
Chapter 11
Mapping the Protein–Protein Interactome
Networks Using Yeast Two-Hybrid Screens

Seesandra Venkatappa Rajagopala

Abstract The yeast two-hybrid system (Y2H) is a powerful method to identify
binary protein–protein interactions in vivo. Here we describe Y2H screening
strategies that use defined libraries of open reading frames (ORFs) and cDNA
libraries. The array-based Y2H system is well suited for interactome studies of
small genomes with an existing ORFeome clones preferentially in a recombination
based cloning system. For large genomes, pooled library screening followed by
Y2H pairwise retests may be more efficient in terms of time and resources, but
multiple sampling is necessary to ensure comprehensive screening. While the Y2H
false positives can be efficiently reduced by using built-in controls, retesting, and
evaluation of background activation; implementing the multiple variants of the Y2H
vector systems is essential to reduce the false negatives and ensure comprehensive
coverage of an interactome.

Keywords Yeast two-hybrid system • Protein–protein interactions • Pooled
library screening • Two-hybrid array

11.1 Introduction

Specific interactions between proteins form the basis of most biological processes,
thus the knowledge of an organism’s protein interaction network provides insights
into the function(s) of individual proteins, the structure of functional complexes, and
eventually, the organization of the entire cell. The Protein-protein interactions (PPIs)
can be identified by a multitude of experimental methods. However, a vast majority
of the PPIs available today are generated by yeast two-hybrid (Y2H) method and
affinity purification or co-fractionation coupled to mass spectrometry (AP-MS)
(Kerrien et al. 2012). It is important to note that these methods yield different
types of information; Y2H analyses reveal binary interactions, including transient
interactions, whereas the AP-MS approaches report multiple interactions connecting
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all of the proteins in fairly stable complexes. Protein interactome analysis on a
genome scale was first achieved by using yeast two-hybrid (Y2H) screens (Ito
et al. 2001; Uetz et al. 2000) and next by large-scale mass spectrometric analysis
of affinity-purified protein complexes (Gavin et al. 2002; Ho et al. 2002). Here we
describe the high-throughput Y2H screening strategies, applied to map high-quality
proteome-scale interactome networks of model organisms and pathogenic infectious
agents.

11.2 Yeast Two-Hybrid System

The Y2H system is a genetic screening extensively used to identify binary protein–
protein interactions in vivo (in yeast cells). The system was originally developed by
Stanley Fields in 1989 (Fields and Song 1989). The principle of the assay relied on
major discoveries on transcription initiation (Brent and Ptashne 1985). In general the
protein domains can be separated and recombined and can retain their properties. In
particular, transcription factors can frequently be split into the DNA-binding domain
(DBD) and activation domains (ADs). In the two-hybrid system, a DNA-binding
domain (in this case, from the yeast Gal4 protein) is fused to a protein generally
called bait (“B”) for which one wants to find interacting partners. A transcriptional
activation domain (from the yeast Gal4 protein) is then fused to one or more ORFs
(preys) (Fig. 11.1). The bait and prey fusion proteins are then co-expressed in the
same yeast cell. If, the two proteins bait and prey interact, a transcription factor is
reconstituted which in turn activates the reporter gene(s) (Fig. 11.1). The expression
of the reporter gene allows the yeast cell to grow under certain conditions. For
example, the HIS3 reporter encodes imidazoleglycerolphosphate (IGP) dehydratase,
a critical enzyme in histidine biosynthesis. In a screening yeast strain lacking an

Fig. 11.1 Yeast two-hybrid principle: A protein of interest ‘B’ is expressed in yeast as a fusion to
a Gal4p DNA-binding domain (DBD, “bait”; circles denote expression plasmids). Another protein
or library of proteins of interest ‘ORF’ is fused to Gal4p transcriptional activation domain (AD,
“prey”). The two yeast strains are mated to combine the two plasmids expressing bait and prey
fusion proteins in the same cell (diploid). If, proteins ‘B’ and ‘ORF’ interact in the resulting
diploids cells, they reconstitute a transcription factor which activates a reporter gene (HIS3) and
therefore allows the cell to grow on selective synthetic media (media lacking histidine)
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endogenous copy of HIS3, expression of a HIS3 reporter gene is driven by a
promoter that contains a Gal4p-binding site, so the bait protein fusion can bind to
it. However, the bait fusion does not contain a transcriptional activation domain it
remains inactive. If, a prey protein with an attached activation domain binds to the
bait protein, this activation domain can recruit the basal transcription machinery,
and expression of the reporter gene ensues. Thus, these cells can now grow in the
absence of histidine in the media because they can synthesize their own.

11.3 Y2H Applications

Initially, the two-hybrid system was invented to demonstrate the association of two
proteins (Fields and Song 1989). Later, it was demonstrated that completely new
protein interactions can be identified with this system. Over time, it has become clear
that the ability to perform unbiased large-scale library screens is the most powerful
application of the system. In recent years, Y2H method has been extensively applied
to map high-quality proteome-scale binary interactome networks of server model
organism, including human proteome and may pathogenic infectious agents. In a
recent study, Rolland et al., published a human interactome map, which is based
on a systematic Y2H screening of 13,000 human proteins that uncovered 14,000
PPIs (Rolland et al. 2014). Similarly, several large-scale Y2H projects have been
successful in systematically mapping binary interactome landscape of Escherichia
coli (Rajagopala et al. 2014), Saccharomyces cerevisiae (Uetz et al. 2000; Yu et al.
2008), Caenorhabditis elegans (Gong et al. 2004), Drosophila melanogaster (Giot
et al. 2003); these studies have shown that most of the proteins in a cell are
actually connected to each other. The Y2H screening has also been implemented on
many pathogenic infectious agents, to name a few, the Kaposi sarcoma-associated
herpesvirus (Uetz et al. 2006), varicella-zoster (Uetz et al. 2006; Stellberger et al.
2010), Epstein–Barr (Calderwood et al. 2007), SARS (von Brunn et al. 2007),
influenza (Shapira et al. 2009) viruses, the Campylobacter jejuni (Parrish et al.
2007), Helicobacter pylori (Hauser et al. 2014; Rain et al. 2001) and Treponema
pallidum (Titz et al. 2008) bacteria, and Trypanosoma brucei (Lacomble et al. 2009)
parasite. These interactome maps enhance our knowledge on these infectious agents
and suggest potential therapeutic targets. Another potential of the Y2H method is
to map host–pathogen protein interactions, which has been achieved for Epstein–
Barr (Calderwood et al. 2007), hepatitis C (de Chassey et al. 2008), influenza
(Shapira et al. 2009) and dengue (Khadka et al. 2011) viruses as well as mapping the
interactions of bacterial effectors proteins with the it’s host (Memisevic et al. 2013).
These studies have the potential to both fundamentally change our understanding of
how pathogens (virus/bacteria) modulate the host proteome and aid the development
of countermeasures to control infections/diseases. Likewise, the two-hybrid screens,
can also be adapted to a variety of related questions, such as the identification of
mutants that avert or advance interactions (Schwartz et al. 1998; Wang et al. 2012),
the screening for drugs that affect protein interactions (Vidal and Endoh 1999;
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Vidal and Legrain 1999), the identification of RNA-binding proteins (SenGupta
et al. 1996), or the semiquantitative determination of binding affinities (Estojak
et al. 1995). The system can also be exploited to map binding domains (Rain et al.
2001; Ester and Uetz 2008), to study protein folding (Raquet et al. 2001), or to
map interactions within a protein complex, for example, spliceosome (Hegele et al.
2012), proteasome (Cagney et al. 2001), flagellum (Rajagopala et al. 2007).

