Appl Biochem Biotechnol (2009) 159:24-32
DOI 10.1007/s12010-008-8439-1

Endoxanthanase, a Novel 3-D-Glucanase Hydrolyzing
Backbone Linkage of Intact Xanthan from Newly
Isolated Microbacterium sp. XT11

Bing Li - Jigiang Guo - Wenfu Chen - Xiaoyi Chen -
Ligang Chen - Zhiwen Liu - Xianzhen Li

Received: 15 July 2008 /Accepted: 11 November 2008 /
Published online: 3 December 2008
© Humana Press 2008

Abstract A novel endoxanthanase was produced and isolated from the culture of
Microbacterium sp. XT11 growing on xanthan. Optimum pH and temperature for the
enzyme activity were 6.0 and 35-40 °C, respectively. The endoxanthanase cleaves the
backbone endo-f3-1,4-glucosidic linkage of the xanthan molecule, which is specific to
the intact xanthan. However, the lyase-treated xanthan or carboxymethyl cellulose could
not be cleaved by endoxanthanase.

Keywords Xanthan - Endoxanthanase - Xanthan degradation - 3-D-glucanase -
Microbacterium

Introduction

Xanthan is an extracellular polysaccharide produced by phytopathogenic bacterium
Xanthomonas campestris pv. campestris and is composed of a cellulosic backbone chain
with trisaccharide side chains consisting of mannosyl-glucuronyl-mannose attached «-1,3
to alternating glucosyl residues [1]. The internal and terminal mannosyl residues of the side
chain are frequently acetylated and pyruvylated respectively, depending on the bacterial
strains and growth conditions [2]. Xanthan is considered to play a key role in the virulence
of Xanthomonas bacterial cells against plants [3].

Xanthan has been widely used in food industry and microbial-enhanced oil recovery
field because of its superior rheological properties [4, 5]. Xanthan degradation is very
useful in altering the viscosity of suspensions injected into the underground oil bearing
formations and in producing elicitor-active oligosaccharides from xanthan [4, 6]. However,
xanthan is a highly stable polysaccharide not easily degraded by most microorganisms,

B. Li-J. Guo* X. Chen* L. Chen * Z. Liu* X. Li (<)

Department of Bio & Food Engineering, Dalian College of Light Industry,
Dalian 116034, People’s Republic of China

e-mail: xianzhen@mail.com

W. Chen
Institute of Rice Culture, Shenyang Agricultural University,
Shenyang 110161, People’s Republic of China

\V)
3¢ Humana Press



Appl Biochem Biotechnol (2009) 159:24-32 25

although some microorganisms were reported to participate in depolymerization of xanthan
[7-10]. Nankai et al. [11] elucidated the enzymatic route for xanthan degradation in
Bacillus sp. strain GL1 by analyzing the structures of xanthan depolymerization product, in
which xanthan is depolymerized after the pyruvylated mannosyl terminals are eliminated
from side chains. Two types of xanthan-degrading enzymes, xanthan lyase and
endoxanthanase (endo-f3-1,4-D-glucanase), are included in the initial depolymerization
[11]. Xanthan lyase, catalyzing the cleavage of the glycosidic bond between pyruvylated
mannosyl and glucuronyl residues in xanthan side chains [12], has been well documented
for xanthan modification. However, endoxanthanase catalyzing the hydrolysis of the main
chain of xanthan has rarely been characterized. It was reported that such an endoxanthanase
cleaved only backbone (3-1,4-D-linkage of the lysed xanthan [7, 13]. Recently, we isolated a
xanthan-degrading bacterium Microbacterium sp. strain XT11, which produced extracel-
lular xanthan-degrading enzymes [14]. In this paper, we describe a novel xanthan
depolymerase, endoxanthanase, which is specific to the intact xanthan with trisaccharide
side chains but not to the lysed xanthan.

