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=~ 9% FJ%* Saccharomyces cerevisiae G20 ¥ R-Fi fREF 2 & 2-vkvm ¥ EifiR
7 Eﬂ i

~ i A R Saccharomyces cerevisiae 5 %] STR3 > & fRiFis* tif fiE 42
¢ 7’@%;: 3-MH > =2 %bgzﬁﬁ FF 1 f7 1L p;}:
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TEMEPEFY Mo FAA F 14 &4 (volatile sulfur compounds, VSCs)
PR E A SR PR N A S o B P B R A P AR Ao 3-5n A
¢ f8 (BMH), 4-5125-4-7 F L A fr (AMMP) % 2-vvm ¥ Frifig (2-furfurylthiol) » st

BT HEE S R B K S SRS R o S A bR

§ 0 PLATAS ek sk f FR A Rk R £ AT SRS o o L ATH PEACE B
g A Eh A F 0 H P san 4 285 (carbon-sulfur lyase, CS lyase) #
ML o I THET > MFPE® 1 CSlyase RIEfEE av B L kg R 4
e C-SeERfE > 2 2B 5 Bakifg o fE* P e STR3 &2 CYS3 A& 147 75
PR B U A R TR 3T S AR A SR4 0 184 3MH ~4MMP 2 2-furfurylthiol
FlEFE o R LR BB ¥ Y A e T B e s
P kiR CSlyase 7 v hfie{diz 2 T MiFEE OB HE R N FIE K
pH B B4 o Ra > FEMEEAY SHFEE TR F oS ik Wi
Do B o F]UL oIS T R o iR b o A F) O AR S Fov Fead 5%

SR R S el SRR G LR R S S A L 5
GRERTCY aPER B g R RO -
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TENTAf e AR FE R RE ST OMETFZ 27 PP byl
55@&%é$%ﬁ%ﬁﬁﬁiﬁ°E£“€%?%%aaﬁwﬂaﬁ\ﬁé%
FFATEA  FEL Y R F £ € (Cleratetal., 2024; Tofalo etal., 2020) - # & <
LHE MM e 45447 4 A 2-F  (4-mercapto-4-methylpentan-2-one,
AMMP) ~ 3-5i A&k & -1-f% (3-mercaptohexan-1-ol 3MH) £ 3-@i 4 e @2 fiy
(3mercaptohexyl acetate, SMHA) % > ZAm iz § 5 L & A d 5 59 ¢ g
IR AN 3 0 A8 5 2 L ekiiph (Cysteine, Cys) # 25% 4?5 (Glutathione,
GSH) % & a4 # > 4r Cys-3MH ~ Cys-4MMP ¥ GSH-3MH o iz o Sf 47 3 45
O P AEE ALY B A A L IR o 2 N LR F R E o

KA o R A F TSR O S S F Y i 5 2 ] 10%
T SR i AL 1 SRR o R 4 F Bkscd £ (Subileauetal., 2008) o % 3%
A A L o o T E R L BN LR R R
(carbonsulfur lyase, C-S lyase) eFifls* -4 o 2 ¢ » X mkskpl-S-% g5 (-2 f2pe
(Cysteine-S-conjugate B-lyase, CBL) Flac B 3% fgLit X sk iiepe 2 & 4| Spdr £ 17 B-
HIRE foo Bl 4 F oo b4 S S EHAERAFf 25 LR B
f¥#% (Rolandetal., 2010) -

= ~ ¢ JFp¥® Saccharomyces cerevisiae G20 ¥ -Fi B f3fF 2 & 2-vkvs P gx
Ry

2-vk v P Fifig (2-Furfurylthiol, FFT) &£ 3 4 3le 7 k4 § * &4 >
R T B e A ET g dp I R G UMRFEY L-wkoifié (L-cysteine)
» 1 Zp 4 % FFT > 2 P Saccharomyces cerevisiae 17 STR3 ¥ CYS3 3 F]¥ it
FB gl & LiEAR 0 AT Y g Bk STR3 & CYS3 *ThhiGinps % £ & 4 st —
FoplfaiE s > TRERE B2 & FFT ¢ 4 o

