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1 Introduction and Literature Review

1.1 Introduction

The fungi include many species of eukaryotic, sgmearing organisms that
obtain simple organic compounds by absorption. Tdrganisms have no
chlorophyll and reproduce almost by both sexual asekual means. The fungi are
usually filamentous, and their cell walls have ichiThe science which study fungi
is called mycology, and fungal diseases which éffeenan and animal are called
mycoses. Together with bacteria, fungi are the madgcomposers of organic
materials in the soil. They degrade complex orgamdter into simple organic and

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

fundamental structure of materials. The magnetimas one of the basic properties
of materials which appear in various forms, but kivels were studied known as
ferromagnetism and ferrimagnetism. Traditionallglyothose elements that exhibit
ferromagnetism properties are called magnetic. Armaais an object that has a
magnetic field. The word magnet comes from the KGresagnitis lithos", which

means "magnesian stone". Magnesia is an area iec&revhere deposits of

magnetite has been discovered since antiquity (Betd., 2002).

There are two types of magnets: permanent magmetsekectro-magnets.

Permanent magnets emit a magnetic field withoutntred for any external source
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of power. Electro-magnets require electricity iderto behave as a magnet. There
are various different types of permanent magnetnas$, each with their own
unique characteristics. Each different material hafamily of grades that have
properties slightly different from each other, tgbibased on the same composition
(Carozziet al, 2009).

Numerous earlier experiments proved that the cstati extremely low
frequency magnetic fields with small flux densitgchan effect on various living
organisms. A considerable part of the investigatiatealt with the effect of

electromagnetic fields on macromolecules or cells.
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The impact of the magnetic field enengg lin the stimulus to the events of
significant changes in the characteristics metabolof organisms, these changes
take place in the exchange of ions through thersethbrane and in the movement
of cells. Living systems are affected by magneietdf (MF) and electromagnetic
field (EMF), which are generated from both exter(MF and EMF) and internal
sources (natural metabolisms of organisms). Sevstadlies concluded that
magnetic and electromagnetic fields have differesponses for biosystems such as
neural and neuromuscular activity, tissue growtd egpair, glandular secretion,

and cell membrane function. Although electromagnidéild has an impact mostly
2
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on charged units and related metabolisms, magnficd usually affects
biochemical reactions that involve more than onpained electron. The effect of
an external magnetic field on enzymatic reactidlegacan be determined in the
same way classical enzyme kinetic parameters arerndi@ed. Enzymes with
chromogenic substrates or products can be follospsgttrophotometrically (Koch
et al, 2003).

According to the purpose of the dissertation thees study planned to:

1. Study the effect of magnetic field on the growatlvarious species of filamentous

fungi on solid media and liquid media.
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1.2 Literature Review

1.2.1 Fungi

The kingdom of fungi includes yeasts, moulds, mogims and toadstools
and comprises of a great diversity of heterotropbiganisms that mostly
decompose organic matter for their metabolism. maanly saprophytic lifestyle,
fungi absorb the necessary nutrients from the aeposing material and they are
able to utilise water contained in the air. Fungvén a unicellular or a pluricellular
filmentous thallus or mycelium and generally digpfeuiting bodies that produce
spores. The filamentous mycelium can be regarddteasvhole fungal body with
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organic acids, enzymes, plant growth regulatorsgatoxins and antibiotics. The
industrial importance of. nigeris not only limited to its more than 35 native
products but also on the development and commeaai@n of the new products,
which are derived by modern molecular biology teghes. During the past few
years numerous studies have been presented. anger, presumably the most
important fungus for production and secretion aftein (Jeenest al.,1991; Yoon

et al.,2010).

Rhizopus species are so named because they haeedghiwhich are root

like anchors connected by hyphae called stolonsdkiend into the medium on
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which they are growing. Similar other organismgha class Zygomycetes include
Absidia, Mucor, Apophysomyces, Rhizomucor, Saksanaad Cunninghamella.
The following can differentiate these genera: teagth and location of their
rhizoids, the diameter of sporangia, the shapekfellae, and the size, shape and
surface texture of sporangiospores and the maxignanvth temperature. Of these,
only Mucor is without rhizoids. These same chanasties may be further used to
differentiate between the Rhizopus spp. (e.g., &hiz oryzae, Rhizopus
microsporus rhizopodiformis, and Rhizopus stolanifRicharson,et al, 2003;
Larone, 2002).
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and chitosan, performing protective and supportifumctions (Davis and
Eveleigh,1984). It appears that the cell wall’sichtontent was generally higher in
Zygomycetes, as illustrated by the reported cha#mounts inMucor mucedo,
Rhizomucor miehei, Rhizopus oryzae, PhycomptasesleeanugChunget al,
1994) andCunningham ellaelegan®ndradeet al, 2000).

Several simple models had been used smritbe chitin production by
microorganisms. Investigations on the influencey@wth time on the contents of
chitin and chitin derivatives bilucor have been reported. However, these studies

usually adopt the univariate approach, studyingy omhe variable at a time
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(Synowieck andAl-Khateeb, 1997), for example. The alternative timatiate
approach, where all factors are considered simedtasly on an equal basis, is
becoming increasingly popular for the analysis asmtimisation of several
experimental systems (Ne¢b al, 2001).

1.2.1.1 Fungi Important Biotechnology

In recent years the potential of using roecganisms as biotechnological
sources of industrially relevant enzymes had stateal interest in the exploration
of extracellular enzymatic activity in several naiarganisms (Akpamt al, 1999;

Pandeyet al, 2000a and Abwet al, 2005). Amylases are important enzymes
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as plants and animals, the enzymes from microbiaices generally meet industrial
demand (Pandegt al, 2000b). Microbial amylases have successfullylacsul
chemical hydrolysis of starch in starch processimdustries. The use of starch
degrading enzymes was infact the first large sapf#ication of microbial enzymes
in the food industry (Bennett, 1998 and Panelegl., 2000b).

Filamentous fungi are important organigarsproduction of useful enzymes
and biological active secondary metabolites. THesgi produce high levels of
polysaccharide degrading enzymes and are frequasty for the production of

industrial enzymes. Studies on fungal amylase éslhecin the developing
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countries have concentrated mainly Rhizopus spand Aspergillus spprobably
because of the ubiquitous nature and non-fastidimutsitional requirements of
these organisms (Alet al, 1988).

Protease is an enzyme that breaks the peptidégshainproteins (Hossaiet
al., 2006). Protease breaks down peptide bondsoupe amino acids and other
smaller peptides. It can be isolated from a vardtyources such as plants, animals
and microbia (fungi and bacteria). Its applicati®nery broad and has been used in
many fields for years, and is mainly used in foad detergent industries (Yane

al., 2008). Proteases work best in acidic conditiowept alkaline proteases which
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enzymes (Madaret al, 2002 and Deviet al, 2008). Molds of the genera
Aspergillus PenicilliumandRhizopusare especially useful for producing proteases,
as several species of these genera are genergdlydezl as safe (Deet al, 2008).
Aspergillus clavatusias been recently identified as a producer ofxdraeellular
bleaching stable alkaline protease (Haijial, 2008). Protease is the single class of
enzymes which occupy a pivotal position with resgectheir application in both
physiological and commercial fields (Pastbial, 2001and Ward, 1985).

