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Methods

Detection of Peptides, Proteins, and Drugs That
Selectively Interact With Protein Targets

llya G. Serebriiskii,' Olga Mitina,'-? Elena N. Pugacheva,’
Elizaveta Benevolenskaya,® Elena Kotova,' Garabet G. Toby,'* Vladimir Khazak,>
William G. Kaelin,? Jonathan Chernoff,' and Erica A. Golemis'-®

"Division of Basic Science, Fox Chase Cancer Center, Philadelphia, Pennsylvania 19111, USA; 2Department of Molecular
Biology and Medical Biotechnology, Russian State Medical University, Moscow, Russia; *Dana-Farber Cancer Institute,
Boston, Massachusetts 02115, USA; *Cell and Molecular Biology Group, University of Pennsylvania School of Medicine,
Philadelphia, Pennsylvania 19104, USA; *Morphochem, Inc., Monmouth Junction, New Jersey 08852, USA

Genome sequencing has been completed for multiple organisms, and pilot proteomic analyses reported for yeast
and higher eukaryotes. This work has emphasized the facts that proteins are frequently engaged in multiple
interactions, and that governance of protein interaction specificity is a primary means of regulating biological
systems. In particular, the ability to deconvolute complex protein interaction networks to identify which
interactions govern specific signaling pathways requires the generation of biological tools that allow the
distinction of critical from noncritical interactions. We report the application of an enhanced Dual Bait
two-hybrid system to allow detection and manipulation of highly specific protein—-protein interactions. We
summarize the use of this system to detect proteins and peptides that target well-defined specific motifs in larger
protein structures, to facilitate rapid identification of specific interactors from a pool of putative interacting
proteins obtained in a library screen, and to score specific drug-mediated disruption of protein—protein
interaction.

[Supplemental material is available online at http:/ /www.genome.org. The following individuals kindly provided
reagents, samples, or unpublished information as indicated in the paper: A. Taliana, M. Russell, M. Berman, and

R. Finley.]

Since its inception (Fields and Song 1989), the two-hybrid
system has been utilized in increasingly complex strategies to
analyze interactions between proteins of biological interest
and known or novel cognate partners including other pro-
teins, RNA sequences, pharmacological agents, and peptides
(for review, see Serebriiskii et al. 2001). More recently, a num-
ber of groups have exploited the potential of two-hybrid sys-
tems as a tool for understanding protein interactions on a
genome-level scale, with pilot studies involving elucidation of
large sets of protein interactions developed in Saccharomyces
cerevisiae (Schwikowski et al. 2000; Ito et al. 2001) providing a
model for ongoing work in higher eukaryotes. Given the in-
creasing realization that protein interaction networks involve
the interaction of discrete signaling molecules with multiple
partner proteins in different biological circumstances, accu-
rate description of the function of a given protein now im-
plicitly involves dissection of its interaction domains, ranking
of its interaction affinity with each of its partners, and deter-
mination of physiological conditions under which each pair
of proteins preferentially interacts. These determinations pose
significant technological hurdles in high-throughput efforts.

We have described previously a proof-of-concept experi-
ment for a two-hybrid Dual Bait system that provides internal
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controls for interaction specificity, and could theoretically be
used to selectively compare the interaction of a protein with
more than one partner molecule (Serebriiskii et al. 1999).
Building from this preliminary study, we have now developed
a complete system of reagents that can be used to score inter-
action of one transcriptional activation domain (AD)-fused
prey protein with either of two DNA-binding domain (DBD)-
fused bait proteins over a range of different interaction affini-
ties. In three different library screening applications, we dem-
onstrate that these reagents can be used to identify proteins or
peptides that target short sequence elements of biological im-
portance within a larger protein structure. We further dem-
onstrate that the system can be used in a bait swap application
for rapid secondary screening to sort multiple library hits into
subgroups most likely to be reproducible and physiologically
relevant. Finally, we describe the use of the reagents in a sub-
tractive two-color visualization procedure that can discrimi-
nate specific from nonspecific drug-induced inhibition of pro-
tein interactions. These studies, together with our other work
involving use of the system to build enhanced specificity de-
rivatives of signaling proteins engaged in complex interac-
tions, indicate the Dual Bait is a useful tool in dissection of
complex cellular regulatory machinery.

