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DEFINITION OF TERMS 

Antibiotic- is achemical substance (medicine) usually obtained from microorganism that is 

used to prevent the growth bacteriaor treat bacterial infection.  

Antimicrobial- is an agent (natural/ synthetic) that kills or stops the growth of 

microorganisms such bacteria, viruses and fungi. Antimicrobials are grouped according to the 

microorganisms they act primarily against. For instance, antibiotics are used against bacterial 

and antifungals are used against fungi. 

Antimicrobial resistance- is the ability of a microorganism (like bacteria, viruses, and some 

parasites) to stop or slow down an antimicrobial (such as antibiotics, antivirals and 

antimalarials) from working against it. As a result, standard treatments become ineffective, 

infections persist and may spread to others. 

Bioautography- is the planar chromatographic analysis which is hyphenated with the 

determination of biological activity. It is an effective and inexpensive technique for the 

phytochemical analysis of plant extracts to identify bioactive lead/scaffolds. 

Biotransformation- is a process in which substances (compounds) such as nutrients, amino 

acids, toxins, and drugs are structurally transformed through enzymatic chemical reactions 

within a living system. It can also be defined as the series of chemical reactions that occur to a 

compound, especially a drug, as a result of enzymatic or metabolic activities by a living 

organism. 

Lead compound- is a chemical compound that shows promise as a treatment for a disease and 

may lead to the development of a new drug. Several compounds are tested in the laboratory to 

find a lead (―leading‖) compound that may act on specific genes or proteins involved in a 

disease. Once a lead compound has been found, the chemical structure is used as a starting 

point to make a drug that has the most benefits and the least harms. Finding a lead compound 

is the first step in making a new drug to treat a certain disease  

Standard bacteria- non-clinical isolate bacterial species with known susceptibility profiles 

used as reference in microbiological studies 



xiii 

 

 

 

ABSTRACT 

Background:Research and development of the new antibacterial agents are among the 

strategized measures to combat antimicrobial resistance(AMR). In the recent decades, 

biotransformation has been demonstrated as an alternative and effective approach for 

scavenging the new molecules. There is a high probability of obtaining active metabolites 

through biotransformation of known compounds possessing antibacterial activities.This study 

intended to search for new compounds by biotransformation of ceftriaxone and ciprofloxacin 

using Pleurotusostreatus mushroom. 

Method: Pleurotusostreatus mushroom culture was spiked with antibiotics and incubated for 

12 days. The mixture was extracted and analysed by using Thin layer Chromatography (TLC) 

method to identify newly formed compounds.  The TLC chromatograms were then subjected 

to agar overly bioautography to determine antibacterial activity of the new compounds.  

Results: Ceftriaxone and Ciprofloxacin antibiotics were bio transformed to new compounds. 

The TLC analysis indicated that ceftriaxone was bio transformed to give three new spots and 

ciprofloxacin gave only one new spot which infer the formation of new compounds from 

biotransformation by P. ostreatus mushroom. Bioautography showed the new spots from 

biotransformation of ceftriaxone to be active againstS. aureus both standard and clinical 

isolates as well as active against MRSA strains. The new spot from biotransformation of 

ciprofloxacin was only active to standard of E. coli. 

Conclusion: P. ostreatusmushroom has the potential to bio transform antibiotics to form new 

compounds. This shows biotransformation can be an alternative tool in searching of new 

compounds. The newly formed compounds from biotransformation showed activity against 

diseases causing bacteria and hence can be useful in drugs discovery and development. 

Key terms; Biotransformation, Pleurotusostreatus, Antimicrobial resistance, Bioautography
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background 

Historically, infectious diseases have been a major cause of mortality[1]. However, 

developments within medicine and public health during the 20
th

 century helped to markedly 

reduce the burden associated with infectious diseases [2]. The alarming ratcheting up of 

antimicrobial resistant (AMR) bugs has long been recognized[3]and it has now become 

increasingly apparent. The increase of AMR has made the management of formerly well and 

simple managed infectious diseases very difficult to treat. Antimicrobial resistance is one of 

the most complex global health challenges today.  

The world has long ignored warnings that antibiotics and other medicines are losing their 

effectiveness after decades of overuse and misuse in human medicine, animal health and 

agriculture. Common illnesses like pneumonia, postoperative infections, diarrheal and 

sexually transmitted diseases, as well as the world’s largest infectious disease killers like 

tuberculosis  are increasingly becoming untreatable because of the emergence and spread of 

drug resistance[4]. In fact, the AMR has become a significant threat to the health of 

individuals at the global level. There has been tremendous increase in treatment costs, 

prolonged hospitalization and increased mortality and morbidity [5] 

Reports show that more than 21% of hospital acquired infections are attributable to resistant 

pathogens [6] and AMR accounts for more than 700,000 deaths every year globally [7]. It is 

estimated that, Methicillin-resistant Staphylococcus aureus (MRSA) kills nearly 50,000 

individuals every year in the United States and Europe alone with more dying from it in other 

parts[8].A team of European researchers estimates that more than 33,000 people in Europe die 

each year from antibiotic-resistant infections, and that the growing health burden of these 

infections is similar to that of influenza, tuberculosis (TB), and HIV/AIDS combined [9]. 

Other antibiotic resistant infections such as TB have had the significant impacts in the 
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developing countries including Tanzania [10]. It is projected that if this problem (AMR) 

remains unattended by 2050 it will cost 10 million lives and US$100 trillion every year[7]. 