Following these major advances in Tow DimensiayelElectrophoresis (2-

DE)-based proteomics, another group reported tkeotidigh-resolution 2-DE to
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analyse protein changes during penicillin biosysihen three strains d#enicillium
chrysogenungJamiet al, 2010). The strains used were the wild type, @rstvith a
small improvement for penicillin biosynthesis and srain with a large
improvement for penicillin biosynthesis. As a résaflthe experimental conditions
used, the corresponding protein maps generatedeshaw amazing number of up
to a thousand distinct spots per gel, of which @#6teins could be readily
identified. The large number of proteins identifigébwed for estimating the main
proteome changes between the high producer stiashshe wild-type strain. In the
high producer strains, a number of pathways weresrmpoominent, like cysteine

biosynthesis, enzymes of the pentose phosphatevgatiand stress response
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as assessed by proteomics and the amount ot cHespeaes related to these
enzymes, assessed by metabolomics. A second examaleapproach combining
proteomics with metabolomics comes from the ansalg$ithe effect of lactate and
starch on fumonisin B2 biosynthesisAnniger(Sgrenseset al. 2009). By means of
an approach similar to the one adopted by Matsumadkico-workers, Sgrensen and
colleagues were able to show a specific relatidwéen the increase in fumonisin
B2 and the enzymes affecting the intracellular lleve acetyl-CoA. From this
observation Sgrensen and colleagues were able nduce that fumonisin B2

production inA. nigeris most likely regulated by acetyl-CoA.
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In addition to the study of metabolism, the studysecreted enzymes is an
important field in research on filamentous fungiaMy filamentous fungi have
evolved to secrete high amounts of specialised rmagyresponsible, e.g. for plant
cell-wall degradation. For this reason these furge applied in various
biotechnological processes. In an attempt to dsgctbe cellulose-degrading system
in the model fungudNeurospora crassaTian and co-workers combined gene
expression data with proteomic data from the senretof the fungus (Tiaat al
2009). By applying microarray and shotgun prote@nanalysis on strains grown
on different media, they were able to identify sgacandidate genes involved in

cellulose degradation. In addition, some of theaadwate genes were further
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largest number possible ot secreted enzymes, teearal media must be tested
containing different carbon substrates. Two sucpeariental approaches were
carried out in aspergilli grown under varying cdiadis. Medina and colleagues
(Medinaet al. 2004) were able to identify proteins specificalcreted on medium
containing rutin inAspergillus flavusFor this, the genome sequence information of
seven different species #kpergilli was used for protein identification to increase
the number of identified proteins. In this way, teios may still be identified even
if the corresponding gene model frafn flavuswould be mis-annoted, e.g. by

incorrect intron-exon boundaries or mis-annotatedrQN-termini.
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TheA. nigersecretome was subject of several studies th& lgsars. Tsang
and co-workers (Tsangt al, 2009) used defined and complex media to incréeese
spectrum of enzymes secreted Ayniger In this study the analysis of secreted
proteins was combined with genome-wide predictiohsignal-peptide containing
proteins. In this way, secreted proteins could &kdated as secreted proteins and
not as contaminants resulting from cell lysis. hother study (Jacolet al, 2009),
gene expression data were crossed with 2-DE-basstdomic data from three
strains ofA. nigerthat are overproducers of lipase, protease andblase®. In this
work, automated sample processing was used for 2spéis, allowing the

identification of 898 individual proteins. Protegsamples from 2-DE gels were

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

gene Involved In protein degradation.

One fungal organelle of particular industrial imgamice is the microbody.
Microbodies in filamentous fungi can be divideditiiree categories: peroxisomes,
responsible for p-oxidation of long-chain fatty acids; glyoxysomeshich
additionally participate in the glyoxylate cyclendathe Woronin body, which
functions as a septal plug in case of cell injiMycrobodies have been implicated
in the production ofp-lactam antibiotics, most notably of penicillin. &3e
organelles were recently analysedPi@nicillium chrysogenumthe major penicillin
producer (Kiekt al, 2009).
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1.2.2 Magnate and magnetic field energy

The power of the magnet is one of the rbasic powers in nature. We know
that magnetism itself was an ingredient in the proiral soup from which the
universe and our planet came forth. Magnetismasfoince that keeps order in the
galaxy, allowing stars and planets to spin at $icamt velocities. And in a sense,
our own planet's magnetic field is responsiblefiartecting all life on earth (Zdyb
and Bauer, 2003).

1.2.2.1 Magnetism and Electromagnetism

-1
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usuaily electrons, put someumes chargea parucaed 10nNs. An example or an
electric field occurs when you shuffle your feetrass a carpet and touch a
doorknob. The carpet pulls some electrons from yoody and your clothing,

leaving you with a deficiency and the carpet withexcess. When you touch the
doorknob, it pulls up electrons to satisfy youridehcy, and it balances the
electrical charge, creating a spark in the procéksctrical fields are measured in
units called volts per meter (vpm) or volts pertoeater. The next side of the three
sided coin is the magnetic field. A magnetic fidccaused by electrical charges in
motion, as opposed to an electric field, which nsdpiced-by electrical charges in

different concentrations, more in one place thanather, regardless of whether or
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not they are moving. One cannot see the electrizaent in a magnet; that delved
deeper into the structure of matter. In a statigmed, the electrical current moves
in terms of electrons orbiting around the atomicleu An iron body is magnetized
when the electrons become aligned to greater dégrdauin, et al, 2000).

1.2.2.2 Magnetic Poles

The effects of magnetism have been known for ceaguEven before 600
B.C., the Greeks hadiscovered that lodestone, a type of ore contaiimmg oxide,
was able to exert forces aftraction on small iron objects. Also, when pivbte a

horizontal plane and allowed to rotdteely, a needle-shaped piece of lodestone
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magnet is allowed to rotate freely, the pole tkeads to seek the northerly direction
is called the north magnetic pole, or simply thedle. The opposite end is called
the south magnetic pole, or the S-pole. Magnets ecant forces on each other
(Friis-Christensen et al, 2006). By observing how magnets interact withheac
other, we can state the Law of Magnetic Poles a®sife magnetic poles attract,
and similar magnetic poles repel. Another way @girgathis is that like poles repel

each other, and unlike poles attract. This behavi®wsimilar to that of like and

unlike electric charges. However, it is importamkeep one important difference in

mind. It is possible to separate positive from riegacharges and produce isolated

12
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charges of either kind. In contrast, no one hasidoa magnetic monopole (an
isolated north or South Pole). Any attempt to sat@anorth and south poles by
cutting a bar magnet in half fails, because eaelsgpbecomes a smaller magnet

with its own north and south poles (Nevattal.,2002).

Biomagnetic nomenclature of identified gmwlof the magnet, it's just the
opposite, Zimmerman (1970) explains. That end efrttagnet that points north is
labeled the south pole because it's attractedetmdinth pole of the earth. That end
of the magnet that attracts the south pole of #mthes labeled the north pole of the

magnet because opposites attract.
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larger, more general interest arose only some dscdater, coinciding with
worldwide electrification and telecommunication. Rdtigh microorganisms play a
major role in the global ecosystem, the number oblipations covering
magnetoreception in fungi, protists and non-magnetm bacteria is small
compared to similar reports on humans and aninfdkesxénder1962; Bernhardt,
1979; Gould 1998; Johnsen and Lohman2005; Wiltschko and Wiltschkp1995);
and is perhaps comparable to the state of knowledgénts (Galland and Pazur,
2005). The magneto orientation of magnetotactiaddvac (Blakemore, 1982), as

well as that of migrating birds and insects, betotwgthe best understood and most
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intensely studied phenomena of magnetoreceptiottgdiko and Wiltschkd995;
Wiltschko and Wiltschko2005; Lohmann and Johnsen, 2000). Recently Rital.
(Zhadin, 200land Ritzet al, 2004) suggested a light-driven, radical-pair
mechanism for the magnetoreception of birds medibtecryptochrome (Mollet

al.,, 2004 and Mouritseret al, 2004). There was evidence that even plant
cryptochromes are involved in the magnetoreceptioArabidopsis (Ahmaekt al,
2007). Bacterial magnetotaxis is based on the ntagrientation of magnetite
crystals; thus representing the only magnetoremeptnechanism completely
elucidated up to now (Blakemore, 1982; Blakemorg/5l Walker, 1997 and
Schuler, 2004).
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dimension - up and down (Frankatlal, 1997). The key benefit of magnetotaxis in
this process was the enhancement of the bacterainilisy to detect oxygen, not an
increase in average speed of reaction (Sretttal, 2006). Movement along a
straight path allows for earlier detection of anse®rg oxigen gradient, and thus
enhances the flight from oxygen. A role for magnetes formation in mediating
was responsed to gravity, as magnetosomes and totaie were shown to be
completely absent in prolonged microgravity (Urb2000).

