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Abstract

We have formed the basis for a synthetic gene regulatory network in S. cerevisiae
to assess the relative contribution of proteins and protein interactions to the
function of transcriptional regulatory complexes. This gene network contains two
synthetic transcriptional regulator (TR) fusion proteins that control
transcriptional activation and repression of a reporter expressed by a synthetic
promoter. This system can be modulated and quantified specifically by our
manipulations since the transcriptional regulators (TRs) are only active when
drug induced. In this thesis, I characterized and optimized my gene network to
enable accurate measurements of transcriptional regulation. I demonstrated that
my synthetic repressor interacts with a selected native transcriptional regulatory
complex. Future mutation experiments can be performed to investigate the
relative importance that the selected protein interaction plays on transcriptional
regulation.

New synthetic repressor fusion proteins can be created to study the relative
importance of protein interactions between other TRs, making this tool versatile.
This tool will allow us to quantify interactions and gain a deeper understanding

of the complicated mechanisms controlling transcriptional regulation.
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Chapter 1

Introduction

1.1 Protein Interactions

Protein complexes have roles in most fundamental cellular processes. For example,
RNA Polymerase II (RNA Pol II) is the enzyme responsible for all eukaryotic
messenger RNA (mRNA) synthesis (Kornberg, 2001). It is conserved amongst
all eukaryotes and forms the pre-initiation complex pre-initiation complex (PIC)
through protein interactions with the TATA-binding protein (TBP) and general
transcription factors (GTFs) TFIIA, -B, -D, -E, -F, and -H (Figure 1) (Hantsche
and Cramer, 2017; Louder et al., 2016; Thomas and Chiang, 2006; Hahn, 2004).
Once this promoter-bound complex is formed, basal level transcription can occur
(Thomas and Chiang, 2006).

RNA Pol II activity can also be regulated by highly intricate protein
complexes. For example, in yeast, Rpd3 forms two histone deacetylase (HDAC)
complexes with Sin3, designated Rpd3 Small (Rpd3S) and Rpd3 Large (Rpd3L).
These complexes contain the same core subunits Rpd3, Sin3, and Umel. The
Rpd3S-Sin3 HDAC complex is responsible for deacetylating core histones within
transcribed sequences and consists of the core subunits plus Eaf3 and Rcol
(Figure 2A) (Carrozza et al., 2005). The Rpd3L-Sin3 HDAC complex is involved

in heat stress response and consists of the core subunits plus Pho23, Sds3, Rxt2,
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Figure 1: Schematic of the eukaryotic pre-Initiation complex at a TATA-
containing promoter.

The TBP and TFIID bind at the TATA box and recruit TFIIA, -B, -D, -E, -F,
-H and RNA Pol II to initiate transcription. Adapted from (Roney, 2016).
Rxt3, Depl, and Cti6 (Figure 2B) (Carrozza et al., 2005). When Rpd3S
deacetylates core histones, the histone tails become positively charged and bind
DNA to return to a closed heterochromatin state (Bannister and Kouzarides,
2011). This represses transcription since RNA Pol II cannot bind at the

promoter.
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Figure 2: Representation of the Rpd3S and Rpd3L HDAC complex.
A) The Rpd3S complex and B) the Rpd3L complex. Orange proteins correspond

to the core Rpd3 proteins that are shared between both complexes. Yellow
proteins are present in the Rpd3S complex and pink proteins are present in the
Rpd3L complex. Figure adapted from (McDaniel and Strahl, 2013; Sardiu et al.,
2009).

Because of their often critical roles, significant efforts have been devoted to
determining protein and protein complex structure and composition. Many
classical biochemistry methods such as Co-Immunoprecipitation (Co-IP) and
yeast two-hybrid (Y2H) assays have been used to identify protein interactions.
These classical methods were considered time consuming and low-throughput in
the sense that only a few proteins could be screened at a time.

Advancements to classical biochemistry methods have been made and high-
throughput methods were created. These methods allow us to simultaneously
screen thousands of proteins at a time at a faster pace. The most commonly
used high-throughput methods are large-scale Y2H systems and protein-complex
purification paired with mass spectrometry (MS) analysis (Mann et al., 2001; Titz
et al., 2004).

High throughput (HTP) and low throughput (LTP) methods have been

used to create massive amounts of protein interaction data that is stored in large



databases such as the Biological General Repository for Interaction Datasets
(BioGRID), the Universal Protein Resource (UniProt), and the Database of
Interacting Proteins (DIP). These databases provide information about a
protein’s function, its interactors, experimental methods used, references for its
datasets, and note whether HTP or LTP methods were used. Although this
information gives us a foundation of knowledge about whether proteins interact
or not, it does not allow us to prioritize protein interactors based on their
interaction strength with a specific protein.

Data compiled from protein interaction databases are often used to create
protein interaction networks as models of protein complexes. The problem is
that they can become very large, like Sin3d’s protein interaction network in Figure
3, making it difficult to obtain useful information about the protein. For
example, based on the network in Figure 3, it is not clear that Sin3 often
interacts with Rpd3 and Umel, circled in red, to form the core of the Rpd3
HDAC complex. Additionally, these networks do not provide details about what

the protein’s function actually is or which interactors impact its function.
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Figure 3: Protein interaction network for Sin3.

Shows physical interactions between Sin3 and other proteins. The core Rpd3
complex components are circled in red. Obtained from BioGrid.

Despite the wealth of information accumulated within these databases,
determining the exact function and importance of individual protein complex
components can be elusive (Cusick et al., 2005). False positive and false negative
protein interactions may be identified in protein interaction screens, which can
be misleading when trying to assign function and relative importance of protein
complex components. Moreover, even if a reported interaction is real, we still do
not know if the interaction will occur in other experimental settings or naturally
within an organism. These HTP and LTP methods are useful to identify that a
potential protein interaction occurs, but there is a need for a tool that is capable
of assigning relative importance to the protein interactions so we can learn more

about the function of protein complexes.



1.2 Main Goal and Objectives

The goal of my research is to contribute to the creation of a platform that can be
used to validate and quantify the relative importance of protein interactions in
transcriptional regulatory complexes. Achieving this goal is important because it
will yield a deeper understanding of protein function and how it affects
transcriptional regulation.

To address this main goal, there are two objectives I set out to accomplish:

Objective 1: Characterize a synthetic gene regulatory network to enable

accurate measurements of transcriptional regulation.

Objective 2: Demonstrate our synthetic gene regulatory network interacts

with a selected native transcriptional regulatory complex.

To reach these objectives, I will use a synthetic regulatory system (Figure
4). This system has three components: a transcriptional activator constitutively
expressed by the MYO2 promoter, and a transcriptional repressor constitutively
expressed by the TDHS3 promoter, and a yEGFP reporter protein expressed by a
synthetic promoter that is controlled by the activator and repressor.

The transcriptional activator is the GEV transactivator. GEV is a fusion
protein made of the GAL/ DNA binding domain, an estrogen receptor, and the
electronegative portion of the herpes simplex virus protein VP16 (Louvion et al.,
1993; Sadowski et al., 1988). When induced with §-Estradiol, GEV can localize
to the nucleus and bind the GAL/ DNA binding sites present in the synthetic
promoter (Mclsaac et al., 2011). Once bound, it can activate yEGFP expression.
It is advantageous to use GEV as our activator because its components make it
a very strong transcriptional activator and it is only active in the presence of
p-Estradiol (Mclsaac et al., 2011).

