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ABSTRACT

Green fluorescent protein (GFP) is a protein that consists of 27 kDa protein of 238 amino acid
residues. GFP emits bright green fluorescence light when exposed to blue or ultraviolet light.
GFP has been used as a marker for the gene expression visualization, protein localization in
living and fixed tissues as well as for protein targeting in intact cells and organisms. A direct
purification method was developed to purify the recombinant GFP from intact Escherichia coli
(E. coli) cells using preparative native polyacrylamide gel electrophoresis (n-PAGE) in
continuous buffer system. 100 pL of 12% (w/v) polyacrylamide gel was used to study the effect
of biomass concentration and the effect of resolving gel height on the preparative n-PAGE. The
amount of purified GFP was determined by using the gel-based imaging method and the Lowry
protein determination method to determine the purity and yield of the recovered GFP. The
optimal biomass concentration in the feedstock was found at 15% (w/v) with 62.5% of purity.
The purity of GFP slightly reduced when the biomass concentration increased to 25% (w/v).
Meanwhile, 89% of purity was achieved when 1 cm of resolving gel was employed in
preparative n-PAGE. The purity of the GFP decreased when the gel height increased to 2.5cm.
However, the percentage of the yield in this study was unable to determine since the calculation

was completely offset.
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ABSTRAK

Protein pendarflour hijau (GFP) adalah protein yang mengandungi 27 kDa dengan baki 280
asid amino. GFP mengeluarkan warna hijau terang apabila terkena sinaran cahaya biru atau
cahaya UV. GFP telah digunakan sebagai penanda genetik dalam pemerhatian visual genetik,
penentuan protein dalam tisu-tisu hidup termasuk sel dalam sesuatu organisma tersebut. Satu
cara penulenan GFP secara langsung telah dibangunkan untuk menulenkan GFP rekombinan
yang berasal daripada sel Escherichia coli (E. coli) dengan menggunakan Elektroforesis
sediaan dengan gel poliakrilamida asli (n-PAGE) dalam sistem buffer yang berterusan.
Sebanyak 100 pL 12% (w/v) gel poliakrilamida telah digunakan untuk mengkaji kesan
kepekatan dan ketinggian gel poliakrilamida terhadap n-PAGE. Bilangan GFP yang tulen
dianalisa dengan menggunakan analisis pengimejan berasaskan gel dan cara penentuan
bilangan protein Lowry untuk menentukan ketulenan dan hasil GFP. Ketulenan optima bagi
GFP untuk kesan kepekatan dalam 15% (w/v) biojisim ialah 62.15%. Ketulenan GFP menurun
apabila kepekatan dalam suapan meningkat kepada 25% (w/v). Manakala kesan ketinggian gel
polyacrylamide, sebanyak 89% ketulenan GFP telah diperolehi apabila ketinggian gel
poliakrilamida sebanyak 1 cm. Ketulenan GFP menurun apabila ketinggian gel poliakrilamida
meningkat kepada 2.5 cm. Walaubagaimanapun, bilangan hasil GFP tidak dapat ditentukan
dalam kajian ini memandangkan bacaan untuk hasil GFP adalah tidak tepat.



TABLE OF CONTENTS

SUPERVISOR’S DECLARATION. ...ttt e v
STUDENT’S DECLARATION. ...ttt e e et e e \%
97T o= LA o] o Vi
ACKNOWLEDGEMENT ...ttt ee Vi
AB S T R A T . e e VIII
AB S T RAK L IX
TABLE OF CONTENT S ...t eae e X
LIST OF FIGURES. ... i e Xl
LIST OF TABLES. ... o e XIVV
LIST OF ABBREVIATIONS. ... e XV
LIST OF ABBREVIATIONS. . ... XVII
1 INTRODUCTION. ... e e e e e e e e e aree s 1
1.1 Motivation and statement of problem................coii i, 1
1.2 OO CHIVES. ..ttt e 2
1.3 Scope Of thiS TESEAICN. ... .ot 2
1.4 Main contribution of thiSWork....... ..., 2
1.5 Organisation of thisSthesiS...........ooiiiiii e 3
2  LITERATURE REVIEW. ... ..ot e, 4
2.1 OVBIVIBW. ..ottt e e e e e e e e e e 4
2.2 Green Fluorescent Protein (GFP).... ..o, 4
2.3 Application of Green Fluorescence Protein............cooviiiiiiiiiiiiiiie e, 6
2.3.1 GFP as Reporter GENE.......ouiii e, 6
2.3.2  FUSION Ta0S. .ttt ettt et 6
2.3.3 Other GFP applications. .........ooviuiiit i 7
2.4 Available Purification Methods. ...........coooiiiii 7
2.4.1 Three phase partitioning (TPP)........coiiiiriiiiii e 8
2.4.2  Monoclonal antibody coupled affinity................cooooiiiiiiii 8
2.5 Gel eleCtrOPROTESIS. .. .e ettt 8
2.5.1 One dimensional polyacrylamide gel electrophoresis (1D-PAGE)............... 9
2.5.1.1 Native-Polyacrylamide Gel Electrophoresis (n-PAGE).................9
2.5.1.2 Isoelectric Focusing (IEF)........ccooiiriiiii e, 9
2.5.1.3 Sodium Dodecyl Sulfate- Polyacrylamide Gel Electrophoresis
(SDS-PAGE). .. .ttt 9
2.5.2 Two dimensional polyacrylamide gel electrophoresis (2D-PAGE)............. 10
3  MATERIALS AND METHODS. ... e 11
3L OVBIVIBW. .ottt e e 11
3.2 ChemICAlS. ...ttt 12
3.3 Production of green fluorescent protein (GFP)................cooiiiiiiii i 13
3.4 Purification of GFP.... ... 13
3.4.1 Preparation of native polyacrylamide gel electrophoresis (n-PAGE) column..13
3.4.2 Preparative N-PAGE 0peration............oovviiiiiiiriiietiiiiiiieieeeeannenenn 15
3.4.3  Electroelution of proteins. ..........ouivuiitiiiiit it ee e 15
3.5 Analytical ProCeAUIE. ... ...t e 15
3.5.1 Gel-based imaging method...............coiiiiiiiiiiii e 15



