per microgram DNA. 

 

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. Sequencing primers for 

pDHB1 are given below. 

 

 

Sequencing primers for bait vectors  

Vector  
Forward sequencing primer  

(5õ->3õ) 
Reverse sequencing primer 
(5õ->3õ) 

pDHB1 5õTTTCTGCACAATATTTCAAGC3õ 5õ GTAAGGTGGACTCCTTCT 3õ 
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Protocol (II.)  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 pDHB1-LargeT as a 
positive control and pPR3-N as a negative control for W estern blotting.  

Protocol  

1. Prepare 100 mm diameter SD-leu and SD-trp selection plates using the 

Media starter p ackage 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.  

2. 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 week s. 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.  

3. Measure the OD546 of the overnight culture, which should be 0.6 -0.8. If the 

OD546 reading is above 1.0, dilute the culture to  an OD546 of 0.2 and regrow 

to an OD546 0.6. 

Culture density is critical to achieve high transformation efficiencies. As OD 546 

readings vary according to the spectrophotometer used, we recommend to adjust 

the OD546 reading of your spectrophotometer to the actual cell number. See Critical 

Parameters and Troubleshooting for further information.  

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

2.5 ml water .  

5. Use the reagents of the DSY Yeast Transformation Kit (P01003) for the 

following yeast transformation.  

6. 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 l 

Single-stranded carrier DNA 125 l 

 

7. Set up the following reactions:  

Reaction  Amount  Plasmid 

1 1.5 g Bait construct  

2 1.5 g pDHB1-LargeT 

3 1.5 g pPR3-N 
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8. Add 300 l PEG/LiOAc master mix to each tube, vortex briefly .  

9. Add 100 l 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. Dissolve each pellet in 100 l 0.9  % NaCl and plate each transformation 

onto the following 100 mm diameter plates:  

 

Reaction  Plasmid SD-leu  SD-trp  

1 Bait construct  100 l - 

2 pDHB1-LargeT 100 l - 

3 pPR3-N - 100 l 

 

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

 

Results 

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 an d Troubleshooting for suggestions on how to increase 
transformation efficiency.  

 

Available accessory  
products  

P09001 Media starter package 1 

P01003 DS Yeast Transformation kit 

P06001 Single-stranded carrier DNA 
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Protocol (III.)   Verifying expression of yo ur bait by Western blot  

 

You now have three transformant strains, each bearing either your bait construct 
or control constructs. In order to assay expression of the fusion proteins, each 
transformant strain is inoculated in liquid selective medium and grow n 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 protein s, including integral membrane proteins.  

 

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

Alternate p rotocol  

14. Inoculate several colonies of each transformant strain from Protocol 2 into 

10 ml SD-leu medium (transformant strains 1-2) or SD-trp medium 

(transformant strain 3 ) and incubate overnight at 30°C. Grow to an OD546 of 

0.6-1. 

15. Centrifuge in a 14 ml Falcon tube at 700 x g for 5 minutes . 

16. Wash the pellet once with  1 mM EDTA/water.  

17. Add 200 l 2 M NaOH, transfer to an eppendorf tube and incubate on ice 

for 10 minutes . 

18. Add 200 l 50 % TCA, mix well and incubate on ice for 2 hours . 

19. Centrifuge at 14õ000x g for 20 minutes, 4°C , in a benchtop centrifuge . 

20. Decant the supernatant .  

21. Add 200 l ice -cold acetone to the pellet and gently break up the pellet 

using a yellow tip .  

22. Centrifuge at 14õ000x g for 20 minutes,  4°C in a benchtop centrifuge . 

23. Discard the supernatant and add 200 l 5 % SDS/water to the pellet .  

24. Resuspend the pellet by pipetting or vortexing . 

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

26. If the color of the sample is yellow, add seve ral drops of 2  M Tris-Cl pH 9 

until the color changes from yellow to blue . 

27. Incubate extracts at 37°C for 15 minutes with shaking . 

28. Centrifuge extracts at 14õ000x g for 5 minutes . 

29. Proceed immediately to SDS-PAGE or store the extracts at -20°C. 

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

any standard method.  

31. To detect your bait you may use:  

 A bait -specific antibody  

 Mouse monoclonal antibody directed against LexA (P06004) 
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The control samples 2 and 3 (NMY51 transformed with pDHB1-LargeT and pPR3-N) 

should be assayed using the mouse monoclonal antibody against LexA. 

 

Results 

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 pDHB1-LargeT 114 

3 pPR3-N - 

 

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 
inefficient extraction and/or precipitation of the fusion protein during the 
extraction procedure. Even if you are unable to detect your bait protein by 
Western blotting, we recommend to carry out the DUAL hunter  function al assay 
described in Protocol IV . If your bait is positive  in the functional assay, it is  
expressed in yeast and functional and can be used in a library screen.  

