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1. Yeast diversity — the state of the art
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2. Extremophilic yeasts (A)
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ECOYEAST REVIEW

Extremophilic yeasts: the toughest yeasts around?

Pietro Buzzini® @ | Benedetta Turchetti® | Andrey Yurkov?

! Department of Agricultural, Food and
Ervironmental Sciences, University of Perugia,

Abstract

Italy Microorganisms are widely distributed in a multitude of environments including eco-
? Leibniz Institute DSMZ - German Collection

of Microorganisms and Cell Cultures,
Braunschweig, Germany extreme physical and chemical factors contributes to the definition of extreme habi-

systems that show challenging features to most life forms. The combination of

Cormespondence tats although the definition of extreme environments changes depending on one's
Pietro Buzzini, Department of Agricultural,

Food and Envirenmental Sciences, University
of Perugia, Italy. that live under conditions that cause hard survival are called extremophiles. In partic-
Ermail: pletro. buzzini@unipe it

point of view: anthropocentric, microbial-centric or zymo-centric. Microorganisms

ular organisms that require extreme conditions are called true extremophiles while
organisms that tolerate them to some extent are termed extremotolerant. Deviation
of temperature, pH, osmotic stress, pressure and radiation from the common range
delineates extreme environments. Yeasts are versatile eukaryotic organisms that are
not frequently considered the toughest microorganisms in comparison with prokary-
otes. Nevertheless extremophilic or extremotolerant species are present also within
this group. Here a brief description is provided of the main extreme habitats and
the metabolic and physiological modifications adopted by yeasts depending on their
adverse conditions. Additionally the main extremophilic and extremotolerant yeast

species associated with a few extreme habitats are listed.

KEYWORDS

extremophilic yeasts, extremotolerant yeasts, extreme environments
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" 2. Extremophilic yeasts (B)

2.1 Some basic definitions

Metallophiles

Xerophiles

Piezophiles

Moderate extremophiles

Thermophiles K Extreme thermophies

- Mesophiles

Psychrophdles sensu stricto
Psychrophiles
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3 Cold_adaptEd yeasts (A)

3.1 Some basic definitions

Obligate (true or sensu stricto) psychrophiles

-

# optimal growth temperature ~ 15°C (or below)
4 minimum growth temperature = 0°C (or below)
4 maximum growth temperature < 20°C

Facultative psychrophiles (psychrotolerant or
psychrotrophic)

- B

» optimal growth temperature ~ 25°C (or higher)
¥ minimum growth temperature = 0°C
¥ maximum growth temperature ~ 30°C (or higher)

PSYCHROPHILES

ECCO XLII Meeting, 18-20 September 2024 6/35



3.2 Current literature

FEMS

MICROBIOLOGY
Ecology

FEMS Microbiology Ecology 53 (2005) 117-128

www. [ems-microbiology.org

Biodiversity of cryopegs in permafrost

David Gilichinsky **, Elizaveta Rivkina * Corien Bakermans °, Viktoria Shcherbakova ¢,
Lada Petrovskaya ¢, Svetlana Ozerskaya ¢, Natalia Ivanushkina ¢, Galina Kochkina ©,
Kyastus Laurinavichuis ©, Svetlana Pecheritsina ©, Rushania Fattakhova *,

James M. Tiedje ®

e, FEMS Microbiology Ecology, 92, 2016, fiw018
% JOURNALS
m H 'ilnvem" in science doi: 10.1093/femsec/fiw018
OXFORD ﬂrpég v Advance Access Publication Date: 31 January 2016
"%mn Research Article

RESEARCH ARTICLE
Microbial diversity in European alpine permafrost

and active layers

Beat Frey!, Thomas Rime?, Marcia Phillips?, Beat Stierli!, Irka Hajdas?,
Franco Widmer* and Martin Hartmann®*
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3. Cold-adapted yeasts (B)

