
TRYPTOPHAN 
Tryptophan (symbol Trp or W) is an α-amino acid that is used in the biosynthesis of proteins. Tryptophan 

contains an α-amino group, an α-carboxylic acid group, and a side chain indole, making it a non polar aromatic amino 
acid. It is essential in humans, meaning the body cannot synthesize it; it must be obtained from the diet. Tryptophan is 

also a precursor to the neurotransmitter serotonin, the hormone melatonin and vitamin B3. It is encoded by 

the codon UGG. 
Like other amino acids, tryptophan is a zwitter ion at physiological pH where the amino group is protonated (–

NH3
+; pKa = 9.39) and the carboxylic acid is deprotonated (–COO−; pKa = 2.38). 

 

Fungal Source of Tryptophan 

 Saccharomyces cerevisiae 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Saccharomycetes  

Order: Saccharomycetales  

Family: Saccharomycetaceae 

Genus: Saccharomyces  

Species: S. cerevisiae 

 

 Aspergillus fumigates 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Eurotiomycetes  

Order: Eurotiales  

Family: Trichocomaceae 

Genus: Aspergillus 

Species: A. fumigatus 

 

 Cryptococcus neoformans 

Scientific classification 

Kingdom: Fungi  

Phylum: Basidiomycota  

Class: Tremellomycetes  

Order: Tremellales  

Family: Tremellaceae 

Genus: Cryptococcus  

Species: Cryptococcus neoformans 
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L-Tryptophan 

 

Names 

IUPAC name 

Tryptophan or (2S)-2-amino-3-(1H-indol-3-yl)propanoic 

acid 

Other names 

2-Amino-3-(1H-indol-3-yl)propanoic acid 

Properties 

Chemical 

formula  

C11H12N2O2 

Molar mass  204.229 g·mol−1 

Solubility in 

water  

Soluble: 0.23 g/L at 0 °C, 

 

11.4 g/L at 25 °C, 

17.1 g/L at 50 °C, 

27.95 g/L at 75 °C 

Solubility  Soluble in hot alcohol, alkali 

hydroxides; insoluble in chloroform. 

Acidity (pKa) 2.38 (carboxyl), 9.39 (amino) 
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FUNCTION 

 
 

Metabolism of L-tryptophan into serotonin and melatonin (left) and niacin (right). 
Transformed functional groups after each chemical reaction are highlighted in red. 

 

 Amino acids, including tryptophan, are used as building blocks in protein biosynthesis, and proteins are required 

to sustain life. Many animals (including humans) cannot synthesize tryptophan: they need to obtain it through 

their diet, making it an essential amino acid. Tryptophan is among the less common amino acids found in 
proteins, but it plays important structural or functional roles whenever it occurs. For instance, tryptophan 

and tyrosine residues play special roles in "anchoring" membrane proteins within the cell membrane. In 

addition, tryptophan functions as a biochemical precursor for the following compounds: 

 Serotonin (a neurotransmitter), synthesized by tryptophan hydroxylase. 

 Melatonin (a neurohormone) is in turn synthesized from serotonin, via N-acetyltransferase and 5-
hydroxyindole-O-methyltransferase enzymes. 

 Niacin, also known as vitamin B3, is synthesized from tryptophan via kynurenine and quinolinic acids. 

 Auxins (a class of phytohormones) are synthesized from tryptophan. 

  The disorder fructose malabsorption causes improper absorption of tryptophan in the intestine, reduced levels 

of tryptophan in the blood and depression.  

Use as a dietary supplement 
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Because tryptophan is converted into 5-hydroxytryptophan (5-HTP) which is then converted into the 

neurotransmitter serotonin, it has been proposed that consumption of tryptophan or 5-HTP may improve depression 

symptoms by increasing the level of serotonin in the brain. Tryptophan is sold over the counter in the United 

States (after being banned to varying extents between 1989 and 2005) and the United Kingdom as a dietary 
supplement for use as an antidepressant, anxiolytic, and sleep aid. It is also marketed as a prescription drug in some 

European countries for the treatment of major depression. There is evidence that blood tryptophan levels are unlikely to 

be altered by changing the diet, but consuming purified tryptophan increases the serotonin level in the brain, whereas 
eating foods containing tryptophan does not. This is because the transport system that brings tryptophan across 

the blood–brain barrier also transports other amino acids which are contained in protein food sources.[26] High blood 

plasma levels of other large neutral amino acids prevent the plasma concentration of tryptophan from increasing brain 
concentration levels.  

