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Abstract

Among several pesticides used in agriculture, glyphosate herbicide is one of the most employed
in crop fields in spite of its recognized toxic effects on human health and on the environment.
Consecutive use of glyphosate in crops can cause significantly increase the severity of various
diseases, reduced growth, impaired defenses and alter the physiology of plants affecting the
susceptibility or tolerance to diseases. Peroxidase enzymes play an important role in some
physiological and pathological processes, involving active oxygen species occurring at the level of
plasma membrane and cell wall. The aim of this work was to evaluate the effect of glyphosate on the
enzymatic activity of horseradish peroxidase. For this purpose, tests were conducted to determine
the optimal pH range and then reaction kinetic where was added, the substrate (catechol), mediator
(H,0,), glyphosate and enzyme (horseradish peroxidase), varying the substrate concentration
glyphosate to assess the activity of this reaction and the influence of herbicide on the enzyme
activity. Results demonstrate that glyphosate increases the activity of horseradish peroxidase in
low concentration and can decrease the resistance of the plant to the entry of pathogens.

Keywords: Glyphosate; Herbicides; Horseradish peroxidase; Enzyme activity.

* Environmental Sciences Area, Unochapecd, PO Box 1141, Chapecé, SC, Brazil.
t Department of Chemical and Food Engineering, UFSC, Florianépolis, SC, 88040-900, Brazil.

46



Acta Ambiental Catarinense

Vol. 16, N. 1/2 (2019)

GGLYPHOSATE EFFECT
ON ENZYME ACTIVITY

1 INTRODUCTION

pesticides are largely employed in
agriculture for phytosanitary control,
to increase field productivity and to
assure food production. Among several
herbicides used in agriculture, glyphosate
is undoubtedly one of the most applied
(BAIRD & CANN, 2012). Glyphosate,
formely N- (phosphonomethyl) glycine, a
post-emerging herbicide, classified as non
selective with systemic action, showing
great elimination efficiency against
invading plants (CARLISLE & TREVORS,
1988). It presents three polar groups
(carboxyl, amino and phosphonate) that
strongly combine with metallic ions,
especially transition ones (DANIELE et al.,
1997; SANCHIS et al., 2012).

While glyphosate has benefits related
to increased agricultural productivity,
on the other hand, recent studies have
demonstrated deleterious effects on the
environment, human health and the crop
plant where it is applied (GASNIER et al,,
2009; PEREZ et al., 2011; MESNAGE et
al., 2015). Recent studies demonstrate the
adverse effects of glyphosate on human
health and also on the environment
(CUHRA et al. 2016) For instance, the
exposure to Roundup®, even at low
dosages for a short time period, may
induce to serious hematological injuries,
presumably caused by an increase in
the oxidative stress (MODESTO &
MARTINEZ, 2010; SANCHIS et al,
2012; THONGPRAKAISANG et al,
2013). Long time exposure to glyphosate
in contaminated soil or water, even at
low concentrations may lead to serious

problems to human health such as anemia,
oxidative stress associated diseases, like
cancer and neurodegenerative diseases
(MINK et al., 2012).

Small concentrations of glyphosate can
cause changes in population and microbial
activity of the soil. ARAUJO et al. (2003)
detected an increase of 10-15% found an
increase of 10-15% in the CO2 evolved
and a 9-19% increase in fluorescein di-
acetate (FDA) hydrolyses in the presence
of glyphosate compared to the same type of
soil which had never received glyphosate.
Consecutive use of glyphosate in crops can
cause significantly increase the severity of
various diseases, reduced growth, impaired
defenses and alter the physiology of plants
affecting the susceptibility or tolerance
to diseases (FERNANDEZ ET AL., 2009;
JOHAL & HUBER, 2009; YAMADA et
al., 2009), which leads to the use of other
types of pesticides that may further harm
the environment and the health of the
final consumers of this crop. When plants
are attacked by pathogens, they trigger a
complex defense mechanism that may be
related to structural barriers, molecules
stored in cells that have different types of
biological activity, synthesis of protease
inhibitors in tissues or even inducing
enzymes such as peroxidases (ALMAGRO
et al., 2009).

Studies show that peroxidase enzymes
playanimportantroleinsome physiological
and pathological processes, involving active
oxygen species (ROS) as hydrogen peroxide
(H,0,) and superoxide anion (O,"),
occurring at the level of plasma membrane
and cell wall (VIANELLO & MACR],
1991). Active oxygen species, including
superoxide, hydrogen peroxide, and the
hydroxyl radical, could potentially affect
many cellular processes involved in plant/
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pathogen interactions (SHARMA et al,
2012). Oxygen peroxide (H,0,) molecule
with half-life of only Ims and forms in the
plant in many situations of stress and the
variation of its concentration interferes
directly in the defense system of the plant
against pathogens (BHATTACHARJEE,
2012; SHARMA et al., 2012).
Peroxidase catalyzes the
of oxidoreduction between H,O, and
participates
processes in plants, such as lignification,
formation and crosslinking of cell
components, catabolism,
senescence, protection against attack of
pathogens, insects and abiotic stressors
(BAKER & ORLAND:I, 1995; ALMAGRO
et al. 2009; BHATTACHARJEE, 2012). The
activation of this enzyme can significantly
alter these processes making the plant
more susceptible to pathogens attack. The
aim of this work was to evaluate the effect

reactions

reduces, in physiological

wall auxin

of glyphosate on the enzymatic activity
of horseradish peroxidase in laboratory

conditions.

