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Determination method of deamidation impurities in cobratide using
mass spectrometry technique

HUANG Lu**, LIU Bo"#, FAN Hui-hong"*

(1. National Institutes for Food and Drug Control, Beijing 100050, China; 2. NMPA Key Laboratory for Quality
Research and Evaluation of Chemical Drugs, Beijing 102629, China)

Abstract: Deamidation is one of the most common degradation impurities in protein and peptide drugs. The
deamidation of glutamine and asparagine in the protein sequence can lead to changes in the chemical and biological
properties of the protein. However, the rutine trypsin-based pretreatment process can significantly increase the arti-
ficial deamidation impurities during the digestion process, resulting in high determination level. In this study, after
optimizing the conditions of Glu-C enzymatic hydrolysis, we obtained the best enzymatic conditions under acidic
condition and the artificial deamidation impurities significantly reduced in digestion process, identified the deamida-
tion site (N48). Through the methodological investigation and comparison of the measurement results of different
methods, the specificity, reproducibility and accuracy of the method are verified. The method established in this
research has laid a solid foundation for the accurate determination of deamidation impurities in cobratide and its
similar protein peptide biochemical drugs.
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Figure 1 Amino acid sequence of cobratide
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Figure 2 Cobratide sequence coverage map after 18 hours of digestion with trypsin
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Figure 3 Molecular mass analysis of N48-R59 peptide by LC-MS. A: m/z of the peptide (without deamidation). B: m/z of the peptide

(deamidation)
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Figure 4 Identification of the deamidation sites by tandem mass spectra. A: MS/MS spectra of the N48-R59 peptide ion (without deamida-

tion); B: MS/MS spectra of the N48-R59 peptide ion (deamidation)

Table 1 Observed molecular mass and expected molecular mass of molecular ion peak and fragment ion of the N48-R59 peptide

Name

m/z

Observed mass/Da

Expected mass/Da

Mass error/ppm

N48-R59 peptide (without deamidation)
N48-R59 peptide (deamidation)

b, ion (without deamidation)

b, ion (deamidation)

y, ion (without deamidation)

y, ion (deamidation)

7268141 (z=2)
727.306 4 (z=2)
285.155 6 (2 = 1)
286.1395 (2= 1)
926.3452 (2= 1)
926.3451 (2= 1)

14516132
1452.598 3
285.1556
286.139 5
926.345 2
926.345 1

14516133
1452.597 3
285.1558
286.139 7
926.345 5
926.345 5

-0.07

0.69
-0.70
-0.70
-0.32
-0.43

Table 2 Comparison of the deamidation rate and PeptideMapQuality values of cobratide digested by Glu-C enzyme in different pH buffer

systems
2h 4h 8h 18 h
pH N48- PeptideMapQuality i PeptideMapQuality PeptideMapQuality PeptideMapQuality
Deamidation Deamidation Deamidation Deamidation
4.0 0 0.0038 0 0.007 4 0 0.0133 0 0.3490
45 0 0.041 6 16.28% 0.094 5 15.17% 0.178 2 16.64% 0.389 8
5.0 15.21% 0.2650 15.04% 0.486 2 15.01% 0.7125 14.95% 0.9196
5.5 14.71% 0.906 3 14.69% 09757 14.85% 0.9910 14.72% 0.999 0
6.0 14.27% 0.988 7 16.42% 0.997 6 26.00% 0.998 4 40.19% 0.9991
7.9 49.67% 0.366 9 60.40% 0.578 5 85.47% 0.819 6 98.30% 0.808 2

Te VIR T ) 298 A I T 30 A AR R, AR L B R R P
TabRoKF, 218 hH 2 #2311 100% (IEBH pH 7.9 1, #}
KRG U FE P AR R B M BEIR) . Z2 0P pH
5.5 1 6.0 (1) V) 2 A0 I, (R U EG VIR A& E 4 h )5,

S pH 2y 6.0 B U A5 1D 5 T fre 8 98 T 2% o
T pH 9 5.5 B A I B BE i 2= W B A RS 0 . ZREFIE
Pt D7) 2550 23 R PO i 256 P ARG 155 0, o 2483 5% T AR 2% o
M pH M 5.5,
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VIR B — B i, BRI 2 2 [ Ik B MRT, AN Re PR 0
BRI S B T8 2 B 1) s S TR] a4, 2 51 7 e T e £ 1
o B Fo A g R R AR (an SR A R ER) . AR AR
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5 7R, w5 RHE G 2L KB 644, 1757
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AH L PR 7 R D) 81 i 4 4% 6 A K, A B ) o
(1 — 2R 5 3 i J37 3 B L CID BE 2L A [l b B Tl y 55
T 5 B AR 1) VT EC AR FE 55 ) #01R i, N4 1) i T i
A A sh iP5 R39-E51 ik BE AT R39-N62 ik B

ol Bt e LA o B
4 FEFEIELER
41 ERM  HCHIE VBT A F AR, USRS

R SR L, S5 RAENT, 25 T I 0 R i I A
FIFIRIRER, 207 iR JE I R AT (181 6).

