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Abstract

The glucuronide transport membrane protein (GusB) encoded byusi gene is
essential for the survival dEscherichia Coli(E. coli) residing in the gt of vertebrate
species This gene, along with four otheftscatedon the GUS operon, allowsE. colito
scavenge carbon from detoxification products produced by the Tlusse products are
known asglucuronide, they arecomposed of two parts, one is fyapne (glucuronic
acid), and the other is an aglycone (various molecu®s3Bhas shown varying affinity

for the substrates that is transports therefecegnisng the glycone partery specifically

and the agylcone part indiscriminateiowever,the binding mechanism used by this
proteinthis is still unknown.

Amino acid residues within GusB must be structurally relevant for molecular recognition
of glucuronide molecules; however information relating this isnot yet available
Therebre, identifying key residues within the molecular recognition sit€&susB became

the focus of this research project.

Using E. coli as a model organism, sitirected mutagenesis and cloning techniques
employed in the laboratory were used to create six resaizo acidchangeswithin the
Glucuronide Transporter Proteiihese occurred at variopssitionswithin the predicted
cytoplasmic regiorof GusB By substituting amino acids to othewgth different charges

and polarity, it was expectethat protein folding mechasms andthe molecular
recognition sitewould be disruptedGlucuronide transport activitywas predicted to
change as a result.

Successful cloning to create mutant GusB praeteiould not be achieved howeyer
sequence analysis of a previoplasmid pE349encoding a mutant GusB found an
unexpecte@mino acidmutationat position 21&f the glucuronide membrane transparter
ChromogenicGUS assays showed the change from Asparginine (uncharged) to Lysine
(positively charged) causereductionin the transportate of glucuronides. Thiged to
questions as to whether this amino acid change was indeed part of the molecular
recognition site All steps undertaken for mutagenesis and dgrechniques have been
detailedand proposals for further research are highted.It is hoped that by identifying

key amino acid residues, this protein could be manipulated in the future to recognise very

specific substrates farse in biosensor and report gene technology.
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1. Introduction

1.1 An overview of the project

ThebacteriumEscherichiacoli is known to inhabit the gut of most endothermic vertebrate
speciegDenamur et al., 2010)-or these organisms to thrive in such environments, they
must have a distinct mechanism in place to acclirie relevant atrients related to their
survival.

Within host species including humans and other mammals, detoxification products known
as glucuronides provide a valuable carbon source for the ba@sataet al.,2004; Ishii

and Sadowski 2008Gloux et al.,2010) Everyday exposure to harmful substances is a
constant threat to animal species and therefore a reliable defense mechanism must be in
place. Glucuronides are formed of two components, theigiitste aglyconecomponent

these aresubstances considerexic to the organism. These include endogenous
metabolic waste xenobotics steroids, vitamins, hormones and pharmaceutical drugs
(Argikar, 2012. For these to be excreted, they must first become covalently bound to a
glucuonic acid also known as glycone in turn increasing the polarity of the molecule

and the likelihood of eliminatiofFujiwaraet al.,2018, Kinget al.,2000, Tephleyet al.,

1990; Compernoke 1978). However, commensal or symbiotic bacteria inhaigt the
gastrointestinal tract are reszivle for thealternate fate of treglucuronidemolecules

The E. coli bacterium harnesseghe ability to transport glucuronides across the cell
membrane where they then cleave the molecule in two. The aglycone component is of no
use toE. coli, this pat will be transported back across the bacterial membrane where it is
subsequently excreted or-absorbed by the host in a process known as enterohepatic
circulation (Gibsonand Skett 2002; Guillemette 200Xia et al.,2012. The glyconeis

used as a soce of energy, and the symbiotic relationship between the host and bacteria is
established.

This process is essential o coli however;it would be impossible without particularset

of proteins encoded by the genes of @€S operon(Hughes et al., 1¥, Jain et al.,

2006) Operons are described as clusters of genes that are transcribed in a single mRNA or
with a sirgle promoter (Albertgt al.,2002;0sbourn and Fields 2008]bertset al.,2014).

It may seem obvious then that getrasiscribing protes with similar properties or whose
products interact are often foulathd controlledwithin the same operohe functionof



that particular system caghenwork more effectively as a resyitiving beneficial to the
organism(Dandekaet al.,1998; Ralsbn 2008).

A novel exampleof this comes fronthe more widely known, Lac Operowhen Glucose

is not readilyavailable E. coliis ableto metaboliséactose as an alternate source of energy
(Griffiths et al., 1999; Becker et al 2013owever, in ordera do this they require
proteins LacY, LacZ, and LacAhis operon will only be expressed under two conditions;
firstly lactosemust be present, this detected bya lac repressor protein found on the
operon. Secondly, glucosamot be present which is dected by another repressor, the
catabolic activator proteifUllmann 2009) If these conditions are met the inducer
allactose will bind to the lac repressor and remove it from the operator region. This in turn
allows DNA polymerase to bind to the promotegion and transcription of the desired
genes can ensue. CAP is responsible for binding near to the promoter and encourages the
binding of DNA polymerase therefore in turn increasing the rate of transcr{@itffiths

et al., 1999Alcantara 2015)Having all of these genes controlled under the same operon,
it means that the enzymes and other proteins needed for lactose metabolism are only
produced when they are really needdthis ensureshat unnecessary energy is not
expended by the bacte(iBean etal., 2008)

Although less widely studied, the Gus Operon is thought to work in a similanMigyin

the GUS operon specifically, four genes are presgusRencodes a repressor protein
ultimately controlling theranscriptionof the other functionagjereson the operon Once

the desired substrate, in this case a glucuronidated ligand, is present the rgma&ssor
encoded by gusRwill temporarily become disassociatedrom the regulatory region
(Hughes et al., 1992; Little et al., 2017his allows te operatorpromoterregon to
become unobstructedRNA polymerase cabind andtranslation of gus, B and Cinto

their respective proteinsill begin ((Novel and Novel 197685uo 2014 Little et al., 201Y.



B

GunFI Enterobacteriaceae
Eschernchia
Salmaneaila

(] 3 Kiebsielia
S GUS O E Shigella
.uv‘-\u-: RGleA o plus R-GlcA: peron Expression Yarahiln
e.q., mlnw-. R-GlcA: GUS Operon Repression
PNPG
gusR Operator qusB gusC
Glucuronide ﬁ&lu:uronidasn Glucurenide Glucuronide
Repressor GUS -H* Permease
[GusR) Symporter
GUS Operon

Figure 1-1 Schematic of the GUSperon in Enterobacteriaceaeln the absence of a
glucuronide ligand (FGIcA; yellow), GusR (green) is expected to repress (red) the
downstream transcription of the GUS operon proteins GusA, GusE;as(d (grg) by

binding to a specific DNA operator siti the presence of a glucuronide ligand (e.g., p
nitrophenyl glucuronide), GusR disassociates from the operator to allow GUS operon
expression. As shown here, only the Enterobacteriaceae, including several opportunistic
bacterial pathogens, contain a Gbi&ron and GusRittle et al., 2017.

ThegusAgen e e n crglueusonidase, thibydrolaseis ableto cleave a wide variety
of glucuronides into its two componenthe glycone and aglycor{(&loux et al.,2010).
The gusB gene encodes a prottinked glucuronide transporter in the cell membrane
(Liang et al.,2005). As forgusG the detailed mechanism of its function remaoisscure;
however one theory has suggested that it encodes an outer membrane protef@uaBing
with transport (Lianget al.,2005).

Membrane transport systems are diverse, thayact for acquisition of nutrients, excretion
of waste or toxic materials, ATP production, nerve signal relay, maintenance of membrane
potential, pH regulation, hormone responses, oxidatind reduction of substances
(Ludewig and Frommer 2002; Blatt 2Q0atsukaet al.,2005; Claycomb and Tran 2011,
Garguadet al.,2011; Watson 2005 The intricate and coordinatedvay operons can be
turned on and off to allow for minimum energy expenditure shows déveyved in a
sophisticated mannéLodish et al.,2002. The proteins found on thesgperonsprove to
havesophisticatedand intriguing qualities, thbroadspecificity of GusB, the glucuronide

transporter proving to be one of these.

In 1961, Stoebarpioneered atady in which he described the GugBoteinto work via
active transportGusB smultaneously transpatthe selectively bound molecule along
with a driving substrate in the same direction across the memasaseen irFigure 1-2.
(Wolfersberg 1994 Liang 1989; Liang 1992; Lian@t al., 2005) Within E. coli, an



example of symport transport is seen in wigblcuronideuphill transport iscoupled with
theco-transport ofanH" ion (Kaback and Wu 1997

transported molecule co-transported ion

o 9

] \/ ,xf

UNIPORT l SYMPORT ANTIPORT |

e

coupled transport

Figure 1-2 Types of transport proteins Uniportersare the most simple example of
transport prteinstranslocating a singular molecule from one side of the membrane to the
other; symporters transloedtvo substances from one side to the other simultangously
this is using an ion of some sort (for GusB this is a praod)antiporters transpart
substance one way and a second substance in the opposite direction @lber&)02)

Stoebar alsgresented findings showing th@usB also had differing affinities for some
glucuronide molecules as opposed to others Stodbay 1961

, Liang et al, 2005. Due to huge variations in aglycone components, questions arise of
how this transporteranrecognse glucuronide with such diverse properties. Not only this,
but why the transport of some substratgsrigritisedover others. It would seem logical to
assume that the answer lies within the molecular recognitioofdite transporterafter all

this is where subsites bind andnitiate the transport mechanisfAriga et al., 2007).
Structural knowledge is unavailable for taisB protein althoughsequence alignments
and hydropathy plots created in previous studies by Liang (1987) showed structural
similarity in hyd-ophobic and hydrophilic regiorte two other transporter proteihdelB,

the Melibiose Carrier protein antlacS the lactosesymport protein (Gunnewijk et al.,
1999; Amin et al., 2014)It was suggested then, that this protiight too belong within

the Major Facilitator Superfamily(Yan, 2015) Liang (1992) created amodel, which
depicted the predicted structure GlUsB based on the assumption that, like the MFS
family, the protein comprised on the 12 TM helicEgy(re1-2) (Yan, 2013) Somewhere
amongstthese helicespresumablywithin the outside loopmust liethe substrate binding

site which when triggered by a complementary substance will undergo a conformational

change allowing transport across the membrane (Madej 2014)
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Figure 1-3 Predicted structure of GusB membrane transporter. GusB is show to be

within the cell membrane with loops of amino acid residues exposed to the inide and
outside of the cell. 12 transmembrane helices can be seen, conforming to the assumption it
is part of the MFSPink shaded amino acids show positively charged amino acids on the
periplasmic side of the membrane and yellow show negatively charged amino acids
(adapted from Liang 1992).

It was not until a study by Ishii (201 was published that any relevant structural
information came to light. In the study, Ishdund an elution peakorresponding to a
pentameric structure in a number of different elution profiles usingesiz@sionHigh-
performance liquid chromatographile later continuetiis work and was able to pvide
two-dimensional electron crystallogrdpy images (See figure -4). Though this is
developmentain regard tostructural findingsthere isstill a need for further work to
identify the location or structural evidence regarding rii@ecular recognitiorsite and

better understand substrate specificity (Ishii et al., 2013).



Figure 1-4 Electron micrographic image of 2D crystalline array ofGusB. Scale bar =

50 nm. b Computed diffraction pattern of the 2D crystalline array of GusB indicated with a
box in (a). The a*and b* axis of the hexagonal lattice are indicated. The dotted circle

line corresponds to a spacing of 2.8 nm. Diffraction bar is 0-1 nim Fouriesfiltered

image of 2D crystalline array showing the diffraction pattern in (b). All diffoa spots

were masked off with Gaussiahaped circular masks and were inverse Fourier
transformed. a = b = 13.75 nm, and ¢ = 120. Scale bar = 50 and 10 nm for the enlarged
inset(Ishii et al., 2013)

With the information available taken into consideyatideciphering key structural amino
acids residues within the molecular recognition sit€e$Bbecame thfocusof this

project. Mutagenesis alloWBNA within an organism te purposely changethis allow
genes to be mutatederefore leading to a digption in the finaprotein structure
(Theodorakis2008)

Site directed mutagenesis (SDM), one of the most common procedures, can create planned
changes in DNA and subsequentlytire amino acid sequenaowing specific amino
acid to be substitued to another with varying properties such as charge and polarity
(Hutchinsonet al.,1978; Edelhejt2009) The ability to deliberately make these changes
can help to identify iaminoacids are relevant to the molecular recognition sit€usB
Protein and enanatic activity measurements of normal and mutgtedeinscan then be
monitoredand notable changes can be observed usingvo organisms, such ds. coli
(Storiciet al.,2001).

In total, six sitedirected mutations were chosen in which specific amagids were
changed to another with differing properties. Ithgught that this may cause changes to
the transport and function of the protein in comparisorthto glucuronide transporter
produced bythe wild typegusBon the pMJB33 plasmid (Bruce andahg 2014). By
relying on molecular cloning techniques, the mutagedB gene was inserted into a



pTTQ18 expression vector, amplified using PCR and then cloned into competewi

cells (Stark1987).pTTQ18 was useds it has atrongtac promoter,in addition to thiss

does not have a naturally occurriggsBgene within its sequence

Should the cloning process be successfug possible that thisnutationwill disrupt the
structural integrity of the protein. If the residue proves to be impomagitiier molecular
recognition this maycause changes in transport activity indicating a disruption in the
binding site and deeming the original amino acid structurally relevant.

A greater understanding of singular genes and proteins in addition todbe systems
they support can allow us to manipulate certain parts in way whichoerasfit society in

the future (Chica 2015) Protein engineering can be particuladgvantageous in the
creation ofreporter geng bioconcentrators and biosensdigan der Meerand Belkin

201Q Gallagher 2012) However, with structural and functional relationships still not
understoodthese applications for GusB are still a distant prospect. By looking at this
protein as a basic structural level, it may uncover the aala of singular amino acids and
internal protein interactions in turn revealing more about the molecular recognition and

substrate binding site of Gugfucuronide membrane transporter

Due to the predicted structure of GusB alignments were condwdtedMFS protein

XylE (SeeAppendix §. Although sequence homology was lowpaper published by
Madej et al 2014 recognisedmutations atposition 27 created a complete loss of
Xylose/H+symporttherefore he first mutation seen in Tablellwas chosenn addition

to this current literatureoutlines the effect that amino acidsubstituted to another with
different charge and polarity can havedramatic effects on protein functionand more
specifically transport (Zhang et al 200Schaefer andRost, 2012). It is important to
recognise that low sequence homology across the MFS is generally low however,
structural similarity is common (Vardyal, 2004; Zhang et al., 2005

The other mutations chosen in the inner and outer loops were somewhat randkbm,
subditutions being made based on the knowledge that interactions between charges and
polarity are important for site structure (Madej and Kaback 2013; Biggin et al., 2016). |
would now seem obvious that mutations should have loshesenbased on more protein
alignments. In addition to this, the focus should have beersiduesknownto be related

to molecular recognitianOr from alignment, amino acithatches withsimilar charge and
polarity with proteins such as Me|B.acSor XylE. This was recognised aft on-going

training andacquiring of knowledgever the course of this masters project.



The substitutioimutationsincorporatedvithin thegusBgene can be seen in Tabld.JAll

plasmid maps can be found in Figuré.2

Table 1-1 The six sitedirected amino acid mutations of the gusB gene conducted in
this study: the name of the mutatios composed ahe transmembran@M) helices of
the substitution mutation as wel theplace the amino acid would be found witlttre

gene sequence.

