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ultracentrifugation, AUC) J& 73 BT Wi o K43+ 1) —Fh
AT, B2 T hUARZ Y R AR B RAE 570
] 350 97 1 200, LR — BobE A A Y AT A 5LAE
BB LA e /NGy FG T 8 0 38 29 45 DERR R
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SRR AN A SV R AR A AL AR, FE TR TR
[F] 20 53 1) 43 ot A AR 22 57, AT OB Jl— > R
P T, - DIRE A I DR, B rT DAFEAS 32 3 55 5%
BT RR S T E EE B o Fa ., s R
AREFN Gy FAHEAE ], DRI B350 A SR S5 R
A AL P, B2, AUC SV 4B X (AUC-SV)
FERAEPUIARZ Y77 1H L SEC HA 35 .

AR AEE i SEC, AUC BB A, X B itk T
W &% B B #9380 L mAbs(ZG154 Fil ZG187) 7 Jill ik
TEPESEE (40 °C) P AR I SR AE ST LI R AT IR AC
A A B, I HLR R WEAE 15 - 5 kO A (LC-
MS) . B — 5% 1% (Circular Dichroism, CD) . s
HCS F R 28 1 96 HOR 5 N 224> T T R 90 38 i
ZG154 Ml ZG187 753 1 R/ AR A o

1 LIS

1.1 EIER

AW B 2G154 1 ZG187 i k8 T 1gG1
2, W RS A W R BRA R ER AL, FF Sl i bR
e T BRI AT 2l Ak, 7E 40 °C Y BE R4 ik bk
Ho FAN (NaCl), —JKE#R — 4% (NaH,PO, 2H,0),
[ 24 48 Pk 220 A BR S Bl B 20 BB (DTT). it
RO IAM), = F8 H LS S H B (Tris), SRARAK.
JR %, 3 [E Sigma-aldrich 2 7] ; 5 H# (Trypsin), 3
EEAEYHARAIRA A LI (ACN), #alizk FiH
iz (FA), 35 EPEER CHERBHE Al . A iR 3 ok
GYMTAE, KLl AR
1.2 KEHE
1.2.1 SECW & HF KA EFtksbE R A Agilent
1260 74 i AH (0,35 A (36 [ 2 FER B A | #1753
Mr: RE 5 R R ShARFR B¢ 2 2 mg/mL J5 dERE, PR
30 pL, i ] TSK gel G3000SWXL #E it {4, 1% k¥
(7.8 mm x 300 mm x 5 pym); ¥R 35 44 & 50 mmol/L
NaH,PO,, 300 mmol/L NaCl, pH 7.0; Ji# >~ 0.5 mL/min,
A RE VR, RG] 4 35 min, A IRAR T N 25 °C,
ERAMEEI I K A 280 nm .,
122 AUCH = 4 F K E Fiksb & XFEA ZG154
1 ZG187 (e 2 mg/mL) HFAT SV 4347, 7E 20 °C
A5 2 h s, 4] An-60 Ti %% 178 Optima AUC

