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Single-molecule analysis and engineering of chitinase A from Serratia marcescens

Chitin is a water-insoluble polysaccharide which is a component of the shells of crustaceans,
the exoskeleton of insects, and the cell walls of some fungi. Chitin degradation is not only
important in nature but also industrial applications such as biomass conversion. Chitinase A
from the Gram-negative bacterium Serratia marcescens (SmChiA) is a processive enzyme that
hydrolyzes crystalline chitin as it moves linearly along the substrate surface. In a previous
study, the catalytic activity of SmChiA against crystalline chitin was found to increase after
the tryptophan substitution of two phenylalanine residues (F232W and F396W), located at the
entrance and exit of the substrate-binding cleft of the catalytic domain, respectively. In this
thesis, I used single-molecule analysis to understand the mechanism of this high-catalytic-
activity mutant of SmChiA, and further improved chitin hydrolytic activity by generating new
mutant with engineering approach based on bioinformatics, saturation mutagenesis, and robot-
based automated screening.

The thesis consists of 5 Chapters. Chapter 1 is a general introduction of chitin and
chitinase. In Chapter 2, single-molecule fluorescence imaging and high-speed atomic force
microscopy were applied to understand the mechanism of high-catalytic-activity
F232W/F396W mutant. A reaction scheme including processive catalysis was used to
reproduce the properties of SmChiA wild-type and F232W/F396W, in which all the kinetic
parameters were experimentally determined. High activity of F232W/F396W mutant was
caused by a high processivity and a low dissociation rate constant after productive binding. An
alignment of amino acid sequences of 258 SmChiA-like proteins revealed that tryptophan, not
phenylalanine, is predominant at the corresponding positions (Phe-232 and Phe-396 for
SmChiA).

In Chapter 3, I optimized the design of degenerate oligonucleotides for saturation
mutagenesis and developed robot-based automated screening procedures for SmChiA
purification and activity measurement. In order to optimize the degenerate oligonucleotides
for saturation mutagenesis, the loss-of-function mutant of green fluorescence protein,
GFPMut3-Y66H, was used for introducing NNN or NNB codon. Although the ratios of gain-
of-function mutant (H66Y) in both colony counting and deep sequencing analysis were similar,
[ found that the ratios of nucleotides in the primers were highly biased among the suppliers.
Biases for NNB were less severe than for NNN. The supplier which showed the least-bias for
NNB primer was used in Chapter 4.

The alignment in Chapter 2 also showed that several amino acid residues in the
catalytic domain are not conserved in SmChiA. This strongly suggests that although SmChiA
is the most studied processive chitinase, the amino acid sequence is not optimized for high
hydrolytic activity. In Chapter 4, I combined bioinformatics, saturation mutagenesis, and
robot-based automated screening to further improve chitin hydrolytic activity of
F232W/F396W mutant. This method allows us to reduce the number of mutation trials and
shortens the screening time. As a result, I identified F232W/F396W/S538V mutant.
Interestingly, valine was not found in the multiple sequence alignment at the Ser538 residue.
This result indicates that my method can generate an active mutant that can not be achieved
only by the introduction of mutation which is dominant in the multiple sequence alignment.

Finally, I conclude this thesis in Chapter 5. My results highlight the importance of the
combination of single-molecule analysis with biochemical analysis to understand the
mechanism of SmChiA. Although [ successfully identifed F232W/F396W/S538V which shows
high catalytic activity, the single-molecule analysis will be required in the future to understand
its mechanism in detail. This thesis will be helpful for understanding the kinetic mechanisms
and further improvement of the crystalline chitin hydrolytic activity of SmChiA mutants.
Moreover, both the single-molecule analysis and protein engineering method developed in this
thesis will be also applicable to other enzymes.
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