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Cloning, expression, purification and
functional characterization of full-length and truncated forms
of aroA CP4 gene from genetically modified maize
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Summary

Development of genetically modified (GM) food has generated worldwide public controversy over food safety issues.
To assess the food safety aspects and potential risk of horizontal gene transfer (HGT) from GM plants and food derived
thereof, we have chosen aro4 CP4 coding EPSPS (5-enolpyruvylshikimate-3-phosphate synthase) from GM maize.
During the study of possible HGT of aroA CP4 gene from GM food, we have discovered and characterized truncated
form of aroA CP4 within the cloning experiments. Comparison of properties of recombinant E. coli strains with both
forms of CP4 EPSPS gene were performed on DNA and protein levels. We report on cloning, expression, purification
and enzyme activity studies of both genes. The specific activities of both enzymes were indistinguishable indicating that
the truncated CP4 EPSPS enzyme retained the activity of a full-length CP4 EPSPS. The in vitro growth test showed
that both forms of aro4 CP4 genes grew well at concentrations of 10-40 mmol'l-! glyphosate and the in vivo comple-
mentation test revealed uniform growth. The results indicate that both full-length and truncated aro4 CP4 have similar
characteristics (full length CP4 EPSPS specific activity 0.063 = 0.01 umol'-min-l'mg-!, truncated CP4 EPSPS specific
activity 0.055 = 0.01 wmol'min-!'mg-1). These results should also be taken into account in risk analysis of possible unin-

tended effects from GM plants.
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In the last decade, recombinant DNA techno-
logies have permitted the introduction of foreign
genes into unrelated species, crossing species bar-
riers at elevated frequencies [1]. Genetically modi-
fied (GM) foods have now been on the market
for more than 12 years. Over 98% of all geneti-
cally modified organisms (GMO) that have been
introduced into the environment worldwide are
GM plants [2]. Prospects are that GM crops will
continue to grow. The development of GM food
has been a matter of considerable interest and
worldwide public controversy. Food safety is of
utmost concern within the European Union, being
guaranteed by European Food Safety Authority
(EFSA) [3]. Indeed, the European Union main-
tained a long “de facto” moratorium against the
GM food because of the potential regards for

health and environmental concerns [4]. The po-
tential allergenicity of novel proteins expressed in
GM crops is an important item in the food safety
assessment. Likewise, expression of biologically
active novel transgenic proteins in food derived
from GM maize can potentially produce proteins
with changed allergenic characteristics, which may
have major effects on health of exposed indivi-
duals [3].

In this paper, we assess the food safety as-
pects of GM food and unintended gene transfer
processes related to the use of GM crops. GMO
contain transgenic genes from different species in-
cluding those from different kingdoms of life [5].
The process of transmission of genes across spe-
cies boundaries and/or mating barriers is known
as horizontal gene transfer (HGT) [6]. This can
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increase genetic diversity and promote the spread
of novel adaptations between organisms [7, §].
Research demonstrates that transgenes can move
beyond the intended organism and into the sur-
rounding environment [9, 10] posing several risks,
such as introgression into natural plant communi-
ties [11, 12] and genetic transformation into natu-
ral bacterial populations [13, 14]. Although GM
crops have become a reality in agriculture, con-
cerns have also been raised regarding the possibil-
ity that DNA from GM crops could be transferred
into mammalian cells or into bacteria harboured
in the gastrointestinal tract of the animals fed by
these crops, and whether there might be any risk
associated with such transfer [15, 16]. The health
and environmental impact of potential unintended
HGT from GMO is a debated concern and risk
scenario [17]. Therefore, HGT is in the focus of
the risk analysis of transgenic plants [18]. Thus
the public and scientific concerns about the envi-
ronmental and food safety of GM crops may over-
shadow the potential benefits offered by crop bio-
technology to improve food quality.

The enzyme CP4 EPSPS (5-enolpyruvylshiki-
mate-3-phosphate synthase) from Agrobacterium
tumefaciens CP4, encoded by the aroA gene, has
been used for the construction of GM crops re-
sistant to the non-selective broad-spectrum her-
bicide glyphosate, marketed under the trade
name Roundup. The CP4 EPSPS enzyme is a key
enzyme in the biosynthesis of aromatic amino
acids in microorganisms and plants via shikimate
pathway [19]. The enzyme catalyses the reaction
of phosphoenolpyruvate (P-E-P) with shikimate-
3-phosphate (S-3-P) to form 5-enolpyruvylshiki-
mate-3-phosphate (EPSP) and inorganic phos-
phate. It is the target of the herbicide glyphosate,
which inhibits EPSP synthase [20]. Glyphosate
specifically binds to and inactivates EPSPS, which
is involved in the biosynthesis of the aromatic ami-
no acids tyrosine, phenylalanine and tryptophan.
This enzyme is present in all plants, bacteria and
fungi, but not in animals, which do not synthesize
their own aromatic amino acids. EPSPS is normal-
ly present in food derived from plant and micro-
bial sources.

