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Application of spiral disk column in high-speed
counter-current chromatography for peptide and protein
separation
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Abstract: In order to improve the stationary phase retention of polar solvent systems and aqueous two-phase systems (ATPSs), we
designed a multiple spiral disk assembly for type-J high-speed counter-current chromatography (HSCCC). The stationary phase
retention was studied under different elution modes by using two solvent systems that contained 1-butanol-acetic acid-water (4:1:5,
V/IVIV) and polyethylene glycol (PEG) 1000-K,HPO,-water (12.5:12.5:75, W/W/W). The best retention was obtained in L-I-T,
U-O-H, L-I-H three modes by pumping lower mobile phase from inner terminal (I) to outer terminal (O), and upper mobile phase
from outer terminal (O) to inner terminal (1) at a relatively high flow rate. Meanwhile, the relationship between retention percentage
of the stationary phase (S¢) and various parameters such as flow-rate (F), rotation speed (w) and column temperature (T) was also
studied. S; increased with the increase of w and decreased with the increase of F. Regression analysis showed a linear relationship
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between S¢ and F¥?/w. The influence of T on S; was not obvious between 20°C and 40°C, lower temperature than 20°C was not
suitable for viscous ATPSs. Acceptable resolutions were achieved when it was applied for the separation of dipeptides including
Leu-Tyr and Val-Tyr by using 1-butanol-acetic acid-water (4:1:5, V/V/V) solvent system. The proteins including cytochrome C and
myoglobin, lysozyme and myoglobin, and fresh chicken egg-white proteins were well separated by 12.5% PEG1000-12.5%
K,HPO,-75% water (pH 9.0) and 16% PEG 1000-12.5% K,HPO,-71.5% water (pH 8.0) system.

Keywords: high-speed counter-current chromatography, spiral disk assembly, peptide, protein, separation and purification
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Fig. 2 Exploded view of the multiple spiral disks column.
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Table 1 Description of eight elution modes
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Fig. 3 Stationary phase retention of the two solvent systems
under different elution modes and different flow-rates.
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Fig. 5 Retention of the stationary phase at various column
temperatures.
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Fig. 6 Retention of the stationary phase at various revolution
speeds.
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Fig.7 Separation of dipeptides mixture. Experimental
conditions: apparatus: type-J HSCCC centrifuge with spiral disk
column; rotation speed: 800 r/min; solvent system: 1-butanol-
acetic acid-water (4:1:5, V/IV/IV); detection: 280 nm; sample: a
mixture of Leu-Tyr (7.0 mg) and Val-Tyr (5.0 mg) in 1 mL
lower phase; elution mode: U-O-H.
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Fig. 8 Separation of protein mixtures. Experimental
conditions: apparatus: type-J HSCCC centrifuge with spiral disk
column; rotation speed: 800 r/min; solvent system:
PEG1000-K,HPO4-water (12.5:12.5:75, W/W/W) at pH 9.0;
flow-rate: 1 mL/min; detection: 280 nm. (A) Sample: a mixture
of cytochrome ¢ (0.3 mg) and myoglobin (0.3 mg) in 1 mL
mobile phase; elution mode: L-I-T. (B) Sample: a mixture of
lysozyme (0.2 mg) and myoglobin (0.2 mg) in 3 mL mobile
phase; elution mode: U-O-H.
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Fig. 9 Separation of chicken egg-white (A) and SDS-PAGE of each fraction (B). (A) Apparatus: type-J HSCCC centrifuge with
spiral disk column; rotation speed: 800 r/min; solvent system: PEG1000- K,HPO,-water (16:12.5:71.5, W/W/W) at pH 8.0; flow-rate: 1.5
mL/min; detection: 280 nm; sample: chicken egg-white solution (5.0 g) prepared in above-mentioned method; elution mode: L—1-T and followed by
U-O-H. (B) SDS-PAGE analysis of chicken egg-white fractions obtained from (A). 1: peak 1; 2: peak 2; 3: peak 2, tail (90~140 min); 4: lysozyme; 5:
ovalbumin; 6: conalbumin; 7: chicken egg-white.
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