Culture conditions for enhanced cellulase
production by a native strain of Penicillium

purpurogenum

J. Steiner*®, C. Socha and J. Eyzaguirre

A cellulolytic wild-type strain of Penicillium purpuregenum was isolated from a soil sample in southern Chile. It
grew best at 28°C from an inoculum of 4 x 10 spores/100 ml medium. Highest endoglucanase activity was with
Sigmacell as carbon source and corn steep liquor as nitrogen source. Wheat bran enhanced the production of
endoglucanase and fFglucosidase. The enzymes in the crude supernatants were stable up to 50°C and between

pH 4.4 and 5.6 for 48 h.
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Enzymatic hydrolysis of cellulose on an industrial scale is
hindered by the high cost of the enzymes involved. There
has therefore been much research directed towards finding
new microbial sources of the enzymes, particularly amongst
f-ung:i of the genus Trichoderma {Wood 1968; Mandels 1982},
However, although Trichoderma spp. produce high activities
of cellulases, they secrete low amounts of f-glucosidase, an
enzyme necessary for the conversion of cellobiose to
giucuse {Mandels & Andreatti 1978). Other fu.l'lgi, such as
members of the genus Penicillinm, have received less
attention, although they may secrete similar amounts of
cellulases and relatively high amounts of f-glucosidase
(Sasaki et al. 1983 ; Brown et al. 1987b; Tischler et al, 1989).

We have isolated a strain of Pemicillium purpurogenurm,
from a scil sample (Musalem ef al. 1984), that grows well
on wheat straw and produces high cellulase activity. The
properties of the f-glucosidase from this strain have also
been studied (Hidalgo ef al. 1992). In the present study,
some of the culture parameters that influence the production
of cellulases by F. purpirogenum, and the effects of
temperature and pH on the stability of these enzymes in
culture supernatants, have been studied.
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Materials and Methods

Fungal Strain and Growih

The P purpurogenum strain used, which can use cellulose as the
only carbon source, has been deseribed previeusly (Musalem ef al.
1984). Liquid media for enzyme production were inoculated either
with 4 % 107 spores/100 ml or with mycelium from pre-cultures
containing carbon sources as indicated, inoculated with 4 = 10°
spores/ 100 ml, and incubated in an orbital shaker (200 rev/min) at
28°C for varying periads of time (the whole content was used as

inoculum),

Broduction of Cellulases i Shake Flasks

Cultures were grown in 500-ml Erlenmeyer flasks containing
100 ml of Mandels' medium (Mandels & Weber 1969 plus a
carbon source (see below). The pH, 55 after sterilization, was
adjusted when necessary with sterile acid or base. Flasks were
shaken at 28°C ab 200 rev/min and samples were taken aseptically,
centrifuged and the supernatants kept at — 20°C until analysed for
enzymatic activities.

Carbon Sources

The carbon sources used, alone ar combined. were cellulose
{Sigmacell type 50; Sigma), wheat straw (average particle size
0.6 mm) and wheat bran.

Nifrogen Sources

Mandels’ medium contains [gr’]} three nitrogen sources: (NH,},50,,
1.4; urea, 0.3; and peptone (Difco), 0.75. In some experiments the
sulphate and urea were replaced, as indicated; peptone was always
present.



Enzyme Assays

Endoglucanase activity was assayed using 4 g carboxymethyleellu-
lose (Sigma)/l in 0.1 M acetate buffer, pH 4.8. Reducing sugars
were estimated with alkaline ferricyanide after incubating for
20 min at 50°C {Anon. 1978}, Filter paper cellulalytic activity (FPA)
was estimated using 0.5 ml culture supematant with 50 mg filter
paper (Whatman Mo, 1} in 0.5 ml 0.04 M acetate buffer (pH 5.0
at 50°C for 60 min (Mandels ef al. 1974). Xylanase activity was
determined by incubating enzyme for 10 min at 50°C in 0.05 M

acetate buffer (pH 4.5) using 1% oat spelt xylan (Sigma) as substrate

{Poutanen ¢f al, 1987). Far FPA and xylanase activities, the reducing
sugars liberated were quantified by the Somaogyi-Melsan method
(Melson 1944). One unit of enzyme activity was defined as the
amourt of enzyme required to release 1 jmol reducing sugar per
min. f-Glueosidase activity was determined by the release of
p-nitrophencl from p-nitrophenyl-fi-o-glucopyranoside at 50°C for
30 min (Hoffman & Wood 1985); 1 unit of ackivity was defined
as the amount of enzyme which releases 1 pmol p-nitrophenol per
T

Results and Discussion

Influence of the Inoculim on Enzyme Production
Judging from the rate of colony growth on potato/dex-
trose/agar (PDA) plates, . purpurogenum grew best at 28°C.
Mycelia grown in 1% cellulose for 4 days and then used as
inoculum gave slightly higher endoglucanase after 12 days
in production flasks (12.2 U/ml) than a similar inoeulum
grown for 1 day (9 U/ml). No significant differences in FPA
were observed: values ranged from 0.20 to 0.23 U/ml.
Pre-cultures grown in Mandels' medium containing 1%
glucose or a mixture of 0.5% cellulose plus 0.5% glucose as
carbon source gave dense fungal growth. However, when
these cultures were transferred to a medium with 1%
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cellulose, only 5.5 U/ml endoglucanase and 0.18 U/ml FPA
were obtained after 12 days’ incibation.