The main objective of this work was to assess
the food safety and the potential risk of HGT from
GM crops, and food derived thereof, to the bacte-
rial microflora. For studying potential gene trans-
fer, we have chosen aro4A CP4 gene from Round
Ready maize chromosome rendering herbicide
glyphosate resistance with sequence of Monsanto
Patent Seq No. 9. We report on cloning of this gene
and construction of a system for high-level expres-
sion of the recombinant form of this enzyme by

amplifying the aroA CP4 gene from the GM maize
genomic DNA and subcloning into a vector suita-
ble for expression (pMM-1). Furthermore, during
the study of possible HGT of aroA CP4 gene from
GM food in gastrointestinal tract to bacterial com-
munity living in the animal gut, we had earlier
discovered and characterized the truncated form
of aroA CP4 within the cloning experiments in Es-
cherichia coli. The truncated form of aroA CP4 has
been constructed by amplifying the aroA CP4 gene
from the GM maize genomic DNA by specifically
designed primers and subcloning into an expres-
sion vector (pMM-2). The expression, purification
and initial characterization of enzyme activities for
both forms of recombinant CP4-EPSP synthases
were described. Growth studies in the presence of
glyphosate in aroA auxotroph E. coli strain were
carried out in order to compare in vitro glyphosate
sensitivity between the full-length and truncated
CP4 EPSPS enzymes. Comparison of properties of
recombinant E. coli strains with both CP4 EPSPS
enzyme forms was done on DNA and protein
levels.

MATERIALS AND METHODS

Materials

Restriction enzymes, T4 DNA ligase, DNA
polymerase (Maxima Hot Start Taqg DNA
Polymerase), DNA Ladder (GeneRuler 1 kb Plus),
Unstained Protein Marker, GeneJET Plasmid
Miniprep Kit and GeneJET Gel Extraction
Kits were purchased from Fermentas (St. Leon-
Rot, Germany). Phosphoenolpyruvate (P-E-P),
shikimate-3-phosphate (S-3-P), HIS-Select
Nickel Affinity Gel and IPTG (isopropyl-B-D-
1-thiogalactopyranoside) were purchased from
Sigma-Aldrich Chemie (Steinheim, Germany).
pGEM-T Easy Vector System was purchased from
Promega (Madison, Wisconsin, USA). BCA Pro-
tein Assay Kit and SpinPrep PCR Clean-up Kit
were purchased from Novagen Merck (Darmstadt,
Germany). Glyphosate (N-phosphonomethyl-
glycine; Monsanto, St. Louis, Missouri, USA) was
purchased locally.

Bacterial strains, vectors and plasmids
The strains, vectors and plasmids used in this
study are listed in Tab. 1.

Amplification of genomic DNA

Chromosomal DNA was isolated from GM
Roundup Ready maize (Monsanto), which has
been used in the feeding experiments at the Ani-
mal Research Institute, Nitra (Slovakia). It car-
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Tab. 1. Strains, vectors/plasmids, genotype/characteristics and their source.

Rosetta-gami 2(DE3)

E. coli strain Relevant characteristic Reference
XL1-Blue [recA1 supE44 endA1 hsdR17 gyrA46 relA1 thi lac- F'[proAB+laclq lacZ Stratagene
M15 Tn10(tetr)]
ER2799 aroA deficient strain (the aroA gene deleted from its chromosome) New England
Biolabs [21]
BL21(DE3)pLysS [F- ompT hsd SB (rB- mB-) gal dem (DE3)] Novagen Merck

A(ara-leu)7697 AlacX74 AphoA Pvull phoR araD139 ahpC galE galK rpsL | Novagen Merck
(DE3) F’[lac+ laclq pro] gor522::Tn10 trxB pRARE2 (CamR, StrR, TetR)

(pPMM-2) KanR

Plasmid
pGEM-T Easy Vector for AT cloning; ori ColE1; ApR Promega
pET-28b(+) Expression vector; T7 promoter; KanR Novagen Merck
pGEM full-length aroA CP4 Full-length aroA CP4 gene amplified by genomic PCR and cloned into This work
(PGEM-1) the pGEM-T Easy; AmpR
pGEM truncated aroA CP4 Truncated aroA CP4 gene amplified by PCR and cloned into pGEM-T This work
(pGEM-2) Easy; AmpR
pET-28b(+) full-length aroA CP4 | Full-length aroA CP4 gene cloned into expression vector pET-28b(+); This work
(pMM-1) KanR
pET-28b(+) truncated aroA CP4 | Truncated aroA CP4 gene cloned into pET-28b(+) expression vector; This work

