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ABSTRACT

At present alkaline proteases are widely used in leather processing, detergent formulations,
silver recovery process, and in the production of protein hydrolysates. All alkaline proteases
are dervied from microbial sources that grow on expensive growth substrate. Many studies
showed that nearly 40% of the production cost of alkaline proteases is accounted for by the
growth substrate. To reduce the production cost it is important to search for microorganisms
capable of growing and producing suffiecient amount of the enzyme using cheap substartes.
In this regard keratinacious wastes released by poultry and leather tanning industries has an
enourmous potential to serve as growth substartes for protease production. In this study, a
protease producingibrio sp. capable of growing on bovine and sheep hair was isolated from
Lake Arenguade. The organism produced appreciable level of keratinolytic protease using
hair as the sole source of carbon and nitrogen. The enzyme was active in the pH range of 7.0-
11.5 and 40-70°C with an optimum pH of 11.0 an850rhe enzyme showed good stability

in the presence of oxidizing agents and detergents. Application of the enzyme at the inner
side sheep skin at a dosage of 58U/ml, pH 10.0 brought @oouplete removal of hair

within 24 h at room temperature and 12 h alC37Protease R-11 was also tested for the
recovery of silver from used x-ray films. At enzyme dose of 11.6 U/ml and’@tcésinplete
removal of the gelatin layer of used x-ray films was achieved within 3 min at pH 10.00.
These results indicate the potential of protease R-11 for multipurpose industrial application.
Because the organism produces the enzyme using cheap substrates, hair, its production cost is
expected to be very low.

Key words. Dehairing; Gelatin hydrolysis. Hair degrading; Keratinolytic protease; Keratinous
wastes; Used x-ray film; Vibrio sp. strain R11
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1. Introduction

Proteolytic enzymes constitute one of the most important groups of commercial enzymes
with extensive application in different industrial sectors (Godfrey, 1996; Ongfaale 1998;

Rao et al., 1998; Kumar and Takagi, 1999). Although animal and plant proteases are of
important industrial applications, a large proportion of commercially useful proteolytic
enzymes currently available in the market are from microorganisms. Microbial proteases
represent one of the largest groups of industrial enzymes and account for approximately 60%
of the total industrial enzyme sale in the world (Gugttal., 2002). Considering this market
demand, there is a need to effort to solve this problem by investigating new microorganisms
because they are the major sources of all commercially important alkaline proteases, which

have unlimited industrial applications in industries.

One area of application for proteases is as detergent additives. Protein stains such as blood
and egg as well as keratinous soils that often encountered in the laundry are difficult to
remove with surfactants commonly added to detergents. Therefore, addition of proteases in
the detergent helps to degrade the protein and greatly improve the washing performance of
standard detergents. Most commercially available detergents have an alkaline pH and contain
chelating agents to overcome water hardness. This shows that enzymes used for detergent
application need to be active and stable at alkaline pH and in the presence of different
chemicals (Kumar and Takagi, 1999; Banik and Prakash, 2004). However, the majority of the
alkaline proteases currently used for detergent applications face some limitations such as low
activity and stability in the presence of surfactants, bleaches, and chelating agents (Kumar
and Takagi, 1999; Joe al., 2004; Gupteet al., 2002). Bearing in mind this critical factor,

effort should be directed to alkaline proteases with high stability in the environment of

detergent formulations.

Another area of application for proteases is production of food and feed from proteinous
wastes. The increasing of world population necessitates a bigger demand for protein sources
from domesticated animals such as chicken, cows and pigs. The large scale production of
meat and meat products require protein rich feed supplements in order to fulfill the protein
demand of the world population. Keratin rich wastes such as animal hair and chicken feathers
are among the well accessible and cheap protein sources with high protein content
(approximately 92% - 96%) (Onifadet al., 1998). These keratin rich wastes are difficult to



degrade by animal and plant proteases because they are made from polypeptides, which are
densely packed and strongly stabilized by several hydrogen bonds, hydrophobic interactions,
and disulfide bonds. Despite their high resistance, keratins can be converted in to valuable
products by the action of keratinolytic enzymes. Hence, it is crucial to find effective enzymes
that are able to degrade these valuable protein resources in to valuable food products.
Therefore, searching for new microorganism that produce Kkeratinolytic proteases is

considered to be highly promising.

In addition to washing purpose, food processing and protein sources, proteases are useful in
dehairing process of leather manufacture. In the conventional dehairing process of leather
manufacture, animal skins are subjected to a drastic chemical treatment using lime and
sodium sulfide. But currently as an alternative to chemical dehairing, enzyme based dehairing
processes using proteases avoiding the use of lime and sulfide are being developed because of
their environmental benefi{§hanikaivelanet al. 2004). The use of sulfide during dehairing
process produces an effluent with chemical oxygen demand (COD) of about 60,000 mg/L
(Choudharyet al., 2004). Thus, enzyme based dehairing processes using proteases help to
reduce or even avoid the use of lime and sulfide and offer enormous environmental benefits
(Anwar et al., 1998; Guptaet al., 2002; Thanikaivelaret al., 2004; Sundararajast al.,

2010). As Racet al. (1998) and Tanksale (2001) reported, there is an increased usage of
alkaline proteases for dehairing purpose. However, still there is a limited usage of these
enzymes for such applications because they need high expense for their growth substrate,

which makes expensive to use them.

Although microorganisms have a potential to produce enzymes, production cost of the
enzyme is the critical issue for further application at industrial level. It is estimated that,
growth media accounts for 30-40% of the production cost in enzyme industries (&uwhar

2004). For production of keratinolytic protease, keratinous waste such as animal hairs
removed from leather industries, poultry industries, and barber shops can serve as ideal
substrate as it is cheap and available. Therefore, the feasibility of enzyme production on low-
cost fermentable substrates needs to be studied (Amare Gessesse, 199t lkun2004;
Enshasyet al., 2008). In addition, the removal of these non-degradable wastes could

minimize environmental pollution.



Keratinolytic proteases are grouped under insoluble protein degraders. They have the
capability to degrade insoluble keratin, which are insoluble protein found in chicken feathers,
human and animal hair, animal horns and wool substrates more efficiently than other
proteases (Onifadet al., 1998). Keratinolytic proteases can be produced by different
microorganisms (Riffekt al., 2007; Tatinengt al., 2008) including fungi and keratinolytic
bacteria that are mostly represented Smeptomyces and Bacillus (Williams et al., 1990;
Onifadeet al., 1998).Vibrio sp. are also used as sources of keratinolytic proteases (Sangali
and Brandelli, 2000). Despite these, the industrial application and hence the market demand
of keratinolytic proteases as compared to other industrial enzymes is still in the stage of
infancy. Therefore, effort should be directed to investigate these enzymes from different
microorganisms and employ them in the biotechnological processes involving keratin waste

hydrolysis.

Industrial processes are carried out under specific physical and chemical conditions, which
cannot always be adjusted to the optimal values required for the activity and stability of the
available enzymes (Karbalaei-Heidagf al., 2007). Therefore, it would be of great

importance to have available enzymes showing better activities at different values of pH, salt
concentrations, and temperatures. In view of these restrictions, attention to production and

characterization of proteases from extremophiles is very important

Microbial communities in natural alkaline environments such as soda lakes have attracted
attention due to biotechnological uses of enzymes and metabolites from such organisms. A
considerable number of studies have been conducted on microbial metabolites in Ethiopian
soda lakes, particularly on alkaline enzymes, which are promising for human welfare in
different aspects (Amare Gessesse, 1997; Amare Gessesse and Berhanu Gashe, 1997; Amare
Gessesse, 1998; Amare Gessesst., 2003; Gashaw Mamet al., 2006; Gashaw Mamet

al., 2009). Lake Arenguade is among the few soda lakes in Ethiopia. Some proteolytic
alkaliphilic bacteria have been isolated and characterized from this lake (Gizachew Haile,
2009). These bacteria might have potential keratinolytic activity that needs to be assessed.
Therefore, this study was designed to select an isolate, which has appreciable keratinolytic
activity from among alkaliphilic bacteria identified for proteolytic activity. Keratinous waste
(hair) was evaluated as a cheap substrate for enzyme production using the selected isolate

designated as R11 isolated from this lake.



2. Objectives of the study

2.1. General objective

& To screen for effective keratinolytic protease production by different alkaliphilic bacteria
isolated from different Ethiopian Soda Lakes, optimize the enzyme production by

growing the selected bacterium on different carbon and nitrogen sources, characterize the

enzyme and test for different applications.

2.2. Specific objectives

®

To select and characterize alkaliphilic bacterial isolates with high efficiency of hair

degradation;

s 2

To characterize the keratinolytic protease enzyme; and

2

To evaluate potential applications of the enzyme for detergent, leather dehairing and

recovery of silver from used x-ray film.



3. Literaturereview

3.1. Alkaline soda lakes

Of the extreme environments, alkaline soda lakes are highly alkaline aquatic environments
where evaporative concentration results in carbonate as a major dissolved anion. Therefore,
alkaline soda lakes represent the major types of naturally occurring highly alkaline
environments in which the indigenous microflora are subjected to a number of extreme
ecological pressures. In alkaline soda lakes, sodium carbonate is generally the major source
of alkalinity (Joneset al., 1998; Kumarand Takagi, 1999; Jones and Grant, 1999).
Prokaryotic photo-synthetic primary production is probably the driving force behind all
nutrients recycling in alkaline soda lakes. Although alkaline soda lakes are widely distributed
throughout the world, most of the detailed biological analysis has been limnological rather
than microbiological. This shows few of such lakes have been explored from the
microbiological point of view (Jones and Grant, 1999). East African soda lakes are among the
most productive area of naturally occurring aquatic environments in the world, for the reason
that there is unlimited supply of G@ombined with high ambient temperatures and high

daily light intensity in the tropics (Jones and Grant, 1999).

3.2. Alkaliphiles

According to Grant and Tindall (1980), alkaline adapted microorganisms can be classified
into two main groups: (1) Alkaliphiles (also called alkalophiles) and (2) Alkalitolerants. The
term alkaliphiles is generally restricted to those microorganisms that actually require an
alkaline media with pH of 9 or more for their growth and have an optimal growth pH of
around 10. This indicates that, optimum growth rate of these microorganisms is observed in
at least 2 pH units above neutrality (Horikoshi, 1999; Ulukanli, 2002). Organisms capable of
growing at pH values more than 9 or 10 but with optimum growth rates at around neutrality
or less are referred to as alkalitolerant. There are no precise definitions of what characterizes
an alkaliphilic or alkalitolerant organism because several microorganisms exhibit more than
one pH optimum for growth. This indicates that depending on the growth conditions,
particularly nutrients, metal ions and temperature (Horikoshi, 1999). With the concept of
other groups (Jones and Grant, 1998; Grant and Jones, 2000), alkaliphiles are organisms,
which prefers high pH and require high sodium ion concentration for their survival and they

are widely distributed throughout the world.



Alkaliphiles can be isolated from a place where microorganisms exist mainly from neutral
environments, sometimes even from acidic soil samples and feces. Although they were once
considered as junk, awareness of alkaliphiles has blossomed in recent years due to an interest
in their physiological adaptation to high pH and their potential uses in biotechnological
applications (Horikoshi, 1999).

3.2.1. Special physiological featuresof alkaliphilesfor existencein alkaline
environments

One of the most important and remarkable features of many alkaliphiles is their ability to
optimize external pH for growth, exhibit a remarkable ability to maintain cytoplasmic pH
much lower than external pH values of 10 to 11 (Horikoshi, 1999). Therefore, alkalophilicity
can maintain by these organisms through bioenergetic membrane properties and transport
mechanisms and does not necessarily depend on alkali-resistant intracellular enzymes
(Krulwich and Guffanti, 1983).

The cell wall of alkaliphilic organisms contain peptidoglycan and certain acidic polymers
(negatively charged), such as galacturonic acid, gluconic acid, glutamic acid, aspartic acid
and phosphoric acid. The negative charges on the acidic nonpeptidoglycan components may
give the cell surface its ability to adsorb®Nand H ions and force away hydroxide ions and
therefore may assist cells to grow in alkaline environments (Kruletieh, 1998). As Itoet

al. (1997) speculated, the alkaliphilic property of the bacterium may be due to the behavior of
the membrane towards charged substances admitted into the organisms and several open
reading frames for N&H™ antiporter found in chromosomal DNAs may play roles in pH

homeostasis of bacterial cells exist in alkaline environment.

