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ABSTRACT OF THE THESIS 

IDENTIFICATION OF HUMAN TOPOISOMERASE I POISON AND CATALYTIC 

INHIBITORS 

by 

Christian Madeira 

Florida International University, 2021 

Miami, Florida 

Professor Yuk-Ching Tse-Dinh, Major Professor 

 Inhibition of human topoisomerase I has been shown to reduce excessive 

transcription of PAMP-induced genes based on prior studies, which offers a solution to 

offset complications of sepsis such as tissue damage and organ failure. The enzyme 

resolves the topological constraints on DNA that encodes these genes. The aim of this 

study is to identify human topoisomerase I (HTop1) inhibitors that can a.) prevent 

relaxation of negative supercoiled plasmid DNA by HTop1 and b.) reduce HTop1 

binding to DNA and formation of covalent cleavage complex (HTop1cc) utilizing a novel 

yeast screening system. Top hits from in-silico screening conducted by our collaborator 

showed moderate to no inhibition. The natural products anthocyanidins, delphinidin and 

cyanidin chloride, were shown to partially restore growth of yeast expressing a lethal 

HTOP1 mutant by preventing HTop1cc. Myricetin inhibited yeast growth in the presence 

and absence of HTop1 overexpression, which requires further investigation. This novel 

yeast screening approach can offer potential insights to the inhibitor’s mechanism of 

action.
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CHAPTER I: INTRODUCTION 

A. STRUCTURE AND MECHANISM OF HUMAN TOPOISOMERASE I  

 Human topoisomerases resolve topological constraints during DNA transcription 

and replication. There are two classes, type I and II, that cleave a single or double strand 

of DNA, respectively. Subfamilies such as IA, IB, and IIA type topoisomerases share 

similar structural and mechanistic features to their class (Pommier, 2013). However, all 

topoisomerases share a common property: relax supercoiled DNA by the formation of a 

phosphotyrosine intermediate (Figure 1.1) with the 5’ or 3’ end of the DNA segment 

following cleavage of the DNA (Wang, 2002). Formation of the intermediate is followed 

by strand passage of the intact strand through the cleaved strand before religation. In the 

case of human topoisomerase I (HTop1), a type IB topoisomerase, the enzyme forms a 3’ 

phosphotyrosine covalent intermediate with cleaved DNA (Cretaio et al., 2007, Krough 

and Shuman, 2000).  

 

Figure 1.1 Transesterification between active site tyrosine and DNA phosphate 

group to create Top1cc. Reaction shown is catalyzed by type IA or IIA topoisomerases. 

In the case with type IB, the leaving group is a 5’ OH and a 3’ phosphoryl group is linked 

to the active site tyrosyl group (Wang, 2002). 
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Figure 1.2 Similarities of type 1B topoisomerases HTop1T723Y mutant (Redinho et al. 

1998) in a non-covalent complex is shown to the left. Variola virus Top1 (Corless et al 

2017) is shown to the right. Each diagram highlights the surrounding active site residues. 

 Their mechanism of relaxaton consists of controlled rotation of the broken 5’ end 

around the intact 3’ strand of DNA (Pommier, 2013). Human topoisomerase I has several 

elements: core subdomains I-III and a C-terminal domain that binds DNA (Figure 1.3). 

The structure of HTop1 interacting with DNA is analogous to the structure of polymerase 

interacting with DNA. Subdomains I and III act as a hand, while subdomain III and the 

C-terminal domain act as a palm to position the DNA for cleavage. The grip loosens to 

allow the intact DNA to rotate around the cleaved strand (Berger, 1998). The amino acid 

sequence of human topoisomerase I is conserved in multiple eukaryotic species 

expressing topoisomerase I. Residues around the active site region are identical among 

Top1B from all species (figure 1.2). (Gupta et al., 1995, Baker et al., 2009).
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Figure 1.3. RIBBONS generated structure of 70 kDA human topoisomerase I bound 

to DNA. The following is noted: I-III: Core subdomains I (red), II (yellow), and III (light 

blue). Linker domain (purple), c-terminal domain (dark blue) is also noted. Active site 

tyrosine is substituted for phenylalanine, indicated by magenta spheres. (Berger, 1998) 

 

B. TOPOISOMERASES AND DNA SUPERCOILING 

 DNA supercoiling occurs when DNA becomes overwound or underwound in 

response to DNA binding proteins. The proteins are involved in bending, transcribing, 

and replicating DNA (Coreless et al., 2017). The torsional stress from supercoiling can 

create axial stress on DNA molecules, causing strands to writhe or cross each other.
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Figure 1.4 DNA Topoisomerases resolve DNA supercoiling. a. Different forms of 

DNA supercoiling. Negative and positive supercoiling are indicated by wrapping in the 

clockwise (right-handed) or counterclockwise (left-handed) direction, respectively. As 

shown in b., Type IA, IIA and IIB topoisomerases form an intermediate product with the 

5’ end DNA following nucleophilic attack of the active site tyrosine residue. On the other 

hand, type IB and IC forms a product with the 3’ end of the DNA (Vos et al., 2011). 