3.5.1.1 Electrophoresis of n-PAGE plate............ccoevviiiiiiiiiiiiiienenn, 15

3.5.1.2 BIO-imaging SYSteIM.........ouiurintitiitit et 17

3.5.2  LOWIY PIOt@IN @SSAY . ... vuttntt et entett et ete et et eate et et et eeenaeaneeneenans 17

3.6 CalCUIALIONS. ... ettt 18

4 RESULT & DICUSSION. .. .ottt 19
O R =T T PN 19

4.2 Standard calibration CUIVE. .........oiiiiii i e e eraeae e 20
4.2.1  LOWIY PIrOTEIN @SSAY . ... uvint et ettt et ettt et et e et e e et e e e aaaenns 20

4.2.2 Determination of purified green fluorescence protein amount.................... 21

4.3 Effect of biomass concentration on the preparative n-PAGE............................ 22

4.4 Effect of resolving gel height on the preparative n-PAGE....................... 24

5.1 CONCIUSION. ...ttt e e e e e e e e e aaae 19

5.2 FUture WOrK. .. .o 26
REFE R EN CES . .. o e e ettt e 27
AP P EN DI CE S . . e e 31

Xl



LIST OF FIGURES

Figure 2.1: ACQUOTEA VICTOITA. ......eeuveueeieeiieiiti sttt sttt 5
Figure 2.2: Expression of GFP in E. Coli............oooiiiiiii e 5
Figure 2.3: The structure 0f GFP: Deta-Can...........ccvoveiieiice e 5
Figure 2.4: A typical analytical SDSPAGE.........ccoiiiii e 10
Figure 3.1: Process flow of methodology............cooviiiiiiii e, 11
Figure 3.2: Homemade gel electrophoresis apparatus...............ccooeviiiiiiiiiiiiiiienann... 13

Figure 4.1: The correlation graph between optical density at 750 nm and BSA concentration
(ug/mL) for standard calibration curve of total protein concentration............. 20
Figure 4.2: The standard calibration curve between amount of purified GFP (ug) and intensity
of the pure GFP bands OVEr area.............ocovieiniiiiii i 21

Figure 4.3: Different amount of purified GFP fluorescent bands in a native polyacrylamide

Figure 4.4: The purity of the preparative n-PAGE purification with different concentration of
biomass in the feedstocK...........cooviiiiii 22
Figure 4.5: The purity of the preparative n-PAGE purification with different height of the
FeSOIVING GEl. ...t e 24
Figure 4.6: The leftover fluorescent band (feedstock) on the well of the native polyacrylamide

Figure A.L: INNOCUIUM PrOCESS. ... veit ettt et et et et 31

Figure A.2: The condition for inoculum fermentation process was at 30°C under 200 rpm for

18 hours using a shaker incubator (INFORS HT, Ecotron)......................... 31
Figure A.3: The process of GFP incubation continued by transferring 1:25 of inoculum into

1000 mL of Erlenmeyer flask containing 200 mL medium......................... 32
Figure A.4: The cells were harvested by centrifugation at 5800 rpm, 4°C for 30 min using a

refrigerated centrifuge (Eppendorf, Centrifuge 5810R)..............cccooeevinnnn. 32
Figure A.5: Cell pellets after washing with sample buffer.......................o 33
Figure B.1: Gel column (1.7 cm inner diameter X 12 cm 1ong)..........ccoevviiiiiinieninnn.. 34
Figure B.2: Modified 100 mL laboratory bottle (Scott)...........ccooeiiiiiiiiiia, 34
Figure B.3: Assembled homemade apparatus of preparative n-PAGE........................... 35
Figure B.4: Gel column with dialysis tube in electroelution process............................. 35
Figure B.5: The purified GFP that obtained from preparative n-PAGE.......................... 36

Xl



Figure C.1: Native polyacrylamide gel with 4% (w/v) of stacking gel and 15% (w/v) of
FeSOIVING GEl. ... 37
Figure C.2: The amount of total protein was determined by using the Lowry method using
bovine serum albumin as the protein standard..........................ooial 37
Figure C.3: Fluorescent bands of GFP on the gel was captured by using a gel documentation
system (FluorChemTM,Alpha Innotech).................cooiiiiiiiii, 38
Figure C.4: The total amount of GFP was measured at 750 nm wavelength by using a UV-Vis
spectrophotometer (U-1800 Spectrophotometer, Hitachi)........................ 39

X



LIST OF TABLES

Table 3.1: List Of ChemiCals. ... ... .o e 12
Table 3.2: Resolving gel formulation................oooii i 14
Table 3.3: Resolving and stacking gel formulation......................oocoii, 16

Table 4.1a: The purification of GFP from intact E. coli cells using a preparative PAGE with
different DIOMAass CONCENTIAtION. ... ....ouitie e 23
Table 4.1b: The purification of GFP from intact E. coli cells using a preparative PAGE with
different DIOMass CONCENTIAtION. .........oitit i 23
Table 4.2: The purification of GFP from intact E. coli cells using a preparative n-PAGE with
different resolving gel height....... ..., 25

XV



LIST OF ABBREVIATIONS

kDa
ML
HY
wiv
Vv
cm
A
°C
g/L
pg/mL
mL
rpm
mM

ODs0o
nm
mA

mm

hrs

kilo Daltons

microliters

micrograms

weight over volume

volt

centimetres

amperes

celcius

grams/litre

micrograms per millilitre
millilitre

revolutions per minute
millimolar

molarity

optical density at 600 nm
nanometres
milliamperes

waltt

millimetres

times

hours

XV



LIST OF ABBREVIATIONS

DNA
HPLC
n-PAGE
SDS-PAGE
TPP

IEF

IPTG

Tris
TEMED

deoxyribonucleic acid

high-performance liquid chromatography

native polyacrylamide gel electrophoresis

sodium dodecyl sulphate polyacrylamide gel electrophoresis
three phase partitioning

isoelectric focusing

isopropyl B-D-1-thiogalactopyranoside
2-Amino-2-hydroxymethyl-propane-1,3-diol
N,N,N’,N’-tetramethylethylenediamine

