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ABSTRACT

Two induced mutant strains, obtained from the
fungus Penicillium funicuwlosum after UV treat-
ments, were used for protoplast fusion. These mu-
tants (12 and 18) were selected according to their
dextranase aclivity and slability. Seven fusants
having dextranase over-yield than their parental
sirain were obtained. The best dextranase produc-
ing fusant (No. 2) was selected for further studies.
Deaxtranase was purified from cell-free culture of
fusant 2 by consecutive column chromatography
using Q-sepharose FF, Superose 12 prep. grade
60/600 and Mono Q-FPLC. The purification was
estimated by SDS-PAGE as well as isoelectric
focusing. Four dextranase components (I, I, Il and
V) were separated with an estimated molecular
weights of 67 kDa. The pl of the all components
were found to be around 3.0 as estimated by gel
electrophoresis using both broad and low pl cali-
bration protein kits. The dxetranase components
showed pH and optimum temperature of 5 and
55°C, respectively. Dextran was the sole carbon
source for dextranase production by the dextra-
nase components. The effect of the dexitranase
components on different types of dextrans were
also studied.

INTRODUCTION

Dextranase, =  1,6-D-glucan-6-glucanohy-
drolase (E.C.3.2.1.11), which hydrolyse the « 1,6-
linkage in dextran, was found in different fungi
(Madhu and Prabhu, 1984; Galvez-Mariscal and
Lopez-Munguia, 1991; Petronijevic et al 1993;
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Szczodrak et al 1994); yeast (Webb and
Spencer-Martins, 1983; Koenig and Day, 1988);
bacteria (Wanda and Curtiss, 1994; Hoster ef af
2001 and lgarashi ef al 2004); Kidney, Liver, in-
testine and spleen (Preobrazhenskaya et al
1974) and also in higher plants {Heyn, 1981).

Dextranase enzyme has many industrial appli-
cations such as removing dextrans from sugar
syrup in sugar mills (Lee and Fox, 1985; Barfoed
and Molgaard, 1987; Sun et al 1988; Brown and
Inkerman, 1992). It is also useful in preventing the
farmation of dental caries (Fitzgerald et a/ 1968;
Caldwell et al 1971; Murayama et al 1973;
Hamada and Slade, 1980) and in the production
of clinical size dextran (Day and Kim, 1992).

Protoplast fusion is an efficient tool for inducing
new genetic recombination. Protoplasts are strue-
tures derived from vegetative cells whose their
entire walls have been removed or modified form-
ing what so called "Spheroplasts”. Protoplast fu-
sion leads to a remarkable increase in the fre-
quency of genelic recombination and results in
introducing hybrid products. ie., when mating
closely related strains that make different com-
pounds, novel substances were obtained (Demalin
and Solomon, 1981).

This work was aimed 1o isolate a potent dex-
tranase-producing fusant strain from two mutant
strains of P. funiculosum NRRL 6014 having a high
dextranse productivity and to purify it with a series
of chromatographic processes.

MATERIALS AND METHODS
The organism

Upon the treatment of P. funicufosum NRRL
6014 with UV light, different mutants are obtained.



44 Fatma Talkhan; Saadia Hassanein; Fawkia El-Beih; Mohamed and Jan-Christer

Thesa mutanls were evaluated for their dextranase
productivity and the best enzyme producers (12
and 18) were chosen for protoplast induction.

Media and growth conditions

The fusants were maintained on a medium
containing (g/l): glucose, 30; Peptone, 5; KH:PO.,
1, MgS0..7H:0, 0.5, yeast extract, 0.5 and agar
15-20. The pH was adjusted to 6 and this is con-
sidered as complete medium (CM). The antifungal
medium contains the same components of the
complete medium with addition of one or more
antifungal. The used antifungals were, griseofulvin
{100 pgiml), cycloheximide (250 pg/ml) and nys-
tatin (50 units). These antifungals were produced
by Sigma. The commercial fungicide, topsin (2.5
pgfml), was also used. All antibiotics were dis-
solved in dimethylsulfoside (DEMSOY) hefore add-
ing the sterilized medium, The praduction medium
has the following constituents (g/l): Dextran, 15;
NaMQa, 2; MgS04.7H:0, 2.5 and yeast extract, 2.
The pH of the culture medium was adjusted to 7.
The strain was incubated at 30°C for 8 days on a
rotary shaker (125 rpm). The culture was centri-
fuged at 16,000 g for 20 min. and then used for
purification {Abdel-Aziz, 2005).

