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Abstract Family 18 chitinases hydrolyze chitin through a
substrate-assisted catalytic mechanism and are to a variable
extent able to catalyze transglycosylation reactions. Previ-
ously Aspergillus fumigatus AfChiB1 was found to be able
to catalyze transglycosylation reactions. Structural analysis
reveals that AfChiB1 consists of an eight-stranded β/α-
barrel. Like other members of the family 18 hydrolases,
AfChiB1 has conserved substrate binding site and catalytic
acid, while a suitable nucleophile is missing. In this study,
Trp137, Asp246, and Met243, which are close to the
glycosidic cleavage site, were mutated to glutamate
individually. As a result, the W137E remained its hydro-
lytic activity and was completely devoid of transglycosyl
activity, while the D246E reduced its chitinolytic activity
and increased its transglycosyl activity. And the M243E
showed a remarkable reduction of chitinolytic activity and
complete loss of transglycosyl activity. These results
suggested that the transglycosyl reaction catalyzed by the
AfChiB1 is due to lacking of nucleophile.
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Abbreviations
NAG N-acetylglucosamine
(NAG)2 N,N′-di-N-acetylchitobiose
(NAG)3 N,N′,N″-tri-N-acetylchitotriose
PNP-
(NAG)2

p-nitrophenyl-N,N′-di-N-acetyl- β-chitobio-
side

PNP-
(NAG)4

p-nitrophenyl-N,N′,N″,N′″,N″″-tetra-N-acetyl-
chitotetrose

PNP p-nitrophenol

Introduction

Family 18 chitinases (CAZY GH 18 at http://afmb.cnrs-
mrs.fr/CAZY) hydrolyze chitin, a linear polymer of (β1–4)
linked N-acetylglucosamine (NAG). They are found in
organisms ranging from bacteria to mammals [4, 6, 7–9, 12,
16–17, 25, 27], where they have diverse functions ranging
from accessing chitin as an energy resource to pathogen
defense [6–8]. Inhibitors of these enzymes are of consid-
erable interest as research tools, but also may have
chemotherapeutic potential against pathogenic fungi,
insects, and nematodes. Due to their important roles,
chitinases have been studied extensively.

It has been described that family 18 chitinases are to a
variable extent able to catalyse transglycosyl reactions [13,
23]. Nowadays, family 18 chitinases are proposed to
function via a retaining mechanism, which involves a
catalytic acid and a nucleophile [1]. However, a suitable
nucleophile is missing in these proteins. Based on the
crystal structure of hevamine, a substrate-assisted catalytic
mechanism was proposed [19]. With the accumulation of
structural information, the catalytic mechanism for these
glycoside hydrolases has been well established [14, 19–22,
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24]. The family 18 chitinases employ an unusual reaction
mechanism, in which the acid protonating the glycosidic
bond is a conserved glutamate and the nucleophile is the
oxygen of the N-acetyl group on the -1 sugar (the sugar on
the non-reducing end of the glycosidic bond), forming an
oxazolinium ion intermediate. However, little effort has
been made to probe the mechanism of transglycosyl activity
associated to the family 18 chitinases.

The opportunistic fungal pathogen Aspergillus fumigatus
is known to produce a wide range of chitinolytic enzymes
[5, 29]. One of its secreted chitinases, AfChiB1 consists of
395 amino acids and exhibits a high homology with other
members of the family 18 glycosyl hydrolases [28].
Previously, a direct evidence has been obtained to show
that (NAG)2 can be transferred to the non-reducing end of
PNP-(NAG)2 during hydrolysis of PNP-(NAG)2 [29].
Based on the resolved structure of the AfChiB1 (PDB:
molecule 1WNO and 1W9P), Glu177 is identified as a
catalytic acid [10, 15]. However, like other members of
family 18 chitinases, a suitable nucleophile is absent in its
catalytic center, suggesting a substrate-assisted catalytic
mechanism. In this study, we introduced a glutamate
residue into the site spatially closed to Glu177 or cleavage
site. Our results showed that replacement of Trp137 with
glutamate could completely remove transglycosyl activity
associated to AfChiB1, while other mutations displayed an
altered binding affinity, hydrolytic/transglycosyl activity
and stability.