RIBLOHLSEE D52 PR /R A R A R 112440 000 r/min
F120 C &M T 0. WO ZRGEAE 280 nm A
KI5 LA 120 s BTRIBE A4 260 K Kl 53 #r 1
3 % SEDFIT 15.01b, 43 4ii 152 £ {ifi H Continuous c(s),
O3 M7 B A K- (Feratio) hy 0.68., ZG154 (1% 7] % Ji
WAE M 1.0097 g/mL, ¥ ZEE R 1.069 mPa-s; ZG187
B 700 2 B R 1.028 7 g/mL, IR TR ZH M 1.256 mPa-s;
SEC Wi s %5 )% 1.0166 g/mL, % K 1.067 mPa-s.
123 &G BAPTMsl 2 7k HUEE 5L 500 pg, fA
A5 M 2% vh W (8 mol/L 5 2 I, 250 mmol/L Tris, pH
7.5£0.2) 188 pL. 500 mmol/L DTT 8 pL, Jill ## 4l 7K fifi
L Z 250 L, IR%], 37 °C KA 30 min, 757K ¥ 5%
FRE AERE S A 500 mmol/L TAM 25 pL i#E47 4 i
1k, R4, S IR RGN 30 min, B NAP-5 A
X AR b R AT AR AR B . B NAP-5 A IR 100 puL
JIA Trypsin B (0.5 mg/mL) 8 pL, ¥ %], 37 C 7K
W 4h, KIBFERJGIA 1 uL FA 21506 i FRES)
Bro KM Q-Exactive #U i BT AN (SE R FEER /R
BHE | HEATAE S4BT, 18 FH H 25 2 - R (ESD |
L 37 L0 2 B BT 4 43 BT 4% (Orbitrap) , ACQUITY
UPLC Peptide BEH C18 {fjif#(186003687; 1.7 pm, 2.1
150 mm) , ¥i 3 #H A & FA/H,O(FA 1& L 2 50
0.1%) , 7 3 #1 B 3 FA/ACN(FA 14 273 %0 0.1%)
K FH AR B e i B 2K, 90 min IR B A B M 2% #|
40%, i A 0.3 mL/min, H:iE R 60 °C. 7 IE 2 T
KN Hrke i, 374 A BioPharma Finder 4. Li#Ef7503E
53T

124 EaR_BE5=msMNzE 7% R Chira-
scanTM VX B[] — {2 5% i A% (5% [5] i FH 69 B A PR
ONED)AEZ RN X RE S B R AT E - R R
iR 0.2 mg/mL /5 A E] 0.5 mm b @7 —
G LEI e, B RE SR BEES mg/mL 5 I AF] 1.0 mm
Fb e L R AT = G 25 R A T 5 32 5% ARl i ) i 7
1 190~260 nm, Iz 58I 5 [l 250~340 nm,
iR 1 nm, 3 B PR EE SR FERT ] R 1.0 s ¥
FE — k3% (CD) 5 5 fEE & CD 5 5 & &2 I &
3 HCEHIH, W EIE7 CD (5 5 R 5 Bl & 45 52
125 ZafmaBZen %k X FH Prometheus
NT.Plex DSF % & [ Fot i 14 43 7 A (71 [l i 40 35 R 47
B2 B ) XA S R (T, AT I« (B 4
B EURE S B T A, BB A b X kTG B
AU, VT G A iR R A ) e R 0 R AE
15000 4b; EHATEE K 20 °C, LRI K 95 C, Jnk
AR 1.0 °C/min; 3852 43 B 28 A XS TR 19— By
SEORE AT T
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12.6 &aRyBARLAER R FARM A& fif Al
I 5% whBOKE BE G A A BER] S, 4,30 20 1 mg/mL,
7E 11000 r/min F & .0 5 min, B0 J5 B K & A
384 LA, AL I AKE i 40 uL. f#iH Plate
Reader [l #5738 2 2 BOGHUL GEE A AERFHAR A
F) DX RE B R G TN A, 25 °C B AR AR RD R A
29 1x10° YOO YR T 10 s BT
P 3k, IFBCEE, RIEA (D), THE A
(A4 HIOR BAE FH R B

Dy = Do(1 +kpp) (1
KA Dy AP R, ke YT HUM B R AL
(mL/mg), p J&FE i BT (mg/mL) .

