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EXTRACTION AND EVALUATION OF PEROXIDASES FROM PISTACIA VERA (UCB-1 AND 
QAZVINI ROOTSTOCKS) IN IN VITRO CONDITIONS

Sara Maleki, Ghasem-ali Garoosi*, Raheem Haddad, Esmaeil 
Nezami Alanagh

ABSTRACT 

     UCB-1 and Qazvini are as well- known rootstocks 
in pistachio orchards in worldwide with the ability 
of good adaptation to cold (UCB-1) and dry and 
semi-dried (Qazvini) regions. Peroxidases have 
been assigned many physiological roles in several 
primary and secondary processes like scavenging of 
peroxide, participation in lignifications, plant defense, 
IAA catabolism and so on. In this study, the effect of 
temperature at 20, 30, 40, 50, 60, 70, and 80˚C,  divalent 
cations (Mg2+ and Ca2+ ), and EDTA each at 0, 10, 20, 
30, 40, and 50 mM on the kinitic activity of in vitro grown 
pistachio rootstocks (Qazvini and UCB-1) on shooting 
phase were investigated. Results indicated a molecular 
mass of approxymately 30 KDa by 12% Native-PAGE 
gel, and the optimium temperature 40˚C for both 
rootstocks. The presence of Ca2+ and Mg2+ enhanced 
the peroxidase activity. Interestingly, using 40 mM Ca2+ 
in UCB-1 enhanced the enzyme activity almost three 
folds in comparison with Qazvini peroxidase. EDTA at 
50 mM concentration, on the other hand, decreased the 
activity to around 20% in both rootstocks. Results also 
revealed that the Michaelis-Menten constant (Km) and 
the velocity maximum (Vmax) for guaicol in Qazvini were 
15.5 mM and 0.385 µmol min-1, respectively; whilst for 
UCB-1 these constants were 13.88 mM and 0.198 µmol 
min-1, respectively. Mini scale purification of peroxidase 
was done successfully using a handmade column 
chromatography, resulting maximum specific activity 
of 118.266 with 87.15 folds purification for Qazvini 
peroxidase and 101.63 with 42.06 folds purification 
for UCB-1 peroxidase. Monitoring peroxidase activity 
during shoot growth and development also revealed of 

the high activity of peroxidase in both bud emergence 
and the latest growth stage phases. 

Keywords: Pistachio, in vitro, peroxidase enzyme, 
kinetic activity, growth stage, abnormalities

RESUMEN

     UBC-1 y Qazvini son portainjertos bien conocidos 
en plantaciones en el mundo con la habilidad de 
buena adaptación al frío (UBC-1) y a regiones 
deserticas y semideserticas (Qazvini). Se le han 
conferido muchos roles fisiológicos distintos procesos 
primarios y secundarios como la expulsión de peroxido, 
participación en lignificaciones, defensa de las plantas, 
catabolismo del AIA entre otros. En este estudio se 
investigó el efecto de la temperatura a 20, 30, 40, 50, 
60, 70 y 80˚C, de cationes divalentes (Mg2+ y Ca2+ ) 
y de EDTA a concentraciones de 0, 10, 20, 30, 40 y 
50 mM en la actividad cinética del crecimiento in vitro 
de la fase de brotes vegetativos de portainjertos de 
pistacho (UBC-1 y Qazvini). Los resultados indican 
una masa molecular de aproximadamente 30 KDa 
mediante gel Native-PAGE 12%, y una temperatura 
óptima de 40°C para ambos portainjertos. La precencia 
de Ca2+ y Mg2+ aumenta la actividad de la peroxidasa. 
Interesantemente, usando 40 mM Ca2+ en UBC-1 
mejoró la actividad enzimática casi tres plieges más 
en comparación con la peroxidasa de Qazvini. EDTA a 
una concentración de 50 mM, por otro lado, disminuye 
la actividad alrededor de 20% in ambos portainjertos. 
Los resultados tambien revelan que la constante 
Michaelis-Menten (Km) y la máxima velocidad (Vmax) 
para guaicol en Qzavini fueron de 15.5 mM y 0.385 
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µmol min-1, respectivamente; mientras que para UBC-
1 esas constantes fueron de 13.88 mM y 0.198 µmol 
min-1, respectivamente. La purificación a miniescala 
de la peroxidasa fue hecha satisfactoriamente usando 
una columna cromatográfica hecha a mano, reseltando 
una máxima actividad específica de 118.266 con 87.15 
plieges de purificación para la peroxidasa de Qazvini 
y de 101.63 con 42.06 pliegues de purificación para 
la peroxidasa de UBC-1. Monitoreando la actividad de 
la peroxidasa durante el crecimiento y desarrollo del 
brote vegetativo también reveló la alta actividad de la 
peroxidasa tanto en la emergencia de la yema como en 
la última fase del crecimiento. 