In Sub-Sahara Africa, AMR situation is becoming alarmingly terrible. Significant resistance 

has been reported for diseases such as cholera, dysentery, typhoid, meningitis, gonorrhea and 

TB [11]. For instance, the reports show that the prevalence of resistance to ampicillin and co-

trimoxazole for Enterobacteriaceae ranges between 55.6% and 96.7% and between 51.0% and 

86.7% respectively while the resistance to chloramphenicol for Salmonella enterica typhi 

ranges between 31.6% and 94.2 for West Africa and between 31.0% and 70.2% for East 

Africa.The findings also indicate that median prevalence of gentamicin resistance ranged 

between 16.0% and 35.0% for E. coli and 28.6% and 47.0% for K. pneumoniae [12]. 

In Tanzania, despite the limited data, the report from the Global AMR Partnership (GARP) 

has indicated that resistance of Streptococcus pneumoniae to trimethoprim and 

sulfamethoxazole in children under 5 increased from 25% in 2006 to 80% in 2012, leading to 

changes in the protocols for treatment acute respiratory tract infections (ARI) in children. 

Escherichia coli from urinary infections showed a 90% resistance to Ampicillin and 30-50% 

resistance to other common antibiotics. Extended-Spectrum Beta Lactamases (ESBL), which 

causes resistance to all beta lactam antibiotics, was found in 25-40% of E. coli (community 

and hospital) with more than 50% in children[13]. 

Four drug-resistant pathogens, namely, third-generation cephalosporin-resistant E 

coli, MRSA, carbapenem-resistant Pseudomonas aeruginosa, and third-generation 

cephalosporin-resistant Klebsiella pneumoniae—had the largest impact on health, accounting 

for 67.9% of the disability-adjusted life years (DALYs) per 100,000 populations globally. 

Infections caused by colistin-resistant and carbapenem-resistant bacteria accounted for 38.7% 

of total DALYs [14]. 

Several measures have however been taken towards the mitigation of this treatment challenge. 

These include but not limited to implementing antimicrobial stewardship programs, advocacy 

of rational use of medicines, synthesis and development of new antimicrobial compounds [15]. 
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These measures have demonstrated the low pace in curbing the existence of the AMR. Thus, 

this necessitates the investment of more efforts in searching for new antimicrobial agents. 

Synthetic chemistry has always been playing the major role in the scavenging of the new 

molecules of medicinal importance. There are however challenges associated with this 

approach including high costs and deleterious impacts on the environment. In recent decades, 

biotransformation has emerged as an alternative synthetic approach in searching of novel 

medicinal molecules. 

This study aimed at searching for new antibacterial compounds by biotransformation of the 

standard antibiotics available in the market using Pleurotusostreotus mushroom. Many fungi 

species including Pleurotusspp have demonstrated the ability in biotransformation. However, 

very little is known about utilization of modified molecules by Pleurotusestreotus as potential 

antibacterial compounds/leads for development of bioactive compounds which was the focus 

of this study. 

1.2 Problem Statement 

The increase of the AMR pathogens has turned the management of the infectious diseases 

which were previous easily managed more difficult and costly [16]. There has been 

tremendous increase in treatment costs, prolonged hospitalization and increased   mortality 

and morbidity due to emergence of the resistant strains [17,18]. It  has been reported that 

resistant bacteria strains are responsible for more than 21% of nosocomial and 700,000 deaths 

every year globally [7]. In Tanzania despite the limited data, the findings show that, the 

overall 45.5% bacterial isolate of the most common bacteria in the settings, namely, E. coli, S.  

aureus and Proteus spp are resistant to at least two antibiotics including Chloramphenicol, 

Amoxicillin, Gentamicin, Cefuroxime, Ciprofloxacin, Amoxyclav, Doxycycline, Ceftriaxone 

and Ampicillin which are among the available inexpensive treatment options[19]. 

Several steps have been taken in response to tackling the AMR problem including but not 

limited to advocacy of rational use of medicines, synthesis and development of new 
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antimicrobial compounds. These measures still demonstrate the low pace in curbing the 

existence of AMR, thus impelling more efforts in searching for new antimicrobial agents.  

This study aimed at searching for the new antibacterial compounds by biotransformation of 

the existing standard antibiotics using the Pleurotusostreatus mushroom. 

1.3 Conceptual Framework 

 

Figure 1.1: The interplay of AMR with associated factors 
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Narrative of the conceptual Framework 

The exaggerated and inappropriate use of antibiotics among many other factors leads to the 

increase of AMR. Emergency of AMR poses many negative impacts on the community 

including but not limited to increased mortality and morbidity, prolonged hospitalization and 

increased treatment costs. The research and development of new antibiotics have been in the 

forefront in tackling the AMR crisis. Thus, this impels for the searching of new antimicrobial 

compounds to keep pace with fighting the AMR problem. This study will work on searching 

for new compounds by biotransformation of selected antibiotics using Pleurotusostreatus 

mushroom. 

1.4. Rationale of the study. 

This study corroborates efforts to fight against the global disaster of AMR. In the prospect 

that, this study yields positive results, it will furnish lead compounds with promising 

antibacterial activity. On optimization of these lead compounds, there might be a possible 

chance of obtaining new antibacterial molecules which can benefit the community to treat 

notorious resistant bugs. 

 On the other hand, this study will demonstrate the biochemical potential of the 

Pleorotusostreatus mushroom to produce the new compounds which may rather be 

cumbersome to be produced by the use of conventional synthetic methods. The use of 

biotransformation means is a simple and environmentally friendly approach. 

1.5.Research questions 

1. What is the biotransformation potential ofPleorotusostreatus mushroom on ceftriaxone 

and ciprofloxacin to produce new metabolites? 

2. Do the metabolites obtained from Pleorotusostreatusbiotrans formation possess any 

antibacterial activity against standard bacteria? 

