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THE OBTAINMENT OF ALKALINE SERINE PROTEASE FROM BACILLUS SP.
ISOLATED FROM SOLiID THROUGH THE SOLIiD-STATE FERMENTATION
TECHNIQUE BY USING RiND OF THE CITRULLUS LANATUS L.
(WATERMELON) AND CUCUMIS MELO L. (MELON)

Citrullus lanatus L. (Karpuz) ve Cucumis melo L. (Kavun) Kabugu
Kullanilarak Kati-Faz Fermentasyon Teknigi (SSF) ile Topraktan
izole Edilen Bacillus sp.’den Alkalin Serin Proteaz Eldesi

Sema AGULOGLU FiNCAN !
Veysi OKUMUS 2

Ozet
Bu ¢alismada, ekonomik énemi olmayan ve birikerek ¢evre kirliligine yol agan
karpuz ve kavun kabugu kati substrat olarak kullamlarak Kati-Faz
Fermentasyonu (SSF) yéntemi ile Bacillus sp.’den yiiksek miktarda alkalin
serin proteaz eldesi amagland.
Enzim aktivitesi iizerine pH, sicaklik, metaller, azot ve karbon kaynaklar: etkisi
incelendi. Yapilan inhibisyon ¢alismasinda PMSF ile inhibe olan enzimin
alkalin serin proteaz oldugu tespit edildi.
SSF yontemi ekstrasellular enzimlerin diigiik masrafla, izl bir sekilde, bol
miktarda ve ¢evreye zarar vermeden iiretilebildigi bir yontem oldugu icin
kullamld:.
Anahtar kelimeler: Bacillus sp.; SSF; alkalin serin proteaz, kavun, karpuz

Abstract
In this study it was aimed to obtain serine alkaline protease in high amount
from Bacillus sp. through solid-phase fermentation method (SSF) by using
watermelon and melon rinds of no economic importance, and cause
environment pollution by accumulation, as solid substrate.
The effects of pH, temperature, metals, nitrogen and carbon sources were
examined. In this inhibition study it was determined that the ezyme which is
inhibited with PMSF (phenylmethylsulfonyl fluoride) was alkaline serine
protease.
SSF method was used since extracellular enzymes could be produced at low
cost, in a quick way, in plenty and without giving any harm to the environment.
Key words: Bacillus sp., SSF, alkaline serine protease, melon, watermelon

1. Introduction

Solid state fermentation (SSF) is defined as the fermentation involving
solids in the absence or near absence of free water. The substrate must possess
sufficient moisture to support growth and metabolism of microorganisms

' Sema AGULOGLU FINCAN, University of Dicle, Faculty of Science and Art, Department of
Biology, Diyarbakir- Turkey, semaagul@dicle.edu.tr
2 Veysi OKUMUS, University of Dicle, Instution of Science, Diyarbakir- Turkey

104



(Pandey,2003). The selection and optimization of appropriate parameters are
important for the process. These can be arranged as the particle size of
substrate, first moisture rate of the habitat, pH, the first preliminary process of
the substrate, relative moisture, heat of the incubation, rinsing and ventilation,
time and amount of planting, addition of the carbon sources and the trace
element like N and P (Elibol, 2004; Pandey,2003).

Bacillus are the bacterium that make gram positive, endosporand
available in dust, soil fertilizer, plants, animals, milk, water and which are in
the shape of cudgel. They are the specific producer of extracellular protease
(Miiderriszade,2001). Bacteria were always used to submerged fermentation
(SmF ) and there was little literature about SSF of bacteria to produce alkaline
protease (Gupta,2005;Miiderriszade,2001;Patel,2006). However, SSF of
alkaline protease would be more eco-friendly and economical than SmF
because of less water consumed and lower cost of substrates and equipment
(Aijun,2005;Asther,2002).

Proteases, one among the three largest groups of industrial enzymes,
account for about 60% of the total worldwide sale of enzymes and is widely
used in several industries that include detergent, leather processing, diary,
preparation of organic fertilizer as digestive aid, silk industry and also for the
recovery of silver from used X-ray films. Now protease are added as key
ingredients in detergents, which accounts for approximately 25% of the total
worldwide sales of enzymes and all detergent proteases currently used in the
market are serin proteases produced using Bacillus sp (Chelappan,2006).

