- 460 - 5 M 4y KT 2 E  ChinJ Pharm Anal 2025,45(3) ‘JPA

275 5k ) P 2 0 M 3 L SRAT R R B — RS MR AT
SHE K, FH AR, TR EL

CrP Bl 25 A S E BT , 24 i A e A e i S IR 8 T AR R 2 B S LR A ™ A 7 12 SO
A R 22 M B A IR LR W RIS S P EE AT SR &, bt 102629)

BE HH: A2 RABERERZ LR RAFERIIT—REM R, A7 R0 S R ARIRIE
Fik: A TR SR E#E - $ KA (ultra—performance liquid chromatography—tandem mass spectrometry,
UPLC-MS ) *f & X A| R EHAZ LB RAFERG T EMN ST RAE BT AN ST REHATHE
M ; 4% A UPLC-MS/MS *f 3& X A| 05 % 30 7% A% L B ZARE = 09 55 B & 5 MR R st 4T o
Mo GER: E XA B ERERARLE RAFE 0 TEAAX 5T R E A 148 515; B44820 4T = 23 435,
TS T RESO8T; EXABEREFRBEABD R AERBEFINEZE1000. T FIEEE
100%; 3% ¥ 40 & AR AR B oo ¥E AL B AL T T 4% Nago; 24 16 3 = AbE, 2 S E4b4d M & 4 2F, 48 1) 2
3,2 SN A 2, 2 TR A 1A, Gl A RRA B ERERELER RARERET RN
AL, H )G BiZ B HAT B R S AT T Sk AR AR T e IR A B R AR ARARE

KGR E XA T BRARER; — R SO0 EE B IR E; KAE

FE5SES: RI17 LERARIRAD : A XEHS: 0254-1793 (2025 ) 03-0460-15
doi: 10.16155/j.0254-1793.2024-1266

Primary structure characterization of the active national
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Abstract Objective: To characterize the primary structure of the active national standard candidate of infliximab
to provide a technical basis for this monoclonal antibody. Methods: The complete relative molecular mass and
the relative molecular masses of the light and heavy chain subunits of the active national standard candidate of
infliximab were detected based on ultra—performance liquid chromatography—tandem mass spectrometry (UPLC—

MS). The relative molecular masses of the light and heavy chain subunits of the active national standard candidate

[ SRR T TIPS VS TS A P A R bR A 7.7 ( 20235004 )5 HHRR B S B AT AR 4 (PRI 5+ GJJS-2022-5-3)
= OGEEEE E 2% Tel:(010)53852159; E-mail : wanglan@nifdc.org.cn
TFAL&  Tel:(010)53852171; E-mail : yucf@nifdc.org.cn
F—1E#  TEL:(010)53852199; E-mail : liweiyul1219@163.com

AL HEL



‘ J PA W 49 W 22 E  ChinJ Pharm Anal 2025,45(3)

- 461 -

of infliximab were analyzed by UPLC-—MS/MS. UPLC-MS/MS was used to analyze the sequence coverage,

glycosylation sites and disulfide bond localization of infliximab activity candidate national standard products.

Results: The complete relative molecular mass of infliximab was 148 515. The relative masses of its light and heavy

chain subunits were 23 435 and 50 827 respectively. The sequence coverage of infliximab was 100% for light chain
and 100% for heavy chain. The glycosylation sites of infliximab were analyzed by UPLC-MS/MS; and the disulfide

bonds were localized. The glycosylation site of the monoclonal antibody candidate was located at N3 of the heavy

chain; there were 16 pairs of disulfide bonds, 4 pairs within each of the two heavy chains, 2 pairs between chains,

2 pairs within each of the 2 light chains, and 1 pair between each of the two groups of light and heavy chains.

Conclusion: The primary structural confirmation of the national standard candidate of infliximab monoclonal

antibody activity provides a technical guarantee for the establishment of the monoclonal antibody standard

substance, the standardization of analytical methods and the control of product quality.

