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Abstract

Opioid binding Protein/Cell adhesion Molecule-Like (OPCML) is a tumour suppressor gene (TSG)
in epithelial ovarian cancer (EOC). EOC is one of the most common cancers affecting women
and has a very poor prognosis due to the asymptomatic nature of the disease, with the added
issue of extremely high recurrence. OPCML functions as a tumour suppressor but the tumour
suppressor function is epigenetically inactivated in EOC. Previous studies have demonstrated
OPCML could be a viable therapeutic to treat EOC patients. Studies have shown re-introduction
of functional OPCML to cancer cell lines causes a reduction in growth and proliferation.
Therefore, a novel biotherapeutic of synthetic OPCML could have potential as a treatment post-

surgery to prevent further spreading of the cancer and recurrence.

The focus of this thesis has been to create a novel biotherapeutic with a semi-synthetic OPCML
targeted to the membrane of cancer cells using a GPI anchor mimetic, and to validate this

protein anchor complex as a potential drug in EOC.

The design and synthesis of a highly engineered OPCML construct, which has the functionality
required to introduce complex chemical prosthetic groups to mimic the GPI anchor, was
successfully expressed and purified. The construct included an HA tag for visualisation, an LPETG
recognition site for sortase mediated transpeptidation (sortagging), an Fc protein sequence for
purification, and a thrombin cleavage site so the Fc sequence could be removed post-

purification.

The GPI anchor mimetic was synthesised by solid phase peptide synthesis (SPPS) on a biotin
resin and included myristoyl groups, a side chain with a photo cross-linkable moiety, and three
glycines suitable for acting as a sortagging nucleophile. The protein was consequently modified
by attachment of a GPl anchor mimetic via sortagging successfully. However, purification post-

sortagging was challenging.
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WITH FL, D1, D2, D3 0OR OPCML WT CONTROLS WERE FIXED USING PFA (SEE METHODS) AND STAINED
WITH RAT ANTI-HA (GREEN), MOUSE ANTI-OPCML (RED) AND DAPI (BLUE). SCALE BARS 20 pM........ 41
FIGURE 12 MTS CELL GROWTH ASSAY OF LENTIVIRALLY TRANSDUCED SKOV3 CELLS. RESULTS WERE TAKEN IN
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FIGURE 13 SCHEMATIC SHOWING THE STAGES IN PRODUCING A BACULOVIRUS EXPRESSION SYSTEM 134, IMAGE
TAKEN FROM PREVIOUS REPORTI20, ... .ottt et ettt tetee ettt eteetestestesteaensensenseneensereenene 46
FIGURE 14(A) SCHEMATIC REPRESENTATION OF THE OPCML CONSTRUCT DESIGNED FOR A MAMMALIAN
EXPRESSION SYSTEM.(B) AND (C) SDS-PAGE SHOWING EXPRESSION LEVEL OF OPCML IN TRANSFECTED
HEK293 CELLS: HEK293 CELLS WERE TRANSFECTED WITH OPCML (60 KDA) IN A PCDNA3.1+ VECTOR
OR A CONTROL EMPTY PCDNA3.1+ VECTOR. COMMERCIAL ROPCML (PURCHASED FROM CREATIVE
BIOMART) WAS USED AS A CONTROL. (B) WESTERN BLOT (C) COOMASSIE STAINING. ..cvveerereeenrreennne 48
FIGURE 15(A) SCHEMATIC REPRESENTATION OF THE OPCML CONSTRUCT DESIGNED FOR AN INSECT
EXPRESSION SYSTEM. (B) AGAROSE GEL ELECTROPHORESIS OF RECOMBINANT BACMID. IMAGE ADAPTED
FROM REPORT'?, (C) WESTERN BLOT SHOWING EXPRESSION LEVEL OF OPCML IN HIGH 5 CELL
SUPERNATANT OVER TIME: HIGH 5 CELLS WERE INFECTED WITH OPCML BACULOVIRUS AND ALIQUOTS
TAKEN EVERY 24 HOURS. ...vveeitveesureeeitteesteeeisssessseessesessseessssansssessessnsssessssssnsessssssssssessnssessssens 50
FIGURE 16 SDS-PAGE SHOWING STAGES OF ROPCML PROTEIN PRODUCTION. ..eeuvveeevreesireesrreesnreesneennns 51
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FIGURE 18 SDS-PAGE SHOWING STAGES OF PURIFICATION AFTER THROMBIN CLEAVAGE. ....eevvvveeruverrveennns 53
FIGURE 19 THROMBIN CLEAVAGE OPTIMISATION USING THROMBIN CLEANCLEAVE KIT. (A) OVERNIGHT
INCUBATION AT 4 °C WITH THROMBIN RESIN. (B) AND (C) THROMBIN CLEAVAGE USING THE RESIN BOUND
THROMBIN AT 25 °C AND 37 *C RESPECTIVELY . 1eveeeeeeeeeurrrrereeeeseeiinrsnenreessssssanssnnnssssssesssssessnsesesannas 54
FIGURE 20 THROMBIN CLEAVAGE OPTIMISATION AT 37 °C WITH IMMOBILISED THROMBIN ON AGAROSE RESIN,

‘LiQuID’ THROMBIN AND A ROPCML+FC CONTROL REACTION OF JUST BUFFER AND PROTEIN SHAKING AT

FIGURE 21 ANION EXCHANGE OF ROPCML AFTER THROMBIN CLEAVAGE TO REMOVE IMPURITIES. (A) TABLE
SHOWING THE DIFFERING Pl VALUES FOR BIOMOLECULES IN THE THROMBIN CLEAVAGE REACTION. (B) UV
TRACE FROM ANION EXCHANGE COLUMN. (C) SDS-PAGE STAINED WITH COOMASSIE SHOWING THE
IDENTITY OF THE PEAKS ELUTED FROM THE |EX COLUMN. BC BEFORE THROMBIN CLEAVAGE. AC AFTER
THROMBIN CLEAVAGE. .vvvveteetessessessessenseseeseeseesessessessessensensesseseesessessessessessensensensensesessessessensenes 57

FIGURE 22 SEC TRACES OF ROPCML (A) S75 16/600 SEC. (B) S200 10/300 SEC. (C) S200 16/600 SEC.
(D) SDS-PAGE 0F S200 16/600 SEC OF ROPCIMIL....ccvtiiuieieiesiieeieeteesieesteesee e steeveeve e e e 58
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FIGURE 23 SDS-PAGE OF ROPCML WITH AND WITHOUT REDUCING AGENT. (A) SDS-PAGE STAINED WITH
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FIGURE 24 SEC 5200 10/300 OF ROPCML AFTER REDUCING AND CAPPING. ..veevveerreerreesrresvesresnseesseennns 60
FIGURE 25 (A) AGAROSE GEL ELECTROPHORESIS OF PCR PRODUCT OF SAMPLE AND CONTROL AFTER
AMPLIFYING WITH PRIMERS TO REMOVE FREE CYSTEINE. (B) AGAROSE GEL ELECTROPHORESIS OF
RECOMBINANT BACMID. (C) DOT BLOT TO SHOW EXPRESSION OF ROPCML-C295DEL IN INSECT CELLS
AFTER 72 HOURS. 1eeuvteeureeuteesteeseesseessessseeeseesssesssesssessssssnsesssesssesssessssssssesssesssesssessssssssesssesssessnns 61
FIGURE 26 SDS-PAGE STAINED WITH COOMASSIE SHOWING STAGES OF OPCML PROTEIN PURIFICATION.....61
FIGURE 27 (A) SDS-PAGE OF ANION EXCHANGE ANX FF COLUMN STAINED WITH COOMASSIE, AC = AFTER
THROMBIN CLEAVAGE. (B) UV, CONDUCTIVITY AND CONCENTRATION TRACE OF ANION EXCHANGE. (C)
SEC S200 10/300 ROPCIML-C295DEL. .veeecvveeenrereereeeereeensereeteseeseeessseeessesesssessssesesssesessesesssess 62
FIGURE 28 (A) AGAROSE GEL ELECTROPHORESIS OF PCR PRODUCT OF SAMPLE AND CONTROL AFTER
AMPLIFYING WITH PRIMERS TO REMOVE FREE CYSTEINE. (B) AGAROSE GEL ELECTROPHORESIS TO ANALYSE
PRODUCTION OF RECOMBINANT BACMID. ...uvveeureeenreeesureessreessseessssessseessssssssesessessnsssssssessnsesesnnes 63

FIGURE 29 SDS-PAGE STAINED WITH COOMASSIE SHOWING STAGES OF R56L MUTANT PROTEIN PURIFICATION.

FIGURE 30 (A) SDS-PAGE OF ANION EXCHANGE ANX FF COLUMN STAINED WITH COOMASSIE, AC = AFTER
THROMBIN CLEAVAGE. (B) UV TRACE OF ANION EXCHANGE. (C) SEC S200 10/300 ROPCML-R56L.. 64

FIGURE 31 (A) SCHEMATIC SHOWING STAGES OF THE SPHEROID INVASION ASSAY. (B) IMAGES OF U87MG
CELLS BEFORE AND AFTER TREATMENT WITH ROPCIML. ....ociiiiiiiieciieee ettt 66

FIGURE 32 SCHEMES FOR THE LIGATION OF RECOMBINANT OPCML PROTEIN TO THE GPl ANCHOR MIMETIC.
PART 1) P TXB1-OPCML IS EXPRESSED WITH AN INTEIN CONTAINING A CHITIN BINDING DOMAIN (CBD),
FIRST THE CBD BINDS TO A CHITIN COLUMN, AND AN S N SHIFT WILL OCCUR. MESNA IS USED TO CLEAVE
THE PROTEIN FROM THE COLUMN AND LEAVES THE OPCML PROTEIN WITH REACTIVE THIOESTER®?. PART
2) THE C-TERMINAL THIOESTER OF OPCML WILL UNDERGO TRANSESTERIFICATION WITH A TERMINAL
CYSTEINE RESIDUE IN THE GPl ANCHOR MIMETIC. AN S N ACYL SHIFT THEN OCCURS LEADING TO A
PROTEIN-GPI ANCHOR COMPLEX?L.IMAGE TAKEN FROM INITIAL RESEARCH PLAN 146, .. .. oiiiriiriirinen, 68

FIGURE 33 AGAROSE GEL ELECTROPHORESIS CONFIRMING SUCCESSFUL GENERATION OF INTEIN DNA
CONSTRUCTS U= UNDIGESTED VECTOR, D=DIGESTED VECTOR WITH NDEI AND SAPI. (A) PCR WITH
PRIMERS TO INTRODUCE RESTRICTION ENZYME SITES. (B) GEL INDICATING PTXB1 FULLY DIGESTED AND FL
AND D3 INSERTS CONTAIN NO IMPURITIES PRIOR TO LIGATION. (C) LIGATION OF FL AND D3 INTO PTXB1
WITH THE DIGESTED FL AND D3 IN PTXB1 SHOWING A SMALLER BAND AT 1000 BP AND 400 BP

RESPECTIVELY. IMAGE TAKEN FROM REPORTXZ. ..ottt oottt e et e et e eaee e e eesaneeeaenesanenennes 69
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Chapter 1

Introduction

The focus of this thesis is on the generation of a novel biotherapeutic for ovarian cancer, based
on a protein-anchor mimetic. Therefore the following chapter introduces background
information including ovarian cancer, the role of the tumours suppressor Opioid binding Protein
Cell adhesion Molecule-Like (OPCML), glycophosphatidylinositol (GPI) anchors and protein

ligation techniques that are relevant to this research.

1.1 Cancer

Cancer is a significant worldwide health concern; it is the second most common cause of death
in the US?. Mutations causing genetic and epigenetic alterations can drive cancer leading to
uncontrolled proliferation in defiance of normal controls and migration of cells with invasion
into surrounding tissues the cells normally would not inhabit. Epigenetic changes are those that
do not alter the nucleotide sequence of deoxyribonucleic acid (DNA), such as DNA methylation
or histone modifications*>*. These mutations can be due to errors in cell replication, exposure
to radiation or carcinogens, hereditary dispositions or viral infections®. Cancer inducing
mutations can be activating or inactivating, and affect the signalling pathways for example by

inactivating tumour suppressors®.

Tumour suppressor genes (TSG) are genes that when inactivated by loss-of-functions mutations
can lead to cancer’. When a TSG undergoes an inactivating mutation uncontrolled cell
proliferation, reduced growth factor requirements and genetic instability leading to further
mutations can occur. OPCML is one such TSG that is inactivated in epithelial ovarian cancer

(EOC)*>,

1.1.1 Ovarian Cancer

Ovarian cancer is the 6™ most common cancer to affect females in the UK with 80-90 % of these
cases being epithelial ovarian cancer (EOC)®’. EOC is caused by genetic modifications in ovarian
surface epithelium (OSE)>2. The OSE is a layer of flat-to-cuboidal epithelial cells that covers the

ovary®®.

The molecular basis of ovarian cancer is not fully understood but often involves the p53 TSG

that is mutated in many cancers!®, BRCA1 and 2 which are breast cancer susceptibility genes'?,
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the phosphoinositide 3-kinase pathway (an intracellular signalling pathway)?, growth-factor

13-15

signalling pathways that stimulate cells to grow, survive or proliferate’*™>, and angiogenesis

(the growth of new blood vessels sprouting from existing blood vessels)*®.

If EOC is diagnosed in its early stage there is a 90 % chance of survival for 5 or more years®.
However, if diagnosis occurs in the late stage of the disease that chance of survival falls to just
5 %°. Due to the asymptomatic nature of EOC, diagnosis in the early stages is difficult and 60 %
of ovarian cancer cases are diagnosed at late stage in England®'’. Late stage diagnosis results in
a poor prognosis for the patient due to dissemination of the cancer within the peritoneal
cavity'’. Lengthy surgical procedures to try and remove all the cancerous tissue within the
peritoneal cavity are undertaken post-diagnosis but it has proven to be difficult to remove all
cancerous tissue and therefore the rate of recurrence is high'*3, This high relapse rate causes
negative psychological and physical impacts on patients and greatly reduces their quality of

life®,

1.1.2 Diagnostics and Therapeutics in Ovarian Cancer

The current methods of diagnosing a patient with EOC relies on physical examination findings
and radiographic imaging®. It is also possible to screen for EOC; CA125 is a widely used tumour
marker for EOC, it is large glycoprotein that is overexpressed in 80 % of EOC and secreted into
the bloodstream®’2%2!, However, CA125 has low sensitivity for the early stage of the disease

and there are elevated CA125 levels in benign states!”%,

Ovarian cancer tumours are heterogeneous. Different histological types of EOC have different
prognosis, and there are also distinct molecular subtypes?. Current treatment for EOC consists
of surgical debulking to remove the cancerous tissue, this is followed with cytotoxic platinum
and taxane chemotherapy®?3. In advanced stages of EOC complete cytoreduction is often not
possible. These patients may be treated with chemotherapy initially and if they respond to this
treatment surgical debulking is then performed??. After initial therapy if EOC recurs within 6
months of treatment it is known as platinum resistant, and if it recurs after 6 months it is

considered platinum sensitive?.

New treatments are being developed and investigated such as anti-angiogenic factors?*?,

24,25 26,27
’

inhibitors of growth factor signalling***, polyADP-ribose polymerase (PARP) inhibitors and
folate receptor inhibitors?®. As of yet these therapies haven’t provided a cure but might aid in

the delay of recurrence or stabilise the disease??.
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Recently approved drugs for ovarian cancer treatment include bevacizumab and PARP
inhibitors?2. Inhibiting angiogenesis is another therapeutic target in EOC. An increase in vascular
endothelial growth factor (VEGF) expression has been linked to ovarian cancer!*. Bevacizumab
is a humanized anti-vascular endothelial growth factor (VEGF) monoclonal antibody that binds
to the VEGF-receptor ligand blocking VEGF and preventing growth of new blood vessels?..
Clinical trials have looked at adding bevacizumab to the existing carboplatin and taxane
chemotherapy but findings led to the treatment not being used routinely as a first-line

23-25,29

therapy

Olaparib and nirapirib are PARP inhibitors that have been approved for the treatment of ovarian
cancer?253° PARP has a role in the repair of DNA breaks and BRCA1 and 2 are tumour
suppressor genes which also have a role in DNA repair and have been found to be mutation in
some cases of ovarian®®. Treating with a PARP inhibitor kills cells with BRCA1 or BRCA2
mutations due to the cells being unable to repair DNA breaks through PARP or BRCA1/2 and is

a standard treatment for women with BRCA-mutated ovarian cancer?’.

1.2 OPCML

1.2.1 OPCML and Ovarian Cancer

OPCML is a tumour suppressor gene (TSG) in EOC>3. Opioid binding Protein Cell adhesion
Molecule-Like (OPCML) is a member of the IgLON family of cell adhesion molecules. The IgLON
family is an Ig (immunoglobulin) domain-containing subfamily of glycophosphatidylinositol
(GP1)-anchored cell adhesion molecules>®. OPCML has three 1gG type immunoglobulin (IgG)
domains and six sites of N-linked glycosylation. OPCML is also a glycophosphatidylinositol
anchored protein (GPI-AP) with a GPI anchor attaching at Asp 322 in the protein3%33,

It has been reported that OPCML is expressed in normal OSE but expression is lost in 83 % of
the primary ovarian tumours and 88 % of the ovarian cancer cell lines that were tested®. OPCML
gene silencing is due to epigenetic inactivation by CpG island methylation®. CpG islands are
regulatory and promotor regions in a DNA sequence where cytosine is next to guanine3*. OPCML
has been found to be inactivated via methylation in numerous cancers including EOC>31:35-44,
Loss of heterozygosity (LOH) also occurs in OPCML at chromosome 1125 due to chromosomal

deletions resulting in the loss of an allele thought to drive inactivation of the tumour suppressor

gene®,

Methylation of the CpG island by DNA methyltransferases (DNMT) causes inactivation of OPCML

with 83 % of ovarian cancer tumours and 82 % of ovarian cancer cell lines tested having
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methylation of CpG islands®. OPCML silencing is due to promotor methylation 3*%. A promotor
is a region of DNA responsible for initiating the transcription of the gene of interest upstream
and containing the regulatory sequences. Studies have demonstrated that treating cancer cells
in which OPCML expression is silenced by methylation with the DNMT inhibitoy 5-aza-2’-
deoxycytidine (5-AZA), results in the re-expression of OPCML3%3%, Thus treating patients with a
DNMT inhibitor could prevent methylation and subsequent silencing of OPCML but there are

concerns over the selectivity of such inhibitors and their effect on healthy cells*®*.

The reintroduction of functional OPCML is another approach to treat cancer induced by OPCML
silencing. Reintroduction of functional OPCML has been shown to have potential as a
therapeutic. Studies have indicated that cell proliferation is reduced in cells expressing OPCML
when compared to cells without OPCML expression32. Furthermore, bacterially expressed
OPCML without the signal peptide or GPl anchor site caused growth inhibition of EOC cell lines32,
An in vivo test with mice injected with ovarian cancer cell lines and a week later treated with
rOPCML was also carried out. The protein treated mice remained healthy whilst a control group
had to be terminated early due to the extent of tumour growth. In this research the expressed
rOPCML was present in inclusion bodies and thus solubilised prior to refolding suggesting
problems with solubility when OPCML is expressed bacterially. Furthermore, when this research
was published the crystal structure of OPCML was unknown and an N-terminal hise-thioredoxin
tag was included in the rOPCML construct. However, the crystal structure was subsequently
elucidated (see section 1.2.4) and this N-terminal tag would most likely cause disruption of the
protein homodimerisation (see section 1.2.4)®. Therefore, although this research showed
promising results, future research using rOPCML without N-terminal tags and with a GPl anchor
present might provide a construct more targeted to the cell membrane with greater activity as

a tumour suppressor.

1.2.2 The Secretory Pathway

The secretory pathway is the way in which proteins get transported to the cell membrane. The
protein is synthesised on an ER membrane bound ribosome. Translocation into to the ER occurs
during synthesis due to the presence of a signal sequence which is a part of the protein that
directs it to its required location. The addition of the glycophosphatidylinositol anchor occurs in
the ER lumen (a cavity enclosed by the ER) as a posttranslational modification®.
Posttranslational modifications are enzyme catalysed changes to a protein after it is synthesised
such as glycosylation and lipidation that can regulate the degradation, localisation, and

functional interactions of proteins®°.
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GPI anchors are lipids that anchor proteins at their C-terminus to the cell membrane®®

(discussed in more detail in section 1.3.1). GPl-anchored proteins (GPI-APs) serve many

functions within the cell such as signalling and cell adhesion

50,51

Once in the ER there are preassembled GPl anchor intermediates that are added to the protein

after it is cleaved from its propeptide at the C-terminus of the protein. The protein remains

membrane bound and is transported to the Golgi apparatus in a transport vesicle. The Golgi

apparatus is an organelle in the cells where proteins are stored and modified before being

transported to the plasma membrane of the cell. Further post-translational modifications occur

in the Golgi apparatus before the protein is packaged into a secretory vesicle and dispatched to

the cell membrane3.
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Figure 1 Schematic showing the secretory pathway OPCML undertakes to get to
the plasmal membrane. Image taken from previous report*>°,
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1.2.3 Protein Structure

Figure 2 The structure of OPCML with sites of glycosylation (asparagine 44, 70, 140, 285, 293 and
306) shown in yellow. Domain 1 is depicted in red, domain 2 blue and domain 3 green. Short
extended linkers between domains are depicted in grey. (A) OPCML homodimer shows as a
schematic on the surface on the plasma membrane. GPI anchor attachment occurs at Asp322.
(B) Key residues for the Domain 1 homodimer interface; Arg65, Leu69, lle74, Asp80, Trp82 and
Thri14 (cyan for one OPCML and magenta for the second OPCML). (C) Residues that undergo
mutation to give loss of tumour suppressor function R65L, N70H and P95R.32

The structure of OPCML has been recently elucidated by Birtley et al*® (Figure 2). They reported
that OPCML forms a homodimer on the surface of cells through hydrogen bonds, and
hydrophobic contacts and salt bridges between residues in domain 1 (D1) (Figure 2A). Arg65,
Leu69, lle74, Asp80, Trp82 and Thr114 are key residues in the homodimerr interface (Figure
2B). Argb5 forms a reciprocal salt bridge with Asp80. The D1-D1 interface is composed of
hydrophobic contacts, hydrogen bonds and salt bridges. A reciprocal salt bridge is formed
between the Arg65 of one monomer and Asp80 of the other and hydrophobic contacts form

through Leu69, lle74, Trp82, Thr114 and Arg127 that stabilise the D1-D1 interface (Figure 2B).

D1 is at the N-terminus of the protein and forms 26.9 % of the total protein3. R71C is the most

common mutation found in D1 and is found on the underside of the D1 homodimer interface.
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This mutation caused OPCML to lose ability to inhibit migration, invasion and anchorage

independent growth.

R65L, N70H and P95R mutations all demonstrated loss of tumour suppressor function (Figure
2C) 33.R65L is located at the dimer interface in D1 an in OPCML WT Arg65 forms a reciprocal salt
bridge with Asp80. This mutation caused a disruption in homodimerisation and subsequent loss
of function with the mutant protein being unable to bind to RTKs after stimulation with ligands.
The N70H mutation is also within D1 at a position where there is an N-linked glycan. This mutant
protein disrupted glycosylation and protein stability causing loss of function. Pro95 is in a type
| B-turn of D1 and P95R, P95L and P95S mutants were still expressed but were only able to
interact with some of the RTKs which interact with OPCML wild type (WT), thus suggesting the

protein has different methods of interaction for different RTKs.

Mutations were also carried out in D2 and D3 in this study with mutants exhibiting loss of
function in migration and invasion assays3. However it was found that while mutation in D1
caused a decrease in growth of cancer cells, D2 and D3 mutation did not inhibit cell
proliferation. These mutations all shows the importance of D1 for homodimerisation and
tumour suppressor function and informed the design of OPCML constructs for producing a

novel biotherapeutic.

1.2.4 Biological Function

Figure 3. Schematic representation of the biological mechanism of OPCML3>'72,
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The GPI anchor localises OPCML to the detergent resistant membrane (DRM) which is an area
of the cell membrane with a high concentration of cholesterol and (glyco)sphingolipids3**2.
OPCML acts as a tumour suppressor by negatively regulating a subset of receptor tyrosine
kinases (RTKs) including EPHA2, FGFR1, FGFR3, HER2 and HER43%%3, RTKs are transmembrane
proteins that signal from the outside to the inside of cells influencing processes such as cell
growth and proliferation. It is hypothesised that OPCML sequesters selected RTKs to the DRM
and causes OPCML binding dependent polyubiquitination and subsequent degradation of the

RTKs arresting their signalling cascade, preventing cell proliferation and growth32.

AXL is an RTK OPCML interacts with: OPCML has a high affinity for AXL when it is bound to AXL’s
ligand Gas6. Upon OPCML binding, AXL is sequestered into the DRM and interacts with the
phosphatase PTPRG which dephosphorylates pAXL, causing its inactivation®*. These interactions
take place in the DRM where OPCML is localised due to the GPI anchor, highlighting the

importance of this moiety for OPCML function.

1.3 GPI Anchors and ligation techniques

1.3.1 GPI Anchor Structure and Function

GPl anchors have a general structure which consists of a glycan core with three mannose sugars
and a glucosamine, a phosphoethanol amine linker to the anchored protein and a
phosphatidylinositol lipid anchor with a phosphodiester-linked inositol headgroup and two fatty

acid chains that insert into the cell membrane (Figure 4A) >>>7,

GPI anchors are attached posttranslationally after being synthesised in the ER**>°%, The GPI
anchor is transferred to the protein when removal of the protein's secretion signal peptide
occurs®®. GPI anchors themselves undergo further modifications in the Golgi apparatus where

the anchor undergoes maturation steps such as fatty acid removal 348°3,

Although the general structure of GPl anchors stays the same, they vary with differing side
groups on the glycan core and varying lengths and saturation of the fatty acid chains®®®°. The
fatty acid chain length is of importance to function of GPI-AP with it being reported that the
chain length influences the association with the DRM, with shorter chain length (C14) having no
significant association with the DRM whereas longer chain length (C18) showed association®.
Additionally, Malherbe et al®! reported removing the GPI anchor lipid moieties from GPI-APs
prevents association with lipid bilayers, indicating the importance of GPl anchors for membrane

insertion, and prevented recognition by antibodies raised against GPI-APs.
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GPIl anchors have been shown to have more purpose than just anchoring proteins to the plasma
membrane of cells, with GPIl anchors directing proteins to specific areas of the cell membrane
such as detergent resistant membranes (DRM)>%°>%%, Furthermore, when associated with cell
membranes it has been found that GPI-APs can be present on the cell surface as monomers but

also as nanoscale cholesterol sensitive clusters of a maximum of four molecules per cluster®?,

A further structural feature of GPI anchors is the glycan core. While glycans have been found to

be unnecessary for membrane insertion, they do affect the diffusion within the membrane®®3,

GPI-APs have also been found to have therapeutic value with the GPI-AP CD44 being suggested
as a strategy for HIV mediated gene therapy®. Furthermore, GPl-anchored variants of proteins
have also been investigated for use in tumour therapy®*%. However, there are reservations
about used GPI-APs in biomedicine. Concerns include the difficulty in purification and
solubilisation of these proteins, as well as the anchors being unable to differentiate between

tumour cells and normal cells when targeting the cell membrane®.

1.3.2 GPI Anchor Mimetics

Synthesis of a naturally occurring GPI anchor requires complex synthetic routes with a moiety
for protein ligation needing to be considered*®®, Therefore GPI anchor mimetics are a valuable
tool. An advantage to using GPl anchor mimetics is the ability to design anchors for the specific
purpose with functionality added dependent on need. Studies have been undertaken that
highlight the potential of using GPI anchor mimetics with phospholipid tails as a replacement

for naturally occurring GPl anchors®~72.

Many GPI anchor mimetics utilise lipid moieties (lipidation) to insert into the cell or model

membranes. Ball et al”®

used myristic acid as a potentially simplified GPl anchor mimetic (Figure
4B). In their research, the presence of an orthogonally protected lysine (Lys) at the C-terminal
of polypeptides of interest was coupled to myristic acid, enabling binding to the surface of cells.
Binding was lost after exchanging the myristoyl group to an acetyl, highlighting the importance

of the lipid extension.
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Figure 4 (A) Schematic of the generic structure of GPl anchors®’. (B) ’°, (C)>°, (D)3, (E)’® and (F)
7> GPI anchor mimetics reported in the literature.
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A further example of lipidated anchor mimetics is Paulick et al*®®® and their synthesis of GPI
anchor mimetics with varying amounts of glycans (Figure 4C). The mimetics consisted of;
phosphoethanolamine linker attached to a free cysteine for ligation to a protein, a glycan core
of one, two or no mannose residues, a poly(ethylene glycol) linker instead of phosphoinositol
and glucosamine, and a phospholipid tail for anchoring to the cell membrane. The simplest
anchor with no glycan core was synthesised using common reactions and building blocks via a
9-step synthetic route with varying yields at each stage. They ligated these anchor mimetics to
GFP (green fluorescent protein) and found that the glycan core of GPIl anchors is not necessary
for proteins to insert in the cell membrane. However, the absence of monosaccharides does
affects the mobility of protein in lipid bilayers with decreased diffusion within the cell
membrane®®®3, Hill et al.”® reported attaching a protein to cell membranes using a GPI anchor
mimetic consisting of two myristoyl groups for insertion into the plasma membrane and a
charged hydrophilic peptide to associate with the phospholipid headgroups in the plasma

membrane (Figure 4D)"3.

GPI anchor mimetics have also been generated that use a cholesterol moiety rather than a
phospholipid to insert into the cell membrane’®”>, One study from Teruya et al.”® reports the
addition of a GPl anchor mimetic comprised of cholesterol, a hydrophilic diethylene glycol-
based diamine linker and a reactive cysteine for ligation to GFP with the protein remaining
functional and localising to cell membrane when added exogenously (Figure 4E)’. A further
study by Schafer et al.”® synthesises a GPl anchor mimetic using a cholesterol with a fluorescent
moiety included to aid in visualisation of anchored proteins (Figure 4F) and hypothesise that
cholesterol has the potential to target the attached protein to the DRM>. Previous research has
reported exogenously added cholesterol modified fluorescein was observed in cholesterol rich
membrane domains”’. However, this targeting to the DRM was not evident in the case of Teruya

et al.”® or Schafer et al”.

