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Abstract

Membrane proteins perform critical functions such as signal transduction, ion transport, and
drug efflux among many other roles. DedA are a ubiquitous family of integral membrane
proteins that have been shown to be important for bacterial viability. In addition, DedA proteins
contribute substantially to antimicrobial resistance in clinically relevant pathogens including
Klebsiella pneumoniae, where a DedA family member was recently shown to be essential for
resistance to colistin. Targeting these proteins for inhibition could sensitise bacteria to other
antimicrobials, making them easier to kill. However, this quest is hampered by the lack of basic
understanding of the structure of DedA, their mechanism of action, and their actual
physiological role in the cell. To address the dearth of structural and functional information on
the DedA family, a panel of these integral membrane proteins have been cloned into two
expression systems pET and pBAD. One particular E. coli DedA homologue, YqjA, was then
overexpressed, solubilized, and purified. Following this, YqJA was analyzed using size
exclusion chromatography. The SEC trace obtained indicated that YqjA may function as both
a monomer and a dimer, although further analysis will be required to confirm this. Future work

will include x-ray crystallography, cross-linking, and mass spectrometry studies.
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1. Introduction

1.1. Background

Since the development of antimicrobials in the early 20™ century by the likes of Alexander
Fleming and Ernest Duchesne millions of lives have been saved through their use. However,
since then, microorganisms are increasingly developing resistance to these compounds
resulting in a decline in efficacy of antimicrobial agents'. Antimicrobial resistance now poses
a major threat globally, with the World Health Organization (WHO) classing antimicrobial
resistance as an emerging global disease’. There are several mechanisms through which
antimicrobial resistance can occur. One such mechanism involves the upregulation of enzymes
which break down or inactivate antimicrobial agents before they can exert there affect. This
includes the production of B-lactamases which inactivate B-lactams by hydrolysing the B-
lactam amide. Another example are transpeptidases, which covalently bind and catabolize
penicillins in Staphylococcus aureus®=. Antimicrobial resistance can also occur through the
upregulation of efflux pumps which remove the antimicrobial before they can reach their target
such as efflux of fluoroquinolones in S.aureus’. Modification of the target receptor site of the
antimicrobial agent can also incur resistance such as in pneumococci, to which a change in

penicillin binding protein 2 (PBP2) resulted in penicillin resistance*.

Some pathogens present a greater risk than others, such as Pseudomonas aeruginosa,
Staphylococcus aureus, Klebsiella pneumoniae and Escherichia coli. This is due to several
factors including the prevalence of resistant strains in a clinical setting and the number and type
of antimicrobial agents they carry resistance to, with some acquiring resistance to more
common antimicrobials making treatment more challenging. Some strains of pathogens such
as S. aureus and P. aeruginosa have developed resistance to several antimicrobials, this is
called multidrug resistance (MDR). This occurs because of a combination of mechanisms, such
as in some P. aeruginosa isolates in which efflux pumps and poor outer membrane permeability
result in resistance to several antimicrobials including B-lactams, tetracycline, fluoroquinolones
and chloramphenicol®>”-8. MDR is particularly problematic as it could mean treatment of MDR

clinical isolates requires the use of last resort antimicrobials such as colistin, to which resistance
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has begun to emerge in several bacterial species®®, and which has also been shown to possess
neurotoxic and nephrotoxic properties™!°. Due to the prevalence of antimicrobial resistance,
alternative strategies to combat this issue are currently being developed. Current strategies
involve either targeting resistance mechanisms or developing novel compounds which will be
unaffected by the various resistance mechanisms®. The discovery of novel integral membrane
proteins which play a role in antimicrobial resistance mechanisms could lead to the
development of small molecule inhibitors which target these proteins, perturbing function,

which could restore function to some antimicrobials°.

DedA Family of Integral Membrane Proteins

DedA are a family of highly conserved integral membrane proteins found in all domains of life
and have been shown to be important in bacterial viability!!. The ecdedA gene was first
discovered downstream of the hisT operon in 1987%, and is short for downstream E. coli DNA
gene A'2. With homologues present in most sequenced genomes, DedA homologs have been
shown to play a wide range of different roles in various organisms, such as in Klebsiella
pneumoniae, a DedA homologue has been shown to be essential for resistance to colistin'3!4
or in Borrelia burgdorferi, in which a DedA homologue, annotated b60250, has been shown to

be essential for cell division and envelope integrity!>.

There are currently thousands of ded4 homologues, each consisting of ~200-250 amino acids,
with some organisms possessing as many as eight homologues and others just one. E.coli are
an example of this, possessing eight DedA homologues including ygjA4, yghB, dedA, ydjX, ydjZ,
vqaA, yabl, and yohD, with the best characterised being YqjA and YghB. Phylogenetic analysis
of 350 bacterial genomes from the NCBI database using BLAST on the amino acid sequences
of all eight E. coli DedA family members'é, revealed that 33 bacterial species did not possess a
DedA family member'?. The presence of a DedA homologue was found to be highly variable
and didn’t seem to correlate with the environment in which the species colonized'?. Despite the
DedA family being ubiquitous, their role remains currently unknown, with the amino acid
sequence of all DedA family members failing to resemble any characterised enzyme,

transporter, ion channel or signalling protein'’.
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Recent structural data has shown that some secondary transporters previously believed to
belong to separate families may share an ancestry due to a shared domain in their 3D structure.
BetP, a member of the betaine carnitine choline transporter family (BCCT)'8, AdiC from the
amino acid-polyamine-organocation (APC) superfamily!®?’, and the bacterial homologue of
the neurotransmitter/sodium symporter family (NSS) LeuT?! have all been shown to share a
common structural domain consisting of an inverted 5 transmembrane helical repeat. These
two 5 transmembrane helices together form a 10 transmembrane (TM) helix subdomain
commonly referred to as the LeuT fold due to it originally being discovered in LeuT, which is

thought to play a critical role in substrate recognition and binding?'.

LeuT is a Na* coupled symporter, originally discovered in the thermophilic bacterium Aquifex
aeolicus, with its crystalline structure first being published in 20052!. Despite there being little
in the way of sequence similarity between the 5TM inverted repeats there is a high amount of
structural similarity??. LeuT and other related transporters are believed to operate using the
rocking bundle mechanism?3. The rocking bundle is a form of alternating access which involves
the rotation of several transmembrane domains which together form a bundle. This movement
appears to open and close the cytoplasmic and extracellular permeation pathways?*. Structural
analysis of several DedA homologues, all of which have been predicted to consist of 5 TM
domains, showed that they share similar structural domains with the 5TM inverted repeats
found in LeuT!®?*. This could indicate that some DedA family members may function
interchangeably as either heterodimers or homodimers?>2¢ with a similar mechanism to that of

LeuT.

What is Known About the Structure of DedA?

Currently there is no known structure for any member of the DedA family. Although some
structural features, such as the number of predicted transmembrane regions, of certain DedA
homologues is known?’, primarily as a result of hydropathy profile alignment. This technique
involves analysing the hydropathy profiles of various proteins to assess how closely related
they are based on their predicted structure. This technique is particularly useful as the amino
acid sequence can vary significantly between homologues due to rapid changes occurring as
the proteins evolve. However, due to necessity, the structures typically remain very well

conserved?®.
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It has been observed that many of DedA homologues consist of between 4-6TM helices, with
many possessing 5TM helices resembling those observed in LeuT?. This was predicted using
transmembrane helices based on the hidden Markov model (TMHMM)?°. Hydropathy profiles
have been shown to be more accurate than amino acid sequence alignment for comparing
proteins structures to one another since the hydropathy profiles predict the transmembrane
regions of each protein by assessing the hydrophobicity of the amino acids which comprise the
protein. This method of transmembrane region prediction is less prone to be affected by
mutations since the hydrophobicity of the proteins can remain the same. Therefore, for proteins
with a low sequence homology, hydropathy profiles can be a more accurate way of comparing

the structures??.

DedA are an ancient family of integral membrane proteins, as indicated by their presence in all
domains of life. Not only this, but in most organisms in which DedA homologues are present,
they are typically found in multiples'?. This means that it is likely that larger and more recently
formed protein families such as those which possess a LeuT fold may have evolved from
DedA-like protein®’. In a study by Khafizov et al, they compared LeuT-fold structures and
members of the DedA family using a family averaged hydropathy profile alignment. They found
that there was a high degree of conservation and variability in the same regions in both families,
such as unusual features of the third transmembrane region and canonical hydrophobic peaks
for transmembrane regions 2, 4, and 5. This evidence seems to indicate that ancient members of
the DedA family may have undergone a gene duplication and inversion to form what is now

referred to as the LeuT fold, however more structural evidence will be required to confirm this.

What is Known About the Function and Physiological Role of DedA?

Although the function of DedA family members currently remains elusive, the pleiotropic
phenotype observed in BC202 (W3110 AygjA.::AyghB) could give an indication of some
potential functions of this protein family. BC202 is typically used for E. coli DedA homologue
functional studies, since the only observable phenotype in the single-deletion mutant of ygjA is
alkaline pH sensitivity, failing to grow above pH 8.5%’. Simultaneous deletion of the genes
encoding ygjA and yghB results in temperature sensitivity, causing growth retardation at
temperatures above 42°C!'. Other phenotypes include cell division defects, as a result of

inefficient export of periplasmic amidases AmiA and AmiC via the twin arginine transport (tat)



pathway, and drug sensitivity?’. A distinguishable change also occurs in the composition of the
phospholipid membrane?*. In the parent E. coli strain W3110, phosphatidylethanolamine (PE)
comprises approximately 60% of the total membrane phospholipids. In BC202, when grown at
30°C (the permissive temperature), phospholipids were synthesised normally but the
phospholipid composition in the membrane was altered, with PE comprising less than 50% of
the total phospholipid composition and higher levels of the acidic phospholipids
phosphatidylglycerol (PG) and cardiolipin (CL) were observed®. This phenotype is only
observed when both ygjA4 and yghB are knocked out, meaning they could either be redundant, or

potentially function interchangeably as either heterodimers or homodimers?3-26,

Multiple sequence alignments have identified several conserved acidic residues within YqjA
and YghB whose role remains unknown?¢. Mutational analyses were conducted on several of
these conserved residues to determine what, if any, role they play in the function and oligomeric
state of YqjA. It was found that acidic residues glutamic acid 39 (E39) and aspartic acid 51
(D51) mutants, which had been mutated to alanines to impair the negative charge and therefore
function, were unable to rescue growth of BC202 at 44°C. This indicates that these two acidic
residues are crucial for the function of YghB and YqjA?®. All other acidic residues, which had
also been mutated to alanine’s, were proven to be non-essential for the function of YqjA,
despite being conserved among several DedA family members?®. Alanine substitution of both
E39 and D51 acidic residues also demonstrated that these residues are non-essential for the
interaction between and formation of YqjA homodimers in-vivo?, with both YgjA & the
E39A/D51A mutant shown to be present in different oligomeric states and form homodimers?®.
Disulphide cross-linking also demonstrated that YgjA dimerizes in the absence of YghB?°. It
was also shown that the deletion of E39 and D51 between TM helices 1 and 2 in both YgjA
and YghB prevented these two proteins from rescuing growth at 44°C?6. This is particularly
important since membrane embedded acidic residues are a prominent feature of proton
dependent transporters, which could indicate that both YqjA, and YghB may function as

transmerane transporters,

As previously mentioned, E. coli possesses 8 DedA homologues, ygjA4, yvghB, EcdedA, ydjX,
vdjZ, yqaA, yabl, and yohD. It has been shown that recombinant expression of each of these
homologues in BC202 brings mixed results, with 4 homologues, YqjA, YghB, Yabl, and
YohD, capable of restoring growth above 42°C and cell division and the remaining 4, EcDedA,
YdjX, YdjZ, and YqaA, unable to do so'!. This could be an indication that the homologues



present in each of these groups have diverged to have different functions within the cell. The
DedA homologues that can restore these functions appear to be located together separately from
those which are unable to do so on a phylogenetic tree. Although the function of these proteins
1s unknown this could indicate that these two protein groups have diverged to have different

functions.

Many physiological functions are dependent on a stable pH which is maintained by the PMF.
Therefore, any disturbance in the PMF can have disastrous effects on the cell by disrupting the
function of various macromolecules including enzymes, and membrane proteins which are
responsible for a whole host of cellular functions®'. An example of functions which are heavily
dependent on the PMF include protein translocation®?, ATP dependent drug extrusion systems??,

and drug efflux pumps>*.

It is unclear yet why such a diverse phenotype is observed in BC202. However, it is possible
to restore growth above 42°C by lowering the pH of the growth conditions to pH 6.0 or by
overexpressing MdfA, a Na™ K*/H" antiporter from the major facilitator superfamily (MFS)*.
Some studies have suggested that this might be an indication that YqjA, YghB and potentially
other DedA family members, may play a role in maintaining the proton motive force within
the cell'>'24, Another factor that may suggest a role for the DedA family in maintaining the
PMF is that BC202 is sensitive to biocides exported by Mdfa. Such biocides include methyl
viologen, benzalkonium chloride, acriflavine, B-lactam antibiotics, and ethidium bromide.

However, BC202 is not sensitive to all biocides meaning its outer membrane remains intact. This

means that the biocide sensitivity observed in BC202 could be due to a disturbed PMF. The
role of this protein family still remains unknown, and due to its diversity, it is possible that
DedA homologues may have evolved different functions, especially since some members of
the DedA family have been shown to confer resistance to specific antimicrobials. DedA in
Klebsiella pneumoniae, has been shown to be essential for resistance to colistin'?, and YqjA in
Salmonella enterica has been shown to confer resistance to the antimicrobial peptide

magainin'>¥



1.5. Aim of this Thesis

It is estimated that membrane proteins make up 15-30% of open reading frames in sequenced
genomes’®. However, only 1% of all known proteins in the protein data bank are membrane
proteins'?. The sheer size of the gap between these two values highlights how much more
information there is to discover. Despite this vast gap in knowledge of this group of proteins,
it is clear that they are vital for many cellular functions as indicated by the fact that

~60% of drugs target proteins located on the cell surface’’. Integral Membrane Proteins are
responsible for a multitude of diseases such as hyperkalemic periodic paralysis, long QT
syndrome, and cystic fibrosis. Treatment of such diseases involves the use of various small
molecule inhibitors (SMIs) which bind and inhibit the function of their target, such as drug

efflux pumps, and therefore sensitize multidrug resistant strains to antimicrobials®®4!,

The development of such treatments relies on structure-based drug design which, in turn,
requires information about the function and structure of this protein family. In order to acquire
this information, in vitro structural and functional studies must first be carried out. Examples
of techniques used in these studies include X-ray crystallography, size exclusion
chromatography with multi-angle light scattering (SEC-MALS), mass spectrometry, nuclear
magnetic resonance spectrometry (NMR), thermal shift assays and in vitro activity assays.
These require the production of enough protein for use in the various biochemical and
biophysical assays, especially since membrane proteins are particularly low in abundance,

unstable, and require a native lipid environment in order to remain stable*?.

Protein production involves several steps which each require optimisation. Initially the gene
encoding the protein of interest is cloned into an expression vector, following which, the
expression vector is transformed into a suitable strain of E. coli. The protein of interest is then
overexpressed, and finally the membrane is extracted and the protein of interest is solubilized
and purified. Many of these steps can be optimised in order to increase the amount of purified
protein acquired. Among many others, some of the steps which can be optimized include the
expression system used, the strain of E.coli, and the method used to solubilize the protein of

interest.
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In order to ensure that the recombinant expression of the proteins of interest is successful, two
different expression systems will be utilised. These are the pET and pBAD expression systems,
which are commonly used in recombinant protein expression and possess several different
characteristics, making them particularly useful for optimisation of the expression process (fig
1 & 2.). When undertaking recombinant protein expression, the plasmid expression system
being utilised will have a substantial impact on the overall process. Most commonly used
expression plasmids, including pET and pBAD, consist of various combinations of different
replicons, promoters, selection markers, and multiple cloning sites’’. The replicon controls the
plasmid copy number, which determines the number of copies of the recombinant plasmid
within the host cell. A high plasmid copy number however, does not necessarily correspond to
higher yields of recombinant protein. This is due to the fact that a high number of plasmids
within the host cell can result in metabolic stress, which can decrease the growth rate and
potentially result in plasmid instability, ultimately lowering the amount of cells undergoing
protein synthesis’!. Typically, pET expression vectors contain the pMB1 origin of replication,
which results in approximately 15-60 copies per cell’’. Whereas pBAD expression vectors tend

to have a lower copy number with approximately 10-12 copies per cell’®.

The promoter regions in pET and pBAD expression systems differ significantly as well (fig. 1
& 2). The T7 promoter region present in pET vectors is commonly used since it can result in
up to 50% of total cell protein consisting of the protein of interest’?. In this system, the gene
encoding the protein of interest is cloned downstream of a promoter region which can be
recognized by phage T7 RNA polymerase which is typically present in the host organism on
either a separate plasmid or in the host genome of the strain being used (fig. 1). In the case of
this study, the gene encoding T7 RNA polymerase is present in the genome of the strain being
used (BL21-Al) under the transcriptional control of a lacUV5 promoter’? (fig. 1). This means
that the system can be induced by the addition of the non-hydrolyzable isopropyl-B-p-1-
thiogalactopyranoside (IPTG). It is possible for small amounts of T7 RNA polymerase to be
produced in this system as a result of leaky expression of it’s gene. However, this is somewhat
reduced by the presence of a lacO operon downstream of the T7 promoter, allowing further
control of expression (fig. 1). Leaky expression in the T7 system is due to the fact that it relies
on negative control of the lac promoter’? (fig. 1). In pPBAD expression vectors, which rely on
positive control, there is a lower level of background expression due to the presence of the
promoter region, araPpap’?. AraC, controls this promoter region through both activation and

repression (fig. 2). When there is no arabinose inducer present, AraC is able to repress

11



translation of the gene of interest by binding to two sites in the bacterial DNA”3. This process
forms a loop of DNA which prevents RNA polymerase from binding to the promoter region
(fig. 2). Once the inducer, arabinose, is added to the growth media, AraC switches function and
instead promotes transcription of the gene of interest by binding to the ara promoter region’?
(fig. 2). This system means that expression is only able to take place in the presence of

arabinose.

Another difference between the pET and pBAD expression systems is the type of selection
marker used. Selection markers are typically added to plasmid expression systems in order to
deter the growth of non-plasmid containing cells. In the case of both pET and pBAD the
presence of an antibiotic resistance gene allows cells containing a copy of the recombinant
plasmid to grow in the presence of certain antibiotics. In the pET expression system, the
selective marker kan confers resistance to kanamycin. Whereas in pBAD, the selective marker

amp confers resistance to ampicillin.

One highly significant difference between both the pET and pBAD expression systems is the
location of the affinity tag. Affinity tags typically involve the expression of a stretch of amino
acids which form a peptide tag attached to the protein of interest, forming a chimeric protein.
The presence of an affinity tag means that the recombinant protein can be detected using
western blotting during expression trials, as well as one-step affinity purification. Affinity tags
can however, occasionally interfere with the protein of interests function and structure’.
Different expression systems are available with affinity tags in different locations, either at the
N or C-terminal. The location of the affinity tag can have a significant impact on the expression
and purification of the desired protein, since the tag could, at one end of the protein, be buried
inside the fold. Whereas at the other end of the protein, the tag could be solvent-accessible,
which is preferable. Since there is currently no three-dimensional structure for the proteins in
this study, it is impossible to tell which location would be preferable for the affinity tag. In the
case of this study, the affinity tag being used is a polyhistidine-tag which is located at the C-

terminal end in pBAD constructs, and at the N-terminal end in pET constructs (Table. 2).
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Figure 1. The pET expression system, showing the mechanism of action of the T7 expression system. This figure shows the

negative control mechanism by which the addition of IPTG results in expression of the gene of interest. IPTG binds to the lac

repressor protein, this results in a loss of inhibition of the lac promoter which results in expression of T7 RNA polymerase in

the E. coli host genome, which, in turn, results in the expression of the downstream target gene in the pET vector.

Addition of
Arabinose

AraC dimer

CAP Transcription of the

gene of interest
02 1] [i2] o

Figure 2. The pBAD expression system. In the absence of arabinose, 4raC binds to both O2 and I1 preventing transcription of

the gene of interest. Once arabinose has been introduced to the media, it binds to AraC causing it to bind to the ara promoter

region, I1, and 12, resulting in downstream expression of the gene of interest. Binding of cAMP also forms a complex with

cAMP activator protein (CAP) which can also result in the araC promoter binding to I1 and 12.
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Once the protein of interest has been successfully overexpressed and membrane extraction has
taken place, the protein must be solubilized and purified. Typically this is done using
detergents to solubilize the protein, since they are convenient and effective at solubilizing
membrane proteins”. However, detergents are poor at mimicking the membrane proteins
natural environment, and as such, they can destabilize and inactivate membrane protein activity
over time”’. In order to overcome some of the challenges encountered when solubilizing with
conventional detergents, a novel technique, using styrene maleic acid (SMA) to extract and
purify membrane proteins, has been developed, which negates the use of standard detergents
in this process’®. SMA purification involves the use of self-assembling SMA lipid polymers to
extract membrane proteins whilst keeping them in their local lipid environment. This enables
the proteins to retain function and stability throughout the purification process and downstream
analysis’®. The alternating hydrophilic nature of maleic acid and hydrophobic styrene result in
an amphipathic SMA polymer, capable of inserting into biological membranes, where it can
encircle and extract small discs of membrane encapsulating an integral membrane protein’®,
These discs, often referred to as styrene maleic acid lipid polymers (SMALPs) are water
soluble, and can therefore be purified using standard affinity chromatography techniques,
providing the protein of interest contains a suitable tag. Therefore, SMA solubilization can be
used to optimize protein purification without too much adjustment to the protein purification

protocol.

Currently, most research that has been carried out on the DedA family has been done in vivo.
However, this comes with many problems for functional studies as it can be hard distinguishing
individual protein function from that of other surrounding membrane proteins within the cell*,

The aims of this research were as follows:

1. Clone a Panel of DedA genes from various organisms.
Assess their function by developing an in vivo functional assay.

Perform expression trials on clones which produce functional proteins.

