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Abstract

Monitoring the degree of PEGylation is important to achieve a balance between 

retention of bioactivity, stability, and immunogenicity of the PEGylated species. 

The SDS-PAGE electrophoresis technique is routinely used for PEGylation reac-

tions, however, it is not the most effective because it cannot precisely identify the 

extent of the PEGylation. In addition, it can be tedious and time consuming. In this 

Application Note, we evaluate the microfluidic-based Agilent 2100 Bioanalyzer 

System as an alternative to SDS-PAGE. P128, a novel antistaphylococcal 

bacteriophage-derived chimeric protein, was subjected to PEGylation with different 

polyethylene glycol (PEG) reagents. The reaction was monitored by analyzing the 

PEGylated spe-cies using both methods in parallel. The profiles of PEGylated P128 

protein on the Agilent 2100 Bioanalyzer System were found to be superior, and the 

extent of PEGylation could also be distinguished. PEGylated P128 samples were 

correlated with their in vitro biological activity. A higher degree of PEGylation did not 

result in reduction in P128 activity.
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Introduction 

PEGylation is a covalent attachment of 
polyethylene glycol (PEG) polymer to 
biopharmaceutical molecules such as 
peptides, proteins, and antibodies. This 
modification predominantly improves 
the pharmacokinetic and pharma-
codynamic properties of the drug1. 
Currently, many PEGylated protein 
drugs are approved by the FDA2.

Developments in PEGylated protein 
therapeutics require fast and reli-
able separation methods to study the 
PEGylation species. Standard SDS-
PAGE electrophoresis is routinely used 
to monitor the PEGylation reaction. 
However, a negative effect of this tech-
nique is band broadening due to the 
inherent nature of the polyacrylamide 
gel. As a result, it is difficult to pre-
cisely identify the extent of PEGylation. 
In addition, the method is tedious, time 
consuming, and laborious. 

The Agilent 2100 Bioanalyzer System is 
a microfluidic-based electrophoresis 
system that is an alternative to SDS-
PAGE. It offers the following advan-
tages over SDS-PAGE:

• Reduced sample volume

• Short analysis time

• Simplified sample preparation and
instrument operation

• Automation

• Digital quantitative data within
30 minutes

• Multiplex detection capabilities3

P128 is recombinantly expressed in 
E.coli. The protein has potent bacteri-
cidal activity against methicillin resist-
ant Staphylococcus aureus (MRSA), 
and is being developed for therapeutic 
use in humans4. This Application 
Note demonstrates the applicability of 
the Agilent 2100 Bioanalyzer System 
for P128 PEGylation analysis. The 
Agilent Protein 230 assay used in this 
study separates PEGylated P128 
protein over a range of 1–6 PEGs per
polypeptide. In addition, in vitro 
biological activity of P128 was 
correlated to PEG conjugates.

Experimental

Materials
P128 was provided by GangaGen 
Biotechnologies Pvt. Ltd. (Bangalore, 
India). Methoxypolyethylene glycol 
p-nitrophenyl carbonate (mPEG-pNP, 
MW 5000), methoxypolyethylene glycol 
tresylate (mPEG-tresylate, MW 5000) 
and methoxypolyethylene glycol 
propionaldehyde (mPEG-aldehyde, MW 
20000) were obtained from Sigma (St. 
Louis, USA). Unless otherwise 
mentioned, all chemicals were of 
analytical grade. The Agilent 2100 
Bioanalyzer System and the Agilent 
Protein 230 kit were obtained from 
Agilent Technologies (Waldbronn, 
Germany).

PEGylation
The P128 PEGylation was performed at 
different concentrations of mPEG-pNP 
and mPEG-tresylate. P128 at 2 mg/mL 
in saline was incubated with varying 
concentrations of mPEG-pNP and 
mPEG-tresylate (0.5, 1, 2, 4 ,and  
6 mg/mL) in 1.5-mL microfuge tubes. 
The reaction was allowed to proceed at 
30 °C for 3 hours. PEGylated protein 
was directly analyzed using an Agilent 
2100 Bioanalyzer System without 
further purification.