In 2001 a Cochrane review of the effect of 5-HTP and tryptophan on depression was published. The authors 

included only studies of a high rigor and included both 5-HTP and tryptophan in their review because of the limited data 

on either. Of 108 studies of 5-HTP and tryptophan on depression published between 1966 and 2000, only two met the 
authors' quality standards for inclusion, totalling 64 study participants. The substances were more effective 

than placebo in the two studies included but the authors state that "the evidence was of insufficient quality to be 

conclusive" and note that "because alternative antidepressants exist which have been proven to be effective and safe, the 
clinical usefulness of 5-HTP and tryptophan is limited at present". The use of tryptophan as an adjunctive therapy in 

addition to standard treatment for mood and anxiety disorders is not supported by the scientific evidence.  
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RIBOFLAVIN 

 

Riboflavin, also known as vitamin B2, is a vitamin found in food and used as a dietary supplement. Food 
sources include eggs, green vegetables, milk and other dairy product, meat, mushrooms, and almonds. Some countries 

require its addition to grains.[3][4] As a supplement it is used to prevent and treat riboflavin deficiency and 

prevent migraines. It may be given by mouth or injection.  
It is nearly always well tolerated. Normal doses are safe during pregnancy. Riboflavin is in the vitamin 

B group. It is required by the body for cellular respiration.  

Riboflavin was discovered in 1920, isolated in 1933, and first made in 1935. It is on the World Health 
Organization's List of Essential Medicines, the most effective and safe medicines needed in a health system. Riboflavin 

is available as a generic medication and over the counter. In the United States a month of supplements was priced (in 

2015) at less than 25 USD. 

 

Industrial synthesis 

The industrial scale production of riboflavin using diverse microorganisms, including filamentous fungi such as Ashbya 

gossypii, Candida famata and Candida flaveri, The chemical company BASF has installed a plant in South Korea, 
which is specialized on riboflavin production using Ashbya gossypii. The concentrations of riboflavin in their 

modified strain are so high that the mycelium has a reddish/brownish color and accumulates riboflavin crystals in 

the vacuoles, which will eventually burst the mycelium.  
 

Scientific classification 

Kingdom: Fungi  

Phylum: Ascomycota  

Subphylum: Saccharomycotina  

Class: Saccharomycetes  

Order: Saccharomycetales  

Family: Saccharomycetaceae 

Genus: Eremothecium 

Species: E. gossypii 

Synonyms  

Nematospora 

gossypii (S.F. ASHBY & W. NOWELL, 

1926) 
Ashbya gossypii GUIL 

 

Scientific classification 

Phylum: Heterokontophyta  

Class: Oomycota  

Order: Peronosporales  

Family: Albuginaceae 

Genus: Candida 

Species: C. famata  

C.  flaveri 

 

 
 

Corneal ectasia is a progressive thinning of the cornea; the most common form of this condition is keratoconus. 

Collagen cross-linking by applying riboflavin topically then shining UV light is a method to slow progression of corneal 
ectasia by strengthening corneal tissue.  

As of 2017 a system is marketed by Terumo in Europe that is used to remove pathogens from blood; donated 

blood is treated with riboflavin and then with ultraviolet light. 
A 2017 review found that riboflavin may be useful to prevent migraines in adults, but found that clinical trials in 

adolescents and children had produced mixed outcomes. 