‘DB VPG

Erwiranmentsl Microbiology (2002) 11(2), 360-304 e A0 HH14].1 4B2-2920 200004777

Microbial eukaryotes in the hypersaline anoxic
L’Atalante deep-sea basin

Eva Alexander,' Alexandra Stock,’ ing in the evolution of an exceptional and distinctive
Hans-Wemer Breiner,' Anke Behnke,' John Bunge.® asgemblage of protists. The deep hypersaline anoxic
Michail M. Yakimow® and Thorsten Stoeck™ basina in the Meditarranean Sea provide an ideal plat-
'Uiniversity of Kaisersiawam, School of Biology, form to test for this hypothesis and are promising
Erwin-SchroedingerStrasse 14, D-67773, targets for the discovery of undescribed protiste with
Kaisarsiautern, Germany. unknown physiclogical capabilities.

i
@
Growth kinetics of microorganisms isolated from Alaskan soil and
permafrostin solid media frozendownto — 35°C

Nicolai S. Panikov & Maria V. Sizova

Department of Chemistry & Chemical Biology, Stevens Institute of Technology, NJ, USA
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~ 4. Cold environments worldwide (A)

4.1 The Randolph Glacier Inventory
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4.2 Impact of ongoing climate change: “Only 17 years to try to reverse
the retreating trend” (IPCC, 2014)

= 4. Cold environments worldwide (B)

2007 2050

.

BEeCOXt | "Memngr,"janzerse'pm‘aze% o Claudo Smiragia. Nol'ultima immagne, & simulazion delaspano della montagra net 2050 (Comitato Glacklogico Ralano) 9/35
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4. Cold environments worldwide (C)

4.3 A few “collateral” effects of Alpine glacier retreat (1)

P
WikELT 'E7j

LIFE AND DEATH ON THE

“ MARK THOMPSO
e e M i ek e e e B
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~ 4. Cold environments worldwide (D)

4.4 A few “collateral” effects of Alpine glacier retreat (2)
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‘.DB VPG

5. Culturable diversity of cold-adapted yeasts in
worldwide cold environments (A)

Svalbard

= archipelago
| Norway

5.1 Sampling sites
(2002-2020)

Andes
Nahuel Huapi National
Park

4,000 m asl /
Argepting N

Himalaya
Mount K2, South side

5,000 m asl, Karakorum,
Pakistan

#

Antarctica

» Dry Valleys, Upper Victoria Lake

+ Boomerang Glacier, Northern Victoria Land

» Battleship Promontory, Southern Victoria
Land, McMurdo Dry Valleys

+ Lichen Hills, North Victoria Land

« Morris Basin, North Victoria Land

» Vegetation Island, North Victoria Land

Central Alps
Ortles-Cevedale area
About 3,400 m a.s.l.

Western Alps
Mount Blanc area
About 3,600 m a.s.l.

Apennines
Gran Sasso area
About 3,100 m a.s.l.

12/35



‘.DB VPG

~ 5. Culturable diversity of cold-adapted yeasts in
worldwide cold environments (B)

5.2 Samples

Snow Melt waters Ice cores

R
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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)

Melt waters, snow (after melting Lab surface decontamination protocols for
under asepsis) and brines ice and permafrost

Funnel
Reservoir

Clamp

Kel-F—==
Support

Base

fgm  Filtration

M Flask
Test
Tube

Cutoff = 0.22 um

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 rocks

—_ . .
'_,_ ( £ ¢ 4
| Y
g =

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

YVVVVY

Debris (aseptically collected)

YVVVY
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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)

200 ITS1

i

210
P CF 8
NL1

——

=
[rp]
—
(e
[y
[rp]

18S

220
G C € G € T C

5.8S

D1/D2 i3

ITS1

~—
ITS2 RLR3R
ITS4

avaiabla online 2t v studesinmycology.org

Stuies N MrcoLocy 81: 85-147.

