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SUMMARY

Particulate adsorption by Mucor flavus and Neurospora crassa is a physical
property of the cell wall, independent of both cellular metabolism and the
production of extracellular polymers. Initial attractive forces responsible for
particulate adsorption by N. crassa are mainly electrostatic in nature and this
mechanism probably holds for M. flavus also. The outer glucan layer of the cell wall
of N. crassa, although able to adsorb particulates, was not as efficient as the
underlying protein layer at particle adsorption. Young, growing mycelium generally
adsorbs the . ~ largest amount of particles, due to the continued production of
adsorption sites and the entrapment of particulates by hyphae. Factors increasing
adsorption include nutrient starvation of mycelium and incubation with low
concentrations of magnesium ions. Relatively high concentrations of mercury and
copper ions decrease adsorption perhaps due to the precipitation and adsorption of
the corresponding metal sulphides on the mycelial surface thereby effectively
physically interfering with further particulate adsorption. Optimum conditions for
adsorption are a temperature of 250C and a slightly acid pH value. Also, small
particles are more readily adsorbed than large particles.

Mucor flavus can adsorb clays and this ability may be used to treat industrial
effluents which contain large amounts of clay minerals. An acid pH and a
temperature of 250C are optimum conditions for clay adsorption by the fungus.

Low concentrations of montmorillonite and kaolinite increase biomass
production by Aspergillus niger in submerged culture, due to the inhibition of pellet

formation by the fungus. The clays cause A. niger to grow in a more filamentous



form and presumably would affect other fungi in a similar way. The use of clays to
control fungal morphology may be important in several industrial fermentations.

Low concentrations of the fungicide thiram stimulated the growth of
Aspergillus niger in the presence of montmorillonite.

Immobilization of fungi by magnetic means is possible due to their ability to
adsorb magnetite. This method could also be used to remove fungi from
fermentation media as an alternative to filtration or centrifugation. Even though
older hyphae of Penicillium chrysogenum are unable to adsorb magnetite, this fungus
can still be magnetically immobilized if it is grown from a spore suspension in the
presence of magnetite. Either the spores or young hyphae of this fungus adsorb
magnetite, producing pellets with magnetic properties. Magnetite adsorption occurs
optimally at a temperature of 250C and is constant over a wide range of pH values.
Waste mycelium of 4. niger from the surface fermentation method of citric acid
production can be magnetically removed from solution after adsorbing magnetite.
Dilute solutions of sodium hydroxide and sodium bicarbonate desorbed magnetite
attached to mycelial surfaces.

Silver is accumulated selectively by A. niger waste mycelium produced by the
surface fermentation method of citric acid production. The process is rapid,
maximum uptake occurring twenty minutes after initial exposure of the mycelium to
a silver solution. Silver accumulation by the mycelium is relatively insensitive to
changes in pH and temperature, a slight decrease in uptake only occurring at a
temperature of 80UC. Dilute solutions of H,SO,4 and HNO3 desorb silver from the
mycelial surface. However, this process is relatively inefficient and more effective
desorbents need to be found to make the silver accumulation process economically

viable.
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1. FACTORS AFFECTING AND MECHANISMS INVOLVED IN
PARTICUILATE ADSORPTION BY FUNGI,

INTRODUCTION: MICROBIAL ADHESION TO SURFACES,

Solid surfaces in the natural environment are often coated with a thin film of
microorganisms of which bacteria are the most numerous. The term "surface" here 1s
used to describe not only solid-gas or solid-liquid interfaces but also gas-liquid and
liquid-liquid interfaces which are probably equally important in relation to
microbial growth in the environment.

Most microorganisms probably spend at least a part of their life-cycle
associated with an interface, particularly solid surfaces. Important ecological and
economical implications result from the adhesion of microorganisms to surfaces.
For example, it has been argued that microorganisms show the greatest metabolic
activity when associated with inert particulates and therefore have an important
function in the environment (Wardell et al., 1983). Significant interest has also been
shown in the areas of biodeterioration, biocatalysis and medical microbiology due to
biofilm production in relation to microbial adhesion. The term biofilm is used to
define the discrete aggregation of organisms, in particular microrganisms, at an
interface (Hamilton, 1987). An increase in our understanding of interface-microbe

interactions will inevitably lead to:

(1) A greater understanding of the reasons for microbial adhesion in the

environment

(2) Ways of increasing or maintaining biofilm production for biocatalysis

purposes; and



(3) Ways of decreasing biofilm production for the reduction of problems
caused by microorganisms in (a) the biodeteriation of commercial products

and process equipment and (b) dental caries.

Ecological apects of microbial adhesion to surfaces

Adhered microbes or biofilms occur in the environment wherever a surface is
available for growth. Examples include: the surface of stones and particulate matter
in dilute aqueous environments, soil and sediment particles, leaves, roots and
germinating seeds of plants, dental plaque and intestinal and rumen epithelial
tissues in animals. The activities of these biofilms appear of fundamental
importance in nature, where the number of organisms per cm? of surface normally
exceeds that in 1cmd of flowing water by a factor of at least 200 (Hamilton, 1987).
Given the apparent ubiquitous nature of microbial adhesion the conclusion must be
drawn that cell attachnment confers some kind of ecological advantage over the
free-living condition.

Many natural habitats are oligotrophic, that is, the concentration of nutrients
available for growth are very low. For example, natural aquatic environments are
nutritionally limited, due to the dilution and dispersion of available nutrients
occuring through diffusion and water currents (Jannasch, 1958). However, ions and
various macromolecules can be adsorbed at inert surfaces (Marshall, 1930, Zobell,
1943) leading to the concentration of nutrients. It will obviously be beneficial for
any organisms growing in an oligotrophic habitat to be able to attach to such a
surface and make use of the relatively high concentrations of nutrients present. One
of the first demonstrations of such an advantage was shown, in a now historical
piece of work, by Zobell (1943). He observed that the growth of bacteria in an

oligotrophic environment could be stimulated by the inclusion of various glass

surfaces. An important outcome of this work was the realization that the beneficial



effect of solid surfaces is usually evident only in very dilute nutrient solutions. The

following are further examples of surfaces stimulating microbial activity:

(1) The growth of Escherischia coli in glucose-peptone water at glucose
concentrations of less than 25mg Il only occurred in the presence of glass

beads (Heukelekian & Heller, 1940).

(2) The growth of Bacillus subtilis in dilute media occurred only in the

presence of chitin particles (Jannasch, 1958).

(3) Enteric bacteria adsorbed to glass surfaces were found to be

metabolically more active than organisms in free suspension (Hendricks,

1974).

(4) A two-fold increase in the growth rate of a Pseudomonas sp. was observed

in the presence of a glass surface (Ellwood et al., 1982).

However, a number of studies have observed that microbial adhesion to
surfaces may not always increase metabolic activity and in some cases may actually
decrease it. Azam and Cho (1987) cite a number of such examples including an
experiment demonstrating that, in ocean profiles, free-living and attached bacteria
exhibited comparable growth rates. Gordon et al., (1983) found that the respiratory
activity of a periphytic marine bacterium, Vibrio alginolyticus, decreased when
attached to hydroxyapatite. Two papers published by Hattori & Furusaka (1960,
1961) show that oxygen consumption by Escherischia coli and Azotobacter agile was
inhibited when the cells were attached to an anion-exchange resin.