Function 

 Flavin mononucleotide (FMN) and flavin adenine dinucleotide (FAD) function as cofactors for a 
variety of flavoprotein enzyme reactions: 

 Flavoproteins of electron transport chain, including FMN in Complex I and FAD in Complex II 

 FAD is required for the production of pyridoxic acid from pyridoxal (vitamin B6) by pyridoxine 5'-
phosphate oxidase 

 The primary coenzyme form of vitamin B6 (pyridoxal phosphate) is FMN dependent 
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 Oxidation of pyruvate, α-ketoglutarate, and branched-chain amino acids requires FAD in the 

shared E3 portion of their respective dehydrogenase complexes 

 Fatty acyl CoA dehydrogenase requires FAD in fatty acid oxidation 

 FAD is required to convert retinol (vitamin A) to retinoic acid via cytosolic retinal dehydrogenase 
 Synthesis of an active form of folate (5-methyltetrahydrofolate) from 5,10-

methylenetetrahydrofolate by Methylenetetrahydrofolate reductase is FADH2 dependent 

 FAD is required to convert tryptophan to niacin (vitamin B3) 
 Reduction of the oxidized form of glutathione (GSSG) to its reduced form (GSH) by Glutathione 

reductase is FAD dependent 

 For the molecular mechanism of action see main articles Flavin mononucleotide (FMN) and flavin 
adenine dinucleotide (FAD) 

 Other Flavin derivatives such as N(5)-ethylflavinium ion, Et-Fl+, can oxidize water and produce O2.  

 

Chemistry: As a chemical compound, riboflavin is a yellow-orange solid substance with poor solubility in water 
compared to other B vitamins. Visually, it imparts color to vitamin supplements (and bright yellow color of urine in 

persons taking  
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GRISEOFULVIN 

 

Griseofulvin is an antifungal medication used to treat a number of types of dermatophytoses (ringworm). This 

includes fungal infections of the nails and scalp, as well as the skin when antifungal creams have not worked.  It is taken 
by mouth. 

Common side effects include allergic reactions, nausea, diarrhea, headache, trouble sleeping, and feeling 

tired. It is not recommended in people with liver failure or porphyria. Use during or in the months before pregnancy may 
result in harm to the baby. Griseofulvin works by interfering with fungal mitosis. 

Griseofulvin was discovered in 1939 from a type of Penicillium mold. It is on the World Health Organization's 

List of Essential Medicines, the most effective and safe medicines needed in a health system. 
 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Eurotiomycetes  

Order: Eurotiales  

Family: Trichocomaceae 

Genus: Penicillium 

Species: P. griseofulvum 

Binomial name  

Penicillium griseofulvum 
Dierckx, R.P. 1901[1] 

 

Type strain 

CBS 185.27[2] 

Synonyms  

Penicillium patulum, 
Penicillium urticae, 

Penicillium flexuosum, 

Penicillium maltum, 
Penicillium duninii 

 

Medical uses 

 Griseofulvin is used orally only for dermatophytosis. It is ineffective topically. It is reserved for cases with nail, 

hair, or large body surface involvement.  
 Terbinafine given for 2 to 4 weeks is at least as effective as griseofulvin given for 6 to 8 weeks for treatment of 

Trichophyton scalp infections. However, griseofulvin is more effective than terbinafine for treatment of 

Microsporum scalp infections.  

 

Mechanism 

The drug binds to tubulin, interfering with microtubule function, thus inhibiting mitosis. It binds to keratin in keratin 

precursor cells and makes them resistant to fungal infections. The drug reaches its site of action only when hair or skin 
is replaced by the keratin-griseofulvin complex. Griseofulvin then enters the dermatophyte through energy-dependent 

transport processes and bind to fungal microtubules. This alters the processing for mitosis and also underlying 

information for deposition of fungal cell walls. 

 

Biosynthetic process 

It is produced industrially by fermenting the fungus Penicillium griseofulvum. The first step in the biosynthesis of 

griseofulvin by P. griseofulvin is the synthesis of the 14-carbon poly-β-keto chain by a type I iterative polyketide 
synthase (PKS) via iterative addition of 6 malonyl-CoA to an acyl-CoA starter unit. The 14-carbon poly-β-keto chain 

undergoes cyclization/aromatization, using cyclase/aromatase, respectively, through a Claisen and aldol condensation to 

form the benzophenone intermediate. The benzophenone intermediate is then methylated via S-adenosyl 
methionine (SAM) twice to yield griseophenone C. The griseophenone C is then halogenated at the activated site ortho 

to the phenol group on the left aromatic ring to form griseophenone B. The halogenated species then undergoes a single 

phenolic oxidation in both rings forming the two oxygen diradical species. The right oxygen radical shifts alpha to the 

carbonyl via resonance allowing for a stereospecific radical coupling by the oxygen radical on the left ring forming a 
tetrahydrofuranone species. The newly formed grisan skeleton with a spiro center is then O-methylated by SAM to 

generate dehydrogriseofulvin. Ultimately, a stereoselective reduction of the olefin on dehydrogriseofulvin 

by NADPH affords griseofulvin.  
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CYCLOSPORINES A 

