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Abstract:

B-glucanase was purified from a solid-staite culture of Trichoderma reesei on wheat bran in three

steps which comprised ammonium sulfate precipitation, Sephadex G-100 chromatography, and DEAE-Sepha-

dex A-50 chromatography. The molecular mass was determined to be 35.21 kilodaltons by sodium dodecyl sul-

fate-12.5% polyacrylamide gel electrophoresis. The B-glucanase at low pHs was more stable than that at high

pHs, and optimum pH was 5.0. The optimum temperature was 60 °C, and S-glucanase was relatively stable
at below 40 °C for 60 min. The K,, of the enzyme on 3-glucan was 10.86 mg/ml, and the V, , on S-glucan

was 14286 pmol of glucose equivalents per mg of the pure enzyme per min. The 3-glucanase activity was sig-

nificantly inhibited by Fe’* ions, and was reduced in the presence of Cu?* ions; Mr’* ions and Mg?* ions ai

S mmol/L and 10 mmol/L; respectively. The f-glucanase activity was stimulated by Co?* ions, Ca®* ions,

Zn2 +

Key words:
Document code: A CLC number:
INTRODUCTION
Hemicelluloses; which include (-glucan,

mannans> and xylans, are major constituents of
plant cell walls. The utilization of starch from
plant material requires the degradation of hemi-
cellulose material that coats starch grains » and
endosperm cell walls of cereals such as barley
are particularly rich in 3-glucans and arabinoxy-
lans CFincher et al., 1986) . B-glucans account
for up to 70% of the cell wall in the barley en-
dosperm( Buliga et al., 1986). B-glucans con-
sist of glucose units joined by 8-1,4 and 8-1,3
linkages and include lichenin, or barley B-glu-
can yielding solutions of high viscosity which can
lead to problems such as reduced rate of wort
and beer filiration in the brewing indusiry, and
can also lead to haziness, precipitation, and gel
formation in siored beer. These polymers also
have antinutritional properties, particularly in
chicken diets where their “ gumminess” and indi-

ions, and Fe’* ions at 1 mmol/L and 5 mmol/L, respectively.

Trichoderma reesei > 3-glucanase; purification and characierization, siability

Q814.1

B-glu-
canase (1, 3-1, 4-B3-D-glucan 4-glucanohydro-
lase; lichenase) (EC 3.2.1.73) cleaves 3-1,4

linkages adjacent to 3-1, 3 bonds in glucans,

gestibility severely affect food intake.

vielding chiefly cellobiosyliriose and cellotrio-
syltetraose ( Anderson et al., 1975; Fleming et
al.» 1977). There is considerable interest in 3-
glucanases in the brewing indusiry. For exam-
ple: the application of B-glucanase can reduce
the wort or beer filtration time and prevent hazi-
ness in the finished producis . In the feed indus-
try B-glucanase can be used as feed additive to
decompose the B-glucan > and is a valuable tool
as a natural way to improve feed utilization and
control pollution through reducing animal wastes
(Brenes et al.» 1993; Broz et al., 1994; Jens-
en et al., 1996; Partrige et al., 1995; Viveros
et al., 1994). B-glucanases had been found in
several Bacillus species( Murphy et al., 1984;
Hofemeister et al., 1986; Borriss et al., 1990;
Lloberas et al.» 1991; Gosalbes et al., 1991).
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A f3-glucanase from the anaerobic Fungus Orpi-
nomyces strain PC-2 had been reported ( Chen et
1997).

most potent producers of cellulase and hemicel-

al. Trichoderma reesei is one of the
lulase system. The present work reports the puri-
fication and characterization of a f-glucanase
from Trichoderma reesei sirain GXC.

MATERIALS AND METHODS

Material

[3-glucan was obtained from Sigma Chemical
(St. Louis; MOD. Sephadex G-25, Sephadex
G-100> DEAE Sephadex A-50 and high molecu-
lar weight range kit (14.3 - 220.0 KD) were
purchased from Pharmacia ( Amersham Pharma-
cia Biotech in China). All other chemicals used
were of reagent grade obtained from sitandard
sources .

Organism and culture conditions

The organism used was Trichoderma reeset
GXC supplied by Feed Science Institute of Ani-
mal Science College of Zhejiang University. It
was kept as a spore at —20 °C.