In magnetotaxis, polar and axial magnetatastrains can be discriminated

between. Bipolar flagellated cells display axial dagbr by swimming back and

14
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forth within a local applied magnetics field. In @omagnetotaxis, the cells follow a
preferential direction and swim away when the |dcalt is reversed (Bazylinski
and Frankel, 2004). This classification apparergults from cellular morphology,
and has no impact on orientatioffiegencies in natural environments. The
observation that polar magnetotactic cells in theutl®ern hemisphere
predominantly exhibited a south-seeking behavidiaboratory tests was taken as
support for the importance of the magnetic fiel@ lfor magnetotaxis (Blakemore
et al, 1980). The discovery of seasonally occurringdpminantly south seeking
polar bacteria, in populations from the northermisphere call this explanation

into question. Instead, the oxidation-reductioneptidll at any given position of a
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crystal aggregate (Bazylinsét al, 1993; Bazylinsket al, 1995).

In both magnetite and greigite, crystlctures follow the spinel type,
consisting of two interlocking grid systems withffdrent numbers of grid
coordinates (nodes). Magnetite, as well as greigatains a mixture of two- and
three-valent iron, with each form occupying spectimdes. This leads to the
complete extinction of the atomic magnetic dipolmemts of F&. The magnetic
properties, therefore, are solely attributed t6*F&ach morphotype is usually
associated with a particular crystalline habit @gmetite, whereas greigite crystals

of different shapes may occur simultaneously (Matitaskvial, 1992 ; Schuler
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and Frankel1999 ; Lins et al, 2000 ; Daimset al, 2001). Cuboid, bullet-, tooth-
and drop-shaped crystals have been described @&eikat al,1993; Lins et al,
2000 ; Thornhill et al, 1994 ; Matsunaga and Sakaguchi, 2000).

Besides eukaryotic microorganisms, magnerystals that are similar in
appearance and structure to those of bacteria alete found in animal cells ;
however no information exists on their origin anisgnthesis. Ferrimagnetic
crystals interact in excess of a million times mstrengly with magnetic fields than
do diamagnetic or paramagnetic materials. If aofeagnetic nano crystal were

fixed to an ion channel an assumption that has eet lverified yet - it would
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1997).

For many years, scientists believed thattemagnetic fields (EMFs) of low
frequency did not cause any significant biologiefiécts. In recent decades, many
scientific studies have verified that electric amdhagnetic fields of extremely low
frequency (ELF; <300 Hz) can influence the biological systems.( Muragt al,
1991, 1992, 1998) reported on the influence of l@Trating magnetic field on the
growth of the primary root of corn aiba mayseedlings. (Moore, 1979) reported
that the stimulation or inhibition of the growth ffe bacterial species and yeasts

was dependent on the field strength, frequency types of bacterium. The
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stimulation or inhibition of microbial growth wadsa reported by other authors
(Ramonet al, 1987; Crombie et al, 1990; Ivanova et al, 1996; Raoet al, 1997,
Fojt et al, 2004). (Mayet al, 2009) reported the effect of exposure to a cstati
magnetic field on cell growth, viability, and gerexpression ofSalmonella

enterica

The influencing of ELF magnetic fields or tiansport of C&” in a biological
system was consisted of highly purified plasma nmamb vesicles (Baure’us Koch
et al, 2003). (Miyakoshet al, 2000) reported the effects of ELF magnetic Seaba
heat-induced expression of heat shock protein 8p7®) at 50mT and 60 Hz in

L caNnD /M AaAlle

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

WIIE USPEIIUEIILE ULSUIIETILHIA LU d Pl dIHHIELET UldL TEHELLS UIE SLAlUS Ul UINA-
protein complexes (Binhi, 2001). Interestingly, el@esponse curves for thiffect
showed several minima and maxima. These obsergatiene explained using the
framework of the ion interference mechanism, andewaked to the dissociation
of ion-protein complexes that rotate at a speedbofut 18 revolutions per second.
The believed was carring for the rotating, ion-pnotcomplexes is DNA (Binhi,
2001). E. coli, Pseudomonasnd Enterobacterdisplay, in a zero-magnetic field,
modified resistance to various antibiotics (Poiatal, 2003; Creangat al, 2003).

Surprisingly, even the extremely low magnetic flugnsities generated by the
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human body canffect bacteria, becaugée coli and Staphylococcus aureusave
altered functional activities ( Lekhtlaan-Tynissstral, 2004).

For fungi and protists no studies on tiffect of zero magnetic fields are
presently available. Geomagnetic storms can leadatsmall increase in
geomagnetic fields by some 1-5%.This increase séere sftificient to prolong
the photobioluminescence of photobacterium (Bergkayaet al, 1995). In the
slime mold,Physarum polycephaluma weaklfield of 100uT elicits a mitotic e@lay,
and decrease of respiration (Marmtral, 1978). At a magnetic flux density of 100
uT, the growth of the phytopathogenic fundilternaria alternata Curvularia
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activation of ions and polarization of dipoles g cells (Johnson and Guy,
1972). Response of cells under time varying magtietds is contingent not only
on the wavelength and amplitude but also on how thelexogenous MF matched
the phase of the cell's own oscillators; matchedsuse unmatched phase gives

opposite results (Kindzelskii and Petty, 1997).

The forces induced by magnetic fields mayldrge enough to affect any
process that can change the movemeaet of electrons significantly (Goodman and
Blank, 2002). Studies on the meristematic cellplahts shown that MF effects
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normal metabolisms and has impact on cellular diwigBelyavskayaet al, 1992).
An optimal external electromagnetic field could elecate the activation of plant
growth, especially seed germination (Moearal, 1999 ; Moon and Chung, 2000 ;
Aladjadjiyan and Ylieva, 2003).

1.2.4 The effect of magnetic field on growth and cell division

Very strong magnetic fields (5.2 — 6.1arg able to delay cell death in
stationary cultures ofBacillus subtilis(Nakamuraet al, 1997). A field of (14.1 T)
had, however, no substantidfext on the growth oEhewanella oneidensisven

though several genes were up- or down regulate@d @al, 2005). The latter
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Saccharomyces cerevisjaa 3U% Inhibition of bud formation (Kimball, 1998)
Colonial growth ofA. alternataandC. inaequalisdecreased by a mere 10% during
exposure to weak magnetic fields between (0.1 amdT) (Nagy, 2005). An
inhibition of growth was reported faknabaena doliolunfor a moderate DC field
of 300 mT (Singhet al, 1994). Numerous investigators have reported ntagne
effects on development of bacteria, which includesarease in mass and / or cell
division. Escherichia coli for example, when exposed to an AC field (0-2 4,
and 50 Hz), shows a shortened generation time @MNaet al, 1981). The dose-
response relationships for thiffext were complex, they occurred only at certain
flux densities between 0 and 2 mT. AC fields (0.8, i&aT, 0.8 and 1 kHz) and
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increased the growth &. subtilis as it caused a growth increase and interestingly
also a loss of intercellular cohesion, which isrelteristic for cells raised in a
geomagnetic field (Ramaeat al, 1987).

Whether or not an AC magnetic field exertsrdnibitory or else a stimulatory
mode of action depends in a complex manner on teguéncy and the field
strength. For example, Moore (Moore , 1979) obskelevated or even diminished
growth rates forB. subtilis Candida albicans Halobacterium Salmonella
typhimurium andStaphylococcin dependence of AC frequencies ranging from (O -

0.3 Hz) and magnetic flux densities of (5-90 mT).comtrast, magnetic square
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(UHIEL €L dly, LYO0D).FIIySdlUlll PUIYLEPTIAUUIESPUIIUS LU WEdK AUEIUS (U.2 1111,
60, 75 Hz) with a delay in its mitotic cycle (Mam,01978 ; Marronet al, 1975),
exhibited by an increased mitotic cycle length &2 @T and 75 Hz (Goodmaet
al., 1976 ; Goodman et al, 1979).

