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Introduction

> caramel, nutty, curry, seasoning-like odour 1.2
» occurrence: fenugreek seeds, lovage, soy sauce, wine

HO_  CH, HO_  CH,

oj\;;'cm 02\2§~CH3
R-(-)-sotolon 89 pg L* S-(+)-sotolon 0.8 pg L?

perception threshold
(model wine solution)?3

1Blank et al. (1993) FFJ, 8, 191-195, 2 Sulser et al. (1972), ZLUF, 148, 215-221, 2 Pons et al. (2008) JAFC, 56, 1606-10
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Introduction
Putative building blocks of sotolon

NH, OH  citrus soft drinks
0
wine, sake W o
OH OH —

\ / HO OH
OH NH, HO, o OH
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—» 0 O* - + H
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fenugreek seeds ¢ model wine solution
(0]

0
HOMOH )kﬂ/OH
+
0 0 0

sugar molasse

Retrospect:

Volatiles responsible for the seasoning-like flavour
of L. sulphureus 4

o} ? S

00 =0 PO Osz0 HO 3 (1) 3-methyl-dihydrofuran-2-one
= o (2) 3-methyl-5H-furan-2-one

(3) 4-methyl-dihydrofuran-2-one

1 2 3 4 5

(4) 4,5-dimethyl-dihydrofuran-2-one
(5) 6-methylmaltol

O _o O _o O-0 O o O _o (6) 4-methyl-5H-furan-2-one
jj — g j:f j_\i (7) 5-isopropyl-3-methyl-5H-furan-2-
OH OH OCH3 one
6 q 8 9 10

(8) pantolactone

(9) sotolon
» cultivation on wheat gluten (10) 4,5-dimethyl-3-methoxy-5H-furan-
. . . 2-one
» putative precursor: 4-hydroxyisoleucine
» chemical reaction or enzyme catalysis?
4Krings et al. (2011), FFJ, 26, 174-9 4
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Hypothesis:
NH; o OH NH;, OH O HO
Aﬁﬁ( > OH*/\H*WOH+ fﬁ
o o) 0 0o

— Cultivation with concerted supplementation of amino acids

Bottom up experimental design

GC-FID

]

Harvesting
aroma extraction
pentane/ether or dichloromethane
4

Submerged cultures
of L. sulphureus

L-amino acids: degradation kinetics
HPLC oPA derivatisation

T

Cultivation on minimal medium
Laetiporus sulphureus

L-amino acids
10-30 mMeach




O-heterocycles produced in cultures of _
L. sulphureus supplemented with amino acids

rindependent of supplementation
ol |
L :

L-isoleucine supplementation

OH OH (1) pantolactone
L_L ﬁ /2—<A\ )  3,5-dimethyl-dihydro-2(3H)-furanone
(3) 4,5-dimethyl-dihydro-2(3H)-furanone
0”0 0”0 0”0
4 5 6

(4) 3-methyl-dihydro-2(3H)-furanone
(5) sotolon

- - (6)  3-hydroxy-4,5-dimethyl-dihydro-
L-leucine supplementation 2(5H)-furanone

— (7)  4-methyl- 2(5H)-furanone,
o o o o (8) 4-methyl-dihydro-2(3H)-furanone

7 8

Relative Abundance

to9:4 || Hannover
13C-labeled leucine to substantiate pathway
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GC-MS of P/E-extract of culture broth of L. sulphureus supplemented with
L-leucine-13C, (labeled compounds shown)
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13C-labeled isoleucine to substantiate pathway

mm) C6-O-heterocycles
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Relative Abundance
©
b

Time (min)
GC-MS of DCM-extract of culture broth of L. sulphureus supplemented with
L-isoleucine-U-13Cy (labeled compounds shown)

e.g. sotolon

*metabolites with 13C-label,

structure not identified via
MS

Conclusion:

