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1.1 Motivation

Since 1929, it is known that lipids, including fatty acids, are important in the

human diet (Wilbert et al., 1997). The necessity of specific polyunsaturated

fatty acids (PUFAs), including arachidonic acid [20:4(0)6)], have been

demonstrated repeatedly since that time (Shimizu & Yamada, 1989; Kendrick

& Ratledge, 1992; Wilbert et et., 1997). Currently, there are indications that

20:4(0)6) and its oxidised metabolites, the eicosanoids, play vital roles in

cellular metabolism (Ferretti et al., 1997; Streekstra, 1997; Certik &

Shimizu,1998). Symptoms of 20:4(0)6) deficiency include skin lesions (Wilbert

et al., 1997), as well as various other diseases, such as multiple sclerosis and

depression (Koskelo et al., 1997).

Small amounts of arachidonic acid are present in the human diet, (Nelson et

al., 1997a), but not all diets include adequate concentrations of this PUFA

(Streekstra, 1997; Nelson et al., 1997a). Consequently, there is a growing

interest in the search for an oil which is exceptionally rich in 20:4(0)6), to be

used as a dietary supplement (Streekstra, 1997).

Arachidonic acid is currently derived from fish, as well as the adrenal glands

and liver of pigs (Bajpai -et al, 1991a; Bajpai et et., 1991 b; Sajbidor et al.,

1994; Li et el., 1995; Chen et et., 1997; Singh & Ward, 1997). However, the

same PUFA can also be derived from members of the mucoralean genus

MortierelIa Coemans (Shimizu & Yamada, 1989; Kendrick & Ratledge, 1992;

Certik & Shimizu, 1999), commonly found in soil (Domsch et al., 1980).

Although the genus MortierelIa subgenus MortierelIa generally produces

significant quantities of 20:4(0)6), attempts have been made to improve the

production of this PUFA in certain strains by changing the culture conditions

(Bajpai et el., 1991 a). In addition, various strains from culture collections
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have been screened to find the best producer of this fatty acid (Bajpai et et,

1991a; Kendrick & Ratledge, 1992). However, a programme specifically

aimed at isolating MortierelIa strains rich in 20:4(0)6) from the soil, has never

been attempted.

With the above as background, the aim of this study was to develop and test

an isolation procedure for 20:4(0)6) producing members of the genus

MortierelIa. The isolated strains were subsequently evaluated for 20:4(0)6)

. production on a solid medium, as well as in two different liquid media.

1.2 Fungal lipids

Lipids are sparingly soluble in water but readily soluble in organic solvents

such as chloroform, hydrocarbons, alcohols, ethers and esters (Ratledge &

Wilkinson, 1988). In living material, including fungi, lipids occur as major

constituents of the cell membrane. Lipids also occur in the cell wall, in the

extracellular products and as oil droplets suspended in the cytoplasm

(Ratledge & Wilkinson, 1988). It is known that a number of variable

conditions, including pH, temperature and nature of the nutrients, influence

the production, composition and storage of lipids in fungi (Hunter & Rose

1972; Ratledge & Wilkinson, 1988). Therefore, it is advisable to state the

culture conditions when recording the lipid content of fungi.

1.2.1 The accumulation of lipids by fungi

Some fungi are able to accumulate lipids as storage compounds in their

biomass (Kendrick, 1991). When more than 20 % of the fungal biomass

consists of accumulated lipids, the fungus is referred to as an "oleaginous

fungus" (Ratledge, 1994). Some oleaginous fungi are able to accumulate

more than 85% of its biomass as lipids (Kendrick, 1991). Generally, there is a
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biphasic pattern of lipid accumulation during growth of oleaginous fungi.

When nutrients in the medium are in excess, the lipid content stays constant,

while after the nutrients, especially nitrogen, are exhausted, there is a

continued build-up of lipids without a corresponding increase of biomass

(Bajpai et al., 1991 b). Consequently, the quantity of lipids produced by a

certain fungal species depends greatly on the developmental stage and/or the

culture conditions. Interestingly, in a nitrogen limiting medium, the presence

of ATP citrate lyase in the fungal cells, correlates with the ability of the

fungus to accumulate more than 10% (w/w) lipids in the biomass (Kendrick &

Ratledge, 1992). According to Kendrick and Ratledge (1992), oleaginous

fungi may be an economically viable source of PUFAs, provided that most of

the PUFAs occur in the triacylglycerol fraction of the lipids. This would enable

the extraction of the fungal lipids using processes similar to those being used

for commercial plant oils. Furthermore, the ability of fungi to accumulate a

certain kind of lipid is widely used in their taxonomy (Certik & Shimizu, 1999;

Kock & Botha 1998). In addition, fungal lipids provide the best means to

develop our biochemical understanding of lipids, by acting as a model for

eukaryotic lipid metabolism (Ratledge, 1984, Ratledge, 1992).

1.2.2 Fatty acids

According to Ratledge and Wilkinson (1988), the more common lipids may be

divided into two categories. The first consists of structures based on long

chain fatty acids (FAs) and/or their immediate derivatives. The second

category consists of structures derived from isoprene units, and is also known

as terpenaid lipids (Ratledge & Wilkinson, 1988). Lipids belonging to the first

category, which is characterized by long chain FAs, are divided into three

fractions, namely neutral lipids, which occur mostly as oil droplets in cells;

phospholipids, which occur in cell membranes and glycolipids, which are

found in cell walls and cell membranes (Kock & Botha 1998).
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In fungi, FAs of 14-20 carbons in length are esterified to a glycerol backbone

in all of the above-mentioned lipid fractions (Brock et al.,1994). The basic

structure of FAs consists of a hydrophilic carboxyl group which is attached to

one end of a carbon chain (Mathews & van Holde,1990). Saturated FAs do

not contain double bonds in the carbon chain, while unsaturated FAs contain

one or more double bonds in the hydrocarbon chain. Two or more double

bonds are referred to as polyunsaturation. In most natural occurring PUFAs,

the orientation of the double bond is cis rather than trans (Mathews & van

Holde, 1990). Since unsaturated FAs have lower melting points than

saturated FAs, the fluidity of the cell membrane is determined by the

saturation of its FAs (Ratledge & Wilkinson, 1988). Besides being saturated

or unsaturated, FAs may contain functional groups such as carboxyl or

hydroxyl groups.

Augustyn (1991) reviewed a convenient and definitive way of referring to FAs.

Instead of a trivial name like arachidonic acid, a FA is identified by an

abbreviation, which consists of two numbers separated by a colon. The

number before the colon indicates the number of carbon atoms in the carbon

chain and the number after the colon, the number of double bonds in the

chain (Mathews & van Holde, 1990). For example arachidonic acid is

20:4(ro6). The number in brackets, together with the letter "ro", indicate to

which series of PUFA the particular FA belongs (Augustyn, 1991). If it is "ro6",

it means the first double bond, counted from the "ro"-end, will be at carbon 6

(Fig. 1). Similarly an "ro3" would indicate that the first double bond, counted

from the "ro"-end will be at carbon 3.

The ability of microorganisms to produce ro3 and ro6 FAs can be used as a

taxonomic marker (Eroshin et al., 1996a; Kock & Botha 1998). For. example,

the majority of known fungi belonging to the classes Ascomycetes and

Basidiomycetes can readily synthesise 18 carbon PUFAs containing three
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double bonds which belongs to the 0)3 series. However, lower fungi belonging

to the Phycomycetes can also produce 18 carbon PUFAs containing three

double bonds which belongs to the w6 series (Eroshin et al., 1996a; Kock &

Botha 1998).

1.2.3 Arachidonic acid and its importance

As depicted in Figure 1, arachidonic acid is a PUFA containing 20 carbon

atoms in a chain, with double bonds in the 5,8,11 and 14-positions. It is

known that PUFAs or members of the vitamin F group, are essential to human

nutrition (Shimizu & Yamada, 1989; Kendrick & Ratledge, 1992; Cerea-

olmedo & Avalos, 1994). It is also known that 20:4(w6) can act as an elicitor

of phytoalexins in plants and as such may be used for the prevention of plant

diseases (Eroshin et el., 1996b). In recent years 20:4(w6) has been the

subject of intensive medical and nutritional research (Bajpai et a/., 1991 b;

Singh & Ward, 1997) and has been used in a number of fields, including

agriculture, cosmetics and pharmaceuticals (Eroshin et al., 1996b).

Arachidonic acid is the immediate metabolic precursor of physiologically

active eicosanoids (Li et ~I.,.-J995; Chen et et., 1997; Ferretti et al., 1997;

Kelley et al., 1997; Koskelo et a/., 1997), such as prostaglandins, leukotrienes

and thromboxanes (Radwan, 1991; Sajbidor et al., 1994), as well as a large

number of hydroxy eicosatetraenoic acids and their metabolic products

(Nelson et et., 1997a). Being the precursor of these biologically active

compounds, 20:4(w6) may have a multitude of physiological effects, such as

mediation of inflammatory response, regulation of blood pressure and

induction of blood clotting (Koskelo et a/., 1997). In humans, low levels of

20:4(w6) have been associated with various diseases, such as cirrhosis,

depression, multiple sclerosis, schizophrenia and tardive dyskinesia (Koskelo

et al., 1997). Many of these disorders also exhibit a reduction in

docosahexaenoic acid [22:6(w3)], suggesting a general ó6 desaturase
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Arachidonic acid

Fig. 1. The chemical structure of arachidonic acid [20:4(co6)] (Shimizu &

Yamada 1989).
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deficiency (Koskelo et al., 1997). Arachidonic acid also forms an integral part

of biological cell membranes and has an important role in the structure and

function of these membranes (Shimizu & Yamada, 1989; Hempenius et al.,

1997; Singh & Ward, 1997). Bound to the phospholipids, it is involved in the

regulation of functional properties such as permeability, fluidity and the

activity of the membrane bound enzymes (Hempen ius et el., 1997). In

humans, 20:4(ro6) is found in all cells and tissues in significant quantities (Li

et al., 1995; Chen et et., 1997; Gill & Valivety 1997a; Nelson et a/., 1997b).

The brain and retina contain 20:4(ro6) as an important membrane component

(Hempenius et al., 1997). As one of the structural components of membranes,

it also plays an important role in human growth and development (Koskelo et

a/., 1997). However, the desaturation capacity of infants is limited and

20:4(ro6) is provided to the growing foetus in utero and to the growing infant

post-natally through mother's milk (Hempenius et al., 1997; Koskelo et al.,
1997).

Arachidonic acid is synthesised in the human body from the essential FAs

linoleic [18:2(ro6)] and gamma-linolenic acid [18:3(ro6)] (Radwan, 1991), but

the rate of synthesis does not always satisfy the demand (Ferretti et al., 1997;

Streekstra et et., 1997). Arachidonic acid can also be obtained from the diet,

since it is present in meat, eggs and fish. Unfortunately, the concentration

may still be too low or these sources may not always be suitable, as in the

case of parenteral nutrition and strict vegetarian or vegan diets (Streekstra et
al., 1997).

Infants fed with commercial infant formulae will also need supplementation

with ro3 and ro6 PUFAs (Hempen ius et a/., 1997; Koskelo et et., 1997). Most

of these formulae do not contain 20:4(ro6), but rather provide an excess of its

metabolic precursor 18:3(ro6). This is a matter of concern, as it is known that

a reduction in 20:4(ro6) in the serum of an infant, negatively affects the growth
rate.
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Because of its major role in human physiology, there is much interest in the

metabolism and physiological function of dietary 20:4((06) (Ferretti et al.,

1997). It was found that when 20:4((06) levels in the human diet are

increased, prostaglandin E2 synthesis and the metabolites of prostacyclin and

thromboxanes also increase. Changes in the excretion of these metabolites

are associated with measurable effects on in vivo platelet aggregation and

inflammatory responses. According to Nelson et al. (1997a), physiological

control mechanisms exist which regulate the utilisation and bioconversion of

dietary 20:4((06) to other compounds in the body. It must still be determined

whether or not these mechanisms can be overwhelmed by increasing levels of

dietary 20:4((06). Increased 20:4((06) consumption by healthy adult males

induced neither negative nor positive responses and more studies are

necessary before recommendations on daily 20:4((06) intake can be made.

Hence, there is still much to be learned about the dietary role of 20:4((06) and

its metabolism (Kelley et al., 1997; Nelson et et., 1997a).

The current commercial sources of 20:4((06) are fish as well as the adrenal

glands and liver of pigs (Bajpai et aI, 1991a; Bajpai et al., 1991 b; Sajbidor et

al., 1994; Li et al., 1995; Chen et et., 1997; Singh & Ward, 1997), but these

sources are not economically viable, seeing that the 20:4((06) obtained per

unit dry weight is less than 0.2% (w/w) (Bajpai et al., 1991a; Eroshin et et.,

1996b; Chen et al., 1997). Furthermore, animal oils often contain FAs with

less desirable qualities (Chen et al., 1997). Therefore, there is an increasing

interest in obtaining an edible oil rich in 20:4((06) from an alternative source

for specific dietetic application (Streekstra, 1997).

It is known that 20:4((06) is present in the cells of ciliated protozoa, amoebae,

algae and other micro-organisms (Bajpai et el., 1991a; Radwan, 1991; Singh

& Ward, 1997). Lower fungi belonging to the order Mucorales are known to

be promising sources of a variety of PUFAs (Singh & Ward, 1997). However,
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only mucoralean fungi able to produce 20:4(co6) in significant quantities are

members of the genus MortierelIa (Table 1).

Safety studies was conducted on an oil rich in 20:4(0)6) obtained from

MortierelIa alpina Peyronel. (Hempenius et al., 1997; Streekstra, 1997; Wilbert

et al., 1997). When the same oil was fed to rats at very high concentrations, no

adverse effects could be detected (Koskelo et al., 1997). This oil was also

used in physiological studies on human adults and infants, without any

adverse effects being reported. (Streekstra, 1997). Furthermore, the oil was

found to be non-mutagenic and it showed no clastagenic potency neither in

vivo nor in vitro (Hempen ius et al., 1997). In the light of the above it seems

that an 20:4(0)6)-rich oil obtained from M. alpina might be a safe alternative

source of 20:4(0)6) for the production of dietary supplements.

1.3 The genus MortierelIa

In the five Kingdom classification system the genus MortierelIa belongs to the

Kingdom Eumycota, the phylum Zygomycota (Kendrick, 1992) and the class

Zygomycetes (Hawksworth et el., 1995). The Zygomycetes are fungi that

reproduce asexually by nonmotile sporangiospores, by modified sporangial

units functioning as conidia or by true conidia (Hesseltine & Ellis, 1973). The

sexual state is represented by zygospores. Gametangia are often

morphologically similar to each other but may sometimes vary greatly in size.

The Zygomycetes consist of three orders: the Mucorales, Entomophthorales

and Zoopagales (Hesseltine & Ellis, 1973).
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18:3(0)6)

18:3(0)6)

18:3(0)6)

18:3(0)6)

18:3(0)6)

18:3(0)6)

18:3(0)6)

18:3(0)6), 20:4(0)6),

20:5(0)3), 22:6(0)3)

18:3(0)6)

18:3(0)6)

18:3(0)6)

18:3(0)6)

18:3(0)6)

18:3(0)6)

18:3(0)6)

18:3(0)6)

18:3(0)6)

18:3(0)6)

18:3(0)6)

Table 1. The presence of polyunsaturated fatty acids in Mucorales.

Genus Polyunsaturated fatty acids

References: Hansson & Dostalek, 1988; Ratledge, 1992; Kendrick &
Ratledge, 1992; Bajpai & Bajpai, 1993; Van der Westhuizen,. 1994; Botha
et a/., 1995.

Abbreviations: 18:3(0)6) Gamma linolenic acid; 20:4(0)6) Arachidonic acid;
20:5(0)3) Eicosapentaenoic acid; 22:6(0)3) Docosahexaenoic acid.

Absidia v. Tieghem

B/akes/ea Thaxter

Choanephora Currey

CunninghamelIa Matr.

Gi/bertella Hesseltine

He/icosty/um Corda

Mucor Fresen.

MortierelIa Coemans

ParasiteIla Bainier

Pi/aira v. Tieghem

Piptocepha/is de Bary

Phycomyces Kunze

Rhizomucor (Lucet & Costantin) Wehmer ex VuilI.