The mechanism for magnetotacfte&s at ELF-frequencies (e.g. 50, 60, or
75 Hz) is not completely clear, however energy erswn to heat can likely be
ruled out because of the low induction of living ttea Conversely higher
frequency, long wave band fields (160 mT, 62 kH=2) iarfact lethal forE. coli
(Greenebaunet al, 1982). After an exposure time of 16 h only a s$rfralction
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(10 organisms) survive. Under these conditions, tissipiation to heat is likely
not to be increasingly negligible, and, in genetlagse results are not comparable
with findings for the ELF band in any case é€tial, 2004).

The dimorphic fungus Mycotyphaafricana @&xist in a myceliar or yeast-
like form. Weak ELF magnetic fields shift developmémwards the yeast form
(Wittekind et al., 1990). Weak AC fields (0 — 1.2n T, 0.8 — 50 Hz}Her increase
this germination rate (Broerst al, 2002). Very strong DC fields (5.2-6.1 T)
suppress spore formation from vegetative cell8ofubtilis an dfect that was
paralleled with the diminished activity of alkalipdosphatase (Nakamued al,

1N0N07\
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increases ATP levels by about 30% in an AC fiel® @T, 50 Hz) (Lei & Berg,
1998). In theCyanobacteriumSpirulina platensisa DC field of moderate strength
(10 mT) enhanced growth®volution, and pigment synthesis; at 70 mT however,

a repression, rather than stimulation, was obsefd@dnoet al., 1998). AC fields
(0.1 mT, 60 Hz) caused lower ATP levels Rinysarum polycephalynbut no
decreased in respiration (Marren al,1986). Reduced respiration was, however,
found with 0.2 mT and 60 and 75 Hz (Marreinal,, 1975).Tetrahymena pyriformis
responds to an AC field (10 mT, 60 Hz) with delagedl division and increased
oxygen uptake (Tabrakt al, 1978).
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1.2.5 The effect of magnetic field on enzyme activity

Several studies have been carried out westigate the effects of ELF
magnetic fields on DNA (lvancsitet al, 2002 ; Nikolai et al, 2004), enzyme
activity (Blanket al, 1995 ; Blank and Soo, 1998) and cells (Chagtgal, 2005 and
Jin et al, 1997). Enzymes play a vital role in the biol@jiprocesses, also cell
communication is facilitated by these biocatalystsy alteration in the activity of
the enzyme may affect these biological processés. afamylases are calcium
metalloenzymes completely unable to function inahesence of calcium. By acting

at random locations along the starch cha#gamylase breaks down long chain
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INnteraction Of such Tields with the living celisssll unclear (I enforde 1996 ; Atak
et al, 2003).

The biochemically versatile funghs niger produces a wide array of acids
and derivative enzymes to support its absorptifestlyle. This metabolic diversity
and its ability to use a large amount of differeatbon sources mak&. nigera
valuable cell factory for applications in many diént industrial processes
(Bennett, 1997).
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1.2.6 Effect of magnetic field on DNA

Weak, static magnetic fields (0—110 affect DNA-protein conformations in
E. coli. This analysis represents the only dose-respornse ¢or a static magnetic
field. The peculiarity of this curve stems from flaet that it has three prominent
maxima, a feature that makes it veryfelient from other dose-response curves in
nature that often follow rising or decaying expatedrfunctions. The shape of this
curve was explained in the context of the ion fiet@nce mechanism (Binkt al,
2001).

AC fields (14.6 mT, 60 Hz) have been showhtoocause DNA breaks in a
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repair was enhanced (Chow and Tung, 2000b), antetert was seemingly
mediated by the over expression of DnaK/J (ChowTamy, 2000a).

AC fields (0.2 mT, 60 Hz) can increase $ typhimurium azide-induced
revertants (Tabralet al, 1994). The enhanced DNA repair of hydroxylamine-
mutagenized plasmid pUCS8 occurredancoliin AC magnetic fields (0 — 1.2 mT,
50 Hz) via the induction of heatshock proteins M8mnd Hsp 40 (DnaK and DnaJ)
( Chow & Tung, 2000b). Since it is known that Dna&n upregulate UvrA, it is
understandable that magnetic field stress causesoweg DNA repair. An AC

magneticfield also (120uT, 50 Hz) caused a reduction in the survival if
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cerevisiaeafter UV irradiation, whilst sustaining ndfect on cell cycle kinetics
(Markkaneret al, 2001).

AC MFs of moderate flux density (200 - 660, 50 Hz) alter the
transcription rate of the lac operon B coli (Aarholt et al, 1982). Furthermore
while a field strength of 300T suppresses transcription, a field strength of bb0
results in a substantial increase. These antagomgtractions have been attributed
to the involvement of dfierent ions, i.e. Ca and Md" competing for protein-
binding sites (Binhi, 1997a and Binhi, 1998).

AC magnetic fields can induce specific séigenes. IrE. coli an increase in
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biomembrane. Investigations using HelLa cells, thoafhuman origin, generated
data that was highly pertinent to the problem ofgnwically induced gene
expression. The weak, alternating, magniicis (8 and 8T, 60 Hz)was able to
increase the transcription of mouse or human c-ggmes (Linet al, 1994). This
effect was dependent on the presence of specific @eatinetic response elements
located between —-353 and -1257 bp relative to tioenpter (Linet al, 2001).
Similar response elements were also detected irpribenoter region of the heat
shock gene hsp70 (Goodman and Blank, 2002).
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Strong magnetic fields (14.1 T) caused thestcriptional up-regulation of 21
genes, and the down-regulation of 4 geneshawanella oneidensighile at the
same time causing no substantial alterations iwtirdGao et al, 2005). No
alteration in the profile of stress proteins ocaliradter exposing E. colito AC
fields (7.8— 14 mT, 5 — 100 Hz)YNakasono and Saiki, 2000). Furthermore, no
changes in dferential gene expression (microarray analysis)otem profile (2-D
gel analysis) were obtained wih cerevisiaexposed to AC magnetic fields (10 —
300 mT, 50 Hz) (Nakasoret al, 2003).
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2. Material and Methods

2.1 Instruments and Chemicals:

2.1.1 Instruments:

The instruments used in this study are listeithé table (2-1).

Table (2-1): instruments used in this study.

Instruments Company
Autoclave ExpresgGermany)
Shaker Incubater GLF(Germany)
NMannaticr Ctirrar Ctitart (Ennland)
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Cooled centrifuge

Crison (Spain)

Microscope

Olympus (Japan)

Digital camera

Mercury
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2.1.2 Chemicals

Table (2-2): chemicals used in this study.

Materials

Company

Sodium acetate

Fluka $witzerland)

Tween 80 Fluka
Sodium Fluka
Ethanol Fluka
Sucrose Fluka
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ZnCl, BDH
NH,PO, BDH
NH,NO; BDH
MgSO,. 7H,0 BDH
FeSQ.7H,0 BDH
CaCb.7H,0 BDH
NaCl BDH

27


http://cbs.wondershare.com/go.php?pid=1140&m=db

Chapter two

Material & Method
N-Acetylglucosamine BDH
p-Dimethylaminobenzaldehyde BDH
Glacial acetic acid Koch- Light
Sodium potassium tartarate Sigma (USA)
Sodium tungstate Sigma
Sodium molybdate Sigma
Phosphoric acid Sigma
Hydrochloric acid Sigma
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2.2 Culture Media

2.2.1 Ready to use media

All listed media used in this study were preparecbading to the instruction

on the containers of their manufacturing companies:

Table (2-3): Ready to be use media

Media

Company

origin
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Potato Dextrose Ager Biolife Italy

Sabaroid Dextrose Ager

2.2.2 Yeast Extract Sucrose medium (YESccording tdScott,et al.,
1998.

The medium was used to enhance the productiontat ex
cellular secondary metabolitdscontains yeast extract, 20g/1 ;

Sucrose 150g/l and distilled water 1Liter.

