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Detection of Protein Purity in a Monoclonal Antibody Drug by SDS — PAGE Method
Zhang Ting,Zhou Changming ,Ding Rui,Shao Tianshu,Liang Mou®

XEHS 1006 — 4931(2026)17 - 0090 — 04

(Beijing Institute for Drug Control + Beijing Center for Vaine Control + NUPA Key Laboratory for Research and Evaluation of Generic Drug - Beijing
Key Laboratory of Analysis and Evaluation on Chinese Medicine ,Beijing 102206 ,China)

Abstract: Objective To establish a SDS — polyacrylamide gel electrophoresis (SDS — PAGE) method for the detection of protein
purity in a monoclonal antibody drug. Methods The monoclonal antibody drug was reduced to heavy chains,light chains, etc. , and
they were separated according to their relative molecular weight. Different bands were observed based on protein purity. Vision
Works software was used to analyze the gray area of the bands to control their purity. Methodological investigations were conducted,
and the established method was used to detect the protein purity in five batches of monoclonal antibody drugs. Results The
method had good specificity. The mass concentration of the test linear solution had a good linear relationship with the gray value
in the range of 1.0 — 2.5 mg / mL (R* = 1.000 0). The limit of detection (LOD) was 0.2 mg / mL. The RSDs of precision,
repeatability, and stability test results were all lower than 1.0%. The average recovery rate was 100.19%,with an RSD of 0.52%
(n = 9). The protein purity in the five batches of samples ranged from 97.80% to 98.56%. Conclusion The established SDS -
PAGE method can be used for the quantitative analysis of molecular size variants of monoclonal antibody drugs, with low LOD,
minimal interference factors,high sensitivity,and good reproducibility.

Key words:SDS - polyacrylamide gel electrophoresis;monoclonal antibody drugs;protein purity; quantitative analysis;method validation
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12025 4E R FE 25 8) (ChP 2025) 444k H & T A
A A v BB S R, (55 1 2 8 (2021 AR AR )
(USP 2021) 54045 1 18 U 129 #2036 97 B e e Hi A (1)
SIHTRERR”, YHR BB XS BT 2 W o RN R
TT A% ¥5 ] o ChP 2025 F§ H 70 T K /INVAE S 44 i 4G
A T e SR R B — SR TN M O e 458 i L Uk (SDS -
PAGE) &% 43T HEBH (4% (SEC) 32 . SDS — & 414 L ik
(SDS - CE) ¥: %4 , {2 ChP 2025 ( P43 ) H ok L SDS -
PAGE WEAHOCHE T I 0] o Sy S A 80 42 ) S b 25 9 1) Joit
i, ARWESE DL L RS B T R L S T
BrHeiR 2 ) 8 11 40058 19 SDS — PAGE ¥, 312 8 2025 4F
JR Q) 24 i (PO ) Dam W 9101 A3 B 7 BEBIE TS 5 5
WIHEAT J5 12 B0, Sk i — 25 58 36 BT 25 1) ot i 44 o)
PRERR LS IRGE LN .

1 UFE5KH

1.1 {4z§

XA205DU # K- (B -+ Mettler Toledo 23 A ,
B4 0.01 mg) ; EPS — 301 Y 3K A ( 3¢ [E] Thermo 2y
] ) ; UVP GelStudio PLUS % ¥ ¢ 5 154X (F & AT 23
A]) KR (FEE Julabo A H] ) o
1.2 X%

BB VE BT (Al AL S 4 0 R AVXS281601,
AVXS280601,AVXS280101,AVXS280501,AVXS282402,
FAS I AN E S 1 mL: 150 mg) 51,4 — %%k - DL - J b
B (DTT, 72 [ Sigma 23 A ) ; NuPAGE LDS #F it 2 i i
(SB4 x ) .NuPAGE 4% — 12% Bis — Tris £ . Mark 12 43
T FRMEM  NuPAGE MES SDS 22 M (20 x )\ Je 8,35
& (S Invitrogen 23 7)) s FAPT S He il 510 b = & 24
ik EBFSERE 5o CC0208B, & A 150 mg / mL) ;
KRB EEK (L5 %= A ) o
2 FHESER
2.1 BEHE

