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ABSTRACT

Leakage of electrolytes, amino acids and sugars were
examined in Choanephora cucurbita rum during the early stages
of infection by Piptocephalis virginiana » There was a small
but consistent increase in the leakage of electrolytes, amino
acids and sugars as a result of infection. These low levels
of differential leakage in infected tissues are explained on
the basis of the nature of this obligate, biotrophic, myco-
parasitic system. Quantitative analysis of the twenty six
amino acids and amino compounds detected in the leacheates —
showed similar profiles in infected and control host and no
new species of amino acids or amino compounds were detected
in either infected or control host leacheates. Comparatively
high amounts of aspartic acid, glutamic acid and alanine were
found in the leacheates of host and infected host . Analyses
of the sugars comprising the leacheates of infected and
control host showed the presence of eight sugars, among which
glucose was found in significant amounts (50-53%) ' The
nutritional implication of this preferential leakage is
discussed. No significant difference was observed in the
leacheates of infected host sugar profiles compared with that
of the control host. Profiles of the internal pool sugars of
infected and control host did not reflect that obtained from
the leacheate data, perhaps owing to leakage of sugars in a

selective manner

.

Membrane lipid analyses yielded higher levels of lipid
in infected host compared with the control, both at the 24 h
and 36 h analyses. In addition, preliminary investigations
of phosphorous-32 incorporation and turnover in phospholipids
showed higher levels of 32p incorporation and turnover in
infected host compared with the control. No apparent
difference was noted in the profiles of the neutral lipid
classes and the polar lipid classes of the membrane lipids as
determined by one and two dimensional thin-layer chromatography
respectively. However, a small but consistently higher degree
of unsaturation was detected in the fatty acids of infected
tissue compared with the control. Also, '^''-^^''^^'-'-^'^^c acid, a

polyunsaturated fatty acid previously reported to show a

direct correlation during the early stages of infection and
the degree of parasitism of P. virginiana on C. cucurbitarum ,

was found in higher amounts in infected host membrane lipids
compared with that of the control host. The implications of
these membrane lipid alterations are discussed with particular
reference to the small but consistently higher leakage of
electrolytes, amino acids and sugars observed during infection
in this study.
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CHAPTER I

INTRODUCTION

The term permeability will be used in the classical sense

as the capacity of a membrane to allow substances to pass

through it (Miller, 1938). This definition implies nothing

about the nature of the membrane. More important, this

definition implies nothing about the mechanism by which

substances pass through the membrane. This usage was employed

by Wheeler and Hanchey (19^8) in their review article on

Permeability in Plant Diseases. They also noted that the nature

of the permeability phenomena and the terminology to be applied

to them have been and continue to be highly controversial

subjects (Collander, 1959; Kramer, 1959; Miller, 1938).

Altered cell permeability was shown to be a characteristic

early host response to a variety of fungal plant parasites more

than three decades ago by Thatcher (1939, 1942, 1943)* His

fairly thorough research involved both obligate parasites

(Uromyces fabae, the rust of garden pea and U. caryophyllinus ,

the rust on carnation) and necrotrophic parasites (Sclerotinia

sclerotiorum and Botrytis cinerea on celery). Whereas

necrotrophic parasites excrete toxic substances which kill the

host cells and utilize the nutrients that are released, obligate

parasites forge a very close nutritional relationship with their

host and obtain essential metabolites necessary for their

survival and propagation

.
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Following Thatcher's investigations, this area of disease

physiology remained dormant until interest was revived by the

discovery that toxic metabolic products of certain plant

pathogens cause rapid and drastic changes in permeability of

plant cells (Gaumann> 1958; Wheeler and Black, 1976). To date,

a number of reviews have dealt in whole or in part with the

effects of phytotoxins on permeability (Gaumann, 1958; Wheeler

and Luke, 1963; Owens, 1969; Luke and Gracen, 1972; Scheffer

and Yoder, 1972; Page, 1972; Wheeler, 1968). However, except

for a few investigations by Hoppe and Heitefuss (1974 a, b and

c; 1975 a and b) and Losel and Lewis (1974), altered cell

permeability in host-parasite complexes involving obligate

parasites have been neglected.