2 GRS

2.1 SECHMitFEmBRESHAITA

40 °C B BE G R AR IR & A Ak & 1T
o MK 1) Al 15, ZGI54 BE S i 20 T2
(HMW ) B 7 B[R] (%) 22 4 B e 180, f e i AR 2R
A 15, ZG154 # & 78 91 46 B %] (ZG154-T0) . 40 °C
iE — A H T (ZG154-40 °C-1M) Fil 40 °C i & w54
A5 (ZG154-40 °C-2M) B RAR & 553500 0.4% (J5i i
Y RN L 1.1% il 2.2%, 845> F =9 5 (LMW) &
N 0.1%. 3.4% F1 5.2%. (HASTERE, ZG154
BE b B AR 5 W 41T A AE 40 °C R T R A& A .
H & 1(b) AT 45, 7F 40 C UE — 1 H J5 ZG187H: i
(ZG187-40 C-1M) ) HMW % & 28 1k 7] Z W& A i1
(ZG187-TOBE i A 1.3%, ZG187-40 C-1M k£ 5
1.4%) . SRT, ZE MR R A RS2 8] P, LMW 75 B 51 A
0.2% M3 2.1%, £ 2G187 4> T-1E 40 °C & F
HREWRAT R FIREE R T AP mAbs X 40 °C
WL R N AFAE 22 5% . I, AUC-SV [ Je 8250 Hr Xt
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HHE T SEC, AUC-SV B A7 Bl T X% i 9 Ji
RS BEATRAE, MG LK 2 R, B4,
ZG154 Ff i 75 40 COlC IR AS R 1R 2 = 8 2 19,
[Fi] B SR AT R 2 502 i B AIR, 8 1) J2 7E 40 °C iU o
P TRIRVIE R BUN 9.969 S FFEF 9.140 S, e
ik | 8.675 S(E 2(a). (b). (c), X W fig & H F
ZG154 5 F I REAT N R T 284k, B LR R 1 45
FIARTRI B RY, ZG18TRESHE 40 °C T iCE —4H
J&, ZG187 FE S SRR & i1 LTI A A2 4k, T ZG187-
40 C-1M ¥ 5 19 AUC-SV 43 Hr oA 46 0 2 4T 4] F Bt
(El 2(e)) o # ZG187 #f & #E SEC Hit sl AH vl ik, 4n
E 2(f) Ml 2(g) T s, & L ZG187 k& 5 76 SECHL 3 4
UL R R B A e 2 R 9T, W] B ZG187-40 C-
IM A it R R B T AR SR 0 (1] 2(g)) . X — IS
M T SEC Uit gl A i e b ik FE s R BUR M R R AR
AF AU MTT R ) ZG 187 43 F W UL REAT S M | 2
B AR A T AR . Beh, it AUC-SV I 5 1Y
ZG154 F1 ZG187 [ RIK & AR T SEC il 2 Y
5 ZIMA L T SEC oM bl - T s A & 7
T AR g R SRR R T S ORI B i g U
23 EAPEEBIHTH

T PTMs 28 Akl 7 2 5 8O & A R
W T R BB R, O T R AMIRSE ZG154
ZG187 HUIRTE 40 °C i b 72 rh R 30 A W] 3R 4 Fn
W 24T J B LB, X PTMs (54T 14047, 3 1 BF
TN, FE 40 CHLE 1 H G, ZG154 4> T FH 4% (Heavy
Chain, HC) = Asn 329 {3/ 55 % A5 M I e 8 4 ) LE 45114
HINT 17.6%, %A AHXE A0 (%) Jd 1 Feg i Pl EAS 2
DL B ECXT ZG154 0 R AR 5 Wi 2447 R iy 52, [
IEXT ZG154 BE AT T o 2 A A B m s Rs e P 52
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Fig. 1 Changes in aggregation and fragmentation content of samples ZG154 (a) and ZG187 (b) detected by SEC
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Fig. 2 AUC-SV detection of aggregation and fragmentation content distribution in samples

