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Optimization and application of caprylic acid precipitation in
the purification of monoclonal antibody
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Abstract: In response to the market demand for therapeutic antibodies, the upstream cell culture
scale and expression titer of antibodies have been significantly improved, while the production
efficiency of downstream purification process is relatively fall behind, and the downstream
processing capacity has become a bottleneck limiting antibody production throughput. Using
monoclonal antibody mab-X as experimental material, we optimized the caprylic acid (CA)
precipitation process conditions of cell culture fluid and low pH virus inactivation pool, and
studied two applications of using CA treatment to remove aggregates and to inactivate virus.
Based on the lab scale study, we carried out a 500 L scale-up study, where CA was added to the
low pH virus inactivation pool for precipitation, and the product quality and yield before and
after precipitation were detected and compared. We found that CA precipitation significantly
reduced HCP residuals and aggregates both before and after protein A affinity chromatography.
In the aggregate spike study, CA precipitation removed about 15% of the aggregates. A virus
reduction study showed complete clearance of a model retrovirus during CA precipitation of
protein A purified antibody. In the scale-up study, the depth filtration harvesting, affinity
chromatography, low pH virus inactivation, CA precipitation and depth filtration, and cation
exchange chromatography successively carried out. The mixing time and stirring speed in the
CA precipitation process significantly affected the CA precipitation effect. After CA
precipitation, the HCP residue in the low pH virus inactivation solution decreased 895 times.
After precipitation, the product purity and HCP residual meet the quality criteria of monoclonal
antibodies. CA precipitation can reduce the chromatography step in the conventional
purification process. In conclusion, CA precipitation in the downstream process can simplify the
conventional purification process, fully meet the purification quality criterion of mab-X, and
improve production efficiency and reduce production costs. The results of this study may
promote the application of CA precipitation in the purification of monoclonal antibodies, and
provide a reference for solving the bottleneck of the current purification process.

Keywords: scale-up; residual host cell protein; aggregates; virus inactivation; Triton X-100
replacement
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KM 05 gL DR EFAEIT 10-15 gL, HZH
o TERMAMEL L, MBS AR 500 L LT
EFHEIT 1 000-100 000 L, ZHAEREFEHA BER
L BpIRTERERE T 10 4%, SR R L Z2RE
FERCRARTR R, BRI AL ERAE T A BRI
REMIRE, FEEF=pARERS S T E Y,
G T i alifed: - T A R R IR 2t
UEWOGHR . SEFEMTRER . AR pH R EEJOE . )2
UE . BB A2 P TsCi 2T . B e
UEFERIESE . BT RE FEEORT 3 AT
AR R A CEFZHTAIN . BHEF5cHh 2 M2l
P ARG T2 3 AR, — R
ARG (AP g7 4 (R Y VA = 3 A 271N
R FRIBIK P 3 S A P K, R T i
alifl T 2R PR KA 2 BT ARGz ohi it i e, i
Zh Al T I S RS A 72 B ) T AR B MRS
WEMTEA; 2 Miraifb A s, fEmit
PRAR AN BAS I T Al b R A R i [
1EFR (caprylic acid, CA)f&—Fh &4 8 Mk
FHEEERFIIEIDINR, WRARAFEIERR . ¥ CAHIT
DOERE AR T LGB IIEIZY 50 4EHT. fep),
CA MR FAEAL pH (T AL sh s
STEAMEMEA R, BlaeEREN, Zk
JEIMAEATEHIbRE L, I 10 452k, AFsH
CA JEH T E 6 BUIPEL(Chinese hamster ovaries,
CHO) 2 ffa 15 7% 1) B e B BT AR (g 2l AL T Ji i
i, CA KA & ry A s, A
&, CA JThE H i F 2R T30 %/ MIUSH AR B
FAHENCIR, Sz RN FH ARG SE
ARG LIS A mab-X v BT A S
FXTG, WHE CA DITEAES s DA T iiralife
AN, ik CA TTIEM &1, IF
W58 CA ULEM T i MARE mab-X A4 fLFRE E
KT EREE, Bz EduiRtil gy Tk d
LB AT AT A #, S CA DIVETE S v b
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PUAR WAL A R B T, e H AT 58
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1.1 #R

