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Preparation of weak cation exchange packing based on
macroporous monodisperse hydrophilic resins and
their application for the separation and
purification of protamine
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Abstract A new kind of weak cation exchange WCX stationary phase for high performance lig-
uid chromatography HPLC was synthesized by the chemical modification of 5.0 pm macroporous
monodisperse hydrophilic poly glycidylmethacrylate-co-ethylenedimethacrylate P, opus  beads.
The stationary phase was evaluated in detail to determine its separability hydrophilicity reproduc-
ibility and stability. It was found that the column exhibited excellent properties on the protein sepa-
ration reproducibility and stability. Four proteins were separated with linear gradient elution on the
synthesized WCX stationary phase in 6 min. The highest dynamics protein loading capacity of the
WCX packing for lysozyme Lys was 29.86 mg/g. The WCX packing was used for the fast separa-
tion and purification of protamine from carp with only one step. The purity of the obtained prota-
mine detected by reversed-phase HPLC was 99.2%. Therefore satisfactory results have been
obtained. Compared with the Shodex IEC SP-825 strong cation exchange column for the purification
of protamine the purity of protamine obtained from this column was almost same.
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Fig. 1 Chemical modification scheme for the preparation of the weak cation ion exchange packings
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Fig. 2 Chromatograms of standard proteins by the WCX column
a. 1.0 b. 2.0 c. 3.0. The linear gradient elution was from 100% mobile phase A 20 mmol/L phosphate

pH7 to 100% mobile phase B 20 mmol/L phosphate +0. 5 mol/L NaCl pH 7.0 in 10 min. UV detection at 280 nm.

Proteins 1. Myo 2. RNase-A 3 4. Cyt-C 5. Lys.
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a. chromatogram of standard proteins separated by the
WCX column before solid line and after dashed line trea-
2 WCX n=3 ted by strong acid and strong base b. chromatogram of stand-

Table 2 Mass recoveries of proteins on
the WCX column n =3

ard proteins separated by a new column solid line and a col-
umn used hundreds of times dashed line . Chromatographic
conditions are the same as in Fig. 2-a.

Proteins 1. Myo 2. RNase-A 3 4. Cyt-C 5. Lys.

3 WCX
Table 3 Stability and reproducibility of the WCX column

Protein Recovery/% RSD/%

Myo 96.11 2.3

RNase-A 94.16 3.7

Cyt-C 96.71 3.5

Lys 97.78 3.0
2.5 WCX

1 000 mL 1

mol/L HC1 0.5 mol/L NaOH

N Treated by Used After 300 h
ew
R, strong acid and hundreds used
column . .

strong base times continuously
R, 1.50 1.50 1.50 1.50
R, 1.23 1.16 1.21 1.19
R, 1.25 1.21 1.25 1.25

Proteins 1. Myo 2. RNase-A 3 4. Cyt-C 5. Lys.



2 - 195-

2.6 DNA

30
2/3

Lys WCX pl 10~12"° 4-a b
29. 86 mg/g 8 WCX Shodex IEC SP-825

2.7 1 2 4

AL

4 a WCX b Shodex IEC SP-825
Fig. 4 Chromatograms of protamine on a the synthesized WCX column and b a Shodex IEC SP-825 column
Linear gradient elution from 20% solution B 20 mmol/L phosphate-0. 5 mol/L NaCl pH 7.0 to 60% solution B in 15 min. UV
detection wavelength 280 nm flow rate 1.0 mL/min.
1. impurity 2. protamine.
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Fig. 5 Chromatograms of protamine on the reversed-phase C,; column
Linear gradient elution from 100% solution A H,O0 +0.1% TFA  to 100% solution B CH;OH +0.1% TFA in 10 min flow
rate 1.0 mL/min. UV detection wavelength 280 nm.
a. crude protamine b. purified protamine by the WCX column c. purified protamine by a Shodex SP-825 column.
% protamine.
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