Rhizopus Ehrenb.

Saksenaea Saksena

Syncepha/is v. Tieghem & Le Monn.

Thamnidium Link

Thamnosty/um v. Arx & Upadhyay

Zygorrhynchus VuilI.
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1.3.1 The order Mucorales

The Mucorales consists of fungi that reproduce asexually by means of

nonmotile sporangiospores borne in few or many spared sporangia, which

may contain columellae (Hesseltine & Ellis, 1973). During sexual

reproduction, two gametangia fuse to form a thick walled zygospore

(Benjamin, 1979). These fungi may be hornothaluc, but are mostly

heterothalfie Most mucoralean fungi are saprophytic, but parasites of

vertebrates, insects and other fungi also exist in the order. In the primitive

Mucorales such as the genus Mucor Fresen., no vitamins or growth factors

are generally required. Usually these fungi are able to grow on a simple

medium containing an inorganic nitrogen source, minerals and sugar. Some

members however, such as Pilobotus Tode, need media containing various

growth factors to survive (Hesseltine & Ellis, 1973).

Members of this order are able to rapidly utilise simple carbohydrates (Botha

et a/., 1997) and are consequently often the first fungal species observed

during decay of vegetative matter (Hesseltine & Ellis, 1973). On a suitable

substrate, a germinating mucoralean spore forms one or more germ tubes,

which repeatedly devide to produce a multibranched mycelium within a day or

two. After extensive growth of the mycelium, fertile aerial hyphae called

sporangiophores are formed. Usually, this is followed by abundant asexual

reproduction or sporangium formation that can usually be observed on the

substrate using low magnification microscopy. If two mating types are present

on the same substrate, thick walled zygospores may form after a few days. In

addition to sexual and asexual reproduction, chlamydospores may occur in

the substrate as we" as in the aerial mycelium (Benjamin, 1979).
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1.3.2 The family Mortierellaceae

The families within the Mucorales are distinguished from one another on the

basis of morphology of asexual reproductive stages such as the

sporangiophores, sporangia and sporangiospores (Benjamin, 1979).

Currently, the family Mortierellaceae is classified within the order Mucorales,

but due to several unusual features, it occupies a rather isolated taxonomic

position within this order (Benjamin, 1979; Domsch et al., 1980; Wheete &

Ghandi, 1997). All reproductive structures are more delicate than the

reproductive structures of other members of the Mucorales. In addition, some

species in the Mortierellaceae also produce sporangia with no columellae.

These sporangia can be grouped into those that bear one, few or many

sporangiospores. Unlike any of the other members of the Mucorales, the

branched mycelium of MortierelIa species may have a distinctive garlic-like

odour (Domsch et al., 1980). Furthermore, it was found that the major sterol

in a representative of the Mortierellaceae, M. alpina, is desmosterol, while no

ergosterol could be detected in this fungus (Wheete & Ghandi, 1997). This is

in contrast with our knowledge on sterol composition in the rest of the

Mucorales, where the major sterol seems to be ergosterol. Due to these

unusual features, the taxonomy of this group may be changed in the near

future, when the Mortierellaceae will be elevated to a new order; the

Mortierellales (Streekstra, 1997).

Currently however, six genera are classified within the Mortierellaceae,

namely AquamortierelIa Embree & Indoh, Dissophora Thaxter,

Echinosporangium Malloch, Modicella Kanouse, MortierelIa and Umbelopsis

Amos & Barnett (Benny & Benjamin, 1993), with MortierelIa being the largest

and best known genus (Benjamin, 1979).

The genus MortierelIa was monographed by Linneman in 1941 and again by

Zychae in 1970, who considered this genus to comprise of 83 species, which
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are grouped into 11 sections (Domsch et el., 1980). However, the key as

currently used for the characterisation of this genus, is one proposed by

Gams in 1977, and consists of two subgenera. The subgenera MortierelIa and

Micromucor, of which the subgenus MortierelIa is devided into 9 sections.

Alltogether this key recognises 73 species (Gams, 1977).

Members of the genus Mortiere/la are known for the inability to produce

abundant sporangia, but smooth and ornamented chlamydospores sometimes

occur in the agar and aerial hyphae (Hesseltine & Ellis, 1973; Domsch et al.,

1980). Moreover, some members of this genus are known to lose the ability

to sporulate when it is preserved on nutrient rich media (Domsch et al., 1980).

Zygospore formation is rare and have only been reported in a few species.

Two subgenera within MortierelIa are currently recognised (Benjamin, 1979;

Domsch et al., 1980). Members of the subgenus Mortiere/la produce white,

cottony aerial hyphae and have a thin spreading mycelium. The sporangia

are hyaline with no columellae and the mycelium of this subgenus posseses a

distinctive odour, described by some authors as garlic-like (Gams, 1977;

Benjamin, 1979; Domsch et el., 1980). The subgenus Micromucor includes

the strains with distinct Mucor-like characteristics. These fungi grow slowly

and form velvety 'colonies, often with pigmented sporangia. These sporangia

may posses minute columellae and the mycelium of this subgenus does not

have a characteristic odour (Gams, 1977; Benjamin, 1979; Domsch et al.,

1980). The taxonomic position of the subgenus Micromucor is still uncertain,

since zygospores have not been reported for this subgenus (Gams, 1977;

Benjamin, 1979; Domsch et al., 1980). In addition, the fatty acid composition

of this subgenus is very similar to that of the Mucoraceae (Amano et et.,

1992). Therefore, species belonging to the subgenus Micromucor, such as

Mortierel/a isabellina Oudemans. Mortiere/la nana Linneman, Mortierel/a

ramanniana (Moller) Linneman and Morliere/la vinacea Dixon-Steward are



14

suspected to be invalidly contained within the genus MortierelIa and in future

these species will probably be placed in the genus Umbelopsis and perhaps

even in a separate family (Streekstra, 1997).

The pathogenic potential of the genus MortierelIa seems to be quite low, and

the only known species that are pathogenic towards mammals is MortierelIa

wolfii Mehrotra & Baijal, which causes mycotic abortion, systematic

mycomycosis and pneumonia in cattle (Domsch et al., 1980; Streekstra,

1997). Although some of the members of the genus MortierelIa have been

reported to be weakly toxicogenic, M. wo/fii is the only member of the genus

known to have the ability to produce and excrete a nephrotoxin (Domsch et

al., 1980; Hempenius et al., 1997; Streekstra, 1997).

It is also known that members of MortierelIa play a role in soil metabolism

(Domsch et al., 1980). Most of these fungi will utilise hexadecane and solid

paraffins and are also capable of decomposing chitin. MortierelIa alpina is the

commonest species in the genus and MortierelIa elongata W. Gams &

Domsch the most widely distributed species.

1.4 Isolation of MortierelIa

Members of MorfierelIa are known saprophytes occurring commonly in soil

(Wareup, 1951; Thornton, 1958; Domsch et al.,1980; Amano et al., 1992).

MorfierelIa species are ecologically widely distributed and have been isolated

from various different kinds of soil. The overall distribution embraces,

arnonest others, alpine soil with long snow coverage and alpine sediments

below glaziers, desert soil, salt-marsh and moorland soils, sewage-treated

soil, dry and wet grassland soil, sandy loam, coastal sand, and forest soil

(Dixon-Steward, 1932, Wareup, 1951; Thornton, 1958; Domsch et al.,1980).
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Members of this genus may penetrate soil as deep as 135 cm (Domsch et

al.,1980).

MortierelIa species generally grow rather fast, sporulate freely and are easily

isolated from soil using conventional techniques (Hesseltine & Ellis, 1973;

Domsch et al.,1980), such as the soil plate technique of Wareup, which

encompasses suspension of soil in cooled molten agar (Wareup, 1950;

Wareup, 1951; Thornton, 1958). Soil can also be plated directly onto agar

media (Eicker, 1969 ; Strauss et al., 1997). Isolation media used for these

fungi are complex, containing substances such as yeast extract or malt extract

with glucose as carbon source (Gams, 1996). Incubation temperatures of

20°C to 25 °C are commonly used during isolation. Interestingly, Carreiro and

Koske (1992) used direct plating of soil particles on chilled agar, as well as a

soil dilution method to demonstrate that an incubation temperature of 0 °C,

instead of 25 oe, mainly selects for members of the genus MortierelIa

subgenus MortierelIa. In addition, the season of the year may also influence

the numbers of MortierelIa isolated from soil (Thornton, 1958).

1.5 The presence of PUFAs in MortierelIa

The occurrence of 20:4(ro6) within MortierelIa is portrayed in Table 2. It was

found that at 28 oe representatives of MortierelIa subgenus Micromucor did

not produce detectable amounts of 20:4(006), while members of MortierelIa

subgenus MortierelIa are able to produce this PUFA (Amano et al., 1992).

Therefore, the ability to produce 20:4(ro6) has taxonomic value in

differentiating between the two subgenera of MortierelIa (Shimizu & Yamada,

1989).

MortierelIa alpina, a member of MortierelIa subgenus MortierelIa, is one of the

most studied mucoralean species regarding 20:4(006) production
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Table 2. The distribution of 20:4((1)6) and 20:5((1)3) production among members of

MortierelIa grown at 28°C.

MortierelIa subgenus Micromucor

Species 20:4((1)6) 20:5((1)3)

MortierelIa isabellina Oudem.

MortierelIa ramanniana (Moller) Linnem.

MortierelIa vinacea Dixon-Steward

MortierelIa subgenus MortierelIa

Species

MortierelIa alpina Peyronel

MortierelIa bainieri Cost.

MortierelIa be/jakovae Milko

MortierelIa clonocystis W. Gams

MortierelIa dichotoma Linnem.

MortierelIa elongata Linnem.

MortierelIa epigama W. Gams & Domsch

MortierelIa gemmifera Ellis

MortierelIa hyalina W. Gams

MortierelIa kuhlmanii W. Gams

MortierelIa minutissima Tiegh.

+

+

+

+

+

+ +

+ +

+

+ v
+ +

+ v

Reference: Amano et al., 1992.

KEY: + = particular fatty acid detected; - = fatty acid not detected: v = variable
results among strains representing species.
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Table 2. Continues.

MortierelIa subgenus MortierelIa

Species 20:4((1)6) 20:5((1)3)

Mortierel/a sarnyensis Milko

Mortierel/a selenospora W. Gams

Mortierel/a zychae Linnem.

Mortierel/a oligospora Bjórling

Mortierel/a polycephala Coemans

Mortierel/a reticulata Tiegh. & Le Monn.

Mortierel/a camargensis W. Gams & Moreau

Mortierel/a schmuckeri Linnem.

Mortierel/a globulifera Rostrup

Mortierel/a rostafinskii Kuhlman & Hodges

Mortierel/a acrotona W. Gams

Mortierel/a cystojenkinii W. Gams

Mortierel/a pulchel/a Linnem.

Mortierel/a umbel/ata Chien

Mortierel/a horticola Linnem.

Mortierel/a lignicola (Martin) W. Gams

Mortierel/a verticil/ata Linnem.

Mortierel/a zonata Linnem.

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Reference: Amano et et., 1992.

Key: + = particular fatty acid detected ; - = fatty acid not detected ; v = variable
results among strains representing species.
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(Bajpai & Bajpai, 1993). This oleaginous fungus, may accumulate up to 70 %

20:4(co6) in its lipids in a solid state culture (Streekstra, 1997). In a

submerged fermentation culture, it may accumulate up to 72.5% (w/w)

20:4(co6) in its lipids (Li et al., 1995).

Although members of the genus MortierelIa subgenus MortierelIa produce

substantial quantities of 20:4(co6) (Li et et., 1995), the lipid content varies

widely within species of the same genus, as well as in strains of the same

species (Cerda-olmedo & Avalos, 1994). Therefore, the production of

20:4(co6) depends strongly on the species, as well as the specific strain used

(Bajpai et et., 1991c; Cerda-olmedo & Avalos, 1994; Li et al., 1995).

Arachidonic acid accumulation is also influenced by culture conditions and

particularly the incubation temperature (Bajpai et el., 1991a). Arachidonic

acid accumulation is high at temperatures between 20°C and 28 °C (Bajpai et

al., 1991 c), while at these temperatures 20:5(co3) accumulation is low

(Table 2.). At lower temperatures, 20:4(co6) is transformed to 20:5(co3)

(Kendrick & Ratledge, 1992). The reasons for the accumulation of 20:5(co3) at

lower temperatures may be understood when studying the desaturation of

fatty acids in fungi.

Palmitic acid (16:0) and stearic acid (18:0), which are products of the fatty

acid synthetase complex in fungi (Wheete 1974; Schweitzer 1989), are

desaturated in the membranes where these molecules form part of

phospholipid molecules. Stearic acid (18:0) is desaturated by /19 desaturase

to produce oleic acid [18: 1(co9)], which may be used to produce the co9-series

of PUFAs, up to mead acid [20:3(co9)] (Fig. 2). Alternatively, 18:1(co9)may act

as a precursor for the synthesis of linoleic acid [18:2(co6)], through the action

of 412 desaturase. Linoleic acid also acts as precursor for the synthesis of the

ro6-series of PUFAs up to 20:4(ro6) or the co3-series up to 20:5(co3) and

docosahexaenoic acid [22:6(co3)] (Ratledge, 1993;Certik et et., 1998; Certik &
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Fig 2. Desaturation of fatty acids to produce the CD-9, CD6 and cq3-series of

PUFA (Ratledge, 1994; Certik & Shimizu, 1999),
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Shimizu, 1999). Interestingly, certain authors found an inverse relationship

between 18: 1(co9) and 20:4(co6) content in lipids extracted from MortierelIa

(Eroshin et al., 1996b). This might be expected, since 18:1(co9)may also act

as a precursor for 20:4(co6) (Certik & Shimizu, 1998). At low temperatures,

20:4(co6) is directly converted to 20:5(co3) via a temperature sensitive il17

desaturase in Mortiere/la (Shimizu et al., 1988a; Shimizu et al., 1988b;

Shimizu & Yamada, 1989; Kendrick & Ratledge, 1992; Ratledge, 1993;

Jareonkitmonkol et al., 1994; Kawashima et al., 1997). This enzyme system

involved in the formation of 20:5(co3), is present regardless of the growth

temperature, but is only active at low temperatures (Shimizu et al., 1988a).

This enzymatic reaction has been suggested to be an adaptive response to

lower temperatures, in order to maintain membrane fluidity (Shimizu &

Yamada, 1989).

The maintenance of membrane fluidity, which is necessary for biological

activity, is one of the important functions of PUFAs in cell membranes

(Melchoir, 1982; Mathews & van Holde, 1990). This function is a result of the

cis configuration of the double bonds in the carbon chains of PUFAs

(Hammond & Glatz, 1988; Mathews & Van Holde, 1990). As a result of the

configuration of these double bonds, there are bends in the carbon chains. If

the number of PUFAs in the membranes increase, the bends in the

hydrophobic carbon chains will hinder tight packing of the carbon chains and

will result in more movement in the lipid bilayer of the membranes. Because

of this phenomenon, temperature induces changes in the degree of

unsaturation observed in cellular lipids (Manocha & Campbell, 1978; Walker

& Woodbine, 1979; Melchoir, 1982; Rose, 1989; Suutar:i et et., 1990;

Lamascola et al., 1994; Couto & Huis in't Veld, 1995). Although it is by no

means an absolute rule or the only temperature adaptation present in fungi,

the general trend is for the degree of unsaturation to increase as growth

temperature is decreased (Manocha & Campbell, 1978; Lamascola et al.,
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1994). This seems to apply for members of Mortiere/la subgenus Mortiere/la,

which may be isolated exclusively at lower temperatures (Carreiro & Koske,

1992). Interestingly, these fungi are able to produce significant quantities of

PUFAs like 20:4(CD6)(Bajpai et al., 1991a; Bajpai et al., 1991c; Amano et al.,

1992; Shinmen et al., 1992; Bajpai & Bajpai, 1993).

It is known that in MortierelIa, PUFAs such as 20:4(CD6)are incorporated into

the phospholipids as fatty acyl groups (Kendrick & Ratledge, 1992).

