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Abstract  

The aim of the present study was to describe the biochemical changes induced in regenerants 
of Fragaria X Ananassa Duch. by the in vitro treatment with fungal elicitors isolated from Trichoderma 
viride, Penicillium chrysogenum and Botrytis cinerea strains. We combined anatoxinic serum from 
these three microorganisms to activate different defense signaling pathways in our in vitro system. 
Strawberry regenerants responded in a complex way to treatments with fungal elicitors with gradual 
forms of stress, up to foliar necrosis. The enzymes involved in the metabolism of reactive oxygen species 
(ROS) expressed different activities in the treated variants compared to the control, 24 hrs after the last 
treatment: superoxid dismutase (SOD) activity increased, while catalase (CAT) and peroxidase (POX) 
activity decreased, suggesting a significant ROS accumulation, with complex and opposite effects on 
plant cells, including the activation of hypersensitive cell death. The tested mixture of anatoxinic sera 
from the three microorganisms acted as a strong external stimulus in our in vitro system. 
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Introduction 
 

 Diseases represent a major factor that compromise strawberry (Fragaria X Ananassa 
Duch.) yield. The strawberries cultivated in Europe are affected by numerous pathogens: 
Phytophthora cactorum, Colletotrichun acutatum, Phytophthora fragariae var. fragariae, 
Verticillium dahliae, Botrytis cinerea, Sphaerotheca macularis, Rhizopus nigricans [1]. 
Chemical treatments are expensive, have a huge environmental impact and decrease the 
market value of the treated fruit. An alternative strategy is to increase the plant resistance 
towards these pathogens, including among other methods the use of elicitors [2]. These are 
chemical substances secreted generally by pathogens that are recognized as signals and induce 
defense responses in plants. By using the treatments with elicitors the defense mechanisms can 
be activated and therefore plants will be better prepared to respond to potential pathogen attack. 

In the recent years, new methods in plant pathology have been developed using the 
plant biotechnologies techniques. In vitro systems can provide useful tools for selecting plant 
somaclonal variants resistant to pathogens. In this way there have been obtained resistant lines 
of strawberry to the diseases caused by Fusarium oxysporum f.sp. fragariae [3], Alternaria 
alternata [4], Colletotrichum acutatum [5], Botrytis cinerea [6], Phytophthora cactorum [7]. 
In vitro systems can also be used as model systems to study at the cellular level the 
mechanisms that control plant defense responses to pathogen infections, although there are 
authors who consider that isolated cells can not be equivalents of the cells from the intact 
plants and they might react differently to the various stresses and diseases [8]. 
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The aim of the present study was to describe the biochemical changes induced in 
regenerants of Fragaria X Ananassa Duch. by the in vitro treatment with fungal elicitors 
(anatoxinic complex sera) obtained from Trichoderma viride, Penicillium chrysogenum and 
Botrytis cinerea strains. T. viride is a fungus considered as an efficient antagonist, acting by 
mechanical and nutritional inhibition of hyphal pathogens. It is used for seed and soil 
treatment for eliminating various diseases caused by fungal pathogens. In plants, T. viride 
induces plant defense reaction [9] through hypersensitive reaction-like symptoms [10]. B. 
cinerea is a necrotrophic fungus that infects strawberries, activating defense reactions 
mediated by ethylene and jasmonic acid. P. chrysogenum is a non-pathogenic ascomycete 
used as a plant activator in commercial agriculture due to its capabilities of enhancing 
resistance of many plants against several pathogens by salicylic acid pathways [11]. In the 
present experiment we combined anatoxinic sera from these three microorganisms to activate 
different signaling pathways against pathogens and to strengthen the plant defense reactions.  
 
Materials and methods 
 
 Biological material 
 Regenerants from multiple axilary multiplication, grown on basal MS medium [12] 
supplemented with Gamborg B5 [13] vitamins, indolylbutyric acid (IBA) 0.1 mg/l, giberellic 
acid (GA3) 0.1 mg/l, benzylaminopurine (BAP) 1 mg/l, sucrose 30 g/l and agar 7 g/l, were 
subjected to different treatments with fungal elicitors. The temperature in the growth chamber 
was 24oC ± 2 o C, while the light (2400 lux) was provided 16 hrs/day.  
 Experimental design 
 We used seven experimental variants, each with five replicates: M - control (no 
treatment), M-AD - control (treatment with distilled water), E1 - treatment with anatoxinic 
serum obtained from Botrytis cinerea strains F1 (BcF1), E2 - treatment with anatoxinic serum 
obtained from microbial strains Bc F1, Bc F7,  Bc S1, Bc P2, E3 - treatment with anatoxinic 
serum from Trichoderma viride strains P 456 (TvP456), TvP1, ThP8 and Penicillium 
chrysogenum A2 (Pc A2) , E4 - treatment with anatoxinic serum obtained from strains Bc F1, 
Bc F7, Bc S1, Bc P2, TvP456, TvP1, ThP8, Pc A2. For PD1-E4 and PD2-E1 the treatments 
were done with variants of E4 and E1 serum which differed in concentration, temperature or 
time of obtaining procedure. The treatments were repeated three times, at 48 hours, with 1 ml 
extract each. The extract was applied under sterile conditions at the leaf level, with an 
(insulin) microsyringe. Samples were taken 24 hrs after the last treatment. 
 Antioxidant enzymes analysed 
 We studied antioxidant enzymes in the extract obtained from grinding the plantlets 
with quartz sand in phosphate buffer 0.05 M, pH 7, with 2 mM EDTANa2 and 4% (w/v) PVP, 
at 40C. After centrifugation at 15000 rpm for 15 min, superoxid dismutase (SOD), catalase 
(CAT) and guaiacol-peroxidase (G-POX) activites were measured in the supernatant. SOD 
was measured according to Beauchamp and Fridovich [14], CAT according to Beers and 
Sizer [15], and G-POX according to Chance and Maehly [16]. Total protein concentration was 
measured according to Bradford [17].  

