Hefen — Stoffwechsel und Forderung der
Aromatik
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Hefepopulation auf reifen Trauben (%)

Hanseniaspora uvarum (51 — 89%) (C)
Rhodotorula (0 — 26%) (B)

Candida glabrata (4 — 7%)
Zygosaccharomyces bailii (1 — 4%)
Saccharomyces cerevisiae (0.3 — 3%)
Metschnikowia pulcherima (0.5 — 3%) (A)

Debaryomyces (0.6 — 2%)
Candida zeylanoides (1 — 2%)
Pichia kluveri (0.4 — 1%)
Candida stellata (0.5 — 0.9%)
Brettanomyces bruxellensis, Hyphopichia butonii, Kluyveromyces,
Williopsis sat. Hyphopichia butonii, Cryptococcus, Lipomyces (0 — 0.4)
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Hefe Spontane Garung
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Spontane Garung - Effekt SO2
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Saccharomyces cerevisiae

Aufbau der Hefezelle: S

=Y/

Tochterzelle

Sprossnarbe
—_—

Ribosomen

- Diploider Ascomycota i |
b 5' 1 O “ m Mutterzelle Golgie-Apparat

« Meistens asexuelle vermehrung
* Lebt auf Holz >> Frucht

* Modellorganismus der Biologie

« 12MB genome, 16 chromosomes
» «Einfache» Genetik
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S.cerevisiae Herkunft
Biologie und Geographie

= M
e e
== . i O Genome sequence Number of
— coverage chromosomes
;- T Saccharomyces cerevisiae complete 18
-— ;‘:‘wmmm Saccharomyces paradoxus 7 18
Saccharomyces mikatae 7% 16
Saccharomyces kudriavzevii 3x 16
Saccharomyces bayanus 7% 16
b Saccharomyces castellii 4x ~0
Candida glabrata 9x 13
Kluyveromyces waltii 8x 8
Saccharomyces kluyveri ax 8
Kluyveromyces lactis complete 6
Ashbya gossypii complete i
Debaryomyces hansenii 10x ?
—|: Candida albicans 10x 8
Yarrowia lipolytica 10x 6

g e . ' PDRS gene tree
° 0.002
g, Whole genome SNP tree
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Andreas Biihimann Wolfe-2004 Almeida-2015
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S.cerevisiae domestication
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Reinzuchthefen

« Wildhefen in Spontangarungen konnen Fehler verursachen

* Unsaubere Garung offnet Nische fur Bakterien (Acetobacter,
Lactobacillus, Pediococcus)

« LoOsung — mit bekannten Hefen animpfen, erlaubt «Design»
« Hefeselektion

 Etnwickeln neuer Funktionen
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Hefeselektion

Fahlgkelten
» Fructophil — Garstockungen1895c
« Aroma (Esterproduktion)
» Alkoholtoleranz— Champagner
+ Kaltetoleranz— Weisswein
* Reduktion von of H,S and SO,
« Farbstabilitat
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Entwicklung - Evolutionar

Fermentation performance

| )

Kalteadaptation

o 27 bekannte Stamme —
« 200 Passagen bei 12°C .

|
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Genome Sequenierung Fermentation performance

i
1 man EN
Chr Coordinate Ref. Mut. Change Het/Hom Gene Molecular function o = '
IV 119953 G A S347F  het UFD2 ubiquitin-ubiquitin ligase activity 2 - —_
IV 974831 C. T E318K  het YAPG _ sequence-specific DNA binding RNA polymerase II transcription factor activity z
< o
IX 108277 C T G1654D  het TAO3  compdient of the RAM signaling network (molecular_function unknown) E -
Vo 143758 C T  H63Y hel MIT]  transcrifftional regulator of pseudohyphal growth (molecular_function unknown) : o -
E = .
X 316429 €T TI108I  het = onibutes to GPI-anchor transamidase activity 8 4.
: : s * =
XI 257816 G A P201S  het GIS4  CAAX box containing protein of unknown function = i
XIV 128013 C T DSSN  hom  SEC? suanylnucleotide exchange factor activity - == '
o - [N Se—— == . )
XV 848746 C F T90L het HUA2 cytoplasmic protein of unknovm function : s e
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T T T T
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Entwicklung - Zuchtung

