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Summary

The newly isolated Bacillus stearothermophilus like strains (SP and BC) possessing
Xylanase activity, were characterised for their morphological cultural and biochemical
properties. Both strains were isolated from Bulgarian hot springs and showed
thermostable alkali-tolerant extracellular xylanase production. During submerged batch
cultivation they produced xylanase for relatively short period (12 - 14 h) and maximal
activity (0.3 -0.4 U/ml) was achieved after exhaustion of the carbon source in the
nutrient medium. This indicated that exoxylanase biosynthesis was not growth
associated and was subjected to catabolite repression.

Introduction

Application of xylanases for pre-treatment
of paper pulp to remove xylan decreasing
consumption of chlorine chemicals requires a
thermostable xylanase, active in alkaline pH.
Thermo-stable xylanases are isolated from
different thermophilic bacteria but most of them
are not alkali-resistant [1, 6, 12]. On the other
hand bacterial xylanases, active at alkaline pH,
are not stable at high temperatures [7, 9, 10,
15]. In our previous work we have isolated two
alkali-tolerant thermophilic strains (SP and BC)

with xylanolitic activity by continuous
cultivation from samples collected near
Bulgarian hot springs. It is established
that the xylanases have been thermo-
stable at 70°C for 30 min and resistant
to pH 5.5 - 8.0 (strain SP) and pH 6.0 - 7.5
(strain BC) [2]. The present investigation
is undertaken with a view to characterise
and identify the strains, as well as the

Materials and Methods

Methods described by Gerhard et al.,
Gordon et al., and Sneath [3, 4, 13] were

xylanase production in shaken flask
cultivation.
used for morphological, cultural and

biochemical characteristics of the strains.



For xylanase production, the strains
were cultivated in medium containing (g/1)
birch wood xylan (Fluka) - 2.0; yeast extract
(Difco) - 1.0; bacto peptone - 2.0; pH 8.0 - 8.5.
The cultivation was carried out in 500 ml
flasks containing 200 ml medium, at 60°C,
using a platform shaker (New Brunsweek) at
240 rpm.

Xylanase activity was assayed by mixing
0.05 ml culture supernatant with 0.05 ml of
1.0% birch wood xylan in phosphate buffer
(pH 7.0), and was incubated for 5 min at
70°C. The reducing sugars were determined
by dinitrosalicylic acid method, using

Results and

The results for the morphological, cultural
and biochemical properties of the isolated
strains SP and BC are summarised in Table 1
and Table 2. They showed that the strains
were closely related to each other.
Comparing the characteristics of both of the
strains with the description of different
thermophilic Bacillus species [14], as well as
the description of heterogeneous species
Bacillus stearothermophilus [4, 13], the isolated
strains were assigned to belong to the last
one. The strains SP and BC showed some
differences from the species B. stearothermo-
philus concerning growth at higher pH value,
negative reaction for indol, utilisation of
raffinose, arabinose and manitol, lack of
gelatine hydrolysis.

In Fig.1. the growth and xylanase
production of strain SP and BC are shown.
The xylanase activity of the culture
supernatants appeared after the 4™ hour and
increased to the 12 - 14™ hour of cultivation
(0.3 - 0.4 U/ml), when the cultures were in the
stationary phase of growth and the
concentration of the reducing sugars was

D-xylose as a standard. The supernatant,
mixed with the substrate solution without
incubation was used as a control. Samples
were measured at 540 nm. One unit (U) of
xylanase activity was defined as the amount
of enzyme that produced 1 pmol xylose for
1 min, at pH 7 and temperature 70°C.

The cell concentration was expressed as
the optical density (OD) at 660 nm. The cell
dry weight of the cultures was estimated
from OD using calibration accounting that
one unit of OD was approximately 1.0 mg dry
cell wt/ml for strain SP, and 0.850 mg dry
cell wt/ml for strain BC.

Discussion

very low (0.01-0.02 mg/ml). The decrease of
the cell concentration of strain SP after the
10™ hour was due to the cell lysis. The results
indicated that the xylanase production by
both of the strains was not growth associated
and was carbon-source-repressed.

Among the numerous xylanase producers
from the Bacillus species two strains of
B. stearothermophilus were described:
B. stearothermophilus 4125 [5, 6] and
B. stearothermophilus T-6 [8]. The comparison
between the conditions for the production
and properties of the xylanases of strain SP
and strain BC [2] and these for the above
mentioned strains is shown in Table 3.
Considering this comparison, the relatively
high xylanase activity achieved for a short
period of cultivation (12 - 14 h), the enzyme
thermostability and pH stability, we can
conclude that strains SP and BC are
potentially perspective B. stearothermophilus
producers of thermostable xylanases and
they are of interest for the future studies for
improvement on the cultivation conditions
and respectively on the enzyme vyield.
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Table 1. Morphological, cultural and biochemical properties of strains SP and BC.