The transcriptional repressor is a fusion protein containing rTetR tethered

6



to the interaction domain (ID) of a transcriptional repressor. rTetR was created
when four amino acid substitutions were made in the Tet repressor (TetR). This
caused the reverse effect of TetR and allows rTetR to bind DNA in the presence
of doxycycline (M Gossen and Bujard, 1995). When induced with doxycycline,
rTetR-ID can bind the tet operators in the synthetic promoter. Once bound, it
can repress yEGFP expression through steric hindrance and/or histone
deacetylation. We used a new r'TetR variant with more mutations that improve

DNA binding and enhance doxycycline sensitivity (Roney et al., 2016).

Pronz

GEV | [ TetriD |

S
B-Estradiol ©. @
e

S. cerevisiae

Figure 4: Schematic of synthetic gene system.

Includes two constitutively expressed TRs: the GEV transactivator is controlled

by pMYO2 and induced by p-Estradiol. The r'TetR-ID repressor is controlled by
pTDH3 and induced by doxycycline. The GFP reporter is controlled by the
synthetic GEV /rTetR-ID promoter, designated by Pgy yrg in the diagram.
(Adapted from (Roney, 2016))

Compared to the Y2H system, using a synthetic system like ours is more ideal
for several reasons. The Y2H system is consists of two plasmids and a reporter
gene regulated by the GAL upstream activating sequence (UASG): a bait protein
that contains the GAL4 DNA-binding domain fused to a known protein and a prey
protein that contains the GAL4 activation domain fused to a protein from a library
of yeast genomic DNA fragments (Fields and Song, 1989; Chien et al., 1991). If the
proteins interact, they will bind at a GAL/ binding site of the UASG and induce

transcriptional activation of a reporter gene (Chien et al., 1991). This method is
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limited to only telling us if the bait and prey proteins interact or not. Additionally,
it requires that the proteins of interest can enter the nucleus and the bait itself
is not a potent activator (Chien et al., 1991). This limits the number of proteins
that can be tested with this system. Our system is structured differently since
yeGFP transcription is activated by induced GEV and we select which protein
that rTetR-ID interacts with by modifying its interaction domains. Therefore we
detect two things: whether rTetR-ID and a protein interact and the strength of
their interaction based on how strongly yeGFP transcription is repressed. Because
GEV and rTetR-ID require an inducer to bind at our synthetic promoter, we can
control when and by how much these fusion proteins activate or repress yEGFP
transcription by altering the inducer concentrations. This gives us more control
over our experimental system compared to the Y2H system.

Another reason our system is ideal to use is that the specificity of activator
and repressor binding ensures that changes in yEGFP transcription levels are
only due to our manipulation and not random endogenous proteins binding to
the promoter. Finally, it is ideal and more practical to use an rTetR fusion
protein rather than TetR because r'TetR does not require the constant presence of

doxycycline to maintain inactivity like TetR does (M Gossen and Bujard, 1995).



Chapter 2

Materials and Methods

2.1 Strains Used in Study

The following strains were used in this study. They will be referred to by their
shortened nicknames to simplify descriptions.

Table 1: Yeast strains used in this study.

Four different synthetic promoter variants integrated at the native ADFE2 locus
were used in this study to express the yEFGFP reporter. Promoters are named
Pery to show they receive input from the GEV activator and the rTetR-Sin3
repressor. The number (#) indicates the location of the tet binding sites in the
promoter in relation to the transcription start site (T'SS) (0= scrambled tet sites,
1=distal, 2=medial, 12=distal+medial). The GEV activator was integrated at
the native GAL4 locus and expressed by the Myo2 promoter. The rTetR-SINS
repressor was integrated at the native ADE/ locus and expressed by the Tdh3

promoter.

STRAIN NAME | GENOTYPE BACKGROUND | TYPE OF REPRESSION | NICKNAME
ade2::KanMX-rtAct1-pGTO0-yEGFP

TRS00 galj::His3-pMyo2-GEV-tPgk1 BY4742 None Negative Strain
ade::NatMX-pTdh3-(rTetR-M2-SE-G72P)-SINS-tPgk1
ade2::KanMX-rtActl-pGT1-yEGFP

TRSO01 galj::His3-pMyo2-GEV-tPgk1 BY4742 Distal Distal Strain
ades::NatMX-pTdh3-(rTetR-M2-SE-G72P)-SINS-tPgk1
ade2::KanMX-rtAct1-pGT2-yEGFP

TRS02 gal4::His5-pMyo2-GEV-tPgk1 BY4742 Medial Medial Strain
ade4::NatMX-pTdh3-(rTetR-M2-SE-G72P)-SINS-tPgk1
ade2::KanMX-rtActl-pGT12-yEGFP

TRS12 galj::His3-pMyo2-GEV-tPgk1 BY4742 Medial + Distal Combination Strain
ades::NatMX-pTdh3-(rTetR-M2-SE-G72P)-SINS-tPgk1

IR154 ade2:: KanMX-rtActl-pGTI2-yEGFP BY4742 None Parental Strain
galj::His3-pMyo2-GEV-tPgk1

353 MATa ura3A leu2A his3-1 met15A rpd3::NATMX BY4741 None RPD3 Delete Strain




2.2 Preparing rTetR-SIN3 DNA

2.2.1 Genomic Extraction of Yeast Genomic DNA

DNA from a strain containing the rTetR-SIN3 gene was genomically extracted.
This strain contained a new rTetR variant with mutations that improve DNA
binding and enhance doxycycline sensitivity (Roney et al., 2016). All steps
involving phenol and chloroform:isoamyl alcohol were performed under a fume
hood.

Yeast cells were struck out from freezer stock on a YPD agar plate
containing G418 antibiotic selection. Plates were incubated at 30°C for 3 days.
One isolated colony of yeast containing rTetR-SIN3 DNA was selected from an
agar plate and transferred to the bottom of a 1.5mL microcentrifuge tube with a
sterile pipette tip. 20uL of breaking buffer and a pinch of acid-washed glass
beads were added to the tube of cells. A master mix of
phenol:chloroform:isoamyl alcohol(ratio of 25:24:1) was made and 20ul. were
added to the tube of cells. The tube was vortexed at maximum speed for 3min,
then 20uL of TE buffer was added. The sample was vortexed briefly then spun
down at 13000RPM for 5min. Then the supernatant was transferred to a fresh
sterile microcentrifuge tube. 100uL of 100% ethanol (PO16EAAN, Commercial
Alcohols) was added to the tube and the tube was mixed by inverting 5-6 times.
The tube was spun down at 13000RPM for 5min and the supernatant was
discarded. The pellet was air-dried for 30min by placing the inverted tube over a
sheet of Kimwipes. Then the pellet was resuspended in 20uL of TE buffer and

incubated for 10min at room temperature. Samples were stored at 4°C.
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2.2.2 PCR of rTetR-SIN3 DNA

The desired rTetR-SIN3 DNA piece was amplified into two pieces using
Polymerase Chain Reaction (PCR) due to the large size of the gene. The
standard PCR protocol was: 30 denaturing reaction cycles at 98°C for 15
seconds, 1 annealing reaction cycle using a gradient of 45°C-60°C for 20 seconds,
and 1 extension reaction cycle at 72°C for lmin 18sec (15sec per 1000bp of
product). The reaction was set up using the following products: 10pmol/ulL of
each forward and reverse primers (Integrated DNA Technologies), 1 unit of
Phusion High Fidelity Polymerase (F530S, Fisher Scientific), 200ng of template
DNA, 10mM of Deoxynuclotide mix (N0447S, New England Biolabs), and 1x
High Fidelity Buffer (B0518S, New England Biolabs).

