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Instructions to Authors  
Scopes  

Study areas include cell biology, genomics, microbiology, immunology, molecular biology, 
biochemistry, embryology, immunogenetics, cell and tissue culture, molecular ecology, genetic 
engineering and biological engineering, bioremediation and biodegradation, bioinformatics, 
biotechnology regulations, gene therapy, organismal biology, microbial and environmental 
biotechnology, marine sciences. The JJBS welcomes the submission of manuscript that meets the 
general criteria of significance and academic excellence. All articles published in JJBS are peer-
reviewed. Papers will be published approximately one to two months after acceptance. 

Type of Papers 

The journal publishes high-quality original scientific papers, short communications, correspondence  
and case studies . Review articles are usually by invitation only. However, Review articles of current 
interest and high standard will be considered. 

Submission of Manuscript 

Manuscript, or the essence of their content, must be previously unpublished and should not be under 
simultaneous consideration by another journal. The authors should also declare if any similar work has 
been submitted to or published by another journal. They should also declare that it has not been 
submitted/ published elsewhere in the same form, in English or in any other language, without the 
written consent of the Publisher. The authors should also declare that the paper is the original work of 
the author(s) and not copied (in whole or in part) from any other work. All papers will be automatically 
checked for duplicate publication and plagiarism. If detected, appropriate action will be taken in 
accordance with International Ethical Guideline. By virtue of the submitted manuscript, the 
corresponding author acknowledges that all the co-authors have seen and approved the final version of 
the manuscript. The corresponding author should provide all co-authors with information regarding the 
manuscript, and obtain their approval before submitting any revisions. Electronic submission of 
manuscripts is strongly recommended, provided that the text, tables and figures are included in a single 
Microsoft Word file. Submit manuscript as e-mail attachment to the Editorial Office at: 
JJBS@hu.edu.jo. After submission, a manuscript number will be communicated to the corresponding 
author within 48 hours. 

Peer-review Process  

It is requested to submit, with the manuscript, the names, addresses and e-mail addresses of at least 4 
potential reviewers. It is the sole right of the editor to decide whether or not the suggested reviewers to 
be used. The reviewers’ comments will be sent to authors within 6-8 weeks after submission. 
Manuscripts and figures for review will not be returned to authors whether the editorial decision is to 
accept, revise, or reject. All Case Reports and short Communication must include at least one table and/ 
or one figure. 

Preparation of Manuscript  

The manuscript should be written in English with simple lay out. The text should be prepared in single 
column format. Bold face, italics, subscripts, superscripts etc. can be used. Pages should be numbered 
consecutively, beginning with the title page and continuing through the last page of typewritten 
material. 

The text, excluding the abstract, if required, can be divided into numbered sections with brief headings. 
Starting from introduction with section 1. Subsections should be numbered (for example 2.1 (then 
2.1.1, 2.1.2, 2.2, etc.), up to three levels.  
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Manuscripts in general should be organized in the following manner:  
• Title  
• Abstract 
• Key words 
• Introduction 
• Materials & Methods 
• Results & Discussion 
• Conclusion 
• Acknowledgements  
• References 
 
Brief guidelines 

Title Page 

The title page should contain a brief title, correct first name, middle initial and family name of each 
author and name and address of the department(s) and institution(s) from where the research was 
carried out for each author. The title should be without any abbreviations and it should enlighten the 
contents of the paper. All affiliations should be provided with a lower-case superscript number  just 
after the author's name and in front of the appropriate address.  

The name of the corresponding author should be indicated along with telephone and fax numbers (with 
country and area code) along with full postal address and e-mail address.  

ABSTRACT 

 The abstract should be concise and informative. It should not exceed 350 words in length for full 
manuscript and Review article and 150 words in case of Case Report and/ or Short Communication.. It 
should briefly describe the purpose of the work, techniques and methods used, major findings with 
important data and conclusions. No references should be cited in this part. Generally non-standard 
abbreviations should not be used, if necessary they should be clearly defined in the abstract, at first use. 

Keywords  

Immediately after the abstract, about 4-8 keywords should be given.  Use of abbreviations should be 
avoided, only standard abbreviations, well known in the established area may be used, if appropriate. 
These keywords will be used for indexing. 

Abbreviations 

Non-standard abbreviations should be listed and full form of each abbreviation should be given in 
parentheses at first use in the text. 

INTRODUCTION  

Provide a factual background, clearly defined problem, proposed solution, a brief literature survey and 
the scope and justification of the work done.   

MATERIALS AND METHODS 

Give adequate information to allow the experiment to be reproduced.  Already published methods 
should be mentioned with references. Significant modifications of published methods and new methods 
should be described in detail. Capitalize trade names and include the manufacturer’s name and address. 
Subheading should be used.  

 



RESULTS  

Results should be clearly described in a concise manner. Results for different parameters should be 
described under subheadings or in separate paragraph. Results should be explained, but largely without 
referring to the literature. Table or figure numbers should be mentioned in parentheses for better 
understanding.  

DISCUSSION 

The discussion should not repeat the results, but provide detailed interpretation of data. This should 
interpret the significance of the findings of the work. Citations should be given in support of the 
findings. The results and discussion part can also be described as separate, if appropriate. The Results 
and Discussion sections can include subheadings, and when appropriate, both sections can be combined 

CONCLUSIONS 

This should briefly state the major findings of the study.   
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A brief acknowledgment section may be given after the conclusion section just before the references. 
The acknowledgment of people who provided assistance in manuscript preparation, funding for 
research, etc. should be listed in this section. 

 Tables and Figures 

Tables and figures should be presented as per their appearance in the text. It is suggested that the 
discussion about the tables and figures should appear in the text before the appearance of the respective 
tables and figures. No tables or figures should be given without discussion or reference inside the text. 
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figure area. Figures should be self-explanatory. Information presented in the figure should not be 
repeated in the table. All symbols and abbreviations used in the illustrations should be defined clearly. 
Figure legends should be given below the figures.  
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Abstract 

In recent decades, many fungal species have emerged as major causes of human disease.  While invasive candidiasis, 
aspergillosis, and cryptococcosis remain very common, rates of infection by other opportunistic fungal pathogens such as 
Histoplasma capsulatum, Coccidioides immitis, Fusarium spp. and other yeasts and molds are on the rise.  Adding to this 
bleak picture is the fact that treatment and control measures currently available to us are hardly able to keep up with current 
trends of morbidity and mortality that associate with common and emerging fungal infections.  I t is interesting to note the 
likelihood of emerging fungal pathogens exhibiting significant resistance to standard antifungal therapy is real.  Hence, 
invasive infections due to previously rare fungi such as Acremonium, Scedosporium, Paecilomyces, and Trichoderma species 
are proving difficult to treat.  T he ever increasing number of hosts with compromised immunity, increased volume of 
surgeries and invasive medical procedures, limited repertoire of and increased resistance to available antifungals, and better 
diagnosis and pathogen identification procedures are largely to blame for these alarming trends.  Improvements in managing 
patients with cancer, AIDS, diabetes, and transplantation that are significantly improving patient survival rates are also 
generously contributing to the pool of patients with compromised immunity.  In this article, we review the changing spectrum 
of invasive mycosis, risk-factors for infections and susceptibility to available antifungals.  

Keywords: Aspergillus, Antifungal Drugs, Candida, Compromised Immunity, Cryptococcus, Histoplasma, Invasive Mycosis.

                                                 
* Corresponding author  e-mail: salma@hu.edu.jo 

1. Introduction      

The incidence of invasive fungal infections (IFIs) and 
rates of morbidity and mortality due to such infections 
have all been on the rise over the last three decades 
(Binder et al., 2011; Low et al., 2011).  Although Candida 
albicans, Aspergillus fumigatus  and Cryptococcus 
neoformans are the most common causes of IFIs (Pfaller 
and Diekema, 2004a), the incidence of infection by 
Candida spp. other than C. albicans,  Aspergillus  spp. 
other than A. fumigatus,  opportunistic yeast-like fungi 
(Trichosporon spp., Rhodotorula spp. and Geotrichum 
capitatum [Blastoschizomyces capitatus]), zygomycetes; 
hyaline molds (Fusarium, Acremonium, Scedosporium, 
Paecilomyces, and Trichoderma spp), and a wide variety 
of dematiaceous fungi are all on t he rise (table 1).  The 
emergence of organisms such as Fusarium spp., 
Histoplasma capsulatum, Coccidioides immitis as 
significant pathogens has important implications for 
diagnosis and management.  On the one hand, the clinical 
presentation of infections caused by such pathogens can 
mimic more common diseases (e.g. aspergillosis).  On the 
other hand, these emerging pathogens are resistant to 
conventional antifungals making infection management 

difficult to say the least (Fleming et al., 2002;  Miceli et 
al., 2011). 
Table 1.  Spectrum of opportunistic human fungal pathogens 
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Continuous rise in the number of hosts with 
compromised immunity (cancer patients, transplant 
recipients on immunosuppressive therapy, AIDS patients, 
and diabetics among others) as a result of improved 
patients management procedures and drugs is partly to 
blame for this worrying trend (Richardson and Lass-Florl, 
2008).  

Increased use of antibiotics and immunosuppressive 
drugs (cyclosporine A, tacrolimus, etc.), hyperalimentation 
fluids, polyethylene catheters, pressure monitoring 
devices, heroin abuse, organ transplantation, abdominal 
surgeries, and prosthetic cardiac valves all disturb host 
immunity and predispose to opportunistic fungal 
infections.  Lack of preventative measures (vaccines) 
against all human fungal infections and the limited 
efficacy of and increased resistance to the few (<15) 
available antifungal drugs further complicate the issue.  
Unfortunately, as risk-factors for IFIs continue to increase 
in type, frequency, and severity, it is likely that the rate of 
IFI will continue on its upward trend. 

Here, we review recent epidemiologic trends of two 
major groups of human fungal infections.  Namely, those 
caused by yeasts (Candida and Cryptococcus) and yeast-
like fungi (Trichosporon, Rhodotorula, and Geotrichum) 
and those caused by filamentous molds (Aspergillus, 
Scedosporium, Fusarium, Acremonium, Paecilomyces, 
Trichoderma, Zygomycetes or Mucormycetes, 
Dematiaceous molds or Phaeohyphomycetes, and 
Histoplasma).  Published data permitting, the focus in 
discussing each group will be on the incidence of infection 
by the pathogen(s), predisposing factors to infection, rates 
of morbidity and mortality that associate with it, and 
clinical manifestations.     

2. Pathogenic Yeasts and Yeast-Like Fungi 

2.1. Candida Species 
 Candida albicans and other Candida spp. are 

commonly found in the gastrointestinal tract, oral cavity, 
and genital areas as harmless commensals.  B ased on 
recent studies in healthy individuals, asymptomatic oral 
carriage of Candida spp. occurs in about 24-70% of 
children and adults with a reduced frequency in babies less 
than 1 year of age.  C. albicans represents the majority 
(38-76%) of isolates identified in both adults and children.  
The frequency of C. albicans varies across different age 
groups with far greater proportions of isolates identified as 
C. albicans occurring in young babies and the elderly. 
Higher oral carriage rates are found in HIV positive 
patients (Liu et al., 2008) and diabetics (Abu-Elteen et al., 
2006). 

Asymptomatic vaginal carriage of Candida spp. is 
estimated to occur in 21-32% of healthy women, with C. 
albicans representing 20-98% of identified isolates (Ferrer, 
2000; Pfaller and Diekema, 2007; Enoch et al., 2006; 
Pirotta and Garland, 2006). Beigi et.al., (2004) found that 
within a group of women repeatedly screened over 12 
months, 30% were never colonized, 70% were colonized 
on at least one occasion, and 4% were persistently 
colonized.  H igher rates of vaginal carriage have been 
found in pregnant women, women colonized by 
Lactobacillus spp (Beigi et al., 2004; Hamad et al., 2006), 

type I diabetics (de Leon et al., 2002), and post-antibiotic 
treatment (Pirotta and Garland, 2006). Table 2 gives a 
brief summary of risk factors for localized and systemic 
candidiasis in general.  I t is worth noting that as well as 
being harmless commensals, C. albicans and other 
Candida spp. are opportunistic pathogens capable of 
causing a w ide range of superficial, localized, and/or 
systemic infections (Pfaller and Diekema, 2007; 2004a).  

 
Table 2.  General factors predisposing to Candida infections 

Factors Comments Representative 
examples 

Immunological factors 
Neutrophil defect 

Presence of 
abnormally small 
numbers of 
neutrophils in the 
circulating blood, 
myeloperoxidase 
deficiency 

A cute leukemia, 
chemotherapy, 
irradiation 

T- lymphocyte, 
mononuclear 
phagocyte 

Certain diseases 
could lead to a defect 
in 
T ï lymphocyte 
mononuclear 
phagocyte 

Auto immune 
deficiency 
syndrome (AIDS), 
Hodgkinôs disease, 
chemotherapy 

Reticuloendothelial 
system (RES) 

Defect of RES causes 
impairment in the 
clearance of 
infectious particles 
from the blood; this 
is due to congenital 
or surgical causes 

Congenital 
absence  
or  
defect of the 
spleen, 
splenectomy 

Chemotherapy and  
Radiotherapy 

Treatment with drugs 
and/or irradiation that 
alters the 
composition of the 
endogenous 
microbial flora or 
suppresses host 
defenses against 
infection 

Immunosuppressiv
e agents, 
antineoplastic 
agents, antibiotics, 
corticosteroids 

Interruptes integument Membrane trauma, 
burns local occlusion 
or maceration of 
tissues 

Finger or bone 
marrow punctures, 
gastrointestinal 
(GI) ulcers, 
catheters. IV 
needles, wearing 
dentures 

Surgical procedures Introduction of 
mechanical devices 
and prostheses into 
vessels or tissues 

Heart valves 
replacements, 
tracheostomy 
respiratory 
assistance, 
endoscopies, renal 
transplant, heart 
operation, GI  
or gynecological 
surgery, blood 
transfusion 

Physiological factors Infectious, idiopathic, 
congenital,  
or other debilitating 
diseases  
and disorders, 
Digressions from 
normal physiological 
status 

Microbial 
infections, 
endocrine 
dysfunctions, 
defect in cell ï 
mediated 
immunity 
Pregnancy , 
infancy 

Nutritional factors Excessof deficiency 
of food stuff that 
crate an environment 
conductive to the 
development of 
mucosal candidosis 

Carbohydrate ï 
rich diets, vitamin 
deficiency 

2.1.1. . Superficial Mucosal Infections 
Superficial mucosal lesions (thrush) occur in the oral 

and vaginal cavities of immunocompetent as well as 
immunocompromised hosts.  Oral candidiasis is common 
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in infants and the elderly and in cancer patients undergoing 
chemotherapy to treat hematological malignancies and 
those undergoing head/neck radiation.  I t is characterized 
by white growth on t he mucous membranes of the oral 
cavity that is usually underlined by red areas when the 
yeast growth is scraped off (MacCallum, 2007). 

The majority of isolates associated with oral 
candidiasis are C. albicans (63-84%) (Davies et al., 2006).  
Risk factors associated with oral candidiasis include 
xerostomia (dry mouth) and denture wearing (Abu-Elteen 
and Abu-Elteen, 1998; Davies et al., 2006), poorly 
controlled diabetes mellitus (Abu-Elteen et al., 2006), and 
immunosuppression (table 3).  The frequency of oral 
candidiasis, but not oral carriage of Candida spp. 
(Sanchez-Vargas et al., 2005), is higher in HIV positive 
patients with decreased CD4+ T cell count (Liu et al., 
2006). 
Table 3. Specific factors predisposing to neonatal, oral  

and vaginal candidiasis. 

Vulvovaginal candidiasis (VC) represents a real health 
problem to women of childbearing age worldwide.  The 
majority of cases (>80%) of VC involve colonization by 
the genitourinary tract commensal C. albicans (Pfaller and 
Diekema, 2007; Enoch et al., 2006).  O ccurrence of VC 
and recurrent VC has been attributed to compromised 
immunity and increased levels of estrogen in the 
reproductive tract milieu (Hamad et al., 2004).  Symptoms 
of VC include itching, burning, soreness, and abnormal 
vaginal discharge.  C. glabrata is emerging as an 
important and potentially resistant opportunistic fungal 
pathogen in VC (Pfaller and Diekema, 2004a). Abu-Elteen 
(2001) has demonstrated that among the Candida spp. C. 
glabrata alone has increased in incidence as a cause of VC 

in Jordan since 1994.  I n many geographic regions, C. 
glabrata is becoming a common cause of VC and is 
gradually showing increased resistant to fluconazole 
(Richardson and Lass-Florl, 2008; Pfaller and Diekema, 
2004a; Ray et al., 2007). 

2.1.2.  Bloodstream Infections or Candidemia 

Bloodstream infections by Candida spp. (candidemia) 
is the fourth leading cause of nosocomial bloodstream 
infections (BSI) in the United States (Pfaller and Diekema, 
2004a; 2007, Wisplinghoff et al., 2004).  T he annual 
incidence of Candida associated BSIs have been reported 
at 6-23 cases/100,000 Americans (Clark and Hajjeh, 2004; 
Pfaller et al., 2006), and 2.5-11 cases/100 000 Europeans 
(Tortorano et al., 2006).  In recent years, it has been noted 
that a g radual increase in the incidence of BSIs is taking 
place (Bougnuox et al., 2008; Vardakaz et al., 2009; Chow 
et al., 2008).  M ore than 17 different Candida spp. have 
been identified as etiologic agents of BSIs.  However, 95% 
or so of all Candida BSIs are caused by four Candida spp.; 
namely, C. albicans, C. glabrata, C. parapsilosis, and C. 
tropicalis (Hajjeh et al., 2004; Pfaller and Diekema, 
2004b).  The remaining 5% of Candida BSIs are caused by 
C. krusei, C. lusitaniae, C. guilliermondii, C. dubliniensis, 
and C. rugosa among others (Bassetti et al., 2009; Fridkin 
et al., 2006; Peman et al., 2008).  C. albicans is the lead 
cause of BSIs as it accounts for 42-100% of cases 
depending on the patient group.  For example, frequency 
ratio of C. albicans to non-albicans Candida in patients 
with hematological malignancies was about İ that in 
patients with solid tumors (Tortorano et al., 2006; 
Pasqualotto et al., 2006). Although epidemiologic data 
reflects significant differences between countries with 
regard to Candida spp. distribution in general, C. albicans 
continues to be the most commonly encountered Candida 
spp. in Europe and the United States.  T he second most 
commonly encountered Candida spp. in Southern Europe 
and in France, Germany, and the UK are C. glabrata and 
C. parapsilosis respectively (Hajjeh et al., 2004; Almirante 
et al., 2005).  C. parapsilosis occurs with high frequency 
in premature neonates and in patients with vascular 
catheters (Almirante et al., 2005; Arendrup et al., 2005).  
C. glabrata infections are rare in infants and children but 
occur with high frequency in the elderly (Pfaller et al., 
2006; Hajjeh et al., 2004; Malani et al., 2005).  C. 
tropicalis is an important cause of invasive diseases in 
patients with hematological malignancy (Pfaller and 
Diekema, 2004 a).  With the increasing use of fluconazole 
as an anti-candidiasis agent in the USA, the emergence of 
C. glabrata and C. krusei has been reported (Pfaller and 
Diekema, 2004 a, Malani et al., 2005; Shao et al., 2007).  
In contrast, the frequency of C. glabrata as a cause of BSIs 
has decreased in Europe from 12.3 % to 8.8% and in Latin 
America from 10.2% to 4.7% (Hope et al., 2002).  B ut 
overall, the frequency of non-albicans Candida spp. as 
causative agents of BSIs continues to rise (Pfaller et al., 
2006; Clark and Hajjeh, 2004).   

The majority of patients who develop candidemia are 
intensive care unit (ICU) patients and those undergoing 
abdominal surgery.  O ther patient groups at risk of 
candidemia are cancer patients (solid tumor or 
hematological malignancies), premature babies (<1 kg 
birth weight), patients on steroids therapy (MacCallum, 
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2007), and patients with catheters and other invasive 
medical devices.  According to one study, 14% of screened 
central venous catheter (CVC) tips were positive mainly 
for coagulase-negative Staphylococcus spp. followed by C. 
albicans (Hammarskjold et al., 2006).  It should be noted 
that for critically-ill patients, several risk factors may be 
present in, or apply to, the same patient. 

2.2. Cryptococcus Species 
Cryptococcal infections occur with a near worldwide 

distribution in immunosuppressed hosts.  T hey are the 
second most common cause of opportunistic fungal 
infections in AIDS patients.  The incidence of infections 
caused by the encapsulated yeast Cryptococcus 
neoformans (C. neoformans) has risen markedly over the 
last 20 y ears (Bicanic and Harrison, 2004). Infections 
occur through inhalation of small diameter (<10 mm) yeast 
like organisms which enter small respiratory passages and 
become mostly dormant for a time (Bicanic and Harrison, 
2004; Subramanian and Mathai, 2005) before reactivating 
in the lungs and/or lymph nodes.  Clinical manifestations 
of infection can range from asymptomatic colonization of 
the respiratory tract to a widespread dissemination 
depending on host immune factors, inoculum, and degree 
of virulence (Mitchell and Perfect, 1995).  As 
dissemination occurs, the central nervous system (CNS) is 
commonly involved.  The basal meninges of the brain are 
preferentially affected causing thickening with subsequent 
invasion of the deeper brain tissues. In the meninges, the 
organism appears to be suspended in a mucoid-like 
material that is derived from the capsule (Mitchell and 
Perfect, 1995). 

Cryptococcus neoformans is a basidomycete that 
normally grows as saprophytic haploid-budding yeast.  
Opposite mating types of C. neoformans do exist and the 
pathogen can undergo sexual reproduction and meiosis to 
produce spore.  The yeast is spherical-oval in shape and is 
5-10 Õm in diameter.  C. neoformans strains manifest 
antigenic differences that allow them to be grouped into 
five different serotypes (A, B, C, D, and an AD hybrid) as 
well as different varieties.  C. neoformans var. neoformans 
includes serotypes D and AD while var. grubii includes 
serotype A and var. gattii includes serotypes B and C.  C. 
neoformans var neoformans and var. grubii are responsible 
for the majority of clinical infections in 
immunocompromised host while var. gattii causes disease 
primarily in immunocompetent hosts (Fraser et al., 2005; 
Morrow and Fraser, 2009).  

Cryptococcus neoformans has a number of virulence 
factors that enable it to  survive and replicate in humans 
(Casadevall et al., 2003), especially in cases where T-cell 
immunity is compromised.  Fungal capsule , which is anti-
phagocytic and down-regulates cellular and humoral 
immune responses when shed into host tissues, and laccase 
and melanin, which interfere with oxidative killing by 
phagocytes, are among the prevalent virulence factors 
(Mitchell and Perfect, 1995). Production of melanin from 
1-dopa by the enzyme laccase may account for the 
predilection of the organism for CNS.  C. neoformans is 
both an intracellular and an extracellular pathogen; it can 
survive and replicate within acidic macrophage 
phagolysosomes (Levitz et al., 1999).  A  host site with 
abundant carbon dioxide concentration favors capsule 

bioformation (Subramanian and Mathai, 2005).  While C. 
neoformans lives in soil and organic matter containing 
pigeon and bird excreta, C. gattii is found primarily in 
tropical and subtropical regions and has been associated 
with several spp. of eucalyptus trees an causes infection in 
immunocompetent hosts. 

C. neoformans is neurotropic and most patients with 
cryptococcal meningitis suffer from defective cellular 
immunity.  T he infection is seen most frequently in 
association with lymphomas, AIDS, transplant recipients, 
and patients on corticosteroid therapy (Khawcharoenporn 
et al., 2007 a).  In the 1980s (the age of AIDS), 
cryptococcosis emerged as an important opportunistic 
infection occurring in 5-10% of AIDS patients in the US, 
Europe, and Australia (Bicanic and Harrison, 2004).  With 
increased use of fluconazole for oral candidiasis and the 
advent of highly active antiretroviral therapy (HAART) in 
the mid-1990s, the annual incidence of cryptococcosis has 
markedly decreased in the developed countries.  F or 
example, in Atlanta/Georgia in the US, the incidence of 
cryptococcosis dropped from 66 cases/1000 AIDS patients 
in 1993 to only 7 cases/1000 in 2000 (Mirzak et al., 2003).  
In a r ecent review of cryptococcal infections in HIV-
negative patients, splenectomy was reported to be a r isk 
factor in 3% of cases (Qazzafi et al., 2007).  Other groups 
at risk of cryptococcosis are organ transplant recipients on 
immunosuppressive therapy and patients with sarcoidosis 
or lymphoproliferative disorders.  In a cohort of 306 HIV-
negative patients with cryptococcosis, the predisposing 
conditions were steroids (28%), organ transplantation 
(18%), chronic organ failure (Liver, kidney, lung)(18%), 
malignancy (18%) and rheumatological diseases (13%) 
(Pappas, et al., 2001); in 22% of patients in the study 
group no predisposing factor was identified. 

Traditionally, non-neoformans cryptococci have been 
regarded as saprophytes and rarely reported as human 
pathogens (Khawcharoenporn et al., 2007b).  H owever, 
the incidence of infection due to such organisms has 
increased over the last few decades with Cryptococcus 
albidus being responsible for 80% of reported cases.  
Impaired cell-mediated immunity is an important risk 
factor for non-neoformans cryptococcal infections and 
prior azole prophylaxis accounts for increased incidence of 
resistance being noted.  Cryptococcus gattii causes disease 
in immunocompetent hosts in a geographically restricted 
area in Australia (Richardson and Lass-Florl, 2008; 
Bicanic and Harrison, 2004).  Recently, invasive C. gattii 
infections in immunocompetent hosts have been reported 
in Western Canada, mainly Vancouver Island (Lindberg et 
al., 2007) and the North West region of the USA. The 
organism, which is thought to thrive only in tropical 
regions, has been recovered in some temperate climate 
zone countries. 

2.3. Pathogenic YeastïLike fungi 

The frequency of invasive mycoses due to rare and 
emerging opportunistic yeast-like fungi has increased 
significantly over the last two decades (Richardson and 
Lass-Florl, 2008; Pfaller and Diekema, 2004a; Walsh et 
al., 2004).  S uch organisms may occupy environmental 
niches, found in food and water, or exist as normal human 
microflora.  T he list of opportunistic yeast-like fungi is 
long; hence, this discussion will be limited to three genera 
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that pose particular medical problems.  N amely, 
Trichosporon, Rhodotorula, and Geotrichum capitatum 
(G. capitatum or Blastoschizomyces capitatum as it is  
commonly known) (Richardson and Lass-Florl, 2008; 
Pfaller and Diekema, 2004a; Konotoyiannis et al., 2004; 
Girmenia et al., 2005; Makela et al., 2003). 

2.3.1.  Trichosporon Species 
Trichosporon is a genus of basidiomycetous yeasts that 

inhabits the soil and colonizes human skin and GI tract (Li 
et al., 2005).  P reviously, all pathogenic members of the 
genus Trichosporon were regarded as members of a single 
species (Trichosporon beigelii).  More recently however, 
with biochemical and morphologic differences within the 
genus being increasingly appreciated, T. beigelii has been 
regrouped into several distinct species.  Greater than eight 
of which have the potential to cause human disease; 
namely, T. asahii, T. inkin, T. asteroids, T. cutaneum, T. 
mucoides, T. ovoides, T. pullulans, and more recently T. 
loubieri (Li et al., 2005).  While T. asahii and T. mucoides 
cause deep invasive and disseminated infections, T. 
asteroids and T. cutaneum cause superficial skin 
infections, T. ovoides causes white piedra of the scalp, and 
T. inkin causes white piedra of the pubic hair (Walsh et al., 
2004; Flemming et al., 2002; Middelhoven, 2003; Marty et 
al., 2003). T. faecale was isolated from the skin of a 
patient with tinea pedis in Germany (Hahner et al., 2008) 
and T.loubieri has been associated with mycosis in patients 
with adult polycystic kidney disease (Padhye et al., 2003).  
T. mycotoxinivorans is a newly recognized human 
respiratory pathogen with high predilection for patients 
with cystic fibrosis (Hicket et al., 2009).  Additionally, T. 
montevideense and T. domesticum have also been 
implicated in summer-type hypersensitivity pneumonitis 
(Nishiura et al., 1997; Sugita et al., 1998).   

Risk factors for infection include immunosuppression, 
disruption of mucosal integrity, and CVCs.  N eutropenic 
cancer patients on c ytotoxic therapy are among the high 
risk groups of developing trichosporonosis.  Furthermore, 
it has been reported that 63% of 287 Trichosporon cases 
had an underlying hematological malignancy (Girmenia et 
al., 2005) suggesting that hematological malignancies 
represent a major risk factor for trichosporonosis.  I n 
contrast, disseminated trichosporonosis is less common in 
patients with solid-organ transplants (SOT), AIDS, or 
burns, and in premature babies. 

Overall rates of mortality due to infections by 
Trichosporon spp are high; they range between 60-80% 
(Walsh et al., 2004; Flemming et al., 2002).  H owever, 
recent improvement in diagnosis, treatment, and 
prevention measures are bringing these rates down.  

2.3.2. Rhodotorula Species 
Rhodotorula spp. are yeast-like fungi that belong to the 

family Cryptococcaceae, sub-family Rhodotorulodea. 
These encapsulated basidiomycetes are being increasingly 
recognized as important human pathogens (Lo Re, el al, 
2003; Thakur et al., 2007; De Almeida et al., 2008; 
Baradkar and Kumar, 2008; Shinde et al., 2008; Hsueh et 
al., 2003; Fung et al., 2008; Riedel et al., 2007; Zaas et al., 
2003).  Many species of the genus Rhodotorula have been 
described.  R. rubra, R. glutinis, R. mucilaginosa, and R. 
minuta have been implicated as causes of meningitis, 

endocarditis, ventriculitis, peritonitis, fungemia, CVC-
related infections, and keratitis (De Almeida et al., 2008; 
Baradkar and Kumar, 2008; Shinde et al., 2008; Hsueh et 
al., 2003; Fung et al., 2008; Riedel et al., 2007; Zaas et al., 
2003).  They exist as commensals on the skin, nails, and 
mucous membranes (Pfaller and Diekema, 2004a; 
Richardson and Lass-Florl, 2008). While Rhodotorula 
strains appear to be less virulent than the more common 
yeast pathogens (Candida and Cryptococcus neoformans), 
Rhodotorula infections have been associated with a crude 
mortality rate of up t o 15% (De Almeida et al., 2008).  
They can also cause sepsis and other life-threatening 
complications (Pfaller and Diekema, 2004a; Richardson 
and Lass-Florl, 2008).  Risk factors include CVC and 
malignancies (Pfaller and Diekema, 2004a).  De Almeida 
et al. (2008) and Tuon et al. (2007) reported that in 88 
cases of CVC-related fungemia due to Rhodotorula spp, 
all but one patient had an underlying disease state; most 
commonly cancer (78.4%).  R. mucilaginosa was the 
species most frequently recovered (75%) followed by R. 
glutinis (6%).  Rhodotorula BSIs can be successfully 
managed with line removal, antifungal therapy, or 
combinations of both. 

2.3.3. Geotrichum capitatum  

Geotrichum capitatum (formerly known as 
Trichosporon capitatum or Blastoschizomyces capitatus) is 
an uncommon, but frequently fatal, cause of IFIs in 
immunocompromised patients, particularly those with 
hematological malignancies (Pfaller and Diekema, 2004a; 
Richardson and Lass-Florl, 2008; Girmenia et al., 2005; 
Bouza and Munoz, 2004; Martino et al., 2004).  I t is 
widely distributed in nature and may be found as part of 
the normal skin flora.  In a retrospective multicentre study 
from Italy, the incidence of G. capitatum infections among 
patients with acute leukemia was reported at 0.5% with a 
55.7% crude mortality rate (Girmenia et al., 2005).  
Infection of neutropenic patients with G. capitatum 
presents in a manner similar to that of Trichosporon 
infections; i.e., frequent breakthrough infection (36% of 
episodes), frequent fungemia with multi-organ (including 
brain) dissemination, and a m ortality rate of 60-80% 
(Martino et al., 2004); blood cultures are usually positive. 
As with Trichosporon infections, chronic disseminated G. 
capitatum infections may be seen upon r esolution of 
neutropenia.   

3.  Pathogenic Filamentous Fungi 

3.1. Aspergillus Species 
Although the genus Aspergillus contains approximately 

175 species, only A. fumigatus, A. flavus, A. terreus, A. 
niger and A. nidulans are associated with human disease 
(Pfaller and Diekema, 2004 a; Richardson and Lass-Florl, 
2008; Maschmeyer et al., 2007).  The conidia or spores are 
easily released into the atmosphere to reach the lung 
alveoli (Richardson and Lass-Florl, 2008); breathed air is a 
major route of transmission.  I nvasive aspergillosis (IA) 
occurs almost exclusively in immunocompromised 
individuals.  Infections have frequently been described in 
patients with hematological malignancies, SOT recipients, 
and patients undergoing chronic intermittent hemodialysis 
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(IA in the later case has been linked mainly to Aspergillus 
spp-contaminated hospital ventilation systems).  Over the 
last 10 years, A. fumigatus has become the most prevalent 
airborne fungal pathogen accounting for >90% of human 
fungal infections (Maschmeyer et al., 2007; Singh and 
Paterson, 2005; Denning, 1998; Rosenhagen et al., 2009).  
IA is currently responsible for approximately 30% of 
fungal infections in patients dying of cancer; it also occurs 
in 10-25% of all leukemia patients where post-treatment 
mortality rate is 80-90% (Rosenhagen et al., 2009; 
Denning, 1995; Verweij and Denning, 1997). 

Risk factors for IA include prolonged and profound 
neutropenia, high-grade graft- versus-host diseases 
(GVHD), use of corticosteroids, age >40 years, and receipt 
of stem cells from HLA-mismatched donors (Shao et al., 
2007; Nivoix et al., 2008; Marr et al., 2002) (table 4).  
Aspergillosis remains particularly common in 
hematopoietic stem cell transplant (HSCT) recipients and 
patients with advanced AIDS.  I t is also emerging as a 
serious outcome of immunosuppression, especially that 
rendered by new and more effective generations of 
immunosuppressives like infliximab (Pfaller et al., 2006; 
Patterson, 2005).  Rates of Aspergillus infection in HSCT 
recipients and in SOT recipients have been reported at 2-
26% and 1-15% respectively.  R ates of mortality in 
transplant recipients due to IA range between 74-92%.  
Some have suggested that about 9-17% of deaths that 
occur in transplant recipients during the first year can be 
attributed to IA (Singh and Paterson, 2005).  Pagano et al. 
(2007) have reported that IA rate of infection in 3000 
transplant recipients was 2.8% (91 cases) and that the 
mortality rate within this subgroup was about 72%.  Other 
studies have reported higher incidence; a Spanish study 
(Martino, et al., 2002) reported a rate of infection of 8.1%.  
Recent US series (Upton et al., 2007) have put IA-related 
mortality rates at 2.5%. 

Globally speaking, the incidence of IA is about 1.4%; it 
is somewhat higher in lung transplant recipients (3%), 
heart transplant recipients (2.4%) (Gavalda et al., 2005), 
and liver transplant recipients (1.5-10%) (Rosenhagen et 
al., 2009).  I n general terms, IA is associated with high 
rates of mortality, which exceeds 50% according to many 
reports (Pfaller et al., 2006; Shao et al., 2002; Nivoix et 
al., 2008).  H igher mortality rates were noted in HSCT 
recipients compared with SOT recipients (68% vs 41%) 
and in neutropenic patients compared with non-
neutropenic counterparts (89% vs. 60%) (Cornillet et al., 
2006).  Aspergillosis is also emerging as a serious form of 
mycosis in the ICU; it has been reported that the incidence 
of aspergillosis in the ICU is 2.7-58 cases/1000 admissions 
with a mortality rate of 75-95% (Meersseman et al., 2007).  
Most infected patients present chronic obstructive 
pulmonary disease and receive high-dose corticosteroids 
(Meersseman et al., 2007). 

Infections by non-fumigatus Aspergillus spp. are 
becoming increasingly common as well (Shao et al., 2002; 
Singh and Paterson, 2005).  T his is especially true with 
regard to infections caused by A. terreus (Meersseman et 
al., 2007; Howard et al., 2009; Steinbach et al., 2004; 
Lass- Florl et al., 2005), which has been recently 
recognized as a cau se of frequently lethal infections and 
which tends to be resistant to amphotericin B (Richardson 

and Lass-Florl, 2008; Pfaller and Diekema, 2004a).  In 
some cases, hospital-born A. flavus infections are 
becoming more common than those caused by A. 
fumigatus; the reason(s) for this trend are not readily 
apparent (Hedayati et al., 2007).  C ommon clinical 
syndromes that associate with A. flavus infections include 
chronic granulomatous sinusitis, keratitis, cutaneous 
aspergillosis, wound infections, and osteomyelitis (Shao et 
al., 2002; Richardson and Lass-Florl, 2008; Pfaller and 
Diekema, 2004a).  Additionally, A. flavus produces 
aflatoxin, which is an extremely toxic and potent 
hepatocarcinogen.  I nfections caused by a r ecently 
recognized spp. of Aspergillus (A. lentulus) have been 
reported (Balajee et al., 2006; Ando et al., 2008).  Recent 
studies have shown that new triazoles like voriconazole 
and posaconazole are more effective than fluconazole in 
preventing and treating IA cases in HSCT recipients or 
those with GVHD (Shao et al., 2002; Richardson and 
Lass-Florl, 2008; Abu-Elteen and Hamad, 2007). 
Table 4.  Co-morbid conditions for aspergillosis and mold 
infections in high-risk patients 

 
Hematological 
malignancies 

Organ transplant patients 

Leukaemia  
Myelodysplastic 
syndrome 
Stem ï  
cell transplant  
GvHDa (acute  
and chronic)  
Prolonged 

neutropenia 
 Induction 
chemotherapy  
Fungal 
colonization  
Local 
epidemiology  
Steroid 
prophylaxis  
Neutrophil 
dysfunction  
Cytotoxic drugs  
Infliximab 
Alemtuzumab  
T- cell depletes 
stem ï cell 
products 
CD34-selected 
stem cell products 
Diabetic 
ketoacidosis b 
Iron overload b 
Diabetes mellitusb  
Deferoxamine 
therapy b  
Skin breakdown b  

Lung, Liver, heart, renal  
Acute and chronic 
rejection 
Steroids  
Haemodialysis  
Tacrolimus  
Renal failure  
Cytomegalo virus 
(CMV) 
Re ï transplantation  
Splenectomy 
Alemutuzumab 
Local epidemiology  
Diabetic ketoacidosis b  
Iron overload b  
Diabetes mellitus b  

Deferoxamine therapy b  
skin breakdown b  

aGvHD, Graft vs. host disease.  
bRelates to mucormycosis 
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3.2.  Filamentous Fungi-Beyond Aspergillus 

 Other genera of filamentous fungi such as 
Scedosporium spp., Fusarium spp., Paecilomyces spp., 
dematiaceous fungi (e.g. Alternaria spp.), and the 
mucorales group (Mucor spp., Rhizopus spp., Rhizomucor 
spp., Absidia spp., and Cunninghamella spp.) are currently 
recognized as emerging opportunistic human pathogens 
(Shao et al., 2002; Richardson and Lass-Florl, 2008; 
Cortez et al., 2008; Nucci and Anaissie, 2007).  Infections 
due to these opportunistic molds are usually marked by 
poor responses to antifungal therapy, in vitro resistance to 
most available antifungals, and an overall poor outcome 
with excessive mortality. 