 

Cyclosporines are a member of the group of cyclic peptides and are composed of 11 amino acids. Cyclosporine 

A is the major component of the cyclosporines, which distinguishes from other cyclosporines by the type of amino acid 
at carbon number 2. It is the only member of this group used clinically. It has anti-inflammatory, immunosuppressive, 

antifungal and antiparasitic properties. It is used extensively in the prevention and treatment of graft-versus-host 

reactions in bone marrow transplantation and for the prevention of rejection of kidney, heart and liver transplants. 
 

Cyclosporine A is widely produced by submerged fermentation of aerobic fungi identified as Trichoderma 

polysporum but currently identified as Tolypocladium inflatum. Since its discovery, very few studies have been carried 
out to search for other microbial sources for its production. Most of the research work on cyclosporine A is based on 

fungi Tolypocladium inflatum and Aspergillus terreus. 

 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Sordariomycetes  

Order: Hypocreales  

Family: Hypocreaceae 

Genus: Trichoderma Pers. (1801) 
 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Sordariomycetes  

Order: Hypocreales  

Family: Ophiocordycipitaceae 

Genus: Tolypocladium 

Species: T. inflatum 
 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Eurotiomycetes  

Order: Eurotiales  

Family: Trichocomaceae 

Genus: Penicillium 

Species: P. citrinum 

P. fellutanum 

P. oxalicum 
P. griseofulvum 

P. notatum  

P. expansum  
 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Eurotiomycetes  

Order: Eurotiales  

Family: Trichocomaceae 

Genus: Aspergillus 

Species: A. terreus 
 

 

 
 

The present study was, therefore, designed to explore some locally isolated Penicillia for cyclosporine A 

production that has not yet been studied for this target. 
Pure cultures of six Penicillium species including Penicillium citrinum (FCBP 997), Penicillium 

fellutanum (FCBP 937), Penicillium oxalicum (FCBP 947), Penicillium griseofulvum (FCBP 927), Penicillium 

notatum (FCBP 531) and Penicillium expansum (FCBP 962) was obtained from the First Fungal Culture Bank of  
Pakistan (FCBP) and maintained on malt extract agar (MEA) medium and preserved at 4°. 

Malt yeast extract (MY) medium was selected as the seed medium for inoculum preparation of the selected strains. The 

medium was composed of malt extract 2%, yeast extract 0.4% and initial pH was adjusted to 5.7. MY medium (50 ml) 

was poured in Erlenmeyer flasks (250 ml capacity) plugged with cotton plugs. These flasks were sterilised by 
autoclaving at 121° and 15 lb/inch2 pressure for 15-20 min. By using a cork borer, 0.8-cm disk of 5-day old cultures on 

MEA were cut out and were inoculated in sterilised medium in flasks. The inoculated flasks were incubated on an 

orbital shaker at 200 rpm for 72 h at 30°. 
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For cultivation, production medium specially designed for cyclosporine A production composed of glucose, 5%; 

peptone, 1%; KH2PO4, 0.5%; KCl, 0.25% (w/v), at pH 5.3, was prepared. According to the methodology of Agathos et 

al. 5 ml of seed inoculum from each isolate was introduced into 250 ml Erlenmeyer flasks containing 50 ml of 
production medium. The fermentation was continued at 28±1° for 10 days, at 200 rpm. 

Butyl acetate (30 ml) was added to the harvested fermentation medium and stirred at 200 rpm for 24 h at 30°. 

Organic layer was formed after 24 h, which was separated by a separating funnel and evaporated under vacuum till 
dryness. Dried extract was weighed and dissolved in 30 ml methanol. 

The aqueous layer of cultivation medium containing fungal pellets was filtered for harvest of biomass. The 

filtration was performed by using Whatman Filter Paper No. 1. The fresh biomass was collected on the filter paper by 
using a conical funnel. Filters were slightly rinsed with water 1-2 times for the washing of media and weighed on digital 

weighing machine. The filters were dried in oven at 40° and reweighed after cooling. Following formula was used to 

calculate the dry biomass: Fungal dry biomass=wt. of filter paper–wt. of dry filtrate. 

