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Fig. 1 Effects of index activities related to oxidative stress in the
intestine of hybrid yellow catfish “Huangyou-1”
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Fig. 2 Intestinal tissue morphology of of hybrid yellow catfish

“Huangyou-1” under acute hypoxia and reoxygenation conditions
a. HO; b. H24; c. H48; d. H72; e. R24; C. HIR4HAE; G. FRIR 40,
SG. PRARGHM K, V. 23 N. FhEZ 8L, E. W28 E B

a. HO; b. H24; c. H48; d. H72; e. R24; C. columnar cells; G. goblet
cells; SG. swelling of goblet cells; V. vacuoles in the lamina propria;
N. necrosis in the mucosal layer; E. erosion of villi

23 REMBARET R EIT GRS HIE
YHRELRAIT-RY S NG

FAiEHLATUNELENZESR  TUNELYIA
RO 25 SR 7R, AR SR 8 T U ) 24 52 4 38 £ i s 4
SV M R TS D, T A AR R R A I AN R
FEREE NI T (A 3). #4800 BoRGE 2),
AT B E R B A LR AT T, BB (RS ]
FIRE, 5 AbHRZH 2 [A] (R T P 400U 35 19 in(P<0.05);
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(Firmicutes) JiZk & ] (Actinobacteria) FI4LLAT B ]
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Fig. 3 Results of intestinal Tunel detection
a. HO; b. H24; c. H48; d. H72; e. R2: SR LRI =41
a. HO; b. H24; c. H48; d. H72; e. R24. Black arrows mean
apoptotic cells

®2 BEALATER

Tab.2 Apoptosis index of intestinal tissue

HO

H48 H72 R24

A T8 Apoptosis index (%) 2.35+0.78°

11.26+2.80°

22.11+2.24° 36.5+3.72° 24.03+1.55°

I Hla R HILSD 2 5 LG U6 8 8 M 22 57, (AT s 7 BEAS R R R 41 1) 22 57 2. 35 (P<0.05)

Note: Data use LSD multiple comparison test for significant difference, different superscript letters in the same industry indicate

significant differences between treatments (P<0.05)
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Fig. 4 Temporal expression of apoptosis-related genes in the
intestinal of hybrid yellow catfish “Huangyou-1" under acute
hypoxia and reoxygenation conditions
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Fig. 5 Composition of intestinal microbial at phylum level of hybrid yellow catfish “Huangyou-1”
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Tab. 3 Relative abundance of pathogenic and probiotics bacteria in intestinal tissues of hybrid yellow catfish “Huangyou-1" under hypoxia

stress (%)

i (8] Time

J& Genus K Type

HO

H24 H48 H72 R24

0.62+0.03"
0.45+0.02"
0.14+0.05"
0.82+0.08"
0.28+0.06"
0.33+0.02"

Staphylococcus Pathogenic

Streptococcus Pathogenic
Vibrio cholerae Pathogenic
Lactobacillus Probiotics
Roseburia Probiotics

Bifidobacterium Probiotics

0.760.08"
0.73+0.07°
0.23+0.02"
0.790.02"
0.11£0.01"
0.26:0.07°

0.810.03"
0.72+0.11°
0.39+0.02°
0.5620.03"
0.08+0.01"
0.1840.06"

0.85+0.05"
0.75+0.15°
0.26=0.08"
0.6:0.08"
0.1+0.03°
0.2320.05

0.78+0.1°
0.62+0.02°
0.22+0.05"
0.75+0.1"
0.1220.11°
0.24+0.02

Cell gorwth and death =

Cell motility =

Cellular community - eukaryotes =
Cellular community - prokaryotes =
Transport and catabolism =

Membrane transport =
Signaling molecules and interaction =

Signal transduction =

Folding, sorting and degradation =
Replication and repair =
Transcription =

Translation =

Cancers -
Cardiovascular diseases -

Immune diseases -

Cellular processes

Environment information processing

Genetic information processing

Human diseases

Infectious di -

Neurodegenerative diseases =

Amino acid metabolism -

KEGG pathway

Biosynthesis of other secondary metabolites -
Carbohydrate metabolism -

Energy metabolism =

Glycan biosynthesis and metabolism =

Metabolism

Lipid metabolism =

Metabolism of cofactors and vitamins =

Metabolism of other amino acids =

Metabolism of terpenoids and polyketides =

Nucleotide metabolism =

Xenobiotics biodegradation and metabolism =

Development =

Digestive system =
Endocrine system =
Environmental adaptation =
Excretory system =

Immune system -

W

Organismal systems
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Count
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Fig. 7 KEGG function prediction of intestinal microbial
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HYPOXIA STRESS AND RECOVERY ON INTESTINAL TISSUE OF HYBRID
YELLOW CATFISH “HUANGYOU-1” (PELTEOBAGRUS VACHELLI & x
PELTEOBAGRUS FULVIDRACO ?)

CHENG Jing-Hao', LI Yao', SHEN Ming-Hao', YANG Zhi-Ru', ZHANG Wei-Jian', ZHANG Kai',
WANG Tao', ZHANG Guo-Songl’ ? and YIN Shao-Wu'

(1. Jiangsu Province Engineering Research Center for Aquatic Animals Breeding and Green Efficient Aquacultural Technology,
College of Marine Science and Engineering, Nanjing Normal University, Nanjing 210023, China; 2. Key Laboratory of Physiology,
Biochemistry and Application in Universities of Shandong Province During the 13th Five-Year Plan Period,

Heze University, Heze 274015, China)

Abstract: At present, the research on environmental stress of fish intestinal tissues has attracted the attention of scho-
lars. In order to explore the effects of hypoxia (1.0+£0.1) mg/L and recovery (7.0+0.5) mg/L on the intestinal tissues of
hybrid yellow catfish “Huangyou-1”, the changes of intestinal oxidative stress index, histological morphology, cell apop-
tosis and microbial composition were analyzed by enzyme activity determination and H & E staining, qRT-PCR, TUN-
EL detection and 16S rRNA sequencing technology. The results showed that: (1) Antioxidant enzyme activities (SOD,
CAT, GSH-Px), energy metabolism enzyme activity (LDH), malondialdehyde (MDA) and lipid peroxide (LPO) of in-
testine increased significantly under hypoxia stress, and the oxidative stress reaction was also severe after the recovery
of dissolved oxygen. (2) After hypoxia stress, the intestinal tissue damage gradually intensified, the goblet cells were
swelled and the mucosal layer was eroded. The physiological changes caused by hypoxia were not significantly im-
proved after 24h oxygen recovery. (3) The degree of intestinal cell apoptosis intensified with the prolongation of hypo-
xia, and the expression levels of apoptosis-related genes (bax, caspase9 and p53) increased significantly, while the
mRNA expression levels of bcl-2 decreased. (4) The relative abundance of intestinal microbes were reduced in the hypo-
xic stress stage. Among 72h hypoxic stress, Firmicutes (47.8%) and Bacteroidetes (40.6%) had the most dominant
abundances, and the number of intestinal flora increased after the recovery of dissolved oxygen, KEGG function predic-
tion showed that most of the intestinal microbes were related to metabolic pathways. The research results can provide a
theoretical basis for analyzing the physiological regulation mechanism of hybrid yellow catfish “Huangyou-1” in re-
sponse to hypoxia stress and recovery.

Key words: Hypoxia stress; Intestine; Oxidative; Apoptosis; Microorganisms; Hybrid yellow catfish “Huangyou-1”
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