> w

Overexpress and purify functional proteins using both detergent based and SMA based
methods.
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5. Characterise the protein by developing an in vitro functional assay which would assess
internal pH, using a pH sensitive fluorophore such as pyranine, as an indicator of proton

movement®.

2. Materials and Methods

2.1. Growth Conditions

Cells were grown in Lysogeny Broth (LB) medium containing 10 g/L NaCl (Fisher), 10 g/L
Tryptone (Oxoid), 5g Yeast Extract I'! (BD Biosciences), with the addition of 1% Bacto agar
(Duchefa Biochemie) for solid cultures. All media was supplemented with the following
antibiotics where indicated (100ug Ampicillin ml!, 30pg Kanamycin ml™!). Cultures were also
treated with 0.1% L-arabinose (w/v) or ImM Isopropyl-p-D-thiogalactoside (IPTG) unless

indicated otherwise. All cultures were grown at 37°C unless stated otherwise.

2.2.Molecular Weight Marker

Overnight cultures of Strain DH5a containing plasmids pPSU1 and pPSU2 individually were
grown overnight, from glycerol stocks, under the conditions outlined above, supplemented with
ampicillin as indicated. The plasmids pPSU1 and pPSU2 were then isolated using the QIAprep
Spin Miniprep Kit (Qiagen). The 100 base pair DNA ladder was then prepared using a

previously described protocol*S.

2.3.Clone Development

2.3.1 Restriction Enzyme Based Cloning Into a pBAD Expression Vector.

All E. coli genes were amplified from strain W3110 using either colony PCR or genomic DNA
isolated from W3110 overnight cultures using GeneJET genomic DNA purification kit
(Thermo Scientific). bbDedA, vcDedA and saDedA were amplified from a modified pET
vector?’ containing Borrelia burgdorferi, Vibrio cholerae, and Staphylococcus aureus DNA
synthesised and codon optimised using Invitrogen geneArt (stored at concentration at -20°C).

The primers used are shown in Table 1. PCR was completed using KOD Hot Start DNA
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Polymerase (Novagen). Following this, confirmation that PCR had worked was conducted by
running the PCR products on a 1% agarose gel alongside the Penn State DNA ladder mentioned
previously. The PCR products were then purified using the QIAquick PCR Purification Kit
(Qiagen). A modified pPBAD expression vector was digested using Ncol and Kpnl (New
England Biolabs), and run on an agarose gel. The vector was then extracted using the QIAquick
gel extraction kit (Qiagen). Once purified, the concentration of the vector and amplified gene
at an insert to vector molar ratio of 3:1 and 5:1 and ligated using T4 DNA ligase. See heat

shock transformation below.

2.3.2 Gibson Assembly Cloning of pPBADHisyghB.

YghB was amplified from strain W3110 genomic DNA isolated from W3110 overnight
cultures using GeneJET genomic DNA purification kit (Thermo Scientific). The vector

pBADHisgltPh was isolated using the QIAprep Spin Miniprep Kit (Qiagen) from an overnight

culture. PCR was completed using KOD Hot Start DNA Polymerase (Novagen). 0.5 pl of Dpnl
was added to PCR products and vectors which were then incubated overnight at 37°C. Both
DNA fragments were then joined using Gibson assembly®*. 1.25 ul of insert and 1.25ul of
vector were then added to 5 pl of Gibson reaction mix taken from a 1.2 ml aliquot which
contained 320 pl of 5x Isothermal (ISO) reaction buffer*®, 0.64 pl of 10 Units/ul T3
exonuclease*®, 20 pl of 2 Units/ul Phusion polymerase*, 160 ul of 40 Units/ul Taq ligase*®,
and 700 pl milliQ water. This was done for 60 minutes at 50°C. These ligations were then

transformed into competent TOP10 cells. See heat shock transformation.
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A

B A

Insert (yghB) Insert (yghB)

- -

A A A

2 4

T5 exonuclease chew-back at 50 °C Anneal and repair with Phusion
polymerase and Tagq ligase at 50 °C

B

Linearized Vector (pBAD) Linearized Vector (pBAD) Linearized Vector (pBAD)

1 3 5

Figure 3. Gibson Assembly Cloning of pBADHisyghB. The first step (indicated by 1) involved the amplification of
yghB from strain W3110 genomic DNA as well as amplification of a linearized pBADHis vector, both with
overlapping regions (indicated by A and B). The Remaining steps took place as part of the Gibson Assembly reaction.
1.25 pl of the linearized vector and 1.25 pl of insert were then added to 5 pl of Gibson reaction mix taken from a 1200 pl
aliquot containing 320 pl of 5x Isothermal (ISO) reaction buffer*$, 0.64 pl of 10 Units/ul T5 exonuclease*®, 20 pl of 2
Units/ul Phusion polymerase*, 160 ul of 40 Units/ul Taq ligase*®, and 700 pl milliQ water. Following this the above
mixture was incubated for 60 minutes at 50°C, over which time the TS5 exonuclease degrades the linearized DNA of the
vector and insert in a 5’ to 3’ direction, degrading the homologous regions and leaving a 3* overhang. Following this, the
insert and vector anneal, Phusion polymerase seals the gaps with nucleotides, and 7aq ligase then covalently bonds the

annealed fragments.

2.3.3 Restriction Enzyme Based Cloning Into a pET Expression Vector.

All E. coli genes were amplified from strain W3110 using either colony PCR or genomic DNA
isolated from W3110 overnight cultures using GeneJET genomic DNA purification kit
(Thermo Scientific). The primers used are shown in Table 1. PCR was completed using KOD
Hot Start DNA Polymerase (Novagen). Insert and vector were both digested using Ascl and
Xhol (New England Biolabs). Following this, confirmation that PCR had worked was
conducted by running the PCR products on a 1% agarose gel alongside the Penn State DNA
ladder mentioned previously. The PCR products were then purified using the QIAquick PCR
Purification Kit (Qiagen). Once purified, the concentration of the vector and insert were then
measured using a nanodrop 2000c spectrophotometer (Thermo scientific) and ligated at a

ligand to vector molar ratio of 3:1 and 5:1 using T4 DNA ligase with an empty pET/His vector

which had also been digested with Ascl and Xhol and extracted using the QIAquick Gel

Extraction Kit (Qiagen). See heat shock transformation below.
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Primer Name

Vector

Primer Sequence

kpDed4 forward
kpDedA reverse
veDedA forward
veDedA reverse
veDedA forward
veDedA reverse
saDedA forward
saDedA reverse
saDedA forward
saDedA reverse
paDedA4 forward
paDedA4 reverse
paDedAS5 forward
paDedAS reverse
bbDedA forward
bbDedA reverse

yqj4 forward

yqjA reverse

yqjA forward

yqjA reverse

yghB forward

yghB reverse

yghB GA vector forward
vghB GA vector reverse
yghB GA insert forward
yghB GA insert reverse

pBAD
pBAD
pET
pET
pBAD
pBAD
pET
pET
pBAD
pBAD
pBAD
pBAD
pBAD
pBAD
pBAD
pBAD
pET
pET
pBAD
pBAD
pET
pET
pBAD
pBAD
pBAD
pBAD

GAATTAACCATGGATCTGATTCATTTTCTGATTGATTTC
ACCAGGGTACCTTTGGCCTGTTTCGCTGCT

TCAGGGGCGCGCCATGGAAGCCGCTTTTAG
TGGTGCTCGAGTATTATGCGGTTTCCTTAATCATTTTGG
TTAACCATGGAAGCCGCTTTTAGCGAATGG
ATTAGGGTACCTGCGGTTTCCTTAATCATTTTGG
TCAGGGGCGCGCCATGGAACAAATTATCACTG
TGGTGCTCGAGTATTATTTTACTCTCTTACGTTTGC
TTAACCATGGAACAAATTATCACTGAATTTATTAGCC
ATTAGGGTACCTTTTACTCTCTTACGTTTGC
GAATTAACCATGGATTTTAATCCGATTGATCTGATTC
ACCAGGGTACCATCGCTCTGTGCTTTTGC
ATTAACCATGGCGATGCTGCAACAGTTTCTGC
CACCAGGGTACCTTCGCTTTTATCTGCATTACC
GAATTAACCATGGCGACCAAAATGTATATTAACACCATC
ACCAGGGTACCTTTCAGGTTTTTATCCAC
TCAGGGGCGCGCCATGGAACTTTTGACCCAATTG
TGGTGCTCGAGTATTACCCCCGATTTCCATATTTC
GAATTAACCATGGAACTTTTGACCCAATTGCTGC
ACCAGGGTACCCCCCCGATTTCCATATTTC
TCAGGGGCGCGCCATGGCTGTTATTCAAGATATC
TGGTGCTCGAGTATTAGGCGTTACAGTATTTTTTTTTAATCACCAC
GGTACCCTGGTGCCGCGCGG
CATGGTTAATTCCTCCTGTTAGCCCAAAAAA

TTGGGCTAACAGGAGGAATTAACCATGGCTGTTATTCAAGATATCATC
GACCGCTGCCGCGCGGCACCAGGGTACCGGCGTTACAGTATTTTTT

Table 1. The sequence of each primer used throughout this research alongside the vector being utilised. All yghB GA

primers were used for Gibson Assembly cloning.

2.3.4. Sequencing

The accuracy of the cloned gene sequences were checked by sequencing (GATC) (Appendix

fig. 1 - 16).

All sequencing data was analysed using ApE to read ABI sequencing trace files and conduct

sequence alignment to make sure the constructs were correct (Appendix fig. 1 — 16).
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Strain Plasmid Defining Characteristics Source

pBADHisgltPh Mulligan, Chris.
PBADHisyqgjA This Study
pBADHisyghB This Study
pBADHispaDedA4 This Study
TOP10, MCAA PBADHispaDedA5 C-Terminal His-Tag; Amp* This Study
pBADHisbbDedA This Study
pBADHiskpDedA This Study
pBADHisvcDedA This Study
pBADHissaDedA This Study
pETHisygjA This Study
pETHisyghB This Study
pETHispaDedA4 Mulligan, Chris.
pETHispaDedA5 Mulligan, Chris
BL21-Al, MCAA DETHisbbDedA N-Terminal His-Tag; Kan’ Mulligan, Chris
pETHiskpDedA Mulligan, Chris
pETHisveDedA This Study
pETHissaDedA This Study

Table 2. The panel of clones used in this study, their source, and the strains they were transformed into.

2.4. Competent cells

4 ml overnight cultures of TOP10 were prepared from glycerol stocks. 4ml LB was inoculated
with E. coli TOP10 from a glycerol stock and grown overnight at 37°C in a shaking incubator.
Iml of the overnight culture was used to inoculate four 500 ml conical flasks containing 100
ml LB each and grown at 37°C until and ODeoo of 0.4 was reached. The cells were incubated
on ice for 20 minutes, then harvested by centrifugation at 3000xg for 10 min at 4°C. The cells
were resuspended in 7.5ml 0.1 M CaCl,, incubated on ice for 30 min, and harvested by
centrifugation using the same conditions as above. The cells were resuspended in 8 ml 0.1 M

CaClyand 15% (v/v) glycerol, divided into 200 pl aliquots, flash frozen and stored at -80°C.

2.5. Transformation
2.5.1 Freeze Thaw Transformation

5 ml liquid culture of the desired strain was grown overnight per the growth conditions outlined
above. Following this, 4.5 ml LB is inoculated with 500 pl of the overnight culture and

incubated for 60 minutes at 37°C in a shaking incubator. Cells were then harvested by
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centrifugation at 13000 xg for 5 minutes and the pellet was resuspended in 600 pl of cold 50
mM CaCl,. The cell suspension was divided into 100 pl aliquots in sterile eppendorf tubes and
kept onice. 1 pul of plasmid DNA was added to the 100 pl cell suspension and vortexed to mix.
The cell suspension was snap frozen on ethanol and dry ice mixture for 1.5 minutes. The sample
was then thawed at 37°C in a heating block for 2 minutes. 1 ml of LB was added to the cell
suspension and incubated for 60 minutes at 37°C in a shaking incubator. 100 ul of the cell

suspension was spread on a selective plate and incubated overnight at 37°C.

2.5.2 Heat Shock Transformation

Chemically competent cells were first removed from -80°C and thawed on ice. 1 ul of plasmid
DNA was added to 50 pl competent cell suspension and mixed using the pipette tip. The cell
suspension was incubated on ice for 30 minutes. The mixture was then heated at 42°C for 30
seconds and cooled on ice for 2 minutes. 200 ul of SOC medium was then added to the cell
suspension and the mixture is incubated at 37°C for 60 minutes. After incubation, 10 pl and
190 ul of the cell suspension were then plated separately onto selective plates and grown

overnight according to the conditions described in section 2.1.

2.6. Development of an In-vivo Functional Assay

2.6.1. Temperature Sensitivity Assay

5 ml LB cultures of each strain supplemented with 500 pg ampicillin (shown in Table 6) were
grown overnight at 37°C in a shaking incubator. The following day, 500 pl of overnight culture
was used to inoculate a further 5 ml of LB media of each strain also supplemented with 500 pg
ampicillin and grown for a further 4-6 hours. The optical density (OD) of each culture was
assessed by measuring the absorbance at 600 nm using a nanodrop 2000c¢ spectrophotometer
(Thermo scientific). The ODgoo values were then normalised to account for a difference in cell
count between cultures. Each culture was serially diluted 1:10 four times so that the final
dilution is 1:10000. 5 pl of each culture was spotted onto plates consisting of LB supplemented
with 100pg Ampicillin and 0.1% L-arabinose (w/v). A control plate also used to ensure that
any perturbed growth was the result of growth at a higher temperature. The plates were

incubated overnight at both 30°C, for the control plate, and 44°C for the other.
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2.6.2. Ethidium Bromide Sensitivity Assay

5 ml cultures of each strain supplemented with 500 ug ampicillin were grown overnight at 37°C
in a shaking incubator. The following day, 500 ul of overnight culture was used to inoculate a
further 5 ml culture of each strain, also supplemented with 500 pg ampicillin and grown for a
further 4-6 hours. The ODgoo of each culture was then assessed. The ODgoo values were then
normalized. Each culture was then serially diluted 1:10, four times so that the final dilution was
1:10000. 5 pul of each culture was then spotted onto plates consisting of LB, as described above,
supplemented with 100pug Ampicillin, 0.1% L-arabinose (w/v) and 75 pg ml' ethidium
bromide, unless stated otherwise. A control plate also consisting of LB supplemented with
100pg Ampicillin and 0.1% L-arabinose (w/v) was also used to ensure that any perturbed
growth was the result of the ethidium bromide. The plates are then incubated for 22-24 hours at

30°C.

2.7. Protein Expression

Colonies of each strain were used to inoculate 5 ml day cultures supplemented with 500 pg of
ampicillin for strains containing pBAD expression vectors and 150 pg of kanamycin for strains
containing pET expression vectors, which were grown throughout the day at 37°C in a shaking
incubator for ~2.5 hours. The ODgoo was measured of each culture, and 5Sml of each culture
was used to inoculate a larger culture of each strain also supplemented with ampicillin or
kanamycin. Cultures were grown overnight per the growth conditions outlined in section 2.1.
The following morning the ODgoo values were measured for each culture and 20 ml of each
culture was used to inoculate a 1 L culture. These cultures were grown per the previously
described growth conditions outlined in section 2.1 above for ~ 2.5 hours until an ODsoo of 0.6-
0.8 was reached. Following this, I mM IPTG was added to cultures containing a pET construct
and 0.1% L-arabinose was added to cultures containing a pBAD construct. The cultures were
then incubated under the same growth conditions for a further 2 hours. Cells were harvested by
centrifugation for 20 minutes at 4000xg, the supernatant was removed and the pellets were then

resuspended in 20 ml lysis buffer per litre of cells harvested, and stored at -20°C.
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2.8. Membrane Preparation

Cellular pellets were removed from -20°C storage and thawed at room temperature. Once
thawed, the samples were kept on ice. Each sample was then placed into a metal beaker and
placed into an ice bath. The samples were then sonicated at 8.2 amplitude for 3 seconds on 7
seconds off for 10 minutes per sample using a Soniprep 150 plus sonicator (MSE). The lysate
was then poured into 30ml centrifuge tubes, balanced, and centrifuged at 20,000xg for 20
minutes in an Avanti J-25 centrifuge (Beckman Coulter). The supernatant was then poured into
Ti70 or Ti45 ultracentrifuge tubes (Beckman Coulter) and centrifuged at 41000 rpm for 90-120
minutes in an Optima L-90K ultracentrifuge (Beckman Coulter). The supernatant was then
poured off and the pellet was resuspended in 2.5ml Buffer A (containing 50 mM Tris pH 8,
100 mM NaCl, and 5% glycerol) per litre of cells centrifuged. The resuspended pellets were
then stored overnight at -20°C before being purified the following day.

2.9. Protein Purification

2.9.1. n-Dodecyl p-D-Maltoside (DDM) Solubilisation and Purification

The resuspended pellets were thawed at room temperature. Once thawed, the samples were
immediately placed on ice. Membranes were solubilised by adding DDM to a final
concentration of 1% (w/v). The samples were then incubated for 40 minutes at 4'C with
agitation. The samples were then placed in T170 ultracentrifuge tubes (Beckman Coulter) and
centrifuged for 30 minutes at 170,000xg in an Optima L-90K ultracentrifuge (Beckman
Coulter). Once centrifuged, 2 ml Talon superflow resin containing 50% resin suspended in
ethanol was added to the supernatant from each sample and bound for 1 hour at 4°C. The
samples were poured through 10ml poly-prep chromatography columns (Bio-rad) and the flow
through was collected. The column was washed with wash buffer, containing 20 ml Buffer A
(previously described), 50 ul 4 M imidazole pH 8 (10 mM final concentration), and 0.2 ml 10%
DDM (w/v) (0.1% final concentration), and collected. Following this, the protein was eluted
and collected in 4-10 fractions and either stored overnight at 4°C, run on an SDS PAGE gel or

run on a SEC column.
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2.9.2. Styrene Maleic Acid (SMA) Solubilisation and Purification

The resuspended pellets were thawed at room temperature. Once thawed, the samples were
immediately placed on ice. 3% SMA (w/v) was then added to each sample. The samples were
then incubated for 120 minutes at 4'C with agitation. The samples were then placed in Ti70
ultracentrifuge tubes and centrifuged for 30 minutes at 170,000xg in an Optima L-90K
ultracentrifuge (Beckman Coulter). Once centrifuged, 2 ml Talon superflow resin containing
50% resin suspended in ethanol was added to the supernatant from each sample and bound for
1 hour at 4°'C. The samples were poured through 10ml poly- prep chromatography columns
(Bio-rad) and the flow through was collected. The column was washed with wash buffer,
containing 20 ml Buffer A (previously described), and 50 pl 4 M imidazole pH 8 (10 mM final
concentration), and collected. Following this, the protein was eluted and collected in 4-10

fractions and either stored overnight at 4°C, run on an SDS PAGE gel or run on a SEC column.

2.10. Size Exclusion Chromatography (SEC)

A superdex 200 10/300 GL column was first equilibrated with buffer. The buffers used
consisted of 20 mM Tris, pH 8, 100 mM NacCl, 5% Glycerol, and 0.1% DDM (for samples
solubilized with DDM) and 20 mM Tris, pHS, 100 mM NaCl, and 5% Glycerol for samples
eluted with SMA. Once the column was equilibrated the sample was then run. The sample was
taken up into a 1ml syringe, loaded onto the column, and run. After the sample had been run,
the column was washed with 50 ml milli Q water followed by 50 ml 20% EtOH which had

both been degassed. This column had a void volume of 8.2 ml.

2.11. SDS PAGE Gels

The Resolving component of each SDS PAGE gel was made using 1.4ml milliQ water, 1ml
1.875M tris HCI (pH 8.85), 50 ul 10% SDS, 2.5ml 30% Acrylamide, 5 pl temed, and 5 pl APS
(v/v). The Stacking component of each SDS PAGE gel was made using 1.8ml milliQ water,
150 ul 1M tris HCI (pH 6.8), 25 ul 10% SDS, 440 pul 30% acrylamide, 3.5 ul temed, and 20 pl
15% APS (v/v). The protein samples were first thawed or removed from 4'C and 4x SDS sample
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buffer was added to each sample. A biorad gel tank was then filled to the correct marker with
SDS protein gel running buffer (PGRB). The samples are then loaded onto the gel alongside the
protein ladder. Once all the samples have been loaded correctly the lid is placed on the gel tank
and plugged into a biorad gel tank and run at 60 mA for 2 gels or 40 mA for one gel. Both are

run for 40 minutes.

2.12. Gel Staining

Once the gels had either finished running or, if being used for western blotting, finished
transferring, the buffer was poured off and the gel removed. The gel was then placed into a box
and stained with Coomassie blue stain containing 50% methanol, 50% acetic acid, and 0.2%

Coomassie blue, for approximately 1 hour, unless stated otherwise, at room temperature.

2.13. Western Blotting

Once the gels had finished running, the buffer was poured off and the gel was removed from
the tank. Some whatman filter paper (GE life sciences) cut to the same dimensions as the
cassette was placed into the cassette alongside some foam pads (Biorad) and soaked in western
blotting buffer, as previously described. Some Amersham™ Hybond™ P0.45um PVDF
membrane (GE Healthcare), cut to the same dimensions as the gel was then activated by
soaking in methanol for a few minutes. The membrane and gel were then placed into the
cassette. The cassette was then placed into an electrophoresis chamber (Biorad) with an ice
pack, to prevent overheating, and is filled with western blotting buffer, and run for 60 minutes

at 40V for one blot and 80V for two.