3.2.1. Scedosporium Species  
 Within the genus Scedosporium, Scedosporium 

apiospermum (teleomorph, Pseudallescheria boydii) and 
S. prolificans are ubiquitous filamentous fungi that live in 
soil, sewage, and polluted waters.  S cedosporiosis 
represents a broad spectrum of clinical diseases caused by 
agents of the genus Scedosporium.  I nfections caused by 
these organisms can be localized, extend to the 
surrounding tissues, or disseminate to distant organs.  The 
range of diseases caused by these fungi is broad, ranging 
from transient colonization of the respiratory tract to 
saprophytic involvement of abnormal airways, allergic 
bronchopulmonary reaction, and invasive localized 
disease.  These infections occur mainly in the skin and soft 
tissues but could extend to tendons, ligaments, and bone 
(mycetoma).  Septic arthritis, osteomyelitis, 
lymphocutaneous syndrome, pneumonia, endocarditis, 
peritonitis, chorioretinitis, and endophthalmitis are 
possible outcomes.  I n individuals who experience near-
drowning accidents, P. boydii and S. apiospermum should 
always be considered in the differential diagnosis of any 
post-accident infections, especially if pneumonia or brain 
abscess ensues. Scedosporium apiospermum and S. 
prolificans, represent two medically-important antifungal-
resistant opportunistic pathogens.  S. apiospermum causes 
mycetoma and deep-seated infections (e.g. CNS abscesses) 
and could disseminate in neutropenic bone marrow 
transplant (BMT) recipients and immunosuppressed 
individuals; crude mortality rate is about 55% (Cortez et 
al., 2008, Mellinghoff et al., 2002; Nesky et al., 2000; 
Perlroth et al., 2007).  S. prolificans causes bone and soft 
tissue infections in immunocompetent individuals and 
deeply invasive and disseminated infections in 
immunocompromised patients with a crude mortality rate 
of 90% (Perlroth et al., 2007).  Surgical resection remains 
the only definitive therapy for S. prolificans infections 
(Walsh et al., 2004; Cortez et al., 2008). 

3.2.2. Fusarium Species 
Like Aspergillus, Fusarium spp. are fungi with hyaline-

branched septated hyphae (Richardson and Lass-Florl, 
2008; Pfaller and Diekema, 2004 a; Cuenca-Estrella et al., 
2008; Caston-Osorio et al., 2008; Nucci and Anaissie, 
2007).  Of all filamentous fungi, Fusarium spp. remain the 
second most common cause of invasive disease in 
immunosuppressed patients (Nucci, and Anaissie, 2007).  
Besides classical risk factors (neutropenia, GVHD, and 
immunosuppression), recent findings suggest that hospital 

water systems may play a significant role in the 
transmission of these pathogens (Nucci and Anaissie, 
2007; Dignani and Anaissie, 2004; Anaissie et al., 2001).  
Furthermore, fusariosis frequency is higher in patients with 
hematological malignancies and in HSCT recipients 
(Nucci and Anaissie, 2007; Dignani and Anaissie, 2004).  
Clinical manifestations of fusariosis are more often 
characterized by cutaneous involvement and fungemia 
than those of Aspergillus spp.  However, fusariosis cannot 
be always distinguished from IA with high enough 
confidence on t he basis of clinical manifestations alone 
(Nucci and Anaissie, 2002).  Typical presentation of 
disseminated fusariosis includes positive blood culture (up 
to 75%) and the appearance of multiple purpuric cutaneous 
nodules with central necrosis (Nucci and Anaissie, 2007; 
Nucci et al., 2004; Dignani and Anaissie, 2004; Walsh et 
al., 2004).  Infections by Fusarium spp. usually associate 
with high mortality that is due in part to high rates of 
resistance to available antifungals.  

3.2.3. Acremonium 
Acremonium spp. are becoming increasingly 

recognized as opportunistic fungal pathogens.  M ajor 
predisposing factors for infection include prolonged 
corticosteroid therapy, splenectomy, and bone marrow 
transplantation with subsequent tacrolimus-dependent 
immunosuppression (Richardson and Lass-Florl, 2008; 
Pfaller and Diekema, 2004a).  Following entry through 
penetrating injuries, they can cause foot mycetomas and 
corneal infections even in immunocompetent hosts.  
Greater than 35 cases of Acremonium-related infections 
have been described in adults (Schinabeck and Ghannoum, 
2003) and >15 cases (excluding mycetoma and keratitis) 
have been documented in children (Miyakis et al., 2006).  
Among Acremonium spp., A. strictum is the most 
commonly identified species in children and adults.  The 
presence of adventitious forms of A. strictum provides a 
mechanism for hematological spread and dissemination. 
Fungemias caused by A. strictum has been reported mainly 
in neutropenic patients (Schinabeck and Ghannoum, 
2003). 

3.2.4. Paecilomyces 

Paecilomyces are cosmopolitan filamentous fungi that 
inhabit the soil, decaying plants, and food products.  
Member species are usually considered as contaminants; 
however, some can cause infection in humans and animals.  
The genus Paecilomyces contains several species including 
the emerging pathogens P. lilacinus and P. variotii 
(Richardson and Lass-Florl, 2008; Pfaller and Diekema, 
2004a; Pastor and Guarro, 2006).  P. lilacinus tends to 
cause devastating oculomycosis and other severe human 
infections (Pastor and Guarro, 2006). It usually shows low 
susceptibility to conventional antifungals and variable 
susceptibility to novel triazoles in vitro.  Around 120 cases 
of human P. lilacinus infections have been reported 
between 1964 and 2004.  Most of which were 
oculomycosis (51.3%) and cutaneous and subcutaneous 
infections (35.3%); the rest (13.4%) were miscellaneous 
infections.  D irect cutaneous inoculation can lead to 
infections that involve a variety of human organ systems.  
Pulmonary and cutaneous infections, cellulitis, 
onychomycosis, otitis media, endocarditis, osteomyelitis, 
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and catheter-related fungemia have all been reported 
(Pastor and Guarro, 2006).  Peritonitis and sinusitis are the 
most common infections caused by P. variotii. 

Different infections are usually associated with varying 
sets of predisposing factors.  In that, while oculomycosis 
associates with lens implantation, cutaneous and 
subcutaneous infections occur in SOT and BMT recipients, 
neutropenic and immunodeficient hosts, and patients 
undergoing surgery.  I nfections in apparently 
immunocompetent hosts have also been reported.  T he 
following reported case is cited to serve as an illustration 
of the predisposition to, infection by, and manifestation 
and diagnosis of P. lilacinus infections.  A  male of 56 
years of age presented with a 2 -month history of painful 
erythematous nodules over the right knee 12 months after 
receiving a liver transplant.  S everal biopsies yielded a 
mold that was initially (phenotypically) identified as a 
Penicillium, subsequent molecular sequence analysis 
however determined the etiologic agents to be P. lilacinus.  
Skin and soft tissue infections were the most common 
presentation (Pastor and Guarro, 2006; van Schooneveld et 
al., 2008; Pfaller and Diekema, 2004a).  Surgical 
debridement combined with drug therapy or correction of 
the predisposing factor(s) is usually required for 
measurable improvement. 

3.2.5. Trichoderma 
Trichoderma spp. have traditionally been employed in 

the biotechnology industry as sources of enzymes and 
antibiotics.  T hey have also been used in agriculture as 
plant growth promoters and biofungicides.  H owever, 
mounting epidemiological data suggests that these 
previously nonpathogenic spp., are emerging as important 
opportunistic pathogens in immunocompromised patients 
and in patients undergoing peritoneal dialysis (Pfaller and 
Diekema, 2004a; Richardson and Lass-Florl, 2008).   I t is 
now recognized that fatal disseminated disease due to 
Trichoderma longibrachiatum occurs in patients with 
hematologic malignancies and in BMT or SOT transplant 
recipients (Chouaki et al., 2002).  

3.3. Mucormycosis 
 Mucormycosis (formerly zygomycosis) is the 

term used to describe a group of frequently lethal mold 
infections that have a predilection for diabetic patients, 
patients on s teroid therapy, and severely 
immunocompromised hosts (such as HSCT recipients) 
(Bitar et al., 2009; Spellberg et al., 2005; Chayakulkeeree 
et al., 2006).  The majority of human infections are due to 
fungi that mostly belong to the genera (or principal 
species) Rhizopus (R. arrhizus), Mucor (M. circinelloides), 
Rhizomucor (R. pusillus), Cunninghamella (C. 
bertholletiae), and Absidia (A. corymbifera).  Despite the 
emergence of mucormycosis as a s ignificant cause of 
mycosis, it remains much less frequent than other (more 
common) forms like invasive aspergillosis.  The incidence 
figures are difficult to collect as few national studies have 
been undertaken; however, the annual incidence rate of 1.7 
cases/million is the estimated figure in the US (Pfaller and 
Diekema, 2004a; Richardson and Lass-Florl, 2008; Bitar et 
al., 2009, Spellberg et al., 2005; Chayakulkeeree et al., 
2006).  Mucormycosis are generally acute and rapidly 
progressive with mortality rates of 70-100% (Gonzalez et 

al., 2002).  T he molds that cause entomophthoramycosis 
(Conidiobolus spp. and Basidiobolus spp) also belong to 
the class Zygomycetes.  They principally cause nasal, 
facial, and other subcutaneous infections, which may 
become persistent but rarely disseminate.   Such infections 
are rarely encountered outside of West Africa, India, and 
Central and South America (Pfaller and Diekema, 2004a; 
Richardson and Lass-Florl, 2008; Spellberg et al., 2005; 
Chayakulkeeree et al., 2006).   

 Inhaled infectious spores may establish an 
infection in the sinuses; less common routes of acquisition 
include the intestinal tract (by ingestion) or the skin 
(through breaches).  T he fact that mucormycosis is less 
common than IA suggests that these pathogens possess 
fewer (and/or milder) virulence factors (Spellberg et al., 
2005; Chayakulkeeree et al., 2006).  A review of 929 cases 
of mucormycosis reported in the literature up to 2004 has 
indicated that a majority of the cases associate with type 2 
diabetes mellitus, a sizable portion associate with unknown 
risk factors, and a m inority of cases associate with 
malignancy (Roden et al. (2005).  That said, the number of 
cases that associate with malignancy, HSCT, and 
intravenous drug abuse has been on the rise for over three 
decades.  R hinocerebral mucormycosis was more 
commonly associated with diabetes, whereas pulmonary 
infection occurred more often in those with malignancy.  
Multivariate analysis revealed that independent risk factors 
for increased mortality include disseminated infection with 
Cunninghamella spp. as the causative agent and renal 
failure.  A ntifungal therapy and surgery were 
independently associated with decreased mortality risks 
(Rogers, 2008). 

 In a retrospective review of 15 patients with 
mucormycosis diagnosed at a non-oncology tertiary 
referral centre between 1999 and 2004 (Sims and 
Ostrosky-Zeichner, 2007), it was found that 9/16 episodes 
were associated with diabetes mellitus, whereas trauma, 
vascular disease, steroid therapy, and neutropenia 
constituted the rest of contributory conditions.  T en 
episodes were due to Rhizopus spp. and six were due to 
Mucor spp.  C ommon sites of infection include wounds, 
rhinocerebrum, and pulmonary and peritoneal areas.  The 
noticeably significant increase in the incidence of 
mucormycosis between 2000 a nd 2003 coincided with 
increased use of voriconazole; hence the possible link 
between drug overuse and predisposition to mucormycosis 
(Trifilio et al., 2007; Almyroudis et al., 2007).  

3.4. Dematiaceous molds (Phaeohyphomycosis) 

 The long and taxonomically-diverse list of 
infections caused by dematiaceous (pigmented thick-
walled) fungi are grouped under phaeohyphomycosis.  
Dematiaceous molds are characterized by the presence of a 
pale brown-dark melanin-like pigment in the cell wall.  
They may cause a variety of cutaneous and subcutaneous 
infections in immunocompetent hosts and invasive or 
disseminated infections in immunocompetent and 
immunocompromised hosts (Pfaller and Diekema, 2004a; 
Richardson and Lass-Florl, 2008; Caston-Osorio et al., 
2008; Negroni et al., 2004; Revankar et al., 2004).  T he 
number of dematiaceous molds being reported as etiologic 
agents of phaeohyphomycosis is growing; several of which 
target the nervous system (Caston-Osorio et al., 2008; 
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Walsh et al., 2004; Revankar et al., 2004); hence the 
descriptive name ñneurotropic fungiò.  C ommon 
neurotropic fungi include Cladophialophora bantiana, 
Bipolaris spicifera, Exophiala spp., Wangiella 
dermatitidis, Ramichloridium obovoideum, and 
Chaetomium atrobrunneum (Revankar et al., 2004). Brain 
abscess is the most common CNS presentation. However, 
Bipolaris spp. and Exerohilum rostratum infections may 
initially present as sinusitis to then extend into the CNS 
(Revankar et al., 2004; Yehia et al., 2004).  

3.5. Histoplasmosis 
Histoplasmosis or Darling's disease is pulmonary 

mycosis caused by the soil-inhabiting dimorphic fungus 
Histoplasma capsulatum.  There are two varieties of H. 
capsulatum that are pathogenic to humans; H. capsulatum 
var. capsulatum and H. capsulatum var. duboisii.  H. 
capsulatum var. farciminosum represents a t hird variety 
that is recognized as an equine pathogen (Kauffman, 2007; 
2009).  Although H. capsulatum var. capsulatum occurs in 
many different parts of the world, it is most commonly 
encountered in North and Central America and in Europe 
(Kauffman, 2007; 2009).  H. capsulatum var. duboisii 
occurs in Africa; cases that have been reported in Europe 
were related to Africans visiting Europe for treatment 
purposes.   In the United States, H. capsulatum is endemic 
in the Mississippi and the Ohio River valleys.  I t also 
exists in localized foci in many Middle Eastern countries.  
Soil containing large amounts of bird or bat guano 
supports the growth of these molds (Kauffman, 2009). 

Humans acquire H. capsulatum infections during 
occupational or recreational activities in areas where the 
pathogen is highly endemic (disrupted soil, accumulated 
dirt and guano in old buildings and bridges, or in caves 
where bats roost) (Kauffman, 2007; 2009). Most 
individuals with histoplasmosis are asymptomatic; 
symptomatic episodes manifest within 3-17 days after 
exposure.  Most affected individuals have clinically silent 
manifestations and show no apparent ill effects (Kauffman, 
2007; 2009).  The acute phase is characterized by non-
specific respiratory (cough or flu-like) symptoms.  C hest 
X-ray findings are unremarkable in 40ï70% of cases.  In 
some cases, chronic histoplasmosis may resemble 
tuberculosis; disseminated histoplasmosis affects multiple 
organ systems and is often fatal unless treated.  S evere 
infections can cause hepatosplenomegaly, 
lymphadenopathy, and adrenal enlargement.  L eakage 
from scar tissues left on the retina following ocular 
histoplasmosis damages the retina and could result in loss 
of vision.  Immunosuppressed patients and those unable to 
develop effective cell-mediated immunity against the 
organism are likely to manifest symptomatic disease 
during acute/disseminated episodes (table 5) (Kauffman, 
2007; 2009). 

Table 5. A tentative tally of the common risk factors for 
disseminated histoplasmosis 

Risk factor 

Age (infants) 

AIDS 

Hematologic malignancies 

Solid organ transplant 

Hematopoietic stem cell transplant 

Immunosuppressive agents 

Corticosteroids 

Tumor necrosis factor antagonists 

Congenital T-cell deficiencies 

Gamma interferon receptor deficiency 

Hyperimmunoglobulin M syndrome 

4.  Recent Advances in Fungal Species Identification 

Correct and timely identification of fungal clinical 
isolates is an essential component in the management of 
patients with invasive fungal infections; this is particularly 
true for the immunocompromised and the critically-ill.  
Recent advances in fungal genomics is helping in this 
regard as PCR-based identification of clinical isolates is 
proving to be far superior as compared to conventional 
biochemical identification panels (e.g. API-20C-AUX, 
VITEK ID-YST, and so on).   Pyrosequencing is a 
relatively inexpensive, extremely rapid DNA sequencing 
method that uses novel chemistry to sequence short (>70-
bp) fragments within pre-selected regions of the genome in 
question (Borman et al., 2010; Montero et al., 2009).  
Several studies suggest that pyrosequencing could be a 
very productive approach for the identification of 
medically important yeasts (Boyanton et al., 2008; 
Gharizadeh et al., 2004; Montero et al., 2008).  
Pyrosequencing of a short segment within the internal 
transcribed spacer 2 region (ITS2) was shown capable of 
accurately distinguishing C. glabrata from its close genetic 
relative C. nivariensis (Borman et al., 2008b).  I TS2 
pyrosequencing has also been reported capable of 
discriminating between C. parapsilosis, C. orthopsilosis, 
and C. metapsilosis (Borman et al., 2009).  A nother 
promising target region for comparative pyrosequencing of 
various Candida species is the D1-D2 segment of the 
nuclear 28S large rRNA gene (Andrew et al., 2008b; 
Borman et al., 2010).  T he utility of pyrosequencing in 
large-scale comparative studies aiming at distinguishing 
closely-related and disparate pathogenic fungi and at 
identifying rare yeast species has been demonstrated 
(Ghannoum et al., 2010; Borman et al., 2010; Montero et 
al., 2009).  E mploying a pyrosequencing approach, 
Ghannoum and co-workers (2010) were able to 
characterize the profile of the oral microbiome 
(mycobiome) in healthy subjects.  T he mycobiome 
characterized in their study consisted of 85 different fungal 
genera and 101 different fungal species. 
 

 

http://en.wikipedia.org/wiki/Acute_(medical)
http://en.wikipedia.org/wiki/Retina
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1797635&rendertype=table&id=t2
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5. Conclusion 

Common human fungal infections are on t he rise and 
fungal species that have been classically labeled as mildly-
pathogenic or nonpathogenic are emerging as serious 
pathogens.  Coccidioidomycosis (Cox and Magee, 2004), 
paracoccidioidomycosis (Travassos et al., 2007), 
blastomycosis, and unusual fungal and pseudofungal 
infections (Pfaller and Diekema, 2005) are cases in point.  
This trend is strongly associated with improvements in 
disease management, improvements in the diagnosis of 
infections and infectious diseases, overuse/misuse of 
antifungals and antibiotics, and resistance to existing 
antifungal drugs.  It is also aided by increased resistance to 
and limited efficacy of existing antifungal drugs.  S low 
progress in developing more effective and safer 
antifungals and the striking lack of fungal vaccines are not 
helping either.  T herefore, use of definitive diagnostic 
procedures, rational application of available antifungals, 
and prudent management of patients at risk are the more 
imperative.   
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Abstract 

The activity of carboxyl esterase (CE) and the distribution of esterase isozymes in camel, cow, goat, rabbit, rat, and sheep 
tissue aqueous extracts were examined using methyl butyrate (MB) as substrate for measuring activity and non denaturant 
polyacrylamide gel stain after electrophoresis (PAGE) using Ŭ-naphthyl acetate (NA) as the substrate. The order of esterase 
activity was liver > lung > kidney > third stomach > intestine > spleen > heart > plasma > red blood cells. Camel tissues: 
heart, intestine, kidney, liver, lung, spleen, and stomach exhibited esterase specific activity (ESA) for MB, in ɛmol/min/g wet 
tissue, as: 0.67, 2.28, 4.61, 146.0, 29.2, 1.18, and 2.58, respectively. The esterase activity in these tissue extracts exhibited on 
the gel 3, 5, 1, 3, 2, 3, and 6 bands, respectively. Camel RBC and blood plasma showed no activity in gel electrophoresis. 
However, camel blood plasma yielded ESA of 0.42 using MB as substrate. Therefore it is concluded that camel serum 
albumin completely lacks serum esterase-like activity. The range of ESA values in tissue extracts of cow, goat, rabbit, rat, 
and sheep are as lowest to highest: Heart, 2.26 in goat to  3.75 in rabbit; intestine, 1.46 in cow to 12.8 in rat; kidney, 1.45 in 
cow to 14.6 in rabbit; liver, 73.4 in cow to 343 in rabbit; lung, 1.35 in goat to 14.6 in rat; spleen, 2.54 in cow to 3.44 in rat; 
stomach, 1.37 in cow to 3.13 in goat; RBC, 0  in all; plasma, 0.64 in cow to 3.99 in rat. The number of activity bands on the 
gel by each tissue ranged from one for cow kidney and spleen to nine for sheep intestine and stomach.  

Keyworda: Camel esterase, camel esterase polymorphism, esterase polymorphism,  mammalian esterase, mammalian 
esterase polymorphism, esterase distribution in mammalian tissues. 
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1. Introduction      

Mammalian esterases are known to exhibit an extensive 
heterogeneity and they belong to the enzymes class 
hydrolases (EC.3). They hydrolyze simple and mixed ester 
bonds (Walker and Mackness, 1983). In studied 
mammalian systems, the highest esterase activity is found 
in liver (Satoh et al., 2002). Also esterase activity has been 
found in rat kidney (Tsujita et al., 1988), submandibular 
glands (Khullar et al., 1986), intestine (Swell et al., 1950), 
testis (Deimling et al., 1985), skin (Prusakiewicz et al., 
2006), heart, muscle, and blood (Satoh et al., 1998). Also, 
esterases were found in human breast (Banerjee et al., 
1991), serum (Tsujita et al., 1979), erythrocytes (Lee et 
al., 1986; Okuda and Wakabayashi, 1988), gallbladder 
(Kouroumalis et al., 1984), intestine (Khanna et al., 2000), 
saliva (Finer and Santerre, 2004), and colon (Sanghani et 
al., 2003). Mice esterases are found in liver, lung (Oehm et 
al., 1982), kidney (Gºppinger et al., 1978), testis 
(Deimling et al., 1985), and adipose tissue (Soni et al., 
2004). The level of activity in the tissues varies according 
to the type of esterase. For example, human 
caboxylesterase-1, CE-1, (or hCE-1) activity is found in 
the order, liver>> heart> stomach> testis = kidney = 

spleen> colon; while hCE-2 is found in the order, liver> 
small intestine> colon> heart (Satoh et al., 2002). In 
addition to the type of esterase, the distribution order of 
esterases differs from one mammal to another. For 
example, in ox the level of activity was found in the order 
as liver, epididymis, lung, and kidney, while in sheep the 
order was liver, intestine, and epididymis (Holmes and 
Masters, 1968). Furthermore, esterases are present in 
various subcellular organelles. Mammalian CE is localized 
in ER lumen and lysosome (Satoh et al., 2002; Tanaka et 
al., 1987). Other esterases are destined for export into the 
blood plasma; some others are present in the cytosol such 
as brain CE (Satoh and Hosokawa, 1998). Other esterases 
are associated with the cell membrane with its catalytic 
function directed extracellularly. Mentlein et al. (1988) 
found the non-specific esterases in subcellular fractions of 
rat liver. It was found that the relative levels of these 
enzymes were present in the cellular organelles and in the 
order of: smooth ER> rough ER> Golgi vesicles> plasma 
membrane> nuclei> lysosomes> peroxisomes> 
mitochondria> cytoplasm. 

Furthermore, in a mammalian cell, esterases are 
localized in the endoplasmic reticulum (ER) and the 
cytosol of many tissues (Satoh et al., 1998). They are 
involved in the hydrolysis of a wide variety of endogenous 
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and xenobiotic compounds and play an important role in 
drug metabolism (Redinbo and Potter, 2005). Little is 
known about the physiological roles of different esterase 
isoenzymes (Satoh et al., 1998). Nevertheless, esterases 
have been used as markers in a variety of population 
genetics and developmental genetic studies (Hart and 
Cook, 1976). Industrially, esterases are used in detergents, 
clarifying optically active materials, and reducing pitch 
problems during paper manufacturing process (Panda and 
Gowrishankar, 2005). 

 Esterases have been purified from several 
mammalian tissues. Carboxylesterase (CE) isoenzymes 
were purified from liver of camel (Ahmad and Abuerreish, 
2011), liver mouse, hamster, guinea pig, rabbit, and 
monkey (Hosokawa et al., 1990). An esterase called 
esterase 2B was isolated from mouse kidney (Lexow et al., 
1980). Cholesterol esterase had been purified to 
homogeneity from porcine pancreas (Rudd et al., 1987). 
Prior to this study, no e sterase polymorphism has been 
reported in camel tissues. However, it has been shown that 
camel has unique system among the mammals, for 
example, the immunoglobulin in the camel does not have 
light chains (Muyldermans, 2001). It may be worth 
mentioning that camel is considered as vanishing species. 
Therefore, it is important to define the biochemical system 
of this animal, and it is thought that esterase(s) from camel 
may contribute to the understanding of this aspect. In 
addition, studying camel esterases may be useful in certain 
aspects like evolution and veterinary sciences.  

The aims of this study are identification of the 
distribution of esterase activity in various camel tissues 
and its comparison to the distribution in tissues of other 
mammals. 

2. Materials and Methods 

2.1.  Materials 
Chemicals- Bovine serum albumin, Fast Blue RR, 

sodium dodecyl sulfate (SDS), and triton X-100 were 
obtained from British Drug House (BDH), Chemicals Ltd., 
Poole, UK. Acrylamide, bisacrylamide (N, N`-
methylenediacrylamide), glycine, and trichluoroacetic acid 
(TCA) were obtained from Merck, Darmstodt, Germany. 
Hercules, USA. Aminoantipyrine, chromotropic acid, 
Coomassie brilliant blue G-250 (CBB) w ere from Fluka, 
USA.. Tetramethylethylenediamine (TEMED) and 
trihydroxymethyl-amino-methane (Tris) were obtained 
from Riedel-de Ha±n, AG. Bromophenol blue was 
obtained from Matheson Coleman and Bell (MC & B), 
Division of the Matheson Company, Ohio, USA.  Methyl 
butyrate was obtained from M and B, England. Ŭ-Naphthyl 
acetate was obtained from Peking Chemical Works, China. 
All other chemicals were analytical grades, and double 
distilled water was used throughout.  

Instruments- Motor-driven glass-teflon tissue grinder 
(Griffin and George Company, Great Britain). pH meter 
(Pye Unicam Model 290 MK2, UK). Power supply (Power 
Pac Universal, Bio-Rad, USA). Refrigerated centrifuge 
(Martin Christ II, Germany). Vertical Electrophoresis Cell 
(Protean II xi cell, BioRad, USA). Water circulator and 
cooler LAUDA R3, Scientific technical Supplies, 

Germany. UV-9200 spectrophotometer, Biotech 
Engineering Management Company, UK.  

2.2.  Methods 

2.2.1. Collection of Mammalian Tissues 

Tissues of mammals, camel, cow, goat, sheep (Order 
Artiodactyla), rabbit (Order Lagomorpha), and rat (Order 
Rodentia) were obtained immediately after killing the 
animals. The tissues were washed with cold saline solution 
and cut into small pieces. If not used immediately, the 
tissue pieces were packed into plastic bags and stored at ï 
26ęC until use (Bashir, 1981; Abu-Harfeel and Abuerreish, 
1984; Ahmad, 2008; and Ahmad and Abuerreish, 2011).  
The blood was collected in tubes containing EDTA as 
anticoagulant and was kept in ice. 

2.2.2.  Preparation of tissue crude extract, blood plasma, 
and red blood cells (RBC) lysate: 

The tissues (heart, intestine, kidney, liver, lung, spleen, 
and third stomach) was homogenized in Tris/HCl buffer 
(10 mM), pH 8, in 1:1 ratio (w:v) with intermittent 
cooling. The homogenate was centrifuged at 12,000 rpm, 
for 30 m in at 4 ÁC, in Martin Christ II refrigerated 
centrifuge. Blood was centrifuged at 12,000 rpm for 20 
min at 4 ÁC. The plasma (supernatant) was separated from 
the RBCs in the pellet. The RBCs lysate was obtained by 
suspending the cells into an equivalent volume of cold 
double distilled water (Ahmad, 2008; and Ahmad and 
Abuerreish, 2011). 

2.2.3. Protein assay  
Protein concentration was determined according to 

Bradford (1976) using bovine serum albumin (BSA) as 
standard and Coomassie Brilliant Blue as protein-binding 
dye in which the light absorbance was measured at 590 nm 
using 1-cm light path cuvette. 

2.2.4. Esterase assays  

The esterase assay was adopted from the method of 
Tsujita and Okuda (1983). Samples were incubated at 
37°C in water bath with Tris/HCl buffer (10 mM, pH 8). 
Methyl butyrate in Tris buffer (20 mM total concentration) 
was added to the sample to initiate the reaction. The 
reaction mixture (0.5 mL) was incubated for an additional 
time period (this was within the linear range of the 
reaction, depending on the sample source) and then was 
stopped with 0.5 mL of cold 10 %  (w/v) TCA. The 
mixture was centrifuged at 8000rpm for 5 min to remove 
denatured proteins. KMnO4 solution (0.1 mL of 2 %, w/v) 
was added to 0.5 mL of the above supernatant and 
incubated for 5 min at room temperature. After that, 0.1 
mL of 10 % (w/v) NaHSO3 was added followed by 
addition of 4 m L chromotropic acid (0.4 g/ 5 mL water 
with 95mL of 76% (v/v) H2SO4) and boiling for 15 min in 
water bath. Finally, the mixture was cooled and was read 
at 570 nm light wavelength. One unit of the enzyme 
activity (U) is defined as the amount of the enzyme that 
produces 1Õmole of methanol per minute under the 
conditions of the assay.  
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2.2.5. Localization of esterase activity on polyacrylamide 
gel 

Native polyacrylamide gel electrophoresis (PAGE), 
7.5%, using Ŭ-naphthyl acetate as substrate and Fast Blue 
RR was performed according to published methods 
(Tsujita and Okuda, 1983; Pond et al., 1998; Kouroumalis 
et al., 1984).  

PAGE was applied (Weber and Osborn, 1969; 
Laemmli, 1970; Welner et al., 1972) as follows: The 
sample was electrophoresed in the gel (2 mm x 16 cm x 20 
cm) at constant voltage of 100 V, at 4 ÁC, for 12 h. After 
electrophoresis, the gel was removed from the plate and 
immersed in 400 m L Tris/HCl buffer containing 1 m M 
CaCl2 for 5 min. The gel was stained for esterase activity 
by adding Ŭ-naphthyl-acetate, 5mM final concentration in 
the reaction mixture (the substrate was dissolved in 
acetone) of 0.05 M Tris/HCl buffer (pH 7.4) containing 
0.05% (w/v) Fast Blue RR. Staining continued to develop 
the bands. 

Distaining the Gel- The excess stain in the gel was 
removed by immersing it in distaining solution containing 
methanol: acetic acid: water as 5:1:5, respectively. 

3.  Results  

3.1. Esterase activity and its isoenzymes distribution in 
tissues of camel and other mammals 

The homogenates of mammalian tissues were prepared 
as described in methods. Esterase activity was monitored 
using methyl butyrate (see methods). The enzyme activity 
in the tissues of camel, cow, goat, rabbit, rat and sheep is 
presented in Table 1. This activity represents total activity 
of combined isoenzymes.  

The activity in these species was lowest in RBC lysate 
~ 0 (activity was not detected under the conditions of the 
assay). Table 2 summarizes the esterase activity in the 
tissues of the animals used in order of its abundance as 
shown in the left column. The order of the enzyme activity 
relative to its abundance in the animals is given 
horizontally. For example, in liver: rabbit > goat > sheep > 
camel > r at > co w which showed the enzyme specific 
activity, in ɛmol / min/ g wet tissue, 343, 245, 184, 146, 
108, and 73, respectively.   

The profile of activity among isoenzymes towards Ŭ-
naphthyl acetate on P AGE is shown in Figures 1-9. The 
number of phenotypes (isoenzymes) in camel, cow, goat, 
rabbit, rat, and sheep are, respectively, 12, 11, 15, 18, 14, 
and 16. The names of tissues are abbreviated as given in 
the legend of Figure 1.  

Table 3 shows the number of bands and their migration 
order. The bands are numbered according to their anodic 
(+) migration. The slowest band among the nine profiles, 
Figure 1 to Figure 9, is assigned number one. The fastest 
anodic band among the profiles is assigned number 18 
which is the maximum number of total phenotypes 
(variants) found in these mammalian species. Since most 
of the plasma proteins are synthesized in the liver, one 
would not expect to have all the genetic phenotypes 
present in the plasma as observed in Figure 7.  

Table 1. Esterase activity in the mammalian tissues. Tissue 
homogenization and crude extract preparation were as described 
in ñMethodsò. Methyl butyrate was the substrate in the assay. The 
incubation times were 4 min for liver, 30 min for kidney, lung, 
plasma, spleen, heart, RBC lysates, and intestine, and 50 min for 
stomach. One unit of enzyme activity is equal one ɛmole 
methanol produced / min / g tissue under the conditions of the 
assay. 

* RBC lysate.  Statistical analysis- Data averaging was 
performed on six tissue samples of each animal. The standard 
deviation (Ñ) was calculated from a computer-run program.  

Table 2. Esterase specific activity in tissues of mammals that 
were studied in this work. The tissues are arranged vertically 
according to their highest enzyme activity, followed by the 
arrangement of the animals that have the highest to lowest values, 
ɛmol / min /g wet tissue, horizontally. 

* not detected. Ca, Co, G, R, Ra, and S stand for camel, cow, goat, 
rabbit, rat, and sheep, respectively.       
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Table 3. Summary of migration order of esterase isoenzymes in 
the gel as shown in figures 

* TE is Tissue Esterase. Abbreviations are for Heart, Intestine, 
Kidney, Liver, Lung, Red blood cells, blood Plasma, Spleen, and 
Stomach, respectively.   

Figure 1- Heart esterase (HE) isoenzymes in mammals: (Ca), 
Camel, 0.5 mg protein.  (Co), Cow, 0.5 mg protein. (S), Sheep, 
0.29 mg protein. (G), Goat, 0.14 mg protein. (R), Rabbit, 0.14 mg 
protein. (Ra), Rat, 0.14 mg protein. 

Figure 2- Intestinal esterase (IE) isoenzymes in mammals: (Ca), 
Camel, 0.3 mg. (Co), Cow, 0.3 mg. (S) Sheep, 0.3 mg. (G), Goat, 
0.3 mg. (R), Rabbit, 0.1 mg. (Ra), Rat, 0.1 mg. 

 

 

Figure 3- Kidney esterase (KE) isoenzymes profiles of the 
mammals: Each lane contained 0.4 mg protein. 

Figure 4- Profiles of liver esterase (LE) isoenzymes of 
mammalian species: Each lane had 0.1 mg 0.1 mg protein 

Figure 5- Profile of lung esterase (LuE) isoenzymes of 
mammalian species: Each lane in the gel contained 0.2 mg 
protein. Abbreviations of the animal species are the same of those 
in the previous figures. 
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Figure 6- RBC esterase isoenzymes (RbE) in mammalian species: 
Each lane contained 0.5 mg protein applied to the gel. The 
abbreviations are the same of those in the previous figures. 

Figure 7- Blood Plasma esterase (PE) isoenzymes of mammalian 
species: (Ca), Camel, 1.89 mg protein. (Co), Cow, 2.33 mg. 
protein. (S), Sheep, 1.72 mg protein. (G), Goat, 0.55 mg protein. 
(R), Rabbit, 0.76 mg protein. (Rat), Ra, 0.82 mg protein. 

Figure 8- Spleen esterase (SpE) isoenzymes of mammalian 
species:(Ca), Camel 0.3 mg protein. (Co), Cow 1.04 mg protein. 
(S), Sheep 0.9 mg protein. (G), Goat 0.45 mg protein. (R), Rabbit 
0.46 mg protein. (Ra), Rat 0.4 mg protein. 

 

Figure 9- Stomach esterase (StE) isoenzymes of mammalian 
species:(Ca), Camel 0.32 mg protein. (Co), Cow 0.35 mg protein. 
(S), Sheep 0.32 mg protein. (G), Goat 0.32 mg protein. (R), 
Rabbit 0.32 mg protein. (Rat) Ra 0.32 mg protein. 

4.  Discussion 

The results of this study (Table 1) show that liver has 
the highest esterase activity in camel, cow, goat, rabbit, rat, 
and sheep. These findings confirm those reported by 
Hosokawa et al. (1990) in rat, mouse, hamster, guinea pig, 
rabbit, pig, cow, dog, monkey and human and by Holmes 
and Masters (1968) who reported similar results obtained 
from sheep and ox tissues. The distribution level of 
esterase activity in tissues varies among mammals. In this 
study, camel, cow and rat have the lung in second order 
after the liver. Goat and rabbit have the kidney in second 
order. Sheep has the intestine in second order after the 
liver, which is consistent with Holmes and Masters (1968) 
results. As observed in previous studies, the liver, the lung, 
the kidney and the intestine have the highest esterase 
activity reiterating that esterase has an important role in 
detoxification and it works as one of the defense 
mechanism in mammalian bodies. Tsujita et al. (1988) 
studied esterase activity in various rat tissues using methyl 
butyrate as substrate. For unknown reason(s) their values 
were lower than the values obtained in this study. 
However, the present and those of Tsujita et al. (1988) 
gave the same order for esterase distribution in the tested 
tissues. Various methods were performed to identify the 
number of esterase isoenzymes.  