The PCR products were run on a 1% agarose gel for 45min at 85V to

visualize the product sizes and confirm the correct DNA pieces were obtained.

2.3 Yeast Cell Transformation

DNA containing the rTetR-SINS cassette was transformed at the ADFEJ locus in
the genome of five different yeast BY4742 strains(MATa, his3A1, leu2A0, lysAO0,
ura3A0) (EUROSCARF). These parental strains were previously transformed in
our lab with the promoter variants + yEFGFP and GEV DNA cassettes at the
ADE2 and GALJ loci respectively. See Table 1 for strain information.

An adaption of a standard lithium acetate (LiAc) high-efficiency yeast
transformation protocol was used for integrating the synthetic DNA into the
parental strain genomes (Burke et al., 2000). For each parental strain, 5mL of
2xYPD was inoculated with a single yeast colony and grown overnight at 30°C in
a tissue culture rotator at 200RPM (1640, Barnstead Lab-Line). The next
morning, the overnight cultures were diluted to an ODgyy of approximately 0.2 in

50mL of 2xYPD. Diluted cultures were grown for 3 to 5 hours at 30°C and

11



200RPM until they reached an ODgyo of approximately 0.7. Cultures were spun
down at 4000RPM (Precision) for 5min in a sterile centrifuge tube. The
supernatant was then discarded, the pellet was resuspended in 10mL autoclaved
ddH,0, and subsequently spun down at 4000RPM (Precision) for 5min. The
supernatant was discarded again, the pellet was resuspended in ImL of 100mM
LiAc (Sigma-Aldrich, L4158), and the cell suspension was transferred to a sterile
1.5mL microcentrifuge tube. The cell suspension was spun down at 130000RPM
(VWR) for 10s and the supernatant was discarded. The pellet was resuspended
to a final volume of 500uL with 100mM LiAc. An aliquot of single-stranded
carrier DNA (ssDNA) (Deoxyribonucleic acid sodium salt type III from salmon
testes, Sigma-Aldrich, D1626) was boiled at 100°C for 5min using a heat block
(VWR), then immediately stored on ice at 4°C. The cell suspension was vortexed
(VWR) and 50uL aliquots were transferred to labeled 1.5mL microcentrifuge
tubes. These aliquots were spun down at 13000RPM for 10s and the supernatant
was discarded. The following transformation mix components were added
together in the order listed in one tube to make a master mix (number of
transformation tubes x volume of each component = volume of each component
to add to master mix): 240ul 50% polyethlyene glycol (PEG) (Sigma-Aldrich,
P3640), 36uL 1M LiAc (Sigma-Aldrich, L4158), 50uL ssDNA (Sigma-Aldrich,
D1626). 326uL of master mix were distributed to each of the cell suspension
aliquots. 100ng of the each of the two rTetR-SIN3 DNA pieces were mixed with
sterile ddH,O to a total of 36ul and added to each cell suspension aliquot as
well. Samples were resuspended by vortexing at maximal speed for 1min. Then
samples were heat shocked for 45min in a 42°C hot water bath (VWR). After
heat shocking the samples, they were spun down at 6000-8000RPM for 2min and
the supernatant was discarded. The pellet was resuspended in 1mL of YPD and
incubated at 30°C with shaking for 3-4hrs to allow the antibiotic resistant genes
to start being expressed. After the incubation period, samples were spun down

again at 6000-8000RPM for 2min and the supernatant was discarded. The pellet

12



was resuspended in 150uL of sterile ddH,O. All transformed cells were plated on
YPD media supplemented with 2% glucose (Wisent Inc., 600-035-DG), 5%
adenine (Sigma-Aldrich, A9126), and Nourseothricin (NAT) and Geneticin
(G418) antibiotic selection.

Positive transformants were validated by PCR using primers designed to
anneal at the upstream ADFJ locus and in the middle of the rTetR-SINS gene.
PCR products were ran on a 1% agarose gel for 45min at 85V to visualize the

product sizes and confirm correct integration into the ADFE/ locus.

2.4 Flow Cytometry

All flow cytometry experiments were completed using the BD FACSCelesta
12-colour Analyzer flow cytometer. Yeast strains were freshly grown from freezer
stock on appropriate YPD selection plates 3 days in advance of flow cytometry
experiments. Prior to analysis, yeast cultures were diluted 1:10 in 50nM sodium
citrate buffer. The yEGFP fluorescence was detected using a 488nM laser and a
530/30 band-pass filter. A small forward and side scatter gate (about 40% of
yeast population) was used to gate the yeast cells and reduce signal detection
from extrinsic sources. MATLAB R2013a (Mathworks Inc, Natick,
Massachusettes) was used to analyze FCS files and obtain mean fluorescent

intensity values.

2.4.1 Strain Validation

5mL of YPD media supplemented with 5% Adenine was inoculated with one single
colony from positive transformants of each strain plus a non-yEGFP-expressing

BY4742 negative control. Samples were incubated overnight at 30°C and 200RPM.

13



The next day, overnight cultures were diluted to an ODggy of 0.1 in 3mL
YPD and incubated for 3hrs at 30°C and 200RPM to bring cells into log phase.
A deep-well incubation plate with beads, stored at -20°C, containing prepared
drug concentrations in Synthetic Complete (SC) Media was incubated at 30°C
with agitation 30min prior to cultures being added to the plate.  After
incubation, cultures were diluted to an ODggy of 0.1 in the incubation plate with
varying combinations of [-Estradiol and doxycyline concentrations. The
incubation plate was incubated at 30°C with agitation for 5hrs. Prior to flow

cytometry analysis, induced cultures were diluted 1 in 10 in 50nM sodium citrate

buffer.

2.4.2 Comparing the Effects of Different Inducer

Preparation Techniques

Three replicates were made for fresh and prepared drug conditions using the same
batch of 2x SC media supplemented with 5% Adenine. Desired drug concentrations
were diluted in 2xSC media in deep-well incubation plates with beads the night
before and the day of the experiment and stored at -20°C and 4°C, respectively.
3mL of 2x SC media was inoculated with a single yeast colony, then
incubated overnight at 30°C and 200RPM. The next day, overnight cultures were
diluted to an ODggg of 0.1 in 10mL of 2xSC media and incubated at 30°C and
200RPM for 3hrs. The freshly-prepared and pre-prepared deep-well incubation
plates with beads were incubated at 30°C with agitation 30min prior to cultures
being added to the plate. After incubation, cultures were diluted to an ODggg of
0.1 in the incubation plate with varying combinations of freshly-prepared and
pre-prepared (-Estradiol and doxycyline concentrations. The incubation plates
were incubated at 30°C with agitation for 4hrs. Prior to flow cytometry analysis,

induced cultures were diluted 1 in 10 in 50nM sodium citrate buffer.
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2.4.3 Optimizing Induction Times

3mL of SC media was inoculated with one single colony from selected yeast
strains, then incubated overnight at 30°C and 200RPM. The next day, overnight
cultures were diluted to an ODggg of 0.1 in 10mL of SC media and incubated at
30°C and 200RPM for 3hrs. A deep-well incubation plate with beads stored at
-20°C containing prepared drug concentrations in SC Media was incubated at
30°C with agitation 30min prior to cultures being added to the plate. After
incubation, cultures were diluted to an ODggy of 0.1 in the incubation plate with
varying combinations of (-Estradiol and doxycyline concentrations. The
incubation plate was incubated at 30°C with agitation for the specified number
of hours for each experiment (4hrs, 5hrs, or 6hrs). Approximately 20min prior to
flow cytometry analysis, induced cultures were diluted 1 in 10 in 50nM sodium
citrate buffer so analysis could take place exactly at the 4hr, bhr, or 6hr time

point.

