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1. Yeast diversity – the state of the art
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✓ Yeasts → probably the most 

ancient eukaryotic organisms

✓ <1% → estimated ratio between 

described & existing yeast species

✓ Expected number of yeast 

species on Earth → around 

150,000
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2. Extremophilic yeasts (A)
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2.1 Some basic definitions
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2. Extremophilic yeasts (B) 
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Obligate (true or sensu stricto) psychrophiles

 optimal growth temperature  15°C (or below)

minimum growth temperature  0°C (or below)

maximum growth temperature < 20°C 

Facultative psychrophiles (psychrotolerant or 

psychrotrophic)

 optimal growth temperature  25°C (or higher)

minimum growth temperature  0°C 

maximum growth temperature  30°C (or higher)
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3.1 Some basic definitions

3. Cold-adapted yeasts (A) 

ECCO XLII Meeting, 18-20 September 2024



7/35

3.2 Current literature 

3. Cold-adapted yeasts (B) 
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4. Cold environments worldwide (A)

4.1 The Randolph Glacier Inventory 
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4. Cold environments worldwide (B)

4.2 Impact of ongoing climate change: “Only 17 years to try to reverse 

the retreating trend” (IPCC, 2014)
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4. Cold environments worldwide (C)

4.3 A few “collateral” effects of Alpine glacier retreat (1)
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4. Cold environments worldwide (D)

4.4 A few “collateral” effects of Alpine glacier retreat (2)
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5. Culturable diversity of cold-adapted yeasts in 

worldwide cold environments (A)

5.1 Sampling sites 

(2002-2020)
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Snow

Supra- & sub-glacial debris (1-2°C in situ)

Ice cores Melt waters

Permafrost, ice cores & brines

Rocks  

5. Culturable diversity of cold-adapted yeasts in 

worldwide cold environments (B)

5.2 Samples 
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Cutoff = 0.22 m

Melt waters, snow (after melting 

under asepsis) and brines

5. Culturable diversity of cold-adapted yeasts in 

worldwide cold environments (C)

5.3 Isolation protocols (incubation at 4°C and 20°C for 12 and 4 weeks)

Debris (aseptically collected)

➢ Surface washing (20’’) with 5%) NaClO

➢ Series of surface washings with sterile water

➢ Melting of cores into a sterile funnel and discharge of the first melt aliquots 

➢ Harvesting and streaking of subsequent aliquots of melt cores on Petri dishes

➢ Incubation: 4°C and 20°C for 12 and 4 weeks

Lab surface decontamination protocols for 

ice and permafrost

➢ Surface washing (20’’) with 5%) NaClO

➢ Series of surface washings with sterile water

➢ Rock crushing and grinding in pestle (under aseptic conditions)

➢ Preparation of a water suspension 1:10 (v/v) and streaking on Petri dishes

Lab surface decontamination 

protocols for rocks
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NL1

RLR3RITS1 ITS2

D1/D2 26S18S 5.8S

600 bp

ITS1

ITS4
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5. Culturable diversity of cold-adapted yeasts in 

worldwide cold environments (D)

5.4 Identification by sequencing of D1/D2 of 26S rRNA gene and ITS (1&2)
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www.dbvpg.unipg.it

5. Culturable diversity of cold-adapted yeasts in 

worldwide cold environments (E)

5.5 Ex-situ conservation of yeast isolates in the Industrial Yeasts Collection 

DBVPG
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Aureobasidium pullulans
Aureobasidium sp.
Exophiala dermatitidis
Candida santamariae
Candida sp.
Cystofilobasidium macerans
Cystobasidium laryngis
Cystofilobasidium capitatum
Cystobasidium cf. laryngis
Cystobasidium sp.
Cystobasidium sp.
Cystofilobasidium infirmominiatum
Buckleyzyma aurantiaca
Erythrobasidium hasegawianum
Phenoliferia psychrophenolica
Phenoliferia glacialis
Sporobolomyces roseus
Ustilentyloma graminis
Glaciozyma watsonii
Leucosporidium creatinivorum
Rhodosporidiobolus colostri
Glaciozyma martinii
Leucosporidium intermedium
Leucosporidium sp.
Phenoliferia sp.
Sporobolomyces metaroseus
Rhodotorula bacarum
Mrakia robertii
Mrakia gelida
Tausonia pullulans
Mrakia aquatica
Mrakia cryoconiti
Mrakia cf. gelida
Mrakia psychrophila
Itersonilia pannonica
Mrakia blollopis
Mrakia niccombsii

1,160 strains belonging to 78 species
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5. Culturable diversity of cold-adapted yeasts in 

worldwide cold environments (F)

5.5 Results: culturable yeast diversity found

ECCO XLII Meeting, 18-20 September 2024



Subphylum 

Pucciniomycotina 
Orders     

Cystobasidiomycetes 

and 

Microbotryomycetes

Subphylum  

Ustillagomycotina
A single strain

Subphylum 

Agaromycotina
Order 

Tremellomycetes

Class 

Cystofilobasidiales

Class 

Filobasidiales

Class 

Holtermanniales

Class

Tremellales

Goffeauzyma 

gastrica 

Goffeauzyma 

gilvescens

Vishniacozym

a victoriae

Phenoliferia 

psychrophenolica

Mrakia 

robertii

Ascomycota
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5. Culturable diversity of cold-adapted yeasts in 

worldwide cold environments (F)

5.5 Results: Ascomycota vs Badisiomycota
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Glaciozyma martinii
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Glaciozyma watsonii