Type I topoisomerases change the linking number of supercoiled DNA by units of 1 and 

remove supercoiling (Figure 1.4). The linking number (Lk) is defined as the number of 

times a DNA strand winds in a right-handed direction around the DNA helix on a fixed 

plane.  Unlike type II topoisomerases, type I topoisomerases do not resolve interlinked 

ssDNA since their catalytic activity involves ssDNA cleavage. An interesting feature of 

topoisomerases is that they conserve the bond energy of DNA molecule since only one 

bond of the sugar-phosphate DNA backbone is nicked (Deweese et al. 2009).  

 

C. APPLICATIONS OF HUMAN TOPOISOMERASE I INHIBITORS 

 

Clinical settings utilize anti-cancer and anti-bacterial agents that targets 

topoisomerases. Poison inhibitors such as Camptothecin (CPT) act by trapping the 

intermediate cleavage complex of formed between the DNA and enzyme (Figure 1.5).
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Figure 1.5. Mechanism of CPT on human topoisomerase I. Cleavage (A to B) and 

religation (B to A) of DNA by HTop1 followed by reversible binding of CPT (B to C). 

3D visualization of ternary complex formed between CPT. DNA and HTop1 (d) is shown 

to the right (Pommier, 2013). 

 

Rialdi et al. explored the potential use of topoisomerases as a target for the treatment of 

hyper immune response of host cells that occurs during sepsis. Sepsis begins from the 

onset of inflammatory response to pathogen associated molecular patterns (PAMPs). 

Pathogen recognition receptors found in the host immune cells generate an 

immunological response cascade when encountering PAMPs. This leads to local and 

systematic tissue injury caused by to uncontrolled PAMP-induced gene expression. 

Camptothecin and Topotecan, topoisomerase I poison inhibitors, have been shown to 

reduce the host response against pathogens by reducing expression of PAMP-induced 

genes without changing the house keeping gene expression nor inflicting damage to the 

cell (Rialdi et al. 2016).  These researchers also observed that CPT treatment significantly 

increased the survival of mice infected with influenza and Staphylococcus aureus. Top1 

knockout studies in A549 cells infected with PRS∆N81 showed decreased expression of 
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84 genes in the infected cells relative to control. Decreased expression of the genes 

validates Top1 as a potential target for suppressing the cytokine storm. The results from 

the study present an encouraging cause for exploring the possibility of using human Top1 

inhibitors as a treatment option for sepsis and SARS-Cov-2 (Ho et al, 2020). However, 

all known approved Top1 inhibitors in clinical settings are cytotoxic anticancer drugs that 

are not suited for sepsis treatment in humans (Esselen et al., 2011). They are derived from 

Camptothecin (CPT), a quinolone alkaloid extracted from the bark of Camptotheca 

acuminata, which inhibits the enzymatic activity of Top1 by stabilizing the Top1 

cleavage complex (Top1cc) and prevents religation. Inhibition that involves the 

stabilization of the Top1cc is known as poison inhibition. One consequence of poison 

inhibition is cell death since the trapped Top1cc collide with moving replication forks to 

create dsDNA breaks (Chrencik et al., 2004). These CPT derived compounds are poison 

inhibitors unlike catalytic inhibitors, which may inhibit DNA binding and cleavage, 

without causing cytotoxic increase of DNA breaks (Pommier et al., 2013). These types of 

inhibitors prevent HTop1cc formation by acting upstream of the DNA cleavage reaction 

(Yu et al., 2019). Dose limiting toxicities of CPT-derived compounds and related 

cytotoxic poison inhibitors are concerns for therapeutic treatment in sepsis. Therefore, 

there is a need for novel clinical drugs that will target topoisomerase I in humans as 

catalytic inhibitors. 
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D. NATURAL PRODUCTS AS TOPOISOMERASE INHIBITORS 

Flavonoids are phenolic structures derived from plants. Their general structure 

(Table 1.1) consists of two benzene rings bonded to a pyran ring. Different classes of 

structures have unique substitution patterns of the C rings. and differ by substitutions on 

the A and B ring (Kumar and Pandey, 2013). Hydroxyl substitution, especially at C-3, C-

7, C-3’ and C-4’ position in flavonoids were shown to inhibit type I and II 

topoisomerases and may have clinical applications in cancer chemotherapy (Constantinou 

et al., 1995). 

 Anthocyanidins, a group of aglycone anthocyanins (Figure 1.6), make up colored 

pigments in food, and in pharmaceutical ingredients with potential health benefits. Aside 

from their anti-oxidative and anti-inflammatory properties, they affect cell cycling and 

differentiation (Webb et al., 2008). 

 



8 

 

 

Table 1.1. Different classes of flavonoids and their derivatives (Kumar and Pandey, 

2013) 
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Figure 1.6. Basic anthocyanin and flavylium ion structure (Khoo et al., 2017) 

 Despite the numerous health benefits posed from anthocyanidins or flavonoid 

compounds, overconsumption of these compounds has posed health risks. It is known 

that certain flavonoids can inhibit topoisomerase I and II enzymes or modulate 

interactions with topoisomerase II poisons. However, several issues exist with identifying 

topoisomerase I inhibitors: uncertainty with distinguishing between catalytic inhibition, 

poisoning, and DNA intercalation, in addition to the stability of flavonoids in aqueous 

solutions (Esselen et al., 2009, Webb et al., 2008). 