Protoplast fusion technique

According to their dextranase productivity and
resistance or sensitivity to one or more anifungal
agents; equal numbers from protoplasts of the two
mutants were mixed and centrifuged, the pellets
were then resuspended in 1ml of prewarmed
(30°C) solution of 20% (wiv) polyethylene ghycol
6000 (PEG) containing 0.01M CaCl2 and 0.5M
glycine buffer (pH 7.0). PEG-treated protoplast
suspension were plated onto an antifungal selec-
tive medium, Colonies were considered as com-
plementary fusants (Reymond and Fevre, 1986;
Prabavathy et al 2006; El-bondokly and Talk-
han, 2007).

Enzyme and protein assay

Dextranase activity was measured by incubat-
ing the enzyme with a buffered dextran (2.5% wiv)
using 0.05M acetate buffer pH 5 at 55°C (Koenig
and Day, 1988; Szczodrak ef al 1994). The en-
zyme activity was measured by detecting the pro-
duced reducing sugar by DNS (3,5-dinitarsalicylic
acid) according to Sumner (1924). One enzyme
unit (I} is the amount of enzyme which liberates

1p mole reducing sugar (glucose equivalent) per
minute under the standard conditions, Protein was
measured according to Lowry ef al (1951).

Dextranase purification

Different purification steps were used to purify
dextranase enzyme from the culture filtrate of
Peniciilivm funictiosum NREL 6014 (fusant strain).
A sample of 500 ml of the culture filtrate, the myclia
have been removed by cenbiifugalion at 16,000 g,
was diluted to about 4000 mi to adjust the condue-
tivity to be similar to the 20 mM Bis-Tris buffer and
the pH was adjusted to 4.8 for both. The sample
was then loaded to Q-Scpharose FF o column
(225ml}) equilibrated with 20 mM Bis-Tris buffer and
eluted with the same buffer containing 0.0-0.2M
NaCl for 5§ column volumes and the dexiranase
activity was measured for the eluted fractions. The
dextranase active fraclions were collecled and
concentrated to be 25 ml by using Amicon Ultrafil-
tration cell through a 10 pk Amicon Millipore mem-
brane and this sample was then loaded to a gel
filtration column (Superose 12 prep. grade 60/600)
equilibrated with 20 mM Phosphate buffer pH 7.0
containing 0.2M MNaCl, then the dextranase active
fractions ( one peak) were also collected and con-
centrated and desalted and this sample (20ml) was
then loaded to Mono Q-FPLC column (10 ml)
equilibrated with 20 mM Bis-Tris buffer pH 4.8 and
elution has been done by the same buffer contain-
ing 0.0-01M NaCl (20column volume, CV). These
chromatographic processes were carried out using
AKTA FPLC Amershamphaimacia biotech [Upp-
sala, Sweden).

Enzyme Characterization

The purity and the molecular weight of the puri-
fiad enzyme were estimated by SDS/PAGE elec-
trophoresis using Phast Gel B-25 with the use of
low molecular weight calibration protein kit. The pl
of the purified enzyme was also estimated by using
IEF electrophoresis using Phast Gel IEF 3-9 with
broad pl protein kit

The optimum pH was measured by incubating
the enzyme at 55°C for 10 min. in 2.5% (w/v) dex-
tran dissolved in buffers with different pHs (3-8)
using different buffers. pH siabilily was measured
by incubating the enzyme alone in different buffers
with different pHs (3-11) for 1h, Temperature opli-
mum was measured by incubating the enzyme with
2.5% (wiv) dextran at pH 5 for 10 min. for different
incubation temperatures ranging from 40 to 75°C.
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The thermal stability was also determined by incu-
bating the enzyme alone at different temperatures
(30-58°C for 80 min). Different carbon sources
[dextran, xylan, starch, cellulose, DEAE-Sephadex,
CM-Sephadex, glycogen, amylose, amylopectin,
Sephadex G-10, 15, 25, 50, 75, 150 and 200) were
tested for dextranase activity by incubating 2.5%
(wiv) of each substrate with the enzyme at 55°C for
10 min. at pH 5 and the residual activity was de-
termined according to Sugiura ef af (1973).

