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Abstract

The epidermal growth factor receptor protein (EGFR) promotes tumorigenesis in many cancers,
including breast, lung, colon and glioblastahi2eregulation of EGFR activity in cancer is mainly

due to point mutaton, kinase domain deletion or gene amplificatfoh is essential to have
EGFRargeted therapiesbecauseit is among the most commonly altered genes in aani
Aptamers are singtstranded oligonucleotide sequences that bind with high affinity and
specificity to diverse targefsThe recognition dall OA & 2F | LJitk YSNR Ol y
therapeutic agents. The chemistry of aptamers is largely limited to that of nucleic acids, and
although nonnatural modifications of nucleic acids are known to enhance aptamer affinity

there is not yet a techology for selecting the right modifications amongst billions of

possibilities.

This project aims to develop the first general method for the discovery of nucleoside
modifications that increase aptamer binding efficacy. A library will be created of &/@d®
different chemical modifications on a known aptamer sequence (MinB0fich binds to EGFR
protein. The modifications will use different types of chemistry to see how they will affect the
binding and folding of the aptamer MinEG&iming to improve the binding between MinEQ7

and EGFR. These will be attached on beads such that each bead displays millions of copies of a
single aptamer sequence. The selection will then be carried out using a flow cytometer (FACS)
to separate out the agamer sequences with the highest affinity for EGFR from thelwreet
one-sequence aptamer library. These will then be identified using mass spectrometry. These
top selected aptamer sequences will be subjected to biophysical and biological tegtisg.
research provides a new method for synthesising and screening in a short space of time large
drug candidate libraries producing new drug candidates and impacting drug discovery

processes.
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Chapter 1

1.1 Aptamers

1.1.1 Aptamers

Aptamers are singtstranded oligonucleotides that mimic antibodies by folding into complex
3D shapes thabind with high affinity and specificity to diverse target®ncovalently(figure
1.1)*Oligonucleotiles are short nucleic acid molecu{@5-60nucleotides longyvhich are often
generated by soligghasephosphoramiditechemistry’ There are hreemaintypes of aptamers
ribonucleic acid (RNA) deoxyribonucleicacid (DNA) and peptide which all have similar

properties. They can be manufactured as sirgifanded molecules with any chosen sequefice

Single Stranded Oligonucleotide Folder Aptamer

Figurel.l. Aptamer in Single Stranded and Folded Conformations

So far aptamers have been selected agaimstises’® proteins! polysaccharide$' bacterig!?
toxins®® peptides,** small moleculed® amino acid¥® and whole celld$” Aptamers can
discriminate their selected target with high precision; they have high binding affinity, high
specificity and binding to the target is n@ovalent, but strongThs recognition capacity of
aptamerscan be harnssed for therapeutic agent&ptamers have a large range of potential
targets compared with other molecules such as antibodies because they structurally conform

to bind well® Aptamers can be chemically modified to introduce the-sppecific addition of
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non-nucleotide linkes, fluorescent labels and different functionalities that help with
conjugation Non-naturalmodifications of nucleic acids are known to enhance aptamer affinity
howeverthere is not a technology for selecting the right modifications amongst millions
of possibilities.

1.1.1.1.DNA and RNA Aptamers

The most common types of aptamers are RNA and-bBa&d. They are selected from a large
pool of ~1@8 nucleic acid sequences. Each stage of the aptamer selection process involves
binding, elution and finally amplification to identify selective, hidfinity aptamers that binds

to a specific targetFor DNA aptaer selection the starting library consists of singleanded

DNA oligonucleotides. RNA aptamer selection starts with a double stranded DNA library that is
then transcribed to create the starting RNA library. For RNA aptamers, reverse transcription
must be performed on each round of selection to facilitate polymerase chain reaction (PCR) of
DNA and subsequent transcription for the next round of selectiohhis means that DNA
aptamers are easier and cheaper to make and are more stabliupts than RNA aptamet®

wbh! Aa fSaa adl of S -hyHroxyl gréup dnthé geddsamwdichisivenk I &
susceptible to hydrolysidfigure 1.2). RNA aptamers however can form more diverse and
complex 3D structures, which allow them to have a greater number of conformations compared

with DNA aptamerg’
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Cytosine

Pentose Sugar

Uridine

Figurel.2. DNA nucleotide Vs RNA nucleoti@gucture

1.11.2 Peptide Aptamers

Peptide aptamers were first developed in 1996 and were yet another alternative to
antibodies?! and aconceptoriginally introduced by Roger Brereptide aptamers are small
peptide molecules5-20 amino acids in length,with a loop region which is variable, and a
protein attached to both endgfigure 1.3) This dop region is where the peptide aptamer
interactsto its target. The flexibility of peptide aptamers is low because of the target being
joined to the loop region. This means that this aptamer is less eféetiian the DNA and RNA
aptamers. Peptide aptamsido however have very high specificity. Peptide aptamers can be
used to inhibit proteirprotein interactions'® The binding affinity of constrained aptamers can
be as much as 1000 times highban the free peptideattributed to the lower conformational
entropy of the restricted peptide loaff Peptide aptamers can be produced and seledtedvo
through yeast twehybrid and similar techniques. This makes them ideal candidates for

interrogating intracellular targets in a physiological environnxént

25



Protein scaffold with peptide aptamer

Peptide scaffold

Figure 1.3. Protein scaffold with peptide aptamér

Table 1.1. Differences between DNA, RNA and Peptide aptamers.

entire sequence

DNA Aptames RNA Aptames Peptide Aptames

Complexity off Form complex Form complex Structure constraine(
structures secondary and tertiary secondary and tertiary by  peptide  and

structures structures protein scaffold
Diversity of 3D Less diverse 3D Form diverse 30 3D structure
structures structures than RN/ structures constrained by

aptamer protein scaffold
Binding capacity | Bind to target with the| Bind to target with the| Bind to target via

entire sequence

variable region only

Uses

Biosensor, Diagnostid
Therapeutic

applications

Biosensor, Diagnosti(
Therapeutic

applications

Biosensor, Diagnosti(
Therapeutic

applications
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1.12. Aptamers Binding with their Targets

Nuclear magnetic resonance (NMR) spectroscopy aRdy€rystallography have been used to
analyse several aptamers. The results revealed that specificity and high affinity are achieved by
the 3D structures of aptamers. Aptamers can be a varietdifiérent structures, such as

hairpins, bulges, stems and psekdots (figure 14).

)

| F ANLIAY . dzf 3S {GSYat aSdzR2

Figure 14. Hairpin loop, bulge loop structur&s stems and’seudoknot structure®

1.1.2.1 Binding forces that facilitate the aptamgarget interactions

Hydrogen bondingelectrostatic interactionshydrophobick y & S NI © (i Aa2iyraCvaiy 3 | Y R
der Waalsforces are the primary binding forces between aptamers and their targefae

binding affinity may vary dtween each aptamer and its target and many different binding

forces may be involved in one aptararget interaction. Conditions that may affect this

interaction include pH, temperature, metal ion strength amongst others.
1.1.2.1.1 Hydrogen bonding

Hydrogen bonding is the most common binding force between aptamers and their target
molecules (figure 15).22 RNAto-protein interactions mostly comprise the side chains of
proteins, which act principally as hydrogen bond donarsl the negatively charged phosphate
groups of the backbone of the RNA, which act as-Bohtl acceptorg® Nagatoishet al.studied

the thermal stability of DNA aptamers bound to thrombin bgthermal titration calorimetry
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(ITC) to demonstrate the dominant role of hydrogeonding in the aptametarget binding
process. The results confirmed that direct interactions with thrombin via hydrogen bonding are
the main reason for the stability of the DNA aptameq@@&druplex structure? In 200Q Cowan

et al. applied ITCto compare the contributions that electrostatic interactions and hydrogen
bonding make to the bindingnd recognitionof neomycin B molecules to the RNA aptamer.
The results show that the primamnechanism is hydrogen bonding. At physiological ionic
strength, around 80% of the binding energy originates from the hydrogen bonding in the A and
B rings of the nemycin B molecule® As well as facilitating the binding process, the inner
hydrogen bonding of the aptamer is essential to the stability of the apta¥iar2008 Pagano

et al. discovered that in the inner part of the modified thrombin binding aptamer (mTBA)
base forms itramolecular hydrogen bonds with the guanine bases of tetr&ttsveverthere

are none in the inner part of the namodified TBAMTBA has been shown to be more stable

than TBA by differential scanning calorimetric (D3C)

\C/H
/
H,C
Hydrogen Bonding H/Q
—N H
0 |
N _ N\
(@) ]
\ | I "o~/
—P—O0 N N I ”TH
\  H o/H“‘O/P\ Oy ~ : 3
—C (0] T H =
S 'S
N\/H C/N o:C\/
— ~
0=§ % qe
n—C—R C|)H2
C . . . .
|L Amino Acid Side Chain

Figurel.5. Hydrogen bonding between Nucleic Acids @mdino Acid Side Chains
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1.1.2.1.2 Electrostatic Interactions

Hectrostatic interaction is another force that facilitates the binding between aptamer and
target. The electrostatic interactions between nucleic acids and proteins occur due to the
negativdy charged phosphate backbones of the aptamer and the positively charged amino acids
of the protein figure 15).>* Some crystal structures have shown that RNA aptamers bind to
target proteins mainly via electrostatic forc&s® The electrostatic force is considered to result

in nonspecific binding because of the lack of spatial direction&lity.2012 Rangnekaat al.

found that they were able to attach an ssDNA tail to a DNA aptamer and the aptamer activity
would increase compared to when the aptamer was free in solufidimey concluded that this

was because of the electrostatic interactions between the negatively charged tail and the
positively charged amino acids on the surface of thrombin. The salt concentration in a reaction
can commonly affect the intensity of the electrostatic interactions. In 201&tlah discovered

a decrease in the affinity constant,k6f a 15mer DNAaptame binding to its thrombin target
when more Naions were added to the solution. They concluded that thenids aptamer
bound to the fibrinogen binding site of thrombin using ag@druplex structure primarily

through electrostatic interaction®

1.1.2.1.3 HydrophobidPhenomena

Hydrophobic effects can contribute to the binding between aptamers and their targets and also
stabilise the aptamer 3D structure. In 2013 Clatwal. found that DNA sequences rich with
guanine form stable @uadruplex structures via-@trad hydrogenbonding and hydrophobic
stacking®®Linet al.stated that a 29mer aptamer bound to the hepar binding site of thrombin
using a duplex structure and was driven primarily due through hydrophobic effeé8lsw off

rate modified aptamers (SOMAmers) bind to targets by complementary shapes and
hydrophobic modifications at the binding interface. This is mostly done by hydrophobic

aromatic rings which mainly interacttiithe aliphatic side chains of the amino acid residues of
29



the protein target as showin the interaction between the PD@B dimer complex and two

SOMAmersfigure 16).4

In 2017Renet al. discovered the functional interactions of cytokineMl! g A G K Y2 RA FA SF
aptamer SL1067 by solving the higisolution structure of the binding complei. They

established that the interface of the binding complex consists of a network of hydrophobic
interactions. This alluded that the majority of the binding energy came from a cluster of
hydropholic moieties on the surface of DNA aptamer SL1067 and the hydrophobic regions of

amino acids ontheduh & dzNJF | OS @ d that hydrdgan bontlirg 2vas¥od/ethyn the

binding.

PDGF-BB/SOMAmer complex

Figure 16. Crystal structure of SOMAmers boundthe PDGFBBdimer (platelet-derived growthfactor B)*!

MOMPrOm{Pml O Ay 3

< & 0 lisQle Ftybiizrg noncovalent interactioncommonlyobserved between parallel

aromatic rings- ¢~ & U lin@dadtighdranspire in a largearietyof chemistry and are known

for influencing selassembly processes, insieig molecules into DNA, involvemeint host-

guest complexes and induction side chain interactions in protes*® In 2011Bernardet al.

reportedthat the malachite green aptamer (MGA) recogesand binds to its target, malachite

ANBSY Y2t SOdgt SaGrVDA¥yaE BY¥R S i“Mmdné bidliagonipaxd Ay dS
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a base quadrugt and a WatsofCrick base pagct as a stacking platform for malachite green

The other residues next to the binding pocket act as anchors and linkers to enable the binding.
1.1.2.1.5Van der Waal$-orces

Van der Waalgorces consist of distanegepencent attractions and repulsions between atoms
or molecules. They are natirectional noncovalent forces and are generally weaker than other
bonding forces such agtirogen bondingnd electrostatic interactions. It has been found that
Van der Waal$orces ae involved in aptamer to target binding. In 2014, Zhanal.discovered
that both hydrogen bonding and&/an der Waalsforces were at work in the binding of
organophosphorus pesticides to their aptanfeéin 201Q Normuraet al. investigated the
structural interactions between the Fc fragment of human IgG1 (hFcl) bound to afRcaRNA
aptamerusing a2.15 A crystal structure ¢he complex It was found that the binding between
hFcl and the RNA aptametasfacilitated primarily by multiple weaker teractions, such as

Van der Waal$orces and hydrogen bonding, instead of electrostatic fofées.

1.1.2.2 Aptamer Interactions with Proteins

—

Target binding

Functional Aptamer Protein

Figurel.7. Aptamers binding to Protein Targets
RNA and DNA aptamers bind well with proteins because the phosphatebbaekof the
aptamer has conformational flexibility, which allows shape complementarity with the target

protein interface and so most aptamers bind to their targeted protein without sulystantial
31



change in their conformation (figure 7). Aptamers have greater affinities for their protein
targets than antibodies have for their antigétt is the high affinity of aptans for theirtarget
that allows them to be used in applications such as protein purification, protein profiling clips,

recognising and targeting the chosen protein from a mixture of them.

1.1.3. Aptamer Stability

DNA aptamers are more stableath RNA aptamers. In a controlled environment outside of a
living organism the halife of an RNA aptamer in plasma is a few seconds compared to DNA
aptamers, which is approximately 80 minutes:’® RNA is a short term messenger in the cell
andisOKSYA Ol ffé& dzyaliiKeRIPES Ol EgdBoxgdupinkids RNG
susceptible to hydrolysigigure 1.7)1°¢ K Shydra@yl group also allows for the catalysis of RNA
strand scission by endoribonucleadeBecause of this, most RNA aptamers are chemically
modified by either the design of the library or during the selection amplification, which helps

enhance RNA aptamer stability.

3 $ 3
O o) Base O 0 Base 0 o Base
OH
o9 oH~" 0 0 0 0
Sp= Sl = == _/P\\
cI'D) © O g 0" Y0
Base Base HO
O O o) Base
O OH O OH
3 C§J OH

Figure 18. Hydrolysis oRNA

Protecting groups can be used on thiehydroxyl position, an example isi¥droxyisophthalate

formaldehyde acetalHIFA). This protecting group worgisicethe bis estelis stable in acidic
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conditions that are used for the removal of dimethoxytrityl greuguring chain elongation.

Then in the final deprotection step, which is in alkali conditidghere ischaincleavagefrom

the support whichremoves the base and phosphate protecting groups. ddnspoundisthen

converted in to the bis carboxylate whichn be removed raplgwhen treated with mild acid?

Another example isO-tert-butyldimethylsilyl chloride as shown in figure9l. After such

modification RNA aptamers are either equal or better than DNA aptamers in terms of stébility

¢tKS Y2aiG 0O02YY2Yy Y2RATAOFGAZ2Yya dzaFevroar@ithe § KS (K
H -Q-Methyl. TheH -Qluoro modifications enhance base pairing digband produce aptamers
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Figure 19. Structure oN2-Acetyl2'-O-tert-butyldimethylsilyt5'-O-DMT-guanosine 3CE phosphoramidite

1.1.3.1 Lifetime of an Aptamer

Aptamers are better if their lifetimeén biological environmentss longer as this helps with
therapeutic applications. One of the most effeet ways of controlling the lifetime of DNA
aptamersin vivois to bind the aptarar with polyethylene glycolREQ, which then prolongs

their circulation in the bloodstrear?? Other ways that have been successful to improve the life
span are to coat the DNA aptamers in nanomaterials such as copolymers, liposomes and

nanoparticles'®
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1.1.3.2 Nuclease Degradation

As previously discusseDNA and RNApsamersare susceptible to break down by nucleases.
Nucleases are found in the body and can cleave phosphoester bonds, which can destroy the
structure of the nucleic acid. This can be resolved by chemically modifying thenirdierotide
linkages and nucleotideugars. Another way this can be done is by capping the ends of the

chains or modifying nucleotides using the functional groups amimoethyl or fluoro®®
1.1.33. Renal Filtation

Most aptamers are commonly onb-15 kDa molecular massuB to their small size, aptamers
suffer high renal clearance, as the filtration @ff of the glomerulous is 380 KDa, thereby
decreasing bioavailabilityro challenge thigptamers can be joined to a high molecular mass
polymer such as PEG, which can then stop aptamers being subject to metabolic processes and
renal filtration®” This loss of the aptamers by renal filtratjonlimits their therapeutic
applications. PEG is an excellent tool for polyn&sed drug delivery becagist increases
stability and solubility and also reduces toxicity and immunogerizMacugen aptamer was
modified with 40 kDa PEG®vhich increased its halife in the bloodcirculation to 9 hours

following intravenous injectiofrom a time of2 minutesbefore.®®

1.14. Systematic Evolution of Ligands by Exponential enrichment

In 199Q A. D. Ellington and J. W. Szostak created a method that used combinatorial nucleic acid
libraries to select RNA aptamers that bind selectively and tightly to a chosen target. There were
studies on the interaction between the bacteriophage T4 DNA polyradigs43)protein and

the ribosomebinding site of the mMRNA, which encodes the enzyme. The gp43 binding sequence
was selected from the RNA pool which was randomised at specific positions, a process called
Systematic Evolution of Ligands by Exponential bnrént (SELEX). In 1992 successful

selection of single stranded DNA sequences from a chemically synthesised pool of random
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sequence DNA molecules was shown. These DNA aptamers were able to identify and bind the

ligands in the same way as the RNA aptarfiers

SELEX is also knownirasitro selecticn, acommon procedure which consists of selections and
amplification where large poslof nucleic acids (~¥0molecules of up to 100 nucleotides in
lengthft) are required to bindo selected targets under set conditiohdhe general SELEX
procedure isbinding, patition, elution, amplificationand then conditioning® In RNA SELEX,
typically the libraryof single stranded RN&ptamersare prepared by thdn vitro transcription

of doublestranded DNA templates, generally using T7 RNA polymé&aseDNA SELEX, the
library of single stranded DNA molecules is mostly prepared by the separation of double
stranded PCR product® Firstly, a nucleic acid sequence is bound to the selected target and
only the species capable of binding are then retained for the next%tepboth casesthe
randomised DNA and RNA pool is incubated with the chosen target, the selediiesigned to
identify those molecules that have the greatest affinity and specificitythat target. The
separationof the binding and noibindingaptamersis one of the most crucial aspects of the
aptamer selection process. The most common way of ssjmar is the use of affinity
chromatography with immobilization of the target on the column material (agarose or
sepharose commonly used). However, a large amount of target is needed for the c§lumn
Another way is the use of magnetic beads for target mbitisation. This method is good
because it requires only a very small amount of the taf§édther methods of separation
include ultrafiltration using nitrocellulose filterwith molecular weight cut off§, capillary

electrophoresis; electrophoretic mobility shift asséand flow cytometry®

Next, the sequences retained are then amplified byRPGr DNA SELEX or by reverse
transcription PCR for RNA SELEX. The resulting esivdobeled DNA isonvertedinto a new
oligonucleotide pool by separating the significant single stranded DNA oin byitro

transcription and then purifying the produced RNFis new and enhanced pool of selected
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aptamersis used for a binding reaction with the target in the next round of SElidgtxe 110).

The number of rounds is dependent on the design of the stadptgmerlibrary, the reaction
conditions, the featurs of the target, the concentration, the ratio of th@tamerand the target
andthe efficiency of the separating procedure. The number of rounds is usually between 5 and

15.70

Amplification is important because the library usually created is not very large because of the
selection step and so amplifying them enriches the aptamer pool. The last SELEX round is
stopped after amplification and the products aseparated to give individualopies of the
aptamesfrom the selected pool. Modifications can now be made to the aptamer sequences to

enhance stability or for them to bexperimentallyused .

XDOPK XPOIX

XDOOA
Library Pool \ §
SELEX

)@W Incubation with Target

Amplification

Unbound Sequence:!
Bound Sequences W

Figure 110. Cycle of Aptamer Selectich
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1.1.4.1 Importance of SELEX

SELEX has become a standard procedure used by research groups for generating aptamer pools.
It is constantly being developecdha new procedures added to make it more efficient. In 2018,

a research group from Germany discovered aptamers for Protein A by applying next generation
sequencing (NGS) to a selected aptamer pool which was obtained by SELEX using the FluMag
SELEX procedufellowed by cloning and sanger sequencifdrluMagSELEX is a modified
version of SELEX. It is modified by usingdsment labels for DNA quantification and by the use

of magnetic beads for target immobilization. These modifications are added to avoid radioactive
labelling and the immobilization on magnetic beads enables easy handling, use of small
amounts of target fo the aptamer selection and rapid and efficient separation of bound and
unbound molecule$® Sanger sequencing is the procedure of selective incorporation of-chain
terminating dideoxynucleotides by DNA polymerase during/itro DNA replicatiori®* NGS is

one ofseveral higkithroughput approaches to DNA sequencing using the concept of massively
parallel processing. These technologiese miniatrized and paralletied platforms for
sequencing. million to 43 billion short strargbf 50-400 bases each per rdfNGS helps reduce

the time needed for the SELEptamer selection procedurdpcusing only on a few selection
rounds. Through the usef SELEX, new sequence groupsefoundto have high specificity for

Protein A”®

SELEX has been used along witiuartz crystal microbalance (QCM)delect aptamers that

are specific to acrylamide. Acrylamide is a small molecule that potentially causes cancer, so
finding an aptamer that can bind to it efficiently could be of great use in cancer research. This
selection was done by starting with a simgitranded DNA library (¥0molecules of 45
nucleotides)performing 14 rounds of positive selection. The acrylamide aptamer candidates

were enriched and two aptamer candidates were selected (A5 and(fijure 1.11)°
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Figure 1.1. Aptamer Candidates A5 and C®4

1.1.4.2 Slow Offrate Modified Aptamers

Slow Offrate Modfied Aptamers (SOMAmers) are short sirgfianded DNAased protein
affinity reagents selecteth vitrofrom large libraries for their ability to bind to chosen targets.
SOMAmers are Uike aptamers in that they havdU residues that are uniformly functionalized

at the 5position withdifferent functional groupshat can participate in interactions with target
moleculesand alsoform novel secondaryral tertiary structures within the SOMAmer (figure
1.11)/" Theoretically SOMAmers can be raised against multiple different biologicadtaelss

They are called Slow @ffte Modified Aptamers becaugbey have very low dissociation rate
constants’® They are identified using SELEX, the aptamer selection tlmndsection
1.1.4.1)"° Scientists have given them proteike properties by adding functional groups that
copy the behaviour of amino acid side chains analogous to chemically modified nucleotides,
which expands their chemical diversity and also gives them greater target variety as well as high
affinity. SOMAmerare chosen because they have high affinity for their protein targets and also

because they have low dissociation rates with these taréfets.
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Figure 112. Structure of severahodifications made at th&-position ofdeoxyuridineavailable for SELEX and post
SELEX optimizatidh
The hydrophobic modification made to SOMAmers regents on tpedtion of deoxyuridine
nucleotices increases the resistance to degradation compared with other aptalffigise
1.12) This,however, also depends on the nature of the modification at thgoSition and the
sequence. Nuclease degradation can also be inhibited by such modificationsling ad
phosphorothioate bond, which then substitutes a sulphur atom for alpedging oxygen in the
phosphate backbone of an oligonucleotide. Most of the time this modification helps the
internucleotide linkage too because this is more resistant to nseleegradation. It has been
NEO2YYSYRSR GKIG (GKNBS LK2aLK2NRIKA2FGS 062YyR
degradation. The disadvantage to this modification is that it may also increase t8kicity.
SOMAmers are claimed to have both high specificity and higher affinity for their protein targets
and are less vulnerable to degradation by nucle#38©MAmer reagents are attractive for use
in nearly every protein measurement application because of these great qualities along with

their stability and easy production. The method to generate th®€8Amers is still very time
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consuming, and researchers are currently working on new methidds.research project is the

nest along from SOMAmers.

1.1.5 AptamersVersus Antibodies

As gtamers have the ability tselectively interact with a particulaatget, they are often
compared to antibodiesMonoclonal antibodies play a huge role in therapeutics and
diagnostics. A large amount of research has been conducted into improving the performance of
monoclonal antibodies for therapeutic uses. Generally lardies are effective for most
applications however aptamers are increasingly an attractive altern&tiva. terms of
selectivity, aptamers are easily selected against-immunogenic molecules and molecules
that are toxic to antibody prducing cells. In terms of size aptamers are roughly ten times
smaller than antibodies whichllows them greater and easier access into cells and tis$ues
Aptamers, unlike antibodies, can be selected under-pbysiological condition® such as
extremely high or low temperaturg, or pH conditionsAptamers can be readily chemically
synthesised with minimal batch to batch variatiorswsell as in large quantitiebecause of
their smaller size compared with antibodiasd the fact that many antibodiesestill produced
through biological routes in mammalian cells using recombinant DNA techrdldggtamers
provide complex folded tertiary structures with sufficient recognition surface areas to rival and
even better antibodes. In addition, they are easily selected and can withstand organic solvent
and show low immunogenicity. These propertiseown in Table 1.2, demonstrate the huge

potentialthat aptamers have in the biomedical fi€ldl.
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Table 1.2. Aptamers vs. Antibodf&s.

Aptamers

Antibodies

Target Range

Can be produced against

almost anything

Limited to targets that
produce an immune

response

Development Time

Several weeks

Several months

Synthesis and Manufacture

Producedn vitro (no
animals used)
Lowbatchto-batch
variability

Chemically synthesised

Produced in animals and
then by recombinant
methods

Poor batchto-batch
reproducibility

Expensive reactors requireg

Handling and Storage

Stable at ambient
temperatures

No freezing or refrigeration

Refrigeration/ freezing

Easily énatured

needed

Stability RefrigeratioiFreezing Made from protein. Easily
Can withstand repeated denatured losing structure,
round ofdenaturation functionunder wide range
without loss of function of conditions.

Shelf Life Longg several years it can | Limited to 6 months and

be frozen
Can be reused in some

applications

single usage
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In vivocomplications No intrinsic immune Can cause immune respong

response if used as a drug

Down Stream Applications/ | Functional under a broader | Will only work under near
Assay Development range of conditions defined | physiological conditions
by the customer based upof

the intended end use

Affinity and Specificity High affinity and greater High affinity and good
potential for specificity due | specificity
to the nature of the isolation

process

However, the development of clinictierapeutic aptamers is lagging far behind therapeutic
antibodies®8° which are still dominating the global medicine market pl&tEhere are several
factors causinghis: the lack of medicinal chemistry support, the production costs, reluctance
to break from conventional approachedelay and suppression daflinical translation and

distribution of therapeutic aptamers.

1.1.6 How are Aptamers Used?

1.1.6.1 Aptamersas therapeutics

Aptamers have the potential to treat illnesses and disease that currently have no cure. There
are several ways in which aptamers can do this: act as a drug delivery agent, act as an agonist
and finally act as an antagonist. Aptamers cankvas drug delivery agents because the aptamer

has such high affinity and specificity that it can target cells with high accuracy to deliver the
desired drug. Aptamers can act asagonistby activating celsurface receptors. They can also

be designed taan act as antagonists, by inhibiting protg@irotein interactions or receptor
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ligand interactiond.For example, Centauri Therapeutiissa Ukbased biotechnology company
focused on the discovery and development of novel aptamers to treat life threatening diseases.
Theyare using aptamers to target specific pathogens such as antimicrobial resistanbesic
and also cancer cells, to elicit an immune response in the patient, which will eliminate the

threat !

In recent research, aptamers have been isolated against therapeutically relevant targets to treat
such diseasesac¢luding human immunodeficiency virus (HIV), cardiovascular diseases, hepatitis
C virus (HCV), neurodegenerative diseases, influenza and some cancer linked targets. The first
aptamer approved for therapeutic use by the USA Food and Drug Administratio)) (F34n

2004 and called pegaptanib. It is an RNA aptamer that consists of 28 nucl&aiutss used

for macular degeneration (figure B)L° Pegaptanib (commercial name Macugen) is provided

as a solution for injecting into the eye and is used to treat adults with the wet form of age
NEfl G§SR YI OdzZ  NJ RSASYSNFr A2y (G2 AYLINROGS OAaAz
does not intefere with amplification using reverse transcriptaielts target is vascular
endothelial growth factor (VEGHThis disease affects the middle part of the retina at the back

of the eye, and is caused by abnormal growth of blood ves$settowever, monoclonal

antibodies have been developed that are more effective clinically for this puifiose

Aptamers can be used for therapeutic purposes in a similar way to antibodies. Antibody therapy

is a form of immunotherapy that uses monoclonal botiies to bind to certain cells or proteins.
Thisisdong A 0 K GKS FTAY G2 adAYdzZ GS GKS LIFHASYGQa
organisms are needed for thie vitro selection of oligonucleotides, a big advantage when
manipulating molecule® Aptamer therapeutics can be developed for intracellular,
extracellular ad celtsurface targetsAptamers have advantages over protein therapeutics in

terms of synthetic accessibility, modifications and diZargeting proteins in extracellular or

celksurface targetsemoves the need for the therapeutics to cross the cell membyambkich
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has been a challenge because of the protective lipid bilayer. Theoretically aptamers can be used
as therapeutics in any disease for which extracellular blockade of pratpiotein interaction

is needed®

m = n =450

Pegatanib ] NFO_LL
Y

Figure 113. Chemical Structure of Pegianib Aptamer.

There are other oligonucleotideased therapies that are approved for therapeutic use or in
clinical trials. Currentlythere are several antisense oligonucleotidased drugs that have
entered phase Il clinical trials such as Alicaforsen; AIRD2, and QRI002%° Alicafasen as

an example, was identified using SELEX technology, helps stop the production eff @A

is a cell surface receptor involved in the process of inflammation (figu#. Irilinflammatory
bowel disease, the immune system incorrectly activateffaimmmatory processes. In this
situation, ICAML is highly expressed, and this correlates with inflammation in the bowel.
Alicaforsen binds to ICAIM mRNA, and theblCAM1 expression is reducedlinical trialsof
Alicaforserhave shown reduced levels oflmmmation,a reduction in symptoms for the patient

and an improvement to the health of the tissue shown by endoséty
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Alicaforsen

Figure 114. Chemical Structure of Alicaforsen Aptamer

1.1.62. Aptamers used for Drug Delivery

As well as serving as direct therapeutics, aptamers have also been developed to deliver drugs
to the cytoplasm otthe surface of human celf$* Aptamers can function as targeted drug
delivery carriers that may increase the efficacy of a drug and also reduce the destructive side
effects of other nortargeted approaches sh as treatments for cancer patients like
radiotherapy and chemotherapy. This aptarieEsed drug delivery approach was explored with
human prostatespecific membrane antigen (PSMA), which is a transmembrane protein that is
linked with prostate cancer and ioverexpressed on the surface of solid tumoifsThis
method of aptametbased drug delivery has now been tried with nanoparticles. This works by
having nanoparticles that contain therapeutic agentsiich are then coated with aptamer

recognition elements for aptamer facilitated internalisation and drug relé&se.

