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ABSTRACT

Microorganisms, mainly bacteria and fungi, are key agents involved in the breakdown and
decomposition of plant and animal polymers in ecosystenesaif of this researcproject
was to study the mechanisms afegradationof four compex substrateskeratin pectin
alginateand chitin. In this study keratinophylicfungi were isolated fronagriculturalsoil
via a hairbaiting techniquéHBT) using wool and hair as baits; additionakgratinophylic
species were isolated from coniaated feathersThe isolates from hair, wool and feathers
were grown on solid media supported by keratin azure as a source of carbon and nitrogen.
Keratinolytic activities were observed by the formation of a clearing zone in the mesium.
study of keratinlytic assay in shaking culture/)as madeby measuring the activity of
keratinasgrelease keratin azure)n addition,scanning electron microscop8EM) studies
were includedn this study Qualitativeassays of pectin degradation, usagple pectin aa
carbon sourcarereported Pectin degradation in plates wdstectedusinga solution of
iodine-potassium iodide Pectinase activityas determined in the supernatants by release of
reducing sugarggalacturonicacid) using dinitrosalicylate reagen{DNS). Antimicrobial
activities of pectinesterified potassium sadtgainst some pathogens particallye bacteria
which cause infection in woundsas determinedoy measuring inhibition zosearound the
wells. Alginolytic microorganisms were isolatém two fresh seaweasdnamelyFucusand
Laminaria The enzymatic activities were quantifiedby the formation of new unsaturated
nonreducing endsindas reducing sugar (RS) The amount of reducing sugar formed was
determined usin@, 5-dinitrosalicylic acid(DNS) method. Crab shell chitin was hydrolysed
by acid to produceolloidal chitin. Fungal and bacterialisolates werdested to determine
chitinolytic properties in plateby measuringpurple zones against yellow backgrouiitie
supernatants derived frogelected isolatewerethenusedto determine chitinase activity by
measuringeducing sugar(RS). RS calculated as glucoassingNelsonand DNS method.

The fertlizerpotential of the sistrates was determined Iyeasuringnitrification and the
oxidation of sulphuin soil amendment with the individual complex substratesariety of
bacteria and fungasolateswereidentified using molecular identification techniquEsally,
four enzymeswere isolated and partially purified using ammonium sulphiateorder to
determine theirmolecular weight using SDS polyacrylamide gel electrophoregiSDS
PAGE). In addition, iquid chromatography mass spectromdtr€-MS/MS) has been used

to identify three enzymes namely; keratinase, pecsesd chitirases.
\Y
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CHAPTER 1
LITERATURE REVIEW

1.1.Introduction -the degradation and environmentalimpact of complexsubstrates

The random disposal of household, adtio@al and industrial waste without regard for
health and environmental effects has becommaj@rissue across the wor{dgwu and Kalu,
2012) Huge amount®f organic and inorganic compounds (domestic and industrial wastes)
are released into the enviroant each year as a result of human activities. Subsequently,
serious environmental problems haesulted The contamination of soil, wateand air is
one of these problems which create a significant threat to the enviro(vhermtli et al,
2005H. Several phydcal and chemical treatmerni@ve been proposed tieal with the waste
suchasincineration, chlorinationandozonation These methodsavemajor drawbacks such
as they are expensive and need complicated equipmeimvaiee the use ofargeamounts
of fuel (Mrayyan and Battikhi, 2005 Biological methods Hiodegradation provide an
alternativeto such treatmnt methods antiological approachesreincreasinglybeingused

to clean up of the environments.

1.2. Biodegradation ofcomplex organicsubstrates

Biodegradation isa general term meamg the breakdown of chemical compounds by
microorganisms in okt to transform or degrade toxic compounasconvert them taon
hazardous compounds which canenter natural biogeochemical cycles&senerally,
biodegradation is a series of biochemical reactions that result in total breakdown of organic
compoundsa proceesswhich is often referred to asi mi n e r a [(Allsapa ¢t al p2003).
There are several factors which affect biodegradation such as nutrients, oxygen, pH value,
composition, chemical and physical characteris{igmrgesin and Schinner, 2001The
activities ofmicroorganisms in these bteeatmens involve simpleprocesses which degrade
organic pollutants and transform inorganic polluta(@add, 2008 Biodegradation is
considered an effective optiobecause iprovides less expensive and an environmentally
friendly way of tackling tbseenvironmental problem#hich arise from current methods of
waste treatmen(Agwu and Kalu, 201 it is reliable, simple and cheap amehds to a

reduction inenvironmenal pollutantgMargesin and Schinner, 2001



1.2.1. Degradation of substrate by bacteria and fungi

Biodegradation is increasingly investigatead order to provideenvironmentalfriendly
solutiors to environmental problem8iodegradatiorcan beachievedby a wide range of
microorganismsnotablybacteria and fungi. When the conditions are favourable for growth,
bacteria and fungi are able to produce enzymesderto obtain nutrients and energy. This
process occurs through the degradation affgex substrate@Hernandez and Hobbie, 2010

A variety of bacteria are currently used in various stagesiaiechnology, suclas tre
production of valuable microbial products, biodegradation #h@&lsynthesis of organic
compoundgKonopkaet al, 19969. Mycoremediationis oneapproach to bioremediaton in
which fungi areused to remove chemical contaminants from #revironmentHere, certain
fungal enzymes andcids, wlch are naturallysecretd, degrade hazardous chemicals and
make them lessor nontoxic, compoundgAgwu and Kalu, 2012 Fungi are heterotrophic
eukaryotes thatutililize organic, energyich substrate whengrowing as saprophytes,
parasites or symbionts. Due to these propeffiegi can obtain nutrients frolmoth deadand
living substates (Osiewacz, 2002 Fungi must break dowiarge molecules into smaller
molecules before absorbing thehrough the cell walls and membran&be lreakdown of
molecules is achieved liie secretion oéxtracellular enzymes that digest the food outside
the fungalcell. Sincefungi produce large amounts afvariety of enzymes they careadily
utilize arangeof different types of substrates as famlirce{Gupta, 2004

Many fungi can degrade complex and natural materials such as lignin, chitin and cellulose
(Scott and Untereiner, 20P4In contrast to bacteria, fungan extend the location of their
biomassvia hyphal growth.They can alsogrow under environmentally stressed conditions
such as lownutrients, low wateactivity and low pH alues wierebacterial growth could be
limited (Atagana, 2004 Fungi play a major role in thdegradation of dead plant tissues
(cellulose and lignin) and animal tissues such as keratin and chitideArange ofresearch
has demonstrated the role of fungi as decomposers madjw cycles of naturénotably the
C-cycle) and fungi areconsiderd to be excellentdegradersof complex organic substrates

(Bennetet al, 2009 based on the following properties

o Fungi can quickly branch througtt thesubstrate, digesting by secreting a series of extra

cellular enzymes.

o Fungicantolerate high concentrations of toxic chemicals



o Mycelid growth providesan advantage in aiding theolonization of complexinsoluble

substrates.

1.2.2. Biodegradation processes

Extracellular enzymes are generally produced by soil micreldesh bring about the
degra@tion of organic matter to release nutrients and carbon in simple f(#mgsl.1) In
addition, they help micoorganisms obtainnutriens and energy from complex material in
the environmenfAllison and Vitousek, 2005 Extracelldar enzymes are the principgents
thatallow microbes to degrade insoluld@mmass(from organic soil and waste) and convert
them into soluble molecules which ctrenbe assimilatedSeveral organic soil compounds
can be degradecnzymatically such asproteins, chitin, cellulose, lipids and lignin.
Extracellular enzymes might be linked with cell wall, plasma memboarlee periplasmic
space Extracellular enzymes whicarereleased into the environment could be denatured or
stabilized A wide diversity of enzymesis presentin soil as the result ofthe diversity of
microorganisms, physical soil matrix and compounds in the Sorhe extracellular enzymes
arereleased only in the presence of suitable substfetgscible enzymes)while othersare
released regardless of substrate accessiljitionstitutive enzymesh fact which suggest the
presence of aensing mechanismsed by microbes ta@cognize substrate accessibility in the
environmen{Wallenstein and Weintraub, 2008

Extracellular enzymes suclas glycosidasesesterasesand peptidasesare mostly
hydrolasesvhich cleavebonds (e.g. € and GN bonds)locatedbetween monomers$Some
extracellular enzymesre called oxidative enzymes because they can catalyze oxidative
reactiondy cleavingC-C and GO bondgCunhaet al, 2010.

1.3. Microbial degradation of proteins

Proteins are degraded using enzgmegprocessermedproteolysis. Several proteins are
degraded in the pliminary stages of animal tissue degradation, such as neuronal and
epithelial tissue, while others are decomposed in the later stages such as collagen, epidermis,

reticulin,muscle protein and kerat{bentet al., 2009.

1.3.1. Keratins (KRTs) and keratinous substrates

Keratins are proteins characterized by high stability and low solubility dusi & cross
linking between cysteine amino aci@ccolaet al, 2009. Keratins are classified into two
groups: hard keratin (hair, feather, nail, wool); and soft keratim)skepending on their
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sulphur conten{Gurav and Jadhav, 200l2Z'he most importanteature of keratin ists high

sulphur contentdue to the presence of sulphcontaining amino acids cystine, cysteine and

methionine(Table 1.1) Keratin is considered a stable molecule becausbeopresence of

disulfide bonds(Fig. 1.2) as a result, keratin is generally resistant to enzymatic degradation

(Kim, 2003.

Membrane-bound Enzymes

Microbial
Community
Composition

Stabilized Enzymes

1

1

1
Y

Soluble Substrates

=N

Figure 1.1: The relationship between microbial enzyme production, degradation, enzyme

activity and stabilization of enzymeSource(Wallenstein and Weintraub, 2008
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Figure 1.2: Generalstructure of keratin; sour¢dalendran and Dadvar, 2011).



Table 11: Percentage of nitrogen and sulphur in some keratinous materials; adapted
from (Block, 1939.

Protein Nitrogen % Sulphur %
Human hair 15.4 5.0
Cow hair 15.3 3.7
Lamb wool 154 3.6
Camel wool 151 3.1
Cattle horn 16.1 2.6
Finger nails 14.9 3.8
Hen feather 155 2.3
Snake skin 15.2 2.2
Egg shell membrane 16.6 3.8

Incineration,recycling and land fill are physical solutions to treat a varietigeptinous
waste. In several countries, most farmaste, feathers, hair and related materials are
incinerated or discarded, causiegergywasteand air pollution(Kuo et al, 20139. Recently,
wastes, especiallymaterals containing keratinsuch as horns, hoof, feathers and wool have
been recycled at high temperatueasl pressurand milledto produce animalood (animal
flour) which is commonly used as a protein supplement for feed mixtioesuse by
domestic anirals (Tapia and Simodes, P8). Feather recycling ighereforeusedas an
alternative protein sygement infeedstuffsor fertilizers(Riffel et al, 2007 . This chemical
based procedureleads to denaturation of sensitive and essential amino acids as
methionine, lysine and tryptophaduring processing, which yields a producithvpoor
digestibility and low nutritional valuéRodrigues Marcondest al, 200§. Chlorination and
ozonation are used as chemical treatmemtd suchmethods have drawbacks such as
expensethe need for complex equipment ahayh fuelrequiremen{Mrayyan and Battikhi,
2005. Moreover, sodium sulphide, lime and other solvents used in the leather industry to
hide some problems praode bad odowr These limitations have justified the search for an
environmentally friendly method to deal witkeratinrich wastes without resulting in
chemical pollution (Okoroma, 201p these problems have necessitatedsearch for
alternative ways to obtain proteins from waste, especially tsamproductsof the poultry
industry(Gurav and Jadhav, 2012



1.3.2. The microbial keratinolysis process

When microorganismiocate akeratinrich substratehey first utilize the nonkeratinous
compaments,such as lipids, anthenbegin todegrade keratin. Keratin molecules are used by
microorganisms aa sources of carbon, nitrogen and sulpfMarchisio, 200]. It is clear
that the total degradation of keratinous material by specialized microorganisms can generate a
chain of events. The keratinolysis presénvolves the breaking odlisulfide bridgesi.e.
called sulfitolysisand proteass alone cannot break the disulfide bonds and generate the
complete hydrolysis of the keratin. Sulfitolysis is the key to keratinofsi§ y s k a)l , 200
Several studies have considered the mechanism of keratinolysisabefailed to fully
understandhe process, although &wo step reduction of disulfide bonds (sulfitolysis) and

proteolysisusingkeratinolytic proteaseis clearly involvedLianget al, 2010.

1.3.2.1 Sulfitolysis
Keratinolytic microorganismslenaturekeratin by the process of sulphitolysis, which is

absent in notkeratinolytic microorganiss In this process, microbes initially release some
sulphide responsible for the breakdown of disulphide bonds of cysteine predematin
(Fig. 1.3) The proteolysis enzymewhich are released then cleave this partially denatured
protein(Sharma and Rajak, 2003Vlicroorganisms can useysteire (free or combined) aa
sulphur and nitrogen source and produce inorganic sulphur andirtérenediateproducts.
Microorganisms are not able to use whoysting and & a resultsome sulphur retusto the

medium in the oxidized form (sulphate and sulphi@nifadeet al,, 199§.

l
NH

|
CO
reduction

|
> CH-—-CH,—SH HS-—CH,—CH

I
CIO

Figure 1.3: Breakdownof thedisulphide bridge of keratin; sourd@lathison, 198).

1.3.2.2. Proteolysis

Microbial degradation of keratin is achieved bpecific proteasesi.e. keratinolytic
enzymes (keratinases). Keratinase has been extracted from different microorganisms with
high activity against keratin (Riffel et al, 20073. Microbial keratinases are mostly

extracellular enzyme&Gupta and Ramnani, 20P&\ few bacteria and fungira capable of
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degrading keratin waste efficiently dteethar ability to secre¢ keratinase ito the medium.
Keratinase is also produced by insects but mostlymigroorganisms, notablyacteria,
saprophytic and parasitic fungi andiacimycetegTork et al, 201Q. Fungal leratinases are
producedby several species of fungi such Escrosporumand Trichophyton (Xie et al,

2010. Fungi are capable of producing enzymes tolerant to different pH values and are highly
active at extreme pH values. As a result, these enzymes can b usettchnolog and

have potentialvide application (Eliadeset al., 201Q.

1.3.3. The fungal keratinolysis process

Keratinous substrates such as hair are not made of keratin only but also contain some non
keratin components(g. lipid). Many fungi thatgrow on natural keratin substrates in nature
do not actually use the keratin part bostead usehe nonkeratin fatrich part of the
substrate. Nospecialistsspeciesolonizefirst, followed by true keratinolytic fung(Sharma
and Rajak, 2003 There are two invasiopaths of keratinous substratesed by fungi,
namely:
1- Surface erosion
This is the gradual degradation which develops from the outside toward the; cent
subsequently cuticle decagars to produce wavy cortex.

2- Radial penetration

This is advanced invasion of the substrate achieved by more specialized hyphae. These
hyphae penetrate the fibers vertically toward the surface and then produce perforating organs
to develop the myceliunThe fungi are classified as keratinolytic when these invasion modes
are detected. Furthermore, two individual phases of fungal keratinolysis have been reported
from several studie@=ig.1.4).The first phasénvolves afrond-like mycelium and the second
causes borers to form. Atkeratinophilicfungi are capablef growing on keratinous material
and produce frontlke mycelia which are essential for fungal growth on complex material.

Absorbing nutrients is the main function of the frdik@ mycelium.

Some fungi can penetrate keratinous material by penetrdtiagsubstrate via the
production of pressuréB g y s k a)l The abibtybBthe keratinolytic fungi to breakdown
keratin might be the result of several factors: extracellular keratinase, mechanical
keratinolysis (mycelia pressure and/or pena&iratof the keratinous substrate) and
sulphitolysis (reduction of disulphide bonds by sulphite excreted by mycelia) and proteolysis
(Gupta and Ramnani, 2006



Figure 1.4: Development of boring hyphdBH) usinghuman hair.(A) Théenitial

spotof BH on the surface of cuticulacaes (CS), (B) young BH penetrates to the
depth of two CS, (C) BH crosses thall cuticlesectionand the part of the cortgx
sourcgMarchisio 2000.

1.3.3.1.Keratinolytic potential of fungi

Several definitions of keratinolytic and keratinophilic fungi have been used for many years
andthe termsare oftenusedas synonymsKeratinolytic fungi are the fungi that breakdown
keratin substratesompletely(Kushwaha and Gupta, 2008 he t er m ¢ Giknew at i nol
usal to describe a group of microorganismvhichproduce specialized enzymes (keratinases)
capableof attackingand decompasg keratin andwhich have pathogenic potential to
humans. Keratinophilic species are able to easbonly digestible substances (products of
partial decomposition of keratin, materials related to keratig)a resultkeratinolytic fungi
live in communities together with keratinophiliarfgi (Ulfig, 2005). Keratinolytic activity
has been reported for several fungal speciesy asAspergillus Rhizomucor, Trichophyton

mentagrophytes, Trichophyton rubramdMicrosporum canigTatineniet al, 2007%.

1.3.3.2. Ecological importance of keratinolytic fungi

Keratinolytic fungi have the potential to degrade even the hardest subestasuch as
keratin. Ecologically, keratinolytic fungare very important where human and animal
populationsexert strong pressure on the environméhRilipello Marchisioet al, 199). In
highly populated and industrialized areas the importance increases, kigé twganic and
inorganc contamination. Keratinous substrates in soil are degraded by these fungi

(biodegradationjGanaieet al, 201Q. Keratinolytic fungi playthefollowing important roles:
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o The degradation of the keratinous substrates used in biotechnological prosestesthe
bioremediation of waste in contaminated locations.

s Keratinolytic fungicanbeused as bioindicators of environmental contamination.

s The cyclingof the moshighly stable animal protein on eatferatin (Ulfig, 2000).

o Keratinolytic fungican also, importantly, act aathogen®f Man and anima(i.e.
dermatophytes)Gherbawyet al., 200§.

1.3.3.3. Classification of dermatophytes
Ecologically, dermatophytesreclassified itto three groups:
o Anthropophilic(literally peopleloving, i.e. infecting humanys

Geophilic (soitloving).

Ox¢

s Zoophilic (animalloving, i.e. infecting animals

Geophilic and zoophilic dermatophytes usughpduceseli-limiting infections. However,
anthropophilicspeciexan causamninor inflammation which continues fa@long time(Brouta

et al, 2003. Dermatophytesfungi are classified in the genera Epidermophyton,
Keratinomyces, Microsporunand Trichophyton(Kaul and Sumbali, 1999The majority of
dermatophytes belong to the Arthrodermataceae and Onygenaceae familig® in
Ascomycetes. Almostall fungi grow on higher plants or their rams and survive
saprophytically. In contrast, Arthrodermataceae and Onygenareasinusualin being
associated with birds and mammals. Subsequently, these are considered true fungi which
strongly degrade keratin amdt asmportant pathogens for humaasd animalg§Kushwaha
and Gupta, 2008

1.3.3.4. Isolation of keratinophilic and keratinolytic fungi

Keratinophilicfungi are easyto isolatewith hair baitingtechniquethe (HBT). In addition,
the isolation can bachievedusing dilution plate methodSharma and Rajak, 2003he
brushculture techniquéasalso been used to obtain clinical isolagg@bdelRahman, 2001
The first discovery of keratinophilic fungi from soil wagth hair baitingtechniquewhich is
the most common method used for theligai@/e and quantitative isolation of the fungi
from soil (Ali -Shtayeh and Jamous, 2Q00The hair baiting mébd is better fothefollowing
reasons:
o Keratinolyticability can be checked if the fungus grows on the natural keratin substrate.
o All keratinolytic fungi grow on most artificial media except some unusual strains which have

special nutritional requaments.



o HBT yielded a slightly higher number of keratinophilic fungi (43 species) from soil than
doesthe dilution plate technique (38 species).

o HBT is considered a more efficient method for the ason of dermatophytes from soil
Microsporum gypseu and Trichophyton ajelloihave beenisolated with HBT while no
dermatophytetave beemsolatedwith the dilution plate techniqu@li -Shtayeh and Jamous,
2000.

1.3.3.5.Detection of keratinolytic activity of fungi

If afungus actively degrades keratin in the baits regarded as beinkgratinolytic. Some
biochemical evidence is also needed for a fungudbdaonsideredkeratinolytic Two
approaches are ustamldetermine if a fungus is keratinophylic
i) Morphological assessment

A fungus is keratinolytic ift degrades keratin actively in the baits. This identification is
not certain howeveiand furthebiochemical evidences needed

i) Biochemical assessment

Several biochemical assessments have beported in many studies such r@tease of
keratinaseandrelease products of keratiRroducts of keratie.g.cysteine, ssulphocysteine
and inorgarg sulphatecan bemeasurd to detect keratinolytic activity in the culture filtrates.
If these compounds are not detected in the culture filtrates, then the fungus does not have the
ability to degrade keratin. Several keratinous substrates (commerciative)rcan be used
for this assayKeratin azure $igma) for examplecan be usetb detect keratinolytic ability.
Keratin azure is a blue compoumdich changes to colorless, indicating the keratinolysis
(Sharma and Rajak, 2003
1.3.4. The bacterial keratinolysis process

Microbial degradation of keratin can be achieved also by bacteria. The rate of this process
is based on bacterial action and some factors such as moisture and temperatuedlyGener
proteinsdegradeinto polypeptides, peptoneamino acidsand somegases such as carbon
dioxide, hydrogen sulfide, ammonia and methahke process mainlyncludes sulfur
containing amino acids such as cysteine, cystine. Desulfhydralation and deg@npman
occur for these components via the action of bacteria and produce hydrogen sulfide gas,
sulfides, ammonia, thiols and pyruvic acithe most important proteolytic bacteria involved
are genera ofPseudomonas, Bacillusnd Micrococcus(Dentet al, 2009. Several bacteria

have been isolated from soils and poultry weeste have proved to bgood keratinase
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producers and theforethe potential for use in biotémological processeblost keratinolytic
bacteriaare members of th8treptomycesand Bacillus. Among feathedegrading bacteria
(Grampositive bacteriaArthrobactersp., Microbacteriumsp and Kocuria roseahave been
identified as keratinolytic bacteri&keather degradation can be achieved within d@din
most keratinolyticbacteria notaby Microbacterium sp. Some Streptomycesspecies are
thermophilic and aadegrade keratin at temperatures higher than 50 °C. Keratinase activity is
recognized also ineveral species dacillus spp, including B. licheniformis B. subtilis, B.
pumilusandB. cereus. Bcillus licheniformisis able to decomposeathers completelysats
keratinase often exhibit high activity. Keratindegrading activity has been recogrdzn
thermophilic and alkaliphilic isolates 8facillussuch aB. halodurans andB. pseudofirmus.
Recently, keratinase activity has been linked with Gremgative bacteria such as
Xanthomonas maltophiliaChryseobacteriunsp. and Stenotrophomonasp. which have

been isolated from chicken feathers as featlegirading strain€Brandelli, 2008.

1.4. Microbial degradation of complexcarbohydrates
Microorganismscan degrade simple substrates, such as sugars and astip@swell as

more complex substrates such as pectin and chitin.

1.4.1. Degradation of pectin
The heterogeneous form of pectin requires several enzymatic activities. éhegmes,
called pectirdegrading enzymegpolygalacturonas¢sare used in many industrial sectors

involving wastewater treatment, food processing and textile industry.

1.4.1.1 Pectin substances

Pectinis consideredas one of the most complex subtdréneteropolysaccharide) found in
cell wall and middle lamellghelps to combine cells togetheoj fruits and vegetables
(FavelaTorreset al, 2009. Pectins have been detected in fruits and vegetables such as
apple, citrusand bee{Table 1.2)
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Table 1.2: The percentage opectinin somevegetables

and fuit; adaptedrom (Jayaniet al., 20095.

Fruit/vegetable Tissue Pectin substance
(%)

Apple Fresh 0.51.6
Banana Fresh 0.71.2
Peaches Fresh 0.1/ 0.9
Strawvberries Fresh 0.6'0.7
Cherries Fresh 0.20.5
Peas Fresh 0914

Carrots Dry matter 6.9/18.6

Orange pulp Dry matter 12.428.0
Potatoes Dry matter 1.83.3
Tomatoes Dry matter 2.44.6
Sugar beet pulp Dry matter 10.0'30.0

Fruit pectin consists of 1, 4 linked -galacturonan chain with branches of
monosaccharides. The amount of pectin present and its molecular weight differs between
fruits and vegetables (citrus > apple > b@pdov, 2009. The components of pectin
include protopectin, pectin polysaccharides and associated galactans, arabinans and

arabinogalactan$rotopectin is considered to be an insoluble complex molecule form which

is found with cellulose and hemicalibses in the cell walls of plants

Pectinsubstances can be classified into four tyji@sdov, 2009
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(i) Protopectin: Insoluble pectin found in unbroken tissue. When protopectin degiade
release pectin acids or pectinProtopectin isthe term usedto describe insoluble penti
substrates.

(i) Pectinacid: Soluble galacturonans compabkef a small quantity of methoxyl groups.

(i) Pectinic acids Polygalacturonan chains compdsef more than 0 and less than 75%
methylated galacturonate units.

(iv) Pectin: Contains galacturonate units whiateesterified with methandDayanietal.,

2005 Kashyapet al, 200).

1.4.1.2.Importance of pectin substances

Pectin substances can be foundaihhigher plantsPectin allows plant growth and cell
wall extension.Pectinsgive plans resistance against drought and low temperatares
contribute in human nutritioes a food andfiber source(Ovodov, 2009 Pecth substance
areadded to several types of food becatlsy are considereds naturaktabilizing, gelling
and thickening agents. In additidhey havenutritional benefits for the human diet dudhe
presence ofutritionalfiber. Pectin has effects on human heaiticluding reducing the level
of cholesterol in the bloodnddeceleratiorof the absorption of glucose in obese and diabetic
patients.Furthermore, itrus pectin is very active as amm@ncer agents in at all stagef

cance (Benoitet al, 2013.

1.4.1.3.Properties of pectin

Pectin is heteropolysaccharide found in all higher plants located in the middle lamella and
cell wall. Basically, Pectin ansists oftwo componentsthe main structure of pectin is
homogalacturonan (HGHG is linear polymer ofU(1i 4) -linked D-galacturonic acidlt is
formedby galacturonicacid (GalA) (U 1-4 linked). The mostimportantfeatureof HG is the
carboxylgroup d galactoronic aciqFig. 1.5)

The HG backbonecan be interrupted by side chains of neutral sugar to create the
rhamnogalacturoh(RGI) or rhamnogalacturon Il (RGlfegiors. RGI consists of 14 linked
D GalA and 12 linked UL rhamnose witmeutra sugars The RGI region ixonsidered as
the site for neutral sugar (galactose, arabinose, glucose, and other sugars) attalthment
addition, theotherchainsideincludesarabinogalactafl and 1)) and xylogalacturonsnostly
linked with protein The inkageswhich result carbe acidandalkaline stabl€éWicker et al,

2014. In generalRGlI regionconsistofr e pe at i ng d i-Bgalactuloracracidaads o f
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(1,2)}U-L-rhamnose as backbone combine with neutral sugars mgaibctose,Bxylose and

L-arabinose.

1.4.1.4 Mechanisms of pectin degradation
Pectin substancesn be degied by two differenmechanisms
s Hydrolysis
These mechanismstimulate the hydrolytic cleavage @fygenbridgewith participation of

water.

Rhamno galacturonan I Rhamno galacturonan I1
)
-

Homogalacturonan Xylogalacturonan —

.'
O OB

Hairy region Smooth region Hairy region

O = D-Galacturonic acid ® = L-Arabinose B = D-Apiose & = O-Acetyl
¢} = L-Rhamnose @  D-Gatactose @ . L-Fucose t . O-Methyl
® = D.Glucuronic acid ® = L-Acericacid 8 = D-Xylose ® = Boron
8 = Kdo = D-Dha

Figure 1.5: Structural units of pectin: sour¢¥adavet al, 2009.

s Trans-elimination lysis

Basically, this mechanismcleaves the glycosidic bond without any contribution of water
(Jayaniet al, 2005. The degradation of pectin can be achieved via pectinolytic enzymes
(pectinases)Fig. 1.6) The pectinolytic enzymes can be classified itk@ main groups

according the mechanism of degradation

1- PectinesteraseqPE): These enzymes enhance theedeeification of pectin by
removng methoxyresidues such as pectin methyleste(&ME). PME is able tohydrolyze

the methyl ester of galacturonide chain and release methanol.

PE
Pectin+t nH20 —— pectate +nC2H50H
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2- Depolymerases:Promote the cleavage of main champectn. Depolymerasesan

be sub classified into two groups:

o Polygalacturonases (PG): These enzymessuch as polygalacturonase and
polymethylgalacturonas¢PMG) cleave theglycosidic bondsby hydrolysis mechanism
between two galacturonic acid residues.

o Pectin lyases (PL): Also called transeliminasesand they achieve non-hydrolytic
degradation opectinpolymer.

CcOOH

oH
- a o
— ° Q
C
o
cobu
o
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OoH
oH
LR P e S T i |
-+
% OoH \
cobr
o oH coor

PL/PGL

Figure 1.6: Pectinases types and the moddefradatiomechanisms (a) R=H for PG and
CHs for PMG, (c) R=H for PGL and Cifor PL. The reactiompoint for pectinase shown by
arrow. Source(Gummadi and Panda, 2003

These enzymes such pslymethylgalacturonate lyagfPMGL) andpolygalacturonate lyase
(PGL) cleave the <glimphationshetdaerr twd methglated kesidued®
(Blancoet al.,, 1999.
PGL
polygalacturonate — unsaturated galacturonates.

PMGL

—

polymethylgalacturonate unsaturated methyloligogalacturonates

Pectinases caalsobe divided intdEndo andExo enzymes based on the type of agtibthe
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action is random thenzyme namei prefixedEndo. In contrastenzymesare prefixedexo-

if their calalyticaction is termina{Jayaniet al,, 2005.

1.4.1.5.Pectinases

Pectinaser pectinolytic enzges, breakdown pectin derived fromm wide range of
plants.The classification of these enzymedased on the preference of substrate such as
pectin or pectin acid or oligeD- -galacturonate. Alsothe classificationdepends o the
degradation mode (hyolysis or transelimination) and the mode of cleavage (rarj@mace
pectinasgor terminal[exo-pectinasp. Pectinases are widely used in fagaplications such
as clarification and extraction of vegetable oil and fruit juMest pectinaseare considesd
polygalacturonases (PGases) and pectin lyases (PLaBel)galacturonasedGaseshave
endo and exo activities and they are hydrolgiepolymerases he production of PGases has
been shown by more than 30 different genera of bacteria, yeastsnaulds. These
microorganisms include genera d&rwinia, Bacillus, Saccharomyces, Kluyveromyces,
Aspergillus, Penicilliumand Fusarium Most of the strains used for enzyme production
studies aresolates ofAspergillus Penicillium and Erwinia (FavelaTorres et al, 2009.
Microorganismgenerallyrelease onlyne type of each penise. Howevetthere are some
which produce different types of pectinasasorderto breakdown pectifLatif and Sohail,
2012.

1.4.1.6.Microbial production of pectinases

Pectinasesre produced by variety of microorganisms that promote the breakdown of
glycosidic bond of pectin substrate.These microorganismsiclude bacteria, yeasts and
fungi. Among the genera ofpectinaseproducing fungi are species ofspergillus which
breakdown mongaccharids or oligosaccharides released frggolymersduring theinitiation
of fungal growth. Pectinasesliffer accordingto the species of fungi. For exampkhizopus
spp. produce enzynmewhich breakdown onlythe homogalacturonafraction of pectin,
whereasAspergillushydrolyse all elements in pectinAspergillusspeciesare extensiely
used to produce largeamouns of these enzymegMartinezTrujillo et al, 2009.
Furthermore,Aspergillus nigerand Aspergillusoryza are usedfor enzyme production as
industrial fungi. Commerciallyfilamentous fungi producehe majority of pectinolytic
enzyme. Filamentous fungi are capaldé breakng down the polysaccharideomponenof
the plant cell wallefficiently and convert them to monosaccharides whiey tenuse as

nutrients.Pectinolytic filamentougungi include(i) ascomycetes such Aspergillus nidulans
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and Trichoderma virens(ii) basidiomycetse such as Phanerochaeteand Chrysosporium
(Benat et al, 2012.

Bacterial pectinaseare consideed to be themost important pectinasgend are used in
many industrial sectors includingn food, paper and pharmaceutigaioduction Bacillus
licheniformis and Staphylococcusaurelts have been idefied as pectinase producer by
Venkata Nagdraju and Divakar (2013).

1.4.1.7. Applicatiors of pectinase

The commercial application of pectinasg®gan in 930 to prepare fruit juices amdnes,
but scientists started to use a huge range of enzymesionh®60s whenthe chemical
makeupof nature of plant tissuewas fully determinedin 1995 the estimated cost of all
industrial enzymes was $1 billion, pectinase was assess#te value of $75 million

(Kashyapet al,, 200). Pectinasesreimportart in several applications such as:

o Extraction and clarification of fruit juice

This process is thmajorindustrial application of pectinase. Based on this process, a mixture
of pectinase and amylase usedto clarify fruit juices lemon oil (citrus oil)can also be
extracted using pectase.

sTextile processing

A mixture of pectinases, amylasépases, cellulases and hemicellulasesb®een used ithe
bioscouring process to remove regllulosic parts from the fibres. In this purpose, pectinases
have been used without side effectsceltulose degradation.

sWaste water treatment

The food industry such as vegetable food processingscarg pectin ito the marine
environment as waste wat@ectinasesreable to remove pectinaceous materials from these
environments.

6 Animal feed

Pectinaseareused in animal feed production because they reduce viscosity. As a result, the
absorption of nutrients increase Ve breakdown of noibiodegradabldibers (Jayaniet al.,
2009.

1.4.2. Degradation of alginate
The oceans of the worlahvolve several kinds of habitathat includea varietyof life-

forms (Zhang anKim, 2010 including seaweedg¢Fleurence, 1999
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1.4.2.1.Seaweedpacroalgae)

Macroalgaearemarine plants that can grow to huge size (upGan in length). Seaweeds
have principally been recycled to produce a number of complex organic molecules such as
human foods, cosmetics, and fertilizers, and for the extraction of industrial gums
(phytocolloids) and chemicalSeaweed can alsact as a @urce ofa variety of different
materials for the production of phytocolloids such as agar, carrageenan (derived from
Rhodophyta) and alginates (derived from Phaeopl{iReyset al, 2009. Figure 1.7 shows
various forms of seaweedhich can beconverted to many different products including:

medicines, and agricultural products, paper and for the productiongasb&®Speed, 2006

extracts

- Growth-promoting
= Health-improving
- Antioxidant

- Host defence

Figure 1.7: Activities of algal extracts and their applicati@@hojnackeet al., 2013.

Algae are classified into theyanobacteriag(Cyanophyta), green algae (Chlorophyta),
brown algae (Phaeophyta) and the red algae (Rhodophyta). Phaeophyta have been
acknowledged to includéwvo orders,the Laminariales (kelps) and thieucales (fucoids)
(Steinberg, 1989 Kelp species occur in severabuntries, includinghe UK. The main
species includeLaminaria digitata, Laminaria hyperborea Laminaria ochroleuca and
Laminaria saccharingRosset al, 200§. A wide vaiety of commercial sources of industrial
alginic acid are produced fromaminaria (Wanget al, 2009. Seaweed play a significant
role in biotechnology; active compounds are converted from the biomass of algae to the
liquid stage include polysaccharides, proteipglyunsaturated fatty acids, pigments,

polyphenols, minerals, plant growth hormoeé&s
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1.4.2.2 Diversity of marine microbial enzymes

Marine microorganisms have received increasing attention because they are capable of
producing novel enzymes. Tleegenzymes are generally more stable and active than the
enzymes derived from plants or anima#lsaumber ofadvantages result from the use of these
enzymes in the production of pharmaceuticals, food additives and chemicals. To date, a
variety of enzymes & been isolatedwith attractive propertiesfrom marine bacteria,
actinomycetes, fungi and other marine microorganiéhang and Kim, 2010 and a wide
variety of seaweeds contaimany different polysaccharideqsulphated polysaccharides,

Laminarin and Alginates).

