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Purification and Characterization of an Extracellular Xylanase
of Bacillus stearothermophilus
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Abstract — An extracellular xylanase of Bacillus stearothermophilus was purified to a single
protein through a sequency of operations including ammonium sulfate fractionation, DEAE
Sepharose CL-6B ion exchange chromatography, Sephadex G-100 gel filtration and heat treat-
ment. The purified enzyme had a moleular weight of 170,000. the pH and temperature optima
for the enzyme activity were pH 9.0 and 55C, respectively. The activity was enhanced by
Co?" and Mn?’, and inhibited by Hg?*. Pattern of hydrolysis demonstrated that the xylanase
was an endo-splitting enzyme able to break down larchwood xylan at random giving xylobiose

and xylotriose as the main end products.
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Table 1. Summary of the purification of xylanase from B. stearothermophilus

Purification Total Total Total Specific Yield Purification
step volume volume activity activity (%) (fold)
(m/) (mg) (unit) (unit/mg)
Culture broth 8.325 10.423 6719.60 0.64 100.00 1
(NH,).50, 120 1.110 1596.05 1.44 23.75 2.25
fractionation {20~60%)
DEAE-Sepharose CL-6B 6.75 66.02 158.29 2.40 2.36 3.75
Sephadex G-100 1.90 3.32 57.12 17.68 0.85 27.63
Heat treatmemt (60C, 30 min)  1.80 3.01 40.08 13.32 0.60 20.81
100 | .,,,.4\ 100 }
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Fig. 1. Effect of pH on activity of the xylanase.
The enzyme reaction was carried out at 55C for 30 min
in phosphate (pH 6~8} and tris-Cl (pH 8~ 10) buifer.
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Fig. 2. Effect of temperature on activity of the xyla-
nase.

The reaction was carried out at the various temperatu-
res shown in the figure 55C fof 30 min in 0.1 M phos-
phate buffer (pH 6.5).
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Fig. 3. pH stability of the xylanase.

The reaction was carried out at 55C for 30 min after
24 hr preincubation at 4C at the vaious pHs indicated
in the figure.

pH 4.0~5.0: sodium acetate-acetic acid buffer (0.1 M)
pH 5.5~8.0: sodium phsphate butfer (0.1 M)
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Fig. 4. Thermal stability of the xylanase.
The reaction was carried out at 55C for 30 min after
preincubation at various temperatures indicated in the
figure,
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Table 2. Effect of metal ions on xylanase activity

Metal (1 mM) Relative activily (%)

None 100.00
Ags 96.55
Ba G2 .88
Ca'’ 100.92
Co”' 131.92
Cu 08 .()7
Fe?' 45,565
Hg* 0.00
Li*' 41.7¢0
Mg® 97 .63
Mn*" 136.80
Zn’ 97.77

Table 3. Effect of metal ions of various concentrations
on xylanase activity

Concentration Relative activity (%)

(mh) Mn”~ Co®’
None 100.00 100.00
10 120.10 112.99
5 130.31 133,52
1 136.80 131.92
0.5 128.25 118.15
0.1 127.15 102.06
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Table 4. Activity of the xylanase against varionss subst-
rates

Substrate” Relative activity

Larchwood xvlan 100.00

Avicel” 12.64
Cellobiose (.00
Carboxymethyl cellulose 15.23
Dextrin 0.00
Starch (.00

*Substrates (1)
bhuffer (pH 6.5).
*Avicel was suspended in the phosphate buffer solu-
tion.

were solubtlized in 0.1 M phosphate
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Fig. 5. Estimation of molecular weight by SDS slab
gel electrophoresis.
1. Myosin (rabbit muscle): M.W. 205,000
2. B-galactosidase: M.W. 116,000
3. Phosphorylase B. (rabbit mustle): M.W. 97,400
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Fig. 6. Paper chromatograms of the products of hydrol-
ysis of xylooligosaccarides by the xylanase.
The end products of the hydrolyses were separated
by triple development on Whatman No.1 paper with
a mixture of butanol-pyridine-water (5:3:2), and the
spots were visualized with aniline-phthalate spray.
1. standard (xylose), 2. standard (xvlobeose), 3. hydro-
lysate of xylobeose, 4. standard (xylotriose), 5. hydro-
lysate of xylotriose, 6. standard (xylotetrose), 7. hydro-
lysate of xylotetrose, 8. standard {xylopentose), 9. hyd-
rolysate of xylopentose
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Fig. 7. HPLC chromatograms of larchwood hydrolysed
by the purified xylanase.
Reaction time: 1. 6 hr, 2. 12 hr, 3. 24 hr.
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