Zuchtung fur Aroma (viel Isoamylacetate wenig Ethylacetate)

« 3 S.cerevisiae ausgewahlt und gekreuzt
* 46 nachkommen (inbreeding, outbreeding)
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Entwicklung - GMOs

Malolactic fermentation strain MLO1

Registered in US, CA, Moldova ‘

Table 1. Constructs used to i malate degrading p: ys in S, isiae YPH259 (ref. 23). p
Recombinant
Construct Description strain 4t
pHVX1 Shuttle vector YEplac181 (ref. 24), containing the ADH1,-ADH1, expression cassette YADH E‘
pHVX2 Shuttle vectar YEplac181, containing the PGK1,-PGK1, expression cassette YPGK g 3
pHV1 pHYX1 with mae1 ORF (ADHT,-mae-ADHT) YADH-mae1 2
pHV2 PHVX1 with mae2 ORF (ADH1.-mae2-ADH1) YADH-mae2 =
pHV3 PHVX2 with mae1 ORF (PGK1,-mae1-PGK1) YPGK-mae? - oL
pHV4 pPHVX2 with mae2 ORF {PGKT.-mae2-PGK1) YPGK-mae2
pHVS YEplac181-based vector containing the ADH1,-mae1-ADH1, : PGK1,-mae2-PGK1, expression system ME1
pHVE YEplac181-based vector cantaining the ADH1,-mae2-ADH1, : PGK1,-mae?-PGK1, expression system ME2 i1k
pMDMALO"™ Multicopy episomal plasmid containing the mieS ORF inserted between the PGK promoter and
terminator sequences, as well as the URA3 marker gene. YPGK-mieS i 4
0
0 1 2

Time (days)

FoA U.S. Food and Drug Administration

CENTER FOR FOOD SAFETY AND APPLIED NUTRITION
FDA Home Page | CFSAN Home | Search/Subject Index | Q & A | Help
CFSAN/Office of Food Additive Safety
June 30, 2003

Agency Response Letter
GRAS Notice No. GRN 000120
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Agroscope

Entwicklung - (honGMOs) CRISPR CAS

Harnstoff Reduktion
* Reduziert bildung von Ethylcarbamat
« Karzinogen

Isoamylacetat (Banane)

Glycerolproduktion (Kaltetoleranz)

Akzeptanz am Markt?

Agroscope
Andreas Bihimann

Oenologietagung 2023 vanWyk-2020 Int.J.Food.Microbiol
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Sauvignon Blanc - Aroma

Wahrnehmungs- |[c] in NZ Sauvignon
Thiolverbindung Aromabeschreibung schwelle (ng/l) Blanc (ng/ul)
4-Mercapton-4-methyl-2- Buchsbaum, Ginster, Cassis, 2. 50
pentanon (4MMP) Tomatenlaub, Katzenurin b

Grapefruit, Passionsfrucht st c:ﬁm:d Glu:a:*"'w‘ ‘ lﬂ:’:’mﬂtj
3:Mercaptohexanolacetat Stacphelbeére, Buchsbaum’, 4 5- 2’500 i E
(3MHA) Maracuja = . »mcj/wa m,,'ff",,\T,mvE =
o - Cys3MH |
. . w 3 5 G3IMH O s H
3-Mercaptohexanol (3MH) A 60 100- 20°000 I . T
- E HOOC i - . Only for MM production
E WMM:’C Sj,o Haae '\.a""!--m\r'”"lm" -
E "-‘CMO‘: — .:;:jx,__j-\cu.\
YEAST i
. {Aicoholic fermentation) ‘:‘x;’v *-'.:V"a‘-'
« Vorstufen in Traube —
. . . z : " a8+ o S =
* Freisetzung durch Enzyme in Hefe, Speichel s Vv Py Ay, A s
VARIETAL THIOLS AMMP (1) IMH(3) -l IMHA(R)
[Fruity notes] r‘l‘:::::::?ﬂ;m] (F-rmercaptohexan-1-al) (3 mescaptohenyl aostate]
2
S
S
=)
<
Agroscope 14
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Agroscope