BT REDUR mab-X ZFRAY @GR M)A R
oy AR TR CHO 4t A: = i) 5t PR s B T
k. CA IJH Merck, WZLIEREE MDOHC FI
MXOHC W H Millipore . 3% 1 2 #r 3 ¥
MabSelect™ SuRe Protein A W H GE
Healthcare. Vantage ZEHrH: (N2 1.1 cm)l A
Millipore . POROS 0.5 mL #E[1 G #4 H
FH 5 5 28 4 2 A1 SE R
Fractogel EMD SO;- (M) I H Merck .
G3000SWxI #:Wg H Tosoh Bioscience , CHO
HCP 2 =LK & H Cygnus Technologies.
Tris ) H ANGUS Chemical Company, A0
HILE S 2 AR A, B AT EIR
B B RS R BT 25 e A R A E], A A AN
W B sl 25 A R F
1.2 (NEEFIRF

AKTA™ Pure 150 &% Avant 150 &4 A
GE Healthcare, J]7F 5256 %8 MUBE 1 )2 BT AF i ol
% . AKTA™ Process &% . BPG300 ZEHMrtE.
BPG140 ZH#:04 H GE Healthcare T Hi Al
AP B BT RE At 25 . HPLC 2690 43 B
B 55 Waters 2487 Dual WG ERM2$ e H Waters,
TH A AT R AOROH €8 3 (high  performance
liquid chromatography, HPLC) 4> #ft . NanoDrop
2000 W4 Thermo Scientific, FT484MK IR
o TDZ5-WS 3B LHLIE H IR R %
IR RARR A, T ARG TR A 5.0
1.3 EWHE
1.3.1 ZRREIESR KA CA JUE

Y35 IR ) CA TTTE DoE SEgn ik it ansk 1
FI7R o

Applied Biosystems .
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FH 2 mol/L 78 WK 40 i 55 7 3 (3% 40 )i
ERSE pH H@.7. 5.1 5 5.5), RIGMA
0.2%-0.8% (KB H01) CA FFIRTTTE, I
pH T PR FF pH H . 7ERSEIEREE T LA 200 r/min
s SRR A 30-90 min, #RJ5 2 mol/L Tris
YRR € 2 pH 7.0, 8 000 r/min E.L» 10 min %
BRUTiEY), SRJGE 0.2 um iR ug, Wk
VB . FARSCIG TR 2. AN CA DTTE R
MRS FE B 8 W R % BB (control check, CK).

1.3.2 & pH mERBWE R CA TE

fi% pH F 8 KOG IR CA JivE, E0xf pH
I CA W B SE R an 3k 3 iR .

F1 ARESFR CASTESHIRE

Table 1 Setting of CA precipitation parameters of
cell culture fluid

Level CA concentration (%) pH Time (min)
Low 0.2 4.7 30

Mid 0.5 5.1 60

High 0.8 5.5 90

*x2 YREEFIR CA IR 2 RE KT
Table 2 Full factorial design of CA precipitation in
cell culture fluid

No. CA concentration (%) pH Time (min)
1 0.5 5.1 60
2 0.8 5.5 90
3 0.5 5.1 60
4 0.2 4.7 30
5 0.8 4.7 90
6 0.8 4.7 30
7 0.2 4.7 90
8 0.8 5.5 30
9 0.2 5.5 90
10 0.2 5.5 30

*3 K pH RERFBWER CATUESHIRE
Table 3 Setting of CA precipitation parameters of
low pH virus inactivation pool

Level CA concentration (%) pH
Low 0.10 4.5
Mid 0.15 4.9
High 0.20 53

http://journals.im.ac.cn/cjben

1 A ERUZ TR S 7RIS pH A T 9%
. )5 H 20 mmol/L #715 FR-FT & IR BN (pH 5.0)
BE AR EREES] 5 mg/mL IT, ¥ pHAE
WEEE] 4.5-53 ZA], @A 0.10%-0.20%
R BOR) CA FHIGTTTE, JFaad pH J#755f
i pH, 7EFREEIRE R L 200 r/min 85 /1 FEIR A
¥ 90 min, it 0.2 pm i IERSILIER LU
Yy, MG T2 MO i BT e B A A pH BRI
CA WeREEAM. HARLIRITE 4. LRM
CA TLVEMIK pH J5 88 I J5 (12 I8 IR R XoT B
1.3.3 CA QBB EBRBAMR

YA 5 o MDOHC F1 MXOHC P& ER Ik
PIRIZIIE, WAEIER, R HFTER A B
28T, BN A SERUZTA LSRR B e A
FE pH 3.2, 27 °C 4 FIFE 140 min il 2R 44

TE IR VL A8 00 B SRR B v B B LAV TR
A 0.16% CA, FFRFEEW pH & 5.0,
400 r/min i 90 min, P17 CA TTIEMKHHRZE
g, IR A TR RO S HEBH (15 (size
exclusion chromatograpghy high performance
liquid chromatography, SEC-HPLC)Z{ & 4347 .