Therefore, the higher the concentration of phospholipid, the greater the level

of 20:4(CD6)present in the lipids. However, recent studies indicated that in

MortierelIa, grown in submerged cultures, the bulk of 20:4((1.)6) may be

contained in the neutral lipids (Eroshin et al., 1996a). In addition to the

accumulation of 20:4((1.)6),it is interesting to note that when cultivated with odd

chain alkanes in the medium, Mortiere/la may accumulate large amounts of

PUFAs with chain lengths of 17 and 19 carbons in the mycelia (Shimizu et al.,

1991 ). Certain authors also found that Mortiere/la species are able to

synthesize small amounts of prostaglandins, which are biologically active

molecules derived from 20:4((1.)6)(Gill & Valivety, 1997b; Lamacka & Sajbidor,

1998).

1.6 Arachidonic acid production using MortierelIa

Before the studies conducted by Yamada et al. in 1987, microorganisms as

viable sources of 20:4((1.)6) received little attention. Since then, many

investigations have been launched into the production "Of 20:4((1.)6) by

MortierelIa and the influence of various parameters on this phenomenon

(Shinmen et al., 1989; Bajpai et al., 1991 a; Bajpai et et., 1991c; Lindberg &

Molin, 1993; Stred'anská et al., 1993; Sajbidor et al., 1994; Li et al., 1995;

Eroshin et et., 1996a; Eroshin et al., 1996b; Singh & Ward, 1997). The
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production of 20:4(w6) by MortierelIa has been reported on solid substrates, in

shake-flasks and in fermentor cultures. Consequently, several authors

suggested that MortierelIa should be used for the commercial production of oil

rich in 20:4(w6).

1.6.1 Species used for 20:4(w6) production

Although most species belonging to MortierelIa subgenus MortierelIa are able

to produce 20:4(w6) (Shinmen et el., 1989; Eroshin et el., 1996a; Eroshin et

al., 1996b), strains of the species MortierelIa alpina have been reported to be

the most efficient production organisms for 20:4(w6) currently known

(Streekstra, 1997). Unfortunately, the production of this PUFA within

M. alpina differs considerably among strains representing this species (Bajpai

et et., 1991 a; Eroshin et al., 1996a; Eroshin et al., 1996b). Therefore,

20:4(w6) production does not only depend on the species used, but also on

the specific strain (Cerda-olmedo & Avalos, 1994).

MortierelIa alpina (Fig. 3.) is frequently isolated from soil (Domsch et aI., 1980)

and with the exception of one strain (isolated from the bladder of a juvenile

fish), all culture collection strains of this species have been isolated from soil,

without association with animal material (Streekstra, 1997). The

sporangiophores of this species, which may be up to 120 urn long, are always

unbranched (Gams, 1977). The base of the sporangiophore is distinctly

widened and often irregularly swollen (Gams, 1977; Domsch et al., 1980).

The sporangia contain numerous, small, ellipsoidal spores (3-4 x Zum) and

small, indistinct, smoothwalled chlamydospores may occasionally be present

(Gams, 1977; Domsch et al., 1980).

Members of this species are non-pathogenic and do not produce any known

mycotoxins (Hempenius et et., 1997). MortierelIa alpina may produce

mycoferritin, ethanol and acetic acid under certain circumstances and are able
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Fig 3. Mortierelle alpina. Unbranched sporangiophores with sporangia and

sporangiospores. (Adapted from Domsch et al., 1980)
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to grow on media containing 4% NaCI (Domsch et al., 1980). The optimum

temperature for growth of M. alpina is 20°C, while it may also grow at

temperatures as low as O°C (Domsch et al., 1980).

1.6.2 Culture conditions used for 20:4(006) production

The production of 20:4(006) by MortierelIa has been studied on solid media, as

batch cultures in shake flasks and as batch cultures in fermentors (Totani &

Oba, 1988; Lindberg & Molin, 1993; Singh & Ward, 1997). Totani & Oba

(1988) found that potato-dextrose was a sufficient nutrient source for

MortierelIa alpina and they suggested the use of potato tissue as nutrient

source for the production of 20:4(006) by this fungus. When M. alpina was

incubated on such a medium at 20°C for 20 days, they found that up to 67.4%

of the total fatty acids was 20:4(006), which was at the time, the highest

percentage reported. In 1993, Stred'anská et al. made a successful attempt

to improve on the methods of Totani et al. (1987, 1988) by testing a strain of

M. alpina for the production of lipids rich in 20:4(006) when grown on solid

cereal-based substrates. Both these cost-effective methods were considered

for the commercial production of an oil rich in 20:4(006). It was also suggested

that this oil could be used as a food and feed supplement. However, recent

experiments done by Rob Roobol & Wim Kool (Streekstra, 1997), indicated

that certain strains of M. alpina show moderate antibiotic activity in solid state

cultures, but not in liquid cultures. Consequently, Streekstra (1997)

suggested the use of liquid media for the production of 20:4(006), until the

antibiotic principle has been elucidated.

In addition, completely submerged cultures are generally used for the

production of 20:4(006), because it is known that with these kinds of cultures,

significant amounts of 20:4((06) can be obtained within relatively short

cultivation periods (Streekstra, 1997). Most studies on the production of

20:4((06) by MortierelIa have been conducted using shake flasks as culture
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vessels. For example, seven different strains of MortierelIa were tested for

the production of 20:4(co6) on three different media (Bajpai et al., 1991 a). The

media were GY medium [consisting of (per litre): glucose, 20g and yeast

extract, 1ag], YM medium [consisting of (per litre): glucose, 10g; polypeptone,

5g; yeast extract, 3g and malt extract, 3g] and Hansson-Oostalek medium (HO

medium). Hansson-Oostalek medium consisted of the following (per litre):

glucose, 30g; yeast extract, 5g; KH2P04, 2.4g; KNO, 1g; CaCI22H20, 0.1g;

MgS047H20, 0.5g; FeCI3'6H20, 15.0mg; ZnS04'7H20, 7.5mg; CuS04'H20,

0.5mg. The highest 20:4(co6) concentration that was subsequently recorded

was 1.09 g/I, which was obtained from M. alpina ATCC16266, when cultivated

in Hansson-Oostalek medium at 25°C for 6 days. Bajpai et al. (1991 c)

conducted another study during which the same three different media were

tested for the ability to support 20:4(co6) production in MortierelIa. Once again,

HO medium was found to be the most efficient supporter of 20:4(co6)

production and accumulation. In this medium, M. alpina ATCC32222, grown

at 25°C for 6 days, was able to accumulate 1.68 gII 20:4(co6). In 1997

Bajpai's co-workers, Ward & Singh, tested four strains of M. alpina and two

strains of M. elongata for 20:4(co6) production on a medium similar to

Hansson-Oostalek medium (Singh & Ward, 1997). MortierelIa alpina was

found to produce 0.9 gII 20:4(co6), when grown for 6 days at 25°C. However,

when soy flour was added to the medium, a 20:4(co6) concentration of 3.0 gII

was obtained. In an attempt to increase the 20:4(co6) concentration of

M. alpina ATCC32222, shake-flasks containing a basal medium were

supplemented with soy flour, corn steep liquor and corn oil at 25°C. The

basal medium consisted of (per litre): glucose, 50g; yeast extract, 5g; NaN03,

3g; KH2P04, 1g; MgS04. 0.5g; KCI, 0.5g; FeCb, 1.45mg; CUS04, 0.01 mg;

MnCI2AH20, 4.3mg; CoCI2'6H20, 0.13mg and ZnCb 0.3mg. Additional

glucose was added to the cultures after three days of fermentation, which

resulted in a 20:4(co6) concentration of 9.1 gII after a total incubation period of

eight days. Implementing a fed-batch system by growing the biomass at
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25°C for three days (to maximise growth), adding 20g/1 glucose, daily (day 4-

11) and shifting the incubation temperature to 15°C from the fourth day

onward, increased the 20:4(w6) concentration to 11.0 gII (w/w), after a total of

11 days of fermentation. Although the growth rate was lower at 15°C, the

cellular lipid and 20:4(w6) concentrations increased significantly.

Very little has been reported from fermentor studies regarding 20:4(w6)

production. This may be ascribed to technical problems surrounding the

cultivation of a filamentaus fungus in a fermentor, such as mycelial clumping

due to sensitivity to mechanical stress (Lindberg & Molin, 1993; Hansson &

Dostalek, 1988). In addition, the mycelium of Morfiere//a is mostly coenocytic,

thus, mechanical damage is not easily repaired (Hansson & Dostalek, 1988).

However, submerged cultures in fermentors offer advantages if the production

can be scaled up (Shinmen et al., 1989). In a study conducted with a 5 I

bench-scale fermentor, 3.6 gII 20:4(w6) was obtained when M. alpina 1S-4

was cultivated under optimal conditions. This process was successfully

scaled up to a 2000 I fermentor. On cultivation for 10 days, the fungus

produced 22.5 kg/kl biomass, containing 44% lipid, in which 20:4(w6)

comprised 31% of the total fatty acids. This value corresponded to 3 kg/kl
20:4(w6).

Lindberg and Molin (1993) obtained an oil containing 57% (w/w) 20:4(w6) from

M. alpina CBS343.66. At the time this was the highest percentage 20:4(w6)

reported for a fermentor culture. Later, Li et al. (1995) optimised the

conditions for 20:4(co6) production in fermentors using M. alpina. The

particular medium used, resulted in dispersed rather than peneted mycelial

growth. Consequently, high concentrations of biomass and 20:4(co6) could be

obtained. An oil containing 72.5% (w/w) 20:4(co6) was finally obtained from the
culture.
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1.7 The effect of different parameters on growth and 20:4(006) production

by MortierelIa

1.7.1 Effect of carbon source

From the discussion above, it is obvious that 20:4(006) production is influenced

by various environmental factors. Several authors investigated the effect of

the carbon source on cell growth and 20:4(006) production (Shinmen et al.,

1989; Bajpai et al., 1991a; Bajpai et a/., 1991c; Li et a/., 1995; Chen et al.,

1997). Specific carbon sources were found to be effective for 20:4(006)

production in different strains. Although the lipid content of the biomass of

M. a/pina ATCC 16266 with glycerol as carbon source was low, the production

of 20:4(co6) was found to be more effective than with starch, maltose, glucose

and fructose (Bajpai et a/., 1991 a; Chen et el., 1997). Glucose was found to

be more effective for 20:4(006) production in M. a/pina UW-1 (Li et al., 1995)

and M. e/ongata 1S-5 (Yamada et et., 1987) than sucrose, starch and olive oil.

In these strains, glucose promoted the production of both high biomass and

20:4(006) concentrations. However, in some cases, glucose as carbon source

gave only moderate results. This was the case for, amongst others, M. a/pina

ATCC32222 and M. a/pina ATCC16266 (Bajpai et a/., 1991a; Bajpai et a/.,

1991c; Chen et a/., 1997). Soluble starch was found to be the most effective

carbon source for 20:4(006) and biomass production in M. a/pina Wuji-H4

(Chen et et., 1997).

In general, fructose and maltose gave moderate results, while starch, sucrose,

xylose, dextrin, paraffin, sodium palmitate, sodium stearate and linseed oil

gave poor results (Shinmen et al., 1989; Bajpai et a/., 1991 a; Bajpai et al.,

1991c; Li et a/., 1995; Chen et a/., 1997). Carbon sources such as corn oil,

corn starch, 'and soluble starch generally seemed to be suitable for moderate

growth and 20:4(006) production (Shinmen et al., 1989; Li et a/., 1995), while

n-hexadecane and n-octadecane, only promoted high 20:4(006) production,
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but poor mycelial growth (Shinmen et al., 1989). Olive, cotton or canola-oil as

carbon sources promoted high concentrations of 20:4(co6), which is expected,

since it is known that several natural oils may stimulate 20:4(ro6) production in

MortierelIa strains (Li et al., 1995). These oils contain 18: 1(ro9) and 18:3(co6)

as major fatty acids, which are known precursors of 20:4(ro6) (Certik &

Shimizu, 1999).

1.7.1.1 Effect of glucose as carbon source. Glucose is the most commonly

used sugar for 20:4(ro6) production in MortierelIa (Bajpai et al., 1991 c).

Consequently, the effect of different concentrations of glucose on fungal

growth and 20:4(ro6) production has been studied by a number of workers.

Different workers found the optimum glucose concentration for 20:4(co6)

production to be 2%, 4%, 5% or 10% (w/v) (Yamada et et., 1987; Shinmen et

al., 1989; Bajpai et al., 1991 a; Bajpai et al., 1991 c). Generally, increased

glucose concentrations resulted in an increase in the production of 20:4(co6)

(Bajpai et al., 1991 c; Li et et., 1995). However, it was found that when a

glucose concentration of 15% (w/v) was used, the percentage 20:4(ro6) in the

lipids decreased (Yamada et al., 1987; Li et al., 1995).

It was found that growth with glucose is usually rapid, regardless of the

nitrogen source, and produces a high biomass concentration (Shinmen et al.,

1989). In cultures with glucose in excess, 20:4(ro6) remains constant during

growth, while in cultures with glucose limitation, an increase in 20:4(ro6) is

observed with a corresponding decrease in 16:0, 18:0 and 18: 1(ro9) (Lindberg

& Molin, 1993), which are all precursors of 20:4(ro6) (Pohl, 1996; Certik &
Shimizu, 1999).

The exhaustion of glucose in the cultivation medium was found to influence

the morphology of fungal growth in cultures (Lindberg & Molin, 1993), which,

in turn, influences biomass and product formation (Singh & Ward, 1997). It
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was also found that high carbon or glucose levels in combination with low

nitrogen levels, support good lipid accumulation in fungi (Certik & Shimizu,

1998).

1.7.2 Effect of nitrogen source

It was found that a high carbon/nitrogen ratio, as well as the depletion of

nitrogen in the medium, is important for the initiation of lipid accumulation

(Bajpai et al., 1991c). The concentration of nitrogen in the medium as well as

the type of nitrogen source, may, therefore have an influence on lipid

accumulation in MortierelIa (Bajpai et aI., 1991c; Lindberg & Molin, 1993).

While potassium nitrate and sodium nitrite are known to be good nitrogen

sources for lipid accumulation in MortierelIa, the highest levels of lipid

accumulation in M. alpina Wuji-H4, were obtained with ammonium chloride or

urea as nitrogen sources (Chen et el., 1997). Urea also gave good yields of

biomass and 20:4(ro6) with M. alpina ATCC16266, but this strain had an

optimum biomass and 20:4(ro6) yield with 1% yeast extract as nitrogen source

(Bajpai et al., 1991a). Similar results were obtained with M. alpina 1-4S

(Shinmen et al., 1989). However, when the concentration of yeast extract in

the medium was increased to exceed 1% (w/w), it lead to a decrease in the

amount of 20:4(ro6), although biomass increased. Peptone, tryptone, malt

extract, ammonium nitrate, ammonium sulphate, ammonium chloride and

potassium nitrate as nitrogen sources only gave moderate results regarding

20:4(ro6) production (Bajpai et al., 1991a; Bajpai et al., 1991c; Chen et al.,

1997).

1.7.3 Effect of oxygen or aeration

Not much have been reported on the effect of oxygen or aeration on the

production of 20:4(ro6) by MortierelIa. This, however, is an important

parameter, since desaturase enzymes, responsible for the unsaturation of
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20:4(0)6), are dependant on molecular oxygen as a co-factor (Bajpai et al.,

1991 b). When Lindberg and Molin (1993) investigated the influence of

aeration on biomass production, lipid content and the composition of the fatty

acids in M. alpina CBS343.66, the following results were obtained. A change

in flow rate from 0.5 vvm to 1.0 vvm at 18°C increased the growth rate by

50%, however at 25 °C, no such effect was observed. It is known that

increased oxygen tension elevates unsaturation in fatty acid content in fungi

of the order Mucorales (Sumner et al., 1969; Losel, 1988). However, in

M. alpina CBS343.66 no changes in unsaturation could be found at 18°C or

at 25 °C when the aeration was increased.