Name of Mutation |Position ofmutation |Original Amino Acid |[New Amino Acid
on gene Residue Residue

pAB-G27D TM1G27D Glycine Aspartic Acid
(neutral) (Negatively charged

pAB-L119C TM4L119C Leucine Cysteine
(Hydrophobic) (Neutral)

pAB-H183E TM6H183E Histidine Glutamic Acid
(Positively charged) |(Negatively Charged

pAB-N273D TM8N273D Asparagine Aspartic Acid
(Polar) (Negatively Charged

pAB-E362N TM10E362N Glutamic Acid Asparagine
(Negatively charged)|(Polar)

pAB-R406E TM12R406E Arginine Glutamic Acid
(Positively charged) |(Negatively charged




1.2 Aims and Objectives

Aim:
The main aim of this project is to identify key amino acids within the molecular

recognition site of th&. colitransporter proteiusB

Objectives:

The first objective of this project is to desigtigonucleotideprimers forsite specific
mutations at the correct position on thesBgene; this should be thought of logically and
should be designed with consideration to conduct succeBSIR reaction.Therefore,
annealing temperature, GC content and length should be taken into consideration.

Next, using PCR based sitirected mutagenesisthe six chosen mutations as seen in

Table 11 should be individually amplified.

Using correspondg molecular cloning techniques, the mutatpB gene will then be
cloned into theoTTQ18 vector and finally introduced into competEntoli strains.
Transport based test$G(S Assay) using chromogenic pPNG®vill be performed to
determine whether amin@acid mutations cause changes ttansport and possibly
disruption to themolecular recognition site. Binding affinity of specific glucuronides will

also be assessed.

The clones will be sequenced to see if the desired mutation has been incorpordtesl into

gusBgene.



2. Materials and Methods

Throughout this project, procedures relating to cloning and site directed mutagenesis were
undertaken in the laboratory spanning over approximately y@aebasis. Lab work was
extended from a-honth to al2-month period due t@ lack of resultsfrom cloning
proceduresindthetroubleshootingvhich followed

All lab work was undertaken at Bournemouth University under the direction and help of Dr
Wei Jun Liang who supervised the project.

It was essentighat before any ladratorywork could begin both induction and equipment
training was completed. In addition to thgeveralforms including risk assessment and
COSHH were completed. Due to the useEofcoli rather than mammalian or human
tissues an ethat checklist was not necessary. All procedures are outlined in the following
pages listed in the order they were undertaken, please note these are approximate and some

may have been performed on multiple occasions.
A list of plasmid maps for the clones this study as well as tHe. Coli strains can be

found on the following page and referred back to as required when addressing procedures

in the methodology.
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Table 21 Bacterial Strain Information : The bacterial strains used to make corapet

cells; E.coli 5-alpha and 1ldbeta strains wererdered from New England Biolabs and were

already competent.

Bacterial Genotype Additional Strain Where from
Strain Information & CatlLog no
MC1061 Firar aD1 39u)feo6s - from K12E. colistrain | Supervisors
gal E15 gal K1 (Mandel 1970) own
rpsL (StrR) hsdR2 (rK - Transformation
mK+) mcrA mcrB1 Efficiency: >1.0x108
cfu/ug puC19 DNA
5-alpha fhuA2 -pgZJi6§FE-Der i vati ve |NewEngland
CompetenE. [ph oA gl nV44 |-FromK12E. colistrain | Biolabs,
coli (From (!l acZz) M15 gl (Mandel 1970) C29871
NEB) relAl endAl thil hsdR17 | - Transformation
Efficiency: 1- 5 x 108
cfu/eg pUCLY
- T1 phage resistant
- endonuclease | (endAl)
deficient for hgh-quality
plasmid preparations
10-beta o ( aleun7697 araD139 | - Derivative of MCD61 New England
CompetenE. |f hu A ol ac X7 4| - From K12E. colistrain | Biolabs,
coli (From galE15 el4 (Mandel 1970) C3019I
NEB) «80dI| acZ M1 5| -Transformation

relAl endAl nupG rpsL
(StrR) rph s
hsdRMSmcrBC)

efficiency: 13 x 109
cfu/ug puC19 DNA

-T1 phage resistant

- endonuclease | (endAl)
deficient for high quality

plasmid preparations
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Figure 2-1 Plasmid Maps of the template plasmid used for PCR amplification and
plasmid maps for each plasmid containing site directed mutations created specifically
for this project 1.Wildtype pMJIB33 and the plasmids created in this research project
containing site directed mutations in the gusB gehepAB-G27D, 3. pABL119C, 4.
pAB-H183E, 5. pABN273D, 6. pABE362N, 7. pABR406E. The maps show all
restriction sites as Jleas the tac promoter sequence, origin of replication, antibiotic
resistant marker (Bla) and laclQ.

2.1 Preparation of LB Media and LB Agar for culturing bacteria cells.

LB media and Agar plates were needed throughout. They act as a nutrient base which
erablesbacteria culturesH. coli in this study) to grow, this may be either in a liquid
culture or agar plates on which chosen samples are streaked.

The following constituents were added into a 1 litre (L) DURAN bottle:

600 ml of Distilled water

10 g Tiyptone (amino acid mix)

5 g NaCl

10 g Yeast Extract

Once the correct solution had been made up, the appropriate amount of distilled water was
added to make the final volume 1 L, the glass container was placed into the autoclave
making sure that thiswgsut on the 6l iquid mediad sett.i
of LB media was made intended for agar plates therefore 15 g Agar was added before
autoclaving the solutiofor around 20 minutes metal stirring rod was added and put onto

a metal platen order to mix the solution prior to autoclaving. For experiments that
required antibiotiecontaining media or plates (crucial for this project as clones with
contain antbiotic resistance gene), ampicillwas addedto the solutionAFTER the
sterilisation using the autoclaveue to the sensitivity at high temperatuhe this case
ampicillin was added at a concentration of rifon|.

For plates:

Firstly, it is essential to keep any bottle containing LB media sealed not in use to avoid
contamination. A Basen burner was lit and placed on the blue flaomee the bottle was
opened the rim and the lid of the bottle were heated for sterilisation purposed (Sanders
2012). LB media was poured onto the elat was essential not to touch the lid of the
bottle na plateto avoid contamination.

The plates were left to cool and set, they were then labelled appropriately with the date and
initials e.g. LB media, 12/03/2016, AM. If the LB plates contained ampicillin this was
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included in the name and marks were taitthe side of the plate to make this clear. They
were kept in refrigerator until needed at other points during the projébten
microorganismsieed to begrown andharvestedthey can be taken from ppreparecE.
coli samplesand inoculated onto plaef liquid media. This can then be heated to promote

bacteria growth.

2.2 Plasmid DNA extraction:

Plasmid DNA extraction (using Quicklyse Miprep kit from Qiagen) allows the isolation
of plasmid DNA from bacteria strains using the alkaline lysis treatmgEhrt and
Schnappinger, 2003)in this project pTTQ18 was used, this plasmid vector has been

designed to have high levels of regulated gene expression levels in addition to a strong

promoter (Stark 1987; Suradéeal.,2006).

Amp-R (B4 . 103)
‘Scal (172)

(3085) Hpal

(3929) EcoRV \ _Ahdl (633)

(3890) BssHIl _ .

(3600) Apal _
(3686) PspOMI _ ~
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(3493) Bll * —_
3479) Miul —

— — AlwNI (1132)

pttqls
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_  ———— pBR32Zori-F (1386 .. 1405)
—Pcil (1541
T 14440 (1639 . 1656)
~___ BspQl - Sapl (1638
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___—EcoRI (2001}
~— Eco53kl (2000}
———— Sacl (2011)
— Acch5l (2013)
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— ——— BmeTl10l (2013}
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N .
LA ot
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(2077 .. 2995) pBRforEco
(2075) Eco01091 =~

(2017 ..2039) pGEX 3~ v

2016) Pfol |

(2798 .. 2817) pRS-marker |

Figure 2-2 The pTTQ18 plasmid mapthis map shows thine lac promotedad and lacZ
gene, the ampicillin redsncegene,and the origin of replicatiorAll restriction sites are
also shown including EcoRI and Kpwhich were the restriction enzymes uded this

project(Stark et al., 1987)
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1ml of bacterialculture was pipetted into separate 1.5 ml microcentggutubes. These

were clearly labelled to avoid any mix up throughout the process. Each sample was then
placed into the centrifuge at 13,000rpm for 3 minutes to precipitateattieria.The liquid

was pouredaway;any remanencef liquid in the tube wasliscarded. 250 pl of Buffer P1

was then added to each tube containing the DddAple;the cells were rsuspended

using the vortexmixer. Once mixed adequatelhall samples were left to stand for 2
minutes, 250 pl of Buffer P2 was then added and the tubesimeerted 6 times. This was
followed by the addition of 350 pl Buffel3; tubes were shaken and then suspended
upside down for 8.0 seconds.

The samples were theentrifuged for 10 minutes at 13,000 rpm, 800 ul of the supernatant
from each sample wagansferred into separate spin columns using a pipette and
centrifuged for a further minute. The aqueous flow through was discarded. 0.5 ml of Buffer
PB was added into each spin column and centrifuged for 1 minute, the remaining liquid
was discarded. Nexhé DNA left in the column was washed using 750 ul ofldRier;

this was centrifuged again forfarther minute. A additional 350 pl of PE buffevas

added and centrifuged for 1 minute. The liquid was again discarded then centrifuged once
more to removeray r esi dual buffer. Al l sampl es we
few minutes to remove any ethanol left from the PE buffer, residual ethanol could inhibit
subsequent enzymatic reactions. Once removed from the incubatoinireolumnnow
containirg just the purified DNA was placed into a new Mirocentrifuge tubevhere 50

ul of Buffer EB was added and centrifuged for 1 minute teugpend the DNA within the
solution. The filter was thememoved, and it was made sure that the lid of the
microcertrifuge was shut properly. All samgd were then stored aR0°C for future use.

Gel electrophoresis was then conducted to identify pTTQ18 according to size (4563 bp).

2.3 Oligonucleotide Primer Design for the mutantgusBgenes

Oligonucleotide pmers for sgcific PCR amplification were designed carefully all based
on the intended DNA template,vald type pMJB33 clone containing thgusBgene(See
appendix 3)(Bruce and Liang 201Zhe primers includedite-specificmutationsto create

an amino acid change ehosen points within the sequend&ccording toDieffenbachet

al., (1993 there are a number gfeneral ruleghat should be taken into consideration.
Primers should be 134 nucleotides in length, at this length thase adequate for
specificity but siort enough to bind to the template at the annealing temperaheesC
content should be around -460% to keep the melting temperatusetween around 52
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58°C as primers with a melting pditower than this result in nespecific bindng (Lorenz

2012. For flanking primers restriction sites for appropriaéstrictionenzymes had to be
included with random nucleotides added at either end to allow cutting. Corresponding
primers were madetohave dWi t hi n 5e C of pranerswil am¢ahtethe s o |
template within the same reactid®irigh and Kumar 2001

Primers for this project are seen below:

Table222The forward and reverse3dmuasageasicg ped
project. Nucleotides highlighted in red show where the substitution mutation neéés to
made. Thaneltingtemperature (f) for forward and reversprimersareshown in the last
column. Yellow and blue highlightegarts of the sequence represanicleotidesnot
included in thegusBsequencethese are added for efficient restriction digest later stages of
cloning (Feeney et al., 2014%reenhighlightedsections show the open reading frame of
gusB

Name of primer |Primer Sequence Tm for primers
(Forward and (eC)
Reverse)

TM1G27DF |5 -OTTCGCAATBMBGGCGCTCTTF3 o 65.3
TM1G27DR 5 MAGAGC%Q-ATTGCGAAG 0

TM4L119CF 5 -ATGGG GGGCTTTGCTAG3 6 67.8

TM4L119R |5 0GTAGCAAAGCCOEBBIGCCCAT-3 6

TM6H183EF |5 GCGGTATACBBT TCTGGACA-3 0 63.9

TM6H183ER 5 -GGTCCAGAABIBGTATACCGA-3

TM8N273DF 5 GTGCAABBECTGGTTGGTA3 6 62.6

TM8N273DR |5 -TACCAACBBGTCTTGCAG3

(@}
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TM10E362NF |5 GSGCGCTAMBBGCTGATAC3 6 66.3

TM10E362NR 5 G TATCAGOBBICAGCGCG3 6

TM12R406EF |5 6GGCATABMBACATCAATTG-3 6 60.4

TM12R406ER 5 0CAATTGATGTBIBGATGCC-3 6

ER1gusBF 5 0 -
(based on AATAAGAATTC ATGAATCAACAACTCTCCTG-
pMJB33 clone) 3 6

KplgusBR(base 0 -
on pMJB33 TTGGTACCITAATTAGTGATATCGCTGATTAAT -
clone) 3 0

atgaatcaacaactctcctggcgcaccatcgtcggctacagect cggt gac gtcgccaat
MNQQLSWRTIVGYSLGDVAN

aacttcgc cttcgcaatg ggggcgctctic  ctgttgagttactacaccgacgtcgetgge
NFAFAM G ALFLLSYYTDVAG
gtcggtgccgetgeggegggceaccatgcetgttactggtgegggtattcgatgectt cgce
VGAAAAGTMLLLVRVFDAFA
gacgtctttgccggacgagtggtggacagtgtgaatacccgcetggggaaaattccgeccg
DVFAGRVVDSVNTRWGKFRP
tttttactcttcggtactgcgecgttaatgatcttcagegtgetggtattctgggtgecg

F L LFGTAPLMIFSVLVFWVP
accgactggagccatggtagcaaagtggtgtatgcatatttgacctac *
TDWSHGSKVVYAYLTYMG G
Gifigetaciil agcctggtgaatattecttatggttcacttgctaccgcgatgacccaacaa
LCYSLYV NIPYGSLATAMTOQAQ
ccacaatcccgegeccgtetgggegeggctegtgggattgecgcttcattgacctttgte
PQSRARLGAARGIAASLTFYV
tgcctggcatttctgataggaccgagcattaagaactccagcccggaagagatggtg tcg
CLAFLIGPSI KNSSPEEMVS

gtatac cat ttctggaca |attgtgctggcgattgccggaatggtgctttacttcatctgce

V'Y H FWTIVLAIAGMVLYFIC
ttcaaatcgacgcgtgagaatgtggtacgtatcgttgcgcagecgtcattgaatatcagt
FKSTRENVVRIVARQ PSLNIS
ctgcaaaccctgaaacggaatcgcccgcetgtttatgttgtgcatcggtgegetgtgtgtg
LQTLKRNRPLFMLCIGALCYV
ctgatttcgacctttgcggtcagcgectegtegttgttctacgtgegctatgtgttaaat

19



LISTFAVSASSLFYVRYYV LN
gataccgggctgttcactgtgctggtactg gtgcaa aacctggttggta  ctgtggcatcg
DTGLFTVLVLVAQ N LVGTVAS
gcaccgctggtgccggggatggtcgcgaggatcggtaaaaagaataccttcctgattgge
APLVPGMVARIGKKNTFLIG

gcttty  ctgggaacctgcggttatctgcetgttettctgggtttcegtctggtcactgecg
ALLGTCGYLLFFWVSVWSLP
gtggcgttggttgcgttggccatcgcttcaattggtcagggcegttaccatgaccgtgatg
VALVALAIASIGQGVTMTVM

tgggcgetg gaagctgat acc gtagaatacggtgaatacctgaccggcgtgcgaattgaa

W A L E ADTVEYGEYLTGVRIE
gggctcacctattcactattctcatttacccgtaaatgcggtcaggcaatcggaggttca
GLTYSLFSFTRKCGQAIGGS
attcctgectttattttggggttaagcgga tatatcgccaatcaggtgcaaacgccggaa
IPAFILGLSGYIANQVQTPE

gttattatg ccttagtaccttgcggatttatgctactggea
VIMGI TSIALVPCGFMLLA

ttcgttattatctggttttatccgctcacggataaaaaattc aaagaaatcgtggttgaa
FVIIWFYPLTDKKFKEIVVE
attgataatcgtaaaaaagtgcagcagcaattaatcagcgatatcactaattaa
IDNRKKVQQQLISDITN

Figure 2-3 The GusB Nucleotide and Protein sequencelighlighted sedbn show where
each set of forward and reverse primers will bind to the sequence. The highlighted amino
acid underneath the nucleotide sequence identifies the location where the substitution
mutation will occurYellow: TM1G27DPink: TM4L119C Green: TM6H183E Grey:
TM8N273D Turquoise: TM10E362NRed: TM12R406E Forward primers will attach to

the template DNA fragment at the start of the highlighted sequence for each mutant and
copy until the stop codon on the gene. This will happen in reverse for the nexeTees
therefore creating fragments with different molecular weights.