OPCML is localised to the DRM of cells by a GPI anchor. In the DRM OPCML functions by
sequestering RTKs to the DRM and arresting their signalling cascade3%°24, Therefore, the GPI
anchor is important for localising OPCML to the cell membrane where it can function as a
tumour suppressor. As localising to the DRM is important an anchor mimetic that could target
the DRM would be beneficial. Furthermore, GPl anchor mimetics have the added benefit of
adding functionality by inclusion of fluorescent groups or tags. However, it is important that if
included such tags do not adversely affect the function of the protein’>’’. Most of the GPI
anchor mimetics mentioned in this section lack the glycan core found in naturally occurring GPI

anchors which, though not essential for membrane insertion, affects the diffusion within the
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cell membrane®®®3, Therefore, this needs to be kept in mind as it membrane diffusion may be
important for OPCML function and protein-protein interactions. The purification required after
GPIl-anchor modification of the protein must also be considered as this may affect the protein

function.

1.3.3 Approaches for C-terminal Modification of Proteins

In order to attach GPl anchor mimetics to proteins of interest the anchor must be functionalised
correctly depending on the method chosen to modify the protein. As OPCML has a GPl anchor
present at the C-terminus (Asp 322) the following highlights various approaches for C-terminal

modification of proteins’®,

Moadification utilising cysteine reactivity

Free cysteines are found in somewhat low abundance in proteins. For example in OPCML there
are only six cysteines in the mature protein all of which are present as disulfide bonds,
Therefore it is possible to introduce free cysteines as point mutations at the desired location

within the protein for subsequent modification.

One method by which to modify free cysteines is to utilise the natural nucleophilicity of the
cysteine thiol/thiolate with an electrophile. One such example of this is using a thiol reactive
maleimide on the anchor mimetic and to conjugate this to a Michael donor thiol group on the
protein via Michael addition as shown in a paper by Schafer et al’®>. However, this method can
only be used when the only free cysteine present is the one required for conjugation otherwise

unwanted conjugation could occur.

Ligation utilising Bio-orthogonal Chemistry
Functional groups not present in nature such as alkynes and azides can be integrated into
proteins and subsequently used for ligation’®. Copper catalysed azide alkyne cycloaddition

7982 Strain-promoted azide-alkyne

(CuAAC) is a reaction than can be used in this way
cycloaddition (SPAAC) is a further method®. However, before ligation can occur azide or alkyne

functionality must be added to the protein of interest.

Strategies to introduce azide functionality to the C-terminus of proteins investigated by Wang
et al® include sortase mediated transpeptidation (discussed later in this section) and by
expressing the protein with an wunnatural amino acid replacing methionine with
azidohomoalanine®. A further approach by Khatwani et al® was to enzymatically add
azidofarnesyl or azidogeranyl groups to C-terminally tagged proteins by using the enzyme

farnesyltransferase to catalyse attachment of azidoprenyl molecules onto the cysteine of
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proteins with a C-terminal CVIA tag®®®’. Khatwani et al®*® then went on to use CuAAC or copper

free SPAAC to attached azide-functionalised protein to an oligonucleotide.
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Figure 5 (A) Copper catalysed azide alkyne cycloaddition (CuAAC) 7°-%2. (B) Strain-
promoted azide-alkyne cycloaddition (SPAAC)®3.

Intein-mediated Protein Ligation

A further approach used is Intein-mediated Protein Ligation (IPL) (Figure 6) also known as
expressed protein ligation 8792, Numerous papers report using a fused a self-cleavable intein
containing an affinity binding domain for chitin to the C-terminus of a protein to purify
recombinant proteins in a single step®%9>, An intein (intervening protein) is a length of protein
present in a precursor protein that excises itself via peptide bond cleavage and ligates flanking
exteins (external proteins) generating a mature protein and stable intein®%, This intein fusion
technology was developed to enable fusion of the intein at the N or C-terminus of the desired
protein®8994%9 |f the recombinant protein can be expressed with a reactive C-terminal
thioester after cleavage from the intein, ligation can occur by reaction with a substrate

containing an N-terminal cysteine®,

The IMPACT™ kit from New England Biolabs (NEB) uses these techniques to enable ligation in a
methods known as IPL. IPL has been successfully used to site specifically ligate various peptides
and lipid moieties to proteins®®1%, IPL utilises native chemical ligation (NCL) (Figure 6), a method
by which two unprotected peptides can be conjugated via a chemoselective reaction to give a
thioester-linked intermediate!®?. This thioester species spontaneously rearranges to give a
product with a native peptide bond'®l. One drawback of NCL is that it requires the efficient
synthesis of peptide thioesters, which can be difficult on proteins!®. NCL was utilised by Paulick

et al®® to ligate a GPl anchor mimetic to a protein.
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The IMPACT™ kit from NEB enables a protein to be expressed with an intein and a chitin binding

domain (CBD) when cloned into a pTXB1 vector®. Once expressed the protein can be purified

by affinity with a chitin column and eluted from the column using 2-mercaptoethanesulfonic

acid (MESNA) to produce a protein with a C-terminal thioester®®. The protein can then undergo

NCL with anchor mimetic that has an N-terminal cysteine (Figure 6)%°2. However this approach

does require the protein to be successfully expressed as an intein fusion.
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Figure 6 Schemes showing the mechanism of native chemical ligation and intein-mediated
protein ligation. Schemes adapted/reproduced from papers®>'°.,
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Sortase Mediated Transpeptidation — Sortagging

Sortase is a membrane bound transpeptidase found on the surface of Gram positive bacteria
that anchors proteins to the bacteria cell wall©21931%% Transpeptidases are enzymes that
catalyse the transfer of a peptide or amino acid from one amino compound to another. Sortase
from Staphylococcus aureus is known as sortase A (SrtA) and was purified and characterised by
Ton-That et al'® in the late nineties. To aid purification of the protein they included a six-

histidine tag in their sortase construct.

Sortase A recognises the sequence LPXTG where X can be any amino acid but most commonly
in natural sortase A substrates, X is glutamic acid. Cleavage occurs between the threonine and
glycine creating an acyl-enzyme intermediate!®1%, The acyl-enzyme intermediate reacts with
a pentaglycine which is a feature of Staphylococcal peptidoglycan that forms part of the
chemical structure of the bacterial cell, wall forming an amide bond between the pentaglycine

and the cell wall03:106,

The sortase transpeptidation reaction can also be used for ligation termed “sortagging” with
the first example of this demonstrated by purified sortase reacting with an LPXTG containing
peptide and a HaN-Glys substrate!®®. The rate of LPETG cleavage was also investigated with
nucleophiles containing one, two or three glycines and it was determined that the rate of
cleavage increases with increasing numbers of glycines'®, Furthermore, in the absence of a
nucleophile hydrolysis of the LPXTG substrate occurs at the same site as the cleavage between

the threonine and glycine%+1%7,

Protein

Figure 7 Schematic showing reaction scheme for sortagging and the attachment of the
anchor to the protein. Image adapted from Antos et al 1%,
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Sortase from Staphylococcus aureus SrtA is calcium dependent. Ca®*ions are needed because
the calcium ions binds to Glu residues which are distal to the active site of sortase and stabilise

the substrate binding site!®®

. However, sortases have been engineered to overcome this
dependencel®1%, A further limitation of sortagging is the reversible nature of the reaction, with
nucleophiles being able to attack the LPXTG site present in the original protein substrate, as
well as the LPETG site created from ligation of the protein and anchor!'®!!, To overcome this,
an excess of glycine as nucleophile can be used to push the reaction equilibrium towards the
product!!!, Another approach to prevent the reversibility of the sortagging reaction, is to
prevent the formation of a glycine nucleophile during the transpeptidation. Replacing the C-

terminal glycine in the LPXTG recognition site with a glycolic acid or a methyl ester are two ways

in which the formation of a competing glycine nucleophile have been prevented!?13,

Sortases have been utilised for applications such as anchoring proteins to surfaces, producing
antibody drug conjugates and protein ligation in living cells%®11%117 Mao et al*® investigated
the possibility of using sortase for protein-peptide and protein-protein ligation. In their study
they successfully demonstrated the ability of sortase to ligate GFP containing the LPETG
recognition site with a glycine peptide nucleophile. Ligation was also successful between two
GFP proteins one containing the recognition site, and one with N-terminal glycine showing that
sortase can be a useful tool in protein engineering'®. Sortagging has also been undertaken for
the selective labelling of proteins in solution, cell lysates and on living cells''®. Sortagging can be
used as a way of attaching a GPl anchor mimetic to a protein with Guo et al'?®, showing this by
successful linking of a GPI anchor mimetic containing a glycine residue with a peptide
containing the LPXTG recognition site. Sortagging can also be used to cyclise or polymerise
proteins'’®, Figure 7 shows how sortagging can be utilised for ligation of anchor mimetics to

proteins.

1.4 Summary

Cancer is a worldwide problem, EOC is a one of the most lethal gynaecological malignancies
with a high rate or recurrence after treatment®”17:18, OPCML is a tumour suppressor gene which
is epigenetically inactivated in EOC with high incidence>3!. OPCML is localised to the DRM of
cells by a GPI anchor where it functions as a tumour suppressor by sequestering RTKs to the

325254 Naturally occurring GPl anchors are

DRM and arresting their signalling cascade
synthetically challenging to synthesise, therefore anchor mimetics might be a viable option for

ligating to recombinant proteins such as OPCML for localisation of proteins to the plasma
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membranes®®®972, There are various techniques for ligation such as IPL and sortagging that can

be used to ligate GPI anchor mimetics to proteins’>°0:100,104,
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1.5 Thesis Objectives

Figure 8 Schematic representation of three
main parts of this research.

OPCML is epigenetically inactivated in EOC>3!, Reintroduction of functional OPCML has been
shown to have potential as a therapeutic with cancer cell growth and proliferation reduced
upon addition of functional OPCML32, Recurrence of EOC is high with survival rates post EOC
dramatically decreasing with time®”1718 |f a therapeutic could be designed that prevented
further spreading and dissemination of cancerous tissue after patients have undergone surgery
the recurrence rate could be greatly decreased. This would benefit ovarian cancer patients by
improving prognosis after surgery and give them a better quality of life post cancer. Thus the
main aim of this research is to design and validate a novel biotherapeutic based on an OPCML-

GPI anchor mimetic.
There are three parts of the research which work towards this main aim:

1. To produce recombinant OPCML.
- Recombinant OPCML needs to be expressed such that it is functional and can
be easily purified in high enough yield for downstream experiments. The
protein must also be engineered in a way that a GPl anchor mimetic can be

introduced.
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2. To design a GPl anchor mimetic.

- For the GPI anchor design the method of anchor attachment must be
considered. The anchor must them be synthesised and purified ensuring all the
required functionality is present for ligation as well as the possibility of
including extra functionality in the form of tags for purification or visualisation.

3. To ligate the anchor to the recombinant OPCML.

- Ligation needs to be successful whilst not affecting the activity of the protein.
A suitable method of purifying the protein-anchor complex must also be
investigated.

Once these three objectives have been met and a novel OPCML-GPI anchor mimetic has been
obtained in reasonable yields the final aim is to test the functionality of the protein-anchor in

cell based assays.
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Chapter 2

Testing SAR of OPCML

Knowledge of the structure activity relationship (SAR) of OPCML is important when designing a

novel biotherapeutic for EOC using the tumour suppressor protein. Before knowledge of the
crystal structure of OPCML was available it was decided to elucidate the SAR of OPCML via the
generation of stably transduced cell lines. In particular the importance of each domain was to
be investigated, with a view to finding out whether all domains are necessary for OPCML to
function as a tumour suppressor. Some of the work presented in this chapter follows on from

research previously reported please refer to Appendix D222,

2.1 Design of constructs for SAR studies

Signal Peptide GPI Anchor Site

!
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Figure 9 Schematics of OPCML WT and FL, D1, D2 and D3 constructs designed for testing
functional importance of the signal domains'*. Image taken from report'?.,
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Constructs for investigating the importance of each OPCML domain for tumour suppressor
function were previously designed for lentiviral transduction in SKOV3 cells!?. This epithelial
ovarian cancer cell line was chosen for transduction and functional assays as RT-PCR has shown
the cells express no OPCML, and the cell line has been previously validated for OPCML functional
assays>32°%, Figure 9 shows schematics of wild type OPCML (OPCML WT) and the four constructs
designed for testing functionality. All constructs tested for functionality included an HA tag at
the C-terminus to aid in detection and visualisation of the protein in cells. They also all had
restriction sites Xbal and Sall flanking them to enable digestion and ligation into a vector
backbone. The full length construct, OPCML FL, included all three domains and all six sites of
glycosylation. The constructs designed to test signal domains OPCML D1, D2 and D3 preserved
the glycosylation sites and the sequences between the defined domains where possible. The
OPCML constructs also have a signal sequence to translocate the protein to the cell membrane,
and a propeptide sequence that is cleaved upon maturation or activation of the protein. As the
constructs were designed for transduction into mammalian cells the signal sequence and
propeptide were not altered. These constructs were ordered as plasmids using Invitrogen

GeneArt® Gene Synthesis.

2.2 Generation of stably transduced cell lines

2.2.1 Lentiviral transduction

Lentiviral transduction is a suitable way of producing cell lines that stably express OPCML
constructs endogenously. Lentiviral vectors can accommodate larger transgenes (~10 kilobases)
and stably integrate into the cell genome due to their genetic alterations being maintained in

dividing cells!?%123,

Lentiviral transduction works by first creating a lentivirus in cells from three plasmids: a lentiviral
transfer plasmid containing the construct of interest, an envelope vector and a packaging
vector'?®, These plasmids are co-transfected into cells such as HEK293 or HEK293T, from which
after a short incubation period the viral supernatant can be harvested'?*. HEK293T are used in
preference to HEK293 because they have the SV40 T-antigen making them more efficient at
vector production, and they also have better transfection efficiency and growth!®. The viral
supernatant is then filtered before being used to transduce the cell line of interest. The virus is
internalised by interaction with the viral envelope protein and a receptor on the surface of the
cells. Once internalised the virus RNA is reverse transcribed into proviral dsDNA which is then
transported to the cell nucleus and integrated into the host genome!?. In this research the

lentiviral vector used was pLenti CMV Puro DEST which expresses cDNA under the control of a
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CMV promotor***. pMDG is a plasmid that contains the VSVG gene encoding for the envelope,

and p8.9 encodes for the polyproteins gag and pol*?®.

2.2.1.1 Gateway® cloning to create a lentiviral transport vector
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Figure 10 (A) DNA gel electrophoresis of OPCML FL, D1, D2, D3 and pENTR4 double digestion to
show inserts and pENTR backbone. (B) DNA gel electrophoresis of digested FL, D1, D2 and D3
constructs in pENTR vector: The double digestion (both) confirms the presence of the construct in
the entry vector. (A) and (B) FL is seen around 1000 bp and D1, D2 and D3 around 500 bp.
Digestion was done used Xbal and Sall. U = undigested, D = digested. Images taken from
report'??,

Gateway® cloning (Life Technologies) was the technique used to get the construct of interest

into the pLenti CMV Puro DEST vector!?. Gateway® cloning (Life Technologies) is based on the
ability of bacteriophage A to undergo site-specific recombination??®, This system allows site
specific recombination between DNA recombination sequences (att sites) present in an entry
vector and att sites in a destination vector in the presence of a Clonase™ enzyme mix 12712,
Once cloned into the entry vector the construct of interest is flanked by attL sites. An LR
recombination reaction can occur upon incubation with LR Clonase™ between the attL sites in
the entry vector and the attR sites in the destination vector!?!?, The product of this
recombination reaction is the construct of interest in the destination vector which, in the case

of this work, was pLenti CMV Puro DEST!?, The LR recombination reaction does not create any

by-products due to the entry and destination vectors having different antibiotic resistances to
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allow antibiotic selection of colonies. Furthermore, there is a ccdB gene present between the
att sites in the destination vector, and this prevents cell growth by inhibiting DNA gyrase from
correctly functioning (DNA gyrase is an enzyme that relieves strain when ds DNA is being
unwound)*®. If Gateway® cloning has occurred successfully the ccdB gene should no longer be
present in the destination vector, thus the bacteria will be able to grow!?. The differing
antibiotic resistances ensures only the bacteria containing the destination vector will grow, and
the ccdB gene means only bacteria containing successfully cloned destination vector are

Viablelz4,129

The construct design was previously reported for use with Gateway® cloning and production of
stable cell lines!®.This previous attempt aimed to use the constructs as entry vectors directly
performing Gateway® cloning with the ordered constructs into the destination vector, but this
proved unsuccessful with low transduction efficiencies observed??. Therefore, in this research
the same constructs were used but with traditional cloning to get the construct into a pENTR4
entry vector before Gateway® cloning was used for generation of the lentiviral destination
vector. All constructs were digested with Xbal and Sall as was the pENTR4 vector and ligated
with ligation Ready-To-Go T4 DNA Ligase following the manufacturer’s protocol. The double
digestion of the OPCML constructs was successful as shown by the presence of inserts
corresponding to the correct size in Figure 10A. This figure also shows the successful
linearization of the pENTR4 vector. The DNA inserts were purified from the agarose gel prior to
ligation. Sequencing and DNA gel electrophoresis (Figure 10B) confirmed ligation had occurred.
After successful generation of the OPCML pLENTI vectors HEK293T cells were co-transfected to

produce virus that was collected and used to transduce SKOV3 cells (See methods).

2.2.2 Characterisation to confirm SKOV3 transduction with OPCML

constructs

Confirmation of protein expression

To confirm the SKOV3 cells were expressing the protein constructs SDS PAGE and
immunofluorescence microscopy (IFM) were carried out. Three anti-OPCML antibodies were
tested due to the possibility that the single domains of OPCML D1, D2 and D3 may not be
recognised if they do not contain the correct epitope for the specific antibody. Controls of
SKOV3 cells transduced with a pLenti empty vector and parental SKOV3 cells were also tested
to ensure no endogenous expression of OPCML was present. Figure 11A confirms D1, D2, D3
and FL are being expressed. The positive control OPCML WT was identified with all the anti-
OPCML
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Figure 11 (A) SDS- PAGE analysis of transduced SKOV3 cells to confirm expression. Image
adapted from report'?l, (B) Confocal immunofluorescence microscopy showing the
expression and location of proteins in transduced SKOV3 cells: SKOV3 cells transduced with
FL, D1, D2, D3 or OPCML WT controls were fixed using PFA (See Methods) and stained with
rat anti-HA (green), mouse anti-OPCML (red) and DAPI (blue). Scale bars 20 um.
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antibodies and the EV negative control was not identified at all. The monoclonal mouse
antibody only shows a signal for D3, FL and OPCML WT indicating that D3 is the region of the
protein this antibody recognises. The rabbit and goat antibodies are polyclonal. However, the
rabbit only recognises FL and OPCML WT and the goat only recognises D2. The anti-HA antibody
recognises FL, D1 and D3. Therefore, combining the results from all anti-OPCML antibodies and
the anti-HA antibody it is shown that the transduced cell lines are expressing the desired protein
segments at the expected sizes with FL and OPCML WT around 55 kDa and the single domains
at 20 kDa.

Confocal IFM also confirms the expression of FL and D1 in SKOV3 cells. Figure 11B shows IFM
images of cells after fixation with PFA (See methods). FL and D1 are stained clearly with both
the anti-mouse and anti-HA antibodies. OPCML WT is successfully stained with anti-OPCML but
there is also background signal from the HA antibody. Combining the results obtained from the
SDS-PAGE and IFM it can be seen that the transduced SKOV3 cells are expressing the desired

constructs.

2.2.2.1 Confirmation of expected cell phenotype

Previous studies have shown the expression of OPCML in cells supresses cell growth, with
transfected cells expressing differing levels of OPCML having growth inhibition when compared
to a cell line transfected with a control vector®?. Therefore, to test the transduced cell lines are

behaving as expected MTS assays to survey cell growth were undertaken (see Methods).

It is expected that the SKOV3 cells expressing functional OPCML would show less cell growth
over time than the empty vector control. However, the results from this assay differed greatly
between repeats. Figure 12 shows the results of the cell proliferation assays. In two of the three
repeats the SKOV3 cells expressing OPCML WT show the most cell growth with the D1
transduced cell line showing the least growth. This is not the case in the third repeat where the
SKOV3 FL cells grow the most and SKOV3 D3 the least. The large variation in cell growth for the
transduced cell lines upon each repeat suggests that transduced cell lines are not a suitable

model for testing the SAR of OPCML.
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Figure 12 MTS cell growth assay of lentivirally transduced SKOV3 cells. Results
were taken in triplicate.

2.3 Conclusion

The initial aim of the research presented in this chapter was to determine the SAR of OPCML,
to ultimately produce a novel biotherapeutic based on the generation of a protein-GPI anchor
mimetic. The results presented in this chapter led to the decision not to take transduced cell
lines any further in SAR studies. It is not possible to control how much OPCML is present in each
cell line as the protein is inherently expressed. The IFM images indicate non-uniform levels of
protein expression throughout the transduced cell population, and the MTS assays indicate
problems with reproducibility. There were also unsuccessful attempts with these transduced
cell lines at immunoprecipitation and gap closure assays. These initial experiments were
designed with the aim of elucidating the SAR of OPCML, specifically which domains are required
for OPCML tumour suppressor function. As previous unpublished research had shown

expressing and purifying recombinant OPCML was very challenging and thus neither the
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structure nor SAR was known. However, the structure of OPCML was subsequently elucidated
by collaborators and this allowed SAR information to be gathered and provided a method of
reliable protein production®. Thus the remaining chapters focus on the production a novel

biotherapeutic based on the generation of a protein-GPI anchor mimetic
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Chapter 3

The design and synthesis of a highly

engineered and functional OPCML construct

3.1 Construct design and protein expression in mammalian

and insect cell lines

The main objective of this research was to create a novel biotherapeutic with a semi-synthetic
OPCML targeted to the membrane of cancer cells using a GPl anchor mimetic. A construct for
OPCML was designed to enable the required functionality to be added to meet this aim whilst
ensuring the function of the protein was not adversely affected. The crystal structure of OPCML
was elucidated and it was determined that the protein forms a homodimer through hydrogen
bonds and hydrophobic contacts in domain 1 (D1)33. Furthermore mutation in D1 caused loss of
tumour suppressor gene function. D1 is vital for dimerisation of OPCML on the cell surface; the
R65L mutation disrupted homodimerisation and this mutant protein was unable to bind to
partner RTKs. Moreover an N70H mutation was found to disrupt glycosylation and protein

stability.

Therefore to ensure the construct designed retains function there were no changes to D1 in the
construct design and no tags were introduced at the N terminus, which is present in D1, to avoid
disrupting dimerisation. To replicate the native GPl anchor attachment, GPl anchor mimetics
were attached to the C-terminus and it was decided to keep as many of the six glycosylation

sites conserved as possible to avoid disrupting protein stability through lack of glycosylation.

The methods of protein expression and anchor ligation also needed to be considered during

construct design. Some of the work presented in this chapter has been previously reported*?..

There are a variety of methods for protein production all with associated strengths and
weaknesses. Bacterial expression is commonly used as it is generally high yielding, but it is not
capable of introducing post translational modifications. For example bacteria lack the cellular
organelles needed for glycosylation®®*32, Mammalian systems provide post translational
modifications but have much lower yields'3¥132, |nsect cells are another system that can be used

for producing recombinant proteins. Insect cells have the advantage of providing higher
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Figure 13 Schematic showing the stages in producing a baculovirus expression system *, Image
taken from previous report'?'.

expression levels when compared to mammalian cultures whilst still being able to carry out post
translational modifications unlike bacterial systems'3*13%, Figure 13 shows a schematic of the
process to make a baculovirus using the Bac-to-Bac® expression system from Invitrogen3>136,
The first step is to clone the construct of interest into a FastBac™ plasmid. This plasmid contains
a baculovirus specific promotor, an antibiotic resistance gene, a mini F replicon, LacZa gene and
a mini-attTn7 site which is the target site for the bacterial transposon Tn7.13>13¢ Transposons
are mobile sections of DNA and during transposition, a transposase enzyme cleaves the DNA
that flanks transposons and then inserts this DNA into another area3. During transformation of
the pFastBac™1 vector into DH10Bac™ competent cells the transposition occurs. In the case of
the baculovirus expression system the transposition occurs between mini-attTn7 in the
DH10Bac™ competent cells (which contains a helper plasmid with all the proteins necessary for
a transposition reaction to occur) and the mini-Tn7 in the plasmid to form the bacmid!3>%,
The success of the transposition is evident by the colour of the colonies formed when the
transformed bacteria is spread on a LB agar plate. If transposition is successful the expression
of LacZa is disrupted and colonies will appear white. Unsuccessful transposition will result in

colonies that appear blue. The bacmid then undergoes transfection into insect cells to form a

46



The design and synthesis of a highly engineered and functional OPCML construct

baculovirus viral stock. This stock can then be used to infect insect cells which will product

recombinant protein!®,

As OPCML needs to retain function for the latter stages of the project it was decided not to use
a bacterial expression system due to the six glycosylation sites and three disulphide bridges, as
expression in bacteria can cause abnormal disulphide bonds which could affect structure and
stability of the protein. A secretion signal peptide is present in many secreted proteins and
indicates to the cell to translocate the protein to its membrane. Thus the secretion signal is

important and needs to be optimised for the chosen expression system.

The method of attaching an artificial anchor also needed to be considered. First the GPI anchor
attachment site was removed so unanchored OPCML could be expressed?. Sortase mediated
transpeptidation or sortagging (see Introduction) was selected as a suitable technique therefore
the sortase recognition sequence LPETG was included in the construct at the C terminus. The
recognition site needs to be accessible to the sortase enzyme therefore a GGGGS precedes the
recognition site in the construct. Figure 14A shows the first amino acid after the initial
methionine in OPCML was changed from glycine to alanine. This change was done to prevent
OPCML polymerising or cyclising during sortagging — when the sortase reaction takes place the
glycine nucleophile attacks the sortase enzyme intermediate and if the initial glycine remained
it would compete with the anchor mimetic during this step®. A free cysteine was also included
near where the native anchor attachment site would be as this could enable anchor attachment
by Michael Addition to a maleimide functionalised anchor mimetic if sortagging proved

unsuccessful.

A way of visualising the protein other than with OPCML antibodies is also desirable so an HA tag
was included in the construct design. Furthermore, an affinity tag for isolating protein from cell
supernatant was included in the construct as was a thrombin cleavage site to enable tag

cleavage following purification.

3.1.1 Mammalian Expression of rOPCML in HEK293 cells

Initial expression was attempted in HEK 293 cells taking all the design points from above into
consideration. As the expression system is mammalian and OPCML is normally expressed in
eukaryotic cells the native secretion signal was conserved. A Twin-Strep-Tag® was included as

the affinity tag for purification Figure 14A.

HEK293 cells were transfected using Lipofectamine® 2000 and the cell supernatant was

harvested, concentrated and proteins were separated by SDS-PAGE. The western blot (Figure
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14B) shows a faint band around 60 kDa in the OPCML transfected lane that is not present in the
control lane. This band corresponds with the size of the commercial rOPCML (Creative BioMart)
control showing that OPCML protein has been produced and secreted into the cell supernatant.
Figure 14C shows the coomassie stain of the SDS-PAGE and there is no clear band that
corresponds to OPCML. The band at 80 kDa is due to BSA: Although the cells were washed after

plating and before transfection residual BSA remained.

The lack of clearly defined signal shows that, although OPCML can be produced successfully
using this mammalian expression system, the yields are low and there would a significant scale
up before a suitable quantity of OPCML could be obtained for later modification and testing. At
this time research from a collaborator had shown that functional rOPCML can be produced

using the baculovirus expression system with reasonable yields®. Therefore, it was decided to
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Figure 14(A) Schematic representation of the OPCML construct designed for a mammalian
expression system.(B) and (C) SDS-PAGE showing expression level of OPCML in transfected
HEK293 cells: HEK293 cells were transfected with OPCML (60 kDa) in a pcDNA3.1+ vector
or a control empty pcDNA3.1+ vector. Commercial rOPCML (purchased from Creative
BioMart) was used as a control. (B) Western blot (C) Coomassie staining.
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switch to an insect cell expression system. Insect cell systems are capable of post translational

modifications and tolerate disulphide bonds better than bacteria’®*.

3.1.2 Insect Cell Expression of OPCML using the Baculovirus Expression

System
The construct for insect cell expression was designed taking into account the considerations for
the mammalian construct with a few alterations based on a previous report of OPCML
production using insect cells by Birtley et al*3. Insufficient secretion is a problem associated with
insect cell expression of proteins however with the addition of an insect secretion signal this
problem can be resolved®*. Following the design and expression of OPCML in the paper by
Birtley et al*® the protein was expressed as an Fc-fusion protein, a ceruloplasmin secretion signal
was added (MKILILGIFLFLCSTPLQ) and a thrombin site after the LPETG sortase recognition site.
After the thrombin cleavage site two glycines were included followed by residues 120 to 330 of
human IgG1 (Uniprot entry P01857) as an affinity tag 33 (Figure 15A). Briefly, the construct was
cloned into a pFastBac™1 vector (GeneArt Invitrogen). The pFastBac™1-OPCML vector was then
transformed into DH10Bac™ competent cells to generate the recombinant bacmid. The
production of the recombinant bacmid was confirmed via PCR. Analysis of the production of
recombinant bacmid by PCR was necessary as recombinant bacmid DNA is too large for
restriction analysis to be successful. The pUC/M13 primers flank either side of the mini-attTn7
site where the gene of interest should insert. Therefore, the PCR product after agarose gel
electrophoresis should correspond to the size of the bacmid transposed with pFastBac™1.
Figure 15B shows three lanes of bacmid DNA (isolated from three separate colonies) and a
control PCR reaction which had no DNA present. The size of the bacmid alone is around 300 bp,
when successfully transposed the size of the PCR product will correspond to the bacmid with
pFastBac™1 (2300 bp) plus the size of the insert. The size of the bacmid lanes in Figure 15B

show the PCR product is about 4000 bp which corresponds to a successful transposition.

