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Abstract: Objective To investigate the efficacy of Lactobacillus plantarum ZG03 (L. plantarum ZG03) for ameliorating oxidative
stress in zebrafish. Methods We evaluated the growth pattern of L. plantarum ZGO03, observed its morphology using field
emission scanning electron microscopy, and assessed its safety and potential efficacy with whole-genome sequencing for
genetic analysis. FITC-labeled ZG03 was used to observe its intestinal colonization in zebrafish. In a zebrafish model of 2%
glucose-induced oxidative stress, the effect of ZG03 was evaluated by assessing the changes in neutrophils in the caudal
hematopoietic tissue (CHT), superoxide dismutase (SOD) activity, reactive oxygen species (ROS) levels, and malondialdehyde
(MDA) content. Liquid chromatography-mass spectrometry-based targeted metabolomics was used for analyzing short-chain
fatty acids (SCFAs) in the zebrafish, and the antioxidant effects of the key metabolites (acetate, propionate, and caproate) were
tested. Results On MRS agar, L. plantarum ZGO03 formed circular, smooth, moist, and milky-white colonies with a rod-shaped
cell morphology. Genomic analysis revealed abundant sugar metabolism gene clusters. After inoculation of FITC-labeled
L. plantarum ZG03 in zebrafish, green fluorescence was clearly observed in the intestinal bulb, mid-intestine, and hind intestine.
In zebrafish with glucose-induced oxidative stress, L. plantarum ZGO03 significantly reduced ROS levels and the number of
neutrophils in the CHT with increased SOD activity. L. plantarum ZG03 significantly increased the content of SCFAs including
acetic acid, propionic acid, and caproic acid in zebrafish metabolites. In addition, sodium acetate, sodium propionate, and
sodium caproate in the SCFAs significantly increased SOD activity in the zebrafish models. Conclusion L. plantarum ZG03
ameliorates oxidative stress in a glucose-induced zebrafish model through its metabolites, particularly the SCFAs including
acetic acid, propionic acid and caproic acid.
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Fig.1 Growth characteristics of L. plantarum ZG03. A: Growth curve of ZG03. B: Colony morphology of ZG03. C:
Field emission scanning electron microscopy (FESEM) images of ZG03.

The statistic of sample ZG03

Nervous system - |
Immune system - |
Environmental adaptation - |
Aging- |
Endocrine system - I
Digestive system -
Nucleotide metabolism - [l
Lipid metabolism -
Glycan biosynthesis and metabolism - [l
Metabolism of cofactors and vitamins - [l
Carbohydrate metabolism - |GG

Metabolism of other amino acids - [l

Biosynthesis of other secondary metabolites = l

and lism =

Pathway categories

2603 pilon

COG function classification

390 490

Number of genes
290

100

C: Energy production and conversion
D: Cell cycle control, cell division, chromosome pariitioning

E: Amino acid transport and metabolism

F: Nucleotide transport and metabolism

G: Carbohydrate transport and metabolism

H: Goenzyme transport and metabolism

1: Lipid transport and metabolism

J: Translation, ribosomal structure and biogenes's

K: Transcription

L: Replication, recombination and repair

M: Cell wallimembrane/envelope biogenesis.

N: Cell motiity

0: Postransiational modification, protein turnover, chaperones
P: Inorganic ion transport and metabolism

Q: Secondary metabolites biosynthesis, transport and catabolism

R: General function prediction only
: Function unknown

T: Signal transduction mechanisms

U: Intracellular tratficking, secretion, and vesicular transport

V: Defense mechanisms

W: Extracellular structures

CDEFGH I JKLMNOPOGRSTUVW

Function class

i factor(Type)
Energy metabolism - [ [ cetuar Processes

Global and overview maps - [N

of ids and ides- | . Environmental Information Processing
Amino acid metabolism - (NN . Genetic Information Processing
Immune diseases -