Once the transfer was complete the membrane was removed from the cassette. The membrane
was then stained with 10 ml Ponceau Red for 15 minutes whilst being shaken on a gyrorocker.
The stain was then poured off and the membrane was washed with water. Once washed, the
membrane was then blocked with 20 ml blocking solution containing 5% milk powder in 1x
TBST for 1 hour at room temperature on a gyrorocker. After 1 hour, the blocking solution was
removed, and the membrane was washed with 1x TBST for 15 minutes, followed by 2 more

washes for 5 minutes each. The membrane was then placed in a plastic bag with 5 ml primary
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hybridization buffer containing 2.5 pl Anti-His [C-Term] primary antibody (Novex), in 1x
TBST with 1% milk powder (Sigma Aldrich) and placed in a sealed plastic bag. The membrane
was then placed on a shaker overnight at 4'C. The following day, the membrane wasremoved
from the plastic bag, placed in a box, and washed with 1x TBST for 15 minutes followed by 3
more washes, each for 5 minutes at room temperature on a gyro rocker. 20 ml secondary
antibody buffer containing 4 ul Stabilized Peroxidase Conjugated Goat Anti-Mouse [H + L]
secondary antibody (Invitrogen) in 1x TBST with 1% milk powder (Sigma Aldrich) was then
added to the membrane and shaken for no more than 1 hour at room temperature. Following
this, the secondary buffer was then poured off and the membrane was washed, again, in 1x
TBST for 1x 15-minute wash, followed by 6 more washes, each 5 minutes long. The membrane
was then left in 1x TBST until it is ready to be imaged. A SuperSignal West Femto Maximum
Sensitivity Substrate ECL kit (Thermo Scientific) was then used per manufacturer’s
instructions. The membrane was then placed in a Chemidoc XRS+ (Biorad) and the chemi
option was selected under blot. The blot was imaged for 300 seconds with an image being taken
every 3 seconds. An image was selected. Another image of the membrane was taken on the

colorimetric setting, to visualise the molecular weight markers, and the two images were merged.

3. Results

3.1.Establishing a Library of Clones

When beginning to establish a library of clones, both pET and pBAD expression systems were
utilised, since both systems are useful for different reasons. For example, the pPBAD expression
system contains araBAD, a tightly regulated promoter region, which is beneficial as, unlike
pET, pBAD will result in less uncontrolled expression, which is particularly problematic for
membrane proteins *°. Overexpression of membrane proteins in the cytoplasmic membrane is
required to produce enough protein for structural and functional studies. However, membrane
protein overexpression usually results in the accumulation of these proteins in the membrane,
which is toxic to the cell and reduces the amount of overall expression of the protein of interest.
This is due to Sec translocon capacity, of which there are two effects, the aggregation of protein
precursors in the cytoplasm, and shifted, inefficient energy metabolism®. Despite the obvious

advantages of utilising the pBAD expression system for the production of recombinant
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membrane proteins, the pET expression system also has many advantages for the production of
recombinant proteins making it one of the most widely used expression systems for the
production of recombinant proteins®!. Some such examples of these advantages include the
strong activity from the T7 promoter region which can result in a significant amount of
recombinant protein being produced, in some cases over 50% of the total amount of protein
produced by the cell can be the recombinant protein®2. It was yet unclear which expression
system would yield a higher amount of protein, since these systems have several major
differences. One major difference is the location of his tag, which was previously thought to
have a low impact on the structure and function of the protein. However, recent evidence is
beginning to show that this is not the case®. It has been demonstrated that the location of the
his-tag, either N-terminal or C-terminal can have a large impact on the structure and other
properties of the protein, such as thermal stability>**3. With pET containing an N- terminal tag
and pBAD a C-terminal tag it was possible that the location of these different his- tags could
impact the expression, structure and function of these proteins®®. Therefore, various conditions

were trialled by cloning each DedA homologue into both expression vectors (Table. 2).

Several DedA homologues from various organisms such as E. coli, K. pneumoniae, P.
aeruginosa, and B. burgdorferi were selected for this research, since some of these proteins
have been shown to restore growth in BC202, meaning testing whether these proteins are
functional would be straightforward. These genes were then cloned using restriction enzyme-
based cloning and Gibson assembly into both pET and pBAD expression systems. This was
done in the hope that one of these expression systems would be capable of sufficiently
expressing the protein under the growth conditions outlined in section 2.1. The T7 polymerase
pET expression system is one of the most widely used expression systems with >90% of protein
expression systems in the protein data bank consisting of pET constructs®®. The pBAD
expression system, which, due to the positive control of the araBAD promoter region, as
opposed to negative control of expression of pET, can be particularly useful for the expression
of membrane proteins. This is because of the graded expression which allows overexpression
to a level that becomes it does not become toxic to the cell due to inclusion body formation and

protein aggregation.
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Restriction enzyme-based cloning was used to insert all DedA genes (Table. 2) excluding
pETHisbbDedA, pETHiskpDedA, pETHispaDedA4, and pETHispaDedA5, which had already
been established, into both modified pBAD and modified pET vectors*’. The first step in
restriction enzyme-based cloning requires the amplification of the gene of interest from a
template strand of DNA such as genomic DNA. Utilising a technique called polymerase chain
reaction (PCR), the gene of interest will be replicated. After this, each PCR product run on an
agarose gel alongside a molecular weight marker to confirm whether the PCR had correctly
amplified the gene of interest as indicated by clear, defined, bands at the correct molecular
weight for the gene. This is particularly important as PCR often requires optimisation by
changing factors such as the annealing temperature. Each amplified gene product was run on

an agarose gel to confirm that PCR had worked (Fig. 4.).

Restriction endonucleases Ascl and Xhol were then used to cleave the ends of the gene of
interest and the modified pET vector at the corresponding regions in the multi-cloning site
(MCS). This same process was repeated using Ncol and Kpnl for the gene of interest and
modified pBAD vector at the corresponding regions in the MCS. This creates complementary
ends which can be joined together by T4 DNA ligase. However, before ligation can occur, the
restriction endonuclease digested vector is run on an agarose gel to separate out the vector from
the region that has been removed. The band containing the digested vector is then removed

using a technique called gel extraction which purifies the digested vector from the gel.

Alongside this, a technique called PCR purification is used to remove the components from the
PCR mixture such as restriction enzymes, buffers, nucleotides, and primers. Once this has been
completed, T4 DNA ligase alongside the vector and insert are mixed at a specific molar ratio,
in this case a vector to insert ratio of 1:3 and 1:5 were used to ensure that the ligation worked.
However, this process required a significant amount of optimisation to function correctly. This
could have been caused by several factors such as a lack of sufficient insert or vector, since a
large amount of each is lost during PCR clean-up and gel extraction, incorrect molar ratio,

inappropriate buffer, or UV damaged vector due to the length of time spent on gel extraction.

The genes of interest were inserted in-frame with an N-terminal his-tag into a modified pET

vector*” as well as being inserted in-frame with a C-terminal his-tag into a modified pPBAD
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vector. Both modified pET and pBAD vectors used for cloning had previously been used to

overexpress other membrane proteins.

The gene encoding yghB was found to possess a Ncol cut site, precluded the use of restriction
enzyme-based cloning since this would have cleaved the cut site within the gene. However, the
use of a novel method for molecular cloning called the Gibson assembly method would allow
the in-frame insertion of yghB into the modified pPBAD with a C-terminal his-tag without the

use of restriction endonucleases (Fig. 3.).
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Figure 4. This is an example of an agarose gel with PCR products run on it, and demonstrates what is expected to be observed

when PCR is successful.
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Figure. 5. Bands excised in the process of gel extraction. As shown, bands are excised by cutting them from the gel. This

can be an inefficient process.

3.2. Development of an In-vivo Functional Assay

Once all the genes had been cloned into a modified pPBAD expression vector and sequenced, it
was necessary to find a way of measuring whether they were able to produce functional protein,
since this was necessary for large-scale expression and purification. This was made possible
by the temperature sensitive phenotype observed in the double knockout strain E. coli MC4100
AyqjA::AyghB (MCAA)*. Since the observed phenotype, when the double knockout strain is
grown at an elevated temperature of 44°C, is a complete lack of growth due to unknown
factors®®. It has been shown that it is possible to restore growth at above 42°C in this strain
when certain DedA homologues are overexpressed including several of the genes in this study,
such as ygj4?’, yghB*', bbDedA'>, paDedA4, and paDedA5. Therefore, by transforming the
double knockout with each construct (Table 2.) and overexpressing the protein of interest it
was possible to assess whether the protein is functional. To achieve this, an assay using the
temperature sensitive phenotype observed in MCAA was utilised to gauge heterologously

expressed protein function.
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In this assay, a control plasmid containing the protein, GItPh, was utilised to control for any
affect on the restoration of growth above 44°C which the presence of any overexpressed
recombinant membrane protein might have had on the growth of the double knockout strain,
MCAA. GltPh is a glutamate transporter isolated from Pyrococcus horikoshii which transports
aspartate, along with three Na* ions, into the cytoplasm’’. Alongside this, G1tPh also displays
stoichiometrically uncoupled CI- conductance’’. When establishing the aforementioned in vivo
functional assay, a pBAD plasmid containing gl/tPh, denoted pBADHisg/tPh, (Table 2.) was
transformed into MC4100 wt and MCAA. This

3.2.1.Temperature Sensitivity Assay

Since previous studies have shown that it is possible to restore growth at an elevated
temperature (44°C) in the MCAA by inducing an expression vector containing various DedA
homologues?®. It was possible to exploit this phenotype and develop a method to assess whether
the proteins, when overexpressed, are functional. Various DedA homologues were
overexpressed using a modified pBAD expression vector with a C-terminal his-tag in the strain
MCAA alongside both MC4100 transformed with pBADHisg/tPh and MCAA transformed with
pBADHisgltPh. A pBAD expression vector was used since pET vector expression requires the
use of a strain lysogenized by a DE3 phage fragment56 such as BL21(DE3). Following
transformation, the cells were then serially diluted and spotted on select plates containing L-
arabinose to induce expression. The plates were then be incubated at an elevated temperature

of 44°C as well as 30°C.
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Serial Dilutions

MC4100 wt
pBADHisgl/tPh

MCAA
pBADHisg/tPh

Figure 6. An LB Plate from the temperature sensitivity assays showing the continued growth of the double knockout
strain MCAA transformed with pBADHisg/tPh, denoted MCAA pBADHisgltPh, above 44°C. Before spotting, each of
the samples OD values were initially taken, after which they were normalized. Moving rightwards, each spot was serially

diluted ten-fold further than the previous sample before 5 ul of which was spotted.

As shown in figure 6, growth at 44°C presented many problems including the fact that strain
MCAA continued to grow at elevated temperatures despite previous studies having shown this
strain to stop growing at 44°C. Other technical issues encountered include the agar drying out
and melting making it much harder to interpret the results. To combat this, the concentration
of agar was increased from 1% to 5% in 1% increments (fig. 9). However, although increasing
the agar concentration did decrease the amount of drying and melting occurring in the plates,
it also reduced visibility of the results and did not correct the issue of growth of MCAA above

44°C.

One possible explanation for the lack of temperature sensitivity of the MCAA strain is that the
E. coli strain utilised in this study was not a double-deletion mutant of the genes encoding for
vqjA and yghB. To test this possibility and ensure that both genes were knocked out in the strain
primers which bound 500 bp upstream and downstream of both the ygj4 and yghB genes in the
MC4100 genome were designed (fig. 7 & 8.). Genomic DNA (gDNA) extraction was used to
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purify the genomic DNA from both cultures. PCR was then used to amplify the region of
interest with the upstream and downstream primers. As shown below, if both ygj4 and yghB
are knocked out then the PCR product will be 1000 base pairs long. However, if the strain is
not a double- deletion mutant for ygj4 and yghB, then the PCR products will be approximately
1600 bp long. The PCR product size was determined by running them on an agarose gel
alongside a molecular weight marker which would give an indication of the size of each band
produced. Despite the continued growth at 44°C the MCAA strain being used in this study was
in fact the double-deletion mutant (fig 8.). This was particularly unusual, and the cause of this
continued growth is unknown. Therefore, to develop an alternative in vivo functional assay, the
increased sensitivity to xenobiotics such as ethidium bromide (EtBr) was exploited, as observed

in MCAA.

j = —

1663 bp band if yqjA is present
1660 bp band if yghB is present 1000 bp band if yqjA or yghB is NOT present

Figure 7. How PCR was utilised to check if the double knockout strain is as expected. As shown the primers will bind
500 bp upstream and downstream of the gene of interest (shown as a darker region). These will then elongate and form
complementary fragments. If the gene of interest (ygj4 and yghB) is present, then the band will be 1000 bp long, if not
it will be 1663 bp for ygj4 and 1660 bp for yghB. This can be confirmed by running the PCR products on an agarose gel

alongside a molecular weight marker to confirm the size of the bands.
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Figure 8. An agarose gel containing the PCR products from the PCR to confirm the double-deletion mutant phenotype.
As observed, the double knockout is confirmed here by the presence of two bands of approximately 1000 base pairs in
length. The wild type was used as a reference, as shown the bands produced by the presence of ygj4 and yghB are
approximately 1600 base pair in length.

3.2.2. Ethidium Bromide Sensitivity Assay.

The minimum inhibitory concentration (MIC) of ethidium bromide BC202 (W3110

AyqjA::AyghB), is 16-fold lower than that of the parent strain W3110'6. Overexpression of
YqjA in BC202 can restore the MIC to normal levels'é. By growing MCAA on medium
containing ethidium bromide at a concentration above the MIC for MCAA, and below that of
the wild type. It is possible to assess growth of MCAA, when overexpressing the protein of
interest, as an indication of whether the proteins are functional, by using an in vitro assay,
which utilised restoration of growth on plates containing EtBr as a way of assessing
heterologously expressed protein function. This involved spotting serially diluted cultures of

MC4100 transformed with pBADHisgltPh, MCAA transformed with pBADHisg/¢tPh, and

33



MCAA containing each gene of interest (GOI) on a pBAD expression vector, onto selective

plates which also contained ethidium bromide.

To determine the concentration of EtBr that would give the clearest difference in growth
between the wild type and double knockout, a range of EtBr concentrations were screened,
ranging from 25ug ml! to 75pg ml-!. Initially, 25ug ml! appeared to be sufficient to halt
growth of the knockout strain (fig. 9.). However, it became apparent when conducting repeat
assays that a higher concentration of ethidium bromide was required to completely prevent
growth, therefore the concentration was increased to 75 pg ml™! EtBr. This new assay produced
much clearer results (fig 10.), with all constructs being shown to be capable of restoring growth
in the double knockout strain. Some constructs appeared to rescue better than others, however
this could be due to the expression conditions (e.g. inducer concentration). Since
overexpression of this panel is capable of restoring growth in the double knockout strain, this

indicates that the proteins of interest are being produced and are functional in the membrane.

MC4100 pBADHisgltPh

MC4100 AyqjA::AyghB pBADHisgltph

MC4100 AyqgjA::AyghB pBADHisygjA e £

10 pug/ml EthBr 25pg/ml EthBr 50pg/ml EthBr 75ug/ml EthBr

Figure 9. The determination of the correct ethidium bromide concentration to use for the ethidium bromide sensitivity
assays. Each colony moving rightwards is a further 1/10 serial dilution. The initial spot is the normalized culture,
undiluted. As shown, there is a distinct lack of colonies for concentrations above 75 ug ml-!. This was not the case when
continuing with the ethidium bromide assays and so 75 ug ml! EtBr was used, since it partially inhibited growth, but
not completely. The top row consists of MC4100 transformed with the control plasmid, pBADHisg/tPh. The middle row
consists of MCAA transformed with the control plasmid pBADHisg/tPh. The bottom row consists of MCAA
transformed with pPBADHisygjA4.
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MC4100 WT expressing pBADHisgitPh

MC4100 AyqgjA::AyghB expressing pBADHisgitPh

MC4100 AygjA::AyghB expressing pBADHisygjA

MC4100 AyqgjA::AyghB expressing pBADHiskpDedA

MC4100 AyqgjA::AyghB expressing pBADHisbbDedA

MC4100 AygjA::AyghB expressing pBADHispaDedAS

MC4100 AygjA::AyghB expressing pBADHispaDedA4

MC4100 AygjA::AyghB expressing pBADHissaDedA

MC4100 AygjA:-AyghB expressing pBADHisveDedA

MC4100 AygjA::AyghB expressing pBADHisyghB

75ug/ml EtBr

Figure 10. The ethidium bromide rescue assay alongside a control plate which did not contain ethidium bromide. The
initial colony consists of the culture which had been normalized but not diluted at this point. Moving leftwards, each
spot is a 5 ul, 1/10 serial dilution, of the previous spot. As shown, MCAA transformed with the control plasmid
pBADHisgltPh was unable to grow on the plate containing 75 ug ml! ethidium bromide. Also shown is the restored

growth of all MCAA strains transformed with the panel of clones.

3.3. Expression Trials

Since the heterologously expressed proteins of interest had now been shown to be functional,
expression trials were now required to determine whether the proteins of interest could be readily
expressed, under the previously described growth conditions outlined above, with a high
enough yield to enable biochemical and biophysical characterisation. Expression trials were
conducted by initially inoculating 1 litre cultures to a starting ODsoo of 0.05. These were then
grown until an ODsoo of 0.6-0.8 is reached, at which point 0.5mM IPTG was added to strains
containing a pBAD expression vector and 0.1% L-arabinose to those containing a pET
expression vector to induce expression. Multi-drug export protein A (MepA)*®, was used as a
positive control for the expression, since this protein has previously been shown to express
under the conditions outlined in section 2.1. The cultures were then incubated for a further 2
hours at 37°C before being centrifuged and the membranes harvested. The membranes were

then run on SDS-PAGE gels alongside a molecular weight marker. Western blotting was used
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to analyse expression of the proteins (fig. 11.). This was done by transferring the proteins onto
polyvinylidene difluoride (PVDF) membrane and using tetra-his antibody to detect the his-
tagged proteins of interest. However, several issues were encountered when western blotting
which resulted in a lack of bands on the final blot. This could have been due to the primary and
secondary antibodies or enhanced chemiluminescence (ECL) kit being used to visualise the
blots. This meant that not all proteins of interest were shown to express. Several of the proteins
of interest, however, were shown to express in both pBAD and pET vectors (fig. 11.) this is
shown by the appearance of bands on the blots at the correct place indicating the proteins are

the expected size which was approximately 25 kilodaltons.

e WA L VI_ Kp Pa4 MepA pC |
Sa YghB MepA PC Bb Pa5 YgjA L \

55

35 35 35

25
25
25

5 PBAD . B pET d

Figure 11 — Western Blots from the expression trials of several pET and pBAD clones. Each was shown here to express,
as indicated by the presence of a band at the expected MW of ~25 kilodaltons. L denotes the molecular weight marker
used, with the relevant MW bands labelled as 55, 35, and 25 KDa. MepA, shown here, was used to control for expression
since it has been shown to express under the conditions used here. PC denotes a control used for the western blots,
however the positive control used for pET was different to that used in pPBAD. The positive control used for pET didn’t
appear to give a band, however the reason for this is unknown. Bb, Sa, V¢, YghB, YqjA, Pa4, Pa5, and Kp denote the

various DedA homologues being expressed.

3.4. Overexpression and Purification

Although it was not possible to express all proteins of interest without further optimisation, the
majority were still shown to express (fig 11.). However, due to time constraints it was not
possible to overexpress each protein of interest, this meant having to focus on those which
would likely yield the most results. For this reason, the overexpression and purification of YqjA
was of primary interest, since it has previously been shown that YqjA can be overexpressed and

purified in E. coli*®. The expression trials had already demonstrated that it was possible to
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overexpress YqjA when grown at 37°C and induced with 0.5mM IPTG for strains containing a
pBAD expression vector and 0.1% L-arabinose for those containing a pET expression vector
when the cultures reach an ODgoo 0f 0.6-0.8. To yield enough oftheprotein to enable biochemical
and biophysical characterisation, larger scale cultures of up to 5 litres were required. Large scale
cultures, between 3-5 litres of BI21-Al containing ygjA in a modified pPBAD expression vector
with a C-terminal his-tag as well as in a modified pET expression vector with an N-terminal
his-tag were grown per the growth conditions outlined in section 2.1. These were induced with
0.5mM IPTG for strains containing a pBAD expression vector and 0.1% L-arabinose for those
containing a pET expression vector. Following this the cultures were incubated for 2 hours at
37°C. The cultures were then centrifuged and resuspended in lysis buffer before being lysed by
sonication. Once lysed, the cell lysate was centrifuged at 20,000x g to clarify the lysate which
was then centrifuged again at 170,000xg to pellet the membranes. The membranes were
resuspended in Buffer A and stored at -20°C. YqjA was purified by thawing the membranes,
solubilizing in either DDM or SMA, centrifugation of the solubilized sample. This is then
followed by incubation with TALON metal affinity resin which binds to the polyhistidine-tag
attached to YqjA. The solution containing the resin-bound yqjA is then poured onto a gravity
flow column and wash buffer is poured through. Following this, elution buffer is then poured
through the column several times and collected, to ensure that all purified protein previously
bound to the resin has been eluted (fig. 12.). After purification, several techniques were used
to analyse the purified protein such as being run on SDS-PAGE gels, followed by western blots,
as well as size-exclusion chromatography. Prior to analysis, the concentration, as indicated by
the absorbance at 280 nm, was measured using a nanodrop spectrophotometer. Each elution
fraction from the purified protein sample as well as the initial flow through and wash samples
were run on an SDS-PAGE gel, alongside a molecularweight marker. It was confirmed that
yqjA had been purified, as indicated by the presence of large, defined bands at the expected
size on the gels (fig. 13.).
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Thaw Membranes Solubhilize in 17 DDM

Incubate sample Centrifuge and

with resin Collect Supernatant

Pour into Column and Wash and
collect flowthrough Elute Protein

Figure 12. A flow through diagram showing the process of protein purification from the Membrane pellet stage through

to the wash and elution of the protein.

