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The activity of Taka-N-acetyl-^-D-glucosaminidase [EC 3.2.1.30] toward fifteen newly
synthesized substrate analogs with different N-substituent was determined.

The contribution of the substituent constants of the substrate N-acyl group (Vw,
a*, and TT) to the relative rate (FR) of enzymatic hydrolysis was evaluated quantita-
tively by regression analysis to ascertain the role of the substrate 2-acetamide group
in the N-acyl specificity of this enzyme. The following equation gave the best fit
for each parameter.

logFR=2.90-0.208Vw-0.633a*+0.5387r

A mechanism for the enzymic hydrolysis was proposed based on this relationship.

IN-Acetyl-jS-D-glucosaminidase [EC 3.2.1.30]
has been found in several organisms and seems
to differ from other glycosidases in its specific
affinity for the 2-acetamide group of the sub-
-strate. Thus, to clarify the mechanism of
hydrolysis, the role of the 2-acetamide group
in the enzymatic reaction must be determined.

Recently, N-acetyl - £ - D - glucosaminidase
was obtained in a pure form from Taka-

N-Acetyl-jS-D-glucosaminidase from Taka-diastase
(Sankyo) is called Taka-N-acetyl-^-D-glucosaminidase
here.
* Present address: Laboratory of Organic Chemistry,

Osaka Women's University, Tezukayama, Sumiyoshi-
Tcu, Osaka 558.

diastase (Sankyo) (1), making studies on the
mechanism of the reaction possible. To ex-
amine the specificity of the enzyme towards
N-acyl groups, £-nitrophenyl 2-acylamino-2-
deoxy-^-D-glucopyranosides (£-nitrophenyl N-
acyl-^-D-glucosaminides) with several kinds of
N-acyl substituent were prepared and their
susceptibilities to this enzyme were investigated
{3-6). It was concluded that the N-acetyl
group of the substrate was most favorable for
the enzymatic reaction, but that hydrolysis
also occurred when the a-hydrogen of the N-
acetyl group was substituted with mono-
halogen, methyl, or hydroxyl groups. In the
previous work, the characteristics of the sub-
strate N-acyl group which controlled the N-

"Vol. 76, No. 2, 1974 385

 at Penn State U
niversity (Paterno L

ib) on Septem
ber 16, 2016

http://jb.oxfordjournals.org/
D

ow
nloaded from

 

http://jb.oxfordjournals.org/


386 K. YAMAMOTO

acyl specificity were not evaluated quantita-
tively because the coefficients characterizing
the properties of each N-acyl substituent could
not be estimated. Thus, to investigate the
reaction mechanism in more detail, quantita-
tive analysis of the structure-reactivity rela-
tionship between the N-acyl substituent of the
substrate and the N-acyl specificity is required.

The present report describes quantitative
studies on the factors contributing to the N-
acyl specificity and on the basis of the results
a possible mechanism for hydrolysis by Taka-
N-acetyl-/3-D-glucosaminidase is suggested.

EXPERIMENTAL PROCEDURES

Fifteen ^-nitrophenyl 2-acylamino-2-deoxy-/3-D-
glucopyranoside were prepared as described
previously (5—6"). The enzyme specimen,
purified from Taka-diastase (Sankyo), was the
same as in previous studies (2—6). Enzymatic
reactions, with 1.00 mM of the substrate and
0.50—30 ptg/ml of the enzyme, were performed
in 0.1 M citrate buffer, pH 4.5, at 37°C, and
reaction rates were measured very precisely
using a procedure similar to that used previ-
ously (3—6). The reaction was followed with-
in the range in which 1% of the substrate
was hydrolysed, because the initial velocity
thus obtained seems to be comparable to the
maximum velocity of Michaelis-Menten equa-
tion, as noted by Dixon (7 ) ; each value of the
initial velocity was an average of five samples.
Calculations were performed with a Hewlett-
Packard computer (model 10) using its program
library.

RESULTS AND DISCUSSION

The rates of hydrolysis of each substrate
analog, expressed as values relative to that of
the N-acetyl derivative, are shown in Table I.

