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Abstract: Ethanol tolerance and degradation capacity are important foundations for the functional development of lactic acid bacteria
(LAB), whereas their regulatory mechanisms remain unclear. To screen LAB with high ethanol tolerance and degradation capacity and to
elucidate the underlying metabolic mechanisms, more than 140 LAB strains were isolated from various food sources. Ethanol tolerance was
evaluated based on their growth in media containing 8% and 12% (¢) ethanol, and ethanol degradation capacities were determined under 4%,
8%, and 12% (¢) ethanol conditions. Meanwhile, quantitative real-time PCR (qRT-PCR) was employed to analyze the expression levels of key
functional genes in the selected strain under ethanol stress. The results showed that six strains were able to grow well in the presence of 12% (p)
ethanol, among which Lactiplantibacillus plantarum YZ-010 exhibited the highest ethanol tolerance and degradation ability, with a degradation
rate of 33.01 wt.% under 4% () ethanol. Under ethanol stress, the transcription levels of alcohol/aldehyde dehydrogenase-related genes (adhl,
aldh, nox, and adh zinc-binding) of L. plantarum YZ-010 were significantly upregulated. Meanwhile, genes involved in glycerolipid metabolism
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(pIsC and dhaT), aminoacyl-tRNA synthesis (thrS), peptidoglycan synthesis (dacA), and purine transport (NCS2) were also upregulated, whereas
genes related to amino acid metabolism (argG, argH, and gadB) were downregulated. These results indicate that L. plantarum YZ-010 enhances
ethanol tolerance and degradation through strengthened alcohol-aldehyde conversion, maintenance of cellular structural stability, and metabolic
reprogramming. This study provides a theoretical basis for the development of anti-alcohol functional LAB and the elucidation of ethanol
tolerance mechanisms.

Key words: Lactiplantibacillus plantarum; ethanol tolerance; ethanol degradation; gene expression regulation; alcohol/aldehyde
dehydrogenases
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T IKEE/ ST

BEE R IE AR FCRI N WTR N, it o T i 0 R R4 v R SRR FH IR R 2 A T S LR )
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IR PR SRR FE I T O AR, HAERALRIIR AT . BRI, SRR E NS e RlE = 5
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e R H AR =), SR NS 2 I SR L 283 S e e A i, IXEERT SR, T CERE
TR CREA IR AR =1, T = X SRS (1) IE B R

O, AHIFTE A MR iR IR RS 24 MREAT R IR TEVERE HLAT & o A8 BARHE T Sl FLRR TR -l R
GV I CBEMN 52V S QR RS T, TRdefS B —FRMERE L S PR FLAEAT I (Lactiplantibacillus plantarum). 7£
SeFERl b, #E PO ARSI R AR AR AT, RES S SO E B PCR (RT-gPCR) 3R, X H Ll ARl AH il
PERHATARAT, HEAOEIRERE. EBE-RNA S IREREES AR E s b 2 R RIA R R, BIE
NGIF 7K1 B LR PR 52 I S B il R RRTR A ML, D F R 2 D e P AR T ol A A 2 R B AR i

1 RSk

11 RS %A

1.1.1 &Sttt

Uils. W CPas. A6, S5, KR CRBEER. T R ED WEAT INTKNR 5 i,
JERIfE T 4 C oA N ORAFIF SR T 55
112 EEZXA AN

SRR (OiralD, BEEEASAFIERA R IR riraD, TG oK aEE GrifraiD,
LA (0.3 Wt%), T HEREA AR A 7] ; TriQuick Reagent & RNA $REURF, Jbi ZEFRHLE IR A,
2>Green Taq Master Mix Taq BETiIE, mx EIFAYRHCHIR A ; TransScript® One-Step gDNA Removal and
cDNA Synthesis SuperMix —#7%:2: 4% gDNA %5 —%% cDNA & HiR71 £ PerfectStart® Green gPCR SuperMix
(+Universal Passive Reference Dye) JukhZwét e & PCR Flil, JbR X EAEMHEARBMHIRAF .

