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Abstract

Bacillus circulans AB 16 isolated from a garbage dump produced appreciable quantities (19.28 1U/ml) of extracellular therm-
ophilic xvlanase. but negligible quantities of cellulase. when grown on 0.3% xylan. The optimum pH for the enzyme was 6.0-7.0, but
it was stable over a wide range of pH (5.0-9.0). The optimum temperature was 80°C. The organism produced 20.6 IU/ml of xylanase
in shake flask on nce straw. an inexpensive lignocellulosic biomass. Glucose, fructose, xylose and other sugars induced enzyme levels
only in the range 0.82-2.52 IU/ml. The crude enzyme produced on rice straw showed good thermal and pH stability, retaining 67%
acuvity after | h at 70°C, pH 9 and 84.5% activity after 2 h at 65°C, pH 9. The enzyme had a half-life of 24 h at 70°C, pH 7. When
the xylanase from B. circulans AB 16 was used in the prebleaching of eucalyptus Kraft pulp the amount of chlorine was reduced by
20", without any decrease in brightness. The viscosity of xylanase-treated pulp was 9.5-9.7 cp, whereas that of the pulp treated
exclusively with chlorine was 9.2 cp. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Xylanase (l. 4-B-p xylan xylanohydrolase., EC
3.2.1.8) has a wide range of potential biotechnological
applications. It is already produced on an industrial
scale for use as a food additive for poultry to increase
feed efficiency (Classen, 1996) and in wheat flour for
improving dough handling and the quality of baked
products (Rouau et al.. 1994). Recently the interest in
xylanase has markedly increased due to the potential
industrial uses, particularly in pulping and bleaching
processes. using cellulase-free preparations (Viikariet al.,
1994a; Bajpai et al.. 1994; Wong et al., 1996). Faced
with market, environmental and legislative pressures the
pulp and paper industry is modifying its pulping.
bleaching and effluent treatment technologies to reduce
the environmental impact of mill effluents. Rightly or
wrongly “Chlorophobia™ has played a major role in the
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drive to find alternative bleaching technologies. A
treatment with xylanases can improve the chemical ex-
traction of lignin from pulp (Bajpai et al., 1994). This
leads to a significant saving of chemicals required for
bleaching and to a reduction of toxic chlorine com-
pounds released into the environment. The main prob-
lems with enzyme bleaching that the pulp and paper
industry is facing are the availability and cost of the
enzyme. About 30-40% of the production costs of many
industrial enzymes is estimated to be accounted for by
the cost of growth substrate (Hinman, 1994). The use of
low cost substrates for the production of industrial en-
zymes would be expected to greatly reduce production
costs. To keep the production cost low, agricultural
wastes are frequently suggested or used (Wizani et al.,
1990).

Lundgren et al. (1994) reported that the use of
hemicellulases including xylanases for delignification in
the paper industry has been slowed down by the lack of
large-scale availability of enzymes active at pH above 8
and temperatures around 60°C, which are the conditions
prevailing in many bleaching processes. The usable pH
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and temperature rangss of some of the commercial en-
zvmes are pH 5-7 and 55°C for Irgazyme 10. pH 3-5
and 30-30°C for Cartazyme HS-10, pH 5-6 and 50-
33°C for Ecopulp, pH 5-6 and 55°C for xylanase from
logen and for Pulpzyme HB pH 6-8 and 50-55°C. These
enzymes require previous neutralization of pulp with
acid to pH 6-7 for optimal activity (Vicuna et al., 1997),
while Novozyme, another commercial enzyme with an
application temperature of 40°C and pH of § (Bajpai
et al.. 1994), requires cooling of the pulp for optimal
enzvme activity. Both neutrahzation with acid and
cooling of incoming pulp for optimal activity are addi-
tional steps which add to the operational costs. There-
fore. it was of interest to study the production of
xvlanase which had both thermostability and alkalitol-
erance and also the ability to hyperproduce on low-cost
agricultural residucs. In this paper we report a thermo-
stable and alkalitolerant xylanase from B. circulans AB
16 with an activity of 20.6 1U/ml and a potential for
biobleaching. Xylanase from B. circulans AB 16 showed
the highest thermal and pH stability when compared to
those from other Bacillus sp.