Materials and Methods
Microorganism and Culture Conditions

Microbacterium sp. strain XT11 was isolated from soil sample as described previously [14]
and was maintained on the xanthan medium plates composed of 3 g xanthan, 0.5 g yeast
extract, and 15 g agar in 1 L of the mineral salts solution. The mineral salts solution
contained (per liter) 50 mg K,HPO,4, 800 mg NaCl, 25 mg MgSO,47H,0, and 700 mg
KNOs;, pH 7.0. For endoxanthanase production, 500 mL of xanthan medium in a 1.5-L
Erlenmeyer flask was inoculated with 5 mL of an overnight culture grown in the same
medium and aerobically incubated for 36 h at 30 °C and 150 rpm.

Enzyme Assay

Endoxanthanase activity was assayed viscometrically using xanthan as substrate. The
reaction mixture consisted of 0.3% (w v ') of xanthan in 0.02 mol L™" phosphate buffer
(pH 6.0) and appropriately diluted enzyme was incubated at 35 °C for 15 min, and the activity
was determined by measuring the reduction in viscosity [14]. Appropriate controls for the
viscosity decrease with addition of the heated endoxanthanase (100 °C, 5 min) were included.
One unit of the enzyme activity was defined as the amount of enzyme that produced a net
decrease in viscosity of 1 centipoise (cp) per min under the above conditions.

Protein Determination

Protein content was determined by the dye-binding assay of Bradford [15], with bovine
serum albumin as a reference protein, or was measured by light absorption at 280 nm. All
experiments were done in triple.

Effect of Temperature and pH on Enzyme Activity

To assess the temperature optimum, the enzyme activity was measured at different
temperatures according to the standard procedure described above. The thermostability of
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endoxanthanase was assayed by measuring the residual enzyme activity after the
endoxanthanase was incubated in 0.02 mol L' phosphate buffer for different time at
30 °C or 40 °C. To determine the optimal pH for endoxanthanase, the activity was
measured as described above but xanthan was dissolved in 0.02 mol L™ buffers of different
pH values, in which citrate buffer is for pH range 3.4 to 6.0, phosphate buffer is for pH
range 6.0 to 8.0, and phosphate-citrate buffer is for pH range 3.0 to 7.0. All experiments
were done in triple.

Purification of Endoxanthanase

Unless otherwise specified, all operations were carried out at 4 °C; the buffer solution was
0.02 mol L™" phosphate buffer.

Dual Precipitation of Culture Fluid with Ammonium Sulfate

The culture fluid of Microbacterium sp. strain XT11 was centrifuged at 10,000xg for
10 min, and the supernatant was precipitated by 40% saturation of ammonium sulfate and
held for 4 h at 4 °C. After centrifugation at 15,000xg for 20 min, the additional ammonium
sulfate was added into the supernatant to 70% of the final saturation with stirring and kept
for 4 h at 4 °C. The precipitated protein was collected by centrifugation at 15,000xg for
20 min. The resultant pellet was dissolved in 0.02 mol L™ phosphate buffer (pH 6.0) and
dialyzed against the same buffer with three changes of the buffer.

CM-Cellulose (C22) Column Chromatography

The enzyme solution fractionated by ammonium sulfate above was applied to a
carboxymethyl (CM)-Cellulose column (1.7x15 cm) previously equilibrated with
0.02 mol L' phosphate buffer. The column was washed with the same buffer, and then
the enzyme was eluted with a stepwise gradient of NaCl (60 mL and 0.06 mol L' every
stepwise) in the same buffer. The finial elution was applied to the column with 60 mL of
1 mol L™" NaCl. Fractions were collected every 3 mL and protein was detected by UV light
absorption at 280 nm.

DEAE-Sephadex Column Chromatography

The dual precipitated fraction of the culture fluid with ammonium sulfate was applied
to a diethylaminoethyl (DEAE)-Sephadex column (1.7x15 cm) previously equilibrated
with 0.02 mol L' phosphate buffer. The enzyme was washed with the same buffer and
then was eluted, respectively, by 0.06, 0.12, 0.18, 0.24, 0.3, and 0.36 mol L ! NaCl in the
same buffer (60 mL each gradient). The final elution of column was carried out with the
same buffer containing 1 mol L ' NaCl. Fractions (3 mL) were collected and protein was
detected by UV light absorption at 280 nm. Active enzyme fractions were combined,
dialyzed against 0.02 mol L™ phosphate buffer (pH 6.0), and stored at 4 °C.