Paul and Fottrell (1961) used starch gel electrophoresis 
while Holmes and Masters (1968) used 7.5% PAGE. 
These procedures gave variable number of esterase 
isoenzymes. For example, Holmes and Masters (1968) 
found that sheep liver, kidney, intestine, lung and heart 
have 7, 11, 8, 6 and 8 esterase isoenzymes, respectively. 
While the present study showed 6, 4, 9, 5, and 2 esterase 
isoenzymes for the same mammals and tissues, 
respectively (Figures 1 to 5). The differences in bands 
intensities in organ tissues could be due to several reasons 
of which is rate of gene expression or to the affinity of the 
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isoenzyme to the substrate used in the given staining 
procedure. Liver microsomal esterases cannot be identified 
by the procedure of this study (Hosokawa et al., 1990; 
Yuet  et al., 1996). The application of methyl butyrate as 
substrate is to assay for carboxyl esterase activity 
(Br¿sehaber, et al., 2007). Among the species of this study 
a number of bands of esterases comigrate on the gel (Table 
3). This indicates that there is homologous amino acid 
sequence of these enzymes on which classification of 
esterases was based on (Satoh and Hosokawa, 1998 ; 
Robbi and Beaufay, 1983). An interesting finding is that 
no esterase activity at least under the conditions of the 
assay is observed in camel RBC or blood plasma, but it is 
seen in those of other animals in this study. RBC lysates of 
cow, goat, rabbit, rat, and sheep yielded 2 bands, 3 bands, 
1 band, 2 bands, and 1 band, respectively. Band 5 has the 
same mobility in that of cow, rat and sheep; and this band 
of the rat has strongest intensity in all bands (Figure 6). 
Camel blood plasma has no bands of activity, but the 
plasma of the cow, goat, rabbit, rat, and sheep showed 3 
bands, 2 bands, 3 bands, 6 bands, 1 band, respectively (Fig 
7). Li et al. (2005) report indicated that human plasma 
contains four enzymes: Butyrylcholinesterase (EC 3.1.1.8), 
paraxonase (EC 3.1.8.1), acetylcholine esterase (EC 
3.1.1.7), and albumin esterase-like. Albumin was reported 
to exhibit esterase-like activity towards p-nitrophenyl 
acetate, Ŭ naphthyl acetate, and ɓ  naphthyl acetate 
(Sakurai et al., 2004), and towards nicotinic acid esters 
(Salvi et al., 1997). The horse (Order Perissodactyla) 
plasma completely lacks the albumin esterase-like activity 
(Peter, 1996; Awad-Elkarim and Means, 1988), while dog, 
rabbit, bovine, rat, and human have this activity. Human 
serum albumin was shown to have the highest activity 
among serum albumin preparations from the studied 
species toward p-nitro-phenyl acetate as substrate (Sakurai 
et al., 2005). Since our study involves activity-stain on 
PAGE, using Ŭ-naphthyl acetate which is a s ubstrate for 
serum albumin-like esterase and carboxyl esterase and in 
the report in which p-nitro-phenyl-phosphate was used 
(Ahmad Abuerreish, 2011) did not give any band for 
camel plasma it is  concluded that camel plasma albumin 
has no esterase-like activity; and in this aspect it is similar 
to the horse. From current studies and Yuet et al. (1996), 
one may conclude that liver does not secrete blood plasma 
carboxyl esterase. In Yuet et al. (1966) study, two 
carboxyl esterases were retaining C-reactive proteins 
within the endoplasmic reticulum. This is another example 
on directed evolution of the promiscuous function of 
esterase activity of carbonic anhydrase II (Gould and 
Tawfik, 2005).  
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Abstract 

Mature green plantains bought at Oja-Oba in Akure were roasted into a local meal called óboliô while another portion was 
boiled in water. Each of the samples was sun dried and milled into flour. The aqueous extracts of roasted and boiled were 
prepared (10g/100mL). The study was based on inhibition of Ŭ-amylase, Ŭ-glucosidase and angiotensin 1 converting enzyme 
(ACE). The antioxidant activities of the plantain extracts to reduce Fe3+ to Fe2+ and to bind to iron (II) ions were evaluated. 
The phenolic contents (total phenol and total flavonoid), vitamin C and ABTS (2,2ô-azino-bis-(3-ethylbenzothiazolineï6-
sulfonic acid) were also determined. The results revealed that the boiled flour had higher (P < 0.05) phenolic contents and 
reducing power while the roasted flour had higher Vitamin C content but there was no s ignificant difference between the 
ABTSÅ antioxidant activity of both the roasted and boiled. The higher enzyme inhibitory activities on Ŭ-amylase, Ŭ-
glucosidase and angiotensin 1 converting enzyme (ACE) were exhibited by the boiled flour extract. The trend of this result 
followed what was observed in the phenolic contents. In view of these findings there is suggestion that plantain possesses 
compounds with anti-diabetes and anti-hypertension activities that may be beneficial eventually as functional foods. 
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1. Introduction      

Non insulin dependent diabetes mellitus (NIDDM) is 
the commonest form of diabetes which accounts for 90% 
of all cases. Hyperglycemia is a metabolic disorder 
primarily characterized by ɓ-cells disorder, relative insulin 
deficiency, and an abnormal rise in blood sugar, right after 
a meal (Kwon et al., 2007). Pancreatic Ŭ-amylase breaks 
down large polysaccharides (starch) into disaccharides and 
oligosaccharides, before the action of Ŭ-glucosidases 
which break down disaccharides into monosaccharides 
(glucose) which is readily absorbed into the blood stream. 
Inhibition of pancreatic Ŭ-amylase and Ŭ-glucosidase is the 
mechanism adopted by many commercially available 
drugs for the management of NIDDM (Krentz and Bailey, 
2005). Hence, Inhibition of intestinal Ŭ-glucosidase, which 
delays the absorption of glucose after starch conversion 
moderates the postprandial blood glucose elevation and 
thus mimics the effects of dieting on hy perglycemia 
(Bischoff, 1994). Chronic amylase inhibition may also be 
useful for treating type 2 di abetes and obesity (Koike, 
2005).   Many available synthetic drugs, such as 
acarbose, voglibose, and miglitol, are widely used to 

inhibit these enzymes in patients with type 2 di abetes. 
However, these inhibitors are reported to cause some 
discomforting side effects such as abdominal distention, 
lfatulence, meteorism, and diarrhea because of excessive 
. -amylase inhibition (Chakrabarti and Rajagopalan, 2002). 
This necessitates the search for inhibitors from natural 
sources with strong . -glucosidase, but mild . -amylase 
activities. One of the long-term complications of NIDDM 
is hypertension. Angiotensin I converting enzyme (ACE) 
(EC 3.4.15.1) plays an important physiological role in 
regulating blood pressure (Skeggs and Khan, 1957). ACE 
belongs to the class of zinc proteases and is expressed in 
the vascular endothelial lining of human lungs. ACE is a 
dipeptidyl carboxypeptidase that catalyzes the conversion 
of angiotensin I (decapeptide) to angiotensinII 
(octapeptide), it inactivates the antihypertensive 
vasodilator (bradykinin) and increases blood pressure 
(Skeggs and Khan, 1957). In western medicine, drug 
development effort has been directed toward excluding 
unwanted side-effects (Dzau, 1988). Inhibition of the 
angiotensin 1 c onverting enzyme is established as one 
modern therapeutic principle in the treatment of 
hypertension. Screening for anti-hypertensive effects in 
traditional plants has been performed over many years and 
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Abstract 

Blackleg, which was known for many decades as an animal disease has been confirmed to be fatal to human beings. The 
present study was conducted to investigate the role of sialidase (neuraminidase) and toxins produced by the bacteria in the 
surge in plasma alkaline phosphatase activity that is usually associated with C. chauvoei infection. Fourteen Zebu cattle were 
allocated into four experimental groups. They were administered C. chauvoei (n=4), toxins (n=3), neuraminidase (n=4) and a 
control group (n=3) respectively. Results obtained indicate that mean alkaline phosphatase level was highest in the bacteria-
infected group, followed by the neuraminidase and toxin-administered groups. The mean alkaline phosphatase activities of 
the four groups were significantly different ((P<0.05) and this suggest liver and intestinal mucosal cell damage. The possible 
role of neuraminidase and toxins produced by the bacteria in the pathogenesis of blackleg is discussed. This is the first study 
to demonstrate that neuraminidase and toxins produced by C chauvoei either cleaved sialic acids or caused necrosis to liver 
hepatocytes and intestinal mucosal cells, leading to increased alkaline phosphatase activity in these organs. The current study 
also provides baseline data on the pattern of variation of alkaline phosphatase activity in Zebu cattle experimentally infected 
with C chauvoei.  
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1. Introduction      

Blackleg is a fatal disease of cattle and sheep caused by 
C. chauvoei and was first reported in 1870 (Armstrong and 
MacNamee, 1950). In Nigeria, the disease was first 
reported in 1929 (Osiyemi, 1975) and has remained a 
major problem of cattle in the country (Useh et al., 2010a). 
The prevalence of blackleg is known to be very high 
during years of high average annual rainfall (Uzal et al., 
2003; Useh et al., 2006a). Vaccination against the disease 
has been carried out since 1930, but sporadic outbreaks are 
recorded annually. The economic losses of cattle to 
blackleg in Nigeria have been estimated at about $ 4.3 
million annually (Useh et al., 2006a). Nomadic Fulani 
pastoralists of rural Nigeria, who own about 70-80% of 
livestock in the country, rear the Zebu breed of cattle that 
is highly susceptible to blackleg (Abdu et al., 2000). They 

migrate from one place to another in search of pasture for 
their livestock and many of them request blackleg 
vaccination for their cattle, only if there are outbreaks of 
the disease in neighboring herds. 

C. chauvoei which is the known cause of blackleg has 
been reported to produce neuraminidase (Useh et al., 
2004). Neuraminidases (sialidases, EC 3.2.1.18) are 
involved in the pathogenesis of some infectious diseases, 
whose aetiologic agents produce the enzyme (Nok and 
Balogun, 2003). The enzyme is of great importance in 
medicine and pharmaceutical industry for the analysis of 
oligosaccharides and the development of neuraminidase 
inhibitors (Traving and Schauer, 1998). There is no 
consensus on the pathogenesis of blackleg, but toxins and 
neuraminidase produced by the bacteria are believed to 
play significant contributory roles in the mechanisms of 
the disease (Useh et al., 2003). Recent studies on the 
haematology and some biochemical changes in Zebu cattle 
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infected with C. chauvoei revealed novel findings (Useh et 
al., 2008). In this report, we present for the first time, the 
role of desialylation of the liver and intestinal mucosal 
cells on the surge in alkaline phosphatase activity in Zebu 
cattle experimentally infected with C. chauvoei, its toxins 
and neuraminidase. 

2. Materials and Methods 

2.1.  Animal acquisition, acclimatization and grouping 
Fourteen (14) Zebu bull-calves were purchased, 

acclimatized, grazed, aged and grouped into 4 groups. 
Groups A (n=4), B (=3) and C (n=4) were administered C. 
chauvoei (Jakari strain), toxins and neuraminidase from 
the bacteria respectively, while group D (n=3) served as 
control. When the experiment commenced they were 
confined in the appropriate experimental pens and fed a 
combination of groundnut hay and hay prepared from 
Andropogon gayanus, Hyprrhenia rufens, Pennisetum 
pedicellatum and Elionurus probeguinii until the 
experiment was terminated. They were supplied feed 
commensurate with 4% of their individual body weights 
daily and water ad libitum. The weights of the animals 
were estimated using waist band and ranged between 80-
140 kg. The animals were aged using dental eruption 
(Wosu, 2002) and their ages ranged between 19-23 
months. Analysis of variance (ANOVA, Duncan multiple 
range test) was used to compare means Ñ standard 
deviations (SD) of the ages cum weights of the 
experimental animals on day zero of the experiment to 
ensure that there was no significant difference (P> 0.05) 
between the mean ages or weights of all the experimental 
groups investigated in the study (Chatfield, 1983).  

2.2. Cultivation of C. chauvoei for infection  
Lyophilized C. chauvoei (Jakari strain) donated by the 

National Veterinary Research Institute (NVRI), Vom, 
Plateau state, Nigeria, was used for the experiment. The 
organism was first isolated from Zebu cattle with blackleg 
and its pathogenicity indices have been fully determined 
(Princewill, 1965). The preparation of the bacteria and 
infection of Zebu bull-calves was carried out using the 
method described by Useh et al. (2008) and the experiment 
lasted for 21 days.  

2.3. Culture of C. chauvoei (Jakari strain) for 
neuraminidase production 

Lyophilized C. chauvoei (Jakari strain) was cultivated 
and neuraminidase was isolated as described previously 
(Useh et al., 2004). The extracellular sialidase released in 
the medium was partially purified as described earlier 
(Useh et al., 2006 b). 

2.4. Cultivation of C. chauvoei (Jakari strain) for toxin 
production 

The method of Jayaraman et al. (1962) was used to 
cultivate the bacteria and produce the toxins which were 
administered to experimental group B. Exactly 40 I U of 
toxins produced by the bacteria was administered 
intramuscularly to animals in group B (n=3). Although 
there are no definite ethical guidelines of animal 
experimentation in Nigeria, the Zebu cattle were treated as 
humanely as possible during the experimental period, in 

accordance with international provisions (Bankowski, 
1985). At the end of the experiment, the surviving animals 
were treated with penicillin (20,000 IU/kg) (Tennyson, 
China) and they all recovered. 

2.5.  Determination of alkaline phosphatase activity in 
plasma 

 Blood samples were collected on days 1 (24 h), 2 (48 
h), 3 (72 & 81 h), 4 (105 h), 7 (165 h), 8 (189 h), 9 (214 h), 
10 (245 h), 11 (265 h), 13 (293 h) and 21 ( 413 h) for 
determination of alkaline phosphatase activity. Enzyme 
activity was determined by hydrolysis of phosphate by the 
enzyme to release inorganic phosphate and alcohol. The 
substrate paranitrophenyl phosphate (20 mg) was dissolved 
in 100 mL of phosphate buffer pH 7. An aliquot (0.1 mL) 
of the paranitrophenyl phosphate solution was added to 5 
mL of the sample. The set up was incubated at 37 oC for 1 
h in a w ater bath and absorbance was measured 
spectrophotometrically at 420 nm. 

2.6. Determination of sialic acid concentration in liver  
One (1) g each of liver and intestinal mucosal cells was 

collected from animals that died during the experiment 
(one animal per each experimental group) and thoroughly 
homogenized. The resultant slurries were scooped into 2 
mL containers and 1 mL of distilled water added. Sialic 
acid in the homogenized liver was determined (n=3) as 
described earlier (Aminoff, 1961). 

2.7. Determination of plasma and intestinal mucosal cell 
neuraminidase activity  

Neuraminidase activity in the blood (plasma) and 
homogenized intestinal mucosal cells was determined 
using the method described by Webster and Campbell 
(1972).  

2.8. Statistical analysis  

Data obtained from the study was computed as meanÑ 
standard deviation (SD), analyzed using analysis of 
variance (ANOVA, Duncan multiple range test) and values 
of P<0.05 were statistically significant (Chatfield, 1983). 

3. Results 

Alkaline phosphatase activity was highest in the 
bacteria-infected group, followed by neuraminidase and 
toxin-administered groups (Fig. 1). There were 3 peaks of 
mean alkaline phosphatase activity in the bacteria-infected 
group, with the highest peak noticed on day 10 ( 230 h), 
followed by day 8 (189 h), and the lowest peak on day 3 
(81 h). Four peaks of mean alkaline phosphatase activity 
were observed in the neuraminidase-administered group 
with the highest peak noticed on day 8 (189 h), followed 
by day 10 (230 h), day 4 (97 h) and the lowest observed on 
day 2 (46 h) respectively. In the toxin-administered group, 
3 peaks of mean enzyme activity were observed with the 
highest peak on day 7 (65 h), followed by day 10 (230 h) 
and the lowest on day 1 (24 h). In the control group mean 
enzyme activity peaked only on da y 3 ( 81 h) of the 
experiment and did not vary significantly (P>0.05) 
throughout the experiment. There was a statistically 
significant difference (P<0.05) between mean alkaline 
phosphatase activity of control, bacteria-infected, 
neuraminidase, and toxin-administered groups respectively 
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(Fig. 1). Mean sialic acid complement of bacteria-infected 
animals was lower than the controls (P<0.05).  

Results of sialic acid assays from the liver and 
neuraminidase activity in the liver and intestinal mucosal 
cells are presented in Table 1. 

Figure 1:  Variation in the mean alkaline phosphatase concentration in Zebu cattle administered Clostridium chauvoei (Jakari strain), it's 
toxins and neuraminidase. 

 

Table1. Mean sialic acid concentration and neuraminidase activity in the organs of Zebu cattle experimentally infected with C. chauvoei, its 
toxins and neuraminidase 

Control 
group 

Neuraminidase-
administered 
group 

Toxin-administered 
group 

C. chauvoei-
infected group 

 

5.17±0.20 2.73±0.20 5.20±0.18 3.43±0.16 Sialic acid  ÕM 
)Liver( 

1.30±0.27 2.85±0.15 1.30±0.36 3.74±0.11 Neuraminidase 
activity in liver 
(ÕMmin P

-1
P) 

 
1.70±0.70 6.45±2.41 1.70±0.60 6.65±2.00 Neuraminidase 

activity in intestinal  
mucosal cells 
(ÕMmin P

-1
P) 

 
 

4. Discussion 

C. chauvoei infection has a long history of veterinary 
importance (Radostits et al., 2000). During the period, 
molecular diagnostic techniques were not available, hence 
the difficulty in distinguishing C chauvoei from C 
septicum which are phylogenetically closely related 
species.  

Alkaline phosphatase is produced in the liver, kidney, 
bone, intestinal mucosal cells and placenta for the 
metabolic processes in these organs (Friedman et al., 
1996). In C. chauvoei infection, the neuraminidase and 
toxins produced by the bacteria in vivo possibly caused 
pathology in the above organs through desialylation or cell 
death (necrosis). Damage of these organs has been 
reported in cattle with blackleg (Singh et al., 1993), 
although the exact mechanism by which this occurs has yet 
to be known. An earlier report suggested possible 
leucophagocytosis by Kupfer cell lectins in the liver of 

Zebu cattle experimentally infected with C. chauvoei 
(Useh et al., 2010b). 

Mean alkaline phosphatase activity in the plasma of the 
bacteria-infected, neuraminidase and toxin-administered 
experimental groups increased significantly (P<0.05), 
compared to the control and the data coincided with 
simultaneous increase in plasma neuraminidase activity 
and decreased sialic acid concentration in the liver of the 
bacteria-infected and neuraminidase-administered 
experimental groups (Table 1). Damage to the liver in the 
toxin-administered group, leading to increased alkaline 
phosphatase activity may be as a result of possible necrosis 
to the tissues by the toxins. Results from the current study 
further supports earlier reports that neuraminidase and 
toxins produced by C. chauvoei work in tandem with each 
other in causing pathology in blackleg (Useh et al., 2007, 
2008). It is safe to report, based on these findings, that the 
surge in alkaline phosphatase activity in C. chauvoei 
infected cattle is predicated both on sialic acid cleavage 
and necrosis caused by neuraminidase and toxins 
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(respectively) produced by the bacteria in vivo to cause 
hepatic and intestinal mucosal cell damage. The high 
alkaline phosphate activity is in agreement with another 
study in which liver, kidney, spleen and intestinal cell 
damages were reported (Pemberton et al., 1974). It is 
concluded that future research should target both 
neuraminidase and toxins produced by the bacteria in 
chemotherapy and novel molecular vaccination strategies. 
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Abstract 

The kinetic parameters for the interactions of the anticonvulsant compound milacemide (2-n-pentylaminoacetamide) with 
MAO-B from different species have been determined. The data presented here supports the proposed mechanism by which 
milacemide acts as both a substrate and inhibitor of MAO-B (as a suicide substrate) and show milacemide to be a b etter 
substrate than it is an inhibitor for MAO-B from all species, with partition ratios for rat, human and ox liver mitochondrial 
MAO-B of 12,615; 19,032 and 60,874, mol of product per mol of enzyme inactivated, respectively. In accordance with its 
higher relative specific activity towards milacemide and the slower rate of inhibition, the partition ratio for ox liver MAO-B 
is considerably higher than that of the enzyme from rat liver.  The partition ratio for human liver mitochondria is close to that 
of rat liver mitochondria in agreement with the similarity for the half lives (t1/2) of these two preparations which were much 
lower than their respective (t1/2 ) values for the ox preparation. The values obtained for the apparent Km value (K') (mM) for 
the inhibition reaction and the inactivation constant (k

in
) (min-1) for the inhibition were (K') = 0.315, 0.330 and 0.672, (k

in
) = 

0.024 , 0.020 and 0.009 for rat liver mitochondrial MAO-B, rat liver mitochondrial outer-membrane MAO-B and ox liver 
mitochondrial MAO-B, respectively.  At low milacemide concentrations the relative "affinities" of, the rat liver 
mitochondrial MAO-B and ox liver mitochondrial MAO-B for inhibition by milacemide will be given by their relative values 
of k

in / K' (the "inhibition specificity constant"), this shows milacemide to be a better inhibitor of the rat liver enzyme. The 
k

cat
/K

m
 values confirmed the fact that milacemide is a better substrate for rat liver MAO-B than for ox liver MAO-B and 

human liver MAO-B. Though the kin values confirmed that milacemide is a much better inhibitor for rat and human liver 
MAO-B than ox liver MAO-B. 

Keywords: Monoamine oxidase (MAO), melacemide, species differences, suicide , inhibition. 
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1. Introduction      

Milacemide (2-n-pentylaminoacetamide) is a secondary 
monoamine-glycine derivative with reported 
anticonvulsant activity in some, but not all animal models 
of generalized seizures ( Roba et al., 1986). Van Dorsser et 
al. (1983) showed that it w as particularly effective in 
inhibiting the convulsions induced by bicuculline in mice. 
The effectiveness of milacemide in humans suffering from 
various forms of epilepsy has not been conclusively 
established ( Roba et al., 1986). Janssens de Varebeke et 
al. (1988) reported that milacemide was a good substrate 
for MAO-B but that was oxidized only poorly by MAO-A. 
Oral administration of milacemide to rats resulted in 
accumulation of glycinamide and glycine in the rat brain 
(forebrain, cerebellum and medulla) but not in other 
tissues such as the liver, kidney and lung (Christophe et 
al., 1983).  Intraperitoneal administration of milacemide 
was reported to increase the glycine levels in the rat 
cortex, cerebellum and hippocampus significantly 
(Chapman and Hart, 1988). The acute administration of 

milacemide to rats led to urinary elimination of 
glycinamide which was partly prevented by  pre-treatment 
with (-)- deprenyl but not with clorgyline.  I t appears to 
affect GABA-ergic mechanisms, since a s ignificant 
increase in GABA levels in the substantia nigra has been 
observed (Janssens de Varebeke et al., 1983).  H owever, 
most studies on m ilacemide have concentrated on t he 
accumulation of the neurotransmitter glycine in the brain. 
In addition to being a substrate for MAO-B milacemide 
has been reported to be a time dependent, irreversible 
inhibitor of MAO-B and a t ime independent, reversible 
inhibitor of MAO-A (O'Brien et al., 1994a). Janssens de 
Varebeke et al. (1989) have proposed a reaction pathway 
for milacemide oxidation by MAO-B. , as shown in 
(Scheme-1) milacemide acts as both a ' suicide' substrate 
and specific MAO-B inhibitor.  E -I represents the 
irreversibly inhibited species. 
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Scheme 1 

Although, it had been assumed in the literature that the 
formation of the inhibitory neurotransmitter glycine is a 
prerequisite for the pharmacological activity of 
milacemide as an anticonvulsant, there is evidence that this 
is not the case. Studies on the anticonvulsant compound α-
methylmilacemide (O'Brien et al., 1994a) suggested that 
oxidation by MAO may terminate, rather than initiate, the 
pharmacological activity of milacemide. Furthermore 
studies with some milacemide derivatives (O'Brien et al., 
1994b) suggested that the metabolism of these compounds 
by MAO-B or the inhibition of MAO-A or -B by these 
compounds does not ensure their anticonvulsant effects. 
O'Brien et al.  (1991) reported that milacemide was a more 
powerful time-dependent inhibitor of rat liver 
mitochondrial MAO-B than of ox liver MAO-B.  S uch 
species differences could clearly complicate interpretations 
of the behavior of milacemide which are based on the use 
of enzyme preparations from different species.  

Species differences in the interactions of the 
monoamine oxidases with substrates and inhibitors have 
been previously reported (Ben Ramadan et al., 1999). The 
present work has concentrated on t he kinetic of 
interactions of milacemide and MAO-B from different 
sources, ox liver mitochondria and ox liver purified MAO-
B were used in comparison with each other and with the 
MAO-B activity from rat liver mitochondrial and rat liver 
mitochondrial outer-membrane preparations as well as 
with the enzyme from human liver mitochondria, in 
attempts to understand more precisely the role of this 
enzyme in milacemide metabolism and its interactions as a 
suicide substrate of MAO-B.   

2. Experimental Procedures 

2.1.  Materials 
Benzylamine HCL and 5-Hydroxytryptamine creatine 

sulphate (5-HT) were obtained from Sigma Co. 
Milacemide hydrochloride WAS synthesised at Farmitalia 
Carlo Erba, Milan, Italy. [3H]-Pargyline hydrochloride 
[Phenyl-3, Benzyl-3H] was obtained from New England 
Nuclear Corp. (Stevenage, U.K.). Pargyline was obtained 
from Sigma Co. Clorgyline and l-deprenyl were from 

Research Biochemicals Inc. All other chemicals were 
standard laboratory chemicals and were of analytical 
reagent grade whenever possible 

2.2. Methods.  

Rat liver mitochondria and human liver mitochondria 
were prepared by the method of Kearney et al. (1971). The 
mitochondrial pellet obtained was suspended in a small 
volume of 0.1M potassium phosphate buffer, pH 7.2 and 
stored at -20

o
C until use for MAO-B or -A activity after 

pretreatment with clorgyline or deprenyl respectively. 
Human liver was obtained within 12 hours of death and 
transferred to the laboratory on ice. Rat liver mitochondrial 
outer membrane was prepared by the method of (Sottocasa 
et al., 1967) which includes the sub-fractionation of 
mitochondria by combined swelling, shrinking and 
sonication followed by discontinuous density-gradient 
centrifugation. This was followed by ammonium sulphate 
precipitation as described by (Houslay and Tipton, 1973b). 
Ox liver mitochondria and Purified MAO-B from ox liver 
were prepared by the method of (Salach, 1979).  t he 
Aldehyde Dehydrogenase (ALDH) was  partially purified 
from ox liver by a modification (Houslay  a nd Tipton, 
1973a) of the method of (Deitrich et al.,  1962). 

All enzyme assays were performed at 37
o

C and pH 7.2.  
MAO-B activity were determined spectrophotometrically 
by directly monitoring the formation of benzaldehyde from 
benzylamine by following the increase in absorbance at 
250 nm  Tabor et al.  ( 1954). The reaction mixture 
contained 93 mM potassium phosphate buffer, pH 7.2, 
enzyme preparation at the indicated concentrations and 
(333 ÕM) benzylamine. The molar extinction coefficient 
(ε) of benzaldehyde at 250 nm was taken to be 13.8 x 103. 
M-1.cm-1 (Tipton and Youdim, 1983). The activity of 
MAO-A was examined, using the standard substrate 5-
hydroxytryptamine (5-HT), by the coupled assay in which 
the formation of NADH is followed continuously at 340 
nm as the aldehyde product is further oxidized by ALDH 
(Houslay and Tipton, 1973a). 

The oxidation of the suicide substrate milacemide by 
MAO-B was examined by the coupled spectrophotometric 
assay using milacemide as the amine substrate.  (Houslay 
and Tipton, 1973a). The assay mixture contained in a total 
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of 2 m l: 80 m M potassium phosphate buffer, pH 7.2, 
enzyme preparation and amine substrate at the indicated 

concentrations, 500 ÕM NAD+, 0.015 IU of aldehyde 
dehydrogenase. 1mM pyrazole and 2.5 ÕM rotenone ( in 
methanol) were included in the reaction mixture to inhibit 
alcohol dehydrogenase (EC.1.1.1.1) and NADH oxidase 
(EC.1.6.99.3), respectively. The activity of aldehyde 
dehydrogenase was not rate limiting under any of the assay 
conditions. IU of activity is defined as the amount that 

catalyses the formation of 1Õ mol product / min at 37
Ü
C in 

the presence of 500ÕM NAD+and 3mM acetaldehyde. The 
molar extinction coefficient (ε) of NADH at 340 nm was 
taken to be 6.22x103 M-1.cm-1 (Dawson et al., 1986). 

The Kinetic constants Vmax and Km were determined 
using the computer program ENZFITTER. The reaction 
progress curves were analyzed using the computer 
programs ENZFITTER and ULTRAFIT to estimate the 
values of the maximum product formation  (at time -> Ð) 
(Amax ) and the apparent the first-order rate constant for 
the decline in activity with time (kapp).  

The absolute concentrations of MAO and MAO-B in 
rat and ox mitochondrial preparations were determined by 
[3H]-pargyline binding using a modification (Gomez et 
al., 1986) of the procedure of (Parkinson and Callingham, 
1980) (Figs 10,11). The enzyme concentrations (eo) in  
human liver mitochondria were calculated from the values 
reported by (O'Carroll, 1984) for human platelets using 2-
phenylethylamine (PEA) as a substrate, by relating these 
values to the expected values for human liver mitochondria 
using benzylamine as a substrate and assuming the 
molecular activity of human platelet MAO-B to be equal 
to that of human liver MAO-B. This value was calculated 
to be 19.9 pmol.enzyme/ mg.protein-1. 

The absolute concentrations of purified ox liver MAO-
B (Fig 12) were determined using the procedure of 
(Anderson and Tipton, 1994) developed from that used by 
(Rehavi et al., 1982). 

The partition ratio  ( r) was calculated by determining 
the amount of product formed at complete inactivation [PÐ 
] for different enzyme inhibitor ratios, according to the 
relationship ( Waley, 1980)  r = (k+3 / k+4)  =  [ 
PÐ] / e0  

(I) Milacemide, (E) the Enzyme, (E.I) a non-covalent 
compound,  ( EI*) an activated intermediate. ( E-I ) t he 
irreversibly inhibited species. The choice in this reaction is 
governed by the partition ratio (r) which represents the 
number of mol of product formed per mol of enzyme 
inhibited (or k3/k4).  

The apparent Km value (K') for the inhibition reaction 
and the inactivation constant (kin) for the inhibition 
process were determined by analyzing the curves of the 
reactions of MAO-B with milacemide at different 
concentrations of each while enzyme milacemide ratios 
kept fixed, using the ULTRAFIT computer program. The 

data obtained were then  analyzed by the procedure of 
(Waley, 1980 ; 1985), using the MacCurve-Fit computer 
program. In this analysis the half-time of inhibition 
reaction (t1/2) was determined at various milacemide 
concentrations and a plot of Io.t1/2 versus the initial 
milacemide concentration (Io) was constructed.  

3. Results 

3.1. The oxidation of milacemide by liver mitochondrial 
MAO from different species  

The time course for the oxidation of milacemide by 
human liver mitochondrial MAO-B was similar to those 
for rat liver mitochondrial and rat liver mitochondrial 
outer-membrane MAO-B and were linear only for the first 
few minutes. After the reaction had ceased completely (70-
90 min) the activity could not be restored by the addition 
of a further aliquot of milacemide or benzylamine. 
However, the reaction could be restored by the addition of 
a further sample of mitochondrial MAO-B (Fig.1, 
representative). indicating that the reaction had not ceased 
because of substrate depletion or the establishment of the 
equilibrium of a reversible reaction. 

 
Figure 1. Time-course of Oxidation of Milacemide by Human 
Liver Mitochondrial monoamine Oxidase-B. 
The reaction between human liver mitochondria  ( 473 Õg) and 
Milacemide (2 mM) was followed spectrophotometrically at 340 
nm using the coupled assay. Upon completion of initial reaction, 
(a) At the point indicated by A, a further sample of milacemide 
was added to raise the final concentration by 2 mM. In a second 
parallel experiment, at the point indicated by B (333ÕM) 
benzylamine was added. In a third experiment, at the point 
marked C, a further aliquots of ALDH and NAD+ were added.  
(b) At the point indicated by A more human liver mitochondria 
was added to the reaction mixture and the reaction was followed 
further. 
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The time course for oxidation of 333ÕM benzylamine 
under the same conditions was found to be linear for 1 hr 
indicating that the enzyme was not becoming inactivated 
under the experimental conditions (BenRamadan et al., 
2007). The time-courses for the oxidation of milacemide 
by ox liver mitochondrial MAO-B and purified ox liver 
MAO-B (Figs 4a and 4b) clearly deviated from linearity 
over 1 h. After the reaction had ceased completely (7 to 11 
h depend on the preparation. 

Figures 2, 3, 4a and b show a series of progress curves 
for the inhibition of rat liver mitochondrial outer 
membrane MAO-B and human and ox liver mitochondrial 
MAO-B, respectively, by different concentrations of 
milacemide. Analysis of these curves showed the 
dependence of the initial rate of the reaction to obey 
Michaelis-Menten kinetics in all enzyme preparations 
used. For both the rat and human liver preparations the rate 
of the reaction and final absorbance values did not show 
significant increase with increased Milacemide 
concentration above 2 mM (Figs 2 and3). 

 Figure  2(a). Time Courses of Oxidation of Milacemide at a 
Series of Different Concentrations by Rat Liver Mitochondrial 
Outer-membrane MAO-B.The reactions between rat liver 
mitochondrial outer-membrane MAO-B ( 330 Õg) and 
Milacemide, () 2, ( ) 3, and ( ) 5 mM, were followed 
spectrophotometrically at 340 nm using the coupled assay. The 
points shown are the results from representative experiments. 

Figure  2(b). Time Courses of Oxidation of Milacemide at a 
Series of Different Concentrations by Rat Liver Mitochondrial  
MAO-B.The reactions between rat liver mitochondrial MAO-B ( 
300 Õg) and Milacemide,  () 1, () 2, ( ) 3, (  ) 4 and ( ) 5 
mM, were followed spectrophotometrically at 340 nm using the 
coupled assay. The points shown are the results from 
representative experiments. 
 

Figure  3. Time Courses of Oxidation of Milacemide at a Series 
of Different Concentrations by Human Liver Mitochondrial 
MAO-B.The reactions between human liver mitochondrial MAO-
B ( 473 Õg) and milacemide  ( ) 2, (Ο) 4, () 6, and (∆) 8 mM, 
were followed spectrophotometrically at 340 nm using the 
coupled assay. The points shown are the results from 
representative experiments. 

However as expected the increase for ox liver 
preparations was up to 6mM milacemide (Figs 4a and b). 
The Michaelis constants (K

m
) and the maximum velocities 

(V
max

) for the oxidation of milacemide by MAO-B from 
all the enzyme preparations used were determined using 
the coupled spectrophotometric assay. For comparison, the 
values of K

m and V
max

 for the parent amine, n-
pentylamine with the different preparations were also 
determined (Table 1). (Fig.5) illustrates the determination 
of the Michaelis constants for the oxidation of milacemide 
and the parent amine n-pentylamine by human liver MAO-
B and is taken as being representative of the other enzyme 
forms used. 

Figure 4(a). Time Courses of Oxidation of Milacemide at a Series 
of Different Concentrations by Ox Liver Mitochondrial MAO-B.  
The reactions between ox liver mitochondria ( 340 Õg) and 
Milacemide,  () 6, (   )  9, and (Ο) 10 mM, were followed 
spectrophotometrically at 340 nm using the coupled assay. NAD+ 
was at a final concentration of 1.5 mM. The points shown are the 
results from representative experiments. 
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Figure  4(b). Time Courses of Oxidation of Milacemide at a 
Series of Different Concentrations by Purified Ox Liver 
Mitochondrial MAO-B. 
The reactions between purified ox liver mitochondrial MAOB ( 20 
Õg) and Milacemide () 4, () 6, ( )  8, ( + ) 9  and () 10 mM, 
were followed spectrophotometrically at 340 nm using the 
coupled assay. NAD+ was at a final concentration of 1.5 mM. The 
points shown are the results from representative experiments. 
 

Figure 5. Determination of the Michaelis Constant for the 
Oxidation of (a) Milacemide and (b) n-pentylamine by Human 
Liver Mitochondrial MAO-B 
The initial rates of oxidation of (a) milacemide and (b) n-
pentylamine by human liver mitochondrial MAO-B were 
measured spectrophotometrically at 340 nm using the coupled 
assay, over the indicated range of concentrations. The results are 
presented as a double reciprocal Lineweaver-Burk plot. Each 
point represents the mean value from two separate experiments. 

Table 1.   Kinetic Parameters for the Oxidation of Milacemide 
and n-Pentylamine by Different Preparations of Monoamine 
Oxidase-B. 

The progress curves for the inhibition of mitochondrial 
monoamine oxidase-B from the different species used, by 
milacemide are consistent with this compound acting as 
both a substrate and as an irreversible mechanism-based 
inhibitor of the enzyme (suicide substrate) according to the 
mechanism shown above in Scheme1. The partition ratios 
(r) for all preparations used were determined as described 
above and shown in (Table 2). The values obtained for the 
partition ratio of rat, human and ox liver mitochondrial 
MAO-B were 12,615; 19,032  and 60,874 mol of product 
per mol of enzyme inactivated, respectively. 

3.2. Determination of the kinetic parameters for the 
mechanism based interactions of MAO-B from different 
species with milacemide.  

(Figs.6 and 8) show a series of reaction-progress curves 
for different concentrations of, rat liver mitochondrial, 
outer-membrane MAO-B and ox liver mitochondrial 
MAO-B, respectively with different concentrations of 
milacemide but with the enzyme: milacemide ratio  kept 
constant. These curves were analyzed by the procedure of 
(Waley, 1980 ;1985), as described earlier and according to 
the following relationships. 

Io and eo are the initial inhibitor and enzyme 
concentration, respectively. 
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Figure 6. Time Courses of Oxidation of Milacemide by Rat Liver 
Mitochondrial Outer-membrane MAO-B at Different 
Concentrations of EachThe reactions of rat liver mitochondrial 
outer-membrane MAO-B and milacemide, ( ) 2 (∆) 3, () 4, 
() 4.5, (    ) 5, and  ( ) 6 mM, were determined using the 
coupled assay. The ratio between the enzyme concentration and 
milacemide concentration was kept fixed. The points shown are 
the results from representative experiments.   

Figure 8. Time Courses of Oxidation of Milacemide by Ox Liver 
Mitochondrial MAO-B at Different Concentrations of Each  

The reactions between ox liver mitochondria, (47-330 Õg) and 
Milacemide, ( ) 2, (Ο) 3, (∆) 4, () 5.5, (   ) 6, and ( ) 9 mM, 
were followed spectrophotometrically at 340 nm using the 
coupled assay. NAD+ was at a final concentration of 1.5 mM. The 
ratio between the enzyme concentration and milacemide 
concentration was kept fixed. The points shown are the results 
from representative experiments. 

The half-time of inhibition reaction (t1/2) was 
determined at various milacemide concentrations and a 
plot of Io.t1/2 versus  the initial milacemide concentration 

(Io) were constructed for each (Figs.7 and 9, respectively).  

 

Figure 7. Half-time Plot for the Mechanism Based Inhibition of 
Rat liver Mitochondrial Outer-membrane MAO-B by Milacemide 
The plot of Io.t 1/2 against io for a series of experiments in which 
Io was varied from 2 mM to 6 mM and  eo / i Io was kept fixed 
where eo is the initial concentration of rat liver mitochondrial 
outer-membranes MAO-B and Io .0is the initial concentration of 
milacemide. Data from Fig.6. 

Figure 9. Half-time Plot for the Mechanism Based Inhibitor of Ox 
liver Mitochondrial MAO-B by Milacemide 

The plot of Io.t 1/2 against Io for a series of experiments in which 
Io was varied from 2 mM to 9 mM and  eo / I Io was kept fixed 
where eo is the initial concentration of ox liver mitochondrial 
MAO-B and Io is the initial concentration of milacemide. Data 
from Fig. 8 were used 

Then the apparent K
m

  value (K') (mM) for the 

inhibition reaction and the inactivation constant (k
in

) (min-

1) for the inhibition were determined. The values obtained 
were (K') = 0.315 Ñ 0.04, 0.330 Ñ 0.05 and 0.672 Ñ 0.35,  
(k

in
) = 0.024 Ñ 0.004, 0.020 Ñ 0.011 and 0.009 Ñ 0.001 for 

rat liver mitochondrial MAO-B, rat liver mitochondrial 
outer-membrane MAO-B and ox liver mitochondrial 
MAO-B, respectively, as shown in (Table  2) 
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Table 2.     Kinetic Parameters  for the Inhibition of Different   
Preparations of  Monoamine Oxidase-B with Milacemide. 

4. Discussion 

The progress curves for the inhibition of rat and human 
liver MAO-B by milacemide  would be consistent with the 
compound acting as both a substrate and time-dependent 
irreversible inhibitor of the enzyme (Tipton, 2001). 
Milacemide met the experimental criteria indicative of an 
enzyme-activated, irreversible inhibitor (Walsh, 1982) and 
this work supports the proposed reaction pathway of 
milacemide oxidation put forward by (Janssens de 
Varebeke et al., 1989) and shown in Scheme-1. 

