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Abstract

Aptamers are shoginglestranded DNA or RNAnoleculesthat are selected to bind a
target often with high affinity and specificity. Some tbese targetinclude small molecules,
proteins, nucleic acids, cells and tissues. Isotheriigdation Calorimetry (ITC) and
FluorescenceSpectranetry were employed to characterize the binding interactions of aptamers
with their ligands. This dissertation comprises two separate research projects; in the first project,
ITC was used to explore how the binding affinity of strucswétching aptamers toward their
ligand vares when altering the NaCl concentration. It was shdtaet thebinding affinity of
MN19, a variant of the cocaif@nding aptamer, decreases when the NaCl concentration is
increased from 140 mM to0ODO M. The affinity increases again when the NaCl concentration

is increased to@OMM.

The nextproject showcases the use of fluorescence spectrometry to characterize the
interactiors of methylene blue with different aptamers. Methylene blue is a regfmeter which
is used inElectrochemicalptamerbasedbiosensing platformslt was shown thamethylene
blue binds tahe MN19 aptamerand therefore, it was of interest to see if methylene Ibilnes
to other aptamersand to exploreany similarities intheir aptamer structuee Fluorescence
spectrometry was used to see if methylene blue hondther aptamers by measuring the change
in fluorescence intensity of methylene blue andbiifding occurred the binding affinity was
quantified. It was determined that methylene blue may be interacting and hiigdiithgto DNA
aptamer structures which includes bulges stahiloops but may be binding very weakly to

duplex DNA such as the Dickerson Drew Dodecameragfiexamer.
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Chapter 1. Background and Introduction

Introduction to Aptamers

Deoxyribonucleic acid (DNA) is one of the most significant molecules within cells of
living organisms. It contains genetic information that is read in cells to be ttzatsanio
messengeRNA (mMRNA), which is then translated into proteins necessary for living things to
function and survivé. A commonstructure of DNA, the double helix, helps this information to
be replicated and passed ofiiture generationfNucleic acids can be arranged in various ways,
each with its own unique structure and functidptamersare a class ofucleic acids that can
fold into unique thre@limensional structuresAptamers are short singgtranded DNA or RNA
moleculeghat can bindo atargetoften with high affinities and specificitieSome include small
moleculesproteins, nucleic acids, cells and tissgies.

Regardless of the similarity between their nucleic acid structures, DNA and RNA
aptamers exhibit noticeable differencBA nucleotides haveadd bond in the 206
the deoxyribose sugar while RNA nucleotides have a hydroxylgr@upl) i n t he 206 po
its ribose sugdh.This significant difference makes DNA aptamers possess an advantage over
RNA aptamers vth regards tcstability. This is because thelCbondat t he 26 posi t i ¢
makes the DNA aptamer less reactiwhile the-OH gr oup at t RBIAIRQ 6 pos|
susceptible to hydrolysismaking the RNA aptamer unstal@ o el abor at e, t he
performs a nucleophilic attack on the phosphodiester,lmnging a breakage in RNA strands at
theP-O 506 e s thdch is batalgzeéd by the nucleases enzymberefore, modifications
such agemoving the OH group at this position can prevent the RNA from undergoing cleavage
by nucleases which cagventually help the RNA aptamer become more stabléheDNA
aptamer Furthermore chemicalmodifications can benade to nucleic acid librariesich asn
SELEXwhich can enhanethe ability of aptamers tanteract with their targesind broaden their

target spectrurf.

SELEX

The aptamers that we work with in our lab are selected in a process called Systemic

Evolution of Ligand by Exponential enrichment (SELEX)This process was developed



independently in 1990 by two research laboratories, the Gold and Szostak ‘gfops.and
Gold were using SELEX tbave an RNA sequence bind a T4 DNA Polymefae. the other
hand, Ellington and Szostak used thiwiino selection method to have RNA sequences that can
bind to a variety of organic dyes from a population of random sequence RNA mofeosies.

this method, they isolated aptamer sequences that can bind their target of interest.

Standard SELEX

The first SELEX methodStandardor ClassicalSELEX, begins witha selection stage where a
large diverse oligonucleotide library is created with predesigned pbiméing domains for
Polymerase Chain Reactio@R amplification as shown in Figure .1 Step 1shows the
incubation of his library with a target of interestSome sequences bind to the target wdsere
some sequences do n&tep 2shows that the unbound sequenaesremoved andeparated
from the ones that do demonstratending for the target,allowing the completion of the
partitioning phaseStep 3shows that the bound sequences are eluted from the t3tgpt4
shows he amplification stagerhere the bound sequences are collected and PCR is performed for
several rounds for enrichment of sequericEsese stages are repeated until the library that was
initially started with turns into a collection of sequences that demonstrate affinity for the target

of interest.This collection is then cloned and sequen@édure 1)
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Figure 1. Diagram of thestandard SELEX procedure.

Capture-SELEX

A derivative of the original SELEX method can be classified as Caftitd=X. This
process is almost like Standard SELEX with a few exceptidhs process starts with the
hybridization of a singlstranded DNA (ssDNA) library with biotinylated capture
oligonucleotides® This is done by having a docking siie the ssDNAhat has complementarity
to the captureligonucleotide which then hybridizes through Wats@rick basepairing.
Another step involves immobilizig the biotinylated hybridizedoligonucleotides onto
streptavidin magnetic beads which act as a form of solid support. Using a magnetic rack, these
beads are then washed multiple times to remove any residual-specific sequence€ounterf
selection is performed to identify and remove any-gpecific targetsthat may bind to the
library.° Positive selection ishen conducted to detect any binding interactiohthe aptamer
with the target moleculeThe elution step is then performed to isolate the aptsanget
complexes, ideallpossessing higher binding affinities compared to the captigenucleotide
aptamer complexesPCR amplification is then performed on this eluted ssDNA library for

enrichment of sequences. The ssDNA library is regenerated to conduct €phX for



multiple roundsFinally, aptamer sequences are identified with sequeratteg multiple rounds
of CaptureSELEX have been conductél.

Aptamer Structure

DNA is composed of nucleotidessah containing a deoxyribose pentose sugar,
nitrogenous base anghosphate groupThese nucleotides commonlgrm a doublestranded
helical structure with antiparallel strantsVatsonCrick basepairing stabilizes tis DNA
structure through ydrogen bondinghetweenadenine and thymine, amaytosine and guane
nitrogenous basgFigure 2)! The doublehelix structurefeatures major and minor grees due
to uneven spacing of opposing nucleotides along the helical axis, with thepbogahate
backbone onhe outside of the doublielix while the nitrogenous bases are in the middle of the

doublehelix.}
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Figure 2. WatsonCrick basepairs: A) AdenineThymine; B) GuanineCytosine. The base marked with an A is
Adenine; T is Thymine; G is Guanine; C is Cytosine.



Different DNA sequences can be used to design a variety of aptafuetisermore,
uniquesecondanstructures can be seen because of aptamer folding and some of these structures
includebut arenot limited toa stem, loop or a buld&!? These structures play a crucial role in
target recognition and any interference with these structures can impair bdinige hairpin
secondary structure motif was showithastreptavidinbinding DNA aptamerghat weresolated
from different libraies from different laboratoriefn addition, nucleotides important for binding
in the loop and bulge area wedentifiedin high affinity sequence&t Therefore, if nucleotides
vary from the ones observed in this region, it may or may not affect the binding affinity towards
its target.lllustrations of some of the mentioned secondary structures are seen in3fguie
couple of aptamerskigure 3A shows Caff209, avariant of the caffeindinding aptamer
containng a stermloop structurein its predicted secondary structuréggure 3 showsMTX5, a
version of the methotrexat@nding aptamer, contaimy a bulge structure in its predicted
secondary structureln addition, secondary structures cafold into threedimensional
conformations. With the usef "-’ stacking i nteractions and

nucleotides, electrostatic repulsion is mitigated when folding into-tfireensional structurée's.
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Figure 3. lllustrations ofsome of thesecondary structures seen for aptamers. (A) shows Caff2@8jaat of the
caffeinebinding aptamerand it contains a stetoop structurein its predicted secondary structure. (B) shows
MTXS5, a version of the methotrexabending aptamer and it contains a bulgeucturein its predicted secondary
structure.



The CocaineBinding Aptamer

The cocainébinding aptamer is a wellehaved DNA aptamer where its structooasists
of three stems organized around a thr@gy junction.In 2000,Stojanovi et al. selected the first
cocainebinding aptamer, MNS4,1through standard SELEX. The secondary structure of
MNS4.1 was determinedthrough mutational analyseghat includeboth random and targeted
mutationst® The aptamer contains 38 nucleotides which are predominantly connected through
WatsonCrick basepairing. There are 5 neWatsonCrick basepairs: 3 GA basgairs observed
in stem 1 and 1 GT and 1 GA bgsar observed in stem Jhe cocainéinding site on the
aptamer is located within the lipophilic cavity, formed at the thvag junction.Figure4 shows
that n the free state of the aptamer where no cocaine is present, stem 3 is not formed. However,
uponadditionof cocaine, the stem mssemble@ndaids in the formation of h e a pthreemer 6 s
way junction structurelt wasalsofound that the aptamer binds to cocaine witkqaange of
0.410 uMm 23
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Figure 4. Binding mechanism of theINS4.1aptamerln the free state, stem 3 is not formed. Upon cocaine binding,
stem 3 folds to form the thregay junction.The blue ovalin the bound state represents cocaine binding at the
ligand-binding sitelocatedat the threevay junction of the aptamer. Dashed lines represent Wasich basepairs

and black dots represent ngvatsonCrick basepairson the secondary structure of the aptamer in the free and
bound state

The cocainebinding aptamer continues to be extensively studoedthe purposes of

smallmolecule sensing as it was found that the aptamer binds tanguanid quinine analogs

tighter than the ligand it was originally selected folariants of this aptamer haveeen



demonstrated to bind quinine approximatelyf8@ tighter than cocaine and one of these is
identified as MN4, a commonly studied variant of the cochinding aptamer in our lal.
When looking at Figuré, this aptamer consists of 36 nucleotides and the secondary structure is
preformed in the freestate With the addition of ligand, there are no observable changes in its
secondary structure which shewhat this aptamer variant has no structsmetching folding
mechanism upon binding. However, another variant of the cocainieding aptamer was
identified as MN19 and was constructed by shortening the stem 1 of MN4 to thrqealvas8y
doing so, it is observed that the aptamer is loosely folded in thesthg®e and upon binding
ligand, a structurswitching folding mechanism is observégigure 6)'* NMR studiesconfirm
thatthe stem 2 and 3 in the frstate in the aptamer are formed while stem 1 isS¥igure 6
shows that pon ligand addition, the bagairs in stem 1 start to form and the structure is
rigidified. This ligandinduced folding mechanism was seen for both cocaine and quinine
binding. Therefore, the key difference seen in this comparisoraisviR4 is a norstructure

switching aptamer and MN19 is a structsmtching aptamer.
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Figure 5. Binding mechanism of the MN4 aptamer. In the free state, the aptamer has a preformed structure. Upon
ligand binding, there is no change in its structure. Albe oval represents quinine which binds at the ligainding

site. Dashed linesepresent Watse@rick basepairs and black dots represent AdlatsonCrick basepairs on the
secondary structure of the aptamer in the free and bound states.
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Figure 6. Binding mechanism of the MM aptamer. In the free state, the aptanseioosely folded or unfolded
Upon ligand bindingthe stem 1 forms to have a rigidified structure of the aptarherblue oval represents quinine
which binds at the ligantdinding site. Dashed lines represent Wat€uitk basepairs and black dots represent non
WatsonCrick basepairs on the secondary structure of the aptamer in the free and bound states.

Aptamer Applications

The application of aptamers as therapeutic or diagnostic agemsvironmental or
clinical settings habeen discussed by Yang Zhaeigal This includes monitoring food safety
environmental contamination, cancer detection raedgnition ofstem cell marker¥. Aptamers
are capable of monitoringnd reducingenvironmental pollutants and the illnessessociated
with them Some pollutants include antibiotics, heavy metals, toxins, and pathogens which can
affect the nervous, endocrine and reproductive systérstibiotics that are administered to
farm animals can build up in their tissues and bantransmited to humans during the
consumption ofsaid animal To tackle this problem gptamers havebeen created to target
antibioticssuch ashloramphenicol and tetracyclifé.

The development otimely and reliableaptamers for cancer diagnosis aneatment is
alsoimportant. Wuet al. have developed a truncated DNA aptamer referred to a@dX®@hich
wasselected for pancreatic ductal adenocarcingRRAC) with high affinity and specificity®
The aptamespecificallybinds to PL45 cells with khinding affinity in the nanomolar range. This



was determined by the aptamerdés ability to

also demonstratesiamprovedrecognition ratio for 40 tissusectionsof clinical PDAC samples

when comparedo the library initially started with in celSELEX selectiort® This shows how

this aptamer can be a potential candidate that can aid in the diagnosis and treatment of PDAC.
Aptamers also have been employed for the recognition of stem cell magomne

comprehensive studies have been done which have identified several cell surface molecules on

embryonic stem cell®. Some molecules are significant as they help characterize cellular

phenotypes and help regulate the differentiation state. Aptamers have been isolated that can

differentiate betweemouse embryonic cells from differentiated mouse cell lized monitor

the differentiation process of these stem céllBhus, these aptamers can be promising for the

development of molecular probes.

