YRR F R Chin J Biotech 2010, November 25; 26(11): 1584-1595
journals.im.ac.cn Chinese Journal of Biotechnology ISSN 1000-3061
cjb@im.ac.cn ©2010 CJB, All rights reserved.

FMNRRIBEBRFAENESRBRERNEE SRS MW

RgH 2 EAKRY, &7 TR KW, LAES RFE’

1 bR fe ToR2A Bl SR 2EBE, Jbat 100029
2 FEPBARI R TR A TRERE AR, Jb5T 100190
3 HEBRERGE R TRV ERAEA TGRS HO, Jbat 100190

B OE ADHSTAZENERRE A+ EEN I, AT EFREREFAEMP SR THAETE, RASRNS
BEE BRIEBFRANR, BEHAARG S EEREFORERTONEE. TEAERTNRGBAKRE. BRATE
B Sk EM (pH AL, A EFRE., BARAEFRE, AFERE, FWAE) SHAEZEREAFORE
KR GHrh., 2 RMADESREEA Lowry RN EX S EREARRE. EREAVZNMREARES. FhEAE
B, EREZ. TEAEANME. Wb, BRATE. pHE. HREFREZEGR4FE (FoEAFHRAKR) SSHNEEFER
BROFEZH . EROGEHT, bk b, AhFaRaFEABEGEIESHLEP) 872%. 73.4%F 97.3%,
MR EEERESHLE] 99.8% . 97.9% A2 99.7% . WA T &R FFAEEERERE O R EIKEG T AAE,
HAEGE T AEFENSRAETRRET AF,

XEIF: 2HEAEB, FRNR, AFE, BRFME, XRE, BKF

Effect of affinity medium and solution conditions on endotoxin
removal from protein solutions
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Abstract: Endotoxin removal is essential for the safety of biological products. To remove endotoxin efficiently, we used polymyxin
B (PMB) affinity adsorbent to remove endotoxin from protein solutions by static adsorption. We studied the effects of spacer length
and ligand density of the affinity adsorbent, pH, salt type and concentration, protein type and concentration, endotoxin concentration,
and additive on endotoxin removal and protein recovery. Endotoxin content and protein concentration were determined by test and
Lowry assay respectively. The results showed that PMB affinity adsorbent had high capacity, high adsorption speed, high removal
efficiency and good reusability. In addition, ligand density, pH, salt concentration and the isoelectric point and hydrophobicity of
protein all had remarkable influence on the endotoxin removal. Under the optimal conditions, the recoveries of hemoglobin, human
serum albumin and lysozyme were 87.2%, 73.4% and 97.3%, respectively, and the corresponding endotoxin removal rates 99.8%,
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97.9% and 99.7%, respectively. This study illustrated the effects of solution conditions on the efficiency of endotoxin removal and

protein recovery, and would provide useful reference for the efficient removal of endotoxin from biological products.

Keywords: polymyxin B, affinity adsorbent, endotoxin, solution conditions, removal efficiency, recovery
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4) FEFFRIE ANEEAM . IMLHEN (0.518 mg/mL),
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FEdH LPS MREESN 779.18 EU/mL, W RHIE & N
4°C, WEH 0.5 h,

IR SR 5 b, 5l %%T pH A
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Table 2 Orthogonal experiment results

R1 EMARAMEESH

Table 1 Parameters of affinity adsorbent

No. Spacer arm  Ligand density (mg/mL) Symbol
1 3C 5.0 3C-M
2 10C 5.0 10C-M
3 10C 2.5 10C-L
4 10C 7.5 10C-H