3.2.2. Application of Alkaliphilesin Biotechnology

Alkaliphilic microorganisms provide an important resource for biotechnology and offer a
multitude of actual or potential applications in various fields of biotechnology. For example,
alkaline enzymes produced by those organisms have extensive domestic and industrial
applications in detergent additives, wood-pulp treatment, dehairing of hides and silver
recovery process (Gramt al., 1990; Horikoshi, 1999; Nakiboglet al., 2003). Particular
properties of alkaliphiles also offer great potential for the treatment of waste or the
bioremediation of hydrocarbons, both in naturally alkaline environments and in areas where

the pH has been increased by industrial activities. Industrial applications of alkaliphiles have

6



been investigated and some enzymes have been commercialized. Of the enzymes now
available to industry, enzymes such as proteases, cellulases and lipases are by far the most

widely employed and they are the target biomolecules in industry (Horikoshi, 1999).

3.3. Keratin structure, classification and potential uses

3.3.1. Keratin structure and fiber histology

Keratins are the most abundant structural protein present in keratinous materials including
animal skin, horn, hair, wool and feathers (Voet and Voet, 1995). They are extremely
resistant to the action of physical, chemical, and biological agents. High mechanical stability
and resistance to proteolytic degradation of keratins is because of their disulfide bonds,
hydrogen bonds (Fig. 2), salt linkages, and other crosslinkings (Kunert, 1973; Kalustwska
al., 1991). Higher ordews-keratin structure can be build from keratin polyjegs (Fig. 2).
Therefore, it is generally not recognized as substrate for commonly known proteases.
Because of this, there is a limited use in practice for different applications (Letoetratau

1998; Rouse and Van Dyke, 2010).

Histologically, keratin fibers (hair) have three morphological regions (Fig. 1). These are: (1)
the cuticle cells (about 10% of the fiber) or it is a translucent outer layer of the hair shaft (the
portion of a hair between the root and the tip) consisting of scales that cover the shaft. (2) The
cortical cells (about 88% of the fiber), which are long spindle shaped cells aligned parallel to
the fiber direction and (3) the cell membrane complex (about 2% of the fiber), which
separates each cuticle or cortical cell from its neighbor (Leon, 1972; Cresvtider1965).
Medulla is present in some types of fibers. It consists of a core of air-filled cells, which runs

down the middle of the fiber and it is a central core of cells (Rouse and Van Dyke, 2010).
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cortex
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Figure 1: Basic structure of hair. Source: http://www.fbi.gov

Figure 2: Higher ordew-keratin structure. (a) Hair keratin with non helical sequences that are reach in cysteine
residues. The shape of a hair shaf (The portion of a hair between the root and the tip) can altered by breaking
and reforming the cysteine bonds between kertin and associated proteinkefl}in helix c¢) Two keratin
polypeptides form a dimeric coiled coil d) Prtofilaments are formed from two staggered rows of head to tail
associated coiled coils e) Protofilaments diamerize to form a protofibril, four of which form a microfibril f)
cross section of a hair.

Sources: From Voet and Voet (1995) Biochemist?§e@. John wiley and sons, inc. New York.

3.3.2. Keratin classification

Keratin is rich in cysteine residues, which form disulfide bonds that crosatifdcent
polypeptide chains. Depend on sulfur content keratins can be grouped into hard (5% sulfur)

and soft (1% sulfur). Hard keratins found in appendages like feathers, hairs, hoofs and nails



that have high disulfide bond content. Whereas soft keratins found like in skin and callus that
have low content of disulfide bonds (Voet and Voet, 1988yatins also exist as either
keratins, which occur in mammals [pkeratins, which occur in birds and repti(@oet and

Voet, 1995).

3.4. Keratin degradation

There are two approaches to convert keratin protein in to keratin hydrolysates, which are
hydrothermal and biological treatmentggum, 1970; Papadopouos, 198d8ydrothermal
process usually employs high steam pressure (10-15 psi) and/or high temperatur€@30-140
in the presence of acid or base (Gousterdeh €2003)

Globally, commercial poultry processing generates million tons of feathers per year that are
currently converted to feather meal through steam pressure and chemical treatments (Shih,
1993). This process of chemical treatment makestiker@aste more digestible. Their
expensiveness, partial or even complete destruction of certain amino acids, requirement of
high-energy input (Papadopoul@s al., 1986), losses of essential amino acids (Lysine,
Methionine and Tryptophan), and the formation of non-nutritive amino acids like
Lycinoalanine and Lanthinonine (Wang and Parsons, 1997) are the main drawbacks of this
process. Whereas, microbial degradation of keratin wastes provide a viable alternative for
improving feathers utilization because it is ecologically safe, low-cost, offers mild reaction
conditions and nutritional upgrade of feather meal with the treatment of microbial keratinase
might significantly increase amino acid availability of feather keratin (Odetetilalh, 2003;
Grazziotin et al., 2006).

3.5. Keratin degrading organisms

Keratin degrading microorganisms flourish under different ecological and environmental
conditions and they reveal a wide range capacity to solubilize keratinous substrates as well as
other compact proteinous substrates. As Kargodl. (2009) reported, several species of
bacteria, actinomycetes and fungi produce keratinase enzymes to degrade keratinous material
like hair. So, they are known as keratin degraders. Several insects like cloth moth larvae,

carpet beetles and chewing lice are known to degrade keratin (Waterhouse, 1957).



Keratinolytic bacteria can be isolated using feather as a substrate (Amare Gessksse

2003) and most of them grouped under the gdBacslius (Riffel and Brandelli, 2006).
Gram-negative keratinolytic bacteria (Sangali and Brandelli, 2000; Riffel and Brandelli,
2006) includingVibrio sp. strain kr2 (Sangali and Brandelli, 2000) have also been isolated
from chicken feathers in decomposition. The common occurrence in nature of
microorganisms that readily and in some cases preferably grow on keratinous substrates has
supported the general belief that keratinolytic enzyme producer microorganisms can degrade
keratin. Classical examples of such microbes are the dermatophytes and the saprophytic
Onygena equina (Ward, 1899).

3.6. Proteolytic enzymes (pr oteases)

Proteolytic enzymes are a group of enzymes, which hydrolyze peptide bonds in aqueous
environment that hydrolyze proteins via the addition of water across peptide bonds (Beg
al., 2003).They are categorized undegydrolase class of enzyme. Proteases are essential
constituents of all forms of life on earth, including prokaryotes, fungi, plants and animals and
they comprise one of the most important groups of commercial enzymes. These enzymes
have ample utilization in industrial processes such as detergent industry (a major consumer of

proteases) as well as food and leather industries (Kumar and Takagi 1999; Gupta et al. 2002).

3.6.1. Source of proteolytic enzymes

Because proteases are physiologically necessary for living organisms, they are ubiquitous
found in a wide diversity of sources such as plants, animals and microorganisms. They are
produced by wide range of microorganisms such as bacteria, fungi, viruses, archaea, and
various plant and animal tissues (Raaal., 1998). Of these, microorganisms are the best
preferable sources of proteases with compared to plant and animal sources. This is because of
their short cultivation time, required small area for cultivation and easily genetically
manipulated. Furthermore, most of the enzymes in microorganisms are extracellular, no need
of cellular disruption (Racet al., 1998). Considering inability of the plant and animal
proteases to meet current world demands, there is a need to paradigm shift to increase an
interest towards microbial proteases. Therefore, proteases of bacteria and fungi are
increasingly studied due to its importance and subsequent applications in industry and

biotechnology.
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3.6.2. Alkaline proteases

Alkaline proteases are defined as enzymes, which are active in a neutral to alkaline pH range.
They are produced by a wide range of microorganisms including bacteria, molds and yeasts
(Singh et al., 2001). Alkaline proteolytic enzymes from bacterial origin are the most
important industrial enzymes, which account for nearly 60% of the industrial enzyme market
in the world (Enshaasgt al., 2008). This indicates that they have many applications in a
number of biotechnological processes and used in many industries due to their biochemical
diversity and wide applications in tannery and food industries, medicinal formulations,
detergents and processes like waste treatment, silver recovery and resolution of amino acid
mixtures (Gupta et al., 2002; Agrawel al., 2004,).

The optimum pH range of alkaline proteases is generally between pH 9 and 11 with a few
exceptions of higher pH optima of 11.5 (To#eal., 1975; Takamet al., 1990), pH 11-12
(Kumar, 1997; Horikoshi, 1971), pH 12.3 (Kobayasthal., 1995) and pH 12-13 (Fujiwash

al., 1993). As Kumar and Takagi (1999) reported, the optimum temperature of alkaline
proteases ranges from %®Dto 70C. These properties of bacterial alkaline proteases make
them suitable for use in the detergent industry (Baal., 1998). But the enzyme from an
alkalophilic Bacillus sp. B189 showed an exceptionally high optimum temperature °6f 85
and FervidobacteriumislandicumAW-1 100C.

3.6.3. Keratinolytic proteases

Keratinolytic proteases are proteolytic enzyma®duced by keratin degrading species of
bacteria (Williamset al., 1990) and fungi (Friedricét al., 1999). Theyhave the capability of
degrading insoluble keratin, which are an insoluble protein found in chickémefs, human
and animal hair, animal horns and weabstrategOnifadeet al., 1998). Most keratinolytic
proteases hydrolyse only keratin but some of them like keratinolytic proteas@#aiius
licheniformis have also the ability to hydrolyse several protein substrates (Lin et al., 1992).

Keratinolytic enzymes are active on keratin (Retoal., 1998). However, the exact
mechanism of keratinolysis is not fully understood. The existence of complete keratin
degradation efficiency of keratinolytic microorganisms are not only using keratinolytic
protease enzyme rather than the cooperative action of keratinolytic protease and disulfide

reductase enzyme produced by those organisms. Though some reports are available on the
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presence of disulfide bond reducing factors in keratin utilizing microorganisms, no one has
focused on the isolation and characterization of disulfide bond reducing enzymes with respect
to keratin degradation (Yamamuet al., 2002). Thiol formation byibrio strain kr2 has
suggested the presence of disulfide reductase in the culture grown on feather keratin (Sangali
and Brandelli, 2000).

3.6.3.1. General biochemical characteristics of microbial keratinolytic proteases

Microbial keratinolytic proteases are predominantly extracellular, alkaline or neutral
proteases showing optima pH ranging 7.5- 9.0. However, some of them are optimally active
outside this range even at extreme alkaline pH (Kobayetshki., 1995). Keratinolytic
protease produced b$ pactum DSM 40530, Sreptomyces sp. SK1-02, Scopulariopris
brevicaulis, B. licheniformis and K. roseahave similar optimal temperature between 40 and
50°C (Bressollieret al., 1999; Bockleet al., 1995; Letourneaet al., 1998; Bernakt al.,

2006). Optimal temperature of these enzymes may also variable ranging from 3Cto 80
because of the source and origin of the organism. But the enzyme from an alkaliphilic
Bacillus sp. B189 showed an exceptionally high optimum temperature &€ &bd
Fervidobacterium islandicum AW-1 100C (Nam et al., 2002).

The molecular mass of several keratinolytic proteases have been determined but their weight
is found within the range 18 to 240kDa. But most of these enzymes have often less than
50kDa. Higher molecular mass are often associated to keratinolytic proteases with

metalloprotease character or those produced by thermophilic organism (Branhdslli

2010).

The presence of divalent metal ions like’Caig®*, and Mi* often stimulate keratinolytic
protease activity. On the other hand, transition and heavy metals lfkeAef", Hg?*, and

PK** generally cause inhibition of keratinolytic enzymes (Brandelli et al., 2010).

Most of the microbial keratinolytic proteases reported to date belong to serine protease family
as determined by specific substrates and inhibitors éLed., 1992). But now days, many
reportsare available about keratinolytic metalloproteased mostly associated with Gram
negative bacteria. Keratinolytic protease produced by the Gram negative bacterium
Chryseobacterium sp. kr6 belong to the metalloprotease type because it is inhibited by 1,10-
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phenanthrolingRiffel et al., 2003). As Tatinenét al. (2008) reported, keratinolytic protease
produced by Streptomyces sp. S7 shows an exceptional character, which is serine-metallo in

nature.

