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ABSTRACT

Tuberculosis (TB) is a respiratory disease causelllyppbacterium tuberculos{$itb)
that kills aroundl.3 million people annually.Multi-drug resistant TB (MDR'B) strains are
increasingly encountered, in part resudtifrom shortcomings of current TB drug regimens that
last between six to nine months. Patients may stop taking the antibiotics during their allotted
regimen, leading to drug resistant TB straindovel drug screening platforms are therefore
necessary téind drugs effective against MDRB. In order to discover compounds that target
underexploited pathways that may be essential amlyivo, the proposed screening platform
will use a novel approach to drug discovery by blocking essential pimtetein interactions

(PPI).

In Mtb, PPI can be monitored by mycobacterial protein fragment complementation (M
PFC). This project will reengineer the MPFC assay to include the red fluorescent mCherry
reporter for increased efficiency and sensitivity in Higloughput screening applications. To
optimize the mCherry assay, we have develdhemtescent MPFC reporter strains to monitor
distinct PPI required fa¥tb virulence: homodimerization of the dormancy regulator DosR. A
drug screen will themdentify novel @mpounds that inhibit this essential PPI. The screen will
involve positionatscanning combinatorial synthetic libraries, which are made up of chemical
compounds with varying side chains. This work will develop novel tools for TB drug discovery

that could dentify new treatments for the emerging world threat of MOER



DEDICATION

For my sister, Gera,

for always being there for me.

fiThe mindisnotavesseltobef | ed but a TRluaeh t o be i gni



ACKNOWLEDGMENTS

| wish to express snsincere gratitude to Dr. Kyle Rohde for providing me with invaluable
support and guidance throughout the course of my thesis project and for helping me gain
confidence both in my writing and in the | ab
havebeen critical in my development as a researcher and scientist.

| would like to thank the other members of my thesis committee, Dr. Kenneth Teter and Dr. Rita
Graham, for their contributions to my project, and for helping me to learn along the way.

Thankyou to all of the wonderful people in the Rohde Lab. A special thanks to Sandy Geden
and Haleigh Hodges, who have stepped in multiple times to help me with my experiments and to
answer a myriad of questions.

Thank you to Dr. Adrie Steyn, from the Univigysof Alabama, for providing the NPFC
plasmids and to th€orrey Pines Institutéor Molecular Studies for providing the drug screening
compounds. Thank you for the support from the UCF Program of Undergraduate Research
Excellence and the Burnett Hon@sllege. This project would not have been possible without
the support and funding from UCF startup funds to Dr. Rohde, the Florida Translational
Research Program, a UCF Office of Undergraduate Research Grant, and the Burnett Research
Scholars Grant.

Lasty, | would like to thank my family and friends for their endless amounts of support. A
special thank you to Morgan McSweeney for countless hours of revisions and innumerable
laughs along the way.



TABLE OF CONTENTS

IO | 1 o 18 Tox 1o o I TP 1
2. LITEratUIE REVIBW.......iiiiiiiiiiiiiiiiiiie ettt ettt et e e e e e e s eee et et et e e e e e e e e e e e e s s s s s nammne e e e e e e e e e e aaans 3
2.1. Problem of Drug ReSISIANCE........cccoee i 3
2.2. Mechanisms of Drug ReSIStANCE..........ccceeiiiiiiiiieeei e 4
2.3. Traditional Methods for Drug BBCOVEIY.........ccouiiiiiiiiiiiiceeee e 5
2.4. ProteinProtein Interactions (PPIs) as Potential Drug Targets............ccccvvvveeeennnes 6
2.5, M-PFC BASICS....ceetuuuuuuuunuiiiiiaeeeeeeeitnniaassaaeaaeaaaeeessammessaaaaeeaeeeeseeeesssssssnmnneeeeeeeensnnes 7
2.6. DOSR: INItial DIUQ TaANQEL .. eeeeiiiiiiiiiiiee e 9
T Y111 0 To e (o] 0o |V TSSO T TP PPPPPPPR 12
3.1.  General OVerview Of IMPFC.........ovuuiiiiiiiis e e e e enees s e e e e e e e e e eeees 12
3.2. Bacterial Cell CURUIE.... ... e 13
3.3. Creating MPFC strains to monitor DosR:D0osSR Interactions.............cccccevvvveeeenn.. 14
3.3.a.  GENELIC ENQINEEIING....uiiiiiiiiiiiiiiee et 14
3.3.b.  Transformation INAMSIMN.........ccoiiiiiiiiiieiieecr e e 20
3.4. Mycobacterial Protein Fragment ComplememiaiiM-PFC) Assay...........cccvvvveeeeee. 21
3.5, FlUOreSCENt MPFC ASSAY.......cuuuiuiiiiieieeieeeceeeiiiias s e e e e e e eeeeeeeeeesieensaaaaaaaeeeeeeeesnnnnnes 22
3.5.a. Microwell Plate Optimization.................uuuuuuiiiiccmeeeireer e eeeee s 23
T o TR B U o S 1ol (=T = o PP 24
3.6. Alternative APPrOaChES......cccooeeiiiiiiiiieeeeeee e 26
N TS U | €SS 28
4.1. Construction of Plasmid PailS..........ccccuuiiiiiiiimeeiiiiiiiiiieiceeeee e eee e e 28
4.2. Confirmation of DoSR HomodimerizatiQn.................uueiiiicceeiiiiiiiieeee e 31
4.3. Conversion of Alanar Blue Assay to mCherry Fluorescent Assay....................... 33
4.4. Optimization for HigRThroughput Screening (HTS).....ooovvviiiiiiiieeee e 35
4.4.a. Miniaturization fran 96 to 384well plate format Plate Optimization............. 36
4.4.b. Optimization of Optical Density and Incubation Time............cccccccviiieeennnnn. 36
4.4.c. SanfordBurnham Drug SCreen...........cccovvviiiiieemee e eeeeseiiiviieeeeeeesneenn 41

Vi



T B Yol U 13- (o« PP PP T P PPN 42
Appendix: Supplemental FIQUIES.........coooiiiiiiiiiiiice e iee e AD)

R EIEIEINCES. ... e e 47

vii



LIST OF FIGURES

Figure 1: BasiCS Of MPFC.......cooo oo iiieeeeeeeee e e e e e e e e emnnaa s 8
Figure 2: DosR Signaling in the Cell...........ooo i 10
Figure 3: MCherry MPFC DESIGN......cuiiiiiiiiiieeeeee et 12
FIgUre 4: FASTCIONING. ...ttt e ettt e e e e e e e e e e mnne e e 15
Figure 5: PUAB PIASMICS.........ccciiiiiiiiiiiiieee ettt et e e e e e e immme e e 20
Figure 6: Fluorescenhhibitor Drug SCIrEEMN.........uuueiiiei i ceeeciee et eeer e e 24
FIQUIE 7: PCR Gl e 30
Figure 8: Colony Screen PCR fOr DOSR..........uuuuiiiiiiii i eeeerise e 31
FIgure 9: DOSRDOSR PPL.....oooeieiiiie sttt eeeer s e e e e e e e enne e e e e e 32
Figure 10: AlamMar BlUE ASSAY.........uuuuiiiiiiiiiiiiieeeiiieie ettt nee s 33
Figure 11: mCherry on Plasmid vs. ChromOSQME............cccoiuiiimmmrieiieiiiiiiinrieeee e eeeeeaees 34
Figure 12: Alamar Blue vs. MChErITY ASSAY.........ccoiiiiuiiiiiimeee e eeeeeieeeee e 35
Figure 13: mCherry Assay MiniaturizatiQn............cooooiiiiiiiiccc e 36
Figure 14: mCherry Variables (48 HOUL)........ooooieiiiime e 38
Figurel5: mCherry Variables (72 HOUL)........ooooiiiiiiiiime e e 38
Figure 16: mCherry Variables (120 HOUL).........iiiiiii e eeeeeeeeee e 39
Figure 17: Comparison of MCHhErry ASSAYS..........ccovvuuiuiiiimmmieeeeeeeeirinee e s erraanas 40
Figure 18: Equation to CalCulate.Z!..........oooo e 41