3. Do the metabolites obtained from Pleorotusostreatusbiotrans formation possess any 

antibacterial activity against resistant bacteria? 



6 

 

 

 

1.6.Broad objective 

To search for new antimicrobial compounds by biotransformation of selected antibiotics 

onmarket using Pleurotusostreatus mushroom. 

1.6.1 Specific objectives 

1. To determine by thin layer chromatography method the new metabolites produced after 

biotransformation of ceftriaxone and ciprofloxacin using Pleurotusostreatus mushroom. 

2. To evaluate the in vitro antibacterial activities of the metabolites produced by P. 

ostreatusagainst selected standard bacteria. 

3. To evaluate the in vitro antibacterial activities of the metabolites produced by P. 

ostreatusagainst the selected antibiotics resistant bacteria. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Biotransformation as an alternative to synthetic approach 

Synthetic chemistry has always been playing the major role in the scavenging of the new 

molecules of medicinal importance. This technique, involves one or more compounds (known 

as reagents or reactants) that will undergo a transformation when subjected to certain 

conditions. There are however challenges associated with this approach including high costs 

and deleterious impacts on the environment. 

 In recent decades, biotransformation has emerged as an alternative synthetic approach in 

searching of novel medicinal molecules. It involves series of chemical reactions that occur to a 

compound as a result of enzymatic or metabolic activities by a living organism.  

Biotransformation has become an alternative tool with great potential, especially for the 

development of sustainable technologies for the production of chemicals and drugs, that is, 

green chemistry[20–23]. This approach has certain advantages over synthetic approach in 

terms of high stereo- and regioselectivity, fewer side reactions, mild reaction conditions, 

simple operation procedures, easier separation of products, lower costs and being 

environmentally friendly[24–27]. Some of the reactions which cannot be achieved by the 

classical way of organic synthesis are fulfilled by biotransformation approach [28]. A 

particular compound is modified by transforming functional groups with or without 

degradation of the carbon skeleton. These modifications result in the formation of novel and 

useful products that may be difficult or impossible to be obtained through conventional 

chemical procedures[20,29].  

Biotransformation has therefore proved to be a powerful tool in addition to expanding array of 

organic synthesis for generation of and optimization of the lead compounds in the drug 

discovery and development [26]. It can be used to carry out specific conversions of the 

compounds by microorganisms, plants or isolated enzymes as the catalysts[30–32]. 
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Fungal biotransformation has been used to develop lead molecules with the potential to treat 

various disorders [33].  

A number of biotransformation of different compounds has been carried out to produce the 

modified compounds with improved biological activities. A study was conducted in 2006 by 

Ji-Hua Liu et al in an attempt to develop more potent ant malarial agents. The study involved 

the biotransformation of artemisinin using the microorganism, Streptomyces griseus. From this 

study, artemisinin (1) asstarting substrate was converted into other new compounds, namely; 

artemisitone-9 (2),  9α-hydroxy-artemisinin (3), 9β-hydroxy-deoxy artemisinin (4), and 3α-

hydroxy-deoxyartemesinin(5) [34] (Figure 2.1). 
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Figure 2.1 Biotransformation of artemisinin by Streptomyces griseus 
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In another study involving the bioconversion of artemisinin (1) using fungi, Canninghamella 

echinulate and Aspergillusniger two biotransformed products were identified and structurally 

recognized as 10β-hydroxy-artemisinin (6) and 3α-hydroxy-deoxy artemisinin respectively (5) 

as shown in figure 2.2[35]. This conversion had same biotransformation products as the one 

observed by the use of Penicilliumchrysogenum[36] 
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Figure 2.2: Biotransformation of artemisinin by C. echinulate and A. niger 

Many of the fungal metabolites and biotrans formed products have great medicinal importance 

[37]. Some of the metabolites have been developed as pharmacologically active drugs. For 

instance, antibiotics, including penicillin G (7), cyclosporin (8), fusidic acid (9) (Figure 2.3) 

[38]. 
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Figure 2.3: Pharmacologically active drugs from biotransformation. 
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In the study carried out to investigate the  effect of the fungus, Trichotheciumroseum on the 

tissue-specific hormone, tibolone (10) indicated the bioconversion of the substrate into two 

new (14, 15) compounds and three (11, 12, 13) already known compounds as shown in figure 

2.4[39]. 
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Figure 2.4: Biotransformation of tibolone (1) by a fungal culture Trichotheciumroseum 
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2.2 Pleurotusostreatus as a potential catalyst 

Pleurotusostreatus is the third most produced edible Mushroom worldwide [40] after 

Agaricusbisporus[41] and Lentinula edodes[42]. As members of the white-rot fungi (WRF), 

Pleurotusspp present the ability to grow on a variety of lignocellulosic biomass substrates and 

degrade both natural and anthropogenic aromatic compounds. This occurs by virtue of the 

presence of non-specific oxidative enzymatic systems, which consist mainly in laccases, 

manganese peroxidases (MnPs) and versatile peroxidases (VPs) [43].  

White rot fungus (WRF) are physiological group comprising fungi that are capable of 

biodegrading lignin and the name white rot derives from the white appearance of the wood 

attacked by WRF, where lignin removal gives a bleached appearance[44]. The study reports 

have indicated the biochemical capability of the mushroom, Pleurotusostreatus to bioconvert 

lignocellulose[44,45]. 

