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ABSTRACT 
 
In terms of energy, L-tryptophan is the one of the least abundant, yet, one of the 
most expensive to produce the standard protein amino acids. In tryptophan 
biosynthesis, the first step is the conversion of chorismic acid to anthranilic acid 
and this reaction is catalyzed by anthranilate synthase (EC 4.1.3.27), an enzyme 
that has been investigated in numerous species. The enzyme anthranilate synthase 
coded by the trpE gene in Escherichia coli consists of two types of sub-units that 
are necessary to convert chorismate to anthranilate, using glutamine as the amino 
donor. Anthranilate synthase component I (AAS-I) is capable of performing an 
ammonia-dependent synthesis of anthranilate in the presence of high 
concentrations of ammonia, and is responsible for allosteric regulation and 
chorismate binding. The anthranilate synthase component I is also subjected to 
feedback inhibition by the end product of the pathway, tryptophan. Therefore, the 
current study involves the extraction of genomic DNA and characterization of trpE 
gene in E. coli Strain B21 strain. The specific primers for trpE gene was designed 
based on the gene of interest along with EcoR1 and BamH1 restriction sites and 
followed by amplification of the gene by PCR. The molecular weight 
characterization of the amplified gene product (1563bp) was done by agarose gel 
electrophoresis. Hence, the study involves characterization of trpE gene encoding 
anthranilate synthase which could facilitate the future researchers to carry out 
genetic modifications in trpE gene for the overproduction of L-tryptophan amino 
acid in E. coli Strain B21 strain. 
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INTRODUCTION 
 
Humans and other animals require L-tryptophan (L-Trp) 
for protein synthesis and for the production of other 
compounds like serotonin which is a neurohormone and 
nicotinic acid which is a vitamin (Slominski et al., 2002). 
Trp biosynthesis is a tedious process. The first two 
reactions in tryptophan biosynthesis is catalyzed by a 
tetrameric protein composed of two sub-units each of 
anthranilate synthase (trpE) and 
phosphoribosyltransferase (trpD), catalyzes the first two 
reactions specific for tryptophan biosynthesis in 
Escherichia coli (Gonzalez et al., 1986). The conversion of 
chorismate to anthranilate, the first-half reaction is 

catalyzed by anthranilate synthase encoded by the trpE 
sub-unit in the tryptophan biosynthesis pathway (Pabst et 
al., 1973). The glutamine amidotransferase activity is 
provided by the glutamine-binding beta sub-unit of 
anthranilate synthase (AS) which generates ammonia as a 
substrate in the first step. Along with chorismate, the large 
alpha sub-unit of AS catalyzes to produce anthranilate in 
the second step (Yanofsky et al., 1969).   

However, L-Trp production has been extensively studied 
in various E. coli strains by microbial fermentation. Azuma 
et al. (1993) describes the production of L-Trp reached 54.6 
g/L by constructing a strain by repeated random 
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Figure 1: Turbid appearance of the LB Broth indicating the presence of E. coli DH5ɑ cells. 

 
 
mutagenesis. Although significant progress in L-Trp 
production has been made, due to its complex metabolic 
network and regulatory mechanisms further strain 
improvement is needed for the development of L-Trp 
overproducing strains. Each strain of bacterial micro-
organism has its own ability to synthesize different 
biological molecules through its gene expression and 
therefore the current work involves the extraction of 
genomic DNA of E. coli Strain B21 and characterization of 
trpE gene to know its capacity to express and its efficiency 
in synthesizing more amount of Trp amino acid. 
Considering these various difficulties and complications, 
the present study attempted to characterize the trpE gene 
of E. coli Strain B21 which will be useful to introduce a 
series of defined genetic manipulations into E. coli based on 
known regulatory and metabolic information to develop an 
L-Trp-producing strain. 
 
 
MATERIALS AND METHODS 
 
Culturing of Escherichia coli Strain B21 cells 
 
Culture of E. coli Strain B21 preserved at -20°C freezer was 
taken and thawed by gentle agitation in water bath at 30°C 
for two minutes until all the ice crystals disintegrated. In 
order to confirm the revival of cells, 20 µl of the stock was 
inoculated in Luria Bertani broth. After 24 h, turbidity was 
observed in the broth (Figure 1) indicating bacterial 
growth. After  this  step,  tests  were  performed  to  confirm 

 the presence of gram negative E. coli.  
 