XVI



1 INTRODUCTION

1.1 Motivation and statement of problem

For over decades, gene mapping was limited in most organisms by traditional genetic markers
which include genes that encode easily observable characteristics such as blood types or seed
shapes. Genetic marker is a gene or DNA sequence with a known location on a chromosome
that can be used to identify individuals or species (“LoveToKnow”, 2013). Genetic marker are
widely apply in medical field where genetic marker was used to study disease and improve
human health through the use of technologies that integrate the entire genome (Gibbons et al.,
2004). Besides that, Neale et al. (1992) used the genetic marker in their forest tree improvement
research. Green fluorescent protein (GFP) is one of the genetic marker example that used as a
reporter in cell and molecular biology. GFP was discovered by Osamu Shimomura in the 1960s
where the gene was first isolated from the jellyfish, Aequorea victoria. Unlike most of the
genetic marker, GFP can be fused with other proteins without altering other proteins function.
GFP emits bright green fluorescence when it exposes under blue or ultraviolet light (Tsien,
1998). It has 27 kDa proteins of 238 amino acid residues. Asides from being genetic marker,
GFP is also used as a genetic fusion partner. Green fluorescent chimera was created to host
proteins in order to monitor their localization (Tsien, 1998). Kac (2000) had successful fused
GFP with a rabbit for art purposes and social commentary.

Purification process had been crucial for researches to have detailed studies on the function of
targeting protein (Young, 2006). Yield and purity of a protein usually depends on purification
method. For instance, intracellular protein purification usually requires preliminary cell
disruption to release the intracellular protein from intact cells before undergoes subsequent
purification process. Cell disruption may cause the protein degradation, thus high losses of the
products (Ho et al., 2008).

Due to this problem, a direct purification method had been developed by Chew et al. (2009)
for purification of recombinant GFP from intact Escherichia coli cells. A homemade apparatus
of preparative native polyacrylamide gel electrophoresis (n-PAGE) is used to combine the cell
disruption, clarification, concentration, and separation steps into a single purification step. In
their study, a discontinuous buffer system was employed which consists of 2 layers of gel in

the n-PAGE. Continuous buffer systems use the same type of buffer, at constant pH, sample,



and electrode reservoirs (Garfin, 2003). Compare to discontinuous buffer system, continuous
buffer system can use almost any type of buffer (Garfin, 2003) and this can simplify the process
of preparative n-PAGE. Therefore, this study aims to develop purification method for purifying
the recombinant GFP from intact E. coli BL21 (DE3) cells using preparative n-PAGE in a

continuous buffer system.

1.2 Objectives
The following are the objectives of this research:

i) To develop purification method for purifying the recombinant GFP from intact E. coli
BL21 (DES3) cells using preparative n-PAGE in a continuous buffer system.
i) To study the effect of biomass concentration on the preparative n-PAGE.

iii) To study the effect of height of resolving gel on the preparative n-PAGE.

1.3 Scope of this research
The following are the scope of this research:
i) 100 pL of 12% (w/v) polyacrylamide gel was used to study the effect of biomass
concentration and the effect of resolving gel height on the preparative n-PAGE.

i) The preparative n-PAGE was runs at constant voltage of 140V.
iii) The purified GFP was analysed by using gel-imaging method.

iv) The amount of total GFP was determined by using Lowry protein assay.

1.4 Main contribution of this work
The following are the contributions:
i) An integrated purification process was developed where it combines the cell disruption,
clarification, concentration, and separation steps into a single purification step.
i) A continuous buffer system was employed where it was simple and cheaper compared

with existence preparative n-PAGE.



1.5 Organisation of this thesis
The structure of the reminder of the thesis is outlined as follow:

Chapter 2 covers the information about the characteristic and the application of the green
fluorescent protein. Besides, the descriptions about the available purification methods for green
fluorescent protein are reviewed. The type of polyacrylamide gel electrophoresis is described

in the end of this chapter.

Chapter 3 describes the methodology and chemicals used in this study. E. coli strain BL21
(DEJ) carrying the pRSETGFP plasmid encoding the GFP is used to produce the GFP. Then,
100 pL of feedstock containing E. coli biomass was loaded into 12% (w/v) polyacrylamide gel
column and runs by using homemade apparatus of preparative n-PAGE at room temperature
under constant voltage of 140V. The amount of purified GFP was analysed and determined
using gel based imaging method while the total amount of purified GFP was determined by

Lowry protein assay.

Chapter 4 provides standard calibration curve for Lowry protein assay and gel imaging
analysis. 100 pL of feedstock containing E. coli biomass was loaded into 1.5 cm of gel column
height in order to study the effect of biomass concentration on purification of preparative n-
PAGE. Meanwhile, 100 pL of feedstock containing 20%(wi/v) of E. coli biomass was loaded
into 12% (w/v) polyacrylamide gel in order to study the effect of polyacrylamide gel height on
purification of preparative n-PAGE. Both parameter runs at room temperature under constant
voltage of 140V. The effect of the biomass concentration and the height of polyacrylamide gel

on purification of preparative n-PAGE were studied and discussed

Chapter 5 draws together a conclusion of the thesis and outlines the future work which may

improvise the purification of GFP in continuous buffer system.



2 LITERATURE REVIEW

2.1 Overview

This chapter covers the information about the characteristic and the application of the green
fluorescent protein. Besides, the descriptions about the available purification methods for green
fluorescent protein are reviewed. The type of polyacrylamide gel electrophoresis is described
in the end of this chapter.

2.2  Green Fluorescent Protein (GFP)

Since the discovery of GFP by Osamu Shimomura in the 1960s, the research of GFP has been
begun from cloning to purification of the protein. GFP was first isolated from a bioluminescent
jellyfish, Aequorea victoria (Figure 2.1). However, the green-light of the GFP only activate
when the GFP absorbed the blue-light produced by aequorin upon the calcium binding (Chalfie
et al. 1994). GFP was successfully cloned and expressed the protein in Escherichia coli (Figure
2.2) and Caenorhabditis elegans in Martin Chalfie’s lab (Tsien, 1998). These bacteria
expressed the green fluorescent when it was induced with isopropyl-p-thiogalactoside (IPTG)
(Chalfie et al., 1994). GFP is a stable, water-soluble, and globular protein of molecular weight
27 kDa with isoelectric point near pH 5.3 (Ward, n.d). It is comprised of 238 amino acids
(Yang, Moss, and George, 1996). The structure of the GFP was named beta-can by Yang et
al., 1996. From Figure 2.3, 11 antiparallel beta strands (green) form a very compact cylinder
on the outside of the GFP structure. While inside the beta-structure, there is an alpha-helix
(light blue) and in the middle of which is the chromophore (yellow). The middle structure

responsible for the GFP to release its green fluorescence (Yang et al., 1996).