42 EEM FEEHI%6 MM, 64 F & B
iz 2 (1) °F 348 N 15.81%, RSD = 5.19%, it B Hif &b #8757
FEEVERIf.
43 REEE % LR E S BERE 6 10, 6 IR
Tt 1 % RSD = 2.55%, 5t WA 28 77 VAR % B R A4F
44 FRREME RN EEAE SR ) H R AT R OK . K
R JGEWCT Z R SCE 14 K5 B ORI B3t 19 e 22 iR
14.72% A2 04 14.79%, A — 5, Ui WY A7 I W K e
P e Tt R I .
5 HEmNERGERITEE

KA S S8 J7 1, R 3HEAE S kAT Tl . B
b, NIRAIEJT iR I HERR I, ASC S AT Rt
LR T TR A0 LUK AR R A o I I i 4k S ) 2 M
EE AT TR EE (R 3). AR T 2 A [k R A
st JE B fre 5 D00 5 45 RO, IR FEAE 1% A, Ui
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Table 3 Comparison of cobratide deamidation rate detected by
LC-HRMS and CE

Batch LC-HRMS CE
A 15.88% 15.06%
B 5.06% 4.29%
C 15.01% 15.02%
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Figure 5 Sequence coverage map of cobratide digested in optimal conditions
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Figure 6 Sequence coverage map of blank sample




+ 2358 -

2% %4 Acta Pharmaceutica Sinica 2021, 56(9): 2352 —2359

BT A AR IN CLERAS B i 2 . 1 ok, R WA
B P HE I B M Ik Jie 7= ) 5 4 93 8809 TR e LR
TR K 48 7 Asn BREE M BE 1) 2 5 (-NH,) A8 ¥z
% (-OH) J5 5 RHE K B & 4 1 B 2 AUAH % £ 0.98 Da,
SRHERE B SR ZRIETCIE LI 8. A il
R, AR 2R TS B E RKE T, SRR
TR TR RS e 7 4 — % B O, S IR T
A TR AP SR S B i B A7) o L RS 3 T 95 (X 2 1 Pk
)[R 25 e 5 58 T e 7= 40 1) 0 5 - O T R . R
JOk: [ 437 2% W Ji 44 EE 9 1 390.803 1 (z = 5), Ji Bk i 7= )
Wi [ 5 e FR) 73§ 85§+ 9 1.390.803 5 (z = 5), QE =i 4>
PB4 PR A g 140 000, BJ {3 #2 f5 0RS 75 10,
T TCVE S #1173 5

FERE S AT AC B I RE v, 3 TR e JE A BT O 2 vR
N Tris-HCIA W (pH 7.6), % pH &4, & S ERHE K
TEIR R AL R I Bk et . = (2-FR & 5) I
(TCEP) th 2 — Fh 5 F 13 J 571829 5% 38 pH Y Bl %
%, AT LERR R S NI TR R, R ASHIE 7T 2238 R
TCEP i& Ji BHE K — B 8, 5 R 6% 58 4 0 JR FBHE
JUk 4 40 e, R Re 1S B E R RS . AR
LB DTT AR I8 IR 7, D0k IF 7 s 45 1) S B iR 2 5
B[R], 75 RS B AN 32 A T Ik Jee 165 I T w4, SEIRHEE K
40 B 5E Il R

Tob R JUAC 4D UG8 T e 4% I %o G o 28 o1 3R 11 pH 3E %
I, 5 pH 5.5 F TS IR 4 22 pPil b, Bk iz #4518 h 4 I
RIGIN. AH pH 2 6.0 B, 5 5 fie /K ¥ i 2 i 7] BF 1]
FEKZ W N, ZE B 18 hIsF Y 15% 3891 31 40%, T DA
S0 I R A TR A R R ) pHAE . % T R
SR PRI — B Ta) pH B 23 R AR AR, Bt DA I
5E I

RUEAERT IR TAE R, 40 s gk AR I 77 vk ]
DA Sk IR R B I B0 Bk e = W 1 o0 B8, (H R TR B A i
HARM AT TR R, BvERE A TR EAARE
JUR A 7 it o RO P J % 5P o AT, o T O VR IR T R R
AERT AR AR, BT VA - /51 20 9 0 0 32 A 7 A U
AN AR B e 1 ), G R 2 SR N

AL CURHE BRI 785 G2, 38 i % B 2% i R pH
8 B VRE VB DI [ 3EAT 4L, L T HEF Glu-C g
1% J6 Bk i 24 S U 5 7 2%, 7 25 B E 5 AN [R] 25 k)
bb2d BB, i Jy v B PRI, WA R, SRR R,
AHIFFE AR PR B A AU 5 4 0 5 T P ot T e 2 I
PRI S se gt T EE S,

