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Abstract 

Olive is the most diffused fruit crop in the Mediterranean region, and the improvement of its 
productivity by conventional and biotechnological approaches is currently required. In vitro 
cultures have been proven to be very useful for this purpose. In this work, callus cultures of 
olive (Olea europaea L., cv. Raja) were established from basal tissues of nodal explants and 
subcultured on OM medium in a growth chamber at 25 °C with a 16h-light photoperiod. Cell 
clusters with different morphological aspect originated from culture, giving rise to two 
distinct callus lines that were isolated and long subcultured. Growth and biochemical 
analyses were then performed to characterize the different proliferation pattern of the two 
olive callus lines. Compact-type proliferating cultures showed lower growth ability, evaluated 
by relative growth rate (RGR), than friable-type ones. At biochemical level, differences in 
pigment, oxidative stress and antioxidative defense marker contents between the two callus 
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lines were observed. In particular, higher chlorophyll and total carotenoid content, higher 
hydrogen peroxide content and antioxidative enzyme (ascorbate peroxidase, APX, EC 
1.11.1.11; glutathione reductase, GR, EC 1.6.4.2; catalase, CAT, EC 1.11.1.6) activities were 
observed in compact-type proliferating cultures compared to friable ones. On the contrary, at 
polyamine (PA) level, a higher putrescine (Put) content was detected in the friable-type 
proliferating cultures. Results evidenced that proliferation of olive callus cells can be 
characterized by different features involving morphological aspects and biochemical traits 
associated to cell oxidative condition. 

Keywords: Antioxidants, Growth rate, in vitro culture, Oxidative stress, Pigments, 
Polyamines 

1. Introduction 

In vitro culture has been long recognized as very useful to support olive genetic improvement, 
as conventional techniques are limited by the long juvenile phase and the high level of 
heterozigosity characterizing this fruit crop. In this context, several authors highlighted the 
possibility of applying to olive the in vitro techniques such as micropropagation (Rugini, 
1984; Zacchini & de Agazio, 2004a), somatic embryogenesis (Rugini & Caricato, 1995; 
Trabelsi et al., 2011), callus and suspension cell culture (Shibli & Al-Juboory, 2002; Gentile 
& Uccella, 2014). Moreover, somaclonal variation and transformation to obtain olive genetic 
improvements have been reported (Rugini et al., 2000). A particular attention has been paid to 
the callus culture technique for characterizing stress tolerant cultivars (Shibli & Al-Juboory, 
2002) and studying bioactive compound production (Saimaru et al., 2007; Gentile & Uccella, 
2014). Olive callus is considered a good model system to study different aspects of fatty acid 
and lipid metabolism (Williams et al., 1998, 2000; Ramli et al., 2002; Hernandez et al., 2008), 
as it has been reported that olive callus cells have an acyl lipid composition that is 
comparable to developing fruit (Williams et al., 1993). Nevertheless, few information is 
available in literature about morphological and biochemical characteristics related to olive 
callus cell proliferation. Williams et al. (2000) suggested an involvement of lipoxygenase 
(LOX) in the growth of olive callus cultures, discussing also the possible interaction between 
some in vitro culture factors, such as wounding and the presence of exogenous plant growth 
regulators, and the products of the LOX pathway. In this regard, it has been highlighted that 
in vitro microenvironmental and culture factors, and their interactions, can act as stress agents 
(Gaspar et al., 2002, Hazarika 2006), generating reactive oxygen species (ROS) and oxidative 
stress processes (Grzelak et al., 2001). 

Oxidative stress has been considered as promoting some physiological and genetic disorders 
in in vitro grown plant tissues, such as hyperhydricity (Frank et al., 1995), somaclonal 
variability (Cassel & Curry, 2001) and loss of totipotency (Benson, 2000a). Moreover, 
initiation and maintenance of a cancerous state of cells, characterized for a progressive loss of 
organogenic competence, have been attributed to a permanent oxidative stress (Gaspar et al., 
2002). In vitro stress factors, such as free radical production, are co-responsible for tissue 
culture recalcitrance, a phenomenon that has been usually recognized as a limiting factor for 
a biotechnological approach to plant genetic improvement (Benson, 2000b), especially for 
woody plant system and monocotyledonous species. On the contrary, antioxidative stress 
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response represents an adaptive strategy that can be beneficial to improve the establishment 
and the growth of the plant cell culture (Baťková et al., 2008). For these reasons, the 
evaluation of the cell oxidative condition can be very relevant to characterize the adaptation 
of plant cells to the in vitro culture. 