RESULTS AND DISCUSSION

In the Dual Bait two-hybrid system (Fig. 1), the use of two
parallel bait-reporter systems allows simultaneous and com-
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Figure 1 Outline of Dual Bait System. (A) An activation domain-fused prey (P) interacts with a
LexA-fused bait (B1) to drive transcription of lexAop-responsive LEUZ2 and lacZ reporters, but does not
interact with a cl-fused bait (B2) and, thus, does not turn on transcription of clop-responsive LYS2 and
gusA reporters. The prey may represent a protein, as in Applications 1 and 3, or a peptide aptamer,
as in Application 2. Note, in this example, the cl-Bait is drawn as representing a negative control for
prey binding; the system can also be configured so that prey interacts with either or both baits, as in
Serebriiskii et al. (1999). Points addressed in optimization of the Dual Bait two-hybrid system in this
study (Table 1) are as follows: (1), varying expression level of baits; (2), enriching polylinkers to
facilitate cloning of baits; (3), varying sensitivity of reporters; (4), diversifying plasmid antibiotic
markers to facilitate isolation of library plasmid in E. coli. In addition, we have developed a robust yeast
strain, SKY473, which is suitable both for bait testing and interaction mating in this system. (B) As
described in Application 3, preys isolated against LexA-B1 and counterselected against cI-B2 are
subsequently challenged with cI-B1 and LexA-B2, in a bait swap experiment. Those preys binding
specifically to the B1 domain (as opposed to B1 specifically in the context of a LexA-B1 fusion protein)
are retained preferentially. (C) One protein (P) may use different surface motifs to bind two different
partners (B1, B2). (D) Application of a small molecule (drug or peptide) that obstructs one of the
interactions shown in C will selectively turn off two of the four reporter genes, allowing subtractive
scoring.

variants with diverse polylinkers,
plasmids with alternative Escherichia
coli selectable markers to aid plasmid
recovery from yeast, robust strains
useful for interaction mating ap-
proaches (Finley and Brent 1994),
and antibodies allowing bait detec-
tion. We have developed an array of
reagents that address these points for
the Dual Bait. New reagents are de-
scribed in Table 1, whereas a com-
plete set of available Dual Bait and
compatible Interaction Trap re-
agents are summarized in Supple-
mental Table 1. Control data dem-
onstrating the efficacy of the new re-
agents at achieving graduated bait
expression and reporter induction
are provided in Supplemental Figure
1. This information and detailed
protocols for system use are also pre-
sented at our Web site (http://www.
fccc.edu/research/labs/golemis/
InteractionTrapInWork.html).

We have now applied the en-
hanced Dual Bait reagents to a di-
verse group of biological problems
involving determination of protein—
protein interaction specificity. The
results of four different categories of
application are summarized below,
with representative data.

Application 1

Identification of Proteins that Target a

Specific Sequence Motif in a Larger Protein
In the first example, the Dual Bait
system was used to identify and ana-
lyze effector proteins for members of
the Rho subfamily of the Ras super-
family, namely Cdc42 and Rac. Acti-
vated Rac and Cdc42 induce actin re-
organization and can themselves in-
duce DNA synthesis and cell-cycle
progression, and are required for
transformation by Ras. The insert re-
gion found in Rho GTPases is a short

parative assessment of the interaction of a protein with two
discrete partners. The bacterial LexA protein and the bacte-
riophage \ cI protein provide DBDs for the two baits. Each
bait directs the transcription of two matched reporter genes,
one colorimetric and one auxotrophic, such that lacZ and
LEU2 are transcriptionally responsive to LexA fusions, and
GusA and LYS2 are transcriptionally responsive to cl fusions.

