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Abstract, Formation of proteases by Aspergillus fumigatus and Penicillium sp. under various enviconmen-
tal and nutritional conditions were investigated. A good amount of protense wiis produced by A. fumigatus
when grown on glucose - peptone - gelatine medium, pH 5.0 at 30°C for four days. The same was found
for a Penicillium sp. when grown on the same medium, pH 6.0 at 25°C for five days, Sucrose, ribose and
raffinose stimulated the production of proteases by both fungi. The production of prateases by both fungi
depends on C/N ratio in the medium. The maximum yield of proteases by A. fumigatus and Penicillium sp.
in the broth medium was 5565.302 ug/ml and 30.746 pg/ml respectively.

Introduction

Many works have been done on proteases produced by fungi. Proteases produccd by
Asperigillus sp. have been investigated [1-12]. While proteases produced by Penicil-
fium sp. were investigated [13,14], there is no information about proteases from
Aspergillus fumigatus.

In Saudi Arabia studies on proteascs from Aspergillfus and Penicilliurm have been
lacking. Tn our present work we have investigated the formation of proteases by
Aspergillus fumigatus and Penicillium sp. isolated from Thogbah soil and the cultural
conditions that affect their production.

Materials and Methods
Medium
Glucose - peptone — gelatine medium (GPGe), 50 ml/250 mi capacity flask, was

used [11]. It contained (g/L): K,HPO, 2.0; glucose, 1.0; peptone, 5.0; gelatin, 15.0;
H,0, 1L and pH 7.5, before sterilization.
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Organisms

The proteolytic fungi Aspergillus fumigatus and Peniciflium sp., were previously
isolated from Thogbah soil in Saudi Arabia [11]. These two fungi were selected for
further work on proteases, because they were the most potent, as determined by the
size of zoncs of hydrolysis on G P Ge agar medium. Identifications were made
according to Raper et al and Gitman [15,16].

Proteases assay

Gelatine clear zone cup agar plate method, GCZ [12] was used. In this method,
15.0 gm Difco agar and 15.0 gm Difco gelatine dissolved in one liter of phosphate buf-
fer solution at pH 7.0, used to set plates. Three cups were made per plate; in each cup
0.1 ml of cell-free filtrate (crude filtrate) was transferred. After incubation for 6 hr.
at 30°C, the plates were flooded with mercuric chloride solution, then mean diamet-
ers of the cleur zones were measured to the nearest (1.5 mm, This methad was referred
as Gelatine Clear Zone method (GCZ).

Linearity of the standard curve that constructed before [12], between Merck
puncreatic trypsin cnzyme, concentrations, range from 10.870-25000 gg/ml, and
mean ¢lear zone diameters was used in assaying proteases as a reference (E.C. in pg/
mi).

Formation of proteases under various cultural conditions

The various cultural conditions, on both liquid media and agar plates, used were:
different incubation times (1-10 days), different temperatures (20-55°C), pH's, using
sodium citrate and phosphate buffers covering pH ranges (4.0 8.0), different car-
bohydrates substituted glucose in GPGe medium as equal weights (0.5%), diffcrent
nitrogen sources substiluted peptone in GPGe medium as equal weights (0.5%), dif-
ferent protein sources substituted gelatine in GPGe medium as equal weights (1.5%)
and difterent C/N ratio i.e. glucose/NaNQ); ratio in Czapek's medium as equivalent
C and N contents. All these different conditions are indicated in respective tables in
the text.

In all experiments, the cell-free cultural filtrates (erude filtrate) were assayed for
proteases activity using GCZ method. Mycclial dry weight from the liquid medium,
M.D. wt. in mg/50 ml, lincar growth diameter L.G.ID. in mm, using inocula (8 mm
in diameter), and clear zone diameters, CC.7..DD. in mm around the growth on the agar
plate medium were determined after flowding with mercuric chloride solution, to
elucidate the relation between growth and proteases production. Enzyme concentra-
tions, E.C. in ug/ml, were calibrated from the standard curve. In all experiments, the
mean of triplicate readings was recorded.

