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Chapter 1 

INTRODUCTION 

1.1 Preface 

Enzymes have attracted attention from researchers all over the world because of 

the wide range of physiological, analytical and industrial applications, especially, from 

microorganisms, because of their broad biochemical diversity, feasibility of mass culture 

and ease of genetic manipulation. Despite the fact that more than 3000 different enzymes 

have been identified and many of them have found their way into biotechnological and 

industrial applications, the present enzyme toolbox is not sufficient to meet most of the 

industrial demands. In view of these limitations, researchers have diverted their attention 

for isolation and characterization of enzymes from different environments. Whenever 

required, due attention is also paid towards development of recombinant enzymes with 

desired characteristics and for specific applications. 

Microbial proteases constitute approximately 40% of the total enzyme sales in 

various industrial market sectors, such as detergent, food, pharmaceuticals, leather, 

diagnostics, waste management and silver recovery besides application as molecular 

biology reagents. Bacteria are the most abundant group of alkaline protease producers 

with the genus Bacillus being the most prominent source (Anwar & Saleemuddin 1998, 

Gupta et al. 2002) among the various groups of microorganisms (Table - 1.1). 
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Table 1.1: Commercial microbial alkaline proteases, sources, application and their industrial 
suppliers (Gupta et a1. 2002) 

Product name Microbial Source Application Supplier 

Alcalase B. licheniformis Detergent, Silk 
Savinase Baci11us. sp Degumming 
Esperase B.lentus Detergent, textile 
Biofeed pro B. licheniformis Detergent, food, Novo Nordisk, 
Durazym Baci!1us sp Silk degumming Denmark 
Novozyme 471 MP Ns Feed 
Novozyme 243 B. licheniformis Detergent 
Nue Bacillus. sp Photographic gelatin 

hydrolysis, 
Denture cleaners, 
Leather 

Purafact B. lentus Detergent 
Primatan Bacterial source Leather Genencor, USA 

Subtilisin B. alcalophilus Detergent 
Maxacal Bacillus sp. Detergent Gist-Brocades, The 
Maxatase Bacillus sp. Detergent Netherlands 

Opticlean B. alcalophilus Detergent 
Optimase B. licheniformis Detergent 

Protein 
engineered 
variant of Solvay Enzymes, 
Baci11us sp Germany 

Maxapem B. subtilis Alcohol, baking, brewing, 
feed, food, leather, 

HT -proteolytic B. licheniformis Photographic waste 
Protease Food, waste 

Proleather Bacillus sp. Leather 
Collagenase Clostridium sp. Technical Amano 
Amano protease S Bacillus sp. Food Phannaceticals, Japan 

Contd. 

2 



Introduction 

Enzeco alkaline B. licheniformis Industrial 
protease 
Enzeco alkaline B. licheniformis Food Enzyme 
protease -L FG Development, USA 
Enzeco high alkaline Bacillus sp. Industrial 
protease 

Bioprase concentrate B. subtilis Cosmetic, 
pharmaceuticals 

Ps. protease Pseudomonas Research 
aeruginosa Nagase 

Ps. elastase Pseudomonas Research Biochemicals, Japan 
aeruginosa 

Cryst. protease B. subtilis (K2) Research 
Bioprase B. subtilis Detergent, cleaning 
Bioprase SP-IO B. subtilis Food 

Godo-Bap B. licheniformis Detergent, food Godo Shusei, Japan 

Corolase 7089 B. subtilis Food Rohm, Germany 

Wuxi Bacillus sp. Detergent Wuxi Synder 
Bioproducts, China 

Protosol Bacillus sp. Detergent Advance 
Biochemicals, India 

(Ns. Not specIfied) 

Among fungi, species of Aspergillus (Rajamani & Hilda 1987, Chakrabarti et al. 

2000) is the most exploited group, and the genus Conidiobolus (Bhosale et al. 1995), 

Rhizopus (Banerjee & Bhattacharya 1993), Beauveria (Joshi et al. 1995), Metarhizium 

spp (St. Leger et al. 1992) are also known to produce alkaline proteases. The most 

popular fungal alkaline serine protease "proteinase K" is produced by Tritirarchium sp. 

Fungal proteases have an added advantage over bacterial proteases for they are obtained 

in large quantities from the biological source. Mycelia free culture broth can be easily 

obtained by conventional filtration of the fungi, whereas cost-intensive filtration 

technology is required for downstream processing of the bacterial enzyme. 

3 
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Increasing demand of proteases with specific properties has lead biotechnologists 

to explore newer sources of the enzyme. Taking into consideration the depth of microbial 

diversity, the scope for recognizing potential microorganisms capable of producing novel 

protease with desirable properties suitable for commercial exploitation is very promising. 

Of late, marine microorganisms have emerged as an abundant source for the isolation of 

potential industrial enzymes (Suresh & Chandrasekaran 1999, Gupta et a1. 2002). Due to 

their unique natural habitat these marine microorganisms show distinct physiological 

characteristics, metabolic patterns and nutrient utilization when compared to their 

terrestrial counterparts. The optimum activity of marine bacterial enzymes usually occurs 

at high salinity, making these enzymes utilizable in many harsh industrial processes, 

where the concentrated salt solutions used would otherwise inhibit many enzymatic 

transformations. In addition, most marine microbial enzymes are considerably thermo 

tolerant, remaining stable at room temperature over long periods. Therefore, the enzymes 

from marine microorganisms should be expected to possess unique properties. 

Although few investigators have reported production of exoenzymes by marine 

microorganisms, there is a dearth of knowledge on marine microbial genetics as well as 

on the molecular biology of marine microbial enzymes. To be particular there is absolute 

lack of information at molecular level on marine fungi. Whereas, there is enormous scope 

for effective utilization of marine fungi for diverse industrial applications if adequate 

information is made available through molecular studies. In this context the present study 

assumes greater importance since it probes into the isolation of intact gene encoding 

alkaline serine protease from a marine fungus, sequencing the nucleotides and an in depth 

analysis of the sequence employing bioinformatics tools towards drawing an insight on 

the structure and function of the enzyme protein. To the best of our knowledge this thesis 

is the first of its kind with reference to marine fungus. 

4 
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1.2 Scope of the present study 

During the course of another investigation in our laboratory a fungus identified as 

Engyodontium album was isolated from marine sediments from Kochi, South coast of 

India (Suresh & Chandrasekaran 1999) as a potential source of alkaline protease enzyme 

(Sreeja ChelIappan et aI. 2005). This enzyme is produced as a major protein by the 

fungus, among other enzymes it secreted extracellularly. The enzyme has been 

characterized for its physico-chemical and biochemical properties and the molecular 

weight was estimated as 28,000 Da. Based on the results obtained, the enzyme is 

classified within the subtilisin family of serine protease (Sreeja Chellappan et aL 2005). 

The various studies conducted with the alkaline serine protease during that study 

generates curiosity and keen interest in undertaking the present study towards isolation of 

the intact gene encoding alkaline serine protease from Engyodontium album (Eap) , 

sequencmg the entire gene and its analysis using various bioinformatics tools and 

techniques. 

Knowledge of fuII nucleotide sequence of the protease gene wiII facilitate the 

deduction of the primary structure of the encoded enzyme and also in identification of 

various functional regions. Knowledge on the gene sequence wiII enable phylogenetic 

analysis of the enzyme, prediction of the secondary structure of the protein and 

subsequent study of structure-function relationships of the enzyme. Further the 

information on nucleotide sequence would also provide an excel1ent means for the 

manipUlation and control of genes towards harnessing the enzyme for varIOUS 

applications. 
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1.3 Objectives 

Specific objectives of the present study includes the following: 

1. Construction of cDNA library from Engyodontium album 

2. Construction of genomic DNA library of E. album 

3. Preparation of Probes 

4. Screening of DNA libraries 

5. Isolation of intact gene encoding alkaline serine protease 

6. Nucleotide sequencing 

7. Sequence analysis using Bioinformatics tools 

6 
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REVIEW OF LITERATURE 

2.1 Economic importance of Protease 

A wide range of enzymes are excreted by fungi and play an important role in the 

breakdown of organic materials; many of them are now produced commercially (Table 

2.1) (Bennett 1998, Hamlyn 1998). This capacity for enzyme secretion enables fungi to 

be a principal group of microorganisms responsible for nutrient recycling. The main 

polymeric components of organic matter found in nature are derived from plant cell 

walls, which include cellulose, hemicellulose, lignin and pectin. Other polymers available 

are starch, protein and lipid. Fungi secrete a wide range of enzymes capable of degrading 

each of these polymers even when the polymers are naturally found in association with 

each other. Fungal genome can encode a very large range of different degradative 

enzymes and many of them are harnessed in biotechnology. 

Table 2.1: Fungal enzymes of commercial importance 

Enzyme 
Asparaginase 
Amylase 
Catalase 
Cellulase 
Dextranase 
B-Glucanase 
Glucoamylase 
Invertase 
Hemicellulase 
Laccase 
Lipase 
Pectinase 

Protease 

Rennin 
Tannase 
Xylanase 

Major Source 
Aspergi11us spp. and Penicillium spp. 
Aspergillus niger and Aspergillus oryzae 
A. niger and Penici11ium spp. 
A.niger, Trichoderma reesei, T viride and P. jiniculosum 
Penicillium spp. 
A. niger, Penicillium emersonii, T. reesei and T. viride 
A. niger and A. oryzae 
A. niger and A. oryzae 
A. niger, A. Ol)'zae, T reesei, T. viride, P. emersonii 
Pyricularia Ol)'zae and Coriolus versicolor 
Several species including A.niger and A. oryzae 
A. niger, Rhizopus Ol)'zae and Humicola insolens 
A. niger, A. oryzae. A.melleus, Rhizopus delemar and 
Engyodontium album 
Mucor miehei, Mucor pusillus and Endothia parasitica 
A .niger and A. oryzae 
A. niger and T reesei 
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The current estimated value of the worldwide sales of industrial enzymes is $1 

billion (Godfrey & West 1996). Of the industrial enzymes, 75% are hydrolytic (Rao et al. 

1998). Proteases represent one of the three largest groups of industrial enzymes and 

account for about 60% of the total worldwide sale of enzymes (Rao et al. 1998). 

Proteases are enzymes that catalyze the hydrolysis of proteins, occupying an important 

position with respect to their applications in both physiological and commercial fields 

(Rao et al. 1998). They are involved in a large variety of functions, extending from 

ordinary growth to unique development. They are responsible for the complex processes 

involved in the nonnal physiology of the cell as well as in abnormal pathophysiological 

conditions. Their involvement in the lifecyc1e of disease causing organisms has led them 

to become a potential target for developing therapeutic agents against fatal diseases such 

as cancer and AIDS. Proteases have a long history of application in the food and 

detergent industries. Their application in the leather industry for dehairing and bating of 

hides to substitute currently used toxic chemicals is a relatively new development and has 

conferred added biotechnological importance (Rao et al. 1998). The vast diversity of 

proteases in contrast to the specificity of their action has attracted worldwide attention to 

exploit their physiological and biotechnological application (Poldermans 1990, 

Fox et al. 1991). 

Proteinases are widely produced amongst fungi and serve a number of different 

roles within fungal systems, including nutrient cycling, activation of zymogens, post 

translational processing, protein turnover, cell autolysis (Chung & Goldberg 1981, North 

1982, Santamaria & Reyers 1988, Desphande 1992, Gottesman & Maurizi 1992) and 

sporulation (Gomez et al. 1995, Hofmeister et al. 1995, Stragier 1996). Serine proteinases 

are generally involved in nutrient acquisition (Segers et al. 1999). The action of serine 

proteinases is especially important during periods of nitrogen starvation, as proteins are a 

source of both nitrogen and carbon. Most fungal serine proteinases isolated so far belong 

to the Proteinase K subfamily of subtilases (Siezen & Leunissen 1997). This family of 

enzymes tends to share a high degree of similarity (>55% identity) and the structure of 
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these enzymes can generally be inferred from the crystal structure of proteinase K 

\~\eL.en. et al. \gg\') \\;o\ate(\ 1.~om Tritlrarcnlum album (JZ..o\'ien\)ac\\. et a\. \ gg~). 

Proteases of fungi have widely been used for various industrial ap-p\icatians. 'The 

greatest industrial use of protease is for laundry detergents where the)' help to remove 

protein based stains (such as blood and egg) from clothing (Rao et al. 1998). The second 

largest use of protease is for cheese making. Enzymes from calf stomach and microbial 

sources are used to clot milk, one of the first steps in cheese making. Proteases are also 

used for bating (softening) leather, modifying food ingredients (e.g. soy protein whipping 

agents), meat tenderizers, and flavor development (Cohen 1977, Godfrey & West 1996, 

Anwar & Saleemuddin 1998, Hamlyn 1998, Rao et al. 1998, Ganesh Kumar & Takagi 

1999, Wedde et al. 1999, Gupta et al. 2002, Sreeja Chellappan 2005). 

2.2 Classification of proteases 

According to the Nomenclature Committee of the International Union of 

Biochemistry and Molecular Biology, proteases are classified in subgroup 4 of group 3 

(hydrolases) (Inoue et al. 1991). However, proteases do not comply easily with the 

general system of enzyme nomenclature due to their huge diversity of action and 

structure. Proteases are classified on the basis of three major criterions such as type of 

reaction catalyzed, chemical nature of the catalytic site, and evolutionary relationship 

with reference to structure. 

Proteases are grossly subdivided into two major groups, i.e., exopeptidases and 

endopeptidases, depending on their site of action (Figure 2.1). Exopeptidases cleave the 

peptide bond proximal to the amino or carboxyl termini of the substrate, whereas 

endopeptidases cleave peptide bonds distant from the termini of the substrate. 
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Based on the functional group present at the active site, proteases are further 

classified into four prominent groups, i.e., serine proteases, aspartic proteases, cysteine 

proteases, and metalloproteases (Hartley 1960). There are few miscellaneous proteases, 

which do not precisely fit into the standard classification, e.g., ATP-dependent proteases 

which require ATP for activity (Menon & Goldberg 1987). 

Figure 2.1: Classification of protease enzymes (Rao et al. 1998) 

Protease 

Ex ope ptidases 
Aminopeptidases 

Dipeptidyl peptidase 
Tripeptidyl peptidase 

Carbm .. ypeptidase 
Serine type protease, 
lvletalloprotease 
Cysteine type protease 
Peptidyl dipeptidase 
Dipeptidases 

Ome,ga peptidases 

Endopeptidases 
Serine protease 
Cysteine protease 
l\spartk protease 
Mdalloprotease 
Endopeptidases of unknown 

catalytic me,C',hanism 

Mode of action<Z 

• ~O-O-o-O--­
.-. }O-O-O--­
.-.-. :!-O-O--­
---0-0-0-0-0 ~. 

---o-o-o-o:!-.-. .l-. *-. ~'O-O--­
---0-0-0 ~'.-* 

BC no. 

3.4.11 
3.4.14 
3.4.14 
3.4.16-3.4.18 
3.4.16 
3.4.17 
3.4.18 
3.4.15 
3.4.13 
3.4.19 
3.4.19 

3.4.21-3.4.34 
3.4.21 
3.4.22 
3.4.23 
3.4.24 
3.4.99 

(] Open circles represent the amino acid residues in the polypeptide chain. 
Solid circles indicate the terminal amino acids, and stars signify the blocked 
termini. Arrows show the s.ites of action of the enz)me. 
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Based on their amino acid sequences, proteases are classified into different 

families (Argos 1987) and further subdivided into clans to accommodate sets of 

peptidases that have diverged from common ancestor (Rawlings & Barrett 1993). 

Families are grouped by their catalytic type, the first character representing the catalytic 

type: A, aspartic; C, cysteine; G, glutamic acid; M, metallo; S, serine; T, threonine; and 

D, unknown. A clan that contains families of more than one type is described as being of 

type P. 

Proteolytic enzymes that exploit serine in their catalytic activity are ubiquitous, 

being found in viruses, bacteria and eukaryotes (Rawlings & Barrett 1993, 1994). They 

include a wide range of peptidase activity, including exopeptidase, endopeptidase, 

oligopeptidase and omega-peptidase activity. Over 20 families (denoted SI - S27) of 

serine protease have been identified, these being grouped into 6 clans (SA, SB, se, SE, 

SF and SG) on the basis of structural similarity and other functional evidence (Rawlings 

& Barrett 1994). Structures are known for four of the clans (SA, SB, se and SE): these 

appear to be totally unrelated, suggesting at least four evolutionary origins of serine 

peptidases and possibly many more (Rawlings & Barrett 1994). 

The serine endoprotease are divided into two super families that independently 

evolved similar catalytic mechanisms. The trypsin super family includes the trypsins and 

chymotrypsins that are ubiquitous in animals. The subtilase super family is similarly 

ubiquitous in bacteria and fungi. The classification of (Siezen & Leunissen 1997) 

delineates three families of subtilases in fungi. The Proteinase K family (fungal or class 

II) named after an enzyme found in the ascomycete Tritirarchium album, the subtilisin 

family (also called bacterial or class 1) which until recently were only thought to be 

found in bacteria, and kexins (preprotein convertases) that are also found in animals (Hu 

& St. Leger 2004). 
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The subtilisin family is the second largest serine protease family characterised to 

date. Over 200 subtilises are presently known, more than 170 of which with their 

complete amino acid sequence (Siezen & Leunissen 1997). It is widespread, being found 

in eubacteria, archaebacteria, eukaryotes and viruses (Rawlings & Barrett 1994). The vast 

majority of the family is endopeptidases, although there is an exopeptidase and 

tripeptidyl peptidase (Rawlings & Barrett 1993, 1994). Structures have been detennined 

for several members of the subtilisin family: they exploit the same catalytic triad as the 

chymotrypsins, although the residues occur in a different order (HDS in chymotrypsin 

and DHS in subtilisin), but the structures show no other similarity (Rawlings & Barrett 

1993, 1994). Some subtilisins are mosaic proteins, and others contain N- and C-tenninal 

extensions that show no sequence similarity to any other known protein (Rawlings & 

Barrett 1994). 

The proprotein-processing endopeptidases kexin, furin and related enzymes fonn 

a distinct subfamily known as the kexin subfamily (SSB). These preferentially cleave 

C-terminally at paired basic amino acids. Members of this subfamily can be identified by 

subtly different motifs around the active site (Rawlings & Barrett 1993, 1994). Sedolisins 

(serine-carboxyl peptidases) are proteolytic enzymes whose fold resembles that of 

subtilisin; however, they are considerably larger, with the mature catalytic domains 

containing approximately 375 amino acids. The defining features of these enzymes are a 

unique catalytic triad, Ser-Glu-Asp, as well as the presence of an aspartic acid residue in 

the oxyanion hole (Wlodawer et al. 2003). 
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2.3 Mechanism of action of serine protease 

The serine proteinases exhibit different substrate specificities, which are related to 

amino acid substitutions in the various enzyme subsites interacting with the substrate 

residues (Schechter & Berger 1967). Some enzymes have an extended interaction site 

with the substrate whereas others have a specificity restricted to the PI substrate residue. 

Three residues which form the catalytic triad is essential in the catalytic process i.e His, 

Asp and Ser. The first step in the catalysis is the formation of an acyl enzyme 

intermediate between the substrate and the essential Serine. Formation of this covalent 

intermediate proceeds through a negatively charged tetrahedral transition state 

intermediate and then the peptide bond is cleaved. During the second step or deacylation, 

the acyl-enzyme intermediate is hydrolyzed by a water molecule to release the peptide 

and to restore the Ser-hydroxyl of the enzyme. The deacylation, which also involves the 

formation of a tetrahedral transition state intermediate proceeds through the reverse 

reaction pathway of acylation. A water molecule is the attacking nucleophile instead of 

the Ser residue. The His residue provides a general base and accept the -OH group of the 

reactive Ser (From http://delphi.phys.univ-tours.frlProlysisl). 
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Figure 2.2: Mechanism of action of serine protease enzyme 

Catalytic mechanism of serine proteinases 
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2.4 Molecular biology of extracellular proteases of fungi 

Extracellular fungal proteases are usually secreted as zymogen! precursors such 

as the precursors of the mammalian serine proteinases (eg. trypsinogen, 

chymotrypsinogen, pro elastase ect). This is to mask their proteolytic activity during their 

intracellular biosynthesis and transportation. This enzyme precursor comprises of a signal 

peptide, an N-terminal propeptide and a mature protease polypeptide. The signal peptide 

assists the translocation of the zymogen into the Endoplasmic reticulum, which later gets 

cleaved away from the enzyme within the endoplasmic reticulum lumen by a signal 

peptidase. The N-terminal propeptide generally functions as an intramolecular chaperone 

and is cleaved away from the mature domain after the completion of enzyme folding 

(Eder et al. 1993, Yabuta et al. 2001). The inactive enzyme precursor becomes activated 

by this proteolytic cleavage. Concerning the processing of the pro region, there are two 

types of cases reported. In the first case a processing enzyme is involved in the 

processing of pro region. The second type of processing is catalysed by autoproteolytic 

activity of the protease itself (Tatsumi et al. 1989, Tatsumi et al. 1991). 

Identification of zymogens at the protein level requires a transient presence, at 

least, in stable form. The gene sequence however provides unequivocal evidence for the 

existence of precursor forms (Neurath 1975). The mature regions of the serine proteases 

in common possess a catalytic triad consisting of Ser, Asp and His (Siezen & Leunissen 

1997). 

2.5 Protease gene cloning in Fungi 

Gene encoding protease enzyme in fungi has been the subject of study for several 

years owing to the importance of the enzyme in various fields of applications including 

medical, agricultural and industrial. In medical field the studies were oriented towards 

investigating the role of these enzymes in exhibiting virulence and then the control of 

disease by targeting the enzyme. Whereas in industrial field, the aim of such studies were 
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pointed towards: (i) overproduction of the enzyme either by gene dosage effect or by 

modifying the gene regulation events, (ii) protein engineering to locate the active site 

residue and/or to alter the enzyme properties to suit its commercial applications, 

(iii) regulation/suppression of proteases which deleteriously reduce the yield of 

heterologous protein production and (iv) development of new expression hosts for 

recombinant protein production. In agricultre, the studies are targeted towards 

(i) studying the crucial role of proteases in the infection and colonization processes of 

phytopathogenic fungi and (ii) unravelling the importance of proteolytic activity in 

biocontrol processes and then use genetic engineering to increase the pathogenecity and 

survival of the introduced host. A summary of the various investigations reported in the 

literature on cloning and sequencing of protease gene in various species of fungi and their 

significance is presented in Table 2.2. 

Gene manipulation studies were conducted for the purpose of overproduction of 

the enzyme either by gene dosage effect or by modifying the gene regulation events and 

regulation/suppression of proteases, which deleteriously reduce the yield of 

homologouslheterologous protein production. In several cases, proteases are actively 

involved in the post-secretional processing of extracellular hydrolytic enzymes. Though 

some of these activities are proved to be hannful to homologous and/ or heterologous 

protein production, a few of them are reported to be useful in the correct processing of 

the recombinant fusion proteins. 
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Interestingly the most widely studied fungus as a pathogen and useful organism is 

the Aspergillus spp (Kothary et al. 1984, Kolattukudy 1985, Tatsumi et al. 1989, 

Kolattukudy et al. 1993, Kwon et al. 2001, Tunga et al. 2003). Filamentous fungi 

especially Aspergillus niger and Aspergillus O1Jlzae produces a broad spectrum of 

proteases. In the case of A. oryzae, most of the reported studies on protease gene are 

aimed at over production of the enzyme. 

Aspergillus oryzae is used for manufacturing soy sauce, and the alkaline protease 

(Alp) is considered to play a most important role in producing the delicious taste of soy 

sauce by hydrolyzing raw materials (Murakami et al. 1991). Alp is reported to be a serine 

protease with an alkaline pH optimum (Nakagawa 1970). In order to obtain some 

information about Alp at molecular level, Tatsumi et al. (1989) cloned the cDNA and 

deduced the primary structure of the mature region. In continuation to this they have 

reported the isolation and structural analysis of an entire cDNA, coding for prepro-Alp, 

and recombinant secretion of enzymatically active Alp from Saccharomyces cerevisiae. 