 

Reagents 

50 % TCA solution 

Reagent 
Final 
concentration  

For 100 ml  

TCA (trichloroacetic acid)  50 % 50 g 

water  - to 100 ml  

Store at 4°C. 

 

SDS sample buffer  

Reagent 
Final 
concentration  

For 50 ml  

Tris-Cl pH 6.8 25 mM 1.25 ml 1 M 

Urea 9 M 27 g 

EDTA 1 mM 0.1 ml 0.5 M 

SDS 1 % 2.5 ml 20 % stock 

-mercaptoethanol  0.7 M 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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Protocol (IV.)   The DUALhunter  functional  assay 

 

In order to assay the correct expression of your bait protein in yeast, the bait 

plasmid is co-transformed with the control plasmids  pOst1-NubI and pPR3-N. Co-

expression of your bait together with pOst1-NubI should result in reconstitution 

of split -ubiquitin through the strong affinity of wild type NubI for Cub and the 

concurrent activation of reporter genes. Growth of yeast expressing your bait and 

the pOst1-NubI control signifies that your bait is functional in the DUALhunter 

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 co -expressing 

your bait and the NubG -nonsense peptide fusion should not grow on selective 

medium. Coexpression of Cub-fused largeT (control bait)  and NubG-fused p53 

(control prey)  from pDHB1-largeT and pDSL- p53 should lead to robust g rowth on 

selective medium as largeT and p53 interact with each other and consequently 

initiate the split -ubiquitin mechanis m.  

Protocol  

32. 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).  

33. 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 int ervals. 

Always using fresh yeast ensures maximum transformation efficiencies and avoid s 

unwanted artefacts.  

34. Measure the OD546 of the overnight culture, which should be 0.6 -0.8. If the 

OD546 reading is above 1.0, dilute the culture to  an OD546 of 0.2 and re grow 

to an OD546 0.6. 

35. Pellet the overnight culture for 5 minutes at 2500 x g and resuspend in 

2.5 ml water .  

36. Use the reagents of the DSY Yeast Transformation Kit for the following 

yeast transformation.  

37. Prepare the PEG/LiOAc master mix (sufficient for 10 tran sformations):  

PEG/LiOAc master mix  

Component  Amount  

50 % PEG 2.4 ml  

1 M LiOAc 360 l 

Single-stranded carrier DNA 250 l 

38. Set up the following reactions:  

Reaction  Amount  Plasmid 1 Plasmid 2 

1 1.5 g each Bait construct  pOst1-NubI 

2 1.5 g each Bait construct  pPR3-N 

3 1.5 g each pDHB1-largeT pDSL-p53 

4 1.5 g each pDHB1-largeT pPR3-N 
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39. Add 300 l PEG/LiOAc master mix to each tube, vortex briefly .  

40. Add 100 l resuspended yeast cells from step 4 to each tube, vortex  for one 

minute to thoroughly mix all components . 

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

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

43. Dissolve each pellet in 150 l 0.9  % NaCl and plate each transformation 

onto the following  100 mm diameter selection  plate s:  

Reaction  SD-trp -leu  SD-trp -leu -his SD-trp -leu -his-ade 

1 50 l 50 l 50 l 

2 50 l 50 l 50 l 

3 50 l 50 l 50 l 

4 50 l 50 l 50 l 

 

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

 

Results 

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 si nce the results of the functional  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.  

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 -NubI 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  
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Reaction  SD-trp -leu  SD-trp -
leu -his 

% growth on 
SD-trp -leu -
his 

SD-trp -
leu -his-
ade 

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

1      

2      

3      

4      

 

If your bait is properly expressed and functional in the  DUALhunter functional 
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 -NubI moiety expressed from the pOst -NubI 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 
nonsenseðpeptide expressed from the pPR3-N control prey.  

Transformation reaction 3 should yield robust grow th under selection since the 
largeT bait ( pDHB1-LargeT) is well expressed and interacts strongly with the p53 
prey fusion. Transformation reaction 4  (the negative control)  should yield  
considerably fewer colonies than reaction 3.  

If your bait interacts with the Ost1 -NubI control prey, but not with the pPR3 -N 
derived NubG-nonsense-peptide prey, you can proceed to the pilot screen 
(Protocol V).  

 
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 in teraction takes place between a DUALhunter  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 DUALhunter  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 clo ne harbors an interacting protein pair.  
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Protocol (V.)   Optimizing the screening st ringency using a  pilot screen  

 

Once you have ensured that your bait is functional in the DUALhunter assay, you 
are ready to optim ize the basic screening conditions in a pilot screen . The pilot 
screen simulates the conditions of a library screen but instead of a cDNA library, 
the corresponding empty library vector is transformed into the bait -bearing 
strain. The transformation mixture is then plated on to selective pl ates of 
increasing stringency, for example SD-trp -leu-his and SD-trp -leu-his-ade, 
supplemented with diff erent amounts of 3-aminotriazole ( 3-AT). 3-AT is a 
competitive inhibitor of the HIS3 gene product and i ncreasing levels of 3-AT 
increase the stringency of HIS3 selection. If your bait displays slight background 
growth on the selection plates, this background can often be removed by the 
addition of 1 -10 mM 3-AT to the selection medium. To find the optimal 3 -AT 
concentration, basic selection plates (either SD-trp -leu-his or SD-trp -leu-his-ade) 
are supplemented with 0, 1, 2.5, 5, 7.5, and 10  mM 3-AT. 