If particles are sites of nutrient enrichment, how can the above results

showing a reduction in metabolic activity be explained? Hattori & Furusaki (1960,

1961) attribute the observed decrease in oxygen consumption by E. coli and A. agile



to calculated pH differences between the surface microenvironment and the bulk
solution. Gordon et al., (1983) mention several factors including oxygen availability,
trace metal availability and pH as possible causes of the metabolic inhibition
observed in their experiments. Obviously diverse factors are involved in these
observations and results obtained are bound to differ due to use of different growth
media, organisms and surfaces in experiments.

The effect of nutrient concentration at surfaces must be of more benefit to
copiotrophic microorganisms, which need relatively high levels of nutrients, than it
is to oligotrophs, which can grow in conditions of extremely low nutrient avalability.
It follows therefore, that copiotrophic organisms should show greater adhesive
abilities than oligotrophs.

Kjelleberg et al., (1982, 1983) studied two copiotrophic bacteria, a Vibrio sp.
strain DW1 and a Pseudomonas strain P9, which both show a pattern of cell
fragmentation when nutrient supply is decreased. Small metabolically competent
cells or "dwarf cells” are produced as a result of this fragmentation process and these
dwarfs are able to attach to surfaces and grow to normal size on the surface-
accumulated nutrients. The increased ability of these bacteria to attach to surfaces
would seem to correlate with the observations that adhesion only confers an
increase in metabolic activity or growth at nutrient concentrations below a certain

value (Zobell, 1943, Atkinson & Fowler, 1974).

The ability of microorganisms to adhere to surfaces is also necessary if they
are to remain in a particular habitat. Microbial growth in the oral cavity provides a
clear illustration of this. Saliva contains, on average, 108 microorganisms ml'l,
largely derived from surfaces of the oral tissues. The flow rate of saliva through the
mouth produces an effective dilution rate greater than 3.0 h™L, In order for these
organisms to stay in saliva their doubling times would have to be less than 20
minutes. The division rate of oral bacteria in vivo is not known with certainty, but

values of less than 1 to 2 hours have yet to be reported. Thus, unless organisms



adhere to a surface, saliva flow and swallowing would rapidly result in their removal
(wash-out) from the mouth (Ellwood et al., 1982). Similar arguments could be
proposed for the growth of bacteria in a flowing stream or perhaps in soil following

heavy rainfall.

Biotechnological aspects of microbial adhesion to solid surfaces

The ability of microorganisms to adhere to surfaces has been exploited
successfully for commercial purposes for many years in the form of biofilm
fermenters. One of the earliest examples of the use of biofilms is in the vinegar
manufacturing industry. The "quick" process was invented in 1823 by Scheutzenbach
and used wooden vats with perforated bottoms. These vats were packed with wood
shavings on which microbial films were allowed to develop. Alcohol solutions were
trickled through the vats and were oxidized to acetic acid by the microbial films on
the shavings. Presently, several industrial fermentations are carried out using
microbial film fermenters, examples of which are shown in Table 1.1. More recent
examples of proposed biotechnological uses of microbial surface adhesion are given
in Table 3.1 (Chapter 3).

Biofilm reactors are widely used for the purpose of water purification, where
microbes are allowed to grow on an inert support such as gravel. These reactors are
known as trickle (or percolating) filters. More advanced forms of effluent treatment

using biofilms are being proposed; examples of these include:

(1) The growth of microorganisms on a large rotating disc used as a

secondary treatment device for municipal sewage (Borchardt, 1971).

(2) Anaerobic methods of effluent treatment using biofilms. The advantages
~ of lower energy costs and low sludge production for anaerobic wastewater

treatment processes have recently come to light, mainly because the



Table 1.1 Industrial fermentations using microbial films (Atkinson, 1979)

Process

Objective

General
characters

Control of film
thickness

Process

Objective

General
characters

Control of
film thickness

Biological Wastewater Treatment

Trickling filter

Rotating Disc

Biological oxidation of industrial

and domestic effluent.

Non-aseptic microbial
growth occurs in a
packed bed. Waste-water

distributed intermittently

over the packing.
Aerobic; packing
supported on a grid
structure, enhancing
aeration by natural
convect ion.

Self-regulating.
Thick film sloughs
off or is consumed
by insects or worms.

"Quick" vinegar
Process.

Oxidation of alcohol
by acetic acid bacteria.

Similar in principle

to the trickling filter,
but with forced
aeration. Wine or other
feed liquor recirculated
over beech-wood chips or
similar packing. Batch
process (4-5 days).

Low growth rates and
high substrate
conversion, Bacterial
film accumulates and

packing discarded after

several years,

Microbial growth on discs
rotating in a vertical
plane, the disc dipping
into wastewater. Microbial
growth is alternately

in contact with nutrients
and air.

Excess is sloughed
from discs.

Animal Tissue
Culture.

Growth of animal
cells in a surface
layer for the culture
of viruses.

Animal tissue

minced and reduced
to single cells

by enzyme action,
Cells adhere to
surfaces provide

and grow as a film
in the presence

of a suitable medium,
Used for virus culture.
Strictly aseptic.

Use of appropriate media.

- [
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disadvantage of low rates of degradation using anaerobic treatments has
been overcome by allowing organisms to grow as a biofilm on fine suspended
particles such as sand. Biofilm production overcomes slow treatment rates by
(a) increasing the biomass concentration in the bioreactor and (b) causing

retention of the organisms present (Denac & Dunn, 1988).

An interesting use of microbial biofilm has been developed by the
Homestake Mine in Lead, South Dakota, U.S.A. (Whitlock & Mudder, 1985). In
this process, mutant strains of bacteria are grown on large discs called Rotating
Biological Contactors and the biomass effectively removes all toxic parameters from
cyanidation wastewaters. During the biological treatment cyanide, thiocyanate,
ammonia and toxic metals are removed; the metals of concern being nickel, copper,

lead and zinc. The selection of the biological process was made because:

(1) Treatment efficiency equalled or generally exceeded all other tested

methods

(2) Toxicity tests on the biologically treated effluent gave this method of
effluent treatment a substantially better rating than other forms of chemical

treatment

(3) Biological treatment is less subject to upset due to changes in chemicals
or other factors and recoveries from upset do not substantially effect the
water quality of the effluent as would large chemical additions that may be

needed to deal with such an emergency

(4) The effluent produced by living systems 1s highly compatible with living

systems in the receiving stream and



(5) Plant construction costs and daily operational costs are substantially

lower than for chemical systems.

Microbial surface adhesion is also important in the mining industry. Bacteria
are used in a variety of hydrometallurgical processés that involve oxidation
reactions. Examples include the heap leaching of low grade copper and uranium
ores (Hutchins et al., 1986). Microorganisms implicated in the process are
chemoautotrophic bacteria such as Thiobacillus ferrooxidans and Leptospirillum
ferrooxidans. Some proposed mechanisms by which microbes influence the oxidation

of sulphide ores are summarized in Table 1.2., and attachment is a pre-requisite for

some of these mechanisms.