SDS-PAGE

Endoxanthanases in the dual precipitated cell-free culture and in the fractions from different
purification steps was determined using sodium dodecyl sulfate-polyacrylamide gel
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electrophoresis (SDS-PAGE) by the method of Laemmli [16]. Proteins were stained with
Coomassie Brilliant Blue G-250.

Results
Purification of Endoxanthanase

The dual precipitated enzyme with ammonium sulfate was applied to the CM-Cellulose
column equilibrated with 0.02 mol L' phosphate buffer at pH 5.0, 7.0, or 9.0 separately
and was eluted with a stepwise gradient of NaCl at the equilibrated pH. The elution profile
was illustrated in Fig. 1. The enzyme activity was washed out when the phosphate buffer
without NaCl was applied to the column at all the tested pH. Most of the protein was also
washed out together with the endoxanthanase, resulted in a low purification fold (about 1).
This suggested that the endoxanthanase could not be fractionated on the CM-Cellulose
column.

The culture fluid precipitated by ammonium sulfate was applied to a DEAE-Sephadex
column previously equilibrated with 0.02 mol L™" phosphate buffer at pH 3.0, 5.8, or 7.0,
respectively. As shown in Fig. 2 A, the endoxanthanase was eluted between fractions 17
and 36 with 0.06 mol L™ NaCl, when the column was equilibrated with phosphate buffer at
pH 3.0 and was eluted with a stepwise gradient of NaCl in the same buffer. The results in
view of the elution profile indicated that the endoxanthanase was not fractionated
effectively on the DEAE-Sephadex column when the pH value of the elution buffer is at
pH 3.0. There were three active peaks occurred at fractions 72—82, 98—100, and 108-110,
respectively, when the DEAE-Sephadex column was equilibrated and eluted at pH 7.0
(Fig. 2 C), which was eluted with 0.18, 0.24, and 0.30 mol L' NaCl separately. However, a
big protein peak was eluted together with the last two active fractions. The endoxanthanase
was also purified on DEAE-Sephadex column with a stepwise gradient of NaCl at pH 5.8
(Fig. 2 B). The enzyme was eluted at fractions 52—-61, 87-97, and 117-122, respectively,
the NaCl concentration of which used for the elution of the enzyme activity was 0.12, 0.24,
and 0.30 mol L' NaCl separately. Most of the other protein was eluted out when the final

Fig. 1 CM-Cellulose column 0.454 A 45
chromatography of endoxanthanase ] i
from culture broth of 0.30 3.0
Microbacterium sp. XT11. Dual 0.1 5: ._1 53
precipitated cell-free culture fluid - ] L g
of strain XT11 grown on xanthan & 0.004= 0.0 2
was applied. Column was equili- 8 0'45'. ' B :9 >
brated and eluted with 0.02 mol < 0.304 P
-1 c 0 2
L~ phosphate buffer at 4 pH 5.0, S 1 L =
B pH 7.0, or C pH 9.0 separately. S 0.154 :‘ -3 :
Fractions (3 mL) were collected. A= 19 A -
Symbols: dashed line, protein; & 0.00 B : 0 §-
broken line, endoxanthanase 0.607 & C 6 ©
activity 0.457 i ,
0.304 |t -4
0.154 } | 2
0.00+ T T T 0

1
50 75 100
Fraction number

o
n
[&)]

Mo,
3¢ Humana Press



28 Appl Biochem Biotechnol (2009) 159:24-32

Fig. 2 Elution profile of the 1 PR
endoxanthanase on DEAE- 0'15'_ i ? \
Sephadex column. The column 0.104 ":' /,l ':
was previously equilibrated and 1 o
eluted with 0.02 mol L' 0.05 . =
phosphate buffer at 4 pH 3.0, B ’§ 0.00 H c
pH 5.8, or C pH 7.0. Dual a 1 A 5
precipitated cell-free culture fluid o) 0'75'_ Il :"'- g
. ~ [} ' >
of strain XT11 grown on xanthan = 0.501 : ! . =
was used. Symbols: dashed line, D T Pl . 2
protein; broken line, ° 0'25'_ Py I ]
endoxanthanase activity o 82(5) — = @
0.30 [
J w
0.15
0.00~——= 0