2.4.4 Characterizing Strains Using Dose-Response

Experiments

3mL of SC media supplemented with 5% Adenine was inoculated with a single
colony from selected yeast strains, then incubated overnight at 30°C and
200RPM. The next day, overnight cultures were diluted to an ODggy of 0.1 in
15mL of SC media and incubated at 30°C and 200RPM for 3hrs. A deep-well
incubation plate with beads (stored at -20/¢"¢) containing prepared drug
concentrations in SC media was incubated at 30°C with agitation 30min prior to
cultures being added to the plate. After incubation, cultures were diluted to an
ODggp of 0.1 in the incubation plate with varying combinations of [-Estradiol
and Doxycyline concentrations. Dilutions of each strain were scheduled 10min

apart from each other so that each plate would be analysed after exactly 5hrs of
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incubation. The incubation plate was incubated at 30°C with agitation for 5hrs.
20min prior to analysis, induced cultures were diluted 1 in 10 in 50nM sodium

citrate buffer.

2.5 TCA Protein Preps

Yeast cell cultures were grown overnight in YPD supplemented with 5% Adenine
at 30°C and 200RPM. The next day, overnight cultures were diluted to an ODggg
of 0.8 in a larger volume of media and incubated for 1hr at 30°C and 200RPM.
After incubation, 6 OD equivalents of cells were spun down at 3000RPM (4°C)
for 3min in falcon tubes, the supernatant was removed, and the pellet was
washed with cold ddH50. Cells were transferred to screw-cap microcentrifuge
tubes and spun down at 13000RPM (4°C) for 3min. The supernatant was
removed and cells were flash frozen in liquid nitrogen/dry ice. Samples were
thawed on ice, then resuspended in 300uL of 20% TCA (Sigma-Aldrich T6399)
and 100uL of glass microbeads. Tubes were bead beat twice for 3min and placed
on ice for lmin in between bursts to lyse the cells. The supernatant (S1) was
collected in a fresh sterile microcentrifuge tube and placed on ice. Samples in
screw-cap microcentrifuge tubes were vortexed for 10s with 300uL of 5% TCA
(Sigma-Aldrich) and the supernatant (S2) was pooled with S1. The pooled
samples were spun down at 13000RPM (4°C) and the supernatant was removed.
The pellet was then resuspended in 100ul of 2X-SDS-PAGE sample buffer with
100mM DTT by vortexing. Samples were boiled at 100°C and pelleted at
13000RPM. The supernatant was retrieved and placed in a fresh sterile

microcentrifuge tube. Samples were stored at -20°C.
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2.6 Whole Cell Extract Protein Preps

Yeast cell cultures were grown overnight in YPD supplemented with 5% Adenine
at 30°C and 200RPM. The next day, overnight cultures were diluted to an ODgg
of 0.7 and incubated for 4-5hrs at 30°C and 200RPM until they reached an
ODggg of 1. After incubation, 100 OD equivalents of cells were spun down at
3000RPM (4°C) for 3min in falcon tubes, the supernatant was removed, and the
pellet was washed with cold ddH50. Cells were transferred to 2mL screw-cap
microcentrifuge tubes and spun down at 13000RPM (4°C) for 3min. The
supernatant was removed and cells were flash frozen in liquid nitrogen/dry ice.
Pellets were thawed on ice and resuspended by vortexing in 750ul of cold lysis
buffer (50 mM Tris-HC1 pH8.0, 5 mM EDTA, 150 mM NaCl, 0.5% NP40) with
inhibitors (10 mM Glycerol-2-phosphate, 5 mM NaF, 10mM sodium butyrate,
1.75mM PMSF, ImM DTT, complete protease inhibitor tablet (without EDTA;
Roche)). Approximately 1mL of acid-washed glass beads were added to the
screw-cap tubes. Samples were lysed in the Bead Beater for eight cycles of
1.5min, with 2min rest on ice in between bursts. The bottom of the tubes were
then pierced once with an 18 gauge needle and placed into fresh FACS tubes
(falcon tube product number 352054) on ice. Samples were centrifuged at
2000RPM for 1min (4°C). All material from the FACS tubes was transferred to
sterile microcentrifuge tubes on ice and then spun down at 17000g for 10min
(4°C). The supernatant was removed and samples were spun down again at
17000g for 10min (4°C). The Whole Cell Extract (WCE) supernatant was
collected and transferred to a sterile microcentrifuge tube. Samples were stored
at -20°C if used for antibody validation purposes or samples were used

immediately for immunoprecipitation experiments.
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2.7 Immunoprecipitation (IP) of rTetR-Sin3

and Rpd3

100 OD equivalents of each yeast strain were prepared following the protocol in
section 2.6. 500ul. of WCE lysate for each sample were transferred to sterile
microcentrifuge tubes to serve as Immunoprecipitation (IP) samples. 20uL of WCE
for each sample were combined 1:1 with 1X SDS sample buffer and transferred to
sterile microcentrifuge tubes to serve as inputs. Samples were boiled at 100°C for
Smin. After boiling, inputs were placed on ice. The TetR monoclonal antibody
(Clontech, 631131) was diluted 1:1000 in TBST. 20uL of antibody were added to
each TP sample tube and mixed by gently pipetting up and down. All IP sample
tubes were placed on an end-over-end rotator for 2hrs at 4°C.

20min before the end of the 2hr incubation period, the Protein G magnetic
dynabeads (BioRad, 161-4023) were prepared. 20uL of bead mix per IP sample
were placed into a sterile microcentrifuge tube using a clipped pipette tip. The
following wash protocol was followed to wash the Protein G magnetic dynabeads:
The bead mix tube was placed in a magnetic Dynabead rack for 30sec to allow
beads to stick to the tube wall. Liquid was removed and discarded. The bead mix
tube was removed from the magnetic Dynabead rack, resuspended with 750uL IP
lysis buffer using a clipped pipette tip, and placed back in the magnetic dynabead
rack for 20sec to allow beads stick to the tube wall. Liquid was removed and
discarded and this washing protocol was repeated two more times. After the last
wash, the liquid was removed and beads were resuspended in 50ul. of IP lysis
sample buffer per IP sample. Samples were incubated at room temperature for
2hrs.