 
Test for confirmation of E. coli  
 
The gram staining of E. coli procedure was carried out 
based on the method described by Beveridge (2001). A loop 
of the fresh 24 h culture was taken and smeared on a clean 
glass slide. The smear was then heat-fixed until it dried. To 
the heat-fixed smear, one drop of primary stain (Crystal 
Violet) was applied for one minute and then washed using 
distilled water. Thereafter, a drop of Gram’s Iodine was 
added to the slide for a minute and then washed using 
distilled water. Following this, the slide was flooded with 
decolorizing agent and immediately washed using distilled 
water. Finally, a drop of the counter stain (Safranin) was 
added for a minute and washed using distilled water. The 
slide was then air dried until no water droplets were 
visible. A drop of oil was added to the smear and the slide 
was visualized under the microscope at 100X magnification 
for confirmation of gram-negative E. coli. The result was 
observed as change in color (Figure 2). 
 
 
Extraction of genomic DNA from E. coli 
 
The extraction of genomic DNA from E. coli procedure was 
carried out based on the method described by Sambrook et 
al. (2001). 1.5 ml of the overnight E. coli culture (grown in 
LB medium) was transferred to a 1.5 ml Eppendorf tube 
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Figure 2: Pink coloured colonies indicating the presence of gram negative bacteria. 

 
 
and centrifuged at a maximum speed for 1 min to pellet the 
cells. The supernatant was thereafter discarded. The cell 
pellet was re-suspended in 600 μl lysis buffer and vortexed 
to completely re-suspend the cell pellet. It was incubated at 
37°C for 1 h. An equal volume of phenol/chloroform was 
added and isoamyl alcohol added to the Eppendorf tube 
and then mixed well by inverting the tube until the phases 
were completely mixed. The mixture was centrifuged at 
maximum speed for 5 min at room temperature. A white 
layer was present at the phenol chloroform interface. The 
upper aqueous phase was carefully transferred to a new 
tube by using 1 ml pipette. All previous steps were repeated 
till the white layer disappeared. To remove phenol, an equal 
volume of chloroform was added to the aqueous layer. 
Again, it was mixed well by inverting the tube. The mixture 
was centrifuged at maximum speed for 5 min. The aqueous 
layer was transferred to a new tube. To precipitate the 
DNA, 3 volumes of 70% ethanol were added to the tube. 
The tube was incubated at -20°C for 30 min.  The tube was 
then centrifuged at 10,000 rpm at 4°C for 15 min. The 
supernatant was discarded and the DNA pellet rinsed with 
1 ml 70% ethanol. The Eppendorf tube was stored at room 
temperature. This mixture was then centrifuged at 

maximum speed for 2 min. The supernatant was discarded 
and the pellet air dried until there was no trace of ethanol. 
The pellet was later re-suspended in 200 µl of TE buffer. 10 
µl of DNA was taken and diluted to 2 ml with distilled 
water. To remove the RNA present along with DNA, 1 
mg/ml of RNase was used. Concentration of DNA was 
determined using UV spectrophotometer at 260 nm and the 
extraction of genomic DNA confirmed by agarose gel 
electrophoresis (Figure 3). 
 
 
Confirmation of the purity of extracted Genomic DNA 
using UV spectrophotometer 
 
The procedure for determining the purity of the extracted 
genomic DNA was carried out based on the method 
described by Sambrook et al. (2001). 1 ml TE buffer was 
taken in a cuvette and the spectrophotometer calibrated at 
260 nm as well as, 280 nm. 10 µl of each DNA sample was 
added to 900 µl TE (Tris-EDTA buffer) and properly mixed. 
TE buffer was used as a blank in the other cuvette of the 
spectrophotometer. The OD260 and OD280 values on 
spectrophotometer were noted, while the OD260/OD280 ratio 
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 Figure 3: Genomic DNA band in agarose gel electrophoresis. 