P SRR 2 1] 700 wL K A 50 wL B i 5
T, WATHE RS (R E N 10 mg / mL) K5 %8 40 plL,
FH 50 L i JFLRE 5 2% il RSB4 x (CFf 310 mg DTT A T
10 mL SB4 x , BI45 ) #1110 L /KR RS, i i TR 5) (it
WE2 02 mg / mL), 85 “CAKIEIMAAS min , K5 Ff i B 5L
6 LR HEER, S,

2 I - 7] 700 WL 7K FPAn A 50 L BAhr 2
Fb i 55, 4 Bl S s VR R 25 v B R B R 40 pL,

FH 50 WL id JFAE S G v -+ - "4 BIAS

25 FW W < 17 700 wL 7K FHIA 50 L &b 5 5% b i
(LHE TR K E R R AR 20, 2 (138 5 v i il 25
B, H R B R HL40 L, JH 50 L afs JrUke 5t 2% ohig -+
A, DTS
2.2 WKl -]

B2, 1300 F 25 V2 Hlil 300 L At it i i T
% 15 L M Mark 12 43+ b5 1 i 20 L, 230 5 AE 2
NaPAGE 4% ~ 12% Bis — Tris i€ o' . % F] NuPAGE
MES SDS Z& i LA 130 V H Hs HL Uk 24 70 min, £7 44} Hif
T S IR EE I 30 2 % 1 R YK S BCHS , FH 100 mL 7K ok
100 mL & % W (TE7K B 500 mL, vKES R 100 mL, 7K
400 mL,JR4), BN ) [ 5 £ 25 min, [ARHRE2 0 RE , 57 &
FEW, 100 mL 7K PR E s, i A28 i i e £ 7] e
6,50 mL, PRI 249 20 h, I (43 (B2 % 200 mL
VKSR 100 mL 7K 700 mL, IR 2], BIAS ) i {6 2 75 5 6
0 S5 TR, FHEBE UG AT HEEERE , T HH Vision Works
AT AT 450 o TR A Al B, AR T 95% . 4l
(%) = (RS IKBEAE + BT IKBEAE) / (EHEAAT
JRPEAH + 5 5E 5 IR BEH + 2R (50 IR BEAE ) x
100%.,
2.3 HEFEERE

L Ja A 2. 1 I A R e 2. 2 0 N ik
PEATAGIN , S Hr i BrURE i 22 Wi RSB4 X K& TS A7 AE .
FT e AR R 78 BARASING A WAT A3

RMEC R HE B2 1 T A I (SR
AVXS281601) , #¢ & 1 J5 i il it i e VRV W L 4%
2. 2000 R A TR I BAp T S R 2 45450114514
G IR HE (X437 2 K 49 500) 2H % Y R 4 A1
24 218 P BE PR B HE (FHX 43 B it 294 24 000 ) 2H 1L
B AR A AL B , 22 5 Mark 12 2 F 1A o i 2 HE 350
P, e FEE R RE AR R A A R DL 1R I, B
AT P A YR R R B R R B L RRAE B 1 AR Y
A0, R B A, S 0 R A AR AR 1 2Rl I R R R, X
I R BEAB R &7, G B3 A4S B A R B A2 AR K
FEAEL o DA it e P 3 VR T 2 MR B (X, mg / mLL) Ry A Ak
B . A IR BE K R (AN (V) A DAAR AR AR vE T 28
1SbRuERZE 7L Y = 277 205 564. 40 X + 212 066 090. 30
(R?*=1.0000,n =6) &5 53, bk i S M 15 W 1) o
HWEAE1.0~2.5mg/ mLIGE N SKEMLMEXR
RO 5 DAt 6 M T V0 B VA 8 (X, mg / mL) A A Ak
B A4 B LR BEAR (V) S A b gz il bm o i 2, 7545
£k 75 2 ¥ = 83 536 539. 600 X + 25 525 125. 700(R? =
0.9999,n =6) A5 5L F B, {3t i 4 P 7 U o £ R
FE1.0~2.5mg/ mLyg B N5 K AL M CR RAT.
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Tab.1 Preparation methods of the test linear solution (L)