2.3 Buffers and Reagents
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Mixed citric acid and sodium phosphate solwidn the proportions
indicated and adjusted the final volume to 100 nthwleionized water than

adjusted96584 the final pH using a sensitive pHemet

2.3.2 Tris-HCI Buffer, pH range 7.2 t0 9.0

(@) 0.1 M Tris hydroxymethyl) aminomethane; 12.1 g/l (M.W.: 121.0)
(b) 0.1 M Hydrochloric acid

50 ml of Tris (hydroxymethyl) aminomethane was ndixavith
hydrochloric acid and completed the final volume2@® ml with deionized
water than adjusted the final pH using a sensfidaneter.
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2.3.3 Phosphate Buffer:

It was prepared according to the instruction endbntainer of the

manufacturing company (Sigma (USA)).
2.3.4 Soluble — starch solution (0.5%):

This solution prepared by dissolving 0.5 g of stdugtarch in 25 ml of
phosphate buffer (pH 7), the mixture was then ltkatehot plate to boiling
point until starch was completely dissolved, thewas let to cool at room
temperature and the volume was completed to 100h ral volumetric flask

with phosphate buffer.
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2.3.7Dinitrosalicylic Acid Solution (DNSA)

This solution was prepared according to (Whitaked aBernhard,
1972) by dissolving 1g of DNSA in 50 ml of distdlevater. Then 20 ml of 2
M sodium hydroxide solution was added followed kigiag 30 g of sodium
potassium tartarate gradually until it was compethssolved. The volume
was completed to 100 ml in volumetric flask witlstdied water and kept in
dark bottle.
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2.3.8 Folin—Ciocalteu reagent:

It was prepared by dissolving 10 g sodium tungstai 2.5 g sodium
molybdate in 70 ml water. Add 5 ml 85% phosphor@daand 10 ml
concentrated hydrochloric acid. Reflux for 5 hr.dAt g lithium sulfate, 5
ml water and 1 drop bromine. Reflux for 15 min. Ctmoroom temperature

and bring to 100 ml with water.
2.3.9 Sodium potassium tartarate (40%):

It was prepared by dissolving 40g Sodium potas¢amarate in 60 ml

Distilled water and then volume of the solutionrgased up to 100ml.
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p-Dimethylaminobenzaldehyde (2g) after two crisi@tions from
dilute acetic acid is dissolved in 100 ml. of gldGcetic acid containing 50
ml. of hydrochloric acid. The final solution shoufmbssess a pale yellow
colour. The addition of 1 ml of water to 9 ml ofetlmeagent should not
produce an increase in the intensity of the yelbmlour. Some preparations
of p-dimethyl aminobenzaldehyde have been foungive yellow-coloured
acetic-hydrochloric acid solutions which producebt yellow solutions on

the addition of water; these must be avoided. Eagent keeps indefinitely.
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2.4 Dyes
2.4.1 Lacto phenol cotton blue:
(According to McGinnis, 1980)

e 20 ml phenol crystals
e 20 ml lactic acid

e 40 ml Glycerol

* 0.05g cotton blue stain
« 20mID.W

The cotton blue stain dissolved in D.W. , Rilglactic acid and glycerol
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2.2 Methods

2.2.1 Fungal species

The fungi species penicillium chrysogenum, Rhizopus oryzae and
Aspergillus niger were obtained from department of Biotechnologyll€ge
of Science, Al-Nahrain University. Whild~usarium oxysporum and
Alternaria alternata were obtained from department of biology collede o
science, university of Baghdad. The isolated fungire identified after
growing on Potato Dextrose Agar (PDA) medium (laehal., 1991) by

observing the growth characteristics (colour, text@ppearance and diameter
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of the colonies) and microscopic (microstructuiggifal and Mehrotra, 1980;
Bisset, 1991), . All the culture were maintained motato dextrose agar
slants, stored in refrigerator and sub-culturedilety at an interval of three

months.
2.2.2 Static magnetic field

By using special magnetic bar of thickness (1 cuh &rem diameter).
Single field strength of 10 Gauss was measured lys&neter. The
experimental cultured groups were placed with tlagmetic field beside. The
magnetic field determination, the north and soufep and it was compared

with the control cultured group.
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after it was cut by cork borer (sterile). The inlated plates were incubated at
28°C for 7 days. Three replicates were maintaiiiéé. diameter of the fungal
colony was measured following (Daggupati, 1988).

2.2.4 Spore suspension preparation

A slant containing potato dextrose agar (PDA) medinoculated
with fungal isolate were incubated at 28°C.Sporgpsusion were prepared
according to Faraj method (Faraj, 1990), spore \wareested by adding 5 mi
of sterilized distilled water containing 0.11% twe80 to aid wetting and
separation of the spores, then the fungal grovah separated by a loop. The
suspension was filtered through sterile cotton wable filtrate was
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centrifuged, and further washes with distilled watEhe spore suspension
was then centrifuged at 3000 rpm for 5 min. theesngtant was removed and
the spores were washed twice by resuspending titestistilled water and
further centrifuged. Then 5 ml of sterile distilledhter was added to the
supernatant and mixed vigorously by the vortex famin . A drop of the
suspension was added to hemocytometer by Pastpattg)i spores were
calculated under high power (X40) of light micrope using the following

equation (Faraj, 1990):
Concentration of spores = (Z * 4 *4.0)/n spores/ml

Where n: total No. of small squares.
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CaCb.7H,0-0.4g, FeSQ7H,O- 0.01g, NaHP(O;-2.59,ZnC}-0.1g, NaCl-
0.3g, Casein-20g starch-20g; pH 6.5. The media osimpn were dissolved
in 1000ml of distilled water after which 100ml dfet medium was measured
into conical flask (250ml capacity each) heatedhoh plate to homogenize
and then sterilized by autoclaving after which thegre removed and

allowed to cool.
2.2.5.1 Culture conditiors

Spores of the isolated fungi were harvested fromdays old culture by
preparing spore suspension of 2%&pores/ml. 1 ml of the spore suspension
was used for inoculating 100 ml of media. All flaskere incubated at 28°C
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in a shaking incubator at 150 rpm for 4 days, anerewperiodically
determined at every 24 h. After incubation, cultdiieate was filtered
through Whatman No.1 filter paper. Supernatantiobthafter 72h was used
as the crude enzyme sample for further experimdéitsept theFusarium
oxysporum were centrifuged at 3000 rpm for 10 min at 4°QGuirefrigerated

centrifuge before the filteration.
2.2.5.2 Biomass/growth determination of fungal spé&es

The method of Narasimhat al., (2006) was used an applied. The biomass
or mycelia growth produced in the liquid culturedinen was determined by

dry weight measurement Whatman No.1 filter papes waed to constant
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The biomass/growth was calculated as:

Biomass (g/100 ml) = Weight of culture +(filter mapr petri dishes)—(initial
weight of filter paper + petri dishes)

2.2.6 Extraction of crude enzyme

Extraction of crude enzyme was done by centrifugatnedia at 2000
rom for 5 min after 72 hrs, supernatant collected diltered off using
Whatman No.1 filter paper. The filterate was usecciade enzyme extract
(Ali etal., 1998; Oyelekeet al., 2010).
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2.2.6.1 Amylase assay

Amylase activity was assayed by measuring the radusugars
released during the reaction, using starch as atrai, according to
Ramakrishnat al. (1982).

Amylase activity was assayed as described by Rashmaa et al.
(1982) by pipetting 0.5 ml of culture extract enzymto test tubes and 1ml
of 1% soluble starch in citrate phosphate buffevingpa pH of 6.4, the
reducing sugars liberated were estimated by thediBjfosalicyclic acid
(DNSA) method Bertranét al., (2004). The reaction mixture was incubated
in a water bath at 40°C for 30 min. A blank consgstof 1 ml of soluble
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produces one micromole (umole) in a minute underetimation condition.
While specific activity expresses the units acyiyaer each milligram (mg) of
a protein.

