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Abstract: Folates are essential cofactors for one-carbon transfer reactions in most living organisms.

Inadequate dietary levels of the vitamin folate can lead to megaloblastic anemia, birth defects, impaired

cognitive development, and increased risk of cardiovascular disease and cancer. Unlike plants and micro

organisms, humans cannot synthesize folates de novo and must acquire themfrom the diet, primarily from

plant foods so good strategy to improve folate intake worldwide would be to genetically engineer common

food plants to make more folates. So the main goal of this work was cloning and expressing of the Fol E

gene encoding GTP-Cyclohydrolase (which catalyses the conversion of GTP to dihydroneopterin triphosphate

a rate-determining step in de novo pterin and folate biosynthesis in plants) from E. coli local isolate. E. coli

culture was isolated from the stagnant water around the university campus. The PCR primers was designed

to amplify FolE gene from E. coli, the single sharp amplicon of approximately Fol.E (670bp) gene was

clone into pTZ57R/T cloning vector and confirmed by sequencing and was later sub-cloned into pET43A(+)

prokaryotic expression vector and the expression of which was confirmed by PAGE analysis.
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INTRODUCTION

Tetrahydrofolate (THF) and its derivatives are

indispensable for the human’s health and other

organisms. Folates accept one-carbon units from donor

molecules and pass them on via various biosynthetic

reactions . In their reduced form cellular folates[7]

function conjugated to a polyglutamate chain. These

folates are a mixture of unsubstituted polyglutamyl

tetrahydrofolates and various substituted one carbon

forms of tetrahydrofolate. The reduced forms of the

vitamin, particularly the unsubstituted dihydro and

tetrahydro forms, are unstable chemically. They are

easily split between the C-9 and N-10 bond to yield a

substituted pteridine and p-aminobenzoylglutamate,

which have no biological activity . Substituting a[2]

carbon group at N-5 or N-10 decreases the tendency of

the molecule to split; however, the substituted forms are

also susceptible to oxidative chemical rearrangements

and consequently, loss of activity . The folates found in[2]

food consist of a mixture of reduced folate

polyglutamates.

Humans are unable to synthesize folates. A

deficiency of this vitamin can cause a range of serious

diseases, including some birth defects (such as spina

bifida), megaloblastic anemia, cardiovascular conditions 

and some cancers . Although folate deficiency is still a[3]

serious problem all over the world, it has the highest

impact in developing countries, causing 200,000 severe

birth defects every year. To help prevent folate 

deficiency, some western countries, including the United

States, have made the fortification of grain products with

synthetic folic acid mandatory. Fortification helps people

get the recommended allowance 400 µg/day for adults

and 600 µg/day for pregnant women in their regular

diet .  Unfortunately,  in  developing  countries this[9]

kind of fortification presents a series of challenges-

distribution inequities, recurrent costs and lack of a food

industry.

Another consideration is that most folate in human’s

diet  comes from plant source. However, people

regularly consume tubers, cereals, and fruits and non

green leafy vegetables,  which have the highest levels of

this vitamin.  For  these  reasons,  a  good  strategy  to
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improve folate intake worldwide would be to genetically

engineer common food plants to make more folates.

Attempts has been made earlier at the University of

Florida’s Institute of Food and Agricultural Sciences

where tomatoes (lycopersicum esculantum) was used for

genetic engineering . However much effort has not[3,4]

been made in the developing nation in this respect. So

the  effort  was made to clone and express the full

length GTP cyclohydrolase-1(GCH) which catalyses the

conversion of GTP to dihydroneopterin triphosphate a

rate-determining step in de novo pterin and folate

biosynthesis in plants. GTP is further converted to

folates by means of a multistep pathway , however[8,13,18]

factors determining folate bsynthesis and turnover are

poorly understood in plants. With this background

information an effort was made to clone and express

FolE that codes for GTP-Cyclohydrolase I from E.coli

local isolate as a first step towards metabolic

engineering for enhancement of folates in plants. 