 
Results and Discussion 
  
 Macroscopic observations 
 The different responses of strawberry regenerants towards the in vitro application of 
fungal elicitors are described in Table 1. Strawberry regenerants showed a complex response 
to the treatment with fungal elicitors that frequently reached foliar necrosis. The foliar tissue 
contained both normal cells and stressed cells that occasionally reached necrosis. The 
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treatment with distilled water did not affect plant regeneration or growth. E4 variant showed 
the greatest percent of foliar necrosis (36.26%), 14 times greater than the control and 10 times 
than M-AD variant. 
Table 1. Percent of leaves necrosis from the total number of regenerant leaves subjected to the treatment with 
fungal elicitors. 

Experimental 
variant 

 
E1 

 
E2 

 
E3 

 
E4 

 
PD1_E4 

 
PD2-E1 

 
M 

 
M-AD 

Foliar necrosis 
(%) 

 
6.66 

 
11.98 

 
20.07 

 
36.26 

 
7.04 

 
11.31 

 
2.57 

 
3.33 

 
E1 variant was the less detrimental at the level of foliar physiology. Although all the 

regenerant leaves came in contact with the anatoxinic sera, just a part of them suffered 
necrosis. Foliar necrosis is considered a phenotypic marker for the plant reactivity toward the 
pathogen attack, natural or experimentally induced. Both necrosis and high level of salicylic 
acid seem to determine the decreased level of catalase activity, responsible for induction of 
defense reaction in plants [18]. 
 Antioxidant enzymes analysed 
 Different antioxidant enzymes take part in the metabolism of oxygen reactive species 
(ROS) and their activities enhanced during pathogen attack. In our experiment, biochemical 
analysis revealed that the treatments with anatoxinic sera induced an increase in SOD activity 
(24 hrs after the last treatment) in all experimental variants, except for E1 variant (Figure 1). 
In strawberry for example, high levels of SOD activity were reported in infection with 
Mycosphaerolla fragariae until the second day from inoculation, after which the activity 
decreases [19]. 

Superoxiddismutase (SOD) is the first enzyme involved in the metabolic breakdown 
of ROS which transforms superoxide radicals in hydrogen peroxide (H2O2). Although hydrogen 
peroxide is one of the reactive oxygen species that contributes to cellular oxidative breakdowns, 
it is also an important secondary messenger that activates defensive stress mechanisms. This 
function makes the redox equilibrium of ROS at cellular level very important. 
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Figure 1.  Activity of SOD in strawberry regenerants treated with anatoxinic fungal sera, after 24 hrs from the 
last treatment. AE- Enzyme activity; AS- Enzyme activity related to total protein concentration.  

 
Catalase (CAT) is the principal H2O2 scavenger with an important role in maintaining 

the cellular redox balance by eliminating its excess. In case of the applied treatments, CAT 
activity was enhanced only for the PD2-E4 variant, while for the others it decreased (Figure 
2). CAT activity related to total protein content, showed a slight increase compared to the 
control, except for variant E1, suggesting that this enzyme was synthesized at a higher level in 
response to the treatment with fungal elicitors.  
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H2O2 concentration in plant tissues depends on the production rate and duration and on 
the degradation rate as well, so that SOD and CAT are key components involved in their 
regulation. The majority of studies on oxidative stress during pathogen attack or treatments with 
different elicitors [20] reported an increase in ROS concentration and antioxidant enzymes at 
cellular level, ROS accumulation being necessary for triggering the hypersensitive reaction. 
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Figure 2.   CAT activity in strawberry regenerants treated with anatoxinic fungal sera, 24 hrs after the last 
treatment. AE- Enzyme activity; AS- Enzyme activity related to total protein concentration.  

