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Comparison of Adsorbent with Varying Arm Length and
Ligand Density for the Purification of Recombinant
Hepatitis B Virus Surface Antigen
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Abstract Novel hydrophobic absorbents were synthesized by immobilizing butyl derivative onto the highly cross-linked agarose
beads manufatured in China which are used as matrix. The effect of the spacer arm length 3C 8C and 10C and ligand
density from 13 to 45pmol/ml.  on the hydrophobicity were investigated using purified Hepatitis B surface antigen HBsAg

expressed by CHO cell lines. Also considering the effects of salt concentration and pH on HBsAg recovery and purification
factor orthogonal experiment design method was used to evaluated the absorbents. The results showed the butyl-S absorbent with
the spacer arm length of C8 the ligand density of 22pmol/mlL gel showed the best performance for the separation of HBsAg.
Approximately 100% HBsAg recovery and 60 as purification fold were achieved by this media under the operating condition of pH
7.0 and 9% of salt concentrateion.

Key words  hydrophobic absorbent spacer arm ligand density recombinant hepatitis B surface antigen purification

orthogonal experiment design
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Fraction B P1 0.8mL/min
280nm CHO-HBsAg
pH 2.1.1 CHO-HBsAg
A 20mmol/L. PB CHO-HBsAg CHO-
B 20mmol/L. PB 10 HBsAg 8C 13 18 22
A 20ml.  CCS 25pmol/mL
A 9.0% pH 7.0 4mL
1mol/L. NaOH pH A 0.45pm HBsAg 10pg/mL
A 4ml, 20mmol/L. PB pH=7.0
Fraction A PO B 10mL PO
Fraction B P1 P1 1
30% 0.8ml/min 1
280nm 16 Pl
~ 12
1.2.3 ELISA  HBsAg =¥
HBsAg ELISA ERt
HBsAg of ——
HBsAg 0 10 20 30
1.2.4 t/min
- y I CHO-HBsAg
Bradford BSA Fig. 1 Profile of HIC with Butyl-S QZT for
purified CHO-HBsAg
1.2.5 ’ Agilent 10pg
1100 Agilent 280nm CHO-HBsAg 13mol/
DAWNEYSHayyt mL rHBsAg 15%
690nm TSKGSO00PW g a 18pmol/ml.  HBsAg
300mm 7.5 mm I.D. Tosohaas
86.3%
TSK GPW guardcolumn  75mm  7.5mm [. D. P1 HBsAg
Tosohaas 100mmol/L. PBS pH6.8 13pmol/ml. CHO-HBsAg
0.5mL/min 100p.L
1.2.6 b 100% CHO-
Jasco-810 Jasco 200 ~ 260nm HBsAg
Inm
cb HBsAg
1.2.7 HBsAg
HBsAg 5
HBsAg ELISA
Bradford 1 CHO-HBsAg
Table 1 The effect of ligand density to the recovery
of purified CHO-HBsAg
Ligand density HBsAg recovery Flow-through HBsAg
2 / pmol/mL P1/% in PO/ %
13 61.1+2.6 15.1£1.6
2.1 CHO-I’IBSAg 18 86.3+1.3 ND
22 69.1+3.8 ND
25 67.8+2.8 ND
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Fig. 2 Circular dichroism spectrum of HBsAg eluted
from adsorbent with different ligand density
The ligand densities of adsorbent 1 to 4 were 13 18 22 and 25pmol/mL

respectively.
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Fig. 3 SEC-HPLC profile of CHO-HBsAg edluted from
adsorbent with different ligand density
Left MALLS signal Right UV signal. Conditions TSK G5000 PW
10pm  300mm x 7.5mm I.D. with TSK GPW Guardcolumn 75mm
x7.5mm 1. D. eluted by PBS 0.1mol/L PB added with 0. 1mol/L
Na,SO; pH 6.8 at room temperature 20 ~ 25°C with 0.5ml/min

flow rate  100pL of injection volume.