The predominat contribution of the steric
bulkiness of the N-substituent to the hydroly-
tic rate, reported previously, can also be de-
duced from the results in Table I. The factor
corresponding to the steric bulkiness of the
N-substituent is usually expressed quantitative-
ly as Taft's Es value (5). The Es value was
used to represent the relationship between

TABLE I. Rates of hydrolysis of />-nitrophenyl 2-
acyla'mino-2-deoxy-/S-D-glucopyranosides by Taka-N-
acetyl-/3-D-glucosaminidase. Rates are expressed
relative to that of the N-acetyl compound [02].
Reaction conditions ; concentration of the substrate,
l.OOmM; temperature, 37°C; buffer, 0 . 1 M citrate,
pH 4.5.

Comp. Nos. N-Substituent
( R ) "

Relative rate

[02]

[07]

[03]

[13]

[01]

[08]

[09]

[10]

[H]

[04]

[12]

[05]

[11]

[06]

[15]

CH3CO

FCH2CO

CH3CH2CO

HOCH2CO

HCO

C1CH2CO

BrCH2CO

F2CHCO

CH3OCH2CO

CH3CH2CH2CO

CF3CO

gg>CH-CO
C12CHCO

C6H5CO

CH3SO2

1.00

4.96x10-'

4.75X10'2

2.31 x 10~2

1. 28xlO"2

1.22X10'2

3.99X10"3

6.24xlO"3

6.84X10-4

5.63X10-4

3. 26X10"4

0.002>

0.00

0.00

0.00

l> R indicates an N-substituent in the following
structure ;

CH2OH

2) The value was nearly, but not quite zero. A very
slow rate of hydrolysis was observed.

structure and biological activity in the pioneer
work of Hansch (9). However, it seemed to
be a composite factor because it was calculated
from the hydrolytic rate of aliphatic esters
(8). Therefore, the van der Waals volume
(molecular volume) (10) was chosen as a more
direct value corresponding to the space oc-
cupied by the N-acyl substituent, because the
N-acyl group of the substrate is not located
in the reaction center but in its neighborhood,
and because there is probably a space in the
enzyme molecule into which the methyl group
of the substrate 2-acetamide group fits (5).
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2-ACETAMIDE GROUP IN GLUCOSAMINIDASE HYDROLYSIS 387

To examine the relationship between the
steric factor of the N-acyl substituent an£ the
relative rate of hydrolysis, the logarithms
(logFR) of the relative rates (VR) of enzymatic
hydrolysis were plotted against the van der
Waals volumes (Vw), calculated by the proce-
dure of Bondi (10). The results (Fig. 1) shown
that the molecular volume (Vw) corresponding
to the steric factor of the N-substituent con-
tributed predominantly to the hydrolytic rate
except in the case of the N-formyl compound.
Moreover, linear relationships between log VR
and Vw were observed with the homologs of
the n-alkyl groups (from -CH3 to -C3H7) and
the fluoro-substituted methyl groups (from
-CH2F to -CF3) respectively. However, com-
parison of the hydrolytic rates of N-alkyl-sub-
stituted acetyl compounds ([02], [03], [04]) and
N-fiuoro-substituted acetyl compounds ([07],
[10], [12]) suggested that other factors besides
the steric factor contributed to the hydrolytic
rate since the substituents on the latter com-
pounds are electron withdrawing while those
on the former are electron donating. The ex-
ceptional behavior of the N-formyl compound
with the smallest value of Vw also suggested
the contribution of another factor (probably a
hydrophobic factor). Hence among the other
factors, electronic and hydrophobic factors

> ~2

? "3

-4

0HCH2-\o

N
:H2- S

o
BrCH,- N

A
0

CH20CH2-

NCH3-CH2-CH2-

10 20 30
Van der Waals Volume (Vw) (cm'/moles)

Fig. 1. Relationship between the relative rate (VR)
of enzymatic hydrolysis and the van der Waals
volume (Vw) corresponding to the steric factor of
each N-acyl substituent of the substrate. Values
for Vw are listed in Table II. R of the N-acyl group
(RCO—NH—) is shown.

seemed to be most likely to contribute, as
proposed by Hansch (9).