When shake-flasks containing 100ml of Mandels’
medium, with 1% cellulese as carbon source, were inoculated
with 4 x 10* to 4 x 10° spores/100 ml medium, best
endoglucanase activity was obtained with 4 x 107 and
4 % 10° spores (10.0 and 11.0 U/ml). Sternberg (1976b)
reported rapid production of enzymes after using a mycelial
inoculum of T, reesei, because this shortened the lag period.
However, a mycelial inoculum of P. purpurogenum did not
decrease the lag period and all further experiments used a
spore inoculum, of 4 x 107/100 ml medium, which gave the
shortest total cultivation time.

To determine if the composition of the sporulation media
influenced enzyme production, F. purpurogenum was grown
for 7 days on different solid media and the spores were then
inoculated with Mandels’ medium with 1% cellulose. Similar
endoglucanase activities (about 10 U/ml) were produced
after 12 days whether the spores came from plates
containing PDA, 1% (w/v) acid-swollen cellulase (Tansey
1971) or 1% Sigmacell. Lower activities were obtained from
malt extract/agar (8.7 U/ml) and Sabouraud agar (8.0 U/ml).
Spores from FDA plates were used in all subsequent
experiments.

Inflence of Nitrogen Source on Cellulase Production

Highest enzyme activities were obtained with corn steep
liquor (CSL) as nitrogen source; this gave 3.5-fold higher
endoglucanase and FPA activities, and more than 2-fold
higher f-glucosidase and xylanase activities than those
obtained in Mandels’ medium (Table 1). When the nitrogen
concentration was doubled (0.88 g N/I), or when mixed

Table 1. Effect of nllrogen scurce on enzyme production by Penfeliifum purpuregenum.

Mitrgoen source®*

Enzymalle activity (Ufmi)t

Endoglucanase

0.44 g N/t
Mandels® 8.2
Corn steep liquor (C5L) 29.2
MaMC, 6.9
MH MO, 52
Urea 38
(MH,):S0, 3.6

0.88 g N/l
Mandels® 5.3
CsL 0.0
CSL + MaMO, 0.0
CSL + NHND, 345
C5L + Urea 0.0

FPA FGlucosidase Xylanase
0.21 0.39 21
0.75 1.04 55
0.22 0.01 1.1
0.13 0.01 0.6
0.23 0.08 1.1
0.04 0.0 0.6
0.09 0.48 1.8
0.03 0.23 0.5
0.03 0.4 0.3
0.57 0.81 5.6
0,04 0.10 0.5

“Cullures were parformed in Mandels' medium with the nitrogen sources indicated and

1% Sigmacell.
+Determined after 10 days of cuture.
FPA—Filter paper activily.

Warld Jaurmal of Micrabiclagy & Bistechnnlegy, Vel 15, 1994 281



I Steiner, C. Socha and ]. Eyzagwirre =

Table 2. Enzyme production by cultures of P. purpurogenum grown with ditferent

carbon and nitlrogen sources.

Culture medium”

Enzymatlc activity {Wmi)t

Endoglucanase

S+ M 10.0
S+L 29 7¢
5+ M/L 18.8
S8 + M 12.5
8B +L 43.1%
S/B + MIL 0.3
W+ M 58
WL 0.3
W+ ML 31
WIB &+ M 5.5¢
WEB + L 03
WIB + ML 1.6

FPA FGlucosidase Xylanaze
".0.a3 0.45 2.31 *
0.75% 1.51 5.40
0.29 0.38 5.90
0.21 1.60 3.00
0.12 2.25 6.25
0.38 2.70 8.37
0.16 1.05 10.40
0.01 1.04 292
0.05 1.04 6.60
0.19 4,80 8.29
0.02 2,56 6.78
0.03 2,08 5.65

*Each with carbon source (196 final concentration) [S—Sigmacell; S/B—Sigma-
cell + wheat bran (3: 1); W—wheat straw; W/B—wheat straw + wheat bran (3:1]]
and nitrogen scurce {0.05% N) [M—Mandels” medium; L—corn steep liquer;
MiL—Mandels” medium + corn steap |lquar (1:1)].
+Determinad after 12 days unless stated otharwiso.