Property Strain SP Strain BC
size 1.0-1.5mm 3.0-4.0mm
Morphology of the form circular circular
colonies on nutrient agar, margin undulate undulate
(0]
20hat60°C elevation convex raised
colour pale cream
size Gram positive rods Gram positive rods
Morphology of the (3.1 - 5.4)x(0.2 - 0.9) ym (2.6 - 4.5)x(0.5 - 0.8) pm
cells in nutrient broth, il N N
20 h at 60°C Moty
spores ellipsoidal terminal ellipsoidal terminal
minimum 40 35
Temperature , 60 60
optimum
of growth (°C) b
maximum 65 65
pH ranges of growth 6.0-9.0 6.5-9.5
2 + +
. 3 + +
Growth in NaCl (%)
4 + -
5 — —
Nutrient broth turbid turbid with sediment
Anaerobic growth - -
Azide sensitivity (0.02%) - -
_ H.S - -
Formation of
indol + +
gelatine - -
Hydrolysis of casein +
starch +
Nitrate reduction - +
Use of citrate - -
urease - -
Production of catalase - -
cellulase - -
Voges-Proskauer reaction (V-P) - -
pH in V-P broth 5.7 5.9
intensive proteolysis roteolysis
Action on lacmus milk .I .IV p. e y.| p. . y.|
intensive acidification acidification




Table 2. Utilisation of different carbohydrates?.

Strain SP Strain BC
Carbohydrate
Growth Acid Gas Growth Acid Gas

Arabinose + + - + + _
Rhamnose - - - - - -
Xylose + + - + + -
Glucose + + — + + _
Fructose + + - + + -
Galactose + + - + + -
Ribose - - - + - _
Lactose + + - - - -
Sucrose + + — + + _
Maltose + + - + + -
Cellubiose + + - + + -
Raffinose - - - - - —
Starch + + - + + -
Inulin - - - - - -
Dextran + + — + + _
Glycogen + + - + + -
Adonitol - - - - - -
Mannitol + + - + + -
Sorbitol - - - + + _
Dulcitol - - - - - —
Inositol - - - - - -
Salicin + + - + - _
Control, without "C" - - - - - -

& The medium used consisted (g/1):
(NH4)2HPO, - 1,
KCI - 0.2,
MgS04.7H:0 - 0.2,
thiamine - 0.001, pH - 8.4.

Cultivation at 60°C for several days.
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Fig.1 Cell growth, xylanase activity and reducing sugars.
A. Bacillus sp. SP
B. Bacillus sp. BC



Table 3. Xylanase production by B. stearothermophylus strains.

Xylanasle B. stearothermophilus B. stearothermophilus Strain SP Strain BC
production 4125 T6
Culture conditions
Media with larch wood xylan xylose birch wood xylan birch wood xylan
pH 7.0 n.d. 8.0 8.0
T (°C) 65 60 60 60
Xylanase properties
Maximum 0.1 2.0 05 0.5
activity (U/ml)
T opt. (°C) 78 75 70 70-75
pH opt. 6.5-7.0 6.5-7.0 7.0 7.0
Thermostability| 100%, 112 h, 68°C | 100%, 10 h, 65°C 100%, 200 300(0:3’ 100%, 431, GOOC:’
’ ’ ’ ’ 100%, 40 min, 70°C | 100%, 40 min, 70°C
100%, 30 min, 100%, 30 min,
pH stability n.d. n.d. 60°C, pH559.6 | 60°C, pH 6.0-7.5
MW (kDa) nd.’ 43 92' 92!
Ref. 5,6 8 2 2

' - crude enzmye, 2 - purified enzyme, ® - unpublished data, n.d. - no data.

Blanko, A.,

F. I. J. Pastor,

1993. Can.

References

J. Microbiol., 39, 1162-1166.

Dimitrov, P., M. Kambourova, R. Mandeva,
E. Emanuilova, 1997. FEMS Microb. Lett., 157, 27-30.
Gerhardt, P., R. Murray, R. Costilow, E. Nester,
W. Wood, N. Krieg, G. Phillips Ed., 1981. Manual
of Methods for General Bacteriology, Am. Soc.
Microbiol. Washington, D.C. 20006.

Gordon, R., W. C. Haynes, C. Hor-Nay Pang,
1973. The Genus Bacillus. Agricultural
Handbook N 427, United States Department of
Agriculture, Washington, D.C.

Grueninger, H., B. Sonnleitner, A. Fiechter,
1984. Appl. Microbiol. Biotechnol., 19, 414-42.
Grueninger, H., A. Fiechter, 1986. Enzyme
Microb. Technol., 8, 309-314.

Honda, H., T. Kudo, Y. lkura, K. Horikoshi,
1985. Can. J. Microbiol., 31, 538-542.

Khasin, A., I. Alchanati, Y. Shoham, 1993. Appl.
Environ. Microbiol., 59, 6, 1725-1730.

9. Nakamura, S., R. Nakai, K. Wakabayashi,

10.

1.

12.

13.

14.

Y. Ishiguro, R. Aono, K. Horikoshi, 1994.
Biosci. Biotech. Biochem., 58, 78-81.

Okazaki, W., T. Akiba, K. Horikoshi, R.
Akahoshi, 1984. Appl. Microbiol. Biotechnol.,
19, 335-340.

Perttula, M., M. Ratto, M. Kondradsdoattir, J. K.
Kristjansson, L. Viikari, 1993. Appl. Microbiol.
Biotechnol. 38, 592-595.

Sneath, P. H. A., 1986. Endospore - forming
Gram - Positive Rods and Cocci In: Bergey's
Manual of Systematic Bacteriology, P. H. A.
Sneath (ed.),Vol. 2, Baltimore, MA: Willins and
Wilkins,1105-1138.

Sharp, R. Y., P. Riley, D. White, 1992.
Heterotrophic  Thermophilic  Bacilli. In:
Thermophilic Bacteria, J. K. Kristjansson (ed.),
London: CRC Press Inc., 22-23.

Yang, V. W., 1995. J. Ind. Microbiol., 15,
434-441.