g e FpER S cerevisiae G20 5 AR ¥ % 0 iF 2 CUEEEE L-5kvip
% % Spde e fERE % > © 0 RT-qPCR A 45 STR3 27 CYS3 ehA Fl& o & A 7l
PCR #3 {4 st 3 4 i %48 pEASY-El > ¢ E. coli BL21 (DE3) ¥ 3% # 4 &
it H Fd (Str3p ~ Cys3p) o @ * Ni-NTA #Ack 474 it 14 » 12 SDS-PAGE
e BR c BFEEMHEELRRE pH SRR TSN 2 F AR T
(GC-MS/MS) z &%z H $F o e —#ppg & o~ DA 2 F & FFT 2 & -
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RT-gPCR % % A7 > s & A7 S pfES L-ooRpio > G20 pE 2
STR3 £ CYS3 AT MA W26 29 3% 21 B 873 %2 FFT «h2 &
X UEAT o BT H PR S288c 4Bt 0 G20 FER Y (39 ) PF) AR EBHIFRE
PP H A chR f 4 NS o U BORE — iR R 4 1T L H - W SR pE O FFT 2
FERE R RIS L-soRpiie s 40%~120% 2 ¢ G20 ¥ A4 3 iE 6.84
mg/LFFT» #F %29 2 L R 954 o v 2385 >Sul3p ~#F+ &5 52
kDa->Cys3p %) 42kDa> 23835 8~ R oA H ¥ L-#fefig?% (L-cystathionine) %
PR C-S A fapeistt o pH E1d Skt > Str3p »F pH8 ~ Cys3p *F pH7 p*
ErEE 0 T & pH6-9 R FFAZiE 80% 1t TR AW R pH i it e
BB RIEY > Stu3p ¥ Cys3p ed i i & 4 B 5 50°C ¥ 40°C > %3t 40°C v
T ATE 85% HE o AZE 60°C BHEERHTE LY B U
L ps 2 S eoiRp — R bR & TR F P > GC-MS/MS iR T8 AcE m/z
95 ~ 96 (furfural) 2 m/z81 ~53(FFT)» #F A4 5 2-v4vd ¥ £ifig o Str3p 7 pH
8 Td 6mM i Zpf % 232 uMFFT &4 pH7 % 47.8%; Cys3p % pH
7 Td 3mM #5442 434 UM FFT > # pH 8 &2 75.7% o & ¥ 395 % 5
PREH en A2 AF > P rplem gyl o

FEE AP Str3p £2 Cys3p # it it %eveph —#pr = ey A4 = FFT> &

FRIREIME CSPAHRME L4 o

Z ~  Bi§iE 4 R Saccharomyces cerevisiae 3 F] STR3 > ¢ JRFPs* & fiEAR
PR 3MH NRLAFEFREF 1M EY

AR 3 5 A RIFPE S ) (Saccharomyces cerevisiae) ® W& & H P R A
F] STR3 »= 7 it H a3 piE42” ¥2%{ % % 4 # f% 3-mercaptohexan-1-ol 3MH) -
SHRY R AR AH

LR AR T EERES th B8 3 AT Kk A & LK STR3 A&
TR PGKI a3 end MY o F B &~ fER VINI3 ek Ml
P L E@ER 4 AR VINI3(STR3) o 5 ¥ > ¥ # % A4 % 5 thaA
A Fleh VINI3 (CSL1) ke s VINI3 $ o

£ Fv Str3p > E.coli £ &% mairH %4, ¢ 325 pH-
AR E - BE g o iR FE L F TR A Y (HPLC) & § 4p & 49-F ¥
(GC/MS) RIZHfEF e Y - FFF &R B FF 570 & 18°C Ti&
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15 A ERBA BAECCEBEFEAMSFEF4ARL S E 0 B RT-
qPCR i B _STR3 A Tt ftiEfev cnd Mt o€ 2 Str3p v 5 53kDa
v RS 0 F &4 pF pyridoxal-5-phosphate (PLP) = 2 &4+ » #if pH &
875 %% i B f2 5 46 7 Auvkihps > # ¥ 11 L-djenkolate ¥ L-cystathionine % #
%%?’ﬁﬁiéimmﬁ%ﬂﬂﬁJcﬁ—ﬁu£%§&%€m3MH@w-
3MH) £ 4MMP (Cys-4MMP) 5 L Fipli » 2% %97 Str3p w53 f% > & enp
¢émmv§ib1321m4m3MHﬁ]2MMrﬂ%M@ BRSO
SR F tmaA FEE D 02% I 13% > i RERETREY RARBELLE
Moo AFFEF &Y 0 VINI3 (STR3) E Rk Y v = 2 #F A~ 1423 > ¢ % -
- HPFARTCXLEPREAR Y AA2 2 L RS  AFIRRA
ﬁ%ﬁ5m3&&%ﬁ%%ﬁ%ﬁ%mjﬂ’a&@&%ﬁﬁﬂé%ﬁiﬁ%
BEAETAM - B E & hHE > VINI3(STR3) Ay § it #psis %2 3MH kA
FRAsHRE DK 27% (B4 278 ng/L > P<0.05) - #£% % 43R tnaA » VINI3
«Eu)ﬁﬁﬂ@&(ﬁ95%y@&ﬁééiaﬁnm1¢¢§@@ow@my
EEFARAFREL