ried the synthetic aroA CP4 gene with sequence
of Monsanto Patent Seq No. 9, US 5633435 [22]
responsible for the glyphosate tolerance. PCR
was performed using a BioRad Thermal Cycler
(Hercules, California, USA). Amplification of the
aroA CP4 was performed by PCR using two syn-
thetic oligonucleotide primers following the proce-
dure reported by [23]. Primer Forl (5-GAC GCC
ATG GCT CAC GGG TGC AAG CAG CCG
TCC-3’) incorporated a unique Ncol site whereas
Rev (5-CTC GAG AGC CTT CGT ATC GGA
GAG TTC G-3’) introduced a unique Xhol site at
the 5" and 3’ end, respectively. PCR amplifications
were performed in a final volume 25 ul contain-
ing 2 pul of 10x reaction buffer (100 mmol-I'! KClI,
50 mmol-l'l (NH4)2SOs, 200 mmol-l-1 Tris-HCI
(pH 8.3 at 25°C), 03 ul of Tag polymerase
(5 Upll), 2 ul of DNA template (50-100 ng-ul-
DNA), 0.5 ul of mixed deoxyribonucleotide solu-
tion (12.5 mmol-I-1), 0.5 ul each of oligonucleotide
primers (10 pmol‘l-! of each primer), and 2 ul of
50 mmol-ll MgClo. The following programme
settings were used: incubation at 94 °C for 5 min
followed by 30 cycles (94 °C, 30 s; 58 °C, 30 s;
72 °C, 2 min), linked to a final incubation at 72 °C
for 5 min. By the amplification of DNA regions,
a fragment of full length of 1370 bp was obtained.

Generation of truncated aroA CP4 gene

The synthetic aroA CP4 gene with sequence
of Monsanto Patent Seq No. 9, US 5633435, was
used as a template in the amplification of the trun-
cated aroA CP4 by PCR using two synthetic oli-
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gonucleotide primers. Primer For2 (5-CCT CCA
TGG TCG GCG GTC TCG CGA GCG GTG-3’)
incorporated a unique Ncol site, whereas Rev
(5°-CTC GAG AGC CTT CGT ATC GGA GAG
TTC G-3’) introduced a unique Xhol site at the 5
and 3’ end, respectively. The PCR amplification of
truncated aro4 CP4 was performed in 25 ul reac-
tion mixture described above with the following
programme settings: incubation at 95 °C for 2 min
followed by 30 cycles (95 °C, 30 s; 58 °C, 30 s;
72°C, 1 min), linked to a final incubation at 72 °C
for 8 min. A fragment of 1265 bp encoding the
aroA CP4 was amplified.

Expression plasmid construction

The PCR-generated fragments encoding full-
length and truncated aro4 CP4 were purified by
gel extraction using SpinPrep PCR Clean-up Kit
(300 ng) and ligated into the pGEM-T Easy Vec-
tor (50 ng) with T4 DNA Ligase (3 Weiss units
per'microlitre) in 2x Rapid Ligation Buffer (Fer-
mentas, St. Leon-Rot, Germany) and incubated
the reactions overnight at 4 °C to create plasmids
pGEM-1 (pGEM-T Easy Vector + full-length
aroA CP4) and pGEM-2 (pGEM-T Easy Vector
+ truncated aroA CP4). Initial clones were ob-
tained by transformation of the ligation mixture
into E. coli XL-1. Both pGEM-1 and pGEM-2
were digested with Ncol and Xhol. Digestion was
accomplished by incubation of 3 ug of DNA with
2-5 U of Ncol and Xhol in Tango Buffer (Fermen-
tas) at 37 °C for 2 h. Inserts were gel-purified using
GeneJET Gel Extraction Kit and ligated into the
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Ncol and Xhol sites of the IPTG-inducible expres-
sion vector pET-28b(+) to create plasmids pMM-1
(pET-28b(+) + full-length aro4A CP4) and pMM-2
(pET-28b(+) + truncated aro4 CP4). Ligation was
carried out with restricted plasmid and insert DNA
at a ratio of 1:3 in a volume of 10 ul. A volume of
1 wl of 10x reaction buffer (400 mmol-l-! Tris-HCI,
100 mmol-I-1 MgClp, 100 mmol‘l-1 DTT, 5 mmol-l-1
ATP, pH 7.8 at 25 °C) and 1 ul T4 DNA ligase
(1 Weiss unit per microlitre) were added to the
reaction mixture yielding a final volume of 10 ul.
The ligation reaction was carried out overnight at
4 °C. Initial clones were obtained by transforma-
tion of the ligation mixture into E. coli XL-1 and
then the constructs were transformed into Ro-
setta-gami 2(DE3) cells for expression.

DNA sequencing

Plasmid template DNA for sequencing was
isolated and purified by GeneJET Plasmid Mini-
prep Kit according to the instructions supplied by
the manufacturer. In order to determine wheth-
er the constructs contained the relevant aroA
CP4 genes, the complete nucleotide sequence of
the 1.37 kb and 1.26 kb insert from pMM-1 and
pMM-2, respectively, were confirmed by sequenc-
ing of the open reading frame (orf) using standard
relevant primers at Department of Molecular
Biology sequencing facility on an automated se-
quencer Avant Genetic Analyser 3100 (Applied
Biosystems, Foster City, California, USA) and
analysed with Chromas v 2.33 software (Technely-
sium, Brisbane, Australia).