Mechanisms of microbial adhesion to surfaces,

This subject has been extensively reviewed (Wardell, 1983, Lipps & Jessup,
1979, Rogers, 1979). These reviews are devoted in the main to bacteria which can be
regarded as particles which have a negative surface charge and therefore their
behaviour can be readily related to that of colloidal solutions. As a result, many of
the theories describing colloid behaviour have been applied to bacterial systems.

There are three stages in the adhesion of microorganisms to a surface:
(1) The deposition of the organism onto the surface (adsorption step)

(2) The permanent attachment to the surface. This often involves polymers

acting as bridges between the two surfaces

(3) Colonization of the surface by growth of the organism.



Table 1.2 Mechanisms of bacterial oxidation of sulphide ores.
(Ash 1979)

Sulphide ores — overall reaction

MS + | 209 - MSO4

Mechanism 1 (Direct, requires attached bacteria)

MSeotid + 209 bacteria \f2+ + S0 42"

Mechanism 2 (indirect, requires presence of iron)

MS + 8Fe3* + 4H,0 > M2% + S042— + 8Felt + 8H*

Mechanism 3 (sulphur oxidation, requires attached bacteria)

Mssolid + 11202 + 2HY o M2+ + 80 + H50

Mechanism 4 (corrosion cell, promoted by attached bacteria)
MSeo1id 2 M2+ + SO + 2e-

2e~ + 2HY + 1/2 02 - H20



Studies have been carried out on the deposition of organisms to a wide range
of surfaces including glass, wire, polystyrene and hydroxyapatite. In the environment
however, surfaces exposed to to aqueous solutions will rapidly adsorb any polymers

present. This means that data on the deposition of bacteria onto clean surfaces is

difficult to relate to natural systems.

The major surface forces that operate in particle deposition are:

(a) London-Van der Waals forces

(b) Double-layer electrostatic interactions and

(c) Bridging interactions.

Once a particle has been brought into close proximity to a surface, surface
particle interactions determine whether or not the particle is captured. The best
described treatment of the interaction of small particles at close separation
distances 1s attributable to the Derjaguin and Landau and the Verwey and Overbeek
(D.L.V.O.) theory of colloid stability (Lipps & Jessup, 1979). The D.L.V.O. theory
provides a useful guide to the interpretation of data on adhesion but care should be
taken when considering bacterial systems as many of the key parameters required to
calculate key functions cannot be accurately determined. Physical parameters such
as temperature, surface charge and solution pH, the latter two being connected, are
all involved 1n the theory and affect particle deposition to surfaces. In addition to
D.L.V.O. interactions other parameters affecting the attachment of microorganisms

to solid surfaces include (Brierley and Lanza, 1985):

(1) Chemotaxis

(2) Ability of the organism to produce polymeric fibrils (Rogers, 1979)



(3) Wettability of the substrate (Dexter et al., 1975)

(4) Time allowed for microbial attachment

(5) Growth phase of the culture

(6) Nutrient concentrations (Fletcher, 1977)

(7) Polymer interactions and

(8) Cell surface hydrophobicity (Stenstrom, 1989).

Thus, in general, as bacteria approach a surface electrostatic and Van der
Waals attractive forces can hold a cell for a short time (according to D.L.V.O.
theory). During this period cell surface polymers are able to either adsorb non-
specifically to the surface or interact specifically with complementary polymers
adsorbed to or forming a part of the surface (polymer bridging). This increases the
possibility of attachment until enough links or bridges have formed to irreversibly
hold the cell. Further attachment could occur by the synthesis of insoluble
macromolecules, such as the mutan produced by Streptococcus mutans. Growth of

the attached cells would lead to microcolonies and eventually to film formation.

Fungal adhesion to solid surfaces,

Unfortunately, the attachment of filamentous fungi to solid surfaces has not
received the same attention as that devoted to bacteria. This is probably for several

ICasoIls.
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(1) The theories of colloid behaviour can be more easily applied to bacterial

suspensions

(2) Bacteria have been considered more important in biofilm production

(they are predominant in biofilms) and are responsible for processes such as

biocorrosion and dental decay

(3) The role of bacterial adhesion in ecological and biotechnological
processes has been recognised and their importance in these areas has led to

many studies on bacterial adhesion mechanisms.

However, recent advances in fungal biotechnology and ecology, involving the
ability of fungi to adsorb particulates and attach to surfaces, seem certain to

increase the interest in studies on fungal adhesion.

Ecological aspects of fungal adhesion,

The role of filamentous fungi in binding soil particles into aggregates by
adhesion as well as physical enmeshment is recognized (Aspiras et al., 1971, Sutton
& Sheppard, 1976, Fletcher et al., 1980). Many fungi, in particular yeasts, are able to
produce extracellular polymers (Brierley & Lanza, 1985) which could possibly play a
role in surface adhesion. The aggregation of soil particles by fungi increases in
importance when related to the observed growth of fungi in very low nutrient
conditions (Parkinson et al., 1989). The growth of fungi in soils lacking large
amounts of available carbon should be possible and therefore soil particle
aggregation by fungi will occur even in these nutrient deficient soils. Tiessen &
Stewart (1988) observed that fungi formed larger, elongated aggregates of soil
mineral components than bacteria. These aggregates contained a mixture of organic

and mineral materials, measuring one tenth to several millimetres across, and may
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perform an important role in the overall aggregation and structure formation of
soils (Tisdall & Oades, 1982). In addition, Lynch (1981) has shown that the cell
homogenate of a fungus, Mucor hiemalis, was able to promote the aggregation of
soil particles. Consideration of the above factors demonstrates the extreme
importance of fungi in soil aggregation.

Aquatic hyphomycetes grow following attachment to submerged plant
detritus in streams and rivers (Sridhar & Kaveriappa, 1987), and a number of
mechanisms appear to be involved in the attachment of marine fungi to surfaces. In
addition to initial impaction and entrapment, the production of appendages by
ascospores has an important role in the establishment of marine fungi on surfaces.
For example, attachment may occur through the production of hair-like appendages
by the spores (Jones & Moss, 1978), or by the production of mucilaginous fibrillar
pads (Jones et al., 1980). In aquatic hyphomycetes, both the germinating spores and
hyphae developing from them, are surrounded by a polysaccharide sheath which
appear to promote adhesion to a surface (Wardell et al., 1983). Mucilaginous
sheaths produced by hyphae of fungal parasites are thought to attach hyphae to leaf
surfaces. For example in Helminthosporium maydis, a sheath was observed to spread
out from around the germ tube to form a thin film over the surrounding leaf surface
(Potter et al., 1980)

The adhesive properties of fungi also involve them in the formation of desert
varnishes. These are usually referred to as a coating of ferromanganese oxides and
clays that develops on rock surfaces in arid to semi-arid regions. However, varnishes
found in different regions vary and some forms may lack clays, or be rich in iron but
poor in manganese. Taylor-George et al., (1983), suggest that the primary steps of
varnish formation are caused by microcolonial fungi establishing themselves on rock
substrates, presumably by adhesion, and then accumulating wind deposited clay and
other mineral particles on their surface.