3.6.3.2. Source of keratinolytic proteases

Keratinolytic proteases can be harvested from plant tissues and microbial cells especially
from several species of bacteria, fungi aetinomycetes, which are found frequently around
soils or aquatic environments where keratinous materials are deposited (Rao et al., 1998)
Aspergillus sp. and Rhizomucor sp. (Friedrichet al., 1999), Trichophyton mentagrophytes,
Trichophyton rubrum, Trichophyton gallinae, Microsporum canis and Microsporum gypseum
(Wawrzkiewiczet al., 1991) are different species of fungi, which can produce keratinolytic
proteasesKeratinolytic activity is well known amonBacillus sp. including several strains of

B. licheniformis andB. subtilis Lin et al., 1992; Linet al., 1999; Suh and Lee2001).
Streptomyces such asS. albidus E4 and S, grisecaurantiacus E5 (Amany et al., 2009), S

albus AZA (Esawy, 2007), Spactum, S albus, S thermoviolaceus, and S albidoflavus
(Bressollieret al., 1999) are also bacterial species which can produce keratinolytic proteases.
Few reports are available on Gram negative bacteciading feather degradingtrains of
Vibrio sp. as sources of keratinolytic proteagBangali and Brandelli 2000%5imilarly,
another study also reported by Riffel and Brandelli (2006) where keratinolytic bacteria from

decomposing feathers were mostly Gram negative.

3.6.3.3. Micraobial keratinolytic protease production and culture conditions

Keratinolytic proteases have been produced under submerged shaking conditions, except for
a few thermopilic bacteria (Nam et al., 2002) and fungi (Singh, 1999) where static submerged
fermentation has been reported. Until 2006, there were no reports available on solid state
fermentation for keratinolytic protease production (BranaMli., 2010). However, recently

the production of keratinolytic enzymes through solid state fermentation has been
demonstrated (Gioppo €t al., 2009).

Keratinolytic proteases are largely produced in a basal medium (mineral salts) with a
keratinous substrate. Most of the keratinolytic microorganisms are capable of using keratin as
the sole source of carbon and nitrogen (&tiral., 1999). However, addition of a keratinous

substrate is not always required for keratinolytic protease production (@heahg 1995;
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Kim et al., 2001). Other non keratinous substances have been also reported to act as inducers

of keratinolytic protease production (Brandelli et al., 2010).

Supplementation of keratin containing media with different carbon and/or nitrogen sources
might result in higher levels of keratinolytic protease production. For instance, the addition of
glucose (Ramnani and Gupta, 2004), molasses (Céiealg 1995), and bagasses (Giopgio

al., 2009) and additional nitrogen sources such as peptone, yeast extract, urea, tryptone,
ammonium chloride and sodium nitrate are reported to enhance keratinolytic protease yields
(Ramnani and Gupta, 2004). Conversely, the addition of supplementary substrates
(carbohydrates; inorganic and/or organic nitrogen sources) often decreases keratinolytic
protease production by some microorganisms, mainly due to catabolite repression
mechanisms (Gioppo et al., 2009).

3.6.3.4. Potential applications of keratinolytic proteases

3.6.3.4.1. Preparations of keratin hydrolysate as sour ce of food

Currently food requirements have increased drastically. This phenomenon leads to a bigger
demand for protein sources for domesticated animals. A good alternative includes animal hair
and chicken feathers having high protein content (approximately 92% and 96%, respectively)
in the form of keratin (Onifadet al., 1998). Since animal feed industry is the main consumer
for keratin hydrolysates from agroindustrial byproducts, recycling of keratinous wastes is a
subject of great interest for animal nutrition because of its potential as an inexpensive and
alternative protein source (Takardi al., 1992). Despite the limited nutritional value of
keratin, both the digestibility and amino acid balance of keratinous wastes protein might be
improved by microbial fermentation (Leeal., 1991; Williams et al., 1990).

Feather waste represents a potential protein alternative to more expensive dietary ingredients
for animal feed (Onifadet al., 1998). However, the commonly known proteases could not
degrade the keratin to a large degree. But it can be broken down by some keratinolytic
protease secreting microorganisms that turn native keratin into smaller molecular entities

(protein hydrolysates) that in turn can subsequently be absorbed by cells (Bern@G2a).

Versazyme is the only keratinolytic protease enzyme produceBabiyius licheniformis
PWD1, which is the first commercial keratinolytic protease developed by Shih and coworkers
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at BRI (North Carolina) and gives a guarantees to convert keratinous wastes in to cash

through feather meal production (Brandelli et al., 2010).

Use of keratinolytic enzymes in the production of amino acids and peptides is attractive for
biotechnological applications. With the help of these enzymes, hairs could be converted to
defined products such as the rare amino acids serine, cysteine and proline. This enzymatic
process is advantageous over commercial methods as large amounts of salts that need to be
separated from the product would not be produced (Korkmaz and Dincer, 2004).

3.6.3.4.2. Dehairing application and environmental pollution control

The global environment is gradually deteriorating because of the socio-economic activities of
humankind such as processing industries. Many industrial processes cause adverse changes in
the immediate environmental change and therefore being challenged by society. Of these,
leather industries anthe increased amount of feathers generated by commaepoiatry
processing may represent a pollution problem andsedequate managemei@hih, 1993).

Leather processing involves a series of unit operations. At each stage, various chemicals are

used and varieties of materials are expelled (Thanikaivelan et al., 2004).

Depilation or dehairing of hides and skins in leather industry is traditionally done with
chemical methods using lime, sodium sulfide, etc, which contributes to 80-90% of the total
pollution load in the leather industry and generates noxious gases as well as solid wastes, e.g.
hydrogen sulfide and lime (Thanikaivelanal., 2004). Therefore, leather industry is one of

the industries looking up to enzymes to reduce the impact of tanning processes on the
environment (Sundararajan et al., 2010).

The advantages of enzymatic dehairing include hair-saving dehairing process, a reduction of
sulfide content in the effluent, recovery of hair which is of good quality and elimination of
the bate in the de-liming (Choudhaatyal., 2004; Brandelli, 2008; Arunachalam and Saritha,
2009). Enzyme produced Bacillus subtilis S14 has a potential to complete elimination of

the need for toxic sodium sulfide during dehairing process in leather industry (Ma@do

2005). Therefore, the ever increasing attention to the environmental impact of leather
industry has necessitated for the development of enzyme based processes as potent

alternatives to pollution causing chemicals.
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Keratinolytic proteases lacking collagenolytic and having mild elastolytic activities are
increasingly being explored for dehairing process because these enzymes would help in the
selective breakdown of keratin tissue in the follicle, thereby pulling out intact hairs without
affecting the tensile strength of leather (Macetial., 2005). B subtilis S14 produces a
keratinolytic protease (KerS14), which does not have any detectable effect on collagen that is

a crucial property for an enzyme intended to be used in skin dehairing (Macedo et al., 2008).

3.6.3.4.3. Deter gent application

The idea of using proteases was first proposed by Rohm (German Patent GP283923, 1913),
who incorporated pancreatic enzymes into a detergent (8gaeki 2007). The economic
importance of alkaline proteases became known when bacterial alkaline proteases from
Bacillus sp. were introduced in 1960s to the detergent industry (Keizn 2005; Kumaiet

al., 2008).

The use of enzymes in detergent formulations is now common in developed countries, with
over half of all detergents presently available containing enzymes (Ketar, 2008).
Proteases are one of the standard ingredients of all kinds of detergents ranging from
household laundering to reagents used for cleaning contact lenses or dentures. The use of
proteases in the laundry detergents accounts for approximately 25% (around 13 billion tons

per year) of the total worldwide sales of enzymes (Tanksale, 2001).

Even if there is limited information in the litera¢uregarding detergent applications of
keratinolytic proteasgGupta and Ramnarn2006) confirmed that keratinolytic proteases are

used for detergent formulations. Unlike other proteases, keratinolytic proteases have the
ability to bind and hydrolyze solid substrates like hair. This is an important property of
detergent enzymes, as they are required to act on protein substrates attached to solid surfaces,
making them attractive additives for hard-surface cleaners (Bramtlali, 2010). They

could also help in the removal of keratinous soils that often encountered in the laundry, such

as collars of shirts, on which most proteases fail to act (Amare Gessesse et al., 2003).

The ideal detergent protease should possess broad substrate specificity to facilitate removal of
a large variety of stains due to blood, food and other body secretions. Activity and stability at
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high pH, temperature, compatibility with other chelating and oxidizing agents and high
isoelectric points (pl) value, to withstand higher pH ranges added to the detergents are among
the major prerequisites for the application of proteases in detergents (Tanksale, 2001). In
general, the majority of the commercially available enzymes are not stable in the presence of
bleaching or oxidizing agents. Hence, the latest trend in enzyme-based detergents is exploring
microorganisms with high stability of those agents to produce bioengineered enzymes with
better stability (Gupta et al 2002).

3.6.3.4.4. Silver recovery

Silver is one of the expensive and gracious metals used in large quantities for many purposes,
especially in the photographic industry. The waste (used) x-ray or photographic film
containing silver spread in gelatin are very good source for silver recovery with compared to
other types of film. With an increasing demand for silver in the world, recent attention is

focused on used x-ray or photographic films as one of the sources (Shankar et al., 2010).

Protein found on x-ray film (gelatin) is the derivative of collagen, which is insoluble protein
and not degraded by common proteases. Keratinolytic proteases are one class of proteases
and have the ability to degrade gelatin from x-ray film and therefore they are used for silver
recovery process. Currently, many investigations have been reported to recover the silver
from used x-ray film/photographic film wastes (Nakibogtual., 2003). Silver is recovered

by burning the films, which causes undesirable environmental pollution and base film made
of polyester cannot be recovered using this method. Since the silver is bound to gelatin, it is
possible to extract silver from the protein layer by proteolytic treatments. Therefore,
enzymatic hydrolysis of gelatin not only helps in extracting silver, but also the polyester film
base can be recycled (Nakiboglu et al., 2003).

3.6.3.4.5. Other potential applications of keratinolytic proteases

Keratinolytic proteaseare used for the production ofedicine, biodegradable films, glues,
development of biopolymers from keratin fib€Riffel et al., 2003) and cosmetics including

hair care products, nail hardening products (Matsubara and Tabata, 1994 cited in Karthikeyan
et al.,, 2007). They are also used to produce slow release nitrogen fertilizers (Cétikura
al.,1994). Hydrolysates of keratinous materials are used as additive in the preparations of
concrete and ceramics (Kawashima, 1993 and 1994 cited in Karthikegan2007). They
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are also used for removal of some polluting metals such as calcium, magnesium, iron and
manganese from polluting industrial waste water by immobilization of active amino acids
found in hydrolysate solution on silica surface as regenerable sorbents €6alie@005).

Fire fighting composition is prepared from a solution of organic colloid derived from the
hydrolysis of horns and hoofs (Datta, 1993). Oxidation of keratinous materials cleaves and
oxidizes some of the disulfide linkages to form water soluble peptides and this material is

used as a wound healing agent (Van Dgtka ., 2001).

Other promising applications have been associated with keratinolytic enzymes is that to
enhance drug delivery in some tissues. For example, the effectiveness of topical therapy of
nail diseases is usually limited by the very low permeability of drugs through the nail plate
(Mohorcic et al. 2007). Hydrolysis of prion proteins (prp) (causative agenof fatal and
transmissible neurodegenerative diseases BEmassmissible Spongiform Encephalopathy
(TSE) in humansarise as novel outstanding applications for keadytic protease enzymes
(Gupta and Ramnani, 2006; Brandelli, 2008; SharnthGumpta, 2010; Vigneshwaran al .,

2010) For example, a keratinolytic protease produced&gyllus licheniformis PWD-1 was
effective for full digestion of Pr¥ (abnormal isoform of PrP) in infected cow or sheep brain
stem (Priola, 2001; Langeveld et al., 2003).