The present work has confirmed the species differences 
between rat and ox liver MAO-B reported by (O'Brien et 
al., 1991). Milacemide was shown to be a poorer substrate 
of the ox liver preparations and the progress curves of the 
reactions, as monitored using the coupled 
spectrophotometric assay, were seen to depart from 
linearity much more slowly with  ox  liver mitochondria 
and  purified MAO-B from this source than was the case 
with the rat liver preparations.  M ilacemide was more 
effective as a t ime-dependent inhibitor of the rat liver 
mitochondrial preparations.  T he possibility that the 
differences might have resulted from the purification of the 
enzyme from its membrane environment can be 
discounted, since there was no significant difference 
between the reactions obtained with purified ox liver 
MAO-B and that enzyme in mitochondrial preparations.  
Hence, the solubilisation and delipidation procedures, as 
well as the subsequent purification steps, used in the 
preparation of MAO-B cannot account for the 
discrepancies observed between rat and ox tissues. 
Similarly the sonication procedure used to prepare rat 
outer membranes from rat liver mitochondria did not 
greatly affect the interactions of the MAO-B from this 
source with milacemide. The progress curves for human 
liver mitochondria MAO-B were more similar to those 
from the rat preparations. 

Milacemide was shown to have a lower K
m value as a 

substrate for rat liver MAO-B than for the human and ox 
liver enzyme. Moreover the K

m value for human liver 
preparation was about half  its value for the ox l iver 
preparation. Not, surprisingly in view of these differences 
in K

m value, the saturating concentration (i.e. the 
concentration at which the enzyme is saturated and further 
increase in the substrate concentration will not result in 
any detectable increase in the rate of the reaction or the 

maximum product formed)  was lower  for the rat and 
human liver preparations  t han for those from ox liver. 
Though the K

m
 value of n-pentylamine obtained in this 

study for human liver mitochondria was lower than that 
obtained for ox and rat liver mitochondria, the K

m
 value 

for milacemide with rat liver mitochondria was lower than 
that obtained by human and ox liver mitochondria. 

(Janssens de Varebeke et al., 1989) reported 
milacemide to be a poor substrate for MAO-A.  T hey 
reported a V

max value for rat liver MAO-A of 0.6  n 
mol.min-1.mg protein-1. However, in the present study  
with rat liver MAO-A using  t he coupled 
spectrophotometric assay, a milacemide concentration 
range of 1mM to 18 mM was used, but no activity could 
be detected (no data shown). Similarly, (O'Brien et al., 
1994a), who used a luminometric assay for hydrogen 
peroxide formation, could detect no MAO-A activity 
towards milacemide. It is, of course possible that MAO-A 
does oxidize milacemide, but with an activity which is so 
low that it is below the detection limits of the assay 
procedures employed.  H owever, the sensitivity of the 
coupled spectrophotometric assay is such that activities of 
the level reported by (Janssens de Varebeke et al., 1989) 
would not have gone undetected. 

The values for the absolute enzyme concentrations 
(number of pmol /mg protein) for MAO-A and MAO-B in 
rat liver mitochondria and for MAO-B in the ox liver 
mitochondria (Figs 10,11,12) obtained in this study were 
about twice the values reported by  (Gomez et al.,  1986). 

Figure 10. The Binding of [3H]-pargyline to  Rat Liver 
Mitochondrial  Monoamine Oxidase and Monoamine Oxidase B 
The binding of [3H]-pargyline to  rat Liver mitochondrial (a) total 
Monoamine Oxidase and (b)Monoamine Oxidase B were 
determined as described in methods. Specific binding (∆ ) to rat 
liver mitochondrial enzyme is defined as the differences between 
the total binding (Ο ) and the nonspecific binding(  ). Each point 
is the mean range of triplicate determinations in a single 
experiment.   
The vertical axis represent ( pM [3H]Parg.Bound/Mg.Protein) 
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Figure 11. The Binding of [3H]-pargyline to  Ox Liver 
Mitochondrial  Monoamine Oxidase B 
The binding of [3H]-pargyline to Ox Liver Mitochondrial 
Monoamine Oxidase B were determined as described in methods. 
Specific binding (∆ ) to ox liver mitochondrial enzyme is defined 
as the differences between the total binding (Ο ) and the 
nonspecific binding(  ). Each point is the mean range of 
triplicate determinations in a single experiment. The vertical axis 
represent ( pM [3H]Parg.Bound/Mg.Protein) 

Figure 12. The Binding of [3H]-pargyline to Purified Ox Liver  
Mitochondrial Monoamine Oxidase B 
The binding of [3H]-pargyline to Purified Ox Liver Mitochondrial 
Monoamine Oxidase B were determined as described in methods. 
Specific binding ( ) to purified ox liver mitochondrial enzyme is 
defined as the differences between the total binding ( ) and the 
nonspecific binding( ). Each point is the mean range of triplicate 
determinations in a single experiment.  
The vertical axis represent ( pM [3H]Parg.Bound/Mg.Protein) 

 The reason for this discrepancy is that the earlier 
values, as well as those from several other studies, were 
underestimated because the loss in protein during the 
stages that the protein samples were washed was not taken 
into account (Anderson, M.C. unpublished work).  

    In the present work control samples for protein 
estimation were carried through the identical procedure as 
for the binding study and the calculated recoveries were 
used to correct for protein loss in the pargyline-bound 
samples . The recoveries of protein were much higher  for 
the rat liver mitochondrial outer membrane preparation 
and the values obtained for MAO-A and -B in the present 
work are in closer agreement with those obtained by 
(Gomez et al. 1986) for this preparation. 

The high values for the partition ratios (Table 2) for all 
the preparations used indicate that milacemide function as 
a better substrate for the enzyme MAO-B than as a 
mechanism based inhibitor.  In accordance with its higher 
relative specific activity towards milacemide and the 
slower rate of inhibition, the partition ratio for ox liver 
MAO-B is considerably higher than that of the enzyme 
from rat liver. This is in consistent with the inhibition 
curves for ox liver preparations which took such a long 
time to reach the completion.  The partition ratio for 
human liver mitochondria is close to that of rat liver 
mitochondria in agreement with the similarity for the half 
lives (t1/2) of these two preparations (Table 2) which were 
much lower than their respective (t1/2) values for the ox 
preparation. Furthermore the value of kin for rat liver 
MAO-B is about three times that for the ox liver enzyme, 
whereas the apparent Km value for the inhibitory process 
is about 2 t imes higher for ox MAO-B than for the rat 
enzyme. The inhibition specificity constant, kin / K' for rat 
liver MAO-B is about 6 times higher than that for ox liver 
MAO-B.  S ince the partition ratio of rat liver MAO-B is 
lower than that of the ox liver enzyme it is  possible to 
achieve complete inhibition of the former enzyme at lower 
milacemide concentrations than are necessary to inhibit the 
latter.   C omparison of the data for the two species shows 
milacemide to be a poorer substrate but a better inhibitor 
of the rat liver enzyme.  T his would lead one to expect 
considerable differences in the pharmacokinetics of 
milacemide in the two species. Thus, under such 
conditions, milacemide might be expected to be a much 
more efficient deliverer of glycine to the ox brain.  T he 
differences in the values of Km and K' between the 
enzymes from these two sources will further complicate 
the behavior at lower administered milacemide 
concentrations where the dose may be sufficient to inhibit 
the rat enzyme but not that from ox. The turnover numbers 
(kcat) and the kcat/Km values are compared with the 
inhibition specificity constants (Kin /K') in (Table 3)   
These values confirmed the fact that milacemide is a better 
substrate for rat liver MAO-B (6055&6196 min-1.mM-1) 
than for ox liver MAO-B (1826 &1952 min-1.mM-1) and 
human liver MAO-B ( 2453 min-1.mM-1). Though the kin 
values confirmed that milacemide is a much better 
inhibitor for rat and human liver MAO-B than ox liver 
MAO-B. It is clear that the rat may not necessarily be an 
appropriate model for predicting the behavior of 
compounds of this type in the human.  
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Table 3.   Comparison of  the Kinetic Parameters Milacemide as a  
Substrate and an Inhibitor of the Monoamine Oxidase-B 
Preparations. 
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Abstract 

Green fluorescent protein (GFP) is widely used as an excellent expression tag for fusion proteins, which can improve their 
expression while preserving their function and native-like structure. Fusion protein method allows the purification and the 
detection of a protein of interest even when no specific antibody is available. This study aimed to design a system for protein 
expression and detection using a new super-folder derivative of GFP (sfGFP) as a fusion partner. This included the 
construction of the protein expression plasmid pRSET-sfGFP by cloning sfGFP gene downstream of the N-terminal 6ĬHis 
tag in the T7 promoter-plasmid pRSET. The soluble expressed sfGFP protein (27 kDa) from this plasmid in the cytoplasm of 
E. coli was purified using metal affinity chromatography, as shown after SDS-PAGE separation and blue gel staining. In 
order to detect sfGFP, as single or in fusion proteins, in ELISA and immunoblotting analysis, sfGFP-specific polyclonal 
antibodies were produced in rabbit after immunization with three injections with the pure sfGFP prepared in Freundôs 
adjuvant. Two-step antibody purification, using protein A-Sepharose and sfGFP-coupled Sepharose affinity chromatography 
columns, was performed to obtain highly reactive and pure sfGFP-specific IgG. This system will provide an efficient tool for 
the expression, purification and detection of many proteins, having problems in solubility and stability, as fusion partners 
with sfGFP. 
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1. Introduction      

The green fluorescent protein (GFP) from Aequorea 
jellyfish has become a common label for many in vivo and 
in vitro applications due to GFPôs ability to fold and form 
a visually fluorescent chromophore through autocatalytic 
cyclization and dehydration/oxidation reactions 
(Shimomura et al., 1962). GFP is exceptionally stable in 
solution, even at high temperature, in the presence of 
organic solvents or alkaline pH condition. Three 
dimensional X-ray crystallography reveals that GFP is 
tightly folded in a form of a barrel of β sheets, resulting in 
a stable protein structure (Ormo et al., 1996). For example, 
high concentration of chaotropic reagents is able to unfold 
many proteins, but GFP does not lose its fluorescence even 
in 6M-urea solution. In addition, fluorophore of GFP is 
insensitive to the low temperature, so freezing at -20 
degree for long-term storage does not affect its green 
fluorescence (Puckett et al., 2004). GFP fluorescence is 
very stable and does not require any substrate or cofactor 
(Inouye and Tsuji, 1994). It absorbs blue light (absorption 

wavelength peak, 395 nm) and emits green light (emission 
wavelength peak, 508 nm ) that is detectable using a 
fluorescence microscope or a fluorescence-activated cell 
sorter (FACS) (Limon et al., 1997). Because of the 
interesting spectral and structural features of GFP, it h as 
been widely used as a reporter molecule in several studies 
of protein folding (Waldo et al., 1999; Waldo, 2003), 
protein-protein interactions (Southward and Surette, 2002; 
Wilson et al., 2004; Cabantous et al., 2005a; Cabantous et 
al., 2005b; Magliery et al., 2005) and gene translation 
(Subramanian and Srienc, 1996; Kalir et al., 2001; 
Blokpoel et al., 2003).  

GFP is a 238-amino acid polypeptide with a molecular 
weight of 27 kDa and its encoding cDNA was cloned and 
sequenced in 1992 (Prasher et al., 1992), opening the way 
for expression of the protein in heterologous systems. GFP 
has been expressed in a variety of species, including 
bacteria, plants, Drosophila melanogaster, Caenorhabditis 
elegans, zebra fish, and mammals (Chalfie et al., 1994; 
Gerdes and Kaether, 1996). Recently, two studies reported 
the creation of GFP superproteins, which are high 
performance proteins optimized for in vivo functions 
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(Lansbury, 2001; Vendruscolo and Dobson, 2007). 
Furthermore, Waldo and coworkers reported the 
engineering of a superfolder GFP (sfGFP) that showed 
improved tolerance to circular permutation, increased 
resistance to denaturation, improved folding kinetics, and 
increased resistance to aggregation during refolding 
(Pedelacq et al., 2006; Andrews et al., 2007; Fisher and 
DeLisa, 2008). sfGFP has proven to be very useful as a 
scaffold for improved protein detection and tagging both in 
vivo and in vitro using self-assembled sfGFP fragments 
(Cabantous et al., 2005b; Cabantous and Waldo, 2006). 
Furthermore, sfGFP fusions are more soluble than 
conventional GFP fusions (Wu et al., 2009). Many kinds 
of GFP-fused proteins have been produced and studied in 
cell biology. Such fusion does not necessarily alter the 
main function and structure of the protein of interest, e.g. a 
Drosophila protein was fused to GFP to visualize its 
distribution in the living cells (Wang and Hazelrigg, 1994).  

For efficient purification, 6ĬHis tag was added to the 
N-terminal of GFP in some approaches (Kim et al., 2007; 
Chiang et al., 2008; Lee, 2009; Liu and Naismith, 2009). 
Due to its small size (~2 kDa), 6ĬHis tag fusion does not 
make a problem related to larger molecular weight of 
fusion proteins. Since GFP does not have an affinity to 
divalent cation, binding and elution of 6ĬHis tag is 
unlikely to inhibit the function of the fusion protein. In 
addition, the pH range of 6ĬHis tag purification process is 
generally kept between 7 to 8, which is optimal for green 
fluorescence of GFP. Although, high salt condition of 
buffers or the presence of imidazole is not problematic to 
the stability or fluorescence of GFP (Lee, 2009). 

Antibodies are an important tool used by many 
investigators in the research and have led to many medical 
advances. In biochemical and biological researches, 
polyclonal antibodies are routinely used as ligands for the 
preparation of immunoaffinity columns (Shin et al., 2001) 
and as coating or labeling reagents for the qualitative and 
quantitative determination of molecules in a v ariety of 
assays, such as enzyme linked immunosorbent assay 
(ELISA) and immunoplotting (Calabozo et al., 2001; 
Cheung et al., 2002). 

This study aimed to design a system for sfGFP-fused 
protein expression and purification using pRSET plasmid, 
which allows high level of expression, due to its T7 
promoter, of N-terminal 6xHis tagged recombinant 
proteins in E. coli. After purification with Nickel affinity 
chromatography, pure sfGFP could be used to generate and 
select specific rabbit polyclonal antibody. Anti-sfGFP 
antibody is of a great utility for the detection of GFP, as 
well as GFP-fused proteins, in ELISA and immunoblotting 
applications, following protein expression and purification. 
Such protein fusion system should provide an efficient tool 
for high yield expression and fast detection for many 
proteins having problems in stability and solubility. 

2. Materials and Methods 

2.1. . Bacterial strains, growth conditions and plasmid 

E. coli strains TOP10 (Invitrogen) and BL21 (DE3) 
Rosetta (Novagen) were used in cloning and protein 
expression after transformation by electroporation with the 
plasmid pRSET (Invitrogen). For general maintenance and 
protein expression, E. coli were grown in Luria Broth (LB; 

1% Tryptone, 0.5% yeast extract, 171 m M NaCl) (Bio 
Basic INC) with ampicillin antibiotic (Sigma; 100 µg/ml ) 
in orbit-rotating 37ÁC incubator. 
2.2. Plasmid construction 

The open reading frame of sfGFP gene was amplified 
by a high fidelity PCR (AccuPrimÊTaq Polymerase High 
fidelity Kit; Invitrogen) from a pT7-His plasmid (kindly 
provided by Prof. Yu Ding, Fudan University, China) 
using a p air of specific primers: sfGFP F-NheI (5'-
ATATATUGCTAGCUATGAGCAAAGGCGAAGAACT-
3') and sfGFP R-BamHI (5'-
ATATATUGGATCCUGCCATGAGTGATACCCGCCG-3'). 
Primers were designed to amplify the full length of the 
gene without the start and stop codons, and to add NheI 
and BamHI (Fermentas) restriction sites at the 5' and 3' 
ends, respectively. PCR amplification high fidelity 
program consisted of 3 min of denaturation step at 94 ÁC 
followed by 35 cycles of short denaturation step at 94 ÁC 
for 30 sec, annealing at 55ÁC for 30 sec and extension at 
72 ÁC for 45 sec. Amplified sfGFP fragment and pRSET 
plasmid were digested with NheI and BamHI and then 
ligated using T4 DNA ligase (Fermentas). Freshly 
prepared electro-competent E. coli TOP10 cells were 
transformed with the new plasmid construct pRSET-sfGFP 
by electroporation. Colony PCR screening for positive 
sfGFP clones was performed using pRSET specific 
primers (TF/TR). Plasmid constructs were isolated from 
some positive clones by Plasmid Miniprep Kit (Qiagen) 
after being grown in LB/ampicillin medium. Successful 
cloning of these plasmid constructs was confirmed by 
digestion with restriction enzymes and by sequencing. 

2.3. Expression and purification of soluble sfGFP protein 
In E. coli 

Confirmed plasmid construct was used to transform by 
electroporation E. coli BL21 (DE3) Rosetta cells. Protein 
expression of sfGFP was performed in 250 ml shake flasks 
by growing the bacteria in LB medium till a n optical 
density of 0.5 to 0.7 was reached and then expression was 
induced with 0.5 mM IPTG (Isopropyl ɓ-D-
thiogaldctoside; Promega) for 16 h at 19 Á C. After 
pelleting the cells, the pellet was resuspended in PBS 1X, 
then lysed by sonication (Lab Sonic) on ice and the lysate 
was cleared by 20 min centrifugation at 8,000 rpm and 4 
ÁC. Using fast protein liquid chromatography (FPLC) 
AKTA prime plus system (GE life science), recombinant 
sfGFP was purified from the cytoplasmic extract using a 5 
ml column of Nickel charged Nitrilotriacetic acid (NTA) 
superflow Sepharose (Qiagen). After washing, the bound 
proteins were eluted from the column with a 500 m M 
Imidazole buffer. The eluted fraction was concentrated on 
Vivaspin concentrators with a molecular mass cutoff of 10 
kDa (Vivascience). The concentration of the purified 
protein was determined by Bradford method. The purity of 
the sfGFP was evaluated in a Coomassie-stained SDS-
PAGE. Protein samples were separated by SDS-PAGE 
using a Bio-Rad mini-Protean II system following the 
manufacturerôs instructions. Gels were prepared using 
stacking gel 5 %  and running gel 12 % . After 
electrophoresis, the gel was stained in Coomassie brilliant 
blue buffer (45 % Methanol, 10 % Acetic acid, 0.25% 
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Coomassie R250) for 2 h and then washed several times in 
destaining buffer. 

2.4.   Production of polyclonal antibody against the 
recombinant sfGFP Protein 

For the first immunization, purified sfGFP protein (500 
Õg) in PBS (1 ml) was mixed with an equal volume of 
Freundôs complete adjuvant (Bio Basic Inc.) to form a 
stable emulsion. One white rabbit was injected 
subcutaneously at 2 t o 4 different sites. Three booster 
injections were given with 250 Õg recombinant protein 
mixed with incomplete Freundôs adjuvant at 15 days 
intervals. To evaluate the immune response, blood samples 
(0.5-1 ml) were collected before each injection and 
bleeding (30 ml) was done 10 days after the last boost. 
Polyclonal antibodies (IgGs) were purified from rabbit 
serum by affinity chromatography on a  5 m l HiTrap 
Protein A column (GE life science) according to the 
manufacturer's instructions. Binding was performed in 
0.02 M sodium phosphate, pH 7 and rabbit IgGs were 
eluted with 0.1 M Citric acid, pH 3. Eluted IgGs were 
collected and immediately neutralized to physiological pH 
with 1 M Tris-base buffer, pH 9 and then concentrated to 
1mg/ml on Vivaspin concentrators with a molecular mass 
cutoff of 50 kDa (Vivascience). 

2.5. Affinity purification of sfGFP IgG 
NHS-activated Sepharose Column (GE lifescience) was 

used for affinity purification of sfGFP-specific IgGs from 
the rabbit total antibodies, which were obtained in the 
previous step. Before immobilization on NHS-activated 
column, dissolving buffer of sfGFP was exchanged with 
the standard coupling buffer (0.2 M NaHCO3, 0.5 M 
NaCl, pH 8.3) using HiPrepÊ 26/10 Desalting Column 
(GE life science). Concentrated sfGFP (20 mg) was 
applied onto NHS-activated column (1 ml) and allowed to 
bind for 30 min at 20ÁC. Any excess of active NHS (N-
hydroxysiccinimide) groups that have not coupled were 
deactivated by sequential washing with (0.5 M 
Ethanolamine, 0.5 M NaCl, pH 8.3) and (0.1 M Sodium 
Acetate, 0.5 M NaCl, pH 4.0). Protein-A purified IgGs 
from rabbit serum were passed through the sfGFP-column. 
Unbound IgGs were washed away with the washing buffer 
(0.05 M Sodium Phosphate, 0.15 M NaCl, pH 7.0) and 
bound IgGs were eluted with 3 ï 5 column volumes of 0.1 
M Citric acid buffer and then neutralized with 1 M Tris-
base buffer, pH 9. Purified sfGFP-specific IgG sample was 
buffer exchanged with 0.05 M Sodium phosphate buffer 
pH 7, and then concentrated down to 1 mg/ml on Vivaspin 
concentrators with a molecular mass cutoff of 50 kDa. 

2.6.  ELISA assay for the detection of anti- sfGFP 

An indirect ELISA format was employed for the 
analysis of sera. The basic protocol was as follows: sfGFP 
antigen was diluted in coating buffer (0.2 M sodium 
acetate, pH 5) and added to the wells (100 ɛl) of ELISA 
plates at 4 ÁC overnight. After coating, ELISA plate was 
washed 5 t imes with washing buffer (1 × PBS containing 
0.05 % Tween-20) to remove unbound antigens, 200 ɛl of 
blocking buffer (1% bovine serum albumin (BSA), 3 %  
skimmed milk in 1 × PBS) was applied to all wells for two 
hours at 37 ÁC. After the removal of blocking buffer, rabbit 
sera or the commercial mouse anti GFP (Roche), diluted in 
1 % blocking buffer, were added per well (100 ɛl) for 1 h 

at RT. After 5 washes, goat anti-rabbit or anti-mouse IgGs 
(Bethyl laboratories) conjugated to horse-radish 
peroxidase (HRP) were diluted (1:4000) in 1% blocking 
buffer, added to the wells (100 µl), and allowed to bind to 
captured IgG for a further hour at RT. After an additional 5 
washes, bound conjugate was detected with 50 ɛl of 
(3,3ǋ,5,5ǋ-Tetramethylbenzidine) TMB substrate (Sigma), 
the reaction was stopped after 8 minutes with the addition 
of 50 Õ l 1 M H2SO4. The spectroscopic absorbance of 
each well was measured in an automated plate reader at a 
wavelength of 450 nm. 

2.7.  Immunoblotting of sfGFP 

SDS-PAGE (10 %) separation was performed to 0.2 µg 
of pure sfGFP and two recombinant sfGFP-fused proteins 
(homemade); with growth hormone (sfGFP-GH) and 
insulin-like growth factor (sfGFP-IGF). Separated proteins 
were blotted onto two 0.45 Õm nitro-cellulose membranes 
(BioRad) using 1× blotting buffer (25 mM Tris-base, 200 
mM Glycine, 0.1 % SDS and 20 %  Methanol). After 
incubation in the blocking buffer (3 % skimmed milk, 1% 
BSA in 1 × PBS), one of the membranes was incubated 
with 1:2000 dilution of commercial mouse anti-GFP 
antibody and the other with pure rabbit anti-sfGFP IgG for 
an hour at RT. After several washes with TBS-tween20 
(20 mM Tris-base, 150 mM NaCl, 0.05 % Tween-20, pH 
7.5,), they were incubated with 1:2000 dilution of 
secondary goat anti-mouse or anti-rabbit antibodies, 
conjugated to alkaline phosphatase (AP) (Bethyl 
laboratories) for 1 h at RT. Bands revelations was achieved 
by adding Nitro blue tetrazolium chloride (NBT, 0.05 
%)/5-bromo-4-chloro-3-indolyl phosphate (BCIP, 0.025 
%) (Sigma) chromogen substrate in AP buffer (100 mM 
tris-base, 100 mM NaCl, 5 mM MgCl2, pH 9.5). 

3. Results  

3.1. Cloning of  sfGFP gene into pRSET plasmid 
Plasmids with T7 promoter technology is widely used 

for high throughput protein expression in E. coli strains 
carrying the lambda DE3 lysogen (Studier and Moffatt, 
1986; Studier et al., 1990). The plasmid pRSET is a T7 
promoter-dependent system which produces cytoplasmic 
N-terminal 6ĬHis-tagged proteins in E. coli cells (Fig. 
1A). Tagging of recombinant proteins is indispensable for 
the subsequent steps of purification and detection. The full 
length gene of sfGFP was amplified from the plasmid pT7-
His which was used as a template in PCR amplification by 
two specific primers, resulting in the amplification of a 
single DNA fragment of 740 bp . Digestion of this DNA 
fragment resulted in a sticky ended fragment ready for 
ligation in linearized pRSET plasmid with the two 
restriction enzymes NheI, BamHI (Fig. 1B). Ligated 
products were used to transform E. coli TOP10 cells by 
electric shock and positive colonies on the selective plates 
were screened by PCR using pRSET-specific primers 
(TF/TR). This approach enabled distinguishing between 
two types of colonies; empty pRSET-containing colonies, 
which resulted in small amplified DNA fragment (295 bp) 
and pRSET-sfGFP-containing colonies which gave a big 
fragment of 931 bp due to the presence of the insert gene 
within (Fig. 1C). Positive colonies were grown and used 
for plasmid mini-preparation and the correct structure of 
the plasmid constructs were verified by sequencing.
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Figure 1. Cloning of sfGFP into pRSET plasmid 
(A). Map of the resulted plasmid construct (pRSET-sfGFP) where inserted sfGFP gene is indicated. The most important elements of the 
plasmid are indicated, including T7 promoter, 6ĬHis tag upstream the restriction sites for NheI and BamHI used for sfGFP gene ligation. 
Position of the two primers TR/TF used for PCR positive-colonies screening is indicated as well. Nucleotide sequence of the plasmid region 
between NdeI and HindIII (position from 94 to 885) and their predicted amino acid symbols according to the reading frame codons, is 
shown below. This region contains: 6×His tag (112-129), sfGFP gene (142-837) and its downstream multi cloning site (MCS) (838-885) for 
8 different unique-cutting restriction enzymes. (B) DNA bands of pRSET plasmid (lane 1) and sfGFP PCR amplified gene (lane 2) after 
being digested with NheI/BamHII restriction enzymes before the ligation reaction. (C) Results of colony PCR screening performed on 4 
randomly selected clones after E. coli TOP10 transformation with the ligation reaction products. Positive clones, which contain full-length 
sfGFP gene, were indicated (+). DNA fragments were separated into 1.5 % agarose gel where side arrows indicate the expected positions 
and sizes (in bp) of these fragments as well as the bands of DNA molecular weight marker (M). 

3.2. Expression and purification of sfGFP 

 Production of sfGFP as soluble protein was 
obtained after transformation of E. coli BL21 (DE3) 
Rosetta cells with the confirmed pRSET-sfGFP plasmid 
construct. Cells were grown in LB medium supplemented 
with antibiotic and protein expression was then induced by 
IPTG. Purification of sfGFP from cytoplasmic extract was 
done on immobilized-metal affinity chromatography, using 
Nickel-charged NTA column installed on AKTA prime 
system. The UV-detector, supplemented with this system, 
enabled real-time monitoring of the different steps of 
sfGFP purification (Fig. 2A). The protein expression and 
purification procedures of sfGFP were followed by SDS-
PAGE separation and coomassie brilliant blue staining 
(Fig. 2B). A remarkable expression of sfGFP could be 
observed after IPTG induction and incubation for 16 h at 
19 °C. Although, expressed protein was totally purified 
from bacteria cytoplasmic extract by column purification 
which yielded 90 %  pure sfGFP. The yield of purified 
recombinant protein estimably reached 150-200 mg/liter of 
bacteria culture. 

 
Figure 2. The expression and purification of sfGFP 
(A) Diagram of purification procedure using Ni+-NTA column 
installed on FPLC AKTA prime system. Continuous line 
represents the absorbance of the eluate, different purification steps 
are shown below and peaks of the flow-through sample and of 
purified sfGFP are indicated. Dashed line represents conductivity 
of the eluate. (B) SDS-PAGE (acrylamide 12 %) of protein 
samples from different steps of expression and purification; total 
cytoplasmic extract after 18 h of IPTG induction (lane 1), flow-
through sample from Ni-NTA column (lane 2) and purified sfGFP 
protein (lane 3).  
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3.3. Rabbit immunization with sfGFP 
An adult female rabbit was immunized with four doses 

of purified sfGFP by subcutaneous injections. Blood 
samples were collected at several time points from the start 
of the immunization and tested in ELISA against sfGFP to 
evaluate the raise of specific immune response (Fig. 3A). 
A solid phase ELISA test of the serum dilution (1:5000) 
prepared from these samples revealed an increase in 
reactivity toward sfGFP after four weeks of immunization 
(Fig. 3A). At the end of the immunization, titration of 
rabbit serum (S45) showed a high reactivity since it was 
still able to detect significantly its antigen at a 105-fold 
dilution (Fig. 3B). From this serum sample (S45), rabbit 
IgGs were purified by affinity chromatography using 
protein-A column. An automated purification procedure 
was established using the AKTA prime system allowing a 
direct and confirmed purification of the total IgGs from 5 
ml serum (Fig. 3C). 

3.4. Purification of rabbit anti- sfGFP IgGs 
Anti-sfGFP was extracted from the total IgGs of the 

immunized rabbit by affinity chromatography using 
covalently-immobilized sfGFP on a sepharose column. To 
establish this column, pure recombinant sfGFP was 
coupled by means of the NH2 group to the active NHS 
group of the resin. After column washing and calibration, 
total serum IgGs, purified from the previous step, were 
loaded and unbound IgGs were eliminated by washing and 
specific anti-sfGFP antibodies were recovered from the 
column by elution with low pH buffer (Fig. 4A). The high 
capacity of sfGFP-column to fix specific IgGs was tested 
using increasing amounts (2, 5, 10 a nd 20 mg) of total 
rabbit IgGs since increasing purified IgG peaks were 
obtained after each injection. Although, the specificity of 
this column was confirmed by applying a negative control 
IgG (20 mg), which did not result in any purification peaks 
(Fig. 4A). 

 
Figure 3. Evaluation of rabbit immune response raised against sfGFP (A) ELISA test of reactivity against sfGFP (0.5 Õg/well) of several 
serum samples taken from the immunized rabbit at several time points from the first injection onwards. Rabbit serums were diluted to 
1:5000. Antibody/antigen interaction was detected by goat anti-rabbit HRP conjugated antibody. (B) Pure sfGFP (0.5 µg/well) was 
immobilized and detected by ELISA using serial dilutions (v: v) of serum sample before (S0) or after immunization (S45). (C) Purification 
of IgG from rabbit serum  by affinity chromatography using AKTA prime FPLC system. Five ml of rabbit serum (S45) was injected (inject 
1) onto HiTrap Protein A column and washed with phosphate buffer (void) to remove the unbound proteins (flow-through), before eluting 
pure IgGs (eluate). A second purification step (Inject 2) was done using the flow-through from the first injection to confirm the total 
purification of IgGs from the serum.  
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Figure 4. Immunoaffinity chromatography of specific rabbit-anti sfGFP IgG (A) Affinity sfGFP-column (1 ml) was used in chromatography 
to purify specific antibodies from increasing amounts of IgGs (2 - 20 mg) from the immunized rabbit as well as from control IgG (20 mg). 
Total antibody sample (5 ml) was loaded in the column (inject) and unbound fraction (FT) was removed by washing and pure anti-sfGFP 
IgGs (P) were recovered from column by elution. (B) ELISA test in the absence of antibodies (No Ab) or using a commercial mouse anti-
GFP (M-a-GFP) or different IgG samples from the previous purification. Antibodies (1 mg/ml stock) were tested at dilution (1:5000 v:v) in 
the presence of immobilized sfGFP (0.5 µg/well) or in the absence of antigens (No Ag). (C) Immunoblotting of three sfGFP derivatives (0.2 
µg); sfGFP-GH (lane 1), sfGFP-IGF (lane 2) and sfGFP (lane 3) using commercial mouse anti-GFP (Top; 1:1000 v:v) or pure rabbit-anti 
sfGFP IgG (Bottom; 1:1000 v:v).

3.5. Testing of purified anti-sfGFP antibody 

In order to evaluate the activity of the purified antibody 
against its specific antigen, indirect ELISA was performed 
in sfGFP-precoated wells and the bound rabbit IgGs were 
detected with a goat-anti-rabbit secondary antibody 
conjugated to HRP (Fig. 4B). As expected, total rabbit and 
purified IgGs were able to detect efficiently sfGFP at high 
dilution (1:5000 v: v) in a s imilar way as a commercial 
mouse anti-GFP antibody. Meanwhile, the flow-through 
IgGs, which represented the big fraction of the rabbit 
antibodies during sfGFP-affinity purification, failed to 
bind to sfGFP, even at very low dilutions (data not shown). 
Eliminating this unspecific fraction could be of great 
importance to reduce the background noise in many 
immunological applications using this anti-sfGFP 
polyclonal antibody. 

Immunoblotting was performed for sfGFP and for two 
other GFP-fused proteins; sfGFP-GH and sfGFP-IGF 
(homemade recombinant proteins) using purified anti-
sfGFP IgG or mouse anti-GFP (Fig. 4C). The fusion 
proteins contain a protease cleavage site between the fused 
partners resulting in the presence of a small part of the free 
6×His-tagged sfGFP even in the purified samples. 
Comparing to the commercial monoclonal antibody which 
has a t endency to recognize the free sfGFP in the three 
samples, polyclonal anti-sfGFP was able to see to the same 
extent fused and free sfGFP. 

4. Discussion   

Fusion protein technology represents one of the best 
solutions to achieve rapid, efficient, and cost-effective 
protein expression and purification of recombinant 
proteins (Southward and Surette, 2002). It facilitates 
purification, enhances protein expression and solubility, 
chaperones proper folding and reduces protein degradation 
or toxic effects (Davis et al., 1999). Many reports have 
described the application of GFP fusions in the expression 
of hard-to-fold proteins (Vasiljevic et al., 2006), toxins 
(Soler-Jover et al., 2004), proteases (van den Berg et al., 
2006; Wu et al., 2009) and medical short peptides 
(Skosyrev et al., 2003; Al-Homsi et al., 2012) in both 
prokaryotic and eukaryotic cell types. This work described 
the establishment of a high-level protein expression system 
in E. coli using pRSET plasmid, which enables via its T7 
promoter the production of soluble sfGFP fusions. pRSET-
sfGFP gives a wide choice for gene insertion through 
several cloning sites downstream the sfGFP gene for a 
number of widely used and unique-cutting restriction 
enzymes (BamHI, PstI, KpnI, BglII, NcoI, EcoRI and 
HindIII), which are followed by a stop codon (TAG). Thus 
this plasmid provides high yields expression of N-terminal 
6ĬHis tagged sfGFP alone or in fusion with C-terminal 
proteins which could be efficiently purified using nickel-
charged resin.  
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This plasmid should enable the production of 
cytoplasmic GFP which could be fused with low solubility 
proteins like proteases (Wu et al., 2009), toxic 
polypeptides (Skosyrev et al., 2003), low stability proteins 
(Vasiljevic et al., 2006) and membrane proteins (Hsieh et 
al., 2010).  

An advanced upgrade could be done to this plasmid by 
adding an engineered cleavage site downstream GFP in 
order to liberate the fused protein after expression and 
purification. Fusions can be cleaved by either chemical or 
enzymatic strategies using many well characterized 
proteases, e.g. Tobacco Etch Virus (TEV) protease 
(Polayes et al., 1998), Factor Xa protease (Jenny et al., 
2003), and Enterokinase (Hung and Chiou, 2000), which 
can recognize and cut at specific amino acid sequences. 
Cleavage of the fusion usually is necessary because of the 
possible interference with the structural or functional 
properties of the recombinant protein. TEV protease 
represents the best choice for our system because of its 
high specificity and activity towards its cutting site (van 
den Berg et al., 2006). Although, many previous works 
have described the possibility to produce TEV as soluble 
recombinant 6ĬHis-tagged protein in E. coli (Lucast et al., 
2001; Tropea et al., 2009; Wu et al., 2009). In this model, 
purified sfGFP-fused protein could be cleaved with TEV 
protease and the desired native protein could be recovered 
after eliminating TEV protease by nickel affinity 
chromatography together with the 6×His-tagged sfGFP 
portion. Visibility of GFP is the most distinguishable 
element from other fusion tags (M¿ller-Taubenberger and 
Anderson, 2007). Its unique green color (at visible or UV 
light) allows us to monitor the presence of GFP-fused 
protein through expression and purification steps even 
without any measurement apparatus like UV 
spectrophotometer (Lee, 2009). Another modification 
could be added to pRSET-sfGFP plasmid in order to 
release the expressed protein outside the cytoplasm, which 
is important to reduce some cases of protein degradation 
(Talmadge and Gilbert, 1982). Adding a short sequence 
coding for a leader peptide, as pelB signal, to the N-
terminal of sfGFP should enable the expression of the 
protein in the periplasm of E. coli. Protein expression in 
the oxidized periplasm is important to produce properly 
folded disulfide-bonded proteins (de Marco, 2009; Dinh 
and Bernhardt, 2011). 

Despite the previously reported low immunogenicity of 
GFP (Pan et al., 2009), rabbit immunization with 
expressed and purified sfGFP resulted in a high titer 
immune response (~1/50000). Fusion to GFP is 
particularly important for the preparation of antibodies 
against small proteins (<20 kDa) or even medical short 
peptides, which are not able to induce sufficient immune 
response by themselves. In fusion structures, sfGFP could 
play the role of a carrier for these small molecules in order 
to be displayed to the animal immune system and thus the 
production of their specific antibodies. In the other hand, 
sfGFP fusions which display pathogenic proteins could 
also be efficiently used in the development of diagnostic 
kits using fused proteins as immobilized antigens. 

Monoclonal anti-GFP antibodies are very specific, 
however, they are very hard to produce, expensive and 
target one epitope which can be, under some cases, altered 
when the sfGFP is expressed in fusion with other proteins. 

However, some of these antibodies can lose their 
recognition capacity in immunoblotting when protein 
samples of GFP are denatured (Nakamura et al., 2008). In 
this work, the main drawbacks of polyclonal antibodies; 
the high background noise and the low specificity, were 
surmounted using affinity chromatography purification of 
polyclonal rabbit IgGs. Recombinant sfGFP was 
covalently immobilized on NHS-activated sepharose 
column by means of the N-terminus using free amine 
conjugation chemistry. The affinity chromatography 
column, which is created by this method, was successfully 
used to purify specific anti-sfGFP antibodies from total 
rabbit IgGs. FPLC purified polyclonal anti-sfGFP IgG 
represents a v aluable tool to detect GFP in many 
biotechnological techniques. In addition, the development 
of this pure and specific anti-sfGFP rabbit polyclonal 
antibody if does not replace existing commercial 
monoclonal antibodies; it could serve as a confirmation 
method when used, for instance, in immunoblotting or 
ELISA for the detection of sfGFP fusions when no specific 
antibodies are available for the studied fused protein. 
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Abstract 

The production of cellulase-free xylanase was investigated with a locally isolated and identified strain, Cellulosimicrobium 
sp. MTCC 10645 in solid state fermentation. Different fermentation conditions were standardised for the growth and 
xylanase activity, the optimum being 72 h growth at pH 7.0, cultivation temperature  40ÁC and  substrate to moisture ratio of 
1:1.8 (w/v). Among different lignocellulosic substrates wheat bran was found to be best substrate for xylanase production. 
The inoculum size of 10% resulted in maximum production of xylanase. The enzyme production was stimulated by the 
addition of yeast extract and casein. Addition of glucose, xylose and carboxy methyl cellulose repressed the production of 
xylanase. Under optimized conditions, xylanase production in solid state fermentation was 4,962 + 45.08 U/gds. 
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1. Introduction      

Xylanases (E.C.3.2.1.8) are the key enzymes, which 
play an important role in the breakdown of xylan. Wheat 
bran is a rich source of xylan (40%) and xylose (29%). 
Therefore, it is  an attractive substrate for production of 
xylanase enzyme (Polizeli et al., 2005). Xylan, a m ajor 
component of hemicellulose, is a heterogeneous 
polysaccharide consisting of ɓ-1,4 linked to D-xylosyl 
residues on the backbone, but also containing arabinose, 
glucuronic acid and arabino glucuronic acid linked to D-
xylose backbone (Archana and Satanarayan, 1997). 
Enzymatic hydrolysis of xylan is catalysed by a group of 
xylanolytic enzymes such as endo-1,4-ɓ-xylanase, ɓ-
xylosidase, Ŭ-glucuronidase, Ŭ-arabinofuranosidase, and 
esterase (Techapun et al., 2003). Among the xylanolytic 
enzymes, endo-1,4-ɓ-xylanase (E.C. 3.2.1.8) and ɓ-
xylosidase are most important, first enzyme attacks the 
main internal chain linkages and the second releases 
xylosyl residues by endwise attack of xylo-
oligosaccharides (Thiago and Kellaway, 1982).  

