Supplementary Table 1. Mechanisms underlying the antagonistic activity of yeasts. Different types of biocontrol mechanisms are divided into different specific
mechanisms that were studied in distinct yeast species. Key studies and findings for all the specific mechanisms in different species are given without the claim for

completeness. This overview is limited to studies that directly link specific properties/enzymes/metabolites to antibacterial or antifungal activity.

Type of mechanism

Specific mechanism

Species

References

Competition for nutrients
& space

Secreted enzymes

Rapid nitrogen/amino acid
depletion

General competition for
nutrients

Iron deprivation

Sulfur metabolism

Biofilm formation

Chitinases

Metschnikowia reukaufii

Cryptococcus laurentii

Rhodotorula glutinis
Aureobasidium pullulans

Metschnikowia pulcherrima

Saccharomycopsis schoenii
Aureobasidium pullulans
Kloeckera apiculata
Metschnikowia pulcherrima

Pichia fermentans

Pichia kudriavzevii
Saccharomyces cerevisiae
Wickerhamomyces anomalus

Aureobasidium pullulans
Candida oleophila

Cryptococcus albidus

Dhami et al. 2016

Castoria et al. 1997

Castoria et al. 1997

Wang et al. 2009a; Wang et al. 2009b

Gore-Lloyd et al. 2019; Saravanakumar et al. 2008;

Sipiczki 2006

Junker et al. 2019

Klein and Kupper 2018; Wachowska et al. 2016
Pu et al. 2014

Parafati et al. 2015

Fiori et al. 2012; Giobbe et al. 2007; Maserti et al.
2015; Sanna et al. 2013; Sanna et al. 2012

Chietal. 2015
Ortu et al. 2005; Scherm et al. 2003
Parafati et al. 2015

Zajc et al. 2019
Bar-Shimon et al. 2004
Chan and Tian 2005



Glucanases

Debaryomyces hansenii
Metschnikowia fructicola
Metschnikowia pulcherrima
Meyerozyma guillermondii
Pichia guilliermondii

Pichia methanolica

Pichia membranifaciens
Saccharomyces cerevisiae
Saccharomycopsis schoenii
Tilletiopsis sp.
Wickerhamomyces anomalus
Apiotrichum mycotoxinovorans

Candida oleophila

Cryptococcus albidus
Cryptococcus laurentii
Metschnikowia pulcherrima
Pichia guilliermondii

Pichia membranifaciens
Pichia methanolica
Rhodotorula glutinis
Saccharomyces cerevisiae
Saccharomycopsis schoenii

Tilletiopsis sp.

Zajc et al. 2019

Zajc et al. 2019
Saravanakumar et al. 2009
Zajc et al. 2019

Zhang et al. 2011
Pretscher et al. 2018
Chan and Tian 2005
Lopes et al. 2015

Junker et al. 2019
Urquhart and Punja 2002
Pretscher et al. 2018
Pretscher et al. 2018

Bar-Shimon et al. 2004; Segal et al. 2002; Yehuda
et al. 2003

Chan and Tian 2005
Castoria et al. 1997
Pretscher et al. 2018
Zhang et al. 2011

Chan and Tian 2005
Pretscher et al. 2018
Castoria et al. 1997
Lopes et al. 2015

Junker et al. 2019
Urquhart and Punja 2002



Toxin production

Lipases

Proteases

Killer toxin / Killer activity

Wickerhamomyces anomalus (Pichia anomala) Friel et al. 2007; Grevesse et al. 2003; Parafati et al.

Environmental isolates of ascomycete and

basidiomycete yeasts
Aureobasidium pullulans
Candida oleophila
Metschnikowia pulcherrima
Pichia methanolica
Saccharomycopsis schoenii
Wickerhamomyces anomalus
Candida guilliermondii
Candida nodaensis

Debaryomyces hansenii

Debaryomyces robertsiae
Kluyveromyces siamensis
Kluyveromyces wickerhamii
Mrakia frigida

Pichia acaciae

Pichia anomala

Pichia farinosa

Pichia kudriavzevii

Pichia membranifaciens

Pichia ohmeri

Pseudozyma tsukubaensis

2017

Arroyo-Lopez et al. 2008; Buzzini and Martini 2002;

Hernandez et al. 2007

Banani et al. 2014; Zhang et al. 2012
Bar-Shimon et al. 2004

Pretscher et al. 2018

Pretscher et al. 2018

Junker et al. 2019

Pretscher et al. 2018

Coelho et al. 2009

da Silva et al. 2008

Banjara et al. 2016; Corbaci and Ucar 2018;
Marquina et al. 2001; Santos et al. 2002