11.4 High-Throughput Yeast Two-Hybrid Screens

11.4.1 Array-Based Screening

In an array screening, a number of pre-defined prey proteins are tested for
interactions with a bait protein. Typically the bait protein is expressed in one haploid
yeast strain and the prey is expressed in another haploid yeast strain of different
mating type (Fig. 11.1). The two strains are then mated so that the two proteins are
expressed in the resulting diploid cell (Fig. 11.2). The screenings are done side-by-
side under identical conditions with several prey proteins, and negative controls, so
they can be well controlled, i.e., compared with control assays. In an array, usually
each element (prey) is sequence validated and therefore it is immediately clear
which two proteins are interacting when positives are selected. Most importantly,
all the assays are done in an ordered array, so that background signals can be easily
distinguished from true signals (Fig. 11.2, step 3). However, to perform the array
screens the prey library need to be made upfront. This can be done for a subset of
genes or for a whole genome (i.e., all ORFs of a genome). The array-based Y2H
screenings are ideal for small genomes, for example mapping the interactions of
phages (Rajagopala et al. 2011), virus (Uetz et al. 2006; Shapira et al. 2009; Khadka
et al. 2011) and mapping the interactions within a protein complex (Rajagopala et al.
2007, 2012). Hands-on time and the amount of used resources grow exponentially
with the number of tested proteins; this is a disadvantage for large genome sizes.
However, cloned ORFeome collections of whole genomes become increasingly
available for several organisms and modern cloning systems also allow direct
transfer of entry clones into many specialized vectors (Walhout et al. 2000). One
of the first applications of such clone collections is often a high-throughput protein
interaction screening.

11.4.2 Pooled Array Screening

The pooling strategy has the potential to accelerate screening but require sequencing
capacity and/or extensive pairwise Y2H screening. In the pooled array screening,
preys of known identity (systematically cloned or sequenced cDNA library clones)
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Fig. 11.2 Array-based yeast two-hybrid screens. Step 1: Yeast mating combines the bait and prey
plasmids. The bait (DNA-binding domain (DBD) fusion) liquid culture is pinned onto YEPDA
agar plates using a 384-pin pinning tool, and then the prey array (activation-domain (AD) fusion)
is pinned on top of the baits using the sterile pinning tool. The mating plates are incubated at
30 ıC for 16 h. Step 2: The cells from the yeast mating plates are transferred onto –Leu –Trp
medium plates using a sterile 384-pin pinning tool. Only diploid cells will grow on the media
lacking leucine and tryptophan agar plates and ensures that both the prey and bait plasmids are
combined in the diploid yeast cells. Step 3: The diploid cells are transferred onto –Leu –Trp –His
medium plates for protein interaction detection. If the bait and prey proteins interact, and an active
transcription factor is reconstituted and transcription of a reporter gene is activated. Thus, the cells
can grow on selective media plates

are combined and tested as pools against bait strains. The identification of the
interacting protein pair commonly requires either sequencing preys in the positive
yeast colonies or retesting of all members of the respective pool clones. Prof.
Vidal lab at the Dana-Farber Cancer Institute, Boston MA, employed a pooling
strategy for several large-scale interactome mapping projects (Rolland et al. 2014;
Yu et al. 2008; Rual et al. 2005). Often, they tested each bait against pools
of �188 preys (mini-libraries) and the identity of the interacting prey in the
mini-libraries was identified by sequencing the prey PCR amplicons by end-read
sequencing (Rual et al. 2005), or ‘stitched’ the interacting bait and preys together
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into a single amplicon and sequenced using next-generation sequencing technology
(Rolland et al. 2014; Yu et al. 2008, 2011). Stelzl et al. tested pools of 8 baits
against a systematic library of individual preys and identified interactions by a 2nd
interaction mating (Stelzl et al. 2005). Likewise, Jin et al. proposed an “smart-pool-
array” system, which allows the deconvolution of the interacting pairs through the
definition of overlapping bait pools (Jin et al. 2007), and thus usually does not
depend on sequencing or a 2nd pairwise retest procedure. Preferably, the preys are
pooled rather than baits, because the former do not generally result in self-activation
of transcription.

11.4.3 Pooled Library Screening

The pooled library screening strategy significantly accelerates screening but might
also have the disadvantage of increasing the number of false negatives and multiple
sampling is essential to achieve a reasonable sampling sensitivity rate (Rajagopala
et al. 2014; Yu et al. 2008) and they require significant sequencing capacity.
Similar, to pooled array screening the prey library is constructed by systematically
cloning each of the sequenced ORFeome or cDNA library clones into Y2H prey
vector(s). In a recent study we implemented this approach to map the E. coli
interactome network (Rajagopala et al. 2014). In this study all the prey yeast strains
(�4000) were combined into a single pool and tested against each bait strains. After
Y2H screening the identity of the interacting preys are identified by sequencing
(Fig. 11.3).

11.4.4 Random Library Screening

Random library screens do not require systematic cloning of all prey constructs,
however, the prey library must be created. Therefore, the complete DNA sequence of
the genome of interest is no prerequisite. Random prey libraries can be made using
genomic DNA or cDNA based libraries. For genomic libraries, the genomic DNA of
interest is randomly cut, size-selected, and the resulting fragments ligated into one
or more two-hybrid prey vector(s). Previous yeast two-hybrid and bacterial two-
hybrid screening projects used random genomic DNA libraries (Rain et al. 2001;
Joung et al. 2000). A cDNA library is made through reverse transcription of mRNA
collected from specific cell types or whole organisms. To simplify the task even
more, many cDNA libraries are commercially available. For example, Clontech has
a collection of human and tissue-specific cDNA libraries. However the bait clones
that need to be screened with a random library need to be made independently.

