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Abstract: This study aimed to establish a systematic framework for enhancing the bioconversion efficiency of ellagic acid
to urolithin A by Limosilactobacillus fermentum FUAQ033 through rational medium engineering, while deciphering the
molecular orchestration underlying this metabolic process. Single factor and response surface methodology were used to
optimize the culture medium. Transcriptome sequencing technology was utilized to analyze L. fermentum FUAO033 before
and after ellagic acid supplementation in media, and predict the molecular mechanisms involved in the biotransformation of
ellagic acid into urolithin A. The optimized medium was determined to be Wilkins-Chalgren Anaerobe Broth (WAM)
supplemented with 0.16% trace element solution, 0.16 mmol/L methyl viologen, and 0.21% vitamin solution. The
optimization resulted in biotransformation rate of 74.91%, 20.83% improved as compared to the unoptimized condition.
Following the addition of ellagic acid, 64 significantly up-regulated genes, and 123 differentially down-regulated genes. GO
enrichment analysis demonstrated that the differentially expressed genes were significantly enriched in molecular functions
including transporter activity, membrane, and ion transport. The KEGG pathway enrichment analysis demonstrated
significant alterations in oxidative phosphorylation (P<0.05), with substantial enrichment of functional genes related to
metabolic pathways and the biosynthesis of secondary metabolites. Notably, two lactonase-encoding genes exhibited
significant upregulation, strongly suggesting their catalytic role in hydrolyzing ellagic acid's lactone rings to generate the
urolithin A precursor. These findings establish a mechanistic foundation for microbial biosynthesis of urolithin A through
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Table 1 Factors and levels of response surface test
SES
KA — .
I TEER (%) HIE408 (mmol/L) 4R (%)

-1 0.1 0.1 0.15

0 0.15 0.15 0.2

0.2 0.2 0.25
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Effect of different nutrients on the conversion of ellagic acid to urolithin A by L. fermentum FUA033

e AN NE FRRIR 225 B3 (P<0.05) .
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ARUHIRAS, FRAERRE HAY pH, R VR AL ER I
L PR EFASERP . AR I G A R IR,
FUIR R P LR, P BAE IR AR, W Y2
HEMR Ko FHARU 7 Wy XT g ™ A= S st i, sEma PR A1 2R
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R 1.5% B}, #5463 h 58.71%(E 1E) ., &S HAA R
U, AR R RO S A b S SRS BRI ROV, 12
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AR YT B IR ZR LI 45 AR, TRk R XT L. fermentum
FUAO033 FACEEAERR E R 3R A SRR R 5 s
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Table 2 Experimental design and results of response surface

methodology
WS ARUEITER BWESN CHAER . HAE%)
1 1 1 0 68.98
2 0 0 0 75.02
3 -1 0 -1 64.81
4 0 0 0 75.16
5 -1 0 1 66.15
6 -1 1 0 64.26
7 1 -1 0 67.13
8 1 0 1 70.19
9 0 1 -1 70.36
10 0 1 1 70.58
11 0 0 0 74.67
12 0 0 0 75.13
13 1 0 -1 69.49
14 0 -1 -1 68.14
15 0 -1 1 68.87
16 -1 -1 0 62.62
17 0 0 0 74.81

o e 3 1T 45 SR AT 22 o0 R BHE LS, #E T
TR AL g ml ) O B Y=74.96+2.24A+0.9275B+
0.3738C+0.0525AB—0.1600AC—0.1275BC—5.52A>—
3.69B%—1.78C>, A AR A I PLE FREL(R) AR IE B E
FE(R (B39 0.9986 Fi1 0.9967,C.V.% M 0.3358,
/T 10, 32 HHZ S5 Y AT AE RS ARSI A
(3 3). BAR PIE/NTF 0.01, AW B FEE, 2R3
I PA{E M 0.3370, KT 0.05, R, MEILE. B
FLEKRE 54 FZ X IR A FE A FL AR ik B3
(P<0.01), B HRZFEM _IRINXTIRA R A FibR15E
i B E 2 (P<0.01) o

3 AR 220

Table 3 Variance analysis of regression model

FEHRIE  FHM ARE BJr Fld Pl WEE
Fi 265.88 9 29.54  538.09 <0.0001 o
A 40.28 1 4028  733.60 <0.0001 o
B 6.88 1 6.88 12535 <0.0001 ok
C 1.12 1 1.12 2036 0.0028 o
AB 0.0110 1 0.0110  0.2008  0.6676
AC 0.1024 1 0.1024  1.87 0.2143
BC 0.0650 1 0.0650  1.18 0.3125
A? 128.25 1 12825  2336.03 <0.0001 b
B’ 57.38 1 5738 1045.12  <0.0001 o
c 13.33 1 1333 242.72  <0.0001 o
B2 0.3843 7 0.0549
R 0.2052 3 0.0684  1.53 03370 ARF
iRz 0.1791 4 0.0448

SF 266.26 16
T R B 2K T (P<0.01) 5 *375 27K - (P<0.05) .

Bl 2 St onE . I RESORE | A RS HAEIXT
RAZE A FALER T, thZeBEIERREE R B T #5357
TLEMTIRAE A AR, S 2MmRIE
IRF_W] A AR MRS AR 3 i Y45 S 4k 2 BT
Ak, DI A 1 AR b2 A (A 38 A FH X o AR s i AN
WL ANE 2 FN, SRPEIER P EIAE BAE AN
# . iEid Design Expert 13.0 ZA4XT 0] US4 75U 5 72
SRARAS BN AL T 20 558 S - S ST R WS N
0.160% . H JEEAF NN 0.156 mmol/L., 4 HKIFWR
AN 0.205%, 7= PR A 2% A BITRINAE N 75.261%.
RS BRTE L, VAR A R TS R O R RS
n0.16%. HIRLEEHAIN 0.16 mmol/L. 4EA: Z=IEW
W 0.21%. HAGIOARI A AT SEE, 7E i A TR
FRIEESLMN, AT 3 OPATEES . RS IR A =
A TR 74.91%+0.42%, SEERI TG 20T, 7
A R IR SR RSB P &

H®1T, L. plantarum CCFM1291 #{EZ8p T E&H %
W T AR, RO IRAE A I EFRIA
2T 10.73%°Y, fHEL T L. plantarum CCFM1291,
Rk FUA033 5L 64.18%. S. thermophilus
FUA329 7£ & 1% 50 h B JR 4 FE A B 54 1k 33k 5]
829", JXUE L. fermentum FUAO033 54 (74.91%)
& AG T~ S, thermophilus FUA329, {H L. fermentum
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Table 4 GO statistical tables by category

g it

GO ID(Level2) EXvsCUpmRNA EX vs C down mRNA
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ST st A ?‘ﬁ’ﬁ(transpﬁ)iter acfivity) GO:0005215 10 4
(Molecular ~ JoHLITF SR BE 542 2 11 1 .
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PH & 15 Bk 12 1435 1k (cation transmembrane transporter activity ) GO:0008324 7 0
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TEHLES F#5 k4412 (inorganic ion transmembrane transport) GO:0098660 6 0
FH &5 75 5% 32 (cation transmembrane transport) G0:0098655 6 0
A IEHLIH S T #4128 (monovalent inorganic cation transport) GO:0015672 7 0
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Table 5 Analysis of KEGG enrichment for differentially
expressed genes
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Fig.5 KEGG enrichment analysis of differentially
expressed genes
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Table 6 Differential expression profiles of lactonase-encoding
genes in L. fermentum FUAO033 following ellagic acid

supplementation
Gene _id EX C
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