Heterologous expression of full-length
and truncated CP4 EPSPS proteins

For the heterologous expression of the full-
length and truncated aroA CP4 genes, the encod-
ing genes were cloned using the T7 polymerase
pET vector system with a polyhistidine tag at the
C-terminus for the expression, purification and
detection of the fusion protein. The recombinant
plasmids (pMM-1 and pMM-2) encoding both
forms of genes were transformed into electro-
competent E. coli Rosetta-gami 2(DE3) cells and
selected on LB agar plates containing chloram-
phenicol 68 mg':ml-l, kanamycine 50 mg-ml! and
tetracycline 25 mg-ml-1. Single colonies were used
to inoculate 3ml of LB media containing appro-
priate antibiotics and allowed to grow overnight
at 37 °C. The following day, 1 ml of the culture
was inoculated into 100 ml of fresh LB contain-
ing chloramphenicol 68 mgmll, kanamycine
50 mg'ml-! and tetracycline 25 mg'ml-! and grown
at 37 °C. Cultures of E. coli cells bearing expres-
sion plasmids were grown until its absorbance at

a wavelength of 600 nm (Ae0) reached the value
of 0.60. IPTG was added to a final concentration
of 0.3 mmolI'! for induction of the expression of
CP4 EPSPS and the cell cultures were further in-
cubated for 3 h. The cells were harvested by ultra-
centrifugation on Andreas Hettich Universal 320R
(Tuttlingen, Germany; 8 700 xg, 10 min, 4 °C). Op-
timization of protein expression was carried out.
For optimizing IPTG concentration, IPTG was
added in a final concentration of 0.30 mmol-1-1,
0.60 mmol-I'l and 1 mmol‘l-! for induction of ex-
pression. For optimizing the induction time,
periods of 2, 4, 6 h after IPTG addition were
tested. After every 2 h, 1ml of aliquots were with-
drawn. The cells were harvested by centrifugation
at 10000 xg for 2 min and the pellet was resus-
pended and heated in SDS-PAGE sample buffer
and separated on 12% SDS-PAGE gel.

Preparation of crude CP4 EPSPS

The E. coli strain Rosetta-gami 2(DE3) con-
taining either pMM-1 or pMM-2 plasmids were
grown in 100 ml LB broth with appropriate antibi-
otics. When Aeoo reached 5.0, 0.3 mmoll-! IPTG
was added to induce the expression. The cells
were collected by centrifugation after 2 h and re-
suspended in 5ml of lysis buffer (20 mmol -1 Tris;
150 mmol-l! NaCl; 5 mmol-l-! imidazol, pH 8.0;
0.1% Triton X-100; 5 mmoll'! EDTA) and passed
three times through a French pressure cell (Con-
stant Systems, Daventry, United Kingdom) at
137.9 MPa. The crude homogenate was directly
used for enzymatic activity assays to compare with
enzyme assays of purified proteins.

Sodium dodecylsulfate polyacrylamide
gel electrophoresis

For protein analysis and separation, denatur-
ing sodium dodecylsulfate (SDS) polyacrylamide
gel electrophoresis (PAGE) according to LAEMMLI
[24] was used. Cell lysates and aliquots taken be-
fore and after induction were resuspended in
50 ul SDS-PAGE sample buffer (125 mmol-l-!
Tris-HCI pH 6.8; 10% (v/v) 2-mercaptoethanol;
0.01% (w/v) SDS; 10% (v/v) glycerol; 0.005%
(w/v) bromophenol blue) prior to electrophoresis
and heated for 3-5 min at 94 °C and separated on
12% SDS-PAGE gel. Gel runs were performed in
an electrophoresis chamber for SDS-PAGE from
Hoefer (Holliston, Massachusetts, USA) contain-
ing electrophoresis buffer (25 mmol-l-! Tris-HCI;
190 mmol‘l-! glycine; 0.1% (v/v) SDS) at 120 V.
Detection of the proteins was performed by stain-
ing with staining solution for protein gels (0.2%
Coomassie brilliant blue R-250 in 10% acetic acid
and 50% methanol) for 20 min at room tempera-
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ture and de-stained in the same solvent without
the dye. The gels were observed and analysed on
sonic digitizer from LKB Bromma (Uppsala, Swe-
den).