Electrochemical aptamdrased [E-AB) biosensorsare another promising application of
aptamers. They can be udedmonitor molecules directly in undiluted complex matrices, such as
plasma,serumand other bodily fluids, anah the bodywith efforts of overcoming barriers in
personalized medicind. The E-AB sensing platform depends on a redegorter methylene
blue,which ismodified onto anaptametthat is therattached to gold electrode surfacthrough
thiol chemistry The electrochemical signal produced from this platfooouss from the aptamer
undergoing a conformational change when ligand binding occurs, motig/lene blueloser
to the electrode surfacand therefore, altering its electron transfer rates. Howéwsgs found
that with theMN19 aptameythe signal generated from this platform reli@saredoxreporter
ligand competition mechanisfA As seen in Figurd, methylene blue is covalentbttachedo
MN19o n i t @ndiB@ndsatordear the ligand binding site on the aptaniéis results in a
folded conformation of the aptamewhen cocaineis added, it competes with the bound
methylene blue and displaciésrom the binding sitechanging its distanckom the electrode

surface and thereforaltering its electron transfer rat@-igure?).
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Figure 7. Schematic representation of theAB biosensing platformReprintedwith permission fromDauphin
Ducharme, P.; Churcher, Z.R.; Shoara, A.A.; Rabarimehr, E.; Slavkovic, S.; Fontaine, N.; Boisvert, O.; Johnson, P.E.
RedoxReporter- Ligand Competition to Support Signaling in the Cocéltieding Electrochemical Aptamdased
BiosensorChemistry 2023 29(35), €202300618. DOI:10.1002/chem.202300&1&pyright2023Wiley-VCH.

Given the specific applications, itimportant tohighlight the properties of aptamers that
offer advantages over antibodierd makes them more suitable for the mentioned applications
Aptamers aresasily produced in dime and costefficient processandthey are generally more
stablewhen compared to antibodi€sAptamersalsocan be produced without the requirement of
animmune response. Since aptamers are chemically synthesized, they are easy to modify at any
position of the nucleotide chairEven though antibodies can also be chemically modified,
targetedmodifications are difficult to perforri: Aptamerscan also be selected for targets that
antibodies cannot be selected féior example, aptamers can be selected against toxic
compounds that can kill an animal during the antibody production against the compound.
Aptamers are also considered more thermally stalslé¢hey can be easilystered back to their
original stateafter unfolding at high temperatures and be repeatedly used. Lastly, aptamers are
smaller insize, enhancing their abilitipr transport andissue penetratiobut also makes them

eay to filter out the renal systef

Nevertheless,understanding how aptamers function during binding interactisns
important By learning about how they function, it can provide insight if modifications can be

made to optimize their binding abilities with their targitere are a wide range of techniques
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that have been used to study these aptaanget binding interactions such gel and capillary
electrophoresisultravioletvisible (UV-Vis) absorption, circular dichroism, surface plasmon
resonance, nuclear magnetic resonance (NMs&Ythermal titration calorimetryITC) and
fluorescencepectrometry?

Isothermal Titration Calorimetry

Isothermal Titration Calorimetry (ITGp a technique used to study the thermodynamic
properties of aptameiligand interactions. ITC carbe performed under different solution
conditions,and it also has the benefit of being a w@structive labefree techniqué® Some
properties that this technique provides us with are the stoichiometan afteraction (n),
equilibrium binding constant&¢orKqs) , ent hal py ( seHrigure8Astiowsgthat r o p y
in a typical ITCinstrument, there are two cells placed in an adiabatic jacket where one cell is a
reference cell and the other is a sample, cethere the aptamer is load&dDuring an
experiment, these two cells are maintained at a constant tempetagjaned is loaded into a
syringe which is then titrated into the sample cell in known aliqugsligand is gradually
titrated into the aptamer, binding occurs as seen in FigBreAs a result of an exothermic
binding event, the temperature of the sample cell increases when ligand is added. Because of
this, the power being supplied to theater surrounding tteample cell decreasésdecrease the
temperature of the sample cell and have it isothermal with the reference celleddssto
obtaining exothermic peaksn the raw experimental data where eguak corresponds to a
ligand injectionas seen in Figur8C.2® Positive peaks would be observed for an endothermic
binding eventMany injections are performed and when the ligand binding sites on the aptamer
become saturated, there will be a gradual decrease Bizih@f the peaksbserved in the raw
data until only heats of dilution of ligand are observed. Integration is perfaomede power
supplied per unit timéo obtain the heat per mole of injectamtreferenceo the molar ratid?
Data fitting isthen done on the integrated thermogram to obtain the thermodynamic parameters
of the aptameligand interactiorsuch asinding affinity Ka) , ent hal py ( @H) , anc
(n). The sigmoidakhaped curven Figure 8Cindicates that binding occurs between the cocaine

binding aptamer and its target ligand.
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Figure 8. Diagram of an ITC instrumen®) The temperaturdifference between the sample cell and the reference

celli s r epr e s.epitemabentshie tergp€rature difference betwedhe celland the adiabatic jacket. These

two values are supposed to be zero during an experiBgrtlustration of binding occurring as the ligand is

gradually injected into the ITC cell that contains the apta@@rAn ITC thermogram showing the interaction

occurring between the cocaibinding aptamer and its corresponding target ligand. It provides thermodynamic
binding parameters such as binding affinkg)(, ent hal py ( H) ,(Figaretdkersfronoreferdnceo met r y
23)

Fluorescence Spectrometry

Fluorescence spectrometiy a sensitive tehniquethat helps us understand aptamer
small molecule interactions’he basis of this technique is the emission of photons from a
substancdollowing excitation from light absorptioff. These molecules emlibwer energies of
light (longer wavelengths)ompared tahe absorbed lighdue to vibrational energy levelghis
process i s cal |l esdaudethlwy alSss of knergydn radivactivé deaay This can
be illustrated in a Jablonski diagram seen in Fi@u#e molecule is first seen at the ground state
(So) andwhen it can absorb a photon of sufficient energy, an electron mowasglet excited

states (Sor ) of higher energy, where it contains energy equal to the absorbed photon.
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Photoluminescence is used to descthime processvhenan electron emits @hoton when going
through relaxation taeturnto the ground stateThere are two types of photoluminescence:
fluorescence and phosphorescetfd&hen an electron returns to the ground state from a singlet
excited state, it emits energy in the form of photons whickfesred toas fluorescencé~igure

9). The decay time is from the order b 1°s to 10’ s. Phosphorescence is whan electron
transitiors from the singlet excited state to a triplet st@fte) through intersystem crossing and
thenreturnsto the ground statd8ecause of a change in the electron spin, the phosphorescence

time can bdrom 10 ® sto second$?
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Figure 9. Schematic representation of the Jablonsgkigbam

The fluorescene of a sample is measurading a fluorescence spectrometégure 10
shows a diagram of a typical fluorescence spectronigtés.instrument involves a sample cell
that is excited by a xenon lamp at a known excitation wavelength, wieextitation incident
light ( & passeghrough an excitation slff The fluorescence emissions are measured at 90°
even though emissions from the sample are emitted in every direettarizers can be used
when the measurement of polarized fluorescence is of intétastescence mi s s empanes ( &
detectedand measuredsing the detector. Fluorescence intensiéies then recorded from the
generated spectruffrigure 10) There are two types of fluorescence when it comes to aptamer

ligand binding studies: intrinsic and extrinsic. ExtrinBuorescence involves the addition of a
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fluorescent or quencher label to an aptamer which may affect its stréfctinmiinsic
fluorescence is whenleyand has inherent fluorescent propertigsich can allow us to analyze

the binding interaction between aptamer and ligand. One common method is to observe if there
is ligand fluorescence quenching which can allow us to quantify the binding affinity of the
aptamer for its ligandA limitation of this technique is that the ligand chosen for a study must be
intrinsically fluorescent® This means that only ligands that naturally emit fluorescence can be

used in this study, limiting the choice of ligands to those with inherent fluorescence.
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Figure 10. Diagram of a fluorescence spectromet@oing from left to right, aample cell is excited by a xenon

l amp at a known eg bluetire)l The excitatien\neidert Iigdt) passe@hsough an excitation
slit. The f 1 uoekeedlingisnneasuredmat98°svenahougli emissions from the sample are emitted

in every direction (F). A polarizer igtilized when polarized fluorescence is measured. The spectra on the right
shows how detected emission photons are multiplied and integrated in relation to received emission wavelengths.
(Figure taken from reference 25)

Nuclear Magnetic Resonance Spectroscopy

Nuclear Magnetic Resonance (NMR) spectroscopy is a method that esnph®yedto
determine the thredimensional structure of an aptamer both in the free atatdigandbound
state. In addition, NMR spectroscopy can be used to rétve&dcation of ligandbinding sites
on an aptamer, investigate structural changes in an aptamer or its regions upon ligand binding
and to assess dynamics and stability of an aptéhersolution state NMR spectroscopy, the

sample of interest isubjected ta strong magnetic field, allowing nuckgich as'H, *C, N,

14



and 3P to have a magnetic spin numb&. Nuclei will emit resonance signals at specific
frequencies which vary based on their chemical composition and surrounding molecular
environment.Furthermore, NMR is viewed asa nondestructivemethodthat enablesseveral
experiments to beatried outon the same sampbeross differentonditions. This can include
temperature, ligand concentration and buffer condittéridevertheless, by tracing peaks of
imino protons in 10H experiments, information about ligand binding and aptamer stability can
be obtainedlmino protons are valuable because their signals are found downfield at higher ppm
values such as seen in Figuit&, which are distinctly isolated from signals of other protons that
are found in nucleic acidémino proton signals generally only appear when they are involved in
hydrogen bonds such as seen in hzsieng. The position of these signalsamNMR spectrum
dependson its chemical identity and surrounding environnféimino protons can be found in

both WatsorCrick and NorWatsonCrick basepairs. The signals from Watsdrick basepairs

are the mostdownfield where they appear around-1£2 ppm. Guanine imingroton signals
appear around 123 ppm and thymine or uracil imimroton signalappeararound 1314 ppm.
Non-WatsonCrick basepairs generally appear upfield of the signals from the Watsark
basepairs around 142 ppm.Information such as structural elements of an aptamer both in the
free and bound state can be obtaifiein an NMR spectrum aftesssignmenbf the imino
resonances. Structures can include brg not limited to loops, stem lengths, and bulges.

Assignments of peaks to individual bases can be doaedlyzing a 2D NOESY experimefit
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Figure 11. 1D H-NMR spectrum ofcocaine titrated into theocainebinding aptamer. The inset highlightse
region that emphasizes the imipmwtonsignals The spectrum shows that cocaine is bound with the cotéiming

aptamer(Figure taken from reference 26)

Thesis Project
Previous work in the Johnson labshavestigatechonstructureswitching aptamers as a

function of NaCl concentration, such as with MN4, and have observed that as NacCl
concentration is increased, the binding affinity of the aptamer for its ligand, quinine, decreases.
However,binding studiedhave yet to belone with structurswitching aptameras a function of

NaCl concentrationThe goal of this project is t@nalyzeif this relationship is consistent and
observef structureswitching aptamers have arpHel relationship with nostructureswitching
aptamers as a function of NaCl concentrati@ne assumption is that at low NaCl
concentrations, binding affinity is favored because reduced shielding of cheogés allow
electrostatic interactions between the aptamer and ligand to occur more effeatsalgt high

NaCl concentrations, folding is favoured becamseeasedshielding of chargewould enhance
aptamer foldingupon ligam binding. Therefore, we would want to see how these two forces

balance out each other during this stuldhye binding interaction between MN19 and quinine was
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studied as a function of NaCl concentration, and this project was accomplished using isothermal

titration calorimetry.