Figure 2.1: Aequorea Victoria

Source: Zimmer (2013)

Figure 2.2: Expression of GFP in E. coli. The
bacteria on the right side of the figure have the
GFP  expression plasmid. Cells were
photographed during irradiation with a hand-
held long-wave UV source.

Source: Chalfie et al. (1994)

Figure 2.3: The structure of GFP: beta-can

Source: Yang et al. (1996)



2.3 Application of Green Fluorescence Protein

The fusion of the GFP to a protein rarely affect the proteins activity or mobility and it is
nontoxic (Zimmer, 2002). Furthermore, GFP is resistant to heat, alkaline pH, detergents,
photobleaching, chaotropic salts, organic salts, and many proteases (Ehrmann, Scheyhing, and

Vogel, 2001). This make the GFP become favourable protein in many application.

2.3.1 GFP as Reporter Gene

GFP as a reporter gene was the first application to detect gene expression in vivo (Chalfie et
al., 1994). The GFP used to monitor gene expression under the control of a promoter of interest
to measure the GFP fluorescence which directly indicates the gene expression in the cells
(Zimmer, 2002). For example, GFP was particularly successful at confirming the pattern of
expression of the mec-7 promoter, which drives the formation of B-tubulin in a limited number
of mechanosensory neurons (Tsien, 1998). However, the GFP required strong promoter to drive
sufficient expression for detection since there is no signal amplication (Tsien, 1998). This is
due to each molecule of GFP has only one chromophore which lower its sensitivity (Zimmer,
2002). In order to overcome the problem, Tsien (1998) suggested using reporter gene products
that can enzymatically catalyse a large change in the fluorescence of substrates that can be
loaded into intact, fully viable cells. Another alternative suggested by Zimmer (2002) was to

use high sensitivity photon counting devices.

2.3.2 Fusion Tags

A chimera was the resultant of a fusion of cloned gene and GFP using standard subcloning
techniques (Zimmer, 2002). GFP fusion tags were used to visualise dynamic cellular events
and to monitor the protein localization (Tsien, 1998). The fusion protein can maintain its
normal functions and protein localization since the chromophore in GFP was produced in vivo
(Zimmer, 2002). Due to this advantage, many major oraganelles were successfully fused and
the migration of GFP from cell to cell had been observed (Tsien, 1998). The fusion between
GFP and the protein of interest can be attempted at either the amino or carboxyl terminus of
the host protein (Zimmer, 2002). There were 10 possible topologies of GFP and their chimeras

with other proteins in Zimmer (2002) report.



2.3.3 Other GFP applications

The rigid shell in GFP surrounding the chromophore enables it to be fluorescent and protects
it from photobleaching but also hinders environmental sensitivity. Due to this features, GFPs
that act as indicators of their environment have been created by combinations of random and
directed mutagenesis. Several applications based on GFP indicator for calcium, pH, metal and
protease has been reported in Zimmer (2002) and Tsien (1998). These indicators are used based
on fundamental technique called Fluorescence Resonance Energy Transfer (FRET). FRET is a
nonradiative exchange of energy from an excited donor fluorophore to an acceptor fluorophore
that is within 100 A from the donor (Zimmer, 2002). FRET is used to study the protein-protein
interaction, determination of calcium concentration (Zimmer, 2002), and metal release
monitoring (Tsien, 1998). Blue, green, cyan and yellow fluorescent proteins are the best FRET
pairs because of their emission and excitation spectra (Zimmer, 2002).

In the recent study, a biological cell laser based on GFP has been invented by Gather and Yun
(2011) to overcome the limited penetration of light in biological tissue. Compare to previous
laser materials, GFP are biologically producible, biocompatible and bioabsorbable which made
GFP solutions suited to generating stimulated emission and laser light from and within living

organisms (Gather and Yun, 2011).

2.4  Available Purification Methods

Many recombinant GFP methods had been purposed such as organic extraction (Yakhninet et
al., 1998), three phase partitioning (Jain, Singh and Gupta, 2004), immobilized metal affinity
chromatography (Noubhani et al., 2002), anion exchange chromatography (Cabanne et al.,
2005), monoclonal antibody affinity chromatography (Zhuang et al., 2008), hydrophobic
interaction chromatography (McRae, Brown, and Bushell, 2005), chromatofocusing with a pH
gradient (Narahari et al., 2001), size exclusion chromatography and ion exchange HPLC
(Deschamps, Miller, and Ward, 1995), and aqueous extraction followed by metal ions

precipitation (Jain, Teotia, and Gupta, 2004).



2.4.1 Three phase partitioning (TPP)

Dennison and Lovrien (1997) described the three-phase partitioning (TPP) as a batch method
with three stages that usually for rapid purification of proteins. This method required high
concentration of well-buffered aqueous ammonium sulphate together with an equal volume of
water-miscible aliphatic alcohol (Ward, n.d). According to Gupta and Sharma (2001) in the
pectinase purification, the TPP method only involves 2 major steps, including the addition of
ammonium sulphate to desired level and centrifugation in order to facilitate separation process.
The GFP forms dimers when at high concentrations of ammonium sulphate, thus the GFP

stabilized by hydrophobic and intermolecular interactions (Ward, n.d).

2.4.2 Monoclonal antibody coupled affinity
Monoclonal antibodies are made by identical immune cells where all the clones are from a

unique parent cell, in contrast to polyclonal antibodies which are made from several different
immune cells (Schwaber and Cohen, 1973). It binds to the same epitope because it has
monovalent affinity (Schwaber and Cohen, 1973). Therefore, the monoclonal antibodies are
able to detect and purify a substance. Zhuang et al. (2008) used female BALB/mice to produce
monoclonal antibodies where the mice were immunized for 2 weeks. After the
immunoprecipitation process, the GFP fusion protein was purified under an affinity column
chromatography. This method has successfully purified the GFP with a purity of 97% and yield
of 90% (Zhuang et al., 2008).