4 R pHRERTEIERR CA JUENR R E SR

Table 4 Response surface methodology of CA
precipitation in low pH virus inactivation pool
No. Mode CA concentration (%) pH
1 00 0.15 4.9
2 +— 0.20 4.5
3 Oa 0.15 4.5
4 —+ 0.10 53
5 - 0.10 4.5
6 00 0.15 4.9
7 00 0.15 4.9
8 ++ 0.20 53
9 A0 0.20 4.9
10 a0 0.10 4.9
11 0A 0.15 5.3

—: Indicates low value; +: Indicates high value; 0: Indicates
midrange (center) value; a: Indicates low axial value; A:
Indicates high axial value.
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134 CAQBEBRERSMR

I B 2 BRI 5T E 93 M 24 B A A 35 A PR B¢
TR FIREI, LATERY CA MR TE KIGRES . IR
BEAG 55 K pH s 75 IS WA VAR MR 2
4 g/L, pH 5.2, CAVKEE 0.16%, FREME/NRA
1. 9% %5 5 (xenotropic murine leukemia virus,
X-MuLV)FIAFE R J# 75 (pseudorabies virus, PRV)
TERIN CA ZRIINA . ¥HRAYTE(18.0£1) °C
WEE, IEE AR B A T R BRI IR TR A
76 15, 30, 60 #1190 min BUFEHAE 90 min N5
BEKIEMIBN 1% . FERABF ] SCRE AR S B 200
BEACTHAERKY-, Hh#i% pH H 6.5-7.5, H
0.45 pm BfPEAFEUE, IE0H M BEIE B A
(plaque forming unit, PFU) J5 K YL M0 55
1.3.5 FiEK

TR AT e oY T Bk S AR & 1) 1Al
X CA DLVERIFE, SCIAE A pH a5 KA
WA, FEPEFEFE AT, CA W&
0.16%, FEFREGUREE NHiHE 90 min, BFSEHIHEE
WE R, TEIRA BRI, CA WhnsEh
0.16%, TEMEEIIRET LA 400 r/min 5 FE,
WG IR A BT s, UiyE Y 38iE 4 MXOHC
RIZ 8RR 25,

TETZORIT, AAERE SR R MRS 500 L,
WA AR R IR IR, ERET,
fik pH K8 K6, CA UL¥E MIR)Z1L g, PHEF
R JET o

E A EMZEMNTE BPG300 #F EiE 1. )2
BrdE i f5 LA<35 g/L kit BFE, HodpEbuik
F 100 mmol/L #7145 FR-FT 15 FR &1 (pH 3.6) 1N

SEAIVEMA 2 mol/L #PERRIATY pH £
3.5, #EATK pH W EEKIE, E 60 minJ5, H
2 mol/L Tris H 1% pH 5.0,

CA WIINHEHN 0.16%, HEFERTE] 90 min, $i
FEEE 60 r/min, YN EE, UUUEYE
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MXOHC 21 U8 2B .

FHE 7222 7E BPG140 A Bilkfr. 2
Mrit~PA 5 Dh<40 g/L my3am b, DIZRPEps R
1 )7 = BE
1.3.6 ®WWF5E

Ao FEAE it ) - AR R T A R
Sl A CERZTE 1.1 emx10 em A i
2, WAERVEN, F 2 mol/L Tris H1F1,

ffi /] POROS 0.5 mL £ [1 G FEl & 241 i 35
FEW PR ERWE, 4] NanoDrop 2000 i it
280 nm b MR EEENE Sk fE AR PR, it
EE RN 02 /1 N

FAPRFIZRAR & i SEC 2B FIH G3000SWI
HEAE HPLC 2695 73 R AI Waters 2487 Dual 1
W HEEEA EEAT 5387, LA 0.5 mL/min (i
17, f#H 20 mmol/L #AR4H+200 mmol/L S k40
(pPH 7.0)1F 433 AH, AR 100 pg KR

i F 40 ffL 55 M (host cell protein, HCP) % &
i1 Cygnus Technologies A CHO HCP 5 =i
A&, Mg B S W B % (enzyme  linked
immunosorbent assay, ELISA)ll & .