1.4.2.3 Alginate

Currently, alginates are used in food modificatioradeod additive because they have
high viscosity and gelling features. Alginates can be found in broatwoalgae and some
bacteria.Marine macroalgae suasLaminaria digitata ,Laminaria hyperborea, Laminaria
japonica, Macrocystis pyrifera, Ascophyllum nodosunkclonia maxima, Lessonia
nigrescens, DurvilleaAntarctica and Sargassunsp. are considered the stamportant
sources of alginatef®r use incommere (Kim et al, 201). Some species of bactease
ableto synthesre alginates, such asAzotobacter chroococcum, Azotobacter vinelaadid
Pseudomonas aeruginag&acesa, 1992 Alginate isa complex molece| which involves
' i near p el-gyurdeurr omfi ¢ U a-D-imannuiort) acida (MYFig. b1.8) Its
structure depends on monomer ratios and the distribution of monomers into homopolymeric
blocks (GG or MM) or heteropolymeric blocks (M@yig. 1.9) As aresult, the alginate
structure is highly changeablEigure 1.8 shows the monomers of alginate linked b-4
glycosidic bonds. The crod$isk can be chemically degraded by acid hydrolysis or alkali
c at al -glimeation.bAlginate degradation is the preseachieve by enzymeswhich
disrupt other polysaccharide linkages in the wall and are not specific for alginate linkages
(Doubet and Quatrano, 1982
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Figure 1.8: Structural uni of alginae. Source(Gombotz and Wee, 1998

Basically,the monorers of uronic acid are combined together to generate:
s PolymannuronatéolyM-block).

o PolyguluronatgpolyG-block).

o Random cepolymer (polyMGblock) (Fig. 19) (Kim et al, 201).

Figure 1.9: Molecular Structuref alginatehttp:/Mww1.Isbu.ac.uk/water/

The salts of algic acid can be considerealginates theseinclude ammonium alginate,
sodium alginate, potassium alginate and calcium alginate. The molecular structure of alginic
acid is variable and depend on the ratio and disbution of the monomers in the
homopolymeric (GG or MM)or in heteropolymeric unit8iG) (AbdelHafezet al., 2008.

1.4.2.4 Alginate Lyase

Microorganisms release a range of extracellular enzymes (lysozymes, proteases and

nucleases) which can begin the degradation of complex compsuckdspolysaccharides
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Alginate lyasesre extracellular enzymes secreted by microbesigptanmd animals. Alginate
lyases are classified according to their preferred substrate specificities:

s Poly G-specific lyases preferentially degrade pGhplock.

s Poly M-specific lyases have a preference for pdhplock (Kim et al, 201).

The biosynthesis and biodegradation adfjinates is considered the main function of
alginate lyase. Numerous alginateadgs have been discoverdtbm brown algae, marine
and soil microorganisms. Alginate lyases occur in-algmatesynthesizing and alginate
synthesizing organisms. In the nralginatesynthesizing organismsalginate lyases play
important roles in assination of alginate as a carbon source. More than one alginate lyase
(responsible for the degradation of alginateas been recognized in marine and soll
microorganismgKim et al, 201). Alginate lyases mostly arendolytic enzymg which
decompose internal glycoside linkagesile a few alginatdyasesare exolytic; this type of

alginate lyase has been isolated frSphingomonas sfguzukiet al., 2008.

1.4.2.5.The pathway of alginate degradation

This process is highly dependent upon the activity of microorganisms, and there are two
pathways which convert alginaiato useful products. Alginasenzymes hydrolysd-4
gl ycosi di ¢ I|elimnateorgreactons i ng a b
o Endo-type alginate lyases

These can exhibit polyM, polyG-, or polyMGspecific activity. Alginate polymer is
decomposed to produce oligomer with unsaturated uronic adiek abnreducing ends4
deoxyL-erythrohex4-enepyranosyluronate).
o Exo-type alginate lyase

The alginate oligomers then undergo further depolymerisation into unsaturated
monosaccharide by the action of etype alginate lyase. The monosaccharidéhe non
enzymaticallyconverted to 4deoxyL-erythrohexoseulose uronic acid (DEH), and then the
Uketo acid is converted to-keto-3-deoxyDgluconic acid (KDG). The KDG ighen
convertedto 2-keto- 3-deoxy6-phosphogluconic acid (KDPGEinally, the KDPG is split
into pyruvae and glyceraldehydesphosphatéKim et al, 201).

1.4.2.6.Microbial degradation of alginate
Alginate lyases have been isolated from several species of bawtéring:
o Marine bacteria suchs Halomonas marina, Photobacteriusp. Vibrio sp. and Beneckea
pelagia
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o Gramnegative soil bacteria such &seudomonas aeruginasa, Azotobacter vinelandii,
Azotobactechroococcum, Alteromonas smdKlebsilla pneumonia.

o Grampositive soil bacterisuch asBacillus sp., Bcirculans and Clostridium alginolyticu
(Wonget al, 2000.

Alginate lyases from bacterare mostly extracellulaiGacesa, 1992 Marine fungj such
as members of thehjcomycetesAscomycetes, yeasts aktyphomycees havealso been
investigatedor this ability (Schaumann and Weide, 1995

Alginate lyases have been detectednty afew fungal speciesncluding Dendryphiella
salina, Dendryphiella arenarigDeuteromycetgs Corollospora intermedigAscomycetes)
andAsteromyces cruciaty®euteromycetgg Shimokaweet al., 1997). Alginate degradation
by D. salina,has been investigatedcinonfirmed byainwright (1980 while the efficiency
of alginate degradation Hy. salina and D. arenaria was further onfirmed byWainwright
and SherbrociCox (198]) . Alginate breakdown byAsteromyces cruciatuand D. salina
occurs inwo stages:

1) Depolymerisation
This phase inhancedoy an endehydrolase andhe mostimportant featurds a rapd
decrease in viscosity and increase in reducing substances.

i) Formation of 4-deoxy-L -erythro-hex-4-ene pyranosyluronate

This stageis promotal by alginate lyase and it includesnainor further decrease in
viscosity andthe rapid formation of 4deoxyL-erythro-hex4-ene pyranosyluronate and

matching oligosaccharidé&acesa, 1992

Alginate lyase can be use&alenhance the effectiveness of antibist{e.g.gentamicinin the

respiratory tract

1.4.3.Degradation of chitin

Chitin is an insoluble homopolymer which consists Bfacetylglucosamine (NAG)
linked together vid-1,4-glycosidic bondgKishore and Pande, 200{Fig. 1.10) Chitinous
wasteis producedlargely by shrimp processing industries. Tleeirrent use of chemical
treatment producehazard such as releass# toxic chemicalsancluding HCI, aceticacid and
NaOH into watercourses Thereis however, theneedfor alternativeapproaches to the
treatment of this waste, including enzyme degrada@dnitin is found in the exoskeletons of
crustaceans e.g. crabs, shrimp, lobstersects, worms, fungand mushrooms. Its a

biodbsorbable materiahnd can be used in dpacterial bandagesChitin also has several
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application in many sectors such as agriculture, food technology, material science,
microbiology, wastewater treatment, drug delivery systems and tissue engirf{&eaniaiga
et al, 2013.

Chitin is insolublein water due to intermolecular hydmeg bonds between itsonomers
of chitin. The percentage of nitrogen found in chitin is7& while in its deacetylated form
(chitosan) is7i 9.5%. Three forms of chitin can be recognizétib, anda chitin. TheU-form
can be obtained from crab and shrimplhand it is commonly distributg&andraet al,
2012. Chitosan is type othitin which is totally or partially deacetylatedeacetylation of
chitin is artificial (a chemical processgsdeacetylation produces chitosé@Wang et al,
2009. Chitosan is the major part of soil fungal walls (Zygomycetes) and is produce
several microbes include bacteria eyxobacter, Sporocytophage, Arthrobacter, Bacillus
and Streptomyces|t can also be produced by fungi such Rkizopus, Aspergillus,

Penicillium, Chaetomiurand various BasidiomycetéSooday, 199D

CH_OH CH_OH

< JIKe, o

NHCCH, NHCCH,

O O

!
{

N-acetyl-D-glucosamine

Figure 1.10: Molecularstructure of chitin. Source; (Severgnini, 2006).

1.4.3.1.The Chitin degradation pathway

Chitinases are selective enzymehich degrade chitin using hydrolysis of thel, 4
glycosidic bonds that linknonomers of chitirfFig. 1.11) Chitinase have antifungal activity
against wide range of grioorganism. Microorganisms produce two types of chitinese-
and endeenzyme The classification of excand endeenzyme based on natuoé substrate.

For exanple, Streptomyceshitinaseis able to breakdown the pubechitin only (from the
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nonreducing ends ) to producdiacetylchitobiose, while colloidal chitin is decomposed to
a mixture contains oligomers and diacetylchitobi@Beaikh and Deshpande, 199%he
microbial mechanism involved includeke hydrolysis of glycosidic bonds and this action is
known as chitinolytiavhich involves two stepachieved bywo chitinase enzymes:

o Exo-chitinase which breadown the units of polysaccharides chaim¢etylchitobioseat
thenonreducing ends.

s Endochitinase which breakdown the glycosidic bonds randomly.

The main products are diacetylchitibiose (called ¢hitse) with triacetylchitibiose. These
activities are basedon the nature of substances for examplenixture of oligomers and

diacetylchitibiosecan be produced from degradatiorcofloidal chitin(Gooday, 1991

— N-acetyl
Glucosamine =( group

/
CHOH " beta1-4 H ! CH,OH
/ glycosidic bond

CH,OH

Chitin

Figure 1.11: Diagram ofb-(1" 4) linkagesof chitin. Source;(Pasayg 2007).

1.4.3.2. Microbial degradation of chitin

Marine ditinolytic genera includepecies ofPhotobacterium, Aeromonas, Bacillasd
ChromobacteriumChitinalytic bacteriahavealso have been detected in fresh water such as
Serratia, Chromobacterium, Pseudomonas, FlavobacteanohBacillus. While in the soil
chitinolytic bacteria iclude species oPseudomonas, Aeromomas, Cytophage johnsonae,
Arthrobacterand Bacillus. Fungi are major chitinolytic microorganisnasd arecapableof
degradhg chitin efficiently in the soil.They are mostlucorales such asMortierella spp

and Deuteromycetes aécomycetese.g.species oAspergillus, Triclhderma, Verticilum
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andPenicillium. Chitinolytic fungi calledchytridsincluding Chytriomyces sp@ndKarlingia

astereocystarealsofound infreshwatergGooday, 199D

1.4.3.3. Use of chitinases in biotechnology

Chitinases can besedas:
o Biocontrol agents

For exampleAeromonbas caviaean be used toontrol Rhizoctonia solaninfection in
cotton plants andalso to control Seclerotium rolfsiiin bean fields.Inoculation with
chitinolytic microorganisms withithe addition of chitinous waste to the sailso produce
effective biocontrol of Verticillum dahlia and Fusarium oxysporiumn beans and cotton
fields. Finally, Trichoderma harzianurproducea chitinase which inhibits the elongation of
plant pathogen hyphaencluding Fusarium solani, Botrytis cineraand Cotricum rolfsi
(Felse and Panda, 2000
o Degradation of fish wase

During the bioconversion of shell fish wadteacetytD-glucosanmewith other important
products can be producedl-acetytD-glucosanne isconsideed avery beneficialmonomer
and can be usad manyindustrialsectorsparticularlyin food produdbn, e.g. ofsweeteners
and growth factorgFelse and Panda, 2000

1.5. Identification of bacterial and fungal decomposers using molecular approaches

Molecular approaches such as polymerase chain reaction (PCR) are helpful tools for
assessing the structure and function of microbial communities. PCR has become a familiar
tool for the discovery and classification (taxonomy) of microbial species. ExtractiONAf
is significant part of this approachconsequently DNA should be provided in enough
guantity and puritfOsamaet al, 201). Molecular analysis of several microbial genomes
with the use oPCR based technique is extremely useful. For exanifdesxual and asexual
stages of keratinolytic fugi are considered major difficulties in fungi identificati@nce
morphologically, both stages can be quite similar. As a result, the identification of genera or
species becomes very difficult without knowledge of both stdgi#\ based identification
techniques are useful for those fungi which are difficult to decide morphologically.tAéso,
use ofmolecular tools for species identification is beneficial because many fungi do not
produce spores which apensideredundamentalin fungal species idefittation (Sharma
and Rajak, 2003 Basically, the major advantage of PCR that it can multiply a small

amounts of DNA to billion times in a feminutes toafew hours. The reaction of PCR based
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on thee steps denaturation, primer annealing and primer extefi$aahdi and Candresse,
2003. Gene fragments or populat®nof rRNA genes can be generated by PCR
amplification. Cell lysis andDNA extraction are the initial stage the analysisof rRNA
genes. The mrobial population can be represented by population of gene fragments. These
genes encagthe small subunit (SSU) of ribosomal RNA which have been analysed in
various molecular approaches. Fbe analysis of bacterial populatiorthe 16S rRNAgene

is commonly used However, 18S rRNA genes and internal transcribed spacer (ITS) regions
is widely utilized for fungal population analysis and iais efficient methodin molecular

fungal identification(Prosser, 208).

1.6. The 18S rRNA gene

The 18S rRNA genemarkers can be used in various applications such as molecular
phylogenetic analyse@Meyer et al, 2010. Most eukaryotes including fungi have 80S
ribosomes involve two subunits called large (60S) and small (40S) suldtads. subunit
consists of rRNA and a number of associated proté&ims.large subunit including 28S, 5.8S
and 5S rRNA molecules while the small subunit including thel8S rRNA molecule. The
rRNA molecules are also split by the ITS (internally transcribedespaegions, which are
very changeable in length and seque(i¢ennedy and Clipson, 2003 Fungal population
has been analysed using molecular techniques. There are some ttatiesveusedthe
small subuit rRNA (18S rRNA) for identification ofungal populatioa The limitation is
that this region hadess usefulinformation than 16S rRNA geness usedio identify
prokaryotes. Some researchers have analysed the regions of ITS but the problem is the
shotage of fungal sequence informationtire databasegProsser, 2002 In addition, 18S
rRNA gene sequences are only capable to determine taxonomic classes to the level of genus.
Fungal 18S rDNA and ITS sequendagonomic resolution is exclusive due to the present
accessibility of information in databag@sdersonet al, 2003. Currently, this problenhas
decreased and the molecular identification has become morgPapsser, 2002

1.7. Aims of the study

The first aim of this research was to isolate keratinophilic fungi from soil (using hair and
wool as baits) and frorwastecontaminated feathers, followed by the determination of the
fungal degradation of keratin. Molecular techniques induldmgal gene sequencing were
used to identify and characterise keratinolytic fuhgaddition, SEMstudies were conducted

to enable visualization of fungal keratin degredation on hair and (@alpter 2)
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The second aim of the study was to deteartime microbial degradation of apple pectin
after screening of pectinolytic fungi and bacteregain identification was made using
molecular methodsA further aim was to evaluate pectin as an antibacterial material against

bacteria causing wound infeatis(Chapter3).

Marine fungi and bacteria were isolated from detritus and decaying fronds of two brown
algae namelyl.aminaria and Fucus Enzymic alginate degradation was studied in order to
determine the bacterial and fungal degradation of thistrsbsldentification of the marine
fungi and bacteria using the molecular methods was again condGtiagter 4)

A further aim was tasolate chitinolyticbacteria and fungwhich can breakdown chitin in
the form of olloidal chitin. In addition,to detectchitinaseactivitiesof these isolates broth

medium(Chapter 5)

Finally, four enzymegkeratinase, alginate lyase, pectinase and chitinased isolated
from certain bacteriasingammoniumsulphate in order to determine the moleculaigiveof
these proteins vi&DS polyacrylamide gel electrophoresis (SBSGE) technique. Also,
liquid chromatography mass spectromdiit-MS/MS) analysis was used to identify three
enzymes namely; keratinase, pectinase and chitinase; their propertigbevecempared to
Swissport/Uniproand NCBInr databasé€hapter 6)
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CHAPTER 2
STUDIES ON MICROBIAL DEGRADATION OF KERATIN

2.1.Introduction

Keratinous materials (from different industries) containing insoluble kera#in hair,
nails, horns, hoofs, scales and wablreachthe environmentand aresolid materialsvhich
resistdegradationdue to theidisulfide bonds androsslinkages. Keratins are classified into
hard and soft keratireccordingto the sulphur content. Hard keratin can be found in feathers;
hair, hoofs and nails which contdargeamouns of disulfide bond. Soft keratinsarefound
in callus and the skha nd ar due fodow farhodistof disulfide bondsthey are also
more flexible.

Keratinous waste can be decomposed efficiently by bacteria, actinomycetes and fungi due
to the releag of keratinasesThe degradation of keratinous wastes seemsta bommon
process inGram-positive bacteriasuchas Microbacterium Bacillus, Kocurica, Lysobacter
and Nesternokia Keratin degradatioimas also been reported ansmall number oiGram-
negative bacteria such asShryseobacterium, Xanthomonasnd Stenotrghomonas
Keratinase production in bacteria has been studied in a few isolates suBdcithss
licheniformisand B. subtilis. Thesespecies haveeached commercial use dteetheir high
efficiency at degradhg featherkeratin Keratinolytic fungi includegenera ofAlternaria
,ChrysosporiumAspergillus, Cladosporium, Fusarium, Geomyces, Penicillium, Urocladium,
Scopulariopsis, Sepedoniynand Doratomyces. Keratinase from fungi, bacteria and
actinomycetesave optimumpH range between neutral &kaline, althougha few fungal
keratinass haveactivity at pH more than 12being more common at pblto 9(Gupta and
Ramnani, 2006 Keratinolytic fungi exhibit a marked commerciglotential in keratin

degradation.

2. 1.1. Evidence for keratinolysis in nature

Although keratinsare resistant taegradation keratinous wastich as featherdo not
accumulate in natureKeratin hydrolgis can be performed by two mechanisthefirst step
being silphitolysis whichleads to theedudion of disulphide bondsKeratinis attacked by
sulphitolysis of disulphidébonds, theproductsbeing peptides of sulphocysteirsulphate,
thiosulphate andystein

CysSSCystHSQ ] CysSH+CysSSO;
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The £cond step in keratin degradation is proteolysis which includes the activity of keratinase
(Onifadeet al,, 1999.

2.1.2. Industrial and medical gplications of keratinase

Microbial keratinasesireimportart in biotechnological processes such as:
o Pharmaceuticaindustries, feedfertilizer and detergentproduction However, themain
application of keratinases i the production of feather meal ascosteffective and
nutritious produc{Gupta and Ramnani, 2006
o The leather industrysekeratinaserather than chemicala dehairing hidegKushwaha and
Gupta, 2008
o Keratinase is added feathermeal in animal feed; this improvekgestbility and avoids
cooking feathers at high temperature.
s To dean drains blocked from keratin waste.
o Recently, keratinase has been usegroducevaccinesagainsdermatophytosis.
o Fungal keratinaseBom poultrywaste degradatiohave the potentialo generate natural
gas for fuel (Kushwaha and Gupta, 2008
Theaims of this work reported in this Chaptaire
i) To isolate keratinophylic fungi from soil (using hair and woslbaits) anccontaminated
feathers.
i) To determine the fungal and bacterial degradation of keratinmportant keratinolytic
processn soil.

iii) To identify keratinolytic fungusing molecular identification techniques

2.2. Materials and methods

An agricultural soil was collected from different sites in Sheffield regimixed well
togethey placed in clean plastic bags atiten transferred to the laboratorpuspension
consising of the soil sample and ultrapure water was maderder todeterminepH (10
gramssoil in 10 ml ddHO and shakinghemfor 30 minutes on ahaker(150 rpn); the pH

was determined usirgpH meter.

2.2.1. Isolation of keratinophylic and keratinolytic fungi by hair-baiting technique
Keratinolytic and keratinophyc fungi were isolated from agricultural soil usitige hair-

baiting technique.
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2.2.1.1. Keratinous substrates
Two native keratinous substrates were usedthe hair-baiting technique,collected
randomly from:
(1) Freshly collectedhuman hair.
(i) Sheep wol obtained from fields in the Sheffield region.

The substrates were placed in clean plastic bags and transferred to the laboratory.

2.2.1.2. Hairbaiting technique (HBT)

The hairbaiting technique wassedto isolate keratinophylic fungi frorsoil using hair
and wool as baits. Natural wool and hair weegreasedsing warm water and soagut into
small fragments (3 cm) andsterilizedusing ether. Approximately 50g agricultural soil was
placed into empty sterileontainers andovered withsterile film containing holesThe soil
with hair or wool was moistened with 205 ml of sterile distilled water then incubated at 25
°C for four weeks. The soil inontainergtwo for hair and two for wooljvas moistened with
sterile distilledwater. Thecontainers were regularlyhecked for the appearancemycelium

on the baits.
2.2.1.3. Dilution plate methods

After four weeks incubation,dited Soil (10g) was suspended in 100 mistériledistilled
water, shakefor 15 min on an orbital shakard then diluted seriallfMadiganet al, 2003.
A sample (0.1 ml) was spread on the surfacé&atfouraud dextrose agar medium (SDA)
(Sigma) SDA consisted of 10geptone 40 g dextrose and 15g agar in 1L of,GHat pH 5.2.
SDA was sterilized by autamling at 121°C for 15 minutes. After sterilizatigrenicillin-
streptomycin (0.5mg/ml) (Sigma) was addedpteventbacterial growth.The plates were
incubated at 25°C for 7 days using 3 plates for each saiiifpecolonies developed on SDA
were purified 6 use for keratinolytic assays.

2.2.1.4. Scanning electron microscopy (SEM) studies on morphology of keratin

degradation

This technique aimed to viedifferent stage®f fungal coloniaton on baitedwool and
hair as keratinous substratedlycdia produced fromthe hair-baiting technique (HBT) as
described above were harvestedterile Eppendorf tubes and fixed in 3% glutaraldehyde in
0.1 M phosphate buffers for 4 hours at 4°C, then washed two times in 0.1M phosphate buffer

at 15 intervals at4°C. Fixation of samples was performed using 2% osmium tetroxide
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aqueous for hour at 25°C followed byepeaing this step again. The samples wehen
dehydrated in serialilutions of ethanol 75%, 95% and 100% three times. Finally, absolute
ethanol(final step of 100% ethanol) waksied over anhydrous copper sulphate for 15 min.
The samples were digested in absolute hexamethyldisilazane for 30 min in order to dry the
samples using hexamethyldisilazane (HMDS). The samples tiwvenrdeft overnightto air

dry. The dy samples were mounted on 12.5mm diameter aluminium stabs, linked with
CarbonSticky Tabs and coated with approximately 25nm of gold in an Edwards S150B
sputter. Finally, the samples were viewed under a Philips2XLScanning Electron

Microsape at an accelerating voltage of 20t&maimat, 2011).

2.2.2. Isolation of keratinophylic and keratinolytic fungi from feathers
Feathers were obtained frdields in the Sheffield region, placed in clean plastic bags and

transferred to the laboratoryThis method was aimed to isolate keratinophydicd
keratinolytic fungi from samples without using s¢{Eherbawyet al, 200§. Several samples
of feather were inoculated direcilyto SabouraudextroseAgar (SDA) mediumcontaining
penicillin-streptomycin (0.5mg/ml) at pH 5.2. The plates were incubat@g°atfor 1 week
using 3plates for each sample. The colonies developed on SDAthem@urified for usein
keratinolytic assays. All fungal isolates were storedS&A slants at 4C and the frequency

of isolates was determined by use:

% B Numberufisulatesufafungusx 100
freq B Total number of isolates

2.2.3. Fungal keratinolytic assay in sadi medium
All isolates from wool, hair and feather were used in keratinolytic assay. However, extra
laboratory isolates were also tested:
o Trichophyton mentagrophytéa dermatophytic fungs) was obtained from G10 laboratory
in Molecular Biology and Biotechnology Departmeisb(ated from soil).
s Unknown funguswas obtained from G10 Ilaboratoryn Molecular Biology and

BiotechnologyDepartnent (solated from desert)

2.2.3.1. Keratinous substrate

All strains were tested using commercial keratinous substrate is called Keratin Azure
(Sigma) as carbon and nitrogen source. Keratin Azure is a keratinous substrate dyed with
Ramazol BrilliantBlue R. The dye is associated with thebstratethe measurement of

keratin degradatiois expressedby release of the blue colour.tfe microbe releassethe blue
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colour into the medium therthis can easily measured using spectrophotometer
(Wainwright, 1982.

2.2.3.2. Preparation of keratin azure solution

Keratin azure was cut into small pieces, 5g keratin azure was added tol 8istilled
water, put on a shaker overnightand then the blue iquid was addedto test media
Keratinolytic assays were achievad threemethods
o Measurement of clear zone in solid medikenatin azurédMuhsinet al, 1997).
o Release of thblue colourin liquid mediumkeratin azur€Letourneatet al, 1999.
o Release of sulphur in agricultural soil modified with hoof and horn.meal

2.2.3.3. Measurement of fungal clear zone on solid mediukeratin azure

All fungal isolates were selected for gmze activity in two types of solid medium
SabouraudDextrose agarkeratin azuremedium (SDAazure) and Agari keratin azure

medium (Aazure)

SDA-azure medium

The aim of thisexperiment tosee if carbon and nitrogesddition inhibitedkeratinase
producton. 48 fungalisolates were cultured on SPeérurecontaining extracarbon source
(glucose) and nitrogen sar (peptone) with keratin azub86 (v/v). Keratin azure solution
was mixed with SDAandthe mediumwassterilized and poured in platesadinal pH of 5.6.

A disc (8mm) of each fuigal culture was transferred to plates containing test medium and

incubated aR5°C. The growth rate was measured after 2 weeks.

A-azure medium

This experiment aimed tdetermine growth okeratin azure athe solesource of carbon
and nitrogen in the medium. All fungal isolates were cultuineaigar keratin azure. 5% (v/v)
Keratin azure solution was add to agar bacteriological (Agar No.1.0xoid). The supplemented
mediumwassterilized and poured in plates at final pHb)7 Enzyme activity was expressed
by the diameter of clear zone around the fungal colonies. For this test; 8mm disc of each
fungal culture was inoculateidh plates containing the test medium, incubate?58C for 2
weeks. The clear zones around the celsnwere measuredcach isolatethat produced

visible clear zone on /Azure was selected for keratinolytic assay in liquid medium.
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2.24. Genomic DNA extraction forisolatedfungi

Genomic DNA was isolated frosix strainsnamely; H2,H3, H8, H18 (flom hair baited
soil), R (from desert) andF22 (from feather)grown in SDB usingNorgen Fungi Genomic
DNA Isolation Kit (GENEFLOW LIMITED, Labstore, UKandPowerSoil® DNA isolation
kit (MO BIO laboratoriespy following procedures.

2.24.1. Using (NorgenFungi Genomic DNA Isolation Kit)

1- Fungi in culture: 50mg of pure fuabculture (wet weight) were grown for three days

in Sabouraud dextrose broth medium and transferred to microcentrifuge tubes, centrifuged at

14,000xg for 1 minute to pellet the cells.eT$upernatant was then poured off carefully.

2- Lysate preparation: the cell pelletwassretr s pended. 500 el of | ysi s
the pellet then the cells were-saspended by gentle vortexing .Optional RNase used by
add 10 KUnits of RNase to thaspension and mixed.

3- The mixture was transferred to a provided bead tube and vortex horizontally for 5 minutes
on a flat bed vortex by uses any commercial available equipment. The mixture was
incubated at 65°C for 10 minutes with mixing 2 or 3 times duringbation.

4- The mixture was transferred into a DNdsse microcentrifuge tube by pipetting and
centrifuges it at 14,000 x g for 2 minutes.

5- Carefully, the clean supernatant was transferred into a new EiNgsenicrocentrifuge
tube without disturbing thpellet.

6- Addition of ethanal equivalent volume of 969400% ethanol was added into the mixture
and vortex to mix.

7- Addition of binding solution 3 00 ¢ | of binding solution wa
vortex it immediately.

8- Binding nucleic acids to columrt he | ysate with ethanol (ap
transferred into a column then centrifuged at 6,000xg 1 minute then the supernatant was
removed.

9- Columnwashingp t he wash buffer was diluted by ab
wash solution was aéd to the column and centrifugefor 1 minute at 6,000xghen
discardflow through. The column was centrifuged second time at 6,000xg for 1 minute to
remove remaining ethanol. The column was centrifuged aD@AgOfor 2 minutes then

discardthe collectiortube.
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10-DNA elution t he col umn was placed into elution

Buffer was adddinto column then centrifugkeat 6,000xg for 2 minutes to elute DNA
(additional elution may be performed if required).
11- Storage of DNAthe purified DNA was storealt-20°C for a few days and0°C for long

term storage. DNA was run on agarose gel.

2.24.2. UsingPowerSoil® DNA isolation kit
Genomic DNA was isolated from one strain (H&ing PowerSoil® DNA isolation kit
because the previous method was notblat for this fungus. The fungus wg®wn in SDB

and DNA extracted usingowerSoil® DNA isolation kiby following procedures.

o 500 pl of fungal culture were grown for three days Sabouraud dextrose broth medium

and transferred tthe PoweBead Tubes (provided).Then mixed gently.

o 60 pl of solution C1lwas added and inverted many times. Solution C1 must be checked if it

is precipitatedby heat it at 60C check.

o The tubes were mixed horizontally for 10 minutes on a flat bed vortex by uses any

commercial available equipment
o The tubes were centrifuged at 10.000x g for 30 seconds at room temperature.

6 Using a clean 2ml cadction tube, 40®00 ul of the supernatant was transferred. Then 250

ul of solution C2was added, mixed for 5 seconds and incubate&iCGatot Sminutes.

o The tubes were centrifuged at room temperature at 10.000x g for 1 minute.

o Up to 600 pl of supernata were transferred to a clean 2 ml collection tubes.

6 200 pl ofsolution C3were added, briefly mixed and incubated 4 for 5 minutes.

o The tubes were centrifuged at 10.000x g for 1minutes at room temperature.

5750 pl of supernatant (avoiding thellp® were transferred into a clean 2ml collection tube.
51200 plsolution C4were added to the supernatant then mixed 5 seconds.

s Approximately 675 pl were loadethto a spin filter and centrifuged at 10.000x g for
1minute at room temperature. The flowdugh was discarded, additional 675 pl of
supernatant was added to the spin filter and centrifuged at 10.000x g for 1 minute at room

temperature.
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s The remaining supernatant was loada the spin filter and centrifuged at 10.000x g for

1 minute.

5500 pl of solution C5 was added, centrifuged for 30 seconds at 10.000x g then the flow
through was discarded.

sThe tubes were centrifuged again at 10.000x g for 1 minute.

o A spin filter was placed in a clean 2ml collection tube. Then 100 gbhiftion C6 was

poured in the centre of the white filter membrane.
sThe tubes were centrifuged at 10.000x g for 30 seconds at room temperature.
sThe spin filter was discarded and the DNA was storedCio -80°C.

2.24.3. Agarose gel electrophoresis

DNA fragments were separated by usih@bo agarose gel. These gels were prepared by
dissolving 0.5 of molecular biology grade agarosesiiml| of 10x TAE buffer. The mixture
was heated in a microwave approximately 3 minutes until dissolving the agarose and the
soutionwas cool ed. Then, 2. 5¢l ethidium bromide
the solution in gel tray, and then the gel was poured in the gel rack. After that, the comb was
kept at room temperature. The gel was floodetlOx TAE buffer Samples werenixed with
2 ¢ | |l oading dye then were added to the wel/l
order to find out the size of fragments. The samples were then undergone electrophoresis for

40 min operated at 80V. Digital image was taken using UVibtéed to a digital camera

2.24.4. Polymerase chain reaction (PCR) amplification of fungal genes

After extraction of genomic DNA from unknown fundyngal genes were amplified by
using polymerase chain reaction (PCR). Fungal universal Oligonuclegwtiders (Forward
and Reverse) were used for DNA amplification. Primers were designed specifically to a
certain region of the proposed DNA to amplify and were obtained from Eurofins
(mwg/operone)The fungal gene was amplified with the universal fungaiward primer
ITS15' TCC GTA GGT GAA CCT GCG G 3' (19nd universal reverse primer ITS4TCC
TCC GCT TAT TGA TAT GC 3' (20)Reebet al, 2010.A t ypi c al PCR mixtu
vol ume) contained the foll o@i wgt eompbneénts:
Buffer 2.5 5¢el4 . (050 Imdo,rMgbCrl@ &Ir i Rever se pri
5.0 ¢l genomi ¢ DNA a mhe thémabcycling ordeafar anplifitattome r a s €

of fungal gene used in this experiment was as follows: initial denature at 94°C for 2 min,
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followed by 35 cycles of DNA demaration at 94°C for 0 sec, primer annealing at 56°C for

10 sec, strand elongation at 72°C for 30 sec. Final elongation at 75°C for 2 min. PCR product
(10el) was mixed with 2 ¢l | oading dye then
run in the geto confirm the correct sized product.

2.24.5. Phylogenetic analysis

The samples were immediately sent to the Medical School Core Genetics Unit for
sequencing using ITS1/ITS4 as sequencing printersgalgene sequences were compared
in The Basic Loal Alignment Search Tool (BLAST). All sequences were corrected by the

Finch TV software to identify matches with existing characterized sequences.

2.25. The keratinolytic approach used forsolid medium

As keratin azure i®n expensive substrate, shexperiment aimed to investigdiengal
keratinolytic activity in different structure of solid mediwam an alternative rapid screening
method for keratinolytic activityBriefly, Trichophyton mentagrophytesand theunknown
fungus isolated from deserand unknown fungusobtainedfrom feathes were tested using
agar azure medid3ml melted agarwas put in small bottlest was autoclaved and@ooled
Aliquots Gml) of sterile A-azure and SDAazure were poured over the agar. The medium

was iroculated wih 8mm disc from a fungal culture and incubated 4C36r 2 weeks.

2.2 6. Bacterial keratinolytic assay in solid medium
The followinglaboratorystrainswere tested tonvestigate bacterial keratinase producers:
Bacillus licheniformis, Bacillus strasphericus, Bacillus pumilus, Bacillus areophilus,

Bacillus altitudinis,Bacillussp.andBacillus thuringiensisvere examined.

2.26.1. Bacterial standard suspension

The standard suspension was prepameghosphate buffer pH #&nd adjusted to 1.5x10
colony forming units (CFU) in order to obtain 0.5 McFarlaodl35 cfu) The turbidity
(coloniesfrom each culture méioned aboveinto a tube containing nine ml of phosphate

buffer pH 7) was measured usiagpectrophotometer at 600 nm

2.26.2. Measuranent of bacterial clear zone on solid mediurkeratin azure

The same medium (Azure)describedabove was usedto detect theappearance of a
clearing zone around bacterial colal§0ul from each suspension was poured and spcead
in A- azure plates. Thplates were incubatedr 48hours aB7°C. Keratinase regions were

detected as clear zones against a blue background.
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2.2.7. Fungal keratinolytic assay in liquid mediumkeratin azure

Three species of fungi produced huge clear zone-az#e medium. Tése fungi were
selected for enzyme activityr liquid medium.The reaction mixture contained 10% (v/v)
keratin azure solution in Erlenmeyer flasks (250 ml)eaidd SD broth (SDB) (Sigma). SDB
consisted of 10geptone 40g Dextrose in 1L of dH20. The mix&was sterilized at final
pH 6.06 .The mediumwas theninoculated with 8mm disof fungusand incubated on
revolving shakers (150 rpm) at 25°C for 7,24,and 28 days. A set of uninoculated flasks
was includedas control. After the end of incubationripel theliquid mediumwas filtered
using Whatman filter paper No. 1. The filter paper with biomass was dried in oven over night
at 110°C toa stable weigh{Jainet al, 2013. The pH was meased during the incubation
period using a pH metemDegradation of keratin azure was determined using the method as
described byLetourneauet al,(1998. Keratinolytic activity was determined by measuring
the absorbance of keratin azure at 595. fiihe samples after each incubation weltered

and the absorbance of the supernatant was determined at 595 nm.

2.2 8. Bacterial keratinolytic assay in liquid mediumkeratin azure

Bacillus licheniformis keratinasewas evaluatedfollowing growth on LB medium
supplemented with azure (k&ue). LB medium consisted dfOg of tryptone 10g of NaCl
and 5g of yeast extract H. of dH20. 10% (v/v) keratin azure solutiovas addedo LB
mediumin Erlenmeyer flasks (250 mifhe medium wassterilized at final pH 7.2The flasks
were inoculated with Bacillus licheniformisand incubated on revolving shake29Qrpm)
at 37°C for 1224 and 48 hours. The pH was measured during the incubation period using a
pH meter.Keratinolytic activity was determined by measuring the absorbance of keratin
azureat 595 nm.
2.29. Screening of the most active keratinolytic fungi in different media

According totheresults (activity of keratinolytic fungi were expressed by the diameter of
clear zone and release azure), keratinolytic fungi were tested onypge® af solid medium
SDA and potato dextrose agar (PDA) (Sigma), PDA consisting of 4g potato extract, 20g
Dextrose an 15g agar in 1L of gBl. In addition, two types of liquid mediuaisowere used
SDB and potato dextrose broth (PDB) (Signfeor this teg§ an 8mm disc froma fungal
culture was inoculated on the media. The flasks and the platesncubated at 25°@r 2, 7
14 days
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2.210. Determination of the oxidation of sulphur in agricultural soil amended with toof

and horn meal

The leratinous sbstrate hoof and horn meal was used in this experiment. This substrate
is commerciallyproduced by heating hoof and horn at high temperature and pressure in
order to use it as animal feed and fertiliz@8rapia and Simdes, 20LAgricultural soil 60g
was placed in polythene bags and adjusted Wity hoof and horn meal (Elixir, Cumbria
.UK) thenmixed well. Soil without modification was run agontrol. The modified soil was
incubated in polythene bags, closed with small holes to allow for gas exchange. The bags
werethenset up in triplicate and incubated for 28 days at 25°C. At zero timd, 2,11and
28 days the samples were extracted. Soil samples (1g) were shaken with (16isti)led
water approximatel5 min at 100 rpm using an orbital shaker. The samples tuere
filtrated through Whatman No.1 filter paper.