MRS Jifiss#3E (100 mL) Hph: &AM 109 FRE 1.0 9. BERHEEW) 0.5 9. %Mk 2.0 g. 1HiR-80
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0.1mL. K,HPO,0.2 9. FEEREN 0.5 9. FFiEIRA 4% 0.2 9. MgSO, 7H,0 0.058 g. MnSO, 5H,0 0.025g, 7 pH
H% 6.4, T 121 ‘CK1H 20 min. [ PR FREEAE FRFERE BN 2.0 g BifE. MRS-Ca 157545 76 MRS G114 775
HiA N CaCO3 0.3 9; MRS-E #5570%: 7£ MRS [EAREFREEHERIN 5% (90 SR IERITEK LBE .
113 ZEMR5EE

uVv4802 BEEAM IR, RIRERHMUER AR AR 5804R Y midtvA4R g .0opL, #E[E Eppendorf A F];
MJ Mini 5 PCR AL, BEIRHE % 2245 Gel Doc™ XR+, 2:[H Bio-Rad Laboratories /4 dirkF# ARl S50 5E
& PCR 1% Quantity Studio 3, 3£[E Applied Biosystems A ]; A=A R M BK6000, HPRERH LA AR AR .

12 I

121 R&ERIBRE B ik
FETCR A AR S BUTAE, FREX 10 g N 90 mL JE B A B /K, T8 IR IR A1 E HET 10 (BRI R 5 10°,
Y 107, 107, 10*. 10° DUAMBREER B2 144 T- MRS-Ca Al MRS-E [EAd575E |, 37 CRIE ;3% 48 h. Hhi
7f MRS-Ca 15775 [ 45 el FLAE(E MRS-E 15975 LA KN mwibkit 1T B alith.
122 BAMARFEIZBNSTENTER
I ERIES R A G, BIE. REDGHE HRMA RS T S AR, Ry BN 0.3% Ho0,,
Fe T S A R RV I LR o SRR AU DNA: 5 50 mmol-L™ NaOH Ji&%J, 98 C%
fif# 20 min JE IO Tris-HCI #1811, {£5 16S rIDNAPCR # 34it . PCR 1A% }: 2>Green-Taq Mix 10 uL, I i3l
Y145 1 uL, B 2 uL, ddH,O #M4E 20 pL. SIPF5IaIR 1 iR .
F 1 HFEEM RT-oPCR IR EE M5 14551
Table 1 Table 1 Primer sequences for genes related to molecular identification and RT-gPCR experiments
AR =3 iE) (5-37) &
F: AGAGTTTGACCTGGCTCA
16S rDNA / H#k 16S IDNA 5T %%
R: GGTTACCTTGTTACGACTT
F: CTCAACCGAAGAAGTGC

16S rRNA / M %A F RT-gPCR X%
R: TCCTGTTTGCTACCCAT
. F: TGGTTGCGACGTAAGCGC
nox NADPH #/t.85
R: GCACTGAAACCAGCCAATC
. F: CGATGCTGCTATTGCCTCT
aldh BEIL 2 Bl
R: GAATGTCTGCGGTTTGCTC
o, F: GGAATGTGTCGGCACTGAAG
adhl B3 0L 2 B
R: ATAAGTCGTAACGGAGGCGG
o, F: CATCGCAATGAGTCGCCA
adh2 B3 0L 2 B
R: GACCAACAACCGCACCAG
e, F: AAATGTAGTTCTGCGGCTGC
adhE B R A B
R: TGCTGGTTTACCTGATGAGT
B 474 F RT-gPCR X
] o . L F: GGCTGCGACAGTGCTTATCA
adh zinc-binding 15 SR BE LA
R: GCTGGGTCAAAAGGAATGTG
. o, F: GGGAAGTTTACGAAGCACCA
argG T R BRYE 30 B A B
R:GAGAACCAAAGACCGTTGTAGA
Y " F: TATTTCGCCATTGGGAGC
argH T R BRYE 30 B R B
R: CACAAAACCGTGAGAGATGC
o o F: GACTGGTTCTAAGCGTGGTG
gabB PR BEBLE B
R: TAAAGCGTTTTGATGAGGTG
e L, F: ATGGGTGACGGCGAACAA
thrS TR BEARNA 43505