Pleurotusostreatushas been shown in several studies as the potential WRF for removing the 

recalcitrant pharmacologically active compound (PhACs) such Carbamazepine and 

Clarithromycin from the environment (figure 2.5 below). Several mechanisms have been 

suggested including enzymatic degradation by CYP P450 [46].  
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Figure 2.5: Biotransformation pathways of clarithromycin by P. ostreatus 

Another study conducted by Olicon-Hernandez et al shows the role of Pleurotusostreatus in 

biotransformation of the PhAC, ciprofloxacin as indicated in the figure 2.6 below[47]. 
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Figure 2.6: Different biotransformation pathways of ciprofloxacin by P. ostreatus 

Recently, the capability of white rot fungi (WRF) for biodegradation of xenobiotics and 

recalcitrant pollutants has generated a considerable research in the area of 

industrial/environmental microbiology.  

However, little is still known about the biochemical potential of Pleurotusostreatus on the 

biotransformation of standard antibiotics and possibility of any   produced metabolites having 

antibacterial activities and thus prompted further study in this area. 
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2.3 Antibacterial activity detection by bioautography 

In the effort to discover new lead compounds, there has been the screening of extracts from 

different sources to detect secondary metabolites with relevant biological activities. With this 

respects, several bioassays were  developed for screening purposes [48]. Among the existing 

techniques, bioautography is reported to be highly efficacious for assay detection of the 

antimicrobial compounds due to its capacity to allow activity localization even in the complex 

matrix, and thus facilitates the target-directed isolation of the active constituents[49–51]. It is 

also  reported to  be fast, cheap and permits directed fractionation of the bioactive compounds 

[52].   

Three bioautographic methods namely, agar diffusion or contact bioautography, direct 

bioautographic detection and immersion or agar overlay are  used  to detect antimicrobial 

agents in a mixture of compounds [53]. Agar overlay which was employed in this study, is a 

combination of contact and direct bioautography. In this method, the separated chromatogram 

was covered with a seeded molten agar medium. After solidification, incubation and staining 

with iodonitrotetrazolium(INT) the inhibition or growth bands were visualized[54–56]
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CHAPTER THREE 

3.0 METHODOLOGY 

3.1. Materials and equipment 

Pleurotusostreatus mushroom culture slants were obtained from Tanzania Industrial Research 

and Development Organization (TIRDO). The slants were transported at 8
o
C from TIRDO to 

Pharmaceutical microbiology laboratory at MUHAS and stored in the refrigerator at 4℃ until 

the time when they were to be used. 

The selected antibiotics on market were purchased from accredited local suppliers. These 

antibiotics were ceftriaxone (Cefrisoone-1000®, Akums Drugs & Pharmaceuticals Ltd, India) 

and ciprofloxacin (Ciprox®, Otsuka Pharmeceutical India Private Limited, Ahmedabad, 

India). They were in pharmaceutical dosage forms, ceftriaxone in powder for injection, 1 g 

and ciprofloxacin in solution for injection, 2mg/ml. The antibiotics were stored in a cool and 

dry place following the manufacturers’ recommendations until the time to be used. 

The mushroom culture media components were purchased from local suppliers. They included 

peptone water (REF M028-500G, LOT 0000328875, Code No 8902729011270, HiMedia 

Laboratories Pvt. Ltd, India), dextrose (Emparta®, 1.9425.0521, Merck Life Science Private 

Limited), magnesium sulphate heptahydrate (Cas No.10034-99-8, Un No. N/R, Tariff:2833 21 

00, Batch No. AIPL/974/33, Labtech Chemicals) and potassium dihydrogen phosphate (RPE, 

Batch No.8B243108C, Code No. 471686, CAS N0. 7778-77-0, Carlo Erba Reagents) all for 

laboratory use. They were stored in a cool and dry place by observing all manufacturers’ 

recommendations until the time of use. 

The analytical grade solvents including methanol (MRS Scientific Ltd), ethanol, ammonia 

solution (Carlo Erba Reagents), acetone and ethyl acetate (S.D Fine-Chem Ltd) were also 

purchased from local suppliers. 

CamagLinomat 5 version 3.0 sample applicators (Camag, Muttenz, Switzerland) and Camag 

Visualizer version 4.0 installed in pharmaceutical analysis laboratory were employed. 
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3.2. Mushroom cultivation. 

Mushroom cultivation was performed in the pharmaceutical microbiology laboratory at 

MUHAS. It was conducted according to the established proceduresby Winskaet al 2016 [57]. 

All necessary materials were gathered and put in place. The mushroom culture media was then 

prepared.  

3.2.1. The mushroom culture media preparation 

In preparation of media, 20.0 g of dextrose, 15.0 g of peptone water, 5.0 g of potassium 

dihydrogen phosphate and 2.0 g of magnesium sulphate heptahydrate were weighed on the 

balanceand put into a 1000 mlErlenmayer flask. Then, 500 ml of distilled water was added and 

the contents were shaken to completely dissolve. Finally, the solution was made to the mark 

by distilled water. The same procedure was repeated to prepare 2 L of the media. 

The media solution was divided into 400 ml portions in five 1000 ml Erlenmayer flasks. The 

flasks were top covered with aluminium foil, attached with sterilization indicator and sterilized 

in an autoclave at121℃ for 30 minutes. After sterilization, the media was then allowed to cool 

to room temperature. 

After cooling, a small amount of Pleurotusostreatus mushroom culture from priorly sub-

cultured stock on agar was inoculated into the media using a sterile spatula. The flasks were 

labelled, top covered with aluminium foils and incubated in an incubator at 26℃. The 

temperature logger device was included to monitor daily temperature. The culture media was 

intermittently shaken once every day.  