Solid state fermentation ( SSF) technology
was used for the production of §-glucanase by
Trichoderma reesei GXC. The culiure medium
used was wheat bran with moisture level of
50% > and was sterilized for 30 min at 121 °C.
The organism was cultivated for 2 days in a 500
ml flask coniaining 50 g medium at 32 °C. All
inoculations were performed with spores at a final
concentration of 10° spores/ml of culture medi-
um.

Purification of enzymes

All operations were performed at 4 °C unless
otherwise mentioned. The fermented about 200 g
medium was suspended in 2000 ml of 50 mmol/L
sodium acetate buffer pH 5.3. After 2 h at 20
“Con a shaker, the supernatant used in the am-
monium sulfate precipitation siep was obtained
by centrifuging (5000 g> 15 min). The crude
extract of enzyme was precipitaied with ammoni-
um sulfate (30% saturation) followed by centri-
fuging (5000 g, 15 min); the supernatant was
precipitated again with ammonium sulfate (60%
saturation) followed by centrifuging (10 000 g,
15 min) . The ammonium sulfate precipitate was

dissolved in 5.0 ml of 50 mmol/L sodium acetate
buffer> pH 5.3, and de-salted on Sephadex G-
25 column (2 em x 50 ¢m) and eluted with so-
dium acetate buffer (50 mmol/L, pH 5. 3).
Fractions with large molecular size proteins were
collecied. The fractions containing (-glucanase
were pooled, concenirated. The enzyme coniain-
ing sample was applied on Sephadex G-100 col-
umn (2 em x 50 em) and eluted with the same
buffer system. The enzyme coniaining fractions
were pooled; concenirated and reapplied io a
DEAE-Sephadex A-50 column (1.2 em x 20
e¢m) under a new set of conditions. B-glucanase
was eluied with a buffer system consisting of 20
mmol/L NaCl in 50 mmol/L sodium acetate> pH
5.3 and 300 mmol/L. NaCl in 50 mmol/L sodium
acetate; pH 5. 3. Afier elution with starting
buffer (20 mmol/L. NaCl in 50 mmol/L. sodium
acetate, pH 5.3), a linear gradient of NaCl (20
to 300 mmol/L) was applied. The flow rate was
12 ml/h; and fractions (3 ml each) were col-
lected and analyzed for 3-glucanase activity and
Aciive fraciions

protein conceniration . were

pooled and concenirated .

Polyacrylamide gel electrophoresis

The molecular weight determination by sodi-
um dodecyl sulfate-polyacrylamide gel electro-
phoresis ( SDS-PAGE ) using 12. 5% gel was
done as described by Laemmli (1970). High
molecular weight protein (code RPN 756) stan-
dards were used for molecular mass determina-
tion. The markers used were lysozyme
(14.3KD); trypsin inhibitor (21.5KD ), car-
bonic anhydrase ( 30.0KD ),  ovalbumin
(46.0KD), bovine serum albumin (66.0KD),
phosphorylase b ( 97.4KD ) and myosin
(220.0KD). Proteins were stained with Coom-
assie brilliant blue R-250.
pH optimum and stability

The effect of pH on B-glucanase activity was
measured over a range of 3.0 io 8.0 by using a
Na, HPO,-citric acid buffer system under stan-
dard enzyme assay conditions.

The effect of pH on S-glucanase stability was
determined by using the Na, HPO,-citric acid
buffer system over a pH range of 3.0 to 7.0.
After incubation of the enzyme in various buffers
at 30 °C for 1 h, the pH was adjusted to 5.3,
and B-glucanase activities were determined un-



108

SUN Jianyi, LI Weifen et al.

der standard enzyme assay conditions.
Temperature optimum and stability

The temperature optimum was measured by
using the standard assay within the temperature
range of 25 to 85 C.

Thermal stability was determined by assaying
for residual (3-glucanase activity after incubation
of B-glucanase in sodium actetate buffer (50
mmol/L, pH 5.3) at various temperatures for 60
min. One ml portions were removed at 15 min
intervals, the enzyme was cooled and residual
activity was determined under standard enzyme
assay conditions .