 
 
was calculated. The amount of DNA was quantified using 
the formula: 
 
 

DNA concentration (µl/ml) =OD260 × 100(dilution factor) × 50 µg/ml 

                                                                      1000  
 

The result was found to be 1.75 (Figure 4).  
 
 

Amplification of trpE gene by PCR 
 

The trpE gene was amplified by PCR from genomic DNA of 

E. coli Strain B21 using the following primers: 
trpE_fw_EcoRl (GAATTCATGCAAACACAAAAACCGACTCTC) 
and trpE_rv_BamHI (AGATCTTTAAGCCACGCGAGCCGTC). 
These primers were analyzed using NEB Tm Calculator and 
OligoCalc software.  

This was to determine if the sequences satisfy the 
optimum conditions of GC content, melting temperature 
and also to check for potential hairpin and dimer formation. 
After gel purification, trpE can be ligated into pUC19 Vector 
for future studies. The PCR amplification procedure was 
carried out based on the method described by mSaiki et al. 
(1988). 
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Figure 4: Purity of genomic DNA by UV spectrophotometer analysis. 

 
 
 
Characterization of trpE gene by Agarose gel 
electrophoresis 
 
1 g of agarose was dissolved in 100 ml of water by heating. 
On bearable temperature 2 μl of ethidium bromide was 
added. After stirring, the gel was casted in the gel plate 
which is sealed appropriately with cello tape. The comb 
was placed before the gel gets solidified. Once solidified, the 
gel was placed inside the tank and filled with tank buffer. 
Thereafter, the 15 μl sample was then mixed with 5 μl 
bromophenol blue which acts as the loading dye. The tank 
was then connected to a power pack and the power output 
set to 70 V. The result was observed as a band in the gel 
(Figure 5). After gel elution the sample can be given to DNA 
sequencing and the complete nucleotide sequence can be 
determined. 
 
 
RESULTS AND DISCUSSION 
 
The turbid appearance of the LB Broth indicates the growth 
of bacteria containing E. coli Strain B21 cells; after this step 
confirmatory test were performed to confirm the presence 
of E. coli Strain B21 cells. 

During Gram staining, pink coloured rod shaped colonies 
were observed under the microscope at 100X magnification 

which confirms the presence of gram-negative E. coli. After 
confirmatory tests were performed, the genomic DNA was 
isolated based on the procedure carried out in the study of 
Sambrook et al. (2001). The gel shows the retention of 
genomic DNA in the well where Lane1 shows the genomic 
DNA of E. coli and Lane 2 shows the DNA ladder (1KB).  

In order to proceed with the isolated genomic DNA, it is 
necessary to quantify the extracted genomic DNA. To do 
that we did purity determination by UV Spectrophotometer. 
Figure 4 shows the accurate estimation of the concentration 
of genomic DNA in a sample based on the absorbance value 
which is 1.75. A ratio higher than 2.0 indicates that the 
samples are contaminated with chloroform or phenol and is 
advisable to re-precipitate the DNA. 

The purified genomic DNA after quantification was used 
for the amplification of trpE gene. Amplification of trpE 
gene was carried out with the help of the designed primers. 
Amplification of the trpE gene was done under the standard 
PCR conditions for 34 cycles. The obtained PCR product 
(trpE gene) was loaded in two adjacent wells and it was run 
on 0.8% agarose using ethidium bromide as the tracking 
dye.  

Finally, the DNA bands were viewed under UV 
Transilluminator. The TrpE gene of size 1563 bp was 
amplified using the designed primers attached to EcoR1 and 
BamH1 restriction site,  such  that  they  can  be  cloned  into 
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pUC vector and protein expression studies can be done in 
the future. Here, Lane1 shows the DNA ladder (100 bp), 
while Lane 2 shows the amplified trpE gene (1563 bp).  
 
 
Conclusion 
 
The current study describes the isolation and 
characterization of trpE gene encoding anthranilate 
synthase in E. coli Strain B21 strain. This suggests that the 
isolated gene could be used as a source for cloning and 
other protein expression studied. Thus, this study provided 
support to modify, clone and over express the enzyme 
anthranilate synthase to produce genetically modified E. 
coli Strain B21 stain for over production of L-tryptophan 
using microbial fermentation process. 
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