Determination of sulphate

Sulphate was determined as describedHnsse, 1971 Filtrate (5ml) in 50ml volumetric
flask was mixed with (1gpf barium chloride and (2ml) of gum acacia (0.25% w/v). The
soluion was made up to 25ml with distilled water. The resultant white suspension was
measured at 470nm by using spectrophotometer. The concentration of sulphate was then
determined by reference to a standard curve 0 ¢ ¢S mB )pepared from a standh
solution of NaSQ, (see Appendix A)

Statistical analysis of data

All observationsverepresentedsMean + SE (Standard error). Sigma Bl@dtersion12.0)
was run to analyze data. P < 0.05 was considered as significant. Matching three stadples

andANOVA was performed to check whether there were significantly different.

2.3. Results and discussion

2.3.1. Isolation and molecular identification of keratinophylicfungi

By using theNorgen and PowerS@l DNA isolation kit six unknown fungi wee
identifiedfrom hair, featherbaitand desersoil. Theyinvolved H2, H3, H8, H1§from hair)
F22(from featherjand R(from desert)

2.3.11. Isolation of keratinophylic fungi using HBT
Figures 2.1 and2.2 showthattherewas goodfungal growthin the agricultural soil (pH

7.0) whendegreased hair and wdmdits weraised The mycelium was clearly visible and the
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fungi from soil colonized both baits after 30 days. By usingdihgion plate methods, the
largestnumber of isolates waseen to bgroduced from human hair with the highest total
counts (27/48)

Figure 2.1: HBT using wool as baits Figure 2.2: HBT using hair as baits.

The mycelium is indicated by red arrow.

It can clearlybe sea that the fungi from soil colonized hair and wool as a source of

carbon and nitrogen after one month. This result is in agreement with the findiBharaia

and Rao(2011) who reported that human haiends to bemore highly colonized and
degraded than animal hair. As a reshitman hair is excetht substrate for use in the study

of keratin degradation by fungi. Similarlgharna and Sharm#2010 proved that hair
fragmentsare more suitable for fungi thanail baits however Saberet al, (2009) reported

that sheep woolvas lowly colonized Funga growth showed maximum occurrence on
fragments of human hair, which probably indicates thbility to parasitize humangSingh

et al, 2009. As a result, many authors have recommended the use of human hair in
keratinolysis test because human hair contains no lipids, has felkeratins anchasa high

sulphur content whichromoteskeratinolysis(Kaul and Sumbali, 1999

2.31.2. Phylogenetic identification of unknown fungi

Polymerase chain reaction (PCR) with the help of ITS1 and ITS4 prioeed to amplif
fungal gens. Agarosel% gel was used to check the expected sizbemplified product.
Figure2.3 illustrates the successful PCR products.
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Figure 2.3
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Producs of fungalgene from PCR.(A) Lane 1:Acremonium strictupiane 2:

Penicillium verruculosuriane 3:Mucor hiemalisLane 4: Aspergillus lavusandLane5:

Mortierella amoeboideaB) Lane 5:Aspergillus nigerYellow arrow (M) indicats the-kb
DNA ladder.

The amplified product was sequenced and searched afjaigsi sequences accessible in

the BLAST databaseThe results were used tidentify species with high and lower

similarity. Table 2.1 shows the species Penicillium verruculosum Mucor hiemals,

Acremonium strictumMortierella amoeboideg Aspergillus flavusand Aspergillusniger
designed a3, F22, R, H18,H8 and H2respetively.
Table 21: The fungalsequence analysis kératinolytic fungicultured from hair, feather and

desert.
Source | Representative Closest matches Sequence Length of NBCI
of sequence identification identity Sequence (bp) (Accession
Sample number)
Hair H3 Penicillium 99% 550 JF682635.1
verruculosum
Feather F22 Mucor hiemalis 98% 799 JQ912672.1
Desert R Acremonium strictum 99% 504 AM262390.1
hair H18 Mortierella 99% 624 HQ630346.1
amoeboidea
H8 Aspergillus flavus 99% 567 IN676112.1
H2 Aspergilus niger 99% 583 GU338398.1
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Blast analysis of thdungal sequence oH3 showed similarity of 9% with Penicillium

verruculosun{Fig.2.4).

Penicillium verruculosum strain PTCO0E 185 ribosomal RNA gene, partial sequence; internal tran
Sequence ID: gblJFE82635 1] Length: 550 Number of Matches: 1

Range 1: 11 to 526 GenBank Graphics

Score Expect Identities Gaps Strand
908 bits(1008&) 0.0 512/517(99%) 1/517(0%) Plus/Plus

Query 2 O T CC AT T GICTCTATACACCTGITGCTT TGS
FETTETTEET e e e e e e et
Sbkjct 11 O T CCCACCCTTGICTCTATACACCCGITGCTTTRGEIGEE

GOCCACCGGGGOCACCTIG 61

GCCCACCGREECCACCIC M
Lol oLl L i

Query &2 GICECCEREEGACGTTCGT CCCCGEEOCCECGCCCaCCGAAGCGCTCTGTGAACCCTGAT 121
FEPTEETEET e e e e e et e e e et et e e e e e e e

Sbkject 71 GICECCEREEGACGTTCGT CCCCGEEOCCECGCCCaCCGRAGCGCTCTGTGARACCCTGAT 130

Query 122 GARRGATGEGCTIGICTGAGTACTATGARAARLTTGTCARRRCTTTCRARACARTGGATCICTIGS 181
FETTEETErr e e e e e e et e e et e e e e e e e e et
Skjot 131 GRARGATGEGCIGICTGAGTACTATGARAARLTTGTCARARCTTTCRACARTGGATCICTIIGS 190

Query 1822 TICCGGCATCGATGRAGRRCGCAGCGARLTGCGATRARGTARTGTGARTTGCAGRATTICCOE 241
FEPTEETEE e e e et e et e e et e e e e e e e e
Skjot 191 TICCGGCATCGATGRAGRACGCAGCGARLTGCGATRARGTAATGTGAATTGCAGRATTICCS 2530

uery 242 TGMRATCATCGRATCTITIGARACGCACATTGOGCCCCCIGECATICCGEEEEECATGICTGT 301
PRttt e e ettt e e e ettt r ettt et et
Sbject 251 TGEARATCATCGRATCTITIGARACGCACATTGOGCCCCCIGECATICCGEEEEECATIGLCTIGT 310
GIccocoooGEEG. 36l
ISR
cT

-CCCCCCGEGGE. 389

Query 302 CORAGCGICATTTICTGCCCICALGCACGECTTGTIGIGITEREIGIG
FETTEETEET e et e e re e e e e e et
Skjot 311 CORAGCGICATTTCTGCCCICALGCACGECTITGIGIGITEREIGIG

Query 3682 CCTIGCCCGARRGECAGCGECGACGICCGICTGEICCTCHAGCGIATGEGGCTTTGICACT 421
FETTEEEErr e e e e e et e e e e rerr e e e

CCTGCCCRRAL A GECAGCGECCACGTCCGTICIGETICCTCGAGCGTATGEEECTCIGICACT 429

Sbijct 3

-1
L]

Query 422 CCIGCEEAGETTGETCACCACCATATTTTACCACGETTRACCTCOGEE 481
FEPTEETE P e e et b b e e e et
CCIGCEEEEETTGETCACCACCATATTTTACCACGETTGACCTOGEE 4859

Sbjct 43

[}

—~
(=g

Query 482 TCAGGTAGGAGTITACCCGCIGRACTTARGCATATCAR 518
FETTETTEET e e e e e eyl
Skjct 490 TCAGGTAGGAGTITACCCOGCIGRALCTTARGCATATCARL S5Z2a

Figure 2.4: Sequencef Penicillium verruculosunfachievedafter the amplification 018S
rRNA gene)eferring b theaffiliations throughBLAST studiesThefiQueryireferring to the
line when input sequence th8ubjeciirefers to sequence of line matching.

Sequence analysis of selected isolate shoReicillium verruculosunphylogentically
belong to the germuPenicillium In addition, isolate H3 produced phylogentic group with
ascomycetesand Penicillium sp (Fig.2.5). The dendrogram was organized for its
phylogeretic relationship and it detected and confirmed that H3 vREnicillium
verruculosumaccession mmberJF682635.1
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"Talusomyees sp. NY-2013a dran CBS 133147 185 ribosomal RNA gene, partialsequence iternaltransceibed spacer 1, 5,85 rbosonal RNA gene, and inteia ranseribed space 2, complete sequence; and 288 sibosomal RNA peme, partal sequence
A ascumyoetes |  leaves

—{mmyum [ 15 leves

asconyeetes |4 kaves

“Penicllim aculeatum strain FIODI 185 rbosonal RNA gene, ifermal transeribed spacer 1, 3 88 ribosomal RNA gene, iniernal transcribed spacer 2, and 285 ribosona | RNA gene, region

fug 15 e

Trichocomacese . SHWI3 188 ribosonual RNA gene, parial sequence; internal transcribed spacer 1, 388 rbosomal RNA gene, and intermal transeribed spacer 2, complete sequence; and 288 ribosomal RNA gene, partal sequence

ascomyeetes |3 eaves
ascomyeetss | 27 eaves

“* Acremonium cellulolyticus siruin Co/9/ iniernal ranscribed spacer 1, patal sequences .88 ribosonal RNA pene:and internal transcribed spacer 2, complee sequence: and 285 ribosomal RNA gene, partal equence

B —oomperts | 11 laves
r—asoomyoetes [4 eaves

Penicilliom vetruculosum drain KUCI794 185 ribosomal RNA pene, partil sequence; internal ranscribed spacer |, 388 ribosonal RNA gene, and intetnal transcibed spacer 2, conplete sequence; and 288 ribosonal RNA sene, patil sequence

Fungalsp. AM2013 stain 7 Mon inetnal transoribed spucer 1, partial sequences 3,85 tibosomal RNA gene and inernal transcribed spacer 2, complete sequence; and 285 ribosomal RNA gene, partial sequence

 Talaromyces verruculosus srabn SCSGAFDUSY 185 ribusomal RNA gene, partial sequence; intemal transoribed spacer 1, 5 88 ribosonnal RNA gene, and internal transcribed spacer 2, conplete sequence; and 288 ribosomal RNA pene, partial sequence

Talavomyces sp. CNU 100149 iniernal transeribed spacer 1, patil sequence; 585 rbosonal RNA aene and internal transcribed spacer 2, complete squence; nd 285 ribosomal RNA gene, patial sequence
ascoinyceks | 3 leaves

—ascomyeetes | 2 kaves

Penicillium §p. 22:M-5 185 ribosonal RNA. gene, prtial sequence; infernal transcribed spacer 1, .88 ibosomal RNA gene, and infernal ranscribed spacer 2, complete sequence; and 285 ribasomal RNA gene, pariial sequence

)L| ‘i—*u\m
Uneultired Talaroyees isolate DGGE gel band F7 185 ribosomal RNA gene, partial sequence

Figure 2.5: Phylogenetic tree of HPgnicillium verruculosum

This study clearly showBenicillium verruculosunwas one ohair isolates(Fig. 26 C). In
addition sheep wool produced less isokd (17/48) and 4 isolates were obtained from
feathers includingMucor hiemalisafter one week of growth in SDAFig. 26 A - B).
Mucor hiemaliswas the most common funggolated from feathers. Similar results were
reported byB g y §20@9land Kim (20033.

Figure 2.6: Feathel(A), Mucor hiemaligB) andPenicillium verriculosum(C) in SDA after

one week incubatioThe feather is indicated by red arrow.
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2.3.2.Scanning electron microscopy{SEM)

As we have seen,ekatin is degraded by several microorganisms such as inaatet
fungi. Filamentous fungwhich can be dund in agricultural soibare capableof breakng
down keratinous materials such as hair and wool. In this vimarkand wool fragments were
used as bait order to isolate keratinophylic and keratinolytic fungi.
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Figure 2.7: Scanning electron micrograpilsowing olonization of human hair by
filamentous fungi after 4 weeks of incubation

The relationship between fungal structure and cuticuaiace of the haiand woolwas
observedusing scanning electramicroscopy This technique was used to record the fungal
morphological expression of keratinolysis. Filamentous fungi showed normal hyphae which
can be extended to form branches (colonization) andkedagrowth (Fig. 2.7 A-D).
Interestingly, the fungi from #loestablished structual relaionship with thesurface erosion.
Surface erosion itheinitial stage in hair degradatipas has beereported by many studies
(Marchisio, 2000B g y s k a)l In thi? th&s8, a gradual degradation from outeidénhe
cuticle (which is covered by several laygrtowards the centre can bseen; thisresuls in
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decay of the dicle and the wavy atex surfacegFig 2.8 F). The current databservations
show surface erosioroccurring after 4 weeksEnglish (1969 reported that the cutielis
destoyed slowly and scales remaiior 3-4 weeks (partially digest@¢dFigure 2.8 E shows

thatthe keratin moleculevas digested
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Figure 2.8: Scanning electron micrograpbtsurface erosionf hair degradation.

Filamentous fungi havéhe ability to use keratinous material and produce keratinase.
Keratinaseallows fungi to reach furtherinternallayers (endocutical). Colonization of sheep
wool occurs by thesame mechanisnwhich stars with surface erosiorfFig 2.9 A-B). In
addition the sequence of eventgs investigatedincluding digestion of the cuticléeSEM
samples fromwool showedsurface erosiorfFig 2.9 C) andcompletedegradtion of wool
(Fig 2.9D). Few sudies havereported the sequence of watdgrad#don. Clearly, surface
erosionoccurred in hair and wool samplasdradial penetration (advanced stageuld also

be seen viaransmissiorelectron microscopy (TES)
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Figure 2.9: Scanning electromicrographshowing olonization ofsheep woolby
filamentous fungi after 4 weeks of incubation
2.3.3. Keratinolytic assay on solid media
Two types of sbhd media;SDA-azure andA-azurewere usedn order to deteckeratinase

production inthe isolats.

2.3.3.1. Effect of additional carbon and nitrogen sources on keratinase production
(SDA-azure medium) in fungal strains

All tested fungi produced goaaycelial growth on SDAazure.The data demonstrated
the addition of carbon and nitrogen sounes no effect on keratinase productidbhe growth
rate(colony diameterjor Mucor hiemalis Acremoniunstrictum Penicillium verruculosum
andTrichophyton mentagrophytegsreached to b&7, 45, 7land66mm respectivelyKig.
2.10). These data showhat carbon andhitrogen sources (glucose and peptoaehanced
biomass growtlbut notkeratinase production.€¢.no clear zone). Keratinase production for
all fungi wasnot seen wheisDA-azurewas usedSimilarly, Santoset al, (1996 reported
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that with kerain plus glucose and nitrate, the biomaseductionwas substantialbut the
keratinolytic activity of Aspergilluswas significantly lower than that produced in the
absence of a carbon and nitrogen source., Alsimet al, (2012 confirmedthatthe addition

of glucose, maltose, sucrgssodium nitrate, urea and ammoniuimhibited keratinase
production in species @treptomyceslhe same conclusion was arrived Mgbrouk (2008

who found that the addition of carbon and nitrogen source inhibited keratinase production.
However, the resudtarein disagreement witthose ofKim (20039 who showedthatglucose
enhanced keratinase production. Generally, the findings reported here show that in the
presence of glucose and peptomgcelia growth vas obvious but keratinolytic activity was

absent.

Figure 2.10: Theeffectof additional carbon and sourceslaratinase production
afterone week. (A) Feathg{B) Acremonium strictur(C) Trichophyton
mentagrophtes.(D) Mucor hiemalis.

2.3.3.2. Effect of absence of carbon and nitrogen souroa keratinase production
Most keratinolytic fungi can use keratin as source of carbon and nitrdgercurrent data
showed that a small number of fungal isolates wete @bexhibit enzyme activity (i.e. a
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clear zone). The enzyme activity of fungal species is showkigare 2.11. Clearly, the
isolates obtained from haiPénicillium verruculosumyvere more actively keratinolytic than
those isolated from soil and dessamplesPenicillium verruculosunta nonrdermatophyte)
exhibited the higheskeratinase activity (59mm) whilécremonium strictum(a non
dermatophyte)and Trichophyton mentagrophyteg¢dermatophytes)produced 47,42mm
respectively.Mucor hiemalisshowed weakgrowth but did not clarify the keratin agar.
Obviously A-azure allowedfor the evaluaton of keratinase activity by fungal isolates.
Trichophyton mentagrophytedcremonium strictumPenicillium verruculosumAspergillus
flavusandAspergillusniger werecapable of using keratin as a source of carbon and nitrogen
The obviousexplanatiorfor this isthatthe absence of carbon and nitrogen source motivates
the fungus to digest keratin as carbon source leading to increarseithdegradatior(Saber

et al, 2009).

Figure 2.11: The effect of absence of carbon and nitrogen scumdeeratinase
productionafter 14 days(A) Trichophyton mentagrophytg®) Acremonium strictumn
(C) Mucor hiemalisand(D) Penicillium verruculosum.
The present dathasdemonstrated that dermatophytes and-demmatophytesre both
capable of breaking down keratin. These reselteconfirmed byMuhsinet al ( 1997 who
reported tat dermatophytes and nafermatophytesre both good keratinase producers on

test meda Similarly, Rodrigues Marcondest al (2008 showedthat Acremoniumand
48



Penicillium were able to grow and produce keratinase in feattetium Howeve, Mucor
hiemalis did not createa clear zonereflecing the lack of extracellular keratinase in this
fungus. These resulre similar to the findingsof Filipello Marchisioet al, (1991 who
reported thaMucor hiemalisattacked hair with weak activityn general then, the presence
of added C and Nends toreduce the ability of fungi to breakdown kerafvesela and
Friedrich, 2009%.

2.3.3.3.A new approach forkeratinolytic assay

Figure 2.12 gives the result of keratinolytic tests on azure mettiags noticeable that all
keratinolytic species showed good growth on S&¥Aire medium but thekgasno clear zone

produced imA-azure medium.

Figure 2.12: Trichophytonmentagrophytegrownontube culturgA) SDA-azure
and (B) Aazureafter 14 daysf incubation
It is clear that keratinolytic fungi can attack keratin azuragar plates but not in the tube
culture shown above. This approach is therefore of little use for the rapid screening of
keratinophylic fungi.
2.3.4. Keratinolytic assay on solid media in bacterial strains (Effect of absence of carbon

and nitrogen sourceon bacterial keratinase production

Seven bacteriastrainsisolated from different sourcesere tested Among them, three
isolates were found to have keratinas#ivity as assessdxy observing clear zones azure
agar plats. Bacillus licheniforms, Bacillus altitudinisandBacillus sp.,isolated from marine
sands grew well in solid medium containing keratin as the sole carbon and nitrogen and they
decomposed keratin azure. On the other h&adillus stratosphericus, Bacillus pumilus,
Bacillus arephilusandBacillus thuringiensiglid not produce keratinase (Tal2e).
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Table 2.2: Enzyme activitiegEA) of bacterialisolates afted8hoursof incubation

Bacteria Keratinase production
Bacillus licheniformisstrain LZBL-11 Positive
Bacillus stratosphericustrain MCCC 1A04568 Negative
Bacillus pumilusstrain XJSL58 Negative
Bacillus areophilustrainstrain MCCC 1A04568 Negative
Bacillus altitudinisstrain SH148 Positive
Bacillussp. Strain GRL1 Positive
Bacillus thuringiensistrainPTK2G Negative

The current data demonstrated that srmalimber of bacteriareable to degrade keratin.
Consequentlythe hydrolysis of keratin azure was mostly found to be waadongbacterial
species. Bacillus altitudinis SH148 produced cleaones when grown ikeratin azureagar
plates Kumaret al, (2011 reportedthatB. altitudinisGVC11degradsfeatherkeratinand it
can use featheras carbon and nitrogen source. Also, the reslitsvedthat clear zones
derived fromBacillus sp provideda good indicatofor kerdinolytic potential.Daroitet al, (
2009 also showed thatBacillus sp P45is an excellenkeratinaseproducer orfeather meal
agar platesSeveral studies have confieohthat Bacillus sp.is good keratinase producer
(Corréa et al, 2010 ; Suntornsuk and SuntornsuR003. Previous experiment also
demonstrated thd&acillus licheniformisshowed keratinase actiyiand produced clear zones
in azure medium. This result in agreement with findings reportedof Lin et al, (1992
which indicated that Bacillus licheniformisproducs clear zones when grown on milk
agarose plates. High activity of keratinaseBacillus licheniformishas been anfirmed by
several studieglLal et al, 1999 Zerdaniet al, 2004 Manczingeret al, 2003. It can be
concluded thathereleaseof keratirese allove bacterial strains to survive when the kerasie

is theonly availablecarbon and nitrogen arce.

2.3.5 Fungal keratinolytic assay in liquid mediumkeratin azure
Under experimental conditions, the maximal hydrolysis rate of keaatine was achieved
within 28 days at 25°C. Thesults for 1 to 4 weeks are shownFigure 2.13. All isolates
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showed arapid esponse (i.e. dye release at 7 dayshzure release byPenicillium
verruculosum was higher than that released bBirichophyton mentagrophytesand
Acremonium strictumlhis proportion increased after 28 days incubatiBlowever, isolates
of known Kkeratinolytic species showed slow keratin degradation at 4 weeks and only
produced weak dye release (i-Eichophyton mentagrophytesompare to Penicillium

verruculosunandAcremonium strictum

Significant difference (P<0.05) ikeratn degradation was observdzetweenall tested
fungi. In addition, the results show that ndarmatophytic fungi were able to extract
nutrients from the substrate P¢nicillium verruculosum). However, Trichophyton
mentagrophyteshowedthe lowest ability b release azure in test medium. These results is in
agreement withthose of Scott and Untereingr2004) who explained thatrichophytonspp.

was slower to release azure dye between 7 and 28 days of incubation
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Figure 2.13: Releasef azurein SDB-Azureby fungi T.mentagrophyteg=——),

P.verruculosung ), A.Strictum(==—e=) and coNtrol==z===). Means of triplicatest)

standard error.

51



2.3.5.1. Biomass

In Figure2.14 it can be clearlyee thatthemaximum biomass produced Bgremonium
strictumoccurred akr 7 daysgrowth then decreased graduallytive days following. On the
other handin biomass productiom Trichophyton mentagrophytess SDBazure gradudl
increased from -721 days incubatiormnd in keratin production betweenr28 days, after

which growth decreased

Biomass(g)

1 week 2 weeks 3 weeks 4 weeks

Length of incubation

Figure 2.14: Fungalbiomass production iSDB-Azure mediuml. mentagrophytef s ),

P. verruclusum(

, A.strictum(m=mmmm), Means of triplicates#) standarderror.

*gignificant differencebetweenA. strictum T. mentagrophyteasndP. verruclusum

Significant difference (P<05) in biomassproductionwas observeth mostof the tested
fungi. The data reported that the growth was not connected with the degree of oéliese
dye These results are similar to the findings Kiyn (20030. For example Acremonium
strictcumandPenicillium verruculosuncausedeleasef dyein theabsenc®f visible growth.
As a result,no relationship existed between the enzyme yield and increase o&dsiom
Similarly, this result is in agreement withe findings ofScott and Untereing2004 who

reported thaAmauroascupurpureuscausedhereleaseof azure without significant growth.

2.3.5.2. Change in pH
Change in pH of medium was noted after 1 wd8die experimentalesultsshow that lhe

degradation of keratin azure was accompanied by alkalization of the médalight change
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in pH was measured in the control while the fungal samples recorded a significant change in
pH. A maximum pH value was 8.8 was seen whiementagrophytegrew in liquid medium.
However,Acremonium strictuncaused a decrease in the pH level of the medkig 2.15)

in week land 2 after that pH increased dramatically.

10 |

o | _74
+ -
8 .
(<5} .
= 7 7
]
—
=
o 6 /
5
4
3
lweek 2weeks 3weeks aweeks

Length of incubation

Figure 2.15: pH values of fungal isolates during incubation peritdMentagrophytes
(===, P.verruculosunfe=c==) A strictum( ====) andcontrol (====). Means of

triplicates ) standard error.

A significant difference (P<0.05) impH range was observed in all tested funghe
alkalinisation by fungi was highly marked in medium contain keratin azure. This may reflect
that keratinolytic fungi often alkalinize culture mediduring growth (Muhsin and Hadi,
2002. Interestingly this correlation is related tihe release of ammuoa which raises the
alkalinity of the mediumJain et al, ( 2012 haveshown thata change in pH (deamination)
toward alkalinity allows the substrate to create an environment for the telypis and
proteolysis.The results also demonstrated that the fungi which have strong keratinolytic
ability increased alkalinitynore than thoséhat were less keratinolyti¢Kim, 20033. The
present dat confirns that there inassociation betweehe degree of alkalinisation arttle
amount of keratin degrad These resultaresimilar tothose reported bitaul and Sumbali

(1999, who confirmed strong keratinolytiactivity makes growth medium more alkaline.
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However,a decrease of pH in the medium recorded\aremonium strictumandPenicillium
verruculosunmay be associated to thgical fungal activity that generates acidification as a
consequence of the use of C and N compo\atiadeset al, 201Q. In generalhowever,
change in pHbf the medias considered aa sensitive indicator of keratinolys{Rajaket al,
1992.

2.3.5.3.Screening of the most active keratinolytic fungusing a range of media

The present data demonstrated thatichophyton mentagrophytes, Penicillium
verruculosumand Acremonium strictundlegraded keratin on solidadia and liquid media
However,Penicilliumverruculosungave a differentesponse irsolid and liquid mediumin

addition,this fungus ecreted a red pigment.

2.3.5.4. Effect of the medium on secretion of red pigment frofenicillium verruculosum
The result showsPenicillium verruculosunpr oduced i nbernedbdbi el Dde
which varied depending on the medium udéid.(2.16) andalsosecreted a red pigme(kig.

2.17). In addition, the pigment was also formed in broth cultures.

Figure 2.16: Effect of medium orPenicillium verruculosunafter one week
(A)PDA mediumand(B) SDA medium

2.3.5.5. Effect of incubation period on secretion of red pigment frorRenicillium
verruculosum

Figure 2.17 shows that the red pigmeig visible dter 14 days incubation on solid

medium; however, it was observed after 2 days incubation in liquid SDB.
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Figure 2.17: Incubationof Penicillium verruculosunafter 14 days

Undoubtedly two conditions affected red pigment secretidrom Penicillium
verruculosum.The results showed th#tte use ofmedium containing peptone and glucose
influencedred pigmentproduction In addition, the pigmenwasreleased after 48dursin
SDB. The resularesimilar tothose ofNasunoand Asai (1961) who examinedPenicillium
sp.using SDB and found thared pigmentwvassecreted after 48dursincubation in broth

medium.

2.3.6.Bacterial keratinolytic assay in liquid mediumkeratin azure

Bacillus licheniformisstrain LZBL-11 was studied to determine keratinase activity against
keratin azureIn addition it was selected using keratin azure digestion assauré-y18
illustrates the restd of keratinolytic activity derived from B. licheniformis. There was a
considerable increase in keratinase throughh®érs The amount of keratinase increased
gradually and thenaximumkeratinase activityvasfound at 9éhours On the other hand, the
cortrol remained stable during incubation periddn et al, (1995 reported that the
maximum values of keratinag®m B. licheniformiswereobserved between 48 and I66urs
growth. Also, Tiwary and Guptg2010 reported that the maximum keratinase derived from
B. licheniformiswas achievedafter 36 hours using keratin azure at 595nrA. significant
difference (P<0.05) itkerathase productionvas observedhrough 2496 hous of bacterial
growth. Current data confirmed th&. licheniformishas high keratinase activity and it was
able torelease azalye, measured &95 nm. Many studies confirm thBt licheniformisis
consideredo bethe highest keratinase produceamongBacillus speciegSivakumaret al.,
2012 Korkmazet al, 2004 Manczingeret al, 2003.
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Figure 2.18: Keratinase activity produced By licheniformisin LB medium supplemented

with keratin azureB.licheniformis( === ) and contr

). Means of triplicatesH)

standard error* significant difference from control value, P < 0.05.

2.3.6.1pH

Figure 2.19 shows tothe pH rangeseenduring keratin azur@igestion. Theravas a
gradual increase in pH value through incubation period. mibgimumpH for keratinase
production was 9.7The pH of the test medium increased froi6.9.7 during the 96 hours
of incubation. The result shows thHat licheniformiswas capable of keratinase productian
alkaline conditios. Significant difference (P<0.05) in pH was observed durin@@Bours
Keratinoltic enzymes have been reported as active enzghadkaline pH value¢Bernalet
al., 2003. Additionally, other stugks confirm that keratinase derived fromBacillus species
might be classified as an alk& enzyme which is very active under basic or neutral

conditions(Suntornsuk and Suntornsuk, 208&imaret al, 2011)).

2.3.6.2. Biomass production

LB medium supplemented with keratin azure affected growth and keratin production by
B. licheniformis The results given irrigure 220 showthat B. licheniformisgrew well on
modified LB medium. Moreoverthere was a significant growth &. licheniormis at 96

hours andyood growth under alkaline conditions. However, there was a decrease in growth
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after 24 and 48 hours. It can be clearly seen that the Ign@sth was shown after 24 hours.

LB medium supplemented with azure enhanced the growth aatinkeese production.

12

10 *

pH value
o))

Otime 12 24 48
Length of incubation ( hour)

Figure 2.19: pH valuesproduced byB. licheniformisin LB medium supplemented with

keratin azure during keratse production.B. licheniformig(=====) and control =),

Means of triplicatest) standard errof; significant difference from control value, P < 0.05.
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Figure 2.20: The growth oB. licheniformisn LB medium supplemented with keratin

azure Meansof triplicates £) standard error.

2.3.7. Determination ofthe oxidation of sulphur in agricultural soil amended with a

keratinous substrate

The eleaseof large amounts of sulphur in the s@ilassociated with keratin degradation
(Rajaket al, 1993. Figure 2.21 shows the amount of sulphur produced in the agricultural
soil anended with hoof and horn from 1 to 4 weeks incubation. The results show that
microbial Soxidation of sulphur increased over the 4 week incubation period (treatment). It
can be clearly seen that there was a significant increase between treatment and contro
throughout the length of incubation. Moreover, oxidation of sulphur reached a peak of week
3. A Significant differences were observeder the entirgeriod except week. 2A decline in
the amount of sulphate in the last phase of the experiment migksbk of adaptation of
microorganisms such as fungi to use of sulphate as a sulphur sBulgkitolysis may be

referto the extremely high content of sulphur in hoof and I{Bagjaket al., 1992.
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CHAPTER 3
STUDIES ON MICROBIAL DEGRADATION OF PECTIN

3.1. Introduction

Pectinis a complex polysaccharide found in plants (cell wall and middle lamétay
consist of homogalacturon (HG) which might be metksterifiedor deesterifiedto generate
co-polymer structure. AlscheHG backbone may be attached with neutral sugars in the side
of chains generating the rhamnogalacturon | (RGI) region, or rhamnogalacturon Il (RGII)
(Wickeret al, 2019.

3.1.1Pectinsubstances and pectinases

Pectirs arefound in fruits andvegetables such dbke peel of orangeand lemonsandthe
pulp of tomatoand pineapple. Inhese substances-dalacturonicacid units are combined
v i dl, 4glycosidic bonds and the carboxyl groups are esterified with methanol. In addition,
rhamnose unitganbe inserted into the backbone and linked vgitiyars suclas arabinan,
galactan orarabinogalactanAs a result, severdbrms of pectirs are found in plant cells
Pectinrich substances mugie brokendown enzymaticallyby pectinasesGummadi and
Panda, 2003

3.1.2. Classification of pectinases

Pectirs are hydrolyzed bypectinasesvhich areone of the mostidely distributed of
enzymes. Severaltypes of mctinases can be found including protopedinases
polygalacturonases (PG), pieclyases(PL) and pectin esteras¢BE). Polygalacturonases
(PG) areconsideredo betherichest pectinaseshey hydrolyzethe main chainusingwater.
Pectin lyasgPL) cleaves the chainby transelimination whilepectinesterase (PE) promotes
de-esterifyingof the methyl ester linkages of the pectin backboneisingsponsibldor the
releasepectins and methanol. Pectinolytic enzymes haide applicationin many sectors
such as fruit juice extractiorscouring of otton, waste water treatment andgetable oil
extraction(Jayaniet al., 2005.

Pectinases are classified into two groupsctinesterases (PBnd depolymerases
Pectinesterases enhartbe deesterification of methyl ester bonds thie galacturonic acid
component of pectin substrates and release methanol and acidic pectins. While,
depolymerases (include polygalacturonase (PG) (endo and exgjin plyase (PL),
polymethyl galacturonaséPMG) breakdown glycosidic linkages betwe#re two non
methylated acid residues. ERB& promotesthe random hydrolysis of-&, 4-glycosidic

61



linkages EndoPGs could be acidic end®Gs(they are used in wine didication and in feed
additiveg or alkaline endePGs which can be used in paper industpectin wastewater

treatment and coffee fermentatibruanet al, 201J).

3.1.3 Microbial pectinases properties

Many microorganisms produce multigigpesof pectinases accordirtg pectin substrates
and mode of action on thgectin polymer (Latif and Sohail, 2012 Fungi are the main
produces of pectinases; notablspergillusspp and Penicillium spp (Yuanet al, 201).
Fung such asAspergillus niger, Trichoderma harzianuiemd Rhizopusare useful because
90% of the fungal pectinagbey containcanbe extracted into the medium. There is one
limitation to use these fungnamely they growslowly compared tdbacteria As a result
bacteria mightbe preferredfor the production of polygalacturonase rieeetthe industrial
demands from these enzyniésatif and Sohail, 2012 In mostbiotechnological applicatian
bacterial pectinasaremainly producd by Bacillusandcoccispecies such d&.licheniformis
and Staphylococcus aureu8pproximately falf of the pectinase used in this wayiginates
from Bacillusandcoccistrains(Venkata Naga raju and Divak&013).

The aim of tle work discussed in tHéhapter was
() Screen for pectinolytic fungi and bacteria.

(i)  To assess the ability of bacterial and fungal strairdegrade pectimolecules and

identify products (NH and NQ) of degradation.

(i)  Evaluatetheantibacterial effects of pectin against strasagsingwoundinfection.

3.2. Material and Methods

To date various methods have been developed and introdudetitaine the activityof
pectindegrading enzymedn this study, the mediunusedwas pectinase screening agar
medium (PSAM)prepared according to the procedofeHankin and Anagnostakid 975,

with small modificatios.

3.2.1. Qualitative assay for pectinolytic microorganisms

Pectinase screening agar mediunas divided into two media based @H. One
advantage ofthis method it allows detecting two enzymegectate Igse (PL) and
polygalacturonas(PG). The nmedium contaied 500 ml of mineral salts solution, 1 g of yeast
extract, 15 g of agar, 5 g of apple pectin (Sigma), and 500 ml of distilled water. Detection of

pectate lgse production [pectate transeliminase] was assessed at pH 7.0. The same medium
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at pH 5.0 wasisedto detect polygalacturonase activity [pectin depolymerise, pectinase]. The
mineral salts solution containe@NH,), SOy, 2g; KH.PO,, 49; NaoHPO,, 69; FESQ.7H,0,

0.2 g; CaGl, 1 mg; HBOs, 10 pg; MnSQ, 10 pg; ZnSQ@, 70 ug; CuSQ@ 50 ug in 1L
distilled wate.

3.2.1.1. Screening for pectinolytic fungi bylate assay

Ten fungal isolates were testagsing PSAM medium: Trichophyton mentagrophytes
Aspergillius oryza,Alternaria tenuissimaPencillium daleae(laboratory strains Mucor
hiemails (isolated fromfeather) Acremonium strictungisolated from desert)Penicillium
verrclusium, Aspergillius niger Aspergillius flavus and Motriella amobia (isolated from
hair). A disc(8mm) of each fungal culture wasnoculated orthe plates containingpoth test
mede, incubated at25 °C for 2 days. The presence of pectin lyasetivity and
polygalacturonase activitwere detectedy gently floodingthe plates with a solution of
iodine-potassium iodideontaining(1.0 g iodine, 5.0 g potassium iodide and 33istilled
watel). This reagentvasused to detect cleang zones against dark backgroundSoarest
al., 1999.