Effects of various compounds on f-glucanase activity

[-glucanase samples were incubated with va-
rious compounds at 1.0 mmol/L, 5.0 mmol/L
and 10. O mmol/L;, respectively; the [3-glu-
canase activity was determined under standard
enzyme assay conditions. The salts used were
CaCl,» MgSO,> CuSOy> ZnSO;> MnSOy,
FeCly;» FeSO, and CoCl, .

Michaelis-Menten Kkinetics

[3-glucanase assays were performed by using
a range of O to 10 mg/ml 3-glucan in sodium ac-
etate (50 mmol/L, pH 5.3). Assays were per-
formed at 50 “C by using the same enzyme con-
centration of the assay mixiure. Michaelis-Ment-
en constants were determined by using a Lin-
eweaver-Burk plot.

Determination of B-glucanase activity

[3-glucan solution concentration used in the
[3-glucanase assay was 1% in 100 mmol/L sodi-
um acetate buffer (pH 4.8). One g of 3-glucan
was suspended in 6 ml of ethanol. Aboui 80 ml
of sodium acetate buffer was added and heated to
boiling point while stirring until the sodium ace-
tate dissolved, then followed by cooling to room
temperature by continued stirring with a magnetic
stirrer . Then the volume was made up to 100 ml
with sodium acetate buffer. The substrate may be
stored for a maximum of one week at 4 °C. For
the determination of 3-glucanase, two tubes with
1.8 ml of 8-glucan solution were equilibrated at
50 °C for 5 min, then 0.2 ml of diluted enzyme
solution was added to one of the tubes and mixed
well. The reaction mixture was incubated at 50
°C for 10 min, and siopped by addition of 3.0
ml of DNS reagent. To the other tube without

enzyme was added 3.0 ml DNS reagent too, then
0.2 ml of enzyme solution was added and mixed
well. Both tubes was boiled for exactly 5 min
and cooled to room temperature. The reducing
sugar released against the enzyme blank was de-
termined by the dinitrosalicylic acid method with
glucose as the standard (Miller, 1959) .

One unit of B-glucanase activity was defined
as the amount of the enzyme thai catalyzed the
formation of 1 nmol of glucose from B-glucan in
described

one second under the conditions

above.

Measurement of protein content

Protein concenirations were estimated by the
dye-binding assay method of Bradford (1976,
and bovine serum albumin was used as the stan-

dard.

RESULTS AND DISCUSSION

B-glucanase purification

After iwo day of cultivation, the fermented
medium was suspended in 50 mmol/L sodium ac-
etate buffer CpH 5.3), and cenirifuged to re-
move insoluble material, the supernant was used
for enzyme purification. The Sephadex G-100
chromatograph of the ammonium sulfate precipi-
tated enzyme (60% saturation) is shown in Fig.
1 Fractions 44-55 which showed high aciivity on
[-glucan, were collected and concentrated by
ammonium sulfate precipitation, desalted by gel
filiration with Sephadex G-25 column equilibrat-
ed with 50 mmol/L. sodium acetate buffer (pH 5.
3), and eluted with the same buffer.

—O— Protein{ug/mlL}

5000 [—e— B-glucanase activity{U/ml) 7450 z
Jan0 E
. 4000F Psoz
E J300 =
2 30001 J250 8
g J200 3
7] L
g 2000 {150 §
& 2
1000 ;gﬂ ?
.................. J, 2
0 g

1 19 2?2 35 43 51 59 &7
Fraction number

Fig.1 Chromatograph of f-glucanase on
a Sephadex G-100 column
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The enzyme containing sample was applied
on a DEAE-Sephadex A-50 column equilibrated
with 50 mmol/L sodium acetate buffer containing
20 mmol/L. NaCl, and enzyme protein was eluted
with a linear gradient composed of 300 ml 20
mmol/L. NaCl in 50 mmol/L sodium acetate buff-
er (CpH 5.3) and 300 ml 300 mmol/L. NaCl in
the same buffer. The DEAE-Sephadex A-50 col-
umn chromatograph is shown in Fig. 2 Several
protein peaks were eluted, peak I showed S3-glu-
canase activity. Fractions 24-28, which showed
high B-glucanase activity were pooled and con-
centrated by 60% saturation of ammonium sul-
fate and desalted as described aboves and then
reapplied to the DEAE-Sephadex A-50 column
with the same buffer described as above. The (3-
glucanase was eluted as a single peak. The puri-
fication steps are summarized in Table 1. The