R: AAGTCATTTCACGAACCCG
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F: TCACCGTTATTAAACGTCG

NCS2 NCS2 %iE B K 7%
R: AGCCTAAAGCAATCCCATC
L ., F:AACATTACTCCGCACTTCCTG
dacA 2 2R D-Ala-D-Ala # ks
R: CGTCGTAGTCGTGTAGTTGTGG
N F: CGTGGTTTGACCCGTTGT
plsC 1-BrA i -3-BRER B AL 4 B
R: CGATTGACAGGAAAGGCG
. F: CGATGAAACAACTCAGCGA
dhaT 1,3-A B BLAFE

R: CGTGGGTTAGAGAAGGCG

1.2.3 HRCEERTZ AT

BRI OGS, TS B B OR EE 47 10" CFUIML, LA 2% (@) BEFEHME S 8%H1 12% (9) 2
(P FRdkrh, 37 CEEFR 24 he JEIEIEREFRHT S ODeoo ZBAE (AODgoo) WANEIEI LBEMT 2 RE ST &AL E
3NEH.
124  ERERE TER 68 ) M2

ZIECHERITE IR, A S UOEE, Bl 2% (o) HER R SRR AR s s,
T 37 ‘CHiFE 24 ho 435 F 0 h A1 24 h BUEE5%W 1.0 mL, 7£ 8000 rpm. 4 ‘C2&f4 F &0 5 min, WedE s ¥ L
TERS S ERA-IRERIA L 1:10 (o) LUBINR S, 7B AE B T3k A 10 min, WHIZ =R, 7F 610 nm
BAAEMEWCRE . MRS CBEbritE 2R ERE S BRI A, % T T SRR 2

A =A% 100%
A €D

AP

Ar—— LB, Wt9%;

A B 4 CER R,

A—ABERRYHLERE, (.
125 CEARf & a4)

KR BB FIAFR B 5N 0%, 4%. 8% 12%. 16%A1120% () I ZEEARAEAR. 23 IEL 0.1 mL &
TR Z AR, IIN 1.0 mL AR FREH-BRIRVAVE T 2 mL B0, F8OMBAIE &S, Tkt &% 10 min,
ik R EM. RNEEHRGEUEA A E SR, 1E 610 nm KA E WG . LAOEARFR S BORAAbR. T
e NALER, EESTRREMZE (y=0.305 1x+0.001 6), FFHEIEIHHFE o 2B
1.2.6 RT-QPCR 47 LB AR 5 b2 AR % AL B R GA

e C W B B R R R R Y Z-010 VRN X e AN ZBERE TR R SR80 4H, DL MRS 5537 BN
SR o AR BT 2 O B LR AR SR MR AR K R, B TR IR B B4 140" CFU/mL, UL 2%

(o) EFEHRIT 5 4% (p) CEEREEFREES, 37 CHrEHEFR 12h. KA TriQuick Reagent &t RNA S22

B4 RNA,  JE48 1 TransScript® One-Step gDNA Removal and cDNA Synthesis SuperMix — 3531224 gDNA &
55— E CDNA & BU I ST [ & i CDNA A 1) cDNA JyR5i, K PerfectStart® Green gPCR SuperMix
(+Universal Passive Reference Dye) 4«kHZ7¢ € & PCR FUREAT RT-gPCR 7341, L 16S rRNA AN SERH,
DN R S UBEAH K] (nox. aldh. adhl. adh2. adhE #1 adh zinc-binding). ZIERAEIFHSIEA (argG. argH-
gadB). ZME-RNA A RUHICHEER (thrS). MERMHLIZER A OCHE R (NCS2) RZRBEG A CIE R (dacA) BLAL
Hm AR CEER (pIsC. dhaT) I E K. RGBT IISIFIER 1 R, RNFEFN: 94 CHi
ARk 30 s; BHJSHEAT 45 MEHF (94 °C 55, 55 °C 155, 72 °C 108D, SLIRHURF 274 7 it S AL R 29k
%[19]0
127 HAB5HT

