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Fig. 1 Charge comparison between water molecule and charged side—chains
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Fig. 2 Initial thermodynamic metastable state of unfolded proteins

(a) Adjacent peptide planes are parallel distributed due to the electrostatic attraction between each carbonyl oxygen atom and adjacent amide

hydrogen atom. (b) Parallel distributed state of peptide planes in a B-sheet of the protein1SAS.
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Fig. 3 Parallel distribution of adjacent peptide planes is common in partially unfolded proteins
(a) 1UGI; (b) 1X5H; (c) IWFI; (d) 1YDU.
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Table 1 Proteins used for validating the folding codes.
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Fig. 4 Hydrophobic—interaction—induced a—helix formation
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Universal Initial Thermodynamic Metastable State of Unfolded Proteins”

YANG Lin"?", GUO Shuai”, MA Xiao-Liang", HOU Cheng-Yu®,
SHI Li-Ping", LI Jia-Cheng", HE Xiao-Dong"
(YNational Key Laboratory of Science and Technology on Advanced Composites in Special Environments,
Harbin Institute of Technology, Harbin 150080, China;
ISchool of Aerospace, Mechanical and Mechatronic Engineering, The University of Sydney, NSW 2006, Australia;
3School of Electronics and Information Engineering, Harbin Institute of Technology, Harbin 150080, China)

Abstract Understanding and explaining how proteins fold have been the ultimate challenges in molecular and
structure biology. Protein folding should initiate from a thermodynamic metastable state of unfolded proteins,
otherwise, it is difficult to explain how an unfolded protein chain folds exactly into its native 3D structure in an
expeditious and reproducible manner under severe thermal disturbance from temperature. Considering
dependency of protein folding on aqueous environments and unique physical properties of water molecules, this
study uncovers an initial thermodynamic metastable state of unfolded proteins in aqueous environment that
enables them to that resists thermal-motion and avoids misfolding. The existence of the thermodynamic
metastable state of unfolded proteins are verified by analyzing the results available from experiments in the
literature. The principles of physics are applied to estimate the breakage of the thermodynamic metastable state of

specific amino acids, that enable the leading to the inferred as physical folding mechanisms and codes for proteins.

Key words unfolded proteins, secondary structure of protein, shielding effect of water molecules,
thermodynamic metastable state
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