Towards an integrated phylogenetic classification of the
Tremellomycetes

X-Z Liu'*, Q-M. Wang'~, M. Gker’, M. Groenewald”, AV. Kachalkin®, H.T. Lumbsch®, AM. Millanes®, M. Wedin’, AM. Yurkov®,
T. Boekhout'“*", and F-Y. Bai'*"

 State Key Latoratory for Mycology, Institute of Microbiology, Chinese Academy of Sciences, Bejing 100101, PR China: *CBS Fungal Sdiversity Centre (CES-KNAW),
Uspsalslaen 8, Utrech, The Nethertands, *Leibaiz Instule DSM2-German Collction of Micracrgarisms and Cell Cultures, Braunschweig 38124, Gemnary, *Faculy of
Soil Scence, Lomonasov Moscow State Uriversity, Moscow 113991, Russia;*Science & Education, The Field Museur, 1400 . Lake Store Drive, Chicagp, L 60605,
USA; *Departament de Biologia  Geologia, Fisica y Quimica inorgarnica, Universidad Rey Juan Caros, E-28933 Mostofes, Spain; "Department of Botany, Swedsh
Museum of Natural History, PO, Bax 50007, SE-10405 Stockholm, Sweden; *Shangtal Key Latoratory of Molecular Medical Mycology, Changzheng Hossital, Second
Miltary Medical Universiy, Shanghai, PR Chia

* T BOEKHOUT

“Corespondence: F.Y. B4, baify@im.ac.cn; T. Boekhout, tboekhout@chs knawri
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avaiable online at www studesinmycology.org

Sruoes N Mycorocy 81: 149-189.

Phylogenetic classification of yeasts and related taxa within
Pucciniomycotina

.-M. Wang', AM. Yurkov’, M. Géker”, H.T. Lumbsch®, S.D. Leavitt’, M. Groenewald’, B. Theelen”, X.-Z. Liu", T. Boekhout'"*, and
F-Y.Bai'"

" State Key Laboratary of Mycology: Insfiute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China; *Leibriz Insttute DSMZ ~ Gemnan Calection of

and Cell Culres,  Gemany, *Science & Education, The Fieid Museun, 1400 S. Lake Shore Dive, Chicago, IL 60605, USA
“CBS Fungal Biodversity Centrs (CBS-KNAW), Uppsalelean 8, 3584 CT Utrecht, The Netherlands; >Shanghai Key Laborstory of Molecular Medical Mycology,
Changzhieng Hospital, Second Miktary Medcal Universiy, Shanghai, Chine

“Carmespandence: T. Boekhow,  tboekhout @cbs knaw.ni; F-Y. Bai, baify@im.ac.cn
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5. Culturable diversity of cold-adapted yeasts in
worldwide cold environments (E)

‘.DB VPG

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

DBVPG

2 ® B ¢ HomePsge-DEWG x S
€« C R (dsadunipg.t

Din 4 Hislogy Guide (D UniStum  [B) NCBI Twoncmy Ho.. €3

<R [ Sookmars @ Maps N Netlic [B) Tasonomy Beowser [ Documenti &9

A
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3

ABOUTUS  COLLECTION DBVPG CATALOGUE RESEARCH  SERVICES  REQUEST INFORMATION

ome

the Industrial Yeasts Collection DBVPG

tributes strains and offers se to the internat

‘ Aboutus ‘

www.dbvpg.unipg.it

(ieRI-T

Joint Research Unit

Funded by “5  Ministero .
the European Union {5 5 dell’Universita .=
NextGenerationEU #:2> edellaRicerca »
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" 5. Culturable diversity of cold-adapted yeasts in
worldwide cold environments (F)

5.5 Results: culturable yeast diversity found

: : : i Aureobasidium pullulans
1,160 strains belonging to 78 species = Aureobasidium Sp.
i Exophiala dermatitidis
® Candida santamariae
i Candida sp.
B Cystofilobasidium macerans
i Cystobasidium laryngis
H Cystofilobasidium capitatum
i Cystobasidium cf. laryngis
® Cystobasidium sp.
i Cystobasidium sp.
® Cystofilobasidium infirmominiatum
i Buckleyzyma aurantiaca
® Erythrobasidium hasegawianum
i Phenoliferia psychrophenolica
® Phenoliferia glacialis
i Sporobolomyces roseus
| Ustilentyloma graminis
i Glaciozyma watsonii
H Leucosporidium creatinivorum
1 Rhodosporidiobolus colostri
® Glaciozyma martinii
i Leucosporidium intermedium
H Leucosporidium sp.
i Phenoliferia sp.
® Sporobolomyces metaroseus
1 Rhodotorula bacarum
® Mrakia robertii
i Mrakia gelida
B Tausonia pullulans
i Mrakia aquatica
® Mrakia cryoconiti
u Mrakia cf. gelida
® Mrakia psychrophila