In E-AB biosensors, iwas discussed that witiMN19, the platform relies on a redox
reporterligand competition mechanismheremethylene bludinds to the aptamer and then gets
displaced upon the addition of ligarithe goal of this project is to see if other aptamers bind
methylene blueand if so, measure the binding affinity to quantify the bindiisdditionally,
investigatingotheraptamerghat bind to methylene blue can provide insight on any similarities
between structural motif§ his can help one understand what is required for the aptamer to bind
effectively to methylene blueThis part of the project was accomplished using fluorescence

spectrometry.
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Chapter 2. Analyzing the Binding Affinity of
Structure-Switching Aptamers as a Function oNacCl
Concentration Using Isothermal Titration
Calorimetry

Introduction

Many intermolecular forces contribute to the aptamer and target binding s\Wah dgsr
Waals, hydrogen bonding and electrostatic interacfibriie focus of this project was to
examine thecontribution of electrostatic forcaswards aptamer and ligand bindirdigh ion
concentrationgproducea shielding effect betweenchargedmoleculespresentin solution. This
effectwasinvestigatedoy alteringthe NaCl contentandtrackingthe changesn binding affinity.
The high salt contentwould be expectedto disrupt the electrostaticinteraction betweenthe
phosphatdackboneon the aptamemndtheligand.A study done by Hianilet al. has shown that
increasing NaCl concentrations weakened binding between agtantethrombin andhat this
was likelybecause othe shielding effect of the Naons?® Another study done by Schmielt al.
which alsoinvolved multiple aptamers has shown that the binding got weaker for all aptamers
towardtheir target when NaCl concentrations were incredséda study done by Reinsteat
al., they concluded that the affinity of MN4, ariant of the cocainbinding aptamer, for
quinine, increases when NaCl concentration decréa3é® reason why quinine was chosen as
the ligand instead of cocaigbecause it was identified that the cocdmeding aptamer binds
guinine approximately 3@old tighter Thus, since the function of nestructureswitching
aptamers habeen studied under changing NaCl concentrations, binding studresione with

structureswitching aptamers chosen for my research to see if this relationship is consistent.

Structureswitching aptamers are unfolded or loosely folded when in thestegde and
only becomefully structured when bound to their corresponding target ligatfdwith
structureswitching aptamers,it can be anticipated that &w NaCl concentratiog binding
affinity is favoured as there is less shieldofgcharges, allowing electrostatic interactions to take
place. At high NaCl concentrations, folding should be favoured as high shi@flicigarges
would occur due tthe high ion content, allowing the aptamer to fold measilyby overcoming

repulsion between like charges.
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Therefore the long-term objectiveof this projectis to seehow thesetwo factorsbalance
each otherout in structureswitching aptamersbinding their ligand as a function of NacCl
concentrationThis long-term objective \&s achievedlongsidevariousshortterm objectives
One of theshortterm objectives wat analyze the binding affinity of the MN19 aptamer when
binding quinine under NaCl concentrations of IM-2000mM. MN19 is another variant of
the cocainébindingaptamerand it differs from MN4because & 3basepairsshorter in its stem
1 and as a result is loosely folded in the free fitpure 6)!° One of our previous lab members
has conductedunpublished studieasing the DaMut3 aptamer, a structeswitching aptamer,
binding dopamine. The aptamer has a high affinity for dopamine at a NaCl concentration of 10
mM. When the NaCl concentration is increased to 31.6 mM, the affinity of DaMut3 for
dopamine decreases. However, when the NaCl concentration is increased up until 1000 mM, the
binding affinity starts increasing again as seen in Fig@rerhe reasoning behind this may be
that at low NaCl concentrati@ binding affinity is favouredoecause reduced shielding of
charges allows the aptamer to bind dopamine more effectively through electrostatic interactions.
At high NaCl concentratian folding of the aptamer is favouregbon the binding oflopamine
because increased shielding of charges reduces repulsion between like charges, facilitating the
folding process.Charges on the aptamer phosphate backbone are expected to be shielded,
allowing the aptamer to come together and folding to be favouredisillsy we can see high
binding affinities at the lowest and highest NaCl concentratioimss, weaim to observe if there
is a similar relationship with the MN19 aptamer when binding quinine at varying NacCl

concentrations.
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Figure 12. Plot of LogKavs. Log[NaCl] for the MN4 aptamer binding quinine under NaCl concentrations of 50
mM to 500 mM. The data was collected through isothermal titration calorimetry. The igdipates that when
NaCl concentration is increased, the binding affinity of the MN4 aptamer for quinine decrBasedata was
collected by Reinsteiat al.
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Figure 13. Plot of LogKavs. Log [NaCl] for the DaM& aptamer binding dopamine under NaCl concentrations of

10 mM to 1000 mM. The data was collected through isothermal titration calorimetry. The graph indicates that the
DaMut3 aptamer has a high binding affinity for dopamine at 10 mM NaCl. When NaCl concentration is increased to
31.6 mM, the binding affinity of the aptamer for dopamine decreases. As the NaCl concentration is increased up
until 2000 mM, the binding affinity starts increasing agaime data was collected by Matthew Bowman.

Material sand Methods

Materials

Quinine wasobtained from Sigma Aldrich and salts and buffer reagents were obtained
from BioShop.MN19 wasobtained from Integrated DNA Technologies (IDT), which came as a
lyophilized powder

Aptamer Preparation

MN19 samples were first dissolved Milli -Q water. In a 5nL, 3 kDa concentrator, the
samples were then exchanghadeetimes againsi M NacCl solution andgix times againsMilli -
Q water. This was done to remove any leftover products from the synthesesgrbhe
concentration of the aptamers were determinagsinga Cary VarianUV-Vis spectrometeat an
optical density(OD) reading ofa wavelength o260 nm with the corresponding extinction
coefficient provided by IDT304 200 M cm?.,
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Ligand Preparation
Quinine samples were dissolved in buffers used for experiments. The concengfation
quinine was measured using a Cary Varian WA6 spectrometer at an OD reading of a

wavelengtrof 331 nmwith the corresponding extinction coefficied244 M! cm?.,

ITC Experiments

Firstly, aptamer and ligand samples were prepared in Phodpuititeed Saline (PBS)
buffer (X mM NaCl, 10 mMNaH,PQOs buffer, pH of 7.4) where X represents varying
concentrations of NaCl. Aptamer samples were prepared at a concentration of 0.04 mM and
ligand samples were prepared at a concentration of 0.624 mM. Heating and cooling of the
aptamer was also performed to achieve fast annealing by placing it in boiling water for 1 minute
and then placing it oite for 5 minutes; this was done to favour intramolecular foldgamples
were loaded into thMicroCal VP-ITC instrument with the aptamer being placed in the sample
cell, and ligand being placed in the syringe. All ITC experiments were condu@ed atvhere
the experiments were set to 35 injections of 8 uL spaced every. 3b@ Brst injectionwas set

to 2 pL to account for diffusion from the syringe during equilibration.

Data processing and analysis was then performed on the thermogram generated by the
Origin 5.0 Software Manual integration was done, and the heat of dilution was corrected so that
the data can be fit to an appropriate binding mote fitted thermogam provides us with the
stoichiometry of the interaction (nkgnthalpy (oH and entropy @ S. )Most importantly,
equilibrium bindingconstantKa or Kq are given, which represethe binding affinity.UsingKa
values obtained for the binding interaction date@achNaCl concentration, the log of th€a
values can be taken and plotted against the log oN#t@& concentration. The slope obtained
from the line of best fit would givthe valueo f  Jwhidfe Z represents the apparent charge on
the bound ligand and represents the fraction of Naound per nucleic acid phosph&td his
value can be used to determine the contribution of electrostatics to the free energy of binding by

inputting it intoEquation 1.:
Contributionof Electrostatics to the Free Energy of Binding

%elec: ZUGRT +] (1)’] [ N a
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Wh e r elcisef®e contribution of electrostatics to the free energy of binding,is\the NaCl
concentration of 140 mM NacCl, T is the temperature measured in Kelvin and R is the ideal gas

constant.

Knowing the binding affinity of the aptamer for its ligand at 140 mM NacCl, the overall binding
free energy can be determined wifuation 2:

Overall Binding Free Energy
&G R¥In[Kd (2)

Wh e r eis tBe@verall binding free energy, R is the ideal gas constant, T is the temperature

measured in Kelvin anidq is the binding affiny.

Using the contribution of electrostatics to the free energy of binding and the overall binding free
energy, the representation for the contribution of electrostatics of the overall free energy of the
aptamer binding itigand at 140 mM NaCl can be determirfé@herefore,it can be identified
whether altering NaCtoncentrationhas an impact on the binding affinitf each structure

switching aptamer with its ligand.

Results and Discussion

Data was collected angrocessed through isothermal titration calorimetry for MN19
binding quinine under NaCl concentrations of 140 mM to 1000 mM. Unfortunately, experiments
using NaCl concentrations of less than 140 mte not included apart of the studyhis is
because of the twsite binding observed with MN19 binding quinine as seen in Figure 14 with
50 mM NaCPl* This prevents the analysis of the binding affinity of the aptamer at lower NaCl
concentrationsHaving the experimental modéb be consistent is important and if our model
suddenly develops twsite binding, it would be much more difficult to compare those data
points with data points collected at NaCl concentrations where the aptamer fsi® doeding.
This can lead to bias in the results as lower NaCl concentrations would not be ingdadeaf a
the study. Therefore, it is crucial to work with structavatching aptamers thab not haveéwo-

site binding at specific NaCl concentrations.
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Figure 14. Representative ITC Thermogram showing theeraction of 0.04mM of MN19 with 0.624mM of
quinine at a NaCl concentration of 50 mWhe trermogram indicates thatvo-site bindingoccurs for MN19

binding quinineat this NaCl concentration

A plot was then made obd) Ka vs. log [NacCl], and it showed the trend of the binding
affinity of the MN19 aptamer for quinine at varying NaCl concentrations (Figure 16). The results
suggested that the affinity of the aptamer for its ligand decreases when increasing the
concentrations of NaCl. The Ndons may be shielding the charges that are involved in
electrostatic interactions between the aptamer and ligand. Therefore, by increasing the NaCl
content in the solution where the binding interaction takes place, more shielding occurs and
disrupts the electrostatic interactions. By disrupting these interactions, the binding affinity of the

aptamer for the ligand becomes weaker.

This can also be compared to the results seen with the MN4 aptamer (Figure 17). The
enthalpy for MN4 binding quinine was determined for a range of NaCl concentrations from 50 to
500 mM. As mentioned before, as NaCl concentration decreased, the binding affinity of the
aptamer for quinine increased. A similar trend was observed with MN19 binding quinine which
shows that there may be a parallel relationship betweesstnactureswitching and structure

switching aptamers when studied as a function of NaCl concentration.

The contribution of electrostatic interactions seems to be less for MN19 binding quinine
than for MN4 binding quinine at 140 mM NaCl. From the piblog Ka vs. log [NaCl] for MN4
binding quinineseen in Figure 12he slope gives the valeef ITHgvalue was determined
to be-0. 45. This can then beeecFZRIMNI{NAEPtO givethe t he

24



contribution of electrostatics to the free energy of binding. This value for MN4 binding quinine
was10.51 kcalmol at 140 mM NaCl With the determined binding affinity of MN4 binding
quinine at 140 mM NacCl, 0.23 uM, the overall binding free energytban be determined
which is-8.90 kcal/mol. These values show the contribution of electrostatics regrés#nof

the overall free energy of MN4 binding quinine at 140 mM NacCl.

The slope obtained from the plot of I&G vs. log [NaCl] for MN19 binding quinine
gives a value 0f0.10 (Figure 16). Using this value, the contribution of electrostatics for the free
energy of binding was calculated #s11 kcal/mol at 140 mM NaCl. With the binding affinity
obtained for MN19 binding quinine at 140 mM Na@Gl47 uM, the overall free energy was
determined to be7.32 kcal/mol. This shows that the contribution of electrostatics represents
1.50 % of MN19 binding quinine at 140 mM NaCl. Therefore, we see that the contribution of
electrostatics is less for MN19 binding quinine than MN4 binding quinine at 140 mM NacCl.
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Figure 15. Representative ITC Thermograms showing the interaction of @J#4of MN19 with 0.624mM of
quinine at a NaCl concentration of A) 14@M, B) 250mM, C) 355mM, D) 500mM, E) 1000mM and F) 2000
mM. The sigmoidal curve indicates osite binding with &g of A) 3.47¢M, B) 4.30eM, C) 3.74eM, D) 4.87¢M,
E) 5.30eM and F)2.34eM.
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Table 1. Overall summary of the thermodynamic results of MN19 binding quinine at varying NaCl concentrations
with a onesite binding modelThe experiments were conducted im¥ NaCl, 10mM NaHyPO: buffer at pH 7.4,
where X represents the varying concentrations of NaCl &€.20he error was determined through standard
deviation of data collected frommultiple experiments performed at each NaCl concentration. However, for the
experiment conducted at 2000 mM NacCl, the error was determined through the fit of theasuowdy one
experiment was done.