Keratinolytic proteases are used for developing feather-based culture media that is useful in
the production of endotoxins to kill the mosquito larvae, (Poopathi and Abidha, 2007). As
Kwon et al. (1994) reported the use of alkaline proteases Wdmio metschnikovii RH530

used as an alternative for Proteinase K in DNA isolation.

Bioconversion of keratinous wastes used for subsequent production of bioenergy including
methane and biohydrogen (Balimt al., 2005; Brandelliet al., 2010). Furthermore,
keratinolytic fungi are a potential tool for assessment of petroleum hydrocarbon
contamination in the soil and associated bioremediation progress @JHig 2003). Using
keratinolytic proteases, keratin-based biomaterials or hydrolysates used to regulate
hemostasis and nerve regeneration (Sierpietsii, 2008; Apelet al., 2008; Aboushwarebt

al., 2009; Rouse and Van Dyke, 2010).
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Figure 3: Applications of Bacterial keratinolytic protease in different sectors

Sources: Brandelli, A. (2008). Bacterial keratinase
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4. Materialsand Methods
4.1. Materials

Hair and sheep skins were provided by Dire Leather industry while blood was collected from
Butchers around Arat kilo. Eggs and used x-ray films were purchased from local markets and

medical centers, respectively.

4.2. Sour ce of microorganisms

Ten microbial strains isolated from mud sample of from different Ethiopian Soda Lakes by
Gizachew (2009) and preserved in the Biotechnology laboratory were used in this study. All
isolates were previously screened for proteolytic activity on casein agar medium. In this

study, they were also further checked for keratinolytic activity.

4.3. Preparation of starter culture

A loop full of 24 h grown cells from each 10 isolates was inoculated in 100 ml casein-yeast
extract-peptone (CYP) medium in 500 ml Erlenmeyer flasks to refresh the isolates. The
medium components were (g/l): peptone (5), casein (1PKy (1), CaCl2 (0.13), yeast
extract (1), MgSQ@Q7H,O (0.2), agar (15) for plates and 1%,88&s. Inocula (1%) from the
above medium were added in to working medium (Table 1. medium C). In this study, all
media preparations were accomplished by following the procedures developed by Amare
Gessesset al. (2003). Therefore, after 1% MaO; was prepared and autoclaved separately it

was mixed with other media components after cooling.

4.4. Culture conditionsfor selection of hair degrading isolates

Hair medium with the same composition and preparation as starter culture (section 4.3)
medium except casein replaced with hair was used for screening of keratinolytic isolates.
Hair that was used for each experiment was washed gently with tap water until clear effluent
was obtained and rinsed with distilled water. The washed hair was dried with a circulating air
drying oven at 4%. Then it was weighed with sensitive balance and mixed with broth
medium before autoclaving. After autoclaving, 1% of refreshed cells taken from starter
culture were inoculated into 500 ml Erlenmeyer flasks with a working voluni@@hl of
medium. Cultivation was conducted at room temperature on orbital rotary shaker at a speed

of 120 rpm. Complete degradation of the hair was examined visually.
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4.5, Selection of hair degrading isolates

Active isolates having keratinolytic activity were screened qualitatively for their keratinolytic
activities using starter culture except 1% of hair, used as a sole carbon and nitrogen source,
replaced with casein. From 10 isolates, 5 showed complete hair degradation (keratinolytic
activities) in shaken culture medium with a continuous incubation periods for 15 days.
Among these, isolate designated as R11 showed high keratinolytic activities after 84h of

incubation. Therefore, this isolate was selected for further investigation in this study.

4.6. Morphological and biochemical characterization of strain R11

Colony characterization such as configuration, margin, elevation, opacity, pigment and shape
was investigated microscopically and direct observation of the 24h old colony on the agar
plate. Gram test was carried out both using general procedure of gram test (Duncan, 2005)
and 3% KOH. Biochemical characteristics such as catalase, oxidase, aerobic test, casein
hydrolysis test were undertaken as follows. Oxidase test was performed\uding’, N-
tetramethylp-phenylenediamine (TMPD). One large colony was taken with a loop and
tamped lightly onto the wet filter paper found in a petridish and the result was examined by
adding 3-5 drops of this oxidase reagent on the filter paper (Tagtaand 1982). Catalase

test was investigated using 3%®4 by dropping on the slide with 24 h grown fresh colony

and observing whether air bubble was detected or not whereas anaerobic test was carried out
using anaerobic jar for 24h incubation. Casein hydrolysis test was examined on milk agar
plate (Sellami-Kamouret al., 2008). Nitrate reduction test was performed in a medium
containing 0.2% potassium nitrate with the reagents sulfanilic acid (Nitrate reagent A: 0.8%
in 5N acetic acid) and alpha-naphthylamine (Nitrate reagent B: 0.6% in 5N acetic acid). The
medium inoculated with a pure culture of the suspect organism (R11) and incubate® at 30
for 24h. After 24h incubation 5 drops of Reagent A followed by 5 drops of Reagent B was
added to each tube. Complete reduction of nitrate was confirmed by adding small amount (4
to 5 mg) of zinc dust powder in each tube (Schreckenberger and Blazevic, 1974).
Furthermore, the isolate designated as R11, which has the ability to degrade keratin

effectively was identified by 16S rRNA amplification at University of Bergen, Norway.
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4.7. Effect of medium supplements on growth of the strain

Growth of Vibrio sp. strain R11 on basal medium with hair or casein media with different
supplements was investigated by modifying the method described by Amare Gessesse (2003)
(Table 1). The basal medium contained (g/l) Ga2H,0O (0.013), MgSQ@ 7H,0O (0.02) and
Ko,HPO, (0.1).

Table 1: Screening of media components for hair degradation with Vibrio sp. R11

Basal Medium plus  \iegium A Medium B Medium C  Medium D Medium E

Hair (1%) + + +
Casein (1%) - - -
Peptone (0.5%) - - -
Yeast extract (0.05%) - + +
Glucose (0.5%) - - + - -

+

+ +

+
+
+

Key: + = present
- = absent

4.8. Time cour se of cell growth and enzyme activity

Medium C (Table 1) was used for this experiment because it was suitable for the growth of
the selected isolate. It was the standard working medium for succeeding work in this study.
The medium was inoculated with 1% starter culture grown for 24h (Gouda, 2006) and
incubated at room temperature on rotary shaker at 120 rpm for 252 h. Determination of cell
biomass was carried out by measuring the turbidity of broth medium using UV-7804C
spectrophotometer with 12h intervals. The date at which the strain attained its maximal
enzyme activity was examined by measuring absorbance at 660nm using the same
spectrophotometer used in cell biomass assay. The experiment was also conducted at each

12h intervals.

4.9. Preparation of Tyrosine standard curve

To prepare the standard curve 0.5M ofLG@;, 50mM of Glycine buffer, pH 10.00, 1:10
diluted 2N Folin reagent and 200 pg/ml of Tyrosine stock solution with dilution 1:2 were
used. A required amount of buffer and Tyrosine were added in each test tube except blank.
Then 2.5 ml of 0.5M N#&O; was added in each test tube including blank and the mixtures
were keet at room temperature for 10min. After 500ul of 2N Folin reagent was added in each
test tube including blank, the solution was mixed immediately and kept for 30min at room
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temperature. Finally, the optical density (OD) was measured at 660nm using UV-7804C

spectrophotometer and the standard curve was plotted (Fig. 4).

Based on the above procedures and experimental results (data not shown), the following
standard curve was obtained. So, to determine the keratinolytic actiwtprod sp. R11, the

following calibration curve was used with the regression coefficienfod R96.

£ 08
c
o
S 06
© y = 0.006x + 0.019
© 04 R? = 0.996
o
0.2
0
0 50 100 150 200

Tyrosine (pg/ml)

Figure 4: Tyrosine standard curve for determination of keratinolytic activity

Enzyme Unit = (167.07 x OD x Dilution factor) - 3

Time of incubation
NB: The equation was generated after rearranging of the equation Y = 0.006X + 0.019

(By exchanging OD value at the x-axis and concentration of Tyrosine at y-axis)

4.10. Keratinolytic protease production and culture conditions

The following broth medium (Medium C) was used throughout the study for keratinolytic
protease production. The medium components were: 1% Hair (w/v), 0.5%(w/v) glucose,
0.05% (w/v) yeast extract, 0.013% (w/v) Ca€H,O, 0.02% (w/v) of MgSQ7H,O (w/v),

0.1% (w/v) KHPO.xH,O and 1% NgCO; as described by (Amare al., 2003) with a

slight modification. Broth culture was grown in 500ml flasks with 1% refreshed cells from
starter culture. The culture was incubated on a rotary shaker at 120 rpm for 8 days (192 h) at
room temperature, the time at which maximum enzyme activity was observed. Crude enzyme
preparation was accomplished by centrifuging the broth at 10,000 rpm for 5 min. The clear
supernatant was used as the crude enzyme. The crude enzymes harvéstiay atriél end

of fermentation period were used further enzyme characterization and total soluble protein
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determination, respectively. Hence™ &lay was considered as optimized period for

keratinolytic protease production.

4.11. Determination of total soluble protein from degraded hair

Total soluble protein content of the samples (degraded hair) obtained from six different
media was determined according to the method described by Lowry (lebvary 1951).

Media combinations were clearly put in Table 2. Concentrations of mineral salts described as
in (section 4.7) were similar for all media. Bovine Serum Albumin (Sigma) was used as
protein standard with 400 pg/ml BSA stock solution. Working protein standard solution was
prepared in the range of 0-3G@/mL to obtain a standard curve (Fig. 5). The blards
prepared using the same procedure without sample (protein source). Soluble protein content
was estimated by calibration with the standard graph. Samples (cell-free culture supernatant)
from six different media were diluted to five times with distilled water. Absorbance of the
sample was measured spectrophotometrically at 660nm using UV-7804C spectrophotometer.

Table 2: Medium compositions for determination of total soluble protein from degraded hair

Basal medium plus Supplement cell

Hair None -
None +
Yeast extract +
Yeast extract+ glucose +
yeast extract + pepto +

Casein yeast extract + pepto +

Figure 5: BSA standard curve
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4.12. Enzyme assay

Keratinolytic protease activity was determined using casein as a substrate according to the
method reported by Amare Gesseasal. (2003). The reaction mixture (450 pl of 1% casein

in 50mM Glycine/NaOH, pH 10.00 and 50l of crude enzyme extract) was incubaté@ at 40

for 30 min. After 30 min of incubation, 500ul of 10% Trichloroaceticacid (TCA) was added

to stop the reaction. Enzyme blank (control) was processed by adding the same amount of
enzyme after TCA was immediately added and the tubes were allowed to stand for 20 min at
room temperature to facilitate the un-reacted casein precipitation. The precipitated protein
was removed by centrifugation at 10000 rpm for 5 min. From the clear supernatart, 500u
was transferred to clean test tube. Then 2.5 ml of 0.5MC@8aand 500ul 2N folin
Ciocalteau’s phenol reagent (1:10 diluted) were added to the solution. Then the solution was
immediately mixed with vortex and kept at room temperature for 20 min. Finally, absorbance
reading was measured using UV-7804C spectrophotometer at 660nm. One unit of
keratinolytic protease was defined as the amount of enzyme that librates trichloroacetic acid
soluble fragments from casein, equivalent to Igfgtyrosine in 1 min under standard
conditions at 4%C.

4.13. Characterization of keratinolytic protease produced by Vibrio sp. R11
4.13.1. Theeffect of temperature on enzyme activity and stability

4.13.1.1. Effect of temperature on enzyme activity

Optimal temperature of the enzyme was investigated by following protease assay method
described by Amare Gessesteal. (2003) using 1% Casein (w/v) as substrate in 50mM
glycine/NaOH pH 10.0. Experiment was conducted by incubating the reaction mixture at

temperatures ranging from ®Dto 80C in the presence and absence of 5mM &f Ca

4.13.1.2. Effect of temperature on thermal stability

Temperature stability of the enzyme was determined by measuring the residual activities by
following the the modified procedure (Gupta and Khare, 2007). After pre-incubation of the
crude enzyme solution in 50mM glycine-NaOH buffer, pH 10.0 at 45, 50, 55 8aqd &0
aliquot of 1ml enzyme solution was incubated in the water bath at the each temperature.
Aliquots were withdrawn at desired time intervals (10min) to determine the remaining

activity following the standard protease assay procedures. Enzyme incubated at room

25



temperature (aliquots that was not heat treated) was considered a control and assumed to have
100% activity. At temperatures > %5 all the assays were carried out with 5mM ofCa

because the enzyme was calcium dependent.