Quantity of cyclosporine A in crude extract was analysed by high performance liquid chromatography (HPLC), 
using Hitachi system consisting of L- 2100/2130 pump, L-2420 UV/Vis Detector with a detection span from 190 to 900 

nm. Analysis was done using a C18 column with a 5 μm particle size, and acetonitrile:methanol:water (42.5:20:37.5, v/v) 

as mobile phase at a flow rate of 0.8 ml/min with UV detection at 215 nm. 
Cyclosporine-related compounds are reported to possess antifungal activity. For the detection of antifungal 

activity, agar well diffusion method was used. Verification of antifungal activity of cyclosporine A was tested 

against Aspergillus niger procured from First Fungal Culture Bank of Pakistan and isolated from air mycoflora and 
preserved under reference no. FCBP-74. Test fungus was inoculated on MEA media plates by using needle. A well of 

0.8 mm diameter was punched into the plate with the help of a sterile cork borer and 50 μl of purified sample of 

cyclosporine A obtained from Penicillium fellutanum by several runs of HPLC was added to well and was incubated at 

30° for 5 days. Minimum inhibitory concentration (MIC) was also calculated using same procedure. Stock solution of 
10 μg/ml was used to make concentrations of 1, 2, 3, 4, 5, 6, 7, 8 and 9 μg/ml for this assay. 

 

 Pure cultures of Trichoderma harzianum, T. aureoviride, T. reesei, T. koningii and  T. hemantum were checked 
for their potential to produce cyclosporin A. Production medium used for drug production was consisted of: glucose, 

5%; peptone, 1%; KH2PO4, 0.5%; KCL, 0.25% (w/v). Whereas, butyl acetate was used to extract the fermentation 

medium for cyclosporine A. This was then analyzed through High Performance Liquid Chromatography and the 

chromatograms obtained were compared with that of cyclosporine and with the external standard cyclosporin A 98.5% 
pure. Only chromatogram of T. harzianum showed a peak at 2.779, which was comparable with both the standards. 

Mass spectroscopy of this peak showed [CsA + H] + ion of m/z 1203. The amount of drug calculated was 44.06 µg/mL. 

 

USE 

 CyclosporinA  is approved by the FDA to treat and prevent graft-versus-host disease in bone marrow 

transplantation and to prevent rejection of kidney, heart, and liver transplants. It is also approved in the US for 
treating of rheumatoid arthritis and psoriasis, persistent nummular keratitis following adenoviral 

keratoconjunctivitis, and as eye drops for treating dry eyes caused by Sjögren's syndrome and meibomian 

gland dysfunction. 

 In addition to these indications, ciclosporin is also used in severe atopic dermatitis, Kimura disease, pyoderma 
gangrenosum, chronic hives, acute systemic mastocytosis, and posterior or intermediate uveitis with 

noninfective cause. It is also used, albeit infrequently, in severe rheumatoid arthritis and related diseases. 

 CyclosporinA  has also been used in people with acute severe ulcerative colitis and hives that do not respond to 

treatment with steroids. 

 The medication is approved in the United States for the treatment of atopic dermatitis in dogs. Unlike the human 

form of the medication, the lower doses used in dogs mean the drug acts as an immunomodulator and has fewer 
side effects than in humans. The benefits of using this product include the reduced need for concurrent therapies 

to bring the condition under control. It is available as an ophthalmic ointment for dogs called Optimmune, 

manufactured by Intervet, which is part of Merck. It is also used to treat sebaceous adenitis (immune response 

against the sebaceous glands), pemphigus foliaceus (autoimmune blistering skin disease), Inflammatory bowel 

disease, anal furunculosis (anal inflammatory disease), and myasthenia gravis (a neuromuscular disease). 