A variety of microorganisms including bacteria 
(Archana and Satanarayan, 1997), fungi (Polizeli et al., 
2005), actinomycetes and yeasts (Flores et al., 1997) have 
been reported to produce xylanase under solid state 
fermentation (SSF). Solid state fermentation is the growth 
of micro-organism on moist substrates in the absence of 

free flowing water. SSF offers distinct advantages over 
submerged fermentation (SmF) including economy of 
space, simplicity of media, no complex machinery, greater 
product yields, and reduced energy demand (Raimbault 
and Alazard, 1980). Fungi and actinomycetes as compared 
to bacteria have been reported widely for xylanase 
production in SSF due to the enhanced enzyme yield 
(Gessesse and Memo, 1999; Heck et al., 2005; Sindhu et 
al., 2006).  

Wheat bran was used for xylanase production in SmF 
by the Bacillus licheniformis isolate under different 
conditions.  However, xylanase yield was lower compared 
to the yield under SSF, which is being reported here. 
Although wheat bran is a rich source of xylan and xylose, 
and is abundantly available in India. The objective of the 
present work was to optimize various fermentation 
parameters for xylanase production by a l ocally isolated 
bacterial strain, Cellulosimicrobium sp. MTCC 10645 on 
wheat bran under SSF and production enhancement by 
scaling up the solid state system.  

2. Materials and Methods 

2.1. Materials 
Oat spelt xylan (Himedia Laboratories Pvt. Ltd., India) 

was used for enzyme assay. Wheat bran, gram bran, rice 
husk, rice bran, wood dust and apple pomace were 
collected locally and used after drying, grinding and 
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sieving (500 mm. particle size). Other than autoclaving, no 
other pretreatment of these lignocellulosic substrates were 
necessary. All other reagents were of analytical grade.  

2.1.1. Microbial strain and its growth conditions 
The bacterial strain used in the present study was 

isolated from compost soil, which is potentially a good 
source of xylanase producing micro-organisms 
(Khandeparkar and Bhosle, 2006). The strain was 
identified on t he basis of morphological, physiological, 
biochemical characteristics as well as 16S rRNA 
sequencing by Microbial Type Culture Collection (MTCC) 
and Gene Bank, Institute of Microbial Technology 
(IMTECH), Chandigarh, India. The bacterial strain was 
maintained and stored in the laboratory for further study at 
4ÁC on nut rient agar medium supplemented with 0.1% 
(w/v) oat spelt xylan. Xylanolysis of the bacterial strain 
was tested on xylan-red agar medium containing oat spelt 
xylan covalently linked with cibacron brilliant red 3-BA 
dye (Ten et al., 2003). 

2.1.2. Inoculum preparartion and  production of xylanase 
in SSF 

Inoculum was prepared by transferring one loopful of 
bacterial cells from 48h old culture into 2 ml of 
fermentation medium and incubated at 40

o
C for 48 h. The 

medium containing bacterial cells (O.D. 1.0) was used to 
inoculate 20 ml of fermentation medium. Erlenmeyer 
flasks (250 ml) containing 10.0 g of wheat bran moistened 
with 18.0 ml of the basal salt solution (BSS: substrate to 
moisture ratio 1:1.8) were inoculated with 10% (w/v) 
inoculum (48 h old) and incubated at 40ÁC. The 
composition of the basal salt solution was (g/l) NaCl, 
30.00; KCl, 0.75; MgSO4, 7.00; NH4Cl, 0.5; K2HPO4, 
2.5; KH2PO4 0.5; trace metal solution, 1.00 ml; Distilled 
water, 1.0. The pH of the medium was adjusted to 7.0. 
Composition of the trace metal solution was (g/l) H3BO3, 
2.85; MnCl2.7 H2O, 1.80; FeSO4.7H2O, 2.49; Na 
Tartarate, 1.77; CuCl2, 0.03; ZnCl2, 0.02; COCl2, 0.04; 
Na2MoO4.2H2O, 0.02; Distilled water, 1.0. 

2.1.3. Enzyme recovery 
After every 12 h of incubation period, the flasks were 

removed and contents mixed with 30.0 ml of 50 m M 
phosphate buffer (pH 7.0). The enzyme was extracted by 
squeezing fermented bran through a wet muslin cloth and 
vortexed. The sample was centrifuged at 5000 x g for 10 
min at 4oC. Supernatant was filtered through Whatman No. 
1 filter paper and the clear filtrate was used as crude 
xylanase preparation. Prior to centrifugation, the samples 
were withdrawn for determining viable number of cells by 
standard viable plate count technique (Babu and 
Satyanarayana, 1995). 

2.1.4. Enzyme assay 

Xylanase activity was determined by mixing 0.9 ml of 
1% (w/v) birch wood xylan (prepared in 50 mM Na-citrate 
buffer, pH 5.3) with 0.1 ml of suitably diluted enzyme and 
the mixture was incubated at 50ÁC for 5 min (Bailey et al., 
1992). The reaction was stopped by the addition of 1.5 ml 
of 3,5-dinitrosalicylic acid (DNS) and the contents was 
boiled for 5 min. After cooling, the colour development 
was read at 540 nm . The amount of reducing sugar 
liberated was quantified using xylose as standard. One unit 

of xylanase activity was defined as the amount of enzyme 
that liberates 1 Õmol of xylose equivalents per minute per 
ml under the assay conditions. Xylanase production was 
expressed as units (U) per gram dry substrate.  

2.1.5. Statistical analysis 
All the experiments were carried out in triplicates. The 

analyses were done in duplicates. The mean values are 
shown in the figures and tables Data were expressed as 
mean Ñ standard deviation for all experiments and 
statistical significance was calculated according to student 
two-tailed t te st. Values corresponding to p<0.001 were 
considered statistically significant.  

2.2. Effect of  various lignocellulosic substrates on enzyme 
production 

The bacterial strain was inoculated in 250 ml 
Erlenmeyer flasks each containing 10.0 g of various 
lignocellulosic substrates such as wheat bran, gram bran, 
rice husk, rice bran, wood dust and apple pomace and 
moistened with 18.0 ml mineral salt solution. The flasks 
were incubated at 40ÁC for 72 h. The enzyme was then 
extracted and assayed for activity as described above.  

2.3. Effect of incubation period and temperature  

Effect of incubation period on xylanase production was 
determined by assays of the enzyme after 24 h, 48 h, 72 h 
and 96 h at 50

o
C. Effect of temperature on xylanase 

production was studied by incubating the strain at 30
o
C, 

35
o
C, 40

o
C, 45

o
C and 50

o
C.  

2.4. Effect of moisture content  
The influence of initial moisture level on the enzyme 

production was evaluated by varying the ratio of wheat 
bran to basal salt solution (1:1.5, 1:1.8, 1:2.0, 1:2.5 and 
1:3.0 w/v). The activity of xylanase was determined after 
an incubation of 72h at 40ÁC.  

2.5. Size of inoculum 
 Wheat bran (10 g) moistened with 18 ml basal 

salt solution were autoclaved and inoculated at a level of 5, 
10, 15 and 20% (v/w of wheat bran) using 18 h old 
bacterial culture broth. The enzyme was extracted from 
each set following an incubation of 72 h at 40ÁC.  

2.6. 2 Effect of sugars, non-sugars and inorganic-organic 
nitrogen sources 

Moistened wheat bran was supplemented with xylose, 
glucose and carboxy methyl cellulose at 0.5% (w/v) 
concentration and their effect on xylanase production after 
incubation at 40ÁC for 72 h was observed. The effect of 
different inorganic and organic nitrogen sources (0.25% 
w/v) such as yeast extract, peptone, ammonium chloride, 
casein and potassium nitrate were also tested. 

2.7. Scale up of xylanase production in solid state 
The bacterial strain was cultivated in an aluminum tray 

(20Ĭ8Ĭ5 cm
3 

) containing 80 g  of wheat bran moistened 
with BSS (ratio of 1:1.8), and other conditions as 
optimized in the 250 ml Erlenmeyer flasks as mentioned 
earlier. The trays were covered with aluminum foil and 
sterilized at 121

o
C for 20 min and cooled and inoculated 

with 10% of 48 h old inoculum. The trays were incubated 
at 40

o
C

 
for 96 h.  Samples were withdrawn after 12 h of  

incubation and xylanase was assayed as described earlier.  
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3. Results and Discussion  

3.1.  Microbial strain and its growth conditions 
The bacterial strain was deposited as 

Cellulosimicrobium sp. with MTCC designation no. 
10645. It was Gram positive and rod shaped, moderate 
thermophile, growing optimally at 40oC. It was observed 
that the strain can grow well in the range of 25

o
C- 45

o
C. 

The strain was an alkalophile being capable of growing at 
pH values up t o 11.0. Morphological, physiological and 
biochemical properties of the strain are shown in Table 1.  
Table 1.  Morphological, physiological and biochemical 
properties of isolated strain 
Tests Characteristics Tests Characteristics 
Colony morphology Growth on NaCl (%) 
Configuration Circular 2.0 + 
Margin Entire 4.0 + 
Elevation Raised 6.0 - 
Surface Moist 10.0 - 
Colony 
 color 

Lemon- 
Yellow 12.0 - 

Opacity Opaque Biochemical tests 
Gramôs  
reaction Positive Methyl  

red - 

Cell shape Short rods Voges  
Proskauer - 

Size (ɛm) 0.5-1.0 Casein 
hydyolysis + 

spores - Citrate - 
Motility Motile Indole - 
Anaerobic  
growth Facultative Gelatin  

hydrolysis + 

Morphological  
tests 

Starch  
hydrolysis + 

Growth at temperatures Esculin  
hydrolysis + 

4oC + Catalase  
test + 

15 oC + Oxidase - 

25 oC + Growth  
on MCA - 

30 oC + Tween-40 - 
37 oC + Tween-60 - 
40 oC ++ Tween-80 - 
55 oC - Urease - 
Growth at pH Arginine - 
5.0 - Nitrate + 
6.0 + Acid production from 
7.0 ++ Sorbitol - 
8.0 + Salicin + 
9.0 + Adonitol - 
10.0 + Inositol - 
11.0 + Trehalose + 
12.0 - Mannitol - 
  Raffinose + 
  Fructose + 
  Mellibiose + 

The phylogenetic analysis on t he basis of 16S rRNA 
sequence is given in Figure 1. The nucleotide length of the 
rRNA is 1408 b p and NCBI (National Centre for 
biotechnology Information) accession number is 
FR729925.1. The strain is phylogenetically very much 
similar (99%) to Cellulomonas sp. MN60.3. Its xylanolytic 
ability was observed by a detecting prominent zone of 

clearance on xylan-red medium (Figure 2). On the basis of 
above observations, the bacterial strain was identified as 
Cellulosimicrobium sp. GSV4 (MTCC 10645). Similarly, 
Kim et. al. also isolated Cellulosimicrobium sp. strain HY-
13 from the gut of Eisenia fetida, which is prominent 
xylanase producer (Kim et al., 2009). 

 
Figure  1. The phylogenetic tree of isolated strain MTCC 10645 

Figure 2. Zone of clearance on xylan red agar medium by isolated 
strain MTCC 10645 

3.2.  Enzyme production in SSF using various 
lignocellulosic substrates 

Among the lignocellulosic substrates tested, wheat bran 
gave maximum yield of xylanase (1,091 + 35.01 U/gds) as 
compared to other substrates viz. gram bran, rice husk, rice 
bran, wood dust and apple pomace after 72 h of incubation 
at 40ÁC as given in Table 2. Enzyme production was 
negligible on wood dust and rice bran whereas gram bran 
supported a v ery low yield of xylanase. Wheat bran was 
the best substrate for xylanase production due to its 
nutritional content and a l arge surface area (Babu and 
Satyanarayana, 1995). The wheat bran contained xylan and 
protein, which were served as substrate as well as carbon 
and nitrogen source for microorganisms, respectively 
(Thiago and Kellaway, 1982). Heck et al. also reported 
xylanase production by Bacillus coagulans BL69 using 

http://www.springerlink.com/content/c425772214v53304/fulltext.html#Tab2#Tab2
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wheat bran in solid state cultivation (Heck et al., 2005). 
Similar results on the production of xylanase in SSF using 
wheat bran by Bacillus licheniformis A99 (Archana and 
Satyanarayan, 1997), Bacillus sp.  (Gessesse and Mamo, 
1999), Bacillus pumilus ASH (Battan et al., 2006), 
Bacillus megaterium (Sindhu et al., 2006), Bacillus sp. 
(Gupta and Kar, 2008) were in agreement with the present 
results.  
Table 2. Production of xylanase by Cellulosimicrobium sp. 
MTCC 10645 isolate under SSF on various agro-residues at 72 h 
of incubation; Temperature 40oC; pH 7.0 

Agro-residues (w/v) Xylanase activity (U/gds) 

Wheat bran 1,091 + 29.01 

Gram bran 282.3 + 6.31 

Rice husk 620 + 19.19 

Rice bran 165 + 5.78 

Wood dust 91.8 + 0.50 

Apple pomace 501.9 + 20.91 

3.3. Effect of incubation period and temperature on 
xylanase production 

Xylanase production by the bacterial isolate under SSF 
showed that a low level of xylanase activity was detected 
in earlier stages of incubation and enzyme activity steadily 
increased to a maximum level of 1,100 + 28.06 U/gds by 
72h of incubation (Figure 3). A decrease in enzyme 
activity upto 801.1 + 25.09 U/gds was observed with a 
further increase in incubation period. Similar findings have 
been reported with Bacillus lichenifoermis where enzyme 
production reached a maximum level after 72 h in wheat 
bran medium (Archana and Satyanarayan, 1997). 
Feniksova et al. also reported optimum incubation period 
of 72 h for maximum xylanase production by Bacillus 
subtilis in solid state as well as surface culture conditions 
(Feniksova et al., 1960). The reduction in xylanase yield 
after optimum period was probably due to the depletion of 
nutrients available to the microorganism or due to 
proteolysis (Flores et al., 1997). The duration needed for 
incubation might depend on the growth rate of 
microorganism and its enzyme production pattern (Battan 
et al., 2007).  

Figure 3. Effect of incubation period on xylanase 
production by Cellulosimicrobium sp. MTCC 10645 o n 
wheat bran as substrate in SSF Temperature 40ÜC; pH 7.0. 
 
 

The results of the influence of temperature on xylanase 
production are shown in Figure 4, showing that the 
optimum temperature for xylanase production was 40

o
C 

(1215.01 + 35.05 U/gds), which was also the optimum 
growth temperature of the bacterial strain. Incubation at 
temperatures below and above 40oC greatly reduced the 
enzyme activity. Similarly, maximum xylanase production 
by Bacillus sp. NTU-06 at incubation temperature 40oC 
was reported by Wang et al. (Wang et al., 2010). Gupta 
and Kar also reported that Bacillus sp. was able to produce 
maximum amount of xylanase when grown at 40oC (Gupta 
and Kar, 2008). Most of the researchers reported several 
Bacillus isolates giving maximum xylanase production at 
incubation temperature in the range of 30 oC-40 oC (Sindhu 
et al., 2006; Heck et al., 2005; Gessesse and Mamo, 1999).  

 

 
Figure 4. Effect of temperature on xylanase production by 
Cellulosimicrobium sp. MTCC 10645 on wheat bran as substrate 
in SSF Temperature 40

o
C; pH 7.0 

3.4. Effect of moisture content on xylanase production 
As indicated in Figure 5, xylanase production was 

maximum (1001.02 + 18.10 U/gds) when wheat bran and 
moisture content ratio was 1: 1.8. Similarly, when 
Arthrobacter sp. MTCC 5214 g rown in medium having 
wheat bran and moisture content ratio 1: 1.8 gave 
enhanced xylanase production (Khandeparkar and Bhosle, 
2006). The moisture content in SSF is an important factor 
that determines success of the process. Moisture content 
higher than optimum decreases porosity of substrate, 
causes alternation in particle size, gummy texture and 
lowers oxygen transfer (Feniksova et al., 1960; Raimbault 
and Alazard, 1980). A lower moisture level leads into a 
reduction in solubility of nutrients from the solid substrate 
(Ikasri and Mitchell, 1994).  
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Figure 5. Effect of moisture content on xylanase production by 
Cellulosimicrobium sp. MTCC 10645 on wheat bran as substrate 
in SSF; Temperature 40oC; pH 7.0 

3.5.  Effect of inoculum size on xylanase production 
A 10% inoculum (based on the initial weight of wheat 

bran) supported the highest level of xylanase by 
Cellulosimicrobium sp. MTCC 10645. A further increase 
in inoculum size resulted in a decline in the enzyme titre as 
shown in Figure 6. An inoculum size of 10% was found 
adequate for good growth of the culture and consequently 
enzyme production. Similarly, Bacillus megaterium gave 
maximum xylanase production when fermentation medium 
was inoculated with 10% of inoculum (Sindhu et al., 
2006). Gupta and Kar also reported the 10% inoculum was 
optimum inoculum level for Bacillus isolate to give 
enhanced xylanase production (Gupta and Kar, 2008). 

Figure 6. Effect of inoculum size on xylanase production by 
Cellulosimicrobium sp. MTCC 10645 on wheat bran as substrate 
in SSF Temperature 40oC; pH 7.0 

3.6. Effect of sugars, non-sugars and inorganic-organic 
nitrogen sources on xylanase production 

 Wheat bran was supplemented with additives to 
enhance xylanase titre in fermentation medium. Glucose, 
xylose and carboxy methyl cellulose caused reduction in 
xylanase activity as shown in Table 3. The observations by 
Battan et al. stated that xylanase activity was not observed 
until the glucose was depleted from culture medium during 
the growth of Bacillus pumilus ASH in medium containing 
both xylan and glucose (Battan et al., 2007). Xylose, 
glucose, lactose and cellobiose reduced xylanase 

production in Bacillus licheniformis A99 (Archana and 
Satyanarayan, 1997).  X ylanase production in 
Arthrobacter sp. MTCC 5214 was found reduced when 
medium is supplemented with xylose and glucose 
(Khandeparkar and Bhosle, 2006). In the present study, 
xylanase production was observed improved when wheat 
bran is supplemented with yeast extract and casein, 
whereas peptone caused only a m arginal increase in 
enzyme activity. On the other hand, the activity of 
xylanase was lower in the presence of additives such as 
ammonium chloride and potassium nitrate as reported in 
Table 4.  Sindhu et al. also reported yeast extract, peptone 
and casein supported improvement in xylanase production 
by Bacillus megaterium in solid state fermentation, while 
ammonium chloride and potassium nitrate markedly 
reduced xylanase production (Sindhu et al., 2006). 
Table 3. Effect of sugars and non-sugars on xylanase production 
by Cellulosimicrobium sp. MTCC 10645 on wheat bran as 
substrate in SSF Temperature 40oC; pH 7.0 

0.5 % (w/v) Xylanase activity 

(U/gds) 

Control 1281.1 + 34.43 

Xylose  1081.02 + 21.0 

Glucose 619.10 + 10.13 

Carboxy methyl 

cellulose   

910.0 + 21.33 

The control contained only moistened wheat bran 

Table  4. Effect of Inorganic and organic nitrogen sources on 
xylanase production by Cellulosimicrobium sp. MTCC 10645 on 
wheat bran as substrate in SSF Temperature 40oC; pH 7.0 

0.25 % (w/v) Xylanase activity (U 

gds-1) 

Control 1200.0 + 25.56 

Yeast extract  1389.1 + 12.90 

Peptone 1209.0 + 12.13 

Ammonium 

chloride 

912.0 + 9.81  

Casein 1410.01 + 36.76 

Potassium nitrate 54.60 + 7.08 

The control contained only moistened wheat bran 

3.7.  Scale up of xylanase production in solid state 

 Xylanase production was enhanced by scaling up 
the solid state system by using enamel trays containing 80 
g wheat bran. When SSF was performed in trays for 
xylanase production using bulk quantities of wheat bran 
(80 g), xylanase production was higher if compared with 
Erlenmeyer flasks. Cultivation in large enamel trays 
yielded 4,962 + 45.08 U/gds in static state when compared 
to the value obtained in 250 ml flasks (965 + 19.80 U/gds). 
The improvement of xylanase production in trays is more 
as compared to flasks may be due to efficient aeration, 
more surface area resulted in rapid heat transfer and better 
mass. A slight decrease (12.14%) in enzyme production by 
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scaling up ha s been reported in Bacillus megaterium 
(Sindhu et al., 2006), while in Bacillus licheniformis 
(Archana and Satyanarayan, 1997), scaling up stimulate 
xylanase production. It may be possible to further improve 
the enzyme yield with higher quantities of the substrate 
thus making wheat bran a potential solid substrate for 
xylanase production.  

Due to the abundance and renewability of wheat bran, 
it can be good substrate and solid state support for 
xylanase production. The present study results showed 
optimization of process parameters and scaling up t o 
obtain higher production of xylanase. The prospects seem 
good for developing an enzymatic production process 
using such cheap agro-residues. 
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Abstract 

The current study aimed to investigate the effect of  intramuscular injection of melatonin (MT)(1mg  / kg) and/or vitamin B-
complex (Tri-B) (20 mg/kg) on the hormonal changes induced by Epinephrine (Epi) (0.02 mg/kg) in male albino rats. 
Intramuscular administration of Epi induced significant elevations in adrenocorticotropic hormone (ACTH), corticosterone 
(CORT), 22T triiodothyronine 22T(TR3 R) and thyroxine  ( TR4R)  l evels after the two experimental durations. On the other hand, 
luetinizing hormone (22TLH) 22T , testosterone , prolactin (PRL)  and growth hormone (GH)  levels  were decreased under the same 
conditions. Melatonin treatment seems to constitute a selection therapy, by improving ATCH, CORT, TR3R ,TR4R and GH levels 
but  has no effect on the  low levels  of LH  , testosterone and  PRL. Also, the data suggested that Tri-B injection partially 
improved the different endocrinological changes of Epi. 

Keywords: Stress, ACTH , CORT, TR3R ,TR4R ,LH , testosterone , PRL ,GH , rats. 
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1. Introduction      

Stress, a familiar aspect of modern life, is a s timulant 
for some but a concern for many. When an individual 
experiences stress, the brain triggers the secretion of a 
cascade of stress hormones regulated by the hypothalamic 
pituitary adrenal system ( HPA) axis (Sapolsky, 2003). 
Epinephrine causes general physiological changes and 
plays a cen tral role in the short-term stress reaction, that 
prepares the body for physical activity (fight or flight 
response) initiated by the sympathetic nervous system 
(Aronson, 2000). So, in the present study  Epinephrine was 
used   to induce stressed rat as an animal model.    

Melatonin (MT) (N-acetyl-5-methoxytryptamine) is a 
natural substance, structurally simple hormone produced 
by pinealocytes in the pineal gland. The ability of 
melatonin (MT) to transduce environmental information 
into appropriate endocrine signals plays an important role 
in synchronizing an animalôs physiology and behavior 
with optimal environmental conditions. It  h as beneficial 
effects in different trauma cases and probably stress-
relieving hormone  act ion (Cuzzocrea et al., 2000). 
Interactions between MT and other hormones are also 
important in synchronizing and modulating physiological 
and behavioral parameters necessary for daily activity 
(Hadley and Levine, 2007). Melatonin is a 
powerful antioxidant that can easily cross cell membranes 
and blood-brain barrier (Hardeland, 2005).  

The Tri- B complex (thiamine B1, pyridoxine B6, and 
cobalamin B12) is essential for the regulation and to 
correct function of the entire nervous system including 
brain function. A deficiency in any of the  B complex 
vitamins can lead to feeling stressed, anxious and 
depressed.It is realized that Tri-B are working best as a 
team so that benefits of each are enhanced and negative 
aspects are minimized. They are responsible for helping 
enzymes to release energy from food, promote proper 
metabolism, give cells plenty of oxygen and detoxify 
organs (Bolander, 2006).                                                           

The present study  aimed  to examine the effect of 
melatonin and /or Tri B supplementation on some  
hormonal changes in Epi stressed rats. Adrenocorticotropic 
hormone (ACTH), Corticosterone (CORT), 
triiodothyronine (T3 ), thyroxine  ( T4), luetinizing 
hormone (LH), testosterone, prolactin (PRL) and  growth 
hormone (GH) were  measured 

2. Materials and Methods 

2.1.  Experimental  animals 
Adult male albino Spargue-Dawley rats (2.5-3 month 

old, 200-210 gm) were used as experimental animals. Rats 
were environmentally adapted in the animal holding room 
for two weeks prior to  experiment. Animals were housed 
in groups in stainless steel cages  at room temperature (22-
25P

o
PC), relative humidity 60-70%, and a photoperiod of 

http://www.answers.com/topic/stress-medicine
http://en.wikipedia.org/wiki/Fight-or-flight_response
http://en.wikipedia.org/wiki/Fight-or-flight_response
http://en.wikipedia.org/wiki/Sympathetic_nervous_system
http://en.wikipedia.org/wiki/Pinealocyte
http://en.wikipedia.org/wiki/Pineal_gland
http://www.healthandgoodness.com/catalog/product/b-compex-vitamins.html
http://www.healthandgoodness.com/catalog/product/b-compex-vitamins.html
http://www.healthandgoodness.com/catalog/category/stress-remedies.html
http://www.healthandgoodness.com/catalog/category/depression-remedies.html
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12h/d. Food (pelleted rat chow) and drinking water were 
available ad libitum.  

2.2.  Chemicals           

Epinephrine, Melatonin  a nd  T ri-B (B1,B6  and B12) 
were purchased from Sigma Chemical Co. St Louis, (MO, 
USA). 

2.3. Experimental design  
140 male albino rats were divided randomly into 7 

groups (I-VII) (20 rats each): 
Group I    (control group): Animals of this group were 

injected with saline and served as control during the 
experimental period. 

Group II (Epinephrine group): Animals of this group 
were injected with an intramuscular Epinephrine dose of 
0.02 mg/kg according to Berg et al. (1996). 

Group III (Melatonin group): Animals of this group 
were injected with an intramuscular MT dose of 1 mg/kg 
as described by Mamdouh et al. (1996) (negative control 
group). 

Group IV (Tri-B group): Animals of this group were 
injected with an intramuscular Tri-B dose of 20 mg/kg 
according to Bolkent et al. (2008) (negative control 
group).           

Group V (Epinephrine + MT group): Animals of this 
group were injected with an intramuscular dose of both 
Epinephrine and Melatonin by the same previously 
mentioned doses and manner (in groups II and III).  

Group VI (Epinephrine + Tri-B group): Animals of 
this group were injected with an intramuscular dose of 
both Epinephrine and Tri-B by the same previously 
mentioned doses and manner (in groups II and IV). 

Group VII (Epinephrine + Melatonin + Tri-B group): 
Animals of this group were injected intramuscularly with 
Epinephrine, Melatonin and Tri-B by the same previously 
mentioned doses and manner ( in groups II, III and IV). 

 The injections were carried out nearly at the end 
of light period/ onset of dark period. Lights were off at the 
onset of the injections. Ten rats of each group were 
sacrificed after 3 hrs of receiving a single dose of saline, 
Epinephrine, Melatonin, and Tri-B as described above. 
Another 10  rats  were sacrificed after receiving the same 
doses daily for 10 c onsecutive days. In all groups, the 
animals starved for 12 hrs prior to blood collection to 
ensure homogeneous blood and organ samples. Blood was 
collected by decapitation of the animal after being lightly 
anaesthetized after 3 hrs of the injections in the 1st day and 
10th  day of the experiment. 

2.4.  Hormonal analysis  
At the end of the experiment, blood was collected into 

heparinised tubes, and the plasma was separated by 
centrifugation for determination of adrenocorticotropic 
hormone (ACTH) by the method of Odell et al. (1989). 

Corticosterone (CORT) was estimated according to the 
method of Chiu et al. (2003). For the measurement of 
triiodothyronine (T3 ) ,thyroxine  ( T4) and luetinizing 
hormone (LH) the method of Teitz  ( 1995) was applied. 
For the determination of testosterone and prolactin (PRL) 
the methods of Wheeler (1995)  a nd Smith and 
Norman(1990) were used, respectively. Growth hormone 
(GH) was determined according to Fisher (1977) method. 

2.5. Statistical analysis 

Statistical analysis was done using Statistical Package 
for Social Sciences (SPSS/ version 16) software. The 
significance of the differences between the groups was 
assessed by one ïway ANOVA. All results were 
considered statistically significant at P < 0.05. 

3. Results              

A significant ( P ˂ 0.05) increase in plasma level of 
ACTH ,CORT, TR3R and TR4R after 3 hrs of receiving a single 
dose and 10 daily consecutive doses of Epi administration 
compared with the control group (Table, 1). The co-
administration of MT and / or Tri-B following Epi offered 
partial improvement in the levels of these hormones  after 
3 hrs since there were significant differences between 
values of these  groups  and values of both the control  and 
the Epi groups. Significant protective effect observed 
when MT alone or with Tri-B was administered to the Epi-
stressed rats for 10 daily consecutive doses since there was 
no significant difference between values of these groups 
and the control group. On the other hand, the 
administration of Tri-B following Epi offered partial 
improvement in these hormones.  

Plasma22T LH22T,testosterone,PRL and GH levels were 
significantly ( P ˂ 0.05) decreased after Epi injection for 3 
hrs and after 10 days when compared to the control value 
(Table, 2). The administration of MT and / or Tri-B 
following Epi  p artially improved the plasma22T LH22T 
,testosterone and PRL levels since there were significant 
differences between values of these groups  and values of 
both control and Epi groups. However, the administration 
of MT and / or Tri-B following Epi abolished the decrease 
in GH level since there were no significant difference 
between values of this group and the control group. The 
administration of Tri-B following Epi offered a partial 
improvement in plasma22T LH22T, testosterone, PRL and GH 
levels since there was significant difference between 
values of this group and values of both the control and the 
Epi groups (Table 2).  

Rats treated with MT ( negative control)  or Tri-B ( 
negative control) for 3 hr s and after 10 da ys showed no 
marked changes in the measured parameters as shown in 
tables 1and 2. 
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Table 1. The effect of the intramuscular injection of Epi (0.02 mg/kg) with or without the intramuscular injection of the antidotes MT (1 
mg/kg) or Tri-B (20 mg/kg) or both as well as each of the two antidotes alone on the level of ACTH, CORT, T3 and T4 in the plasma of 
male rats after 3 hrs of receiving a single dose and 10 daily consecutive doses. 

Treated group 

 

ACTH 

(pg/ml)                      

CORT 

(ng/dl)   

T3 

(ng/ml)   

T4 

(µg/dl) 

3 hrs 10 days       3 hrs           10 days 3 hrs  10 days 3 hrs 10 days 

Control  11.81 ± 
1.34 

11.83 ± 
1.34 

26.91±  

2.11 

26.92±  

2.11 

1.46 ±  

0.17 

1.47 ±  

0.17 

3.45 ±  

0.22 

3.46 ±  

0.22 

Epinephrine  35.35 ± 
2.43* 

24.60 ± 
2.61* 

54.82 ± 
3.12* 

47.36 ± 

 3.40* 

2. 53 ± 
0.24* 

3.16 ±  

0.22* 

6.87±  

0.53* 

5.19 ±  

0.37* 

Melatonin  10.89 ± 
1.79  

10.73 ± 
1.00  

25.60 ± 
1.46  

25.71±  

1.87 

1.21 ± 

 0.14  

1.96 ±  

0.20 

3.36±  

0.25  

3.33±  

0.31 

Tri-B  10.63 ± 
1.40  

12.10 ± 
1.48  

25.91 ± 
1.70  

27.41 ±  

1.68 

1.29 ±  

0.14  
1.36 ±  

0.21 

3.40 ±  

0.33  

3.33 ±  

0.41 

Epinephrine + 
Melatonin  

25.26 ± 
1.07*#  

14.33 ± 
1.14#  

37.37±  

2.2 *# 

30.27 ± 

2.31# 

1.82±  

0.13 *# 

1.65 ± 

 0.11 # 

4.43 ±  

0.42 *# 

3.71±  

0.41# 

Epinephrine + Tri-B  30.20 ± 
2.78 *# 

19.41 ± 
2.48*#♦ 

42.1±  

2.60 *# 

  37.43±                
2.20* # ♦ 

2. 31 ± 
0.21 *# 

2.03 ±  

0.20 * # ♦ 

5.14 ±  

0.56 *# 

4.20 ±  

0.31*# ♦ 

Epinephrine + 
Melatonin +Tri-B 

22.1±  

1.15 *# 

13.27 ± 
1.86 # 

39.17±  

2.15 *# 

29.63 ±  

1.99 # 

1.94±  

0.16 *# 

1.41± 
0.10 # 

4.63± 

 0.32 *# 

4.11±  

0.43 # 

- Each value corresponds to a mean of  10 animals ± SEM.   

-  * , #  and ♦  are the statistically significant (P<0.05) when compared values of all experimental groups.  

Table 2. The effect of the intramuscular injection of Epi (0.02 mg/kg) with or without the intramuscular injection of the antidotes MT (1 
mg/kg) or Tri-B (20 mg/kg) or both as well as each of the two antidotes alone on the level of  LH, testosterone, PRL and GH in the plasma 
of male rats after 3 hrs of receiving a single dose and 10 daily consecutive doses. 

Treated group 

 

LH 

(mIU/ml) 

Testosterone 

(ng/ml) 

PRL 

(ng/ml) 

GH 

(ng/ml)   

       3 hrs           10 days        3 hrs           10 days 3 hrs           10days 3 hrs          10days 

Control  0.46 ± 
0.03 

0.47 ± 
0.03 

0.54 ± 
0.031 

0.55 ± 
0.031 

0.43 ± 
0.016 

0.44 ± 
0.016 

2.35 ± 
0.11 

2.36 ± 0.11 

Epinephrine  0.15 ± 
0.02* 

0.10 ± 
0.02* 

0.26 ± 
0.034* 

0.16 ± 
0.038* 

0.28 ± 
0.018* 

0.20 ± 
0.021* 

1.10 ± 
0.10* 

1.22 ± 
0.11* 

Melatonin  0.40 ± 
0.03  

0.41 ± 
0.01 

0.45 ± 
0.032  

0.49 ± 
0.032 

0.38± 
0.017 

0.40 ± 
0.023  

2.73 ± 
0.21 

2.60 ± 0.19 

Tri-B  0.47 ± 
0.04  

0.42 ± 
0.03  

0.56 ± 
0.045  

0.60 ± 
0.041 

0.41 ± 
0.016  

0.40 ± 
0.023  

2.38 ± 
0.13 

2.40 ± 0.08 

Epinephrine + 
Melatonin  

0.32 ± 0.0 
2* # 

0.22 ± 
0.02 * # 

0.36 ± 
0.034 * # 

0.31 ± 
0.028 * # 

0.25 ± 
0.025 * # 

0.18 ± 
0.014 * # 

2.13 ± 
0.09 * # 

2.40 ± 0.08  
# 

Epinephrine + Tri-
B  

0.20 ± 
0.02 * # 

0.22 ± 
0.02* # 

0.26 ± 
0.023 * # 

0.34 ± 
0.032 * # 

0.22 ± 
0.017 * # 

0.25 ± 
0.018 * # 

1.25 ± 
0.08 * # 

1.95 ± 
0.10* # ♦ 

Epinephrine + 
Melatonin +Tri-B 

0.22 ± 
0.02 * # 

0.30± 
0.02 * # 

0.22 ± 
0.027 * # 

0.31± 
0.031* # 

0.18± 
0.027 * # 

0.22 ± 
0.022 * # 

1.81 ± 
0.11 * # 

2.80 ±  
0.09# 

- Each value corresponds to a mean of  10 animals ± SEM.   
-*  # and ♦ are the statistically significant (P<0.05) when compared values of all experimental groups.   

4. Discussion 

Epinephrine had markedly elevated the level of 
adrenocorticotropic hormone (ACTH). Stress results in the 
activation of the hypothalamic-pituitary-adrenal (HPA) 

axis. This response is characterized by the secretion of 
corticotropin-releasing hormone from hypothalamic nuclei 
into the hypophyseal portal system, which in turn, 
stimulates the release of ACTH from the anterior pituitary 
into the peripheral circulation.  Knigge et al. (1999) 
supported this view in their studies using a wide variety of 
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acute stressors. Rats received MT and/or Tri-B following 
Epi showed a decrease in the elevated ACTH level. 
Melatonin passes easily through cell membranes; thus each 
organ, provided it can interpret the melatonin message, can 
adjust its physiological activity accordingly. A direct 
communication between the pineal gland and the adrenal 
gland which produce a number of different hormones that 
influence virtually all of the major processes in the body 
(Kanchev et al., 2006). Exogenous melatonin can restrain 
excitability of hypothalamo-pituitary-adrenal (HPA) axis 
by decreasing the level of ACTH and corticosterone in 
plasma, so that melatonin can do some protection in 
hypoxic-ischemic brain damage (Wang et al., 2008). 
Vitamin B complex has not confirmed its role in 
modulating ACTH level. There is no complete satisfactory 
way of assessing the vitamin B efficiency on ACTH level. 
In spite of the accumulating evidences recording the effect 
of vitamin B on sympathetic output since it was observed 
that pyridoxine deficiency leads to increase the 
sympathetic outflow in rodents (McCarty, 2000).  

Corticosterone is a major indicator of stress and is the 
major stress steroid produced in non-human mammals 
including rodents. It is synthesized in specific cells of the 
adrenal glands and produced in response to stimulation of 
the adrenal cortex by ACTH (Kitaysky et al., 2001) .  MT 
treatment reduced the level of CORT in stressed rats. 
Notably, besides lowering basal CORT level, MT also 
attenuated CORT reactivity to an acute or chronic stressor 
in rats (Konakchieva et al., 1997). Alonso-Vale et al. 
(2004) suggested that MT has a negative CORT modulator 
in normal as well as stress situations. This view was 
strongly supported another in vitro study describing MT 
functional receptors in adrenal gland cortex and their 
inhibitory effect on  corticotropin -stimulated CORT 
production (Torres-Farfan et al., 2003).Vitamin B6 is 
known to down regulate CORT activity in human and to 
decrease sympathetic nervous system output. It is also 
effective in decreasing the body's response to cortisol in 
the different organ systems (Oka et al., 1995).  