Klassen et al. 2004

Buzdar et al. 2011

Comitini and Ciani 2011

Hua et al. 2010

Klassen et al. 2004

De Ingeniis et al. 2009; Wang et al. 2007
Suzuki and Nikkuni 1994

Bajaj et al. 2013

Belda et al. 2017; Santos and Marquina 2004a;
Santos and Marquina 2004b; Santos et al. 2009

Coelho et al. 2009
Golubev et al. 2006



Volatile organic
compounds

Flocculosin

Aureobasidins

2-propylacrylic acid, 2-
methylenesuccinic acid

Liamocin

Unidentified toxins

2-phenylethanol and others

Saccharomyces cerevisiae
Saccharomyces paradoxus
Schwanniomyces occidentalis
Torulaspora delbrueckii

Tetrapisispora phaffii (Kluyveromyces phaffii)

Wickerhamomyces anomalus

Williopsis saturnus

Williopsis mrakii (Hansenula mrakii)

Zygosaccharomyces bailii

Pseudozyma flocculosa

Aureobasidium pullulans

Aureobasidium pullulans

Aureobasidium pullulans
Tilletiopsis sp.

Aureobasidium pullulans

Candida friedrichii

Candida intermedia
Cyberlindnera jadinii
Lachancea thermotolerans

Saccharomyces cerevisiae

Lopes et al. 2015; Rodriguez-Cousino et al. 2011
Vepstaite-Monstavice et al. 2018

Chen et al. 2000

Ramirez et al. 2015; Villalba et al. 2016

Chessa et al. 2017; Comitini et al. 2004; Comitini et
al. 2009

Guo et al. 2013

Buzzini et al. 2004; Guyard et al. 2002a; Guyard et
al. 2002b; Wang et al. 2012

Kasahara et al. 1994a; Kasahara et al. 1994b;
Lowes et al. 2000

Weiler and Schmitt 2003

Mimee et al. 2009; Mimee et al. 2005; Teichmann et
al. 2011

Takesako et al. 1991
Zain et al. 2009

Price et al. 2017
Urquhart and Punja 2002

Di Francesco et al. 2014

Farbo et al. 2018
Farbo et al. 2018

Farbo et al. 2018

Farbo et al. 2018
Fialho et al. 2010



Fungivory / direct
parasitization

Indirect mechanisms

2-phenylethyl acetate and
others

2-phenylethyl acetate and
others
2-ethyl-1-hexanol

1,3,5,7-cyclooctatetraene, 3-
methyl-1-butanol and others

Unidentified volatiles

Induction of resistance

Wickerhamomyces anomalus (Pichia anomala)
Williopsis mrakii

Hanseniaspora uvarum

Pichia kluyveri

Wickerhamomyces anomalus (Pichia anomala)

Sporidiobolus pararoseus

Candida intermedia

Aureobasidium pullulans

Candida sake
Metschnikowia pulcherrima

Saccharomyces cerevisiae

Starmerella bacillaris
Wicherhamomyces anomalus
Sachharomycopsis schoenii
Pichia guillermondi
Pseudozyma aphidis

Candida oleophila

Candida saitoana
Curibasidium pallidicorallinum
Kloeckera apiculata

Metschnikowia fructicola

Hua et al. 2014
Bruce et al. 2003
Masoud et al. 2005

Masoud et al. 2005
Masoud et al. 2005

Huang et al. 2012

Huang et al. 2011

Parafati et al. 2015

Arrarte et al. 2017
Parafati et al. 2015

Lopes et al. 2015; Oro et al. 2017; Parafati et al.
2015

Lemos et al. 2016

Parafati et al. 2015

Junker et al. 2018; Junker et al. 2019
Wisniewski et al. 1991

Calderon et al. 2019; Gafni et al. 2015
Droby et al. 2002

El Ghaouth et al. 2003; Hadwiger et al. 2015
Hadwiger et al. 2015

Liu et al. 2016

Hershkovitz et al. 2012



Metschnikowia pulcherrima Hadwiger et al. 2015

Pseudozyma aphidis Barda et al. 2015; Buxdorf et al. 2013a; Buxdorf et
al. 2013b; Calderon et al. 2019; Gafni et al. 2015

Pseudozyma churashimaensis Lee et al. 2017

Rhodosporidium paludigenum Lu et al. 2014; Lu et al. 2013; Sun et al. 2018

Saccharomyces cerevisiae (including cell walls) De Miccolis Angelini et al. 2019; Shalaby and El-
Nady 2008
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