 

E. IN SILICO SCREENING OF SMALL MOLECULE INHIBITORS OF HTOP1 

 Virtual screening and molecular dynamics, computational approaches used in 

structure-based drug discovery, allows one to predict the binding affinity of ligands to 

receptor molecules. Inhibition of HTop1 has been a goal in the development of cancer 

chemotherapeutics. Ligand-enzyme complementarity, proximity of molecule to active 

site or nearby residues serves as criteria for the selection process. Challenges with 

discovering HTop1 inhibitors include structural dynamics and inability to validate 

cleavage complex formation of HTop1 and DNA (Xin et al., 2017; Tiwari et al., 2019). 
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F. POTENTIAL DRUG REPURPOSING TO IDENTIFTY HTOP1 CATALYTIC  

 

INHIBITORS 

 

To develop new therapeutic practices, inhibitor candidates that interact with 

polymerases were obtained from Boehringer Ingelheim to explore the possibility of drug 

repurposing. Their negative controls, which report significantly lower activity, are also 

explored. If selected compounds show inhibition of HTop1, analogs can also be explored 

for inhibition in the future.  

 

 

Table 1.2. Boehringer Ingelheim compounds tested for drug repurposing.  

Compound Function 

BI-207127 Inhibitor of HCV polymerases (Chen et al., 

2015) 

BI-7656 Negative control of BI-207127 

BI-2540 Inhibitor of NNRTs (Sarafianos et al., 

2009) 

BI-2439 Negative control of BI-2540 
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CHAPTER II: INHIBITION OF NEGATIVELY SUPERCOILED DNA 

RELAXATION BY PURIFIED HTOP1  

A. INTRODUCTION 

 The catalytic activity of HTop1 can be assayed by its ability to relax supercoiled 

DNA. The enzyme is ATP-independent and does not require a divalent ion, such as Mg2+ 

for activity. These properties will be used to distinguish the activity of HTop1 from other 

human topoisomerases that all require ATP and/or divalent ions (Corbett and Berger, 

2004; Schoeffler and Berger, 2008). Human topoisomerase I relaxes both positive and 

negative supercoiling. Negative supercoiling allows strand separation because the 

underwound DNA allows its replication and expression. Compared to positive 

supercoiling Protein elements that bind to the replication origin and gene promoter on 

DNA have better access when DNA is negatively supercoiled., increasing the rate of 

DNA replication and transcription. Positive supercoiling inhibits DNA replication and 

transcription since the overwound DNA blocks access to binding elements (Deweese et 

al., 2009, Vos et al.,2011).  The potential inhibitors will be verified for relaxation 

inhibition using purified HTop1 in agarose gel electrophoresis-based assay using the 

standard procedures used previously in our lab (Sandhaus et al. 2016).  

 

B. MATERIALS AND METHODS  

The following compounds obtained from the in silico screening, NSC372499, 

NSC158549, and NSC379651 have been obtained from the NCI Developmental 

Therapeutics Program. Fisetin (catalog no.: A10388-500), myricetin (catalog no.: 

A10615-50), galangin (catalog no.: A14607-10), daidzein (catalog no.: A10282-500), 
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biochanin A (catalog no.: A10146-200), diosmetin (catalog no.: A10326-25), luteolin 

(catalog no.: A10541-10), pinocembrin (catalog no.: A14759-10), naringenin (catalog 

no.: A10625-25), and cyanidin chloride (catalog no.: A10625-25) were purchased from 

AdooQ Bioscience. BI-2540, BI-2439, BI-207127, and BI-7656 were obtained from 

Boehringer Ingelheim under the opnMe program. 10-20 mM stocks of the compounds 

were made in ~99% DMSO and stored under -30oC. 

Purified HTop1 was either purchased from TopoGen or purified from yeast 

expressing recombinant HTop1 in our lab. 0.5 U of HTop1 was mixed with 10X reaction 

buffer by TopoGen containing 2 M Tris-HCL at pH 8.0, 0.5 M EDTA, 5M NaCl, 100 

mM spermidine, 100 mg/mL BSA and 100% glycerol. The compounds were added to the 

enzyme suspended in the buffer, followed by 200 ng of negative supercoiled DNA, for a 

final volume of 20 µL. The reactions were terminated with 6x SDS stop buffer (6% SDS, 

6 mg/mL bromophenol blue, 40% glycerol) and was analyzed via 1% agarose gel 

electrophoresis at 20-25 V. The bands were imaged using the ProteinSimple AlphaImager 

Mini following staining in a 1 µg/mL solution of EtBr for 30-45 minutes and rinsing for 

10-15 minutes in deionized water. 

 

C. RESULTS AND DISCUSSIONS 

Detection of relaxation inhibition of HTop1 

 

The test compounds were assayed for relaxation inhibition of HTop1 between the 

concentrations of 15.625 µM – 250 µM. The concentration needed to inhibit 50% of 

HTop1 relaxation activity (IC50) was determined for the compounds that revealed activity 

at concentrations in the test range of 15.625 µM – 250 µM.  
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The intensity/analytical measurement tools from Image J and/or AlphaView SA 

were used to calculate the values. The percent of supercoiled DNA was expressed as the 

ratio between the intensity of supercoiled DNA band in control reaction with no enzyme 

versus the intensity of supercoil DNA in a reaction containing HTop1 and DNA with a 

certain concentration of compound. Each intensity value is calculated as the band 

intensity with background intensity subtracted. Dimethyl sulfoxide (DMSO) has been 

shown to affect the relaxation of HTop1 (Lv et al., 2015).  Therefore, the band containing 

the enzyme, DNA and DMSO will be used as a negative control for no inhibition. 