WA R E 3 CHTES, S4RUFIIESMERFTIR . FIGEEERH Excel 2019 MATHEH 5411
GritabE, JFEAIH] GraphPad Prism 8.0.2 £ [814. AFIALHAL [AIf)Z 7 Ilid SPSS Statistics 26 4TSt
KRR 2T Z 08T (One-way ANOVA) J¢ t G507 W e LL s, W38 /K Fis e o P<0.05. gRT-PCR %iidiE LA

4
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16S IRNA YA ZEEA, KA 278 i1 B b S R (AR ik o P AR () BEFR R 4L 1) 22 SR 3 25 /K P
2 HR5VTE

21 ARELBEHSLEE

WA iR 7 B3R 200 Atk B AR M TRy AFE R s bk, & 2R, FLat. RIHDG
B HR . L5EFE. HEPIRIRAE MRS-Ca 55572k F IR i P HLREAE MRS-E 7B b IE S A K I BRI T
AR . SRR, AbEERIS IIPE S S RGO AR S, I 140 RKE B HIE NFARE . HF,
iEiT 16S rDNA I 52 H E K A YA Brbty (NCBI, https://iwww.ncbi.nlm.nih.gov/) el FE #EAT RV L
X, %Eah B OR o B bk B A &) TR AL A B (Lacticaseibacillus paracasei ) A 4 A AT

(Lactiplantibacillus plantarum). Y85 Fr Bk (Pediococcus pentosaceus). KBRS ALATE (Limosilactobacillus
fermentum) 1SR R R (Leuconostoc mesenteroides) 45 (K 2). Hfsh Fit—BI0IE T LA EME I A&
FHIE (& 1), 16S rDNA 1261075 T, R A R Em5E (K 2).
2 RS BB EmEAREREEEEE
Table 2 Partial food-derived lactic acid bacteria lactic acid bacteria isolated in the experiment and their activity identification

Whas  E Py e
8% () 12% ()  (>10wWt%)
YZ-001  &FESILESAT Rl ++ + Y
YZ-002 ++ Y
YZ-003 . Y
YZ-004 . N
YZ-005 - N
YZ-006 E S ZE N ++ N
YZ-007 ) N 3 + + Y
YZ-008 HAALATE iz FHR. + N
YZ-009 T AR A& A ++ N
YZ-010 ++ ++ Y
YZ-011 ++ + N
YZ-012 - N
YZ-013 ++ + Y
YZ-014 o . ++ ++ N
V7015 JSHE R R &4tk . . v
YZ-016 - Y
YZ-017 + N
YZ-018 L, TEER. - N
YZ-019 AERRIATE I RAE R A - N
YZ-020 - N
YZ-021 - N
YZ-022 + N
YZ-023 I ERE T AMKEAK - N
YZ-024 - N

7E: “HHE T ODgoo > 0.5; “++7%& 7 ODgo /T 0.3~0.5; “+”%& 7 ODggo /T 0.1~0.3; "%k 77 ODgo < 0.1; “Y" KT/ 4% ()
BB T TSR > 10 Wt%; “NETE 4% (@) TERBRYHAM T LEEARE<10 wt.%.
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Fig.1 Microscopic examination image of food-derived lactic acid bacteria isolated in the experiment (representative strains) (>400

magnification)
i a8 FEAILEAATHE; b AIUEATH; o KABHIRE; d ABHERIUTE; e MR S3RE.
1 2 3 4 5 6 7 8 9 10 11 12 13 14

——-------—-----:

2 16S rDNA PCR i/ #8434

Fig.2 16S rDNA PCR amplification analysis
JE: ki 1~13: EAk 16SIDNA; ki 14: £-F47i2 Marker 3.

