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Fig.1 Ion exchange chromatography of PEGylated HV2
The column was equilibrated with buffer A solution (20 mmol/L PBS, pH 8. 0) , samples were eluted with an ascending linear gradient 0—30%
buffer solution B. The flow rate was 1 mL/min and the detection was performed at 280 nm. (A) PEGylated HV2 prepared with SC-mPEG5000
in solution phase, elution time: 100 min; (B) PEGylated HV2 prepared with SC-mPEG5000 on column, elution time: 80 min.
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Fig.2 SDS-PAGE of peaks collected from Fig. 1
(A) Peaks collected from Fig. 1( A). Lane 1: PEG marker; lane 2: peak 1; lane 3. peak 2; lane 4 peak 3;
(B) peaks collected from Fig. 1(B). Lane 1. PEG marker; lane 2. peak 1; lane 3. peak 2; lane 4: peak 3.
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Table 1 Products distribution and reserved specific activity of mono-PEG HV2 to native HV2 in

solution phase PEGylation and on-column PEGylation

Species Solution phase On-column
Tri-PEGylated HV2( % ) 12.8 0.8
Di-PEGylated HV2(% ) 30.2 5.2
Mono-PEGylated HV2( % ) 40.9 23.2
Native HV2( % ) 16.1 70.8
Ratio of mono-to di-PEGylated HV2 1.4 4.5
Reserved specific activity of mono-PEG HV2 to native HV2 (% ) 27.78 91.67
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Fig.3 Electrostatic states of residues of hirudin at pH =8. 0( A) , spatial distribution of ionizable residues of
hirudin(B) and peptides sequences of hirudin( C)
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Fig.4 Root mean square deviation( RMSD) of hirudin( A) and energy distribution(B) during the simulation

a. Total energy; b. potential energy.
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Fig.6 Conformations of Lys24(A) , Lys27, Lys35(B) and Lysd47(C) in the liquid-phase PEGylation
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Fig.7 RMSD of hirudin/thrombin complex(A) and energy distribution(B) during the simulation

a. Total energy; b. potential energy.
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Fig.8 Solvent accessible surface( SAS) of NH, group of Lys27, Lys35( upper two curves) , Lys24, Lys47
(lower two curves) of hirudin in the solid-phase PEGylation (A) and solvent accessible surface

(SAS) presentation of hirudin/thrombin complex(B)

Ball molecule ; thrombin, tadpole shape molecule; hirudin.
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Specific-site PEGylation of Hirudin on Ion-exchange Column and
Theoretical Prediction and Analysis of Modified Sites by
Molecular Dynamics Simulation

ZHAO Jun, LI Xue-Qin, XIU Zhi-Long~
( Department of Bioscience and Biotechnology, Dalian University of Technology, Dalian 116024, China)

Abstract Hirudin, a remarkably stable molecule with blood anticoagulant activity, is the most potent throm-
bin inhibitor in nature. But the short half life in blood plasma limits the application of hirudin in medical care.
PEGylation is widely used to prolong the half life of proteins and peptides in plasma. However, the potential
PEGylation sites of hirudin are numerous and it is difficult to confirm the actual PEGylation sites. In this pa-
per, based on our experiment results of PEGylated hirudin in solution phase PEGylation and on-column PEGy-
lation, hirudin and hirudin/thrombin complex had been simulated using molecular dynamics to predict the Lys
PEGylation sites of hirudin. The results show that during the liquid-phase PEGylation, lysine residues are easy
to be PEGylated except for Lys47, while during the solid-phase PEGylation, only Lys35 and Lys27 are easy to
be PEGylated. And the PEGylation product can be stable when Lys35 is chosen to be the PEGylation site.
Keywords Hirudin; Molecular dynamics simulation; PEGylation; Solvent accessible surface
(Ed.. Y, I)