viii


file:///C:/Users/Zina/Desktop/Honors%20in%20the%20Major/FINAL%20SUBMISSION%20OF%20THESIS/Versfeld_Zina_C_201504_BS.docx%23_Toc417570931
file:///C:/Users/Zina/Desktop/Honors%20in%20the%20Major/FINAL%20SUBMISSION%20OF%20THESIS/Versfeld_Zina_C_201504_BS.docx%23_Toc417570933
file:///C:/Users/Zina/Desktop/Honors%20in%20the%20Major/FINAL%20SUBMISSION%20OF%20THESIS/Versfeld_Zina_C_201504_BS.docx%23_Toc417570934
file:///C:/Users/Zina/Desktop/Honors%20in%20the%20Major/FINAL%20SUBMISSION%20OF%20THESIS/Versfeld_Zina_C_201504_BS.docx%23_Toc417570935
file:///C:/Users/Zina/Desktop/Honors%20in%20the%20Major/FINAL%20SUBMISSION%20OF%20THESIS/Versfeld_Zina_C_201504_BS.docx%23_Toc417570936
file:///C:/Users/Zina/Desktop/Honors%20in%20the%20Major/FINAL%20SUBMISSION%20OF%20THESIS/Versfeld_Zina_C_201504_BS.docx%23_Toc417570937
file:///C:/Users/Zina/Desktop/Honors%20in%20the%20Major/FINAL%20SUBMISSION%20OF%20THESIS/Versfeld_Zina_C_201504_BS.docx%23_Toc417570938
file:///C:/Users/Zina/Desktop/Honors%20in%20the%20Major/FINAL%20SUBMISSION%20OF%20THESIS/Versfeld_Zina_C_201504_BS.docx%23_Toc417570939
file:///C:/Users/Zina/Desktop/Honors%20in%20the%20Major/FINAL%20SUBMISSION%20OF%20THESIS/Versfeld_Zina_C_201504_BS.docx%23_Toc417570940
file:///C:/Users/Zina/Desktop/Honors%20in%20the%20Major/FINAL%20SUBMISSION%20OF%20THESIS/Versfeld_Zina_C_201504_BS.docx%23_Toc417570941

LIST OF TABLES

Table 1: PCR ReaCtioN SettNGS.......iiiiiiiie e e ieeeiei ettt eene e e e e e e e e e e emees 16
Table 2: Primers fOr PCR REACHIONS. . ... oeeie et 17
Table 3: Table of Constructed Plasmid PailS........coue oo 29


file:///C:/Users/Zina/Desktop/Honors%20in%20the%20Major/FINAL%20SUBMISSION%20OF%20THESIS/Versfeld_Zina_C_201504_BS.docx%23_Toc417570949

1. Introduction
Tuberculosis (TB) is a respiratory disease causellyiobacterium tuberculosi@tb).

According to the World Health Organization68nillion people became infected with TB and
1.3 million people died from TB infectian 2012[1]. TB is characteried bya prolonged cough,
cheg pain, fatigug and weight losg2]. The disease isontractedby inhalation of particles or
aerosols from coughing or sneezing from someone that hd8, . TB can be treated with
antibiotics, suchas isoniazid ah rifampin, which aretwo of the firstline drugs that are
prescribed to patients with the dise§Sk The drug regimen for thosdiagnosedvith TB can

last between sibandnine monthg6]. Due to the length of treatment, patients nsaynetimes
chomse to stop taking the antibiotics during their allotted regimeontributing to the
development ofirug resistant TB strain$]. Patients are often prescribed multiple drugs to treat
Mtb in granulomasGranulomas are a cluster of immune cells surroundind/ttbe generally in

the lungs. TheMtbar e dor mant in this cluseenatbifngehcians
metabolically inactive stafg’-9]. Mtb that are dormara rlatef® i n g r aendifficut tma s
treatbecause they becorpbenotypieally drug toleant [10].

Multi-drug resistant TB (MDR'B) has become a worldwidesue,and drug screening
approachesare necessary to findovel drugs in order to treat patients with MBHB. The
proposed drug screening platform wiitilize an underexploitedapproach to drug discovery
based orblocking essential proteiprotein interactions, unlike more common approaches which
identify drugs thainhibit bacterial DNA synthesis, RNA synthesis, cell wall synthesigrotein

synthesig§11].



In order todevelop a safer and faster drug screening platflomMtb, the non
pathogenic, fasr growingrelativeof Mtb, Mycobacterium smegmatis (Msmjill be usedMsm
has been useak a substitute faMitb, and has been tested for @Bicacy andsafety in numerous
experiments A study doneby the Institute of Medical Microbiology in Hanover, Germany
showsthe minimalharmful effects ofMsm containingMtb DNA that was injected into mice.
Infection cleaed very rapidlyin the mice and the safety of usinlylsmwas confirmed both
through this study and many othef[$2]. The kgitimacy of usingMsmas a surrogate favitb
has also beemvestigated Msm expressedMtb proteins ectopically due to similar high G+C
content of around sixtfive percent[13]. It has been found thaflsm has close homologs of

manyMtb virulence genes, making it a gobfor studying the functions of these geriéd].



2. Literature Review

In order to better understand the need to find new drugs to irfibit it will be
important to evaluate thmagnitue of theproblem of drug resistance, the targets of current
drugs, and the approach that will be taken to find novel drugs that inhibit ppoteein

interactiong PPI).

2.1.Problem of Drug Resistance

The problem of drug resent TB is a worldwide threatespecially in developing
countries such as in southern Africa andSoutheastAsia [15-17]. The number of MDRTB
worldwide cases has increased by 51% from 2011 1@ PIB]. MDR-TB cases have been rising
in developing countries, although detection and reporting of these cases may be underestimates.
Surprisingly, around 88% of reported MBHB cases have beatocumentedn middle or high
income countrie§l§].

Drug resistant strains camerge irpaientsin whomthe course of antibiotics they are
taking is interrupted, either because the patiergefisr to take their medication, or because of
shortages of antibiotics in countries that provide free or cheap medications to trmsarmot
afford the medicatiofd]. Drug resistanMtb strains can also be spread through normal sieén
transmission; atborne transmission of bodilyuids from sneezing and coughifigj 4]. These
drug resistant strains are becoming nearly impossible to treat, and in some cases there are
currently no treatmerdptions available.