2 CHO-HBsAg
Table 2 The effect of spacer arm to recovery of
purified CHO-HBsAg

HBsAg recovery

Ligand density HBsAg recovery

/ pmol/mL i of P1/% of P2/%
13 8C 61.1£2.6 15.1+1.6
13 10C 71.6+2.7 ND
40 3C 71.2+1.6 ND
40 10C 36.4+1.6 ND
ND No detectable.
30%
13 pmol/mL
HBsAg
HBsAg 61% 71%
40pmol/mL
71% 36% 2
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4
Fig. 4 Profile of HIC with Butyl-S QZT
H
P pH 7.0
- 4
P 7% 11% CHO-HBsAg
56.0% 100%
pH
9% 92.3%
4
Table 4 The effect of ammonium sulfate concentration
concentration/ % HBsAg recovery/ % Purification factor
7 56.0+2.4 52+9
8 69.6+2.8 48 £ 10
9 92.3+7.2 24 +4
10 88.1+8.6 19+2
11 100+4.8 12+2
Ligand density 25pmol/mL  spacer arm 8C  pH7.0.
2.2.1 pH pH 11%
24 12
pH6.0 pH8.0 CHO-HBsAg
4 3
pH HBsAg 7% ~10%
pH 7.0 88.2% 2.2.2 3C  Butyl-S QZT
Fraction A 4 pH
pH7.0 3C Butyl-S QZT
pH CHO-HBsAg 3 4 A
pH 7.0 4 25 35 40 45 B 4
pH 7.0% 8.0% 9.0% 10.0% C pH
pH 7.5 8.0 3 4 6.5 7.0 7.5 8.0 Loy
s 5
pH 6.5~8.0 s
- 5 3¢ Buyl-S
Table 3 The effect of pH value QZT CHO-HBsAg
pH HBsAg recovery/ % Purification factor HBs Ag
6.0 55.4+3.9 53+3
6.5 61.6+4.1 47+5
7.0 88.2+6.7 38+3 CHO-HBsAg 8.0%
7.5 64.8+1.3 36+9
8.0 67.4+6.5 37+5
Ligand density 25pmol/ml.  spacer arm 8C  ammonium sulfate pH pH

concentration 8% .
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3C
8% pH
79.8% 14

40pmol/mL
7.0  HBsAg

5 3C
Table 5 Orthogonal experiment results of the butyl-S
media with spaer arm of 3C

Factor Traget
Experiment A Ligand B ammonium HB.SZ.\g -
- sulfate C activity  Purification
Number density .
/ ol /“mL concentration ~ /pH  recovery factor
# 1% 1%
1 25 7.0 6.5 39.6+0.6 38+2
2 25 8.0 7.0 61.5+4.8 44=
3 25 9.0 7.5 64.6+x1.3 161
4 25 10.0 8.0 59.1+£0.7 9x0
5 35 7.0 7.0 27.3+x4.6 37+10
6 35 8.0 6.5 81.3+x5.5 27+2
7 35 9.0 8.0 68.2+1.2 13=x1
8 35 10.0 7.0 65.5x7.4 11x2
9 40 7.0 7.5 58.0+x9.5 26+7
10 40 8.0 8.0 60.7+5.8 152
11 40 9.0 6.5 72.0+8.3 16+3
12 40 10.0 7.0 79.8x7.1 14+2
13 45 7.0 8.0 56.0+7.2 15%2
14 45 8.0 7.5 77.0x4.3 12+1
15 45 9.0 7.0 72.4+x4.0 101
16 45 10.0 6.5 65.6x4.4 11=zx1
Results analysis
Ly 56.2 452 646
Mean of I; 60.6 70.1  60.2
HBsAg Iﬂ,- 67.6 69.3 66.3
recovery IV; 67.8 67.5 61.0
Max
difference R 11.5 24.9 6.0
Mean of L 27.1 9.1 22.8
purification II; 22.0 24.6 26.2
factor lﬂj 17.5 13.8 16.4
I\ 2.0 112 13
Max
difference R; 15.0 18.0 13.1
2.2.3 8C  Butyl-S QZT
8C  Butyl-S QZT
3 4 A
4 13 18 22 25 B 4
6.0% 7.0% 8.0% 9.0% C pH
4 6.5 7.0 7.5 8.0
L 4
6 6
6 8C  Butyl-S
QZT 22pmol/mL CHO-
HBsAg 100%
25pmol/mL
HBsAg
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Fig. 5 Analysis of the Orthogonal experiment results