i Itersonilia pannonica
® Mrakia blollopis

ECCO XLII Meeting, 18-20 September 2024 4 Mrakia niccombsii 17/35
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5. Culturable diversity of cold-adapted yeasts in
worldwide cold environments (F)

5.5 Results: Ascomycota vs Badisiomycota

Ascomycota
Class

Tremellales

Subphylum
Pucciniomycotina
Class \ Orders
Holtermanniales S Q Cystobasidiomycetes
and
Subphylum Microbotryomycetes
Agaromycotina
Order

Subphylum
S~ Ustillagomycotina
A single strain

Tremellomycetes

Class
Cystofilobasidiales

Class
Filobasidiales

ECCO XLII Meeting, 18-20 September 2024 18/35
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5. Culturable diversity of cold-adapted yeasts in
worldwide cold environments (G)

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

W011) 1557358
01103881

Extremaphil
Dot 10

ORIGINAL PAPER

Psychrophilic yeasts from Antarctica and European glaciers:
description of Glaciozyma gen. nov., Glaciozyma martinii sp. nov.
and Glaciozyma watsonii sp. nov.

Bart ally

Extremophiles (2010) 14:47-59
DO 10.1007/500792-009-0286-7

ORIGINAL PAPER

Cold-adapted yeasts from Antarctica and the Italian
Alps—description of three novel species: Mrakia robertii sp. nov.,
Mrakia blollopis sp. nov. and Mrakiella niccombsii sp. nov.

Skye Robin Thomas-Hall - Benedetta Turchetti -

Pietro Be * Eva Branda * Teun Bockhout
Bart Theelen + Kenneth Watson

Extremephiles (2015) 19:149-159
DO 10,1007/500792-01 4-0602-3

ORIGINAL PAPER

Cryptococeus vaughanmartiniae sp. nov. and Crypfococcus onofrii
sp. nov.: two new species isolated from worldwide cold
environments

a Selbmann + Robert A. Blanchette -

irchegiani - Laura Zuceoni -
Brett E. Arenz - Pietro Buzzini

TAXONOMIC DESCRIPTION MICROBIOLOGY
Turchetital. i 4. Syst ol 2020047046713 v
DOI10.1099/ijsern.0.004336

Mrakia stelviica sp. nov. and Mrakia montana sp. nov., two novel
basidiomycetous yeast species isolated from cold environments

Benedetta Turchetti**, Ciro Sannino’, Ambra Mezzasoma', Laura Zucceni?, Silvane Onofri? and Pietro Buzzini'

Extremophiles (2014) 18:707-721
DO 10.1007400792-014-065 1-2

ORIGINAL PAPER

Naganishia Naganishia onofrii Taphrina antarctica
.. Description of Taphrina antarctica f.a. sp. nov., a new anamorphic
vau g h anm art| niae ascomycetous yeast species associated with Antarctic endolithic

microbial communities and transfer of four Lalaria species
in the genus Taphrina

ECCO XLII Meeting, 18-20 September 2024 T —— 19/35
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worldwide cold environments (H)

.‘DB VPG

5. Culturable diversity of cold-adapted yeasts in

5.7 Some new genera and species recently described by DBVPG (2)

Mycological Progress (2019) 18:945-971
https://doi.org/10.1007/511557-019-01491-5

DGH\%

ORIGINAL ARTICLE m

Check for
updates

Rare and undersampled dimorphic basidiomycetes

A. V. Kachalkin'? « B. Turchetti® - J. Inacio™®® « C. Carvalho® - T. Maginova” + A. Pontes® - O.R6hI® - A. M. Glushakova' -

