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Abstract — A thermophilic bacterium producing the extracellular cellulase-free xylanase was isola-
ted from soil and has been identified as Bacillus sp. The optimal growth temperature was 50C
and the optimal pH, 7.0. Under the optimal growth condition, maximal xylanase production was
2.2 units/ml in the flask culture. The enzyme production was induced by xylan and xylose, but
was repressed by sucrose or trehalose. The partially purified xylanase was most active at 70TC.
It was found that the enzyme was stable at 65C for 10 hours with over 75% of the activity.
The enzyme was most active at pH 7.0 and retained 90% of its maximum activity between pH
5.0 and pH 9.0 though Bacillus sp. was not grown on alkaline conditions (>pH 8.0). In addition,
the activity of xylanase was over 60% at pH 10.0. At the ambient temperature, the enzvme was
stable over a pH range of 5.0 to 9.0 for 10 h, indicating that the enzyme is thermostable and
alkalotolerant. The activity of xylanase was completely inhibited by metal ions including Hg?*
and Fe?”, while EDTA, phenylmethylsulfonyl fluoride (PMSF), B-mercaptoethanol and SDS didn’t
affect its activity. The enzyme was also identified to exert no activity on carboxymethylcellulose,

laminarin, galactomannan, and soluble starch.
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Table 1. Morphological and biochemical properties of
Bacillus sp.

Characteristics

Gram staining +
Motility +
Cell form Rod
Spore
Growth in air
Gas from glucose —
Catalase +
Oxidase +
OF test —
VP test —
Growth at 45C —
65C +
pH 5.7 +
Temp. optim.
Citrate utilization —
Hydrolysis of starch —
gelatin —
casein +
Urease —
Nitrate reduction +
Indole formation —
Acid production from;
Glucose
Arabinose
Mannitol
Xylose
Mannose
Cellobiose
Starch
Maltose
Raffinose
Sorbitol
Lactose
Sucrose
Trehalose
Galactose —
Salicin —
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Table 2. Growth and xylanase production of Bacillus
sp. at different temperatures and pHs of medium

Cell Xylanase
Conditions growth? production®
(OD ¢0) (U/mi)
Growth temperature
Temperature 50C 4.0 2.2
Temperature 55C 2.9 1.4
Temperature 65C 2.5 0.9
Inttial pH of medium
pH 6.0 4.0 2.0
pH 7.0 4.0 2.2
pH 8.0 3.6 1.8

*Values represent the maximum growth of Bacillus
isolate.

*The supernatant of Bacillus sp. culture grown in flask
was used to assay the activity of xylanase
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Table 3. Effects of carbon sources on the xylanase pro-
duction

Additional Growth Xylanase
carbohydratesa (ODg0) activity®
(1%) (U/ml)

No 4.0 1.50
CMC 4.0 1.90
Birchwood xylan ND 2.90
QOat spelt xylan ND 2.80
Maltose 1.2 0.16
Trehalose 3.1 0.12
(Glucosse 1.3 0.01
Sucrose 2.6 0.03
Xylose 3.8 2.10
Lactose 4.1 1.67
(;alactose 44 2.08
Mannose 1.2 0.09

ND: not determined

*Besides the CMC and xylan, addittional carbohydrates
were separately sterilized by filtration.

®The activities are for supernatants of 100 m/ Bactllus

cultures grown for 25 hr at 50C.
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Fig. 1. Effect of temperature on the xylanase activity.
The reaction was done at pH 7.0. Temperature profile
(—~@—) was obtained by measuring the activities of
xylanase at different themperatures, and thermal stabi-
lity (—W-) was determined by the residual activities
of xylanase pre-incubated for 1 h at different tempera-
tures.

Tl &EA HEES AAIRE F A4 #AS &3
743} Fig. 1A Jeld 713 7ro] xylanase &EA~ 4b
o8 #A &£ 70CelH 80CAA= 2z &A1Y
40% Aol #lddle &8 el ot 50T o)
stoll = 35% o]3te) &A-5 B} Xylanaseo] <
GRS A7) H 3 ."GL‘J—"-'H“% 7} oA 1417}
Bl g § olg) a9 #FAS EAE AN 65C
o] 3tel| A & A AL lRAIEH Wzlﬂ%‘m‘—'} 70Cof
A JASH B kA A o] Fhasld el Fig. 1), A 7kl
wE 49 4 AALS A8 A3 xylanasew
A g X9l 70Cel M= ¥ 308 gl
2] g} 65Co A 10417 o] Fo® 7550 <
A& FRIE= o9 AL E Hehlglen 55T o
stol| A= 10A]7F o] Foll X 90% o]4te] FAde] {2
=1 A cKFig. 2).

Xylanase §Hofl D|xj&= pHe|l &

Xylanase ®Fgof v|X|= pHel <88 FA}FSL7]
el pH3.0~11.0 HHA w417 54 A&
2%} éﬂr Fig. 3¢i| 4] ®&= vle} 7o) pH 7.000 A
e a4 S el e pH5.03 9.0 A
ool A ZHu] AL 90% o|Ate] FAE Mol YL
Hee pHell 24 2 €4-& vephigdc) 53] Ba-
cillus sp.7} pH 9.0 ool X M3 AFAsl=] edgk=|qt




308

120

100

80

B0

40

Realtive activity (¥)

20

0 | L & 1 4]
0 1t 2 5 4 5 6 7 8 9 10

Time (hr)

Fig. 2. Thermostability of the xylanase.

The residual actvity was measured at various times
after incubation at 45C (—A-), 55C (—~), 656C
(-@®-) and 70C (—m-) with a fixed pH (7.0).
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Fig. 3. Effect of pH on the xylanase activity.

The reaction was done at 65C. The following buffer
systems were used: pH 3.0 to 6.5, 50 mM citrate; pH
6.0 to 8.0, 50 mM sodium phosphate; pH 8.0 to 9.0,
50 mM Tris-HCI; pH 9.0 to 11.0, 50 mM glycine-
NaOH.
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Table 4. Effects of metal ions on the xylanase acti-
vity

Chemicals Relative activity (%)
None 100
CaCl, 50
NaCl 114
ZnCl, 90
AlCl;, 121
MnCl, 20
CuS0, 25
Ba(Cl; 106
KCl 112
FeSO, 0
NiSO, 26
EDTA 110
SDS 92
B-mercaptoethanol 110
PMSF 107

Table 5. Substrate specificity of xylanase

Substrate Relative activity (%)
Oat spelt xylan 100
Birchwood xylan 76
CMC 0
Laminarin 0
(zalactomannan 0
Soluble starch 0

off dko] gie= L2 lelwitHdata not shown).
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