2 BER540

2.1 CAUEMIZMk

FEFRIIFIGE A, CAULIEA I TEA
A SEMZMRIESREEER N A EZNENZ )G A0
SOOI TN A SERUZITHTE R CA DIV
5T, 05K CA BXINEN IR 32 AIE pH %
B KGR W TTIE A BT, 40 il ik AT T 24K
b, FEXTARE SRR P Y CA TTYE 51K pH i
RGN CA VIVELE R T T HER, &k
P CA UUIEAESPT F i T P e fE T 4B EL .
2.1.1 ZAREIESRIRRY CA TUE

pH. AbFEEFEIFN CA ¥ BE 2 5 i 40 ff s 55
W CA VIEM R T 2240, N TIFERER
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CA UiyE 1.7, #1477 L 5% ¥ it (design of
experiments, DoE)3L4:, FELAFBIE . CA IiT
VEJG B HCP BREE . 1 A SEAZHTIEER HCP
5% B . SEC-HPLC 4l JiFM4atn, 4580
5. MMIEIRM CA TUIERT )T 2400 I
6. HEREFEM CA YLFER Fmi R AE W 7.
YHILRG SRR CA DTTE TN 20 5 UL 1, S50k
TS LA 2,

mk 5 iR, LB Z AR EE
o VIR FRMR A CA DITEE MXTIR, 4
ARIZAF CAVIEZ G, WCRTE 82%—100%2 [H]
Wesh, BB CA ULIESMEXTICRA W&,
HCP 5% FA1E 263 215.3-511 027.3 ng/mg Z [
3, I A JZHIER HCP 5RFEE7E 1 484.1-
7 834.9 ng/mg Z [P, HIH A BEHEER
SEC-HPLC 7E 95.1%—98.0%= [al 3, M4 F

RS MAERR CATUEERBER

K& CATUEA T, U] CA UITE X
P2 S5k BE I 4l A R

K IMP Bt . HCP kB A A
JEMTISET SEC-HPLC 4l . CA Jiii¢)5 HCP
BRI, R 6 RS R TR ER
%, YRR Z (root mean square error, RMSE)
BN, RAAER AT 0.7, R EE, f
BT S H0E MM sL e a5 5%, £ 7
P AR 1 R, CA WEXHAICR . CA
DLVWE S HCP BB . &I A EHIItER
SEC-HPLC 4fif . &1 A JZHrIAEW HCP 5%
M . pH FERBOM AT HURISCR A B 5
Wi, {H pH 5 CA ¥ A9 58 B0 X il R |
CA UL¥EJ5 HCP 5% i M A JZHTIR A HCP
B FR A W25 o B R X ISR e 2, B
& CA AbFRA ] 1 LE R T B

Table 5 CA precipitation test results of cell culture fluid

No. Antibody yield (%)

CA precipitated HCP (ng/mg)

Post protein A HCP (ng/mg)

Post protein A SEC-HPLC (%)

1 89 353 398.8 2 346.6 97.3

2 82 263 215.3 1484.1 98.0

3 87 349 224.4 2 886.0 97.3

4 93 402 167.5 4933.8 95.9

5 82 318 333.9 36529 97.6

6 83 376 512.9 3266.5 97.0

7 90 404 617.3 2704.2 97.0

8 87 321 778.5 3091.6 96.8

9 98 488 726.3 7 021.6 95.3

10 100 511 027.3 7 834.9 95.1

CK 100 529 265.9 18 252.3 93.5

*x6 MRAIEFIR CA UEEREFES

Table 6 Model ANOVA analysis of CA precipitation in cell culture fluid

Response RMSE ANOVA R’ Adjust R
Antibody yield 1.0 0.000 4 0.97 0.95
CA precipitated HCP 25449.0 0.003 2 0.94 0.89
Post protein A HCP 1124.2 0.0345 0.83 0.70
Post protein A SEC-HPLC 0.5 0.020 3 0.87 0.76

http://journals.im.ac.cn/cjben
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R7T WEEEFR CA TLERE T E

Table 7 Factor response of CA precipitation in cell culture fluid

Factor P value
Antibody yield  CA precipitated HCP Post protein A SEC-HPLC Post protein A HCP
CA concentration <0.000 1* 0.000 7* 0.006 3* 0.018 1*
pH 0.004 5* 0.300 4 0.148 7 0.1858
Time 0.036 4* 0.116 2 0.069 8 0.2376
pH*CA concentration 0.036 4* 0.008 4* 0.101 6 0.029 9*

*: Indicates that the factor is significant.