MmN T
B RSB4 X A8 4h K
0.5 mg/ mL 10 50 140
1.0 mg/ mL 20 50 130
1.5 mg/ mL 30 50 120
2.0 mg/ mL 40 50 110
2.5 mg/mL 50 50 100
3.0 mg/mL 60 50 90

BhiX e

200 000 -
116 300 -
97 400 -
66 300
55400 "

36 500 -
31000~

21500 -
14400 -

6000 -
3500 -
2500 -

M 1 2 3 4
M. Mark12 F =47/ &
3 - 8. BEiKa

56 78

1. =GR 2. FKWH AR

LR (R ERES>H40.5,1.0,1.5,2.0,
2.5,3.0 mg / mL)

E1 SDS-PAGEZ&M4EXREZEL

M. Mark12 molecular weight standard 1. Blank solution 2. Reference

preparation solution 3 — 8. Test linear solution (mass concentrations of
0.5,1.0,1.5,2.0,2.5,3.0 mg / mL)
Fig.1 SDS - PAGE linear relation test image
®2 MREABH&ESE(PL)

Tab.2 Preparation method of the limit solution (pL)

e ) 7 IaNFE

R S s ik RSB4 x A 4k K
0.1 mg/mL 10 50 140
0.2 mg/ mL 10 25 65
0.3 mg/mL 15 25 60
0.4 mg/ mL 20 25 55

RG] R A 2+ 30 ARG 00 R A ) A e R B e R )
3~ 1045, BORS L 0 W (i e B 2 mg / mL)

Fie 3% 2 TR VA A R BRI, 4% 2. 2 0 R ik TR
W 25D 20 mT UL, S 2 il A R 0. 2 mg / mL
B, 250l PIRE W6, RSN R A 2 4 0. 2 mg / mLL

2 0 IS LA ) S VR o, He 2. 2 T R
P I E 6 K 45 R AL 53 5 97. 49%,98. 00% ,
98.01%,98. 54%,97. 98%,98. 39% , “F-2J{f } 98. 07%,
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200 000 -

116 300 -
97 400~
66 300~
55400~

36 500 -
31000~

21 500-
14400 -

6000~
3500-
2500~

M 1 2 3 4 5 6 .
EAAMA0.2 mg / mLREREALGFF T EFHTE

&
M. Mark12 5-F Z47 1. ©8E®R 2 - 5. A HFéEn
PR R (AR E»#40.1,0.2,0.3,0.4 mg / mL)
] i
B2 SDS - PAGE # iUl FR % & B3
Note:The quantitative analysis of the reference preparation with a mass

concentration of 0.2 mg / mL is shown on the right side of the figure.

M. Mark12 molecular weight standard 1. Blank solution 2 - 5. Refer-

ence preparation detection limit solution (mass concentrations of 0.1,
0.2,0.3,0.4 mg / mL)
Fig.2 SDS - PAGE detection limit determination image

RSD 4 0.35% (n = 6) , [a]— 4 &8 % £ i A7 7F R 500k
3l fH RSD < 2% , R WX Ak % R AT«

GRS L S W A (T A=)
AVXS281601) i HF , #2 2. 2 W K J5 % # B K 6 ¥k . 45
gl JBF 5y 9N 97.12%, 97.20%, 98. 61%, 98. 16%,
98.59%, 98.55%, V- ¥ {H 4 98.04%, RSD 4 0.71%
(n=6), FETEINARIRZE AR R 2 (HRSD < 2%, KM
Ik EE R

R R B2, 1 00 i R (LS

Avx5281601>ﬁié}ﬂf§mﬂzﬁo 1.4, 8h%n2~8 C
JCE 0,24,48 h B 2. 2 0 R J5 g b AT RGN o 45 L 14
ST IR 0,1, 4, 8 h I Y 4l EE 43 5 R 98. 31%,
98.55%,98. 04%,98. 12%,RSD } 0. 23%(n=4);2~8 °C
T 0,24, 48 h I Y 21 2 53 51 O 98.31%, 97. 96%,
97.46% ,RSD 73 0. 47% (n = 3) . F WL N 1A Wk 25 T ik
BH8hINHI2~8 CHtE 2 dINHIFaEEY BT