The elevated levels of TR3R and TR4R in stressed rats may 
be due to the rapid elevation of serum CORT which may 
influence the activity of thyroid gland either through a 
direct effect on the thyroid gland or through the influence 
exerted on the hypothalamus-pituitary (HP) system, 
modulating the secretion of thyroid-stimulating hormone 
(TSH) (Silberman et al., 2002).MT and/ or Tri-B 
following Epi completely improved the elevated TR3R and TR4R 
levels. Some studies suggested that MT leads to a decrease 
in thyroid growth and function and have a general 
inhibitory effect on thyroid hormones (Lewinski, 2002; 
Baltaci et al., 2004). MT injections led to a reduction in 
thyroid hormone concentrations in rats (Özturk et al., 
2000). Exogenous MT during the day does not affect 
thyroid function, but if given at night exerts an inhibitor 
effect ( Zwirska-Korczala et al., 1991).Similarly, injection 
of MT in the evening to rats and mouse is reported to 
affect thyroid hormone synthesis during a 10-day period 
(Selmaoui et al., 1997). MT administration to rats with 
thyroid hypertrophy resulted in a decrease in thyroid 
hormone levels (Mogulkoc and  Baltaci, 2002).The co-
administration of Tri-B with Epi partially improved the 
elevated levels of TR3R and TR4R. Previous studies indicated 
that low concentrations of some B-vitamins may coexist 

with abnormal thyroid function in humans (Apeland et al., 
2006).It was also found an  association between vitamin 
BR12R deficiency and autoimmune thyroid disease (Ness-
Abramof et al., 2006). In animals, vitamin BR6R deficiency 
causes hypothyroidism of hypothalamic origin 
(Dakshinamurti et al., 1990).  

The decreased in LH and testosterone levels may be 
due to a high concentration of serum ACTH and CORT 
that increases sensitivity to the negative feedback effects 
of testosterone and inhibits the testicular function in rats 
(Rabin et al., 1990; Knol, 1991). Both physical and 
psychological stresses  may interfere with the reproductive 
capacity of several species (Romero and Sapolsky, 1996). 
Orr and Mann (1992) found that restraint stress decrease 
the testosterone level without any effect on LH level. 
Friedl et al. (2000) reported that life stresses can cause a 
reduction in testosterone secretion and conversely, positive 
emotional state increases testosterone production in man. 
Rai et al. (2004) found a significant fall in serum 
testosterone level following immobilization stress. In the 
current work, MT administration failed in modulating the 
inhibitory effect of Epi on LH and testosterone level since 
MT has been reported to act as an antigonadotrophic 
hormone, inhibiting the release of pituitary gonadotrophins 
and spermatogenesis. The antigonadic effect of MT was 
also observed in the rats exposed to continuous darkness 
(Olatunji–Bello and Sofola, 2001). Luboshitzky et al. 
(2000) suggested that long-term melatonin administration 
does not alter the secretory patterns of reproductive 
hormones in normal men. The administration of Tri-B in 
stressed rats showed a partial improvement in  the level of 
LH and testosterone. 14TVitamin BR12R14T is needed to maintain 
fertility. In addition, vitamin BR6 Rdeficiency results in 
insufficiency of alteration of the functions of adrenal and 
pituitary glands, since it is involved in the synthesis of 
luteinizing hormone, estradiol and testosterone 
( 29TManuchair, 1929T81). 

Stress has a paradoxical effect on PRL secretion. It has 
been proved that the same stress factor may have a 
stimulatory effect if sustained in the morning and an 
inhibitory effect if experienced in the afternoon (Goda, 
1990). Pituitary prolactin secretion is under a tonic and 
predominant inhibitory control exerted by the 
hypothalamus (29TFitzgerald and Dinan, 200829T). The pituitary 
PRL is secreted in a manner that reflects the photoperiodic 
cycle, with high and low concentrations of plasma PRL 
being concomitant with long and short day lengths, 
respectively (Adam et al., 1992). Suppression of PRL 
secretion by exogenous MT has been demonstrated for 
sheep (Poulton et al., 1986) and red deer (Milne et al., 
1990). Ninomiya et al. (2001) suggested that exogenous 
melatonin can affect the spontaneous release of LH and 
PRL in humans. Vitamin BR6R has been reported as an 
antilactogenic effect, presumably by suppressing PRL 
secretion. Delitala et al. (1977) mentioned that a single 
300 mg intravenous dose of vitamin BR6R produced a 
significant decrease in PRL in normal healthy subjects. 
Spiegel et al. (1978) hypothesized that BR6R might decrease 
PRL by increasing conversion of dopa to dopamine, an 
inhibitor of PRL in the hypothalamus. Harris et al. (1978) 
have demonstrated similar results in rats and attributed it 
to a direct effect on the pituitary gland. This finding 
suggested that BR6R inhibits PRL secretion by a direct action 

http://www.mountauburnhospital.org/body.cfm?xyzpdqabc=0&id=6&action=detail&AEProductID=hw_knowledgebase&AEArticleID=hn-2924006
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on the hypothalamus or pituitary gland. The investigation 
by Rosenberg et al. (1981) may  support that pyridoxine 
hydrochloride partially inhibits prolactin by a mechanism 
not involving dopamine. 

Epi administration induced a significant decrease in the 
level of GH this observation  is  in agreement with the 
reported data about inhibition of GH in rats after a wide 
range of stressors (Armario et al., 1993). The inhibition 
involves modulation of hypothalamic somatostatin and the 
stimulation involves direct actions on the pituitary (Andrea 
and William, 1992). Casanueva et al. (1990) found that 
elevated levels of circulating cortisol have a direct 
inhibitory effect on growth hormone . Stressed rats that 
received MT and / or Tri-B showed a significant increase 
in the level of GH.  Ostrowska et al. (2001) found that 
small doses of MT(1 gm orally and 0.4 mg/kg 
intravenously)  have not been shown to affect the 24-hr 
profile of GH level  although larger doses (2 mg) have 
been shown to have a stimulatory effect on basal GH level. 
Tri-B supplementation caused a partial improvement in the 
level of GH. Both pituitary and serum GH levels have 
been found to be low in rats raised on vitamin B6-deficient 
diet (Holman et al., 1995). Delitala et al. (1977) have 
observed an increase in GH response to injection of 
pyridoxine in adults but a decrease in neonates. Reiter and 
Root,(1978) also showed the variability of the effect of 
pyridoxine on serum GH in older children.  

In conclusion, the data reported here indicates that 
stress in the form of Epi injection strongly affected the 
physiology as shown in the measured parameters. There is 
growing interest in using exogenous MT as a therapeutic 
agent for the treatment of a large spectrum of disease and  
medical conditions. The prominent outcome of this study 
is that MT is superior to Tri-B in modulating most of the 
hazardous side effects of Epi. Also, several questions still 
arise on using  Tri-B  treatment individually   as a 
hormonal modulator.  
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Abstract 

In this study a total of 26 microorganisms were isolated for lipase production. Yeast strain possessing the highest lipase 
activity was identified as Sporobolomyces salmonicolor, and subjected to mutagenesis to increase the enzyme production. 
Effect of pH, temperature and medium composition on lipase production was studied. Sporobolomyces salmonicolor a novel 
yeast was isolated from oil spillage and the production conditions were optimized. The lipase activity was increased by 
mutagenesis and with the optimum conditions at pH 6 and 28 oC for 96 h. The mutant yeast strain OVS8 was selected as it 
showed stability and maximum lipase production, which is 3.2 times greater than the wild strain (38.5±0.21U ml-1). A novel 
lipase producing yeast was isolated from oil spillage and the lipase activity was enhanced. Use of Sporobolomyces 
salmonicolor OVS8 for lipase production may be advantageous over Bacteria and Candida. 
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1. Introduction      

Lipases (EC 3.1.1.3; triacylglycerol lipases) catalyze 
the hydrolysis and synthesis of long-chain acylglycerols 
with triolein as the standard substrate (Josana et al., 2009). 
lipases can catalyze esterification, interesterification and 
transesterification reactions in non-aqueous media, 
microbial lipases are biocatalysts that have interesting 
characteristics, as action under mild conditions, stability in 
organic solvents, high substrate specificity and regio- and 
enantioselectivity (Snellman et al., 2002).  Though many 
microorganisms secrete lipolytic enzymes; Candida, 
Pseudomonas and Rhizopus sp. are the most commonly 
used for industrial lipase production   (Pandey et al., 
1999).  Since each industrial application requires specific 
properties of the enzyme, there is a need for finding new 
lipases that could have novel applications (Jaeger et 
al.,1994; Pandey et al., 1999; Jeganathan et al., 2006). 

Research and development studies are needed for strain 
improvement and medium optimization to increase the 
lipase production, as the enzyme produced by the wild 
strain is usually low. Montesinos et al. (1997) reported that 
the fermentation of lipase from Candida rugosa and 
showed 20-40 U ml-1 enzyme production. Benjamin and 
Pandey (1996) optimized the media for lipase production 

using C. rugosa with the maximum lipase activity being 
12.55U ml-1. Moreover, no lipase production was observed 
in the absence of olive oil since olive oil seems to work as 
an inducer for the excretion of lipase (Liu CH et al., 2006). 
Kaushik et al., (2011) who pointed out that the most 
important factor was the oil substrate (corn oil). Oil plant 
wastes make an important source for the isolation of new 
lipolytic microorganisms. Spontaneous mutations occur at 
a low rate, and therefore yeast cells are often treated with 
mutagens to increase the frequency of mutants. Mutant 
strains of yeast can be obtained by treating yeast with 
ultraviolet (UV) light, ethyl methanesulfonate (EMS) and 
or N-methyl-N0-nitro-N-nitrosoguanidine (NTG) as 
chemical mutagens (Winston, 2008). In this work, we 
attempted to isolate a novel yeast strain that produce lipase 
and to enhance the lipase production the yeast was 
subjected to UV irradiation and ethidium bromide 
mutagenesis, optimization of the media and cultural 
conditions. 

2. Materials and Methods 

2.1.   Isolation of lipolytic yeast  

Lipase producing microorganisms were isolated from 
an oil waste site collected from the fortune sunflower oil 
plant located in Hyderabad (India). The isolation process 
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was carried out by serial dilution of the sample and plating 
on tributyrin selective medium (peptone 5g l-1; beef extract 
3g l-1; tributyrin 15ml l-1 and agar 20g l-1) plates. The 
medium was supplemented with 50mg l-1 ampicillin and 
50mg streptomycin for inhibition of bacterial growth. 
Colonies were observed on the selective medium after 72 h 
and colonies, which were showing a clear zone, were 
selected. Isolates were purified on tributyrin agar plates 
and transferred to YM agar slants (10g l-1 glucose; 3g l-1 
yeast extract; 5g l-1 malt extract; 5g l-1 peptone and 20g l-1 
agar at pH 6.2. The pure cultures were maintained on YM 
agar medium at +4 oC and transferred onto fresh medium 
after 8 weeks. 

2.2.  Microorganism identification and mutagenesis 

2.2.1. Microorganism identification 
Isolated yeast was characterized by growth and 

microscopic morphology and based on gas 
chromatography of cellular fatty acids using GC-FAME 
method. 

2.2.2.  UV mutation 
      A wild S. salmonicolor was grown for 36 h, cells were 
washed with distilled water and re-suspended in sterilized 
phosphate buffer solution (pH 7 0.1 mol-1) in order to 
achieve cell density of 1 ×106 cells per ml .Two ml of the 
above cell suspension was placed on sterile petri dish and 
exposed to UV rays (235nm, 30 Watt) at distance of 15 cm 
for 20-100 seconds. After UV exposure, 0.1 ml of cell 
suspension was taken, diluted, plated on sterile tributyrin 
agar plates and incubated at 30 oC for three days. Eleven 
colonies were selected on selective media based on 
hydrolysis zone and growth on tributyrin agar. These 
colonies were grown in YM broth at 30 oC for 36 h at 150 
rpm. Five percent inoculum of these cultures was used for 
fermentation studies. 

2.2.3. Mutation by incorporation of mutagen in the 
medium 

Two UV mutants (UV40, UV70) showing maximum 
lipase production were selected and grown on selective 
media (Tributyrin agar) in which Ethidium bromide was 
incorporated at different concentrations as explained by 
Pasha et al., (2005) and Pasha et al., (2007). Yeast was 
inoculated on eight plates containing various 
concentrations of Ethidium bromide (10-30 µg ml-1) and 
incubated at 30 oC.  

2.3. Fermentation medium  
Glucose 20 g l-1; corn steep liquor 10 g l-1; yeast extract 

5 g l-1; Tween 80 5ml l-1; K2PO4 3 g l-1; MgSO4.7H2O, 
0.5 g l-1 ; olive oil 10 ml l-1  and pH 6.2 was used for the 
submerged fermentation. The fermentation was carried out 
using 50 ml medium with 5 % (v/v) inoculum in 250  
ElrenMayer flask at 30 oC , 150 rpm,  by maintaing  pH 6.0 
for 120 h. Samples were collected every 12 h and used for 
estimation of lipase activity.  

2.4.  Lipase assay 

Lipase activity was determined using a 
spectrophotometer and with the p-nitro phenyl palmitate 
(p-NPP) as substrate as reported by Gupt et al., (2002). 
The substrate solution was prepared by adding 30 mg of p-
NPP to 10 ml of isopropanol with stirring to dissolve the 

substrate. This was added to 90 ml of 50 mM Tris–HCl 
buffer (pH 8). The mixture of 2.4ml of substrate solution 
and 0.1ml of appropriate diluted enzyme solution was 
incubated at 40±1 oC for 10 min and absorbance was 
measured at 410 nm in a spectrophotometer (Systronic UV 
Vis  Spectrophotomter 117-Ahmedabad, India). One unit 
of lipase activity was defined as the amount of enzyme 
required to release 1 μmole of p-NP per ml per minute at 
40 °C and pH 8. 

2.5. Stability of mutant and optimization of cultural 
conditions and medium components for lipase production 

S. salmonicolor OVS8 was transferred from one YM 
agar slant to the second slant and was incubated at 30 oC 
for 36 h. Yeast from the second slant was transferred to the 
third slant, and the third slant was subcultured under the 
same condition for many times. The yeast culture from 
each generation was transferred to 50 ml fermentation 
medium in 250 ml flask for fermentation. Samples were 
collected and checked for lipase activity using 
spectrophotometry. To enhance the lipase production using 
developed mutant strain S. salmonicolor OVS8, attempts 
were made to optimize cultural conditions and media 
components by changing one variable at a time. 

2.5.1. Effect of pH and temperature on the lipase 
production 

The yeast strain was grown in fermentation medium for 
96 h at 30 oC at different pH ranges. Medium was prepared 
with phosphate buffer of various pH (4-9). The yeast strain 
was cultivated in fermentation medium for 96 h at 
different temperature (26-34 oC). The cell free supernatant 
obtained after centrifugation at 8000 rpm was used for 
lipase assay. 

2.5.2. Effect of various carbon and nitrogen sources on the 
lipase production 

Effect of different carbon sources on lipase production 
was evaluated by growing the yeast strain in the medium 
containing various carbon sources (glucose, glycerol, 
sucrose, maltose, lactose, starch and fructose) at 2% 
concentration as sole carbon source. The effect of various 
nitrogen sources on lipase production was studied by 
growing the yeast strain in the medium containing various 
nitrogen sources (yeast   extract, urea, peptone, beef 
extract, soybean meal, casein, CH3COONH4, NH4Cl, 
(NH4) NO3 and (NH4)2SO4 at 1 % concentration as sole 
nitrogen source.                   

2.5.3. Effect of various lipids as inducers and metal ions 
on lipase production 

The effect of various lipids as inducers on lipase 
production was evaluated by growing the yeast strain in 
the medium containing various lipids and fatty acids such 
as groundnut oil, sesame oil, mustard oil, tributyrin, 
soybean oil, oleic acid, olive oil, sunflower oil, almond oil 
and coconut oil at 0.3% concentration. The yeast strain 
was grown in fermentation medium containing various 
metal ions (MgSO4, MnSO4, CaCl2, K2HPO4, NaCl, 
ZnSO4, Na2HPO4 and FeSO4) for 96 h at 30 oC at 0.1% 
concentration. The cell free supernatant was used for 
lipases assays. All the experiments were performed in 
triplicates and the average mean values are reported.  
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3.  Results  

3.1. Isolation and identification of lipolytic yeast 

 Microorganisms showing lipolytic activity were isolated 
from oil spillage of sunflower oil factory. Seven bacterial 
and 19 yeast strains were isolated from selected oil waste 
samples (Table 1). Lipase-producing microorganisms were 
selected after screening on selective tributyrin agar with 
the formation of clear hydrolysis zone because of 
extracellular lipase activity. Three bacteria and four yeast 
isolates producing high amounts of lipase were selected 
based on colony to hydrolysis zone ratio. All the isolates 
obtained in screening were used for lipase production in 
liquid medium. The lipase produced by yeast (8.2±1.40U 
ml-1) was more than the bacteria 2.1±0.77U ml-1.  
Table 1. Production of lipolytic enzyme by bacteria and yeast 
isolates 

S.No Strain 
No 

Growth 
colony 
diameter 
(mm) 

Activity 
zone     
diameter            
(mm) 

Ratio 
 of   
colony  
/zone     
(mm) 

Enzyme 
activity 
 (U/ml) 
mean+SD 

1 BM-1 5 4 1.2 0.72±0.2
1 

2 BM-2 5 3 1.6 0.60±0.3
0 

3 BM-3 3 6 0.5 2.1±0.77 
4 BM-4 7 4 1.7 0.9±0.42 
5 BM-5 5 8 0.6 1.6±0.83 
6 BM-6 7 9 0.7 1.2±0.54 
7 BM-7 9 2 4.5 0.4±0.18 
8 OMV-

1 
7 9 0.7 5.5±1.40 

9 OMV-
2 

9 7 1.2 6.0±1.10 

10 OMV-
3 

7 8 0.8 6.2±1.30 

11 OMV-
4 

6 9 0.6 6.8±1.82 

12 OMV-
5 

6 9 0.6 6.0±1.10 

13 OMV-
6 

8 6 1.3 5.7±0.68 

14 OMV-
7 

6 10 0.6 7.6±1.50 

15 OMV-
8 

9 7 1.2 3.0±0.35 

16 OMV-
9 

9 8 1.1 5.4±0.82 

17 OMV-
10 

7 5 1.4 3.2±0.40 

18 OMV-
11 

9 8 1.1 6.0±1.20 

19 OMV-
12 

8 6 1.3 4.6±0.95 

20 OMV-
13 

7 11 0.6 8.0±1.40 

21 OMV-
14 

6 9 0.6 7.5±1.10 

22 OMV-
15 

5 12 0.4 8.2±1.40 

23 OMV-
16 

9 8 1.1 6.2±1.00 

24 OMV-
17 

9 7 1.2 4.0±0.65 

25 OMV-
18 

6 8 0.7 5.6±1.20 

26 OMV-
19 

8 6 1.3 3.4±0.63 

3.2. Identification 
The yeast strain isolated with highest lipase production 

from sunflower oil mill waste was used for identification. 
Colony morphology of yeast strain showed white color, 
round and small size (Fig 1). The isolated yeast when 
observed under the microscope without staining the cells 
was simple filamentous to elaborate pseudohyphae. 
Budding and exopolysaccharide coated sheath was 
observed around the cells which is also a typical property 
of Sporidiobolus sp (Fig 2). Yeast strain was also 
identified as Sporobolomyces salmonicolor using 
Microbial (MIDI microbial identification system chenni, 
India). 

Figure.1 S.salmonicolor colonies as seen on MY agar 

Figure. 2 Microscopic examination of S. salmonicolor 

3.3.  Selection  of  lipolytic mutant yeast 
Based on lipolytic activity and colony morphology, 

mutants were selected. The UV mutant yeast strains were 
screened by growing on tributyrin agar. Two highest lipase 
producing mutant yeast strains were selected and subjected 
to ethidium bromide mutation.  

The UV treatment on S.salmonicolor for more than 100 
second killed   more than 90% cells. Eight strains with 
more than 17 U ml-1 lipase activity was initially selected, 
and based on stability the mutant yeast strains (UV40, 
UV70) with lipase activity 18.2±1.20 and 18.9 ±1.10 U ml-

1 respectively were finally selected for further experiments. 
The influence of UV radiation time is shown in (Table 2). 

Two UV mutant yeast strains (UV40, UV70) were 
further subjected to mutation with ethidium bromide and 
the results are presented in (Table 3). The yeast growth 
was observed in the control within 36 h, and the growth in 
other mutated plate was observed after five days of 
incubation. Six colonies having less colony to hydrolysis 
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zone ratio were selected for lipase production. When the 
concentration of mutagen was higher than 20 µg ml-1 the 
survival of cells was less than 3%. Four strains having 
lipase activity more than 31.5±1.50 U ml-1 were initially 
selected. After optimization of medium composition, the 
mutant S. salmonicolor OVS8 yielded 38.5±0.21 U ml-1 of 
lipase. Mutant Strain OVS8 showed highest lipase activity, 
and it was selected for further experiments to optimize 
cultural conditions and media components for the 
increased lipase production. 
Table 2. UV mutants and their activity 

UV mutant lipase activity (U ml-1) 

UV10 17.5± 0.90 

UV20 17.0± 1.10 

UV30 17.6± 0.85 

UV40 18.2± 1.20 

UV50 17.8± 0.82 

UV60 17.2± 1.30 

UV70 18.9 ±1.10 

UV80 18.0±1.00 

 
Table 3. Ethidium bromide mutants and their lipase activity 

Eth bromide mutant   lipase activity (U ml-1) 

OVS5 30.5±1.20 

OVS6 31.2±1.50 

OVS7 31.0±1.10 

OVS8 31.5±1.50 

3.4. Stability of the mutant and optimization of  cultural 
conditions and media components for lipase production 

The stability of selected mutant was tested for 28 
generations and S. salmonicolor OVS8 was found to be 
stable with lipase activity 37±1.5 U ml-1 (Table 4). 
Table 4. Stability of S. salmonicolor OVS8 

Generation 3 8 13 18 23 28 

Lipase 
activity 

 (U ml-1) 

37.6± 

1.1 

39± 

2.1 

36.2± 

1.4 

37± 

1.5 

38± 

2.8      

37.5± 

1.5 

Optimization of cultural conditions and media 
components for production using mutant strain OVS8 was 
carried out by changing pH, temperature, nitrogen sources, 
inducers and carbon sources each at one time, in the 
production medium. 

3.4.1. The effect of initial pH and temperature 
The extracellular lipase production was influenced by 

the initial pH of the medium (Fig 3) the optimum pH for 
lipase production was found to be 6. The effect of 
temperature on lipase production is shown in (Fig 4).  

Figure 3. Effect of pH on the lipase production 

Figure 4.  Effect of temperature on lipase production 

3.4.2.  The effect of carbon source  

The study of lipase production with various carbon 
sources at 2% concentration in the medium showed that 
the enzyme production was more when glucose (36± 0.24 
U ml-1) and lactose (34±0.14 U ml-1) were used (Table 5). 
Mutant S. salmonicolor could utilize several carbohydrates 
but showed poor growth and low enzyme production with 
starch and glycerol. 
Table 5. Effect of carbon source on lipase production by S. 
salmonicolor  

Carbon source   

Concentration (2%) 

Biomass  

(g l-1) 

Lipase activity 

 (U ml-1) 

 

Glucose 10.6 36.0± 0.24 

Glycerol 7.3 19.0±0.23 

Sucrose 10.2 30.2±0.29 

Maltose 9.3 22.0±0.28 

Lactose 10.4 34.0±0.14 

Starch 7.2 18.0±0.18 

Fructose 8.5 24.0±0.21 

3.4.3. Effect of various lipids as inducers on the lipases 
production 

Among different lipids tested, olive oil and sunflower 
oil were found to be best inducers for lipase production 
(Table 6) and low activity was obtained with tributyrin. 
Though the oleic acid supported good growth but very less 
lipase was produced. 
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Table 6. Effect of lipids as inducers on lipase production with S. 
salmonicolor 

Inducer sources (0.3%) Biomass (g l-1) Lipase activity  

 (U ml-1)    

Groundnut oil 9.4 31.5±0.12 

Mustard oil 9.2 28.4±0.17 

Soybean oil 9.7 34.5±0.21 

Olive oil 9.8 38.0±0.26 

Sunflower oil 9.4 36.5±0.29 

Almond oil 7.8 27.0±0.16 

Sesame oil 8.6 20.5±0.22 

Tributyrin 7.8 18.5±0.11 

Oleic acids 6.6 05.0±0.22 

Sunflower oil 9.4 36.5±0.14 

Coconut oil 9.0 33.6±0.20 

3.4.4. Effect of nitrogen sources on the lipases production 
The mutant S. salmonicolor has grown well with all the 

nitrogen sources tested. Yeast extract and ammonium 
sulphate were the best among all the nitrogen sources 
tested, giving 37.5±0.57and 37.0±0.92 U ml-1 lipase 
activity (Table 7). The lipase production was low with 
Beef extract and casein; whereas other inorganic nitrogen 
sources produced more than 18.5±1.00 U ml-1 of enzyme. 
We have analyzed the data using one way ANOVA with 
the help of SPSS software, i.e. effect of carbon, nitrogen 
sources and inducers on the production of lipase and 
biomass. Results showed that lipase production is 
significant at 0.05% level between different carbon, 
nitrogen sources and inducers. 
Table 7. Effect of nitrogen sources on lipase production with S. 
salmonicolor 

Organic 
nitrogen 

(1%) 

Biomass 
(g l-1) 

Lipase 
activity  
(U ml-)  

Inorganic 
nitrogen (1%) 

Biomass 
(g l-1) 

Lipase 
activity 

(U ml-) 

Yeast   
extract 

9.6 37.5± 

0.57 

Urea 8.4 34.5± 

0.41 

Peptone 9.5 33.0± 

0.89 

CH3COONH4 7.5 18.5± 

1.00 

Casein 8.2 18.5± 

0.92 

NH4Cl 7.7 24.0± 

0.26 

Soybean 
meal 

9.4 30.0± 

0.50 

(NH4) NO3 7.8 22.0± 

0.30 

Beef 
extract 

7.5 19.0± 

0.96 

(NH4)2SO4 8.0 37.0± 

0.92 

3.4.5. Effect of metal ions on the lipases production 
The effect of metal ions on the lipase production by 

addition of MgSO4.7H2O and K2HPO4 increased the 
lipase production while MnSO4 and CuSO4 decreased the 
lipase production on mutant S. salmonicolor (Table 8). 

For all the experiments the inoculum was grown in YM 
medium and was performed in triplicate. 
 

Table 8. Effect of metal ions on lipase production with S. 
salmonicolor 

Metal 
ions 
(0.1%) 

Mg 

SO4 

Mn 

SO4 

Ca 

Cl2 

K2 

HPO4 

Na 

Cl 

Zn 

SO4 

Na2 

HPO4 

Fe 

SO4 

Lipase 
activity    
(U ml-)  

36± 

2.1 

26± 

2.0 

22± 

1.8 

36± 

2.5 

30± 

2.2 

18± 

1.3 

26± 

2.4 

17± 

1.5 

4. Discussion  

Microorganisms showing lipase activity were isolated 
from oil spillage of sunflower oil factory. From 26 
isolates, one of the highest lipase producing yeast (on 
tributyrin agar media) was selected. Ertugrul et al. (2007) 
isolated 17 strains from olive oil mill waste water (OMW), 
using tributyrin agar media and the highest lipase 
producing microorganism was identified as Bacillus sp. 
Cellular fatty acid analysis is widely used for 
characterization many microbial species (Moore et al., 
1994). The isolated yeast was characterized using this 
method and identified as Sporobolomyces salmonicolor.  

In the present study the enhancement of lipase 
production by yeast was carried out with UV and ethidium 
bromide methods. Ethidium bromide (12.6 U ml-1) was 
found to be more efficient in inducing the mutagenesis 
when compared to UV (6.9 U ml-1). Other mutagenesis 
reported, the enhancement of lipase production from 
Aspergillus niger was attempted by ultraviolet (UV) and 
nitrous acid mutagenesis, and one of the mutant strains 
NAII exhibited 2.53 times more increased lipase activity 
than the parental strain (Mala et al., 2001). Y. lipolytica 
DSM3286 was subjected to mutation using ethyl 
methanesulfonate (EMS) and ultraviolet (UV) light. One 
UV mutant (U6) produced 356 U/mL of lipase after 24 h, 
which is about 10.5-fold higher than that produced by the 
wild type strain (Farshad et al., 2011). Using S. 
salmonicolor the optimum found to be 28 oC and pH  6 for 
maximum lipase production. This was supported by  
Chien-HL,  et al. (2012) the maximum lipase production 
was 22.67 U ml-1 when the pH of the medium was 
controlled at 6.0. Dalmau et al. (2000) obtained the highest 
yield of lipase by C.rugosa using lipids or fatty acids as 
carbon sources and also with the mixture of triglycerides 
and  carbohydrates. In the present study the highest lipase 
activity was found with glucose and lactose, the results are 
similar to the results of (Costas et al., 2004). 

Domínguez et al., (2003) reported that the titer of 
lipase production was 16.7 U/ml under the optimal 
conditions with yeast extract of 2.175 g l-1and olive oil of 
5.54U ml-1. Similar in this study highest lipase activity has 
obtained by using olive oil (38.0±0.26 U ml-1 ) correlated 
with increased biomass (9.8 g l-1). Yeast extract and 
ammonium sulphate (37.5±0.57 and 37.0±0.92 U ml-1) are 
the best source of nitrogen for lipase production. Chien  et 
al., (2012)  reported the titer of lipase production by 
Burkholderia sp was 16.7 U ml-1under the optimal 
conditions with yeast extract of 2.175 g l-1 and olive oil of 
5.54 ml l-1. The metal ions like Mg+2 and K + were found 
to enhance the production of lipase on mutant S. 
salmonicolor (36±2.1 and 36±2.5 U ml-1 ) respectively. 
Similar reported by (Tan et al., 2003) reported the highest 
lipase production by Candida sp in the presence of Mg+2, 
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Na+ and K + metal ions. Overall, in this study a novel 
producing lipase yeast strain has been isolated. Further 
purification and characteristics of this enzyme may be used 
in industrial or medical field. 

5. Conclusion 

A strain of S. salmonicolor was isolated and identified 
using gas chromatography of methyl esters of cellular fatty 
acids GC-FAME (MIDI). It was selected for further 
studies as it produced considerable quantities of 
extracellular lipolytic enzyme. The yeast strain was further 
improved using UV and Ethidium Bromide which lead to 
enhanced lipase production (38.5±0.21U ml-1).  
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Abstract 

The present study aims at exploring the production of pectinolytic enzymes from an easily available and cheaper agro-residue 
(dried pineapple residue) fermented by newly isolated mixed culture of Aspergillus fumigatus and Aspergillus sydowii 
through solid-state fermentation. The optimum conditions that influence the extraction of pectinases from the fermented 
substrate were temperature, pH and incubation period, 35°C, 5.0 and 48h respectively. Among the carbon sources tested for 
maximum production of enzymes, 2% starch yielded maximum polygalacturonase (PG), whereas 3% sucrose yielded pectin 
lyase (PL) and 3% glucose enhanced production of pectate lyase (PAL).   
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1. Introduction 

Pectinases are the group of enzymes involved in de-
polymerization of pectic polymers. This group of enzymes 
consists of pectin esterase, PE (E.C 3.1.1.11), 
polygalacturonase, PG (E.C 3.2.1.15), pectate lyase, PAL 
(E.C 4.2.2.2) and pectin lyase, PL (E.C 4.2.2.10) (Yadav et 
al., 2008). Pectin is one of the most widely available 
polysaccharide in nature after cellulose, starch and chitin. 
The basic unit of pectin is α,D-galacturonate which is 
linked through  α-1,4-glucosidic linkages. The side chains 
of pectin molecule consist of rhamnose, galactose, 
arabinose and xylose. The carboxyl groups of 
galacturonate are esterified with methanol and based on 
the degree of esterification, the pectic substances were 
differentiated into protopectin, pectin, polygalacturonic 
acid and pectinic acid (Gummandi and Kumar, 2006). 

Pectinolytic enzymes are of significant importance in 
the current biotechnological era with their all embracing 
applications in fruit juice extraction and its clarification. In 
addition, are involved in degumming of plant fibers, 
vegetable oil extraction, tea and coffee processing, and in 
alcoholic beverages etc. They have a share of 25% in the 
global sales of food enzymes (Yugandrah et al., 2008). 
Emerging new applications underline the importance of 

large-scale production of these enzymes (Gummandi and 
Kumar, 2005). 

Carbon sources especially of agrarian source are more 
suitable because they are cost effective, renewable and 
available in large quantities (Yugandhar et al., 2008). 
Hence we made an attempt to examine the utility value of 
inexpensive, renewable and readily available raw material 
like pineapple residue powder (pectin-rich agrowaste) 
which is a byproduct of fruit juice industry and was not 
reported in literature so far, for the production of 
pectinases. To meet the demand of pectinases for different 
industrial applications, its production was carried out by 
co-culture of newly isolated mixed culture of Aspergillus 
fumigatus and Aspergillus sydowii 7373.09 ITCC grown 
on pineapple fruit residue.  

The yield of pectic transeliminases (PL and PAL) in 
amount is much lower, compared to other pectinases. For 
example, the amount of PL and PAL produced are less 
than 1U (or 1mU/ml) (Alana et al.,1989, 1990; Nakagawa 
et al., 2000; Panda and Naidu, 2000). Very few strains 
such as Candida boidinii and Paenibacillus sp. are known 
for producing two enzymes together, i.e. PL and PAL 
(Gummandi and Kumar, 2007). The use of mixed cultures 
or microbial associations for production of multi enzyme 
complexes is not new as Stoilova (Stoilova et al., 2008) 
experimented with microbial association of Aspergillus 
niger and Fusarium moniliforme for overproduction of 



 © 2012Jordan Journal of Biological Sciences. All rights reserved - Volume 5, Number 4 308 

laccase and pectinase. Hence an attempt was made to co-
culture two fungal strains for obtaining PG, PL and PAL in 
an appreciable amount, in single solid state fermentation 
process which can reduce the cost of enzymes production. 
In solid-state fermentation, growth of microbes occurs on 
the insoluble substrates in the absence of any free liquid 
phase and with optimum moisture content necessary for 
proper growth of microbes as well as production of 
enzymes.  

2. Materials and Methods 

2.1. Chemicals 
D-Galacturonic acid was procured from Sigma 

Chemical Co., St. Louis, USA. All other chemicals used 
were of analytical grade, supplied by Hi Media Lab., 
Bombay, India. 

2.2.  Isolation and screening of micro-organisms 
Soil samples containing microbes were collected from 

soils (local fruit market) containing citrus fruit residues. 1g 
soil was mixed in 20 mL distilled water and after settling 
1.0 mL of supernatant was taken in a 250-mL Erlenmeyer 
flask and mixed with 10-mL medium containing (g/L) 
citrus pectin, 10; NaH2PO4, 7.8 ; KH2PO4, 13.6 ; CoCl2, 
0.014 ; MgSO4.7H2O, 0.246 and (NH4)2SO4, 2.0, at pH 
5.0 by shaking. A loopful of the homogenate was then 
streaked onto the nutrient medium containing agar (3%) 
and incubated at 30°C for 24 h to 72 h. All morphologicaly 
different colonies were purified by repeated streaking. 
Culture exhibited maximum growth was identified as 
mixed culture of Aspergillus fumigatus and Aspergillus 
sydowii  7373.09 ITCC by Indian Type Culture Collection 
(ITCC), division of I.A.R.I, New Delhi, and was employed 
for further experiments. These two strains were separated 
by repeated streaking. An experiment was carried out 
using these strains separately and in mixed form in 
different flasks (Figure 1) under the similar conditions.  

Figure 1. Production of pectinases under solid state fermentation 
by single cultures and mixed culture. 

On comparing them (Figure 1) it becomes clear that A. 
sydowii can produce PG, PL and PAL in very small 
amount whereas A. fumigatus can produce PG and PL 
only. But when they were co-cultured they can produce 
three enzymes together in an appreciable amount in a 

single fermentation process. From industrial point of view 
it is very beneficial to obtain them together as it reduces 
the cost of process and consumption of energy too.  
The isolated culture was sub-cultured after every 2 weeks 
onto the agar medium and maintained at 4°C.  

2.3. Inoculum 

For inoculum preparation, the isolated mixed culture 
was grown at 35°C for 7 days, and the spores (1×107) were 
scraped into 25-mL of sterile Tween 80 solution, 10 mL of 
which was used to inoculate 5g of substrate. 

2.4. Preparation of substrate 

Pineapple residue was obtained after extraction of juice 
from the fruits which was previously peeled and decored. 
Pineapple residue was spread on trays and dried in an oven 
at 60°C for 24 h. The dried residue (chemical composition 
(g/100g); Protein, 0.5; Fat, 0.12; Carbohydrate, 13.12; 
Fiber, 1.4; Sucrose, 9.85; Glucose, 5.99; Fructose, 1.73; 
Ash, 0.27 and Vitamin C, 47.8 (mg)) was grinded and 
sieved with a screen of ISS mesh no. 40 to obtain an 
average particle size of 425 µm and stored in polyethylene 
bags at temperature (30±5°C).  

2.5. Enzyme production 

Solid-state fermentation (SSF) was carried out in a 
sterile 250-mL Erlenmeyer flask, mouth plugged with non-
absorbing cotton, which contains weighed amount of 
pectin-rich agro-residue (dried pineapple residue) 
moistened to desired moisture level with mineral salt 
solution containing (g/L): (NH4)2SO4, 0.1; MgSO4.7H2O, 
0.5; KH2PO4, 0.5 and FeSO4.7H2O, 0.05 at pH 5.0  and 
then sterilized at 15 psig (121°C) for 15 min followed by 
cooling to the desired temperature for inoculation with 
required volume of inoculum. The flask was then 
incubated under static condition for appropriate time. In 
order to estimate enzyme activity, measured volume of 
sterile water was added to the flask containing fermented 
substrate, mixed properly, filtered to obtain 40-mL extract 
and then centrifuged at 10,000g for 10 min. The obtained 
supernatant was used as crude enzyme solution for assay. 

2.6. Enzyme assays 

Polygalacturonase (PG) was assayed by measuring the 
reducing sugars released from the action of pectinase on 
citrus pectin using 3,5-dinitrosalisylic acid (DNS) reagent 
(Miller, 1959) from the reaction mixture containing 0.8 
mL of crude enzyme solution and 0.2 mL (1%) citrus 
pectin in 0.2M acetate buffer of pH 5.0, incubated for 10 
min at 40°C. One unit of PG is defined as the amount of 
enzyme that liberates 1 µmol of galacturonic acid per min 
under the assay conditions.  

Pectin lyase (PL) activity was determined 
spectrophotometrically by monitoring the increase in 
absorbance (Albershiem, 1959). The reaction mixture 
contains the following: 1.25-mL of 0.15M citrate-
phosphate buffer (pH 5.5), 0.25 mL of culture filtrate and 
1.0 mL of 1% (w/v) citrus pectin. Pre-incubation were 
carried out at 40°C for 15 min. The reaction was started by 
adding pectin, control tubes contained the enzyme 
previously inactivated by incubation for 10 min at 100°C. 
One unit of PL activity was the amount of enzyme which 
produced an increase of one unit of A235 per minute.  
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Pectate lyase (PAL) activity was measured by the 
increase of A235 of 4,5 unsaturated reaction  product. First, 
0.3 mL of 1% (w/v) polygalacturonic acid neutralized by 
NaOH was mixed with 1.5-mL of CaCl2 solution (0.0005 
M in 0.1 M Tris-HCl [pH 9.0]) and 1.1 mL of distilled 
water. Then, 0.1 mL of enzyme sample was quickly added 
and the increase in A235 was measured (Collmer et al., 
1988). One unit of PAL was defined as the amount of 
enzyme which produces 1 µmol of unsaturated product per 
min. The molar extinction coefficient for the unsaturated 
product at 235 nm (ε235) is 4,600 M-1 cm-1.  

