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A B S T R AC T

We investigated the relationship between the nature of proteins and their fouling propensi-
ties in pilot-scale membrane bioreactors (MBRs) treating real municipal wastewater with 
two-dimensional polyacrylamide gel electrophoresis (2D-PAGE). In 2D-PAGE, proteins are 
separated based on their isoelectric points and molecular weights, and therefore, information 
can be obtained on the nature of the proteins. Foulants extracted from fouled membranes at 
the end of continuous operation and organic matter contained in mixed liquor suspension were 
analyzed by 2D-PAGE, and the results were compared. This analysis was performed for two 
identical MBRs operated under different solid retention times (SRT) to investigate the effect of 
the operating condition on the types of proteins with high fouling propensities. In the MBR 
operated with a long SRT, the presence of proteins that appeared in the neutral pH range was 
more pronounced in the extracted foulant. Because the pH of the mixed liquor suspension 
was in the range of 6–7 throughout the continuous operation, the difference in protein profi les 
between the extracted foulant and the organic matter contained in the mixed liquor suspension 
in the MBR operated with a long SRT can be explained by a decrease in solubility of a protein at 
its isoelectric point. In contrast, in the MBR operated with a short SRT, the presence of proteins 
that appeared in the acidic region (pH 3-5) was more prominent in the extracted foulant com-
pared with the organic matter contained in the mixed liquor suspension. The results obtained 
in this study imply that dominant fouling mechanisms differed depending on the operating 
condition.
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1. Introduction

Membrane bioreactors (MBRs) have many advan-
tages over conventional biological wastewater treat-
ment technologies including the high quality of treated 
water, small footprint, ease of operation, and less excess 

sludge, and therefore, the number of installations of 
MBRs is expected to increase [1,2]. For more effi cient 
use of MBRs, however, problems associated with mem-
brane fouling need to be addressed. An understanding 
of fouling mechanisms including the characteristics of 
the constituents that cause membrane fouling (foulants) 
is indispensable for controlling membrane fouling in 
MBRs. In a number of previous studies, proteins were 
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