The correlation between these factors
(steric, electronic, and hydrophobic factors)
and the rate of enzymatic hydrolysis was
analysed by computerized regression analysis
to ascertain the role of the substrate N-acyl
group in the enzymatic hydrolysis.

TABLE II. Constants of the N-acyl group substituents of the substrate, used in derivation of the equations.

Comp. Nos.

[01]
[02]

[03]

[04]

[07]

[08]

[09]

[10]

[12]

[13]

[14]

Alkyl substituent
of N-acyl group

H

C H 3 -

CH3CH2—

L/H3 OH 2—OH 2—

FCH2—

C1CH2—

BrCH 2—

F2CH—

CF3—

HOCHj—

CH3OCH2—

van der Waals volume
(Vw)1'

5.7

13.67

23.90

34.13

15.95

21.85

24.63

18.22

20.49

18.27

27.60

Polar substituent
constant (<r*)2)

+0.490

0.00

-0.100

-0.115

+ 1.10

+ 1.05

+1.00

+2.05

+3.30

+0.555

+0.520

Hydrophobicity

0.00

0.50

1.00

1.50
0.32

0.89

1.10

0.16

-0.01

-0.66

0.03

15 Calculated by the procedure of Bondi (70).
jr3 in the report of Hansch and Anderson (12).

From Ref. 7. 3) Calculated on the basis of the data for
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388 K. YAMAMOTO

The steric factor was expressed numerical-
ly in terms of van der Waals volume (Vw),
the electronic factor in terms of Taft's polar
substituent constant (a*) {11), and the hydro-
phobic factor in terms of hydrophobicity 00
(12). The set of numerical constants em-
ployed in the regression analysis are listed in
Table II.

The use of regression analysis for exami-

logVk=1.17-0.143Vw

logFR=2.71-0.184Vw-0.710ff*

logFR=1.89-0.196Vw+0.8957r

logVR=2.90-0.208Vw-0.633ff*+0.538K

The least important substituent effect is that
of the hydrophobic factor (Eq. 3). The most
meaningful correlation is that of Eq. 2, indi-
cating that a combination of the steric factor
and electronic factor contributed preferential-
ly to the effect of the N-substituent on the
enzymatic hydrolysis. Equation 4, in which
all three terms (Vw, o* rc) were combined,
gave a slight improvement.

The negative correlation of the steric
factor, expressed as Vw, which gave a better
result than Es, indicated that the bulkiness of
the N-substituent was the main factor decreas-
ing the rate of enzymatic hydrolysis. Vw,
which gave a better correlation than Es, cor-
responded directly to the space occupied by the
N-acyl substituent. Consequently, the above
results suggested that the specificity-determin-
ing site of the enzyme had a space into which
the methyl group of the substrate 2-acetamide
group fitted.

The negative correlation observed with the
electronic factor (a*) indicated that an electron-
withdrawing effect decreased the hydrolytic
rate while an electron-donating effect increased
the rate. This was best explained by consider-
ing that a neighboring 2-acetamide group
participated in the enzymatic hydrolysis. It
has been reported that the acid hydrolysis of
2 - acetamide - 2 - deoxy - D-glucopyranoside was
greatly enhanced by the participation of a
neighboring 2-acetamide group (13) and that
acyl migration from the 2-acylamino group to

nation of the contributions of these factors to
the enzymatic hydrolysis can be illustrated by
Eqs. 1—4. These equations correlate the rela-
tive rates of enzymatic hydrolysis of a set of
N-acyl substituents of substrate analogs ([02],
[03], [04], [07], [08], [09], [10], [12], [13], and
[14]). In the equations, n is the number of
compounds tested and r is the correlation co-
efficient.

n
10,

10,

10,
10,

r
0.723

0.946

0.855

0.955

(1)
(2)

(3)

(4)

position-1 in 2-acylamino-3,4,6-tri-O-acetyl-2-
deoxy-a-D-ghicopyranosyl bromide was affected
by decrease in the effect of an electron-with-
drawing group in the N-acyl group (14—16).
In the hydrolysis by Taka-N-acetyl-/S-D-gluco-
saminidase, the electron-withdrawing effect
seems to operate in a similar manner.