AR TR 0 STR3 A Fl%A5 2 Stdp i - B B-RjRiEfent
SRR AT 0 T ORI ¥ 4 PRk Skd k] SMH & AMMP - 56 by
A0 R A STRI 7 A se A AFREL DFRT 0 3BT Y
A kATl A F AR

B RRMAF SR R PR O R PR R R

BA e e A o dDF it # (volatile sulfur compounds,
VSCs) 2b% 4 fent & 24 B¢ 5 ¢ i Maifide 3SH3SHA & 4SMP %
SR GFATE AR N FRRAE o R A o PR AR F 2T R L R SR
AN o IR ERER Bk oA f3 % (carbon—sulfur lyase, CSL) i
it ko d "REFHEARE BRI ELFEY 1-10% 0 AF Y g &4F
B2k CSL fEd 3@ o P § 3 Y 2 Ap e
A o

FrEIEp f k2 ° &:E 55 GRAS (Generally Recognized As Safe)
ﬁﬁ% » & ¥ Bacillus subtilis, Bifidobacterium bifidum, Metschnikowia pulcherrima £
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Lapidilactobacillus dextrinicus » ¥ 2 E. coli 4 i3 CSL pE% o gt ¢t » 7~ 8§
Lactobacillus delbrueckii 2% &% % %] (E267A ¥ E267K) - #737 £ 2k % (548
MAK AT 15 0 J1% & A F L-Cys (4NP) il %8 - j2i5 12 » £ pH 3-8
B2 3 e v il s AT 8 FREMRR o - HONEFE B 2%, (9 1 hL)
$oEEET R 2 CSLEER o LA 3SH » 3SHA ~4SMP k& 2 B2 5F

hptrE# 4 ¥ 5 > DEX CSL z igti ¥ # (kcat) B 277.5+58 s %
LDB CSL 920 % ; 2 Km 3 0.69 +0.03 mM » & w s# 8 o4 i » (2 FEg i
»x & (keat/Km =402.2 s'-mM™) m# LDBCSL % 4 @ o g2 T > Bs ~ Bb
% MpCSL ?é'ﬁ?‘i‘ﬁ%ﬁ?ifﬁopH CRERER % DEXCSL *h > f &Rt 4 4o kit %
BT (pH<5) B-r &4 F4 A DEXCSL ** pH4.0 MEvVp|F & rHE
ARG EET GUBR AT 2 o B g 1 > DEXCSL &2 LDB CSL A bafk e
Frlripmkid 822% 2 & £ 8 5517 w2 Glu267 4 Lys265 P~ > 42
B AR ERT (R - HBRET %K HT LDB CSL-
E267K # pHS5-6.5 B i@{ri®i4 415 - kr M A AT A e 2 pH &g 4o
i e 3L F B A7 > LDB CSL % B igfis ~ o viefik & 3 e 415 20-30% >
DEX CSL 5 2 Rl &2 4 Mepldg flcdrd] » 2P HEPDRAR T Feoomt X R {3 -
WPEFE* % ¢ 0 3% Sauvignon Blanc ff i #4277 *r LDBCSL AR R PR
TR 4 20%:0 Cys (4NP) # i » HF s giE s 60% » w33 X (3
,20°C) RIARRIZIP Bt - A F &4~ 4787 > 3SH kAR piEF
2. 193+ 15ng/L + A 3 12 3295+346ng/L > kS hF EEEAG
FaREFLE (p>0.05) & FRd% " > & DEXCSL AARIE 220w pts &
33% HFpEpE T D] Cys (4NP) # I % » e % 3SH ﬁ%’zg ARFRE
(125ng/L 3 154 ng/L> @22 e LR 2 HF) - fupli 7l i eipe
o FREAE R 2 FrA] 0 U2 P RWHERSEREHTT R £ fv‘zé%* IR o

