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From Nutrition to Defense: Amino Acid Metabolism Rewiring

and Plateau Adaptation of Highland Barley
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(1. College of Life Science and Technology, Wuhan Polytechnic University, Wuhan, Hubei 430023, China;
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Abstract ;: Highland barley, a characteristic cereal crop widely cultivated on the Qinghai-Tibet Plateau,
riched in protein and various amino acids is an important functional food ingredient. The nutritional
value of protein highly dependent on its amino acid composition. This paper systematically reviews the
research progress on amino acids in highland barley: (1) Regarding composition and content, highland
barley contains 18 amino acids, including 8 essential amino acids, generally exhibiting the characteris-
tics of rich total amount and balanced proportions, with lysine being the first limiting amino acid. Sig-
nificant differences in amino acid content are observed among different varieties and grain colors. (2)
Regarding synthesis and regulation, the biosynthetic pathways of major amino acids and their molecu-
lar regulatory basis are outlined. (3)Regarding nutritional and health benefits, it focuses on elucida-
ting the potential roles of functional components such as lysine and y-aminobutyric acid (GABA) in
supporting plateau residents’ adaptation to high-metabolic and hypoxic environments, including provi-
ding high-quality protein, regulating blood glucose, and alleviating stress. (4)Regarding stress physi-
ology, it reveals the key regulatory roles of amino acid metabolism, particularly the aromatic amino
acid pathway, in highland barley’s response to core plateau environmental stresses such as UV radia-

tion, low temperature, and drought. (5)It summarizes the effects of different processing methods on
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the content, composition, and nutritional value of amino acids.

Keywords: Highland barley; Amino acids; Nutritional health; Stress response; Processing techniques
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Fig. 1 Synthesis and metabolic pathways of amino acids in highland barley
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This schematic diagram summarizes the role of key amino acids and their downstream pathways in the adaptation of highland barley

to plateau environmental stresses. When subjected to abiotic stresses, such as UV-B radiation, freezing. drought, and salt stress, as well

as biotic stresses such as powdery mildew infection, the amino acid metabolism in highland barley is primarily altered. This change subse-

quently drives the enrichment of metabolites in related downstream pathways. The specific accumulation of these metabolites ultimately

contributes to enhancing the overall adaptive capacity of highland barley to multiple adversities in high-altitude environments.
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Fig. 2 Amino acid metabolic regulatory network of highland barley in response to plateau stresses
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