5o Z5HEW, AE 40 CitE 2 H 5, HC L Asn
329 A7 5 A= Mo ok Jie 4 i 1 LU 481035 T 30.7%. It
Hh, 1E 40 °C s 2 HC | Asn 388 F1 Asn 393 fif
S O Tk e 1) LG 9 s A BT 3 0, 4% % (Light chain,
LC) [ R& MR (Asp) 155 1 5 LA & HC | Asp 109
1284 o7 AR A DB ) A A AE G . I 23 5
R A B KPEAR L, R 22 & A IR B e i Uik 2
W Dy e e R AT R, [ ZG154 431 1
T JHle 2 6 0T Tk ) A AR R il 22 i pHL (B
h 6.8), %N B ST B AL B FR R e, B s T
HK R Asp 57 R 4 R R (iso-Asp) P8, 3% ¥t I
e 25 K MEAR T Asn Al Asp, T2 55 51 & 26 11 5 R
o MLAh, B ETSE R B A A A 2 5 BUR T
24290 SRIXSF ZG187 HEfh ) PTMs A8 {1k (3% 2), #F
40 °C L E — 4 H 5, ZG187 43 T HC - Met 430 fiz
R A ARE I A1 N T 36.9%, Met 430 137 41

S AR T Ll A5 Y R S 1 DA R R R R ST N
ZG187 HE B 2AT isEma . tbsk, HC | Met 81 {37
MR A T D E B . Met E ALE F 2 55
mAbs 1Y 14 G e e Pk kA B Ak, IF 2 R R
Met AL mAbs A 5 WA W& 5w, i btk
43 [RGB 3G A 285 A LA R 408 3T A8 M 47 A5 A% e A4
24, (HHXFAS[A] mAbs 1Y 520 HLAG 43 S R0
24 AREEHNEAZRS=HEHHZNE
A S =R A R AR A 2 S BUER
BT A g K DB 6%, il L BT R AT Nk
A= o CD 3 3k 8 1 B0 26 A 158 i 4 16 1 W2 e 22 5k 43
Frds o A RS = RE5 . AR RN,
Asn JIi B H (1) 32 5L FE ) iso-Asp, 7] BE 52U M TR
P2 R T R, DA 2 58 M 7 2 11 5 v Y K R
B, SR T RS R AR R AR, T4
1l H 23520 mAbs 1Y CH, 5B 4, miek
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F 1 ZG154 5 FBIPRE B 0LAS A5 B

Table I ZG154 post translational modifications site information
w(Peptide)/%
Protein Modification Peptide
7ZG154-T0 ZG154-40 C-1M ZG154-40 C-2M
LC D155+Isomerization A154-K160 0 1.4 2.6
HC W47+0xidation EI1-R59 0 1.5 23
HC D109+Isomerization L99-K125 0 22 3.7
HC M256+Oxidation D253-R259 0.6 1.2 1.7
HC D284+Isomerization F279-K292 0 2.1 4.6
HC N301+A2G0 E297-R305 2.0 2.3 22
HC N301+A2GOF E297-R305 81.5 81.0 81.0
HC N301+A2G1F E297-R305 16.5 16.7 16.8
HC N319+Deamidation V306-K321 0 0.9 2.1
N319+Deamidation
HC V306-K321 3.0 2.5 2.3
Succinimide N
HC N329+Deamidation V327-K330 1.2 18.8 31.9
HC N388+Deamidation G375-K396 0 32 59
HC N393+Deamidation G375-K396 0 7.2 12.8

N—Asn; D—Asp; M—Met; W—Trp

% mAbs 1Y 205 =gy, (HH O T8 BT A
FEACIRASY AR A PR A 5t ok e ok 48 A 1 1 5 3
TG SR AR Y, FEAR D
40 °C 2514 T B AT 5 19 ZG154 Fil ZG187 K i Y
CD Bl &A1 w22 4k (1 3), Ui ZG154 73+
Asn 3291V 5, 14 5 B A A& i Al ZG 187 43 F Met 430 {7
BRI R B S R = RS
Ak . ZG154 Fl ZG187 43 F 1) N-HE 5 1k & i 7%
40 °C JiCE R A A K A AR b, H R
TG R E AER R EE R, W] ZG154 F1ZG187
I3 FAE 40 C CE T R AN RE S W2 AR
THEH M = A5 R .
2.5 AEEIHEAREERRIE

