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Metabolomics Analysis of Lactococcus lactis IMAUS51121 Under Acid Stress
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Abstract: [Objective] The aim of the study is to investigate the metabolite changes of Lactococcus lactis
(L. lactis) IMAUS1121 under acid stress. [Method] L. lactis IMAUS51121 was exposed to acid stress in the GM 17
liquid medium at pH 4.0 for 0.5 h. The metabolites changes before and after acid stress were detected by liquid
chromatography-mass spectrometry (LC-MS). The multivariate statistical analysis was performed for
metabolomics data. [Result] In total, 1 178 metabolites were identified, from which 20 major differential
metabolites were screened based on variable importance in projection (VIP)>1, P<0.05, and fold change (FC)>
1.2. After acid stress, 11 metabolites showed increased relative content, including L-histidine, aspartic acid, and
isoleucine, while 9 metabolites demonstrated decreased relative content, including citrulline, f -tyrosine, and
uridine diphosphate (UDP)-glucose. KEGG pathway enrichment and topological analysis revealed that acid stress
affected five key differential metabolic pathways, including arginine biosynthesis and galactose metabolism.
[Conclusion] Acid stress affects the growth and metabolism of L. lactis IMAUS51121, which responds to acid
stress by adjusting the levels of amino acids, sugars, lipids, and nucleotides and the metabolic pathways.
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Table 1  Gradient elution procedure of mobile phase
. ; . WENAE A WENAH B
i 8] /min it 1 /(uL/min) R H% R L%
0 400 100.0 0
3.5 400 75.5 24.5
5.0 400 35.0 65.0
5.5 400 0 100.0
7.4 600 0 100.0
7.6 600 48.5 51.5
7.8 500 100.0 0
9.0 400 100.0 0
10.0 400 100.0 0
1.53 it &#
FE b B S 5 R AR M IE U 7 A
1 4 6 B m/z  70~1 050 . MR E N

345 kPa, %l B /S D9 90 kPa, i B 0N #4 i
&N 425 °C, IERAE THIZ HE R E N3 500V,
Gt B 7 w1 5 R B -3 500 VL B T AR g
BR N 325 °C o — g 2 N 60 000,
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Fig. 1 Viable count of L. lactis IMAUS51121 exposed to different pH

73



74

Journal of Food Science and Biotechnology

2.2 BRAIERTEIRYHEE

N T W E TR Ak BRET R, 7E pH 4.0 2% £ R E
AN TR iy 38 B (8] X L. lactis IMAUST121 /235 F 1
W, W B 2. L. lactis IMAUS1121 £ 3, B i 34
15 min I B 7735 F 8 97.9% , [ 38 30 min I /) 7735
RN 92.8%, K KA FE AL . By I8 45 min B
L. lactis IMAUS1121 [ 17 3% R & F F B, N
77.1% , H A7 1% 22 B 35 TR 9 280 INF 8] ) 48 K T 328 3 e
i, ) 120 min B} 735 %N 45.8% .

L. lactis IMAUS1121 7E pH 4.0 & 1+ T~ #hi8
30 min B #4778 26 R 3 R B, i B A BE A2 2
TR R R SCORRE T — o RS T, B ik
PEM A AE N L. lactis IMAUS1121 Ji5 22 48 3 40 2
I3 AT B R Ak B 4% 14 .

100F -

*
80 - T
.
*
< 60+ Ll ok
5 — s
i
& 40 F
20
0

15 30 45 60 75 90 105 120
i 8] /min
R A FR 2 5 5 IR 4 2 () 22 57 3 3 (P<0.05).
B2 L. lactis IMAUS1121 & pH 4.0 89 & #+ T & 32 7~ R & 18]
o5& E
Fig. 2 Survival rate of L. lactis IMAUS51121 exposed to pH 4.0

for different time periods
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Fig. 4 OPLS-DA analysis of different treatment samples
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Table 2 Main differential metabolites of L. lactis IMAUS51121 under acid treatment

Bl B 4y ¥ 4 B4 F 1] /min Jo A El A A 3
L-HA B CH,; N;0 3.366 4 346.197 A
KA B IR C,H,NO, 6.002 9 286.310 A
AL AR CH,;NO, 2.183 1 242.186 A
TR PUEANiLd C¢H,N,0, 2.516 6 332.181 A
L% 5 W CsH,(N,0, 0.630 7 147.076 4
JRE R CH,5N;0, 0.623 1 176.103 v
BB = R C,H,,NO; 3.116 8 180.066 v
FLAR R C,H,,0,, 0.630 7 365.105 4
[N UDP-#i % ¥ C,sHy,N,0,,P, 0.6350 565.048 v
UDP-D- 3 ik CsH,,N,0,,P, 0.801 9 565.047 v
3-FH 3 W il R CyH,,0, 6.126 3 171.101 A
10-fiFf 25 30 3 182 C,¢H;NO, 5.6185 308.222 A
iEES )
FEAR R C,(H,,0, 6.002 9 274.274 A
TR C,,H,.0, 5.5417 292.227 v
SR CyH,N,0, 1.791 6 243.062 A
— R % (GMP) C,oH,,N,O.P 0.690 5 362.051 v
A ES
By C;H,N,O0, 2.460 4 151.025 v
WLE C,,H,,N,0, 2.053 8 267.074 v
] LR ERE C¢H,,NO, 1.696 2 389.166 A
HoAh 2k )
BE H1 1 C,H,O, 1.591 1 117.018 v

VE AT NI RMRER L. lactis IMAUS1121 T2 30 25 15 0f 116 2 A bG 2 5 AR 0 400 25 384 n i (2 2% 1 B (P<0.05) .
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