Same Elution Profile

Monomer

Figure 13. An SDS-PAGE gel of YqjA after the initial purification. The protein was solubilized with DDM. As shown
within the white boxes, a large amount of protein was eluted in fractions E1-E7. There appears to be a higher MW band
which could potentially be a dimeric form of this protein, however it’s not possible to say for sure whether this is the

case. FT denotes the initial flow through after resin binding. W denotes the wash before eluting.
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3.5. Size-Exclusion Chromatography

Size-exclusion chromatography is an analytical technique used for the fractionation of
compounds such as proteins, polysaccharides, and other small molecules in an aqueous
solution. It can also be used to remove large protein complexes, as well as smaller contaminants
with larger sized molecular species eluting before smaller ones®”. SEC can be used as a way of
separating and quantifying various aggregates and potentially different molecular arrangements
of the protein of interest using UV detection®®. However, the protein sample, when run on the
SEC column will be heavily diluted, which could influence the equilibrium between oligomeric
states®®. There are two states in the SEC column, stationary phase, which consists of a porous
matrix of beads with a defined pore size range (exclusion limit), and the mobile phase which
consists of a buffer which flows through the matrix. Larger complexes which are unable to
move in between the pores in the matrix remain in mobile phase and therefore move through
the column and elute first. Smaller proteins and other compounds which can move through
the pores in the matrix enter the stationary phase and therefore move through the column more
slowly, eluting later. Complexes which are larger than the exclusion limit of the column will
elute first and produce a peak, this is known as the void volume. As samples move through the
column a trace is produced showing several conditions, including the column pressure, as well
as the UV absorbance which gives an indication of the protein concentration. As the samples
are eluted from the column, they are collected into separate fractions which can then be
analysed by running them on an SDS-PAGE gel to confirm that the peak observed in the trace

corresponds to the protein of interest.

Several of the elution fractions, E2-E7, with a total volume of ~3.5 ml from the initial, large
scale purification of YqjA, were concentrated using a protein concentrator with a molecular
weight cut-off of 10 KDa to a final volume of 0.5 ml. The concentrated protein sample was
then run on a superdex 200 increase 10/300gl size exclusion column which had been
equilibrated with buffer containing the detergent n-decyl-B-D- maltopyranoside (DM). The
SEC trace shown in figure 14 appears to indicate the presence of a dimer, as indicated by the
presence of a shoulder on the main peak. This is also indicated by the presence of separate

bands at the expected size of a YqjA dimer (fig. 15.). The bands present in the SDS-PAGE gel
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from the SEC fractions (fig. 15) also seem to show the presence of an oligomer, however this

is only speculative.

The amount of protein observed in the SEC trace, as indicated by the peak in the UV absorbance
trace, was substantially lower than expected when compared to the amount of protein present
after purification (fig. 13 & 14.). This could potentially have been due to secondary interactions
between the protein and the column resulting in protein being lost to the column®, or a change
in detergent between the sample and the detergent used in the buffer. Therefore, to determine
whether a change in detergent was the cause of the low absorbance reading, more YqjA was
purified. This time YqjA was solubilized using SMA, since, as previously mentioned, SMA is
an alternative, detergent-free, way to purify the protein of interest. Alternatively, YqjA was
also solubilized using DDM. However this time the DDM solubilized samples were run on the
SEC column using a buffer that also contained DDM rather than DM, as was previously used,

in order to prevent any potential interactions.

The purified YqjA samples which had been solubilized using SMA were initially run after
equilibrating the column with a non-detergent containing buffer. Unexpectedly, the SEC trace
appeared to show a highly concentrated peak at the void volume of the column (fig. 16). This
could be an indication that the protein formed a complex with the SMA which was larger than
the exclusion limit of the column, causing it to elute in the void volume. However, this is also

speculative.

The second YqjA sample solubilized in DDM which was run on the column once it had been
equilibrated using buffer containing DDM as opposed to DM (fig. 17). The trace observed,
however, produced a substantially lower peak in absorbance than the previous two runs.
However, this could be due to a lower yield of purified protein since only one elution fraction,
E2, was run on the column, as opposed to the previous sample, which consisted of several

elution fractions which had been concentrated.
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Figure 14. The SEC trace from the initial run of YqjA which had been solubilized using DDM. The trace shows the UV
absorbance which gives an indication of the protein concentration. * represents the void volume of the column. **
represents a possible dimer eluting, giving a shoulder on the main peak. *** represents the protein of interest eluting.
The peak from the protein of interest shown here was substantially smaller than expected after observing the amount of
protein on the SDS-PAGE gel. Throughout this run the column pressure steadily increased. This could be an indication

that protein is being lost to the column. This column was calibrated with buffer containing 0.1% DM.
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L PA D4 D5 D6 D7 D8 D9 D10D11

Oligomer?

Monomer

Figure 15. An SDS PAGE Gel showing samples taken from the SEC fractions shown above at the peak. PA represents
the pre AKTA sample which consists of elution fractions E2-E7 after concentration. L denotes the molecular weight
marker used in this gel to confirm the size of the bands. D4-D11 represents the fractions from the peak in the above SEC

trace.
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Figure 16. The SEC trace from the second run of YqjA which had been solubilized using SMA. The trace shows the UV
absorbance which gives an indication of the protein concentration. * represents the peak in absorbance caused by the
protein of interest eluting. The peak shown here was again, substantially smaller than expected. The void volume of this

column is 8.2 mL, meaning the peak given in the above trace could be an indication that the protein is eluting in the void

volume.
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SEC Trace YgjA DDM Run #2
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Figure 17. The SEC trace from the final run of YqjA which had been solubilized using DDM. This column was
equilibrated with buffer containing 0.1% DDM. The trace shows the UV absorbance which gives an indication of the
protein concentration. Virtually no peak was observed in this trace, possibly due to errors in the purification process

leading to a loss of protein. This could be an indication that protein is being lost to the column.
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4. Discussion

DedA are a ubiquitous family of integral membrane proteins that play a key role in bacterial
viability!!. Knocking out members of the DedA family such as the removal of YgjA and YghB
of E. coli has shown what a key role these proteins play within their hosts!'. For example, the
removal of DedA from Klebsiella pneumoniae was shown to be essential for colistin
resistance'3. The structure, function, and physiological role of this protein family currently
remains elusive, although several in vivo studies have begun to uncover features and potential
functions. Hydropathy profile alignments have revealed that the leuT fold may have evolved
from an ancient member of the DedA family?®. This has led to a hypothesis that YgjA and
YghB may in fact operate as hetero- or homodimers in E. coli although this is highly
speculative?®. Due to their ubiquitous nature, it has been proposed that members of this family
may have diverged to develop different functions from one another!!. For example, it has been
shown that the expression of 4 E. coli DedA homologues, YqjA, YghB, Yabl, and YohD, are
capable of restoring growth at 42°C, while the remaining 4 homologues, EcDedA, YdjX, YdjZ,
and YqaA, are unable to do so'!. These two groups have also shown to be phylogenetically

different from one another!!.

The current school of thought is that at least some members of the DedA family might be
responsible for maintaining the PMF!®. This can be explained by some of the phenotypes
observed in BC202 which exhibits temperature sensitivity which can be rescued by growth at
a lower pH (pH 6.0) as well as cell division defects which are the result of inefficient export of
periplasmic amidases AmiA and AmiC by the tat pathway. Ineffective tat export is likely also
due to a disturbance in the PMF. A notable difference in phospholipid composition is also
observed in this mutant, with a higher number of acidic phospholipids phosphatidylglycerol
(PG) and cardiolipin (CL) as well as a decrease from 60% to <50% of
phosphatidylethanolamine from the wild type strain. Mdfa, a Na® K*/H" antiporter from the
major facilitator superfamily (MFS)?4, is also capable of restoring normal growth to the cell,
which could indicate that members of the DedA family may function as transporters?®2’. These
factors seem to indicate that members of the DedA family may play a role in maintaining the

PMF, potentially as membrane transporters.
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The aim of this study was to clone a panel of DedA genes from various organisms, assess their
function by developing an in vivo functional assay, and perform expression trials on the clones
which are shown to produce functional proteins. Following this the aim was to overexpress and
purify the functional proteins and finally characterise them by developing an in vitro functional

assay.

4.2. Establishing a Library of Clones

Several DedA homologues from various organisms such as E. coli, K. pneumoniae, P.
aeruginosa, and B. burgdorferi were used in this research. These homologues were selected
for their ability to restore growth at an elevated temperature in the mutant strain BC202.
Restriction enzyme-based cloning was used for the majority of this research. This involved
replicating the gene of interest using PCR. Following this, restriction endonucleases Ascl and
Xhol were used to cleave the gene of interest and a modified pET expression vector with an N-
terminal polyhistidine-tag. The gene of interest was then ligated into the vector using T4 DNA
ligase. This method of cloning can be simple and straightforward. However, several issues
arose including unsuccessful PCR attempts, inefficient ligation, which were likely due to either
an inappropriate vector to insert molar ratio, or a lack of vector and insert DNA which could
have been loss during gel extraction and PCR purification. This can be seen in the decrease in
concentrations of each sample following PCR, PCR purification and gel extraction.
Optimisation of PCR conditions such as by changing the annealing temperature or elongation

time corrected any issues with this process.

An alternative to restriction enzyme-based cloning is a newly developed method called Gibson
Assembly. This method was used for cloning yghB into pBAD due to the presence of a kpnl
cut site within yghB preventing the use of conventional cloning with this restriction
endonuclease. In order to circumvent this issue, a technique referred to as Gibson Assembly
cloning was used. This method involved replicating both yghB from genomic DNA isolated
from strain W3110, and a linearized recipient pPBADHis plasmid using primers designed with
an overlapping region (fig. 3.). The vector and insert are then mixed together with Gibson
master mix, containing Isothermal (ISO) reaction buffer*®, T5 exonuclease®®, Phusion

polymerase®®, Taq ligase*®, and milliQ water. This was done for 60 minutes at 50°C, during
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which time T5 exonuclease chews-back the overlapping regions, yghB anneals to the pPBADHis
vector, and Phusion polymerase and Tagq ligase seal the nicks. The newly formed vector is then

transformed into the desired strain.

Some of the cloning issues highlighted above such as a loss of DNA due to PCR purification,
and gel extraction, could be circumvented with the use of Gibson assembly for all clones rather
than solely for cloning yghB into pBAD. This is because the Gibson assembly system is simple
and efficient making this system beneficial for a high throughput approach to cloning*. The
use of such method could have potentially accelerated the cloning process, providing more time
for downstream analysis. Another alternative to restriction enzyme-based cloning, called In-
fusion cloning, which involves inserting the gene of interest into an expression vector, such as
a GFP-fusion vector. The use of a GFP-fusion vector to make membrane protein-GFP
fusions can accelerate the process of optimizing expression and purification of membrane
proteins, since it allows visualization of the membrane proteins of interest at any stage during
this process®'. In-fusion cloning is similar to Gibson assembly since both methods involve
ligating at least two, linearized, DNA fragments. However, with In-fusion cloning, the vector
is linearized using a single restriction endonuclease at the site intended for the gene of interest.
In-fusion cloning also requires primers for the gene of interest to have an overlapping region,
and utilises exonuclease to remove 5’ nucleotides before annealing the gene of interest with

the GFP-fusion vector, pET28a (+)-derived GFP-8His fusion vector®!-62,

4.3. Temperature sensitivity assay

Once a library of clones had been established, to ensure that they were capable of expressing
functional protein, an in vivo functional assay to assess the whether the heterologously
expressed protein of interest was functional was developed. This involved transforming each
oftheexpression vector clones into strain MCAA which is then be grown as an overnight culture,
alongside MC4100 transformed with pBADHisg/tPh and MCAA transformed with a modified
pBAD plasmid, pPBADHisglph, containing the gene encoding Gltph, a glutamate transporter®?.
This was used to control for any non-specific effect that the expression of membrane protein
could cause. The development of this assay was particularly useful as it was relatively high
throughput and simple. However, several issues were encountered a couple of issues with this

assay. The first of which was the drying of plates due to the high incubation temperature. To
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counteract this issue, agarose concentrations of 1-5% were tested to determine whether this

could correct the issue, however, this decreased visibility making results harder to interpret.

The second issue encountered was the continued growth of MCAA pBADHisg/tPh even though
this MCAA had previously been shown to halt growth?® and it was unlikely that GltPh was
having any effect on this. A potential explanation for this issue is thattheMCAA strain is
mislabelled and is not a double-deletion mutant of ygj4 and yghB. To test this, two 500 base-
pair primers which would bind upstream and downstream of ygj4 and yghB in the MC4100
genome (Fig. 7.) were designed. Overnight cultures of MC4100 and MCAA were grown and
gDNA extraction was used to purify the genomic DNA from each strain. PCR was then
conducted, using the primers we designed and gDNA from MC4100 and MCAA to amplify
the selected regions. The presence of ygj4 and yghB would generate a 1600 base-pair fragment,
and the deletion would produce a 1000 base-pair fragment. The PCR products were run on an
agarose gel alongside a molecular weight marker to determine the size of each band. This
confirmed that the MCAA strain being used was the double-deletion mutant for both ygj4 and

yghB (fig. 8.). The cause of the continued growth of MCAA above 44°C remains unknown.

4.4. Ethidium bromide sensitivity assays

An alternative approach to this assay was to utilize an alternative way to halt growth in MCAA
which could be restored by the expression oftheproteins of interest. The MIC of ethidium bromide
BC202 (W3110 AygjA::AyghB), is 16-fold lower than that of the parent strain W3110'® and
overexpression of YgjA in BC202 can restore the MIC to normal levels'®. Therefore, an
alternative method to analyse function intheproteins of interest utilising the significant
difference in ethidium bromide MIC was developed. This involved growing overnight cultures
of MC4100, MCAA transformed with a modified pBAD plasmid, pBADHisg/tph. These
cultures were then serially diluted and spotted onto selective plates which also contained
ethidium bromide at a concentration above the MIC of MCAA but below the MIC of MC4100.
This way, if the proteins of interest are expressed and functional, growth will be restored to
MCAA. This approach proved much more effective than the temperature assays since growth
of MCAA was inhibited. Several concentrations of ethidium bromide ranging from 25-75 ug

ml ! were trialled (fig. 9.). The final concentration of ethidium bromide used in the assay was 75 pug
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ml! since this inhibited growth of all dilutions of MCAA excluding the first spot. Partial lack
of growth was ideal since without any growth it would be impossible to determine whether

complete lack of growth of MCAA is due to other factors.

4.4.2. All Genes Rescue Restore Growth on Ethidium Bromide

The MIC of ethidium bromide in BC202 is 25 ug ml"! compared to the MIC of the parent strain,
W3110, of 400 ug ml!, which is 16-fold higher. Cultures of each MCAA strain transformed
withtheclones, MC4100 transformed with pBADHisgl/tPh, and MCAA transformed with
pBADHisgltPh were grown overnight. These cultures were then serially diluted and spotted
onto selective plates that also contained 75 pg ml! ethidium bromide. These were then
incubated for 22-24 hours at 30°C. All transformants grew (fig 10.), indicating that each gene
of interest in this study is expressed and functional in the membrane and capable of correcting

the ethidium bromide sensitive phenotype.

4.4.3. Is There a Link Between Temperature Sensitivity and Ethidium Bromide
Sensitivity?

The homologue of DedA present in Klebsiella pneumoniae, KpDedA, was also able to restore
growth in this rescue assay (fig. 10.). This is particularly interesting since KpDedA has a 92%
amino acid sequence identity to EcDedA!3, a DedA homologue which is unable to restore
growth to BC202 at 42°C. EcDedA, as previously mentioned, is one of eight homologues
expressed in E. coli. As with all DedA family proteins, not much is known about EcDedA.
However, one study showed in a phylogenetic analysis of the DedA homologues in

E. coli, that it may, alongside three other E. coli DedA family members, YdjX, YdjZ, and YqaA,
have evolved different functions from the other four £. coli DedA homologues, YqjA, YghB,
Yabl, and YohD, which can correct the temperature sensitive phenotype in BC202. This finding
could suggest that the temperature sensitivity phenotype and the increased sensitivity to
xenobiotics such as ethidium bromide observed in the double-deletion mutant may be the result
of separate mechanisms and therefore unrelated to one another. Another possibility is that the
KpDedA possesses an essential acidic residue in the non-conserved region with EcDedA which
is critical for the ability of this protein to be able to rescue the ethidium bromide sensitive

phenotype. One way to determine whether the temperature and ethidium bromide sensitive
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phenotypes are linked is by assessing whether KpDedA can restore growth to MCAA when
grown at 44°C. However, the continued growth of MCAA on solid media hindered this. A
potential alternative to this method which might be able to overcome this issue would be to use

liquid cultures and assess growth by taking ODsoo readings regularly.

4.4. Optimization of Protein Expression and Purification

Recombinant expression and purification of membrane proteins can be a challenging process
with many potential bottlenecks which are result of factors such as secondary structure stability,
target protein toxicity, codon usage, and proteolytic degradation®*%3->3, Optimisation of protein
expression could have been implemented to maximise heterologously expressed protein yield.
This could potentially have been achieved by altering the growth conditions such as incubation

temperature, media components, and inducer concentration®’.

Membrane proteins, when expressed, are embedded within the lipid bilayer, the composition
of which is highly variable, with many different phospholipids available. The type, and
characteristics of the lipids within the membrane proteins native environment has a large
impact on the function of the protein, as well as its structure and oligomeric state®®,
Solubilisation of membrane proteins can be carried out using various detergents and other
compounds®’. The choice of detergent used for solubilisation is critical in ensuring that the
highest yield of homogenous, stable protein is obtained®’. Often, various detergents will be
screened to find the optimal type and concentration to use®’. The detergent, n-Dodecyl B-D-
Maltoside (DDM) is commonly used to solubilize membrane proteins due it’s low cost and the
fact that it produces stable solubilized proteins*>. A downside to the use of detergents for
membrane protein solubilisation is that the protein is removed from its native environment
which can cause a change in the structure and oligomeric state which is undesirable for use in

structural studies®’. However, an alternative method using a styrene maleic acid copolymer

lipid particles (SMALPs), can also be used for the solubilisation of membrane proteins without
the use of detergent and whilst maintaining the protein in their native state**. SMALPs are a
relatively new development in the field of membrane protein purification. Due to the
hydrophobicity of styrene and hydrophilic nature of maleic acid, the SMA copolymers can
integrate into cell membranes*® where they extract the integral membrane protein in the form

of a small disc. This disc contains the protein of interest, surrounded by native lipids*}. The
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SMA nanodiscs are water-soluble and when used with a suitable affinity tagged protein, can
be used with standard chromatographic methods*. Although SMALPs were used for
solubilisation oftheprotein of interest briefly, a large amount of optimization would be required
to get this technique to work successfully withtheprotein. However, the use of this method over
detergents could be beneficial, particularly for use in structural studies since the proteins are
more likely to maintain their native structure and oligomeric state than when solubilized using

detergents®,

4.5. Size Exclusion Chromatography (SEC) Analysis

Size exclusion chromatography is an analytical technique used for the fractionation compounds
such as proteins, polysaccharides, and other small molecules in an aqueous solution®®. SEC can
be used as a way of separating and quantifying various aggregates of the protein of interest by
measuring the UV absorbance®”. When samples are run on a size exclusion column they can
enter two different states, stationary phase refers to a porous matrix of beads with pre-
determined pore sizes, this is referred to as the exclusion limit, and mobile phase refers to the
buffer which runs through the column. Protein samples will run through the column, with larger
aggregates, which are unable to enter the porous matrix remaining in mobile phase and eluting
first, followed by smaller aggregates, which will move through the matrix and enter mobile
phase. As the samples elute from the column they will produce a trace which provides

information about the concentration of protein.

Once yqjA had been overexpressed and purified, the samples were run on the size exclusion
column. The initial purification, in which YqjA was solubilized using DDM, produced a
significant amount of protein (fig. 12.). Elution fractions E2-E7 were concentrated down to a
0.5ml sample which was then run on the SEC column (fig. 14). As the samples eluted from the
column they were collected into fractions which were then run on an SDS-PAGE gel alongside
a molecular weight marker of pre-determined size to confirm the presence of YqjA at the
location of the peaks observed in the SEC trace (fig. 14 & 15). The initial run produced a
significantly smaller absorbance peak than expected, since the size of this peak corresponds to
the concentration of protein in the sample. This was unexpected due to the amount of protein
purified (fig 15.). However, there was a substantial increase in the pre-column pressure

throughout, which could be an indication that some protein was being lost to the column. This
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could potentially have been due to secondary interactions between the protein and the column.
To confirm if this was the case, a larger amount of YqjA was purified, solubilizing with both

DDM and SMA, individually.

The SMA solubilized sample was initially run on the column following equilibration with a
buffer which didn’t contain detergent (fig. 16). The trace produced appears to show a highly
concentrated peak at the void volume of the column. This could be an indication that YqjA and
the SMA formed a complex which was larger than the exclusion limit of the column, causing
the complex to elute in the void volume, however this is completely speculative. Perhaps
further optimization of the SMA solubilization process would have yielded higher quality

results.

The second sample, solubilized with DDM, was then run on the column having equilibrated
the column with a buffer which also contained DDM. The absorbance peak for this sample was
significantly lower than expected (fig. 17.) when compared with the previous DDM solubilized
sample. The cause of the low absorbance readings for this protein sample is unknown. However,
it’s possible that, as previously mentioned, some protein may be forming secondary
interactions with the column. Optimization of this process, by changing the concentration and

type of detergent used could perhaps have improved results.

4.6. Future Work

The function of DedA family members currently remains elusive, which is in-part due to a lack
of structural information?¢. In-vitro studies can be particularly useful for functional studies of
membrane proteins, because, although the study of membrane proteins in their native
environment is preferred, in vivo studies can make functional data hard to interpret. This is due

4467 The overall aim of this

to interference with other membrane proteins and cellular activities
research was to express and purify several DedA family members for structural and functional
characterisation. This was achieved by first creating a panel of clones consisting of several
DedA family members which had been shown to restore growth in the double-deletion mutant
BC202 at 42°C. These clones were then transformed into various strains including MCAA,

TOP10, and BL21-Al. An in vitro functional assay was developed in order to determine
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whether these proteins could express and function in the membrane. Once this had been
established, they were then transformed into BL21-Al and TOP10 for expression and
purification. Only one particular DedA family member, an E. coli homologue called YqjA
would readily overexpress and purify. This purified protein sample was then analysed using
size exclusion chromatography as a way of separating and quantifying the protein of interest

using UV detection’ (fig. 14-17).

