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Abstract. This study, orientated in two directions, aimed, on one hand,
to evaluate the Monilinia laxa (Aderh.&Ruhl)Honey fungus response to
oxidative stress generated by the action of inorganic compounds, knowing the
concept that enzymes are involved in pathogenically manifestation induced by
biotic agents in microorganisms and, on the other hand, the estimation of
antifungal effect ,,in vitro” of the mineral compounds. We used H;BO; CuSO,x
5H,0, MnCl, x 4H,0, Na,MoO, x 2H,0, FeCl; x 6H,0, ZnSO, x 7H,0 and a
mixture of them and also, a control sample. The experimental determinations
were made at two time intervals and the results showed the clear fungistatic
effect of copper and zinc salts, and of the mix of mineral substances, but also
the significant differences in the activity of catalase and peroxidase
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Rezumat. Studiul de fata, orientat in doud directii, a urmdrit pe de o
parte evaluarea raspunsului fungului Monilinia laxa (Aderh.&Ruhl.)Honey la
stresul oxidativ generat de actiunea compugilor anorganici, tindnd cont de
conceptul conform caruia enzimele sunt implicate in manifestarile patogenice
induse de cdtre agentii biotici in microorganisme, iar pe de alta parte,
estimarea efectului fungistatic ,,in vitro” asupra patogenului a compusilor
minerali. S-au folosit in acest sens, H;BO; CuSO, x H,O, MnCIl, x 4H,0,
Na,MoO, x 2H,0, FeCl; x 6H,0, ZnSO, x 7H,0, o mixturd a acestor compusi
precum §i o variantd martor. Determindrile experimentale s-au desfasurat la
doud intervale de timp, iar rezultatele au demonstrat efectul net fungistatic al
sarurilor de cupru, de zinc §i al amestecului de substante minerale, dar si
diferente semnificative in activitatea catalazei i a peroxidazei.

Cuvinte cheie: Monilinia laxa, compusi minerali, catalaza, peroxidaza

INTRODUCTION

Brown rot caused by Monilinia laxa (Aderh.&Ruhl.) Honey is considered one of
the most important diseases which affects the species of the Prunus genus, being able to
generate significant damage by destroying flowers and fruit, and finally, the entire tree
(Ogawa J.M., English H., 1991; Four P.H., Holz G., 2003; Holb I., 2008; Michailides T.J. et al,
2011). Known as an effective resource, nontoxic and affordable to control diseases
caused by fungi, inorganic salts are widely accepted today as an alternative method for
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their control techniques. The main effects are fungistatic and/or fungicides, but, while
pure water sometimes inhibit spore germination, such as Monilinia fructicola’s spores
(Kirk P.M. et al., 2008), very low concentrations of some fungicides, even if they are of
mineral nature can stimulate germination of spores or even maintain on the other hand,
the mycelium growth. Moreover, the data from literature shows that certain nutritional
fungal communities react differently to the presence of toxic metals in the environment
- some groups (e.g. micorises) decreased for other groups of fungi when the
environment is contaminated with metals (Kelly J.J. et al., 1999). The fungi can also be
highly efficient bio-accumulators of the soluble and particulate forms of metals (Baldrian
P., 2003; Gadd G.M., 2010). The behaviour of the fungi towards the mineral compounds
and implicitly, towards the metals is dictated by abiotic environmental factors - pH of
the medium but also by genetic background and phenotypic expression of the fungus —
for example, the cell wall, with is content of melanin (Gadd G.M., 2006). Some
researches considers that the anionic composition of the environment influences the
toxicity of heavy metals (eg. zinc). Some studies have shown interaction between Zn*"
and other divalent cations (e.g. Cd*, Mg*", Cu™") and their combined effects on fungi
(Laborey F., Lavollay J., 1973).

This study, conducted in two directions aims, on the one hand, to evaluate
the response to oxidative stress of the fungus Monilinia laxa (Aderh.&Ruhl.)
Honey, stress caused by direct action of ,in vitro” #norganic compounds
hypothesis sustained by the concept that some enzymes are involved in
pathogenic events induced by the biotic agents in microorganisms and, on the
other hand, to estimate the fungistatic and /or fungicide ,,in vitro” effect of the
mineral compounds as are H;BO; CuSO, x 5SH,O, MnCl, x 4H,0, Na,MoO, x
2H,0, FeCl; x 6H,0, ZnSO, x 7H,0 or their cumulative effect on the fungus.