Hoppe and Heitefuss (1974 a) reported increased leakage of

ions, amino acids and sugars in rust infected bean leaves.

Hoppe and Heitefuss (1974 b and c; 1975 a and b) subsequently

provided detailed information on the membrane lipid classes of

the plant-parasite system, in an attempt to explain the

increased permeability demonstrated in the infected tissues.

These workers observed increases in unsaturated fatty acids and

also in the polar lipid fractions, phosphatidylserine and

phosphatidic acid, in those leaves infected with the pathogen

(Hoppe and Heitefuss, 1974 b). Two additional sterol lipids

were found to occur in infected bean leaves of a susceptible

variety (Hoppe and Heitefuss, 1975 b). The authors pointed out,

however, that the changes observed in sterol components.
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phospholipid profiles and their respective fatty acid

composition were not related to resistance and susceptibility,

nor could they show any definite correlation between increased

cell permeability in the infected leaves and lipid composition.

In a related study on phospholipid levels in leaf tissue of

Tussilago farfara during infection by Puccinia poarum , Losel

and Lewis (1974) suggested that the dominant process of lipid

metabolism in infected tissue was the synthesis of fungal

components, both storage lipids and membrane lipids, which would

be likely to mask any changes in the host membrane. In brief,

these complex plant-parasite systems have failed to elucidate

the nature of obligate parasitism.

The use of the biotrophic mycoparasite with their fungal

hosts affords an opportunity to study interrelated activities

of two species of fungi, free from the complex metabolic

activities taking place in systems where the host is a photo-

synthesizing plant (Bamett, I968). Moreover, no data is

presently available in the literature on the permeability

properties of the obligate, biotrophic mycoparasitic system

(fungus parasitic on another fungus). Our laboratory has

adopted for study a "host-parasite model" , that of Choanephora

cucurbitarum and its obligate, biotrophic parasite,

Piptocephalis virginiana , both being Phycomycetous fungi of the

order Mucorales. [According to new classification though, P.

virginiana belongs to the order Zoopagales (O'Donnell, 1979;

Benjamin, 1979).] The use of mycoparasites in studies aimed
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at elucidation of basic principles of parasitism has certain

advantages over the use of parasites on higher plants; there is

a saving of time and space, the environment can be controlled

rigidly and the host nutrition can be controlled (Bamett and

Binder, 1973 )• Furthermore, ultrastructurally, the course of

mycoparasitism parallels that of plant-pathogen systems (Bamett

and Binder, 1973; Bracker and Littlefield, 1973; Manocha and

Lee, 1971) and the concepts of plant pathology, such as

resistance and susceptibility, are wholly applicable to this

system.

It was therefore our endeavour in this study ( 1 ) to examine

whether there are any permeability changes resulting from

infection in this biotrophic mycoparasitic system j (2) to

investigate whether there are any membrane changes in lipid and

fatty acid composition as a result of infection, and (3) to

interpret the data on permeability in the light of changes, if

any, in lipid metabolism or composition in the host compared to

the host-parasite combination.
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CHAPTER 2

REVIEW OF LITERATURE

PERMEABILITY PHENOMENON IN HOST-PARASITE RELATIONS

According to Thatcher (1939) who reviewed the early

literature, Tischler (l91l) was among the first to investigate

the permeability of diseased plants. Nevertheless, Thatcher

(1939» 1942, 1943) stands out as the pioneer of research on the

permeability phenomenon in host-parasite relations (see review

by Wheeler, 1976). In his series of classic papers, Thatcher

experimented on different types of pathogenic fungi, namely,

rusts and powdery mildews, soft rots, dry rots and wilts. His

conclusions may be summarized as follows: (a) cells of

pathogenic fungi have a higher osmotic pressure than that of

their hosts; (b) altered permeability is a characteristic

host response to disease; (c) for the rusts, which were most

extensively studied, susceptibility and resistance are related

to increased and decreased host permeability respectively. It

was on the basis of these conclusions that Thatcher's well-

knovm nutrition hypothesis was formulated. Increased

permeability of the plasma membrane or host cytoplasm would

make nutrients freely available to the invading parasite and

result in susceptible reactions, whereas marked decreases would

sharply restrict the nutrient supply and result in resistance.