After the 2hr incubation of IP samples, 50uL of prepared bead suspension
were added to each IP sample using a clipped pipette tip. IP sample tubes were
incubated for 50min in the end-over-end rotator at 4°C. After the second

incubation period, the IP sample + bead mixes were spun down at 3000RPM for
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5sec at 4°C. The beads were washed three times following the bead wash
protocol. Tubes were placed on the magnetic Dynabead rack for 30sec and the
liquid was removed. Tubes were spun down at 3000RPM for 5sec at 4°C, tubes
were placed on magnetic Dynabead rack again for 30sec, and remaining liquid
was removed. Each IP sample was resuspended in 50uL of IP sample buffer with
a clipped pipette tip to elute my protein from the beads. IP samples were
incubated for 10min at 65°C, with gentle mixing of tubes every 3min. After
incubation, the IP samples were spun down at 3000RPM for 7 sec at room
temperature and placed back in the magnetic Dynabead rack to allow beads to
stick to the tube wall. The eluted protein supernatant was collected and
transferred to a sterile microcentrifuge tube. Eluted IP protein samples were
boiled for 5min at 100°C then spun down at 10000RPM for 4min at room
temperature.

15uL of each input and IP sample were loaded into an 8% SDS-PAGE gel and
run at 140V for approximately 1.5hrs. The gel was transferred to a polyvinylidene
fluoride (PVDF) membrane (Immunobilon Transfer Membranes:IPVH00010) for
1.5hrs at 85V at 4°C overnight.

The transferred membrane was blocked for 30min with 5% milk in 1X
TBST with agitation, then sliced horizontally with a razor blade right above the
75kDa marker. Membrane 1 (top half containing the rTetR-Sin3 protein) and
membrane 2 (bottom half containing the Rpd3 protein) were incubated at 4°C
with agitation overnight with TetR monoclonal (Clontech, 631131) and Rpd3
monoclonal (Santa Cruz, SC-514160) primary antibodies, respectively. Primary
antibodies were diluted 1:1000 in 5% milk with TBST and 10% NaAzide.
Afterward, the membranes were washed 3 times for 9min with 1X TBST and
both membranes were incubated for lhr with goat anti-mouse Light Chain
Specific (LCS) secondary antibody (115-035-174, Cedarlane Labs, 1:10000 in 5%
milk with TBST). Then membranes were washed 3 times for 12min with 1X

TBST, incubated with Luminata Forte ECL Chemiluminescence HRP Substrate

19



(WBLUF0500, Fisher Scientific), and exposed to autoradiography film (Ultident,
39-20810) for 15sec, 30sec, 1min, 3min, and 7min. Membranes were stained with

Ponceau S and digitally scanned.
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Chapter 3

Results

3.1 Network Construction and Validation

The purpose of these experiments was to validate that the rTetR-ID cassette was
integrated at the correct locus and our synthetic promoter variants showed
expected transcriptional activation and repression behaviour upon induction with
[-Estradiol or doxycycline. It is important that these strains have consistent and
expected transcriptional activation and repression upon induction to ensure

accurate results are obtained every time.

3.1.1 Network Construction
rTetR-SIN3 Network Repressor

I chose to use yeast Sin3 to create the r'TetR-Sin3 fusion protein to repress my
synthetic transcriptional regulatory network. Sin3 is an enzymatic HDAC that
serves as a scaffold on which other DNA-binding transcription factors and
cofactors can assemble (Grzenda et al., 2009). Although it does not have
repression abilities on its own, Sin3 can repress transcription as a part of the
Sin3-Rpd3 HDAC complex. Once Sin3 recruits the Rpd3 complex, it can be

targeted to gene promoters where it will interfere with RNA Pol II's ability to
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bind, therefore repressing transcription (Silverstein and Ekwall, 2005; Kadosh
and Struhl, 1998).

Using Sin3 to create our rTetR fusion protein is ideal because it is
well-studied, with its interaction domains mapped out by previous researchers.
For example, several researchers have created length variants of SINS and
completed glutathione S-transferase (GST) pulldown, yeast two-hybrid, and
chromatin immunoprecipitation assays with the Sin3 variants and several Sin3
interactors (Grigat et al., 2012; Kliewe et al., 2017). This allowed them to assess
where specific proteins bind within the Sin3 interaction domains and to create an
interaction map of Sin3. Because these interaction domains are already mapped
out, we can mutate specific parts of these domains and confidently predict the
outcome. Additionally, using an rTetR-Sin3 fusion protein rather than using only
the endogenous Sin3 to bind at our promoters allows us to make changes to the
repressor without affecting endogenous Sin3 function.

An example of this map shows seven conserved regions that allow Sin3 to
bind to the Sin3-Rpd3 complex transcription factors (TFs) and other proteins
(Figure 5). It contains four paired amphipathic alpha-helix (PAH) domains, two
histone deacetylase interaction domains (HID), and a highly conserved region

(HCR) (Wang et al., 1990; Silverstein and Ekwall, 2005; Kliewe et al., 2017).
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Figure 5: Representation of the Sin3 interaction domains.

Includes PAH1-PAH4 (P1-P4), two HDAC interaction domains (H1 and H2), and
a highly conserved region (HCR). Figure adapted from (Kliewe et al., 2017).

Finally, using our synthetic regulatory network to study the relative
importance of Sin3 can yield useful applications to human health research since
SIN3 is evolutionarily conserved from S. cerevisiae to H. sapiens (Kadosh and

Struhl, 1997; Grigat et al., 2012). For example, studies have shown that
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mutations in the mammalian endogenous SINS gene have caused intellectual
disabilities, brain development delays, and may cause de-regulation of cell
growth-related genes, which leads to cancer (Witteveen et al., 2016; El-Hattab
et al., 2010; Suzuki et al., 2008). If we can validate the relative importance of
protein interactions between Sin3 and other proteins in yeast, we can potentially

apply these findings to human health applications.

Synthetic Promoter Variants in Network

Four different promoter variants, schematized in Figure 6, were used to express
the yEGFP reporter gene for our synthetic transcriptional regulatory network.
All promoter variants contain three adjacent GAL4 binding sites at the native
upstream activating sequences (UAS) region, which is within 1500 nucleotides
of the TSS (Zaman et al., 2002). There are two tandem tet operators that are
located at either a medial location(at the native upstream repressing sequences
(URS) region, 100bp from the TSS), distal location (adjacent to GAL4 binding
sites, 260bp from TSS), or a combination of medial and distal locations. A negative
control promoter was used that contains the three adjacent GAL/ binding sites but
the tet operators are scrambled at both medial and distal locations. This allows
us to positively control for activation and negatively control for repression.
Promoters containing distal repressor binding sites (Pgri1 and Pgriz)
sterically inhibit activator binding since they compete for the same DNA binding
region. Alternatively, promoters containing medial repressor binding sites (Pgro
and Pgria) enzymatically repress transcription through PIC formation
interference. Therefore, it is necessary to test for any differences in repression
strength between each variant. Then the variant with the strongest repression

strength will be used for experiments.
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Synthetic Promoter Variants
[ 19bp GEV binding site [[] 17bp rTetR binding site

I:l 17bp scrambled rTetR binding site

Por [ ] e [
Pors ] O] o [
Por. ] T
Porsy I T

Figure 6: Schematic of synthetic promoter variants.

Shows location of DNA binding sites for the activator and repressor. Pgro=

negative strain (TRS00), Pori= distal strain (TRS01), Pgro= medial strain

(TRS02), Pgria= combination strain (TRS12). Figure adapted from (Roney,
2016).