Sf9 insect cells were transfected with the bacmid to generate the baculovirus and the titre of
this virus increased by a further infection of Sf9 cells before the viral supernatant was harvested.
Figure 15C shows the production of OPCML begins after 24 h with a band around 70 kDa for
OPCML+Fc. However, the protein seems to undergo cleavage with two bands appearing one at
70 kDa for OPCML+Fc and one around 45 kDa. As the Fc sequence has a calculated weight of
24.4 kDa the weight difference between the bands suggests that this lower band is OPCML

without the Fc sequence. The test expression proved successful with OPCML being secreted into
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the supernatant after 24 h. When left for longer than 72 h the Fc affinity tag appears to cleave

therefore supernatant was harvested after 72 h.
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Figure 15(A) Schematic representation of the OPCML construct designed for an insect
expression system. (B) Agarose Gel Electrophoresis of recombinant bacmid. Image adapted
from report'?, (C) Western blot showing expression level of OPCML in High 5 cell supernatant
over time: High 5 cells were infected with OPCML Baculovirus and aliquots taken every 24
hours.

3.2 rOPCML Purification and Characterisation

3.2.1 Affinity purification to isolate rOPCML from insect cell supernatant and

confirmation of protein identity

As expression was successful larger scale production and purification was initiated. Figure 16
shows the SDS-PAGE gel of the different stages of the affinity purification of rOPCML from the
cell supernatant. Batches of 1 L were prepared with 40 mL of baculovirus used to infect each
litre of HighFive cells. After 72 h the supernatant was harvested, PMSF was added to a final
concentration of 20 mM to inhibit serine proteases and pH was altered to 7.0 with NaOH. The
supernatant was then filtered and 2 mL Protein A agarose (Abcam) was added per litre of
supernatant and left overnight at 4 °C to bind to the Fc sequence in the protein. The next day
the supernatant with resin was shaken at 700 rpm for 1 h at 18 °C to facilitate further binding
of the protein to the resin, and then the supernatant was allowed to pack into a fritted column

by gravity at 4 °C. Once packed the resin was washed with 30 BV of wash buffer then eluted
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with 15 BV of elution buffer in 1 mL aliquots. The aliquots were neutralised with neutralisation
buffer and the protein containing aliquots determined using a Nanodrop (MW = 58147.1 g/mol
€=71120 Mcm™) before being combined and concentrated to a volume of 2.5 mL. The protein
was then buffer exchanged using PD-10 Desalting Columns into wash buffer for long term

storage and concentrated using a spin concentrator.
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M = Harvested cell media
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exchange by PD10
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Figure 16 SDS-PAGE showing stages of rOPCML protein production.

To confirm the identity of the bands at 75 kDa and 30 kDa peptide mass fingerprint (PMF)
analysis was carried out (Appendix C). The bands were cut from the EA lane of the gel (Figure
16) and digested with trypsin into peptides whose masses were measured by MALDI
measurements. These peptides were then compared to a database of known peptide sequences
to identify the sample using mMass software. The data identified the upper band as OPCML+Fc
and the lower band as Fc confirming the earlier hypothesis that over time the Fc sequence

cleaves from the rest of the protein.

3.2.2 Cleaving the affinity sequence from rOPCML in preparation for assay

development and future experiments

As mentioned previously the OPCML construct was designed with a thrombin cleavage site so
that after affinity purification the Fc sequence could be cleaved off to leave a protein that is
more closely related to the native protein (Figure 15A). As thrombin is 37 kDa and after
thrombin cleavage the rOPCML is 33.7 kDa (calculated using PepCalc) the size difference
between cleaved rOPCML and thrombin is not large enough for separation by size exclusion

chromatography (gel filtration).
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3.2.2.1 Using resin bound rOPCML-Fc to test thrombin cleavage conditions

To test that thrombin cleavage would occur successfully a small scale on-resin cleavage of
OPCML+Fc with thrombin was carried out. Insect cell supernatant was harvested as mentioned
previously (3.2.1) and 100 uL of the resin bound OPCML+Fc (after overnight incubation) was
diluted into 490 ul wash buffer containing 1 unit of thrombin (10 pL). The reaction was

incubated for 4 h at 10 °C and aliquots of supernatant taken after 1, 2 and 4 h for analysis via

SDS-PAGE.
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Figure 17 SDS-PAGE of on-resin thrombin cleavage over time. (A) Western Blot. (B) Coomassie
stained gel.

Figure 17A and B have a band around 40 kDa showing there is an increase of OPCML over time.
In both the western blot and the coomassie stained gel there is still a band present at 75 kDa
corresponding to OPCML+Fc which hasn’t been cleaved by the thrombin. At each time point the
reaction was centrifuged to pellet the resin without breaking it and enable a resin free sample
to be taken. However, some resin beads were still present in the aliquots which explains the
uncleaved OPCML+Fc present in the figure. It can be seen from Figure 17A that over time, as
well as an increase in the amount of OPCML that has been successfully cleaved, there is a
decrease in the amount of OPCML+Fc present on the resin. The upper band present in the T=24
h lane was confirmed to be rOPCML+Fc by PMF analysis (Appendix C). The lower band
corresponds to the size of cleaved OPCML. This shows that the thrombin cleavage site is
accessible in the designed protein construct and the protein can be cleaved successfully. It
would be possible to undertake the thrombin cleavage of the Fc sequence while the protein is
still bound to the Protein A agarose which would prevent the need to purify out any OPCML+Fc
which hasn’t been cleaved from cleaved OPCML. However, the problem of removing thrombin

from the cleaved rOPCML would still remain.
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3.2.2.2 Using a HiTrap™ Benzamidine column to remove thrombin and prevent protein

degradation
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Figure 18 SDS-PAGE showing stages of purification after thrombin cleavage.

HiTrap™ Benzamidine FF columns (GE Heathcare) can be used to remove thrombin after
thrombin cleavage to prevent further protein degradation. Thrombin cleavage was performed
in wash buffer overnight at 4 °C. Figure 18 shows the stages of thrombin cleavage purification.
The first two lanes (BF and FT) are the cell media harvested from insect cells before and after
filtering. The thrombin cleavage site is positioned between the OPCML and the Fc sequence in
the construct. After thrombin cleavage the protein is passed through Protein A agarose to
remove any un-cleaved OPCML+Fc and Fc. Lane ‘R’ is the boiled Protein A agarose and shows
bands which correspond the Fc and rOPCML+Fc. The next two lanes show the protein before
(EA) and after (TC) thrombin cleavage. Briefly, the column was equilibrated with binding buffer
(0.05 M Tris-HCI, 0.5 M NaCl, pH 7.4), the sample was added and the column washed with
binding buffer to collect the unbound recombinant protein. The column wash was checked by
a NanoDrop™ spectrophotometer for the presence of recombinant protein however none was
detected. This could be because the column has some ionic bonding characteristics thus the
protein might get stuck to the column. Therefore an increase in salt concentration to 1 M was
tried to encourage protein to elute. The lane ‘BC’ in Figure 18 shows that after using the HiTrap™
Benzamidine FF column there is only one band present and this band corresponds to the Fc
sequence, there is no rOPCML eluted from the column. This shows the cleaved rOPCML stayed
bound to the column even after increasing salt concentration. Therefore it was decided to try a

different method to remove thrombin after the cleavage reaction.
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3.2.2.3 C(Cleaving rOPCML+Fc with resin bound thrombin using the Thrombin
CleanCleave™ Kit
The Thrombin CleanCleave™ kit contains thrombin immobilised on agarose resin which enables
the cleaved protein to be washed off the solid support, therefore resolving the issue of
removing thrombin. The previous thrombin cleavage (using the Using a HiTrap™ Benzamidine
column) went to completion after reacting overnight at 4 °C therefore the first attempt using
the thrombin agarose was undertaken using these conditions. Figure 19A shows the
recombinant OPCML protein before and after incubation with the thrombin resin following the
manufacturer’s instructions (40 L resin was used with 500 uL OPCML+Fc at 0.33 mg/ml). The
figure shows that overnight incubation at 4 °C did not cause the cleavage to go to completion,
thus further optimisation was needed. Figure 19B also shows that the Fc sequence after

cleavage further degrades into two bands above 25 kDa as the Fc appears as one band at 0 h

and two bands from 1 h.

Figure 19 Thrombin cleavage optimisation using Thrombin CleanCleave Kit. (A) Overnight
incubation at 4 °C with thrombin resin. (B) and (C) Thrombin cleavage using the resin bound
thrombin at 25 °C and 37 °C respectively.
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The Thrombin CleanCleave™ Kit manual suggests higher temperatures for optimal cleavage thus
the next attempts were undertaken at 25 °C and 37 °C. 40 pL of the thrombin resin was added
to 500 uL 0.33 mg/ml OPCML+Fc in wash buffer and shaken for 24 h with aliquots taken at
regular time intervals for analysis. Figure 19A and B show the second attempt at thrombin
cleavage using the resin bound thrombin at 25 °C and 37 °C respectively. There is more complete
cleavage at 37 °C but it is possible that keeping OPCML at high temperatures for a prolonged

time may adversely affect the protein. In an attempt to optimise the thrombin cleavage further

a test reaction with liquid thrombin vs. resin bound thrombin was performed. A reaction that

Figure 20 Thrombin cleavage optimisation at 37 °C with immobilised thrombin on agarose
resin, ‘liquid’ thrombin and a rOPCML+Fc control reaction of just buffer and protein shaking
at 37 °C.
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was just rOPCML+Fc shaking at 37 °C was also carried out as a control to see if any obvious
degradation was observed. The amount of thrombin resin was also increased in an attempt to
get thrombin cleavage to completion with 40 pL resin incubated with 250 uL rOPCML+Fc (0.33
mg/ml). The liquid thrombin reaction was carried out using 30 pL thrombin (100 units/mL) with

250 uL rOPCML+Fc (0.33 mg/ml).

Figure 20 shows an SDS-PAGE following thrombin cleavage and the control OPCML reaction.
There was no complete cleavage of rOPCML+Fc with the increased amount of thrombin agarose
resin, whereas with the ‘liquid’ thrombin complete cleavage occurred, thus for following
experiments the liquid thrombin will be used. Furthermore, the double band for Fc appeared in
the rOPCML control blot after 24 h which suggests it was due to degradation of the Fc sequence.
Moreover, as the reaction takes 24 h to go to completion future thrombin cleavage reactions

will be carried out at 4 °C to prevent rOPCML from degrading or becoming inactive.

3.2.3 Anion Exchange to remove impurities after Thrombin Cleavage

The recombinant OPCML can now be successfully cleaved with thrombin however there needs
to be a way to remove the thrombin from the cleaved protein. Cleaved rOPCML and thrombin
are a similar size thus size exclusion cannot be used. lon exchange chromatography (IEX) can be
used to separate molecules based on their net surface charge. Anion exchange columns bind
negatively charged biomolecules. When the pH of the buffer is above a protein’s isoelectric
point (pl) it will have a negative charge and bind to the column and an increasing salt gradient
will elute any bound protein. The pl values of all the molecules to be separated from the cleaved

rOPCML are sufficiently different for separation by IEX (Figure 21A).

rOPCML+Fc was cleaved with thrombin overnight at 4 °C in wash buffer (50 mM Tris, 150 mM
NaCl, pH 7.5). For each cleavage reaction 10 units of thrombin were used per mg of rOPCML+Fc.
After the overnight incubation the reaction mixture was diluted with 50 mM Tris to 50 mM NaCl
so the injected protein had the same buffer composition as the start buffer. A gradient was run

up to a 50 % elution buffer (50 mM Tris, 1 M NaCl) over 50 CV (50 mL).

Figure 21B shows the UV trace from the IEX. Peaks can be seen at elution volumes of 0-10 mL
and 65-80 mL. The first peak is the unbound fraction which has a higher pl than that of the

starting buffer. The second peak elutes during the salt gradient and is the cleaved OPCML.
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Figure 21C confirms the first peak is due to the unbound thrombin and Fc sequence. The latter

peak is cleaved OPCML with both running at the expected molecular weight on the gel.

A
pl Eluted first
Thrombin (828 | Unbound
Fc 8.28 | Unbound pH7.5
OPCML+Fc | 6.37
OPCML 5.38

Eluted last
” 200 < Elutlon Fractlons
UV Absorbance
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160 ] Concentration (% B)

UV Absorbance {mAU)
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Elutlon Volume {mL}

Figure 21 Anion exchange of rOPCML after thrombin cleavage to remove impurities. (A)
Table showing the differing pl values for biomolecules in the thrombin cleavage reaction. (B)
UV trace from anion exchange column. (C) SDS-PAGE stained with coomassie showing the
identity of the peaks eluted from the IEX column. BC before thrombin cleavage. AC after
thrombin cleavage.

3.2.4 Size Exclusion Chromatography to confirm aggregation state of

rOPCML

After anion exchange to remove the cleaved Fc sequence and thrombin, SEC was used to
remove any potential aggregates and remaining contaminants and to approximate the protein
molecular weight. However, the shape of a protein can affect how it interacts with the pores of
the SEC column and the crystal structure shows that OPCML is a long rod shaped protein thus
will run different to globular proteins so any calculated size would be a vast approximation:.
The first attempt at SEC was done with an S75 column which is suitable for proteins between 3

and 70 kDa. The cleaved rOPCML should be approximately 33 kDa so is within this range.

Figure 22A shows the UV trace of the first SEC after thrombin cleavage with protein loaded

directly after anion exchange and spin concentration. The protein eluted just after the void
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volume of the column (40 mL) which is very early and the peak was not symmetrical and had a
slight shoulder. The early elution suggests the protein is larger than expected and should be run
on a S200 SEC column which is more suitable for proteins between 10 and 600 kDa. The early

elution and the shoulder on the peak could be due to the rod like shape of the protein.
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Figure 22 SEC traces of rOPCML (A) S75 16/600 SEC. (B) S$200 10/300 SEC. (C) S$200 16/600 SEC.
(D) SDS-PAGE of 5200 16/600 SEC of rOPCML.

700 pL rOPCML at 0.9 mg/mL was recovered from the S75 column and this was run on a 5200
10/300 column and two peaks were observed in the UV trace (Figure 22B). This suggest that
there are two different species of OPCML present. A S200 16/600 column was then run using
the remaining protein to try and isolate and identify the two species. Both peaks were run on

an SDS-PAGE and are of the expected size for OPCML.

The rOPCML construct was designed with a free cysteine so Michael Addition could be used for
attaching anchor mimetics if no other methods work (section 3.1). It was hypothesised that this
free cysteine could be forming disulphide bonds which would account for the two OPCML

species observed.
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3.2.4.1 Confirming a free cysteine was causing secondary rOPCML species

To confirm whether the free cysteine is forming disulphide bonds rOPCML was separated by
SDS-PAGE both with and without prior reduction. Previous gels had all used reducing agent in
the loading buffer so the two species resolved into one band. The western blot and coomassie
stained SDS-PAGE gel (Figure 23) show that without reduction two bands appear at differing
sizes for rOPCML. The identity of these bands was further confirmed using PMF analysis: The
bands from 1%t and 2" peak lanes were taken as well as the two bands from the last lane of the

coomassie stained gel and were digested with trypsin before all being identified as OPCML.
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Figure 23 SDS-PAGE of rOPCML with and without reducing agent. (A) SDS-PAGE stained
with coomassie. (B) Western blot.

To further confirm the free cysteine as the cause of the multiple species of rOPCML the protein
was reduced with DTT to make the free cysteine accessible then the protein was reacted with
iodoacetamide to cap the free cysteine. Once capped the 0.1 mg of protein in 250 pL was run
on an S200 10/300 size exclusion column to see if the two peaks resolved into one. Figure 24 is
the SEC after capping and shows that capping does prevent the presence of multiple OPCML

species.
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Figure 24 SEC S200 10/300 of rOPCML after reducing
and capping.

The presence of a free cysteine, which is binding to other rOPCML molecules, could cause the
efficiency of the sortase reaction to decrease by make the sortase recognition site inaccessible.
Therefore, it was decided to use site directed mutagenesis to remove the free cysteine and use

rOPCML without a free cysteine for all future experiments.

3.3 Generating a rOPCML+Fc construct with no free
cysteine to prevent aggregation of the protein in future

research

The free cysteine was removed from the OPCML protein to prevent protein aggregation and
any problems that may arise due to the inaccessibility of the sortase recognition site. The Q5®
Site-Directed mutagenesis kit from NEB was used for the deletion of the free cysteine following
the manufacturer’s instructions. Briefly primers were designed (Appendix B) that flanked either
side of the cysteine to be removed. These were amplified by PCR using a Q5® polymerase with
an annealing temperature of 55 °C, the PCR product (Figure 25A) was then used directly in a
KLD (kinase, ligase and Dpnl) reaction and incubated for an hour before being transformed into

competent E.coli.
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Figure 25 (A) Agarose gel electrophoresis of PCR product of sample and control after
amplifying with primers to remove free cysteine. (B) Agarose gel electrophoresis of
recombinant bacmid. (C) Dot blot to show expression of rOPCML-C295del in insect cells

after 72 hours.

Recombinant bacmid was generated as before (3.1.2) and the production of the bacmid

confirmed by agarose gel electrophoresis. The size of the bacmid alone is 300 bp and the size

of the OPCML insert is 1662 bp. The size of the successfully transposed bacmid is approximately

3962 bp and a band this size can be seen on Figure 25B confirming the bacmid was successfully

transposed. The expression was tested (Figure 25C) on a small scale to ensure rOPCML-C295del

production was occurring before larger scale expressions were undertaken.

The production of the protein was carried out as before using the baculovirus expression

system in insect cells followed by harvesting the supernatant. The protein was isolated using

affinity chromatography with Protein A Agarose which binds to the Fc sequence still present

(Figure 26).
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BC = Before thrombin cleavage
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Figure 26 SDS-PAGE stained with coomassie showing stages of OPCML protein purification.
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Following this thrombin cleavage was carried out as before and anion exchange used to purify
the cleaved rOPCML-C295del from the Fc and thrombin (Figure 27A and B). Finally SEC was
performed. Pleasingly, one symmetrical peak in the UV trace was observed indicative of a

single species of protein (Figure 27C).
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Figure 27 (A) SDS-PAGE of Anion exchange ANX FF column stained with coomassie, AC =
after thrombin cleavage. (B) UV, conductivity and concentration trace of anion exchange.
(C) SEC 5200 10/300 rOPCML-C295del.

3.4 Generating the inactive R65L mutant construct for

rOPCML+Fc as a control for functional assays

The R65L mutation causes loss of function via the disruption of homodimerisation and inability
to bind to partner RTKs*. For functional assays having an inactive mutant as a control would

provide a more complete picture of the function of OPCML, therefore the R65L mutant was
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Figure 28 (A) Agarose gel electrophoresis of PCR product of sample and control after amplifying

with primers to remove free cysteine. (B) Agarose gel electrophoresis to analyse production of
recombinant bacmid.

made from the previously designed construct (Figure 15A). In this construct due to the secretion
signal being one suitable for insect cell expression, and not the native mammalian secretion
signal, the R65L mutation is actually R56L. The mutation was carried out using the Q5°® Site-
Directed mutagenesis kit from NEB as previously described (section 3.3). Briefly, primers were
designed with one as a mutagenic primer containing the substitution required in the centre of
the primer (5'- CCGGGTAACCITGGTGGCCTGGC -3'). The second primer is entirely
complimentary to the sequence and begins at the base next to the 5’ end of the first mutagenic
primer (5'- TCATCTATGGTACACCTGAGG -3'). A gradient PCR was undertaken and the PCR

product used directly in a reaction prior to transformation (Figure 28A).

The baculovirus expression system was used to produce the protein and formation of the
bacmid confirmed by agarose gel electrophoresis (Figure 28B). The size of the bacmid alone is

300 bp, the size of the OPCML insert is 1662 bp thus the size of the successfully transposed
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o W =Wash
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S 25 _| b o C = Concentrator flow though

E = Eluted protein

Figure 29 SDS-PAGE stained with coomassie showing stages of R56L mutant protein
purification.
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bacmid is approximately 3962 bp and a band of this size can be seen on Figure 28B confirming
the bacmid is successfully transposed. The expression was tested on a small scale to ensure
rOPCML-R56L production and the protein was shown to express after 72 h. Figure 29 shows
the mutant protein was successfully expressed and isolated using Protein A Agarose. Following
this thrombin cleavage was carried out as previously and anion exchange used to purify the
cleaved mutant protein from the Fc and thrombin (Figure 30A and B). SEC was also carried out
to determine if the protein was a single species or aggregated (Figure 30C).
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Figure 30 (A) SDS-PAGE of Anion exchange ANX FF column stained with coomassie, AC = after
thrombin cleavage. (B) UV trace of anion exchange. (C) SEC $200 10/300 rOPCML-R56L..

The SEC trace shows the presence of two peaks in the UV trace this suggest there could be a
small impurity present after the thrombin cleavage and anion exchange or that the protein is
not a single species. However, as there are a few bands present in the eluted fractions in Figure
30A after anion exchange it is most likely that this is the cause of the second peak. Therefore
after anion exchange SEC should be undertaken to remove any further impurities and give a

pure protein.
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3.5 Testing the function of rOPCML

The OPCML construct designed and synthesised is highly engineered and capable of attachment
of complex chemical prosthetic groups to mimic the GPI anchor. However, the modifications
made to the protein must still enable the protein to function as a tumour suppressor. Therefore,
it is important to test the function of this novel protein construct. Birtley et al®®* have
demonstrated the tumour suppressor function of OPCML through spheroid invasion assays with

OPCML reducing the amount of spheroid invasion when compared to controls.

Spheroids are heterogeneous aggregates of cells with hypoxic regions and necrotic
centres'®13% Spheroid invasion assays enable treatments to be tested in 3D environment,
which is useful as the assay can mimic the tumour microenvironment and thus have been used
in cancer research® 44, Figure 31A shows a schematic of the stages of a spheroid invasion
assay. Firstly the chosen cells are seeded in an ultra-low adherence 96 well plate. Over time
these cells aggregate to form a spheroid. Once the spheroid has reached the desired diameter
the spheroid is treated with compound and a layer of Matrigel® placed on top. Corning®
Matrigel® matrix is an extracellular matrix and helps mimic the in vivo environment for cell
culture. The spheroid is then imaged over time for invasion. The invasion occurs through actin-
rich protrusions from the plasma membrane, known as invadopodia, that are due to

degradation of the extracellular matrix and are associated with cancer progression4%145:146,

As mentioned in the introduction OPCML is inactivated via methylation in numerous cancers
>3135-44 OPCML expression is reduced or absent in 83 % of brain tumours and is not present in
U8S7MG cells*. US7MG cells are a glioblastoma cell line that has been shown to invade well
during spheroid invasion assays!*. Therefore, due to the robustness of US7MG spheroid
invasion assays this cell line was used to test the function of rOPCML. There were two buffer
treated controls; one which was serum starved overnight like the treated spheroids, and one
control that was left in full serum media for the duration of the experiment. The results show
that the control spheroids increased the most in volume and the spheroids treated with rOPCML
had a much lesser increase in volume. This preliminary experiment suggests that the rOPCML is

functional and is preventing invasion if the U87MG cells.
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Figure 31 (A) Schematic showing stages of the spheroid invasion assay. (B) Images of US87MG
cells before and after treatment with rOPCML.

3.6 Conclusion

The overall objective of this research is to design a novel bio-therapeutic based on OPCML with
a GPl anchor mimetic and to validate this protein anchor complex as a potential drug in EOC. To
do this it was necessary to design and synthesise a highly engineered and functional OPCML
construct capable of attachment of complex chemical prosthetic groups to mimic the GPI
anchor. rOPCML was successfully expressed using both a mammalian expression system and a
baculovirus expression system. The construct design was influenced by one reported by Birtley
et al*® with added functionality for two methods of anchor attachment, and a tag for
visualisation. Optimisation of cleavage conditions to remove the affinity sequence was
undertaken followed by further purification to remove impurities. SEC was carried out to further
characterise and purify the protein. SEC highlighted multiple species of rOPCML which proved
to be due to the presence of a free cysteine added for anchor attachment via Michael Addition.
Thus, a further construct was made with this cysteine removed to give a single rOPCML species
for all future uses. Finally, a mutant of the construct was made (also without a free cysteine) to

use as an inactive control based on the loss-of-function R56L mutant reported by Birtley et al 3,
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Chapter 4

Functionalising rOPCML with a GPI anchor

mimetic

OPCML is localised to the DRM of cells by a GPI anchor. In the DRM OPCML functions as a
tumour suppressor by sequestering RTKs to the DRM and arresting their signalling cascade3%°%-
% Therefore, the GPI anchor is important for localising OPCML to the cell membrane where it
can function as a tumour suppressor. There are various methods that can be used for the
ligation of anchors to the recombinant protein as mentioned in the Introduction. One method
is including a free cysteine in the protein enabling Michael Addition with an anchor containing
a thiol reactive maleimide. However, this method was not pursued due to protein aggregation
upon inclusion of a free cysteine ( see section 3.2.4.1) >, Alternative approaches of anchor
attachment include using a kit such as The IMPACT™ kit (New England Biolabs) to do Intein-
mediated Protein Ligation (IPL) (Figure 32)%°2, or sortase-mediated transpeptidation
(sortagging)®>!. These latter two approaches were attempted and will be discussed in this

chapter. Some of the work presented in this chapter has been previously reported!?!.

4.1 Intein-mediated Protein Ligation

The IMPACT™ kit involves the fusing of proteins to an intein tag and a chitin binding domain
(CBD), then purifying the protein by affinity chromatography with a chitin column. When 2-
mercaptoethanesulfonic acid (MESNA) is used to elute the bound protein a C-terminal thioester
is formed. The modified protein is then amenable for ligation to a GPl anchor mimetic provided

there is an N- terminal cysteine892,

The first strategy for anchor attachment to be explored was IPL using the IMPACT™ kit (New
England Biolabs). The first step in IPL is to clone the protein construct of interest into a pTXB1
vector. This vector is used for producing the rOPCML as it allows fusion of the intein tag to the
C-terminal of OPCML at the site where the native GPI anchor would be located. Digestion and
ligation of OPCML into the pTXB1 vector was done using the restriction enzymes Ndel and Sap1.
At this stage of experiments the crystal structure of OPCML was not yet known therefore IPL
was initially attempted with full length OPCML (FL) and just domain 3 (D3) to test whether all

the protein is needed for function or just a single domain would suffice. The OPCML construct
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was generated following the instructions in the IMPACT™ manual. Briefly the primers were
designed to add Ndel and Sapl restriction sites into the OPCML construct as these would be
used for ligation into the pTXB1 vector (see Methods). The Sapl primer is designed with an
overhang of GCA as when ligated with the pTXB1 vector this creates an in-frame fusion to the
N-terminus of an intein. The Ndel primer is designed such that the Ndel site directly precedes
the start of the protein of interest. The Sapl primer precedes the site at which the native GPI
anchor would attach. The plasmids used in the PCR reaction were those designed for lentiviral

production from Geneart™ and were used as delivered (section 2.1).
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Figure 32 Schemes for the ligation of recombinant OPCML protein to the GPI anchor mimetic.
Part 1) p TXB1-OPCML is expressed with an intein containing a chitin binding domain (CBD), first
the CBD binds to a chitin column, and an S N shift will occur. MESNA is used to cleave the protein
from the column and leaves the OPCML protein with reactive thioester®’. Part 2) The C-terminal
thioester of OPCML will undergo transesterification with a terminal cysteine residue in the GPI
anchor mimetic. An S N acyl shift then occurs leading to a protein-GPI anchor complex®’.Image
taken from initial research plan %',

After confirming the PCR had been successful via agarose gel electrophoresis (Figure 33A) the
DNA was purified using a Gel Extraction Kit (Qiagen) following the manufacturer’s instructions.
The pTXB1 vector was digested for 4 h at 37 °C, Shrimp Alkaline Phosphatase was added to
prevent ligation of the linearised DNA plasmid and subsequently removed by heat activation at
65 °C for 20 min. Ready-To-Go T4 DNA Ligase (GE Healthcare, Little Chalfont, UK) was used to
ligate the OPCML construct into the pTXB1 vector, and the success of the ligation confirmed by
the presence of a smaller band in DNA gel electrophoresis corresponding to the size of the insert
when of the pTXB1-FL and pTXB1-D3 were digested (Figure 33C). The FL insert is 885 bp and the
D3 insert is 378 bp. The correct ligation of pTXB1 FL and D3 plasmids was also confirmed by

sequencing.
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bp FL

1000
400|

1000

Figure 33 Agarose gel electrophoresis confirming successful generation of intein DNA
constructs U= undigested vector, D=digested vector with Ndel and Sapl. (A) PCR with
primers to introduce restriction enzyme sites. (B) Gel indicating pTXB1 fully digested and
FL and D3 inserts contain no impurities prior to ligation. (C) Ligation of FL and D3 into
pTXB1 with the digested FL and D3 in pTXB1 showing a smaller band at 1000 bp and 400
bp respectively. Image taken from report'?.,

After cloning had been carried out the pTXB1-FL and pTXB1-D3 constructs were expressed in
competent cells (BL21 competent cells). Overnight starter cultures were grown at 37 °C and 20
mL of the starter culture used to inoculate larger 1 L cultures. Once the larger culture had
reached an ODgoo between 0.5 and 0.7 IPTG (final concentration 0.5 mM) was added to induce
protein expression. After induction, to determine the optimum conditions for protein
expression, one flask was incubated at 37 °C with samples taken for SDS-PAGE analysis every
hour for four hours and one flask incubated at 18 °C overnight (18 h). Figure 34A and B show
the expression of D3 and FL respectively. These coomassie stained SDS-PAGE gels show the D3
protein construct is clearly expressed under both conditions but the expression is strongest
after 4 h at 37 °C. The FL construct is not as strongly expressed as the D3 with a faint band
appearing between 50 and 75 kDa corresponding to the construct. However, the western blot
for FL expression confirms protein is produced successfully after 4 h at 37 °C. Therefore, for

both pTXB1 constructs it was decided to express the proteins at 37 °C.
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Figure 34 SDS-PAGE to confirm optimum expression of D3 and FL pTXB1 constructs. (A)
D3 coomassie and Western blot. (B) FL coomassie and Western blot.