Compounds not showing activity within this concentration range were not tested further. 

 

Testing of in silico screening hit compounds 

 

In silico screening hit compounds identified from a set of compounds in the NCI 

collection as potential HTop1 inhibitors by our collaborator Dr. P. Tiwari at Georgetown 

University were tested for inhibition of HTop1 relaxation activity. Tiwari has previously 

identified bacterial topoisomerase I inhibitors using a similar in silico screening approach 

(Tiwari et al., 2020).  The results showed no relaxation inhibition of HTop1 between the 

concentrations of 15.625-250 µM when compared to the DMSO negative control (Figure 

2.1.). No further trials for the in silico screening hot compounds were performed but they 

were fully evaluated for growth inhibition (results described in Chapter 3) to see if the 

presence of the inhibiters affected HTop1’s ability to bind to DNA.  Only DNA present in 

lane 1 (Figure 2.1a.) and the reaction in lane 2 with CPT interacting with HTop1 and 

DNA shows inhibition of HTop1 relaxation indicated by the presence of supercoiled 

DNA.  
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Figure 2.1. In Silico Screening hit compounds do not inhibit relaxation of HTop1. a.) 

NSC372499, NSC158549 and NSC379653 are tested within the concentrations of 0-250 

µM. R: Relaxed DNA, S: supercoiled DNA.  b.) Structure of compounds 

 

 

Inhibition of HTop1 Relaxation Activity by Natural Products  

The natural products delphinidin and cyanidin chloride exhibited IC50 values 

between the concentrations of 125-500 µM (figure 2.2.) These compounds differ from 

each other by the presence of a hydroxyl group in the 3’ position of the pyran ring in the 

case of cyanidin chloride, and in the 3’ position of the B ring in the case of delphinidin 

chloride (Habermeyer et al., 2005). The differences in the hydroxyl group substitutions 

can be a contributing factor to their differences in relaxation inhibition of HTop1 seen in 

the results. 
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Figure 2.2. Relaxation inhibition of HTop1 in the presence of anthocyanidins a.) 

Delphinidin and cyanidin chloride are tested within the concentrations of 0-500 µM. b.) 

Structure of compounds R: Relaxed DNA, S: supercoiled DNA. 

 Out of the flavonoids tested, only myricetin showed complete inhibition with an 

IC50 between 31.25-62.5 µM. The other flavonols, as well as flavones and isoflavones 

tested, exhibited no inhibition. Topotecan (TPT) is an analog of CPT (Figure 2.3.b) that 

acts also as a HTop1 poison inhibitor. This was used as a positive control here (Mabb et 

al., 2016, Koster et al., 2007). Several studies reported type I and II topoisomerase 

inhibition from Myrcetin, mainly caused hydroxyl group substitutions at C-5, C-3’, C-4’ 

and C-5’ (Constantinou et al., 1995, Bendele and Osheroff, 2007). In addition, it is shown 

to induce high levels enzyme-DNA complex for both enzymes (Lopez-Lazaro et al., 

2009) It is possible that the hydroxyl oxygen atoms on the A and B ring could interact 

with nearby active site residues of HTop1, as evidenced in molecular docking studies 

(Xin et al., 2017).  
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 Relaxation inhibition of supercoiled DNA by topoisomerase I and II have been 

reported for the flavonoids. However, the reaction conditions differ considerably and as a 

result, the results of the study may not agree with prior studies. For instance, Webb et al. 

reported Top1 poisoning with the following flavonoids at 100 µM (from greatest to 

least): myricetin, luteolin, fisetin, daidzein, diosmetin and naringenin. These researchers 

also monitored the change in absorbance values of the compounds, with different pH 

values, from UV-visible spectrophotometry studies. They have discovered that the 

compounds’ solubility and stability in aqueous solutions is affected by a change in pH 

value.  

 Chowdhury et al. reports catalytic inhibition of Top1 with luteolin and an increase 

in catalytic activity when the drug is incubated with the enzyme. On the other 

hand,preincubation with the drug and DNA before the addition of the enzyme was shown 

to reduce the inhibitory effect. Single hydroxyl group substitutions were also investigated 

with luteolin. Quercetin differs from luteolin by a hydroxyl group present at C-3 and can 

prevent religation of Top1 (Corless et al., 2017). Similar to the relationship between 

luteolin and quercetin,  
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Figure 2.3 Relaxation inhibition of HTop1 in the presence of flavonoid compounds. 

a.) Structure of compounds. b.) Compounds are tested within the concentrations of 0-250 

µM. R: Relaxed DNA, S: supercoiled DNA.  
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Figure 2.4. Relaxation inhibition of HTop1 in the presence of BI compounds and 

their negative controls Compounds are tested within the concentrations of 0-250 µM (a 

and c) R: Relaxed DNA, S: supercoiled DNA. Structure of compounds (b and d). 