In all Tables legend M.D. wt. = Mycelial Dry Weight in mg/30 ml liquid
medium, E.C. = Enzyme Concentration in peg/mi calibrated from the standard
curve, L.13.G. = Linear Diameter of Growth on agar plates in mm.
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Results

As shown in Table 1 and Fig. 1 the high yields of proteases by Aspergilius
fumigatus were noticed after four days and by Penicillium sp. after five days. The pro-
duction of proteases by both fungi paralleled growth, but after 5 days the enzyme
activity of the crude filtrate decreased.

Table 1. Production of proteases by Aspergillus famigatus and Penicillium sp. wt different incubatlon
periods grown on GFGe breth with 50 ml in 250 ml flasks at 30°C,

: Aspergitus fumigatus Penleittium sp.

period  M.D.wi. EC.  LDG.  EL MDw  EC.  LDG.  EC
{day) {mg) (ug/ml)  (mm)  (u¢/ml) {mg) (up/mly  (mm)  (ug/ml)

| 1] 17.263 12 48.828 10 17.263 10.3 21.740
2 30 17.263 15 69.033 20 17263 15 69 053
3 kU 21.740 20 173.920 50 24.414 20 347.839
4 5] 30.746 28 00625 [LL1] 34,527 23.5 22001
5 o0 30.746 30 983.815 150 44.063 25 12540

[ 100 24,414 35 5565.302 160 44,063 28 < 235000
7 130 24.414 40 < 25000 160 43,481 39 < 25000
8 130 24.414 45 < Z5000 160} 34.481 45 < 25000
9 130 11.740 50 < 25000 160 30.746 45 < 25000
10 120 21.740 50 << 25000 160 30.746 45 < 25000

The optimum temperature for proteases production by Asp. fumigaius was 30°C
and by Penicillitrn sp. was 25°C as shown in Table 2. At 50 and 55°C on the solid
medium, no growth of cither fungus was noticed but a large amount of proteases was
detected.

Table 3 shows that as pH increased the production of proteases increased by both
fungi, using sodium acctatc and phosphatc buffer, till optimum pH for production by
Asp. fumigatus (pH 5.0) and by Penicillium sp. (pH 6.0) was rcached. Then the pro-
duction of enzyme decreased tilt (pH 7.0). After that, the production increased. The
amount of growth paralleled the enzyme production in the same manner.

As shown in Table 4, sucrose, ribose and raffinose were good carbohydrates for
proteases production by A. fumigatus and Penicillium sp. Glucose supports good
growth of A. fumigatus, but did not increase the production of the enzymes. Starch
neither supports the growth nor increases the production of enzymes by A.
Jurigatus. Strach and glucose did not have any effect on Penicillium sp., too.
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Table 2. Production of protenses by Aspergilius fumigatus and Penicitlium sp. grown on GPGe mediom
at different temperatures.

Tempe- Aspergifhes fomigstus Pentcilitym sp.

ratwre M.Dwt.  EC.  LDG. EC. MDw. EC LDG EC
4] (mg) (ug/ml)  (mm}  (ug/mD (mg} we/ml}  (mm)  (ug/ml)

20 110 21.740 14 30.746 g0 30.746 2 173.920
25 120 24.414 15 34,527 %0 55.063 25 983 815
30 %0 30,746 16 43.481 70 43.481 25 390.625
35 70 24.414 15.5 34.527 60 34.527 n 173.920
40 60 12.207 10 30.746 50 30.746 10 24.414
45 50 12.207 10 30.746 10 30.746 10 24.414
50 0.0 0.0 0.0 45,063 0.0 0.0 00 24.414
55 0.0 .0 00 45,063 0.0 0.0 0.0 24.414
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Fig. 1. Production of proteases by Aspergillus fomigalus and Penicilliom sp. at different incubation
periods at 30°C, in GPGe quid medium M.D.wei = Mycellal Dry weight in mg/ml; E.A. =
Exnzyme Activity or crude fillirete by Clearing Zone Dismeter in mm (CZD)
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Table 3. Production of proteases hy Aspergillus fumigatus and Penicillium sp. grown on GPGe medium
at different pH's using sodium scetate and phosphate buffer.

Aspergilins fumigatus Penicilliym sp.