KFTG R SRS A p kR CSL PR PR Y hA R o R
7 DEX CSL 2 g it e r g Rt » 2 BB P b Lys265 & A+
BB AT R G o B AR B R AR e iR OSL X AR F R F
AFE LEFSGHERT ARSI RRET AFF L ARBRENFS %
REEZ o el RS R B S 0 BB 8 Y W W AR e SR T
PN RPEE ST A F BT PA L g o
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Figure 1. Determination of STR3 and CYS3 gene expression levels in S. cerevisiae
S288c (A,B) and G20 (C,D) fermented with and without the substrates (furfural and L-
cysteine). The ACT1 gene was used as the internal control in the RT-qPCR, and the
experiments were repeated three times. Data are the averages of three independent
experiments. The error bars represent the SD.

(Zha et al., 2018)
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Figure 2. Expression patterns of the STR3 (A) and CYS3 (B) genes in S. cerevisiae G20
compared with those in S288c; furfural and L-cysteine were used as the substrates
during the fermentation. Data are the averages of three independent experiments. The
error bars represent the SD.

(Zha et al., 2018)
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Figure 3. Concentrations of 2-furfurylthiol released by S. cerevisiae S288c (A) and G20
(B). Each strain was cultured with different substrates, furfural and L-cysteine (10 mM)
or the cysteine—furfural conjugate (10 mM). Data are the average of three independent
experiments. The error bars represent the SD.

(Zha et al., 2018)
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Figure 4. SDS-polyacrylamide gels of nickel-affinity-purified Str3p (A) and Cys3p (B).
Lane M, low-molecular-weight standards; lane 1, cleared lysate; lane 2, flowthrough;
lane 3, eluate with 200 mM imidazole.

(Zha et al., 2018)
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Str3p (A,C) and Cys3p (B,D). Data are the averages of three independent experiments.
The error bars represent the SD.
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Figure 6. GC/MS quantitation of the enzymatic reactions with purified Str3p (A) and
Cys3p (B). The release of 2-furfurylthiol was quantified with headspace GC/MS in
reaction mixtures incubated with a 3 or 6 mM concentration of the cysteine—furfural-
conjugated precursor. The experiments were carried out with 50 pg/mL purified Str3p
and Cys3p at 30 °C and pH 7.0 or 8.0 to minimize the hydrolysis of the 2-furfurylthiol
precursor. Data shown are the means of triplicate experiments + standard deviations of
the reactions. 2-Furfurlthiol was not detected with the empty vector control (pEASY-
E1) or heat-inactivated purified enzymes.

(Zha et al., 2018)
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Figure 7. SDS-polyacrylamide gel of nickel affinity-purified Str3p. Lane 1, cleared
lysate; lane 2, flowthrough; lane 3, 10 mM imidazole wash; lane 4, 100 mM imidazole
wash; lane 5, elution with 500 mM imidazole.

(Holt et al., 2011)
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Figure 8. The activity of Str3p toward L-cystathionine was measured by detection of
pyruvate by HPLC. The activity was normalized against a blank, and the result is
expressed as a percentage of the maximal activity at pH 8.75. Data shown are the mean
of three experiments. The standard deviation did not exceed 10% of any of the values.

(Holt et al., 2011)
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Figure 9. GC/MS quantification of enzymatic reactions with purified Str3p. The release
of 3MH and 4MMP was quantified with headspace GC/MS in reaction mixtures
incubated with 0.25 mM or 2 mM cysteine-S-conjugated precursor. Experiments were
carried out with 31 g/ml purified Str3p at 28°C and at pH 7.5 to minimize hydrolysis of
the 4MMP precursor (26). Data shown are the means of triplicate experiments standard
deviations of Str3p reactions and empty vector controls (pET), which were significantly
different (P 0.01) for both substrates. An additional negative control, using heat-
inactivated Str3p, was indistinguishable from the empty vector control (P 0.225 for
3MH and P 0.442 for 4AMMP). We observed a strong correlation (R2 0.95) between thiol
and pyruvate formation for both Cys-3MH and Cys-4MMP (data not shown). Hatched
bars show results of an experiment carried out at pH 7.0.

(Holt et al., 2011)

16



~N o ol wWwN -

] Day 5

] Day 15
- 50-
9
7))
3 404 .
1
o 304
E —_—
3 20+ T
3 o -
& 10- e
S
z 0 [E—)
VIN13 VIN13 (STR3)

Figure 10. Quantitative RT-PCR of the STR3 mRNA level at day 5 and day 15 during
fermentation with the commercial wine yeast, VIN 13, and a strain modified to
overexpress STR3, VIN 13 (STR3). Data shown are the means of four data points from
duplicate fermenta tions standard errors of the means.