2.4 Diluting Primer s

After designing the primers, the proposed sequences were ordered from Eurofins
(www.eurofins.co.uk)these were rehydrated with TE buffer to a concentration afi00

and stored at2 0e C unt i | further ugpHaof 8tddtopDNases f er
from reacting withothersubstrates (Bansal 2013).

2.5DNA template and vector preparation

For this projecgusBwas the gene of interest, théore aDNA templatecortaining this
gene must be prepared prior to use in the later stages of cldnimgs alscessentiato
prepare the expression vector pTTQ18 as this would be needed towards the end of the

cloning proces$Stark, 1987)
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pMJB33 and pTTQ18 samples had bstared at80°C to ensure no enzymatic reactions
occurred and degradation of samples was prevented.

E. coli cultures containing the plasmidsre streaked onto agar plates using a sterile metal
loop. All the platesontainedampicillin in orderto preven the growth of bacteria &t did

not contain the genef interest.

It is important to note that plasmid vectors containing the gene of interest also included an
antibiotic resistancgene;this meant bacterial strains that had taken up the plasmid

still be harvestedn these plates, even in the presence of ampicillin.

NOTE: the metal loop used to streak cells vasrilisedbefore and after streaking to
avoid contamination (Sanders 2012).

The platesstreaked with bacteriaere placed upside dowinto an incubator at 37°C and

left overnight in order avoid loss of moisture. This can also help to stop unwanted
contaminants or condensation falling from the lids onto the agar plates (Kercher 1995).
The following morning the plated samples were clkeckor signs obacterial growth.
Bacteria colonies were presemdstrains could be inoculated into liquid LB media.

All samples were put into a shaking incubator at 250apB8v°C then left overnight. The
following morning checks were made to see ifschad grown, if the mixture was cloudy
this had been successful and plasmid DNA extraction using the QIAGEMNpremikit

could go aheasee Section 2.2)

2.6 Concentration determination of plasmid DNA

Concentration of DNAand proteinwas measured at »4nMm/Azgam With using a
Nanodrop2008 . The Nanedrop measurethe absorbance of UVtadiation byDNA to
determine he purity of the sample. Ay values represent thmncentration ohucleotides
and Ao values represetihe concentration of purified proteiAssessinghe concentration
of DNA it is possible to calculatde optimum primer dilution for PCR to be calculated.
This increases the chances of successful PCR results. In this study pMJB33 was used as
this plasmid already contained a function®gS operon.

For primer DNA,concentrations of 501 were optimum wiéyeo readings obetween 0.2
0.8. The Asd/Azgo ratio should be between 12in order to be within optimal purity
range. For any results that exceeded this, dilutions werade, and sampleswvere
measured again until they met optimum absorbency levels.

The sample with the highest purity could then be used for primary PCR.
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2.7dNTPsPreparation

To amplify DNA, a dNTP solution containindour nucleotide bases was needed
containingdATP (adenire), dCTP (cysteine), dGTP (guanine) and dTTP (thymine). The
stock solution should have a final concentration of 10 rike stocksolution can be

stored in a freezer and aliquoted when needed in PCR reactions. The stock should be
diluted accordingly prior @ carrying out any further reaction® the optimum

concentratiorof 2mM.

Table 2-3. dNTP recipe for 100mM stock solution containing sodium salts dATP
(adenine), dCTP (cysteine), dGTP (guanine) and dTTP (thynare)all needed for
amplification reactios.

Component Amount (pl) Concentration
dATP 25 100 mM
dGTP 25 100 mM
dCTP 25 100 mM
dTCP 25 100 mM
Distilled H,O 150 n/a

2.8 Amplification of DNA using the Polymerase Chain Reaction (PCR)

The polymerase chain reaction is a ta@ghe invented by Kary Mullis (1983). The main
objective of PCR is to copy a specific DNA sequence and then amplify this to produce
thousands or sometimes even millions more. It is essential for the next steps in the cloning
process and in eventually obiaig mutated GusB proteinsBefore beginning the

procedureall components were placed on ice.
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Table 2-4 PCR Amplification Reaction Mix. Constituents needed for a 50 pl reaction
solution to carry out PCBmplification: Volumeand concentration for eaclave been

given

Constituent Amount Final
needed (ul) |Concentration

Distilled H,O (dH;0) 32.5 -

5X Green GoTaq® Flexi Reaction Buffer (Promega (10 -

Ltd)

25 mM 2 1mM

MgCl,

1 mM dNTP 1 20 uM

10 puM Primer DNA (Forwed) 1 0.2 uM

10 pM Primer DNA 1 0.2 uM

(Reverse)

Plasmid DNA (pMJB33) 2 27.1 ng

GoTag DNA Polymerase (Promega 0.5 5 u/ul

Ltd)

Primers listed in section 2.2 required a further 1 in 10 dilutanthde PCR reaction. It

made sense to make up a bulk batch for future use therefore 10ul of each primer was
aliquoted to the corresponding 0.5kticrocentrifuge tubg90 ul of distilled H20 was then

added and mixed thoroughly with a pipette. This meantiigaprimer solution was readily
available at the correct concentration of 0.2 uM.

Twelve0.2 ml PCR tubes were labelled according to sample name, 32.5 pl of distided H

was added to all tubes. Next 10 ul of 5X Flexi buffer was added, this increaspke sa
density, whichhelps it to sink into gel wells during electrophoresis. 2 ul of 25 mM MgCl

and 1 pl of 1 mM dNTP was also added to all tubes. These components can be made into a
master mixoefore allocating into separate aliquots for each PCR reaction

Each specifically designed primer with the desired mutation (as seEabla 22) was

added to the reaction mix. Each primer, at this stage, was added to a singular and separate
reaction to the others therefore meaning there were 12 different PCRcluitaming
differing primers in each. Depending on the nature of the primer, a corresponding forward
(EcoR) or backwards primer was addé<pql).
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Couble started template ONA

Juring PCR the samiple is
heated, hydrogen bonds
break and the twa stands will

separate

—

Ihe forward primer TM1G27D-F
will hind to the
template strand at the
neatr the start of the
gusE sequence. Cnce
bound, DMA polymerase
will add nucleotides
until the stop codon is
reached. This strand is
expected to be 1304bp

I he reserve prirer TM1GZT7D-R
will bind to the
template strand at the
same place on the DNA
sequence. Howewver, this
will copy the sequence
in the opposite or
reverse way. This
means this strand will
be much smaller at
89%p.

in length

==

| —

L]

ECR both DMA fragments are

added and to the reaction mix.

They then undergo a second

round of PCR.

DHA fragments

fuse at this step to create a
DNA template containing the
mutated guss gene.

Figure 2-4 A diagram to show the overlap extension of DNA fragments in PCR
amplification. Two DNA fragmens are amplified with primers containing an overlapplng

sequence.

One

fragment i
primer. After amplification of both the DNA fragments is mixed, PCR is performed with
primers to produce fusddNA. Primer annealing allows an overlap extension reaction,

S

amplified

resulting in fusion of the two fragments containing the desired mutation.

The template DNA (pMJB33) was aligted to all PCR tubes and the solution was gently

f

r

st

mixed using a pipette. Finally, Gad polymerase was added and all tubes which were

immediately placed on ice. The temperature needed for annealing in a PCR reaction

depends on the T of the primers, because each primer has a different annealing

temperature a gradient PCR programme is beiaef{Fukui and Ishii, 2001)This allows

each sample to work at the optimum annealitgmperatures which oftereduces the

chance of norspecific amplification.
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The samples were placed intbe Pegstar Thermocycld#CR machine All relevant
conditions wed for PCR amplification can be seen in Tablé. 20nce removed all

samples were immediately stored in the freezer until gel electrophoresis was performed

Table 2-5. Recommended PCR thermal cycling conditions when using the GoTaq®©
DNA Polymerase in PCRamplification-As r ecommended by Promeg

Step Temperature (C) Time (minutes) Number of Cycles
Initial Denaturation | 95 2 1

Denaturation 95 1 30

Annealing 58-62* 1 30

Extension 72 1 30

Final Extension 72 5 1

Soak 4 Indefinite 1

* This differed depeding on the T, of primers designed for this project as seen in Table 2
2.

2.9 Fusion ofgenefragments using fusion PCR

A

Af ter PCR 6cl eaned wupbéb

(catalogue number 28104pligonucleotide pmers were duted 10 times infris EDTA

t he products were
(T10Ey) buffer, becausette DNA concentration within the samples from primary PCR was
too high.For fusion PCR to be successful both mutated forward and reverse DNA primers
must be fused together in order to produce a singléldairanded fragment containing
the desired mutation (as created using primer design).

The PCR reaction includedt@mperaturgradient at which thprimer melting temperature

of both forward and reverse primerngere taken into consideration, #@mperatee that

would allow for thebindingof both primergo the template DNA.

The PCRreaction wass follows(Seefollowing page)
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Table 2-6. Constituents needed for PCRamplification intended for fusion of gene
fragments. This appliedo theamountof each componemeededo make up &0ul
solutionvolumeandfinal concentration of eadl statedbelow.

Constituent Amount Final
needed for 5(Concentration
ul reaction
()

Distilled H,O (dH0) 32.5 -

5X Green GoTaq® FlexReaction Buffer (Promega (10 -

Ltd)

25 mM 2 1mM

MgCl,

1 mM dNTPs 1 20 pM

EcoRlIforward flanking primer 1 0.2 uM

Kpnl Reserve flanking 1 0.2 uM

primer

Forward primer (samples@) 2 30-50ng

Reverse primer (samplest) 2 30-50ng

GoTag DNA Polymerase (Promega 0.5 5 u/ul

Ltd)

2.10 Preparing electrophoresis buffer

Tris-acetateEDTA (TAE) is a commonly used buffer for agarose electrophoresis where
DNA can be separated accorg to the size of the fragmem.concentrated stock solution

(50x TAE)was made prior to performing Gel Electrophoresis.

2.11 Gel Electrophoresis

The purpose of gel electrophoresis is to separate DNA fragments according to their
molecular size. A correspoimdl mo | e ¢ ul a raddebemasgused asd ineans of
determiningthe size of eachproduct on the gel. This allowigentification of products
yieldedduring PCR amplificationbased on their expected size and molecular weight. An

electric field is applied théank containing the gel, negatively charged DNA will then
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migrate through the agarose gel towatls positive electrode. If the size of the DNA

fragment is larger it will migrate at a slower rate and vice versadiak,2012).

2.11.1 Electrophoresis gel peparation

40 ml of 1X TAE (TrisAcetateEDTA) buffer was measured in a measuring cylinder and
transferred to a flask.6 g of agaroserasweighed and added into the flask containing the

1X TAE. This was swirled gently to mix then placed in the micrcavantil the agarose

had dissolved fully. The mixture was left to cool for a few minutes then 0.4 ml of Sybr safe
cel | stainE was added, the flask was swi
throughout the solutionThis made the desired 1.5% agagel.

2.11.2 Loading the samples for electrophoresis

The 1 kilo base (kb)adder (0.05 pg/plfrom New England Biolabsvas loaded into the
first well of the gel, located on thiar-left hand side. 1 pl of green flexi buffer was
allocated to a micrgentrifugetube; 4 ul of the PCR product was then added and mixed
thoroughly using a pipette. The dye contains both blue and yell@swhich separate
duringelectrophoresisso the migration can be tracked. ThglSample is then added into
separatavells; the exat location of each sample is notedhese steps were repeated for
the separate PCR products.

2.11.3 Electrophoresis

TheBio-Rad power pack for Electrophoresigasleft to run for 40 minutes. Bubbles
should appear at negatively charged electrode closts twellsasDNA travelstowards

the positive electrode.

2.11.4 Visualising the gel with a blue light box

The gel was placed onto the surface of the blue light box getting rid of any air bubbles
between the surface and the gel. The orange cover was placeaf thetrans illuminator
box covering the gel, then turned on to producddiWdight. All lights were turned off in
the room and a dark curtain was been pufiedhe Fuorescent bands (DNAgould be

assessed.
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2.12 DNA Purification using QIAquick PCR purific ation kit (Qiagen)

After primary PCR it was advantageous to clean the solution of all other constituents such
as the MgGj, dNTPG6s a-specifiedmplificatisn produats. This ensures that in
next stage of cloning desired DNA products from thet fieaction will bgurerincreasing

the chance of successful gene fusion. DNA purification was done using the QIAquick PCR
purification kit (Qiagen).

The final solution should contain pure DNA fragments from the PCR amplification

processthis can be cheked again using gel electrophoresis.

2.13 Purification of PCR products using Sepharose

Amplification of the DNA provedlifficult. This could have been due to low concentration
of DNA after purificationof PCR productgproduced in the first roundt is alsopossible
small fragments of the polynker were still present in the solution after purification using
the QIAquick PCR Purification Kit . An alternative method usingSepharose (separation
pharmacia agarose) spin column was conducted as a meandtdEghaoting with the

hope that this would later result in fusion of PCR prodi&tistile dass beads wengsed

prior to this step tprevent thdeaking ofSepharose and other products.

The PCR solution wathenpassed through lzeaded form of agarosed washedusing the

10mM Tris-EDTA Na, pH 8.0solution (TioE;).

A 0.5 ml centrifuge tube was used which acted as the spin column, first the lid was
removed,and a small hole was created in the bottom using a sterile safety pin. This was
then placed into &rger 1.5 ml tube. Cutting the efrdm one of the sterilised pipette tips,

a pipette was used to take up 50ul of the glass beads, being careful not to pick up too much
of the solution the beads were deposited in the spin column.

500600 pl of Sepharaswas added and then set to spin at 8000 rpm in the centrifuge for 2
minutes, the flow through was discarded and then the sample was centrifuged again to
remove any remaining solution and ensure the beads formed a compact layer.

One sample from PCR ampdidtion was added into the spin column and set to spin at
8000 rpm for 2 minuteso allow the purified DNAto bind the membranrethis was
repeated for each sampdmd due to the risk of contamination the beads were washed

thoroughly The column was repladeand new pipette tips were useéinally elution
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buffer is added to the column, centrifuged forcitige purified DNA sampléo be rinsed

through into the column

2.14 Removal of the plasmid DNA template

Dpnl treatment aims to digest methylatechplateDNA (Mierzejewska et al., 2014Any

PCR products should not be methylated at the restriction site therefore any products such
as the original plasmid DNA will be removed from the sample during this step. This mean
helps to reduce theumberof parental coloms during transformation resulting in higher
transformatiorefficiency.

To the remaining solution from DNA purification, 5.5 pl of cutsmart buffer was added
followed by 1 pl of Dpnl. This was incubated3fe Gor 1 to 2 hourdo ensure digestion

of template DNA occurred.

2.15 Preparation of gel for gel extraction

Gel extraction involves manually extracted the desired DNA fragment from an agarose gel
after electrophoresis. A larger gel and comb werededthis allows an increased volume

of the PCR sample to be used and ensures a high yield of the desired product is available
for extraction.