4.13.2. Theeffect of pH on enzyme activity and stability

4.13.2.1. Effect of pH on enzyme activity

The effect of pH on activity of the enzyme was determined by assaying its activity at
different pH values within the range of 6.0-12.0 with increment of 0.5 pH units (Gouda,
2006). The experiment was conducted using 1% (w/v) casein as a substrate in the presence of
5mM of C&" and 50mM concentration of the following buffers. Phosphate buffer
(NaHPO4/NaHPO4), Tris/HCI, Glycine/NaOH and dibasic sodium phosphate/NaOH used

for pH of 6- 7.5, 8 & 8.5, 9-10.5 and 11-12, respectively. The enzyme activity was measured
following the standard protease assay procedure and the activity of the pH at which the

highest activity was taken as 100%.

4.13.2.2. Effect of pH on enzyme stability

The effect of pH on enzyme stability was determined according to Amare Gesasekse
(2003) described earlier, which was carried out by pre-incubating the enzyme for 1h at room
temperature with each buffer. After 1h pre-incubation, the residual enzyme activity was
determined following the standard protease assay in glycine/NaOH, pH 10.@Cafo4@0

min incubation.

4.14. Effect of NaCl concentration on enzyme stability

The effect of NaCl on enzyme stability was studied by following the method @aha

2006) with some modification. The crude enzyme was mixed with 50mM Glycine-NaOH
buffer pH 10.00 contained different NaCl concentrations ranging from OM to 3M with 0.5
unit intervals. The reaction mixture was pre-incubated at room temperature for 1h. To
determine the residual activity, 50ul of the enzyme solution was taken from pre-incubated

solutions for standard protease assay.

4.15. Effect of proteaseinhibitors

The effect of different inhibitors on crude enzyme activity was determined using two specific

metalloprotease inhibitors (Ethylenediaminetetraacetic acid and 1, 10 Phenanthroline) and
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one serine protease inhibitor (phenylmethylsulfonyl fluoride) by modified the method

described by Amare Gessesse (1997). Aliquots were pre-incubated at room temperature for
1h before normal protease assay was carried out. Residual protease activity was determined
by standard protease assay procedure and compared with a control (without inhibitors) but

incubated under similar conditions. The control was taken as 100%.

4.16. Effect of detergents, oxidizing and bleaching agents on enzyme activity

Stability of the enzyme in the presence of detergents, oxidizing and bleaching agents was
examined by slight modification of the methods described by Sellami-Kaeria@ln(2008)

and (Haddaet al., 2009). The experiment was carried out by pre-incubating the enzyme for
1h at room temperature with various chemical preparations. The residual activities were

determined by applying standard protease assay.

To investigate the effect of oxidizing agents on enzyme stability, hydrogen peroxide was used
with different concentrations ranging from 0-30% in the reaction mixture. Pre-incubation of
the reaction mixtures was carried out by mixing equal amount of enzyme #dd H
Similarly, stability of the crude enzyme in the presence of surfactants was determined by
incubating it with Triton x100 (nonionic detergent), Tween-80 (nonionic detergent) and SDS
(ionic detergent). Bleach stability of the enzyme was also tested in presence of sodium
Perborate (NaBg). Enzyme activity of a control sample (without detergent) incubated under
similar condition was taken as 100%. Residual activities were measured using standard

protease assay.

4.17. Effect of methanol on enzyme stability

Effect of methanol on enzyme stability was tested by following the slight modification of the
method described by Xt al. (2009). The concentration range used in this experiment was in

the range of 0-30%. Aliquots of the crude enzyme were mixed with methanol in equal
proportion and incubated for about 1h at room temperature. Then by taking 50ul of pre-
incubated enzyme from each concentration, the standard protease assay was carried out at

40°C for 30 min and compared with control considered as 100% activity.
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4.18. Stain removal efficiency of the crude enzyme and commercial powder deter gent

The commercial powder detergent, which is known as Aerial contained unspecified enzyme,
was taken as a commercial detergent. The mixing proportion recommended by the detergent
with dH,O is 0.3% (w/v), which is written on the pack of the detergent. Therefore, here in
this study also used this standard. The detergent was heated@tfa0@h to denature the
endogenous enzyme found in the detergent. Non heated detergent was dissolved with
standard mixing and assayed to confirm whether the detergent contains protease or not.
Heated (denatured) detergent and enzyme (5%) produced by R11 was mixed and assayed to
check the enzyme could withstand (compatbble) all the surfactants found in the detergent or

not.

Wash performance of the crude enzyme and commercial powder detergent was evaluated by
using them on blood and egg yolk stains stained on cotton fabrics following the method with
slight modification of Kumar and Bhalla (2004). A clean and white cotton test fabric pieces
(15cm x 15cm) were stained with blood and egg yolk. The stained pieces were allowed to
dry. Then they were added in to 250ml Erlenmeyer flasks contained 5.8 U/ml and 11.6 U/mi
of crude enzyme in 100ml reaction mixture, which was adjusted by 1M of NaOH pH 10.00.
Finally, some of the flasks were incubated at room temperature while the resiCat 37
Controls were prepared under similar conditions except no enzyme or detergent was added.

Stain removal was visually monitored by washing the cloths with tap water.

4.19. Testing crude enzymefor dehairing activity

This experiment was carried out according to (Riétedl., 2003) with some modification.

The excess flesh and fatty tissue under the fresh sheep skins was removed before they were
mixed with enzyme. Then the skin pieces were washed gently with tap water and rinsed with
distilled water to remove chemicals from the skin, which may hinder enzyme activity during
dehairing activity. The skin was dried and cut in to 10 cm x 15¢cm pieces, each weighing 24g.
Cell-free supernatant with 58U/ml enzyme was used as source of crude enzyme for the
experiment. Reaction mixture (50 ml) contained equal volume of crude enzyme and 50mM
glycine-NaOH buffer pH 10.00. One molar of NaOH buffer pH 10.5 was also used for
dehairing activity. A control was prepared under similar conditions except contained a crude
enzyme denatured by boiling at £a0for 1h. The reaction mixture was incubated both at

37°C and at room temperatures for 12h and 24h, respectively. Dehairing activity of the
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enzyme was accomplished by pulling the hairs with fingers. Finally, the skin pieces were

visually examined for complete dehairing activity and any change on the skin.

4.20. Removal of gelatinous coating from used x-ray film

Used x-ray films were washed with distilled water and wiped with cotton impregnated with
ethanol. Then they were cut into 4emcm pieces, each weighing 0.423g (Nakiboglal.,
2003). After dried them in an oven at°@0for 30 min, each of the films were immersed in
50mM glycine buffer pH 10.00. Enzyme extract with 11.6U/ml concentration was used for
experimental unlike control prepared using buffer alone. Removal of gelatin from the film
was also measured by Loweyal. (1951) by quantifying the gelatin content in the stripped
solution with bovine serum albumin (BSA) as the standard. Furthermore, turbidity of the

removed solution was also measured at 660nm.

4.20.1. Effect of temperature and pH on enzyme activity to remove gelatin from used x-
ray film

Optimal temperature of the enzyme for gelatin removal was investigated by incubating it
from room temperature to 85. Similarly, to determine the optimal pH of the enzyme
reaction mixtures were also treated in buffers ranging from 7-12. The above two independent
experiments were carried out according to the method described by Nakebagl§2001)

and Shankar et al. (2010) with a slight modifications.

4.20.2. Reuseability of the enzymefor gelatin removal from used x-ray film

To determine the reuseability of enzyme (how many times reused) for removal of gelatin
layer from the film, experiment was conducted using 11.6Uailenzyme at temperature
ranges from room temperature ta’85n the presence and absence of 5mM of gafter
complete removal of gelatin, enzyme treated x-ray film was removed from the reaction
mixture. Then the untreated one was added to the same enzyme solution and incubation
continued until complete removal of gelatin was observed. The process was repeated until
gelatin hydrolysis stopped. Time required for complete gelatin removal in each case was
noted (Shankaet al., 2010). Considering the cost of enzyme, effect of enzyme concentration
with time course of gelatin layer removal from used x-ray film was also studied from
0.29U/ml-58U/ml concentration ranges afGQsing 1M NaOH pH 10.00.
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4.20.3. Theeffect of Glycine buffer, CaCl,and incubation period for removal of gelatin

To confirm either removal of gelatin obtained really by enzyme or £aperiment was
conducted in the presence of 5mM of Ca@ssociated with buffer only at % for 30
minutes. Likewise, to determine the effect of incubation period on enzyme activity the
experiment was also carried out by incubating the reaction mixture contained enzyme and
buffer alone (i.e. without inclusion of the film) for 5 min at’85 After 5 min, the film was

added to the reaction mixture and kept on the continuous shaking water bath for 30 min.

4.20.4. Weight loss of used x-ray film during silver recovery process

Weight loss of the film was analyzed by measuring the weight of used x-ray film before and
after complete removal of gelatin layer from fixed size (4cm x 4cm) of the film.

4.21. Methods of data analysis

All data presented here in this study were the average of at least two measurements and all
graphical and numerical data values generated by using Microsoft Excel 2007.
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5. Reaults

5.1. Screening of keratinolytic microorganisms

Out of the ten isolates tested, one isolate, designated as R11, was selected for further study
depends on its hair degradation capability. The isolate showed remarkable hair degradation
efficiency within 5 days of incubation at room temperature (Fig. 6). The rest of the isolates

showed moderate or no complete hair degradation even after long period of incubation.

Figure 6: Hair degradation efficiency of bacterial stidibrio sp. R11 isolated from Lake Arenguade (One of
Ethiopian soda lakes) in submerged cultivation at room temperature. (A) Hair control without the bacterial strain
(B) Hair after 144 hrs of incubation with the bacterial strain showed complete degradation

5.2. Characterization and identification of Vibrio sp. strain R11

Table 3 shows results of morphological and biochemical tests of isolate R11. Based on its

morphological and physiological characteristics the isolate was characterized as gram

negative, oxidase negative and catalase positive. The colonies were characterized as
transparent, mucoid, circular configuration, smooth margin, immerged and non-pigmented. A

motile short curved and rod shaped cells were observed under light microscope with 1000X

magnification power. The strain was also facultative in nature and has the ability to hydrolyse

casein and gelatin. The 16S rRNA sequencing data confirmed that the strafbmasp.

and having 99% similar witNibrio metschnikovii, and its sequence has been deposited in

GenBank database with accession number AY837747.
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Table 3: Morphological and Biochemical test3/dfrio sp. R11

Test Inference orVvibrio sp. R11
Colony morphology

Configuration Circular

Margin Smooth

Elevation Emerged and Slightly raised

Opacity Transparent

Pigment No

Cell shape and arrangement Curved rod and singly arranged

Gram test Negative

Physiological and Biochemical tests

Catalase Positive
Oxidase Negative
Motility Positive
Oxygen requirement Facultative
Nitrate Reduction Negative
Gelatin Hydrolysis Positive
Casein hydrolysis Positive

5.3. Effect of medium supplements and growth profile of Vibrio sp. strain R11 on
different media
The growth ofVibrio sp. strain R11 was investigated on hair and casein media in the
presence of different supplements (Table 1). As shown in Fiyibrio sp. strain R11
showed appreciable rate of growth when 0.5% glucose was added in the medium. Growth of
this organism was relatively fast on casein medium supplemented with peptone and yeast
extract (medium E). Meaning that, R11 cells attain their logarithm phase within short period
as compare to other media. On the other hand, cell biomass of the strain decreased
immediately as compared to the medium contained glucose. Interestingly, media A, B and C
showed almost similar rate of bacterial growth until R11 cells enter to logarithm phase. On
the contrary, R11 cells grown in media D and E needed relatively less time to attain their

logarithm phase.
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Figure 7: Effect of media composition on growthvibrio sp. strain R11. Samples were withdrawn at 24 hours
interval to measure OD. Basal medium (mineral salts) supplemented with hair (Media A); hair + yeast extract
(Media B); hair + glucose + yeast extract (Media C); hair + yeast extract + peptone (Media D) and casein +
yeast extract + peptone (Media E). The concentration of each component was described as in (Table 1).