purification scheme resulted in a 14.60-fold pu-
rification of B-glucanase relative to the crude
enzyme extract and a substantial increase in the

specific activity, from 1469 to 21361 U/mg.
3301 —— NaCl (mmol/L) 138
3001 —— Betaglucanase (U/ml)1 30
% 250t —o— Protein (pg/mh) 425 &
; 420 2
3 200f E
Q150
g 100 410
* 15
SOR o -
S e Atk r ol ot ()
4 63 79 93

=

Fraction number

Fig.2 Elution pattern of B-glucanase on
a DEAE-Sephadex A-50 column

Table 1 Summary of purification of a f-glucanase from culture medium extract

Steps Tutazl [.‘llt;l(‘il'l To':‘al_a.t-.tivit_v Spctiﬁ_(- activity Puriﬁtation Yi.cld
mg Units) (U/mg) factor (%)
Crude enzyme 1 228.57 1 804 724 1 469 1 100
Ammonium sulfate 273.38 634 765 2322 1.58 35.17
Sephadex G-100 28.00 379 160 13 541 9.22 20.01
DEAE-Sephadex A-50 5.59 119 406 21 361 14.60 6.62
Molecular weight of f-glucanase
The molecular weight of fB-glucanase was
35.21 kilodaltons as determined by sodium do- e
decyl sulfate-12.5% polyacrylamide gel electro-
phoresis (Fig. 3). B-glucanases from different
sources showed variation in their molecular P ."::_'
weight. The molecular mass of the mature enz- &

yme,> from Rhodothermus marinus expressed in
Escherichia coli was estimated to be 29.7 kDa
(Spilliaert et al., 1994, from Bacillus brevis
cloned in Escherichia coli was estimated to be
about 29 kDa by sodium dodecylsulphate ( SDS)-
polyacrylamide gel electrophoresis ( Louw et al. ,
1993) , from Clostridium thermocellum was
about 35 kDa (Schimming et al, 1991) , from
Bacteroides succinogenes cloned in  Escherichia
coli was estimated to be 35,200 by electrophore-
sis (Erfle et al.,» 1988), from Orpinomyces sp .
strain PC-2 constructed in Escherichia coli had a
molecular mass of 27 kDa on sodium dodecyl
sulfate-polyacrylamide gels( Chen et al., 1997).

| 2
Fig.3 SDS-Polyacrylamide gel electrophoresis of
purified B-glucanase. Lane 1, purified
B-glucanase: Lane 2, protein standards
(from the bottom): lysozyme (14.3KD),
trypsin inhibitor (21.5KD). carbonic
anhydrase (30.0KD), ovalbumin (46.0KD),
bovine serum albumin (66.0KD), phosphory-
lase b (97.4KD) and myosin (220.0KD).
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Effect of pH on B-glucanase activity and stability

The Na,HPQO,-citric acid buffer
(3.0-8.0) was used to study the effect of pH on
[-glucanase activity. The buffer used to study
the effect of pH on p-glucanase stability was
Na, HPO,-citric acid (pH 3.0 - 7.0). Fig. 4
shows the 3-glucanase activity curve with respect
to pH. The (3-glucanase showed high activity in
a pH range of 3.0-5.0. The optimum pH was
5.0. The application of $-glucanase in the feed
industry to digest the hemicellulose and decrease

system

the digesta viscosity demands good enzyme activ-
ity and stability under acidic conditions. The 8-
glucanase activity was 76. 0% of the optimum
pH at pH 3.0. The stability of the { 3-glucanase
at pH 3.0 — 7.0 was determined. As seen in
Fig. 5, the B-glucanase activity was relatively
more stable at low pHs than at high pHs. The
optimum was at pH 5 when S-glucanase activity
was 94.87% . The optimum activity appearing
in acidic condition was found to be the same as

1241

&01
40
20

Relative activity (%)

Fig.4 Effect of pH on the activity of
B-glucanase

120r
100 F
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Fig.6 Effect of temperature on the
P-glucanase activity

