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Establishing the chromatographic process of endotoxin removal from
Pertussis filamentous hemagglutinin by response surface methodology
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Abstract: [Background] The future development of pertussis vaccine is acellular pertussis
(component) vaccine, which could significantly reduce the incidence of adverse events after
inoculation. This new type of vaccine needs to remove the endotoxin in the process of production.
[Objective] In our study, the remova process of the endotoxin from pertussis filamentous
hemagglutinin (FHA) was investigated by optimized chromatography purification with response
surface methodology. [Methods] The process of chromatographic purification was verified by the
single factor experiment, to ensure the range of response surface methodology; the method of response
surface analysis was adopted according to the CCD experimental design principles by using MiniTAB
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software: the variable factors were pH, Cond, and Mass, Response values were considered the
concentration of FHA protein and recovery of FHA, and finally combined the value of endotoxin.
[Results] These results showed that the optimum conditions for chromatographic process of endotoxin
removal from pertussis filamentous hemagglutinin were as follows. pH 5.3, Cond 9.6, and Mass 3.0.
[Conclusion] The optimum processes of chromatographic purification on endotoxin removal were
screened successfully by response surface methodology. This method has advantages of higher efficient
and lower energy consumption, which will lay a good foundation for the subsequent biological process

of expanded reproduction.
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Tablel Varianceanalysisof different masson FHA yield

2 HR54W
21 BRZRAKWER
211 EH=EIE

BRI EAERCNEE mL 2T A B
80. 40, 20mg, BRI 2980, 1420,
820mg, pH ¥ 6.0, H5k 10msem, Uk 1K,
8.0 mg 414 4.0 mg 41 )% 8.0 mg 215 2.0 mg A2
FES, 40mg s 20mg A BENER, BR
P {H 0.047 #%ix 0.05, {HIZFRA 5 H-ITE 5 2 i
BB A — AR, I B iR R
R, LG T2 R 40 mg 4.
212 HELEE

FLAiH o0 10 mefem fil 6 melem,  EFEEHN

40mg ZEF1/mL A, pH 6.0 FICREE IR R, H
SEmE, PICE R, K 2 )5 220 iR
B, 2 MHARENZER . FEE L N BT
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EHImL ZH0 . BT 10 meem YR LE R R
N, pH RS, [ISCRFRRIIE., R 3 25
WrasiREw, 2 NAAWEEEZE R 165 Lm Ly 1A
BOTIPRHAE N — DR FRFEIE . I HEE pH 1)
TR AT S pH 6.5 IR T 20%0 [RIH0% , % i
IS 1 pH YLk 5.3-6.3,

2R 5 B
A5 ERE _ Sum of squares df Mean square P value
Group Source of variance
8.0mg & 4.0 mg 2H{[A] Inter-group 0.212 816 667 1 0.212 817 0.000 316
ZH /N Intra-group 0.006 333 333 4 0.001 583
Bt Total 0.219 150 000 5
8.0mg & 2.0 mg 2/ |7 Inter-group 0.277 350 000 1 0.277 350 0.000 166
24 Intra-group 0.005 933 333 4 0.001 483
it Total 0.283 283 333 5
40mg & 2.0 mg 2H{[A] Inter-group 0.004 266 667 1 0.004 267 0.047 421
20N Intra-group 0.002 133 333 4 0.000 533
Bt Total 0.006 400 000 5
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#z2 TRBH6. 10mIem)HFIEZMB A ERTER
Table 2 Variance analysis of different cond (6, 10 ms/cm)

on FHA yield
SR Sum of Mean
Sourcjf (f“ variance ~ Squares d Square Pvalue
i Inter-group 0088817 1  0.088817 0.042336
20 Intragroup ~ 0.041 067 4 0.010 267
Bt Tota 0.129 883 5

%3 A[E pH (5.5. 6.5)FTHEF MBI EDER
Table 3 Variance analysis of different pH (5.5, 6.5) on

FHA yield
ELy
9—%#/}? Sum of of Mean e
Source of variance Squares Square
ZH[E] Inter-group  0.299 267 1 0.299 267 0.000 944
ZHN Intra-group  0.015 667 0.003 917

a b

&t Total 0.314 933
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Table4 Protocol of RSM design and result
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I, WnE LR, WEREERE T TR ARSI,
AR LEIE R, BA W Lk BT R R
P PSR IE R, BT
222 WIRIRERERE

PR g N7 WOIR VA B A A AR 2 R oA i 0 A
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PIEd, AR P H 0.00<0.05, FHIARR M
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HEH 2 Y=11.954 6-4.120 03xpH+0.196 035xCond-+

PRUEST ERE R4 GRS A &S LW @RI} S M#:EE 1 L (E Qualified ratio:
Standard Runorder  Block pH Cond Mass Recovery Concentration endotoxin vgl ueto protein
order (ms/cm) (mg) (%) (mg/mL) concentration (Eu/mg)

2 1 1 6.3 6 2.0 33.80 0.29 17.2

7 2 1 5.3 20 4.0 78.20 141 6383

8 3 1 6.3 20 4.0 70.40 0.92 2910

17 4 1 5.8 13 3.0 72.10 0.95 31.6
14 5 1 5.8 13 4.0 78.30 1.03 194

5 6 1 5.3 6 4.0 85.80 0.58 141

13 7 1 5.8 13 2.0 53.70 0.66 3.8
15 8 1 5.8 13 3.0 68.30 0.76 39.5
12 9 1 5.8 20 3.0 82.80 1.10 409.1

9 10 1 5.3 13 3.0 88.00 1.15 173.9

1 1 5.3 6 2.0 67.10 0.52 4.8

3 12 1 5.3 20 2.0 94.00 131 1374

16 13 1 5.8 13 3.0 66.80 0.88 22.7

6 14 1 6.3 6 4.0 51.30 0.38 26.3

15 1 6.3 20 2.0 84.70 1.03 582.5

1 16 1 5.8 6 3.0 65.30 0.39 184
10 17 1 6.3 13 3.0 67.00 0.79 31.6
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Figure 1 Scatterplot of recovery, concentration and the
qualified ratiowith run order
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Table5 Effect comparation of full model, simplified model
and linear model
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: JAUI P AE
g RSy R-Sq(d)
ajg
A Modd ) v Pvalueo lack
of fit
AT 95.81 90.43 0.521
Full model
ik A 95.26 92.42 0.640
Simplified model
LR PR 90.97 88.88 0.500
Linear model
P ity e ]

223 EWERERBEEE

H A 0 R R 2 2 A ali Al T2 T
M EAEAR . X EISCRA IEL A 2 A B ik,
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Figure5 Residual plotsof Recovery model
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Figure6 Contour plot of recovery model of all factors
Note: A: Contour plot of Cond and pH; B: Contour plot of Mass and pH; C: Contour plot of Mass and Cond.
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Figure7 Surfaceplot of recovery model of all factors
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Note: A: Surface plot of Cond and pH; B: Surface plot of Mass and pH; C: Surface plot of Mass and Cond.

6 IHIGIETWLER
Table6 Result of 3 batches of verification test

LS Corfeiiftfn of AT l&% EEAE *.E A enl:ilfi%vlf h{%o;lat;?o?; n
Lot protein (mg/mL) Recovery of protein (%)  Recovery of model (%) Relative error (%) (Eumg)
0.65 79 7.3 <100
0.73 82 85.3 38 <100
0.79 78 85 <100
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