The pTXB1 protein constructs were also tested for solubility: After expression was induced, the
cells were grown for 4 h at 37 °C and pelleted. The pellet was then re-suspended in lysis buffer
(pH 8.5, 20 mM HEPES, 500 mM NaCl, 1.0 mM EDTA, 0.2 % TWEEN and protease inhibitor),
sonicated to lyse, and the lysate centrifuged to give the soluble and insoluble fractions. Samples
for insoluble and soluble fractions were then run on SDS-PAGE gels and visualised by western
blot. Figure 35A shows that the FL and D3 construct proteins both have protein present in
soluble (S) and insoluble (IN) fractions. As for both constructs there is protein in the soluble

fraction it was decided to continue with IPL using the soluble proteins.

The pTXB1 vector enables the protein to be expressed with an intein-containing chitin binding
domain (CBD). As mentioned previously the protein can be purified by affinity chromatography
with a chitin column and eluted with MESNA forming a C-terminal thioester on the protein. The
first step was to bind the CBD to the beads in the column using column buffer (pH 8.5, 20 mM
HEPES, 500 mM NaCl, 1.0 mM EDTA), after which an S N shift occurs. Cleavage buffer containing
MESNA (0.1 M Tris, pH 8.5, 10 mM MESNA) was then used to cleave the OPCML-Intein complex

from the column and give the OPCML protein with reactive thioester (
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Figure 32)%.

Figure 35B shows the purification of pTXB1-FL and pTXB1-D3. For both constructs there was no
elution of the protein from the column with all the protein remaining bound to the chitin beads.
The intein tag is 28 kDa and the CBD is 6 kDa thus the multiple bands present in the FL construct
western blot could be due to the FL construct with and without the intein tag and CBD. The lack
of any proteins in the elution is most likely down to the protein with intein tag binding to the
column after elution. The IMPACT manual suggests that this could be resolved by longer
incubation with cleavage buffer at higher temperatures. Another hypothesis is that the protein-
intein fusion may be poorly folded causing less efficient cleavage by MESNA. However it was
decided not to continue with IPL as, as well as poor expression, increasing the temperatures
could degrade the protein and expressing the proteins in bacteria means there are no post-
translational modifications. Furthermore, functional rOPCML was then shown to be expressed
successfully in insect cells with a high yield therefore this method of production was adopted

and bacterial expression was no longer pursued,
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Figure 35 (A) pTXB1-FL and pTXB1-D3 both have OPCML protein present in soluble (S)
and insoluble (IN) fractions (B) Stages of purification of the pTXB1 protein constructs.
Image taken from report'?'.,
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4.2 Sortase Mediated Transpeptidation — Sortagging

Sortases are transpeptidases that bind proteins to the cell wall in gram-positive bacteria via the
recognition of the peptide sequence LPXTG (where X is any amino acid). The sortase recognises
the LPXTG site, cleaves between the threonine and glycine leaving an acyl-enzyme intermediate
where a lipid nucleophile can attack!®>!, Including the LPXTG recognition sequence at the C-
terminus of a protein enables the targeted addition of an anchor with N-terminal glycines to
the protein. The production of a new protein construct suitable for sortagging is discussed in

section 3.1.

4.2.1 GPI Anchor Mimetic Design Considerations and Synthesis

It has been shown that OPCML sequesters a subset of RTKs to the detergent resistant
membrane (DRM) abrogating their signalling and preventing cell migration and
proliferation3*%, It is the GPI anchor that localises OPCML to the DRM32, To ensure any OPCML
biotherapeutic made is targeted to the membrane of cancer cells, where it is found natively, a
GPIl anchor mimetic must be designed and attached to the recombinant OPCML. The GPI
mimetic needs to ensure OPCML is located on the cell surface. Furthermore, as the OPCML-GPI
anchor complex will need to be visualised, clickable handles such as alkyne and azide moieties
can be incorporated into the design to allow for attachment of fluorescent markers. The anchor

also needs to contain the functional moiety required for ligation to the protein.
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Figure 36 (A) Schematic of construct designed for sortagging>:. (B) Schematic showing process
of sortagging'”. (C) Schematic demonstrating how OPCML will be anchored to the cell
membrane’®,
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Figure 37 GPI anchor mimetic designs. Red indicates group for anchoring within cell membrane.
Green are groups that can be used for CuAAC. The blue moiety is biotin which can be used for
enrichment and visualisation. The pink box outlines the hydrophilic cytotopic peptide which will
associate with the cellmembrane. The orange group is a diazarine photo reactive crosslinker.

4.2.1.1 GPI Anchor Mimetic based on Cholesterol Localisation to the Cell Membrane

When designing a GPl anchor mimetic the need for localisation to the cell surface must be taken
into account. The current model suggests the DRM is a cholesterol rich lipid domain®2. As such
to encourage recombinant anchored OPCML to localise to this area a cholesterol moiety would
be ideal as it would direct the anchored protein to these domains, as suggested previously by
Schéafer et al #%. The first anchor design (anchor 1, Figure 39) was based upon a cholesterol
moiety to direct the protein to the DRM, and a peptide suitable to act as a nucleophile for

Sortagging.

20% piperidine,

HATU, DIPEA H DMF H
, _ — HaN-(N3)Lys—N
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Figure 38 Reaction scheme to form compound 1.
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Figure 38 shows the scheme for the first step in the synthesis of the anchor. Solid phase peptide
synthesis (SPPS) was used to make the peptide moiety of the anchor (compound 1). Ethylene
diamine titryl resin was used so after cleavage from the resin the free amine could be coupled
to cholesteryl chloroformate. The diamine acts as a spacer between the cholesterol and the
peptide. The three glycines enable nucleophilic attack of the acyl-enzyme intermediate during
the sortagging reaction for anchor attachment (1.3.3). Three glycines are used as although one
glycine may be enough for nucleophilic attack having more has been shown to increase the
efficiency of the reaction'®1%, An azido lysine was included to allow further functionalisation
of the anchor with fluorescent moieties or biotin via click chemistry. After SPPS the peptide was
cleaved from the resin with HFIP in DCM (3:7) for 1 h at RT and dried. The crude peptide was
then reacted with cholesteryl chloroformate overnight at RT. Briefly the peptide was dissolved
in 1 mL of dry DCM and DMF, to this DIPEA (650 pL, 3.9 mmol, 10 eq) and cholesteryl
chloroformate (505 mg, 1.12 mmol, 3 eq.) were added. The reaction was left at RT overnight.
Following this the product was washed with water, 5% lithium chloride and brine. The product
was then dried with magnesium sulphate and the DCM removed by rotary evaporation. The
resulting product was then purified using a Biotage Isolera system equipped with Biotage SNAP
KP-sil flash purification cartridge. After purification the yield was low (not enough for mass
measurements) and NMR showed none of the characteristics peaks expected for cholesterol
(such as C-Hs, C-H; and C-H around 0.6-1.8 ppm). Furthermore none of the hydrogens expected
from the ethylene diamine or peptide were visible. This lead to the conclusion that the
cholesterol may have stuck to the column used during purification or the cleavage of the

peptide may not have occurred successfully.

N3 N;
o) o) 3 eq. Cholesteryl choroformate,
H H 10 eq. DIPEA, DCM,DMF (e} (e}
HyoN N N H
2 \ANW \)LN O NH, N N
H H N N
o o H o
1

Anchor 1

Figure 39 Reaction scheme to form Anchor 1.

A second attempt to synthesis anchor 1 was carried out following the same reaction scheme
with a change of cleavage cocktail to 1 % TFA in DCM for 1 hour at RT. The coupling was carried
out and the product purified as before with two products isolated in low yield (not enough for

mass measurements). A mini cleavage was carried out on the resin left from the earlier cleavage

74



Functionalising rOPCML with a GPI anchor mimetic

and this showed that the peptide had not been successfully cleaved from the resin prior to
coupling. Therefore, the next cleavage attempt was undertaken using 5 % TFA in DCM. The
cholesteryl chloroformate reaction was carried out as previously. However, there was no
product after purification. As this reaction proved capricious it was decided to try a different

method to synthesise a cholesterol anchor.

The next approach to synthesise a cholesterol anchor mimetic was to couple ethylene diamine
with cholesteryl chloroformate prior to reacting with a peptide (compound 3, Figure 40) to form
anchor 2. Compound 3 was designed to include three glycine molecules necessary for
sortagging. It also included a propargyl glycine for click reactions to functionalise the anchor.
The synthesis of compound 3 was attempted first and undertaken using commercially bought
Boc-(Gly)s-OH and Pra-OMe. Briefly DIPEA (1.034 mL, 6.32 mmol, 4 eq.), Boc-(Gly)s-OH (457 mg,
1.58 mmol, 1 eq.) and EDC (454 mg, 62.37 mmol, 1.5 eq.) were dissolved in dry DCM. After 1
min Pra-OMe (100 mg, 0.79 mmol, 0.5 eq.) was added and the reaction left at RT overnight. The
product was then washed with water, 5 % (w/v) lithium chloride and brine before purification
with a Biotage SNAP KP-sil flash purification cartridge. Unfortunately after repeated attempts
all yields were zero. Due to the difficult nature of the cholesterol reactions it was decided to

take a different approach to anchor synthesis.

Scheme 1
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Figure 40 Reaction scheme to form cholesterol anchor mimetic, compound 5.
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4.2.1.2 GPI Anchor Mimetics based on Di-myristoylated Cytotopic Peptide with Myristoyl

Group Localisation to Cell Membrane
Synthesis of a GPl anchor mimetic with cholesteryl chloroformate proved particularly
challenging and in light of this it was decided to design a new anchor mimetic without a
cholesterol moiety based on previous research by Hill et al”3. Hill et al”® have synthesised a GPI
anchor mimetic based on a charged hydrophilic cytotopic peptide and two myristoyl groups
linked to an N-terminal lysine. The charged peptide should associate with the phospholipid
headgroups of the cell membrane and the myristoyl groups into the hydrophobic core of the
membrane thus anchoring to the cell surface’®. The next anchor mimetic design utilised this
approach with both the cytotopic peptide and myristoyl groups. However, an azide and glycines

were added to facilitate visualisation and sortagging.

4.2.1.2.1 1 Generation Cytotopic Myristoylated Anchor 3

The cytotopic peptide (Fmoc)K(Fmoc)SSKSPSKKDDKKPGDK(ivDde)K(Ns) was made using SPPS on
a rink amide resin (see Methods). Following SPSS the orthogonal ivDde protecting group was
removed to allow the growth of the glycine side chain. Following this the N-terminal lysine was

deprotected and both amino groups myristoylated to give the final product anchor 3.

4.2.1.2.2 2" Generation Cytotopic Myristoylated Anchor 4

After initial sortagging experiments with the CYT anchor it was found that purification after
sortagging was challenging as discussed in further detail in section 4.3. Therefore, a second
anchor (anchor 4, Figure 37) was designed informed by the success and limitations of anchor 3.
The peptide was synthesised using SPPS as previously but using a biotinylated resin enabling
purification of anchored protein with monomeric avidin agarose (section 4.3). Furthermore,
there is a photo leucine and an arginine added to the glycine side chain. The arginine is present
so there is an additional cleavage site available for trypsin digestion providing smaller fragments
for analysis by mass spectrometry. The photo leucine provides extra functionalisation; the
diazirine upon irradiation with UV light forms a reactive carbene species that forms covalent
bonds with amino acid side chains and/or peptide backbones. This photocrosslinking will enable
the protein-protein interactions occurring between OPCML and other proteins to be elucidated
via proteomics. Anchor 4 was used in preference to the first generation in all future

experiments.
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4.2.1.3 Confirming ability of sortagging to attach anchor mimetic

Initial sortagging test reactions were carried out using anchor 3 (discussed in 4.2.1.2.1) to see if
the sortagging reaction would be successful. The first attempt was carried out as outlined in
Methods with the reaction being incubated at 37 °C for 2 h with sortase 5M*&4°_ Briefly,
Sortase 5M was reacted with rOPCML+Fc (this protein was discussed in 3.1.2) in 0.05 % DDM to
ensure the anchor remained in solution (attempts at this reaction at without DDM yielded no
result due to anchor precipitation). After 2 h the reaction was stopped by precipitation (see
Methods) which also served as a way of removing any excess anchor mimetic. A copper(l)-
catalysed azide alkyne cycloaddition (CuUAAC) was then undertaken with YnTB8#2, YnTB is an
trifunctional capture reagent with an alkyne for undergoing cycloaddition and TAMRA and
biotin groups for added functionality®. The capture reagent was used to click to the azide group
present in anchor 3. The TAMRA present on the YnTB allows visualisation of the successfully

anchored OPCML on an SDS-PAGE gel visualised by fluorescence scanning the wet slab-gel.

The SDS-PAGE analysis of the test reaction is shown in Figure 43A shows the SDS-PAGE analysis

A

1 2 3 4 S 1 2 3 4 5
kDa kDa
1. OPCML + anchor
75 — 75 —| —" e - 2. OPCML + sortase
- 3. OPCML
g 50 — h . % 50 — (o 4. OPCML + anchor + sortase
[
E 37 - E a7 - ! 5. Sortase + anchor
G § — e
u_:_ — —
25 — 25 —
Sortase reaction
B cleavage site
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o i OPCML LPElei
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\ f
Giycine changed to (Gy.en)
slahine

Figure 43 (A) SDS -PAGE to confirm the successful anchoring of the protein via fluorescence imaging of
the wet slab gel and coomassie. (B) Schematic of construct designed for sortagging with sortase
reaction cleavage site indicated.

of the test reaction. In each gel lanes 1, 2, 3, and 5 are control reactions. In the Coomassie
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stained gel, the lanes show all protein present thus rOPCML+Fc, rOPCML-anchor, Fc and sortase

can also be seen in various lanes depending on the controls.

Figure 43B shows the schematic of the protein construct that is undergoing sortagging and
marks the cleavage site where the sortase forms the acyl enzyme intermediate prior to anchor
attachment. Therefore, if the sortagging has occurred there should be a shift in size of rOPCML.
Lane 4 is the only lane which has all components required for sortagging to proceed and the
coomassie stained gel shows there is unreacted rOPCML+Fc at around 75 kDa, but there is also
a smaller sized band at 50 kDa due to the LPETG site cleavage upon sortagging. In the
fluorescence visualised gel the only band seen should be anchored protein, as only the anchored
rOPCML will have a fluorescent moiety. There is also a band present at around in lanes 2, 4 and
5 which is the correct size for sortase (~20 kDa), as this band is only seen in lanes where sortase
is present in the reaction it can be assumed that the sortase is the cause of this extra band. Lane
4 is also the only one that has a fluorescence signal and the size of the band corresponds to this
smaller band on the coomassie stained gel indicating the sortagging is successful. However, the
presence of unmodified rOPCML+Fc in lane 4 shows that this reaction has not gone to
completion and there is a significant amount of unreacted protein. Therefore the reaction needs

to be optimised.

Optimising the conditions for Anchor Attachment

The sortagging reaction is reversible so there will always be some unreacted protein!*1°,
However, it could be possible that the Fc protein sequence is blocking the availability of the
recognition site for the sortase enzyme. Therefore, the sortagging was repeated using rOPCML
with and without the Fc protein sequence to compare results and see if the Fc is causing
inaccessibility issues for the sortase. The sortagging reaction was set up as previously with one
reaction undertaken using rOPCML+Fc, and a second reaction with rOPCML. The reactions were
left for 24 h at 37 °C with samples taken at 0, 6 and 24 h prior to precipitation and CuAAC ligation

to the YnTB capture reagent.
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Figure 44A shows a slight decrease in band intensity between 6h and 24 h of the unmodified
protein at 75 kDa in the coomassie stained gel for rOPCML+Fc. This result suggests that longer
reaction times increase the amount of protein that is modified by sortagging. Figure 44B gives
the results of sortagging with rOPCML. However, it is not possible to determine with this
experiment whether the sortagging reaction proceeds better without the Fc protein sequence
as there is no size difference between un-reacted and reacted rOPCML on the SDS-PAGE.
Unfortunately all the sample was loaded onto the SDS-PAGE but in the future it would be
advisable to retain sample so that a pulldown with streptavidin beads can be used to indicate
the amount of reacted protein.
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Figure 44 SDS -PAGE of optimising sortagging reaction. (A) OPCML+Fc. (B) OPCML. With no
Fc. For both (A) and (B) as in Figure 10; 1=OPCML + anchor, 2=OPCML + sortase, 3=OPCMIL,
4=0PCML + anchor + sortase, 4= Sortase + anchor.

It was at this stage of experimentation that the free cysteine in rOPCML was ascertained to be
causing protein aggregation (3.2.4.1). Therefore, for the next sortagging attempts the possibility
that sortagging efficiency is being hindered by aggregation causing LPETG recognition site
inaccessibility was investigated. Moreover, due to long reaction times being preferable for more
complete anchoring of the protein (determined from Figure 44A) all future sortagging
experiments were carried out at 4 °C based on the assumption that this will ensure the protein

stays functional and folded.
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Figure 45 (A) SDS-PAGE of precipitation and click of rOPCML after sortagging. Fc =
rOPCML+Fc, C = rOPCML capped with iodoacetamide, UC = rOPCML uncapped. (B) SDS-PAGE
of pulldown with magnetic streptavidin beads post-sortagging.

The efficiency of the sortagging reaction after removing the free cysteine was tested after
reducing the free cysteine in rOPCML+Fc with 10 mM DTT for 15 min at RT and subsequent
capping with iodoacetamide (20 mM for 30 min at RT protected from light). After sortagging
the samples was precipitated (see Methods) and CuAAc was carried out with YnTB as previously.
The samples tested were rOPCML+Fc, and rOPCML capped (C) and un-capped (UC). Figure 45A
shows sortagging was successful as there is a fluorescence band which would not be present if
the anchor had not attached to the protein and clicked to the YnTB capture reagent. This band
is also at 50 kDa which corresponds to the size of rOPCML. As before although there is a shift in
band size when sortagging has occurred with rOPCML+Fc there is no such size shift with the
capped or uncapped protein due to the Fc already being removed. Therefore, to see the
proportion of anchored protein a pulldown was undertaken with magnetic streptavidin beads

to enrich only anchored OPCML which has been clicked to YnTB (see Methods).

Figure 45B shows the SDS-PAGE from the pulldown post sortagging. Unfortunately for Fc, UC
and C the protein did not bind to the beads and all the protein appears in the flow through
supernatant collected from the beads after a 1 h incubation. It was decided to continue with

sortagging experiments even though the conversion could not be determined from this
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pulldown due to time constraints and lack of sample available for further repeats. Additionally,
as the free cysteine had been removed the possibility of the aggregation causing lower reaction
rates was no longer relevant. Therefore, it was decided that the Fc protein sequence should be
kept prior to sortagging to aid in purification post-sortagging (section 4.3). Furthermore, the
process of removing the Fc sequence causes protein loss (due to anion exchange post thrombin
cleavage followed by buffer exchange and protein concentration) thus it was decided future
sortagging experiments would use rOPCML+Fc rather than the cleaved rOPCML. All future
sortagging experiments were also to be undertaken overnight at 4 °C to get more complete

conversion.

4.2.1.4 Testing the solubility of anchored rOPCML post sortagging

Unmodified OPCML is soluble but the anchor requires detergent to be soluble for the sortagging
reaction. The need for detergent is problematic for future processing. However, as rOPCML is
soluble it is possible that after anchor addition the protein-anchor complex may stay in solution
without detergent or with reduced levels of detergent. Therefore BioBeads™ can be used to
test the solubility post sortagging. Bio-Beads™ are adsorbent macropourous polymeric beads
that can be used to remove detergents from solution. To test the solubility of the anchored
protein after sortagging the reaction was carried out as before. After the reaction half the
product was precipitated (see Methods) and CuAAC was carried out with YnTB. The other half
was incubated with Bio-Beads™ SM-2 for 1 h at RT, then the beads pelleted and the supernatant
collected prior to precipitation and CuAAC. Figure 46 shows the SDS-PAGE of the reactions.
Samples were taken for SDS-PAGE analysis after the sortagging reaction prior to clicking with
YnTB and after the click reaction. The Bio-Beads™ themselves were also boiled with loading
buffer and the supernatant analysed. The attachment of the anchor onto the protein was

successful as shown by the band at 50 kDa on the fluorescence gel (Figure 46).

Furthermore, the removal of detergent by the Bio-Beads™ did not cause the product to crash
out as both with and without Bio-Bead™ incubation the click reaction worked. There is a small
decrease in band intensity when the detergent is removed, but this could be due to protein
sticking to the beads shown by the presence of protein in the boiled beads lane of the gels. This
result shows the anchored protein is soluble therefore the concentration of detergent does not

need to be kept constant in downstream use of the protein-anchor complex.
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Figure 46 SDS-PAGE of rOPCML+Fc post-sortagging to test solubility of anchored
protein. Samples were taken dafter sortagging prior to the click reaction with YnTB and
after the click reaction. SR = sortase reaction, CR = controls reaction with no sortase
present.
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The critical micellar concentration (CMC) is the minimum concentration required for micelle
formation®>!. Therefore the concentration of detergent used for solubilising the anchor for
sortagging is above this CMC. If the detergent concentration were below the CMC micelles
would not form and the hydrophobic anchor would not be able to insert into the micelle to be
stabilised. However, upon the removal of detergent by BioBeads™ the concentration of
detergent will decrease to below the CMC and micelles will no longer be formed. Thus no
stabilisation for the anchor and if the anchor or protein-anchor complex is insoluble it will
precipitate. However, it could be possible that the hydrophilicity of the protein overcomes the

hydrophobicity of the anchor once they are ligated.

4.3 Purification of the Protein Anchor Complex Post-

Sortagging

The sortagging reaction has been proven to be successful and the conditions optimised
therefore the next step was to undertake larger scale sortagging reactions. However, all
previous attempts at sortagging have concluded with precipitating the product followed by a
click reaction, which is not a suitable way of purifying the protein for functional downstream
assays. Therefore, a suitable way of purifying the recombinant protein post sortagging was
needed. As mentioned previously sortagging can be carried out on the protein whilst the Fc is
still present but there will still be cleaved un-anchored protein present after the sortagging
reaction due to its reversible nature. The difference in size between the anchored and non-
anchored protein is approximately 2 kDa and this size difference is not enough for SEC to be
used to separate out reacted and unreacted protein. Therefore, SEC is not a suitable technique
for purification post sortagging. During purification of rOPCML anion exchange (3.2.3) was used
after thrombin cleavage to remove impurities. It was decided to try and use anion exchange to
purify post-sortagging as there is a small difference in the pl between rOPCML+Fc (pl = 6.37),
anchored rOPCML (pl = 6.0) and rOPCML (pl = 5.38) that may make the separation of the
different proteins species possible (Figure 47B pl values were calculated using PepCalc.com,
copyright © 2015 Innovagen AB). Anion exchange was attempted with a HiTrap ANX column
(GE Healthcare) using a starting buffer of 50 mM Tris, 50 mM NaCl, pH 7.5 containing 0.05 %
DDM to avoid any protein precipitation which would result in blocking the anion exchange
column. A gradient was set up to 50 % elution buffer (1 M NaCl, 50 mM Tris pH 7.5) over 100
CVs.
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Figure 47A shows rOPCML+Fc was eluted during the anion exchange and only a small amount
of this protein is present as can be seen by the UV trace in Figure 47C. Due to the lack of eluted
protein it was decided to try a different method for purifying post-sortagging. Many examples
of purification after using sortase to modify proteins use affinity purification%>149152 Therefore,
affinity purification was used for the following attempts, with resins being prepared for use

following the manufacturer’s protocols unless otherwise stated.
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Figure 47 (A) Anion exchange after sortagging. (B) Table of pl values. (C) UV, conductivity and
concentration trace of anion exchange.

The first attempt at affinity purification utilised the HA tag which is present in rOPCML.
Sortagging was carried out overnight at 4 °C where after it was isolated with Pierce™ Protein A
agarose for 1 h at 4 °C. Anchored rOPCML should stay unbound whereas any Fc or rOPCML+Fc
should be bound to the Protein A agarose. Following this, the supernatant was incubated with
Pierce™ Anti-HA agarose for 2 h at 4 °C whilst rotating. The agarose beads were then washed
with wash buffer (50 mM Tris, 150 mM NaCl, pH 7.5) three times prior to elution with 50 mM
glycine, pH 3.0. The eluted fractions were neutralised with 100 pL neutralisation buffer (2 M
Tris, pH 8.5). The protein did not bind to the HA beads as can be seen from lane 5 in Figure 48A

as the protein is present in the supernatant from the HA bead incubation. However, the
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incubation with the Protein A agarose did successfully remove the majority of the unreacted
rOPCML+Fc and Fc. Therefore a new approach was tried using incubation with Pierce™ Protein
A agarose as before but using a spin concentrator to remove the unreacted peptide (2.6 kDa)
and sortase (21 kDa) as these are smaller than rOPCML. Unfortunately the spin concentrator
concentrated all components of the reaction with only a small amount of sortase present in the

flow through Figure 48B.
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Figure 48 SDS-PAGE of post-sortagging purification attempts. (A) Purification using protein A
agarose and Anti-HA magnetic beads. (B) Purification using protein A agarose and spin
concentrators.

At this stage due to the difficulties purifying anchored rOPCML and the need for two resin
incubation steps a new anchor mimetic was designed (section 4.2.1.2.2). Anchor 4 included a
biotin molecule at the C terminus of the peptide allowing the anchored protein to be isolated
from the sortase reaction mixture by incubation with monomeric avidin agarose. Avidin is a
protein that binds biotin and can be used for enriching proteins with a biotin tag. The affinity
between biotin and avidin is quite high. Therefore monomeric avidin, which has a lower affinity

for biotin, is used when proteins need to be eluted from avidin and remain functional®3,

The post-sortagging purification with anchor 4 was carried out by incubating the sortagging
reaction mixture with the monomeric avidin agarose overnight at 4 °C. Pierce™ Monomeric
Avidin agarose was prepared for use as per the manufacturer’s instructions unless otherwise
stated. For this purification attempt after the sortagging reaction the reaction mixture was
bound to the monomeric avidin for 3 h at 4 °C. The protein was then eluted using 1.0 M glycine

pH 2.8 prior to dialysis in wash buffer (50 mM Tris, 150 mM NaCl, pH7.5). Figure 49A shows that
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rOPCML+Fc and Fc were present after eluting from the monomeric avidin suggesting that
further washing steps are needed prior to elution. Furthermore, a band corresponding in size
to cleaved rOPCML is present in the washes. This band could be due to not all the anchored
protein binding to the monomeric avidin, but could also be rOPCML that has been hydrolysed
but has not reacted due to the reversible nature of the sortagging reaction. Figure 49A also

indicates that the monomeric avidin agarose was still bound to protein after elution.
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Figure 49 (A) and (B) SDS-PAGE of post-sortagging purification attempt with monomeric Avidin
agarose.

To overcome these issues a further attempt at purification was undertaken with the sortagging
reaction mix being incubated with the monomeric avidin resin overnight at 4 °C to facilitate
more complete binding of anchored protein. Furthermore, the anchored protein was eluted
from the agarose with 2mM biotin in PBS and 1 mL aliquots were monitored for presence of
protein via UV detection. Figure 49B shows the result of this later purification attempt. From
lane 2 it is evident that incubation overnight with the agarose still leaves unbound protein.
There is also anchored protein still on the resin after elution. However, anchored protein has

been successfully eluted as can be seen in the latter lanes of elution fractions.

To attempt complete elution from the monomeric avidin resin a further attempt at purification
was carried out. In this attempt the sortagging reaction was carried out overnight at 4 °C as was
the binding to the monomeric avidin agarose. The resin was washed with PBS to remove any
unbound species and then incubated with 2 mM biotin in PBS overnight at 4 °C to elute the
anchored protein. After this the elution was dialysed to remove any unreacted anchor and

biotin, followed by concentrating the dialysed protein with a spin concentrator. In Figure 50 it
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can be seen that overnight elution with 2 mM biotin does not release all anchored OPCML from
the avidin beads (lane 2). This suggests that modification of the monomeric avidin agarose may
be required to reduce the binding efficiency to facilitate more complete elution. Furthermore,
lane 6 shows that after concentrating down there are still impurities (OPCML+Fc, Fc and sortase)
present. This suggests the earlier eluted protein in Figure 49B was not free from impurities, they

were just dilute enough no to be visible in SDS-PAGE.
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Figure 50 SDS- PAGE of post-sortagging purification attempt with monomeric Avidin agarose.

To overcome the problem of protein staying bound to the monomeric avidin resin after elution
with 2 mM biotin the concentration of biotin was increased to 5 mM and the elution was carried
out at RT rather than 4 °C (Figure 51A). However, there was still protein bound to the
monomeric avidin resin after the 3 h incubation with elution buffer. The bands present in lanes

5-7 do appear relatively clean but there are still trace amounts of Fc and OPCML+Fc present.

A further attempt at purification was then undertaken taking advantage of the Fc tag present
in unreacted protein and cleaved Fc side product, and the 6x his tag present in the sortase. Thus
after the sortagging reaction the reaction mixture was incubated with Protein A agarose
overnight at 4 °C to remove unreacted OPCML+Fc and Fc. Subsequently the supernatant was
removed and incubated with Ni-NTA resin in an attempt to remove the sortase. Figure 51B
shows the result of this purification attempt with the sortase still being present after

purification.
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Figure 51 (A) SDS-PAGE of post-sortagging purification attempt with (A) Monomeric Avidin
agarose (B) Protein A agarose.