22 Wi LB2G CBF ST AR Y O

P AODgoo AL RMRAE LIFIAEE T HIAKAE S, X 24 BRDJREMERR AR W AT 2 M vPY . SR BoR, 1
8% (p) M4 TA 15 MRERBUE I EAK, £ 12% (p) ZEEMTIE 8 Mk — a4 KEE N (F2).
Her, HEYFMEATE YZ-010. YZ-011 #1 YZ-013, EITFE&FLESH B YZ-001 DL A SekE Bk YZ-014 Fl1 YZ-015 £
B CEERE MR RGrrEKEs (F3), RMHHAEH RN LB 26677

BB A FIBEIRTE 4%, 8%F 12% (p) ZBEFAT FHIFARRE ) (R 3. S5HREKH, LREmTZIEERN
PRI IE i R I B S ) CRERR AR RE ) o T8 A% CRERAE R, A 7 RE M BRI 10%, Hrh YZ-002. YZ-007.
YZ-010 F1 YZ-013 &= T HAh Gk, 205k F) 26.66 wt.%. 28.46 Wt.%. 33.01 wt.%#F1 24.23 wt.%; 7 8% (p)
LA, YZ-010 A1 YZ-013 {5 PREFE i IEMFRE /) (16.14 wt.% 1 11.39 wt.%) .

IR, FURR R LB SRS I CRERRARRE ) 2 [AAFAE— 8 R, I S22 e e i o L
A1 S R RO o B GRR 8020 FUBR B AT e B 4% ZR UM DB IE R )12 5 2 B At P, i
PRI 2B 52V SRR Re 71, EREYIFLEAT I YZ-010 1E A5 ALK 7 AR R Bk
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Fig.3 The difference in cell density of various strains of lactic acid bacteria after 24-hour cultivation under different ethanol volume
fractions
E ARFHE (avi) RTFAER—EFT 2F4EA %t FE L (P<0.05).
* 3 ARESERT ARICEFRR B TIES 24 h WOEERERE
Table 3 Ethanol degradation rate of various strains of lactic acid bacteria cultured for 24 hours at different ethanol volume fractions
TERIEMRE (Wt.%)
4% () TBEE 8% () TE 12% (¢) TBF
YZ-002  26.6642.24™ 4,0140.25° -
YZ-003  19.3942.34° 5.680.02 -
YZ-007  28.4642.60° 7.2940.99° 2.1240.92°
YZ-010 33.014.14% 16.1441.13° 4914055
YZ-011 6.9240.80° - -
YZ-013 24.2341.82° 11.3920.45° 2.124.33°
YZ-014 6.81+40.30° - -
YZ-015  13.524.10' - -
YZ-016  12.9740.05° - -
E ARFE (a-g) ATER—EAFT ZF4EA %t E &L (P<0.05).

2.3 AWML E YZ-010 Btk LB AR R AT

o

H R

25+ - 2.0
a a = CLEEEE

. 20 === AODe0o
< - 15
f 154 B 5
s - 1.0 8
£ 10+ <
&
2 =
9 s 05

0 0.0

N -
N
(2]

8 10 12 14
BRI EL (%, ¢

4 EYIFEFTE YZ2-010 EMRERRIRR S B OB TN C B MRERREREREE A0Dw
Fig.4 Ethanol degradation rate and bacterial density difference AODgy, of YZ-010 under different volume fraction of ethanol
E: ARFHE (a~f R A-D) ATAER—8#F T £FAA %I FEL (P<0.05).
Nt DIRFEYIFEAT I YZ-010 Bitk@ filid ORI ER UL B E N BRISSEIAR SN SRR ER], AR
BB I T, TRIRRAERE IR 12 h A A T U ER S, B AR R ARHE I s, RItiedE 12 h
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VEN IR AR LR ME R 8] i e FEAFARIR B OB 4R, YZ-010 BARAE 4% (o) LR#EEFR 12 h s O
BRIk 18.97 wt% ([ 4), [HAE 29%M1 4% () ZEE&AF FINRIKREZR AR, Kk
Y, &R SR B G R PR T ARG T S AAERE ST TRIGHEN, 4% (o) CREMEn] seiod 7L
FEAT B SEEREAUAHC AR R G FET L, AHTFEE— DIk 4% (@) LFFALPRSRAT T H) YZ-010 Bk,
X HARSAEN@ AR K A A HEAT 70 #T