Effect of temperature on B-glucanase activity and
stability

The temperature optimum of purified 3-glu-

that of fungal B-glucanases from Trichoderma
longibrachiatum (Sharma et al., 1987). It was
found io be different from that of other enzyme
The relative activity of [3-glucanase
from Bacillus subtilis was in the region of 6.5 to
6.6 (Ezio et al., 1961). The enzyme from
Rhodothermus marinus had a pH optimum of 7.0
(Spilliaert et al.» 1994) . The lichenase activity
of BgaA from an alkalophilic Bacillus strain
(N137) is stable from pH 6 to pH 12. A ther-
moactive beta-1,3-1;4-glucanase from Clostridi-
um thermocellum is aciive pH 5 io pH 12
(Schimming et al., 1991). The pH-optimum
for enzymatic activity of B. amyloliquefaciens 3-
glucanase was found to be pH 6 to 7 and for B.
macerans at pH 6.0 to 7.5, bui their hybrid
enzyme had maximum activity from pH 5.6 o
pH 6.6 (Borriss et al.>» 1989). A 1,3-1,4-be-

ta-D-glucanase from Bacteroides

sSources.

succinogenes
cloned in Fscherichia colt had a broad pH opti-
mum with maximum activity ai approx. pH 6.0

(Erfle et al.,1988) .
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Fig.5 The stability of the fB-glucanase
at pH3.0-7.0 for 1 h at 30 °C

Relative activity (%)

20
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Time{mum

Fig.7 The thermostability of
P-glucanase
canase was measured by using the standard assay
in the temperature range of 25 °C 10 85 C. Fig.
6 shows that the (-glucanase activity increased
with rise of temperature, maximized at 60 C;
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then decreased rapidly with the temperaiure, and
exhibited about 17% of the maximal activity at
the temperature of 70 °C; and was about 87 % of
the maximal activity at 50 °C uvsed for siandard
activity measurements .

For determining the thermostability, the enz-
yme solution in 50 mmol/L sodium actetate buffer
(pH 5.3) at various temperatures for different
times, the enzyme was cooled and residual aciiv-
ity was determined under sitandard enzyme assay
conditions. Fig. 7 shows that the (-glucanase
was stable during 60 min incubations at tempera-
ture of =40 “C; that loss of enzyme activity was
rapid above 50 “C; and that the loss rate of ac-
tivity increased with rise of temperature.

The optimum temperaiure may differ signifi-
cantly depending on different sources. For some
fungal B-glucanases, the optimum temperature
was around 50 °C(Sharma et al., 1987). How-
ever, the optimum temperatures of some enz-
ymes,> such as those produced by bacieria are
higher than those of fungal enzymes. For exam-
ple> the enzyme from Rhodothermus marinus ex-
pressed in Escherichia coli had a temperature op-
timum of 85 °C» and was shown to retain full ac-
tivity afier incubation for 16 h at 80 C and had
a half life of 3 h at 85 °C (Spilliaert et al.,
1994) . Enzyme activity of an alkalophilic Bacil-
lus sp . strain N137 expressed in Escherichia coli
showed maximal activity ai temperaiture of 60 °C
to 70 °C, and retained 65% of its activity afier
incubation at 70 °C for 1 h (Tabernero et al.,
1994). For an enzyme from a Bacillus brevis
cloned in Escherichia colis the optimum temper-
alure was 65 to 70 °C; when incubated ai 75 °C
for 1 h, 75% residual aciivity was measured
(Louw et al., 1993). A thermoactive enzyme
from Clostridium thermocellum had a temperaiure
optimum of about 80 °C ( Schimming et al.,
1991) . Howevers enzyme from Bacteroides suc-
cinogenes cloned in Escherichia coli had a lower
temperature optimum of 50 °C (FErfle et al.,
1988).

Michaelis-Menten kinetics

For determining the Michaelis-Menten con-
stants, purified enzyme was incubaied with dif-
ferent substrate concentrations (0-10 mg/ml S3-
glucan) under standard assay conditions. K,

and V., were 10. 86 mg/ml and 14286 pumol/

mg, rvespectively, determined from Lineweaver-

Burk plots (Fig.8).