The attachment of fungi to insoluble substrates has been noted and it has

been suggested that hyphal contact may be necessary for metabolism or
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transformation of these substrates. Substrate contact will be especially necessary if
organisms are unable to excrete the enzymes required for degradation or
transformation of the substrate. Phanerochaete chrysosporium exhibited physical
association with tree bark during growth (Daugalis & Bone, 1978) a process which
may be an important consideration in the growth and cellulase production by this
organism. Binder & Ghose (1978) noted that Trichoderma viride adsorbed cellulose
onto its hyphal surface during growth, even though the fungus is able to produce an
extracellular cellulase enzyme. As a result of a series of experiments they suggested
that contact of the fungal hyphae with the insoluble substrate was necessary for the
high production of cellulase. Close mycelial association of Aspergillus flavus with an
insoluble lignin compound has been observed during the breakdown of this
substrate (Betts et al., 1987). Erosion of the compound was noted in the vicinity of
attached mycelia. Paszczynski et al. (1986) found that degradation of 2,6-
dimethoxyphenol by P. chrysosporium resulted in the formation of the dimer,
tetramethoxy-p-dibenzoquinone which they showed was attached to the mycelial
surface. It was suggested that contact may be necessary for the reaction to occur and
that this may be explained by the presence of a peroxidase enzyme attached to the
hyphae.

The above discussion provides more evidence for the need of substrate
contact with fungal mycelium for substrate metabolism if the enzymes necessary for

product synthesis are cell bound.

Biotechnological aspects of fungal adhesion to surfaces

The ability of fungi to adhere to surfaces has been used for biotechnological
purposes as it is an effective and economical way of immobilizing fungal biomass. A
wide variety of materials and fungi are used and the technique of surface
immobilization avoids any treatments with harsh chemicals that are sometimes

necessary with other immobilization methods. Examples of surface-immobilized
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fungal biomass are given in Table 3.2 (Chapter 3). The table also shows the varied
uses of fungi for biotechnological purposes.

Interest in fungal immobilization has led to studies on the mechanisms of
fungal adhesion to surfaces, since it is hoped that a greater understanding of the
mechanisms involved will inevitably lead to the use of more suitable supports and
growth conditions. Presently the factors which are thought to affect fungal

attachment to and growth on surfaces include:
(1) Electrostatic attraction (Mozes et al., 1987)
(2) Cell surface hydrophobicity (Mozes et al., 1987)
(3) The pore sizes of carriers used for immobilization (Messing et al., 1979).

The production of extracellular polysaccharides, previously suggested to play
a role in surface adhesion, by fungi, could also have biotechnological uses. In
particular, the polysaccharide pullulan produced by the yeast, Aureobasidium
pullulans, has patented applications including the flocculation of suspended clay
slimes from hydrometallurgical processes such as the extraction of uranium, potash
and aluminium (Zajic & LeDuy, 1973).

The first study of particulate adsorption by fungi was made by Williams
(1918) who reported the adsorption of colloidal gold by fungal mycelium. Since then
the ability of fungi to adsorb particulates has received little attention, apart from
work on clay adsorption by fungal mycelium in the early eighties by Brierley et al.
(1981), and also studies made by Wainwright et al. (1986). These authors suggested
that the phenomenon might be used industrially to adsorb particulate waste from
effluents, or to remove precious particulates from suspension. The applicability of
particulate adsorption to waste treatment was emphasized by an investigation by

Randol International (Michaelis, 1985). This environmental consultancy firm



encountered numerous smaller effluent treatment needs where 100-1000m> water
per day was treated and where effluent metal removal was not achieved primarily
because the clarification step failed to adequately remove suspended precipitates.

Clays, particularly when colloidal in nature, are difficult to remove from
suspension and natural settling may involve a period of a decade or more. The large
scale extraction of phosphates in the U.S.A. provides a good example of where large
amounts of clay suspensions, which are difficult to de-water, are produced (Brierley
& Lanza, 1985). Fungal particulate adsorption could be used to treat both of the
above environmental problems. The ability of fungi to adsorb clays from suspension
and the effects of clays on fungal growth are discussed in Chapter 2.

This chapter is directed towards the investigation of factors affecting
particulate adsorption by fungi in an attempt to determine the mechanisms involved
in the process. Hopefully, this information should shed some light as to the
commercial viability of the adsorption phenomenon. A range of fungi were tested
for their adsorption abilities and in particular studies were made on the cell wall of
Neurospora crassa to determine the involvement of various hyphal wall components
in particulate adsorption. The adsorption of a wide range of particulates was also

examined.

14
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MATERIALS AND METHODS,

Effect of different carbon concentrations in the erowth medium on the subseguen

adsorption of zinc dust by Mucor flavus,

Mycelial discs (11mm diameter) of M. flavus were added to Raistrick’s
medium (Raistrick & Vincent, 1948) (100ml, pH 6.8) in Erlenmeyer flasks (250ml),
containing either 0.1, 1, 5, 10 or 20% carbon (w/v) as sucrose. Flasks were shaken at
250C for 7 days at 150 r.p.m. The fungus grew in the form of large mycelial clumps
which were harvested by filtration through Whatman No.1 filter paper. Fresh
mycelium (2.5g) from each different carbon concentration was then added to sterile
distilled water (S0ml) amended with steam sterilized zinc dust (0.2g). The zinc dust
was sterilized by steaming for 60 minutes on three succésive days. Flasks were
shaken in triplicate at 259C, for 24 hours at 150 r.p.m. to cause contact of the
mycelium with the particulate zinc. After this time the contents of the flasks were
filtered through pre-dried, pre-weighed Whatman No.1 filter paper and any zinc
loosely adhered to the mycelium was washed onto the filter using distilled water.
The mycelium plus adsorbed zinc was removed and the filter containing unadsorbed

zinc dried to constant weight (SOOC). The amount of particulate matter adsorbed

was then determined by appropriate subtraction.

Effect of different nitrogen and phosphorus concentrations in the growth medium

on the subsequent adsorption of zinc dust by M, flavus

Mucor flavus was grown in Raistrick’s medium (100ml, pH 4.0) containing 10,
100, 1000 or 10000 pg N or P ml"! for 7 days at 250C and 150 r.p.m. Fresh
mycelium (1g) from each different nitrogen and phosphorus concentration was then
transferred to sterile distilled water (S0ml) containing steam sterilized zinc dust

(0.2g) and the flasks shaken in triplicate for 24 hours at 250C and 150 r.p.m. The
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amount of zinc dust adsorbed by the mycelium from each different growth medium

was then determined as previously described.

