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ABSTRACT 

Green Fluorescent Protein (GFP) has been used extensively as a reporter gene in many 
transformations of organisms. This reporter gene can be used in organism by inserting the gene in a 
vector construct. In this study, an inducible vector was done by reconstructing the binary vector 
pGPTV-SRN4/AGS to include the GFP gene. The construction of plasmid was started with the 
preparation of intermediary construct; 1.8 kb of GUS region of pAGS was removed using the 
restriction enzyme, Sma!. This GUS region was replaced by the insertion of 750 bp SmaIlHindII 
fragment of pMCB30 which contains sGFPS65T that encodes for the GFP gene. Then, the binary 
vector pGPTV-SRN4/AGS-GFP was made by the insertion of HindIII fragment from pAGS-GFP 
into HindIII site of the vector. The introduction of this vector that contain reporter gene GFP into 
competent cell E. coli was done through heat-shock and electroporation method. Analysis of 
transformants was done through Polymerase Chain Reaction (PCR). The intennediary construct 
containing GFP gene was successfully done. 

Keywords: Green Fluorescent Protein (GFP). inducible vector, pGPTV-SRN4/AGS. pMCB30, 
pAGS-GFP 

ABSTRAK 

Gen ttGreen Fluorescent Protein" (GFP) telah digunakan secara meluas sebagai gen reporter 
dalam ban yak transformasi organisma. Gen reporter inj boleh digunakan di dalam organiSma 
dengan merangkuminya di dalam binaan vektor. Di dalam kajian ini, vektor "inducible" telah 
dilakukan dengan membina semula vektor perduaan pGPTV-SRN4IAGS untuk merangkumi gen 
GFP. Pembina an plasmid dimulakan dengan penyediaan binaan perantara; I.B kb kawasan GUS 
dikeluarkan daripada pAGS dengan menggunakan enzim pembatasan, SmaI Kawasan GUS ini 
telah digantikan dengan memasukkan !ragmen 750 bp SmaIIHindII daripada pMCB30 yang 
mengandungi sGFPS65T yang mengekod gen GFP. Selepas itu, vektor perduaan pGPTV
SRN4IAGS-GFP dibina dengan kemasukan !ragmen HindIII daripada pAGS ke dalam tapak 
HindIII pada vektor perduaan ini. Pengenalan vektor ini yang mengandungi gen GFP ke dalam sel 
kompeten E. coli dilakukan melalui kaedah kfjutan-haba dan elektroporasi. Analisa transforman 
dilakukan melalui kaedah "Polymerase Chain Reaction" (PCR). Binaan perantara yang 
mengandungi gen GFP telah berjaya dilakukan. 

Kata kunci: Green Fluorescent Protein (GFP), vektor "inducible", pGPTV-SRN4/AGS, pMCB30, 
pAGS-GFP 
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1.0 INTRODUCTION 

Green fluorescent protein (GFP) is one of the most important reporter genes that are 

used in gene expression research. It was first discovered by Shimomura and Johnson 

(Chalfie and Kain, 2006). This protein is widely applied in biological research such as; 

measuring gene expression in vitro, selecting transgenic cells, developing cell- and 

tissue-specific markers and investigating the pathogen and disease development 

(Prasher, 1995 as cited in Buxton, n.d). 

Binary vector is the key factor in constructing an inducible construct containing 

GFP. This vector involves two autonomously-replicating plasmids within 

Agrobacterium tumefaciens, a binary vector that contain the gene of interest between 

the T-DNA and a helper Ti plasmid that provides the vir gene products to facilitate 

transfer into the host cell (Chawla, 2003). Binary vectors are now being used as the 

mediator of fungal transformation due to the ease of both in vivo and in vitro DNA 

manipulation and their higher transformation efficiencies, allowing the use of direct 

Agrobacterium transfonnation techniques. 

It is important to construct an inducible vector that consists of reporter gene as it 

plays an important role in detennining the successful incorporation and expression of 

the vector genes. Therefore, this study was aimed to create an inducible construct 

containing the GFP gene. This is done by reconstructing a vector through binary vector 

system. The intennediary construct was first done, followed by the construction of the 

binary vector. 