Similar to pooled library screens, in a random library screen a library of prey
proteins is tested for interactions with a bait protein. Similar to pooled library
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Fig. 11.3 Pooled-library yeast two-hybrid screens: A haploid yeast strain expressing a single
protein as a DBD fusion is mixed with the yeast haploid strains expressing a prey library
(systematical cloned). The bait and prey (1:1 ratio) culture is plated on YEPDA agar plate and the
plates are incubated at 30 ıC for 6 h or overnight at room temperature. During this process (yeast
mating) both the prey and bait plasmids are combined in the diploid yeast cells. The cells from
the mating plates are collected and transferred onto –Leu –Trp –His medium plates (supplemented
with different concentration of 3-AT) for protein interaction detection, and plates are incubated at
30 ıC for 4–6 days. The identity of interacting prey is identified by yeast colony PCR of positive
yeast colonies, followed by DNA sequencing of the PCR product. The Y2H interactions obtained
from the pool screening are subjected to pairwise retest (Phenotyping II) using fresh archival yeast
stock, the screening was performed as quadruplet. Interactions which are not reproduced or showed
signal in the auto-activation test (marked in red) should be removed from the interaction list

screens the bait protein is expressed in one yeast strain and the prey is expressed
in another yeast strain of different mating type. The two strains are then mated so
that the two proteins are expressed in the resulting diploid cell. The diploids are
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plated on interaction selective medium where only yeast cells having bait and its
interacting prey will grow. The prey is identified by isolating the prey plasmids, PCR
amplification of the insert, and sequencing (Sect. 11.6.11). The major limitation of
the random library screening is unavailability of the indusial prey clones to perform
pairwise Y2H retest or other validation assays, for example, validate a subset of
interactions using orthogonal assays. Thus, evaluating the quality of PPIs relies on
computation methods.

11.4.5 Adapting Next-generation Sequencing

The major shortfall of the high-throughput protein-protein interactome datasets is
low coverage (Rajagopala et al. 2014; Yu et al. 2008). Even for the well-studied bac-
terium E. coli, more than 50 % of the interactome remains to be mapped (Rajagopala
et al. 2014). An impotent step for high-throughput interactome-mapping methods
using Y2H is determining the identities of the interacting proteins. Adapting the
next-generation DNA sequencing technologies (Bennett et al. 2005; Margulies et al.
2005) as opposed to Sanger technology, would substantially increase throughput
and decrease cost. However, next-generation DNA sequencing technologies are
not readily applicable for identification of interacting pairs. Yu et al. describe a
massively parallel interactome-mapping strategy that incorporates next-generation
DNA sequencing and test the strategy in a high-throughput Y2H system (Yu et al.
2011). The methodology, termed Stitch-seq, which used PCR approach to amplify
and stitch the bait and prey ORF or cDNA inserts in to a single amplican. Then
the PCR products are pooled and sequenced by next-generation DNA sequencing
to produce stitched interacting sequence tags. The sequencing produced an average
read length of 207 bases, which are 125 bases longer than the 82-bp linker sequence
between bait and preys. To identify the ORFs encoding pairs of interacting proteins,
they selected reads that contained the linker sequence and also covered at least
15 bases of ORF-specific sequences on both ends of the linker. These reads
could unambiguously identify pairs of unique bait and prey ORFs, after matching
these sequences to human ORFeome collection used for the study. This general
scheme can be readily extended to increase throughput and decrease cost for other
interactome-mapping methods, particularly for binary protein-protein interaction
assays

11.4.6 Analysis of Y2H Data

Analysis of raw results significantly improves the data quality of the protein
interaction set. It is important to consider at least the following three parameters to
obtain a high-quality Y2H data. Auto-activation: Is the background self-activation
strength of the tested bait. The protein interaction strength of interacting pairs
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must be significantly higher than with all other (background) pairs. Ideally, no
activation (i.e. no colony growth) should be observed in non-interacting pairs or
vector control. Reproducibility: The protein interactions that are not reproduced
in a pairwise retest experiment should be discarded. Sticky preys: For each prey
the number of different interacting baits (prey count) is counted; preys interacting
with a large number of baits are non-specific (“sticky” preys) and thus may have
no biological relevance. The cut-off number depends also on the nature of baits and
the number of baits screened: if a large family of related proteins are screened it is
expected that many of them find the same prey. As a general guideline the number
of baits interacting with a certain prey should not be larger than 5–10 % of the bait
number, in an unbiased set of baits or genome-wide screenings. Furthermore, more
sophisticated statistical evaluations of the raw can be adapted, i.e., using logistic
regression approach that uses statistical and topological descriptors to predict the
biological relevance of protein-protein interactions obtained from high-throughput
screens as well as integrating known and predicted interactions from a variety of
sources (Bader et al. 2004; von Mering et al. 2007).

11.4.7 False Negatives and Multiple-Variants of Y2H System

Although Y2H screens have been among the most powerful methods to detect
binary protein-protein interactions, a limitation of the technology is the high
incidence of false negative interactions (true interactions that are not detected)
which is on the order of 70–90 % (Rajagopala et al. 2014; Yu et al. 2008). The
interactome studies that have implemented proteome-scale Y2H screening in E.
coli and yeast are shown to have identified 20–25 % of the PPIs (Rajagopala et al.
2014; Yu et al. 2008). In a previous studies, Rajagopala et al, have investigated
underlying causes for this high degree of false negatives and uncovered that the
structural constrains and expression levels of recombinant proteins play a major
role (Rajagopala et al. 2009). Traditionally, Y2H screens have been performed
using N-terminal fusion proteins of DNA-binding and activation domains. To
mitigate the structural constrains Stellberger et al. constructed two new vectors
that allows to make both C-terminal fusion proteins of DNA-binding and activation
domains and showed that permutations of C- and N-terminal Y2H vectors detect
different subsets of interactions (Stellberger et al. 2010). A study by Chen et al.
benchmarked several variants of two-hybrid vectors (i.e., pGBGT7g-pGADCg,
pGBGT7g-pGADT7g, pDEST32-pDEST22, pGBKCg-pGADT7g and pGBKCg-
pGADCg) using a human positive reference set and a random reference set of
protein-protein interaction pairs (Braun et al. 2009; Chen et al. 2010). In addition to
each vector pair, they tested each protein both as activation (prey) and DNA-binding
domain fusion (bait), including C-terminal fusions in pGBKCg and pGADCg.
This way, they tested each protein pair in ten different configurations (Chen
et al. 2010). This study clearly demonstrates that different Y2H variants (multiple-
variants) detect markedly different subsets of interactions in the same interactome.
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All ten different configurations of bait-prey fusions were required to detect 73
of 92 interactions (79.3 %), whereas individual vector pairs detected only 23.3
out of 92 interactions (25.3 %) on average (Chen et al. 2010). Furthermore,
recent studies demonstrate the general effectiveness of the multiple-variants of
Y2H system in detecting true direct binary interactions and topology among the
protein complex subunits (Rajagopala et al. 2012). Having multiple-variants of
Y2H vectors that detect different subsets of interactions will be of great value to
generate more comprehensive protein interactions data set, thus future interactome
projects must adopt multiple Y2H vector systems with proper controls and adequate
stringency.