Effect of different carbon sources supplied in the growth medium on the adsorption

of elemental sulphur (SQ) by M, flavus,

Mucor flavus was grown in Raistrick’s medium (100ml, pH 6.8) in
Erlenmeyer flasks (250ml) containing either galactose, glucose, lactose, fructose,
mannose or sucrose (1% w/v carbon) for 7 days at 250C and 150 r.p.m. Fresh
mycelium (3g) was transferred to sterile distilled water (100ml) amended with steam

sterilized SY (0.75g) and shaken at 150 r.p.m. for 24 hours at 250C. The amount of

sulphur adsorbed was then determined.

omparison of sulphur adsorption bv M. flavus in Czapek Dox liquid medium and

distilled water

Mucor flavus was grown in Czapek Dox medium (100ml) in Erlenmeyer
flasks (250ml) for 7 days at 250C and 150 r.p.m. Fresh mycelium (5g) was added to
either sterile distilled water (100ml) or Czapek Dox medium (100ml) both
containing steam sterilized sV (1g). Sufficient flasks were set up in triplicate to
compare the adsorption of sV by nutrient supplemented mycelium to that of
mycelium in distilled water over an incubation period of 5 days at 250C and 150

r.p.m.

“omparison of sulphur adsorption by M, flavus in distilled water containing variou

carbon sources with adsorption in distilled water alone

Mucor flavus was grown in Czapek Dox liquid medium (100ml) for 7 days at
250C and 150 r.p.m. Fresh mycelium (3g) was transferred to either sterile distilled

16
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water (100ml) or sterile solutions of sucrose, glucose, galactose and mannose
(100ml, 1% w/v sugar) amended with steam sterilized sulphur (0.5g). Flasks were
shaken at 150 r.p.m. for 24 hours at 250C. After this time sulphur adsorption by
carbon supplemented mycelium was compared with that of mycelium in distilled

water.

Ability of various fungi to adsorb sulphur,

Mucor flavus, Neurospora crassa, Penicillium chrysogenum, Aspergillus niger,
Aspergillus repens and Botrytis cinerea were grown in Czapek Dox medium (100ml)
for 7 days at 250C and 150 r.p.m. Thermomucor indicae-seudaticae was grown in malt
extract broth for 7 days at 370C and 150 r.p.m. Fungi which grew as pellets were
harvested from the growth medium by filtration through sterilized nylon mesh filters
(1mm diameter mesh). Fungi which grew as mycelial clumps wre harvested as
described previously. Fresh mycelium (5g) of each fungus was transferred to sterile
distilled water (100ml) amended with sulphur (1g) and shaken for 24 hours at 250¢
(except T. indicae-seudaticae which was incubated at 370C) and 150 r.p.m. The
amount of sulphur adsorbed by pellet forming fungi was determined by filtering the
flask contents through a nylon mesh filter which trapped the mycelial pellets but
allowed unadsorbed sulphur to pass through. Any loosely adhered sulphur was
washed off using distilled water and added to the filtrate already collected. The
amount of unadsorbed sulphur was then determined by filtration. Sulphur

adsorption by fungi growing as mycelial clumps was determined as previosly

described.

Effect of addition of sorbose to erowth medium on the subsequent adsorption of

sulphur by Neurospora crassa.
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Neurospora crassa was grown for 7 days in either Czapek Dox medium
supplemented with 2% (w/v) sorbose (100ml), or in Czapek Dox medium alone
(100ml). The adsorption of sulphur (1g) from sterile distilled water (100ml) by
sorbose grown mycelium (5g) was compared with that of mycelium (5g) grown in
Czapek Dox alone. Flasks were shaken in triplicate for 24 hours at 259C at 150

r.p.m. to allow sulphur adsorption to occur.
Effect of age of mycelium grown in Czapek Dox medium on sulphur adsorption

Mucor flavus, Neurospora crassa, Aspergillus niger and Penicillium
chrysogenum wre grown in Czapek Dox medium (100ml) for 5, 10, 15 or 25 days at
259C and 150 r.p.m. Fresh mycelium (5g) of each different fungus and age was
added to sterile, distilled water (100ml) containing sterile sulphur (1g) and the

amount of sulphur adsorbed by mycelium determined.

Effect of age of M, flavus mycelium grown in carbon-limiting medium on sulphur

adsorption.

Mucor flavus was grown in Raistrick’s medium (100ml, pH 6.8) containing
sucrose (0.15% w/v carbon) for 5, 10, 15, 21 and 28 days at 250C and 150 r.p.m.
Mycelium (4g) of each different age was added to sterile, distilled water (100ml)
amended with sterile sulphur (1g) and mixtures shaken (24 hours, 250C, 150 I.p.m.)
to allow sulphur adsorption to occur. The amount of sulphur adsorbed by different

aged mycelium was then calculated.

Effect of mild acid and mild alkali treatment on sulphur adsorption bv 7 dav and 28

day old mycelium of M, flavus,
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Mucor flavus grown in Czapek Dox medium (100ml) for 7 and 28 days was
collected and then shaken in solutions (100ml) of H»SO4 (0.1M) and NaOH (0.1M)
for 30 minutes at 259C and 150 r.p.m. Mycelium was removed from these solutions
and washed twice with sterile, distilled water. Biomass (5g) of each age and
treatment was transferred to sterile distilled water (100ml) containing sterile
sulphur (1g). Mixtures were shaken (250C, 150 r.p.m., 24 hours) and the amount of

sulphur adsorbed determined.
canning electron microscopy (SEM) studie
The following samples of M. flavus were examined by SEM:

(1) Seven and 28 day old mycelium grown in Czapek Dox medium

(2) Twenty eight day old mycelium grown in carbon limiting medium
(3) Twenty eight day old mycelium grown in Czapek Dox medium and
washed in H,SO,4 and

(4) Twenty eight day old mycelium grown in Czapek Dox medium and

washed in NaOH.

Fungal samples were prepared for SEM work as follows:

Primary fixation: 2% paraformaldehyde plus 2.5 % glutaraldehyde in 0.1M sodium

cacodylate at 40c.

Buffer wash: overnight and 3 half hour washes in 10% sucrose in 0.1M sodium

cacodylate at 40c,

Secondary fixation: in 2% osmium tetroxide for 1 hour at room temperature.
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Dehydration in acetone for 15 minutes in steps of 30, 50, 75, 95 and 100% acetone.

Drying : critically point dried using carbon dioxide.

Coating: sputter coated with gold.

Specimens were examined using a Philip’s S600 SEM.