2 
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2.0 LITERATURE REVIEW 

2.1 Green Fluorescent Protein (GFP) 

2.1.1 Discovery of GFP 

GFP was first discovered by Shim omura and Johnson (1961) when they studied the 

bioluminescence of the jellyfish Aequorea victoria at Friday Harbor Laboratories of the 

University of Washington. They developed a practical method to isolate the light-emitting 

matter of the jellyfish, aequorin (Shimomura et al., 1962; Shimomura, 1995a as cited in 

Chalfie and Kain, 2006). The cloning of GFP gene was first started by Douglas Prasher 

(USDA/APHIS) in 1992 and this was the turning point where GFP gene became a 

powerful tool for use in lab (Buxton, n.d.). In addition, it has been experimented that this 

gene can be expressed in non-homologous species, from yeast and plant cells to Drosophila 

and vertebrates (Prakesh, 1997 as cited in Buxton, n.d.). 

When the Aequorea victoria specimen was soaked in diluted potassium chloride 

(KCl) solution in a darkroom, the light organ became fluoresced, forming a bright green 

ring. If it was soaked in distilled water, a green ring was first observed, which in turn 

changed to blue with the progress of the cells cytolysis. When it was under UV light. it 

exhibited a ring of brilliant green fluorescence, similar to the luminescence caused by 

potassium chloride (KCI) (Chalfie and Kain, 2006) . 

Other reporter genes which are ~-galactosidase, Renilla and firefly luciferase have 

been used widely as a reporter gene in viral and cellular promoter activity (Soboleski et a1., 

2005). However, GFP has several advantages over these reporter genes. For example, in 

the study of Caenorhabditis elegans (c. elegans), the primary advantage of GFP over ~-

3 



t , ( f:. 

galactosidase was that its expression can be visualized in live animals rather than in fixed 

preparations (Boulin et ai., 2006) . 

GFP is very useful as a biological marker due to the protein's fluorescence that 

does not require other cofactor (Chalfie and Kain, 2006). The cyc1ization of the peptide 

backbone forms the fluorophore, thus making the molecule a virtually non-destructive 

indicator of protein position in cells. Moreover, the cells marked with this protein can be 

examined in living tissue because in order to localize GFP, the permeabilization for 

substrate entry and fixation are not needed. According to Buxton (n.d.), when this gene is 

being fluoresced, there was no physiological effect on cell operation of the organism. In 

other word, the transformed cell does not even know presence of GFP in it nor does it 

interfere with the cell function and growth (Chalfie et aI., 1994) and thus remained alive 

while being experimented and examined. The molecules' interaction, behaviors and 

functions can be seen in real time by probing the fluorescent proteins to the respective 

molecules in the cell (Hoxful Monster, 2008). This leads to a better comprehension about 

the cell itself. 

2.1.2 Applications of GFP 

GFP is used as a selectable marker. In recent study, Poeschl a and team (2011 as cited in 

Steenhuysen, 2011) had worked out a new strain of green-glowing cats with the build-on 

cells which can withstand infection from the virus causing feline AIDS. In the study, 

monkey genes that block the virus into feline eggs, or oocytes were inserted before they are 

fertilized. Along with that, the GFP genes were inserted as a marker, so that the modified 

genes are easy to spot under the microscope or shining a light on the animal. 

4 
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Another application of GFP is in mammalian cells. In mammalian cell biology, 

GFP chimeras are used to study the cell behavior and dynamics (Chalfie and Kain, 2006). 

The development of new GFP variant and optimized cell expression strategies that produce 

bright, stable fluorescent signals and the advancement in fluorescent imaging method and 

microscopy systems have made the protein geography, movement and chemistry in living 

cells simple to be analyzed. Some GFP-based techniques which are photobleaching, 

fluorescence resonance energy transfer (FRET) and time-lapse imaging has enabled protein 

functions, expression and dynamics to be analyzed in living mammalian cells. 

GFP is also being expressed in yeast. The most significant for in vivo protein 

localization studies, GFP gene fusion expression can be easily modulated to approximate 

the physiological expression levels of the unmodified gene of interest (Chalfie and Kain, 

2006). A number of choices are available for experiments that require higher level of 

expression or inducible/repressible expression. Simple genetics of S. cerevisea and S. 

pombe have assist in the assessment of the functionality of GFP fusion protein. 