A. Akulov® - P. Baldrian” - D. Begerow® - P. Buzzini® - J. P. Sampaio® - A. M. Yurkov'®

New genera and species described

v Vustinia terrea

v Udeniomyces (U. caspiensis, U. orazovii)
v’ Tausonia rosea

v’ Itersonilia diksonensis

v Krasilnikovozyma fibulata

v Gelidatrema glaciarii @
v Kwoniella fici

v’ Heterocephalacria (H. fruticeti, H. gelida, H. hypogea, H. lusitanica)
v  Piskurozyma (P. arborea, P. silvicultrix, P. stramentorum) 100

v Naganishia nivalis
v Yurkovia nerthusi

63| Nagani
100| | nag

anishia onofrii DBVPG 5303 KC425900/KC433831

Naganish

ECCO XLII Meeting, 18-20 September 2024

100 Naganishia nivalis DBVPG 5706 MK070334/MK070316

39
g7 || Naganishia albida var. ovalis CBS 5810 AF145329/AF137605
Naganishia albida var. albidus CBS 142 AF145321/AF075474
761 Naganishia albida var. kuetzingii CBS 1926 AF145327/AF 137602

Naganishia nivalis DBVPG 5693 MK070337/KC433768

Naganishia adeliensis CBS 8351 AF145328/AF 137603
90 Naganishia liquefaciens CBS 968 AF444345/AF 181515
Naganishia diffluens CBS 160 AF 145330/AF075502
Naganishia albidosimilis CBS 7711 AF145325/AF 137601
100 Naganishia vishniacii CBS 7110 AF145320/AF075473
Naganishia uzbekistanensis CBS 8683 AF181508/AF 181508

2 Naganishia antarctica var. antarcticus CBS 7687 AF145326/AF075488

9
100 [ Naganishia antarctica var. circumpolaris CBS 7689 NR152963/KM079157
Naganishia bhutanensis CBS 6294 AF145317/AF137599

Naganishia randnawae CBS 10160 AJ876539/AJ876599

Naganishia cerealis CBS 10505 FJ4T3371/FJ473376

Naganishia qatarensis QCC/Y 17/17 MGB52088/KY744128
Naganishia vaughanmartinii DBVPG 4736 KF861792/KFB61779

ishia friedmannii CBS 7160 AF145322/AF075478

ia globosa CBS 1975 AF444372/AF 181540 0o
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worldwide cold environments (I)

" 5. Culturable diversity of cold-adapted yeasts in

‘.DB VPG

5.7 Some new genera and species yet to be described by DBVPG

v ~ 13% of total strains resulted to belong to new species

v’ ~20% of species found were new species

FILOBASIDIUM sp.

DOSZEGIA sp. 1

A few

examples

. 2

No of strains year of Locality | isolation sources Mo of strains year of Locality| isolation sources
from 2007 to ) sediments, ice from 2010 to snow, sediments, melt
13 Apennines 15 Alps
2010 COres, Snoww 2014 weater
VISHNIACOZYMA sp. DOSZEGIA sp.2
No of strains year of Locality | isolation sources No of strains year of Locality isolation sources
3 2008, 2009 Alps sediments, 2 2010, 2011 Alps snow
GELIDATREMA sp. DOSZEGIA sp. 3
No of strains year of Locality | isolation sources Mo of strains year of Locality| isolation sources
1 2008 Alps SRoWY 1 2011 Alps snow
CYSTOBASIDIUM sp. NAGANISHA sp.
No of strains year of Locality | isolation sources Mo of strains year of Locality| isolation sources
f 2008 t ils, sedi ts, f 2008t
11 rem © Alps sells, sedimants 23 rem © Alps soils, sediments
2014 SNOWS 2014
LEUCOSPORIDIUM sp. [ -
No of strains year of Locality | isolation sources Mo of strains year of Locality| isolation sources
1 2008 Alps soil 3 2009, 2010 Alps sediments, ice cores,
CRYPTOCOCCUS sp. AUREOBASIDIUM SP.
No of strains year of Locality | isolation sources Mo of strains year of Locality| isolation sources
1 2009 Miage sedimeanti 1 2009 Alps sediments
ECCO XLII Meeting, 18-20 September 2024 21/35
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6. Unculturable diversity (NGS) of cold-adapted fungi
(including yeasts) (A)
6.1 A paradigm shift (2020-today)