3.2.1.2. Screening for pectinolytic bacteria bplate assay

Bacterial samples were tested for pease productionand pectin lyaseas previously
reportedusingthe samemedium in fungi.Pseudomonaaerugnosa, Staphylococcus aureus,
Escherichia coli (E.coli), Cupriavidus necator, Bacillus raegium, Rhizobium sgand two
unknown bacteri®1 and B2(laboratory strainswere qualitatively screened for the presence
of pectin degrading enzymes usisgitable dyes. The isolates weraised as a standard
suspension. Each suspension adjusted to 1°®dalény forming units (CFU) which equals 0.5
McFarland. The experimemtas runusingthe isolated colonies into a tube contain@gl of
phosphate buffer pH Turbidity was measured using spectrophotomg8e0 nm) and.1 ml
was taken from each suspensamdthen poured and spreaato medium platesThe plates
were incubated!8 hoursat 37°C. Plates were flooded with the dye solution. The plates were
left at roomtemperature for approximately 10 min. Pectin lyses regions were detected as light

clearing zones against a dark black background.

3.2.2. Quantitative assay of pectinolytic bacteria
The isolates were selected on the badishe positivity of pectinaseproduction during
gualitative assayThe isolatesshowedthe largest clear zones ere selected for biochemical

tess. Quantitative enzymeestimation was done usingpe dnitrosalicylic acid (DNSA)
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method described bigashyapet d., (2000. Bacillus megateriunwas chosen and tested for
growth and pein decomposition on two different medihuria- Bertani (LB) and yeast
extract (YE) supplemented with apple pectin (0.25% w/v) as carbon sduBcmedium
consisted of 1@ of tryptone, 10g of NaCl and 5 of yeast extract and.5 gof applepectin

in 1L of dH2O at pH 7.2 The composition of YEP mediuns: yeast extract (YE), 10.0 g;
apple pectin, 2.5 ¢n 1L of dH20 atpH 7.2. The mediawere sterilised by autoclaving at
121°C for 15 minutesThe bacteria were grown two media (50 ml in 250 ml Erlenmaye
flasks) for 12, 24, 36 and 60 hours3t'C on an orbital shakerlb0 rpm) thenpectinase
activity, pH and cell growth (OD 600 nm) were measured.

3.2.2.1. Pectinase activity

The methods described biiller (1959 were used for the estimation of pectinase
production.Degradation of pectin was determined using the method descrildeashyapet
al., (2000.The experimentwas run using dinitrosalicylate reagent contained 0.63 %
dinitrosalicylic acid,18.2% sodium potassium tattiea(Rochelle sad), 0.50% phenol, 0.50
% sodiumbisulfite, and 2.14 % sodium hydroxide. The reaction mixiavelved 100 pl of
supernatant, 100 pl of substratel.0% (Wpple pectin). Thenixture wasincubated at 40
°C for 10 min. 400 ul of DNSAeagat was added to the mixture and boiled for 15 min. 4.4
ml deionized water was added the mixture and theyellow colour was measured at 530
nm. Pectinase activity was then determined by referenaestandardcurve of galaatronic
acid prepared from atandard solution ob-(+) - Galacturonic acid monohydrate (Sigma)
(see Appendix A).

3.2.2.2. Effect of salts supplement on pectinase production
In order to optimizeB.megateriungrowth conditionssalts includedvg,SQO,. 7H,O and
CaClb were added to LBand YEP media then pectinase activity wwasayedising the same
methods describeabove.The percentage of salts as following:
sYEPC medium: YEP+CaC} (0.05% wi/v).
sYEPM medium: YEP+ MgSQO, 7H,0 (0.05% wiv).
s LBPC medium: LBP+ CaCl (0.05% w/v).
s LBPM medium: LBP+ MgSO,. 7H,0 (0.05% w/v).

3.2.3. Quantitative assay for pectinolytic fungi
Aspergillius oryzawas selected for quantitative enzyrastimation usinghe medium

described byVanget al, ( 1997). For qualitativeassay theliquid medium was cmposed of
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2 g of L-asparagindSigm3g, 2.5 g of MgSQO,.7H,0, 2.5 g of KHSQO,, and 5 g ofapple
pectin in 1 liter of deionized water. The mixture sterilized at final pH 5.0.mMé&dumwas
inoculated witha 8mmfungal disc (50 ml in 250 ml Erlenmeyer flasksand incubated oa
shaker (20 rpm) at 25°C for 3,5,7 days. A set of uninlated flasks wererun as contrad

After the end of incubation peripdhe liquid mediumwas filtered using Whatman filter
paper No. 1. The filter paper wifangal biomass was dried in oven overnight at 110°C to
obtain aconstantweight (Jain et al, 2013. The pH was measured during the incubation
period usinga pH meter. Degradation of pectin was determined using the method described
by Kashyapetal ( 2000.

3.2.4. Chemical analysis of degraded pectin (pectin, esterified potassium saltorfr
citrus fruit)

Chemical analysiswas aimed to detect some minerals from decayjpectin. To
demonstratehe potential of this approaand its suitability for the application, nitrate and

ammoniumproduction fromsoil amended with citrus pectinirsvestigated.

3.2.4.1. Determination of nitrate in agricultural soil amended withcitrus pectin

All samplesof agricultural soil(50g) were placed in polythene bags and amended with
0.5g pectin, esterified potassium salt, from citrus fri{fBigmg ard mixed thoroughly. A
control was setip lacking addegectin The modified soils were incubated in polythene bags
closed with a small hole to allow for gas exchange. The bags were set up in triplicate and
incubated for 28 days at 25°C. At zero time and,at4, 21 and 28 day intervals samples
were extracted. After incubation (1g) soils wénenplaced into screw capped glass bottle
with (10 ml) deionised watersedto extract nitratpafter shaking for 15min at 100 rpm on an
orbital shaker, the sample®re filtrated through Whatman No.1 filter paper.

Nitrate Determination

Nitrate was determined using theethod of Sims and Jackson (1971). Chromotropic acid
(CTA) reagent (7ml) was mixed with 3ml of filtrate the mixture was cooled in cool water and
incubated at 40°C in water bath for 45 minutes; the yellow colour-80A formed was
measured at 410 nin a spectrophotomet@ndthe concentration of nitrate was determined
by reference to a standard curvel@ NQ-N ml-1) prepared from standard sobni of
NaNG:s.

Reagents: Chromotropic acid

1- Stock solution
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1.84 g of Chromotropic acidigHsOsS;Na, was dissolved in 1 litre of sulphuric acid$0,
.The solution was stored at 4°C
Working solution

Stock solution 100 m)h was dilutedn 990 ml of oncentrated k50O, andthen added 10 ml

concentrated HCI. The solution was stored at 4°C for several weeks.

3.2.4.2. Determination of ammonium in agricultural soil amended witttitrus pectin

Soil (50g) was placed in polythene bags and amended @iHig pectin and mixed
thoroughly. A control was sefp lacking without addegbectin The modified soil was
incubated in polythene bagéich wereclosed with a small hole to allow for gas exchange.
The bags were set up in triplicate and incubated for 28 aa®5°C. At zero time and at 7,
14, 21 and 28 daysamples were extracted. Ammonium was extracted from the soil with a
solution of KCI (150 g KCI / 1000 water) in the ratio: (1g) soil: (10ml) KCI. The soil was
shaken for 30min at 100 rpm on an orbitadlgdr then filtered through filter paper Whatman
No.1.
Determination of ammonium

Filtrate (2ml) was added to (1ml) of EDTA (6% w/v), (7ml) of distilled water, (5ml) of

phenolate reagent and (3ml) of sodium hypochlorite solution (10%v/v). The readkitune

was mixed thoroughly and incubated at 25°C for 20min in the dark. The volume was made up
to 50 ml and mixed and the concentration of the indophelnel ammonium complex was
measured at 630 nnusing a spectrophotometdiWainwright and Pugh, 1973)The
concentration of ammonium intensity was then determined by reference to standard-curve (0
5 0 & g4NNritl) prepared from atandard solution of ammonium sulphate ¢NBO,.

Reagents

1) Ethylenediaminetetraacetic acid (EDTA):

60 g EDTA was dissolveahi900 ml of distilled water then diluted tolL.

2) Phenol solution:

62.5 g Phenol was dissolved in ethanol (25 ml) and adding acetone (18.5ml) to made up to
100 ml. The phenol solutioshouldbe storel in the dark at 4°C.

3) Phenolate reagen20 ml of phenol solution was mixed with (20 ml) hydroxide sodium

(27% NaOH wi/v) and diluting to 100 ml. The reagent was prefdezsddaily.
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3.2.5.Antimicrobial activity of pectin

This experimentwas designed to deternaithe effect of pectin on bacteria relationto
controlling wound infection The following tacteriawere usedPseudomonas aeruginosa,
Staphylococcus aureus, S. aurddRSA3 and Escherichia coli(E.coli). Pectin, esterified
potassium salt, from citrus fruit (Sigma) was dissolved in stefitilled water. The
concentration of the solution of pectin was 5% (w/v). The solution was stored at 4°C as stock.
Phosphate buffer suspension of all stragwuivalent to 0.5 McFarland standard containing
1.5x16 colony forming units (CFU). Five wellwere made in each nutrient agar plage.
suspension (0.1 mbf pectinwas added to each well in nutrient agar, and the cultures were
incubated at 37°C for 3 dayBheclear zones werthenmeasuredDaoudet al, 2013.

Statistic analysis of data
All observationsverepresented alean + SE (Standard error). Sigma Bl@dtersion12.0)

was run to analyze data. P < 0.05 was considered aBcgigh Matching three samplegdst
was performed to check whether there waargsignificant differeces

3.26. Molecular identification of unknown laboratory bacterial strains
Generally, universabacterial identification methods can be achiewssing the 16S
ribosomal RNA(r RNA) gene. This technique has been used for many years in bacterial

taxonomy to measuring the similarity between bacterial isolates.

3.26.1. Extraction of bacterial DNA
1- A nutrient broth medium were prepared and incubatednoght at 37C. After the
incubation period, 1ml of media was transferred in a stegpendorf tube and
centrifuged at 6000 x g for 2 min at room temperature and the supernatant was discarded

completely.

2- The pellet was resuspended in 100pul of bufferaRdl mixed completely by pipetting up
and down. 20 ul of lysosyme was added and mixed well and incubatedGafo3720
min.

3- The mixture was centrifuged at 10,000xg for 3 min and the supernatant was completely
discarded.

4- 180 pl of buffer R2 was added toet pellet and then 20 pl of proteinase K was added and
incubated at 6% for 20 min in a water bath. 400 pul of buffer BG was added and mixed
well and then incubated for 10 min at’65After the incubation period 200 pl of absolute

ethanol was added andxed.
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5- The sample was transferred into a column tubes and centrifuged at 10,000xg for 1 min
whilst thefiltrate was discarded. The column wéeenwashed bythe addition of 750 pl
of wash buffer and centrifuged at 10,000xg for 1 min whilst the passingiscasagd.

6- Finally, the column was placed in a clean microcentritugpe 70ul of elutionbuffer
wasadded and centrifuged at 10,000xg for 2 toielute DNA. DNA was stored a20
°C.

3.26.2. Agarose gel electrophoresis

DNA fragments were separatey bsingl % agarose gel. These gels were prepared in the
by dissolving 0.5g of molecular biology grade agaros&dmml of 10x TAE buffer. The
mixture was heated in a microwave approximately 3 minutes until dissolving the agrarose
and the solution was caold . T h eaf ethideim brenlide was added to the mixture
before setting the solution in gel tray, and then the gel was poured in the gel rack. After that,
the comb was kept at room temperature. The gel was floodOxiTAE buffer Samples
were mixedwi t h 2 ¢ | | oading dye then were added to
in one well in order to find out the size of fragments. The samples were then undergone
electrophoresis for 40 min operated at 80V. Digital insageretaken using UVitec linke to
a digital camera.

3.26.3. 16S rRNA gene

After isolation of genomic DNA from unknown bacteria, 16S rRNA genes were
performed using polymerase chain reaction (PCR). Bacterial universal Oligonucleotide
primers (Forward and Reverse) were us€Ede 16S rRNA gene was amplified with the
universal fungal forward primer 16SUN1 FOR
CCGAATTCGTCGACAACAGAGGATCCTGGCTCAG (34) and 16SUN1 REV
CCCGGGATCCAAGCTTACGGCTACCTTGTTACGACTT (37)Weisburget al, 199).
Typically, the same PCR mixture in fungi was used in bact&€ha. thermal cycling order
which was used for the amplification of 16S rRNA gemehis experiment was as follows:
initial denature at 94°C for 3 min to separate double stranded DNA into two single strands,
followed by 30 cycles of DNA denaturation at 94°C for 1 min, and primer annealing at 60°C
for 1 min. Afterwards, the temperatureasvdecreased to allow primers to anneal. Strand
elongation was conducted at 72°C for 5 min to allow the Taq polymerase to replicate the
remaining single strand of DNA. Final elongation was done at 75°C for 5Than.PCR

reaction was achieved in electropbsis on al % agarose gels after finishing the
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amplification processes of 16S r RNA gene. 1
Blue/Orange 6% loadingdye andrunoh® agar ose gel as described

of 1 Kb Hyper ladder loading ithe gel to confirm the correct sized product.

3.26.4. Phylogenetic analysis

The samples were immediately sent to thversity Medical School Core Genetics Unit
for sequencing using 16S FORES REVas sequencing primers. 16S rRNA gene sequences
were compared inhe Basic Local AlignmenSearch Tool (BLAST). All sequences were
corrected by the Finch TV software to identify matches with existing characterized

sequences.

3.3. Results andiscussion

3.3.1. Qualitative assayf pectinolytic bacteria

Seven bacteriadpecies weréound to growon pectinas theonly carbon sourcésee Bble
3.1). Initial results showed that most bacterial species produce pectinase and break down
apple pectin iPSAM. Mostisolateswere classified as good producers e€fnasedy virtue
of producinghydrolysis zones aroundolonies. Thedifferent speciesxhibited different
growth rates Pseudomonas aeruginosiowed clear zoneat pH 7 only This results in
agreement witlthe results obtained dyatif and Sohail 2012 who reported that sgries of
Pseudomonascan produce pectinase in pectith medium. However, the same strain
showedno cleaing zonesat pH 5. This maybe due tahe fact thaPseudomonaaeruginosa

producedalkaline pectinases on{pH 7).
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Table 3.1: Enzyme production by bacteliimPSAM after 48 hours incubation

Bacteria Pectate lyase Polygalacturonase

production (pH 7.0) | production(pH5.0)
Pseudomonas aeruginosa positive Negative
Bacillus cereugB1) positive positive
Staphylococcus aureus Negative Negative
Bacillus thuringiensigB2) positive positive
Escherichia coli (E.coli) positive positive
Cupriavidus necator positive positive
Bacillus megaterium positive positive
Rhizobium sp. positive positive

Our results are confirmed by the studies &fumar et al,( 2005 which indicated that
Pseudomonas aeruginosl@es not produce pacase Bacillus cereusvas found to produce
two forms of pectinase. Positive pectinase production fBamillus cereushas also been
confirmed by Venkata Naga raju and Divakar (2013)the case oftaphylococcus aureus
no clear zones was observed ana/do growth was detected. These results disagree with
those of Nagaraju and Divakar (2013) who found that coccal species, incluSiagh.
aureusare activepectinase producersB.megterium appearedo be astrong pectinase
producer Figure 3.1 shows clarly two representative plates Btmegterium grown on pH
7.0 and pH5.a@he present finding suppoBertagnolliet al,( 1996 study whichconcluded

thatculture filtrate fromB.meg@terium contained pectinase activity

Figure 3.1: Bacillus megateriunm PSAM medium (A) pectirmediumatpH 7.0 (B)
pectinmediumat pH 5.0 after48 hours
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3.3.2. Qualitative assayf pectinolytic fungi

Most fungalcultures were shown to lgwod pectinase producei&he fungal pectinase
activities have been shownTable 3.2. Aspergillius flavus ,Aspegillius oryza,Penicillium
verrclusiumand Pencillium daleaenvere shown toproduce pectinase in twiorms. A study
has been reported that tReniciliumandAspergillusspecies are able to produce pectnas
(FavelaTorreset al, 200§. Several studies have been demonstrated that among many
microorganismsAspergillusspecies aravidely used to produce huge amount of pectinase
(Teixeira et al, 200Q MartinezTrujillo et al, 2009. FurthermoreAspergillius niger is
considered the main fungus used thoe industrial production of pectinolytic enzymé@ésatif
and Sohail, 2012

Table 3.2 Enzyme productiofungi in PSAM after 2 days of incubation

Fungi Pectate lyase production Polygalacturonase

(pH 7.0) production(pH5.0)
Trichophyton Negative Negative

mentagrophytes

Alternaria tenuissima positive positive
Aspergillius flavus positive positive
Penicillium verrclusium positive positive
Motriella amobia positive positive
Aspergillius oryza positive positive
Penicillium daleae positive positive
Aspergillius niger positive Negative
Mucor hiemils positive positive
Acromonium streatim positive positive

The results presented in this Thesis show thsgpergillius nigergrew poorly and was not
able toproduce pectinasat pH 5. This trend was not expected andould be the pH 5 was
not a favourable pH for pectinase prodion in Aspergillius niger. Production of pectinase

capable of degrading apple pectin was detected also Astomonium strectiumpP.
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verrclusium Alternaria tenuissimandMotriella amobia(Fig.3.2). The opposite results was
observedising Trichophytonmentagrophyteshich wasunableto producehetwo forms of
pectinase, likely because its nutritional needs were littlejtameght be provided bgrother
substrate in the medium.

Figure 3.2 Fungalpectinase productiom PSAM medium pH5 after 2 days incubatiqi\)
Acromonium strectiun{B) Alternaria tenuissimgC) Motriella amobiaand(D) Penicillium

verrclusium

3.3.3. Quantitative assay for pectinase derived from pectinolytic bacteria
Pectinase production and growth Bymegatdum was evaluated on two types of broth

mediumin orderto determine which medium supports pectinase production.

3.3.3.1. LB

For the pectinase production in broth mediBrmegateriunwas ®lected ashe most
active isolate Initially, the stain was evalated on LB medium supplemented with apple
pectin asthe carbon soure As it can be seen in kige 3.3, there was a gradual rise in
enzyme production during 6Mtbrs In addition, pectinase production reached a maximum

valueafter60 hours Wheeas, the pectinase level in the control remaioedandstable
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Figure 3.3: pectinase activity produced Bymegateriunin LB medium supported by apple

pectin.B.megateriung Sl_ ) and contr(

. Means of triplicates#) standard error.
*significant difference from the control (P < 0.05).

It can be concluded tha®.meg@terium grew well on LB medium plus pectin and
produced different levels of pectinaddoreover, the pectinase was sded in early stages
(12 hours.), a fact whichallows quick detection of degraded products. As indicated by
Kashyapet al,(2000; LB medium with 0.25% pectin is osidered the best medium for
pectinase productiorA significant difference (P<0.05) in pectulegradationrwas observed
throughout theincubation period.Figure 3.4 shows that cture pH was substantially
increased through 6Boursto reach the highest value 9.is trendcorrolatedwith the
pectinase production trend.This fact sugg#sat pectinase activitis directly infuenced by
the pH of medium. Significant difference (P<0.05) in pectin degradation was observed in

tested incubation period except aftert@irs
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Figure 3.4 ThepH values obtainedhenB.megateriunwas gown inLB medium

containingapple pectinB.megateriur( EElllls ) and control ). Means of triplicates

() standard errof;significant difference from the control (P < 0.05).

3.3.3.2. YEP

The stain was also evalated on YEP medium supplemented wépple pectin ashe
carbon souwe. Figure 3.5 refers to the pectinase production in YEP medium through 60
hours There was a considerable increase in pectinase production duritgué® A
maximum value recorded at hbursincubation. Furthermoreéherewas marked pectinase
production inthe early stage®f growth(at 12 and 24burg, followed by a gradual decrease
at 36 and 60 hours. However, the control remaloedandstable.
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Figure 3.5: Pectinase activity produced Bymegateriunin YEP medium supported with

apple pectinB.megateriur(ill) and contro Means of triplicates#) standard

error.*significant difference from the control (P < 0.05).

YEP medium with 0.25% ectin asthe greatest mediunfor pectinase productiohas
been reported byKashyapet al, (2000. A Significant difference (P<0.05) in pectin
degradation was observed in tested incubation period except atteuBS he results given

in Figure3.6 showthe value opH in YEP medium.
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Figure 3.6: pH values obtainedy B.megateriumn YEP medium supported with apple

pectin.B.megateriun{®#E&) and contro

. Means of triplicates#) standard error.

*significant difference from the edrol (P < 0.05).

The levels of alkalinity found in inculcated culture higher than those found in control. A
maximum value was observed after BOurs and it was 9.7. Based on these results, the
alkalinization of YEP mediumcorrelated withammonia poduction. The results presented
here suggest that the production of pectinase is influenced by the conditions of medium such
as pH(Silvaet al, 20085.

3.3.3.3. Effect of salts on pectinase production in LB and YEP medium
The influence of two salts on pectinase produrctiasbeenstudied The results provided
in Figure 3.7 and 3.8 show that the addition of Ca@hd MgSO,. 7H,0O to LB medium

producedanincrease in pectinase production compare to the control.
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Figure 3.7: Effect of CaC} on pectinase production [B.megateriumn LB medium

supported with apple pectiB.megateriunin LBPC (m===) and control iLBPC (& ).

Means of triplicatest) standard errofsignificant difference from the control (P <0®).

It can be clearly seen thataChb and Mg@SO: enhanced pectinase activitlyy
B.megateriumin LB mediumandsupported enzymproductionreached the highest value

after 60and 36hoursrespectively.
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Figure 3.8: Effect of Mg.SO, on pectinase production l.megateriunin LB medium
supported with apple pectiB.megateriunin LBPM (#&&#& ) and control inLBPM

Means of triplicatest) standard errofsignificant difference from the control (P < 0.05).

In the case ofhe addition ofCaCl, the culture achievealgradual increase of pectinase
production in early stages (at 12 and @4ty then the level of enzyme decreased following
by achieved maximum value aft@® hours of incubation. Wheretse addition of MgSQO,.
7H,O promoted pectinase production to rise graduallyeach the highest value after 36
hours of incubation after which it decreased\ctivity was observever theincubation
period in LB+ CaCl ard LB+ Mg,SO,.7H,0; the salts improwg pectinase productiorA
similar trend was observed in YBERedium (Fig 3.9 and 3.10)The addition of CaGland
Mg.SQ,. 7H,O to YEP medium resulted in a considerable increase in pectinase after 60 and

24 hours respedstely.

Regardingthe addition ofCaCl, the levels of enzyme found inaculated culture was
higher than those found in contrdlhis fact suggests that YEP with Ca@las favorable
medium forthe growth ofB.megateriumin addition, This explains whYEPC medium is

regarded as a useful additive for pectinase production.
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Figure 3.9: Effect of CaC} on pectinase production [B.megteriumin YEP medium

2).

Means of triplicatest) standard errofsignificant differencerom the contro(P < 0.095.

supported with apple peot B.me@teriumin YEPC (=== ) and control inYEPC (¢
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Figure 3.10: Effect of MgSO, on pectinase production bg.megteriumin YEP medium
with apple pectinB.megteriumin YEPM (5888 ) and control inYyEPM =

triplicates ) standard errorsignificant difference from the control (P < 0.05).
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Similarly, pectinase production occurréttoughout the incubation period uisNgPM
medium and was expected (F&10). A notable rise in reducing sugars occurred dfer
hours of incubation, followed by a decrease at 36 arftb@fs In the same time the control
value remained stable, excefter 60 hours. It can be concluded thddition of salts to LB
and YEP medium resulted a significant levels of pectinasethadsupplementation of the
salts promoted pectinase production. This results in agreement with the wakhyfapet
al., (2000.

A change irthepH of LB mediumwhenamendedvith salts was observed (Fig.11). The
pH of the culturemediumincreasedver the incubation period his Figureshows a gradual
increase in pH value to reach maximum value after 60 hours of inculf@tmming addition
of the salts. Inthe case ofboth salst, thenaximumpH valuewasachievedafter 60 hoursta
9.5. It can be clearly seen that the alkalinity of medium reached the highest valih galts

after 60h of incubation in LB medium.

10 *

pH value
0

12 24 36 60
Length of incubation (hour)

Figure 3.11: pH values obtainedy B.meg@teriumin LB medium supported witGaCh and
Mg,SO; . B.megteriumin LBPC (Ml 5nd control inLBPC ( ). B.meg@teriumin
LBPM (E=8888) and controLBPM
*significant differencérom LBPC andLBPM (P < 0.05.

1). Means of triplicates) standard error.
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Change in pH value in YEP medium amended with salts wasdelssmined In Figure
3.12 the value of pH increased gradually and the highest wedisdound after 6thours The
maximumwas9.7in YEP +CaChLand 9.5n YEP + Mg,SOy. A notablefact arisingfrom this
work is thatanincrease in pH value was observed in all casé$ and YEP media anthe

changesn pH valueswere produced itheearly stages of pectin degradation.

12

10 1

pH value
()
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Figure 3.12: pH values obtainedly B.meg@teriumin YEP medium supported wit@aC} and
Mg,SO, . B.megteriumin YEPC (wmmm ) and control inYEPC( ). B.megteriumin

YEPM ( ==mmm ) andcontrol inYEPM (=== ) Means of triplicatesX) standard error.
*significant difference fronfYEPCandthe YEPM (P < 0.09.

The relationshigbetweenpectinaseproduction and the change pH was studied in all

types oftest media. Table 3showsthe association of pectin deglation and pH values.

There was a slighdifference between the point of maximum pectinase production and the
point of highest pH value. This fact explains that pectinase production could be modulated by
pH of medium particularly in the case bB, LBPC and YEPC media. However, MEP,

LBPM and YEPM enzyme production was seen taielated to theH value. When apple

pectin was used as the carbon source, groihmegateriunwas increased, indicating that
B.megateriunwas able to degrade the pectiroagh to support its growth (Fi§.13).
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Table 3.3: Therelationshipbetweerpectinase productioandpH.

Type of medium The time of reach The time of reach
maximum value of maximum value of pH
pectinase production
LB At 60 h. At 60 h. (9.6)
YEP At 24 h. At 60 h. (9.7)
LBPC At 60 h. At 60 h. (9.5)
YEPC At 60h. At 60h. (9.7)
LBPM At 36 h. At 60h. (9.5)
YEPM At 24h. At 60 h. (9.5)

0D 600

24 36

60

Length of incubation (hour)

Figure 3.13: Growth curvesof B.meg@teriumgrownin LB mediumsupplemented with Cagl

and MgSO, measured at optical density of 600.MBamegteriumin LB ( =——=—) ,

B.meg@teriumin LBPC (

) andB.megteriumin LBPM (——). Means of triplicates
() standard error.*significantdifference fromLB, LBPC andLBPM (P < 0.05.
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Figure3.13 shows thatell growth increased after 12 and Zursof incubation then the
levels of growth decesed in LB and_.BPM media. However, it remained stablele case
of LBPC. A similar result \w&s obtained for YEP medium (Fig.14). The results showhat
there was a significant growth after h@urs of incubation after that thisme, growth
decreased graduallydowever, therewas no associatiorseenbetween growth and the

pectinase productionytB.megateriunin all cases of LB and YEP media.

0D 600

12 24 36 60
Length of incubation (hour)
Figure 3.14: Growth curvesfor B.meg@teriumgrownin YEP mediummeasured at optical
density of 600 nmB.megteriumin YEP(—=—) , B.me@teriumin YEPC(—=—) and

B.me@teriumin YEPM (—%—). Means of triplicatesH) standard error.

3.3.4.Quantitative assay for pectinase derived from pectinolytic fungi
Figure 3.15 shows pectin degradation Byoryza. Initially, a markedincrease in pectinase
was seenwith the amounpeakng after 2 days of incubatigrwhich was reduced after 3
and 5 dayswhereas the control remained stable. In addithanryzasuccessfully gw in
apple pectin to produce the enzyme. This rasuit agreement withBenoitet al, (2012
who pointed out that A.oryza grows on pectin and it has pectinolytic potentiahd

industrial use for pectinase production.
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Figure 3.15: Pectinaseactivity producedoy A.oryzain L-asparaginenedium supported with

apple pectinA.oryza (®=E ) and contr

3). Means of triplicatesH) standard error.

*significant difference fronthe control (P < 0.05.

3.3.4.1. Evaluationof pH

Figure 3.16 shows that pH was increased and peaked 8.3 after 3 days of incubation.
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Figure 3.16: pH values obtainetly A.oryzain L-asparaginenedium supported with apple
pectin A.oryza(=*) and control —=—). Means of triplicatesH) standard error.

*gignificant difference fronthe control (P < 0.05.

This value decreased aftédays. However, the control was stable. It can be sesn th
pectinase activitgid not reached theighest valueat the point omaximum pH value (after 3
days).
3.3.4.2. Evaluation of growth

The growth was evaluated by the mycelium density combined with measurement of the
biomass The results provided in Rige 3.17 illustrate the optimal growth D A.oryza on
pectin mediunThe results show that there was a significant growth ofstta and the
fungus grew very well to peaked the highest value after 5days. On the otheAltagda
show a decrease in biomasfiter 3 days.Generally, the pectimedium promotedi.oryza

growth
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Figure 3.17: Biomassproducedy A.oryzain L-asparaginenedium supported with apple

pectin. Means of triplicates) standard error.

3.3.5. Chemical aalysis

Samples fronpectinwere analyzetb determinanacronutrientslecomposition products

from pectin(Nitrateandammonium).

3.3.5.1. Determination of nitrate

Figure 3.18 shows the nitrate levels in agricultural soil amended with peatid control
The nitrate production from the oxidation of ammonium reached maximum value in zero
time then the value was increased dramatically. Surprisingly, thes lgfvaltrate in control
werehigher than the treatmeimt all weeks of incubation. In adan, the highest nitrification
peaked in control at 4 weeks.
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Figure 3.18: Nitrate production fronthe hydrolysis opectin Treatmensoil (—*—) and
contro(=—>=—). Means of triplicatesH) standard errofsignificant difference from the
control (P < 0.05).

3.3.5.2. Determination of ammonium

Figure 3.19 shows theamount ofammoniumproducedrom agriculturalsoil amended with
pectin The amount of ammonium in the treatment was highan tontrol in weekwo and
week three However, the levels of ammoniunpeaked,the highestvalue in the treated
sample occurring after 2weeks. There is mgnificant differencebetween treatment and

control.
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Figure 3. 19: Ammonium production from the hydrolysis péctin. Treatment #sse) and

control( 7). Means of triplicatesH) standard error.

3.3.6.The antimicrobial activity of pectin

Table 34 shows antibacterial effects of pectimginst some pathogens particatlye
bacteria cause infection in the wounds. The reslitsv that the pectin had considerable
antibacterialctivity againstescherichiacoli, Staph.aureusnd Staph.aureu$/RSA3 which

act as the most flora cause wounféation. In addition, they are common human pathogens.

Figure 3.20: Antibacterialactivity of pectin againssomebacteridflora in thewounds(A)
Staphaureusand(B) StaphaureusMRSA3 after 48lours of incubation
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The more 8rprising ispectin canbe used against resistant bacteria sucBtaph.aureus
MRSA3 which is considereda resistantbacteriumto common antibioticgFig. 3.20).
However, pectinhadno effect againsPseudomonas aeruginosghis fact considered the
pecin has narrow range of antibacterial activity and affected on speedimd flora of
bacteria

Table 3.4 :Antibacterial activity of pectin.

Bacteria Antibacterial effects
Escherichia coli Positive
Staphylococcus aureus Positive
Staphylococcus auret$RSA3 Positive
Pseudomonas aeruginosa Negative

The data from this study explain that there is an obvious antibacterial effect of pectin against

bacteria related to wound infection (F&21).

25
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Clear zone size (mm)

E.cOll [ aph aotm™® MRSA3

Bacterial strains

Figure 3.21: Clear zone size (mm) produced from bacterial strains after 48 hours of

incubation.
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This suggests thathe pectin is natural substrate accessible in the different types
Moreover, the pectin probably natural antimicrobial can be used against these bacterial
strains as safe treatment. Antibacterial effects of pectin against bacteria confiriaduuy
et al, ( 2013. Far too litte attention has been paid to use of pectin against pathogenic
bacterialt can be concluded thdevelopmenbf our knowledge about the pathogenicity and
virulence of E.coli, Staph.aureusand Saph.aureusMRSA3 is needed In addition, he
resistance of bacteria against antibiotic, the costs of medicine, side effect of antibiotic and

limited new discovery of antibiotics needs alternative therapy.

3.3.7.Phylogenetic identification of unknownlaboratory bacterial strains

The unknown laboratoryisolates used in pectinolytic activity were identified using
molecular technigue Two strains of unknown bacteria wadentified usingl6S FOR and
16SREV primers They weredesigned as B1 and BAgarosel % gel was used to check
the expected size of amplified produgigure3.22 shows the successful PCR products.

Kb
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N
o
|

[
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Figure 3.22: Product of16S rRNA gene from PCRproducedrom Bacilluscereus Arrow

indicates bacterial produfitom the gel.

TheisolateswereidentifiedasBacillus cereusandBacillus thuringiensisvith similarity
99 % and 98% respectively (Table 3.Blast analysis 0ol6S rDNA sequence oB1l gavea
similarity of 99% with Bacillus cereus(Fig.3.23).
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Table 3.516rRNA sequence analysis ohknownbacteria

Representative | Closest matches Sequence | Length of NBCI
sequence identification identity Sejuence (Accession

(bp) number)

Bl Bacilluscereus 99% 1525 KF672365.1

B2 Bacillus 98% 789 EU588682.1

thuringiensis

Bacillus cersus strain BS2 165 rnbosomal RMNA gene, partial sequence
Sequence ID: gb|KFET72365 1] Length: 1525 Number of Matches: 1

Range 1: 39 to 735 SenBank Graphics

Score Expeact Identitias Gaps Strand

1238 bits(1372) 0.0 693/607(00%) 1/697(0%) Plus/Plus

Ccuery 1 GOCTAATACATGCARGTCGAGCGAATGGAT TARGAGCTTGCTCTTATGRARGTTAGCGGCG
. trrrrrrrrrrerrrerrrrerrrrerrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrnrnl
Skjct 39 GOCTAAT ACATGCAAGTCGAGCGALTGEAT TARAGAGCTTGCTCTTATGARGTTAGOGECGS

Cuery &1 CGACGGCTGAGCTARCACGTEGGEGTARCCTGCCCATARGACTEGESGATARCTCCGEGERARRICGS
. trrrrrerrrrerirrerrrrerrrerrrirrrrrrrrrrerirrrrrrrrrrrrrrrrrnnl
Sbjct 99 GACGGGTGAGTAACACGTGGGTARCCTGCCCATARGRACTGGEGATARCTCCGEEGARMCCEE

Cuery CEGATARCATTTTGRARCCECATGETTCGARATTGRARGEOGGCTTCGEECTG
. frrrrrerrrrerrrrrrrerrrrerrrrrrrrrrrrrrrrrrrrrerrrrnl
Skjct 1 A CCGGATARCATT I TGALCCGCATGE T TOGARATTGARRGGOGEOTTCGECTE

Cuery ACTTATSCATGGACCCGCGTCCCATTANCTAGTTGESTGAGCSTARCGECTCACCARGGT
rrrrrrrrrerrrerrrerrrrrrrrr o orrerrrrrrrerrrrrrrrrrrerrrrrend
Sbjct Z19 ACTTATGEATGGACCCGCETCGCATTAGC TAGTTGETGAGETAACGECTCACCARGET

Cuery ARCGATGECGTAGCCGRACCTGRAGRAGGGETEGATCEECCACACTEGEACTGAGRCACGGCOCRAG
. trrrrrerrrrerirrerrrrrrrrerrrrrrrrrrrrrerirrrrrrirrrertrrrrrrnnl
Skjct 7 A ACGATGCGTAGCCGACC TGAGAGEGTGAT CGGCCACACTGGEACTGAGRCACGECOCAG

Cuery ] ACTCCTACGCSGAGSCCAGCRAGTAGEGAATCTTCCGCAATGGACCGRARACTCTGACGGRAGTRE
trrrrrrrrrrerrrerrrerrrerrrrrrrrrrrrrerrrrrrrrerrrrrrrrrrrnrnl
sbjct ACTCCTACGEEAGECAGCAGTAGGGAATCT TCCECARTGEACGARAGTCTGACGEAGCAR

cuery CGCCGCGTGRAGTGATGRARGGCTTTCGEETCGTARRRCTCTGTTGTTAGGGRARGRACARGT
. trrrrrerrrrerrrerrrerrrerrrerrrrrrrrerirerrrrrrrerrrrerrrnrel
Skbjct CGCCGoGTGAGTGATGAAGGC T TTCGGETCGTARRAACTCTGTTGT TAGGGRAGRARCARGT

Query GTTGAATAAGCT GEGCACCTTGACGES TACCTALACCAGRANGCCACGECTARCTACGT
trrrrrrerrrerrrrrrrerrrrrrrrrrrrerrrrrrrrrrrrrrrrnl

sbjct ! GARATAAGCTSECACCTTGACGETACCTARCCAGARANGCCACGGCTARCTACET

Query GCGGTAATACGTAGGTGGCARGCGTTATCCGGRATTATTGGGCGTRARRGC
rrrrrrrrrerrrrerrrrerrrrrerrrrrrrrerrrrrrrrerrrrrrrrred

GCGETAATACGTAGE TGECARAGCGTTATCOGGRATTATTGGEOGTARRGC

GETTTCTTAAGTCTGATGTGARAGCCCACGGCTCARACCETGEAGEETCAT
. Lirrrrrrerrrrerrrrrrrerrrerrrirrrrrerrrerrtrrrrrrrrrrrnl

sbjct AGETGGTTTCTTARGTCTGATGTGARAGCCCACGGOTCARC CGTGEAGGEETCAT

Caersy

Lo
|
Skjct Y C
T
|

Query TGERAAACTGGGAGACT TGAGTGCAGARANAGGRRAGTGEGAATTCCATGTGTAGCGGTGRAD
. trrrrrerrrrrerrrrrrrerrrerrrr orrrrrrrrerrrrrrrerrrrerrrrrrrrnenl
Skbjct TGEALACTGEEAGACT TGAG TGOAGR AGAGEARAGTGEAATTCCATGTCTAGCGGTGRARR

Cuers TEoETACAGATATCGEAGEARC—COCAGTEECERARGEOE &e96
|
Skjct TEOETAGRGATATCEAGEARCARCOCRGTEECGRARGEIE T35

Figure 3.23: Sequence dBacilluscereus(achievedafter the amplification ofvhole cell
genomeyeferring to theaffiliations throughBLAST studiesTheiQueryfireferring tothe
line wheninput sequencthefiSubjeciirefers tosequencef line matching
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CHAPTER 4
STUDIES ON MICROBIAL DEGRADATION OF ALGINATE

4.1. Introduction

Many reent studies have confirmed thtie alginatesare generally extracted from
seaweed andthey are used as gelling agents many applications such dsod, paper,
biomaterials and pharmaceutical industri€ao et al, 200j. The majority of alginates
(which are used commercift) are obtained from three genera of seawebthcrocystis
Laminaria and Ascophyllum Also, alginates are produced by two heterotroplactérid
families Pseudomonadacead AzobacteriaceaeAccordingto an investigation byvVong
et al, ( 200Q; Bacterid alginates differ to seaweed alginates due {acétyl groups located
on 2 or 3 position of Bnannuronic acid

4.1.1. Source of alginates

The alginate from brown seawedehéeophyta) and frorAzootobacter vinelandinclude
random sequensef uronic acid blockswhile the alginate fronpseudomonas aeruginosa
and other species giseudomonasontairs L-guluronate only and might have different
numbes of D-mannuronate(Sutherland, 1995 Alginates are known as unbranched
polysaccharides consisty of (1,4)}linked b-D-mannuronic acid (Mblockg and U-L-
guluronic acid (Gblockg linked with glycosidic bondarranged in two forms which are
homopolymeric (MM or GGhblocks) or heteropolymeric random sequence {MG GM-
blocks)(Caoet al, 2007.