- .. _ Acivity (U/ml)
SpeC|f|c aCtIVIty (U/mg) _protein concentration (mg/ml)

2.2.6.2 Assay of proteases activity

The activity of protease was assayed by the metfddcDonald and Chen
(1965). To 1ml of the crude filtrate in the tedteéu4.0 ml of 1.0% casein was

added. The mixture was incubated at 35°C for ong.hthe residual protein
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was precipitated by adding 5ml of 5% TCA (Trichlacetic acid). The
precipitates were allowed to settle for 30 minutdse contents of the tubes
were centrifuged at 5000 rpm for 5 minutes. Ondilitel of the supernatant
was mixed with 5ml of NaOH. Then 1ml of 1N sodiugdioxide was added
to make the contents of the tube alkaline. Afterndi@utes, 0.5ml of Folin
and Ciocalteau reagent was added as a result athwhiue color was
produced. The tubes were left for 30 minutes tongaximum development
of blue color. The optical density of the mixtur@asvread at 700 nm on
spectrophotometer. One unit of protease activitgened as the amount of
enzyme required to produce an increase of 0.1 incapdensity under

optimal defined conditions according to the follagieqution:
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Tris-HCI and 2.5 ml of Coomasi blue Dye and vorttes tubes for 2 minthe
absorbance for all the test tubes were measuredb98t nm with

spectrophotometer.

Table (2-4): preparation of Bovine Serum Albumiar&tard Curve:

Tube no BSA conc,| Buffer Total vol.

mg/ml mi mi
1 0 100 100
2 0.02 98 100
3 0.04 96 100
4 0.06 94 100
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5 0.08 92 100
6 0.1 90 100

o
[
N

o
[
¢

Absorbance (595 nm)
\.

o
o
f\N
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extract, was determined using the method of Beitretnal. (2004). The
reducing sugar content from hydrolyses of substrég enzymes activity
were assayed by adding 2 ml of 3,5 DNSA reagerit tol of sample. The
mixture was heated in boiling water for 5min andrtttooled under running
tap water. The absorbance at 540 nm of the reguttboured solution (slight
brown) was read in a spectrophotometer against amkblprepared by
substituting the hydrolyzed sample with distilleéter. The reaction sugar
content was subsequently determined by makingeeéerto a standard curve

of maltose concentration.
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2.2.6.4.1 Maltose standard curve

Maltose standard curve was prepared by dissolvigg 6f maltose in 20ml
distilled water and completed the volume to 10GnHd as following volumes
of maltose standard solution were prepared frontasal stock solution in
tests tubes ( triplicate for each volume). Thenpprovolumes of distilled
water were added. One ml of DNSA was added to d¢abk and then
immersing tubes were boiled in water bath for 5 utenafter which tubes
were cooled using tap water and 5 ml of distilleatevr was added to each
tube. The absorbance was measured at 540nm. Tub#&sen one was used

as a blank. A standard curve was plotted between ctimcentration of

maltnea and tha ~rarreennndant ahenrhanra at RAQRHMe in finniral(2-2)\
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contamination as observed under microscope and maezl to contain less
than 2% of the mycelial protein associated withnth@he samples were
stored at 37°C over,Bs till use. Cell walls were hydrolysed with chitimas
essentially as per the method of Jeauniaux (198&gpt for the use of an
acetate buffer in place of the recommended citraféer. The sample (1mg)
was incubated with chitinase (1 unit) in a totalwoe of 4ml of acetate
buffer (0-4 M, pH 5-6) and digested for 24 hr 3AtC with constant stirring
of the incubation mixture. Aliquots (0-5 ml) werghdrawn at different time
intervals for determining the contents of totagéefland N-acetyl glucosamines
in them (Davidson, 1966). The aliquot, containing to 0-5 umol of
glucosamine, was treated with 0-1 ml of 1% (v®te anhydride and 0-5
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ml of potassium tetraborate (OM, pH 9-1) in a Teflon-lined screw capped
tube for 5 min and then heated in a boiling watghldor 5 min. The solution
was cooled to room temperature, mixed with 6 ml midimethyl
aminobenzaldehyde (1% (w/v) in 10% (v/v) glacialete acid) and
incubated at 37°C for 30 min. The absorbance ofstiletion was measured
at 585 nm. Sample values were read from the stdndarve of N-

acetylglucosamine as followed in tabled (2-6).

Table (2-6): preparation of N-acetylglucosamined#ad curve

D

Tube | N-acetylglucosamine D.W. | N-acetylglucosaming

no. Sol. mi mi conc. (mg/ml)
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to compare the differences among treatments Dunzatiple range test was

used.
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3 Results and Discussion

3.1 Fungal species

The present study was undertaken to determineffibet f magnetic field
on growth and biochemical indices of fungi spectese species of different
fungi were exposed to magnetic field. Based on maolqgical characters and
microscopic observation 5 filamentous fungi wekeniger, A. alternata, F.
oxysporum, P. chrysogenum andR. oryzae. The growth of the different species
was studied morphologically on potato dextrose ada28°C. The identifying
features ofA. niger are wooly initially white, quickly becoming blackitiv

conidial production. Reverse side of petri disviste to pale yellow and growth

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

(Suryanarayanast al., 2000).R. oryzae quickly fills a Petri dish (agar surface)
with a typically cotton candy like colony, initigllwhite that turns grey to
yellowish brown in time. The reverse is white tdep@aiazzcet al., 2006).

3.2 The effect of magnetic field on growth of fundaspecies

The exposure of magnetic field stimulates or irtkidhe growth and
proliferation of microorganisms. High intensity nmagic fields can affect

membrane fluidity and other properties of cellsa(fkel and Liburdy, 1995).

Figure (4) and table (7) showed that the meaf. miger growth diameter
at 10 gauss static magnetic field, there was s#timrl in fungal growth
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comparing to the control group. The growth diamet@h northern magnetic

pole (5 cm) was more than southern magnetic poledg), both poles (4.5 cm)

and controls (3.5 cm).
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Figure (3-1) Effect of static magnetic field poleson the growth of
Aspergillus niger on solid media. Panels, a. control, b. southern, oorthern
after incubation growth (SDA) or (PDA) medium under magnetic field for 7
days at 28°C.
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Table (3-1): Effect of static magnetic field on grath rate of Aspergillus
niger after incubation growth (SDA) or (PDA) medium unde magnetic field
for 7 days at 28°C.

Effect of Mean LSD
poles Growth diameter (cm)

Southern 4.1 +0.166* 0.04

5+ 0.145* 0.00
4.5 +0.288*

*The mean difference is significant at the @.05 level.

The results obtained from the fungal growthfigure (5) and table (8)
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Figure (3-2) Effect of static magnetic field poleson the growth of
Alternaria alternata on solid media. Panels, a. control, b. southerr.
northern after incubation growth (SDA) or (PDA) medium under magnetic
field for 7 davs at 28°C.
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5.1 +0.878* 0.00
5.2 + 0.135* 0.00

*The mean difference is sfguaint at the g 0.05 level.

Fromtables (3-1) and (3-2) which showed that static me#ig field has
slight stimulatory effect on the growth @& niger and A. alternate, this
stimulatory effect may due to increase in the matalactivity of the fungal cell
and increase in the rate of replication of cell DNPhis result agree with
Sadauskast al. (1987), who examined the effect of 200 mT flunsigy on

static and pulsating magnetic field on the différgpecies of fungi. According to
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their examination, morphological changes were obser on the conidia of

Aspergillus puniceus anc A. alternata.

Figure (3-3) andable (3-3)showed inhibitory effect on growth rate of
oxysporumwith 10 gauss static magnetic field. Table (8) skaosignificant
differences in growth diameter (cm) as comparech wabntrol (4.1cm) a
exposed to the southern pole (3.5), northern g&lé ¢m) and both poles (3
cm) on solid medium. From these res a conclusion was made that magn
poles inhibits the F. oxysporum replication rated ancrease the metabo

activity.
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Figure (3-3) Effect of static magmatic field poleson the growth of
Fusarium oxysporum on solid media, panels a. control, b. southern, c
northern and d. both after incubation growth (SDA) or (PDA) medium

under magnetic field for 7 days at 28°C
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Table (3-3): Effect of magnetic field on growth of Fusarium
oxysporum after incubation growth (SDA) or (PDA) medium unde
magnetic field for 7 days at 28°C.

