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Chemical Modification of Xylanases from Streptomyces sp.
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The amino acid sequence and the primary structure of xylanase have
been reported for numerous microorganisms,'’ and for some bacteria,
the nucleotide sequence of the gene for the active site of the enzyme
has been examined.?® Although the properties of the xylanases from
Streptomyces have been well investigated,® the active site was not
described. Streptomyces sp. No. 3137 produces three xylanases designated
as X-I, X-1I-A, and X-II-B, induced by xylan or methyl B-xyloside.
X-1 is different from X-II-A and X-II-B in physico-chemical and
immunological properties as described previously,* and the two X-II
enzymes are similar except for the isoelectric point (10.1 and 10.3). This
paper deals with the chemical modification of the three xylanases from
Streptomyces sp. induced by methyl B-xyloside, and concludes that
xylanase activity is related to some carboxyl groups and not to trypto-
phan residues.

The culture conditions for Streptomyces sp. No. 3137, the induction
of xylanases, and the purification procedures of the xylanases were
described previously.* The purified xylanase samples used throughout
this experiment had specific activities of 160, 100, and 160 units/mg of
protein for X-I, X-II-A, and X-II-B, respectively. Xylanase activity is
measured by the method described previously,* that is, incubating 0.2 ml
of diluted enzyme solution with 1.0 ml of 2% xylan suspension and 0.8 m|
of Mcllvaine’s buffer (pH 5.5) for 10min at 55°C, and measuring the
released reducing sugar by a modification of Somogyi's method.® One
unit of enzyme activity is defined as the amount causing production
of | umol of reducing sugar as a xylose equivalent per minute, under
optimal conditions. Chemical modifications were done using several
reagents under reaction conditions which were generally similar to those
used for cellulase® and lysozyme.””® The different functional groups
of the enzymes were modified with the following reagents: carboxyl
groups, with 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) or

Table Effects of Chemical Reagents on Xylanase Activities

triethyloxonium fluoroborate (TEOF B); indole groups, with N-bromosuc-
cinimide (NBS) or 2-hydroxy-5-nitrobenzylbromide (HNBB); imidazole
groups, with diethylpyrocarbonate (DEP), iodoacetate or methylene blue;
guanidino groups, with 2,3-butanedione; phenol groups, with iodine
ion or N-acetylimidazole; and thioether groups, with chloramine T.
Phenylalanine methylester, aminomethane sulfonic acid, and TEOFB
were purchased from the Aldrich Chemical Company (U8.A.). The other
chemicals used were of reagent grade and commercially available. The
reaction conditions followed during these modifications are summarized
in the Table, which also shows the effects of chemical reagents on
xylanase activity.

The chemicals that were found to affect xylanase activity were EDC
with 250 mM aminomethane sulfonic acid for amidation of carboxyl
groups, TEOFB for esterification of carboxyl groups, and NBS at high
concentration (0.5 mM) for oxidation of indoles. The others had no effect
on the enzyme activity, leaving more than 90% of the original activity.

The degree of xylanase inactivation was investigated with EDC at
various concentrations (10-100mM). The semi-logarithmic plots of X-1
or X-1I-B activity in various EDC concentration as a function of
inactivation time showed a linear relationship (Fig. 1). These data
indicate that the inactivation reaction proceeded in the form of apparent-
first-order kinetics with respect to active enzyme concentration at excess
amount of EDC. The apparent rate constant, k,,, (min~ 1), was calculated
from Fig. 1. The formula of this reaction was assumed to be as below.

active enzyme +nEDC —inactivated enzyme

So, k,,, equals k[EDC]", where k (liter/mol min) is the rate constant of
above reaction. Figure 2 shows the linear relationship of log(k,,,) and
log(EDC concentration) with a slope (1) equal to 1. This indicates that
one molecule of EDC binds to one molecule of the xylanases when the
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Reagent concn. Protein concn.

Reagents Reaction conditions
X1 X-ILA X-1-B (me4) ()
EDC? 5 ND* S 100 200 pH 4.75, 25°C, 60 min.
TEOFB . 10 ND : 10 200 - . - 900 pH 4.5, room temp., 20 min.
NBS 95 100 100 0.1 20 0.1 M Acetate b.. pH 4.0, 25°C, 30 min.
<5 <S5 <5 - 0.5 20
HNBB 100 100 100 40 250 0.2M CaCl,, pH 4.9, 25°C, 30 min.
DEP 100 - 100 100 1 40 50mm Phosphate b., pH 6.0, 25°C,
. 75 min.
lodoacetate 100 100 100 10 200 0.1 M Citrate b., pH 6.0, 25°C,
o 30 min.
Methylene blue 91 ND 95 25 uM 100 25 mm Phosphate b., pH 7.0, 10°C,
60 min. )
2.3-Butane dione 100 ND 100 10 100 50 mM Borate b., pH 8.5, 20°C, 60 min.
Todine 100 ND 100 2.2 80 0.2M Tris b, pH 8.5, 4°C, 60min.
N-Acetylimidazole 100 ND 100 5 200 50 mM Barbital b., pH 7.5, 25°C,
) 60 min.
Chloramin T 90 100 1.7 100 0.1M Tris b., pH 8.5, 25°C, 20 min.