On the basis of prior experience optimizing and charac-
terizing functionality of the Interaction Trap (Gyuris et al.
1993; Estojak et al. 1995), a simple two-hybrid precursor of
the Dual Bait system, we have noted several points at which it
is desirable to have reagent flexibility, to maximize the range
of proteins that can be productively studied. These include
control of bait expression level, inducible expression of baits,
and range of reporter sensitivity. In addition, convenience of
use is improved by the availability of bait expression plasmid
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(13 amino acid) sequence motif that is present in all Rho-
family GTPases but absent from Ras and other small GTPases
(Thapar et al. 2002). Deletion of the insert region from Racl or
Cdc42 leads to their inability to transform cells, but not to the
loss of other functions. These results imply that the insert
region is required for the binding of one or more effectors that
mediate the effects of Racl and Cdc42 on cell transformation.

We adapted the Dual-Bait interaction trap system to find
effectors specific for interaction with the insert region. LexA-
Cdc42 128 (encoding an activated, transforming allele of
Cdc42) and cI-Cdc42 L28-A8 [activated Cdc42, insert region
replaced with a sequence from Ras (Wu et al. 1998)] were used
as selective baits to screen an AD-fused HeLa library. Among
the isolated clones, two of note include SPEC1 (small protein
effector of Cdc42; Pirone et al. 2000), which bound equiva-
lently to Cdc42 with or without the insert region, and FBP17
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Table 1. Summary of New Dual Bait-Compatible Reagents

cl Fusion plasmids

Plasmid name

Selection

(frames) in yeast/in E. coli Comment/Description

pGKS3* AB HIS3 Ap* ADH1 promoter expresses cl followed by polylinker

pGKS4* AB Km®

pGKS6* ABC ADH1 promoter expresses cl followed by polylinker

pGKS7* AB Modified ADH1 promoter expresses ~5 X higher level of
expression of cl bait

pGKS8* AB Zeo® Dual purpose vector. ADH1 promoter expresses cl followed by
polylinker, whereas cl-responsive gusA reporter cassette (with 3
cl ops) is integrated into the same plasmid backbone

pGBS9* AB Ga18R Km® ADH1 promoter expresses cl followed by polylinker

pGBS10*  AB m Modified ADH1 promoter ensures higher level of expression of cl

pGMS11* A Zeo® GAL1 promoter expresses cl followed by polylinker; for

pGMS12* B G418R KmR® use with baits whose continuous presence is toxic to yeast

Reporter Plasmids

Selection No. of

Plasmid name in yeast/in E. coli operators

pRG64* 4cl cl operators direct transcription of

pRG62* 2cl the gusA gene: sensitivity to

transcriptional activation is a
function of operator number
pRG61* URA3 Km® 1cl
pDR8* 8 lexA LexA-responsive lacZ reporter is

3cl comparable with pMW112,
whereas cl-responsive gusA
reporter has sensitivity
comparable to pRG62

LEU2/LYS2 Selection Strains

Strain name

Genotype

No. of operators

SKY48 6 lexA Stringent selection for interaction
3c partners of cl-fused baits; most
MATa trpl, his3, i:g(s)i:i\éf LexA-responsive LEU2
ra3, lexAop-LEU2,
SKY191 glop-,LY;(Z P ! 2 lexA Most stringent LexA-responsive LEU2
3l reporter; and more sensitive
cl-responsive LYS2 reporter versus
SKY48
SKY473* MATa his3, leu2, 4 lexA Sensitivity of LEU2 reporter is

trpl, ura3,
lexAop-LEU2
clop-LYS2

3cl intermediate between sensitivity of
LEU2 in SKY48 and SKY191.
Sensitivity of LYS2 reporter is the
same as sensitivity of LYS2 in
SKY191. Can be used as mating
partner for SKY48 and SKY19 strains.