) )
0 25 50 75 100 125 150
Fraction number

elution (1 mol L' NaCl) was applied to column, which was separated completely from the
active fractions. The analysis of the pooled fractions by SDS-PAGE was shown in Fig. 3.
The active fractions 5263 eluted with 0.12 mol L' NaCl at pH 5.8 were combined,
dialyzed against 0.02 mol L™ phosphate buffer (pH 6.0), and used for the characterization
of the endoxanthanase.

Effect of Temperature and pH on Enzyme Activity

The enzyme activity was determined in 0.02 mol L' phosphate buffer (pH 6.0) at different
temperatures. As shown in Fig. 4, the optimum temperature was found to be at 35-40 °C.
The thermostability of the enzyme in 0.02 mol L' phosphate buffer (pH 6.0) was
illustrated in Fig. 5. Only 18% of activity was lost after incubation for 120 min at 30 °C,

Fig. 3 SDS-PAGE analysis of
the purification steps

of endoxanthanase from
Microbacterium sp. XT11. Lane
1, dual precipitated cell-free
culture; lane 2, pooled fractions
72-82 on Fig. 2 C; lane 3, pooled
fractions 52-61 on Fig. 2 B; lane
4, pooled fractions 87-97 on
Fig. 2 B; lane 5 pooled fractions
116-123 on Fig. 2 B
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whereas the residual enzyme activity was 5.6% when the enzyme was incubated at 40 °C
for 10 min, indicating that the endoxanthanase was unstable at 40 °C.

The effect of pH on enzyme activity was studied at 35 °C in the pH range 3.0 to 8.0 with
different buffer. The enzyme was the most active at pH 5.5 for citrate buffer and pH 6.0 for
both phosphate and phosphate-citrate buffer, respectively (Fig. 6). There was almost no
difference in activity when the enzyme was assayed in different buffers of the optimum pH.
To test the pH stability, the enzyme was incubated for 30 min at different pH and 30 °C,
and the residual activity was determined at pH 6.0 and 35 °C. The results showed the
narrow pH of stability at pH 6.0-7.0 (Fig. 6).

Substrate Specificity

To examine the substrate specificity of the endoxanthanase, the enzyme was incubated at
35 °C for 15 min in a mixture containing 0.02 mol L' phosphate buffer (pH 6.0) and
various substrates (0.3%, w v '). Intact xanthan, especially pyruvylated xanthan, was
degraded by endoxanthanase fast. However, the endoxanthanase could not depolymerize
xanthan treated with xanthan lyase and carboxymethyl cellulose.

Fig. 5 Thermostability of
endoxanthanase from
Microbacterium sp. XT11. After
the endoxanthanase was incubat-
ed in 0.02 mol L™ phosphate
buffer (pH 6.0) at 30 °C (filled
circle) or 40 °C (filled triangle),
respectively, for different time,
the residual activity was
measured at 35 °C

Enzyme activity (U/mL)

0.0 T T T T T T T T T T
0 30 60 90 120 150

Time (min)
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Fig. 6 pH optimum and stability 10.0
of endoxanthanase from
Microbacterium sp. XT11. En-
zyme activity was assayed at

35 °C in 0.02 mol L' buffers of
phosphate (filled circle),
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Michaelis Constant

The effect of xanthan concentrations on the enzyme activity in 0.02 mol L™ phosphate
buffer (pH 6.0) was studied at 35 °C. The K, value calculated from Lineweaver—Burk plots
of log velocity versus reciprocal of substrate concentration was 1.87.

Effect of Metal Ions on Enzyme Activity

The enzyme activity was determined in the presence of various metal ions. As shown in
Table 1, the enzyme activity was inhibited in the presence of 10 or 100 mmol L' of Cu2",
Fe2", Fe**, and Cr’*. The endoxanthanase was almost completely inhibited by Fe’" at
100 mmol L™', and Cu®" inhibited endoxanthanase activity by 84% at 100 mmol L™". Ca**
enhanced insignificantly enzyme activity at 10 mmol L™" but inhibited enzyme activity at
100 mmol L™".