2.5 Gel electrophoresis

Gel electrophoresis is a technique whereby charged molecules are separated by the used of an
electric field (Garfin, 2003). The charged molecules tend to migrate towards an opposite charge
during electrophoresis. This process usually carried out in an agueous solution. Polyacrylamide
is the matrix that commonly used in protein gel electrophoresis. The mobility of a protein
depends on its charge, size, and shape. However, the mobility of the protein can be influence
by pH change and types of counter ions and denaturants (Garfin, 2003). Researchers usually
use gel electrophoresis for protein analysis and purification purpose. Gel electrophoresis can

be categorized into 2 types, one dimensional and two dimensional.



2.5.1 One dimensional polyacrylamide gel electrophoresis (1D-PAGE)

25.1.1 Native-Polyacrylamide Gel Electrophoresis (n-PAGE)
The protein in native state are properly folded and electrophorese without being denature by

denaturant (“Alliance Protein Laboratories Inc.,” 2012). N-PAGE is used to separate proteins
in their native states according to difference of charge density. N-PAGE can runs either in
continuous buffer system or in discontinuous buffer system. As usual, the mobility in n-PAGE
also depends on both of the protein’s charge. However, the charges also depend on the amino
acid composition of the protein (“Thermo Fisher Scientific Inc.,” 2012). Proteins with compact
conformations have higher mobility while the larger structures have lower mobility (“Thermo
Fisher Scientific Inc.,” 2012). This PAGE is suitable to use in preparation of purified and active
proteins since this PAGE did not denature protein. The external electric field causes the cells
to release its intracellular contents (Chew et al., 2009). Then, the preparative n-PAGE

purification takes place as the GFP migrate to the bottom end of the polyacrylamide gel.

25.1.2 Isoelectric Focusing (IEF)

IEF is employed when the conditions is desirable to maintain biological activity or antigenicity
without denature the protein (Garfin, 2003). In IEF, proteins are separated by electrophoresis
in a pH gradient based on their isoelectric point, pl (Garfin, 2003). The protein will move
towards the more negative end of the gel if the proteins are positively charged and vice versa
when the proteins are positively charged (Garfin, 2003). The protein molecule will accumulate

at its isoelectric point and form a sharp band when the protein molecules carry no net charge.

2.5.1.3 Sodium Dodecyl Sulfate- Polyacrylamide Gel Electrophoresis
(SDS- PAGE)

SDS-PAGE is a very common method for electrophoresis for separating proteins. Like n-
PAGE, SDS-PAGE also consists of two different sub-gels, a stacking and a resolving gel. As
the proteins enter the resolving gel, the polyacrylamide slows the larger molecules from
migrating as fast as smaller molecules so creating separation based on mass (Raymond and
Wientraub, 1959). However, SDS-PAGE requires the protein to denature to their constituent’s
polypeptide chains (Figure 2.4). So, it was suitable to determine the purity in purification

process and to estimate the molecular weights of proteins (Garfin, 2003).



—— S—

Figure 2.4: A typical analytical SDS PAGE

Source: Garfin (2003)

2.5.2 Two dimensional polyacrylamide gel electrophoresis (2D-PAGE)

2D-PAGE is a technique that combines IEF with SDS-PAGE (Garfin, 2003). It is a very
efficient separation and sensitive detection for a protein (Issagq and Veenstra, 2008). Proteins
were resolved on a gel using isoelectric focusing, which separates proteins in the first
dimension according to their isoelectric point, followed by electrophoresis in a second
dimension in the presence of sodium dodecyl sulfate, which separates proteins according to

their molecular mass (O’Farrell, 1975).
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3 MATERIALS AND METHODS

3.1 Overview

In this chapter, the overview of the methodology was summarized as following process flow:

Production of green fluorescent
protein (GFP)

Purification of GFP
a. Preparation of gel column
b. Preparative n-PAGE
operation.
c. Electroelution of Proteins

Analytical procedure

GFP quantitation

Total protein quantitation
Gel-based imaging method

Lowry method

Figure 3.1: Process flow of methodology
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3.2

Chemicals

Table 3.1: List of chemicals

Chemical

Supplier

Purpose

Pure GFP

Standard Curve

LB Broth (Lennox)

Condo Pronadisa

Fermentation

LB Agar (Lennox)

Condo Pronadisa

Fermentation

Ampicillin

Bio Basic Canada

Inc.

Fermentation

Isopropyl p-D-1-

thiogalactopyranoside

Thermo-Scientific

Fermentation

(IPTG)
Acrylamide Merck Purification
Bis-acrylamide Bio Basic Canada Purification

Inc.
TRIS Sigma-Aldrich Purification
Glycine Fisher Scientific Purification
N,N,N’,N’-tetramethyl Merck Purification
ethylenediamine (TEMED)

Ammonium persulfate Merck Purification
Bromophenol blue Fisher Scientific Purification

Lowry Reagent (Reagent 1)

R&M Chemicals

Quantitation

Folin & Ciocalteu’s phenol

reagent

Sigma-Aldrich

Quantitation

12



3.3 Production of green fluorescent protein (GFP)

The experiment began with streaking the E. coli strain BL21 (DE3) into the agar plate and
incubated for 18 hours in 37 °C. Luria Bertani (LB) broth containing 10 g/L tryptone, 5 g/L
yeast extract, 5 g/L sodium chloride, and 100 pg/ml ampicillin was used as the culture medium
in this experiment. The ratio of the medium to the Erlenmeyer flask volume was 0.2 in order
to provide good oxygen transfer rate during the fermentation process. The inoculum was
prepared from a single colony of E. coli from agar plate and transferred into 100 mL of
Erlenmeyer flask containing 20 mL medium. The condition for inoculum fermentation process
was at 30°C under 200 rpm for 18 hours using a shaker incubator (INFORS HT, Ecotron).
After 18 hours of fermentation, the process of GFP incubation continued by transferring 1:25
of inoculum into 1000 mL of Erlenmeyer flask containing 200 mL medium. 0.5mM of IPTG
was added after about 1 hour and 45 minute (ODeoo= 0.8-1.0) of fermentation process. The

fermentation process continued for another 16 hours at 30°C under 200 rpm.

After 16 hours of cultivation, the cells were harvested by centrifugation at 5800 rpm, 4°C for
30 min using a refrigerated centrifuge (Eppendorf, Centrifuge 5810R). Then, the cell pellets
were washed in sample buffer and followed by centrifugation at the same conditions. The cells
were suspended in sample buffer as the preparation for the next process.