11.4.8 Quality of Y2H Interaction Data

Like any other assay system, the two-hybrid system has the potential to produce
false positives. The false positives may be of technical or biological nature. A
“technical” false positive is an apparent two-hybrid interaction that is not based
on the assembly of two hybrid proteins (that is, the reporter gene(s) gets activated
without a protein–protein interaction between bait and prey). Frequently, such false
positives are associated with bait proteins that act as transcriptional activators. Some
bait or prey proteins may affect general colony viability and hence enhance the
ability of a cell to grow under selective conditions and activate the reporter gene.
Mutations or other random events of unknown nature may be invoked as potential
explanations as well. A number of procedures have been developed to identify or
avoid false positives, including the utilization of multiple reporters, independent
methods of specificity testing, or simply retesting the interactions in a pairwise Y2H
assays to make sure that the interaction is reproducible (Rajagopala et al. 2014; Yu
et al. 2008; Koegl and Uetz 2007).

A biological false positive involves a true two-hybrid interaction with no
physiological relevance. Those include the partners that can physically interact but
that are never in close proximity to one another in the cell because of distinct
subcellular localization or expression at different times during the life cycle.
Examples may include paralogs that are expressed in different tissues or at different
developmental stages. The problem is that the “false positive” nature can rarely be
proven, as there may be unknown conditions under which these proteins do interact
with a biological purpose. Overall, few technical false positives can be explained
mechanistically, although many may simply do interact non-physiologically. While
it often remains difficult to prove the biological significance of an interaction, many
studies have attempted to validate them by independent methods. Validating an
interaction by other methods certainly increases the probability that it is biologically
significant. In a recent study, Rajagopala et al. assess the quality of Y2H interaction
by evaluating 114 randomly selected Y2H interactions in two different methods, i.e.,
coimmunoprecipitation and luminescence-based mammalian interactome mapping
(LUMIER) assays and confirmed �86 % of the Y2H interactions by at least one of
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these biochemical methods (Rajagopala et al. 2014). Similarly, when subsets of the
large-scale human Y2H interactomes were evaluated about 65 % of them could be
verified by independent orthogonal methods (Rual et al. 2005; Stelzl et al. 2005).

11.4.9 Integration of AP-MS and Y2H Data

It is important to note that affinity-purification followed by mass spectrometry (AP-
MS) derived information about protein complexes does not provide information
about the internal topology of multiprotein assemblies. Protein complexes are often
interpreted as if the proteins that co-purify are interacting in a particular manner,
consistent with either a spoke or matrix model (Goll and Uetz 2006). The yeast two-
hybrid and other orthogonal assays detect direct binary interactions. Combination
of both methods will give a better picture of protein complex topology and an
experimentally derived confidence score for each interaction. In a recent study
Rajagopala et al. compiled a list of 227 E. coli protein complexes that have three
or more components as identified by AP-MS studies (Rajagopala et al. 2014).
They identified the binary interactions between subunits of these complexes using
proteome-scale Y2H data set and literature-curated binary interactions. Integrating
these two data sets were able to map 745 binary interactions in 203 complexes,
which deduce a putative complete internal topology for 15 multiprotein complexes.
For another 45 complexes they determined the putative internal topology of a
sub-complex with at least three subunits. However, even the combination of both
methods is usually not sufficient to establish accurate topology as some interactions
may be too weak to be detected individually.

11.4.10 Proteome-Scale Y2H Screening

Making an entire proteome library of an organism that can be screened in vivo
under uniform conditions is a challenge. When proteins are screened on a genome
scale, automated robotic procedures are necessary. The Y2H screening protocols
described here have been extensively tested with human, yeast, bacterial, and
viral proteins, but they can be applied to any other genome. Different high-
throughput methods used to generate Y2H clones, i.e., proteins with AD fusions
(preys) and the DBD fusions (baits), proteome-scale Y2H screening are included
below. Usually, the processes starts with construction of the prey and bait libraries
(Protocol 11.6.1–11.6.6); bait auto-activation tests (Protocol 11.6.7) followed by
high-throughput array-based Y2H screening (Protocol 11.6.8) or pooled library
screening (Protocol 11.6.9) including the selection of positives and identifying the
interaction proteins by sequence (Protocol 11.6.11). Finlay, conducting the pairwise
Y2H retests (Protocol 11.6.10) to make sure that the interactions are reproducible.
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11.5 Materials

11.5.1 Yeast Media

1. YEPD liquid medium: 10 g yeast extract, 20 g peptone, 20 g glucose, dissolve
in 1 L sterile water, and autoclave.

2. YEPDA liquid medium: 10 g yeast extract, 20 g peptone, 20 g glucose, dissolve
in 1 L sterile water, and autoclave. After autoclaving, cool the medium to 60–
70 ıC, and then add 4 ml of 1 % adenine solution (see below).

3. YEPDA agar medium: 10 g yeast extract, 20 g peptone, 20 g glucose, 16 g agar,
dissolve in 1 L sterile water and autoclave. After autoclaving, cool the medium
to 60–70 ıC, and then add 4 ml of 1 % adenine solution. Pour 40 ml into each
sterile Omnitray plate (Nunc) under sterile hood, and let them solidify.

4. Medium concentrate: 8.5 g yeast nitrogen base, 25 g ammonium sulfate, 100 g
glucose, 7 g dropout mix (see below). Make up to 1 L with sterile water, and
filter-sterilize (Millipore).

11.5.2 Yeast Minimal Media

1. For 1 L of selective medium, autoclave 16 g agar in 800 ml water, cool the
medium to 60–70 ı C, and then add 200 ml medium concentrate. Depending on
the minimal media plates, the missing amino acids and/or 3AT (3-amino-1,2,4-
triazole) solution should be added.

2. For media lacking tryptophan plates (-Trp): Add 8.3 ml leucine and 8.3 ml
histidine from the amino acid stock solution (see below).

3. For media lacking leucine plates (-Leu): Add 8.3 ml tryptophan and 8.3 ml
histidine solution from the amino acid stock solution (see below).

4. For media lacking tryptophan and leucine plates (-Leu –Trp): Add 8.3 ml
histidine from the stock solution (see below).

5. For media lacking tryptophan, leucine, and histidine plates (-Leu –Trp –His):
Nothing needs to be added.

6. For –Leu –Trp -His C 3 mM 3AT plates: Add 6 ml of 3AT (3-amino-1,2,
4-triazole, 0.5 M) to a final concentration of 3 mM.

7. Dropout mix (-His, -Leu, -Trp): Mix 1 g methionine, 1 g arginine, 2.5 g
phenylalanine, 3 g lysine, 3 g tyrosine, 4 g isoleucine, 5 g glutamic acid, 5 g
aspartic acid, 7.5 g valine, 10 g threonine, 20 g serine, 1 g adenine, and 1 g uracil
and store under dry, sterile conditions.

8. Amino acid stock solutions

Adenine solution (1 %): Dissolve 10 g of adenine in 1 L, 0.1 M NaOH solution
and sterile filter.
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Histidine solution (His): Dissolve 4 g of histidine in 1 L sterile water and sterile
filter.

Leucine solution (Leu): Dissolve 7.2 g of leucine in 1 L sterile water and sterile
filter.

