Cinlices ool 154 1

|
(ﬁr N 'rh irc nu tics nnrl P'ri“ll'.fl]ll.l.[ 1{: 5e 1rr11

o 1 & e

Evaluation of alternative reporter genes for
the yeast two-hybrid system

Alessandra L. Starling'#, J. Miguel Ortega?, Kenneth J. Gollob?,
Elisabete J. Vicente?, Gisele M. Andrade-Nobrega*S and
Moénica B. Rodriguez'

Departamentos de 'Biologia Geral e *Bioquimica e Imunologia, Instituto
de Ciéncias Biologicas, Universidade Federal de Minas Gerais,

Belo Horizonte, MG, Brasil

*Departamento de Microbiologia, Instituto de Ciéncias Biomédicas e
‘Departamento de Biologia, Instituto de Biociéncias, Universidade de Sdo
Paulo, Sdo Paulo, SP, Brasil

*Departamento de Biologia Geral, Centro de Ciéncias Bioldgicas,
Universidade Estadual de Londrina, Londrina, PR, Brasil

Corresponding author: M.B. Rodriguez

E-mail: monicabr@icb.ufmg.br

Genet. Mol. Res. 2 (1): 124-135 (2003)
Received November 27, 2002
Published March 31, 2003

ABSTRACT. The yeast two-hybrid system is a powerful tool for screening
protein-protein interactions and has also been used for large-scale studies. We
evaluated two protein-coding sequences as reporter genes for the yeast two-
hybrid system, to determine if it was suitable as an alternative screening strat-
egy. Aspergillus awamori glucoamylase activity results in clear haloes around
colonies producing this enzyme after growth on starch plates and staining
with iodine vapors. However, transcription activation by Gal4 on Gal-regulated
promoters was insufficient for this type of phenotypic visualization. A modified
gene of Aequoria victoria enhanced green fluorescent protein (EGFP) was
tested to determine its suitability for interaction screenings with flow cytometry.
When the EGFP reporter gene system was incorporated into the cells, Gal4
transcriptional activation produced sufficient fluorescence for detection with
the flow cytometer, especially when there were strong interactions.
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INTRODUCTION

Protein interactions are fundamental to essential processes, such as transcription, translation,
signal transduction and cell-cycle control. The yeast two-hybrid system has been used since 1989
(Fields and Song, 1989) to screen for proteic interaction partners in vivo. However, several types
of false-positive results have been described in this system (Gietz et al., 1997; Colas and Brent,
1998; Serebriiskii et al., 2000). Despite significant amounts of false positives using two-hybrid
screenings, this system has been used for comprehensive analysis of protein-protein interactions
since the beginning of 2000 (Uetz et al., 2000). The use of different reporter genes with distinct
TATA box and surrounding sequences would avoid the selection of clones whose activation is due
to prey interaction with DNA upstream of the reporter gene (Colas and Brent, 1998) instead of
bait-prey interaction. Also, false-positive results, due to an eventual increase of basal reporter
gene transcription over the phenotypic threshold (without any other support for bait-prey interac-
tion; Colas and Brent, 1998), can be discriminated using reporter genes with different levels of sensitivity.
Most two-hybrid host yeast strains have two reporter genes: one auxotrophic marker for screening
on selective agar plates and /acZ for qualitative and quantitative evaluation of activation. Even
with two reporter genes, the two phenotypes are not scored at the same time, because when the
auxotrophic marker is used to screen interacting proteins from a library it is very expensive to
check simultaneously for B-galactosidase activity. Moreover, Serebriiskii et al. (2000) described
some false positives that induce altered growth and cell permeability in yeast, causing a bias in the
perceived activity of LacZ reporters. For these reasons, it would be useful to have a system in
which both reporter phenotypes would be visualized at the same time, at low cost and without any
bias provoked by alterations in permeability. Amylolytic enzymes are good candidates for re-
porter phenotypes. They are exported enzymes, their substrate is inexpensive and substrate degra-
dation is easily determined by exposure to iodine. Aspergillus awamori glucoamylase (o1,4-D-
glucan-glucohydrolase) is an exohydrolase that catalyses glucose residue liberation from nonre-
ducing ends of starch and other related polymers (Yamasaki et al., 1977). It has been successfully
used as a reporter for promoter screening (Scorpione et al., 1993) and for this reason it was
evaluated as a two-hybrid reporter gene.