Further work must be done to further investigate the structure and function of this protein
family. The aim of this work should be to produce a high enough yield of these proteins for
further biochemical and biophysical characterisation. One such method would involve
developing an in vitro functional assay which could be used to assess internal pH, using a pH
sensitive fluorophore such as pyranine, as an indicator of proton movement*. This would be
particularly useful since it is best to conduct functional studies of proteins in their native
environment®. However, the native environment of the cell can make it hard to control factors
such as proton movement and can make interpreting data difficult due to activity of other
cellular proteins®. This method could provide significant information about the potential
function of this family of proteins. Current hypotheses suggest that members of the DedA
family may be responsible for maintenance of the PMF?*2¢ and could function as membrane
transporters?¢. This could mean that a functional assay such as this might elucidate the role of
this protein family in maintenance of the PMF and potential substrates if they do function as

membrane transporters.

Further study would also involve the structural analysis of this panel of DedA family proteins
using a variety of techniques. One such technique, called X-ray crystallography, is commonly
used to elucidate the structure of proteins and other macromolecules. X-ray crystallography
involves several stages. The protein of interest is initially purified, following which sufficient quality protein
crystals must be grown. This process involves exposing the purified protein sample to a number of different
conditions in order to coax it out of solution and crystallise. However, there are many issues which can occur
at this stage, resulting in various, non-desirable outcomes. These include the formation of poor quality crystals,
large crystals which fail to diffract, or an amorphous precipitate, as well as no crystal formation’. Some of the
conditions which have a bearing on whether or not protein crystallization occurs include the buffers used, the
pH, the temperature, and protein concentration, as well as many other variables’® ™. Once the protein has

formed a crystal, it is placed and adjusted to the correct angle on a goniometer, a device which
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allows an object to be rotated to a specific angle®’. Following this, a targeted beam, consisting
of one particular X-ray wavelength, which is made up from accelerating electrons, is focused
on the protein crystal as it rotates®’. As a result, the beam is diffracted at various angles, forming
a diffraction pattern as it strikes the sensor or film®. From this an electron density map is
produced. The electron density map can give an indication of the position of the atoms within
the protein crystal, as well as the number and type of bonds formed, as well as various other

pieces of information which allow the structure of the protein to be determined®.

Future work would also involve further structural analysis to determine whether or not YqjA
and YghB are capable of interchangeably forming hetero- and homodimers. This is of particular
interest since YgjA has been shown to form homodimers in-vivo in the absence of YghB?> 26,
Several strategies can be employed in order to achieve this. One such technique would involve
co-expressing YqjA and Y ghB with different affinity tags in a single strain of E. coli. Following
this, formaldehyde is added to the media. The formaldehyde then permeates the cell membranes
and generates cross-links between any proteins which are interacting. If YqjA and YghB form
heterodimers, then the formaldehyde will covalently cross-link the two proteins®!. The two
cross-linked proteins can then be purified separately using a suitable form of affinity
purification for the affinity tag present on each of the proteins, such as immobilized metal ion
affinity chromatography. Once the proteins have been purified, they can then be analysed using
several techniques, such as by running them on an SDS PAGE gel and observing the size of
band formed to see if it matches the expected size. Following which the protein samples can
be concentrated and run on a SEC column, and the peaks analysed. Alternatively, the purified
proteins can be separated using one-dimensional gel electrophoresis, following which the

proteins can be analysed using tandem mass spectrometry®!.
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5. Conclusion

The aim of this research was to clone a panel of DedA homologues from various organisms,
including E. coli, S. aureus, V. cholerae, P. aeruginosa, and B. burgdorferi. Once a panel of
clones had been established, an in vivo functional assay which could assess whether the proteins
of interest would express and function correctly was developed. Expression trials were then
conducted in order to determine which proteins would readily express under the growth
conditions outlined in section 2.7. Several of the proteins of interest readily expressed (fig. 11),
however YqjA in particular was selected for purification and further downstream analysis via

size exclusion chromatography.

YqjA was initially solubilized with DDM and purified. The purified samples were run on a gel
to confirm whether the protein was present (fig. 13.). Following this, several elution fractions,
E2-E7, were concentrated to a final volume of 0.5ml and the sample was analysed using size
exclusion chromatography. However, the peak observed on the SEC trace was significantly
lower than expected when compared with the amount of protein present (fig 13 & 14).
Throughout the run there was an increase in pre-column pressure which could indicate that this
low protein concentration could be due to a loss of protein to the column. The peak observed
appeared to indicate the presence of both a monomer and dimer (fig. 14). The low yield could
also have been due to interactions between the DDM used to solubilize YqjA and the DM

present in the buffer used to equilibrate the SEC column.

In order to determine the cause of the decreased protein concentration, a larger amount of YqjA
was purified which was solubilized using both SMA and DDM, individually. These samples

were then run on the size exclusion column.

The SEC trace observed when the SMA sample was run appeared to show a highly
concentrated peak at the void volume (fig. 16), potentially indicating that the SMA may have
formed a large complex with YqjA above the exclusion limit of the column, resulting in the
complex eluting in the void volume, although this is completely speculative. The second SEC
trace, in which the sample was solubilized using DDM was run on the column equilibrated
using buffer containing DDM appeared to give an insignificant peak (fig. 17). The absorbance

peak for this sample was significantly lower than expected when compared with the previous
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DDM solubilized sample. The cause of the low absorbance readings for this protein sample is
unknown. However, it’s possible that, as previously mentioned, some protein may be forming
secondary interactions with the column. Optimization of this process, by changing the

concentration and type of detergent used could perhaps have improved results.

Finally, further biochemical and biophysical characterisation will be required to uncover the
structure and function of this elusive protein family. The development of an in vitro functional
assay to further study the role of this protein in its native environment could potentially uncover
the role of this protein family. Other potential future work includes the use of techniques such
as x-ray crystallography to determine the structure of these proteins, as well as formaldehyde
cross-linking studies followed by tandem mass spectrometry to further investigate the

formation of YqjA and YghB hetero- and homodimers.
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8. Appendix

Included below is the sequencing data for each of the constructs included in this study,

excluding pETHissaDedA, pETHisvcDedA, and pBADHisveDedA.

Sun May 12, 2019 21:29 BST
BbDedA.ape from 1 to 615
Alignment to

15EB24

(PBAD - BbDedA For).seq from 1 to 1076

Matches(|):615
Mismatches (#) :0
Gaps( ):461
Unattempted(.):0

[

32

101 AATAC

132

201

232

301 ATC

332

401 TGTT

432

501

532

601 GC

614

701

615

801

615

901

615

1001

* * *
A GACCAAAATGTATATTAACACCATCATC

_III|I|||I]]III[IIIIIIII[[I]II

GCTTTTnnTCGCaaCTCTCTACTGTTtCTCCaTACCCGTTTTTTGGGCTAACAGGAGGAATTAACCATGGCGACCAAAATGTATATTAACACCATCATCG 1

*

* * * * * * * * * *
AATACATCGATAGCAACATTGCATATAGCCCGATCGTGTTTTTTAGCCTGCTGATTCTGGCAGGTCTGAATGTTCCGATTAGCGARGATG!
RSN NRNnaNNany:

CAATT
||||||||||||||||||||||||||||||||[|||||||||||||||||||||||||||||]]||||||||||||[[||||
CATCGATAGCAACATTCCATATAGCCCGATCGTGTTTTTTAGCCTCCTGATTCTCEC GG.CTGAATGTTCCGATTAGCGAAGATGCAA GTTCT

* * * * * * * *

* * * * * * * * * *
GATGGGTGGTATTCTGAGCAGCCGCAAAAATGAATATACCATCCTGATTTTTCTGGGCATTTTTTGGGGTGCATATCTGGGTGATATCATCAGCTTTTAT

|||||||||||||||||||[||]|||||||||||]|||||||||||||||[|||||||||||||||||||||||||||||]]||||||||||||[[||||
GATGGGTGG' CGCAAARATGAATATACCATCCTGATTTTTCTGGGCATT TGATATCATCAGCTTTTAT
* * * * * * * * * *

* * * * * * * * * *
ATCGGTAAACTGATGGGCAACAAGCTGTTCAAAAACAAGAAAGATAACAACCTGCTGGACAAAATCAACTATTATTACGGTCAGTATGGTGTGCTGACCC

|||||||||||||||||||[||]|||||||||||]|||||||||||||||[|||||||||||||||||||||||||||||]]||||||||||||[[||||
GGTAAACTGATGGGCAACAAGCTGTTCAAAAACAA AACAACCTGCTGGACAAAATCAACTATTATTACGGTCAGTATGGTGTGCTGACCC
* * * * * * * * * *

* * * * * * * * * *
TGTTTATTGGTCGTTTTATTCCGTTTGGTGTGCGCAATGCCATTTTTATGAGCGCAGGTATGGGTAACATGAAAAGCAACCTGTTTATCGTGAGCGATTT

FEEEEEEEEEEEEEEE e e e e e e e e e e e ey e e e Eee e e e e e e e e e
TATTGGTCGTTTTATTCCGTTTGGTGTGCGCAATGCCATTTTTATGAGCGCAGGTATGGGTAACATGAAAAGCAACCTGTTTATCGTGAGCGATTT
* * * * * * * * * *

* * * * * * *
TGTATTTCACCCTGTCATTTAAACTG AAATCATCT

'CTGCTGAGCATTGTTG' 'TTAGCAAGATCAAAATCA!
III||||III||IIIIIIIII]]IIIIIIIIIII]III|II|IIIIIIII[III|II|IIIIIIII|I|||III|III|Il]IIIIIIIIIIIIII]lII
GATCAAAATCA'

* * * * * * * * * *

* * *

* * * * * * * *
GCCATCTTTATTGCCGTTATTGCAACCACCATTATCATCTACGTGATCAAAAAGAACAAAAAAGTGGATAAAAACCTGAAA——T————————————————
I||I|||||||III|II||[[]]|||||II||||l||IIIII||III|||[|||III|IIII|I|||II||II||I||||l-|

'CATC

TTTATTGCCGTTATTGCAACCACCATTATCATCTACGTGATCAAAAAGAACAAAAAAGTGGATAAAAACCTGAAAGGTACCCTGGTGCCGCGCG
* * * * * * * * * *

GCAGCGGTCATCATCACCATCATCACCATCATTGAGAATTCGAGCTTGGCTGTTTTGGCGGATGAGAGAAGATTTTCAGCCTGATACAGATTAAATCAGA
* * * * * * * * * *

ACGCAGAAGCGGTCTGATAAAACAGAATTTGCCTGGCGGCAGTagCGCGGTGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGCC
* * * * * * * * * *

GATGGTAGTGTGGGGTCTCCCCATGCGAgGAGTAGGGAACTGCCAGGCATCAAATAAAACGAAAGGCTCAGTCGARAGACTGGGCCTTTCGTTTTATCTGT
* * * * * * * * * *

615

TGTTTGTCGGTGAACGCTCTcctgagTAGGACAAaTCcnccnGGgagecGGaTTtGAACGTTGecGRaacAAcggecce 1076
* * * * * * *

Appendix Figure 1: Alignment of forward sequencing for pPBADHishbDedA to the desired construct.
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Sun May 12, 2019 21:30 BST
BbDedA.ape from 1 to 615
Alignment to

15EB25

(PBAD - BbDedA Rev).seq from 1118 to 1

Matches(|):615
Mismatches(#):0
Gaps( ):503
Unattempted(.):0

1118

1018

918

818

71

©

63

618

163

518

263

418

363

318

A————T.

| |
aacCGTTGGCCtCAAtcggngTTaAACCCGecCaccnnATgGGCattnaAggagtnnccCGGCancagGGGATCATTTTgcgCTTCAGCCATaCTTTTCAT
* * * * * * * * * *

aCTCCCGCCATTCAGAGAAGAAACCAATTGTCCATATTGcatCAGACATTGCCGTCACTGCGTCNTTTACTGGCTCtTctCGCTAACCARACCGGTAACC
* * * * * * * * * *

CCGCTTATTAAAAGCATTCTGTAACAAAGCGGGACCAAAGCCATGACAAAAACGCGTAACAAAAGTGTCTATAATCACGGCAGAAAAGTCCACATTGATT
* * * * * * * * * *

ATTTGCACGGCGTCACACTTTGCTATGCCATAGCANTTTTATCCATAAGATTAGCGGATCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCC
* * * * * * * * * *

* * * * * *
GAC TGTATATTAACACCATCATCGAATACATCGATAGCAACATTGCATATAGCCC
CELELETTEELCLEEEE LR LT EEEE LT
ATACCCGETTTTTGGGCTAACAGGAGGAATTAACCATGGCGACCARARTGTATATTAACACCATCATCGAATACATCGATAGCAACATTGCATATAGCCC
* * * * * * * * * *

* * * * * * * * * *
GATCGTGTTTTTTAGCCTGCTGATTCTGGCAGGTCTGARTGTTCCGATTAGCGAAGATGCAATTGTTCTGATGGGTGGTATTCTGAGCAGCCGCAARAAT
CLLEEEEEEEEECE L LT EEEEEEEE LT EEEEEEEE LT
GATCGTGTTTTTTAGCCTGCTGATTCTGGCAGGTCTGARTGTTCCGATTAGCGAAGATGCAATTGTTCTGATGGGTGGTATTCTGAGCAGCCGCAARAAT

* * * * * * * * * *

* * * * * * * * * *
GAATATACCATCCTGATTTTTCTGGGCATTTTTTGGGGTGCATATCTGGGTGATATCATCAGCTTTTATATCGGTARACTGATGGGCAACAAGCTGTTCA
CELELETEEEEEEEE LR EEEEEEEEEEECEE LT EEEEEE LT LT ]
GRATATACCATCCTGATTTTTCTGGGCATTTTTTGGGGTGCATATCTGGGTGATATCATCAGCTTTTATATCGGTARACTGATGGGCAACAAGCTGTTCA

* * * * * * * * * *

* * * * * * * * * *
AAAACAAGAAAGATAACAACCTGCTGGACAAAATCAACTATTATTACGGTCAGTATGGTGTGCTGACCCTGTTTATTGGTCGTTTTATTCCGTTTGGTGT
CELELCCCEREEEE R LT EEEE L EEEEEEEEEEEE LT EETTTTELLL
AAAACAAGAAAGATAACAACCTGCTGGACAAAATCAACTATTATTACGGTCAGTATGGTGTGCTGACCCTGTTTATTGGTCGTTTTATTCCGTTTGGTGT

* * * * * * * * * *

* * * * * * * * * *
GCGCAATGCCATTTTTATGAGCGCAGGTATGGGTAACATGARAAGCAACCTGTTTATCGTGAGCGATTTT TTTGCAACCCTGCTGAGCATTGTTGTGTAT
CELELEEEEEEEEEEEE L T EEEEEEEEEEE LT EEEEEEEEE LT
GCGCAATGCCATTTTTATGAGCGCAGGTATGGGTAACATGARAAGCAACCTGTTTATCGTGAGCGATTTT TTTGCAACCCTGCTGAGCATTGTTGTGTAT

* * * * * * * * * *

* * * * * * * * * *

463 TTCA(

218

563

118

614

18

CCCTGTCATTTARACTGGGTCAGAGCTTTGAAATCATCTTTAGCAAGATCAAAATCATCATCTTCGCCATCTTTATTGCCGTTATTGCAACCACCA
ELPEEEEEEEEEECE TR EE LT EEEEEEEEEE LT LT EEEEEEE LT
TTCACCCTGTCATTTAAACTGGGTCAGAGCTTTGARATCATCTTTAGCAAGATCARAATCATCATCTTCGCCATCTTTATTGCCGTTATTGCAACCACCA

* * * * * * * * * *
* * * * *

T LT T
TTATCATCTACGTGATCAAAAAGAACAAAAAAGTGGATAAAAACCTGAAAGGTACCCTGGTGCCGCGCGGCAGCGGTCATCATCACCATCATCACCATCA

* * * * * * * * * *

TGAAA——T.
[]]MHI

——A-

I |
ttGAGaANNCGAGCtggC 1
*

——A-————— 615

162

519

262

419

362

319

462

219

119

613

Appendix Figure 2: Alignment of reverse sequencing for pPBADHisbbDedA to the desired construct.
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Sun May 12, 2019 21:46 BST
KpDedA.ape from 1 to 660
Alignment to

15EB18

(pBAD - KpDedA For).seq from 1 to 1011

Matches(|):660
Mismatches (#):0

Gaps (

):351

Unattempted(.):0

35

101 TGCATATCH

13

[

20

=

235

301

335

401

435

501 TGCAGGTA'

535

601

635 GT

701

660

801

660

901

660

1001

Appendix Figure 3: Alignment of forward sequencing for pBADHiskpDedA to the desired construct.

* * *
ATGGATCTGATTCATTTTCTGATTGATTTCATCC
|||||||||]||||||||||||||||||||[|||

GCTTTTnntCGCAaCTCTCTACTGTTtCTCCNTACCCGTTTTTTGGGCTAACAGGAGGAATTAACCATGGATCTGATTC
* * * * * * * * * *

* * * * * * * * * *
TGCATATCGATGTTCATCTGGCAGAACTGGTTGCACAGTATGGTGTTTGGGTTTATGCAATTCTGTTTCTGATCCTGTTTTGTGAAACCGGTCTGGTTGT

FEELEECEETEEEEEEEC LR EE e r e e e e e e e e e e e ee e e e e e e e e e ey
GATGTTCATCTGGCAGAACTGGTTGCACAGTATGGTGTTTGGGTTTATGCAATTCTGTTTCTGATCCTGTTTTGTGARACCGGTCTGGTTGT
* * * * * * * * * *

N * * *
CGTTTCTGCCTGGTGATAGCCTGCTGTTTGTTGCCGGTGCACTGAGCGCACTGCCGACCAATGATCTGAATGTGCATCTGATGGTTCTGCTGATG
| | | | |

[T I|IIIIII[IIII|I| LT |l|I|III |III|IIIIlIIIIIIIIIIIIIlIII IIIIIIIIIIIIIIIII[II
CGTTTCTGCCTGGTGATAC TGCTGTTTGTTGCCGGTGCACTGA(

* * * * * * * * * *

* * * * * "
TACCC
1111

|
TACCC

* * * * * * * * * *
GTTATTGCAGCAATTGTTGGTGATGCAGTGAATTACACCATTGGTCGTCTGTTTGGTGAAAAACTGTTTAGCAATCCGAACAGCAAAATCTTTCGTCGTA

|||||||||||||||||||||||[[||||||||]|[||||||||]||||||||||||||||]||||||||||||||||||||||||||[|||||||||||
ATTGCAGCAATTG GATGCAGTGAATTACACCATTGGTCGTCTGT TIGGTGAAARACTGTTTAGCAATCCGAACAGCARRATCTTTCGTCGTA
* * * * * * N *

* * * * * * * * * *
TCTGGATAAAACCCACAGCTTTTATGAACGCCACGGTGGCAAAACCATTATTCTGGCACGTTTTGTTCCGATTGTTCGTACCTTTGCACCGTTTGT

GCTA'
FEEREECEETERE R EE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey
GCTATCTGGATAARACCCACAGCTTTTATGAACGCCACGGTGGCAAAACCATTATTCTGGCACGTTTTGTTCCGATTGTTCGTACCTTTGCACCGTTTGT
* * * * * * * * * *

N * * * * * * * * *
TGCAGGTATGGGTCATATGAGCTATCGTCATTTTGCAGCCTATAATGTTGTTGGTGCACTGCTGTGGGTGCTGCTGTTTACCTATGCAGGTTACCTGTTT
|||||||||||||||||||||||[[||||||||]|[||||||||]|||||||||||||]||]||||||||||||||||||||||||||[|||||||||||

TGGGTCATATGAGCTATCGTCA 'TTGCAGC! CTATAATGTTGTTGGTGCA TGTGGGTG! CTGCTGTTTACCTATGCAGGTTACCTGT’.[‘T
* * * * *

* * * * * " * * * *

GGCGATCTGCCGGTTGTTCAAGAAAATCTGAAACTGCTGATTGTGGCCATTATTGTTCTGAGCGTGCTGCCAGGTGTTATTGARATTATTCGTCATARAC

|||||||||||||||||||||||[[||||||||]|[||||||||]|||||||||||||]||]||||||||||||||||||||||||||[|||||||||||
TCTGCCGGTTGTTCAAGARAATCTGARAC TTGTGGCCA' TCTGAGCG

' TGCTGCCAGGTGTTATTGAAATTATTCGTCATAAAC
* * * * * * * * * *

* *
GCAGCAGCGARACA A
|||||||||[||||||||||||||||

GGTACCCTGGTGCCGCGCGGCAGCGGTCATCATCACCATCATCACCATCATTGAGAATTCGAGCTTGGCTGTTTTGG
* * * * * * * * * *

CGGATGAgAGAAGATTTtCAGCCTGATACAGATTAANTCAGAACGCAGAAGCGGTCTGATAAANCAGAATTTGCCTGGCGGCAGTAGCGCGGTGGTCCCA
* * * * * * * * * *

CCTGACCCCATGCCGAACTCAGAAGTgAAaCGCCGTagCGCCGATGGTagTGTGGggtcCCCnnATGCnaangTAGggAACTGCCAGGCATCAAANAAaAN
* * * * * * * * * *

*
A 660

CgaaaGGCTCa 1011
*

34

100

660

1000

67



Sun May 12, 2019 21:47 BST
KpDedA.ape from 1 to 660
Alignment to

15EB19

(PBAD - KpDedA Rev).seq from 1199 to 1

Matches(|):660
Mismatches (#) :0
Gaps( ):539
Unattempted(.):0

1

1199

1

1099

999

899

79

©°

25

699

125

599

225

499

325 TTTC

399 TTTC

425

299

525

199

625

1

acCTTTCATTCCCAGCgGtCGGECgataAAAAAALCgagAtAACCgttggCCTCnat CGGCGTTaAANCCgecacCAGATGGGCATTARACGAGEatcCC 1100
* * * * * * * * * *

