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Xylan is made up of a backbone containing b-1,4-linked
xylosyl residues and side chains, including arabinosyl, glucuronosyl, 4-O-methyl glucuronosyl, and acetyl residues, which
are attached to the xylan backbone. The xylan backbone is
degraded by b-1,4-xylanases and b-xylosidases.
Available information about xylan backbone hydrolysis is
derived from two enzymes, xylanases and b-xylosidases. Xylanolytic enzymes have been purified from many microorganisms, and their hydrolytic properties have been thoroughly
investigated. However, little is known about specific exoxylanases which are able to produce only a single product from
xylan.
The xylanases (b-1,4-xylanases) known to date are endo-type
enzymes which usually show preference for internal glycosidic
linkages in xylans or xylooligosaccharides and which act by a
random attack mechanism (1–3, 7, 12, 14–16). Some other
xylanases, such as those of Bacillus polymyxa (13) and Chaetomium thermophile (4), are known to hydrolyze xylans and to
produce mainly xylobiose and traces of xylose and/or xylotriose
by an exo-type mechanism. The enzyme of Trichoderma viride
(17) was described as producing xylobiose from xylan without
a concomitant production of D-xylose, although this enzyme
was classified as an exocellulase because of its high affinity for
cellulose rather than for xylans.
We have been studying a xylan-degrading bacterium, Aeromonas caviae ME-1 (8, 9, 18), which was isolated from the
intestine of a herbivorous insect. Previously, we reported that
this strain produced multiple xylanases. Xylanase I was found
to be an endoenzyme (8). Recently, we have characterized an
unusual xylanase (xylanase V) from the same strain (10). Xylanase V produced xylobiose as the only low-molecular-weight
oligosaccharide from xylans by an exo-type mechanism.
In this paper, we report the purification and hydrolytic properties of another exoxylanase (xylanase IV) from A. caviae
ME-1. Xylanase IV, which produces xylotetraose as the only

low-molecular-weight oligosaccharide from xylan, has not been
reported before.
The A. caviae ME-1 strain used in this investigation was
isolated from the intestine of the lepidopteran larva Samia
cynthia pryeri Butler in our laboratory. This insect is economically important in Japan and Taiwan, where it produces silk of
commercial value (5), and its larval life cycle takes place on two
plant hosts, Picrasma quassioides Benn. ‘‘Nigaki’’ and Phedodendron amurense Rupr. ‘‘Kihada’’ (larch wood), on which it
feeds only on the leaves (6).
Unless otherwise specified, the other materials, methods,
and instruments used in this study were the same as those
previously described (8, 10).
Xylanase IV was purified from 4,000 ml of a culture supernatant. Ammonium sulfate was added to give 95% saturation.
After being stirred at 48C overnight, the precipitates formed
were collected by centrifugation at 8,000 3 g for 20 min and
then were dissolved in 538 ml of 20 mM potassium phosphate
buffer (pH 6.8). The enzyme solution was freeze-dried and
dissolved in 60 ml of the phosphate buffer and then loaded
onto a Sephadex G-75 column (84 by 2.6 cm). The column was
equilibrated and eluted with 0.2 M NaCl in 20 mM potassium
phosphate buffer (pH 6.8) at a flow rate of 30 ml/h, and 7 ml
of the fractions was collected. Concentrated active fractions
(36 ml) were further separated on a Toyo pearl HW-55 column
(18 by 4 cm) which was equilibrated and eluted as described
above. The active fractions were freeze-dried and applied to a
high-performance liquid chromatography (HPLC) Mono Q
HR 5/5 column (Pharmacia Co., Uppsala, Sweden). The column was equilibrated with 10 mM Tris-HCl buffer (pH 8.6)
and eluted with a gradient of 0 to 1 M NaCl in the same buffer
at a flow rate of 0.8 ml/min. The active peak was collected,
concentrated, and reapplied to the same column.
Enzymatic hydrolysis products were obtained by incubation
of a reaction mixture which contained 10 ml of 1% oat spelt
xylan in 20 mM potassium phosphate buffer (pH 6.8) and 1 ml
of diluted enzyme solution at 408C for 36 h. The reaction
mixture was then centrifuged at 3,000 3 g for 10 min to remove
insoluble materials and freeze-dried. In order to eliminate
tailing, dried samples were acetylated conventionally with pyridine and acetic anhydride, spotted on thin-layer chromatogra-
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A novel xylanase (xylanase IV) which produces xylotetraose as the only low-molecular-weight oligosaccharide
from oat spelt xylan was isolated from the culture medium of Aeromonas caviae ME-1. By sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, the xylanase IV molecular weight was 41,000. Xylanase IV catalyzed
the hydrolysis of oat spelt xylan, producing exclusively xylotetraose. The acid hydrolysate of the product gave
D-xylose. The enzyme did not hydrolyze either p-nitrophenyl-b-D-xyloside, small oligosaccharides (xylobiose
and xylotetraose), or polysaccharides, such as starch, cellulose, carboxymethyl cellulose, laminarin, and
b-1,3-xylan.
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phy plates (aluminum sheet silica gel 60 F254; Merck, Darmstadt, Germany) and then developed with solvent system of
ethyl acetate-hexane (5:3 [vol/vol]). The resolved sugars were
detected by heating the plates after spraying them with ethanol-sulfuric acid (18:2 [vol/vol]). Authentic samples from xylose to xylopentaose were used as standards.
One percent of each polysaccharide (oat spelt xylan, larch
wood xylan, carboxymethyl cellulose, cellulose powder, starch,
and laminarin) or 0.5% of b-1,3-xylan from Caulerpa racemosa
(Kumamoto Institute of Technology, Kumamoto, Japan) was
incubated with 1 ml of diluted xylanase IV solution in 10 ml of
20 mM potassium phosphate buffer (pH 6.8). The reaction was
carried out at 408C for 30 min. b-Xylosidase activity was determined according to the method of Matsuo and Yasui (11),
with p-nitrophenyl-b-D-xyloside from Sigma Co. (St. Louis,
Mo.) as the substrate.
On Sephadex G-75, the crude xylanase gave five active peaks
as shown in Fig. 1. Active fractions corresponding to peak B
(from fractions 15 to 18) were concentrated and applied to the
Toyo pearl HW-55 column. Active fractions from the Toyo
pearl HW-55 column (from fractions 20 to 33) were further
purified on the HPLC Mono Q column. The purification steps
are summarized in Table 1. On sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (Fig. 2), purified
xylanase gave a single protein band, indicating that it was
electrophoretically homogeneous. Its molecular weight, as estimated from the relative mobilities of various standard proteins on SDS-PAGE (Fig. 2), was 41,000.
Thin-layer chromatographic analysis of enzymatic hydrolysis
products (Fig. 3) shows that xylanase IV produced exclusively
a product with an Rf value corresponding to xylotetraose. The