4.1.2. Alginate degradation mechanism

The alginates can be depolymerised by the action of alginate ugasge the mechanisms
of b-elimination to generate oligosaccharides. Oligosaccharides contafrufisaturated
glycosyluronic acid (4deoxyL-erythrohex4-enopyranosyl uronic acidps nonreducing
ends (Shimokawaet al, 1997). The mechanisms target glycosidit 4 O-linkage which
located between the monomeX4arious oligosaccharidesvith unsaturged uronic acid (4
deoxyL-erythrohex4-enepyranosyluronate at the mn@ducing ends) and unsaturated
uronic acid monomers can be formed as a result of alginate lyase &atrtimermore by
endolytic andexolytic alginate lyases, aginate can be transirmed into unsaturated

monosaccharigausing the process of saccharificatigam et al, 2017).
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4.1.3. Microbial alginate lyases

Alginate lyass areknown as alginate depolymerases or alginases and they play important
role in alginate degradation. In spdgall alginasesachiewng basicallythe same degradation
mechanism on alginate; individual characterssttain be detected for each enzyme via its
glycolytic bondpreference. There are some marine ahiand bacterial species producing
two or more alginate lyases although most organisms proglacsingle alginate lyase. Due
to the complex structure ofg@hates microbial degradation fothis materialis not simple.
Basically, the discarding and use of seaweed wastes are essential for the protection of marine
environmentand recycling of organic matteift has been suggested thsblation of
alginolytic microorganismsand use them to alginate degradation is significant for the

successful recycling of seaweed wagtElghwany and Elborai, 2032

Alginate lyases have been recognized in several microorganisms such as marine bacteria,
marine fungi and marine algae. Tim&croorganisms which can use alginates as casooince
produce two types of alginate lyasesxolytic andendolytic alginases. Unless they show co
operation relationship with another organisms in order to breakdown the complex
polysaccharide to small subunifdbdelHafez et al, 200§. Although alginate lyaseare
found in marine organisms, also they have been detected in soil bacteria ®atillas
spp (Sutherland, 1995Alginase lyase fronHaliotis, Photobacterium spandPseudomonas
aerugirosa are considered as poly M lyase while those frifebsiella aerogenesnd

Pseudomonas alginovorre poly G lyas¢Sawabeet al, 1997.

The alginate lyase can be prodddsy several bacterial strains such as marine bacteria,
Gram-negative bacteria an@ram-positive bacteriaThe majority of marine bacteriguch as
P.alginovoraable to use alginate as carbon and energy solmcspite most of marine
bacteria produce one alginate lyaBeglginovora produce two types of lyases: polgM)
and poly(G) lyasesThere is oe difference between marine bacterial lyase and soil bacterial
lyasewhich is marine lyase differs in the size and the substrate specifidigynate lyases
can be found inGram-positive soil bacteria such @.circulans and Gram-negative soil
bacteria such a#é.chroococcumA.vinelandiiand P.syringae Interestingly,alginate lase
also has been found in certain bacteriophages which specifieseudomonas spand
Azotobacter. These phages use alginate lyases to penetrate the bacteridbatadety

exopolysaccharide@Nong et al, 200Q. Marine fungi have been investigated regarding
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alginate lyases productionin fact, there are few species of marine fuagie to @grade
alginates. These species belong to three speddesidryphiella salina, Asteromyces cruciatus
andCorollospora ntermedia(Schaumann and Weide, 1990

The primary goal of this Chapter was tasolae fungi and bacteria from detritus and
decaying fronds from marine habitats.further aim was @eening for alginate degrading
enzme production Classical molecular techniques were employed to identify and

characterise the bacteaad the fungisolatedfrom detritusand decaying fronds

4.2. Material and methods

Two fresh seaweed samples were obtained for use in the isadationgi, namelyFucus
was obtained from Robin Hood's Bay Yorkshire, UK draminaria from Filey North
Yorkshire.UK (Fig4.1).

4.2.1.Descriptions of sampling
The decaying fronds dfucusand Laminaria were rinsed withdistilled water to remove
attache soil particles and other materialhen placed in sterile transparent-fopgk bags

and transported to the laboratory.

Figure 4.1: Fresh seaweed (Aucusand (B)Laminaria.

Several marinesandsamplesvere collected andtored in polythea bags (20cm square) at

4 °C until used.Salinity of seawatewas determined by the use aflaboratory Salinometer
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(Fig. 4.2). The pH was also determined using a pH meter with a glass electrode (3310,
Jenway Ltd, UK).

Figure 4.2: Salinometer.

4.2.2. Intial isolation of marine microorganisms
Isolation of microorganisms from both marine plants and marine sands samples was
carried out usind@oyd and Kohimeyemedium (B and Kxescribed by Vermé011)and
also usingsodium alginate mediufAPY). The nmediasterilised by autoclaving at 121°C for
15 minutes. Inthis study two types of marine microorganisms were isolated: marine fungi

and marine bacteria

4.2.2.1. Isolation of marine fungi

From decaying fronds of seawedti¢usandLaminaria); marine fungi were isolated by
particle plating method using B and K medium prepared with sea water containing 10%
antibiotic solution.Particleplating methodis a selective isolation technique described by
Verma (2011).The decaying fronds dfucusand Laminaia were cut into pieces (1 cm)
under sterile conditions and thesurface sterilized for 5 min with of 0.5% sodium
hypochlorite solution. The solution was then drained and the frond pieces waghede3
with sterile seavater. These pieces were homogedizisinga sterile mortar and pestle and
passed through sterile sieves followed by washing with sterilevata. The particles
retained on the sieve were then transformed on Boyd and Kohlmeyer (B and K) agar medium
consisted of 1 g yeast extract, 2 g foeye, 10 g dextrose and 15 g agar prepared 1000
ml of naturalseawater and supplemented with 10% antibiotic solution to prevent bacterial

growth
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4.2.2.2. Isolation of marine bacteria

Isolation of bacteria was carried out from marine sand using &dgar medium described
by Sawabeet al, ( 1995. The mediumconsists of 0.5g sodium algina{§igma), 0.1g
tryptone, 0.1 g yeast extract, 15g a¢@xoid Nol),in 1000 minaturalseawater at pH 8.0.
All components wereissolved and sterilised by autoclaving at 121°C for 15 minutes
Nystatin (Sigma) was added as solution to avoid dliggowth. The isolation of bacteria was
carried out as follows: 25 g of marine sand were added to a flask containing 250 ml of sterile
seawater. From 1bto 10 ™ dilutions, 0.1 ml was inoculated on an APY agar medium and
incubated at 37°C for @ays.The colonieson the APY agar plates were purified on the same
medium. Developed colonies were then, streaked onto new APY plates and incubated in
order to obtain pure culture3o ensure strain purity, the isolations were conducted in
triplicate. The colonies weremaintained on Tryptic soy agar (Fluka) consistédL7gcasein,
3g soyapeptone5g sodiumchloride 2.5 g glucosg2.5 dipotassium hydrogen phosphate and
15 g agar in 1000l deionisedvater.

4.2.3. Assays for degradation of sodium alginate inlggtes
An experimentalinvestigation was conducted tearchfor alginolytic microorganisms.

Alginolytic microorganisms can use alginate as carbon sources for their growth and survival.

4.2.3.1.Degradation of sodium alginate in platedby fungi (alginolytic fungi)

Plate assays for alginate degradation of marine fiisplated from seawegdvere
performed on APY agar plateBour marinefungi isolated from the above methods were
qualitatively screened for the presence of alginate degrading enzysies model dye
release methods.
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Table 4. 1:Composition of artificial seawatetyman and Fleming formuléester

et al, 1967.
Components Amount/L
Sodium chloride (NacCl) 5 g (0.5%) and 30 g (3%).
Sodium sulphate (N&Oy) 4.008 g.
Potassium chloride (KCI) 0.677g.
Sodium bicarbonate (NaHGD 0.196 g.
Potassium bromide (KBr) 0.098 g.
Boric acid (HBOs) 0.026 g.
Sodium fluoride (NaF) 0.003 g.
Magnesium chloride (MgGIl6H,O) 1.071mg.
Mill -Q water 1000 ml.

Also, additional fungal isolateswere tesed; Trichophyton mentagrophytgslermatophytic
fungi), Aspergillius oryzaPencillium daleagunknown funguglabortory strains) Aspergillius
flavus, Penicillium verrclusiurandMotriella amobia(isolated from hair)The screening for the
presence of alginatgegrading fungl enzymes was carried out oodsum alginate agar medium
(APY) as described above in 1000 ml calciand strontiurrfree artificial sea water (NaPYNS)
pH 7 (Table4.1) described by Lyman and FleminyaPYNSwasincludedtwo concentration of
sodium chloride 0.5% and 3% at pH 7.%-or this test; 8mm disc of eadingal culture was
inoculated on plates containing the test medium, incubat®sl &t for 2-3days. The presence of
alginate lyase activity was detected by gently flooding plates with a solution of 0.05% (wt/vol)
agueous rutheam red stain (Sigma). Plates were flooded with the dye solution and left at room
temperature approximately 10 min. Regions whioldicatedegradedhlginate by alginate lyses
were recognized as light pink clearing zones against a dark red backdi@®andsa and
Wusteman, 1990
4.2.3.2 Degradation of sodium alginatein plates by bacteria (alginolytic bacteria)

Elevenlaboratory strainsof bacteriaisolated from the above methods were screened for
the presence of alginate degrading enzymes using model dyes. In addition, extra laboratory
isolatesfrom G10 laboratory itMolecularBiology and Biotechnology Departmentre also
tested:

s Bacillus cereus, Bacillus thuringiensaasdBacillus megaterium.
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o Pseudomonas aeruginosirain ATCC 27853 Staphylococcus aureus, Escherichia coli,
Cupriavidus necatoandRhizobium sp

Medium

The presence of alginatkegrading bacteria enzymes was detected using APY medium in
1000 ml calciumand strontiurdree artificial sea water (NaPYNS, pH 7) include 0.5% and
3% sodium chloride at pH 7.5.

Preparation of turbidity standard suspension

The sensitivity tests were modified to 1.5X1€blony forming units (CFU) which equals
0.5 McFarland. The colonies were inoculated into Falcon tubes containing nine ml of
phosphate buffer pH 7. The turbidity was measured in spectrophotometer at 600 nm and the
measurement was recorded. The tube was dilutechbgferring Iml of the phosphate buffer
to another tube containing 9 ml sterile phosphate buffer in orderetde thdirst dilution
(10%). 0.1 ml from different dilution was inculcated and spreadnemium platesThe plates
were incubated fo#8hours The gateswere then flooded with a solution of 0.05% (wt/vol)
agueous ruthenium red stain and left at room temperature approximately 10ghimink

regionswere recognized t@onfirmthatthealginate had been degraded by algirgse.

4.2.4.Alginate lyase activity in broth medium
Detection of alginate lyase in earlier methods needs further assessment. In thibesteidy

aretwo approaches were doneassess alginate lyase activity:

s Releaseof alginase is associated with formation of new unsaturateerethurcting ends.
Consequentlyaginaseactivity was determined by measuring the increase in the absorbance

at 235 nm(An et al, 2009.

s Alginase saccharifyingctivity was determined by measuring the increaseoncentration

of reducing sugar. The amount of reducing sugar formed was determined usiAng 3, 5
dinitrosalicylic acid (DNS) method for reducing sugeith glucose as standaslibstrate
Alginase lyase was determined by measuring the increase in the absorbance at 540 nm using
methods described bBiyanget al, (2009.

4.2.4.1 Fungal alginate lyase activity
Nine species of fungi produced clear zone APY medium. Two unknown fungi were
selected for enzyme activiig liquid medium.The fungi were grown irbroth medium (50

ml in 250 ml Erlenmeyer flasks) containing 1g sodium alginate, 0.1g peptone, 0.1g yeast
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extract; in 1000 ml calciurrand strontiurrfree artificial sea water pH 7 include 0.5% sodium

chloride.The mixture sterilized icrlenmeyer flasks (250 ml).

o Alginate lyase activityasunsaturated nonreducing ends

Alginate lyase activityvas determined by measuring the increase in the absorbance at 235
nm due to the formation of new unsaturated-reducing endsAlternaria tenuissimavas
selected forhis test using the test mediuhpH 7.4. For this test; 8mm disc of ea@ingal
culture was inoculateth flasks. The medium incubated on revolving shakers (130 rpm) at
25°C for 3,5, 10 and 12 days. A set of uninoculated flasks was run as control.H &g
measured during the incubation period by using a pH metes. reaction mixture was
composed of 2 mbf 0.05M phosphate buffer (pH7.0), 0.5 ml 0.6% (w/v) sodium alginate
and 0.5 mbf supernatant and 0.5 ml 0.1% sodium chloride. The reaction wasaitezl at 30
°C for 30 min. After theend ofincubationperiod the reaction mixture was transferred into
guartz cuvette. The blank contained 2 ml from reaction mixture diluted with distilled

water The alginase activity was expressed at 235Amet al, 2009.
s Alginate lyase activity asreducing ends

Also dginate lyase activity was determined by measuring the increase in the absorbance at
540 nm due to the formation of new reducing endsndmaphiella salina was selected for
this test using theame medion at pH 5.5 The medium incubated on revolving shakers (130
rpm) at 25°C for 3, 5 and 7 days. A set of uninoculated flasks was run as control. The pH was
measured during the incubation period by using a pH matee. reaction mixture contained
100 pl of supernatant, 100 ul of substratel.0% (w/v) sodium alginate. The mixture was
incubated at 40C for 10 min. 400 pl of DNSAegentwas added to the mixture and boiled
for 15 min. 4.4 ml with deionized water was added and the colour was measured at 540 nm.
The result was expressed as mg glucoseTh®. alginate lyase activity was then determined
by reference to standard curve ofglicose at 54Gim prepared from a standard solution of

D-glucose (Sigma) (see Appendix A).

4.2.4.2. Bacterial alginate lyase aatity

Pseudomonas aeruginossirain ATCC 27853was used for quantitative enzyme
estimation.The isolate was streaked on the alginate medium plate in order to confirm the
homogeneity of the strain. A single colony frétseudomonas aeruginosas usedor the
alginate lyase activityThe bacterium was grown ifbroth) medium (50 ml in 250 ml

Erlenmeyer flasks) containing 1 g sodium alginate, 1g yeast extract, 2 g tryptone, 5 g sodium
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chloride in 1000 ml distilled water at pH 7Al&itamikadoet al, 1990. The medium adjusted

at pH 7.2. Alginate lyase activity was determined by measuring the increase in the
absorbance at 235 after ,184, 48and 96 hours. Also, the alginate lyase activityvas
measurecht 540 nmafter 12, 24 and 48dursincubationat 37°C in150 rpmusing the same

steps in fungi.

4.2.5 Chemical Analysis of degraded fresh seawed@ucus and Laminarig

The chemical analysis aimed to detect some minerals from decaying seSasgies
from Fucusand Laminariawere analyzedor macronutrients (Nitrateandammoniun). The
fronds of Fucus andLaminariawere cut into pieces (1 cm) and mixed with agricultural soil
(Fig. 4.3)

Figure 4.3: Seaweedronds after cutting(A) Laminariaand(B) Fucus

4.2.5.1. Determination of nitrate in agricultural soil amended with Fucus and
Laminaria

All soil samples (50g) were placed in polythene bags and amended wkg¢bgand 5g
Laminaria) and mixed thoroughlyThe same methods describedthe pectin chapterwere

done

4.2.6. Chemical analysis oflegraded commercial seaweed
This approach aimed to assess the amoustilphur, nitrate and ammonium release from

degraded seaweed using commercial seawdgadi(4.
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Figure 4.4. Seaweed meal.

4.2.6. 1. Determmation of the sulphur in agricultural soil amended with seaweed

The soil (50g) was placed in polythene bags and amended witkeBgeed meahnd
mixed carefully. A control was seip lacking without added seaweed. The modified soils
were incubated inpolythene bags, closed with small tote allow for gas exchange. The
bags were set up in triplicate and incubated for 28 days at 25°C. At zero time and at 7 days
intervals samples were extracted. Soil samples (1g) were shaken with (10ml) of LiCl (0.1 M)
for 15 min at 100 rpm using an orbital shaker and then the samples were filtrated through

Whatman No.1 filter paper.

Determination of sulphate

The turbidimetric sulphate method was used to determine the oxidation of sulphur (Hesse,
1971).For this teg the samenethod described irChapter 2 werelone.

4.2.62. Determination of nitrate and ammonium
The same method describedp@actinusing5g of seaweedeal and 509 soil was done for

this test

Statistic analysis of data

All abservationsvere presentedisMean + SE (Standard error). Sigma Blgtersion12.0)
was run to analyze data. P < 0.05 was considered as significant. Matching three stsples t

was performed to check whether there were significantly different.
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4.27. Molecular identification techniques for bacteria and fungi
In recent years, several studies hdeeused on nolecular techniquesThey have

demonstratethe accuratadentification and classification of microbes.

4.27.1. Genomic DNA extraction for bacteria and fungi

Firstly, genomic DNA was isolated from each strain using (Key-pBgeterial DNA
Extraction Kit) (ANACHEM, labstore, UK) by following procedures approved for bacteria;
andusing(Norgen Fungi Genomic DNA Isolation Kit) (GENEFLOW LIMITED, Labstore,
UK) by following procedures approved for fungi. Secondly, PCR was performed using
suitable primers to produce 16S rRNAfongal ITS gene The genomic DNA was separated
by gel electrophoresis on 1% agarose to check for plutygalgenomic DNA was isotad
from four strains (F1, L4, L5 and L6) grown in algindieoth medium using (Norgen Fungi
Genomic DNA Isolation Kitland was performed kthhe same procedure described in keratin
chapter. In addition, bacterial genomic DNA for tetmes and marine bderia was done
using the same procedure in ped@limapter with small modifications (nutriebtoth medium
for terredrial bacteria and alginate broth medium for marine bagteialymerase chain
reaction(PCR) amplification waschievedusing the same ntedds described i€hapter 2
and 3.

4.27.2. Phylogenetic analysis

The samples were immediately sent to the Medical School Core Genetics Unit for
sequencing using ITS1/ITS4 and 16S FOR/16S REV. as sequencing piumegsl gene
and 16S rRNA gene sequees were compared in The Basic Local Alignment Search Tool
(BLAST). All sequences were corrected by the Finch TV software to identify matches with

existing characterized sequences.

4.3. Results and Discussion

4.3.1. Measurement of pH and salinity of seeater

Based onthe measurement ofemwateralkalinity, the pH of seawater wapH 7.8. The
current data demonstrated that pH range was optimum fomphlysical conditions of
microorganisms. In addition, the salinity was approximately BptZparts perthousand)It
can be clearly seen that the salinity is associated with the concentration of sodium chloride in

seawater
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4.3.2. Growth of marine fungi isolated from seaweed plast

Fungi isolated fronFucusandLaminariawere able to grow on BndK media, whichin
sodium chloride is highGrowth of nine isolates of marine fungi were obtained in plates
using seawater. Thgrowth also occurred when the hyphae were transferred framdi
medium toPotatoDextrase Agar medium (PDA). The findingighlightsthatisolatedmarine
fungi are therefore facultative and can adapt to growthubrient agamedium. This result is

in agreement with the findings reported by Veri@2all).

4.3.3. Growth of marine bacteria isolated from marine sand

Eleven isolats of marine bacteria were obtained in alginate plates using seawater. The
bacteria grew well on sodium alginate medium. Seven isolates showed very weak growth on
sodium alginate medium and did not grow when they transferred in nutrient agar medium,
while, the seven isolates grew well on Tryptic soy agar medium. Howewet, of eleven
isolates four isolates grew imall medea. Overall, mostmarine bacteria could not adapt to

grow on nutrient agar. Furthermore, they showed slow growth on alginate medium.

4.3.4. Alginolytic assayin solid media
The degradation rate of alginate was achieved within 2 days at 25°C by furefi3atic€
by bacteria. Alginase production by microorganisms was determined in the presence of

sodium chloride 3% and 0.5%.

4.3.4.1 Alginolytic assayof fungi

Most alginolytic fungi can use alginate as source of carbbe.current data showed that a
small number of fungal isolates were able to exhibit enzyme activity (i.e. a clear zone) using
artificial seawater 0.5% NaCl. The gmze activity of fungal species is shown in kig4.5.
Clearly, the isolates obtained fronLaminaria (Penicillium chrysogenumPenicillium
crustosumand Dendraphiella saling were more actively alginolytic than those isolated
from Fucus (Aspergillus sp which did not produce the clear zongsthe test medium
Terrestrial fungi Alternaria tenuissima Trichophyton — mentagrophytes, Penicillium
verruculosum, Penicillium oryza, Penicillium daleaand Aspergillius flavusshowed slow
alginate degradation wiin 2 days and only produced small number of clear zones. However,
Acremoniumstrictum, Motrilla amobia showed weak growth but did not produce the clear
zones.The resultof thepresent study suggest thdtfangi (marine or terrestrial ) could not

breakdown alginate using artificial seawater 3% Na&hong the plausible explanation for
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these findings is thaseveral species of marine fungi includedsalinado not need seawater
and their growth were better at lower concentration of salts (low sal{biela Cruzet al.,
2006.

Figure 4.5: The effect of absence of carbon s@iatter48hours onthe growth of
alginolyticfungi. (A) Penicillium crustosunand(B) Alternaria tenuissimaAll isolates

grown on alginate medium 0.5% for 48 hours.

4.3.4.2 Alginolytic assayof bacteria

The wse of sodium alginate allowed for the lxadion of alginate lyase activity by bacterial
isolates. All marine bacteria and sorterestrial bacteria partiaularly; P. aeruginosa,
C.necator, B. maegierium and Rhizobium spwere capable of using alginate as a source of
carbon(Table 42) becausehe absence of carbon source motivates the bacteria to digest
alginate as carbon source leading to increased degradation. HpBewereus Staph.
aureus, B.thuringiensisand E.coli did not produce a clear zone; this reflects the lack of

extracellular ajinate lyase in this terrestrial bacteria.
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Figure 4.6: Comparisorof detection of alginolytic bacteria sodium alginate agar

plates afted8hoursincubation (A) Planococcus donghaengiB) Bacillus
stratosphericus(C) Planococcus spAll strainsweregrown on alginate medium 0.5%

for 48 hours.

Table 42: Enzyme activities oferrestrial bacteriafter 48loursin alginate medium 0.5%.

Bacteria Alginate lyase activity Bacteria Alginate lyase activity
E.coli Negative C.necator Positive
B. cereus Negative B. megaterium Positive
Staph. aureus Negative Rhizobium sp. Positive
B.thuringiensis Negative P. aeruginosa Positive

Interestingly, all marine bacteriere seen to becapableof alginate degradation. This
might be due to thiact thatalginate mediunms consideedto bea selective medium for these
isolates (Table 8). Figure4.6 shows high alginate lyase activity from marine bactefiae
most obvious finding to emerge from this study is th@th marine anderrestrialbactera are
capable of breaking down sodium alginaginate lyaseproductionin alginatemediumcan
be regulated via specific mechanisms
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Table 43: Enzyme activities of marine bacteria after 48rsin alginate mediun®.5%.

Marine Bacteria Alginate lyase Marine Bacteria Alginate lyase
activity activity
Bacillus licheniformis Positive Bacillus stratosphericus Positive
Planococcus sp. Positive Planococcus psychrotolerat Positive
Planococcus donghaens Positive Planococcus crocinus Positive
Planococas sp. Positive

It can be clearly seen thall bacteria (marine derrestria) did not breakdown alginate
the presence oartificial seawater 3% NaClsalinity is thereforenot essentialalginate

breakdown byungi such a®. Salina

4.3.5.Degradation of sodium alginate in broth medium

The action of linate lyase wasneasureas the breakdownof glycoside linkages of

alginate, leadingo the production ofeducing sugars (absorbed at 540) mmdthe eleaseof

unsaturated sugarak{sorbed at 235 nm).
4.3.5.1. Alginate lyase activity fronfungal strains

o Alginate lyase activity asreducing ends

In order to confirm thaD. Salinais alginolytic fungi, thefollowing experiment was
carried out in liquid medium in the presence of sodium alginditeler the experimental
conditionsused D. Salinawas ableto grow in the liquid medium contairg sodium alginate
Hydrolysis of alginate was achieved withirdays at 25°C. The resulisom 3 to 7 days are
shown in Figire4.7.
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Figure 4.7: Releasef reducing sugarby D. salinainto alginate mediunafter 7 days

incubation.D. salina. (==========) and control =2), Means of triplicatesH) standard

error. *significant difference from theontrol (P <0.05).

It can clearly seethatD. salina shows increasereducing sugars (glucose) ttee highest
value after 3 daysicubation, educingsugarsproducedby D. salina then acreased after 5
and 7 days incubationThe finding is consistérwith thework reported bySchaumann and
Weide, (199% who also éund that theproduction of reducing substances frorhe
degradation of sodium alginate By salina increased in early stages of itation Overall,
the results show thdD. salina grew well on sodium alginate as carbdn addition, the
finding provide evidence thatodium alginate is definitely degraded By salina. The
present finding also suppdtiose reported b§himokawaet al, (1997)who concluded that
D. salinais an activealginolytic fungis A change in the pH of the medium was noted after
3 days (Figd.8) showing that thedegradation of sodium alginate was accompanied by
alkalization of the mediumA slight change in pHvas measured in the control while the
fungal sample recorded a significant change in pHmaximum pH value was 8.4 was

recorded after 7 days incubation.
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Figure 4.8: pH valuesof D. salina during incubation periodendraphiella saling

and control’

s Alginate lyase activity asunsaturated nonreducing ends

Alginate lyaseproductionfrom Alternaria tenuissimavasalsoinvestigatedThe strain was
grown in sodium alginate medium aralginate lyase wasletermined bymeasuring
unsaturated sugar$n Figure 4.9, the results show that the concentration of unsaturated
sugars inaased gradually at 3, 5 and 10 days then this value decreased at 12 days. It can be
clearly see that themaximum amount of unsaturated sugars produced Biternaria
tenuissimaoccurredafter 10 days of incubatio®uring all experimental stagethe activty
of alginate lyase was observedlhe most striking result to emerge from this work is

Alternaria tenuissimdas alginolytic potentiad fact which has not been previously reparted
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Figure 4.9: Releaseof unsaturategugars byAlternaria tenuissimanto alginate medium

after 12 days of incubatioAlternaria tenuissimgpss======) and control== ). Means of

triplicates ) standard errotsignificant difference from the control (P <0.05).

Figure 4.10 shows the change in pH rate in alginate mediunoculated by Alternaria
tenuissina. It shows clearly thapH rate increased sharply after 3 days and the highest value

was found at 10 days
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Figure 4.10: pH values ofAlternaria tenuissimaluring incubation periodilternaria

tenuissimg—=—) and contro(—>—). Means of triplicatest) standard error.
*significant difference from the control (P <0.05).

The data reportedonfirm that the pH wasssociated witlthe degree of releasd# alginase
and thatsuggest thathereis a relationship existed between the enzyme yield and increase of

pH value.

4.3.5.2. Bacterial alginate lyase activity

The objective of this studyasto determine whether the bactegiehibit alginolytic activity.

o Alginate lyase activity asunsaturated nonreducing ends
Hydrolysis rate of alginateoccurredwithin 96 hours at 37°C (Fig. #1.). The action of
alginate lyase produced unsaturated oligomeric substrates (oligosaccharides). Unsaturated

sugars rele&sl byP. aeruginosancreased gradually for the periods of 16, 24 and 48 hours.
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*gignificant difference from the control (P <0.05).

The highest alginase productiatcurred &er 48 hours following which there wasa
moderate decreasélnsaturated products increased with indregasncubationtime. These
resultsclearly show that alginate was degrada&€inding consistent witithe work ofLinker
and Evans(1984. Theseauthas reported that oligosaccharides (disaccharide, trisaccharide,
tetrasaccharide and pentasaccharide) released. lagruginosaenzyme wvere not the final
products and there was further degradation of oligosaccharidisshinacteria Other workers
have aso found that the bacterium degraded the pentasaccharide to trisaccharide but the
disaccharidas resistant toP. aeruginosaaction. The above findigs contradict thestudy by
Boyd and Chakrabarfy1994 who found that all tested strains &f. aeruginosa showed
low levels of alginase activity when the activity measured as unsaturated sugar pOdacts.
of the more signifiant finding to emerge from this study is tl@ginase production bip.
aeruginosamight be related toits pathogenicity Such acorrelationhas beerconfirmed by
Linker and Evans(1984.

A slight change in pH was measured in the control while the bacterial sample recorded a
significant change in pHwith a maximum pH valueof 9.4 being seen after 48burs of
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incubation (Fig. 4.12). This finding confirns that there is likely relationship betwedhe

production of alginase and alkalizationtb& medium.
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Figure 4.12: pH ranges produced . aeruginosaduring incubation peod. P. aeruginosa
( =) and contro ). Means of triplicatest() standard errofsignificant

difference from theontrol (P <0.05).

s Alginate lyase activity asreducing ends

The digestion of alginate wadso measured as reducing sugars at 540t levels of
reducing sugars produced W¥. aeruginosaare $own in Figure 4.13. The rate of

degradation increased rapidly after 12 and 24 hours. However, there was a slight decrease

after 48 hours.
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Figure 4.13: Releasef reducing sugarsy P. aeruginosainto alginate mediumP.
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*gignificant difference from the control (P <0.05).

A rapid change irpH range was occurred in this expeent (Fig. 4.4). The pH increased

over theincubationperiodand reached the highest 9.2 after 48 hours.
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Figure 4.14: pH range produced by.aeruginosaduring incubation periodMeans of
triplicates ) standard error.P. aeruginosa—*— ) and contro(—=—).*significant

difference from the control (P <0.05).
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4.3.6. Chemical Analysis of degraded seaweed
Under favorable conditionsmateriab such as seaweaghen added tdhe soil undergo

rapid degradation which potentiabypplesnutrients forbothplant and microbial growth.

4.3.6.1. Net nitrate production from soil amended with-ucus and Laminaria (fresh
seaweed)

The resultan Figure 4.15 show the oxidation of ammoniuro thitrate in agricultural soil
amended witH.aminariaand the control over a four week incubation period. There was an
increase in the amount of nitrate production from the oxidation of ammonium throughout
mostof theincubation period in the tread soil. However, the levels of nitrate decreased after
4 weeks incubatiowhich may be due taacidification Levels of nitrate production found in

amended soil arelearlyhigher than those found the control
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Figure 4.15: Nitrate production from the oxidation of ammonium in soil amended with

Laminaria. Treatmen{( ) and contro( ). Means of triplicates)

standard errorsignificant difference from the control (P <0.05).

Figure4.16 shows theoxidation of ammonium to nitrate agricultural soil amended with
the seaweed~ucus.The amount of nitrate production increased gradually at week 1 and 2
then decreased.herewas dso a slight rise in nitrate concentration the control after 28

days.This study providesevidence that nch higher concentration on nitrate was found in
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Laminaria. This observation suggests that the microorganisms are extremely aative

Laminarianitrification.
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Figure 4.16: Nitrate production from the oxidation of ammonium in soil amended with

Fucus.Treatment "™

\

) and control ). Means of triplicates#) standard error.

*significant difference from the control (P <0.05).

4.3.6.2. Ammonium production from soil amended with Fucusand Laminaria
Figure 4.17 and 4.18 show a comparison in ammonium production betwEaous and

Laminariaover the four week incubatiqreriod
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Figure 4.17: Ammonium production from the hydrolysis Béicus. Treatment #) and

). Means of triplicatesH) standard errofsignificant difference from the
control (P <0.05).

control(

The kevel of ammonium was considerably increased after 7 ohayaicusand that the
highest ammonium production was found at weeffif). 4.17). The result obtained from
Laminariaclearly showthatthere was a gradual increase in ammonium production from the
hydrolysis of Laminaria throughout the whole treatment ped and tlat ammonium

production peaked atlalays.
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Figure 4.18: Ammonium production from the hydrolysis lodminaria. Treatment ® )

). Means of triplicates) standad error. *significant difference from
the control (P <0.05).

and control

4.3.7. Chemical Analysis of degraded commercial seaweg@daweed meal)
The breakdown ofammercial seaweedas also tested becauséits use as &ertilizer

and il conditioner

4.3.7.1 Siphate production in agricultural soil amended with seaweedneal

Figure4.19 shows the oxidation of sulphur in agricultural soil amended with seaweed over
four weels incubation period. The results show that microbiabx&lation of sulphur
increased rom day 7 and continued increasing throughitngt 21 days incubation period
while there was slight rise in sulphate concentration in the coafiied 28 days. It can be

clearly seen that oxidation of sulphur reached a peak of week 3.
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Figure 4.19: Sulphate production fromxidation of elemental sulphur goil amended with
seaweedneal Treatment=—e—) and control=—>—). Means of triplicates) standard
error.*significant difference fromhe control (P <0.05).

4.3.7.2. Determination of nitrate and ammonium in agricultural soil amended with

seaweedneal

The resultsgiven in Figure 4.20 and4.21 show the amount of nitrate and ammonium in
soil amended with seaweeé#igure 4.20 clearly shavs thatthe amount of ammonium
increasedgradually andthat the highest ammonium production occurred at week thef
incubationperiod and therdecreased after 3 and 4 weeks. These results suggest that dry
seaweed can bavourable substrates for microardgsmsand thatseaweedneal underg@s
microbial degradatiorin the soilleading to theeleaseof organic substrateshich are then
returredinto the ecosystem.
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Figure 4.20: Ammonium produgon from the hydrolysis afeaweed. Treatme( ==
and control—=—=). Means of triplicatest)) standard errotsignificant difference from
the control (P <0.05).

The concentration ohitrate was lower thathat ofammonium (Fig.£21). Rapid nitrate

productionoccurred, andhen this level decreasstiarply and remained stable.
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Figure 4.21: Nitrate production from the oxidation of ammoniunthe soil amendedvith
seaweedneal Treatment (——) and contro[ —— ). Means of triplicates#) standard

error. *significant difference from the control (P <0.05).

4.3.8. Molecular identification techniquedor bacteria and fungi isolated from marine

environment

4.3.8.1. Extraction of genomic DNA

In this stug, elevenbacterial strains have been isolated from marine sand. The whole
genomic DNAwas successfully extracted fromalevenstrains using (Key prepBacterial
DNA Extraction Kit). DNA Hyperladder 1 has been used in these studies to determine the
size of DNA molecules. Also, four fungivereisolated fromFucusandLaminariaand their

genomic DNA were extracted successfully.