TR B < K 2 U R BN 10 mg / mL IS
Fb I ) T 32,40, 48 L, 4% 2. 130 R {0 75 v i 4%
745 5 80% , 100% , 120% 3 /> He J3 1 A3l 5 v ik
VAT 30 4 2. 230 5 kAT A I, IR TR ISR
2% 5 [l i Z 43 B h 100. 27%, 100. 01%, 100. 75%,
99.95%,99. 89%,100. 74%,99. 37%,100. 94%,99. 80%,

6. Reference preparation solution
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SE-H4 [l 24 100. 19%, RSD 4 0. 52% (n = 9) , W 7
DLE AT
2.4 FTEWIE

YRS LA i 45 1 o KSR L R 2. LR
AL SR, i 2. 2300 F A TR, 25 SR LA 3
FRAE 2 L 1 551 e Mark 12 435 b o b 8 2 A6 30 5t 7
W B R RE AR SR D R AR IS
FLE o

3 HREEA4ENELESR

Tab.3 Results of the detection of protein purity in samples

i) 5 REMA(ERPRE) SR R2RAOREE 4E(%D)
1 AVXS281601 1278264 158 25604 550 98. 04
2 AVXS280601 1313 468 216 26 102 655 98. 05
3 AVXS280101 1321797823 19307729 98. 56
4 AVXS280501 1353270871 30404 287 97.80
5 AVXS282402 1234210196 23850 521 98. 10
3 it

B e R 1 G (1gG) B BAHT & BT I A 0 JE 7Y
Xt 43 F 5 249 R 150 000, AR X 20 F 5 43 51 2
50 000 125 000 14 2 5% 8 2 JIEE F1 2 456 22 IS 2 A
AW 5 v T 2 BT VR W PR 2 AR AR 4 R 2
49 500 (1) £ F 2 Z5AH X 40 F B i 2970 24 000 A9 455
¥ 1, AR 431224 150 000, ELAT B iR 24y 2
BU2G Y R AE A LS 77 Al P EAT 32 4B R N T AR A e
FIRDFAHE R GEAE = 1) RS |, Sl AE TR nT LRl = i
TR AR A 1 I 2 T2 KT 15 Y B RN R
) R BB Y BRI SR/ R TR T R
Pior+ H SRR EUE , 8 A S T Y i )2
IR TC R BLY Y RE SR EE R PEA i s R 1Y)
PURZG PR T R HAT SRR A 2 oG - 13
SDS - PAGE % \SEC % .SDS - CE %7 H 743
F RS SR B AN L SEC 325 2 3 T 22 FLHURE AN [A] 4]
XoF 4 o o 10 ) HE BSR4 2, AR PR SR T IR
B A S PR (H 4y BER AR, EAE A A B .SDS - CE
PR BB ACEEN , 456 SDS AR PEAL B 3l 3 /& &
L SE AR A B, L B AR B A AR B B
SDS - PAGE JL TG &y SUALER , B ML S i = ¥ ] JF g |
Yo (e J5 ] HAUER S5 40 A, AT [RIB 2 Br 2R 3
AT A, J7 vk IR R AT G AR T el B i
AR BT 28 B ZE R B BT 25 W0 Dy B Ol TR R
S FE XS A3 B R /NHEAT A3 A DU A X 43T T i
HFE A 6 000 ~ 200 000 FY 728 P 8 1 ATA i 8 AR B
B 40 AN TR) S B0 M AN [R) A %o R T AR A 7
SE RO HT , TG AT S MR BE A 40, 0 R P ik
2 2 SR Al B ST AR A v 2 AR A T AR

G F i 55 000 DAL, PR T8 43 T4 X, W0 AB e T

o AN P OB LA T R
ARHESE LAY TG R BT SRR 9], XoF SDS —

PAGE I JEAT T VA BT 5% o &5 R 3R W] %07 AT ]

TEGULG YA R b, LR B Tk R

U AT R BT A A 0 3 B e T P T AR AR O

BT, AN TgM 55, O BB 2 WA N B it T — ARl Ay
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