All other steps from this point followed the previous electrophoresis method in section
2.8.

2.16 Purification of DNA fragm ents of the gusB gene using the gel
extraction method

By using gel extraction, it is possible to isolate DNA fragments. Once electrophoresis has
been performed, desirable PCR products can be identified by their molecular weight using
the 1kb lalder. This then allows intact piecestbe gelto be extracted and used in the
steps of the cloning proce$or this the QIAquick DNA Gel Extraction Kit (catalogue
number 28704) was used.
The gel was placed ontensilluminator where the band represarg the DNA fragments
were illuminated, a picture was then taken to document their position. Each band was cut
from the gel using acalpel;this had to be precide prevent excess agarose being present
in the sample. It was imperative to clean the scalpenediately after use to avoid any
contamination.
Sterilisedmicro-centrifugetubes were labelled accordingly with the sample name to avoid

mix up. Usingelectronic weighingscales an empty tube was weighed and recorded. The

29



fragment was then placed inthe corresponding tube and the size of the gel fragment
could be determined. This process was repeated for each gel fragment. Next 3 volumes of a
solubilisingbindingbuffer (buffer QG) was added to 1 volume of gel (100 mg~100 pl).

All samples were induat ed at mirutesevelfy @3 mintt€s the samples were
suspended using a vortéx dissolve the gel. Once dissolved futhe mixture showed a
yellow colour, if the solution was an orange/reshdium acetate (pH5) ag added to
decrease the pH ashigher pH can decrease DNA yieldgel volume of isopropanol was
needed per sample, all together 878 pl is needed, this can then be allocated accordingly
into the separate micreentrifuge tubes containing the DNA fragments, once added they
were mixed ging a pipette. 2 ml of each sample was transferred into separate, labelled
spins columns containing a collectitube;these were then put into a centrifuge to spin at
13,000 rpm for 1 minute making sure it was balanced accordingly. Any flow through was
discarded and placed back into the column, 500 pl the binding buffer (QG) wasaitied
centrifuged for a further minute at 13,000 rpm. Flow through was discarded and 750 pl of
PE wash buffer was added and left to stand f6rr2inutes. All samples were defuged

for 1 minute at 13,000 rpm, again flow through was discarded and samples centrifuged for
a further 1 minute to remove any residual buffer. The spin column was added to a clean
micro-centrifuge tube, 50 ul of elution buffer (EB) was added and ifegéd for 1

minute, after they were put into the incubator for a few minutes to remove any ethanol then

stored in freezer for future use in the cloning process.

2.17 Preparation of DNA ends for sub cloning

Both plasmid vectorppTTQ18 and fused products hdd be digestedvia restriction
digeston. Kpnl and EcoRI Enzymes corresponding to restriction sites, which do not cut
within thegusBgene, were used.

The following process was followed for this:

Before starting the following components were place on ice:

10X NEBuffer 2, 10 mg/ml BSA,Kpnl, EcoRl Plasmid expression vector DNA
(pTTQ18), Purified DNA product and Distilled water.

Sterilised micrecentrifuge tubes were labelled accordingly with sample name/number. 38

el of distill ed rieanicre-centniugestubaidd endy tao pa pet ¢ e
NEBuf fer, 10 mg/ ml BSA were then added to
was added to a correctly |l abelled tube ai
| abel | e dofEcoRIvwasaddedto ané of the micimentrifuge tibescontaining the
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pTTQ18plasmida n d 1 Kpallwas @dded tohe othertube also containing pTTQ18.

Kpnl andEcoRIwere added to all purified DNAagmentsas these are able to undergo a
double digestThese werghen ncubaté at 37°C for 23 hours, all samples for double
digest were left for 4 hours..

Electrophoresis was performed for all samples to check a cut has been made, if the process
was successful purified DNA samples were stored in the freezersetibad restriction

enzymes were then added to Hanples and incubated for an additiondl Rours.

2.18 DNA purification to removeenzymes used in restriction digest

DNA Phenol Chloroform Extraction usingphenol chloroforniisoamyl alcohol
(Phe/Chl/IAA, 2524:1) (SigmaCAS number:13611200-0) has to be conducted, this is
because heat it is not possible teadtive theKpnl enzyme using the heat
Phenotchoroformisoamyl alcohol mixture (phenol) (pB) was added to sampl€$00

ul to samples labelled1-6; 300 plto samples labelledpnland EcoR). This chemical is
anirritant, so it is vital this process was conducting using a fume cupboard

Two visible layers should be seen in the bottle of phenol, however if the glass is too dark
or this is not possiblearound 300 ul of water was added into a micentrifuge tube
followed by 300 ul of phenol, if the phenol sinks to the bottom and forms a separate layer
layer this shows that the chemical is ok to use. After the phenol had been added to the
samples they ere separately vortexed in order to mix the solution. A white precipitate was
visible (proteins) however at pH 783 phenol carremoveRNA and protein. This meant

the remaining solution contained DNA only. Each sample was then centrifuged at 10,000
rpom for 10 minutes, meanwhile a new set of clean, sterilisietio-centrifuge tubes were
labelled for each sampl&heclear aqueous layer on top of the siwint(this is the purified

DNA) was transferred to anicro-centrifugetube;the process was then repehter each
sample.

This procedure must be done in an extrenpegcise manner to prevent contamination and

to ensureproteins are not present in the final sample, this could affect PCR assay
(Mirmomeniet al.,2010).

2.19 DNA Precipitation using ethanol

The steps of ethanol precipitation aim to purify and concentrate the DNA that has been

recovered during gel extraction and the phenol treatment process (Beaket996).
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Firstly 220 ul of Ethanol was added to sample® dontaining 100pul solutions, 64ul was
added to pTTQ18KpsandgedRBscbabal hedgo3000I1 s«
Samples were left in the freezer-20 C overnight.

Al l samples were centrifuged at 13,000 rpt
without disturbing theDNA; this was then covered with tin foil and left at room
temperatur@vernight to dry the DNA precipitat&00 pl of binding buffer (PB) was ddd
tosamples and 200 Ol t &pnlpAdE@RDBS. STahnepsl ee swedr e |
temperature for 20 minutes. Each sample was mixed slowly by pipetting then transferred to
labelled spin columns.The method for PCR purification using the QIAquiciCR
purification kitE was wused to obtain 30
Agarose Gel Ectrophoresis was then performed an agar gefo see if the DNA was

presen{Section 2.11)
2.20 Dephosphorylatonof 56 end of DNA

In the cloning procesthis step, Shrimp Alkaline Phosphatase (SAP) Treatment is used to
dephosphoryl ate the 56 ends of t hdgatDhgNA, t
(Nilsenet al.,2001). It is essential that it remailisearised uptake of the mutated DNA
fragmentby the plasmid is required in the next step which would be impossible sheuld re
ligation occur. This step therefore reduces background colonies in future steps.

For each 30 pl sample 3.5 pl of 1@Xitsmart buffer and 1 pl of SAP was added, these
wereputi nt o t he i nc u b6 mioutes. dd ina@ivate e SA® enzydnd the
samples were then incubated 65eC for 5 mir

2.21 Ligation of desired DNA fragments

Ligation allows the vector DNA (pTTQ18ee Figure 2) to join with thePCR products
containing themutated gené@New England Biolabs 2017).

Once this step was complete, the ligation reaction was set up using controls and left
overnight at 16°C. The next morning the mixture was then heat shocked at 65°C for 10
minutes in ordeto denature the T4 ligase.
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Table 2-7 Ligation mix containing different ratios of vector to insert DNA - shown in
red. oO0*Control 1 @vill pradoce solonies itcanditiopsTad@@rialdor
the reactionps a positive control tiest transformation efficiency in the next step of
cloning é6**Control 26 shows cut pTTQ18
should produce noolonies.L1 refers to the reaction mix with a vector ratio of 1:1, L2
refers to the reaction mixith a vector ratio of 1:2 and L3 refers to the reaction mix with a

Uus ¢

vector ratio of 1:3.

VVolume (ul) | Volume (ul) [Volume (ul) |Volume (ul) | Volume (ul)
Components [Control 1*  |Control 2** L1 (samples |L2 (samples |L3 (samples
1-6) (1:1)  [1-6) (1:12)  [1-6) (1:3)
\Vector 1 1 1 1 1
Insert - - 1 2 3
10X Ligase |2 2 2 2 2
Buffer
T4 Ligase - 1 1 1 1
H20 17 16 15 14 13
2.22 Making Competent Cells

Al t hough E. @aln pebistDE 106 wer® bréught from Ne England

Biolabs, another strain MC106Gdbtained from my supervisor Wéi u n

S 0ome
Liangbds p
work was usedthis needed to be made competent before use using a calcium chloride
procedurgsee Table A for relevant information on strains)

MC1061is a paental NO294E. colistrainpreviously used successfully by my supervisor
Wei-Jun Liang for inner membrane protein research due to its ability to tolerate high level

of expressionMC1061has a functionajjusAhowever;the gusBis nonfunctionaldue to a

mutation at the 100codon from Proline to Leucindhis would decrease the chances of
background activity fronk. coli strainsand transport seen would likely be the results of
MC1061 successfully takingp the pTTQ18 plasmid containing the mutatedusB In

addition to this it has an IPT@®&ducible tac promoter, therefore this strain will used for
transport tests should transformation be successful.

The other strains were used due to their high transformaffariency; this was needed

due tosuch low oncentrations of DNA being present after ligatioreaning super

competent cells were requirelfi.bacteria colonies were harvested from these cells, the
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plasmids could then be extracted using the 4piep procedure and transformed into
MC1061 cells for tansport tests and future protein work.

E. coli MC1061 was inoculated in LB media overnigilaced in the orbital shakat a
temperature 087°C in order to promote growth. TMC1061 culture was inoculated into
fresh liquid media andwasset to shake vigrously until the cells reachedsdy= 0.20.3
also known as log phase. OrHog phasewas reached the culture was chilled on icejll

of cells were then transferred to miarentrifuge tubes and put into the centrifuge for 2
minutes at 10,000 rpm at amperature of 4°C. Theupernatantvas discarded and the
cells were resuspended in 0.5ml of ice cold, sterile calcium chloride buffer (50 mMJCaCl
10mM TrisHCI, pH 8.0).

All suspended samples were left on ice for 15 minutes, next they were centréuged
10,000 rpm for 1 minute at room temperature. Siygernatanivas discarded and the cells
were resuspended in 1/15 of the original volume (66 pl) of ice cold, calcium chloride

buffer solution.

2.23 Transformation

This step allows the plasmid harbouring gusBgene to be taken up by the competént

coli cells antibiotic selection was used to increase the chances ofspemific
transformation A positive control containing pTTQ18 and pMJB83salso set up during

the experiment to test their transforioatefficiency.

5-10 pl of plasmid DNA was added to 200 pl of competent cells kepteyrall samples

were placedbackon ice for 30 minutes. Next, samples were heat shocked at 42°C for 2
minutes on a heating blocto encourageuptake of DNA then retured to ice box
immediately for 32 minutes. 330 ul of LB media was added to the samplesnialo
centrifuge tubs were placed in a flask making sure they were tightly shut and placed in the
orbital shaker at 37°C to at 250 rpm for 1 hoAmpicillin containing plates were dried in

the incubator during this time, once dry 200 pl of the cells was pipetted onto plates and
spread using an L shaped spreader. The plates were then be placed upside down into an

incubator and left to grow over night at 37°C.

2.24 Assay to test transport of the Glucuronide Transporter Protein
(GusB)

2.24.1 Pilot test: time course

This assay helps to determine the time it takes for ga#A and gusBto be induced,

allowing transport of pPNPG and cleavage to occur. Thisalestallows theletermination
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of how lory it is before background USA activity occurs when pNPG is addé&itior to

this experiment, overnightultures of differente. coli strains were set up in LB media
containing ampicillin (100v/ml). For each separate strain onéooy was added inta

flask (flasks promote better cell growth than falcon tubes) containingne@ia All the
abovestepswereconducted using a flame to reduce the risk of contamination.

Flasks were placedintohe or bital shaker at 250 rpm an
With all successfully grown strains, 200ul of the samples added int@0ml of LB
containingampicillin. The samples were then placed back th orbital shakeat 37 e C
for 3 hours IPTG (1mM IPTG final concentration) was added to just one of each of the
samples and set to shake for one hour in the orbital sh&kereach sampl€).5 ml was

added into a 1.5 ml microentrifuge tube containing LB and 0.5 ml into a 1.5midro-
centrifuge tibe containingSodium CarbonateNaCQ;, 1 M) that were put straight onto

ice.

p-nitrophenytb-D-glucuronide(pNPG was added to all remaining sampleat the
following times 0.5 ml of each sample was taken and pipetted into a-n@otafuge tube
containing LB and 0.5 ml intomicro-centrifuge tubeontaining NaC@and pt on ice

2 minutes

5 minutes

10 minutes

15 minutes

20 minutes

After time course had ended, a Naglflank was added to a cuvette and put into the blank
slot on the absorbency spectrophotometer. All samples containing Na&® first put

into the centrifugeat 13,000 rpm fol minute to precipitatBNA cells at the bottom of the

tube. All samples from the centrifuge were removed and using the supernatant all samples
were measured atsbs.

Oncemeasure th®NA precipitatewas resuspended in LB media usingartex. Once re
suspended the samples were pipetted one by one into cuvettes and measured at A600. The
blank in the spectrometer was changed from Na&@ instead LB was used. All samples
were then renoculated,and a culture was left to grow overniglor fimini-prep the next

day.
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2.24.2 Transport test using differing p-nitrophenyl-b-D
glucuronide (pNPG) concentrations

To work out the K, Vmax values and to determine binding affinity for the mutagedB
transport tests using different concentrationgNPG concentrations were tested using
spectrophotometry ODsgp Was used to measure bacteria concentrati@md ODgos
measuresleavedoNPfrom pNPGconcentration.
Cells from plates containing pTTQ18, pMJB33 and pE349A plasmids respectively were
inoculated in 15 ml of LB media containirgmpicillin; they were put into therbital
shaker at 37°C for 16 houts promote cell growth.
If the cells have grown adequately overnight, the culture wasoilated in 20 ml of LB
with a 1 in 30 dilution. There were two samples set up for each strain at this point, to one
of each PTG was added at a 1mM concentration and these were placed back into the
orbital shaker under the same conditions for a further 3 hours.
Once cells have grown in the media gmdtein expression has beewluced by IPTG, six
different falcon tubes shoulbde assigned to each sample witRPG concentrations of
0.25, 0.5, 0.75, 1 and 1.5 mMNPG was then aliquoted to each sample with a final
volume of 3ml.
Once thepNPGwas added, all samples were left for 15 minutes. 500 ul of each sample
was added int®&00pul of 1M Sodium Grbonate (NaCg), thiswill lower the pH and stop
the GusB from cleaving the pNP@&nother 500 plof each samplevas added into@ pl
of LB media. All wereput into the centrifuge for 2 minutes to precipitate the DNA.
The supernatanfrom all samples containing NaG@as transferred to cuvettes aRNIP
concentration wasneasuredit 405nmusing the Shimadzu UXE800 Spectrophotometer.
For samples intended to measuhe bacterialconcentrationusing, the flow through
containing LB wadliscardedand makingsure theDNA was not removed. 1 ml of fresh
LB was themadded the cells and they wemispendedsing the vortex. All samples were

transferred to cuvettes atiidls was measured at 666h

2.24.3 p-nitrophenyl-b-D-glucuronide (pNPG) test for standard curve

A p-nitrophenyib-D-glucuronide(pNPG) testneeded to be set up to allow for comparison
with samples from the transport tedtéhen pNPG is cleaved into PNP it creates a
chromogenic response. Tke Colistrain (MC1061) used to transfo these clones did not
contain functional GusB, therefore cleavage by GusA should means the plasmid containing
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the mutant GusB has likely been taken up. Transport results for functionality can then be
compared to the Wildtype and negative control (pTTQ18)

pNPG was diluted to at the following concentrations: 10, 20, 50, 100, 200 and 500 nM into
1 ml LB solutions. These were all left for 15 minutes. 500pul of each was then adted to

NaCG;, Samples were transferred to cuvettes and measu4€8 aim.
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3. Results

The overall aim of this project intended to find residues within the GusB protein that were
significant to molecular recognition. To achieve this aim, success at each stage of the
cloning sectionis imperative.Oligonucleotide pmers were designed to introduce site
specific mutations into the GusB sequence, PCR was then used to amplify DNA products
containing the mutations. Restriction digest was completed to cut the insert and plasmid
DNA (pTTQ18) so the amplified DNA fragmewbuld then be inserted into the plasmid
during ligation. Finally, the plasmitie introduced into competei. coli cells in the
transformation stage and cells containing the modified plasmid can be harvested. If
transformation is successfulithin the MC1®1 E. coli strain this will allow transport
assays to be condted and after mini prep clones can be sent for sequencing to confirm if
mutation within the sequence was successful.