There are different categories of drug resistance dependiting cesistance profile of the
causativeMtb strain. Multi-drug resistanfTB (MDR-TB) is resistant toboth isoniazd and

rifampin, the best drugs currently available toatreTB [17]. Extensively drugresistant

3



tuberculosis (XDRTB) is resistant to bothisoniazid and rifampn in addition to any
fluoroquinolonesand at least e of theinjectableof secondine drugs that are used when the
best antibiotics do not worKlL7]. The worst type oMtb drug resistane is called totally drug
resistant TB (TDRTB) and is resistant to all known TB treatment optipHs

In order to address this problem, this study will look at ways to find novel drugs that will

inhibit Mtb and combat thisxtremely difficult problem.

2.2.Mechanisms of Drug Resistance

The scope of the problem of drug resistance is due to the muttggbanismshat Mtb
canutilize to gainresistanceMechanisms of drug resistanoebacterianclude single nucleotide
polymorphisms (SNPs) drug tolerancemediated byefflux pumps, andacquisition of drug
resistancegenes. Many of these alterations in nucleotide sequences are due to SNPs, where a
single DNA nucleotide is different in a particular strainMtb in comparison to dier types of
Mtb. SNPs can be used to study drug resistantétlinas SNPs are a major mechanism of drug
resistancg¢l9].

Unlike other bacteria, such aB. coli Mtb doesnot use some ot he
mechanisms such as horizontal gene tran$i&T) to acquire drug resistanckltb has been
known to become resistant to these antibiotics through altering nucleotide sequences, rather than
taking up new genetic materiakhich is common for other types of bactefd]. Ninety six
percent ofMtb resistance to rifampin, one of the fitste drugs used to treditb, is due to
mutations that occur in the region that encodes for the beta subunit of RNA polympodse (
gene)[20]. The beta subunit of RNA pgierase is responsible for initiation and elongation of

DNA replication, in addition to rifampin resistan¢2l, 22]. Isoniazid resistance iMtb is
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characterized by mutations in tkatG gene, which leads to nucleotide substitutithreg occur in

a gene regulatory regiombA) [20, 23]. Due to these different mechanisms that lead to MDR

TB, it is extremely important that theens discovery of new drughat target novel distinct
mechanismshat are able to kil MDRIB. In addition, it is important to look at the conditions

that theMtb were screened in. If the screening occurred under normainnamo conditions,
thenthetpes of drugs that are fAhitsodo may not r

infection. Specific drug targets are important when figuring out methods for drug discovery.

2.3.Traditional Methods for Drug Discovery

Commonstrategiedor drug discovery includéargeting bacterial DNA synthesis, RNA
synthesis, cell wall synthesis or protein synth¢2#. However, these approaches have been
thoroughly researched, and some of these aspects have been easily evaded by the bacteria they
are irtended to kill. For example, some antibiotics that target the cell wall of bacteria are only
effective when the cells are actively undergoing cell division. When the cell is dormant and not
dividing, asis the case oMtb within granulomasthe bacteria & not affected by the drug. The
bacteria are also able to turn on genes that produce proteins that can destroy the drug, such as
betalactamases that are used to cleave-taatiam drug$25]. In these cases, targets of cell wall
synthesis would be ineffective at treating the disease caused by the microbe.

In order to discover drugs that tretrmantMtb, it is important to researaonditionally
essential processes required vivo during persistent infectionsThis can aid indesigninga
screerthat will find drugs that would be missedimvitro screeing. By looking at inhibitors of
DosR:DosR, we will be looking for drugs that might have beésed in other drug screens that

targetMtb during nonrepresentativén vitro conditions. The importance of this specific R®I
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that it is predicted to be used as a targesdreen for drugs thagffectively kill Mtb in a

persistentnfection.

2.4.Protein-Protein Interactions (PPIs) as Potential Drug Targets

Studies on wtein-protein interactions (PPIs) have been done in daldiscoverprotein
signaling and secretion pathways that are necessamtbosurvival[26]. Proteomics, the study
of expression levels of proteigdproteinposttranslational modificationss a growing area of
research, as it is crucial to understand the interaction pathways that can lead to pathogenesi
infectious bacteri§27, 28]. Exogenoushemicals and compounds can have a profound effect on
PPIs, as th&sinteractions can be sensitive to many environmental changes, such as temperature,
pH, and other factors in addition to compounds that can enter tH&elPPIsarea target for
drug discoveryPPIs have been an underexploited target when identifying drugs that can inhibit
different bacteriaBlocking essential PPIs canhibit signalingand virulence factor regulatipn
blocking assembly of critical enzyme complexesd the physiological and pathological
processesf the bacteri@an be haltefg].

For this project, the drug screen is looking for drugs that prevent es$&iplidior Mtb.
Looking at PPIl's can be important, daceNth ey di |
needs thesBPIsin order to surviveand cause disegsahibiting these interactionsuld lead to
weakening of the bacterial defense mechanisnd, enhance clearance of the infection by the
immune systenor it could outright killMtb. For thisproject the PPltargetedwill be one that is
necessary for pathogenesisMth. Targeting pathogenesis in bacteria, rather than specifically
trying to kill the bacteria, is called antirulence. Inhibiting PPIs is one way to develop anti

virulence drugs



2.5.M-PFC Basics

The mycobacterial protein fragment complementatiorRMC)is a modifed yeast two
hybrid method to monitor ansheasure PR3trength inside a bacterial cell.Has applications in
dissecting pathways, understandthgfunctionof virulence factors, determining tHanction of
genesand definingprotein networks or complex§89, 30].

M-PFC works by using the reporterofein called dihydrofolate reductase (DHFR).
DHFR is a protein that is required in prokaryote and eukaryotic cells. It reduces folate cofactors
that are necessary for metabolic functiosisch as synthesis of some amino afd$. In the M-

PFC assay, the DHFR regions are split up and attachégkttwo proteins of interesthe two
interacting proteingrer e f er r ed t o a $hehthedHRR@rot@imigdsplifiingortveoy . 0
components, the bait and the prey can be attached td¢#€eR region, using a glycine linker
region (Gly linker) to connect the two halvess depicted in Figuré. When the twdDHFR
regionscome back togethetue tobait ard prey interactionsa functionaDHFR is reconstituted
conferring trimethoprim (TRIM) resistance to thieacteria[32]. Survival in the presence of
TRIM thereforeserves as an indicatamf PPl between the bait and prey proteifike M-PFC
assayrelies on Alamar Blue as the viability readt dye [29]. Alamar Blue dye is reduced to
Resaufin when a living organism is growing and actively respiring; the dye changes from blue
to pink, with pink béng the reduced form of the dy83]. This color change is indicative of the
presence of living bacteria that survived the additiblRIM. Alamar Blue gives a quantitative
measure of the relative strengths of interaction between binding partners, and can also function

as a drug screen readounegoal of this project is to rengineer the MPFC assay to include
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Figure 1: Basics of MPFC

the red fluorescenprotein mCherry reporter to maximize assay efficiency and sensitivity to
make it amenable tadh-throughput screening (HTS).

