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Calli cultures from Abies equi-trojani (Aschers et Sinten) and changes
in antioxidant defense system enzymes
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Abstract: This study was conducted to explain difficulties of indirect regeneration of forest trees in tissue culture conditions. For this purpose, changes of
antioxidant defense system enzymes, superoxide dismutase (SOD), peroxidase (POD) activities were determined during calli formation on young apical
shoots of Abies equi-trojani (Aschers et Sinten). Young apical shoots were collected from naturally growing trees and cultured on two different media;
Murashige and Skoog (MS) and McCown Woody plant medium (WPM) supplemented with growth regulators benzyl amino purine (BAP), 2,4-dichloro phenoxy
acetic acid (2.4-D), kinetin (Kn) in various concentrations for callus induction. WPM media containing 1 mg mt" BAP and 1 mg mt' 2,4-D gave the best calli
induction ratio (74 %) between tested combinations. POD and SOD enzyme activities were measured both on young shoot explants and 10 day-old calli
derived from these explants. POD and SOD enzyme activities were higher, being 81.02% and 74.82%, respectively on calli when compared to shoots. The
results showed that culture stress tolerated with increased antioxidant enzyme activities could be considered as protective physiological responses in calli

cells.
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Introduction

Anumber of factors affected plantlet regeneration, for instance
seed variability, age of seedlings, and mode of application of growth
substances. In terms of gymnosperm in contrast to angiosperm calli
there is no developed standard tissue culture media. This problemis
regarded as a major constraint in the full realization of the potentialities
of biotechnology for forestry (Bomman, 1983). Vegetative
propagation of Abies sp through cuttings is difficult due to rooting
problems and the plagiotropic growth habit of the ramets (Nargaard
etal., 1993). Tissue culture methods are used in forestry for multiplying
elite genotypes, although rooted cutting is still, operationally, the most
effective propagation method available to many tree species (Ayan
etal., 2006). In the genus Abies, the development of micropropagation
has not yet resulted in practical applications, but plantlet regeneration
was achieved in the hybrids A. alba, A. balsamea, A. nordmaniana
and A. fraseri, and in the hybrids A. alba x A. cephalonica and A.
alba x A. numidica (Guevin et al., 1994; Hristoforoglu et al., 1995;
Guevin and Kirby, 1997; Aronen et al., 2000).

Abies species was found by Sintensis in 1883, and Boisier
thought that it was a variety of Abies alba, then Ascherson and
Sintensis classified it as a new species locating on Kazdaglari (Ida
mountain), Turkey (Ucler et al., 2007). During plant cell, tissue and
organ culture one of the well defined problems is the recalcitrance
(absence of organogenic potential); the terms used to describe this
phenomenon are known to be genotype and environment
dependent. However, changes in DNA caused by oxidative stress
which can lead to recalcitrance, loss of competence, hyperhydricity
and somaclonal variation has been proposed to explain this
phenomenon recently (Cassels and Curry, 2000). To counteract

the damaging effects of stress situations plants have developed specific
molecular and biochemical mechanisms, the investigation of which
has been a major research topic for several years (Blumwald, 2000;
Seki et al., 2003; Zhu, 2003). Stress-resulting from the generation of
reactive oxygen species, such as superoxide (O-), peroxide
hydrogen (H,0,) and hydroxyl radicals (OH") is detrimental to plant
survival under stress environment. To counteract the toxicity of
ROS, a highly efficient antioxidative defense system, including both
nonenzymic (e.g. ascorbate, carotenoides, a-tocopherol) and
enzymic constituents [SOD (EC 1.15.1.1), POD (EC 1.11.1.7),
CAT (EC 1.11.1.6)], is presentin plant cells and plays an important
role in defending plants from activated oxygen species damage
(Ming et al., 2003). In vitro, various media factors have been
shown to induce stress, including hormones and mineral nutrients
(Ziv, 2003).

In this study, we reported accumulation of SOD and POD
enzymes during calli formation from shoot cuttings of A. equi-frojani
as possible stress factors for recalcitrance of calli material.

Materials and Methods

Plant material: Young A. equi-trojani shoot samples were collected
from top of the trees (~3-5 m) (Kazdaglari-Ceyizderesi/lda Mountain)
(N 39°42.878', E 026°51.926’, 1450 m) Natural Park/Edremit-
Balikesir, Turkey.