MATERIALS AND METHODS

Isolation and Purification of E.coli from Water

Sample:

Water samples were collected in sterile Whirl-Pac bags

from stagnant water sources around the University of

Agricultural Campus, Dharwad. The samples was

serially diluted to 10  dilution and about 100 micro lit-5

of the sample was pipette out and plated on mFC plate

and incubated at 42°C for 18 hours. The isolated  

colonies from mFC plate was picked using sterile

toothpicks and re-streak to 100x15 mm mFC agar plates

and incubated at 42°C for 18 hours. Further the isolated

colonies was streaked onto MacConkey agar plate and

patched onto a  Chrom  Agar  ECC  plate  and

incubated at 37°C for 18 hours . Only colonies yielding[1]

pink to red color with or without a zone of precipitated

bile on MacConkey agar and on Chrom Agar ECC (light

to dark blue) was selected and further tested by IMViC

test. The isolate giving positive response was used for

the downstream process.

Total Dna Isolation from the Isolates: The total DNA

was isolated from E.coli Dharwad isolate by following

the protocol of Sambrook and Russel  with some[16]

modification as described below. Overnight culture

grown in Luria broth (25 ml) at 37°C was centrifuged at

10,000 rpm at 4°C for 10 minutes. The pellet was

resuspended in 10 mM Tris, 100 mM sodium chloride

solution and centrifuged at 10,000 rpm for 10 minutes.

The supernatant was discarded and the pellet was

50 20 resuspended in 2.5 ml of T E (50mMTris and 20mM

EDTA) and 500 µl of lysozyme (50 mg/ml). The

solution was incubated at 37°C for 20 minutes, 25 µl of

RNAse (10 mg/ml) was added the incubated at room

temperature for 10 minutes. 2.5 ml of sarkosyl (2% in

50 20T E ) was added and incubated at 50°C for 45 minutes.

50µl of proteinase K (20mg/ml) was added and

incubated at 50°C for 10 minutes. Equal volume of

phenol was later added,  mixed gently and centrifuged

at 10,000 rpm for 10 minutes at 4°C. The aqueous phase

was transferred to a new tube and the extraction was

repeated twice. Equal volume of phenol: chloroform

(1:1) was added, centrifuged and the aqueous phase was

separated out. Equal volume of chloroform and

isoamylalcohol (24:1) were added, centrifuged and the

aqueous phase was separated. To the supernatant, 1/10th

volume of 3 M sodium acetate (pH 5.5) was added and

incubated on ice for 20 minutes. Two volume of cold,

absolute ethanol was then added and centrifuged. The

supernatant was discarded and the pellet was washed

with 70 per cent alcohol, dried and dissolved in 200 µl

10 1of T E .

Amplification  and Cloning of (Fol E) from E.coli

Dharwad Isolate: The nucleotide sequence of E.coli

FolE was downloaded from NCBI database. The gene

sequence from different isolates was taken and

multialigned using CLUSTAL-W version1.81 . and the[21]

PCR  primer  was designed to amplify full length 670bp

of E.coli FolE using BTI software GENE TOOL

(http://www.BioTools.com).

For the PCR experiment, about 100 ng of genomic

DNA  was  added  to  20µl  PCR  mixture containing

1.5U  of  Taq  polymerase  (Bangalore  genei, India),

0.2mM each of dATP, dTTP, dGTP and dCTP, 10mM

2Tris-HCl  pH  8.5,  50mM  KCl,  1.5mM  MgCl   and

5pM  of  the  genome  sense  primer  with  EcoRI  site

5’ ggATCCCCCATCACTCAgTAAAgAAgCggC-3’ and

antisense primer with HindIII site 5’ CTCgAgCCgTTgT

gATgACgCACAgCg-3’. The reaction mixture was

cycled through  the  following  temperature  profile:

94°C  for 5 mins, 94°C for 1 mins, 52°C for 1 mins,

72°C for 2 mins the PCR was run for 35 cycles and

finally terminated at 72°C for 30 mins and therefore

cooled at 4°C. PCR fragment  was  analyzed  by

applying 5µl of sample to 1.5 per cent agarose gel and

run at 50V for one hour in TAE 1X buffer (0.04 M

Tris-acetate and 1mM EDTA) and subsequently the gel

was documented with gel doc (Uvi tec Cambridge,

England) (Figure. 1).
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Fig. 1:

