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AR 3.0 kV, HEFLHETE 40 KV, B 7 R
100 °C, #EFL I 50 h/L,

1.3.3.4 b ¥E RA MassLynx 4.1 TAE35XF
ARAT 00 SR A (5 far LE O BA IS ) 8 1 o R ) E
1T R4 SR E B 88 5 A Progenesis QT X F it 17
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Fig.1 PCA score plots in positive and negative modes
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Fig.2 Volcano plot of differential metabolites in positive and negative modes
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Table 1 Differential metabolites between mutant and wild type
G B A/ JR AT e/ log, % 5%
A% T ) o ’ BET mms
min (mlz) 1& 3%
1 CoH.oN5O, E79/ 3.65 1 194.6357 -3.513 0.0097725
2 C,xH»NOy, HiEEFE B 3.69 956.5239 2.4859 0.0097725
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(&Ex 1)
5 X 4 R R R LT
min (mlz) 1& 3%
3 CHI; 18R R o A 3.66 851.4562 2.3251 0.0097725
4 CosHisNOg B ¥R AR 10.38 1042.6381 1.6792 0.0097725
5 C4sH704, R EE 11 782.5402 —1.5843 0.0097725
6 C H¢Br;sNOS A F 3.68 912.5029 1.8785 0.010856
7 C;H3;NO, C10 P #k 11.16 694.4978 -5.5109 0.014872
8 C1oH3N504 R E £ Cl 5.11 904.5841 -2.444 0.014872
9 CiH3,0; AN B 18.52 305.2687 -2.0757 0.01714
10 CoHClg 1,2,3,4,7,7- &-5-(=& % 10.92 826.5598 -1.0322 0.01714
) BER e = W
11 C;HyuNO, ZWHEG-ZVAARERL )& 13.41 696.5122 -5.6458 0.020335
12 CoyoHaN, Wy K A B 11.93 606.4542 -2.5796 0.020335
13 C,H;5,FO; 168- . £ B 7 B3 B 3.61 763.4133 1.3197 0.022642
14 CsH5Br;0, =R B A 16.43 962.6549 1.0686 0.022832
15 CoH; FO 3B—§L—5a—if£ & b —17-8R 13.48 652.4905 -7.4189 0.023025
16 Cs;HeNO (¢S F¥EEB 12.38 1 088.6745 2.5782 0.023555
17 CpHLN, —R e 2.07 149.0861 -2.734 0.027047
18 C,H 50, ¥ IR M B 2.86 177.1276 1.0061 0.030425
19 CssHgsNO 4 ok 3 E 11.83 1018.6453 5.6943 0.033832
20 Cy;sH7,04, REEXB 10.68 822.5324 -2.9161 0.035224
21 CosH4NO, B 3k R AR 3.61 1062.5729 -2.8521 0.036771
22 CugH7015 REFZH I & 3.71 960.5548 3.0054 0.040409
23 CusH75040 REFEH 3.71 1 000.5453 3.2423 0.040505
03 BRI EE I
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0 I B . L AT B 26 % 2 Pl *
(P<0.05), WCANE 13 40 B 5 2 P 14 W % F i, wamnRam o’
(P<0.001), Forh B LRI H ., B3l 2 aBC S o« °
KEGG & 400 I8, i A A A 55 42 3 A R At e . "
A 1 4 4 PR o G 20 4% £ U B 1 woitsl @ o
BTAR (P<0.05) , A0 18 22 76 (X I 3 s o 7 48 ot P
BRI | I R B SR AR D B B % G0 T oz s o4
B 2 TP A T 4 A 0 PR B L A 1R gy

W E LAY KEGG ID, KEGG &£
MT B 25 T 26 01 2 bl 36 5 1 18 L B& AT 78 Zhang A9
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Fig.3

KEGG enrichment bubble diagram



28 oE B S W 2024 455 6 ]

S I R A XS S RS DNA FURE AR TR A X PR B 64 B RN
e b 5 UI A OGO HL AT g2 th DNA
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Table 2 Table of KEGG enriched pathways
L8 4 AR P1a b & KEGG % %5