FIG. 2. SDS-PAGE of xylanase IV. Lanes: 1, cross-linked cytochrome c (10
mg); 2, 5 mg of purified xylanase IV; 3, 25 mg of crude xylanase. Mw, molecular
weight.

acid hydrolysate of the product yielded only D-xylose (data not
shown). Xylanase IV produced xylotetraose as the only lowmolecular-weight oligosaccharide from xylan without a concomitant production of transient xylooligosaccharides during
an incubation period from 0.5 to 36 h (data not shown). This
hydrolytic pattern might lead to the suspicion that xylanase IV
is a side-chain-releasing enzyme. However, the fact that its
action on xylan led to the destaining of the Congo red of the
zymogram (data not shown) indicates that this enzyme is involved in the hydrolysis of the backbone, because the dye
Congo red is known to interact only with intact (1,3- and 1,4-)
b-D-glucans (19). As mentioned previously, endo-type enzymes
attack internal glycosidic linkages in xylans or xylooligosaccharides and act by a random attack mechanism, which often
results in a mixture of xylooligosaccharides of various degrees
of polymerization and composition. As a consequence, the
average molecular mass of the substrate will gradually decrease
as the enzymatic reaction proceeds. For a substrate like xylan,
with heterogeneous side chains known for their ability to hamper the action of hydrolases, the production of a solo product
strongly suggests that xylanase IV attacks from one of the ends
of the polymer which does not contain side chains and therefore acts by an exo-type mechanism.
The xylanase was active on xylans from oat spelts (100% of
activity) and larch wood (69%) and was inactive on b-1,3-xylan
and other carbohydrates, such as cellulose, starch, and laminarin. These results suggest that xylanase IV is a true xylanase.
In addition, it did not hydrolyze p-nitrophenyl-b-D-xyloside,
xylobiose, or xylotetraose, indicating that it does not possess
b-xylosidase activity.

TABLE 1. Purification of xylanase IV from A. caviae ME-1
Step

Total protein (mg)

Total activity (U)

Sp act (U/mg)

Purification (fold)

Yield (%)

Supernatant
Ammonium sulfate precipitation (0–95%)
Sephadex G-75
Toyo Pearl HW-55 column
HPLC Mono Q column

1,168
642
103
43
0.9

9,547
7,623
6,444
3,807
180

8
12
63
89
200

1
1.5
8
11
25

100
80
67
40
1.9
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FIG. 1. Gel filtration of A. caviae ME-1 xylanases on Sephadex G-75. The
column (84 by 2.6 cm) was equilibrated and eluted with 0.2 M NaCl in 20 mM
potassium phosphate buffer (pH 6.8) at a flow rate of 30 ml/h, and 7 ml of the
fractions was collected. Peaks A, B, C, D, and E correspond to xylanases V, IV,
III, II, and I, respectively. —, A280; E, xylanase activity.
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This is the first description of a xylanase which produces
xylotetraose by an exo-type mechanism. Hitherto, the exoxylanase has been overlooked in the xylanase investigations, probably because of its relatively low level of activity in ordinary
enzyme assays, such as the Somogyi-Nelson method. We suspect that exoxylanases may be wide spread among xylanolytic
microorganisms and that they participate in the hydrolysis of
hemicellulosic materials.
We are grateful to Saori Ito for help in identifying bacteria.
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