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A fusion protein, consisting of a human epidermal growth factor as the recognition domain and human angiogenin as
the toxin domain, can be used as a targeted therapeutic against breast cancer cells among others. The fusion protein
was expressed as an inclusion body in recombinant E. coli, yet when the conventional solution-phase refolding process
was used the refolding yield was very low due to severe aggregation, probably because of the opposite surface charge
resutting from the vastly different pl values of each domain. Accordingly the solid-phase refolding process, which
exploits the ionic interactions between a solid matrix and the protein, was tried, however the ionic binding yield was
also very low regardless of the resins and pH conditions used. Therefore, to provide a higher affinity toward the solid
matrix, six lysine residues were tagged to the N-terminus of the hEGF domain. When cation exchange resins, such as
heparin- or CM-Sepharose, were used as the matrix, the adsorption capacity increased 2.5~3-fold and the subsequent
refolding yield increased nearly 15-fold compared to the conventional process. A similar result was also obtained when
an Ni-NTA metal affinity resin was used.
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Figure 1. Flow chart of solid-phase refolding.
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Loading of 20 mg solubilized IB
Buffer: 8 M urea, 50 mM sodium phosphate, pH 7

Removal of non-specific bound proteins
Buffer: 8 M urea, 50 mM sodium phosphate, pH 7
3-bed volume, flow rate: 2 mL/min

Washing out of urea
Buffer: 50 mM sodium phosphate, pH 7
3-bed volume, flow rate: 2 mL/min

2.0 M NaCl gradient elution
Buffer: 50 mM sodium phosphate, 2.0 M NaCl, pH 7
3-bed volume, flow rate: 2 mL/min
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Figure 2. Western blotting result of 6LI0E5SA fermentation.(Lane 1: Size maker, Lane 2: 5 h before induction, Lane 3: 3.7 h before induction,
Lane 4: 2.5 h before induction, Lane 5: 1 h before induction, Lane 6: induction point, Lane 7: 1 h after induction, Lane 8: 2 h after induction,

Lane 9: 4 h after induction)
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Figure 3. Adsorption yield of ESA with different resins and various
Hs. Q-Sepharose (@), CM-Sepharose (@), DEAE-Sepharose (A),
Heparin-sepharose (D
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Figure 4. Adsorption yield of 6L10ESA with different resins and
various pHs. Q-Sepharose (@), CM-Sepharose (@), DEAE-Sepharose
(A), Heparin-Sepharose (D
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Table 1. Refolding yield profile of fusion protein
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Figure 5. Solid-phase refolding results in Heparin-Sepharose column.
(a) Heparin-Sepharose chromatogram. (b) SDS-PAGE result of Heparin-
Sepharose chromatogram (Lane 1: Size marker, Lane 2: solubilized
IB, Lane 3: 3 min, Lane 4: 10 min, Lane 5: 13 min, Lane 6: 14.5 min,
Lane 7: 52 min).
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Conventional method

Solid-phase refolding

Dilution / dialysis /

CM-Sepharose

Method CM-Sepharose chromatography chromatography Heparin-Sepharose
Fusion protein ESA ESA 6L10ESA 6L10ESA
Solubilized IB mass lg lg lg lg
Recovered fusion protein mass 0.048 g 0.136 g 0.337 g 0.636 g
Refolding yield 4.8% 13.6% 33.7% 63.6%
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