M 100 bp DNA ladder New England Biolabs

Cat no. # N3231L

Lane 1-8 PCR amplifiacation of FolE from E.coli

Dharwad isolate

The single sharp amplicons of FolE (approximately

670bp) was eluted from the agarose block by using the

Eppendorf gel clean up kit as described in user’s

manual. The purified PCR amplicons was ligated to

pTZ57 R/T cloning vector (2886bp) as described in ins

T/A Clone PCR product cloning kit (MBI, Fermentas, TM 

USA) and transformed to E.coli DH5α following

standard molecular biology procedures (16). The

recombinant clones were identified by PCR

amplifica tio n  a nd  d iges tio n  with restr ic tion

endonucleases EcoRI and HindIII (Bangalore Genei

Pvt.Ltd, Bangalore) (Figure-2) and the confirmed clones

were sequenced using M13F/R primers employing

primer-walking technique at Bangalore Genei Private

Ltd., Bangalore.

Sequence Analysis: Sequence analysis was performed

using Bio Edit (version 7.0.9.0)  and the Gen-Bank/[7]

NCBI databases. Sequence analysis was performed using

Bio Edit (version 7.0.9.0)  and the Gen-Bank/NCBI[5]

databases. Multiple sequence alignment was performed

using CLUSTAL W version1.81 .The sequence result[21]

was further cured to remove the vector contamination

and subjected to BLASTX and open reading frame was

determined using gene tool. The resulting amino acid

was subjected to conserve domain search at NCBI.

 The  evolutionary  history   was   inferred  using

the Neighbor-Joining method . The percentage of[15,20]

replicate trees in which the associated taxa clustered

together in the bootstrap test (500 replicates) is shown

Fig. 2:

M λDNA EcoRIand HindIII Double digest

Bangalore genei # Cat no 10.5693.

Lane 1-2 Restriction confirmation of Fol E in 

pTZ57R/T vector

Lane 3 Linearised pTZ57R/T control vector

 next to the branches . The evolutionary distances were[5]

computed using the Maximum Composite Likelihood

method  and are in the units of the number of base[14]

substitutions per site. Codon positions included were

1st+2nd+3rd+Noncoding. All positions containing gaps

and missing data were eliminated from the dataset

(Complete deletion option). There were a total of 654

positions in the final dataset. Phylogenetic analyses were

conducted in MEGA4 .[19]

Sub Cloning of the Cloned Gtp-cyclohydrolase I

Gene into a Prokaryotic expression Vector: For sub-

cloning of the cloned TCP gene, prokaryotic expression

vector pET43a (+)(Novagen) was used an expression

vector that provide his fusion tags to the expressed

protein and thus facilitate the recombinant protein

purification much easier using nickel based columns.

The vector and pTZ57R/T clone was digested with Eco

RI and Hind III (sites included in primers) restriction

enzyme to release the insert. The complete restriction

was confirmed by electrophoresis. The single sharp band

corresponding to ~7 kb linearized vector, FolE insert of

~670bp were eluted out from agarose gel, and purified

using  Eppendorf  gel  clean up kit as described in

user’s manual and quantified by using nanodrop

(Thermo Scientific). The ligation reaction was carried

out with molar ratio of 1:3 (ends of vector: insert). The

components   of   the  ligation  mixture  was  taken in

a   0.5   ml   microcentrifuge   tube   and   incubated

at   16°C  for  16  hrs.  and  transformed  to  E.  coli
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Fig. 3 (a):

M λDNA EcoRIand HindIII Double digest

Bangalore genei # Cat no 10.5693.

Lane 1-4 PCR confirmation of pET43a(+) clones

M 100 bp DNA ladder New England

Biolabs Cat no. # N3231L

Fig. 3(b): Restriction confirmation of pET43a (+)

clone. add the following mentioned below.

BL 21 (pLysS) and plated on Luria agar containing

Amp (100 mg/ml) and incubated at 37°C for 12 hrs and

the recombinants were confirmed by PCR and restriction

analysis(Figure 3a and figure 3b).

