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Fig. 1 Functions of endocrinology system in regulating cold stress responses of fish
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Fig. 2 Genetic regulation underlying cold stress responses of fish
H. HEE; A, ZBALEHE; P. BERRALIEME; WA BT, G0 AR S mRNA R 5 5 iE 7454, 25RO E 0 £RmN & T, LORRI
BT BAANIH AN RRNA S T [ 3 5 SRR, W8 (a2 2% (R AN R 7 IR B PR B 1R 280 AR 4k, BT 40 B R AN RAR

A i

H. histone; A. acetylation; P. phosphorylation; Alternative splicing: the green dots stand for 5’ cap of mRNA molecules, the blue segment in

the lines stands for intron and the red segment stands for exon, while thickness of the lines denotes abundance of the RNA molecules;

Translation regulation: thickness of the blue lines indicates translational efficiency of the peptides; Change in metabolites: numbers of the

geometric figures represent abundance of different metabolites
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REGULATION MECHANISMS FOR COLD STRESS RESPONSES OF FISH

LONG Yongl, GE Guo—DongQ, LI Xi-Xi’ and CUI Zong—Binl’ ?

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan
430072, China; 2. Institute of Microbiology, Guangdong Academy of Sciences, Guangzhou 510070, China)

Abstract: Exposure of fish to hypothermia stress may lead to damage to biological molecules, cells and tissues, and
even death. When fish cells sense the cold stress, the cold signals are transduced into the nuclear by a variety of routes
to trigger the cold stress responses. A new homeostasis will be established and the resistance of the cells to cold stress
will be enhanced through these finely regulated stress responses. The endocrinology system of fish can be activated by
cold stress to release hormones such as cortisol and thyroid. These hormones regulate metabolism, osmolarity and im-
mune responses of the body and ultimately lead to alterations in physiology and behavior. Cold stress responses of fish
are complexly regulated at multiple levels, including epigenetics, transcription, translation, alternative splicing of pre-
mRNAs and post-translational modification of proteins. Recent omics studies have identified many cold responsive
genes and metabolism pathways. Energy generation and anti-oxidation responses are critical for the establishment of
fish cold resistance. Environmental factors including hypoxia and salinity, and the physiology of the fish such as fast-
ing and nutritious status also can affect the responses and resistance of fish to cold stress. The identification of cold resi-
stance-associated biomarkers and the discovery of functional mechanisms of the linked genes have paramount signifi-
cance for the breeding of cold-resistant fish strains.

Key words: Fish; Hypothermia; Stress response; Cold resistance; Genetics and breeding
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