We do not recommend to carry out a library screen on SD -trp -leu-ade medium, as 
this may lead to an increased number of false positives.  

 

Since the bait is co -expressed with a NubG-nonsense peptide fusion (expressed 
from the empty library vector pPR3 -N), any colonies that arise on the screening 
plates must be background. The pilot screen helps you to adjust the screening 
conditions such that, in the following library screen, you will have the absolute 
minimum of false positives possible.   

 

Protocol  

1. Use the Media starter package  1 (P09001) to prepare the following 150 mm 

diameter selective plates  for the pilot screen:  

 SD-trp -leu-his supplemented with 0, 1 , 2.5, 5, 7.5 and 10 mM 3 -AT 

 SD-trp -leu-his-ade supplemented with 0, 1, 2.5, 5, 7.5 a nd 10 mM 

3-AT 

 

2. Inoculate NMY51 expressing your bait from the master plate into 10  ml 

SD-leu medium and grow for 8  hours at 30°C with shaking. 

3. Inoculate 100 ml fresh SD-leu medium with the entire 10  ml culture  from 

step 2 and grow overnight at 30°C with shaking . 

4. Take a 1 ml aliquot of  the overnight culture, centrifuge at 2500 x g for 

5 minutes and resuspend the pellet in 1 ml  water .  

5. Measure the OD546 of the sample against a water blank.  

6. Calculate the amount of cul ture needed for 22.5  OD546 units. Place this 

amount of overnight culture into a 50 ml Falcon tube and spin down at 

700x g for 5 minutes . 

7. Resuspend the pellet in 10 ml prewarmed (30°C) 2 x YPAD medium and 

transfer to a 1 liter  shaker flask. 

8. Add 150 ml prewarmed 2 x YPAD medium into the shaker flask (200 ml total 

volume) and measure the OD546 of the resulting culture to ensure  that it is 

0.15. 
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9. Grow the cells at 30°C with vigorous shaking (~220 rpm) to an OD546 of 

0.6-0.7 (two cell divisions) .  

Optimal transformation efficiencies are achieved only if the majority of the cells 

have undergone two cell divisions! Be sure to accurately adjust your 2  x YPAD 

culture to an OD 546 of 0.15 and only p roceed to the next step once the culture has 

reached an OD546 of 0.6 -0.7. This should take 3-5 hours but it may take longer if the 

bait is slightly toxic and slows yeast growth.  

10. Use the reagents of the DSY Yeast Transformation Kit for the following 

yeast t ransformation.  

11. Prepare the single-stranded carrier DNA: for high efficiency transformation, 

it is recommended to boil the carrier DNA two times. Thaw 500 l carrier 

DNA, incubate for 5 minutes at 99°C, then place immediately in an 

ice/water bath. Repeat one time. Your carrier DNA is now ready for use.  

12. Prepare the LiOAc/TE master mix:  

LiOAc/TE master mix  

Reagent For 8 ml  

1 M LiOAc 0.88 ml 

10 x TE pH 7.5 0.88 ml 

water  6.24 ml 

 

13. Prepare the PEG/LiOAc master mix: 

PEG/LiOAc master mix  

Reagent For 12  ml  

1 M LiOAc 1.2 ml 

10 x TE pH 7.5 1.2 ml 

50 % PEG 9.6 ml 

 
 

14. Split the 150  ml culture into three  Falcon tubes and centrifuge at 700 x g 

for 5 minutes . 

15. Resuspend each pellet in 30 ml of sterile water by vortexing . 

16. Centrifuge at 700 x g for 5 minutes . 

17. Remove the supernatant, resuspend each pellet in 1 ml LiOAc/TE master 

mix and transfer to an eppendorf tube . 

18. Centrifuge at 700 x g for 5 minutes . 

19. Remove the supernatant and resuspend each pellet in 600 l of LiOAc/TE 

master mix . 

20. Set up three  50 ml Falcon tubes and add to each tube:   

Transformation reaction  

Reagent Amount  

pPR3-N 7 g 

Single-stranded carrier 

DNA 
100 l 

Cells (step 20) 600 l 

PEG/LiOAc mix  2.5 ml  
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21. Vortex for 1 minute to thoroughly mix all components . 