1

GGCAGCAGGGGATCANtTTgCGCTTCAGCCATACtTTTCATACTCCCGCCATTCAGAGAAGAAACCAATTGTCCATATTGCATCAGACATTGCCGTCACT 1000
* * * * * * * * * *

8 | 1

GCGTCTTTTACTGGCTCTTCTCGCTAACCAAACCGGTAACCCCGCTTATTAAAAGCATTCTGTAACAAAGCGGGACCAAAGCCATGACAAAAACGCGTAA 900

* * * * * * * * * *

CAAAAGTGTCTATAATCACGGCAGAAAAGTCCACATTGATTATTTGCACGGCGTCACACTTTGCTATGCCATAGCANTTTTATCCATAAGATTAGCGGAT 800

* * * * * * * * * *
* *

ATGGATCTGATTCATTTTCTGATT
FEECLEEEETEEEEEEEEEEEL T
CCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGETTTTTGGGCTAACAGGAGGAATTAACCATGGATCTGATTCATTTTCTGATT
* * * * * * * * * *

24

700

* * * * * * * * * *
GATTTCATC TATCGATGTTCATCTGGCAGAACTGGTTGCACAGTATGGTGTTTGGGTTTATGCAATTCTGTTTCTGATCCTG ccG
FELLLETEEEEEEEEEEEEEEEEEEEEEEEEEE T
GATTTCATCCTGCATATCGATGTTCATCTGGCAGAACTGGTTGCACAGTATGGTGTTTGGGTTTATGCAATTCTGTTTCTGATCCTGTTTTGTGAAACCG

* * * * * * * * * *

* * * * * * * * * *
GTCTGGTTGTTACCCCGTTTCTGCCTGGTGATAGCCTGCTGTTTGTTGCCGGTGCACTGAGCGCACTGCCGACCAATGATCTGAATGTGCATCTGATGGT
CLLLEEEEEEEEEEEEEEEEEEEEEEEEEE L LR L LT
GTCTGGTTGTTACCCCGTTTCTGCCTGGTGATAGCCTGCTGTTTGTTGCCGGTGCACTGAGCGCACTGCCGACCAATGATCTGAATGTGCATCTGATGGT

* * * * * * * * * *

224

500

* * * * * * * * * *
TCTGCTGATGGTTATTGCAGCAATTGTTGGTGATGCAGTGAATTACACCATTGGTCGTCTGTTTGGTGAARAACTGTTTAGCAATCCGAACAGCAARATC
FELEEEEETEEEETEEEEEEETEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE PR
TCTGCTGATGGTTATTGCAGCAATTGTTGGTGATGCAGTGAATTACACCATTGGTCGTCTGTTTGGTGAAAAACTGTTTAGCAATCCGAACAGCAAAATC

* * * * * * * * * *

324

400

* * * * * * * * * *
GTCGTAGCTATCTGGATAAAACCCACAGCTTTTATGAACGCCACGGTGGCARRACCATTATTCTGGCACGTTTTGTTCCGATTGTTCGTACCTTTG
FELEEEEEETEEETEEEEEEEEEEEEEEEEEEEEEE e LT

GTCG TARAACCCACA( "ATGAACGCCACGG CCATTA C TTCCGATTGTTCGTACCTTTG

[
TAGCTATCTGGATAAAA( GCTTTT! TGGCARAA( TTCTGGCACGTTTTG' 300

* * * * * * * * * *

* * * * * * * * * *
CACCGTTTGTTGCAGGTATGGGTCATATGAGCTATCGTCATTTTGCAGCCTATAATGTTGTTGGTGCACTGCTGTGGGTGCTGCTGTTTACCTATGCAGG 524
CELCLEEECEEE TR EEEEE T ECEEE L L LT
CACCGTTTGTTGCAGGTATGGGTCATATGAGCTATCGTCATTTTGCAGCCTATAATGTTGTTGGTGCACTGCTGTGGGTGCTGCTGTTTACCTATGCAGG 200

* * * * * * * * * *

* * * * * * * * * *
TTACCTGTTTGGCGATCTGCCGGTTGTTCAAGARAATCTGAAACTGCTGATTGTGGCCATTATTGTTCTGAGCGTGCTGCCAGGTGTTATTGARATTATT 624
FCLCEEEEEEEE L EEEEE L EEEE L EEET LT E LT
TTACCTGTTTGGCGATCTGCCGGTTGTTCAAGARAATCTGAAACTGCTGATTGTGGCCATTATTGTTCTGAGCGTGCTGCCAGGTGTTATTGARATTATT 100

* * * * * * * * * *

* * * *
CGTCATAAACGTGCAGCAGCGARACAGGCCARA-—T A A-——— 660
CCLCEEEEEEEEEELEE LT L]
CGTCATARACGTGCAGCAGCGARACAGGCCARAGGTACCCTGGTGCCGCGCGGCAGCGGTCATCATCACCATCATCACCATCAL TGAGAANECGAGCRE 1
* * * * * * * * *

Appendix Figure 4: Alignment of reverse sequencing for pPBADHiskpDedA to the desired construct.
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Sun May 12, 2019 21:34 BST
PaDedA4.ape from 1 to 666
Alignment to

15EB20

(PBAD - PaDedA4 For).seq from 1 to 897

Matches(|):666
Mismatches (#):0
Gaps( ):231
Unattempted(.):0

35

101

135

201

235

301

335 @

401

435

501

535

601

635

701

656

801

* * *
ATGGATTTTAATCCGATTGATCTGATTCTGCACC

LCECCLTEETTLEEE LT

GCTTTTnntCGcaaCTCTCTACTGTTtCTCCNTACCCGTTTTTTGGGCTAACAGGAGGAATTAACCATGGATTTTAATCCGATTGATCTGATTCTGCACC 1

* * * * * * * * * *
* * * * * * * * * *
ATACCTATCTGGCAATGCTGGTTAGCAATTATGGTGTTTGGATTTATGCCATCCTGTTTCTGGTGATTTTTTGTGARACCGGTCTGGTTGTTACCCC
||||||||||||]||||||||||||||]||||| FECEEEETELLETEEELTEE LT LT EEEE T EE L PP LT
GGATACCTATCTGGCARTGCTGGTTAGCAATTATGGTGT TTGAT T TATGCCATCCTGTTTCTGGTGATTTTTTGTGAAACCGGTCTGGTTTTACCCC
* * * * * *
* * * * * * * * * *
GTTTCTGCCTGGTGATAGCCTGCTGTTTATTGCCGGTGCAATTTGTGCGACCGGTGGTATGGATCCGTGGCTGTTAGGTGGTCTGCTGATGGTTGCAGCA
CELCCLCLEEET TR EEEEEEEEEE T L TR LT EEET L L LT T L LT LT
GTTTCTGCCTGGTGATAGCCTGCTGTTTATTGCCGGTGCAATTTGTGCGACCGGTGGTATGGATCCGTGGCTGTTAGGTGGTCTGCTGATGGTTGCAGCA
* * * * * * * * * *
* * * * * * * * * *
ATTACCGGTGATAGCACCAATTATGTGATTGGTCGTACCCTGGGTARACGTCTGTTTAGCAATCCGGATAGCAAAGTTTTTCGTCGCGATTATCTGGATC
FCLECECLEEEEEEEECE T EEEEL L EEE LT LT L LT LT
ATTACCGGTGATAGCACCAATTATGTGATTGGTCGTACCCTGGGTAAACGTCTGTTTAGCAATCCGGATAGCAAAGTTTTTCGTCGCGATTATCTGGATC
* * * * * * * * * *
* * * * * * * * * *
AATTCTATGAACGTCATGGTGGTAAAACCGTTACACTGGCACGTTTTCTGCCGATTGTTCGTACCTTTGCACCGTTTGTTGCAGGTATGGC
||l|||||||||]||||||||||||||]||||| FEPECCRTECEETEELETEEE LT L L LT L LT LT
CACGAATTCTATGAACGTCATGGTGGTAAAACCGTTACACTGGCACGTTTTCTGCCGATTGTTCGTACCTTTGCACCGTTTGTTGCAGGTATGGC
* * * * * * * * * *
* * * * * * * * * *
AARAATGCATTATCCGCGTTTTGTTATGTTTAGCGTTGTTGGCACCGTTGCATGGGTTGGTGGTCTGGTGACCCTGGGTTATTTCT TTGGTAATGTTCCG
FEPPRECELTTEREECELE LT LR EE PR EEE L EEEEEEEE P EEEEEE T EEEEEE LT LT LT
ARARATGCATTATCCGCGTTTTGTTATGTTTAGCGTTGTTGGCACCGTTGCATGGGTTGGTGGTCTGGTGACCCTGGGTTATTTCTTTGGTAATGTTCCG
* * * * * * * * * *
* * * * * * * * * *
TGGTGATTGGTATTATTCTGCTGAGTCTGCTGCCGATGATTCTGGGTTTTATTCGTCATCGTCTGCAGGCARGCG
||||||||||||]||||||||||||||]||||| ||||||||||||||||||||||||||||||| |||||||||||||||||||||]]|||||||||||||
TTATTCTGCTGAGTCTGCTGCCGATGATTCTGGGTTTTATTCOTCATCETCTGCAGGCAAGE
* * * *
* *
CAGCAAAACAGGCAAA-——A. G c-A-C
|||I||||||||]||I-l_l-lllll
GGCARANIGCACAGAGCGATGGTACCCTgN LGCCGCGCaGCaCCOGTCATCATCACCATCATCACCATCATTGAAATTCRaGCTIGECTg
* * * * * *
*
A G T_T-A—-A 666
.I_Ill_l-l_llll H

TTttggcGGATGanaGAanaTTTTCAGCCTGATACAGATTAAnTCanAaCGCagaagcggtCTGATaAaaCAGaanttgCCTgtcgtcAGTAGCGCG 897
* * * * * * * * *

Appendix Figure 5: Alignment of forward sequencing for pPBADHispaDedA4 to the desired construct.
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Sun May 12, 2019 21:36 BST
PaDedA4.ape from 1 to 666
Alignment to

15EB21

(pBAD - PaDedA4 Rev).seq from 1190 to 1

Matches( |):666
Mismatches (#):0
Gaps( ):524
Unattempted(.):0

1

1190

1090

990

890

790

37

690 G

137

590

237

490

337

390

437

290 AAA

537

190 C

637

CAnngGTCGGtCgataaAAAAAtCgagataACCGTTGGCCTCAAtcgGCGTTaAACCCGcCacCAGATGGGCATTaAACGAGtatcCCGGCAGCAgGGGGA
* * * * * * * * * *

TCAtTTTgCGCTTCAGCCATACtTTTCATantcCCGCCATTCAGAGAAGaAACCAATTGTCCATATTGCATCAGACATTGCCGTCACTGCGTCTTTTACT
* * * * * * * * * *

GGCTCTTCTCGCTAACCAAACCGGTAAICCCGCTTATTAAAAGCAT'I‘CTGTAACAAAGCGGGACCAAAGCCATGACAAAAACGCGTAACAAAAGTGTCTA
* * * * * * * * *

*

TAATCACGGCAGAAAAGTCCACATTGATTATTTGCACGGCGTCACACNTTGCTATGCCATAGCANTTTTATCCATAAGATTAGCGGATCCTACCTGACGC
* * * * * * * * * *

* * *
'TTAATCCGATTGATCTGATTCTGCACC!

|IIIII[IIII|II|IIIII|IIIIIIIIIIIIIII

TTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGtTTTTTGGGCTAACAGGAGGAATTAA!
* * * * * * *

* * * * * * * * * *
GATACCTATCTGGCAATGCTGG' 'GGATTTATGCCATCCTGTTTCTGG 'TTGTGAAACCGGTCTGGTTGTTACCCCGT

IIIIIIIII|IIIlIIII|IlIIIIIIIIllIIIIIIIIII|IIIIIIII|IIII|IIIIIIII|IIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIII

* * * * * * * * * *
TTCTGCCTGGTGATAGCCTGCTGTTTATTGCCGGTGCAATTTGTGCGACCGGTGGTATGGATCCGTGGCTGTTAGGTGGTCTGCTGATGGTTGCAGCAAT

|IIIII||||IIIII||I|IIII|||I|IIIl|I|I|||II|I|II]||I|||II|||II|||I|I|II|I|I|I||||I|l||||||||||||||||||
CTGGTGAT: bLLJ.'bL.l‘:J.lLAJ.UaLLWLbLAAlJ.J.'bLbLhACC 'GGTATGGATC TGGTTGCAGCAA'
* * * * * * *

* * * * * * * * *
TACCGGTGATAGCACCAATTATGTGATTGGTCGTACCCTGGGTAAACGTCTGTTTAGCAATCCGGATAGCAAAGTTTTTCGTCGCGATTATCTGGATCGT
||||l||||||||[||||||[|||||||||||||||||||||||||]|||||||||||||||||||||||[|||||||||||||||||||||||||||||

GGTGATAGCACCAATT. TGATTGGTCGTACCCTGGGTAAACGTCTGTTTAGCAATCCGGATAGCAAAGTTTTTCGTCGCGATTATCTGGATC
* * * * * * * * *

* * * * * * * * * *
ACCCACGAATTCTATGAACGTCATGGTGGTAAAACCGTTACACTGGCACGTTTTCTGCCGATTGTTCGTACCTTTGCACCGTTTGTTGCAGGTATGGCAR
||||[||||||||[||||||[|||||||||I||||||||I||||||]|||||||||||||||||||||||[|||||||||||||||||||||||||||||

ACCCACGAATTCTATGAACGTCATGGTGGTAAAACCGTTACACTGGCACGTTTTCTGCCGATTGTTCGTACCTTTGCACCGTTTGTTGCAGG!
* * * * * * * * * *

* * * * * * * * * *
ARATGCATTATCCGCGTTTTGTTATGTTTAGCGTTGTTGGCACCGTTGCATGGGTTGGTGGTCTGGTGACCCTGGGTTATTTCTTTGGTAATGTTCCGTT
||||l||||||||[||||||l|||||||||l|||||||||||||||]|||||||||||||||||||||||l|||||||||||||||||||||||||||||

CATGGGTTGGTGG

TGCATTATCCGCGTTTTGTTATGTTTAGCGTTGTTGGCACC 'TCTGGTGACCCTGGGTTATTTCTTTGGTAATGTTCCG'
* * * * * * * * * *

* * * * * * * * * *
CATCAAGAAGAATCTGAGCCTGCTGGTGATTGGTATTATTCTGCTGAGTCTGCTGCCGATGATTCTGGGTTTTATTCGTCATCGTCTGCAGGCARGCGCA
|||||||||||||[||||||]||||||||ll|||||||||||||||||||||||||||||||||||||||]||||||||||l||||||||||||||||||

TTCTGCTGAGTCTGCTGC! 'TTATTCGTCATCGTCTGCAGGCAAGCH

* * * * * * * * * *

* * *
A A- 666

GCARAACAGGCAAAAGCA
||||l||||||||[||||||[||||||.|_|_|l
GCARRACAGGCARAAGCACAGAGCGATGGTACCCTGETGCCGCGCGGCAGCGRTCATCATCACCATCATCACCATCANE GAGRAE ECGAG 1

* * * * * * *

Appendix Figure 6: Alignment of reverse sequencing for pPBADHispaDedA4 to the desired construct.
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Sun May 12, 2019 21:32 BST
PaDedA5.ape from 1 to 591
Alignment to

15EB22

(pBAD - PaDedA5 For).seq from 1 to 985

Matches(|):591
Mismatches (#):0
Gaps( ):394
Unattempted(.):0

1

33

133

201 A

233

301

333

401

433

501

533

601

590

* * *
GATGCTGCAACAGTTTCTGCAGGATTTTGG

llllllllllI||I|||||]I|I||I]|[H|I|||||
'TGCAACA(

9CTTTTnNTCGCaCTCTCTACTGTTECTCCaTACCCGTTTTTTGGGCTAACAGGAGGAATTAACCATGGCGATGC
* * * * * * * * *

* * * * * * * * * *
TTATTTTGCACTGTTTCTGGGCACCTTTTTTGAAGGTGAAACCATTCTGGTTCTGGCAGGTTTTCTGGCATTTCGTGGTTATATGCAGCTGGATACCGTT
COEELEELEEREEETEEP LR L PR LR L ELE LN T L L L L ET T

101 TTATTTTGCACTGTTTCTGGGCACCTTTTTTGAAGGTGARACCATTCTGGTTCTGGCA TCTGGCATTTCGTGGTTATATGCAGCTCGATACCGTT
* * * * * * *

* * * * * * * * * *
ATTCTGACCGCATTTCTGGGTAGCTATGCCGGTGATCAGCTGTGGTATTTTCTGGGTCGTCGTCATGGTCGTCGCCTGCTGGCACGTARACCGCGTTGGC
||||[[l|||||||]|[|||||||||]|||||||||||]||||||]|[[l|||||||]|[[||||||||]|[|||||||||]||||||]|[[|||||||

O TGACCGCAT T TCTGGGTAGCTATGC G TGATCAGC TG GG TAT T T TC GGG TCGTCGTCATGGTCGTCRCCTGCTGRCACGTARACCGCGTTGRC
* * * * * * *

* * * * * * * * * *
ARAAACTGGGTGATAAAGCACTGGATCATGTGCGTCGTCATCCGGATCTGTGGGTTCTGAGCTTTCGTTTTGTTTATGGTCTGCGTACCGTTATGCCGGT
||||[[l|||||||]|[|||||||||]|||||||||||]||||||]|[[l|||||||]|[[||||||||]|[|||||||||]||||||]|[[|||||||
AARAACTGGGTGATARAGCACTGGATCATCTGCGTCCTCATCCGRATCTGTGEE ATGGTCTGCGTACCGTTATGCCGGT

* * * * * *

* * * * * * * * * *
TGCAATTGGTCTGAGCGGTTATCCGCCTGCACGTTATCTGCTGCTGAATGGTATTGGTGCAATTGTTTGGGCAGCAGCACTGGGTAGCGCAGCATATTAC
||||[[l|||||||]|[|||||||||]|||||||||||]||||||]|[[l|||||||]|[[||||||||]|[|||||||||]||||||]|[[|||||||

TGCAATTGG' TCCGCCTGCACGTTATCTGE TGGTGCART TG T TTGGGCAGCAGCACTCGGTAGCGCAGCATATTAC
* * * * * * * *

* * * * * * * * * *
TTTGGTAGCGTTCTGGAAGGTATGCTGGGCAATATTAAGAAATATGAGCTGATGGTTCTTGGTGGTCTGATTGTTCTGGGCCTGCTGCTGTGGCTGTGGC
||||[[l|||||||]|[|||||||||]|||||||||||]||||||]|[[l|||||||]|[[||||||||]|[|||||||||]||||||]|[[|||||||

TTTGGTAGCGTTCTGG TGCTGGGCAATATTAAGARATATGAGC CTGGGCC TGTGGC
* * * * * * * * *

* * * * *
GTCGCTTTARAACACCGCGTGGTAATGGTGCCGGTGGTAATGCAGATARAAGCGAA—T:
||||[[l|||||||]|[|||||||||]|||||||||||]||||||]|[[||||||||l|

TCGCTTTARAACACCGCGTGGTAATGE GATARAAGCGAAGGTACCCTGGTGCCGCGCGGCAGCGRTCATCATCACCATCATCA
* * * *
*
A A
] |

701

591

801

591

901

CCATCATTGAGAATTCGAGCTTGGCTGTTTTGGCGGATGAGAGAAGATTTTCAGCCTGATACAGATTAANTCAGAACGCAGAAGCGGTCTGATAAAACAG
* * * * * * * * * *

AATTTGCCTGGCGGCAGTAGCGCGGTGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGCCGATGGTAGTGTGGggTCTCCCCATG
* * * *

* * * * * *

591

CganaGTAGGGAACTGCCAGGCATCAAATNANNCGAAAGGCTCAGtCcgAAAGACTggCCNTTTCGTTTTATCtgTEGTTTGtcgg 985
* * * * * * * *

32

100

532

600

589

591

800

591

900

Appendix Figure 7: Alignment of forward sequencing for pPBADHispaDedAS5 to the desired construct.
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Sun May 12, 2019 21:33 BST

PaDedAS.ape from 1 to 591

Alignment to

15EB23 (pBAD - PaDedA5 Rev).seq from 1120 to 1

Matches(|):591
Mismatches(#):0
Gaps( ):529
Unattempted(.):0

1 -—-a T 2
1120 ttnatTnccaGCGGTCGGTcgataaaAAAATCnggATAACCcgctGGCCTCAATCgGCGTTAAACCccGCCACCagaTgGGCATTnAACGAGtatCCCgGCA 1021
* * * * * * * * * *
3 3
1020 GCAGGGGATCATTTTGCGCTTCAGcCATACNTTTCATACTCCCGCcATTCAGAGaAgAAACCAATTGTCCATATTGCATCAGACATTGCCGTCattGCGT 921
* * * * * * * * * *
3 3
920 CntTTACTGGCTCTTCTCGCTAACCARACCGGTAACCCcGCTTATTARAAGCATTCTGTARCAAAGCGGGACCAAAGCCATGACARAAACGCGTAACARAA 821
* * * * * * * * * *
3 3
820 AGTGTCTATAATCACGGCAGAAAAGTCCACATTGATTANTTGCACGGCGTCACACNTTGCTATGCCATAGCATTTTTATCCATAAGATTAGCGGATCCTA 721
* * * * * * * * * *
* *
3 GATGCTGCAACAGTTTCTGCAGG 25
|||||||||||||||||||||I|
720 CCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGtTTTTTGGGCTAACAGGAGGAATTAACCATGGCGATGCTGCAACAGTTTCTGCAGG 621
* * * * * * * * * *
* * * * * * * * * *

26 ATTTTGGTTATTTTGCACTGTTTCTGGGCACCTTTTTTGAAGGTGARACCATTCTGGTTCTGGCAGGTTTTCTGGCATTTCGTGGTTATATGCAGCTGGA 125

FECPEREERTERE R e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey
620 ATTTTGGTTATTTTGCACTGTTTCTGGGCACCTTTTTTGAAGGTGARACCATTCTGGTTCTGGCAGGTTTTCTGGCATTTCGTGGTTATATGCAGCTGGA 521
* * * * * * * * * *

* % * % * * % * % *
126 TACCGTTATTCTGACCGCATTTCTGGGTAGCTATGCCGGTGATCAGCTGTGGTATTTTCTGGGTCGTCGTCATGGTCGTCGCCTGCTGGCACGTAAACCG 225

||||||||||||||l|||||||||||||||||||||||||||||||||||||||||l|||||||||||||||l|||||||||||||||||||||||||l|
520 TACCGTTATTCTGACCGCATTTCTGGGTAGCT TCAGCTGTGGTATTTTCTGGCTC CATGGTC GCTGGCACGTAAACC
* * * * * * * * * *

* * * * * * * * * *
226 CGTTGGCAAAAACTGGGTGATAAAGCACTGGATCATGTGCGTCGTCATCCGGATCTGTGGGTTCTGAGCTTTCGTTTTGTTTATGGTCTGCGTACCGTTA 325
LLLLLLEEEEEECEEEEE e e L E L EEE L LR LT
420 CGTTGGCARAAACTGGGTGATAAAGCACTGGATCATGTGCGTCGTCATCCGGATCTGTGGGTTCTGAGCTTTCGTTTTCTTTATGGTCTGCGTACCGTTA 321

* * * * * * * * * *

* * * * * * * * * *
326 TGCCGGTTGCAATTCGTCTGAGCGGTTATCCGCCTGCACGTTATCTGCTGCTGAATGCTATTGGTGCAATTCTTTGGGCAGCAGCACTGGGTAGCGCAGE 425
NNy
320 TGCCGGTTGCAATTGGTCTGAGCGGTTATCCGCCTGCACGTTATCTGCTGCTGAATGGTATTGGTGCAATTGTTTGGGCAGCAGCACTGGGTAGCGCAGE 221
* * * * * * * * * *

* * * * * * * * * *
426 ATATTACTTTGGTAGCGTTCTGGAAGGTATGCTGGGCAATATTAAGARATATGAGCTGATGGTTCTTGGTGGTCTGATTGTTCTGGGCCTGCTGCTGTGE 525

220 ATATTACTTTGGTAGCGTTCTGGAAGG AATATTAAGAAATATGAGCTGATGGTTCTTGGTGGTCTGATTGTTCTGGGCCTGCTGCTGTGG 121

* * * * * * * * * *
* * * * * *

526 CTGTGGCGTCGCTTTAAAACACC 'CGGTGGTAATGCAGA' 589
IIIIIIIIIII|IIIIIIIIIIlIIIIlII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.I

120 CTGTGGCGTCGCTTTAAAACACCGC TGGTGCCGGTGGTAATGCAGA! TACCCTGGTGCCGCGCGGCAGCGGTCATCATCACC 21
* * * * * * * * * *

*
1] — A--a 591

|
20 ATCATCACCATCAtTGAGna 1
* *

Appendix Figure 8: Alignment of reverse sequencing for pPBADHispaDedAS5 to the desired construct.