Tryptophan solution (Trp): Dissolve 4.8 g of tryptophan in 1 L sterile water
and sterile filter

11.5.3 Reagents for Yeast Transformation

1. Salmon sperm DNA (Carrier DNA): Dissolve 7.75 mg/ml salmon sperm DNA
(Sigma) in sterile water, autoclave for 15 min at 121 ıC, and store at �20 ıC.

2. Dimethylsulfoxide (DMSO, Sigma).
3. Competent yeast strains, e.g., AH109 (for baits), and Y187 (for preys).
4. 0.1 M Lithium acetate (LiOAc).
5. Yeast minimal media plates (depending on the selective markers on the yeast

expression plasmid).
6. 96PEG solution: Mix 45.6 g PEG (Sigma), 6.1 ml of 2 M LiOAc, 1.14 ml of 1 M

Tris, pH 7.5, and 232 �l 0.5 M EDTA. Make up to 100 ml with sterile water and
autoclave.

7. Plasmid clones (i.e., bait and prey clones)

11.5.4 Reagents for Bait Auto-Activation Test

1. YEPDA liquid medium.
2. –Trp –Leu (“–LT”) selective media agar plates (see Sect. 11.5.2).
3. Selective media agar plates without Trp, Leu, and His (“–LTH”), but with

different concentrations of 3-AT, e.g., 0 mM, 1 mM, 3 mM, 10 mM, and 50 mM
(–LTH/3-AT plates).

4. Bait strains that need to be tested and prey strains carrying the prey vector (empty
vector), e.g., Y187 strain with pGADT7g plasmid.

11.5.5 Array-Based Y2H Screening (Work Station)

1. 20 % (v/v) bleach (1 % sodium hypochlorite).
2. 95 % (v/v) ethanol.
3. Single-well microtiter plate (e.g., OmniTray; Nalge Nunc) containing solid

YEPD C adenine medium (see Sect. 11.5.1), –Leu –Trp, –His –Leu –Trp, and –
His –Leu –Trp C different concentrations of 3AT.
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4. 384-Pin replicator for Beckman Biomek FX work station.
5. Bait liquid culture (DBD fusion-expression yeast strain).
6. Yeast prey array on solid YEPDA plates.

11.5.6 Reagents for Pairwise Y2H Retests

1. 96-well microtiter plates (U- or V-shaped).
2. YEPDA medium and YEPDA agar in Omnitrays (Nunc).
3. Selective agar media plates (–LT, –LTH with 3-AT).
4. Prey yeast strain carrying empty prey plasmid, e.g., pGADT7g in Y187 strain.
5. Bait and prey strains to be retested.

11.6 Protocols

11.6.1 Construction of Y2H Libraries for Proteome-Scale
Screening

After the set of proteins or entire ORFeome to be included in the systematic array
or library is defined, the coding genes need to be cloned into several Y2H bait
and prey expression vectors. In order to facilitate the cloning of a large number
to proteins, site-specific recombination-based systems are commonly used (e.g.,
Gateway cloning, Fig. 11.4) (Walhout et al. 2000).

11.6.2 Gateway Cloning

Adapting Gateway (Life Technologies) technology provides a fast and efficient
way of cloning the ORFs (Walhout et al. 2000). It is based on the site-specific
recombination properties of bacteriophage lambda (Landy 1989); recombination is
mediated between so-called attachment sites (att) of DNA molecules: between attB
and attP sites or between attL and attR sites. In the first step of cloning the gene
of interest is inserted into a specific Gateway entry vector by recombining a PCR
product of the ORF flanked by attB sites with the attP sites of a pDONR vector
(Life Technologies). The resulting entry clone plasmid contains the gene of interest
flanked by attL recombination sites. These attL sites can be recombined with attR
sites on a destination vector, resulting in a plasmid for functional protein expression
in a specific host. For example, a Gateway entry clone (pDONR vector) can be
subsequently cloned into multiple Y2H vectors (Table 11.1) and other Gateway
compatible expression vectors as required.
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Fig. 11.4 Generating Y2H baits and preys using Gateway cloning. The Gateway-based Y2H
expression clones are made by sub-cloning the ORFs of interest from a Gateway entry vector
(pDONR/zeo or pDONR201) into the Y2H expression vectors (Table 11.1) by Gateway LR
reaction (Walhout et al. 2000). It is possible to simultaneously transfer a single ORF from an
entry vector to four target vectors using a single LR reaction, as long as the resulting expression
plasmids can be separated using prototrophic markers specific to each vector (Stanyon et al. 2003).
We have used up to three Y2H expression vectors (i.e., pGADT7g, pGBGT7g, and pGBKCg, they
carry Ampicillin, Gentamycin and Kanamycin resistance respectively) in a LR reaction

Table 11.1 Reagents for a yeast two-hybrid screen

Bait and prey vectors
Gal4-fusion Selection

Vector Promoter DBD AD Yeast Bacterial Ori Source

pDEST22 fl-ADH1 – N-term Trp1 Amp. CEN Life Technologies
pDEST32 fl-ADH1 N-term – Leu2 Gent. CEN Life Technologies
pGBKT7g t-ADH1 N-term – Trp1 Kan. 2 � Uetz et al. (2006)
pGBGT7g t-ADH1 N-term – Trp1 Gent. 2 � Rajagopala et al. (2014)
pGBKCatg t-ADH1 C-term Trp1 Kan. 2 � Rajagopala et al. (2014)
pGADT7g fl-ADH1 – N-term Leu2 Amp. 2 � Uetz et al. (2006)
pGBKCg t-ADH1 C-term – Trp1 Kan. 2 � Stellberger et al. (2010)
pGADCg fl-ADH1 – C-term Leu2 Amp. 2 � Stellberger et al. (2010)
Yeast strains

Bait yeast strain AH109 (Clontech)
Prey yeast strain Y187 (Clontech)
Media and instruments

Yeast media YEPDA, selective liquid media and agar plates
Pin tool Optional but necessary when large number are tested

Fl full-length, N/C-term. N/C-terminal (fusion), Amp. Ampicillin, Kan. Kanamycin, Gen. Gentamicin

11.6.3 ORFeome Collections

The starting point of a systematic proteome-scale Y2H screening is the construction
of an ORFeome. An ORFeome represents all ORFs of a genome; in some cases
selected gene set is individually cloned into Gateway entry vector. More and more
ORFeomes are available and can be directly used for generating the Y2H bait and
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Table 11.2 Yeast strains and their genotypes

Yeast strains Genotypes

Y187 MAT’, ura3- 52, his3- 200, ade2- 101, trp1- 901, leu2- 3, 112, gal4�,
met–, gal80�,URA3::GAL1UAS -GAL1TATA -lacZ (after Harper
et al. 1993)

AH109 MATa, trp1-901, leu2-3, 112, ura3-52, his3-200, gal4�, gal80�,
LYS2::GAL1UAS-GAL1TATA-HIS3, GAL2UAS-GAL2TATA-ADE2,
URA3::MEL1UAS-MEL1 TATA-lacZ (after James et al. 1996)

prey constructs. These ORFeome range from small viral genomes, e.g., KSHV
and VZV (Uetz et al. 2006), Phages (Rajagopala et al. 2011), to several bacterial
genomes such as E. coli, Helicobacter pylori, Bacillus anthracis or Yersinia pestis
(Rajagopala et al. 2010). Clone sets of multicellular eukaryotes, e.g. C. elegans
(Lamesch et al. 2004), human (Rual et al. 2004), or plant (Gong et al. 2004), have
also been described. However, not all genes of interest are already available in entry
vectors.