3.4 Purification of GFP

3.4.1 Preparation of native polyacrylamide gel electrophoresis (n- PAGE)

column

Before filling the gel column with polyacrylamide solution, the bottom of the gel column was
sealed tightly with parafilm to avoid the leakage of the solution during filling the solution into
gel column. 12% (w/v) of resolving gel mixture (Table 3.2) was prepared and loaded into the
gel column. 200 pL of saturated butanol was added into the solution in order to form a uniform
flat surface. Then, the solution was allowed to polymerise for 30 minutes at room temperature.
After the gel was polymerised, the saturated butanol was rinsed thoroughly with distilled water.
The homemade gel electrophoresis apparatus was assembled according to the Figure 3.2.

13



DETAIL A

Figure 3.2: Homemade gel electrophoresis apparatus. (A) = Column; (B) = Cathode chamber;

(C) = Resolving gel; (D) = platinum wire electrodes; (E) = Anode wire; (F) = Anode chamber;

(G) = Laboratory bottle; (H) = Power supply; (I) = Cathode wire; (J) = Loaded sample

Table 3.2: Resolving gel formulation

Components Volume (uL)
Acrylamide mix [30% (w/v) acrylamide and 1200
0.8% (w/v) bisacrylamide]
Distilled water 1050
4x native lower buffer[1.5 M Tris 750
hydrochloride (pH 8.8)]
10% (w/v) ammonium persulfate 18.75
N,N,N’,N’-tetramethylethylenediamine 3.03
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3.4.2 Preparative n-PAGE operation

The parafilm was carefully unsealed from the bottom of the column and put the gel column
into the laboratory bottle containing 100 mL of electrode buffer (0.025 M Tris and 0.192 M
glycine). 10 mL of electrode buffer was filled on the top of the resolving gel before load the
sample. 100 pL of the biomass suspension was slowly poured over the surface of the resolving
gel. The electrophoresis process was performed at room temperature under a constant current
11mA (130-150V, 1 W) by using Bio-Rad PowerPac Universal ™.

3.4.3 Electroelution of proteins

About 9 cm of 20 mm width dialysis tube was washed thoroughly with distilled water and then
moistened with electrode buffer. One end of the dialysis tube was tightly tied off with double
knots. The electrophoresis process was stopped when the migrating ring of the electrophoresed
GFP near the bottom of the gel. The gel column was carefully took out from the laboratory
bottle for insertion of dialysis tube. The column was inserted into the open end of dialysis tube
and sealed with parafilm, without introducing any air bubbles inside the tube. Then, the column
with dialysis tube was carefully put back into the laboratory bottle. The electrophoresis process

continued until all the GFP eluted into the dialysis tube.

3.5 Analytical procedure
3.5.1 Gel-based imaging method
3.5.1.1 Electrophoresis of n-PAGE plate

A series of dilution ranging from 1X to 20X of purified GFP was used in this experiment. The
electrophoresis process was performed by using an electrophoresis apparatus (VS10 Vertical
Gel Series System). A native polyacrylamide gel with 4% (w/v) of stacking gel and 15% (w/v)
of resolving gel was prepared (Table 3.3) and ran at room temperature. Prior to filling the
resolving gel solution into the gel plate, the gel plate was assembled properly in order to prevent
gel solution leakage problem. Resolving gel mixture was loaded into the assembled gel plate
and the gel was overlaid with 100 pL of saturated butanol solution to form uniform flat surface.
The gel was left to polymerise for about 30 min before it was rinsed thoroughly with distilled
water. Stacking gel mixture was then added into the plate and a Teflon comb (12 wells) was
inserted into the stacking gel.

15



After the stacking gel was polymerised, the gel plate was put into an electrophoresis tank. The
electrode buffer (0.025 M Tris and 0.192 M glycine) was loaded to the cathode and anode
reservoirs. The Teflon comb was carefully removed. For sample preparation, 10 pL of the
purified GFP was mixed with 10 puL of 2X native sample buffer [0.5 M Tris hydrochloride (pH
6.8), 20% (wi/v) glycerol and 0.01% (w/v) bromophenol blue]. 10 pL of the sample mixture
was loaded into the well. The electrophoresis tank was connected to a power supply (Consort
EV243) at constant voltage of 140V. Electrophoresis process was stopped when the sample
dye ran off the resolving gel.

Table 3.3: Resolving and stacking gel formulation

Polyacrylamide Gel

Components 15%(w/v) resolving gel | 4%(w/v) stacking gel
(uL) (uL)
Acrylamide mix [30% (w/v) | 4687.5 415

acrylamide and 0.8% (w/v)

bisacrylamide]

Distilled water 2350 1460

4x native lower buffer[1.5 M | 2350

Tris hydrochloride (pH 8.8)]

4x native upper buffer[0.5 M 625

Tris hydrochloride (pH 6.8)]

10% (wWiv) ammonium | 58.75 16.7
persulfate
N,N,N’N’- 9.5 3.5

tetramethylethylenediamine
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3.5.1.2 Bio-imaging system

After the electrophoresis process was done, the gel was analysed by using a gel documentation
system (FluorChem™  Alpha Innotech). Fluorescent bands of GFP on the gel was captured with
a Fluorescein filter (Multilmage ™) at auto-expose mode under a same lens control setting. The
fluorescent protein bands were detected by using ultraviolet light transillumination source. The
intensity of the fluorescent bands were quantified using a quantitation software (AlphaEase,
FluorChem SP). A rectangular box was created to measure the intensity of the fluorescent band
using a tool-box analysis (Spot denso). By subtracting the gel background intensity, an average
intensity value over area of the rectangular box was taken as the final reading. Duplicate runs

were performed to ensure the precision of measurements.