Lindberg and Molin (1993) found that M. alpina CBS343.66 formed big fluffy

pellets during the first 24 hours of cultivation at 25°C. These pellets then

transformed into mycelia, that tended to clump. At lower temperatures (12°C

and 18°C) more stable pellets were formed. In general, the diameter of the

pellets decreased with decreasing temperature, thus, the pellets became

smaller as the solubility of oxygen increased (Lindberg & Molin, 1993). Since

growth morphology influences fungal product formation and fermentation,

factors influencing growth morphology, such as dissolved oxygen

concentration, should always be kept in mind (Singh & Ward, 1997;

Higashiyma eta!., 1999).

1.7.4 Effect of cultivation temperature

It is known that in MortierelIa, cultivation temperature is an environmental

factor that can have a significant effect on the degree of unsaturation of the

constituent lipids (Lindberg & Molin, 1993). As the growth temperature

decreases, the amount of unsaturated FAs tends to increase. This increases

the membrane fluidity and has been suggested to be an adaption to cold

environments. (Lindberg & Molin, 1993; Chen et al., 1997; Singh & Ward,

1997). Therefore, the effect of cultivation temperature on the biomass, the
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lipid content of the biomass, the 20:4(0)6) contents of the lipids and the

20:4(0)6) concentration, have been investigated by several authors (Bajpai et

a/.,1991 a; Bajpai et et.,1991c; Lindberg & Molin, 1993; Chen et el., 1997;

Singh & Ward, 1997).

Cultures of M. alpina ATCC 16266 and M. alpina ATCC 42430 produced more

biomass at a cultivation temperature of 11°C than at 25 °C, while cultures of

M. alpina ATCC 32222 produce more biomass at 25°C than at 11 °C (Bajpai

et et.,1991 a; Bajpai et al., 1991 c). Although the total lipids of M. alpina ATCC

32222, showed a slight increase at a cultivation temperature of 11°C, the

20:4(0)6) in the biomass and the 20:4(0)6) in the lipids as well as the 20:4(0)6)

concentration in all these strains were significantly lower at 11°C than at

25 °C (Bajpai et al., 1991 a; Bajpai et al., 1991 c). At temperatures, such as

11°C, it is known that Morlierella accumulates 20:5(0)3), while no detectable

amounts of this FA accumulate at cultivation temperatures of 20-28 °C (Bajpai

et al., 1991 a; Bajpai et al., 1991 c; Chen et et., 1997).

At a cultivation temperature of 30-35 °C, M. alpina 1S-4 grew rapidly and

dense, compared to growth at 28°C (Shinmen et al., 1989). However, there

was decreased accumulation of total lipids in the mycelium. Compared to the

results obtained using a cultivation temperature of 28°C, the 20:4(0)6) content

of the lipids was markedly less, while 18:0, instead of unsaturated 18 and 20

carbon fatty acids, was found to be the predominant fatty acid at 30-35 °C

(Shinmen et et., 1989). Morlierella alpina Wuji-H4 was unable to grow at a

temperature of 36°C (Chen et al., 1997), and likewise, M. alpina IFO 8568

could not grow at a temperature of 33°C (Totani & Oba, 1988). At 15°C the

growth of this strain was very slow, while the optimum temperature for growth

was 20 °C (Totani & Oba, 1988).
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Different strains of M. alpina had different 20:4(w6) maxima at different

temperatures. Shinmen et al. (1989) reported maximum 20:4(w6) values of

0.71 g/I - 0.88g/1 for M. alpina 1S-4, M. alpina 1-83 and M. alpina CBS 210.28

at 28°C, while a concentration of 0.84g/1 20:4(w6) was obtained for M. alpina

20-17 at 22°C. In 1997, Chen et al. reported that M. alpina Wuji-H4 produced

the highest concentration of 20:4(w6) (1.817 g/I) at 24°C. They noted that the

optimum cultivation temperature for 20:4(w6) accumulation in most strains of

M. alpina, was within ± 4 °C of 24°C (the optimum temperature of M. alpina

Wuji-H4). They ascribe this phenomenon to the rapid cell growth and high

20:4(w6) accumulation at this temperature.

Studies done over a temperature range of 18°C, 24 °C and 30°C, with

M. alpina Wuji-H4 indicated that biomass decreased and lipids increased

when the cultivation temperature was increased (Chen et al., 1997). Similarly,

the lipids of M. alpina CBS 343.66 increased when the temperature was

increased in studies done over a temperature range of 12°C, 18 °C and 250C

(Lindberg & Molin, 1993).

In order to combine the beneficial effects of rapid biomass production and

elevated levels of PUFA accumulation, Lindberg and Molin (1993) incubated

their cultures using different temperature combinations. A temperature shift

from 12°C to 25 °C increased the degree of unsaturation, but lowered the

total lipid content, while a temperature shift from 18°C to 25 °C resulted in a

high degree of unsaturation as well as a high lipid content. [Their findings

were in contrast to what is known about unsaturation of fatty acids, which is

expected to decrease with a increasing temperature (Rose, 1989).]

Using this technique of temperature shifting Singh and Ward (1997) obtained

a maximum concentration of 20:4(w6) from M. alpina ATCC 32222 when the

temperature was changed, after 3 days of cultivation, from 25°C to 15 0C.
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However, a similar temperature shifting, from 25°C to 12 °C, did not have any

effect on the production pattern of M. a/pina CBS 344.66 (Lindberg & Molin,

1993).

1.7.5 Effect of initial pH of the cultivation medium

Contrary to other environmental factors, the optimum initial pH for 20:4(0)6)

production, was found to be within a narrow range for all the Morfiere//a

strains tested. Bajpai et al. (1991 a) found that for Morfiere//a alpina ATCC

16266 the lipid content of the biomass, the degree of unsaturation and the

20:4(0)6) concentration was the highest when the initial pH was 6.0. Similarly,

the optimum initial pH range for M. alpina ATCC 32222, was between 6.0 and

6.7 (Bajpai et al., 1991c) and an initial pH of between 5.0 and 7.0 was most

suitable for good 20:4(0)6) production by M. a/pina 1S-4, M. a/pina 20-17 and

M. a/pina 1-83 (Shinmen et al., 1989). At pH 8.5 M. a/pina CBS 343.66 could

not grow and at pH 7.5 slow growth and lipid accumulation were recorded.

For this strain, an initial pH of 6.5 was the optimum, where the highest growth

rate and lipid content was achieved (Lindberg & Molin, 1993). From the

above, it seems that the optimum initial pH for 20:4(0)6) production in

M. a/pina is between pH 5 and pH 7.

1.7.6 Effect of ageing the mycelium

It was found that in addition to the culture conditions, the age of the culture

impacts on lipid production in micro-organisms (Cerda-olmedo & Avalos,

1994). In general, the trend is for unsaturated fatty acids to decrease as the

mycelium ages. However, studies indicated that increased concentrations of

PUFAs could be obtained from Morfiere//a after ageing of the mycelium

(Bajpai et al., 1991a; Bajpai et al., 1991b). Although factors 'affecting the

production of PUFAs during ageing have not been widely studied, a number

of authors have reported some aspects of this phenomenon.
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When the mycelium of M. alpina ATCC 32222 was harvested from shake

flasks and aged for 6 days, the major cellular fatty acids, 18:0, 18:1 and 18:2,

diminished, while a concomitant rise in the 20:4((06) content of the lipids was

noted (Bajpai et et., 1991 b). At the end of the ageing period, the 20:4((06)

content of the lipids had increased to nearly 70% of the total FAs. Ageing the

mycelium at pH 6 gave the highest 20:4((06) content of the lipids.

Temperature of ageing had little effect on 20:4((06) content. When M. alpina

ATCC 16266 mycelium, harvested from shake flasks, was aged at 22°C for 7

days, the 20:4((06) content of the biomass and of the lipids increased (Bajpai

et al., 1991 a). This was true for both the 2% glucose medium, as well as the

5% glucose medium M. alpina ATCC 16266 was grown on. When grown on

the 5% glucose medium, the percentage 20:4((06) in the biomass increased

from 8.3 to 13.5% (%w/w) and the 20:4((06) in the lipids increased from 25.3 to

41.3% (%w/w). Likewise, the percentage 20:4((06) obtained with the 2%

glucose medium increased from 5.7 to 8.7% (%w/w) in the biomass and the

20:4((06) in the lipids increased from 43.3 to 65.9% (%w/w) after ageing.

Similarly, the mycelium of M. alpina 1S-4, harvested from a fermentor culture

and aged for 6 days at 28°C, showed an increase in the 20:4((06) content of

the lipids (Shinmen et et., 1989).

In contrast to the above, no change in the fatty acid composition during

storage, could be observed in dispersed mycelium from samples withdrawn

from a fermentor culture (Lindberg & Molin, 1993). However, the overall

20:4((06) content of the mycelial cake floating on top of the dispersed

mycelium, increased. It was suggested that the cells in the cake had better

access to oxygen, which allowed for the continued anabolism of the PUFAs

during storage (Lindberg & Molin, 1993). As a result of the above mentioned

observations, the ageing of mycelium may have a practical application in the

development of fungal systems for the production of 20:4((06).
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1.7.7 Effect of changes in the medium composition

Various workers found that supplementing the cultivation medium with

different organic or inorganic substances, or increasing the concentration of

nutrients in the medium, may impact on 20:4(ro6) production in MortierelIa.

(Shinmen et al., 1989; Bajpai et al., 1991a; Bajpai et al., 1991c; Li et al., 1995;

Eroshin et el., 1996a; Singh & Ward 1997; Higashiyama et al., 1998a; Certik

& Shimizu, 1999).

It was found that the addition of natural oils to the cultivation medium

stimulates biomass and 20:4(ro6) production (Shinmen et al., 1989; Li et al.,

1995; Singh & Ward, 1997). These oils included vegetable, soybean, olive,

peanut, corn-and-canola-oil as well as fish oil. All the oils contain 18: 1 and

18:2 as major FAs and it was speculated that the increased 20:4(ro6) content

of the mycelia, which was observed after supplementing the cultivation media

with these oils, may be as a result of the fungi using these exogenous fatty

acids as precursors for 20:4(ro6) synthesis (Shinmen et al., 1989; Li et al.,

1995; Singh & Ward 1997). When cultures of M. alpina ATCC 32222 were

supplemented with corn oil or canala oil, both the cultures exhibited an

20:4(ro6) concentration of 4.7 gII, which was about 50% higher than the

20:4(ro6) concentration (3.1gII) of a culture without any oil supplementation

(Singh & Ward, 1997).

It is known that product formation in fungal fermentation may be influenced by

the growth morphology of the culture (Singh & Ward, 1997; Higashiyama et

el., 1998b). Pellet formation reduced growth rate and caused a longer lag

phase in cultures (Singh & Ward, 1997). Therefore, insoluble· medium

constituents were tested for the ability to counteract pellet formation (Li et al.,

1995; Singh & Ward, 1997). It was found that the addition of glass beads and

polymers to the cultivation medium did not counteract pellet formation.

However, the addition of soy flour resulted in dispersed, rather than pelleted,
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growth (Li et el., 1995; Singh & Ward, 1997). Biomass and 20:4((06)

production were found to be high in media supporting dispersed growth (Li et

al., 1995; Singh & Ward, 1997), since a two-fold increase in biomass and

20:4((06) was observed when soy flour was incorporated into the cultivation

medium of M. alpina ATCC32222 (Singh & Ward, 1997).

The addition of sodium palmitate and sodium stearate to the cultivation

medium did not enhance the production of 20:4((06) in Morlierella (Li et al.,

1995). Similarly, the addition of free FAs suppressed FA production by the

fungus. However, the addition of n-paraffin enhanced 20:4((06) production,

but biomass production was poor. It was found that the addition of manganese

ions may promote 20:4((06) production in M. alpina, but addition of iron ions at

concentrations of 40 mgll and higher, strongly inhibited the production of

20:4((06) (Certik & Shimizu, 1999). The addition of aspirin to the cultivation

medium totally inhibited growth of 20:4((06) producing Morlierella species

(Eroshin et al., 1996a).

Adding sesamin, a compound found in sesame seeds, to the cultivation

medium of Morlierellla alpina 1S-4, inhibited 20:4((06) production (Shimizu et

al., 1991). This compound inhibited the enzyme 65 desaturase and therefore

20:3((06) could not be converted to 20:4((06) (Fig. 2). In contrast,

supplementation of the medium with of a mineral mixture, containing KH2P04,

CaCb. MgCI2 and Na2S04, enhanced the 20:4((06) concentration of this strain

(Higashyama et el., 1998b)

When NaN03 was replaced with 1% (w/w) corn steep liquor as' nitrogen

source, the 20:4((06) concentration of M. alpina ATCC 32222 increased from

3.1g/l to 4.9 g/l (Singh & Ward, 1997). Higher concentrations of corn steep

liquor caused a decrease in total lipid content, as well as in the 20:4((06)

concentration (Singh & Ward, 1997).
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Bajpai et al. (1991 c) tested three different media to support growth and

20:4(ro6) production in M alpina ATCC 32222. The media were glucose-yeast

extract (GY), yeast extract-malt extract (YE) and Hansson-Oostalek (HO)

medium. Hansson-Oostalek medium, which resulted in a 20:4(ro6)

concentration of 1.68 gii, gave the highest biomass production as well as the

highest lipid content of the biomass. When the nutrient concentration in the

HO medium was increased three-fold (resulting in a so-called triple strength

medium), the biomass doubled and there was a 2.2-fold increase in the

concentration of 20:4(ro6),' which amounted to 3.73g/l. Although the lipid

content of the cultures grown on the triple strength medium was higher, the

percentage 20:4(ro6) within the lipids was lower. Interestingly, the 18:0

contents of the cultures (%w/w) grown on the triple strength medium was

higher than that of the cultures grown on the single strength medium. The

transformation of this precursor to 20:4(ro6), was probably not as effective in

the triple-strength medium as in the single strength medium.

However, when different Morlierella strains than the above, were screened for

growth and 20:4(ro6) production by the same workers on the same three

media, different results were obtained (Bajpai et al. 1991a). Although HO

medium still supported the highest biomass production of the seven strains

the workers tested, this medium did not support the highest 20:4(ro6) contents

within the lipids. In general, the GY medium was found to be the most

effective for 20:4(ro6) production, and promoted a high percentage 20:4(ro6) in

the lipids [up to 43%, (w/w)].

1.8 Industrial applications

In the past, the production of fungal oils was not economically viable

(Ratledge, 1994). However, despite a negative public perception of using

fungi for edible oil production, a stable economic niche now exists for the
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fungal production of 20:4(0)6) (Ratledge, 1994; Streekstra, 1997; Certik &

Shimizu, 1999). This is largely as a result of the speciality character of

20:4(0)6), the absence of competing sources and the fact that strains of

M. alpina have been proven safe for the production of food ingredients.

The utilisation of mucoralean fungi for the production of food additives is not a

novel concept. Members of the Mucorales have a long track record as a

source of commercial enzymes (Streekstra, 1997) and oils rich in 18:3(0)6)

(Certik & Shimizu, 1998; Certik & Shimizu,1999). From 1985 to 1990, Mucor

circinelliodes was used for the production of 18:3(0)6) in a full-scale process

operated by J. & E. Sturge Ltd in England. Idemitzu Ltd in Japan is still

operating a process for the production of 18:3(0)6)-rich oil using M. isabellina

(Ratledge, 1994; Certik & Shimizu, 1998). This oil is used as a food additive

and as an ingredient of cosmetics. In addition, some CunninghamelIa species

were found to be good producers of 18:3(0)6) and studies on the potential

commercialisation of 18:3(0)6) production using this genus have also been

conducted (Certik & Shimizu, 1998).

Currently, M. alpina is being used for the production of a trigliceride oil which

contains 40% 20:4(0)6), no 0)3 FAs and small amounts of other long chain

PUFAs (Koskelo et al., 1997). This oil, known as ARASCO®, is being

produced by conventional fermentation and has been used in toxicity studies

in humans and animals. With the above as background and the knowledge

that attempts have already been made to commercialise large scale

production of 20:4(0)6) using MorfierelIa (Totani & Oba, 1992), it can be

concluded that the possibility exists that 20:4(0)6), as' obtained from

MortierelIa, will soon be generally available as a dietary supplement (Gill &
Valivety, 1997a).
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1.9 Aim

The ultimate aim of this study was to develop and test an isolation procedure

for MortierelIa strains able to produce 20:4(0)6). In order to achieve this, it

was first necessary to develop an isolation procedure, which is specific for

members of the genus MortierelIa (Chapter 2). Thereafter, the obtained

isolates were screened for 20:4(0)6) production on a solid medium and in two

different liquid media (Chapter 3 and 4).
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2.1 Introduction

Oils containing dietetically important polyunsaturated fatty acids (PUFAs)

such as arachidonic acid [20:4(0)6)] are considered to be of high value

(Ratledge, 1992). A current commercial source of oils containing 20:4(0)6) is

porcine liver, but an alternative source which has been extensively studied is

fungi belonging to the genus MortierelIa (Streekstra, 1997). Attempts have

been made to improve 20:4(0)6) production in MortierelIa species by

changing the culture conditions (Bajpai et al., 1991). In addition, various

fungal strains have been screened in order to find the best producer of this

fatty acid (Bajpai et al., 1991; Kendrick & Ratledge, 1992).

