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Abstract: [Objective] The study aims to analyze the digestive and metabolic response strategies of Pro-
cambarus clarkii with different genetic backgrounds under acute cold stress. [Method] The control group (CT)
and long-term selected cold resistant strain (RC) were subjected to unified acute cold stress treatment at 6 “C for
3 min. The activity status of experimental Procambarus clarkii,as well as abnormal reactions and mortality were
observed. Intestinal mucosa and hepatopancreas tissues were sampled to determine the activities of intestinal di-
gestive enzymes including a-amylase and lipase. Metabolomic analysis was performed on hepatopancreas tissues
under positive- ion mode to screen differentially expressed metabolites, followed by functional enrichment analy-
sis. [Result] No immediate mortality was observed in both groups of Procambarus clarkii within 3 min of low-
temperature stress. After 3 min of stress exposure, 38% of individuals in the cold resistant strain (RC) main-
tained normal activity , whereas all individuals in the control group (CT) exhibited stress responses such as body
inversion and movement stagnation. The activities of intestinal a-amylase and lipase in the RC group were sig-
nificantly lower than those in the CT group (P<C0.05). Metabolomic analysis showed distinct separation be-
tween RC and CT groups according to metabolite profiles, indicating that the cold resistant strain had formed
stable and heritable metabolic characteristics. At the metabolic pathway level, a total of 87 differentially ex-
pressed metabolites were screened under positive ion mode. With screening criteria of P<<0.05( —1g P>1.3)
and pathway impact value>0. 05, one significantly enriched pathway was identified , namely glycerophospholipid
metabolism pathway. The extracted sub-network of glycerophospholipid metabolism indicated that multiple key
enzymes, including choline kinase (CHKA) , phosphate cytidylyltransferaselA (PCYT1A) , patatin-like phos-
pholipase domain-containing protein6 (PNPIL.A6) , phospholipase A/acyltransferase3(PLLAAT3) , glycerophos-
pho-choline phosphodiesterase 1 (GPCPD1) , choline/ethanolamine phosphotransferase 1 (CEPT1) and phos-
phatase 1 (PHOSPHO1) , participated in and constructed the metabolic regulatory network centered on the
above differentially expressed metabolites. Two critical metabolites, phosphocholine (P-Cho) and glycerophos-
phocholine (GPC) , were both significantly down-regulated in the cold resistant strain (RC). [Conclusion] Un-
der acute cold stress, the cold resistant strain copes with low temperature stress via remodeling of glycerophos-
pholipid metabolism and down-regulating digestive enzyme activities.
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Fig. 1 Effects of acute cold stress on intestinal a-amylase
(AMS) and lipase (LPS) activities in cold-resistance strain
(RC) and control (CT) Procambarus clarkii
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Fig. 2 Principal component analysis (PCA) of metabolomic data from the hepatopancreas of cold resistant strain (RC) and

control (CT) Procambarus clarkii
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Fig. 3 Metabolite annotation and principal component analysis of hepatopancreas metabolites in cold -resistance strain (RC) and

control (CT) Procambarus clarkii
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Table 1  Classification of metabolites in Procambarus clarkii annotated by HMDB, KEGG and Lipidmaps databases

B4 % Database A& YFF2E Compound type i Quantity 5 He/ % Proportion
8 Wi 2% Fatty acyls 38 33.93
H il # JI§ 2& Glycerophospholipids 29 25. 89
o y f§ B2 Sterols 19 16. 96
Lfi‘;li?;‘;;fﬁﬁf RS 1L A9 Polyketides 16 14.29
S G S5 Prenol lipids 7 6.25
51§ Sphingolipids 2 1.79
H g Glycerolipids 1 0.89
R4 Metabolism 253 66.23
L WK R 48 Organismal systems 79 20. 68
K}Eg((,’f%jﬁ? P8 {5 8 4 FE Environmental information processing 36 9.42
4 i i & Cellular processes 7 1.83
i % {5 )8 A P Genetic information processing 7 1.83
& JF 125 % IR 43 Lipids and lipid-like molecules 92 27.14
LR F Ho AT A= ) Organic acids and derivatives 78 23.01
B LA LA P Organoheterocyclic compounds 64 18.88
H A4k A Y Benzenoids 28 8.26
HMDB ¥4 ZE N 2 2R R B 254k A ¥ Phenylpropanoids and polyketides 21 6.19
HMDB data Btf AR S H 2 Nucleosides, nucleotides, and analogues 17 5.01
B HLE A AL AP Organic oxygen compounds 16 4.72
B HLE A ALA P Organic nitrogen compounds 14 4.13
HE W S AT A4 9 Alkaloids and derivatives 8 2.36
&A1 A= ) Hydrocarbon derivatives 1 0.29
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A. Differentially expressed metabolites in negative-ion mode; B. Differentially expressed metabolites in positive-ion mode. Each row denotes a

differential metabolite ; CT-M-3 represents the sample of male Procambarus clarkii number 3 in the CT group,and CT-FM-3 represents the

sample of female Procambarus clarkii number 3 in the CT group. The rest are deduced by analogy.
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Fig.4 Clustering heatmap of DEMs in Procambarus clarkii between the cold-resistance strain (RC) and control (CT)

groups under acute cold stress
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