Palabras clave: in vitro, enzima peroxidasa, actividad 
cinética, fases del crecimiento, anormalidades. 

INTRODUCCIÓN

     Pistacia vera cv. Qazvini is known as one of the 
valuable rootstocks in Iran with the ability of  good 
adaption to salinity, arid or semi arid  regions (Morgan 
et al. 1992, Mohammadi et al. 2007) and UCB-1 (P. 
atlantica × P. intergerrima) an American originated 
hybrid rootstock which is cultivated mainly in  worldwide 
cold regions, an  resistant hybrid rootstock to Verticillium 
sp. wilt (Morgan et al. 1992). It has been is reported 
that peroxidases are mainly involve  in plant growth and 
development of a varity of plant metabolisms including, 
plant hormone regulation, defence mechanisms, control 
of cell elongation, and etc (Campa 1991, Schnabelrauch 
et al. 1996, Jackson et al. 2001). Thease antioxidants  
(EC 1.11.1.7) are haemoproteins which containing iron 
porhyrin ring genrally and catalyzes a redox reaction 
between H2O2 as an electron acceptor and mainly 
substrates by means of oxygen liberation from H2O2 
(Brill 1966). There have been numerious reports on 
peroxidase activity in plants. Peroxidase activity has 
been shown in several species of plant (Padmarajaiah 
et al. 2009). Thus there is a continual search for novel 
peroxidases for various applications. Also relevant 
reveiws on peroxidase activity in plants are available 
broad effort for their characterization are very limitted, 
in woody plants, in particular. It is sug gested that in 
plants the production of reactive oxygen species 
(ROS) has been associated with plant recalcitrance 
during in vitro culture (Benson 2000), whilest their 
uncontrolled production can cause oxidative stress 
and cellular damage (Vatankhah et al. 2010).  In 
addition, it is generally has been accpeted that the 
pattern of peroxidase enzymes changes during plant 
development, which plant morphogenesis is influenced 
mainly  by oxidative stress (Gupta and Datta 2003, Libik 

et al. 2005, Tang and Newton 2005). Also a crucial role 
of peroxidase is as one of the key enzymes over the 
precess of  differentation that occurred during shoot or 
root induction (Molassiotis et al. 2004). Hyperhydricity, 
black callus production at the shoot base as well as 
reddish shoots  are the most common reported problems 
in some species, pistachio, in particular (Mackay et al. 
1995; Piagnani et al. 1996; Xing et al. 1997; Abdulnour 
et al. 2000; Grigoriadou et al. 2000; Martin et al. 
2007; Bairu et al. 2009; Misra and Chakrabarty 2009). 
Saher et al. (2004) reported that the activity of some 
antioxidant enzymes, especially peroxidase, increased 
in hyperhydric tissues of three carnation cultivars. The 
objectiv of present study was  focused on changes in 
peroxidase activity during period of shoot initiataion 
and developments of UCB-1 and Qazvini rootstocks  
along with  illustrating  the biochemical properties of 
peroxidases extracted from both rootstocks. Studying 
the effect of some abnormal growth e.g. basal callus 
production, hyperhydricity, and reddish grown shoots on 
enzyme activity formed the final object of this study.  

MATERIAL AND METHODS

Plant material
     Pistacia vera cv. UCB-1 and Qazvini rootstocks 
were propagated on GNH medium (Nezami Alanagh et 
al 2010) supplemented with 0.1 mg L-1 IBA, 0.5 mg L-1 

BAP, 3% sucrose and 5.7 g L-1 agar. pH was adjusted to 
5.7 prior to autoclaving. The cultures were maintained 
under a 16 h-photoperiod at the light intensity of 40 
µmol s-1m-2 provided by white fluorescent tubes and 
temperatures 25±2ºC during the day and 22±2ºC at 
night, and subcultured during 21 days.  

Biochemical characterization of peroxidase activity
     For assay total peroxidase, 200 mg of the 21-day-old 
grown shoots were homogenized by immersing in liquid 
nitrogen, followed by  grinding with pestle and mortar 
into extraction buffer containing 50 mM phosphate 
buffer (pH=7) and 1mM sodium metabisulfite. The 
homogenates were centrifuged at 14000 rpm for 
25 min at 4ºC using Hettich 200R micro centrifuge. 
Supernatants were kept at -20ºC and used for protein 
estimation and enzyme activity. The dependence of the 
peroxidase activity to divalent cations was determined in 
presence of Ca2+ and Mg2+ concentrations (0.0, 10, 20, 
30, 40 or 50 mM). Thermophilicity was also evaluated 
in the various temperatures (20, 30, 40, 50, 60, 70 or 
80ºC). Finally, the effect of EDTA on peroxidase activity 
was studied by varying the EDTA concentration (0.0, 10, 
20, 30, 40 or 50 mM). 
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Kinitic properties
     Enzyme kinetic studies were performed in six samples 
a range of substrate concentration (0.0, 2.0, 4.0, 8.0, 
16, and 32 ×10-3M) guaicol with constant enzyme level 
in a final volume of 3.0 ml. All reactions were carried 
out at a fix (constant) pH and temperature i.e. pH 7.0 
and 30ºC. All the reaction mixtures were monitored at 
a wavelength of 470 nm. The apparent Km and Vmax  
were determined from the Lineweaver-Burk plot 1/V 
versus 1/S (Lineweaver and Burk 1934).