2.7.  Statistical analysis 

All the experimental results reported are average of 
triplicate values, which are represented in the respective 
graphs with error bars. 

3. Results and Discussion 

3.1. Optimization of  Process Parameters for Pectinases 
Production 

Several experiments were carried out for pectinase 
production by isolated mixed culture of Aspergillus 
fumigatus and Aspergillus sydowii 7373.09 ITCC under 
SSF using pineapple residue powder as substrate. To 
determine the optimal values different process conditions 
were optimized, the range within which the  parameters 
have been studied were  incubation period (24-144h), pH 
(4-8), moisture content (50-90%), substrate concentration 
(2-8g) and temperature (25-50°C).  
3.2.  Effect of Incubation Period. 

The experiments were done at different time duration 
(from 24 to 144 hours) at an interval of 24h for pectinases 
production under SSF at 30°C at pH 5.0. Experimental 
data from Figure 2 indicate that the production of PG, PL 
and PAL increased with fermentation duration upto 48h 
beyond that, the production of the enzymes decreased 
gradually may be due to the depletion of nutrients. 
Whereas Natalia Martin (Martin et al., 2004) reported 
maximum polygalacturonase yield using wheat bran: 
sugarcane bagasse: orange bagasse (1:1:1) as substrate 
after 96h of incubation, under SSF conditions by 
Penicilliun sp.EGC5. The time of incubation depends on 
the growth rate of the microorganism and its enzyme 
production pattern.  

 

Figure 2. Effect of incubation time (h) on pectinases production 
under SSF (A) PG and PL (B) PAL. 

3.3. Effect of pH 

The impact of pH of the medium on enzyme production 
by isolated mixed culture under SSF was studied by 
adjusting the pH in a range of 4.0 to 8.0 at a difference of 
0.5. The results from Figure 3 indicate that the production 
of polygalacturonase (328.1 U/g), pectin lyase (92.3 U/g) 
and pectate lyase (28.7 U/g) in terms of activity increased 
with medium pH upto 5.0 and further increase in pH 
causes decrease in activity of enzyme, which could be due 
to the fact that as the acidity of fermentation medium 
increases the activity or production of enzymes decreases. 
Whereas Friedrich (Friedrich et al., 1994) and Hayashi 
(Hayashi et al., 1997) reported an optimum pH of 4.5 and 
7.0 for maximum PL and PAL production by A. niger 
A138 and Pseudomonas marginalis MAFF03-01173, 
respectively. 
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Figure 3.  Effect of pH on production of pectinases under SSF at 
30°C for 48h (A) PG and PL (B) PAL. 

3.4. Effect of moisture content 

The moisture content of substrates affects their 
physiochemical properties, microbial growth as well as 
enzyme production and thus an overall productivity of 
process. Experiments were carried out with different 
moisture levels ranging from 50 to 90% at a difference of 
10 and the results of enzyme production are shown in 
Figure 4.  

Figure 4.  Effect of moisture content (%) on production of 
pectinases under SSF at 30°C and pH  5.0 for 48h fermentation 
(A) PG and PL (B) PAL. 

It was found that on every 10% increase in moisture 
from 50% moisture level, enzyme activity increases to 
70% moisture content in substrate and a further increase in 
moisture content decreases pectinase activity. Microbes 
generally grow near the outer surface of the substrate 
particle, at the same time evaporation of water takes place 
due to generation of heat during microbial growth. But 
water uptake in new biomass and evaporation are thus 
localized at the surface of the substrate particles. Hence the 
optimum humidity allows the entry of nutrients easily 
through the cell membrane, which favours maximum 
enzyme production. Any deviation from the optimum 
humidity results in the decrease in enzyme activity, which 
may be due to osmotic imbalance inside the cell causing 
cell lysis. Here the maximum production of PG (340.2 
U/g), PL (90.3 U/g) and PAL (29.6 U/g) were obtained at 
70% moisture content. 
3.5. Effect of  Substrate Concentration 

The effect of substrate concentration on dried pineapple 
pulp powder was studied by incubating 1 to 8 g amounts at 
30°C for 48 h at 70% moisture (Figure 5). Increasing the 
substrate concentration from 2 to 5 g gradually increased 
enzyme production, but above 5 g yield decreased 
significantly. The data from Figure 5 show that on 
increasing substrate concentration from 2g to 5g, the 
production of enzymes gradually increased but above 
which it decreased significantly. When the substrate 
amount was increased above the optimum level, the 
increased bed height might have caused inadequate 
diffusion of the liquid medium across the bed as well as in 
contact of microbes, hindering the process of 
biotransformation. In this experiment, the maximum 
enzyme activities, PG (340.8U/g), PL (91.6U/g) and PAL 
(30.4U/g) were observed in case of 5g powdered pineapple 
pulp.  

Figure 5. Effect of substrate concentration (g) on pectinases 
production under SSF using pineapple pulp as a substrate at 30°C 
and pH 5.0 with 70% moisture for 48h (A) PG and PL (B) PAL. 
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3.6. Effect of Temperature 

Temperature is a very important factor for microbial 
growth as well as microbial product formation. That is 
why several experiments were carried out at different 
temperatures (25-50°C) to see the effect of temperature on 
pectinase production and the results are shown in Figure 6 
indicates that maximal production of enzymes depend on 
fermentation temperature and the maximum yield in terms 
of activity of PG (343.2U/g), PL (96.6U/g) and PAL 
(31.6U/g) was obtained at 35°C. However, the enzyme 
activities predominantly decreased due to inactivation of 
enzymes at temperatures higher than that of 35°C. de 
Frietas (de Frietas et al., 2006) reported an optimum 
temperature 50°C for PG production by SSF using 
Aspergillus sp. N12 strain, whereas Gummandi 
(Gummandi et al., 2007) and Nakajima (Nakajima et al., 
1999) reported an optimum temperature 30°C and 37°C for 
PL and PAL production with  A. niger NCIM548 and 
Clostridium butyricum-beijerineki, respectively. 

Figure 6. Effect of temperature (°C) on pectinases production 
under SSF using pineapple pulp as substrate with 70% moisture at 
pH 5.0 for 48 h (A) PG and PL (B) PAL.

 

3.7. Effect of Carbon Sources 

The influence of variety of carbon sources on 
production of pectinases was studied using different 
concentration (1-5%) of carbon sources for each of 
glucose, pectin and sucrose separately along with 5g of 
powdered pineapple pulp and the results are indicated in 
Figure 7. The maximum yield of PG was obtained with 2% 
starch (433.6 U/g) and 2% glucose (408.2 U/g) whereas of 
PL with 3% pectin (253.6 U/g) and 3% sucrose (296.7 
U/g) and PAL with 1% pectin (48.3 U/g) and 3% glucose 
(57.6 U/g) under the optimized conditions. The data shown 
in Figure 7 signify that on increasing concentration of 
carbon sources, enzyme activity started decreasing due to 
substrate inhibition as well as catabolic repression. 
Probably, this is due to the presence of a high galacturonic 
acid concentration from pectin degradation. These findings 
are similar to that reported by Aguilar and Huitron 
(Aguilar and Huitron, 1987) and of Maldonaldo 
(Maldonaldo et al., 1989) which showed that the 
production of these enzymes is directly correlated with 
substrate concentration as shown in Aspergillus sp. 

Figure 7.  Effect of different concentrations of starch (%) on 
pectinases production under optimized conditions (A) PG and PL 
(B) PAL. 
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Figure 8. Effect of different concentrations of sucrose (%) on pectinases production under optimized conditions (A) PG and PL (B) PAL. 

Figure 9. Effect of different concentrations of pectin (%) on pectinases production under optimized conditions (A) PG and PL (B) PAL. 

Figure 10. Effect of different concentrations of glucose (%) on pectinases production under optimized conditions (A) PG and PL (B) PAL.
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4. Conclusion 

Pineapple residue an easily available and cheaper agro-
residue was successfully used as a solid state support by 
mixed culture of Aspergillus fumigatus and Aspergillus 
sydowii at 35°C for production of pectinolytic enzymes 
and it has not been reported so far. Optimization of 
processing parameters resulted in higher production of 
pectinases. The effect of carbon sources such as glucose, 
sucrose, starch and pectin were also investigated on the 
production of pectinases and starch was indentified to 
induce maximum PG at 2% (w/v). 
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Abstract 

The powders and extracts of Azadirachta indica A. Juss and Piper guineense (Schum and Thonn) seeds were bioassayed for 
their insecticidal potential against the lesser grain borer, Rhizopertha dominica (Fabr.) in the laboratory at 30+20C and 
70+5% relative humidity. The powders were applied at rates 0.5, 1.0, 2.0 and 4.0g/20g of wheat grains. The extracts of the 
plants were also applied at rates 1, 2, 3 and 4%/20g of wheat grains. The parameter studies were adult mortality, adult 
emergence, % reduction of adult emergence and weight loss in treated wheat grains. The results obtained shows that adult 
mortality of R. dominica increased as concentration of powders and extracts increased. The two plants powders were able to 
evoked 100% mortality of adult R. dominica at rates 1.0, 2.0 and 4.0g/20g of wheat grains after 72 hours of post treatment. 
Adult emergence shows that more adult emerged from the control (46) which was significantly higher (P<0.05) than others. 
The extracts from the two plants seeds tested against R. dominica were able to caused 100% mortality of lesser grain borer 
within 48 hours of post treatment at all tested concentrations. There was no adult emergence of R. dominica in wheat treated 
with extracts compared to control (treated with solvent) which recorded 19 adult emergence and control (without solvent) 
which had 43 adult emergence. The extracts did not affect the weight of treated wheat grains. The results obtained from this 
study justified that powders and extracts of A. indica and P. guineense seeds can be used as biopesticides against R. 
dominica. The two plants are of medicinal values, biodegradable, readily available and poses no danger to man and other 
mammals. 
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1. Introduction      

Wheat is a cereal grain of the monocot plant Triticum 
spp (Belderok et al., 2000) and it is the world’s most 
important cereal crop in relation to production and 
consumption (Ileke, 2011).   

Wheat is grown on more land area than any other 
commercial crop. It is the most important staple food for 
humans. World trade in wheat is greater than all other 
crops combined (Curtis and Macpherson, 2002). Wheat is 
the leading source of protein in human foods, having a 
higher protein content than either maize or rice, the other 
major cereal grains. In terms of total production tonnages 
used for food, it is currently second to rice as the main 
human food crop and ahead of maize. As a cereal grains, it 

is the most proteinous grains consumed in developing 
countries to combat malnutrition in young children, 
especially in Nigeria (Ileke, 2011) 

Wheat is attacked by various insect pests between 
harvest and storage. The most economically important 
insect pests of stored wheat are the granary weevils, 
Sitophilus granarius, maize weevils, Sitophilus zeamais, 
rice weevils, Sitophilus oryzae, lesser  grain borer, 
Rhizopertha dominica, larger grain borer, Prostephanus 
truncatus, Angoumois grain moth, Sitotroga cerealella, 
Indian meal moth, Plodia interpunctella, rice moth, 
Corcyra cephalonica and red flour beetle, Tribolium 
castaneum (Adedire, 2001; Ileke, 2011). Lesser grain 
borer, R. dominica is a field-to-store pest and this may 
cause economic damage in the store (Adedire, 2001).  
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Presently, insect pests control in stored food products 
relies on the use of synthetic insecticides which has some 
hazards such as pollution of the environment, toxic 
residues on stored grains, development of resistance by 
target species, pest resurgence and lethal effects on non-
target organisms in addition to direct toxicity to users and 
health hazard (Adedire and Lajide, 2003;  Adedire et al., 
2011; Ileke and Oni, 2011, Udo, 2011; Ileke and Olotuah, 
2012; Ileke and Bulus, 2012). Recently, there is a steady 
increase in the use of medicinal plant products as a cheaper 
and ecologically safer means of protecting stored products 
against infestation by insects (lvbijaro and Agbaje, 1986; 
Adedire and Ajayi, 1996; Adedire and Lajide, 2003; 
Ashamo and Odeyemi, 2001; Oni and Ileke, 2008; Adedire 
et al., 2011; Akinkurolere et al., 2006; 2009;  Ileke et al., 
2012) and the tropics is well endowed with these plant 
species some of which are also used for medicinal 
purposes (Adedire and Lajide, 2003; Ileke, 2008). 
Vegetable oils, plant powders and extracts have been used 
to reduce post harvest losses of cereals and grain legumes 
(Odeyemi, 1998; Adedire and Lajide, 1999; Ofuya et al., 
2007; Nwaubani and Fasoranti, 2008). Therefore, this 
present study investigated the response of R. dominica to 
powders and extracts of Azadirachta indica and Piper 
guineense  seeds in stored wheat grains. These plants have 
been investigated to be effective in protecting cowpea and 
maize seeds from infestation by cowpea bruchid, 
Callosobruchus maculatus and Sitophilus zeamais 
respectively (Lale and Abdulrahman, 1999; Adedire and 
Lajide, 2003; Asawalam et al., 2007; Ileke and Oni, 2011; 
Ileke and Bulus, 2012). 

2. Materials and Methods 

2.1. Insect culture 
Adult lesser grain borer, R. dominica used for this 

study were obtained from an already existing culture in the 
Environmental Biology and Fisheries Research 
Laboratory, Adekunle Ajasin University, Akungba Akoko, 
Nigeria. They were reared on disinfested wheat grains, T. 
aestivum variety hard red winter collected from a seed 
warehouse in Akure, Ondo State, Nigeria. The grains were 
cleaned of foreign matter and disinfested by keeping in 
freezer at -5oC for 7 days.  This is because all the life 
stages, particularly the eggs are very sensitive to cold. The 
disinfested grains were then air dried in the laboratory to 
prevent mould growth (Adedire et al., 2011) before 
introduction of insects. They were placed in Kilner jars 
and covered with muslin cloth. The jars were placed in 
insect rearing cages at ambient temperature of 30+2oC and 
75+5% relative humidity.  

 Wheat, T. aestivum grains used for the 
experiment were also disinfested as described above 
before it was stored in plastic containers with tight lids 
disinfested by swabbing with absolute ethanol. 

2.2.  Collection of plant materials and preparation of 
extracts 

The plant materials used in this study were Azadirachta 
indica and Piper guineense seeds. These materials were 
sourced fresh from Akola farm at Igbara-Odo Ekiti, Ekiti 
State, Nigeria. The seeds were sun dried for 3 days before 

air dried in the laboratory. The cleaned dried seeds were 
pulverised into fine powders using a blender.  The powder 
were further sieved to pass through 1mm2 mesh (Ileke and 
Bulus, 2012). The powders were packed in plastic 
containers with tight lids and kept in the dark (Udo, 2011). 
Acetone extracts of A. indica and P. guineense seeds 
powders were carried out using cold extraction method. 
About 150g of A. indica and P. guineense powders were 
soaked separately in an extraction bottle containing 100% 
acetone. The mixture was stirred occasionally with a glass 
rod and extraction was terminated after 72 hours. Filtration 
was carried out using a double layer of Whatman No. 1 
filter papers and acetone evaporated using a rotary 
evaporator at 30 to 40oC with rotary speed of 3 to 6 rpm 
for 8 hours (Udo, 2011; Ileke and Olotuah, 2012). The 
resulting extract was air dried in order to remove traces of 
solvent. The crude extract obtained was stored in the 
refrigerator prior to use (Aina et al., 2009). From this stock 
solution, different extract concentration of 1%, 2%, 3% 
and 4% were prepared as follows: 1% concentration was 
made by diluting 0.1ml of extract in 9.9ml of acetone; 2% 
concentration was made by diluting 0.2ml of extract in 
9.8ml of acetone; 3% concentration was made by diluting 
0.3ml of extract in 9.7ml of acetone, Similarly, 4% 
concentration was made by diluting 0.4ml of extract in 
9.6ml of acetone (Ashamo and Akinnawonu, 2012). 

2.3. Toxicity of plant powders on mortality and adult 
emergence of R. dominica 

The plant powders where thoroughly mixed with 20g of 
wheat grains in 250ml plastic containers at 0.0 (untreated), 
0.5, 1.0, 2.0 and 4.0g corresponding to 2.5, 5, 10 and 20% 
w/w concentration (Fatope et al., 1995). The containers 
with their contents were gently shaken to ensure thorough 
admixture of the wheat grains and treatment powders. 
Twenty newly emerged adults R. dominica were randomly 
(unsexed) picked and introduced to each of the containers 
and covered. Four replicates of the treatments and 
untreated controls were laid out in Complete Randomized 
Design. Beetle mortality was observed daily for 4 days. 
After every 24 hours, the number of dead beetles were 
counted and recorded. The beetles were confirmed dead 
when there was no response to probing with sharp pin at 
the abdomen (Adedire et al., 2011). At the end of day 4, all 
insects, both dead and alive were removed from each 
container. The experiment was kept inside the insect cage 
for another 30 days to allow for the emergence of the first 
filial (F1) generation. The number of adults that emerged 
from each replicate was counted and recorded. The 
percentage reduction in adult emergence of F1 progeny or 
inhibition rate (IR) was calculated according to the method 
described by Tapondju et al. (2002). 
% IR   =                 Cn- Tn    x    100 
                                 Cn                 1 

where Cn is the number of emerged insects in the 
control and Tn is the number of emerged insects in the 
treated containers. 

The % loss in weight was determined and recorded 
using the method described by Odeyemi and Daramola 
(2000).  
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% Weight  loss  =  Initial weight – final weight   x  100 
            initial weight             1 

2.4. Toxicity of acetone extracts on mortality and adult 
emergence of R. dominica  

Extracts of A. indica and P. guineense seeds at rate of 
1ml of each concentration 1%, 2%, 3% and 4% (Ashamo 
and Akinnawonu, 2012) was mixed with 20g of clean 
wheat grains in 250 ml plastic containers. The extracts 
were thoroughly mixed with the aid of a glass rod and 
agitated for 5-10 min to ensure uniform coating. The 
containers were left open for 30 min so as to allow traces 
of solvent to evaporate off (Ileke and Olotuah, 2012). Two 
control experiments were set up, one treated with solvent 
(Arannilewa et al., 2006) and another without solvent 
treatment (Ashamo and Akinnawonu, 2012). Twenty 
newly emerged adults R. dominica were randomly 
(unsexed) picked and introduced to each of the containers 
and covered. Four replicates of the treatments and 
untreated controls were laid out in Complete Randomized 
Design. Beetle mortality was observed daily for 4 days. 
After every 24 hours, the number of dead beetles were 
counted and recorded. The beetles were confirmed dead 
when there was no response to probing with sharp pin at 
the abdomen (Adedire et al., 2011). At the end of day 4, all 
insects, both dead and alive were removed from each 
container. The experiment was kept inside the insect cage 
for another 30 days to allow for the emergence of the first 
filial (F1) generation. The number of adults that emerged 
from each replicate was counted and recorded. The 
percentage reduction in adult emergence of F1 progeny or 
inhibition rate (IR) was calculated as described by 
Tapondju et al. (2002). The % loss in weight was 
determined and recorded using the method described by 
Odeyemi and Daramola, 2000. 

2.5.  Statistical analysis 
Data were subjected to analysis of variance and 

treatment means were separated using the New Duncan’s 
Multiple Range Test. Data were subjected to analysis of 
variance (ANOVA), and means were separated using New 
Duncan’s Multiple Range Test. The ANOVA were 
performed with SPSS 16.0 software (SPSS, Inc., 2007).  

3.  Results 

3.1. Toxicity of plant powders to R. dominica 
The effect of A. indica and P. guineense seeds powders 

on mortality of lesser grain borer, R. dominica is shown in 
Table 1. All the plants powders at all tested concentration 
had above 78.8% mortality after 72 hours of post 
treatment. Neem seed powders caused 49.3%, 77.5%, 
100% and 100% mortality of adult R. dominica at rates 
0.5/20g, 1/20g, 2/20g and 4/20g of wheat grains after 72 
hours of application respectively. There was no significant 
difference (P>0.05) in mortality of adult R. dominica 
among the grain treated with A. indica and P. guineense 
powders causing 100% mortality at all concentration tested 
after 96 hours of post treatment. 

Table 1. Toxicity of plant powder on R. dominica 
        
Plant 
powder 

Conc. 
g/20g of 
wheat 

Percentage mortality at hours post 
treatment (%) 
24  48 72 96 

 A .indica 0.5 26.3+ 
2.4b 

49.3+ 
2.4c 

83.3+ 
3.2b 

100.0+ 
0.0b 

1.0 42.5+ 
1.4c 

77.5+ 
1.4d 

100.0+ 
0.0c    

100.0+ 
0.0b 

2.0 88.8+ 
1.3f 

100.0+ 
0.0e 

100.0+ 
0.0c 

100.0+ 
0.0b 

4.0 91.3+ 
2.4f 

100.0+ 
0.0e 

100.0+ 
0.0c 

100.0+ 
0.0b 

P. 
guineense 

0.5 15.0+ 
4.1b 

33.3+ 
3.2b 

78.8+ 
1.3b 

 96.3+ 
1.2b 

1.0 25.0+ 
4.1b 

 52.8+ 
1.3c 

88.8+ 
1.3b 

100.0+ 
0.0b 

2.0 58.8+ 
1.3d 

86.3+ 
1.2d 

100.0+ 
0.0c 

100.0+ 
0.0b 

4.0 73.3+ 
3.2e 

100.0+ 
0.0e 

100.0+ 
0.0c 

100.0+ 
0.0b 

Control 0.0 0.0+ 
0.0a 

 0.0+ 
0.0a 

0.0+ 
0.0a 

0.0+  
0.0a 

Each value is a mean + standard error of  four replicates. Means within the 
same column Followed by the same letter(s) are not significantly different 
at P>0.05 using New Duncan’s  Multiple Range Test. 

3.2. Effect of plant powders on adult emergence, % 
reduction in adult emergence of F1 progeny and weight 
loss 

The two plants powders significantly reduced the 
number of adult emergence in all the concentration tested 
(Table 2). Percentage reduction in F1 progeny increased 
with increase in concentration of plant powders. Neem 
powder at rates 2/20g and 4/20g of wheat grains had the 
reduction of 100% F1 R. dominica. Wheat grains treated 
with plants powder showed no significant difference 
(P<0.05) in weight loss caused by R. dominica.  
Table 2. Effect of plant powder on adult emergence and weight 
loss of  wheat grains.Each value is a mean + standard error of  
four replicates. Means within the same column Followed by the 
same letter(s) are not significantly different at P>0.05 using New 
Duncan’s  Multiple Range Test. 



 © 2012Jordan Journal of Biological Sciences. All rights reserved - Volume 5, Number 4 
 
318 

3.3. Toxicity of plant extracts to R. dominica 
Lesser grain borer mortality in wheat grains treated 

with A. indica and P. guineense extracts differed 
significantly (P>0.05) from the two controls experiment 
(Table 3). The two plants extracts showed that lesser grain 
borer, R. dominica mortality increased with increasing 
hour of exposure. The two plants oils were effective 
against R. dominica causing 100% mortality at all 
concentration tested after 48 hours of post treatment. 
Table 3. Toxicity of plant extract on R. dominica. 

Plant  

extract 

Concentration 

% 

Percentage mortality at hours post 
treatment (%) 

 24 48 72 96 

A . 

indica 

1 72.5+ 

2.4de 

100.0+ 
0.0c 

100.0+ 
0.0c 

100.0 

+0.0c 

2 86.3+ 
1.2ef 

100.0+ 
0.0c 

100.0+ 
0.0c    

100.0 

+0.0c 

3 91.3+ 
2.4f 

100.0+ 
0.0c 

100.0+ 
0.0c 

100.0 

+0.0c 

4 100.0+ 
0.0f 

100.0+ 
0.0c 

100.0+ 
0.0c 

100.0 

+0.0c 

P. 
guineense 

1 58.8+ 
5.2c 

100.0+ 
0.0c 

100.0+ 
0.0c 

100.0 

+0.0c 

2 62.5+ 
2.4cd 

100.0+ 
0.0c 

100.0+ 
0.0c 

100.0 

+0.0c 

3 76.3+ 
1.2e 

100.0+ 
0.0c 

100.0+ 
0.0c 

100.0 

+0.0c 

4 88.8+ 
5.2ef 

100.0+ 
0.0c 

100.0+ 
0.0c 

100.0 

+0.0c 

Control 

 (TS) 

0.0 10.0+ 
4.6b 

26.3+ 
1.2b 

38.8+ 
5.2b 

040.0 

+4.6b 

Control 

(WS) 

0.0 0.0+ 
0.0a 

 0.0+ 
0.0a 

 0.0+ 
0.0a 

0.0 

+0.0a 

Each value is a mean + standard error of  four replicates.  
Means within the same column Followed by the same letter(s) are 
not significantly different at P>0.05 using New Duncan’s  
Multiple Range Test. 
Keys: TS- Treated with Solvent, WS- Without Solvent 

3.4. Effect of plant extracts on adult emergence, % 
reduction in adult emergence of F1 progeny and weight 
loss 

The two plant extracts completely had no adult 
emergence, 100% reduction in F1 progeny and 0% weight 
loss (Table 4). It can be seen from the table that the % 
reduction in adult emergence of R. dominica and weight 
loss  in wheat grains were significantly higher (P>0.05) in 
the two controls experiments than treated ones. 

Table 4. Effect of plant extract on adult emergence and weight 
loss of  wheat grains. 

Plant 
extract 

Concentration 
% 

Percentage mortality at hours post 
treatment (%) 

24 48 72 96 
A . 

indica 
1 72.5+ 

2.4de 
100.0+ 

0.0c 
100.0+ 

0.0c 
100.0+ 

0.0c 
2 86.3+ 

1.2ef 
100.0+ 

0.0c 
100.0+ 

0.0c 
100.0+ 

0.0c 
3 91.3+ 

2.4f 
100.0+ 

0.0c 
100.0+ 

0.0c 
100.0+ 

0.0c 
4 100.0+ 

0.0f 
100.0+ 

0.0c 
100.0+ 

0.0c 
100.0+ 

0.0c 
P. 

guineense 
1 58.8+ 

5.2c 
100.0+ 

0.0c 
100.0+ 

0.0c 
100.0+ 

0.0c 
2 62.5+ 

2.4cd 
100.0+ 

0.0c 
100.0+ 

0.0c 
100.0+ 

0.0c 
3 76.3+ 

1.2e 
100.0+ 

0.0c 
100.0+ 

0.0c 
100.0+ 

0.0c 
4 88.8+ 

5.2ef 
100.0+ 

0.0c 
100.0+ 

0.0c 
100.0+ 

0.0c 
Control 

(TS) 
0.0 10.0+ 

4.6b 
26.3+ 
1.2b 

38.8+ 
5.2b 

040.0+ 
4.6b 

Control 
(WS) 

0.0 0.0+ 
0.0a 

0.0+ 
0.0a 

0.0+ 
0.0a 

0.0+ 
0.0a 

Each value is a mean + standard error of  four replicates. Means 
within the same column Followed by the same letter(s) are not 
significantly different at P>0.05 using New Duncan’s  Multiple 
Range Test. 
Keys: TS- Treated with Solvent, WS- Without Solvent 

4. Discussion 

The results obtained in this study showed that powders 
and extracts of A. indica and P. guineense seeds tested 
were toxic to the lesser grain borer. R. dominica and 
suppressed their population growth in treated wheat grains.  

Neem, A. indica seed powder and extract completely 
killed adult R. dominica in stored wheat grains. Some 
researchers who had earlier evaluated A. indica powder 
and extract as botanical insecticides and grains protectant 
had found them to be effective against maize weevil, S. 
zeamais and cowpea bruchid, C. maculatus (Butterwoth 
and Morgan, 1968; Jackai and Oyediran, 1991; Onu and 
Baba, 2003; Ileke and Oni, 2011; Ileke and Bulus, 2012). 
The toxicity of neem to stored products insects has been 
attributed by various authors to the presence of many 
chemical ingredients such as triterpenoids, which includes 
azadirachtin, salanin, meliantriol (Butterwoth and Morgan, 
1968; Mbailao et al., 2006; Ileke and Oni, 2011). 

Black pepper, P. guineense caused 100% mortality of 
adult R. dominica  within 4 days of application. The 
biopesticide activity of P. guineense could be attributed to 
the presence of chavicin and piperine, an unsaturated 
amide (Lale, 1992). Black pepper has been found to be 
effective against the adults of yam moth, Dasyses 
rugosella (Ashamo 2004). Ofuya and Dawodu (2002) 
observed a significant reduction in adult emergence of C. 
maculatus when  P. guineense seed powder was applied at 
five rates 0.1, 0.2, 0.3, 0.4 and 0.5/20g of cowpea seeds.  
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Asawalam and Emosaire, 2006; Ileke, 2008; Ileke and 
Bulus, 2012 also observed that fine particle sizes of P. 
guineense seed powder completely protected maize, 
sorghum and cowpea seeds respectively. The lethal effect 
of these plants powders and extracts could be as a result of 
contact toxicity (Adedire et al., 2011). Most insects 
breathe by means of trachea which usually leads to the 
surface of the body called spiracle. These spiracles might 
have been blocked by the powders and extracts thereby 
leading to suffocation. 

The percentage reduction in adult emergence and no 
adult emergence observed in all treated seeds with extracts 
could be as a result of high mortality of adult insects. The 
extracts inhibit locomotion which disrupt mating and 
sexual communication as well as deterring females from 
laying eggs and complete suppression of the 
developmental stages of insect an effect that had been 
reported by many researchers (NRC, 1992; Adedire, 2002; 
Akinkurolere et al., 2006; Ileke, 2008; Oni and Ileke, 
2008; Akinkurolere et al., 2009; Adedire et al., 2011; Ileke 
and Oni, 2011; Ileke and Olotuah, 2012). The lower F1 
adult R. dominica in wheat grain treated with A. indica and 
P. guineense powders at rates 0.5/20g  and 1.0/20g of 
wheat may be as a result of concentration used. However, 
the bioactive constituents of the plant materials may be 
more available in the extract which may be responsible for 
the higher mortality of adult insect within a very short time 
of exposure (Ashamo and Akinnawonu, 2012). The results 
obtained from this study justified that powders and extracts 
of A. indica and P. guineense seeds can be used as 
biopesticides against R. dominica. The two plants are of 
medicinal values, biodegradable, readily available and 
poses no danger to man and other mammals.   
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Abstract 

The purpose of this work was to assay for the cytotoxicity of collagenases and elastases purified from Candida parapsilosis 
and Candida krusei on some carcinoma cell lines. Four Candida species and Saccharomyces cerevisiae were tested for their 
collagenolytic and elastinolytic enzyme activities. C. parapsilosis and C. krusei were proved to be high producers for the two 
enzymes in the culture filtrates. The four enzymes (collagenases and elastases from C. parapsilosis and C. krusei) were 
purified to full homogeneity using (NHR4R)R2RSOR4R precipitation, anion exchange column chromatography by DEAE- cellulose 
and gel filtration using Sephadex G100. The molecular masses of the four enzymes were determined by SDS-PAGE in 
parallel with all purification steps. However, the molecular masses of the single band of the purified enzymes were 
apparently determined to be, 97.2 and 53.4 KDa for collagenase and elastase in C. parapsilosis, 66.4 KDa and 23.5 KDa for 
collagenase and elastase in C. krusei. The four enzymes were characterized by studying the effect of temperature, pH, 
protease inhibitors & substrate specificity. Cytotoxicity assay of the four enzymes either in crude or in purified state was 
done singly or in combination mixtures using three carcinoma cell lines. It was found that larynx carcinoma cell line (HEP2) 
was the only sensitive cancer cells to proteases treatments, while colon carcinoma cell line (HCT116) and breast carcinoma 
cell line (MCF7) were not affected by enzyme treatments. Combination mixture of the four enzymes recorded the most potent 
cytotoxic effect on larynx carcinoma cell line (HEP2) with minimum value of ICR50R (3.1 Uml P

-1
P). 

Keywords: C. parapsilosis; C. krusei; Collagenase; Elastase; Proteases; Antitumor Activity. 
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1. Introduction      

Proteolytic enzymes have a long history of use in 
cancer treatment. In 1906, John Beard, a Scottish 
embryologist, reported on the successful treatment of 
cancer using a pancreatic extract in his book The Enzyme 
Treatment of Cancer and its Scientific Basis. In 1999, 
Gonzalez and Isaacs evaluated the benefit of proteolytic 
enzymes in patients with pancreatic cancer treatment in 
large scale study and showed dramatic improvements in 
these patients. However, several excellent compilations of 
the history of cancer science and treatment (Shimkin, 
1977; Weiss, 2000), John Beard’s ideas and its clinical 
results concerning enzyme therapy of tumors went without 
mention. Recently pancreatic extracts have been used to 
treat chronic or acute pancreatic disease or cystic fibrosis 
(Mossner et al., 1992). These oral preparations contain 
variable amounts of protease and active pancreatic 
enzymes which are formulated to pass through the gastric 
environment before they are deposited in the intestine 
(Layer and Keller, 1999). Active trypsin, chymotripsin, 

collagenase, elastase and other proteases are components 
of the commercially available enzyme mixtures “Wobe-
Mugose” and “Phlogenzyme” produced by Mucos Pharma 
GMBH-Germany. These products were tested for 
treatment of neoplastic, autoimmune deficiency or viral 
diseases (Tamhankar et al., 2001). Several mechanisms, 
including suppression of cytokine levels (Desser et al., 
1997), and enhancement of leukocyte-mediated 
cytotoxicity (Zavadova et al., 1995) were suggested to be 
responsible for the adjuvant affectivity of these enzyme 
mixtures.  In medicine, collagenases and elastases are used 
in transplantation of pancreatic islet cells to alleviate 
diabetic symptom (Barker, 1975) and in some cancer 
treatments (Jain, 2008). Microbial collagenase is unique 
because it can degrade both water insoluble collagen and 
water soluble denatured ones. It can attack almost all 
collagen types (Mookhtair et al., 1985). 

In order to invade and metastasize, it is necessary for 
malignant tumor cells to cross the basement membrane and 
penetrate the connective tissue stroma. It has been 
postulated that this process involves tumor cell production 
and/or activation of proteolytic enzymes, particularly 
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matrix metalloproteases (MMPs), which degrade the 
extracellular matrix (ECM) (Murphy et al., 1989; Stetler et 
al., 1993; Mignatti and Rifkin, 1993). One of the major 
effects of the enzyme mixture at cellular level is the 
inhibition of tumor cell migration. Once proteolytic 
enzymes absorbed, the body produces antiproteases which 
are critical to the mechanism of action of proteolytic 
enzymes. These antiproteases block invasiveness of tumor 
cells as well as prevent the formation of new blood vessels 
(angiogenesis) and inhibit metastasis and enhance immune 
response (Murray et al., 2002).  

Candida species were found to produce collagenases 
and elastases responsible for degradation of dental and 
pulmonary collagen and elastin. It was thought that 
Candida species may utilize collagen and elastin for 
growth (Kaminishi et al., 1986). Collagenases were used 
to anchor signaling molecules to collagen containing 
tissues, presenting a great potential for targeted drug 
delivery of anti-arthritic and cytotoxic reagents 
(Matsushita et al., 1994). 

The current study aims at signaling out enzymatic 
target for cancer treatment as a new strategy for clinical 
drugs. Purification, characterization and cytotoxicity 
assays were carried out on four proteolytic enzymes 
extracted from C. parapsilosis and C. krusei. 

2. Materials and Methods 

2.1. Microorganisms  
Five microorganisms, Candida parapsilosis (ATCC 

22019), Candida Krusei (ATCC 6258), Candida tropicalis 
(ATCC 750), Candida albicans (ATCC 26555), and 
Saccharomyces cerevisiae (ATCC 2180- 1A) were 
screened for their collagenolytic and elastinolytic 
activities. These fungi were kindly supplied from Micro-
Analytical Center (Microbiology lab) in Faculty of 
Science, Cairo University. 
2.2. Culture Media           

Candida species were grown by submerged 
fermentation on malt extract glucose medium (MEG). This 
was composed of 3 gl P

-1
P malt extract, 10 gl P

-1
P glucose and 15 

gl P

-1
P agar. After incubation for two days at 30 °C in shaking 

incubator at 200 rpm, colonies were isolated and sub-
cultured in the same but liquid media, for extracellular 
enzyme production. 

2.3.  Production of Collagenase and Elastase in Culture 
Filtrate 

Preparation of (MEG) liquid media containing 2 gl P

-1
P 

collagen or elastin as an enzyme inducer was performed, 
25ml of this medium were placed in 100 ml Erlenmeyer 
flasks and sterilized by autoclaving then inoculated with 
disc of 0.5 cm diameter taken from two days old stock 
culture of the test fungus and incubated at 30°C for 2 days 
in shaking incubator at 200 g 
2.4. Assay of Collagenolytic and Elastinolytic Activities in 
Reaction Mixture 

Collagenolytic or elastinolytic activities were assayed 
after the method of Kaminishi et al. (1986).The reaction 
mixture contained, 10 ug of collagen or elastin (Sigma), 
1ml of 0.05 M tris-maleat buffer pH (8), 1ml culture 

filtrate (as source of crude collagenase and elastase), or 1 
ml of purified enzymes (10 UmlP

-1
P). After incubation for 24 

hours at 30 °C, an equal volume of 20 % trichloroacetic 
acid was added to stop reaction. The tubes were 
centrifuged at 2000 g for 10 min to remove the residual 
collagen or elastin. The collagenase or elastase unit was 
defined as the amount of enzyme releasing 1μg peptide in 
1ml reaction mixture in one hour. 

Protein was estimated after Lowry et al. (Lowry et al., 
1951).  
2.5. Partial Purification By (NHR4R)R2R SOR4 RPrecipitation  

The pH of crude enzyme preparation was adjusted at 
7.5 by adding Tris/HCL (Tunlid et al., 1994). The culture 
filtrate was kept in an ice salt bath and this was followed 
by adding slowly 3.4 M (NHR4R)R2R SOR4R to reach final 
concentration of 80 %. The culture filtrate was then placed 
on a magnetic stirrer at 4 P

 o
PC for 15 min. After 

sedimentation for at least one hour, the supernatant was 
discarded and the precipitate was dialyzed over night and 
signaled as partially purified enzyme. 

2.6. Anion Exchange Chromatography using DEAE-
Cellulose 

The partially purified enzyme extract was applied to 
DEAE-cellulose column (Pharmacia). Buffers used were 
a-10 mM tris/HCL (PH 7.5); b-10 mM Tris/HCL (PH 7.5) 
with 0.5 M NaC1. The gradient was 0.5 % b for 5 minutes, 
0.5 %-100 % b for 35 minutes and 100% b for 5 minutes. 
The flow rate was 1.0 ml min P

-1
P. Fractions of 5 ml were 

collected and assayed for collagenase or elastase and 
protein content of Candida parapsilosis and Candida 
krusei in the reaction tubes. 