My R BE Ao I 2B AR 8.69x107 28 C00011, CO0014, €CO0019, C00022, CO0025, CO0048,
C00062, CO0064, CO0077, CO0134, CO00148, CO0179,
C00315, C00334, C00533, CO00555, CO1137, CO1165,
C02714, C02946, C03287, C03912, C04281, C05933,
C05936, C05938, C05946, C05947

L BEBR o = 3R BR AR 7.68x107" 18 C€00011, C€C00022, C0O0024, CO0036, CO0048, CO0058,
C€00149, C00158, C00160, CO0168, C00209, C00258,
C00311, C00417, C00552, CO0898, CO1127, C03459

v ok Ao v 2 A 1.44x107"® 26 C€00025, C€C00032, CO0037, C0O0194, C0O0430, C00748,
C00853, C00931, C01024, CO1051, CO1079, C02191,
C02463, C03263, C03741, C05766, C05768, C0O5770,
C05774, C05778, C06505, C06506, C06508, C14818,
C15670, C15672

R 12 7.10x107 60 C00007, €CO0011, C€O0014, CO0019, CO00022, C00024,
C00025, €00032, €C00033, C00036, CO0037, CO0048,
C00058, C00062, C€CO0064, CO0065, CO0077, CO0100,
C00134, €C00148, €C00149, CO00158, C€CO0160, COO168,
C00179, C00194, C€C00209, C00258, CO0311, CO0315,
C00332, C00334, C00417, C00430, C00632, C00683,
C00748, C00931, C01024, CO1051, CO1079, CO1137,
C01165, CO1213, C02191, C02463, C02714, C02946,
C03263, C03287, C03741, C03912, C04281, C05778,
C€05936, C05946, C05947, C06505, C06506, CO6508

A A B A R 2.41x107 7 C00022, €00024, €C00036, C€C00149, C00158, C00311,
C00417

ABC 435 1% 1.15x107° 12 C00025, €00032, C€C00037, C00062, C00064, CO0065,
C00077, C00134, C00148, C00315, CO0430, C14818

W RIR | R A& BB e B SR AR 9.94x107 7 C00014, €00022, C€00025, C€C00036, C00064, C00334,
C03912

RAXH 1.82x10°¢ 7 C00011, C€CO00014, C€00025, C€C00037, C00058, C00064,
C00533

HAER | 4 SR e T 2R AR Y 1.84x10° 9 C00011, C€CO00014, C€00022, C00037, C00048, CO0065,
C00168, C00258, €C00430

v R BR A 3 8.26x10°° 7 C00022, €C00024, €CO00033, C00036, CO00058, C00149,
€00332

C5 X 4 = LB AR 9.68x107 6 €00022, €00025, C00033, C00048, CO0100, CO0417

2 R H RRAR 2.62x10™ 6 €00024, €00025, €C00037, CO0077, CO0134, CO0315

W5 F G 5.80x10™ 5 C00007, C00036, C00064, C00149, CO0158

VAR 0.001 5 C00011, €C00024, C00037, CO0058, CO0065

7 BR B X 0.002 5 €00024, C00100, €C00332, C00683, CO1213
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(8% 2)
t 18 %% 4 AR P1a ¥ F KEGG %5

T BR B AR 0.003 5 C00022, €00024, €C00025, C00332, CO0334

BRRCER | SE AR A 5t T RUBR A R 0.003 5 €00024, €C00100, €C00332, C00683, CO1213

Al B /4R T A 0.006 4 €00022, €00024, C00033, C00036

BR A 0 B s Ao T i 0.008 2 €00024, €C00332

A BEIL—tRNA 4%, 0.009 6 C00025, €C00037, C00062, CO0064, CO0065, CO0148

2 AR BR Aw R 2R B A 0.012 3 €00022, €00024, C00033

FAAR BB A 0.017 4 C00011, €C00014, C00037, CO0065

KRR M 0 £ R, 0.025 34 €00019, C€00022, C€00024, C00025, C00032, C00033,
€00036, €00037, C€00062, C00065, C0O0077, CO0100,
C00134, C00148, €00149, C00158, C00311, C00332,
€00417, €00430, €00748, C€C00931, C01024, CO1051,
C01079, CO1165, C02191, C02463, C03263, C03741,
C03912, C05778, C15670, C15672