2.1 Plant transformation vector system 

2.2.1 Agrobacterium tumefaciens 

Agrobacterium is a common soil bacterium which is the causal organism of a plant disease 

known as crown gaB (Lebowitz, 1995). Evolution causes this bacterium to develop the 

unique ability to transfer parts of its DNA into plant cells (Stewart. 2008). T-DNA 

(transferred DNA) is the DNA that is transferred and is carried on an extrachromosomal 

plasmid, Ti (tumor inducing) plasmid. The ability of Agrobacterium tumefaciens (A. 

tumefaciens) that contain this plasmid to hijack a plant's protein machinery and genetically 

engineer the host genome encouraged the development of plasmid vectors for 
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Agrobacterium-mediated plant transformation (Stewart, 2008). As for today, 

Agrobacterium is the best method of choice for most of the plant transformation. This is 

due to the presence of T-DNA itself that possesses the necessary signals for DNA delivery, 

unlike direct DNA uptake which is absence of biological vector and need to deliver the 

DNA to the nucleus of the target cell. In addition, most of the direct DNA transfer methods 

require expensive instrumentation, while Agrobacterium can be prepared easily by 

growing on an appropriate medium and inoculated on the plant tissue (Stewart, 2008). 

Chilton et a1. (1977 as cited in Lebowitz, 1995) discovered that Agrobacterium 

virulence involved in the transfer of bacterial plasmid DNA into nuclear genome of plant 

cells. In plant transformation vectors, the T-DNA contains only the genes intended for 

transfer to the nuclear genome of the engineered plant cell. All the phyto-oncogenes 

(tumor-inducing genes) have been removed (Stewart, 2008). These plant vectors are 

known as binary vectors due to the requirement of the interaction of a second, disarmed Ti 

plasmid lacking a T-DNA. This second plasmid contains the vir region, which allows the 

T-DNA containing the transgenes on the binary vector to be transferred and stably 

integrated into the host nuclear genome. 

2.2.2 A. tumefaciens -mediated tl'ansfonnation in filamentous fungi 

It is reported that A. tumefaciens can also transfer its T -DNA to the filamentous fungi (De 

Groot et a1., 1998). In their study, A. tumefaciens transferred its T-DNA efficiently to the 

filamentous fungus Aspergillus awamori. Both pro top lasts and conidia were transformed 

with frequencies that improved up to 600-fold as compared to conventional method. A 

single T-DNA copy was integrated randomly at a chromosomal locus in a similar manner 

for plants in most of the Aspergillus awamori transformants. Aspergillus niger was also 
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transformed in the study. It was demonstrated that transformation using A. tumefaciens is 

generally applicable to filamentous fungi. 

2.2 Reporter gene 

The study of gene expression has become easier with the presence of reporter gene 

technology. This technology is extensively used to screen the cellular events related with 

gene expression and signal transduction (Debnath et a1., 2010). Reporter gene encodes for 

an easily measured product, in which it "reports" the consequences of a cascade of 

signaling events on gene expression inside cells based upon the spliCing of transcriptional 

control elements. The advantages of reporter gene are that it is highly sensitive, 

convenience, reliable and adaptable to large-scale measurements. Other events that can be 

"reported" by this gene are the interaction of two proteins in the two-hybrid system, 

strength of promoters for reverse genetic studies and efficiency of translation initiation 

Signals. A well chosen reporter gene will results in correlation of the level of reporter gene 

expression with the transcriptional activity of the introduced transgenic factors. 

The emergence of fluorescent reporter gene has become the powerful research tool 

that aid the researcher with a way of fusmg a genetically encoded optical probe to a 

practically unlimited variety of protein targets to examine living systems using 

fluorescence microscopy and related methodology (Gambhir and Yaghoubi, 2010). 

Fluorescence reporter gene is practically applied from targeted markers for organelles and 

other subcellular structures, to designing protein fusions to monitor dynamic and mobility, 

to reporters of transcriptional regulation (Gambhir and Yaghoubi, 2010). In addition, it has 

created highly specific biosensors for live-cell imaging of numerous intracellular 

phenomena which include pH and ion concentration fluctuations, cyclic nucleotide 

signalling, protein kinase activity and tracking neuronal pathways (Gambhir and Yagboubi, 

7 
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2010). Moreover, fluorescence reporter gene has lead to the advancement in wide field 

fluorescence and confocal microscope. The examples of remarkable advances are low light 

level digital charge coupled device (CCD) cameras and spinning-disk and swept-field 

instruments. 
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3.0 MATERIALS AND METHOD 

3.1 Preparation of overnight bacterial culture 

A single colony was inoculated from the agar plate containing single colonies of E. coli 

XLI-Blue by using inoculating loop. Then, the colony was incubated with shaking 

overnight at 37°C in falcon tube containing 10 mL of LB media. Lastly, the bacterial 

cultures were kept at 4°C for use in further DNA analysis and isolation protocols (Watson 

et aJ., 2004) . 

