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Abstract
Pyruvate-orthophosphate dikinase (PPDK) is an enzyme which plays an

important role in plants with C4 photosynthetic metabolism, being an

interesting target to the development of new herbicides [1]. In this

work, molecular biology techniques were used to express and purify

PPDK protein (chloroplastic) from Zea mays to assess the inhibitory

potential of some compounds in vitro. First of all, the RNA from maize

leaf (10 days after germination (DAG)) was extracted and then used the

reverse transcription reaction to synthesize the cDNA. Then, this cDNA

was used to perform the polymerase chain reactions (PCRs) to amplify

the gene of interest. Since the gene which encodes PPDK protein is too

large (2650 pb), we amplified separated the 5’ region and the 3’ region

of the gene. After that, we overlap these two sequences, to get the

final gene amplified (Figure 1A). Thereby, the recombinant plasmid

(pETM11) containing the gene that corresponds to the Z. mays

chloroplastic protein PPDK was successfully synthesized. Protein

expression was performed using the pET system, with 1 mM IPTG, 25

degrees, during 20 hours. The protein was purified by nickel affinity

chromatography with a high purity. It had an apparent molecular

weight of 97 kDa, corresponding to the theoretical molecular weight

(Figure 1B). We intend to carry out the activity and inhibition

experiments to complement this work.
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Introduction
One of the main problems to agricultural production is the resistance

of weeds to herbicides, which compete for soil nutrients and can make

harvesting unfeasible. This resistance is brought about by the persistent

application, or indiscriminate use of a given herbicide on a population.

The impact of this plant on culture production can reach 80% [1].

Therefore, a search for new active molecules should and need to be

researched to assist in this control and generate larger ones for

agricultural systems. The metabolism of C4 plants could be one of these

targets as plants that have this type of metabolism are highly

represented as the worst weeds in the world, with only four species of

C4 plants being agriculturally productive (corn, sorghum, millet and

sugarcane) [2]. The enzyme pyruvate orthophosphate dikinase (PPDK) is

crucial for the C4 metabolism function and inhibition of this protein can

negatively affect total photosynthesis in C4 plants. Furthermore, this

enzyme has not, to date, been described in animals, reducing the

likelihood that PPDK-inhibiting compounds will have adverse

toxicological effects or environmental impacts [2]. The aim of this work

was to construct the PPDK gene in a recombinant plasmid to express and

purify this protein. The next steps in this project will be to test

compounds which can inhibit this enzyme.

Materials and methods
For the RNA extraction from Zea mays leaves we used the RNA

Plant/Fungi Total RNA Purification kit (#E4913) (Norgen) and for

reverse transcription, we used the iScript Reverse Transcription

Supermix for RT-PCR kit (Biorad). The plasmid used was pETM11,

digested by NdeI/BamHI restriction enzymes. Fragments were

amplified as the scheme below and the final gene was ligated in

pETM11. Than, the recombinant protein was purified using nickel

chromatography.

Fig. 1. A) Zea mays seedling with 10 days after germination. B) RNA
extracted from the leaf of this maize, showing the 18 and 28S ribossomal
RNA. These visible two bands evidence a good quality of the RNA extracted.

Results
The RNA from Z. mays (10 DAG) was sucessfully extracted . Fig. 1

shows de maize (newer leaf without center rib) utilized in the

extraction and the RNA extracted. The gel profile showed some

degradation, but we decided to increase the RNA concentration in the

next step to compesate this degradation.

Conclusion
Overall, this work was one step of PPDK study. Molecular biology

is a strong approach to try to understand how a protein can interact

with another protein or with a compound. Sucecssfully, we got the

PPDK protein purified with a high purity and it will start other

studies which could show possible inhibitors.
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In the same day, we used 1 ug of this RNA to synthetize the cDNA
using a reverse transcription DNA polimerase kit. Since we can’t
quantify this DNA, we used 0.4 uL in 10 uL PCR reaction (Table 1).

Components
Volumes/Final 
Concentration

Buffer 5× 1×
dNTPs 0,2 mM

Primer Forward 0,5 µM
Primer Reverse 0,5 µM

MgCl2 1,5 mM
cDNA 0,4 µL

DNA polimerase 0,2 µL 
H2O Final Volume of 10 µL

Tabel 1. PCR composition of PPDK gene amplification.

After that, we checked the amplifications through a 1 % agarose
gel (Fig. 2). We could see the presence of the fragments of interest:
first with 1450 bp (5' region of the gene) and the second fragment with
1200 bp (3' region of the gene). Both with expected fragment size.
Following this, we perform an overlap PCR that "links" these two
fragments, showing a band of 2650 bp, with an expected fragment size.

Next, we used digested pETM11 togheter with fragment to ligation
reaction (Squeme in the Fig.3 ). After transformation in Escherichia coli
TOP10, we extracted the DNA and digested with XbaI/BamHI
restriction enzymes to check the fragment insertion. Sucessfully, we
got the correct fragment which correspond the PPDK gene (Fig . 3).

The recombinant plasmid was transformed in BL21 (DE3) cells in
order to express PPDK protein. After the induction (1 mM of IPTG, 20
hours, 25 degrees, under agitation), expressed protein was extracted
from the cells by sonication and loaded in a nickel chromatography
column. All steps are showing in the Fig 4.

Fig. 2. Agarose gel 1 % showing the product of PCR reaction. The left gel
shows PCR1, which amplified the 5’ fragment with 1450 bp and the PCR2,
which amplified the 3’ fragment with 1200 bp. The right gel shows the
complete PPDK gene amplified, after PCR3.

Fig. 3. Scheme of ligation of the plasmid with the gene to get the
recombinant construction. Agarose gel showing the correct fragment of the
PPDK gene.

Fig. 4. Nickel affinity chromatography of PPDK protein. MW: molecular
weight; Input: Lisate after sonication; FT: Flow Through; Wash: buffer
washing without Imidazole; Imidazole Gradient: buffer with 40-250 mM of
Imidazole. Arrow: indicatee PPDK protein.
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