Thatcher's results and interpretations have been analyzed

in detail by Wheeler and Hanchey in their review article (1968)
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They noted the fact that Thatcher's conclusions have been widely

accepted without independent confirmation attests to the quality

and thoroughness of his work. However, they pointed out that

while alterations in permeability were consistently associated

with disease, stimulation and restriction of growth of the

pathogen would not satisfactorily account for susceptibility and

resistance to diseases which involve phytotoxins, such as

victorin. They suggested that the ability to resist and to

recover from the effects of permeability disrupting pathogenic

agents might better determine disease reactions.

For more than two decades following Thatcher's work, this

area of disease physiology remained relatively neglected.

Recently, Hoppe and Heitefuss (1974 a> b and c; 1975 a and b)

revived studies on permeability. They studied the permeability

and membrane lipid metabolism of the rust, Uromyces phaseoli on

the host, Phaseolus vulgaris (bean plant). They noted a

significant increase in the leakage of ions, amino acids and

sugars from infected leaf halves compared with uninfected leaf

halves and the controls. Leakage was apparent four days after

in3>culation and increased in electrolytes and amino acid

leakage for the rest of the experimental period. Although no

difference in leakage was observed between the uninfected leaf

halves and the controls up to eight days after Inoculation,

thereafter^ leakage from uninfected leaf halves was higher than

from the controls. These researchers postulated that the

increased leakage observed may mainly reflect a higher
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permeabili'by of biological membranes whose function as diffusion

barriers is decreased by infection. In their subsequent papers

(Hoppe and Heitefuss> 1974 b and c; 1975 a and b), which will

be treated in detail in the literature to follow, provided

detailed information on the membrane lipid classes and fatty

acid composition of the rust-infected tissue in an attempt to

explain the increased permeability observed in their host-

parasite system.

It should be pointed out though that both the work of

Thatcher (1939, 1942, 1943) and the recent work of Hoppe and

Heitefuss (1974 a, b and c; 1975 a and b) provide information

mainly on the end product of the host-parasite association

rather than on the active phases of the host-parasite

interaction. Thatcher stated that permeability measurements were

made after sori were well developed. Hoppe and Heitefuss ( 1974a)

noted significant increases in electrolyte leakage after four

days of infection up to the twelve day duration of the experiment,

a time when chlorotic spots are apparent (4 days) and sporulating

pustules reach a maximum (7-8 days). The critical events in

the host-parasite interaction probably occur much earlier

(Antonelli and Daly, 1966; Wheeler and Hanchey, 1968). It

would be interesting to study permeability changes, if any, with

particular focus on the initial stages of the host-parasite

interaction. Obligate biotrophic mycoparasites may be

attractive candidate especially since they entail a very delicate

nutritional balance between host and parasite, in addition to
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providing data on permeability in an area where none is

presently available.

BIOTROPHIC MYCOPARASITES

The study of the nutrition of fungi parasitic on other

fungi (mycoparasites) has to a large extent paralleled that of

similar studies of parasites on higher plants, except that it

has been more recent and more limited (Bamett and Binder, 1973) •

The mycoparasites may be separated into two major groups based on

their mode of parasitism; biotrophic and necrotrophic . Among

the biotrophic mycoparasites three types exist; the internal

parasites, represented by the Chytrids^ develop within cells of

other fungi, the contact parasites which do not produce any

haustoria or other internal hyphae, and the haustorial parasites

which produce distinct haustoria within the host hyphae

.

Haustorial biotrophic mycoparasitism is the major focus of this

study

.