This sectiorwill detail all the results obtained throughout the cloninggesss Variations

in procedurest each step were introducedojatimise the result®r each procedure.

3.1 Amplification of DNA fragments using the Polymerase Chain Reaction
(PCR)
In order togenerate mutants forward and reverse primer muigst be anplified in this

step of the cloning process. Successful amplificatf DNA in lanes 2, 3, 4, 7are seen
below inFigure 3-1. Both forward and reverse DNA fragmerfts the mutation based at
position L119C of the gusB gene (dentified by the green arrowsyere amplified and

therefore can continue to the next stage of cloning.
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Table 3-1. Expected molecular weight (bp) omutated DNA fragments using designed
forward and reverse primers after PCR amplification. All results could be compared to
this in orderto see if the bands corresponded to the expected weight in order to see in
specific amplification has occurrethis can be seen on a DNA ladder when samples are
run on agarose gel electrophoresis.

Name of Mutation Expected Molecular Weigh{ Expected Moleular Weight
of Forward priner (bp) of Reverse Primer (bp)

TM1G27D 1304 89

TM4L119C 1026 369

TM6H183E 839 558

TM8N273D 558 839

TM10E362N 352 1040

TM12R406E 165 1228

1.5K
1K
750bp
500bo
250bp

- - - -

- 2 304NSRe i8S 10:11-1)

Figure 3-1 Electrophoresis results showing products yielded fromgimary PCR, the
arrows representbands for different DNA fragments. Results can be seen for samples
loadedin lanes 2 (Readrron=Tm1G270R), 3 (Green=TM#119CF), 4
(Green=TM4.119CR), 7 (Yellow=TM8\273DF) and 11 (Pink= TM1R406H~). Samples
in lane3 and 4 ar¢he only PCRoroducts representingprresponding forward and reverse
DNA FragmentsGel: 1.2% agarose, 70V, 40 minutes.

As a means of troubleshooting to achieve amplification for other mutagenic primers,
different concentration®f pMJB33plasmid DNAwere tested (1M, 10 pM, 100 pM, 1
nM, 2.4 nM) to see which produced the clearest band, this would show the optimum

concentration of template DNA and would be used in primary PCR amplificatios.
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fragment was was amplified using primer ER1gusBF amd KplgusBR as sdexlén22.

Lane 3 shows smearing and multiple bands which could mean contamination of the
samples or nospecific binding.The results showed that pMJB38mplate DNAwith a
concentration of 10 pM wasost suitabl€as seen ifrigure3-2).

10p
. (14KB)
t— ]
15 -
- -
1K -
-
750bp e
S500bp “s
250bp

Figure 3-2. PCR amplification for pMJB33 at differing concentrations. Plasmid
template DNA can be seen in the followihgmne 1=2.4M 2=1nM 3=100M 4=10M
5=1pM. The molecular weight ajusBis around 1.4kB therefore it is expected that the
desiredproductswill beseen atl.4kB. The clearest band can be seen using 10pM
concentrations of template DNA in the PCR reactions mix.

Gel: 1.2% agarose, 70V, 40 minutes.

After making the changesboveand also increasing the concentration of primer DNA to
0.4 pM, amplificaion of other the other mutated NA fragmentsplus theinitial PCR
productswas achievedAlthough the dNTP concentration w&so high, the amplified
forward and reverse mutagenic primers for the following samples could be used in fusion
PCR: pABG27D (lans 1,2) pAB-L119C (lanes 34) pAB-H183E (lanes 56) pAB-
N273D (lanes 78).
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1.5K
1K

750bp

500bp
250bp

1523539556789 10 1112

Figure 3-3 Third attempt at primary PCR amplification, lanes represent: 1=TM1F,
2=TM1R (shown by red arrows), 3=TM4F, 4=TM4R (shown by green arrows), 5=TMG6F,
6=TM6R (shown kg purple arrows) 7=TM8F, 8=TM8R (shown by yellow arrows). The
last 4 lanes are TM10F (blue arrow) and R and TM12 F (pink arrow) atia Rack of
results may be due to conditiongt being optimal or an issue with the reaction niitxese
samples were natsed in the next stageision PCR. Gel: 1.2% agarose, 70V, 40 minutes.

§i2. 345657 B

Figure 3-4 Second set of amplification results for primary PCRto yield more stock of
products for the next stage in the cloning proces&@s above)anes represent: 1=TM1F,
2=TM1R (shown by red arrows), 3=TM4F, 4=TM4R (shown by green arrows), 5=TM6F,
6=TMG6R (shown by purple arrows) 7=TM8F, 8=TM8R (shown by yellow arrows). Gel:

1.2% agarose, 70V, 40 minutes.
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3.2 Amplification of fusedgene fragments using fusion PCR

Before fusionof DNA fragments is attempte@rimary PCR products must first be treated
with the enzyme®pnl, this will target any unwanteghethylated DNAwithin the reaction

mix. PCR products do not have methylated DNA and therefdrenot be affected, this

will increase the purity of the samplgChen and Janes 2002). The template plasmid
originates fromthe Dam+ E. coli strain MC1061; this means they have methylated
adenines in any GATC sequences on the plasmid. When the PCR products are digested
with Dpnl, only the mn-mutated and methylated templates will be eliminated meaning the
desired mutated plasmids only are left in the solution increasing purity (Palmer and
Marinus 1994). In fusion PCR 5' forward and revegasBprimers as well as 3' forward

and reverse primme were added to the solution. For each, desired mutagenic fragments
were added also added to the reaction mix along with corresponding flanking primers, this
meant that the whole of the double stranded DNA fragment encoding eadiresited
mutation wold be amplified.

After primary PCR products were purified usiSgpharos€Section 2.13), corresponding
DNA fragments were added to the reaction mixtf@ second round ¢&fCR amplification.
Fusionof the DNA fragmentgan be seen in laneat 1.4 kbwhich is the size of thgusB
gene.The bands on the geh lane 2(TM4L119C), 3(TM6H183E) and 4(TM8N273D)
show nonrspecific amplification. Smears above such as the one seen in lane 3 may indicate
too muchMgCl,. smears below the products may indicate too mplalsmid DNA was
added to the reactiomix. The nonspecific bands observed may be due to inaccurate
annealing temperaturésey may be too low therefore gradient PCR copfdduce more

specific results

42



Figure 3-5. Second attempt (2 step) PCRamplification to achieve gene fusion of

sample fragments Fused PCR productgan be seen in lane 1 which is twected size

of the gusBgene (1.4 KB)This fragment could is expecteddontain mutation
TM1G27D(represented by thed arrow) Non-specific anplification can be seen in lanes

2-4. The multiple bands may be due to the annealing temperature being too low resulting in
non-specific binding of primers to the target DNS sequeGeat. 1.2% agarose, 70V, 40
minutes

After multiple attemptsesulted imon-specific amplification, primer sequences were
checked to see if they correctly encodedBas well as checking that the 5" and 3' forward
and reverse primers of each were complementdrg. should have been checked prior to
beginning theexperimentshowever this was a learning point in this projdttese

concluded sequencegere as expected and troubleshooting of fusion PCR continued. The
annealing temperature of both forward and reverse primers differed foarditierefore

a gradient PCR wastsep, this enabled the fragments to react at the optimum temperature.
Also, primer which werenon-diluted and 5X diluted primemsere used for PCR in order to

optimise primer concentration and conditions for PCR.
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Figure 3-6 Fourth attempt 2™ stagePCR amplification: Lanes 14 show PCR fusion
attempts witlconcentrations of ImNemplateDNA. Non-specific amplification of
primary products can be seen however some fa$ias occurredvhich are all expected to
be 1.4kB The right size products can beeren hnes 6 (red TMG&27DF+R), 7 (green
TM4L119CF+R), 8(purple TM61183B-+R) and 9 (yellow TMBI273DF+R) show
primerswith concentrations of 0.2 uM.usion occuredfor all four products; nospecific
amplification still occurred however fusion bands esarer Smears above show too
much MgClwas added and the amplification of rgpecific products and smears below
show primers should be more diluted. Gel: 1.2% agarose, 70V, 40 minutes

Fusion PCRusing primers with a concentration of 0.2 uM show sudaéssnplification

of productsusinggradientPCR temperatures and conditions required for each set of primer
(seeFigure 3-6). The conditions were naiptimal however the bands seen do represent
fused productsUsing results fromthis experimentin addition to products previously
yielded usingprimer concentration of OuM (see inFigure 3-7) gel extractioncould be
performed This allowsisolaion of fusedDNA fragmentq1.4 kb) from unwanted products

in the solution. All products or bands with a molecwieight of 1.4kb werepresumed to
bethe mutagenic versions of trgusBgere, sequencing results could determine this in the

final stagegPCR esultsfor amplificationcan be seen in Figure§).
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Figure 3-7. Fifth attempt at 2™ step PCRamplification: lanes 14 (1. TM1G27D, 2.
TM4L119CF, 3. TM6H183E, 4TM8N273D)show 1/8 diluted primengith a
concentration of 0.125 pManes 58 (5. TM1G27D, 6. TM4L119CF, 7. TM6H183E,
8.TM8N273D)show 1/10 diluted primensith a concentrationf 0.1 uMand 912 (9.
TM1G27D, 10.TM4L119CF, 11.TM6H183E, 12TM8N273D)show 1/12 diluted primers
with a concentration of 0.08 pMFusion occurred in lanes 4, 7, 8 and 12. Smears still
indicate primers were too concentrated and Mg&icentration wab high.

Figure 3-8. Amplification of already fused PCR praducts using 0.2uM and 0.1uM
concentrations of predicted mutageni®NA fragments. Successfully amplifiedCR
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productsunderwent a second round of PCR amplification to yield as much product as
possible for the next stages of the cloning prodes\ concentratioaof 0.2 (top gel) and
0.1uM (bottom gel)were used in the reaction mircreased annealing temperagiveere
also usedor all reactionsDue to human error, some lanes shavbands. TM1G27D 0.2
pHM=lane 2, GandLO for the top gel and TM1G27D QuM= lane 3 on the bottom gel.
TM4L119C 0.2uM= lane 3, 7 and.1 on the top gel and TM4L119C (uM= lane 4 and 5
on the bottom gel. TM6H183E O2V= lane 4, 8 and 12 on the top gel and TMBHE
0.1uM=lan9e 6 and 7 (no results) on the bottom gel. TM8N2730uBJ2 lane 5, 9, 13,
14 & 15 (no product amplified in lanes 13, 14 and 15) on top gel. TM8N273DM=1
lane 8 and 9 on the bottom gel. Please note: Lane 1 contains the ladder onsboth gel

3.3 Purification of gene fragments using the gel extraction method

After successful fusion was achieved agarose gel extraction was carried out as a means of
DNA purification as seen iection2.14. Purification using th@iagen PCR Purification

kit waspreviously carried out however this provided little success and with the presence of
primary products still in the reaction mix gel extraction was necessary.

After fused products were extracted using the gel extraction method, electrophoresis was
conduced to see how much DNA had been recovered. Bands showing fused products at
1.4kb could only be detected for two samples as seEigure 3-9, this showed that a lot

of the DNA from fusion PCR had been lost in the extraction and purification process. This
was also confirmed in concentratidetermination;Nanodrop readings seen Trable 3-2
showed less than 1 ng/ul was present for edcth® samples which indicated why the
bands were not visible on the gel. For the next stages of the cloning ptoeg4s of

DNA is required thereforeby using increased volumes BINA, cloning could continue.
Bands were wible for samples possibly containing mutatidiné1G27D and TM8N237D
Thesebecame thepriority for future steps as it was assumed these could yielthebe

results.
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Figure 3-9. Purified products after gel extraction treatment bands can be seen in lane
1 and lane 12 showing fusgdsBproducts the red arrow identifies TM1G27&ndthe
yellow arrowsidentify TM8N237D. Lane 13 shows PTTQ18 cut wikpnl and lane 14
shows PTTQ18 cut witkcrl (orange arrows). The other lanes also contain samples
however, after purification DNA concentration may be too low to see bands.

Table 3-2 DNA concentration of samples 16 using NaneDrop 2000 technology after
purification by the agarose gel extraction methsaimples were tested to find out DNA
concentration. This &s to find out how much wareeckd for thdigation mixin the next
stage of the cloning process

Sample Concentration of DNA Approximateamount neede(
(ng/ul) for ligation (ul)

1: pAB-G27D 0.6 9

2: pAB-L119C 0.1 50

3: pAB-H183E (1) 0.2 25

4: pAB-N273D (1) 0.9 6

5 pAB-H183E (2) 0.2 25

6: pAB-N273D (2) 0.7 8

3.4 Restriction Digest, Ligation and Transformation of clones

Oncepurification of PCR products has been conducted both the mutagenic DNA fragment
and plasmid expression vector pTTQ@8ap can be seen in figure-2) need to be

digested with restriction enzymes so the mutajesBgene can later be cloned into the
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expresion vector. The PCR products underwent double digékt both with Kpnl and

EcoR for 3 hours pTTQ18 was first treated witKpnl then EcoR (both high fidelity
enzymes).Most enzymes can be inactivated via incubation at arour80865 for 20
minutes. kbwever, this does not apply f&ipnl therefore pTTQ18 and the DNA fragmsnt

had to be treated with phenol and purified using ethanol precipitation. Ligation was then
completed.

After the above steps were taken transformation was attempted using protedusde
competentE. coli MC1061 cells (see Section 2.22pnd using already competent
commercialE. coli cells: DH10-b and DH5-U (Table 2-1). Two controls were used, a
positive control: undigested pTTQ18 @negative control:rad nonligated pTTQ18&ut by

restriction enzymeand dephosphorylatedhe first attempt did produce any results.