Methods

Chemicals and reagents

Colloidal chitin was prepared according to Vyas and
Deshpande [26]. Restriction enzymes, Taq DNA poly-
merase, and T4 DNA ligase were from Takara Biotech.
Co. Ltd. (Dalian, China). IPTG, X-gal, DEPC, and glycol
chitosan were from Sigma Chemical Co. (St. Louise,
USA). All other chemicals were from commercial sources
and of the highest quality. NAG, (NAG)2, (NAG)3,
(NAG)4, (NAG)5, (NAG)6, PNP-(NAG)2, and PNP-NAG
were from Northstar BioProducts™ Associates of Cape
Cod, Inc.

Microorganism and plasmids

Aspergillus fumigatus YJ-407 isolated from soil (China
General Microbiological Culture Collection Center,
CGMCC 0386) was maintained on potato glucose (2%)
agar slant. E. coli strain DH5α was from Bethesda
Research Laboratories. E. coli strain BL21(DE3) pLysS
and expression vector pET-15b were from Novagen.

Expression and purification of chitinases in E. coli

The PCR was carried out using pGEM-chi as template
[28]. The primers used were: PE1, 5′-CTCCATGGC
TAGCTCCGGTTATCGCT-3′; and PE2, 5′-GCGGATCCT
TAGGTTTGCATGCCATTGCGC-3′, and the sites of
NcoI and BamHI was introduced to 5’ terminal of PE1
and PE2, respectively. The PCR product was digested with
NcoI and BamHI and subsequently cloned into the sites
between NcoI and BamHI of pET-15b. The resulting
plasmid was confirmed by DNA sequencing and designated
as pET-chi.

The site-directed mutagenesis was carried out using
GeneTailor™ (Invitrogen) by following the manufacturer’s
instruction. The PCR was preformed with Platinum Taq
DNA Polymerase High Fidelity (Invitrogen) for 20 cycles
(94°C for 2 min, 94°C for 30 s, 56°C for 1 min, 68°C for
7 min) and further incubated at 68°C for 10 min. pET-chi
was used template. The primer pairs used for generating the
D246E were 5′-TGGAATCTCATGGCCTACGAATAT
GCTGGCA-3′ and 5′-TCGTAGGCCATGAGATTCCAG
AAGTCCA AT-3′, for the M243E were 5′-AATTGGACTT
CTGGAATCTCGAAGCCTACGATTA-3′ and 5′-GA
GATTC CAGAAGTCCAATTGCTGATCCAT-3′, and for
the W137E were 5′-TTCTCTTGTCCATTGGCGGGGAA
ACCTACTCTCC-3′ and 5′-CCCGC CAATGGACAAGA
GAACCTTGAGGTT-3′, respectively.

E. coli BL21(DE3)pLysS strain harboring recombinant
plasmid was inoculated in LB containing ampicillin and
incubated at 37°C. When the cell density reached 0.5
(OD600), IPTG was added to a final concentration of 1 mM.
After induction at 37°C for 3 h, the cells were harvested
and resuspended in 0.2 M sodium acetate buffer (pH 5.0)
and then disrupted by sonication. The cellular debris was
removed by centrifugation. The soluble protein in superna-
tant was precipitated by the addition of solid ammonium
sulfate. The precipitated proteins of 30–60%s were collect-
ed and dissolved in 10 ml of 50 mM Tris–HCl (pH 8.0).
After dialysis against 50 mM Tris–HCl buffer (pH 8.0), the
enzyme solution was applied to a DEAE-Sephadex Fast
Flow column pre-equilibrated with 50 mM Tris–HCl buffer
(pH 8.0). The enzyme fractions eluted between 0.10–0.15 M
of NaCl were pooled, dialyzed against distilled water and
lyophilized. All purification steps were carried out with
AKTÄ FPLC (Amersham Pharmacia Biotech) at 4°C.