Another significant application of aptambased drug delivery systems involves developing
strategies to treat infection with HIV. Viral entry of HIV into immeelés occurs when envelope
glycoprotein gp120, a glycoprotein located on the exposed surface of the viral particle,
encounters the CD4 receptor and-Ci@gmokine receptor 5 (CCR5) on the outside of the host
cell**Work has been done to develop a gp120 targeted aptamer that works by inhibiting the
interaction between the gp120 and the CD4 receptor. The gp120 targ@tednher can also act

as a celtype specific delivery agent for siRNA (Figurésl'® Research has shown that the
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gpl120 aptamer has been able to deliver adtV siRNA into HIV infected cells and inhibit HIV
activityin vitro. Further studies in a humanised mouse model demonstrated that administration
of the gp120 aptamedrug suppressed HIV replicationvival®® This shows that aptamedrug

conjugates have great potential for treatment of HIV patients.
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Figure 115. HIV gp120 Aptametat/rev sSiRNA Chimer#>

1.1.63. Aptamers in Diagnostc

Aptamers could be selected for developing diagnostic tools fange of diseases. This works

as long as the appropriate targets such as pathogens or biomarkers are av&ighéds can be
generated by a conformational change the aptamer,induced by the presence of a ligand
which is ideal for the creation of sensaised indiagnostiapplications The ease of conjugation

and labelling of aptamers allows them to be combined with other advanced technologies such
as flow cytometry’°’ microfluidics!® cell separatiort® endogenous nucleic acid analy$ind
nanoparticle based sensiddf. This makes aptamers a potential tdot diagnostic$® The key

to effective treatment is an accurate and early diagnosis. Effective early diagnosis is only
possibleif the method is sensitive and involves small detecting agevitéch is why aptamers

are good candidates. Aptamers have been used in the detection of parasital, bacterial and viral
mediated diseaseslong with cancer. Some of the existing diagnostichrads are in need of

expensiveequipmentand skilled peoplewvhich when leads thighcost®®
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Research has identified DNA aptamers that have been selected against aalscevidch then
can be utilised to diagnose and image cancer tisstiehis has been done with cells from liver,
colon, pancreatic, prostate, and breast cancer, agst others. This research has been helped

by the use of the SELEX methédBiomarker molecules that are specifically expressed or

overexpressed on cancer cells were used for the selection of diagnostic DNA aptamers. Example

biomarkers arevascular endothelial growth factor (VEGE)prostate-specific membrane

antigen (PSMAY*and epidermal growth factor receptor variant 11l (EGFR¥?II)

A DNA aptamer can be developed into a biosensor by chemical modifications with luminophores
or linkage to nanoparticles to bind to a diseastated biomarker or a pathogei® For
example, research was conducteddevelop a DNA aptamgselected by SELEX ahén PCR
amplified to bind toand detect nompathogenic Sterne strain Bacillus anthracis spofdss
utilised an aptamemagnetic bead®lectrochemiluminesence sandwiassay scheme. At least
three distinctly different populations of singltranded DNA aptamers weidentified. In the
low DNA to spore ratio populatigthe aptamers were liberated from spore pellets by heating
at 96sfor 5 minutes after each round of SELH}h affinity spore surface bound aptamers were

detected by their 5biotinylated tails using a labelled avidit.

1.1.7. Aptamer Limitations

The use of aptamers for applications is fraught with problengslianitations, which researchers

are still working on to find solutions for. The main limitations are described below.
1.1.7.1 Aptamer Degradation

The rapid degradation of aptamers by nucleases in biological m&atih as bloogdis a large
problem that puts limitations on theirpractical applications. Oligonucleotides can decay in
blood within a few minutes to several tens of minutes, depending on the concentration and

conformational structure of the molecule. This short time scale is undesirable i mos
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therapeutic applications, and because of this, several methods for protecting aptamers against
degradation by nucleases have been developed. As discussed earlier (section 1.1.3)
Y2 RATFAOI (i A-gnynd pydnuidd&!3 fuorapyrimidinel? 1 -O-methyl purine and

H -Q-methyl pyrimidiné* are used for this purpose.
1.1.7.2. Aptamer excretion from the bloodstream by renal filtration

Aptamer excretion from the bloodstream by renal filtration can complicate their therapeutic
use. The kidneys can remove substances with a molecular weight 38160 kDa, and many
aptamers are within this range. Conjugating aptamers with PEG with the molecular weight of
20-40 kDa is one of the most common solutions to this probtéhThis method is currently
being used to increase therculation time in the blood stream of oligonucleotides, peptides
and proteinst?®> The excretion of the PE@njugated atamers from the bloodstream is much
slower, taking up to several days, and they do not lose their specificity. ThessoRjEGated
aptamers are more effectively delivered to tissues and org&i& Aptamers can also be

conjugated with cholesterol molecules which prolongs their circulation in the bloodstt&am.
1.1.7.3.Control of the duration of action

The pharmacokinetic parameters of a drug are essential to its therapeutic applications. The
period of action depends on factors such as: degradation, their involvement in metabolic
processes, renal excretion and many more. Many of these factors limitrtigs dherapeutic
applications. The use of aptamers as drugs or drug delivery vehicles can often solve the
problems associated with controlling the period of action. One possibility is to synthesise a
complementary oligonucleotide creating an antidote. Timgbridisation of the therapeutic
aptamer with the antidote then causes the aptamer conformation to change and it will lose the
ability to bind to the target molecule. Thegproachhas seen success in animal models, where

an aptamer was delivered into tHdoodstream and showed therapeutic effects. The antidote
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was then injected into the bloodstream and the aptamer action stop3ét# The high
efficiency of aptamer hybridization with its antidote in the bloodstream offers a uniqgue method
to be able to control the duration dherapeutic action. This makes the application of aptamers
preferable over antibodies as it is currently very difficult to control the duration of action of

antibodies.
1.1.7.4.Interaction ofaptamers with intracellular targets

Most aptamers have been selected using targets found on the cell surface or in the
bloodstream. This theoretically makes their applications eastheagust need to be delivered

to the bloodstream to trigger therapeutic effects. Howeyercently there lave been some
advances in the intracellular delivery of aptamers. Special expression systems can generate

aptamers inside cells and ensure they aceumulatingn the cytoplasm or nucleus.

This can be done by transfection of cells with a recombinantovestpressing the aptamer

sequence under a U6 promoter and has allowed specific inactivation of nuclear target
proteins2°1* while aptamer expression under tRNA promoter control ensures predominantly
cytoplasmic localisation of aptamel®. Celitype-specific aptamer synthesis can be done by
directional viral expression systems that deliver vectors to certain‘é&tf$.The concentration

of the aptamers which are called intramers can be increased by using strongpars and
fAYAGAY3T GKS NIXGS 2F FLIWIFYSNI RSINYRFEGAZY o6& Y
with additional structures such as hairpit¥4 Aptamers can also be delivered itatracellular

targets by the transfer of aptamers from the bloodstream to cells through recefgpendent
endocytosis®1%¢ Endocytosis of an aptamer binding to PSMA has been shown to provide

specific ad effective delivery of conjugated drugs to cancer cells expressing this antigen on

their surface'®"138
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1.1.7.5 Aptamer crosseactivity

Aptamers have higkpecificityfor their chosentarget. However, they can also bind to other
similarmolecules Four aptamers that were generatexbainst DNAJ2 f & Y S havedb&en |
showntoalsobindi 2 | YR AY KA 6 A (whichbelongsd® andtheSDNA fofymerase
family *® This aptamer croseeactivity can be an obstacle to their therapeutic application
because potential side effects can occur when the aptamers interact with other proteins. This
problem can sometimes be avoided by adding a negative selestiégnin SELEX methods. This
was proved by using SELEX to generate an aptamer that binds with high specificity for DNA

L2f@YSNrasS ' FTyYyR R2Sa y20"AyR (G2 5b! LRfe&YSN
1.1.7.6 Automation of aptamer generation

The protocol for the generation of aptamers is relativity simalthoughin real time it is a time

and labour consuming process. The aptamer selectiorBhEX desnot always have the best
affinity andspecificitydue to a sb-optimal SELEX procedure. New methods have been designed
to reduce these limitations such as automated SEXEXwhich can be done in a few days and
capillary electrophoresis SELEX-8EEEX). €3ELEX includes a modified stage of selection.
Nonrequilibrium capillary electrophoresis of equilibrium mixtures is used for aptamer
fractioning. This procedure takes2ldays and allows for more stringency for aptamers binding

to a chosen target?3144
1.1.8 Aptamer Modifications

1.1.81. Modifications made to Aptamers

Modifications have been made to aptamers to enhance their therapeutic suitability and to
increase their haffives. Some of the main problems with aptamers are that they are susceptible

to nuclease degradation and renal filtration; this is caused by tredlsize of the aptamers and
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if not modified can create short hdifres. For example, the hdife of an RNA aptamer in blood
can be only 2 minutes long, and this can cause problems when using aptamers as
therapeuticst*However, there are advantages to aptamers having shortlival$, as it means
when aptamers are used as drugs in the body they do not need to have additional modifications

to accelerate excretiofrom the body and they will not cause negative side effétts.

One of the most valuable modifications that can be made to aptamers for analysis is adding
different fluorophores ¢ KS &S Ff d2NRLK2NBa OFly o6S FRRSR
aptamer allowing for the aptamer interactions to be monitoretiem they change. The target

can then also be visualised if the aptamers have fluorophores attached, this allows them to be
used more effectively than antibodies in methods such as western blotting. Because there are
a large variety of fluorophores, manyfférent targets can be looked at all at once on a single
sample. Confocal microscopy can be used to visualise aptamers in tissues or be used to follow
the binding of aptamers and targets. Aptamers that are labelled can also be used in
fluorescenceactivated cell sorting (FACS) analysis, which can identify particular cell types in a

mixed samplé#®

Lightup aptamers have been designed that allow the tagging of RNAs with a fluorescent probe:
this provides a simple way of lheell imadgng of RNAs by fluorescence without using protein
(figure 1.5).24 These ight-up aptamers being composed of RNA have great advantage over
GFP, because RNA is highly modtfland its sequence can be quickly enhanced by cycles of
transcription, seleéon and reverse transcriptiof?14%1%° Lightup aptamers provide a direct
measure of gene transcription at the RNA level and can be used to give a more accurate
observation of RNA localisatidff.Lightup aptamers can now be used fBNA traffickingn
vitro,'®! protein sensing RNA&? metabolite sensing via a transducer linked to metabelite
sensing aptamer®® ribonuclegrotein  (RNP) purificatid®® and ribozyme cleavage

monitoring%®
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Figure 116. Lightup aptamers4”

1.1.82. Aptamer Conjugation

If an aptamer is joined to another molecuthis can change the properties of the aptanitself.
Conjugation can be used to bridge the gaps between the target and the aptandecan help
form additional bonds. Aptamers can be used as drug delivetgragsvhen joined to drugs.

This is a good méibd because aptamers have such high specificity and affinity that they bind

only to their desired target and do not touch healthy cells and tiSéue

On afluorescently labééd aptamer, a fluorophore is conjugated at one end and a quencher at
the other end of the aptamer. If the aptamer is without its target it will fold into a hairpin
confirmation which positions the fluorophore close to the quencher. When a ligand binds the
base paiyinteractions are interrupted and the aptamer goes back to the open conformation.
The fluorescent signal is used for detection and quantitative measurement of the target

concentration(figure 1.1).1°¢

1.1.83. Evolution of sequencdefined highly functionalized nucleic agdlymers

David Liu and colleagues have designed a new genetic code to offer a high degree of codon and
sidechain diversity to evolving polymet¥. This has been done by a ligasediated DNA
templated polymerization system and vitro selectionsystem to create Highliyunctionalised
Nucleic Acid Polymers (HFNAPs) made from 32 building blocks of eight chemieedly slide

chains on a DNA backbone (figure7).1t does so without the constraints that are added by
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using polymerases or ribosomes. Through iterative cycles of polymer synthesis, selection and
reverse translation, they have discovered HFNAPs that binoprgtein convertase
subtilisin/kexin type 9 (PCSK9) and interletkjrwhich are two protein targets implicated in
human inflammatory disease$®® This evolved polymer potently inhibited thiateraction
between PCSK9 and the lalensity lipoprotein receptor. Structugactivity relationship
studies revealed that specific side chains at defined positions in the polymers are required for
binding to their respective targets. The Dieplated, ligjagsebased translation system
supports selection of polymers with diverse side chains, including side chains that mimic the
repertoire of amino acid side chains found in proteins. P&fiiiing and t6-binding polymers

both exhibit position dependent andde-chain dependent structure activity relationships that
mimic those of proteins. The PCa¥Ading polymers are strongly dependent on the presence

of multiple side chains with different physical properties, consistent with the importance of
chemical divesity to the functional potential of these polymers. The limitation to this method

is that the variation is only in the side chains on particular nucleatitdes
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Figure 117. {  NXzO (i dgN&Sphory#ated tpnucleotide building blocks for HFNAP library synth@&sis

Gawande andolleagueshave performed selections for PCSK9 aptamers from modified DNA
libraries. These libraries had one or both pyrimidirs@tered to sidechainfunctionalised

variants®® Highaffinity aptamers were enriched from doubly modified libraries where
KERNRBLIK260AO 2N LIKSy2ft A0 a4ARS OKFAya I LIISKFNBR
findings are consistent withthts; the highest affinity binder from their HFNAP library, roughly
containing an equal mix of hydrophobic and hydrophilic side chains installed at 33% total
frequency, has &3 nM for PCSK9. The flexibility of the side chains also allows for the [ossibil

of creating evolution experiments with libraries with different side chains to discover the
relationship between the structure of building blocks in a genetic code and the biological

potential of the polymers. Other modifications may be suitable fdreotapplications.

The evolution of these sequendefined synthetic polymers made of building blocks beyond

those compatible with polymerase enzymes or the ribosome, has the potential to generate new
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evolvable polymers to include densely functionalized nucleic acids with diverse, researcher
defined chemical repertoires. It enables researchers to generate and select HFNAPs with side

chains tailored towards specific plcations>’

1.2 Combinatorial Chemistry

1.2.1 Combinatorial Libraries

The synthesis of combinatorial compalfibraries is being used more and more to lead to the
identification of novel compounds that have targets with activities of high interest. These
chemical libraries are intentionally made with a selection of different molecules prepared
biosynthetically o synthetically andire be screened for a specific biological activity. There are
a number of different library types: libraries of soluble molecules, peptide libraries on biological

display vectors, libraries of compounds bound to resin beads, and stiidrsupports°

{ Ay OS  k&nbinathdancenistry has become very popular in both academia and
industry, because it camssist in drug discovery. It has been regarded as one of the most
important new advances in medicinal chemist¥yEvery combinatorial library method has
three steps. Firstlthe preparation of the library, secondly the screening of the library and finally
the determination of the chemical structures of active compounds. These libraries involve
synthetic chemistry andan include oligomers, oligonucleotid&8peptides!®?synthetic amino

acids and small molecules.

(s}

TheideaoD2 YO A Yl G2NAIf OKSYA&AUNR 461 a4 FANRIGI RSOSt 2]
bag technology to synthesighousands of peptides on a solid support in parallel followed by

Geysenet al. with multi-pin technology!®® In 1991 Lamet al. introduced a combinatorial

chemistry approach called the o#madone-compound (OBOC) method of combinatorial
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peptide librarie$®* and Houghtenet al. demonstrated the solution phase mixtures of
combinatorial peptide librarie®? Bunin and Ellman reported the first combinatorial library of
small molecules in 1998° In a similar fashionhe phagedisplay peptide library method was
designed in 1985 by Smitff This method displays orRgage onepeptide simila to OBOC
library methods. Bch M13 - 3 S RA&LX I @a p O2LIASa 2F ,2YyS
Frankelet al,*®” Josephsort al %8 and Murakamet al1*° all described creating mRNdisplay
macrocyclic peptide libraries using building blooksunnatural and Eamino acidsin 2009,
Heiniset al. presentedthe method of posttranslational chemical modifications of phage
displayed peptide librarie¥° These approaches enable peptide libraries to have greater

chemical diversityand more resistance to proteolysis which makes them potentially better as

drug candidates.

Recent advances have introduced Délfcoded libraries (DEL) which allow researchers to
create and decodevery diverse small moleculepeptide or macrocyclic libras!’™ This
technology isa novel ligand identification strategy that allows the synthesis and screening of
highly chemical diverse libraries more efficiently thtre original method'’? This was
conceptually designed by Brenner and Lerner in 1992 his method connects molecular
biology and organic chemistryisgiplines by using synthetic chemistry cycles to introduce
diverse small molecules encoded by unique DNA t4gEhere are then several cycles of
selection, usually involving an immobilised target protein and a pool of libraries. This results in

a mixture of compounds which are top binders of the target protéinThere is then

amplification of the DNA region by PCR methods and subsequent next generation sequencing

(NGS) allows for the identification of the binding molecules struct(ff€he progress over the
last two decades has made DEL a powerful tool for pharmaceutical companies to identify new

ligands for biological target$’ 178

56

dzy .



1.2.2.0neBeadOneCompound Libraries

The OBOC combinatorial library method is very efficient; millionscaipounds can be

screened thoroughly, simultaneousi§f The concept is based on the idea that a combinatorial

bead library E Y ©S LINBLI NBR o0& { KnhichWesults in & single/beadYA E Y
carrying many copies of a unigue compoufftiThis method has been successful in identifying

ligands and a great number of biological targets. The OBOC combinatorial library approach has

some key unique features. (1) The very quick synthesis of a large lifraeyy high structural
diversityisenbledbyil KS WaLJX Ad FYR YAEQ YSGK2R® 6HO ! £
simultaneously but independently of each other against a target of interest because the
compounds are spatially separa3fé(3) This allows for rapid identification of the most active
compounds whose chemical structures can be identified on the bead. (4)e@uh binding,

functional assays and solati-phase assays can all be used is thiethod(figure 1.18). Once

identified, the chemical structure of the compound on a positive bead may be determined

directly or by an encoding strateg¥he OBOC library method has not been used to its full

potential due to technical obstacles such as screening millions of beads by conventional
methods for examplebydza Ay 3 | YAONRAO2LIS (2 Yl ydzZ fteé NBY?

a large library.
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Figure 118. OnebeadOne-compound Combinatorial Libraries

Analysis Target

The OBOC library technique was first used successfully on over a million peptide beads used to
isolate peptide ligands that interact with a#trendorphin monoclonal antibody using an
enzymelinked colorimetric detection techniqu&? Over the yearsthis OBOC technique has

been successfully used on a number of different targets such as antibétpestein kinase$8

bacterial® G-protein coupled receptor$®® whole cell$®” and small organic dyes. In recent

research, Lam and colleagues used BBOCY St K2R ¢gKSy 221 Ay3 Ay(?
ligads®®h @i o AYGSIANARY ATl yRa INBE 2F INBIG AyidSNEB
Ay OFyYyOSNIAYFIAAYI YR GFNASGSR GKSNI LRB® h @i o
cancerand noncancerous cell€° It is involved in various processes such as the formation of

new blood vessels (angiogenesis), bone resorption, metastbisisman tumours and the death

of cells (apoptosis), which is why it could play a key role in cancer therapy. This research team
designed OBOC combinatorial libraries containing the argglyeneaspartic acid (RGD)

motif.1% This library was then screened against K562 myeloid leukaemia cells that had been

NI yAFSOGSR gAGK (KS KdzYty h @i o AYGSINARY 3ISyS
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LXW?7 (a cyclicgptide) ligand, the biotinylated form of LXW?7 ligand and biotinylated RGD

O O0f2LISYGFLISLIIARS fA3IFYRa (G2 h@iod ¢KS 0e0ftA0
fAIFYRI O0AYRAY3A (2l GndcygAgKntbyy | F¥dinoli® 2KSIL
[ 27 fA3FYyR LINRPRdAzZOSR | AAYAfIFINJ 0AYRAY3I alGNBy:
biotinylated RGD cyclopentapeptide ligands showed the weakest binding affinity. When further
research was undertakeit was shown thathe LXW?7 ligand was @sble to bind tahe A375M

melanoma and tdhe U87MG glioblastoma cells. Both of these cell lines express high levels of

h@i o AYGSINRAY D ¢ K SnviMdddEx viMdOticallingaging stuidiesiir? whisld: y

they delivered biotinylated LXW7/stregtidinCy5.5 complex in mice with A375M or U87TMG
xenografts. This revealed that biotinylated LXW?7 is preferably taken up into these tumours. This

was compared with biotinylated RGD cyclopentapeptide ligands and demonstrated that
biotinylated LXW7 has a lhigr tumour uptake but a lower liver intake. This study shows that

the OBOC combinatory library method is a powerful tool to discover and advance specific
ligands against cell surface receptors. The conclusion of the report shows that a peptide ligand

LXW7 with a RGD motif was discovered using dmeadone-compound combinatorial

chemistry. LXW7 has potential to be an effective peptide ligand that can be used for drug

delivery®!

A recent research paper published in 2018&kgam led by Thomas Kodaddikcusses the use

of OBOGibraries to screen serum samples to identify the ligands to antibodies in the miRture
This research was focused the discovery of serum biomarkers for the diagnosis of disease
and for the prediction of drug efficacy. The immune system is an attractive source of these
biomarkers!'®® because disease states induce the production of antibodies against disease
specific antigensThey have developed an approach called epitope surrogate technology to
discover these antibodié¥ usingone-beadone-compound combinatorial libraggf2with W& LI A {

l YR YA E QTha éoyiliingtérial Aibdiady wakien incubated with a pool of control serum
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samples and then the 18M beads that show antibody ligands are stained with a fluorescently
labelled secondary antibody. Thisthen repeated with the real serum samples. These beads
can be passed through a flow cytometer and the fluorescent hit healdich contain the ligand,

are separatedrom non-ligand beads. All the beads that fluoresce contain the ligands that are
potential antibody biomarkers, separated from the control population. Extra experiments can
be run on these antibodies such as immunoprecipitation (a technique that precipitates a protein
antigen out of solution using an antibody that specifically binds to thatein) to work out

their native antigens in a suitable tissue extr&€t

1.2.3 Combinatorial Chemistry in Drug Discovery

Over that last decade, combinatorial libraries have been successfully applied to many
applications including drug discovery. Table 1.3 below displays some of the different
approaches and applicatis of combinatorial librarie¥! Blakskjaeet al.describes a screening
YSGK2R yIFYSR WOAYRSNJ (NI LI Sy NR OK YSyRuRingg KA OK
blocks are spatially confined in the centre of the DNA junction which they have named
Yoctoreactor, which facilitates both the chemical reaction between the building blocks and the
library encoding. This screening can be performed imglesibinding tube. This method has
become an increasingly popular technology for the identification of small molecules targeting

proteins!™

Table 1.Examples of recent application of combinatorial chemistry for drug discd¥ery

Library Type Library Structure Screening ype

DNA Encoded Chemica - Affinity Screeningy”
121 Amines

Library mnYNQ

121+630=76,230 O
Encoded Compounds 0
630 Carboxylic Acids

DE-2
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Peptide Nucelic Acid
encoded smalnolecule

library

DNA microarray

Diverse array from combinatorial pairing
of small molecule fragments

A1-125 x B1-500 = 62 500 combinations

Affinity Screeninty®

Spatially addressable

solution-phase library

H . ___ Optimized scaffold

Xi <@ Strong electron donating group

Br>1>Cl
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&£._OH o £._F
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OBOQChiral Oligomers
of Pentenoic Acids

(COPAMLibrary

%
0
* . 2
Q{ e NN~ s N
OJ) R' Me R{ R' Me
3

-PrO

Proteinbinding Assa°
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Library

NN
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(LLP2A§*
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In situ releasable assay

against Cryptococcus

XY LY neoformang®
OBOC Biycle Peptide . Onbead enzymdinked
"¢
Librar [A assay against
y o AN y ag
K e o A HRBEM

N B ~HH Y
e
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1.3. Flow Cytometry

1.3.1 Flow Cytometry

Flow cytometry is a technology that rapidly analyses single cells and particles as they flow past
severalasers, in a bufferedaltbasedsolution. Each particle is analysed for visible light scatter
and fluorescence characteristidhe visible light scatter is measured in two different directions;
Forward Scatter (FSC) providbe relative size of the cedlr particles,and Side Scatter (SSC)
displays the internal complexity of the cell or particles. This light scatter is independent of the
fluorescent intensityFlow cytometry is a powerful tool that has interdisciplinary applications.
These consist of caer biology’® immunology?® virology?°’ molecular biology, infetion
disease monitoringj® and cell drugging analysis. It is very effective for the study of the immune
system and its rgmwnse to infectious diseases and cancer. It allows for simultaneous

characterisation of mixed cell populations that can be separated into single cell popuf&fions.

1.3.2 Fluorescent Activated Cell Sorter

A fluoresent activated cell sorter (FACS) is a specific type of flow cytometry instrument which

is used to analyse the chemical and physical characteristics of particles in a liquid as it passes
through one or more lasers. Importantly, it can also purify and selectells and particles for
further analysis. Cells are labelled fluorescently and then lasers are used to excite the
fluorescent label either on or within the cells, which then emit light at varying wavelengths. This
process can sort a heterogeneous mig of cells into different containers depending on the
fluorescent characteristics and the specific light scattering of the cells. The cell sorter allows the
user to select and gate off a particular population of cells or particles which is positive or

negative for the desired parameters and then direct those cells or particles into the chosen
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container?®® This instrument is very useful because it is fast and provides quantitative and

objective monitoring of fluorescearsignals of cell3'°
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Figure 119. Flow CytometnSchematic

1.3.2.1. Hydrodynamic Focusing

A FACS instrument works by having the cell suspension in a narrow stteasarmple flow is
focused such that the cells pass one by one through the laser beam. The stream is comprised of
a constant flow sample sgtam and a constant flow sheath fluid (buffered dadsed solution)
stream. Both streams are introduced into the microfluidic channel flow down either side of the

63



channel. The streams stay this way if they are coordinated on viscosity and hydrophohieity. T
sheath fluid stream pushes on the sample stream to make it narrow; if the pressure is increased
the sample stream widens. The sample stream is affected by sheath speed and conical tapering
of the cuvette. The stream should be ~10 microns in diametee. fldw is arranged so that

there is an effective separation between cells relative to the cell diantéter.

{ KSI @

{F YL

Figure 120. Hydrodynamic Focusing in the FACS

Sreamsstabilityis essential to the precision of sorting cells. Many things can disrupt the stream
such as drop delay (if incorrect will lead to the wrong event being charged at the break off
point), temperature changes and blockages in the lines. Larger nozzle sizesodane less

stable streams and stream characteristics can change over the course of a long sort.
1.3.2.2. Detectors

Key parameters which this instrument measures include forward scatter, side scatter and
fluorescence emission signdfigure 1.21) Forward scatter is the light that is refracted by a cell

in the forward direction; it is typically 22 FF FTNRBY GKS fFaSNJ 6SI YQa
detector measures scatter along the path of the laser and uses that to approximate the size of

the cells or particles. Usually, bigger cells will produce more forward scatter than smaller ones

and so a stroger signal. Side scatter is the light that is refracted by cells and travels in a different
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direction to the original path. It is measured at a@€lative angle to theexcitation line of the

laser. This detectatanprovides information orthe type of @ll and itscellular complexitye.g.

T cells can be distinguished from B cells in splenoé¥éss affected by shaze and size of cells

and sensitive to cytoplasm, membranes, nucleus. This allows FSC and SSC to be used to

distinguish between different cell populations based on thgire, liveness andize?'?
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Figure 121. Detector on the FACS

1.3.2.3. Lasers

The FACS can contain one or several lasers. A common dheeghose withexcitation
wavelengthsof 488 nm, 405 nm and 561 nm also known as blugpie and green lasers
respectively. Each laséas filtes at different emission@ the range of the excitatianCell
populations can be sorted based on their FSC and SSC, but cells can also be sorted by their
fluorescent signalfigure 1.2). Tte fluorophore used for the detection emits light after
excitationby alaser of compatible wavelength. Eadifferent type of fluorescent dye or tdtps

its own characteristic excitation and emissitevel which is important for designing flow
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cytometry experimentsFluorescent samples can be prepared for flow cytometnalysis
through several methodssuch as transfection and expression of fluorescent proteins, for
example Green Fluorescent Protein (GEf3taining with florescent dyes such as propidium
iodide or with fluorescently conjugated antibodies such as CD3 FITC, or chemically binding a
fluorescent tadike rhodamine Bo a particle?® There is a large range of fluorophores #adalie:

the Alexa Fluorfamily of fluorophores, allophycocyanidRQ, cyanine5.5 NHS ester (Cy5.5),
fluorescein isothiocynate HTQ, peridininchlorophyltprotein (PerCP etc. When the
fluorescent cells pass through the interrogation point and interact with the laser, they create a
pulse of photon emission over time. They will then be detected byptiatomultiplier tubes

and converted by the electronics system to a vgétgoulse which is then registered as an event.
The total height and area of the pulse is measured, and this directly correlates to the fluorescent

intensity for that event.

When planning flow cytometry experiments there are key features to consider wicking a
fluorescent tag: maximum excitation wavelength, maximum emission wavelength, extinction
coefficient (he capacity for the fluorochrome to absorb light at a given wavelength
fluorescence quanturgield (the number of photons emitted per absorbedgton), fluorescent
decay time (time interval after which the number of exciting fluorescent molecules is reduced),
brightness, stokes shift (the difference between the maximum emission wavelength and the

maximum excitation wavelength), which laser lineise, filter sets available and photostability.
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Figure 122. Lasers on the FACS (488 nm)

1.3.2.4. Vibratinglechanism

The cell sorter separates cells by oscillating the sample stream of liquid at a high frequency to
generate dropsAt the place where the stream breaks into droplets an electrical ch@nging

is inserted, giving the dropletither a negéive or positive charge. karged droplets then go
through an electrostatic deflection system which directs the droplets into a specific container

based on their charg&?® The containers can be tubes or plates-(@éll plates are common).
1.3.2.5. Sample Preparation

Themost essential requirement for all flow cytometry practices is to have the cells or particles
in a singlecell suspensiof?® It is very important to otain this to avoid blocking the flow system
with clumps of cells. The concentration of the sample is important, if too concentrated the
purity will be compromised, if too dilute the sort rate will be very low. Most samples are

prepared in sheath flui¢bdbiosciences.com/sheatfiuid).
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1.3.2.6 Data Analysis

The data for each event amgotted independently to represent the signal intensity of light
detected in each detector for every evetf. Data canbe visually represented in several

different ways most commorty: contour diagrams, density plots, dot ptoand histogram&t’
1.3.2.61. Histograms

Histogram plots only measure oparameter. The yaxis is usually the event number that shows

a level of fluorescence, and theaxis is the relative fluorescent intensity detected for a single
laser with a certain filterfigure 1.23). Many events that are detected at a specific intensity will

be represented as a peak on the histogram. Flow analysis is often performed on a mixed
population of cells and so produces multiple peaks on the histogram. This makes it important
to have a negatie control so that the positive data can be identified by the shift in intensity

between the negative and positive.

[\

Positive Samples

Count

Negative
Control

Fluorescence Intensity (nm)

Figure 123. Histogram Graph showingpsitive samples against negative controls

Sometimes th@eaks on a histogram can appear as a doublet, this usually occurdwienlls
or particle passes through the laser beafrthe same timdfigure 1.24). It can also sometimes

be caused by havinghé voltage too high, amplifying the baselinEhese doublets can
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potentially have negative effects on the results, especially when sorting. The area and the width
of the doublet peaks are larger than that of a single cell, this is because two cellsewdl @p
longer time passing through a laser beam than one cell, but the height of the two peaks are very
close. A way to overcome thistd run a doubletdiscrimination before running for samples

if your samples have a tendency to stick together than imdsbme extra steps to get a single

suspension before analysts.