Keywords: infliximab; national standard; primary structure; UPLC-MS/MS; characterization
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KD, Millipore 23 F] ), G25 Jii#h4E (5 mL, GE Healthcare
NEIDS

1.2 SRk
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F0.1%FA B KE W WS B: & 0.1%FA 1y ACN
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43 J5T a0, A 0 45 AR s A Woaters 24 F] i
UNIFL 3 A 547 0 07, 9 HAR S L6 B E 2E 17 2
TN, 45R R (R 1 1), P I A 75 B
TR AR M G B0 S 43 SR R 148 51516, BBE N
148 511.79, AHXFIRZE 22.7 , FEAARIR 22 AV I, 5K
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BT K A BB 2 M« C R IR
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x1 BXAERREETERTEEOS FE
Tab.1 Comparison of intact protein mass analysis of

infliximab standard candidate

S MRS AR
F4 i )
(- measured ( theoretical ( relative
( name )
molecular mass ) molecular mass ) error )
YIRS bREN: 148 515.16 148 511.79 22.7

(infliximab standard

candidate )

EmEm o
ep e u N— ZERBIE N-acetyl glucosamine )
¥ ¥ o HEEHE ( mannose )
s =m-2K < E5IHE (fucose )
< B L) RIS
P 148 515 2EFLBE (galactose )
= . Emanm
g 2] QP e
53 [} o
; o 2K
= B<m<BBIE
g PP
= mmnm ¢ 9
= et eses s s2Kamumam
= ¥ Bam < QP QP
= 148 842
0 A L} ] ] ] L] L} L]
1.48e5 1.482e5 1.484e5 1.486e5 1.488e5 1.49e5 1.492e5 1.494e5
mlz
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Fig.1 Deconvolutional continuum mass spectrometry of the intact protein of the infliximab standard candidate
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2.2 BER P PR R AR E SR BRI ST GOF MERUN 32 ). XA [EE A I i i kA 79 —1k
ST T, 25 0 R AR RSB (36 3) 1Y C i &

WA as R E s (K2 B 2), 82 HEEFE BRYIBR Y L 89.32%, BLAM AR 2] /> AR A L fb B
Vo> T 5 S S o FEANRT (HEEHEMLL C o -K, & (NGHC ) IFF7E,

K2 RAFERGBREERBERTIESTE

Tab.2 Molecular weight of light and heavy chain subunits of of infliximab standard candidate

LC-MS 414 ( precise molecular weight ) B4 (theoretical molecular weight ) AHXFRZE (relative error )

#2458 (light chain ) 23 435.01 23 434.63 16.2
T (‘heavy chain ) 50 827.34 50 825.30 40.1
23434
x 10°
A
£
=1
S
= 5
Z
o
E
=2
B
0 - : : — e
23350 23400 23 450 23 500 23 550 23 600 23 650

" N- LA ( N-acetyl glucosamine )
o H#HE (mannose )
< AHHE (gucose )

e ﬂé?[jl%(galaclose)

x 10°
s ? 99
'1
<
=
B -K
% 2.54 o [ ]
E .
= s111751 151
2o /\/L

T T T T T T T 1
50 500 50 600 50 700 50 800 50 900 51 000 51 100 51200 51300
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A: light chain ~ B: heavy chain
B2 HRAFEEFRERERESRESLRIEE

Fig. 2 Mass spectrometry of infliximab standard candidate after deconvolution

R3 RRFEBRHRERE MBS IR R ABX L F

Tab.3 Heavy chain modification sites of infliximab standards candidate

ZF% (name ) &4ii ( modification ) /%
Hi4% ( heavy chain ) -K NGHC
89.32 0.37
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2.3 S PY HTAE FE St it K P S0 230 BEIAPY BT AR [ G0R 1 b Y ) 5 R O

UK P23 A A B e B B ARG 36 P AR D S B R
P Tk 2 —  BEAE— U AT P R 3R A — 2741
R SO BRI B R 5 R R R
VEFE LU IR, 70 2540 1 UE -5 0 AR 4 0] v S 4 o
YRR