22. Incubate at 30°C for 45 minutes, mix briefly every 15 minutes . 

23. Add 160 l DMSO to each tube, mix immediately by shaking . 

24. Incubate at 42°C for 20 minutes . 

25. Pellet cells at 700 x g for 5 minutes . 

26. Resuspend each pellet  in 3 ml 2 x YPAD medium.  

27. Pool all resuspended cells. 

28. Let the cells recover at 3 0°C for 90 minutes with slow shaking (150 rpm) . 

29. Pellet the cells at 700 x g for 5 minutes .  

30. Resuspend the pellet in 3.6 ml 0.9  % NaCl.  

31. Spread the cells onto the prepared selection plates: use 300 l resuspended 

cells per 150 mm diameter plate ( 12 plates * 300 l = 3.6 ml total ).  

32. Prepare 1:100, 1:1000 and 1:10õ000 dilutions in 0.9 % NaCl from the 

remaining cell suspension and plate 100 l of each dilution onto a 100 mm 

diameter SD-trp -leu plate (used later to calculate the transformation 

efficien cy).  

33. Seal all plates with parafilm and incubate at 30°C for 3 -4 days. 

 
Results 

Transformants should appear after 2 -3 days on SD-trp -leu plates and after  3-4 
days on selection plates .  

Calculate the total number of transformants and the transformation efficiency 
fr om the number of colonies on SD-trp -leu plates:  

 òTotal number of transformantsó = number of colonies on SD-trp -leu plate * 
dilution factor * 10 * 3.6  

 

 

 

 

 

The total number of transformants should be greater than  8 x 105 cfu for the 
assay to deliver meaningful res ults ( the background on selection plates is directly 
proportional to the total number of transformants , i.e . the total number of yeast 
transformants con tain ing a bait and prey plasmid).  

 

If your transformation efficiency is very low repeat the titration procedure. 
Please see Critical Parameters and Troubleshooting for suggestions on how to 
increase transformation effic iency.  
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Choosing the correct  
stringency  for a library  
screen  

Carefully examine all selective plates. Choose the selective media where you 
observe no growth at all. This is the appropriate concentration for the library 
screen. If all your selection plates (even the ones with the highest 3-AT 
concentration) display some background growth, repeat the assay and include 
higher concentrations of 3 -AT (up to 100 mM is possible). An example of a pilot 
screen is shown in the table below . 

 

Selection plate  Number of colonies 
per plate after  4 
days of growth  

Comment  

SD-leu-trp -his 1000 Strong background, unsuitable for 
screening 

SD-leu-trp -his /  
1 mM 3-AT 

350 Strong background, unsuitable for 
screening 

SD-leu-trp -his /  
2.5 mM 3-AT 

100 Strong background, unsuitable for 
screening 

SD-leu-trp -his /  
5 mM 3-AT 

50 Strong background, unsuitable for 
screening 

SD-leu-trp -his /  
7.5 mM 3-AT 

30 Strong background, unsuitable for 
screening 

SD-leu-trp -his /  
10 mM 3-AT 

10 Strong background, unsuitable for 
screening 

SD-leu-trp -his-ade 35 Strong background, unsuitable for 
screening 

SD-leu-trp -his-ade /  
1 mM 3-AT 

10 Strong background, unsuitable for 
screening 

SD-leu-trp -his-ade /  
2.5 mM 3-AT 

5 Intermediate background  

SD-leu-trp -his-ade /  
5 mM 3-AT 

1 Low background, may be used for 
screening 

SD-leu-trp -his-ade / 
7.5 mM 3-AT 

0 No background optimal for 
screening 

SD-leu-trp -his-ade /  
10 mM 3-AT 

0 No background, may be too 
stringent for screening  

 

After having carried out the DUALhunter functional assay (Protocol IV) and the 
pilot screen (Proto col V) you should now have the optimal selection stringency 
for carrying out a library screen.  
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Protocol (VI.)   Library transformation and selection of interactor s 

 

Selecting an  
appropriate  cDNA 
library for the   
DUALhunter  
screen  

Once you have properly titrated your bait to select the optimal screening 
conditions, you are ready to screen your bait against a NubG-fused cDNA library. 
The high-efficiency protocol described in the following section requires 28  µg of 
library  DNA and should yield transformat ion efficiencies in the range of  1.5 x 105  
to 2.5 x 105 clones / µg DNA. As DUALhunter cDNA libraries have complexities 
around 2 x 106 independent clones, this transformation efficiency is sufficient  to 
cover the cDNA library at le ast 2-3 times. In case your transformation efficiency 
is lower  (e.g. below 1 x 105 clones / µg DNA) it is recommended to screen the 
library a second time to reach a satisfying  coverage. 

The most important criteria for the selection of the DUALhunter cDNA library is 
the organism and tissue it is made from. Be aware that in addition there are 
technical features that might influence the choice of the appropriate library. For 
further information please refer to the library  selection guide  (p. 38) in this 
manual.  

Protocol  

1. Prepare 150 mm diameter selection plates of the stringency determined in 

Protocol V using the Media starter p ackage 1 (P09001). 