Count

Fluorescence Intensity (nm)

Figure 124. Histogram Graph showing doublet pealeised by tw cells or particles going through the laser at the

same time

1.3.2.62. Dot Plots andensity Plots

Dot plots and density plots often compare 2 parameters instantaneously where each event is
represented by a single d@figure 1.%5). The dot plot showthe relationship between different
variables against each other, for example FSC vs SSC or 513/17 nm vs 548/29 nm. The density
plot was developed to show the relative number of events in a given redigansity
measurements of ifferent channels are repsentedalong the axes showintpat events with

similar intensities will group together in the same region of the plot. Density plots are useful for

observing rate obccurrence of suipopulations.
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Figure 125. FACS Density and Dot Pld®nsity is used to see how similar your population is and to spot outliers

from the main populations. Dot plots areastly used for sorting, to gate correctly the populations you want.

1.3.3 Flow Cytometry for Drug Discovery

In drug discovery, flow cytometry has been used at many stéd§8sing a high content assay
technology providing a large amount of information with myléirametric analysis makdew
cytometry an important tool for drug discover?’ The development of faster and automated
sampling processes to be used with flow cytometers has made flow cytometry more attractive
to drug discovery and screenimdatforms??* Over the past decade, various flow cytometry
screening applications have been undertakiem examplescreens withyeast???ligandbinding
assays for screening novejgBotein-coupled receptor ligansP? and phenotypic screeimg, for
examplein a 1536well plate of cytotoxic T lymphocyte lytic granule exocytdsfAs well as cell
applications, bead based immunoassays have been performed to screen secreted cytokines and
proteins in a multiplexed forma>226227 Flow cytometry has many advantages over imaging
basedscreening For exampleif canbe used toanalyse and physically separate individual cells
from a mixed population without having to develop complexad@nalysis proceduresgquired

with imagebasedscreeningFlow cytometry isalso optimal forscreening suspension cells as

well as adherent cellsfter they have been detached from flasks or plateswever imaging
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assays are only really suitable for adherent cell screefih@elow are examples of

Highthroughput screening using flow cytometry.

1.3.4.1.High throughput Flow Cytometty identify inhibitors of the Racl GTPase

AstraZeneca has in place a large range of high throughput flow cytometry applications. This
consists ofHigh throughput screeningH’$, multiplex profiling and phenotypic to structure
activity relationship (SAR) screenfdHTS is the principait-finding strategy at AstraZeneca.
Essentiaffactors ingeneratinga successfusaeen are the quality,size and contentof the
compound libranbeing screened. Safetglated concerns are the lead cause of drug discovery
projects failing. Between 2088010, 82% preclinical drug discovery projects closed because of
the unacceptable leveof toxicity in compound$® AstraZeneca worked to identify small
molecules that act as inhibitors of the Ratated C3 botulinum toxic substrate 1 (Racl) GTPase
to help prevent allergic airway hyper responsiveness (AHR). Asitinaa heterogeneous
inflammatory disordein which airvays narrow and swell, this producing symptoms of difficulty
breathing, coughing and wheezif.It is a major public &alth problem as 5.4 million people

in the UK are currently receiving treatment for asthffeand asthma affects 262 million people
worldwide>*2 AHR is the excessive contractiofithe airway muscle cells, it is also seen in
chronic obstructive pulmonary diseasghich has limited treatments availabté&® A 348well
plate bead based flow cytometry assay for small GTPases has beéshedireviously
AstraZeneca worked witthe biology companyntellicyt to reproducehis assay in a Bs-well
plate format, as this is both cosind timeeffective.Beadscoated inGluathione were used to
capture Glutathione Sransferase GSJtagged Racl Bodipylabelled guanosing -Q
triphosphate (GTP) was used to detect the compouhds were competing with its binding to
the GTPase which would then result in a decrease in fluorescence sigimajiQuelScreener
HDflow cytometerwith laser excitatiorat 488 nm and emission &30/30 nm,it was possible

to detect the bead population, identify single beads and work out the fluorescence median on
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the beadsThe plates were then sealed and read (0.5 seconds sip time with 6 mL/well). The first
screen was performed at 12.5 mM against a wide range of diversgaunds (500,000). The

hits were tested in a tetpoint concentration response (090.003 mM) against Racl, along
with the related GTPases Ras homolog gene family membehé¥ and cell division control
protein 42 homolog(CDC42for selectivity. Multiple compounds were selective for Racl. A
further panel of cellular assays is currently underwsgure 1.8 shows aseresponse curves

of the three top hits,Racl (circles), Rho (squares), &Wd@2 (triangles).These ompounds

were tested in a terpoint concentration response from (168 nM). The target coatedbeads,
bodipy-GTPand all 3compounds werencubatedtogether for 2 hours at room temperature.

The final concentration of fluorescent GTP was 10aM
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Figure 126. Doseresponse curves obp threehit compounds?2°
1.3.4.2. Directed Evolution of Aptamer Discovery Technologies

In 2022, H. Tom Sadt al. published a manuscripihereflow cytometrywas usedo efficiently

isolate high affinity aptamers in fewer selection rounds than the standard SELEX m&thods.
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This thereby minimised selection bias and reduced the excess material entering the final
aptamer pool. Thy did this by having solution phase aptamers on particles and screening them
by FACS to quantitatively isolate individual aptamer particles based on their affinity. They had
a second method where they used a multiparametric particle display method. 3&istwo

colour FACS to isolate aptamer particles with high affinity and specificity. This produced
aptamers that demonstrated excellent target binditayprotein glycoformseven in complex
mediums such as seruf®. This method is similar to the design of the paijpresented in this
thesis, which was planned before this paper was published. The success of this method
demonstrates that the use of FACS for identifying novel drug candidates can help drug discovery

processes.

1.3.4 Flow Cytometry in Diagnostics

Flowcytometry can be used in clinical settings to characterise specific dis€agésids such

as bone marrow aspirate, cerebrospinal fluiddgmeripheral blood can all be analysed by flow
cytometry. However, if the sample does not contain viable cells, then the analysis will not be
successful. It is most commonly used for malignant and benign hematologic samples and can
aid with diagnostics, #ratment plans, monitoring progression of a disease or the success of
treatment. 23" 22 Measuring levels of DNA content in a sample was one of the earliest uses of
flow cytometry for diagnosis in 1983. If there was a 67% increase in D&léelts were defined

as being malignant compared to nomalignant cell$*® Malignant cells also show abnormalities

in their chromosomes and this can also be quantified by flow cytontétrifhe DNA
abnormalities can then be retrospectively studied comparing their survival duaratio
patients?*! Phenotyping is another common use for flow cytometry in oncology. There are
many phenotypes used to differentiate between cancerous cells and healthy cells. Tumsur cell

often express distinguishable surface receptors.
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disease patient$*?It has been used to examine natural killer aacell function in patients wit
irritable bowel syndrome in correlation to psychological distf&sand to examine the

immunosuppression akomen during pregnancy and the immune state of postpartum women

over time*

1.4 Cancer

1.4.1 What is CanceP?

In the UKthe predicted number of cancer caused deaths in 2021 has reached 176,400 with age
standardised rates bein§9.2/100,000 for women and 114.6/1@M0 for mer?* In the
European Unionthe predicted number of cancer caused deaths in 2021 Wa67,000.
Corresponding to age standardised rates of 81.0/100,000 for women and 130.4/100,000 for
men?2* The American Cancer Society Estimdtex there were1,898,160 new cancer cases
and 608,570 cancer deaths in the United States20212%¢ There is some uncertainty in the
predictions related to the effect of the coronavirus disease 2019 (GO8)Ivhich may have
caused an increas@n cancer motality because of delay in diagnosis and interruption to
treatment 24”248 Cancermortality worldwide continuously increased during the'26entury

until 1991, after which it declind through to 2018 by 31%° This was due to the reduction in
smoking and improvements in early diagnosis and more successful treatrirggsmountsto

3.2 million fewer cancer deaths than would have follovifettie trendhad persisted“®

Cancer is a collection of diseasesvhichnormal cells becomabnorma]l exhibit uncontrolled
growth and division of celland acquire theability to spreadto other parts of thebody, a
process known as metastagfigure 1.2).2%° The characteristics #t distinguish cancer cells

from noncancerous calls are the lack of differentiation, tendency towards tissue invasion,
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metastasis and uncontrolled divisiét These cells then start to become increasingly resistant

to the controls that maintain normal tissuand because of this they divide faster and become

less dependent on signals from other cétsCancer cells can evade cell death which occurs as

a normal and controlled part gin2 NA | YA aY Q& RS @S {dadpité Sigfactthay R I NP «
they are a prime target for apoptosis. In the later stages of camedls break through normal

tissue boundaries and metastasize to new sites in the 3ety.

Cancer is caused by genetic mutatiohsK S KA IK LINP2FNBFRAYy3I oAt AGA
mechanism generallprevent replication errors, however rare mistakes do happen. There is
approximately one mistake per 18ucleotides copied, and 99% of these replication errors are
corrected by DNA mismatch. This increases the overall accuracy to one mistake®per 10
nucleotides copied. When copying mistakes are maaenis-paired nucleotide is left behind,

and if this is not corrected it will result in a permanent mutation in the next round of DNA
replication. Mismatch repair proteins see the error, remove that portiothefDNAstrand,and

then resynthesize the missing DNA. This repair mechanism restores the correct sequence.
People who inherit one damaged mismatch repair gene are unaffected until the undamaged
copy of the same gene is randomly mutated in a somatic Tei. mutant cell is then lacking in
mismatch repair and will then accumulate mutations more rapidly than a normal cell. This cell

then has a greater chance of becoming cancerous. Mismatch repair plays an important role in

preventing cancef>?
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Figure 127.Cancerous cells

1.41.1 The Hallmarks of Cancer

Six hallmarks of cancer were proposed by Hanahan and Weinberg irf200@y discussed

the notion that as normal cells evolve progressively to a neoplastic state they acquire a
succession of these hallmarks. Human tumour pathogenesis is a multistep process which by
emerging cancer cells begin to acquire traits that allow them to becammorigenic and
malignant2>® Over the decade followinghis research has developed and extended to reveal
that the biology of tumours is more than that traits shownthg cancer cells but alsmust
incorporate that contributions of the tumour microenvironment tiamorigenesis Theoriginal

six hallmarks includesustaining proliferativesignalling evading growth suppressors, resisting

cell death, enabling replicative mortality, inducing angiogenesis, and activating invasion and
metastasisThis list has been enhanced to include a more up to date picture of cancer which

can see seen in figure B2
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Figure 1.8. Therapeutic Targeting of the Hallmarks of Carizergs that interfere with each of the acquired

capabilities necessary for turapgrowth and progressiaff®

The progression in the idea of the hallrka of cancer h&iproduced suggested therapeutic

targets such as EGFR inhibitors (figureS)L.2
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1.5. Epidermal Growth Factor Bceptorand Cancer

1.5.1 The Epidermal Growth FactorReceptor

EGFR

Extracellular Domain

Figure 1.2. EGFR Transmembrane Protein

EGFHRSs a transmembrane protein that is a receptor for members of the epidermal growth factor
family of extra cellular protein ligandd70 kDa) (figure 19.2°! It is a member of theerbB
family of receptors which is a subfamily of four closely related receptor tyrosine kiffa&&3FR

an importantrole in determining structure and 3D conformation of tB&FRrotein.?>” Kinase

is activated by the binding of E@Efgure 130) to the receptor and this proceeds to receptor
autophosphorylation. The autophosphorylation is crucial for the interaction of tieeptors

and its substrates. EGindsto the receptors by the SH2 domaiit

Figurel.30. The Crystal Structure of EGF Proém.
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EGF together with EGFR also play a vital roleound healing through stimulating epidermal

and dermal regeneratiof® EGFR signalling can also regula@eral functions such as
differentiation, motility, apoptosis and cell proliferatiGftEGFR and members of its family are

the key contributors of a multifaceted signalling cascade that controls growth, migration,
differentiation, signalling, adhesion, and sualivof cancer cells.Owing to their
multidimensional role in the progression of cancer, EGFR and its family members have emerged
as attractive candidates for antancer therapy®? Specificallythe aberrant activity of EGFR has
been shown to play a key role in the development of growth and tumour cells, where it is

involved in numerous cellular responses including proliferation and apopfdsis

1.5.2.1 The ErbB Family

The ErbBfamily of receptor comprisesfour known members namely ErbB/EGFR/human
epidermal growth factor receptor (HER1), ErbB2/HER2/Neu, ErbB3/HERS3 and ErbB/HER4. They
are all transmembranereceptor tyrosine kinasewith molecular weights ranging from 170 to

185 KD&®* Structurally the ErbB famjl members consist of a cysteimieh extracellular N

terminal ligand binding domain and a dimerization arm, a hydrophobic transmembrane domain
and an intracellular, highly conserved, cytoplasmitei@inal tyrosne kinase domain with
severakyrosine residues that are the target of autophosphorylatidhe extracellular region of

EGFR is subdivided into four domains (I, Il, Il andigud)e 131).265266

Transmembrane Domain

Gterminal tail @@

i - Region of homology
- Tyrosine Kinase Domain

Ligand Bindin: .
? 9 Plasma Membrane Deletion of Exon 19/21
~46% cancers

Cysteine Rich

Figure 131. Schemat of EGFR receptor tyrosine kinase.
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The crystal structure of the ectodomains of EGFR, HER3 and HER4 reveal two distinct

conformations:

1. A closed inactive conformation. In the closed conformations, domains Il and IV interact
with each other at thertermolecular level, thus preventing domains | and Ill from

interactingwith their cognate ligand®” 268

2. An open, active conformation. The open conformation is facilitated by the moving away
of domains Il and IV, thereby enabling domains | and Il to expose their-iaaidg
pocket and react with their corresponding ligand. As a result the dimerization arm in
domain Il then interacts with an identical dimerization arm of another receptor

molecule to form a homodime4t>266

Both the open and closed conformation remain in equilibrium with each offié¢towever, the
binding of a ligand shifts the equilibrium and stabilises the open conformation, further enabling
the accumulation of active homodimers and maintag active receptor signalling. EGFR
promotes heteodimerization with other members of the HER family incigdHER1, HER3 and
HER4EGFR may initiate cellular signalling cascades by itself throoigiodimeisation or
through transactivation with other HER family members. EGF can induce heterodimerifation
EGFR with HER2, HER3 or HERZbB family members can be activated by 13 known ligands
which include EGF, transforming with factor receptor alpha (TGH, amphiregulin (AR),
betacellulin (BTC), heparliinging EGlike growth factor (HEEGF), epiregulin (EPR), epigen

(EPG) ang’ S dzNB A-6ANRGH O
1.5.2.2.Tyrosine Phosphorylation and fpaosphorylation

Protein tyrosine kinases catalyse the transfer of thghgsphate from AP to the hydroxyl
group of tyrosine residue Protein tyrosine phosphatases remove tiphosphate group from
phosphotyrosie (figure 132). EGFR binds to its cognate ligand EGF, which further induces
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tyrosine phosphorylation and receptors dimerization with other family members leading to
enhanced uncontrollegroliferation.?’? Activation of EGFR signalling is triggered by ligand
induced recepto dimerization. Jrosine residues present in the intrinsic kinase domain of one
receptor will then cross phosphorylate specific residues in thei@inal tail of the partnering
receptor. This provides a scaffold for the recruitment of effector protéind’* This happens

by the Src homology 2 (SH2)dgphosphotyrosine bindindomain on the effector proteis and

the phosphotyrosine motibn the intracellular tyrosine kase donain of the receptor. After
dissociation, the activated adaptor and effector proteins will then stimulate their corresponding
signalling cascades. This pathway includes the HRASMEKERK, phosphoinositidekdnase
(PI3K), phospholipase C gamma proteathway, and antapoptotic AKT kinase pathway and

the STAT signalling pathway. This all leads to cell migration, survival, proliferation, adhesion and
angiogenesid’® 2> These cell processes are generally deregulated in malignant cells. This is
because of the several mutations concealed in various genes are also integrated in these

pathways.
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Figure 132. Scheme of Tyrosine Phosphorylation and ReEgphorylation
1.5.2.3.EGFR Signaling Pathway
EGFR is a particularly important protein as it is involved with and activates many signalling

cascades(figure 1.3). The ligand induced receptor dimerization and the successive

autophasphorylation of tyrosine residues creates docking sites for numerous membrane
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targeted proteins®’® The cytoplasmic mediators that bind to EGFR phosphotyrosine residues
are either adaptor proteins or enzymes such as the sarcoma viral oncogermanthomolog (¢

Src) and phospholipase C gamma 1 (PLC). As seen in Fi@uexarples of adaptor proteins

are SHC transforming protein 1 (SHC), growth factor recdymand protein (GRB2), CBsM
ecotropic retroviral transforming sequence-@bl) andNCK adaptor protein 1 (NCK). The
adaptor proteins SHC and GRB2 convert the guanine nucleotide exchange factor son of
sevenlees homolog 1 (SOS) and form the complex@GE@RE2SOS. Once the SOS is activaited

in turn activates small GTPasd+aras Harveyat sarcoma viral oncogene homolog (Ras) by its
change from the inactive GEbnding state to the active Ginding state. Activated Ras
stimulates vRafl murine leukemia viral oncogene homolog 1 (Raf), mitemgtivated protein

kinase kinase 1 and 2 (MEKand MEKK?2), mitogexttivated protein kinase 1 and 3 (ERK1/2)
kinase cascade. Thissults inactivation of the transcription factors ELKA member of ETS
oncogene family ang-Myc myelocytomatosis viral oncogene homolagMyc) and vFos FBJ
murine ogeosarcoma viral oncogene homolog-Ko9.2’” The adaptorNCK couples EGFR
stimulation to the activation of MAPL cascade called the JNK kinases cascade NCK1 then recruits
p21l-actviated kinases 1 (PAK1). The NCK/PAK1 compleX\iioden-activated protein kinase
kinase kinase 1(MLK?2) which then activates the KIidascade with consists of MLK2, MKK4/7
andMitogenactivated protein kinase 8 and 9INKland JNK2. The employmenbf thiscascade

to the acivated membrane receptor then locatisMLK2on the plasma membrane where it is
activatedby known upstream effectors such as Racl. The stimulation of INK cascade allows the
activation of the transcription factors Elk1 andun?’® Phosphatases 1 and 4 (MARnd MKP

2) reduce the effect of the INK casc&@eGRB2 binds with its SH3 domain to the profiivd
regions of the &bl protein. eCbl is a tyrosine phosphorylated by tyrosine kinases when
stimulated with EGFR. The EGF stimulation prompts the connection betw€bhwith the
regulatory p85 subunit of phosphatidylinositol 3 kinase (PI3K reg class IA3&H)Ee PI3K

reg class IA is activated it conveRhosphatidylinositol 4biphosphate(Ptdins(4,5)PRto
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Phosphatidylinositol 3,4;&iphosphate Ptdins(3,4,5)P3! Ptdins(3,4,5)P3vorks with the
innersurface of tle plasma membrane. It stimulates the recruitmenpodteins with pleckstrin
homologydomains.One of these proteins is theerine/threonine kinas@KT This protein is an
essential mediator oimportant cell processes, such as apoptosis, cell cyctdein synthesis
and theregulation of metabolisni®? EGFR recruits the phosphorylase ¥a@ma 127° This
phosphorylated PL-Gamma 1 then produces Diacylglycerol (DAG) dndsitoll,4,5
trisphosphateform Ptdins(4,5)P2%3 DAG activates many forms of Protein Kinase C (PKC) such
as alpha, beta and gamma, which then phosphorylate and activétaefa which leads to
amplification of kimse cascades Ras/MEK1 and MEK2/ERK#2PKC family members also
activate theNuclear factor N¥kappaB inhibitor kinas€IKK) which then activates thiduclear
factor NFkappaB (NFkB) inside the nucleu®® The cytoplasmic tyrosine kinasesrg whichis
employed in manyniportant cellular processes, for example cytoskeletal organisation and
mitogenic signalling.-8rc can be stimulated by EGF locking to EGFR and then stintigtes
Signal transducer and activator of transcriptionST ATB cytoskeletal components and sem
other proteins?®’ EGFR will induce cell migration via janus kinase 1 and 2 (JAK1/2) with STAT1
and STATZ’ EGF moderates thepithelialto-mesenchymal transition (EMT). Too much
stimulation of EGF can lead to EMT during tumour developrff&At°Generally EGF increases
Transforming growth factor betdTGFbeta) signalling and encourages EMT only when
combined with TGlBeta 129291292 EGF dependent EMT commonly uses thethways
ERK1/2% 2% and PI3K activatioff® EGF activatedntegrinlinked kinas€lLK signaling
Glycogen synthase kinase 3 bd@SK3 befaand AKFdependent activationof CyclinEand

Cyclindependentkinase 2 Cdk3 via PI3K, which promotes proliferation during EMT.
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Figure 133. EGFR Signaling Pathway

1.5.2.4Why is EGFR a good drug target?

Several lines of evidence have identified EGFR as a good drug target for anticancer.®erapy

It is connected to the control of cell survival, metastasis, proliferation and angiogé&hesis

seen by the signalling pathways. EGFR is a good target because it often is expredsigt at a
level in many solid tumours such as neck, breast, and head, and is also seen in prostate cancer.

In some tumours deregulation of EGFR function has been associated with tumours in an
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advanced stagé&® and resistance to hormone therapy, chemotherapy and radiation. In over
5000 patients with breast cancghe mean percentage of EGFR positivity was 45% with a range

of 1491%*"

These frequent somatic mutations and overexpression of EGFR in cancerous cells provides a
therapeutic window for targeting the receptdiThe oncogenic pathways driven by EGFR are in
a complex that regulate the activity of pathway components in responsat&ractions.
Because of this there are mapgptential targets within these pathways, theretie potential

that direct inhibition of one protein will affec¢he activity of another protein and pathway and
neutralisethe growth suppressioncaused bythe inhibition of the targeted pathway.As an
examplec-Raf in RadMAPK pathway is negatively regulated by activated AKT which causes
PI3K/ARK inhibitors to drive activation of MAPK signafftt§’ Therefore individual targeting

of the downstream effectors of EGFR is challenging andnmaagia combinatorial approach
which targets several areas in th@athways. EGFR liscated at the peak of this complex
signallingnetwork; this isan advantagdor direct targeting of the functiors of the receptor
instead of othercomponents of the pathways it activateSloreover, asit is a cellsurface
receptor and a druggable kinase that is cespressed and genetically altereddancer cellst

makesEGFR is a very attractive therapeutic target for cancer therapy.

1.5.2.5 EGFR Targeted Therapies

EGFR is functionally involved in diverse cellular processes. Several approaches have been
developed that target and interfere with hEGFR mediated effects. Two different therapeutic
approaches currently employed for targeting EGFR in various human malignancies are the use
of monoclonal antibodies and small molecule tyrosine kinase inhibitors. The distinct mechanism
of actions is thatanti-EGFR antibodies bind to extracellular domains and tyrosine kinase

inhibitors that target theintracellular tyrosine kinase domafff
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1.5.2.5.1 Anti-EGFR monoclonal antibodies

The monoclonal antibodies against EGFR were specifically designed to be directed against the
extracellular region of EGFR. This creatdigand competitive inhibition which then prevents
auto-phosphorylation receptor dimerizatip and downstream signallift As well as inhibiting
EGFR signalling, these monoclonal antibodies induce receptor internalization, ubiquitination,
degradation and prolonged downregulatid??. There are two other proposed mechanisms,
where the binding of the monoclonal antibody can lead to the induction of antibody dependent
cell mediated cytotoxicity, which results iendocytosis®® Cetuximabis an example of a
monoclonal antibogt against EGERCetuximabis a humarmurine chimeric antEGFR
monoclonal antibodyapproved by the US Fdand Drug Administration (FD#&) treatment of
advanced bowel cancehead and neck cancers and the start of mouth and throat cfigeire
1.34).3% Cetuximab biding to domain Ill of EGFfocks downstream signaily by stimulating
receptor internalisation and hindering ligand receptor communication. Of people who have
KRAS wild type tumouis colorectal cancetrs60% of them respond successfully to Cetuximab
treatment 3%t is generally used in patients who have failed with other types of chemotherapy
such as irinotecan and oxdiin.2°® The tumour regressiorate was 10.8% in patients using
cetuximab with the tumour growth delayed by 1.5 montl{5A recent study talleda combined
therapy ofcetuximab with oxaliplatin andapecitabine, however this did not show any benefit
to patients with wild type KRAS tumoti8.3%° In 2004 the FDA approveeétaximabcombined

with a platinum-based therapy for the treatment of patients with squamous cell carcinoma of
the head and neck with metastatic diseas® alongsideadiation therapy for locally advanced
cancef!®. In 2008 the Committee for Medical Products for Human U@european Medicines
Agency(EMA) approved etuximab for patients with advanced colorectal cancer who had 75%
EGFR posite expression and wild typefRasin their tissues anavho been unsuccessful with

oxaliplatinor irinotecan chemotherapy*! In 2021 the FDA approved a new dosage regimen for
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cetuximab of 500mg/rfas a 120 minute intravenous infusion every two weekg#dients with
K-Ras wild type, EGFR expressing colorectal cancer or squamous cell carcinoma of the head and

neck3!?

Figure 134. Protein Crystal Structure of Cetuxim#B.

1.5.2.5.2. Ball molecule tyrosine kinase inhibitors

Small molecule inhibitors (SMIs) are some of the most effective drugs for targeted cancer
therapy. There is an increasing amowdtapproved SMIs of receptor tyrosine kinases (RTKSs)
such as tyrosine kinase inhibitors (TKIs) in clinical oncology. This increase shows that this
becoming a popular therapeutic todt Gefitinib (figure 1.%)%! approved in 2003 and
Elotinib®® approved in 2004 are some of the first TKIs created for the selection of BAER

for nonsmall cell lung cancer patients:**® Erlotinib in 2005 was also approved for the
treatment of patient with metastatic pancreatic cancer when partnered v@gmcitabine3t®

The antitumour effects of both drugs have been researched in other cancer types such as
cervicat®®, esophagedt’, gastrié??> hepatocellular carcinont® and renal cell carcinom#?
Erlotinib hasheen shown to be successful as a first line treatmegastroesophagealancer,
however is has no clinical benefits in gastric cad€erhese drugs are first generation of EGFR

inhibitors. In 2022, researdl now moving forwaran to fourth generation EGFRhibitors.

87



Figure 135. Chemical Structure dbefitinib.

1.5.2.5.3The progression dGFR inhibitors

EGFR tyrosine kinase inhibitors have revolusedithe treatment of EGFRutant nonsmall
cell lungcancer(NSCLChowever, secondary resistance limits their efficacy, emphasizing the
need for newer approache®® TKIs against EGFR are now standard treatment in the clinic for

patient with advanced EGFRutant NSCLE2®

FirstgenerationEGFR KIsof whichbind competitively and reversibly to the Abding site
of the EGFRyrosine kinase domain, haygoducedsignificant improvement ithe outcomes
for NSCLC patients with activatiBGFRnutations L858R and Del$9. However, after 12
months of treatment, all patients developd tumour resistanceln over half of thesgatients,

this wasdue to thedevelopmentof the EGFR 790M resistance mutatioff®

The secondyenerationEGFR/HERKIs were developed thelp treat this resistait disease,
targeting T790M and EGFRuctivating mutations and wiktype EGFR?® They exhibited
promisinganti-T790M activityin vitro and in vivg howeverfailed in clinical trais because of

doselimiting toxicity due to simultaneous inhibition wfild-type EGFR

The third-generationof EGFRKIs targeEGFR790M selectively and irreersibly showing
promising effectivenessin NSCLC resistant to the firstind seconehenerationEGFRKIs®!
These EGFR TKils also appear to have lower incidences of toxicity due to theitinilitiéaly
effect on wildtype EGFRCurrently Afatinib has been approved for firstine treatment of

NSCLC with activatifgGFRnutations33?
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In the third-generationEGFR KIsOsimertinibis currently the only drug approved by thEDA
the EMAfor treatment of metastaticEGFR790M NSCLC patisnvho have progressed on or
after EGFRKI therapy®® EGFR TKIs research is still ongoing, paving the way for -fourth

generation TKIs, leaving space for more EGFR targeted research and development.
1.5.2.5.4. Current Anti EGFR Aptamers

Aptamers have been selected for EGERh as J18 aptamerq(f 7 nM)3* E03, E04 anB07
aptamess, having EQ7 as the most successful, bintigigly to the wild type receptor with aK

of 2.4nM (figure 1.36)EO07aptamer has been shown to compete wHGGF for binding to EGFR.

It also binds to a novel epitope of EGFR and a deletion mutant EGFRvIII. EGFRvIII is commonly
found in breast, lung and grade IV glioblastoma multiforme (which is currently unresponsive to
other therapies). EQO7 aptamer binds to Isethat express EGFR, it blocks the receptor

autophosphorylation and also prevents proliferation of tumour clls.
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Figurel.36.Binding constants for Aptamers E03, E04, and EO7. Bimgdisgloneusing 0.1 nM aptamer and varying
amountsof humanEGFR omouseEGFR. Binding assays were carried out in triplicate and the average value and

standard deviation are showh.
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EO07 was then remodelled into a short aptamer, MinEQ7. MinEQ7 still retained the good binding
affinity for EGFR. MinEO7 and Cetuximab were run on a cell growth assay, and the results
showed that a much larger dose of MInEO7 was needed to achieve the same results a
Cetuximab. This aptamer is a very promising therapeutic candidate or drug delivecleye
however a lot more research needs to be done to achieve its full potemitath produces a

need for this research project.

1.6. Project Aims

It is vital to have EGRRBrgeted therapies because it is among the most commonly altered genes
in cance.® EGFR promotesncogenesisn many cancers, such as breast, lung, colon and

glioblastomat

¢tKS NBO23IyAlGAz2y OFLIOAGE 2F LWk YSNER Oly 68
chemistry is mainly limited to that of nucleic acids, anti@ltgh nonnatural modifications of
nucleic acids are known to enhance aptamer affidifyere is not yet a technology or method

for selecting the right modifications amongst billions of possibilities.

This project aims to develop thérst general method for the discovery of nucleoside
modifications that increase aptamer binding efficadylibrary will be created of over 65,000
different chemical modifications on a known aptamer sequence (Mir¥E@#)ch binds to EGFR
protein. Themodifications will use different types of chemistry to see how they will affect the
binding and folding of the aptamer MinEQ7, aiming to improve the binding between MIinEO7
and EGFR, these modifications will be different from the standamdeobasesound in RNA.

This library will be attached on beads such that each bead displays millions of copies of a single
aptamer sequence. The selection will then be carried out using a flow cytometer (FACS) to
separate out the aptamer sequences with the highest dffior EGFR from the oAgead-one-

sequence aptamer library. These will then be identified using MS/MS technology. These top
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selected aptamer sequences will be subjected to biophysical and biological tdstiagroject
haspotential impacts fora new mehod for synthesising and screening large drug candidate
libraries, accelerating thdrug discovery processes aptbof of concept potentially providing

new aptamer drug candidates deliveryvehicletargeting EGFR protein.

1.6.1. Project Objectives

Thisresearch project has six main objectives shown below to achieve the project aims of
creating thefirst general method for the discovery of nucleoside modifications that increase
aptamer binding efficacgs well as proving a now potential EGFR targeting therapy.