The aim of this work was to characterize two olive callus lines, differing in proliferation 
pattern, for growth and biochemical markers associated to oxidative stress and antioxidative 
response. The oxidative status of olive callus cells was investigated by measuring membrane 
lipid peroxidation (malondialdehyde assay, MDA) and hydrogen peroxide content. The 
antioxidant defense response was evaluated by analyzing both carotenoids and PA content, 
and the activity of antioxidant enzymes such as APX, GR, CAT, and guaiacol peroxidase 
(GPX, EC 1.11.1.7). 

2. Materials and Methods  

2.1 Plant Material and Culture Conditions 

Branches of olive cultivar Raja were collected in winter from fifty-year-old field–grown 
plants. Current-year shoots were defoliated, cut in 3 cm long nodal segments and washed for 
30 min in running tap water. Nodal segments were subjected to sterilization by immersion in 
0.1% HgCl2 for 5 min, washing in sterile distilled water, then immersion in 15% commercial 
bleach (7% of active Cl) for 15 min and washing again three times in sterile distilled water. 
Nodal segments were then transferred to the initial culture medium consisting in half-strength 
MS medium supplemented with 36 g l-1 mannitol, 4.56 µM zeatin, antibiotics (0.5 g l-1 
carbenicillin disodium and 0.1 g l-1 cefotaxime sodium) and cultured in glass tubes for a 
month in a growth chamber at 24 °C with a 16h-light photoperiod (photon flux density of 50 
µmol m-2 sec-1). Surviving explants were placed in OM proliferation medium (Rugini, 1984) 
supplemented with 36 g l-1 mannitol, 13.68 µM zeatin, 4.33 µM GA3 and 0.49 µM IBA. 
Callus obtained from the basal part of the explants was removed and cultured in petri plates 
on OM medium supplemented with 36 g l-1 mannitol, 4.56 µM zeatin and 4.52 µM 2,4-D. 
Culture media were adjusted to pH 5.8 before autoclaving at 121 °C for 25 min and solidified 
with 0.8% agar. Antibiotics were added filter-sterilized to the culture medium after 
autoclaving. Culture was maintained in a growth chamber at 25 °C with a 16h-light 
photoperiod (photon flux density of 50 µmol m-2 sec-1). 

2.2 Growth and Pigment Analysis 

Relative growth rate (RGR) was calculated according to Galiba et al. (1993). Chlorophyll and 
carotenoid contents were measured in methanolic extracts following the method of Wellburn 
(1994). Briefly, the absorbance of aliquots of supernatant obtained by several centrifugations 
(15 000 x g for 10 min each) and re-suspensions was read at 470 nm, 652.4 nm and 665.2 nm 
in a spectrophotometer (Perkin Elmer, Norwalk, CT, USA). Pigment concentrations were 
calculated by following the relative equations reported by Lichtenthaler (1987). 

2.3 Enzyme Activity and Protein Content Analysis 

Enzyme extraction was performed on frozen samples using a pre-chilled mortar and pestle 
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with 2 vol of an ice-cold extraction buffer (0.05 M potassium phosphate buffer, pH 7.0) 
containing 0.1% (w/v) ascorbic acid, 1% (w/v) polyvinylpolypyrrolidone, 1 mM Na2-EDTA 
and 0.1% (v/v) Triton X-100. The homogenate was centrifuged at 15 000 × g for 30 min at 
4 °C and the supernatant was used for enzyme assays. APX activity was measured according 
to the method of Nakano and Asada (1981) by following the decrease of absorbance at 290 
nm for 1 min, corresponding to the oxidation of ascorbic acid. APX activity was calculated 
using its extinction coefficient (2.8 mM-1cm-1). GR activity was measured following the 
modified method of Foyer and Hallywell (1976). Assay mixture (1 ml) contained 0.1 ml of 8 
mM Na2-EDTA, 0.1 ml of 1.5 mM NADPH, 0.1 ml of 5 mM oxidized glutathione (GSSG) in 
0.1 M potassium phosphate buffer (pH 7.0), 0.63 ml of 0.1 M potassium phosphate buffer 
(pH 7.0) and 0.07 ml of the crude extract or potassium phosphate buffer (blank). Enzyme 
activity was evaluated following the decrease of absorbance at 340 nm for 2 min, 
corresponding to the oxidation of NADPH, and calculated using the extinction coefficient of 
6.22 mM-1cm-1. CAT activity was measured according to Havir and McHale (1987). Assay 
mixture (1 ml) contained 0.1 ml of 125 mM H2O2 and 20 μl of the crude extract in 0.05 M 
potassium phosphate buffer (pH 7.0). Enzyme activity was evaluated following the decrease 
of absorbance at 240 nm for 40 s and calculated using the extinction coefficient (0.036 
mM-1cm-1). GPX activity was measured according to Chance and Maehly (1955). Assay 
mixture (1 ml) contained 0.1 ml of 90 mM guaiacol, 0.1 ml of 125 mM H2O2 and 10 μl of the 
crude extract in 0.05 M potassium phosphate buffer (pH 7.0). Enzyme activity was evaluated 
following the increase of absorbance at 470 nm for 40 s and calculated using the extinction 
coefficient (26.6 mM-1cm-1). Protein content was measured following the method of Bradford 
(1976).  