Enzyme and protein assay

The enzyme reaction was initiated by the addition of the
chitinase solution to the assay mixture containing 0.4 ml
0.5% colloidal chitin and 50 mM sodium acetate buffer,
pH 5.0 in a total volume of 1 ml. After incubation at 60°C
for 15 min, the reaction mixture was heated in a boiling
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water bath for 3 min. The liberated reducing sugar was
measured by Schales and Schales’ procedure [18] modified
by Imoto and Yagishita [11]. One unit of chitinase activity is
defined as the amount that produces the reducing sugars
corresponding to 1 μmol of NAG per min under the standard
assay condition. The protein was measured by using the
method described byBradford [3]. BSAwas used as standard.

Enzymatic hydrolysis of PNP-(NAG)2

For analyzing the products released from PNP-(NAG)2, the
reaction mixture contained 8 nmol of substrate and 1 μg of
purified chitinase in 20 μl of 50 mM sodium acetate buffer,
pH 5.0. After incubating at 37°C for predetermined time,
the reaction mixture was heated at 100°C for 3 min to stop
the reaction. After centrifugation, 10 μl of supernatant were
analyzed with HPAEC-PAD using PA-1 column and the
products were eluted with 18 mM NaOH (1 ml/min).
Standard PNP-(NAG)2, PNP-NAG, (NAG)2, and NAG
were used to calibrate the retention time.

Enzymatic hydrolysis of chitooligosaccharide

For analysing the products released from chitooligosac-
charides, the reaction mixture contained 5 μg chitooligo-
saccharides and 1 μg purified chitinase in 15 μl 50 mm
sodium acetate buffer pH 5.0. After incubating at 37°C for
predetermined time, the reaction mixture was heated at
100°C for 3 min to stop the reaction. The entire incubation
mixture was applied onto a TLC plate. The plate was
developed by n-butanol: acetic acid: water (2:1:1, v/v/v).

Computer analysis of protein

Analysis of 3-D structure of the proteins was carried out
using DeepView/ Swiss-PdbViewer (Version 3.7) (http://
www.expasy.org/spdbv/).

Results

Construction of the mutant enzymes

As revealed by crystal structure of the AfChiB1 [10, 15],
the AfChiB1 contains a (βα)8 fold. Asp175 and Glu177
form part of the family 18 chitinase DxE motif (http://afmb.
cnrs-mrs.fr/CAZY), with Glu177 as the catalytic acid. The
two catalytic residues and the conserved Asp173 constitute
a proton transfer system, which promotes protonation of the
glycosidic oxygen in the substrate during the hydrolysis
process (Fig. 1a). Asp175, Glu177, Tyr245, Asp246, and
Arg301 make direct hydrogen bonds to the substrate, while
Trp137, Ala217, Met243, and Phe251 are involved in
hydrophobic contacts with the substrate/reaction intermedi-
ate by stacking with the substrate. Among these residues
crucial for substrate binding and catalysis, Asp-246 is on
the opposite side of the active site Glu177, while Met-243
and Trp-137 are close to the catalytic site (Fig. 1b). To
introduce a glutamate residue near the cleavage site, we
constructed the mutant enzyme M243E, W137E and
D246E as described in Methods.

As shown in Fig. 2, the mutant enzymes W137E,
M243E, and D246E were expressed in E. coli and purified
to homogeneity as described in the “Methods” section. The
specific activities of purified wild-type, D246E, M243E,
and W137E for swollen chitin were 11.01, 7.94, 6.19, and
6.94 U/mg, respectively (Table 1), suggesting a reduction
of chitinolyitc activity of the mutant enzymes.