ND

EDC, containing aminomethane sulfomc acid (0.25M) and NaCl (0 7™m).

® ND, not determined.
¢ b., buffer.

Abbreviations: DEP, diethylpyrocarbonate; EDC,
NBS. N-bromosuccinimide; TEOFB, triethyloxonium fluoroborate.

1-ethyl-3-(3- d1methyldmlnopropyl)carbodumlde

HNBB, 2-hydroxy-5-nitrobenzylbromide:
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Fig. 1. Effects of EDC on Xylanase Activities.

The reaction mixtures contained 0.2 mm X-I or X-11-B, 0.25 M aminomethane sulfonic
acid, 0.7m NaCl, and EDC, of which final concentrations were 10, 20, 40, 60, 80, and
100 mm, at pH 4.75. Samples of the reaction mixture incubated at 25°C for 10, 20,
30, and 40 min were diluted 30-fold with 0.1 M phosphate buffer (pH 4.75) to stop the
reaction, and were used for assaying the enzyme activity. Symbols: O, 10muM; @,
20mMm; 1, 40mM; A, 60mM; W, 80mym; 7, 100mMm.
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Fig. 2. Relationship between k,,, and EDC Concentration.

The apparent-first-order rate constant of inactivation (k,,,
data in Fig. 1. Symbols: O, X-I; @, X-II-B.

) was obtained from the

inactivation occurs.

The carboxy! group protection of the xylanase substrate from the EDC
modification was examined. The presence of the substrate xylotriose
protected the carboxyl groups from modification by EDC so that 40%
activities of the two xylanases were retained after 40 min (Fig. 3). In the
presence of the non-substrate xylobiose or no sugar, the remaining
activities were found to be less than 5%, which indicates that xylobiose
does not protect the carboxyl groups. These data show that the carboxyl
groups participate in forming the active site of the xylanases.

X-1 was modified with EDC and phenylalanine methylester, and the
amino acid composition of native and modified X-I were compared to
recognize that carboxyl groups were modified by EDC and to identify
how many of the modified carboxyl groups there were. The mole
percentage of phenylalanine residue increased from 2.8% to 4.8%,
due to phenylalanine methylester modified carboxyl groups of X-1, of
which the activity decreased by about 5% remaining. The number of
modified carboxyl groups (P) was calculated by the following formula;
(114 P)/(40]1 + P)=4.8%. The number 11 is phenylalanine residues of the
native X-I and the number of 401 is all the amino acid residues in it. P
is approximately 9. so the modified carboxyl groups were 9 in a molecule
of X-1.

Carbodiimide reacts with sulfhydryl groups of cysteines, aromatic
hydroxy! groups of tyrosines, and carboxyl groups alike. In the case of
EDC affecting an enzyme activity, it would be possible that cysteine and
tyrosine residues have a relationship to the enzyme activity like a
carboxyl group does. Due to the absence of modification of cysteine and
tyrosine residues with iodoacetate and N-acetylimidazole treatments,
respectively. it is concluded that these two amino acids were not related
to the enzyme activity. The results of modification with EDC and
TEOFB. which reduced the enzyme activity to 10%. suggest that one or
more carboxyl groups are in the active site of xylanases. X-I and X-1I-B
were similarly affected by chemical modification particularly by EDC

-
(=3
=3

(3
3

w
o

-
o
T T T TIT7T

Residual Activity (%)
v

w
T

1
0 20 40
Reaction Time (min)

Fig. 3. Effects of Xylobiose or Xylotriose on the Reaction of Xylanases
with EDC.

Xylanase (0.1 mm) was treated with 0.1 M EDC, 0.25 M aminomethane sulfonic acid,
0.7m NaCl, pH 4.75, 25°C, with and without 0.1 M xylotriose or 0.1 M xylobiose. At
intervals, samples of the reaction mixtures were diluted 15-fold with Mcilvaine buffer
(pH 5.5) and then were assayed for enzyme activity.

Symbols: xylanase presence of absence of
xylotriose xylobiose sugars
X-1 (o] A O
X-11-B ® A ]
and TEOFB.

Although NBS at 0.12mum did not affect the enzyme activities of X-I
and X-II-B, tryptophan residues were obviously modified under these
conditions. The number of modified tryptophan residues was estimated
to be two for X-I and one for X-II-B at 0.12mm NBS by the method
of Spande and Witkop.'® At 0.5mM of NBS, the activities of three
xylanases were reduced to less than 5% on account of the destruction
of protein which means the cleavage of peptide bonds by the high
concentration of NBS, but not the modification of the active sites of the
enzymes. HNBB, which is also known to modify tryptophan residues,
did not affect the activity of the three enzymes. "

It was reported that Bacillus xylanase had some tryptophan residues in
the active site according to the results of crystallography and xylanase-
specifying nucleotide sequences,'” and to the study of tryptophan
modification.!? However, it is suggested here that tryptophan residues
may have no relationship to the activity of Streptomyces xylanase and
that carboxyl groups are related to the active site. Significant differences
between Streptomyces and Bacillus were observed in the xylanases.
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