2.4 Lipid Peroxide and Hydrogen Peroxide Content  

The content of lipid peroxides was measured as 2-thiobarbituric acid-reactive metabolites 
(TBA), following the modified method of Heath and Packer (1968). Frozen samples were 
homogenized in a pre-chilled mortar and pestle with 2 vol of ice-cold 0.1% (w/v) 
trichloroacetic acid (TCA) and centrifuged for 15 min at 16 000 x g. Assay mixture 
containing 1 ml aliquot of supernatant and 2 ml of 0.5% (w/v) thiobarbituric acid in 20% 
(w/v) trichloroacetic acid (TCA) was heated to 95 °C for 30 min and then rapidly cooled in 
an ice-bath. After centrifugation (10 000 × g for 10 min at 4 °C), the supernatant absorbance 
(532 nm) was read and the value corresponding to non-specific absorption (600 nm) was 
subtracted. Malondialdehyde (MDA) concentration was calculated using the extinction 
coefficient (155 mM-1cm-1). 

Hydrogen peroxide content was assayed by the resorcinol-titanium oxide method according 
to Franck et al. (1998). Frozen samples were homogenized in a pre-chilled mortar and pestle 
with 3 vol of ice-cold 5% (w/v) trichloroacetic acid (TCA) and centrifuged for 30 min at 16 
000 × g at 4 °C. Supernatant was removed, adjusted to pH 8.4 with ammonia solution and 
divided in 0.3 ml aliquots. To half of these (blanks) 1.2 μl of 1 mg/ml catalase (Sigma, bovine 
liver, 17 000 U/mg) in 30% (v/v) glycerol and 10% ethanol (v/v) was added. Blanks and 
samples without added catalase were incubated at 20 °C for 10 min. Assay mixture (1 ml) 
consisting of 0.3 ml blank or sample aliquot, 0.6 ml of 0.1 M potassium phosphate buffer (pH 
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8.4) and 0.3 ml reactive solution (0.15 ml of 0.6 mM Par 4-[2-pyridilazo]resorcinol + 0.15 ml 
of 0.6 mM potassium titanium oxalate) was incubated at 45 °C for 60 min. Sample 
absorbance (508 nm) was read and value corresponding to blank was subtracted. H2O2 
concentration was calculated using the extinction coefficient (36 mM-1cm-1). 

2.5 Analysis of Free Polyamine Content  

Samples were homogenized in 5 vol of a 5% (v/v) cold perchloric acid solution in a 
pre-chilled mortar and pestle. The homogenates were kept for 1 h at 4 °C and centrifuged at 
16 000 × g for 10 min. Aliquots of the supernatant fraction were dansylated (Zacchini & de 
Agazio, 2004b) and free amines were separated by HPLC (Beckman-Coulter, Fullerton, CA, 
USA). Samples were injected on a C18 reverse phase column (250 × 4.6 mm, 5 µ particle 
size, Grace Davison, Deerfield, IL, USA) and quantified by a Jasco (mod. FP 2020 Plus, 
Tokyo, Japan, excitation 360 nm, emission 510 nm) fluorescence detector, according to 
standard curves. Elution was performed with a multi step linear gradient of aqueous 
acetonitrile (Zacchini & de Agazio, 2004b). Chromatograms were recorded and integrated by 
the 32 Karat™ Software 5.0 (Beckman-Coulter, Fullerton, CA, USA). 