Effect of fungal starvation on adsorption of sulphur

Mucor flavus and N. crassa were grown in Czapek Dox medium for 7 days and
the biomass of each fungus harvested and divided into two halves. One half of the
biomass was transferred to Erlenmeyer flasks (250ml) containing sterile distilled
water (150ml) and incubated without shaking for 7 days at 250C. Starved mycelium
(5g) was then transferred to sterile distilled water (100ml) containing sterile sulphur
(1g). Adsorption of sulphur by this mycelium was then compared to adsorption by
the other half of the mycelium which was left to incubate at 250C, without shaking,

under non-starvation conditions (ie; left in Czapek Dox medium for 7 days).
Ability of killed mycelium to adsorb particulate

Mucor flavus was grown in Czapek Dox medium for 7 days and fresh
mycelium (5g) was incubated in KCN (0.01M, 100ml); or (2.5g) in solutions (50ml)
of carbonylcyanide n-chlorophenyl hydrazone (CCCP) (50 pM); or cycloheximide
(100ng rnl"l). Mycelium was shaken (250C, 150 r.p.m.) for 8 hours in the presence of
the inhibitors after which time sterile sulphur (1g to 100ml, 0.5g to S0ml) was added
to the flasks to determine the adsorptive abilities of the inhibited mycelium. The
effect of the various inhibitors (at the concentrations used) on fungal growth was

compared in a separate experiment using non-inhibited mycelium as a control.
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Inhibitors were added after 2 days growth in Czapek Dox medium and total biomass

production by inhibited and non-inhibited mycelium was determined after 7 days.
Effect of pH on sulphur adsorption by vario ngi

Mucor flavus, A. niger, P. chrysogenum and N. crassa were grown in Czapek
Dox medium for 7 days. Mycelium of M. flavus (2.5g) and mycelium of the other
fungi (3g) were transferred to a range of sterile solutions (100ml, pH 2-11)
containing steam sterililized sulphur (0.5g). The solution pH was made by adding
either dilute sodium hydroxide or dilute sulphuric acid as required to distilled water.
All flasks were shaken in triplicate (24 hours, 250C, 150 r.p.m.) and the amount of

sulphur adsorbed at each pH value determined.
Effect of pH on adsorption of activated carbon by M, flavus

Mucor flavus was grown in Czapek Dox medium for 7 days. Fresh mycelium
(2g) was transferred to a range of sterile solutions (50ml, pH 3-9) amended with 0.5g
steam sterilized activated carbon. All flasks were shaken (48 hours, 250¢C, 150

r.p.m.) and the amount of activated carbon adsorbed at the different pH values

determined.
Effect of pH on adsorption of zinc ¢ yw M, {la

Fresh mycelium (2g) of M. flavus grown in Czapek Dox liquid medium for 7
days was transferred to a range of sterile solutions (50ml, pH 2-9) amended with
sterile zinc dust (0.2g). Flasks were shaken in triplicate (48 hours, 250C, 150 r.p.m.)

and the amount of zinc adsorbed at different pH values determined.

The effect of temperature on sulphur adsorption bv M. flavus

Py | ¥ e SOE TR R T R S I R e



Mucor flavus was grown for 7 days in Czapek Dox medium. Mycelium (5g)
was transferred to sterile distilled water (100ml) amended with sterile sulphur (1g).
Before addition of mycelium flasks were shaken at experimental temperatures for 2
hours to allow solution temperatures to reach the experimental values used. Flasks
were incubated in triplicate for 24 hours at 4, 25, 30 and 370C and 150 r.p.m. The

amount of sulphur adsorbed at each different temperature was then determined.

Effect of particle size on adsorption of rock potash bv N. crassa

Rock potash was sieved and subsequently sorted into various particulate sizes
(0-0.251, 0.251-0.295, 0.295-1.0, 1.0-1.4, 1.4-2.0 mm diameter). All samples of
particulates used were washed with distilled water. This was especially necessary for
the larger particulates as they had a large amount of very fine particles attached to
their surface. The rock potash was then dried at 370C until constant wei ght was
achieved. Particulates were sterilized by steaming for 60 minutes on 3 successive
days. Neurospora crassa was grown in Czapek Dox medium for 7 days. Fresh
mycelium (4g) was transferred to sterile distilled water (100ml) amended with
different sizes of rock potash (0.75g of each size). Mixtures were shaken (24 hours,
259¢, 150 r.p.m.) and the amount of different sized particulates adsorbed

determined.
Effect of metal ions on sulphur adsorption by M, flav

Mucor flavus was grown for 7 days in Czapek Dox medium. Fresh mycelinm
(3g) was transferred to sterile distilled water (100ml) or sterile solutions (100ml) of
5, 15 and 100pg mi1 of either Cu®* (CuSO,4.5H,0), Hg?* (HgCl,), Mg?+
(MgS04.4H,0) or Mn?t (MnSQO4.4H50), all containing sterile sulphur (0.5g).
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These mixtures were shaken (24 hours, 250C, 150 r.p.m.) and the effect of metal

ions on sulphur adsorption determined.

Adsorption of zinc dust bv M. flavus in the presence of a toxic amount of mercu

and varying thiosulphate concentrations,

Mucor flavus was grown in Czapek Dox medium (100ml) containing either 0,
10, 100, 1000 or 5000ug S-S,04% mI"! (sodium thiosulphate) and 100pg Hg?*+ ml-!
(HgCl,) for 7 days at 250C and 150 r.p.m. After this time sterile zinc dust (0.5g) was
added to each flask and the flasks shaken for a further 24 hours to allow zinc
adsorption to occur. A biomass determination after 7 days growth was also made
using separate flasks containing the same amounts of mercury and thiosulphate ions.

No zinc was added to these flasks.

Specificity of particulate adsorption,

Aspergillus niger was grown in Czapek Dox medium (100ml) for 4 days.
Mycelium (3g) was harvested by filtration through a sterilized nylon mesh and
transferred to sterile distilled water (100ml) containing the following variations of
steam sterilized particulates:

a) Zinc (0.25 and 0.5g)

b) Copper (0.25 and 0.5g)

¢) Iron (0.25 and 0.5g)

d) Zinc (0.25g) and iron (0.25g)

e) Copper (0.25g) and iron (0.25g).
These mixtures were shaken at 150 r.p.m. for 24 hours at 250cC. Fungal pellets plus

adsorbed materials were then removed by filtration through a nylon mesh net. A
magnet was placed by the side of the flask containing mixtures of unadsorbed

particulates and all the iron present was held magnetically at the side of the flask.



This allowed the non-magnetic zinc or copper to be decanted off and their weight

determined. Subsequently, the iron left in the flask was decanted.
The pH of solutions containing particulate iron were determined and all iron
containing solutions were subjected to atomic absorption spectroscopy using a

Perkin Elmer 460 Atomic Absorption Spectrophotometer.

Effect of culture age on adsorption of coal dust bv A, niger

A spore suspension (0.5ml containing 1.3 x 107 spores ml'l) of A. niger was
added to Czapek Dox medium (100ml) and grown for §, 10, 15 and 25 days at 250¢
and 150 r.p.m. Fresh mycelium (3g) was added to sterile distilled water (100m1)
containing coal dust (0.5g). The coal dust had been ground into a fine powder and
sterilized before use. Flasks were shaken (24 hours, 250C, 150 r.p.m.) and the

amount of coal dust adsorbed by different ages of mycelium determined.

Effect of mild acid and mild alkali treatment of N, crassa mycelium on the

adsorption of sulphur,

Neurospora crassa was grown in Czapek Dox medium (100ml) for four days.