The M-PFC method has been valtddin multiple studies looking at PPI in virulence
pathways inMtb [30,34]. 1 n t he wor k done -AFg wab used t@lidatey n 6 s
known PPIs, such as homodimerization of yeast GGhéraction betweeKdpD, and KdpE
Mtb proteins,andinteraction betweeksaté and Cfpl0 Mtb proteins[30]. After validation of
the screening method, they were able to identify proteins that bind ta0Jfg0]. This is a
validated,good method for studying PPI. For this project, we will be usinRBRC by adding a
fluorescentomponento theassay

mCherry red fluorescengrotein is one of the best red monomdluorescent proteins,
due to itshigh photostability{ 35-37]. mCherry also has a low molecular weight, and does not

interfere with protein functiof35]. This is essential for the-engineered MPFC assay, aany
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interference with the studied PPl woulthibit the reliability of the screening process. The
fluorescent protein is also the fastest fluorescent protein to mature, teityniiiteen minutes at
37 degrees Celsius, the incubation temperatecpired bythe M-PFC assay[36]. These

characteristics of the mCherry fluorescent protein make it ideal to use in this study.

2.6.DosR: Initial Drug Target

Initial evaluation of the enhanced-RFC assay will focus on homodimeric interacs
between DosR monomers, the response regulator component of a well characterized two
componente&gulator of the hypoxia reguldB8]. DosR is a validated drug target because mutant
strains lacking DosR are attenuated for growth under hymmdgain animal infection models
[39]. There are two sensor kinases, DosS and Dedlich sense cues and trigger DosR
activation[32, 40]. DosT is a secondary sensor kinase that mediates theMidriyesponse to
hypoxia through phosphorylation of Do$®&l]. Also, unlike DosS it is not encoded in operon
with DosR[41]. In addition,DosSsenses environmental cues near the end dfitaninfection
[41]. The twoecomponent signaling cascade begingdien envionmental cues, such as
extracellular concentrations oitric oxide, carbon dioxide, and oxygen are increagading
hypoxic, or low oxygen, enviranentsthe hemesensor in Dos$ activated42]. These outside
factors allow DosS and DosT, the transmembrane proteins, to signal to DosR, the intracellular
protein. These signia activate more thaniffy genes that are used to haWib survive in a
granuloma or macrophage3]. Figure 2 depicts the intracellular signaling when BRas

activated 44].



oAy

DosS/DosT §

Upregulation of the
dormancy regulon

Figure 2: DosR Signaling in the Cell
Immune cell stresses, such as NO, CO, and hypoxia, are targeted atMibingues trigger autophosphorylation of
sensor kinaséosS/DosT, subsequently leading phosphorylation and dimerization of the response regulator,
DosR. This triggers dimerization and promotor binding to DNA, which leads to the upregulation ~50 dormancy
genes

Inhibition of DosR:DosR homodimeis predicted to effectively kill dormantitb in
granulomassince itis necessary for survival dfitb in vivo[45]. The drug screening platform
will have translationalapplications such astesting proteirprotein interactionsstructure
function analysis of probe complexes pathogenic processesnd other physiological
interactions.

Thegoals forthe project are as follows:
Aim 1 Develop MPFC drug target strains with interacting protein partners.

Different known and putative PPIs will be tested using thREAC method. For proedf-
principle, GCN4 homodimerization, a known PPI pair, will be tested as a positive control. GCN4
is a general control protein found in yeasghjch is a zinefinger protein that exhibits very strong
homodimeric binding or assembl6]. However, or this project, we will focus on the DosR

DosR homodimeric interactiora transcriptional regulator that allowlltb to survive and
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persistently infect the human h¢88]. Finding drugs that camhibit this mechanism will lead to

Mtb deathin vivo, as it cannot surve without this essential PPI.

Aim 2 Develop a fluorescent drugscreening platform for inhibitors ofproteinprotein
interactions

A goal of this project isa engineer aderivaive of the MPFC assaywith a red
fluorescencegproteinmCherryreadout system This canmaximize efficiency and sensitivity of
the assayenhancing its capabilities of HTBHtilizing a fluorescece based approach will reduce
the amount of time and numbef steps that are necessavigencompared taising the MPFC

method with Alamar Blue dye.

Aim 3 Drug screenindor PPI inhibitors of DosRDosR homodimer.

After optimizing thefluorescendrug screening platform, a drug screen will be performed
in order to find compounds that may Kill or inhilvttb growth by blocking protein interactions.
We will use positiorscanning combinatorial synthetic libraries of compounds provided by a
collaboratorat theTorrey Pines Institutéor Molecular Studies (TPIMS)n addition to this, the
SanfordBurnham Medical Research Institute will be performangeparatelrug screen oihe
Msm strains using a 1,280 compound Library of Pharmacologically Active Compounds

(LOPAC).

The final outcome of this projeatill be the fluorescent MPFC anda validatel new
fluorescentdrug screening platforrfor discovery of drugs that will lbit DosR:DosR protein

protein irteractions
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3. Methodology
3.1.General Overviewof M-PFC
For this project,fere are twgairs of plasmids thaare sed for MPFC They are called
pUAB100, pUAB200, pUAB300, and pUAB40pUAB200/400integrate with the chromosomal
DNA of Msm and contain the pUABLOOI3GOplgsmid tortinue toge ne s .

replicate as an episomal plasmid, and will contairfitier e y 0  p r (astseen in Figyre ) e s

Transform into \
M. smegmatis

O 100/300

oLer e

200/400

Plate on Kan/Hyg

Relative TRIM Resistance

Readouts
+ Alamar Blue
* mCherry

No Interaction Interaction

Figure 3: mCherry M -PFC Design
Overview of methods used for -MFC. Two dfferent plasmids conta
genes encoding for the bait and prey proteins. After transformr
cultures can be tested using Alamar Blue or mCherry readout systel
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The pUAB200/400 plasmids contain a gene for kanamycin (Kan) resistance, and the
pUAB100/300 plasmids contain a gene for hygromycin B (Hyg) resistaheseTplasmideere
genetically engineered and constructetbi®being transformed int¥lsm Bacteria possessing

the plasmids were selected via antibiati@sice selected, ttdsmweregrown up for use in the
M-PFC assay, where the level of RiRFismeasured. When theveasno interaction, the bacteria

in that colunm of the assaylid not survive and didnot reduce Alamar Blue dye or express
mCherry fluorescent protein. When the RS present, the bacteria survavandwere able to
reduce the Alamar Blue dye to a pink color or express mCheéhig. general outlinef the

methods is explaineid detailin the next sections of the methods.

3.2.Bacterial Cell Culture
NEB 10-Beta CompetenEscherichia coliHigh Efficiency (E. coli) and Mycobacterium

smegmatisnc155 (Msm)were used to conduct the experiments for thigestd47]. E. coliwas
usedas a host for recombinant DNA manipulagpto amplify theDNA for routine cloningand
as a source of plasmid DNA for transforinatinto Msm Msmwas used to express the DosR
genes to make DosR proteins in a high G+C entironment imonpathogenianycobacteria
and as expression host forRFC

E. coliwas grownat 37°Cin lysogeny broth (LB)with shakingat 250 revolutionger
minute (rpm).Depending on the plasmidsed different concentrations of antibiotiegereused.
When constructing plasmidasing pUAB100 and pUAB30(ygromycin B (Hyg)wasused at
250 eg/mL. To select for pUAB200 and pUAB400, kanamy@an) was used at 5Gg/mL.