Average purification factor

A ligand density pmol/mL. B ammonium sulfate concentration %
C pH

CHO-HBsAg
pH
C8
22pmol/mL 9% pH 7.0
HBsAg 98 % 60
3C
2.2.4 10C  Butyl-S QZT
10C  Butyl-S QZT
3 4 A
4 13 15 20 40 B
4 7.0% 8.0% 9.0% 10.0% C
pH 4 6.57.07.58.0
L &
7 7
7 10C  Butyl-S
QZT 13pmol/mL
20pmol/mL.  CHO-HBsAg 90 %
40pmol/mL
9% CHO-HBsAg
pH 6.5
CHO-HBsAg
10C 20pmol/mL
9% pH 6.5 HBsAg
90% 56 3C
8C
Butyl-S FF
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Table 6 Orthogonal experiment results of the butyl-S
media with spacer arm of 8C

Factor Target
Experiment A Tigand B ammonium HB.siikg -
Number density sulfate‘ C activity  Purification
/ ymol/m concentration  /pH  recovery factor
/% /%
1 13 6.0 6.5 1.4+0.7 4+3
2 13 7.0 7.0 4.6x1.3 T+2
3 13 8.0 7.5 26.9+5.8 4010
4 13 9.0 8.0 4.5+1.5 33=zx1
5 18 6.0 7.0 12.4+0.6 1009
6 18 7.0 6.5 25.8+3.0 96x7
7 18 8.0 8.0 53.2+x1.9 56=x2
8 18 9.0 7.0 59.7+7.8 70+3
9 22 6.0 7.5 34.6+2.1 107+6
10 22 7.0 8.0 58.5+9.2 84=x9
11 22 8.0 6.5 82.0+9.1 98%5
12 22 9.0 7.0 100 £ 8 63+8
13 25 6.0 8.0 24.9+9.8 47+10
14 25 7.0 7.5 54.1+2.3 48zx6
15 25 8.0 7.0 64.1+4.1 33zx5
16 25 9.0 6.5 60.6+4.7 25+2
Results analysis
Mean of L 258 244 566
HBsAg II; 50.4 477 62.6
activeity ii; 93.9 75.4 58.4
recovery Iv; 67.9 90.5 60.4
Max
difference R, 68.1 66.1 6.0
Mean of L 8.3 857 743
purification I, 107.3 78.4  67.7
factor i, 117.5 76.3 88.7
Iv; 50.8 63.5 73.2
Max
difference R; 89.2 22.2 2.1
100

Average activity recovery/%

Average purification factor
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Fig. 6  Analysis of the Orthogonal experiment results

A ligand density pmol/ml. B ammonium sulfate concentration % C pH.
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Fig. 7  Analysis of the orthogonal experiment results

A ligand density pmol/ml. B  ammonium sulfate concentration %

C pH.
10C 16pmol/mL
8C 22pmol/mL
5 Butyl-S
FF A 20mmol/L
PB pH7.0 8% B 20mmol/L PB
pH7.0
9%
CCS CHO-HBsAg
95% 42
100% 63
8C
3
CHO-HBsAg
HBsAg
HBsAg
pH
8C
22pmol/mL pH 7.0
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3 Lin FY Chen WY Hearn M. Microcalorimetric studies on the
7 10C

Table 7 Orthogonal experiment results of the butyl-S
media with spacer arm of 10 C

interaction mechanism between proteins and hydrophobic solid

surfaces in hydrophobic interaction chromatography effects of salts

hydrophobicity of the sorbent and structure of the protein.