100
89.005 95 ;
(87.889 3, T
90.120 7] 85
80
500 000

378 484.6 450 000

399 192] 350000

300 000
250 000
8000
7000
38978 6 000
[2 983.07,
4812.62)

HCP

HCP

96.742
[96.353 6,
97.129 4]

Post proteinA  Post proteinA  CA precipitated Antibody yield
SEC-HPLC

CA concentration pH Time

1 ARG FRIR CA TUEFUNZIE

Figure 1 Prediction profiler of CA prempitation in cell culture fluid. Antibody yield, CA precipitated HCP
level, percent monomer in SEC, and post protein A HCP level were analyzed as a function of CA concentration,
pH and time. The blue lines represent the confidence intervals of prediction profiles.

A HERPLIRE . HCP 3R B M H A BHIEER SEC-HPLC 4l#>96.5%,
SEC-HPLC 4hifE, {ifbdnffihssmiliiie S5, A EHEE R HCP 5% Fi<4 000 ng/mg, *HRZH
B bpg BT mamE 2 s, EEUSEER SEC-HPLC 4L 93.5%, & A U4 HCP
X BN, A5 CAUITELE pH 4.8+0.1 55 5% 8 M 18 252.3 ng/mg, SN MRAALZERA I, 75
TR 0.2%-0.3% CATRA 80-90 min, CAVL MU FHR P IEAT CA ULIEEN A JEHTIEER
JEJ5 HCP 5% <420 000 ng/mg, W#H>88%, & M A BT

&: 010-64807509 B<: cjb@im.ac.cn
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3

Post protein A HC P;"i-'

5.4
32 BSSBTotein A SEC-HPLC/
5.0 £ 3
£ ;
f/:‘ 14
48 NOR &

& CA precipitated HCP

0.2 0.3 04 0.5 0.6 0.7
CA concentration

2 MREFIR CA TUEF=Z%E

Antibody yield

Post protein A HCP

CA concentration CA concentration

CA precipitated HCP  Post protein A SEC-HPLC

0 CA concentration CA concentration

0.8

Figure 2 Contour plot of CA precipitation in cell culture fluid. Contour plot at 80 minutes showing the
operational range in terms of pH and CA concentration. The orange box indicates the current limits of the
normal operating range (NOR) used in manufacturing for routine processing.

2.1.2 & pH mHREWE R CA T

pH HI CA ¥ JZJ2AIK pH 75 KIG AR TR CA
UUVE LA 28, o T IF R R ik
pH Ji 8 KIS SER K CA UL 1.7, 1T
DoE 25, 314 HCP %% . SEC-HPLC 4fi & LA
Lo R PR bR, SRR 8, RALJS
2T AR 9. BRIFmm (A WL 10, T2 i
UL 3, SHkTas R LA 4,

Wk 8 Pn, LR Z MfFEREZES . R
28 CA VIHENE IR, RIS CA V2R,
WCRTE 74%-101% Z [0 ), SEC-HPLC 4fi Ji
1E 94.8%-98.0%, HCP 5&EATE 132.6-4 376.3 ng/mg
Z s, M T AN ART, B CA
UUUE S5 ISR AN PR Y B 5

9 ESHARFRM, I HCP &R
il SEC-HPLC 4fi i AIRENE F T/ ir 250
AT S aG 45 5. 2% 10 Bdla s dr el 3 22,
pH il CA ¥ #5250 SEC-HPLC 4fi [ il HCP
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FR¥ . B pH EFRAEA CA WeEERS N, HCP %%
PAFEAK . SEC-HPLC ZifF#iv, [HAH ML, $i
PRISCR AR

*8 K pHRERZRIEWER CATNIELHLER
Table 8 CA precipitation test results of low pH
virus inactivation pool

No. Yield (%)  SEC-HPLC (%) HCP (ng/mg)
1 82 96.0 652.9
2 74 98.0 132.6
3 82 97.4 199.9
4 89 95.8 3961.0
5 94 95.3 1863.1
6 89 96.8 916.5
7 86 96.1 838.3
8 86 95.6 1150.7
9 82 97.1 261.0
10 101 94.8 43763
1 91 96.2 1351.4
CK N/A 95.4 6297.4
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x99 R pHREREWER CATUERE S ENT
Table 9 Model ANOVA analysis of CA
precipitation in low pH virus inactivation pool

