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Selectivity Research of Glutathione Bonded Column for Proteins

Ke, Congyu* Sun, Wujuan Zhang, Qunzheng Zheng, Li
(College of Chemistry & Chemical Engineering, Xi'an Shiyou University, Xi'an 710065, China)

Abstract The multifunctional stationary phase with the properties of weak cation exchange (WCX), hydrophobic and hy-
drogen bonding interaction was synthesized by bonded the glutathione (GSH) to the silica surface. Five standard proteins
myoglobin (Myo), ribonuclease (RNase), cytochrome (Cyt-C), a-Chymotrypsin (a-Chy) and lysozyme (Lys) were selected to
evaluate the column efficiency. The experiments show that the stationary phase has the good separation performance for pro-
teins both in hydrophobic interaction chromatography (HIC) and ion exchange chromatography (IEC). More importantly, the
proteins separation in both HIC and IEC mode can be accomplished only by a single column and a kind of mobile phase. In
order to compare the resolution of multifunctional column with other column, two popular commercial columns of TSKgel
Ether-5PW in HIC mode and TSKgel CM-5PW in IEC mode were tested under optimum condition. It was found that the
multifunctional column has a good resolution both in IEC and HIC mode compared with commercial TSKgel columns. The
eluted order of five proteins were the same on multifunctional and TSKgel CM-5PW column in IEC mode, but there is a big
different between multifunctional column and TSKgel Ether-5SPW column in HIC mode, the eluted order of Myo and RNase
as well as a-Chy and Lys are changed completely. This indicates that the selectivity of the multifunctional column is signifi-
cantly better than that of the TSKgel columns. The chromatographic retention behaviors and mechanisms for proteins in glu-
tathione bonded column were studied. The results demonstrate that there are two retention mechanisms for a basic protein, at
a low salt concentration, the retention time of proteins is decreased with the increasing of salt concentration and the proteins
were separated by electrostatic force, while in high salt concentration the retention time of proteins is increased with the in-
creasing of salt concentration and proteins were separated by hydrogen bonding interaction force. This multi-interaction
forces retention mode can effectively improve the selectivity of HPLC column. The research provides a new solution for high
performance separation of proteins, peptides and amino acids.

Keywords multifunctional stationary phase; ion exchange chromatography (IEC); hydrophobic interaction chromatography
(HIC); stoichiometric displacement theory for retention (STD-R); proteins separation
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Figure 1 The structure of glutathione bonded stationary phase
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Table 1 The elemental analysis of GSH bonded stationary phase

G/

C/% N/% S/% .,

(pmolem °)
GSH #ARER 1 3.19 058 045 4.01
GSH Atk 2 345 062 048 4.12
GSH #AHEIR 3 3.14 059 043 3.95

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 2 The separation chromatograms of standard proteins by different stationary phase in HIC and IEC mode. Chromatographic condition: A and B
were the separation chromatograms of standard proteins by glutathione bond column in HIC and IEC mode, respectively. C was the TSKgel Ether-SPW
column in HIC mode and D was the TSKgel CM-5PW column in IEC mode. Mobile phases in the experiment as listed in 4.3.2, the gradient was 100% B
to 100% A in HIC mode and 15% B to 100% A in IEC mode within 30 min. The lines in the figure were the gradient elution process. peaks: 1, Cyt-C; 2,

RNase; 3, Myo; 4, a-Chy; 5, Lys.
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Figure 3 The curve of protein retention factor with the increase of salt
concentration on glutathione bonded column
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Table 2 The Z and lg  values of five standard proteins in HIC mode

g/ Z R
Myo 93.04 49 0.9982
RNase 99.91 58.28 0.9981
Cyt-C 54.7 36.29 0.9986
a-Chy 134.9 77.76 0.9934
Lys 72.7 41.78 0.9905

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 5 Linear plot of lg / vs. Z of five standard proteins
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