» 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

ECCO XLII Meeting, 18-20 September 2024 22/35
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6. Unculturable diversity (NGS) of cold-adapted fungi
(including yeasts) (B)

6.2 Recent results on fungal biodiversity found on Antarctic and Alpine
habitats: a general overview (2020-today)

v Alpha-diversity and beta-diversity - fungal (including yeasts) communities
well adapted to cold ecosystems

v High differentiation of fungal communities among different sites/layers ->
predominance of specialist OTUs

[a] Phylum [b] Genus

scwes
TF1 e TF2 y < . 3.\: I 10! _
[ . [ Genera
.. 31 07U 1?:&) : - . Candia G’)
| 1 s & B00TUs | 281 0TU: ot [
] s | n 556 P Phyla I Cladosporium
\ %) 639 e Curvibasidum @
\ 75 B Aphelidiomycota 75 B Cystofiobasidum 3
. e o u S:g%[}glg?m cota . Debaryomyoss &P
Reaidl ly Glaciozyma &
Il Basidiomycola . B Gofeauzyma &
R Blastocladiomycota ° Kazachstania &
e Chytridiomycota e i
] ] _— Leucosporidium
® — T 50 [l Entomophtheromycota 2 50l n Maiassgzia §
3 Glomeromycota 3 :
A \ Na kL ke Mrakia
a Cl .t [l Monoblepharomycota Naganishia &
y ‘ Mortierellomycota [ Na%azawaea e
N Mucoromycota Others @
o Rozellomycota _— o
= :
= g 2 el % Wl unclassiiied 2o [ | B Pt g
] 8 y 5 — Sporobolomyces (&
; : Zoopagomycota B Teusonia @
A — Unclassified
e 2 Al 4 vt Vishniacozyma &
9 ' TON AUz
‘ Au3 0 —— i
= U4 v
[ us
ui 1] us ] us
Units

Ui 1] 1] ud 1]
Units

T T T
-15 -1.0 05 oo
CAP1 NMDS1

v Yeasts dominated the fungal biodiversity in almost all studied habitats
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7. Predicting the impact of climate change on Alpine
soil fungal community

7.1 Ongoing project (2022-2025): “MICROPLANTALP”
https://sites. qooqle com/unltus |t/m|croplantalp/home

PRIN 2020

Summer
222 m"!
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~ 8. Physiological/molecular adaptation to cold (A)

8.1 Cold-active enzymes

v Extracellular cold-active enzymes degrading organic polymers 2>
in-situ C and N co-mineralizers?

ﬁﬁﬂ\‘

— Paramecium Parlor
RESEARCH ARTICLE

Psychrophilic yeasts in glacial environments of Alpine glaciers

Benedetta Turchetti', Pietro Buzzini', Marta Goretti', Eva Branda', Guglielmina Diolaiuti®,
Carlo D’ Agata®, Claudio Smiraglia® & Ann Vaughan-Martini!

Diparfmen 1 di Sinlogin Applicata, Sesione di Micobiologia, Unversty of Pesugia, Ferugia, ialy; and *Dipartimento di Scenre defla Torra *dadita
Demiar’, Umivessity of Milan, biifian, Maiy

w”‘"\
%..no}
RESEARCH ARTICLE

Yeast and yeast-like diversity in the southernmost glacier of Europe
(Calderone Glacier, Apennines, Italy)

Eva Branda', Benedetta Turchetti', Guglielmina Diolaiuti?, Massimo Pecci®, Claudio Smiraglia® &
Pietro Buzzini'

"Department of Applied Biology and Industrial Yeasts Collection DBVPG, University of Perugia, ftaly; “Department of Health Sciences ‘Ardito Desio’,

University of Milan, ftaly; and “ftalian Meuntain Institute (EIM), Rome, italy You a“ 'the SMDS'LM'LQ to mj ehzyme
and nothing could eveg denature us.