From the nucleotide sequence of the entire Alp-cDNA, they have deduced that Alp 

consists of a pre-pro-region of 121 amino acids and a mature region of 282 aminoacids. A 

consensus sequence of signal peptide consisting of 21 amino acids is found at the N­

terminus of the pre-pro-region. The primary structure of the mature region shared 

extensive homology (29 - 44%) with those of subtilisin family, and the three residues 

(Asp32, His 64 and Ser 221 in Subtilisin BPN) composing the active site were preserved. 

The entire cDNA, coding for pre-pro Alp, when introduced in to the yeast S. cerevisiae, 

directed the secretion of enzymatically active Alp into the culture medium, with its N­

terminus and specific activity identical to that of native Aspergillus Alp. 

Murakami et al. (1991) reported the complete nucleotide sequence of the alkaline 

protease (Alp) of the fungus Aspergillus O1)'Zae isolated using synthetic oligonucleotides 

as hydridization probe. The Alp gene reponed was 1374 nucleotides long and contained 

three introns, one of which was in the pro region and two in the mature coding region. 
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Sequences related to the TAT A box (TAT AAAT) and the CAAT box (CC AAA T) was 

found in the 5'-noncoding region. Furthennore, primer extension analysis showed that 

three transcriptional start points are present. 

Later, Gomi et al. (1993) cloned the gene encoding an acid protease (PEP A) from 

Aspergillus oryzae using a 0.6kb fragment of the gene as a probe. This fragment was 

obtained by PCR using primers designed from the partial amino acid sequences of 

peptide fragments of the purified protein. The pepA gene encoded a 404 amino acid 

protein and contained 3 putative introns ranging in length from 50 to 61 nucleotides. The 

deduced amino acid sequence of the A. oryzae PEP A had a high degree of homology 

(67%) to the A. awamori PEPA. Southern hybridiLation analyses showed that the pepA 

gene existed as a single copy in the A. oryzae chromosome. They concluded the report 

with an interesting observation that the transfonnants of A. oryzae containing multiple 

copies of the pepA gene showed a 2-6 times increase in acid protease activity compared 

with the recipient strain. 

An aspartyl protease gene from Trichoderma harzianum CECT 2413 was isolated 

and characterized (Delgado-Jarana et al. 2002). Based on conserved regions of other 

fungal acid proteases, primers were designed to amplify a probe that was used to isolate 

the papa gene from a genomic library of T. harzianum. papA was an intron less ORF 

which encoded a polypeptide of 404aa, including a prepropeptide at the N-tenninal 

region. The promoter possessed potential AreA, PacC, and MYC sites for nitrogen, pH 

and mycoparasitism regulation respectively. Transfonnants from T. harzianum CECT 

2413 cultivated in yeast extract supplemented medium over expressed papA and had a 

fourfold increase in protease activity compared to the wild type, while transfonnants that 

over expressed the ~-1 ,6- glucanases gene bgn and papA had an additional 30% increase 

in ~-1,6- glucanase activity compared to bgn single transfonnants. 
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Berka and colleagues (Berka et al. 1990) reported the cloning and disruption of 

the major extracellular aspartic protease, aspergillopepsin A from Aspergillus awamori. 

The genomic pepA sequence was isolated using a synthetic oligonucleotide probe. The 

sequence data of the pepA gene revealed that it contained three introns (51, 52, and 59 bp 

in length). Based on similarities to other aspartic proteinases, the deduced aminoacid 

sequence of the pepA was suggested to have a 20-aa signal peptide followed by a 49-aa 

propeptide that is rich in basic aa residues. 

Katz et al. (1994) had reported a (prtA) gene encoding an alkaline protease (Alp) 

from Aspergillus nidulans. The gene was isolated from the A. nidulans library with a 

probe, a fragment of the Alp-encoding gene from an Aspergi11us oryzae. The deduced 

amino acid sequence of the prtA product showed a high degree of similarity to proteases 

from A. oryzae, A. fumigatus and A. flavus. Levels of the prtA transcript were found to 

mirror extracellular protease levels (Katz et al. 1994). 

Serine protease from the mold, Tritirarchium album has been extensively 

characterized. T album probably secretes three related serine proteases where the 

production of proteolytic enzymes can be modulated by changing the source of organic 

nitrogen. Among the three, the best characterized one is proteinase K (lany et al. 1986) 

and rest of the two designated as Proteinase T and Proteinase R are also characterized to 

some extent, while the genes for all of these have been cloned (Gunkel & Gassen 1989, 

Samal et al. 1989, Samal et al. 1990). Now, proteinase K is widely being used as a 

molecular biology reagent. 

Initially the proteinase K gene from T. album was cloned and sequenced (Gunke1 

& Gassen 1989). The study resulted in the elucidation of the entire coding region and the 

5' and 3' flanking regions of the gene. The deduced primary translation product of the 

gene encoded for a protein of 384 aa (Mw 40231 Da) out of which 105 aa from the 

N-terminal region was not present in the mature protein. By analogy to the evolutionary 
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related bacterial subtilisins and other serine proteinases it was inferred that the primary 

secreted product is a zymogen containing a 15 amino acid signal sequence and a 90 

amino acid propeptide, and the propeptide is assumed to be removed in the later steps of 

the secretion process or upon secretion of the enzyme into the medium. The nucleotide 

sequence analysis of the gene and its flanking regions revealed that the proteinase K gene 

is composed of two exons and the single intron (63 bp) is located in the proregion. 

Furthermore, a putative promoter sequence and a capping site was identified, suggesting 

that the transcription start site is located 103 bp upstream of the ATG initiation codon. 

When attempted the expression of proproteinase K cDNA in E. coli, the recombinants 

tested exhibited slight proteolytic activity on skimmed milk plates suggesting that some 

fusion proteins were correctly secreted into the periplasm and processed to the mature 

proteinase K. 

Later Proteinase T and R were reported from T. album (Samal et a1. 1989, Samal 

et al. 1990). The genomic and cDNA clones encoding proteinase T were isolated (Samal 

et al. 1989) and observed that the coding sequence for this enzyme is interrupted by two 

introns. The deduced amino acid sequence was about 53% identical to that of proteinase 

K. Four cysteines were present in the mature proteinase, probably in the form of two 

disulphide bonds, which might explain the thermal stability of the proteinase. 

Furthermore, the protease showed considerable sequence similarity with thermitase 

(Meloun et a1. 1985), aqualysin (Kwon et a1. 1988), as well as with the alkaline 

extracellular protease of Yarrowia 7ipolytica (Davidow et a1. 1987). They also attempted 

the recombinant expression of the proteinase T cDNA in E. coli and then the authenticity 

of the product was determined by western blot using a polyc1onal antibody raised against 

the purified native proteinase T and N -terminal analysis of the recombinant product 

(Samal et a1. 1989). 

Later they identified a full length clone of proteinase R from the cDNA library 

(Samal et a1. 1990). This clone contained sequences coding for the 108 amino acid prepro 

24 



Review of Literature 

leader as well as for the 279 amino acid mature proteinase. Proteinase R belonged to the 

subtilisin group of serine proteases that contains disulphide bonds. Homology between 

proteinase R and proteinase K was found to be 87% at the nucleotide as well as at the 

amino acid level. There are 32 amino acid substitutions in proteinase R compared to that 

of mature proteinase K. Proteinase Rand K were isolated from two different strains of 

Tritirarchium album. The amino terminal analysis of the purified proteinase K and R 

demonstrated the differences in two of the sixteen amino acid residues (Samal et al. 

1990). The prepro sequences of proteinase Rand K, although remarkably similar, contain 

a significant number of aminoacid substitutions and deletions. Mature proteinase K was 

generated by cleavage between aspargine and alanine residues (Gunkel & Gassen 1989), 

while the mature proteinase R was probably generated by a cleavage between 

phenylalanine and alanine residues. The Brookhaven Protein Data Base co-ordinate file 

of proteinase K was used as a template to study the proteinase R substitutions in three­

dimensional space. The majority of the substitutions of proteinase R with respect to 

proteinase K were found to be on the exterior of the protein model. 

2.6 Protease from marine microbes 

The marine microorganisms are widely accepted as a potential source of alkaline 

protease, there are only few studies reported on the extraction of alkaline protease from 

marine microorganisms, and most of them are from marine bacteria. Some marine 

bacteria belonging to the genera Vibrio, Pseudomonas and Bacillus spp have been 

reported to produce protease with novel attributes like thennostability, salt tolerance and 

solvent stability (Makino et al. 1981, Farrel & Crosa 1991, Tsujibo et al. 1993, Tsujibo et 

al. 1996, Croocker et al. 1999, Salamanca et a1. 2002, Estrade-Badil10 et al. 2003, Teo et 

al. 2003, Kumar et al. 2004a, Sreeja Chellappan 2005, Barindra Sana et al. 2006, 

Venugopal & Saramma 2006). Barindra Sana et aL (2006) reported purification and 

characterization of a salt, solvent, detergent and bleach tolerant alkaline serine protease 

having a broad substrate specificity produced by a true marine bacterium Gamma 

proteobacterium isolated from marine environment of Sundarbans. Similarly Venugopal 
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& Saramma (2006) reported the extraction and characterization of an alkaline protease 

from Vibrio jluvialis isolated from the mangroove forests of Cochin estuary. Chi et al. 

(2006) screened 327 strains of marine yeast isolates for protease production, 12 strains 

showed enzyme production in casein agar plates out of which Aureobasidium pullulan 

showed maximum production. 

Recently Damare et al. (2006) projected marine fungus as a potential source of 

alkaline protease. They have isolated 221 isolates of fungus from 5000 m depth in the 

Central Indian Basin (9-16° Sand 73 - 76° E) and out of these isolates 33 % showed 

good protease production with maximum in Aspergillus ustus. The terrestrial counterparts 

of Aspergillus sp are well studied at biochemical and molecular level for the protease 

enzyme production (Tatsumi et al. 1989, Murakami et al. 1991, laton-Ogay et al. 1992, 

Frederick et al. 1993, Ramesh et al. 1994, Vankuyk et al. 2000). 

Protease gene from several bacteria, fungi and viruses have been cloned and 

sequenced. There are few reports regarding the cloning of protease gene from marine 

bacteria, but marine fungal protease gene cloning is not reported till date. Tsujibo et al. 

(1993) reported the cloning and sequencing of an alkaline serine protease encoding gene 

apr II from a marine bacterium Altermonas sp. (Teo et al. 2003) isolated a protease gene, 

encoding a metalIoprotease of a pathogenic strain of Vibrio harveyi isolated from the 

coastal waters of East lava, Indonesia. The recombinant enzyme was expressed in 

Escherichi coli TOP 10 cells and subjected for N-tenninal sequencing and site-directed 

mutagenesis. 

The molecular cloning of fungal gene is difficult compared to the bacterial gene 

cloning because of the size and complexity of the fungal genome. Even though the 

protease gene from marine fungus is not reported, there are reports explaining the 

sequencing of other genes from marine fungal isolates. Hou et al. (2006) isolated 

xylanase gene (xyl) from a marine fungus Penicillium chlysogenum FSOI0 isolated from 
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Yellow Sea sediments. The deduced aminoacid sequence of the protein encoded by xyl 

showed high homology with the sequence of glycoside hydrolase family. The gene was 

sub cloned into an expression vector pGEX -4 T -1 and the encoded protein was over 

expressed as fusion protein with glutathione-S-tranferase in Escherichia coli BL 21. 

Kim and colleagues (Kim et al. 2003) has reported the cloning and expression 

analysis of the ~-lactam genes from a marine fungi, Kallichroma tethys. They have 

identified the ~ -lactam bisynthesis genes pchAB and pcbC from the cosmid genomic 

library made from the fungus. The phylogenic analysis indicated a close relationship with 

homologous genes of the cephalosporin-producing pyrenomycete, Acremonium 

chrysogenum. Expression analysis by reverse transcription-PeR suggested that both 

genes are highly regulated and are expressed in the late growth phase of K. tethys 

cultures. 

A thorough survey of available literature on the public domain indicate that so far 

no work is reported on either alkaline serine protease by marine isolate of Engyo don tium 

album other than our investigative group or information on molecular cloning of alkaline 

serine protease gene from marine fungus to the best of our knowledge. 
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MATERIALS AND METHODS 

3.1 Microorganisms 

3.1.1 Fungus 

The fungus used in this study, Eng),odontium album (BTMFS 10) was obtained 

from the marine microbial culture collection of Microbial Technology Laboratory, 

Department of Biotechnology, Cochin University of Science and Technology. The strain 

was originally isolated from marine sediments of Cochin (Suresh & Chandrasekaran 

1999) and was identified at MTCC, IMTECH, Chandigarh (Sreeja Chellappan 2005) and 

further confirmed by ribosomal ~~A gene sequencing (Jasmin et al. 2006c, a, b). The 

culture was grown on Bennet's agar medium prepared in 50% seawater at 25°C and 

maintained on the same medium at 4 QC and was subcultured once in thirty days. A set of 

stock culture was also maintained under mineral oil at room temperature. 

3.1.2 Bacterial strains: 

The following E.coli strains were used in the present study 

DHSa.: YA.-, recAl endAl hsdRl7 (rk-, mk+) D (lacZYA-argF) Ul69 (fj;80 lacZ dMl5) 

supE44 thi-l gyrA96 re/Al. 

XL-I-Blue MRP D (mcrA)183 D(mcrCB-hsdSMR-mrr)l73 endAI supE44 thi-l recAl 

gyrA96 relAI lac [F'proAB lac1qi DM15 Tnl 0 (Tetr)] 

3.2 Plasmid and phages 

The following plasmids and phages were used in the study 

pUC18 (Bangalore Genei, India) 

pMOS Blue (Amersham Pharmacia Biotech, Germany) 

).ZAPII (Stratagene, USA) 
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3.3 Media 

The following media were prepared using distilled water and the composition of 

each per Litre is presented. All the media were sterilized and used. 

Bennet's Agar (g/L) 

Casein enzymatic hydrolysate 

Beef extract 

Yeast extract 

Dextrose 

pH 

Agar 

Luria-Bertani medium (LB) (g/L) 

NaCl 

Tryptone 

Yeast extract 

pH 

2.0 

l.0 

1.0 

10.0 

7.3 ± 0.2 

20.0 

10.0 

10.0 

5.0 

7.3 ± 0.2 

LBAgar LB containing 1.5% (w/v) agar 

NZY Agar (g/L) 

NaC1 

MgS04 

Yeast extract 

Casein hydrolysate 

pH 

Agar 

NZY Top agar 

5.0 

2.0 

5.0 

10.0 

7.3 ± 0.2 

15.0 

NZY broth containing 0.7% (w/v) agarose 
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SOB Medium (g/L) 

Bacto trypton 

Bacto yeast extract 

NaCI 

KCI (250 mY!) 

MgCb (2 M) 

SOC Medium 

20.0 

5.0 

0.5 

10 mI 

Materials & Methods 

5 mI added after sterilization 

SOC Medium is identical to SOB medium, except that it contains 20 mM glucose. 

After the SOB medium has been autoc1aved, allow it to cool to 60°C or less and then add 

20 ml of a sterile 1M solution of glucose. 

Domingues Media (g/L) 

KH2P04 

(NH4)2 S04 

MgS04.7H20 

FeS04.7H20 

MnS04.7H20 

ZnS04.7H20 

CoCb.6H20 

CaCh. 2 H20 

NaCI 

pH 

31 

15.0 

5.0 

l.23 

0.0027 

0.0016 

0.0014 

0.0036 

0.8 

10.0 

7.3 ± 0.3 
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GPYS Medium (g/L) 

Glucose 1.0 

Peptone 0.5 

Yeast extract 10.0 

pH 7.3 ± 0.3 

Aged Seawater 500ml 

Distilled water 500 m1 

3.4 Solutions and Buffers 

All buffers and solutions were prepared in deionized water unless otherwise 

mentioned. 

Ampicillin 

T etracyclin 

CaCb 

IPTG 

X-gal 

Chloroform: Isoamyl alcohol 

EDTA (pH 8.0) 

Ethidium bromide 

Glucose 

Maltose 

Magnesium chloride 

Magnesium sulphate 

Phenol 

R..1\ase stock solution 

Proteinase K 

SDS 

100 mg/ml 

5 mg/ml in 50% ethanol 

IM 

0.5M 

20 mg/ml in Dimethyl formamide 

24:1 

0.5M 

10 mg/ml 

1M 

20 % 

IM 

IM 

Saturated with Tris-HCI (PH 8) 

10 mg /ml 

20mg/ml 

10% 

32 
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Sodium acetate (pH 5.2) 

Sodium chloride 

Sodium hydroxide 

Sodium phosphate 

Tris-HCI (pH 7.5 & 8.0) 

DEPC treated water 

Tris-HCl (pH 8.0) 

20 x SSC 

Sodium chloride 

Sodium citrate 

pH 

TAE (50X) 

EDTA - 0.5 M (PH 8.0) 

Glacial Acetic acid 

Tris 

TBE (5 X) 

EDTA - 0.5 M (pH 8.0) 

Boric acid 

Tris 

3M 

5M 

5N 

IM 

IM 

Materials & Methods 

Diethyl pyrocarbonate (DEPe) 

was added to deionized water to 

a final concentration of 0.1% 

and kept at 37°C over night 

with shaking and autoclaved 

1 M in autoclaved DEPC 

treated water 

3M 

0.3M 

7.3 ± 0.3 

100 ml 

57.1 ml 

242 g 

20 ml 

27.5 g 

54 g 
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TPE (1 X) 

Iris-phosphate 

EDIA (pH 8.0) 

TE Buffer 

EDIA (pH 8.0) 

Iris-HCl (PH 8.0) 

CTAB buffer (D~A Extraction buffer) 

Iris-HCl (pH 8.0) 

NaCl 

EDTA (PH 8.0) 

CTAB 

SM Buffer 

NaCl 

MgS04 

Iris-HCl (pH 7.5) 

Gelatin 

DNA Loading Buffer (Type Ill) 

Bromophenol blue 

Xylene cyanoI FF 

Glycerol 

STE buffer 

Iris-HCl (PH 8.0) 

NaCl 

EDTA (PH 8.0) 

0.09M 

0.002M 

34 

1 mM 

10 m.\1 

100 mM 

lA M 

20 mM 

2% (w/v) 

5.8 g 

2g 

50IIL\1 

0.01 mg 

0.25% 

0.25% 

30% 

10mM 

0.1 M 

1mM 
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Solution I (GTE solution) 

Glucose 50 ffi1\1 

Iris-HCl (pH 8.0) 25 mM 

EDIA (PH 8.0) 10mM 

Solution II (Lysis solution) 

NaOH 0.2N 

SDS 1% 

Solution III 

Potassium acetate (pH 7.5) - 5 M 60 ru! 

Glacial CH3-COOH 11.5 ml 

Deionized water 28.5 ml 

Final pH 5.2 

Depurination solution 

HCI 0.25 N 

Denaturing solution 

NaOH 0.5M 

NaCI 1.5 M 

Neutralizing solution 

Iris-HCl (PH 8.0) 0.5M 

NaCI 1.5 M 

EDIA 0.001 M 

pH 7.2 

Washing solution: 

Tris-HC] (PH 7.5) 0.2M 

SSC 2X 
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TBS 

Tris-HCl (PH 7.5) 

NaCl 

3.5 Chemicals and Biochemicals 

10 mM 

150 mM 

The chemicals and biochemicals used in the routine study were of either 

molecular biology grade or extra pure analytical grade procured from Qualigens, 

Himedia, SRL, Merck and Sigma. Developer and fixer for the processing of X-ray films 

were from Excell photochem Pvt. Ltd, India. Other than the commonly used chemicals 

and biochemicals, the following were also used. 

5-Brom-4-Cblor-3-Indolyl-~-D-Galactopyranosid (X-Gal) 

TRI reagent 

Bovine serum albumin (BSA) 

Disodium 3 -(4-methoxyspiro (1 ,2-dioxetane-3, 2' -( 5' -chloro) 

tricyclo [3.3.1.1 3,7] decan}-4-yl) phenyl phosphate (CSPD) 

Diethylpyrocarbonate (DEPC) 

lsopropyl- P-D-thiogalacto pyranoside (lPTG) 

Agarose 

Xylene cyanol FF 

)"DNA EcoRI! Hind III double digest marker 

dNTP set 

Cetyl trimetyl ammonium bromide (CTAB) 

Ethidium bromide 

500bp ladder 

Ampicillin 

Tetracycline 
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Sigma 

Sigma 

SRL 

Roche diagnostics 

Sigma 

Sigma 

Qbiogene 

Qbiogene 

Bangalore genei 

Bangalore genei 

Bangalore genei 

Bangalore genei 

Bangalore genei 

Bangalore genei 

Bangalore genei 



3.6 Enzymes and kits 

3.6.1 Enzymes 

T4 DNA Ligase 

Tag DNA polymerase 

Proteinase K 

Rnase A 

Alkaline phosphatase 

DNase I 

Restriction endonuc1eases (A at n, Barn HI, Bgl Il, Eco RI, 

Hind HI, Kpn T, Nco I, Nde T, Not I, Pst T, Sac H, Sal I, Sau 3 

AI, Spe I, Sma I, Xba I, Xho I) 

3.6.2 Kits 

PCR Core System I 

RT-PCR System 

DIG High Prime DNA labeling and detection Starter Kit II 

ZAP-cDNA® synthesis, Gigapack® lIT gold cloning kit 

PMOS Blue PCR Cloning Kit 

PolyAtract~ ~"",A isolation system 

Wizard PCR Prep DNA purification kit 

3.7 Culturing of Engyodontium album BTMFS]0 

Materials & Methods 

New England Biolabs 

Qbiogene & 

Bangalore genei 

Bangalore genei 

Bangalore genei 

New England Biolabs 

Promega 

New England Biolabs 

& Bangalore genei 

Promega 

Promega 

Roche Applied Science 

Stratagene 

Amersham Biosciences 

Promega 

Promega 

Initially fungal inoculum was developed using the stock agar slope culture of 

E. album. The fungus was inoculated onto Bennet's agar slants and allowed to grow for 

14 days at 25°C. Later five ml sterile saline (0.85% NaCI) containing 0.1 % Tween 80 

was added to the slants and the conidia were detached from the mycelium by gentle 

scraping with a sterile loop. The conidial spore suspension thus obtained was transferred 

to a sterile tube and inoculated into GPYS medium supplemented with 1 % casein at a 
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concentration of 2% (v/v). The culture was incubated at 25°C for 4-7 days under static 

condition and the mycelia mat obtained was used for DNA isolation. For extracting the 

total RNA, the fungus was cultured in Domingues Media supplemented with 1 % casein 

following the same condition. 

3.8 Isolation of Nucleic acids 

3.8.1 Chromosomal DNA Isolation from Engyodontium album BTMFS10 (Rogers & 
Bendich 1994) 

The mycelia mat of E. album was harvested from GPYS medium, washed with 

sterile distilled water and blot dry. Approximately 1 g of mycelia were frozen in liquid 

nitrogen and disrupted into fine powder using a sterile mortar and pestle. This powder 

was transferred into a 50 ml capacity centrifuge tube containing 16 ml of pre heated 

(65°C) CTAB buffer and incubated at 65°C for 30 minutes in a water bath followed by 

incubation at room temperature, Equal volume of chloroform: isoamyl alcohol (24: 1) was 

added to the tubes and mixed thoroughly to form an emulsion. Subsequently it was 

centrifuged at 10,000rpm for 10 minutes and the aqueous layer was saved into a new 

centrifuge tube using cut tip. The chloroform: isoamyl alcohol extraction was repeated 

twice and the aqueous phase was collected carefully, Sodium acetate (PH 5.2) was added 

to the aqueous phase at a final concentration of 300mM and DNA was precipitated by the 

addition of 2/3 volumes of ice-cold isopropanoL The DNA strands were spooled out 

gently with the aid of a glass rod, washed with 70% ethanol, air dried briefly, and then 

dissolved in Milli Q water (Millipore, USA). 