Mycelium (5g) was transferred to solutions (100ml) of either HySO4 (0.5N) or

NaOH (0.5N) and the mixtures shaken at 150 r.p.m. for 24 hours at 250C, After this

time mycelium was removed from the solutions and washed with sterile distilled

water. Control mycelium was prepared by growing N. crassa in Czapek Dox medium

(100ml) for 5 days. Both test and control mycelium (5g) were added to sterile
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distilled water (100ml) amended with sterile sulphur (1g) and shaken for 24 hours at

250C and 150 r.p.m. The adsorption capacity of alkali- washed and acid -washed

mycelium was then compared with that of the control.

Cell wall studies



Neurospora crassa was used in all cell wall studies. Three methods of cell wall
breakage were tried:
(2) sonication (b) French Pressure Cell (c) Treatment in a Braun MSK Cell
Homogenizer. Of the three methods, the Braun Homogenizer proved to be the most

effective at cell wall breakage and . was an easy and quick method to use.

The following types of N. crassa mycelium were used for cell wall isolation and

subsequent chemical analysis:

(1) Four day old

(2) acid -washed

(3) alkali-washed

(4) Nutrient starved and
(5) Twelve day old.

All biomass produced was grown as described previously.

Cell wall isolation method,

Mycelium of N. crassa, prepared as above, was harvested by filtration and
washed well with ice-cold distilled water. The mycelium (60g fresh weight) was then
homogenized in cold distilled water (50ml) using an MSE Atomix Omnimixer at
half speed. The total homogenization time was 5 minutes but after every 30 seconds
treatment the Omnimixer was shut down for one minute and placed in the cold
(4OC) to prevent overheating of the mycelium which would lead to the activation of
cell wall degrading enzymes. The homogenized mycelium was then ground using a
glass cylinder taking care to keep the temperature below 109C. The resulting
mycelial suspension was then washed at least three times in cold distilled water

(until the supernatent became clear) to remove excess cytoplasmic contaminants.
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The mycelium was collected in between washings by centrifugation using an MSE
Mistral 6L centrifuge (6 x 750ml head, 4000 r.p.m., 15 minutes, SOC). The mycelial
pellet was resuspended in a measured amount of cold distilled water (approximately
0.2g dry weight mycelium ml-1 water) and added to the glass container of the Braun
Homogenizer until the container was full. The glass container had previously been
kept cool (4OC) and also filled half full with glass beads (0.45-0.5mm diameter). This
mixture was then treated in the Braun Homogenizer, the temperature being kept
below 10C by short blasts of liquid carbon dioxide every S seconds. After this
treatment, the glass beads were allowed to settle to the bottom of the flask and the
mycelial suspension decanted off. The extent of cell breakage was checked using a
microscope to determine the necessity of further treatment in the Braun
Homogenizer. The cell walls were washed in cold distilled water and collected by
centrifugation using an MSE Mistral 6L centrifuge (12 x 100ml angle head, 4000
r.p.m., 15 minutes, SOC). This washing procedure was repeated until the supernatant
became clear. The wall pellet was then resuspended in a cold solution (40C, 1%
w/v) of sodium dodecyl sulphate (SDS) and stirred magnetically overnight in the
cold (40C). Treatment with SDS removes any membrane proteins that may be
attached to the cell walls. The mixture was then centrifuged (MSE Mistral 6L
centrifuge, 12 x 100ml angle head, 4000 r.p.m., SOC, 15 minutes) to collect the
hyphal walls and the pellet washed in cold distilled water. The walls were washed
until all traces of SDS were removed from the supernatent. Cell wall isolation was
then considered complete and the walls were frozen in liquid nitrogen prior to
lyophilization. Freeze-dried samples were stored at -209C until required for
chemical analysis.

The cell walls of three separate batches of each different type of N. crassa biomass

were isolated in this way.

Protein content of cell walls,
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Samples of cell wall (20mg and 30mg) were analysed for protein content

using the Biuret method of protein estimation (Stickland, 1951). (see Appendix)

Total sugar content of cell wall

Cell wall samples (25mg amd S50mg) were hydrolysed in HCI (3N, 2ml) for 3
hours at 100°C. This solution was cooled and neutralized with NaOH (3N) (Bisaria
et al., 1986). Precipitate was removed by centrifugation in a bench centrifuge (4500
r.p.m. for 10 minutes). The supernatant (0.1ml) was diluted in distilled water (9.9mi)
and then this solution tested for sugar content using the established phenol-
sulphuric acid method (Dubois ef al., 1956). (See Appendix).

The concentration and amount of phenol used was 5% (w/v) and 1ml respectively.

Is particulate adsorption by N. crassa due to hvdrophobic or electrostati

interactions?

(a) Determination of the hydrophobicity of isolated N, crassa cell walls.

Four day old, 12 day old, nutrient-starved, acid-washed and alkali-washed N.
crassa cell walls, isolated as previously described, were assessed for their

hydrophobic characteristics. The method used was a modification of that used by

Bar-Or & Shilo (1988).

Samples of cell wall (100mg or 200mg) were added to distilled water (20ml)
and the suspension dispersed by a brief sonication treatment. Any clumped cell
walls were allowed to settle and the supernatent containing well dispersed cell walls
poured off and used in the following hydrophobicity test. Cell wall suspension (4ml)

was added to a small separating funnel containing xylene (1ml). The mixture was
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shaken vigorously for 5 minutes and then allowed to settle for 15 minutes. The water
layer (4ml) was run off and centrifuged (4500 r.p.m. for 10 minutes) to collect the
cell walls. The pellet obtained was then assayed for protein content using the Biuret
method. The amount of protein was correlated to the amount of cell wall present in

the aqueous layer. Controls were treated in exactly the same way except that xylene

was omitted from the separating funnel.

(b) The effect of Mg2+ ions on the adsorption of negatively charged, hydrophilic

glass beads by N. crassa.

Neurospora crassa was grown in Czapek Dox medium (100ml) for 4 days.
Mycelium (2g) was transferred to solutions (100ml) of either sterile distilled water
or distilled water containing Mg2+ (15pg Mg2+ ml'l) supplied as MgSO4.7H50.
Both solutions contained glass microcarrier beads (0.2g, 150-210pm diameter,
density = 1.04 g ml'l). The mixtures were shaken (24 hours, 150 r.p.m,, 250C) and
the amount of microcarrier beads adsorbed with and without the presence of Mg2+

ions was determined.
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RESULTS AND DISCUSSION,

Effect of different carbon, nitrogen and phosphorus concentrations in the erowth

medium on the subsequent adsorption of zinc dust by M. flavus

A range of carbon, nitrogen and phosphorus concentrations had no influence
on the ability of the fungus to adsorb zinc dust (Fig 1.1). Organisms produce
extracellular polymers under a variety of conditions including carbon+excess
nitrogen limitation and in media containing a high carbon:nitrogen ratio (Brierley &
Lanza, 1985). All these conditions were employed to induce polymer production by
M. flavus and therefore enhance particulate adsorption by the fungus. However, as
mentioned previously, no increase in adsorption occurred under all the nutrient
concentrations used. This suggests that extracellular polymers are unlikely to be

involved in particulate adsorption by M. flavus.