Green fluorescent protein (GFP), a 238-amino acid polypeptide, is intrinsically fluorescent,
thus, it does not need substrates or co-factors to produce a green emission when excited with UV
light (Chalfie et al., 1994). GFP has been used as reporter gene in various organisms, including
Escherichia coli, Caernorhabditis elegans, Drosophila melanogaster, Saccharomyces cerevisiae,
Aedes aegypti, fish, viruses, mammals and plants (Chalfie et al., 1994; Cubbit et al., 1995; Amsterdam
et al., 1995; Baulcombe et al., 1995; Plautz et al., 1996; Higgs et al., 1996; Chiu et al., 1996). A
GFP-modified version, with the alterations Ser 65 to Thr and Phe 64 to Leu, was named EGFP
(enhanced green fluorescent protein; Cormack et al., 1996). EGFP produces fluorescence 35 times
more intense than the wild type and has better solubility, as well as faster folding and chromophore
maturation (Kain and Ma, 1999). A fluorescent two-hybrid reporter gene might allow screening with
a flow cytometer; we tested this system to determine if this screening method would work.

MATERIAL AND METHODS
Reporter constructions

The strategies to build the reporter genes are described in the results section. Molecular
biology procedures were implemented as described by Sambrook et al. (1989) and the basic
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methodology for the experiments with yeast was as described by Guthrie and Fink (1991). PCR
amplification of the CYC1 promoter was done with the following primers: 5° GAC TCC GAG
CTC GCA CTC GAG ATC GAC TAT ATA TAT GTC TG 3’ and 5° CGC GGC ACT AGT ATT
AAT TTA GTG TGT GT 3°, and 25 cycles of 1 min at 94°C for denaturing, 1 min for annealing
at 55°C and 2 min of extension at 72°C. The upper strand sequence of the “**UAS oligonucleo-
tide is 5 CGG AGT ACT GTC CTC CGC TCG AGC GGA GTA CTG TCC TCC GAA CGG
AGTACT GTC CTC CGG 3’, and the lower strand sequence is 5 GAT CCC GGA GGA CAG
TAC TCC GTT CGGAGGACAGTA CTC CGC TCG AGC GGA GGA CAG TACTCC GAG
CT 3°. The lower strand was phosphorylated before annealing with the upper strand. After
annealing they were incubated with T4 ligase for dimerization and then phosphorylated to
allow ligation with the plasmid.

Sequencing

Sequencing reactions were conducted using M 13 universal primers (Pharmacia Biotech)
and the Thermosequence fluorescent-labeled primer cycle sequencing kit (Amersham-Life Science).
Sequencing gels were read in an Automated Fluorescent Laser from Pharmacia Biotech.

Glucoamylase phenotype

Cells were plated on 0.1 up to 2% starch selective media and incubated at 30°C for 36 h.
One half gram of iodine crystals was put on the lids of inverted plates and the plates incubated
for up to 3 min, time enough to stain the remaining starch on the plates and to reveal the
degradation haloes.

Fluorescence analysis

Flow cytometry was performed using an FACSvantage cell sorter from Becton and
Dickinson Immunocytometry Systems (San Jose, CA, USA). Samples were diluted in 1X PBS
to a concentration of 10° cells/ml. The cells were passed at 10° cell/s; fluorescence was detected
in FL1 after excitation at 488 nm. For cell sorting, the 35% most fluorescent events were gated
using a flow rate of 3,500-4,000 cells/s, and NORMAL-R sort mode. Analysis was performed
using the Cell Quest program from BD Sciences.

RESULTS
Glucoamylase as a two-hybrid reporter gene

Formation of translucid haloes on a starch plate stained with iodine when cells are
expressing glucoamylase could be a useful phenotype for an additional reporter for two-hybrid
screenings. However, it is necessary to make sure that the haloes are readily detectable on
transformation selective plates also containing nonhalo-producing clones. To test this system, a
two-hybrid host yeast strain (Y 190, Clontech) was transformed with both YEpG1 (Scorpione
et al., 1993), which constitutively expresses glucoamylase, and pCL1 (Clontech); the latter
clone has the same genetic marker but encodes full length Gal4, therefore without any
amylolytic activity at a molar proportion of 1:38. There was a clear distinction between
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glucoamylase-expressing and nonexpressing colonies (Figure 1). There was complete viability of
the selected clones after staining (results not shown).

Figure 1. Glucoamylase activity visualization in a simulation of two-hybrid screening. Yeast strain Y 190 was transformed with
1 ng of pCLI1 (for simulation of noninteracting transformants) together with 50 ng of YEpG1 (for simulation of interacting transfor-
mants), resulting in a 38:1 molar proportion (A), or just with 1 ug of YEpG1 (B). Transformation mix was plated on selective plates
containing 0.5% w/v starch and stained with iodine fumes after three days of incubation at 30°C. A clear halo around the colonies
indicates starch degradation by glucoamylase expression.

Reporter construction was done as represented in Figure 2, resulting in a centromeric
plasmid with a cassette of 6 ““LUAS sequences, a CYC1 promoter with a transcriptional start
site and a glucoamylase-coding sequence (YCpGCG1). This plasmid was introduced into Y 190
cells together with pCL1 (expressing full-length activator Gal4). Even though this assay was
designed for maximum activation of reporter transcription, no halo was observed in the iodine-dyed
starch plates in which the double transformants were cultivated. Partial plasmid sequencing
showed that there was no failure in the junctions in the constructed cassette; however, there was
an additional start codon (ATG), outside of the reading-frame, before the functional glucoamylase
ATG (Figure 3).