4.3.8.2. PCR amplification of extracted DNA
TheDNA sequence gene of 16S rRNvasdetermined fobacteria andhe DNA sequence
gere of fungal gene has been determined for four strains. Amplified 16S r@htAfungal

genesare show irFigure4.22. PCR products were observed in the most of lanes.
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Figure 4.22: PCR product omarineisolates A) Lane 1:Aspergillus spLane 3:Penicillium
crustosumand Lane 4Dendraphiella salingB) Lane 1:Bacillus pumilusand Lane 3:
Bacillus areophilugC) Lane 1:Bacillus altitudinis Lane 2 Bacillussp.and Lane 3Bacillus

stratosphericus

4.3.8.3. Phylognetic identification of unknown bacteria and fungi
The sequences data were used to produce a phylogenetic tree providing the basis for efficient
phylogenetic investigation of each microorganism. Tableshows 16S rRNA sequence and

Table 45 showsfungalanalyses representiige closest matches of all strains.

Table 4.4: Summary of 16S rRNA sequence analyses of bacteria cultured from marine sand.

Sample | Representative Closest Sequence | Length of NBCI
sequence matches Identity Sejuence | (Accession
Identification (bp) number)
From MB1 Bacillus 98% 1083 JX847117.1
marine licheniformis
sand MB2 Planococcus 99% 1555 JF742665.1
spOR1
MB3 Planococcus 98% 1452 NR044073.1
donghaensis
MB4 Planococcus 99% 1511 KC160837.1
spSS1.3
MB6 Planococcus 98% 1502 AF324659.1
psychrobleratus
S1 Bacillus pumilus 97% 1512 GQ903427.1
S2 Bacillus 98% 1513 JX680140.1
areophilus
ALG2 Bacillus 97% 1453 KC172064.1
altitudinis
ALG3 Bacillussp. 99% 1485 KF010630.1
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Table 4.5: Summary ofdentity offungalsequencef marine fungi cultured frorhaminaria

Sample | Representative| Closest matches | Sequence Length NBCI
Identification Identity of :
sequence s (Accession
guence
number
(bp) )
From L4 Penicillium 99% 580 JX139706.1
laminaria chrysogenum
L5 Penicillium 99% 540 JX86985.1
crustosum
L6 Dendraphiella 99% 583 DQ411540.1
salina

All strain sequences were compared with other sequémdbs database ariie varying

percent of identificatiofevel is shown. High identity wasrecorded fromPenicillium

chrysognum Penicillium crustosum, Dendraphiella salinBacillus sp., Planococcus sp

(99%). Meanwhile, a 98% identity was shared betweerPlanococcus donghaensis,

Planococcus psychrotoleratund Bacillus areophilusSequence analysis showed that 583

nucleotide fragment was obtained fronb6 (Fig.4.23); the sequence was the same

Dendiyphiella salinasequence.
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Dendryphiclla salina strain CBS 142.60 185 ribosomal RMA gene, partial sequence; internal transcribed spacer 1, 5
Sequence ID: gb|00411540.1] Length: 583 Mumber of Matches: 1

Rarmge: 1: 1 by 523 SenBank Graphics

Score Expact Identities Gaps Stramd
935 hits[1036) 0.0 522/323(99%) 1/523(0%) Plus/Minus

Query 1 AT R TR - TR R L R L A TETEETCT TR TGEAT RO TCARCCATGECTERTCRG
FErrrrnreer erer e et et et ettt el
Sbict AT R TR R R A T ERER R R R A TETEETCTT AT AT ECTCARCCRTECTERT IR

Query [ A ETECRAGATTETEC TR T AR L O CACTACECCEECTECCRATCATTTTRRCEECE
FETTEERr e et e et e et ettt e rerrnl
Sbict AT ECRAGATTETEC TR T CAR L O CACTRACECCEECTECCRATCATTTTRRCEECE

Query A ETCTOET R ERCACR R R R OO AR C AR AR R B GO TTERGEETRACRRE TERCECT
FETTEEnr et ettt ettt e rerrnl
Sbijct A ETCT O T GAGAGACR R R CR OO AR CACC R A A R GO TTGAGEETACAR R TEACECT

Query R R AT T T TG R TR C A L A EECEC AR TCTECCTTCRRREATTOCRTERT
FETEE e et e ettt el
Sbict R R AT G T T T A R TAC R R A CCEC AR T CTECCTTCRRACATTOCRTERT

Query TR TR TT T AR T T A CACTACETATCGCATTICGC TG OGT ICTICATCOGATEOCR
FEETEEnr et ettt et rrrrnl
Sbict TCACTERATTC TR R TTC AR C TR ETATCECATTTCECTEOETTCTTCATCERTEOCR

Query R R R R R T TG T T AR A T T ETRAATA R TTRCATTETTTACTGRCECTERATTEC
PR ettt ettt rerrnl
Sbijct AR R R e T T TG I T AR AT T TAATAR TTACATTETITACTGRACEGCTEATTEE

Query L GETTITATECTITEECT CCTEETEECEEECGRRCOCCCCCAGERRRA TR
[T FETTErer et ettt ettt rrrierrrnl
Sbict AL TTRCRR R L R e TTTAT T TEEETCCT TR OO RO CAGERRRCEL

Query GRACTECG AR R G A TG TCARTA R TTCAGRCARCGCTREAGCCCOCACCGRAGATGRAG
FEETETRr e et ettt r ettt rerrrnl
Sbict R T C A R AT ET AR TR L TTC AR CR R ECTEEACCCCOCRACTCRERTERE

Query CICOCRRCCCECTTTCATATTIGCTGETARTEATCCOCTCCOECREET 522
FTEPETnr et ettt ernnl
Sbict GICCCARCCCECTTTCATATIGTIGTAATGATCCOCTCOGCRAGET 1

Figure 4.23: Nucleotidesequence of the marine fungDgndryphélla salina.

The root oftree obtainedrom Dendryphiellasalina is shown in Figure 4.24 two mgor
branchesan be seen, the onentainng Dendryphélla salinahas two branchdgadicating an

ascomycete and fungal endophyte.
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CHAPTER 5
STUDIES ON MICROBIAL DEGRADATION OF CHITIN
5.1. Introduction

There has been an increasing interest in the clean up tireerearvironments from chitin
wastes such as shells of crustaceans and recent developments in chitin degradation using
chemical solutions have heightened the need for friendly environmental treatments deal with

these wastes.

5.1.1. Properties of chitin

After cellulose, chitin is considered the second most abundant carbohydrate in the nature.
't i s ma(d4 - linked Neatetylflucosamine (GLcNAc) monomers. Chitin can be
found in the exoskeleton of insects, shells of crustaceans and fungal iE€buwaikiet al,
1998. Annually, more than 80 000 tons of chitin is produced from the marine (Regiket
al., 2000Q. Chitin is a very stable material, since its function is to protect insects and animals.
The ocean contains large amounts of chitin (Pasayat, 200ujin 8as manyapplication it
can be used in medical materiaksgriculture, raw materials and for emetics andpaper
making (Zhanget al, 200Q Percotet al, 2003. Ther e ar e t hr e-ehitiht ypes
involvesantp ar al | el mo rclutimiealudes gatalkelimonomds chain amdhitin
includes three chains unitschitin is the most type found in fungal wssind exoskeleton of
invertebrate (Felse and Panda, 200Another form of chitin can be found as chitosan
which is a modified chitin produced by deacetylation methods of chitin (Watduble
chitin). Chitosans have several properties such as their flexibility which means they can
paperin different forms such as bers, hydrogels, beads, sponges, and memb(Kaesira
et al, 2013.

5.1.2. Clasification of chitinase

Chitin is a complex molecule which is degraded by chitinase. A considerable amount of
literature has been published on chitinase classification. Chitinase can be grouped into:
o Endochitinase: these are enzymes which act randamd degrade internal points
throughout the chitin chain.
o Exochitinase: they are enzymes act as the introductory action at thiecharing ends with
release sequential diacetyle chitibiose ufitdse and Panda, 2000
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5.1.3. Chitinolytic microorganisms

Chitinolytic microorganisms are able to degrade chitynhydrolyzing glycosic bonds.
Several bacteria and fungroducechitinase, includingSerratia marcescens, Trichauea
harzianum and Streptomyces spfShaikh and Deshpande, 1998lany studies have reported
that Bacillus, Aeranonbas, SerratiaVibrio and somePseudomonaspeciesare the most
active chitinolytic bacterial generaChitinolytic actinomyces havealso beenreported,
including notablygenera ofStreptomycesAmongstfungi, Aspergillusand Trichodermaare

the mostacive chitinolytic genergFelse and Panda, 2000

5.1.4 Applications of chitinases

Chitinases can be uséar a number ofndustrial and agricultural purposes. For example in
plant patlology, many chitinolytic fungi are used asbiocontrol agents against plant
pathogenic fungiFor example, chitinaseproduced byT. harzianumwere inhibits several
harmful fungi(Patil et al, 200Q. Several micrbial chitinases have been used as antifungal
agents such as mixture of chitinase fro® marcescenswhich includes b- glucanase,
propan2-ol and polyoxyethylene laurgther; thesaresprayed as bio control mixture on a
rice field to minimize riceblight caused byyriculria oryzae Under greenhouse conditigns
S. marcescensasalsobeen used as biocontrol agagainstSclerotium rolfsiwhich attack
beans fields anBRhizoctonia solanivhich attack cotton fielddn addition chitinase produa
by Arthrobacter sp inhibits the growth ofFusarium monilifome which causs pine pitch
canker(Shaikh and Deshpande, 1993

The work described in thi€hapterinvestigaté chitinolytic bacteria and fungand

evalwated chitinase productidyy thesdasolates as proadf their chitinolytic potential.

5.2. Material and methods
Experimens were conducted toexamine the growth o€hitinolytic microorganisms on

chitin-rich media.

5.2.1. Colloidal chitin preparation

Chitin is a difficult substratefor microorganismsto degrade sot must first be acid
hydrolysed to make it moravailableas a substrate, i.e. colloidal chitf@olloidal chitin was
thereforeprepared from crab shell chitin purchased from SigB@anmecial chitin (10 g)
wassievedand thenwas added to 120 ml of 85% phosphoric aci®, and kept a fridge 4

°C for 24 lours Tap water s used to remove the jelleghite materialwhich wasthen
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separated by filtration through four layers of cheeseclotth véashed many times in order to
remove the acid completelifhe wolloidal chitin wasthenstored at 4£C until use(Rojas

Avelizapaet al, 1999.

5.2.2. Growth medium and culture conditions

Fungi wereisolated from an agricultural soil amended with chitosan (Sigmesing the
medium (SM) described by Severgniif2006). After colony purification, the isolates were
grown on synthetic medium containing: Colloidal chitin 15¢g, yeasiact 5g, (NH).SO, 1g,
Mg,S0O,.7H,O 0.3g, KHPO, 1.36gand 20 g agar in 1000 mieionised waterThe pH was
adjusted to 5.9solationof fungi was carried out as follows: 25 ggufil were added to a flask
containing 250 ml of sterileleionised waterFrom 10" to 10  dilutions, 0.1ml of each
dilution was inoculated on aBM agar medium and incubated2&°C for 7 days. Colonies on
the SM agar plates were purified on the same medium. Develaoézhies were then,

maintained on potato dextrose a{fabA).

5.23. Qualitative assay for chitinolytic microorganisms

Many microorganisms produce chitinase when they grow on medantaining chitin For
chitin degrading enzymproduction, qualitative assays historically have been considered as a
powerfultools usedor screening bacteria and fungi for chitlegrading enzyme production.

5.23.1. Screening for chitinotic fungi by plate assay
Different media have been used by different researchers hsthghysical and chemical

criteria for chitin éégrading enzyme production.

Screening medium

The medium described by Agrawal and Ksiteane (2009)was used The chitinase
detection medium consisted of a basal mediomtaining: 4.5 g of colloidal chitin, 0.3 g of
Mg, SQ,. 7 H0, 3.0 g of (NH).SOy, 2.0 g of KHPO,, 1.0 g of citric acid, 30 g of agar, 0.15
g of bromocresol purple aralfewdrops of Tweer80,in 1L dH0). The pH was adjustetb
4.7 and therthe mediumautoclavedat 121°C for 15 min. After cooling the medium was
poured into plates amallowed tosolidify.

Fungal strains

A total of 14fungal isolates were tested@he fungal isolates were examined using both
media:five unknownfungal isolates were obtainedrom an agricultural soil amended with

chitosan Mucor henalis (isolaed from feather) Aspergillius flavus, Penicillium
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verrclusium, Motriella amobia, Aspergillius niger(isolated from hair) Trichophyton
mentagrophytes, Aspergillius oryzAcremonium stricturandPencillium daleae(obtained
from G1Olaboratory), 8mm dix of eachfungal culture was inoculated on plates containing
the test medium, incubated 25 °C for 1-2 days. The presence of chitinase activity was
visualized as a purple zone against yellow background
http://www.isth.info/methods/method.php?method_id=11

5.23.2. Screening for chitinolytic bacteria byplate assay

Laboratory bacterialanples were tested fahitin production This testwas performedin
the same mediunusedfor fungi. Pseudomonas aeruginosa, Bacillus cereus, Staphylococcus
aureus, Bacillus thuringiensis, Escherichia coli (E.coli), Cupriavidus necator, Bacillus
megateriumandRhizobium spAll bacterial speciesvere inoculatedndthe presence of chitin
degrading enzymwasthenscreened qualitatively

5.24. Quantitative assay of chitinolytic fungi

Based on p Macordiénmalisand wmlengws fungiisolated from soil amended
with chitosan) were selectedas good chitinasgroduces. Yeastnitrogen base (YNB
medium produced from Sigma was usegplemented with chitin. The mediwunsisted of
6.7% YNB,0.2% (wt/v)colloidal chitin and 0.5% yeast extraict 1L dH20 (Watanabeet al,
1990. 8mm disc ofabove samples wer@oculated into broth medium andcubatedfor
3,5and7 days at 25°C in 150 rpniThe medium was filtege and chitinase activity was

measuredChitinase activitywasmonitored using the following methods:

5.24.1. Nelson method
This methodinvolves thefollowing:

Alkaline copper tartrate regent

o Solution (A): 2.9 g anhydrous sodium carbonate, 2 g sodium bicarbonate, 2.5 g potassium
sodium tartrate and 20g anhydrous sodium sulphate were dissolvednm @820 then
dilutedup to100ml.

o Solution (B): 15g copper sulphate was dissolved in samatbunt of dH20Onedrop of
sulphuric acid was added and the solution diluted uptoriD@d order b make alkaline
coppertartratereagent 4ml of solutionB was added to 96 of solution A before use.

Arsenomolybdate reagent

2.5 g ammonium molybdate walissolved in 45nl dH20O and 2.5 ml sulphuric acid was

added and mixed completel®.3 g ofdisodiumhydrogen arsenate was dissolved in 25ml
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dH20 andmixed The solution was incubateti 37°C for 24-48 hourg(Somogyi, 1952 his
assay wasimedat determning glucose releas&om colloidal chitinasthe main reducing
sugar (RS) products in the mediElyakova, 1972 The reaction mixture containé&®0 pl
supernatant, 500 jaif substrate 2.0% (w/v) of colloidal chitin sodiumacetate buffer 0.05M
pH6.6. The mixture was incubated at°@730min and 500 pul of alkaline copper tartrate
regent was added armbiled 10min, and after cooling 500 pl arsenomolybdate regent was
added. The mixture wathen diluted with 2 ml of deionized waterand the olour was
measured at 620 nr@hitinaseactivity was then determined by reference to standard curve of
D-glucoseat 620 nm

5.24.2. Dinitrosalicylic acid methods (DNS)

This assay wasgsed todetermineN-acetylglucosamine (GIcNAc) frortine colloidal chitin
as main reducing sugar (RS) products in the medi@atorimetric regents described by
(Miller, 1959 was used for the estimation of chitinase productiegradation of chitin
was examined usinthe RojasAvelizapaet al, (1999 method witha slight modifications.
The reaction mixture contained 100 pl of supernatant, 100 pl of substratel.0% (w/v) of
colloidal chitin in was incubated at 4€ for 10 min. 400 pl of DNS regent (12.4% sodium
hydroxide, 0.63% g DNS, 0.5% pina, 0.5 % sodium sulphite, and 18.R6chelle salt) was
added to the mixture and boiled for 15 min. 4.4 ml with deionized water was added and the
colour was measured at 535 nhime chitinase activity was then determined by referenee to
standard curve oN-acetylglucosamine (GIcNArepared from a standard solution N
acetylglucosamine (GIcNAg¢see Appendix A).

5.25. Quantitative assay for chitinolytic bacteria

In order todetectthe reducing sugars in broth mediusalected bacterial strasr{Bacillus
cereu$ were used depending on the positive results obtained fromgsisdly The bactetim
were growninto YNB medium (50 ml in 250 ml Erlenmeyer flasksupplemented with
colloidal chitin for 12, 24,and 48and at37°C on an orbital shaker (20(pm), then the
chitinaseactivity wasmeasuredisingthe Nelson methodsdescribed aboveén addition pH

and cell growth (OD 600 nm) were measured
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5.26. Determination of nitrate and ammonium produced in an agricultural soil
amended with chitosan

Agricultural soil (50g) was placed in polythene bags and amended Vaith chitosan
(Sigma)and mixed thoroughlyThe same methods mentioned in previous chapter were used
as evolutiorof macronutrients (ammonium and nitrate)

Statistic analysis of data

Sigma Plod (Version12.0) was run to analyzbe data. P < 0.05 was considered as
significant. Matching three samplegest wasalso performed to check whether there were

significantly different.

5.2.7. Molecular identification techniques for fungi

Geromic DNA was isolated fronfive strains CH3,CH12, CH24,S7 and S12 grown in
PDB using aNorgen Fungi Genomic DNA Isolation Kit (GENEFLOW LIMITED, Labstore,
UK) by proceduresdescribed in chapter 2The mlymerase chain reaction (PCR)
amplificationof fungal genavasalsoperformed as described i€hapter 2.

5.3. Results andiscussion

5.3.1. Isolation of clitinolytic fungi

Fungal isolate grav well on medium contaiimg chitosan andaolloidal chitin as soues
of carbonMost fungal isolates belged toTrichodermaspecies (Fig5.1), which are known
to useavariety ofsubstrates as carband nitrogen sources. The needlcarbon and energy
of Trichodermacan be achieved using monosaccharidesdisaccharides and complex

polysaccharide@Papavizas, 1985

Trichoderma harzianum Trichodema tawa

Figure 5.1: Fungi ilated from agricultural soil amended with chitosan after 3days
incubationin alginate medium
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Colloidal chitin after acid hydrolysis (Figh.2) enhanced fungal growth in the absence of

carbonsource.

Figure 5.2: Colloidal chitin after acid hydrolysis.

5.3.2. Plate assay for chytinolytic fungi

The objective ofplate assayas to ensuréhat anyfungus testeds chtinolytic before any
further assessmentigure 5.3 shows the purple zone aaindicatorof chitinase production.
Based onbromocresol purplestain (yellow colour at initial pHi.7) in the test mediumn
chitinolytic fungichangedhe pH of the mediunwhich becamealkaling resulting in gurple
colour. All Trichodermaspecies showed chitinolytic activitynterestingly, Trichoderma
harzianumand Penicillium daileae showedlarge purple zoreevenafter short incubation
times(Table 5.1). However, M. hienalis, P. verruculosum andA. strictum produed only
small zoneChitinase production frofirichoderma harzianunmandPenicilliumspecieshas
beensupportedby Binod et al, (2005 study Studies byBinod et al,, ( 2005 and Muchaet
al., (2006 also show thaw. hiemalishasa high chtinolytic potential.
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T. harzianum(soil). T.tawa(soil). T.citrinoviride (soil).

M. hienalis (feather) P.Verruculosumhair).  A. Strictum (desert)

Figure 5.3: Comparisorof detection opurplezone produced by fungi in test medium after 3
days of incubation.
Theresults showthatmarkedchitinase productiowasseenafter 6 days of incubation. As
a result, the purple zones developed to cover wholedrdee plates (Fig5.4). Also, the
results(Table 5.1) demonstratedetefficiency of thescreeningnethod forhighly chitinolytic
isolatesobtainedfrom the ®il. Thefinding showsthatthe presence of significant difference

in their chitinolytic abilitybetween these isolates
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Fusarium spsoil) Trichodegma tawa(soil)

Figure 5.4: A purplezone produced by fungi in test medium after 6 days of incubation.

The most striking result to emerge from this study is tlydtdiytic activity was recorded

against crlh shell chitin withvarying ability in regard tochitinaseproduction.
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Table 5.1: The size opurplezone produced from chitinolytic fungi after 3 days of

incubation.
Fungal strain Chitinolytic activity Purple zone size (mm)

Trichophyton mentagrophytéab) Negative
Penicillium verruculosunghair) Positive 17.00 £0.57
Penicillium daleae(lab) Positive 41.66 + 7.17
Acremonium strictur{desert) Positive 12.33 £0.33

Motriella amobia(hair) Negative
Alternaria tenuissimglab) Positive 28.33 £3.17
Fusarium sg(sal) Positive 35.66+ 1.76
Trichoderma harzianur(soil) Positive 40.00 £0.57
Trichodematawa (soil) Positive 24.00 £1.15
Trichoderma citrinoviridgsoil) Positive 28.33+ 1.66
Mucor henalis (feather) Positive 33.00+2.08
Aspergillius oryzglab) Positive 60.33+5.04
Aspergillius flavughair) Positive 52.33+2.02
Aspergillius niger(hair) Positive 43.00+1.52

5.3.3. Plate assay for chytinolytic bacteria

The hydrolytic chitinase enzyme wappliedto bacterid isolaies grown on colloidal chitin
as carbon sourceBigure5.5 showsat range of chitinolytic activity mongst the isolates, i.e
theisolatesP.aeruginosaE.coli, C. necator and Rhizobium spvere found to differ irthe
produdion of the resultantpurple areaan effect which wasorrelated with their akinolytic

ability.
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P.aeruginosglab) E.coli(lab) C. necator(lab) Rhizobium siglab)

Figure 5.5: Thepurplezone produced by bacteriatans in test medium after 4®ursof
incubation.

The results inTable 5.2showthat chitinase production was not observed&iah. aureus
andB. thuringiensis moreover, these isolates were not able to gabhow pH.

Table 5.2:Chitinolytic activityin plates produced frotvacteria afted8 hoursof incubation.

Bacterial strains Chitinolytic activity
Pseudomonas aeruginosa Positive
Bacillus cereus Positive
Staphylococcus aureus Negative
Bacillus thuringiensis Negative
E.coli Positive
Cupriavidusnecator Positive
Bacillus megterium Positive
Rhizobium sp. Positive

5.3.4. Qualitative analysis of chitinolytic fungi

The abilityof fungito use colloidal chitin as a carbon source was tested in order to identify
fungal chitinase producersChitinase was assayed bthe release monomers ON-
acetyglucosamine (GLcNA@s end productsf chitin breakdown The activityis expressed
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as reducing sugar§&SLcNACc). Trichoderma harzianurandMucor henalis were selected to
evaluate the chitinase productiand to measure the amount of GLcNAogure 5.6 shows

the chitinolytic enzyme secreted Ayichoderma harzianurmto the culture medium and the
products of chitin hydrolysis. When these fungi were grown on MS medium plus colloidal
chitin as carbon sourceafter 3 days the GLcNAc was observed. The GLcNAc products
reached the maximum value By harzianumafter 5 days. The enzymethen decreased
sharply after 7 days. The reason might be due to accumulatitime @roducts of chitin
breakdown as shown intoet al, (1997).

100 |

80

60

40 1

20 A

Reducing sugars(mg N-acetylglucosamine/

]

3days Sdays
Length of incubation

Figure 5.6: Monomers oN-acetyglucosaminproduced fronT. harzianunduring7 days
incubation T. harzianum =) andcontrol E===), Means of triplicatest) standard

error.*significant difference from the control (P < 0.05).

High levek of chitinaseduring the early incubation period lead to tegradation of chitin
and releasef monomersThe finding provides evidence thdt. hazianumis a chitinolytic
fungus.It can clearly see that. harzianunmshowed high activity against chitin and released
GLcNAc in the medium.El-Katatnyet al, (2001 foundthatT. harzianumhashigh activity
towards chitin which is in good agreement with the reswltshe present studyAlso, Elad
et al, (1982 found thatT. harzianumreleased chitinase when grown on chitin as carbon
source.Ulhoa and Peberdy199]) alsofound that significant levels of chitinase produced

from T. harzianummycelium whenthe funguswasincubated withchitin in the absence of
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anyother compounds. Similgsl chitinase produced froMucor Henmalis releasedGLcNAC
from colloidal chitin. The level of lytic enzymeleased fronM. hiemalisshown inFigure
5.7.The highest activitwas seerafter 5daysncubation therthis value decreasetMuchaet
al., (2009 reported thathitinaseactivity wassimilarly seen irM. hiemalis.Interestingly,as
with T. harzianum the highest chitinase productiomas recorded aftelsdays Chitinase

secretion in the test mediusypromotedby chitin (Eladet d., 1983.
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Figure 5.7: Monomers ofN-acetyglucosamine produced fravh hienalis during7 days
incubation M. hienmualis (wmmmmm) andcontrol ====), Means of triplicates) standard

error.*significant difference from the control (P < 0.05).

Figure5.8 showsthe pHvaluesproduced byM. hiemalis andT.harzianum Basedon these
results, the highest pH value was found to be 6.5 producddhlayzianumand 6.3 byM.
hierralis after 7 days incubgin. This trend ighe opposite of chitinase productipso theeis
no obviouscorrelation between GLcNAc residues and pH. significant difference was
detected irpH rate between the both fungi and contihlie toalkalinization of the medium

and theability of the fungudo release ammonia
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Figure 5.8: pH from T.harzianumandM. hienalis in test mediumM. hienalis
(==, T harzianum(====) and control =—+— ). Means of triplicates() standad error.

*significant difference from the control (P < 0.05).

Biomass production during the hydrolysis of chitip T.harzianumand M. hiemalisafter

7dayswas alsaleterminedFig. 5.9).
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Figure 5.9: Biomass productiorfrom T.harzianumandM. hienglis. M. hiemnalis
(=*=) andT .harzianum(=—==). Means of triplicates#) standard erro¥significant
difference (P < 0.05).

Good growth was supported by reducing sugarstaere was a gradual decrease at 5 days
in the fungal growthThe highesvaluewasreached at 7 days of incubation in both fungi. It
is noticeable that there was no connection between the enzyme productimoraasis

5.3.5. Qualitative analysis of chinolytic bacteria

Chitinase in bacteria was examined also by release of free glucose as end products from
chitin. The activity was expressed as reducing sugars (glucose). The production of chitinase
by B.cereusis shown in Figure 5.10. Chitinase agvity is seen topeak after 24 hours
incubation in YNB medium plus chitinActivity then decreased after 48 hourB.cereus
degraded colloidal chitin efficiently and produced free glucose. Based on these temsults,
strain exhibited high chitinolytic aweity. This result confirmed that colloidal chitimas used
as a solecarbon source for chitinase production ahé release free glucose groups by
B.cereusSeveralotherstudes confirm thatB.cereugeleass chitinase when colloidal chitin
is used asabonsource(Changet al, 2003; Wanget al, 2001, Wanget al, 2009.
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Figure 5.10: Free glucos@roduced fronB.cereusafter48 hours of incubationB. cereus
( ) and control(®======= ) \eans of triplicatest) standard errofsignificant

difference from theontrol (P < 0.05).

The pH of the mediumwas measred in order tadetermineany the correlationbetween
chitinase activity and pH. Undéne conditionsused pH reachec maximum value after 24
hours incubatiorat 7.6 (Fig. 5.11). The maximum production of chitinaseasalso detected

after 24 hoursshowng a possible relationshigith medium pH
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Figure 5.11 pH value produced fromB.cereusafter 8 hous of incubation B. cereus
(—*—) and contro—>). Means of triplicates#() standard errotsignificant difference
from the control (P < 0.05).

Figure5.12 shows that optimal growth 8f.cereuson YNB medium supplemented with
colloidal chitin.Bacillus cereusgrew on chitin assolecarbon sourc&ith growth increasg
gradually after 24 hours of incubatioand asharp increase in the growth after 48 hours

incubation.
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Figure 5.12: Growth rate ofB.cereusn YNB medium supplementedwith colloidal chitn
after 48 houws of incubation Means of triplicates) standard error.

It can be clearly seen that the maximum growth occurred a8drodrs and the lowest

growth was after 12 hours.

5.3.6. Chemical analysis of agricultural soil amended with chitosan

Here,chitosarwasused as nitrogen source insteddNH4),SO, and urea

5.3.6.1. Nitrate production

Nitrate levels in agricultural soil amended with chitogaa shown inFigure 5.13.The
amount of nitrate increased gradually and peaked after 4 weitkate production occurred
over the entirencubation periodthis might be due to the chitosontainingaminosugas and
the microorganisms produced lytic enzymes for the decomposition of chitinous miaterial
useas carbon and nitrogen sources. In didd, the activity of the extracellular enzymes
seems to be associated with the rate of decomposition and mineralization of chitosan. It can
be clearly seen that theicroorganismsin the soil used herattacked the chitosan and

produced enzymes to obtanergy and nutrients
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Figure 5.13 Nitrate production from the hydrolysis of chitos@neatment®====) gnd

control ). Means of triplicates (x) standard errtsignificant difference from the

control (P < 0.05).

5.3.6.2. Ammonium production

Figure 5.14 showsthe concentration of ammonium produced frtdre decomposition of
chitosan. The main observationtigtthe highest rate of ammoniuwas seerat weekone,
while only asmall production ofammoniumoccurred over théollowing weeks. This might
be becauseammonium accumulatioprevented further degradation of chitosan. In contrast,
therewasno change in control. The oxidation of ammonium from the hydrolysis of chitosan
wasalsofound to be high at 1weeadnly compare to following week3he lower ammonium
production might be due to accumulation of carbon dioxide and ammonia which inhibited the

synthesis of microbial enzymes.
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Figure 5.14 Ammonium production from the hydrolysis of chitos@reatmen

and contro

5.3.7. Phylogenetic identifiation of unknown fungi

Four strains of unknown fungi were isolated from agricultural soil amended with chitosan
anddesignedas CH3, CH12, CH24 and S7. The first step in the identification of unknown
fungal gene was the amplification of genomic DNANgsITS1 and ITS4primers. The

fragments of PCR products observed in the lanes shotigume5.15

146



g
°
|

,..
n

1.0 —

Figure 5.15: Amplification of fungal genomi®NA from unknown isolates(A) Lane 10:
Trichodermaharzianum(B) Lane 2:Trichoderma tawaandLane 3:Trichoderma

citrinoviride.

The fungal gene sequenddentity is presented inTable 5.3. The sequence from fungal
isolates was obtained and compared with the databases.

Table 5.3: Fungalsequence analysis of isolated fungi.

Source of | Representative Closest Sequence | Length NBCI
Sample sequence matches identity of (Accession
identification sequenceg  number)
(bp)
Soil S7 Trichoderma 99% 621 HQ596929.1
amended citrinoviride
with CH3 Trichoderma 100% 549 JX982444.1
chitosan harzianum
CH24 Trichoderma 99% 613 KC847172.1
tawa

Thesinglemost striking observation to emerge frame datacomparisorwasTrichoderma
harzianum showed high identity 100%. Similarly,Trichoderma citrinoviride and
Trichoderma tawashowed 99%dentity. Blast analysis of CH3 showed similarity of 100%
with Trichoderma harzianur(Fig.5.16).
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Trichoderma harzianum strain 86 internal franscribed spacer 1, partial sequence; 5.85 ribosomal RNA gen
Sequence ID: gb|JX982444.1] Length: 549 Number of Matches: 1

Range 1: 17 to 549 GenBank Graphics

Score Expect Identities Gaps Strand
062 bits(1066) 0.0 533/533(100%) 0/533(0%) Plus/Minus

Query 1 GRGGTCACATTTCAGRAGTTGGETGTTTRRCGGCTETGGACGCGCCGCECTCCCGRTGIG 60

LEEEEEREETE R EE T e E R P e e EE e E e PP e
Shjct 549 GAGGTCACATTTCAGRAGITGGGIGITTAACGGCTGTGGACGCGCCGCGCTCCCGATACG 4590

Query AGTGTGCARACTACTGCGCAGEAGAGRCTGCEECEAGACCGCCACTGTATTTCGGRGACG 120

LECECTETEREEEEE T EEEE P EEE e e e e ey
Sbjct AGTGTGCAAACTACTGCGCAGGAGAGGCTGCAGCGAGACCGCCACTGTATTTCGGAGACG 430

Query GCCACCCGCTAAGGGAGGGCCGATCCCCAACGCCGACCCCCCGGAGGEETTCRAGGETTG 180
| LEEEEEREETE R EE T e E R P e e EE e E e PP e
sbjct CCACCCECTARGGGAGGECCGATCCCCAACGCCGACCCCCCGEAGGEETTCGAGGETTG 370

Query ARRTGACGCTCGGACAGGCATGLCCGCCAGAATACTGGCGGGCECARTGTGCGTTCARAG 240
LEEEEEREETE R EE T e E R P e e EE e E e PP e

Sbijct AARTGRCGCTCGGRACAGECRTGCCCGCCAGRATACTGECGEGCGCRATCTGCETTCARRG 310

Query ATTCGATGATTCACTGAATTCTGCRATTCACATTACTTATCGCATTTCGCTGCGTTCTTC 300

LLCECERTETEEEEEEEEE T EEEE PR R e Eer R e I
sbjct ATTCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGTTCTIC 250

Query ATCGATGCCAGRACCARGAGATCCGTTGTTGARAGTTTTGATTCATTTTCGARRCGCCTA 360

LEEEEEREETE R EE T e E R P e e EE e E e PP e
shjct ATCGATGCCAGRACCAAGAGATCCGTTGTTGAAAGTTITGATTCATTTTCGAAACGCCTA 190

Query CGAGAGECGCCEAGARAGECTCAGATTATa 282225 CCCGCGEAGGGGGTATACARTARGE 420

LECECEETEEEEEEEEEE T EEEEEE PP R e e e e e ey
Sbjct CGAGAGGCGCCGAGRRAGGCTCAGATTATARARAAACCCGCGAGGGEETATACAATARGE 130

Query GTTTTAGGTTGETCCTCCGGCGEGCGCCTTGETCCGGGGCTGCGACGCACCOGGGGCAGR 480

LEEEEPEEEEEE TR T e EE e e e e e e e e e e e e e e e e e e e e e ey |
Shict GTTTTAGGTTGGTCCTCCGECGEGCGCCTTGETCCGGEGCTGCGACGCACCOAGEGCAGR  T0

Query GATCCCGCCGRGGCARCAGTTTGETAACCTTCACRTTGGETTTGEGAGTTGTA 533

LECECERTEEEEEEEEEE T e E R PR e e e E e e T
shjct GATCCCGCCGAGGCAACAGTTTIGETAACGITCACATTGGGTTTIGGGAGTTGTA 17

Figure 5.16: Sequence of. harzianum(achieved after the amplification of whole cell
genome) referring to the affiliations through BLAST studigse. Query_ referring to the

line when inpusequenceThesubject refers to sequence of line matching.
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The fungal $olate was identified (Fig5.17) as Trichoderma harzianunwhich is an

ascomycete

Fungal sp. ARIZ BOS3.p 185 ribosomal RNA gene, partial sequence: internal 1
Fungal endophyte culture-collection STREICBG-Panama: TK 1094 185 ribos.,
o ascomycetes | 41 leaves
Fungal endophyte culture-collection STRI:ICBG-Panama: TK1039 185 ribos.
Trichoderma sp. 4 BRO-2013 185 ribosomal RNA gene, partial sequence; inte...
Hypocrea lixii strain SHMH1102 ibosomal RNA gene, pariial sequence; .
Hypocrea lixii strain P49P11 I8S ribosomal RNA gene, partial sequence: inte,
Trichoderma harzianum stain P134_D1_11 18S ribosomal RNA gene, partial ...
Hypoerea lixii isolate OTUG60 internal transcribed spacer 1, pariial sequence:...
Trichoderma f. harzianum ROG-2010 strain IB39b 18S ribosomal RNA gene
Hypocrea lixii 188 rRNA gene (partial), ITS1, 5.88 rRNA gene, ITS2 and 28S..
Hypocrea lixii 188 tRNA gene (partial), ITS1, 5.85 rRNA pene, ITS2 and 28S..
Hypocrea lixii strain C.PK. 1941 internal transcribed spacer 1. 585 ribosontal
Fungal sp. ARIZ B311.p 185 ribosomal RNA gene, partial sequence: internal 1.,
Fungal sp. ARIZ BS11 185 ribosomal RNA gene, partial sequence: internal tr.
Fungal sp. ARIZ B508 1 bosomal RNA gene, partial sequence: internal tr...
Fungal sp. ARIZ B502 185 ribosomal RNA gene, partial sequence: internal tr...
Fungal sp. ARIZ B474 185 ribosomal RNA gene, partial sequence: internal 1r...
Fungal sp. ARIZ B473 | bosomal RNA gene, partial sequence: internal tr...
Fungal sp. ARIZ B453 188 ribosomal RNA gene, partial sequence: internal tr...
Fungal sp. ARIZ B447 188 ribosomal RNA gene, partial sequence: internal tr.
Fungal sp. ARIZ B446cA. 185 ribosomal RNA gene, partial sequence: internal...
Fungal sp. ARIZ B442 185 ribosomal RNA gene, partial sequence; internal ir...
Fungal sp. ARIZ B440 188 ribosomal RNA gene, partial sequence: internal tr.
Hypocrea lixii sirain DAOM 231402 188 ribosomal RNA gene, partial seque.
Fungal sp. ARIZ B423 185 ribosomal RNA gene, partial sequence: internal 1
Fungal sp. ARIZ B418 185 ribosomal RNA gene, partial sequence: internal tr.
Fungal sp. ARIZ B414cA. 185 ribosomal RNA gene, partial sequence; internal...
Fungal sp. ARIZ B408 185 ribosomal RNA gene, partial sequence: internal 1r...
Fungal sp. ARIZ B403 | bosomal RNA gene, partial sequence; internal tr...
Fungal sp. ARIZ B402cB 188 ribosomal RNA gene, partial sequence; internal,
Fungal sp. ARIZ B402cA 188 ribosomal RNA gene, partial sequenc .
Fungal sp. ARIZ B261 | bosomal RNA gene, partial sequence; internal tr...
Fungal sp. ARIZ B150 185 ribosomal RNA gene, partial sequence; internal ir...
Fungal sp. ARIZ B149 185 ribosomal RNA gene, partial sequence: internal tr.
Fungal sp. ARIZ B137 185 ribosomal RNA pene, partial sequence: internal tr
Fungal sp. ARIZ B131 188 ribosomal RNA gene, partial sequence: internal tr...
Fungal sp. ARIZ BI04 188 ribosomal RNA gene, partial sequence: internal tr.
Fungal sp. ARIZ B102 185 ribosomal RNA gene, partial sequence; internal tr...
tibosomal RNA gene, partial sequence; internal tr...
Lsp. tibosomal RNA gene, partial sequence: internal tr
Fungal sp. ARIZ B092 | bosomal RNA gene, partial sequence: internal tr...
Fungal sp. ARIZ B090 185 ribosomal RNA gene, partial sequence; internal ir...
Fungal sp. ARIZ BO89 1 bosomal RNA gene, partial sequence:; internal tr
Fungal sp. ARIZ B056 185 ribosomal RNA gene, partial sequence; internal ir...
Fungal sp. ARIZ BO31 188 ribosomal RNA gene, partial sequence: internal tr...
Fungal sp. ARIZ BOOT 188 ribosomal RNA gene, partial sequence: internal tr.
Hypocrea lixii sirain DIS 221D 188 ribosomal RNA gene, partial sequence: i.
Hypocrea lixii strain G. 101 185 ribosomal RNA gene, partial sequence;
Hypocrea lixii strain GIS 05-469 185 ribosomal RNA gene, partial sequence;
Hypocrea lixii 5.85 rRNA gene, ITS1 and ITS2, strain VIO3700
Hypocrea lixii strain DAOM 229971 I8S ribosomal RNA gene, partial seque.
Hypocrea lixii strain JB T1244 188 ribosomal RNA gene, partial sequence; int...
Trichoderma harzianum isolate H-20 internal transcribed spacer 1, partial sequ...
Trichoderma harzianum strain TR274 internal transcribed spacer 1, partial seq...
DTrichoderma atroviride strain wxm 146 185 ribosomal RNA gene, partial sequ..
P Trichoderma atroviride strain wxm 143 188 ribosomal RNA gene, partial sequ..
Wlel[435585
Fungi |2 leaves
Trichoderma sp. TPK_IPDAS 188 ribosomal RNA gene, pariial sequence; inie..