22 EXTLR

e PR R UK IES S AR T 4 4
KHERZER (A pH {H . NaCl ¥R A I BT fh
) XF N RER BRI H BT ISR, 45
k2 fE 1R

Factor Target
Experiment No. A B C D Endotioxin Endotoxin Protein
remained removal o
Adsorbent pH NaCl concentration mol/L Protein (EU/mL) efficiency (%) recovery (%)
1 3C-M 5 0 None 20.58 97.36
2 3C-M 7 0.15 Hb 0.02 99.997 66.39
3 3C-M 8 0.50 HSA 2.46 99.68 83.01
4 3C-M 9 1.00 LYS 0.07 99.99 81.73
5 10C-M 5 0.15 HSA 7.51 99.04 76.36
6 10C-M 7 0 LYS 15.21 98.05 77.24
7 10C-M 8 1.00 None 1.62 99.79
8 10C-M 9 0.50 Hb 2.48 99.68 88.79
9 10C-L 5 0.50 LYS 283.73 63.58 81.14
10 10C-L 7 1.00 HSA 3.82 99.51 97.68
11 10C-L 8 0 Hb 0.42 99.94 69.06
12 10C-L 9 0.15 None 1.46 99.81
13 10C-H 5 1.00 Hb 19.57 97.49 54.74
14 10C-H 7 0.50 None 2.20 99.72
15 10C-H 8 0.15 LYS 1.22 99.84 82.49
16 10C-H 9 0 HSA 422.00 45.84 2.34
Results analysis
k1 99.26 89.37 85.30 99.17
Mean endotoxin removal k2 99.14 99.32 99.67 99.28
efficiency (%) k3 90.71 99.81 90.66 86.02
k4 85.72 86.33 99.20 90.36
Max difference R 13.53 13.48 14.37 13.26
k1 77.04 70.75 49.55
Mean protein recovery (%) k2 80.80 80.44 75.08 69.74
k3 82.63 78.19 84.31 64.85
k4 46.52 57.62 78.05 80.65
Max difference R 36.10 22.82 34.77 15.80
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Fig. 1 Orthogonal experiment results. (A) Endotoxin removal
efficiency. (B) Protein recovery. Medium 1: 3C-M, 2: 10C-M, 3:
10C-L, 4: 10C-H; Protein 1: no protein, 2: Hb, 3: HSA, 4: LYS.
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(pH 8.0) 1 20 mmol/L Tris-HCI (pH 9.0), W [k 2
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Fig. 3 Effect of NaCl concentration on endotoxin removal. (A) Aqueous solution. (B) Hb solution.
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Fig. 4 Effect of CaCl, concentration on endotoxin removal. (A) Aqueous solution. (B) Hb solution.
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Fig. 5 Effect of CaCl, concentration on endotoxin removal of protein solutions. (A) HSA solution. (B) LYS solution.
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Fig. 6 Effect of temperature on endotoxin removal.
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Fig. 7 Effect of time on endotoxin removal.
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Fig. 8 Effect of endotoxin initial concentration on endotoxin
removal.
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Fig. 9 Effect of Hb concentration on endotoxin removal.

ARSI AEHEET 5 FES IR P A Y
S, SERNGE 3 iR . WSINFRIRT NEE A
Pk, HrpRZEFR EDTA 580645 50w & 0.26
Fi10.67 £, 1M SDS. DOS Al Triton X-100 3 E04
HFEMREFORR 0.06% . 0.53% 1 0.96% . BG4
ST UGN N TR LRI, S5 R R %
SR, JREM EDTA MIMASREBNER
FEBRA M IR T B CREES NGRS P 28 3R D E /Y
FHIHFAEN, FR); DOS BIINA FEN#H R LK
R PR A R 1 SDS 1 Triton X-100 [ EZ 0

R

R33NI AEREN AR
Table 3 Effect of additives on endotoxin assay

Endotoxin Endotoxin
Additive (0.25%) concentration” concentration

(EU/mL) (EU/mL)
SDS 2.61
DOS 2225
Triton X-100 41777 40.26
EDTA 6994.35
Urea 5260.77

n: representative the endotoxin concentration without additives.
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Table 4 Effect of additives on endotoxin removal

Additive Endotoxin concentration Removal

(0.25%) (EU/mL) efficiency (%)
- 5.7 99.86
SDS <2.22 99.95
DOS 33.83 99.19
Triton X-100 <0.22 99.99
EDTA 18.68 99.55
Urea 10.11 99.76

2.4.6  IELEHTKEHI

T A TR O O P B R 2 R
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Fig. 10 Effect of using times on endotoxin removal.
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