Purification of His-tagged recombinant
CP4 EPSPS proteins

Both forms of recombinant proteins expressed
in E. coli Rosetta-gami 2(DE3) cells were cen-
trifuged and resuspended in chilled lysis buffer
(20 mmol-l-! Tris; 150 mmol-l-! NaCl; 5 mmol-l-!
imidazole, pH 8.0; 0.1% Triton X-100; 5 mmol-1-!
EDTA; 3 ml-g! cells) and passed three times
through a French pressure cell at 137.9 MPa. Cell
debris and unbroken cells were removed by cen-
trifugation (8700 xg, 30 min, 4 °C). The superna-
tant and sediment were subsequently analysed by
SDS-PAGE. The cell sediment was discarded and
supernatant was used for purification.

Ni-NTA affinity chromatography was used
to purify both forms of proteins. Appropri-
ate amount of Nickel agarose (affinity gel) was
transferred depending upon the amount of tar-
get histidine-containing proteins in the extract
to a chromatography column. The affinity gel
was washed with 2 volumes of deionized water,
3 volumes of strip buffer (100 mmol-l-! EDTA,
pH 7.0-8.8; 500 mmol-I'! NaCl; 20 mmol‘l-! phos-
phate buffer, pH 7.0). Prior to application of the
protein, column was equilibrated with 3 volumes
of equilibration buffer (50 mmol-l"! Tris-HCI,
pH 8.0; 500 mmol‘l-! NaCl; 5 mmol-l-! imidazole).
Then, the clarified crude extract was loaded onto
the column at a flow rate of 2-10 column volumes
per hour. After all of the extract was loaded and
flowed through, the column was equilibrated
with 2 volumes of equilibration buffer and then
washed with 3 volumes of wash buffer (50 mmol-l-!
Tris-HCI, pH 8.0; 500 mmol-1-! NaCl; 20 mmol-1-!
imidazole). Elution of His-tagged proteins was
done from the column using 3-10 column volumes
of elution buffer (50 mmol-1'! Tris-HCI, pH 8.0;
500 mmol-1-! NaCl; 500 mmolI'! imidazole). Load-
ing of the elution buffer was always 1 ml for each
elution fraction. Single fractions of 1ml were col-
lected in each step and subsequently analysed
using SDS-PAGE. Nickel agarose was cleaned
by strip buffer after every run and recharged by
NiSO4 (100 mmol-1'1).

CP4 EPSPS enzyme activity assay

CP4-EPSP synthase activity was measured in
the forward direction by the production of inor-
ganic phosphate (P;) using the malachite green
dye assay method [25]. The standard reaction was
carried out at 30 °C in a final volume of 50 ul con-
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taining 50 mmol-l"! HEPES (4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid) pH 7.0 (Sigma-
Aldrich Chemie), 1 mmol'l! S-3-P, 1 mmol-l'!
P-E-P, 0.1 mmol'l! (NH4)6M07024.2H20 and
crude extracts (10 ul of diluted crude enzyme ex-
traction)/purified proteins (10-25 pkat). After
incubation for 20 min, 1ml of malachite green-
ammonium molybdate colorimetric solution was
added and, 1 min later, 0.1 ml of 34% sodium ci-
trate solution was added. After 15 min incubation
at room temperature, absorbance of the samples
was measured at 600 nm. The reaction solution
without S-3-P was used as zero control. The activi-
ties of both forms of CP4 EPSPS enzymes were
determined in both purified proteins and crude
extracts of Rosetta-gami 2(DE3) harbouring
pMM-1 and pMM-2 plasmids. The reactions were
carried out at different intervals of time (0, 20, 30
and 45 min). The released phosphate was quanti-
tatively analysed using SafireZ Microplate Reader
(Tecan, Grodig bei Salzburg, Austria).

Functional complementation and growth curves

To determine the activity of the full-length and
truncated CP4-EPSP synthase in vivo, constructs
pMM-1 and pMM-2 were transformed into aroA
auxotrophic E. coli strain ER2799. Fresh overnight
culture of E. coli ER2799 harbouring pMM-1 and
pMM-2 plasmids was used to inoculate 20ml of
M9 minimal medium (6.8 g1 NaoHPOg4, 3 gl
K2HPOg4, 1 g'I'! NH4Cl, 0.5 g'I'! NaCl, 0.12 gl
MgSOs4, 0.4% w/v glucose) containing kanamy-
cin (50 mg'ml-!), 0.3 mmol-l'! IPTG and differ-
ent concentrations of glyphosate (0, 10, 20, 40
and 60 mmol-I'1). The growth test was performed
in duplicate at 37 °C for 32 h, aliquots were with-
drawn at various points and the absorbance was
measured spectrophotometrically at 600 nm.
E. coli ER2799 without any construct was used as
control. The cell growth was also tested on M9
minimal agar plates. The pMM-1 and pMM-2
transformed into E. coli ER2799 were cultured on
solidified M9 medium containing 50 mg-ml-! kana-
mycin, different concentrations of glyphosate (0,
5, 10, 20, and 40 mmol‘l') and 0.3 mmolI'! IPTG.
Plates were incubated at 37 °C and the cell growth
was observed after 72 h incubation.