Boehringer Ingelheim makes several their approved drugs and drug candidates 

free of charge to academic researchers under the OpnMe program to encourage 

innovative use of these molecules.  We obtained two compounds with inhibition of 

polymerases as mode of action for testing against HTop1 because of the similarities in 

interaction with DNA as described in Chapter 1.  Compounds BI-2540 and BI-207127 

shows inhibition starting at 250 µM and 125 µM, respectively (figure 2.4. a-b). 
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 On the other hand, their negative controls display no inhibition (figure 2.4. c-d).  

The potency of HTop1 inhibition is much weaker than the inhibition against the 

polymerase targets (IC50 in nM range).  

To further characterize the inhibitor candidates tested, DNA cleavage assay of 

HTop1 can be utilized. Poison inhibitors such as CPT stabilize the HTop1cc. In the 

cleavage assay, the level of these complexes can be quantified by the amount of broken 

DNA formed in the presence of the test compound and the enzyme. Separation of DNA 

strands at the ssDNA break reveals open, circular DNA that can be separated from 

relaxed DNA and linear DNA by gel electrophoresis (Nitiss et al., 2012). Previous 

experiments observed that cyanidin and delphinidin chloride diminished the stabilization 

of Top1cc in the presence of poison inhibitor CPT (Habermeyer et al., 2005) suggesting 

that they may be catalytic inhibitors instead of poison inhibitors.  The yeast growth 

inhibition assay in Chapter 3 will be used verify this in further testing of these inhibitor 

candidates to distinguish between poison inhibitors that stabilize the Top1cc and catalytic 

inhibitors that prevent the formation of Top1cc. 
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CHAPTER III: ASSAY OF GROWTH INHIBITION OF SACCHAROMYCES 

CEREVISIAE EKY3 STRAIN EXPRESSING WILD-TYPE OR T718A MUTANT 

RECOMBINANT HUMAN TOPOISOMERASE I 

A. INTRODUCTION 

Development and optimization of yeast screening assay 

 Saacharomyces cerevisiae contains a type IB topoisomerase I protein (YTop1) 

similar to HTOP1 but not essential for its viability (Goto and Wang, 1985). Yeast cells 

with YTOP1 substituted with recombinant human HTOP1 develops sensitivity to CPT 

drug treatment (Bjornsti et al. 1989). Other poison inhibitors of HTop1 are expected to 

result in lethality when wild-type recombinant HTop1 is overexpressed in the yeast strain 

lacking YTop1. Mutant HTop1 with threonine 718 near the active site substituted for 

alanine (HTop1T718A) causes lethality to yeast when overexpressed (Fiorani et al. 1999) 

since this mutation mimics the action of a HTop1 poison inhibitor to stabilize the Top1 

cleavage complex (Top1cc), resulting in accumulation of breaks on chromosomal DNA. 

This HTop1T718A mutant induced lethality was used in this study to screen for novel 

Top1 inhibitors. A catalytic inhibitor of TOP1 DNA binding or cleavage activity will 

prevent lethal Top1cc formation by the HTop1718A mutant which should in turn rescue 

the yeast cells from growth inhibition. The HTop1 catalytic inhibitor can either bind 

competitively to the same site as DNA or at a separate site to act as an allosteric regulator 

(Soren et al., 2020), changing the conformation of HTop1 so that the enzyme cannot bind 

or cleave DNA. 
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Figure 3.1. Rescue of lethality from mutant Top1cc accumulation under the 

presence of catalytic inhibitor 

Potential Top1 inhibitors have been identified via in silico screening conducted by 

our lab’s collaborator Dr. Purushottam Tiwari at Georgetown University using 

procedures like those employed for identification of Escherichia coli topoisomerase I 

(Tiwari et al., 2019). These small molecules have been obtained from the NCI 

Developmental Therapeutics Program and are being tested in the growth inhibition assay 

based on recombinant wild-type or mutant recombinant HTop1 overexpressed in yeast 

here, in addition to the assay for inhibition of the relaxation activity of HTopI in the 

biochemical assay as described in Chapter 2. 
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B. MATERIALS AND METHODS 

Preparation of plasmid constructs 

pYES2.1 expressing wild type (WT) human topoisomerase I under the control of 

the galactose inducible GAL promoter (suppression by dextrose) was custom synthesized 

by Genscript. HTOP1T718A mutant was created with the Q5 site-directed mutagenesis 

kit (NEB) and the template plasmid for site directed polymerase chain reaction (PCR) is 

PYES2.1-HTOP1, which expresses the wild type HTOP1. The forward and reverse 

primers 5’-TCGCCTGGGAGCCTCCAAACTCA-3’ and 5’-

ATCTGTTTATTTTCCTCTCGGTCTGTG-3’, respectively, was used for the site-

directed PCR reaction. To prepare template DNA for site-directed mutagenesis, 2 µL 

pYES2.1-HTOP1 plasmid DNA was added to 25 µL of NEB Turbo competent cells 

(from New England BioLabs), followed by incubation on ice for 30 minutes and heat 

shock at 42oC for 30 seconds. 950 µL of the LBN media (Luria Broth with 5g/L NaCl) 

was added to the mixture of plasmid and cells.  Following incubation at 37oC with 

shaking at 200 rpm, 100 µL of the culture was spread on LBN/Carbenicillin (100 mg/mL) 

plates and incubated overnight at 37oC to isolate the colonies of transformed cells. 

