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Comparative metabolomics reveals the mechanism for the
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Abstract: With unique advantages, gibberellin GA4 has broad application prospects. To explore
the regulatory mechanism for the biosynthesis of GA4, we combined liquid chromatography-
mass spectrometry (LC-MS)-based metabolomics with principal component analysis (principal
component analysis, PCA) and partial least squares-discriminant analysis (PLS-DA) to screen
and identify the differential metabolites between the GA4-producing strains S (industrial
high-yield strain CGMCC 17793) and wild-type strain Y (NRRL 13620) of Gibberella fujikuroi
fermented for the same time and the differential metabolites of strain S fermented for different
time periods. KEGG and MBROLE 2.0 were used to analyze the metabolic pathways involving
the differential metabolites. The results showed that compared with strain Y, strain S
significantly upregulated and downregulated 107 and 66, 136 and 47, and 94 and 65 metabolites
on days 3, 6, and 9, respectively. Compared with that on day 3 of fermentation, strain S
upregulated 29 metabolites and downregulated 40 metabolites on day 6 and upregulated
52 metabolites and downregulated 67 metabolites on day 9. The differential metabolites
between strain S and strain Y after fermentation for the same time were mainly enriched in
amino acid metabolism, tricarboxylic acid (TCA) cycle, and terpenoid biosynthesis. The
differential metabolites of strain S after fermentation for different time periods were mainly
enriched in amino acid and sugar metabolism pathways. Pathway annotation results indicated
that strain S increased the production of acetyl-CoA by promoting amino acid and sugar
metabolism and TCA cycle, thereby enhancing the mevalonic acid pathway and increasing the
content of isopentenyl pyrophosphate (IPP), a precursor for the synthesis of terpenoids, which
ultimately led to increased GA4 production. This study explored the metabolic rules of
Gibberella fujikuroi GA4, providing a theoretical basis for regulating Gibberella fujikuroi to
improve GA4 production.

Keywords: comparative metabolomics; Gibberella fujikuroi; gibberellins GA4; metabolic
pathway; acetyl-CoA
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Figure 1 Growth and GA, synthesis curves of
strain S vs. strain Y.
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M 3. 6.9 d MYPE2Z, i F )5 4l (quality
control, QC)HFTHEA T, PCA 154318 &t L
Bl 20 IELT 68 QC ARAKL I 45 S 455 2 46 L R AE
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Figure 2 PCA score plot of QC samples. Different
colors represent different samples. S3d—S9d
indicate the composition distribution status of strain
S at3d, 6 d, and 9 d during fermentation; Y3d—Y9d
indicate the composition distribution status of strain
Y at3d, 6d, and 9 d during fermentation.
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Figure 3 Comparison of PCA between strain S and strain Y with the same fermentation time, and strain S
with different fermentation times. A—C: Comparison of PCA between strain S and strain Y at3d, 6d,and 9d
during fermentation, red dots represent the strain S at 3 d, 6 d, and 9 d, while blue dots represent the strain Y
at 3d, 6 d, and 9 d. D-E: Comparison of PCA on strain S at 3 d and 6 d, as well as 3 d and 9 d during
fermentation, red dots represent the strain S at 3 d, while blue dots represent the strain S at 6 d and 9 d.
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Figure 4 Comparison of PLS-DA between strain S and strain Y with the same fermentation time, and strain
S with the different fermentation times. A—C: Comparison of PLS-DA between strain S and strain Y at 3 d, 6 d,
and 9 d during fermentation, red dots represent the strain S at 3 d, 6 d, and 9 d, while blue dots represent the
strain Y at 3 d, 6 d, and 9 d. D—E: Comparison of PLS-DA on strain S at 3 d and 6 d, as wellas 3 dand 9 d
during fermentation, red dots represent the strain S at 3 d, while blue dots represent the strain S at 6 d and 9 d.
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x1 EHSSEKY EZR—LXBEMNETEEFZENRHY
Table 1 Main significant metabolites between strain S and strain Y at the same fermentation time
Metabolic type Metabolite Molecular formula S3dvs. Y3d S6dvs. Y6d S9dvs Y9d
Terpenoid Geranylgeranyl diphosphate C,oH36047P, * * -
synthesis Ent-kaurene CyoHs; * * -
Gibberellins GA|, aldehyde C,oHo503 *k * -
Gibberellins GA |, aldehyde CyoHo504 * * *
Gibberellins GA 4 CyoHo505 ** * -
Gibberellins GA |, C,oHo504 * * *
Gibberellins GA4 C9H,405 ** * *
Gibberellins GA, C9H,40¢ ** * -
Gibberellins GA; C9H5,06 *k * -
Gibberellins GA, C9H5,05 ** * -
Terpene mycin C,oH55056 ** * -
Terpene tetraene C,oHs, * * -
Mevalonic acid Ce¢H 204 * * -
Methyl-hydroxy-pentanoic acid diphosphate  C¢H;40,0P, * * -
Amino acid L-glutamic acid CsHoNO, - *k *
metabolism L-lysine CeH4N,0, - * *
Allysine C¢H | 1NO; * * *
L-tryptophan C;1H2N,0, * * -
5-hydroxytryptamine C,oH2N,O * - -
N-acetyl-5-methoxytryptamine C3H6N,0O, * - -
L-leucine C¢H;3NO, * * *
Amyl phosphate CsH,,0,P * * *
L-phenylalanine CoH;NO, * * *
L-alanine C;H;NO, * * *
L-aspartic acid C,H,NO, * * *
TCA Succinic acid C,HeO, * *k *
pathway Citric acid C¢HgO4 * *k -
Isocitric acid C¢HgO4 * ** -
Fumaric acid C,H,0, * * *x
a-ketoglutaric acid CyoHs, - * ok
Pentadiene C,oH3607P, * * -