2 MATERIAL AND METHODS
2.1 Chemicals and reagents

Reagents utilized for analyzes were
catechol PA (CH.O,), concentration of
0.005M, H O, 30% (w/v), monohydrated
monobasic  sodium  phosphate = PA
(NaH,PO, H,0), sodium acetate
(CH,COONa), glacial acetic acid
PA (CH,0,), all of them from Vetec
(Brazil). Sodium phosphate 12H,O PA
(Na,HPO,12H,O) for buffer preparation

was purchased from Fmaia (Brazil).

A standard 1000 mg L' glyphosate
(purchased from Fluka Analytical -
Germany) solution was prepared. A 6 M
sodium hydroxide (NaOH) solution was
prepared and sulfuric acid (H,SO,) PA were
from Vetec (Brazil). The HRP was from
Sigma Aldrich (USA) and a solution of 2 mg
mL* was prepared.

2.2 Enzyme Kkinetic assays

From the UV spectra it was possible to
determine the wavelength for which the
enzyme reached the best performance, 410
nm. Reaction UV readings was carried out
for 1 min at each 5 sec. The absorbance
resulting from the appearance of 0-quinone
was used to determine the initial reaction
velocity (V. ) (DA/Dt). The
absorptivity of quinone is 1,623 (M'cm™).

To determine the kinetic parameters,
three concentrations of glyphosate were
used (3.33; 8.33 and 166.67 pug L') and
five for catechol (0.33; 0.67; 1.00; 1.33 and
1.67 mM). All kinetics were added 100 pL
of H,O, (9.7910 10-3 M) and 200 uL of
enzymatic extract (the optimum values).
The production of 0-quinona was quantified

molar

and analyzed by the the Lineweaver-Burk
(1/V_. x 1/[S]) plot method, which is an
algebraic transformation of the Michaelis-
Menten equation, being the regression
analysis used to determine K_and V__at
each substrate concentration. The pH of the
reaction medium was kept at 7 thanks to the
use of 100 pL of H,O, (9.7910 10 M) and
200 pL of enzymatic extract (the optimum
values). After the construction of the
enzymatic curve, it was added increasing
concentrations of glyphosate (10, 25, 50 and
100 pL).
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2.3 Effect of pH on the activity of HRP
determination

To determine the optimum pH, analysis
was carried out for solutions in the range
of 3t0 9. In a glass cuvette it was added 500
uL of catechol (5.0 mM), 100 pL of H O,
(9.7910 10° M) 200 pL of enzyme and
completed to 2.2 mL of buffer at varying
pH tested: acetate buffer (pH 3, 4 and
5), phosphate buffer (pH 6 and 7), and
ammonium buffer (pH 8, 9 and 10). All
assays were accomplished in triplicate.

3 RESULTS AND DISCUSSION

In general, the optimum pH for most
enzymes ranges from 6 to 8, but there are

0,014 4
0,012 +

0,01 A

(ug.L'*min. %)
o o
8 8
(&) 00

S 0,004 +

V,

0,002 -

exceptions. It is known that there exists a
hydrogenionic concentration which allows
certain protonated and deprotonated
arrangements that leads the enzyme
molecule to an ideal conformational so as
to exert its catalytic role. Of course, this
will also depend on the number and type
of ionizing groups that the enzyme exhibit,
i.e, it depends on its primary structure
(KIST, 2014). According to the current
literature related to HRP, the optimum pH
is in the range of 6.0 - 7.5 and it has been
shown that the enzyme is more stable from
5to0 9 (JIANG et al., 2014).

From the results presented in Fig. 1 it is
clear that the best pH situates in the range of
6 - 9, being the maximum enzyme activity
verified at pH equal to 8, nevertheless, here
the pH was set to 7.

Figure 1: Effect of pH on the activity of HRP.

Figure 2 shows the initial reaction
rate of 1,2-benzoquinone formation for
different initial concentrations of catechol
(substrate) in the reaction catalyzed by
HRP in the presence of varying contents
of glyphosate, where it can be seen that
the initial reaction rate increases as the
substrate concentration increases up to

a saturation point approximately 1.0 mM
L of catechol substrate. Above this value,
a nearly asymptotic behavior is noted for
all glyphosate concentrations approaching
the maximum reaction rate where enzyme
molecules present themselves as enzyme-
substrate (ES) complexes, in which the
enzyme concentration becomes irrelevant
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Figure 2: Effect of glyphosate on the initial velocity of reaction, without (A ), and with 3.33 (¢) 8.33
(m) and 166.67 ug L-1 of glyphosate (*) at different substrate concentration, pH=7 and 25°C.

and hence the reaction enters in a steady-
state condition.