Plasmid purification of pYES2.1-HTOP1 plasmid DNA from the transformed E. coli was 

conducted using the NEB Monarch® Plasmid Mini Prep Kit. The mutagenesis primers 

were resuspended to 100 µM using TE buffer (10mM Tris HCl, pH 8, 1mM EDTA), 1:10 

diluted with H2O and used in 25 µL NEB Q5 polymerase site-directed mutagenesis PCR 

reaction (5 ng/mL template DNA). Cycling conditions are listed in table 3.1. 
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Table 3.1. PCR cycling conditions for site directed mutagenesis of pYES2.1-HTOP1 

 The PCR product was further treated with Kinase, ligase, and DpnI (KLD) 

enzyme mix as described by manufacturer (New England Biolabs). DpnI was used to 

digest the template DNA. The reactions were terminated by 5x stop buffer (50% glycerol, 

50 mM EDTA at pH 8.0, and 0.5% v/v bromophenol blue).  The final PCR product was 

verified by electrophoresis in 1% agarose gel followed by ethidium bromide staining. 

After successful amplification, the pYES2,1-HTOP1 DNA expressing recombinant 

HTOP1 with T718A mutation was then extracted from agarose gel (Zymoclean® Gel 

DNA Recovery Kit) and transformed into competent NEB turbo E. coli cells.  Volumes 

of 40-100 µL of transformation mixtures were plated on LBN/Carbenicillin (100 mg/mL) 

agar plates and incubated overnight at 37oC.   

 

 

STEP TEMPERATURE (oC) TIME  

Denaturation 98 10 seconds 

25 Cycles 98 

68 

72 

10 seconds 

30 seconds 

4 minutes, 15 seconds 

Final Extension 72 5 minutes 

Final Hold 4 - 
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The resulting single colonies from the plates were cultured in 5 mL of 

LBN/Carbenicillin (100 µg/mL) overnight for plasmid prep. The resulting plasmid 

pYES2.1-HTOP1T718A was extracted using the NEB Monarch® Plasmid Mini Prep Kit 

and commercially sequenced through Eurofins Geonomics to confirm the presence of the 

T718A mutation, and no other mutations in the HTOP1 coding sequence. 

 

Growth Inhibition of EKY3-pYES2.1HTop1 and EKY3-pYES2.1HTop1T718A 

Sequenced verified construct was transformed into competent EKY3 cells by our 

collaborator Dr. Aaron Welch. Overnight cultures of EKY3-pYES2.1HTop1, EKY3-

pYES2.1HTop1T718A in synthetic complete media minus uracil (SC-U) + 2% dextrose 

was grown in 30o C shaker for 18 hrs. These cultures were diluted at 1:50 into 3 mL of 

SC-U + 2% raffinose and grown overnight under the same conditions. The cultures were 

1:10 diluted in both types of cultures: 1.8 mL of SC-U + 1% galactose + 0.25% raffinose 

to induce recombinant HTop1 expression, or SC-U + 1% dextrose + 0.25% raffinose to 

suppress recombinant HTop1 expression. OD600 for each was adjusted to 0.05. 50 µL of 

the cultures were added to 96-well plates containing 50 µL of same medium with the 

compounds, serially diluted 1:2., for a final volume of 100 µL. The absorbance of the 

cultures during 4-5 days of incubation at 30o C in an incubator was measured. 

Discontinuous readings were taken on the Biotek Synergy II Plate Reader at time points 

daily.  Measured values were obtained and recorded with the Biotek Gen 5 2.03 program.  
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C. RESULTS AND DISCUSSION 

Cloning of EKY3 containing pYES2.1HTopT718A 

After the successful PCR mutagenesis reaction using the NEB kit, the amplicon 

corresponding to pYES-1 plasmid with HTOP1 gene carrying the T718A mutation was 

extracted using a DNA extraction kit (Zymo) according to manufacturer’s instructions 

and transformed into NEB turbo E. coli competent cells (Figure 3.2.). The resulting 

transformants were cultured for plasmid extraction using miniprep kit (NEB) and the 

plasmids were commercially sequenced (Eurofins genomics). The sequence verified 

plasmid pYES2.1HTOPT718A was then transformed into competent Saccharomyces 

cerevisiae strain EKY3 with Top1 deletion mutation to abolish the yeast encoded 

topoisomerase IB activity. 
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Figure 3.2. Site directed mutagenesis of PCR amplified pYES2.1HTop1T718A. (a) 

Well 1 consists of negative control (5 µL of 1 µL template pYES2.1 diluted in H2O for a 

total volume of 25 µL). Well 2 and 3 contain Quick-load 1Kb DNA ladder and Top1 

mutant clone, respectively. Reactions were terminated with 5x stop buffer. (b) Map of 

plasmid pYES2.1 

 

Expression of HTop1T718A is lethal to yeast 

          10 µL of 10-fold serial dilutions of saturated cultures of the yeast transformants 

were spotted on SC-U plates. 2% galactose and 2% dextrose plates were utilized for 

comparison (figure 3.3.). Dilutions of the yeast expressing HTop1T718A were done in 

triplicate for each plate. Each row contains cultures taken from a single colony. 
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Figure 3.3. 10-fold serial dilutions of EKY3/pYES2.1HTop1 WT and 
EKY3/pYES2.1HTop1T718A on SC+U with 2% galactose or 2% dextrose   