LC

L: 1 to 70

L: 71 to 140
L: 141 to 210
L: 211 to 214

HC

H: 1 to 70

H: 71 to 140
H: 141 to 210
H: 211 to 280
H: 281 to 350
H: 351 to 420
421 to 450

B3 ERAAEBRRERER—REEEESN

Fig. 3 Secondary mass spectrometry of infliximab standard candidate

X

232 BTN AGTIREE E K bR el CDR %52 T
AMJRE X ( complementarity—determining region, CDR ) J&
PR TR AR (VX)) B — 80 MR PSS &
L INRESR, BRI S PURRIST & o X LB X
MR 5 i A 5, A PR IR REAS IR AN R Y

IS DLTT
P, Rtk T BT Re S ko BB

Mr B AR R R R e Ak AR AT RN, $ DL
“1.2.37 B ESEATASIN 15 2% | A — e i A T
R HTEE R WA 3 s bR o S R R
G178 55 RN 100% ; %45 F i n T I P B G 1
i 5 ) G AR T R R T 1) 5 P R 51— 3K

Coverage: 100%

Coverage: 100%

A7 3% HCHEEE ) AL R ) HANRAE X, S35 FR
CDRI.CDR2 il CDR3,
ACBIFFEAE T IR P /K P X i A 6 ) CDR X
2700 (3R 41814 .3 5. 18] 5), 45 R Won S KA
E%‘Mﬁﬁ@l%mﬁnn CDR X 731 5 BEE 51 A —

B RN S ST RERIEAR AL AT RE A TR

R4 B CDR
Tab.4 CDR of light chain

CDRI CDR2 CDR3

£ ( sequence ) QFVGSS YAS QQSHSWPFT

BREL A5 (peptide site ) L:T3 L:T6 L:T7

KA F B (digested peptide ) ASQFVGSSIHWYQQR YASESMSGIPSR FSGSGSGTDFTLSINTVESEDIADYYCQQSHSWPFET
FGSGTNLEVK

Wi (expected mass ) 1793.872 1284.589 5066.259

Wt (observed mass ) 1793.877 1284.587 5066.282

Kl (observed )/ (m/z ) 598.631 642.797 1267.326

5 B2 155 1] ( retention time ) /min 37.22 25.04 64.96

1 (note ) : R LACFR R4E ; H AUREBE; T AURIKEE; #il40: CDR1 XSRIAY L : T3 /A3 CDRI1 1 T& ek MGG UI S 265 3

LB F (L stands

for light chain; H stands for heavy chain; T stands for peptide; L: T3 for CDR1 means that CDR1 is located on the third peptide of the light chain after trypsin

cleavage )

ywfx.nifdc.org.cn
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Fig. 4 Primary mass spectrometry and secondary fragmentation mass spectrometry of the light chain CDR
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Tab.5 CDR region of heavy chain

CDR1 CDR2 CDR3
JF31l ( sequence ) GFIFSNHW IRSKSINSAT RNYYGSTYDY
KB 45 ( peptide site ) H:T3 H:T7 H:T13
KA B (digested peptide ) LSCVASGFIFSNHWMNW VR SINSATHYAESVK NYYGSTYDYWGQGTTLTVSSASTK
T it (expected mass )/Da 2 311.090 1 406.691 2 650.194
M BHE (observed mass )/Da 2 311.085 1 406.689 2650.210
- BEIFTE] ( retention time ) /min  61.50 23.03 44.23

1 (note ): L ACZEREE; H ACERTEE; T 10 JIKEE (L stands for light chain; H stands for heavy chain; T stands for peptide )
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Fig. 5 Primary mass spectrometry and secondary fragmentation mass spectrometry of the heavy chain CDR
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233 WERFIFGRYIUSEERbAERBIE B B SWE 6.7, FHEARR (M) S B 5 7Ef: / Sk

XFﬂé"fﬂﬁ (PTMs ) X WUIR LY 454 S IhRe ™A R SRR I 21 5 58 IOk i s 17 A= 7 i IR A% I e
PSR, JE G B IR A A UNIFL B0, AR s iR 26 1 b A7 S N i dar il 2] 0.8% 1Y

@Fﬁm JEIA—Ab A ﬁ;%;,,n%ﬁﬁiﬁﬁﬂitfxfﬁéiz EAARIMEB (R 8 ).