Response  RMSE ANOVA Rsquare Adjust Rsquare
Yield 4.0 0.0102 0.79 0.71
SEC-HPLC 04 00118 091 0.82
HCP 5224 0.0005 0.91 0.87

10 K pH mE RFWER CA TUEREFII R {E
Table 10 Factor response of CA precipitation in
low pH virus inactivation pool

Factor P value

Yield SEC-HPLC HCP
pH 0.1371  0.025 9* 0.012 5%
CA concentration 0.003 1* 0.004 7* 0.000 3*
pH*CA concentration 0.0652  0.015 7* N/A
CA concentration N/A 0.108 8 0.007 8*
*CA concentration
pH* pH N/A 0.2205 N/A

*: Indicates that the factor is significant, N/A indicates that
the model does not include this factor.

98.0
S s

= 96.358

T [95.825 1,

& 96.890 6]

v

o 7918

S [239.404, 2750

13442] 1 328

86.909
[84.134 8,
89.683 4]

Yield

S NN O 0 oNOEONO—0oM

ot i el i r

T S LSRN
0.15 49
CA concentration pH

B3 K pH HERFWER CA TUETUNZIE RS E
Figure 3 Prediction profiler of CA precipitation in
low pH virus inactivation pool. Step yield, HCP level,
and percent monomer in SEC were analyzed as a
function of pH and CA concentration. The blue lines
represent the confidence intervals of prediction
profiles.
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LA IBICR . HCP 5% fl SEC-HPLC 4§
&, RARAC pH AR E KOG I CA VITESHL,
BALR B2 [ an & 4 Fis . ZER RIS (E
JEXIHIN, pH 5.040.2 F1(0.16+0.1)% CA & F&iE
I, UKW SEC-HPLC 4fif5>96%, Wi
HCP 5&/i<1 300 ng/mg, WH>82%. X}HE4 SEC-
HPLC 4l 95.4%, HCP %%} 6 297.4 ng/mg.
5N CA (X B 25 AR EL, 7K pH 7 K
TESSE W4T CA ULlE, % SEC-HPLC #4ifF A
Bl B3 TF, HCP 5% 83 W T,

CA 5EAFFEN SN G SETHRER
SR RIT, EARMEAREAEREK, BT
BATAHEAEN, RAREUE™Y, R
pH fH T, CA FZ LIk 8 ¥ A7 7E (CA
pKa=4.89), UL} CA BY¥AREERAK, CAM=EEE
WAy EAKYE & S, AT X pl 3T
A EF ] P LA FEE 405 1) R ARG G T 70 7K 2 5
PRTEVETR D, ILIT CA AOVAMR AR T ITIE Bt
B B AR . TR Y A HCP Al
DNA, iiH HA HUAIRny pl {a, st
B R0 0 H R HRTH BK vE , RAT AR 3K
iR pH 18 . BARAY CA W FRETES,
AT BT B &

GO DL RZER, MR IRIA CA DLTEDE
ik pH R 8 KOG IR CA ULTE, HIREA L
DUVEZR I, (A2, M FaipusssRmRkaaifbm
A, ARBER, BN CA WREZ KT
pH 5 B8 KGR R I & . AR
AOAE 77 B A RE A T T 0 R 2% 1, ZEAIK pHL
FERIEWAER RN CA HEAMH, KA
FEEFEAE R FZ T JE AR pH o 5 IO AR T Hh I8
hn CA Byl A7 il A 7 i 5
2.2 CA IBRRRERK

i F mab-X 7EHEFT CA VITERT SEC-HPLC
AiEERRY 95%, BARE R, NEEEL
B CA UTIEMRIABR KBETT, N T %8 CAYL
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Figure 4 Contour plot of CA precipitation in low pH virus inactivation pool. Contour plot showing the
operational range in terms of pH and CA concentration. The orange box indicates the current limits of the NOR

used in manufacturing for routine processing.