5.4. Time cour se of cell growth and enzyme activity profile

As shown in Fig. 8, even though turbidity value (OD) was used for measuring both alive and
dead cells (total cell biomass) exist in the sample, its value was decreased after 168h of
incubation. Keratinolytic protease production was started in the early exponential phase and
showed almost linear relationship with cell biomass until late stationary phase. Even though
relatively low enzyme production was observed at early exponential phase, maximum
keratinolytic protease production was observed at stationary phase after 8 days (192h) of
incubation. Hair degradation was started at 84hVHyio sp. strain R11. This was the
exponential phase of the strain. Enzyme activity remained more or less stable until 252h and
decreased with increasing incubation time. After 252h of incubation, enzyme production was

decreased.
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Figure 8: Time course of cell growth and enzyme activity profile at 12 h intervals

5.5. Amount of total soluble protein from degraded hair

Total soluble protein in the culture filtrate obtained from degraded hair from different media

compositions was quantified according to the method described by Lowry (Leively,

1951). As shown in Table 4, 3.17gm of soluble protein was harvested from 1L broth medium
containing 10g of hair and 0.5% of glucose. The total amount of soluble protein obtained
from degraded hair was almost equivalent in the basal medium, containing only hair

(3.06mg/ml), to same medium supplemented with yeast extract and glucose (3.17mg/ml). On
the other hand, the total soluble protein found from degraded hair from media contains basal
mediumm assocated with yeast extrat (2.77mg/ml) and yeast extrat plus peptone
(2.67mg/ml). Although there was no inclusion of cell in control (Medium without cell),

1mg/ml soluble protein was detected.
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Table 4: Total soluble protein from degraded hair by Vibrio sp. strain R11

Concentration of prote

Basal medium plus Supplemented with Cell
(mg/ml)
Hair None - 1.25
None + 3.06
Yeast extract + 2.77

Yeast extract + glucose + 317
Yeast extract + peptone + 2.67

Casein Yeast extract + peptone + 2.90

5.6. Characterization of alkaline keratinolytic protease produced by Vibrio sp. R11

5.6.1. Effect of temperatureon enzyme activity and stability

Protease of R11 was active in the absence &f Earticularly at temperature below %65

(Fig. 9). But thermal activity of the enzyme was’Cdependant. The enzyme became active
with relative to OmM C# particularly at higher temperature values (>6%. The maximal
activity of protease R11 was observed with an optimum temperature®®f (6@y.9) and
retained 50% of its maximal activity after 3h of incubation at this temperature. Inactivation of
the enzyme (80.57 %) was observed &C8@ further rise in temperature showed a decrease

in protease activity.
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Figure 9: Effect of temperature on keratinolytic protease activity
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As shown in Fig. 10, the enzyme was stable at 45 and 50°C. At 50°C, the enzyme was stable

with a residual activity ranging from 99% to 84% in 10 and 60 minutes of incubation,

respectively. At 55°C, 76% and 13% residual activities were retained.

Residual activity (%)
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Figure 10: Thermal stability of keratinolytic protease with 5mM of Ca2+ % 457C 55°C and 66C. Residual
enzyme activity was determined from 0-60 min at 10 min intervals.

5.6.2. Effect of pH on enzyme activity and stability

The enzyme was active in a broad pH range and retained greater than 50% of its maximum

activity in the pH range of 7.5-11.5 (Fig. 11). However, the activity was decreased to 57% of

its maximal value under slightly acidic conditions (below pH 7). Optimum enzyme activity

was observed at pH 11.0. An increase in pH beyond 11.0 brought about a rapid decline in

keratinolytic protease activity resulting in 30% relative activity at pH 12.0.
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Figure 11:
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Effect of pH okeratinolytic proteaseactivity at 46C for 30 min incubation.
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Invedigations on pH stabilitshows, the enzyme wasable in the pH range of 7.0 to 1.
with maximum stability at pH 10.0. Ashown in Fig. 12the enzyme was very stable ir
broad pH range, maintaining over-87% of its original activity between pH 7.0 and 1:
The enzyme was stabd both neutral and alkaline . But enzyme stability wadeclined
sharply and being retain@d % of theoriginal activity at pH 12.0.
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Figure 12 Effect of pH on stability of the alkaline keratinolytic protewas determined by pre incubating

enzyme in different buffers for 1 h room temperaturand the residual activity was measured at pH 10.(
40°C. Activity of the enzyme praacubated at pH 10.0 and assayed at same pH is considered a

5.7.  Effect of sodium chloride concentration on stability of the enzyme

Salt tolerance of alkalinkeratinolytic proteas was measured in the presence of Nwith
the concentration range of3IM. Maximum enzyme activityvas recordect 0.5 M NaCl
(99%). The enzymexhibits appreciable activiteven after 1h praicubationwith 22% of

enzyme activity irpresence of 3M Na..
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Figure 13 Effect of NaCl on stability of the crude enzyiand percentage residual activitiwere
calculated on the basis that the activity of sample without NaCl was taken a:

37



5.8. Effect of inhibitorsand proteasetype

As shown in Table 5, the enzyme was moderately inhibited with metalloprotease inhibitors
(EDTA and 1,10 Phenanthroline) and significantly with serine protease inhibitor (PMSF).
The enzyme was inhibited almost 57.8%, 19.8% and 87.4% of its maximal activity in the
presence of 10mM EDTA, 1, 10 Phenanthroline and phenylmethylsulfonyl fluoride (PMSF),
respectively.

Table 5: The effect of A) EDTA, B) 1, 10 phenanthroline and C) PMSF on alkaline keratinolytic

protease activity

Protease inhibitors Concentrations (mM) Residual enzyme activity (%) % of inhibition
Control without any additives 0 100 0
EDTA 1 - -

2 43.0 57.0

10 42.2 57.8
1, 10 Phenanthroline 1 98.9 11

2 83.3 16.7

10 80.2 19.8
PMSF 1 86.0 14.0

2 - -

10 12.6 87.4

5.9. Effect of surfactants, detergentsand oxidizing or bleaching agents on enzyme
stability

After the enzyme was pre-incubated at room temperature for 1h with a concentrations of
hydrogen peroxide in the range of 0-30%, the enzyme was very stable and retained >52% of
its maximal activity at 20% of D, (Fig.14).Whereas, only 17% of its activity was retained

at maximum concentration of,B, (30%).

As shown in Fig. 15, the crude enzyme retained 83% of its maximum activity in the presence
of 20% non-ionic surfactant (Triton X-100). Interestingly, the enzyme was enhanced up to

134% by Tween 80 at the concentration of 20%. The strong an ionic surfactant (SDS) at 20%
caused a moderate inhibition of the activity, maintained 44% of its original activity.
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Figure 15 Effect of anionic (SDS) and n-ionic detergents (Tween 80 and Tritonl&0) on enzyme stabili

5.10. Effect of sodium perborate on enzyme activity

As shown in Fig. 16, NaBg) which is ableaching agent, enhanceszym« activity until its
concentration reached td5mM with maximum activity (106%) Beyond 15mM
concentration of sodium perbor, the enzyme activity was deease by 14% from its
maximum activity at aa@ncentration of 20mN
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Figure 16 Effect of sodium perborate on enzyme act

5.11. Effect of methanol on enzyme stability

As shown in Fig. 17the enzyme was enhanced by the addition of organic solvent (met
up to 121% attte concentration of 3C.
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Figure 17 Effect of methanol on enzyme stability after preincubation of 1h at room temp

5.12. Stain removal efficiency of commercial detergent and keratinolytic protease
produced by R11

Although the stained test fabrics were incubawith non heatedcommercial detergel
(Aerial) at 37C for 30min to accomplish complete removal botl stain, there was
remaining stain on the the cotton fabrics (no clear cotton fabrics were ob ( Fig. 18 &
19 upper pictures) whetompare to cotton clothes treated with enz. After the standard

protease assay waserformec the existence of protease enzyme was not detein the
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detergent. Test fabrics treated with a solution containing detergent (heated) and enzyme was

obtained clearly after 30 min of incubation atG7

Potential application of keratinolytic protease for washing purpose was tested without any
detergent additives using a cotton fabric stained with egg yolk and animal blood (Fig. 18 &
19 lower pictures). Enzyme with 5.8U/ml took 2h for complete removal of both egg yolk and
blood stain at room temperature whereas 4C3he stains were removed within 1h. But
when the concentration was raised to 11.6U/ml, complete stain removal was observed within

1h and 30 min at room temperature antiC37espectively.

Figure 18: Egg yolk stain removal efficiency of commercial detergent (upper pictures) and alkaline keratinolytic
protease produced Byibrio sp.R11( lower pictures): A) Stained cotton fabric before reaction mix; B) control
(0% of enzyme or detergent); C) with 11.6Unoff enzyme or detergent; incubation time 30 min 4€37
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Figure 19: Blood stain removal efficiency of commercial detergent (upper pictures) and alkaline keratinolytic
protease produced B¥ibrio sp.R11( lower pictures): A) stained cotton fabric before reaction mix; B) control
(0% of enzyme or detergent); C) with 11.6U/ml of enzyme or detergent; incubation time 30 nf@ at 37

5.13. Testing crude enzymefor dehairing activity

Intact hairs of sheep skin pieces treated with enzyme were completely dehaired easily with
mechanical action by simple scraping with fingers to remove loose hairs. This was achieved
after incubation of 12h at 3¢ and at 24h at room temperature. Complete dehairing was
achieved using both Glycine and NaOH buffer without any time difference. Hair loosening
was not observed in control even by mechanical action of fingers. Pieces of sheep skins
treated with enzyme and control showed visible differences. Although the presence of
depilated area was noticed on the skins treated with enzyme, no deterioration and color
alteration was observed on the dehaired skin as compared to the control (Fig. 20). The skins
treated with enzyme showed slightly an increment of surface area as well as they were also

softened.
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Figure 20: Complete dehairing activity using 58U/ml alkaline keratinolytic protease producétbriay sp.
without any addition of lime and sodium sulfide in the reaction mixture W 8% 12h incubation A) Sheep
skin with heat-denatured alkaline enzyme at°@far 1h, with buffer (control) and B) Enzymatically dehaired
sheep skin incubated with non-denatured enzyme.

5.14. Removal of gelatinous coating from x-ray film

5.14.1. Effect of temperatureon hydrolysisof gelatin from used x-ray film

Hydrolysis of gelatin was observed at temperatures ranges from°30-8Be appropriate
temperature for removal of gelatin layer from used x-ray film (Fig. 21) w2G @5g. 22).
Gelatin removal was completed within 3 min afG5Removal of gelatin bellow 56 was

no significant difference in both the presence and absence of 5mM of Jable 6). At
higher temperature (>86) gelatin removal efficiency of the enzyme was slightly decreased
until the temperature reaches’80 But temperatures >80, no complete removal of gelatin
was observed even after 30 min of incubation in the absence of 5mM of. daGhe
presence of 5mM of Cag;the enzyme was highly active in the first 5 min of incubation even
at the temperature of &5, and partial gelatin removal was observed. But after 5 min of

incubation, the enzyme was totally inactivated and no gelatin removal was observed.
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Table 6: Time course and reuse of enzyme for complete removal of gelatin from used x-ray film at a
temperature ranging from room temperature {8gith 11.6U/ml enzyme in the presence and

absence of 5mM of Cagl

Tempe Time (min)
in the absence of 5mM of CaCl

rature

Time (min)

in the presence of 5mM of CaCl

(°C) 1 Cycle 2"Cycle  3“Cycle 1* Cycle 2"Cycle 3™ Cycle
Room 56.8 121 240 57 120 240
30 18.4 30 61 17.56 29.41 61
35 12.6 15 20.6 12.06 15.08 19.43
40 9 9.3 9.44 9 9.21 9.48
45 7 8.3 9 7.05 8.23 8.98
50 4.1 5.84 7.13 4.19 5.83 6.99
55 3.2 4.4 5.03 3.06 4.4 5

60 3.97 5.72 7.03 3.19 4.03 55
65 4.56 7.28 12.01 4.24 6.36 6.95
70 5.21 9 Nr 4.4 6.59 7.2
75 6.74 Prat 12 Nr 5 7.21 9

80 Prat8 Nr Nr 5.50 Prat 15 Nr
85 Nr Nr Nr Prat5 Nr Nr

Pr = partial removal

Nr = no removal

Figure 21: Sample pictures: (A) Before and (B) After gelatin layer removal from the film after 3 min incubation
at 55C with 11.6 U/ml enzyme concentrations.