Ameeoa Seters
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8. Physiological/molecular adaptation to cold (B)

8.2 Lipid composition

Viscous

lipids (e.g. PUFAs) =
increased fluidity of cell
cytoplasm and
membranes at low
temperatures

Unsaturated hydrocarbon tails with Kinks Saturated hydrocarbon tails

Membrane Fluidity vs. Temperature

Faad
iy

RESEARCH ARTICLE

Growth, lipid accumulation, and fatty acid composition in obligate Eluidlike
psychrophilic, facultative psychrophilic, and mesophilic yeasts T

Maddalena Rossi’, Pietro Buzzini?, Lisa Cordisco?, Alberto Amaretti', Maurizio Sala', Stefano Membrane g

Raimondi’, Chiara Ponzoni', Ugo Maria Pagnoni' & Diego Matteuzzi® FIuidity Solidlike

"Department of Chemistry, University of Modena and Reggio Emilia, Modena, Italy; *Department of Applied Biology, Industrial Yeasts Collection
DEVPG, University of Perugia, Perugia, taly; and *Department of Pharmaceutical Sdences, University of Bologna, Bologna, faly

Chapter 10

Changes in Lipids Composition

and Fluidity of Yeast Plasma Membrane
as Response to Cold

Temperature —»

Nima Gunde-Cime rman, Ama Plemenitad and Fietro Buzzini With an increase in temperature, the sharp transition
is made from a more rigid membrane to a more

[ FSCIm SR L NN GO P, OO I, .
DR 10 NOOTSTE 3 642 J06E16_%, & Springer Verliy Barkin Hadelbarg 2014 fluid one.
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. Physiological/molecular adaptation to cold (C)

8.2 DNA methylation

i 0%,
— 4 4
orimmienre 7" & & 5 [ I
, r o : _
" % el .E" e ’ ::::J';:-: T
S o et
"BAA - 65% & b 1
= : o
Loy &5 - s
3 Cycles of 8 days at b = = .
pom o g son =
P Qi : S
L 55 - ey
idi '
. LY — . e S—
- [ Methylation
i é £ analpis Maganisha antarclica Napganishea altics
DEVPG 82r2 DEWVPG 10054

. . . microorganisms mw
v N. antarctica = no increase of methylation level after recovery from _

stress - reversible cold-induced physiology and biochemistry DNA Methylation Changes Induced by Cold in
Psychrophilic and Psychrotolerant Naganishia
Yeast Species

v N. albida = increase of methylation level after recovery from stress oot et %0, Gianpioro Mascont 5, Ciro Sannino, Piotr Bussind and
-> not-reversible cold-induced physiology and biochemistry Fmidio Albertini”

i Contributed equally to this work.
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"9. A look to biotechnology of cold-adapted yeasts (A)

.‘DB VPG

9.1 Cold-active enzymes for mild technologies (A)

v 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

ECCO XLII Meeting, 18-20 September 2024
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RESEARCH ARTICLE
Yeast and yeast-like diversity in the southernmost glacier of Europe
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Eva Branda’, Benedetta Turchetti’, Guglielmina Diolaiuti?, Massimo Pecci?, Claudio Smiraglia® &
Pietro Buzzini'

'Department of Applied Biology and Industrial Yeasts Collection DBVPG, University of Perugia, Italy; >Department of Health Sciences *Ardito Desio’,
University of Milan, Italy; and ®Italian Mountain Institute (EIM), Rome, Italy
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9 A look to biotechnology of cold-adapted yeasts (B)