 

Dextrose suppresses HTop1 expression from the GAL1 promoter. Therefore, the 

strains expressing wild type and mutant HTop1 enzyme have similar growth in the 

presence of dextrose. The presence of galactose induces expression, causing cell death of 

strain overexpressing mutant enzyme that accumulates HTop1cc. 
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Effect of inhibitors on the growth of yeast expressing WT or mutant HTop1 in the 

presence of galactose and dextrose 

Growth inhibition assay of EKY3-pYES2.1/HTop1 and EKY3-

pYES2.1/HTop1T718A evaluates the ability of HTop1 to bind to DNA and form the 

HTop1cc in the presence of candidate inhibitors. Absorbance (OD600) of EKY3-

pYES2.1/HTop1 and EKY3-pYES2.1/HTop1T718A in the presence of an inhibitor 

compound were monitored at periodic time intervals. OD600 values were obtained after 

~66 hours. The peak exponential growth phase was used for fold change of growth 

calculations. Fold change values are expressed as a ratio of the OD600 value of the yeast 

cells, at a given concentration of the compound, relative to the value in the absence of the 

compound. A fold change of 1 indicates no change in growth. An increase in growth 

compared to yeast in the absence of a compound has a value above 1 while a decrease in 

growth is below 1.  CPT, a poison inhibitor of HTop1, was used as a control compound to 

evaluate and demonstrate the efficacy of the yeast growth assay. CPT causes an 

accumulation of Top1cc which leads to death. In the presence of galactose when WT 

HTop1 is expressed, EKY3-pYES2.1/HTop1 shows a strong dose dependent reduction in 

growth (figure 3.4a-c). There is no reduction in growth when the expression of WT 

HTop1 is repressed by dextrose. In the presence of galactose or dextrose, the effect of 

CPT on yeast cells expressing mutant HTop1T718A is minimal since the mutant enzyme 

already mimics the action of a poison inhibitor. A candidate compound suitable to 

treatment in sepsis should be able to bind mutant HTop1 and rescue growth inhibition, as 

indicated by a fold change in growth over 1.  
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Figure 3.4. OD600 and fold change values of EKY3/HTop1 and 

EKY3/HTop1T718A under the presence of CPT (n=3) a.) Growth curves of EKY3 

overexpressing HTop1 (left) and HTop1T718A (right) in galactose media. b.) OD600 

values of EKY3-pYES2.1/HTop1 and EKY3-pYES2.1/HTop1T718A in the presence of 

0-6 µM CPT at ~66 hours. The error bars report the deviation in values of multiple trials 

under identical conditions. c.) fold change values based on OD600 measurements at ~66 

hours.  
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Inhibition of EKY3-pYES2.1HTop1 and EKY3-pYES2.1HTop1T718A in presence  

 

of inhibitor candidates 

 

None of the compounds identified by in-silico screening rescued the growth of 

yeast when HTop1718A mutant is overexpressed in the presence of galactose (Figure 

3.5a).  This suggests that they do not affect the DNA binding and formation of lethal 

HTop1cc by the mutant HTop1718A, in agreement with the lack of inhibition of HTop1 

relaxation activity observed in Chapter 2.  Out of the in-silico compounds tested, 

NSC372499 and NSC158549 show nearly a twofold reduction in growth of the mutant 

strain but not the wild type from 0-100 µM (figure 3.5a). This in contrast to NSC379651 

whereas no change in relative growth occurred for both strains. This suggests that 

NSC372499 and NSC158549 may render the yeast cell hypersensitive to mutant 

HTop1cc accumulation by inhibiting DNA repair functions in yeast cells. 
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Figure 3.5. OD600 fold change of EKY3/HTop1 and EKY3/HTop1T718A in the 

presence of in silico screening compounds (n=4) a.) fold increase of OD600 values 

upon treatment with compounds with HTop1 overexpression induced by galactose in the 

media. b.) fold increase in OD600 values upon compound treatment in the absence of 

HTop1 overexpression with dextrose in the media. The error bars report the deviation in 

values of multiple trials under identical conditions.  
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A 1.2-fold increase in growth of the yeast strain overexpressing T718A mutant 

HTop1 when treated with delphinidin chloride (P < 0.005) and cyanidin chloride (P < 

0.005) versus no increase in growth of yeast strain between the concentrations of 7.1825-

62.5 µM overexpressing wild-type HTop1 (figure 3.6a.) serves as evidence for the ability 

of delphinidin chloride and cyanidin chloride to modulate HTop1cc accumulation by the 

T718 HTop1 mutant enzyme or protect the yeast cells from growth inhibition by Top1cc 

poison inhibition. Based on a previous study, delphinidin chloride (P < 0.05) was 

proposed as HTop1 cleavage inhibitors based on their ability to protect HT29 cells from 

the HTop1 poison inhibitor effects of CPT (Habermeyer et al., 2005).  The data from the 

yeast growth inhibition assay shown here helps support the utility of this assay to study 

the mechanism of HTop1 inhibitors and identify catalytic inhibitors that decrease either 

DNA binding or cleavage by HTop1 instead of acting as HTop1 poison inhibitors. 
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Figure 3.6. OD600 fold change of EKY3/HTop1 and EKY3/HTop1T718A in the 

presence of myricetin and anthocyanidins (n=3). a.) fold increase of OD600 values 

upon treatment with compounds with HTop1 overexpression induced by galactose in the 

media. b.) fold increase in OD600 values upon compound treatment in the absence of 

HTop1 overexpression with dextrose in the media. The error bars report the deviation in 

values of multiple trials under identical conditions. * Paired T-Test function in MS Excel 

was used to determine statistical significance of EKY3/HTop1T718A OD600 fold change 

with delphinidin chloride (P < 0.005) and cyanidin chloride (P < 0.005) treatment relative 

to no treatment. 