In this study, alkaline protease was obtained from Bacillus sp isolated
from solid through the SSF technique by using watermelon and melon rinds as
a solid substrate which cause environmental pollution and have no economic
importance.

2. Material and Methods

2.1.Chemicals

Azocasein and TCA (trikloroasetik asit) were obtained from E.Merck,
Darmstad, Germany. PMSF (fenilmetilsiilfonilklorid), EDTA and other
chemicals were purchased from Sigma Chemical Co., St.Louis, MO.,USA.

2.2. Microorganism
Alkalophilic Bacillus sp. was isolated from the soil.

2.3. SSF (Solid-state fermentation)

Watermelon rind, melon, rice, lentil, and corn husks were dried and
blended. With the help of different sizes of sieves, four different partical sizes
500 um, 1000 wm, 1500 um, 2000 um were obtained. 1,5 g and 1500 um
particle size from the substract was weighed and added into 50 ml erlenmayer
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flasks amount of 3% erlenmayer flask volume. 5 ml 0.1 M of Tris (pH: 8)
tampon was added and it was autoclaved.

2.4. Assay of alkaline protease

The enzyme activity was tested according to modified Leighton
method (Leighton,1973). 5% commercial azocasein solution was prepared in
the 0.1 M Tris (pH 8) tampon. After resuspended the 500 pl azocasein solution
with 250 pl enzyme solution in the reaction tube, it was incubated for 30 min
at 37°C. The reaction was stopped by adding 2 ml of 10% TCA solution. The
samples were centrifuged in 5000 rpm for 5 minutes and then the solution was
neutralized using 0.8 ml of 1.8 N NaOH. The absorbance was measured at 420
nm in a UV-Visible spectrophotometer. One unit of proteolytic enzyme was
defined as the amount of azocasein tha hydrolysed during 1 h incubation at
37°C for 1 ml of solution of extract.

2.5. Determination of incubation time in different substrate

The SSF medium with varying substrates (watermelon rind, melon
rind, rice, lentil, and corn husk) inoculated with Bacillus sp., the cultures were
incubated with shaking at 37°C for 144 hours.

2.6. The effect of temperature on the enzyme activity
Samples were incubated at 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
and 80 °C respectively for 30 min, then the enzyme activity was tested.

2.7. The effect of pH on the enzyme activity
The effect of pH on the enzyme activity were studied by using casein solutions
in Tris buffer at pH ranging from 7.0 to 12.0.

2.8. The effects of some nitrogen and carbon sources on
enzyme activity

2.8.1.Nitrogen sources

After SSF solid medium was prepared, 10% of the substrate including
different organic and inorganic materials that contains nitrogen (peptone,
bacto-liver, casamino acids) was added to erlenmayer flasks and culture
mediums were autoclaved. 1000ul bacteria cultures were cultivated after into
the mediums and after 72 hours of incubation, activity determination was
applied to each of the samples. After SSF solid medium was prepared, %10 of
the substrate from different organic and inorganic, nitrogen containing
substances was put into the erlenmeyer flasks and medium was left to be
autoclaved. 1000 pl bacteria were cultivated to the media taken from autoclave
and after a 72-hour incubation they were sampled and activity determination
was done for each. Their effect on enzyme activity was studied.
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2.8.2. Carbon sources

Different carbon sources (starch, xylose, fructose, arabinose,
galactose, sucrose, glucose) with a rate of 0.3% of the substrate were dissolved
in 2 ml tampon.These carbon sources were added in mediums, and after 72
hours of incubation. With the results of the activity determinations, the effects
of the carbon sources were observed. To the SSF solid medium 2 ml
incomplete buffer was left and autoclaved. Different carbon sources solved at
%0,3 of the substrate in 2 ml buffer was added to the autoclaved media before
cultivation. Then, cultivation was applied to the samples and they were left to
incubation. As a result of the conducted activity determination, the effect of
carbon sources to the enzyme activity was studied.

2.9. Metal solutions

The stock metal solutions (HgCl,, CaCl,, MgCl,, MnCl,, BaCl,,
CuSO,) prepared in 0.1 M concentration were left to 15 min of incubation in
total reaction volume to be 3 mM. 22.5 pl (concentration in total reaction size
as 3 mM) was taken from stock metal solutions (HgCl,, CaCl,, MgCl,, MnCl,,
BaCl,, CuSQ,4) prepared at 0.1 M concentration and was separately added to
the 250 ul enzyme solution, and left 15 minutes for fore incubation. The
enzyme activity was determined.