Culturesweregenerally grown up in a &L culture tube overnight.
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Msmgrows at 37°An LB broth with 0.05% polysorbate 80, also called Tween 80 (LB
Tw broth). The antibioticconcentrations used fddsmwere lower than whatvere used forE.
coli. For the selection of pUAB100 and pUAB300 plasmids,n§nL concentration of Hyg
was used. To select for pUAB200 and pUAB400 plasmidsgghnL of Kanwasused. 5mL

cultureswereincubated for three days, and shaken at 40 rpm.

3.3.Creating M-PFC strains tomonitor DosR:DosR Interactions

The following genetictechniques were used in order to create thRBRC strains used to

monitor the DosR:DosR PPI

3.3.a. Genetic Engineering

FastClonings a method used to construct plasmids for thd°MC assay. It is kgation
independenmethod thaby passes many of the steps i1 nvol ve:
purification, restriction digestion, and ligatip#8]. The target plasmid and insevereamplified
using Polymerase Chain ReactiolrPG@R), described indetail in the nex paragraph.
Complementary overhangs of base pairs that are located at the ends of the replicatsdrBNA
annealed together. A restriction enzyme, called Dpvels used to digest and get rid of the
methylated DNA, whiclweret h e o r i g istnandsusedap BRGRdemplaiesvhile leaving
the unmethylatecamplified PCRproductsuntouchedOnce the plasmid&ere constructed, they
were transformed intoE. coli. Figure 4, below, is a representation of the steps involved in

creating the PPI plasmids neededM-PFC
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(A-B) The target plasmid and insert are amplified via PCR
(C) Using complementary overhangs, the vector and insert anneal together

(D) Dpnl enzyme digests parental plasmid DNA, not PCR-derived products

(E) The construct is transformed into E. coli

Figure 4: FastCloning
Ligation-free plasmid creation. Primers (igpsated by light blue rectangles) u
to amplify vector and gene of interest with complementary overhangs that
together, allowing formation of the vector with the gene of insert.

This method enables the project to proceed at a faster rate, &sgertial steps and
reagents are not being utilizeld. addition, this method also allows for more flexibility when
designing cloning experiments.

Polymerase Chain ReactiRCR) is a method used to amplify both the plasmid and the
insert DNA[49]. Each fragment of DNA can Hegarithmicallyamplified to havemany more
copiesof the original DNA There are general steps that are followed in order to amplify DNA
using this methodrirst, therels an initial denaturation ohe DNA fragment, which allows the
complementary strands to corapart and often used to activate the enzyrieen there is a
secondary denaturatiomhich continues to denature the DNA fragmeraowing the removal
of the hydrogen bonds between the DN#&ands This step isfollowed by an annealing
temperaturghasethat adjusts the temperature for the DNA primealtow it hybridize with the
templateDNA. Then there is an extension temperathi is specific to the DNA polymerase
used, which in thigase iPhusion®enzyme.During this step, the polymerase is replicating the
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template strand of DNAThese three steps are repeated for multiple rounds of logarithmic
amplification of the target DNA sequence. To conclude, therefisahextensiontime which
allows for the newest DNA copies to be complet€de protocol that was followed is called
APCR Protocol f-Bird ePhiutsyi oD A HP @lhlyynNew Ergland ( M0 5 3
BioLabs[50]. For arepresentativ®CR reaction, 1uL of template DNA102 O n glee L )o f
forward primer( 100 nglloEeverseprime( 100 ngdetdh of 5xLGC Buf
of 10mM deoxynucluotidd d NT P) L of Phu@d® Een z y me , alnotiDNAs free5 ¢
waterwereu s ed, f or a tLontasehctionmbeu me of 25¢

Once the PCR reactiomasset up, the reactioranin a BioRad hermocycler to change
the temperature of the reacti@t presettimes which alowed the Phusio® enzyme to be
activated at certain temperaturasd allowedor properdenaturation and annealing of the DNA
fragments.

The typicalthermocycler settirgused forPCRare shown below

Table 1: PCR Reaction Settings

Temperature (°C) Time PCR Step

98 30 seconds  |Initial denaturation

98 10 seconds  [Secondary denaturation -
Annealing. Variable depending

55-70 30 seconds  |on the primers' melting Repeat 20 times

temperature.

72 15 seconds/kb |Extension temperature -

72 3 minutes  |Final extension

12 o0 Hold time

For the reactions, the annealing temperawas dependent on the melting temperature
(Tm) of the primerdghat were usedThe primerswere designed to amplify the vector and the

insertusi ng softwdAeptabkmed addkipnBl onlineMycabacteria DNA
16



databases s uc h a s xBABHEIO [®ID. Bor each plasmid, primemsere designed for
each of the vectors used. Below astable of the primershat wereused, and their DNA
sequencegTable 2)

Table 2: Primers for PCR Reactions

Primer Sequence Purpose

DosR 100 F ACAATTGCGGATCCTTCGAACGTG Forward p1l‘imer for DosR insert for

— = GTAAAGGTCTTCTTGGTCGAT pUAB100/300
DosR 100 R CACCCGGTGATGGACCAATCGAT Reverse prlimer for DosR insert for

— = GGTGGCGGTGG pUAB100/300

. B S . Forward primer for vector amplification of

pPUABIOOF ATCGATGGTGGCGGTGG DUABL00/300 to insert DosR
pUABI00R ACAATTGCGGATCCTICGAAC Reverse primer for vector amplification of

pUAB100/300 to insert DosR

mCh_FC 100F

CGCTCGCCGCAGCGGATCGTCGG
CACCG

Forward primer for mCherry insert into
pUAB100/300

mCh_FC_100R

CATGGACGAGCTGTACAAGTGAG
AGCGCAACGCGTGAG

Reverse primer for mCherry insert into
pUAB100/300

100 mCh_F

GAGCGCAACGCGTGAGC

Forward primer for vector amplification of
pUAB100/300 to insert mCherry

100 mCh F

GCTGCGGCGAGCGGTA

Reverse primer for vector amplification of
pUAB100/300 to insert mCherry

TGGCCAAGACAATTGTTCGAGTG

Forward primer for DosR insert for

) ]
DosR_200_F GTAAAGGTCTTCTTGGTCGAT pUAB200/400
DosR 200 R CACCCGGTGATGGACCAATCGAT |Reverse primer for DosR insert for
0sk_2UU_ GGTGGCGGTGG pUAB200/400
Forward primer for vector amplification of
UAB200F ATCGATGGTGGCGGTGG . )
P pUAB200/400 o insert DosR
Reverse primer for vector amplification of
PUAB200R TGGCCAAGACAATTGTTCGA p Pt