2. Methods
2.1. Organism and growth conditions

B. circulans AB 16 was isolated from a garbage dump
in Delhi. India and was grown in a medium (designated
basal medium) containing 0.1% KH,PO,, 0.1%
K:}'{PO_'. 0.05% 1\1gSO.|. 0.1% NI"L;C]. 0.3% oat spell
xvlan or varied percentages of other carbon sources, 1 ml
of vitamin solution (composition per 100 ml: biotin
—2me. folicacid -2 mg. pyridoxine hydrochloride— 10 mg,
thiamine hvdrochloride — 5 mg. calcium p-pentothenate
~ 5 mg. vitamin B 12 - 0.1 mg. p-aminobenzoic acid -
3 mg. lipoic acid — 53 mg. volume made to 100 ml)
and trace elements 10 ml (composition per 100 ml
stock solution: C¢HoNOg (nitrilotriacetic acid) — 1.5 g,
MnSO.-2H,0 - 1.0 g. FeSO;-7H,0-0.2¢g. CoCl;-0.2 g,
CaCl,-2H-0 - 0.2 g. ZnSO; - 0.2 g. CuSO4-5H,0 -
0.02 g, ’SL](SOJ ,: -0.2 g, H}BO_} - 002 g. Na:MO.;'ZH:O
- 0.02 g: 2 ml of nitrilotriacetic acid stock solution and
1 ml of the other stocks were mixed and the volume made
to 100 ml). The pH of the medium was adjusted to 8. The
inoculum was prepared in basal medium containing
the particular carbon source. One hundred milliliters of
the above medium in 250 ml flasks was inoculated with
I ml of inoculum culture grown in the same medium for
24 h and incubated at 55°C and at 200 rpm. Growth on
xvlan and rice straw was estimated by determination of
the biomass protein using the Biuret method (Itzhaki and
Gill. 1964). Protein in the supernatant was measured by
the Bradford method (Bradford. 1976) with bovine
serum albumin fraction V as the standard.

In the induction experiment different agricultural
residues; corn cob, wheat bran, oat bran, rice bran, rice
husk. oat husk, bagasse, rice straw and wheat straw were
used. Xylanase activity was estimated in the supernatant
at 24 h intervals after centrifugation (10000xg for
10 min at 4°C) of the culture broth. The lignocellulosic
substrates were washed and treated as per the method of
Rajaram and Varma (1990).

2.2. Enzyme assay

Xylanase (EC 3.2.1.8) and cellulase activities were
assayed by measuring the formation of reducing sugar
by the dinitrosalicylic acid (DNS) method (Miller,
1959). The xylanase activity was assayed at 65°C and
cellulase at 55°C. To the reaction mixture containing
50 mM, pH 7, sodium phosphate buffer, 200 ul of 2%,
xylan (Sigma) and a suitable enzyme preparation was
added to give a final reaction volume of 2 ml. The
xylanase was assayed at 65°C and after 10 min 2 ml of
DNS was added to stop the reaction. The solution was
heated in a boiling water bath for 15 min and then
stored on ice for 5 min. Absorbance was measured at
550 nm against a reagent blank. One unit of xylanase
activity is defined as the amount of enzyme that released
1 pmol reducing sugar equivalent to xylose per min
under the above assay conditions. Cellulase was deter-
mined as above but with 2% (w/v) carboxy-methyl
cellulose (Sigma) as the substrate.

2.3. Enzyme treatment of pulp

Washed, oven-dried, eucalyptus Kraft pulp was
obtained from Ballarpur Paper Mills, Yamunanagar,
Haryana. The pulp at 5% consistency was treated with
xylanases harvested from xylan (96 h) and rice straw
(120 h) at 7 IU/g of pulp. The pulp was put in plastic
bags which were kept in a water bath at 55°C for 3 h.
After enzyme pretreatment the pulp was washed with
cold water.

2.4. Chemical bleaching

The enzyme-treated pulp was bleached in a multistage
bleaching process using a CEH sequence, where CEH
refers to chlorination, extraction and treatment with
calcium hypochlorite. The trial was carried out at Bal-
larpur Industries R&D Laboratories. The permanganate
number, brightness and viscosity were 15.0%, 31.8% and
15.5%, respectively. Pulp was bleached with 4.5% chlo-
rine for 45 min at 30°C at 3% pulp consistency, while the
enzyme pretreated pulp was treated with 3.6% chlorine.
The pulps were dewatered and extracted with 2%
NaOH, at 60°C for 1 h at 10% consistency. The calcium
hypochlorite treatments were conducted at 40°C and
10% pulp consistency for 1 h.
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2.3 Analvtical technigue

Permanganate number as the measure of lignin con-
tent was determined by the reaction of the pulp with
acidified potassium permanganate (Tappi method T
251). Viscosity of all samples of the pulp was determined
by dissolving dehgnified pulp in cupriethylenediamine
(CED) and measuring the viscosity of a 0.5% solution
with an Ostwald viscometer (Tappi method T 230).
Brightness of a paper sheet was determined at 457 nm
with a photovolt instrument (Bajpai et al.. 1994).