9.2 Cold-active enzymes for mild technologies (B)

FNS)
%...-v}
RESEARCH ARTICLE

Yeast and yeast-like diversity in the southernmost glacier of Europe

(Calderone Glacier, Apennines, Italy) EXt race I I u I aren Zym at IC
Eva Branda', Benedetta Turchetti', Guglielmina Diolaiuti?, Massimo Pecci?, Claudio Smiraglia® & a Ctivity at d iffe r-e nt

Pietro Buzzini'

"Department of Applied Biology and Industrial Yeasts Collection DBVPG, University of Perugia, Italy; 2Department of Health Sciences “Ardito Desio’,

Unnrty o i vl Niountai st (Enf, Rome, ol temperatures of cell-free
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9. A look to biotechnology of cold-adapted yeasts (C)

9.2 Accumulation of PUFAs

80 ¥
| ¥ = - 0.401x2 + 10.29% . A 5a 10019 St 5870)
70 RZ=10,73 1.0 1 -St 3871
60 ASC16:1
< 50 7% A9,12C18:2 c1s:0
2 w0 8 c 170 G240
E__I 40 100 C13:0
S g C20:0
30 C22:0
05 St 5319
20 s 179: .
10 4 psychrotolerant strain oA @3
© mesophilic strain -
0 . ; : . Nad 5165 BE
0 1 2 3 4 5 [ 7 3 9 1 -2.0 -1.3 -1.0 -0.5 0.0 0.5 1.0
Yy (g1 PC1 (60%)
baroTisse et T BIOLEnoIogy Tor BIOTUEIS |
2 (g
@ 1.5
. Study of Holtermanniella
Adaptation strategy to 4 o . 3.
wattica, Leucosporidium creatinivorum, < 10 o6 of
. . . . . . . = o 0 Ul
low temperatu res: Nagantghfa adeliensis, _?ollcoccozyma aeria, et saturated [sa 10019}
and Solicoccozyma terricola for their lipogenic 205 | fatty acids
_ o aptitude from different carbon sources \ Raa 5157
> increased lipid T s s e oot s "] S50 ¢ R
. 9 o O
prOdUCtlon 05 - ke Le 4794 unsaturated|

»increased lipid , T EEEMR fatyacids

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

unsaturation PC1 (82%)
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9. A look to biotechnology of cold-adapted yeasts (D)

9.3 Stereoselective catalysis of NADH/NADPH-mediated redox reactions

P .. ¥ Ability to reduce a,B
g ? electron-poor
(15,26 a5)- 1S sy compoun ds
DIFADROCARVIOL CR DIHTDHOCARVEDL

"‘m NIMMI".‘AHW!I’HF (R[4 ) CARVONE mn-l-.-'rnrraw "‘UH / SyntheSiS Of ”bUiIding_
blocks” molecules of
DIHVDROGARVEGL D1HIBROCARVEDL pharmaceutical interest
via biocatalysis
& om 2
HO HO
3 5

*'\ Bioresource Technology 102 (2011) 3993-3998

%

0  OYE 0
e
O 0

Contents lists available at ScienceDirect =

BIORESOURCE
TECHNOLOGY

Bioresource Technology

I, KIP 2 journal homepage: www.elsevier.com/locate/biortech
OH  OVE OH Bioreduction of o,p-unsaturated ketones and aldehydes by non-conventional
. — = o yeast (NCY) whole-cells
4 6 Marta Goretti?, Chiara Ponzoni®, Elisa Caselli®, Elisabetta Marchegiani?, Maria Rita Cramarossa ",

Benedetta Tu1chett1 Luca Forti®, Pietro Buzzml s
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~ 10. Take home messages

@ Cold-adapted yeasts = extremophilic organisms
inhabiting cold habitats worldwide

@ A source of new genera/species

@ The study of unculturable yeast diversity by NGS
- a more complete picture

@ Physiological/molecular adaptation to cold =
peculiar mechanisms (e.g. cold-active enzymes,
lipid composition, DNA methylation, etc.)

@ Cold-adapted yeasts > possible biotechnological
exploitation

ECCO XLII Meeting, 18-20 September 2024
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12. Sampling pictures
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13. A bit of humor
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