Reagents newly constructed (*) or modified (#) (change of reading frame and/or sequence of polylinker) in this work
are indicated. SKY48 and SKY191 have been described previously (Serebriiskii et al. 1999), but are noted here to
provide context for SKY473. A complete listing of dual bait-compatible reagents is provided at http://www.fccc.edu/
researchy/labs/golemis/InteractionTrapInWork.html, as are links to detailed protocols for system use. The newly
described cl plasmids provide options to regulate expression levels of baits using either constitutive or galactose
inducible promoters (useful for toxic baits), and to use HIS3, Zeo® or G418F as selectable markers in yeast, and either
Ap® or Km® as selectable markers in E. coli, to maximize compatibility with other yeast two-hybrid systems. A newly
developed DR8 dual reporter contains both lacZ and gusA genes, simplifying transformations, whereas the pRG
reporter series allows variation of sensitivity levels for gauging cl-responsive transcription. Finally, the SKY473 reporter
strain is an extremely robust MATa reporter strain that is optimal as an interaction mating partner with pre-existing
Dual Bait or other two hybrid strains.
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(formin binding protein 17; Fuchs et al. 2001), which bound
preferentially to Cdc42 containing the insert region (Fig. 2A).
SPEC1 has been described previously as a Cdc42 interactor
(Pirone et al. 2000), whereas FBP17 has been noted as having
putative Rho-family interaction motifs (Fuchs et al. 2001),
although no interaction has been demonstrated previously.
Both proteins may serve as small GTPase effectors in control
of the actin cytoskeleton, with further characterization of
FBP17 in this context of particular interest, due to its interac-
tion requirement for the insert region, and its recently deter-
mined role as a component of a translocation breakpoint in
acute myelogenous leukemia (Fuchs et al. 2001).

Application 2

Identification of Peptides that Target a Specific Motif

in a Larger Protein

HEF1 belongs to a family of focal adhesion-localized docking
proteins that assemble protein complexes regulating cellular
attachment, motility, apoptosis, and oncogenic transforma-
tion (O'Neill et al. 2000). As cells enter mitosis, the full-length
HEF1 protein is cleaved at a DLVD consensus site for caspases
3 and 7, and the carboxy-terminal processed species is pro-

A X-Gluc X-Gal -Lys -Leu

spect @ i
FBP17 3 DYDY
empty vector
Pak1 LL
Paki ® o DLVD=DLVA £
(> GST DLVD= DLVD#® non- DLVD » DLVA
alone DLVA DLvA spacific

empty vector

GST-pep -
ot > e T W Y

HEF1 -

teasomally degraded, leading to replacement of full-length
HEF1 with an amino-terminal pSS5 species that localizes to the
mitotic spindle (Law et al. 1998). Production of pS55 is com-
pletely eliminated by the mutation of DLVD site to DLVA
(Law et al. 1998). As a first step to studying potential mitosis-
specific functions of HEF1, we wished to identify peptide
aptamers (Colas et al. 1996) targeted to the DLVD motif that
might regulate HEF1 cleavage.

A LexA-HEF1(DLVD) bait was used for interaction mat-
ing with a peptide aptamer library (in collaboration with R.
Finley), and positive interactors rescreened against LexA-
HEF1(DLVD) and cI-HEF1(DLVA). Of a series of peptides thus
identified, some interacted with both DLVD and DLVA HEF1
variants (DLVD = DLVA), whereas some were specific to the
DLVD WT form (DLVD>>DLVA), and hence, predicted to
bind near the caspase consensus site (Fig. 2B). Binding of all
peptides to endogenous HEF1 in cells was confirmed by pull-
down with GST-fused peptides (DLVD = DLVA, DLVD >
DLVA, or nonspecific) or GST only (Fig. 2C). However, only
peptides that bound DLVD, but not DLVA variants were able
to selectively bind a DLVD, but not a DLVA mutant of full-
length HEF1 in mammalian cells (E. Pugacheva, I. Serebriiskii,
R. Finley and E. Golemis, unpubl.).