1. Selection technique development involving flow cytometry and-loe@done-compound
methods

2. Nucleic acid modification design and synthesis

3. Synthesis of aptamer library

4. Selection of top aptamer sequences using flow cytometry

5. Identification of top selected aptamers using MS/MS technology

6. Biophysical and biological testing on selected aptamer sequences
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Chapter 2

2.1. Introduction

2.1.1.Solid-PhaseSynthesis

Solidphase synthesis is a method where molecules are covalently bound on to a solid support,
allowing them to be built step by step followed by cleavage from the solid supfjigutd 2.1).

There is a wide range of materials being used as solid supports. The synthesis is generally step
by-step in a single container applying protection group chémis his method produces high
yields by using excess reagent. Compared with liquid state synthesis it has a number of benefits
such as high efficiency and throughput, increased speed and simpitditypurities and excess
reagents are washed away so no further purification is needed after. The proaasalso be
automated on computecontrolled synthesisers. This is useful in drug discovery processes to

synthesise small organic molecules on to a solid support to produce high3ffelds.

Solidphase synthesis has been used for the synthesis of DNA, RNA, p&ptideand other
small molecules. This method is now used in combinatorial chemistry. It was developed first in
MpOpNnQa o6& w2o0SNI . NHzOS a S NNREFRAwhiny hifh 2 Ndbél @ y (1 K S 3

prize in 1984

Functional
Solid support Linker Addition Group Addition

Figure 2.1. Soli®haseSynthesis
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2.1.1.1 Solid Supports

Solid supports are insoluble particles. They have a typical diameter-@f/0m, which the
compounds carbind to duringthe synthesis. There are many variations of solid suptiat

have been useduch acontrolled pore glass and polystyrene
2.1.1.1.1 Controlled Pore Glass

Controlled pore glass (CPG) is fswvelling and rigid. It has deep pores fbe synthesis of
molecular chains within the beads, greatly increasing the surface area. 500 A pore glass supports
are used for the synthesis of short oligonucleotides. Larger pore glass supports are more fragile,
however 1000 A can be used for oligonutiges up to 100 base¥! It is wellestablished that

CPG is a suitable support for automated DNA synti&digcause this material is chemically

inert and is stable in the presence of solvents agalgents during synthesis. Its porosity offers

a large surface area, which allows high loading capacity of functional groups or biomotétules.
2.1.1.1.2 Polystyrene

Polystyrene beads that are highly crdisked work well for oligonucleotide and peptide

synthesis beause they have good moisture exclusion properti8atisfying yields can be

obtained using the copolymer of polystyrene amalyethylene glycglcommercially known as

Tentagel®, in stereoselective sefidase glycosylation¥? For oligonucleotide synthesis, solid

supports are typically made with a loading of20>mol of nucleoside per gram of resift.At

higher loading oligonucleotide synthesis becomes less efficient because of steric hindrance
between adjacent DNA chains attached to the ré$irHowever, polystyrene supports with
f2FrRAYy3a 2F dzZLJ G2 opn >Y2ftk3d Oy 06S dzaSR Ay 2

synthesis, and it enables the synthesis of large quantities of oligonucledtides.
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2.1.1.1.3. Disadvantages of Solid Supports

Althougha powerful technique, soligphase synthesis also has some limitations. The primary
limitation being the need for high coupling yields at every step in the synthesis. This is because
the overall yield raglly decreases, the more steps there are. Such that the yield of a
trinucleotide chain with 90% yield at each step is 78% & 0.9 x 0.9 x 100% = 73%he
consequence of the exponential relationship between overall yield and average coupling
efficiency § that long oligonucleotides can only be prepared to a good standard with every step
producing a high yield, and this is the major reason why gtiase oligonucleotide synthesis

was not successful until the early 198¢%4Hich coupling efficiencies are now achieved and have

allowed for oligonucleotides to be synthesised as long as 200 bases.

2.12. ChapterAims

The aim of this chapter is to explain the choice of solid support for the synthesis of the aptamer
library by showig it is suited for organic synthesis, is homogenous in size and compatible for
sorting in the FACS and has the synthetic capacity to hold a concentration high enough to be
observed by mass spectrometry. The homogeny of size will be shown visually byn§canni
Electron Microscopy (SEM) and optical microscope. Its suitability for use in organic synthesis
will be demonstrated by linkers, fluorescent tags being bound successfully to the solid support
followed by synthesis of the parent aptamer. The fluoresceatiged solid supports will be run
through the FACS to check the stability of the solid support and also the stringency of the FACS

picking out different levels of fluorescence.
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2.2. Materials and Istrumentation

2.2.1 Materials

TentaGel® M NFHMonosized Amino TentaGel Microspheres were purchased from Rapp
Polymere Sheath Fluid was purchased froBDBosciences Micro glass spheres were
purchased from Sigma Aldrich. [3-(2-aminoethylamino)propytfimethoxysilang, 6-
carboxyfluroescein 10-hydroxydecanoic acidporic Acid, DCM, DMFEDTA ethanol, KCN
nbutanol, b X i€sopropylcarbodiimideninhydrin, rhodamine B,PBS phenol, pyridineg, tris
base were purchasedrom Thermo Fisher ScientifiSynthesiser reagent®oxidizer (0.02M
iodine, 20%pyridine), Cap A Mix (THF/Pyridine/acetic anhydride 8;1Chp B Mix (10%
methylimidazole in THFRJeblock (3% trimethylamine in DCMINDETT ativator solution (0.25
M, 5-ethylthio-1Htetrazole in acetonitrileyvere purchased fronkink TechnologiedN2-acetyt
2'-O-tert-butyldimethylsilyi5'-O-DMT-guanosine 3CE phosphoramidite, N@enzoyi2'-O-tert-
butyldimethylsilyi5'-O-DMT-adenosine 3CE phosphoramidite, Natetyl2'-deoxy5'-O-DMT-
2'fluorocytidine 3-CE phosphoramidite and -@&oxy5-O-DMT-2'-fluorouridine 3-CE

phosphoramidie were purchased from CarboSynth.
2.2.1.1 Buffers

10 xtris-borate buffer (TBE}ris Base (108),boric Acid (5%), EDTA (7.4%), dHO to 1Lat 8.3

pH.

10 XTAMg buffeTAMg)tris base (54.51), Mg(OAe)4H:0 (26.8g) dHO to 1Lat 7.8 pH
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2.2.2 Instrumentation

2.2.2.1 Expeditet 8909 DNA Synthesiser

All library components were synthesised on an Exped&209Nucleic Acid Synthesisgystem
provided by Biolytic. Phosphoramidites were dissolved in dry acetonitrile to the concentrations
as suggested by the supplier, solvents were used as provided. Oligomers were synthesised on a

1 uM scale.
2.2.2.2 Fluorescencéctivated Cell Sorter

Flow cytometry data was collected on a BD FAC8%@=#t Sorter by Becton Dickinson. All flow

cytometry data was processed usiBy FAOGESortware sorter software.
2.2.2.3 Fluorescencdlicroscope

Leica DMR microscope equipped with a Leica DFC9000 GAl dagitera. The illumination
source was a CoolLED-pE}'" fluorescence microscopy lllumination Systemages were
acquired using Leica Application Suite X softwBseitdion 495nm and emission 525/50 nm.

Excitation 518560 nm and emission lorgass 566690 nm.
2.2.2.4 Scanning Electron Microscopy

SEM images &re obtained on a Hitachi300N, using 40 kV electron beam and secondary

electron detector.
2.2.2.5. UWisible Absorption Spectra

UV~ visible absorption spectra were recorded omMNanoDrop One UVis spectrophotometer

by Thermo Fisher Scientific.
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2.3. Experimental

2.3.1 Imaging of micro glass spheres by optical microscopy

A small sample of micro glass spheres in water was smeared onto a microsphere glass slider.

This waglaced on the microscope platform and visualised and images were taken.
2.3.2 Imaging of micro glass spheres using SEM

SEM images @re obtained on a Hitachi S3400N, using a 10 kV electron beam and secondary
electron detector. The sample was deposited @rbon tabs placed on aluminium sample
holders. The images were visualised on ImageJ and the data analysis was done using Origin Lab

software.
2.3.3. Stability of micro glass spheres in solution

Samples of micro glass spheres were put into 4 differenestdy autoclaved water, which was
reverseosmosis purified to a resistance of 18.3 megohms/cm (AC waterhdrige buffer
(TBE), TAMg buffer (TAMg) and phosphate buffered saline (PBS), sonicated-awerlafght

(Table 21).
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Table 2.1Micro glass sphere samples in different buffers

Amount of Microglass spherefy) Buffer Used Amount of Buffer (rh)
0.1 AC Water 10
0.01 AC Water 10
0.001 AC Water 10
0.1 TBE 10
0.01 TBE 10
0.001 TBE 10
0.1 TAMg 10
0.01 TAMg 10
0.001 TAMgBuffer 10
0.1 PBS Buffer 10
0.01 PBS Buffer 10
0.001 PBS Buffer 10

2.3.4. Kaiser Test?

Reagent AKCN (16.8mg) was dissolved in distilled water (@8mL). 100mL of this was then
diluted with 4900mL of pyridine.Reagent BNinhydrin (100g) in 20 mL of#butanol. Reagent
C:Phenol (400g) in 2000 mL of rbutanol.A few drops of reagent A, B and C weail added

on to the sample. If a purple colour is seen, there are free primary amines present in the sample.

2.3.5 Amination of micro glass beads

Micro glass spheres (063) together with [3(2-aminoethylamino)propytfimethoxysilang
(1.74 g) were sspended in ethanol (200 mL) and left to stir for 16 hours. The product was

then collected by vacuum filtration and washed with ethanol.g2OnL x 3). This produced a
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white powdered solid (089, 53.4% ~18& 22 um sized beads), (073, 10.2%, ~2 10um sized

beads yield). A Kaiser teagasrun on the product, showing a positive result.

2.3.6 Fluorescent tagging of thamine modified micro glass spheres

b > iSsopropylcarbodiimide (0.63 g) was dissolved in dimethylformamidedq2aL).6-
carboxyflur@scein (1.08 g) and amine modified glass sphered (@) 2were added to the
solution. The mixture was stirred for 3 hours. The product was centrifuged and the DMF
supernatant removed. The product was washed with DMEO@ML x 2) and with ethanol
(20.00 mL x 2). The product was dried under vacuum filtration to produce an orange power

(0.076 g, 38%).

2.3.7. 6-carboxyfluorescein ritcro glass spheresn the microscope

A small sample of-6arboxyfluorescein tagged micro glagheres in water were smeared onto
a microsphere glass slide. This was placed on the microscope platform and visualised using a

fluorescent lamplmages of the sample was taken.

2.3.8 The Binding Capacity of the Micro Glass Spheres

Ten free amine samples {8-(2-aminoethylamino)propyl]Jtrimethoxysilane dissolved in water

were made up aper Table 22. Ninhydrin (100g) was dissolved in 20 mL of ethanol.
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Table 2.2Concentrations and amounts for the 10 free amine samples

Concentration (%) Water (m) Grams of Amine (g)
100 25 0.0257
50 25 0.0129
20 25 0.00514
10 25 0.00257
5 25 0.00129
2 25 0.000514
1 25 0.000257
0.5 25 0.000129
0.2 25 0.0000514
0.1 25 0.0000257

100.00>L of each amine solution was then added withG&0>L ninhydrin dye and vortexed.
These samples were then measured on the Nanodrop/ld¥¥pectrophotometerin triplicate
and calibration graph was plotted. A 100>L sample of amino tagd micro glass spheres was
then added with 500 >L ninhydrin dye and vortexed. This sample was them on the

Nanodrop UWisspectrophotometerin triplicate.

2.3.9 Amidation of 1Ghydroxydecanoic acid with TentaGel® M RIMonosized Amino

TentaGel Micospheres

N,b Dissopropylcarbodiimide (002g) was dissolved in dimethylformamide (@0 mL). 10
Hydroxydecanoic Aci@.40 g) was added to the solutiorfentaGelmicrospherq0.10 g) were
swelled indimethylformamide(10.00 mL) and then added to the solution. This solution was

stirred for three hours at room temperature. It was spun down and cleaned with

101



dimethylformamide (100 mL x 3)and then with ethano[10.00 mL x 2)A white power was

produced (0.95 g, 95%A. Kaisertest was conducted producing a yellow colour (successful).

2.3.10 Synthesis of MinEO7ARPon ¢ Sy G DSttt a bl i azy2ail SR

Microspheres

a Ay 9 nT-tGrGrAIGrE&GGrAfUTUIUrArAfUTCrGICICrGfUrArGrArArArArGFCrAfUrGfUfCrArAr

ArGfCfCrGrGrArafCrGfUfCE6 Q &

The Expeditet 8909 DNA synthesiser was used to synthesise the MInEO7 parent aptamer
(MinEO7ARP) on the TentaGel microsphefée G, A, C, and U phosphoramidite®@g) being

used were dissolved in ZBDmL DCM and put in bottles, and then screwed into the synthesiser
lines. The other reagents put on to the machine are oxidizer, cap A, cap B, deblock and activator.
A leak test was run to check nitrogen is not leaking from the lines. If passed, the lines were then
flushed with the new reagents added to theqOH modifiedTentaGémicrosphereg0.021 g)

are added to the column, which is then placed on the synthesiser, which is then flushed with
acetonitrile several times. The sequence and protocol are then selected using Expedite 8909
softwareconnected to theExpeditet 8909DNAsynthesiser. The aptamer sequences are then
run and monitored using the trityl monitoi.he protocol for coupling was extended 10x more
than a standard DNA umol protocol.

2.3.11 Fluorescent tagging of TentaGel® M N¥onosized Amino TentaGel Microsphese
2.3.111. 6-Carboxyfluorescein

N,NDisopropylcarbodiimide (0.32 g) was dissolved in dimethylformamided@l@L).The
amine modified TentaGeticrosphereg0.05 g) were swelled gimethylformamide (1000mL),
this was added to the solution along witkc@rboxyfluroescein (05 g).The solution was stirred
for 3 hours at room temperaturelt was spun down and cleaned witlimethylformamide
(10.00mL x 3)and then with ethano(10.00mL x 2) The product vas then air dried and an
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orange powered was collectedTGCFluorlQ0 (0.074 g, 74%)Samples TGCFluorl00,

TGCFluat3and TGCFlu86 are made per amounts in table 2.3.

Table 2.3 Amount oB-Carboxyfluorscein for samples TGCFluorIB6. Calculations made

by data given from TentaGel.

Experiment | Percentage of €Carboxyfluorescein| Amount of 6Carboxyfluorscein

TGCFluot00 100% 0.050 g(in excess, enough to cove
e®® binding locations on the

microspheres)

TGCFluor3 73% 0.025 genough to cover &inding

locations on the microspheres)

TGCFluog6 36% 0.013 g(enough to cover &inding

locations on the microspheres)

2.3.112. Rhodamine B

b > diSsopropylcarbodiimide (0.1) was dissolved in dimethylformamide (@0 mL). The
amine modified TentaGeticrosphereg0.05g) were swelled in dimethylformamide (DDmL),
this was added to the solution along with Rhodamine B5@). The solution wastirred for 3
hours at room temperaturelt was spun down and cleaned widlimethylformamide (1@M0mL

x 3)and then with ethano(10.00mL x 2) The product was then air dried and a pink powered
was collected TGRhodB100(0.03g, 60%).SamplesTGRhodB00, TGRhodB3, TGRhodBS6,

TGRhodBlan TGRhodBY are made per amounts in table 2.4.

103



Table 2.4 Amount ofRhodamine B for samples TGRhodIt386/17/1.7. Calculations made

by data given from TentaGel.

Experiment

Percentage oRhodamine B

Amount ofRhodamine B

TGRhodB100

100%

0.050 g(in excess, enough t
cover €°binding locations

on the microspheres)

TGRhodB3

73%

0.025 glenough to cover®
binding locations on the

microspheres)

TGRhodB6

36%

0.013 glenough to cover®
binding locations on the

microspheres)

TGRhodB1

17%

0.005 glenough to cover ¥
binding locations on the

microspheres)

TGRhodBY

1.7

0.0005 genough to cover
e%°binding locations on the

microspheres)
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Microspheres on the fluorescent microscope

A small sample of-6arboxyfluorescein tagged Tenta®akrospheres in water were smeared
onto a microsphere glass slide. This was placed emticroscope platform and visualised using

a fluorescent lamp. Images of the sample was taken.

2313Cf2¢ [/ eG2YSGNR lylfeara 2F GlF3I3aASR ¢SyidrDS

Microspheres
2.3.131. 6-Carboxyfluorescein

The FACSJazz lasers weakbrated before the samples were run with the 8 peak BD beads.
Plain mcrospheres were dispersed imaL sheath fluid and put through the machine to check
the calibration. Then samples TB@r100, TGEluor73 and TGEluoB6 were ran through the
FACS disgrsed in SmLsheath fluid, being observed on laser 488 nm with filter 513/17 nm. All

data was collected and analysed on BD FACS Sortware program.
2.3.13.2 Rhodamine B

The FACSJazz lasers were calibrated before the samples were run with the 8 peaki8D bea
Plain mcrospheres were dispersed imalL sheath fluid and put through the machine to check

the calibration. Then samples TGRhodB100, TGRI®p)dBGRhod®5, TGRhodBL and
TGRhodBX were ran through the FACS dispersed in 5ml sheath fluid, being obsemJader

488 nm with filter 585/29 nm. All data was collected and analysed on BD FACS Sortware

program.
2.3.13.3 MinEO7ARP

The FACSJaziasers were calibrated before the samples were run with the 8 peak BD beads.

Plain mcrospheres were dispersed in 5 wilsheath fluid and put through the machine to check
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the calibration. Then sample MinEO7ARP wasthrough the FACS, dispersed in 5 shkath
fluid, being observed on laser 488 nm with filter 585/29 nm. All data was collected and analysed

using theBD FACS Sortware sorter software program

2.4. Results andDiscussion

2.4.1 Micro GlassSpheres

2.4.11. Characterisation of thenicro glassspheres

The first beads analysed as a potential solid support candidate were micro glass sphHetes (9
pm). These were chosen to study first because of their success rate in being a solid support for
oligonucleotide synthesi¥’**°To characterise the size distribution of the micro glass spheres,
they were analysed by optical microscayd SEM. The images captured frdm microscopy
studies figure 2.2) showed that the size range of the micro glass spheres wal154m

instead of the stated 91 um. Figure 2.2 shows that there were items in the samples that were

not spheres. They may have been broken micro glassregha some other foreign objects.

0 pm 10 0 pm 50

SEM ofmicro glassspheres Micro glassbeads under &pheres

Figure2.2. Microscopy images captured from SEM and Optical Microscope ohitre glassspheres

A sample of micro glass spheres diameters were measured using SEM ifitage22(3). A

Gaussian distribution curvéigure 2.4) was constructed using these resultgitanonstrate the
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wide range of sphere lengths. The sample gave a mean ¢in7.8nd a standard deviation of

3.9>m.

100pum

Figure2.3. Microscopy images captured from SEM of thiero glassspheres

s/

0 5 10 15 20
Length (um)

Figure2.4. Gaussiadistribution curve of the diameters of the micro glass spheres.

The micro glass spheres were put into 4 different solvents (water, TAMg buffelbotase
buffer and phosphate buffered saline) to check trmmpatibilityand ability to make a stable

susgension The spheres sat on the surface of all four of sodvens. Having a solid support
107



that behaves as atablesuspensioris important for the aptamer synthesishese resultshow

that these spheres are not suitable.

2.4.12. Amine Madification of the Micro Glass Spheres

-
Ethanol o)
. N /O“Sii/\/\N/\‘/NHz e (OfSi/\\/\N/\/NHz
0 © "
~

Figure 2.5. Amine modification of micro glass spheres

The micro glass spheres were reacted &ti2-aminoethylamino)propytfimethoxysilang to

give them amine functionality, scheme shown in figure ZHis was done to check the spheres
were able to be chemically modified. This product was separated into two sizd€: 2 and

~11-22 um by using filter paper with pore size of ith. The Kaiser te¥f was run on both
samples to check for the presence of a primary amine. The Kaiser test gives a dark purple colour
when positive, which was visible in the products of these reactions. Microscopy images were
captured of these products (figure 2.6). Filtering the smaller sized spheres out of the product
did not appear to make them significantly more uniform in size, adiinot stop their being

other nonspherical items in the samples.

T o
~11-22 ym ~2-10um

Figure 26. Microscopy images captured of tlzenine modified micro glassspheres
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2.4.13. FluorescenfAmineModification of the Micro Glass Spheres
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Figure 27. Scheme of the €arboxyfluorescein modifiedmine micro glassspheres

The amine modified micro glass spheres were tagged withrBoxyfluorescim, which is a
fluorescent dye with th@bsorption wavelength of 495 nm and an emission wavelength of 517
nm (figure 2.7). Fluorescent microscope analysis of the tagged micro glass spheres shows the

reaction was successful (figure 2.8).

Figure 2.8 shows that the fluorophore binding was only to the outside of the spheres. The
background is not jet black as expected meaning the fluorescent tag is not bound tightly. Again,
there are other objects in this microscope image, impurities thatrarebeing fluorescently

tagged so are potentially not silica.

0 um 50

Figure 2.8.FluoresceniMicroscopy images captured of tifecarboxyfluorescein taggeamine modified micro

glassspheres
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2.4.14. Thebindingcapacity of themicro glassspheres

The binding capacity of the micro glass spheres was calculated by working out hoyBrizny
aminoethylamino)propyttimethoxysilané moleculescould potentially bind to the surfacef

the averaged size micro glass sphere|{d) (table 2.4).

Table 2.4.Predicted Binding Capacity of the Micro Glass Spheres.

Per  Micro | Number of potentiall Number of beads| Mol Potential Binding
Glass Sphere{ binding sies per gram Capacity
Predicted 95033177.8 5.40E+8 1.58E16 mol | 8.5E5 mmol/g

To test thesepredictionsa quantitative amine test was carried out by creatmget offree
aminesolutionstandards running them on the Nanodrop Ws spectrophotometer and then
plotting a calibration graphNinhydrin dye was used to show the concentrationtlué free

aminein the standards by visible colour and by absorbance dete¢figare 2.9).

Calibration Graph of
Ninhyrdin Concentrion vs UV Absorbance

215

y =1.0981%2.4091

Log Absorbance of Ninhydrin

Log Concentration of Ninhyridin
Figure 29. LogLog Calibration Graph of the Quantitative Amine Test. Absorbance vs Concentration
Using theequation of the calibration graphy = 1.0981x 2.4091, yrepresenting ninhgrin
absorbance and representingthe concentration ofree amine.
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Log(0.02625) = 1.0981(logxR.4091. x = 5.68
The binding capacity of the micro glass spheres is 6f¥%hat waspredicited(table 2.4) Table

compares both results.

Table 2.5. Predicted and Experimental Binding Capacity of the Micro Glass Spheres.

Per Micro Glasg Number of potentiall Number of| Mol Potential Binding
Spheres binding sights beads per gram Capacity
Predicted 9.50 x 10 5.40x 1C¢ 1.58 x 10| 8.5x10° mmol/g
mol
Experimental 5.89 x 16 5.40x 16 1.58x% 10*mol | 5.29x 10°
mmol/g

In conclusion, the glass micro spheres are cmnpatiblefor this project. Theexperimental
binding capacity is too low, especially for the limit of detection in the mass spectrometer. The
larger size range could potentially be problematic when running them through the FACS as the
FACS tubing is not built to allow anything oven@0to passhrough. The aptamer selection
process would also achieve more accurate results if the aptamer library has been synthesised
on homogenous beads because it will give them the same chance to bind with high affinity to
EGFR, as each new aptamer in theori/haive the same number of strands synthesised on their
solid support. Having a bead size range ofZ2l4 um may disadvantage new aptamers that

are synthesised on the smaller beads in this rangéiffArent solid support will be tested and

characterisedor all future work
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2.4.2 TentaGel® M NH Monosized Amino TentaGel Microspheres

2421/ KI N> OGSNRraldAz2y 2F ¢Syidl DSttt a bli a2y
(e

Figure 210. Structureoft Sy i DSttt a bl i az2yRiégdsph&ds | YAy 2 ¢Sy il DS

¢SyiGtDStft a bli az2yz2aAil SR !'YAy2 ¢Syl DSt aAiON

apolyethylene glycolREG spacer attached via alkyl linkaje The structue of the surface of
the TentaGel microspheres is shownfigure 210. This linkage is not sensitive to acids or bases,
so will be suitable to be used in phosphoramidite chemistry. The TentaGel microspheres are

mono-sized, monespherical and are 1dm when dry.

A Kaiser test was run on the TentaGel microspheres, resulting in a positive result as shown by
the production of a purple colour, indicating the presence of a free primary amine. The TentaGel
microspheres were observed using the optical micope to compare the size distribution with

the previous micro glass spheres. Figure 2.11 shows that they are homogenous in size and that

when the microspheres are swollen in water their diameter expands a little abouen10

0 pm 50

Figure 211. Microscopy images captured oftteSy G DSt t+ a bli az2y2&8ATl SR ! YAyY?2
A sample of thel'entaGel microspherediameters were measured using SEM images (figure
2.11). A Gaussian distribution curffigure 2.13 was made from these results to demonstrate
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the range of sphere lengths. The sample gave a mean ofuti2.4nd a standard deviation of

0.66>m.

30
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Figure 212. Gaussian distribution curve of the diametefghe TentaGel microspheres

The size distributionf the TentaGel microspheres is much smaller than the micro glass spheres

which makes them a better solid support for the synthesis of the aptamer library.

2.4.22.Binding Capacitydf Sy i DSttt a bli a2y2aiAl SR ! YAY:

Microspheres

The binding capacity of th&@entaGelmicrospheresis 0.28 mmol/g, as experimentally
determined byRapp PolymereWhen these results were compared with the modified micro
glass spheres, the TentaGel microspheres have a mueérlmbding capabilitpy a factor of

10° (table 2.6).
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Table 2.6. Binding Capacity of the Micro Glass SpherésS/g (i | DS t

TentaGel Microspheres.

a bl

Number of potentiall Number of beads Mol Potential Binding
binding sies per sphere| per gram Capacity
TentaGel 1.17 x 16t 1.49x 160 1.94 x 16°mol | 2.80x 10*
Microspheres mmol/g
Micro Glasg 5.89 x 16 5.40 x 18 1.58 x 18%mol | 5.29x10°
Spheres mmol/g

After running the same characterisation tests on both seligpports al comparing the binding

capacities, thélentaGelmicrospheresare foundto be the better solid support and will be used in

az2yz2a;

the next stage of the project. Their homogenous nature and their higher binding capacity makes

them the better candidate lang with theelasticityof them making them more compatible for tubing

in the FACS.

2.4.23 Synthesising Oligonucleotides ondtaS y (i I DS £ 1

TentaGel Microspheres

a

bl i

a Ay 9 n 1 -YGRGrAIQrGGrAfUTUTUrArAfUTCrGICICrGTfUrArGrArArArArGIGIRARGrArAr

ArGfCfCrGrGrArAfCfCrGfUfofQ &

az2y2airl s

MinEQ7 was synthesised on the TentaGel Microspheres to see if this solid support was suitable

for oligonucleotide synthesig&ll the aptamer synthesis will follow tlsame steps andynthetic

reaction scheme (figure.13). Step 1:Deblockingo -@ @ucleotide additionfirst requires

removal of the dimethoxytrityDMT)LINE G0 SOG Ay 3 I NP dzLJ fissphucledtide p

This is accomplished Imytroducinga deblocking reagent, which leaves first nucleotidewith

I F N&BHyroyp that carthen react with the next nucleotidéhe trityl monitordetects the
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acidlabile DMT protecting group removal. The amount of DMT released from the column is an
indication of the success of the additiaf the last monomer to the growing oligonucleotide
chan. The DMT group is orange in the acidic deblocking solution which the trityl morstetr is

to detect as it passes through a flow cell. Thereligle sourceon the trityl monitoremitting
at470nmwhich DMT absorb®ata from the trityl monitor is displayed in a bar graph. Each bar
is an indication of the success of the previous coupling. It represents the cumulative
photometric data collected from the trityl monitor during the deblocking step. Response value
for the highest trityl bar (excluding the first bar) that is a qualitative indication of coupling
efficiency. The overall appearance of the bar graphappearrough This irregularity can be
caused bydeblock solution ougassing within the flow celbr the DMT deblocking rate

differences for various monomers

Step 2: CouplingAs a new nucleotide is introduced to tfisst nucleotide it reacts with a weak
acid to form a phosphoramidite intermediate. This allaws nucleotideto interact with the
unblocked-OH ANR2 dzLJ 2y GKS p Bugledtide? Frodudirg s conlBrdO S A A y 3

attachmentby a phosphite triester bond.

Step 3: Cappingd-here is nevet00% coupling efficienc§fome nucleotideswill not couple with
G§KS T RRSR ydzOf S 2 OMdrdbE If rot8ap@d tifidgroup canN&ufle tp the
nucleotide added in the next cychhich willproduae an oligonucleotidewith a deletion in its
sequence. To avoid thimppening a capping step is used to prevent any uncoupled molecules

from furtherreaction.

Step 4: OxidationThe newly bound nucleotide must be stalédd. This is donéy adding a
mixture of iodine and water. The mixturegidisethe phosphite into phosphategsulting in a

stable phosphotriester bond between tlidigonucleotideand its new nucleotide.
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Step 5Phosphoramidite addition repeats until the desired sequence is complete. Once the last

nucleotide is attached, oligmcleotidesundergo aremoval ofprotecting groups that are still

attached. After these groups are removedigonucleotidesare cleaved from the solid support

and desalted to remove any additional contaminants.

[e] N
O N Y
DMTO N~

Yj A DMTO/ﬁ

Activation and Coupling

\
-
o o o N
O
O
Cappin
{ ngo
ON

Contrinue to next cycle
0 Oxidation

Cleavage of finished o o)
oligonucleotide
support o o

I

Deprotection

Figure2.13. Aptamer Synthesis Synthetic Reaction Scheme

H
o
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The Expedite DNAsynthesiser was used to generate the MinEO7 parent aptamer (MinEO7ARP)

on the TentaGel microspheres (O2nol). The first coupling was not successful, which is

believed to be beaase of the¢NH; group on the TentaGel microspheres was not coupling well
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with the first base. A linker was chosen to change the functional group wOdh which will

couple more efficiently.