Mrakia robertii Mrakia blollopis

Naganishia 

vaughanmartiniae 
Naganishia onofrii 

Mrakia stelvica

Mrakia montana

Taphrina antarctica

5. Culturable diversity of cold-adapted yeasts in 

worldwide cold environments (G)

5.6 Some new genera and species recently described by DBVPG (1)
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New genera and species described

✓ Vustinia terrea

✓ Udeniomyces (U. caspiensis, U. orazovii)

✓ Tausonia rosea

✓ Itersonilia diksonensis

✓ Krasilnikovozyma fibulata

✓ Gelidatrema glaciarii

✓ Kwoniella fici

✓ Heterocephalacria (H. fruticeti, H. gelida, H. hypogea, H. lusitanica)

✓ Piskurozyma (P. arborea, P. silvicultrix, P. stramentorum)

✓ Naganishia nivalis

✓ Yurkovia nerthusi
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5. Culturable diversity of cold-adapted yeasts in 

worldwide cold environments (H)

5.7 Some new genera and species recently described by DBVPG (2)
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✓ ~ 13% of total strains resulted to belong to new species

✓ ~ 20% of species found were new species

A few

examples
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5. Culturable diversity of cold-adapted yeasts in 

worldwide cold environments (I)

5.7 Some new genera and species yet to be described by DBVPG
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➢ Most microbial taxa (including yeasts) cannot be 

cultured under laboratory conditions

➢ As a consequence, culturomic results represent at 

best only a partial picture of the yeast diversity 

occurring in worldwide cold ecosystems

➢ Non-culturable yeast (fungal) diversity → Next 

Generation Sequencing of Antarctic and Alpine samples
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6. Unculturable diversity (NGS) of cold-adapted fungi 

(including yeasts) (A)

6.1 A paradigm shift (2020-today)
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A

B

✓ High differentiation of fungal communities among different sites/layers → 

predominance of specialist OTUs

✓ Alpha-diversity and beta-diversity → fungal (including yeasts) communities 

well adapted to cold ecosystems 

6. Unculturable diversity (NGS) of cold-adapted fungi 

(including yeasts) (B)
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✓ Yeasts dominated the fungal biodiversity in almost all studied habitats 

6.2 Recent results on fungal biodiversity found on Antarctic and Alpine 

habitats: a general overview (2020-today)
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Summer 

2022

Summer 2023

> 5°C

> 5°C

> ppm CO2
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~ 2,500 m a.s.l.

~ 1,500 m a.s.l.

7. Predicting the impact of climate change on Alpine 

soil fungal community

7.1 Ongoing project (2022-2025): “MICROPLANTALP” 

https://sites.google.com/unitus.it/microplantalp/home 
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✓ Extracellular cold-active enzymes degrading organic polymers → 
in-situ C and N co-mineralizers? 

25/35

8.1 Cold-active enzymes

8. Physiological/molecular adaptation to cold (A) 

ECCO XLII Meeting, 18-20 September 2024



➢ High concentration of 
intracellular unsaturated 
lipids (e.g. PUFAs) → 
increased fluidity of cell 
cytoplasm and 
membranes at low 
temperatures
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8.2 Lipid composition

8. Physiological/molecular adaptation to cold (B) 
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✓ N. antarctica → no increase of methylation level after recovery from 

stress → reversible cold-induced physiology and biochemistry

✓ N. albida → increase of methylation level after recovery from stress 

→ not-reversible cold-induced physiology and biochemistry 
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8.2 DNA methylation 

8. Physiological/molecular adaptation to cold (C) 
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✓ A number of yeasts strains were found to secrete extracellular enzymes 

active at 4°C

A few examples:

Goffeauzyma gilvescens: 90% 

positive for SDA, 100% for 

esterase activity

Mrakia gelida: 100% positive for 

SDA* and protease activity

Cytstobasidium laryngis: 100% 

positive for esterase activity

* Starch Degrading Activity
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9.1 Cold-active enzymes for mild technologies (A) 

9. A look to biotechnology of cold-adapted yeasts (A) 
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Extracellular enzymatic 
activity at different 
temperatures of cell-free 
extracts of psychrophilic 
yeasts isolated from:

➢ glacial (A) habitats
➢tropical (B) habitats  
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9.2 Cold-active enzymes for mild technologies (B) 

9. A look to biotechnology of cold-adapted yeasts (B) 
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Adaptation  strategy to 

low temperatures:

➢  increased lipid 

production

➢ increased lipid 

unsaturation
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9.2 Accumulation of PUFAs 

9. A look to biotechnology of cold-adapted yeasts (C) 
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✓ Ability to reduce α,β 
electron-poor 
compounds 

✓ Synthesis of “building-
blocks” molecules of 
pharmaceutical interest 
via biocatalysis
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9.3 Stereoselective catalysis of NADH/NADPH-mediated redox reactions

9. A look to biotechnology of cold-adapted yeasts (D) 
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Cold-adapted yeasts → possible biotechnological 

exploitation

Physiological/molecular adaptation to cold → 

peculiar mechanisms (e.g. cold-active enzymes, 

lipid composition, DNA methylation, etc.)

The study of unculturable yeast diversity by NGS 

→ a more complete picture 

Cold-adapted yeasts → extremophilic organisms 

inhabiting cold habitats worldwide
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10. Take home messages

A source of new genera/species
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11. Acknowledgements 
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12. Sampling pictures  
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13. A bit of humor 
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Thank you for your attention…
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