2. Inoculate NMY51 expressing your bait from the master plate into 10 ml 

SD-leu medium and grow for 8 hours at 30 °C with shaking . 

3. Inoculate 100 ml fresh SD-leu medium with the entire 10 ml culture from 

step 2 and grow overnight at 30°C with shaking . 

4. Take a 1 ml aliquot of the culture, centrifuge at 2500 x g for 5 minutes and 

resuspend the pellet in 1 ml water .  

5. Measure the OD546 of the sample against a water blank  

6. Calculate the amount of culture needed for 30 OD 546 units. Place this 

amount of the overnight culture into a 50 ml Falcon tu be and centrifuge  for  

5 minutes at 700x g.  

7. Resuspend the pellet in 10 ml prewarmed 2 x YPAD medium and transfer to 

a 1 liter shaker  flask. 

8. Rinse the Falcon tube with 40 ml prewarmed 2 x YPAD medium to recover 

any remaining cells .  

9. Add 150 ml prewarmed 2 x YPAD medium into the shaker flask (200 ml total 

volume) and measure the OD546 of the  resulting culture to ensure that it is 

0.15. 

10. Grow the cells at 30°C with vigorous shaking (~220 rpm) to an OD546 of 0.6 

(two cell divisions) .  

Optimal transformation efficiencies are achieved only if the majority of the cells 

have undergone two cell divisions! Be sure to accurately adjust your 2  x YPAD 

culture to an OD 546 of 0.15 and only proceed to the next step once the culture has 

reached an OD546 of 0.6 -0.7. This should take 3 -5 hours but it may take longer if the 
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bait is slightly toxic and slows yeast growth.  

 

11. Use the reagents of t he DSY Yeast Transformation Kit for the following 

yeast transformation.  

12. Prepare the single-stranded carrier DNA: for high efficiency transformation, 

it is recommended to boil the carrier DNA two times. Thaw 1 ml carrier 

DNA, incubate for 5 minutes at 99°C, then place immediately in an 

ice/water bath. Repeat one time. Your carrier DNA is now ready for use.  

13. Prepare the LiOAc/TE master mix:  

LiOAc/TE master mix  

Reagent For 10 ml  

1 M LiOAc 1.1 ml  

10 x TE pH 7.5 1.1 ml  

water  7.8 ml  

 

14. Prepare the PEG/LiOAc master mix: 

PEG/LiOAc master mix  

Reagent For 15  ml  

1 M LiOAc 1.5 ml 

10 x TE pH 7.5 1.5 ml 

50 % PEG 12 ml 

 
 

15. Divide the 200 ml culture into four 50 ml Falcon tubes . 

16. Centrifuge at 700 x g for 5 minutes . 

17. Resuspend each pellet in 30 ml of sterile water by vortexing . 

18. Centrifuge at 700 x g for 5 minutes . 

19. Remove the supernatant, resuspend each pellet in 1 ml LiOAc/TE master 

mix and transfer to an eppendorf tube . 

20. Centrifuge at 700 x g for 5 minute s. 

21. Remove the supernatant and resuspend each pellet in 600 l of LiOAc/TE 

master mix . 

22. Set up four 50 ml Falcon tubes and add to each tube:  

Transformation reaction  

Reagent Amount  

Library plasmid  7 g 

Single-stranded carrier DNA 100 l 

Cells (step 21) 600 l 

PEG/LiOAc mix 2.5 ml  

 

23. Vortex for 1 minute to thoroughly mix all components . 

24. Incubate at 30°C for 45 minutes, mix briefly every 15 minutes . 

25. Add 160 l DMSO to each tube, mix immediately by shaking . 

26. Incubate at 42°C for 20 minutes . 
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27. Pellet cells at 700x g for 5 minutes . 

28. Resuspend each pellet in 3 ml 2 x YPAD and pool all cell suspensions. 

29. Let the cells recover at 30°C for 90 minutes with slow shaking (150 rpm) . 

30. Pellet the cells at 700 x g for 5 minutes .  

31. Resuspend the pellet in 4.8  ml 0.9  % NaCl 

32. Streak onto the prepared selection plates: use 300 l resuspended cells per 

150 mm plate. 

33. Prepare 1:100, 1:1000 and 1:10õ000 dilutions in 0.9 % NaCl from the 

remaining cell suspension and plate 100 l of each dilution onto a 100 mm 

diameter SD-trp -leu plate (us ed later to calculate the transformation 

efficiency) .  

34. Seal all plates with parafilm and incubate at 30°C for 3 -4 days. 

 

Results 

Transformants should appear after 2 -3 days on SD-trp -leu plates and after 3 -4 
days on selection plates.  

Calculate the total number of transformants and the transformation efficiency 
from the number of colonies on SD-trp -leu plates:  

òTotal number of transformantsó = number of colonies on SD-trp -leu plate * 
dilution factor * 10 * 4.8  

 

 

 

The total number of transformants should be greater than  2 x 106 cfu. 