3.8.2 Total RNA Isolation by TRI REAGENT ™ 

The R..'II'lA from fungal biomass was isolated following the method of 

(Chomcynski & Sacchi 1987). Approximately 100 mg of fungal mycelium harvested 

from E. album culture was frozen in liquid nitrogen, ground to a fine powder in a pre­

chilled nuclease free mortar and pestle. The tissue powder was transferred quickly to a 

nuclease free micro centrifuge tube and one ml of TRI reagent™ was added. The content 
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of the tube was mixed well and was kept at room temperature for five minutes. The 

sample was centrifuged at 12,OOOg for 10 minutes at 4°C. The supernatant was transferred 

to an RNase free micro centrifuge tube and 200jlL of chloroform was added per one ml 

Trizol™ reagent used. It was mixed well to form an emulsion and incubated at room 

temperature for 15 minutes and centrifuged at 12,000g for 15 minutes at 4°C. The 

aqueous phase was collected in a fresh micro centrifuge tube and 500jlL isopropanol was 

added and maintained at room temperature for 10 minutes to precipitate the total R..~A. 

The sample was centrifuged at 12,000g for 10 minutes at 4°C and the pellet was washed 

with 75% ethanol by centrifugation at 7,500g for 5 minutes at 4°C. After centrifugation, 

ethanol was decanted, RNA pellet dried at room temperature, dissolved in 50jlL of 

nuclease free water and stored at -70°C. 

3.8.3 Isolation of mRNA from total R.~A 

mR .. ~A was separated from total RNA using Poly A Tract mRNA isolation system 

III from Promega according to the manufacturer's protocol, as described below. 

3.8.3.1 Annealing of the oligo dT probe 

Total RNA was dissolved in 500jlL of nuclease free water and incubated at 65°C 

for 10 minutes. To the denatured total R.~A, 3jlL of oligo dT probe and 13jlL of SSC (20 

X) were added and incubated at room temperature for 30 minutes to allow the slow 

cooling of the mix to room temperature. 

3.8.3.2 Washing of Streptavidin-Paramagnetic particles (SA-PMPs) 

The Streptavidin-Paramagnetic particles (SA-PMP) provided in the kit in aliquots 

were resuspended by gently flicking the bottom of the tube until they were completely 

dispersed. To capture the SA-PMPs, the tube was placed in a magnetic stand provided in 

the kit until the SA-PMPs were collected on the side of the tube. The supernatant was 

carefully removed and SA-PMPs were washed thrice with O.5X SSC (300jlLi wash), 
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each time capturing them usmg the magnetic stand and carefully removmg the 

supernatant. Washed SA-PMPs were resuspended in lOOf..lL of O.SX SSc. 

3.8.3.3 Capture and washing of annealed oligo (dT)-mRNA hybrids 

The entire content of the annealing reaction was added to the tube containing 

washed SA-PMPs and mixed well by gentle pipetting. The mixture was incubated at 

room temperature for 10 minutes with intennittent mixing by inversion. The SA-PMPs 

were captured using magnetic stand and the supematant was carefully removed without 

disturbing the SA-PMP pellet. The particles were washed four times with O.IX sse 
(300)lL/ wash) by gently flicking the bottom of the tube until all particles were 

resuspended. After the final wash the aqueous phase was removed by pipetting as much 

as possible without disturbing the pellet. 

3.8.3.4 Elution of m&~A 

The final SA-P~P pellet was resuspended in 100flL of nuclease free water to 

elute mRl'JA. SA-PMPs were captured magnetically and the aqueous phase with mRNA 

was collected in a sterile RNase free micro centrifuge tube. The elution was repeated by 

adding additional SOflL of nuclease free water. Final elution was carried out with the 

pooled lS0flL mRNA solution. Eluted mRNA was precipitated by adding 0.1 volume of 

3M sodium acetate (PH S.2) and one volume of isopropanol, incubated overnight at 

-20De, washed in 7S% ethanol, air dried and dissolved in 30flL of nuclease free water. An 

aliquot of the sample was quantified spectrophotometrically and stored at -70°C. 

3.8.4 Isolation of plasmid DNA 

3.8.4.1 Small-scale preparation of plasmid DNA (Sambrook et a1. 1989) 

Overnight culture (3ml) was centrifuged at 12,OOOrpm for a minute and the pellet 

was resuspended in 100)l! of double distilled water. One hundred )ll lysis buffer (1 % 

SDS, IOmM EDT A, 0.1 N NaOH) was added and maintained in a boiling water-bath for 
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2 minutes. Subsequently 50111 of I.OM MgC12 was added and mixed by tapping. It was 

kept on ice for 2 minutes and spun at 12,000rpm for 2 minutes. The supernatant was 

transferred to another tube and 50111 of 3M potassium acetate was added, mixed by 

tapping, kept on ice for 2 minutes and spun at 12,000rpm for 2 minutes. Without 

disturbing the pellet the supernatant was transferred into a fresh tube. Six hundred III of 

isopropanol was added, kept on ice for 5 minutes and spun at 12,000rpm for 2 minutes. 

Finally the pellet was washed with 70% ethanol, dried and dissolved in TE buffer 

(pH 8.0) or distilled water. 

3.8.4.2 Large scale preparation of plasmid DNA 

Plasmid DNA was isolated by a modified version of alkali lysis method 

(Sambrook et al. 1989). The cell pellet generated from a SOml LE broth was washed with 

20ml STE buffer and centrifuged at SOOOrpm for 5 minutes at room temperature. The 

pellet was again resuspended in 8ml of ice-cold solution I and approximately 2mg/ml 

lysozyme was added to break the bacterial cell walls. To the dispersed cells, 16ml of 

Solution II was added, mixed well by inversion and incubated on ice for 1 Ominutes. This 

was followed by the addition of 12 ml of Solution lII, mixed by gentle inversion and then 

incubated on ice for 15minutes. Subsequently, bacterial cell debris was precipitated by 

centrifugation of the sample at 10,000rpm for 10 minutes at 4°C. The supernatant was 

transferred to a new centrifuge tube to which 0.6 volume of isopropanol was added, 

followed by incubation at room temperature for 10 minutes. The plasmid DNA was 

pelleted by centrifugation at 10,000rpm for 10 minutes at room temperature. Finally the 

plasmid DNA was washed twice with 70% ethanol, air dried and dissolved in 2ml sterile 

Milli Q water. The DNA sample was stored at -20°C. 

3.8.5 Precipitation of DNA 

DNA in solution was precipitated by the addition of 0.1 volume of 3M sodium 

acetate (pH 5.2) and 0.6 volume of isopropanol or 3 volumes of absolute ethanol. High 
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molecular weight DNA was precipitated at room temperature while DNA with low 

molecular weight precipitated on incubation at -20°C for 12 hours. The precipitated 

DNA was separated by centrifugation at 10,000 rpm for 15 minutes at room temperature. 

The excess salt was removed by washing the DNA pellet with 70% ethanol. The DNA 

was dried under vacuum and dissolved in appropriate volume of TE buffer (pH 8.0) or 

Milli Q water. 

3.8.6 ~ucleic acid quantification 

The quantitative analysis of DNA, RNA or oligonucleotides was done 

spectrophotometrically by measuring the optical density at 260 (A26o) and 280nm (Ano). 

The reading at 260nm allows calculation of the concentration of the nucleic acid in the 

sample. An OD of 1 corresponds to approximately 50llg/ml for double-stranded DNA; 

40llg/ml for single stranded DNA or ~~A; and 20llg/ml for single stranded 

oligonuc1eotides. The ratio benveen readings at 260nm and 280nm (A26o/ Al8o) provides 

an estimate of the purity of the nucleic acid. Pure preparations of DNA and R..c~A have 

ratio of 1.8 and 2.0, respectively. If there is contamination with protein, the ratio 

(A26o/ A28o) will be significantly less than the values given above. 

3.8.7 Agarose gel electrophoresis 

3.8.7.1 DNA gel electrophoresis 

Agarose gel (0.8-1 %) was prepared with electrophoresis grade agarose and known 

volume of T AE buffer (1 X). The contents were mixed and melted in a microwave oven. 

The molten agarose at 55°C was poured without air bubbles into the gel-casting tray and 

allowed to solidify at room temperature for about 60 minutes. 

DNA sample was mixed with 6X concentration gel loading buffer to a final 

concentration of IX and loaded into the wells as lOllL aliquots. The electrophoresis tank 

was attached to a DC power pack and resolved at 8 V/cm. The gel was removed when the 
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bromophenol blue in the tracking dye reached 2/3 of the gel and the DNA in the gel was 

observed on a UV transilluminator after staining with ethidium bromide solution. 

3.8.7.2 RNA gel electrophoresis 

The molten agarose (I %) at 55°C, mixed with appropriate amount of iodoacetic 

acid (1.86)lg/ml) and ethidium bromide was poured without air bubbles into the gel­

casting tray and allowed to solidify at room temperature for about 60 minutes. RNA 

sample was mixed with 6X concentration gel loading buffer (prepared in DEPC treated 

water) to a final concentration of IX and loaded into the wells as 10)lL aliquots. The 

electrophoresis tank was attached to a DC power pack and resolved at 5V/cm. The gel 

was removed when the bromophenol blue in the tracking dye reached half of the gel and 

R-"NA in the gel was observed on a UV transilluminator. 

3.8.8 Elution of D~A from agarose gel 

Elution of the DNA from agarose gel was usually done with the elution apparatus 

(Exelutor, FinnPCR). When current passes between the electrodes, the negatively 

charged DNA get eluted out from the gel piece in to the small volume of (500,..tl) TAE 

buffer (IX) which cover the gel piece as a bubble. DNA was precipitated from this TAE 

buffer (l X), by adding 0.1 volume of 3M sodium acetate (PH 5.2) and one volume of 

isopropanol, incubated overnight at -20°C. Next day, the sample was centrifuged, the 

pellet of DNA washed with 70% ethanol and dissolved in Milli Q. 

For elution of PCR products from the agarose gel, Wizard PCR Prep DNA 

purification kit (Promega, USA) was used. In this method, the agarose gel piece was 

dissolved in one ml of resin provided with the kit. The solution was transferred to the 

syringe barrel spin-column-vacuum manifold assembly and vacuum was applied to draw 

the solution through the assembly. After breaking the vacuum, 2ml of 80% isopropanol 

was added to the spin-column through the syringe barrel and vacuum was continued. 
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Subsequently the assembly was dismantled and the spin-coluI1U1 with the DNA adhered 

on its membrane was fitted on to a clean micro centrifuge tube. The tube was spun at 

10,000g for 2 minutes to remove any residual alcohol and the attached micro centrifuge 

tube was discarded. After attaching a fresh tube with the mini coluI1U1, 50111 of distilled 

water was added on to the spin column, incubated for 2-5minutes and spun at 10,000g for 

20 seconds. Later the spin column was discarded and the eluted D~A was precipitated 

and dissolved in a minimum quantity of distilled water. 

3.8.9 Primer Designing 

The following primers were designed and used for PCR based experiments. All 

the primers used in the study were synthesized either by Bioserve biotechnologies, India. 

3.8.9.1 Degenerate primers 

Degenerate primers were designed based on the conserved domain deduced from 

the already reported nucleotide sequence encoding alkaline protease of several fungi. The 

nucleic acid sequences coding for alkaline serine protease were retrieved from the 

GenBank (http://www.ncbi.nlm.nih.gov/) and aligned by CLUSTAL W (Thomson et al. 

1994) alignment programme of Bio-Edit software (Hall 1999). The bases at the most 

conserved regions of the alignment were considered for the primer designing. 

Degenerate primers designed for amplifying partial gene are given below 

ASPIR- 5' GCCATSGARGTRCCMGAGATGG 3' 

ASP IF - 5' AAGTACATYGTCAAGYTCAAGGA 3' 

ASP 2R -5' A.A.GGCACCACCMAGAGACATGTT 3' 

ASP 2F -5' TACATTGTYGTCATGAAYGATGG 3' 

ASP 3R - 5' GTGGCCATGGAGGTACCGGAGA 3' 

ASP 3F - 5' GTTGCTGCCGGTAACGACAAC 3' 
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3.8.9.2 UTR based primers 

A set of primers were designed from the 5' and 3' untranslated regions of the 

gene (obtained from the partial genomic DJ\A library) using GeneTool software. This 

primer pair was designated as Eap UTR primers and used to amplify the coding region of 

the gene (ORF) from E. album. 

Eap UTR F: 5' TCATCAACAGCCATCGCAGCAATAC 3' 

Eap UTR R: 5' GACTAAATATGGTCGTAAGACCGATATGAATG 3' 

Primers were diluted to 100 pmol working stock solution using sterile Milli Q 

water and stored at -20°e. For PCR reactions, primers were diluted from the working 

stock to a concentration of 10 pmol using nuclease free water and used. 

3.9 Polymerase chain reaction (PCR) 

PCR reactions were performed in Peltier thermal cyelers (MJ Research, USA and 

Eppendorf, Germany) in 200)11 capacity thin walled tube in a final volume of 25)11. Taq 

D~A polymerase was used for amplification reactions. Genomic DNA (100ng) or Il-ll of 

first strand-synthesized product from the R T -reaction (-50ng) was used as template in 

PCR reactions. 'Hot start' PCR was done for ampllfication in which the reaction mix was 

heated to 95°C for five minutes, quick chilled on ice followed by the addition of 1 unit of 

Taq DNA polymerase. A typical PCR reaction comprises of denaturation at 95°C for 

25 seconds, primer annealing at 55-65°C for 50 seconds and extension at 68-72 DC for 

60-120 seconds, depending on the target to be amplified. The reaction cyele was repeated 

35 times and the product was analyzed on a 1 % agarose gel. 

3.9.1 Reverse transcription-polymerase chain reaction (RT-PCR) 

Before reverse transcription, the RNA sample was given an R.c~ase free DNase I 

(Promega, USA) treatment at 37°C for 30 minutes to remove D;\"A contamination. 
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Subsequently the DNase I was heat inactivated at 70°C for 30 minutes. RT reaction was 

done with ~ 1 ~g of Rc"\! A as template and 0.5).1g of oligo dT as primer for first strand 

synthesis as described by the manufacturer (Promega, USA). The reaction was 

perfonned in IX RT buffer, in the presence of ImM dNTPs, 5mM MgCh, 20 units of 

R..Nase inhibitor and 20units of AMY reverse transcriptase to a final volume of 20~1. The 

reaction was perfonned at 42°C for Ihour. AMY reverse transcriptase was heat 

inactivated at 99°C for 5 minutes. Samples were stored at 4°C until use. For RT-PCR, 

1).11 of the RT product (from a total of 20).11) as template, and specific primer pairs were 

used. Amplified product was checked by agarose gel electrophoresis. 

3.9.2 Colony PCR 

Each colony was grown in LB broth separately and one millilitre each from five 

cultures were pooled together, extracted plasmid and used as template for PCR reaction. 

The 251lL reaction mix contained IX peR buffer, 200)lM dNTP mix, 20 pmol of ASPl 

forward and reverse primers and 1 unit of Taq DNA polymerase. The PCR conditions 

were set to 94°C, 5 minutes of initial denaturation, 35 cycles of 94°C for I minute, 50°C 

for 1 minute, and extension at 72°C for 2 minutes, followed by final extension at 72°C for 

7 minutes. Checking the PCR products on a 1.2% agarose gel identified the positive 

groups. Plasmids were extracted from individual colonies of the positive groups and 

amplified using the same set of primer for selecting the right clone with the protease 

gene. 

3.10 DNA Manipulations and cloning 

3.10.1 Restriction enzyme digestion of DNA 

Restriction digestion of plasmid DNA samples was carried out with one unit of 

restriction enzyme per ).1g of DNA. For digesting genomic DNA, upto 4.0 units of 

restriction enzyme per Ilg of DKA were used. The buffers and incubation conditions for 

digestion were the same as given by the manufacturer of respective restriction 

46 



Materials & Methods 

endonuclease enzymes. The restriction reaction was stopped by incubating at 65°C for 

15 minutes and chloroform: isoamyl alcohol extraction also was performed whenever 

required. 

3.10.2 Dephosphorylation of vector DNA 

The plasmid DNA linearized with appropriate restriction enzyme was 

depbosphorylated using calf intestinal phosphatase (ClP). To 1.2J..lg of Linearised vector, 

2 J..ll of 10X CIP dephosphorylation buffer (1 01IL\{ ZnC12, 10ITLM MgCh and 100mM 

Tris-HCl pH 8.3), and 0.1 unit of CIP were added and incubated at 37°C for 30 minutes 

in a final reaction volume of 20J..l1. After the reaction, CIP was inactivated by heating at 

75°C for 10 minutes in the presence of 5.0mM EDT A. Further purification was done by 

phenol: chlorofonn (l: 1) extraction. Sodium acetate (pH 5.2) was added to a final 

concentration of 300mM fol1owed by the addition of 3 volumes of absolute ethanol to 

precipitate the DNA. The mixture was spun at 8,OOOg for 10minutes at room 

temperature. The precipitate was washed with 70% ethanol and dissolved in TE buffer 

(PH 8.0). 

3.10.3 Ligation of DNA into vector 

Dephosphorylated vector DNA (50ng) was used in all ligation reactions. The 

concentrations of the target DNA to be ligated varied according to its size. The vector: 

insert molar ratio was kept 1:3 in a lOJ..ll ligation reaction. peR products were made 

blunt (in case of amplification using Taq DNA polymerase) using T4 DNA polymerase 

and phosphorylation of the 5' end of the insert DNA was performed using polynucleotide 

kinase. peR products obtained from reactions involving Pfu DNA polymerase were 

given only the phosphorylation reaction prior to ligation, as the products were blunt. All 

ligation reactions were performed in 10).Ll reaction with 1 unit of T 4 DKA ligase enzyme 

at 16°C or 22°e. 
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3.10.4 Preparation of competent cells (Sambrook et al. 1989) 

A single colony of E. coli host cell (DHSa) was inoculated in 5ml of Luria­

Bertani (LB) broth and grown overnight with constant shaking at 200 rpm at 37°C. Five 

hundred )1L of overnight culture was inoculated to 50ml of LB broth and incubated 

overnight at 37°C in an incubator shaker at 200rpm. The cells were harvested by 

centrifuging at 4,000rpm for 5 minutes at 4°C, the pellet was resuspended in 20ml of ice 

cold O.lM CaCh and incubated on ice for 30 minutes. Subsequently the cells were 

segregated from the solution by centrifugation at 7,000rpm 4°C, 10 minutes and the pellet 

was re suspended in 2ml of ice cold 0.1 M CaCh and kept in ice. This was aliquoted with 

glycerol and stored at -80°C until use. 

3.10.5 Transformation 

Ten )11 of plasmid DNA (l0-20ng) was added to the prepared competent cells 

(90~1) and incubated in ice for 30 minutes. Later the cells were given a heat shock at 

42°C for 90 seconds by immersing the tube in a water bath followed by quick chilling in 

ice for 10 minutes. Afterwards, 600 )11 of SOC medium was added to the transferred 

cells in the tube and incubated at 37°C for 1 hour. The grown cells (SO-100~1) were 

plated on LB agar plates (LB media containing 1.5% bactoagar) containing 50~g/ml of 

ampicillin, 100~g/ml IPTG and 40~g/ml X-gal employing spread plate technique and 

incubated at 37°C. The plates were checked for transforrnants after overnight incubation. 

3.11 Probes 

Both nucleic acid and antibody probes were used for screening cDNA and 

genomic libraries. Details are as given below. 
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Nucleotide Probes 

Heterologous probe The partial cDNA sequence of alkaline serine 

protease from the fungus Aspergillus fumigatus­

Generously gifted by Dr. P.E. Kolattukudy, 

University of Central Florida, USA. 

Homologous probe 

Antibody 

3.12 DNA labeling 

Partial genomic DNA sequence of alkaline serine 

protease from the fungus Engyodontium album. 

Alkaline protease polyclonal antibody raised in 

rabbit against Engyodontium album alkaline 

protease (Sreeja Chellappan 2005). 

3.12.1 Multiprime labeling of the radioactive probe 

The multiprime labeling of DNA was done as described by (Feinberg & 

Vogelstein 1983). Double stranded DNA (50-200 ng) was denatured in a boiling water 

bath for 10 minutes followed by chilling on ice. The reaction was performed as per the 

directions of the multiprime 1abeling kit manufacturer (Jonaki, BARC, India). Random 

hexanucleotides (75ng), 5.0J,l1 of 10x reaction buffer (900mM HEPES adjusted to pH 6.6 

with NaOH, 10mM MgCl2 and 40mM DTT), 4mM each of un la be led dNTPs, and 4J,l1 of 

a 32P_dA TP (40 flCi; specific activity 3000Ci/mmol, Jonaki, BARC, India) and 2.0 units 

of Klenow (E. coli DNA polymerase I - large fragment) were added to the DNA in a total 

volume of 50J,ll. The samples were incubated at 37°C for one hour. Adding EDTA to a 

final concentration of 10mM terminated the reaction. Sheared and denaturated E. coli 

DNA (lOflg) was added as carrier and the DNA precipitated at ODC overnight. 

Subsequently, the probe was filtered through a G-50 spin column (Amersham Pharmacia 

Biotech, USA) to remove the unincorporated radioisotope. 
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The radio labeled probe (1.0~1) was spotted on a piece of nylon membrane, dried 

and washed in ice cold 10% trichloroacetic acid for 10 minutes, and rinsed in absolute 

ethanol at room temperature for 10 minutes. The filter was air dried, immersed in 

scintillation fluid (O.S% PPO, 0.03% POPOP in toluene) and the percentage of 

incorporation of radioactivity detennined by counting in a Packard scintillation counter. 
7 

Usually nick translation results in probes with a specific activity of 2.Sxl 0 cpml~g while 

the probes prepared by random priming are often-fold higher specific activity. 

3.12.2 DIG DNA labeling (Non radioactive) 

Digoxigenin-Iabelled DNA probe was generated using DIG-High Prime labeling 

kit (Roche Applied Sciences, Gennany) according to the random primed labeling 

technique. The reaction was perfonned as per the directions of the manufacturer. Double 

stranded DNA (400-600ng) was mixed with sterile double distilled water to a final 

volume of 16~1 in a reaction vial and denatured in a boiling water bath for 10 minutes 

followed by chilling on ice. Four ~l of the DIG-High Prime (the SX concentrated labeling 

mixture contain random hexamers, dNTP mix containing alkali-labile Digoxigenin-ll­

dUTP, Klenow enzyme and an optimized reaction buffer) was added to the DNA and 

incubated overnight at 37°C. The reaction was stopped by adding 2~1 ofO.2M EDTA (pH 

8.0) and heating to 6SoC for 10 minutes. 

The expected yield of the DIG-Iabeled DNA in the probe was estimated using the 

chart provided along with the kit. The yield depends on the starting amount of the 

template and incubation time. The efficiency of the labeled reaction was evaluated by 

comparing the different dilutions of the labeled probe with that of the DIG-labeled 

control DNA, by dot blot analysis. For this purpose, both the samples were first diluted to 

Ing/Ill according to the expected yield to start the dilution series (10, 3, 1, 0.3, 0.1, 0.03, 

0.01 pg/Ill). 
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The diluted samples were spotted on a strip of positively charged nylon 

membrane (1111 each) in two rows, and the DNA fixed on the membrane by baking at 

120°C for 30 minutes. The spots were detected by chemiluminescent method, compared 

with the control and the amount of DIG labeled DNA was calculated. 

3.13 Construction of phage cDNA library of E.album BTMFSI0 

Phage cDNA library of E. album was constructed following the instruction 

manual of the Lambda ZAP® II fEeD R I vector kit (Stratagene) as described below: 

3.13.1 Synthesizing first strand cDNA 

First strand cDNA was synthesized from mRNA by reverse transcription using 

StrataScript RT. The reaction mix was prepared for 50111 volume with 51lg ofmR.c.~A, 1 X 

first strand buffer, 75 units of StrataScript RT, 3111 of the first strand methyl nucleotide 

mix (lOmM stock), 40 units of R.~ ase block, Ribonulcease inhibitor and 2.8 Jlg oligo 

dT18 linker primer. mRNA, oligo dT18 primer, first strand buffer, nucleotide mix, RNase 

inhibitor and nuclease free water were added to a nuclease free micro centrifuge tube, 

mixed gently and incubated at room temperature for 10 minutes. To this, 75 units of 

StrataScript RT enzyme was added, mixed gently and spun down. RT reaction was 

incubated at 42°C for 1 hr and then kept on ice. 