Properties of the mutant enzymes

As summarized in Table 1, the mutant enzymes showed a
reduction of hydrolytic rate toward swollen chitin, and the
Km values of the wild-type, D246E, M243E, and W137E
were determined as 0.44, 0.20, 0.30, and 0.27 mg/ml,
respectively, suggesting an increase of binding affinity of

Fig. 1 Stereo structure of the
catalytic site of the AfChiB1.
Docking model of the AfChiB1
in complex with (NAG)3 (a) and
stereo figure of the AfChiB1
(PDB molecule: 1WNO) active
site (b) are shown. Glu177,
Asp175 and Asp173 constitute a
proton transfer system, which
promotes protonation of the
glycosidic oxygen in the sub-
strate during the hydrolysis pro-
cess. The substrate and side
chain of amino acids are shown
as sticks. The backbone is
shown as a ribbon drawing
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the mutant enzymes. Since previously we showed that
AfChiB1 could degrade chitosan [29], we also tested the
binding affinity of the mutant enzymes with chitosan. The
Km values of the wild-type, D246E, M243E, and W137E
were 2.94, 5.18, 3.13, and 3.85 mg/ml, respectively. It is
interesting to note that M243E showed a significant loss of
activity toward chitosan, although its binding affinity was
almost the same as the wild-type (Table 1).

As shown in Fig. 3a, the wild-type enzyme showed an
optimum temperature of 60°C, the D246E was similar to
the wild-type. While both the M243E and W137E exhibited
their highest activities at 70°C. Moreover, over 70%
activity of the W137E could be detected at temperature
from 30°C to 80°C. The W137E shared similar optimum
pH with the wild-type (pH 5–7), the D246E had the highest
activity around pH 6.0, and the M243E showed an
optimum pH of 4–5 (Fig. 3b). When the mutant enzymes
were incubated at 40, 55, 60, and 65°C, the W137E was
found to be more stable than the wild-type. The M243E
became less stable and the D246E was significantly less
stable as compared with the wild-type (Fig. 4).

Transglycosyl activities of the mutant enzymes

In our previous report, we have detected a final product
mixture of (NAG)2, NAG, and PNP-NAG during the

hydrolysis of PNP-(NAG)2 [29]. The production of PNP-
NAG can not be explained simply by the action of
hydrolytic activity as the AfChiB1 is unable to release
NAG from the non-reducing end. Thus, the only plausible
explanation is that PNP-NAG is derived from the trans-
glycosylation, in which (NAG)2 in the enzyme-substrate
complex was transferred to PNP-(NAG)2 to form PNP-
(NAG)4, which is then hydrolysed immediately to yield
PNP-NAG and a short-lived (NAG)3 that is finally broken
down to NAG and (NAG)2. Therefore, by detecting the
PNP-NAG produced from PNP-(NAG)2, we were able to
evaluate the transglycosyl activities of the mutant enzymes.

When 0.4 nmol/μl of PNP-(NAG)2 was used as
substrate, the wild-type enzyme could utilize 96% of the
substrate to produce a mixture of (NAG)2, PNP-NAG and
NAG within 30 min, in which (NAG)2 was the dominant
product. In addition, a trace amount of short-lived (NAG)3
was also detected (Fig. 5a and Table 2). The ratio of PNP-
NAG/(NAG)2 was 0.22. Within 45 min all substrate was
converted into a final mixture of (NAG)2, PNP-NAG and
NAG, and the ratio of PNP-NAG/(NAG)2 was 0.20
(Table 2). As compared with the wild-type enzyme, the
W137E utilized 99% of substrate within 45 min to produce
only (NAG)2, suggesting a similar hydrolytic rate to the
wild-type and a complete loss of transglycosyl activity
(Fig. 5d). When the M243E was incubated with PNP-

Fig. 2 Expression and purifica-
tion of the mutant enzymes.
The wild-type and mutant
enzymes were induced (a) and
purified (b) as described in the
“Methods” section. Gel, 12%,
was used to separate the proteins
by SDS-PAGE

Table 1 Substrate specificities of the mutant enzymes

Enzyme Specific activity (U/mg)

Swollen chitin Chitosan microcrystalline cellulose carboxymethyl cellulose (CMC) Chitin glycol chitosan