RESULTS AND DISCUSSION

Mutants 12 and 18 were chosen for protoplast
fusion in relation to both their dextranase produc-
tivity and antifungal response (Table 1). Upon pro-
toplast fusion between mutant 12 and 18, seven
stable fusants were obtained and tested for their
dextranase activity. As shown in Table (2) the
seven fusants over-yielded the WT strain in dex-
tranase aclivity by about 154% and 251% for
fusant 3 and fusant 2, respectively. These rasulls
led to the conclusion that protoplast fusion be-
tween high enzyme productive strains of P. funicu-
losum is expected to give higher enzyme produc-
tive fusant strains. Cur results are in agreement
with those reported by other investigators {(Halos
et al 1989; Talkhan, 2000) who reported that
some formed fusants surpassed their parental
strains in enzymatic activity.

Ennzyme purification and characterization

Results from Fig. (1) showed that one UV peak
with dextranase aclivity was produced from the first
purification step on Q Sepharose FF column, This
dextranase active peak was collected, concen-
trated and then loaded to Superose 12 prep. grade
column and a dextranase active UV peak was pro-
duced with an elution volume of about 850 ml (Fig.
2). The dextranase active peak from Superose 12
column was collected, concentrated and desalted
and loaded to Maono @ FPLC column. Four dextra-
nase active peaks were produced with different
elution volumes (Fig. 3). These peaks were col-
lected separately for further studies. The different
purification steps were estimated by SDS-PAGE
electrophoresis (silver staining). Fig. (4a) showed
the different purification steps including the culture
filtrate (lane 2), gel filtration {lane 4) and Q sepha-
rose FF (lane §), but Fig. {(4b) showed the purity of
the last steps on Mono Q columns for the four
companents produced and it was found that all the
pure components had the same molecular weight

{of approx, 67kDa). pl was also measurad with the
use of broad and low pl protein kits and it was
found that the pls of the four components were
around 3.0 ( Fig. 5a &b).

Through the studying of the purification of dex-
tranase enzyme from Peniciliivm funiculosum, two
pure fractions (I&1l) were produced. This enzyme
was purified with the use of BioGel P-60, CM-and
DEAE-cellulose (Sugiura et al 1973). These two
fractions had the same molecular weight
(44, 000Da) and had a very little difference in the pl
(3.98 and 4.19 for | and |l respectively). Also, two
dextranase fractions were produced in the purifica-
tion of dextranase from Aspergiivs cameus. The
enzyme was purified using a sequence of steps
including ammenium sulfate precipitation, ion ex-
change on DEAE-cellulose and gel filtration on
BioGel P-150 (Hiracka et al 1972) and the frac-
tions had the same molecular weight (71,000Da)
with a very little difference in the pl (4.12 and 4.35
for 1&Il respectively). On the other hand, two dex-
tranase pure fractions were produced on the purifi-
cation of dextranase from Penicillium notatum 1 by
DEAE-and CM-celiulose ion exchange and chro-
matofocusing using PBE 94 and the two fractions
showed a litile difference in the molecular weight
(55.8 and 50.1kDa) and pl (49 and 475)
(Pleszezynska ef al 1996),

Table (3} summarizes all the purification steps
of fusant 2 strain of Penicillivm funiculosum A pure
dextranase components (I, I, Ill and IV) were pro-
duced with at the final purification step using Mono
1 FPLC had a yield of 29.87, 7.68, 7.01 and 3.01
for dextranase components |, Il, Ill and IV, respec-
tively with a total of 47.86% of the original total
aclivity. The purification folds were 9, 9, 7 and 3 for
dextranase componeants |, 1, Il and IV with a total
of 28 folds. Lee and Fox (1985) purified two dex-
tranase enzymes (I&1l) through two stage ion ex-
change chromatography, enzyme | showed a puri-
fication fold of 35.5 and 16% yield but dextranase
Il had purification fold of 19 and 4% yield,

Maximum dextranase activity was observed at
pH 5 for all purified dextranase companents (I, Il
Il and 1) under standard conditions by incubating
the enzyme with 2.5% (wiv) buffered dextran (pH
from 3-8) at 55°C (Fig. 6). All of the four purified
dextranase components showed a pH stability up
to pH 10 when incubated alone in a buffer (pH
from 3-11) at room temperature for 1 hours (Fig.
7). It was found that both the optimum pH and sta-
bility were depending upon the microbial strain
used. Dextranase enzyme from Chaefomium grac-
ile (two fractions) showed an optimum pH of 5.5
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Table 1. Enzyme production nand antinfungal sensitivity of the selected mutants

1
uv Antifungal test
Mutants | exposure fime Enzyme production
min.
( ) {Ufml) Y%WT Nystatin | Topsin |Griseofulvin| Cyclohexamide
12 4 292.53 208.71 + - - +
18 10 269.21 192.07 - + - -

WT =Wild type strain

Table 2. Dextranase activity of the fungal fusants resulted from pro-
toplast fusion between mutants 12 and 18 aleng with paren-
tal strains of Penicillium funiculosum NRRLED14

| a
— | Enzynula activity
Uiml % to W.T.