pUAB200/400 to insert DosR

mCh FC 400F

CCTTGTCCCGGTCTATTCTCTTGG
ATCGTCGGCACCG

Forward primer for mCherry insert into
pUAB200/400

mCh_FC 400R

CATGGACGAGCTGTACAAGTGAA
ATCTGGTGTGAATGCCCC

Reverse primer for mCherry insert into
pUAB200/400

400 GFPmCh F

AATCTGGTGTGAATGCCCC

Forward primer for vector amplification of
pUAB200/400 to insert mCherry

400 GFPmCh R

AAGAGAATAGACCGGGACAAGG

Reverse primer for vector amplification of
pUAB200/400 to insert mCherry

Once the plasmids and insevtere amplified using Phusidgd PCR, the PCR products

were runon a 1%agarose gel, to vefy that the DNA fragmentsvere present, andvere the
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correct sizéband on the gel. In Section 4.1, Fig8rdepicts an example of an agarose gel used to
visualize PCR product©nce verified, the vector and the insedre FastCloned together. 1.5

e L orfl em2ymevasadded to each tulweith varying ratios of vector to insetNA. Varying

ratios were used to find the optimum concentration of vector:insert for efficient plasmid
assemblyThereweretypically three tubes thdatada 4:1, 1:1, and 1:4 ratiof insert to vector,

with a total vol ume of 8 ¢ Lforthé tubB WNith a #-hrateac h t
therewas6 . 4 €L of the insert DNA (in this case ei
(typically pUAB100/ 20 éngyme.dhe deactiohwasincubhtedsat 3°C of D
for two hours in order to allow for the methylated (parental strands) of DNA to be properly
digested.

Once the vector and the insevere FastCloned, the products of the reactware
transformed intd. coli. The fi N Elieta CdmpeterE. coli( Hi gh Ef fi ciwvancy) 0O
usedas described by the manufactufév]. Transforming the DNA intd. coli wasnecessary
for amplification of the circular DNA plasmids containing the gene of interesivrainserted
into the vectors. Thereiere modifications made to the protocol used above. After thawing an
aliquot of 18beta Competent (OcE. coli, the cellsweresplitint o t hi rds, f or a t ot
10-beta ccE.colii n each tube. 2 ¢ Lwasddded ihte eadh dubet (tGreeo n e d
tubes for three ratios of insert:vectomhe cells thensaton ice for 30 minutes before heat
shocking at 42°C foBO secondsThen, the cellsvereput on i ce for 5 minute
Super Optimal broth with Catabolite repression (S@@3added to each tube. The celgre
then incubated at 37AC and s hakwvagplatedtontoeB50 r p m

agar plate thathad antibiotics with varying concentrations depending on which plaswmas
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beingused The plated cellsvereincubated at 37°C overnight. If theneerecolonies preseran
the plate they were PCR screened using the primers for the insert to vérdy the insertvas
present in the vector. Colony PCR screening involves lysing the bacteria and extracting DNA to
use in a PCR reactiofo lyse the bacteriapasolatedcolony on a plate was labeled, picked, and
added to a tube ¢0oThetabe was hoged at @00°C fominutes, dnid tHen
spun down at 13,000 rpm for 2 minutespellet the bacterialebris 2 e L of the supe
used for the tempte DNA in the PCR reactioin Section 4.1, Figure4ldepicts an example of
an image of an agarose gel used for PCR colony screening.

Once the colonies have been screened and verified, the W& confirmed via
sequencingE. colicolonies determined toontain the desired insert were piclad grown in a
5 mL overnight culture, in order to amplify the DNA. The DMAsthen extracted from thi.
coli cells using an alkaline lysis protocol usiBgc o no Spi nE Spin Col umn for
Life Science IncThe DNA concentratiomwasmeasured using Manodropspectrophotometer

The M-PFC plasmidsvereconstructedising the techniques mentioned ahoMee DosR
geneswere linked to the different DHFR regionsusing a glycine linker regignwvhich was
inserted imo the M-PFC plasmids Below, Figure 5shows an outline of what the vectors look

like and their different components.
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Gly
linker DosR

linker

pUAB 100 pUAB 200

Figure 5: pUAB Plasmids
Episomal plasmid, pUAB100, used to amplify and express DosR glycine linked to
B, and the chromosomal plasmid, pUAB200, used to amplify and express DosR
linked to DHFR A.

Both plasmids have dsp60 promoter regionthat allows for strong constittive
expression of the genek addition, themChery genehas its own promoter called tlsenyc
promote, which allows fortranscription of the gene encoding therescent protein

pPUAB100 has an origin of replication, called oriM/hich enables the plasmid to
replicate independently the cytoplasm ofhe cell. A domainof the DHFRIs linked to DosR
using a glycine linker region. The plasmid hasya resistance gene, whidch usedfor selection
of the plasmid when grown in bacteria.

pUAB200 has an integration segment, called &igwing the plasmidto integrate into
the chromosomal DNA of the bacteria. Teecond half of DHFRs linked to DosR with a

glycine linker region. Aanresistance gene is present to allow for plasmid selection.

3.3.b. Transformation into Msm

Once theM-PFCplasmidswereconstruced, they weretransformed intdMsmbeforeuse

in the optimized mCherry MPFC assayTransformationusesa process calledlectroporation,
20



which uses an electrical field to alter the permeability of the cell memps&heT his allows the
cell to take in the engineered plasmiddhese plasmidaeretransformednto Msmin order for
the DNA to beintroducedinto the cell and teexpressthe proteins ointerest, in this case the
DosRDosR homodimefusedto the DHFR protein

100e L o f -cerhpetent wildtypeMsmwas thawedn ice forl0 minutes. Around
200500 ng ofDNA was added, for a maximum &ot o fof DNA adtded to théMsmcells.
The cells were then transferred to an electroporation cuvette. The cuvette was placed into the
BioRad Gene Pulse X machine, and ®0 V (volts), 25 00 (ccapa
(resistance) were applied to thelseh the cuvette. The cells were transferred to a 2 mL screw
cap conical tube containing 250 €L of LB Tw b
shaken at 40 rpm for 4 hours before 100 €L
appropriate aniotic selection

Once the plasmidwere transformed intdism the incorporabn of both plasmidswas
confirmedbased on resistance Kan or Hyg, conferred by antibiotic resistance genes on the

pUAB plasmids.

3.4.Mycobacterial Protein Fragment Complementaion (M-PFC) Assay
To assess potential PRétiveen bait and prey pairgah MPFC strain wasliluted from

a starting optical density of 0t6 an optical density of 0.0005. The3 5 ecllturenwisthen
added to ®6 microwell plate with1 5 & TRIMoof varying dilutionsfrom 200gg/uL to 6.25
eg/uL. The gradientvasused in order to determine the relative strengths of the PPI, specifically
DosR. The TRIM dilutionsshowedthe ®ncentration of TRIM thatvas necessary to inhibit

growth of the bacteriaggrowth at higher TRIMconcentratioomeanghatstronger interactionare
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taking place After a forty-eight hour incubation with TRIM,1 5 ¢ Blamarf Bue dyewas
added.For this poject Resazurin (1X) dye was used instead of commercial Alamar Blue dye.
The currenM-PFCassay uses Alamar BllResazurirdye as an indicatd9]. Resazurirdye is
redued to Resorufin when a living organism is growing and actively respiring; the dye changes
from blue to pink, with pink being the reduced form of the [B&. Once added, the celgere
incubatedfor an additional four hours before the reductioof the dye can be detected by a
fluorescent plate readerith an eccitation wavelength of 530n@mnd an emission wavelength at
500nmThe contr ol used f or t he ordycantaired LBril'y brothwe r e
with added Resazurin dye, and nacteria. This controkerved to determine the levels of
nonspecificsignal(i.e. due to media interferenc@ndalso if there was any contamination in the
platein which the assay was performed

One drawback of using Alamar BlResazurinis thatit requres additional handling
steps and takes a large amount of extra time. The mCherry version of the assagaduesss
issues by reducing the assay time, as less reagents andastapscessaryThus, the addition of

mCherry makes thassayamenabldor high-throughput screening (HTS).