 
Like in our experiment, other studies have reported a decrease in ROS scavenger 

enzyme activities after pathogen inoculation, (e.g. infection of tomatoes with Botritis cinerea 
[21], or a decrease of the activities of breaking H2O2 induced by treatments with substances 
that induce resistance, like salicylic acid, 2,6-dichloroisonicotinic acid or benzotriazole [22].  
Our data suggest a need for additional H2O2 in inducing the hypersensitive response, by an 
increased production of H2O2 resulting both from SOD activity, but also from a decreased rate 
of H2O2 breakdown. We suggest that the increased concentration of H2O2 was induced by the 
strong external signal applied.  

Peroxidases (POX) represent other components of the early response to pathogen attack 
and can also be induced by treatments with elicitors or as a response to the micotoxin activity. 
Guaiacol-POX are involved in a variety of processes, like the formation of diferulic bonds or 
the cross bonds between cell wall proteins, in oxidizing cinnamic alcohols during the process of 
lignification and suberization, but also in processes of oxidation of phenolic compounds  
during the hypersensitive response. Although in different plant-pathogen interactions POX 
induction was associated with resistance, in our experiment cytosolic POX activity decreased 
after 24 hrs of the last treatment in variants E1, E2, E3 and PD1-E4 (Figure 3).  
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Figure 3. Activity of cytoplasmic guayacol-POX in strawberry regenerants treated with fungal elicitors, 24 hrs 
after the last treatment. AE - Enzyme activity; AS - Enzyme activity related to total protein concentration. 
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The same response was reported also after treatment with the high phytotoxic 
mycotoxin T-2 from Fusarium species, while in tomato plants beauvericin induced POX 
activity [23]. The authors suggested that the mycotoxin T-2 was binding to lignin, thus 
decreasing POX activity both intra-cellular and extra-cellular. 

It is considered that the induction of POX activity is caused by the hypersensitive 
response triggered by the pathogen. Even extra cellular POX isozymes are stimulated during 
the pathogen attack, both caused by their involvement in the lignifications process but also to 
the ability of some isoforms to produce H2O2. Released free radicals at this level inhibited the 
pathogen growth while the biosynthesis of lignin precursors with antimicrobial activity 
limited the pathogen spread. In our experiments, only E3 and E2 variants presented an 
increased activity of some isoforms of the anionic POX. Immunized plants synthesize much 
faster and in larger quantity than non-immunized ones antioxidant enzymes, like POX and 
SOD isozymes [24].  

Electrophoresis of cytosolic proteins and POX had shown significant differences 
between strawberry plantlets treated with different combinations of anatoxinic sera isolated 
from fungal pathogens like Botritis cinerea, Trihoderma viridae and Penicillium 
chrysogenum (Figure 4). 

 

 
 

Figure 4.  POX  spectrum (A) and  total cytosolic proteins (B) in extracts of strawberry regenerants treated with 
fungal elicitors, 24 hrs after the last treatment. 

 
A relatively uniform response to the stress induced by the applied treatments was 

protein synthesis. The protein concentration decreased in all experimental variants except for 
E1, for that the activity of antioxidant enzymes was decreased, while the protein concentration 
was increased (Figure 5).  
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Figure 5. Concentration of total cytosolic proteins in extracts of strawberry regenerants treated with fungal 
elicitors, 24 hrs after the last treatment. 

A B



GINA COGĂLNICEANU, MONICA MITOI, FLORENŢA HELEPCIUC, MIRELA MATEI, SORIN MATEI 
 

Romanian Biotechnological Letters, Vol. 15, No. 4, 2010 5517

We suggest that in this experiment, the applied treatment represented a major stress that 
affected various metabolic pathways.  

To trigger the systemic acquired resistance (SAR) it might be necessary to express the 
entire complement of pathogenesis-related (PR) proteins that are species-specific [25]. 
Typically, SAR is induced in response to non-virulent pathogens and it can last for several 
weeks or months [25]. In our experiment, the mixture of anatoxinic sera from the three 
microorganisms acted as a strong external stimulus. The decreased CAT and POX activity 24 
hrs after the last fungal elicitor treatment suggest that antioxidative system is less efficient, 
leading to significant ROS accumulation, with possible detrimental effects on plant cells, 
including the activation of hypersensitive cell death.  
 
Conclusions 
 

Strawberry regenerants responded in gradual forms of stress, up to foliar necrosis, to 
the external treatments with fungal elicitors. The distilled water treatment did not trigger 
similar stress responses, suggesting that the changes induced were not due to hydric stress, but 
to fungal elicitors.  

The enzymes involved in the defense against oxygen reactive species (ROS) used as 
biochemical markers for the plant response towards pathogens showed an increase of SOD 
activity and a decrease in CAT and POX activities, compared to the control, suggesting a 
significant ROS accumulation, with complex and opposite effects on plant cells, including the 
activation of hypersensitive cell death. 
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