(Holt et al., 2011)
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Figure 11. Properties of purified recombinant CSLs. (A) 12% SDS—PAGE analysis of
purified recombinant CSLs. Lane M, protein marker; lane 1, Bs CSL; lane 2, Bb CSL;
lane 3, Mp CSL; lane 4, DEX CSL. (B) UV—visible absorption spectra of purified CSLs
recorded in 20 mM sodium phosphate bufter, pH 7.6. Inset: zoom of the 300—500 nm
region. (C) Far-UV CD spectra of 0.2 mg/mL CSL variants in 20 mM sodium phosphate
buffer, pH 7.6. (D) Gel filtration chromatography of various CSLs at 1 mg/mL using a
Superdex 200 10/300 GL column in 20 mM sodium phosphate, 150 mM NaCl buffer,
pH 7.6. Inset: calibration curve of the logarithm of the molecular weight versus elution
volumes (Ve). The standard proteins used were: 1, thyroglobulin; 2, apoferritin; 3,
bovine serum albumin; 4, carbonic anhydrase; 5, cytochrome c.

(Clérat et al., 2025)
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Figure 12. pH-dependent activity of CSL enzymes. (A) Comparison of the different
CSL variants from various microorganisms (Bs, Mp, Bb, andDEX). (B) Comparison
of LDB CSL E267K and E267 Amutants to wild-type LDB CSL. Results were obtained
using Cys (4NP) as the substrate, and the activity was measured based on the conver
sion of Cys (4NP) by the enzyme. The pH values tested ranged from 3.0 to 8.0 in
increments of 0.5. The results are shown as means (n=3 for Figure 3A and n=2 for
Figure 3B). The error bars represent the standarddeviation(SD).

(Clérat et al., 2025)
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Figure 13 Enzymatic activity of (a) LDB CSL and (b) DEX CSL toward Cys(4NP) in
competition with natural AAs. The black bar represents CSL activity with Cys(4NP)
without a competitor as a control; each AA was tested as a competitor at a concentration
ten times higher than that of the substrate (n = 3). The error bars represent SD. Values
are statistically different in the Kruskal—Wallis test with (*) p <0.05, (**) p <0.01, and
(***) p <0.001 compared to the control.
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Figure 14. Spectrophotometric quantification of LDB CSL activity during the
winemaking process at each application stage. Red values represent samples taken from
the clarified tank, while blue values represent samples taken from the stabilized tank.
All conditions were tested in triplicate, and the values shown are the mean of three
spectral readings. Error bars indicate standard deviation (SD).
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Figure 15. Production of 3SH at the end of each stage of enzyme application. Black
boxes represent the control condition without enzyme at each stage: clarification,
stabilization, fermentation, and aging. White boxes represent the average concentration
of 3SH quantified in samples where the enzyme was added. Values obtained with
enzyme application were compared to the control condition at the corresponding stage,
with 100% representing the average concentration of 3SH in the control samples
without enzyme. Error bars indicate SD (n = 3). No statistically significant differences
were found in a one-way ANOVA, with (ns) p > 0.05 compared to the control.

(Clérat et al., 2025)
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Figure 16. Production of 3SH at the end of each stage of DEX CSL enzyme application
during brewing. Black boxes represent the control condition without enzyme addition
at each stage, while white boxes represent the average 3SH concentration in samples
with enzyme treatment. The values in the enzyme-treated samples are compared to the
control condition at each corresponding phase, with 100% representing the average
3SH concentration in control samples. Error bars represent SD (n = 3). A one-way
ANOVA showed no statistically significant differences between enzyme-treated and
control samples (ns, p > 0.05).