3.1.2 Network Validation

The rTetR-SIN3 cassette, which includes NAT antibiotic selection, was integrated
into the ADFE/ locus of parental strains and cells were grown on antibiotic selection
plates. Successful integration into the ADFE/ locus causes a color change in yeast,
from red to white (Ugolini and Bruschi, 1996). White colony growth indicated the
DNA was integrated at the correct loci since the ADE/ locus was disrupted. Colony
growth on antibiotic selection plates offers additional confirmation of positive DNA
integration.

Genomic DNA of white yeast colonies was amplified by PCR with primers
upstream in the ADFEJ locus and in the middle of the rTetR-SINS gene.
Successful amplification of this region ensured that both DNA pieces were
certainly transformed.

Finally, flow cytometry analysis was used as a method to validate proper
network functionality. If the transformation was successful, activation or

repression of yEGFP transcription in each strain should occur when induced
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with S-Estradiol or doxycycline, respectively, depending on the strain’s promoter
type. All strains showed activation of yEGFP expression when induced with
[-Estradiol, and the distal, medial, and combination strains showed repression of
yEGFP expression when induced with doxycycline. The negative control strain
did not show repression of yEGFP expression because its scrambled tet binding
sites do not allow repressor binding. But the negative control strain did show

activation of yEGFP expression since it does contain GEV binding sites.

3.2 Objective 1 Results

To ensure our synthetic gene regulatory network would yield accurate
measurements of transcriptional regulation, the network needed to be examined
and characterized. Typically, researchers use dose-response curves to characterize
a system. These dose-response curves yield information about several aspects of
network behaviour. For instance, we can obtain information about the inducer
concentrations required to achieve minimal and maximal activation and/or
repression, how changing inducer concentrations affects yFGFP transcription in
the network, and how gene network mutations affect baseline yEGFP expression.
By characterizing the gene regulatory network, we can know what behaviour to
expect and eventually fit the dose-response curves to mathematical models to

predict the outcome of making changes to the network.

3.2.1 Comparing the Effects of Different Inducer

Preparation Techniques

The purpose of this experiment was to investigate whether variability in flow
cytometry results occurred when using freshly-prepared drugs vs. drugs prepared
the night before flow cytometry experiments. Ideally, preparing for experiments

in advance can reduce the amount of preparation required the day of
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Mean GFP Fluorescence

experiments. As a result, this decreases the chance for user error due to time
constraints on the day of flow cytometry experiments. The combination strain
with distal + medial tet binding sites was used for this analysis.

In Figure 7, the dose-response curves show no major difference in activation
of of yEGFP expression for all three replicates when using freshly-made or

pre-made (-Estradiol.

TRS12 Combination Strain Dose-Response: Induction with Fresh vs. Pre-Made Drugs (3-Estradiol only)
T T

I
—8-0ng/mL Fresh Doxycycline
=&—-0ng/mL Pre-Made Doxycycline

100 200 300 400 500 600 700 800 900
[3-Estradiol] (nM)

Figure 7:  Dose-response curve showing yEGFP activation in the
combination strain using S-Estradiol only

Fresh (blue) and pre-made (red) f-Estradiol was used at OnM, 200nM, and
1000nM with no addition of doxycycline. Mean fluorescence is similar when using
fresh or pre-made drug.

Figure 8 shows no major difference in repression of of yEGFP expression for
all three replicates when using freshly-made or pre-made doxycycline. Therefore,
I decided to prepare the drugs the day before future flow cytometry experiments

to increase time efficiency and reduce the chance of user error.
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TRS12 Combination Strain Dose-Response: Induction with Fresh vs. Pre-Made Drugs
[ [ I I I I I I
=8-1000ng/mL Fresh Doxycycline
=e-10000ng/mL Fresh Doxycycline
1000ng/mL Pre-Made Doxycycline
—6—10000ng/mL Pre-Made Doxycycline
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Figure 8  Dose-response curve showing yEGFP activation in the
combination strain using 5-Estradiol and doxycycline

Fresh doxycycline was used at 1000ng/mL (blue) and 10000ng/mL (red) with
OnM, 200nM, and 1000nM of fresh g-Estradiol. Pre-made doxycycline was used
at 1000ng/mL (yellow) and 10000ng/mL (purple) with OnM, 200nM, and
1000nM of pre-made S-Estradiol. Mean fluorescence is similar when using fresh
or pre-made drug.

3.2.2 Testing Drug Induction Times

The purpose of this experiment was to test whether mean yFGFP fluorescence in
our strains is similar after being induced with varying §-Estradiol and doxycycline
concentrations for 4, 5, or 6 hours. I wanted to choose an induction time in
which maximal activation and repression of yEGF'P expression could occur. Using
an induction time that doesn’t allow for maximal activation and repression can
reduce accurate reproducibility of experiments since yEGFP expression levels are
still changing.

I measured fluorescence intensity in two replicates for the distal, medial, and
combination yeast strains. The negative control yeast strain with scrambled tet

binding sites and a BY4742 yeast strain lacking our entire synthetic system were
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used as negative controls. I then compared the mean fluorescence of each strain at
4,5, and 6 hour time points. Analysis was completed over three consecutive days,
with one induction time experiment being completed per day.

There was a difference in yE£GFP transcriptional activation levels between
4hrs and bhrs of induction in both replicates for each strain (Figure 9A).
Between 5Hhrs and 6hrs of induction, both replicates showed that there was no
major difference in yEFGFP transcriptional activation activation levels for each
strain. In (Figure 9B), there is a difference in yEFGFP transcriptional repression
levels between 4hrs and 5hrs of induction for both replicates for each strain. But
there is no major difference in yEGFP transcriptional repression levels between
5hrs and 6hrs of induction in both replicates for each strain. Therefore, I selected
the 5Shr induction time as the optimal induction time to use in future flow

cytometry experiments.
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Figure 9: yEGFP fluorescence intensity of rTetR-Sin3 variants

after: a) induction with g-Estradiol only or b) induction with g-Estradiol and
doxycycline, for 4 hours (blue bar), bhrs (teal bar), or 6 hours (yellow bar).
There is a difference in yEGFP fluorescence intensity between 4 and 5 hours of
induction, but no major difference between 5 and 6 hours of induction for each
strain in both induction conditions.

3.2.3 Characterizing Strains Using Dose-Response

Experiments

The purpose of this experiment was to compare levels of transcriptional activation
and repression with varying concentrations of g-Estradiol and doxycycline to find
the maximum and minimum levels of activation and repression. The medial, distal,
and combination strains were tested and BY4742 lacking our synthetic regulatory
network was used as a negative control.

Overall, the combination strain (TRS12) showed a wider range of sensitivity
to drug induction for yFEGFP transcriptional activation and repression and
yielded steeper dose-response curves compared to the other promoter variants
(Figure 10). At maximal doxycycline concentrations, the combination strain’s

repression nearly reached full saturation. The combination strain also showed
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Figure 10: Dose-response curves for the combination strain (TRS12) at
varying (-Estradiol and doxycycline concentrations.

Strains were induced for 5 hours under the following conditions: 20nM, 30nM,
100nM, 150nM, 200nM, 400nM, and 2000nM g-Estradiol and Ong/mL, 50ng/mL,
100ng/mL, 200ng/mL, 400ng/mL, 700ng/mL, 1000ng/mL, 1500ng/mL,
3000ng/mL, and 10000ng/mL doxycycline. This strain shows a higher sensitivity
to induction of yEFGFP transcriptional activation and repression with steeper
dose-response curves compared to the distal and medial strains, TRS01 and

TRSO2.

higher repression strength at maximal doxycycline concentrations. Furthermore,
the onset of repression in the combination strain occurred at lower doxycycline
concentrations than the onset of repression in the other strains.

