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Abstract: [Objective] To explore the covalent modification effects of 2-enal and dienal derived from the
oxidation of docosahexaenoic acid (DHA) on bovine serum albumin (BSA) and their influences on the protein
structure. [Method] The formation of aldehyde-protein adducts was analyzed by ultra-performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS). The level of protein carbonylation was determined
by 2,4-dinitrophenylhydrazine (DNPH) colorimetry. The changes in protein secondary structure were analyzed by
Fourier transform infrared spectroscopy (FT-IR) and ultraviolet-visible absorption spectroscopy. [Result] The
adducts formed by dienal with histidine and lysine residues in BSA were significantly more than those formed by
2-enal. With the increase in aldehyde concentration, the carbonylation level of BSA rose significantly. Aldehyde
modification led to reduced a helices and increased B folds of BSA. The ultraviolet-visible absorption spectrum
showed a hyperchromic effect, indicating that the protein underwent unfolding and intermolecular cross-linking.
[Conclusion] The aldehydes derived from the oxidation of DHA can induce structural disorder and oxidative

damage of BSA through covalent modification. This study provides a theoretical basis for improving the
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oxidative stability of protein carriers in polyunsaturated fatty acid preparations and has important reference value

for understanding the quality deterioration mechanism of foods rich in polyunsaturated fatty acids during

processing and storage. In addition, it provides data support for the development of strategies to inhibit protein

oxidation and extend the shelf life of food.
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Table 1 Quantitative ion pairs of the products

e 2 44 n
Q1 Q3
1 R - I -2- T T 240.28 110
2 R - -2- O M 254.30 110
3 HA R~ -2-PE T 268.29 110
4 HEWK -, R-2,4-C g 252.29 110
5 HEE R, R-2,4-BF 5 265.29 110
6 R~ I -2- I T 231.31 84
7 R - -2- O 245.33 84
8 R BRI -2- P T 259.32 84
9 MR-, -2, 4- 0 I 243.32 84
10 R -, -2, 4- B A 257.32 84
11 SR — S -2- TR 213.31 84
12 W R - I -2- O 227.33 84
13 R IR I -2- P 241.32 84
14 W IE -, -2, 4- 0 I 225.32 84
15 AR -, -2, 4- R ) I 239.32 84

133 E:-BSA L &4+ HiLayme
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10 mg/mL BSA &A1 9.6 mL AS [ K J&F (5.10.25.
50 mmol/L) [ [ KW it , B T I BB b 37 °C
SRR 6 ho [F] B ) 2% AN 0 2 A R B S AR RR, R
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Fig.3 Structure and mass concentrations of Michael addition

products formed by 5 aldehydes with histidine residue in BSA
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Fig. 4 Structure and mass concentrations of Michael addition

products formed by 5 aldehydes with lysine residue in BSA
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Fig. 5 Structure and mass concentrations of Schiff bases formed

by 5 aldehydes with lysine residue in BSA
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Fig. 7 Fourier transform infrared spectra of the products after

the reactions of 5 aldehydes with BSA
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Table 2 Composition ratios of the secondary structural elements of amide I bands after interactions of 5 aldehydes with BSA

7= BT B /% To 4 il E /% o MR E 15 EE /% B %% S E /%
BSA 43.95+1.24¢ 9.40+0.16" 7.14+0.25 39.51+0.41°
(E)-2-J )7 W -BSA 86.78+0.43" 7.55+0.19° 0 5.67+0.22°
(E)-2-C )& -BSA 86.69+0.21° 8.95+0.25" 0 4.36+0.39"
(E)-2-PEH)fi % -BSA 84.97+0.48° 7.89+0.26° 0 7.14+0.21¢
(E,E)-2,4-C. —J#4-BSA 60.31+0.70° 8.05+0.19" 0 31.64+0.40°
(E,E)-2,4-PF I -BSA 65.05+0.46" 8.85+0.14° 0 26.10+0.37°

H: F B [ 2 BEAR R A ) 22 57 12 35 (P<0.05) 6
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Fig. 8 Ultraviolet-visible absorption spectra of the products after the reactions of 5 aldehydes with BSA
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