Prokaryotic Expression of GTP-cyclohydrolase i:

Expression analysis was done using the procedure

outlined in Sambrook and Russell  and the(16)

recombinant protein was purified using His-Tag Fusion

Protein Purification Kit, Bangalore Genei Private Ltd.,

Bangalore.

RESULT AND DISCUSSION

The full length FolE coding for GTP-Cyclohydrolase

I was successfully amplified by PCR from E.coli

Dharwad isolate, giving a product of expected size

(670bp) the identity of which was confirmed by

sequencing. The full length nucleotide sequence of

FolE Dharwad isolate was deposited at NCBI

database and has accession number EU747840.

The nucleotide sequence was cured to remove

the vector contamination and then in silico

translated using Bio Edit (version 7.0.9.0)  software[5]

and was found to code  for  222  amino  acid

residue protein, which on blast at NCBI found to

hit GTP-Cyclohydrolase I with 98 percent identity

with known sequences in database. The resulting

amino acid sequence on conserved domain search

at NCBI revealed a single GTP-Cyclohydrolase

domain (Figure-4) and single ORF of 669 bp

(Figure-5) which is in complete agreement with the

known sequence.

The GTP-Cyclohydrolase based phylogenetic tree

(Figure 6) showed that there were two groups,

group A and  group  B.  Ecoli  Dharwad isolate

was found to have  92per  cent similarity with

Group A members and 98 percent within group.

The crude protein extract from IPTG-induced

clones along with E. coli BL21 (pLysS) having

pET43a (+) were isolated. The isolated protein was

subjected to SDS-PAGE. The gels stained with

Comassie brilliant blue showed differential banding

pattern in comparison with controls and a single band

~26 KDa (Figure-7) was observed in nickel column

p ur if ied  p ro te in sample . T he  pro te in  ba nd

corresponding to approximately~26 KDa (Figure-7)

indicated the expression of FolE gene in the

recombinants.

The present study was done only with the aim

of cloning and expressing of GTP Cyclohydrolase

from E.coli  Dharwad isolate, however the previous

work done round the world clearly indicates that

the GTP-cyclohydro lase  I  converts GTP to

dihydroneopterin triphosphate, which is the precursor

for unconjugated pterins and folates. It produces

dihydroneopterin triphosphate from GTP, the

precursor for the biosynthesis of pterins. The

product is dephosphorylated to dihydroneopterin and

yields, after removal of a C2-residue from the C3-

side chain 6- hydroxymethyldihydropterin, which is

the precursor for
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Fig. 4: Conserved domain of GTP- Cychydrolase 1 from E.coli Dharwad isolate

M lDNA EcoRI and HindIII Double digest Bangalore Genei Cat no. 105693

Lane 1-2 Restriction confirmation of pET43a(+) clones

Lane 3 Linearised pET43a(+) control vector

Fig. 5: Open reading frame of FolE from E.coli Dharwad isolate

Fig. 6: Neighbor joining tree of E.coli based on GTP-cyclohydrolase 1 sequences. Bootstrap values

 (Expressed as percentage of 500 replication).
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Fig. 7: Polyacaralmide get showing the expression

of ~26 k Da GTP- Cyclohydrolase in

pET43a (+).

Lane 1 Column purified recombinant protein.

Lane 1-2 IPTG induced pET43a (+) recombinant

clones.

Lane 3 IPTG induced control pet43a (+) vector in

E.coli BL21 host

Lane 4 Protein molecular weight marker

folate biosynthesis  so the further experiments are[2],

being conducted by cloning the same gene into the

plant transformation vector driven by a strong 35s

promoter for over expression of the FolE gene in plant

which  could result in the fortification of folates to

higher level.

REFERENCES

1. Alonso, J.L., A. Soriano, O. Carbajo, I. Amoros

and H. Garelick, 1999. Comparison and Recovery

of Escherichia coli and Thermotolerant Coliforms

in Water with a Chromogenic Medium Incubated

at 41 and 44.5°C. Appl. Envir. Microbiol., 65:

3746-3749.

2. Blakley, R., 1969. The biochemistry of folic acid

and related pteridines. Amsterdam North Holland

Publishing Company.