H
’ M.D.wt. E.C. L.D.G. EC. MDw. EC LDG. KC.
(mg) (pg/ml)  (mm)  (ug/ml) (mg) (ug/ml)  (mm)  (pg/ml)
40 90 12.207 15 69.053 1 17.263 a0 659.662
46 100 69.053 25 983.815 120 21.740 36 1391.33
5.0 120 173.920 29 2209.71 140 30748 &0 « 25000
56 130 97.656 30 5565.30 170 34,527 535 <2500
6.0 120 Y7.656 27 390.62% 190 43.481 27 983.815
6.6 50 69.053 20 173.920 80 34.527 25 390.625
70 10 69.053 19 69.053 o0 30.745 05 195.313
716 60 173.920 23 124.562 ] 30.745 26 276.214
8.0 50 97.656 23 124,562 9% 30.745 25 245.960

Table 4. Effect of different carbohydrates substituted glucose in GPGe medium (as equal weights) on the
production of protesses by Aspergilius fumigstus and Pealcitiiant sp.

Carbohy- Aspergiflus lumigatus Penteilifum sp.

drate M.D.wt, E.C. L.D.G, E.C. M.D.wt. E.C. L.D.G. E.C.
0.5%) (mg) (ug/ml)  (mm)  (ug/ml) (mg} (ug/ml}  (mm)  (ug/ml}
Without
carbohy-

drate 140 34,527 15 693,562 60 17.263 prl 3125
Glucose 2%) 122.980 15 34,527 B0 17.263 20 220971
Sucrose 214 390.625 20 173,920 t50 30.746 20 5565.30
Ribase 190 390.625 8 390,625 140 21.740 24 4425.07
Raffinose 220 145960 20 195313 120 21,740 20 2209.71
Starch 190 97.656 pit] 276.214 100 17.263 25 HBIB.Y3
Cellulose K10 17.263 15 48.828 180 17.263 20 5565.30

Table 5 shows that gelatine was a good nitrogen source for production of pro-
teases by A. fumigatus, casien and peptone came next. [t was shown from the results
that the addition of any organic or inorganic nitrogen sources with gelatine to the
medium stimulated the proteases production by Aspergillus fumigatus. In case of
Penicillium sp., pcptone and meat extract stimulated the production of proteases.
There is no relation between the amount of growth and the amount of enzymes pro-
duced by both fungi in presence of proteins. Asparagine did not stimulate the produc-
tion of proteases by Penicillium sp., but stimulated it by A. fumigarus.
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Table 5. Effect of different nitrogen sources substituted peplone in GPGe medium (as equal weights) on
the production of proteases by Aspergilfus fumigatus and Penicillinn sp.

Nitrogen Aspergiilus fumigatus Penicillivm sp.

source M.D.wt. E.C. L.D.G. E.C. M.D.wi. E.C. L.D.G. E.C,
(0.5%) (mg) (ug/ml)  (mm)  (ug/mb (mg) (ug/ml)  (mm)  (ug/mi)
Gelatine 80 5505.302 53 > 25000 40 17.263 35 2265.30
Albumine 1] 245.960) 70 < 25000 70 17,263 35 2265.30
Casicne 600 983,815 52 =2 25000 30 17.263 an 12500
Ment exrract 100 173.920 39 <2 25060 60 21.740 3l 2265.30
peptone 150 390.625 40 < 25000 90 23.323 34 7870.53
Yeast 140 245,960 45 < 25000 70 17.263 30 12500
extract

Agparagine 90 245,900 40 < 25000 110 15.373 14 2265.30
NaNO, 10 245 060 52 < 25000 70 17.263 34 265.30

In Table 6 proteins without gelatine in the medium decreased the growth and did
not stimulate the production of the enzyme by Aspergillus fumigarus, but had no
cffectin case of Penicillivm sp.

Table 7 shows that C/N ratio (13.19) in the presence both of gelatine in the
medium gave high yields proteases by both [ungi and supported good growth.

Al results show that both fungi produced higher yields of proteases on (he solid
medium than in the liquid medium.

Table 6. FEffect of different protein sources substituted gelatine in GPGe medium (as eyqual weights) on the
production of proteases by Aspergillus fumigatus and Penicilliun sp.