Interestingly, Eroshin et al. (1996) found that 20:4(0)6) producing MortierelIa

strains are sensitive to aspirin in the growth medium. After screening 87

MortierelIa strains they proposed a screening procedure, utilising aspirin, to

distinguish 20:4(0)6) producing MortierelIa strains from other members of this

genus that do not produce this fatty acid.

Although the incidence of 20:4(0)6) production by representatives of

MortierelIa has been well documented (Amano et al., 1992), the ecological

reason why only representatives of MortierelIa and not other mucoralean

fungi produce this PUFA (Amano et al., 1992), still needs to be elucidated.

However, it was found that fungi produce more PUFAs at lower growth

temperatures (Manocha & Campbell, 1978). More PUFAs in the membranes

increase the membrane fluidity and presumably is an adaptive response to a

cold environment (Walker & Woodbine, 1979; Lomascoio et el., 1994).

Interestingly, Carreiro & Koske (1992) found that an isolation temperature of

o °C instead of 25°C, mainly selects for representatives of MortierelIa

subgenus MortierelIa. Representatives of this subgenus have been found by

other authors to produce 20:4(0)6) (Amano et al., 1992).
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With the above as background, it became the aim of this study, to develop

and test a low temperature isolation procedure for 20:4(0)6) producing

members of the genus Mortiere//a.

2.2 Materials and methods

2.2.1 Isolation of MortierelIa

Malt extract agar (MEA) as isolation medium and an incubation temperature

of 5°C, were evaluated for the ability to isolate Mortiere//a species from soil.

The sampling site comprising an area of 10m2, is situated in Alti Mountain

Grassland (Low & Rebelo,1996) within an humid summer rainfall region in

Kwazulu-Natal, South Africa. The mean annual rainfall is 1340.8 mm, while

the mean annual temperature is circa 10°C. The soil temperature at the

time of sampling (mid-winter) was 5°C, while the soil moisture content was

28.79 ± 0.18% (w/w) determined by drying soil in an electric oven at 105°C

for 12 h (Eicker, 1970). The soil had an hydrogen ion concentration of pH

4.96 determined according to the method of Spotts & Cervantes (1986). The

organic matter content of the dried soil was 39.55 ± 0.40% (w/w) determined

by ignition (Eicker, 1970).

At the sampling site, the surface litter was first scraped away to reduce

contamination from this habitat. A soil sample of 919 g, comprising nine

subsamples, was taken at random over the area of the site, each to a depth

of 10 cm. The subsamples were mixed in the laboratory to produce the

sample which was then further processed.

The soil plate technique of Warcup (1950) utilising MEA was then used to

isolate the fungi from the sample. Soil plates were prepared by transferring

0.005 g of soil from the sample to each of five sterile Petri dishes. Eight

millilitres of cooled molten MEA was then added to each Petri dish. The
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cultures were incubated at 5 °C in the dark and observed for growth. After 8

days of incubation, growth from each of the developing colonies were

transferred to fresh MEA and further purified. Isolates were identified on

MEA and potato-carrot agar according to the keys and descriptions given by

Zychae & Siepmann (1969) Gams (1976, 1977) Schipper (1978), Domsch et

al. (1980) and Sutton (1980). In order to confirm the identity of certain

isolates, their characteristics were compared to those of CBS cultures grown

under identical conditions.

2.2.2. Culture conditions for fatty acid analyses

A pre-inoculum was prepared for each MortierelIa isolate by preparing plate

cultures grown for one week at 20°C on MEA. A square (9 mrn'') containing

growth was then cut from the culture and used as inoculum. Each isolate

was inoculated in triplicate onto malt extract gelatine (MEG) contained in

Petri dishes (diameter 80mm).

The MEG consisted of 2% (w/w) malt extract (Difco) and 10% (w/w) gelatine

(Biolab). The triplicate cultures of each isolate were incubated at 20°C,

because it is known that, at this temperature 20:4(0)6) accumulation is

stimulated in MorfierelIa (Bajpai & Bajpai, 1993). At lower temperatures (e.g.

5°C), a temperature-sensitive ,117 desaturase is activated which catalyses

the formation of eicosapentaenoic acid [20:5(0)3)] from 20:4(0)6).

As soon as the colony diameter reached 80 mm the fungal growth was

harvested. This was accomplished by washing the MEG from the colony on

filter paper (Whatman no. 1.) using 250 ml of distilled water at 30°C. The

biomass was then freeze dried.

2.2.3 Fatty acid analyses

The lipids were extracted from the freeze dried biomass using

chloroform/methanol (2: 1, w/w) (Kendrick & Ratledge, 1992). The extracted
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lipids were dried under nitrogen gas and then methylated by the addition of

trimethyl sulphonium hydroxide (TMSH) (Butte, 1983). The methylated fatty

acids were analysed with a Varian 3300 gas chromatograph and a

Supelcowax 10 glass capillary column (0.75 mm x 30 m) with nitrogen (5.00

ml/min) as carrier gas (Kock, 1988). Peaks were identified by reference to

authentic standards and the percentage 20:4(0)6) in the lipid was calculated

relative to the other long-chain fatty acids present. These fatty acids

included palmitic acid (16:0), palmitoleic acid [16:1 (0)7)], stearic acid (18:0),

oleic acid [18: 1(0)9) l. linoleic acid [18:2(0)6) l, and y-linolenic acid [18:3(0)6)].

2.3 Results and discussion

2.3.1 Isolation of Morlierella

The isolates obtained when MEA as isolation medium and an incubation

temperature of 5°C were used to select MortierelIa species from soil, are

listed in Table 1. Fungi from the soil sample able to grow amounted to 2640

colony-forming units per gram soil (CFU/g), as determined using the soil

plate technique of Warcup (1950). Mortierel/a isolates comprised 92.4% of

the total number of fungi obtained, while 6% comprised of Mucor isolates and

1.5% were higher fungi representlnq the genus Pestalotiopsis.

Interestingly, when soil plates were prepared from the same soil sample,

using MEA and an incubation temperature of 20°C, the total number of fungi

obtained was 5500 CFU/g (Results not shown). In this case MortierelIa

subgenus MortierelIa isolates comprised only 64% of the total number of

fungi obtained, MortierelIa subgenus Micromucor comprised 2'%, while Mucor

isolates comprised 15% and 20% were higher fungi. These higher fungi

comprised of Trichoderma and Penicillium isolates
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Table 1. The fungal isolates obtained from the soil sample

Species CFU/g Isolate no. Percentage 20:4((1)6)
Morlierella alpina
Peyronel 560 4j 62.0

5d 57.0
Si 38.4
4k 35.3
Sc 23.1
2k 15.5
Sh 14.0

10c 13.3
2h 4.8
4f 3.9
2c 3.1
4h 2.3
9a 1.9
4r 1.7

MortierelIa angusta
(Linnem.) Linnem. 40 10g 23.8

MortierelIa antarctica
Linnem. 240 4a 62.4

4q 44.6
4g 22.6

10L 8.0
9g 2.3
90 2.3

Morlierella basiparvispora
W. Gams & Ginsbergs 200 Sa 28.3

10d 13.8
9i 12.6
4p 8.4
9j 2.9

MortierelIa camargensis
W. Gams & R. Moreau 40 2i 0.6

MortierelIa clonocystis
W.Gams 40 10e 29.6

MortierelIa elongata
Linnem. 40 Sj 5.3

MortierelIa epicladia
W. Gams & van Emden 160 2L 1.8

10i 1.6
2g 1.6
9f 1.0

MortierelIa gamsii Milko 120 4d .20.0
4e 7.5
4s 7.2



Mortierel/a verticil/ata
Linnem.

Mortierel/a zychae
Linnem.

Mortierel/a sp 1

Mortierel/a sp 1

Mortierel/a sp 1

Mortierel/a sp1

Mortierel/a sp1

Mortierel/a sp 1

Mortierel/a sp 1

Mortierel/a sp 1

Mortierel/a sp 1

Mortierel/a sp1

Mortierel/a Sp2
Mortierel/a Sp2
Mortierel/a Sp2
Mortierel/a Sp2
Mucorsp.
Pestalotiopsis sp.

40

Isolate no. Percentage 20:4(Cil6)

9d 0.7

10f 13.6
4L 4.0

40 7.6

5b 10.6

9c 1.8

ge 13.5
4n 8.1

2d 2.0

2b 1.9

9q 14.1
9n 8.8

10j 23.4
9k 18.6
2e 18.5
2a 12.4

10m 11.6
10a 9.6
5g 7.0
9m 4.5
5e 0.8
5f 40.6
2j 4.8
9h 0.3

10h 0.2
NO
NO
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Table 1. Continued

Species CFU/g
Mortierel/a globalpina
W. Gams & Veenbaas-Rijks 40

Mortierel/a horticola
Linnem. 80

Mortierel/a minutissima
Tiegh. 40

Mortierel/a parazychae
W.Gams 40

Mortierel/a parvispora
Linnem. 40

Mortierel/a sarnyensis
Milko 80

Mortierel/a selenospora
W. Gams 40

40
400

160

160
40

The percentage 20:4(Cil6) in the lipid was calculated relative to the other long-chain
fatty acids present. These fatty acids included palmitic acid (16:0), palmitoleic acid
[16:1(007)], stearic acid (18:0), oleic acid [18:1((1)9)], linoleic acid [18:2((1)6)] and
gamma-linolenic acid [18:3((1)6)]. Values are the means of three repetitions. The
standard deviations of the values are less than 10%. NO= not determined.
1 Identifiable as Mortierel/a due to colony odour and habit, however no distinguishing
characteristics were noted.
2 Identifiable as Mortierel/a due to colony odour and habit and the presence of
smooth chlamydospores, however no distinguishing characteristics were noted
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At an isolation temperature of 5 DC,the most abundant identifiable Mortierel/a

species in the soil sample was Mortierel/a alpina (560 CFU/g) followed by

Mortierel/a antarctica (240 CFU/g) and Mortierel/a basiparvispora (200

CFU/g). In addition, representatives of fifteen other species of Mortierel/a

subgenus Mortierel/a, were also isolated from the soil sample (Table 1).

As in the case of Thamnidium (Hesseltine & Anderson, 1956; Benny &

Benjamin, 1975), all the Mortierel/a isolates isolated at 5°C were

psychrotolerant and hence able to grow at 5 DCas well as at 20°C and 25°C.

This characteristic distinguishes these fungi from true psychrophilic fungi,

which includes members of Chaetocladium and Helicostylum, that grow

poorly at temperatures of 25°C and above (Brooks & Hansford, 1923;

Hesseltine & Anderson, 1957; Benny, 1995).

All the Morlierella isolates isolated at 5°C were able to produce 20:4(co6) at

20°C (Table 1). The highest percentages 20:4(co6) in the lipids, relative to the

other long chain fatty acids present, were obtained with Mortierel/a antarctica

4a (62.4%) and Mortierel/a alpina 4j (62.0%). The overall lowest percentage

20:4(0)6) was obtained with MortierelIa species 10h, the percentage 20:4(co6)

obtained was 0.2%. It is also noteworthy that the percentage 20:4(co6)

differed significantly within species, for example within MortierelIa alpina it

ranged from 1.7%, obtained with isolate no. 4r, to 62%, obtained with isolate

no.4j.

2.4 Conclusions

The results showed that certain 20:4(co6) producing MortierelIa species can

selectively be obtained from soil, using MEA as isolation medium and 5 DCas

incubation temperature. In the next two chapters, growth and 20:4(co6)

production of the MortierelIa subgenus MortierelIa strains obtained in this
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study will be compared to growth and 20:4(0)6) production of MortierelIa

strains isolated at 25°C.

2.5 References

Amano, N., Shinmen, Y., Akimoto, K., Kawashima, H. & Amachi, T.

(1992). Chemotoxonomic significance of fatty acid composition in the genus

MortierelIa (Zygomycetes, Mortierelaceae). Mycotaxon 44, 257-265.

Bajpai, P., Bajpai, P.K. (1993). Eicosapentaenoic acid (EPA) production

from micro-organisms: a review. Journal of Biotechnology 30,161-183.

Bajpai, P.K., Bajpai, P. & Ward, O.P. (1991). Arachidonic acid producing

fungi. Applied Environmental Microbiology 57(4), 1255-1258.

Benny, G.L. (1995). Observations on Thamnidiaceae. VII. Helicostylum and

a new genus Kirkia. Mycologia 87, 253-264.

Benny, G.L. & Benjamin, R.K. (1975). Observations on Thamnidiaceae

(Mucorales). New taxa, new combinations, and notes on selected species.

Aliso 8, 301-351.

Brooks, F.T. & Hansford, e.G. (1923). Mould growth on cold-store meat.

Transactions British Mycological Society 8, 113-142.

Butte, N. (1983). Rapid method for the determination of fatty acid profiles

from fats and oils using trimethyl sulphonium hydroxide for transesterification.

Journal of Chromatography 261, 142-145.



60

Carreiro, M.M. & Koske, R.E. (1992). Room temperature isolations can

bias against selection of low temperature microfungi in temperate forest soils.

Mycologia 84, 886-900.

Domseh, K.H., Gams, W. & Anderson, T-H. (1980). Compendium of soil

fungi (pp. 431-460). Academic Press, London.

Eicker, A. (1970). Vertical distribution of fungi in Zululand soils.

Transactions British Mycological Society 55, 45-47.

Eroshin, V.K., Dedyukhina, E.G., Christyakova, T.I., Zhelifonova, V.P.,

Kurtzman, C.P. & Bothast, R.J. (1996). Arachidonic acid production by

species of MortierelIa. World Journal of Microbiology and Biotechnology 12,

91-96.

Gams, W. (1976). Some new or noteworthy species of MortierelIa.

Persoonia 9, 111-140.

Gams, W. (1977). A key to the species MortierelIa. Persoonia 9, 381-391.

Hesseltine, C.W. & Anderson, P. (1956). The genus Thamnidium and a

study of the formation of its zygospores. American Journal of Botany 9, 696-

703.

Hesseltine, C.W. & Anderson, P. (1957). Two genera of moulds with low

temperature growth requirements. Bulletin Torrey Botanical Club 84, 31-45.

Kendrick, A. & Ratledge, C. (1992). Lipids of selected moulds grown for

preduetion of n-3 and n-6 polyunsaturated fatty acids. Lipids 27, 15-20.



61

Kock, J.L.F. (1988). Chemotaxonamy and yeasts. South African Journal of

Science 8,735-740.

Lomascoio, A., Dubreucq, E., Perrier, V. & Galzy, P. (1994). Study of

lipids in Lipomyces and Waltomyces. Canadian Journal of Microbiology 40,

724-729.

Low, A.B. & Rebelo, A.G. (1996). Vegetation of South Africa, Lesotho and

Swaziland. Department of Environmental Affairs and Tourism, Pretoria,

South Africa.

Manoeha, M.S. & Campbell, C.D. (1978). The effect of growth temperature

on the fatty acid composition of Thamnidium elegans Link. Canadian

Journal of Microbiology 24, 670-674.

Ratledge, C. (1992). Microbial Lipids: Commercial realities or academic

curiosities. In: Kyle D.J. & Ratledge, C. (Eds.) Industrial applications of

single cell oils (pp. 1-15). American Oil Chemists' Society, Champaign,

Illinois.

Schipper, M.A.A. (1978). On certain species of Mucor with a key to all

accepted species. Studies in Mycology 17, 1-52.