VIP>1 marked as “*”; VIP>2 marked as “**”; No detected target product marked as “—.

24 KEGG KEBENES
24.1 HH S 5EH Y Fl— % E2RT 8] £ F K5
) KEGG i@ &

it KEGG X S3d 5 Y3d. S6d 5 Yéd.
S9d 5 Y9d 2 S T, 4300 e AR F
114, 126, 114 ZARHHHE M, Hob & %
(P<0.05)1y 43514 39. 50, 39 Z&. *HEAHI
20 [ B IEAT 0 M, R B R A R TR )
B al . R A SRR 3 KRR b,
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% HHE w2 S AR e 2 038 B 3 )R s
W4 il (diterpenoid biosynthesis). {42 B2 1T
W (tryptophan metabolism)-5 #7165 BRI 21 (citrate
cycle) (Bl 6A-6C), FHIIX 3 438 P 1) = 5 %
PE5 22 R ECR B, X GAL BRI
R BAEEE X,
2.4.2 E#k S T [E % B2ETEZE R K1 KEGG
1/ B

it KEGG *F S3d 5 Sé6d. S3d 5 S9d %
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Figure 5 Clustering heat map of differential metabolites between strain S and strain Y at same fermentation

time. S_1-S 6 and Y_1-Y_6 representsix parallel samples of strain S and strain Y, respectively.

R2 EHS FRIAEBNEETEESRZEENXHY

Table 2 Main significant metabolites of strain S with different fermentation times

Metabolic type Metabolite Molecular formula Séd vs. S3d S9d vs. S3d

Sugar metabolism Hemolytic enzyme C,H9yNO5R, * ok
Hemolysin C¢H3NO,PR * *
Trehalose C,H»Op ** *
Triglyceride CsHs04R3 *k ok
Cephalin C;H;NOgPR, Hk ok
Phosphatidylcholines C1oHsNOgPR, * *

Amino acid metabolism N-acetyl-L-phenylalanine C1H3NO; * ok
Xanthurenic acid CoH/NO,4 Hk ok
Indophenol CgH;NO ** **
Formyl anthranilic acid CsH/NO; Hk ok
5-hydroxyindole-3-acetic acid CoHgNO3 ** *k
2-isopropylmalic acid C;H,,0;5 ** *k
Xanthurenic acid CoH/NO,4 Hk ok
Kynurenic acid CoH;NO; ** *k
3-hydroxyanthranilic acid C;H;NO; ** *k
Indole CgH;N ** **

VIP>1 marked as “*”; VIP>2 marked as “**”.

S T, Bl E AR 64 Z5H 67 S
VI %, b 25 A (P<0.05) Ay 40531147 5 A5 A
4 5o orHT R B I B R A A R S R
PIRIERAR b, 4% A A 22 A a2 10 e
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43 ) S 6 2 R A (tryptophan metabolism)-5j
i W B8 1 18} (glycerophospholipid metabolism)
(WK 6D, 6E), it— i W2 JE MR MRS AT
16 GAL AR kS HEAE .
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Figure 6 KEGG enrichment maps of significant difference metabolites between strain S and strain Y at the
same fermentation time, and strain S with the different fermentation times. A—C: Terpenoid synthesis, amino
acid and sugar metabolism pathways between strain S and strain Y at 3 d, 6 d and 9 d. D—E: Amino acid and
sugar metabolism pathways of strain S at 3 d, 6 d and 9 d.
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Figure 7 Schematic diagram of differential metabolite abundance in metabolic network of strain S and
strain Y. The three pentagram icons from left to right represent 3 d, 6 d and 9 d in turn. Red, yellow, and blue
respectively indicate that the metabolic product levels of strain S are significantly higher, significantly higher,
and significantly lower than strain Y, while white indicates that the difference is not significant. GLC:

Glucose; PYR: Pyruvic acid.
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