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Abstract: For the separation of monoclonal antibody charge heterogeneous species, an ion—exchange
chromatography mechanism model is used to predict the elution and separation behavior and assist in the
optimization of process conditions. The calibration experiments were designed to estimate the model parameters and
the model simulation matched well with the experiments, demonstrating the model has good predictive ability. The
model was used to compare and evaluate the influences of different elution modes and conditions. The optimal two-
step elution was obtained to achieve high yield. However, it was found that the separation efficiency was highly
sensitive to the salt concentration of first—step elution solution. Therefore, the process robustness was considered

further to optimize the salt concentration, and it was found the salt concentration of 108.5 mmol/L could greatly

KB 2023-12-01  fEEBH: 2024-02-20

BEESE: MAR1971—), 5, 11, ##% , lindq@zju.edu.cn

FE—1EE: WU (1999—) , & Fi #5844 , 528869431@qq.com

ESTHE: WLy &= A0k &% 5 H (2023C03116 Al 2021€03089) ; [H 5% 1 #& Bl 2% 4 4 1l [ (22078286) 5 [F K & & HF & 1% 51 0
(2021YFE0113300)

SIRZASC: VFEIIN, BRI AL, mrh, SRR RN, SR, UM, Bk, MRIRGR . B8 20402 0T 43 B S Hh Ay S O () RS 0 Bl Bl s AR . fb T2
iz, 2024, 75(5): 1903-1911

Citation: XU Rufeng, CHEN Yucheng, GAO Dan, JIAO Jingyu, GAO Dong, WANG Haibin, YAO Shanjing, LIN Donggiang. Model-assisted process

optimization of ion—exchange chromatography for monoclonal antibody charge variant separation[J]. CIESC Journal, 2024, 75(5): 1903-1911



< 1904 -

b T

¥

BI5%

enhance the process robustness. The results of validation experiments showed that the highest yield of two-step

elution process reached 85.3%, and the operating range of the salt concentration of first—step elution was widened to

98.9—117.5 mmol/L. The results demonstrated that model-assisted process optimization could facilitate the

complex condition analysis, promote the optimization and provide reasonable solutions for process robustness.

Key words: monoclonal antibody; charge variant; separation; ion—exchange chromatography; chromatography

model; process optimization
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VR

JEHTEARI B - 4 CV A28 v BT 2 Mk fe
R, 4 CV 1 52 vh i vh Uk L 4 CV BIYE 2% v
(10 mmol/L BEMR4HZZ #hife , pH 6.0) I 15 pH 2 6.0, 48
JE BEAT VR o VR ZE vh R 5 A 0.2 mol/L i R B
(1) 10 mmol/L i F2 A 2% v (pH 6.0) , LA 1 Y5 ]
H 0~100% , % FE W N 55% . 15 Pk M iR A R A
52 CV 1Y 100% V22 v .4 CV I PE K (0.5 mol/L
NaOH) .4 CV FHAEZZ P (1 mol/L NaCl) . 4=F2 it
49 2.0 ml/min, ZRERAE . WO AR WA BRI 4
Oy T A UL S AR RN AL TR I 42
1.3 A E

AT BE B UV280 FEATINAE o B0 20 BE AT e
o S JoR AR 5 t p R SO L A o BT A5 B, R 55
FH B T 38 He o3 fT HE ProPacWCX =10, %KL 5 vk 17 il
VIR PR 55 FE 5 2 1 me/ml, FR K B (cpb) 7E
37°CTF A TEEY) 30 min. W BIAH A (25 mmol/L iR
BNZE IR, pH 6.0) R 2l AH B (25 mmol/LL 5 R 1 2%
M, 7R N 250 mmol/L NaCl, pH 6.0) , #F 1T 10%~
37% B AL MERR BE BRI, SR J5 100%B 5 £R R
B Ja 10% B P R4 . S AMG I K 220 nm, FAE
50 pl, Witk 1.0 ml/min, A3 25°C. SR FH U T FRIH —
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Table 1 Chromatographic system and column parameters