Spotts RA & Cervantes LA (1986). Populations of Mucor piriformis in soil

of Pear Orchards in the Hood River Valley of Oregon. Plant Disease 70,

935-937.

Streekstra, H. (1997). On the safety of MortierelIa alpina for the production

of food ingredients, such as arachidonic acid. Journal of Biotechnology 56, .

153-165.



62

Sutton, B.C. (1980). The Coelomycetes. Commonwealth Mycological

Institute. Kew, England.

Walker, P. & Woodbine, M. (1979). The Biosynthesis of Fatty Acids. In:

Smith J.E & Berry D.R. (Eds.) The Filamentous Fungi, vol 2. (pp.137-155).

Edward Arnold Publishers, London.

Wareup, J.H. (1950). The soil-plate method for isolation of fungi from soil.

Nature 166,117-118.

Zychae, H. & Siepmann, R. (1969). Mucorales, Eine Beschreibung aller

Gattungen und arten diese Pilzgruppe. Verlag Von J. Cramer, Lehre.



"

• 'I •

CHAPTER 3, ,.

, .
, ,

, RADIAL GROWTH AND ARACHIDONIC ACID~ .' . , .
PRODUCTION OF MORTIERELLA SUBGENUS '. .. . . .. ,

MORTIERELLA ON MALT EXTRACT GELATINE'

"

. .



63

3.1 Introduction

In Chapter two it was found that members of the genus Morlierella subgenus

Morlierella can selectively be isolated from soil using malt extract agar (MEA)

as isolation medium and 5°C as incubation temperature. When these 5°C

isolates were grown on malt extract gelatine (MEG) at 20°C, all of them were

able to produce arachidonic acid [20:4((1)6)]. Since 20:4((1)6) producing

Morlierella species are normally isolated from soil at 20 to 25°C (Thornton,

1958), it is important to obtain an indication whether the strains isolated at

5°C, would have been isolated at 20°C in the absence of interfering growth of

unrelated fungal taxa.

In addition, it was necessary to compare 20:4((1)6) production of the 5°C

isolates, with 20:4((1)6) production of 25°C isolates of Morlierella subgenus

Morlierella, after cultivation on MEG at 20°C. This would then serve as an

initial screening to highlight those fungal strains that produced the highest

percentage 20:4((1)6) relative to other cellular long-chain fatty acids.

With the above as background it became the aim of this study to determine

the radial growth rate on MEG at 5°C and 20°C, for the Morlierella strains

originally isolated at 5°C from Alti Mountain Grassland soil (Chapter 2), as

well as for Morlierella strains isolated at 25°C. In addition, 20:4((1)6)

production by the 25°C isolates of Morlierella on MEG at 20°C, was

compared to the production of 20:4((1)6) by the Morlierella strains originally

isolated at 5°C from Alti Mountain Grassland soil.

3.2 Materials and Methods

3.2.1 Strains used

Twenty eight strains (Table 1), that were obtained from the Mucoralean

fungal culture collection (MUFS) of the University of the Orange Free State,
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Table 1. The percentage arachidonic acid produced by the culture collection strains

of Mortierelle originally isolated at 25 oe
Isolate no. Percentage 20:4((.06)

G7ci 60.6
G7fiii 58.2
Ggeiv 51.5
Ggeiii 49.2
G3ci 47.6
G9ai 42.3
Ggeii 40.5
Ggei 38.1
G1ciii 32.8
G6biv 26.3
G7fiv 8.4

G7aiii 45.2
G7fii 48.4
G1biv 29.2
G5di 22.9
G3eiii 9.0
G6di 2.9
G8diii 33.9
G6diii 12.2
G6dii 10.0
G8ciii 7.9
G1biii 4.2
G10civ 4.2
G1civ 50.8
G5biii 43.4
G7biii 35.8
V1biii 14.5
G8div 6.4

Species
MortierelIa alpina
Peyronel

Morlierella alliacea
Linnem.
MortierelIa Sp.1

MortierelIa Sp.'2

MortierelIa Sp.3

The percentage 20:4(ro6) in the lipid was calculated relative to the other long-chain
fatty acids present. These fatty acids included palmitic acid (16:0), palmitoleic acid
[16:1(ro7)], stearic acid (18:0), oleic acid [18:1(ro9)], linoleic acid [18:2(ro6)] and
gamma-linolenic acid [18:3(ro6)]. Values are the means of three repetitions. The
standard deviations of the values are less than 10%.
1 Identifiable as Mor1ierella due to colony odour and habit, however no distinguishing
characteristics were noted.
2 Identifiable as Mor1ierella due to colony odour and habit and the presence of
smooth chlamydospores, however no distinguishing characteristics were noted.
3 Identifiable as Mor1ierella due to colony odour and habit and the' presence of
asexual structures, although this species could not be identified according to the
keys and descriptions used.
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Bloemfontein, South Africa, were originally isolated on a complex medium at

circa 25°C, from Dry Sandy Highveld Grassland (Law & Rebelo, 1996) in the

Central Free State, South Africa. The other 61 strains were originally

isolated from Alti Mountain Grassland soil (Low & Rebelo, 1996) in Kwazulu-

Natal, South Africa using 5°C as isolation temperature (Chapter 2; See also

this chapter Table 2).

3.2.2 Identification of Morlierel/a strains

The culture collection strains of MortierelIa, originally isolated at circa 25°C,

were identified up to species level on MEA and potato-carrot agar according

to the keys and descriptions of Zychae & Siepman (1969), Gams (1976,

1977) and Domsch et al.(1980).

3.2.3 Culture conditions for determination of radial growth

A one week old culture on MEA cultivated at 20°C was prepared for each

strain. Six squares of 9 mm" each, was cut from the culture and used to

inoculate each of six Petri dishes containing malt extract gelatine (MEG).

The MEG consisted of 2% (w/w) malt extract (Difco) and 10% (w/w) gelatine

(Biolab ). The inoculations were made in the centres of the Petri dishes.

Three of the Petri dishes inoculated with each strain were incubated at 20°C

and the other three Petri dishes were incubated at 5 °C . All cultures were

incubated in the dark. The radial growth of the colonies was measured at

24 h intervals.

When the colony diameter of the cultures of the 25°C isolates incubated at

20 °C on MEG reached 80 mm, the fungal growth was harvested for fatty acid

analyses. This was accomplished by washing the MEG from the colony on

filter paper (Whatman no. 1.) using 250 ml of distilled water at 30°C. The

biomass was then freeze dried. All experiments were conducted in triplicate.
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Table 2. The percentage arachidonic acid produced by the 5 °C isolates of

MorfierelIa as previously determined in Chapter 2

Species Isolate no. Percentage 20:4«(1)6)

4j 62.0
5d 57.0
5i 38.4
4k 35.3
5c 23.1
2k 15.5
5h 14.0

10c 13.3
2h 4.8
4f 3.9
2c 3.1
4h 2.3
9a 1.9
4r 1.7

10g 23.8

4a 62.4
4q 44.6
4g 22.6

10L 8.0
9g 2.3
90 2.3

5a 28.3
10d 13.8
9i 12.6
4p 8.4
9j 2.9

2i 0.6

10e 29.6

5j 5.3

2L 1.8
10i 1.6
2g 1.6
9f 1.0

4d 20.0
4e 7.5
4s 7.2

MortierelIa alpina
Peyronel

MortierelIa angusta
(Linnem.) Linnem.

MortierelIa antarctica
Linnem.

MortierelIa basiparvispora
W. Gams & Ginsbergs

MortierelIa camargensis
W. Gams & R. Moreau

MortierelIa clonocystis
W.Gams

MortierelIa elongata
Linnem.

MortierelIa epicladia
W. Gams & van Emden

MortierelIa gamsii
Milko
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Table 2. Continued

Species Isolate no. Percentage 20:4(w6)

9d 0.7

10f 13.6
4L 4.0

40 7.6

Sb 10.6

9c 1.8

ge 13.5
4n 8.1

2d 2.0

2b 1.9

9q 14.1
9n 8.8

10j 23.4
9k 18.6
2e 18.5
2a 12.4
10m 11.6
10a 9.6
Sg 7.0
9m 4.5
Se 0.8
Sf 40.6
2j 4.8
9h 0.3

10h 0.2

MortierelIa globalpina

W. Gams & Veenbaas-Rijks
MortierelIa horticola
Linnem.

MortierelIa minutissima
Tiegh.

MortierelIa parazychae
W.Gams

MortierelIa parvispora
Linnem.

MortierelIa sarnyensis
Milko

MortierelIa selenospora
W. Gams

MortierelIa verticil/ata
Linnem.

MortierelIa zycha
Linnem.

MortierelIa Sp1

MortierelIa Sp2

The percentage 20:4(w6) in the lipid was calculated relative to the other long-chain
fatty acids present. These fatty acids included palmitic acid (16:0), palmitoleic acid
[16:1(w7) l, stearic acid (18:0), oleic acid [18:1(ro9) l. linoleic acid [18:2(ro6) land
gamma-linolenic acid[18:3(ro6) l. Values are the means of three repetitions. The
standard deviations of the values are less than 10%.
1 Identifiable as MortierelIa due to colony odour and habit, however. no
distinguishing characteristics were noted.
2 Identifiable as MortierelIa due to colony odour and habit and the presence of
smooth chlamydospores, however no distinguishing characteristics were noted
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3.2.4 Fatty acid analyses

The lipids were extracted from the freeze-dried biomass using

chloroform/methanol (2: 1, w/w) (Kendrick & Ratledge, 1992). The extracted

lipids were dried under nitrogen gas and then methylated by the addition of

trimethyl sulphonium hydroxide (TMSH) (Butte, 1983). The methylated fatty

acids were analysed with a Varian 3300 gas chromatograph and a

Supelcowax 10 glass capillary column (0.75 mm x 30 m) with nitrogen (5.00

ml/min) as carrier gas (Kock, 1988). Peaks were identified by reference to

authentic standards and the percentage 20:4(0)6) in the lipid was calculated

relative to the other long-chain fatty acids present. These fatty acids included

palmitic acid (16:0), palmitoleic acid [16:1(0)7)], stearic acid (18:0), oleic acid

[18:1(0)9)], linoleic acid [18:2(0)6)], and y-linolenic acid [18:3(0)6)].

3.3 Results and discussion.

3.3.1 Radial growth rate

To present the data obtained on the radial growth rate of the strains, the time

taken for each strain to reach a colony diameter of 80 mm at 20 oe was

plotted against the time taken for the strain to reach this same diameter at

5°C (Figs. 1 and 2). Consequently, relative faster and slower growers were

identified. The co-ordinates plotted in the first quadrant of the graphs

represent those strains that grew faster at 5 oe and 20 oe than those of which

the co-ordinates were plotted in the 3rd quadrant, which were the slowest

growing strains. The co-ordinates plotted in the 4th quadrant represent

strains that grew slower at 5 oe than strains of which the co-ordinates were

plotted in 1 st and 2 nd quadrants. However, strains of which the co-

ordinates were plotted in the 4 th quadrant grew faster at 20 oe relative to

strains of which the co-ordinates were plotted in the 2 nd and 3 rd quadrants.

The co-ordinates plotted in the 2nd quadrant represent strains that grew

relatively faster at 5 oe than strains of which the co-ordinates were plotted in

the 3 rd and 4 th quadrants. However strains of which the co-ordinates were
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Fig 1. Radial growth on MEG at 5 oe and 20 oe of culture collection isolates originally
isolated at circa 25 oe from Dry Sandy Highland Grassland soil.

~
Quadrant 1:
1- M. a/pin a G1eiii; 2- Morlierella sp. G6dii; 3- Morlierella sp. G8div; 4- Morlierella sp. V1 biii; 5- Morlierella sp. G5di, M.
a/pina Ggeii; 6- Morlierella sp. G7fii; 7- Morlierella sp. G1 biv; 8- M. a/pin a G7fiv; 9- Morlierella sp. G3eiii
Quadrant 2:
None
Quadrant 3:
20- M. a/pins G7ei
Quadrant 4:
10~Morlierella sp.Gl Ociv; 11- M. alliacea G7aiii; 12-Morlierella sp.G8eiii, M. a/pin a Ggeiv; 13- Morlierella sp.G1 biii; 14- M.
a/pina G6biv; 15- Morlierella sp. G1eiv; 16- Morlierella sp.G6diii; 17-M. a/pina,G3ei; 18- M. a/pina Ggeiii; 19- Morlierella
sp. G5biii, Morlierella sp. G7biii; 21- Morlierella sp.G8diii; 22- M. a/pina G7fiii; 23- M. a/pina G9ai, M. a/pin a Ggei; ·24-
Morlierella sp. G6di

Values are the means of three repetitions. The standard deviations of the values are less than 5 %.
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Fig. 2. Radial growth on MEG at 5 oe and 20 oe of fungal strains

originally isolated at 5 oe from Alti Mountain Grassland soil.

Kev:
Quadrant 1:
1- M. basiparvispora 9i, MortierelIa sp. 9k; 2- M. basiparvispora 4p, M. gamsii 45, MortierelIa sp. 2j; 3- M. alpina Sc; 4- M.
gamsii 4d, MortierelIa sp. 9h; 5- M. alpina 4f, M. camargensis 2i, M. horticola 4L, MortierelIa sp. 2e, MortierelIa sp. 9m; 6-
Mortierel/a sp. 5g; 7- M. elongata, Sj; 8- M. selenospora 2d, MortierelIa sp. 2a, Mortierel/a sp. 1Da; 9- M. basiparvispora
10d, M. antarctica 4g; 10- M. alpina Sd, M. alpina 4k; 11- M. antarctica 4q; 12- M. minutissima 40; 13- M. parvispora ge,
M. alpina 5h, M. alpina 2h; 14- M. epicladia 10i; 15- M. antarctica 10L, M. samyensis 4n; 16- M. basiparvispora Sa, M.
samyensis ge, Mortierel/a sp. 10h; 17- Mortierel/a sp. 10m; 18- MortierelIa sp. Se; 19- M. etenocyens 1oe; 20- M. alpina 9a,
M. globalpina 9d; 21- M. antarctica 90; 22- M. alpina 2k; 23- MortierelIa sp. 1Dj
Quadrant 2:
24- M. verticil/ata 2b; 25- M. gamsii 4e; 26- M. antarctica 4a; 27- M. alpina 4r
Quadrant 3:
28- Mortierel/a sp. 9n; 29- M. parazychae Sb
Quadrant 4:
30- M. basiparvispora 9j; 31- M. alpina 4j; 32- M. alpina 4h; 33- M. zychae 9q; 34- MortierelIa sp.5f; 35- M. alpina 10e; 36-
M. epicladia 9f; 37- M. epicladia 2L; 38- M. alpina 2e; 39- M. angusta 10g; 40- M. epicladia 2g; 41- M. horticola 10f; 42-
M. antarctica 9g, M. alpina 51

Values are the means of three repetitions. The standard deviations of the values are less than 5%.
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plotted in the 2 nd quadrant grew slower at 20°C than strains of which the

co-ordinates were plotted in the 1 st and 4 th quadrants.

The results obtained on the radial growth rate of the culture collection strains,

originally isolated 25°C is depicted in Figure 1. The co-ordinates

representing most of these strains (circa 61 %), grouped in the 4 th quadrant,

while circa 36 % of the co-ordinates grouped in the 1 st quadrant. This is in

contrast to the results obtained on the radial growth rate of strains originally

isolated from Alti Mountain Grassland soil at 5 "C (Fig. 2). In the latter case,

circa 67% of the co-ordinates grouped in the first quadrant and circa 23 %

grouped in the 4 th quadrant. Therefore, more strains isolated at 5 "C have a

higher radial growth rate at 5 "C and 20 "C, than strains isolated at 25°C.

This difference could be as a result of the different habitats the strains were

originally isolated from or diff.erent isolation methods used.

Similar to the results obtained for the 25°C isolates (Fig. 1), most of the co-

ordinates representing the 5 "C isolates grouped in the 1 st and 4 th

quadrants (Fig. 2). Therefore, the data presented in Figure 2 indicates that

most of the strains isolated at 5 "C on MEA (Chapter 2), would have been

isolated at 20 "C in the absence of interfering growth of unrelated fungal taxa.