Effect of Mean
poles Growth diameter (cm)
4.1 +0.88* -
3.7 + 0.145* 0.02
3.7 £ 0.332* 0.02
3.5 +0.115* 0.03

*The mean difference is sigraht at the g 0.05 level.

Table (3-4): Effect of static magnetifield on growth of Pencilliumm
chrysogenum expressed by colony diameter after incubation grovit (SDA)

A IDNAN mAadiiim ihAdAr ma~nnAatia fiAlA fFAr 7 AAavie AaHDOONH
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Table (3-4) showed results on the effectstatic magnetic field on growth
of P. chrysogenum on solid medium. The magnetic field acceleratemimgn by
increasing in growth diameter (2.3, 2.1, and 2.8) when exposed to the
southern pole, northern pole and both poles resdciand compared with the
control (1.6 cm) cultured under identical condisoifhe results suggest that the
action of magnetic field may be an important envinental factor affecting the
function of the biological clock as well as the mloology of the examine®.
chrysogenum.

It has been demonstrated experimentallgdiev, 2001) that the

application of a low-frequency, weak magnetic fielbth static and time-
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varying, induce considerable changes in the meahadf cells. These changes
are manifested primarily on altered ion flow thrbugell membranes and in the
motion of cells. Other investigated of magneticld$e include those on the

activity of ion channels (Gakt al., 1993) and ion transport in cells (Garcai-
Sancho and Jawier, 2004).

Table (3-5): Effect of static magnetic field on gwwth of
Rhizopus oryzae after incubation growth (SDA) or (PDA) medium
under magnetic field for 7 days at 28°C.

Effect of Mean
poles Growth diameter (cm)
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magnetic field as it polarized and depolarized vadch cycle of the current
which lead to same effect on magnetic element oerais in the cell according
to Domain theory (Colin, 2008) and this may haveafon cell metabolism and
replication, which agreed with (Kate Melville, 200Bokkon, 2008).

From the mentioned results in figure (3-4) the fluagal species when
exposed to static magnetic field (southern poletheon pole and both poles)
were stimulate the growth @k niger, A. alternate and P. chrysogenum and
inhibited the growth oF.oxysporum, but has no effect on southern pole and both
poles on growth oR.oryzae and inhibited growth oR. oryzae when exposed to

the northern pole as compared with control groups Thdicates that the polarity
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has significantly affectthe interrelationship between magnetic field
microorganisms and indicates that the magnetid fedfectively influened the

formation of conidia othe examined fungal species
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liquid media

The basic concept magnetidield assisted living organisr was to force
or decelerate their growth € biomass productiom liquid media (Yoshimura,
1989) classified the effects of magnetic fields omcrobial growth an
reproduction as (1) inhibitory, (2) stimulatory af® none observab

Results in figure 3-5) showed increasing in biomassA. niger. when
exposed to the southern and northern poles maghelic as compared wit
controls. The main theories that try to explain thiplogical effects o

electromagnetic field are based on the possibertsfon the permeability of tl
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ionic channels in the membrane ( Galvanoskis andii@am, 1998). This can

affect ion transport into the cells and result imldgical changes on the

organism.
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was agecreasea ana Ine piomass proauction aue (ermeer o soutnern and
northern poles of magnetic field as compared witmtls. These results
indicated that the magnetic field decelerated ¢novate ofA. alternate by

effect on the growth of mycelcia.
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biochemical changes. Germination of asexual furspaires and cell viability
were also reduced. The effect appeared to be throalgium-dependent signal
transduction pathway. Perturbation of these pathwgy adding different
compounds (ie calcium chloride, porbal 12-myristhBeacetate, neomycin and
lithium chloride) to the medium, suggested thatosqu asexual spores were

unable to mobilize calcium from intracellular stere
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Figure (3-8) Magnetic field effect on growth of Penicillium
chrysogenum in liquid medium after incubation growth (YSE) medium
under magnetic field every 24hrs for 96 hrs at 28°CpH 6.5 and 150 rpm.

There are many scientific reports on the miflce of magnetic or
electromagnetic fields on living organisms. Manygblogical responses to
electromagnetic field pulses have been studiednbtuimuch of this work had

addressed growth and morphogenesis (Celestialo, 1998).

Figure (3-9) shows the effect of the magnéeld on the biomass
production ofR. oryzae growth. The static magnetic field inhibited theogth
rate may be due to the larger surface areR.afryzae. biomass for exposure, as

mycelium ofR. oryzae in the form of suspended growth, As sexual repcodn
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Figure (3-9) Magnetic field effect on growth ofRhizopus oryzae in liquid
medium after incubation growth (YSE) medium under nagnetic field every
24hrs for 96 hrs at 28°C, pH 6.5 and 150 rpm.
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3.4 Effect of magnetic field on enzyme activity

The impact ofthe magnetic field on the yenesis concentrated on
changing the charge and the shape of the acte®fsenzymes and not on the
substrate, so when exposing the substrate alona fweek to magnetic field
energy we do not notice a change in the activitythe enzymes, but when
we develop and encourage the organism to prodinee ehzymes under effect
of magnetic field bea marked changein the enzgmatctivity and

difference between the two northern and southelasPo

The changes of Amylase and protease actamty specific activity of

enzymes at northern pole and southern pole werectet and results are
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Amylase enzyme had a very important role In therdlysis ot starch to
sugars which provide energy for growth (Dehghanmwa., 2011). Amylase
(endo 1 and 4 -D-Glucagon Gludehydrolase) is fannal living organismsa-
Amylase catalyzes the endo-hydrolysis of 1,4- alphgylcosidic linkages in
polysaccharides containing 3 or more lgdlinked glucose units (Demirkan,
2011).

Figure (3-10) and (3-11) represent the effect ofjmeic field on activity
and specific activity of amylase of fungal generavgh at optimal pH (6.5) and
temperature 28°C. The northern pole increased amyéeativity of all fungal
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Figure (3-11): Effect of magnetic field on Amylase specific activit for
fungal species growth after incubation growth medim under magnetic field

for 72 hrs at 28°C, pH 6.5 and 150 rptr.
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The northern pole increased amylaseviactiU/ml) in the culture
filterate of P. chrysogenum (0.246 U/ml) higher than other mentioned spedes,
niger, F. oxysporum, R oryzae and A. alternata (0.172, 0.146, 0.116,
0.105)U/ml respectively and decrease when treatdd ssuthern pole however

it was higher than the control treatment.

The action of magnetic field on enzyme activity mseto switch the
enzyme to a state of an increase in activity. OgitiptH and temperature are very
essential for activity of enzymes. Changes in pH tmperature may not only
affect the shape of an enzyme but may also chahgeshape or charge

properties of the substrate so that either thetsatbscannot bind to the active

gqite or it cannot 1Inderan catalvsis Insnection e Fl E FMFE <iithstantiallvy
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3.4.2 Effect of magnetic field orprotease activity

Fungi elaborate a wide variety of enzymes than alddria and proteases
are among the most important enzymes produced bhgi.flFungi produce a
variety of proteolytic enzymes however, most ofstheare usually acidic in
nature (Fernandez-Lahoret at., 1998). The filamentous fungi have been a
potential to grow under varying environmental cdiodis such as time course,
pH and temperature, utilizing a wide variety of smhtes as nutrients and to

produce proteases (Tremacoldi and Eleonora, 2005).
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Figure (3-12 and 3-13) represent the effect of magnetic field on acfi
and specific activity of protease of fungal gengmawth at optimal pH (6.5) ar
temperature 28°CThe northern pole increased protease activity of atighl
specieshigher than when exposed fungal cies to the southern poles and

two poles increased activity higher than cont
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Figure (3-13): Effect of magnetic field on proteasspecific Activity for
fungal species growth after incubation growth medim under magnetic field
for 72 hrs at 28°C, pH 6.5 and 150 rpm.