3.2.2. Antibiotics incorporation 

After 72 hours of incubation, the antibiotics, ceftriaxone and ciprofloxacin, selected based on 

resistance profile were added into the mushroom culture media. Prior to addition, solutions for 

antibiotics were prepared. Ceftriaxone powder was dissolved in distilled water to make 20 

mg/ml concentration. Ciprofloxacin solution was used at its 2 mg/ml concentration. 
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Thereafter, 40 ml of each antibiotic solution was added to two separate culture media leaving 

one media plain as the control. The media flasks were then labelled with type of antibiotic 

added and re-incubated under the same conditions for further 12 days. 

 

 

Figure 3.1: P. ostreausmushroom culture at inoculation (a) and at the incubation end (b). 
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Figure 3.2: P. ostreatusmushroom culture as placed in the incubator. 

3.3. Crude fungal material extraction 

Crude fungal material extraction was done in pharmaceutical analysis laboratory. After 12 

days of incubation, the mushroom culture was removed from the incubator and extracted. The 

liquid media from each flask was shaken and filtered using the What man filter paper (Cat No. 

1001 150, What man International Ltd, England). The filtrate was properly collected into 

plastic container, securely sealed and labelled. 
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Thereafter, the filtrate was transferred to Institute of Traditional Medicine laboratory, frozen at 

-80 ℃ and freeze dried.  After freeze drying, the gummy material thus obtained from each 

flask was dissolved in 50 ml of methanol. This solution was then securely stored in a glass 

container and labelled as aliquot 1.  

On the other hand, the hyphaelresidue that remained in the flask was soaked with 50 ml of 

methanol for 72 hours with intermittent agitation. The mixture was then filtered using What 

man filter paper (Cat No 1001 150). The filtrate was collected in the glass container labelled 

as aliquot 2 and no further processing was done on this. The two aliquots were then combined 

in one container and used as crude extract for analysis. The mixture was safely stored in a 

refrigerator until the time of use. 

3.4. Thin layer Chromatography (TLC) Profiling. 

Thin layer chromatography (TLC) profiling was conducted in pharmaceutical analysis 

laboratory. Analytical process entailed four major steps: sample preparation, sample 

application plate elution and visualization 

3.4.1. Sample Preparation 

In each analysis there were three categories of samples, namely, standard, extract and control. 

The standard was the known antibiotic which was used as positive control, the extract, 

comprised antibiotic containing media culture crude extract and the plain media culture crude 

extract served as negative control. 

The standard samples were prepared from priorly prepared stock solutions of antibiotics. 

Ceftriaxone standard sample was prepared by diluting 2 ml of 4 mg /ml aqueous stock solution 

with methanol to 20 ml. On other hand, ciprofloxacin standard sample was prepared by 

diluting 2 mg/ml stock solution to 0.05 mg/ml.  

The ceftriaxone containing culture crude extract sample was prepared by a two times dilution 

of the crude extract while the ciprofloxacin containing culture sample, was prepared by a five 
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times dilution of the crude extract. The control sample was prepared by a two times dilution 

for the crude extract.  The prepared samples were then securely stored in clean well labelled 

100 ml round bottomed flasks. 

3.4.2. Sample Application  

The sample application for all samples was done using the CamagLinomat 5 version 3.0 

sample applicator (Camag, Muttenz, Switzerland).Each sample was in turn drawn using 

Camag syringe (Hamilton, Switzerland) of 100 µl and placed in the syringe slot for 

introduction on the TLC plate. The application was performed on 10 cm x 10 cm aluminium 

backed TLC plate coated with analytical grade silica gel 60, normal phase (NP), F254(Lot 

HX85859754, 1.05554.0001, Merck KGaA, Germany). The origin (application) point was set 

at 8.0 mm position and solvent front end was set at 80 mm position. The volume of the sample 

applied for each track was set to be 5 µl and the distance between tracks was automatically 

determined by the machine. The command for sample application was given using the 

computer software, WinCATS 4.0 version. After sample application, the plate was allowed to 

air dry for 20minutes before being subjected to elution. 

3.4.3. Plate elution/ Development 

After air drying of the plate for 20 minutes, it was followed by plate elution/ development. 

Plate development was done in the twin trough Camag Tank (Chamber) of 20 cm x 10 cm 

containing the mobile phase constituted with the mixture of different analytical grade solvents 

depending on the nature of the samples applied. This step began with preparation of the 

mobile phase to be used and saturation of the chamber for a period of 20 minutes. 

For ciprofloxacin analysis the mobile phase was prepared with the mixture of three solvents 

constituted as acetone, 30 % ammonia solution and distilled water (28: 5: 5 v/v/v). To prepare 

the mobile phase, 56 ml of acetone was measured using the measuring cylinder of 100 ml 

capacity and poured into a clean round bottomed flask of 100 ml capacity. Then, 10 ml of 30 

% ammonia solution was again measured using a measuring cylinder of 20 ml capacity and 
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added into the previously measured acetone in the round bottomed flask. Finally, 10 ml of 

distilled water was then added to the mixture in the round bottomed flasks. The flask was then 

stoppered and labelled as ciprofloxacin mobile phase and placed on the works bench. 

The mobile phase for ceftriaxone constituted the mixture of five solvents namely, ethyl 

acetate, acetone, methanol, water and 30 % ammonia solution (5: 2: 2.5: 2.5: 0.5 v/v/v/v/v). 

Firstly, 20 ml of ethyl acetate was measured by using a 25 ml measuring cylinder and put into 

a 50 ml flat-bottomed flask. Then, 8 ml of acetone was measure in a 10 ml measuring cylinder 

and added to the flat-bottomed flask. Then after, 10 ml of methanol and distilled water were 

separately measured added to the mixture in the flask. Finally, 2 ml of 30 % ammonia solution 

was measured using a measuring cylinder of 5 ml capacity and topped onto the mixture in the 

flask. The flask was then stoppered, labelled and placed on the work bench. 