However, although none of the 5 "C isolates was able to liquefy the gelatine

and hence utilise it as an additional nutrient, the results must be confirmed in

an experiment using MEA as culture medium.

3.3.2 Production of 20:4((1)6)

The results obtained on the relative percentage 20:4((1)6) produced at 20°C

on MEG are listed in Tables 1 and 2. All the culture collection strains

originally isolated at 25°C were able to produce 20:4((1)6)at 20 "C (Table 1.).

The highest relative percentages 20:4((1)6) in the lipids, were obtained with

MortierelIa alpina G7ci (60.6%), and MortierelIa alpina G7fiii (58.2%). The

overall lowes~ percentage 20:4((1)6) was obtained with MortierelIa sp. G6di

(2.9 %). Similar to the results obtained with strains isolated at 5 "C
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(Chapter 2; see also this chapter Table 2), the percentage 20:4(ro6) varied

within species isolated at 25°C (Table 1). The percentage 20:4(ro6) recorded

for strains of Mor1ierella alpina isolated at 25°C, ranged from 8.4% obtained

with isolate no. G7fiv to 60.6% obtained with isolate no. Glci (Table 1).

The percentage 20:4( ro6) recorded for strains of Mor1ierella isolated at 5°C,

ranged from 0.2% obtained with Mor1ierella sp. 10h to 62.4% obtained with

MortierelIa antarctica 4a (Table 2). This is similar to the percentages of

20:4(ro6) recorded for the 25°C isolates, which ranged from 2.9 % to 60.6%

(Table 1). The results therefore indicate that the low temperature isolation

procedure (Chapter 2) would be· as suitable to isolate 20:4(ro6) producing

MortierelIa from soil, than isolation procedures utilising complex media and

25°C as incubation temperature.

3.4 Conclusions

The results indicate that all of the strains of MortierelIa subgenus Mor1ierella

originally isolated at 25°C and 5°C, were psychrotrophic and hence capable

of growth at 25 0, 20°C and 5 °C (Chapters 2 and 3). The results also

indicate that most of the strains isolated at 5 °C on MEA (Chapter 2), would

have been isolated at 20°C in the absence of interfering growth of unrelated

fungal taxa. However, these results must be confirmed in future in an-
experiment using MEA as culture medium.

The results further indicate that the low temperature isolation procedure

(Chapter 2) would be as suitable to isolate 20:4(ro6) producing Mottieretie

from soil, than isolation procedures utilising complex media and 25°C as

incubation temperature. However, this initial screening for 20:4(06) production

was conducted on cultures .grown on solid media. In the next chapter,

selected Mor1ierella strains originally isolated at 5 ~C or 25°C will be tested

for 20:4(ro6) production in submerged shakeflask cultures.
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4.1 Introduction

According to literature, Mortiere/la a/pina Peyronel is the mucoralean species

which currently has the most potential to be used in the biotechnological

production of arachidonic acid [20:4(0)6)] (Streekstra, 1997). However, 20:4(006)

production within species of MortierelIa varies (Cerda-olmedo & Avalos, 1994;

Chapter 2; Chapter 3) and producers of high concentrations of 20:4(006) within

this species and genus are being sought to be used in the commercial

production of this polyunsaturated fatty acid (PUFA) (Certik & Shimizu, 1998).

In the previous chapters, strains of MortierelIa subgenus MortierelIa that were

isolated from soil utilising a low temperature isolation procedure, were screened

for the production of 20:4(0)6) on a solid medium, i.e. malt extract gelatine

(MEG). This was only adequate for a preliminary screening, since the preferred

cultivation technique for 20:4(0)6) production using these fungi, is submerged

liquid cultures (Streekstra, 1997). However, 20:4(006) production of a particular

MortierelIa strain, is known to be different in liquid media that differ in

composition (Bajpai et el., 1991a; Bajpai et el., 1991 b). This phenomenon must

be borne in mind when testing MortierelIa strains for 20:4(006) production in liquid

cultures.

It is also important to note that when MortierelIa is grown in a submerged culture

the bulk of 20:4(0)6) may accumulate in the neutral lipids (Eroshin et al., 1996)

and neutral lipids are easily extractable, compared to other lipid fractions

(Kendrick & Ratledge, 1992). From an economical point of view, this could be

advantageous, since extraction costs are major contributors to the costs involved

in fungal oil.

Consequently, the two M. a/pina strains isolated at 5 °C from Alti Mountain

Grassland soil, that gave the highest percentage 20:4(006) when grown on MEG
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(Chapters 2 and 3), were tested for 20:4(0)6) accumulation in the neutral lipids,

after cultivation in two different liquid media. In addition, the two M. alpina

strains, originally isolated at 25°C from Dry Sandy Highveld Grassland soil, that

gave the highest percentage of 20:4(0)6) on MEG (Chapter 3) were tested in the

same manner. A strain of M. alpina from an internationally recognised culture

collection was also included in the experiments to act as reference strain.

4.2 Materials and Methods

4.2.1 Strains used

Morlierella alpina 4j and M. alpina 5d, were selected from the isolates obtained

at 5 °C from Alti Mountain Grassland soil (Low & Rebelo, 1996) (Chapter 2).

Morlierella alpina G7fiii and Morlierella alpina G7ci, were selected from the

isolates originally obtained at 25°C from Dry Sandy Highveld Grassland soil

(Low & Rebelo, 1996) (Chapter 3). All of the above isolates are held at the

Mucoralean culture collection of the University of the Orange Free State, South

Africa. Morlierella alpina CBS 527.72 was obtained from and is held at the

Centraalbureau voor Schimmelcultures (CBS), The Netherlands.

4.2.2 Media used

Two media commonly used to study 20:4(0)6) production in Morlierella were used

to test the fungal strains in this study. The Glucose Yeast extract (GY) medium

contained (per litre): glucose, 20 g and yeast extract (Biolab), 10 g (Bajpai et al.,

1991 b). The Hansson-Dostalek (HO) medium was prepared according to the

procedure of Hansson and Dostalek (1988) and it contained (per litre): glucose,

30 g; yeast extract (Biolab), 5 g; KH2P04, 2.4 g; KN03, 1.0 g; CaCb·2H20, 0.1 g;

MgS047H20, 0.5 g; FeCb·6H20, 15.0 mg; ZnS047H20, 7.5 mg; CLiS04·H20, 0.5

mg. The pH of the media was adjusted to pH 6.
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4.2.3 Culture conditions for determination of growth curves.

One-week-old cultures of each strain, grown on malt extract gelatine (MEG) in

Petri dishes at 20°C, were used to inoculate each of the two liquid media

contained in shake flasks. Consequently, fungal biomass (40mm2
) was cut from

the growth on a MEG plate and aseptically transferred to 100ml of medium

contained in a 11 conical flask. A set of eight conical flasks of each medium was

inoculated with each strain. These cultures were allowed to grow on a rotary

shake incubator (160 r.p.m.; throw = 50mm) at a temperature of 20°C. At 48h

intervals, biomass was harvested by filtration (Whatman nO.1). The harvested

biomass was washed with distilled water, freeze dried and weighed.

Subsequently, the growth curve of each strain in each of the two media was

compiled and the stationary phase could be determined.

4.2.4 Culture conditions for fatty acid analyses

For each of the five fungal strains, the following inoculation and cultivation

procedure was performed: One week old cultures of each strain, grown on malt

extract gelatine (MEG) in Petri dishes at 20 oe, were used to inoculate each of

the two liquid media contained in shake flasks. The same culture conditions

were used as explained above for the determination of the growth curve of each

strain. After 8 days of incubation (in stationary phase) the biomass was

harvested by filtration (Whatman nO.1), washed with 250ml of distilled water,

freeze dried and weighed. All experiments were done at least in triplicate.

4.2.5 Lipid extraction and fatty acid analyses of the cultures

Total lipids were extracted from the dried fungal biomass according to the

procedures of Kendrick and Ratledge (1992). This included 'extraction of the

lipids utilising a solvent mixture of chloroform/methanol (2: 1 v/v) and washing the

extract twice with distilled water (Folch et al.,1957) .. Organic solvents were

evaporated under a vacuum and the total lipids were dissolved in diethyl ether

and transferred to preweighed vials. Samples were dried to constant weight in a
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vacuum oven over P205 at 50°C for 24 hours. Exact lipid weights were

determined. After total lipid extraction, the lipids were fractionated according to

the following procedures. For each sample, a known weight of the extracted

lipids was dissolved in chloroform (circa 1ml) and fractionated by using a column

(140 mm x 20 mm) of activated silicic acid (for each column, 21g silicic acid was

phospholipids were eluted by the successive addition of 1-,1-, 1-,trichloroethane,

acetone and methanol (Kendrick & Ratledge 1992). Solvents were evaporated

under a vacuum, lipid fractions were transferred to preweighed vials using

diethyl ether and the weight of the fractionated lipids was determined.

Recoveries of the lipid were between 80 and 90% (w/w). The neutral lipid

fractions were dissolved in chloroform and methylated by the addition of

trimethyl sulphonium hydroxide (TMSOH)(Butte, 1983). Fatty acid methyl esters

were analysed by gas-chromatography using a Varian 3300 gas chromatograph

and a polar Supelcowax 10 glass capillary column (0.75 mm x 30 m) with N2

(5 ml/min) as carrier gas (Kock, 1988). Peaks representing methylated fatty

acids were identified using authentic standards.

4.3 Results and discussion

4.3.1 Determination of growth curves

Figures 1 and 2 depict the results obtained when growth of M. alpina 4j,

M. alpina 5d, M. alpina G7ci, M. alpina G7fiii and M. alpina CBS 527.72 was

monitored in order to determine the stationary phase on the HO medium as well

as the GY medium. From these results it can be seen that except for M. alpina

G7ci, the growth rate of each strain differed in the two media. Generally, growth

in the HO medium (Fig. 1) was marked by a rapid increase in biomass during the

first four days. of cultivation, while growth in the GY medium was not as rapid

during the first four days of cultivation. The overall biomass concentration

obtained for each strain was generally lower in the GY medium than in the HO
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Fig 1. The growth curves obtained for the strains of MortierelIa alpina when

grown in HO medium. 1, M. alpina G7fiii; 2, M. alpina G7ci; 3, M. alpina 4j;

4, M. alpina 5d; 5, M. alpina CBS 527.72.



0

8 9 10 2

Time (days)

20

3 18

16

14

~ 12

(/) 10(/)
eo
E 8
0
iii 6

2

0

20 i

"116
14 1

:::::: 12 j

~
10 I

(/)
(/)

eo
E 8
0
iii 6

2
2 3 4 5 6

Time (days)

20

18

16

14

:::::: 12~
(/) 10
(/)

cu
E 8
0
iii 6

: j

1

8 9

Time (days)

ï9

20,;---------------------------------

18

16
2

14

~ 12
(/)
(/) 10
CU
E
o
iii 6

9 10

4

10 2 5 9 10

Time (days)

Fig 2. The growth curves obtained for the strains of MortierelIa alpina when

grown in GY medium. 1, M. alpina G7fiii; 2, M. alpina G7ci; 3, M. alpina 4j;

4, M. alpina 5d; 5, M. alpina CBS 527.72.

20r-18

16

14

~ 12

~ 10
cuE 8
o
iii 6

2

5

6 9 10

Time (days)



80

medium. All cultures growing in both media had reached stationary phase after

the sixth to the eighth day of cultivation.

4.3.2 Volumetric production of 20:4(0)6)

The volumetric concentrations of 20:4((06) in the neutral lipids of the cultures,

after eight days of incubation, are depicted in Table 1 and Figure 3 A.

Table 1. The volumetric concentrations of arachidonic acid obtained when the

MortierelIa strains were grown in HO and GY media.

Isolate no. HO medium GY medium

MorfierelIa alpina G7fiii 2.62 gII (0.32) 0.28 gII (0.05)

MorfierelIa alpina G7ei 2.68 gII (0.20) 0.32 gII (0.01)

MorfierelIa alpina 4j 1.39 gII (0.23) 0.17 gII (0.02)

MorfierelIa alpina 5d 0.99 gII (0.15) 0.13 gII (0.05)

MorfierelIa alpina CBS 527.72 1.55 gII (0.24) 0.11 gII (0.02)
..

Values are the means of three repetltions. The values In brackets indicate the standard

deviation.

All the strains were able to produce 20:4((06), in the neutral lipid fraction, in both

_ the media that were tested. However, from the results in Figure 3 A, it is evident

that a significant difference exists in the ability of the two media to support

20:4(0)6) accumulation in the fungal strains. For each strain, the volumetric

concentration of 20:4(0)6) in the neutral lipids was significantly lower in the GY

medium (all less than 0.5 gII) than in the HO medium (all 1.0 gII or more). This

phenomenon can mainly be ascribed to the production of less biomass (Fig. 3 B)

containing a lower percentage lipid (w/w) (Fig. 4 A) in the GY medium than in the

HO medium. Also, for each strain, the concentration of neutral lipids in the
..

biomass (Fig. 4 B) as well as the relative percentage 20:4(0)6) in the neutral

lipids (Fig. 5) was less in the GY medium than in the HO medium.
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strains were grown in the HO and GY media.
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The percentage 20:4(w6) in the lipid was calculated relative to the other long-chain fatty

acids present. These fatty acids included palmitic acid (16:0), palmitoleic acid [16:1(0)7)],

stearic acid (18:0), oleic acid [18:1(w9)], linoleic acid [18:2(w6)] and gamma-linolenic

acid [18:3(0)6)]. Values are the means of three repetitions.

Fig 5. The results obtained on the relative percentage 20:4((06) when the

MortierelIa strains were grown in the HO and GY media.
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The highest volumetric concentration of 20:4(co6) in the neutral lipids (circa 2.7

g/I) was obtained with M. alpina G7ci (originally isolated from Dry Sandy

Highveld Grassland soil at 25°C) when grown in the HO medium (Fig. 3 A,

Table 1). The best 20:4((06) producer of the strains originally isolated at 5 °C

from Alti Mountain Grassland soil, was M. alpina 4j, which produced circe 1.4 g/I

20:4((06) in the neutral lipids, when grown in HO medium. No significant

difference was observed between the volumetric concentration of 20:4((06) in the

neutral lipids of M. alpina 4j and the reference strain M. alpina CBS 527.72

grown in HO medium (Fig. 3A) when Student's Hest (p<0.5) was performed on

the data (Schefier, 1979). However, a significant difference was observed in the

volumetric concentration of 20:4((06) in the neutral lipids of M. alpina G7ci and

M. alpina 4j when grown in HO medium (Student's t-test, p < 0.5).

The volumetric concentrations reached in this study are comparable to the

results on 20:4((06) production in MortierelIa obtained by other authors (Bajpai

et aI., 1991a; Bajpai et ai., 1991b; Chen et et., 1997; Singh & Ward 1997; Li et

al., 1995; see also Chapter 1). When M. alpina ATCC 32222 was grown for 6

days at 25°C, on a rotary shaker with the orbital shaking at 300 r.p.m., a

volumetric concentration of 0.48 g/I 20:4(co6) in the total lipids was obtained in

the GY medium, while 1.68 g/I 20:4(co6) in the total lipids was reached in HO

medium (Bajpai et aI., 1991 b). However, when Singh & Ward, (1997) optimised

the conditions for 20:4(co6) production in M. alpina ATCC 32222, utilising a

temperature shift as well as a fed-batch system, 11g/I 20:4(co6) in the total lipids

was obtained. The latter results is significantly more than what was obtained in

the present study, however it must be borne in mind that in this study the

volumetric concentration of 20:4(co6) in the neutral lipids was measured under

culture conditions not necessarily optimal for 20:4(co6) production. Nevertheless,

the results of the present study indicated that 20:4(co6) production in the five

strains were similar to the results obtained by other authors when M. alpina was

cultivated in shake flasks.
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4.4 Conclusions

Similar results on the volumetric concentration of 20:4(ro6) produced by

MortierelIa alpina, was obtained in this study compared to the results obtained by

other authors. The results obtained in this study also support the findings of

others, who concluded that 20:4(ro6) accumulation is influenced by the medium

composition and that lipid content may vary between strains of the same

species.

