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J. Gil Serna', B. Patiiio Alvarez', M.T Gonzilez-Jaén® and C. Vizquez Estévez"”

' Microbiology 11, Fac. Biology, UCM. José Antonio Novais. 2. 28040 - Madrid. Spain
*Genetics. Fac. Biology. UCM. José Antonio Novais. 2. 28040 - Madrid. Spain

.C[]'I'I‘E.thll'll]illg amthor @ covid@ bio.ncm.es. Phone: 0034913943442

Asperglins oclracens is one of the main contaminant of products such as coflee, grapes, cercals and derivatives,
This filamentous Tungus can also produce ochratoxin A (OTA). a secondary metabolife with nephrotoxic and
carainogemie properbies, The maximum OTA loots allowed i foed and raw agroproducts are under legal
regulatnon. Currently. hielogical control has been proposed as a useful strategy in integrated management to
control these fungi. Yeasts would be swmtable biocontrol agents because of their characlenistics: capacity of
growing in fermenters, few nuintional requests and inability 1o produce loxic metabolites

In this stidy, we tesied the antapomst abihily of 16 veast strams Trom seven different species agamst five
Aspergiins oclwacens sirains, Two strmns of Debarvorneces franserr (CYC 1021 and CYC 12445 showed
mhibitory actrvity against these fungit when they both were grown in YMA-MB medium supplemenied with
sodium chlonde (6%). Additional in wire assavs showed that salinity enhanced biocontrol activity of
Debaryamyvees hansemit CYC 1244 The effect of temperature on biocontrol activity was also studied, The hghest
reduction of fungal growth was achieved at 20°C. OTA concentration in CY A medium was significantly lower at
28°C compared with control when {ungus and veast were co-cultured

Keywords Aspergiilus ochracens, biocontrol, Debarvomyees hansemi, ochratoxin A

1. Introduction

Ochratoxin A (OTA) 15 a secondary metabolite produced by Aspergiflus and Penicillinm species. This
mvceotoxin has been shown to have nephrotoxic. inmunotoxic. genoloxic and teratogenic properties towards
several animal species [1], and has been classilied by International Agency Tor Research on Cancer as possible
carcinogen to humans (group 2B) [2]. OTA occurs in various foodstuffs and beverages including a vanety of
cereals. beans, groundnuts, spices. dried frunts, grapes. colfee, malk, wine and beer [3. 4] and 1ts maximum limits
on several commodities for human consumption are under legal regulation. Aspergillus ochracens 15 an
important OTA producer specie and 1t 1s considered the mamn source n coflee [3]

Postharvest decay can be reduced by minimuzing frut injunies, by mamntaiming the natural resistance of the
host and by delaving senescence However. these beneficial practices are usually not sufficient to protect the
produet from fungal infecuon |6]. The use of fungicides nnmediately before or at postharvest to prevent rots 1s
being increasingly limited by legislation, because of nsks for consumers’ health |7] environmental pollution,
and the onset of resistant pathogen strains |8]

Biological control has been proposed as an allemative 1o the use of svathetic fungicides or m combination
with them for reducmg [ungal growth and toxin biosynthesis |9, 10, 11]. Several veast species have already been
shown 1o be efTective blological control agents in protecting plants against fungal diseases [12, [3] Although
the molecular basis of the natursl process of biocontrol are still largely unknown, competition for nutnents [14],
predation [13], secretion of cell wall degrading enzvmes |16], killer toxins |17] or production of syringotoxins
and synngomycems | 18] are possible mechanisms involved m biological control.

The aim of the present work was to test the antagomistic ability of different veast species against 4. ochraceus
strains and to determme the optimal conditions to reduce fungal growth and OTA concentration,

2. Materials and Methods

2.1, Orgamsms, media and culture conditions

All the 1solates used in this study are given in Table 1. Yeast strains were maintained by regular subculturing on
Yeast Morphology Agar (YMA) [19] of slopes at 25°C for 48 h and subsequenily stored at 4°C until required.
The A. ochraceus strams were maintained by regular subculiunng on Potato Dextrose Agar (PDA) at 25°C lor
96 h and then stored at 4°C until required and stored as spore suspension in 15% glycerol at —80°C.
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Table 1  Yeast and fungal stains used in biocontrol experiments.