Wild-type 11.01 21.04 2.78 0.32 0.98 1.10
D246E 7.94 15.23 2.84 0.31 0.75 0.87
M243E 6.19 2.33 2.96 0.25 0.84 0.91
W137E 6.94 25.28 2.76 0.3 0.86 0.88

The purified enzyme was incubated with 0.5% of various substrates at 60°C for 15 min. The reaction was stopped by heating in a boiling water
bath for 3 min. The liberated reducing sugar was measured as described in the “Methods” section. The same experiment was repeated at least three
times, a representative data is shown
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(NAG)2, no PNP-NAG was detected in the product mixture
(Fig. 5c), and only 8% of substrate was hydrolyzed within
45 min (Table 2), suggesting a significant decrease of
hydrolytic activity and complete loss of transglycosyl
activity. Interestingly, although the D246E could only
catalyze 74% of the substrate within 45 min, the PNP-
NAG/(NAG)2 value was calculated as 0.67. After 60 min
about 80% of substrate was utilized and gave a PNP-NAG/
(NAG)2 value of 0.7 (Fig. 5b and Table 2). These data
demonstrated that mutation of Asp246 to Glu246 led to
26% loss of the hydrolytic activity and 3.5-fold increase of
the transglycosyl activity when PNP-(NAG)2 was used as
substrate.

To investigate chitinolytic/transglycosyl activities toward
natural substrate, chitooligosaccharides were used as
substrate. As shown in Fig. 6, when (NAG)5 or (NAG)4
were used, (NAG)6 could be detected in reaction mixture of
the wild-type AfChiB1 within 2 h, indicating a trans-
glycosyl activity. Prolonged incubation overnight led to a

final mixture of (NAG)2 and NAG. As compared with the
wild-type, the W137E quickly broke down (NAG)4,
(NAG)5 or (NAG)6 into (NAG)2 and (NAG)3 within 2 h,
suggesting a complete loss of transglycosyl activity of the
W137E. When the D246E was incubated with (NAG)4,
both (NAG)5 and (NAG)6 were detected in the product
mixture after 16 h, which suggested an increase of trans-
glycosyl activity of the D246E. When the M243E was
incubated with (NAG)6, it was not surprised to find (NAG)2
and (NAG)3 in product mixture after 16 h, which is
consistent with the reduced hydrolytic activity toward
PNP-(NAG)2. However, when (NAG)4 was used, minor
(NAG)5 and (NAG)6 were also detected in product mixture
within 2 h. This result indicated that M243E still remained
some of its transglycosyl activity.

Interestingly, when (NAG)3 was used as substrate, the
wild-type enzyme could produce a final mixture of (NAG)2
and NAG, the M243E showed a similar activity toward
(NAG)3, while the W137E displayed a reduced activity
toward (NAG)3. Since the difference between endo- and
exo-chitinase is that endo-chitinase requires at least
tetramer and exo-chitinase requires at least trimer as
substrate [29], our observations suggest that the M243E
had an exo-chitinase activity similar to the wild-type and
the W137E showed a reduced exo-chitinase activity. Thus,
the reduced hydrolytic activity associated with the M243E
might be due to a reduction of endo-chitinase activity, while
the slightly decreased hydrolytic activity associated with
the W137 might be contributed by a reduction of exo-
chitinase activity. As for the D246E, (NAG)3 was converted
into (NAG)5, (NAG)4, (NAG)2, and NAG.