TEZ Tk TEHE 0 DT SLIR VO TE L SR U PR A B R
CE RS G T SE I BT B A B R S EAs R TE R AL
B BT 3 I A0 LB 4B B R SCE AR IR X SO AT T2 M

R

FlEHS: Fr A 1EH ) AR w2

References

[

[2]

[3]

[4]

[]

(6]

[’

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

di Salvo ML, Delle Fratte S, Maras B, et al. Deamidation of
asparagine residues in a recombinant serine hydroxymethyltrans-
ferase [J]. Arch Biochem Biophys, 1999, 372: 271-279.

Aswad DW, Paranandi MV, Schurter BT. Isoaspartate in peptides
and proteins: formation, significance, and analysis [J]. J Pharm
Biomed Anal, 2000, 21: 1129-1136.

Lindner H, Helliger W. Age-dependent deamidation of aspara-
gine residues in proteins [J]. Exp Gerontol, 2001, 36: 1551-1563.
Lampi KJ, Wilmarth PA, Murray MR, et al. Lens g-crystallins:
the role of deamidation and related modifications in aging and
cataract [J]. Prog Biophys Mol Biol, 2014, 115: 21-31.

Mamula MJ, Gee RJ, Elliott JI, et al. Isoaspartyl post-transla-
tional modification triggers autoimmune responses to self-pro-
teins [J]. J Biol Chem, 1999, 274: 22321-22327.

Kim E, Lowenson JD, MacLaren DC, et al. Deficiency of a pro-
tein-repair enzyme results in the accumulation of altered pro-
teins, retardation of growth, and fatal seizures in mice [J]. Proc
Natl Acad Sci U S A, 1997, 94: 6132-6137.

Joshi AB, Kirsch LE. The relative rates of glutamine and aspara-
gine deamidation in glucagon fragment 22-29 under acidic condi-
tions [J]. J Pharm Sci, 2002, 91: 2331-2345.

Robinson NE, Robinson AB. Prediction of primary structure
deamidation rates of asparaginyl and glutaminyl
through steric and catalytic effects [J]. J Pept Res, 2004, 63: 437-
448.

Bischoff R, Kolbe HV. Deamidation of asparagine and glutamine

peptides

residues in proteins and peptides: structural determinants and
analytical methodology [J]. J Chromatogr B Biomed Appl, 1994,
662: 261-278.

Cheng SY, Le JJ, Li J, et al. Study on methods and establishment
for reference standard of cobratide [J]. Chin J Pharm Anal (Z54
i), 2007, 27: 1212-1214.

Olsen JV, Mann M. Status of large-scale analysis of post-transla-
tional modifications by mass spectrometry [J]. Mol Cell Pro-
teomics, 2013, 12: 3444-3452.

Jin Y, Yi Y, Yeung B. Mass spectrometric analysis of protein
deamidation - A focus on top-down and middle-down mass spec-
trometry [J]. Methods, 2020. DOI: 10.1016/j.ymeth.2020.08.002.
Li H, He YN, Ma JS, et al. Overview of determination methods
for deamination reaction of biotech drugs [J]. Her Med (£ % %
%), 2019, 38: 147-152.

Ren D, Pipes GD, Liu D, et al. An improved trypsin digestion
method minimizes digestion-induced modifications on proteins
[J]. Anal Biochem, 2009, 392: 12-21.

Krokhin OV, Antonovici M, Ens W, et al. Deamidation of



WO

BT 5T 0 T B BRI b f T A 5 U RE D A T

2359

[16]

[17]

-Asn-Gly- sequences during sample preparation for proteomics:
consequences for MALDI and HPLC-MALDI analysis [J]. Anal
Chem, 2006, 78: 6645-6650.

Cournoyer JJ, Lin C, Bowman MJ, et al. Quantitating the
relative abundance of isoaspartyl residues in deamidated proteins
by electron capture dissociation [J]. J Am Soc Mass Spectrom,
2007, 18: 48-56.

Liu B, Wang WT, Huang L, et al. Separation, identification and

quantification of associated impurities in cobratide using sheath-

[18]

[19]

less CE-MS and CE-UV [J]. Anal Methods, 2021. DOI: 10.1039/
dlay00717c.

Wang XY, Yan GQ, Zhou XW, et al. Location of peptide disul-
fide bonds by chemical cleavage combined with biological mass
spectrometry [J]. Chem J Chin Univ (7555 22 A6 27 22 41), 2020,
41: 1505-1512.

Liu ZH, Liang SP. Location of the huwentoxin disulfide bonds
by partial reduction and step-by-step sequencing [J]. Chem J
Chin Univ (/546 51240 5 5 41)), 2003, 24: 1815-1819.