3.13.2 Second-strand synthesis reaction 

To the first strand synthesis reaction, IX second strand buffer, 6, .. Ll second strand 

dNTP mix (10mM stock), DEPC water, 3U of RNase Hand 11111 of DNA polymerase I 

(9 UfJ,.d) were added and incubated at 16°C on a water bath for 2.5 hrs. After incubation 

the reaction tube was, immediately placed on ice. 
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3.13.3 Blunting the cDNA termini 

To the second strand reaction tube, 23111 of blunting dNTP mix (2.5mM stock) 

and 5 units of the enzyme Pfu DNA polymerase were added and incubated for exact 30 

minutes at n°e. After incubation, the sample was extracted with 200~1 Phenol: 

chloroform (1: 1) mixture, continued with equal volume of chloroform: isoamyl alcohol 

(1: I) mixture. The cDNA was precipitated from the supematant recovered by adding 

20111 sodium acetate (3M) and 400f,l1 of absolute alcohol and incubating overnight at 

_20De. The precipitated cDNA was collected by centrifugation at 12000rpm for 60 

minutes at 4°C and the pellet was gently washed with 500f,l1 of 70% ethanol and dried 

briefly. The pellet was resuspended in 9~1 ofEco RI adapters (0.4~g/1l1) and incubated at 

4°C for 30 minutes. 

3.13.4 Ligating the Eco RI Adapters 

To the tube containing blunt ended cDNA resuspended in adapter solution, IX 

ligase buffer, 1~1 of ATP (lOmM) and 4 units of T4 DNA Ligase were added and 

incubated at 4°C for 2 days. 

3.13.5 Phosphorylating the Eco RI ends 

After heat inactivating the ligase (at 70°C for 30 minutes) and cooling it down to 

room temperature, the following reagents were added to phosphorylate the adapter ends 

of cDNA: IX ligase buffer, 2~1 of ATP (lOmM), 5~1 sterile water, and 10 units of T4 

Polynucleotide Kinase. The reaction mixture was incubated for 30 minutes at 37°C 

followed by heat inactivation of the enzyme at 70DC for 30 minutes. 

3.13.6 Size fractionation of cDNA 

The cD~A was precipitated with absolute alcohol and resuspended in 14f,l1 of 

STE buffer (1 X). The sample mixed with 3.5~1 of column loading dye was loaded on the 

drip column containing Sepharose CL-2B gel filtration medium. STE buffer (IX) was 
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used as the mobile phase, and the eluted fractions were collected separately in micro 

centrifuge tubes. An aliquot from each fraction was electrophoresed on 1.2% agarose gel 

and the fractions containing cDNA of size >400bp were pooled, extracted with equal 

volume of Phenol: chloroform (1:1) and then with equal volume of chloroform: 

isoamyla1cohol (1: 1). From the supernatant collected, the cDNA was precipitated with 

two volume of absolute alcohol by incubating overnight at -20°e. The precipitated cDNA 

was collected by centrifugation at I2,000rpm for 60 minutes at 4°C. The pellet was 

carefully washed with 200).!1 of 80% ethanol and dried briefly under vacuum. The cDNA 

was resuspended in 3.5).!1 of sterile distilled water. 

3.13.7 Ligation of cDNA into the vector 

Approximately 100ng of cDNA was Iigated to I).!g of EcoR I predigested "-ZAP II 

vector in a total volume of 5 I.d and the Iigation mixture was incubated at 4°C for 2 days. 

3.13.SIn vitro packaging of lambda phage 

Three ).ll of the ligation reaction was mixed with 251 .. L1 Gigapack® In gold 

packaging extract (Stratagene, USA) and the mixture was incubated at 22°C for 2hrs. To 

this, 500)11 of SM buffer and 20)11 of chloroform were added, mixed gently and spun 

briefly. The supernatant was transferred to a fresh tube and stored at 4°C until use. 

3.13.9 Preparation of host bacteria 

The glycerol stock of XLI-Blue MRF' was streaked on to the LB plate and 

incubated overnight at 37°C. 10ml of LB media supplemented with 10mM MgSO 4 and 

maltose (0.2% w/v) was inoculated with a single colony of XLI-Blue MRF'. It was 

grown at 37°C, with shaking for 4.0-6.0 hours (it was not grown past OD(A6oo) = 1.0). 

The cells were pelleted at 2,000rpm for 10 minutes and gently resuspended in half the 

original volume with sterile 10mM MgS04 and further diluted to OD(A6oo) = 0.5 with 

sterile 10mM MgS04 • 
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3.13.10 Titering the packaging reaction 

Consecutive dilution of packaged phages was made in SM Buffer. One ~l of each 

dilution was added to 200)11 of the diluted host cells and the attachment of the phages to 

the host cells was achieved by incubation of the mixture at 37°C for 60 minutes. Then 

5ml of pre-wanned NZY top agar was added and the mixture was plated on NZY agar 

plates. Plaques were visible after 8-12 hours of incubation at 37°C. Phage plaques were 

counted and the plaque-fonning unit per ml (Pfulml) concentration of the library was 

detennined as: 

Number of plaques x dilution factor x 1000).ll/ml 

Volume plated (JlI) 

3.13.11 Library amplification 

A single colony of XL I-Blue MRF' host cells was picked and inoculated in 20ml 

LB supplemented with 0.2% maltose and 10mM MgS04 and grown overnight at 37°C. 

One ml of the culture was inoculated in SOml of fresh, pre-warmed medium and allowed 

to grow for 4-6 hours under vigorous agitation until the OD (A60o) reached to around 0.7. 

The cells were harvested and resuspended to attain an OD of 0.5 (A6oo) in 10mM MgS04• 

Aliquots of the packaged library suspension were mixed and incubated with 200~.!l of the 

diluted host cells for 60 minutes at 37°C in sterile tubes. About Sml of melted top agar 

(48°C) was poured into the tube, mixed well, and spread evenly onto a freshly poured 

110mm plate of NZY bottom agar. The plates were incubated at 37°C for 6-8 hours. The 

plaques were allowed to grow about 1-2mm. Twenty such plates were prepared for a 

library having 1.0 x 105 plaques. Thereafter 3ml of SM buffer was added to the plates and 

the phages were allowed to diffuse into the buffer by overnight incubation at 4°C. The 

phage suspensions were harvested from the plates, extracted with chloroform (5% v/v), 

the clear supematant was added with 0.3% chloroform and kept at 4°C. Later, the library 

was aliquoted and stored with 7% (v/v) DMSO at -80°C. The titer of the amplified library 
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was checked using appropriate amount of host cells and serial dilutions of the library. 

The final titer of the library was found to be 109 pfu/mL 

3.14 Plaque hybridization screening 

3.14.1 Screening with heterologous cDNA probe 

Probe labeling and hybridization of the membranes were done with DIG High 

Prime DNA labeling and detection Starter Kit IT (Roche, Gennany) according to the 

manufacturer's protocol, briefly described below. 

For plaque blotting, positively charged nylon membranes of appropriate size were 

placed on the surface of the pre-chilled agarose plates containing plaques, removed after 

one minute and dried briefly by placing, plaques side up, on sterile filter paper. 

Thereafter the membrane was treated on a piece of filter paper soaked in denaturing 

solution for 5 minutes and subsequently transferred for 5 minutes, plaques side up, to 

filter paper soaked in neutralizing solution. The filters were rinsed for 10 minutes on 

filter paper soaked in 2X SSC solution and then dried briefly on Whatman 3mm paper. 

To fix the nucleic acids to the filters, the blots were baked at 80°C for 2 hrs. Filters were 

pre-hybridized in hybridization buffer for I hour at 52°e. Digoxigenin-labelled DNA 

probe was generated by random priming using a DIG High Prime enzyme system. Partial 

cDNA sequence of Aspergillus Jumigatus alkaline serine protease was used as the 

heterologous probe. After denaturation the labeled probe was added to the hybridization 

buffer. Hybridization was carried out overnight at 52°e. 

Post hybridization washes included a low stringency wash in which the blots were 

washed twice in 2.0X SSC + 0.1 % SDS at room temperature for 5 minutes each and a 

high stringency wash, where the blots were washed twice in 0.5X SSC + 0.1 % SDS at 

65°C for] 5 minutes each. After washing, the blots were rinsed briefly in IX washing 

buffer and then incubated in blocking solution (lX) for 30 minutes at room temperature. 

The blots were then transferred to the antibody solution (anti-Digoxigenin antibody, 
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diluted 1110,000 times in blocking solution) and incubated at room temperature for 30 

minutes. After rinsing them twice in washing buffer (IX) for 15 minutes each, the blots 

were equilibrated in Ix detection buffer for 5 minutes. The blots were incubated in the 

CSPD substrate solution (Chemiluminescent substrate, 0.25mM in 1 X detection buffer) 

for 5 minutes in dark. The blots were sandwiched between two transparency sheets by 

heat-sealing them after allowing excess liquid to drip out. The blots were incubated at 

37°C for 10 minutes and then exposed to X-ray films (FUll medical X- ray film, super 

RX and blue sensitive) at room temperature for varying lengths of time in lightproof 

cassettes with intensifying screen. Positive clones were marked on the master plates 

stored at 4°C. The positive plaques were picked individually and extracted into 500/1-1 of 

SM buffer containing 20/1-1 chloroform and incubated overnight at 4°C. This phage stock 

was plated again. 

3.14.2 Screening with antibody probe 

Partially purified polyclonal antibodies, raised against protease enzyme in New 

Zealand white rabbits, available in Lab (Sreeja Chellappan 2005) was used as the 

antibody probe to screen the phage library. The library was induced for fusion protein 

expression by incubating the phage plates with IPTG impregnated nitrocellulose 

membranes. The recombinant fusion proteins were identified using the primary antibody 

(Ab) directed against the protease enzyme. 

E. coli XLI Blue MRF' bacteria were incubated with an appropriately diluted 

phage solution. This solution was mixed with top agar and poured onto NZY plates. The 

plates were incubated at 42°C for 4 hours until a dense bacterial lawn could be seen. 

Nitrocellulose membranes (Protran membranes, Schleicher & Schuell) were wetted in 

IPTG (lOmM) solution. The membranes were placed onto the plates, which are incubated 

at 37°C for another 4 hours. The plates were stored at 4°C. The membranes' orientation 

was marked before they were removed and washed 3-5 times with wash buffer (TBST­

Tris buffered saline containing 0.05% Tween 20). Subsequently the membranes were 
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blocked in I % BSA in Iris buffered saline (IBS) by incubating the membrane for 1-2 

hours at room temperature. Next, the membranes were incubated in protease antibody 

solution (diluted to 11100 in the blocking solution) overnight at 4°C. After incubation, 

they were thoroughly rinsed in wash buffer for 3-S times and incubated for 2 hours in 

Anti-rabbit IgG solution (conjugated with alkaline phosphatase -1/S0,000 dilution). The 

membranes were washed 3-S times in wash buffer and a final wash using Iris buffered 

saline alone to remove residual Tween 20. 

3.15 Construction of partial genomic DNA library 

A partial genomic DNA library containing DNA fragments from the 1.S-Skb 

region of the Ps! I digested E. album chromosomal DNA was constructed in pUC18 

vector predigested with Ps! 1. The ligated DNA was transformed to the E. coli DHSa and 

the transformants were selected by blue-white assay. Screening for Positive clones was 

done by colony hybridization using nucleotide probe (partial gene fragment of Eap), and 

further confirmed by colony PCR. 

3.16 Colony Hybridization Screening 

Probe labeling and hybridization of the membranes were done with DIG High 

Prime DNA labeling and detection Starter Kit II (Roche Applied Sciences, Germany) 

according to the manufacturer's protocol. The colonies were lifted onto positively 

charged nylon membranes cut to the size of the petri dishes. To identify the orientation, 

proper markings in the membrane were made by cutting the membrane at 3 random 

places. The membranes were serially treated with denaturation solution for 15 minutes, 

neutralization solution for IS minutes and SSC (2X) for 10 minutes. Ihe DNA from 

lysed colonies was fixed to the membrane by baking at 80°C for 30 minutes. After this, 

membranes were incubated for Ihr at 37°C with Proteinase K solution prepared in 2X 

SSC (60U/ml). The cell debris from the membranes was removed by pressing with 

Whatman 3mm filter paper (damp with sterile distilled water). This was repeated 3-4 
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times until the membranes turned clean. Hybridization of the membranes was carried out 

at 50°C in Hybridization buffer provided in the kit. Eap partial gene sequence was used 

as the probe. The subsequent washing and detection steps were performed as described 

under the heading "Plaque hybridization screening with heterologous cDNA probe" in 

section 3.14.1. 

3.17 Southern analysis 

3.17.1 D~A digestion and size fractionation 

Genomic DNA (1 O~g) was digested to completion with 4units/~g of appropriate 

restriction enzyme at the recommended temperature for 16 hours. The digested DNA 

samples were mixed with an appropriate volume of 6X dye (30% glycerol, 0.25% 

bromophenol blue and 0.25% xylene cyanol) and size fractionated by electrophoresis in 

0.8% agarose gel in TPE at 2.0-5.0 volts/cm till the bromophenol blue reaches one cm 

above the bottom of the gel. After ethidium bromide staining (0.5~g /ml), the DNA was 

visualized under UV and photographed. Depurination of the size fractioned DNA was 

done with 0.25N HCI for 15-20 minutes at room temperature. Southern transfer 

(Southern, 1975) was done by capillary transfer or by vacuum blotting. 

3.17.2 Vacuum blotting 

The DNA was transferred to Hybond-N+ membrane at a constant vacuum of 

70mm Hg using a vacuum blotting assembly Transfer, first in denaturing solution (0.5N 

NaOH, 1.5M NaCl) for 40 minutes, followed by neutralizing solution (1.5M NaCl, 0.5M 

Iris-He! pH 7.2, 1.0mM EDTA) for 2 hours. The Hybond-N+ membrane was used 

directly for hybridization after air-drying without baking. 

3.17.3 Southern hybridization (Southern 1975) 

Blots were prehybridized in a solution of 0.5M sodium phosphate buffer (pH 7.5) 

and 7.0% SDS at 65°C for 2 hours in a hybridization oven (Hoefer, USA). Two hundred 
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III of prehybridization mix was used per sq.cm of filter area. Hybridization was carried 

32 8 9 
out in the same buffer with P labeled probe (specific activity 10 -10 cpmlllg) with a 

6 
concentration of l-5xlO cpm/ml at 65°e for 24 hours. The probe used was the Eap gene 

fragment. 

3.17.4 Post-hybridization washing and autoradiography 

Low stringency wash: The blots were washed twice in 2.0X SSC+0.1 % SDS at 60°C for 

30 minutes each. 

High stringency wash: The blots were washed thrice in 0.1 xsse and 0.1 % SDS at 65°C 

for 30 minutes each. 

After washing, the blots were rinsed thrice in sse (2X) at room temperature for 5 

minutes each to remove SDS. Further, the blot was exposed to X-ray films at -70oe for 

varying lengths of time in lightproof cassettes with intensifying screen. 

3.18 DNA sequencing 

DNA sequencing was performed using the di-deoxy chain termination method of 

Sanger (Sanger et a1. 1977) modified by (Chen & Seeburg 1985). Cycle sequencing was 

carried out with M13 universal primers or custom-made oligonucleotide primers. Purified 

super coiled plasmid DNA or peR product was used for sequencing after purification and 

precipitation. 'Big Dye' terminator cycle sequencing kit (Perkin Elmer) provided the 

reaction mixture containing all the dNTPs and fluorescent labeled four deoxynucleotides 

along with Taq DNA polymerase in the sequencing buffer. 

The final reaction mixture was made by mixing 2.0).1] of terminator ready reaction 

mix (Perkin Elmer sequencing manual), 5.0 pmoles of primer and 300ng of plasmid D~A 

in a final reaction of 10111. Cycle sequencing was carried out in a thermal cycler (MJ 

Research, USA) by first giving a rapid ramp to 96°C and holding at this temperature for 
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10 seconds. This step was followed by rapid thermal ramp to 50 0 e and holding for 10 

seconds. Last step was rapid thermal ramp to 600 e and holding for 4 minutes. The cycle 

consisting of the above three steps was repeated 30 times. After 30 cycles, the reaction 

was rapidly brought to 4°e. The unincorporated dye terminators were removed by 

ethanol precipitation. The pellet was resuspended in 10Ill of loading buffer (deionized 

50% formamide), vortexed, spun at 10,000 rpm for 1-2 minutes and loaded on an 

automated DNA sequencer (Applied Biosystems, model 3700). 

3.19 Homology modelling 

The sequence of EAP corresponding to the mature secreted protein (residues 

109-387) was used in homology modelling. Homology modelling was done using 

the program Swiss-PDB Viewer, SPDBV (now called DEEP VIEW at 

http://www.expasy.ch/swissmod/S\\;lSS-MODEL.html). Proteinase K was used as a 

structural template (llC6A, at the Protein Data Bank http://www.rcsb.org/pdb/) to model 

EAP (Betzel et a1. 1988) and proteinase K complexed with the inhibitor 

2-methoxysuccinyl-Ala-Ala-Pro-Ala-chloromethyl ketone (3PRK) as a template to model 

a substrate! inhibitor into the active site of EAP. 

3.20 Analysis of the nucleic acid sequences and deduced amino acid Sequence by 
various computer algorithms 

The nucleic acid as well as deduced amino acid sequences were analyzed by 

various online and off line algorithms for strucrural prediction, phylogenetic relation with 

other published alkaline serine protease gene and their predicted protein sequences, and 

various other parameters (Table 3.1). The sequences were analyzed time to time by 

online BLAST (http://www.ncbi.nlm.nih.gov/BLAST/) (Altschul et a1. 1997). 
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Table 3.1: Different bioinformatics tools used for sequence analysis 

Bioinformatics Task Source 
tool 

Genetoo1 o PCR Primer designing http://www.DoubleTwist.com 
o Comprehensive analysis of DNA 

seguences 
BioEdit o Multiple alignment of sequence Hall 1999 

using Clustal W 
o Restriction analysis 
o Sequence Identity matrix 
o Kyte & Doolittle Mean 

Hydrophobicity profile 
MEGA3 o Phylogenetic tree Kumar et al. 2004b 
BLAST o Protein and nucleotide http://www.ncbi.nlm.nih.gov 

similarity search 
Codon usage o Codon usage analysis http://www.bioinformatics.org/sms2/ 

codonusage.html 
Translate o ~uc1eotide translation 
SignalP 3.0 o Signal Peptide analysis 
T argetP v l.l o Protein location 
NetNGlyc 1.01 o Protein N-glycosylation site 

ExPASy Molecular Biology Server 
NetOGlyc 3.1 o Protein O-glycosylation site (Expert Protein Analysis System, 
Sulfinator o Protein Tyrosine sulfation site proteomics server of the Swiss Institute 
ScanProsite o Protein motif search of Bioinformatics (SIB), 
InterPro o Protein domain search (http://us.expasy.org/) 
PSIPRED o Protein secondary structure 

analysis 
Swiss-PDB o Homology modelling 
Viewer 
Antheprot o Protein secondary structure http://antheprot-pbil.icbp.fr 

analysis 
PROCHECK o 3D model quality analysis Laskowski et al. 1993 
GG v 1.0 o Calcium binding site prediction http://wv,rw.chemistry.gsu.edulfacultylYa 

ng/GG.htm 
DlSULFIND o Prediction of disulphide linkage http://www.disulpfind.dsi.unifi.it 
VMD o Molecular graphics http://www.ks.uiuc.edu/Researchlvmd/ 
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RESULTS 

4.1 cON A library construction and screening 

The cDNA library was constructed using the good quality RNA extracted 

from Engyodontillm album using Tri reagent (Fig.4.I) . Approximately 50 to 70 Ilg of 

RNA was obtained during independent isolations from 100 mg of fresh myce lia. From 

this [0[3\ RNA, mRNA was obtained using Poly (A) tract mRNA isolation system III 

and was used for cDNA synthesis. Initial titre of the library was enumerated as 

2.4xl04 plaque-forming unit per millilitre (Pfufrnl) and this on further amplification 

has increased to 10'1 Pfulml (Fig. 4.2). 

Figure 4.1 : Tota l RNA isolated from E.a/bum myce lia. resolved on 1% agarose gel 
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Figure 4.2: cDNA library in 'AZAP I1 vector (IO-s dilution) 

4.2 Screening of the cDNA library 

The prepared cDNA library was screened for the presence of alkaline serine 

protease gene in E. album (Eap) using a heterologous probe and an antibody prepared 

against the purified enzyme as detailed under materials and methods. 

4.2.1 Using Heterologous probe 

The probe sequence packed in pUC 19 was first amplified in E. coli DH5a 

followed by a double digestion with Hind III and EcoRI. The released fragment 

(900bp) was eluted and purified (FigA.3). This isolated 900 bp fragment was labeled 

non-radioactively using DIG High Prime Labeling kit. 

In order to assess the efficiency of DNA labeling, a dot blot analysis was 

carried out. The spot intensity of the sample was compared with that of the control 

and it was observed that up to 0.1 pg DNA concentration, the spots from both sample 

and control had the same intensity, confinning the efficiency of labeling (Fig. 4.4). 

Based on this. the expected yield of the labeled DNA was calculated from the 

standardized chart given along with the kit which shows the yield of DIG High Prime 
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labeling under optimal conditions (Tablc 4.1). The concentration of labclcd DNA 

obtained after 20hrs of incubation was calculated as 52.5nglJ . .d from the tablc. The 

recommended concentration of this probe DNA in the hybridization reactions is 

25nglml hybridization solut ion. 

Figure 4.3: A./umigatus cDNA fragment (900bp) released from pUC 19. eluted and purified 
for labeling. Lane 1- A. DNA Eeo R I Hind III double digest. Lane 2-eluted fragment purified 
for the prepardtion of the heterologous probe 

5kb 

2kb 

800bp ---- 900bp product eluted 

Figure 4.4: Dol blot analysis of the DIG labeled beterologous probe 

Control --~ 

Lab_ 
,DNA 
.ample 
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Table 4.1 Yield of DIG High Prime labeling under optimal conditions 

Concentration of Template DNA Concentration of labeled probe 
(ng) after incubation (ng) 

1 hr 20 hr 
10 45 600 
30 130 1050 
100 270 1500 
300 450 2000 
1000 850 2300 
3000 1350 2650 

The screenmg of cDNA library with the heterologous probe did not give 

productive results. The heterologous probe seemed to cross-hybridize with the ZAP II 

vector, which was indicated by the high background, obtained in X-ray sheets after 

the chemiluminescent detection. Different trials were done to improve the results, like 

increasing the stringency of washing conditions to the maximum level and raising the 

hybridization temperature several degrees higher than the prescribed hybridization 

temperature, but the results were not promising. 

4.2.2 Using antibody probe 

The cDNA library was screened with partially purified polyclonal antibodies 

raised against protease enzyme (Sreeja Chellappan, 2005). On the X-ray films, very 

low-level signals were obtained even after using low-stringency conditions and 

prolonged exposure (2-3days). 

4.3 Isolation of high molecular weight chromosomal DNA from Engyodontium 
album BTMFSIO 

High molecular weight chromosomal DNA from E. album was isolated using 

modified CTAB method. Analysis of the isolated DNA by gel electrophoresis 

confirmed efficacy of the procedure in yielding high molecular weight DNA (Fig.4.5). 
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Figure 4.5: Genomic DNA isolated from F.. a/hum by eTAS method resolved on a 0.8% 
agarose gel . lane 1-), DNA Hind III digest. lane 2-6 RNase treated Genomic DNA samples 

23kh---

4.3kh---

2"'---

4.4 Isolation of £ap gene fragment from E. a/bum BTMFSIO 

Three degenerate primers were designed based on the conserved regions of the 

serine protease nucleic acid sequences available in NCBI. These three primers namely 

ASP!. ASP2 and ASP3 were used for the peR amplification of serine protease gene 

of E. a/bum , and an l:'!7l:'!bp fragment was obtained by using the primer ASPI (Fig 4.6). 