O

DIiC
‘D/O — > O/ J\/\/\/\/\/ H
HOWM(OH + \/\NH2 O\/\N 0
(0]

DMF H

Figure 214. Additon of 10K 8 RNRP E@ RSOl y2A 0 tAY1 SN (2 ¢SyilDSft.a bli a2

10-hydroxydecanoic acid was the chosen linker to attach to the TentaGel microspheres (figure
2.14).Ninhydrin dye was used to verify that the reaction was eastul.The results of the Kaiser

test were negative (yellow in colour), so the reaction was successful as no primary amines were
shown to be presentMinEO7ARP was synthesised onto tiig®H modified TentaGel
microspheres. The protocol for coupling was exted 10x more than a standard DNA1mol
protocol. This was to allow more time and reagents to permeate through the polystyrene in the

TentaGel microspheres. The protocol change can be found in figure 2.15, highlighted below.
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U Cycle A (dAdenosine) Tumol x10 time ARP

O e e e e S S S S S S S S S S S S oo o oo oo ooooooooom=s L7 4
i Function Mode Amount Time (sec) Description x/
Vi /Argl /Arg2 x/
/- __________________________________________________________________________________ A/
$Deblocking
144 /*Index Fract. Coll. %/ NA 10 0 "Ewvent out ON"
0 /*Default */ WAIT 0 15 "Wait"
141 /*Trityl Mon. On/Off */ NA 10 10 "START data collection”
16 /*Dblk */ PULSE 300 0 "Dblk to column”
16 /*Dblk %/ PULSE 500 490 "Deblock"
16 /*Dblk %/ PULSE 500 390 "Deblock"
38 /*Diverted Wsh A %/ PULSE 400 0 "Flush system with Wsh A"
141 /*Trityl Mon. On/Off */ NA 0 10 "STOP data collection"
38 /*Diverted Wsh A */ PULSE 400 0 "Flush system with Wsh A"
144 /*Index Fract. Coll. */ NA 20 0 "Event out OFF"
/ PUL S
/ PUL 5
Act / PUL =
Act / PUL 2 160
/ PUL 3 240
/ PULSE 7 56
/ h /" PULSE with Wsh"
S$Capping
12 /*Wsh A */ PULSE 200 0 "Flush system with Wsh A"
13 /*Caps */ PULSE 80 0 "Caps to column"
12 /*Wsh A */ PULSE 60 150 "Cap"
12 /*Wsh A */ PULSE 140 0 "Flush system with Wsh A"
$0xidizing
15 /*Ox */ PULSE 150 0 "Ox to column"
12 /*Wsh A */ PULSE 150 0 "Flush system with Wsh A"
$Capping
13 /*Caps %/ PULSE 70 0 "Caps to column”
12 /*Wsh A */ PULSE 300 0 "End of cycle wash"

Figure 215. 1 umol 10x Protoddor the synthesis of MinEO7ARR TentaGel Microspheres

This method was still unsuccessful, so the solvent the bases were dissolved in was changed from
acetonitrile to DCM (better permeability of the TentaGel), thirked a lot better and the full

length MinEO7ARP was synthesised. The trityl monitor progress report is shown (fitgixe 2

|II|-III||I|I.|I . | . |
[ T c A 5 [
Cc 5 [ A 5

- A
c A A T h 5 T

Figure 216. Trityl Monitor Repat of the synthesis of MinEO7ARR modified¢ Sy G DSt t a bl i azy2ail

TentaGeMicrospheres
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The stepwise coupling efficiency is 984as shown irthe synthesis reportfigure 2.17), To get
the overall average yield).969® = 0.221 This gives a 22% overall synthetic yieJdvhich is

good enough to carry forward for more experiments.

Trityl Histogram for synthesis: AlixRNAaptamer 48 mer.
Efficiency(Stepwise Yield by base leveling): 96.9%
Final Yield (by rolling average): 100.0%

Figure 2.7. Aptamer Synthesis Report of the Synthesis of MinEQ®ARRodified¢ Sy G DSttt a bli a2y2a

Amino TentaGel Microsphereldlonomer T as uridine, monomer 5 as guanine.
2.4.3 Flow Cytometry of fluorescently tagged TentaGel® M NH
Monosized Amino TentaGel Microspheres

2.4.31. Synthesising Fluorescently Tagge§ y i DSt t a bli a2y2aAil St

TentaGel Microspheres

To check the compatibility of the TentaGel microspherastie FACS and to analysis the
sensitivity of its fluorescent detector a range of fluorescently tagged TentaGel microspheres
were synthesised. 6-carboxyfluorescein was the first fluorescent tag usetkntaGel
microspheres withdifferent percentages of 6arboxyfluorescein 100%, 73% and 36%)

attached were synthesisgfigure 2.18).

HO (@] (@]

ry .,

COOH [

g g
HOOC

Figure 218. Scheme of the €arboxyfluoresceintaggaed Sy i DSttt a bl i a2y 2a8Al SR ! YA
Microspheres
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The 100% -@arboxyfluorescein tagged TentaGmlicrospheres were analysed by optical
microscope, images (figure )1 The images show that the binding of the&rboxyfluorescein

was successful as the fluorescent is very bright and the background is showing no fluorescent
activity meaning the €arboyfluorescein tag is attached to the microspheres and not in the

supernatant

0 pm 50

Figure 219. Microscopy images captured of tifiecarboxyfluoresceintaggetl Sy G DSt +t+ a bl i azy2ahl

TentaGel Microspheres

Rhodamine B was also tried as this uses a different laser on the FACS. TentaGel microspheres
with 100%,73% 36%, 7% and 17% tag attached were synthesised. The 100% rhodamine B

tagged TentaGel microspheres were analysed by optical microscopgeg(figure 221).

\ CI'( CIF
~_N 0} /g\/ J\ \)\l (0] /l\(/ J\
T SO
COOH 9 —_ (e{0]0) 1
g Y
) ¢

OO e
. g £ i
7 HN>\ * 00\/\NH2 % * TN
¢ N g e

Ccr

Figure2.20. Scheme of the Rhodamine Btagged y i DSt 1t a bli a2y2&8AT SR ! YAy2 ¢S
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The images show that the binding with the rhodamine B was also successful as the fluorescent
is very bright and the background is showing no fluorescent activity meaning the rhodamine B

tag is attached to the microspheres and not in fupernatant

0 um 50

Figure 220. Microscopy images captured tife Rhodamine Btagged Sy i DSt +t+ a bl i azyz2aiil SR |

Microspheres

2.4.32. Flow Cytometry Analysis of Fluorescently Taghe®ly G DSt t+ a bl i

Amino TentaGedWlicrospheres

The fluorescent microspheresamplesTGRhodB100, TGRha# TGRhodB6, TGRhodB1,
TGRhodBX, TGEluorl00, TGEluof73 and TGEIuoi36 were put through the FACS to detect

the level of fluorescence compared with the plain microspheres. The aim was to see if the
difference in the level of fluorescence on the different microspheres was visibly distinguishable.
The6-carboxyfluorescein taggemicrospheresvere detected in the FACS using the laser with
the excitationof 488 nm and emission of 54177 nm. The FACS dafdigure 2.22)shows there

is a difference in fluorescence between the taggedcrospheresand the nontagged
microspheres. Theistogramshowsthat for TGCFluor100, TGCFluor73 ai&CFluor36 there

was not a huge visual different between the three tagged samples. Potentially this is because
the reactive is not working as well as would have wanted, even though the microscopy images

show a successful conjugation (figure 2.19).
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Flow Cytometry Analysis of 6-Carboxyfluorescein Tagged TentaGel Microspheres
800

600

Count

400

6-carboxyfluorescein
TentaGel microspheres

200

, W, 100% tagged
IAJ\\M\ N v,
o LU e WG L =S S VRV WA
“ ° Fluorescence Inltoénsity (513/17 nnlwo) “
73% tagged
Flow Cytometry Analysis of 6-Carboxyfluorescein Tagged TentaGel Microspheres
200 ‘
i 36% tagged

150 0 I u . 0% tagged
| i
|

Count

50

0 il
10" 10' 10°

Fluorescence Intensity (513/17 nm)

Figure 222. FACS data of€arboxyfluoresceintaggeti Sy i DSt +t+ a bl i az2yz2aii SR ! YAY?Z2

The rhodamine B tagged microspheres were detected in the FACS using the laser with the
excitation of 561 nm and the emission of 38% nm. Figure 223 showing the FACS data shows
that there is a difference in fluorescence between the 5 tagged microsphere samples and the
non-taggedmicrospheres. This data proves that the FACS can distingetsledn levels of

fluorescene using rhodamine B.
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Rhodamine B

Flow Cytometry Analysis of Rhodamine B Tagged TentaGel Microspheres

TentaGel microsphereg

100% tagged

. 73% tagged
. 36% tagged
. 17% tagged

1.7% tagged

Count

107

Fluorescence Intensity (585/29 nm)

Figure 223. FACS data of Rhodamine BtaggeS y (i DSt t a b | i Teat@G&lMicrodpieRs | YA y 2

Doubletat 0% taggedaused by two microspheres going through the laser simultaneously.

2.4.4.3 Flow Cytometry Analysis of MInEO7TARP Tagg&dy (i DSt t+ a bli az2y

AminoTentaGel Microsphere

The MIinEO7ARP tagged@lentaGel Microspherewere put through the FACS to see if they
displayed any fluorescence. They were compared wietin microspheresTGRhodB100 and
TGEluorl00 microspheresThis was done to check that there was not any fluorescence
intensity higher than the plain microspheres.ejitwere detected in the FACS using the laser
with the excitationof 488 nm and the emission of 517/17 rffigure 2.24). The MinEO7ARP

microsphere signal overlapped with the plain microsphere signal demonstrating that they did

not fluoresce.
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DMA Beads Against Tagged Beads

100% 6
carboxyfluorescein
microspheres
100%Rhodamine B
microspheres

MIinEQ7ARP
Microspheres

Plain
Microspheres

10° 10 o e 107 1w
Fluorescence Intensity (513/17 nm)

Figure 224. FACS data of MinEO7ARP taggeSly (i | DSt + a bl i a2 yRi&dsph&dsDoubteh y2 ¢ Sy il

caused by two microspheres going through the laser simultaneously.

2.5. Conclusion

In conclusion, th&entaGel Microspherdsave been experimentally validated asudtable solid
support for the synthesis of the MinEQ7 aptamer library followed by flow cytometry. The
TentaGelmicrospherescan have fluorescent tags bound to them, visible on the optical
microscope. Different amounts of fluorescence tagged on to the a@ek microspheres is
distinguishable in the FACSing the rhodamine B tagwhich proves that sorting by
fluorescence intensity using flow cytometry methods will work with these microspheres on the
FACSThe carboxyfluorescein microspheres should baydhesised and tried again on the
FACSThe microspheres are capable of being chemically modified to include a linker allowing

for the MIinEQ7 aptamer to be successfully synthesised on the surface of the microspheres.

Finding a successful solid support italvito this method, having one that is chemically

compatible for aptamer synthesis and works in the FACS is essential.
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Chapter 3

Nucleic Acid Modification
Design and Synthesis




Chapter3

3.1 Introduction

3.1.1.Nucleic Acid Modification

3.1.1.1 Nucleic Acid Chemistry

Nucleic acids are fundamental molecules of life, carrying the genetic information of all living
organisms. Their main function is to store and transmit genetic information with sufficient
stabilty, flexibility and accuracy to the next generation of each living organt&tiThe
chemistry behind these structures was first uncovered by Franklin, Wilkins, Watson and Crick in
1953 who brought to light the nature of the double helical structure of deoxyribonucleic acid
(DNA)**2Nucleic acids take part in prizdable and programmable interactions, they can easily
denature and then refold themselves and they are wageluble. These characteristics allow
them to be used for a number of applications including therapeutics, diagnostics,

biotechnology, nanotechnolyy, synthetic biology and material scieriéé.

NH;
N
2 ¢J )
NN o
j | Adenine 'ﬁ\ﬂj
o 07N > M
Osp-© ' e Uracil (RNA
P 0 Nitrogenous N racil (RNA)
I
o} Base O;\H ]
Cytosine HNJK/N/
Phosphate OH R O}\N
Group N
o .
Pentose H = DNA </N Hn Thymine (DNA)
Sugar OH = RNA N N/)\NHQ
Guanine

Figure3.1.Nuckotide Structure
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A nucleotideconsists of a phosphate,mntose sugar and a nitrogenous b&&dan nature, the
nitrogenous bases are made up of purines and pyrimidines. Purine nucleotides consist of
adenine and guanine. Pyrimidine nucleotideonsist of cytidine, uridine (only for RNA) and
thymidine (only for DNA¥? the structures of these can be found in figure 3.1. The difference
between RNA and DNA is the atoms at th2 fibsition. In DNA there is just a hydrogen (H) atom
and in RNA there is a hydroxyl (OH) group instead. The phosphate groupeatthgha
phosphoester bond making the nucleoside turn into a nucleotide. The phosphoester bond is
f Ay 1 S-Rydrox@l grpu@of the pentose sugar and a phosphate gr&agh of these three
components displayed in figure Bplay their own individual and tal role in the structural

design, synthesis and modifications of oligonucleotitiés.
3.1.1.2. Nucleic Acid Modifications

Over the last 40 years there has been an iaseein the use of nucleic acids as therapeutits.
These are normally found in the form of aptam®&?¢see chapter 1), small interfering RNAS,
antisense oligonucleotides (ASG¥)microRNA¥2 and mRNA vaccinés Nucleic acids allow

for a unique therapeutic intervention such as gene expressiometerate aspecific mRNAor
protein that cannot be readily achieved by small molecule or biological dftigmwever, the
natural chemistry of nucleic acids prevents them from reaching their full potential in medicine

because of their limited chemical diversity and their poor biological and chemadlitst>>

To try to reach the full potential of nucleic acids, researchers have designed various
modifications at the different points of the structur&n small molecule drug discovery, it is
normal practice to have a wide range of structural diversity to produmaries of potential
compounds. The creation of this type of diverse library is to make structural, functional and
property refinements®® Structural differences define functional diversity in oligonucleotides.

The types of diversity can be split into five different structural groups (figure’®.2).
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Nucleobase orexjuence diversity: the change in nucleobase which then changes the
whole sequence. Modification of nucleobases has a large effect on the helix formation,
especially when there is substitution of their hydrogétfs

Nucleoside diversity: the difference in the chemical structure of the nucleosides which
then varies the oligonucleotide.

Backbone diversity: the variation in the linkage structure between the nucleotides,
including differences in the phosphorothioatekages or its chiral orientation.
Architectural diversity: differences in design and the arrangement and order of the
nucleotides in the oligonucleotides.

Macromolecular structure diversity: the difference in structure and topology of the
complete molecle.3®’

The properties of the oligonucleotide are determined by the position of each structural
unit in the situation of the complete necule. The macromolecular structural diversity
considering the overall structure and so can relate to the shape of the structure, the
way the chain folds and its aptameric binding properties. With one single change, it will
be possible to attain many diffent shapes and binding orientatioregch representing

different energy level®’

Backbone Q
Modification HN. R3 - Ry=H,Cl, F
. Base
1= g N O 0~ °N Modification
R1 p- O\ ’
o A
Mirror DNA \_[
dXNA O R, PNA
A Backbone/Sugar ~ o PR Sugar
Modification Modification T2~ - OH.F, OCH,

Figure . Examples of Nucleic Acid ModificatiBositions
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The approvedanti-VEGFaptamer drug pegaptanilh has maodifications to the sugar, having

eitheran OH, ForOGNY (i KS (Afuretlll®2ichaptér 2)3°
3.1.1.3.Fluorine in Medicinal Chemistry

Fluorine atoms do not caussgnificant steric constraints since the fluorine atom is compact
Fluorine makes strong bonds to other elements which creates good chemical stability. Changing
a hydrogen for a fluorine can cause change in the bond polarity, solubility and the possibility
creating hydrogen bonds with another molecdfGF bonds can have a bond dissociation of

up to 130 kcal/mol whereas-B bonds are somewhere @und 105 kcal/mof/° Fluorinated
compounds are useful in material chemistry and in medicinal chemistry. Many pharmaceuticals
and biologically active molecules contain fluorine which has been shown to be essential for their

activity 371

Of all drugs in pharmaceutical production-28% of them contain at least 1 fluorine atom. This
is fascinating considering that organofluorine compouads generally not found in natural
products3* One of the first fluorinated drugwas 5-fluorouracil which is an antineoplastic
agent figure 3.3). It is an antimetabolite and was first synthesised in 19571t has high
anticancer activity by inhibiting the enzyme thymidylate syt which then prevents the

cellular synthesis of thymidine.

Figure 3.3. Chemical structure cflGorouracil

Fluorine substitution is often used in meitial chemistry because it improves metabolic
stability, bioavailability and proteitigand interactions™ This strategy of sing fluorine

substitution in drug design has led to production of some key drugs on the market. Drugs such
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as Fluoxetin&“ (an antidepressant), Faslodéx(anticancer), Flurithromyc#?® (antibacterial)
and Efavireg®’ (antiviral). These four drugs cover a wide range of different medical areas,

which haveall benefited from fluorine chemistrffigure 3.9.3%

Iz

Fluoxetine Efavirenz

“0, o
%H
o_

Flurithromycin Faslodex
Figure3.4.Chemical sucture of fluorine containing migs
¢CKS dzZNARAYS Y2tS0dzZ S GKFd ¢Aftft 0S Y2RATFASR
L2 & A (-fludrefi=Beoxyrridine, as the parent MinEO7 aptamer has this structure. This will

be carried forward from prewus research as it has been proven that this modification helps

with stability andpreventsdegradation.

3.1.2. Types of Chemistry used fdlucleotideModification

3.1.2.1 SuzukiMiyaura Cross Coupling Reaction

The discovery of reactions using palladigatalysts forming carboenarbon bonds has been

important in the development of synthetic organic chemistf§The advantages of the Suzuki
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Miyaura cross coupling reaction are that it has high regamu stereoselectivity, it works with

a large variety of functional groups, and the conditions are Afld.A & | dzZNJ Q& G Sl Y &2 N
the coupling of alkylboron compounds with different organic halides with the catalysis
PdCJ.CHCLin the presence of a baserfexample KCQor KPQ (figure 3.55%° These reactions

have proved extremely useful as a method for synthesis of biologically active and natural
compounds®! Use of boronic acids and borate esters in these reactions also have many

limitations of use such as high expense, purification difficulties and sometimes air and moisture

sensitivity382
o
20 HH |
Pd©
( on
TLH @p
O?OH cs' KHCO;  «— O—BQ+ KoCOs + Hy0
' '
Figure 3. SuzukiMiyaura reaction mechanismscheme383
tFffFRAZYOLLUQ I DEGRFS SWt BABROWA G K {NR LJKS)/éf L

catalyst specie¥*This is done by converting Pd(0) to Pdfigufe 3.6).3¢> Amatore and Jutand
have demostrated that phosphindh Yy RdzOSR NBRdAzOG:G 2 A2 SF -@t RO i IN
[Pd(OAcXPPh3). These intermediate species have been observed®NMR spectroscopic

studies. The results showed that¥eIPh), were created from these reactioti® Studies leading
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on from this showed that increasing the Pd/BPatio to 1:3 lead to the formation of
PAP(PPRB),(OAc) with the side product being O=RPhPP(PPh), and P4(PPh)(OAc) both

react with organohalides by oxidative additi¢figure 3.6)*%2

0 Yo N
P N /k

o} .

Pd(OAc), + n Pd
(OAc), — \ o —_— (o
PhgP Ph3P ’<

2AcOH H20

©
)>—< OAc o
) OAc

O=PPh;  + (AcO)PPhg + Pd°(PPh3)pq =~ PhyP—Pd0

\%’f

®
(AcO)PPh,

Figure 36. Reaction mechanism scheme of palladium acetate usiplgenylphosphines3

3.1.2.2 Stille Coupling Reaction

A Stille Cross coupling reaction using tetravinyltin along with
tetrakis(triphenylphosphine)palladium(0as the catalyst can be used to createviayl
modification. A Stille reaction is a cross coupling reaction of organic electrophiles with
organostannanes. This was first done by EaB®and KosugMigita.3®°® Stille then developed

the mechanism and catalytic cycle causing it to be called the*®tibaction. The advantages

of the Stille reaction are that it is compatible with a large variety of functional groups and it is
mild process. These advantages mean it is often used in the synthesis of ¢toghbyex
molecules®®* Organostannanes are not very sensitive to moisture and oxygen, which allows for
harsher reaction conditions. Sn contamination can still be a concern for this reaction, especially
when it is used to prodte pharmaceuticals. This is down to the toxicity of Sn, the commonly
used derivatives of tm-butyltin have a LR in the range of 10800 mg kd.3%? Toxicologsts

require a upper limit of Sn to be ~20 ppfi.
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Pfizer used a stille reaction in one of the steps to synthesig8-[Riethyl-3Himidazot4-yl)-
thieno[3,2b]pyridin-7-yl]-(2-methyl1Hindol-5-yl)}-amine (figure 3.7) When looking to do a
large scale preparation of imidazolethienopyridine for use in pharmaceutical processes, their
research shows that a Stille reaction was thest suitable for thi$* Other coupling routes
were trailed however the Stille was most suited aese it provides a robust method that can

be easily up scaled.

/ H
» - !
| SnB Y
N/ SnBus HoN HN/@E%

cl / cl ;
<1 < <
/ ~

N7 Pd(Ph3P)4 N tBuOH, DCE N

DMF
Figure 37. Reaction mechanisnmcheme of thesynthesis of2-(3- methyl-3Himidazot4-yl)-thieno[3,2-b]pyridin-7-
yl]-(2-methyl1Hindol-5-yl)-amine394
In a standard Stille reaction there are 3 main steps: oxidative addition, transmetalation and

reduction eliminationThis is the same fanost Palladium crossing coupling reactions.

1. Oxidative addition
This step works well with aryl iodide and°Romplexes with good donor ligands.
Bromides do not work as well, and chlorides normally fail. Complexes with bulky donor
ligands such ashosphines are more reactiv&

2. Transmetalation
This mechanism requires a good bridging anionic ligand such as a halide and a ligand
that leaves easily, which will help transmetalation move fa3terOxidation of
Pd(PPH. can cause a phosphine to be free which can be damaging, this can be fixed

with a CuX saf®”
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3. Reductive Elimination
Reductive elimination occurs through a threeembered transition state. The
palladium catalyst needs to have two groups involved, anthiem to both be cis. This
requires isomerisation of the products from transmetalation who have trans
stereochemistry. The couplings activation energy depends on the group being coupled.
More electron rich carbons require higher activation energisThe reaction
mechanism can be found in figw®.7 and 3.8.

o HN
X O N

P

z /
I< /\Sn/
Sn ~ )
- Z

Figure3.8. Stille Coupling Reaction Mechanism Scheme

3.1.3. Chapter Aims

The aim of this chapter is to design, synthesis and analyse the modified urdisigharemidite
compoundsthat will give suitable diversitguch that itwill effectively modulate the aptamer

affinity. These compounds will be synthesised retadye ugdin the aptamer librangynthesis.
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3.2 Materials & Instrumentation

3.2.1 Materials

H €uoro-H -@eoxyuridine, 4,5-dicyanoimadazole,acetic anhydride ammonia methanol,
ammonium cerium (IV)nitrate,caesium arbonate, dioxane, nitrosonium tetrafluoroborate,
tetrakistiphenylphophine palladium (0) anidtravinyl tin were purchased from Acros Organ
4-(aminomethyl)phenylboronic acid pinacol estercdrboxyplkenylboronic acid pinacol ester,
ammonia slution, sodium hicarbonate andsodium silfate were purchased from Alfa Aesar
Dichloromethanediethyl Ether,dimethylformide, ethanol, ethyl acetate, magnesium slfate,
methanol pyridine, sodium tloride andtriethylaminewere purchased from Fisher Scientific
International MIMQOAAORALIKSYRRf LIK2ZALIKAYS20FSNIRQSY SLI
dimethoxytrityl chloride, dsoproplethylamine, (44,4,5,5tetramethyt1,3,2dioxaborolan2-
yl)phenyl)methanamine hydroobiide, 4-dimethylaminopyridineand palladium &etate were
purchased fromFluworochem 2-cyanoethyidiisoproptchlorophosphoramidite was purchased
from Link Technologie&luorenylmethoxycarnyl, iodine, phenylboric acid pinacoster and

triphenylphosphinavere purchased from Sigma Aldrich/ MERCK

All NMR samples wemein in DMSGds purchased from GosScientific

3.2.2 Instrumentation

3.2.2.1 Expeditet 8909 DNASynthesiser
Specification can be found in Chapter 2 section 2. Exdeditet 8909 DNA Synthesiser
3.2.2.2NMR

NMR spectra were obtained on a Bruker AVII 400 MHz spectrometer and were cdlitoréte
centre of the set solvent peak and chemical shifts were regubin parts per million (ppm).
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3.2.2.3 Mass Spectrometer

Electrospray mass spectra were recorded on a BrukerQ@diOFQ Il mass spectrometefhe
samples were analysed by injectingi2 of0.1 mg/nL solutions into a flowing stream of 95%
methanol, 10 mM ammoniuracetate at a flow rate of 26L/min. The samples were analysed
in both positive and negative ion modesAll themas®s are mono isotop

andlockmasscorrected and therefore should be within 5 ppm of the calculateass

3.3. Experimental Method

obodMd { GSLI mY HOS-iBloxywiiie .5BGA2y 2F HQ

H -€fluoro-H -@eoxyuridine 3.1) (3.00g, 12.B mmol)was dissolved in pyridine (13® mL) and
then cooled to 0°CAcdic anhydride (12.39, 121.36nmol) was addegdand the reaction was
stirred for 1 hour at €C then for an additional hour at room temperature. The reaction was
monitored by TLCethyl acetate/MeOH 20:1)The solvent was then removed in vacuo. The
residue was thn dissolved in methanol (100 mL) andthe solvent was removeih vacuo

A = s oA~

(3.2) (3.82g, 98.70).

IH NMR (DMS@): + 11.47 (s, 1H); 7.71.73 (d, 1H); 5.90 (dd, 1H); 5:88 (dd, 1H); 5.621¢d,
1H); 5.245.48 @dd, 1H); 4.33 (dd, 1H); 4.24idd, 1H); 4.12 (dd,1H); 2.12 (s, 3H); 2.04 (s,

3H).MS: m/z: calcd for &HisF N O; ([M + Naj): 353.09, found 352.70
3329 SLJ HY L 2 Ruoxso Q-HifDAcedH -Baoxquridine 3.2)3%°

3.2 (1.50 g) wasdissolved in acetonitrile (1000 mL). After addition of iodine (1.14, 8.98
mmol) and (NE)2[Ce(NQ)s] (2.49g, 5.2 mmol) the reaction was heated to 95°C and stirred for

3hours under reflux. The reaction was monitored by Tle@yl acetateéeMeOH 20:1). The
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solvent was removedn vacuoand a silicacolumn was run (Ethyl Acetate/MeOH 20:1) to

product an orange oil 3',8i-O-acetyl2'-desoy-2'-fluoro-5-iodo-uridine @.3) (1.5g, 73.04%).

'H NMR (DMS@,): + 11.87(s, 1H); 8.20 (s, 1H); 5:80 (dd, 1H); 5.461 @ddd, 1H); 5.231
(ddd, 1H); 4.3337 (dd, 1H); 4.281 ddd, 1H); 4.1721 (dd,1H); 2.11 (s, 3H); 2.08 (s, MS:

m/z: calcd for GHi4FIN O7 (M + H}): 456.98, found 456.9 ([M + N&]479.98, found 49.8.

3.3.3.Step 3UPh: Addition of functional goup U-Phto 3',5'-di-O-acetyt2'-desoxy2'-fluoro-

5-iodo-uridine (3.3) using SuzukMiyaura cross couplingaactiornt®

To a solution 08.3(1.51g), C&LQ (2.39¢, 7.35mmol), phenylboonic acid pinacol ester (0.63

g, 3.11L mmol) and PPh(0.302g, 1.15mmol) in dioxane (500 mL) and water (4®mL) was
added to Pd(OAg)0.63g, 2.82mmol) at 25°C underNurrent. The mixture was refluxed at
90°C and stied for 16 hours. The reaction was monitored by TLC (ethyl acetate/MeOH = 20:1).
The black palladium precipitate was filtered off. The reactiontuméxwas diluted with water
(10.00mL) and &tracted with ethyl acetate (200mL x 2). The organic layersne¢hen washed

with saturated aqueous NaCl (18L), dried over MgSQOand filtered. This was then
concentrated under reduced pressure to give a residi®-di-O-acetyt2'-desoxy2'-fluoro-5-

phenyturidinewas produed as a sticky yellow oB.¢@) (1.53g, 87.%46).

'H NMR (DMS@): 1 11.71(s, 1H); 7.94 (s, 1H); 7:3274 (m, 5H); 5.86.01 (dd, 1H); 5.489
(ddd, 1H); 5.2836 @dd, 1H); 4.3338 (dd, 1H); 4.281 ddd, 1H); 4.1&1 (dd,1H); 2.13 (s, 3H);

2.08 (s, 3HMS: m/z: calcd for GHia N2 O7 ([M + Naj): 429.12, found 429

3.3.4. Step 3WVi: Addition of functional goup U-Vito 3',5-di-O-acetyt2'-desoxy2'-fluoro-5-

iodo-uridine (3.3) usingSuzukiMiyaura cross couplingeaactiorf®

To a solution 08.3(0.10 g), C2CQ (0.16 g), Trans1-propenylboronic acid pinacol ester (0.04
g)and PPh(0.02g) in dioxane (5@0mL) and water (4®mL) was added to Pd(OA¢).049)

at 25°C under Neurrent. The mixture was refluxed at 90°C and stirred for 16 hours. The reaction
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was monitored by TLC (ethyl acetate/MeOH = 20:1). The black palladium precipitate was filtered
off. The reaction miure was diluted with water (L00 mL) and &tracted withethyl acetate
(20mL x 2). The organic layers were then washitd saturated agueous NaCl (DOmL), dried

over MgS®@and filtered. This was then concentrated under reduced pressure to give a residue.

The desired product was not achieved.

3.3.5. Step 3UVi.2: Addition of functional goup U-Vito 3',5'-di-O-acetyt2'-desoxy2'-fluoro-

5-iodo-uridine (3.3) usingStille cross couplingaactiont®!

3.3 (1.00 g), tetravinyltin (0.49ml, 1.15mmol) and tetrakistripheplphosphinepalladium(0)
(0.19 g, 0.16mmol) in 1500 mLof DMF wa stirred under nitrogen at 75%Gr 17hoursunder

N2 current The reaction was monitored byLC DCM/MeOH= 10:1). The black palladium
precipitate was filtered off. The reaction ruxe was diluted with water (290 mL x 2) and
extracted withdiethyl ether (2500 mL x 2). The diethyl layers were combined and dried over
MgSQ, filtered, and concentrated under reduced pressure to give a res@lig.di-O-acetyt

2'-desoxy2'-fluoro-5-vinyturidine was produced as a yellow o8.6) (0.3 g, 35.0%).

'H NMR (DMS@,): + 11.62(s, 1H); 7.88 (s, 1H); 6-33 (dd,1H); 5.889 (g, 1H); 5.585 (dd,
1H) 5.255.33 (M, 2H); 5.18.19 (dd, 1H); 4.337 (dd, 1H); 4.281 ddd, 1H); 4.1722 (dd,1H);

2.11 (s, 3H); 2.03 (s, 3W)S: m/z: calcd for £H7FAN2 O; (M + Naj): 379.10, found 379.0

3.3.6. Step 3UNH..1: Addition of functional goup W to 3',5'-di-O-acetyt2'-desoxy2'-fluoro-

5-iodo-uridine (3.3) using SuzukMiyaura cross oupling reactiont®

To a solution 08.3(0.10 g), CsCQ (0.16 g), 4(aminomethyl)phenylbarnic acid pinacol ester
(0.0 g) and PPh(0.029) in dioxane (0 mL) and water (4®mL) was added to Pd(OAc)
(0.049) at 25°C underJ¢urrent. The mixture was heated to 90°C and stirred for 16 hdihe
reaction mixure was diluted with water (LO0OmL) and &tracted with ethyl acetate (200mL
X 2). The organic layers were thenshad with saturated aqueous NaCl (A@mL), dried over
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MgSQ, filtered, and concentrated under reduced pressure tegivesidue!H NMR*C NMR

and mass spectrometry were run on the produthe desired product was not achieved.

3.3.7. Step 3UNH..2: Synthesis of Fmoc protected-(aminomethyl)phenylboronic acid

pinacol ester

Fmoc (0.11g) and4-(aminomethyl)pheniporonic acid pinacol ester (D) were dissolved in
5.00mL of ethanol. This &ation was sonicated for 20 minutex room temperature!H NMR

was run on the productmoc-4-(aminomethyl)phenylboronic acid pinacol es{8r8).