1 Determinad after 10 days.
FPA—Filter paper actlvity.

nitrogen sources were used, enzyme production did not
increase, except for that of endoglucanase in the medium
containing CSL plus NH,NO,. Enzyme production was very
sensitive to CSL concentration; when this was doubled, very
little enzyme activity was produced.

Effect of Carbon Source on Cellulase Production
Highest production of each of the four enzymes occurred
with a different culture medium (see Table 2). The optimum
medium for FPA contained Sigmacell and C5L (0.75 U/ml):
for f-glucosidase, wheat straw plus wheat bran and
handels’ medium (4.8 Usml); for endoglucanase, Sigmacell
plus wheat bran and C5L (43.1 U/ml); and for xylanases,
wheat straw and Mandels’” medium (10.4 U/ml). j
A stimulation in the production of several fungal
hydrolases, especially f-glucosidase, has been observed
when wheat bran is added to culture media (Brown et al.
1987h; Jain et al. 1990). However, when wheat bran was
used as the only carbon source, enzyme activities were very
low [Brown ef al. 1987b; present study (data not shown]],
Benicillivm purpurogenum cormpares favourably with other
wild-type strains of Penicillim in enzyme production.
Studying P. funiculosum, Joglekar & Karanth (1984) obtained
22.5 U endoglucanase, 2.0 U FPA and 7.0 U f-glucosidase
per ml, and Hoffman & Wood (1985) reported 0.31 U FPA
and 1.87 U xylanase per ml.

Effect of pH on Enzyme Produchion

When P. purpurogenion was grown in Mandels’ medium, the
pH values initially fell, then rose to 6 (Figure 1). In media
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with C5L, pH values fluctuated between 5.8 and 6.7. When
ammonium salts were used as nitrogen source, pH fell to
values between 3 and 4; such low pH values may have
inactivated the enzymes or affected their production, thus
explaining the low values reported in Table 1. With the
remaining nitrogen sources examined, the pH rose to values
over 7, probably producing a similar inhibitory effect.
Similar observations were made by Stemberg (19763} in
studies on T. piride and by Joglekar & Karanth (1984) and
Brown et al. (1987a) in studies on P. pinaphilum,

Stakilify of the Enzymes
Enzyme activities in culture supemnatants, when held at
50°C, were most stable at pH 4.8 to 52 {Table 3).

Time (days)

Figure 1. pH profiles of cultures of P. purpuregenum using
Sigmacell (1% w/v) a5 carbon source and Mandels® medium
(D). (NH),S0, (@), NaNg, (O}, NHNO, (R}, urea (A) ar carn
steep liquor (&) as nitrogen source at .44 g N
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Table 3. Enzyme stabllity of crude supernatanis at different pH values.”

pH Resldual activity (%)t
Endoglucanaze FGlucosidase FPA Xylanaze
4 h 48 h 4 h 48 h 3h 48 h 4 h 43 h .
3.6 (5] 38 a4 3 20 [1] ND ND
4.0 a2 &7 81 2 50 10 ND WD
4.4 ar B3 a1 ar B3 " a4 23
4.8 81 T8 100 54 B3 ar 59 19
5.2 100 B2 85 43 ea 56 58 20
56 90 7 73 53 B0 54 43 17

*|ncubations were performed at 50°C in 0.04m acetata buffar In the absence of

subsirata.

+Mota that 100% activity (7.0, 0.48, 0.27 and 7.5 Wmil for endaglucanase, f-glucasidase, flilter
paper activity (FPA) and xylanase, respectively) corresponds to the activity of the crude
supernatant before incubatlon at the indicated pH value.

ND—RNot datermined.

Table 4. Enzyme slabllity of crude supernatants al different temperatures.”

Residual actvity [%}t

Temperatura
("}
Endoglucanasa
4 100
28 100
40 o8
&0 78
60 16

F-Glucosidasza FRA Xylanase
72 75 95
70 66 100
76 59 67
59 ar 19
10 <1 2

* Incubations, for 4 h (60°C) or 48 h {other lemperatures), in 0.04 M acetate

butfer at pH 4.8,

1 100% aclivities of enzymes as given in Table 3.

FPA—Filler paper activity.

Endoglucanase was most stable at pH 4.8, with 28% activity
retained after 48 h at 40°C (Table 4).

Our data are comparable with those obtained with the
cellulases of P. funiculosin, which are most stable in the pH
range of 4 to 5 (Desphande ef al. 1988).

The results presented here indicate that this P. purpierogeniim
strain may be useful studies on lignocellulose
biodegradation. Work is in progress to characterize the
enzymes participating in this process.
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