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Investigating the tiered responses and tolerance mechanisms of
Penicillium oxalicum 7.2 to licorice flavonoids based on
transcriptomics

HE Zhihao', YANG Binggian', WANG Xirui', YU Chen', CHANG Siyuan"*', ZHANG Sen'"

1 Jiangsu Collaborative Innovation Center of Chinese Medicinal Resources Industrialization, Nanjing University of
Chinese Medicine, Nanjing, Jiangsu, China
2 Bio-based Platform Chemicals Catalysis Engineering Technology Research and Development Center of Jiangsu

Province, Nanjing Polytechnic Institute, Nanjing, Jiangsu, China

Abstract: [Objective] To elucidate the tolerance mechanisms of Penicillium oxalicum Z2 to
flavonoids present in licorice residues and to analyze its transcriptional responses under gradient
stress concentrations, thereby providing a theoretical basis for breeding resistant strains and
improving fermentation efficiency. [Methods] P. oxalicum Z2 was treated with different
concentrations of licorice flavonoids (0, 0.25, 0.50, 1.00, and 2.00 mg/mL). Physiological
indicators were systematically measured. Transcriptome sequencing was conducted to identify
differentially expressed genes and enriched KEGG/GO pathways, revealing the molecular
adaptation mechanisms of P. oxalicum Z2 under flavonoid stress. [Results] As the flavonoid
concentration increased, P. oxalicum 72 maintained high biomass and cellulase activity. Under the
highest flavonoid concentration (2.00 mg/mL), its biomass reached 4.840 g/L, and the activities of
endoglucanase, B-glucosidase, filter paper enzyme, and xylanase reached 74.78, 3.24, 6.99, and
562.5 U/mL, respectively, which were more than ten folds of those in the conventional P. oxalicum
strain. Transcriptome analysis showed that the number of differentially expressed genes increased
in a concentration-dependent manner, from 818 in the Low group to 3 945 in the Super group.
Under low stress (<1.00 mg/mL), the strain reprogrammed carbohydrate metabolism and ABC
transporter pathways to adjust carbon utilization and sustain essential cellular activities. Under high
stress (2.00 mg/mL), it further activated the ribosome and oxidative phosphorylation pathways,
with 65 genes upregulated in the ribosome pathway. [Conclusion] This study identified key genes
(e.g., EF-Tu, SecY, and FtsY) and core pathways (e.g., oxidative phosphorylation and ABC
transporter), demonstrating that P. oxalicum 72 employed tiered responses to licorice flavonoid
stress. Specifically, the strain remodels sugar metabolism and transmembrane transport under low
flavonoid stress to maintain survival and activates ribosome and energy metabolism compensation
mechanisms under high flavonoid stress.

Keywords: licorice residue; Penicillium oxalicum; transcriptomics; tolerance mechanisms
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Figure 4 Changes in extracellular conductivity and protein concentration of Penicillium oxalicum under

different flavonoid concentrations stress. A: Changes in extracellular conductivity over time at different flavonoid

concentrations; B: Changes in extracellular protein concentration over time under the influence of different

flavonoid concentrations.

P4 actamicro@im.ac.cn, 7 010-64807516



S 5E 45 | UEY A, 2026, 66(7) 3515
A 2250 C CK vs. Middle CK vs. High
=Up 2075
2000 ™Down
255) 333
1750
o 1500 896
&
5 1250 1141
—
é 1000 | 899 2211
j=]
Z 750 F 711
448 470
500 370
250
) ) ) CK vs. Super
CK vs. Low CK vs. Middle CK vs. High CK vs. Super
B No difference (7 661)
120 [+ Up (448) L 120} o
«Down (370 b1 scaffold4.g231 Seafolds gl . scaffolds 2229
100 | ommpn Ve ! g i ls 100 fofir = s || - 0@2%%5@
BRS seolielos BERNS
8 B0 [ g | 1 . % o 80r R
= scaffold7.g 59— o e = tn ) RS
> 60 | sl R > 60t S ey
! T e R !l M.,. . Nodifference (7 289)
g0 40 ¢ LR .'J';--’ : @ 40 ; .':'y' 1. . <Up (470)
—_ | | .o" - o oY f.,..... 5
[ 30| .ﬁ > e I 55 ) @ 3 Down (711)
LT ': . ° 28 -
oF------*%- - I ' Foseat™ OF =~ —~— == ! ! et _____
| |
20k L L : . : . . 20k L L Ll L L .
-10 =5 0 5 10 -10 —5 0 S 10 15
log, fold change log, fold change
CK vs. Low CK vs. Middle
120 B 120 - scaffo
sl s 1 St o sty
100 | caoiiress . - £ seatfolds s19 100 | scapoldrssss Z—<m{ b%ﬁg%
scaffold].gé6I, sl g%{gﬁ% scaffold!.g664 . Scaflold2 892
80 80t : 4
= . No difference (6 414) 2 | *Nodiffarence (4 305)
< | .o S 60l *Up (1 870)
> 60 +Up (1 141) >
_ . «Down (899) A, . *Down (2 075)
) 40 - : . on 40t 8
E=t o e o .
a0t ", 5 " 20} :
OF ———— - — - S - - - O F = == 5 55 = S N, =5 s ) S
1
20 & L . . | . . . . —20E . " . . .
-20 -15 =10 -5 0 5 10 15 20 —20 -10 0 10 20
log, fold change log, fold change
CK vs. High CK vs. Super

E5 AEREREME TEREESTER

Figure 5 Analysis results of differential genes under different concentrations of flavonoids. A: Upregulation and

downregulation of differentially expressed genes in different flavonoid treatment groups; B: Volcano plot of

differentially expressed genes in different flavonoid treatment groups; C: Venn diagram of differential gene

expression in different flavonoid concentration treatment groups.
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Figure 7 KEGG enrichment analysis results. A: The KEGG enrichment analysis result of CK vs. Low; B: The
KEGG enrichment analysis result of CK vs. Middle; C: The KEGG enrichment analysis result of CK_vs. High;
D: The KEGG enrichment analysis result of CK_vs. Super.
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