After preparation of the mobile phase, the elution chamber (tank) was then saturated for 20 

minutes prior to elution process. For saturation and elution, 10 ml of the previously prepared 

mobile phase was measured using a 20 ml measuring cylinder. This volume was then poured 

onto the 20 cm x 10 cm filter paper resting on one side of the tank to wet it. The tank was then 

tilted to transfer the solvent system to another trough of the tank. The tank was then covered 

with its lid a left for 20 minutes to saturate.  

The dried TLC plate was then quickly placed in vertical position on the side containing the 

mobile phase, opposite to that with the filter paper. 

 The chamber was closed and mobile phase was let to drift until it reached the development 

end mark at 8 cm. The plate was removed from the chamber and held in vertical position to 

allow any excess mobile phase to drip off. The separation was carried out at room 

temperature. The developed TLC plate was allowed to air dry for five minutes before 

subjection to visualization.  
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3.4.4. Visualization  

Visualization of the plates was done using Camag Visualizer version 4.0. After derivatization 

with iodine vapour, the plate was fixed at its slot in the machine and the image of the 

developed TLC plate was taken under a UV lamp at 254 nm and 360 nm. The image was 

captured and saved in the form of a Joint Photographic Expert Group (JPEG) file. The image 

was then resized and cropped at 10 cm x 10 cm, in accordance with the plate dimensions and 

saved at the resolution of 60 pixels cm
-1

. 

3.5. Bioautography 

Bioautography was conducted in pharmaceutical microbiology laboratory. Bioautography was 

carried out to detect any antibacterial activity of the newly formed molecules from 

biotransformation of antibiotics. Agar overlay Bioautography technique was employed in this 

case. Three bacteria, Staphylococcus aureus, Pseudomonas aeruginosa and Escherichia coli 

both standard and clinical isolates were used as indicator organisms. 

Bacteria culture was prepared by using Muller Hinton agar (CM0337, OXOID LTD, 

ENGLAND). 7.6 g of agar was weighed and put into an Erlenmayer flask of 500 ml capacity 

and 200 ml of distilled water was added to the flask. The flask was shaken to thoroughly 

dissolve the content. This solution was then autoclaved at the temperature of 121℃ for 30 

minutes. After sterilization, the content was contained in the autoclave and the temperature 

was allowed to fall to 50℃. The media was removed from the autoclave and slowly poured 

onto the freshly developed and dried chromatographic plates placed in the lids of micro 

dilution well plates to cover them completely with Muller Hinton agar. The media was 

allowed to cool and solidify before inoculation of bacteria. 

After solidification of the media onto the chromatographic plates, the freshly prepared 

suspension of bacteria, was slowly applied to the plates by cotton swabs and tilted in all 

directions to allow the bacteria suspension (0.5 McFarland) to cover all the media. The plates 

were then overturned to remove any excess suspension liquid. The bacteria cultures on the 
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plates were properly arranged in the polyethylene box lined with moist cotton wool and placed 

in the incubator at the temperature of 37℃.

 

Figure 3.3: Bacteria culture as placed in the incubator. 

The bacteria culture on the TLC plates was incubated for 24 hours before visualization to 

determine antibacterial activities. For visualization of antibacterial activities, the plates were 

sprayed with 0.2% freshly prepared aqueous solution of Iodonitrotetrazolium (INT). The 

plates were then re-incubated for 30 minutes and visualized. The zones of inhibition were 

observed as whitish regions against the purple background 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

4.1. Results. 

This study involved the biotransformation of two selected antibiotics on market namely 

ceftriaxone and ciprofloxacin. The two antibiotics were separately incubated with 

Pleurotusostresatus mushroom culture to study their biotransformation. 

4.1.1. Biotransformation results for Ceftriaxone 

Chromatographic analysis of extracts indicated one spot on a standard track, six spots on the 

extract track and two on the control track. The Rf values of these spots were computed and 

summarized as shown in table 4. 1.The first track from the left was for standard sample 

(known ceftriaxone) which was used as the positive control. The second track is for mushroom 

extract mixture exposed to ceftriaxone which was analyzed to determine any 

biotransformation products. The third track contains the mushroom extract mixture not 

exposed to ceftriaxone which was regarded as the negative control. The analysis was repeated 

in the respective manner to the duplicate.  

Table 4.1: RF values for ceftriaxone biotransformation product spots. 

Track  Spot distance (mm) Solvent distance (mm) Rf value. 

Standard  20. 0 72. 0 0. 28 

 

 

 

Extract  

16. 0 72. 0 0. 22 

20. 0 72. 0 0. 28 

24. 0 72. 0 0. 33 

29. 0 72. 0 0. 40 

51. 0 72. 0 0. 71 

55. 0 72. 0 0. 76 

 

Control  

16. 0 72. 0 0. 22 

29. 0 72. 0 0. 40 
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On analyzing the three tracks, there was only one spot band on the extract track which tallied 

with a spot present on the standard track.  This provided inference that the crude extract of 

ceftriaxone containing culture had some residue of a parent antibiotic. Also, two spot bands on 

extract track corresponded to the spot on the control track. This provided implication that the 

spots were for compound from the mushroom itself. 

On the other hand, three spots on extract track appeared on neither standard nor control track. 

They only appeared on the extract track giving inference that these were spots for compounds 

that resulted from the biotransformation of ceftriaxone by P. ostreatus mushroom. This 

information is summarized in figures 4.1, 4.2 and 4.3 below. 

 

Figure 4.1: Ceftriaxone biotransformation chromatograms image captured by the phone 

camera as seen invisible light following derivatization with iodine crystals vapor.  