3.5.Fluorescent M-PFC Assay

For this project, the MPFC assawvill serve as the basis for a nodklorescent platform
for TB drug discovery. &sitionalscanning combinatorial synthetic librari@s addition to other
drug libraries will be used to screen for drugs that can target the PPIs esseMi#l to

A general outline of preparation and function of the mCherlyMC assay is depicted in
Figure 3. The design shows that when the dihydrofolate reductase (DHFR) domains are

reconstituted by the bait and prey coming together, the relative strength of the-protein
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interaction can be measured. For example, in the 96 well plate graphic, the column with pink
fluorescent mCherry shows a very strong interaction, as the laaeteriable to survive to the
highest concentration of TRIM. In the sample to the left, there is-tittted proteinprotein
interaction, seen as an inability of bacteria to survive even low amounts of TRIM. This shows
that the bait and prey proteins didtrinteract and did not bring the two halves of the DHFR
domain back together. The basis of this assay will be used in the drug screen, as the compounds
that inhibit the proteisprotein interaction will prevent DHFR assembly, causing death in the
presencef trimethoprim and loss of mCherry fluorescence.

We developeda fluorescencéased MPFC assay for monitoringPls, byFastQoning
the red fluorescent mCherry reporter onto both pairs of pUAB plasmnideddition, different
mCherry configurations weredted by adding mCherry to the episomal, chromosomal, and both
plasmids.The DosR inserts where cloned off of CDC 159tb chromosomal DNA. The
mCherry insert was amplified off of the pVVR plasmwhich is a derivative from the pVV16

base plasmif53]. The list of primers that we used can be found Trable 2in Section3.3.a

3.5.a. Microwell Plate Optimization

The mCherry MPFC assay was compared to the originaPMC assay under the same
conditions, such as OD of cultures, concentration of TRIM, total volume of microwells, and
incubation temperature anine, in order to determine the efficiency of the mCherry version of
the assay. Both assays were analyzed, looking for any changes in sensitivity and reproducibility.
When these conditions were optimized, the assay was subjected to thecmreyg
compomds in order t o f i n d-DoBRhprdtes dnteracticsas a HT&Sr g e t

platform
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The mCherry fluorescent assay was miniaturized in order to enhance efficiency and to

reduce the amount of reagents used for each aBsa®6 microwell platehad a total volume of

150 L per well. As mentioned previously,

was added to each well. Optimization t@&4 microwell plateredued the total volume of the

wellt o 5 Qusing4.5

eL of c ulDYamdr e5 (&L 0 @nbtie Td&A sklction,

varying conditions were experimented with for the 384 microwell plate.

3.5.b. Drug Screen

The basis for the drug screen is to find inhibitors of DosR homodimeriz&iigure 6

depicts the set up fahe drug screen. Compounthatinhibit DosR: DosR PPI will not produce

the mCherryfluorescence reporter proteias the bacteria are not able to survive trimethaprim

Inactive compounds that do not disrupt DosR homodimerization will confer trimethoprim

resistance, and will prode mCherry fluorescence.

/" add
Drugs~

Inactive

Drug Inhibits
DosR:DosR
Homodimer

Figure 6: Fluorescent Inhibitor Drug Screen

Inactive compounds do not disrupt DosR:DosR interaction, which allows the bact
fluoresce and survive. Compounds that disrupt the DosR:DosR interaction lead te
dependent cell death due to disruption of DHFR lanK of fluorescence.
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A pilot screen 0of1,280 compoundshas beertested at the SanfofBlurnham Medical
Research Institutéhrough the Florida Translational Research Programthe lab, we are
conducing a drug screen usingpositioral-scanning combinatial synthetic libraries of
compounddgrom collaborationwith the Torrey Pines Institutir Molecular Studies (TPIMS)
The positionalscanning combinatorial library will allow us to cover a diverse range of
compounds using a small scale approach. Thedilr y c¢ scaffoldi oo mpounds t hat
varying side chains. Each well in timsicrowell Scaffold Rankingplate will contain a single
scaffoldwith up tohundreds of thousands of modified forms from the variations to the backbone
compound 54, 55]. If a well shows up as an inhibitor of DosR homodimerizatidIMS will
provide us with a subbrary containing eeh compound in its pure form for secondary
screening. This method will allow us to determine structure activity relationship (SAR), as
variants of the same backbone will be present in the lip5ak\b5)].

For each drug screerha mCherry MPFC strainswill be grown in amicrowell plate
with the compoundsat 10vwg/ml dissolved in dimethyl formamide (DMRnd TRIM & an
optimized concentrationThe final DMF concentration in each well will be 0.1%, which has
been determined to have minimal deleterious effectslem After sufficient incubation time to
allow for growth (optimal time to be determined empiricallybhe plate will be read for
fluorescence The wells wher¢ghe mCherryMsmdid not fluorescewill showthat thecompound
inhi bited the DosR: DosR PPl . verlifp harepedifibity ins 6  wi |
inhibiting the PPL.In addition to HTS apptations, the enhanced-MFC assay facilitagethe

study of proteirprotein interactions relevant Mtb pathogenesis.
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Once hits have been found using this method, a cesoteen without TRIM will be
conducted. If the compounds kithe bacteria in thabsence of TRIM, then the compound does
not inhibit the DosR:DosR dimerization, but has a different mode of action in killing the
bacteria.

Chemical compounds that effectively block DosRosR dimerization would be good
candidates for novel antimicrobialerfthe treatment of drug resistant MEOB. Thesedrug
screens willserve as the basis for additional drug screens targeting diBi#stritical for Mtb

virulence.

3.6.Alternative Approaches

Potential poblemsusing the fluorescent FC assaynclude a low hit ratedue to the
specificity of the compoundeeded to be foundAlternative approaches that can be used to
counterthis include testinghumerous and diverse compoundse TPIMS compounds contain
over thirty million different structures, due fmositional-scanning combinatorial synthedity
made compoundd.his screen will increase the size and diversity of the compounds being tested,

and will increase the chances of finding an inhibitor of the DosR:DosR homodimer.