In accordance with the many years of close association with

the host, some of these parasites have apparently lost the

ability to synthesize one or more required nutrients and must

depend on the host to furnish a continuous supply (Barnett and

Binder, 1973; Lewis, 1973)' The loss in synthetic ability has

not always involved the same nutrient, so that deficiencies of

the parasites may differ. Moreover, the susceptible host must

not only synthesize and contain the nutrient within its cells,

but the parasite must also have the ability to obtain nutrient
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from the host. Thus, permeability of the host cell membrane may

play an important role in determining the susceptibility of the

host fungi and the success of the parasite (Bamett and Binder,

1973).

Approximately seventy species of filamentous, biotrophic,

mycoparasitic fungi which have been known to produce haustoria

within the hyphae of their hosts, are all merosporangial members

of the mucorales, i.e., those that produce spores in rod-like

sporangia (Benjamin, 1959* 196l; Curtis etal., 1978). With

very few exceptions, their hosts also belong to the same order,

Mucorales (Curtis et al., 1978).

It is interesting to point out that there is little or no

apparent inhibition of host growth by the haustorial

mycoparasites (Bamett and Binder, 1973; Manocha and Deven,

1975)' Curtis et al. (1978), investigated this assertion.

Concluding that "depending on conditions, there may be no

effects on host growth, a stimulation or an inhibition."

However, the conditions implemented by Bamett and Binder (1973)

and Manocha and Deven (1975) are in the realm of "no effects on

host growth"

.

There has been a recent development of interest in aspects

of mycoparasitic nutrition, physiology and ultrastructure that

may be relevant to the basis of this kind of host-parasite

relationship (Barnett, 1964, 1970; Manocha and Lee, 1971, 1972;

Bamett and Binder, 1973; Binder and Barnett, 1974; Jefferies

and Young, 1975, 1976; Manocha, 1975; Manocha and Deven, 1975;







Figure 1 a, b, c.

Electron Micrographs of the haustorium of
Piptocephalis virginiana infecting Choanephora
cucurbitarum ; (a) initial stages of haustorial
penetration, parasite in close contact with the
thin, single-layered host-cell wall which has been
pushed inwards, Xl8,000 (Manocha and Golesorkhi,
1979); (b) cross section of the haustorium with
the host-cell wall apparently continuous around
it, X30,000; (c) cross section of a colar (C)
around the haustorial neck, X54 >000 (Manocha and
Lee, 1971).



I o-

Figure la,b,c: Haustoria
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Manocha and Golesorkhi, 1979; Manocha and Letourneau, 1978).

Microscopic examination indicates that the process of biotrophic,

haustorial, mycoparasitic infection appears to follow a

consistent pattern. The hyphae of the parasite contact the host

wall and usually form a conspicuous appressorium-like swelling,

followed by a slender infection peg. and the subsequent

development of haustorium (Bamett and Binder, 1973 J Curtis et

al., 1978; Jefferies and Young, 1976; Manocha and Lee, 1971).

Haustoria has been observed only in the hyphae of susceptible

fungi (Fig. l). It is generally accepted that the infecting

haustorium comprises the only interface between the host and

parasite respectively. By its very nature this "absorptive"

organ may be primarily concerned with obtaining nutrition from

the host (Bushnell, 1972).

EVIDENCE FOR A SPECIALIZED HOST-PARASITE INTERFACE

The infecting haustorium comprises the only interface

between host and parasite respectively and plays a central role

in permitting nutrient availability to the parasite (Bushnell,

1972). In that vein, it is interesting to note changes in

membrane structure and function which can affect nutrient

availability to the invading parasite.