 

Out of the other nine natural products with similar flavonoid structures as 

delphinidin chloride and cyanidin chloride that we tested in Chapter 2, myricetin was the 

only compound that showed inhibition of the HTop1 relaxation activity.  In the yeast 

growth inhibition assay, in contrast to delphinidin chloride and cyanidin chloride, 

myricetin inhibits the growth of the yeast strain overexpressing wild-type or mutant 

HTop1 in the presence of galactose, and when HTop1 overexpression is suppressed in 
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dextrose.  This suggests that the compound is interfering with growth of S. cerevisiae 

through another mechanism that may not be related to HTop1cc accumulation.  

The quantities of Boehringer Ingelheim compounds we received were insufficient for us 

to conduct the yeast growth inhibition assays.  

 In S. cerevisiae, tyrosine phosphodiesterase I (TDP1) processes Top1cc formed 

between Top1 and DNA by generating free 3’ ends from the Top1cc (Pommier et al., 

2014). The role of TDP1 in Top1cc processing and DNA strand break repair was verified 

in TDP1 knockdown study (Pommier et al, 2014). 
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CHAPTER IV: CONCLUSIONS 

A. SUMMARY 

 Efficacy of topoisomerase poisons, and drug-resistant cells that can overcome the 

trapped cleavage complex mechanism of topoisomerase poisons, can raise issues on top 

of the complications of sepsis if currently available topoisomerase poison inhibitors are to 

be used for treatment of sepsis that can cause death or serious organ damage during 

bacterial or viral infections (Gilbert et al. 2012). The identification of novel catalytic 

HTop1 inhibitors can add insight to the development of clinical drugs to treat sepsis in a 

non-cytotoxic way. The hit molecules identified from the in-silico screening assay, in 

addition to the other compounds tested, were examined for their ability to inhibit HTop1 

catalytic activity using the relaxation assay.  The study of the mechanism of inhibition 

will help establish structure-activity relationship (SAR). The designed approach used 

here in this study includes a novel screening assay utilizing yeast expressing recombinant 

wild-type and mutant HTop1 in addition to assay of relaxation inhibition of negatively 

supercoiled plasmid DNA by HTop1 to determine if the compounds affect the enzyme’s 

catalytic activity by preventing DNA binding and formation of HTop1cc.  The yeast 

growth inhibition is easier to conduct compared to DNA binding and cleavage assays that 

usually require the use of radioactive DNA substrates. The activity of a compound on 

purified Top1 activity does not always correspond to the effect of the compound yeast 

growth. Therefore, we can control conditions to determine if there are additional modes 

of action to account for the effect of the compounds on yeast growth. 
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In this study, we tested the yeast growth inhibition assay as a screening assay to 

identify HTop1 inhibitor compounds that can affect the ability of HTop1 to bind to DNA 

or cleave DNA to form the HTop1cc. This compliments the relaxation inhibition assay 

that informs on the compounds’ ability to inhibit the overall relaxation of supercoiled 

DNA.  

Compounds that showed inhibition of negative supercoiled DNA relaxation by 

HTop1 were tested further for their mechanism of action. As seen with the growth 

inhibition study, several compounds were unable to prevent the HTop1cc poison mode of 

inhibition in the mutant yeast, while compounds such as the anthocyanidins mitigated to 

some extent the mutant lethality. With growth inhibition as observed in the case with 

Myricetin present, it is uncertain if it is acting on other aspects of the yeast cell or the 

HTop1 protein itself. To verify that the latter is true, yeast strain transformed with an 

empty vector not expressing any HTop1 can be used to check if the same the same 

inhibition is observed. This will serve as a control. 

Assaying cleavage activity of Top1 can help identify topoisomerase poisons based 

on measuring the amount of broken DNA formed by the drug and enzyme when the 

enzyme-DNA complex is denatured. Comet assay can be used to detect DNA damage, 

multiple ssDNA breaks are characteristic of a Top1 poison inhibitor. Taken together, the 

methods developed in the study can be used to access the mode of inhibition for 

structural analogs. 
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B. FUTURE STUDIES 

 Other natural products found in tropical plants or symbiotic fungi can be explored 

with the combination of the relaxation and yeast-based growth inhibition assay to identify 

additional scaffolds for novel catalytic inhibitors of HTop1.  This would require 

fractionation of the plant or fungal extracts and characterization of the active compounds.  

Cytotoxicity of the HTop1 inhibitors and their ability to modulate the cytokine storm 

during sepsis will need to be evaluated for development of the catalytic HTop1 inhibitors 

into new treatment for sepsis. 
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