Surface sterilization and culture conditions: The young
shoots were first rinsed with 70% ethanol for 15 min, then surface
sterilized in 50% sodium hypochloride containing 0.2% Tween 20
for 45 min. After sterilization the explants were rinsed five times
with sterile distilled water. These explants were then cultured on
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Table - 1: Media tested for the induction of calli from apical shoot explants of
A. equi-trojani

Growth regulators (mg I')

Medium

BAP 24-D Kn
MS1 1 1
MS2 1 3
MS3 1 1
MS4 1 3
MS5 1 0.1
MS6 4 0.1
MS7 2 05
MS8 2 2
WPM1 1 1
WPM2 1 3
WPM3 1 1
WPM4 1 3
WPM5 1 0.1
WPM6 4 0.1
WPM7 2 0.5
WPM8 2 2
Kn =Kinetin

Table - 2: Calli induction ratios of Abies equi-trojani young shoots on MS and
WPM media

Growth regulators No.of  No.of Frequency
Medium (mg I) explants callus (%) of
forming
BAP 24D Kn callus
MS1 1 1 - 50 21 42+0.82
MS2 1 3 - 50 2 4+1.4
MS3 1 - 1 50 3 6+0.82
MS4 1 - 3 50 4 8+141
MS5 - 1 0.1 50 8 16+0.82
MS6 - 4 0.1 50 1 2+0.82
MS7 2 05 50 2 4+0.00
MS8 - 2 2 50 4 8+0.82
WPM1 1 1 - 50 37 74+£2.16
WPM2 1 3 - 50 l 22+1.41
WPM3 1 - 1 50 l 22+3.74
WPM4 1 - 3 50 l 22+1.63
WPM5 - 1 0.1 50 2 52+3.27
WPM6 - 4 0.1 50 6 12+2.16
WPM7 - 2 05 50 9 18+0.82
WPM8 - 2 2 50 9 18+0.82

Table - 3: SOD and POD activities on 0 day young shoots and 10 day old
calli of A. equi-trojani

Parameters Explants Values

SOD 0 day young shoots 10.88 £2.99"
(Unit mg protein ) 10 day old calli 19.02 £ 3.02?
POD 0 day young shoots 12.33£1.25°
(Unit mg protein ) 10 day old calli 22.32+1.12"

Experiments were set up in a randomized design. Each treatment consisted
of 30 embryos and each experiment was carried out three times. The data
shown represented the mean + SE of three independent ANOVA was
performed on the results of each experiment and the data were analyzed
using Duncan’s multiple range test ('p< 0.01, 2p<0.001)

Journal of Environmental Biology o November, 2008 o

Aricanetal.

MS (Murashige and Skoog, 1962) and WPM (Lloyd and McCown,
1981) supplemented with different concentration and combinations
of BAP, 2,4-D, Kinetin either alone or in combination (Table 1). The
basal medium for all experiments consisted of MS and WPM mineral
nutrients and MS vitamin mixture with 30 gI"* sucrose and 3% agar.
pH of the mediums was adjusted to 5.7 prior to autoclaving at 121°C
for 20 min. Explants were incubated on sterile media in Petri dishes
(100 x 15 mm) containing 25 ml of medium sealed with parafilm and
maintained at 25°C in a growth chamber with 30 umolms* illumination
from cool-white fluorescent lambs for 16 hr photoperiod.

Measurement of enzyme activities: Plant samples (shoots and
calli, 1 g) were homogenized in 1 ml of 50 mM sodium phosphate
(pH 7.0) that contained 1% PVP-40. The homogenate was
centrifuged at 15,000 g for 30 minutes. The supernatant of the both
plant samples were collected and stored at -80°C for further analyses.

POD activity was based on the determination of guaiacol
oxidation (extinction coefficient 26.6 mmol I'cm-") at 470 nm by
H,0,. The reaction mixture contained 100 mM potassium phosphate
buffer (pH 6.5), 16 mM guaiacol and 10 ml 10% H,0, ina 3 ml
volume. The reaction was initiated by adding plant extract and was
followed for 2 min (Fridovich, 1986).

SOD activity assay was based on the method of Beauchamp
and Fridovich (1971), which measures the inhibition in the
photochemical reduction of nitroblue tetrazolium (NBT)
spectrophotometrically at 560 nm wave length. One unit of enzyme
activity was defined as the quantity of SOD required to produce a
50% inhibition of reduction of NBT, and the specific enzyme activity
was expressed as unit's mg™* protein. The reaction mixture
contained 50 mM Na phosphate buffer (pH 7.8), 33 mM NBT, 10
mM L-methionine, 0.66 mM EDTA and 0.0033 pM riboflavin.
Reactions were carried out at 25°C under light intensity which was
about 300 umol'm's™ through 10 min. Electrophoreses were
performed using native acrylamide gels and SOD activity was showed
by immersion of the gel in riboflavin and N, N, N’, N’
teramthylethylenediamine, exposure to light to produce superoxide
radicals and staining with nitroblue tetrazolium, as described by
Fridovich (1986).