 

Low transformation  
efficiency  

If your transformation efficiency is very low  repeat the transformation  
procedure. Please see Critical Parameters and Troubleshooting for suggestions on 
how to increase transformation efficiency . 

 

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 be tween a DUALhunter 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 ye ast.  

If a DUALhunter 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 inte raction can reach from faintly pink (weak interaction, corresponds to 
slow growth on SD-trp -leu-his-ade selection medium) to white (strong 
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interaction, corresponds to strong growth on SD -trp -leu-his-ade selection 
medium). The differences in color between i ndividual yeast clones can help you 
to judge whether a particular clone harbors an interacting protein pair.  

 

Picking positive clones  

Pick all positive colonies and restreak them on the same selective medium as 
used in the library screen. Use these colonies to perform a Ɲ-galactosidase assay 
(see Protocol VII) to select the strongest interactors from your screen.  
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Protocol (VII.)   Assays for the detection of Ɲ-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 
Ɲ-galactosidase, which converts the substrate X -gal into a blue compound. Yeast 
cells expressing Ɲ-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 -galactosidase  
assay kit  

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

 

Please consult the manual that is included in the  HTX kit for instructions.  

 
Results 

Each clone from the DUALhunter screen will yield a different coloration in the 
HTX Ɲ-galactosidase assay, depending on the strength of the protein -protein 
interaction between the bait and prey expressed in the particular clone. You may 
select only the strongest interactors for the next analysis steps or alternatively, 
you may continue with all clones from th e DUALhunter screen.  
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Protocol (VIII.)   Plasmid recovery from yeast and retransformation in E. coli  

 

After the identification of colonies expressing interacting proteins, the next step 
is to isolate the library plasmid encoding the putative interactor. Th is is done by 
culturing  each clone in liquid medium, lysis of the yeast cells and purification of 
the bait and library plasmids. The plasmid mix is then transformed into E. coli  
and the library plasmid is selectively propagated on LB plates containing the 
antibiotic ampicillin . Since the library plasmids carry an ampicillin  marker, 
whereas the bait plasmids carry a kanamycine marker, only E. coli cells which 
have taken up a libra ry plasmid are able to grow under selection.  

As yeast can take up several plasmids during the transformation procedure, two 
E. coli  colonies are picked from each transformation  reaction . Plasmid is isolated 
using any standard method and digested with the restriction enzyme Sfi I, 
releasing the cDNA insert. If only one library plasmid was originally introduced 
into yeast, both digests will show an insert of the same size.  However, i f the two 
inserts differ in  size, this indicate s that the original yeast clone contained more 
than one library plasmid. Both plasmids are then used for  the confirmation  assay 
(Protocol IX.).  

There are several methods available to isolate plasmids from yeast, the most 
common one being disruption of yeast by glass beads, followed by 
phenol/chloroform extraction and isopropanol precipitation of the plasmid mix.   
We recommend using any commercially available isolation kit  (òminiprep kitó) 
for preparing plas mid DNA from E. coli  together with the modified protocol 
outlined below. This protocol should yield around 20-50 E. coli  colonies when 
using cells of sufficient competency (at least 10 7 cfu/ µg). 

 

Reagents to be  supplied  
by the user  

 Plasmid isolation kit ( Promega Wizard kit, or similar ) 

 XL-1 Blue chemically competent cells (cells should yield at least 

107 cfu/ µg when transformed with  non-saturating amounts of pUC19 or a 

similar plasmid ) 

 SOC medium 

 Acid washed glass beads (Sigma Cat.-No. G8772) 

 

Protocol  

1. Prepare a 96 deep-well masterblock by adding 1 ml of SD -trp -leu medium 

to each well .  

2. Inoculate each well with a  yeast colony representing a positive clone from 

the DUALhunter screen. Cover with breathable plate seal (e.g. EasySeal 

film, Hampton Research). Grow overnight at 30 C with shaking. 

3. Centrifuge the deep-well masterblock for 5 minutes at 4000 x g. 

4. Add the appropriate amount of resuspension buffer supplied with the 

miniprep kit and resuspend the cell pellet by vortexing . 

5. Transfer to an eppendorf tube . 

6. Add ~100 l of  acid-washed glass beads.  

7. Vortex strongly for 5  minutes.  
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8. Proceed with the standard protocol up to the point  where the cleared 

lysate is applied to the spin column . 

9. Add the cleared lysate to the sp in column, centrifuge for 1 minute  at 

6000x g. 

10. Wash twice  with nuclease removal buffer and once with normal wash 

buffer.  

11. Elute plasmid DNA according to the instructions in the standard protocol.  

12. Transform competent  E. coli  XL-1 Blue cells (Stratagene) with 5 l of the 

isolated DNA.  

13. Add 1 ml standard SOC medium and let the cells recover at 37°C for 30  

minutes. 