3.2 Calcium chloride (CaCh) E. coli competent cells preparation 

A 10 mL of LB media was inoculated with a single colony of E. coli cell and grown for 

overnight at 3rC with shaking at 250 rpm (Ausubel et ai., 2001). A 100 ilL of the 

cultures was added to a Falcon tube containing 10 mL of pre-warmed LB media without 

any antibiotics, and then allowed to grow at 37°C with shaking until the ODsoo reached 

approximately 0.45 to 0.50, which is about 1 hour and 30 minutes. 

After that, the tube was cooled on ice for 10 to 20 minutes. The cell suspension was 

then centrifuged at 3500 rpm at 4°C for 5 minutes. The supernatant was discarded and the 

cells were gently re-suspended in 25 mL iced-cold 100 mM CaCl2 and kept on ice for 10 

minutes and re-centrifuged. Subsequently, the supernatant was discarded and the cell pellet 

was re-suspended in 2.5 mL of cold sterile 100 mM CaCl2 and incubated on ice for 1 hour 

until use. The bacterial cells were competent and ready for transformation. Glycerol stocks, 

which can be stored for long period of time at 80°C, were prepared by addition of 20% 

(v/v) pure glycerol to the cell suspensions. They were mixed well, and 200 ilL of the 

aliquots was transferred into microcentrifuge tubes, and snapped-frozen in liqUid nitrogen 

before storage at -80°C (ultra-freezing). 

9 
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3.3 Plasmid construction 

Plasmid construction was started with the preparation of intermediary construct. The 

intermediary was made by removing the GUS region of pAGS (Roslan. 1999). using 

specific restriction enzyme. SmaI which produced blunt end. Then, the GUS region of 

pAGS was replaced by the insertion of blunt end SmaIlHindU fragment which contains 

sGFPS65T from pMCB30. Both DNA fragment ends of SmaI of pAGS and SmaIlHindU 

fragment (sGFPS65T) of pMCB30 were ligated. After that, binary vector pGPTV -SRN4

SRN4-GFP (Roslan et ai., 2001) was constructed by insertion of HindlII fragment 

containing the GFP gene from the pAGS-GFP into the HindlII site of the binary vector. 

3.3.1 Restriction enzyme analysis 

The removal of the desired part of the plasmid was done through restriction enzyme 

method. The restriction digestion was done by cutting the restricted site of the plasmid 

using specific restriction enzyme. The reaction for restriction digestion was prepared by 

adding the following reagents (Table 1) in the order listed to a microcentrifuge tube: 

Table 1: List of reagents and volume needed for restriction enzyme analysis 

Reagent Volume (JlL) 

lOX Buffer 4 

Plasmid DNA 33 

Restriction enzyme 3 

Total 40 

Next, the reagents were mixed by gentle pi petting and incubated at 30°C or 37°C 

(depending on restriction enzyme used) for 3 hours or overnight in oven or dry heater 

block. The enzyme was deactivated by heating at 65°C or 80°C for 10 minutes. 

10 
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3.3.2 Gel purification 

After the plasmid has been cut, it was purified to obtain the desired insert. This was done 

using Gel Purification Kit (Fermentas). Firstly, the gel slice containing the DNA fragment 

was excised using a dean scalpel. The gel slice was placed into a pre-weighed 1.5 ml 

microcentrifuge tube and weighed. Then, 3: 1 volume of Binding Buffer was added to the 

gel slice (volume:weight) and the gel mixture was incubated 55°C until the gel slice is 

completely dissolved. The re-suspended Silica Powder Suspension was added to the 

DNA/Binding Buffer mixture and the mixture was incubated for 5 minutes at 55°C to 

allow for binding of the DNA to the silica matrix. The mixture was mixed by vortexing 

every few minutes to keep the silica powder in suspension. Then, the silica powder/DNA 

mixture was spinned for 5 seconds to form a pellet. The supernatant was carefully removed 

and discarded. 