The distal strain (TRS01) exhibited slightly sigmoidal dose-response curves
that appear to achieve yEGFP transcriptional repression saturation almost as
strong as the combination strain at maximal doxycyline concentrations (Figure
11).  There is some variation in the 30nM, 150nM, 400nM, and 2000nM
[-Estradiol curves that could potentially be from user error. But overall, its
curves are less steep compared to the combination strain’s curves, which means it

requires a higher concentration of doxycycline to achieve the onset of yEGFP
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Figure 11: Dose-response curves for the distal strain (TRSo1) at varying -
Estradiol and doxycycline concentrations.

Strains were induced for 5 hours under the following conditions: 20nM, 30nM,
100nM, 150nM, 200nM, 400nM, and 2000nM g-Estradiol and Ong/mL, 50ng/mL,
100ng/mL, 200ng/mL, 400ng/mL, 700ng/mL, 1000ng/mL, 1500ng/mL,
3000ng/mL, and 10000ng/mL doxycycline. This strain shows a moderate
sensitivity to induction of yEFGFP transcriptional activation and repression. It
requires a higher level of doxycycline to induce yEFGFP transcriptional repression
compared to the combination strain.
transcriptional repression. It has a moderate sensitivity to drug induction for

yEGFP transcriptional activation and repression.

The medial strain (TRS02) exhibited the weakest sensitivity to drug
induction for yEGFP transcriptional activation and repression (Figure 12). It
yielded more linear dose-response curves compared to the other two strains,
which means it requires an even higher concentration of doxycycline to achieve
the onset of yEGFP transcriptional repression. At maximal doxycycline
concentrations, the medial strain’s yFGFP transcriptional repression did not

come close to reaching maximal repression saturation compared to the distal and

combination strains.
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Figure 12: Dose-response curves for the medial strain (TRSo2) at varying
p-Estradiol and doxycycline concentrations.

Strains were induced for 5 hours under the following conditions: 20nM, 30nM,
100nM, 150nM, 200nM, 400nM, and 2000nM g-Estradiol and Ong/mL, 50ng/mL,
100ng/mL, 200ng/mL, 400ng/mL, 700ng/mL, 1000ng/mL, 1500ng/mL,
3000ng/mL, and 10000ng/mL doxycycline. This strain shows a weaker
sensitivity to induction of yEFGFP transcriptional activation and repression
compared to the distal and combination strains. It requires an even higher level
of doxycycline to induce yEGFP transcriptional repression and yields a more
linear dose-response curve.
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3.3 Objective 2 Results

To perform future rTetR-SIN3 mutation experiments to disrupt the
rTetR-Sin3-Rpd3 interaction, we must first establish that the interaction does
occur. It is important to perform this step before disrupting protein interactions
with the platform to prove two things: 1) the protein interaction is real and not
due to non-specific binding with another protein of similar size, and 2) to ensure
that the mutations are actually disrupting the interaction and a loss of

interaction result is not due to the proteins not interacting in the first place.

3.3.1 Immunoprecipitation (IP) of rTetR-Sin3 and Rpd3

The purpose of this experiment was to confirm the positive protein interaction
between my rTetR-Sin3 protein and the endogenous yeast Rpd3 protein. If rTetR-
Sin3 and Rpd3 positively interact, the complex will bind to the TetR antibody
and be immunoprecipitated.

The TRS12 combination strain contains the rTetR-Sin3 and Rpd3 proteins.
Strain TR154 is the parental strain for the combination strain, which lacks the
rTetR-Sin3d protein and served as a negative control. The 353 RPDS3 deletion
mutant (obtained from Dr. Michael Downey’s Lab) lacks both of the proteins of
interest and served as a second negative control. In Figure 13, the rTetR-Sin3
protein is visualized for TRS12 input and IP samples when blotting with aTetR.
This demonstrates that TRS12 is the only strain that contains the rTetR-Sin3
protein. When blotting with aRpd3, the Rpd3 protein is visualized for TRS12
input, TRS12 IP, and IR154 input samples. The ponceau S demonstrates that an
equal amount of protein was loaded in each lane and that the positive IP results
are due to rTetR-Sin3 and Rpd3 positively interacting, not because any input
samples are present in the IP samples. These results confirms that Rpd3 interacts

with and immunoprecipitates with rTetR-Sin3.
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Figure 13: rTetR-Sin3 and Rpd3 positively interact

An TP using aTetR was performed on strains TRS12 (rTetR-SIN3 RPD3
combination strain), 353 (rpd3A), and IR154 (RPD3). The rTetR-Sin3 protein is
present in TRS12 input and IP samples when blotted with aTetR, but is not
present in the other strains lacking rTetR-Sin3. The Rpd3 protein is present in
TRS12 input and IP samples and in the IR154 input sample when blotted with
aRpd3. Rpd3 is not present in samples lacking the rTetR-Sin3 protein when
blotted with aRpd3, proving that Rpd3 interacts with r'TetR-Sin3. Images are

all from the same blot and exposure.
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Chapter 4

Discussion

The goal of my thesis research was to contribute to the creation of a platform
that can be used to validate and quantify the relative importance of protein
interactions in transcriptional regulatory complexes. To work towards this goal, I
successfully completed two objectives. 1 performed experiments to enable
accurate measurements of transcriptional regulation and I demonstrated my
synthetic system worked as expected by testing the interaction between my
fusion protein and a transcriptional regulator. Upon completion of my research, I
contributed to the advancement of knowledge in our field by laying the
foundation for a tool that will expand our knowledge of protein interactions.
Additionally, my tool will allow us to explore how important certain interactions
are for transcriptional regulation and how we can quantify these interactions.
When creating a new system, 1 felt it was important to investigate five

parameters to ensure accurate and reproducible results:

e The effect of induction time on achieving maximal reporter gene

transcriptional activation and repression.
o How inducer preparation affects its ability to induce the system.

o The effect of changing the number and location of repressor binding sites in

our system.
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o How changing inducer concentration affects system behaviour.

o Confirming the system’s fusion protein positively interacts with the

transcriptional regulator of interest.

To enable accurate measurements of transcriptional regulation, it is important
to optimize parameters that could affect accuracy and reproducibility of results.
The first parameter we chose to optimize was the system induction time. In flow
cytometry analysis, samples in a 96 well plate are not immediately analysed at the
same time. There could be a 5 to 10 minute waiting time between the first and last
sample analysis, which means some samples will be induced longer than the desired
induction time. When this happens, we want to be sure reporter protein expression
levels remain steady so that results are comparable at maximal induction levels.
Otherwise, the data would be inaccurate and unusable if expression levels are
still changing between the time the first and last samples are analysed. Using
an optimal induction time also enables us to know that small changes in reporter
protein expression are attributed to changes in protein interactions within our
system, not because the system was not fully induced. In our system, I observed
a difference between 4 and 5 hours of induction, but no difference between 5 and
6 hours of induction. Therefore, I chose to use a 5 hour induction time for future
flow cytometry experiments.