Bioanalyzer and P230 assay
Protein analysis was done on the 
Agilent 2100 Bioanalyzer System with 
the Agilent Protein 230 kit. Protein 
loading and on-chip sample analysis 
were performed as described in the 
Protein 230 Kit Guide5. A 4-µL solution 
of PEGylated/depegylated samples 
was mixed with 2 µL of sample buffer 
(non-reducing condition). The sample 
solu-tion and ladder were placed at 95 °
C for 5 minutes and further diluted with 
84 µL of water. Six microliters were 
applied to the protein chip for analysis. 
The Agilent 2100 Expert software was 
used for run control and data analysis.

SDS-PAGE
Aliquots of 20 µg of PEGylated product 
were added to 10 µL of sample buffer 
and immediately boiled to halt the reac-
tion. The samples were then analyzed 
on 15% SDS-PAGE gel, and protein 
bands were detected by Coomassie 
blue staining.

CFU reduction assay
This is a modified MBC assay accord-
ing to NCCLS6.  S. carnosus was grown 
in LB broth until A600 reached 1.0. 
An aliquot was taken and diluted in 
LB broth to obtain 1 x 107 cells/mL. 
Aliquots of 100 µL each were trans-
ferred to 1.5-mL microfuge tubes, 
treated with 100 µL of either P128 or 
PEGylated P128 (at required concentra-
tion) and incubated at 37 °C, 200 rpm 
for 60 minutes. Residual viable cells 
(CFU) were enumerated by serial  
dilution and plating on LB agar plates.
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Results and discussion 

In typical PEGylation reactions, 
differential PEGylated protein spe-
cies (mono-, di-, tri-, and so on) are 
observed, depending on the reaction 
condition employed. Figure 1 compares 
Bioanalyzer System and SDS-PAGE 
analysis of P128 PEGylated reaction 
species derived from either mPEG-pNP  
or mPEG-tresylate treatment. Both 
Bioanalyzer and SDS-PAGE analy-
sis show well defined bands for the 
unmodified P128 (control). For the 

PEGylation reactions, various PEG 
conjugated species were observed on 
the Bioanalyzer System with high 
resolution compared to SDS-PAGE. 
Therefore, the Bioanalyzer data were 
used for further analysis and 
interpretation of the PEGylation 
reactions. Inspection of the gel-like 
image (Figure 1B, lanes 2 and 12) 
reveals seven and five bands 
corresponding to different PEGylated 
species at the highest concentration 
studied (6 mg/mL) for mPEG-pNP and 
mPEG-tresylate reactions, respectively. 
In addition, the Bioanalyzer System  

reports the relative contribution 
(percentage) of the different PEGylated 
species detected to the total protein 
concentra-tion of the sample. 

The number and distribution of 
PEGylation products in a given reac-
tion depend on the ratio of PEGylating 
reagent to protein. As seen in Figure 1, 
both PEGylating reagents have reacted 
with P128 in a concentration depend-
ent manner. At higher concentrations, 
unmodified P128 was fully converted 
to PEGylated species. It is also evident 

Figure 1
SDS-PAGE (A) and Bioanalyzer System (B) analysis of P128 PEGylation. PEGylating reagents:  methoxypolyethylene glycol p-nitrophenyl carbonate (mPEG-pNP, MW 5000) 
and meth-oxypolyethylene glycol tresylate (mPEG-tresylate MW 5000). P128 samples were PEGylated at 30 °C for 3 hours using different concentrations of PEGylating 
reagents and the PEGylated reaction mixture was directly applied to SDS-PAGE (15%) and the Bioanalyzer System (P230 assay).

240.0

150.0

95.0  

63.0  

46.0  

28.0  

15.0  

7.0
4.5

Size [kDa]

(A)

(B)

97
66

44

29

20

14

mPEG - pNP mPEG  - Tresylate

C
ontrol

6 m
g/

m
L

4 m
g/

m
L

2 m
g/

m
L

1 m
g/

m
L

0.5 m
g/m

L

Ladder

Ladder

1 m
g/

m
L

2 m
g/

m
L

4 m
g/

m
L

6 m
g/

m
L

C
ontrol

1 2 3 4 5 6 7 8 9 10 11 12 13Lane



4

electropherogram differentially 
separating PEGylated P128 species. 
The analysis of the electropherogram 
illustrates an increase in molecular 
weight of P128 with the addition of 
multiple PEG molecules to the protein. 
Correlating the apparent molecular 
weight of PEGylated protein species to 
the number of PEG molecules attached 
requires caution as PEGylated protein 
species shows abnormal migration 
behavior in electrophoretic environ-
ments8, 9, 10. Therefore, the PEGylated 
P128 was purified and the apparent 