Species Strains

Debarvomyces hanserni CYC 1021 CYC 1244 CECT 10380 CECT 10386

Verschntkonwio pulehernima L3 L4 L4
Pichia anomala CECT 1114

Pickia membramifaciens CYC 1070

Saccharamyces cerevisiag cYC 1172 CYC 1174

Torwlaspora delbrieckn CYC 1176 CYC 1177 CECT 10589 CECT 10676
Zveasaccharomyces rowvis CYC 1150

ALD® ALF AsO2

Aspergiling cofivaceis

CECT 6795* CECT 6823

* OTA producers

2.2, Initial screening and salinity significance

The ability of 16 veast strams to control 4. ochracens strains was tested. One ml of spore suspension (10"
spores/mly was cultured i YMA-MB medium either supplemented or not with sodium chloeide (6%) at 20°C
Plales were moculated with a loopful of each yveast stram onto the surface of agar (4 veasts/ plate). Posiive
hiocontrol was considered when a clear zone of growth inhibition was visible afier 7 davs of incubation.

The effects of salimity on biocontrol of D). hansenii CYC 1244 against all five A. oclracens strams were
studied. One ml of a CYC 1244 cellular suspension (5 x 107 cells/ml) was mixed with 25 ml of melted YMA-
ME medinm with or without sodiumn chlonde (6%). Spots of 1.5 ul of A, eclracens spore suspension (10
spores/mly were placed on each plate. Fungal growth was determined by measuring the fungal colony duameter
at 4, 7 and 10 davs Plates were incubated at 20°C,

2.3. Biocontrol activity: Ellect of temperature and influence in OTA production

One m) of a veast cellular suspension of D, hansenii (3 x 10" cells/iml) was mixed with 25 ml of melied CYA
medium (Czapek Yeast Extract Agar). Spots of 2 pl of A, echraceus spore suspension (10° spores/ml) were
placed on each plate. Fungal growth was determined by measuring the colony diameter at 4, 7 and 10 davs. This
assay was carmied out at 20°C and 28°C

The influence of D, hansenii CYC 1244 i OTA concentration was analysed in the three A. ochraceus
producers (ALD, CECT 6795 and AsO2). OTA was extracted by a method designed elsewhere [20] after 10
days of incubation in previously desenbed conditions snd measured by High Performance Liquid
Chromatography (HPLC). Methanol — Monopotassium phosphate (2: 1) was the mobile phase

2.4. Statistical analysis

Statistical software SP'SS 14.0 was used. Corresponding T-student test for independent or paired samples was
apphed. The level of sigmficance was estabhshed as p < 0.05.

3. Results

3.1 Initial screeming and salinity significance

In the imual screeming we have used YMA-MB medium because it favours the growth of veasts. Sodium
chlonde was added to enhance possible killer toxm production by veasts [21]. Two out sixteen veast sirains
tested in the sereening. D, hapsemii CYC 1021 and CYC 1244, showed biocontrol effect against all the A,
ochracens strams m assays performed m YMA-MB medium supplemented with sodwm ehlonde (6%). Growth
inhibition was not observed in experiments using Y MA-MB medium without salt in these conditions. [,
hansemi CYC 1244 wasg selected for additonal i vitre assavs becaose it produced a igger zone of growth
inhibition than CYC 1021

Biocontrol efficiency of 12 hanseni CYC 1244 was enhanced by high sodium chloride concentration (Table
2). Signmificant reduction of fungal growth (65%) by this veast strain was observed in relation with control assavs
{fungi grown on free veast plates) in YMA-MB with high sahimity, while no significant reduction was observed



in experiments where the medium was not supplemented with salt. Figure | shows the evolution of fungal
growth in YMA-MB with sodium chlonde (6%).

Crpats danm e hm]

standard deviation,

Fig. 1 Evolution of lungal growth in plates with
YMA-MB  supplemented  wath NaCl Solid  line
represents  control  growih and  discontinuous line
indicates fungal growth with CYC 1244, The values
are mean of five 4. ochracens strains. Bars indicate

Table 2. Effects of salinity and biocontrol activity on fungal growth. " Represents statistical signification
(p=0.05) when controls with or without sodium chlonde were compared. L’chrcw.:nts stalistical signification
(p=0.001) when control plates with fungi in YMA-MB medium were compared with YMA-MRB plates where
fungus and CYC 1244 were co-cultured. Values corresponded to 10-day-old cultures.