NaCl Concentration Number of AverageKa Av er age€ Average-T &S
(mM) Experiments () (kcal/mol) (kcal/mol)
140 3 0.23+£0.05 -23+2 16+ 2
250 2 0.20+ 0.05 21+2 14+ 2
355 3 0.21+£0.05 -19.1+0.3 11.9+ 0.3
500 2 0.18+ 0.03 -22+5 15+5
1000 2 0.186+ 0.004 -17.0+£0.8 99+08
2000 1 0.43+0.04 -11.8+ 0.2 4.3
6.00
(.5 -~
A’
(@)
o 1 o
—l o
[ ]
8 . ° p —9
500 T T T T
-1 0

Log [NaCl]

Figure 16. Plot of LogKavs. Log [NacCl] for the MN19 aptamer binding quinine under NaCl concentratiob40of
mM to 1000mM. The data was collected through isothermal titration calorimetry.graph indicates that the
binding affinity of the MN19 aptamer for quinimecreases abhe NaCl concentratioincreases

27



8.00

7.00 -
(0] i
X ] ]
% ] ° o MN4
— 6.00 - ° MN19
500 T T T T T T T T T T T T T T
15 1 0.5 0

Log [NaCl]

Figure 17. Plot of Log K, vs. Log [NaCl] comparisonfor the MN4 aptamer binding quinine under NacCl
concentrations of 50 mM to 500 mM and t&l19 aptamer binding quinine under NaCl concentrations of 140 mM
to 1000 mM. The data was collected through isothermal titration calorimetry. The graph indicatéisetieats a
smaller decrease in the binding affinity toe MN19 aptamer binding quinine than MN4 binding quinine as NacCl
concentration is increased.

Another experiment was conducted for MN19 binding quinine at 2000 mM NacCl. At this
concentration the binding affinityof MN19 for quinine increases againThis behaviour is
similar to the one seenvith the DaMut3 aptamer when binding dopamffégure 13) The
affinity decreases from 140 mM NaCl up until 1000 mM NaCl. The binding affinggstarts to
increase again when the NaCl concentration is increased to 2000 mM (Figure 18). One
explanation for this may be that at higher NaCl concentratifoiding is favoured of the
structureswitching aptamer when binding its ligand which may be seen with the MN19 and
DaMut3 aptamerand can explain the increase in binding affinity when NaCl concentration is
increased. However, only one data poawds collected at 2000 mM NaCl when MN19 binds
quinine and therefore, more data points are needed to confirm if the binding affinity does

increase again when the NaCl concentration increases.
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Figure 18. Plot of LogKavs. Log [NaCl] for the MN19 aptamer binding quinine under NaCl concentratioh40of

mM to 2000 mM The data was collected through isothermal titration calorimetry. The gndffates thathe

binding affinity of MN19 for quinine decreases up until 1000 mM NacCl. The binding afiimitgase again when

the NaCl concentration is increased to 2000 mM. However, it should be noted that one data point was only obtained
at 2000 mM NaCl with ITC.

Conclusions

It was shown how the overall trend of the binding affinity of MN19 binding quinine
decreasewhenincreasing theNaCl concentratiorirom 140 mM t01000 mM A similar trend
was seen with the MN4 aptamer when binding quinine as the binding affinity deswehea
increasing the NaCl concentration from 50 to 500 mM. Experinmfent8IN19 binding quinine
at NaCl concentratiambelow 140 mMcould not beanalyzedas the aptamer develops a tsite
binding model and we want to keep our study consistent by keeping it tosat@maeodelto
easily compare binding affinities. The contribution of electrostatics at 140 mM NaCl was less for
MN19 binding quinine as a value of 0.% was determined compared to MN4 binding quinine
with a determined value of 6 %. Furthermore, when increasing the NaCl concentrat@ifOto 2
mM, the binding affinity increased agaiithis rend wassimilar to the one seen with the
DaMut3 aptamemhen binding dopamine, where the binding affinity starts increasing again

when increasing the NaCl concentration from 31.6 mM@001mM However, since only one
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data point was collected, more data points are needed to confirm if the binding affinity of MN19

for quinine increases again & mM NacCl
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Chapter 3. Characterizing the Interactions of
Methylene Blue with Different Aptamers Using
Fluorescence Spectrometry

Introduction

When it comes to aptamer applicatioBsAB biosensordiave become a promising tool
for detecting and quantifying targefBhis carnbe inundiluted complex matrices, such as plasma,
serumand other bodily fluids, andan be useih the body?® The sensing platform involves a
redoxreporter methylene bluegovalently attached to an aptamer which is anchaveglgold
electrode surfacehrough thiol chemistry The electrochemical signal produced from this
platformis from a bindingnduced conformational change of the aptamer when ligand is added
However, it was found that with théIN19 aptamey the mechanism of which theignal is
generated isdue to a redoxreportetligand competitio®. The aptamer undergoes a
conformational change because afthylene bluebinding at or near the ligand binding site on
the MN19 aptamer astic oval ent | y at tMethjlenablue then getsdisptaced e n d
from the binding sit@ipon ligand addition. This changes the distance of methylene blue from the

electrode surface, leading to a changel@ttron transfer rasg(Figure?).

The longterm objective of this project is tsee what othesecondarystructures
methylene blue binds ton different aptamers.The longterm objective s achievedwith
various shorterm objectives including comparative analyses of the binding affinities of
methylene blue interacting with various aptamers such as Caff209, a variant of the -caffeine
binding aptamer, HMX38, a methotrexdimding aptamerTRP942bp, a truncated version of
the tryptopharbinding aptamer, mong othersThis goal was accomplished lbyeasuringthe
intrinsic fluorescence properties of methylene hlaimg a fluorescence spectrométek change
in the fluorescencmtensity of methylene bluldicates binding betweenethylene blue antthe
aptamerPrevious studies were done with methylene blue and the MN19 apgtamdixed
concentration of a methylene blue solution was excited at a wavelength of 620 nm. The relative
mean fluorescence intensity was measured as a function of MN19 concentration at 683 nm.

Results showed that there was a decrease in the fluorescence intensity upon addition of the
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MN19 aptamef® Therefore, we want to see if there are changes

methylene blue when working with other aptamers.
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Figure 19. Predicted scondary structures dadptamers,duplex DNA sequences and methylene blue used for
fluorescence experimentsihe secondary structures show A) MN19, a variant of the cotanting aptamer; B)
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MNA4, a variant of the cocairginding aptamer; C) SS1, a variant of the MN4 aptamer; D) TWJ, a generiarthyee
junction structure; E) Caff209, a variant of the caffdimeding aptamer; F)Caff2093bp, a truncation of the
Caff209 aptamer; G) MTX5, aethotrexatéinding aptamer; H) HMX38, reother versionof the methotrexate

binding aptamer; I) HMX24, a truncation of the HMX38 aptamer; J) Theo2201, a theoptjtioiag aptamer; K)

Theol, a truncation of the Theo2201 aptameRA}5bp, a dopamindinding aptamer; MPA-3bp, a truncation of

the DA-5bp aptamer; N) Glul, a glucogending aptamer; O) Gimod12, a modification of the Glul aptamer; P)
TRP94, a tryptophabinding aptamer; QTRP942bp, a truncation of the TRP94 aptamer; R) Dickerson Drew
Dodecamer (DDD), a duplex DNA sequence; S) Hexamer (SJH), a duplex DNA sequence; T) 2G3b, a variant of the
secondgeneration cocainbinding aptamer; U) 2G4, a variant of the secgederation cocainbinding aptamer;

V) MB1, a methylene blubinding aptameand W methylene blue (MB) redeseporter.

G-Quadruplex
G:Q\vadru,’iex Base Triple
e A
Base Triple
P Base Pair
5 —_—
Base Pair
e’

OTA1-long

Figure 20. Structures ofthe A) OTAL, an ochratoxin Ainding aptamer and B) OTAlbng, an elongation of the
OTAL aptamer

Material sand Methods

Materials
Methylene blue wa®btained from Sigma Aldrich and salts and buffer reagents were

obtained from BioShop. Aptamers were obtained from IDT, which came as a lyophilized powder

Aptamer Preparation

Aptamer samples were first dissolvedNtlli -Q water. In a 5mL, 3 kDa concentrator,
the samples were then exchandgecketimes againsi M NaCl solution andix times against
Milli -Q water. This was done to remove any leftover products from the synthestsgidne
concentration of the aptamers were determinasinga Cary VarianUV-Vis spectrometeat an
OD reading ofa wavelength 0260nmwith the corresponding extinction coefficient provided by
IDT.
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Ligand Preparation

Methylene blue samples weredissolved in buffers used for experiments. The
concentration omethylene bluavas measured using a Cary Varian W& spectrometer at an
OD reading of a wavelengthf 665 nmwith the corresponding extinction coefficie@é 100 M
cml,
Fluorescence Experiments

To begin aptamer ad methylene blue samplegere prepared i®BS buffer (137 mM
NaCl, 2.7 mM KCI, 10 mMNaHyPO4, pH of 7.4). Aptamersamples were prepared at a
concentration of (10& 3) uM and methylene bluesamples were prepared at a concentration of
(60 £ 1) nM. Data wascollected using a Cary Eclipskiorescence spectrometé blank PBS
sample was first excited at 620 nm while the stestdte fluorescence was measured at an
emission wavelength range of 6800 nm as a negative control.methylene bluessample was
then excited, and its steadjate fluorescence was measured. Aptamer samples were then titrated
into the methylene blue sample and aliquots were increased incrementally to an aptamer
concentration of ~6 UM as methylene blue emissions were recdbdd¢dwas then analyzed
using a direct plot obtained fromriginPro 8.1 wherethe obtained emissiomtensities were
normalized andplotted as a function of aptamer concentrati@miginPro 8.1 was used to
determinethe Kq by fitting the data toour publishednonlinearregression functioras seen in

Equation 3

Nonlinear Regression Function
—=kh+(R- Fl)m (3)

Where F and drepresents the fluoresaanintensities of methylene blue with and without
aptamer present,oFand k denote the vertical and horizontal asymptotes, n represents the

number of binding sites arit represents the binding affinity

A titration plot was also obtained from the softwaras another method to analyze the
data. This would shovhat binding occurs between an aptamer and ligantigfdata plotted
looks sigmoidal Theplot wasconstructedy plotting thenormalized fluorescence intensities of

methylene blue at 683 nm as a function of the log of the concentration of aptamer titrated into
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methylene blueThe midpointof the titration plot was obtained from OriginPro 8.1 to calculate
the Kq by taking the inverse log of the obtained midpoint. This value was then compdhed to

Kq obtained from the direct plot.

NMR Experiments

1D H-NMR experiments were performed on a 700 MHz Bruker NMR spectrometer.
Excitation sculpting was used to suppress the water sigh&l.method employs a gentlew-
power 180 degrees pulse that inverts and preserves all resonances while specifically reducing the
intensity of the water peaExperiments were conductedt in buffers where conditions are
mentioned in the figure captions of the NMR specltee change in spectra was monitored as a
function of ligand titrationAfter addition of ligand, the 1D NMR spectra of theund state of
the aptamer was compared to its free state. The datdaheasprocessed and analyzesing
TOPSPIN 3.5 (Bruker).

Results and Discussion

Analysis through Direct Plots

Firstly, a negative control was performed by titrating PBS buffer into the methylene blue
sample. As seen in Figure 21, a minute decrease in the fluorescence intensity is observed for
methylene blue. Thisbservation is expected as there is no DNA or aptamer sample titrated into
the sample cell containing methylene blue for it to bind and cause changes in its fluorescence
intensity. The very small change in the intensity can be due to dilution of the sample with
increasing volume of the PBS buffer. The data was fit to a linear function to obtain an average
slope of (5 x 10° + 1 x 10°% pL™. This indicates that aninimal change iobserved in the

fluorescence intensity of methylene blue with increasing aliquots of PBS.buffer
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Figure 2L Nor mal i zed fl uorescence (iB683eamasiafugction éfolume bftPBY ene bl
buffer titratedinto methylene blueTitration of PBS buffer was used as a negative control and graphs inttiiatde

very small decrease in fluorescence inten@tpbservedvhich can be due to dilution of the methylene blue sample

with increasing volume of PBS bufférhe data was fit to a linear functiém obtainan average slope value 66 x

10% + 1 x 10%) pLL. The different colors and symbols represent different runs of the RE8r titration into

methylene blue experimenthe error was determined through standard deviation using data collected! from
experiments

A positive control was also conducted of the MN19 aptamer into methylene blue. Data
collected from experiments were plotted and fia tonlinearbindingfunction and an average
Kq value of 0.14 + 0.04 uM was calculatedThisindicates that the aptamer binds tightly to
methylene blue (Figure 22)
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Figure22 Nor mal i zed fl uor escenc e 683 nemassa fubcion af Eoncendratitmiyhe e n e
MN19 aptamer titratednto methylene blueTitration ofthe MN19 aptamerwas used as a positive control and
graphs show the fluorescence decay of methylene blue with increasing concentrdt@MbfL9 aptameiThe data

was fit to a nonlinear binding functido obtain an averageq value of(0.14+ 0.04 uM. The different colors and
symbols represent different runs of the MN19 titration into methylene blue experifinenerror was determined
through standard deviation using data collected froemperiments.