As the monomeric avidin elution was successful at RT and the protein A agarose successfully
removed OPCML+Fc and Fc impurities it was decided to combine these two resin steps for the
next purification. After sortagging the reaction was dialysed for 12 h in an attempt to remove
unreacted anchor then the sample incubated with monomeric avidin agarose. Elution was
carried out for 3 h at RT and the eluted mixture dialysed in the presence of Protein A agarose
to remove any remaining impurities. Figure 52 shows the first dialysis after sortagging has no
obvious effect on the smaller impurities visible on the coomassie stained gel. However, lane 6
does seem to have no visible bands present for impurities and from concentration readings
from Nanodrop spectrophotometer and there was 0.08 mg of anchored protein obtained from
a starting amount of 1.2 mg of OPCML+Fc indicating 6.6 % of the initial amount of protein was
anchored. Therefore, in future this method will be used for purification of the recombinant
protein after modification with the GPI anchor mimetic with further optimisation of the sortase

reaction this yield could be increased.
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Figure 52 SDS-PAGE of post-sortagging purification attempt with monomeric
Avidin agarose and protein A agarose.

4.4 Conclusion

The main objective of this research is to create a novel OPCML-GPI anchor mimetic that
functions as a biotherapeutic in epithelial ovarian cancer. To that end a GPl anchor mimetic that
anchors OPCML to the cell membrane and facilitates the protein-protein interactions necessary
for OPCML tumour suppressor function is needed. Different GPl anchor designs were
investigated as well as methods of anchor attachment. Initial attempts at anchor attachment
using IPL did not yield promising results with low protein expression observed. Different GPI
anchor mimetics were investigated with cholesterol containing anchors proving challenging to
synthesis. However, later anchor mimetics utilising myristoyl groups and a cytotopic peptide
influenced by Hill et al” have proven promising with useful anchoring of the protein observed
by SDS-PAGE with sortagging. Further optimisation of sortagging could be carried out in future
to increase yields of anchored protein. Purification of the protein post-sortagging was also
carried out with various methods, ultimately ending with an improved anchor design to
facilitate a more direct purification process. This purification was also optimised giving anchored

rOPCML with few impurities thus making it suitable for functional assays in cells.
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Conclusions and Outlook

5.1 Conclusions

EOC is one of the most common cancers affecting women and the prognosis for patients with
this disease is very poor®’. After treatment the chance of cancer recurrence is extremely
high®”1718 OQPCML is a TSG epigenetically inactivated in EOC>!. The function of OPCML as a
tumour suppressor is due to the protein negatively regulating a subset of RTKs via sequestering
them into the DRM where OPCML is localised due to a GPI anchor®*°?>*, Native GPI anchors
require complex synthetic routes to synthesise, therefore simplified mimetics are often utilised
for anchoring recombinant proteins®®%°~72, Approaches such as IPL and sortagging can be used

to ligate GPI anchor mimetics to recombinant OPCML7>°0:100,104,

Previous research has demonstrated that reintroduction of functional OPCML into cancer cells
reduces cell migration and proliferation®2. Therefore, it was hypothesised that rOPCML could
be a valid therapeutic for treating patients with EOC after surgery to prevent further
dissemination and improve quality of life for patients post-surgery. To this end the main aim of
this research was to design and validate a novel biotherapeutic based on an OPCML-GPI anchor
mimetic and this was undertaken in three main parts; design, production and purification of an
rOPCML protein suitable for ligation of an anchor mimetic, design and synthesis of a GPl anchor

mimetic, ligation of the anchor mimetic to the protein.

Initially the SAR of OPCML was to be determined through the use of lentiviral transduction to
generate cell lines stably expressing truncated forms of OPCML. However, although SKOV3 cells
were generated that stably expressed single domains of OPCML in MTS assays reproducible
results were not obtained. This could be due to the inability to control the levels of protein

expression in each cell line.

The structure of OPCML was subsequently elucidated by Birtley et al** providing valuable
structural information and a method of functional recombinant protein production. Thus the
focus of this research moved towards the generation of an OPCML construct suitable for use as

a novel biotherapeutic based on the generation of a protein-GPl anchor mimetic.
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A highly engineered functional OPCML construct capable of attachment of complex chemical
prosthetic groups to mimic the GPI anchor was designed, expressed using a baculovirus
expression system and purified. The first construct included two methods of anchor
attachment; a free cysteine and a sortase recognition sequence. However, SEC showed the
presence of the free cysteine was causing aggregation so this cysteine was removed in the final
protein. A mutant protein R56L was also produced to act as an inactive control in future

functional assays.

For the GPI anchor mimetic different GPI anchor designs were investigated as well as methods
of anchor attachment. Cholesterol containing anchors were initially explored as a suitable way
of anchoring OPCML to the DRM but the synthesis proved capricious. The first attempts at
ligation with IPL were unsuccessful with low protein expression observed therefore sortagging
was explored as an alternative approach. Anchor mimetics utilising myristoyl groups and a
cytotopic peptide influenced by Hill et al”® proved promising with anchor attachment observed
by SDS-PAGE with sortagging. Sortagging was optimised in an attempt to improve the yield of
modified protein. Purification of the protein post-sortagging was also carried out with various
methods, ultimately ending with an improved anchor design to facilitate a more direct

purification process.

5.2 Future work

To overcome the issue of purifying the protein after anchor addition re-designing the protein
construct to include a 6x his-tag between the thrombin cleavage site and the Fc sequence could
be a viable option. This would allow sortase, unreacted protein and cleaved Fc sequence to be
removed in one step via affinity purification. However, any unreacted anchor would still remain

and would need to be removed via dialysis.

There is a possibility that after all the steps required to purify the protein after anchor
attachment that the protein is no longer folded correctly and thus not functional. Therefore,

future work will need to be carried out to characterise the modified anchored OPCML.

Important next steps following on from this research include demonstrating the semi-synthetic
anchored OPCML can be targeted to the membrane of cancer cells via a GPl anchor mimetic.
This could be achieved via addition to cells of interest followed by co-localisation microscopy
and fractionation. A photo-crosslinkable amino acid is present in the anchor mimetic therefore

this could be utilised to identify interacting proteins at the membrane and demonstrate physical
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interaction. To undertake this photo-crosslinking could be done on live cells followed by pull

down with biotin and digestion to enable analysis with proteomics.

Once the anchored protein has been shown to be functional in cell assays a method of delivery

would need to be investigated.
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Chapter 6

Methods

6.1 General Biology Methods

6.1.1 Plasmids/Constructs and Cloning

FL, D1, D2 and D3 entry clone constructs were purchased from Life Technologies (Carlsbad,
California, USA). Restriction enzymes were purchased from New England Biolabs and used as

per the manufacturer’s instructions.

pet30b-5M SrtA was a gift from Hidde Ploegh (Addgene plasmid # 51140) (Cambridge,
Massachusetts, USA ). The OPCML sortagging construct was design and ordered from Life

Technologies (Carlsbad, California, USA).

The OPCML pFastBacl plasmid was design and ordered from Life Technologies (Carlsbad,
California, USA).

Q5° Site-Directed Mutagenesis Kit (New England Biolabs, Hitchin, UK) was used following the

manufacturers’ instruction.

Ready-To-Go T4 DNA Ligase (GE Healthcare, Little Chalfont, UK) was used to transfer constructs
into pENTR4 as per the manufacturer’s instructions and QlAquick® Gel Extraction Kit was used
to purify the DNA. Gateway LR Clonase Il Enzyme mix kit from Life Technologies was used to
transfer the constructs from entry into destination vectors following the manufacturer’s
protocol, optimised with a change from a 1 hour incubation at 25 °C to 3 h. p8.9 and pMDG
plasmids were provided by Dr Ari Fassati, University College London UK. pLenti CMV Puro DEST

was purchased from Addgene.

plLenti CMV Puro DEST (w118-1) was a gift from Eric Campeau & Paul Kaufman (Addgene
plasmid # 17452 ; http://n2t.net/addgene:17452 ; RRID:Addgene_17452)
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6.1.2 Transformations

Transformations were undertaken using Alpha-Select Efficiency Gold Competent Cells from
Bioline, dam-/dcm- Competent E. Coli from New England Biolabs, and One Shot OmniMAXTM 2
T1R Chemically Competent E. coli from ThermoFisher Scientific (Waltham, Massachusetts, USA)

following the manufacturer’s instructions.

Competent cells were thawed on ice for 20 minutes. After thawing, the cells were gently mixed
and 50 pL aliquots (one per each transformation) were transferred to 1.5 mL eppendorf, which
were pre-chilled on ice. 1 pL of DNA (100 ng/mL) was added to the competent cell aliquot and
mixed gently. The cells and DNA were incubated on ice for 30 min, then heat shocked for 45 sec
at 42 °C and placed on ice for 2 minutes. 950 uL of pre-warmed YT media containing no
antibiotic was then added to the cells and the eppendorf shaken for 1 h at 30 °C. The
transformation mixture was then spread on agar plates containing the appropriate antibiotic,

allowed to dry and incubated at 30 °C overnight.

Purification was undertaken using QlAprep® Spin Miniprep Kit or Highspeed Plasmid Maxi kit

from Qiagen both used as per the manufacturer’s instructions.

6.1.3 PCR

PCR was carried out on a MJ Research PTC-200 peltier thermal cycler or an Agilent SureCycle
8800. All reagents used were from New England Biolabs apart from AccuPrime Tag DNA
Polymerase from Thermo Fisher Scientific. Samples were then analysed using DNA
electrophoresis. Agarose gel electrophoresis was carried out using 1 % agarose gels and

visualised using a UV light chamber.

6.2 Mammalian Cell Culture

6.2.1 Cell Lines

HEK293T and SKOV3 were purchased from ATCC. HEK293T cells were grown in DMEM
supplemented with 10 % FCS, and 2 mM L-glutamine. SKOV3 cells were grown in RPMI
supplemented with 10 % FCS, 100 units/mL penicillin, 0.1 mg/mL streptomycin, and 2 mM L-
glutamine. U87MG cells were obtained from Public Health England. Cell culture reagents were
purchased from Gibco and Sigma Aldrich. Both cells lines were grown in a humidified

environment with 5 % CO; at 37°C.
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6.2.2 Antibodies

Monoclonal mouse anti-OPCML and polyclonal goat anti-OPCML were purchased from R&D
Systems. Polyclonal rabbit anti-OPCML and monoclonal rat anti-HA Tag were purchased from
Sigma Aldrich. Polyclonal rabbit anti-calnexin was purchased from Enzo Life Sciences.
Horseradish peroxidase-conjugated secondary antibodies were bought from Dako. Alex Fluor
488 goat anti-rat and Alexa Fluor 546 goat anti-mouse were purchased from Thermo Fisher
Scientific. Anti-6X His tag® antibody (HRP) (ab1187) was purchased from Abcam. Rabbit anti-
goat 1gG-HRP (sc-2768) was purchased from Santa Cruz. NeutrAvidin (A2664) was purchased

from Thermo Fisher Scientific.

6.2.3 Immunofluorescence Microscopy

SKOV3 cells were grown on glass coverslips and fixed in ice cold methanol for 5 min at -20 °C.
The coverslips were then washed with PBS and blocked for 30 min with 3 % BSA in PBS. The
coverslips were incubated with primary antibodies diluted in 1 % BSA for 1 h at RT in a dark wet
chamber, washed, then incubated with secondary antibodies (diluted in the same mixture) for

30 min under the same conditions.

All antibodies were diluted according to the manufacturer’s instructions. All coverslips were
then mounted onto slides using ProLong Gold antifade reagent with DAPI (Molecular Probes

Life Technologies) and left to dry at RT before imaging on a Leica SP5 confocal.

6.2.4 SDS-PAGE

12 % acrylamide gels were made using reagents from National Diagnostics, ProtoGel (30%),
ProtoGel Resolving Buffer (4X), ProtoGel Stacking Buffer. Gels were cast and run using Protein
Electrophoresis and Blotting equipment from Bio-Rad. Gels were run at 80 volts until the sample
front passed into the running gel then the voltage was changed to 180 until the gel had finished
running. For coomassie stained gels, gels were washed for 5 min then stained in coomassie

solution overnight, destained with water then imaged.

6.2.5 Western Blot

Lysates were prepared using RIPA (Radio-Immunoprecipitation assay) buffer (150 mM NaCl, 1.0
% IGEPAL® CA-630, 0.5 % sodium deoxycholate, 0.1 % SDS, 50 mM Tris, pH 8.0) and protease
and phosphatase inhibitors. Protein concentration was determined using Thermo Scientific
Pierce BCA protein assay kit as per the manufacturer’s instructions. Absorbance in 96 well plates
was measured using Molecular devices OPTImax tuneable microplate reader. SDS-PAGE was

used to separate the proteins using 12% acrylamide gel. Proteins were transferred to a
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nitrocellulose membrane, blocked for 30 min (5 % milk or BSA in TBST) before incubating
overnight at 4 °C with primary antibody. Antibodies were diluted in 5% milk or 5 % BSA in TBST
based on manufacturers’ instructions. The membrane was then washed with TBST (3 times for
10 minutes each time) and incubated in secondary antibody for 45 min. Membranes were then
incubated with Immobilon Western Chemiluminescent HRP (Millipore) or Luminata Crescendo
Western HRP substrate (Millipore) for 1 min before being developed on Amersham Hyperfilm
ECL films (GE Healthcare) orimaged on a ImageQuant LAS 500 (GE Healthcare). For fluorescence

visualisation of wet slab gels a Typhoon FLA laser scanner (GE Healthcare)

6.2.6 Dot Blot

Samples for analysis were spotted onto dry nitrocellulose membrane and left to dry. The
membrane was blocked with 5 % milk for 30 min then incubated with primary antibody
overnight at 4 °C. Antibodies were diluted in 5% milk or 5 % BSA in TBST based on
manufacturers’ instructions. The membrane was then washed with TBST (3 times for 10 minutes
each time) ad incubated in secondary antibody for 45 min before washing with TBST.
Membranes were then incubated with Luminata Crescendo Western HRP substrate (Millipore)

for 1 min before being imaged on an ImageQuant LAS 5000 (GE Healthcare).

6.2.7 Lentivirus Production

HEK293T cells were plated 24 h prior to transfection in 10 cm Petri dishes in order to achieve

90 -95 % confluency in RPMI media with 10 % FCS and L-glutamine.

12 pg of each plLenti plasmid, 10.2 ug packaging plasmid (p8.9), and 1.8 ug VSV-G (pMDG) were
mixed and diluted up to 1500 pL OptiMEM, vortexed and incubated at RT for 5 min. 60 pL
Lipofectamine 2000 (Invitrogen) was diluted up to 1500 pL in OptiMEM, vortexed and incubated
at RT for 5 min. Both the plasmid mixture and the Lipofectamine 2000 mixture were mixed,
vortexed and incubated for 20 min at RT. The media of the HEK293T cells was replaced with
OptiMEM. The mixture was then added dropwise to cells with swirling. After 5 h the cell media
was replaced with RPMI (10 % FCS and L-glutamine). The cells were then incubated for 48 h
before the virus was collected in the cell medium, centrifuged for 4 min at 1500 rpm and filtered
(0.45 pL filter). The virus was then aliquoted and stored at -80 °C. Polybrene (Sigma Aldrich) was

added to cell media at a concentration of 8 ug/mL 30 min before transduction.

6.2.8 Producing Stably Transduced Cell lines

SKOV3 cells were plated in 24 well plates and allowed to grow to confluence prior to

transduction with the virus. 24 h after transduction, transduced cells were selected by using
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medium containing puromycin (10 pg/mL). Once selected cells were confluent, they were
expanded into a larger flask and the process continued until stocks of stable cell lines had been

produced.

6.2.9 Transfection

HEK293 cells were plated 24 h prior to transfection in 10 cm Petri dishes in order to achieve 70

-90 % confluency in RPMI media with 10 % FCS.

pcDNA3.1+ plasmid was mixed and diluted up to 1500 uL OptiMEM, vortexed and incubated at
RT for 5 min. 60 pL Lipofectamine 2000 (Invitrogen) was diluted up to 1500 pL in OptiMEM,
vortexed and incubated at RT for 5 min Both the plasmid mixture and the Lipofectamine 2000
mixture were mixed, vortexed and incubated for 20 min at RT. The media of the HEK293 cells
was replaced with OptiMEM. The mixture was then added dropwise to cells with swirling. After
5 h the cell media was replaced with RPMI (10 % FCS and L-glutamine). The cells were then

incubated for 48 h before being harvested and lysed.

6.2.10 Cell Proliferation Assay

Cell proliferation assays were carried out using CellTiter 96® AQueous One Solution Cell
Proliferation Assay (Promega). The assay was carried out in triplicate or more with 2000 cells
seeded per well in a 96 well plate. 10 uL MTS reagent was added to each well and incubate for
1 h before absorbance was recorded at 490 nm. The cells were allowed to adhere for 4 h before

the Day 0 reading was taken.

6.2.11 Spheroid Invasion Assay

5000 cells per well were seeded in a Corning® Ultra-Low adherence 96 well plate (100 pL media
per well) and left to grow for 5 days. On day 5 the spheroids were serum starved overnight by
removing 50 pL of media from the well and replacing with 50 pL serum free media, this wash
was repeated six times. The following day (experimental day 0) rOPCML in full serum media was
added to the spheroids and left to incubate for 3 h. 50 uL matrigel was added to each well and
left for 30 min. 50 pL full serum media was then added on top of the matrigel. Images were then
taken every 24 h on a Nikon COOLPIX P5100 camera attached to a microscope on a 4 X objective.
The volume of spheroids was calculated manually using Image J. Each spheroid treatment was

repeated in triplicate.
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6.3 Baculovirus Production Methods

6.3.1 Cell Lines

Sf9 and HighFive cells were purchased from Life Technologies and adapted to Lonza
InsectXpress media purchased from Lonza (Slough, UK). Cells were grown in media
supplemented with sodium benzylpenicillin (30 pg/mL) and streptomycin sulphate (50 pg/mL).

All medium for insect cells was serum free.

6.3.2 Generating Recombinant Bacmid

Baculovirus production was done as per the Bac-to-Bac Manual from Invitrogen. Briefly the
FastBac vector containing OPCML was transformed as per the manufacturer’s instructions into
MAX Efficiency™ DH10Bac™ Competent Cells (Invitrogen) and bacmid was obtained by
PureLink™ HiPure Plasmid Maxiprep Kit (Invitrogen). The recombinant bacmid was analysed via
PCR using pUC/M13 Forward and Reverse primers. Initial denaturation was for 3 min at 93 °C
for 1 cycle. Samples were denaturation for 45 sec at 94 °C, annealed for 45 sec at 55 °C and
extension occurred for 5 min at 72 °C for 30 cycles. The final extension was 7 min at 72 °C.
AccuPrime Pfx polymerase and Q5 High Fidelity polymerase was used following the
manufacturer’s instructions. 10 following the manufacturer’s instructions. 10 uM of each

primer was used.

6.3.3 Generating OPCML Baculovirus

SF9 cells were seeded at 0.5 x 10° cell/mL in a 6 well plate and left to adhere before a medium
caged into antiobiotic free medium. 5 pL bacmid (200 ng/mL) was added to 100 pl medium. In
a second tube 10 pL Cellfectin™ 1l Reagent (Gibco) was added to 100 puL medium. The bacmid
solution and Cellfectin™ solution were then mixed together and incubated for 20 min before
being added dropwise to the Sf9 cells. The transfection was left for 72 h then the viral
supernatant was harvested and used directly to infect a 100 mL suspension culture of Sf9 cells
at 2 x 108 cells/mL to amplify the virus. The viral supernatant was harvested after 72 h and kept

refrigerated until further use.
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6.4 OPCML Purification from Insect Cells and protein

modifications

Thrombin Active (High Activity) from bovine plasma was purchased from Sigma-Aldrich, UK.
Protein A agarose (ab193254) was purchased from Addgene. Thrombin CleanCleave™ Kit from

Sigma Aldrich, UK. Pierce™ Monomeric Avidin Agarose was purchased from Thermo Fisher.

Protein concentration was determined using a NanoDrop One spectrophotometer and
molecular weight and extinction coefficients calculated from Peptide Property Calculator

(PepCalc) Innovagen.

6.4.1 Affinity Purification from Cell Supernatant

The method was adapted from Birtley et al®® .HighFive cells were used for protein production.
HighFive cells were grown in suspension and infected with virus at 2 x 108 cells/mL (20 mL virus
for 500 mL cell suspension). HighFive supernatant was harvested after 72 h by centrifugation at
3000 rpm for 20 min. PMSF was added to a final concentration of 0.2 mM. The pH was adjusted
to 7.0 with NaOH then the supernatant was filtered to remove insoluble material (0.22 micron).
Protein A Agarose (Abcam) was added to the filtered supernatant (1 mL resin per litre) and left
to bind overnight at 4 °C. The resin was then bound for a further hour with shaking at RT before
being added to a gravity flow column. The column was washed with 30 BV wash buffer (50 mM
Tris, 150 mM NacCl, pH 7.5) and the protein eluted in 1 mL fractions with 15 BV elution buffer
(50 mM glycine, pH 3.0). The eluted fractions were neutralised with 100 pL neutralisation buffer
(2 M Tris, pH 8.5). The fractions were concentrated then buffer exchanged into wash buffer,
with PD-10 Desalting Columns contain Sephadex G-25 resin, 1.0-2.5 mL samples (GE
Healthcare). Following buffer exchange the protein was concentrated again, 10 % glycerol was

added prior to freezing at -80 °C.

6.4.2 Anion Exchange

Anion exchange was used to purify OPCML after thrombin cleavage. Thrombin cleavage was
carried out in wash buffer (50 mM Tris, 150 mM NacCl, pH 7.5) with 10 units of Thrombin Active
for every 1 mg of OPCML, the cleavage was left mixing overnight at 4°C. The following day the
cleavage mixture was diluted with 50 mM Tris to a buffer concentration of 50 mM Tris, 50 mM
NaCl. Anion exchange was carried out using a HiTrap ANX Sepharose FF 1 mL column and an
AKTA system (GE Healthcare). Briefly the column was washed with 20 mL degassed filtered

water, then washed with 20 mL elution buffer (50 mM Tris, 1 M NaCl) to ensure no impurities
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were present in the column from previous use. The column was then equilibrated with 20 mL
start buffer (50 mM Tris, 50 mM NaCl). The cleavage reaction mix was then added to the column
using a 10 mL loop and 2.5 mL fractions collected. Unbound protein eluted first and after this
the elution gradient was applied over 50 CV (50 mL) to a final concentration of 50 % elution
buffer. Followed by a final wash of 100 % elution buffer. All washes were carried out at a flow
rate of 1 mL/min. Fractions were assessed for purity via SDS-PAGE gel and stained with

Coomassie for visualisation, pooled then concentrated before freezing at — 80 °C.

6.4.3 Size Exclusion Chromatography

Preparative runs were carried out using HiLoad 16/600 Superdex 75 pg or HiLoad 16/600
Superdex 200 pg with an AKTA system (GE Healthcare). A flow rate of 1 mL/min was used in
each case with a pressure limit set to 0.5 MPa. Analytical runs were run on a Superdex 200
Increase 10/300 GL from GE Healthcare all used with an AKTA system (GE Healthcare), with a

variable flow rate of 0.5 mL/min to keep a set pressure of 0.9 MPa.

For both preparative and analytical runs protein was concentrated to a volume of 10 mL or less
in 50 mM Tris, 150 mM NaCl buffer. The column was washed with 1 CV filtered and degassed
water followed by 2 CV filtered and degassed gel filtration buffer (50 mM Tris, 150 mM NacCl).
Protein sample was then loaded onto the column using a loop of the appropriate size (ranging
from 500 pL to 10 mL depending on protein volume). Protein was eluted using 1.1 CV gel
filtration buffer and fractions collected. Fractions were assessed for purity via SDS-PAGE gel and

stained with coomassie for visualisation, pooled then concentrated before freezing at — 80 °C.

6.4.4 Peptide Mass Fingerprint Analysis

Samples for PMF analysis were run on an SDS-PAGE gel and stained with coomassie. The gels
were stained for at least an hour then washed with water overnight before the samples were
excised using scalpels. Excised samples were placed in Low Protein Binding microcentrifuge
tubes and incubated for 5 min at RT with 150 pL buffer B1 (v/v 50 % acetonitrile, 50 % milliQ
water). The supernatant was then removed and the sample incubated at RT for 30 min with
buffer B2 (v/v 50 % acetonitrile, 50 % 50 mM AMBIC). The supernatant was removed and the
sample was incubated at RT for 30 min with buffer B3 (v/v 50 % acetonitrile, 50 % 10 mM
AMBIC). The supernatant was removed and gel pieces dried in a SpeedVac. Samples were then
stored at -20 °C until ready for digestion. To digest the samples they were first incubated for 10
min at RT in 10 pL buffer containing 15 pL 10 mM AMBIC with 1 pL trypsin solution (20 pg trypsin
in 100 pL 50 mM AMBIC).Samples were then incubated overnight at 37 °C in 20 uL 10 mM

AMBIC. The supernatant was then used for MALDI-TOF measurements using 1 uL supernatant
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with 1 pL a-Cyano-4-hydroxycinnamic acid matrix on a 4800 MALDI-TOF-TOFs (AB Sciex) The

data was analysed using mMass.

6.4.5 ZipTip De-salting

ZipTip C18 were used with wetting solution (acetonitrile 100 %), wash solution (0.1 % TFA in
MilliQ water) and elution solution (60 % acetonitrile, 40 % MilliQ with 0.1 % TFA). The ZipTip
was washed once with wetting solution followed by three washes with washing solution.
Sample was added to the Ziptip followed by three more washed with washing buffer. The

sample was then eluted with 4 ulL elution solution.

6.4.6 Free Cysteine Capping

Proteins were reduced with DTT (10 mM) for 15 min. Reducing agent was then removed using
a disposable PD-10 Desalting Column. The free cysteines were then capped with iodoacetamide
(20 mM) for 30 min at RT protected from light. lodoacetamide was removed using a disposable

PD-10 Desalting Column.

6.4.7 Intein-mediated Protein Ligation (IPL) Cloning

IPL was carried out using the IMPACT™ kit from New England Biolabs following the
manufacturer’s instructions. Briefly primers were designed to add Ndel and Sapl restriction sites
into the FL, and D3 entry clone constructs purchased from Life Technologies (Carlsbad,

California, USA).

Restriction Site Primer Sequence
Ndel FL 5 —T GGT CAT ATG GGA GTG CCC GTG CGC AGC GGA — 3’
Ndel D3 5 —T GGT CAT ATG GTA AAC TAT CCT CCC TAT ATC-3’
Sapl 5 — GGT TGC TCT TCC GCA GTT TAC ACC ATC AAT GAC TGC- 3’

Table 1 Primers designed following instructions from the IMPACT manual. The underlined bases
correspond to the restriction enzyme. The nucleotides at the 5’ end before the site are random
and are to facilitate efficient cleavage of the DNA by restriction enzyme digest.

Accuprime Polymerase (Thermo Fisher) was used to clone the restriction sites into the
constructs. Gradient PCR was used to determine the successful annealing temperatures for each

primer.
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Step Temp (°C) Time (min)
Initial Denaturation 95 5
95 1
30 Cycles Annealing Temp (FL =52, D3 = 60) 1
68 1 min per kb (110)
Final Extension 68 10
Hold 4 oo

Table 2 PCR conditions for generating OPCML constructs for IPL.

After PCR the DNA was purified using a Gel Extraction Kit (Qiagen) following the manufacturer’s
instructions. The pTXB1 vector was digested for 4 h at 37 °C, Shrimp Alkaline Phosphatase was
added to prevent ligation of the linearised DNA plasmid and subsequently removed by heat
activation at 65 °C for 20 min. Ready-To-Go T4 DNA Ligase (GE Healthcare, Little Chalfont, UK)

was used to ligate the OPCML constructs into the pTXB1 vector.

6.4.8 Bacteria Expression system for Intein mediated Protein Ligation

Intein Mediated Protein Ligation was carried out using the IMPACTTM Kit from New England
Biolabs as per the manufacturer’s instructions. Briefly, FL and D3 constructs were cloned into a
pTXB1 vector using custom designed primers (New England Biolabs) and transformed into
BL21(DE3) competent cells and glycerol stocks were made. After initial tests to work out the
optimal time for protein expression, 20 mL of culture in LB media grown overnight from glycerol
stock was added to 1 litre LB media with ampicillin (100 mg/mL) and grown until ODsoo reached
between 0.5-0.7. The culture was then induced with 0.5 Mm IPTG (Sigma Aldrich) and incubated
at 37 °C for 4 h, then pelleted, re-suspended and lysed by sonication on ice. Deoxyribonuclease
| from bovine pancreas (Sigma Aldrich) was added to the suspension and mixed for 15 mins prior
to centrifugation. The supernatant was added to the column to undergo affinity purification and

on column cleavage as the manual instructs. All column steps were undertaken at 4 °C.

6.4.9 Sortagging

The sortagging reaction was set up with 10 uM OPCML protein, 1 uM sortase, 100 uM anchor
mimetic and 0.05 % DDM in the sortase reaction buffer (150 mM NaCl, 20 mM Tris, 10 mM
CaCly). The CaCl, was added as a solution of 100 uM to the final volume to ensure that the
concentration of CaCl, was not reduced by the other reaction components. The reaction was
incubated at various temperatures and times (see Results chapters). The reaction was stopped

by addition of EDTA (5.5 mM final concentration) or by precipitation.
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6.4.10 Protein Precipitation

A 2:0.5:1 mixture of MeOH:CHCl;:H,0 was added to the protein sample and centrifuge for 2 min
at maximum speed on a benchtop centrifuge. The upper phase of liquid was then removed to
leave a protein disk which was re-suspended in an excess of MeOH. The sample was centrifuged
again at maximum speed for 5 min. All the supernatant was then removed and the protein pellet

left to dry before further use.

6.4.11 CuAAC reaction on Anchor Mimetics

After protein samples were prepared by precipitation they were re-suspended in 0.1 % SDS in
PBS. The reaction was carried out with final concentrations of 100 uM YnTB, 1 mM CuSQ,, 1
mM TCEP, 100 uM TBTA and left shaking for 1 h at RT. The sample was then precipitated (6.4.10)

and re-suspended in sample buffer for later analysis.