Protein Aspergillus fumigutus Penicilifum sp.
source M.D.wt. E.C. L.N.G. E.C. M.D.wt, E.C. L.D.G. E.C.
(1.5%) (mg) (ug/mb) (mm) {ug/ml} (mg) {ug/ml) (mm}) (pg/ml)
Albumine 10 69,052 27 12500 60 17 263 37 2265.30
Casiene o) 69.053 20 12500 80 17.263 35 2265.30
Meai

extract 10 £9.053 26 * 6} 21.740 40 *
Peptane 10 173.920 19 * 0 17.263 35 *
Yeast

extract &) 69.053 13 * 102 17.263 35 "

* : No ppt formed after flooding with HgCl, solution and no clear zone appeured.



Formartion of Proteases by A. fumigaius andPencillium sp. 133

Table 7. Production of proteases by Aspergilhis fumigutus and Penicillium sp. ut different C/N ratio (as
equivalent C and N contents) in Czapek's medium + 1.5% gelatine.

Aspergilhss fumigatus Penicillium sp.

C/N M.D.wit. E.C. L.D.G. E.C, M.D.wt. E.C. L.D.G. E.C.
ratia (mg) (ug/mil} (mm) (ug/ml) (mg) (pg/ml) (mm} (pg/mib)

Zero 40 69,053 25 5565 90 17.263 2.0 390.625

0.1 140 97.656 2.5 5565 90 21.740 2.0 300 625

2.57 190 138,107 3.5 12500 90 24,44 2.5 300.625

13.19 930 245960 7.5 < 12500 210 30.747 2.3 I0.625

38.27 251 69.053 35 2210 220 21.740 2.0 173.920
Discussion

The production of proteases by both {ungi paralleled growth, this agreed with
scveral findings |17,18,12]. The cnzyme activity decreased after 5 days, may be due
10 some biproducts that inhibit the enzyme activity, this agreed with our findings with
the proteases activity of actinomycetes [12]. At 50 and 55°C both fungi produced
some proteases, but they could not grow at these temperatures. These temperalures
might not have been suitable for their growth, however the enzymes remain active.
Gaur et al [19] reported that the thermostahility of protease producing strains could
be due to their genetic adaptability to carry vut their biological activity at higher tem-
perature.

Using sodium acetate and phosphate buffers, (pH 5.0) was the optimum for pro-
teases production by Aspergiftus fumigatus and with Penicillium sp. was pH 5.6.
After these two optimum pH’s, the production by both fungi decrcased at pH 6.6,
then increased at pH 7.6. These results may be due to the presence of more than one
enzyme ol proteases synthesized by both fungi. These enzymes may be acidic or
alkalinc protcascs. Cohen [4] reported that Aspergillus nidwluns synthesizes four
neutral or alkaline proteases. Glucose did not increase the production of proteases by
Aspergillus furmigatus and Penicillium sp. This result is in harmony with the findings
of Istam ¢ alf and Omkolthorum [18,12]. Sucrose, ribose and raflinose stimulated the
production of proteases by A. fumigatus and Penicillium sp. William er af [20]
reported that arabinose gave highest vields by Bacillus polymyxa. They also reported
that hydrolyzed starch gave the highest amount of enzyme, but this did not agree with
our findings.

A. fumigafus and Penicillium sp. produced inducible enzymes of proteases. This
is in harmony with a fcw findings [4,21,12]. Prudtov er o/ [22] reported that the pro-
duction of proteolytic enzymes by Fusarium graminearum and Alternaria sp.
increased in the presence of 0.5% protein in the medium. This supports our findings
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but in the presence of protein with gelatine. Asparagine did not stimulate the produc-
tion of proteases by Penicillium sp. This agrees with the findings of Prudov et gl [22].
At the same time we found that asparagine stimulated the production of proteases by
A. fumigatus. 1t has also been reported [3,12] that the production of proteases in cul-
tural broth depended on C/N ratio in the medium; our findings support this.

The amount of protcasc yiclded by Aspergillus fumigarus was higher (5565.302
#g/ml) than that by Penicillium sp. (30.746 ug/ml}. Further work on partial purificd
proteases by these fungi is in progress.
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