RESULTS AND DISCUSSION

Generation of truncated coding sequence
of aroA CP4 gene

Amplified full-length cDNA sequence was
analysed for the presence of potential orf using
ORF Finder by NCBI (National Center for
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ATG
A
Monsanto Patent Seq No.9 (1377 bp)
Stop codon
B
pGEM Full-length chromosomal DNA (1370 bp)
Stop codon
ATG ¢
c v
Short orf
(105 bp)  Truncated CP4 EPSPS (1265 bp)

Fig. 1. Schematic diagram representing both forms
of aroA CP4 genes and Monsanto patent Seq No.9.
A — patented Monsanto Sequence No.9, B — full-length aroA

CP4 sequence, C - truncated aroA CP4 sequence with
a short orf of 105 bp.

Biotechnology Information, Bethesda, Maryland,
USA). A new orf within the sequence was noticed
in the recombinant plasmid, which started at po-
sition 105 from the 5’ end of the full-length se-
quence. This change in nucleotide level resulted in
a new truncated aro4 CP4 gene with an approxi-
mate length of 1265 bp. Taken together, these
findings led to speculate that cDNA has two open
reading frames: one with approximate length of
105 bp and the second starting with a new initia-
tion codon ATG at position 105 from 5’ terminus

(Fig. 1).

Bioinformatical analysis of both forms
of aroA CP4 genes

The acquired nucleotide sequences of 1.37 kb
and 1.26 kb inserts from pMM-1 and pMM-2,
respectively, were compared in BLAST nucleotide
sequence database (NCBI). It revealed that the
recombinant gene aroA CP4 encoding the EPSPS

Truncated EPSPS
Full-length EPSPS
Synthetic EPSPS

ATGGCTCACGGTGCAAGCAGCCGTCCCGCAACCGCCCGCAAATCCTCTGGCCTTTCCGGA 60
ATGCTTCAGGGTGCAAGCAGCCGGCCCGCAACCGCCCGCAAATCCTCTGGCCTTTCCGGA 60

protein was homological with other known aroA
CP4 sequences.

However, the alignment of the cloned se-
quences of the full-length and truncated forms
with the sequence Seq No. 9 of Monsanto, Patent
US 5633435 [22], which is present in the GM
Roundup Ready maize, showed only 82% similar-
ity on nucleotide level, while on the amino acid
sequence level, it showed revealed 98% similarity.
The DNA sequences of both full-length and trun-
cated forms of aroA CP4 genes obtained in this
study showed maximum similarity of 99% when
aligned with the synthetic construct of aroA CP4
gene sequence reported by Samsung Biomedi-
cal Research Institute (Seoul, Korea), while the
alignment of the translated amino acid sequence
revealed 98% identity.

The DNA sequence codes for a protein con-
siting of 462 amino acids in length for full-length
CP4 EPSPS and 427 amino acids for truncated
CP4 EPSPS. The predicted proteins were found
to be acidic as the theoretical pl was 4.84 and 4.50
for full-length and truncated protein forms, re-
spectively. The protein structure was predicted by
SAM-T08 web server [26].

The alignment using ClustalW [27] of the ac-
quired nucleotide sequences and translated amino
acid sequences of recombinant truncated and full-
length forms of aroA CP4 with the Monsanto Seq
No. 9 CP4 EPSPS and synthetic CP4 EPSPS is
shown in Fig. 2 and Fig. 3.

Protein expression analysis

The concentration of recombinant proteins
can be increased by manipulations in bacterial cell
culture conditions, such as time of induction or in-
ducer. The effort was made to reduce the inclusion
body formation, as this form of protein is inactive,
and to express the proteins in a soluble form. One
of the best ways to produce active enzymes is to
decrease the rate of protein production. Among
different factors that influence productivity, the

Monsanto Seq9 EPSPS ATGGCTCACGGTGCAAGCAGCCGTCCAGCAACTGCTCGTAAGTCCTCTGGTCTTTCTGGA 60

Truncated EPSPS
Full-length EPSPS
Synthetic EPSPS

----------------------- ATGGTCGGCGGTCTC 15
ACCGTCCGCATTCCCGGCGACAAGTCGATCTCCCACCGGTCCTTCATGTTCGGCGGTCTC 120
ACCGTCCGCATTCCCGGCGACAAGTCGATCTCCCACCGGTCCTTCATGTTCGGCGGTCTC 120

Monsanto Seq9 EPSPS ACCGTCCGCATTCCAGGTGACAAGTCTATCTCCCACAGGTCCTTCATGTTTGGAGGTCTC 120

*xKkx Kk Kk AXxkkkk

Fig. 2. Alignment of the nucleotide sequences of full-length, truncated,
Monsanto Patent Seq No. 9 and synthetic CP4-EPSPS.

