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Comprehensive analysis of insulin products complex disulfide bonds
structure by high resolution mass spectrum
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Abstract: The correct pairing of disulfide bonds maintains the correct folding mode and high-level structure
formation of peptides and protein drugs, which is crucial for the quality control of products. In order to ensure that
the disulfide bonds are correctly paired, disulfide bond analysis is an essential part of peptides and protein drug
characterization. Mass spectrometry can be used to analyze disulfide bonds. However, insulin and its analogues have
two pairs of disulfide bonds without restriction enzyme cutting site. Conventional collision-induced dissociation
(CID) and high-energy induced cleavage (HCD) cannot accurately locate the complex disulfide bond. In our study,
three methods were used to localize the complex disulfide, including enzyme digestion combined with key peptide
fragment in source decay (ISD) fragmentation method, enzyme digestion combined with partial reduction alkylation
method, intact protein source ISD and electron transfer dissociation (ETD) cleavage method, The applicability of
insulin aspart, insulin lispro and insulin glargine were also investigated. This study provides a new way for the
quality control of disulfide bonding mode of insulin and its analogues, and also provides a reference for the
disulfide bond localization of peptides or proteins containing this complex disulfide bond.
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Figure 1 NYCN/ALYLVCGE and QCCTSICSLYQLE/FVNQHLCGSHLVE peptides secondary coverage. A: NYCN secondary coverage;
B: ALYLVCGE secondary coverage; C: QCCTSICSLYQLE secondary coverage; D: FVNQHLCGSHLVE secondary coverage
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Figure 2 Mass spectra of associated fragment ions of A: C6/C7-B: C7 and A: C7/C11-B: C7. A: b4-2/b10 ions; B: b5-2/y8 ions; C: b5-2/
yMax ions; D: b6-2/yMax ions; E: y11-2/a8 ions; F: y11-2/b11 ions; G: y11-2/y11 ions; H: y11-2/y11-H,O ions
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YT DA R 2 oy v T A D) AR 38 S AT T
KA, AW FCHE— 1 2230 7 0 B =4 TR R
J5 ik, i 5, R ISD-MS K 7%, -3k A: C20-B: C19

Table 1 Information table of GLU-C and chymotrypsin digestion of human insulin peptides respectively

. Modification . Observed Mass error
Peptide name . Modified name
site mass/Da /Da
QCCTSICSLYQLE (Ce6,C7,C11)  (IAM carbamidomethylation, M-biotin, IAM carbamidomethylation) 2128.8911 -1.25%10°
FVNQHLCGSHLVE (C7) (M biotin) 20069286  -2.82x10°
GIVEQCCTSICSLY (C6,C7,Cl11)  (IAM carbamidomethylation, M-biotin, IAM carbamidomethylation) 21569202  -2.26x10°
FVNQHLCGSHLVEALY (C7) (M biotin) 23541121 -2.85x10°
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Figure 3 Flow diagram of GLU-C and chymotrypsin digestion combined with partial reduction alkylation for localization of complex

disulfide bonds in human insulin
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Figure 4 Secondary sequence coverage of major peptides of insulin by GLU-C and chymotrypsin digestion combined with partial reduc-
tion alkylation. A: QCCTSICSLYQLE; B: FVNQHLCGSHLVE; C: GIVEQCCTSICSLY; D: FVNQHLCGSHLVEALY
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Figure 5 Mass spectra of key fragment ions of insulin of disulfide bond localization by ISD. A: y7-2/y18; B: y7-2/y13; C: y6-2/y12; D:

b6-1/y13-2/y13; E: b-1/y13-2/y14; F: b6-1/y11-2/y23
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Figure 6 Mass spectra of key fragment ions of insulin of disulfide bond localization by ETD. A: z'3-2/2'22+H; B: z'2-2/2'23; C: ¢"6-1/

7'11-2/7'16; D: ¢"6-1/y11-2/2'21

Table 2 Key fragment ions of disulfide bond localization by in source decay (ISD) for other insulin analogue

Insulin name

Fragment ion Observed mass/Da

Expected mass/Da Mass error/Da

Insulin aspart b6-1/y14-2/y21 4736.117 4736.182 -13.83x10°
b6-1/y13-2/y23 4779.118 4779.188 -14.56x10°
b6-1/y14-2/y23 4 880.166 4 880.236 -14.34x10°
y7-2/yl4 2516.136 2516.123 5.13x10°
y7-2/y12 2303.971 2303.970 0.39x10°
y6-2/y12 2175.922 2175912 4.64x10°

Insulin lispro b6-1/y13-2/y13 3 678.633 3678.638 -1.28x10°
b6-1/y13-2/y14 3791.727 3791.722 1.27x10°
b6-1/y13-2/y15 3954.814 3954.785 7.43x10°
y7-2/yl4 2498.151 2498.148 1.00x10°
y7-2/y12 2285.995 2285.996 -0.52x10°
y6-2/yl4 2 370.096 2370.090 2.40x10°

Insulin glargine y7-2/y14 2 541.196 2 541.177 4.03x10°
y7-2/y15 2 640.246 2 640.245 3.87x10°
y6-2/yl4 2413.164 2413.118 19.19x10°

Table 3 Key fragment ions of disulfide bond localization by electron transfer dissociation (ETD) for other insulin analogue

Insulin name

Fragment ion Observed mass/Da

Expected mass/Da Mass error/Da

Insulin aspart 7'3-2/7'22 2912.471 2912.328 49.14x10°°
z'3-2/2'23+H 2970.446 2970.357 30.03x10°
c"6-1/2'14-2/2'23 4 865.017 4 865.225 -42.77x10°
c"6-1/y14-2/z'14 3911.643 3911.751 -27.69x10°

Insulin lispro 2'5-2/2'20+H 2914.472 2914.356 39.80x10°
z'3-2/2'22+H 2895.479 2 895.361 40.69x10°
c"6-1/2'14-2/y23 4 863.460 4 863.269 39.17x10°
c"6-1/2'11-2/2'16 3852.720 3852.742 -5.74x10°

Insulin glargine 7'5-2/7'21 3 055.548 3 055.445 43.23x10°
z'8-2/z'21+H 3460.808 3460.658 33.84x10°
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