11.6.4 The Prey Array

The Y2H array is set up from an ordered set of AD-containing strains (preys). The
prey constructs are assembled by transfer of the ORFs from entry vectors into spe-
cific prey vectors by recombination. Several prey vectors for the Gateway system are
available. In our lab we primarily use the Gateway-compatible pGADT7g, pGADCg
vectors, a derivative of pGADT7 (Clontech), and pDEST22 (Life Technologies)
(Table 11.1). These prey constructs are transformed into haploid yeast cells using
yeast transformation protocol (described in Protocol 11.6.6), e.g. the Y187 strain
(mating type alpha) (Table 11.2). Finally, individual yeast colonies, each carrying
one specific prey construct, are arrayed on agar plates in a 96- or 384-format usually
as duplicates or quadruplicates.

11.6.5 The Bait Strains

Similar to prey construction, the bait clones are also constructed by recombination-
based transfer of the ORFs into specific bait vectors. Bait vectors used in our lab
are the Gateway technology compatible pGBGT7g, pGBKCg vectors, a derivative
of pGADT7 vector (Clontech) and pDEST32 (Life Technologies) (Table 11.1). The
bait constructs are also transformed into haploid yeast cells (Protocol 11.6.6), e.g.
the AH109 strain (mating type a) (Table 11.2). After auto-activation testing, the baits
can be tested for interactions against the Y2H prey array or pooled prey library. It
is important to note that bait and prey must be transformed into yeast strains of
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opposite mating types to combine bait and prey plasmids by yeast mating and to
co-express the recombinant proteins in diploids. Bait and prey plasmids can go into
either mating type. However, this decision also depends on existing bait or prey
libraries to which the new library may be screened later. Moreover, at least one of
the haploid strains must contain a two-hybrid reporter gene (here, HIS3 gene under
GAL4 promoter).

11.6.6 Yeast Transformation

This method is recommended for the high-throughput transformation of the bait or
prey plasmid clones into corresponding yeast strains. This protocol is suitable for
�1000 transformations; it can be scaled up and down as required. Selection of the
transformed yeast cells requires synthetic media plates (leucine- or tryptophan-free
agar media depending on the selective marker on the Y2H plasmid).

11.6.6.1 Prepare Competent Yeast Cells

1. Inoculate 250 ml YEPD liquid medium with freshly grown yeast strains on
YEPD agar medium in a 1 L flask and grow in a shaker (shaking at 200 rpm) at
30 ıC. Remove the yeast culture from the shaker when the cell density reaches
OD 0.8–1. This usually takes 12–16 h.

2. Spin the cells at 2000 � g for 5 min at room temperature; pour off the
supernatant.

3. Dissolve the cell pellet in 30 ml of LiOAc (0.1 M); make sure pellet is
completely dissolved and there are no cell clumps.

4. Transfer the cells into a 50-ml Falcon tube and spin the cells at 2000 � g for
5 min at room temperature

5. Pour off the supernatant, and dissolve the cell pellet in 10 ml LiOAc (0.1 M).
Prepare the yeast transformation mix: Mixing the following components in
a 200-ml sterile bottle:

Component For 1000 reactions

96PEG 100 ml
Salmon sperm DNA 3.2 ml
DMSO 3.4 ml

6. Add the competent yeast cells prepared above (steps 1–5) to the yeast transfor-
mation mix; shake the bottle vigorously by hand, or vortex for 1 min.
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7. Pipette 100 �l of the yeast transformation mix into a 96-well plate (we generally
use Costar 3596 plates) by using a robotic liquid handler (e.g., Biomek FX) or
a multistep pipette.

8. Now add 25–50 ng of plasmid; keep one negative control (i.e., only yeast
transformation mix).

9. Seal the 96-well plates with plastic or aluminum tape and vortex for 2–3 min.
Care should be taken to seal the plates properly; vigorous vortexing might cause
cross-contamination.

10. Incubate the plates at 42 ıC for 30 min.
11. Spin the 96-well plate for 5 min at 2000 � g; discard the supernatant and

aspirate by tapping on a cotton napkin a couple of times.
12. Wash the cell pellet with 150 �l sterile H2O
13. Spin the 96-well plate for 5 min at 2000 � g; discard the supernatant
14. Add 25 �l sterile H2O
15. Transfer 10 �l the cells to selective agar plate to select yeast with transformed

plasmid (single-well Omnitrays from Nunc are well suited for robotic automa-
tion). As an alternative to the robotic automation, one can use a multichannel
pipette to transfer the cells. Allow the yeast spots to dry on the plates.

16. Incubate at 30 ıC for 2–3 days. Colonies start appearing after 24 h.

11.6.7 Bait Auto-activation Tests

Prior to the Y2H screening, the bait yeast strains should be examined for auto-
activation (self-activation). Auto-activation is defined as detectable bait-dependent
reporter gene activation in the absence of any prey interaction partner. Weak to
intermediate strength auto-activator baits can be used in two-hybrid array screens
because the corresponding bait–prey interactions confer stronger signals than the
auto-activation background. In case of the HIS3 reporter gene, the self-activation
background can be suppressed by titrating with 3-Amino-1,2,4-triazole(3-AT), a
competitive inhibitor of HIS3. Auto-activation of all the baits is examined on selec-
tive plates containing different concentrations of 3-AT. The lowest concentration
of 3-AT that suppresses growth in this test is used for the interaction screen (see
below), because it avoids background growth while still detecting true interactions.

The aim of this test is to measure the background reporter activity of bait proteins
in absence of an interacting prey protein. This measurement is used for choosing the
selection conditions for the Y2H screening.

1. Bait strains are arrayed on a single-well Omnitray agar plate; usually standard
96-spot format.

2. The arrayed bait strains are mated with a prey strain carrying the empty prey
plasmid, e.g., Y187 strain with pGADT7g. Mating is conducted according to the
standard screening protocol as described in Protocol 11.6.8. Note that here an
array of baits is tested whereas in a “real” screen (Protocol 11.6.8) an array of
preys is tested.
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3. After selecting for diploid yeast cells (on –LT agar), the cells are transferred to
media selecting for the HIS3p reporter gene activity as described in Protocol
11.6.8. The -LTH transfer may be done to multiple plates with increasing
concentrations of 3-AT. Recommended 3-AT concentrations for the –LTH plates
are 0, 1, 3, 10, 25, and 50 mM.