2.6 Statistical Analysis 

All the analyses were performed on at least three replicates. Each replicate consisted in a 
Petri plate containing 4 calli. Data obtained were subjected to analysis of variance (ANOVA). 
Tukey’s test was used to compare the means at P≤0.05. 

3. Results 

Olive (Olea europaea L., cv. Raja) callus cultures, obtained from the basal part of nodal 
explants of young branches, were cultivated on OM medium supplemented with 36 g l-1 
mannitol, 4.56 μM zeatin and 4.52 μM 2,4-D. During culture, two callus lines with different 
morphological characteristics, such as proliferation pattern (compact or friable cell cluster 
type) and color (dark or light green), were selected and maintained. Growth analysis was 
performed by calculating the RGR (Table 1). Results evidenced that RGR of compact-type 
calli was more than 4-fold lower than friable-type ones. Regarding the evaluation of the 
oxidative status markers, no differences in MDA were observed between the callus lines 
while a significantly higher hydrogen peroxide content was found in compact-type calli 
(Table 1).  

 

Table 1. Relative growth rate (RGR), lipid peroxide (MDA) content and H2O2 content in two 
olive callus lines differing for type of proliferation pattern (compact-type and friable-type). In 
columns, different letters represent significantly different values (mean ± S.E., Tukey’s test, 
P≤0.05)  

Callus lines RGR MDA (nmol.g-1 FW) H2O2 (nmol.g-1 FW) 

Compact-type 8.31 (±0.51) b 2.77 (±0.14) a 9.01 (±1.12) a 

Friable-type 39.16 (±2.12) a 3.07 (±0.22) a 5.11 (±0.34) b 
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As shown in Table 2, total chlorophyll content in compact-type calli was twice than 
friable-type ones. Both chlorophyll a and chlorophyll b content in compact-type callus cells 
was markedly higher than in friable-type ones, as well as chlorophyll a /chlorophyll b ratio. 
Concerning total carotenoids, Table 2 shows that their content was notably higher in 
compact-type calli compared with friable-type ones. 

 

Table 2. Analysis of total chlorophyll, chlorophyll a and chlorophyll b content, chlorophyll a 
/chlorophyll b ratio and total carotenoid content in two olive callus lines differing for type of 
proliferation pattern (compact-type and friable-type). In columns, different letters represent 
significantly different values (mean ± S.E., Tukey's test, P≤0.05) 

Callus lines 
Total Chl 

(μg.g-1 FW) 
Chl a 

(μg.g-1 FW) 
Chl b 

(μg.g-1 FW) 
Chl a/b 

Total carotenoids
(μg.g-1 FW) 

Compact-type 19.6 (±2.3) a 8.1 (±0.9) a 11.5 (±2.1) a 0.71 2.2 (±0.3) a 

Friable-type 8.3 (±0.6) b 2.7 (±0.3) b 5.6 (±0.4) b 0.48 0.4 (±0.06) b 

 

In compact-type calli antioxidative enzyme activities were higher than in friable-type ones 
(Table 3), except for GPX. In particular, APX and GR activities were about 100% higher in 
compact-type calli as compared to friable-type ones, while CAT activity was about 50% 
higher in compact-type calli as compared to friable-type calli. No differences in protein 
content were detected between callus lines (data not shown). 

 

Table 3. Antioxidative enzymes activities (ascorbate peroxidase, APX, glutathione reductase, 
GR, catalase, CAT, guaiacol peroxidase, GPX) in two olive callus lines differing for type of 
proliferation pattern (compact-type and friable-type). In columns, different letters represent 
significantly different values (mean ± S.E., Tukey’s test, P≤0.05) 

Callus lines 
APX 

(μmol.g-1 FW) 
GR 

(μmol.g-1 FW) 
CAT 

(μmol.g-1 FW) 
GPX 

(μmol.g-1 FW) 

Compact-type 38.1 (±4.2) a 0.88 (±0.05) a 0.62 (±0.03) a 29.5 (±4.4) a 

Friable-type 18.2 (±2.2) b 0.42 (±0.02) b 0.43 (±0.03) b 36.7 (±6.8) a 

 

As shown in Table 4, Put content was more than 5-fold higher in friable-type calli than in 
compact-type ones while spermidine and spermine content did not show any difference 
between the two callus lines. 
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Table 4. Free polyamine (Put, putrescine, Spd, spermidine, Spm, spermine) content in two 
olive callus lines differing for type of proliferation pattern (compact-type and friable-type). In 
columns, different letters represent significantly different values (mean ± S.E., Tukey’s test, 
P≤0.05) 