When MN4, another variant of the cocainieding aptamer, watstrated into methylene
blue, the aptamer appears to bind tighter than MN19 aray@rageq value of(0.017 £ 0.0®)
MM was obtained (Figure 23). The experiment wasimized to obtaira more weldefined
curve, so that an accurat& value was obtained. This was done by working at half the
concentration of methylene blue normally used and going to a 2:1 molarTtagexplains why
the xaxis for this plot has lower concentration values for the aptamer than the other plots
constructed for thistudy.Another aptamer that was used was the SS1 aptamer, a variant of the
MN4 aptamer. It differs from MN4 by having its two-&basepairs interchanged at the central
threeway junction. When titrating the SS1 aptamer into methylene blue, the aptamer appears to
bind methylene blue with an averagevalue of(2 + 1) uM (Figure 24). This indicates that the
aptamer binds weaker thaboth MN19 and MN4 to methylene blue. A generic thwey
junction DNA structure (TWJ) was also used and when titrated into methylene blue, it binds
tightly with an averag&q value of(0.461+ 0.00§ puM (Figure 25). The value obtained indicates
a slightly lower binding affinity than MN19 yet binds tightly to methylene blue.
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MN4 aptamer titratednto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of the MN4 aptanignis experiment waslonein duplicatesand he data was fit to a
nonlinear binding functiomo obtain @& average{q value of(0.017 = 0.0®) uM. The error was determined through
standard deviation using data collected from 2 experiments.
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Figure 24. Normalizedf | uor escence i nt en &#Fa@8¥nmasfafuncioh ¢f gohcentratimithe ue at o
SS1 aptamer titratethto methylene blue The graphs show the fluorescence decay of methylene blue with
increasing concentration of the SS1 aptamer. This experiment was done in duplicates and the data was fit to a
nonlinear binding functioto obtain an average€q value of(2 + 1) uM. The error was determined through standard

deviation using data collected fra2Zrexperiments.
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Figure25Nor mal i zed fl uor escenceentad3nmassfuncyon af Eoncemtratitmiynk ene bl
TWJ aptamer titratednto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of theNVJ aptamer. This experiment was done in duplicates and the data was fit to a
nonlinear binding functiomo obtain an averagey value of(0.461+ 0.008) uM. The error was determined through

standard deviation using data collected frdexperiments.

Caff209, a variant of the caffeiending aptamet? was titrated into methylene blue.
Figure 26 indicates that the aptamer binds tightly with an avéfagalue of (0.6 + 0.4) uM.
The truncated version of the Caff209 aptar@aff2093bp, was also titrated into methylene blue
and Figure 27 shows a fluorescence decay which indicates binding of the aptamer to methylene
blue. The data was fit to obtain an averdgevalue of (4 + 2) uM which shows that the
truncation in the stem of the Caff209 structure leads to a weaker binding affinity.
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Figure26Nor mal i zed fl uor escenc e #6683 nmassafuncion af Eoncendratiniyhe ene bl u
Caff209 aptamer titratethto methylene blueThe graphsshow the fluorescence decay of methylene blue with

increasing concentration of the Caff209 aptarniiis experiment was done in duplicates dmel data was fit to a

nonlinear binding functiono obtain an averagky value of (0.6 + 0.4 uM. The error was determined through

standard deviation using data collected fid@xperiments.
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Figure27.Nor mal i zed fl uor escence et 683 nmasaifuncyon af Eoncertratiniyne ene bl u
Caff209-3bp aptamer titratedhto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of ti@aff209 3bp aptamerThis experiment was done in duplicates anddéia was fit to

a nonlinear binding functioto obtain an averagkq value of (4 £ 2) uM. The error was determined through

standard deviation using data collected frdexperiments.
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Figure 28 shows the fluorescence decay of methylene bluenerasing concentration
of MTX5, a methotrexatdinding aptamet® The graph indicates that the aptamer binds tightly,
and the data was fit to obtain an avergesalue of(0.44+ 0.02 uM. Another version of the
methotrexatebinding aptamerdMX38, was also used for the stuthA fluorescence decay was
shown of methylene blue with increasing concentration of the aptamer; it binds tightly to
methylene blue with an averaffe value of(0.5+ 0.2) uM (Figure 29). The truncated version of
HMX38, HMX24, also binds tightly to methylene blue with an averdge®alue of(0.6 + 0.2)
MM (Figure 30). The truncated version of the HMX38 aptamer also exhilhitwex binding
affinity as seen with the truncated version of the Caff209 aptamer.
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Figure28 Nor mal i zed fl uor escenc et a83nmassafubcyon af Eoncendratitniyne ene bl u
MTX5 aptamer titratednto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of the MTX5 aptamer. This experiment was done in duplicates and the data was fit to a
nonlinear binding functiono obtain an averagy value of(0.44+ 0.02 uM. The error was determined through

standard deviation using data collected frd@xperiments.
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Figure29.Nor mal i zed fl uor escenc e #6683 nneassafuncion af Eoncendratiniyhe e ne bl u
HMX38 aptamer titratednto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of the HMX38 aptamer. This experiment was done in duplicates and the data was fit to a
nonlinear binding functiono obtain an averagky value of (0.5 + 0.2) uM. The error was determined through

standard deviation using data collected fid@xperiments.
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Figure30.Nor mal i zed fl uor escenceeta83nmassfunctipn obcbncanteatiobfyhe ene bl u
HMX24 aptamer titratednto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of the HMX24 aptamer. This experiment was done in duplicates and the data was fit to a
nonlinear binding functiono obtain an averagky value of (0.6 + 0.2) uM. The error was determined through

standard deviation using data collected frdexperiments.
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A theophyllinebinding aptamer, Theo2201, was also used for this StuBigure 31
shows a fluorescence decay as the aptamer was titrated into methylene blue and arKaverage
value 0of(0.99+ 0.06 uM was calculatedThis shows that Theo2201 binds tightly to methylene
blue. The truncated version of this aptamer, Theol, also binds to methylene blue with an average
Kq value of (1.3 £ 0.2) uM observed with the fluorescence decay shown on the graph (Figure
32). When comparing both aptamers, the truncated version also exHdwtsrabinding affinity
yet both aptamers bind to methylene blue.
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Figure3L.Nor mal i zed fl uor escenc et a83nmassafubcyon af Eoncendratitniyne ene bl u
Theo2201 aptamer titratédto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of the Theo2201 aptamer. This experiment was done in duplicates and the data was fit to a
nonlinear binding functioto obtain an averagéy value of(0.99+ 0.06 uM. The error was determined through

standard deviation using data collected fridexperiments.
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Figure32 Nor mal i zed fl uor escenc e #6683 neassafuncion af Eoncendratiniyhe ene bl u
Theol aptamer titratethto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of the Theol aptamer. This experiment was done in duplicates and the data was fit to a
nonlinear binding functiono obtain an averagky value of (1.3 + 0.2 uM. The error was determined through

standard deviation using data collected frdexperiments.

TRP94, a tryptophahinding aptamet® was titrated into methylenalue, and Figure 33
shows a fluorescence decay which indicates that the aptamer binds to methylene blue with an
averageKq value of (1.4 £ 0.5 pM. The graph indicating the truncated versiorthef TRP94
aptamer, TRP942bp, also shows a fluorescence decay of methylene blue with increasing
concentrations and it binds tightly with an averdgealue of(0.4+ 0.3) uM (Figure 34). In this
case, the truncated version binds tighter than the parent version of the trygtophag
aptamer. This demonstrates that the stem region of the parent aptamer does not play a significant
role in the binding affinity towards methylene blue. This shows that methylene blue may be

interacting with a different region dhe aptamer.
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Figure 33 Nor mal i zed fl uor escenc e #6683 nneassafuncion af Eoncendratiniyhe e ne bl u
TRP94 aptamer titratethto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of the TRP94 aptamer. This experiment was done in duplicates and the data was fit to a
nonlinear binding functiono obtain an averagky value of (1.4 + 0.5 uM. The error was determined through

standard deviation using data collected fid@xperiments.
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Figure34. Nor mal i zed fl uor escence et 683 nmasaifuncyon af Eoncertratiniyne ene bl u
TRP942bp aptamer titratednto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of tH&RP942bp aptamer. This experiment was done in duplicates and the data was fit to a
nonlinear binding functiono obtain an averagky value of (0.4 + 0.3 uM. The error was determined through

standard deviation using data collected frdexperiments.
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A dopaminebinding aptamerDA-5bp3® was titrated into methylenaue, and Figure 35
shows a fluorescence decay with increasing concentration of the aptamer. The aptamer binds to
methylene blue with an averaffe value of(1.3+ 0.4) uM. The truncated versiomA-3bp, also
binds to methylene blue with an averdgevalue of(1.2+ 0.4) uM as a fluorescence decay was
also observed on the plotted graph (Figure 36). When comparing the binding affinities of both
aptamers to methylene blue, the truncated version binds tighter to methylene DAwSlag has
a slightly higher binding affinity thaA-5bp. This also indicates how a longer stem region
doesndt significantly cont r i Bwdingaptamerstr onger
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Figure35.Nor mal i zed fl uor escenc e +683nneassafuncion af Eoncendratiniyhe e ne bl u
DA-5bp aptamer titratednto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of tH2A-5bp aptamer. This experiment was done in duplicates and the data was fit to a
nonlinear binding functiorio obtain an averagky value of (1.3 + 0.4 uM. The error was determined through

standard deviation using data collected fridexperiments.
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Figure36.Nor mal i zed fl uor escenc e 683 nemassa fubcion af Eoncendratitmiyhe e n e
DA-3bp aptamer titratednto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of tfi2A-3bp aptamer. This experiment was done in duplicates and the data was fit to a
nonlinear binding functiono obtain an averagky value of (1.2 + 0.4 uM. The error was determined through
standard deviation using data collected frdexperiments.

A glucosebinding aptamer, Glu3® was incorporated into this study. Figure 37 shows
fluorescencalecay with increasing concentration of the Glul aptamer. The data waslitain
an averagdq value of(1.1 + 0.3) uM which shows that this aptamer also binds to methylene
blue. The modified version of the aptamer, Glod12, showed binding with methylene blue
with an averag&q value of(2 £ 1) uM (Figure 38). The modified version of the glucdseding
aptamer binds weaker than the parent aptamer but both aptamers exhibit Witidimgthylene
blue.
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Figure37.Nor mal i zed fl uor escenc e .+*a683nneassafuncion af Eoncendratiniyhe ene bl u
Glul aptamer titratednto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of the Glul aptamer. This experiment was done in duplicates and the data was fit to a
nonlinear binding functiono obtain an averagky value of (1.1 + 0.3 puM. The error was determined through

standard deviation using data collected fid@xperiments.

-

(=

o
1

0.75

0.50

0.25

Normalized Intensity Reading at 683 nm (A.U.)

o
o
=3

[Glu-mod12] (uM)

Figure38 Nor mal i zed fl uor escence et 683 nmassfunctipn obcbncanteatiobfyhe ene bl u
Glu-mod12 aptamer titrateithto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of the Glwod12 aptamer. This experiment was done in duplicates and the data was fit to a
nonlinear binding functioto obtain an average€q value of(2 + 1) uM. The error was determined through standard

deviation using data collected fra2Zrexperiments.
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OTA1l-long, is the elongated version of the ochratoxihiAding aptamer. When titrating
this aptamer into methylene blue, the fluorescence intensity decreases which shows that the
aptamer binds tightly with &4 value of (0.5 + 0.5) uM (Figure 39).Experimental conditions
were optimized by working at half the concentration of methylene blue normally used and
performing titrations until a 2:1 molar ratio to obtain a wefined curve for an accurakg
value. However, duplicate experiments still need to be perfornfdw parent aptamer of
ochratoxin A, OTAZ also binds tightly to methylene blue, indicated by the decay in
fluorescence, with an averafe value of(0.13+ 0.04 uM (Figure 40).In this case the shorter

version of the ochratoxin-Ainding aptamer bindsghter to methylene blue.
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Figure39.Nor mal i zed fl uor escenc e .83 nmassafubcyon af Eoncendratitniyne ene bl u
OTA1l-long aptamer titratethto methylene blueThe graplshows the fluorescence decay of methylene blue with

increasing concentration of the OTAdng aptamer. The data was fit to a nonlinear binding fundtasbtain akgq

value of (0.5 £ 0.5) uM. This experimentwas not completed iduplicatesand therefore, the error was determined

through the fit of the curve.
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Figure40Nor mal i zed fl uor es cenc e #6683 neassafuncion af Eoncendratiniyhe ene bl u
OTAL1 aptamer titratednto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of the OTAL aptamer. This experiment was done in duplicates and the data was fit to a
nonlinear binding functiono obtain an averagiy value of (0.13+ 0.04 uM. The error was determined through

standard deviation using data collected frdexperiments.