MATERIAL AND METHOD

The isolates of the Monilinia laxa (Aderh.&Ruhl) Honey was collected from
mummified fruit of Prunus domestica harvested from the Research and Development
Station for Fruit Tree Growing lasi, Miroslava farm, and pure cultures were selected after
qualitative screening in the Laboratory of Microbiology Research Institute of Biological
Sciences. The fungus was cultivated ,in vitro” on malt medium acidified with 2%
streptomycin (Malvarez G. et al., 2001) in Erlenmeyer flasks containing 100 ml of medium.
In order to study the effects that in exces metals ions have on the activity of
oxidoreductases, we used seven medium variants added after Constantinescu’s formula
(Constantinescu, 1974). The mineral salts that increased the concentrations were H;BO; —
0,01%, CuSO, x 5H,0 — 0,1% , MnCl, x 4H,0 — 0,02%, Na,MoO, x 2H,0 — 0,02%, FeCl,
x 6H,0 — 0,02%, ZnSO, x 7H,O — 0,2%. Each was added separately, one in the culture
medium and in one variant, all compounds were added together. We used in parallel a
control variant whose culture medium was not supplemented with any of these mineral
compounds. This eight medium were seeded with slices of 8 mm in diameter from a
Monilinia laxa culture at the age of 7 days and cultivated under similar conditions for “in
vivo” development: light/dark photoperiod and variable temperature. The practical study
consisting of three consecutive experimental measurements was conducted in two
intervals, at 7 days and respectively 14 days after inoculation of the culture and the
catalase and peroxidase activity was determined both from the fungus mycelium and from
the culture liquid. The catalase activity was assayed by iodometric method whose principle
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is based on the determination of hydrogen peroxide that remained un- decomposed after
stopping the enzyme activity with sodium thiosulfate, in the presence of starch as an
indicator and for the determination of the peroxidase activity the o-dianisidine method was
used (Cojocaru, 2009).

RESULTS AND DISCUSSIONS

A first objective of this study was the determination of catalase activity in
both the mycelium and the culture liquid of the fungus Monilinia laxa (Aderh.
&Ruhl.) Honey parasite on plum. In the initial analysis, we can see that this
oxidoreductase activity varies depending on the age of the fungus and the type of
mineral compound that was used to supplement the culture medium.

As shown in figure 1, the activity of catalase in the mycelium of the fungus
at 7 days after inoculation for the control variant present value of 3.7143 CU/g
/min. Because CuSO, x5H,0, ZnSO, x 7H,O and respectively, the mixture of
mineral compounds inhibited completely the growth of the fungus mycelium, the
value of the catalase activity in these variants was noted 0. All medium variants
showed, reported to the control variant, lower values of the endoenzyme, except
FeCl; x 6H,0 version, which activity peaked at 4.6304 CU/g/min., followed by
the variants MnCl, x 4H,O - 1.0054 CU/g/min., H;BO; - 0.5777CU/g/min.,
respectively Na,MoO, x 2H,0 - 0.2720 CU/g/min.

After 14 days of incubation, the catalase activity in the fungus mycelium
has reached 5.0038 CU/g/min in the control variant and, for the remaining
samples the intracellular enzyme activity is inhibited. Lowest catalase activity
was present for variant V4 - 1.4026 CU/g/min., followed by variant V1 - 1.7739
CU /g/min., variant V3 - 1.0054 CU/g/min and for variant V5 - 2.2019 CU/g/min.
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Fig. 1 - The catalase activity in the mycelium of Monilinia laxa (Aderh.&Ruhl.) Honey
specie’s cultivated on the medium supplemented with various mineral compounds

A critical analysis on the dynamics of the enzyme activity shows an increase of
the catalase activity with the aging of the culture medium to all variants, except
variant FeCl; x 6H,0, in which the enzyme activity decreased very slightly (from
4.6304 CU/g/min. at 2.2019CU /g/min).

The experimental data regarding the influence exercised by the boric acid and
mineral salts used in this study on the extracellular catalase activity are plotted in
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figure 2, and, in their analysis it could be found that all the samples studied had
inferior levels of the exoenzyme activity of the control variant, which registered a
value of 1.3260 CU/ml /min. Compared with that, more diminished activity was
recorded for variant containing FeCl; x 6H,0 - 1.1560 CU/ml/min., while Na,MoQ, x
4H,0 and MnCl, x 2H,O recorded almost identical values - 0.8250 CU/ml/min.
respectively, 0.8500 CU/ml/min. Minimum point of the activity of this biochemical
parameter was noted in the medium variant containing H;BO; - 0.6120 CU/ml/min.
and to the working variants V2, V6 and V7, the enzyme activity was null.
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Fig. 2 - Catalase activity in the liquid culture of the Monilinia laxa (Aderh.&Ruhl.) Honey
specie’s cultivated on the medium supplemented with various mineral compounds