We recommend using XL-1 Blue since other strains may vary in their sensitivity 

towards impurities from yeast  contained in the eluate . When using a strain other  

than XL-1 Blue, be sure to include a control reaction by mixing 5 l of isolated DNA 

with 20 ng of  a control plasmid such as pUC19. If the control does not yield 

colonies, change the strain .  

 

14. Pell et the cells and resuspend in 10 0 l LB. Plate the entire mixture onto 

one LB plate supplemented with 100 g/ml ampicillin  and incubate at 37°C 

overnight .  

15. Prepare plasmid DNA from two independent colonies b y any standard 

miniprep method . 

 

Results 

You now have two minipreps derived from  each original yeast clone. Digest all  
minipreps with  the restriction enzyme  Sfi I to release the insert  of each prey 
clone.  

Several outcomes are possible: 

 Both minipreps contain inserts of the same size. Choose one miniprep 

and continue with Protocol IX. 

 The two minipreps contain inserts of different sizes. This means that th e 

original yeast clone contained  more than one plasmid. In order to 

determine which plasmid encodes the interacting prey, both clones 

should be tested in  the confirmation assay (Protocol IX).  

 No insert is released. This may happen either if the library plasmid is 

empty or  if the Sfi I sites have been destroyed during li brary 

construction. C ontinue with both clones or perform PCR to determine  

whether the clone contains an insert .  

 The plasmid is linearized. This may happen if one Sfi I site has been 

destroyed during library construc tion. C ontinue with both clones or 

perform PCR to determine the insert sizes.  
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Protocol (IX.)   Confirmation of positive interactors  

 

Like any genetic selection system, the DUALhunter system yields a certain 
number of false positives. T hese false positive clones  result in a HIS+/ADE+/ lacZ+ 
phenotype independent of a true interaction between the bait and a prey. False 
positives are eliminated by retransforming the isolated prey plasmids togethe r 
with the original  bait  plasmid. Only those preys which yield a HIS+/ADE+/lacZ+ 
phenotype when co-expressed with the original  bait  are considered true positives 
and are analyzed further.  

 

Protocol  

1. Prepare the appropriate number of 100 mm diameter SD-trp -leu plates and 

100 mm diameter selection plates of the same stringency as used in the 

library screen  using the Media starter package 2 (P09002). 

2. Transform your bait construct into NMY51 as described in Protocol II.  

3. Pick several colonies of NMY51 transformed with your bait  and inoculate 

into  liquid SD-leu medium. Use 2 ml of medium per bait/ prey pair to be 

assayed.  

4. Grow the liquid culture  overnight to an OD546 of 0.6 .  

5. Spin down the culture  for  5 minutes at 700x g. 

6. Resuspend the pellet  in 1/20 volume of sterile water .  

7. For each prey to be assayed, add 1.5 g prey plasmid to the well of a 96 

well masterblock . 

8. Use the reagents of t he DSY Yeast Transformation Kit for the following 

yeast transformation.  

9. Prepare the PEG/LiOAc master mix:  

PEG/LiOAc master mix  

Component  Amount per transformation  

50 % PEG 240 l 

1 M LiOAc 36 l 

Single-stranded carrier 

DNA 
25 l 

 

10. Add 300 l PEG/LiOAc mix to each well of the masterblock and  vortex 

briefly .  

11. Add 100 l of resuspended NMY51 culture from step 6 to each well.  

12. Vortex 1 minute to mix all components . 

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

14. Centrifuge for 5 minutes  at 700x g. 

15. Resuspend each pellet in 200 l 0.9  % NaCl. 

16. For each transformation  reaction, plate 100 l onto one 100 mm diameter 

SD-trp -leu plate  and one 100 mm diameter  selective  plate . 

17. Seal plates with parafilm and i ncubate for 3 -4 days at 30°C. 
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18. Perform the quantitative -galactosidase assay as described in Protocol VII 

using the HTX High-throughput -galactosidase assay kit. 

 

Results   

Preys which are HIS+/ADE+/lacZ+ when co-expressed with the bait are 
considered true interactors .  

 

Sequencing of true  
interactors  

Sequence all positive interactors identified in the confirmation assay . Forward 
and reverse sequencing primers for the library vectors pPR3 -N, pPR3-C, pDSL-Nx 
and pNubGx are listed below.  

 

Forward primers  Primer sequence  

pPR3-N, pDSL-Nx, pNubGx 5õ GTCGAAAATTCAAGACAAGG 3õ 

Reverse primers  Primer sequence  

pPR3-N or pDSL-Nx 5õ AAGCGTGACATAACTAATTAC 3õ 

pNubGx 5õ GTTACTCAAGAACAAGAATTTTCG 3õ 

 

 
Perform a database search to determine the identity of the cDNA encoding the 
interactor of your bait (e.g. using the BLASTX algorithm at 
http://www.ncbi.nlm.nih.gov/blast/Blast.cgi). Verify that the cDNA is in frame 
with the NubG moiety.  