OD at 660nm

1.2 ~

1

0.8

0.6

0.4

0.2

0

30 35 40 45 50 55 60 65 70 75 80

Tempmperature’C)

Figure 22: Effect of temperature on hydrolysis of gelatin from used x-ray film by measuring intensity of
turbidity of the stripped solution, enzyme concentration 11.6 U/ ml, sample withdrawn 3 min interval, pH 10.00
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5.14.2. Reuse of enzymefor gelatin hydrolysisfrom used x-ray film in the presence
and absence of CaCl;

As shown in Table 6, enzyme has a potential to remove gelatin three times within 7h at room
temperature, and 14 min at°85 As shown Fig. 23, the alkaline keratinolytic protease was
incubated for about 145 min (total time incubation) &tC5Even though the enzyme was
incubated for long time, it has the capability to remove gelatin layer from used x-ray film
until 2h and 8min of incubation without increasing the time of removal. This means, removal
was observed at a constant time (7 min) for long time within the range of 4-18 cycles. But
after 18 cycles, removal was observed with increasing of time without stopping gelatin

hydrolysis.

[
o
)

Time (min)

O P N W b 1 OO N O O
1

T T T T T T T T T T T T T T T T T T T 1

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

Number of cycles

Figure 23: Reuse of enzyme af60with 11.6U/ml of enzyme in the absence of 5mM CaCl2
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5.14.3.

Effect of pH on hydrolysisof gelatin from used x-ray film

Gelatin removal was observed over a wide pH range of 7 to 11.5. Complete removal of
gelatin was observed within 3 min at pH 10.5 (Fig. 25), which was the optimum pH (Fig. 24).

But no complete removal was observed at pH 12.

OD (660nm)

0.25

0.2

0.15

0.1

0.05

7 75 8 85 9 95 10 105 11 115

pH

Figure 24: Effect of pH on stripping of gelatin layer from used x-ray film using 11.6U/ml enzyme
extract, sample withdrawn 3 min interval, incubation 4C50

Time (min)

[ S S T G
o N B O

o N b OO

85 9 95 10 105 11 115 12

pH

Figure 25: Time course (min) of complete removal of gelatin from used x-ray film in the absence of
5mM CacCl2 with pH value from 7-12 at %D

5.14.4. Enzyme concentration and time cour se of gelatin hydrolysisfrom x-ray film

As shown in Fig. 26, rate of gelatin hydrolysis was increased as the amount of enzyme

increased. But when the enzyme concentration was decreased, time of gelatin hydrolysis from
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the film was increased. Complete removal of gelatin from the film was observed at 2 min and

25 min using 58U mi and 0.29Umt enzyme concentrations, respectively.

Time (min)

45
40
35
30
25
20
15
10

5

Q7 N
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O Y AP VT e 9T N T Vo 9

Enzyme Unit /ml

Figure 26: Effect of enzyme concentration and time course of gelatin hydrolysis from used x-ray film

at 50C and pH 10.00.

5.14.5. Theeffect of Glycine buffer, CaCl,and incubation period for removal of gelatin

Although the film was added after the enzyme was pre-incubated with buffer alone for 5 min

at 85C, no gelatin removal was observed. Similarly, no gelatin removal was observed at all

when the experiment was conducted without incorporation of enzyme in the reaction mixture
(5mM of CaC} and buffer only) at AT for 30 min.

5.14.6. Weight loss of the film during gelatin removal from used x-ray film

Treatment of x-ray films with enzyme resulted in stripping off the sliver bound with gelatin

in to the reaction mixture and clean plastic film was recovered. Therefore, weight loss of the

film was noticed after clean used x-ray film was obtained. The initial weight of the film was

0.423 gm (4cm x 4cm pieces of the film) before incubation. After gelatin and other

components of the film were removed from the film with enzyme having 11:6dntivity

in the reaction mixture, the weight of the film becomes 0.4064. Therefore, value of weight

loss was calculated as 0.017 gm (0.423 gm — 0.4064 gm). The value indicates that 4% of the

film weight was lost after the film was treated with enzyme.
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6. Discussion

A total of ten alkaliphilic protease producing bacteria isolated from mud sample collected at
the shore of different alkaline soda lakes in the Rift Valley of Ethiopia (Gizachew, 2009)
were screened for hair degrading properties. Of these, five isolates showed good growth and
keratinolytic protease production using hair medium. Based on their hair degrading efficiency
and the level of enzyme production, only one strain designated as R11 was selected for this
study because it has the capability of growing and degrading hair at room temperature within
short period of incubation when compared to others. This implies that R11 can be cultivated
easily using cheap resources at room temperature without any culture environment

adjustment (heat energy input) during fermentation process.

As shown Fig. 7, the growth of R11 cells in media A, B and C was relatively took more time

at lag phase. This is because the cells need longer time to establish themselves to utilize the
hair as a sole carbon and nitrogen source. Whereas, R11 cells grown in media D and E need
less time to enter their log phase. Because they can utilize the available peptone and yeast
extract easily for their growth. However, once R11 cells establish their lag phase, grown on
media A, B and C, they started to utilize hair as a sole source of carbon and nitrogen and
spent more time until they attain their decline phase as compare to R11 cells grown on media
D and E.

The appreciable growth of R11 in the medium containing hair indicates that the isolate has a
potential to utilize hair as a carbon and nitrogen sources. Previous studies also indicated that
Bacillus licheniformis (Vigneshwaranet al., 2010) andChryseobacterium sp. (Lv et al.,

2010) have also the potential to degrade hair, and they can use it as a sole carbon and
nitrogen sources for their growth. Growth and production of substantial amount of
keratinolytic protease by utilizing hair as a cheap fermentation substrate by R11 offers a
feasible microbial technology for obtaining keratinolytic enzymes. This is indirectly

eexpected to minimize enzyme production cost.

Based on its morphological and physiologicharacteristics as well as 16S rRNA sequence
analysis, the isolate designated as R11 was identifi&bai® sp. having 99% identity with
Vibrio metschnikovii. Meanwhile, there was still no any report on the topic of potential

applications olibrio sp. and their existence in Ethiopian Soda Lakes.
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Vibrio sp. strain R11 was found to be extremely efficient for degradation of hair within 5
days of incubation at room temperature. Unlike the studies conducted byeGSahe{2010)

and Lvet al. (2010), in this study no milling or other prior mechanical treatment of the hair
was required for the growth of this organism, which greatly reduces processing costs. The
isolate could also be used for waste management program because of its keratinous waste
removal ability from leather industries, thereby protecting the environment by minimizing

wastage.

The highest enzyme production was observed at stationary phase, specifically at 192h (Fig.
8). Therefore, periods before and after 192h were not the exact harvesting times for
keratinolytic protease produced Byibrio sp. strain R11. For example, after 252h of
incubation a decrease of enzyme production was observed. Other proteaa!liog sp.
(Oberoiet al., 2001; Gouda, 2006) arghlinivibrio sp. strain AF-2004 (Karbalaei-Heidai

al., 2007) were also produced maximally at stationary phase. A similar trend was also
observed for extracellular keratinolytic protease productioNibgio sp. strain kr2 (Sangali

and Brandelli, 2000). Furthermore, as Gupta and Ramnani (2006) reported that maximum

keratinolytic protease activity is achieved in the late exponential or stationary growth phase.

A decrease in enzyme production was observed at late stationary phase (Fig.8), which is
similar to previous reports (Oberei al., 2001; Gouda, 2006; Gupta and Ramnani, 2006).
This may occur due to the increment of cell death (decline of microbial growth) associated
with the depletion of available nutrient, required for the growth of R11 cells. Consequently,
there was no more production of the enzyme and those that have been previously produced
might have undergone enzymatic autolysis and were inhibited by other end-product in the
medium (Syeckt al., 2009). Since incubation was continued after cell population reaches at
stationary phase, a death phase follows, in which the viable cell population of R11 declined,
which was also another factor for the decline of enzyme production at this growth phase.
Therefore, understanding of cell growth associated with maximum enzyme production period
could be very important for identifying the fermentation period for maximal enzyme
productivity. It is also advantageous to use the enzyme for several biotechnological
applications.
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A new low-cost media formulation was developed in this study using a cheap and readily
available keratinous waste (unused animal hair) for keratinolytic protease production. This
could result in a substantial reduction in the cost of enzyme production and can led to the
production of this enzyme in industrial scale. Although organisms have a potential to produce
enzymes, according to Amare Gessesse (1997), production cost of enzyme is the critical issue

and the study is preferable to conduct using low-cost substrate.

Although R11 keratinolytic protease was inhibited by serine and metalloprotease inhibitors,
the best preference to deduce the enzyme, used in this study, was very likely to be a serine
protease because the enzyme was inactivated by PMSF and its optimum pH was found in a
basic range. This finding is in line with several earlier reports showing that serine proteases
may slightly be affected by metalloprotease inhibitors (Boekh., 1995; Manachingt al.,

1998; Bressollieet al., 1999; Linet al., 1999; Singhet al., 2001). Studies have also shown

that proteases produced Wbrio strains of environmental origin were usually serine
proteases (Kwomt al., 1995; Marcelloet al., 1996). Linet al. (1992) reported that most of

the microbial keratinolytic proteases belonged to serine protease family. Based on all the
above mentioned reports, partial inhibition of EDTA on keratinolytic protease produced by
Vibrio sp. strain R11 does not indicate that the enzyme is necessarily a metalloprotease.

Eventhough unmeasurable hair protein hydrolysate was utilized as nutrient for bacterial
growth, 3172.5 mg/L of net soluble protein was obtained from 10 gm of hair. This indicates
that 31.73% protein was recovered. A similar study alas conducted and 1440 mg/L of
soluble protein was obtained from degraded feather (Deivasigamani and Alagappan, 2008).
Therefore, the amount of protein obtained from hair in this study was higher than that of the
above study, with 1732.5 mg. As Willianes al. (1991) reported, bacterial-treated keratin
hydrolysates have similar nutritional features of soybean meal, and have been considered as
an excellent source of metabolizable protein. Hence, production of soluble protein from
keratinous wastes may be a good alternative to obtain one of the most expensive ingredients
of diets. For this reason, the capability to degrade keratinous waste by keratinolytic protease
obtained fromVibrio sp. strain R11 to soluble proteins offers a tremendous potential for the
improvement of animal feedstuffs. Therefore, besides environmental considerations the use
of keratinolytic enzymes in the production of soluble proteins and peptides becomes

attractive for biotechnological applications.
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Although there were no cells in medium (control), 1mg/ml soluble protein was detected
probably due to the nature of media (alkaline), which could contribute the crumble of some
peptide bonds from the hair. Similarly, some studies infer that amino acids fall to pieces by
alkali or thermal processing of feathers (Papadopodiod., 1986; Kim and Patterson,
2000). As Coward-Kellyet al. (2006) reported, a liquid product rich in amino acids and
polypeptides has been obtained from chicken feather treated with lime (calcium hydroxide).
Autoclaving process and unpredictable reactions in the reaction mixture during incubation

period could also be other factors for the existence of this little amount of protein.

No significant differenceof enzyme activity was observed in the absence and presence of
Cd" specially at temperature <%¥5 Probably extracellular enzymes from microorganisms
adapted in alkaline environments are expected optimally active in the presence offow Ca
concentration or in the absence of Cat low temperatures. Therefore, the effect of' ®@aas

not significant for stability of the enzyme at lower temperature belo%C.5Bowever, a
further rise in temperature (>%5) resulted in a decrease in keratinolytic protease activity in
the absence of Ga But the enzyme was slightly affected positively (become active) at a
temperature above %5 in the presence of €aRequirement of G4 for enzyme stability at
higher temperatures has also been reported by Amare Gessesse (1997). The improvement in
protease thermo-stability against thermal inactivation in the presence %6fn@g be
explained by the strengthening of interactions inside the tertiary structure conformation of
protein molecules and by binding of C#o autolysis sites (Secades and Guijarro, 2001; Beg
and Gupta, 2003).