A 500 llL of ice cold Washing Buffer was added, the pellet was re-suspended and 

spinned for 5 seconds. The supernatant was discarded. This procedure was repeated three 

times. After the supernatant from the last wash has been removed, the tube was spinned 

again and the remaining liquid was removed with a pipette. The pellet was air-dried for 10

15 minutes to avoid the presence residual ethanol in the purified DNA solution. After that, 

the pellet was re-suspended in the desired volume of sterile distilled water and incubated at 

55°C for 5 minutes. The tube was spinned and the supernatant was removed. Finally, the 

recovered supernatant was placed into a fresh tube. Gel purification also was done after the 

ligation of GFP fragment from pAGS-GFP with pGPTV-SRN4/AGS to remove the 

FastAp™ Thermosensitive Alkaline Phosphatase (Fermentas) from the vector. 

11 
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3.3.3 Ligation of DNA fragment into vector 

After the cutting of plasmid, the backbone and the desired insert DNA were ligated by 

adding the following reagents (Table 2) in the order listed to a microcentrifuge tube: 

Table 2: List of reagents and volume needed for ligation reactions in plasmid construction 

Reagent Volume (llL) 

T 4 Ligase buffer 3 

Linearised DNA restricted with RE 5 

Insert DN A restricted with RE 20 

T4ligase 2 

Total 30 

The reaction was mixed by gentle pipetting. It was then kept refrigerated at 4°C and 

left for overnight incubation. 

3.4 Bacterial transformation 

3.4.1 Heat-shock 

The bacterial transformation of E. coli with the constructed plasmid, pAGS-GFP and 

pGPTV-SRN4/SRN4-AGS was done through heat-shock method (Sambrook et ai., 1989). 

For the transformation to occur, the water bath was pre-heated to 42°C. The first step was 

to equilibrate the plasmid from the freezer to room temperature for 1 minute. Then, 5 llL of 

the plasmid was added to the bottom of a sterile 1.5 mL microcentrifuge tube that has been 

12 
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pre-cooled on ice. The bacterial competent cell was removed from freezer and placed in ice 

for 5 minutes. The cells were mixed by flicking gently. 

A 50 ~L of competent cells was added into the 1.5 mL microcentrifuge tubes on ice 

and gently pipetted. They were then left on ice for 20 minutes. The cells were heat-shocked 

for 45 seconds at 42°C (in a water bath). After that, they were returned to ice for 2 minutes. 

Each transformation was added with 950 ~L of LB media and mixed by clicking gently. 

The tubes were closed completely (airtight) and the transformed E. coli was put in an 

incubator-shaker at 3rC, for 90 minutes. 

Subsequently, 100 ~L of the transformation cultures was added and spread onto LA 

plates containing antibiotic. It was performed for 2 plates. Lastly, the plates with 

transformed E. colj were placed in a 3rC dry oven for overnight. After the incubation, 

they were observed to see if there is presence of transform ants or not. 

Subsequently, 100 ~L of the transformation cultures was added and spread onto LA 

plates containing antibiotic. It was performed for 2 plates. Lastly, the plates with 

transformed E. coli were placed in a 3rC dry oven for overnight. After the incubation, 

they were observed to see if there is presence of transform ants or not. 

3.4.2 Electroporation 

Plasmid pGPTV-SRN4/AGS was also introduced into E. coli via electroporation method. 

The bacteria were transformed using the Gene Pulser Xcell™ Electroporation System 

(Bio-Rad). The cells were first thawed on ice. For each sample to be electroporated; a 1.5 

mL microcentrifuge tube, 0.1 cm electroporation cuvette were placed on ice and 1.5 mL 

microcentrifuge tube with 1 mL of LB was placed at room temperature. To a cold, 1.5 mL 

13 
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microcentrifuge tube, 100 llL of cell suspension was added. Then, 10 llL of DNA was 

added. They were mixed well and incubated on ice for 1 minute. 