2.10. Inhibition studies

The proteolytic activity as assayed after incubating the enzyme with
PMSF (Phenylmethylsulphonyl fluoride) and EDTA (etilendiamine tetraacetic
acid). 37.5 ul was separately taken from EDTA and PMSF prepared at 0,1 M
concentration and left to 250 ul enzyme in reaction tubes, and left to 15-
minute fore incubation. Then, activity determination was conducted.

3. Results and Discussion

The subsequent experiments were conducted with these two substrates
because the highest activity was firstly seen in watermelon rind and secondly
in melon rind among five substrates (melon rind, watermelon rind, rice, lentil
and corn husks) used.

As a result of incubation determination studies, in which watermelon
and melon rinds are used as solid substrate, it was observed that incubation
duration was 72 hours (Fig 1).
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Fig 1: Determination of appropriate incubation duration for alkaline protease

in different substrates
It was observed the optimum pH was 10 and optimum temperature was 65°C
(Fig 2,3).
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Fig 2: The effect of pH on the activity alkaline protease
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Fig 3: The effect of temperature on the activity alkaline protease

Fujiwara ve Yamamoto reported that optimum temperature was 60°C
and optimum pH was 11.5 in the alkaline serine protease activity that was
obtained from the Bacillus sp. which was isolated from soil (Fujiwara, 1987).
Johnvesly and Naik showed that in the alkaline protease activity that they
obtained from Bacillus spJB-99 optimum temperature was 70°C and optimum
pH was 11.0 (Johnvesly,2001). In our study while the effect of the heat and pH
on enzyme activity was examined, it was seen that optimum temperature was
65°C and optimum pH was 10. These results are compatible with the findings
of Fujiwara and Yamamoto and Johnvesly and Naik.

When the effect of the metals on enzyme activity was observed, it was
understood that among the metals that were prepared in 3 mM concentration
HgCl, could inhibate into enzyme activity, strongly but the inhibition of
CuSO,, was partial it was observed that will CaCl, and BaCl, the enzyme
activity increased relatively and there wasn’t such a big increase with other
metals(Fig 4).
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Fig 4: The effect of some metals on enzyme activity.

Agrawal et al. stated that alkaline protease that they obtainedfrom
Penicillium sp with SSF method could inhibate with Hg*" and Cu®‘and it
increased the activity amount with Ca** (Agrawal,2004). This observations
support that the studies of the Agrawal et al. It was observed that the 3%
carbon sources added in SSF medium increased the enzyme production of
starch and other carbon sources didn’t a striking change enzyme production

(Fig 5).
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Fig 5: The effect of carbon sources on enzyme activity

It was determined that among 10% of the nitrogen sources added in
SSF mediums; peptone and ammonium sulphate increased the enzyme
production, ammonium chloride and ammonium nitrate decreased the enzyme
production (Fig 6).
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Fig 6: The effect of nitrogen sources on enzyme activity

Puri et al. have emphasized in their work with the title ‘Effects of C
and N on production of protease from Bacillus sp’ that the most suitable
carbon source added to fermentation medium was %1 starch and the most
suitable nitrogen source was %0,5 peptone. As a result of the study, since it
was found that the most suitable carbon source was starch and that the most
suitable nitrogen source was peptone, the obtained result shows it supports the
study conducted by Puri et al. (Puri,2002).

In the study with EDTA and PMSF, it was observed that the enzyme inhibited
with PMSF was alkaline serine protease (Fig 7).
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Fig 7: Determination of inhibitor effect enzyme activity

Germano et al. reported that the protease they obtained from
Penicillium by SSF method was inhibited with 93% by 3 mM PMSF and 23%
rate by 5 mM EDTA (Germano,2003).

As a result, it was determined that the watermelon and melon rind
could be used in enzyme production as alternative substracts by SSF method.
It is believed that usage of the waste materials in enzyme production is
economical and it prevents pollution. As the protease obtained from Bacillus
sp. preserved its activity in wide pH and temperature values, it incdicated that
enzyme can be used with industrial purpose especially in detergent sector.
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