In a PEGylation reaction, single or 
multiple PEG molecules can attach 
to a given protein depending upon 
the reaction conditions. Therefore, 
the assignment of the number of PEG 
conjugates per protein molecule in a 
given experiment is important because 
the protein property such as half-life 
and antigenicity7 may change depend-
ing on PEG molecules attached. This 
information is a key parameter in 
controlling the PEGylation process by 
changing the reaction conditions as 
required. Figure 2 shows a Bioanalyzer 

that mPEG-pNP results in a higher 
percentage of PEGylation compared to 
the second reagent (mPEG-tresylate) 
used in this study. A significant 
amount of unmodified P128 is detected 
with mPEG-tresylate, suggesting 
that mPEG-pNP is the better choice 
as a PEGylating reagent for P128. The 
Bioanalyzer System results clearly 
distinguished between the series of 
PEGylation species, which was not 
achieved with SDS-PAGE. This data 
clearly show the advantages of using 
the Bioanalyzer System over 
SDS-PAGE.
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Figure 2
Correlation between Bioanalyzer-determined molecular weight and number of PEG molecules attached. P128 was reacted with 2 mg/mL of mPEG-pNP (30 °C for 3 hours). The 
PEGylated sample was directly analyzed with the Protein 230 kit on the Bioanlazyzer. A typical electropherogram is shown with free P128 and PEG species, lower and upper marker. 
The molecular weight information for each peak and the difference in molecular weight between each peaks are assigned.
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size shift was assessed with the 
Bioanalyzer System (Figure 3). Based on 
this result, it was confirmed that the 
first PEGylated species detected by the 
Bioanalyzer System at an apparent 
molecu-lar weight of 39.5 kDa 
represented a mono-PEGylated species 
of P128.  A similar correlation between 
the number of PEG conjugates per 
protein and apparent molecular weight 
shifts in electrophoresis were also 
noted by Park et al9. Consecutive peaks 
as shown in Figure 2 were then 
assigned as di-, tri-, tetra-, penta-, hexa- 
PEGylated species of P128. 

The biological activity of a PEGylated 
protein depends mainly on the degree 
and the site(s) of PEGylation. Biological 
activity studies were undertaken to 
assess the effect of PEGylation on P128 
using a colony forming unit (CFU) 
reduction assay6. Since mPEG-pNP 
induced a higher degree of PEGylation, 
these reaction samples were chosen 
for the activity study. PEGylated P128 
retains biological activity across various 
concentrations of mPEG-pNP tested 
(Table 1).  Both P128 and P128 
PEGylated with mPEG-pNP at various 
concentrations showed a greater than 
5 logs reduction in CFU when compared 
to the cell control. This data suggests 
that P128 is stable towards PEGylation. 
Tight control of reaction conditions 
is required for efficient PEGylation of 
therapeutic proteins while maintaining 
their biological function. 

Conclusion

The Agilent 2100 Bioanalyzer System 
with Protein 230 assay is an easy-to-
use tool that provides high resolution of 
PEGylated protein species, allowing 
efficient optimization of reaction condi-
tions as well as fast and quantitative 
monitoring of production batches. 

Sample Average CFU/mL

Cell control 4.2 x 107

P128 control 10

P128 + mPEG-pNP (1 mg/mL) 10

P128 + mPEG-pNP (2 mg/mL) 10

P128 + mPEG-pNP (4 mg/mL) 10

mPEG-pNP 4.3 x 107

Table 1
In vitro biological activity of P128 conjugated to mPEG-pNP.
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Figure 3
Bioanalyzer System analysis of P128 PEGylation. 
PEGylating reagents: Methoxypolyethylene glycol propionaldehyde (mPEG-aldehyde, MW 20000). 
P128 samples were PEGylated at 30 °C for 3 hours using mPEG-aldehyde using a 1:3 molar ratio and analyzed with the 
Bioanalyzer System (P230 assay). The molecular mass of purified PEGylated P128 was determined to be 47604.55 Da 
by mass spectrometry, indicating mono-PEGylation. The theoretical molecular weight calculated for this mono-
PEGylated species is 46 kDa. However, the apparent molecular weight reported by the Bioanalyzer assay is 77 kDa 
suggesting an about three-time overestimate in molecular weight per PEG addition.
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