Application 3

Rapid Confirmation of Specific Interactions
from a Library Screen

Some proteins of considerable biologi-
cal interest, such as retinoblastoma
(Rb), have a tendency to sometimes
identify many nonspecifically inter-
acting proteins from two-hybrid li-
brary screens, making it experimen-
tally desirable to improve means to
rapidly sort through sometimes large
numbers of putative positives. In in-
troducing this application, we note
that alterations in the DNA sequence
of retinoblastoma (Rb) gene contribute
to the development of retinoblastoma
with different penetrance. Low pen-
etrant mutants give rise to retinoblas-
toma at a much lower frequency than

- Leu

Figure 2 Targeting of interacting proteins or peptides to small sequence motifs. (A) Differential
interaction of Cdc42 effectors as detected by the Dual Bait procedure. Two Cdc42-interacting
proteins, FBP17 (Fuchs et al. 2001) and SPEC1 (Pirone et al. 2000) were isolated by a yeast
two-hybrid screen with LexA-Cdc42-L28. In this screen, 107 diploids arising from an interaction
mating (Finley and Brent 1994)-based screen yielded 25 positive colonies showing interactions with
LexA-Cdc42 L28. Counterscreening against cl fused to activated Cdc42 lacking the insert region
(Cdc42 L28-A8) revealed two clones, both containing the same cDNA, showing differential bind-
ing. All yeast shown contain both baits, and AD-fusions as indicated at left. Beside AD-fused FBP17
(specific for Cdc42-L28) and SPECT (bound both forms equivalently), AD-Pak1, which binds both
forms of Cdc42, and AD-Pak1 LL, which cannot bind either form of Cdc42 (Sells et al. 1997), are
included as controls. Results with growth and colorimetric reporters for Cdc42-L28-A8 [gusA (X-
Gluc) and LYS2, first and third lines] and LexA-Cdc42-L28 [lacZ (X-Gal) and LEU2, second and fourth
lines], are shown. (B) Selection of peptides specifically targeting HEF1-DLVD. A LexA-HEF1(DLVD)
bait was used to identify interacting peptide aptamers, in collaboration with R. Finley. Selected
peptides were rescreened in parallel against LexA-HEF1(DVLD) or cl-HEF1(DLVA), differing from the
original bait by only a D363A substitution. Shown are peptides that interact with both DLVD and
DLVA variants (DLVD = DLVA; activates all four reporters; representative sequence HHASTPRRESP-
GIMSPL); or with DLVD but not DLVA (DLVD>>DLVA; activates lacZ and LEUZ2 only; representative
sequence, SGKFGEALPGWLSSACWCEFG), and a nonspecific control peptide (negative; activates no
reporters; representative sequence, EQLKYNRFWPWQWWGGRRLR). (C) Confirmation that peptides
interact with HEF1 in an in vitro system, using pulldowns of endogenous HEF1 from cell lysates with
the three GST-fused peptides from B, or with GST only. (Top) Levels of GST peptide or GST only in
reaction; (bottom) associated HEF1.