The second parameter I investigated was whether inducer preparation affected
its ability to induce our system. To decrease the chance of user error due to
time constraints when preparing inducers, it might be helpful to prepare them
prior to rather than on the experiment day. Since inducers would be stored at
-20°C, there could be a higher chance of inducer molecule degradation compared
to freshly prepared inducers that are not frozen. Results would not be accurate or
reproducible if experiments were performed using inducers that behaved differently
based on their preparation. In our system, I observed there was no major difference
between using freshly prepared inducers and inducers prepared the day before.

Therefore, I decided to prepare my inducers the day before experiments to decrease
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the chance of user error.

Another important aspect of creating a new system is characterizing its
behaviour in different experimental scenarios. By doing this, we will be able to
predict our system’s behaviour when changing certain experimental variables. I
explored the third and fourth parameters through dose-response experiments to
characterize my system. These experiments allowed me to investigate the effect
of changing the number and location of repressor binding sites in my synthetic
promoters and how changing inducer concentration affects transcription in my
system. The goal of my third parameter was to discover which promoter type
exhibited the strongest sensitivity to transcriptional activation and repression.
Using a promoter with this quality would produce steeper, sigmoidal
dose-response curves that enable me to see smaller shifts in transcription levels
when introducing changes to our system. If the synthetic promoter contains
distally located repressor binding sites (Distal Strain Pgr;), the GEV activator
and rTetR-Sin3 repressor will be competing for the same DNA region at distal
binding sites (Figure 14A). So this promoter should exhibit stronger sensitivity
to repression. If the synthetic promoter contains medially located repressor
binding sites (Medial Strain Pgrs), the repressor is interfering more with PIC
assembly rather than activator binding (Figure 14B). Therefore, this promoter
should exhibit weaker sensitivity to repression compared to the promoter with
distal repression. A synthetic promoter containing both distally and medially
located repressor binding sites (Combination Strain Pgri2) would interfere with
both activator binding and PIC assembly (Figure 14C). Considering all of these
hypotheses, the combination strain should exhibit the strongest sensitivity to
repression compared to the other two promoter types. 1 observed that the
combination strain did in fact exhibit stronger sensitivity to repression compared
to the other promoters. If this promoter also exhibited greater sensitivity to
changing inducer concentrations, I planned to use it in my system for future

experiments.
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Figure 14: Differences in repression mechanisms between distal (P¢r1),
medial (P;73), and combination (Pgr2) strains.

A) The rTetR-Sin3 repressor competes with the GEV activator for the same
DNA binding region. B) The repressor interferes with PIC assembly and does
not compete with the activator for the same DNA binding region. C) The
repressor interferes with both activator and PIC binding.

The goal of the fourth parameter was to discover how changing inducer
concentrations affects system behaviour. It was important to research this
because a specific range of inducer concentrations is required to obtain the ideal
steep sigmoidal dose-response curve mentioned in the third parameter discussion.
Therefore, one must discover this concentration range that yields the most
sensitive dose-response curve when characterizing a new system. In my research,
I discovered that the combination strain exhibited a dose-response curve with a
steeper more sigmoidal shape compared to the other strains that yielded more
linear dose-response curves at the same inducer concentrations. The steeper
sigmoidal shape enables us to see small increases and decreases in transcription

levels along the curve, whereas linear curves would require larger changes in
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transcription levels to detect any differences. Without this kind of sensitivity,
the effects of changing experimental conditions or slight differences in protein
interactions may not be as accurately detectable. Therefore, I chose to use the
combination strain to optimize the accuracy of my system.

Before proceeding to future mutation experiments, we must first confirm
that the interaction does occur between a synthetic fusion protein and a native
protein of interest. Because I am not using the endogenous Sin3 protein to
complete my research, my fifth parameter I investigated was confirming whether
or not my rTetR-Sin3 protein interacts with the endogenous Rpd3 protein.
Confirming this interaction sets the foundation for future mutation experiments
in which we mutate Rpd3 DNA binding domains within the rTetR-SINS gene.
This experiment also allowed us to create a positive control for these mutation
experiments. In my project, I performed IP experiments on protein extracts from
three strains: one with Rpd3 and rTetR-Sin3 (combination strain), one with
Rpd3 but lacking rTetR-Sin3 (IR154), and one lacking both Rpd3 and
rTetR-Sin3 (Rpd3 delete strain). I observed that the combination strain
containing both Rpd3 and rTetR-Sin3 yielded positive results when blotting with
TetR and Rpd3 antibodies, therefore confirming that our system does interact
with the endogenous Rpd3. The IR154 strain with Rpd3 but lacking rTetR-Sin3
only showed positive results when blotted with the Rpd3 antibody. The Rpd3
delete strain lacking both Rpd3 and rTetR-Sin3 showed no positive results when
blotted with both antibodies. These two results further confirm the interaction
between my fusion protein and the endogenous Rpd3 protein does occur and is

not a result of any non-specific binding of other proteins.
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Chapter 5

Future Directions

To further develop our system, it would be useful to determine how mutating
rTetR-Sin3 interaction domains affects transcriptional regulation within our
system. These mutations would disrupt specific protein interactions between
rTetR-Sin3 and other proteins in complexes such as the Rpd3 HDAC complex.
Rather than only telling us if the proteins interact or not, this system would
allow us to investigate which of these protein interactions are important for
Sind’s repression function as well.

It would also be interesting to see how mutations change the promoter
variants’ repression strength if there is not a complete loss of function. The
truncated rTetR-Sin3 fusion protein could potentially decrease steric hindrance
at GEV binding sites or cause less PIC assembly interference when binding at
distal or medial repressor binding sites, respectively.

Since we have confirmed that rTetR-Sin3 and Rpd3 do interact, we could
begin these studies by mutating the Rpd3 interaction domain within r'TetR-Sin3.
Previous studies have shown that Rpd3 positively interacts with Sin3d’s HID1
domain and a loss of interaction occurs when deleting that portion of
SIN3 (Grigat et al., 2012). By disrupting this interaction, we can confirm
whether Rpd3 is integral for Sin3-Rpd3 complex assembly and Sin3d’s repression

function, or if the complex can still assemble through rTetR-Sin3’s interaction
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with the other components in the complex.

Another protein that would be interesting to disrupt interactions with would
be Sds3. Sds3 is a protein important for the structural and catalytic integrity of
the Sin3-Rpd3 complex (Lechner et al., 2000). Previous studies have shown that
disrupting the interaction between Sin3 and Sds3 results in a loss of function in the
Sin3-Rpd3 complex (Clark et al., 2015). Therefore in our system, we would expect
to see an extreme decrease or complete loss of repression of yEGFP transcription
if we disrupted the rTetR-Sin3-Sds3 interaction. By completing these mutation
studies, we can further understand the importance of specific proteins within the
Sin3-Rpd3 complex.

This tool would also enable researchers to create a completely different
rTetR fusion protein. One interesting outcome of doing this would be any
changes in repression strength compared to rTetR-Sin3. Similar to the idea of
the mutated rTetR-Sin3 protein, creating a fusion protein that is larger or
smaller than rTetR-Sin3 could potentially increase or decrease repression
strength. These potential changes are one of the reasons why system
characterization and optimization experiments are very important for fine-tuning
the accuracy of the system.

Our system would open the door to discovering the relative importance of
protein interactions between many other transcriptional regulators. This allows
us to quantify these reactions and gain a deeper understanding of the

complicated mechanisms controlling transcriptional regulation.
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