In the process of detergent formulation, alkaline proteases and chelating agents (that are
effective to overcome the problem of water hardness) are commonly added. In the presence
of chelating agents, Gacan easily be stripped off from the weak binding site of the alkaline
protease that requires €dor its stability. Thus, thermal stability of the enzyme could be
greatly affected under application conditions. But enzyme produc¥tbbip sp. strain R11,

which does not require &afor the maintenance of its activity and stability especially at

temperatures below 86, could offer tremendous potential for detergent application.

Enzyme activity was highly stable at °@5and 56C because its catalytic site was well
protected by a substratdeaning that, the substrate served as stabilizing agent before total

conversion of substrate to products was occurred at the above mentioned low temperature
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values. After 30 min of incubation, complete inactivation of the enzyme was observed at
70°C and higher temperature values. This could happen due to rapid conformational change
of the enzyme, caused by higher temperatures. Similarly, Gheirblel(2003) reported that
alkaline proteases could be denatured at high temperatures. Another factor for complete

inactivation of the enzyme was long incubation period at those temperatures.

Keratinolytic protease was less active under slightly acidic conditions (below pH 7) and there
was a rapid decline in its activity at relatively alkaline pH (12.0). The enzyme was active in a
range of pH 7.5-11.5, and greater than 50% of its activity was retained in this range. The
enzyme showed broad stability to pH range of 7.0 to 11.0. Therefore, the enzyme is said to be
typical alkaline protease. This finding is similar to earlier reports which showed pH optima of
11.0 for protease produced Bacillus sp. NCDC 180 (Kumaet al., 1999),Bacillus sp.
RGR-14 (Oberok&t al., 2001),Bacillus sp. KSM-K16 (Kobayashét al., 1996)and Bacillus
pseudofirmus AL-89 (Amare Gessess# al., 2003). The result was also similar to Siregh

al. (1999) who found that a protease producedasillus sphaericus was stable in the pH

range of 7.5 to 11.0, but at pH 12.0 the enzyme lost its activity. According to the specified
nature of this enzyme, it is suitable for applications that require high and wide pH stability
range such as in dehairing and preparation of detergents. The enzyme, used in this study, was
found to have similar pH stability to commercially important detergent enzymes such as
Subtilisin Carlsberg and Subtilisin Novo or BPN (Rao et al., 1998).

The alkaline keratinolytic protease frovfibrio sp. R11 was very stable in the presence of
well known oxygen bleaching agent (sodium perborate), oxidizing agent (Hydrogen
peroxide), non-ionic and ionic detergents (SDS). Therefore, stability of this enzyme is an
important characteristic for its eventual use in detergent formulations. Similarly, as @beroi

al. (2001)reported,a good proteolytic enzyme incorporated into deterf@mulations must

be active as well as stable at high pH range (9-12) and high temperatures’G3#0-50
Proteolytic enzyme must also be compatible and stable with all commonly used detergent
compounds such as surfactants, bleaches, oxidizing agents and other additives (Kumar and
Takagi, 1999).

Proteases containing Methionine (Met) residue in the surrounding area of the catalytic site
readily inactivated by chemical oxidants like sodium perborate, one of the chemical oxidants

(Siezenet al., 1991). Therefore, the result obtained in this study leads to deduce the enzyme
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produced byvbrio sp. R11 has no or a few Met residues in its catalytic site because it has a
great potential to withstand the inhibition effect of this bleaching agent up to 15mM

concentration.

Non-ionic surfactant (Tween 80), bleach-based detergent (BJaB@d organic solvent
(methanol) were showed important enhancement of enzyme activity (Fig. 15). Specially, the
enzyme was highly enhanced and stabled against methanol so that denaturation or unfolding
of enzyme was not observed. This capability may be due to the presence of disulfide bond(s)
in this protease, which is found to be essential for its activity. This indicates that no reduction
process was occurred on the intact disulfide bonds exist in the polypeptides of the enzyme.
The result infers that intact disulfide bonds might be important to maintain the molecular
folding required for keratinolytic protease to be fully active. Another report also confirmed
the importance of disulfide bonds for stability of the protein against solvents (@gaho

2001).

As shown in Fig. 18 & 19, the enzyme is promising for removal of proteinaceous stains such
as keratin, blood, egg and other body secretions on fabrics in highly alkaline detergent
solution matrices. Interestingly, stain removal process was accomplished without any
commercial detergent additives even at room temperature with a minimum concentration of
enzyme (5.8U/ml).Therefore, keratinolytic proteases producadlsio sp. strain R11 could

be one of the most appropriate detergent additives.

Unlike the enzyme used in this study (11.6U"mivhich has the ability to remove blood and

egg yolk stain completely within 1h at room temperature and 30 min°@t 8% protease
(100U/ml) that was used to remove egg yolk stain from test fabric needs 2h for complete egg
stain removal even at 40 (Kumar and Bhalla, 2004). The accomplishment of stain removal
process even at room temperature with a minimum concentration of enzyme (5.8U/ml) within
2h indicates that this study was highly cost effective and will be needs a little amount of

enzyme incorporation during detergent formulation.

Although the skins were treated with crude denatured enzyme (control), no dehairing was
observed. This result indicates that the alkaline medium alone has no contribution for
dehairing of the skins. On the contrary, R11 keratinolytic protease causes loosening of the

hair without deteriorating the leathérhis is evident that alkaline keratinolytic proteases
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enables the swelling of hair roots and the subsequent attack of protease on the hair follicle
protein allowing easy removal of the hair without damaging collagen (Gai@h 2002;
Macedo et al., 2008).

R11 keratinolytic protease could fulfill the required optimum conditions in leather industry.
Because it was active at alkaline pH and has a potential to remove hair completely within
short incubation time (12h) at %7. Choudharyet al. (2004) also reported that protease
enzymes used in bating are most active in a pH range of 8-9. Apart from pH, temperature also
plays significant role in enzymatic dehairing process and accomplishment of dehairing is
preferable at temperatures ranging from 3223With time interval <24h. All the previous
studies and the result obtained in this study confirmed that R11 keratinolytic proteas is a

suitable enzyme for leather industry.

Despite complete dehairing was achieved within 12h when the skin pieces were treated with
the combination of crude enzyme preparation, sodium sulfide and M@ and Archana,

2008), in the present study dehairing was achieved witBimin the absence of hazardous
chemicals like sodium sulfide. Hence, the enzyme used in this study has the potential to
replace sodium sulfide in the dehairing process of leather industry. Therefore, considering
environmental concern, the present study has highly advantageous for minimizing
environmental polution caused by tannery process. Similarly, keratinolytic protease produced
by Bacillus subtilisalso showed a complete deharing activity in the absence of sodium sulfide
(Macedo et al, 2005; Arunachalam and Saritha, 2009) within 7h-9h interval.

The achievement of complete dehairing using only 1M NaOH buffer indicates that it was cost
effective when compared with dehairing experiment designed using Glycine buffer.
Achievement of complete dehairing without energy assisted process was also another
interesting cost effective investigation of this study. All the above properties make R11
keratinolytic protease become a tremendous candidate for dehairing process in leather

industry.

Enzymatic peptide synthesis offers several advantages over chemical methods. However, the
major limitation for the use of protease in synthetic chemistry is the strongly reduced activity
of the enzyme under anhydrous conditions (Gep#h., 2002). Meanwhile, peptide synthesis

can be enhanced by the addition of organic solvents in the reaction mixture including
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methanol (Gupta, 1992). Therefore, solvent resistant property of this enzyme could be used
for peptide synthesis process and eradication of microbial contamination during fermentation

process in the presence of methanol.

In the absence of 5 mM CaQlomplete gelatin removal was observed only in theytle at

80°C with non-denatured enzymes (Table 6). After 8 minutes of incubation, no complete
gelatin removal was achieved at this temperature because of the enzyme was totally
deactivated. However, in the presence of 5 mM gaZf cycle complete removal was
achieved. This is evident that the requirement of*Gar enzyme stability at higher

temperature.

As shown in Fig. 23, gelatin removal efficiency of the enzyme requires more time (>7 min)
after 18 cycles reuse. Because the enzyme was incubated continuously for about 2h and 8 min
at 50C to remove gelatin layer from used x-ray film. But the enzyme was highly stable from
10-128 min of incubation. This also confirmed that thermal stability of the enzymé&Cat 50
Similar study also conducted by Shankaal. (2010)at 50C for removal of gelatin from

used x-ray film using enzyme more than once, which have a concentration of 5U/ml, and the
protease spent 60 min and >120 min in tHedd 29 cycles, respectively. Hence, comparing

the experiment conducted in this study, which requires 4.18 min and 6.2 min to remove
gelatin in the T cycle and in % cycle, respectively (Fig. 23), the previous study was highly
time consuming. This means that approximately 15 times and 20 times fold increasing of
time, respectively. The above relations infer that the enzyme produceibiiy sp. strain

R11 is an excellent candidate for silver recovery process from used x-ray film. In addition to
silver recovery pocess the enzyme could also used for gelatin hydrolysis in the food

processing industry.

In addition to accomplishing gelatin removal within short time (18 min/three cycleS@} 50
(Fig. 23), it is possible to remove gelatin layer from used x-ray film with a minimum
concentration of enzyme (0.29U/ml) with compare to the previous study (etadyil999).

As they reported, 60 min was required for complete removal of gelatin using 5U/ml.
Nevertheless, in this study 9.5 min was required using 5.8U/ml of enzyme concentration.
This indicates that the time required for the previous study is around 5 times fold increase

when compared to this study.
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Although the film was added after the enzyme was pre-incubated with buffer alone for 5 min
at 85C, no gelatin removal was observed due to inactivation of enzyme before 5 min pre-
incubation at this temperature. On the other hand, no gelatin removal was also observed at all
when the experiment was conducted without incorporation of enzyme in the reaction mixture
(5mM of CaC} and buffer only) at AT for 30 min, Therefore, this result confirmed that

buffer alone and Caghave no role for removal of gelatin from used x-ray film.

The result obtained in this study indicates that x-ray film could loss its weight by 4% when it
is treated with enzyme, having capability of removing gelatin layer from the film. The same
study also conducted by Shanksal. (2010)and loss in weight after enzyme treatment was

around 5% (w/w) based on initial weight of the film.

Generally, the method developed in this study for removal of gelatin is cost effective as well
as it has a minimal or zero level impact on environment as compared to conventional
methods. These are due to incorporation of minimum concentration of enzyme and without
any additive of hazards chemicals during gelatin removal process. A recovery of pure
polyester film obtained after gelatin removal can be reused. This could help to minimize

production of large number of films, which is also another cost effective technology.
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7. Conclusion and Recommendations

7.1. Conclusion

The media formulated using keratinous waste for keratinolytic protease production was low
cost and applicable to cultivate bacterial isolates having keratinolytic activities for the
production of the enzyme in industrial scale. Keratinolytic property of the enzyme helps to
convert keratinous wastes in to more nutritionally available animal feedstuff. The enzyme is
highly active at optimum temperature of°60and pH 11. It is also active in broad pH and
temperature ranges. The enzyme is highly efficient for stain removal and stable in the
presence of detergents, bleaching agent and surfactants. All these properties infer that its

suitable application as additive in detergent formulations.

The enzyme has a great potential for leather industry because of its dehairing potential and
environmental friendly approach.The enzyme also has a potential to remove gelatin layer

from used x-ray film so that applicable in silver recovery.

7.2. Recommendations

Depend on the results obtained from this study, the following recommendations should

be considered for future work:

1. Optimize and scale up enzyme production

2. Stabilize the enzyme using different stabilizers for commercial scale application

3. Evaluate the potential applications of the enzyme for dehairing, detergent
formulation and silver recovery process at a pilot scale

4. Study the feasibility of large scale production for commercial purpose
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