Sun May 12, 2019 21:38 BST
SaDedA.ape from 1 to 612
Alignment to

15EB30

(pBAD - SaDedA For).seq from 1 to 1002

Matches(|):612
Mismatches (#) : 0
Gaps( ):390
Unattempted(.):0

=

35

101 TTGGG'

135 A

201

235

301 c

335

401

435

501 AAr

535

601 A

611

701

612

801

612

901

612

1001

* * *
ATGGAACAAATTATCACTGAATTTATTAGCCGTT
]|]|||||||||l|l|l|l|||||||||||||||
CATGGAACAAATTATCACTGAATTTATT:

GCTTTTnaTCGcAaCTCTCTACTGTTtCTCcaTACCCGTTTTTTGGGCTAACAGGAGGAATTAACH
* * * * * * * * * *

* * * * * * * * * *
TTGGGTATGCAGCCATTTTTATATTAATTTTATTAGAAAATGTACTACCTATCGTACCATCGGAAATTATTCTGACATTTGCTGGTCTTATGTCTGTTAA

IIII]I]I]I]|I|I|I|IIIIIIIIIIIIIIIIII|I|I|I|IIIIIIIIII|I|I|I|IIlIlIlIlIIIIIIIIIlIlIIIIIIIIIIIIIIIIIII
TTAGAAAATGTACTACCTATCGTACCATC

* * * * * * *

* * * * * * * * * *
'AATTTTATATTATATCTGCC

TTATTGCAA TAGGGCTG! GTTTGATTTCA(
||||]|]|]|]|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||l|l|||||||||||||||||||
ATCACATTTATCAATTTTAACTTTATTTATTATTGCAACTATCGCATCGTTTATAGGGCTGTTAATTTTATATTATATCTGCCGTTTGATTTCAGARGAR

* * * * * * * * * *

* * * * * * * * * *
'ATATCGTTTTATTGATCGACACGGTAAGTGGATTAAATTGAAAAGTAAGGATTTAAAGCGAGCAAATGATTGGTTTAAAAAGTATGGCGTATGGG

||||]|]|]|]|||||||||||||||||||||||||||||||||||||||||||||||||||]|]|]|]|||||||||l|l|l|l|||||||||||||||
TATATCGTTTTATTGATCGACACGGTAAGTGGAT TARAT TGARAACTAAGGAT TTARAGCGAGCARATGAT TGGTTTARARAGTATGGCGTATGGG
* * * * *

* * * * * * * * * *
CTGTATTTATCTGTCGTTTCATACCTGTATTACGTGTATTGATTACCATTCCAGCTGGTGTAAACCGCATGAATGTTGTGACATTTACCGTTATTTCATT

CCCEEEETEETEE L L EE e e e e e e e e e e e ee e e e e e e e e ee e e e e e e e
CTGTATTTATCTGTCGTTTCATACCTGTATTACGTGTATTGATTACCATTCCAGCTGGTGTARACCGCATGAATGTTGTGACATTTACCGTTATTTCATT
* * * * * * * * * *

* * * * * * * * * *
AATAGGTACTACAATCTGGAATTTCGGTTTAATTTTACTAGGACGCACTTTGAGCGATAGCTTTGGTATGTTGATGACTGGTCTTCATACATATTCACGT

IIII]I]I]I]|I|I|I|IIIIIIIIIIIIIIIIII|I|I|I|IIIIIIIIIIIIIIIIIIIlIlIlIlIIIIIIIIIlIlIIIIIIIIIIIIIIIIIII

AATAGGTACTACAATCTGGAATTTC AATTTTAC GCACTTTGAGC TGTTGATGA TTCATACATATTCACGT
* * * * * * * * * *
* * * * * * * *
ATTATGTATGTTGTCATCATTATCGCAGTCATTTACTTTGCTATACGTTACATTGGCAAACGTAAGAGAGT T
||||]|]|]|]||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||-|_
ACTTTGCTATACGTTACATTGGCAAACGTAAGAGAGTARAAGGTACCCTGGTGCCGCGCGGCAGCG
* * * * * * * * * *
A R
| |
GTCATCATCACCATCATCACCATCATTGAGAATTCGAGCTTGGCTGTTTTGGCGGATGAGAGAAGATTTTCAGCCTGATACAGATTAANTCAGAACGCAG
* * * * * * * * * *

AAGCGGTCTGATAAAACAGAATTTGCCTGGCGGCAGTAGCGCGGTGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAANCGCCGTAGCGCCGATGGT
* * * * * * * * * *

AGTGTGGGgTCTCCCCATGCGAGAGTAGGGAACTGCcaGgCATCAAAaTAAAACGanaGGCTCAGTCGAaaGACTGGGgCCTTTCGTTTTATCTGtENTTE
* * * * * * * * * *

~~ 612

Gt 1002

Appendix Figure 9: Alignment of forward sequencing for pBADHissaDedA to the desired construct.
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Sun May 12, 2019 21:38 BST
SaDedA.ape from 1 to 612
Alignment to

15EB31

(pBAD - SaDedA Rev).seq from 1152 to 1

Matches(|):612
Mismatches (#):0
Gaps( ):540
Unattempted(.):0

1

1152

1052

952

852

25 A

652 A

125

552 TG

225

452

325

352 GGCGT:

425 TTA

252 TTA

152 A

611

52

aacCTTTCATTcCCagcGGTCGGTCgAtaAAAAATCGAGATAACCGttGGCCTCAATCGGCGTTaAACCCGCCaCCAGATgGGCATTaAACGAGtatcCC
* * * * * * * * * *

GGCAGCAgGGGATCAtTTTGCGCTTCAGCCATACTTTTCATacTCCCGCCATTCAGAGAAGAAACCAATTGTCCATATTGCATCAGACATTGCCGTCACT
* * * * * * * * * *

GCGTCTTTTACTGGCTCTTCTCGCTAACCAAACCGGTAACCCCGCTTATTAAAAGCATTCTGTAACAAAGCGGGACCAAAGCCATGACAAAAACGCGTAA

* * * * * * * * * *

CAAAAGTGTCTATAATCACGGCAGAAAAGTCCACATTGATTATTTGCACGGCGTCACACNTTGCTATGCCATAGCANTTTTATCCATAAGATTAGCGGAT
* * * * * * * * * *

* *
ATGGAACAAATTATCACTGAATTT
I

CEFPLEEETTTLLEETITILL
CCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGETTTTTGGGCTAACAGGAGGAATTAACCATGGAACARATTATCACTGAR!
* * * * * * * * * *

* * * * * * * * * *

TTTGGGTATGCAGCCATTTTTATATTAATTTTATTAGAAAATGTACTACCTATCGTACCATCGGAAATT! CATTTGCTGGTC
IIIIIIII|IIII|IIIIIIIIII]I|IIIIIlIIII|IIIIIIIIII|lIIIIIIIIIIIIIIIII|IIIIIIII]I|IIIIIIII[I|IIIIIIIIII
TCGGAAATT! CATTTGCTGGTC!

ATTAGCCGTTTTGGGTATGCAGCCATTTTTATATTAATTTTATTAGAAAATGTACTACCTATCGTACCA!
* * * * * * * * * *

* * * * * * * * * *
TGTCTGTTAAATCACATTTATCAATTTTAACTTTATTTATTATTGCAACTATCGCATCGTTTATAGGGCTGTTAATTTTATATTATATCTGCCGTTTGAT

II|IIII||III||IIIIlIIIII]|||IIIIIIII|||IIII|III||]III||IIII|IIIII|||II[IIIII]|||IIII|II[|||IIII|IIII
'ATCAATTTTAA( ‘TATCGCATCGT" 'AGGGCTG'’ TTATATCTGCCGTTTG.
* * * * * * * * * *

* * * * * * * * * *
TTCAGAAGAACGTCTATATCGTTTTATTGATCGACACGGTAAGTGGATTAAATTGAAAAGTAAGGATTTAAAGCGAGCARATGATTGGTTTARAAAGTAT
FUCRLERTEREEREER T EE L TP e e e e e e e ee e e e e e

TTCAGAAGAACGTCTATATCGTTTTATTGATCGACACGGTAAGTGGATTAAATTGAAAAGTAAGGATTTAAAGCGAGCAAATGATTGGTTTAAAAAGTAT
* * * * * * * * * *

* * * * * * * * * *
GGCGTATGGGCTGTATTTATCTGTCGTTTCATACCTGTATTACGTGTATTGATTACCATTCCAGCTGGTGTAAACCGCATGAATGTTGTGACATTTACCG
||||||||||||||||||l|||||]||||||||||[|||||||||||||]||||||||||||||||||||[|||||]||||l|||||[||||||||||||

TGGGCTG 'ATTTATC TI'I'CAT CCTGTATTACGTGTATI'GATTAC ATTCCAGCTGGTGTAAACCGCATG. ‘I'I'GTGACATTTA CG
* * * * *

* * * * * * * * * *
TTTCATTAATAGGTACTACAATCTGGAATTTCGGTTTAATTTTACTAGGACGCAC
[l

TTTGAGCGATAGCTTTGGTATGTTGATGACTCGTC
[T III|IIII[IIIII]I|IIIIIIII[I||IIIIIIIII|]IIII|IIII|IIIII|I|IIlIIIII]||IIIIIIII[I||IIIIIIIII
TTTCATTAATAGGTACTACAATC! 'AGCTTTGGTATGTTGATGA(

* * * * * * * * * *

* * * * * * * * *
ATATTCACGTATTATGTATGTTGTCATCATTATCGCAGTCATTTACTTTGCTATACGTTACATTGGCAAACG' GTAAAA——T————————————

||||||||||||||||||l|||||]||||||||||[|||||||||||||]||||||||||||||||||||l|||||]||||||||.[_
ATATTCACGTATTATGTATGTTG ACTTTGCTATACGTTACATTGGCARACGTAAGAGAGTARAAGGTACCCTGGTGCCG

* * * * * * * * * *

A A 612

CGCGGCAGCGGTCATCATCACCATCATCACCATCALTGAGAANTCGAGCLGG 1
* * * * *

Appendix Figure 10: Alignment of reverse sequencing for pPBADHissaDedA to the desired construct.
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Sun May 12, 2019 21:24 BST
YghB.ape from 1 to 660
Alignment to

15EB28

(pBAD - YghB For).seq from 1 to 1060

Matches(|):660
Mismatches (#):0
Gaps( ):400
Unattempted(.):0

[

35

101

135

201

235

301 G

335

401

435

501

535

601

635

701

660

801

660

90

=

660

1001

* * *
ATGGCTGTTATTCAAGATATCATCGCTGCGCTCT

FECELELELEEEEEEE ey
GCTTTTnntCGCaaCTCTCTACTGTTECTCCNTACCCGTTTTTTGGGCTAACAGGAGGAATTAACCATGGCTGTTATTCAAGATATCATCGCTGCGCTCT
* * * * * * * * * *

* * * * * * * * * *
GGCAACACGACTTTGCCGCGCTGGCGGATCCTCATATTGTTAGCGTTGTTTACTTTGTCATGTTTGCCACGCTGTTTTTAGAARACGGCCTGCTGCCCGC

FECPECEEEEREREE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
GGCAACACGACTTTGCCGCGCTGGCGGATCCTCATATTGTTAGCGTTGTTTACTTTGTCATGTTTGCCACGCTGTTTTTAGAAAACGGCCTGCTGCCCGT
* * * * * * * * * *

* * * * * * * * * *
CTCATTTTTGCCAGGCGACAGCTTGTTGATACTGGCAGGCGCATTGATTGCCCAGGGGGTTATGGATTTTCTGCCTACGATTGCGATTCTGACCGCCGCA

FCELEEETEELEEC R PEE T R EEE R EE L EEEC PR P LR PR EEE T LT ETT T

CTCATTTTTGCCAGGCGACAGCTTGTTGATACTGGCAGGCGCATTGATTGCCCAGGGGGTTATGGATTTTCTGCCTACGATTGCGATTCTGACCGCCGCA
* * * * * * * * * *

* * * * * * * * * *
GCAAGTCTGGGC GCTAAGTTATATTCAGGGGCGCTGGTTAGGGAATACCAARACGGTGAAARGGCTGGCTGGCACAGCTTCCTGCTAAATATCACC

|l||||||I|||]||||||||||||||||||||||||[||||||||||||||||||||H|||||||||||||||||||||||||]||||||||||||||
ATATTCAGGGGCGCTGGTTAGGGAATACCARAACGGTGARAGGCTGGCTGECACAGCTTCCTGCTARATATCACC

* * *

* * * * * * * * * *
AGCGCGCCACCTGCATGTTTGACCGCCACGGTCTGCTGGCGCTGCTGGCTGGACGTTTTCTTGCATTTGTCCGTACGCTGCTGCCAACCATGGCGGGAAT

PECCEECLEELEECEECEEE LT EE T EEEEEEEEEEEC R TR EEE L EC LT T LT ET T

AGCGCGCCACCTGCATGTTTGACCGCCACGGTCTGCTGGCGCTGCTGGCTGGACGTTTTCTTGCATTTGTCCGTACGCTGCTGCCAACCATGGCGGGAAT
* * * * * * * * * *

* * * * * * * * * *
TTCCGGTCTGCCAAACCGCCGCTTCCAGTTTTTCAACTGGTTAAGTGGATTGCTGTGGGTCAGCGTGGTAACCAGTTTTGGCTATGCCTTAAGTATGATT

FECEEECEEEE e ee e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey
TTCCGGTCTGCCAAACCGCCGCTTCCAGTTTTTCAACTGGTTAAGTGGATTGCTGTGGGTCAGCGTGGTAACCAGTTTTGGCTATGCCTTAAGTATGATT

* * * * * * * * * *

* * * * * * * * * *
'AAACGCCATGAAGATCAGGTAATGACGTTCCTGATGATCCTGCCAATTGCCTTGTTAACCGCTGGCTTGTTAGGCACGCTGTTTGTGGTGA
]]||||||||||]||||||||||||||||||||||||[||||||||||||||||||||||||||[||||||||||||]|||||||]|||||||||||||
CCA

TGAAGATCAGGTAATGACGTTCCTGATGATCCTGCCAATTGCCTTGTTAACCGCTGGCTTGTTAGGCACGCTGTTTGTGGTGA
* * * * * * * * * *

* * *
TTAAAAARAAAATACTGTAACGCC--T G- A

]]||||||||||]||||||||||l||
TTAAAAAAAAATACTGTAACGCCGGTACCCTGGTGCCGCGCGGCAGCGGTCATCATCACCATCATCACCATCATTGAGAATTCGAGCTTGGCTGTTTTGG
* * * * * * * * * *

CGGATGAGAGAAGATTTTCAGCCTGATACAGATTAAATCAGAACGCAGAAGCGGTCTGATAAAACAGAATTTGCCTGGCGGCAGTAGCGCGGTGGTCCCA
* * * * * * * * * *

CCTGACCCCATGCCGAACTCAGAAGTGAANCGCCGTAGCGCCGATGGTAGTGTgGggTCTCCCCcATGCGagAGTaGGgAACTGCCAGGCATCAAATAAAN

* * * * * * * * * *

660

CGRaaGgCTCAGTcnaangACTGggCCcTTTCGTTTtatcTGTtgTTngncGGTGAACGCE 1060
* * * * * *

Appendix Figure 11: Alignment of forward sequencing for pPBADHisyghB to the desired construct.
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Sun May 12, 2019 21:23 BST
YghB.ape from 1 to 660
Alignment to

15EB29

(pBAD - YghB Rev).seq from 1099 to 1

Matches(|):660
Mismatches (#):0
Gaps( ):439
Unattempted(.):0

1

1099

999

899

799

13

699

113

599

213

313

399

413

299

513

199

613

aACgagnntcCCGGCAGCAgGGGGATCATTTTgcgCTTCAGCCAtaCnTTTCaTattCCCGCCATTCAgagAAGaAACCAATTGTCCATATTGCATCAGAC
* * * * * * * * * *

ATTGCCGTCACTGCGTCnTTTACTGGCTCtTntCGCTAACCAARACCGGTAACCCCGCTTATTAARAGCATTCTGTAACAAAGCGGGACCAAAGCCATGAC
* * * * * * * * * *

aAAAACGCGTAACaAAAGTGTCTATAATCACGGCAGAAAAGTCCACATTGATTATTTGCACGGCGTCACACNTTGCTATGCCATAGCANTTTTATCCATA

* * * * * * * * * *

*
ATGGCTGTTATT

[ELLEELTTTT
AGATTAGCGGATCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGNTTTTTGGGCTAACAGGAGGAAT TAACCATGGCTGTTATT

* * * * * * * * * *

* * * * * * * * * *
CAAGATATCATCGCTGCGCTCTGGCAACACGACTTTGCCGCGCTGGCGGATCCTCATATTGTTAGCGTTGTTTACTTTGTCATGTTTGCCACGCTGTTTT

Illlllll|||||||||||||||||||I|I|I|I|I|I|I|I|I||||||||||||||||||||||||||||I|I|I|I|I|II|I|I|I|I|I|I|I|I
CAAGATATCATCGCTGCGCTCTGGCAACACGACTTTGCCGCGCTGGCGGATCCTCATATTGTTAGCGTTGTTTACTTTGTCATGTTTGCCACGCTGTTTT
* * * * * * * * * *

* * * * * * * * * *
TGCTGCCCGCCTCATTTTTGCCAGGCGACAGCTTGTTGATACTGGCAGGCGC. GATTTTCTGCCTAC

AGAAAACGGC
|]|]|]|]||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
AGAARACGGCCTGCTGCCCGCCTCATTTTTGCCAGGCGACAGCT TGTTGATACTGGCAGGCEC TTATGGATTTTCTGCCTAC
* * * *

* * * * * * * * * *
GATTGCGATTCTGACCGCCGCAGCAAGTCTGGGCTGCTGGCTAAGTTATATTCAGGGGCGCTGGTTAGGGAATACCAAAACGGTGAAAGGCTGGCTGGCA

|]|]|]|]||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
GATTGCGATTCTGACCECCGCAGCARGTCTGGGCTGCTGECTARGTTATATTCAGGGGCGCTTTAGGGARTACCARRACGETGARAGGCTGGCTGGCA
*

* * * * * * * * * *
GCTTCCTGCTAAATATCACCAGCGCGCCACCTGCATGTTTGACCGCCACGGTCTGCTGGCGC 'GGACGTTTTCTTGCATTTGTCCGTACGC

I]I]I]Il|I|I|I|I|I|I|I|I|I|IIIIIIIIIIIIIIIIIIIII|I|I|I|I|I|I|I|II|I|I|I|I|I|I|I|I|IIIIIIIIIIIIIIIIII

CAGCTTCCTGCTAAATATCACCAGCGCGCCACCTGCATGTTTGACCGCCACGGTCTGCTGGCGCTGCTGGCTGGACGTTTTCTTGCATTTGTCCGTACGC
* * * * * * * * * *

* * * * * * * * * *
TGCTGCCAACCATGGCGGGAATTTCCGGTCTGCCAAACCGCCGCTTCCAGTTTTTCAACTGGTTAAGTGGATTGCTGTGGGTCAGCGTGGTAACCAGTTT
FELEELLEEETEEECEEE TR LR L LT EEE L EE LR LT LT LEET LTI