Effect of different carbon sources supplied in the erowth medium on the adsorption

of sulphur by M, flavus,

The type of carbon source used to grow M. flavus had no significant effect on
its subsequent ability to adsorb sulphur from solution (Fig. 1.2). No growth occurred
in the presence of lactose presumably because the fungus lacks B-galactosidase

which is necessary for the breakdown of lactose into its constituent sugars.

Iphur bv M. flavus in Czapek Dox medium and

omparison of adsorption of

distilled water

- When the fungus was transferred to fresh Czapek Dox medium containing

sulphur an increased rate of adsorption was found compared to the control, where
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the fungus was transferred to sterile, distilled water containing the element (Fig.
1.3). This continued removal of sulphur from solution was related to the continued
growth of the fungus in Czapek Dox medium, leading to conditions u?ere sulphur
particles were not only adsorbed, but entrapped by growing hyphae. Growing
hyphae will also continually produce new sites for adsorption, suggesting that active
fungal growth should be encouraged in systems developed on an industrial scale to

employ the particle adsorption abilities of fungal mycelium.

~omparison of sulphur adsorption bv M. I in distilled water containing variou

carbon sources with distilled water alone,

The presence of different carbon sources had no effect on the ability of M.

flavus to adsorb sulphur (Fig. 1.4).

Ability of various fungi to adsorb sulphur

Figure 1.5 shows that not all fungi can adsorb sulphur to the same extent. V.
crassa and M. flavus have significantly higher adsorption abilities than the other
fungi tested. The differential adsorption reflects differences in cell wall chemistry
and mode of growth. Both N. crassa and M. flavus tend to grow as large mycelial
clumps, while all the other fungi grow in pellet form. The larger mycelial clumps
adsorbed the larger particles of sulphur present, the opposite being observed with
the pellet forming fungi. Sulphur adsorption by T. indicae-seudaticae was tested at
370C and this is probably responsible for the low amount of sulphur adsorbed by
this fungus.

Effect of addition of sorbose
sulphur by N, crassa,

n the erowth medium on the subsequent adsorption of
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Figure 1.2,

Effect of growth in Raistricks’ medium containing different carbon sources (1% w /v
arbon) on sulphur adsorption b or flavu.

(Means of triplicates ¥ /_S.D.)

Figure 1.3,
.omparison of sulphur adsorption by Mucor flavus in Czapek Dox liquid medium
and sterile distilled water,
(Means of triplicates ¥ /_S.D. ' significant increase in sulphur adsorption over thea
control which was incubated in sterile distilled water only, p < 0.05)
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Ficure 1.4
“omparison of sulphur adsorption by Mucor flavus in distilled water supplemented
with various carbon sources (1% w/v carbon) to sulphur adsorption by the fungug j
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This statement is incorrect. Melanization of fungal walls
has been shown to increase the number of adsorption sites
available for metal ion adsorption, and would presumably
increase the number of particulate binding sites. Also,
the fungi used in the experiment are not thought to,
produce melanins.
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Sorbose is known to cause a change in the cell wall structure of N. crassa and
also other fungi (Crocker & Tatum, 1968, Bisaria et al., 1986). This change in cell
wall structure may have led to an increase in adsorption but as the results show (Fig.

1.6), such an increase did not occur.,
Effect of age of mvcelium grown in Czapek Dox medium on sulphur adsorption

All the fungi examined, except N. crassa, showed a decrease in particulate
adsorption with age (Fig. 1.7), a result which indicates that a change in wall
structure occurs as mycelium ages, or that adsorption sites are saturated with age
related products. Melanization of fungal walls occurs with age, a process which
probably results in a reduction of available adsorption sites on the cell wall. *
Scanning electron micrographs of 28 day old mycelium grown in Czapek Dox
medium (carbon rich) showed the presence of crystals on the mycelial and spore
surfaces (Figs. 1.8 to 1.10) whereas the surface of 7 day old hyphae appeared
perfectly smooth (Figs. 1.11 and 1.12). These crystals, which were presumably
produced as a result of growth in rich carbon media, may have decreased adsorption

by covering up wall adsorption sites. Therefore, growth of the fungus in carbon

limiting medium was tried as a method to prevent the production of these crystals.
Effect of age of M. flavus grown in carbon-limiting medium on sulphur adsorption

~ Adsorption decreased with age of mycelium grown in carbon-limiting
conditions (Fig. 1.13). Scanning electron micrographs show that there no crystals
were present on 28 day old mycelium grown under these conditions (Figs. 1.14 and
1.15). These results suggest that the crystals appearing during growth of the fungus
in carbon rich medium are not entirely responsible for the observed decrease in

adsorption. Melanization of the fungal walls or some other chemical alteration
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seems more likely to be the main cause of the decrease in adsorption observed with

fungal age.

Effect of mild acid and mild alkali treatment on sulphur adsorption bv 7 dav and 28§

day old mycelium of M )

Mild acid or alkali treatment did not significantly increase the adsorptive
ability of 28 day old mycelium grown in rich carbon medium. Untreated mycelium
adsorbed 49.4 (7 /.10) mg of sulphur, while acid treated mycelium adsorbed 42.6
(T /.12) mg and alkali treated mycelium adsorbed 52.0 (* /.10) mg. Scanning
electron micrographs showed that there are no crystals present on the surface of 28
day old mycelium after acid or alkali treatment (Figs. 1.16 to 1.19). These results
suggest that the crystals are not responsible for decreased adsorption in older
mycelium, but that a change in cell wall composition, such as melanization, is
responsible. The crystals could probably be removed by even milder treatments such

as washing in distilled water.

Effect of funeal starvation on sulphur adsorption

The rate of sulphur adsorption doubled when mycelium of M. flavus was
transferred from Czapek Dox medium to sterile distilled water prior to being
exposed to sulphur particulates (Fig. 1.20). Similar results were obtained with N.
crassa (Fig. 1.20) although the increase in sulphur adsorption was not as high. The
results suggest that under starvation conditions, the fungal cell wall undergoes
changes which expose or lead to the production of an increased number of
adsorption sites: or that there is an increase in surface area as the mycelium
undergoes limited breakdown. Starvation of Saccharomyces cerevisiae allowed the
organism to bind to a glass support (Van Haecht et al., 1984). The starvation pre-

treatment of the yeast induced a modification of the cell wall and modified the



(Means of triplicates ¥ /_S.D.)

T : mycelium grown in Czapek Dox medium supplemented with sorbose

C : mycelium grown in Czapek Dox medium alone

Figure 17,

' wrnt in G

adsorb sulphur.

(Means of triplicates ¥ /_S.D. : significant decrease in sulphur adsorption

compared with that adsorbed by 4 day old mycelium, p < 0.05)
@ — @ : Neurospora crassa
a—A : Mucor flavus
W — W Aspergillus niger
O =0 : Penicilliun chrysogenum
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Figure 1.9,

Scanning electron micrograph of a 28 day old culture of Mucor flavus grown iy

Czapek Dox liquid medium,
(Magnification x 5000)
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Figure 1,10,

Scanning electron micrograph of a 28 day old culture of Mucor flavus grown in

Czapek Dox liguid medium.
(Magnification x 5000)
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Figure 1,13,
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