W.T. 140.16 100.00
Mutant12 292.53 208.10
Mutant 18 269.21 192.07
Fusant 1 467.63 333.65
2 492.63 351.48

3 355.46 253.61

4 453.78 323.786

5 403.82 288.10

6 469.04 334.65

7 441.29 314.85

and the enzyme showed a pH stability in the pH
range from 5.5 to 11 (Hattori ef al 1981). But, pure
dextranase enzyme from Fusardum sp. had a
maximum activity at pH 6.5 and showed a pH sta-
bility from between pH 4.5 and 11.8 (Shimizu et al
1998). On the other hand, dextranase from Asper-
gillus cameus was found to have an optimum ac-
tivity at pH 5.0 and showed a pH stability from pH
4.5 to 9.0 (Hiraoka et al 1972). Also dexiranase
fram Paecilomyces lifacinus had an optimum dex-
tranase activity at pH 4.5 (Lee and Fox, 1985), but
dextranase from Sporothrix schenckeil showed an
optimum pH of 5.0 and pH stability of 4.5-5.5 (Ar-
nold et al 1998).

The resulis (Fig. 8) showed that the purified
enzyme components have an optimum tempera-
ture of 55°C and the thermal stability was up to
35°C (Fig. 9), above which the activily was sharply
decreased. Dextranase from Fusarium moniliforme
had an aplimum temperature of E5°C (Simonson
et al 1975) and from Chaetomium gracile had an
optimum dextranase activity at 55°C (Hattorl et al
1881), and it was also 55°C for dextranase enzyme
from Faecilomyces Macinus, but the dextranase
enzyme from Fusrum sp. showed an optimum
activity at 35°C and had a thermal stability below
45°C (Shimizu et al 1998),

Arab Univ. J. Agric. Sci., 17(1), 2009
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Fig. 1. lon exchange chromatography on Q Sepharose (V, 225 ml) fast
flow. 400ml of the culture filtrate from fusant 2 was diluted to 3000ml
with distilled water and then applied to the column. The column was
equilibrated with 20mM of Bis-Tris (pH 4.8) and the elution was
achieved by applying MaCl-gradient Of 0.2 M (100%) at a linear flow
rate of 10 ml/min. The dofted line represents the dextranase activity in

uiml.
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Fig. 2. Size-exclusion chromatography on Superose 12 prep grade 60/600.
A concentrate (25ml) of the dextranase active material from Q Sepharose
FF was loaded to a 6x60 cm Superose 12 prep. grade column {1700ml)
equilibrated in 20 mM phosphate buffer pH 7.0 containing 0.2 M NaCl.
The linear flow rate is 5 mliimin, The dotted line represents the dextranase
activity in u/mil
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Fig. 3. lon exchange chromatography on Mono Q FPLC. Sample 25ml of crude dex-
tranase from supesose 12 after concentration and desalting was loaded to a 110
em Mone Q FPLC column (10ml) equilibrated in 20mM Bis-Tris pH 4.8, containing
0.1 MaCl. The linear flow rate is 1ml/min. Four dextranase-active peaks were

produced
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Fig. 4a. SDS-PAGE electrophoresis of different

purification steps of Penicillium funicu-
losum NRRL 6014 fusant. Culture filtrate,
ion exchange on ( sepharose FF and gel
filtration on Supercse 12 prep. grade
60/600 were analyzed by SDS/PAGE on
Phast Gel gradient 8-25. Lane 1 and 5
represent the low molecular weight cali-
bration protein, lane 2, 3, and 4 represent
the culture filtrate, gel filtration step on su-
perose 12 and Q@ ion exchange on Q
sepharose respectively