Subsequently the peR product was cloned in the plasmid vector pMOS Blue, 

transfonncd in E. culi Dl15a and plated. Colonies were selected randomly and 

plasmids were iso lated (Fig 4.7). Colony with the aspJ insert was selected based on 

electrophoretic mobility and the presence of insert was confirmed by PCR with ASP I 

primer. This recombinant plasmid was then sequenced and subsequently the sequence 

was searched against the entries in NCBI. The results indicated a very good homology 

with fungal serine alkaline protease genes and also with amino acid sequence 

indicating that it belongs to an internal coding region of the £. aI/mm Eap gene. 
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Figure 4.6: Ea/hum genomic DNA peR using ASPI degenerate primers. which amplified a 
fragment of the gene. Lane 1- IOkb ladder. Lane 2-4 Amplification product of the primer 
ASP! 

IOkb---

I.Skb.-­
I.Okb---

O.Skb---

878bp peR PIOd""t 

Figure 4.7: Aspl gene fragment cloned in pMOS blue plasmid vet tor. Lane 1- IOkb ladder 
Lane 1&26-control plasmid (pMOS blue without insert DNA), Lane 2-5, 7, 9- 14 and 16-25 -
recombinant plasmids with asp I insert DNA 

4.5 Southern hybridization 

The plasmid pEap I containing an internal coding region of the £ap gene was 

used as the probe in the southern analysis of genomic DNA isolated from E. album , 

The 878bp fragment obtained through genomic DNA peR was purified by gel elution 

and labeled with J2 p by multiple labeling method, The specific activity of the labeled 

" , probe was calculated as 10 -\0 cpmlJ.1g DNA. 
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Genomic DNA of £. alhum was digested to completion with nine different 

restriction enzymes viz Hind Ill , Eco RI, Een RV, Kpn I. Nde I, Psr I, Xha I. Bam HI 

and Nor I. The samples were then size fractionated by agarose electrophoresis and 

visua lized after staining with ethidium bromide (Fig.4 .8). The DNA in the ge l after 

Depurination was transferred to Hybood- N+ membrane by vacuum blotting method. 

The southern hybridization of the tap gene using the prepared probe was carried out 

under high stringency conditions employing a higher temperature of 65°C for 

hybridization and up to O.5X SSC for washing. A unique hybrid izing fragment was 

revealed for each DNA digest (Fig.4.9). 

The restriction fragments of Hind Ill . Kpn I, Nde I and PsI I yielded single 

signals of an approximate size of 6.5 kb. 4.5 kb, 8 kb and 5.5 kb respectively while 

the restriction fragments £co RI. Nor I, Xba I. Barn HI and Ec(} RV yielded a higher 

range of banding pattern like 13kb. 23kb, 20kb. 18kb and 17kb respectively. Th~ 

n:: suhs of southern bIoI indicate that there is only a single copy of the EaI' gene in the 

E. ollwm g.enomc. 

Figure 4.8: Restriction digestion profile of E.a/bllm genomic DNA before southern blotting. 
Lane I - Hind III digest. Lane 2 - Em RI digest , Lane 3 - Eco RV digest , Lane 4 - Kpn 1 
digest. Lane 5 - Nde I digest. Lane 6 - PSi ' digest, Lane 7 - Xb" I digest. Lane 8 - SemI HI 
digest. Lane 9 - NUl I dige~t & Lane 10-).. DNA Hind III digest 

6.S" 
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Figure 4.9: Southern Hybridization of E. album genomic DNA with partial Eap gene 
fragment as probe. Lane 1-A'J DNA Hind III digest, Lane 2 - Hind III digest, Lane 3 - Eco RI 
digest, lane 4 - Eco RV digest, Lane 5 - Kpn I digest. Lane 6 - Nde I digest, Lane 7 - PsI I 
digest, Lane 8 - Xba I digest. Lane 9 - Barn HI digest, Lane 10 - No/ I digest 

4.6 Partial genomic DNA library construction 

In order to facilitate the cloning and characterization of the full gene sequence 

of protease from E. album BTMFSIO, a partial genomic library was constructed based 

on the data obtained from genomic southern analysis. The high molecular weight 

chromosomal DNA of E. album was digested with PSI I, the fragments ranging from 

1.5kb to 5kb size were purified from the gel and ligated to the plasmid vector pUCl8 

predigested with PsI l. Following transformation and plating of the library, a total of 

750 recombinants were obtained. The presence of inserts in clones was confirmed by 

checking the electrophoretic mobility of isolated plasmids (Fig 4.10). 
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Figure 4.10: Few selected recombinant plasmids isolated from the partial genomic 
DNA library of £.albllm. Lane-I-ADNA Ecu RI digest, Lanc-2 control plasmid 
(pUCI8 without insert) Lane-3-15 Recombinant plasmids (pUCI8 with E.album 
genomic DNA fragments as inserts) 

4. 36H>--

2.JZl<1~--

4.7 Screening of the partial genomic DNA library 

4.7.1 Using asp I probe 

The recombinant colonies plated on LB ampicillin plates were blotted on to 

positively charged nylon membranes, treated with denaturation and neutralization 

solutions, washed in 2X SSC and subsequently the DNA from lysed colonies were 

fixed to the membrane by baking. Additionally, a proteinase K treatment was given to 

the membranes to remove the cell debris completely to avoid background and non­

specific binding problems and afterwards hybridization was carried out. The Eap gene 

fragment was used as a probe to sc reen the genomic DNA library of E. album 

BTMFS I 0 by in situ colony hybridization. The probe was labeled with digoxigcnin 

and detection was done with the CSPD in the chemiluminescent method (Fig 4.11). 

Out of the 750 recombinant colonies, forty clones that hybridized strongly to the 

probe were selected. 
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Figure 4.11: Colony hybridization of the partial geRontic DNA library of E. album to 
determine the positive clone carrying Eap gene 
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Considering the large number of positive clones (40) obtained after colony 

hybridization screening, a further short listing was done by screening them by colony 

peR technique using the degenerate primer ASP I. In colony peR, forty cultures 

bearing the positive clones were grouped in to 8 groups with 5 cultures in each group. 

Plasmid extracted from each group was amplified with the primer ASP) and 

identified two positive groups. Plasmid was extracted from individual colonies of the 

positive groups (Fig 4.12) and the right clone with the protease gene was selected 

after conducting a peR amplification using the same set of primer. Two recombinants 

pEap23 and pEap288 were selected finally. The sizes of the insert present in both the 

plasmids were compared to the standard DNA markers after digesting the plasmids 

with the restriction enzyme PSI 1. The inserts were of the size t.4kb and 4.5kb 

respectively (Fig 4.13; Fig 4.14). The purified recombinant plasmid DNA (pEap23 

and pEap288) was subjected to DNA sequencing. The plasmid pEap23 was sequenced 

successfully while sequencing of the plasmid pEap288 was unsuccessful for reasons 

unknown. The obtained sequence of pEap23 when compared with the GenBank 
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entries by BLAST search revealed its identity as a fungal serine protease homologue. 

More over the sequence covered complete coding region of the gene. 

Figure 4.12: Plasmid profile of individual clones of the positive groups se lected by Colony 
peR. Lane I-WNA Eco RI + Hind JII double digest, Lane 2- control plasmid (pUC I8 
without insert) and Lane 3-9 Recombinant plasmids (pUC 18 with E. album genomic DNA 
fragments as inserts) 

mb 

Figure 4.13: Insert release from pEap23. Lane 1. 500bp ladder, Lane 2-7. Pst I digest of 
pEap23 , Lane 8- uncut plasmid, pEap23 

Linearised Plasmid 

LSYo-- Insert (-1.4kb) 
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Figure 4.14: Insert release from pEap288. Lane I· 500bp ladder. Lane 2· uncut plasmid, 
Lane 3 10 5· pEap288 

--- Insert 1- 4.5 kM 
2.SIdo-- Linearised nlasmid 

4.8 Restriction profile of pEap23 

The recombinant pEap23 was digested with different restriction enzymes and 

size fractionated on agarose gel (Fig 4.15). The restriction enzyme digestion profile 

obtained matched with the theoretical restriction profile obtained using BioEdit 

software. A schematic diagram of tbis restriction map is presented in Fig 4.16. For the 

analysis, the insert DNA was released from the vector backbone by digesting the 

plasmid. pEap23 with PsI I. The vector backbone can be secn in the picture as a 2.7kb 

fragment. The other enzymes used in the study were Bgl I1, Kpn I, Nco I, Sac 11 and 

Sal I all in combination with PSI I. The restriction enzymes except for PsI I and Kpn I 

were selected based on the absence oftbeir restriction sites in the vector backbone and 

the presence of restriction site in the insert. 

Bgl 11 was found to be a unique cutter for Eap, producing two fragments of 

749bp and 675bp. Sal I digested the Eap gene into two fragments of 149bp and 

1275bp. Two fragments of 199bp and 1225bp were produced by Sac II digestion. 

whereas. Nco I digestcd the gene into three fragments. two of them were of same size, 

270bp and the third one of 884bp. Kpn I cut the Eap gene four times producing five 
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fragments of 542bp. 390bp. 273bp. 168bp and 5 lbp. In the gel picture. the lower 

molecular size fragment (51bp) is not visible. 

Figure 4.15: Restriction profile of £ap genomic DNA clone (pEap23). Lane 1-500 bp ladder: 
Lane 2- Udigested plasmid; Lane 3- Psi I digest ; Lane 4- Bg/III Psi I digest; Lane 5- Kpn 1/ 
PSI I digest: Lane 6- Nco 1 / PsI I digest; Lane 7- Sac 11/ PSI I digest Lane 8- Sail! PSI I 
digest 

SIdo 

1.51do === lido 

Figure 4.16: Schematic representation of the restriction sites present in the Eup genomic 
DNA 

Nco I 154) 
Sac 199) 

Kpn I SI) 
(749) Kpn 1 (I 

4.9 Amplification of £ap cDNA 

The gene specific primers Eap UTR Forward and Reverse were designed 

based on the 5' and 3' non-coding sequences obtained from the genomic clone 

pEap23. The RT-PCR amplification of Ea/> yielded approximately 1350bp product 

after 35 cycles of amplification (FigA.17). The amplified product was ge l eluted, 

cloned in pMOS blue and sequenced to confi rm intron spli cing. 
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Figure 4.17: RT-peR amplification of coding sequence of Eap. Lane 1- 500bp ladder. Lane 
2- £ap RT-peR product. Lane 3- EaI' peR prodw.:t 

5 kb 

1.5 kb 

4.10 Sequence analysis by "arious compuler algorilhms 

4.10.1 Nucleotide sequence of Eap gene 

The £ap locus in [he genomic clone pEap23 contains a total of 1.424bp 

(Fig.4.1 H). Sequence analysis revea led an open reading frame consisting of 1161 bp 

which is flanked by 93bp in the 5'non-coding region and 102bp in the 3' non-coding 

region . The ORF starts with an ATG initiator codon at nucleotide position 94 and 

ends in a T AA stop codon at posit ion 1320. The two lines of evidence support the 

assignment of translation initiation to the mentioned A TG codon: it is the first A TG 

codon in the cDNA in frame with the mature EAP protease and its flanking regions 

are s imilar to the conscnslls sequences of eukaryotic ribosomal initiation siles (Kozak 

1986). The ORF is internlpled by a putative 65bp intron. start ing al position 379. that 

displays the 5 ' and r consensus sequences for intron splicing and the internal 

sequence for lari(lt fonnation, described for filamcntous fungi (Hallace 1991). 

Comparison of the nucleotide sequence of the genomic clone (pEap23) with that of 

the cDNA confimled the presence of the single inlron (65bp) in the coding region of 

EAP. 

76 



Results 

Coding region of subtilisin like serine proteases from various fungi were 

aligned by Clustal W alignment method of "BioEdit" (Hall 1999) (Fig.4.19). Identity 

between the Eap sequence and other fungal serine protease sequences at the nucleic 

acid level was obtained by plotting the identity matrix of the alignment (Table 4.2). 

Eap shows 96-87.5% identity to T album proteinase Rand K, 67.4-67.5% with 

Fusarium sp Alp and Lecanicillum psaliotale Ver112, 64-63.9% with Beauveria 

bassiana bsnl and Cordyceps brongniartii prl, 62.5-63.9% with Verticil/urn 

chlamydosporium pI and Tolypocladium injlatum prots and 65.5% with prlA of 

Metarhizium anisopliae. 

The G+C content of the Eap coding region is 59%. The codon usage for Eap is 

presented in Table 4.3 (http://www.bioinfonnatics.orglsms2/codon_usage.html). Of 

the 61 possible codons, 44 are used in the Eap gene; however, 90% of the amino acids 

are coded by only 28 codons. The codon usage in Eap shows a very marked bias as is 

true in nearly all highly expressed gene from filamentous fungi. As a rule, whenever 

possible, a T or a C is preferred at the third positions. In Eap, of all the codons used, 

58% end with C, 40% end with T, 25% end with G and only 3% of the codons used 

end with A (Gurr et al. 1988). A codon bias is also evident in the codon representation 

of several amino acids. For example, the codon AAC for Asparagine is used 22 times 

and the codon AAT is not used. For the amino acids proline and serine, two or more 

codons are absent: CCA and CCG for proline and AGU, UCG and UCA for serine. 

Sequence of the pEap23 clone containing EAP gene was submitted to 

GenBank through BankIt programme, at NCBI site (http://www.ncbi.nlm.nih.gov/ 

BankIt). The EAP sequence was given the accession number DQ 268654. 

77 



Chapter 4 

Figure 4.18: Nucleotide sequence of £ap genomic DNA (GenBank Access ion: DO 268654). 
Single letter amino acid lranslations are indicated below the nucleotide sequences. Start and 
stop codons are underlined and shaded in green. The region is shaded in magenta denotes tbe 
intron of the £ap gene 
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Table 4.2: Sequence identity of Eap with other fungal serine protease nucleic acid sequences 
calculated by sequence identity matrix programme of BioEdit 

Organism and gene GenBank % Identity between EAP 
accession (DQ 268654) and other 

fungal serine protease 
nucleic acid sequences 

Tritirarchium album proteinase R X56116.1 96 
Tritirarchium album proteinase K X14688.1 87.5 
Fusarium sp. S-19-5 Alp gene S71812.1 67.0 
Tolypocladium inflatum prots AF467983.l 63.2 
Verticil/tum chlamydosporium pI AJ427460.l 63.0 
Lecanicil/ium psalliotae verI 12 AY692l48.l 67.5 
Beauveria bassiana bsnl AF154ll8.l 64.1 
Cordyceps bronWliartii Prl AY5208l5.l 63.8 
Metarhizium anisopliae prlA AJ25l925.l 65.9 
Paecilomvces lilacinus ser Prot L29262.l 62.5 
Leptosphaeria maculans secreted prot AY422213.l 56.1 
Phaeosphaeria nodorum subtilisin-like ser Prot AY1357l4.l 57.2 
Asprgil/us oryzae alp X17561.1 47.9 
Trichoderma atroviride vacuolar ser Prot DQ66l007.1 39.6 
Trichophyton verrucosum subtilisin like ser Prot AY439105.1 49.5 
Aspergillus flavus alkaline prot. AF324246.1 47.9 
Monacrosporium elegans cuticle-degrading AY859781.1 47.0 
prot. 
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Figure 4.19: Cluslai W multiple alignment of £ap gene sequence with other fungal subtilase 
gene sequences which showed maximum sequence identity. Nucleotidcs are numbered with 
respect to the Start codon (ATG). Gaps arc introduced to optimizc the alignment. TritiR 
(Tritirarchillnl a/bum proteinase R; X56 116. 1). TritiK (Trilirarchillm a/bum proteinase K: 
X 146R8.1). Fusar (Fusarillm sp. $-19-5 Alp: S71812.1). Tol.inf (TO(I·pocladillnl injlalllm: 
AF467983.1). Ver.ch1 (Vcrlici/Jilll1l chlamyd().~pori/lnl AJ427460.1). Lec .psa (LeCllllidlli1lln 
psal/io/ae veri 12: AY692148). B.babsnl (Beauveria ba ........ iwllI bsnl: AF1541 UU). Cord.br 
(Cordyceps brongfli{lrlii Pr\: A Y520815.1). Mel.prlA (Melarhi::ium (lflisopliae pr l A; 
AJ251925. 1 ). Eap (F.ngyodonlilllll a/hum alkaline serine protease: DO 268654) 
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Table 4.3: Codon usage for the Eap gene 

aa Codon Number aa Codon Number 
Met ATG 10.00 Pro CCG 0.00 
Leu TTG 1.00 CCA 0.00 

ITA 0.00 CCT 3.00 
CTG 3.00 CCC 10.00 
CTA 0.00 Tyr TAT 1.00 
CTT 9.00 TAC 17.00 
CTC 9.00 Trp TGG 2.00 

Arg AGG 1.00 TGA 0.00 
AGA 0.00 Lys AAG 11.00 
CGG 0.00 AAA 1.00 
CGA 5.00 Gin CAG 11.00 
CGT 1.00 CAA 2.00 
CGC 12.00 Asn AAT 0.00 

Ser AGT 0.00 AAC 22.00 
AGC 10.00 His CAT 0.00 
TCG 0.00 CAC 6.00 
TCA 0.00 Val GTG 1.00 
TCT 11.00 GTA 0.00 
TCC 20.00 GTT 6.00 

ne ATA 0.00 GTC 19.00 
ATT 9.00 Phe TTT 6.00 
ATC 15.00 TTC 4.00 

Thr ACG 0.00 Glu GAG 16.00 
ACA 0.00 GAA 0.00 
ACT 8.00 Asp GAT 4.00 
ACC 15.00 GAC 15.00 

Gly GGG 0.00 Cys TGT 0.00 
GGA 1.00 TGC 6.00 
GGT 19.00 End TAG 0.00 
GGC 19.00 TAA 1.00 

Ala GCG 1.00 
GCA 1.00 
GCT 19.00 
GCC 25.00 

83 



Chapter 4 

4.10.2 The deduced aminoacid sequence of Eap 

The Eap gene encoded a polypeptide consisting of 387 ammo acids with a 

calculated molecular mass of 40.923kDa. A BLASTP (Altschul et al. 1990, Altschul et al. 

1997) comparison with the GenBank database revealed that the encoded protein had 

homology with members of the subtilisin family of serine proteases. The deduced EAP 

protein exhibited 96.0%, 84.0%, 62.3%, 62.0%, 59.8%, 58.6% and 49.3% identity 

respectively to proteinase R of Tritirarchium album (Samal et al. 1990); proteainase K of 

Tritirarchium album (Gunkel & Gassen 1989); alkaline protease of Fusarium (Morita et 

al. 1994); Pr I of Beauveria brongniartii (Sheng et al. 2006); bsn I of Beallveria bassiana 

(Joshi et al. 1995); prl of Metarhizium anisopliae (St. Leger et al. 1992) and prlB of 

Metarhizium anisopliae (Joshi et al. 1997). The percentage identity of the deduced amino 

acid sequence of EAP with other fungal subtilases is given in Table 4.4. 

A dendrogram representing the measure of sequence homology was created from 

the sequence alignment of various members of subtilase family using the program, 

MEGA version 3.1 (Kumar et al. 2004b). The tree analysis revealed that EAP belongs to 

the Tritirarchium album serine protease cluster (Fig 4.20). 

Table 4.4: Sequence identity of EAP with other fungal serine protease aminoacid sequences 
calculated by sequence identity matrix programme ofBioEdit 

Organism and Protein GenBank % Identity between EAP and 
accession other fungal serine protease 

aminoacid sequences 
Tritirarchium album proteinase R P23653 95.6 
Tritirarchillm album proteinase K P06873 84.2 
Fusarium sp. [S-19-5) ALP AAC60571.2 62.3 
Tolypocladium inflatum protease AAL75579.1 60.6 
Lecanicillium psalliolae ver 112 Q68GV9 59.2 
Beauveria bassiana bsn 1 AAD29255.1 59.8 
Cordyceps brongniartii Prl AAR97273.1 62 
Metarhizium anisopliae prlA P29138 58.6 
Metarhizium anisopiiae pr 1 B AAC49831.1 49.3 
Neurospora crassa probable endopeptidase K CAD71122.1 53.1 
Fusarium oxysponlm serine protease precursor BAD72940.1 51.6 
Beauveria bassiana subtilisin-like protease precursor AAC48979.l 55 
Coreiyceps chlamydosporia alk ser prot CAD20578.1 56.3 
Beallveria bassiana CDEP-l AAK70804.1 58.6 
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Figure 4.20: Unrooted neighbour-joining tree showing the relationship between EAP and other 
fungal subtilases. 
TritR (Trilirarchium album proteinase R; P23653), TritK (Trilirarchium album proteinase K; 
P06873), FusS (Fusarium sp. (S-l9-5) ALP; AAC6057 1.2), Toin (Tolypocladium in/latum 
protease; AAL75579.l), Lpsa (Lecanicillium psalliotae verl12; Q68GV9), bsnl (Beauveria 
bassiana bsnl; AAD29255.1), Cob (Cordyceps brongniartii Prl; AAR97273.1), Mprl 
(Metarhizium anisopliae prlA; P29138), Mprlb (Metarhizium anisopliae prlB; AAC49831.1), 
Ncr (Neurospora crassa probable endopeptidase K; CAD71l22.l), Fuox (Fusarium oxysporum 
serine protease precursor; BAD72940.l), bbas (Beauveria bassiana subtilisin-like protease 
precursor; AAC48979.1), Cochl (Cordyceps chlamydosporia alkaline serine protease; 
CAD20578.1), cdep (Beauveria bassiana CDEP-l; AAK70804.1), EAP (Engyodonlium album 
alkaline serine protease precursor; DQ 268654) 
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Amino acid sequence homology analysis of the EAP protease with other 

subtilisin-like proteases indicated that the EAP protease is translated as a precursor 

protein. The analysis of the protein sequence with TargetP v1.1 (http://www.cbs.dtu.dk) 

predicted that the coded protein is destined to the secretory pathway, which is directed to 

the endoplasmic reticulum by a signal peptide (also called as leader peptide) of 21 aa. 

Later, analysis of the signal peptide cleavage site using signalP 3.0 web server 

(http://www.cbs.dtu.dk) confirmed the presence of the signal peptide at the N-terminal 
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end of the deduced protein uSing neural networks (NN) and hidden Markov models 

(HMM) (Fig 4.21 and 4.22). lt also indicates that the most likely cleavage site of the 

signal peptide is between Ala21 and Vaf2 residues. 

Figure 4.21: SignalP-NN result 
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A high S-score indicates that the corresponding amino acid is part of a signal 

peptide, and a low score indicate that the amino acid is part of a mature protein. The 

C-score is the "cleavage site" score, which should only be significantly high at the 

cleavage site. Y-max is a derivative of the C-score combined with the S-score resulting in 

a better cleavage site prediction than the raw C-score alone. This is due to the fact that 

multiple high-peaking C-scores can be found in one sequence, where only one is the true 

cleavage site. The cleavage site is assigned from the Y -score where the slope of the 
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S-score is steep and a significant C-score is found. The S-mean is the average of the 

S-score, ranging from the N-terminal amino acid to the amino acid assigned with the 

highest Y -max score. Thus the S-mean score is calculated for the length of the predicted 

signal peptide. The D-score is a simple average of the S-mean and Y -max score. The 

score shows superior discrimination perfonnance of secretory and non-secretory proteins. 

For non-secretory proteins all the scores represented in the SignalP-NN output should 

ideally be very low. 