'H NMR (DMS@,): ¢ 8.60 (s, 1H); 7.887 (d, 2H): 7.671 (q, 2H); 7.562 (d, 2H); 7.387 (d,

2H); 7.3631 (d, 2H); 4.55 (s, 2H); 4.14 (s, 1H); ©02d, 2H)

3.3.8 Step 3UNH.3: Addition of fundional group UNH to 3',5'-di-O-acetyl2'-desoxy2'-

fluoro-5-iodo-uridine (3.3) using SuzukMiyaura cross couplingaactior®

To a solution 08.3(0.12 g), CsCQ (0.17 g)3.8(0.23 g in excess) and BRRO.02 g) in dioxane
(10000mL) and water (90mL) was added to Pd(OA¢).06 g) at 25°C underd¢urrent. The
mixture was heated to 90°C and stirred for 16 hours. The reaction was monitored by TLC (ethyl
acetate/MeOH = 20:1). The reaction misgeuvas diluted with water (100 mL) and extacted

with ethyl acetate (2@M0mLXx 2). The organic layers veethen wasled with saturated agueous

NaCl (1M0mL), dried over MgSgfiltered, and concentrated under reduced pressure to give

a residueH NMR and mass spectrometry were run on the prodilibe desired product was

not achieved.

3.3.9 Step 3UNH:.4: Addition of functional goup U-NH, to 3',5'-di-O-acetyl2'-desoxy2'-

fluoro-5-iodo-uridine (3.3) using SuzukMiyaura cross couplingaaction

Method 1*°°: To a solution 08.3(0.12 g), CsCQ (0.17 g), 4Carboxylphenylboronic acid pinacol

ester (0.05 g) and PP(D.02 g) in dioxane (1000 mL) and water (90 mL) was added to
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Pd(OAg)(0.06 g) at 25°C under Nturrent. The mixture was heated to 90°C and stirred for 16
hours. Tle reaction was monitored by TLC (ethyl acetate/MeOH = 20:1). The reaction mixture
was diluted with water (L®0mL) and extracted with ethyl acetate (BOmL x 2). The organic
layers were then washedith saturatedaqueous NaCl (10 mL), dried over MgS3idered and

concentrated under reduced pressure to give a residue. The desired product was not achieved.

Method 2% To a solution 08.3 (0.05 g), GEQ (0.07 g) and-Carboxylphenylboronic acid
pinacol ester(0.01 g) indioxane (5000 mL) and water (4.90 mL) was added to 1,1'
bis(diphenylphosphino)ferrocenepalladium (1) dichloride (0.07 g) at 25°C updarrnt. The
mixture was heated to 90°C and stirred for llihsovernight. The reaction was monitored by
TLC (ethyl acetate/MeOH = 20:1). The reaction mixture was dilutddwater (10 mL) and
extracted with ethyl acetate (200 mL x 2). The organic layers were then washed with sat.
aqueous NaCl (100mL), dried over MgSgXiltered, and concentrated under reduced pressure
to give a residue¢lH NMR and mass spectrometry ieun on the productThe desired product

was not achieved.

3.3.10 Step 3UNH,.5: Addition of functional goup U-NH: to 3',5'-di-O-acetyl2'-desoxy2'-

fluoro-5-iodo-uridine (3.3)4%3

3.3(0.05 g 1 mmol) was dissolved in B0 mL of DMF and then treated with nitrosonium
tetrafluoroborate (0.29 g, 50mmol) for 24 hours. The reaction was terminatgdtbe addition

of water (L00mL). The reaction mixture was diluted with ethyl acetate @8@nL) and washed

with sodium bicarbonate. The organic layer was separated and dried over sodium sulfate. Crude
product was purified on silica gel column using éthgetate/hexane (1:1¥H NMR and mass
spectrometry were run on the productH NMR and mass spectrometry were run on the

product. The desired product was not achieved.
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3.3.11 Step 3UNH..6: Addition of functional goup U-NH; to 3',5'-di-O-acetyl2'-desoxy2'-

fluoro-5-iodo-uridine (3.3)%*

3.3(0.04 g) was treated with 180 mL of ammonia solution (35%) at 55°c, in a sealed screw
cap bottle. The solution was cooled and concentrated under reduced pressuMR and

mass spectrometry were run on the produthe desired product as not achieved.

3.3.12 Step 4UPh Removal of acetyl protecting groups from 3%8l-O-acetyl2'-desoxy2'-

fluoro-5-phenyluridine 3.4)

3.4 (1.53 g) was dissolved in an MAeOH solution (7N, 190 mL) and stirred at room
temperature for 20 hoursThe reaction was monitored by Tlathyl acetate/MeOH 20:1)The
solvent was removed in vacuo and a soli@'edesoxy2'-fluoro-5-phenyturidinewas collected

(3.15) (0.98 g, 81.%).

IH NMR (DMS@): + 11.71(s, 1H); 7.94 (s, 1H); 7:3274 (m, 5H); 5.86.01 (dd, 1H); 5.489
(ddd, 1H); 5.2836 (@dd, 1H); 4.338 (dd, 1H); 4.281 @ddd, 1H); 4.1&1 (dd,1H)MS: m/z:

calcd for @HisFNO; ([M + Naj): 345.10, found 345.0

3.3.13 Step 4UVi: Removalof acetyl protecting groups from 3',Edi-O-acetyl2'-desoxy2'-

fluoro-5-vinyl-uridine (3.6)

3.6 (0.37 g) was dissolved in an NMeOH solution (7N, 180 mL) and stirred at room
temperature for 20 hoursThe reaction was monitored by Tlethfl acetate/MeOH 20:1).The
solvent was removed in vacuo and a soli2bflesoxy2'-fluoro-5-vinyluridine was collected

(3.16) (0.25 g, 9%%).

IH NMR (DMS@): 4 11.53(s, 1H); 8.28 (s, 1H); 6-38 (d, 1H); 6.332 (d, 1H); 5.994 ¢, 1H);
5.2836 ¢, 1H); 5.4265 (dd, 1H); 5.114 (q, 1H); 4.99 (s,1H); 4.2D (dd,1H); 3.8B9 (t,1H);

3.6474 (t,1H); 3.61 (s,1HYIS: m/z: calcd for €HisFNOs ([M + HI): 272.08, found 272.91

141



3.3.14. Step 44: Removal of acetyl protecting groups from 3%8l-O-acetyl2'-desoxy2'-

fluoro-5-iodo-uridine (3.3

3.3 (1.53 g) was dissolved in an MAeOH solution (7N, 180 mL) and stirred at room
temperature for20 hours.The reaction was monitored by Tldgthyl acetateeMeOH 20:1)The
solvent was removed in vacuo and a solibflesoxy2'-fluoro-5-iodo-uridine was collected

(3.17) (1219, 96.8%).

IH NMR (DMS@): 4 11.75 (s, 1H)8.55(s, 1H)5.835.87(d, 1H); 563-5.64(t, 1H); 543(s, 1H);
4.97-5.11(dd, 1H); 414-4.18(dd, 1H):3.883.90(t, 1H);3.81-3.83(t,1H) 3.58(s,1H)MS: m/z:

calcd for @Hic FNOs ([M + HY): 372.96 found 33.90.([M + N3@"): 395.1Q found 34.85.

3.3.15 Step 5UPhY | RR A { Aditngthod/ffityl pra&ectidg group to 2:desoxy2'-fluoro-

5-phenyturidine (3.15

3.15(0.06 g) and DMAP (0.083, 0.0105 mmol) were dissolved in pyridine .QMmL).4,4-
Dimethoxytrityl chloridg(0.077 g, 0.3 mmol) was addedn portions over lhour dropwise at
n x. After complete consumption of the starting material (18 hours), MeOldO(EL) was
added,and the resulting mixture was concentrated under vacutifre product was purified by
column chromatography using a basic alnmstationary phasand eluted withDCM/MeOH

(100:1) to produce yellow oil 3.18) (0.14 g, 186.0%).

IH NMR (DMS@s): 1 9.89(s, 1H); 8.19 (s, 1H); 7-Z/31 (m, 3H); 7.19.23 (m, 9H); 7.08.10
(m, 2H) 6.846.89 (m, 4H); 6.22 (s, 1H); 3.90.1H); 3.871t, 1H); 43.66 (s, 1H); 3.56 (LH); 3.07

3.07 (dd,2H)MS: m/z: calcd foGsHss FNO7 ([M + Naj): 647.23, found 647.20
3.3.16 Step 5UViY | RRA U Alighefhoxdthityl prafenti@g group to 2:desoxy2'-fluoro-5-
vinyl-uridine (3.16)

3.16(0.07 g) and DMAP (0.0013 g, 010dhmol) were dissolved in pyridine (D®mL). DMTCI

(013 g, BOYY2f 0 6Fa& | RRSR Ay L3 NI A 2 Aler @drgpietd]
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consumption of the starting material (18 holw#1eOH (200mL) wasadded,and the resulting
mixture was concentrated under vacuufrhe product was purified by column chromatography
using a basic alumina stationary phasel eluted withDCM/MeOH100:1) to produceayellow

oil (3.19 (020).

'HNMR (DMS@g): ¢ 11.56(s, 1H);8.31(s, 1H); 7.25.36 (m, 11H); 6.86.88 (m, 4);6.36-
6.41(d, 1H):6.30:6.33(t, 1H):5.725.96 (dd, 2);5.495.50(qg, 1H); 5.125.13 (t1H) 5.01 (s,1H);
4.12-4.22 (dd,1H); 3.88.92 (dd, 2H); 3.72 (s, 6HYS:m/z: calcd for §Hsi FNO; (M + H):

574.21, found574.00.

3.3.17 Step W-IY | RRA (i Adingtho@/thityl pr@&ectidg group to 2:desoxy2'-fluoro-5-

iodo-uridine 3.17)

3.17 (0.12 g) andDMAP (0.02g, 0.2 mmol) were dissolved in pyriding10.00 mL). 4,4
Dimethoxytrityl chloridg0.24 g,0.70mmol)was addedinpok 2 ya 2 @SNJ m K2 dzNJ RNER
After complete consumption of the starting material (18 hours), MeOQBO(&L) was added

and the resulting mixture was concentrated under vacutiite product was purified by column
chromatography using a basic alumina stationary plaaskeluted withDCM/MeOH100:1) to

produceayellow oil wag3.20) (0.3339).

IH NMR(DMSGds): ¢ 11.79(s, 1H); 8.58 (d, 1H); 749837 (m, 1H); 6.846.91 (m,4H); 5.83
5.90 (d, 1H); 5.45.67 (dd,1H); 499-5.24 (t, 1H); 4.38 (s, 1H); 4855 (dd, 1H); 3.93 (t, 1H);

3.74 (s, 6H); 3.6@, 1H).MS: m/z: calcd for £Hs FNO; ([M +H]*): 697.09, found697.0Q

3318 {GSLI p! Y im&6Hoxykitgl Wrotettihg grobp t@ 2:desoxy2'-fluoro-

uridine 3.1)

3.1(0.12 g) and DMAP (0.002 g, @.6vmol) were dissolved in DMF (DO mL) with a few drops
of trimethylamine.4,4-Dimethoxyrityl chloride(0.50 g, 1.48 mmol) was added in ports over

M K2 dzNJ R NE Afiér kamPletd- cinsumption of the starting material (18 hours), MeOH
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(2.00mL) wasadded,and the resulting mixture was concentrated under vacutime product
was purified by column chromatography using a basic alumina stationary phdssuted with

DCM/MeOH100:1) to produce gellow oil 8.24) (01009).

IH NMR (DMS@): + 11.32(s, 1H)7.43 (d, 1H); 6.89.30 (m, 13H); 6.55 (d, 1H); 5.47 (d,1H);

4.604.61 (g, 1H); 4.55 (t, 1H); 4.37 (s, 1H); 4.30 (t, 1H); 3.81 (d, 6H)3EBGdd, 2H).

3.3.19. Step 6UPh Addition of 2cyanoethyl diisopropylchlorophosphoramidite to DMT

protected 2-desoxy2'-fluoro-5-vinyl-uridine (3.18)

3.19(0.31 g),and dimethylaminopyridine (0.0§, 041 mmol) were dissolved in 500mL of dry
DCM, diisopropylethylamine (0.30mL, 2.3 mmol) and Z2cyanoethyidiisoprqoyl-
chlorophosphoramidite (B0 mL, 1.25mmol) were added. Under an atmosphere of nitrogen,
the mixture was then stirred at room temperature for 2 hours. After the DCM was reninved
vacuoa thick yellow oil was obtaine®.21) (0.60g).3P NMR was run on theroduct, to prove

the addition of the phosphoramidite group. No other analysis was run on it because of the air

sensitive natve of the product.

3P NMR (DMS@ capillary in DCMY: 150.00 (s, 1R).77:0.23)

3.3.20 Step 6UVi: Addition of 2-cyanoethyl diisopropyl chlorophosphoramidite to DMT

protected 2-desoxy2'-fluoro-5-vinyl-uridine (3.19)

3.19(0.83 g),and dimethylaminopyridine (04lg, 1.14mmol) were dissolved in 500mL of dry
DCM, diisopropylethylamine (0.84mL, 6.3 mmol) and 2cyanoethyldiisopropyt
chlorophosphoramidit€0.83 mL,3.50 mmol) were added. Under an atmosphere of nitrogen,
the mixture was then stirred at room temperature for 2 hours. After the DCM was renioved
vacuoa thick yellow oil was obtaine®.¢2) (1.63g).%'P NMR was run on the prodycb prove

the addition of the phosphoramidite group. No other analysis was run on it because of the air

sensitive natue of the product.
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3P NMR (DMS@; capillary in DCMY: 139.00 (s, 1P)

3.3.21 Step 6U-: Addition of 2cyanoethyl diisopropyl chlorophosphoramidite to DMT

protected 2-desoxy2'-fluoro-5-iodo-uridine (3.20)

3.23(1.07 g), and dimethylaminopyridin®(17 g, 1.39nmol) was dissolved in SBOmL of dry
DCM, diisopropylethylamine (130 mL, 795 mmol) and 2cyanoethyldiisopropyt
chlorophosphoramidite .01 mL, 4.25mmol) were added. Under an atmosphere of nitrogen,
the mixture was then stirred at room temperature for 2 hours. After the DCM was reninved
vacuoto obtained thick yellow 0il3.23) (1.8 g).3P NMR was run on the prodyeb prove the
addition of the phosphoramidite group. No other analysis was run on it because of the air

sensitive natue of the product.

3P NMR (DMS@; capillary in DCMY: 149.00 (s, 1P)

3.3.22 Step @&J: Addition of 2-cyanoethyl diisopropyl chlorophosphoramidite to DMT

protected 2-desoxy2'-fluoro-uridine (3.24)

3.24(0.30 g), and dimethylaminopyridine (@, 0.3 mmol) were dissolved in 500mL of dry
DCM, diisopropylethylamine (0.29 mL, 2.0&imol) and Z2cyanoethyidiisopropyt
chlorophosphoramidite (0.28 mL, 1.20 mmol) were added. Under an atmosphere of nitrogen,
the mixture was then stirred at room temperature for 2 hours. After the DCKInemoved in
vacuo a thick yellow oil was obtainegiZ5) (0.61 g)3*P NMR was run on the prodydb prove

the addition of the phosphoramidite group. No other analysis was run on it because of the air

sensitive natue of the product.

31p NMR (DMS@s cagillary in DCMy 150.00 (s, 1(0.63:0.37

3.3.23 Synthesis of ARP25U

' wt H p-UNURNIQfUfUTUfUfUTUTUTUfUTUTUTUTUTUTUTUTUTUTUEUQ
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TheExpeditet 8909 DNA synthesis@ras used to synthesise ARP25Uldmiversal UnyLinker
support 3.25(1.00g) was dissolved in 20mL DCM and put in bottles and screwed into the
synthesiser lines. The synthesis reagents viidizer (0.0M iodine,20% pyridine), Cap A Mix
(THF/gyridine/acetic anhydride 8:1:1X&ap BMix (10% methylimidazole in THIeeblock (3%
trimethylamine in DCMpnd ETT ativator (0.25 M, 5ethylthio-1H+tetrazole in acetonitrile)
were screwed into the synthesiser lingsleak test was run to check nitrogemsnot leaking
from the lines. When pa&gd, the lines are then flushed with the new reagents added to them.
Universal UnyLinker suppdi®.021 g) was added to the column, which was then placed on the
synthesiser, which was then flushed with acetonitrile several times. The sequenpecocol

are then selected using ExpediteB909 software connected to theExpeditet 8909 DNA
synthesiser. The sequeneasthen run and monitored using the trityl monitofhe protocol

for coupling was extended 10x more than a standard RN#nol protocol.

3.4. Results and Discussion

3.4.1. Modified Uridine Designs

The uridinemonomersin MinEO7 were chosen to be modified they aresynthetic accessibility
utilising known chemistry as wedkfinancially available starting materialBhe uridinesvere
modified at the C(5) position because modifications at the C(5) position of pyrimidine
nucleosides can enhance their bioavailability, bioactivity and biostaffititifhe synthesis of
C6)-substituted nucleotides have gaindthportance because of their potential medicinal
applications’®® 5-halopyrimindies exhibit anticancer and antiviral as well as photosensitising
properties. These compounds were used in research that discovered key information
concerning their affinity for transporter proteins and their cellular biochémi¥’ There are
several Bhalo-modified pyrimidine drugs available such asexylcarbamoyb-fluorouracil

which is a treatment for colorectal cané&and 5fluoro-20-deoxyuridine, which is a commonly
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known anticancer drug used in treatment of stomach, colorectal and kidney c&i&@ome
other examples of Substituted nucleosides with confirmed biological activities agtt¥yl-20-
deoxyuridine which is an aAtiSV agerit®’and 5ethynylt20-deoxyuridine which is used against
herpes simpled strains KOS and LYOWS he fivemodifications were designed so that they
covered a range of polar, ngpolar, positively charged, aromatic, double bontiglogens and
natural uridine.Molecular recognition in biological systems relies on there being specific
attractive interactions between two moleculé¥ The modifications chosen could either

enhance or @rupt these interactions that are already occurrisgfween MinEO7 and EGFR.

3.4.1.1 Aromatic RingAddition Modification

Figure 3. Chemical Structure of DM¥protected 2-desoxy2'-fluoro-5-phenyturidine phosphoramidite3.21).

Aromatic compounds are cyclic structures with an unsaturated hydrocarbon ring planar
structure that have specific properties, which include extreme stalilite to their aromaticity.
They are generally nepolar, have little reactivity and are immiscible with water. Cyclic
aromatic compounds undergo electrophilic substitution reactions with the ring acting as a

nucleophile?*?

There are numerous necovalent inter and intramolecular interactions between aromatic
rings in biological and chemical proces$ésThese include selassembly, molecular
recognition, transport and catalysi¥.Interactions between aromatic and heteroaromatic rings

are key contributors to proteitigand complexes as well as protein structut¥sThey are also
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major contributors to the base pair stacking in nucleic acid structures seen in duple DNA.

¢ K S~ interactions play a very important part in Rigfotein interactions'

An aromatic ring modification was chosen because of its size, the stability of the ring and the
non-covalent inter and irtramolecular interactions between aromatic rings in biological and
chemical processes, especially in protein ligand compléXas addition of the aromatic ring
could potentially cause more proteligand interactions which may enhance the affinity of
MinED7 for EGFR. The size and rigidity of the ring could potentially disrupt the folding of the
MinEQ7 aptamer, changing its shape. This could either show that the shape of the aptamer does
not influence the binding affinity of MinEO7 for EGFR or that the sli@jpugely important for

how the aptamer fits in to the receptor. This modification was also chosen as the chemistry of
phenylation to a nucleotide is known (figure 3.9). Using a StMiykiura palladium catalysed

reaction haseen successfiit®
6.4.1.1 Aliphatic Modification

Bonding betweerone carbon atom and another isowalent, containing either or = bonds.
Carbon can make single, double or triple bonds, which determines the strugturerated

With one double bond its structure is trigonal planar

HMHM(H:

TR H
c=C f 108.7 pm ‘e porbital overlap
— =C to form~ bond
de—)> 4=\,
H H
133.9 pm

Figure3.10. Chemical Structure of Ethylene

In ethylene each carbon atom hasthreé3pND A G+ f & f@Ay3a Ay | LI I yS
p-orbital perpendicular to this plane (figure 3.10). When the carbon atoms approach each other,
two of the sporbitals overlap ® form a* bond, the two porbitals form a bond. Thereis no

free rotation aboutthe carboncarbon’ bond because of the bond. The C=Cbhond length of
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133.9pmisshorterthan GClengthof 154 pm. It is alsostrongerwith 636kJmol* comparedto
368 kJmol* Vinyl compoundscontain the hydrocarbonvinyl group CH=CHR. A singlevinyl
compoundcan be madeto polymeriseforming polyvinylcompounds.Thesecompoundscan
form variousstyreneandits derivatives.Thedouble bond in vinyl compoundsis accessibldor
reactionswith its = electronspositionedaboveand belowthe double bond. Thedouble bond
caneasilydonateelectronsto actlike a nucleophile so canundertakeelectrophilicaddition. A

vinylmodificationwaschosenbecauseof thesepotential chemicalinteractions(figure 3.11).

Figure3.11. Chemical Structure of DM¥protected 2:desoxy2'-fluoro-5-vinyluridine phosphoramidite

(3.22)

6.4.1.2.AminoGroupModification

Hydrogen bondings the strongest force between two molecules that has no formal chdrge.

is a force between a partially positive hydrogen atom and a partially negative atom such as a
nitrogen or oxygert?°Most often hydrogen bonding occurs in molecules that contain an amino
group (NH) and hydroxyl groups(OH. As the hydrogens are connected to highly
electronegative atoms their ebtron density is drawn away from them, which leaves them with

a partially positive charge and the electronegative atom having gained electron density is hew
partially negativeThis then allows for strong electrostatic interactions between the negative

atom and a hydrogen on another molecule.
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Figure3.12 Hydrogen Bonding

Hydrogen bonds are the most important specific interactions in biological recognition
processesThey play a key role in the working of the genetic code, such asstleictivity in

the purine and pyrimidine nucleic bas®$An amino group modification was chosen as it could
potentially add or influence hydrogen bonding, mimicking base pairing we see in RNA and DNA

shown in figure 3.2

Figure 313: Chemical Structure of DMprotected 2-:desoxy2'-fluoro-5-vinyluridine phosphoramidite3.26).

3.4.1.4 lodo Modification

Halogenated nucleic acids with either Br or | atoms are able to establish halogen bonds with
properly disposed protein residuedddogen bonding interactions are characterised as

YSYO0 SNE 2KF2 f 8K S 2§ R & 3 é¢holeTid defindl &gba region of positive

St SOUNR&AGFUGAO LRGSYUGUALFE 2y I Y2t SOdzZ Sold 2 0F SR
donor ability increases down the halogens F to I, meaning that halogen bonds involving iodine

are the most enthalpically favoured. In dieinal chemistry, halogen atoms are commonly used

in drug design and to probe molecular interactidhsThey hae been incorporated in drug
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design because drug selectivity can be improved with the addition of bromine and iodine, whilst
the addition of chlorine and fluorine can be used to optimise absorption, distribution,
metabolism and excretion (ADME) propertissd to reduce undesired reactions such as ring
hydroxylation®”* A known drug using iodine isi&do-20-deoxyuridine which is used as a
treatment for feline herpes virus (FHN. An iodination modification was chosen because
halogens have proved to be very useful in medicinal chemistry because of the increased
bioavaihbility and the improved metabolic stability the halogen provides. It is also known to

improve proteinligand interactions?® This modification was also chosen because the chemical

evnthacic ic wall davalandfAniira 2 11899
(@]
H. |
NJ\J/
OZ\N
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N
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Figure3.14 Chemical sucture of DMTr-protected 2'-desoxy2'-fluoro-5-iodo-uridine phogphoramidite(3.23).

3.4.1.5.The General Synthesis designthe Modification of Uridine

Presented below is thelanned reaction scheme for the synthesis of the modifieidines
(figure 3.15. R being the chosen functional groups to modify the uridine wiile acetyl
protecting groups are added first to stop any unwanted reactions happening at the OH
positions. These artater removedto add a DMT protecting group, which is added so the

synthesis progression can be monitored in the synteasby the removal of it.
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Figure3.15. The overall planned reaction scheme for the modification of uridine.

3.4.2 General Modified Uridine Synthesis

3.4.2.1 Step 1: Acetyl ptection ofH -fuoro-H -@eoxyuriding(3.1)%°

O o)
Hoy 2 H.
Aod o oi '
- N
o F Pyridine F
0 0 M+, 00 ® ’<
OH
OH

T

Figure 316. Reaction scheme faicetyl NB (i S O (i Fl@oybH Bebxyuridineg(3.1)

Step 1(figure 316) usesprotecting group chemistry to add an acetyl group to both hydroxyl

INRdzLJA 2y GKS dz2NARAYS G GKS / Qo FyR [/ Qp LRaA
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interacting in future reactions. An acetyl group was chosen as they are very commonly used in
oligonucleotide synthesis, are stable in the conditions used in future steps and are easily
removed when needed. This reaction works very well and produces a high yield with minimal
amounts of purification and method development needéd.NMR spectraf the productH -Q
fluoro-o Q-Hijp-&cetytH -Qeoxyuridine 8.2) can be foundn figure 317. The addition of large
singlet peaks at 2.05 ppm and 2.12 ppm corresponding to the new acetyl groups along with the
loss of two-OH singlet peaks at 3.94 ppm and 4.3Tnpghow that is reaction was successful
and pure enough to carry forward to the next reaction sgpme solvent peaks extra found in
spectra) This was alsaconfirmed by the *C NMR (appendix A along with the mass
spectrometry(appendix Bshowing thecorrect mass peak plus a Nian at 352.7 m/z. The

acetyl groups can be removed by treating them with a base, the most commonly used are

ammonia (aqueous or gaseous) or methylandfifie

~

1319
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~ <@
— N
o\
Water ~
DMSGd,
j
C b
a 1 d 1.03 ¢ S hoi
0.82 NN ao Y 1.06
o N 1Hlmog- ©1.011.07_,, 1.071.04
=] ~ ®w|ﬂdohmmg_$£_w(\!ﬂ
T W [eppips LSS 5
1 =T L

Chemical Shift (ppm)

Figure3.17. 'H NMR spectra of €uoro-H -B@eoxyuriding(integrations in purple abovgB.2). Extra peak at 3.2 ppm

is caused by excess methanol from work up of the reaction.
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Step 2(figure 3.18) is the addition of an iodine in the C5 position on the nitrogenous base on
the uridine.It is common in oligonucleotide modification to halogenate that position so that
other functional groups can be substituted for it, allowing for more interesting affdreint

structures not found in nature to be created.

0 o (:Base o
H H |
HN
y @ y&is 1Y
0" N 'H — 07 N"TH 0” >N" H
HO HO —>» HO
0 0 o)
OH OH OH OH OH OH

Figure3.19. lodination of uidine.424

This iodination reactionfigure 319)works well. The halogenation reaction occur by attack of
an electrondeficient halogen specigformed by in situ oxidation) at C(5) of the uracil rffgy.

It preferentially adds to C(5) as this is the electrmi position of the substraté’® The product

is purified to emove the catalyst(NH)[Ce(NGQ)s] by a silica gel column (ethyl
acetate/methanol 20:1) to produce an orange oil of 3gb0-acetyt2'-desoxy2'-fluoro-5-iodo-

uridine @.3). This reaction is highly regioselective meaning no other regioisomers were found
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except the desired produdt’ When the reaction is complete there is a peak shift in'thélMR
spectrum. The doublet at 7.74.73 ppm shifts to a singlet at 8.19 ppm, this is due to the loss of
a hydrogen onhe C5 position causing the C6 hydrogen environment to be different. There is a
removal of the doublet at 5.68.71 ppm from the removal ohe hydrogen at the C5 position
(figure 3.20). There are extra solvent peaks in tH& NMR spectrum, however it is pure enough

to move forward to the next reaction stepThe final product wa also analysed®C NMR

(appendix Cand mass spectrometryappendixD) showing the correct mass peak 456.98

m/z.
o
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~
00 O+
g
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Figure 3.20'H NMR spectra @&',5-di-O-acetyt2'-desoxy2'-fluoro-5-iodo-uridine (3.3). Extra peak at 3.2 and 4.0

ppm is caused by excess methanol and ethly acetate from the work up of the reaction.
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3.4.3 Uridine Modification U-Ph

3.4.3.1 Step 3UPh Addition offunctional goup Phto 3',5-di-O-acetyl2'-desoxy2'-

fluoro-5-iodo-uridine (3.3) using SuzukMiyaura cross couplingactior?®®

Ny

0O
H | Pd(OAc), - i
\N CSQCO3 \N
PPh, )\ ’
Dioxane/H,0
< 60 DN |
0 {¢9tn Ko ’<

<

Figure 31.Addition of functional goup a to3',5-di-O-acetyt2'-desoxy2'-fluoro-5-iodo-uridine (3.3) using Suzuki
Miyaura cross couplingaction

Step 3UPhshown in figure 3.21 is the additiarf functional group”h ASuzukiMiyaura cross

coupling reaction usig palladium as a catalyst wased to create this modificatiorfiure 3.5).

This reaction needed a lot of method and purification development. THadiam catalyst was

first filtered out, the product was washed and then a silica gel col(ethyl acetate/methanol

= 20:1)was performed!H NMR analysis of the compound shows a successful coupling by the

addition of the aromatic multiplet peaks at 7.827.74 ppm and a shift of the singlet at 8.19

ppm to 7.94 ppm as the hydrogen environment at positi¢d) Changegfigure3.22). There are

extra peaks in the spectrum, potentially this compound needs some extra purification steps,

however it will be purifd in the following reaction step$heproduct was analysed B3§C NMR

spectra(Appendix E) anthass spectrometr{AppendixF)showing the correct mass peakus

a Na ion at 429.0 m/z.
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Figure 322.1H NMR spectra @',5-di-O-acetyt2'-desoxy2'-fluoro-5-phenyturidine (3.4). Spectrum is not very

clean and there are extra peaks at 3.2 and 4.0 from methanol and ethyl acetate from the work up of this reaction.
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3.4 4. Uridine Modification U-Vi

3.4.4.1 Step 3UVi.L Addition of functional up Vito 3',5-di-O-acetyl2'-desoxy2'-

fluoro-5-iodo-uridine (3.3) using SuzukMiyaura cross couplinggactior?®®
A}CiB’\/
0]

’ Pd(OAc),
°N | 032003
A PPhy

O~ N >
o WF Dioxane/H,0
00d {
O
o) O
O:< { ¢ 9 trx Ao«

Figure 323. Addition of functional goup U-Vito 3',5-di-O-acetyt2'-desoxy2'-fluoro-5-iodo-uridine using Szukk

Miyaura cross couplingaction

Step 3WVi(figure 3.23) isthe addition of functional group/i which is the first aliphatic type of

modification designed. Functional grolfis an alkenyl group. A Suzdiyaura cross coupling

reaction using palladium as the catalyst was attempted to create this modification. The analysis

of thisreaction showed that the palladium catalyst was removing the iodine from positen C

however instead of the new functional group being substituted for it, a hydrogen was bound

there. Therefore, the product produced was the same as from steprihpound3.2. The nass
spectrometry data show #re is not a correct mass peakig(re 324). After a lot of
experimental attempts and developments to the method functional grolipvas redesigned

and a nev experimental method planned.
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Figure 324.Massspectraof 3',5-di-O-acetyt2'-desoxy2'-fluoro-5-vinyturidine (3.5).