1788 Genome Research
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expected for a null allele. Such mu-
tants are expected to retain some pro-
tein-binding activities of wild-type
PRB, which are of considerable interest
for cancer biology, whereas high pen-
etrant mutants are thought to have
lost many of these interactions.
RBA663 is a synthetic mutant that be-
haves similarly to the low-penetrant
pRB mutants (see discussion in Sellers
et al. 1998). The Dual Bait system was
used to screen for proteins that inter-
act with LexA-RBA663 but not with a
high-penetrant (cI-RB Aex22, lacking
exon 22) mutant of pRB (Fig. 3, top).
In screening of three cDNA libraries,
we identified several proteins that
showed such binding specificity. Of
interest, the E7 oncoprotein of human
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Figure 3 Use of Dual Bait reagents to reduce false positive back-
ground. (Top) The RBA663 and RBAex22 mutants of pRB are de-
scribed in Sellers et al. (1998), and were expressed in the context of
a large pocket domain of pRB containing amino acids from 379 to
928. SKY48 yeast expressing LexA-RBA663 and cl-RBAex22 baits were
used to screen three different libraries. (Lines 7,2) Numbers of clones
positive for LexA-RBA663-responsive (LEU2, lacZ) but negative for
cl-RBAex22-responsive (gusA) reporters. (Line 3) Number of discrete
genes represented among the clones. (Line 4) Number of clones posi-
tive for cl-RBA663-responsive (GusA), but not LexA-RBAex22-
responsive (LEU, lacZ) reporters; note, this reduction from line 2 val-
ues was not observed with retransformation testing with the original
LexA-RBA663 and cl-RBAex22 baits. (Line 5) Number of genes rep-
resented in line 4 set of clones. (Line 6) Number of surviving genes
that were validated by coimmunoprecipiation and other techniques.
(*) Note, papillomavirus E7 was identified from two different fetal
brain libraries with B42 or GAL4 as activation domains. Although a
legitimate pRB interactor, as E7 is not normally expressed in brain, it
may represent an artifact of the libraries’ construction. (Bottom) HA-
tagged E7 and pRB derivatives were overexpressed in Saos-2
(Rb—/—) osteosarcoma cells and their interaction was determined by
immunoprecipitation with anti-HA antibody (HA 11, BAbCO). The
precipitated proteins pRB, pRBA663, and RBAex22 (RBA22 in figure)
were detected by immunoblotting with anti-RB antibody (XZ56). In-
put proteins are 10% of that used in immunoprecipitation.

papilloma virus HPV-18 was isolated from two different librar-
ies by this approach. E7, a known wild-type pRB interactor
(Munger et al. 1989), was, for the first time, shown to interact
with the low pentetrant RBA663 but not the high-penetrant
Aex22 mutant.

As in Application 1, this is a demonstration of the capac-
ity of the system to identify interactors with specific require-
ment for a binding motif in a larger protein. However,
whereas in some libraries, positives represented multiple hits
on a small number of genes, in others (fetal brain, GAL4),
unique isolates of a large number of genes were obtained,
suggesting specific interactions (Serebriiskii and Golemis
2001). To further improve specificity of the screen, we per-
formed a bait swap, now expressing LexA-RBAex22 and cl-
RBA663 rather than LexA-RBA663 and cI-RBAex22. Simulta-
neous retransformation of initially isolated preys with yeast
containing swapped DBD fusions in parallel with the original
baits eliminated a substantial number of the originally iso-
lated clones, which were presumptively binding to a unique
but artifactual configuration of the original baits (Fig. 3, top).

For the fetal brain/GAL4 library, this single step reduced

the number of possible specific interacting clones from 20 to
1. With a single exception, all of the clones that interacted
selectively with both LexA- and cI-RBA663 were confirmed by
additional assays including coimmunoprecipitation (Fig. 3,
bottom). The ease of swapping the two baits while remaining
in the same reporter strain background, and using the same
precalibrated reporter genes, is not matched by any other two
hybrid-based system.

Application 4

Scoring Specific Disruption of Protein Interactions by Small
Molecule Inhibitors

It has been of interest to try to develop small molecule inhibi-
tors of specific protein—protein interactions as an intelligent

Permeabilization
Exposure to substrates

!