Figure 4.11: SignaIP-HMM result : The hidden Markov model calculates the probability of 
whether the submitted sequence contains a signal peptide or not. The eukaryotic HMM model 
also reports the probability of a signal anchor, previously named unc1eaved signal peptides. 
Furthermore, the cleavage site is assigned by a probability score together with scores for the n­
region, h-region, and c-region of the signal peptide, if such one is found 
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e " .. " .. " " " Po"ition 
# Data:EAP 

Prediction: Signal peptide. Signal peptide probability: 1.000 
Signal anchor probability: 0.000 
Max cleavage site probability: 0.463 between pos. 21 and 22 

The signal peptide consists of the initial methionine followed by a charged residue 

(Arg), a core of eight hydrophobic residues a helix breaking residue (Pro) and four 

residues before a signal peptidase cleavage site (Ala-Pro-Ala). This is consistent with the 

empirical rules of fungal pre-secretary sequences (Perlman & Halvorson 1983). 
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end of the deduced protein using neural networks (NN) and hidden Markov models 

(HMM) (Fig 4.21 and 4.22). It also indicates that the most likely cleavage site of the 

signal peptide is between Ala21 and Val22 residues. 

Figure 4.21: SignalP-NN result 
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mL,,(. S 
m .... S 

D 

.. .. 
,"olltio" 

Potition Value 
22 0.802 
22 0.761 
I 0.984 
1-21 0.820 
1-21 0.790 

Cutoff 
0.32 
0.33 
0.87 
0.48 
0.43 

.. 

oignal peptide? 
YES 
YES 
YES 
YES 
YES 

# Mo8llikely clea_ .. it. between poll. 21 .... 22: YDA·YE 

.. 70 

A high S-score indicates that the corresponding amino acid is part of a signal 

peptide, and a low score indicate that the amino acid is part of a mature protein. The 

C-score is the "cleavage site" score. which should only be significantly high at the 

cleavage site. Y-max is a derivative of the C-score combined with the S-score resulting in 

a better cleavage site prediction than the raw C-score alone. This is due to the fact that 

multiple high-peaking C-scores can be found in one sequence, where only one is the true 

cleavage site. The cleavage site is assigned from the Y -score where the slope of the 
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Next to the signal peptide, a putative propeptide regIon was identified from 

sequence alignments with fungal subtilases. It functions by binding to the enzyme active 

site as an inhibitor and are required for proper folding and secretion of the enzyme (V ails 

et al. 1987, Klionsky et al. 1988, Tatsumi et al. 1989). Although the N-terminal amino 

acid sequence of the mature EAP was not known, the comparison of the sequence of this 

protease with that of other known subtilisin-like proteases enabled it to postulate that the 

cleavage site of the N terminal propeptide localized between residues Asn l08 and Ala lO9
. 

Thus the N-terminal propeptide of EAP was assumed to be composed of 87 amino acid 

residues with a calculated molecular mass of 9570 Da, and the mature protease domain 

consisted of279 amino acid residues with a calculated molecular mass of29.l29kDa. 

The propeptide and coding sequence of the mature EAP were ascertained by 

comparing mainly with the amino acid sequence of proteinase K and R (lany et al. 1986, 

Samal et al. 1990) based on the high sequence similarity (84-96%)of the EAP with 

Proteinase K and R (Tritirarchium album) at both nucleic acid and amino acid level 

(Table 4.5). 

Table 4.5: Comparison of Eap protease coding sequence with other reported fungal 
protease sequences showing high sequence identity 

Organism and Cellular Genbank Coding re!! ion Signal Pro- Mature 
Gene location accession Amino Nuc1eo peptide peptide peptide 

acids tides (a a) (aa) (aa) 
E. album, EAP Extra DQ268654. 387 1164 21 87 279 

cellular 
Talbum, 

" 
P23653 387 1164 21 87 279 

Proteinase R 
T album, 

" 
P06873 384 1155 15 90 279 

Proteinase K 
C. brongniartii 

" 
AAR97273.1 380 1143 18 81('1) 281(?) 

Prl 
Fusarium sp. 

" 
AAC60571.2 379 1140 14 85 280 

Alp 
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Figure 4.23: Clustal W multiple alignment of predicted aminoacid sequences of fungal subtilase 
genes that show maximum sequence identity with Eap sequences. Amino acids are numbered 
with respect 10 the first amino acid of the sequence. Gaps are introduced to optimize the 
alignment. The signal peptide, proregion and starting of mature peptide are marked. The two 
conserved stretches of residues in the pro region are underlined. Boxes (I to V) indicate conserved 
stretches assigned to subtilisin type serine protease motifs .• Marks represent the highly 
conserved cysteine residues present in all the five sequences. The three blue circles represent the 
catalytic triad residues of the proteases. The pink circle indicates the highly conserved asparagine 
residue and the small red triangle indicate the conserved free cysteine residue, both of which have 
important roles in catalysis. EAP (E. album protease), Trit. R (T. album proteinase R), Trit. K 
(T. album proteinase K) Cor. br (C Brongniartii Prl) Fus sp. (Fu.~arium sp alp). The genbank 
accession oftbese organisms are described in table 4.5 
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When the sequences of selected subtilisin like senne protease were aligned 

(Fig 4.23), five regions of major similarity were obtained. Three (I, II and V) of them 

correspond to the peptides that constitute the catalytic center of subtilisin like serine 

proteases. The two other identified regions are (Ill and IV) part of the specific crevice in 

subtilisin (sides of the SI pocket) within which the PI site of the substrate side chain fits. 

The putative upper and lower sides of the crevice are 240Ser_ 241 Ile - 242G Iy and 266 Ala -

267AI 26RGl . 1 Th d· f h .. . K a- y respectIve y. e correspon mg upper part 0 t e crevIce m protemase 

CZ37Ser_238Leu_239Gly) forms hydrogen bonds with the P2 and P3 residues on the substrate 

(Kraut 1977, BetzeI et al. 1986). 

The occurrence of Gly-Thr-Ser-Met-Ala- residue (the signature sequence in the 

subtilisin like serine proteases) at position 330 to 334 of the protein confirms the fact that 

EAP is a subtilisin like enzyme. Moreover, the protein presents the typical features of the 

active site of subtilisin-type serine proteinases. The active site residues are at positions 

147 (aspartic acid, D), 177 (histidine, H) and 332 (serine, S). From the first residue of the 

putative mature protein the positions of the active site residues are 39, 69 and 224 

(Fig 4.23). 

A free cysteine residue near the active site His in proteinase K has been postulated 

to play a role in catalysis (Betzel et al. 1986), which was also found conserved in EAP 

(CYSJRI). A highly conserved Asn residue which is important in subtilisins for 

stabilization of the reaction intermediate formed during proteolysis (Kraut 1977) was 

observed in EAP e69N ) also (Fig 4.23). 

Among the internal helix like structure near active site residues, the internal helix 

hC and hF, which are highly conserved in subtilases, are also being observed in EAP 

[177-184:HGTHCAGT; 330-344:GTSMATPHVAGLAAY] (Siezen et al. 1991). 

There are five cysteine residues at positions 142, 181, 231, 286 and 357 in the 

mature region of the EAP. These residues are found perfectly conserved in the other four 

90 



Results 

proteases also (Fig 4.23). In proteinase K, four of these highly conserved cysteine 

molecules had been shown to form two disulphide bonds. The cysteine at 139 binds to 

that at 228 and the 283 to 354 (lany et al. 1986). Considering the close similarity of EAP 

with that of proteinase K, presence of two disulphide bonds was proposed in EAP also. 

The ammo acid sequence was analysed for potential post-translational 

modification signals using various computer algorithms. Analysis of the deduced mature 

protein with NetNGlyc 1.0 and NetOGlyc 3.1(http://www.cbs.dtu.dk) predicted that EAP 

does not contain any potential N-glycosylation sites or O-glycosylation sites. For 

N-glycosylation, the general rule is Asn-X-Thr/Ser, where X is any residue except 

perhaps aspartate and for O-glycosylation, Ser-Thr residue pair represents the potential 

sites. The putative pro-peptide also not have potential glycosylation sites. One potential 

tyrosine sulfation site was being predicted in the EAP at Tyr98 (HPDVEYIE-QDAIVNIN) 

by the Sulfinator tool (http://www.cbs.dtu.dk) (Monigatti et al. 2002). 

4.10.2.1 Protein Motif search 

A protein sequence motif is broadly defined as a set of conserved amino acid 

residues that are important for protein function and located within a certain (short) 

distance from one another. These motifs can often provide clues to the functions of 

otherwise uncharacterized proteins. 

The motif search for amino acid patterns in the EAP protein was done using a 

Scan Prosite tool in EXP ASY proteomics server (Baroch et al. 1997). It detected three 

distinct patterns, which are characteristic of subtilases. These three patterns represent the 

long stretch of homologous residues in which the catalytic triad residues (Asp, His and 

Ser) are embedded. They are used as 'signatures' specific to the subtilisin family of 

serine proteases due to their highly conserved nature in such type of proteases. The three 

signatures include: 
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i) The sequence pattern around the aspartic acid active site (143-154aa: 

VCVIDTGVeasH) ii) The sequence pattern around the histidine active site (177-187aa: 

HGThCAGtlGS) and iii) the region around the serine active site (330-340aa: 

GTSmAtPhVAG) (Fig 4.23). If a protein includes at least two of the three active site 

signatures, the probability of it being a serine protease from the subtilase family is 100% 

(Siezen & Leunissen 1997). 

The Scan Prosite tool also detected multiple potential phosphorylation sites in the 

deduced amino acid sequence. It predicted the presence of four classes of 

phosphorylation sites in the EAP. One group of sites is a potential substrate for cAMP­

and cGMP-dependent protein kinases ([RK] [2]. [ST]). another group for protein kinase 

C ([ST). [RK]), while the third group of sites is a potential substrate for Casein kinase II 

([ST]. {2 HOE]) and the last group for Tyrosine kinase ( [RK] . {2,3 }[OE] . {2,3 } Y ). The 

pattern and positions of these sites in the EAP protein is given in the Table 4.6. In 

addition to this, a number of possible N-myristoylation sites (G ["EORKHPFYW]. {2} 

[STAGCN] ["P]) are also detected in the EAP protein sequence by the Scan Prosite tool 

(Table 4.7). 

Table 4.6: Predicted phosphorylation sites in EAP 

Type of phosphorylation site Position aa pattern 

cAMP-and cGMP-dependent protein kinase phosphorylation site 296 - 299 RRsS 

I Tyrosine kinase phosphorylation site I 91-98 I RahpDve.Y 

Protein kinase C phosphorylation site 64 - 66 SgK 
130 - 132 SyR 
170 - 172 SsR 
291 - 293 TdR 
324 - 326 TtR 

Casein kinase 11 phosphorylation site 81 - 84 SIdE 
148 - 151 TgvE 
153-156 ShpE 
170 - 173 SsrD 
217 - 220 SgmD 
305 - 308 SvlD 
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Table 4.7: Predicted N-rnyristoylation sites in EAP 

Site aa pattern Site aa pattern 

50 - 55 GSafAS 234 - 239 GVvaSM 
138 - 143 GQgtCV 242 - 247 GGgySS 
140 - 145 GTcvCV 243 - 248 GgysSS 
149 - 154 GVeaSH 260 - 265 GVrnvAV 
174 - 179 GNghGT 268 - 273 GNnnAD 
178 - 183 GThcAG 330 - 335 GTsmAT 
183 - 188 GTigSR 371 - 376 GlpfGT 

4.10.2.2 Protein Domain searches 

Protein domains are the structurally compact, independently folding units that 

form stable three-dimensional structures and show a certain level of evolutionary 

conservation. Usually, a conserved domain contains one or more motifs. Many proteins 

consist of a single protein domain; whereas others contain several domains or include 

additional, non-globular parts, e.g. signal peptides in membrane and secreted proteins. 

The EAP was checked for its protein domains using InterPro Scan (Integrated 

Resource of Protein Families, Domains and Sites; http://www.ebi.ac.uklinterpro). The 

analysis showed the presence of highly conserved domain of Peptidase _S8 subtilase 

family (pfam 00082) at 120 to 377 aa positions and the Subtilisin N-terminal region 

(pfam 05922) at 40 - 108 aa positions of EAP respectively. Subtilisin N-terminal region 

is the domain family usually found at the N-terminus of a number of subtilisins, which 

get cleaved prior to activation of the enzyme. In addition to this catalytic triad domains 

characteristic of subtilisin type serine protease was also reported by InterPro Scan at 

138 - 157 (Aspartic acid active site domain), 173 - 186 (Histidine active site domain) and 

329 - 345 (Serine active site domain) respectively. 
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4.10.2.3 Secondary structure analysis 

As an initial attempt to compare the secondary structure and folding patterns of 

the predicted precursor protein EAP with four other selected proteases of fungal origin, 

the hydrophobicity of the proteins was determined by Kyte and Doolittle algorithm (Kyte 

& Doolittle 1982, Hall 1999) (Fig 4.24). 

Later, the secondary structure prediction of the deduced amino acid sequence of 

E. album alkaline proteinase (EAP) was done with "Antheprot" (http://antheprot­

pbil.icbp.fr). In this program, EAP sequence was analyzed using four different methods: 

GDR I (Gamier et al. 1978) GDR Il (Gibrat et al. 1987) PHD (Rost & Sander 1993) and 

by the SDPMA (Geourjon & Deleage 1994). 

The graphical representations of the analysis are presented in the figures 4.25a, 

4.26a, 4.27a, and 4.28a respectively. Helices are represented as blue colored blocks and 

the sheets are represented as green colored blocks. Similarly the turns are represented in 

grey and coils in saffron colors. The percentage of each of the structural features as 

predicted by the different methods is given in figures 4.25b, 4.26b, 4.27b, and 4.28b 

respectively. 
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Figure 4.24: Hydrophobicity plot of Proteinase R and K of Trilirarchium (Trit R & TritK), 
Serine protease of Fusarium sp (FusS), prl of Cordyceps brongniarlii (Cob) and Engyodontium 
album alkaline serine protease (EAP) detennined Kyte and Doolittle algorithm 
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Figure 4.2Sa: Secondary structure prediction of the mature EAP using GOR I method 
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GOR I method 

27~ 

21 ~ 

9~ 

Helix Sheet TUIn Co~ 

GOIlmeftod 

96 



Results 

Figure 4.26a: Secondary structure prediction of the mature EAP using GOR 11 method 
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Figure 4.26b: Percentage representation of structural features of the mature EAP obtained by the 
GOR Il method 
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Figure 4.27a: Secondary structure prediction of the mature EAP using PHD method 
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PHD method 
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Figure 4.28a: Secondal)' structure prediction of the mature EAP using SOPMA method 
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The secondary structure of EAP predicted by the above four methods (GOR I, 

GOR H, PHD and SOPMA) are compared with the actual secondary structure elements of 

Proteinase K detennined by X ray crystallography (Wolf et al. 1991) (Fig .4.29). 

Figure 4.29: Alignment of EAP with proteinase K sequence obtained by X-ray crystallography. 
The sequence blocks, which are identical, are shaded grey. Regions corresponding to the catalytic 
triad for subtilases are boxed in red. Region 35-46 contain Active site Aspartate residue (D at 39), 
Region 69-79 contain Active site Histidine residue (H at 69) and Region 222-232 contain Active 
site Serine residue (S at 224). Catalytic residues are in shown in bold 
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Asp 161 in Proteinase K which fonns the "oxanion hole" along with the residues 

of the catalytic triad is indicated by a * below the alignment. Immediately below the 

alignment, is given the graphical representation of actual secondary structure elements of 

Proteinase K as detennined by X-ray crystallography (Wolf et al. 1991). Following lines 

contain graphical representations of secondary structure features of EAP as detennined 

by analysis using various methods in the order GOR I, GOR 11, PHD and SOPMA. 

Helices are indicated by blue, sheets by green and coils are indicated by violet (coils are 

indicated by violet in 3PRK only). 

Further, comparative secondary structure analysis of selected fungal senne 

protease sequences obtained by PSI-PRED algorithm are given in the Fig 4.30. All the 

important motifs taking part in the catalysis have similar secondary structure. 
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4.10.2.4 Modelling of EAP 

Homology modcling of the Engyodontium alhum alkaline protease (EAP) was 

perfonned at the Swiss Modeller web server using "Swiss POB viewer" (OeepView). 

Trilirarchium album serine protease "Proteinase K" (Betzel et al. 200 I) (Fig. 4.31 a) was 

used as the template for modeling. 

Figure 4.31a & b: The cartoon representations of proteinase K (PRKI) from T. a/hum and the 
mode led structure of EAP 

Figure 4.3la Figure 4.3 1 b 

The model representations were rendered using the molecular graphics tool VMD 

(httpj/www.ks .uiuc.eduIResearch/vrnd/) (Fig.4.3J b). The atomic co-ordinates for PRKI 

was obtained from EXPOS template l IC6A derived from I ic6.pdb (Setzel et a!. 200 I). 

Sequence alignments and homology model of EAP shows that the protein is 

almost identical to the T. alhum proteinase K. The predicted 3D model of EAP was 

analyzed using PROCHEK (Laskowski et al. 1993) for checking the stereochemical 

quality of the model . 
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To assess the structure, the program makes use of a number of parameters that 

have been found to be good indicators of stereo chemical quality. Based on these 

parameters, it produces a number of plots, which describe the quality of the structure. The 

various parameters include: Ramachandran plot for the aa residues, the main chain and 

side chain parameters, the residue properties, the main chain bond length and bond angle 

distributions, RMS distance from planarity and Distorted geometry plots. 

As per the standards of the PROCHEK, a good quality model would be expected 

to have over 90% in the most favored regions. From the plot (Fig 4.32) it is clear that 

89.5% of the residues (excluding Gly and Pro) had Phi-Psi angles in the most favored 

region and 10.5% of residues in the allowed region while none of the residues were 

observed in the disallowed regions of the plot or even in the generously allowed regions. 

Hence this plot result assures that the model is of good quality. In Ramachandran plot for 

Glycine (32 residues) & Proline (8 residues), all the residues are being observed to have 

favourable confonnations except one (78Gly) (Fig 4.33). 

Figure 4.32: Ramachandran plot for the aa residues in EAP (except Gly and Pro) 
X axis - Phi angle (degrees), Y axis - Psi angle (degrees). Red - most favored region (A , B, L). Yellow 
- allowed region (a, b, I, p), Cream- generously allowed regions (- a, - b. - I, - plo Black squares -
residues, White - Disallowed regions, Black triangles - Gly residues 
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Figure 4.33. Ramachandran plots for Glycine & Proline: Numbers of Glycine and Proline 
residues are shown in brackets. Those in unfavorable conformations are labeled in Red 
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The plot produced for only those amino acids (total 130 residues) having the 

Chi l-Chi2 torsion angles also indicated that all of them belong to the favorably shaded 

regions of the plot. Main chain parameters of the model were all within acceptable limits, 

and sometimes even better than the typical values while the plots for the side chain 

parameters indicated that all of them were better than the typical values used. 
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In the context of the main chain bond lengths, the plot obtained for the model 

revealed that 100% of them were within the acceptable limit but when the main chain 

bond angle values were plotted, 94.3% of them were within the acceptable limits and the 

rest 5.7% were highlighted as 'unusual '. The plot for the planar groups also revealed 

some deviations (20.7%) where 79.3% were found to be within the limits. Thus 

considering the overall positive results obtained for different parameters plotted, 

PROCHEK proposed that this model is of good quality. 

4.10.2.5 Finding disulphide linkages in EAP 

From the primary sequence the total number of cysteine residues in tbe protein 

EAP was found to be six. The cysteines were located at positions 34, 36. 73, 123. 178 and 

249. From the 3D model of the protein it is observed that the cysteines 34 and 123 come 

close enough to suspect a SS linkage. Similar was the case with cysteines 178 and 249 

(Fig 4.34). Prediction of disulphide linkages was performed using "DlSULFIND web 

server" (Ceroni et al. 2006) at http://disulpfmd.dsi.unifi.it and these suspected SS bonds 

were predicted with maximum confidence (fig 4.35). Figure 4.36 shows the two predicted 

SS linkages in EAP three dimensional model. 

Figure 4.34: Three dimentional Stereo image of the protein showing all of the six cycteine 
residues in EAP. Four of them e4Cys _12lCyS) and (1 7~Cys - 249CyS) are found to be close enough 
to suspect the formation of two SS linkages. 

107 



Chapler4 

Figure 4.35: Results for OISULFlND analysis 
AA: amino acid sequence, DB_state: predicted disulfide bonding state (l=disulfide bonded, 
0 = not disulfide bonded), DB_conf: confidence of disulfide bonding state prediction (O=low to 
9=high), DB_bond : position in sequence of a pair of cysteines predicted to be fonning a disulfide 
bridge. Conn_conf: confidence of connectivity assignment given the predicted disulfide bonding 
state (real value in [0, I]) 

+---------------------------------
I 

..... . .•. 10 •. . • ..•• zo .. . . .. .. 30 . •. ....• 40 ...•• .. . so . . ...... 60 .. •. • . .. 70 •. • . . ... 
u pQIIIlP1lGaRISm~DIS.l@t~c Ifl\iWBBPUIXiRICiIriIttrTSIiUuioNQic;"TBC IG 
DB state 1 0 0 
DB- cont 99 9 

-------------------------------+ 

+----------------------------------------
I 

. 160 • ••. • .. 1'70 ... . ... 180 .....•. 190 .... . .. 200 ..•.• .. 2 10 .. . ...• 220 .. ... . . 230 . . .. . 
AA " ',nlSl cTWln>ln:O!ISr.5IflGSVUxrlP<i'r'1lItSTVlOOTrRlmOlSIIlTP'!Pi'lGtU 
DB st.IlU 1 
DB conl 9 

--------+ 
I 

.. 240 ....... 250 .. ..... 260 .. .. ... 270 ...... . 
.lA .. 0 

DB st;IlU 1 
DB:::conl 9 

DB bond bond (3 4,123) 
DB-bond bond (178,2491 

CODn conf 0.795061 
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Figure 4.36: Three-dimensional stereo image of EAP showing the two-disulphide bonds 
visualized using VMD, the molecular graphics tool. The protein structure is represented as a 
cartoon. The cysteines predicted to form disulpbide linkages are indicated as ball and stick 
models and colored differently 10 identify them. Heys - green mCys - blue 17MCys - yellow 
'4Y - Cys - red 

4.10.2.6 Finding Ca- binding sites in EAP 

The 3D model for E. album proteinase (EAP) was also analyzed for putative 

"Ca" binding sites using the program GGvJ.O at the website 

bttp:llwww.chemistry.gsu.edulfacultylYanglGG.hlml (Deng el ai. 2006). QuI of Ihe 

8 putative pseudo Ca ion locations detected, closely located points were refined to obtain 

four locations, which could be nearer to tbe locations. The merged predictions are given 

below. 

CaOOI 

Oxygen atom Ids 

Residues 

Ca coordinates 

226 

ALAIl 

42.775 

243 

SER14 

49.516 

109 

245 

SERI4 

14.445 

650 

SER22 
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Ca002 

Oxygen atom Ids 

Residues 

Ca coordinates 

1272 

GLY30 

54.039 

Ca-O distance 2.455 

Ca003 

Oxygen atom Ids 

Residues 

Ca coordinates 

1245 

PR0171 

51.095 

Ca-O distance 2.571 

Ca004 

Oxygen atom Ids 

Residues 

Ca coordinates 

84 

SER175 

62.959 

Ca-O distance 2.991 

1284 1466 1467 

THR33 THR33 THR88 

33.147 24.912 

1252 1263 1300 

ALA172 GLUI74 THR179 

35.091 29.473 

108 110 157 

ILE 177 ASP200 ASP200 

55.185 14.580 

Based on above prediction, the putative four Ca binding sites were visualized in 

EAP three-dimensional model by editing the model coordinates file of EAP to include the 

coordinates of the predicted Ca ions (Fig.4.37). 
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Figure 4.37: The three dimensional stereo image or EAP showing rour putative Ca binding sites: 
The protein chain is represented as cartoon with green color. The predicted Ca binding sites are 
shown with Ca-ions occupying the positions so as to rorm bonds with oxygen atoms of the 
residues that form the Ca binding site . Residues fonning Ca 00 1 is indicated in red, Ca 002 in 
magenda. Ca 003 in blue and Ca 004 in orange. The Ca ions are shown as grey spheres 

4.10.2.7 Active Site and Peptide binding regions of EAP 

To understand more about the active site and the peptide-binding region, these 

regions were modeled and visualized using Deepview and VMD. Figure 4.38a and 438b 

shows [he stereo view of the Catalytic triad of Proteinase K (Wolf et al. 1991) and EAP 

overlapped. 
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Figure 4.38a & b: The stereo view of the superimposition of the Catalytic triad EAP over that of 
Proteinase K. Red color shows the residues in 3PRK while blue indicates those from EAP. The 
residues fonning the Subtilase_ Asp (35-46), Subtilase_His (69-79) and Subtilase_ Ser (22-232) 
and the Asnl61 residue, which fonns part of the Oxanion hole in Proteinase K also shown. 