(Clérat et al., 2025)
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Table 1. Strains and plasmids used in this work.

strains and
plasmids

plasmids

pEASY-El

pEASY-E1-STR3
pEASY-E1-CYS3

strains
E. coli DHSa

E. coli BL21
(DE3)

E. coli
BL21(STR3)

E. coli
BL21(CYS3)

S. cerevisiae S288¢
(ATCC
204508)

S. cerevisiae G20

relevant features

Vector for protein expression, AmpR

PCR product of STR3 cloned in
pEASY-E1, Amp"

PCR product of CYS3 cloned in
pEASY-E1, Amp®

host for cloning
host for protein expression

E. coli BL21 (DE3) harboring pEASY-
E1-STR3, Amp"

E. coli BL21 (DE3) harboring pEASY-
E1-CYS3, ‘z”smpR

reference strain

wild strain with the capacity to produce
2-furfurylthiol, donor of STR3 and
CYS3

24

reference or
source

TRANSGEN
Inc., Beijing,
China

this work

this work

TIANGEN Inc,
Beijing, China
TIANGEN Inc.,
Beijing, China
this work

this work

laboratory
collection

laboratory
collection

(Zha et al., 2018)



1  Table 2. Substrate specificity of purified Str3p

Substrate Relative activity (%)*
L-CyStathionine’ ...........oovvvieeveeeeneeieecse e 100 + 10.9
L-Djenkolate........cocoeiiniiiiiiieeceeeeeee e 154 = 11.0
L-CYSHNE ..ttt 220x21
S-Ethyl-L-CYStEINe ..cceeevieiiiieieeeeeeeeee e 9.0 0.7
S-Methyl-L-CYSteINe .....cooviiriiiieeiieeeeeee e 74 *+03
L-CYSIEINE ..o 1.0 =0.3
L-MethiOnIne ......coceeieviiiiiniiiiiicciniceie e 0.0

(Holt et al., 2011)
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1  Table 3. Basic composition of the V. vinifera L. cv. Sauvignon blanc wines made using
2 the modified VIN 13 (STR3), VIN 13 (CSL1), and the control VIN 13 strains

Detection method and

Amount of component in strain“:

component VIN 13 VIN 13
g VIND - (s7R3) (CSLI)
HPLC
Alcohol (% [vol/vol]) 11503 116*+02 114=*03
Residual sugar (g/liter) 0.1 £0.0 04+02 0.0 = 0.0
Acetic acid (g/liter) 0.05 = 0.01 0.06 =0.01 0.03 = 0.005
Glycerol (g/liter) 46 013 44003 45031
Malic acid (g/liter) 26 0.02 25 =001 25+ 0.05
Tartaric acid (g/liter) 1.8+001 18+0.01 18=*0.12
Succinic acid (g/liter) 20+0.07 20*+0.04 20=*0.14
GC/SCD

Hydrogen sulfide (pg/liter) 1.2+0.2 1.2+03 1.6 +1.1
Methanethiol (pg/liter) 41+ 18 5011 46+24
Ethanethiol (pg/liter) ND ND ND
Dimethyl sulfide (ug/liter) 11460 107x32 106 =57
Carbon disulfide (pg/liter) 03 *=0.1 04 +0.1 05=*0.2
Diethyl sulfide (pg/liter) 0.3 0.0 0.3 £00 0.2+0.0
Methyl thioacetate (wg/liter) 3.2 = 0.8 4.6 £ 2.6 2910
Dimethyl disulfide (pg/liter) ND ND ND
Ethyl thioacetate (pg/liter) 0304 0.5+06 05+05
Diethyl disulfide (pg/liter) ND ND ND

26
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Table 4. Production of 3MH in a V. vinifera L. cv. Sauvignon blanc grape must using
the modified VIN 13 (STR3), VIN 13 (CSL1), and the control VIN 13 strains

Strain 3MH (ng/liter)” PP
VIN 13 1,084 = 66
VIN 13 (STR3) 1,362 + 84 0.014
VIN 13 (CSL1I) 10,268 = 548 0.001

(Holt et al., 2011)
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Table 5. Kinetic Parameters of Different CSL Enzymes Using Cys (4NP) as Substrate

atpH 7.6

Enzyme
Bs CSL
Bb CSL
Mp CSL
DEX CSL
LDB CSL

Encoding gene
MetC
MetC
STR3
PatC
PatC

ke (57
0.09 + 0.03*
0.019 + 0.005"
0.024°
2775 + 5.8°
137 + 9.7

28

K, (mM)
0.5 +02*"
0.40 + 0.037°
0.2¢
0.69 + 0.03"
0.077 £ 0.019

koK (s mM™")
0.18
0.0475
0.12
4022
1779

(Clérat et al., 2025)
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Table 6. Qualitative Detection of the Conversion of Cys(4NP) by DEX CSL during
Brewing Trials (DH: Dry Hopping)

CSL

Cooling

Start of AF

33% AF

80% AF without DH
80% AF with DH

pH of the matrix

53
5.3
49
44
44

29

Cys(4NP) conversion
+
+

(Clérat et al., 2025)