2G3b, a variant of the secog@neration cocainbinding aptamet® was shown to bind
tightly to methylene blue with &4 value of (0.07 £ 0.09 uM (Figure 41). Experimental
conditions were optimized to obtain a we#fined curve for an accuraltg value. Additionally,
this experiment was not conducted in duplicates. 2G4, another variant sgcredgeneration
cocainebinding aptamer, also binds tightly to methylene blue. The graph shows a fluorescence

decay, and the data wastbtobtain @ averag&q value of(0.22+ 0.05) uM (Figure 42).
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Figure41. Nor mal i zed fl uor escenc e #6683 nnmassafuncion af Eoncendratiniyhe ene bl u
2G3b aptamer titratednto methylene blueThe graphshows the fluorescence decay of methylene blue with

increasing concentration of tl&3baptamerThe data was fit to a nonlinear binding functitmobtain aKq value

of (0.07 £ 0.05 uM. This experiment was not completed in duplicates therefore, the error was determined

through the fit of the curve.
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Figure42Nor mal i zed fl uor escenc e e#683nmassafuncion aof Eoncendratimiyhe ene bl u
2G4 aptamer titratednto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of the 2G4 aptanddris experiment was done in duplicates and the data was fit to a
nonlinear binding functiorto obtain an averagéy value of (022 £ 0.06) uM. The error was determined through

standard deviation using data collected from 2 experiments.
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MB1, a methylene bludinding aptamet? binds tightly to methylene blue withna
averageKq value of(0.013 £ 0.04) uM (Figure 43). The result is expected as this aptamer is
presumed to be selected against methylene blue. This is consistent with the findings @f Yang
al. who performed a Thioflavin T (ThT) dye displacement assay which included the methylene
bluebinding aptamer and methylene blue and obtaineqavalue of 31 nM?® In the
fluorescence experiment conducted to test for binding between methylene blue and M&1, the
value obtained was3InM (Figure 43). Experimental conditions were optimized by working at
half the concentration of methylene blue normally used and performing titrations until a 2:1

molar ratio to obtain a wellefined curve for an accurdtg value.
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Figure43 Nor mal i zed fl uor escenc et a83nmassafubcyon af Eoncendratitniyne ene bl u
MB1 aptamer titratednto methylene blueThe graphs show the fluorescence decay of methylene blue with
increasing concentration of the MB1 aptaniétis experiment was done in duplicates and the data was fit to a
nonlinear binding functioto obtain an averag€y value of (0013+ 0.004) uM. The error was determined through

standard deviation using data collected from 2 experiments.

The Dickerson Drew DodecamebD), a well-studied duplex DNA sequenceéhat
consists of 12 bageairs*® was titrated into a methylene blue sample. Figure 44 shows a small
decrease in fluorescence intensity, and it appears that this sequence binds very weakly to
methylene blue. The data could not be fit to a nonlinear binding function as the trend of the data
plotted appears linear. This trend resembled the observations seen with the change in the

fluorescence intensity in the PBS buffer titration experiment. The data wasfilnear function
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and an average slope value(¢&.7 x 10? + 0.8x 10?) uM* was obtained. When comparing this
value with the average slope obtained for the PBS buffer titration (Figure®2%)10° + 1x 10

%) uL™?, the value indicates a more negative slope. The more negative slope can be attributed to
two key factors: the very weak binding occurring between DDD and methylene blue and the
dilution of the methylene blue samplgne Hexamer%JH, another duplex DNA sequentwat
consists of 6 baspairs was also titrated into methylene blue (Figure 45). Just like the DDD
titration into methylene blue, the graph indicates that this sequence binds very weakly to
methylene blue, and the data was fit to a linear function to ohtaawerageslope of(-3.5x 102

+ 0.9 x 10%) pML. The slope obtained is more negative than the slope obtained for the negative
control, and this can also be due to the two factors mentioned for the DDD titration into
methylene blueOverall, both duplex DNA sequences show a weak binding interaction with
methylene blue.
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Figure44 Nor mal i zed fl uor escenceenrt683nmasaifuncyon af Eoncertratiniyne ene bl u
Dickerson Drew Dodecamer (DDD) duplex DNA sequence titrééol methylene blueThe graphs show the
fluorescence decay of methylene blue with increasing concentration @f. DDis experiment was done in

duplicates and the data was fit to a linear function to obtain an average slep& of 16° + 0.8x 10%) uML. The

error was determined through standard deviation using data collecte@ &wperiments.
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Figure 45. Normalized fluorescence intensitymfe t h y | e n &= 683 nmas a furtictioe-of concentratiaf the
Hexamer (SJH) duplex DNA sequence titrateth methylene blueThe graphs show the fluorescence decay of
methylene blue with increasing concentration of Slits experiment was done in duplicates and the data was fit to
a linear function to obtain an average slop&-8f5x 102 + 09 x 10%) uM-1. The errorwas determined through
standard deviation using data collected from 2 experiments.

Overall, when conducting a direct plot analysis of tlirmalized fluorescence intensity
of met hyl em@&83 rbmhsuadunciidn of @oncentratiai the aptamer or DNAitrated
into methylene blue, the resuksiggest that methylene blue binds very weakly to duplex DNA
This was reflected in the plots constructed of the DDD and SJH titration into methylene blue as a
minimal change in fluorescence intensity was seen compared to the decay curves seen with the
aptamersMethylene blue seems to bind tightly to aptamer structures containing a bstgenor
loop. As seen irFigure 34.the tryptopharbinding aptamer had its stem truncatedwo base
pairsand still binds tigHy to methylene blue. Thisan indicatehow methylene blue ikely
bindingother structures on aptamers and not the duplex BiRAture Furthermore, a summary
of all aptamer titrations completed with their associs#edalues is shown in Tabl2 The table
showsall the aptamerghat boundtightly to methylene blue when compared to MNi#®in the
range of &4 uM. The aptamers that bind tightly also contain eithstealoop or bulge in their
structuresHowever, both DDD and SJH were nottbta nonlinear binding function but fit to a
linear function where their corresponding slope values were compared with the negative control
in Table 3
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Table 2. Summary obinding affinitiesobtained from a direct pldor all aptamergitrated intomethylene blueThe

data wadit to a nonlinear binding functiowheretheir associatet{y valueswere comparetb MN19.The error was
determined through standard deviation of each experiment. * denotes that the error was determined through the fit of
the curve.

Binds weaker than MN19 Binds similar to MN19 Binds tighter than MN19
(HM) (M)
(HM)
2G4, (0.22+ 0.05) MN19, (0.14 + 0.@}) *2G3h (0.07£ 0.05
TRP942bp, (0.4 +0.3) OTA1L, (0.13£0.0%) MN4, (0.017+ 0.002
MTXS5, (0.44+0.02 MB1, (0.013+ 0.009

TWJ, (0.461+ 0.008
HMX38, (05+ 0.2)
*OTAl-long, (0.5 £ 0.5)
HMX24,(06+02)
Caff209 (0.6+ 0.4)
Theo2201(0.99+ 0.06
Glug, (1.1£03)
DA-3bp, (1.2+ 04)
Thedl, (1.3 0.2)
DA-5bp, (1.3+ 04)
TRP94 (14+05)
Glu-modi12 (2+1)
SS1(2+1)
Caff2093bp, (4 £+ 2)

Table 3. Summary oflopes obtained from a direct pfot duplex DNA sequences titrated into methylene bitre
data wadit to alinear function vheretheir associated slope valugsre comparetb the PBS buffer titratiorThe
error was determined through standard deviation of each experiment.

Sample Slope
PBS Buffer (-5x10%+1x10% puL?
DDD (-5.7x 102+ 0.8 X 102 Mt
SJH (-3.5 X 107+ 0.9 102 pM?

Methylene blue wagreviously found to be a DNA intercalator, a molecule that
reversibly intercalates witthe doublestrand helix ofDNA through irsertion betweemdjacent
basepairsandthereby,disruptirg the structure of DNAY*? However in thisstudy it wasfound
that the duplex DNA sequences, DDD and SJH, binds very weakly to methyleneTlbisie
shows that it may be a weakly binding intercalator. Another possibility is that methylene blue
may be interacting withltabé&i agt amme h atethak mug Ar ¢
have previously showed that quinine and cocaine interact with the cdadieg aptamer in a
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-~ stacking mechanism where one face of the
more bases from the aptam&kVhen adding the cocaid®nding aptamer to both quinine and
cocaine, the intrinsic fluorescence of the ligands was quenched. To support this stacking
mechanism, the fluorescence of ethidium bromide, a known intercalator, was measured after
titration of the cocaindinding aptamet! It was shown that the fluorescence intensity increased
upon addition of the aptamer. With methylene blue, fluorescence intensity decreased upon
addition of the aptamdike the addition of aptamer to quinine or cocaine. TherefaBepossible

that methylene blue may be interacting with the aptamer through a stacking manner where the

aromatic ring from methylene blue interacts with one or more bases from the aptamer.

Analysis through Titration Plots

Another way the data can lterpretedis throughthe analysis of a titration plot. The
plot is constructed bplotting the normalized fluorescence intensities of methylene blue at 683
nm as a function of thieg of the concentration of aptamer or DNA titrateth methylene blue
When observing a sigmoidal shape, it can indicate binding is occurring between the aptamer and
methylene blueHowever, some ofhe data weresuccessfullyfit on a titration plot to yield a
sigmoidal shape while othevgere not. As a result, some data sets could not have a midpoint
adequatelydentified Furthermore, thenodelledbehaviour thathe titration plots exhibited as
inconsistent betweethe duplicates acquired. For some data sets, the midpoinideasfied,
andthe Kqgwas calculatedThis is done by taking the inverse lofithe midpointidentified. This
value can then be used to compare withkthealues obtained from the direct plotrarmalized
fluorescence i nt en Set6§3 noas a farection gtHe eoncentrdiidmi e a t
aptamer or DNAitratedinto methylene blueldeally, theKq values should be similar if not the

same

Firstly, when looking at the titration plots of thMIN19 aptamer titrateihto methylene
blue the averag&q value was calculated to I§@.29+ 0.08 puM. This value is relatively close to
the value obtained from the direct plot of the MN19 titration whkecaveragdq value was
calculated to b€0.14 + 0.04) uM. However, the averagkKq value was determined based on
titration plots that were able to fit a sigmoidal model (Figure 46). Other runs done with MN19
and graphed as a titration plot were excluded as the data did not conform to a sigmoidal model.

Midpoints not gart of the range of the-axis plotted were identified and therefore, their
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values were not calculated. This shows that a direct plot provides a clearer representation of the
data as consistency is present between multiple runs. Therefore, a direct plot is a more effective
way to analyze the data (Figure 22). Furthermore, the grabith exhibit asigmoidatshaped
modelled behaviour indicate that the MN19 aptamer binds to methylene blue (Figure 46).
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Figure 46. Normalized fluorescencent ensi ty of ggetBhnynlversuzlogofl coneent@tion of-the
MN19 aptamer titratethto methylene blueMN19 was used as a positive control before starting experiments with
other aptamersAn attempt was made to fit the titration plots to a sigmoidal fit, howewenesruns plotted on a
titration plot yielded midpoint values that were not in the range of #ndéscplotted. Therefore, the values were not
taken for calculation oKq. Graphs that did yield midpoint values that were apart of theix were used for the
calculation ofKgy. (A) and (B) havea sigmoidatshapedmodelled behaviouand (C) and (D) show asigmoidal
shapedmodelled behaviouess pronouncedompared to (A) and (BPverall, the modétd behaviours between the
four graphs appear consistent. The midpoint of the titration plots was identified-@<l8\,) B)-6.44, C)-6.68 and

D) -6.62 which enabled the calculationkfvalues of A) 0.35 uM, B) 0.36 uM, C) 0.21 uM and D) 0.24 uM which
gives an averagiy value of (0.29 + 0.08 pM. The error was determined through standard deviation using data
collected from4 experiments.
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When looking at the titration plot of MN4 into methylene blue, #evalue was
calculated to b€0.01 £ 0.(2) uM. TheaverageKq value from the direct plot was calculated to be
(0.017 £ 0.002) uM. The values presented are nearly identical which shows how both plots
represent a similar binding affinity of the aptamer for methylene blue. However, the data
presented as a titration plot does not fit as well to obtain a sigrrekidpked modelled behaviour
as thegraph exhibits low sigmoidicityFigure 47). It would be difficult to determine whether the
MN4 aptamer binds to methylene blue just through a titration plot. Therefore, a direct plot would
be considered a more effective method for analyzing binding and deterrdywadues (Figure
23).
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Figure 47 Nor mal i zed fl uor escence F 683amweisusiog af doncemeatiam pflthene bl
MN4 aptamer titrateihto methylene blueAn attempt was made to fit the titration plot to a sigmoidallfie graph
exhibits a sigmoidashapednodelled behaviouwvith low sigmoidicity The midpoint was identified ag.94 which
enabled the calculation ofkq value of(0.01+ 0.(2) uM. The error was determined through the fit of the curve.

In the SS1 aptamer titration plaein averag&q value of(1.34+ 0.09 uM was calculated.
The averageq value from the direct plot was calculated to &2+ 1) uM. The values are
moderately close to each other which can indicate that both plots represent a mosiendéely
binding affinity of SS1 for methylene blué¢iowever, it is also seen how the modelled behaviour
between the duplicate experiments appears almost consistent. In Figure 48A, a sighaqddl
modelled behaviour is observedhile in Figure 48B, ishows a sigmoidahaped curve with
lower sigmoidicity compared tBigure 48A. It is difficult to determine if binding occurs based
on the titration plots. Therefore, the direct plot method of analysis can be more effective in

determining binding and binding affinities (Figure 24).