BP0 RIS P e R 28 5 8, b RIS

&6 FRFEBRFIRIEITMEREWIEIHAL AR LB

Tab. 6 Proportions and oxidative modification sites of infliximab standard candidate

& 15, ( modification site ) L:T6(M6) H:T11(M7) H:T22(M4)
&4 ( modification ) ToEAL E=ela ToE L Ak oAk Ak
( no oxidation ) ( oxidation ) ('no oxidation ) (‘oxidation ) ( no oxidation ) (‘oxidation )

JKEEF51 ( sequence of peptide ) YASESMSGIPSR SAVYLQMTDLR DTLMISR

T Fi i (expected mass ) /Da 1284.589 1300.584 1296.662 1312.657 835.434 851.429
AL B (observed mass ) /Da 1284.587 1300.588 1296.659 1312.660 835.428 851.419
{4 EAEFA] ( retention time ) /min 25.04 18.69 41.88 32.27 26.73 2253

i Fe (proportions ) /% \ 0.8 \ 0.3 \ 3.8

RTOBERF P BFUREARAE m R B AR S IR (L R L 451

Tab.7 Proportions and deamidation modification sites of infliximab standard candidate

B (modification site ) H:T7(N3) H:T27(N14) H:T37(NI) H:T38(N14)
&4 ( modification ) Tet kA JBE Bt JCE Bt e JiE Bt e JEJI B e JIE Pt e Jet ik f JIE Mok e
(no ( deamidation ) (no (' deamidation ) (no ( deamidation ) (no (' deamidation )
deamidation ) deamidation ) deamidation ) deamidation )
JKBEF51 (sequence of peptide ) SINSATHYAESVK VVSVLTVLHQDWLNGK NQVSLTCLVK GFYPSDIAVEWESNGQPENNYK

T T4 (expected mass )/Da 1 406.691 1407.675  1808.006  1808.991 1161.630 1162.614 2544131  2545.115
LI (observed mass ) /Da 1 406.689 1 407.667 1.808.012 1 808.986 1161.626 1 162.608 2544137  2545.104 4
14 B4 B$ 1] ( retention time ) /min 23.031 23.854 57.718 58.018 38.425 41.954 48.980 49.678
i Fe (proportions ) /% \ 5.9 \ 31.5 \ 14 \ 19.4

TE (note ) - R LAGREREE ; H AR SE; TAURIKES L2 To (M6) RIS AL T 2B 1 BRG] 5 88 th N w2 C 5ihosh 6 kB b
6 MREILAE (WAL ) L (L indicates light chain; H indicates heavy chain; T indicates peptide; L: T6 (M6) indicates that the oxidation site is located on

the sixth amino acid (methionine) in the sixth peptide segment from the N—terminal to the C—terminal end of the light chain after trypsin cleavage )
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Tab.8 N/C-terminal heterogeneity of the heavy chain
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N A E R b
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Fd 0.8 \ Tl F IEATEEUI AL B, IE X e B DI G 5 4> = 22 1]
e \ 87.6 125 5 S R R IZ KBV RIS 2R 1 444 1957
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Fig. 6 Glycosylation sites of infliximab standard
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Fig.7 Analysis of N/C sites of infliximab standard candidate
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Fig. 7 (continued)
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Fig. 9 Analysis of disulfide bond sites of infliximab standard candidate
. s E B (disulfide bond ) ‘
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o R e — it SR e
site ) ( retention time ) /min
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