This additional ATG was removed using the strategy depicted in Figure 4. Nevertheless,
Gal4 activation did not result in halo visualization. The glucoamylase-coding sequence was
then cloned under the control of the Gall promoter in the episomal vector pYES2 from Invitrogen
Life Technologies (Figure 5). The resulting plasmid, pY ES-gluco, still did not confer an amylolytic
phenotype to YJOZ cells (Leuther and Johnston,1992) under Gal4 activation. Therefore, even
with multiple copies in an episomal plasmid, the glucoamylase gene was not able to produce a
detectable phenotype in a typical two-hybrid assay (e.g., a “**UAS-driven promoter), possibly
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Figure 2. Cloning strategy of
glucoamylase with an artificial
Gal4-controlled promoter. A,
Cloning of glucoamylase-cod-
ing sequence on pBlueScript
(Stratagene); B, cloning of
CYC1 promoter upstream of
glucoamylase; C, transfer of
CYCl-glucoamylase to the
yeast vector, and D, insertion
of “ALUAS.



Alternative reporters for yeast two-hybrid system 129

UAS/CYC-gluco RMETCRE PO SIEORRGTE CREROTROOE AdORIGTAC 30
Clone 8.seq e e e

Tas /Y C-gluco FERATRATER SRR HE GICAETACTT SEFRTRSEGE ACAERACRA0 100
Clone 8.seq e —emss——— S —ss—ee———— == [ FTRCTOC -]
TAS ACYC-gluco FUPTRETET AT CRATETT GCACTCGAGS TCGCATATAT 149
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Tas /Y C-gluco ATATGTETGE GACGACACAT GATCATATGG CATGCATGTE CTCTGTATGT 199
Clone 8.seq ATATGTHTG. GACGACACAT GATCATATGE CATGCATGTE CTCTGTATGT 108
T&E /Y C-gluco ATATAALACT CTGTTTTCTT CTTTTCTCTA AATATTCTTT CCTTATACAT 249
Clons §.seq ATATAANACT CTGTTTTCTT CTTTTCTCTA AATATTCTTT CCTTATACAT 158
Tas /Y C-gluco TAGGTCCTTT GTAGCATAAA TTACTATACT TCTATAGACA CGCAAACACH 299
Clone 8.seq TAGGTCCTTT GTAGCATAAA TTACTATACT TCTATAGARCA CGHCARRCACE 202
UAS/CY¥C-gluco AATACACACA CTAAATTAAT ACTAGTGEAT CCCCCGEGCT GCAGGAATTG 349
Clone §.seq AATACACACS CTAMATTAAT ACTAGTGGAT CCCOCCGGGCT GCAGGAATTG 258
Tas /Y C-gluco ATCTatgSGGE GATCTCAGCA atgTCSTTCC GATCTCTACT CGCCCTGAGS 399
Clone €.seq ATCTATEERE Bmm————== —em—me—eee cce—e—e——e ——————— 269

Figure 3. Partial sequencing of constructed ““"UAS-CYC1 promoter-glucoamylase cassette. Comparison of expected sequence
(upper line) with the sequence of one clone. ““"UAS is in italic, CYC1 promoter is underlined, and the two start codons in the
glucoamylase sequence are neither capitalized nor underlined.
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Figure 5. Strategy for cloning of glucoamylase under Gall promoter control in pYES2, an episomal yeast vector (Invitrogen Life
Technologies).

because it requires a very high transcription level to sufficiently digest starch to create a visible
halo. In conclusion, glucoamylase is not a suitable reporter gene for two-hybrid screenings.

Green fluorescent protein as a two-hybrid reporter gene

Fluorescent proteins, especially those that do not require exogenous substrates, can be
very useful for expression screenings when a flow cytometer is available. But the screening
procedure by the cell sorter should not be done immediately after transformation because the
flow cytometer will have to analyze all the cells, including the nontransformed ones, which
make up the majority. Therefore, before trying GFP in a two-hybrid simulation, we developed
a protocol for enrichment of transformant cells. This protocol is attractive and potentially faster
than selection on plates. It was observed that incubation at 30°C in selective liquid medium for
24 h of 108 cells inoculated just after transformation gave 16 times more cells under microscopy
than the culture incubated without the nutritional requirements (a nongrowing culture). If a
1:100 dilution is made after the first 24 h and the tubes are incubated for a further 24 h with the
same medium, the difference rises to 1,200 times (Figure 6). With this enrichment of trans-
formed cells, it is possible to conduct screenings using a flow cytometer.
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Figure 6. Enrichment of transformed cells by incubation on selective liquid medium. Y190 cells (ade-) (2.0 x 10%) harboring a trp*
plasmid were transformed with a leu* plasmid and incubated (culture 1) in medium without leucine and tryptophan (closed symbols)
or without leucine, tryptophan and adenine (open symbols) at 30°C. After 24 h of incubation (culture 2) the number of cells was
estimated by counting samples in a Neubauer chamber. A dilution of 1:100 was made from each tube on the same medium and the
diluted cultures were incubated for a further 24 h (culture 3), after which the cells were counted.