. Human Diseases

. Metabolism

. Organismal Systems

Drug resistance: Antimicrobial - [l
Cardiovascular diseases - |
Cancers: Specific types -
Endocrine and metabolic diseases - |
Cancers: Overview - |
Neurodegenerative diseases - |
Drug resistance: Antineoplastic - |
Infectious diseases: Bacterial - ||
Folding, sorting and degradation =
Replication and repair = -
Translation -
Transcription -
Signal transduction -
Membrane transport - [N
Cell growth and death - |
Cellular community — prokaryotes - [l
Transport and catabolism = I
0 100 200 300 400
Number of genes

B2 EMFAEITE ZG03 B EAHHE

Fig. 2 Genomic characteristics of L. plantarum ZGO03. A:
Genomic circular map (from outer to inner circles): The first
circle represents genomic position information; the second
circle shows GC content; the third circle indicates protein-
coding genes on the positive strand (marked in red); the
fourth circle denotes protein-coding genes on the negative
strand (marked in green); the fifth circle displays non-
coding elements on the positive strand (marked in blue); the
sixth circle represents non-coding elements on the negative
strand (marked in purple); and the seventh circle shows
long fragment repeat sequences within the genome
(marked in orange). B: KEGG enrichment analysis. C: COG
enrichment analysis.
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Tab.1 Genomic information of L. plantarum ZG03

Feature Value
Size (bp) 3613757
G+C content (%) 46.42
Coding region (%) 80.70
Total genes 3354
RNA genes 123
rRNA genes 16
tRNA genes 70
Protein-coding genes 3231
Protein coding genes with enzymes 1099
Genes with signal petides 176
Genes with transmembrane helices 911
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Fig.3 Colonization by L. plantarum ZG03 in the intestinal tract of zebrafish. ***P<0.001 vs control group.
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Fig.4 Number of neutrophils in the caudal hematopoietic tissue of zebrafish (n=10). A: Representative images of
neutrophils (dashed box) in zebrafish. B: Quantitative analysis of neutrophil numbers in zebrafish. “*P<0.001 vs control
group; ***P<0.001 vs model group.
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Fig.5 Effectof L. plantarum ZG03 on glucose-induced oxidative stress in zebrafish. A: Representative images of
ROS staining in zebrafish. B: Statistical analysis of relative ROS levels (1=6). C: SOD activity in zebrafish (n=3).
D: MDA levels in zebrafish (n=3). “P<0.01 vs control group; *P<0.05, **P<0.01, ***P<0.001 vs model group.

2.6 MM SHATH ZG03 *F 521 & K 1 K244 I 5 R %
A

B 1) U ZGO3 00 S Ak N7 RS 7R B 1 £ A Py
(R BERR TR & 12t (&1 6) , AR FUAEAT 1R ZGO3 Ve JiE
b 1x10°CFU/mL B, BE S5 fa A4 N () S 4 B T R 1R 5

A 4700~ 'i 160+
—~ —
3 E

* B 4

S 4400- 210
g o

2 S 1404
[ Q
o 41004 # =

3 £ 1304
< °
ey

3800 120-

Control ~ Model ZGO03 (1x10°) Control

Elo o aknRimaEiEiie s

Model ZG03 (1x10°%)

1 N (4323.70+63.15) ng/mL . TN iR & 1 N (143.94+
3.43)ng/mL . CL R 2 5 (8.52:£0.07) ng/mL, SHLAIZH
((3989.13+77.25) . (135.10+3.85) . (7.88+0.30)ng/mL)
FHEE, 4 5 238 (P<0.05)

(g}

it
it

Caproic acid (ng/mL)

Control  Model ZG03 (1x10°)

Fig.6 Content of short-chain fatty acid metabolites in zebrafish (n=3). A: Acetic acid content in zebrafish. B: Propionic acid
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Fig. 7 Statistical chart of superoxide dismutase (SOD)
activity in zebrafish (n=3). P<0.001 vs control group,
*#%P<0.001 vs model group.
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