S = standard, E = extract, C = control. 
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Figure 4.2: Ceftriaxone biotransformation chromatogram image as captured by Camag 

visualizer camera at 254 nm. Where, Ctn = ceftriaxone, unk = unknown compounds from 

biotransformation. 

When the plate was scanned under Uv-visible the spectrum shown in figure 4.3 below was 

obtained. The standard tracks are labelled 1, 4, extract track labelled 2, 5 and control track 

labelled 3, 6. 
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Figure 4.3: Ceftriaxone biotransformation spectrum at 254 nm. 

Po = mushroom compound, cft =standard antibiotic, ceftriaxone, M = biotransformation 

metabolites,  

4.1.2. Results for Ciprofloxacin Biotransformation 

Ciprofloxacin chromatographic analysis showed one spot on standard track, two on extract 

and none on the control. The Rf values were calculated and summarized in table 4.2. Sample 

spotting was done in three tracks, the first representing known antibiotic (ciprofloxacin), the 

second being for crude extract of Pleurotusostreatus mushroom culture which was exposed to 

ciprofloxacin antibiotic and the last track is for crude extract of Pleurotusostreatus mushroom 

which was not exposed to ciprofloxacin antibiotic. 
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Table 4.2: Rf values for ciprofloxacin biotransformation product spots. 

Track  Spot distance (mm) Solvent distance (mm) Rf values. 

Standard  28. 0 72. 0 0. 39 

 

Extract  

19. 0 72. 0 0. 26 

29. 0 72. 0 0. 4 

Control  __ 72. __ 

 

On analyzing the three tracks it can be identified that, the first track contains only one spot 

band which shows the presence of one compound which in this case is a known ciprofloxacin 

antibiotic. On the hand, the second track of the chromatogram contains two spot band one of 

which corresponds to the spot on first track, implying the presence of ciprofloxacin residue in 

the sample of extract. The second spot appears on neither first nor second track. This gives 

inference that, this second spot must be a new compound resulted from biotransformation of 

ciprofloxacin by Pleurotusostreatus mushroom. This information is summarized in figure 4.4 

below. 
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Figure 4.4: Chromatogram of ciprofloxacin biotransformation. 

The plate was scanned in the UV-visible at around 360 nm. The spectrum obtain is illustrated 

in figure 4.5 below. The standard track is shown by numbers 1, 4, 7, extract track by number 

2, 5, 8 and control track 3, 6, 9. 
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Figure 4.5: The spectrum of ciprofloxacin biotransformation at 254 m 

M = metabolites peak, P = parent antibiotic. 
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4.1.3. Bioautography results 

The developed chromatograms were tested for antibacterial activities against three bacteria 

selected according to Pathogen Priority for Drug Research and Development. These bacteria 

were Staphylococcus aureus representing gram positive bacterial species, Escherichia coli 

representing gram negative bacterial species and Pseudomonas aeruginosa selected as one of 

the most common notorious bugs in our settings. 

Upon testing the antibacterial activities, the new spots from biotransformation of ceftriaxone 

showed the activity against both standard and clinical isolates of S. aureus as shown in the 

bioautogram results in figures 4.6 and 4.7 respectively below. The activities of the new spots 

were just comparable to that of parent medicine. However, upon testing on the known strain of 

Methicillin Resistant Staphylococcus aureus (MRSA), only one new spot showed activity 

although with reduced intensity compare to that on standard and clinical isolates (figure 4.8) 

 

Figure 4.6: Bioautogram(right)of standard S. aureusonceftriaxone biotransformation 

chromatogram(left). S = standard, E = extract, C = control 
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Figure 4.7: The bioautogram (right)of clinical S. aureuson ceftriaxone biotransformation 

chromatogram (left). 

S = standard, E = extract, C = control 
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Figure 4.8: Bioautogram (right)of MRSA on ceftriaxone biotransformation chromatograms 

(left). 

S = standard, E = extract, C = control 

When tested on E. coli, the inhibition appeared to be as a result of the spot bands of parent 

antibiotic. The spots of new compounds did not appear to present antibacterial activity against 

both standard and clinical isolates of E. coli as shown in figure 4.9 
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Figure 4.9: Bioautogram (right) of E. coli on ceftriaxone biotransformation chromatogram 

(left). 

S = standard, E = extract, C = control 

Also, when, ceftriaxone biotransformation chromatogram was tested on Pseudomonas. 

aeruginosa for antibacterial activity, only spots of the parent medicine were active only with 

faint inhibition zones. The spot for new compounds did not show any inhibition to both 

standard and clinical isolates (figure 4.10) 
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Figure 4.10: The bioautogram (right) of P. aeruginosa on ceftriaxone biotransformation 

chromatogram (left). 

S = standard, E= extract, C= control 

The biotransformation chromatograms of ciprofloxacin were also tested for antibacterial 

activities using agar overlay technique. Three bacteria were used as indicator organisms ieS. 

aureus, E. coli and P. aeruginosa both standard and clinical isolates.  Results showed that 

most of the inhibition was due to the spot of parent drug rather than spot of a new compound 

except for bioautogram of standard E. coli whose inhibition also appeared to be centered at the 

spot of a newly formed compound (figure 4.11). Other bioautograms for S. aureus and P. 
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aeruginosa appeared centered on at the spot of parent drug (figure 4.12 and figure 4.13 

respectively). 

 

Figure 4.11: The bioautogram (right) of standard E. coli on ciprofloxacin biotransformation 

chromatogram (left). 

S = standard, E = extract, C = control 
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Figure 4.12: The bioautogram of standard S. aureus on ciprofloxacin biotransformation 

chromatogram. 