Mini scale purification of peroxidase by DEAE 
chromatography
     Fifty micro liter of extracted crude was applied on a  
handmade DEAE (diethylaminoethyl) cellulose column 
(0.5cm × 10 cm) equilibrated in 20mM phosphate buffer, 
pH 7.0. The column was washed with ten bed volume of 
equilibrating buffer and proteins were eluted with 0-0.5M 
NaCl (with 0.1 intervals) in equilibration buffer. Fractions 
of 50 µl were collected and peroxidase activity was 
checked in every fraction. 

Monitoring peroxidase activity during shoot growth and 
development
     The samples were harvested at the four growth 
stages including  a)  bud emergence, b) ending in 
arrested growth before inter node elongation, c) growth 
length < 2.0 cm, and d) growth length  > 2.0 cm. In 
addition, the effect of some growth abnormalities such 
as hyperhydricity, reddish shoots as well as black callus 
production at the shoot base on the  enzyme activity 
were investigated.  

Protein quantification
     Protein concentration was determined by the method 
of (Bradford 1976) using bovine serum albumin (BSA) 
as standard. 980µl of the Bradford reagent and 20µl of 
the each protein extract were mixed. The absorbance 
values were measured at 595 nm using UV-visible 
spectrophotometer (UV-3200 Labomed).

Assay of peroxidase activity
     Peroxidase activity was routinely monitored by 
spectrophotometric method of (Chance and Maehly 
1955) with certainly modification. The assay system 
consisted of 100 mM guaiacol, 100 mM phosphate 
buffer (pH=7), 70 mM H2O2 enzyme sample with a final 
volume of 3 ml. reaction mixtures were incubated at 
room temperature for 20 min. oxidation of guaiacol was 
measured at 30ºC by the increase at 470 nm. One unite 
is defined as the amount of enzyme that catalyzed the 
oxidation of 1µmol of guaiacol min-1.

Enzyme electrophoresis
     Enzyme samples were loaded onto vertical Native-
PAGE gels: 12% resolving gel and 4% stacking gels. 
Constant voltages of 80 V were applied.

Statistical analysis
     The data determined in triplicate, were analyzed 
by analysis of variance (ANOVA) using SAS software 
(SAS v. 9.1). Significance of mean differences were 
determined by the Duncan multiple range test (DMRT) 
at P < 0.05.

RESULTS AND DISCUSSION
     Biochemical characterization of peroxidase activity. 
The effect of different concentrations of Ca2+ and 
Mg2+ on peroxidase activity show the optimum Ca+2 
concentrations of 30 and 40 mM in  Qazvini  and UCB-
1 rootstocks, respectively, whilst in term of Mg2+, the 
optimum amount  for both rootstocks were 40 mM.  
Interestingly, using 40 mM Ca2+ in UCB-1 increased 
the enzyme activity almost three folds in comparison 
with Qazvini peroxidase (Fig. 1A). These finding are 
in coincidence with the studies of (Guida et al. 2011) 
who reported that both divalent cations (Ca2+ and Mg2+) 
increased the activity of peroxidase in Ombu tree. The 
temperature ranges of the peroxidase activity in both 
Qazvin and UCB-1 were 30-50ºC, with the optimum 
at 40ºC, followed by drastic inactivation of the activity 
when the temperature reached beyond 70ºC (Fig. 
1B). Peroxidase was known as one of the heat stable 
enzymes in plants (Burnette 1977). The results reported 
by others (Rehman et al. 1999, Guida et al. 2011, 
Bania and Mahanta 2012)  were in agreement with our 
findings, indicate the optimum temperatures 40 to 50˚C 
for various plant sources e.g. Solanaceae, Cruciferacea, 
as well as woody plants, while during treatment beyond 
this temperature,  the dramatic fall in the activity was 
noticeable. Moreover, the presence of 10-50 mM EDTA 
in both genotypes decreased its activity from 90% to 
below 30% (Fig. 1C). 

