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Study on the Interaction between Water Radical Cations and
Bis(2—hydroxyethyl) Disulfide at Ambient Temperature and Pressure
Using Mass Spectrometry
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Abstract In vivo, free radical damage of disulfide bonds in proteins affects the structure and function of proteins, and has
an important relationship with cell aging. Therefore, studying the mechanism of the interaction between free radicals and
disulfide bonds, and understanding the interaction process between free radicals and disulfide bonds, have a significant
importance for the cleavage and protection of disulfide bonds. In this paper, liquid-assisted surface desorption atmospheric
pressure chemical ionization technology is adopted (LA-DAPCI), to construct a two-channel ion source device, obtaining
high abundance water radical cations (H20)n™ (n = 2-4). Using linear ion trap mass spectrometer, combining with Density
Functional Theory, the interaction process between (H20)n** and bis(2-hydroxyethyl) disulfide (HEDS) in mass spectrometer
and thermodynamic process of the interaction were studied. The results indicated that (H20)n™ interacted with HEDS,
forming a radical complex (M+ H20)* (m/z 172) without covalent bond, and H20 in complex (M+ H20)" (m/z 172) is
derived from (H20)n*", not from the H20 of sample solution. Furthermore, thermodynamic theoretical calculation results
demonstrated that H on the g-hydroxyl group of HEDS structure forms a weak hydrogen bond with S in the form of an
intramolecular five-membered ring. During the interaction process, (H20)n"" preferentially binds to the hydroxyl group of
HEDS, forming a radical complex (M+ H20)*, whose disulfide bond will be difficult to be cleavage. In conclusion, the g-
hydroxyl group has a protective effect on the disulfide bond of HEDS during the interaction with water radical cations.
Keywords water radical cations, disulfide bonds, radical damage, atmospheric pressure chemical ionization
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Figure 1 Schematic diagram of a setup for the online analysis of the
interaction between water radical cations and HEDS
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Figure 2 Mass spectra (a, b) and ion current chromatographs (c) during
the interaction process in H,O .a): spectrum of background; b): spectrum
of the interaction between (H,O),™ and disulfide; c) total ion current
(TIC, m/z 15-200, black line); extracted ion currents (EIC, m/z 36, blue
line) , extracted ion currents (EIC, m/z 172, red line).
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Figure 3 The MS/MS spectrum of the ion m/z 155 (a) and The
MS/MS/MS spectrum of the ion m/z 155 (b).
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Figure 4 Mass spectra (a) and ion current chromatographs (b) during
the online interaction process in D,O a): spectrum of background; b):
spectrum of the interaction between (D,0)," and HEDS. c): total ion
current (TIC, m/z 15-200, black line); extracted ion currents (EIC, m/z 40,
blue line), extracted ion currents (EIC, m/z 174, red line).

http://sioc-journal.cn 3



T il .

5a SN miz 174 BT ik, AT miz
174 S bRl SR 29250, 153 miz 157, m/z 156,
m/z 155, m/z 154, m/z 137 BB 1. XF1& 5a i F B
T miz 156 (M + D) 4T =251k, 159303 BERRHMER v
27 miz 137 (K 5b), 1Mk 3b o miz 172 I F &1
m/z 155 (M + H) *15 3 = ZHFERE T B P2 miz
137, K8 m/z 174 H FEZ WS miz 172 —3(
3b). Hik miz 174 whF R LL(M+ DO) * KK AAFLE,
Hrb miz 157, miz 155, m/z 154 W& HFL, T RS [ 67
FAPAE, MEE TR RA T A . ERLIHIS,
FHH(M+ H20) ™ (m/z 172) 1 1) Ho0, & KR THIH
A=A K B BB T, TSR S E 5 K

a) AV:79 NL:8.35E1 155
. 100
E ? 174
2 [Ho’_\s—s, _OH D;o] —
= o _> CE19%
< MW: 174
o
2
= = 174
S 157
=
137 /
0T 77T T |I T | T T 1]
100 120 140 160 180
m/z
b) Av: 79 NL:8.35E1 o
o 100
E ® 174
-E t 156
’2 Ho 5—s_ _OHD O
g St 155 CE19%
2 . 154
E MW: 156 . 156
]
& ‘ 157
0T I|' T T T T T T T
100 120 140 160 180
m/z

B 5 (D;0)."5 HEDS #H HFIRHIER 7 miz 174 5 BREE.
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Figure 6 Theoretically predicted products of disulfide cleavage for the
gas-phase reaction between H,O™ and HEDS. All calculation were done
at the b3lyp/6-31g(d) level.
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Figure 1  Structure optimization of the HEDS. a) Counterpoint
conformation; b) Neighborhood cross-conformation, c) input structure of
the complex; d) output structure of the complex.
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