Sauvignon Blanc Aroma im Anbau - Klima

Durchschnittliche Héchst- und Tiefsttemperatur
& Link & Herunterladen  Sancerre  Montpellier  Wadenswil

30°C 5 30°C
25°C 25 25°C
20 °C 20°C

19

Maontpellier

Sancerre

10°c” " 10°C
5eg =8 5°C
=:
0°Cc=—=¢ 0°C
= adenswil 5
5eC ; 5

Jan  Feb M&r Apr  Mai  Jun Jul Aug Sep Okt Nov Dez

Die tigliche durchschnittliche Hochst- und Tiefsttemperatur bei 2 Meter Giber dem Boden.

B. Distribution of thiol precursors in
Sauvignon Blanc from Sancerre
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C. Distribution of thiol precursors in
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Fig. Z Influence of vineyard locations on distnbution of thiol precursors in

Sauvignon Blanc from Tours (A), Sancerre (B) and Montpellier (B).
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Sauvignon Blanc Aroma - Keller

ao -
s soww © 50T oAcE
OGIMH ACE B. Evolution of 3MH+3MHA during cold prefermentation MUSCADET
_‘; 30 —_— 40 ] skin contact (Sauvignon Blanc) ”
o a GAMMP — . S p asomma
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E 5 = 30 E 16 -
E ﬁ 20 ] B | 300
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3 10 I : E 5 : 150 L~
5 % | E 4 100
cC 2 4
0 = CD 1 U ] E o *®
o 3 o b 4 5 8 . [
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VIN13  Sauvy

Verteilung in Beere ACE Kaltstandzeit Hefekontakt

Agroscope

Agroscope

16
Andreas Biihimann ACE = Accentuaded Cut Edges Roland et al. 2011, Gafner et al. 20xx
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Sauvignon Blanc Aroma - Hefen

4-Mercapto-4-methyl-pentan-2-on ‘

3000 800 OVIN13
2500 ; o 700 BVINI3-ATF1-s
Strain 3MH (ng/liter) P 1
£ 2000 g &0 BVINIZATF2.s
g £ 500 |
& 1500 VIN 13 1,084 t 66 & 400 | B VIN{3-EHT1-s
&
2 £ 300 4 A
A VIN 13 1,362+84 0014 = e
S 200
500 100
0 04 e
ATF2  EHTI  IAH1
EGS8 VL1 71B 20561. CEG WETI136
Yeast strain Modified wine yeast
Abb.: 4-Mercapto-4-methyl-pentan-2-on concentrations in a Sauvignon
Blanc wine after fermentation ki dant Glutathionylated (E)-2-Hexenz! -
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200 . 10 L . »
4 . o
- u -
0= T T T— T— =0 = A 4 e o, /\/L\/\‘xnw
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Sauvignon Blanc Aroma >> Thiole

Compo |Compo |Aroma Odour |Cin OAV in |OAV
und und thresh |Control |Control |in
class old Wine Wine
ug/L
Acetate | Isoamyl |Banana 30 3,175.57 {105.85 |175.1
esters |acetate 8-
22.50
Ethyl Ethyl Pineapple, |45 73762 |52.69 |70.50
esters  |hexanoa |apple -
te peel, 23.83
fruity
Ethyl Ethyl Fruity, 20 463.89 (23.19 (3197
esters  |butanoa |apple -7.12
te
Fatty Decanoi|Fatty acid, | 1,000 20,1874 |20.19 |21.36
acids c acid dry, 6 -8.24
woody
Fatty Isovaleri| Sweet, 34 460.23 13.54 [18.02
acids c acid cheese -3.82
Fatty Hexanoi|Sweet, 420 5,094.66 (12.13 |15.48
acids c acid cheese, -7.85
spicy
Norisopr| B- Floral 0.07 0.47 6.65 6.74—
enoids |lonone 5.53
Alcohols | Isoamyl |Whisky, 130,000 |112,701. |3.76 6.55—
alcohol |malt, 73 2.92
burnt
Fatty Octanoi |Fatty acid, | 220 680 3.09 3.09
acids cacid |dry, dairy