Da
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Fig. 4b. SD5-PAGE electrophoresis of purified

dextranase fractions. The four sepa-
rated peaks from Mono Q were analyzed
by SDS/PAGE on Phast Gel Gradient 8-
25, Lane 1 and 6 represent the low mo-
lecular mass calibration proteins and lane
2, 3, 4 and 5 represent the purified dex-
tranase compaonents 1, 11, Il and IV re-
spectively
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Fig. 5a. IEF electrophoresis of purified dextra- Fig. 5b. |EF electrophoresis of purified dextra-

nase fractions, The four purified peaks nase fractions. The four purified peaks
from Mono Q FPLC were analyred by |IEF from Mono @ FPLC were analyzed by IEF
on FPhast Gel IEF 3-9. Lane 1, 2. 3 and 4 on Phast Gel IEF 2.5-6.5. Lane 3, 4, 5 and
represent the purified dextranase compo- G represent the purified dextranase com-
nents I, Il, Il and IV respectively and lane ponents |, Il, Il and IV respectively and
5 represent the broad pl calibration pro- lane 1and 2 represent the low pl calibra-
tein tion protein

Table 3. Purification of dextranase components from fusant 2 Penicillium funiculosum NRRL 6014

Purificati ¢ Activity | Total activity | Total protein Specific activity Yield | Purification
bl il b R T (Uy mag) | (U/mg protein) (%) (fold)

Culture filtrate 24978 112403.70 63.00 1784.19 100 1

Q-Sepharose FF | 2472.38 86550.85 11.69 7403.83 77.00 4

Superose 12prep | 3302.73 82568.15 8.95 022549 7346 5

grades0/800

MonoQ FPLC

[ 4196.40 33571.20 2.16 1554222 28.87 2]

I 2951.20 8853.60 0.57 15532.63 7.88 9

1 1971.22 7884 88 0.6 1314143 7.0 7

" 575.81 3379.05 0.8 5632.50 3.01 3

Arab Univ. J. Agric. Scl,, 17(1), 2009
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Fig. 6. Determination of the optimum pH of the purified dextranase compo-
nents from Penicillium funiculosum NRREL 6014 (fusant 2)
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Fig. 7. Detection of the pH stability of the purified dextranase components from Penicillium
funicufosum NRRL 6014 (Fusant 2) after 1h
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Table 4. The effect of different substrates on the purified dextranase enzyme from
Penicillium funiculosum NRRL 6014 fusant

Substrate Main linkage Bieiate asivity %)
| I i I

Dextran T500 i-1,6 100,00 100.00 100.00 100.00
Amylose ie-1,4 0.00 0.00 0.00 0.00
Amylopectin w-1,4 0.00 0.00 0.00 0.00
Glycogen o-1,4 0.00 0.00 0.00 0.00
Starch e-1.4 0.00 0.00 0.00 0.00
Cellulose o-1,4 0.00 0.00 0.00 0.00
Kylan a-14 0.00 0.00 0.00 0.00
Dextrin a-1.6 0.00 0.00 0.00 0.00
DEAE-Sephadex w-1,6 2977 2117 17.58 15.98
CM-S;_E phadex o-1,6 0.00 0.00 0.00 0.00
Sephadex G-10 a-1,6 0.00 0.00 0.00 0.00
G-15 a-1,6 0.00 0.00 0.00 0.00
35-25 a-1,6 0.00 0.00 0.00 0.00
G-50 a-1,6 0.00 0.00 0.00 0.00

G-75 o-1.6 3761 26.44 2271 23.18

| G-150 | o-1,6 67.67 60.89 59.83 56.55
| 5-200 it-1,6 8265 76.20 66.18 73.11

Arab Univ. J. Agrle. Scl., 17(1), 2008
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Table (4) illustrates the effect of different sub-
strates on the activity of the purified dextranase
components from Penicilium funiculosum NRREL
B014 Fusant 2 and it was found that the enzyme
showed an activity towards «-1,6 glucosidic link-
ages in dextran and dextran derivatives (Sephadex
G-75, 150 &200) but not with the other compounds
and higher cross-linked dextrans (Sephadex G-
10—50). Dextranase components {I, Il, lIl and IV)
didn’t hydralyze CM-containing «-1,6 linkage. It is
concluded that this fact is due to an ionic or steric
effect caused by carboxymethyl group of the sub-
strate (Hattori ef af 1981). Dextranase from Peni-
cillium funiculosum hydrolysed Sephadex of G50,
75 and 200 and not hydrolysed Sephadex G25
{Sugiura et al 1973). Also, dextranase from Peni-
cillium acuwleatum showed a dextranase activity
with Sephadex G50 and G200 and no aclivity was
found for DEAE-cellulose and DEAE-sephadex
(Madhu and Prabhu, 1984).
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