59



A) B)

1.00 4
1.00 <

0.75 4
0.75

0.50 0.50

0.254 0.25 <

4
o
=

Normalized Intensity Reading at 683 nm (A.U.)
Normalized Intensity Reading at 683 nm (A.U.)

B e e e e S e S e s s me ey T+ 1 1 11T 7T 1T 7T 7T 71
70 68 66 64 62 60 58 56 54 52 70 68 66 64 62 60 -58 -56 54 52

Log [$S1] Log [SS1]

Figure 48 Nor mal i zed fl uor escence F 683amweisusiog af doncemeatiam pflthene bl
SS1 aptamer titrateidto methylene blugAn attempt was made to fit the titration plots to a sigmoida{Aif.shows

a sigmoidaishaped curve(B) shows a sigmoidashaped curvewvith lower sigmoidicity compared to(A). The

modeled behaviours of both graphs appedmostconsistent. The midpoint of the titration plots was identified)

-5.85and B)-5.89 which enabled the calculation &% values of A)1.41 uM and B) 1.28 uM which gives an

averageKq value of(1.34+ 0.09) uM. The error was determined through standard deviation using data collected

from 2 experiments.

In the TWJ titration plotan averag&q value of(0.427+ 0.009) uM was calculated. The
averageKq value from the direct plot was calculated to @461+ 0.00§ pM. The values
presented are close to each other which shows how both plots represent a similar binding affinity
of the aptamer for methylene blue. When the data was fit to a sigmoidal behaviour, the graphs for
the duplicate experimenksave a sigmoidathaped curve that have low sigmoidigqiBigure 49).

The plots can indicate that binding is occurring between TWJ and methylene blue, however, to
accurately quantify how tight or weak the binding is, a direct plot can be used to detigmine
values (Figure 25).
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Figure 49.Nor mal i zed fl uor escence F683mnversus lgg ofoconcemtatiomof TWeln e b | L
titratedinto methylene blueAn attempt was made to fit the titration plots to a sigmoidalfie graph for botifA)

and (B)have a sigmoidashaped curve thdtave low sigmoidicityand therefore, thenodelled behaviouof both
graphsappearsonsistent. The midpoint of the titration plots was identified a6/36 and B)6.38 which enabled

the calculation oKy values of A) 0.43 uM and B) 0.42 uM which gives an avetdgealue of(0.427+ 0.009 M.

The error was determined through standard deviation using data collecte2l ésqgrariments.

With the titration plot of Caff209an averag&q value of(0.7 £ 0.3) UM was calculated.
The averagé&q valuefrom the direct plot was calculated to (826 = 0.4) uM. The values are
close to each other which shothsitthe two plots represent a similar binding affinity of Caff209
for methylene blue. The modelled behaviour for both @pisearconsistent despite Figure 50B
showinga sigmoidaishaped curve less pronounastigure 50A By looking at the plots, it can
be determined that binding is occurring between Caffa@8 methylene blue yet binding

affinities can be analyzed more accurately using the direct plot (Figure 26).
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Figure 50Nor mal i zed fl uor escence F 683amweisusiog af doncemeatiam pflthe n e
Caff209 aptamer titrateshto methylene blueAn attempt was made to fit the titration plots to a sigmoidalAi}.

shows a sigmoidathaped curvend (B) shows a sigmoidadhaped curw less pronounced g#\). The modelled
behaviourof both graphsappearsonsistentThe midpoint of thditration plos wasidentified asA) -6.36 and B)
6.04which enabled the calculation & values of A)0.44uM andB) 0.91 uM which gives an averayf@ value of

(0.7£ 0.3 uM. The error was determined through standard deviation using data collecte?l ésgrariments.

The titration plot for the&Caff209-3bpaptamer provided Kq value of(1.6+ 0.2) uM. The
averageKq valuefrom the direct plot was calculated to @+ 2) uM. The values obtained are
relatively far apart. This can be a result of how lsewas calculated and obtained from the
titration plot. Figure51A shows a hyperbolic curve rather thasigmoidaishaped curve artthe
midpoint identified from this plot was 3.Mhich is not a value within the range of thexs
plotted. Therefore, this value was not taken tloe calculation ofKq. Figure 5B shows a
sigmoidatshaped curveThe midpoint obtained from this plot gave the correspon#ingalue
for this titration plot. Therefore, theKq was solely based on one titration plot as a sigmoidal
model couldnot be successfully fit for Figure 51A. Thaodelled behavioubetween the
duplicate experiments is not consistant therefore, it can be difficult to accurately determine
binding and binding affinities from a titration plot. Hence, a direct plot is a more accurate
method of analysis (Figure 27).
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Figure 5L Nor mal i zed fl uor escence e«F 683amweisusjog af doncemeatidn pflthe ne b | |
Caff209-3bp aptamer titratednto methylene blueAn attempt was made to fit the titration plots to a sigmoidal fit.

(A) shows a hyperbolic curve rather than a sigmesteped curveand B) shows a sigmoidashaped curveThe
modelledbehavioubetweerthe duplicate experiments is not consistent. The midpoi(h)ivas identified as 3.11

which is not a value within theange of thex-axis plotted. Therefore, this value was not taken for calculatidty.of

The midpoint of the titration plot faiB) was identifiedas-5.81which enabled the calculation ofk value of(1.6

+ 0.2) uM. The error was determined through the fit of the curve.

Looking at the MTXS5 titration plot, &4 value of(0.55+ 0.09) uM was calculated. The
averageKq valuefrom the direct plot was calculated to (@e44+ 0.02 uM. The obtained values
are relatively close to each other which shows how the two plots represent a similar binding
affinity of MTX5 for methylene blueHowever, thekq obtained from the titration plot is solely
based on one experimeitigure 52A shows a sigmoidashaped curve anigure 5B appears
linear rather than a sigmoidshaped curveherefore showing thathé modelled behaviour
between the duplicate experiments is not consistent. The midpdugue 5B was identified
as-5.69 which isclosetowards the end of the titration plot. Therefore, this value was not taken
for the calculation ofKq. Figure 52A shows a sigmoidal model successfully fit and the midpoint
was identified which led to the calculation of te value. Thus, a direct plot can be used to
accurately determine if binding is occurring between the MTX5 aptamer and methylene blue and

to quantify the binding affinity (Figure 28).
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Figure 52 Nor mal i zed fl uor escence F 683amweisusiog af doncemeatiam pflthene bl
MTX5 aptamer titratednto methylene blueAn attempt was made to fit the titration plots to a sigmoidal 4.

shows a sigmoidadhaped curveand @) appearslinear rather than a sigmoidshape curve The modelled
behaviourbetweenthe duplicate experiments is not consist@ie midpoint of(B) wasidentified as-5.69 which is

towards the end of thiitration plot. Therefore, this value was not taken for calculatioiK@fThe midpoint of(A)

was identifiedas-6.26 and enabled the calculation of & value of (0.55+ 0.09 uM. The error was determined

through the fit of the curve.

In the HMX38 titration plot, an averad& value of (0.7 £ 05) uM was calculated. The
averageKq value from the direct plot was calculated to(Bé + 0.2) uM. The values areear
each other which indicatedbe two plots presemyg a similar binding affinity. Howevert is
important to recognize that thgrapls for both Figure 53 and Figure 58 have a very low
sigmoidicity despitethe modelled behaviouof both graphs appdag consistentlt seems that
the data presented on the titratiplot does not fit as well to a sigmoidal model. It could be
difficult to accurately determine whether binding is occurring just based off the titration plot and
therefore, determine the binding affinity. Hence, a direct plot can be used to accurately determine

if bindingoccursand the binding affinity (Figure 29).
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Figure 53. Normalizedf | uor escence i nt en s 683 nnoversusiieg df gohcentration bflthe e a't
HMX38 aptamer titratedhto methylene blueAn attempt was made to fit the titration plots to a sigmoidalrfie

graph for both(A) and (B) have avery low sigmoidicity yet the modelled behaviouof both graphsappears
consistent. The midpoint of the titration pletasidentified asA) -6.37 and B)5.97 which enabled the calculation

of Ky values of A) 0.43 uM and B) 1.07 uM which gives an avergealue of (0.7 = 0.5 pM. The error was
determined through standard deviation using data collectedXrexperiments.

In the HMX24 titration plot, &4 value of(0.6+ 0.9) uM was calculated. The averaje
value from the direct plot was calculated to(0& = 0.2) uM. The values obtained are the same
which indicates that a direct plot and titration plot of the data provides the same binding affinity.
However, the data may seem to not be accurately fit to a sigmoidal model and therefore, a
titration plot would not be the primary method of analysis. Figure hgs a sigmoidashaped
curve with very low sigmoidicity andrigure 58 appears to be hyperbolic rather than a
sigmoidatshaped curve. Thefore, themodelled behaviounetween the duplicate experiments is
not consistent. The midpoint &igure 58 was identified as5.68 which is towards the end of
theftitration plot. Therefore, this value was not taken tbe calculation ofKq. It seems that the
midpoint identified is as if the -axis were to be extended beyond the last titration so a
sigmoidatshaped modelled behaviour can be observed. Thus, experimental conditions can be
optimized where titrations are still performed beyond the set parameters. Furthéhadte,
obtained from the titration plot is solely just off Figure 54A which shows how a direct plot of
analysis can be a more reliable method of analysis to determine if binding is occurring and to

quantify binding affinity (Figure 30).
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Figure 54 Nor mal i zed fl uor escence e«F 683amweisusjog af doncemeatidn pflthe ne b | |
HMX24 aptamer titratedhto methylene blueAn attempt was made to fit the titration plots to a sigmoidalAj.

has asigmoidalshaped curve witkrery low sigmoidicity and 8) appears to bhyperbolicrather than a sigmoidal

shaped curvelhemodelled behavioubetween the duplicate experiments is not consistent. The midpdB} vias

identified as-5.68 which is towards the end of the titration plot. Therefore, this value was not taken for calculation

of Kg. The midpoint of the titration plot fdA) was identified as6.23 and enabled the calculation oKa value of

(0.6£ 0.9 uM. The error was determined through the fit of the curve.

A Kq value of(0.9+ 0.7) uM was calculated for the Theo2201 titration plot. The average
Kq value obtained for the direct plot wék® + 0.06) UM which shows how the two values are
close to each other, and the two plots represent very similar binding affinities of the aptamer for
methylene blue. However, it should be noted tet Ky obtained for the titration may be
inaccurate despite being close to the value obtained from the direct plot. The data presented on
the titration plot may not fit as well to a sigmoidal model. Figure &ppears linear rather than a
sigmoidatshaped curve andigure 58 shows a sigmoidadhaped curve with low sigmoidicity
which shows thathie modelled behavioubetween the duplicate experiments is not consistent.
The midpoint ofFigure 5% was identified as 7.69 which is not a value within the range of-the x
axis plotted. Therefore, this value was not taken tf@ calculation ofKyq. Hence the Kg
calculated from the titration plot is only based on one experiment. Thus, this suggests that the
direct plot is a more effective method to accurately determine binding affinities between
Theo2201 and methylene blue (Figure 31).
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Figure 55.Nor mal i zed fl uor escence F 683amweisusiog af doncemeatiam pflthene bl
Theo2201 aptamer titrateato methylene blueAn attempt was made to fit the titration plots to a sigmoida(Ai}.

appeas linear rather than a sigmoidshaped curvand @) shows asigmoidatshaped curvevith low sigmoidicity

The modelled behavioubetween the duplicate experiments is not consistent. The midpdiA} @fas identified as

7.69 which is not a value within the range of thaxis plotted. Therefore, this value was not taken for calculation of

Kq. The midpoint of the titration plot fqiB) was identified as6.02which enabled the calculation ofka value of

(0.9£ 0.7) uM. The error was determined through the fit of the curve.

An averageKq value of(1.3+ 0.1) uM was calculated from the titration plot of Theol.
The averag&y value obtained from the direct plot wids3 + 0.2) uM. The values are the same
however, it should be noted that the obtained value from the titration plot can be inactheate.
titration plot forFigure 56\ appears to have a sigmoiddlaped curve anéigure 5@ shows a
sigmoidatshaped curve with very low sigmoidicity comparedRigure 5@\. The modelled
behavioumetween the duplicate experiments is not consistéarefore, a titration plot may not
be the best method to represent the binding affinity, yet a direct plot can used to accurately
determine and quantify the binding affinity (Figure 32).
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Figure 56. Nor mal i zed f |l uor escence e«F 683amweisusiog af doncemeatidn pflthe ne b | |
Theol aptamer titrateithto methylene blueAn attempt was made to fit the titration plots to a sigmoidalTfie

titration plot for @) appeas to have a sigmoidahaped curvand B) showsa sigmoidalshaped curvevith very

low sigmoidicity compared to (A)fhemodelled behaviounetween the duplicate experiments is not consisldrg

midpoint of the titration plotsvasidentified as A)-5.85 and B)5.91 which enabled the calculationkf values of

A) 1.43 pM and B) 1.24 uM which gives an averdgevalue of(1.3+ 0.1) pM. The error was determined through

standard deviation using data collected fridexperiments.