Ty~
L-leucine metabolism: o
+[QO]
H,0
o

[e}
ox.
\K\HJ\OH deam. MOH decarbox
NH o

2
L-leucine

*[& l H,0
m W OH
4-methyl-dihydro-

. . . 2(3H)-furanone
L-isoleucine metabolism:

C6-metbolites

2 22
OX. hydroxyl.
° deam. v OH -
R o hS o OH
- AN
lactoniz. —
OH | OH _ m
NH, § o A OH © 0" ©
2? e
. . o sotolon
Lisoleucine Mdov OH
OH NH,

OH  desat,_ oH 35 > Citric acid
\ﬂ/\g/ cycle

i Leibniz
i o, 2 Universitit
109! 4 | Hannover

10

27.04.2014



27.04.2014

1 0 2] Universitit
109! 4 | Hannover
Conclusion:

OH

\’/\’(OH
L-leucine metabolism: I}
+0]
H,0
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o o OH Citric acid
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L-leucine +[(k‘ l H,0
oH
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') OH

4-methyl-dihydro-
2(3H)-furanone

L-isoleucine metabolism:

C6-metholites o Enzymatig hydro>_<y|atio_n? _
” 4-hydroxyisoleucine = intermediate?
OX. hydroxyl.
deam. o OH .
o o \ ° - on
OH . OH lactoniz. —
NH, 77\\ o l’/ oH O —> oS0
Lisoleucine Mdroo OH sotolon
OH NH,

1
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4-hydroxyisoleucine = intermediate?

\4

only traces of 4-hydroxyisoleucine detected in LC-MS analyses
kinetic study with L-isoleucine and 3-methyl-2-oxopentanoic acid

A\

conc. sotolon [mg/l]

0 5 10 15 20
day of cultivation

25

day of cultivation
¥+ culture with L-isoleucine supplementation == culture with 3-methyl-2-oxo-pentanoic acid supplementation

=) _keto acid = substrate for hydroxylation Formation of sotolon (a) and decrease of pH

. . . (b) during cultivation of L. sulphureus with
mmm) Most likely chemical ring closure 20 mM isoleucine or 20 mM 3-methyl-2-

oxopentanoic acid
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Enzymatic hydroxylation?
Degradation of L-isoleucine in H,180

NH, o OH O
OH OH [O] OH
— —
0 Y 0
butyryl-CoA dehydro-
genase [EC:1.3.8.1]
0] OH O
OH +H0 OH
A\HH( orcon
enoyl-CoA
Y hydratase o
[EC: 4.2.1.17]

» submerged cultivation of L. sulphureus with 50 % H,80 in minimal medium
» supplementation with 20 mM 3-methyl-2-oxo-pentanoic acid

> incorporation of H,80 in sotolon = hydroxylation through water addition to
double bond
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Relative Abundance
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Enzymatic hydroxylation?
Degradation of L-isoleucine in H,180

55.08

903 -HCO,

754

0 208 8308

653 5.08

603 o

5711

303 128.08
25
20 7210 130,08
59,09
159 53.07
3 i » water incorporation only at former C2 of
53 708 | 0e 10040 11308 i .
o N OO | PRORLE3 amino acid
40 60 80 100 120 140 L.
EI-MS spectrum of sotolon with the *8O-label > Oxy_genas_e activity on former C4 of
created in cultures of L. sulphureus amino acid
supplemented with 8O-water (50 %); neutral — hydroxyl group
loss of HCO, highlighted.
I
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Final conclusion

enzym o OH
deam oH drox \H\H)LOH Iadoniz.ﬂ

0 0”0

L-isoleucine sotolon

» L-leucine and L-isoleucine are precursors of O-heterocyclic compounds in
cultures of L. sulphureus

» Decarboxylation of L-isoleucine is slowed down — C6-compounds
» Sotolon is a direct C6-metabolit of L-isoleucine degradation

- a-keto acid is the preferred substrate
— Oxygenase introduces hydroxyl group at C4
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Thank you very much for your attention!
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