 It is sometimes prescribed for extreme cases of immune-mediated hemolytic anemia. 
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CELLULASES 

 

The third but the most significant group of lignocellulolytic enzyme is cellulases, the key enzymes for the conversion 

of cellulose into simple sugars. Cellulase is a family of enzymes hyrolysing β-1,4-glycosidic bonds of intact cellulose 

and other related cello-oligosaccharide derivatives. Synergistic action of three principal types of the enzymes, viz., 

endoglucanase (EC 3.2.1.4), exoglucanase (EC 3.2.1.91) and β-glucosidase (EC 3.2.1.21) is required to accomplish the 

degradation of intact hydrogen-bond-ordered cellulose. Endoglucanases preferentially hydrolyze the amorphous 

(internal) regions of the fibrils randomly by cleaving β-glucosidic bonds; cellobiohydrolases are exoglucanases releasing 

cellobiose, from the termini of the chains, while β-glucosidases complete the degradation process by hydrolyzing 

cellobiose and other cellodextrins with a low degree of polymerization to glucose units (Figure 1). Among the 

lignocellulytic enzymes, cellulases found significant potential for industrial applications, especially in sectors of foods, 

chemicals, detergents, cosmetics, pulp and paper, etc. 

Figure 1: Diagrammatic representation of the enzymatic hydrolysis of cellulose by the synergistic action of cellulases. 

 

 

 

 

 

 

 

 

 

 

 

Fungal cellulases 
The microbial hydrolysis of insoluble cellulose requires the action of multiple cellulases (endoglucanases, 

exoglucanases and β-glucosidases) in a synergistic manner, so that the complex polymer is converted to simple sugars. 

Among the microorganisms, fungi in particular are dynamic cellulose decomposers, and possibly responsible for 80% of 
the cellulose breakdown on earth. This is particularly true in forest ecosystem, where fungi are the principal agents 

decomposing cellulose and lignin. The cellulose decomposing fungi include members of the ascomycota, 

basidiomycota, and deuteromycota, as well as some chytrids that occur in the rumen of some animals. Efficient 

cellulolytic fungi are represented by the species of Aspergillus, Penicillium, Chaetomium, Trichoderma, Fusarium, 
Stachybotrys, Cladosporium, Alternaria, Acremonium, Ceratocystis, Myrothecium, Humicola, etc. 

Moreover, the aerobic fungal cellulases are usually preferred by the industry, because they are extracellular, 

adaptive in nature and usually secreted in large quantities during growth. This is in sharp contrast to many bacterial as 

well as anaerobic fungal cellulases which exist as tight multi-enzyme complexes; often membrane bound as cellosomes, 

from which it is difficult to recover individual active enzyme species; hence, economically less important. Production of 

cellulolytic enzyme from aerobic fungi is wide spread; among them, species of Aspergillus, Trichoderma, Penicillium 

and Sclerotium are found as highly cellulolytic, and are mainly considered for commercial exploitation. 

 
 

 

 



Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Eurotiomycetes  

Order: Eurotiales  

Family: Trichocomaceae 

Genus: Aspergillus 
Micheli (1729) 

 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Eurotiomycetes  

Order: Eurotiales  

Family: Trichocomaceae 

Genus: Penicillium 

 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Sordariomycetes  

Order: Sordariales  

Family: Chaetomiaceae 

Genus: Chaetomium 
 

Kunze (1817) 
 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Sordariomycetes  

Order: Hypocreales  

Family: Hypocreaceae 

Genus: Trichoderma Pers. (1801) 
 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Sordariomycetes  

Order: Hypocreales  

Family: Nectriaceae 

Genus: Fusarium 

Link (1809) 
 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Sordariomycetes  

Order: Hypocreales  

Family: Stachybotryaceae 

Genus: Stachybotrys 

Corda, 1837 
 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Dothideomycetes  

Order: Capnodiales  

Family: Davidiellaceae 

Genus: Cladosporium 
Link (1816) 

 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Dothideomycetes  

Order: Pleosporales  

Family: Pleosporaceae 

Genus: Alternaria 
Nees 

 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Order: Hypocreales  

Family: Hypocreaceae 

Genus: Acremonium 
Link (1809) 

 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Sordariomycetes  

Order: Microascales  

Family: Ceratocystidaceae 

Genus: Ceratocystis 

Species: C. fimbriata 
 

Scientific classification 

Kingdom: Fungi  

Division: Ascomycota  

Class: Sordariomycetes  

Subclass: Hypocreomycetidae 

Order: Hypocreales  

Family: Stachybotryaceae 

Genus: Myrothecium 
Tode, 1790 

 