Effect of various compounds on f-glucanase activity

B-glucanase standard reaction mixtures were
incubaied with various compounds at 1 mmol/L,
5 mmol/L. and 10 mmol/L, respectively. The
enzyme activity was determined under standard
enzyme assay conditions.

00006
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0.0004 | 1]

|
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0.0002 ¥=0,00076 x + 0.00007
’ RY=0.9880
0.0001
L Q 1 I 1

Fig.8 K, and V_, from Lineweaver-Burk plots

Table 2 Effect of compounds on f-glucanase activity

Relative activity (%)

Compound =T VL5 mmol/L 10 mmol/LL
Control 100 100 100
CaCl, 106.36 114.71 63.95
MgSO, 101.49 92.05 86.51
Cu SO, 93.18 70.11 54.65
7ZnSO0, 125.00 108.45 103.84
MnSO, 98.86 90.92 84.88
FeCly 71.59 47.70 31.40
FeSO, 124.55 114.94 89.53
CoCl, 121.59 137.24 130.81

As seen in Table 2, Cu®*, Mn®>* and Fe*
had inhibitory effect on the 3-glucanase activity,
Fe’* ions were the most inhibitory at 10 mmol/L
concentration, inhibiting B-glucanase activity by
68% .

glucanase activity at the different concentrations .

Cu’* had the same negative effects on f3-

The (-glucanase retained more enzyme activity

in the presence of Fe?*

than in the presence of
Fe’* at the same concentration. Fe?* and Ca’*
had negative effect on enzyme activity at 10
mmol/L,> but had positive effeci at 1mmol/L and

5 mmol/L.. Mg?* exhibited inhibitory effect on
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enzyme activity at 5 mmol/L and 10 mmol/L. 3-
glucanase activity was also stimulated by Zn**
ions at 1 mmol/L and 5 mmol/L, and Co®* ions
at concentration of 1 — 10 mmol/L.

References

Andersons M. A., Stone; B.A., 1975. A new substrate for
investigating the specificity of (8- glucan hydrolases.
FEBS Lett . 52:202 — 207.

Olsen, O., Thomsen, K. K., 1989.

Hybrid bacillus endo-( 1-3, 1-4)-beta-glucanases: con-

Borrisss R.» et al.,
struction of recombinant genes and molecular properties
of the gene products. Carlsberg Res Commun: 54€2):
41 -54 .

Borrisss R. > Buetiner, K. » 1990. Siruc-
ture of theB3-1,3-154-glucanase gene of Bacillus macer-

Maentsaelae, P.»

ans: homologies to other beta-glucanases. Mol . Genet .
222:278 — 283.

Bradford, M. M., 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principal of protein-dye binding. Anal. Biochem .
72:248 —254.

Brenes; A.; Smith, M., Guenters W., et al.> 1993. Effect
of enzyme supplementation on the performance parame-
ters and digesiive tract size of broiler chickens fed
wheai- and barley- based diets. Pouliry Science 72:
1731 - 1739.

Broz; J.» Perrin, V., 1994. Dose related efficiency of Tri-
choderm viride enzyme complex on performance of broil-
er chickens receiving pelleted feeds. Archives Geflugelk
58:182 - 185.

Buliga; G.S.» Brant: D.A ., Fincher,G.B., 1986. The se-
quence statistics and solution conformation of a barley
(1—>3,1—>4)-B-D-glucan. Carbohydr. Res. 157:139
- 156.

Chen; H., Li, X.L., Ljungdahl, L.G., 1997. Sequencing
of a 1, 3-1, 4-beta-D-glucanase (lichenase) from the
anaerobic fungus Orpinomyces sirain PC-2: properties of
the enzyme expressed in Escherichia coli and evidence
that the gene has a bacierial origin. J Bacteriol Oct .
179C19): 6028 — 6034.

Edles J.D.s Teathers R.M.> Wood> P.J., et al., 1988.
Purification and properties of a 1, 3-1, 4-beta-D- glu-
canase (lichenase, 1, 3-1, 4-beta-D-glucan 4-glucano-
hydrolase; EC 3.2.1.73) from Bacteroides succino-
genes cloned in Escherichia coli. Biochem J Nov 1:285
(3):833 - 841.