TGCTGCCAACCATGGCGGGAATTTCCGGTCTGCCAAACCGCCGCTTCCAGTTTTTCAACTGGTTAAGTGGATTGCTGTGGGTCAGCGTGGTAACCAGTTT
* * * * * * * * * *

* * * * * * * * * *
TGGCTATGCCTTAAGTATGATTCCGTTCGTTAAACGCCATGAAGATCAGGTAATGACGTTCCTGATGATCCTGCCAATTGCCTTGTTAACCGCTGGCTTG

FECELEECEEEEETEE TP e e e e e e e e e e e e e e e e e e e e e e e e e er e
TGGCTATGCCTTAAGTATGATTCCGTTCGTTARACGCCATGAAGATCAGGTAATGACGTTCCTGATGATCCTGCCAATTGCCTTGTTAACCGCTGGCTTG
* * * * * * * * * *

* * * * *
TTAGGCACGCTGTTTGTGGTGATTAAAARAAAATACTGTAACGCC TGA 6
|]|]|]|]|||||||||||||||||||||||||||||||||||||

'TAGGCACGCTGTTTGTGG' TTaAAAAAAAATAC TGTAACGCCGGTaCCCTGGTGCCGCGCGGCAGCGGtcatcatcACCATcatCACCATCanTga 1
* * * * * * * *

Appendix Figure 12: Alignment of reverse sequencing for pPBADHisyghB to the desired construct.
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Sun May 12, 2019 21:09 BST
YgjA.ape from 1 to 663
Alignment to

79IG95

(pPBAD - YgJjA For).seq from 1 to 1079

Matches(|):663
Mismatches (#):0
Gaps( ):416
Unattempted(.):0

135

201 GGCCTTTTTAC

235 GC

301 Gc

335 AA

401 AA

435

501 A

535

601 CCGGTA'

635

701

662

801

662

901

1001

* * *
ATGGAACTTTTGACCCAATTGCTGCAAGCCCTGT

||||||||||||||||||||||||||||||||||
GCTTTTnaTCGCAACTCTCTACTGTTtCTCCNTACCCGTTTTTTGGGCTAACAGGAGGAATTAACCATGGAACTTTTGACCCARTTGCTGCAAGC
* * * * * * * * * *

* * * * * * * * * *
GGGCGCAGGATTTTGAAACCCTGGCCAATCCATCGATGATTGGCATGTTGTATTTTGTCTTGTTTGTAATTTTGTTCCTTGAAAACGGCTTGCTTCCGGC
CEUELLPEETEEETEE P EEECECEEEEEE R E LT LR TR T T LT LT L LT PP LT
GGGCGCAGGATTTTGARACCC TTGAARACGGCTTGCTTCC

TGGCCAATCCATCGATGATTGGCATGTTGTATTTTGTCTTGTTTGTAATTTTGTTCC
* * * * * * * * * *

* * * * * * * * * *
GGCCTTTTTACCGGGCGACAGTTTACTGGTATTGGTCGGCGTGTTGATTGCGAAAGGCGCGATGGGCTATCCGCAAACGATTCTGCTGCTGACCGTTGCC

|II|II|III|II|II|III|II|II||II|II|III|II|II|III|II|II||II|II|III|II|II|III|II|II||II|II|III|II|II|II
\CCGGGCGACAGTTTAC T'I'I‘GG 'CGGCG' 'GATGGGCTATCCGCAAACGATTCTGCTGCT! 'GTTGCC
* * * * * * * * *

* * * * * * * * * *
'ACCCGCACCGTACAAAACTGGCTATCTCATTTACCCGCGCATTATCATC

TGGGTCAGCTATATTCAGGGGCGATGGCTGGGCAAT:
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
TCGGCTGCTGGGTCAGC CAGGGGCATGGCTGCCCARTACCCGCACCGTACARRACTGGCTATCTCATTTACCCGCCCATTATCATC
* * * * * *

* * * * * * * * * *
AACGCGCACACCATCTTTTTCA CACGGTTTATCGGCGCTGTTAATTGGTCGCTTTATTGCGTTTGTCAGAACACTGCTGCCGACGATTGCCGGGTT

||I||I|I|I||I||||I|I||I||||||I||I|||I||I||I|I|I||I||||||I||I|||I||I||I|I|I||I||||||I||I|||I||I||I|I|
AACGCGCACACCA CACGGTTTATCGGCGCTGTTAATTGGTCGCTTTATTGCGTTTG GATTGCCGGG
* * * * * * * * * *

* * * * * * * * * *
ATCAGGGCTGAATAACGCGCGCTTTCAGTTTTTCAACTGGATGAGCGGTCTGCTGTGGGTATTGATCCTGACAACTCTGGGTTACATGCTCGGCAARACG
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

TCCTGACAACTCTGGGTT: TCGGCARAACG

TCAGGGCTGAATAA( GCTTTCAGTTTTTCAACTGGATGAGC TGTGGGTATTGA'
* * * * * * * * t *

* * * * * * * * * *
CCGGTATTTTTAAAGTACGAGGACCAGCTGATGTCATGCCTGATGCTGCTCCCGGTGGTGCTGCTGGTGTTTGGCCTGGCAGGTTCTCTGGTCGTGTTAT

CEVCCRREEEEEE PP EEEE LT EEEL L L L L PR L LT LD LT LT
TTTTTAAAGTACGAGGACCAGCTGATGTCATGCCTGATGCTGCTCCCGGTGGTGCTGCTGGTGTTTGGCCTGGCAGGTTCTCTGGTCGTGTTA
* * * * * * * * * *

* * *
GGAAAAAGAAATATGGAAATCGGGGG—-T-

||||||||||||||||||||||||||.|
GGARRAAGARATATGGAAATCGGGGGGGTACCCTGGTGCCGCGCGGCAGCGGTCATCATCACCATCATCACCATCATTGAGAATTCGAGCTTGGCTGTTT
* * * * * * * * * *

TGGCGGATGAGAGAAGATTTTCAGCCTGATACAGATTAANTCAGAACGCAGAAGCGGTCTGATAAAACAGAATTTGCCTGGCGGCAGTagCGCGGTGGTC
* * * * * * * * * *

CCACCTGACCCcCcATGCCGAACTCAGAAGTGAAACGCCGTAGCGCCGATGGTAGTGTGGGGTCTCCCCATGCGagaGTAGGGAACTGCCAGGCATCaanTA
* * * * * * * * * *

AA 663

I | |
AANCGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTaTCTGTTGTTtGTcggtgAACgCTCTCCTGantAGGanAA 1079
* * * * * * *

Appendix Figure 13: Alignment of forward sequencing for pPBADHisygjA4 to the desired construct.

34

T 100

134

GGC 200

534

G 600

634

T 700

661

800

662

900

662

1000

77



Sun May 12, 2019 21:18 BST

YgjA.ape from 1 to 663

Alignment to

15EB15 (pBAD - YgjA Rev).seq from 1150 to 1

Matches(|):663
Mismatches (#):0
Gaps( ):487
Unattempted(.):0

1 1

1150 tngGCGTTaAAcCCGcCncCCAGATGGGCATTaAACgAGtntcCCGGCAGCAGGGGATCALTTTGCGCTTCAGCCATACETTTCATaCtncccgCCATTC 1051
* * * * * * * * * *

1050 AGAGAAGaAACCAATTgttcCAT.I‘TGCATCAGACATTGCCGTCACTGCGTCTTTTACTGGCTCtTcTCGCTAACCAAACCgGTAACCCCGCTTATTAAA 951
* *

* * * * * * * *

950 AGCATTCTGTAACAAAGCGGGACCAAAGCCATGACAAAAACGCGTAACAAAAGTGTCTATAATCACGGCAGAAAAGTCCACATTGATTATTTGCACGGCG 851
* * * * * * *

* * *

1 1
850 TCACACDTTGCTATGCCATAGCANtTT+ATCCATAAGATTAGCGGATCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCCCATACCCGETTTT 751
* * * * * * * * * *
* * * * * * *
1 ATGGAACTTTTGACCCAATTGCTGCAAGCCCTGTGGGCGCAGGATTTTGARACCCTGGCCAATCCATCGATGATTGG 77
[ | {1 EEETTEETTrnrrrr ||||||||||||||]||]||||||||||||||||||||||||||||||||||||||
750 TGGGCTAACAGGAGGAATTAACCATGGAACTTTTGACCCAATTGCTGCAAGCCCTGTGGGCGCAGGATTTTGARACCCTGGCCAATCCATCGATGATTGG 651
* * * * * * * * * *
* * * * * * * * *

*
78 CATGTTGTATTTTGTCTTGTTTGTAATTTTGTTCCTTGAAAACGGC! TTTTTACCGGGCGACAGTTTACTGGTATTGGTCGGCG' 177

CEVLEEEE T PEEE L PP EEET LT |||||||||||||||||]||]|||||||||||||||||||||||||||||||||||||
650 CATGTTGTATTTTGTCTTGTTTGTAATTTTGTTCCTTGAAAACGGCTTGCTTCCGGCGGCCTTTTTACCGGGCGACAGTTTACTGGTATTGGTCGGCGTG 551
* * * * * * * * * *

* * * * * * * * * *
178 TTGATTGCGAARAGGCGCGATGGGCTATCCGCAARACGATTCTGCTGCTGACCGTTGCCGCCAGCCTCGGCTGCTGGGTCAGCTATATTCAGGGGCGATGGC 277

IIIIIlI||I|II|II|I||I||I] |II|I|II|lIIIII|II|II|II|I||I||I|]I|] IIIIIIII|IIII|II|II|II|II|II|II|III|I|

550 CTCGGCTGCTGRET, 451
*

* * * * * * * * * *

278 TGGGCAATACCCGCACCGTACARAACTGGCTATCTCATTTACCCGCGCATTATCATCAACGCGCACACCATCTTTTTCATAAACACGGTTTATCGGCGCT 377

||||||||||||||||||||||||] ||||||l||l|||||||||||||||||||||||]||] ||]|||||||||||||||||||||||||||||||||||

450 351
* * * * * * * * * *

378 G TGCGTTTGTCAGAACACTGCTGCCGACGATTGCCGGGTTATCAGGGCTGAATAACGCGCGCTTTCAGTTTTTCAACTGGATG 477

||||||||||||||||||||||||] |||||||||[|||||||||||||||||||||||]||] ||||||||||||||||||||||||||||||||||||||
350 GTTAATTGGTCGCTTTATTGCGTTTGTCAGAACACTGCTGCCGACGATTGCCGGGTTATCAGGGCTGAATAACGCGCGCTTTCAGTTTTTCAACTGGATG 251
* * * * * * * * * *

* * * * * * * * * *
478 AGCGGTCTGCTGTGGGTATTGATCCTGACAACTCTGGGTTACATGCTCGGCAAAACGCCGGTATTTTTAAAGTACGAGGACCAGCTGATGTCATGCCTGA 577

FECELCLELCEEETEEE T EEC TP C L LR LR LR EEE L L EEL PR LT L EEE
250 AGCGGTCTGCTGTGGGTATTGATCCTGACAACTCTGGGTTACATGCTCGGCAAAACGCCGGTATTTTTARAGTACGAGGACCAGCTGATGTCATGCCTGA 151
* * * * * * * * * *

* * * * * * * *

578 TGCTGCTCCCGGTGGTGCTGCTGGTGTTTGGCCTGGCAGGTTCTCTGGTCGTGTTATGGARAAAGAAATATGGAAATC! 661
||||||||||||||||||||||||] CEVPEELLPEEERE LT T |||||||||||||| [11 |||I||
150 TGCTGCTCCCaRTOTGCTGCTGRTGTTTGACCTGGCAGGTTCTCTGGTCGTGTTATGGARARAGAAATATGGARRTCGGGGGGGTACCCTGRTGCCGCG 51
* * * *

662 A A-——— 663

50 CGGCAGCGGTCATCATCACCATCATCACCATCAtTgAGaAnnCGAGCtGG 1
* * * * *

Appendix Figure 14: Alignment of reverse sequencing for pPBADHisygjA4 to the desired construct.
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Sun May 12, 2019 21:21 BST
YgjA.ape from 1 to 663
Alignment to

79IG93

(PET - YgJjA For).seq from 1 to 1098

Matches(|):662
Mismatches (#):1
Gaps( ):435
Unattempted(.):0

1

1

84

201

184

301

284

401 A

384

501 TGG'

484

~A T G G- 4

tAaTTTtGTTTAACTTtAAGAAGGAGATATACCATGgaTTATAAAGATGatGATGATAAACATCATCACCATCACCATCACCACCATCACGAAAACCTGT 100

* * * * * * * * * *

* * * * * * * *

I-I-I-I-IIIIIIII|I]|I]|IIIIIIIIIIII]IIIIIII|II|IIl||I|II|IIlIIIIIIIII|IIIIIIII|II|II

ATTTTCAGGGGCGCGCCATGGAACTCTTGACCCAATTGCTGCAAGCCCTGTGGGCGCAGGATTTTGAAACCCTGGCCAATCCATCGATGATTGGCATGTT 200

* * * * * * * * * *

* * * * * * * * * *

GTATTTTGTCTTGTTTGTAATTTTGTTCCTTGAAAACGGCTTGCTTCCGGCGGCCTTTTTACCGGGCGACAGTTTACTGGTATTGGTCGGCGTGTTGATT 183

|I||IIIIIIIIIII[|I|III|IIIIIII|I|I]|I]II|II|II|III|II||I||I|II|III||I||I||I[IIIIIII|I|II|II|II||||I|

GTATT TTGTCTTGT CTTGAAAACGGCTT! CGGCGGC CGGGC 'ATTGGTC TTGATT 300

* * * * * * *

* * * * * * * * * *

GCGAAAGGCGCGATGGGCTATCCGCAAACGATTCTGCTGCTGACCGTTGCCGCCAGCCTCGGCTGCTGGGTCAGCTATATTCAGGGGCGATGGCTGGGCA 283

CELEPEEECEEEEEE L EEEE PP L EEE LT E LT

GCGAAAGGCGCGATGGGCTATCCGCAAACGATTCTGCTGCTGACCGTTGCCGCCAGCCTCGGCTGCTGGGTCAGCTATATTCAGGGGCGATGGCTGGGCA 400

* * * * * * * * * *

* * * * * * * * * *

ATACCCGCACCGTACAAAACTGGCTATCTCATTTACCCGCGCATTATCATCAACGCGCACACCATCTTTTTCATAAACACGGTTTATCGGCGCTGTTAAT 383

|I||IlIIIIIIIII[|I||II|IIIIIII|I|I]IIIIIIIIIIIIIIIIIIIIIIII|II|III||I||I||I[IIIIIIIIIIIIIIIIIIII||I|

CGCACCGTACAAAACTGGCTATCTCATTTACCCGCGCATTATCATCAACGCGCACACCATCTTTTTCATAAACACGGTTTATCGGCGCTGTTAAT 500

*

* * * * * * * * * *

TGGTCGCTTTATTGCGTTTGTCAGAACACTGCTGCCGACGATTGCCGGGTTATCAGGGCTGAATAACGCGCGCTTTCAGTTTTTCAACTGGATGAGCGGT 483

|I||IlIIIIIIIIIl|I||Il|IIIIIIIII|Il|Il|IIIIIIIIIIII]IIIIIII|II|II[||I|II|IIlIIIIIIIIIIIIIIIIII|II|II

TTTATTGCGTTTGTCAGAACACTGCTGCCGACGATTGCCGGGTTATCAGGGCTGAATAA( TTCAACTGGA! 600

* * * * * * * * * *

* * * * * * * * * *

CTGCTGTGGGTATTGATCCTGACAACTCTGGGTTACATGCTCGGCAAAACGCCGGTATTTTTAAAGTACGAGGACCAGCTGATGTCATGCCTGATGCTGC 583

CEVCELTEETEEETER TR e e e e e e e e e e e e e e e e e e e e ey

T-TTGACCCAATTGCTGCAAGCCCTGTGGGCGCAGGATTTTGAAACCCTGGCCAATCCATCGATGATTGGCATGTT 83

601 CTGCTGTGGGTATTGATCCTGACAACTCTGGGTTACATGCTCGGCAAAACGCCGGTATTTTTAAAGTACGAGGACCAGCTGATGTCATGCCTGATGCTGC

* * * * * * * * *

* * * * * * * *

584 TCCCGGTGGTGCTGCTGGTGTTTGGCCTGGCAGGTTCTCTGGTCGTGTTATGGAAAAAGAAATATGGAARATCGGGGGTAA:

|I||IlIIIIIIIIIl|I||I]|IIIIIIIII|I]|I]|IIIIIIIIIIII]IIIIIIIIIIIIIIIIIIIIIIIIIIII

701 TCCCGGTGGTGCTGCTGGTGTTTGGCCTGGCAGGTTCTC 'ATGGAAAAAGAAN' ‘GGTAATACTCGAGCACCACCACCAC

* * * * * * * * *

663

801 CACCACTgagATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAaaC
* * *

* * * * * * *

663

901 GGGTCTTGAgGGGgTTTTTTGCTGAAaGGAGGAACTATATCCGGATTGGCGAATGggaCGCgCCCTGTAGCGGCGCATTAagcGCGGCGGgtGTGgtGgTT
* * * * * * * *

* *

663

700

663

800

663

900

663

1000

663

1001 AcgCGCancGTGACCGCTANNCTTGCCAGCgGCCcTaacGCCCcGCTCCTTTCGeTENCTTCCcTteccTTEctegCcACgtncgCecGgeTTECCCnnnna 1098
* * * *

* * * * *

Appendix Figure 15: Alignment of forward sequencing for pETHisygj4 to the desired construct.
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CCAGCAACCCGCACCTGTGGCHNCCGGtGATGCCGGRCCACGATGCGTCCGGCGTAGAGGATCGAGATCTCGATCCCGCGAAATTAATACGACTCACTAT
* * * * * * * * * *

T

AggGGAATTGTGAGCGGATAACAATTCCCCTCTAGAAATAATTTTGTTTAACNTTAAGAAGGAGATATACCATGGATTATAAAGATGATGATGATAAACA
* * * * * * * * * *

* * * *
TTGACCCAATTGCTGCAAGCCCTGTGGGCGCAGGA

FLCRLECEEREETEE TP T T

TCATcnnncATCACCATCACCACCATCACGAAARACCTGTATTTTCAGGGGCGCGCCATGGAACtCctTGACCCAATTGCTGCAAGCCCTGTGGGCGCAGGA
* * * * * * * * * *

* * * * * * * * * *
TTTTGAAACCCTGGCCAATCCATCGATGATTGGCATGTTGTATTTTGTCTTGTTTGTAATTTTGTTCCTTGAAAACGGCTTGCTTCCGGCGGCCTTTTTA

FLLEEEEEELEECEEE LR PP EE P E L LT E LT

TTTTGAAACCCTGGCCAATCCATCGATGATTGGCATGTTGTATTTTGTCTTGTTTGTAATTTTGTTCCTTGAAAACGGCTTGCTTCCGGCGGCCTTTTTA

* * * * * * * * * *
* * * * * * * * * *
TCGGCGTGTTGATTGCGARAGGCGCGATGGGCTATCCGCARACGATTCTGCTGCTGACCGTTGCCGCCAGCCTCG

CGGGCGA 'ATTGG'
|||||||||I||I||||||||I|||I||||||||IH||I|I||||||||I||I|I|I|III|]I|I|HIIIIIIIII|I[I||I|I||||||||||[

'TGGTCGGCGTGTTGATTGCGAAAGGCGCGATGGGCTATCCGCAAACGATTCTGCTGCTGACCGTTGCCGCCAGCCTCG

* * * * * * * * * *

* * * * * * * * * *
TGCTGGGTCAGCTATATTCAGGGGCGATGGCTGGGCAATACCCGCACCGTACAARACTGGCTATCTCATTTACCCGCGCATTATCATCAACGCGCACA
||||||||||||||||||||||||||||||||||||]||||||||||||||||||||||||||]||||||]||||||||||[||||||||||||||||H
GCTATATTCAGGGGCGATGGCTGGGCAATACCCGCACCGTACAAAACTGGCTATCTCATTTACCCGCGCATTATCATCAACGCGCACA

* * * * * * * * * *

* * * * * * * * * *

ATCTTTTTCATARACACGGTTTATCGGCGCTGTTAATTGGTCGCTTTATTGCGTTTGTCAGAACACTGCTGCCGACGATTGCCGGGTTATCAGGGCTG

IILéIIIIIIIIIIIIIII|||IIII||I|IIIIIHIIIIII|IIII||III|I||I|I||I]I|IIH]I|III||III[|IIIII||IIIIIIII[

CTTTTTCATAAACACGGTTTATCGGCGCTGTTAATTGGTCGCTTTATTGCGTTTGTCAGAACACTGCTGCCGACGATTGCCGGGTTATCAGGGCTG

* * * * * * * * * *

* * * * * * * * * *
AATAACGCGC TGATCCTGACAACTCTGGGTTACATGCTCGGCARAACGCCGGTATTTT
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||]|||||||||||||||||[||||||||||||||||H
AATAACGCGCGC GATCCTGACAACTCTGGGTTACATGCTCGGCAAAACGCCGGTATTTT

* * * * * * * * * *

* * * * * * * * * *

TAAAGTACGAGGACCAGCTGATGTCATGCCTGATGCTGCTCCCGGTGGTGCTGCTGGTGTTTGGCCTGGCAGGTTCTCTGGTCGTGTTATGGAARAAGAA

FEEPEERTEREEEEEEEEC R e e e LR L EE LT P EE T Errr

TAAAGTACGAGGACCAGCTGATGTCATGCCTGATGCTGCTCCCGGTGGTGCTGCTGGTGTTTGGCCTGGCAGGTTCTCTGGTCGTGTTATGGAAAAAGAA 7

* * * * * * * * * *
* *
ATATGGAAATCG TAA: 663

FEREELELEEETTTTELT
ATATGGARATCGGGGGTAATACTCGAGCACCACCACCACCACCACTGAGALCCGGCTGCtaACaAAGCCCGnaag 1
* * * * * * *

Appendix Figure 16: Alignment of reverse sequencing for pETHisygj4 to the desired construct.
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