VEXT AR BRAE ST, AT T 3 APAT
MR LR PRE SR, 5 RmE 11 iR,
SEC-HPLC il g5 R ULIE 5. & 6.

mL 11, s AE 6 i, BUG& LK
KR L& T 26 F1 2 B U6 i i iy SRR & 1
SEC-HPLC i 2] 95%f#AK & 79.1%., KM
CA ULE T 2)5, WX BAE 5L SEC-HPLC 4fi
FEH 79.1%REE 94.2%-96.6%, LTEHK
A, RIS A CA Ve AR E
kL BrRE

TERRE) pHAE R, CA WfREERAR, 7%
) CA WREEMR T8 FIUTTE Ir s i e et
(IR R BV AT, JRIT A EE 11 = A i) 2
B E LS CA WNLE, PuiRsiKHER,
e A 1] (9 i KA T 07 KT [) Rl A 9 HE 5
71, HAMSFHUE. EORKET HLAE
SRIVHKYE, XL CA YUHEnl AFETTIE B
TR Z AT LA T vE R AR R IA
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2.3 CAIBRERS
HTTREPUA T FES N CHO 4iiid:r=, 171
o0 BT G KURSE AR BRA T 3 R — gt D ) g 2
K, AL T2k pH seaHLER/ £
15 5%(solvent/detergent, S/DYJi 5z I FIAR I IR 7
B, R R EEERRACRIE, XHiE
FECR B I A A58 KT v FH 205 R s L i 711
METSFINAL AR, Atk 30 45, Triton
X-100 &R Z M ERENZ — ik, A
Triton X-100 FJ—FREA P A 2R TG
M, ATREXT R A S AR R, BRINAE 2 A
FRJEHE: Triton X-100 FIA THRAGEH, XTHAFH
PEATRRE . B, WIZGAT AL R e Az sg ), T I
FIBkI TR R —Fh T Triton X-100 fIERFH], B

Rz BEPKRIEER

Table 11  Test results of aggregates spike study

Assay CK (without of CA Run1l Run2 Run3
precipitation)

SEC-HPLC 79.1% 96.6% 95.3% 94.2%
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Figure 5 CK sample SEC-HPLC chromatogram of aggregates spike study.
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Figure 6 Experiment run 1 sample SEC-HPLC chromatogram of aggregates spike study.
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F 12 CABREFEREF

Table 12 CA treatment virus removal factor

Model virus Lot 1 Lot2 Lot3
X-MuLV >6.48+0.05 >6.46+0.02 >6.49+0.10
PRV >7.00£0.23  >6.85+0.25  >7.10+0.18
“ g
= 8 o Lot |
oS TN oLot2
2% 6 \ Lot 3
235
24\
o2 3 3
==
1
0
20 40 60 80 100
Time (min)
B
8
7 —e Lot |
S 6 o Lot 2
; B e Lot3
9
-
2 3
gE2
8 4
0 :
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Time (min)

E7 CARIEREZRENNFHL

Figure 7  Kinetic curve of CA treated virus
inactivation. A: RRV log reduction value. B:
X-MuLV log reduction value.

K CA HA B3 A K TGRS A S s o
G LE R FRH], CA UTTE B A% 3 KT
TERKT 4, Je— AR fdania 2L &7 b 2
BR. CA WIAEW o, Hhnsg@Irfg, HaH
%, BT AL Triton X-100, 54 F AL
pH KiG K Bmaed g oAb, PRy sh i ata
SN2 A TR
24 FiAECK
HFSE CA UUHE N B /MRS R A
AL, BV A 7 BRASE %) AT A7 A B8R
TR CA PLIETE T 500 L 241 A % 7 A0,
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HEFT T HCRAE ™ S
24.1 HHEEAI CAIERRN

PR B BOR Z B HE 2R I Z5 /) s 17 2
G ey RSy T TR T B RS g T
A DA B AR g R A R SR A BOR 1 ia 17
S8, Dok g /s g g . B
FERHUBLAE =, BEFHR A ATRES I CA UL
WERCR, Wk, skl R e sy Tk
BERBEFERT AT CA ULIE R, LAfS FI5E
B MR CA TIE MBS 5k, R H 4™
TR 55 206 % MRS 1) 7 TR SO A TR, 3E
T S 3 RIS A i e A 4 B o A 7 A
BRI 100 R A o . A LIS B PR SRR 100,
260, 400 r/min, 7E 100 r/min B 1A% i JC B
WS, 260 r/min BFRARR R TS5 KD,
400 r/min B A SR THT AT UL RS S 19 /NIl
PEPHR A B EIERE 90, 360 min, Z5HR UMLK 13
M 14,

