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Purification and characterization of recombinant human
lactoferrin expressed in a cattle mammary bioreactor
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Abstract: Novel ion exchange adsorbents were synthesized by immobilizing sulfopropyl derivative onto homemade highly
cross-linked agarose beads. The effects of different ligand densities (from 0.05 to 0.24 mol/L) on static and dynamic adsorption of the
adsorbents were investigated using lysozyme as a model protein. Based on these results, rHLF was purified from the transgenic milk
by our SP media. 1 mL high density (0.24 mol/L) adsorbent could handle 50 mL rHLF-containing milk. The mass recovery of rHLF
was 86.5% and the purity was 98.5%. CD spectra demonstrated that the native structure of rHLF was not affected in the purification
process. The biological functions of the purified rHLF, including iron binding, releasing and antimicrobial activities were then
investigated. The results showed that rHLF had comparable iron binding and releasing activity to that of native HLF. 5 g/L
concentration of rHLF significantly inhibited the growth of Escherichia coli. These studies lay a solid foundation for the wide
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application of our self-prepared ion exchange adsorbents in protein purification.

Keywords: ion exchange adsorbents, ligand density, recombinant human lactoferrin, purification, antimicrobial activity
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1.2 TREREBHRAZE
1.2.1 SP QZT FF 7MEHI G

PLE = (P B AE B (QZT, 6%ZEfRHE) M
R, 4, W, Wk 3 AMEEUIE T SP
BRSNS (SP QZT FF). #ad Mo s i Ak 5] s 7 5
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BEW7, ENAEMEASFL. LL 1 mol/L HC1 4735 pH £ 4.6,
8 20 min, 4°C. 12 000 r/min 2.0» 30 min, &
M&HE 1 FLL 1 mol/L NaOH #45 pH % 6.0, 4°C .
12 000 r/min &5.0> 10 min, FIFEINAAIAE. &
A B 58 0T e S 24 (25 emx10 mm L.D.,
CV=5mL), | 0.5 mol/L NaOH ¥t 5 ™EARIA
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PB, pH {HBE BRI %) VA5, FLIEHEEE T,
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Table 1 Effect of different ligand densities on the adsorption

character of Lysozyme to SP QZT FF (25°C)

Ligand density (mol/L) I (g/L) Kq o)

0.05 88.5+6.1 0.0419+0.0156
0.10 102+3 0.0383+0.0884
0.15 127£2 0.0105+0.0008
0.20 155+8 0.0060+0.0025
0.24 178+5 0.0034+0.0009
0.20 (SP Sepharose FF) 157+4 0.0066+0.0057
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38 18 FH 2 8 il 2ok VE A A BT Y Bl 25 0 B
RE, TEBCA LB WA Z 1T, 2P AR Y &R
R 20k S M B Al LSS, R A I
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FIWREE, R — AR BEI i, i g S
10% 40 PR R 2555 5o 18 1 M 0.2 mL/min B,
TR TR M7 [R] BC R %5 B2 F ] SP QZT FF 2 At Mtk
F SP Sepharose FF JZ iy 2885 i £k .
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Fig. 1 Penetration profile of Lysozyme on SP Sepharose FF
and self-prepared SP QZT FF with different ligand densities.
C/Cy. ratio of penetrating protein concentration to loading
protein concentration, Volume/Column Volume: ratio of loading
volume to column volume. The ligand densities of the
adsorbents 1 to 5 were 0.05, 0.10, 0.15, 0.20 and 0.24 mol/L,

respectively.
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B2 BHEBFRENRSE rHLF EHTEE
Fig. 2 Chromatogram of rHLF purified by self-prepared SP
QZT FF. Column size: 25 cmx10 mm [.D., CV=5 mL; Buffer A:
20 mmol/L PB, pH 6.0; Buffer B: 20 mmol/L PB+1 mol/L
NaCl, pH 6.0; Loading volume: 40 mL; Flowing rate: 1 mL/min.
The ligand density of the adsorbent was 0.24 mol/L.

XA poy pitpa. ps#E4T T SDS-PAGE 34T,
LEARILIEN 3, A B AR R ps 6 hy s 2l B 1Y
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High-Performance Size-Exclusion Chromatography, [&]
4), ZUREFW] A HI B B i B H A FLERE B
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#] 80% L) I,

BeAh, FRATTH 4 T R [R] L 5L % B A T A oy B
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8o TEEMTHERE SRR v o BoBCRE T R, JR (R
HPSEC 73 it 2 53, B rHLF FRAE I
AP RE AR BLRD Ry di KA B, 45 LK 2, &R
B P RGN, A Th A TR A B R 2R L SR R Ak B i

BT, b 1 mL S ECEE S A T (0.24 mol/L)
ATDAALEE 50 mL S5 A4R3, & T3 B By b B
i, WA T T2 EAERE, FTRISCEL fHLF
AT
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B3 BHlBEFIMNARLAN rHLF 25458 SDS-PAGE
Rk T E

Fig. 3 SDS-PAGE analysis of fractions collected from
self-prepared SP QZT FF. M: molecular weight marker; 1: po
flowing through from self-prepared SP QZT FF; 2: whey extract
of transgenic milk; 3: p;+p, eluted from self-prepared SP QZT
FF; 4: p; eluted from self-prepared SP QZT FF; 5: HLF
standard. The ligand density of the adsorbent was 0.24 mol/L.
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Fig. 4 HPSEC analysis of elution fraction ps; from
self-prepared SP QZT FF. The ligand density of the adsorbent
was 0.24 mol/L.

R2 BEANRMEERFIAMEALESE

Table 2 Maximal transgenic milk treatment volume by
1 mL adsorbent

Ligand density (mol/L) Treatment volume of the transgenic

milk (mL)
0.05 17+4
0.10 25+2
0.15 31+1
0.20 40+2
0.24 50+3
0.20 (SP Sepharose FF) 39+2

Column size: 25 cmx10 mm I[.D., CV=1 mL; Buffer A: 20 mmol/L
PB, pH 6.0; Buffer B: 20 mmol/L PB+1 mol/L NaCl, pH 6.0;
Flowing rate: 0.2 mL/min. Protein concentration of the transgenic
milk was 0.16 g/L.
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Fig. 5 Determination of molecular weight of rHLF.
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—— Native HLF
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Fig. 6 Circular dichroism spectrum of rHLF desorbed from
adsorbents with different ligand densities. The ligand
densities of the adsorbents 1 to 5 were 0.05, 0.10, 0.15, 0.20 and
0.24 mol/L, respectively.
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Fig. 7 Full-wavelength-scan profile of iron free and binding
rHLF.
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Fig. 8 Profile of iron binding rHLF in different pH conditions.
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Fig. 9 Antibacterial effect of rHLF.
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