6.4.12 Pulldown

50 uL bead suspension was used per 1 mg of protein. The beads centrifuged at 3000 g for 2 min
to pellet them then vortexed for 1 min to wash with 10 bed volumes of 0.2 % SDS in PBS three
times. The sample was added to the beads and incubated for 1 hour at RT with gentle shaking.
The supernatant was then removed and kept for analysis and the beads washed with 0.2 % SDS

in PBS three times as before and kept for analysis by SDS-PAGE.

6.5 Synthesis Methods

All chemicals were purchased from Sigma-Aldrich Ltd (Gillingham, UK), Apollo Scientific
(Stockport, UK), Acros Organics (Geel, Belgium) and Alfa Aesar (Heysham, UK) and used without
further purification. Compounds were purified and analysed on an LC-MS system equipped with
both an XBridge prep C18 5 um, 19 x 100 mm OBD column and an XBridge C18 5 um, 4.6 x 100
mm column. The LC-MS comprises of Waters 2767 Sample Manager, Waters SFO System Fluids
Organiser, Waters 2545 Quaternary Gradient Module and a Waters 3100 Mass Detector from
Waters (Elstreee, Herts, UK. Unless specified otherwise, all compounds were separated over a
gradient of acetonitrile in water (5-98% over 12 minutes then 98% acetonitrile for 3 minutes),
both containing 0.1% formic acid. Alternative gradient elutions started from 20 or 50%

acetonitrile for the same time periods.

6.5.1 General SPPS Protocols

Peptides were synthesis via SPPS using an Fmoc protecting strategy on an automated peptide

synthesiser ResPep SL from Intavis (Cologne, Germany) using a mini column module on a scale
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of 20 umol per column using the Multipep software. Fmoc-eAhx-OH and Biotin-PEG Novatag™
resin were bought from Novabiochem, Merck Millipore (Massachusetts, USA). Fmoc-Lys(Ns)-
OH, N-Boc-2-propargyl-L-glycine, Fmoc-Lys(ivDde) and Boc-Gly-Gly-Gly were bought from
Fluorochem (Hadfield, UK). Fmoc-Photo-Leucine was purchased from lIris Biotech (Kortrijk,
Belgium). All other Fmoc protected amino acids, NMP, HATU and HBTU were obtained from
Cambridge Reagents (Hessle, UK) or AGTC Bioproducts (Hessle, UK). TentaGel rink amide resin

was bought from Rapp Polymere (Tlbingen, Germany).

6.5.2 Automated SPPS

Low-water DMF was used throughout. Natural amino acids were dissolved in NMP, unnatural
amino acids were dissolved in DMF. Per mini column 20 umol resin was used with the total
number of columns used per peptide dependent on the scale of synthesis. Reagent stocks were
made to 0.5 M concentration. Natural amino acids used HBTU for activation, unnatural amino
acids used HATU. Each coupling reaction contained resin (20 umol, 1 eq), Fmoc-amino acid (4.4
eq), HBTU or HATU (4.25 eq) and NMM (10 eq). Prior to automated synthesis the resins were
swelled in DMF for 30 min. The remainder of the synthesis was automated. The first step was
Fmoc deprotection using 20 % piperidine (v/v) in DMF (400 , 2 x 5 min). The deprotected amino
acid was activated with HBTU and NMM before coupling. Each coupling step was undertaken
twice and took between 30-45 min. Unreacted N-terminal amino acids were ‘capped’ by
acetylating with 5 % acetic anhydride (v/v) in DMF (400 pL, 10 min). DMF washes occurred
between each deprotection, coupling and ‘capping’. The final amino acid was Fmoc

deprotected.

After synthesis resins were transferred into a fritted syringe fitted and stored in a vacuum
desiccator until further modification. One modifications were complete peptides were purified

via LCMS then freeze dried on an Aplpha2.4 LDplus from Christ (Osterode, Germany).
The side chain functionalities of amino acids used are;

Lys(Boc), Ser(tBu), Asp(OtBu), Arg(pbf)

Unnatural amino acids;

Lys(Ns), Lys(ivDde), N-Boc-2-propargyl-L-glycine, Fmoc-Photo-Leucine
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6.5.3 Cleavage

6.5.3.1 Mini-Cleavage of crude peptides

Mini-cleavage was undertaken after each peptide modification before proceeding to the next
step. 100 pL of cleavage cocktail (95 % TFA, 2.5 % TIS, 2.5 % distilled water) was added to a small
amount of resin in a 1.5 mL centrifuge tube. The resin was shaken at RT for 1 h. For MALDI 10
uL of the mixture was taken and added to 10 plL distilled water. The rest of the cocktail was

dried under a nitrogen stream then analysed by LC-MS.

6.5.3.2 Cleavage

After analysis to ensure all peptide has been modified all peptide was cleaved from the resin.
The resin was left in the fritted syringe. 4 mL cleavage cocktail (95 % TFA, 2.5 % TIS, 2.5 %
distilled water) was added to the syringe and the mixture shaken at RT for 2 h. The cleavage
cocktail was reduced to around 1 mL under a nitrogen stream then ice cold diethyl ether was
added in excess (20 mL). The solution was then centrifuged for 15 min at 3113 x g (4000 rpm)
on a table top Centrifuge 5810 R from eppendorf (Hamburg, Germany).The supernatant was

discarded and the pellet dried in vacuo for at least 10 min before purification by LC-MS.

6.5.4 IvDde deprotection

IvDde deprotection was undertaken using 4 mL 5 % Hydrazine Monohydrate in DMF. The
hydrazine was added to the resin in a fritted syringe and the mixture shaken at RT for 20 min.
This step was repeated four times. The resin was then washed with DMF, DCM, MeOH and DCM.
After deprotection a mini-cleavage and LC-MS analysis was undertaken to ensure complete

deprotection before proceeding.

6.5.5 BOC Deprotection of commercial BOC-GGG-OH

Deprotection of BOC-GGG-OH was carried out with 50% TFA in DCM for 30 min at RT.

6.5.6 SPPS of anchor 3

Wﬁw&%xﬁf%@yﬁgﬂ 4¢%¢J¢ gj

/\A/M

NH NH2 NH; HN
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Anchor 3 was synthesised on an automated peptide synthesiser on a scale of 120 umol. Rink
amide resin (0.24 mmole/g, 498 mg, 120 umol) was swollen in DMF for 30 min prior to
automated peptide synthesis. From N-terminal to C-terminal the sequence synthesised was
Fmoc-Lys(Fmoc)-Ser-Ser-Lys-Ser-Pro-Ser-Lys-Lys-Asp-Asp-Lys-Lys-Pro-Gly-Arg-Lys(ivDde)-

Lys(Ns). Following deprotection of the Fmoc groups on the N-terminal lysine myristic acid (82
mg, 0.36 mmol, 3 eq), HOBt (47 mg, 0.36 mmol, 3 eq), and DIC (45 mg, 0.36 mmol, 3 eq) were
dissolved in DMF (4 mL) before being added to the resin bound peptide (120 umol, 1eq) and
the reaction mixture microwaved at 60°C for 20 min then washed with DMF, DCM, MeOH and
DCM. This step was done twice. After the second myristoylation a mini-cleavage was performed
to ensure di-myristoylation of the peptide. The peptide was then ivDde deprotected using
hydrazine monohydrate. Boc-Glys-OH (104 mg, 0.36 mmol, 3 eq) and HATU (137 mg, 0.36 mmol,
3 eq) were dissolved in DMF (4 mL) then DIPEA (118 pL, 0.72 mmol, 6 eq) was added to the
solution before the reaction mix was added to the resin bound peptide (120 umol, 1 eq). The
reaction was shaken at RT for 2 h. The peptide was washed with DMF, DCM, MeOH and DCM
dried and analysed by LSMS after mini-cleavage. The peptide was then cleaved from the resin
with 95 % TFA, 2.5 % TIS, 2.5 % distilled water then purified and analysed on an LC-MS system
with gradient elutions starting from 20 % acetonitrile. The product was obtained by

lyophilisation as a white powder (13 mg, 4 % yield) , calculated for C11sH209N31034 m/z = 2605.56.
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6.5.7 SPPS of anchor 4
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Anchor 4 was synthesised on an automated peptide synthesiser on a scale of 100 umol. Novatag
Biotin resin (0.30 mmole/g, 330 mg, 100 umol) was swollen in DMF for 30 min prior to
automated peptide synthesis. From N-terminal to C-terminal the sequence synthesised was
Fmoc-Lys(Fmoc)-Ser-Ser-Lys-Ser-Pro-Ser-Lys-Lys-Asp-Asp-Lys-Lys-Pro-Gly-Arg-Lys(ivDde)-
Lys(Ns). Following deprotection of the Fmoc groups on the N-terminal lysine myristic acid (82
mg, 0.36 mmol, 3 eq), HOBt (47 mg, 0.36 mmol, 3 eq), and DIC (45 mg, 0.36 mmol, 3 eq) were
dissolved in DMF (4 mL) before being added to the resin bound peptide (120 umol, 1eq) and
the reaction mixture microwaved at 60°C for 20 min then washed with DMF, DCM, MeOH and
DCM. This step was done twice. After the second myristoylation a mini-cleavage was performed
to ensure di-myristoylation of the peptide. The peptide was then ivDde deprotected using
hydrazine monohydrate. A side chain of Fmoc-Photo-Leucine, Fmoc- Arg(pbf) and Boc-Glys-OH
was added by SPPS.

Boc-Glys-OH (104 mg, 0.36 mmol, 3 eq) and HATU (137 mg, 0.36 mmol, 3 eq) were dissolved in
DMF (4 mL) then DIPEA (118 uL, 0.72 mmol, 6 eq) was added to the solution before the reaction
mix was added to the resin bound peptide (120 umol, 1 eq). The reaction was shaken at RT for
2 h. The peptide was washed with DMF, DCM, MeOH and DCM dried and analysed by LSMS
after mini-cleavage. The peptide was then cleaved from the resin with 95 % TFA, 2.5 % TIS, 2.5
% distilled water then purified and analysed on an LC-MS system with gradient elutions starting
from 20 % acetonitrile. The product was obtained by lyophilisation as a white powder (74 mg,

24 % yield), calculated for Ciz9H228N35036 m/z = 3154.86.
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Appendix A

This appendix provides the full DNA sequences and primers for each OPCML construct designed

for lentiviral production of transduced SKOV3 cells pENTR FL, D1, D2, D3.

KEY

1

PROPEPTIDE
GLYCOSYLATION SITES
DOMAIN 1
DOMAIN 2

HATAG

Primers 5’ to 3’

OPCML sequencing | Forward: GTCTGTGGGTACCTGTTCCTG
Reverse: AAGAAGTGGGCTAAGAGGGTC

OPCML Domain 1 (D1)

CAGGCTGCTGTTCCTTGTACCCACAGGAGTGCCCGTGCGCAGCGGAGATGCCACCTTCCCCAAAGCTA

TGGACAACGTGACGGTCCGGCAGGGGGAGAGCGCCACCCTCAGGTGTACCATAGATGACCGGGTAAC
CCGGGTGGCCTGGCTAAACCGCAGCACCATCCTCTACGCTGGGAATGACAAGTGGTCCATAGACCCTC
GTGTGATCATCCTGGTCAATACACCAACCCAGTACAGCATCATGATCCAAAATGTGGATGTGTATGACG
AAGGTCCGTACACCTGCTCTGTGCAGACAGACAATCATCCCAAAACGTCCCGGGTTCACCTAATAGTGC
AAGTTCCTTTGTATTACCCATACGATGTTCCAGATTACGCTGGGCCTGGAGCAGTCATTGATGGTGTAA
ACTCGGCCTCCAGAGCACTGGCTTGTCTCTGGCTATCAGGGACCCTCTTAGCCCACTTCTTCATCAAGTT

TTGAICTAGA

OPCML Domain 2 (D2)

CAGGCTGCTGTTCCTTGTACCCACAGGAGTGCCCGTGCGCAGCGGAGATGCCACCTTCCGGGTTCACC
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TAATAGTGCAAGTTCCTCCTCAGATCATGAATATCTCCTCAGACATCACTGTGAATGAGGGAAGCAGTG
TGACCCTGCTGTGTCTTGCTATTGGCAGACCAGAGCCAACTGTGACATGGAGACACCTGTCAGTCAAG
GAAGGCCAGGGCTTTGTAAGTGAGGATGAGTACCTGGAGATCTCTGACATCAAGCGAGACCAGTCCG
GGGAGTACGAATGCAGCGCGTTGAACGATGTCGCTGCGCCCGATGTGCGGAAAGTAAAAATCACTGT
AAACTATTTGTATTACCCATACGATGTTCCAGATTACGCTGGGCCTGGAGCAGTCATTGATGGTGTAAA

OPCML Domain 3 (D3)

CAGGCTGCTGTTCCTTGTACCCACAGGAGTGCCCGTGCGCAGCGGAGATGCCACCTTCGTAAACTATC

CTCCCTATATCTCAAAAGCCAAGAACACTGGTGTTTCAGTCGGTCAGAAGGGCATCCTGAGCTGTGAA
GCCTCTGCAGTCCCCATGGCTGAATTCCAGTGGTTCAAGGAAGAAACCAGGTTAGCCACTGGTCTGGA
TGGAATGAGGATTGAAAACAAAGGCCGCATGTCCACTCTGACTTTCTTCAATGTTTCAGAAAAGGATTA
TGGGAACTATACTTGTGTGGCCACGAACAAGCTTGGGAACACCAATGCCAGCATCACATTGTATTACCC
ATACGATGTTCCAGATTACGCTGGGCCTGGAGCAGTCATTGATGGTGTAAACTCGGCCTCCAGAGCAC

OPCML Full length (FL)

CAGGCTGCTGTTCCTTGTACCCACAGGAGTGCCCGTGCGCAGCGGAGATGCCACCTTCCCCAAAGCTA

TGGACAACGTGACGGTCCGGCAGGGGGAGAGCGCCACCCTCAGGTGTACCATAGATGACCGGGTAAC

CCGGGTGGCCTGGCTAAACCGCAGCACCATCCTCTACGCTGGGAATGACAAGTGGTCCATAGACCCTC
GTGTGATCATCCTGGTCAATACACCAACCCAGTACAGCATCATGATCCAAAATGTGGATGTGTATGACG
AAGGTCCGTACACCTGCTCTGTGCAGACAGACAATCATCCCAAAACGTCCCGGGTTCACCTAATAGTGC
AAGTTCCTCCTCAGATCATGAATATCTCCTCAGACATCACTGTGAATGAGGGAAGCAGTGTGACCCTGC
TGTGTCTTGCTATTGGCAGACCAGAGCCAACTGTGACATGGAGACACCTGTCAGTCAAGGAAGGCCAG
GGCTTTGTAAGTGAGGATGAGTACCTGGAGATCTCTGACATCAAGCGAGACCAGTCCGGGGAGTACG
AATGCAGCGCGTTGAACGATGTCGCTGCGCCCGATGTGCGGAAAGTAAAAATCACTGTAAACTATCCT
CCCTATATCTCAAAAGCCAAGAACACTGGTGTTTCAGTCGGTCAGAAGGGCATCCTGAGCTGTGAAGC
CTCTGCAGTCCCCATGGCTGAATTCCAGTGGTTCAAGGAAGAAACCAGGTTAGCCACTGGTCTGGATG
GAATGAGGATTGAAAACAAAGGCCGCATGTCCACTCTGACTTTCTTCAATGTTTCAGAAAAGGATTATG
GGAACTATACTTGTGTGGCCACGAACAAGCTTGGGAACACCAATGCCAGCATCACATTGTATTACCCAT
ACGATGTTCCAGATTACGCTGGGCCTGGAGCAGTCATTGATGGTGTAAACTCGGCCTCCAGAGCACTG
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OPCML Wild Type (WT)
ATGGGGGTCTGTGGGTACCTGTTCCTGCCCTGGAAGTGCCTCGTGGTCGTGTCTCTCAGGCTGCTGTTC
CTTGTACCCACAGGAGTGCCCGTGCGCAGCGGAGATGCCACCTTCCCCAAAGCTATGGACAACGTGAC
GGTCCGGCAGGGGGAGAGCGCCACCCTCAGGTGTACCATAGATGACCGGGTAACCCGGGTGGCCTG
GCTAAACCGCAGCACCATCCTCTACGCTGGGAATGACAAGTGGTCCATAGACCCTCGTGTGATCATCCT
GGTCAATACACCAACCCAGTACAGCATCATGATCCAAAATGTGGATGTGTATGACGAAGGTCCGTACA
CCTGCTCTGTGCAGACAGACAATCATCCCAAAACGTCCCGGGTTCACCTAATAGTGCAAGTTCCTCCTC
AGATCATGAATATCTCCTCAGACATCACTGTGAATGAGGGAAGCAGTGTGACCCTGCTGTGTCTTGCTA
TTGGCAGACCAGAGCCAACTGTGACATGGAGACACCTGTCAGTCAAGGAAGGCCAGGGCTTTGTAAG
TGAGGATGAGTACCTGGAGATCTCTGACATCAAGCGAGACCAGTCCGGGGAGTACGAATGCAGCGCG
TTGAACGATGTCGCTGCGCCCGATGTGCGGAAAGTAAAAATCACTGTAAACTATCCTCCCTATATCTCA
AAAGCCAAGAACACTGGTGTTTCAGTCGGTCAGAAGGGCATCCTGAGCTGTGAAGCCTCTGCAGTCCC
CATGGCTGAATTCCAGTGGTTCAAGGAAGAAACCAGGTTAGCCACTGGTCTGGATGGAATGAGGATT
GAAAACAAAGGCCGCATGTCCACTCTGACTTTCTTCAATGTTTCAGAAAAGGATTATGGGAACTATACT
TGTGTGGCCACGAACAAGCTTGGGAACACCAATGCCAGCATCACATTGTATTGGGCCTGGAGCAGTCA

TTGATGGTGTAAACTCGGCCTCCAGAGCACTGGCTTGTCTCTGGCTATCAGGGACCCTCTTAGCCCACT
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Appendix B

This appendix provides the full sequences and primers for each OPCML construct designed for

protein production.

KEY

1

PROPEPTIDE
GLYCOSYLATION SITES
DOMAIN 1
DOMAIN 2
HA TAG
FREE CYSTEINE

TWIN STREP TAG

XHOI RESTRICTION SITE
SORTASE RECOGNITION SITE

Primers 5’ to 3’

OPCML sequencing Forward: GTCTGTGGGTACCTGTTCCTG
Reverse: AAGAAGTGGGCTAAGAGGGTC

For removing free cysteine in | Forward: TACCCATACGATGTTCCAGATTACGC
OPCML sortagging construct Reverse: TACACCATCAATGACTGCTCCAGG

For making R65L mutant Forward: CCGGGTAACCTTGGTGGCCTGGC
Reverse: TCATCTATGGTACACCTGAGG

OPCML sequence for mammalian expression of rOPCML for sortagging

AGGCTGCTGTTCCTTGTACCCACAGCAGTGCCCGTGCGCAGCGGAGATGCCACCTTCCCCAAAGCTAT

GGACAACGTGACGGTCCGGCAGGGGGAGAGCGCCACCCTCAGGTGTACCATAGATGACCGGGTAACC
CGGGTGGCCTGGCTAAACCGCAGCACCATCCTCTACGCTGGGAATGACAAGTGGTCCATAGACCCTCG
TGTGATCATCCTGGTCAATACACCAACCCAGTACAGCATCATGATCCAAAATGTGGATGTGTATGACGA
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AGGTCCGTACACATGCTCTGTGCAGACAGACAATCATCCCAAAACGTCCCGGGTTCACCTAATAGTGCA
AGTTCCTCCTCAGATCATGAATATCTCCTCAGACATCACTGTGAATGAGGGAAGCAGTGTGACCCTGCT
GTGTCTTGCTATTGGCAGACCAGAGCCAACTGTGACATGGAGACACCTGTCAGTCAAGGAAGGCCAG
GGCTTTGTAAGTGAGGATGAGTACCTGGAGATCTCTGACATCAAGCGAGACCAGTCCGGGGAGTACG
AATGCAGCGCGTTGAACGATGTCGCTGCGCCCGATGTGCGGAAAGTAAAAATCACTGTAAACTATCCT
CCCTATATCTCAAAAGCCAAGAACACTGGTGTTTCAGTCGGTCAGAAGGGCATCCTGAGCTGTGAAGC
CTCTGCAGTCCCCATGGCTGAATTCCAGTGGTTCAAGGAAGAAACCAGGTTAGCCACTGGTCTGGATG
GAATGAGGATTGAAAACAAAGGCCGCATGTCCACTCTGACTTTCTTCAATGTTTCAGAAAAGGATTATG
GGAACTATACTTGTGTGGCCACGAACAAGCTTGGGAACACCAATGCCAGCATCACATTGTATGGGCCT
GGAGCAGTCATTGATGGTGTATG CTACCCATACGATGTTCCAGATTACGCTGGAGGAGGAGGATCG.

_ TGGAGCCACCCGCAGTTCGAAAAAGGTGGAGGTTCT

GGCGGTGGATCGGGAGGTTCAGCGTGGAGCCACCCGCAGTTCGAAAAATAACTCGAC

OPCML sequence for Insect cell expression of rOPCML for sortagging

ATGAAAATTTTGATCTTGGGTATATTTTTGTTCCTTTGCTCAACGCCGCTCCAAGCAGTGCCCGTGCGCAGCGGAG
ATGCCACCTTCCCCAAAGCTATGGACAACGTGACGGTCCGGCAGGGGGAGAGCGCCACCCTCAGGTGTACCATA
GATGACCGGGTAACCCGGGTGGCCTGGCTAAACCGCAGCACCATCCTCTACGCTGGGAATGACAAGTGGTCCAT
AGACCCTCGTGTGATCATCCTGGTCAATACACCAACCCAGTACAGCATCATGATCCAAAATGTGGATGTGTATGAC
GAAGGTCCGTACACATGCTCTGTGCAGACAGACAATCATCCCAAAACGTCCCGGGTTCACCTAATAGTGCAAGTT
CCTCCTCAGATCATGAATATCTCCTCAGACATCACTGTGAATGAGGGAAGCAGTGTGACCCTGCTGTGTCTTGCTA
TTGGCAGACCAGAGCCAACTGTGACATGGAGACACCTGTCAGTCAAGGAAGGCCAGGGCTTTGTAAGTGAGGAT
GAGTACCTGGAGATCTCTGACATCAAGCGAGACCAGTCCGGGGAGTACGAATGCAGCGCGTTGAACGATGTCGC
TGCGCCCGATGTGCGGAAAGTAAAAATCACTGTAAACTATCCTCCCTATATCTCAAAAGCCAAGAACACTGGTGTT
TCAGTCGGTCAGAAGGGCATCCTGAGCTGTGAAGCCTCTGCAGTCCCCATGGCTGAATTCCAGTGGTTCAAGGAA
GAAACCAGGTTAGCCACTGGTCTGGATGGAATGAGGATTGAAAACAAAGGCCGCATGTCCACTCTGACTTTCTTC
AATGTTTCAGAAAAGGATTATGGGAACTATACTTGTGTGGCCACGAACAAGCTTGGGAACACCAATGCCAGCATC
ACATTGTATGGGCCTGGAGCAGTCATTGATGGTGTATGCTACCCATACGATGTTCCAGATTACGCTGGAGGAGGA

GGATCGCTCCCAGAGACAGGTEIGEIICCECOIGEIAGTGGTGGCTCAACTAAGGGTCCCTCTGTATTTCTGTTIC
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R65L mutant OPCML sequence for Insect cell expression of rOPCML for

sortagging
ATGAAAATTTTGATCTTGGGTATATITITGTICCTITGCICAACGCCGETCCAAGCAGTGCCCGTGCGCAGCGGAG

ATGCCACCTTCCCCAAAGCTATGGACAACGTGACGGTCCGGCAGGGGGAGAGCGCCAC NIRRT
ECGGGTAACCHIIGTGGECTGGCTAAACCGCAGCACCATCCTCTACGCTGGGAATGACAAGTGGTCCAT

AGACCCTCGTGTGATCATCCTGGTCAATACACCAACCCAGTACAGCATCATGATCCAAAATGTGGATGTGTATGAC
GAAGGTCCGTACACATGCTCTGTGCAGACAGACAATCATCCCAAAACGTCCCGGGTTCACCTAATAGTGCAAGTT

CCTCCTCAGATCATGAATATCTCCTCAGACATCACTGTGAATGAGGGAAGCAGTGTGACCCTGCTGTGTCTTGCTA
TTGGCAGACCAGAGCCAACTGTGACATGGAGACACCTGTCAGTCAAGGAAGGCCAGGGCTTTGTAAGTGAGGAT
GAGTACCTGGAGATCTCTGACATCAAGCGAGACCAGTCCGGGGAGTACGAATGCAGCGCGTTGAACGATGTCGC
TGCGCCCGATGTGCGGAAAGTAAAAATCACTGTAAACTATCCTCCCTATATCTCAAAAGCCAAGAACACTGGTGTT
TCAGTCGGTCAGAAGGGCATCCTGAGCTGTGAAGCCTCTGCAGTCCCCATGGCTGAATTCCAGTGGTTCAAGGAA
GAAACCAGGTTAGCCACTGGTCTGGATGGAATGAGGATTGAAAACAAAGGCCGCATGTCCACTCTGACTTTCTTC

AATGTTTCAGAAAAGGATTATGGGAACTATACTTGTGTGGCCACGAACAAGCTTGGGAACACCAATGCCAGCATC
ACATTGTATGGGCCTGGAGCAGTCATTGATGGTGTATACCCATACGATGTTCCAGATTACGCTGGAGGAGGAGG

I E'
0
0]

—

> |

>
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This appendix provides the peptide mass fingerprint (PMF) data that was used to confirm the

identity of proteins produced. The data was analysed using mMass software.

mMass analysis/Mascot search of protein band in Figure 16 after trypsin

digest
mMass Report: Clipboard Data
Date Scan Number
Operator Retention
Time
Contact MS Level
Institution Precursor
m/z
Instrument Polarity unknown
Spectrum 157210
Points
Peak List 663
1 ]
| | | | Clipboard Data ¢
= 60000 5 = Clipboard Data
55000 o
] 3
50000 o
] []
450004= . %
jm =
MUUU_EE %
q= (18]
35000 B o
30000 4 t @ —
25000 - % ) =
= =+ 10 =
2[][][][]E o s e = - E = T
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10000 3 llmar DL Boeoo dim B o6 O &
] WOoE MO KNBTOA Ny &8 = & O ©
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5000 4 i o Mm D5 e e e e 1+ =
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E i e o g =
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m/z
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Sequence - OPCML+FC Purification Upper Band

Accession Length Mo. Mass Av. Mass Coverage Matched Int.