T, 2 Ml £ 48 1 3T RS 1 Y — > T B bR,
mAbs [ AN 5] 45 ¥ 386 AN [ 19 T, — R T (678055
B PR M AT IO TR e R AR 1 T e i
INEE 1 BT 2B A P R o o 1 5T 2R A A iy 2R 014271
gEIRRW, 1E 40 C R G, ZG154 5 F 44454
BT, (EEEA WA KA (] 4(a)) , 28T ZG187 4
T T, 1 5 E F % (ZG187-TO ¥ 5 T, 4 66.3 C,
ZG187-40 C-IM BEfih T,y 58.6 C), T, A & A4 HH
WAL, X gk BRI ZG154 43 T 40 °C JiCE I
R I SR AR BT 244 T R AN B T 45 4 B i 1 1 A
A, FE— 25Uk W H K 24T Sy 18 2 AR 5 BT FA R Y i 1Y)
WA . M, ZG187 431 Met 430 i fi K A= (1)

2 ZGI187 S FRIRR BN E B

Table 2 ZG187 post translational modifications site information

w(Peptide)/%
Protein Modification Peptide 7G187-
ZG187-T0
40 C-1M
HC M34+O0xidation A24-R38 1.4 3.1
HC N55+Deamidation A53-K59 0 5.0
HC M81+Oxidation D73-R87 0 8.6
D282+Deamidation
HC F277-K290 0.8 1.4
Succinimide D
HC N299+A1GOF E295-R303 14.5 14.1
HC N299+A2GOF E295-R303 74.7 75.1
HC N299+A2G1F E295-R303 10.8 10.8

N327+ Deamidation
HC C323-K328 0 32
Succinimide N

HC M430+Oxidation W419-K441 1.1 38.0

M—Met; N—Asn; D—Asp

A2 WL FRAR ZG187 43 FRAASE M I il B
P, ¥ ZG187 43 F Wi AT i AR A
2.6 ARMEHNEBS FEEEERNIN

kp AR A RS W T B4 Z AR 5RO —
AR, BE B REAT ME R S T EE T
[ AH B W5 A E R TR i . il 5 R, AR 3K
(1) i 5B ZG154-T0, ZG154-40 C-1M Fll ZG154-
40 C-2M ¥ i 1Y kp {H 43 51 A —1.34%x1072, —1.51x
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Abstract: This paper used size exclusion chromatography and analytical ultracentrifugation techniques to perform
orthogonal analysis of the molecular size variants of ZG154 and ZG187 antibodies. Moreover, liquid chromatography-
mass spectrometry, circular dichroism spectroscopy, dynamic light scattering and differential scanning fluorescence
techniques were used to systematically analyze the factors causing aggregation and fragmentation. The results showed a
30.7% increase in the deamidation modification at the 329 site of asparagine in the ZG154 sample when stored at 40 °C.
The related modifications did not alter the secondary and tertiary structures, as well as the stability of the protein, but
accelerated aggregation by increasing intermolecular interactions and led to fragmentation due to the production of
succinimide. Moreover, there was a 36.9% increase in the oxidative modification at the lysine 430 site in the ZG187
sample when stored at 40 °C, which reduced the stability of the protein and led to fragmentation. However, it did not
change the secondary and tertiary structures of the protein, and the molecules always exhibited mutually exclusive
interactions, thus not leading to aggregation. Furthermore, the changes in the sedimentation coefficient of ZG154 dimer
and the non-covalent interactions between ZGI187 molecular fragments were revealed through analytical
ultracentrifugation sedimentation velocity analysis. These results describe suitable detection methods which can be
combined to resolve the aggregation and fragmentation problems in the development and production of the above-
mentioned drugs.
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