4. These –LTH C 3-AT plates are incubated for 4–6 days at 30 ıC. The auto-
activation level of each of the bait is assessed and the lowest 3-AT concentration
that completely prevents colony growth is noted. As this concentration of 3-
AT suppresses reporter activation in the absence of an interacting prey, this
3-AT concentration is added to –LTH plates in the actual interaction screens as
described in Protocol 11.6.8.

11.6.8 Screening for Protein Interactions Using a Protein
Array

The Y2H prey array can be screened for protein interactions by a mating procedure
that can be carried out using robotics (Biomek FX work station). A yeast strain
expressing a single candidate protein as a DBD fusion is mated to all the colonies
in the prey array (Fig. 11.2, step 1). After mating, the colonies are transferred to a
diploid-specific medium, and then to the two-hybrid interaction selective medium.

A 384-pin replicating tool (e.g., High-Density Replication Tool; V&P Scientific)
can be used to transfer the colonies form one agar plate to another and between the
transfer steps, the pinning tool must be sterilized (described below).

Note that not all plastic ware is compatible with robotic devices, although most
robots can be reprogrammed to accept different consumables. In the procedure
described here, the prey array is gridded on 86 � 128 mm single-well microtiter
plates (e.g., OmniTray, Nalge Nunc International) in a 384-colony format (see
Fig. 11.2).

1. Sterilization: Sterilize a 384-pin replicator by dipping the pins in the sequential
order into 20 % bleach for 20 s, sterile water for 1 s, 95 % ethanol for 20 s, and
sterile water again for 1 s. Repeat this sterilization after each transfer.

Note 1: Immersion of the pins into these solutions must be sufficient to
ensure complete sterilization. When automatic pinning devices are used, the
solutions need to be checked and refilled occasionally (especially ethanol which
evaporates faster than the others).

Day 1:

1. Preparing prey array for screening: Use the sterile replicator to transfer the yeast
prey array from selective plates to single-well microtiter plates containing solid
YEPD medium and grow the array overnight in a 30 ıC incubator.

Note 2: Usually in a systematic array-based Y2H screening, duplicate or
quadruplicate prey arrays are used. Ideally, the master prey array should be
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kept on selective agar plates. The master array should only be used to make
“working” copies on YEPDA agar plates for mating. The template can be used
for 1–2 weeks; after 2 weeks it is recommended to copy the array onto fresh
selective agar plates. Preys and bait clones tend to lose the plasmid if stored
on YEPDA for longer periods, which may reduce the mating and screening
efficiency.

2. Preparing bait liquid culture (DBD fusion-expressing yeast strain): Inoculate
20 ml of liquid YEPD medium in a 250-ml conical flask with a bait strain and
grow overnight in a 30 ıC shaker

Note 3: If the bait strains are frozen, they are grown on selective agar medium
plates and grown for 2–3 days at 30 ıC. Baits from this plate are then used to
inoculate the liquid YEPD medium. It is important to make a fresh bait culture for
Y2H mating, as keeping the bait culture on reach medium (YEPD) for a long time
may cause loss of plasmids. Usually we grow baits overnight for the screening.

Day 2:

3. Mating procedure: Pour the overnight liquid bait culture into a sterile Omnitray
plate. Dip the sterilized pins of the pin replicator (thick pins of �1.5 mm diameter
should be used to pin baits) into the bait liquid culture and place directly onto a
fresh single-well microtiter plate containing YEPDA agar media. Repeat with the
required number of plates and allow the yeast spots to dry onto the plates.

4. Pick up the fresh prey array yeast colonies with sterilized pins (thin pins of
�1 mm diameter should be used to pin the preys) and transfer them directly
onto the baits on the YEPDA plate, so that each of the 384 bait spots per plate
receives different prey yeast cells (i.e., a different AD fusion protein). Incubate
overnight at 30 ıC to allow mating (Fig. 11.2, step 1).

Note 4: Mating usually take place in <15 h, but a longer period is recom-
mended because some bait strains show poor mating efficiency. Adding adenine
into the bait culture before mating increases the mating efficiency of some baits.

5. Selection of Diploids: For the selection of diploids, transfer the colonies from
YEPDA mating plates to diploids selection minimal media agar plates (–Leu –
Trp plates) using the sterilized pinning tool (thick pins should be used in this
step). Grow the plates for 2–3 days at 30 ıC until the colonies are >1 mm in
diameter (Fig. 11.2, step 2).

Note 5: This step is an essential control step to ensure successful mating
because only diploid cells containing the Leu2 and Trp1 markers on the prey
and bait vectors, respectively, will grow in this medium. This step also helps
the recovery of the colonies and increases the efficiency of the next interaction
selection step.

6. Interaction selection: Transfer the diploid yeast cells from –Leu –Trp plates
to interaction selection minimal media agar plates (–His –Leu –Trp plates),
using the sterilized pinning tool. If the baits are auto-activating, they have to
be transferred onto –His –Leu –Trp supplemented with a specific concentration
of 3-AT plates (Protocol 11.6.1). Incubate the plates at 30 ıC for 4–6 days.
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7. Score the interactions by looking for growing colonies that are significantly
above background by size and are present as duplicate or quadruplicate colonies.

8. Most two-hybrid-positive colonies appear within 3–5 days, but occasionally
positive interactions can be observed later. Very small colonies are usually
designated as background; however, the real positives signal should be compared
with background vector control.

9. Scoring can be done manually or using automated image analysis procedures.
When using image analysis, care must be taken not to score contaminated
colonies as positives.

11.6.9 Screening for Protein Interactions Using Pooled
Libraries

Although the Y2H array screening ensures each pairwise combination in the
library will be tested, it may be not feasible of large genomes, as the screening
throughput increases exponentially with the genome size. Pooled library screening
is an alternative strategy to significantly accelerate the screening. The prey clones
are made by systematically cloning the ORFeome into Y2H vectors. The interacting
preys in the library are identified by sequencing the Y2H positive yeast colonies
(Protocol 11.6.11). Furthermore, to ensure the reproducibility of the interaction, all
the interaction pairs will be subjected to Y2H pairwise retest (Protocol 11.6.10)
Day 1:

1. Preparing pooled prey libraries: The prey library strains (yeast) expressing each
ORF is grown on a selective liquid medium (in 2 ml deep well plate) for 48 h in
a 30 ıC shaker. Equal amount of each of the freshly grown preys are combined
into to a single pool. Ideally preys should be grown freshly for each batch of
screening.

2. Inoculate the empty prey vector in 200 ml selective medium (Y2H negative
control)

3. Preparing bait liquid culture (DBD fusion-expressing yeast strain): Inoculate
10 ml of selective medium (medium lacking tryptophan, depending on the
selective marker on the bait plasmid) with bait fusion-expressing yeast strain
and grow the yeast overnight in a 30 ıC incubator.