Callus lines 
Put 

(nmol.g-1 FW) 
Spd 

(nmol.g-1 FW) 
Spm 

(nmol.g-1 FW) 

Compact-type 14.5 (±2.1) b 31.8 (±4.7) a 54.4 (±7.3) a 

Friable-type 83.3 (±3.9) a 25.8 (±6.1) a 46.4 (±5.8) a 

 

4. Discussion 

Olive callus culture represents a plant material of notable interest for lipid metabolism studies 
(Williams et al., 2000; Ramli et al., 2002; Hernandez et al., 2008), biopharmaceutical 
compound production (Gentile & Uccella, 2014) and for the genetic improvement of this 
important fruit crop (Rugini et al., 2000). In this context, the investigation on morphological 
and biochemical traits associated to cell proliferation pattern can be very useful to ameliorate 
the growth and the regeneration abilities of the olive tissue cultures, with a particular regard 
to in vitro recalcitrant genotypes. In literature, evidences are reported that the oxidative status 
of cells can affect the growth capability of the tissue cultures (Cassells & Curry, 2001; 
Baťková et al., 2008), commonly exposed to various stressing agents during culture (Gaspar 
et al., 2002; Hazarika 2006). In this paper, two olive callus lines, characterized by a different 
proliferation pattern, were analyzed for growth performances and biochemical traits linked to 
cell oxidative status. Friable-type callus proliferation pattern was associated to a remarkable 
higher growth rate compared with compact-type one while no difference in MDA content 
between the two callus lines was observed, indicating a similar lipid peroxidation status. In 
literature, modifications of the morphological aspect, growth and lipid peroxide content are 
commonly reported in callus cultures exposed to different stressing agents (Vieira Santos et 
al., 2001; Zacchini & de Agazio, 2004b; Shekhawat et al., 2010; Iori et al., 2012). 
A notable difference in hydrogen peroxide content occurred in the two callus lines, being 
higher in compact-type calli. Hydrogen peroxide, besides to be an oxidative stress agent, very 
toxic for cellular macromolecules like nucleic acids, proteins and lipids, can also play a role 
in stress signaling, stimulating the antioxidative defense system (Foyer & Noctor, 2005; Quan 
et al., 2008) and the acclimation to stress (Azevedo Neto et al., 2005). In this context, the 
higher activity of the main antioxidative enzymes found in compact-type calli, concomitant 
with the higher hydrogen peroxide content, is consistent with results reported by several 
authors on callus cultures of different plant species (Tian et al., 2003; Zacchini & de Agazio, 
2004b; Song et al., 2006). 
Concerning free PAs, the higher Put level found in friable-type calli, in comparison to 
compact ones, could be associated to both a protective role against stress factors occurring in 
culture and a regulative function in the cell morphogenesis. In fact, an involvement of Put in 
the tolerance to abiotic stress has been extensively reported (Bouchereau et al., 1999; 
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Pintó-Marijuan et al., 2007; Gill & Tuteja, 2010). Putrescine has been also claimed to play a 
protective role against oxidative stress in callus cultures (Zacchini & de Agazio, 2004b; Tang 
& Newton, 2005). Further, an involvement of Put in the recovery of pine callus culture from 
tissue browning and in the improvement of plant regeneration has been reported (Tang et al., 
2004). On the other hand, the capability of PAs in promoting and sustaining cell proliferation 
(Bais & Ravishankar, 2002; Kuznetsov et al., 2006) and a relation between Put and growth of 
tissue cultures (Silveira et al., 2004; Steiner et al., 2007) have been described.  

Compact–type calli showed a higher content of chlorophylls and carotenoids than friable-type 
ones. Modulation of the pigment content in in vitro culture plant cells due to the peculiar 
microenvironmental factors has been reported (Gaspar et al., 2002). Carotenoids has been 
recognized as one of the most abundant group of lipid-soluble antioxidants in plant cell 
(DellaPenna & Pogson, 2006; Sharma et al., 2012) and the higher content in compact–type 
calli is consistent with their higher antioxidant enzyme activity.  

In conclusion, results of this work put in evidence that olive in vitro cell proliferation can 
occur with different patterns involving growth, morphological characteristics and modulation 
of biochemical traits linked to cell oxidative status. Further studies are needed to evaluate 
whether the different proliferation patterns may be associated to a different regeneration 
potential of olive callus cultures.  
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