The aging of the culture entailed a moderate increase in the catalase activity in
liquid culture medium at all options. The control recorded the value of extracellular
catalase 1.3940 CU/ml/ min. and the minimal activity was found in the medium
variant containing Na,MoQO, x 2H,0- 0.7820 CU/ ml/min. this time Boron had the
most intense effect (although less than that of the control sample) - 1.3600
CU/ml/min. followed in descending order of variant with FeCl; x 6H,O - 1.1220
CU/ml/min. and variant with MnCl, x 4H,O - 1.0540 CU/ml/min. Detailed
examination of the dynamics of catalase activity in the liquid culture revealed that all
medium variants have been stimulated by this enzyme, less variant V5, which
decreased from 1.1560 CU/ml/min. to 1.1220 CU/ml/min. and V4, which decreased
from 0.8500 CU/ml/min to 0.7820 CU/ml/min., all medium variants having lower
values than the control sample.

Another objective of this study was the determination of the peroxidase activity
in the mycelium of the fungus Monilinia laxa (Aderh.&Ruhl.) Honey at 7 days after
seeding, the values obtained being systematized in figure 3. A first observation
indicates that both minerals used in the experiment and boric acid also showed
inhibitory effect, the strongest being recorded at medium variant containing FeCl; x
6H,0 - 0.0893 PU/g/min., versus control sample, an activity that has been of 0.4119
PU/g/min. V4 variant showed a value of 0.2768 PU/g/min. while the version with
boric acid had the most intense activity of all mineral compounds (0.3418 PU/g
/min.). At 14 days after seeding inoculation, the culture with mycelium peroxidase
activity has registered in the control version values of 0.43907 PU/g/min., the
minimum point of the endoenzyme activity at this time being found in the medium
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variant containing FeCl; x 6H,O (0.0616 PU/g/min.). Intermediate values were
recorded as follow: MnCl, x 4H,O - 0.3178 PU/g/min., H;BO; - 0.2703 PU/g/min.,
Na,MoO, x 2H,0 - 0.2528 PU/g/min.

Extracellular peroxidase (fig. 4) reached in the control variant at 7 days after
moculation of the culture, the value of 0.2229PU/ml/min.
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Fig. 3 - Peroxidase activity in the Monilinia laxa (Aderh.&Ruhl.) Honey specie’s mycelium
cultivated on the medium supplemented with various mineral compounds
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Fig. 4 - Peroxidase activity in liquid culture of the Monilinia laxa (Aderh.&Ruhl.) Honey
specie’s cultivated on the medium supplemented with various mineral compounds

Boric acid induced a peroxidase activity outside of the mycelium, from 0.0406
PU/ml/min. having like the rest of mineral salts, an inhibitory action on the exoenzyme.
Minimum point was highlighted in the medium variant containing MnCl, x 4H’O
(0.0182 PU/ml/min) and the variant with Na,MoO, x 2H,O peroxidase activity was
given an identical amount of boric acid (0.0406 PU/ml/min). In liquid culture, the
peroxidase activity was relatively uniform, after 14 days of incubation in the medium
used in all variants, except variant V4 (Na,MoO, x 2H,0) who detected the minimum
value (0.01458 PU/ml/min), the control having the highest threshold of enzyme activity
in the liquid culture (0.1302 PU/ml/min). The results confirm data from literature
according to which CuSO, x SH,O is fungicide (Krieger 2001; Nasim G., 2008) as ZnSQO,
x 7H,O (Matolcsy D.G. et al, 1988), its effect being, however, lower to copper, confirmed
by the Horsfall order of metal toxicity: Ag> Hg> As> Cd> Ni> Pb> Co> Zn> Fe> Ca.
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CONCLUSIONS

The analysis of experimental results regarding the influence of the mineral
compounds on the dynamics of some oxidoreductases activity in Monilinia laxa
(Aderh.&Ruhl.) Honey parasite on plum has allowed us to draw the following general
conclusions:

1. In all medium variants, both in fungus mycelium and in liquid culture, catalase
and peroxidase were inhibited to a greater or lesser measure by the use of mineral
compounds, finding values for the lower activity exhibited by the control.

2. CuSO, x SH,0, ZnSO, x 7H,0 and the mixture of mineral compounds had an
clear antifungal effect on the Monilinia laxa (Aderh.&Ruhl.) Honey fungus.
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