Purified DNA fragments and the expression vector pTTQ18 weligated and the correct
positive control was used to test transformation efficiency. However, once, again
transformation was nauccessfuland the controls were not effectiwdich may indicate
issues with the plates themselv@sis led to beliefs that the concentration of ampicillin
used for the plates may have been too high. New plates were made dili@66 of 100
mg/ml ampicillin. As a means of troubleshooting both pTTQ18 and pMJB33 were
transformed with compete®taplhaand 10betaE.coli cells A table showing details for

both plasmids are found below.
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Table 3-3. Template DNA (pMJB33) and plasmid vector (pTTQ18) used in this
project. Both were used as positive controls in transformation. Following information
regarding genotype can be found below:

Plasmid name Plasmid Information Source

pTTQ18 > pTTQ18 Expression vectdBased on pUC18 vector fro
Ptacbla E. coli
tac promoter,rnB

transcription terminator,
polylinker andacZ alpha
fragment from pUC18, and
laclQ gene

(See figure 2 for plasmid

map)
(Stark, 1987)

pMJB33 >WLI69590 03 CP2 Wildtype plasmid containing
(pPMJIB33_100R_123 only functioninggusBfrom

(See figure 21 for plasmid [E. coli
map)
(BruceandLiang 2014)

Figure3-100 Transf ormation of pMJB33 Bmradi pTTQLE
cells From New England BiolabsSingle colonie®f E. colibacteriacan be seen on both
plateswhich indicated that successfuhnsformation occurrefdr samples pMJB33 and

pTTQ18 Transforméon efficiency is considered low as colonies are not substantial
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The results showed th&@H5-U E. Coli cells were competent as single colonies can be
seentherefore the problem lies elsewbefransformation efficiency was still very lown

this casehe most logical cause for failure to transform the mutated clones would be that
ligation did not work this is likely asthere was only a small concentration of DNA after
purification In addition to this,fiany of the ends were left nicked and the plashad not
circularisedthen no colonies would be se@fVelsh et al, 2016)The 10-betacells on the

other hand showed no colonies ITQ18or pMJB33 positive controls, these cells were
previously used by other students and the stock was old whicti c@dn degradation or

contamination had occurred before use in this project.

3.5Sequencing of clones

Samples of thdc. coli colonies potentially harbouring pTTQ18 with mutatps$Bwere
sent offas well as purified productsom successful PCR productsnfortunately, the
qualities of the samples wevery poor deeming #m unsuitable for sequencing purpased
A previousgusBclone namegE349A, 349 referring to the position of the point mutation,
was sent for resequencing due to unexpected transport igti@equencing results showed

a second mutation at position 218 changingAbgarajine amino acid to Lysine.

3.6 GUS Assay

Although transformants of clones designed for this project were unsuccessful, previous
clones obtained by Dr Widiun Liang and pastudents in the lab were tested against each
other usingGUS assay transport tedfsittle et al, 2017. In addition to this negative

control: pTTQ18 which does not contain tB&)Soperon and a positive control: wildtype
E. colistrain pMJB33 which hasfanctionalgusBgene were use@y doing these

transport assays, it is possible to assess whether any of the site directed mutations are
structurally relevant to the molecular recognition site within the protein. Changes to
transport compared to the wilghy (pMJIB33) would suggest it is.

All clones were transformed into MC10&L Coli strains with abolishegusBactivity
thereforeyvery little background activity should be seen.

A sresults shovihe absorbency of the sample against the blank gadth@asires the cell

count. Results are below:
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Table 3-4. Cell Count and Absorbency test measured using absorbency aj,£and cell
count at Agy, for six samplespTTQ18 does not contagusBand therefore is the negative
control. pMJB33 does contain a functioggusBand is the positive control. All other
strains are mutated strains from past student projects working gnsBgene.Transport
of glucuronide substrates for all clones had decreased compared to the wiltligpeas
expected however, the dease in absorbency for pR210G contradicted past results.

Sample name Absorbency (Auws) Cell count (As)
pTTQ18 0.04 0.53
pMJB33 0.77 0.59
pP100A 0.07 0.44
pE349A 0.06 0.38
pR210G 0.29 3.46

3.6.1p-nitrophenyl-b-D-glucuronide (pNPG) transport test

When iPTG and pNPG wer added to LB containing clones, the gus gene would be
transcribed and both transport by GusB and cleaving by GusA would occur producing a
chromogenic response (a yellow colour). A more vivid yellow will indicate ghdri
concentration of cleaved pNPG in the solution and the absorbency value will also increase.
All clones showed a lower absorbency than the wildtype plasmid pMJB33, which may
indicate that the transporter protein is not working as efficiently for theantmtin
comparison to the natural isolate as seen in Table Some of these results were
unexpectedsince pR210G, agusB mutant plasmid, had previously produced results
showing increased rate of transpatien tested with >Gluc however, as seen in thable

when tested using pNPG the transpgatidecreased by over half. pP100A, also a mutated
GusB plasmid showed transport rate significantly lothean pMJB33andactivity seemed

to completely diminishin comparison to the wildtype. In previouspublishé teststhis
mutationresulted in asignificantincrease in thectivity therefore results obtaindtere

were questionable. After repea@milar findings wereobservedtherefore all plasmids

from previousgusBprojects were sequencqaR210G and pP1008equencinghowedthe
samples usednly contaired vector DNA andtherefore were not true transformsint\ith
gusBnot presentvithin vector DNA this explained the low absorbency for the pP100A
plasmid The reading fopR210Gmay have been because of backmd activity.

A new mutationchanging Asparagine to Lysin&t position 218 of thegusB genein
PE349A(See Appendix 5¢ould possibly have links to the molecular recognition sitty

this secondmutation the testshowed that barely argNPG could betransported across
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the membrane despite havitige gusBgene which creates the presumption that the residue

mutatedcould beessential fomolecular recognition dsinding.

3.6.2GUS Assay time course: pilot experiment

Just taking the Asand A readings was not enough to identifythe molecular recognition
site of any of the proteins had been changed tmansport had been affected. time
course was set uip which the reaction was stoppatla number of time pointsom 0
minutes to 20 minute® determine at which time point transport was most effiqiee¢
figure 311). It was found thatransport between 105 minuteswas optimum This
allowed the next part of the assay to dmnducted, whichwould then determine the
binding affinity for e&h different sampleTo determine theptimumtime the calculation

below was done.

Figure 3-11. A graph to show the transport activity of different samplescontaining a
mutagenic GusBat five time intervals. The most dramatic differences in transport

activity occur at thd0 and 18minutemark therefore this should be how long samples are
left, this represents the peak time taken for both GusA and GusB to be transcribed and for
PNPGto be transported into the cell and cleay@#dJB33 from the unpubligd work of

Bruce and Liang was used as a positive comisdhis contains the wildtyprisB pTTQ18

was used as a negative control and would be expected to show the least activity due to no
functionalgusB The other clones represent those from the uinghda work ofQi Wei

Yao (2015) This will be usedn the next stage of tleUS assay.

The results show that the most dramatic changes in transport occur from the 10 to the 15

minutes mark, this will be used for the next step inGktS assay.
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3.6.3pNP concentration test for standard curve

Results frompNPG transport tests showelatan increase ipNPG transportalso created
an increase in absorbency.{A Using the equation as sebelow, linear regression was
calculated using the data pointis will allow comparison of s Absorbencyreadings

from this data set and for pTTQ18, pMJB33 and pE348sults inSection 3.6.4 so that

the concentration of the samples can be determined.

A405

Ao X 0.68 (dry mass of cells)

Figure 3-12 Sampes containing different concentrations of pNP for standard curve.

The samples range frol@ft to right show10nM, 20nM, 50nM, 100nM, 200nM and

500 nMof pNP. pNPG substrates are transported by GusB across the cell membrane and
are cleaved by GusA his produced a chromogenic responke ytellow colour becomes

more vividas the concentration of pNP increases
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PNP STANDARD CURVE

Figure 3-13 pNP standard curve graph showing linear regressionAs concentration
(1=10 nM, 2=20 nM, 3= 50 nM, 4= 100 nM, 5=500 nM) irages absorbency (A405) also
increasesA405 is the measure of pNP therefore this reflects the concentration of the
cleaved glucuronide substrafehe equation for the line of best fit is y= 0.66398.7551

3.6.4GUS Assay:optimal pNPG concentration determination

After 3 hours of induction by IPTG (for all + samplesNPGwas added to each sample

at concentrations of 0.25 mM, 0.5 mM, 0.75mM, 1 mM and 1.5 mN& Wias the left for

15 minutes, thisvas the time at which transport was found to be mifistent in the pilot

study (Section 3.6.2). After converting the concentrationpdPG to nM using the
standard curve graph the results showed that the wild type pMJB33+, which was used as a
positive control, had the most efficient binding efficiency aat of transporshowing

highest absorbency reading§he pTTQ18 results indicated very little transport had
occurred, small amounts dfackground activity was seeshown by a low absorbency

(AL reading. pE349A showed even less transport efficienay gl Q18 despite the
presence ofjusBin the genotype.

The first peak highlighted oRigure3-18 could possibly show the Vmax for GusB binding
which means GusB becomes saturated at0.2%M. After this pointt is thought that the
transporter hd already reached its full capacity therefore adding more substraitkel
causeadverse effects. The second peak and rise in absorbency may be due to the cell
breaking down and therefore becoming more permeable dugdry digh concentration
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of pNPG GusA woutl still cleave the substrate however this is not representative of the

transport of GusB

Abso rbencyla |:|
=

phVUEI3+ phUB33 pTTOE+ pTTCLE PEIAGA+ pEIAGA

Figure 3-14. A graph showing the absorbency of samples pMJB33+/pTTQ18 +/-

and pE349 + with differing pNP concentrations.For all 6+ sampleSpNPG was added
to the reaction mixAll @ sampleéwere used asegative control as a means of
comparison, these contained no pN®i@in the reaction mixColoured lines represent
different samples as seen in the key. pMJB8&Srtaining the wildtype GusBhows the
highest absorbency readingeaning it had the highest concentration of pNP substrate
after inductionpE349A+on the other hand showed vdit{le absorbeny.
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4. Discussion

4.1 Findings presented in this study

Substrate specificity for the giuronide membrane transport protein, encodedusB,
presents an interesting subject due to its ability to recognise such a broad variety of
substrates. Not only thisut binding affinity for some glucuronide substrakesebeen

found to be higher for@me in comparison to othe(Stoebar 1961; Liang, et al., 2005)

The answer is thought to be related to the structure of the moleecdagnition site.

Some structural evidence related to the GusB protein has been pulbish&nhg et al

(1992 & 20035 predicting it to be made up of 12 tramembrane helices such as those
within the Major Facilitator Superfamily (MFS), howewesthing which is able to identify

the location or transport mechanism of the molecular recognition site. By looking at the
protein at a primary structural level, key amino acid residues and interactions between
these could be investigatedM1G27D s was chosen after reading a papeMagej et al

2014 alignmentwasconducted against GusB showind%8% identity(Seeappendix 8)

The paper suggested the amino acid at position 27 was potentially important in substrate
binding therefore this residue was changed for GusB.

The other point mutationswere chosen at randon&usB has relativelylow sequence
identity to those MFS transportershose structures are knowmowever, with the
knowledge gained in this project more educated choices could have been made. For
example, published evidence relating to binding and molecular recognition sites for MFS
protein such as MelB and LacS should hbgen researched thoroughly. Using alignment,
similar residues could then have been changed in GusB.

On the other hand, regardless of sequence homology and categorisation all proteins
function differently and the amino acids that were substituted doaud indeedbeen
relevant for molecular recognition.

The introduction of thesexsmutationswas attempted usingrimer desigrand molecular
cloning processesn which amino acids with varying properti@gould be substituted for
another Each one of thesmutated DNA fragments was then amplified using the PCR
amplification method. The forward and reverse fragments were then fused and amplified
once again ithesecondstage ofPCR. DNA products for mutations at position 27 and 273

on thegusBgene were stlilpresent after purification and therefore the steps for cloning

continued.
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Other studies have been conducted focussing on the effect of site directed egitagen
proteins within the MFSBannam et al., 2004.ewinson et al., 2006Holyoake and
Sanson007). One particular study b&ntalaet al.,(2015)aimed to use SDM to decipher
whether mutations affect the kinetics twetselectivity of ZIP protein,the human zinc
transporter ifZIP4) and in turn whether this had any effects on the parismechanis.

Li ke GusB, hzZzl P46s st r uc-membaneihdiceppanctabihast e d
been linked to theMFS. Fndings from this study showed aamino acid change from
Histidine to Alanine at positions 379, 507 and 58Bered the Ik, Vmax and also th
substrate specificity. It also was suggested that different amino acid interactions were
responsible for specificity of different substratés.fact, within ZIP member proteins,
residues which make up the coordination site are variable and amino Herenties
within the site were thought toontribute todiffering cation specificity amongst the ZIP

transportersAntala and Dempski., 201Denpski, 2012)

Another studyby Leeet al.,(2015)alsofocussed on a protein categorised within the MFS,
Synapic vesicle glycoprotein 2ASV2A). In order to understand the transport mechanism
and binding characteristics of the proteirregard toracetam drug substrates, site directed
mutagenesis was again conducti#dwas found thata mutation at position 67(ithe
protein resulted in a complete loss of binding and therefore tranggaied deeming this
structurally relevant for substrate binding and recognitioweverdespite a 15% shared
identity, position 670 shows as a gap in the sequence at this poghe appendix 9)
They identified this position usjrsequence conservation analyaisd molecular dynamic
modelling which enabled them tsuggest further residues theduld line the binding
pocket these werdaterconfirmed experimentally

It would have been logical then to conduct more alignments with other MFS pratains
create changes at equivalent positions within the GusB sequence.

Still, these studies prove that evamesite-specific mutatiorcan havelrastic effects on the
recognition, binthg affinity and transport of specific substrai@degre et al., 2016)It

was expected then, that cregtimutations in GusB mighalso produce similar results.
Differences inbinding affinity and transport ofglucuronidesubstrates once amino dci
subsitutions were introduced were therefore predicted if the cloning process had been
successfulUsing the PyMOL software b$chrédingeran up to date modelias made
which predicts th&D structure of GusB, this included a key to show where substitutions

weremade (See Appendikl).
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Although the mutated DNA fragments designed for this project could not be transformed
into E. coli strains. A plasmid containing a mutation in position 349 ofghsB gene
produced interesting resulh an unpublished study by @ei Yao (2015)supervised by

Dr Wei-Jun Liang,transport tests using chromogeniegkic showedthat the transport
activity remained like that of the wildtype plasmid pMJB33 containing a fully functioning
gusB However,when differenttransporttests weredone in this studwctivity had almost
completely diminishedThisraised concerns thabntamination may have occurred this

may not be the correct sample. The pE349A plasmid was sent sédaencingthe gusB

gene sequence still existed on the mlas and included the mutation at the expected
position. However,t hi s wasnoét the only change to
occurred at position 218 changing Asparagine (uncharged) to Lysine (ch&8s=s)
Appendix 5)

Looking atalignment with XylE the equivalenpositionof the 218residue does not show
homology and current literature does not reveal this to be particularly important for
molecular ecognition.The MelB alignment which showed a 27% identity with GusB does
not show any sequence homgy at this exact spot however; the three following amino
acids in the sequence are identical (See Appendix 10). The literature and studies relating to
the binding site of MelB however do not yet identify these to be actively important in
molecular recogmion or the binding site (Ethayathulla et al., 2014). However, this could
be studied more closely in future worka addition to this the sequence alignment
conducted against SV2A showed sequence homology at positiomlgi@igh like MelB

no current ressrch names this as an important residue for molecular recognition this again

should be studied further.

Additionally, in the researcly Qi Wei Yao(2015) transport activity in another of his

c | o pR2&0ES also showed a drasticuetion in transport foX-Gluc. Thiswasin line

with resultsobtained in this project fropNPG Gus Assagsee Table 31, Figure 311). It

was concl uded thaththe RRLGEsmutatienshave rcreabed a change to the
molecular recognition site, especially due to therexdeharged amino acids in the
surrounding area. This would explain the changes in transport. The mutation found at
position 218 is extremelglose to this position.

| f Qi 6s assumpt i muaton woeld explainctire rcleacges int transggort
activity during GUS asay. Such a dramatic change in transport after the inclusion of a

second mutation at position 218 could reveal that this amino taoids structurally
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relevant to the molecular recognition site, and to the transport-Nitr@-Phenol
Glucuronide substrates. It could also be possible that having two mutations at position 349
and 218 simultaneously within tlgusB gene caused too much disturbance in the final
structure of the translated protein and this upset molecular recognition anal tratisport
activity.