Discussion

As we know, xanthan lyases have been documented in modification of xanthan for food
industry, while very little literatures exist on the purification and characterization of xanthan

Table 1 Influence of metal ions

on endoxanthanase activity. Ton concentration 0.01 mol L™ 0.1 mol L™!
Control 100£1.6 100+1.8
cu* 58.4+1.3 16.1+2.1
K" 93.6+2.1 91.2+1.7
Mg** 95.2+2.1 85.7+2.0
Mn?* 96.1%1.5 59.5+2.4
The residual enzyme activity was Pt 344416 20205
expressed as the percentage 3 . ) : :
against a control without metal Cr 37.1£25 69.6+1.6
ions addition. Results are ca’* 106.1+2.8 54.8+1.7
presented as means + standard Fe** 63.3+2.5 50.0+1.3

deviation
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Table 2 Purification of endoxanthanase from the xanthan-grown culture of Microbacterium sp. strain XT11.

Step Total protein  Total activity Specific activity =~ Yield Purification
(mg) ) (Umg") (%) (fold)
Cell-free culture broth 34 10,000 294.1 100 1
Ammonium sulfate precipitation 0.32 1,200 3,750 12 12.8
(40-70%)
DEAE-Sephadex 0.022 120 5,454.5 1.2 18.5

The data for both total protein and total activity were means of three independent values and standard
deviations were less than 5% of the means

depolymerase [7, 13]. Sutherland [17] reported that the partially purified 3-glucanohydrolase
from a Bacillus sp. cleaved both endo-3-1,4-linked and endo-3-1,3-linked polymers with side
chains. Xanthan depolymerase was also purified from the culture of bacterial consortium,
which hydrolyze the backbone linkages of the modified xanthan or carboxymethyl cellulose
[7].

When Microbacterium sp. strain XT11 was cultured in the medium containing xanthan
as the sole carbon source, the viscosity of the culture decreased with the increasing cell
growth and reached the level of water when cell growth approached a plateau, indicating
that the enzyme endolytically hydrolyzing backbone of xanthan occurred in the culture [6].
Both CM-Cellulose column and DEAE-Sephadex column were tested for endoxanthanase
purification. However, the endoxanthanase could not be purified on the CM-Cellulose
column, because the enzyme activity cannot be absorbed on CM-Cellulose column when all
the tested pH values were examined (Fig. 1). The endoxanthanase was eluted out of the
column together with the most other proteins by the balanced buffer. When the dual
precipitated enzyme with ammonium sulfate was applied on the DEAE-Sephadex column,
the endoxanthanase could be fractionated clearly depending on the pH values used for
elution (Fig. 2). Extracellular endoxanthanase was purified 18.5-fold with a recovery of
1.2% from the culture fluid when the enzyme was fractionated on the DEAE-Sephadex
column with 0.12 mol L' NaCl at pH 5.8 (Table 2). The enzyme, cleaving the p-1,4-
linkage on the backbone of xanthan, was most active at pH 6.0 and 3540 °C. It is different
from -D-glucanase of Bacillus specifically acting on xanthan after treatment with xanthan
lyase [11]; the endoxanthanase of Microbacterium sp. XT11 acted on the intact xanthan
with trisaccharide side chains but not on the lyase-treated xanthan. Carboxymethyl cellulose
could not be cleaved by endoxanthanase either. It was presumed that the endoxanthanase of
Microbacterium sp. XT11 was specific to the pyruvated mannose terminals in side chains
rather than to the unsaturated terminals. The changes in OD235 was not detected during
degradation of xanthan by endoxanthanase, indicated that there was no lyase activity
occurred in endoxanthanase. Such an endoxanthanase could be used for the preparation
of the bioactive oligosaccharides and the treatment of Xanthomonas infectious disease
[6, 18] or has a potential application in biodegradation of xanthan injected into
underground oil [4]. To our knowledge, this is the first report on the endoxanthanase
cleaving the backbone linkage of the intact xanthan molecule with trisaccharide side
chains.
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