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Effects of Different Ventilation Ratios on y-Polyglutamic Acid Production by Bacillus licheniformis

Fermentation Based on Metabolomics and Transcriptomics
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Abstract: To investigate the effects of different ventilation ratios on y-polyglutamic acid (PGA) production by microbial
fermentation, using Bacillus licheniformis BYBC1.21056 as the starting strain, the effects of different ventilation ratios
(1.0:0.7, 1.0:1.0, 1.0:1.3, 1.0:1.6, 1.0:1.9) on intracellular metabolism and gene expression of strain BYBC1.21056 were
analyzed by combining metabolomics and transcriptomics. The results showed that the high ventilation ratio (1.0:1.9)
most favored y-PGA synthesis, achieving a yield of 105.54 g/L, demonstrating that ventilation was a key factor influencing
fermentation. Metabolomic analysis results showed that a total of 916, 1 164, and 1 081 significantly different metabolites
were identified between the experimental group and the control group, respectively, after fermentation 24, 48 and 72 h.
Among them, the unique significantly different metabolites were 293, 563 and 412, respectively. Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analysis results indicated that, compared with the control group, the significantly
upregulated metabolic pathways for significantly different metabolites were tryptophan metabolism, nucleotide metabolism,
glycerophospholipid metabolism, purine metabolism, nicotinic acid and nicotinamide metabolism, etc. in the experimental

group after fermentation 24, 48, and 72 h. Transcriptome analysis results revealed that there were 882 upregulated genes and
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1 025 downregulated genes at 24 h, 373 upregulated genes and 506 downregulated genes at 48 h, and 461 upregulated genes
and 394 downregulated genes at 72 h. The results showed that increasing the ventilation ratio altered gene expression
in B. licheniformis, thereby regulating its metabolism and affecting y-PGA synthesis.
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L y-PGA 7 TR AR 2 I U - T A T AR
BEE A AR, EHEYRMEY R EEES . B
e AR == s, 15 o R R AR
P 1R T SRR B AT AT B R A AR KR E BRI A R
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BARBWTALAF; BERE 480, M. M. 1
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i FREFRIE: AIATHR0 gL CRAUKED , BERFET oL,
K,HPO, * 3H,0 0.5 g/L, MgSO, » 7TH,0 0.5 g/L, #J4pH
7.240.1. 121 °C K E20 min.

R FREE . RKK30 g/L, BEREE4 g/L,
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pH7.240.1, 121 CK#20 min.
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(liquid chromatography-mass spectrometry, LC-MS)
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300 mm, 13 pm) , 0.05 mol/LJC /K fiti BR ¥4 2% i
VPR, Ji#0.5 mL/min, fME K210 nm, ik
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p-PGAF= B4 FKE, BOE@ALLN1.0:1.9. HE b _ 200 / e
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E, BOEENAL.0:1.9, BB ca[ %1, £0~6h, Frf 9 A [/
ZH T GE p HARL DR B PR PRl AR K P= R 1T 3 %5 24 hjis Bl 1 s flitd KL A AR SEALFF T BY BC1.21056 & B d Fiiy-PGA
pHEH4RIE T Et, FHoAdi@ KN 1.0: 1O pHAE I 5 i (a) o BT (b) . BIEPHAN (o) RAVE (d) MKW
e, MPH{EAII Wk E, BEE R N1.0:1.9, HE1dAS Fig.1  Effects of different ventilation ratios on y-polyglutamic acid

yield (a), biomass (b), initial pH values (c), and viscosity (d) during

H1, y-PGATRZE Bl R BER ) 2K RIS BT S T B
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T %Mmmﬁmﬁﬁ%@ﬁ-w SEAK, TR BYBC1.21056 & it 2 (f)y-PGAF* R E R EH ., #£5 LK

W WNRIEEAERKE, miGiEM1.0:1.9. % R 9 EBOAIF 0 308 XU LG X p-PG A KR T (1) S I, G 38 XU

fermentation process of B. licheniformis production



50 2026, Vol.45, No.04

China Brewing
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5, MR ZFAFFHEBYBC1.21056 AL & A4 i 3s

2-48

124, 1-48. 1-72. 50 IR 0 AR %24 48, T2 hifdh; 2-24. 2-48.
-T2 MIFOR LI A R 24, 48, T2 hEER . I3[,

P2 O BEALA SR AL G A I 9 S B LC-MS 5> i Vennl%l
Fig.2  Venn diagram of numbers of intracellular metabolites in the
bacterial cells of the control group and the experimental group by
LC-MS analysis
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90.80% . 3/ (1] s IPC AR AL it 22 DT ik 26 3 i it
90%, TIAHMREBERMEARWLREE, BEHANE
MR R 74, HEE SRR B SR, xR
RS IG HFE A B BB, B A ZE R EUN, P
ITRER s LI 2= A, ULRHE R o S 80T e
WA AR, 38 PCA R LA RLIX 43 R [R] & B i) Ta] (1)
Xof B ZE R0 S 56 AR o

3001 a s

°l-
2501 m2-24
200}

150+
100+
50F

PC2 (22.60%)

750.
—100F
— 1501
—200r
—250r
—3001

200r- b A48
©2-48

PC2 (8.54%)
TR =Y
S S S
T T T

=

—50F

—100F

—150F

T R S T B T R S S R R |
NI SN IR IR PN BN IV BPSN RN SPAN I
\'\;/\Q /‘b /b /b&/'\/ >N Qo %\Q N \V
PC1 (84.80%)

/

250 ¢

200+

150+

100+

50+
0

—50+

oe

B —
D]
~N
NSNS

PC2 (12.30%)

—eleo—

—100F
—1501
—200

1 (78.50%)

K3 XHRAAGARALRIE24 (a) . 48 (b) . 72h (c) PRSI
WACHIPCAT Sy IE]
Fig. 3  Principal component analysis score plots of intracellular
metabolites in the bacterial cells of the control group and the

experimental group samples after fermentation 24 (a). 48 (b). 72 h (¢)
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£ MRAUSINALK 24, 48, 72 hARdhb R 50 AR Tk
Table1 Changes of main significantly differential metabolites in the

control group and the experimental group samples after
fermentation 24, 48. 72 h
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Fig.4  Effects of significantly differential metabolites on metabolic
pathways of B. licheniformis BYBC1.21056
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Fig.5 Heatmap of correlation analysis of the control group and the

experimental group samples
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Fig. 6  Number of differentially expressed genes in the control group and

the experimental group samples after fermentation 24, 48, 72 h
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Table 2 Analysis of major differentially expressed genes and their
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