Figure 5.17: Phylogenetic tree of CH3 (ichoderma harzianuijn
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CHAPTER 6
ISOLATION AND IDENTIFICATION OF CERTAIN ENZYMES
6.1. Introduction
The past thirty years have seen ieséingly rapid advances in the field of protein
identification.There have been several studies in the literature reporting the difficulty and the
challengesof protein identificatios.

6.1.1. Using Ammonium siphate in protein isolation

For protein isolation and purification, several salts such as ammonium sulphate have been
used. Ammonium sulphate has many useful properties e.g. it has high solubilityignd it
inexpensive Consequentlyit has become thenost chemical used in protein isolation and
purification. Ammonium sulphate fractionatiosinitial step used ityase purification froma

complex protein mixtur@/NVonget al, 200Q.

6.1.1.1. Using ammonium sulphate to isolate alginate lyase

Large numbes of enzymes have been partially purfieising (NH).SO;. Among these
enzymesinclude alginate lyses which have been purified partially from several bacteria
species. For examplemmonium sulphate has been successfully used for isolation and
partial purification of alginate lyase ( crude algse) fromFlavobacterium spusing two
saturationvalues 30% and 55%An et al, 200§. As highlightedby Baronet al, ( 1994, 50-
65% is another saturatiomalue of (NH4),SO, which can be sed to isolate alginate lyase
from Klebsiella peneumoniaThe precipitation of alginate lyase froBtreptomyces s@and
Pseudomonas slpasalso beenachievedusing ammonium sulphate followed by the SDS
PAGE to confirm the purity of the purified lyag€aoet al, 2007 Muramatsu and Sogi
1990.

6.1.1.2. Using ammonium sulphate to isolate keratinase

Ammonium sulphatevith a saturationof 80% has been utilized with the superawatt of
Streptomycesp. in order to purify keratinase then the purity was checked using SDS
PAGE gel (Xie et al, 201Q. Also, 80% saturation of ammonium sulphate has been used as
first step of kerinase purification from the supernatant Twichophyton vanbreuseghemii
(Moallaei et al., 200§. Chenget al ( 1995 also reportedthat theculture supernatant of
Bacillus licheniformiscan be precipitated using ammamm sulphate 80% followed by

dissolving in suitable buffer
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6.1.1.3. Using ammonium sulphate to isolate pectinase

Microbial pectinase haseen isolated with ammonium sulphate efficienty. study
reported that ExX’G, EndePG and pectinesterase Dfichoderma reesihave been salted
out successfully using ammonium sulphgBummadi and Panda, 2003n fact, several
types of pectinase havieeen prepared from culture of fungi, bacteria and yeast using
ammonium sulphate. As a resudtnmonium sulphate fractionation is one of the common
methods to purify pectinase lyase near to homoger{¥iaglav et al, 2009. Generally,
ammonium sulphate can be used for crude enzyme preparation such as crude endo
polygalacturonase fronfPenicillium sp precipitatedusing ammonium sulphate thi two
saturation from 30% to 80%'uanet al, 201).

6.1.1.4. Using ammonium sulphate to isolate chitinase

For the preparation of crude chitinase enzyme frdacillus circulans, anmonium
sulphate has been used with concentration 80% then the precipitate protein dissolved in the
buffer (Watanabeet al, 199Q. In a different studySuzukiet al, (1999 found that80%
saturation of ammonium sulphatan be used to isolate chitinase from the supernatant of
serratia marcescen®\ partially purified chitinase can be produceding 100%(NH,),SO,
from the filtrate ofBacillus cereusas reportedby (Kishore and Pande, 2007Chitinase
isolationat 40-70% saturation has also been reporfetbang and Chen, 20D4as has a

60.8% saturationsingBacillus cereusupernatanfWanget al., 2009.

6.1.2. Identification of proteins using mass spectrometry data (MS)

Mass spectrometry is one of the most commonly used methodsefatentification of
proteins Many computer programs have begmaracterizedor proteins identificatiorby
searchinga sequence database using mass spectrometry(@ataell and London, 1999
Mass spectromet techniques are powerful tools in protein identifica and they are widely
used For examplesamples containing just a few protein components can be applied using
MS. Also, complex samples containing many protegwech as clinical samp@ecanalsobe
identified. In addition, mass spectrometry can be used without previous knowledge of the
proteins to be analyzed and identifiedwards, 201l There are several approaches for
mass spectrometry:

o MS/MS ion searchleswhich use MS/MS data derigdrom one or more peptides.
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o Peptide mass fingerprining which uses peptide molecular weighgroducedfrom protein

digestion by the enzyme.

o Sequence querywhich combine the mass data from MS with amino acid sequence data
or physicochemical dathat deduce sequence or composiiiGottrell and London, 1999

The generabpproachis that the protein sample is digested to produce short peptida
proteolytic enzyme then the peptides will separate based on physical and chemical properties
of peptides. Because most peptides have similar physicochemical propleetigsS can
achieve a scan in order to choose the most abundant peptide iomalimisa A selected
peptide ion is known as the tandem msggsctrum or MS/MS spectrum. There is type of
computer software called tandem mapgctrometry search whican be used tmentify the
proteinsby theanalysis of datasets. These seasthatchthe MS/MS with peptide sequences
produce from a protein sequence datababeythen use th&entified peptides toecognize

the protein in the samplg&dwards, 2011l According toMcDonaldet al, ( 2003, liquid
chromatography mass spectromeftyC-MS/MS) can be use to analyzeseveral peptides
derived from digested bands determined via polyacrylamide gel electrophoresis. In fact, LC
MS/MS hasbeenused toanalyze a massive number of proteins and it can compare the data
from the tandem mass spectrometry to the database sequence and identify the peptides via
their amino acid sequencd&he aim of the work reported in this Chapter was to isdtaie
degradative extracellular enzymefrom bacteria using ammonium sulphate namely:
keratinase alginate lyase, pectinase and chitinase order to determine their molecular
weight. Identification of three enzymes (keratinase, pectinase and chitmasealso

determined using Liquid chromatography mass spectromeiyMS/MS).

6.2. Materials and Methods
Protein purification requires isolation of whole protein fronitial materiak as a crucial

step.

6.2.1. Isolation of alginate lyase as crude atase fromPseudomonas aeruginossrain
ATCC 27853

o Preparation of the crude extract

For the first step in thepartial purification ofPseudomonas aeruginog®lTCC 27853
proteins inthe crude statea protein fraction from the cell wasbtained The eeriment
stepswere conducte@t4°Cin order tominimize the possibility oprotein degradatiormhe

bacterium wagjrown in(broth) medium (50 ml in 250 ml Erlenmeyer flasks) containing 1 g
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sodium alginate, 1g yeast extract, 2 g tryptone, 5 g sodiumiadalior 1000 ml distilled water

at pH 7.6.The mediumwas incubated at 37C in 200 rpm for 24 hoursThe initial step
consisted ofachieving homogeneity of supernatant to remove cellular debris using a
centrifugation at 5 000 x g for 20 min. The pellet waendiscarded and the supernatant was

applied tothefollowing steps.

o Precipitation of alginate lyaseusing two saturations of ammonium sulphate

During the precipitation of protein,supernatantvas usedrom a 24 hoursculturegrown
on alginate méium andinitially precipitated using ammonium sulphate 30% and held@t 4
for 2 hours This supernatanvas thercentrifugedat 10 000x g at 4°C for 15 min andthe
pelletwas harvestedAmmonium sulphate was added again as additional saturatioth@to
supernatant to give 55%andthen the supernatant was kept &Cifor 4 hours The pellet
was collected again by centrifugation at 10 80§ at 4 °C for 15 min.The obtained pellet
was transferred andissolved in 0.02 mol/L phosphate buffer (pH 7.0he solution was
incubatedovernight at 4°C. The mixture waghen centrifuged for 15 min at 5,000 rpta
remove thepellet The dialyzed supernatant wathen used as the crude alginase for the
following tests(An et al, 2009.

6.2.1.1 Determination the molecular weight of alginate lyase using SBBAGE
For this purposeSDS polyacrylamide gel electrophoresis (SBSGE) was useds

follows:
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SDSPAGE
Table 6.1:Buffersstainand destain composition.

SDSPAGE lower buffer 1.5 M Tris/HCI, 0.4% (w/v) SDS, pH 8.8.
SDSPAGE upper buffer 0.5 M Tris/HCI, 0.4% (w/v) SDS, pH 6.8.
SDSPAGE running buffer 25 mM Tris/HCI, 0.1% (w/v) SDS, 0.19 glyw pH 8.3.
SDSPAGE loading buffer 315 mM Tris/HCI, 25% (v/v) SDS, pH 6.8

gl ycer ol ;mersagtoethanbly ) b

7.5 mMbromophenoblue, 18% (w/v) SD

Stain 1 g Coomassie brilliant blue-B50, 40% (v/v) methano

10% (v/v) glacial acetic acid, 50% deionised water.

De-stain 30% (v/v) methanol, 10% (v/v) glacial etic acid, 60%

deionised water.

Gel Composition Table 6.2:Gel composition

15% Separating Gel 1.25 ml lower buffer

2.5 ml of 40% (w/v) acrylamide

1.25 ml distilled water

25 ul 10% (w/v) APS (ammonium per$atie)

7.5 pl TEMED
Stacking Gel 6.25 pl upper buffer

300 pl of 40% (w/v) acrylamide
1.575 ml distilled water

25 pl 10% (w/v) APS (ammonium per sulfate)

7.5 ul TEMED
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6.2.1.2 Standard Protein marker Mixture
The proein markerusedwas- Precision plus proteif™ All Blue, produced by BieRad. It

is a mixture of 10 blustained recombinant proteins arranged from 10 to 250kDa.

6.2.1.3 SDSPAGE gel electrophoresis

A Bio-Rad mintprotean Il apparatus was used tofpen SDSPAGE. The experiment
was carried out using two types of gelgolyacrylamide separatinggel 15 % and
polyacrylamide stackingel 4 %. Protein sample (alginate lyase) was subjected for loading
steps using x SDSPAGE loading buffer 1:1 ratio. Aftea period of 10 minutes heatirad
90 °C,20 ¢ | of t he sneorthe get The apparatus wad eud at a constant
voltage of 100° 150 V for approximately 75 90 minutes. Gels werihenstained at room
temperature for a maximum of 16 houfithen they were destained by shaking at room

temperature until the bands were clearly visible.

6.2.2. Isolation of pectinase, keratinase and chitinase using ammonium sulphate

A variety of methods can be used to precipitate of proteins such as usingsclange
temperature, pH, add salts and organic solvents. To precipitate the proteins, ammonium
sulphate as a classical method was used.

6.2.2.1. Isolation and partial purification of pectinase fromB.megaterium

Bacillus megateriumwas chosen based on itstigity against pectinin-vitro. For the
extraction of pectinas®.megateriunwas grown on YEP broth at 37 °C using 200 rpm for12
hours Culture supernatant was collected fromhb2rsold culturevia centrifugation ab 000
x g for 20 min. The supernata was precipitated with 80%aturationammonium sulphate
using the same steps described abdVe precipitated protein wakendissolved inTris-
HCI buffer (0.01 M, pH 7.5)and dialyzed in the same buffer overnighashyapet al,
2000.The dialyzed protein obtained was treatethapartially purified enzyme.
6.2.2.2. Isolation and purification of keratinase from Bacillus licheniformis strain
LZBL -11

Bacillus licheniformiswas isolated frm marine sand and selected for this testThe
selection was based on its activity against keratin. Gépgthe bacteriunwasgrown on LB
medium supplementealith azureat 37°Cusing200rpm for 24 hours The supernatanthich
collected from the24 hoursold culture centrifugedat 5000g for 20 min.The resultant

supernatant wagprecipitated with 80%satuation ammonium sulphateising a previously
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described methodlhe precipitated protein was dissolvedTiris-HCI buffer (0.01 M, pH
7.5) and placedin the same buffer overnigiChenget al, 1995. The keratinase was

expressed as partialpurified keratinase

6.2.2.3. Isolation of chitinase fronB.cereusstrain BS2

Bacillus cereusstrain BS2, a bacterium used in this approaalas previouslyassessed as
good chitinase producer in chitin medium. The straingvas/n at 37°C for 24 ¢ursin YNB
medium containing 0.2%chitin and 0.5% yeast extrachll partial purification proceduse
weredone in cold room at°€. For enzyme precipitatiothe following steps vereperformed.

s Stepl preparation of crude extract

To obtainaclear supernatancell debris was removed by centrifugation at 5000xg for

20min. The supernatant fluid wdsentakento thefollowing step.

o Step2: (NH4)SQ, precipitation

A saturation of 30%(NH4),SQ, was added to thesupernatantsolution. The resultant
precipitate vas removed by centrifugation abaD0xg for 15min and discarded. Further
(NH4)2S04 was added to obtain 80% saturatiime suspension was again centrifuged at
10000xg for 15minand then dissolvedin 0.02 M sodium phosphate buffer (pH 6.0) and
dialyzed ovemight against the same bufi@vatanabest al., 1990.

6.23. Measurement the activity of proteins

Enzymes areknown to be proteins having different solubility in salt solutionand
proceduresor enzyme extraction mostly begin with salt precipitation (commonly ammonium
sulphate). When the salt added serially, ingidual proteins precipitate according to their
solubility. To evaluate theurification step each step othe extraction must be checked for
enzyme activity by measuring the decrease of substrate or the increase in the prbaucts.
activity four enzymesvere measured using the same methods described irketehabove
Chaptes (Table 6.3).

Table 6.3 Measurementf theactivity of enzymes.

Enzyme Activity methods
keratinase At 595 nm.
pectinase DNS at 530nm
chitinase DNS at 535nm
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6.24. Measurementof the concentration of protein (Bio-Rad assay)

Approximately 0.8 miof sterilised milliQ water wadransferrednto a plastic cuvette and
0.2 ml of BioRad dye regent was added to each cuvette tubes. The cuvettetherere
covered with parafilm and mixed carefully by centrifugation or tipping upsosen andthe
right way up again. 5ul of protein solution was added and measured at Oi$8§ Bic
Rad regen(Bradford, 197%. The protein concentration was calcula&sdollowing

Protein concentration (mg i) = ODsgsx15/Volume of protein (pl)

6.25. Gel electrophoresis (Nu-PAGE® Bis-Tris gel)

There are many types of SBFRAGE can be used in protein electrophoredige of them is
Nu- PAGE model Nu- PAGE conditions were different tpreviousSDSPAGE.Nu-PAGE®
Bis-Tris gelis precaspolyacrylamide gelvhich designed to give optimal separatiorsofall
to medium size of proteins during gel electrophoresis. It has a natdr#hat minimizes
protein modifications resulting in sharp bands. In addjtiboan be used forsequence,
mass spectrometry, and angpplication in which protein integrity is vital.
Moreover, NUPAGE® BisTris gel designed to allow separation of a wide range of
molecular weight proteins and fast run time (completed in as little as 35 nAinalysis of
keratinase, pectinase and chitimasbtained during preparation of protein was carried out
using a NUPAGE®ovexBis- tris 4-12% gelproduced by ife technologieslt was run with
MES running buffer(20X). The buffer consisted of 1X: 50 mM MES, 50 mM Tris Base,
0.1% SDS, 1 mM EDTA, and pHA3.

Standard Protein marker Mixture and electrophoresis conditions

The marker useds Mark 12 ™ unstained standar(2.5200 kDa) produced fronkife
Technologies.The protein marker consisted of Myosin(200kDa), dxGalactosidase(116.3
kDa), Phosphorylase b(97.4Da), BSA(66.3kDa), Glutamic dehydrase(55MDa), Lactate
dehydrogenase(36.%Da), Carbonic anhydrase(3kDa), Trypsin inhibitor(21.5 kDa),
Lysozyme(14.4kDa), Aprotinin(6 kDa), Insulin B chain(3.5kDa) andInsulin A chin(2.5
kDa). Prokeins sample (chitinase, keratinase and pectinasere normally prepared with
loading buffer Af t er a period of 10 minutes heating .
onto the gelisingvoltage of 200for approximately35min The gl was staineavith Instant
Blue ™ stain (Expedeon)t roomtemperatureThegels were destained in destain Bdion

overnight using shaking at room temperature until protein bands were clearly visible.
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6.26. Identification of the proteins using mass spectrometric analysis (SM)
The aim of the experiment is to identify component proteins of key bands of inberes

SDSPAGE pertaining to the clients derived samples.

6.26.1. Preparation of Secreted Proteins

In order todetect the proteins of interest by mass spectrometry),(M8 samples were
separated on NBRAGE gels The mass spectrometric analysis ofdtmase, pectinase and
chitinase wasachieved using wetNUPAGE® 412% Bis tris acrylamidegel Novex. Nu
PAGE conditions were similar to those for preus NuUPAGE. One different isoading
bufferwas MOPS 20X and protein marker waseBlue® Plus2 Pf8taned Standard

s Loading buffer (NUPAGE® MOPS SDS Running Buffer (20X)

NUPAGE® MES SDS Running Buffer and NUPAGE® MOPS SDS Running Bhéf#rcan
be used with NUPAGE® Novex® Bigris gels.The ug of MOPS bufferallows proteinsto
run slower than when using MES buff@ihe formulation of buffer was 50 mM MOPS, 50
mM Tris Base, 0.1% SDS and 1 mM EDTA, pH 7.7.

o Standard Protein marker Mixture

The SeeBlue® Plus2 Ps8tained Standard(14-191kDa) was purchased fromLife
TechnologiesThis marker canbe used with NUPAGEGNUPAGE® 412% Bis tris gel
Novex). It contains10 proteins: eight bludyed and two with contrasting colors providing
easier band identificatiomhe marker usedonsisted of Myosin(191 kDa), Phosphorylase
B(97 kDa), BSAE4 kDa), Glutamic dehydrogena&d( kDa), Alcohol
dehydrogenasdgkDa), Carbonic anhydrase(28 kDa), MyoglobifRed(l9 kDa) and
Lyzozyme(14 kDa

0 Electrophoresis

Before identificationof candidate bandasing MS analysisthe samplerun as a soluble

sample on a NUPAGE precagt0 ¢ | of the sampl asingwaltage bfoade d
200for approximately5min.

6.26.2. Liquid chromatography mass spectrometryAnalysis (LC-MS/MS)

Mass spectrometry has been generally used to allow identification of proteins using
available database$he criteria for a successful MS analysis argood match of protein
with database which acts &wge proten sourcesModel LC-MS/MS was used including
three steps as follasv
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Protein digestion

After several washesf the gel with ultra-high purity water, bands were excised with a
clean scalpel and transferred into Eppendorf tbes 6.1) Samples weréhenreduced by
10mM dithiothreitol at56 C for 1 hourand alkylatedusing55mM iodoacetamide 30 min at
room temperature in the dableforein- solutiontryptic (SigmaAldrich) digestionin a final
concentration of 50mM ammonium bicarbongikl 8 at 37°C fo 16 hours with a total of

0.4ug of trypsin in a final volume of 7(l.

LC-MS/MS Analysis

Peptides were then collected and eluted by rounds of incubation with 100% acetonitrile
then 0.5%formic acid at 3€ for 15 minutes before being vacuum drtedn subsequently
being solubilized irsuspensiori0.1% formic acid, 3%cetonitrile). 40% of the material was
injectedusing a Dionex Ultimate 3000 uHPLC, onto a PepMap100 C18 2cm x75um I.D. trap
column (ThermoFisher Scientific) at 5uL/min in 0.1% formi@da®% acetonitrile and 3&
in the column oven and 6 in the autosampler. The sample was separatea a 36 minute
gradient of increasing acetonitrile from 2.4% up to 72%, in 0.1% formic asidg a 15cm
PepMapl100 C18 analytical columnp{@ particle size, 100A pore size 75um [.D)
(ThermoFisher Scientific) at 250nL/min and 85 The mass spectrometer analyser used was
a electron transfer dissociation (ETD)hermoFisheiScientifi, Orbitrap Elite, equipped
with an EasySpray ESI source (ThermoFisheer@tdic). Nanospray ionization was carried
out at 2.0kV, with the ion transfer capillary at 260 and Slens setting of 60%. M3pectra
were acquired at a resolving power of 60,000 with an automatic gain control (AGC) target
value of 1x16 ions by theOrbitrap detector, with a range of 38000m/z. Following M$
analysis the top 20 most abundant precursors were selected for data dependant activation
(MS? analysis) using collision induced dissociation (CID), with a 10ms activéti@andan
AGC settingof 10,000 ions in the dual cell linear ion trap on normal scan rate resolution.
Precursor ions of single charge weegectedanda 30 second dynamic exclusion window

setting was used after a single occurrence of an ion.

Database Searching

The resulnhg spectra were searched with Mascot (Matrix Science) against the
Swissport/Uniproand NCBInrdatabases sequentially (with a taxonomy filter of Eubacteria)

and using a decoy database within the Proteome Discoverer 1.3 software package
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(ThermoFisher Scidific). A mass tolerance of 5ppm was used for precursoré&tioh for
fragment ions. Full trypsin enzymatic specificity was required with up to 2 missed cleavages
permitted, carbamidomethylation of cysteine was specified as a fixed modification, oxidation
of methionine and acetylation of protein-tBfrminus werecharacterizedas variable
modifications. False discovery rates (FDRs) were set at 1% (strict) and 5% (relaxed) by
Peptide Validator (workflow node within Proteome Discoverer) and were used tbwiestri

the confidence indicators for the peptide spectral matches. Proteins required a minimum of

two peptides with a 95% confidence interval or above in order to be reported

Crude extract

13 preparation &
-~
-

Nu-PAGE gel ‘

MS analysis

B e I otei - Extraction
- - _ T Protein f S p .
N Gel ‘\"‘/ digestion - olpeptdes —
= — _  pluig = == S 7_‘\’&

Figure 6.1: Themainstepsof mass spectrometry
6.3. Resultsand Discussion

6.3.1. Analysis of alginate lyase according the protein marker

A small number of alginate lyases have been purified from marine bacteria, but others
have been tested as crude extract (partially purified states) fnarine and terrestrial
bacteria(Sawabeet. al.,1992) Alginate lyasenvas successfully partially purifidaereusing
ammonium sulphatas crude extract. The partial purified enzyme was confirmed or SDS
PAGE. SDSPAGE was allowed to recognize the banudashow the alginate lyase has a
single bancdestimated as 32 kDa (Fig.6.. Zhe molecular mass of alginate lydseind was
similar to mostPseudomonaalginases he present findingsupportthe study oMuramatsu

and Sogi, ( 1990study which concluded that alginate lyases fromPseudomonas sp
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partialy purified from culture mediumvhich gavethe MWt of the extracellular enzyme was
approximately 32kDa. Several studieshow similar results to the ones given here for
bacterial alginate lyaseSawabeet al (19921997)found thatpurified alginate lyase from
the culture medium oAlteromonas sp. H have a MWt of32 kDa using SDSPAGE which

is in good agreement with the results of the present stddwever, molecular weight of
alginate lyase washown to be37 kDa inP. aeruginosgGlonti et al., 2010 . The present
finding was consistent with the finding &chiller et al (1993, who reported that P.

aeruginosaalginasewvasestimated to be 3¢Da.

M 1 2 3

37 KDa —»

25KDa —>

Figure 6.2: SDSPAGE ofPartially purified algnase fronP.aeruginosaATCC 27853

6.3.2. Measurement of keratinase, pectinase and chitinaaetivities

The resultsshown inFigure 6.3, 64 and 65 show the activity ofthe three enzymes
measured using BiRad regent based on Bradford methdédgure6.3 and 64; show thathe
activity of chitinaseand keratinasefrom crude extractvas higher thanthe supernatant.
However, there was a consideratierreasen pectinase activityn crude extractompared to

supernatan{Fig. 6.5)
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Figure 6.3 Activity of chitinaseof B. cereuscrude extract$ =s=sss) gndsupernatanfe:s),

Means of triplicatest) standard error* significant differencdrom thecrude extracand
supernatanfP <0.05).

It can be clearly seen from thégures that high enzyme activityp the crudeextracts was
shown by keratinase and chitinase and low enzyme activity was observed in pecfinase.
possibleexplanation for this idased onlosses of enzyme activityud to using of 80%

ammonium sulphate
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Figure 6.4: Activity of keratinase oB. licheniformis crude extracts=====) and supernatant
(====) * Significant differencérom thecrude extract angdupernatan{P < 0.05.

163



As indicated byWen et al, ( 2003, in general methods the twrde is handled with 85%

(NH4)2SO, to precipitate the protein as crude extract.

600 1
500
400
300
200

100 A

Reducing sugars(mg galacturonic acid

12
Time (hour)

Figure 6.5: Activity of pectinase oB. megateriumcrude extracts==== ) and supernatant

(

"). Means of triplicates) standard errof; significant differencérom thecrude extract
andsupernatantP < 0.05.

Unfortunately only a limited amount of proteitan be salted by 85% saturation
(NH,4)2S0O,. Subsequentlyabout 75% of the totaénzyme activity was lost in this step.
Moreover, there is variation in enzyme solubility, some enzyme remain in solution and
ammonium sulphate unable to precipitate thentaft be concluded that decrempectinase
activity mighthave occurreduringthe precipitation process.

6.3.3. Determinationof enzymeconcentration

The results from BidRad assay showed théetconcentrations of enzymes were between
0.20.5 mg/ml. The concentration of protein measured in chitinase was found to be
significantly lower than keratinase and pectinagée highest concentration was detected in
keratinase produced Bacillus licheniformisand pectinase produced Bymegateriun{0.5
and 0.45mg/ml respectively. However the lowest concentration wabserved inthe
chitinase produced b§. cereus(0.2 mg/ml)
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6.3.4. Partial characterization of keratinase, pectinase and chitinase

The enzymeswere partially purifiedoy the addition of solid ammonium sulphate to the
supernatant. The fractions were loaded onto the -BBGE. Initially, the extracellular
proteins were observed by SIPAGE. The number of bands observed in NUPA®Ere
seen to balifferent The proteins fronBacillus licheniformis B.megateriumand B.cereus
resulted in one or two major protein bands anargdr number of minor componemis seen
using Nu-PAGE (Fig. 66).

KDa M 1 2 3 4

Figure 6.6: Nu-PAGE ofpartially purified enzymes. Lane 1: keratinase fri@atillus
licheniformis Lane 3 pectinasdrom B.megateriumLane 4: chitinase frorB.cereusstrain
BS2
According tothe standargrotein markerthe size of thanajor band of keratinaseom B.
licheniformis was found to be aroun86.5kDa which is the sameas pectinase from
B.megateriummeanwhile the major band ohitinase fromB.cereuswere estimated to be
60kDa

6.3.5. Identification of enzymesusing mass spectrometric LEMS/MS analysis

The use of rass spectrometryased proteomicas identification of proteins has become
more important in recent years.has been generally used to studgntifying hundreds of
proteins inonly oneexperimentDuring LC-MS/MS analysesmassive number gbeptides
could be hit consistentlydowever,alow number ofpeptide ions might beiissed in one run.
The use of collecte data from repeat runs lead to the identificabbrdifferent peptides
(Mbeunkuiet al, 2009. To demonstrate the potential bE-MS/MS and its suitability for

application, the bands from the gel were investigated.
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6.3.5.1. Identification of chitinase

Two candidatebands fromNu-PAGE were cuf prepared and analyzed by MS/MS
(Fig.6.9) in order toprovide reliable proteomic profilingCrude extract fronB. cereusstrain
BS2 resulted in two major protein bands and a larger number of minor compond\ts by
PAGE (Fig.6.7). Based orthe LC-MS/MS analysisthe bandC1 corresponded tohitinase.
It was successfully positive fahitinase, when the dataere searchedagainst the NCBI
databaseThis was supported by the over 90% coverage of proteins on stseini the
combined data sets. However, the otmajor bandC2 did not show chitinasdnterestingly,
however, theyshowedthe presence of very large prot&nC2 andvery smallprotein inC1;
C2 was not the target enzyn@onsequentlythis is confirmedthat chitinase C1 and C2 must
be different.

Figure 6.8: The location of candidate bands
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As proof of positivity, a search of protein sequencatabaseshows that there is a
significant similarity ofB.cereusstrain BS2 chitinase with known proteins. As the aim of this
research was to identify highly secreted chitin&seas focugsd on the top ten proteirend
chitinasae located in the fifth position of the list.list of more significant proteins and
analysis offraction CL is shown inTable 6.4, showingchargewith the number of peptide

sequence

Table 6.4 Summary of th@eptides angbroteinsidentified in Clusing the LC column

Peptide Sequence Protein Protein Charge | Proteins Mass of
group Group protein
Accessions
(Da)

STVEFSPVYGTDAEFK 1 222097180 2 5 1776.83208
VVLSIGGQNGVVLLPDNAAK 1 222097180 2 5 1964.11333
SDQVMIGLPAAPAAAPSGGYISPTEmMK 1 222097180 2 5 2675.30425
LSNESGYPAFR 1 222097180 2 5 1240.59319

SDQVMIGLPAAPAAAPSGGYISPTEMK 1 222097180 2 5 2659.3022
FINSIQSLIDK 1 222097180 2 5 1277.70989

KALDYIIK 1 222097180 2 19 963.58672

In order to determine the molecular weifftm theright band the band corresponding to
chitinase(C1) appeared on N®AGE with molecular weight approximately 39 kusing
massspectrometric The molecular weightobtainedfrom the gel (60 kDa) was compared
with the molecular weighbbtained from mass spectrometf8 kDa)which shovs that the
determination of molecular weight of protein usingss spectrometris more accuratéhan
using the gel approach The present finding support Changet al, ( 201Q study which
concludedthat moleculamasses oBacillus chitinases ranging from 35 to 89 kDa he
molecular mass aofhitinase from the present stuidy alsosimilar to the chitinase reported
by Changet al, (2003; 38kDa for Bacillus cereusand Bacillus circulansrelease two
chitinase 38 and 39 kDa

6.3.52. Identification of keratinase and pectinase

In this studythe MS analysis was assessed by cuttingthecandidate bands taken from

the gelandthen digeshg themusing trypsin. MS analysis of keratinase and pectinase based

167



on cutting of candidatdandsresultedin no significant similaritywith the databasef
keratinase and pectingsi®r unknown reasonshat could be related tmany factors. A
reasonableexplanation is thathe candidate bands eve not the right bangl These results
suggest thathe enzymes may have acted on different bands of th&ewetral impact factors

might have contributed to unsuccessful peptide detectib@iMS/MS, For example:

o Poor signatto-noise ratios

The presencef a large numbers of peptidein the digested protein mixture prodsce
problems withseparationProblems withprotein detectiomay haveoccurred when only one
cycle of mass spectrometwas achievedfor the protein In addition, poor signaito-noise
ratios are obtained omcompletegroups ofions prevent unmistakable confirmatiof the

search resultMcCormacket al, 1997%.
o limited scanning cagacity

A signal gel plugapproximatelylmm wide might include 40 proteirgad toresultin at
least 2000 peptides in part of proteolysis of this slice. This degree of complexitg
sample is likely to make it impossible to identify all the protemstl by LGMS/MS due to
the limited ability (limited scanning capacit{pakeret al, 2007). Undetectablesamples in
the amlysis could be related to higiensitivity applications to a single setup of the
instrument. Tks sensitivity is due to the materialin the column and not from protein
material in the gefMannet al, 200). It appeardhat the major ban$ not a good indicator
for the target protein anfirther efforts will beneed to benade to purify and optimize the
conditions of pragin, including,loading, band cutting and enzyme purification. These results

recommendethe crude extraghustbe furtherpurifiedin orderto obtainasingle band.
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CHAPTER 7
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CHAPTER 7
GENERAL DISCUSSION

Huge amourd of organic and inorganic substrai® discardel and pollutesoils andthe
water coursesevery year. Biological treatmenf such wastes tend to loheaper andnore
environmentally friendly than cheoal and physical treatment@irayyan and Battikhi,
2005. The degradation of complex substratesrexjuired bymicroorganisns in order to
obtain energy and nutrienfor their growth and survival. The activity of extracellular
enzymesis associated with the rate of degradatidternandez and Hobbie, 2010and
bacteria and fungi play important roles in tpi®cessThe aim of this work was to studlye
degradation of four complex substratesmmely keratin, pectin, alginate and chitity
bacteria and fungasa safe solution tahe environmeniproblems caused by their release into
the environmentAn additioral aim was todeterminethe activities of thefour enzynes
involved in these degradative proces3dwg current studglso investigated the breakdown of
chitin, pectin keratin and alginate in saih relation to ftrification, ammonium production
andsulphur oxidation

The number of keratinophylic fungi isolated using hair as baits via abadting

technique (HBT) werédarger than that achievagsingwool as baitsshowing thahair isa
more effective kratin substratdéor use in the isolation okeratinophylic fungi.A small
number of keratinophylic fungwere isolated using feather which proved not to be a
favourable isolation substrafer keratinophylic fungi. Solid media supported by commercial
substrate (keratin azure) as a source of carbon and nitpsgeroted keratinase production
for keratinolytic fungi and keratinolytic bacteridhe following leratinolytic fungiwere
isolated Acremaium strictum, Penicillium verruculosuamd Trichophyton mentagrophytes
Surprisingly, Penicillium verruculosumnondermatophytesivas seen to benore active
keratinag produce than wadTrichophyton mentagrophytesvhich is a weHknown
dematophyte. This finding shows that some non-dermatophyte fungi have higher
keratinolytic potentialthan do somedermatopytes. Again surprisingly the addition of
carbon and nitrogen source did not increase keratinase productidinegrdductionof this
enzymewas inhibted by the addition of sucrose and peptone as source of carbon and
nitrogen. The findingalso confirmed that there is no connection between fungal biomass and
the degradation rates of keratin azuBzanning microscopy studies showed degradation and

structural change of hair and wool during the surface erosion and this phase was obvious. The
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additionof pectin, esterified potassium salt, from citrus fruit to agricultural soil repressed the
nitrate production. The reason was not clear. Presumably, thearganisms did not prefer

to use thisubstrate. Theate of ammonium production increasmuly after 2weeks and the
dominance in ammonium production was associated to the soil without @ecttrol)

The results presented here show tbettin exhibits antibacterialactivity againstE.coli,
Staph.aureusind Staph.aureu$MRSA3 (5% pectir). However, pectin had no effect against
Pseudomonas aeruginosdhese findings suggest that pectin hasnarrow range of
antibacterial activity andexhibits selective toxicity against E.coli, Staph.aureusand
Staph.aureusMRSA3.