The identical residues are signified by asterisks.
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Monsanto Seq9 EPSPS
Synthetic EPSPS
Full-length EPSPS
Truncated EPSPS

Monsanto Seq9 EPSPS
Synthetic EPSPS
Full-length EPSPS
Truncated EPSPS

MAHGASSRPATARKSSGLSGTVRIPGDKSI SHRSFMFGGLASGETRI TGLLEGEDVINTG
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Fig. 3. Amino acid sequence comparison of full-length, truncated,
Monsanto Patent Seq No. 9 and synthetic CP4-EPSPS.

Identical residues are marked by asterisks.

simplest one is to control the inducer concentra-
tion. In order to optimize the expression of both
forms of aroA CP4 genes and to avoid formation
of inclusion bodies, expression was performed
with different induction times and with different
concentrations of the inducer. The rate of pro-
duction of both forms of recombinant proteins in
Rosetta-gami 2(DE3) was optimized by decreasing
the concentration of the inducer (IPTG) to a min-
imum level of 0.3 mmol-l'l, as shown in Fig. 4A.
Optimization of the induction time was also per-
formed. Expression of the desired protein was
achieved after 2 h of induction of the culture on
a rotary shaker at 20 °C, as shown in Fig. 4B.

Protein analysis and quantitation

The determination of protein concentration
was carried out using BCA protein assay method
[28] following the instructions of the supplier. Bo-
vine serum albumin (BSA; 2-10 pugml!) served
as a standard. The concentration of full-length
CP4 EPSPS was 1.14 mg'ml-! and concentration of
truncated CP4 EPSPS was 1.28 mg'ml-l. Purified
proteins analysed using SDS-PAGE are shown in
Fig. 5. The molecular weight of the fusion protein
(His tag + target gene) of full-length CP4 EPSPS
protein was 48.53 kDa and 44.85 kDa for truncat-
ed CP4 EPSPS were determined.
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Fig. 4. Optimization of expression in E. coli strain Rosetta-gami 2(DE3).

Expressed products were separated by 12% SDS-PAGE.

A. Optimization of induction time: full-length CP4 EPSPS (lane 1 — lysate before induction; lanes 2-4 — lysates after 2, 4 and 6 h
induction); lane M — protein marker; truncated CP4 EPSPS (lane 5 — lysate before induction; lanes 6-8 — lysates after 2, 4 and

6 h induction).

B. Optimization of IPTG concentration: full-length CP4 EPSPS (lane 1 — lysate before induction; lanes 2-4 — lysates after 2 h
induction with 0.30, 0.60 and 1.0 mmol-I'! of IPTG); lane M - protein marker; truncated CP4 EPSPS (lane 5 - lysate before induc-
tion; lanes 6-8 - lysates after 3 h induction with 0.30, 0.60 and 1.0 mmol-I-! of IPTG).
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Fig. 5. 12% SDS-PAGE analysis.

A. Purification of His-tagged recombinant full-length CP4 EPSPS protein using Ni-NTA agarose chromatography: lane M —
molecular weight standard, lane 1 — total proteins from cell culture before induction with IPTG, lane 2 — total proteins from cells
after 2 h of induction, lane 3 - flow-through of the lysate after loading onto a column, lane 4 — equilibration wash, lane 5 — column

wash, lane 6 — eluted protein from the column with elution buffer.

B. Purification of truncated CP4 EPSPS protein: lane M — molecular weight standard, lane 1 - total proteins from cell culture
before induction with IPTG, lane 2 — total proteins from cells after 2 h of induction, lane 3 — flow-through of the lysate after loading
onto a column, lane 4 - equilibration wash, lane 5 — column wash, lane 6 — eluted protein from the column with elution buffer.

Functional complementation and growth curves

E. coli strain ER2799 has the aroA gene de-
leted from its chromosome. Because ER2799 lacks
the aroA gene, which is necessary for aromatic
amino acid synthesis, it does not grow on M9 mini-
mal medium. This strain is used to test the various
aroA gene constructs to see if the new aroA gene
can rescue the bacteria and allow growth on mini-
mal media either in the presence or absence of
glyphosate.

Full-length CP4 EPSPS

Agoo

0 i T T T T

8 10 24 28 32
Time [h]

—— 0 mmol-I-1 -& 5 mmol--1

-+ 10 mmol-I-1

It was reported that amplification of EPSP
synthase could confer tolerance to glyphosate
[29]. Glyphosate was shown to disrupt the shiki-
mate pathway, which is crucial for aromatic ami-
no acids synthesis in bacteria, plants and micro-
bial eukaryotes, by inhibiting EPSP synthase in
the sixth step of the pathway [30]. The cells were
grown in liquid M9 minimal medium containing
IPTG (0.3 mmol‘l'1) and various concentrations of
glyphosate (0, 10, 20, 40 and 60 mmol‘I-1). In order

Truncated CP4 EPSPS

Agoo

0 B I L B | T T T T T
8 10 24 28 32
Time [h]

—A— 20 mmol-I-1 —— 40 mmol-I-1 -e— 60 mmol-I-1

Fig. 6. Growth of cultures of ER2799 cells harbouring either pMM-1 (full-length CP4 EPSPS) or pMM-2 (truncated
CP4 EPSPS) plasmids in liquid M9 minimal medium supplemented with 0.3 mmol-I-! IPTG, 50 ug-ml! kanamycin

and glyphosate at indicated concentrations.
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Tab. 2. CP4 EPSPS enzyme activity studies of purified proteins, whole cell lysates of Rosetta-gami-2(DE3) and
ER2799 strains expressing both forms of CP4 EPSPS recombinant genes.