False positive filtering  

At this stage, you can easily remove non -specific interactions  (òfalse positivesó) 
from your screen by submitting the data to our false positive f iltering  service. 
Please see page 39 (òHow can I minimizefalse positives in my  screen?ó) for 
additional information.  

 
Confirmation of   
interactions by   
independent methods  

Please keep in mind that like any other genetic selection system, results 
obtained with the DUALhunter system have to be confirmed using independent 
methods, such as co-immunoprecipitation or GST pull -down. 
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5 Critical Parameters and Troubleshooting  

 
I am unable to detect  
expression of my bait  
by Western blotting  

A commonly encountered problem wh en using mammalian bait proteins in the 
DUALhunter 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 e nzymatically 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 
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 bait using the  DUALhunter functional assay 
described in Protocol IV. If your bait yields a positive result together with the 
pOst-NubI positive control, you may proceed to screening even in the absence of 
a positive Western blotting result.  

If your bait is negative in the Western blot and the functional assay, bait 
expression levels in yeast have to be increased.  The standard DUALhunter bait 
vector expresses the bait from the  weak CYC1 promoter  to avoid overexpression 
artefacts . Cloning the bait into a vector with a stronger promoter (e.g.  ADH1 or 
TEF1) may help to increase expression levels.  

My bait is self -activating  
in the pilot screen  

Self-activating baits (i.e., baits that activate the reporter genes in the absence 
of a interaction between bait and prey) can be responsible for spurious 
background in a library screen. In most cases self -activation of a bait is due to 
overexpression or protein instability, which leads to degradation and release of 
LexA-VP16.  

To reduce background from self -activating baits, increase the screening 
stringency by adding 3-AT to the selective plates. Concentrations up to 100 mM 
3-AT are possible. The selection stringency is adjusted in the pilot screen 
(Protocol V). To ensure that the conditions of the pilot screen are similar to the 
library screen (Protocol VI), a high efficiency library transformation is used in the 
pilot screen. Performing a pilot screen  using the small-scale transformation  
method is not sufficient because the number of sampled transformants is too 
small to allow a meaningful comparison with a high efficiency li brary 
transformation.  

My transformation  
efficiency  is too low  

For highest transfo rmation 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 an d 
immediately return it to ð20°C after use.  
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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.  

During incubation in 2x YPAD medium, make sure the cells have undergone two 
cell divisions. Ideally, you r culture should  start with a cell concentration of 2 x 
106 cells per ml (corresponding to an OD 546 of 0.15)  and  should end up at a 
concentration of 1.2 x 10 7 cells per ml (corr esponding to an OD546 of 0.6, two 
doublings). However, d ifferent brands of spectrophotometer s vary in their OD 
readings for a given cell number. Therefore, it is good practice to determine the 
OD reading of your spectrophotometer for a known cell number. P repare 
sequential dilutions of an overnight yeast culture in water and count the number 
of cells in each dilution using a Neubauer chamber. Measure the corresponding 
OD546 value of each dilution. Note down the OD546 readings of your 
spectrophotometer which correspond to 2 x 10 6 cells per ml and 1.2 x 10 7 cells 
per ml, respectively, and use these when preparing cells for transformation.  

Immediately mix the cells by shaking after addition of DMSO to the 
transformation  reaction.  

Incubation at 42°C should be done in a water bath for 20 minutes. Do not extend 
or reduce incubation time.  

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 setting s. 

Vitality of the yeast  strain is important for high transformation eff iciency. Do not 
use yeast from plate s which are older than two  weeks. 

Should I use a NubG-x 
library or a x-NubG 
library for my screen?  

Generally, both NubG-X and X-NubG libraries should be screened to recover all 
possible interactors. However, unless you already know that the interacting 
protein you are looking for is a type I integral membrane protein, we recommend 
to start with a NubG -X library. The reason for this is that NubG -X libraries tend to 
have more productive cDNA fusions than X-NubG libraries.  

 

NubG-X libraries  

NubG-X cDNA libraries fuse the NubG coding sequence to the 5' end of the cDNA 
to create a NubG-cDNA fusion. Like any other expression library, a NubG-X cDNA 
library contains approximately 1/3 of clones with a continuous (productive) 
reading frame between the cDNA insert and the NubG sequence.  

NubG-X libraries are made from total or pol yA+ RNA by oligo dT priming and 

directional subcloning into pPR3-N. Typically, such libraries have complexities  
2 x 106 independent clones and average insert sizes larger than 1.5 kb. NubG-X 
libraries are suitable for finding cytosolic interaction partne rs of your protein of 
interest, as well as interacting type II integral membrane proteins.  

 

X-NubG libraries  

X-NubG cDNA libraries fuse the NubG coding sequence to the 3'end of the cDNA 
to create a cDNA-NubG fusion. X-NubG libraries are made from polyA+ RNA by 






