The marine fungiisolatedfrom Fucusand Laminaria as marine habitatshowed good
growth in artificial medium B and K plates) using seawatemnd bacterid isolates from
marine sand grewell on sodium alginate plates and Tryptic soy agar medium but did not
grow on nutrient agar. This suggests that marine bacteria require rich medium to grow. The
marine fungiisolatedfrom Laminariawere,Penicillium chrysogenum, Penicillium crustosum
and Dendraphiella salina All isolates from Laminaria were more active in alginate
degradation in sodium alginate medium 0.504Cl| than thoseobtained fromFucus. This
study hasalsoshown that h marine bacteria isolated from magihabitat were alginolyti
and released alginate lyase in solid medi@mme nomarinebacteriai.e. P. aeruginosa
C.necator, B. megateriumnd Rhizobium spwerealsoable to use alginate as a source of
carbon.Aqueous ruthenium red staid.05% wt/vol)wasan excellent staito detect alginase
activity in plates. In addition, calciunand strontiurdfree artificial sea water (NaPYNS) was
as goodcomponent for use in the preparationatfinate medium. Interestinglpone of the
bacteria and fungi (marine or terrestrial) cobl@éakdown alginatevhen artificial seawater
(3% NaC) was usedConseqently, this study has found thatgh salinity was not essential
for marine bacteria and fungi and it inhibited alginate lyase produclio®.most obvious
finding to emerge from thistudy isthatD. salina produced noffeducing sugars whegrown
on sodium alginate medium artlat growth brought about a major change in megtin
The resultsalso showed thatAlternaria tenuissimaproducedreducing ends (glucose) into
sodium alginate nBum indicaing the production oélginase.Interestingly,P. aeruginosa
produced botmonreducing sugars angducing ends in alginate medium leads to alginate
degradationFreshly collectedrfucusandLaminariareleased nitrate when added to soil, with
nitrate productiorbeinghigher in soil amended withaminaria than amended witRucus.
The same action was obtained from ammonium production. As a result,iltrEenemded
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with Laminariawas perfect soil to nitrate and ammonium production. Nitrate praofuaii
soil amended with commercial seaweed v@s. However, ammonium production and
sulphate oxidatiomvas substantiallThe following conclusion can beaivn from the present
study; nitrification, ammonium production angilphur oxidationoccurredin agricultural soil
amended witlireshor commerciafertilizer seaweed.

In relation tochitin the results given ilChapte 5 show thatthe fungi, isolated from saoil
amended with chitosamvere mostlyTrichodermaspeciese.g.Trichoderma harzianurand
Trichoderma tawa Thefindings showthatacid hydrolysis of chitin produced colloidahitin
which supported fungal and bacterial growtdsing a media te based onthe use of
bromocresol purple staiall Trichodermaspeciesvereshown to exhibit ditinolytic activity
(by production of gpurple zone).Trichoderma harzianunproduceda large purple zone
while M. hiemalis produced a small zone due ltawer chtinolytic activity. These findings
provide evidence th&.aeruginosaE.coli, C. necatorandRhizobium g are adwe chitinase
produers In contrast Saph aureusand B. thuringiensisdid not hydrolysischitin. The
present studghows that ir¥eastnitrogen base (YNBedium,Trichoderma harzianurand
Mucor hemalis producedchitinaseas expressedybthe production ofN-acetyglucosamine
(reducing sugars) using DNS metho#iigh levels of chitinasewere formedin the early
growth stagesby Trichoderma harzianumtdowever,M. hiemalis produced high amount of
GLcNAc at only the5 dayssample pointakalinization of the medium was observedboth
cases The finding show that B.cereusreleass free glucose as end products from chitin
degradation, i.e. thaB.cereushas chitinolytic activity. Nitrate levels in agricultural soil
amended with chitosan was coresigble andhe nitrate production occurred in all incubation
periods related to the fact thahitin is composed of amino sugangich are hydrolysed to
ammonum. The concentration of ammonium produced from decomposition of chitosan was
low and the levelsf ammonium with thérighestvalues occurring at week one.

Finally, the isolation (alginate lyase) from P.aeruginosaATCC 27853 wasachieved
successfully using two saturations of ammonium sulphate. The protein wdsirtner
purified (crude extract) red was estimated as 32kDa by (SPPBGE). Proteins (enzymes)
also extracted fromBacillus licheniformis (keratinasg B.megaterium(pectinase) and
B.cereus(chitinase) resulted in larger number of minor components and small number of
major bands. These rd®isuggest that theature of theproteins need to be confirmed and
identified for analysisLC-MS/MS Analysisof chitinase showed th#te band from chitinase
lane corresponded tchitinase The study also showedthat the chitinaseof B. cereusBS2,
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estimatedusing masspectrometryhad a MWt of39kDa.Keratinase and pectinase based on
cutting bandsesultedno similaritywith the databaseas observed A sensiblgustification

is that the candidateband was not the right band. These results suggebtd the
identification oftheseenzymes need considerable work to prove.

Suggestions for further study

Recently the degradation of keratin, pectin, alginate and chitin basome of major
concernin relation to thebioremediationof polluted envirorments In the past years, the
bacteriaandfungi haveattracted attentiobasedon the fact that they ametive degraders of
these complex substrateThe findings givenhere in this Thesis could be extended as

follows:

() Usetransmission electron microsgopTEM) in order to determinthe phase
of complex substrate breakdown, particularly in relation terakn
degradation.

(i)  To usemore specific methods to isolathe four proteinsand study the
enzymes

(i)  To purify the proteins after extraction befa@ndicting LC-MS/MS Analysis.
Further investigation and experimentatifor enzymes purification isalso

strongly recommended.
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APPENDIX
Appendix A

Standard curves preparation

0 Standard curve for nitrate

It is necessarytocreagen i t r at e standard cu¥rNmE’ 1.3Tgofobt ai t
sodium nitrate was dissolved in 1000 ml ,@HIn order to thesolution equivalent 0 GQy¢

NOs-N mlI™* (10 timesdilution), 10 ml of sodium nitrate solution wasixed with 90 ml of

d.20. Serial dilutions from previous solution were made vdkfO to obtain0, 10,25,50,75,

and 10 05-Neld. cHxo®otropic acid methods was performed for all dilutions to

evaluatenitrate iongSims and Jackson, 1971

y=0.01x + 0.0626
R*=0.9997

40 60 80 100 120
NOs -Concentration pg/mi-

0 Standard curve for ammonium

A calibration curve for ammonium ions was performed by dissolving 3.66 g of) {85

ammonium sulphate in 1000 ml ¢® whi ch e qu g&-Nm/L 000n0 angnoniud

sulphate solution was mixed with 90 ml of fH(10 timesdi ut i on) to oB-tain 1
Nml™. Serial dilutions from previous solution were made with dH20 to obtain @,51@5,

and50¢ g JNMImI™ Indophenol blue method was performed for all dilutions to evaluate

ammonium iongWainwright and Pugh, 1973
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y = 0.0094x + 0.0091
R*= 0.9996

0 5101520253035404550556065707580859095100
NH4*Concentration pg/ml -1

0 Standard curve for sulphateS

A calibration curve forsulphateions was performed by dissolvinh.47 g of sodium

sulphate (Ng5Q,) in 100 ml dH20 which equall 0 0 0 £ 4-Sn8'010 ml of sodium

sulphate solution was mixed with 90 ml of H(10 times dution)toobtainl 0 0e g [/ SO
.S mi*. Serial dilutions from previous solution were made with@Ho obtain0, 5, 25, 50,

75 and90 ¢ g +S®mk1. Turbidimetric methodswere performed for all dilutions to
evaluatesulphateS ions(Hesse, 1971

y = 0.0016x - 0.003
R?=0.995

5101520253035404550556065707580859095100

S04 Concentration pg/ml-
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0 Standard curve for glucose usinghe Nelson methodsat 620nm

(i) Preparation of glucose solution stock

100mg D (+) glucose was dissolved in 100ml distilled water

(i)  Preparation of glucose solution stock

10ml of glucose solution was taken and dilutggto 100ml with distilled water to obtain
concentration 100ug/mlSerial dilution 0,0.2,0.4,0.6,0.8 and 0.10 ml were taken from
working standard solution and put in test tulies obtain 20%,40%,60%,80 %and
%2100.Then the volume was adjusteg to2ml in each tube. 1ml of alkaline copper tartrate
was added into each tube then the mixture was boiled for 10min. The tube was cooled then 1
ml of arsenomolybdate regent was added,thadlue colour after 10 min was read at 620nm

using 2ml distilled water as blank.

y=2.6087x + 0.1068
R*=0.9976

0.2 0.4 0.6

Glucose concentration

0 Standard curve for monogalacturonic acid using DNS methods at 530nm

A calibration curve fomonogalacturonic acidias preparedoy dissolving0, 1.2, 2.5, 38,
and 5 mg in 5mbf dH,O to produce following dilutions: 0,15,50,75 and 1Q00u from
each dilution was added to 4Q0of DNS regent then the mixture boiled at 200C for 10min.
After cooling the solution was diluted lafH20 uptol4ml and the absorbaaowvas red at

530nm (Taylor and Secor)
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y = 0.0014x + 0.0063
R*=0.9909

<

0 510152025303540455055606570758085909510

D(+) Galacturonic acid monohydrate Concentration

0 Standard curve for glucose using DNS methodst 540nm

A calibration curve foD- glucose using DNS methotsas performedy dissolvingO0, 1.2,
2.5, 3.8, and 5 mg in 5naif dH,O.The same procedure used in galacturonic acid was done.
The absorbance was tkat 540nm.

y=0.0012x + 0.0109
R*=0.9982

0 510152025303540455055606570758085909510

D-glucose Concentration

0 Standard curve for N-acetyl glucosamine

A calibration curve forN-acetylgucosmine using DNS methodsvas performedby
dissolving 0, 1.2, 2.5, 3.8, and 5 mg in 5nof dH,O.The same procedure used in

galacturonic acid wasothe. The absorbance was read at 535nm.
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y =0.0012x + 0.0075
R2=0.9984

0 5101520253035404550556065707580859095100
N- acetyle glosamine Concentration
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Appendix B

0 Phylogeneticanalysis offungi related to keratin

b HP630346.1| Mortierella amoeboidea strain CBS 889.72 internal transcribed
spacer 1, partial sequence; 5.85 ribosomal BNA gene, complete

sequence; and internal transcribed spacer 2, partial sequence

Length=624

Score = 1068 bits (578), Expect = 0.0
Identities = 589/594 (39%), Gaps = 3/534 (1%)
Strand=Plus/Minus

Query 1 GATTTGAGR-CGAGTTTACAAAGECCAGCCERAGCTGICTCIGIGRATCCIGCATCAGIC 55

LCELRLEEE TR e e e e e
Sbjct 605 GATTTGRGATCGAGTTTACAAAGGCCAGCCGAAGCTGTCTCTGTGAATCCTGCATCAGIC 546

Query 60  AGCACARGRACTRATCTCCITIATGITAGCIGCAGCARRGGTAATAARTCTG-TTITTIAGE 118

LCEREEEETECCERT TR LR LT EErrr I
Sbjct 545 AGCACARGAACTAATCTCCTTTATGTTAGCTGCAGCARAGGTAATARTCTGTTTIITAGG 486

Query 115 CAGACTRARTAGATATGCTITTAGCTCAGAGRARAGTCCAGCTGCACCIGCATTTCRAGT 178

LEVRREEEEEEE R e e e e e e e e e e e e e e e e e
Sbjct 485 CAGACTARARTAGATATGCTTITTAGCTCAGAGRARAGTCCAGCTGCACCIGCATTTICRAGT 424

Query 173 AACCCGCCACTTTTCGGIGAGAARRGCGITGGGATCACTCAAGTCCAGCTCCCATTIC-A 237

LEVEVEEEEEEEER T e e e e e e e e e e e e e e e e ey |
Sbjct 425 AACCCGCCACTITITCGGIGAGAARAGCGITGGGATCACTCAAGTCCAGCTCCCATTICRR 366

Query 238 ARRRAGRAARGGGGAGTIGAGGIGITTACTGATACTCARACARGCATGCICICCGGRATAC 297

LEEREEEEETEE e e e e e e e e e e e e e e e e
Sbjct 365 ARRAAGRARGGGGAGTTGAGGIGITTACTGATACTCRARACARGCATGCICICCGGRATAC 306

Query 298 CAGAGAGCGCAATATGCGITCARAGATTCGATGATTCACTGAATTCTGCAATTCACATIA 357

LEVEVEEEEE TR r e e e e e e e e e e e e e
Sbjct 305 CAGRGAGCGCRATATGCGITCAAAGATTCGATGATTCACTGAATTCTGCRATTCACRATIA 2446

Query 358 CGTATCGCATTTCGCTGCGITCTTCATCGATGCGAGAGCCAAGAGATCCGITGTTGRARAG 417

LLERRLCETT TR e e e e e e ey
Sbjct 245 CGTATCGCATITCGCTGCGTTCTTCATCGATGCGAGAGCCAAGAGATCCGITGTTGARAG 186

Query 418 TIGIATTTIGAATTAAGTATTCATAATATGITICAGACARAATCACTAARGTTICIGAGTA 477

|||I|I|I||||I|I|I||||||I|I|I| LLELEELEEETELEE LT
Sbjct 185 ATTCATAATATGTTTCAGACARANTCRCTARRGTTCTGAGTR 126

Query 478 GATATARATCCCRARGGTGACCARACGGATTITTITACAGCCGCTGACCTCCAGTGAGRTGR 537

LLELEEEELELEEEE e e e e et L
Sbjct 125 GATATARATCCCAAAGGTGACCAAACGGATTTTTACAGCCGTTGACCTCCAGTGAGATGA 66

Query 538 CATTGCRCACRRGGIGGATATGGATTTTTGRRAGTGCCATARARACNCTTGATT 581

LEVELEEERE TR e e e e e e e e e e e e
Sbjct 85 CATTGCACACAAGGTGGATATGGATTTTTGARAGTGCCATARRRACACTTGATT 12
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b JHeTell2. 1] Aspergillus flavus isolate B19-1 185 ribosomal ENA gene, partial
sequence; internal transcribed spacer 1 and 5.85 ribosomal

RNA gene, complete sequence; and internal transcribed spacer

2, partial sequence

Length=567

Score = 950 bits (514), Expect = 0.0
Tdentities = 519/521 (99%), Gaps = 2/521 (0%)
Strand=Plus/Minus

Query 1  ATCGAGEICACCTGGRAAAGATTGATTIGCGTICGGCARGCGCCGECCGGECCTACRGAG 60

LECCCCECEEEEEEEEEEEEREEREEEee e e e e e e rrey Ty
Shijct 548 ATCGAGGTCACCTGGARRAGATTGATTTGCGTTCGGCAAGCGCCGECCLGECCTACAGAL 489

@uery 61 CGGETGACARAGCCCCATACGCTCGAGGATCGGACGCGRIGCCGCCGCTGCCTTIGRERRC 120

LEELCTEELEELLCPEEPELCPE PR PR LTI T
Sbict 488 CGEGTGACARAGCCCCATACGCTCGAGGATCGEACGCGGTGCCGCCGCTECCTTTIGRGEC 429

Guery 121 CCGTccccoccGGAGRAGGGRACCACGACCCARCACACARGCCCTGCTTGATGGACAGCAR 180

LD EEEEEEEEEEEPERERE PR e e e e e e e rrrrrry
Shijct 428 CCGTCCCCCCCGGAGAGGGEACGACGACCCAACACACAAGCCGTGCTTGATGGLCAGCAR 369

Wuery 181 TGACGCTCGRACAGGCATGCCCCCCGGRATACCAGGRGGCGCARTGTGCETTCARAGACT 240

LLEEEELELEEEEEEEEEEEEEEEE P EEE L EE T T EE T
Sbjet 368 TGACGCTCGGRCAGGCATGCCCCCCGRARTACCAGGGEGCGCARTGTECEITCARAGACT 309

Guery 241 CGATGATTCACGGAATTCTGCAATTCACACTAGTTATCGCATTICGCTGCGTITCTTCATC 300

LECCCCECEEEEEEEEEEEEEPEEERE P e e e e e e e e rrrrryy
Sbjct 308 CGATGATTCACGGAATTCTGCAATTCACACTAGTTATCGCATTICGCTGCGITCTTCAIC 248

Guery 301 GRTGCCGGAACCAAGAGATCCATTGITGAAAGTTTTAACTGATIGCGATACARTCAACTC 3&0

LECECCRREECECEEEERE P e e e e e e e e e
Sbjct 248 GATGCCGGAACCAAGAGATCCATTGTTGARAGTTTTAACTGATTGCGATACRATCAACTC 189

Guery 36l AGACTTCACTAGATCAGACAGAGTTCGTGEIGTCTCCGGCGRGCGEGGRRCCCREAECTGE 420

LEELCTEELCEECTECEEELEPEEE PR PR T LT TTEL T
Sbict 188 AGACTTCACTAGATCAGACAGAGTTCGTGGTGICTCCGGCGEGCGCGEECCCEREECTRA 129

Guery 421 GRGCCCCCGECGGUCATGAATGGCGEECCCRCCAAAGCALCTARGETACLGTARACACLE 480

LU EEEEEEEEEEEEEEEE P e e e e e e e e PrerTy S
Shjct 128 CGRGCCCCCGECGGCCATGAATGGCGGGCCCGCCGRAGCARCTARGGTACLGTARACACLE &5

Guery 481 GIGGGRAGGTTGGGGCTCGCTAGGRACCCTACACTCGGTAR 521

LEELCE LLEELE EEPELETEEPT LT L |
Sbict 68  GTGEGA-GETTGEG-CICGCTAGGARCCCTACACTCGETAR 30
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Aspergilus niger strain DF09002 185 ribosomal RNA gene, partial sequence; internal transcribed spacer 1 !
Sequence ID: 00IGUI383%8 1| Length: 583 Number of Matches: 2

Range 1: 15 to 564 GenBank Graphics ¥ lext Match
Score Expect  Identities Gaps Strand

984 bits(1090) 0.0 549/550(99%) 1/550(0%)  Plus/Minus

qery 1 GAGRICA-CLTGEAARAATGATIGEARRACCTCRCAGCCAICRRICARTCITACAEA. 39
RN
Sbjet 564 GAGGICARCCTGEAARARTGETIGERARACCICRGCAGECGICGEICRATCCTACAGAGT 305

Query 60  ATGTGACARAGCCCCATACGCTCGAGRATCORACGCARIGCCRICRCTRICTITCRRECC 119
Ui

Sbjct 504 ATGTGACAMAGCCCCATACGCTCGAGGATCCRACGCERIGCCGCCRCTRICITICREIC 445

uery 120 CGICCCCCCGEAGAGGEREACRECEACCCAACACACARGCCREECTIGAGRECAGCARIG 179
s

Sbjct 444 CRICCCCCCRGAGACEEREACRECAACCIAACACACARGTCREEITICARREIACARTE 383

uery 180 ACGCTCGRACAGECATGCCCCLCGRARTACCAGREEEICCARTGTGCETTCARAGACTCE 239
EETEEEEEV PR EEPEEECEREEEEREEFEEEEFTTEEEEET T

Sbjet 384 ACGLTCGGACAGGCATGLICCCCGRARTACTAGREREICTARTCTRIRTICARARACTEE 323

query 240 ATCATTCACTCAATICTGCAATICACATTACTTATCGCATTTCRCIGCRTICTICAINE 299

EETEEEEEEECEEEFTEEEEEEECEEFEEEEEEEEEEEEETEERETT T
Sbjct 324 ATCATTCACTCRATICTGCAATICACATTAGTTRICGCATTICGCIGCRTICTICRICGR 26

query 300 TRCCERRACCAAGAGRICCATTGTICARAGTITTARCTGATICIATICARTCAACTCARE 339
s
Sbjct 264 TGCCGGRACCAAGAGRICCATTGTTCARAGTTTTARCTGATTGCATTCARTCAACTCARE 205

Query 380 CIGCACGCTTICAGACAGIGITCGIGITGRERICTCCRECRaECACCRRICCRREERCR 419
s

Sbjct 204 CTGCACGCTTICAGACAGIGITCGIGITGRERICTCCRGCRaECALTRRIICREE0TE 145

Qery 420 AAGRCGccecncnbRlRRlCRACRAGLERIGRRIICAICERARIARCAGCTATARTARY 479
LEFETEEEEETTEEEEEPEPEEEEEERFEVEEEFEEEEEFETEEEFET T

Sbjet 144 AAGRUGCCCCCCGRCGRICRACARGIRRIAREIIIR AN ARCAGECTRTARTARY 5

uery 480 CACGRATGGRRAGGITGRRCCCARAGRACCCGCACTCARTARTGATCCTTCIRCAGRIICR 539
PRV EEEEEEEEREEVEEEEEEEEEEETEEEFTT T

Sbjet 84 CACGEATGEGAGETIGEZCCCARAGGACCCGCACTCRGTARTCGATCCTICIRMAREITCY 45

query 540 CCTACGGARE 348
LT
Sbjet 24 CCTRCGGRRA 15
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 Asperius nigr intennal ranscribed spacer |, partal sequence; .85 ibosomal RNA gene, conplete sequence; and intemal manserbed space . partil sequence

¥ Asperilus nigr stain MPYCT 138 185 rbosomal RNA pene, prtal sequence; ntemal vaseibed spacr 1, 385 ibosomal RNA gene, and inkemal teanscrbed spacer 2, completeseence; ..
 Agperalls niger seain MPVCT 344 183 ibosoral RNA gene, portil sequence;, ntennal banscribed spacer 1, 3,85 rbosonial RNA pene, and iernal tenscribed spacer 2, comple equence ..
1 Asperillusnigeislate An3 188 rosomal RINA geme,patial squence; intenal transcribed spacer | and 3.8 eibosomal RN gene, complee sequence; and ntemal ranseebed spacer . pat.,
W Asperillsnige islate A28 DIOS 85 rbosomal RNA gee, paralsequence; inemal wanserbed spacr 1, 385 eibasonal RNA gene, and ntemal manseribed spacr 7 complete sequence: ..
' Aspetillsnige stoin BE-2 138 closonal RNA gene, patial squence; ntsnal tanscibed spcer |, 385 ibasomal RNA gene, and ntenal trascibed saces 2, coniplete sequence; ad 251,

o

¥

Aoy | 2eaves
1 Asperillus niger stain THB F 1831 185 ribosomal RNA gene,partilsequence; interal tanscribed spacee 1, 588 rbosomal RNA g, and il transcrbed space 2. 0o
f Aspergllus ige TSI, 585 tRNA pene and ITSY, st MACN?
“hspergllusnigr slate EFEY 185 ribosonnal RNA e, partal sequence; nvrmal ransebe spocer |, 3.5 ebosonal RNA gee, and nternal e spacer 2, comple..
@ spergilhs awanoi T3 egion: from TYPE naeral
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pstyeets | laves
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istyieks | loves
petilus nigr genes forsnall subunit RNA, TSI, 588 tRNA,ITS2and arge subunit RNA, prta and completesequenc,stai .,
petillustbingensisstrain CNUDSI066 185 ribosomal RNA gene,partial sequence; itermal anscribed space 1, 388 rbosomal R,
©sperills sp. 14 185 ibosonnal RNA gene, putil sequence; el trnscrbed space | aid 345 nbcmmnl RNA 0802 Complee ..
© hsperillustbingerssteain CX-3E 185 ibosomal RNA gene, purial sequence; inernal trnscribed space 1, 588 sbosounal RNA ..
Aasconyets |4 kv
 Asperillsnigr slate South-west0062 85 rbosoral RNA e, prtal sequence; kel aniered sacer |, 3.5 meorm\ R
@ hsperillustbingerts olae Sout-wes (30 188 ibosomal RNA gene, partalsequence, e ransied spocer |, .85 rbosann..
ok cbor e South-west0039 185 rbosomal RNA g, partal sequence; el tscbedspace |, 548 lbcmmam
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hspergllsof. ubimgenss FunS29 185 ebosonal RNA e, il sequenc..

 Asperaillusawamori 138 ibosomal RNA gene, partial sequence; inermal transcebed spacer |, 5,85 rbosomal RIVA gene, and el Ir..

© Agpenillussp. 09 SMR-2010 185 sbosorsal RNA peme, patal sequence; intemal transeribed spacer |, 385 ribosonal RNA pene, and..

 hsperillsnigr stoin W10 188 rbasaal RNA gee, putal sequence; il tanscrbed space |, 385 ebosonal RNA gen, ..
Acomyeets | e

 Agpenillsnigr stvin WALD74 85 rbosomal RNA gene, partal sequence; il trinscrbed spacer |, 385 ibosonal RNA gene,..

 sperillsniger stain WLDTS (88 sl RNA ge, putal sequence; il tanscrbed spacer | .85 ibosonal RNA gen, ..

 Aspenilus igr srain WHL078 155 osonsl RNA gene, et sequence, el tensrbed spuce |, 388 bosamal RIVA gee .

JMpe ol b iolae JHOL 155 ibosomal RNA gene, partial sequence; ernal tenscrbed space |, 388 rbosonal RNA ge..
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emb EM262380,1] Rcremonium strictum 5,85 rRNA gene, 285 rBNA gene, ITS1 and ITS2,
izolate 1340
Length=504

Score = £99 bits (996}, Expect = 0.0
Identities = 502/503 (99%), Gaps = 1/503 (0%)
Strand=Plus/Minus

Query 1  TCACCTTAARAA-TTGGRIGTTTTACGGCGIGEICGITCCGCICTCCGRIGCGAGGITGI 58

LECLELEEEEEE FEEEEEE R EEE PPN LT
gbjet 503 TCACCTTAAAAMATTGGRIGTTTTACGGCGIGEICGTTCCGCICTCCGRIGCGAGGTTGT 444

Query 60 GCTACTACGCAGGGGAGGCTGCGGCGCGACCGCCACTGAATTTGAGGGACGEGEECCECE 119

CEELEEEERLELEEELELELE DT EEEL LT
Sbjct 443 GCTACTACGCAGGGGAGGCTGCGECGCGACCECCACTGAATTTGAGGRACGRGEGCCECG 384

Query 120 AGRGECCGCCGATCCCCAGAACCAGGCCCRCTCCCCCRGARGRETGERCCTRAGGETTGAR 179

LECLEEPEEEEEPEPEEEEE PP ECE LR EE ey
dbjct 383 AGGGCCGCCGATCCCCAGAACCAGGCCCGCTCCCCCGGRAAGRRIGGRCCTGAGGRITRAR 324

Query 180 ATGACGCTCGGACAGGCATGCCCGCCGRAGTGCCGRCGEECECAATRTGCETTCARAGAT 239

LEEEEEPEEPPEEE PP PP P ey
Sbjet 323 ATGACGCTCGGACAGGCATGCCCGCCGRAGTGCCGRCGRECECAATGTGCETICARAGAT 264

Query 240 TCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGITCTTCAT 239

Ny
Sbjct 263 TCGATGATTCACTGRATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGTTCTICAT 204

Query 300 CGATGCCAGAGCCAAGAGATCCGITGITGAAAGTTTTGATTCATTITIGITTIICGGGCTIT 353

LECLEEELEEET PR PP PR PP T
Sbjct 203 CGATGCCAGAGCCAAGAGATCCGITGTTGAAAGTTTTGATTCATTTIGTTTICGGGCTTT 144

Query 360 CGCCCCTCAGAGAAATACGATTAARTCAGGETTIGETTTTCCCCGECGRACGCCCERAGE 419

CELEEELEEEEEERLELE DL CEEEELE LT ELELTL LT
Sbjct 143 CGCCCCTCAGAGRRATACGATTARATCAGGGITTGGTTTICCCCGRCGGACGCCCGRAGE 84

Query 420 CCCGRAGGCCACCGCGCGCTGAGCCCGCCGAGGGRACGTTTGETAAGTTCACAATGGREIT 479

Ry
Sbjct 83  CCCGGAGGCCACCGCGCGCTGAGCCCGCCGAGGGRAACGTTTGATARGTTCACAATGGRIT 24

Query 480 GGAGAGCCTAGGGCACICTGGIA 3502

ECLPEEEEEEEETETELT T
ibjct 23  GGAGAGCCTAGGGCACTCTGGIR 1
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Ar.hb|JFEEEESE.1| Penicillium verruculosum strain PTCO6 185 ribosomal ENA gene,
partial sequence; internal transcribed spacer 1, 5.85 ribosomal

ENA gene, and internal transcribed spacer 2, complete sequence;

and 285 ribosomal ENA gene, partial sequence

Length=550

Score = 901 bits (998), Expect = 0.0
Identities = 510/516 (99%), Gaps = 1/516 (0%)
Strand=Plus/Plus

Query 1 CTCCCACCCTTGICTCTATACACCTGTTGCTTTGGCGEECCCACCAEEECCACCTGRICE &0

LEEEEFCLCEEEEE LTS FEEEEEE PP PR T
Sbjet 15  CTCCCACCCTTGTCTCTATACACCCGTTGCTTTGGCGEGCCCRCCGEGECCACCIGETCE 74

Query el CCGGEGGACGITCGICCCCGRGCCCRCGCCCGCCGARGCELTCTRTGAACCCTGATGARS 120

LEEEEEELEEEEE LT TR C PP EEEEEE P T T
Sbjct 75  CCGGGGGACETTCGICCCCGEGCCCGCECCCGCCGAAGCGCTCTGIGAACCCTGATGARG 134

Query 121 ATGGGCIGICTGAGTACTATGARAATTGTCARRACTTTCAACARTGGATCTCTIGETTCC 180

LLCEEPRREE PR PR e e e e e e e e e e e ey
Sbjct 135 AIGGECTGICTGAGTACTATGAAAATTGICAAARCTTTCAACRATGGATCTCTIGEITCC 154

Query 181 GGCAICGATGAAGRACGCAGCGRAATGCGATAAGTAATGTIGRATTGCAGRATTCCEIGRA 240

LEEPEELEEEEEEEL L PP C PR TR e iy
Sbjct 195 GGCATCGATGARGARCGCAGCGARATGCGATARGTAATGTGRATTGCAGRATTCCETGAR 254

Query 241 TCATCGAATCTTTGAACGCACATTGCGCCCCCTGGCATTCCGGRGAECATGCCTGTCCEA 300

LEEDEEELEEEEEE L EEEEEE C PR PP PP EEE P T
Sbjct 255 TCATCGRATCTTTGARCGCACATTGCGCCCCCTGGCATTCCGGGEGECATGCCIGTCCER 314

fuery 301 GCGICATTTCTGCCCTCAAGCACGGCTTGIGIGITGGEIGIGGTccceeceGRBRACCTG 360

LLCEEPRREEEEEER PR e e e e e e e ey e e
Jbjct 315 GCGICATTTCTGCCCTCAAGCACGGCTTGIGIGITGGEIGIGGT-CCCCCCGRARACCTE 373

Query 361 CCCGRAAGGCAGCGGCGACGICCGICTGGICCTCCAGCGTATGGGECTTIGICACTCGLT 420

LEECEECLLEEEEEEL PP PP T EEREEE P TE T
Sbjct 374 CCCGARRGGCAGCGGCGACGTCCGTCIGETCCTCGARCGTATGGEGCTCTGICACTCGLT 433

Guery 421 CGGGAAGGACCTGCGGAGGTTGETCACCACCATATTTTACCACGGTTGACCTICGGATCAG 480

LEEREEEERE L T TR
Sbjct 434 CGGGAAGGACCTGCGGGGETTGGICACCACCATATTTTACCACGETTGACCTCGGATCAG 483

Query 481 GIAGGAGTTACCCGCIGAACTTAACCATATCRATAA 5lg

LEEEEFCLEEEEEEELTETTEEE TETTTEET
Sbjct 494 GTAGGAGTTACCCGCTGAACTTARGCATATCAATAA 529
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scompcetes | 7 eales
ascomyeefes | 3esbns
ascompcetes | 5 eales

Pericilum vestuchlosn shin PTCO 165 ibosomal AMA gene Rl sequence: indumal ransctbed sacer 1, 5.5 whosomal P& gene and infemil Fansctb.

) astmpCeles | 2 ees
g
04 H3_1BsrBNATTs1
i
Penitom . 22 W 5 135 Hbiosomal N gene, parfil suquence instnal fanscebed sacer 1, 535 Shasml R4 ene and ndemal anscebed spacer 2, compledess.,
]
aaCAMCabes | 6 e
Pnicilum sp, LF4 135 Hbsaml RN gene, parfil suquence: el ansctbed spavce 1,565
9 . .
Unicued ingus chane L2654 122 064 404 intunal hinscabed sparer,
) ) I
aeLOMCeles |3 e
¥ wscomycets |2 laves
aatimyedes| 17 s
L]

Pl & lekfum st FA001 135 nbosomal A sene, infemal Fansctbed spacer 1, 545 tbosomal RYA gene, indumel Tamsinbed ..
3 Pericilum vestucolosin st &3 155 bosomal RNA gene, paralsequence inteanal ansenbed spacer 1, 585 basomal ANA gen..

i

Fungal 5. S8 1 iamal e spaver 1, parfl suquience: 585 hosomal RNA gene, complebe sequence: ind nfemil ansctbed

| 0003 |

AsComytedes | 45 eabes
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ATTgh|CQQIEETE.1| Mucor hiemalis 185 ribosomal RNA gene, partial sequence; internal
tranacribed spacer 1, 5.85 ribosomal ENA gene, and internal

transcribed spacer 2, complete zequence; and 285 ribosomal

RNA gene, partial sequence

Length=799

Score = 623 bits (337), Expect = 3e-175
Identities = 353/381 (98%), Gaps = 0/361 (0%)
5trand=Plus/Minus

Query 1  TAATACTAGAGCATTCCTTTATATTaz2aaaaTGTTCAGGCAGARAGAACAATGGTTCAG 40

LECEEEEEEEPEEEERE P PR e e e e i
Sbjct 688 TAATACTAGAGCATTCCTTTATATTAAAARAATCTTCAGGCAGARAGRACAATAGTTICAG 629

Query 61 GCCTAATAAGTTTAAAGAATTCAAGCARGTCGAARTTCTCAGTTCCATTCACRACAARAT 120

LECEEEEETEPEEEE Ly PR e
Sbjet 628 GCCTAATAAGTTTAARGAATTCAAACAAGTCGAAATTCTCAGTTCCATTCACAACAARAT 368

Query 121 TATGAATGIGGGEIGTTTTIGATACTGAARCAGGCGTGCTCTATGRAATACCATTGAGCE 180

s
Sbjet 568 TATGRRTGTGGGGIGITTTIGATACTGAAACAGGCGTGCTCARTGGAATACCATIGAGCE 509

Query 181 CTAGTTGCGTTCAAAGACTCGATGATTCACTGAATATGCAATTCACACTAGTTATCGCAC 240

s
Sbjet 508 CAAGTTGCGTTCARAGACTCGATGATTCACTGRATATGCAATTCACACTAGTTATCECAC 449

Query 241 TTTGCTACGTTCTICATCGATGCGAGAACCCAGAGATCCGTTGTTARAAGTICITTTATA 300

LLECELELEUELECEEEEEEETLTEEELE FEFEEEEELTETET LTI
Sbjct 448 TTTGCTACGTTCTICATCGATGCGAGAACCARGAGATCCGITGTTARRAGTIGITITATA 339

Query 301 AGITTTTTACGCTCATGTTACARTAATAATACTGAATTCTTTTIGGRT222222aTAATAGE 360

Ry
Sbjet 388 AGTTTITTACGCTTATGITACAATAATAATACTGARTTCTTTIGGTAAATAATTAATAGG 329

Query 361 4 36l

|
Sbjet 328 A 328
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