527 58287.1570 58323.2020 62.8% 38.4%

AVPVRSGDAT FPKAMDNVTV RQGESATLRC TIDDRVTRVA WLNRSTILYA GNDKWSIDPR VIILVNTPTQ YSIMIQNVDV

YDEGPYTCSV QTDNHPKTSR VHLIVQVPPQ IMNISSDITV NEGSSVTLLC LAIGRPEPTV TWRHLSVKEG QGFVSEDEYL

EISDIKRDQS GEYECSALND VAAPDVRKVK ITVNYPPYIS KAKNTGVSVG QKGILSCEAS AVPMAEFQWF KEETRLATGL

DGMRIENKGR MSTLTFFNVS EKDYGNYTCV ATNKLGNTNA SITLYGPGAV IDGVCGGGGS LPETGLVPRG SGGSTKGPSV
FLFPPKPKDT LMISRTPEVT CVVVDVSHED PEVKFNWYVD GVEVHNAKTK PREEQYNSTY RVVSVLTVLH QDWLNGKEYK

CKVSNKALPA PIEKTISKAK GQPREPQVYT LPPSRDELTK NQVSLTCLVK GFYPSDIAVE WESNGQPENN YKTTPPVLDS

DGSFFLYSKL TVDKSRWQQG NVFSCSVMHE ALHNHYTQKS LSLSPGK

Meas. m/z
501.3178
503.1507
534.2545
541.2109
575.1824
575.3411
583.3610
593.2956
605.3401
656.3988
678.3263
686.3007
694.2213
716.4153
722.3321
738.2946
758.4483
773.4094
788.4595
818.3242
822.4154
838.5161
861.4669
889.4863
905.4735
933.5127

1078.5696

1081.5759

Calc. m/z
501.3144
503.2824
534.2518
541.3457
575.3399
575.3399
583.3562
593.2889
605.3141
656.3838
678.3603
686.3178
694.3552
716.4050
722.3138
738.3087
758.4308
773.3941
788.4512
818.4730
822.3992
838.5033
861.4425
889.4738
905.4509
933.4822

1078.5310

1081.5524

6 (Da)
0.0035
-0.1317

0.0027
-0.1348
-0.1575

0.0012

0.0048

0.0067

0.0260

0.0149
-0.0340
-0.0171
-0.1340

0.0103

0.0183
-0.0140

0.0176

0.0153

0.0082
-0.1488

0.0162

0.0128

0.0244

0.0125

0.0225

0.0305

0.0386

0.0235

6 (ppm)
6.9
-261.7
5.1
-249.0
-273.8
2.1
8.3

43.0
22.7
-50.1
-24.9
-193.0

14.4

19.8
10.4
-181.8

19.7

28.3
141
24.9

32.7

Rel. Int. (%)
69.08
0.70
3.82
0.99
0.27
0.64
30.96
0.52
0.79
29.19
0.89
0.39
0.26
0.18
2.26
0.13
1.21
6.22
0.87
0.53
3.68
8.10

27.01

6.37
31.53
0.08

0.34

Annotation
[369-372] k.TKPR.e
[245-248] r.IENK.g
[232-235] k.EETR.I
[1-5] .AVPVR.s
[490-494] k.LTVDK.s
[490-494] k.LTVDK.s
[144-148] r.HLSVK.e
[310-316] r.GSGGSTK.g
[436-440] r.DELTK.n
[419-424] k. AKGQPR.e
[401-406] k.CKVSNK.a
[398-402] k.EYKCK.v [1xOxidation]
[401-406] k.CKVSNK.a [1xOxidation]
[245-250] r.IENKGR.m
[30-35] r.CTIDDR.v
[30-35] r.CTIDDR.v [1xOxidation]
[39-44] r.VAWLNR.s
[55-60] k.WSIDPR.v
[520-527] k.SLSLSPGK.
[490-496] k.LTVDKSR.w
[6-13] r.SGDATFPK.a
[407-414] k.ALPAPIEK.t
[22-29] r.QGESATLR.c
[204-212] k.NTGVSVGQK.g
[14-21] k. AMDNVTVR.q
[236-244] r.LATGLDGMR.i
[30-38] r.CTIDDRVTR.v

[45-54] r.STILYAGNDK.w

Formula
C21H40N806
C21H38N608
C20H35N7010
C24H44N806
C25H46N609
C25H46N609
C26H46N807
C22H40N8011
C25H44N6011
C27H49N1108
C27H51N909S
C29H47N7010S
C27H51NS010S
C29H53N11010
C27H47N9012S
C27H47N9S013S
C35H55N1108
C35H52N10010
C34H61N9012
C34H63N11012
C36H55N9013
C39H67N9011
C34H60N12014
C36H64N12014
C36H64N12013S
C38H68N12013S
C42H75N15016S

C47H76N12017
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1088.6304
1104.6185
1189.5549
1267.7261
1286.7108
1294.7253
1313.7914
1348.6338
1417.7917
1521.8805
1671.8604
1677.8396
1724.7846
1808.0580
1835.9841
1873.0183
1888.0175
2058.0011
2081.9808
2139.0030
2214.1216
2228.1214
2267.0723

2283.0958

2544.1945

1088.6058
1104.6082
1189.5120
1267.7620
1286.6739
1294.7042
1313.7616
1348.5838
1417.7468
1521.8675
1671.8085
1677.8020
1724.9078
1808.0065
1835.9286
1872.9702
1888.0327
2057.9550
2082.0060
2138.9295
2214.0561
2228.2074
2267.0245

2283.0194

2544.1314

0.0246
0.0104
0.0429
-0.0360
0.0369
0.0212
0.0298
0.0501
0.0449
0.0130
0.0519
0.0376
-0.1232
0.0515
0.0554
0.0481
-0.0152
0.0461
-0.0251
0.0735
0.0656
-0.0859
0.0478

0.0764

0.0632

9.4
36.1
-28.4
28.6
16.4

-71.4
285
30.2
25.7
-8.1
224
-12.1
34.4
29.6
-38.6

335

24.8

0.28
0.12
0.25
0.04
5.94
4.02
3.57
0.04
0.06
0.03
0.09
5.03
0.03
0.64
7.25
17.51
0.06
0.06
0.12
0.18
10.92
2.03
0.04

0.03

0.37

[202-212] k.AKNTGVSVGQK.g

[441-450] k.NQVSLTCLVK.g

[373-381] r.EEQYNSTYR.v

[407-418] k.ALPAPIEKTISK.a

[425-435] r.EPQVYTLPPSR.d

[191-201] k.ITVNYPPYISK.a

[317-328] k.GPSVFLFPPKPK.d

[263-274] k. DYGNYTCVATNK.I

[236-248] r.LATGLDGMRIENK.g
[189-201] k.VKITVNYPPYISK.a

[369-381] k.TKPREEQYNSTYR.v
[355-368] k.FNWYVDGVEVHNAK.t
[421-435] k.GQPREPQVYTLPPSR.d
[382-397] r.VVSVLTVLHODWLNGK.e
[45-60] r.STILYAGNDKWSIDPR.v
[425-440] r.EPQVYTLPPSRDELTK.n
[310-328] r.GSGGSTKGPSVFLFPPKPK.d
[149-166] k.EGQGFVSEDEYLEISDIK.r
[336-354] r. TPEVTCVVVDVSHEDPEVK.f
[168-187] r.DQSGEYECSALNDVAAPDVR.k
[149-167] k.EGQGFVSEDEYLEISDIKR.d
[382-400] r.VVSVLTVLHQDWLNGKEYK.c
[168-188] r.DQSGEYECSALNDVAAPDVRK.v
[168-188] r.DQSGEYECSALNDVAAPDVRK.v
[1xOxidation]

[451-472]
k.GFYPSDIAVEWESNGQPENNYK.t

CA5H81N15016
CA7H85N13015S
C50H72N14020
C58H102N14017
C58H91N15018
C62H95N13017
C66H100N14014
C57H85N15021S
C59H104N18020S
C73H116N16019
C71H110N22025
C78H108N20022
C76H121N23023
C83H134N22023
C82H126N22026
C83H133N21028
C88H138N22024
C90H136N20035
C89H144N22033S
C87H135N25036S
C96H148N24036
C103H162N26029
C93H147N27037S

C93H147N27038S

C114H158N28039

Generated by mMass ¢ Open Source Mass Spectrometry Tool ¢ www.mmass.org
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MRS Mascot Search Results

Database : SwissProt 2018_10 (558681 sequences; 200603466 residues)
Timestamp : 22 Nov 2018 at 15:49:26 GMT
Top Score : 114 for Mixture 1, OPCM_BOVIN

+IGHG1_HUMAN
Mascot Score Histogram
Protein score is -10*Log(P), where P is the probability that the observed

match is a random event.
Protein scores greater than 70 are significant (p<0.05).

Number of Hits

100
Protein Score

Concise Protein Summary Report

Significance threshold p<0.05

Max. number of hits: AUTO

1. Mixture 1 Total score: 114 Expect: 2.2e-06 Matches:
45 Components (only one family member shown for each
component):

OPCM_BOVIN Mass: 37890 Score: 89 Expect: 0.00066 Matches: 26
Opioid-binding protein/cell adhesion molecule 0S=Bos taurus 0X=9913 GN=OPCML

PE=1SV=1

IGHG1 HUMAN Mass: 36083 Score: 79 Expect: 0.0064 Matches: 20
Immunoglobulin heavy constant gamma 1 OS=Homo sapiens OX=9606 GN=IGHG1 PE=1

Sv=1

2. Mixture 2 Total score: 114 Expect: 2.2e-06 Matches:
48 Components (only one family member shown for each
component):

OPCM_HUMAN Mass: 37983 Score: 89 Expect: 0.00066 Matches: 29
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Opioid-binding protein/cell adhesion molecule 0S=Homo sapiens 0X=9606 GN=OPCML
PE=1SVv=1

IGHG1 HUMAN Mass: 36083 Score: 79 Expect: 0.0064 Matches: 20
Immunoglobulin heavy constant gamma 1 OS=Homo sapiens OX=9606 GN=IGHG1 PE=1

Sv=1

3. Mixture 3 Total score: 110 Expect: 5.6e-06 Matches:
50 Components (only one family member shown for each
component):

OPCM BOVIN Mass: 37890 Score: 89 Expect: 0.00066 Matches: 26
Opioid-binding protein/cell adhesion molecule OS=Bos taurus 0X=9913 GN=0OPCML

PE=1SV=1

IGG1 HUMAN Mass: 49298 Score: 76 Expect: 0.013 Matches: 25
Immunoglobulin gamma-1 heavy chain OS=Homo sapiens OX=9606 PE=1 SV=2

4. Mixture 4 Total score: 110 Expect: 5.6e-06 Matches:
53 Components (only one family member shown for each
component):

OPCM_HUMAN Mass: 37983 Score: 89 Expect: 0.00066 Matches: 29
Opioid-binding protein/cell adhesion molecule 0S=Homo sapiens 0X=9606 GN=OPCML

PE=1SV=1

IGG1 HUMAN Mass: 49298 Score: 76 Expect: 0.013 Matches: 25
Immunoglobulin gamma-1 heavy chain 0S=Homo sapiens 0X=9606 PE=1 SV=2

5. Mixture 5 Total score: 104 Expect: 2.2e-05 Matches:
45 Components (only one family member shown for each
component):

OPCM RAT Mass: 38043 Score: 80 Expect: 0.0053 Matches: 26
Opioid-binding protein/cell adhesion molecule OS=Rattus norvegicus 0X=10116

GN=Opcml PE=1SV=2

IGHG1 HUMAN Mass: 36083 Score: 79 Expect: 0.0064 Matches: 20
Immunoglobulin heavy constant gamma 1 OS=Homo sapiens 0X=9606 GN=IGHG1

PE=1SV=1
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6.

Mixture 6 Total score: 100 Expect: 5.7e-05 Matches: 50 Components (only one
family member shown for each component):
OPCM RAT Mass: 38043 Score: 80 Expect: 0.0053 Matches: 26

Opioid-binding protein/cell adhesion molecule OS=Rattus norvegicus OX=10116

GN=Opcml PE=1 SV=2

IGG1 HUMAN Mass: 49298 Score: 76 Expect: 0.013 Matches: 25
Immunoglobulin gamma-1 heavy chain OS=Homo sapiens 0OX=9606 PE=1 SV=2

OPCM BOVIN Mass: 37890 Score: 89 Expect: 0.00066 Matches: 26
Opioid-binding protein/cell adhesion molecule 0S=Bos taurus 0X=9913 GN=0OPCML

PE=1 SV=1

OPCM HUMAN Mass: 37983 Score: 89 Expect: 0.00066 Matches: 29
Opioid-binding protein/cell adhesion molecule 0S=Homo sapiens 0X=9606 GN=OPCML

PE=1 SV=1

OPCM_PANTR Mass: 37983 Score: 89 Expect: 0.00066 Matches: 29

Opioid-binding protein/cell adhesion molecule 0S=Pan troglodytes 0X=9598
GN=0OPCML PE=2 SV=1

OPCM _RAT Mass: 38043 Score: 80 Expect: 0.0053 Matches: 26
Opioid-binding protein/cell adhesion molecule OS=Rattus norvegicus OX=10116

GN=0Opcml PE=1 SV=2

10.

IGHG1 HUMAN Mass: 36083 Score: 79 Expect: 0.0064 Matches: 20
Immunoglobulin heavy constant gamma 1 OS=Homo sapiens 0X=9606 GN=IGHG1
PE=1SV=1

11.

IGG1 HUMAN Mass: 49298 Score: 76 Expect: 0.013 Matches: 25 Immunoglobulin
gamma-1 heavy chain OS=Homo sapiens OX=9606 PE=1 SV=2

12.

CPXS PORPU  Mass: 17235 Score: 66 Expect: 0.13 Matches: 14
Chromophore lyase CpcS/CpeS homolog OS=Porphyra purpurea OX=2787 GN=cpcS

PE=3 SV=1
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Search Parameters

Type of search

Enzyme

Variable modifications
Mass values

Protein Mass

Peptide Mass Tolerance
Peptide Charge State
Max Missed Cleavages
Number of queries
Selected for scoring

: Peptide Mass Fingerprint
: Trypsin
: Oxidation(M)
: Monoisotopic
: Unrestricted
:+0.1Da
11+
i |
1663
1134

Mascot:http://www.matrixscience.com/
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mMass analysis/Mascot search of protein band in Figure 16 after trypsin

digest
mMass Report: Clipboard Data
Date Scan Number
Operator Retention Time
Contact MS Level
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Instrument Polarity | unknown
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Sequence - OPCML+FC Purification Lower Band

Accession

Length

527

Mo. Mass

58111.2129

Av. Mass

58147.2085

Matched Int.

20.8%

AVPVRSGDAT FPKAMDNVTV RQGESATLRC TIDDRVTRVA WLNRSTILYA GNDKWSIDPR VIILVNTPTQ

YSIMIQNVDV YDEGPYTCSV QTDNHPKTSR VHLIVQVPPQ IMNISSDITV NEGSSVTLLC LAIGRPEPTV
TWRHLSVKEG QGFVSEDEYL EISDIKRDQS GEYECSALND VAAPDVRKVK ITVNYPPYIS KAKNTGVSVG

QKGILSCEAS AVPMAEFQWF KEETRLATGL DGMRIENKGR MSTLTFFNVS EKDYGNYTCV ATNKLGNTNA

SITLYGPGAV IDGVCGGGGS LPETGLVPRG SGGSTKGPSV FLFPPKPKDT LMISRTPEVT CVVVDVSHED

PEVKFNWYVD GVEVHNAKTK PREEQYNSTY RVVSVLTVLH QDWLNGKEYK CKVSNKALPA PIEKTISKAK

GQPREPQVYT LPPSRDELTK NQVSLTCLVK GFYPSDIAVE WESNGQPENN YKTTPPVLDS DGSFFLYSKL TVDKSRWQQG

NVFSCSVMHE ALHNHYTQKS LSLSPGK

Meas. m/z
501.3106
503.1506
534.1562
541.2059
575.3312
583.1808
593.2735
605.1952
647.2788
656.3892
670.2198
678.3141
716.2484
722.2960
758.4503
773.4064
788.4521
818.3038
822.3015
838.5067

1078.3687

1081.3894

1088.6285

1104.6258

1189.5372

1286.7002

1294.7277

Calc. m/z
501.3144
503.2824
534.2518
541.3457
575.3399
583.3562
593.2889
605.3141
647.4087
656.3838
670.3229
678.3603
716.4050
722.3138
758.4308
773.3941
788.4512
818.4730
822.3992
838.5033

1078.5310

1081.5524

1088.6058

1104.6082

1189.5120

1286.6739

1294.7042

6 (Da)

-0.0037
-0.1318
-0.0956
-0.1397
-0.0087
-0.1754
-0.0154
-0.1189

-0.1298

0.0053

-0.1031
-0.0463
-0.1566

-0.0178

0.0195
0.0123

0.0008

-0.1692

-0.0977

0.0035

-0.1622

-0.1630

0.0227
0.0177
0.0252
0.0263

0.0236

6 (ppm)

7.4
-261.9
-179.0
-258.1
-15.2
-300.7
-26.0
-196.4
-200.5
8.1
-153.8
-68.2
-218.6
-24.6
25.7
15.9
1.1
-206.8
-118.8
4.1
-150.4
-150.7
20.8

16.0

20.4

18.2

Rel. Int. (%)
12.52
1.80
2.77
4.46
1.27
1.07
1.16
0.85
2.73
7.48

0.50

8.69
0.05
0.07
0.17
0.38
2.43
15.64

0.35

z

1

Annotation
[369-372] k.TKPR.e
[245-248] r.IENK.g
[232-235] k.EETR.I
[1-5] .AVPVR.s
[490-494] k.LTVDK.s
[144-148] r.HLSVK.e
[310-316] r.GSGGSTK.g
[436-440] r.DELTK.n
[415-420] k.TISKAK.g
[419-424] k. AKGQPR.e
[398-402] k.EYKCK.v
[401-406] k.CKVSNK.a
[245-250] r.IENKGR.m
[30-35] r.CTIDDR.v
[39-44] r. VAWLNR.s
[55-60] k.WSIDPR.v
[520-527] k.SLSLSPGK.
[490-496] k.LTVDKSR.w
[6-13] r.SGDATFPK.a
[407-414] k. ALPAPIEK.t
[30-38] r.CTIDDRVTR.v
[45-54] r.STILYAGNDK.w
[202-212] k. AKNTGVSVGQK.g
[441-450] k.NQVSLTCLVK.g
[373-381] r.EEQYNSTYR.v
[425-435] r.EPQVYTLPPSR.d

[191-201] k.ITVNYPPYISK.a

Formula
C21H40N806
C21H38N608
C20H35N7010
C24H44N806
C25H46N609
C26H46N807
C22H40N80O11
C25H44N6011
C28H54N809
C27H49N1108
C29H47N709S
C27H51N909S
C29H53N11010
C27H47N9012S
C35H55N1108
C35H52N10010
C34H61N9012
C34H63N11012
C36H55N9013
C39H67N9011
C42H75N15016S
C47H76N12017
C45H81N15016
C47H85N13015S
C50H72N14020
C58H91N15018

C62H95N13017
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1313.7767
1671.8491
1677.8210
1808.0317
1835.9728
1873.0079
1887.9931
2082.0297
2139.0377
2214.1039

25441771

1313.7616
1671.8085
1677.8020
1808.0065
1835.9286
1872.9702
1888.0327
2082.0060
2138.9295
2214.0561

2544.1314

0.0151
0.0406
0.0190
0.0252
0.0441
0.0377
-0.0396
0.0238
0.1082
0.0478

0.0457

24.3
11.4
13.9
24.0

25.93
0.41
23.81
7.82
0.81

[317-328] k.GPSVFLFPPKPK.d
[369-381] k. TKPREEQYNSTYR.v
[355-368] k.FNWYVDGVEVHNAK.t
[382-397] r.VVSVLTVLHQDWLNGK.e
[45-60] r.STILYAGNDKWSIDPR.v
[425-440] r.EPQVYTLPPSRDELTK.n
[310-328] r.GSGGSTKGPSVFLFPPKPK.d
[336-354] r.TPEVTCVVVDVSHEDPEVK.f
[168-187] r.DQSGEYECSALNDVAAPDVR k
[149-167] k. EGQGFVSEDEYLEISDIKR.d
[451-472]
k.GFYPSDIAVEWESNGQPENNYK.t

C66H100N14014
C71H110N22025
C78H108N20022
C83H134N22023
C82H126N22026
C83H133N21028
C88H138N22024
C89H144N22033S
C87H135N25036S
C96H148N24036
C114H158N28039

Generated by mMass ¢ Open Source Mass Spectrometry Tool ¢ www.mmass.org
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MATRIX

science IMlascot Search Results

Database : SwissProt 2018_10 (558681 sequences; 200603466 residues)

Timestamp :22 Nov 2018 at 16:18:55 GMT

Top Score : 58 for IGHG1_HUMAN, Immunoglobulin heavy constant gamma 1 OS=Homo
sapiens 0X=9606 GN=IGHG1 PE=1 SV=1

Mascot Score Histogram

Protein score is -10*Log(P), where P is the probability that the

observed match is a random event.

Protein scores greater than 70 are significant (p<0.05).

Number of Hits

I
20 50
Protein Score

Concise Protein Summary Report
Significance threshold: p<0.05
Max. number of hits: AUTO
Preferred taxonomy: All entries

1. IGHG1 HUMANMass: 36083 Score: 58 Expect: 0.95 Matches: 16
Immunoglobulin heavy constant gamma 1 OS=Homo sapiens 0OX=9606 GN=IGHG1 PE=1
Ssv=1

Search Parameters

Type of search : Peptide Mass Fingerprint
Enzyme : Trypsin

Variable modofications : Oxidation(M)

Mass values : Monoisotopic

Protein Mass : Unrestricted

Peptide Mass Tolerance :+0.1Da
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Peptide Charge State
Max Missed Cleavages
Number of queries
Selected for scoring

1+

1703
: 213

Mascot: http://www.matrixscience.com/
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Mascot search of protein band in Figure 17 after trypsin digest

WVSCENC: Mascot Search Results

Database : SwissProt 2018_10 (558681 sequences; 200603466 residues)

Timestamp :23 Nov 2018 at 11:26:51 GMT

Top Score : 39 for OPCM_HUMAN, Opioid-binding protein/cell adhesion molecule 0S=Homo sapiens
0X=9606 GN=OPCML PE=1 SV=1

Mascot Score Histogram

Protein score is -10*Log(P), where P is the probability that the observed

match is a random event.

Protein scores greater than 70 are significant (p<0.05).

Mumber of Hits

40
Protein Score

Concise Protein Summary Report

Significance threshold: p<0.05 Max number of hits: AUTO

Preferred taxonomy: All entries

1. OPCM_HUMANMass: 37983 Score: 39 Expect: 67 Matches: 15

Opioid-binding protein/cell adhesion molecule 0S=Homo sapiens 0X=9606 GN=OPCML PE=1 SV=1
OPCM PANTRMass: 37983 Score: 39 Expect: 67 Matches: 15

Opioid-binding protein/cell adhesion molecule OS=Pan troglodytes OX=9598 GN=OPCML PE=2 SV=1
OPCM BOVINMass: 37890 Score: 33 Expect: 3.1e+02 Matches: 14

Opioid-binding protein/cell adhesion molecule OS=Bos taurus 0X=9913 GN=OPCML PE=1 SV=1
OPCM RATMass: 38043 Score: 27 Expect: 1.1e+03 Matches: 12

Opioid-binding protein/cell adhesion molecule OS=Rattus norvegicus 0X=10116 GN=Opcml| PE=1 SV=2
UBACT NITMOMass: 7607 Score: 17 Expect: 1.1e+04 Matches: 3

MRes in Chemical Biology 2015
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Prokaryotic ubiquitin-like protein UBact OS=Nitrospira moscoviensis OX=42253 GN=ubact PE=3 SV=1

TAT HV1A2Mass: 11550 Score: 16

Expect: 1.3e+04 Matches: 3

Protein Tat OS=Human immunodeficiency virus type 1 group M subtype B (isolate ARV2/SF2) OX=11685

GN=tat PE=3 SV=1

RL21 COXBNMass: 12738 Score: 16 Expect: 1.3e+04 Matches: 3

50S ribosomal protein L21 OS=Coxiella burnetii (strain Dugway 5J108-111) OX=434922 GN=rplU PE=3 SV=1

RL21 COXBRMass: 12752 Score: 16

Expect: 1.3e+04 Matches: 3

50S ribosomal protein L21 OS=Coxiella burnetii (strain RSA 331 / Henzerling 1) OX=360115 GN=rplU PE=3

Sv=1

RL21 COXBUMass: 12752 Score: 16 Expect: 1.3e+04 Matches: 3

50S ribosomal protein L21 OS=Coxiella burnetii (strain RSA 493 / Nine Mile phase I) 0X=227377 GN=rplU

PE=3 SV=2

Search Parameters

Type of search

Enzyme

Variable modofications
Mass values

Protein Mass

Peptide Mass Tolerance
Peptide Charge State
Max Missed Cleavages
Number of queries
Selected for scoring

: Peptide Mass Fingerprint
: Trypsin

: Oxidation(M)

: Monoisotopic

: Unrestricted

:+0.1Da

1+

01

1343

:139

Mascothttp://www.matrixscience.com/
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MRes Report: The Tumour Suppressor

Protein OPCML as an Anticancer Drug: A Biological
Therapeutic enabled through Self-splicing
Glycophosphosphatidylinositol mimetics.

Eloise V. N. Morecroft!, Keith Willison!, Hani Gabra?, Ed Tate!, Chiara Recchi?.

'Department of Chemistry, South Kensington Campus, *Ovarian Cancer Action Research Centre, Department of
Surgery and Cancer, Hammersmith Campus, Imperial College London.

KEYWORDS: OPCML, epithelial ovarian cancer, GPI anchor, mimetic, DNA methylation, dissemination, structure
activity relationship.

ABSTRACT: Epithelial ovarian cancer (EOC) is the most lethal gynaecological malignancy and is almost undetectable until
it reaches its later stages, when it disseminates within the peritoneal cavity. Opioid binding protein/cell adhesion molecule-
like (OPCML) is a tumour suppressor gene (TSG) that is epigenetically inactivated in EOC. OPCML has three
immunoglobulin (Ig) domains, is highly glycosylated and has a glycophosphatidylinositol (GPI) anchor. Previous studies
from our group have shown that re-expressing OPCML in cancer cells can prevent their growth in both in vitro and in vivo
models. This is due to OPCML binding to receptor tyrosine kinases (RTKs) and negatively regulating their signalling
pathways. Therefore OPCML could represent a valid therapeutic agent in patients with EOC to prevent cancer growth. The
aim of this research is to develop OPCML as a potential therapeutic, by first studying the structure activity relationship
(SAR) to determine which moieties of OPCML are required for an active TSG function and whether glycosylation is
necessary. Elucidating a simplified structure of OPCML would enable a more effective and efficient expression/purification
of the protein whilst still having all the benefits of a TSG.

Introduction procedures a necessity, though recurrence after surgery

1 1 517,32
Epithelial ovarian cancer (EOC) is caused by genetic remains high®7.

changes in the ovarian surface epithelium (OSE), the layer
of flat-to-cuboidal epithelial cells that cover ovaries. It is
believed that the rupture and repair cycle during ovulation
can contribute to such genetic changes, as can the
epithelial to mesenchymal transition OSE cells undergo
during such cycle. This causes migration to the stroma,
leading to the formation of inclusion cysts and ultimately
tumorigenesis®.

EOC is asymptomatic until the later stages of the
malignancy, when dissemination into the peritoneal cavity
has begun. This dissemination is caused by epithelial cells
losing the adhesion between them to become migratory, a
process known as “epithelial to mesenchymal transition” or
EMT. Late detection of the cancer makes extensive surgical

MRes in Chemical Biology 2015
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Attachment of GPI
anchor

ER Lumen — Proteins
are folded, N-linked
glycosylation occurs

Figure 55 Simplified schematic of the secretory pathway
of GPI anchored proteins such as OPCML.

Opioid binding protein/cell adhesion molecule- like
(OPCML) is a tumour suppressor gene (TSG) in various
cancers including EOC3. OPCML is a non-transmembrane
protein that is part of the IgLON family of cell adhesion
molecules, which has three Cz like Ig (immunoglobin-like)
domains and is highly glycosylated with six glycosylation
sites3t154155, OPCML is associated via a
glycophosphatidylinositol (GPI) anchor to the cell
membrane, where it is localised within cholesterol rich
regions of the membrane, known as detergent resistant
membranes (DRMs)32.

Many TSGs undergo epigenetic inactivation: CpG islands
are areas with a high density of cytosine nucleotides next
to guanine, and these areas can be methylated at the
cytosine causing inactivation of the gene via
transcriptional repression 5'5%'57, Research has shown that
OPCML has CpG islands that are normally unmethylated,
but has CpG island methylation in 82 % of ovarian cancer
cellss.

DNA methyltransferases (DNMT) are the enzymes that
catalyse the methylation of CpG islands. Methyltransferase
inhibitors can be wused as therapeutics to prevent
methylation and subsequent silencing of TSGs. However,
there is concern over the effect such inhibitors could have
on normal cells, with any epigenetic therapy needing to be
highly selective#¢47:158,

OPCML mediates its tumour suppressor capacity through
the regulation of a number of receptor tyrosine kinases
(RTKs). OPCML binds the extracellular domains of a
specific set of RTKs, sequesters the RTK to the detergent
resistant membranes and alters RTK signalling via
proteasomal degradation3.

GASA ligand binds

to AXL—> Interaction
dimerisationand between OPCML
phospharylation. and AXL

e 43

Figure 56 Schematic of OPCML interacting with AXL. The
figure shows OPCML binding AXL and interrupting the

resultant signaling, causing loss of EMT factors and
preventing migration.

AXL is one RTK OPCML interacts with in this way. AXL
has two Ig domains and two FNIII (fibronectin type 3 like)
domains®?, and it is part of the TAM family of RTKs.
Growth arrest specific gene-6 (GAS6) is the ligand for AXL.
Upon GAS6 binding to AXL. AXL dimerisation and
phosphorylation of tyrosine residues occurs allowing
intracellular signalling molecules to dock, leading to a
signalling pathway triggering EMT 9% |t has been
shown that the expression of AXL is higher in ovarian
cancer tissues compared to normal and that this increases
tumour cell migration’9'%°, Recent data from our lab have
shown that OPCML interacts with AXL, causing
sequestering into DRMs; the presence of OPCML causes
the loss of AXL phosphorylation and the arrest of the
signalling cascade preventing induction of Slug and
EMT*2, This data suggests that the re-expression of
OPCML into patients with EOC could possibly act to
prevent spreading via reduction of EMT.

Due to the extracellular nature of OPCML, the possibility
of a direct tumour suppressor therapy rather than gene
therapy can be explored3.

As mentioned, OPCML has a GPI anchor. GPI anchors are
posttranslational modifications that anchor proteins to the
cell membrane. The structure of GPI anchors can been
seen in figure 3. Since GPI anchors have complex
structures, which causes difficulties with studying and

synthesis, GPI mimetics may represent a valid alternative
56,63,75,163,164.
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Figure 57 Example of a GPI anchor from human
erythrocyte acetylachlinesterase showing the
structure’®. Phospholipids are shown in blue, a

Results and Discussion
Design of Constructs

Protein modelling was used to predict the structure of the
OPCML protein. Structure prediction using Phyre2 (see
Supplementary Information) enabled the reported
location of the Ig domains to be confirmed'®5%7. Phyre 2
predicts the structure of a protein via comparison of the
given protein sequence with the sequences of proteins with
known structures, rather than simulating the folding of
proteins. The structure is generated by comparing the
similarity of the sequences to give alignments and then
these alignments are used to form the model structure'®®.
Full length wild type OPCML, each single OPCML domain,
and OPCML with an HA tag were all run on the Phyre2
system. The predicted structures were able to confirm the
areas listed as the start and end of each domain in the
UniProt database'®”. This aided in the design of the four
constructs. However there are some limitations to Phyre2,
which are addressed in the paper by Kelley et al'¢. Firstly,
if the input protein sequence is found not to be
homologous with any known structure the results
generated are very unreliable if generated at all.
Furthermore it is difficult to predict the effect point
mutations have on structure. Therefore the structure
prediction using Phyrez was only used to confirm the
already stated position of the domains and not relied on
solely.

Figure 4 shows the schematic structure of wild type
OPCML with the location of glycosylation sites and Ig
domains (see Supplementary Information for full
sequences). The figure also shows a schematic of the four
constructs tested for functionality. The first step is to
determine the relative importance of the three Ig domains
of OPCML, thus the constructs were designed to test each
of the domains independently. There are four constructs:

phosphoethanolamine linker in red, and a glycan core in
black.

If a functional, simplified OPCML protein could be
expressed and purified, a GPI-anchor mimetic could then
be attached and this complex used as a direct tumour
suppressor therapy.

The functional moieties of OPCML will be investigated via
testing each Ig domain using migration assays. The final
aim will be to find a functional simplified OPCML
structure, which can then be used to generate a direct
tumour suppressor therapy.