Fig. 3 Optimum temperature (a) and pH (b) of the mutant enzymes. a
10 μg of purified enzyme were incubated with 0.5% swollen chitin at
30–90°C for 15 min in a standard reaction mixture. b 10 μg of
purified enzyme were incubated with 0.5% swollen chitin at 60°C for
15 min in 100 mM buffer with different pHs (HAc-NaAc for pH 3.6–
5.8 and KH2PO4–NaOH for pH 6.2–8.0). The released NAG was
assayed as described in the “Methods” section. The same experiment
was repeated at least three times, a representative data is shown

Fig. 4 Effect of temperature on the stability of the mutant enzymes.
The purified enzyme in a concentration of 1 mg per ml 50 mM sodium
acetate buffer, pH 5.0 was separately incubated at 45°C (filled circles),
55°C (filled triangles), 60°C (empty circles), and 65°C (empty
triangles) for various times. An aliquot of the enzyme solution was
removed from each incubation mixture at intervals and assayed for the
activity as described in the “Methods” section
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Discussion

Family 18 chitinases are able to catalyse transglycosyl
reaction in addition to their chitinolytic activities [2, 13, 23,
29]. With the accumulation of structural information, the
family 18 chitinases are proposed to employ an unusual
hydrolytic mechanism, in which the acid protonating the
glycosidic bond is a conserved glutamate and the nucleo-

phile is the oxygen of the N-acetyl group on the -1 sugar
[14, 19–22, 24]. However, little effort has been made to
probe the mechanism of transglycosyl activity associated to
the family 18 chitinases.

Considering family 18 chitinases usually have only one
catalytic acid, we hypothesized that the transglycosyl
reaction could be due to the lacking of a nucleophile in
their active center. To obtain supporting evidence, we

Fig. 5 Hydrolysis of PNP-(NAG)2 by the mutant enzymes. One
microgram of purified wild-type (a), D246E (b), M243E (c) or
W137E (d) was incubated with 8 nmol of PNP-(NAG)2 in 20 μl
50 mM sodium acetate buffer, pH 5.0 at 37°C for predetermined time.

The reaction was stopped by heating at 100°C for 3 min. The products
were analyzed with HPAEC-PAD using PA-1 column (18 mM NaOH,
1 ml/min). Standard PNP-(NAG)2, PNP-NAG, (NAG)3, (NAG)2, and
NAG were used to calibrate the retention time
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Table 2 Activities of the mutant enzymes toward PNP-(NAG)2

Enzyme Reaction time (min) Substrate Product (μmol/μl) PNP-NAG/(NAG)2 ratio

PNP-(NAG)2 (μmol/μl) PNP-NAG NAG (NAG)3 (NAG)2

Wild-type 15 0.098 0.053 0.025 0.01 0.216 0.22
30 0.015 0.089 0.050 0.009 0.404 0.22
45 0 0.082 0.051 0 0.42 0.20

D246E 15 0.291 0.063 0 0.008 0.050 1.26
30 0.219 0.100 0.008 0.012 0.090 1.11
45 0.145 0.154 0.022 0.018 0.230 0.67
60 0.090 0.178 0.034 0.017 0.256 0.70

120 0.017 0.199 0.055 0.005 0.295 0.68
M243E 15 0.348 ND ND ND 0.029

30 0.356 ND ND ND 0.039
45 0.367 ND ND ND 0.054
60 0.364 ND ND ND 0.083

120 0.275 ND ND ND 0.212
W137E 15 0.155 ND ND ND 0.311

30 0.076 ND ND ND 0.375
45 0.004 ND ND ND 0.348
60 0 ND ND ND 0.404

The reaction mixture contained 8 nmol of substrate and 1 μg of purified chitinase in 20 μl 50 mM sodium acetate buffer, pH 5.0. After incubating
at 37°C for predetermined time, the reaction mixture was heated at 100°C for 3 min to stop the reaction. The products were analyzed with
HPAEC-PAD using PA-1 column (18 mM NaOH, 1 ml/min). Standard PNP-(NAG)2, PNP-NAG, (NAG)3, (NAG)2, and NAG were used to
calibrate the amount of substrate and products

Fig. 6 TLC analysis of hydrolysis of chitooligosaccharides by the
mutant enzymes. Two micrograms of purified enzyme were incubated
with 25 μg of chitooligosaccharide in 15 μl of 50 mM sodium acetate
(pH 5.0) at 37°C for various times. After incubation, the reaction

mixture was analysed by TLC using n-butanol/acetic acid/water
(2:2:1, v/v/v) as solvent. S standard, G1 NAG, G2 (NAG)2, G3
(NAG)3, G4 (NAG)4, G5 (NAG)5, G6 (NAG)6
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mutated Trp137, Asp246, and Met243 to glutamate
individually, which are close to the catalytic acid Glu177
and may serve as a potential site for a proper nucleophile.

