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MS) was used to study a model protein, ubiquitin(Ubi), and one of the most important bioactive small molecules,

adenosine triphosphate (ATP) system. At room temperature, the electrospray mass spectra of the Ubi/ATP couple at
the concentration ratio of 1 pmol/L: 50 pwmol/L. mainly showed charge states at +5, +6, and +7, corresponding well
with the charge of Ubi in native state. ATP mainly formed 1: 1 and 1:2 (molar ratio) complexes with +5 and +6
ubiquitin while complexes with +7 was much less abundant, indicating that ubiquitin in lower charge state has a
stronger binding affinity for ATP. Analysis of Ubi/ATP mass spectra at different ratios showed that there was no
significant difference in the binding state at the concentration dimension. However, there was a significant difference
in the charge distribution of Ubi and Ubi-ATP complexes at temperature variation. The calculated binding affinity
increased with increasing temperature, indicating that the interaction between Ubi and ATP was enhanced after
unfolding. Furthermore, Gibbs free energy of folded and unfolded Ubi indicated that the presence of ATP increased
the energy required for unfolding, thereby enhancing the stability of ubiquitin. In this study, multi-dimensional
information such as stoichiometric ratio, affinity, and Gibbs free energy were obtained based on electrospray mass
spectrometry analysis of ubiquitin and ATP in the temperature dimension. It provides a general strategy for
subsequent studies on protein-small molecule interactions.

Keywords Electrospray ionization mass spectrometry; Ubiquitin; Adenosine triphosphate ; Protein-small molecule

interaction
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Fig.1 Three-dimensional structure of ubiquitin(A) and chemical structure of ATP(B)
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Fig. 4 Mass spectra showing the region corresponding to the Ubi-ATP complexes under various temperature
conditions(25—85 °C)

(A) 1 pmol/L Ubi: 10 pmol/L, ATP; (B) 1 wmol/L Ubi: 20 pwmol/L ATP; (C) 1 pmol/L Ubi: 30 pwmol/L. ATP; (D) 1 pmol/L
Ubi:40 pmol/L ATP; (E) 1 pmol/L Ubi:50 pwmol/L ATP.
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Table 1 Binding affinities of 1 pmol/L Ubi:30 pmol/L. ATP complexes at different temperatures”

Binding affinity

Temperature
+5 +6 +7
25 0.25409 0.14033 0.10602
30 0.28473 0.16355 0.12327
35 0.30595 0.17651 0.13735
40 0.33775 0.20401 0.15042
45 0.33963 0.20024 0.15920
50 0.34574 0.21277 0.15783
55 0.36097 0.22623 0.17905
60 0.37048 0.23116 0.18121
65 0.38075 0.24318 0.19477
70 0.37893 0.24403 0.19047
75 0.39394 0.25536 0.20730
80 0.41139 0.27629 0.22023
85 0.41140 0.27295 0.22110
90 0.41321 0.28789 0.21197
95 0.40912 0.28124 0.22615

* The values are presented as mean+standard deviation(n=3).
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Fig. 5 Calculated binding affinities of 1 pmol/L Fig. 6 AG values for ubiquitin and Ubi-ATP
Ubi:30 pmol/L. ATP complexes at different calculated at various temperatures
temperatures The values are presented as meanzstandard
The values are presented as meanzstandard deviation deviation(n=3).
(n=3).
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X 1z & W http: //www.cjcu.jlu.edu.cn/CN/10.7503/cjcu20240382.
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