 

Cellulase production by fermentation 
Submerged fermentation (SmF): The SmF - the most commonly used technology for the large scale production of 

enzymes - is generally carried out in the presence of free flowing liquid, in which soluble substrates are dispersed; 

however, compared to liquid medium, filamentous fungi like Aspergillus, Penicillium and Trichoderma normally 
produce large quantity of cellulase in solid medium. In fact, the easiness in controlling the process parameters, 

monitoring and downstream process make SmF more attractive . In SmF, various factors such as pH, temperature, 

substrate concentration, inducer, medium composition, etc., influence the production of cellulase significantly. The main 
drawback in SmF is the requirement of long. 
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Fungi  Substrate  Cellulase (U/mL) 

   
   

A. heteromorphus wheat straw 83 
    

A. flavus BS1 CMC  2793 
   

A. fumigatus wheat straw 321 
     

A.nigr  CMC  1.6 
    

A. niger  maize straw 102 
    

A. niger  banana peel 12.4 
     

A. niger  coir waste  3.3   
     
     

A. niger  sawdust  3.9 
    

A. niger MS82 grass  6.8 
     

P. fellutanum lactose  81 
 

     
     

R. oryzae water hyacinth  450 
 

 

    

    

T. harzianum CMC  150 
     

T. harzianum  rice straw  1.7 
MTCC 8230 

 

   
    

T. reesei RUTC30 sugarcane baggase 121 
 

 

    

     

T. reesei ZU-02 corn residue  5.5 
 

 

    
     

T. viride  CMC  173 
     

 

APPLICATIONS OF CELLULASES 

Cellulases occupy the third most significant industrial enzymes on 

the global market (i.e, ≈15%) after amylase (≈25%) and protease 

(≈18%). Enzymatic hydrolysis of cellulosic biomass offers an attractive 

alternative for the generation of sugars, which can serve as the raw 
materials for the production of various value added products of 

commercial interest such as bioethanol [98]; organic acids [99,100]; 

free sugars, antibiotics and animal feeds [101]. Enzymatic hydrolysis of 
cellulose is favorably superior to acid and alkali hydrolyses - because 

enzymes are recoverable, specific, low in energy requirements, and 

nonpolluting. The production cost and the low yield of cellulase are the 

major constraints in the economics of the process, which hinder its 

application in industries. Therefore, the discovery of novel microbial 

species or mutant strains secreting higher levels of cellulases is still an 
emerging  area  of  research  to  develop  economically  competitive 

bioprocess strategies applicable on large scale [102]. Cellulase has wide 

applications in various industries including detergents, textiles, in the 

production of paper and pulp, bioethanol and organics; some of them 
are discussed below. 
 
 
 

 



PAPER AND PULP INDUSTRIES 

Cellulases are mainly used for the pulping and deinking of waste 
papers. Bio-mechanical methods are widely used now-a-days to obtain 

the suspension of fibres from wood, i.e., the pulp. Application of 

cellulase for pulping enhances the energy efficiency of the process, and 

also improves the physical properties such as inter-fibre bonding and 
mechanical strength of the final paper product [103]. Moreover, it 

chemicals. For instance, cellulase was effectively used for refining the 

bleached  Eucalyptus  globules  kraft  pulp,  which  enhanced  the 
drainability of the pulp by about 80% without any change in the energy 

consumption [104]. Similarly, cellulase was used for the modification  

of cellulose fibres of kraft/sulphate pulp, resulting in improved physical 
properties of the sheets [105]. Cellulase was also used for deinking of 

waste papers. During deinking, the ink attached to the surface of  

recycled cellulose fibres was released by the enzymatic hydrolysis of  

carbohydrates, leading to the peeling of individual fibres or bundles 
[106]. The waste papers from various fields offer as important raw 

material for the pulp and paper industries, as the recycling of used 

papers reduces the solid wastes and also lessens the burden of 
deforestation for wood fibres [107,108]. Enzymatic deinking of waste 

papers,  especially  employing  the  mixtures  of  cellulase  and 

hemicellulase, enhance the quality and brightness of the recycled paper 
[109-111]. Cellulases are also used to improve the drainage of several 

paper mills by dissolving clogged fibre residues [112]. Moreover, the  

cellulase preparations are also used to make easily biodegradable 

cardboards, tissue papers and sanitary papers [113-115]. 
 