With thetitration plot of theTRP94 aptamer Kg value of(1.2+ 0.5 uM was calculated.
When compared to theverageKq value obtained from the direct plgL,4 = 0.5 pM, it shows
thatthe values are nearly close to each other. However, the value obtained from the titration plot
may also be inaccurate. The data presented on the titration plot may not be appropriate for a
sigmoidal fit. Figure 5& appears hyperbolic rather than a sigmcgtsped curvavhere the
midpoint identified,10.46 is not a value within the range of theaxis plotted. Therefore, this
value was not taken fahe calculation ofKq. Figure 5B shows a sigmoidathaped curve with
low sigmoidicitywhich shows howhe modelled behavioubetween the duplicate experiments is
not consistentAlthough Kq values from the direct plot and titration plot are nearly the same, a

direct plot can be used to accurately analyze binding affinity (Figure 33).

68



A) B)

1.00 +
0.75

0.75 <

0.50

0.50

0.25

0.25 4

Normalized Intensity Reading at 683 nm (A.U.)

R, 0wt
70 -68 66 64 62 60 58 56 54 52 70 68 66 64 62 60 58 56 -54 .52

Log [TRP94] Log [TRP94]

Figure 577 Nor mal i zed fl uor escence eF 683amweisuslog of doncemeatidn pflthe n e b |
TRP94 aptamer titrateithito methylene blueAn attempt was made to fit the titration plots to a sigmoidalAj.

appears hyperbolic rather than a sigmosl@ped curveand @) shows a sigmoidadhaped curvewith low

sigmoidicity. Themodelled behavioupetween the duplicate experiments is not consistent. The midpdii} ofas

identified asl0.46which is not a value within the range of thexis plotted. Therefore, this value was not taken for
calculation ofKq. The midpoint of(B) was identifiedas-5.90which enabled the calculation ofka value of(1.2+

0.5) uM. The error wasletermined through the fit of the curve.

With thetitration plot of the TRP942bp aptameran averag&q value of(0.7 = 0.5 uM
was calculated. The averal§e valueobtained for the direct plot w#6.7 £ 0.5 uM. The values
arethe samewhich shows how the same binding affinity can be obtained from both the direct
plot and titration platBoth titration plots of the aptamer present a sigmoidal malttedugh the
sigmoidal shape looks less pronouncedFigure 58A compared toFigure 58. The plots
indicate that binding occurs betwe€RP942bp and methylene blue yet to accurately quantify
how tight or weak the binding is, binding affinities can be analyzed from the direct plot (Figure
34).
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Figure 58. Nor mal i zed f |l uor escence e 683amweisus iog af doncemeatidn pflthe n e
TRP942bp aptamer titratednto methylene blueAn attempt was made to fit the titration plots to a sigmoidal fit.
The modelled behaviouof both runs have a sigmoidshaped curveThe modelled behaviouof both graphs
appeargonsisteneven though the sigmoidal shape looks less pronoundgy icompared to (B)The midpoint of

the titration plots was identifieadsA) -6.50 and B)-5.97which enabled the calculation Kf values of A) 032 uM

and B)1.06 uM which gives an averag€q value of (0.7 £ 05) uM. The error was determined through standard
deviation using data collected frarexperiments.

An averageKq value of(1.1+ 0.2 uM was calculated from the titration plot BA-5bp
into methylene blue. This value is nearly the same asvbeageKq value obtained from the
direct plot which wag§1.3 + 0.4) uM. Themodelled behaviousf both rundrom the titration plot
has a sigmoidalshaped curve which makes them appear consi@teanire 59) From the plot, it
can be indicated that binding occurs betwé&k-5bp and methylene blue. Furthermore, to
accurately quantify the binding affinity, the direct plot (Figure 35) would be a more appropriate

method of analysis where the titration plot can be used to determine if binding occurs.
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Figure 59.Nor mal i zed fl uor escence e«F 683amweisusjog af doncemeatidn pflthe ne b | |
DA-5bp aptamer titratednto methylene blueAn attempt was made to fit the titration plots to a sigmoidallfie

modelled behaviounf both runs have a sigmoidshaped curvevhich makes therappear consistent. The midpoint

of the titration plots was identified as A5.89 and B)-6.01 which enabled the calculation Kf values of A)1.30

UM and B)0.98uM which gives an average&, value of(1.1+ 0.2) uM. The error was determined through standard

deviation using data collected frarexperiments.

An averageKq value of(1.2 + 0.3) uM was calculated from the titration plot DA-3bp
into methylene blueThe averageKq value from the direct plot was shown to (€2 + 0.4) uM.
These values are the same which shows how the same binding affinity can be obtained from both
the direct plot and titration ploEigure 6@\ shows a sigmoidashaped curve anBigure 6@
shows a sigmoidathaped curve less pronouncedrFagure 6@\. The modelled behaviour can
indicate that binding occurs betweBA-3bp and methylene blue. Hence, to accurately quantify
the binding affinity, the direct plot (Figure 36) can be used where binding can be determined
from the titration plot.
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Figure 60.Nor mal i zed fl uor escence e«F 683amweisus jog af doncemeatidn pflthe ne b | |
DA-3bp aptamer titratednto methylene blueAn attempt was made to fit the titration plots to a sigmoidalA.
shows a sigmoidathaped curveand (B shows a sigmoidadhaped curve less pronounced(A}. The modelled
behaviourof both graphsppearsonsistent. The midpoint of the titration plots was identitisé) -6.03 and B)-
5.86which enabled the calculation Kf values of A) 3 uM and B)1.37uM which gives an averagey value of
(1.2£ 0.3 pM. The error was determined through standard deviation using data collecte?| ésgrariments.

Looking at the Glul titration plog Kq value could not be calculated and compared to the
direct plot. The data presented does not fit to a sigmoidal nastieth runsof the Glul titration
exhibit a linearmodelled behaviour showing thidte modelled behaviouof both graphs appear
consistent. The midpoint of the titration plots was identifieeR&sA5for Figure 61Aand 14.60
for Figure 61Bwhere both values do not fall under the range of thgix plotted. Thereford{q
values could not be calculated fraime midpoints obtainedThus, this result suggests that a

direct plot would be more suitable for analysis for the Glul titration experiment (Figure 37).
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Figure 6. Nor mal i zed fl uor escence e«F 683amweisusjog af doncemeatidn pflthe ne b | |
Glul aptamer titratedhto methylene blueAn attempt was made to fit the titration plots to a sigmdidadiowever,

both runs exhibit a lineamodelled behaviourand therefore, themodelled behaviourof both graphs appear

consistent. The midpoint of the titration plots was identified aB8¥5and B)14.60where both values do not fall

under the range of theaxis plotted. Therefordsq values could not be calculated from midpoints obtained.

When analyzing the Gimod12 titration plota Kq value of(1 + 1) uM was calculated.
For the direct plot analysisn averageKq value of(2 £ 1) pM was obtained. These values are
relatively close howevethe Kq value obtained from the titration plot is solely based on one
experiment. Figure @R appears to have a sigmoiddiaped curve with very low sigmoidicity
The Kq was still calculated from this plot, but FigureBsdid not have &4 value calculated. A
hyperbolic curvewas shownrather than a sigmoidahaped curvemaking the modelled
behaviourbetween the duplicate experimeajgpear iconsistent The midpoint of the titration
plot for Figure 6B was identified as 3.69 which is not a value within the range of dpasx
plotted. Therefore, this value was not taken floe calculation of Kg. Hence, theKq was
calculated just from Figure 62A. This result suggests that to accurately determine if binding

occurs and to obtain the binding affinity, the direct plot is more effective (Figure 38).
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Figure 62. Normalized fluorescence intensity of methylene ue.,=#83 nm versus log of concentration of the
Glu-mod12 aptamer titrateidto methylene blueAn attempt was made to fit the titration plots to a sigmoidafAix.
appears to have a sigmoigddaped curvevith very low sigmoidicityand 8) shows a hyperbolic curve rather than a
sigmoidatshaped curve. Th@odelled behavioupetween the duplicate experiments is not consistent. The midpoint
of the titration plot for(B) was identified as3.69 which is not a value within the range of thexis plotted.
Therefore, this value was not taken for calculatioK©fThe midpoint of(A) was identified as5.98which enabled

the calculation of &4 value of(1 + 1) uM. The error was determined through the fit of the curve.

In the OTAZlong titration plot, &g valueof (0.7 £ 0.3) UM was calculated while for the
direct plot,a Kq value of (0.5 £ 05) uM was calculated. Tik shows that thegaluesobtainedare
relatively close to each otheFhe graph appears sigmoidahich can indicatehat binding
occursbetween the aptamer and methylene blue (Figure 63). However, to accguatelify the

binding affinity, a direct plot can be used for analysis (Figure 39).
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Figure 63 Nor mal i zed f |l uor escence e 683amweisus log af doncemeatidn pflthe n e
OTAl-long aptamer titratethto methylene blueAn attempt was made to fit the titration plot to a sigmoidalrtite

graph appears exhibit asigmoidatshapednodelled behaviouwhere the midpoint was identified eé&.17 which
enabled the calculation ofkq value of(0.7 £ 0.3) UM. The error was determined through the fit of the curve.

In the OTAL1 titration plot, &4 value could not be calculated and compared to the direct
plot. The data presented does not fit as well to a sigmoidal nasdeith runsof the OTAL
titration exhibit ahyperbolicmodelshowing thathe modelled behaviouof both graphs appear
consistent. The midpoint of the titration plots was identifiedl@s88for Figure 64Aand-9.74
for Figure 64Bwhere both values do not fall under the range of thgix plotted. Thereford{q
values could not be calculated frothe midpoints obtainedlt seems that the midpost
identified is as if the saxis were to be extended before the start of the first titration so a

sigmoidatshaped modelled behaviour can be observed. Thus, experimental conditions such as

aptamer concentration can be optimized so that a more accurate midpoint can be obtained.

Overall, this result suggests that a direct plot (Figure 40) can be used to determine if binding

occurs and analyze the binding affinity for the OTAL1 titration experiment.
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Figure 64 Nor mal i zed fl uor escence e«F 683amweisus jog af doncemeatidn pflthe ne b | |
OTAL aptamer titratethto methylene bluéAn attempt was made to fit the titration plots to a sigmoidal fit, loth b

runs exhibit a hyperbolic modetl behaviour Both modelled behaviowrfrom the graphs appear consistent. The

midpoint of the titration plots was identified as A)0.88 and B}9.74 where both values do not fall under the range

of the xaxis plotted. Therefordlq values could not be calculated from midpoints obtained.

Looking at the 2G3b titration plot, Ky value could not be calculate@he data presented
does not fit as well to a sigmoidal mo@eithe plotexhibits a hyperboliccurve(Figure 65) The
midpoint was identified as6.84 which is not a value within the range of theaxs plotted.
Therefore, this value was not taken floe calculation ofKq. It seems that the midpoint identified
is as if the xaxis were to be extended beyond the last titration so a signstidped modelled
behaviour can be observed. Thus, experimental conditions can be optimized where titrations are
still performed beyond the set parametétsnce, this result suggests that a direct plot would be
a more accurate method for analysis (Figure 41).
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Figure 65.Nor mal i zed fl uor escence F 683amweisusiog af doncemeatian pflthene bl
2G3b aptamer titratemito methylene blueAn attempt was made to fit the titration plot to a sigmoidahdivever,

the plotexhibits a hyperbolic curve rather than a sigmoidalapednodelled behaviouThe midpoint of the titration

plot was identified as6.84 which is not a value within the range of thexis plotted. Thereforega K4 cannot be

calculated with the midpoint obtained.

In the 2G4 titration plot, &q value of(0.2+ 0.2 uM was calculated whileraaverageq
value of(0.22 + 0.05) uM was obtained from the direct plot. These values are nearly the same
which shows how both plots represent a very similar binding affinity of 2G4 for methylene blue.
The titration plot shows a sigmoidal model with low sigmoidicity (Figure 66). Therefore, by
looking at the graph, it can indicate that binding occurs between the aptamer and methylene blue

however, to quantify how tight or weak the binding is, a direct plot (Figure 42) can be used.
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Figure 66.Nor mal i zed fl uor escence F 683amweisusiog af doncemeatian pflthene b |
2G4 aptamer titratethto methylene blueAn attempt was made to fit the titration plot to a sigmoidalTtite graph

appears to have a sigmoiddlaped curvavith low sigmoidicitywhere he midpoint was identified a$.72 which

enabled the calculation ofkq value of(0.2+ 0.2) uM. Theerror was determined through the fit of the curve.
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