. . Specific activity
Source of protein Recombinant gene expressed [umol-min-img-1]
Full-length CP4 EPSPS 0.063 = 0.01
Purified protein
Truncated CP4 EPSPS 0.055 + 0.01
) Full-length CP4 EPSPS 0.027 = 0.008
Crude lysate [Rosetta-gami 2(DE3)]
Truncated CP4 EPSPS 0.028 = 0.014
Full-length CP4 EPSPS 0.024 = 0.004
Crude lysate (ER2799)
Truncated CP4 EPSPS 0.021 = 0.003

Specific activity is expressed per milligram of protein.

to determine whether the over expression of the
recombinant full-length and truncated CP4 EPSP
synthase can bring glyphosate tolerance to E. coli,
the growth curves of E. coli ER2799 harbouring
pMM-1 and pMM-2 at various concentrations of
glyphosate were constructed. Cultures of cells
harbouring full-length and truncated aro4 CP4
genes grew well at glyphosate concentrations of
10-40 mmol-1-1, whereas ER2799 cells without the
expression vectors were severely inhibited. E. coli
ER2799 transformed with pMM-1 and pMM-2
had the same growth rate when no glyphosate was
added to the culture. Inhibition became more se-
vere with increasing concentration of glyphosate.
At 40 mmol-l'l, growth was barely detectable,
being completely inhibited by 60 mmol-1-1 glypho-
sate. The results for growth of E. coli ER2799 with
pMM-1 and pMM-2 were indistinguishable and
our results are in concordance with [31]. This in-
dicates that both full-length and truncated forms
of aroA CP4 confer similar glyphosate tolerance.
Growth curves of cells harbouring expression plas-
mids are shown in Fig. 6.

CP4 EPSPS enzyme activity assay

Analysis of CP4 EPSPS enzyme activity re-
vealed that both full-length and truncated forms
showed similar specific activities (Tab. 2). These
results indicate that the truncated CP4 EPSPS
protein retained the full-length CP4 EPSPS activi-
ty. From these results, a conclusion was drawn that
no significant alteration in EPSPS specific activity
results from the truncation of the aro4 CP4 gene.

CONCLUSIONS
The main objective of this work was to assess

the food safety and the potential risk of HGT from
the GM crops. We successfully generated chro-
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mosomal DNA from GM Roundup Ready maize
and truncated aroA CP4 gene, which has been no-
ticed during cloning experiments in E. coli within
the sequence of cDNA which started at position
105 from 5’ end. Another finding of this study was
that despite the larger changes in DNA sequence
of the aroA CP4 (82% similarity), under a strong
selection pressure in certain point of HGT, the se-
lected functional amino acid sequence was almost
identical (99% identity) with the original one. Pro-
tein expression and purification was optimized for
both full-length and truncated CP4 EPSPS pro-
teins. The enzyme activities of both forms of pro-
teins were found indistiguishable. Properties of
both forms of CP4 EPSPS were tested in vivo by
complementation test on a minimal medium into
the aroA auxotrophic E. coli strain ER2799. In
a minimal medium with the absence of aromatic
amino acids, the transformants showed uniform
growth. The liquid culture growth assay was per-
formed to determine whether the aro4 CP4 gene
of the different form is able to confer glyphosate
resistance in the intact cells. Both full-length and
truncated forms of aro4 CP4 genes showed equal
performance and this helped to conclude that the
truncated aroA CP4 gene confers the same resist-
ance to glyphosate as the full-length gene. These
comparative studies of the truncated form of
CP4 EPSPS with full-length CP4 EPSPS showed
that even the truncated form is functional. This
should also be considered when assessing the risk
of the gene transfer from GM food. Thus, the pos-
sibility of HGT of the truncated aro4 CP4 to other
organisms cannot be neglected and may poten-
tially cause negative effects on human and animal
health as well as on the ecosystem. However, this
risk is considered to be quite low in reality because
of the small length of the transgene. The trunca-
tion of the transgene and respective changes in the
protein may cause the formation of new toxins and
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allergens in the plant, thus it is also essential to
consider the truncated forms of transgenic DNA
at the risk analysis for possible negative effects.
The results of this study may be important for bio-
safety issues relating to the consumption of food
prepared using GMO.
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