Kinitic properties
     The Km and Vmax values were calculated for 
peroxidase reaction with the guaicol  (substrate) using 
Lineweaver-Burk plot transformation of Michailis-
Menten equation. Respective values of their Km and 
Vmax evaluated from double reciprocal plot of substrate 
concentration versus enzyme activity were 15.5 mM 
and 0.385 µmol min-1 (for Qazvini peroxidase) and 
13.88 mM and 0.198 µmol min-1 (for UCB-1 peroxidase) 
(Fig. 2A, B). From the Linewear Burk plot it was found 
that both Qazvini and UCB-1 rootstocks shares almost 
similar kinetic properties. These values are in agreement 
with those previously reported for other peroxidases 
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(Vámos-Vigyázó and Haard 1981, Silva et al. 1990, 
Soda et al. 1991). In particular, the Km for guaicol (15.5 
and 13.88 mM)  is similar to that reported for peroxidase 
from peach fruit [9.35 mM; (Neves 2002)]. 
     Mini scale purification of peroxidase by DEAE 
chromatography. DEAE ion-exchange chromatography 
is the most often used cellulosic anion exchanger (Voet 

and Voet 1990) which herein was selected to remove 
the contaminating proteins and to purify  peroxidase 
enzymes in Pistachia vera cv. Qazvini and UCB-
1 rootstocks.  The crude extract was subjected to 
purification by applying it to DEAE-cellulose column 
for ion exchange chromatography. To accomplish this, 
the samples were passed through DEAE-cellulose 

Figura 1.  Graphical representation of the effects of (A) divalent cations (Ca2+ / Mg2+),  (B) temperature, and (C) EDTA on the peroxidase 
acivity of Pistacia vera cv. Qazvini and UCB-1 rootstocks. The assays were performed under constant conditions (see Method).

A

B

C
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column equilibrated with 20 mM phosphate buffer of pH 
7.0. It was noted that fraction N0. 3 (eluted with 0.3M 
NaCl) exhibited maximum specific activity of 118.266 
with 87.15 folds purification (for Qazvini peroxidase) 
and 101.63 with 42.06 folds purification (for UCB-
1 peroxidase). Average molecular weight of total 
peroxidase was 30 KDalton for both Qazvini and UCB-
1 rootstocks (Table 1), whilst the purified peroxidases 
did not yielded additional bounds (Data not shown), 
indicating that all the peroxidases consisted of a single 
polypeptide chain. 

     Monitoring peroxidase activity during shoot growth 
and development
     To assay the changes of peroxidase activity during 
the shoot growth and development in Pistacia vera cv. 
Qzvini and UCB-1, we categorized it into four stages 
including a) bud emergence phase,  b) ending in 
arrested growth before inter node elongation phase, 
c) growth length < 2.0 cm, and d) growth length  > 2.0 
cm.  The enzyme showed a high rate of activation in 
bud emergence phase (1.152 and 0.918 for Qazvini and 
UCB-1 rootstocks, respectively), followed by a dramatic 
decrease during arrested growth and shoot elongation 
(less than 2.0 cm in length) phases. Finally, the enzyme 
activity increased in the latest category (longest shoots 

>2.0 cm) (Table 2).  Our results are in agreement with 
findings obtained by (González-Verdejo et al. 2006)  
who reported that the peroxidase activity during early 
stages of growth is high because of production of H2O2 
and phenolic compounds.  It is well-understood that 
among three forms of auxin in plants ((a) free form (b) 
conjugated form and (c) oxidized form), only the oxidized 
form is regulated by peroxidase system (Patel and 
Thaker 2007). On the other hand, according to finding 
reported by Dolcet-Sanjuan and Claveria (1995), and 
also similar to our results, final growth stage in pistachio 
is along with the secretion of phenolic compounds and 
formation of a black callus at the shoot base, which may 
be related to the high internal IAA content. This high 
internal IAA content suggests it as the main responsible 
to increase in peroxidase activity in the latest growth 
stage. In terms of in vitro abnormalities, according to 
the aforementioned references herein, basal callus 
production, hyperhydricity and reddish grown shoots 
form a major part of abnormalities.  Results also revealed 
that the basal calli of the grown shoots had the highest 
enzyme activity (4.0 and 5.3 for Qazvini and UCB-1, 
respectively; Table 2) in comparison to hyperhydric 
and reddish shoots which according to the mentioned  
above details, it may has origin in the  accumulation of 
phenolic components at the shoot base.

Figura 2.  Lineweaver-Burk Plot for  Pistacia vera cv. Qazvini (A) and UCB-1 (B) peroxidase  where [S] represents substrate concentration 
of guaicol (2.0×10-3 M  to 32 ×10-3 M).

Figura 3.  12% native-PAGE of total peroxidase from shoots of Pistacia vera cv. UCB-1 and Qazvini rootstocks.
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