eS| SRR SRS B R
RS E Az d,, 10 mm
/NG L 196 mm
AR e, 0.91 —

BT A 0.58 mol/L

BAERMSHEC b DR Cus 3.16  mg/ml
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2 UG K B S O A e O R B ) /N B R HES L B
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Fig.1 Comparison of experimental elution curve and model calculation
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Table 2 SMA model parameters N S N .
P J¥°4 1034 mmol/L, PEME A R 14.42 CV 5 55 — 045
ZRHAFE BB Al A2 M e 1 8 N e .
- PESBE A Ehve JEE A 320.0 mmol/L, PR JE 4 0.58 CV,
FHIE L TR v 11.58 11.75 11.89 . " . e X
%7 N T
THEE K, 423107 620x107  7.34x107 BRWCHIE R 65.5%. %7581 56— L TRt e
5 v v 3 ) o —
%5 A AT v 10.47 10.97 11.70 AAVR I R B Ve s G A v S oA, BRI — 0
IER K, 03100 02040°  010x10"  prdhyk AT BULE 5 YRR Bk iR

TE P25 G I 14 4 Fp eI 7 2, A5 B BRI A
JBE — 5 B e I 1) e RSO R, AP R
TR, VR 2R LA 2 CH B2 300 D 7= il B M £R IX
[8]) o SEPR R F A P e M A T, DR b 3 45 74

TS Ry E S PR T ) ) AR R

MRS T SR AGE SR, B0 P28 B BR R I 5 5%
b — 25 25 G — 20 Ve M VA R X Rt £k s e
G OLE3, ATRLR I, AL 3 mmol/L i £h ¥k FE AR
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Table 3 Process optimization of different elution methods e 100.4 mmol/L
4l :
Vel IR 9% (ST Ny 89%) — A
TR p—— ==+ 106.4 mmol/L
AR PR 392 _ 3t = 112.4 mmol/L
BRI DL 61.9 3
P UL P B R 65.5 < 2}
SRR -Fh R 64.2
B2 65.6 Lt
KEZEY 64.1
=AM =Bk 65.5 0
APPSR 65.1 . ' .
T K3 AREIERUE A5 — D B BR G th £k
B - S0 B 65.0 ) . _ ] .
Fig.3 First—step elution curves of different salt concentrations
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Y _ | '
o = el = 1 i e
— salt-model 29 < Hi Fig.4 Effects of first—step elution salt concentration on purity
4eF i | // ; > and yield of two—step stepwise elution
; 1.0} /{ 0.20 j
230 03|tz el LeE 23 EEUEREMHRRE R
s 10 12 14 16 Ry N N . e ; o
20t \ - NT GG AR T, PR e Ak E Y 4
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I LR AN 0 I 55— 2 B AR VU 5 2 D £ 7

(b) A4 - S5 HE BRI
B2 Jutl)a AN RBER 75 AT e Hh £k
(B AR o AR X 1))
Fig.2 Elution curves of different optimized elution modes

(the shaded parts are the collection ranges)
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J 251
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BF 3 A8 T 5 SR 690 B Xof I 118 2 5 R s 3 A8 Ak i 2
(R TR EAE A E) o A PRFRIE X RAR Y
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Fig.5 Elution curve of optimized two—step stepwise elution

under the robust constraints and fixed collection range
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Fig.6 Effects of first—step elution salt concentration on purity
and yield of optimized two—step stepwise elution under

the robust constraints and fixed collection range
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Fig.7 Elution curve of optimized two—step stepwise elution

under the robust constraints and changed collection range

16 100
—a— Collection strating point
14 —— Yield
>
3 80
=
g 12F
-
El0f =
= -
= - 140
é gk
3 6 120

i i i L 1 L L 0
% 100.,0 102.5 105.0 107.5 110.0 1125 1150 1175
¢_of first step elution solution/(mmol/L)

K8 2 — L Ue i Eh ik BE X AR AL S le e IX 1] A2 AL Y
PA2D B BR T MO AR A s AL 3R 4 52
Fig.8 Effects of first—step elution salt concentration on purity
and yield of optimized two—step stepwise elution under

the robust constraints and changed collection range
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Table 4 Comparison of chromatographic separation verification experiments and model predicted results
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Fig.9 Comparison of chromatographic separation verification experiments and model predicted results
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