Day 2:

4. Mating procedure: Mix bait and prey at a 1:1 ratio, for example 4 OD bait (4 ml
of OD D 1) and 4 OD prey (4 ml of OD D 1) culture in 15 ml Falcon tubes.

Note 6: The amount of (OD units) bait and prey used for the screening
depends on the complexity of the prey library, in case of E. coli which contains
about 4000 ORFs; we use 4 OD units of baits and preys. In case of human
cDNA library screening we recommend using 12 OD units of baits and preys
each
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5. For each of the bait include one negative control, i.e., mix bait and empty prey
vector at a 1:1 ratio.

6. Centrifuge the bait and prey solution for 2 min, at 3000 rpm at room
temperature, discard supernatant

7. Suspend the yeast pellet in 500 �l YPDA liquid medium, and plate on YEPDA
agar plate (60 � 15 mm), and air dry the plates.

8. Incubate the plates at 30 ıC for 6 h or overnight at room temperature.
9. After incubation, collect the cells by washing the plate with 2 ml of sterile

water.
10. Spin down the cells, remove the supernatant and wash the cells by adding 2 ml

of sterile water
11. Suspend the cells in 2 ml of selective medium (media lacking tryptophan, and

leucine).
12. Plate 500–1000 �l on the interaction selective agar plates –Leu –Trp -His

supplemented with predefined concentration of 3-AT, based on auto-activation
test of the bait. The remaining sample can be stored at 4 ıC for 4–6 days for
further use.

Note 7: This step is an essential control step to ensure successful Y2H mating
procedure, because only diploid cells containing the Leu2 and Trp1 markers on
the prey and bait vectors, respectively, will grow on media lacking tryptophan,
and leucine medium. This step also helps the recovery of the colonies and
increases the efficiency of the next interaction selection step. To measure the
diploids make an aliquot of 1:100 dilution of the sample (step 11) and plate
the cells on –Leu –Trp plates, the screening depth in millions, should be >
0.1 million, up to 1 million diploids in case of E. coli library screening. This is
at least twenty times the number of library size.

13. Interaction selection: Incubate the –Leu –Trp -His C 3-AT for 4–6 days at
30 ıC until the colonies are �1 mm in diameter.

14. Two-hybrid positives: The interaction selection plates that show colony growth
but no colonies on control plates (bait mated to empty prey vector) are the two-
hybrid positive yeast clones. If the control plates show even few colonies the
diploids should be plated on selective plates with higher concentration of 3-AT.

15. Identity of interacting preys: The positive yeast colonies are picked either
manually or using robotics and subjected to yeast colony PCR (Protocol
11.6.11), followed by DNA sequencing to identify the preys.

11.6.10 Pairwise Y2H Retesting

A major consideration when using the Y2H system is the number of false positives,
particularly in the pooled library screening. The major sources for false positives
are non-reproducible signals that arise through little-understood mechanisms. Thus,
pairwise retesting can identify most of the false positives. We routinely use at
least duplicate tests, although quadruplicates should be used if possible (Fig. 11.2).
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Retesting is done by mating the interaction pair to be tested and by comparing the
activation strength of this pair with the activation strength of a control, usually
the bait mated with the strain that contains the empty prey vector. Testing the
reproducibility of an interaction greatly increases the reliability of the Y2H data.

1. Re-array bait and prey strains of each interaction pair to be tested into 96-
well microtiter plates. Use separate 96-well plates for baits and preys. For each
retested interaction, fill one well of the bait plate and one corresponding well of
the prey plate with 150 �l selective liquid medium (media lacking Leucine or
Tryptophan).

2. For each retested interaction, inoculate the bait strain into a well of the 96-well
plate and the prey strain at the corresponding position of the 96-well prey plate,
for example, bait at position B2 of the bait plate and prey at position B2 of the
prey plate. In addition, inoculate the prey strain with the empty prey vector (e.g.,
strain Y187 with plasmid pGADT7g) into 20 ml selective liquid medium.

3. Incubate the plates overnight at 30 ıC.
4. Mate the baits grown in the bait plate with their corresponding preys in the prey

plate. In addition, mate each bait with the prey strain carrying an empty prey
vector as a background activation control. The mating is done as described in
Protocol 11.6.8, using the bait and prey 96-well plates directly as the source
plates.

Note 8: First the baits are transferred from their 96-well plate to two YEPDA
plates (interaction test and control plate) using a 96-well replication tool. Let the
plate dry for 10–20 min. Then transfer the prey’s from their 96-well plate onto
the first YEPDA plate and the empty prey vector control strain onto the second
YEPDA plate

5. The transfers to selective plates and incubations are done as described in
Protocol 11.6.8. As before, test different baits with different activation strengths
on a single plate and pin the diploid cells onto –LTH plates with different
concentrations of 3-AT. For choosing the 3-AT range, the activation strengths
(Protocol 11.6.7) serve as a guideline.

6. After incubating for 4–6 days at 30 ıC on –LTH/3-AT plates, the interactions
are scored; positive interactions show a clear colony growth at a certain level of
3-AT, whereas no growth should be seen in the control (bait mated with empty
vector strain).

11.6.11 Yeast Colony PCR and Sequencing Sample
Preparation

Yeast Colony PCR This protocol is designed to amplify the insert of the preys or
baits in the two-hybrid positive yeast clones, using primers that bind to the upstream
and downstream region of the insert. The PCR is optimized for 30 �l reaction; the
total volume of the reaction can be scaled up and down as required.
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1. Pick the yeast colony from interaction selective plate into 100 �l of sterile H2O,
in 96 well plate; store the plate at �80 freezer for longer storage.

2. Take a new 96 well PCR plate and pipette 5 unit of zymolyase (1 �l) enzyme to
each well.

3. Add 9 �l of above yeast (step 1), and incubate at 30 ıC for 60 min.
4. After incubation, add 20 �l PCR master mix with forward and reverse primers

specific to prey or bait vector used in the Y2H screening.
5. Run PCR cycles as recommended by the enzyme (polymerase) provider.
6. After PCR, load 5 �l of PCR reaction into agarose gel to check PCR amplicons.

Purification of the PCR Amplicons for Sequencing To clean up PCR products
before sequencing, the PCR reaction is subjected to the exonuclease I, which
removes leftover primers while the Shrimp Alkaline Phosphatase (SAP) removes
the dNTPs

1. Spin the Yeast colony PCR plate at 2000 rpm for 3 min (to sediment yeast debris).
2. Pipette 8 �l of PCR sample without touching the bottom yeast debris, into new

PCR plate.
3. Make the SAP master mix by mixing the following reagents

SAP master mix
Components 100 samples

10� SAP buffer 50 �l
Water 890 �l
SAP (1 U/�l) 50 �l
Exonuclease I (10 U/�l) 10 �l

4. Add 10 �l of SAP master mix to 8 �l of PCR sample.
5. Incubate in the thermocycler as follows: 37 ıC for 60 min, 72 ıC for 15 min, then

put on hold at 4 ıC.
6. Use the sample for DNA sequencing using primers specific to prey or bait vector.
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