3. Díaz, D.E and L.A. Garza, 2004. Folate

biofortification in tomatoes by engineering the

pteridine branch of folate synthesis. Proc Natl

Acad Sci USA 101: 13720-13725.

4. Díaz, D.E. and L.A. Garza., 2007. Folate

biofortification of tomato fruit. Proc. Natl. Acad.

Sci., USA., 104: 4218-4222.

5. Felsenstein, J., 1985. Confidence limits on

phylogenies: An approach using the bootstrap.

Evolution, 39: 783-791.

6. Food  and  Nutrition  Board., 1998. Dietary

reference intakes for thiamin, riboflavin, niacin,

vitamin B6, folate, vitamin B12, pantothenic acid,

biotin, and choline. Washington, DC, National

Academy Press.

7. Hall, T.A., 1999. BioEdit: a user-friendly

biological sequence alignment editor and

analysisprogram for Windows  95/98/NT.   Nucl.

 Acids.   Symp.  Ser., 41: 95-98.

8. Hanson, A.D. and J.F. Gregory., 2002. Synthesis

and turnover of folates in plants. Curr Opin Plant

Biol., 5: 244-249.

9. Kim, Y.I., 1998. Colonic mucosal concentrations

of folate correlate well with blood measurements

of folate in persons with colorectal polyps.

American J. Clinic. Nut., 68: 866-872.

10 Gerhardt, P. and R.G.E. Murray,  W.A.  Wood

and N.R. Krieg, 1994. Methods for General and

Molecular Bacteriology, ASM Press.

11 Nei, M. and S. Kumar, 2000. Molecular Evolution

and  Phylogenetics.  Oxford  University  Press,

New York.

12 Nichol, Smith and Duch, 1985. Detection of

pterins and enzymatic activities of GTP-

cyclohydrolase I and sepiapterin reductase in

Neurospora crassa and Phycomyces blakesleeanus

Ann. Rev. Biochem., 54: 729-764.

13 Rebeille,   F.,    D.    Macherel,    J.M.  

Mouillon,  J. Garin and  R.  Douce,  1997.

Folate biosynthesis in  higher  plants:  purification

and molecular cloning of a bifunctional 6-

h y d r o x y m e t h y l - 7 , 8 d i h y d r o p t e r i n   

pyrophosphokinase/7,8-dihydropteroate synthase

localized in mitochondria.. EMBO J., 16: 947-957.

14 Rzhetsky, A. and M. Nei, 1992. A simple method

for estimating and testing minimum evolution

trees. Molecular Biology and Evolution, 9: 945-

967.

15 Saitou, N. and M. Nei, 1987. The neighbor-joining

method: A new method for reconstructing

phylogenetic trees. Molecul. Biol. Evol., 4: 406-

425.

16 Sambrook, J. and D.W. Russel, 2001. Molecular

cloning: A laboratory manual. Cold Spring Harbor

Laboratory, Cold Spring Harbor New York.

17  Scott, J.M. and D.G. Weir, 1994. Folate/vitamin

B12 interrelationships. Essays in Biochem., 28: 63-

72.

18 Scott,  J.,  F.  Rebeille  and  J.  Fletcher,  2000.

Folic acid and folates: the feasibility for nutritional

enhancement in plant foods.  J.  Sci.  Food

Agric., 80: 795-824.



J. Appl. Sci. Res., 4(12): 1694-1700, 2008

1700

19 Tamura, K., J. Dudley, M. Nei and S. Kumar,

2007. MEGA4: Molecular Evolutionary Genetics

Analysis (MEGA) software version 4.0. Molecular

Biology and Evolution, 10.1093/molbev/msm092.

20 Tamura, K., M. Nei and S. Kumar, 2004.

Prospects for inferring very large phylogenies by

using the neighbor-joining method. PNAS, 101:

11030-11035.

21 Thompson, J.D., D.G. Higgins and T.J. Gibson,

1994. CLUSTAL W: Improving the sensitivity of

multiple sequence alignment through sequence

weighting, position-specific gap penalties, and

weight   matrix    choise.    Nucleic    Acid 

Res., 22: 4673-4680.