In this study the design and structure of four OPCML
constructs is reported, one full length and three expressing
different single OPCML domains, with the aim to show
whether these constructs function in the same way as wild
type OPCML.

full length OPCML (FL), domain 1 (D1), domain 2 (D2) and
domain 3 (D3). Glycosylation sites and sequences between
domains were preserved where possible in all the
constructs. An HA-tag was included in each sequence to
aid in detection of the protein during western blots and
immunofluorescence. Each construct was designed to act
as an entry clone for Gateway cloning. Figure 5 shows a
schematic of the Gateway cloning procedure (see
methods). Each construct was recombined with the
destination vector (pLenti CMV Puro Dest from Addgene)
using Gateway LR Clonase II Enzyme Mix (Invitrogen) to
form the desired expression vector and any by-products.

Gateway cloning uses att recombination to enable chosen
DNA sequences (which are present between the
recombination sequences) to be swapped from one vector
into another via an enzyme. As Gateway LR Clonase kit
would be wused for cloning, the attli and attL2
recombination sequences were added to flank the
construct sequences. As a precaution, unique restriction
sites Xbal and Sall were added between the recombination
sequences and OPCML construct so that, in case of
difficulties with Gateway cloning, the sequence could be
removed and a different approach explored. The full
sequences of each construct can be found in the
supplementary information.

Cloning the Constructs into Lentiviral vectors

After the DNA constructs had been designed and received,
the first step was to amplify the plasmids in bacteria and
then purify them. Following this, the Gateway cloning kit
was used.
Initial attempts to verify the identity of the received DNA
did not yield the expected result. When running the
digested DNA on agarose gels to confirm the presence of
the restriction sites it was found that the Xbal site was not
MRes in Chemical Biology 2015
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present. Upon further investigation it was discovered that
the DNA was being methylated by Dam methylase in the
bacteria (Alpha-Select Silver Competent Cells from
Bioline) and the presence of a GA upstream of the Xbal site
was blocking cleavage by the enzyme. Additionally,
sequencing the first attempt at Gateway cloning yielded a
sequence that did not include the DNA constructs,
suggesting that there had been no swapping between
recombination sites.

The destination vector contains a gene that confers
resistance to the antibiotic ampicillin as well as a ccdB
gene. The ccdB gene is a “suicide” gene that targets DNA
gyrase preventing it from functioning correctly. After
cloning, any by-products and any un-swapped destination
vectors that still have the ccdB gene present will prevent
the bacteria from growing. Destination vectors that have
been swapped will not have the ccdB gene anymore, as the
ccdB gene is between the att sites that are swapped during
successful Gateway cloning. However the Alpha Select
Silver Efficiency competent cells were resistant to the ccdB
gene because they carry a mutation in the gyrase. So, all
the bacteria transformed with by-products and unreacted
destination vectors grew and there was no selection.

For subsequent cloning methyltransferase deficient E.Coli
cells were used (dam /dem Competent E. Coli from New
England Biolabs) preventing blocking of the restriction
site. This bacteria also had no resistance to the ccdB gene.

The Gateway cloning procedure was attempted twice more
using these new competent bacteria. The first pLenti
constructs made were sent for sequencing (Beckman) but
only the FL construct could be sequenced. Thus the
cloning was repeated with a positive control of a known
entry vector, and as a negative control no entry vector. The
transformation of the negative control should not have
given any colonies due to no swapping having taken place,
thus the ccdB gene should ensure the destination vector
does not grow. However, after transforming the products
of the LR Clonase reaction the negative control still gave
positive colonies perhaps due to a mutation in the ccdB
gene of plasmid.

Therefore colony polymerase chain reaction (PCR) was
carried out using primers designed to work for all the
constructs (see Supplementary Information) to identify the
positive colonies that had swapped successfully.

An adequate number of colonies were picked for each
condition. Several colony PCRs were carried out in order to
obtain at least one positive colony for each construct.
Figure 6 shows DNA agarose gels of the PCR products. FL
is approximately 1000 base pairs and D1, D2, and D3 all
around 550 base pairs. The results clearly show at least one
PCR product of the right size for each construct.

One colony for each construct was selected except from D2
where two colonies were found and these were labelled
Dz.1and D2.2. All the colonies were amplified, purified and
sent for sequencing. The results showed that all constructs
apart from pLenti FL in this second attempt were

successfully sequenced. This suggests that the primers
could not recognise the binding site in the pLenti FL
construct indicating the Gateway cloning reaction did not
work. The sequence received for the pLenti FL during the
first attempt at Gateway cloning and the sequences for the
remaining constructs from this second attempt were then
further analysed. This sequence analysis defined the
presence of each construct between att sites within the
pLenti backbone.

Verification of OPCML Protein Expression via
Transient Transfection

In order to confirm the expression of the new pLenti
OPCML constructs, cells were transiently transfected.
HEK293T cells were chosen as a model system. 48 hours
after the transfection, the cells were fixed with methanol
and immunofluorescence staining was carried out. Cells
were stained using a mouse monoclonal anti-OPCML
antibody and analysed by confocal microscopy (Figure 7).
However, only FL and D3 proteins could be visualised. The
mouse anti-OPCML antibody is monoclonal, meaning it
binds the protein specifically in one epitope only. These
results indicate that the sequence recognised by this
primary antibody is in domain 3.

Transient transfections were repeated in the ovarian
cancer cell line SKOV3. Cells were transfected with the
pLenti constructs and after two days cells were fixed using
PFA (see Methods). Cells were then stained using a mouse
anti-HA in order to get a signal for each construct as seen
in figure 8. The results clearly indicated that all proteins
were expressed in SKOV3 cells (Figure 8).

Figure 7 and figure 8 show the transfection efficiency of
each construct in each cell line. In HEK293T cells the
transfection efficiency was higher than in the SKOV3 cell
line as can be seen by the immunofluorescence images. As
the transfections were transient and undertaken using the
pLenti constructs, which are large in size (around gooo bp
compared to mammalian expression vectors which are
around 5000 bp), it is not unexpected that the transfection
efficiency would be low. Moreover it was observed that all
the constructs are localised to the membrane of the cells as
with the wild-type (WT) OPCML. This indicates that each
construct, though truncated, may be following the same
secretory pathway as WT OPCML to the cell surface.
Figure 9 shows OPCML D3 in more detail. From this image
it is clear that the construct is localised at the cell
membrane similarly to WT OPCML.

In parallel to immunofluorescence experiments, cells were
lysed and western blotting was performed for both cell
lines as an alternative method to detect the presence of
each protein. As mentioned, when compared to the
HEK293T cells, the SKOV3 cell line did not have as good a
transfection efficiency and western results were not
analysable due to background noise and low signals.
However, the western of HEK293T lysates (Figure 10)
showed the expression of the FL construct, which can be
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detected as a band at around 50 kilo daltons, the expected
molecular weight of the FL construct. The expressions of
the D1, D2 and D3 constructs, which have an expected
molecular weight of approximately 20 kilo daltons, cannot
be clearly identified from the western due to the presence
of numerous unspecific bands from the HA antibody as
seen in figure 10.

Most likely, the cause of the lack of signal for the protein is
due to the low transfection efficiency, which could be seen
from the scarcity of positive cells in the
immunofluorescence images. As such, it was decided to
prepare the lentivirus.

Production of OPCML Lentivirus

The constructs expressing each of the three domains and
the full length OPCML were used to produce lentiviruses
in HEK293T cells using a well established technique. The
lentiviral system was selected due to the high transduction
efficiency it provides. It also overcomes some of the
limitations of other methods, such as the use of
adenoviruses, because lentiviruses enable the integration
of the mutated OPCML constructs into the genome whilst
systems such as adenoviruses do not'3'%%1%, For each

construct, the genomic plasmid (the pLenti constructs), a
second generation packaging plasmid (p8.9), and an
envelope plasmid (pMDG containing the VSV-G gene
encoding for the envelope) were used to transfect
HEK293T cells (see Methods). The viruses produced by
HEK293T cells were then used to infect SKOV3 cells
(infection performed by Dr E Karali) in order to produce
stable cells lines expressing either full length OPCML or
the truncated constructs of the protein.

Cell were infected post Polybrene treatment. Polybrene
was used to enhance the transduction of cells with the
lentiviruses (see Methods). When cells are transduced with
virus the first step is the viral particles reaching the cell
surface, next non-specific binding to the cell, and finally
binding to a specific receptor on the cell surface.
Numerous papers have looked at the mechanism through
which Polybrene increases the transduction efficiency and
it is believed to occur through the enhancement of virus
adsorption and charge shielding 7°'7.
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Figure 4: A) Schematic representation of the four constructs designed to examine the function of each Ig domain of
OPCML: A) The structure of wild type OPCML with glycosylation sites denoted by yellow lines and areas of importance such as
signal peptide, GPI anchor, and Propeptide labelled. The full length (FL) construct includes the full length sequence of wild type
OPCML with added sequences for the attL sites and an HA tag, plus restriction sites between the attL and the rest of the sequence
to enable sub-cloning of the gene if needed. Schematics of D1, D2, and D3 have the added attL sites, HA tag and restriction sites
with only one domain. B) Schematic representation of the steps required to produce a stable cell line using a lentiviral
approach.
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Figure 5 Schematic representation of Gateway cloning using the LR Clonase reaction (see Methods).
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Figure 6 DNA gel electrophoresis results indicating the positive DNA colonies for each construct: Colony PCR was
performed with results showing the presence of pLenti FL around 1000 base pairs and pLenti D1, 2, and D3 constructs around 500

base pairs.
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Figure 7 Confocal immunofluorescence microscopy showing OPCML expression (green): HEK293T cells were transfected
using one of the FL, D1, D2 or D3 constructs. After 48 hours cells were fixed using methanol fixation and stained with mouse anti-
OPCML (green) and DAPI for nuclear staining (blue). Confocal microscopy using LEICA SP5 images show the transfection
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efficiency in HEK293T. Only OPCML WT, FL and D3 could be visualised using this antibody indicating the monoclonal antibody
recognises the domain 3 of the OPCML protein. Scale bars 100 pm. Confocal images taken by Dr Evdoxia Karali.
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Figure 8 Confocal immunofluorescence microscopy showing the expression of HA tagged protein (green): SKOV3 cells
were transfected using one of the FL, D1, D2 or D3 constructs. After 48 hours, cells were fixed using PFA fixation and stained with
monoclonal mouse anti-HA (green) and DAPI (blue). Confocal microscopy using LEICA SP5 images show the transfection
efficiency in SKOV3 cells. Scale bars 100 um. Confocal images taken by Dr Evdoxia Karali.
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Figure 9 Confocal Immunofluorescence microscopy showing protein expression through use of anti-HA tag antibody
(green): The images show the localisation of the D3 OPCML protein to the cell membrane. Scale bars 50 pm. Confocal images

taken by Dr Evdoxia Karali.
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Figure 10 Western blot to demonstrate the expression of construct proteins: HEK 293T cells were transfected using FL, D2,
D2, or D3 constructs with OPCML WT and untreated cells as controls. After 24 hours cells were lysed, the protein concentration
was calculated using the BCA method and SDS PAGE was performed. Calnexin was used as a loading control. Mouse monoclonal
anti-HA tag antibody was used. FL. OPCML construct can be seen around 50 kDa. Unspecific bands from the HA antibody mask
any signals due to constructs D1,D2 and D3, which would be present at around 20 kDa.
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Figure 11 Western blot analysis of immunoprecipitation of FL protein: SKOV3 cells were transiently transfected using pLenti
FL. After 24 hours the cells were lysed and cross-linked immunoprecipitation was performed and SDS PAGE. Mouse monoclonal
anti-HA antibody was used. FL. OPCML protein can be seen around 50 kDa. A control IP of the procedure carried out using only

beads was used to confirm specificity.

Immunoprecipitation to Confirm  Successful

Transient Transfection of SKOV3 cells

Cross-linked Immunoprecipitation was used as a
technique to further confirm the success of transient
transfection of SKOV3 cells with the pLenti FL construct.
The FL protein was immunoprecipitated using mouse anti-
HA antibody as can be seen in figure 11. In the input lane
the presence of the transfected HA tagged FL protein
around 50 kDa in the initial SKOV3 lysate is confirmed.
The band around 50 kDa is also present in the HA IP

column confirming the successful immunoprecipitation of
the FL protein. The control beads IP (last column) gives no
signal, indicating the IP signal is specific.

Conclusion

The aim of this research was to investigate the structure
activity relationship of OPCML, which has not been done
previously, by studying the importance of the three
OPCML Ig domains separately. In this study, entry clones
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have been designed that are able to swap into destination
vectors. After confirmation that the right plasmids had
been obtained following recombination, the FL and the
truncated OPCML constructs D1, D2 and D3 were observed
in cell lines upon transient transfections. Immuno-
fluorescence further proved that the proteins were
correctly localised to the cell membrane, which is expected
as OPCML is anchored to the external cell membrane via a
GPI anchor3.

Research is still being undertaken to determine the relative
importance of the domains, with future experiments
including migration assays for testing protein function,
further immunoprecipitation to investigate protein
interactions, and mouse studies to see in vivo effects of any
functional single domains.

Once current research has concluded, the domains will be
further characterised by analysing whether the six
glycosylation sites are necessary for TSG function.
Depending on the results, the function of various
combinations of domains might also be investigated. This
will be performed using similar experimental techniques to
those described.

Due to OPCML having the potential to act as a direct
tumour suppressor therapy®, the wider purpose of this
research would be to identify the structure needed for
active tumour suppressor function and to develop this into
a therapeutic for clinical trials.

To complete this overall aim, future research needs to
include the synthesis and development of GPI anchor
mimetics. A GPI mimetic could then be attached to the
simplified OPCML structure to create a protein anchor
complex. This complex would then be able to be tested as
a direct tumour suppressor therapy. A technique to
produce this protein anchor complex would then need to
be developed to enable large scale synthesis.

The research being undertaken in this paper is the
beginning of a wider aim to develop a therapeutic to
prevent the spreading of EOC. This is of importance due to
the high number of women affected by EOC and the high
mortality rates even after surgery.

Methods

Plasmids/Constructs

FL, D1, D2 and D3 entry clone constructs were purchased
from Life Technologies designed as entry -clones.
Constructs were amplified in competent bacteria (dam
/dem Competent E. Coli from New England Biolabs).
Gateway LR Clonase II Enzyme mix kit from Life
Technologies was used to transfer the constructs from
entry into destination vectors following the manufacturers
protocol.

P8.9 and pMDG plasmids were provided by Dr Ari Fassati,
University College London UK. pLenti CMV Puro DEST
was purchased from Addgene.

Transformations

Transformations were undertaken using Alpha-Select
Silver Competent Cells from Bioline and dam/dcm
Competent E. Coli from New England Biolabs following the
manufacturer’s instructions.

Competent cells were thawed on ice for 20 minutes. After
thawing the cells were gently mixed and 50 pL aliquots
(one per each transformation) were transferred to 1.5 mL
eppendorf, which were pre-chilled on ice. 1 pL of DNA (100
ng/mL) was added to the competent cell aliquot and mixed
gently. The cells and DNA were incubated on ice for 30
minutes, then heat shocked for 45 seconds at 42 °C and
placed on ice for 2 minutes. 950 pL of pre-warmed YT
media containing no antibiotic was then added to the cells
and the eppendorf shaken for 1 hour at 30 °C. The
transformation mixture was then spread on agar plates
containing the appropriate antibiotic, allowed to dry and
incubated at 30 °C overnight.

Purification was undertaken using GeneJET Plasmid
Miniprep kit from Thermo Scientific, or Highspeed
Plasmid Maxi kit from Qiagen both used as per the
manufacturer’s instructions.

Colony PCR

Colony PCR was carried out using standard reagents from
New England Biolabs on a MJ Research PTC-200 peltier
thermal cycler. Samples were denatured for 10 minutes at
96°C and then cycled for 1 minute at 95°C, 1 minute at 59°C,
and 1 minute 68°C for 30 cycles. Then they were kept at
68°C for 10 minutes. Samples were then analysed using
DNA electrophoresis. Agarose gel electrophoresis was
carried out using 1 % agarose gels and visualised using a UV
light chamber.

Cell Lines
HEK293T and SKOV3 were purchased from ATCC.

Cell Culture

HEK293T cells were grown in DMEM supplemented with
10 % FCS, and 2 mM L-glutamine. SKOV3 cells were grown
in RPMI supplemented with 10 % FCS, 100 units penicillin/
0.1 mg/mL streptomycin, and 2 mM L-glutamine. Cell
culture reagents were purchased from Gibco and Sigma
Aldrich. Both cells lines were grown in a humidified
environment with 5 % CO, at 37°C. Cells were plated 24
hours before transfection.

Transient Transfection

HEK293T and SKOV3 cells were plated 24 hours prior to
transfection in 6 well plates. 2.5 pg of each DNA construct
was made up in 200 pL OptiMEM (Gibco). 87.5 pL
Lipofectamine 2000 (Invitrogen) was added to 2000 pL
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OptiMEM. Each OptiMEM mixture was vortexed, spun
down, and incubated at room temperature for 5 minutes.
200 pL of the Lipofectamine 2000/OptiMEM mixture was
added to each DNA construct mixture to give a total
volume of 400 pL. This was vortexed, spun down, and
incubated at room temperature for 20 minutes. Whilst
incubating, cell media was removed and replaced with
OptiMEM. After the incubation the lipid/DNA mixture
was slowly added to the cells dropwise with swirling. 5
hours after addition, the cell media was removed and
replaced with the appropriate media for the cell line.

Antibodies

Monoclonal mouse anti-OPCML and polyclonal goat anti-
OPCML were purchased from R&D Systems. Polyclonal
rabbit anti-calnexin was purchased from Enzo Life
Sciences. Horseradish peroxidase-conjugated secondary
antibodies were bought from Dako. Alex Fluor 488 goat
anti-mouse and Alexa Fluor 546 donkey anti-goat were
purchased from Invitrogen.

Immunofluorescence Microscopy

SKOV3 cells were grown on glass coverslips and fixed in
PBS, 4% paraformaldehyde for 20 minutes, washed with
PBS, s5omM NH,ClI, then incubated for 30 minutes with PBS
containing 0.05 % saponin and 2 % FCS at room
temperature. The coverslips were incubated with primary
antibodies diluted in PBS containing 0.05 % saponin and 2
% FCS for 1 hour at room temperature in a dark wet
chamber, washed then incubated with secondary
antibodies (diluted in the same mixture) for 30 minutes
under the same conditions.

HEK293T cells were grown on glass coverslips and fixed in
ice cold methanol for 5 minutes at -20 °C. The coverslips
were then washed with PBS and blocked for 30 minutes
with 3 % BSA in PBS. The coverslips were incubated with
primary antibodies diluted in 1 % BSA for 1 hour at room
temperature in a dark wet chamber, washed, then
incubated with secondary antibodies (diluted in the same
mixture) for 30 minutes under the same conditions.

All antibodies were diluted according to the
manufacturer’s instructions. All coverslips were then
mounted onto slides using ProLong Gold antifade reagent
with DAPI (Molecular Probes Life Technologies) and left
to dry at room temperature before imaging on a Leica SP5
confocal.

Western Blot

Lysates  were taken using RIPA (Radio-
Immunoprecipitation assay) buffer (150 mM NaCl, 1.0 %
IGEPAL® CA-630, 0.5 % sodium deoxycholate, 0.1 % SDS,
50 mM Tris, pH 8.0) and protease and phosphatase
inhibitors. Protein concentration was determined using
Thermo Scientific Pierce BCA protein assay kit as per the
manufacturer’s instructions. Absorbance in 96 well plates

was measured using Molecular devices OPTImax tuneable
microplate reader. SDS-PAGE was used to separate the
proteins using 15% acrylamide gel. Proteins were
transferred to a nitrocellulose membrane, blocked for 30
minutes (5 % milk in TBST) before incubating overnight
with primary antibody. The membrane was then washed (3
times for 10 minutes each time) and incubated in
secondary antibody for 45 minutes. Membranes were then
incubated with Immobilon Western Chemiluminescent
HRP (Millipore) for 1 minute before being developed on
Amersham Hyperfilm ECL films (GE Healthcare).
Antibodies were diluted in 5% milk in TBST.

Lentivirus Production

HEK293T cells were plated 24 hours prior to transfection
in 10 cm Petri dishes in order to achieve 9o -95 %
confluency in RPMI media with 10 % FCS and L-glutamine.

12 pg of each pLenti plasmid, 10.2 pg packaging plasmid
(p8.9), and 1.8 pg VSV-G (pMDG) were mixed and diluted
up to 1500 pL. OptiMEM, vortexed and incubated at room
temperature for 5 minutes. 60 pL Lipofectamine 2000
(Invitrogen) was diluted up to 1500 pL in OptiMEM,
vortexed and incubated at room temperature for 5
minutes. Both the plasmid mixture and the Lipofectamine
2000 mixture were mixed, vortexed and incubated for 20
minutes at room temperature. The media of the HEK293T
cells was replaced with OptiMEM. The mixture was then
added dropwise to cells with swirling. After 5 hours the cell
media was replaced with RPMI (10 % FCS and L-
glutamine). The cells were then incubated for 48 hours
before the virus was collected in the cell medium,
centrifuged for 4 minutes at 1500 rpm and filtered (0.45 pL
filter). The virus was then aliquoted and stored at -8o °C.

Polybrene (Sigma Aldrich) was added to cell media at a
concentration of 8 pg/mL 30 minutes before transduction.

Producing Stably Transduced Cell lines

SKOV3 cells were plated in 24 well plates and allowed to
grow to confluence prior to transduction with the virus. 24
hours after transduction, transduced cells were selected by
using medium containing puromycin (10 pg/mL). Once
selected cells were confluent, they were amplified into a
larger flask and the process continued until stocks of stable
cell lines had been produced.

Immunoprecipitation

Pierce® Crosslink Immunoprecipitation kit (Thermo
Scientific) was used as per the manufacturer’s instructions.
All centrifuge steps were carried out at 1000 x g for 1 minute
at 4°C.

SKOV3 cells were grown in a 10 cm petri dish for 24 hours
after transient transfection with pLenti FL construct. The
cells were then washed with ice cold PBS before 1 mL IP
Lysis/Wash Buffer with Protease and Phosphatase
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Inhibitors was added and the dish left to incubate for two
hours shaking at 4°C. Lysates were then taken. 20 pL Pierce
Protein A/G Plus Agarose was added to a spin column and
washed twice with 200 pL 1X Coupling Buffer. The column
was incubated with 5 pL 20X Coupling Buffer, 10 pL. HA
antibody (1 mg/mL), and 85 pL distilled water at room
temperature for 1 hour. After incubation the column was
washed once with 100 pL 1X Coupling Buffer and twice with
300 pL. 9 pL 2.5 mM DSS (disuccinimidyl suberate), 2.5 pL
20X Coupling Buffer and 38.5 pL distilled water were then
added to the column and the reaction incubated for 1 hour
on a rotator, at room temperature. After incubation the
column was centrifuged. 50 pL of Elution buffer was then
added and the column centrifuged. The column was then
washed twice more with 100 pL Elution buffer and twice
with 200 pL IP Lysis/Wash Buffer. Then incubated
overnight on a rotator at 4°C with pre-cleared lysate (400
mg) obtained via use of Pierce Control Agarose Resin
Slurry. After incubation the column was washed five times
with 200 pL Lysis/Wash Buffer and once with 100 pL 1X
Conditioning Buffer and the antigen eluted using Elution
Buffer. After elution samples were then heated in sample
buffer and western blotting was used to visualise the
proteins.
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Supplementary Information

Phyre2 Structure Predictions

Figure S2: OPCML Domain 1 structure prediction using Phyre2

Figure S3: OPCML Domain 2 structure prediction using Phyre2
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Figure S4: OPCML Domain 3 structure prediction using Phyre2

Primers 5’ to 3’
Forward

GTCTGTGGGTACCTGTTCCTG

Reverse
AAGAAGTGGGCTAAGAGGGTC

Full entry clone sequences

KEY

Propetide

Signal peptide

Glycosylation sites

attL sites

Domain 1

Domain 3

HA tag
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OPCML Domain 1

GGGCCCCAAATAATGATTTTATTTTGACTGATAGTGACCTGTTCGTTGCA
ACAAATTGATAAGCAATGCTTTTTTATAATGCCAACTTTGTACAAAAAAG

GGAGTGCCCGTGCGCAGCGGAGATGCCACCTTCCCCAAAGCTATGGACA
ACGTGACGGTCCGGCAGGGGGAGAGCGCCACCCTCAGGTGTACCATAGAT
GACCGGGTAACCCGGGTGGCCTGGCTAAACCGCAGCACCATCCTCTACGC
TGGGAATGACAAGTGGTCCATAGACCCTCGTGTGATCATCCTGGTCAATA
CACCAACCCAGTACAGCATCATGATCCAAAATGTGGATGTGTATGACGAA
GGTCCGTACACCTGCTCTGTGCAGACAGACAATCATCCCAAAACGTCCCG
GGTTCACCTAATAGTGCAAGTTCCTTTGTATTACCCATACGATGTTCCAG
ATTACGCTGGGCCTGGAGCAGTCATTGATGGTGTAAAC

GACCCAGCTTTCTTGTACAAAGTTGGCATTATAA
GAAAGCATTGCTTATCAATTTGTTGCAACGAACAGGTCACTATCAGTCAA
AATAAAATCATTATTTG

OPCML Domain 2

GGGCCCCAAATAATGATTTTATTTTGACTGATAGTGACCTGTTCGTTGCA
ACAAATTGATAAGCAATGCTTTTTTATAATGCCAACTTTGTACAAAAAAG

GGAGTGCCCGTGCGCAGCGGAGATGCCACCTTCCGGGTTCACCTAATAG
TGCAAGTTCCTCCTCAGATCATGAATATCTCCTCAGACATCACTGTGAAT
GAGGGAAGCAGTGTGACCCTGCTGTGTCTTGCTATTGGCAGACCAGAGCC
AACTGTGACATGGAGACACCTGTCAGTCAAGGAAGGCCAGGGCTTTGTAA
GTGAGGATGAGTACCTGGAGATCTCTGACATCAAGCGAGACCAGTCCGGG
GAGTACGAATGCAGCGCGTTGAACGATGTCGCTGCGCCCGATGTGCGGAA
AGTAAAAATCACTGTAAACTATTTGTATTACCCATACGATGTTCCAGATT
ACGCTGGGCCTGGAGCAGTCATTGATGGTGTAAAC

GACCCAGCTTTCTTGTACAAAGTTGGCATTATAAGAA
AGCATTGCTTATCAATTTGTTGCAACGAACAGGTCACTATCAGTCAAAAT
AAAATCATTATTTG

OPCML Domain 3

GGGCCCCAAATAATGATTTTATTTTGACTGATAGTGACCTGTTCGTTGCA
ACAAATTGATAAGCAATGCTTTTTTATAATGCCAACTTTGTACAAAAAAG

CAGGCTCC
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IGGAGTGCCCGTGCGCAGCGGAGATGCCACCTTCGTAAACTATCCTCCCT
ATATCTCAAAAGCCAAGAACACTGGTGTTTCAGTCGGTCAGAAGGGCATC
CTGAGCTGTGAAGCCTCTGCAGTCCCCATGGCTGAATTCCAGTGGTTCAA
GGAAGAAACCAGGTTAGCCACTGGTCTGGATGGAATGAGGATTGAAAACA
AAGGCCGCATGTCCACTCTGACTTTCTTCAATGTTTCAGAAAAGGATTAT
GGGAACTATACTTGTGTGGCCACGAACAAGCTTGGGAACACCAATGCCAG
CATCACATTGTATTACCCATACGATGTTCCAGATTACGCTGGGCCTGGAG
CAGTCATTGATGGTGTAAAC

GA
CCCAGCTTTCTTGTACAAAGTTGGCATTATAAGAAAGCATTGCTTATCAA
TTTGTTGCAACGAACAGGTCACTATCAGTCAAAATAAAATCATTATTTG

OPCML Full length

GGGCCCCAAATAATGATTTTATTTTGACTGATAGTGACCTGTTCGTTGCA
ACAAATTGATAAGCAATGCTTTTTTATAATGCCAACTTTGTACAAAAAAG

GGAGTGCCCGTGCGCAGCGGAGATGCCACCTTCCCCAAAGCTATGGACA
ACGTGACGGTCCGGCAGGGGGAGAGCGCCACCCTCAGGTGTACCATAGAT
GACCGGGTAACCCGGGTGGCCTGGCTAAACCGCAGCACCATCCTCTACGC
TGGGAATGACAAGTGGTCCATAGACCCTCGTGTGATCATCCTGGTCAATA
CACCAACCCAGTACAGCATCATGATCCAAAATGTGGATGTGTATGACGAA
GGTCCGTACACCTGCTCTGTGCAGACAGACAATCATCCCAAAACGTCCCG
GGTTCACCTAATAGTGCAAGTTCCTCCTCAGATCATGAATATCTCCTCAG
ACATCACTGTGAATGAGGGAAGCAGTGTGACCCTGCTGTGTCTTGCTATT
GGCAGACCAGAGCCAACTGTGACATGGAGACACCTGTCAGTCAAGGAAGG
CCAGGGCTTTGTAAGTGAGGATGAGTACCTGGAGATCTCTGACATCAAGC
GAGACCAGTCCGGGGAGTACGAATGCAGCGCGTTGAACGATGTCGCTGCG
CCCGATGTGCGGAAAGTAAAAATCACTGTAAACTATCCTCCCTATATCTC
AAAAGCCAAGAACACTGGTGTTTCAGTCGGTCAGAAGGGCATCCTGAGCT
GTGAAGCCTCTGCAGTCCCCATGGCTGAATTCCAGTGGTTCAAGGAAGAA
ACCAGGTTAGCCACTGGTCTGGATGGAATGAGGATTGAAAACAAAGGCCG
CATGTCCACTCTGACTTTCTTCAATGTTTCAGAAAAGGATTATGGGAACT
ATACTTGTGTGGCCACGAACAAGCTTGGGAACACCAATGCCAGCATCACA
TTGTATTACCCATACGATGTTCCAGATTACGCTGGGCCTGGAGCAGTCAT

TGATGGTGTAAAC
GACCCAGCT

TTCTTGTACAAAGTTGGCATTATAAGAAAGCATTGCTTATCAATTTGTTG
CAACGAACAGGTCACTATCAGTCAAAATAAAATCATTATTTG
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