There is also the possibility délse positives from compounds that kill thMsm cells
without inhibiting the DosR homodimerizatiomdits found in the primary screen of the
compounds wi | | be Acherrr ylnthis aade a diability screen .e. s e c o1
Alamar Blue M-PFQ could identify the hits that are bactericidal, that do not inhibit DosR
homodimerization. Aother wayt o f i | t er @ ua usetimaddditienal PRl iwithsao

different fluorescent colato be tested at the same time. For example, if the GCN4/GCIN4 PP
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discussed in previous sections, was labeled with green fluorescent protein (GRR3Nisétain

could reduce the rate of false positives. When the culture loses both mCherry and GFP
fluorescence, the compound did not inhibit a specific pathway antecatiminated as a false
positive.Inhibition of DHFR interactioror enzymatic activitycould also lead to false positse

A multiple M-PFC screenasmentioned above, would also eliminate false positives that inhibit

the DHFR, and not the specific Pbtling studied

Additional ways toconfirm fhitsd i sse fluorescent promoter:reporter strains to
determine if a compound inhibits DosR mediated transcriptional activation of known
downstream genes (i.dwispX. This could determine ifthe compound inhilts growth and
viability under hypoxic conditionsyhich wouldbiochemically validate thahe compound binds

to DosR and block®osR homdimerization.

Furtherways to i mprove the assaneowawlad olud tod
instead of viabilly assay readout (Alamar Blue and mCherrn/PMC) One way this can be
achieved iy using a split mCherry approadino halves of mCherry are used instead of two
halves of dihydrofolate reductase (DHHRBP]. The cells will only fluoresce when the bait and
prey proteins interact. This could lead to a more sensitive and effective readout mechanism of the

assy.
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4. Results

The creation of the fluorescent mCherry assay included genetic engineering,
transformation into bacteria, and measurement of interaction strength of PPl uBIRG kefore
addtion of the mCherry fluorescent protein onto the plasmid pdine pUAB plasmids were
given to our lakzurtesy of Dr. Adrie Steyat the University of Alabaméroofof-concept of the
M-PFC assay has been tested in previous experif@®t80], and modifiedn this project to

provide a fluorescent version of the assay.

4.1.Construction of Plasmid Pairs

In order to measure the PPI in DosR homodimerization, the two pUAB plasmids were
genetically engineed to contairDosR fused to one domain of DHFR via a glycine linker and
smycmCherry inserted at a separate location on the plasi@dhniques described ithe
methods section were usdtbr each pUAB plasmid, primer design and PCR amplification were
necessary before the vector and the insert could be kas@ together. After confirming the
amplified DNA by running the vector and insert on an agarose gel, the PCR products were
FastClonedAfter FastCloning, the DNA was transformed irio coli in order b amplify the
DNA. These steps were necessary to have amplified plasmids in order to transfoMsnmto
Once both plasmid pairs were transformed i&m the bacteria could be tested usingP¥C
to determine PPI strengtf9, 30]. Table 3includes the names of the plasmids that were

constructedising these methods
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Table 3: Table of Constructed Plasmid Pairs

Name Plasmid Pairs Vectors Inserts
pUAB100 and
DosR/DosR | pUAB100-DosR + pUAB208DosR pUAB200 DosR
DosR/Empt pUAB100 and
(Negative Confr)o%/ pUABlOODOSR * pUABzoo pUABZOO DosR
GCN4/GCN4 pUAB100 and
(Positive Control) pUABlOO * pUABZOO pUABZOO None
DosRDosR | pUAB100-DosRmCh + pUAB206 | pUAB100 and DosR and
mCherry DosRmMCh pUAB200 mCherry
DosR/Empty | hyAB100-DosRmCh + pUAB408 | pUAB100 and DosR and
mCherry mCh pUAB400 mCherry

(Negative Control)

To verify the size of the PCR products on an agarosergelmo Scientific 1 kilobase
(kb) Gene Ruler was usd87]. This marker was loaded intbe firstlane next to the DNA
samples before the gel was run. An example of a gel that was ijredtgrdoeing stained in Gel
Red dye,is one that shows the vector (pUAB2D@SR), and the insertstnycmCherry) in
Figure7. In Figure7, the mCherry insert is verified because it is around 1000 bp. The size of the
mCherry insert iL012 bp. In the Supplementalgbires(APPENDIX), the pUAB plasmids are
labeled with the sizes of eaaisert, in addition to primers that were used. In the image, the size
of the vector is roughly 5000 bp, which correlates with its actual size of 5,351 bp. In addition to
imaging the DNA fragments before FastCloning, the DNA purified fi&mcoli was also

sequenced, confirming that the insert was added to the correct part of the pldataishot

shown)
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- Gene Ruler 1 kb

10,000 bp
5,000 bp

1,000 bp
750 bp

500 bp

250 bp
Lanes:
1) smyc:mCherry,
\2) 2) pUAB200-DosR

\

A

Figure 7: PCR Gel

Example of verification of PCR product DNA size on an agarose gel.

After amplification ofthe vector and insewereconfirmed, he two pieces werEastClored

togetherand transforrad into E. coli. The bacteriathat in@rporated the resulting plasmid

successfullywere selected for usingppropriateantibiotics. The colonies that grew were tested

to ensure that the correct plasmids were present. Figusleows an example of a colony

screening PCR gel. For this examples pgnesence of ®osR insert was being verified from a

pUAB100-DosRmC h

pl asmi d. A

iDos R

Posi

ti

vV e

Control

and gel were run correctly. In this example, all of the colonies téarees 18) were positive for

DosR (a 650 kksized pieceof DNA). In addition to visualization of the DNA on a gel, the

plasmid was sequenced to ensure it had DosR in the correct place on the gtidenidot

shown) Once verified, théMsmstrains were ready to be tested using thIRC method.
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/ Gene Ruler 1 kb

10,000 bp @@
5.000 bp ;
et

=)

1,000 bp B
750 bp R

500 bp 2
250 bp

Figure 8: Colony Screen PCR for DosR

DosR Control

DosR

Agarose gel verification of PCR colony screen indice
all colonies contain the DosR insert in the vector.

4.2.Confirmation of DosR Homodimerization

In order to determine the reaction strength between DosR homodimerization, multiple M
PFC Alamar Blueassag were performed. Figur@ shows a visualization of the color change in

the Alamar Blue dye from blue to pinkhen there is PPI interaction and the two halves of

DHFR come back together to confer trimethoprim resistandeigure 9, lane 1s DosR/Empty

whichi s t he negative

(PUAB100-DosR+pUAB200). Lane 2 hadosR/DosR which tests for interaction strength

contr ol

t hat

does witho't

between DosR homodimerization (pUAB100-DosR + pUAB200DosR). Lane 3
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GCN4/GCN4 which is the positive control. It shows the interaction strength between GCN4

homodimerization, a known,rsing PPI.

Figure 9: DosR-DosR PPI
Alamar Blue Assay indicating proteprotein interaction streng
between negative control (DosR/Empty), DosR homodimeriz
(DosR/DosR), and the positiventrol (GCN4/GCN4).

A more quantitative measurementtb& number of viable bactengas generatedsing a
plate readeby exciting at530nmand measuring the fluorescenesnissionat 590nm A heat

map of tle assay is depicted in Figut6, with a 2fold dilution of TRIM.

In Figures 9 and 1Qhe interaction strength of DosR/DosR is relatively lower than that of
GCN4/GCN4.This could be due to multiple factors. When looking back at Figure 2, which
shows the DosR dormancy pathway, the DosR homodimer is phosphdbmyda¢s it interacts.

Due to a lack of a hypoxic environment, the DosR proteins may not be phosphorylated as

frequently, which can lead to perceived lower interaction strength. Further research regarding
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