Looking atliterature published foother MFS proteins similar to GusB, such as XylE,
MelB and LacS, it does not appear that there are any relevant residues at this exact location
however further alignments could help map this momgato see if a relationship could be
seen

Another thing toconsider is that foproteins to work effectively it is imgtant that they

are translocatetb the correct location within the cell. During or after protein translation
has occurred within theytosol, the protein must be translocated to their desired position in
order to function effectivelyMori and Ito 2001) This is achieved due to the presence of
signal sequences within the amino acid chain which act as directions to their final
destinatio (Schatz and Dobberstein, 19%%jessen and Nouwen 2008)is possible then

that the introduction of mutations to the amino acid sequence could result in proteins not
reaching the correct position within the c@WWickner and Schekman 2005¥or this
project in particular, it is possible that the lack of transport in the assays could be due to
disruption to the signal peptides rather than the molecular recognition site of GusB. This
would mean that the glucuronide transporter may not have reacheslltheembrane and

therefore the transport of glucuronides would have been impo§Rig®port 2007)

Because of time constraint&rther investigation as well asansporttest repeats using
positive and negative controls could not be carried out therdf is suggested that this is

repeated in the future.

4.2 Difficulties faced during the project

Throughout the project sevemalocedural basegdsues arosé his was especially true for
PCR. Repetition and multiple troubleshooting attempteid to be conacted forfailed
experimentsOptimisation for PCR conditions is extremely importdhérefore in order to
resolve common problems (nspecific amplification, too high concentrations of DNA,
primer and MgCJ and optimal annealing and melting temperafuRSR had to be done
repetitively until the desired DNA fragments were amplifjledrenz 2012)
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Later on in the project, it appearessues withligation had occurred due to nmlonies

being present on plates for mutated cells. Howepesijtive controlsdid show colonies

after transformation (See Figure1®). This may have dme due to incompatible DNA
ends, damaged DNA or contamination or incomplete digessioggestions on how this
could be identified will be covered in Section NIG & Sarkar 2012)

This was costly in terms of time and often halted the cloning process for long periods.
Theoretically the methods used for cloning in this project should be simple, however
adaptations of these needed to be made on numerous occasions specifically Néing D
amplification. This meant the initial time frame was compromised and the later stages of
cloning suffered as a result. In hindsight, contingency plans should have been put into

place to account for this.

4.3 Other problems faced

Technical malfunctionsvith vital machinery caused huge problems throughout this study.
This resulted in the cloning process being delayed.

The PCR machine being used was unknowingly malfunctioning, during cycles the power
would cut off and the machine would start again whigdant many products were ron
specific and repeats of the procedure were necessary. This meant that the all PCR
amplification methods that had undergone troubleshooting needed to be repeated.

Other issues halted the cloning process which had not beemd@a@mtsprior to starting the
project. Long delays for chemical orders meant there were long periods between
procedures. In addition to this other vital equipment including the autoclave, vital for
sterilisation, were out of use. This contributed to the latktestable clones being

produced. Even though extra time was given these factors proved to be a massive hurdle

4.4 Methodology based problems

4.4.1 Issues with PCR

4.4.1.1Amplification of primary PCR products: Problems and Troubleshooting

Many processes carried out the lab were repetitivéhowever;this was particularly
problematic for primary and fusion PCR. Although in theory the procedure should be
simple, achieving optimum conditions to produce the desired DNA fragments proved to be
more difficult than expectedue to the sensitivity of this procedy@aribyan& Avashia,

2013)
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Fused products were achieved for four of the samples visibly shogusg DNA
fragments at 1.4kb which is the expected size ofgiBgene. However, this was after
numerous troubleslmbing attempts.

DNA amplification began usinthe PCRprotocolin GUS protocols (Gallagher 2012)as
followed containing a mix of flanking primer and mutagenic primers to produce six
separatggusBmutants. After testing the amplification usiggl electrofmoresis, it showed

that DNA amplification attempts were unsuccessful. The smearing of bands seen the
bottom of the gel showed too much DNTP was added, this was then diluted in the next
reaction from 20 uM to 15 uM. The absence of bands representing tregechudNA
fragments may be due low concentrationsf primer or plasmid template in the reaction
mixture (Roux 2009. To obtain better results for all products, each component was added
to the samples separately rather than by creating a master mixenBhises the optimum
concentration of each substance is present in the final reaction mix. Primers-diareece

from stock samples again to a concentration of 0.2 uM. After these steps were taken PCR
was successful for some of the samples.

As a means dfroubleshooting to achieve amplification for other DNA fragments from the
remaining mutagenic primers, a new stock of dNTP was rtadde out the possibility of
contamination or degradation of old stock. Also, plasmid DNA (pMJB33) was extracted
and a freh stock prepared. As some of the samples showed no result, primers were again
re-diluted, to concentrations of 0.4 uM and all were mixed well prior to a third attempt at
PCR using a pipette. This ensured the DNA was eluted within the solution. Chargying th
template DNA (pMJB33) concentration to the optimum of 10 pM also improved results
(Section 3.1Figure3-3)

4.4.1.2Amplification of fused PCR products: Problems and Troubleshooting

Fusion PCR came with several problems due to technical issues with the PGiRenaac

well as difficulties in creating the optimum conditions for amplification of fused DNA
fragments. The first time 2nd step PCR was conducted no results were obtained at all. The
reaction was conduct ed ahighférGem€ ofthehprinters toma y
anneal to the templaseen as annealing temperature should be arogir@d&ow T, (See

Table 22).

In the next attempt, smears above products indicate that the, Mg@lentration was too

high therefore this was reduced fronmM to 0.8 nM. Smears present below the products
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may indicate the concentration of DNA products from primary PCR was also too high
(Owczarzy et al 2008;Roux 2009).This was reduced to 0.2 uM. The nspecific bands
observed may be due to inaccurate annealing textyes therefore gradient PCR using
different temperatures was conducted with the aim of producing more specific fusions
(Lorenz 2012) In addition to this purification of all DNA fragments from primary PCR
was also repeated using sepharose.

Troubleshootig was a lengthy process for secaep PCR, with concentrations being
changed for each constituent many times. However, eventually fused DNA fragments were
obtained when 0.2 uM of primer was used. When products were visualised the
observations made, su@s smearing, indicated the reaction mix still had volume and
concentration issues. This again was related to and high concentrations of(Rg&
Villalba et al., 2017)

Non-specific primer binding can be a frequent problem and can obscure PCR i2salts.

to the exponential nature of PCR, if primers bind to a-smecific site on the template
DNA strand, this will be amplified in the following cycles and millions of copies of this
fragment will be produce@pte and Daniel2009. If this goes umotical it can lead to

false positive results and the later stages of cloning will suffer because of this.

To avoid this, the following steps can increase specificity of products: primers can be put
into NCBI Blast along with the template strand to identify atfyer binding sites in the
sequence; the amount of PCR cycles should be reduced; increase the annealing temperature
as primers bind nespecifically as lower temperatures; lower the concentration of both
primer and MgCl; Reduce the extension and annealute times; Make sure that primer,
template DNA, dNTP solutions and all other reagents are not contaminated; use the
Touchdown PCR method starting at a higher temperature then lowering each cycle until
the annealing temperature is reacfidgndman and Miuhashi, 2003RuizVillalba et al.,

2011 Schoenbrunner et al., 2017; New England Biolabs, RORD addition to the
inclusion of a positive to test if the primers are binding well and a negative control will

show in any contamination is present.

Troubleshooting could have continued for PCR to achieve optimum results with clearer
more specific bands howevdmne restraints meant that the next stages of cloning were
required Extraction of expected DNA fragments with a molecular weight of 1.4 kie we

obtainedusing the gel extraction method and the practical work pushed ahead.
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4.4.2 Ligation and Transformation: Problems and Troubleshooting

The final step in the cloning process, transformation, was the most problematic as none of
the cloned samples showed asingle colonies however the positive controls (uncut
pTTQ18 and pMJB33) did. Still, transformation efficiency welativelylow and although

it appearedhe plates and competent cells want the reason for lack afansformation

this may have been a litimg factor (Liu et al., 2014 Nagamani et al., 20)9Problems

with ligation could too be thecause of this failure, lack of DNA seen on the gel after
restriction digest and phenol extraction may implicate a lack of DNA needed for this
process even thotigonly 510 ng is recommended for ligation reactiq@anenburgh

2004) A higher concentration of DNA should have been used to begin with and although
the problem had potentially been identified time did not allow for the experiment to be

repeated espedip with small quantities of sample lefy performligation.

4.5What would be done differently if given the chance

Although some of the aims established at the beginning of this project were met, the main
objective was not achieved. This raises questregarding what could have been done
differently in order to obtain the desired results.

First and foremost, all mutations other than TM1R27D were randomly selected. In
hindsight, this is not logical and more educated decisions could have been made.gBy doin
alignments with similar MFS proteins such as LacS, MelB and FucP, amino acids with
known functional relevance could have been targeted. Also, by applying current
knowledge detailing important residues involved in molecular recognition, alignments
would relp to map which residues on the GusB protein are equivéleatm i-A§mazo

and S a (Rb n 2018) Mutations should have been made at these sites, if changes in
transport were seen this can be compared to the other proteins.

With the lack of experience at the start of the project, it seems the number of siddirec
mutations first established was too ambitious for the time frame. Six pairs of primers could
have been reduced meaning less time was spent trying to achieve results in the early stages
of the cloning process. For example, troubleshooting of PCR waam@#d many times to

try and yield results for each set of primers. It would have been more beneficial to the
project if the successful attempts became the focus, this would have allowed the cloning
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process to continue and all steps could have been caupletiuding sequencing and
meaningful transport tests.

A more thought out contingency plan relating to each step of the cloning process would
also have been beneficial especially for time management and efficiency purposes. This
may have included a rutbat after two attempts were made using the same methodology,
this should be tweaked logically based on the prior results. Alternate methods could have
also been researched and tested at certain points rather than continuous trial and error of
the same preedure.

In addition to this, each step of the cloning process is extreseglsitive;it would then

seem advantageous to include both positive and negative controls at every point. A positive
control is a control which is expected to work under the canditthat you are using in the
experiment, if this does not work it indicates it is something wrong with the way the
experiment is being conducted. If the positive control does achieve results but the test
subject does not, then it shows the conditionsnateideal for this specific reaction and
therefore this can be manipulatdadibbs and Stoler 2009

For instance, in PCR reactions, if they positive control fails it can indicate something is
wrong with the master mix, the temperature setting is unfabtarar annealing and
extension times are not right for amplification of these samples. If, however a band is seen
for this reaction but not for the other samples when visualized using electrophoresis, it
could show a lack of or excess templ@anasik eal., 2016)

A negative control should not give any results and it not expected to work, it is most
commonly used to check for contamination within the cloning pro¢®@ambrook and
Russell 2001)For example, this could be bacteria colonies which haveée®t modified

to harbour antibiotic resistance genes growing on agar plates containing Ampicillin during
transformation(Davies and Davies2010;Choi, Ro and Yi, 2019)In specific reactions
results being seen for the negative control can also relatbeo issues. For example, in
PCR it can also be used to check for multiple binding sites of the pr{Banssik et al.,

2016) These issues can be extremely detrimental to the entire process therefore using
controls can help to narrow down the problenns should have been fully utilized at every
step.

Due to failure in the later stages of cloning the following should have been done, if time
allowed. Firstly, after restriction digeselgelectrophoresis should have carraad with
digested and undigest sample$Szeberény?013) The uncut plasmid will be supercoiled

and should appear smaller whereas the cut plasmid will be bigger as it is no longer
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supercoiled(Stowell and Tweedie 2006)This can be done with the insert too. Once
successful restrictio digest is confirmed ligation can go ahead. Positive and negative
controls at this stage are imperative as it can help rule out issues in with transformation.
For example, linear plasmid with no ligase to control the presence of uncut vector, linear
plasmd with ligase to control the presence ofciecularized vector; uncut plasmid to
check the competency of cells and a ligation with buffer to check contamination (€arson
al., 2012; Carson et al., 2019

It is important to identify that too much time svéocused on conducting transport assays

on clones from other GusB projects, rather than on the success of my own. However, by
including these clones in the scope on my work | was able to gain knowledge of how to
conduct procedures | might have not reachwth my own project. In addition to this, a
previously undiscovered mutation in the pE429A clone was found after sequencing. Once
this was found, rather than conducting Gus assay using pNPG and iPTG, it would have
been beneficial to test transport usiKgGluc tests. This was the method used in the
original research project and would therefore allow better comparisons to be made to
determine if the amino acid at position 218 was important for transport within the GusB

protein.

4.6 Recommendationdor future work
4.6.1 Recommendation for immediate progression of this study

It would be logical to continue the cloning process for successfully fused DNA fragments
obtained in this project. By repeating PCR amplification steps for successfully fused
products, a higherolume of sample can be obtained to increase the chances of successful
ligation. This in turn will increase the likelihood of transformation of desired DNA
plasmids. Once transformants are produced and single colonies have been observed,
extraction of plasm DNA through miniprep should follow. All samples should then be
sequenced to determine whether the expected mutation was created within the sequence of
gusBiIf this was successfullycorporated into the genome of the pTTQ18 plasmid.

If nucleotide andorotein sequenceshow that site directed mutagenesis was successful,
transport activity should be assessed usiagsport tests in which iPTG is used to induce
both the GusA and GusB on the plasmid, the pNPG substrate is then added. If the
glucuronide tansporter has been transcribed the substrate will be transported into the cell

and GusA will cleave this. In turn a chromogenic response will occugeill then be
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measurd for bacteria concentratioand OD4os for pPNPG concentration. d3itive and
negaive controlsshould be useds seen in section 2.24.2.

Regarding the pE349A plasmid, transport activity tests usiufS assay should be
repeated. This would provide further evidence that perhaps the mutation at position 349
and 218 directly affects the trgport mechanism of the GusB protédlinis important to
remember tht proteins witin the MFS have a 12 TM helical structuwemprisingof two

6 helix domainsin which amino adas interact through charges and hydrogen bonding
Within the XylE protein spefic amino acid residues within different domaihsve
identified in molecular recognition functionality. Hydrogen bonds between the following
residues were thought to form the binding ié15), GIn288/GIn289/Asn294 (TM7),
Trp392 (TM10) and GIn415 (TMJImaking up eight hydrogen bonds, then Phe24 (TM1),
Tyr298 (TM7) and Trp416 (TM11) form the sugar binding pocket. Mutations in these
residues caused diminished functiberefore a changed from a neutral amino acid to one
with a positive charge could deffiely effect these interactior(8Visedchaisriet al., 2014)
Looking at the alignments for XylE and GusB there are some matches and aritigo
with similar properties athese sites so it would be beneficial to investigate this further in
addition to thepE349A/N218K mutant discovered in this project.

As previously discoverely Stoebar (1961}he Glucuronide Transport Membrane protein
has varying binding affinity for glucuronide substrates. When repeating transport activity
tests, different glucuronideuld also be used in addition to PE. The level of transport
activity in addition to binding affinity for certain substrates could then be assessed using
colorimetric analysis. Comparisons of the pE3A3A18and pMJB33 proteinshould then

be madeThe aldition of a polyhistidine tag would allowpurification of themutated
GusB protein (Hengen 1995; Moharsiiyd Wiene2004).