Our results demonstrated that W137E was completely
devoid of transglycosyl activity. This result might be
explained by simulation of the W137E in complex with
(NAG)3: Asp137 in the wild-type stacks against a sugar at
the +1 subsite and is thus central to selecting an incoming
sugar rather than water to hydrolyse the glycosyl-enzyme
intermediate (Fig. 7a), which leads to transglycosyl
reaction. Glu137 can not form hydrophobic stack with
the +1 subsite, and also the oxygen of Glu137 is closer to
Glu177 than the oxygen of the N-acetyl group on the -1
sugar, their distances are calculated as 2.96Å and 3.52Å,
respectively (Fig. 7b). Thus, Glu137 may serve as a
suitable nucleophile to mediate water attack to release
sugar at the −1 and −2 subsites. In addition, the increase of

thermostability associated with the W137E may be due
to the introduced hydrogen bond between Glu137 and
Glu177 (Fig. 7b).

As compared with the wild-type, the M243E only
remained 8–11% of hydrolytic activity. Meanwhile, the
M243E was devoid of the transglycosyl activity toward
PNP-(NAG)2 (Fig. 5c) and remained a transglycosyl
activity against (NAG)4 (Fig. 6). Docking model reveals
that Glu243 forms hydrogen bond with backbone oxygen
of −1 sugar (Fig. 7d) instead of a hydrophobic stack formed
between Met243 and +1 subsite (Fig. 7c). It is likely that
the increased binding affinity at −1 subsite allows the
retaining of (NAG)2 at −1 and −2 subsite and the loss of
hydrophobic stack at +1 subsite leads to a weak binding of
incoming sugar, especially for triose. In case of tetraose,
one more sugar residue at reducing end would enhance the
interaction with the protein.

Fig. 7 Computer modeling of
the W137E (b), M243E (d), and
D246E (f) in complex with
(NAG)3. The stereo structures of
the wild-type AfChiB1 in com-
plex with (NAG)3 are shown in
left panel (a, c, and e). The
amino acid side chains and
substrate are shown as sticks.
The backbone is shown as a
ribbon drawing. The hydrogen
bond between AfChiB1 residue
and substrate is shown as green
dashed line. The interactions
between Glu177 and N-acetyl
group of -1 sugar/Glu137 are
shown as orange dashed line.
The distance (Å) between two
oxygen molecules is labeled
next to the line
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Interestingly, although the D246E showed a slight
decrease of chitinolytic activity against PNP-(NAG)2, it
produced more transglycosyl product, PNP-NAG. We
assessed the changes in transglycosyl activity of the mutant
by comparing the ratio of PNP-NAG/(NAG)2, which
represents the rate of the transglycosyl reaction occurred
during the hydrolysis. As summarized in Table 2, the
transglycosylation rate of the D246E was 5.7-fold at early
stage of hydrolysis (within 15 min) and dropped to 3.5-fold
of the wild-type after 45 min. The PNP-NAG/(NAG)2 value
of the D246E remained to be 3.5-fold of the wild-type
during a prolonged hydrolysis. Computer modeling sug-
gests that Asp246 in the wild-type AfChiB1 forms a
hydrogen bond with hydroxyl group at C6 position on -1
NAG (Fig. 7e), while Glu246 in the D246E mutant
appeared to interact with +1 sugar by forming hydrogen
bond (Fig. 7f), which may increase the binding affinity of
+1 sugar. This increase of binding affinity at +1 subsite and
a reduction of binding at -1 subsite allow an easier binding
of another incoming sugar and a reduced stability of the
glycosyl-enzyme intermediate, which thus leads to an
increased transglycosyl activity associated with the D246E.
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