The northern pole increased proteaderitscc (U/ml) in the culture
filterate of P. chrysogenum (0.081 U/ml) higher than other mentioned species,
A. niger, A. alternata, R. oryzae and F. oxysporum (0.08, 0.074, 0.056,0.054)
U/ml respectively and decreased when treated witith&rn pole however it was
higher than the control treatment.

Activity of the enzyme in culture is gty dependent on pH of the
fermentation medium. But there wasn't any noticealtiange in pH. So the only

explanation for the change in protease activity wive used northern pole and
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The theory stated that a "weak" OMF could loosenkbnds between ions
and proteins. Many proteins vital to the cell metam contain ions. In the
presence of a steady background magnetic field ascthat of the earth, the
biological effects of OMF are more pronounced atbparticular frequencies,

the cyclotron resonance frequency of ions (CougatahHall 1990).

The simplest explanation of Blank and Soo (1998)ceming the close
link between effects of electric and magnetic Bedéthd enzyme activity is based
on the mobile charge interaction model. The modgjgssts magnetic field

interaction with moving charges, and hence the Ibasayme activity as the
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result of the field interaction with charge moveitseduring enzyme function.
Blank and Soo (1998) also referred to probablectffef Lorentz forces that
clearly indicate the complete misunderstandinghi@ interpretation about the
observed phenomena, because the field was somemdelt to create any

effective ponder motive forces.

The macroscopic ordering displayed in lyvisystems is an “emergent
property arising from a collective behavior of teéementary microscopic
components (Frohlich and Kremer, 1983). The lovgtfiency internal motions
in protein molecules play a key role in biologidainctions where it was

suggested that there was a direct relationship detwow-frequency motions

and enzvmatic Aactivitv (Merlinn and Sica 2007) eTRvmmetrv of nrotein
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The effect of Magmatic field energy on reduced ohsrates was

revealed in figure (3-14) by Dinitrosalicylic coimetric method.

Depending on the results in figure (3-14) mote that the concentration of
reducing sugars directly proportional to the growdte in the case of exposure
to the magnetic poles. Which mean increased tbhecentration of reducing
sugars due to lack in the effect of magnetic fiefd the substrate which are
carbohydrates and this was confirmed by exposiegstibstrate of the magnet
when measuring the effectiveness of enzyme actitotypoth amylase and

protease.
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(A. niger, A. alternate and F. oxysporum) more than south pole but due
decrease in protein concentration P. chrysogenm and R. oryzae more than

north pole compared with control grou
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interaction with moving charges and enzymes a@witates in ce-free systems
increasing (or decreasing) transcript levels foecdr genes. It is likely
However, MF also interacts directly with electransDNA to &ffect protein
biosynthesis (Blank and Goodman, 2000; Gao et al., 2011).

3.7 Effect ofmagnetic field on chitin content in cell wall

Chitin and chitosan are copolymers o-acetylDglucosamine and -
glucosamine linked by-(1-4) glycosidicbonds. Chitin is a substance fot
naturally in the exoskeletons insect, in the sbélcrustaceans, such as cr

shrimp and crawfish and in fungal cell vs. Chitin is widely distributed i
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fungi, where it wascomponent of the cell walls and structural membsaok

mycelia, stalks, and spores (Robe2002).

Figure (3-16shows the effect of magnetic field (southern paled
northern pole) on the chitin concentration in icgmedium showed a decise
in chitin (a polymer of l-acetylglucosamine) dfA. alternata, F. oxysporum and
R. oryzae) and increased in the concentration of chitir (A. niger and P.

chrysogenum) in treatments of MF compared with controls fwitit treatment).
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Figure (3-16): Effect of magnetic field on chitin concentration for
fungal species growth after incubation growth medim under magnetic field
for 72 hrs at 28°C, pH 6.5 and 150 rpn

The effect ofmagnetic field on cell membrarmay increase membra
permeability wder ion cyclotron resonar and ncreased circulation ar

selective enhancement of ion flow may affect thie od biochemic: reactions.

The magnetic fieldIter the rate of binding of calcium ions to enzynoe:
receptor sitegn membrane andhange distribution of protein and lipid domai
and conformational changes in li-protein associationand also Change
internal molecular distribution of electronic charimside lipid molecule in th

membrane bilayer .
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Nonirradiated chitinreflects “substrate exhaustion”. this particular
case, it was more of a case of all acces bonds in the chitin particles havi
been hydrolyzed.Hence, it ws understandable that microwave treatt
generated more accessible bonds and the hydr continued with a linec

response to enzyme concentra.
3.8 Effect of magnetic field onmedium pH

Optimum pH represents one of the important parameteich effect
enzyme activity. It was found that menzymegemain active within a wide
narrow range of pH. However most of enzymes appeape active at th

optimum pH of the microorganism itself (Reed, 1€
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Figure (3-17): Effect of static magnetic field on pl for fungal species
growth after incubation growth medium under magnetc field for 72 hrs at
28°C and 150 rpm.

In the context of the pH effects, Yavua &elebi (2000) reported that
there was no correlation between the microorganigrosving rates with and

without magnetic field applied.

The fundamental characteristics of extracaflldmylases are expected to
reflect the pH and temperature of the environmeintathich they were grown
and that means the optimum pH for theamylase and pH of the growth were
the same (McTigueet al., 1994). Nevertheless many researchers have iedicat

that the pH of growth and pH @ amylase production was not necessarily
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Conclusions

» Magnetic field poles (10 gauss) stimulated the growth of 3 fungal genera (A.
niger, A. alterneta and P. chrysogenum) and inhibiting the growth of F.
oxysporum while had no effected on the growth of R. oryzae compared with
controls by measuring the colony diameter growth (cm) on solid medium.

* Magnetic field inhibits the growth of (A. alternata, F. oxysporum and R.
oryzae) and stimulate the growth of (A. niger and P. chrysogenum) in liquid
medium by measuring the dry weight (g/100ml).

* The northern pole had a positive effect on the enzymes activity while the
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e Study the effects of MF poles (both) on the growth of 5 fungal genera of
different speciesin liquid medium.

» Study the effect of MF poles on the repair system of 5 fungal genera.

» Study the effect of magnetic fields poles on the production of different
toxins by important toxigenic fungi.
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Summary

The effect of static magnetic field ke growth and biochemical indices
of five fungal species were studiedspergillus niger, Alternaria alternate,
Fusarium oxysporum, Penicillium chrysogenium andRhizopus oryzae). Exposing
the above species to the northern pole, southele goad both poles and their
influences were compared with the control treatm@vithout magnetic field
energy). The static magnetic field of 10 gauss sudgected to the above fungal

species separatly for seven days at 28 °C, Theteffiestatic magnetic field

energy on the growth of fungal species on two swietlia (Sabouraud Dextrose
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The effects of magnetic field poles on mycelia gtowf the mentioned fungal
species in liquid medium (Yeast Extract Sucrose Y Broth) was determined
by the dry weight measurement (g/108gevery 24 hr for 4 days, the content of
flask was filtered through Whattman No.1 fiterpafmeseparate the mycelial mat
and culture filterate, and the fungi were effedbgdhorthern pole, southern pole
only, The magnetic field poles were inhibited thewgh of three speciesA(
alternata, F. oxysporum andR. oryzae) and increased in the growth Af niger

and P. chrysogenium as compared with controls at the same condition. The

effects of magnetic field poles on the biochemiadices of the fungal species
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were performed by filtering the growth and measyrthe enzymes activity,
protein and chitin concentration in the filteraf€he fungal species were
influenced by magnetic field energy for 3 days &Q@ pH (6.5) showed
increased in the activities of amylase and pretehse to northern pole and
decreasedhen treated with southern pole however it wasdrghan the control
treatment under optimum condition at significanffedlence (at the .05 level),
The northern pole increased amylase activity (Jimthe culture filterate of.

chrysogenum (0.246 U/ml) higher than other mentioned specfespiger, F.

oxysporum, R. oryzae and A. alternata (0.172, 0.146, 0.116, 0.105)U/ml

respectively. The northern pole increased protaaseity (U/ml) in the culture
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compared with controls (without treatment) at taee condition.
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