Ezio, A.M., Edward, A.H., Edward, L.R., 1961. Enzy-
matic Properties of af-glucanase from Bacillus subiilis.
The Journal of Biological Chemistry . 236(11):2858 —
2862.

Fincher, G. B., Stone, B. A., 1986. Cell walls and their
components in cereal grain Technology. Recent Adv.
Cereal Grain Technol . 8: 207 —293.

Kawakami, K., 1977. Studies of the fine
structure of 3-D-glucans of barleys exiracited at different
temperatures. Carbohydr. Res. 57:15-23.

Gosalbes, M. J., Perez-Gonzalez, J. A.,

Fleming, M.,

Navarro, A.»

1991. Two B-glycanase genes are clustered in Bacillus

polymyxa : molecular cloning, expression and sequence
analysis of genes encoding a xylanase and an endo-§-
1, 3>-(1, 4)—glucanase. J. Bacteriol. 173: 7705 —
7710.

Hofemeisters J., Kurtz> A., Borriss; R., et al., 1986.
Thef-glucanase gene from Bacillus amyloliquefaciens
shows extensive homology with that of Bactllus subtilis .
Gene 49:177 — 187.

Jensen, M. S., Thaela; M. J., Pierzynowski> S. G., 1996.
Exocrine pancreatic secretion in young pigs fed barley-
based diets supplemented with beta-glucanase. Journal
of Animal Physiology and Animal Nutrition . 75:231 —
241.

Laemmli, U. K., 1970. Detection of structural proteins dur-
ing the assembly of the head of bacteriophage T4. Na-
ture C London) . 227:680 — 685.

Lloberas, J., Perez-pons,J.A., Querol, E., 1991. Molecu-
lar cloning, expression and nucleotide sequence of the
endo — -1, 3-1, 4-D-glucanase gene from Bacillus li-
cheniformis. Eur. J. Biochem . 197:337 — 343.

Louw>M.E., Reid,S.J., Waison,T.G., 1993. Character-
ization, cloning and sequencing of a thermostable endo-
(1,3-1,4) beta-glucanase-encoding gene from an alka-
lophilic Bacillus brevis. Appl Microbiol Biotechnol Jan .
38(4>:507 - 513 .

Miller G. L.» 1959. Use of dinitrosalicylic acid reagent for
determination of reducing sugars. Anal. Chem . 31:426
—428.

Murphy> N., McConnell, D.J., Cantwell, B.A., 1984. The
DNA sequence of the gene and genetic conirol sites for
the excreted B. subiilis enzyme S-glucan. hydrolase.
Nucleic Acids Res . 12:5355 — 5367 .

Pariniges G.» Wyatt, G., 1995. More {lexibility with new
generation of enzymes. World Poultry . 11(4):17 - 21,

Schimming, S., Schwarz, W. H., Staudenbauer, W. L.,
1991. Properties of a thermoactive beta-1, 3-1, 4-glu-
canase (lichenase) from Clostridium thermocellum ex-
pressed in Escherichia coli. Biochem Biophys Res Com-
mun May 31.177(1):447 — 452 .

Sharma, A ., Nakas,J.P., Sharma, A., et al., 1987. Pre-
liminary Characierizaiion of Laminarinase from Tn-
choderma Longibrachiatum. FEnzyme Microb. Technol .
9.89-93.

Spilliaert; R., Hreggvidsson, G. O., Kiistjansson, J. K.,
1994, Cloning and sequencing of a Rhodothermus mari-
nus gene, bglA, coding for a thermostable beta-glu-
canase and iis expression in Escherichia coli. FEur J
Biochem .224(3):923 — 930

Taberneros C., Coll, P. M., Fermandez-Abalos, J. M.,
1994. Cloning and DNA sequencing of bgaA, a gene
encoding an endo-beta-1,3-1, 4-glucanase, from an al-
kalophilic Bacillus strain (N137) . Appl Environ Micro-
biol . Apr.60(4):1213 —1220.

Viveros> A., Brenes; A.> Pizarros M., et al., 1994. Effect
of enzyme supplementation of a diet based on barley and

growth

Animal

autoclave treatment on appareni digestibility,
performance and gut morphology of broilers.
Feed Science and Technology . 48:237 — 251