Textile industry 
  

Cellulases are widely used to improve the softness and appearance 

of cellulose-based textiles. In textile industry, cellulases are mainly 
used for bio-polishing of cotton cloths and biostoning of denim jeans  

to impart stonewashed look for denims. During the biostoning process, 

cellulases hydrolyse the small fibre protrusions from the surface and 

release the indigo dye attached to it, resulting in the dull look of the 
jeans. It replaces the conventional pumice stones used for the purpose, 

thereby reducing the fibre damage and human labour [116]. Cellulase 

produced by Humicola insolens and Trichoderma is generally used for 
biostoning of jeans [40,117]. During the process of biopolishing, 

cellulase hydrolyzes the small protrusions of the fibres from the surface 

of cotton clothes, thus removes the fussiness of the surface so as to 
create a smooth and glossy appearance [107,118]. Cellulases are also 

used to improve the dye absorbance of the fibres and to remove excess 

dye, giving a colour gradient to the fabrics [112]. Cellulases found 

potential applications as additive in household laundry detergents for 
improving  fabric  softness  and  brightness.  Mild  alkaline  and 

thermotolerent cellulases produced by fungi such as T. viride, T. 

hurzianum, T. reesei, A. niger and Humicola insolens are generally 
used for the purpose [119,120]. 

  

 

 
 



Food and feeds 

  

Cellulases found potential applications in food and feed processing 

industries as well. They are the integral part of the macerating enzyme 
complex (cellulase, xylanase and pectinase), that are used for the 

extraction and clarification of fruits and vegetable juices, nectars, oils  

and purees [121,123]. Cellulase-assisted extraction of flavanoids from 

flowers and seeds enhanced the yield and reduced the extraction time 
and heat damage, as compared to the conventional acid/alkali/organic 

solvent/heat extraction methods [101]. Cellulase in combination with  

other cell wall degrading enzymes can be used to increase the taste and 
aroma of citrus fruits by reducing the bitterness [112]. As cellulases 

favour the enhanced release of simple sugars, they found potential 

applications in alcoholic beverages including beer and wine. It was 
found that application of cell wall degrading enzymes during malting  

and fermentation improved liquor yield, aroma and stability [124].  

Besides, cellulases are also used in fermented foods and feeds for 

improving the nutritional quality and digestibility. 
 

Bioethanol 

The massive exploitation and utilization of fossil fuels have insistently reduced its natural reserves and caused severe 
environmental pollution via the release of green house and toxic gases. Hence, the world economy is now focused on 

biofuels, especially bioethanol from renewable resources, which is expected to replace 20% of the fossil fuel 

consumption by 2020 [125,126]. The most actively investigated application of cellulase is the production of biofuels, 

especially bioethanol. Cellulases actively convert the cellulosic renewable resources in to glucose and other simple 
fermentable sugars that can be used as substrates for the production of bioethanol. Production of bioethanol from 

lignocelluloses is a multistep process. Initially, the lignocellulosic biomass is subjected to pre-treatment - either 

mechanically, chemically or enzymatically to remove lignin and hemicelluloses fractions, followed by the treatment 
with cellulase to release fermentable sugars (pentoses and hexoses). Then the hydrolyzed cellulosic residue is used for 

the microbial fermentation to produce bioethanol [127]. Agriculture residues such as sugarcane bagasse, straw of wheat, 

rice and corn; wheat bran, corn stover, etc. were successfully used as raw materials for the production of bioethanol, 
employing cellulases produced by various filamentous fungi including Aspergillus, Trichoderma, and Penicillium 

[41,128-130]. 

 

Other applications 
Cellulases are also used to generate plant protoplast for genetic manipulation [131], to control industrial slime [132] and 

to produce cellulase-based chitosan with antibacterial, immunomodulatory and antitumour activities [133,134]. Han and 

He [135] reported that the commercially available cellulase from T. reesei successfully decomposed the straw thereby 
increasing the soil fertility and plant growth. 
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