Hydrolysis of glycoside by Taka-N-acetyl-
y8-D-glucosaminidase seems to proceed by a
mechanism of concerted acid-catalysis analo-
gous to that in the reaction of lysozyme [EC
3.2.1.17]. Moreover, the sulfur isolog of p-
nitrophenyl glycoside was found to be hydro-
lyzed at a very slow rate (K. Yamamoto, un-
published), just as lysozyme attacked the sulfur
isolog of glycoside very slowly, and this effect
could be explained in terms of similarity of
the mechanism to that of non-enzymatic acid
hydrolysis (20, 21). From studies on the
mechanism of hydrolysis by lysozyme, Vernon
(22) and Lowe (23) proposed that the glycosyl
carbonium ion existed as a metastable inter-
mediate in the hydrolytic pathway and the
cation was stabilized by the negative charge
of the carboxylate of Asp-52 or by a nucleo-
phile from the 2-acetamide group of the sub-
strate itself. The results of an X-ray diffrac-
tion study (17—19) suggested that an Asp-52-
stabilized cation intermediate was more pre-
ferable. The mechanism of hydrolysis by
Taka-N-acetyl-/3-D-glucosaminidase was similar
to that for lysozyme, but it seemed probable
that heterolysis of the glycosidic bond was as-
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H-N

H-C-H
I

Enzyme

Fig. 2. Schematic representation of a mechanism for hydrolysis by Taka-N-acetyl-/S-D-gluco-
saminidase and the contribution of the substrate 2-acetamide group to the enzymatic reaction.

listed by participation of the 2-acetamide group,
umlike the case of lysozyme. This mechanism
is supported by the facts that the electronic
•effect of the N-acyl substituent was related to
the order of its participating effect and that
:an N - methanesulfonylated derivative (6),
which showed no participating effect, was not
ihydrolysed by this enzyme.

The hydrophobic factor contributed least
"to the rate of hydrolysis but it could not be
•excluded completely in considering the excep-
tional behavior of the N-formyl compound.
The hydrophobic interaction was expressed as
:a short range interaction with a factor of
•(distance)"6, and thus a smaller group (hydro-
tgen in the N-formyl group) than methyl show-
ed a greatly reduced interaction.

On the basis of these results, the mecha-
nism of hydrolysis by Taka-N-acetyl-j9-D-gluco-
saminidase was shown schematically in Fig. 2.

It was concluded that the 2-acetamide
rgroup of the substrate has the following role
in the hydrolysis by Taka-N-acetyl-£-D-gluco-
-saminidase. The methyl group of the 2-
•acetamide group fits into a space in the spe-
•cificity-determining site of the enzyme due to
hydrophobic interaction. The carbonyl group
assists heterolysis of the protonated inter-
mediate and subsequently stabilizes the result-
ing carbonium ion with an oxygen nucleo-
phile.

The relative rates of hydrolysis observed
in this work may be regarded as approximate
ratios of apparent rate constants because the
initial velocities of hydrolysis were compared
-as values in constant concentrations of sub-
strate (1.00 mM) and enzyme (0.50 fig/ml).
Thus it is very interesting that the logarithms
•of the relative rates of enzymatic hydrolysis

correlated with linear combinations of the
factors for the steric, electronic, and hydro-
phobic effects of the N-substituents; in other
words, that a linear free energy relationship
held in the enzymatic reaction.

I wish to thank Prof. Y. Matsushima, Faculty of
Science, Osaka University, for his continuous interest
and encouragement. I am also grateful to Mr. I.
Matsuzawa, Chief director, Osaka Branch, Yokogawa-
Hewlett-Packard, Ltd., for the use of a YHP Com-
puter.
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