2.7.  Gel Filtration Chromatography using Sephadex G100 
The active fractions of the major peak from anion 

exchange chromatography were further purified using gel 
filtration column chromatography by sephadex (G100). 
The column was equilibrated using Tris-HCl buffer (5mM, 
pH 7.0) at flow rate of 1.0ml minP

-1 
Pbefore application of 

the active fractions. The pooled active fractions were 
applied into the column. All the collected fractions were 
assayed for collagenolytic and elastinolytic enzymes 
activity & protein concentration, using standard assay 
methods.  
2.8.  Determination of  the Molecular Masses of the 
Purified Collagenases and Elastases in Candida 
Parapsilosis and Candida Krusei By SDS-PA 

Sodium dodecy1-sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) was adopted. The Laemmli 
SDS-PAGE discontinuous system (Laemmli, 1970) with 
homogenous gel was used under reducing or non-reducing 
conditions. A mini-protean II electrophoresis unit (Bio-
Rad) was used. 

2.9. Characterization of the Four Purified Proteases 
The effect of pH, temperature, protease inhibitors and 

substrate specificity were carried out on the four proteases. 

2.10.  Cytotoxicity Assays of Collagenase and Elastase in 
Candida Parapsilosis and Candida Krusei 

Potential cytotoxic activity of collagenase and elastase 
in Candida parapsilosis and Candida krusei were assayed 
using the method of Skehan et al. (1990) as follows:                                  
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Three cell lines: Colon carcinoma (HCT116), breast 
carcinoma (MCF7) and larynx carcinoma (HEP2) were 
planted in 96-multi well plate (104 cell/well) for 24 h 
before treatment with the-collagenase and elastase to allow 
attachment of cells to the wall of the plate. Different 
concentrations of enzyme under test (0.0, 10, 20, 30, 40, 
50 and 60 U/ml) were added to monolayer cells. Triplicate 
wells were prepared for each individual dose. Monolayer 
cells were incubated with the enzymes for 48 h at 37°C 
and 5% CO2 atmosphere. After 48 h, cells were fixed, 
washed and stained with sulfo-rhodamine B stain. Excess 
stain was washed with acetic acid and attached stain was 
recovered with Tris-EDTA buffer. Color intensity was 
measured with an ELISA reader. The relation between 
surviving cells and enzyme concentrations was plotted to 
get the survival curve of each tumor cell line. 

2.11.  Statistical Analysis 
For all determinations, the (one way ANOVA) 

statistical analysis was carried out including the 
calculation of the mean, standard deviation, standard error 
and t-value at level p<0.05.  

3. Results  

3.1. Screening the Collagenolytic and Elastinolytic 
Activities in Some Fungal Yeasts 

Higher collagenolytic activities were exhibited by the 
tested Candida species than the elastinolytic activities, 
except in Saccharomyces cerevisiae where both enzyme 
activities were equal 12TUTable 1 U12T. Candida parapsilosis and 
Candida krusei recorded the highest collagenase activity 
(44 Uml P

-1
Pand 30 Uml P

-1
P) and elastase activity (40 Uml P

-1
Pand 

29 Uml P

-1
P), respectively. Other tested fungi (Candida 

tropicalis, C. albicans, and Saccharomyces cerevisiae) 
attained weak collagenolytic and elastinolytic activities 
with minimum value (2.5 UmlP

-1
P) in case of Saccharomyces 

cerevisiae. Consequently, the strongly active 
collagenolytic and elastinolytic yeasts, Candida 
parapsilosis and Candida krusei were chosen for 
completing this study. 
Table 1. Assay of collagenolytic and elastinolytic activities of 
some yeast species. 

P> 0.05    

3.2. Purification of Collagenase and Elastase from C. 
Parapsilosis and C. Krusei 

Four enzymes were purified to full homogeneity using 
different purification steps namely, precipitation by 
(NHR4R)R2R SOR4R, anion exchange using DEAE cellulose 

column chromatography and gel filtration chromatography 
using sephadex G100. 

3.3. Purification of C. parapsilosis collagenase        

The first step of collagenase purification by 
precipitation with (NHR4R)R2R SOR4R increased the specific 
activity from 0.52 U mgP

-1
P in crude supernatant to 0.92 U 

mgP

-1
P with purification fold of 1.76. Anion exchange 

column using DEAE cellulose resulted in two large peaks. 
Peak1 with enzyme activity 36 U ml P

-1
P, specific activity 1.4 

U mgP

-1
P and purification fold of 2.69 of the crude enzyme 

12TUTable 2 U12T. Peak 2 contained less active fractions than peak 1 
and had 25 U ml P

-1
P, 1.3 U mgP

-1
P enzyme activity and specific 

activity with 2.5 purification fold. Further purification 
using gel filtration chromatography by sephadex G100 
resulted in a single peak with maximum activity at fraction 
15 12TUTable 2U12T. The enzyme activity was 44 U ml P

-1
P, with 

specific activity of 2.9 U mgP

-1
P and 5.5 purification fold of 

crude. 
Table 2. Summary of purification steps of collagenase from C. 
parapsilosis. 

P >0.05 

3.4. Purification Of C. Parapsilosis Elastase 

The partially purified elastase resulting from (NHR4R)R2R 
SOR4R precipitation recorded an increase in the specific 
activity of 0.76 U mgP

-1 
Pcompared to 0.61 in crude 

preparation. Anion exchange chromatography using 
DAEA cellulose resulted in two peaks (12TUTable 3 U12T). Peak1 
attained activity of 38 U ml P

-1 
Pwith specific activity of 1.3 U 

mgP

-1
P and recovery 2.13 fold of crud value.  Peak 2 resulted 

in enzyme activity of 32 U ml P

-1
P, specific activity of 1.5 U 

mgP

-1 
Pand purification fold of 2.54 of the crude enzyme. Gel 

filtration chromatography resulted in a single peak at 
which enzyme activity of 41 U ml P

-1
P, specific activity 2.1 U 

mgP

-1 
Pand purification fold of 3.4 were attained ( 12TUTable 3 U12T). 

Fungi Collagenase activity 
(UmLP

-1 
P) 

Elastase activity 
(UmLP

-1  
P) 

C. albicans 6  ± .051 5.1 ± .032 

C. krusei  30  ± .045 29 ± .050 
C.  parapsilosis 44 ± .036 40 ± .045 
C. tropicalis 3.5 ± .046 4 ± .015 
Saccharomyces 
cerevisiae 2.5 ± .045 2.5 ± .036 
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Table 3. Summary of purification steps of elastase from C. 
parapsilosis 

3.5. Purification of collagenase from C. krusei 
As the crude collagenase was precipitated by (NH4)2 

SO4 up to 80 %, the specific activity increased to 0.61 
Umg-1 compared to 0.55 Umg-1 in the crude enzyme 
(Table 4). Anion exchange chromatography resulted in two 
peaks, Peak 1 recorded collagenase activity of 36 Uml-1, 
and specific activity of 1.44 Umg-1 with 2.6 purification 
fold of crude enzyme. Peak2 attained enzyme activity of 
24 Uml-1, specific activity of 1.33 Umg-1 with 2.4 
purification fold. Gel filtration chromatography using 
sephadex G 100 resulted in appearance of a single peak 
with enzyme activity, specific activity and purification fold 
of 50 Uml-1, 2.9 Umg-1 and 5.2 of the crude preparation, 
respectively. 
Table 4. Summary of purification steps of collagenase purified 
from C. krusei. 

3.6. Purification of elastase from C. krusei  
 Ammonium precipitation lead to an increase in 

specific activity from 0.72 Umg-1 in crude preparation to 
1.19 Umg-1 in the partially purified enzyme with 
purification fold of 1.63 of the crude (Table 5). Anion 
exchange chromatography using DEAE cellulose resulted 

in 2 peaks.  The elastase activity at peak1 was 33 Uml-1, 
while the specific activity and purification fold attained 
values of 1.57 Umg-1 and 2.18 of the crude preparation, 
respectively.  Peak 2 recorded 21 Uml-1 elastase activity, 
1.4 Umg-1 specific activity and 1.94 purification fold of the 
crude enzyme. Gel filtration chromatography resulted in a 
single peak with enzyme activity of 46 Uml-1, specific 
activity of 4.2 Umg-1 and purification fold of 5.83 of the 
crude elastase (Table 5). 
Table 5. Summary of Purification Steps of Elastase from C. 
krusei. 

Purification procedure 

Elastase  

activity 

(U ml-1) 

Total  

protein 

(mg ml-1) 

Specific 

 activity 

(U mg-1) 

Purification 

fold 

Crude supernatant 47 65 0.72 1.0 

(NH4)2 SO 

4 precipitation 
37 31 1.19 1.63 

Anion exchange 

 DEA– 

Cellulose 

 chromatography 

Peak1 33 21 1.57 2.18 

Peak2 21 15 1.4 1.94 

Gel filtration 

 chromatography 

 sephadex G100 

46 11 4.2 5.83 

3.7. Molecular Weight Study 
The molecular masses of collagenases and elastases 

purified from C. parapsilosis and C. krusei were 
determined on each of add (a) crude preparations, (b) two 
peaks appeared after anion exchange chromatography on 
DEAE cellulose column and (c) single peak resulted from 
gel filtration 

Figure (1a): The electrophoretic pattern of the purified 
collagenase and elastase from Candida krusei by gel filtration 
(Sephadex G-100) chromatography. 
(a) crude elastase, (b) pure elastase (single bands after sephadex 
G100), (c) crude collagenase, (d) pure collagenase - (single bands 
after sephadex G100), (m) marker. 

Purification 

 procedure 

Collagenase 

activity 

(UmlP

-1
P) 

Total 

protein 

(mg 

mlP

-1
P) 

Specific 

 activity 

(U mgP

-1
P) 

Purification 

fold 

crude supernatant 44 80 0.55 1.0 

(NHR4R)R2R SOR4  

precipitation 
32 52 0.61 1.11 

Anion exchange DEAE-  

cellulose chromatography 

Peak1 36 25 1.44 2.6 

Peak2 24 18 1.33 2.4 

Gelfiltration chromatography 

 sephadex G100 
50 17 2.9 5.2 
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 Figure (1b): The electrophoretic pattern of the purified 
collagenase and elastase from Candida parapsilosis by gel 
filtration (sephadex-G-100) chromatography.  
a- crude elastase, b- pure elastase (single bands after sephadex 
G100), c- crude collagenase. d- pure collagenase -(single  bands 
after  sephadex G100), m – marker bands. 

In crude enzymes, seven protein bands appeared with 
molecular masses ranged from 117.9 to 11.45 KDa. Anion 
exchange with DEAE cellulose resulted in appearance of 
two bands for each enzyme with molecular masses of 
approximately 96.5 & 45.5 KDa and 66.4 & 27.3 KDa for 
collagenase and elastase of Candida parapsilosis , while 
73.9 & 35.4 kDa and 65.4 & 29.2 kDa for collagenase and 
elastase in C. krusei, respectively. The fully purified four 
enzymes which appeared as single band in gel filtration by 
sephadex G 100 had apparent molecular masses of 97.2 
KDa for collagenase in C. parapsilosis, 53.4 KDa for 
elastase for C. parapsilosis, 66.4 KDa for collagenase in 
C. krusei and 23.5 KDa for elastase in C. krusei. 

3.8. Characterization of the Four Purified Proteases 
The effect of different pH values, temperatures, 

protease inhibitors & substrate specificity indicated that 
for collagenase, the optimum pH was 8 and the optimum 
temperature was 40 P

o
PC, while for elastase the optimum pH 

was 7 and the optimum temperature was 30 C. The four 

enzymes were metalloproteases inhibited by EDTA, 
EGTA and PMSF. The four enzymes were non specific 
proteases and could hydrolyze bovine albumin and gelatin 
in addition to collagen and elastin. They could not 
hydrolyze casein and   fibrinogen ( 12TUTable 6 U12T).  
Table 6. Summary of characterization of the four protease 
enzymes.

 
3.9. Cytotoxicity Assays of the Four Enzymes 

In vitro cytotoxic activity of collagenases and elastases 
either singly or in combination, crude or purified from 
Candida parapsilosis and Candida krusei was assayed 
using different carcinoma cell lines of colon (HCT116), 
breast (MCF7) and larynx (HEP2). 

3.9.1. Single treatment with crude enzymes 
It was observed that single treatment with crude 

collagenase from Candida parapsilosis led to reduction in 
surviving cells of HEP2 carcinoma cell line with IC50 of 
14.58 Uml P

-1
P ( 12TUFig 2-AU12T), while crude collagenase from 

Candida krusei exerted no cytotoxic activity on HEP2 
carcinoma cell line and not achieved ICR50R (12TUFig 2-CU12T). Crude 
elastase preparations from both Candida parapsilosis and 
Candida krusei showed high cytotoxic activity on larynx 
carcinoma cell line (HEP2) with ICR50R of 13 Uml P

-1
P and 11.8 

Uml P

-1
P, respectively ( 12TUFig 2-B &DU12T). 

Figure 2. Single treatment with crude enzymes using HEP2 
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The four crude enzyme preparations had non-
significant cytotoxic activity on breast carcinoma cell lines 
(MCF7) (Fig 3) and on colon carcinoma cell line 
(HCT116) (Fig 4) and no IC50 were detected in all 
treatments. 

3.9.2. Single Treatment With Purified Enzyme 

The single treatment with purified collagenase from 
Candida krusei exerted high cytotoxic activity on larynx 

carcinoma cell line (HEP2) with IC50 28.8 Uml-1 (Fig 5-
C), while the purified collagenase from Candida 
parapsilosis was inactive and no IC50 was detected (Fig 5-
A). Purified elastases from Candida parapsilosis and 
Candida krusei exerted significant cytotoxic activity on 
larynx carcinoma cell line (HEP2) with IC50 of 15.9 Uml-1 
(Fig 4-B) and 13 Uml-1 (Fig 5-D), respectively. 

 

Figure 3. Single treatment with crude enzymes using HCT11 

Figure 4. Single treatment with crude enzymes using MCF7 
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3.9.3. Combined Treatment with Purified Enzyme Mixtures 
Combined mixture containing purified collagenase and 

elastase from Candida parapsilosis exerted high cytotoxic 
activity on larynx carcinoma cell lines (HEP2) with IC50 

12.8 Uml-1 (Fig 6-A), while the same mixture of purified 
enzymes but from Candida krusei  had no cytotoxic 
activity on larynx carcinoma and not achieved IC50 Fig 5-
B. 

Figure 5. Single treatment with purified enzyme using HEP2 
Combined mixture containing the four purified enzyme 

preparations from the two Candida species exerted the 
highest cytotoxic activity with very low IC50 of 3.1 Uml-1 

Fig 6-C. It is worthy noting that the cytotoxic activity of 
all tested enzyme preparations was concentration 
dependent.

Figure 6. Combined treatment with purified enzyme mixtures using HEP2 
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4. Discussion 

Several workers isolated and purified different 
proteases including keratinases, collagenases and elastases 
from different dermatophytes (Yu et al., 1968, 1971; 
Takiuchi and Higuchi, 1977; Takiuchi et al., 1982; Sanyal 
et al., 1985). In the present study, five fungal yeasts were 
tested for their collagenolytic and elastinalytic activities. 
C. parapsilosis and C. krusei proved to have the strongest 
collagenolytic and elastinolytic activities, however, C. 
albicans, C. tropicalis and Saccharomyces cerevisiae 
showed weak activities in both enzymes. Candida species 
secreted collagenolytic enzyme to utilize collagen in 
medium containing collagen as sole nitrogen source 
(Kaminishi et al., 1986). A number of potentially virulence 
– related proteases such as elastases and collagenases have 
been documented in both pathogenic and non pathogenic 
fungi (Sanyal et al., 1985). Streptomyces strain 3B 
constitutively secreted collagenolytic enzymes during the 
post exponential growth phase (Petrova and Derekova, 
2006). 

The molecular mass studies clearly indicated that the 
molecular masses of collagenases are higher than that of 
elastases in both Candida species. Furthermore, the 
molecular masses of both enzymes in C. parapsilosis are 
higher than those in C. krusei. The dependence of enzyme 
molecular mass on the producing microorganism was 
reported by Jain (2008) in Streptomyces exofoliatus 
collagenase with molecular mass of 14.5 KDa, Hamdy 
(2008) in Rhizoctonia solani collagenase with molecular 
mass of 66 KDa, Rhodes et al. (1990) in Aspergillus flavus 
elastase with molecular mass 23 KDa and Petrova and 
Derekova (2006) in Streptomyces strain collagenase I & II 
with molecular masses of 116 & 97 KDa. 

In our present study, the optimum pH and temperature 
were 8 and 40 C for collagenases while they were 7 and 30 
oC for elastases. The four enzymes were metalloproteases 
and non specific.  

The single treatments of the  four crude enzyme 
preparations exerted cytotoxic activity against larynx 
carcinoma cell lines (HEP2) only, while colon and breast 
carcinoma were non responsive to enzyme treatments. The 
single treatments of the four pure enzymes against HEP2 
carcinoma cell lines resulted in less cytotoxic effect with 
higher values of IC50 than that recorded in case of crude 
enzyme treatments. Furthermore, elastases exerted 
stronger cytotoxic activity with lower values of IC50 than 
collagenases treatment. Mixture of pure collagenase and 
elastase from C. parapsilosis and mixture of pure 
collagenase and elastase from C. krusei revealed different 
results. While the first mixture increased the cytotoxic 
activity against larynx carcinoma cell lines (HEP2), the 
second mixture reduced cytotoxic activity and not achieved 
IC50 compared to single preparation. 

Treatment with combination mixture containing the 
four purified enzymes from C. parapsilosis and C. kreusi 
resulted in highly significant cytotoxic activity against the 
larynx carcinoma cell lines (HEP2) with minimum IC50 
(3.1Uml-1). It could be concluded that mixture of 
collagenases and elastases from more than one 
microorganism acted synergistically and exerted stronger 
cytotoxic activity than enzymes from one microorganism.                 

Several mechanisms were reported about the role of 
proteases in cancer therapy. Proteolytic enzyme therapy is 
an effective alternative cancer treatment by reversing the 
tumor from malignant to benign, inducing apoptosis in 
tumor cells, breaking down the tumor by eliminating the 
toxins and cancer cells, strengthening the body and 
immune system and reversing the internal environment 
from anaerobic, acidic pH (favorable to cancer cells) to a 
healthy, aerobic slightly alkaline condition (Aoyama and 
Chen, 1990). Proteolysis enzyme treatment to patients of 
multiple myelnoma increases the response rate and 
prolongs survival in patients. It has been hypothesized that 
proteolytic enzymes help break the protective coating 
produced by cancer cells, thereby giving immune system a 
better chance to attack the tumor cells (Warrior, 2010). 
Heavy dosing of proteoloytic enzymes supplement has 
succeeded with even terminal cancer patients. These 
enzymes digest complete rip up cancer cell wall, leaving 
the cancer cells vulnerable to the immune system (Bell, 
2011). The major components of extracellular matrix in 
cancer cells are collagen (type 1-V) proteoglycans, elastin, 
laminin and fibronectin. The interactions of various 
proteases have been identified to degrade these barriers to 
affect cancer cells. 

Proteolytic enzyme treatment to patients of multiple 
myelnoma increases the response rate and prolongs 
survival in patients. It has hypothesized that proteolytic 
enzymes help break the protective coating produced by 
cancer cells, thereby giving immune system a better 
chance to attack the tumor cells (Warrior, 2010). Heavy 
dosing of proteoloytic enzymes supplement has succeeded 
with even terminal cancer patients. These enzymes digest 
complete rip up cancer cell wall, leaving the cancer cells 
vulnerable to the immune system (Bell, 2011). The major 
component of extracellular matrix in cancer cells are 
collagen (type I-V) proteoglycans, elastin, laminin and 
fibronectin. The interactions of various proteases have 
been identified to degrade these barriers to affect cancer 
cells. 

The treatment of cultured tumor cells with proteases 
mixture causes complete arrest of directional movement of 
metastatic cells. Conversely, the same treatment of normal 
cells results in enhanced motility and an acceleration 
closure of gap created the cell monolayer (Novak and 
Trnka, 2005). Protease treated tumor cells contain a 
disrupted action cytoskeleton and exhibit a loss of front to 
back polarity (Novak and Trnka, 2005). It is hypothesized 
that provision of proenzymes rather than the enzymes was 
of crucial importance to the clinical effectiveness in human 
tumor. Proteases mixtures are components of 
commercially available drugs named ((Wobe Mucos-E)) 
and plogenozyme (Moco Pharma Gmbh, Geretsried, 
Germany). When protease mixture is provided orally, it 
resulted in measurable relief from cancer disease and cause 
significant extension of survival (Dale et al., 2001; 
Billigmann, 1995). Different modes of action concerning 
proteases treatment of cancer cells have been reported: 
including i) suppression of cytokine levels, (Desser et al., 
1997). ii) enhancement of polymorphonuclear leukocyte 
mediated cytotoxicity (Zavadova et al., 1995) iii) 
reduction of the side effect of radiation therapy (Gujral et 
al., 2001). The activation of trypsinogen proenzymes may 
occur within the tumor environment by auto activation 

http://www.ncbi.nlm.nih.gov/pubmed?term=Novak%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=15868959
http://www.ncbi.nlm.nih.gov/pubmed?term=Novak%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=15868959
http://www.ncbi.nlm.nih.gov/pubmed?term=Trnka%20F%5BAuthor%5D&cauthor=true&cauthor_uid=15868959
http://www.ncbi.nlm.nih.gov/pubmed?term=Novak%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=15868959
http://www.ncbi.nlm.nih.gov/pubmed?term=Novak%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=15868959
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(Colombatti et al., 1993; Ohta et al., 1998). The cytotoxic 
enzymes treatment include matrix metalloprteases and 
serine proteases especially collagenases and elastases 
(Woolley, 1993). 

5. Conclusion  

Combination mixture of the four proteases 
(collagenases & elastases) recorded the most potent 
cytotoxic activity against larynx carcinoma cell line 
(HEP2) with minimum value of IC50 (3.1 Uml-1). 
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Abstract 

In the last decades, the use of insecticides in agriculture for selective control of pests has become crucial. Researches have 
produced a diverse range of products with novel modes of action. However, the extensive use of these compounds in the 
agriculture system raises public concern, because of the harmful potential of such substances in the environment and human 
health.When Endosulfan, an organochlorine insecticide, (0-400ppm), was added to an exponentially growing medium and the 
effects on Azolla microphylla were followed for 6 days, the following observations were made: Dry weight, Root number, 
root length, total chlorophyll and Carotenoid content decreased as compared to the control. Carotenoid content decreased 
more than chlorophyll content. These changes paralleled the inhibition of the rate of net photosynthesis, suggesting that the 
photosynthetic apparatus is one of the primary targets of the insecticide action. Insecticide exposure resulted in the reduction 
of relative growth rate at all the applied dose concentrations. An increase in the doubling time was also noticed which is an 
indication of delayed growth. Furthermore, Endosulfan induced the formation of MDA indicating enhanced Lipid 
peroxidation. Overall the effect of endosulfan was dose dependent.  Since plants are sessile organisms and have limited 
mechanisms for insecticide application avoidance they need flexible means for acclimatization to changing environmental 
conditions. Hence in order to improve a plant protection, this kind of researches may be fruitful in understanding of 
mechanisms contributing to effect of endosulfan on plant system. 

Keywords: Endosulfan, MDA, chlorophyll, carotenoid, doubling Time, relative growth rate.  
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1. Introduction      

In modern agricultural production, herbicide 
application is a regular practice. While in developed 
countries, weeds and pests reduce yields of agricultural 
crops from 15 to 20%, reductions soar to 50% in 
undeveloped regions (Dobrovoljskiy and Grishina, 1985). 
The problems caused by the increased application of 
insecticides call for multidisciplinary approach. Incorrect 
and indiscriminate application of insecticides affects 
negatively the health of humans, plants and animals. In 
natural conditions, plants are exposed to multiple 
environmental stresses such as temperature, drought, cold, 
salinity, heavy metals, UV-B, pesticide etc. Pesticides are 
fetching major threat for the environment due to their 
increasing agricultural application and industrial 
production. The application of pesticide in paddy fields 
has also been endorsed to cause damaging effects on azolla 
plant which is a biofertilizer as well as a green manure to 
paddy fields (Raja et al., 2012a). The concept of using 
aquatic plant for different purposes is receiving special 
attention nowadays. Because of its growth habitat, high 

multiplication rate, excellent source of protein for mono-
gastric animals, high biomass production and increasing 
demand as organic food (Raja et al., 2012b). Azolla 
microphylla is a cosmopolitan free-floating water fern 
(Peters and Meeks, 1989). It has two features of particular 
interest: it is a fern despite its appearance, and the fronds 
of the six extent species have leaf cavities containing 
symbiotic, heterocyst-forming, N2-fixing cyanobacterium 
known as Anabaena-azollae -strasb., a bacterial 
population (Peters and Meeks., 1989; Forni et al., 1989). 
Because of its habitat and nitrogen-fixing capability, the 
symbiotic association has been used for several decades as 
green manure in rice fields (Peters and Meeks., 1989). The 
Azolla-Anabaena association is important agronomically 
owing to its capacity to fix atmospheric nitrogen at 
cheaper and faster rates and making it available to crop 
plants (Raja et al., 2012c). Azolla harvest light energy 
during photosynthesis and assimilate it into carbon 
compounds which provides cellular energy. This energy is 
utilized by azolla for fixation of nitrogen and other 
metabolic processes. 

Detrimental effect of pesticides on the growth of 
aquatic macrophytes are generally known (Seulthorpe, 
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1967), the influence of pesticides on soil and aquatic algae 
including Azolla has been a growing concern (Valantine 
and Binghan, 1974). Endosulfan due to its acaricidal and 
insecticidal properties is in large scale use in India and 
some other countries of world. From an annual 
consumption of 300 metric tons during 1977, the use has 
risen to 1000 metric tons in India (Anonymous, 1979)  
Endosulfan is an organochlorine insecticide which is 
systematic in action, penetrates plant tissue rapidly. Since 
Azolla microphylla is an important plant due to its ability 
to fix atmospheric nitrogen and pesticides like Endosulfan 
are also used to check the pest of paddy like leaf hoppers, 
white flies spider mites etc. so definitely this insecticide 
influence the growth and biomass property of Azolla 
microphylla and its other species.  Azolla may be used for 
the production of hydrogen fuel and biogas, control of 
weeds and mosquitoes, and the reduction of ammonia 
volatilization that accompanies the application of chemical 
nitrogen fertilizer ( Raja et al., 2012a). Thus, azolla 
occupy an important position in food web and loss of 
azolla biomass may seriously affect soil fertility through 
nitrogen and carbon fixation. Therefore it becomes much 
imperative to study “detrimental upshot of different 
concentrations of Endosulfan on growth and lipid 
peroxidation of aquatic pteridophyte Azolla microphylla”. 

2. Materials and Methods 

2.1. Plant material and growth conditions 
Azolla microphylla, selected for present study, was 

procured and collected from National Centre for 
Conservation and Utilization of Blue Green Algae, IARI, 
New Delhi and cultured in Department of Biological 
sciences, SHIATS Allahabad. The plants were surface 
sterilized quickly with a solution of mercuric chloride 
(0.1% for 30 s) followed by dipping the plants into a large 
volume of sterile distilled water. Washing of the Azolla 
microphylla with sterile distilled water was repeated 
several times. Fronds were then transferred into plastic 
trays (32×25×6 cm3) containing nitrogen free medium. The 
pH of the medium was adjusted to 7.2. Plastic trays were 
placed in the Culture Lab, Department of Biological 
Sciences, SHIATS Allahabad. During the experimental 
period, average minimum and maximum temperature 
ranged from 16.7 to 36.8 oC, and relative humidity from 55 
to 71%. Photosynthetic active radiation (PAR) ranged 
between 800 -1000 μmol photon m-2 s-1. 

2.2.  Pesticide treatment 
Widely used pesticide Endosulfan [hexachloro 

hexahydro-methanobenzodioxathiepine-Oxide] 35% EC 
was selected for the treatment which was manufactured by 
Hindustan Pulversing Mills, Industrial Growth Center 
Samba Jammu (J&K). Its various concentrations 0, 25, 50, 
100, 200, 400 ppm in nutrient medium were prepared for 
screening experiment. 

2.3.  Estimation of fresh and dry weight  
The method was cumulated with Rabinowich et al. 

(1985). The azolla fronds were blotted on tissue paper after 
6 days of experimental period, and immediately weighed, 
each measurement was done in three replicates. Fronds 
were placed in petridsihes for 24 hr at 600C temperature. 
Again the dried samples were weighted after deducting the 
plate weight reading was recorded in milligrams.  

2.4. Estimation of average root length and root number 

Average root length and root number were determined 
by methods of Kurth et al., (1986) and Ge-Shi-An et al., 
(1980) respectively.  

2.5.  Estimation of doubling time and relative growth rate 
Doubling time is the time in days needed for the 

production of next generation or needed for the doubling 
of the Azolla biomass, which is calculated as follows: 
Doubling time = t/r 
Where t = experimental period 

 
(W1 – W0) 

r = log 
                0.301 

W1 = weight after t days 
W0 = weight initial sample. 

Relative growth rate (RGR) is basic component of 
growth analysis. RGR is defined at any instant of time as 
the increase in dry weight per unit dry material present. 
This is expressed in grams per gram per day or μg/g/ day. 
Protocol of Subudhi and Watanable (1981) was followed 

             0.693      
RGR =                         μ g/g/day 

  DT  
DT = doubling time. 

2.6. Estimation of photosynthetic pigments 
The major photosynthetic pigment chlorophyll was 

determined according to (Lichtenthaler and Welburn, 
1983). Total carotenoids (B-carotene + xanthophyll) 
estimation requires simultaneous estimation of chlorophyll 
a and chlorophyll-b. Carotenoid was estimated by the 
method given by Lichtenthaler and Welburn (1983). The 
values obtained are in µgm-1 of plant. 

2.7. Estimation of lipid peroxidation 
Oxidative damage to lipids was estimated by measuring 

the content of Malondialdehyde (MDA) in fronds of each 
test sample prepared in 10 % (w/v) trichloroacetic acid 
containing 0.65 % (w/v) 2-thiobarbituric acid (TBA) and 
heated at 95 o C for 25 min as described by Heath and 
Packer 1968 MDA content was calculated by correcting 
for compounds other than MDA which absorb at 532 nm 
by subtracting the absorbance at 600 nm of a reaction 
mixture incubated without TBA from an identical solution 
containing TBA. The amount of MDA was calculated by 
using extinction coefficient 155 mM-1 cm-1 as per by Heath 
and Packer (1968) method.                                  
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3.  Results and Discussion 

3.1.  Growth in terms of fresh and dry weight 

Pesticide exposure can lead to various physiological 
and biochemical changes within plant cells causing 
numerous changes in the structure and function. Present 
study deals with the effect of Endosulfan, on growth and 
Lipid peroxidation in Azolla microphylla. The results of 
fresh weight and dry weight at the 6th day are graphically 
depicted in Figure 1. Endosulfan treated plants shows 
continuous decrease from 25 ppm onward as compare to 
control. Maximum reduction in fresh weight was observed 
at 400 ppm (62%). Dry mass decreased in dose dependent 
manner of endosulfan.  Growth measured as increment in 
dry weight, decreased by 8, 19 and 28% at 25, 50 and 100 
ppm respectively. Further dose dependent decrease was 
observed when concentration of insecticide was increased. 
The reduced growth in response to higher concentration of 
melathion may result from reduction in protein and DNA 
content (Sengupta, et al., 1986). Reduction in fresh weight 
and dry weight was clear after five days of incubation at 
different concentration in ppm of endosulfan. Kalita 
(1997) demonstrated that higher concentrations of 
Melathion inhibit the growth of Azolla pinnata. Similar 
results were obtained by (Raja et al., 2012a) with 
increasing dose of monocrotophos toxicity on Azolla 
microphylla, fresh weight and dry weight decreases in 
dose dependent manner.  
3.2. Average root number and  root length 

Average root number decrease by 15%, 30% and 33% 
at 25ppm, 50ppm and 100ppm. Maximum reduction of 
62% was observed at 400 ppm. Roots were physiologically 
inactive, brown and almost dilapillated. From 
observations, it is clear that the root length decreases by 
10%, 16% and 38% at 25ppm, 50ppm and 100ppm 
respectively. From 100 ppm onwards, there was 
continuous decrease in root length, with maximum 
reduction of 67% at 400ppm. Data depicting average root 
number and root length are presented in Table 1. Pesticides 
have adverse effect on root length which results in 
vulnerable effect on plant growth and development 
(Luscombe et al., 1995; Jaleel, et al., 2007). Further the 
reduction in root length due to Endosulfan could also be 
explained on the basis of inhibition in the activity of 4-
hydroxyphenyl pyruvate deoxygenase (HPPD), and 
enzyme needed for meristematic tissue as suggested by 
(Luscombe et al., 1995) following insecticide isoxafluote 
treatment in plant.  

 
 
 
 
 
 
 
 
 
 
 

Figure1. Effect of different concentrations of Endosulfan on fresh 
weight and dry weight of Azolla microphylla. Data are means ± 
standard error of three replicates. Bars followed by different 
alphabets show ssignificant difference at P<0.05 significance 
level according to Duncan’s multiple range test. 

3.3. Doubling time and relative growth rate 
Influence of different concentrations of Endosulfan on 

doubling time and relative growth rate are depicted in 
Table 1. Our observations showed that, as concentration of 
Endosulfan increases, doubling time also increases 
significantly. The doubling time increases by 20%, 42%, 
and 53% at 25, 50, and 100 ppm respectively. Thus, 
Endosulfan has vulnerable effect on plant growth and 
development. Dry matter accumulation per unit dry weight 
per unit time is also depicted in Table 1. From the results it 
may be concluded that, as the concentration of endosulfan 
increases, relative growth rate decreases. At lower 
concentration there was little effect but at higher 
concentration the effect was more vulnerable. The highest 
decrease of 52% was shown at 400 ppm. Our results are in 
accordance with prior studies (Arora and Singh, 2003) 
which showed less biomass and more doubling time in 
Azolla sp. treated with different concentration of sodium 
chloride. Recent studies on effect of municipal effluents by 
Arora and Saxena (2005) and monocrotophos toxicity 
(Chris et al., 2011; Raja et al., 2012b) on Azolla 
microphylla also showed similar trends. 
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Table1. Effect of different concentrations of Endosulfan on root 
number, root length, doubling time and relative growth rate of 
Azolla microphylla.  

Endosulfan 

(ppm) 

Root Number 

 

Root Length 

(cm) 

Doubling 

Time 

(Days) 

RGR 

(µg/g/day) 

0 7.3±0.201a                 2.3±0.157a 2.5±o.256c 0.0758±0.017a 

25 6.2±0.438b 2.0±0.114a 3.0±0.305c 0.0704±0.013a 

  (-15.06)  (-13.04)  (+20.0)     (-7.01) 

50 5.1±0.172c               1.9±0.265a 3.5±0.256c 0.0674±0.013a 

  (-30.13)  (-17.39)  (+42.0)     (-11.1) 

100 4.9±0.401c 1.4±0.185b 3.8±0.401c 0.0614±0.019a 

  (-32.87) (-39.13)   (+53)    (-19.03) 

200 4.2±0.324c             1.1±0.151bc                   5.7±0.305b                      0.0469±0.009bc 

  (-42.46) (-52.17)   (+130)    (-38.12) 

400 2.8±0.365d             0.76±0.074c 8.6±0.649a                      0.0364±0.008c 

  (-61.64)  (-66.95)   (+245)                         (-52.05) 

CD   0.164                       0.024                            0.055                                      0.001 

SE   1.287                        0.663                            0.469                                      1.502 

Values in parenthesis are percent increase (+) and decrease 
(-) with reference to respective controls. Mean ±SE (n=3). 
Values are significant at P<0.05 (Analysis of variance). 

3.4 Total chlorophyll 
Total chlorophyll was evaluated on 6th day after 

endosulfan exposure and observed values are graphically 
depicted in Figure 2. As the concentration of endosulfan 
increased, significant reduction in total chlorophyll content 
was observed as follows:  12%, 20% and 31% at 20, 50 
and 100 ppm. Summarized results, showed the detrimental 
impact of Endosulfan on Azolla microphylla and indicates 
an inverse relation between increased concentration of 
endosulfan and chlorophyll content. Mustafa et al.(2002) 
suggested that decrease in chlorophyll-a, carotenoid and 
phyco biliprotein contents might be ascribed to the 
inhibition of pigment synthesis directly by the insecticide 
or accelerated degradation of pigments due to increased 
Active Oxygen Species (AOS) formation at various sites 
of the photosynthetic electron transport chain during stress. 
Similar observations were also made by Prasad et al. 
(2004) while studying on the growth, photosynthesis, 
active oxygen species and antioxidants responses of paddy 
field cyanobacterium Plectonema boryanum to Endosulfan 
stress.  

Figure 2. Effect of different concentrations of Endosulfan Total 
chlorophyll content of Azolla microphylla. Data are means ± 
standard error of three replicates. Bars followed by different 
letters show significant difference at P<0.05 significance level 
according to Duncan’smultiple range test.  

3.4. Carotenoid content 
The accessory photosynthetic pigments carotenoid was 

analyzed on 6th day and findings are graphically presented 
in Figure 3. Though it is non-enzymatic antioxidant, its 
content was adversely affected by the higher 
concentrations of Endosulfan. The carotenoid content 
decreased by 6%, 17% and 26% at 25ppm, 50ppm and 
100ppm respectively. Prasad et al. (2005) showed that 
under stress conditions, carotenoid pigments are less 
affected than chlorophyll resulting in a low 
chlorophyll/carotenoid ratio. Our results are also in 
accordance with recent findings by Prasad et al. (2005), 
Chris et al. (2011), and Raja et al. (2012b and 2012c).  

Figure 3. Effect of different concentrations of Endosulfan on 
Carotenoid content of Azolla microphylla. Data are means ± 
standard error of three replicates. Bars followed by different 
letters show significant difference at P<0.05 significance level 
according to Duncan’s multiple range test.  

3.5. . Lipid peroxidation 
Malondialdehyde (MDA) accumulation is considered 

as important parameters to measure the rate of lipid 
peroxidation. The observed data of the present 
investigation are graphically depicted in Figure 4. 
Significant increment of 24%, 46% and 68% in MDA level 
was observed at 25ppm, 50ppm, 100ppm respectively. 
ROS are highly reactive and induces lipid peroxidation, 
thereby affecting the structural integrity and permeability 
of cellular membrane (Prasad et al., 2005; Masood et al., 
2008).Lipid peroxidation could be a result of light 
dependent formation of singlet oxygen during stress 
conditions (Boo and Jung, 1999).  

Figure 4. Effect of different concentrations of Endosulfan on 
Lipid peroxidation of Azolla microphylla. Data are means ± 
standard error of three replicates. Bars followed by different 
letters show significant difference at P<0.05 significance level 
according to Duncan’s multiple range test
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4.     Conclusion 
The situation of environmental changes mainly 

originates from anthropogenic activities, which are 
responsible for adverse plant growth. Since, plants are 
sessile organisms having limited mechanisms for 
insecticide avoidance. Thus, they need flexible means for 
acclimatization to changing environmental conditions. The 
choice of best insecticide, proper time of application and 
proper dose is an important consideration for lucrative 
returns. Hence in order to improve plant growth, this kind 
of researches may be fruitful in understanding the 
mechanisms contributing to effect of insecticide on plant 
system. Therefore, efforts need to be focused towards 
enrichment of indigenous Azolla populations, which are 
better adapted to the specific niche, through development 
of multiple inocula preparations on a regional basis. 
Research programs should be oriented towards agricultural 
practices including application of biofertilizers which need 
bio-insecticides thus enhances growth and proliferation of 
indigenous strains. 
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