24 MM IEATE YZ-010 W AR CB% a8 T o 2 B R 4 004

a n
[ .
257 I . !
f ns !
» 2.0+
X B
% 154 2
& %
= H#r
> S
= 1.0 =
= E
1 s
:l& 0.5+ ;
0.0 — !
(63 adhi adh2 adhE aldh  adh CK nox
R 2 I S AR G S [ NADPHU AL HE ]
6— ok k
5= L B
% @ %
% i 4] i
# # #
Y = i
= = 4] =
i = ? K
0_

CK pisC dhaT CK CK dacA

thrS
e A i 1 M S R S E-tRN AL AR AL K] 20 5 F U D-Ala-D-Ala F2 il 2 [
71 1.5 "
B w104
% %
. &
= 3% 0.5
0.0~
CK NCS2 CK  argG  argH CK gadB
NCS2K JiB & 2 A R A RO AR AH K AE [ TRIARR - RE It S M ik [

[E 5 EFUEATE YZ-010 Bk ZEZM A PHEAE SCBITEE AR Rk F
Fig.5 Transcriptional levels of regulatory genes related to ethanol tolerance and explanation of Lactiplantibacillus plantarum YZ-010

E: ar BEEALABAAR £ 2 A adhl. adh2. adhE. aldh #= adh zinc-binding 4945 5% /K-F; b: NADPH £/t.EEH F nox #9445 FK-F;
c: HhE R 24 X A E plsC A= dhaT 494 FK-F; d: FEBARNA S REEAE thrS 694 FoKF; e L RMA D-Ala-D-Ala £
FRBEA B dacA #95EF K, f: NCS2 Rakibik Bk B NCS2 #4k FK-P; g AR A RIEAAR XL R argG F= argH 4946 FAKF; h:
JEIBRFEABLEBE LB gadB #9455 FK-F. HtBBatatt, *P<0.05 **P<0.01; ***P<0.001; ****P <0.000 1.

HFE NCBI $ids e fe st R 5L R [T R4+ (KEGG,  https://www.kegg.jp/) ISR SERER, Xt
ST YZ-010 PR [FRIEE S D RERE R EAT EON o0 AT, B R R e e it Sl A L ) A S 2 dk
R WEERAHE TR AR OGIED,  DUACH MR . ZE-tRNA S R SRAE & O Z R IR U S O R L R

W it S e T A= ) CRAC A A G BRIk Al o £ /&1 Ba A1 b AT &, Y Z-010 B A HH e e Mt Sl A Ok [
FIRAFAE B E 225, Hrh adhl. adh zinc-binding. aldh F1 nox #57K T-&xf R85 2 2 i, JtH: nox ik 18.11

8



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.6

%, 1 adhE JERIFA R FiM, adh2 TEEIL. BB EEHA REH K NAD'. NADP' K Zn*", Fe™'%%4:
BT, NFOEE. ARSI A Z RIS RE . AT RR Y, LI LRI T RE R 2
) T8 % O RS A\ (P3R40, WTTRRIRAR R 2B 8. CEWFFURW, FLERTE P B i S A7 E e R e 1
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e

T P 5 T S 4 ) R RE AR 2R e O EE 2 57, H 1) 5d Al 5e mI %0, thrS 55 dacA RISk E3%
W, BN RRZH AR = 4.67 f5 A1 6.26 £ thrS ZmiS 75 2 IH-RNA G R, 25 BE-tRNA A2, 75 AR AR
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3 Zhip
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