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Ionic liquids have attracted significant attention as biomass 

solvents. However, their high toxicity limits their practical 

application. In contrast, cellulose-dissolving zwitterions have 

lower toxicity and are more suitable for biomass processing. 
Although zwitterions with longer alkyl spacers (Fig. 1, b) 
show superior cellulose solubility, they significantly inhibit 

cellulase activity, and the mechanism of this inhibition 

remains unclear. 
In this study, the effects of zwitterions with various alkyl 

chains (Fig. 1) on cellulase activity were investigated. The 

zwitterionic structure reduced inhibition compared to 
[C2mim]OAc. Increasing the carbon number of alkyl chains 

(Fig.1 a and b) enhanced the inhibitory effect regardless of the 
place. Introducing an oligoether chain reduced the inhibition. 

The inhibition by zwitterions was classified into 3 types: pH 
change, reversible inhibition, and irreversible inhibition (Fig. 

2). The effect of pH was similar in all used zwitterions. 

Reversible inhibition was the main factor of the inhibition in 

the case of short-alkyl-chain zwitterions. In contrast, 
[C2mim]OAc and zwitterions with long alkyl chains caused 

strong irreversible inhibition, mainly due to enzyme 

denaturation. The introduction of oligoether groups 
effectively prevented this denaturation. 
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Fig. 1. Zwitterions (ZIs) and an ionic 
liquid (IL) used in this study. 
 

Fig. 2 The ratio of categories of 
cellulase inhibition by zwitterions. 

 