3.4.4.2 Step 3WVi.2 Addition of functional goup Vito 3',5-di-O-acetyt2'-desoxy2'-

fluoro-5-iodo-uridine using Stille croseupling reactiorf

o
H. | @(P; PO~
yy el ”

07N .
o\ F DMF
60 d ’/0’40
0
o:< { ¢ 9 trr Ao«

Figure 5. Addition of Functional Group-Mito 3',5-di-O-acetyt2'-desoxy2'-fluoro-5-iodo-uridine (3.3) using
Stille Cross Coupling Reaction
Step 3UVi.2shown infigure 3.25is theaddition of functional group/iwhich is the second type

of aliphatic modification designed:he revisedunctional goup Viis an alkenyl group called
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ethenyl. A Stille cross coupling reaction usingetravinyltin  along  with
tetrakis(triphenylphosphine)palladium (@} the catalyst was uddo achieve this modification
(figure 3.8). This Stille coupling reaction worked successfully, without much method
development.The purification however needed more enhancemerite palladium and tin
both precipitate out of solution and are filtered off. The product was washed and then purified
by silicagel column(dichloromethane/methanol = 10:1fH NMR analysis of the compound
shows a successful coupling by the shifting of the signal fr(@nhh@drogen from 8.19 ppm
down to 7.88 ppm because of the change to the hydrogen environment. There is amadditi

a triplet at 5.8599 ppm and a multiplet at 5.283 ppm, from the new hydrogen environments
caused by the addition of the leényl group on the C5 positiofigure 3.26). There is a starting
material peak at 8.2 ppm, so more purification steps shdal@dompleted on this compouné
massspectrum shows a peakifethe correct mass plus a Nian at 379.00 m/zgppendix Bl it

was also analysed BYC NMRappendix G
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Figure 326.1H NMR spectra @',5-di-O-acetyl2'-desoxy2'-fluoro-5-vinyturidine (3.6). There is a starting material

peak at 8.2 ppm. More purification steps should be completed on this compound.

3.45. Uridine Modification U-NH,

3.4.5.1 Step3U-NH2.1 Addition of functional goup NH; to 3',5-di-O-acetyl2'-

desoxy2'-fluoro-5-iodo-uridine (3.3)using Suzukiliyaura Cross Coupling Reaction

ABCiB
(@]

0
H | Pd(OAc), ’ > NH,
;\l\ | CSQCO3 \N ,
PPh;
, Dioxane/H,0 G
60 qo” HF 2 0 0 g\ F
o o~
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ot { ¢ 9t lgbim o) 0
ﬁ\ O\q\

Figure 7. Step 3UNH,.1: Addition of functional goup UNH, to 3',5-di-O-acetyt2'-desoxy2'-fluoro-5-iodo-

uridine using Suzuhiliyaura cross couplingaction
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Step 3UNH: (figure 3.27 is the addition of functional groupNH: which is the first
amine/ammonium type of modification designedrFunctional group NH is an 4-
(aminomethyl)phenybroup. A Suzukliyaura cross coupling reaction using palladium as the
catalyst was attempted to synthesise this modification. The aim wasltbfunctional group

NH on first and then protect it in a second step with a protecting group. The analysis of this
reaction showed that the palladium catalyst was removing the iodine from posit{d)) C
however instead of the new functional group beindstituted for it a hydrogen was present.
Therefore, the product produced was the same as the one from steprtpound3.2. It was
believed that the-NH: functional group may have been interfering with the coupling, so a
protecting group was then added the 4-(aminomethyl)phenylboronic acid pinacol ester first

to try and combat this.The most popular protecting groups used for amines tae-
butoxycarbonyl (Boc), allyloxycarbonyl (Aloc) and fluorenylmethoxycarbonyl (Efhothe
Fmoc is one of the most used protecting groups and is often chosen as it is compatible with a
wide range of linkerg* The removal of Fmoc is very efficient, it cando®e by treating resin

with 20% piperidine in DM#°Fmoc being a badabile protecting group, works well for nucleic
acid synthesis, as the removal of the protecting groap be controlled** Fmoc was chosen to

be used in this protection reactiorfigure 3.28).

. §i§< ’ 00 Dy 1
0.0 Hsz[j { ¢ 91D I 0.0

Figure 38. Synthesis of Fmoc protected(aminomethyl)phenylboronic acid pinacol ester

The addition of Fmoc protection group onte(@minomethyl)phenylboronic acid pinacol ester

was a successful reactiotd NMR spectrurtfigure 3.29) showsall the corresponding peaks for
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this novel productAfter the successful synthesis, th&perimental procedure was triecjain

using this novel compoundigure 3.30).
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Figure 329.1H NMR spectra dfMOG4-(aminomethyl)phenylboronic acid pinacol es{8r8).
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Figure 330. Step 3UNH,.3 Addtion of functional goup UNH, to 3',5'-di-O-acetyt2'-desoxy2'-fluoro-5-iodo-
uridine (3.3) usingSuzukiMiyaura cross couplingaction
After a lot of experimental attempts and developments made to the method the coupling was
still unsuccessful. The analysis of the final product shothet the palladium catalyst was
removing the iodine from position(&) and substituted it with a hydrogen instead of functional
groupNH.. The mass spectrometry datiiglre 3.31) showsthat this reaction was unsuccessful.

This was believed to be because the protected molecule is now too large causing steric
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hindrance, making the coupling of the molecules difficult. After a lot of unsuccessful
experimental attempts and methodevelopment.functional groupNH, was redesigned, and

a new roue to achieve this was createtigure 3.32).
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Figure 331.Massspectra ofpotential product(3.9).
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Figure 332.Newsynthesis plan fortsp 3U-NH.4.

The new design of modificatidkH. was chosen so that the functional group properties were
similar to the original desigriThe aim was to usé-carboxylphenylboronic acid pinacol ester
first, using a similar experimental method as when synthesizing the first modificatiomhe
carboxylic acid would then be converted into the amide using ammaoiation and
dicyclohexylcarbodiimide (DDC) to drive the reaction. If this were successful, thenotihect

would be protected with an Fmoc protecting group.
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Figure 333. Step 3)-NH.4 Addition of Functional Group-NH; to 3',5-di-O-acety}t2'-desoxy2'-fluoro-5-iodo-
uridine (3.3) using Suzukliiyaura crossoupling eaction
Compound3.10 was not successfully synthesis@jure 3.33). The palladium acetate was
removing the iodine and replacing it with a hydrogen atgiving the produtcompound3.2,
this can be seen in the COSY NfidRire 3.34), wherethe two hydrogen environments at(®)
and (6) are next to each other. A different palladium catalyst was tried,

bis(diphenylphosphino)ferrocenepalladium (l1) dichloffdaithout success.

(0]

éo v<0

T
N
F1 Chemical Shift (ppm)

7.74,5.7,0 °:< a
N g
</ F6

F8
8 7 6 5 4 3 2 1

F2 Chemical Shift (ppm)

Figure 334.COSYMR spectra ofompound3.10.
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ModificationNH was redesigned, again the new modification was chosen so that the functional
group properties were similai.his new desigwill still create a positive charge likiee original
amine functional group design. This Wil done by a twestep procesgfigure 3.35). The aim is

to nitrate the C5 position instead of an iodination step that was run previously using
nitrosonium tetrafluoroborate creatings-nitro-o Q-Bi{O-AcetykH €orouridine. After the
nitration reaction, the product wouldbe hydrogenated in the presence of 10% Pd/C,
synthesising the famino derivative. This product will then be protected with an Fmoc

protecting group.

0 O 0
HE\ l HE:UE/NOZ 1 et H\N/UE,/NH2
O™ N NOBF, 0" N 10% Pd/C OJ\N
o N F DMF WF eon
b,{{¢9t1bl.(§b{ O,\( { ¢9tb lod
o] O o) o]

o dbodut X 60 ®MH Oj/o 60 ®

Figure 3.35. Synthesis Plan for-Bbp.5 and 3UNH.6from 3',5-di-O-acety}t2'-desoxy2'-fluoro-5-iodo-uridine

(3 i 3) 403431

TheStep 3UNH.5was unsuccessful, shown by the mapsctrometry datafigure 336) where

the mass of 376 m/z is not visiblghis reaction could not be followed through to step-Rbk.6.
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Figure 336.Massspectra ofpotential product(3.12).

After several attempts and method developments, modificatior: was redesignedfigure

3.37).

H.
N
)\)j NH,OH

o:< { ¢ 9t lo

Figure 337. Step 3)-NH.7 Addition of Functional Groug-NH; to 3',5-di-O-acety}t2'-desoxy2'-fluoro-5-iodo-
uridine @.3).404
The synthesis afompound3.14was also unsuccessful; this is shown by the mass spectrometry
data(figure 3.38) wherethe mass of 262.08 m/z is not visible
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Figure 338.Massspectra ofpotential product(3.14).

3.4.6 Uridine Modification U-I

ModificationNH wasdiscontinued. Another modificatiotlesign was used insteafigure 339).

Figure 339 Chemical Structure of DMTprotected 2'-desoxy2'-fluoro-5-iodo-uridine phosphoramidite(3.23)

168



3.4.7. Uridine Modifications, Addition of DMT Protecting group and
Phosphoramidite
3.4.7.1.Step 4J-Ph/Vi/l: Removal of acetyl protecting groups fr@h5'-di-O-acetyl2'-

desoxy2'-fluoro-5-phenyturidine 3.4) and 3',5'di-O-acetyl2'-desoxy2'-fluoro-5-vinyturidine

(3.6) and 3',5'-di-O-acetyt2'-desoxy2'-fluoro-5-iodo-uridine @.3).

O 0
H\N | H‘N R
P | NHy/MeOH (7N) -
0" "N
Q" F fK - (3.15)
(3.3) o (3.16)
0 0 +h = (3.17)
X
O:<
L = i

{ ¢ 9ttt KK £ A

Figure 340. Step 4J-Ph/Vi/l: Removal of acetyl protecting groups fr@h5-di-O-acetyt2'-desoxy2'-fluoro-5-

phenyturidine @.4) and 3',5'di-O-acetyl2'-desoxy2'-fluoro-5-vinyturidine @3.6) and 3',5'di-O-acety}t2'-desoxy2'-
fluoro-5-iodo-uridine @.3).

After the additon of a functionalgroup Ph, Vior | at C5 positionthe acetyl protecting groups
were both removed so that a new protecting group codld | RRSR (2 /[ Qp L} a.
LIK2 3 LIK2NF YARAGS O2dz R (figue 346 MScetylipdtectingrBupis Qo LJ2 &
easily removed withNH/MeOH (7N) solution at room temperature. This reaction was
successful with simple purification needéti NMR spectrdor 3.15 (figure 341) showsan
addition of singleOH peaks at 3.93 ppm aBdd6ppm and the loss of 2 large singlet peaks at
2.05 ppm and 2.12 ppm from the acetyl groupbe extra peaks at 4.00 ppm are from ethyl

acetate from the work up of the reaction. The extra peakt at 8.50 pprintom a unknown
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contaminant. This'H NMR shows that the reaction was successful along with appehdix

showina the correcimass peak of plus a Nian at 345.0 m/z.
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Figure 341 ™H NMR spectra df'-desoxy2'-fluoro-5-phenyturidine (3.15). The extra peaks at 4.00 ppm are from

ethyl acetate from the work up of the reaction.

H NMR spectra fd.16(figure 3.43 showsan addition ofOH peaks at 3.61 ppm and 4.99 ppm
and the loss of 2 large singlet peaks at 2.05 ppm and 2.12 ppm from thy g@eips.The extra
peaks at 4.00 ppm are from ethyl acetate from the work up of the reaction. The extra peakt at
8.50 ppm is from a unknown contaminaithis'H NMR shows that the reaction was successful

along with appendix M showing the correct masslpef plus Hion at 272.91 m/z.
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Figure 342."H NMR spectra df'-desoxy2'-fluoro-5-vinyturidine (3.16). The extra peaks at 4.00 ppm are from
ethyl acetate from the work up of the reaction. The extra peakt at 8.50 ppm is from a unknown contaminant.
'H NMR spectra foB.17 (figure 343) showsan addfion of single-OH peaks at 3.58 ppm and
5.43ppm and the loss of 2 large singlet peaks at 2.05 ppm and 2.12 ppm from the acetyl groups.
This spectra is clean with no extra solvent pedkis'H NMR shows that the reaction was
successful along withppendixO showing the correct mass peakpifis apositive ion at 373.9

m/z.
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Figure 343.1H NMR spectra dt'-desoxy2'-fluoro-5-iodo-uridine (3.17).

3.4.7.2.Step W-Ph/Vill:! RRA (i A 2dyfnetBoXytrigl EDMT) protecting group to 2'
desoxy2'-fluoro-5-phenyturidine @.15 and2'-desoxy2'-fluoro-5-vinyturidine 3.16)**’ and

2'-desoxy2'-fluoro-5-iodo-uridine 3.17).

(@]
H‘N R DMTTCI
Py | DMAP
O N -
(3.15 4 F DMF (3 18)
(3.16) / t K = @ (3.19)
(3.17) OH (3.20)
+ A _
L @] O

{ ¢Otrt K £ A

Figure 344. Step 3J-Ph/Vi/l: Addition2 ¥ -dirdeth@xytrityl (DMT) protecting group t@'-desoxy2'-fluoro-5-

phenyturidine @3.15 and 2:desoxy2'-fluoro-5-vinyturidine @3.16) and 2:desaxy-2'-fluoro-5-iodo-uridine @.17).
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After the acetyl protecting groups were removed RdEnetfbxytrityl protecting group was

0 2 dzy R (hgdroftykg®up(igre 3.44 and 3.45Yhe trityl family of protecting groups are
acid sensitive hydroxyl protdag groups. These groups are widely used in solid phase organic
synthesis for protection and especially in oligonucleotide synthesis. The most popular being
dimethoxytrityl (DMT group)n Z-ginéethyltrityl protecting group must be removed from the
nucleosile before the oligonucleotide synthesis can proceed, this is called detritylations
below in reaction figure 38 Typically, the de@rotection is done with trichloroacetic acid
dissolved in dichloromethan&his group is used sbat when the samples are put into the DNA
synthesiser tosynthesisethe aptamer chains, the progression can be monitored by the
detection of an orange colour that is produced at the visible region 495 nm when the de
protection is successful. The intensity of the orange colour and the absorlvapoets the
efficiency of the coupling. Most DNA synthesisers have built in hardware that measures the
trityl yield for each cycle, so that the efficiency of the synthesis tteem be monitored

throughout all the cycle$?.

O L _a M a
o H70" G o o T
) Cl Cl
H H H
D ook CHNY ot
(0] (0} 0}
O a F g F 7
¢} (0]
(0] (e} (@)

Figure 345. First detitylation step of oligonucleotide synthesis

After a large amount of method developmeti, 434 435436 this reaction worled successfully.
The purification process is more complicated, as it ncosistantlybe in basicconditionsso as
to not cause premature detritylation. Purification has been successful Umsigalumina
based columnstH NMR analysis of the compouBdi8 shows a successful coupling by the

addition of aromatic peaks at 6.8186 ppm and 7.19.23. And the gaiof the large singlet
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CHpeak at 3.71 ppmfigure 346). The extra peaks at 3.20 and 4.00 ppm are from methanol

YR SiKeéef | OSiGlIGS FNRY GKS 62N dzLJ 2F GKS NEBI
the aromatic 7.00 ppm region, this maybe kause by excess DMT group, more purification

steps may be required for this ste mass spectrum shows a peak for the correct mass plus a

sodium ion at 647.20 m/@ppendixQ).

o
o2}
al

0]

H.
N
)\I

(0] N

3.73

o WF

Chemical Shift (ppm)

Figure 346.1H NMRspectra ofi QOMT tagge@'-desoxy2'-fluoro-5-phenyturidine (3.18). The extra peaks at 3.20

and 4.00 ppm are from methanol and ethyl acetate from the work up of the reaction.
H NMR analysis of the compouBd.9shows a successful coupling by the addition of aromatic
peaks at 6.866.88 ppm and 7.06.36. And the gairof the large singletCH peak at 3.71 ppm
(figure 347). There are extra peaks on the base line at 7.50 ppm, which may need more
purification steps. A mass spectrum shows a peak for the cormass plus a H ion at 578.0

m/z (@appendixU).

174



3.73 N

Water

©
0
—
i
|

':
=
o
o4
©
~
(2]
(4]
N
w

Chemical Shift (ppm)
Figure 347. 1 baw & LIJS-DNiTNdgge®'Fesoxy2'rluoro-5-vinykuridine (3.19). There are gtra peaks on

the base line at 7.50 ppnwhich may need more purification steps.
H NMR analysis of the compouBd®0shows a successful coupling by the addition of aromatic
peals at 684-6.86 ppm and 7.19.37. And the gain of the large singl€Etpeak at 3.74pm
(figure 348). The extra pak at 4.00 ppm is from ethyl acetate from the work up of the reaction.
The is also an extra peak at 8.05 from starting material that may need more purification steps
to remove.A mass spectrum shows a peak for the correct mass pN& &on at 697.@ m/z

(appendixy).
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Figure 481 b aw & LJS-DNiTNdgge@ Hesax§2'Fluoro-5-iodo-uridine (3.20) The extra peak at 4.00

ppm is from ethyl acetate from the work up of the reaction.
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3.4.7.3.Step6U-Ph/Vi/l: Addition of diisopropylchlorophosphoramidite to DMT
protected 2:desoxy2'-fluoro-5-phenyturidine 3.18 and 2:desoxy2'-fluoro-5-vinyturidine

(3.19%"and 2-desoxy?2'-fluoro-5-iodo-uridine @.20).

o o
Y
1 |
CN O%N
DIPEA (3.21)
pcm . (322) 25 m
t K (3.23) o- P\OI

- g

{ ¢Otn KK+ A

Figure 349. Step &J-Ph/Vi/l: Additionof diisopropylchlorophosphoramidite to DMT protectedd®soxy2'-fluoro-
5-phenyturidine 3.18) and 2:desoxy2'-fluoro-5-vinyturidine @3.19) and2'-desacy-2'-fluoro-5-iodo-uridine @.20).

The final reaction step before putting the samplen to the synthesiser is to add the
diisopropylchlorophosphoramidite, to cate the backbone of the RNA aptan{igure 349).In

the synthesiser thenucleoside phosphoramidite is added in large excess mixed with an
activator, tetrazole. The diisopropylamino group of the nucleoside phosphoramidite is then
protonated by the activair which converts it to a good leaving group. This is then quickly
RAaLX I OS Ryd@dyl goup $f the Qucleoside what is bound to the support on its
neighbouringphosphorus atom. This creates a new phosphaixggen bond resulting in a

phosphite trester bound to the suppoitfigure 3.50)37
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Figure 350. Activation and oupling step of oligonucleotide synthesis

The phosphiteriester P(l1l) that was created in the coupling step is unstable in acidic conditions
so must be convertetb the more stabld?(V) before the next detritylation stephis conversion

is done by iodine oxidation in water and pyridine. Thi&uits in the backbone being protected
with a 2cyanoethyl group. This protecting group stops undesirable reactionsrringat the
phosphorus during the next cyclégure 3.510*8 This step is so important because if the
attachment of thediisopropylchlorophosphoramiditis not successful it witlreventthe whole

synthesis from proceeding.

0 o]

o-P O _N 0-P=0 O _N
‘ N0 L N0
e AT T e AT

NC = NC Tg =

0 F 0 F
o) o)
o) o)

Figure 351.Oxidation step of oligonucleotide synthesis

After some method development this reaction works well @ampound3.18wasput in the
synthesiser to check its success. This reaction is air and moisture sensitive, so purification and a

long life of the sample has been difficult to achie¥® NMR anagbis of the compound 3.21
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shows a successful cding by the peak at 150.00 pptigure 3.53. This final product is a novel

compound, however very similar analogues of this have been made before.
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160 1410 120 100 20 &0 40 20 0 =20
Chemical Zhift (ppm})

Figure 3523%Pb a w & LIS ODMNT tagge®'-dasexy2'-fluoro-5-phenyturidine phosphoramidité3.21)

3P NMR analysis of the compouB@®2shows a successful cdimg by the peak at 139.00 ppm
(figure 3.53. The peaks at 11.3¥5.32 are oxidized phosphoramidit€he oxidized peaks will

not be purified out of the sample as the purification may cause noaigation of the sample.

This final product is a novel compound, however very similar analogues of this have been made

before.
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Figure 353.3%Pb a w & LJS O-DMT tagge®'-desexy2'-fluoro-5-vinyluridine phosphoramidit¢3.22)

3P NMR analysis of the compouB@3shows a successful cding by the peak at 149.00 ppm

(figure 3.54.

149,

i
OOCDH? CN

160 140 120 100 80 60 40 20 0 -20
Chemical Shift (ppm)

Figure 35431Ph a w & LJS O-DMT tagge®'-das@xy2'-fluoro-5-iodo-uridine phosphoramidité3.23)
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3.4.8 Quantification of the successful synthesis of a DMT protected 2'

desoxy2-fluoro-uridine phosphoramidite.

O” 'N DMAP
: oL DMF
0O
OH
OH N
{¢Ot

Figure 355. Synthesis route of DMT protected uridine phosphoramidite

¢2 ljdZ yaATe G(KS adO008aa 2 Fludicudingviné sdithegised | YR ¢
to be put on to the Expedite5 b! &8y i KS&A&SNE {2 -fluoto-uri@ines y | LIG |
(ARP25U). Tha § |j dz8 v O S-fURSUNIMIFURPTIQIUFUFURUFUFURUUFURURURUTURURUTU

0Q® ¢KS FdA t NBIFIOGAZ2Y H0KSYS T2NJ GKS aeyidKkSaa

aptamer was synthesised on to a Universal UnyLinker Support as shown in figure 3.56.

—MNH
Figure 356. ARP25U uridnine aptamer synthesised on Universal UnyLinker Support

CKS GNRGef Y2yAlz2N NMbd-dididesaptamerdyntieRis wakdudtessiuk S H p

(figure 3.57)
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Figure 357. ARP25U aptamerityl monitor progression bartarts.

3.5. Conclusion

In conclusion,phenyl, vinyl and iodanodified uridine phosphoramiditecompounds were
successfully made and scaled up sufficiently to be used in the synthesisMirtB87aptamer
library and control aptamersSSuccessful synthesis of these compounds has been demonstrated
by *H NMRC NMR and mass spectromettiyeir purity was good enough to carry forward to
the next step The aminomodified uridine phosphoramidite compounglas not successfully

made. Future work could be done develop a successful synthesis of this modification.
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Appendix D: Figure 3.6Mass spectra d8',5-di-O-acetyt2'-desoxy2'-fluoro-5-iodo-uridine (3.3).
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Appendix FFigure 3.63Mass spectra 08',5-di-O-acetyt2'-desoxy2'-fluoro-5-phenyturidine (3.4).
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Appendix IFigure 3.66Mass spectra 08',5-di-O-acetyt2'-desoxy2'-fluoro-5-vinyturidine (3.6).
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Appendix JFigure 3.6713C NMR Spectra @f-desoxy2'-fluoro-5-phenyturidine (3.15).
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Appendix KFigure 3.68Mass spectra a2'-desoxy?2'-fluoro-5-phenyturidine (3.15).
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Appendix LFigure 3.6913C NMR spectra @'-desoxy2'-fluoro-5-vinyturidine (3.16).
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Appendix M:Figure 3.70Mass spectra 02'-desoxy2'-fluoro-5-vinyturidine (3.16).
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Appendix NFigure 3.7113C NMRspectra of2'-desoxy2'-fluoro-5-iodo-uridine (3.17).
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Appendix OFigure 3.72Mass spectra o2'-desoxy2'-fluoro-5-iodo-uridine (3.17).
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Appendix S: Figure 3.78.1 & & & LJS OMNthgge22Tdesoxgifluoro-5-vinykuridine (3.19).
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m/z: calcd for C;, Hy, FN, O,
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Appendix VFigure 3.79% b aw & LIS-DMTNdgge@'-Besaxy2'fluoro-5-iodo-uridine (3.20). There are

extra peakat 80.36, 107.41, 140.69, 148.8pbmwhich are from unknowimcontaminant. An extra purification step

may be needed for this compound.
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Chapter 4

Synthesis of the Aptamer Library and
Control Aptamers




Chapter 4

4.1 Introduction

4.1.1.Aptamer Libraries

4.1.1.1 AddingDiversityto Aptamer libraries

SELEX is a powerful tool for identifying aptamers for a wide range of molecular t&fgets.
effectiveness of the aptamers in research, therapeutic applications and diagnostics has been
inhibited by the lack of chemical diversity of nucleic acid libraries. This limitation is partially
compensated for by the large random libraries that arelable to be screened. Numerous
efforts have been made to increase the functional diversity of nucleic acids. This has been tried
by modifying nucleobases or the sugdrosphate backbone, aiming to generate more diversity

in the aptamers to improved bindin properties and metabolic stability. One approach by
Benneret al.has been to modify the base pairing, giving a unique hydrogen bonding péttern.
This method went from the normal 4 letter library to a 6 letter library. THdsariesfit with

the PCR, amplifation and sequencing of SELEX. This has resulted in the successful identification
of aptamers for cell surface targef8.Even though the complexity of the aptamer library has

been increased it is stitirgelysimilar to the natural bases.

Libraries which replze ribose with other sugars such as XNAs, locked nucleic acids'{UNA),
enantiomer DNA/RNA {DNAJ**and othermodificationsd dzOK - IY& y# E dz#@ NRG | VR
methyF* have been of significant interest because of their aid in resisting nuclease degradation
(figure 4.1). However, none of these have provided a wide range of functional group di$&rsity,
which needs synthetic development. Nucleobase functional groups that are similar to amino
acid side chains or small molecules haverbie¢roduced at either the fposition of pyrimidines
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(cytosine and thymine) or the-r 8-position of purines (adenine and guanine) to enhance
ligand binding properties or catalytic activit}#.Of the functional groups tested, hydrophobic
groups that are similar to side chains in proteins have been proven to be the most effective
modifications for a wide range a¢érget proteins**® ThesemodificationsA y i N2 RdzOSR | {
position of deoxyuridin®* have allowed for the additional demand fkinetic stability of the

complexes during selections and identification of SOMAmer reagents¢oi30000 proteing?®

o]
3 . B
Base \
© O P OH
o \o N/& O
o (R) (S)
(R)
O\O LNA [ oy LDNA
3 AW
b1

Figure 4.1Modified Nucleic Acids b ! @MNAY-DNA.

This project will make modified aptamer library using phosphoramidite chemistry and the split

and mix method. It will not follow the normal flow of SELEX; as selection against the EGFR target
will be done using flow cytometdyased sorting and hit aptamer identification by MS/M&e
Y2RAFAOIGA2ya gAft 0SS 2y pQ LRairAldAaAz2y 2F (GKS

modification on the cytosine and uiites, adding diversity to the aptamer library.
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4.1.2. Split and Mix Method

Cycle 1 ®

v
Cycle 2 o0

Cycle 3 900

e
o
o
900000000 -0000
e

Figure 4.2SplitMix Synthesis

Synthesis 0OBOGibrariesisdone by splitsyktS a A 4= | f a2 1 Y¥EX¥Y ad&y diikSa w
which is a solid phase synthesis. It works by having a combinatorial library, for example a
peptide library which was synéisised using 20 amino acids. The bead support is then divided
into 20 equal portions. After that a different amino acid is coupled to each portion. Finally, these
portions are all mixed togetherThis can be regated in a cycle and thehain will be
elongded.**® The way that a ondeadone-compound library is synthesised is often down to

the chosen polymeric carrier. A beaded polymer needs to reach nestandards depending

on the screening and synthetic approach. It is very important for the substitution and the size
to be the same for ondeadone-compound libraries. It is also important to haaeesin with

good resistance to the creation of clustesthis could prevent statistical distribution. It is very
important that the resin has the ability to swéallboth organic and aqueous media when bead

binding assays are used for screenitig

199



4.1.3. Computational Modelling

Computational modelling has gained an increasingly significant role in biomolecular and
chemical fields over the past decades. This has been helped by developmentméak
software and methodology as well as technological advances in computational hardware. Today
we are able to screen virtual libraries of millions of potentially therapeutic compounds
searching for candidate inhibitors and targets, run simulation igfddiomolecular complexes

or predict protein structures with comparable accuracy to high resolutiomayX
crystallography?’ Being able to visualise the structure and shapes of compounds and

therapeutic agents israextremely useful tool for drug discovery.

Initially, the focus was on forefield based methodologies for studying the structures, dynamics
and interactions of biomolecules. This was followed by the development of quantum chemical
techniques suitable fo studying large systems, density functional theory being the key
approach for investigating enzymatic mechanisms or properties and reactions of small

biologically relevant moleculefd’

Computational quantum chentry: molecular orbitals and their electrons, allow us to calculate
chemical and physical properties that directly depend on the electron distribution. This can
reach all the way to coarsgrained molecular dynamics simulations, where groups of atoms
interacting by laws of Newtonian mechanics will provide valued insights into the complexity of
biological processes at the cellular le$€IThe potential energy is calculated by adding up the
energy terms that describe interactions between bonded atoms and terms that describe the
non-bonded interactions such as electrostatic interactions &ath der Waaldorces (figure

4.3).
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Figure 43.In molecular mechanicshe @oms are represented as charged spheres, which have bonded (bond
stretch, angle bend and tsional angle rotation) and nebonded interactions\{an der Waalsnd electrostatics)
There are a number of computational modelling software programs available, having different
degrees of complexity, and oriented to treat different kinds of systems. The most commonly
used ones areAMBER‘®#44® CHARMNP® and GROMOS which are designed for biological

macromolecules.

4.1.31. ComputatonalModelling ofNucleic Acids

The conformationalspace of DNA/RNA is diverse and dynamic and has the ability to change
depending on the physicochgcal properties of the surroundingnvironmentsand with
interactions with other molecules. Its geometry can be described in terms of helical parameters,
(pitch and diameter of the helix), groove parameters (depth and width), furanose ring
conformation, & torsional angles of the backbone, rotational (tip and inclination) and
translational base pair parameters, six inbvase parameters (buckle, propeller, opening, shear,

stretch, and stagger), and six intease parameters (tilt, roll and twist, shiftide, and rise*’
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4.1.32. ComputationdModelling for Drug Discovery

Efficient and effective drug discovery is still the biggest challenge facing the medical scientific
community. The challenges faced in thdentification, development and clinical trials
associatedvith novel drug discovery are not only limited to the complexity of the task but also
by the significant time and financial requirements. It has been reported that the total cost of
drug delivery from bench to drug approval averages 2.6 billion USD and g year&?These
challenges highlight the need for netechniquesfor rapid screening and discovery of
therapeutic candidates at low cost. A technique that is helping this is molecular modelling, with
molecular docking, moleculatynamics(MD) simulation and ADMET modelling representing
the mostwidely used sgcific techniqueg®34544%5 Molecular dockingbased virtual screening

will identify hit compounds withhigh affinity?>® for their target, however, it often lacks
simulation of receptor flexibilities. Conformation of proteins plays a vital rolethim
biomolecular recognition of ligands and so their flexibility in a simulation environment
represents a more accuratdescription of the biological system. Some docking software
packages have been developed to address this, however a large number efttoggams do

not factor in the fullflexibility of the receptors. MD simulations are able to take on this task to
determine the timedependent dynamics of proteiligand interactions. MBimulationstreat
ligands, proteins, water molecules and ions astipkes interacting with one another by the
AYyGiSaNFrGA2y 2F F2NDOS FTAStRa (GKIFIG KIFI@S 6SSy
motion. The simulations allow for the inspection of the stability of ligands in the active pocket
of the receptor targes. This is crucial tealidatingthe results predicted through the molecular

dockingbased virtual screening proce®s.