Arachidonic acid accumulation in M. eloine, originally isolated at 5 °C from Alti

Mountain Grassland soil, was comparable to 20:4(0)6) accumulation in the

reference strain obtained from an internationally recognised culture collection

(CBS). However, the highest volumetric concentration of 20:4(ro6) in the neutral

lipids obtained with the 5 °C isolates, was significantly lower than the highest

volumetric concentration of 20:4(ro6) in the neutral lipids of M. alpina strains

isolated at 25°C from Dry Sandy Highveld Grassland soil. These results,

therefore indicate that the low temperature isolation procedure, utilising malt

extract agar and an incubation temperature of 5 °C (Chapter 2), is not suitable

for the isolation of MortierelIa strains producing high volumetric concentrations of

20:4(ro6) in the neutral lipids. However, it should be borne in mind that only five

MortierelIa strains were tested for 20:4(ro6) production in this study. To confirm

these results many more strains isolated at 5 °C and 25°C from different soil

habitats should be tested for 20:4(0)6) production in submerged cultures.
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Soil plates with malt extract agar and an incubation temperature of SOCwere used to

selectively isolate representatives of the genus MorfierelIa from Alti Mountain Grassland

soil. Fungi in the soil sample able to grow under these conditions amounted to a total

of 2640 colony forming units per gram soil. Circa 94% of the total fungal isolates

represented MorfierelIa subgenus MorfierelIa. The rest of the colony-forming units

consisted of Mucor isolates (6.0%) and higher fungi (1.S%). Subsequently, the total

lipids were extracted from the MorfierelIa isolates after cultivation on malt extract

gelatine (MEG). The lipids were methylated using trimethyl sulphonium hydroxide and

the methylated fatty acids in the lipids were identified using gas chromatography. The

percentage arachidonic acid [20:4(w6)], relative to other cellular long-chain fatty acids,

was calculated. All the MorfierelIa strains isolated at SOC from the Alti Mountain

Grassland soil sample were found to produce 20:4(w6). In the next part of the study,

the radial growth rate on MEG was determined at SOCand 20°C, for these MorfierelIa

strains originally isolated at SOCfrom Alti Mountain Grassland soil. To compare the

growth of these strains with growth of other MorfierelIa strains, the radial growth rate at

SOCand 20°C was also determined for culture collection strains of MorfierelIa isolated

at 2SoC from Dry Sandy Highveld Grassland soil. In addition, 20:4(w6) production in

the 2SoC isolates of MorfierelIa on MEG at 20°C was compared with the production of

20:4(w6) in the MorfierelIa strains originally isolated at SOCfrom Alti Mountain Grassland

soil. The results indicated that all of the strains of MorfierelIa subgehus MorfierelIa

originally isolated at 2SoC and SOC,were psychrotrophic and hence capable of growth

at 2S °C, 20°C and SoC. The results further indicated that the low temperature isolation

procedure would be as suitable to isolate 20:4(w6) producing MorfierelIa from soil, than

isolation procedures utilizing complex media and 2SoC as incubation temperature.

However, this initial screening for 20:4(w6) production was conducted on cultures

grown on solid media (MEG). Consequently, four strains of M. elpine, which produced

the highest percentage 20:4(w6), were selected for further testing. Two of these strains

were originally isolated at S °C from Alti Mountain Grassland soil and two were culture

collection strains originally isolated at 2S °C from Dry Sandy Highveld Grassland soil. A

reference strain of M. alpina obtained from an internationally recognized culture
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collection was also included in these experiments. Arachidonic acid accumulation in

the neutral lipids of submerged cultures, were determined using two liquid media

commonly used for this purpose. The media were Glucose Yeast Extract (GY) medium,

and Hansson and Oostalek (HO) medium. Lipid analyses were conducted by harvesting

fungal biomass in the stationary phase using filtration. The biomass was freeze dried

and the total lipids extracted. The lipids were fractionated using column

chromatography and the fatty acids of the neutral lipids were analyzed as methyl esters

using gas chromatography. The volumetric concentration of 20:4(Ul6) in the neutral

lipids of each culture was subsequently calculated. The accumulation of 20:4(Ul6) in

M. alpina, originally isolated from Alti Mountain Grassland soil at 5 oe, was comparable

to 20:4(Ul6) accumulation in the reference strain obtained from an internationally

recognized culture collection. However, the highest volumetric concentration of

20:4(Ul6) in the neutral lipids obtained with the 5 oe isolates, was significantly lower

than the highest volumetric concentration of 20:4(Ul6) in the neutral lipids of M. alpina

strains isolated at 25 oe from Dry Sandy Highveld Grassland soil. These results,
.f. 4;;':'':""':

therefore indicate that the low temperature isolation procedure, utilizing malt extract

agar and an incubation temperature of 5 oe, is not suitable for the isolation of

MortierelIa strains producing high volumetric concentrations of 20:4(Ul6) in the neutral

lipids. However, it should be borne in mind that only five MortierelIa strains were tested

for 20:4(Ul6) production in this second part of the study. To confirm these results many

more strains isolated at 5 oe and 25 oe from different soil habitats should be tested for

20:4(Ul6) production in submerged cultures.

Key words: Arachidonic acid; fungi; isolation; lipids; MortierelIa; soil; fatty acids;

Zygomycetes.
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Grondplate met moutekstrak-agar en 'n inkubasietemperatuur van 5 oe is gebruik om

verteenwoordigers van die genus MorfierelIa selektief uit Alti Berg Grasland grond te

isoleer. Fungi in die grondmonster wat in staat was om onder hierdie kondisies te groei

het 'n totaal van 2640 kolonievormende eenhede per gram grond beloop. Circa 94%

van die totale fungusisolate het MorfierelIa subgenus MorfierelIa verteenwoordig. Die

res van die kolonievormende eenhede het uit Mucor isolate (6.0%) en hoër fungi (1.5%)

bestaan. Vervolgens is die totale lipiede uit die MorfierelIa isolate geëkstraheer ná

kweking op moutekstrak-gelatien (MEG). Die lipiede is gemetileer deur middel van

trimetiel-sulfonium-hidroksied en die gemetileerde vetsure in die lipiede is deur middel

van gaschromatografie geïdentifiseer. Die persentasie arachidonsuur [20:4((1.)6)]

relatief tot ander sellulêre langketting-vetsure is vervolgens bereken. AI die MorfierelIa

stamme wat by 5 oe uit die Alti Berg Grasland grondmonster geïsoleer is, is gevind om

20:4((1.)6) te produseer. In die volgende gedeelte van die studie is die radiale

groeitempo op MEG by 5 oe en 20 oe bepaal vir hierdie MorfierelIa stamme wat

oorspronklik by 5 oe uit Alti Berg Grasland grond geïsoleer is. Om die groei van hierdie

stamme met die groei van ander MorfierelIa stamme te vergelyk, is die radiale

groeitempo van MorfierelIa stamme wat by 25 oe uit Droë Sanderige Hoëveld Grasland

grond geïsoleer is, ook by 5 oe en 20 oe bepaal. Verder is die 20:4((1.)6)produksie in

die 25 oe isolate van MorfierelIa op MEG by 20 oe vergelyk met die produksie van

20:4((1.)6)in die MortierelIa stamme wat oorspronklik by 5 oe uit die Alti Berg Grasland

grond geïsoleer is. Die resultate het aangedui dat al die stamme van MortierelIa

subgenus MorfierelIa wat oorsponklik by 25 oe en 5 oe geïsoleer is, psigrotolerant was

en dus in staat tot groei by 25 oe, 20 oe en 5 oe. Die resultate het verder aangetoon

dat die laer temperatuur isolasieprosedure net so geskik sal wees vir die isolasie van

20:4((1.)6) produserende Morfiere/la uit grond as isolasieprosedures wat komplekse

media en 25 oe as inkubasietemperatuur gebruik. Hierdie aanvanklike sifting vir

20:4((1.)6)produksie is uitgevoer op kulture wat op soliede media gekweek is (MEG).

Gevolglik is vier stamme van M. alpina, wat die hoogste persentasie 20:4((1.)6)

geproduseer het, vir verdere toetsing geselekteer. Twee van hierdie stamme is

oorspronklik by 5 oe uit Alti Berg Grasland grond geïsoleer, en twee was



91

kultuurversamelingstamme, wat oorsronklik uit Droë Sanderige Hoëveld Grasland

grond geïsoleer is. 'n Verwysingstam, afkomstig vanaf 'n internasionaal erkende

kultuurversameling was ook in hierdie eksperimente ingesluit.

Arachidonsuurakkumulasie in die neutrale lipiede van onderdompelde kulture is bepaal

deur gebruik te maak van twee vloeibare media wat algemeen vir hierdie doel gebruik

word. Die media was Glukose Gis ekstrak (GG) en Hansson en Dostalek medium

(HO). Lipiedanalises is uitgevoer deur die fungusbiomassa tydens die stasionêrefase

deur middel van filtrasie te oes. Die biomassa is vervolgens gevriesdroog en die totale

lipiede is geëkstraheer. Die lipiede is gefraksioneer deur kolom-chromatografie en die

vetsure van die neutrale lipiede is as metielesters geanaliseer deur middel van

gaschromatografie. Die volumetriese konsentrasie van 20:4(Ul6) in die neutrale lipiede

van elke kultuur is gevolglik bereken. Daar is bevind dat 20:4(Ul6) akkumulasie in

M. alpina, oorspronklik geïsoleer by 5 oe uit Alti Berg Grasland grond, vergelykbaar was

met 20:4(Ul6) akkumulasie in die verwysingstam wat vanaf 'n internasionaal erkende

kultuurversameling verkry was. Maar die hoogste volumetriese konsentrasie 20:4(Ul6)

in die neutrale lipiede wat met die 5 oe isolate verky is, was betekenisvol laer as die

hoogste konsentrasie 20:4(Ul6) in die neutrale lipiede van M. alpina stamme wat by

25 oe uit Droë Sanderige Hoëveld Grasland grond geïsoleer is. Die resultate dui aan

dat die lae-ternperatuurs., isolasieprosedure, waar moutekstrak-agar en 'n

inkubasietemperatuur van 5 oe gebruik word, ongeskik is vir die isolering van

Mortiere/la stamme wat hoë volumetriese konsentrasies 20:4(Ul6) in die neutrale lipiede

produseer. Dit moet egter in ag geneem word dat slegs vyf Mortiere/la stamme getoets

was vir die produksie van 20:4(Ul6) in die tweede gedeelte van hierdie studie. Om

hierdie resultate te bevestig, moet meer stamme, wat by 5 oe en 25 oe vanaf

verskillende grondhabitatte geisoleer is, getoets word vir die produksie van 20:4(Ul6) in

onderdompelde kulture.

Sleutelwoorde: Arachidonsuur; fungi; isolasie; lipiede; Mortiere/la; grond; vetsure;

Zigomisete.



·.APPENDIX I

As a result of the morphological investigations conducted in this study, the

following papers were accepted for presentation at the 38th Annual

Conference of the Microscopy Society of Southern Africa, Bloemfontein,

1999
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NOTES ON THE MORPHOLOGY OF THE GENUS Mortiere/la (FUNGI: MUCORALES)

I. Paul!, C. Roux', A. Botha' and lL.F. Kock!

!Department of Microbiology and Biochemistry, University of the Orange Free State, Bloemfontein
2 Mycology Unit, ARC-Plant Protection Research Institute, Pretoria
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Worldwide, there is an increasing interest in the
biotechnological production of an edible oil rich in
arachidonic acid [20:4(r06)] using fungi belonging to the
mucoralean genus, Mortiere/la. Consequently, an
isolation procedure was developed to selectively isolate
potential producers of arachidonic acid belonging to
Mortiere//a from soil', Malt extract agar (MEA) and an
incubation temperature of 5°C, together with the
Warcup soil plate technique was used'. Using this
technique, 2 040 fungal colony forming units (CFU) per
gram of soil were detected in a sample from Alti
Mountain Grassland, taken in the Drakensberg mountain
range, KwaZulu-Natal, South Africa.

The majority of the fungi (93%) detected and identified
from the soil were representatives of the genus
Mortierella; sub-genus Mortierella' and were able to
produce arachadonic acid. Subsequently, 40 CFU g-lsoil
were found to belong to the species Mortiere/la
parazychae W. Gams. This is the first report of this
species from South Africa.

Mortiere//a species are identified on the basis of colony
morphology, odour and morphology of asexual
reproductive structures, e.g. chlamydospores, the
sporangiophores, sporangia and the number of
sporangiospores produced'. Consequently, to obtain
sporulating cultures, the isolates were inoculated onto
potato carrot agar (PCA) and malt extract agar (MEA),
and allowed to grow for about two weeks at 5 °C in the
dark.

The following characteristics were observed for cultures
of M parazycha. On MEA, colonies of this species were
densely lobed and zonate, with some aerial mycelium in
the centre. The garlic-like odour, characteristic of the
sub-genus Mortiere/la was rather strong. Sporulation
was moderate on PCA, but poor on MEA.
Sporangiophores arose from arial hyphae as well as from
the substratum. The smooth-walled sporangiospores
were cylindrical to ellipsoidal and were surrounded by a
thin outer cell wall (Fig. I). Chlamydospores were
produced in abundance.

MortierelIa parazychae can be differentiated from the
similar M zychae Linnem., which also belongs to the
section Hygrophila Linnem.' on the basis of the
following: M parazychae forms smaller (3.5-8.0 x 2.0-
3.3 urn) sporangiospores than M zychae (8.0-12.0 x 4.5-
6.0 !lID). In addition, sporangiospores of M parazychae
are double-walled (Fig. 2) and the sporangiophores less
conspicuously branched.
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Fig. 1. Sporangiophores with sporangiospores of
MortierelIa parazychae. Bar = 25 !lID

Fig. 2. Cylindrical sporangiospores of Mortiere/la
parazychae with a double membrane visible.
Bar = 10 !lID
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USEFUL TECHNIQUES OF SPECIMEN PREPARATION FOR FUNGAL STRUCTURES:
STUDIES IN LIGHT MICROSCOPY

!Department of Microbiology and Biochemistry, University of the Orange Free State, Bloemfontein
2 Mycology Unit, ARC-Plant Protection Research Institute, Pretoria
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The high value fatty acid, arachidonic acid [20:4(0)6)1
plays an important role in human nutrition. Arachidonic
acid can be obtained from the diet, but concentrations
may be too low. Subsequently, there is an increasing
interest in obtaining an edible oil rich in arachidonic
acid from alternative sources. The fungal genus
MortierelIa (Mucorales) has been identified as such a
source. In order to obtain more strains belonging to
MortierelIa, it is necessary to isolate members of this
genus from nature. An isolation procedure! to
selectively obtain psychrotolerant Mortierel/a spp. was
developed and 61 strains were isolated from soil.

Existing techniques to prepare delicate fungal structures
for light microscopy caused the sporangia to
disintegrate when mounted. An adaptation to the slide
culture technique/ using Petri dishes instead of
microscope slides allowed the structures to develop in
an environment of high humidity, while keeping the
sporangia intact. The number of spores produced per
sporangium could then be determined and isolates
identified to species level.

Clear potato carrot agar (PCAi was prepared and
poured into sterile Petri dishes. The solidified agar was
cut into squares of 2 'x 2 cm and two squares were
transferred to an empty, sterile Petri dish (Fig. I). The
fungus was inoculated onto the PCA squares and
allowed to grow for ± two weeks at 5°C. Structures of
the fungus were observed at xlOO and x200
magnification, viewed through the base of the Petri
dish.

For closer examination, slides were prepared by taking
a piece of adhesive tape and placing the sticky side on
the fungal growth. The tape was then placed on a slide
with the sticky side facing upward. Spores and other
delicate structures were embedded in the glue in their
natural position on the tape. The morphology and
dimensions of the fungal structures could be
determined with relative ease. A drop of clear
lactophenol and a cover slip were carefully placed over
the tape (Fig. 2). The fungus was subsequently
examined at x400 and xl 000 magnifications. Using
both these methods, most of the isolates could be
identified accurately to species level.

These techniques may be useful in the identification of
other fungal species with fragile and delicate structures.

Fig. 1. Two blocks of agar transferred into a new Petri
dish to be inoculated with the isolate to be studied.

Fig. 2. Glass slide with adhesive tape holding delicate
fungal structures.
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"

,APPENDIX II

The morphology of MortierelIa species observed for the first time in South

·Africa during the course of this study.

"