3.5.2 Lowry protein assay

The amount of total protein was determined by using the Lowry method using bovine serum
albumin as the protein standard. A standard curve of BSA serial dilution versus optical density
was plotted. 1 mL of Lowry reagent was added into 0.2 mL of the protein sample and well
mixed with a Vortex V-1 plus (Biosan). The protein mixture was then left for 10 minute at
room temperature. 0.1 mL of 1.0N Folin-Ciocalteu reagent was added into the protein mixture
after 10 minute. The solution was left another for 30 minute at room temperature. After 30
minute, the solution was measured at 750 nm wavelength by using a UV-Vis

spectrophotometer (U-1800 Spectrophotometer, Hitachi).
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3.6 Calculations

Purity, yield and purification factor were calculated using equation (3.1-3.3) below:

Amount of GFP

Purity = Amount of total protein Equation (3.1)
Vield (%) = Amount of GFP recovered X 100

)= amount of GFP in the feedstock Equation (3.2)
Purificati for — Purity of GFP recovered

urification factor = Purity of GFP in the feedstock Equation (3.3)

18



4 RESULT & DISCUSSION

4.1 Overview

This chapter provides standard calibration curve for Lowry protein assay and gel imaging
analysis. 100 pL of feedstock containing E. coli biomass was loaded into 1.5 cm of gel column
height in order to study the effect of biomass concentration on purification of preparative n-
PAGE. Meanwhile, 100 pL of feedstock containing 20%(wi/v) of E. coli biomass was loaded
into 12% (w/v) polyacrylamide gel in order to study the effect of polyacrylamide gel height on
purification of preparative n-PAGE. Both parameter runs at room temperature under constant
voltage of 140V. The effect of the biomass concentration and the height of polyacrylamide gel

on purification of preparative n-PAGE were studied and discussed.
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4.2 Standard calibration curve

4.2.1 Lowry protein assay
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Figure 4.1: The correlation graph between optical density at 750 nm and BSA concentration
(ng/mL) for standard calibration curve of total protein concentration

Figure 4.1 shows the standard curve for total protein determination by using BSA as the
standard protein. The optical density increased as the BSA concentration increased. 10000
pg/mL was diluted into 10 series of dilution. From the observation, the blue colour of the
Lowry mixture indicate the presence of protein. However, the Lowry protein assay had
limitation where the maximum total protein concentration that can be determined in this
experiment was 10000 pg/mL. According to Dunn (1992), Lowry protein assay only can detect
the concentrations ranging from 0.10 - 2 mg of protein per mL. So, any protein concentration
that exceed this range are required to be diluted. Therefore, the biomass suspension of GFP

was required to be diluted to 5 times before the Lowry protein assay can be performed.

20



4.2.2 Determination of purified green fluorescence protein amount
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Figure 4.2: The standard calibration curve between amount of purified GFP (ug) and
intensity of the pure GFP bands over area.

Figure 4.2 shows the standard curve for the amount of GFP determination based on intensity
over area by using 1 g/L of pure GFP as the standard protein. 1 g/L (5 ug) of pure GFP was
diluted from 2X until 20X of dilution. The intensity of the protein bands (Figure 4.3) increased
as the amount of purified GFP increased. From the observation, the brightest fluorescent bands
possesses higher intensity as well as higher amount of purified GFP. Duplicate runs were done
in order to test the precision of the standard. The native electrophoresis process took 1 hour

and 30 minutes before the polyacrylamide gel was analysed with a bio-imaging system.

Figure 4.3: Different amount of purified GFP fluorescent bands in a native polyacrylamide

gel.
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4.3  Effect of biomass concentration on the preparative n-PAGE

100 pL of feedstock containing E. coli biomass was loaded into 1.5 cm of gel column height
and runs at room temperature under constant voltage of 140V. Table 4.1a and table 4.1b show
the purification of GFP from intact E. coli cells using a preparative PAGE with different
biomass concentration. From the Figure 4.4, the percentage of purity was linearly increase at
10% (w/v) of biomass concentration to 15% (w/v) of biomass concentration. However, the
percentage of purity was slightly decrease when the concentration of the feedstock increased
until 25% (w/v). Hence, the optimal condition achieved was found at 15% (w/v) of biomass

concentration with 62.15% of purity.
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Figure 4.4: The purity of the preparative n-PAGE purification with different concentration of
biomass in the feedstock
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Table 4.1a: The purification of GFP from intact E. coli cells using a preparative PAGE with
different biomass concentration.

Biomass Purity Yield Amount of | Amount of | Amount of | Amount of
concentration | (%) (%) purified GFP in the | total total
(Yow/v) GFP (ng) | feedstock | proteinin | protein in
(ng) purified the
GFP (ug) | feedstock
(H9)

10 28.49 452.29 |1.6511 1.4602 5.7949 82.832
15 62.13 737.54 | 3.5779 1.6979 5.7586 97.682
20 60.91 764.09 | 3.6565 1.6749 6.0027 148.155
25 50.25 563.85 | 2.7659 2.4527 5.5046 180.577

Table 4.1b: The purification of GFP from intact E. coli cells using a preparative PAGE with
different biomass concentration.

Biomass Volume of | Amount of Initial Electrophoresis | Sample

concentration | recovered GFP amount of period (hours) | storage

(%owl/v) GFP (uL) recovered(ug) | GFP in the period
feedstock (days)
(H9)

10 400 132.088 29.204 2.55 10

15 350 250.453 33.958 3.07 10

20 350 255.955 33.498 2.45 5

25 500 276.59 49.054 2.30 5

As reported in Chew et al. (2010), the purity of the protein start to decrease when the biomass
concentration increases after 15% (w/v) of biomass concentration. Higher concentration of
feedstock block the gel surface and prevent the protein to enter the pores in the gel medium
which affects the purity (Chew et al., 2010). However, the purity obtained from this experiment
is contrary to that reported by Chew et al. (2010) where the highest purity obtained was 92%
in the same optimal condition. The gel act as molecular sieves for molecules the size of protein
(Garfin, 2003). The stacking gel cast with appreciably larger pores than the lower resolving gel
to sieve the molecules bigger than the protein (Garfin, 2003). Without the stacking gel, the
surface of the gel might clogged because the bigger molecules prevent the protein to enter the
resolving gel. Besides that, the sample storage period also influence the purity where the longer
period of sample storage elongate the electrophoresis process. Accumulation of heat generated
from electrophoresis process caused the protein to be denatured which affects the purity (Hollar
and Parris, 1995). Therefore, the purification of preparative PAGE process should be done with

the fresh sample so that the denaturation of protein can be reduced.
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The percentage of the yield for each concentration of biomass cannot be determined since the
calculation were completely offset. This is because the amount of GFP in the feedstock based
on intensity were less than the amount of GFP in the purified GFP (Table 4.1a). Logically, the
amount of GFP in the feedstock should be more than the amount of GFP in the purified GFP.
The factor that contribute to this problem might due to the analysis procedure for measuring
the intensity of fluorescent bands. The measurement setting was not same as the setting for the
standard curve development. Different measurement setting might affect the fluorescent
intensity reading. Therefore, repeatable analysis procedure should be performed with the same

setting as the standard curve development in order to overcome this problem.