Blue V]"wwv*w«\/wl
Red W

Figure 4 Drug disruption of protein—protein interactions. (Top)
Yeast containing baits and preys are mixed with low-melt agarose and
poured over appropriate dropout growth medium. After agarose is
set, 1 pL of each compound to be tested or solvent negative control
is dropped on the plate. Yeast are incubated for 1-2 d, then perme-
abilized and overlaid with Z-buffer, Magenta-Gal (a red colorimetric
substrate for LacZ) and X-Gluc (a blue colorimetric substrate for
GusA). (Bottom) The result shown derives from a mixed population of
yeast strains containing LexA-Ras and AD-Raf or cl-Ras and AD-
RalGDS. In this example, only the colorimetric (lacZ and gusA) report-
ers are being assessed. Fungicide (left) inhibits both lacZ and gusA
signal, whereas a specific Ras—Raf interaction inhibitor reduces only
gusA (blue) output, leaving a red spot; solvent control produced no
spots (data not shown). Shown below the spots are results obtained
following a scan of plate, import of image into NIH Image, and per-
formance of densitometry for signal intensity in blue versus red across
the spot midline.
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way to manipulate signal transduction networks (discussed in
Golemis et al. 2002). By use of a two-hybrid approach, small
molecule inhibitors of the interaction between the oncopro-
teins Ras and Raf have been obtained (J. Kato-Stankiewicz, V.
Khazak, I. Serebriiskii, E. Golemis, , in prep.). Using this com-
pound as a tool in comparison with a general fungicide, we
demonstrate that the Dual Bait reagents can be used in a
single-step, plate-based colorimetric counterscreen that has
the potential to facilitate future yeast-based screening for
drugs that inhibit specific protein—protein interactions. As
shown in Figure 4, yeast containing cl- and LexA- baits, and
interacting preys, can be embedded as a lawn in soft agar
medium, and subsequently overlaid with Magenta-Gal and
X-Gluc. Interaction of Ras with its effectors Raf and
RalGDS induces both lacZ and gusA reporters, turning me-
dium a uniform purple-blue, and thus providing a subtractive
background to judge specific versus nonspecific reporter in-
hibition. Hence, whereas spotting a fungicide results in loss of
both blue and red coloration, resulting in a white patch, and
spotting of solvent has no effect, specific inhibition of the
Ras-Raf interaction results in selective inhibition of GusA ac-
tivation, resulting in a red patch. Prior discussions of drug
screening applications of two hybrid have emphasized the use
of counterselectable reporters such as URA3 (with 5-FOA) to
score inhibition of interaction (Vidal and Endoh 1999); how-
ever, a difficulty with the use of counterselections in yeast is
the frequency at which drug-insensitive mutants are likely to
be selected. In this case, no growth pressure is applied, but
selective differences in activity of a specific versus nonspecific
reporter can be seen on the basis of color difference. Further,
scanning of plates, and image analysis for red-blue ratio can
provide quantitation of data; and given that pharmaceutical
screens are standardly done using compounds arrayed in mi-
crotiter plates, automation of such an approach, potentially
through adaptation of imaging technologies currently used
for, for instance, microarrays, would be highly feasible.

Summary

The development of a selective two-hybrid screening system
has been of considerable general interest, and a number of
groups have proposed strategies and reagent sets toward this
end (discussed in Serebriiskii et al. 2001). For all new tech-
nologies, a key question is whether novel reagents demon-
strated in proof-of-concept will prove broadly applicable, or
problematic. We demonstrate that the enhanced Dual Bait
reagents described here can be used in diverse applications
involving proteins, peptides, and drugs, and in so doing, de-
scribe novel approaches that offer many advantages in prob-
ing and manipulating protein interaction specificity. We
hope they will find productive use in the scientific commu-
nity.

METHODS

Molecular and Microbiological Manipulation

Cloning of novel constructs was performed using conven-
tional protocols. Yeast were cultured and manipulated by use
of standard techniques. Details of the sequences and cloning
sites encompassed in the panel of bait expression plasmids
and reporter plasmids described in the Results section are
available at (http://www.fccc.edu/research/labs/golemis/
InteractionTrapInWork.html) and in Supplemental Figures
2-6. Further information concerning cloning strategies used
for plasmid construction, or details of yeast strain construc-

1790 Genome Research
www.genome.org

tion, are available upon request, as are the plasmids and
strains described herein. Expression of bait and prey proteins
was confimed by Western analysis, with primary antibody to
LexA, cl, or hemagglutinin (for preys).

For data presented in this work, two-hybrid experiments
were performed as described (Estojak et al. 1995). For plate-
based X-Gal and X-Gluc assays, chloroform/agarose overlay
was used. For liquid B-glucuronidase or B-galactosidase assays,
the procedure described in Serebriiskii et al. (1999) was used.
Analysis of activation of LYS2 or LEU2 reporters was accom-
plished by replica plating yeast to plates lacking leucine or
lysine, and monitoring growth over 4 d.
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