It should also be noted that though not
much pronounced a raise in glyphosate
concentration leads to an increase in the
initial reaction rate, hence pointing that an
improve in the enzyme catalytic activity in
the presence of glyphosate. Such behavior
is different from that found by (Songa
et al. 2009), who reported glyphosate as
a inhibitor agent of HRP enzyme. In a
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reaction catalyzed for enzyme, the raise in
the inhibitors concentration can cause a
decrease in the initial reaction rate due to
the inhibition action of a certain compound
over the enzyme activity. In the present case
however, as observed in Fig. 3, the opposite
was verified as there was no enzyme
inhibition by glyphosate, and in fact an
increase in enzyme activity was noticed.
Figure 3 shows the Lineweaver-burk
plot, in fact an algebraic arrangement of
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Figure 3: Graphic of Lineweaver-Burk without Glyphosate (A), and with 3.33 (4), 8.33 (m) and

166.67 ug L-1 of glyphosate (*).
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Michaelis-Menten, relating 1/V and 1/
[S]. The curve presented for the reaction
without glyphosate resulted in a maximum
initial velocity lower than the velocities for
the other concentrations of the pesticide.
Clearly, it can be seen from this figure that
the maximum reaction velocity is altered
with increasing glyphosate concentration.
Nevertheless, K = values are practically
not sensitive to glyphosate, showing that
glyphosate does not alter the affinity of the
enzyme for the substrate, probably due to
the high affinity of the enzyme for catechol
(NOKTHAI et al., 2010).

From the Lineweaver-Burk plot it was
determined the maximum reaction rate
values (V__)and K _at different glyphosate
concentrations, as shown in Table 1. It can

be observed from this table that V__ values
increase as glyphosate concentration
increases, hence contributing to an
enhancement of the enzyme activity.
Glyphosate molecule presents three
ligand groups - amino, carboxylate and
phosphoate, which make it a strong
chealant agent, especially for transition
metals in neutral pH for deprotonation of
both carboxylate and phosphate groups.
SUBRAMANIAM & HOGGARD (1988)
showed that glyphosate make a strong
chemical bond with Fe* jon forming a
stable complex which iron as coordinating
atom in the form of tetrahedron ligand.
Thus, it should be expected that as HRP is
a metal-enzyme, whose active site possess
Fe*’, and when at the fundamental state

Table1: V _and K of the enzymatic kinetics at different glyphosate concentrations.
Glyphosate (pg.L") V_.. (ug.L".min) K (ug.L")

0 0.012 0.8321

3.33 0.0137 0.8197

8.33 0.0138 0.7773

166.67 0.0165 0.8107

glyphosate binds somehow to this metal
ion and affects the oxidation reaction
catalyzed by HRP enzyme (ALMAGRO et
al.,, 2009).

The production of free radicals is
continuously regulated by the antioxidant
defense system in health organisms.
Nevertheless, herbicides like glyphosate
induceoxidativestressand/oranimpairment
of the antioxidant defensive mechanisms
(DE AGUIAR et al, 2016; JOHAL &
HUBER, 2009). Therefore, characterization
of the activity of xenobiotic metabolizing
enzymes is useful to monitor the effects
of pesticide exposure. Different studies
have showed that glyphosate exposure

triggers protective mechanisms, affecting
different xenobiotic-metabolizing enzymes
(LARSEN et al, 2014). Cyanobacteria
Microcystis aeruginosa exposed for 48h to
glyphosate showed increased concentration
of malondialdehyde and enhanced activities
of superoxide dismutase, catalase and
peroxidase. Also, glyphosate
apoptosis of and triggered toxin release in
M. aeruginosa (WU et al., 2016).

In overall,
glyphosate increases the enzymatic activity
of horseradish peroxidase even at low
concentrations. Although the mechanism
of glyphosate action on the activity of the

induced

our results showed that
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HRP enzyme is not clear, the fact that
this enzyme is involved in important
physiological processes in plants, such as
lignification, formation and reticulation
of cell walls, among others, make evident
that this accelerating effect may be directly
related to the greater vulnerability of plant
pathogens exposed to this herbicide even
at low concentrations (KRENCHINSKI et
al. 2017; ZOBIOLE et al. 2010a; ZOBIOLE
et al. 2010b).

4 CONCLUSIONS

The plot of enzyme behavior showed
that the optimum pH for HRP enzyme is
in the range of 7-9. Values for the initial
reaction rate, V, increase for increasing
substrate concentration, with saturation
tendency for cathecol concentration above
1.0 mM L. Results obtained in this work
show that glyphosate increases the enzyme
activity horseradish peroxidase increasing
the maximum initial reaction rate at low
concentrations and may decrease the
resistance of the plant to the entry of
pathogens.
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