4.4  Effect of resolving gel height on the preparative n-PAGE
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Figure 4.5: The purity of the preparative n-PAGE purification with different height of the
resolving gel

100 pL of feedstock containing 20%(w/v) of E. coli biomass was loaded into 12%(w/v)
polyacrylamide gel and runs at room temperature under constant voltage of 140V. Table 4.2
shows the purification of GFP from intact E. coli cells using a preparative n-PAGE with
different resolving gel height. From the Figure 4.5, the best resolving height to obtain optimum
purity was 1 cm with purity of 89%. The purity of the GFP started to decrease when the height
of resolving gel was increased to 2.5 cm. The migration distance of the protein to the bottom
end of the gel increased as the height of the gel increased which elongate the electrophoresis
process. A longer electrophoresis process increased the accumulation of the heat inside the
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column and affect the viscosity of the gel (Chew et al., 2010). Thus, the height of the gel should
maintain as less as it can in order to reduce the accumulation of heat. However from the
observation, 0.5 cm of the gel height cannot be applied because the structure of the gel unable
to withstand the surface loads.

1 cm of the gel height was found to have the highest yield obtained from this experiment with
93.8 % of the yield. However, this result cannot be taken because the precision of the yield data
was not accurate since 1.5 cm and 2 cm of the gel height calculation was completely offset
(Table 4.2). From Figure 4.6, the GFP from the feedstock was not separated completely from
the stacking gel well. Due to this problem, the intensity for the feedstock reading was affected.
High concentration in the feedstock on the well cause the blockage and prevent the protein and
buffer to enter the tiny pores in the gel medium (Chew et al., 2010). Therefore, the feedstock

was required to dilute before loads the feedstock into the well.

Figure 4.6: The leftover fluorescent band (feedstock) on the well of the native polyacrylamide
gel

Table 4.2: The purification of GFP from intact E. coli cells using a preparative n-PAGE with
different resolving gel height.

Gel height | Purity (%) | Amount of | Amount of | Yield (%) | Amount of Volume Time to
(cm) GFP (u1g) total GFP (uL) complete the
protein in recovered process (hrs)
GFP () (19)
1.0 89.0 1.113 1.25 93.8 89.04 400 2.50
1.5 59.1 2.201 3.73 162.4 154.07 350 3.03
2.0 52.0 2.114 4.07 222.8 211.40 500 3.50
2.5 47.3 1.292 2.73 54.5 51.68 200 4.03
Feed 6.4 4.744 74.08 - 94.88 100 -
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5 CONCLUSION

5.1 Conclusion

In this study, a direct purification method was developed for purifying the recombinant GFP
from intact E. coli BL21 (DE3) cells using preparative n-PAGE in continuous buffer system.
Homemade apparatus of preparative n-PAGE used the electrical field to release the
intracellular contents of the cells. Then, the negative charged GFP was eluted throughout the
native gel column. This purification method had reduced the purification steps and it easily to
assemble. The optimal biomass concentration in the feedstock was found at 15% (w/v) with
62.5% of purity. The purity of GFP slightly reduced when the biomass concentration increased
to 25% (w/v). Meanwhile, 89% of purity was achieved when 1 cm of resolving gel was
employed in preparative n-PAGE. The purity of the GFP linearly decreased when the gel height
increased to 2.5cm. However, the percentage of the yield in this study was unable to determine
since the calculation was completely offset. There were error while conducting the n-PAGE
where high concentration of the feedstock in the well of n-PAGE had caused the incomplete

separation process in the n-PAGE.

5.2  Future work

In this study, heat accumulation in the electrode buffer has been an obstacle to obtain the
highest purity and yield. High voltage can speed up the electrophoresis process however high
voltage tends to release a lot of heat. Heat accumulation problem also experienced in Chew et
al. (2010) study. Therefore, the design of the preparative n-PAGE apparatus should be redesign
in order to overcome the problem. Besides that, the condition of electrode buffer and type of
continuous buffer also can influence the purity and yield of GFP hence it can be one of the
parameter to study in the future. There were some types of continuous buffer suggested by
McLellan (1982) such as Tris-boric acid, Imidazole-hepes and so on.

Aside from heat accumulation problem, non-repeatable analysis procedure standard curve for
amount of purified GFP caused the intensity reading became imprecise. Due to this problem,
percentage of the yield cannot be determined. Repeatable analysis procedure with the same

setting should be performed for few times in order to get precise reading.
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APPENDICES

Appendix A: Production of GFP

Figure A.1: Innoculum process

INFORS 08w
Eootwor

Figure A.2: The condition for inoculum fermentation process was at 30°C under 200 rpm for
18 hours using a shaker incubator (INFORS HT, Ecotron).
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Figure A.3: The process of GFP incubation continued by transferring 1:25 of inoculum into
1000 mL of Erlenmeyer flask containing 200 mL medium.

Figure A.4: The cells were harvested by centrifugation at 5800 rpm, 4°C for 30 min using a
refrigerated centrifuge (Eppendorf, Centrifuge 5810R).
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Figure A.5: Cell pellets after washing with sample buffer
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Appendix B: Purification of GFP

Figure B.1: Gel column (.7 cm inner diameter x 12 cm long)

Figure B.2: Modified 100 mL laboratory bottle (St)
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Figure B.4: Gel column with dialysis tube in electroelution process
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Figure B.5: The purified GFP that obtained from preparative n-PAGE
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Appendix C: Protein analyses

Figure C.1: Native polyacrylamide gel with 4% (w/v) of stacking gel and 15% (w/v) of
resolving gel

Figure C.2: The amount of total protein was determined by using the Lowry method using
bovine serum albumin as the protein standard.
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Figure C.3: Fluorescent bands of GFP on the gel was captured by using a gel documentation
system (FluorChem™ Alpha Innotech).
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Figure C.4: The total amount of GFP was measured at 750 nm wavelength by using a UV-Vis
spectrophotometer (U-1800 Spectrophotometer, Hitachi).
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