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ABSTRACT

Phosphoenolpyruvate carboxylase (also known as PEP carboxylase, PEPCase, or PEPC; EC 4.1.1.31)
is an enzyme in the family of carboxy-lyases that catalyzes the addition of bicarbonate to
phosphoenolpyruvate (PEP) to form the four-carbon compound oxaloacetate.It is a key enzyme of
primary metabolism in bacteria, algae, and vascular plants, and is believed to be cytosolic.In our study,
Sulfite ions at 1 mM concentration do not change Km value of PEP Case at all the test concentrations
of substrate (PEP and Mg2+) as compared to the control, whereas, Vmax was decreased. In case of HCO-

3 substrate Km increases and Vmax remains constant.

Key words: PEP Case, Sulfite, Zea mays.

Introduction

Maize (Zea mays L. ssp. mays, pronounced
/0mewz/; also known in some countries as corn),
is a cereal grain domesticated in Mesoamerica and
subsequently spread throughout the American
continents. Today maize is the largest crop in the
Americas. The United States produces the largest
amount of maize throughout the world, but there
are other countries that also produce high
quantities of maize as well such as China, Brazil
and South Africa. In 2003 there was six hundred
metric tons of maize produced in the world.
Maize can only be produced in areas that do not
have extreme cold temperature, as it is a cold-
intolerant crop.

PEP carboxylase has been the subject of
extensive experimental research in the last decades
[1,2].C4 plants (Maize) shows a mechanism to
concentrate CO2 at the site of PEP carboxylase
[3] (E.C4.1.1.31) and there by overcome
photorespiration. This CO2 concentration
mechanism, together with modification of leaf
anatomy, enabled C4 plants to achieve high

photosynthetic efficiency [4]. C4 cycle pumps CO2

at the site of PEP carboxylase.Thus it not only
increases the substrate concentration but also
prevents competition by O2 for the CO2 site on
the enzyme [5]. This prevents oxygenase function
and the loss through photorespiration. In C3

plants, the CO2 concentration at the site of PEP
carboxylase is less than 10 µM where as in C4

plants it is around 60 µM. The PEP carboxylase
may also function as a trap for fixing photo
respiratory CO2.The enzyme PEP carboxylase was
discovered in spinach leaves by synthesizing
oxaloacetate from PEP and CO2.The enzyme has
a molecular weight of 250-750 KD and has been
proposed to have 4-12 identical subunits. The
enzyme is most active at pH 8. 

SO2 and its hydrated form, (sulfite ion) is a
pollutant which causes damage to vegetation [6]. 

It enters principally through stomatal openings
and influx is mainly a diffusive flux dependent
on stomatal aperature [7]. They directly alter the
ability of mesophyll cells to fix the CO2 and
thus influence the photosynthetic capacity of the
plant [8]. It interferes with the structure and
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permeability of cellular membranes and with
enzymatic activity which affects many biochemical
processes in the cell. 

Materials and methods

Extraction and Assay of Enzyme:

The leaves from experimental  plants  which 
were  raised  in  the  field of Biochemistry
Department were excised, weighed and ground in
pre chilled motor at 4 oC in chilled extraction
buffer containing 25mM Tris-HCl, 5mM MgCl2

and 1mM EDTA. The homogenate was filtered
through cheese cloth and then the filtered extract
was centrifuged at 10,000 rpm for 5 minutes. The
supernatant was used for enzyme assay. The
enzyme activity was measured by standard method
[9] and was found to be 2.3 U/g fresh weight. 

Kinetic Studies:

In order to determine the effect of sulfite on
Vmax and Km of PEPCase for bicarbonate,  PEP 
and magnesium as substrate, the effect of 
substrate concentration on enzyme activity was 
studied at pH 8.0 at 25oC. Keeping the amount
of enzyme constant in the assay, the concentration
of one substrate was varied at a time. The
concentration of bicarbonate and PEP was
increased  from  0.05mM  to 0.35mM and from

 1.5mM to 10.5 mM respectively. The
concentration of Mg2+ was increased from 25µM
to 0.2mM. The change in O.D at 340nm in
absence and in presence of 1mM sulfite was
recorded at every 15 seconds over a period of 3
minutes. Line weaver-Burk plot (double reciprocal)
was used to determine Vmax and Km respectively.

Results and discussion

It is evident from line weaver – Burk plot
(double reciprocal figure1,2) and table 1 that
sulfite ions at 1 mM concentration do not change
Km (38 µM) of the enzyme Pepcase at all the
test concentrations (1.5 to 10.5 mM) of PEP
whereas, Vmax decreased (8.3 µM/min/g) as
compared to the control. Similar pattern was
observed for Mg2+ (25 µM to 0.2 mM) which
has been used as a substrate i.e., Km (22.3 µM)
remains same as that of the control, whereas,
Vmax (5.2 µM/min/g) got decreased (Table 2 &
figure 3,4). At all the test concentrations of HCO-

3 (0.05 to 0.35 mM) sulfite ions increase Km

(49.95 µM) and Vmax (11.1 µM/min/g) remains
fairly constant (Table 3 & figure 5,6). Sulfite
ions might inhibit the substrate PEP and Mg2+

from the reaction mixture [10] or by binding with
the enzymes at the same site as for CO2 and
HCO-

3. Competitive inhibition may be involved
and rapid binding of sulfite with PEPcase limits
its availability for carboxylation [11].

Fig. 1: Line weaver - Burk plot between velocity and PEP concentration in presence of 1mM sulphite.
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Fig. 2: Inhibition of PEP Case by 1 mM sulfite with respect to PEP.

Fig. 3: Line weaver-Burk plot between velocity and Mg2+ concentration in presence of 1mM sulfite.

Fig. 4: Inhibition of PEP Case by 1 mM sulfite with respect to Mg2+.
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Fig. 5: Line weaver-Burk plot between velocity and HCO3-concentration in presence of 1mM sulfite.

Fig 6: Inhibition of PEP Case by 1 mM sulfite with respect to  Bicarbonate.

Table 1: Effect of sulfite ions on Vmax and Km of PEPCase (PEP).
Sulfite concentration (mM) Vmax (µ mole/min/g fresh wt.) Km (µM)
0.0 10 38
1.0 8.3 38

Table 2: Effect of sulfite ions on Vmax and Km of PEPCase (Mg2+).
Sulfite concentration (mM) Vmax (µmole/min/g fresh wt.) Km (µM)
0.0 5.8 22.3
1.0 5.2 22.3

Table 3: Effect of sulfite ions on Vmax and Km of PEPCase (HCO3
-).

Sulfite concentration (mM) Vmax (µmole/min/g fresh wt.) Km (µM)
0.0 11.1 42.16
1.0 11.1 49.95

Conclusion:

Oxidation of SO2 (sulfite), usually in the
presence of a catalyst such as NO2, forms H2SO4,
and thus acid rain. Both natural vegetation and
crops gets affected. The roots are damaged by
acidic rainfall, causing the growth of the plant to
be stunted, or even in its death. Nutrients present
in the soil, are destroyed by the acidity. 

Useful micro organisms which release
nutrients from decaying organic matter, into the

soil are killed off, resulting in less nutrients being
available for the plants. The acid rain, falling on
the plants damages the waxy layer on the leaves
and makes the plant vulnerable to diseases. The
cumulative effect means that even if the plant
survives it will be very weak and unable to
survive climatic conditions like strong winds,
heavy rainfall, or a short dry period. Plant
germination and reproduction is also inhibited by
the effects of acid rain. 
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