D-- 2 Bt e An D-% 2 B AR 0.033 C00025, C00064

F e R A B R AR 0.047 4 €00019, €00022, C00065, CO1137

R R A SR 0.046 €00022, €C00024, C00332

AR I P AR R — B R S A R A
ARG, b g AR 3 M e I A RN TR
AR, Ml B i 3 MY 3 B
B & W AE M (Spermidine, C00315) N~ Z, Bt 5 iz
(N-Acetylputrescine ,C02714) Fl D-4—¥% 3 -2—Ff
I (D-4-Hydroxy—2-oxoglutarate , C05946 ) , %
Joie o AR A ) R EAZ A AR K, RS e R
FHrp BRSSP RS M # AR 3R 2 40 ) 20 1 R
W7 L 20 ) 20 B ) A A BRI 2 A SR i AR A e
H KA A1 ABC %32 /& (ATP binding cassette
transporters ) 9 5% 18 L 3 B0 1 3 . K
Joe v LU A ORS T, e R S0 R 3 1 4 e v e R
A M 1) Uk 20 T R 2 3 BORS e AR n T AE
FEP R AKIE A S A e mT LA 38 i A 4
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T A AR LR T 119 £ T I 30 T 52 4 v 68 3 5 AL
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ApglX AR 4y rh LI 21 A e 35 A, Rt
FYLAHE I SIS e B 2 D 5T LR R T
Zhang ApglX i £ 15 38 15 52 P4 34 fin 2 [6] ] G 77
TEOCHR B 43 7 HL ] 75 20— 25 i W50 ok
Uk, Howk, ¥ LN R 2 (Hydroxypyruvate,
C00168 ) il 42 F—-2— 4 X % — 1% (4-Hydroxy—2-

oxoglutaric acid,CO1127)t 2 F W />, Eil#25
CTETREL N — R IRERAR T,
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H &R | 22 2R R R S R AT, 21 b 2 R B 2 R
R, SR | o S F 550 2R ) R A, TN AT
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B, AL T E IR oKk B R
SES . ABC Heas ] 432 Y 1) B i AR R Ak 1) e i
NSO N RS I S EE 0 e L7/ L NS T
i) 5 32 (R ANAF7E T 40 B AR 9 i e A 58 o
MEH| L-RHAMR . HEAR LKA L-2220% |
SR B -T2 TR L-7 AR EAE ABC ¥ iz
A i 2 E AR AE e A2 B B e 0 B R 4 i rh
W TGN, T REFLAF A SMN-LBK 7£%2
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1Y) 55 502 B0 5 ) o 08 A A A2 BRI TR TR B A e
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Effect of Ethanol on Methylated Transferase Mutant of Lacticaseibacillus casei Zhang

Yan Jiaming, Zhang Wenyi"
(Inner Mongolia Agricultural University, Key Laboratory of Dairy Biotechnology and Engineering, Ministry of Education,
Key Laboratory of Dairy Products Processing, Ministry of Agriculture and Rural Affairs, Hohhot 010018)

Abstract Lactic acid bacteria will face ethanol stress when used to produce alcoholic beverages, so it is particularly
important to enhance the ethanol stress tolerance of lactic acid bacteria in industrial breeding. Lacticasetbacillus casei
Zhang (L.caset Zhang), isolated from traditional koumiss in Inner Mongolia, is a probiotic strain with excellent fermenta-
tion performance. In this study, the differential metabolites between L.casei Zhang and its methylated transferase mutant
were systematically analyzed by Liquid Chromatograph Mass Spectrometer (LC-MS) under 10% ethanol stress for 12 h.
The aim of this study was to investigate the effects of DNA methylation on metabolites of L.casei Zhang under ethanol
stress.t A total of 199 differential metabolites were identified between the methylated transferase mutant and the wild-type.
Further enrichment analysis showed that the differential metabolites were mainly enriched in amino acid metabolism, ABC
transporters, lwo—component system and pyruvate metabolism pathways. These findings have important implications for in-
dustrial breeding of lactic acid bacteria.

Keywords DNA methylation; Lacticaseibacillus casei; ethanol stress; metabolomics; LC-MS