Growth diameter without Growth diameter with
NaCl (mm) NaCl (6%) (mm})
Aspergiflus ochracens controls 42,40 29.60"
Aspergillus ochracens + CYC 1244 3680 10.40"

3.2 Biocontrol activity: Effect of temperature and influence in OTA production

This assay was carried out in CYA plates to test the effect of presence of D. hansenii CYC 1244 on OTA
concentration. CYA is a permissive medium for OTA production [20]. The effect of temperature on both fungal
growth and OTA concentration was studied at 20 and 28°C,

The temperature showed an effect on the biocontrol efficiency against A. ochraceus growth (Fig. 2).
Biocontrol plates meubated at 28°C showed little reduction 1n growth (15.4%) compared to controls without
yeast, while higher values (48.5%) were obtained at 20°C in the same experiments.
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Fig. 2 Eflect of temperature and presence of D
fransenii CYC 1244 on the reduction of fungal
growth. White bars represent fungal growth in
control plates without yeast and scratched bars in
plates with CYC 1244, The values are mean of
five 4. echracens strains, Standard deviation of
these values are indicated.

Stanstical sigmbication 15 indicated by aslensks
#225-0.001, **0.001<p= 0,01, *0.01-p=0.05.

No OTA production by any of five A. ochraceus strains was detected n at 20°C. A high reduction of OTA
concentration was observed at 28°C 1n plates of the three OTA-producing A. echraceus strnins co-cultured with

D). hansenii CYC 1244 (Table 2).
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Table 2  OTA concentration in plates at 28°C afler 10 days of incubation measured by HPLC

A ochraceus strain [OTA] (pugTh Reduction [ %)
" -

A Control 10274 %6.7
+ICYC 1244 1371
Control 1278

CECT 6795 o 37.3
= CYO 1244 ®i1

! -

ALD Control 263 20,53

FCYC 1244 20

4. Discussion

Yeasts would be suttable biocontrol agents because of their charactensties: capacity of growing in fermenters,
few nuinitional requests and mabihity to produce toxic metabolites [9] Several veast species seems to inhbat
fungi [12. 13] and. specifically. species of Pichia and Hanseniaspora genera have been shown biocontrol
aganst Aspergillus ochracens |11 In this work, two strains ol Debarvomyees hansenii (CYC 1021 and CYC
1244} showed antagonistic aclivity against several strains of A, echracens. although the effect was more
important in case of [ hanseni CYC 1244 Ths activity maght be due to their ability to produce a killer toxn
affecting fungal growth [17, 22]. Lethal activity of this toxin mcreases in mediums supplemented with sodium
chloride [21]. The positive effect of high salinity found in the biocontrol assavs might suggest an antagonist
activity mediated by this mechanism

Eitects of temperature on growth and OTA production by 4. ecliracens have been reported |25, 24). In this
work, we have observed antagonist activity at both temperatures tested. 28 "C and at 20°C. However, reduction
of fungal growth was more drastic at 20°C than at 28 °C in all strains studied. This fact also supports the theory
of a killer toxin mediated mechanism of bocontrol by D, hansenii CYC 1244 since it has been reported that
toxin stability deereases at temperatures higher than 200C [17] Additional experiments will be performed to rule
out other possibilities such as competition

The antagomst activity had also a remarkable effect on OTA reduction when D, hansenii CYC 1244 and A.
ochracens were co-cultured i the same plate, with values reaching 86% in AsO2 stram. In some studies,
reduction of OTA concenfration by veast species might be achieved by the ability to adsorb or to retain
myveotoxins [25]. Moreover. it has been described the capacity of several yeast species to produce volatile
compounds that affect OTA production by A, ochracens |26]. Both mechamsms could be possible in our case,
although we do not have information vet about the mechanism underlving the effect of D, hansenii in OTA
reduction.

The results obtained in the present work indicate a positive antagonistic effect by D). hansemii on all the
Aspergilius ochraceus strains showed by reduction of fungal growth and OTA concentration in in vitro cultures.
Further studies in vive are needed to check 1f 1015 possible to apply this veast in biological control of this fungus
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