Compo (Compo (Aroma |Odour |[Cin OAV in |OAV
und und thresh |Control |Control |in
class old Wine Wine
ug/L
Cc6 Cis-3- |Green, cut|400 91042 |2.27 2.74-
Alcohols |hexen- |grass 1.57
/aldehy |[1-ol
de
C6 Hexanol |Resin, 1,100 |2,499.60 |2.25 3.91-
Alcohols flower, 142
/aldehy green, cut
de grass
Acetate | B- Flowery, 250 51113 |2.03 3.05-
esters  |Phenylet |fruity, 0.60
hyl olive
acetate
Alcohols | Methio |Cooked 1,000 |1,936.85 (1.94 8.52—
nol cabbage 0.46
Ethyl Ethyl Fruity, 200 31842 |1.59 2.36—
esters  |decanoa |floral 0.65
te
Norisopr| B- Rose 0.05 0.08 1.53 2.60-
enoids |Damasc 047
enone
Ethyl Ethyl Sweet, 600 73147 |1.26 2.30-
esters  |octanoat|ripe 0.63
e banana,
pear
Ethyl Ethyl Fruity, 3 3.25 1.08 3.30-
esters  |isovalera|cheese 0.75
te

Agroscope
Andreas Buhlmann
Oenologietagung 2023
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The art of not doing anything - but doing everything
right

Terroir — abiotic factors

Orange wine, Natural wine, PetNat, Kvevri
Terroir?

A -0.02 -0.01 0.00 0.01 0.02 B -0.04 -002 000 002 0.04 0.06
= | | | | © 1 1 1 1 |
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?D avd high temp %_ g - avg ETo o
> 3 . . - e
© op : (=] M~ o avidiella tassiana :
o . mﬂmﬂﬁdﬂlﬁ_mpﬁa&gm o — Bq:ryou ia fuckeliang " avg solar radiation =]
N S p — e —_— Mycosphaerellaceae
o Longitude avg soiltemp: Acetobacter = o~ nét precip - ?l‘éﬁ?p"sﬁ?ﬁ?fmgegﬁd
=3 Latifude a o | i 8
g = g 2 gvg? SR Maureobasidijim pullulans o
O o ail Baci|;al|g§t°c ey I O Cladosperium sp TMS 20011 o
< Leuconostoc net wingfrun ¥ Perficillium sp MU 2009 1 =1
M i treptdcoccaceae  avg wind |speed o =
oraxellaceas,, g tenjpmax temp o < Lngitiide Penicilliunh sp 1297 :
S latitude 3
= vg low tem, o - 2
o - avg RH Big JONGISTOR J < <@
@ " i 5 =1 Penicillium
j=X min tomp g Trichcr:ulmlgceae
S T T T T T T | T T
)
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0,
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Agroscope
Andreas Buhlmann Wikipedia

Oenologietagung 2023 Bokulich-2014




The art of not doing anything - but doing everything

right
Terroir- geography

Ceﬂ traj Lactobacillus |

Napa # Sporosarcina
/‘ ?Efs:’?cl:?u tobacter

o Coast \
H"rmenqmﬁiﬁﬁoﬁmwm - ) nost
o conobaclar P %ga% lales
Acetob. ~ Atuconostocaceae
=1
Citrobacter < -

/// : /

Microbacleniaceas # {

P |

/ I'\I \

5

/

Can2 (40%)

[ O\
\" \
I \\ Pseudomgnas
¥ Enterobacleriaceae
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Sauvignon Blanc Aroma

* Werkzeug ist vorhanden
* Entscheidung beim Produzent

« Mehrwert von Mischkulturen, Spontangarungen - TBD

Agroscope
Andreas Buhimann
Oenologietagung 2023
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