All results reported are averages of three replicates.

3. Results and discussion

3.1. Induction of xvlanase during the growth of B.
circulans AB 16

B. circulans AB 16, when grown in a basal medium
containing 0.5% sucrose, arabinose, maltose, xylose.
glveerol, fructose or glucose. utilized the sugars com-
pletely within 24 h. The xylanase activity was in the
range 0.82-2.52 1U/ml as compared to 19.28 IU/ml on
xylan. No growth of B. circulans was observed with
CMC in the basal medium. Similarly, with other Bacillus
sp. Esteban et al. (1982) and Nakamura et al. (1993)
have reported low or no xylanase activity in the presence
of simple sugars but high extracellular xylanase activity
with xylan as the carbon source.

Among the various agricultural residues tested
(Table 1) bagasse, rice straw, oat husk, rice husk and

Table 1
Induction of xylanases by B. circulans AB 16 grown on agricultural
residues for 72 h*

Carbon source Xylanase activity Extracellular

(IU/ml) protein

(mg/ml)
Corn cob (UT) 2% 1.20 0.020
Wheat bran (W) 3% 8.45 0.238
Oat bran (W) 2% 0.83 0.109
Rice bran (UT) 2% 0.38 0.219
Rice husk (UT) 2% 5.64 0.047
Rice husk (T) 2% 0.66 (0.13) 0.169
Oat husk (UT) 2% 0.85 0.104
Oat husk (T) 2% 18.5 (0.10) 0.217
Bagasse (W) 3% 15.76 (0.16) 0.122
Bagasse (T) 3% 14.69 0.159
Rice straw (W) 3% 20.6 (0.10) 0.178
Rice straw (T) 3% 17.46 0.145
Wheat straw (UT) 3% 21.3 (0.06) 0.231
Wheat straw (W) 3% 20.2 0.214
Wheat straw (T) 3% 15.12 0.185
Xylan 0.3% 19.28 (0.12) 0.193

*UT = untreated, W =washed with water, T=1treated with alkali,
Values in ( ) are the cellulase activity at 72 h (IU/ml). The values are
averages of three replicates.

wheat straw were the best inducers of xylanase in AB 16,
with enzyme activity in the range 15.7-21.3 [U/ml. In-
crease in enzyme activity over the untreated substrate
was observed on rice husk and oat husk both of which
had been treated with alkali. However, the activity was
less on bagasse, rice straw and wheat straw treated with
alkali than on the same substrates washed with water. A
similar effect of enhancement in xylanase activity on
alkali treatment was observed by Ghosh and Deb (1988)
in Thielaviopsis basicola and by Rajaram and Varma
(1990) in Bacillus thermoalkalophilus. In B. circulans AB
16, low xylanase activity was observed with corn cob,
oat bran, wheat bran. This is in contrast to Ther-
momyces lanuginosus where corn cobs were found to be
the most effective substrate for xylanase production
when compared to wheat bran and wheat straw (Gomes
et al., 1993).

3.2. Production and stability of xylanase grown on rice
straw

3.2.1. Growth and xylanase production

B. circulans AB 16 was grown on rice straw at 37°C,
55°C, and 60°C. Maximum enzyme production was at
55°C with xylanase activity 2.4 times and 7.2 times
greater than that at 37°C and 60°C, respectively. The
optimum temperature for enzyme production with xylan
was also 55°C (data not shown). The growth of B. cir-
culans AB 16 on rice straw at 55°C was rapid in the
initial 24 h and there was slight increase in cell biomass
even up to 96 h. Xylanase production increased rapidly
up to 36 h and was stationary after 72 h with maximum
enzyme yield (20.6 IU/ml) and negligible cellulase
activity 0.1 IU/ml (Fig. 1). This is a positive attribute
when it comes to using the enzyme for bleaching where
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Fig. 1. Time course of growth and enzyme production by B. circuluns
AB 16 on rice straw. Growth was monitored by measuring cell protein
and xylanase activity was assayed from cell free culture supernatant at
65°C and pH 7.0.
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