ADMET modelling is capable of predicting the clinical success of drugs. The pharmaceutical
industry has a challenge in coordinating the optimisatiasf the combination of

pharmacokinetic and pharmacodynamic properties that are driven by characteristics such as
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absorption, distributionmetabolism excretion and toxicity. Because of this there has been a
big effort to create tools that can predict phaatokinetics and pharmacodynamic endpoints
during the optimisation process such as minimising animal models and having better targeting
clinical trials®® ADMET prediction platforms can reject inappropriate compounds by
simultaneously targeting numerous pharmacokinetic characteristics. This lowers the amount of

synthesis and latstage trial failures.

All of these techniques in drug discovery are hugely important. Although there are limitations,
pairing them with experimentalata is very powerful and can reduce the amount of both time

and money spent on drug discovery.

4.1.4. Chapter Aims

The aim of this chapter is to optimise the synthesis of the aptamers before synthesising the
control aptamers and fully modified aptametdiQEO7Biotin, MinE0O7M3Biotin, MinEO7M6

Biotin, MinEOZU-Ph-Biotin, MinEQZU-Vi-Biotin, and MinEO7U-I-Biotin) to be used as a
comparison for aptamers in the MinEO7 aptamer library. After this optimisation, the aptamer
library will be synthesised on the solid suppg@H modified TentaGel microspheres, using the
split and mix method. Computational modelling wié bsed to give visualization of how the

modifications can affect the shape and folding of the MinEO7 aptamer.

4.2 Materials and Instrumentation

4.2.1 Materials

Synthesiser reagentsixidizer (0.02M iodine, 20% pyridine), Cap A Mix (THF/Pyridine/acetic
anhydride 8:1:1), Cap B Mix (10% methylimidazole in TH#pot (3% trimethylamine in DCM)
and ETT Activator (0.25 M;eBhylthio-1H-tetrazole in acetonitrile) were purchased fromnk

Technologies. N2-Acetyl2'-O-tert-butyldimethylsily5'-O-DMT-guanosire 3-CE
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phosphoramidite, N@Benzoy2'-O-tert-butyldimethylsily}5'-O-DMT-adenosine 3CE
phosphoramidite, N4Acetyt2'-deoxy5'-O-DMT-2'-fluorocytidine 3*CE phosphoramidite and
2'-Deoxy5'-O-DMT-2'-fluorouridine 3*CE phosphoramidite were purchased fr@arboSynth.
¢SyidlrDStt a bli a2y2a8Al SR ! YAy2 ¢Syil DSt

Polymere.

4.2.2 Instrumentation

4.2.2.1 Expeditet 8909DNA Synthesiser

Specification can be found in Chapter 2 section 2.2.2.1 Expeff89 DNA Synthesiser
4.2.2.2 Mass Spectrometer

Specification can be found in Chapter 3 sec8dh2.3 Mass Spectrometer
4.2.2.3 U\-Visible Absorption

Specification can be found in Chapter 2 secfdh2.5 UWisible Absorption Spectra

4.3. Experimertal Methods

4.3.1 Set up for the synthesis of All MinEO7 Aptamers

The phosphoramidite samples were dissolved in 20 mL (20 mL for 1 g of sacgim)itrile

(DCM for Tentagel beads), put in bottles and screwed into the synthesiser lines. The other
reagents put on to the machineoxidizer (0.02M iodine, 20% pyridine), Cap A Mix
(THF/Pyridine/acetic anhydride 8:1;ap BMix (10% methylimidazole in THF),biteck (3%
trimethylamine in DCM)and ETT ativator solution (0.25 M, Eethylthio-1Htetrazole in
acetonitrile) A leak test is run to check nitrogen is not leaking from the lines. If passed, the lines
are then flushed with the new reagents added to them. bleads are added to the column,

which is therfitted onto the synthesiser, which is then flushed with acetonitrile several times.
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The sequence and protocol are then selected udiafidate XRonnected to theExpeditet
8909 DNA Synthesisdihe aptamer sequences are then run and monitored using the trityl

monitor.

4.3.2 Synthesis of MinEQ7 Aptamer

Universal UnyLinker support (0.021g) was added to a synthesiser column. See experimental
method 4.3.1 for the setup of the synthesis@he sequace uploaded on to the synthesiser

was:p €BrGrAfCrGrGrAfUfUfUrArAfUICrGICICrGTfUrArGrArArArArGICrAfUrGfUfCrArArArGfCfC

rGrGrArAfCfCrGfUfGIC.(This was run to completion.

4.3.3 2D Predicted secondary structure of MinEQ7 aptamer

ViennaRNArfa.tbi.univie.ac.at) was used to model a 2D predicted secondary structure of

MinEQ7 aptamerusing the thermodynamic structure prediction and the RNAfold web server

giving a minimum free energy ed.30kcal/mol.A dot and bracket sequence was generatéml

be used to create a PDB fil&((((......... (o «........ M-I

4.3.4. 3D Predicted secondary structure of MinEQ7 aptamer

The dot and bracket sequence was used to generate a PDB file to create a 3D stnfdhee

MinEQO7 aptamer using RNA composenatomposer.cs.put.poznan.pl/ The PDB file was

openedinWordpadand f f GKS HQhl FG2Ya 6SNB RSt SGSR TN
ATOM 285 C2' -2.379 -17.851 -16.606 1.00 ©.00
-2.042 -16.833 -16.402 1.00 0.00

ATOM 286 H2'

-1.492 -18.832
-1.937 -19.252

Figure 44.PBD File of MinEO7 aptamer before editing

¢tKS hHQ tAYySa ¢ SNFigirkaSy NBLI  OSR 6A0GK CHQ
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ATOM 283 C2'U A 9 -2.332 -17.991 -16.814 1.00 0.00 C
ATOM 28 H2' U A 9 -1.836 -17.068 -16.520 1.00 ©0.00 H
ATOM 285 FF2SUEEATTY -1.513 -19.038 -16.468 1.00 0.00 F

Figure 45. PBD File of MinEO7 aptamer after editing

This PDB can be visualised using the cross platform molecular builder and editor program,
Avogadro (avogadro.cc). The geometry was then optimised using the optimise geometry option
in Avogadro with force field MMFF94, which is waauum

4.3.5 Synthesis of BiotifMinEQ7 Aptamer

Universal UnyLinker support (0.08) was added to a synthesiser column. See experimental
method 4.3.1 for the setup of the synthesis@ihe sequence uploaded on to the synthesiser
was:p -QiotinrGrGrAfCrGrGrAfUfUfUrArAfUfCrGfCICrGfUrArGrArArArArGfCrAfUrGfUfCrArArA

rGFCfCrGrGrArAfCICrGIUf@I@Q ® ¢ KA a @l & NHzy G2 O2YLX SGiA2Yy ®
4.3.6. Synthesis of BiotifMinEO7M3 Aptamer

Universal UnyLinker support (0.08) was added to a synthesiser column. See awpartal

method 4.3.1 for the setup of the synthesis@he sequence uploaded on to the synthesiser

was:p -QiotinrGrGrAfCrGrGrAfUfUfUrArAfUICrGfCICrGfUrArGrArArArArGICrAfUrGfUfCrArArA

IGFCICIGIGIATAICIGIGQ @ ¢ KA & gk a NMzy G2 O2YLX SGAz2yo

4.3.7. 2D Predicté secondary structure of MinEO7M3 aptamer

ViennaRNAr(a.tbi.univie.ac.atf was used to model a 2D predicted secondary structuthef

MinEO'M3 aptamer, using the thermodynamic structure prediction and the RiN#wveb server
giving a minimum free energy e3.80kcal/mol A dot and bracket sequence was generated

be used to create a PDB file((((...----.- )))) P (G )) .

206


http://rna.tbi.univie.ac.at/

4.3.8 3D Predicted secondary structure of MinEO7M3 aptamer

The dotand bracket sequence was used to generate a PDB file to create a 3D structure using

the RNA composerrfacomposer.cs.put.poznan.pl/The PDB file was opened in Wordpad and

FEf GKS HQhI flom aritire atd WBdin& Gigui @ 8)R

ATOM 285 (C2'

9 -2.379 -17.851 -16.606 1.00
9 -2.042 -16.833
9 -1.492 -18.832
9 -1.937 -19.252

U
U
ATOM 287 02' U
U

Figure 46.PBD File of MinEO7M3 aptamer before editing

¢KS hHQ tAySa ¢SNFigiredyy NBLXFOSR 6AGK CHQ

ATOM 283 C2'U A 9 -2.332 -17.991 -16.814 1.00 0.00 C
ATOM 284 H2' U A 9 -1.836 -17.068 -16.520 1.00 0©0.00 H
ATOM 285 N F2RU S AT -1.513 -19.038 -16.468 1.00 0.00 :

Figure 47.PBD File of MinEO7M3 aptamer after editing

This PDB can be visualised using the cross platform molecular builder and editor program,
Avogadro (avogadro.cc). The geometry was then optimised using the optimise geometry option
in Avogadro with force field MMFF94, which is wmeauum

4.3.9 Synthesis of BiotifMinEO7M6 Aptamer

Universal UnyLinker support (0.08] was added to a synthesiser column. See experimental
method 4.3.1 for the setup of the synthesis@he sequence uploaded on to the synthesiser
was:p -QiotinrGrGrAfCrGrGrAfUfUfUrAfUTCrGfCTCrGfUrArGrArArArArGfCrAfUrGfUfCrArArA

IGICICIGIGIAFA Qd® ¢ KA A g+ a NMzy (G2 O2YLX SiAz2yo

4.3.10Q 2D Predicted secondary structure of MinEO7M6 aptamer

ViennaRNArfa.tbi.univie.ac.atf was used tonodel a 2D predicted secondary structure of the

MinEQ7M6 aptamerusing the thermodynamic structupredictionand the RNAfold web server
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giving a minimum free energy e3.80kcal/mol A dot and bracket sequence was generated to

be used to create a PDBEfL.((((......... )))) P (G )) I

4.3.11 3D Predicted secondary structure of MinEO7M6 aptamer

The dot and bracket sequence was used to generate a PDB file to create 3D structure using RNA

composer Knacomposer.cs.put.poznan.pl/The PDB file was opened in wordpad afidhe

HQhl G2Ya IINB RSt SOGFBUeBNPY dzNARAYS

ATOM 285 (C2' U
ATOM 286 H2' U
A U

U

287 02'
288 HO2'

-1.937

Figure 48. PBD File of MinEO7M6 aptamer before editing

9 -2.379 -17.851 -16.606
9 -2.042 -16.833 -16.402
9 -1.492 -18.832 -16.101
) -19.252 -15.364

1.00
1.00

¢KS hHQ tAySa ¢SNFFigier8)y NBLIX |

ATOM 283 C2'VU A 9
ATOM 284 H2' U A 9

ATOM 285 T P2V AT S -1.513 -19.038

Figure 49. PBD File of MinEO7Mdptamer after editing

-2.332 -17.991 -16.814
-1.836 -17.068 -16.520

1.00
1.00
1.00

FYR O8&iA

This PDB can be visualised using the cross platform molecular builder and editor program,

Avogadro (avogadro.cc). The geometry was then optimised using the optimise geometry option

in Avogadro with force field MMFF94, which is waauum

4.3.12 Synthess of MinEQ7Lib Aptamer Library

hl Y2RATASR ¢Syt DSt 1

azy2a8A1 SR ! YAYy?2

added to a synthesiser column. This was enough to synthesis 200 copies of every possible

sequence. See experimental method 4.3.1 for the setiihe synthesiser.

w2 dzy R-PGLMkef€fGp Q® ¢ KA & 451 dSyOSs

TentaGel microspheres.

gl

puli
w»
puli
N
<,
c
N
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w2dzy R HY YUNIERRheyTéntagelYmicoospheres were taken out of the main column
and split in 4 columnsUtPh U-Vi, U, U-). A synthesis circle using compouBd®1 was
performed on columnJ-Ph A synthesis circle using compouh@2was run through columb-

Vi. A synthesis circle using compoudi@3was run through columil. A synthesis circle using

unmodified uridine phosphoramidite was run through colurd.

Round 30 AfCfCrArArGrGfCTCrGrArArAfCT his sequence was loaded onto the synthesiser
and run on all TentaGel microspheres.

w2dzy R nY JfUNIORHe gafne synthesis@rocedure was performed as for round 2.

Round 5:0 €I5p Q & saygieica was loaded onto the synthesiser and run on all TentaGel
microspheres.

w2dzy R cY -fUNIORHe gafne synthesis@rocedure was performed as round 2

Round 7o €AfCrGrArArArAIGHA Q @ ¢ K A avasb&igdar8oyti@ Synthesiser and run on
all TentaGel microspheres.

w2dzy R yY JfUNIORHe ¢afhe synthesis@rocedure was performed as round 2.

Round 9:0 AIfCfCrGf@ (Ithis sequence wamaded onto the synthesiser and run on all

TentaGel microspheres.
w2dzy R mnY -fU-pBTResdde synthesie flocedure was performed as round 2.

Round 110 €ArAp (Tlds sequencevasloaded onto the synthesiser and run on all TentaGel

microspheres.

w2dzy R mHuY -fU-pBRTRAsHe syntfesie ocedure was performed as round 2.
w2dzy R moY -fU-pBTResdrde synthiesie flocedure was performed as round 2.
Round 14: BIA R A yf8-p @TYie sanGke synthesis procedure was performed as round 2.

Round 150 €ArGrGfCrArGrg (s sequenceasloaded onto the synthesiser and run on all

TentaGel microspheres.
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The weight of the final MinEO7Lib TentaGel Microspheres wa(20.g.

4.3.14 Synthesis of MinEOTJ-Ph-Biotin Aptamer

Universal UnyLinker support (0.08] was added to a synthesiser column. See experimental

method 4.3.1 for the setup of the synthesis@he sequence uploaded on to the synthesiser

was:p -QiotinrGrGrAfCrGrGrAfU-PhfU(U-Ph¥U(U-PhYArAfU U-PhfCrGICICrGfl-PhYArG
rArArArArGfCrAflU-PhyGIU U-Ph¥CrArArArGICICrGrGrArAfCICrGHPhFCfGo Qd ¢ KA a gl

run to completion.

4.3.15 3D Predicted secondary structure MinEO7U-Phaptamer

The geometry bJi A YAASR aAy9nTt CHQ SRAGSR t5. TFA{S g4t
atom at C(5) on all the uridine residues were deleted and a phenyl group was abued.

geometry was then optimised in Avogadro with force field MMFH%%: aptamer washen

visualisel using Hermes by Cambridge Crystallographic Data Cen@&CQC)

(https://www.ccdc.cam.ac.uk/solutions/csdore/components/csehermes).
4.3.16 Synthesis of MinEQ'U-Vi-Biotin Aptamer

Universal UnyLinker support (0.08] was added to a synthesiser column. See experimental

method 4.3.1 for the setup of the synthesis@ihe sequence uploaded on to the synthesiser

was:p -QiotinrGrGrAfCrGrGrAfU-VifU(U-VifU(U-ViYArAfU U-VifCrGFfCTCrGfl-Vi)yArGrAr
ArArArGfCrAfU-VixGfUU-ViXCrArArArGICfCrGrGrArAfCICrGHRYIfCfGo Q® ¢ KA & &l a N,

completion.

4.3.17 3D Predicted secondary structure of MinEQZVi aptamer

¢tKS 3IS2YSUNER 2LIWAYAASR aAy9nt CHQ SRAGSR t5.
atom at C(5) on all tauridine residues were deleted and a vinyl group was adbtleel geometry
was then optimised in Avogadro with force field MMFFBHBe aptamer was then visualised

using Hermeshttps://www.ccdc.cam.ac.uk/solutions/csdore/components/csehermes).
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4.3.18 Synthesis of MinEO7U-I-Biotin Aptamer

Universal UnyLinker support (0.08] was added to a synthesiser column. See experimental
method 4.3.1 for the setup of the synthesis@ihe sequence uploaded on to the synthesiser
was:p -QiotinrGrGrAfCrGrGrAfU-)fU(U-NfU(U-NrArAfUU-NfFCrGfCTCrGfll- ) rArGrArArArA

rGfCrAfUU-NrGfUU-NfCrArArArGFCfCrGrGrArAfCICrGH)fCfCo Q & ¢ KAa g | NIz

QX

completion.

4.3.19 3D Predicted secondary structure of MinEQ¥| aptamer

The geometry optimised A Yy 9 nT CHQ SRAGSR t5. FAES gl a 2LIS
atom at C(5) on all the uridine residues were deleted and an iodo group was added.

geometry was then optimised in Avogadro with force field MMFH3% aptamer was then

visualised using Hmes fattps://www.ccdc.cam.ac.uk/solutions/csdore/components/csd

hermes)).

4.3.2Q Cleavage of MinEGBIotin, MinE0O7M3Biotin, MinEO7M6Biotin, MinEO7?U-PhBiotin,

MinEQ7U-Vi-Biotin and MinEQ7U-I-Biotin Aptamers from Universal Unylinker Support

MInEO%Biotin, MinEO7M3Biotin, MinEO7M@Biotin, MinEO7U-PhBiotin, MinEO7U-Vi-Biotin

and MinEOQ7U-|-Biotin aptamerswere cleaved and deprotected. The solid support resin was
removed from the column and placed into a screap centrifuge tube and to this.5 mL of
ammonia was added. The aptamers were incubated at 55 °C overnight in a stirring water bath.
The aptamers are then placed in a centrifugal vacuum concentrator to remove the ammonia

solution. The aptamers were then eachsespended in autoclavesater.

4.3.21 Desalt of MinEO7Biotin, MinEO7M3Biotin, MinEO7M®6Biotin, MinEOQZU-Ph-Biotin,

MinEQ7U-Vi-Biotin and MinEQ?7U-I-Biotin Aptamers using Zetadex

Purification of the RNA aptamers was carried out by size exclusion gel chromatography using

Zetadex resin (emp Biotech). A 20 mL column was prepared with 1 mL of cotton wool at the
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bottom of the column. A slurry of zetadex resin and autoclaved water wegsaped for use in
the column. 1 mL of aptamer was loaded onto the column and the column was flushed with
deionised water. 1 mL fractions were collected. This was repeated for each aptamer, with a new
column each time. The fractions were run on the NaopdU\AVis spectrophotometer. The
fractions containing an RNA signal were pooldded down and resuspended in reverse

osmosis purified water and stored in the freez&((C).
4.3.22 PAGEbased analysis of Aptamers

TBE denaturing polyacrylamide gelggprepared from a denaturing 20% polyacrylamide stock
solution and TBE buffer, with the final concentrations of polyacrylamide at 15%. The gels were
L2f @YSNAASR o0& |RRAGAZ2Y 2F p > %QadBxrdmadrie
concentration). e solution was mixed thoroughly and poured between glass plates with 0.75
mm spacers, followed by insertion of a 0.75 mm comb. The gel was then left to fully polymerise.
Approximately 80% of the cassette was filled with TBE buffer. The comb was remtared af
polymerisation and the wells were flushed with deionised water, and then buifter. [at 20

nM of each aptamer sample in water was prepared along witkl10rea (8 M)20 pLof each

sample was loaded onto the polyacrylamide gel. All gels were ngo@tVv, 15 mA, for 60
minutes. Gels were stained in Staif\b prepared in isopropandtis buffer, for over an hour.

The gels were then rinsed to remove excess stain using water before being imaged on an Epsom

scanner.
4.3.23 PAGEbased Purification of Atamers

MInEO%Biotin, MinEO7M3Biotin, MinEO7Me@Biotin, MinEO7U-PhBiotin, MinEO7U-Vi-Biotin
and MIinEO7U-I-Biotin aptamersrequired purification by Poly Acrylamide Gel Electrophoresis
(PAGE). A 1.5 mm 15% denaturing PAGE gel was produced by diluting 37.5 nécoyl209ide

denaturing stock solution with 12.5 mL of 1 x TBE buffer. To this 50 puL of TEMED and 130 pL of
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40% APStock solution were added to induce polymerisation. The gel was poured between two
glass plates and a 1.5 mm comb was inserted. The comb was removed after casting and the well
washed with TBE buffer. The gel was-pre at 300 V for 1 hour before the sarephas loaded.

The aptamers with 8 M urea were loaded onto the gel and run at 250 V for half an hour before
being run for a further 1.5 hours at 300 V. The gel was removed from the glass plates and placed
onto cling film, which was then placed onto a silldzC plate; the gel was illuminated with UV

light to visualise each aptamer. The aptamer band was cut out of the bulk gel and placed into a
15 mL falcon tube. The gel was homogenised, and 10 mL of autoclaved water was added. The
solution was mixed and ragly frozen in liquid nitrogen before being incubated overnight at 60

°C in a water bath. The solution was split into two equal portions and centrifuged for five
minutes, the supernatants were collected, and the pellet extracted using a pipette with 2 mL
autoclaved water. This was repeated three times. The supernatants were dried by centrifugal
vacuum concentration at 60 °C for five hours and the pellets wesuspended in autoclaved

water.

4.3.24. Ethanol Precipitation of Aptamers after PAGE Purification

MinEQ7, MinEO7M3 and MInNEO7M6 aptamerere desalted by ethanol precipitation, the
samples were incubated with 3 M sodium acetate and 100% ethanol over night before being
centrifuged for 20 minutes. The supernatant was removed, and the pellet washed withof
ethanol and centrifuged again; this was repeated three times for each sample. The samples

were then left to air dry before being f®uspended in autoclaved water.

4.3.25. Determination of Aptamer concentration by WW¥isible spectrophotometry

Aptamer concentrations were analysed by -Migible spectrometry using a Nanodrop
spectrophotometer2 pL of deionised water was placed onto the stage and this blank was run
through the machine. The stage was cleaned with deionised water &mtht@chwipe. 2 pL of

sample was then placed onto the stage and a spectrum was run between the regionsqf 200
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360 nm. Each sample was repeated until a minimum of three concordant results were achieved.

Using the calculated2& from Intregrated DNA'echnologie$lDT) (2.11) and the measured A

from the U\WWVis data, a concentration was calculated by multiplying them together.

4.4, Results and Discussion

4.4.1 Synthesis of MinEO7 aptamer

4.4.1.1 Synthesis of MinEO7 aptamer

MiIinEQ7:p €5 rGrAfCrGreAfUTUTUrArAfUTCrGFCICrGfUrArGrArArArArGfCrAfUrGfUTCrArArArG

fCTCrGrGrArAfCfCrGfUfai

The synthesis dflinE076 | & R2y S dzaAy3 | 9ELISRAGSH ydnd

made phosphoramidites in acetonitrile. A Universal UnyLinker solid supparused (figure

0
Q- Y
H N-g
0

Figure 410. Structure of Universal UnyLinker Solid Support

4.10).

The synthesis of this aptamer took several attempts with multiple protocol changes to achieve
a successful synthesis, including extended coupling times and increased wsethesn

synthesis stepdigure 411).
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[ Cycle A (Adenosine) RNA 1 umole

R catententententenienientenienientenientenienieni et e et e et e e e e e e e e * /
l;‘ Function Mode Amount Time (sec) Description xf
Y i /Argl /Arg2 x/
IR xf
$Deblocking

144 /*Index Fract. Coll. */ NA 1 0 "Event out ON"

0 /*Default */ WAIT 0 1.5 "Waitc"
141 /*Trityl Mon. On/Off */ NA 1 1 "START data collection"”
16 /*Dblk */ PULSE 10 0 "Dblk to column"
16 /*Dblk */ PULSE 50 60 "Deblock"
38 /*Diverted Wsh A */ PULSE 40 0 "Flush system with Wsh A"

141 /*Trityl Mon. On/Off */ NA 0 1 "STOP data collection”

38 /*Diverted Wsh A */ PULSE 40 0 "Flush system with Wsh A"

144 /*Index Fract. Coll. */ NA 2 0 "Event out OFF"
$Coupling

1 /*Wsh */ PULSE S 0 "Flush system with Wsh"

2 [/*Act */ PULSE S 0 "Flush system with Act"

18 /*A + Act */ PULSE € 0 "Monomer + Act to column"”

18 /*A + RAct */ PULSE ] 402 "Couple monomer"

1 /*Wsh */ PULSE 8 357 "Couple monomer"

1 /*Wsh */ PULSE 7 0 "Flush system with Wsh"
$Capping

12 /*Wsh A */ PULSE 20 0 "Flush system with Wsh A"

13 /*Caps */ PULSE 7 0 "Caps to column"

13 /*Caps */ PULSE ] 15 "Cap"

12 /*Wsh A */ PULSE 6 15 "Cap"

12 /*Wsh A */ PULSE 14 0 "Flush system with Wsh A"
$0xidizing

15 /*Ox */ PULSE 20 0 "Ox to column”

12 /*Wsh A */ PULSE 15 0 "Flush system with Wsh A"
S$Capping

13 /*Caps */ PULSE 7 0 "Caps to column”

12 /*Wsh A */ PULSE 30 0 "End of cycle wash"

Figure 411.Synthesiser Protocol for Urgrsal UnyLinker Solid Support

The trtyl monitor of the successful synthesisMinEO7is shown in figure 42. This synthesis
was used as the method development for all other aptamer synthesis using the Universal

Unylinker Solid Support.

c u c A 6 = 6 A c 6 A 6 A A A 6 c c A u u 6 c 6
[ 6 c A 6 Cc A A u u c A A 6 u c 6 u A u A 6 A 6

Figure 412.Trityl Monitor of the Synthesis of MinE@n Universal UnyLinker Solid Supp@uanine is labelled as

6.

The step wise coupling efficiency is 97.3hswn in the synthesis reportigure 413). To get
the overall average yiel@.979¢ = 0.361.This gives a 36.1% overall synthetic yiglkis yield

could be better however is high enough to move to carry this product forward.
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Sequence {5'-3'}

66A C66 AUU UAA UCE CC6 UAB AAAABC AUB UCAAAB CCE 6AA CCEB
ucc

Trityl Histogram for synthesis: AlixRNAaptamer 48 mer.
Efficiency(Stepwise Yield by base leveling): 97.9%

Final Yield (by rolling average): 100.0%

Stepwise Yield for Monomer: C: 93.3 %

Stepwise Yield for Monomer: U: 99.8 %

Stepwise Yield for Monomer: 6: 99.2 %

Stepwise Yield for Monomer: A: 99.2 %

Figure 413. Aptamer Synthesis Report of the Synthesis of MinEOWiversal UnyLinker Solid Support

4.4.1.2 2D Predicted secondary structure of MinEQ7 aptamer

ViennaRNA was used to model a 2D predicted secondary structute dflinEQ7 aptamer

(rna.tbi.univie.ac.af). This was done by using the thermodynamic structure prediction and the

RNAfold web server. The results for the optimal secondary structure gave a miniraeam fr

energy 0f-9.30kcal/mol {igure 4.14).

Figure 414.2D Predicted secondary structure of MinEdptamer.

4.4.1.3 3D Predicted secondary structure of MinEdptamer

The dot and bracket sequence was used to generate a PDB file to create 3D structure using RNA

composer(rnacomposer.cs.put.poznan.pl/

() DM
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http://rna.tbi.univie.ac.at/
http://rnacomposer.cs.put.poznan.pl/

a4 aAyont KlFra FEd2NRAYS i GKS HQ LRaAAGAZ2Y 27F

z

wasSRAGSR dzAAy3d y20SLI R !'ff GKS HQd(figlrdi 2 Ya |

4.15)

ATOM 285 (C2' UA 9 -2.379 -17.851 -16.606 1.00 ©.00 C

ATOM 286 H2' UA 9 -2.042 -16.833 -16.402 1.00 ©.00 H

A 287 02' UA 9 -1.492 -18.832 -16.101 0.00 0
288 HO2' UA 9 -1.937 -19.252 -15.364 0.00 H

Figure 415.PBD File of MinEQ7 aptamer before editing

¢KS hHQ fAYEHE I OSRS sG KBY CNIQ 6 FTAIdzNB n

ATOM 283 C2'VU A 9 -2.332 -17.991 -16.814 1.00 0.09 C
ATOM 284 H2' U A 9 -1.836 -17.068 -16.520 1.00 0.00 H
285 F2' U -1.513 -19.038 -16.468 1.00 ©0.00

Figure 416.PBD File of MinEQ7 aptamer after editing

This PDB can be visualised using Avogadro (avogadro.cc). Because the PDB file has been edited
with modified structures, the geometry needs to be optimised. This was done using the optimise
geometry option in Avogadro with force field MMFF94 (which assuaneacuum) and then

visualised using Hermégigure 4.17.

Figure 417.3D Predicted secondary structure of MinEQ7 aptamsngHermes from CCDC
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4.4.2 Synthesis of Control Aptamers MinEGBiotin, MinEO7M6-Biotin

and MinEO7M3Biotin .

4.4.2.1 Synthesis of MinE@Biotin aptamer

MinEO7Biotin: p -QiotinrGrGrAfCrGrGrAfUfUTUrArAfUfCrGICICrGfUrArGrArArArArGfCrAfUrGf

UfCrArArArGfCfCrGrGrArAfCfCrGfUCIC

After the method development for the synthesisMinEO7derivatives, a biotin tag (figure 4.18)

gl a FadGrOKSR d GKS pQ SytRmes Tould e Ssedis pradedhy O S

binding assays to bind to streptavidin.

|

DMTN”" “NH

II" .-":L""- e e NH T P #____.-— O—IT—N{ FI]E

, - - . o
"-Sf s e g e ey e

| O—CNEt

Figure 4.18. Structure of Biotin Phosphoramidite

An original parent MinEQ7 aptamer was synthesised so that the quality of synthesis using the
9ELISRAGSH 5b! deé yoinpaeawiti SnNihduSt@atyf niadeMinEO7. This

synthesis was successful, as indicated by the trityl monitor graph (figure 4.19).

9 A 9 A A A cC C A U U 8 C
u ¢c A A 9 u ¢ 9 u A U A 9

c U ¢ A 9 C 9 A C 9 9 7
c A A U A 9

9 c A 9 [

Figure 4.19. Trityl Monitor of the Synthesis of BieédmEOQO7 on Universal UnyLinker Solid Support. Guanine is

labelled as 9 and the biotin is labelled as 7.
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The stepwise coupling efficiency was 97.3% (figure 4.20). To get the overall average yield:

0.973°=0.261This gives a 26.1% overall synthetic yield.

Figure 4.20Aptamer Synthesis Repat the Synthesis of MinE@Biotin on Universal UnyLinker Solid Support

4.4.2.2. Synthesis of MinEO7NMBiotin aptamer

MinEO7M3Biotin: p -RiotinrGrGrAfCrGrGrAfUfUTUrArAfUTCrGfFCICrGfUrArGrArArArArGfCrAfU

rGfUfCrArArArGfCfCrGrGrArAfCfor@

MinEO7M3aptamer is 3 nucleotides shorter than the pardhihEO7aptamer, being truncated

Fd GKS 0Q SYyR® ¢KAa FLIWGFYSNI ¢l & aeyikSaArasSR
the binding is weaker than the pareMinEQ7aptamer. ThisMinEO7M3aptamerwasused as

a control aptamer in the protein binding assays as the behaviour of it is known and comparable.

This synthesis was successful, as shown by the trityl monitor for this aptamer #ige

Figure 4.21. Trityl Monitor of the SynthesisBiotinMinE0O7M3 on Universal UnyLinker Solid Support. Guanine is

labelled as 9 and the biotin is labelled as 7.
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