% 13 5RFW, CA TTER R X%
F17 i SEC-HPLC 4 Jo I 2520, XF HCP 1)
FREE R, RO, HCP FREUN, T
PEEGRILE 4 %, HCP FREE AT 11 6%, b
WRRA SR RIFM A =45, & 14 g558%
B, CA DLIETR A BRI ICRFI ™ i SEC-HPLC
ZlifE JCH B, AF HCP B %M., it
7 it o [N S AR P AR, B FEI R
90-360 min, FiHlFEH I E N 400 r/min. GE 24
H ) XDM R — IR MR G 2 HA R AT
W FER &M, 76 60 r/min M UL b o] sSEE b3
AR R T AR A E /N, A 5 /it
400 r/min JEIRABCRHMIE . AAFFRAE 500 L AL
R R AR = HR R T 200 LAY XDM — A METR
Afs, WEBERT] 90 min, fEPREHEEE N

60 r/min,
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F 13 HHEEEX CATUERNF SR
Table 13  Effect of stirring speed on CA precipitation
SEC-HPLC HCP

Stirring speed (r/min)  Yield

(%0) (o) (ng/mg)
CK (without CAand N/A 95.7 6320.7
mixing)
100 89.3 97.6 191.9
260 88.0 97.7 107.8
400 83.6 98.0 17.0
< 14 REEREIIT CA RIS LS R

Table 14 Effect of mixing time on CA precipitation

Mixing time Yield SEC-HPLC (%) HCP

(min) (%) (ng/mg)
90 85.8 97.3 82.7

360 85.5 97.8 12.9

242 Hik&E~

%%%%ﬁpHﬁ%Kﬁ&%m%CAmﬁ

SAPAE TP A T ORI, A 2%
ﬂ%%%%ﬁﬁmﬂﬂﬁﬁgﬂmmﬁm\CA
DLV R IR )2 L U8 W £ W SEC-HPLC 4fi i |
HCP BB . sy, ik, b 1if—
AR SR, CA UUIE G In—4: 72T
Kaol, FRrREai)E ks . SEC-HPLC 4fifi
FHCP 3R843R 15 s,

15 kG R BN, SERVERIAE R
SEC-HPLC 41 94.9%, HCP 5%3°} 6 0882 ng/mg,
% CA Ve MIR)ZiLUE)S, SEC-HPLC 4lifE N
99.4%, HCP 3k F %% 6.8 ng/mg, HCP ZERFK
1 895 5, LT EIRIEM 100-650 547, 1Ll
ALJE I CA UUTE RBAS 5 2 $it = B s BB A 4l
i, K HCP 588 . 2% 25— 2020 g™

F15 PIHARENER
Table 15 Test results of pilot scale

HRERA PG Y B R 225K, SEC-HPLC 4 KF
98.0%, HCP %% E/NT 30 ng/mg, CA JiiEkbF
Je B 7= S 4l AT HCP 3% B3 B & 45 i 7 L se e bt
PR fE ORI N . W ORRE ™ BT, CA TLTE
J& i — 2 BB RS 2620 BRAE TR A IR
SEC-HPLC #il HCP 5k P B A $21m, HUiR BTt
JRER

3 WwE5&E#

CA ULTE BB T 2B T2 1 B pl.

A B ENL N S 2 D225, RRIPTR I
%CAmﬁ ERVLTERAR AR, 5546,
SN CA UITEM L2255 T A5 firid pH il
CAMREESL, WEE . HEWKEE . IRE W RIS v
TR 3 5 DR 26t 2 T 2% I 1) 2 B R B A B
PR JLHOR SR RSN, S8 A
e, BEAFRRAESRERY, TEaS
A bR R LK. Brodsky 5P iF 5T 3
W, HFREAWRIELE 4-22 mg/mLJLHENE, &
FIVREXS CA TLIEWCRFIZ BT LBRICE M, pH
Il CA MRBEJE N, X AR T&
RS R T CA e REmAEL, &
Emﬁm%ﬁﬁﬁTmmfﬁathAmm
XF HL R R, 7R A T s T A SR Y,
TH T8 R B T 5 R IO vE 38 in A 1E R0
PRSI 22 5 R A B o 7 i A 98 B 6 I
ARG FE LT T pH M CA MR Z M, DI
X 2 A BB FE TR EXFARRI CA Uil
N FH s i B2 RN R A SE 3 1 1 T

Process step SEC-HPLC (%) HCP (ng/mg) Cumulative yield (%)
Protein A chromatography eluate 94.9 6 088.2 N/A

CA precipitation and deep filtration pool 99.4 6.8 79

Cation exchange chromatography eluate 99.5 3.5 65
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