Factor Traget
Analytical Chemistry 2001 73 3875 —3883.
Experiment A Ligand B ammonium HBsAg 4 Weibin Zhou Jingxiu Bi Jan-Christer Janson et al. Molecular
: sulfate activity  Purification o . . .
Number density . pH characterization of recombinant Hepatitis B surface antigen from
concentration recovery factor
/" pmol/mL. 1% 1% Chinese hamster ovary and Hansenula polymorpha cells by high-
performance size exclusion chromatography and multi-angle laser
1 13 7.0 7.0 34.0£3.7 =4 light scattering. Journal of Chromatography B 2006 838 71 —
2 13 8.0 6.5 53.4+3.5 89+9 -
3 13 9.0 8.0 64.7+2.3 27x1 ’
4 13 10.0 7.0 90.2+6.8 39+9 5 Gavilanes F' Gonz lez-Ros J Peterson D. Structure of hepatitis B
5 15 7.0 7.5 38.8+4.9 40+5 surface antigen. Journal of Biologycal Chemistry 1982 257 7770
6 15 8.0 8.0 559+9.8 22%5 - 7777.
7 15 9.0 6.5 8.6£9.9 2945 6 Belew M Mei Y Li B et al. Purification of recombinant hepatitis
8 15 10.0 7.0070.2£8.3 162 B surface antigen produced by transformed Chinese hamster ovary
9 20 7.0 8.0 89.0+9.7 52+8 CHO cell I i el i .n 1991 1 397
10 20 3.0 75 86451 234 cell line growth in culture. Bioseparation -
11 20 9.0 7.0 71.1£9.9  15:2 408.
12 20 10.0 6.5 89.5+4.9 18x+4 7 Huang YD Bi JX Zhou WB et al. Improving recovery of
13 40 7.0 6.5 43950 173 recombinant hepatitis B virus surface antigen by ion exchange
14 40 8.0 7.0 62.8x4.4 16+3 chromatographic ~supports  with low ligand density  Process
15 40 9-0 7.5 61.3£8.0 10x2 Biochemistry 2006 41 2320 — 2326.
16 40 10.0 8.0 21.6+3.3 2+0
8 Zhou WB Bi JX  Janson JC et al. lon-exchange chromatography
Results analysis of hepatitis B virus surface antigen from a recombinant Chinese
I\:I(;}anAof I; 0.6 514 68.1 hamster ovary cell line. Journal of Chromatography A 2005
Psg I 2.6 6.7 595 1095119 - 125.
activeity In, 83.0 70.7  68.2 9  Zhang Y Bi JX Zhou WB et al.
recovery IV, 47 .4 67.8 57.8 Purification of recombinant hepatitis B virus surface antigen with
Max PEG precipitation and chromatography. The Chinese Journal of
difference R; 35.7 19.2 J9A4 Process Engincering 2006 6 1 100 - 103.
10 Bi JX Zhou WB LiY et al.
Mean of L; 51.9 40.8 38.3 Polyethylene glycol accompanied ion exchange chromatography to
p ur{flcatlon #]/ 21.1 31.6 2.2 purify recombinant hepatitis B virus surface antigen. Chinese
factor I\j ?Zg fgg 522 Journal of Biotechnology 2005 21 6 947 -
Max 953.
difference R; 40.7 21.9 13.0 11 Wang Y Ye SD Liu DW - Study
on purification of recombinant HBsAg by hydrophobic interaction
chromatography with homemade Butyl-S-Sepharose. Chinese Journal
100% 60 of Biologicals 1998 111 22-24.
CHO-HBSAg 12 Wang YM Bi JX Zhao L et al.
3C 10C Chromatography absorbent and its application to the purification of
recombinant Hepatitis B surface antigen. Chinese Journal of
Biotechnology 2006 22 2 278 -284.
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