Figure 4.38a. 

Figure 4.38b. 

The catalytic triad overlaps almost exactly as is the Aso 161 residue, indicating 

the conservation of the active site in EAP. The substitutions Y-C at position 36, I-Vat 

position 42 and V-I at position 77 have not affected the overall topology of the active site 

in EAP. While, there was no substitutions in the residues closer (within 4 AO) to the 

catalytic triad as can be observed from figure 4.38b. 
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Substrate recognition site in proteinase K (PRK I) is formed by two peptide chains 

at 99-104 and 132-136 respectively. These peptide chains are oriented approximately 

parallel and are directly connected only by a hydrogen bond fonned between I04Tyr and 

136G1y (Fig 4.39a). The arrangement of the catalytic triad and the substrate-binding 

domain of EAP are almost exactly similar to that of PRKI (Fig 4.39b). 

Figure 4.39a & b: Representation of the substrate recognition site in proteinase K and EAP 

~ .. 'z" 
~ ~ lUll 

132 
~ 

" 
I" 

01 
101 

'" I~~ " 

"'" 
Fig 4.39. Fig 4.39b 

The Asn at position 99 in PRK I is replaced by Glu and the Gly at position 102 is 

replaced by Ser in EAP, but as can be observed from the figures (4.39a & 4.39b) above 

this substitution do not place any significant changes in the conformation of the substrate 

binding domain. 

Figures 4.40a and 4.40b show another representation of the active site and 

substrate binding domains of PRKI and EAP respectively. Here PRK I ( IIC6.pdb) is 

shown without the binding site being occupied by inhibitor unlike in 3PRK, which is 

X-ray crystallographic structure of proteinase K bound to an inhibitor (Wolf et at. 1991), 

so that the binding sites may be compared. 
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Figure 4.40a & b: Representation of the substrate recognition site in proteinase K and EAP: The 
proteins are shown as surface representations with the hydrophobic core tinted red and the protein 
surface blue with a color gradation depending on the hydrophobicity. The active site residues are 
shown as ball and stick models. Coloration scheme fo r residues is: Blue -039. Green -H69, Red -
S224, eyan -N161. The substrate binding surfaces formed by residucs 99- 104 and 132-136 are 
colored green and yellow respectively. 

Figure 4.40. 
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Figure 4.40b 

It is known that the binding of substrate does not produce any systemic and 

significant confonnational changes in the PRKI protein except for the binding region 

(Wolf et al. 199 1). Studies using inhibitor Methoxy Succinyl -Ala-Ala-Pro-Ala­

chloromethyl ketone have shown that the binding of this inhibitor at the substrate-binding 

pocket in PRK I results in the shifting of strand 100-104 lA 0 to open up the binding cleft. 

(FigAAla & 4.4 Ib) 
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Figure 4.41 a & b: Three dimensional representation of PRK) substrate binding pocket: 
(a)PRKI in the unbound state (IIC6.pdb) (b) PRKI bound to the inhibitor Methoxysuccinyl -
Ala-Ala-Pro-Ala-COCH2C1 (The inhibitor is hidden to expose the binding surface).Protein is 
represented as green ribbons . Strands 99-104 and 132-136 are colored yellow and the residues are 
labeled. The active site residues are represented in lines and are labeled 

Figure 4.41a Figure 4.41 b 

The position of strand 132-136 is not significantly affected since it is tightly 

anchored to the bulk of proteinase K structure. The N tenninus of this strand is linked to a 

nine-stranded beta-sheet through strand PII4 with the aminoacids 168-170 (Betzel et al. 

1988b). The segment 9( I 00-104) although connected at its N terminal with strand pI13 
and at its C tenninus to alpha helix a3 (Setzel et a!. 1988b) is not involved in secondary 

structure hydrogen bonding. The strand is exposed to solvent and can move according to 

stearic requirements. 

It is speculated that EAP shares the same features with PRK I and the 

confonnations adopted by the catalytic site and the substrate binding cleft might be 

similar to that of PRK I since the fanner is almost identical in its structural features at the 

catalytic core and the substrate-binding region. The model of EAP was superimposed on 
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the structure of PRKl bound to N-Ac-Pro-Ala-Pro-Phe-DAla-Ala-Ala-Ala-NH (2) 

(lPFG.pdb) (http://www.rcsb.org/pdbl) to identify features of the EAP substrate binding 

cleft and the positions of the subsites where the substrate is bound. 

It is well known from the crystallographic studies on Proteinase K (Betzel et al. 

1988a) that the substrate recognition site is formed by two peptide chains 99 Asn - I04Tyr 

and I32Ser_136Gly. EAP has an exactly similar structure for the substrate-binding site but 

with Asn-99 replaced with Gly and Gly-l02 with Ser and Leu-133 replaced by ne. 

Neither of these substitutions alters the topology of the substrate-binding region 

significantly. The cleavage site for a protein (substrate) involve residues both N-terminal 

(numbered P3, P2, PI) and the C-terminal (numbered PI', P2', P3' ... ) to the scissile bond 

with the cleavage site for a peptide defined as ......... P3-P2-PI-Pl'-P2'-P3' ...... , and 

the cleavage occurs between the PI and PI' residues (Schechter & Berger 1967). The 

corresponding sites on the enzyme are called ..... S3-S2-S I-S l' -S2' -S3' ..... respectively. 

Superimposing of the octapeptide, which is in the hydrolyzed form (already 

cleaved at the peptide bond between Phe284 and Ala285) shows that the inhibitor can 

occupy the entire substrate-binding region. It identifies the SI specificity sub site, which 

corresponds to the PI residue of the octapeptide (Phe284). It follows that the regions 

corresponding to the N terminal region of the octa peptide, i.e. the residues from 281-283 

forms the P4, P3 and P2 sites and defines the specificity subsites S4, S3 and S2 

respectively. Prime regions SI', S2', S3', and S4' are occupied by the C terminal 

tetrapeptide D Ala-Ala-Ala-Ala-NH2. Figure 4.42 and 4.43 shows the substrate-binding 

region of EAP with the hydrolyzed octapeptide superimposed and surface representation 

respectively. 
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Figure 4.42: Representation of the substrate binding region of EAP superimposed with the 
hydrolysed octapeptide. The substrate binding residues and the catalytic triad of EAP are shown 
in blue color. This is super imposed on corresponding residues of PRKI 
(IPFG.pdb)(bt1p:/Iwww.rcsb.orglpdbl) shown in light blue. Octapeptide residue is shown in red. 
The octapeptide inhibitor is cleaved at the scissile bond between 154Phe and 28S Ala, and has 
moved apart. The residues with respect to the scissile bond are labeled as .... PI, P2, P3, P4 and 
PI ' , P2', P3' and P4' . Corresponding specificity subsiles are labeled as SI, S2, S3, S4 and SI ' , 
S2', S3' and S4' respectively. The Cleavage site is indicated by arrow. The position of the 
cleaved peptide bood is indicated by a violet line coooecting 254F (at C~termioal end) and lUA (at 
the N-tenninal end). Hydrogen bonds are indicated as green dashed lines 
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Figure 4.43: The surface representation of the substrate binding region of EAP bound with the 
inhibitor .The green regions indicate the substralc binding rcsidues 99-104 (green glossy) and 
132-136 (green diffuse). Catalytic residues are shown as ball and stick models where Asp39 is 
blue , His69 is green, SeT 224 is red and Aso 161 is eyan. The N tenninal tetrapeptide and the 
C-terminal tetrapeptide of tbe cleaved octa-peptide inhibitor are shown as licorice models in 
yellow calor 

Based on homology mode1ing and sequence alignment. it can be concluded that in 

EAP and Proteinase K, the suhstrate binding is predominantly detennined by the binding 

of the Pi and P4 residues in two pockets or clefts on either side of the backbone strand 

132 - 135. The two sides of the P 1 cleft are formed by the backbone segments 132 - 135 

and 158 -162. The P4 pocket , between the strands 101-104 and 133-135, is lined with 

hydrophobic side chains, i.e. residues 96, 104, 107 and 126. 
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DISCUSSION 

In the present study, initial attempts made to isolate the gene from the cDNA 

library constructed for E. album and screening of the cDNA library with the polyclonal 

antibody raised against the enzyme and also with prepared heterologous probe 

(A. fumigatus serine protease gene) failed to yield any positive clone in spite of genuine 

efforts. A similar case was reported earlier in the case of Trichophyton rubrum where the 

cDNA library screened with high titer pool of antibodies, failed to identify any positive 

clones (Woodfolk et a1. 1998). The success of the screening of the cDNA library with the 

antibody probe strongly depends on the specificity and titer of the antibody used. Further, 

the signal! background ratio obtained during the antibody screening was frequently low, a 

situation which would have led to the non-identification of truly positive clones (Marin et 

a1. 2003). 

~ egative results in the case of cDNA library screening with heterologous probe 

was also reported earlier where the human islet cDNA library was screened using the 

mouse IGRP probe (Martin et a1. 2001). Later, the human IGRP (Islet specific Glucose-6-

phosphatase catalytic subunit-related protein) gene sequence was established using PCR 

technique. Another similar case was reported by Caballero et a1. (1997), where attempt 

was made to isolate the urate oxidase gene from the chickpea cDNA library with a 

heterologous probe, which showed problems like cross hybridization and high stringency 

background with the vector used for cloning. 

In the present study during the course of isolation of the full gene encoding 

alkaline serine protease from E. album (Eap) , initially the partial coding region was 

successfully isolated using the degenerate primer pair (ASP I) designed from the 

conserved regions of other fungal subtilase gene sequences available in the literature. 
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Th'is 878bp PCR product, cloned in pMOS vector was used as the homologous probe 

sequence for further isolation of full coding region. 

In fact, the degenerate pnmers used in protease gene isolation studies were 

designed based on the N-terminal amino acid sequence information (Wilson & Barbara 

2005) or on the internal peptide sequence information obtained for the protein (Gerem'la 

et a1. 1993, Faraco et a1. 2005). When these infonnations are not available, then primers 

are designed based on the highly conserved amino acid sequences in the protein. In 

Aphanomyces astaci, the protease gene-specific probe was constructed by PCR 

application using degenerated primers synthesized according to the highly conserved 

amino acid sequences of several known subtilisin like serine protease genes 

(Bangyeekhun et a1. 2001), Further, the highly conserved amino acid stretch of subtilisin 

like serine proteases were used to design degenerate oligo-probes which were then 

directly used for screening the libraries to fish out the gene (Samal et a1. 1989, Kim et a1. 

1999). 

The Southern analysis of fungus genome using the homologous probe (878bp 

peR fragment) revealed that there is only one copy of Eap gene in the E. album genome. 

Similar results were obtained in the southern blotting experiments for Magl1aporthe 

grisea vacuolar serine protease gene SPM1 (Fukiya et a1. 2002), VCP 1 gene in Pochonia 

chlamydosporia (Morton et a1. 2003) and protease gene in P. brasiliensis (Venancio et a1. 

2002). 

Usually the genomIc libraries are constructed adopting the shotgun cloning 

method, where a huge number of clones are to be screened, since the probability of 

occurrence of a single copy gene in a comparatively large genome of fungi will be of 

very less number. For instance the genomic DNA library for Yarrowia lipoZvtica from the 

Sau3 AI digested genomic DNA fragments (3-15kb) was constructed with an aim to 

screen for an alkaline serine protease gene (Davidow et a1. 1987). In the present study in 
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order to reduce the number of candidates, which had to be screened. a gene-enriched 

library was constructed for E. album following the earlier report on Tritirarchium 

proteinase K gene (Gunkel & Gassen 1989). In the case of T. album, the sample that 

showed prominent signal in southern analysis was selected for the library construction, 

the sample was size fractionated and DNA in the corresponding region of the southern 

band was eluted and used for hbrary construction. Similarly the cloning of the proteinase 

A gene from Hansenula po~vmorpha was reported (Bae et a1. 2005), where the positive 

clone was isolated after screening a total of 500 clones. A gene-enriched pal1ial genomic 

DNA library was reported to be constructed for Streptomyces albogriseolus serine 

protease also (Taguchi et a1. 1995). 

In the present study a sub genomic library for E. album was also constructed by 

ligating the genomic Ps! I fragments (I.S-5kb) with the pue 18 plasmid vector, which 

resulted in 750 recombinant clones. pue 18 is reported to be used as the vector for 

genomic DNA library construction in several cases: for the cloning of pectate lyase gene 

from Fusarium solani (Guo et a!. 1995) and for cloning the B lactam genes in the marine 

fungus. Kallicllroma lethys (Kim et a1. 2003). 

The recombinants were fm1her screened using non-radioactively labeled gene 

specific probe and ended up in the selection of 40 clones, which showed intense signals. 

These 40 clones were further screened by colony peR technique using the ASP} primers, 

which resulted in the selection of two positive clones, one with }Akb insert (pEap23) and 

other with 5kb (pEap288) insert. 1'\ucleotide sequencing of the clone. pEap288 did not 

yield satisfactory results due to the high GC content of the insert. while in the case of the 

clone pEap23 the full coding region of the E. album alkaline serine protease gene (Eap) 

could be deduced. Based on the sequence infonnation obtained, a set of primers was 

designed from the 5' and 3' UTR of the Eap and was successfully utilized to raise the 

cDNA of Eap gene. 
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Comparison of the nucleic acid sequence information (pEap23) and the deduced 

amino acid sequence with the known proteins from GenBank indicated that this gene 

could encode an extracellular protease that belongs to the subtilisin family of serine 

protease. This inference is supported by the data obtained from the enzyme inhibition 

studies of the enzyme (EAP) (Sreeja Chellappan 2005). Among the inhibitors tested, 

PM SF and aprotinin were observed to inhibit the protease activity of EAP. Since both of 

these are serine protease inhibitors, it was concluded that the enzyme (EAP) belongs to 

the serine protease group (Sreeja Chellappan 2005). 

The subtilisin like serine proteases family is the second largest serine protease 

family characterized to date. Over 200 subtilases are presently known, more than 170 of 

which are with complete amino acid sequence (Siezen & Leunissen 1997). It is 

widespread, being found in eubacteria, archaebacteria, eukaryotes and viruses. The vast 

majority of the family is endopeptidases, although there is an exopeptidase and 

tripeptidyl peptidase. Structures have been determined for several members of the 

subtilisin family: they exploit the same catalytic triad as the chymotrypsins, although the 

residues occur in a different order (HDS in chymotrypsin and DHS in subtilisin), but the 

structures show no other similarity (Rawlings & Barrett 1993, 1994). 

A total of 1,424bp of the Eap locus was sequenced from the genomic clone 

pEap23 and the sequence analysis revealed an open reading frame consisting of 1161 bp. 

A putative ATG initiation triplet was found near the 5' end of the E. album genomic 

DNA. This triplet was preceded by a 93bp UTR. The bases surrounding the putative 

initiation site are: 5'- AAAATGC -3'. This sequence shows homology to the eukaryotic 

translation consensus sequence 5' -A~AUGN-3' (Brown & Lithgow 1987) where the 

sequence 5'-ACCAUGG-3' is the best context for initiation (Kozak 1986). The sequence 

downstream of the A TG coded for a continuous peptide except for one small 65bp intron. 

This sequence continued in frame until a TT A stop triplet was encountered near the 
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3' end. The UTR that follows the stop triplet is AT -rich, a characteristic of genes from 

filamentous fungi (Gurr et aL 1988). 

Comparison of the nucleotide sequence of the genomic clone (PEAP23) with that 

of the cDNA confinned the presence of the single intron (65bp) in the coding region of 

Eap. The intron has the characteristic features of intron sequences observed in other 

filamentous fungi (Gurr et aL 1988). First it is small in size, 65bp. Second, the boundaries 

of the intron is similar to those of S. cerevisiae and filamentous fungi in possessing the 

nucleotide sequences GTNNGT and Y AG bordering the 5' and 3' extremities 

respectively. Third, within each intron lies a sequence close to the consensus sequence 

YGCT AACN thought to be necessary for intron splicing (Gurr et al. 1988). Simjlar types 

of introns were observed in the Alp gene of Aspergillus Olyzae. It contained three introns 

one of which was in the pro region and two in the mature coding region. The size of all 

the three introns were small (between 50-59 bp) (Tatsumi et al. 1991). The serine 

protease gene from Acremonium c111J'sogenum was reported to contain two introns 

(lsogai et al. 1991) while the pepC gene from A. niger contain a single intron (70nt) with 

all the characteristic features of a fungal intron (Frederick et al. 1993). 

In Eap, 44 out of 61 possible codons are used and whenever there is a choice 

between a purine or pyramidine at 3rd position, in 83% of codons pyramidine is used. 

When a purine is used, 85% of the co dons contain guanosine and when pyramidine is 

used 70% of them are cystosines. This codon bias is very similar to pepC gene in A. niger 

reported by Frederick and colleagues (Frederick et al. 1993). Similar codon bias has been 

observed for lignin and manganese peroxidases produced by Phanerochaete 

chlysosporium (de Boer et al. 1987, Ritch & Gold 1992). 

The highly expressed or constitutive genes in filamentous fungi prefer codons 

ending in C and avoid codons ending in A (Ballace 1991). The order of preference for the 

3rd cod on in a codon family for such genes will be C>T>G> A. The £ap gene showing 
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this characteristic feature ensures the highly expressed nature of this gene. This 

observation is in agreement with the result obtained for the same enzyme in production 

studies (Sreeja Chellappan 2005, Sreeja Chellappan et al. 2005). 

Comparison of Eap with other serine proteases in the databank showed that it 

shared extensive similarities to fungal members of the subtilisin family. Eap was found to 

have the highest level of homology with proteinase R (Tritirarchium album) (Kolvenbach 

et al. 1990). Homologies between amino acid as well as the nucleic acid sequences of the 

gene are about 96%. The homology extends to the pre-pro-region in addition to the 

sequence of the mature proteinase. However, there are a number of differences between 

EAP and proteinase R amino acid sequences. There are 17 amino acid substitutions in 

EAP precursor sequence compared to that of proteinase R. A similar study was reported 

earlier by Peng and colleagues, where they observed a close similarity of 96.7% between 

mature peptides of subtilisin DFE and Subtilisin BPN (Peng et al. 2004). BAP also 

exhibited a considerable homology with proteinase K of Tritirarchium album at 

nucleotide (87.5%) as well as amino acid (84.2%) level. 

The dendrogram, which indicate the phylogenetic relationship of various fungal 

subtilases with that of EAP, revealed that it belongs to the cluster of T. album serine 

proteases. Further it appears that the proteinase Rand EAP are almost identical. The 

proteases of F. oxysporum and Neurospora crass a are found to be more closer to this 

cluster than that of Beauveria and Metarhizium spp. The higher degree of sequence 

identity of EAP with the extracellular serine proteases from different plant pathogenic 

(Fusarium sp), entomopathogenic (Metarhizium and Beauveria sp) and nematophagous 

(Lecanicillum psaliotale) fungi suggest that they might have evolved from a common 

ancestral subtilisin-like protease gene. 
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Generally, the extracellular subtilisin-like proteases are usually synthesized as 

precursors comprising a signal peptide, an N-terminal propeptide and a mature protease 

domain. The signal peptide is to assist in the secretion of the enzyme across the 

cytoplasmic membrane and is cleaved by a signal peptidase. The N-tenninal propeptide 

generally functions as an intramolecular chaperone, and is auto-processed from the 

mature domain after the completion of enzyme folding (Eder et al. 1993, Yabuta et al. 

2001). The N-terminal propeptides of subtilisin BPNP and subtilisin E also have the 

ability to inhibit their cognate mature enzymes (Li et al. 1995, Kojima et al. 1997). 

The first 21 amino acid residues of the EAP polypeptide possessed the feature of a 

signal peptide with a high content of hydrophobic residues followed by a typical signal 

peptidase cleavage site (16Ala_17Pro_18Ala) like that of proteinase K (Gunkel & Gassen 

1989). But it is predicted based on Signal P algorithm that the EAP is presumably cleaved 

after 21 Ala. A similar situation was reported in Proteinase R (T. album) where in spite of a 

signal peptidase cleavage site present at 16Pro_I7Pro_18 Ala, the signal peptide cleaves 

between 21 Ala and 22Val. 

It may be noted that SignalP algorithm is widely being used for the prediction of 

signal sequences present in various protease precursor molecules (Garcia-Sanchez et al. 

2004, Pozo et al. 2004, Faraco et al. 2005, Wilson & Barbara 2005). In the previous 

study, EAP was reported as an extracellular enzyme (Sreeja Chellappan 2005). Analysis 

of EAP primary sequence with the target P algorithm further confirms that this protein is 

destined to the secretory pathway. 

In the case of proteinase K, the 279 amino acid mature protein is generated by a 

cleavage between asparagine and alanine residues (Gunkel & Gassen 1989). This was 

further confirmed by comparing the deduced Proteinase K precursor sequence with the 

amino acid sequence data of the mature proteinase K (Jany et al. 1986). The initial105aa 

(pre-propeptide) of the precursor protein was found missing in the mature protein 
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sequence (Gunkel & Gassen 1989). While the deduced protein sequence of proteinase R 

precursor possessed a putative pre-proregion of 108 aa, the length of the mature 

polypetide was reported to be 279 aa similar to that of proteinase K. Here, the coding 

sequence for the mature protein was ascertained by comparison with the N-terminal 

aminoacid sequence of proteinase K (Jany et a1. 1986). 

Since the N-terminal amino acid sequence of the mature EAP was not available, 

the comparison of the deduced amino acid sequence of this protease was made with that 

of other known subtilisin-like proteases, especially with that of Proteinase K and R of 

Tritirarchium album which showed high overall similarity, enabled it to postulate that the 

cleavage site of the N terminal propeptide localized between residues Asn l08 and Ala109
• 

Thus the N-terminal propeptide of EAP is assumed to be composed of 87 amino acid 

residues, with a calculated molecular mass of 9570 Da. 

In EAP and proteinase K, the propeptide shows a sequence similar to prokaryotic 

subtilisins but not with the properties of prochymotrypsinogen, protrypsinogen or other 

serine protease zymogens (which have limited similarity to each other). In both 

proteinases two stretches of aa show strong similarity to regions which were fully 

conserved in their sequences, and location within the subtilisin propeptides (Jany & 

Mayer 1985, Jany et a1. 1986, Kolvenbach et al. 1990). The proproteinase K sequences 

(Tyr-Ile-Va1-Lys-Phe-Lys and Ala-Thr-Leu-Asp-Glu) and the EAP propeptide sequences 

(Tyr-Ile-Val- Lys-Leu-Lys and Ala-Ser-Leu-Asp-Glu) correspond to the prosubtilisin E 

sequences Tyr-Ile-Val-Gly-Phe-Lys and Ala-Thr-Leu-Asp-Glu respectively, indicating 

that all these sequences may have involved in protein interaction during maturation of the 

proprotein and thus are under strong evolutionary pressure. It seems likely that the 

propeptide has a role in the activation like those of the mammalian enzymes (Gunkel & 

Gassen 1989). However, further experiments are needed to determine the kinetics and 

cellular location of this presumptive activation process. 
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A senes of experiments had shown that the pro-sequence is essential for 

producing active subtilisin in vivo as well as in vitro, and it functions by facilitating 

correct folding of the protease domain (Ikemura et a1. 1987, Shinde & Inouye 1993). This 

pro-sequence functions as an intramolecular chaperone, but is not required for enzymatic 

functioning of the folded protein (Shinde & Inouye 1993). Interestingly. point mutations 

\\'ithin the pro-sequence can affect its folding function (Li et al. 1995). 

