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Abstract 

PEGylated protein where polyethylene glycol, PEG molecules are covalently attached to 
protein surface is efficient pharmaceutical product because it has high stability and shows low 
antigenicity due to their large hydrodynamic radius. However it is difficult to control the 
consecutive and competitive PEGylation reactions. Therefore reaction mixture contains various 
kinds of PEGmers such as mono-, di-, multi-PEGylated proteins and their positional isomers. 
This is not negligible issue because the biological activity and conformational stability are 
different from isoform to isoform. In addition multi-PEGylation causes a decrease in the activity 
because PEGylation site plays an important role for pharmacological activity. Furthermore end-
product is expensive because several unit operations are used such as ultrafiltration, ion 
exchange chromatography, IEC. Therefore it is important to develop the technique that can 
control not only the number of PEGylation sites but also the site of PEGylation. 
Chromatography is a key technique for analytical and preparative separation of bio-molecules. 
Chromatography column can be used as a reactor, where the separation immediately after the 
reaction is -column 

efficient, it is difficult to optimize on column reaction conditions and establish the rational 
purification process of PEGylated protein after the reaction. The purpose of this study is to 
control PEGylation reaction site by the immobilization of protein on column and to design the 
consecutive separation process of PEGylated proteins after the reaction. 

In chapter 1, the studies related to chromatographic separation of PEGylated protein were 
summarized.  

In chapter 2, molecular recognition and separation mechanism of PEGylated protein in 
chromatography was studied based on the mechanistic model. Good correlations between R

which is decrease of elution salt concentration by PEGylation and h which is hydrated layer 
of PEG on PEGylated protein were found. Elution salt concentration of lysozyme in monolith 
type IEC column (SPMONOLITH) was high compared to porous particle type IEC column 
(SPHP) even if both of binding sites, B value was same. This is because hydrophobic interaction 
between lysozyme and base matrix (methacrylate) of SPMONOLITH is high. Over the pH 
range examined IR and binding site, B values for both PEGylated and non-PEGylated forms 
decreased when the mobile phase pH approaches the pI. On column PEGylation was 
investigated based on the yield and selectivity. In SPHP the yield increased when molecular 
weight, Mw of activated PEG decreased. In addition, the yield increased when particle diameter 
decreased and activated PEG concentration increased. These results show the reaction is 
inhibited by diffusion behavior inside pore of activated PEG. In SPMONOLITH the yield also 



increased when molecular weight, Mw of activated PEG decreased. However, the yield was not 
improved when activated PEG concentration increased (Mw,PEG 5000). This is because lysine 
residues on SPMONOLITH is covered by ion exchange ligands compared to SPHP. In porous 
particle type hydroxyl apatite chromatography column (HAC), the yield was improved 
compared to IEC. Binding site, B value of HAC decreased compared to IEC. These results show 
the blocked lysine residue on IEC can react with activated PEG on HAC. Furthermore, 
PEGylation site was determined by pH gradient chromatography. PEGylation sites of on column 
PEGylation were restricted compared to liquid phase PEGylation. The selectivity of mono-PEG 
and PEGylation site on HAC decreased compared to IEC. 

In captor 3, experimental conditions of Taylor dispersion method were optimized to 
determine the molecular diffusion coefficient, Dm values of caffeine, BSA, PEG, PEGylated 
BSA with the three PEEK tubes. The low Dm values for PEGylated BSA can be associated with 
the PEG chain induced large hydrated radius, Rh values. The diffusion coefficient inside porous 
particle, Ds of them were measured based on the van Deemtor equation. Ds values of 
PEGylated BSA significantly decreased compared to these of BSA in Non-binding pulse 
response experiment. The Dm, Ds and K values reasonably predict the peak spreading and 
resolution based on the mechanistic model. 

In captor 4, separation conditions of PEGmers and positional isomers in monolith 
chromatography which is suitable for the separation of large molecule such as plasmid and 
vaccine were optimized. The optimization was carried out based on mobile phase pH, gradient 
volume, the number of resolved peaks, peak resolution, analysis time and pressure drop. The 
method achieved separation of PEGmers and positional isomers within a few minutes under low 
pressure. This is applicable to analysis of reaction kinetics and process analytical technology, 
PAT where the system can optimize process performance and assure quality of product by 
monitoring, analysis and control of manufacturing process.  

In captor 5, above-mentioned results were summarized. 