Statistical analysis: The data were analyzed statistically using
ANOVA. Dunnet's test (between control and treatment groups) and
Student Newman-Keuls test (between treatment groups) were used
for multiple comparisons. The data analyzed were those from a
minimum of three in dependent experiments. For the statistical
evaluation of the results, the significance was accepted at the
probability level of p<0.01 (Shun et al., 2003).

Results and Discussion

In this study; the calli formation and changes in antioxidant
defense system enzymes; SOD, POD activities were studied in Abies
equi-trojani (Aschers et Sinten) young apical shoots. WPM media
containing 1 mg I" BAP and 1 mg I 2,4-D gave the best calli
induction ratio between tested combinations (Table 2). POD and



Antioxidant defense system of Abies equi-trojani in tissue culture

Fig. 1: Callus formation from A. equi-trojani young shoot explants after 10
days on WPM medium

SOD enzyme activities were measured both on young shoot explants
and 10 day-old calli derived from these explants. Enzyme activities
were higher on calli when compared to shoots (Table 3). The results
showed that culture stress tolerated with increased antioxidant enzymes
activities could be considered as protective physiological responsesin
callicells.

Of two different media in eight various combinations used for
calliinductions from young apical shoots of Abies equi-trojani, WPM1
medium supplemented with 1 mg " BAP and 1 mg I 2,4-D gave the
best calli induction ratio (74%). This calli induction ratio was higher
(76.2%) than MS medium with the same concentration (Table 2).

Calliinductions started from the ends of shoot explants of
A. equi-trojani (Fig. 1). They became brownish and died on 15
days after callus induction from explants in all tested conditions.
Soluble protein isolation was realized from shoots and 10 day-old
calli. POD activity was determined via a spectrophotometer. POD
activity was higher in calli than in shoots (81.02%) (Table 3), SOD
activity increased (74.82%) significantly in the calli after 10 days. In
addition, native gel electrophoresis was performed to confirm increase
in SOD activity. Each experiment was repeated three times and one
accompanying picture of these experiments was presented (Fig. 2).
Firstand third isozyme bands were more compactin calli than in the
young shoots. Several reactive oxygen species (ROS) are
continuously produced in plants as by products of aerobic metabolism.
Depending on the nature of the ROS species, some are highly toxic
and rapidly detoxified by various cellular enzymatic and
nonenzymatic mechanisms (Apei and Hirt, 2004). Active oxygen
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Fig. 2: SOD isozymes (1,2,3) activity patterns on native polyacrylamide

species (AQS) are also involved in various aspects of seed
physiology. Their generation, which occurs during seed desiccation,
germination and aging, may lead to oxidative stress and cellular
damage, resulting in seed deterioration. However, cells are endowed
with detoxifying enzymes and antioxidant compounds that scavenge
AOS and participate in seed survival. The detoxifying mechanisms
play a key role in acquisition of desiccation tolerance of developing
seeds, completion of seed germination and seed storability (Bailey,
2004). Similarly, increase in SOD activity in calli development could
be seen as a result of antioxidant defense system of plants.

Cheng and Song (2006), reported that there were
considerable differences in SOD activity among the leaves of maize,
mung bean and wheat, as well as between different organs of the
same species. These results demonstrate that the SOD activity varies
with species and organs. In our study; the SOD enzyme patterns
were different in calli from shoots on polyacrylamide gel (Fig. 2).
This may also be explained by the fact plants have multiple genes
encoding SOD and the genes expressing SOD can be induced by
some stress conditions, such as high light, low temperature, increased
O, concentration and xenobiotic and fungal attack.

Plant cells can detect a physical disturbance at their cell
surfaces and initiate the oxidative burst reaction in response (Yahraus
et al., 1995). During the habituation in plant cell culture adaptation
occurs to free radical attacks; such changes could explain, at least in
part, the range of variability found in plant cells, tissue and organs in
culture, namely, recalcitrance including loss of cell competence
(Hagege, 1997). The principal defenses against these reactive
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molecules and free radicals in plants include detoxifying enzymes
(catalase, superoxide dismutase, efc.) and also lower molecular
weight secondary products with antioxidant activity (Larson, 1995).
In addition to enzymes mentioned above, some molecules such as
ascorbate is an antioxidant and, in association with other components
of the antioxidant system, protects plants against oxidative damage
(Smirnoff, 1996). The problem with indirect regeneration from forest
trees in tissue culture conditions could be the result of increase in
antioxidant enzyme activities as an injury response on explants. For
preventing increment of these enzyme activites; many antioxidant
chemicals (ascorbic acid and active charcoal) can be added into media.
Efficient regeneration is the mostimportant step in the biotechnological
improvement of forest trees to overcome the difficulties in regeneration,
research on antioxidant enzyme systems could be beneficial.
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