4.6.2 Future prospectsshould the molecular recognition site of GusB be
located

4.6.2.1GusB as a potential Biosensor

Professor Leland Clark &gonstructed the first biosensar1956.He studied how different
analytes could be measured in the body using intelligent electrochemical sensors in the
form of enzyme transducers to do so. This was demonstrated by an experiment where
glucose oxidase vgacaptured by an oxygen electrode with the use of a dialysis membrane

(Clark and Lyons 1962). This opened the window of using biosensors for medical
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purposes; the measurement of glucose levels within the blood could be used as indication
of diabetes and lalws for selfmonitoring of the conditionBartlett and Whitaker 1987;

Yoo andLee 2010; Fung Angt al.,2015) From this point a range of different biosensors
were constructed using this bagrinciple as a model. It was tantil later that more
advaned biosensors were introduced. By manipulating enzymes, nucleic acids, cell
receptors, antibodies and intact cells different types of responses could be measured
quantitatively using transducers such as electrochemical, optical, and thermometric (Turner
and Malhotra 2003; Setford and Newman 2005). GusB transport assdyding GUS
substratesX-Gluc which produces a blue precipitate after hydrolysis by the GusA; and
pPNPG which produces a yellow colour when cleaved are efficient at providing fast visible
chromogenic responsegfFedorenko 2011., Little et al., 201lf)the molecular recognition

site could be manipulated to only transport specific moleculesGth8 systemcould
provide an instant visual response indicating the presence of the molecule ionquest

It is possible thatuture GusB applicationsould involve making changes to the specificity

of the binding site to recogsa only specific substrates, discriminating certain glucuronides
but transporting others creating a controlled and reliable ifobeion system. However,

first the position of the molecular recognition site needs to be located

Identifying key amino acids within the molecular recogmitican have numerous
advantagesShould the molecular recognition site be located and if the aauwis tlat

make up this structure afeund, mutations could allow for sensitivity and specifitdybe
manipulatedresulting in the recognition gdarticular glucuronide substrat@Shung Kim

and Joon Kang 2008Harris et al., 2017. If expressed toge¢h with GusA to cleave
substrates and perhaps a fluorescent mattkisicould be a usefubol in the detection of a
whole range of chemical substan@specially taking into consideration the variability of
glucuronide molecules.

By making these changas nanoscale biosensors can be created. Biological biosensors are
described as devices that identify the presence or concentration of an analyte, including
biomolecules, biological structures and romrganisms (Mehrotra 2016

Using modified bacteria itins, which already encodbe GusA glucuronidase protein

plus GusB with amodified recognition sitea fluorescent markeor other visual marker
would need to be expressed in conjunction with GusB to deteiztin metabolitequickly

and easily One exanple could be the detection of analytes within urifieis could be

useful to detect substances in drug testing, to detect changes in hormone levels relating to

disease and also can access dietary habits. The molecular recognition site only allowing the
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binding of transport of one substrateeansthat anything cleaved by GusAaiid be the
metabolite ointerest;this could then be measured ¥ colorimetric response.

The applications for biosensoese great withmedical uses; fad, military and plant
sciences making up just a fe@ne major use is for monitoring harmful substances present

in the environment such as pesticides (Mehrotra 2016). Large scale use of pesticides for
controlling unwanted organisms such as insects, weeds and bacteria is nga/ @att of
agriculture and although is beneficial to farmers in terms of productivity this can have
detrimental effects on organisms and the surrounding aAidar(et al.,2009;Verma and
Bhardwaj 2015). The ability for these chemicals to spread threysfiems including the

soil, area and water sources means that the poisonous nature of some pesticides will cause
huge problems to organisms that ingest the substamndetherefore a bettexystem for
detection is necessaflylcEwen and Stephenson 1979; Algaal.,2009).

Theuse of Gus systemould mean detection woukpecific. In addition to this the process
would be nortinvasive, fast and the added advantage is it would not necessarily need to be

conducted within a laboratory setting

4.6.2.2GusB as a potentl reporter gene

The gusAgene oft. coliis currently used as anzymatic eporter gene in various fields.
Reporter genes alotheexpression and the promoter activity to be assg$&atimi et al.,
2009) One use ofusAis to test ifbacteriaarepresent inliquids by using chromogenib-
glucuronides such as-Nitro-PhenotGlucuronide if present his will be cleaved to
produce PpIP and glucuronic acid which produces a chromogenic response giKah,
2005; Palchette and Mascir2008). In addition tdhis gusAhas been widely used within
the plant industry in transgenic plamse to its absence in these organisniss gene is
inserted into plants and then tested using chromogenic studies sugBlas Jeffersoret
al., 1986; Tsomlexogloet al.,2002). Tissues containing the gene will show a loloieur,
which has helped with regards to promoter analysis of naturally occurring gene and with
gene expression (Hull and Deyit995 Tehryunget al.,1999; Myronovskyiet al.,2011).
Current GUS systeras do however havdimitations; a number of biochemical and
molecular influences can affect expression of S genes resulting in quantification of
results being questionedue to inhibitors of Gus enzymes. It was found inhibitor

molecules were common with plant cells, with variable affinity towards thke
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coli enzyme(Fior and Gerola2009). This would surely be a downfall of this current
system.

Protein engineering of reporter genes is becoming increasingly common way to tackle
inconclusive or unreliakl results.One example being th&reen Fluorescence Protein
(GFP) from the jellyfish specieAequoreaVictoria (Soboleskiet al., 2005).A cloned

version of this protein produces a visible fluorescent light when expressed without the need
for other cofactos (Chalfie 1994). The discovery of GFP was pivotal in the molecular
cloning and biological because of its easily detectable properties. hecatlised as a
reporter gene and screening tool to study gene expression, transfection and aids our
understanithg of many organisms and the systematics of biological systems (Chalfie 1994;
Filmeieret al.,2000; Sobolesket al.,2 0 0 5 ) . Since the discovery
has been found that the protein generally overexpressed comparative to endogenous
proteins, and the GFP may also cause disruptions in protein function (Michaelson and
Phillips 2006). However, to combat such problems scientists have engineered the protein
using mutagenesis techniques to alter a number of characteristics including thtoexcit

and emission spectra, this allows for distinct markers to observe a number of biological
events occurring at one time (Hanson and Kéhler 2001; Kobagtahj2008). As well as

this structural and functional relationships can be visualised in thitough illumination

(Heim and Tsien 1996).

If both gusAand gusBcould be used together as a reporter system to test expression, in
vivo studies may well be conducted. By including the glucuronide transpastes
secondary reporter under the same premas GusA, substrates colld transported and
cleaved to produce a colorimetric response in the cells or ti§sus.would only occur if

the gene of interest were expressed in the first place of colingewould mean that
extracting cells and tissuéx in vitro studiesof expressiomight not be necessary

In addition to this site directed mutagenesis within GusB could nsgmatificity
dramatically increased, other bigioal influences affecting the GUS systemould be
minimal andtherefore currenlimitations mightbe reducedWhether this is a valuable tool

in the future depends on the continuation of study into the structure, function and

molecular recognition of the GusB protein.
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5. Conclusion

Prior to undertaking this studyesearch regdmg the molecular recognition site of GusB
wasscarce and therefore the decision to identify key amino acids relating veathimade.

By creating mutations in theugB gene amino acids would be changed the final
structure of thésusB protein. It wasuspected that this would disrupt with the molecular
recognition site causing changes in substrate affinity and binding. This would be achieved
using molecular cloning technigsie

Despite persisting efforts and troubleshooting of procedures, the processswcessful

Fused DNA fragments, thought to encode a mutgtexsB were achieveé through PCR
amplification. When expressed these were hoped to produce mutations at position 27 and
273 The cloning procedures that followed were conducted howessuls could not be
obtained and the desired products were not producextder to prove the mutations were
successful, transformation and sequencing should be conducted. If these steps can confirm
a site directed mutation has been achieved, transport tas&JAS assay can then detect
whether substrate affinity and molecular recognition has been affected.

This project however, did uncover new information regarded the mutated GusB protein
pE3MA. When sent for sequencing, the expecatadation was not jusiofind at position

349 but also a substitution from an unchardegaragineto a positively charged Lysine

was incorporated into the sequencegatB at position 218 GUS assay transport tests
showed dimiished transport compared to the pMJB33 protein witmetional GusB It is
advised that X-Gluc test areconducted to allow comparative resultgth previous
research. In addition to this more sequence alignments to proteins within the MFS should
be conducted to see if equivalent positions within theseeipsdtave known links to the

molecular recognition site or binding pockets.
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7. Appendices

1. GusB nucleotide sequence; GusB amino acid sequenaed SNP primer design
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atgaatcaacaactctcctggcgcaccatcgtcggcetacagectcggtgacgtcgecaat
M NQ QL S WRTI V GY S L GD
aacttcgccttcgcaatgggggcegctcttcctgttgagttactacaccgacgtcgctg
NFAFAM'ALFLLSYYTD
gtcggtgccgetgcggegggceaccatgetgttactggtgegggtattcgatgecttcgec
vV GA A AAGT ML L L VRV F D
gacgtctttgccggacgagtggtggacagtgtgaatacccgetggggaaaattccgeccg
DV FAGRVYVYVDSVNTRWAG K
tttttactcttcggtactgcgcecgttaatgatcttcagegtgcetggtattctgggtgecg
F L L F GT A PL MI F S V L V F
accgactggagccatggtagcaaagtggtgtatgcatatttgacctacatgggcctcggg
T DWSHGS KV VY AY L T Y M
ctttgctacagcctggtgaatattccttatggttcacttgctaccgcgatgacccaacaa
L CY S L VNI PY GSULATAWM
ccacaatcccgegeccgtctgggegeggctegtgggattgecgcttcattgacctttgte
P Q S R A RL GAARUGI A A S L
tgcctggcatttctgataggaccgagcattaagaactccagcccggaagagatggtgteg
cCcC L A F LI GP SI KNS SPEE
gtataccatttctggacaattgtgctggcgattgccggaatggtgctttacttcatctge
VY.FWTIVLAIAGMVLY
ttcaaatcgacgcgtgagaatgtggtacgtatcgttgcgcagcecgtcattgaatatcagt
F K S T R ENWVV LRI V A QP S
ctgcaaaccctgaaacggaatcgceccgctgtttatgttgtgcatcggtgegetgtgtgtg
L Q T L K RNRWPLIFMLTCI GA
Y

—

ctgatttcgacctttgcggtcagcgectegtegttgttctacgtgegctatgtgttaaat

L I S T F AV S AS S L F Y VR
gataccgggctgttcactgtgctggtactggtgcaaaacctggttggtactgtggcatcg
DTGLFTVLVLVQ.LVGT
gcaccgctggtgccggggatggtcgcgaggatcggtaaaaagaataccttcctgattgge
AP L VP GMVARI G KKNTF
gctttgctgggaacctgeggttatctgetgttcttctgggtttcegtctggtcactgeceg

AL L GTIOCOGYLL F F WV SV W
gtggcgttggttgcgttggecatcgcttcaattggtcagggcegttaccatgaccgtgatg

vV ALV AL A1l ASI G Q GV T M
tgggcgcetggaagctgataccgtagaatacggtgaatacctgaccggegtgcgaattgaa
WAL.ADTVEYGEYLTGV
gggctcacctattcactattctcatttacccgtaaatgcggtcaggcaatcggaggttca

G L TY SL F S FTRIKZCUGOQ A I
attcctgectttattttggggttaagcggatatatcgccaatcaggtgcaaacgccggaa

|l P AF Il L GL SGY !l AN QVDOQ
gttatt  atgggcatccgcacatcaattgccttagtaccttgcggatttatgctactggea
VIMGIlTSIALVPCGFM
ttcgttattatctggttttatccgctcacggataaaaaattcaaagaaatcgtggttgaa

F vI I WFY P L T D K K F K E I
attgataatcgtaa ~ aaaagtgcagcagcaattaatcagcgatatcactaattaa
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MNQQLSWRTIVGYSLGDVANNFABANFLLSYYTDVAGVGAAAAGTMLLLVRVFDAFAD
VFAGRVVDSVNTRWGKFRPFLLFGTAPLMIFSVLVFWVPTDWSHGSKVVYAAGIT MG
YSLVNIPYGSLATAMTQQPQSRARLGAARGIAASLTRARLIGPSIKNSSPEEMVSVE
FWTIVLAIAGMVLYFICFKSTRENVVRIVAQPSLNISLQTLKRNRPLFMLCIGALCVLIST
FAVSASSLFYVRYVLNDTGLFTVLVLBQVGTVASAPLVPGMVARIGKKNTFLIGALLGT
CGYLLFFWVSVWSLPVALVALAIASIGQGVTMTVNEABIVEYGEYLTGVRIEGLTYSL
FSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEVIMBTSIALVPCGFMLAFVIIWFY
PLTDKKFKEIVVEIDNRKKVQQQLISDITN

Start primer for GUSB

5 8 CAAACATGAATCAACAACTCTTGGCG3

5 6 GTTTGTACTTAGTTGTTGAGTAEGCGCEGH3

End primer for GUSB

5 6 TTAATGAGCGATATCACTAATTAATTCA 3 6

5 6 AATTAGCGCTATAGTGATTAARTAAGT 3 6

Primers for mutagenesis

1.

TM1G27DF
5 6 TTCGCAABBESGCGCTCTB 6

TM1G27DR
5 6 AAGAGCGE@BATTGCGAA3 6

Annealing Tm=65.3

TM10E362NF
5 6 GGCGCTEBIGCTGATACS 6

TM10E362NR
5 6 GTATCAGEEBICAGCGCS 6

TM6H183EF
5 6 TCGGTATABBITTCTGGAG: 3 6

TM6H183ER
5 6 TGTCCAGABIGTATACCGA3

TM8N273DF
5 6 GTGCABBICTGGTTGGTS 6

TM8N273DR
5 6 TACCAAGBEBSTCTTGCALS 6

84



TM12R406EF
5 6 GGCATEBBEACATCAATTG3 6

TM12R406ER

5 6 CAATTGATGEBIEGATGCC- 3 6
TM4L119CF

5 6 ATGGGEBBIGGGCTTTGCTAG 6

TM4L119CR
5 6 GTAGCAAAGC@BIGCCCAT-3 6

ER1gusBF (based on pMJB33 clone)

5 6 aataagaattc  atgaatcaacaactetcetg -3 0

KplgusBR (based on pMJB33 clone)
5 6 tGGTACCTTAATTAGTGATATCGCTGATTARTO
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2. Tm recommendationfor primer s

(G

Tm for PCR reaction (GIBCO-BRL)

Bmer  Omer 20mer 2Mmer 2mer 2Bmer 24mer 2mer Bmer 2mer Bmer Vmer mer Imer  Rmer  Bmer
63 81 498 M3 N7 ORI B1 B M1 50
86 B3 MY B3 M5 HT %8 518
58 R4 B9 52 B4 55
581 M6 560 572
%4 %8 580
511

16 :
B W2 WS

120

LA :
W2 1S MW M0 A3 745 AT

1

1 125 .

1 9 T8 W2 WS MY M2 My AT B0 B2 B4 6 Ta8 TR0
13 76 740 744 AT ™0 ™I 6 8 O 762 764 66 768 769 T4 T2
1

1

4 B9 2 65 67 WY M n3 M5 M6 My 7MY WO W 782 783 74
5 M2 W3 785 186 W8 WY M0 T M2 3 94 M4 WS 796 796 T

Tm = 81.5 + 41 x CG% - 675/mers Annealing Temperature = Tm — 5 degree C
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3. Examples of pocedures carried out in the lab:Please note this is a sample, not
all pages are included.

Making of LB media and plates
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Inoculating of strains
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Mini -prep of plasmid DNA
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Concentration determination of DNA using Nanodrop technology
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Primary PCR amplification and Troubleshooting
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Electrophoresis
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DPNL1 treatment
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PCR Fusion and Troubleshooting
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DNA purification
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Gel extraction
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Restriction Digest
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Phenol Extraction and Ethand Precipitation
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Ligation and Transformation
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Gel extraction for higher yield of DNA
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Gus Assay Transport tests: Time Course, pNPG concentration and
pNP
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