S = standard, E = extract, C = control 
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Figure 4.13: The bioautogram (right) of standard P. aeruginosa on ciprofloxacin 

biotransformation chromatogram (left). 

S = standard, E = extract, C = control. 
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4.2 DISCUSSION 

This study revealed the biotransformation potential of Pleurotusostreatus mushroom. This 

result is similar to a number of several other studies which have shown fungi including P. 

ostreatusto be one of most diverse groups of microorganism playing the key role of 

biotransformation[58,59]. For example, a study done byOlicon-Hernandez et al shows the role 

of P. ostreatus on ciprofloxacin (Figure 2.6 in section 2.2). 

The number of mechanisms for biotransformation have been suggested including utilization of 

Cytochrome P450 system and soluble extracellular enzymes including lignin peroxidase, 

manganese peroxidase and laccase [60–62]. 

The study has indicated that P. ostreatus can act on single molecule and produce more than 

one compound. Biotransformation of ceftriaxone for instance has produced three new spots. 

This is however not different from several other biotransformation studies conducted 

elsewhere. For instance, a study conducted by Shah SAA et al demonstrated similar 

biotransformation results[39]. This could be possible due to presence of several active reaction 

sites on the compound and introduction of different substituents at different positions of the 

parent molecule. 

Biotransformation of ciprofloxacin has indicated the formation of more a polar metabolite than 

the parent antibiotic. This is evidenced by lower Rf value of this metabolite (0. 26) as 

compared to that of parent antibiotic (0.39).  

This finding is in agreement with most of suggested biotransformation mechanisms which 

result into formation of more polar metabolites than the parent compounds[20]. On the hand, 

biotransformation findings of ceftriaxone have shown formation of metabolites which are less 

polar than the parent compound. Several biotransformation pathways are possible, some 

important including hydroxylation, glycosylation, oxido-reductions between alcohols and 

ketones, hydrolysis, epoxidation, reduction of carbonyl groups, reduction of C-C double bonds 

and nitro reductions[63]. 
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Bioautography has indicated that biotransformation of ceftriaxone and ciprofloxacin can 

produce new bioactive compound. From the bioautograms of S. aureus on ceftriaxone 

biotransformation chromatograms and bioautogram of standard E. coli on ciprofloxacin 

biotransformation chromatogram, the newly formed spots due to biotransformation appeared 

to be active. 

This might have been possible due to presence of isosteres, that is, the removed group 

(substituent) and introduced group have similar biological properties. Biotransformation has 

been shown to be the source of lead compounds for drug discovery and development. There 

are other studies which have shown several pharmacologically active drugs which were 

obtained from biotransformation process for example penicillin G, cyclosporin, fusidic 

acid[38]. 

Nevertheless, the bioautographic analysis showed that in some cases, the spots for parent 

drugs were active while new spots were inactive. Despite some spots being regarded to be 

inactive against tested bacteria, the activities for some spots could have been missed due to 

lack of good resolution between spots of parent drug and new spots. 

 4.2.1 Study Limitations. 

Despite the success obtained from this work, a number of challenges were encountered. One 

of the limitations which could have led to wrongful findings is unaware contamination. This 

could have arisen due interference from other laboratories activities which sharing of devices 

and working space is the common practice in the setting. This was however mitigated by 

ensuring the possible maximum level of cleanliness.  

Nevertheless, due to poor resolution of inhibition zones between the spots, some antibacterial 

activities could have been misinterpreted. This would however been mitigated by fractionation 

and carry out the antibacterial activity test on individual fraction. 
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CHAPTER FIVE 

5.0 CONCLUSION AND RECOMMENDATION 

5.1. CONCLUSION 

The biotransformation of the known and commonly used antibiotics ceftriaxone and 

ciprofloxacin by P.ostreatus mushroom has yielded possibly new metabolites hence showed 

the biotransformation potential of P. ostreatus. The chromatographic analysis indicated three 

new compounds resulted from biotransformation of ceftriaxone and one from 

biotransformation of ciprofloxacin.  

The bioautography of the new metabolites has indicated the presence of antibacterial activity 

comparable to that of parent compounds. This indicates that biotransformation by P.ostreatus 

mushroom can be a very useful alternative tool for searching new compounds which can be 

beneficial in drugs discovery and development. 

From this study biotransformation has demonstrated its advantages over conventional 

synthetic approach as it is cheap, mild reaction conditions, environmentally friendly, and 

simple operation procedures. With that regard it can be used to carry out various syntheses 

which could not be possible with conventional synthesis. 
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5.2. RECOMMENDATION 

The work which has been completed in this study is just a very minute fraction of the whole 

process of drug discovery and development. Much needs tobe done so as to get new medicines 

in the market which can be beneficial in treatment of resistant bug.  

It is recommended that  

 Further studies to be conducted to isolate the resulted compounds and endeavor to 

determine their structures. 

 In addition, more work is needed to investigate the pharmacophore of the compounds 

and carry out all necessary structural modification which can help to improve the 

activity and reduce the deleterious effects which may arise. 

 Furthermore, investigations should be performed forantibacterial activity of new 

potential compounds on many other bacterial species and in vivo studies to ascertain 

that they can be safely used. Additionally, the newly formed spots can also be 

investigated for other pharmacological activities such as antifungal activities, 

antitumor activities etc. 

 Some spots could have been missed for the antibacterial activities due to lack of clear 

resolution between the spot for parent drug and spot of newly formed compound. So, it 

is called more work to be done to isolate the fractions and test for antibacterial 

activities separately. Moreover, the biotransformation potential of Pleurotusostreatus 

mushroom can be assessed on other classes of available medicines. 
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