From the Home Screen on Gene Pulser Xcell, the Pre-set Protocols screen was 

opened, then the Bacterial Protocol screen (press 4, and then Enter button was pressed 

twice). Then, the mixture of cells and DNA was transferred to a cold electroporation 

cuvette and tapped to the bottom. The cuvette was placed in the ShockPod, the chamber lid 

was pushed down to close and the mixture was pulsed once. The cuvette was removed 

from the chamber and 1 mL of LB was added immediately to the cuvette. The cells were 

resuspended quickly but gently with a pipette. After that, the cell suspension was 

transferred into 1.5 mL microcentrifuge tube and incubated at 37°C for 1 hour, shaking at 

225 rpm. The pulse parameters were checked and recorded (refer Table 6). Lastly, plate the 

cell suspension on LA with antibiotic. 

3.5 Plasmid DNA extraction 

Plasmid DNA extraction was done by using GF-l Plasmid DNA Extraction Kit (Vivantis). 

A 10 mL of plasmid-containing bacteria cells in LB medium were grown with appropriate 

antibiotic overnight (16 hours) at 3rC with agitation. The bacterial culture containing the 

plasmid was pelleted by centrifugation at 6000 ref (relative centrifugal force) for 5 

minutes. The supernatant was decanted completely. Subsequently, 250 llL of Solution I 

was added to the pellet and the cells were re-suspended completely by vortexing. A 250 llL 

of Solution II was added and gently mixed by inverting tube several times to obtain a clear 

lysate. It was then incubated on ice for not longer than 5 minutes. 

A 400 llL of Buffer NB was added and gently mixed by inverting the tube several 

times until a precipitate formed. The mixture was centrifuged at 123000 ref for 10 minutes. 

The supernatant was transferred into a column assembled in .a clean tube. After th~t, it was 

14 
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centrifuged at 10000 ref for 1 minute. The flow through was discarded, while the column 

was washed with 700 :J1L wash buffer, re-centrifuged at 10000 ref for 1 minute and the 

flow through was discarded. In order to remove the residual ethanol, the column was 

centrifuged at 10000 ref for 1 minute. After that, the column was placed into a new 

microcentrifuge tube and 80 pL of elution buffer was added directly onto column 

membrane and then stand for 1 minute. Finally, the tube was centrifuged at 10000 ref for 1 

minute to elute the DNA. 

3.6 Analysis of transformants 

3.6.1 Polymerase Chain Reaction (PCR) analysis 

peR analysis was done according to composition for PCR reaction and PCR parameter for 

amplification which can be seen in Table 3, Table 4 and Table 5. All the PCR analysis was 

done using Bio-Rad iCycler Thermal Cycler. 

Table 3: List of PCR components and volume needed for PCR analysis 

PCR component Volume (pL) 

Sterile distilled water (dH20) 7 

GoTaq® Green Mastermix (Promega) 10 

Forward primer 1 

Reverse primer 1 

DNA 1 

Total 20 
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Table 4: Sequence of primers used for PCR work 

Primer Sequence 

sGFP forward (sGFPf) 5'- CCA TGG TGA GCA AGG GCG AG -3' 

sGFP reverse (sGFPr) 5'- TTA CTI GTA CAG CTC GTC CAT 

G- 3' 

akA forward (akAf) 5'- CGG AAT TCC TAT GCG GGA TAG 

TIC CGA CCT A - 3' 

Table 5: PCR reaction profile for sGFP and a1cAf primers 

Step Temperature (OC) Time 

Initial denaturation 94 3 min 

Denaturation 94 15 s 

)
Cycles 

Annealing 59 15 s repeated 

35x 

Elongation 72 30 s 

Final extension 72 5 min 

3.6.2 Agarose Gel Electrophoresis (AGE) 

The analysis of the isolated DNA was done through 1 % AGE. A 0.3 g agarose was mixed 

with 30 mL of IX TAE buffer. The agarose was melted in the oven and cooled down for 

several minutes. A 3 J.IL of ethidium bromide (EtBr) was added and mixed well. Next, the 

gel was poured into the gel cast and the gel comb was put until it is hardened. The gel cast 

was placed and samples were prepared by mixing 5 J.IL plasmid with 1 J.IL 6X loading dye. 

The plasmid band size was estimated by using Gene Ruier™ 1 kb ladder from Fermentas, 

Promega or Vivantis and run at 100 V for 30 minutes. The expected isolated plasmid band 

was then visualized by using UV transilluminator. 
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