The pro-peptide cleavage site is before the ~-teTI1linus of the secreted protein, the 

final residue of the pro-peptide is an asparagine (N), position 108 in EAP and proteinase 

R (Samal et al. 1990), 105 in proteinase K (Gunkel & Gassen 1989), 99 in cuticle 

degrading protease, Prl (Sheng et a1. 2006) and protease of Fusarium (Morita et aI. 

1994). The deduced mature EAP (279 aa) has a calculated molecular mass of 29J29kDa. 

This prediction is supported by the MALDI-MS data for the EAP (Sreeja Chellappan 

2005), which indicated the size of EAP as 28.6kDa. 

Three consensus stretches of residues are being observed in most of the subtilisin 

like serine proteases in which the catalytic triad residues are embedded (Siezen & 

Leunissen 1997). In EAP this typical signature patterns were observed in the positions: 

143-154aa (VCVIDTGVeasH), 177-187aa (HGThCAGtIGS) and 330-340aa 

(GTSmAtPh V AG) and the catalytic triad residues are the following e9 Asp, 69His and 

~~4Ser). This feature of subtilisin like serine proteases is reported earlier for Pen cl gene 

from P. citrinum (Su et a1. ] 999), subtilase genes from Sapstaining fungi (Hoffman & 

Breuil 2002), kex2 gene from Paracoccidioides brasiliensis (Venancio et a1. 2002), SPMI 

gene of Magnaporthe grisea (Fukiya et a1. 2002) and also in SUB genes from 

Trichophyton rubrum (Jousson et a1. 2004). In addition to this, a highly conserved 

oxyanion hole residue, which is important in subtiIisins for stabiIization of the reaction 

intennediate fonned during proteolysis, was also being observed in EAP CZ69 Asn). 

Similar instance was reported in Pen cl gene from P citrinum (Su et al. 1999) and kex2 

gene from Paracoccidioides brasiliensis (Venancio et a1. 2002). 

127 



Chapter 5 

A free cysteine residue near the active site His which has been postulated to play 

a role in catalysis was found conserved in many serine proteases including Proteinase R 

from T album (Sama1 et a1. 1990), Alp from Fusarium spp (Morita et a1. 1994) and Prl 

from Metarhizium anisopliae (St. Leger et al. 1992). This conserved residue is being 

observed in EAP eS1Cys) also. Conversely, this highly conserved cysteine residue is 

being substituted by a Valine in Subti1ase gene of Fusarium oxysporum (Pietro et a1. 

2001) and in Trichoderma harzianum protease gene (Gerem'la et a1. 1993). 

Two stretches of residues (Ser-Leu-Gly and Ala-A1a-Gly) which form part of the 

specific crevice (sides of the SI pocket) in functional subtilisin molecule, within which 

the PI site of the substrate side chain fits, was reported as highly conserved in several 

proteases like alkaline protease of A. oryzae (Tatsumi et a1. 1989), Proteinase K and T of 

Tritirarchium album (Gunkel & Gassen 1989, Samal et a1. 1989). In EAP also, these 

stretches were found well conserved e4DSer- 141Ile - 141Gly) and e66 Ala _ 167 Ala- 168Gly) 

but with a single substitution of Leu with Ile. The same substitution was being reported in 

the context of Proteinase R from Tritirarchium album (Samal et a1. 1989). The analysis of 

BAP primary sequence for the presence of protein domains enabled the recognition of the 

highly conserved Peptidase S8 domain (pfam 00082) between position 120-377 and the 

Subtilisin N -terminal domain (pfam 05922) between positions 40-108. 

Many of the extracellular proteases are found to be glycosylated. The serine 

proteases of Merarhizium anisopliae (St. Leger et a1. 1992) and Arthrobotrys oligospora 

(Ahman et a1. 1996), contain potential N-glycosyltion sites while two possible 

O-glycosylation sites were being reported in tvspl gene of Trichoderma virens (Pozo et 

al. 2004). However, in BAP, none of these potential glycosylation sites (N-linked! 

O-linked) were detected. Likewise, prl gene of Beauveria bassiana (Joshi et al. 1995) 

and vcp 1 gene of Pochonia ch!amydv~poria (Morton et a1. 2003) were also reported to 

lack any potential glycosylation sites. Glycosylation play key role in targeting the protein 

to different locations. serving as biological labels. The glycosylated proteins usually get 
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secreted or get localized to the cell surface. The lack of glycosylation sites in EAP which 

can lead it in to the secretary path\\'ay can be justified by the presence of the signal 

peptide in the precursor protein which may otherwise direct the protein to ER lumen and 

then to the secretory pathway. 

In EAP one potential Tyrosine sulfation site was recognized at 78Tyr of the 

precursor EAP while two putative sui fated tyrosines were reported in the serine protease 

gene of Trichoderma virens (Pozo et al. 2004). Tyrosine sulfation is an important post­

translational modification found on many secreted and transmembrane-proteins. It was 

suggested to be important for increased stability and or correct folding (O"nnerfjord et al. 

2004). 

In EAP, fourteen possible myristoylation sites were recognized. Protein N­

myristoylation refers to the covalent attachment of myristate (a 14-carbon saturated fatty 

acid) to the ~-tenninal glycine of eukaryotic and viral proteins. N-myristoylated proteins 

have diverse functions and intracellular destinations. They include proteins involved in a 

wide variety of signal transduction cascades. The N-myristoylation of the protein 

promotes weak and reversible protein-membrane and protein-protein interactions. 

Typically myristate moiety attached to the protein act in concert with other mechanisms 

to regulate the protein targeting and function (Farazi et al. 2001). It can be suggested that 

the myristoylated EAP may get targeted to the plasma membrane where it reversibly (and 

non-covalently) bind with the myristoyl receptors on the membrane and later get secreted 

out of the membrane efficiently. 

In addition to this, several phosphorylation sites, which are substrates for four 

different classes of protein kinases, were also recognized in the EAP primary sequence. 

Out of the 13 phosphorylation sites predicted, six of them belong to Casein kinase II type, 

five belong to Protein kinase C type while one site each were recognized for Tyrosine 

kinase and cAMP- and cGMP-dependent protein kinases. Multiple phosphorylation sites 
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were also reported in serine protease of Trichoderma virens (Pozo et al. 2004). In the S3a 

ribosomal protein of Eimeria tenella three different types of phosphorylation sites were 

detected and it was proposed that these proteinase kinases are involved in the regulation 

of function of this ribosomal protein (Ouarzane et aI. 1998). Phosphorylation provide an 

allosteric mode of protein regulation which activate or inhibit (reversibly) a wide variety 

of cellular proteins in response to environmental signals. 

Presence of all these kind of post-traslational modification signals in EAP suggest 

that this protein may have some other important role in fungi in addition to its well 

known role in nutrition acquisition through extracellular protein scavenging, such as in 

signal transduction cascades. This view is supported by the point that in many cases 

particularly in higher eukaryotes, the subtilases have developed in to highly specialized 

enzymes of biosynthetic pathways where they are involved in processing and maturation 

of pro-proteins (Siezen & Leunissen 1997). 

The results obtained for the comparative analysis of various secondary structure 

elements of EAP were not conclusive since the GOR I and II based predictions showed 

much variation in the pattern of secondary structure elements compared to the other two 

methods (PHD and SOPMA), which gave matching results. Later, the secondary structure 

of EAP predicted by the above four methods was also compared with the actual 

secondary structure elements of proteinase K obtained by X-ray crystallography which 

gave a reliable picture of the various secondary structure elements of EAP. In fact the 

secondary structure prediction of EAP by PHD method was closer to the X-ray 

crystallography based secondary structure of proteinase K. Certainly an accurate picture 

of the various secondary structure elements of EAP is possible only if X-ray 

crystallographic analysis of the protein is done. 
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In addition to this, a comparative analysis of the secondary structure of EAP with 

four other serine protease (proteinase Rand K from T. album, alkaline protease of 

Fusarium sp and Prl of C. brongniartii) was done with the program PSI-PRED 

(http://www.us.expasy.org/).This analysis revealed that the secondary structure patterns 

of these enzymes are largely similar. 

The hydrophobicity plot for the EAP show marked similarity with the other four 

plot patterns (for proteinase Rand K from T. album, alkaline protease of Fusarium sp and 

Prl of C. brongniartii) indicating that the folding patterns of proteases are identical to a 

great extends. It also indicate that the N-terminal portion of all these polypeptides are 

hydrophobic, a characteristic feature of signal sequences. Thus, this analysis also 

confirms the SignalP prediction of the signal sequence in the case of EAP precursor. In a 

similar study, hydropathy and surface plot patterns of mature pr1 of M anisopliae and 

proteinase K were compared to show that the folding pattern of both the proteins are 

similar (St. Leger et al. 1992). The similarity of folding patterns in prlB protease of 

M anisopliae with that of the T. album proteinase K based on the surface probability and 

hydrophilicity plots was reported (Joshi et al. 1997). All these studies indicated that 

though the primary sequences of these proteases are showing much variation, their 

secondary structures and folding patterns are seem to be largely similar. 

EAP is identified as a serine protease belonging to the Class II subtilases, which 

includes Proteinase K like proteinases. The enzyme shares a very significant homology 

with the Proteinase K from T. album and majority of the residues (86% - 2411279) are 

identical. There is about 92% homology between the two proteins and the sequences 

align without gaps. This is indicative of the fact that the modeled enzyme from marine 

E. album strain might be the same protein identified in T. album (E. album) but with 

minor substitutions, which generally have not changed the protein to a great extent. 
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Homologies mode ling of subtilases (class 1I) are generally performed using the 

crystal structure of Proteinase K as the template (Siezen et al. 1991). Thus, the protease 

VCP 1 of Pochonia chlamydosporia was modeled based on Proteinase K as structural 

template (Morton et al. 2003). Previous to this study, the homology modelling of 

stetterlysin and pyrolysin were reported, where the modeling was based on the crystal 

structures of subtilisin BPN9 and thennitase (Voorhorst et al. 1997). The homology 

modelling led to the prediction of three dimensional model of the catalytic domain core 

of stetterlysin and pyrolysin for which over 92% of the residues (excluding Gly, Pro) had 

phi-psi angles in most favoured or allowed regions in a Ramachandran plot. Moreover, 

side chain parameters were all within acceptable limits as assessed by PROCHECK 

(Laskowski et al. 1993). Further, the alignment and the predicted three-dimensional 

models were used to analyze amino acid composition and structural features of the 

catalytic domain of the two enzymes. 

The three-dimensional structure model for EAP was constructed based on the 

crystal structure of proteinase K. The reliability and stereochemical quality of the 

predicted 3D model was analyzed using the program PROCHEK (Laskowski et al. 1993). 

Sequence alignments and homology model of EAP show that the protein is almost 

identical to the T album proteinase K. 

When the three dimensional structure of the active site and the peptide binding 

region of EAP was modeled and superimposed on the corresponding regions of 

Proteinase K model, it was inferred that the catalytic triad overlaps almost exactly as is 

the Asn 161 residue, indicating the conservation of the active site in EAP and there was 

no substitutions in the residues closer (within 4 A 0) to the catalytic triad. Except for the 

three substitutions at position 99,102 and 133, the substrate-binding domain of EAP is 

exactly similar to that of PRKl. But from the 3D model superimposition it was obvious 

that these substitutions do not place any significant changes in the conformation of the 

substrate-binding domain of EAP when compared to that of proteinase K. 
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In general, the substrate-binding region in subtilases can be described as a surface 

channel or crevice capable of accommodating at least six amino acid residues (P4_P2t) of 

a polypeptide substrate or inhibitor (pseudo-substrate). Both main-chain and side chain 

interactions between enzyme and substrate/inhibitor contribute to binding (Siezen & 

Leunissen 1997). In BAP and proteinase K, the P4-P1 specificity side of the substrate line 

up between the extended enzyme backbone segment 100-103 and 132-135, forming the 

central strand of a three-stranded antiparallel ~ sheet. 

In subtilisins and thermitase P 1-P4 pockets are large and hydrophobic, which 

explains the broad specificity of these enzymes with a preference for aromatic or large 

nonpolar PI and P4 substrate residues (Gron et aL 1992). Variations in the substrate 

specificity of naturally occurring subtilases should be due to (and could be modified by) 

modulation of the residues in the substrate-binding region and in particular those residues 

whose side chains interact with PI and P4 substrate residues. Engineering studies of 

subtilisin BPN' have demonstrated that PI specificity can be dramatically modulated by 

substitutions of G 166 at the bottom of the PI cleft (Siezen et al. 1991), in addition 

charged substitutions at positions 166 or 156 (at the P 1 cleft entrance) shift the specificity 

to oppositely charged PI residues (Siezen et aL 1991). Proteinase K and several related 

class II subtilases have a Tyr at position 169 (with respect to Proteinase K), but since it is 

rotated away, the PI cleft remains wide and hydrophobic (Betzel et al. 1988a, Betzel et aL 

1988b, Siezen et al. 1991). This explains why proteinase K also has a broad PI specificity 

with a slight preference for aromatic and hydrophobic residues. The residue at the 

corresponding position of BAP also is a Tyr e69Tyr) indicating that the PI cleft in EAP is 

wide and hydrophobic and it may have a broad PI specificity with a slight preference for 

aromatic and hydrophobic residues similar to that of proteinase K. 

In P4 pocket. the hydrophobic side chains are found generally conserved in wild 

type subtilases. Residue 104 at the pocket entrance varies considerably from hydrophobic 

(y, A, L) to hydrophilic (T, S, N, D), and this exposed residue is known to exhibit 
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conformational flexibility in mutant subtilisins (McPhalen & James 1988). In subtilisin 

(BPN'), Tyr at position 104 is thought to form a flexible lid to the S4 pocket (Takeuchi et 

a1. 1991). In proteinase K and EAP this tyrosine residue is found to be conserved at 

position 104. 

Five positionally conserved cysteine residues are observed in EAP at aa positions 

142,181,231,286 and 357. These cysteine residues are found highly conserved in 

proteinase K and R of T. album, Alp of Fusarium sp and Prl of C. brongniartii. In 

proteinase K, four of these highly conserved cysteine molecules had been shown to fonn 

two disulphide bonds. The cysteine at 139 binds to that at 228 and the 283 to 354 (Jany et 

a1. 1986). The thermostable nature of the enzyme proteinase K is attributed to the 

presence of two-disulphide bonds in it. Considering the close similarity of EAP with 

proteinase K, presence of two disulphide bonds was proposed in EAP also. 

Disulfide bridges can contribute to the overall stability of a protein, and the 

introduction of new S-S bonds can enhance the thermal stability, as demonstrated in, for 

example, phage T 4 lysozyme (Matsumura et a1. 1989). Initial attempts to stabilize 

subtilisin by introduction ofS-S bonds 22-87, 24-87, 26-232, 29-1 19,36-210,41-80, and 

148-243 were not successful (Wells & Powers 1986, Pantoliano et a1. 1987, Mitchinson 

& Wells 1989, Katz & Kossiakoff 1990); All of these cross links were designed by 

inspection of the three-dimensional structure of subtilisin. The first successful thermal 

stabilization of subtilisin was the introduction of the 61-98 S-S bond (Takagi et a1. 1990), 

which occurs naturally in aqualysin. It stands to reason, therefore, that naturally occurring 

S-S bonds should provide a better choice for stabilization of subtilisins than previously 

designed disulfides. 

After homology modeling, in the 3D model of the protein it was observed that the 

cysteines at 34 and 123 come close enough to suspect a SS linkage. Similar was the case 

with cysteines at 178 and 249. Prediction of disulphide linkages between these residues 
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was performed usmg the "DISULFIND" program (Ceroni et al. 2006) and these 

suspected SS bonds were predicted with maximum confidence. Experimental evidences 

also suggest that EAP is thermostable to a good extent. It is being reported that EAP is 

active over a broad range of incubation temperature with maximal activity at 60°C 

(Sreeja Chellappan 2005). 

The 3D model for E. album proteinase (EAP) was analyzed for putative "Ca" 

binding sites using the program GG v 1.0 (Deng et al. 2006) and this led to the 

identification of four putative Ca ion locations, Ca 001 C I Ala, 14Ser, 14Ser, 22Ser), Ca 002 

eOGly, 33Thr, 33Thr, 88Thr ), Ca 003 (I7\Pro, 172Ala, 174Glu, 179Thr ), and Ca 004(175Ser, 

J 77Ile, 200 Asp, 200 Asp ). 

Binding of Ca2
+ ions at specific sites, often in external loops, increases the 

stability of many proteases by reducing the flexibility of the molecule and hence the 

denaturation and/or autolysis rate (Siezen et al. 1991). Four calcium-ion binding sites are 

known from crystal structures of subtilisins, thermitase, and proteinase K; these calcium 

ions are essential for stability and activity. From previous sequence alignments and 

homology modeling it was predicted that the Cal (strong) and Ca3 (weak) sites are most 

common in members of the subtilase family, whereas the Ca2 (medium-strength) site is 

less common (Siezen et al. 1991). The weak Ca4 site has only been found in proteinase K 

(Betzel et aJ. 1988a, Betzel et al. 1988b). Experimentally it has been shown that Ca2
+ is 

having the role of a stabilizer promoting thermal stability during incubation of the 

enzyme (EAP) at various temperatures, with maximal residual activity at 60°C (Sreeja 

Chellappan 2005). This testifies the prediction that EAP contain Ca binding sites in it 

structure. 

Chemical oxidation can be a significant source of enzyme inactivation, 

particularly for enzymes, which function extracellularly. Oxidative stability can be 

improved by replacement of oxidatively sensitive residues, mainly cysteine and 
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methionine, particularly those near the active site (Siezen et al. 1991). In subtilisin BPN' 

the residues Ml24 and M222, both near the active site, are susceptible to oxidation by 

hydrogen peroxide; the bulky sulphoxide derivative near the catalytic site leads to a 

reduction of enzyme activity (Siezen et al. 1991). Protein engineering studies showed that 

the best alternatives for M222 are the non-oxidizable residues Ala, Ser and Leu; this led 

to mutant subtilisins with retention of 12-53% activity and complete resistance to 

oxidation (Siezen et al. 1991). Such a mutant M222A (and G 195E) subtilisin called 

Durazyme R is presently used in a commercial detergent (Siezen et al. 1991). Previously 

it has been reported (Sreeja CheUappan 2005) that hydrogen peroxide has a drastic 

inhibitory effect on protease (EAP) even at the lowest concentrations tried. In EAP, three 

residues e6Cys, 131 Met, 225Met) were suspected to be of this category, out of which the 

36Cys and 225Met residues, which lie close to the Aspartate and Serine residues of the 

catalytic triad, are more prone to oxidation. Further studies are needed to confirm the role 

of these residues in oxidative susceptibility of the enzyme. Once the vulnerable residues 

are identified, engineering of EAP with oxidative stable residues at the corresponding 

positions can be accomplished by protein engineering strategies. 

Structural comparison of proteins has proven to be very useful in creating proteins 

with desired properties. Molecular techniques such as site-directed mutagenesis have 

been used successfully to increase its thermostability (Takagi et al. 1990) and activity 

(Takagi et al. 1988) and to alter its pH optimum (Thomas et al. 1985). Higher thermal 

stability is a desirable trait for industrial application of the Conidiobolus protease. Since 

the E. album protease (EAP) and proteinase K are structurally very similar, existing 

knowledge about proteinase K can be gainfully employed to improve the thermostability 

of this fungal enzyme. 
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SUMMARY AKD CONCLUSION

The present study included mainly isolation of the intact full gene encoding

alkaline serine protease from Engyodontium album (Eap) by molecular cloning and

characterization of the same. Various cloning strategies were tried to isolate the full gene,

which include cDNA library construction, genome library construction through shotgun

cloning and screening the library using probes. Of the various strategies employed the

degenerate oligo-primers and homologous probe based screening of sub genomic DNA

library was successful to clone the Eap gene encoding alkaline protease from E. album.

Partial fragment of the gene was amplified by PCR using degenerate primers designed

based on fungal alkaline serine protease sequences. The amplified (878bp) fragment was

cloned in pMOS and sequenced. The nucleic acid sequence was analyzed by various

computer algorithms and confirmed its similarity with different fungal alkaline serine

proteases especially with proteinase R and proteinase K from the fungus Tritirarchium

album.

Genomic southern hybridization, using partial gene fragment as the probe

revealed that the protease gene occur as a single copy in the genome of the fungus. A

gene enriched sub-genomic DNA library was constructed based on the genomic southern

data. The library was screened with the partial gene probe and also by using colony PCR

technique. The positive clone obtained was sequenced to confirm the presence of the full

coding region. Restriction enzyme profile of the positive clone was also created. A set of

primers was designed from the 5' and 3' un-translated region of the genomic clone, and

the cDNA of the protease gene was raised by RT-PCR.
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A total of 1,424bp of the EAP locus were sequenced, which consist of an open 

reading frame of 1161bp flanked by 93bp in the S'non-coding region and 102bp in the 

3' non-coding region. Comparison of the nucleotide sequence of the genomic clone with 

that of the cDN A confirmed the presence of the single intron (65bp) in the coding region 

ofEAP. 

Homology comparison of the deduced amino acid sequence of Eap with other 

known proteins indicated that gene Eap encode an extracellular protease that belongs to 

the subtilisin family of serine protease. The putative peptide encoded by the Eap gene is a 

prepropeptide consisting of 387 amino acid residues with a calculated molecular mass of 

40kDa. The presence of aa putative signal peptide sequence of 21 residues at the N 

terminus indicates that EAP could be secreted. Moreover a highly conserved subtilisin N­

terminal domain (pfam 05922) was observed sub-terminally. The cleavage site of this 

putative propeptide (between N-108 and A-I09) was predicted according to sequence 

similarity. Based on these facts, it is proposed that the E. album protease undergoes two 

processing events: One after amino acid 21 to remove the signal sequence and the second 

process after amino acid 108 to yield the mature enzyme. The putative mature protein 

(residues 109-387) is of279aa in length with the calculated molecular mass of 29kDa. 

The sequences surrounding the catalytic triad e9 Asp, 69His, and 224Ser), signatures 

of the subtilisin proteinase family were found well conserved in EAP. It also shows 

similar structural features to subtilisin enzymes, such as (i) two stretches; e40Ser- 241Ile -

242Gly) and e66Ala- 267Ala_ 268Gly) which form part of the specific crevice in subtilisin 

within which the PI site of the substrate side chain fits (ii) the oxyanion hole residue 

(Asn-269), which helps stabilize oxyanion in a transition state in most subtilisins, and 

(iii) the internal helix he and hF which are highly conserved in subtilases [177-

184:HGTHCAGT;330-344:GTSMA TPHV AGLAA Y in EAP]. 
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The analysis of EAP pnmary sequence for the presence of protein domains 

enabled the detection of the highly conserved Peptidase S8 domain (pfam 00082) 

between position 120-377. Analysis ofEAP with the Pro site program revealed consensus 

sequences for one tyrosine sulfation site, one tyrosine kinase phosphorylation site, one 

cAMP- and cGMP-dependent protein kinase phosphorylation site, five protein kinase C 

phosphorylation site, six casein kinase II phosphorylation site and fourteen 

myrisroylation sites. Presence of all these post-traslational modification signals in EAP 

suggest that this protein may have some other important role besides its well known role 

in nutrient acquisition through extracellular protein scavenging. 

The three dimensional structural model of the EAP was predicted based on the 

crystal structure of Proteinase K. The model was assessed by PROCHECK and its 

reliability and stereochemical quality was assured. Based on the three dimensional model, 

predictions were made for EAP concerning essential conserved residues, allowable 

substitutions, disulfide bonds, Ca2
+ binding sites and substrate binding site residues. Out 

of the six cysteine residues present in the primary sequence of EAP, four were suggested 

to be involved in two disulfide bond fonnation e4Cys _123Cys) and e78Cys - 249CyS). Four 

possible Ca2
+ binding sites were also predicted; both of which may be contributing to the 

thennostable nature of the protein. 

Based on the present study the full gene sequence of the alkaline serine protease 

of the marine fungus E. album was elucidated besides understanding of the structure and 

function of the enzyme. The sequence alignments and homology modelling would 

provide the basis for developing a protein-engineering strategy aimed at modulating 

stability, catalytic activity, or substrate specificiry of the enzyme. 
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