On the other hand, the ability to detect GFP fluorescent yeast cells was checked by
expressing EGFP (Cormack et al., 1996), isolated as a Bg/ll/Nofl fragment from pEGFP-N1
(Clontech), with the strong yeast promoter PGK (phosphoglycerokinase), isolated as a BamH1/
Bglll fragment from YEpG1 (Scorpione et al., 1993). These fragments were introduced into
YEp161 (Scorpione et al., 1993) after deletion of a 2.1-kb Bg/ll/Smal fragment encoding for
glucoamylase, originating the plasmid YEpPGKGFP. FACS analysis of two yeast clones
harboring YEpPGKGFP showed that most of those cells had more intense fluorescence than
the control (Figure 7), which would allow them to be sorted. To test this, these cells (which are
Ade™) were mixed with another yeast strain (YJO0Z/pCL1, ade2), which does not express EGFP,
at a proportion of 30 EGFP-expressing cells to 10° nonexpressing cells, followed by a cell
sorting procedure using FACSvantage. Fluorescent cells were collected and incubated in selective
media for maintenance of the plasmid for two days as standardized, when around 1,000 cells
were plated. After 72 h of incubation it was possible to distinguish ade2 (pink, 17%) from Ade*
(white, 83%) colonies, showing the enrichment of fluorescent cells by just one round of sort-
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Figure 7. Cytometry analysis of constitutively EGFP-expressing yeast cells. The distribution of fluorescence intensity by YPH252
cells without any plasmid (in yellow), harboring just the vector (in green), and harboring YEpPGKGFP (two independent clones,
in blue and red) is shown.

ing. This proportion was confirmed by analysis of -galactosidase activity in the colonies (data
not shown), which is only presented by YJOZ/pCL1.

EGFP-coding sequence was cloned into pYES and into YCpGCGl1 in substitution of
the glucoamylase sequence (Figure 8). Both constructs, when transformed into YJOZ/pCL1
cells, which express full-length Gal4, produced fluorescent cells at higher rates than the
control (Figure 9), allowing them to be sorted from the nonfluorescent cells, but probably
with much less enrichment than in the procedure described above, since the expression levels
are considerably higher under the control of a strong promoter. We believe that it is possible
to use EGFP as a reporter for two-hybrid screenings, especially when a strong interaction is
sought. The experimental procedure of enriching transformed cells that is shown here is
feasible, opening the perspective of substituting plating for screening assays with rapid cell
sorting of interacting clones.

DISCUSSION AND CONCLUSION

Glucoamylase and EGFP were tested as reporter genes for a yeast two-hybrid
system. Although amylolytic enzymes are potential candidates for reporter phenotypes,
Aspergillus awamori glucoamylase did not express a conspicuous phenotype in a two-hybrid
reporter construction. The possibility that an error or improper technique during the
construction of the expression cassette made it nonfunctional can be discarded, because the
same controlling cassette was successfully used to express EGFP under Gal4 control. It seems
that glucoamylase’s amylolytic activity is not strong enough to generate clear haloes, unless
expressed under very strong promoter control, such as PGK. One reason for this could be the
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Figure 8. Strategy for cloning enhanced green fluorescent protein under Gall promoter control on pYES2 and under “A*UAS-
CYC1 promoter control on YCpGCGl, replacing glucoamylase.

high level of activity needed to significantly reduce the size of starch molecules to prevent
iodine staining, since glucoamylase is an exohydrolase. On the other hand, glucoamylase
appears to be a good reporter for screening strong promoters. EGFP presented good potential
as a two-hybrid reporter gene, although flow cytometry works best for screening for strong
interactions. Changing promoters, increasing the number of UAS copies, or using improved
versions of fluorescent green protein may increase the sensitivity of this reporter.
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Figure 9. Cytometry analysis of enhanced green fluorescent protein Gal4-dependent expressing yeast cells. Fluorescence intensity
by (A) YJOZ cells harboring just pYES-gluco in green, harboring pYES-EGFP and pCL1 in red, and harboring pYES-gluco
(negative control) in purple; (B) YJOZ cells harboring just YCpGCEI in green, harboring YCpGCE]1 and pCL1 in red, and harboring
YCpGCGl (negative control) in purple.
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