There is evidence which indicates that the haustorial

membrane is specialized at the host-parasite interface. Ultra-

structural evidence shows that membranes have the potential to

differentiate in time and space (Grove et al., 1968; Staehelin,
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1968) and it is this feature that may be an important determinant

in the success or failure of establishing and sustaining a

delicate and specific host-parasite relationship (Bracker and

Littlefield, 1973) • The haustorial membrane around the myco-

parasite, Piptocephalis virginiana , was as much as 2-3 times as

thick as the noninvaginated host plasma membrane (Armentrout and

Wilson > 1969)* The precise structure of this membrane is

difficult to evaluate from published micrographs, but the

evidence indicates that it thickened as the relationship developed

(see review article by Bracker and Littlefield, 1973) • With rust

infections. the haustorial membrane is usually the same thickness

as the host plasma membrane (Coffey et al., 1972; Littlefield

and Bracker, 1970, 1972; Van Dyke and Hooker, 1969)* but Heath

(1972) showed the haustorial membrane to be thicker and more

diffuse around a haustorium of Uromyces phaseoli in a nonhost

plant. This phenomenon perhaps accents Wheeler and Hanchey's

(1976) claim that whereas alterered permeability is consistently

associated with disease, it cannot be taken as an indication of

host resistance or susceptibility as claimed by Thatcher (1943)^

rather the ability to resist and recover from the initial

effects of increased permeability may better determine disease

reactions

.

The most clearcut ultrastructural differences between the

haustorial membrane and the host plasma membrane have been

shown in flax leaves infected by Melampsora lini (Littlefield

and Bracker, 1972). Both chemical and structural differences
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were indicated. These researchers employed the techniques of

freeze-etching and PACP (periodate-chromate-phosphotungstate)

staining, specific for plant plasma membranes. Regardless of

the location of membrane particles « there was a consistent

absence of particles in regions where the plasmamembrane was

invaginated around the haustoria and the altered stainability

in those regions provide evidence that a specialized host

membrane exists at the host-parasite interface. They suggested

that observed differences reflect a host membrane of different

structure and function at the host-parasite interface. Two

mechanisms were proposed to explain the regional specialization

of a membrane. Either the "normal" plasma membrane is

transformed after its deposition in the haustorial region, or

during haustorial formation, new host plasma membrane is formed

around the haustorium which has a different character at the

outset from noninvaginated plasma membrane . In both cases it is

a localized phenomenon brought about in response to the

penetration by the pathogen. Aist (1976) notes that the

functional significance, if any, of structurally specialized

interfacial membranes is not known, but it is often suggested

that they may be a prerequisite for the establishment of a food

relationship between host and parasite

.

LIPIDS IN PERMEABILITY PHENOMENON

The chief permeation barrier in cells is the plasma

membrane, composed mainly of lipids and proteins which

constitute up to 9O-9856 of its total dry mass (Wheeler, 1976).
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phospholipids are essential constituents of biological

membranes. Their essential role for the integrity and function

of membranes has been repeatedly demonstrated (Van Deenan,

1965). Membrane systems of fungal cells contain 30-50% lipid

(Weete , 1974), the major constituent of which is phospholipid,

accompanied by sterols, sterol esters and some neutral lipids

(Brennan and Losel , 1978). In some membrane systems such as

those of mycoplasma , chloroplasts and some gram-positive

bacteria, glycolipids predominate. Both membranous phospholipids

and glycolipids are amphipathic substances having polar head

groups and long hydrophobic tails, which are suited for the

formation of a lipid bilayer

.

In a review article by Brennan and Losel (1978), data was

presented on the major phospholipids found in various fungi.

These were phosphatidylcholine, phosphatidylethanolamine,

phosphatidylserine , phosphatidylinositol and diphosphatidyl-

glycerol. Although phosphatidylglycerol is commonly found in

bacteria and chloroplasts, its presence in fungi is rare. Jack

(1966) had a brief examination of the major phosphoglycerides in

yeasts, after which he concluded that the lipid pattern observed

applied to other fungi , despite considerable variation in the

relative amounts of the individual species examined. Mumma et

al . (1971) quantitatively compared the phosphoglycerides of a

thermophilic deuteromycete , Humicola grisea var. thermoidea,

with that of other fungi and concluded that phosphatidylcholine
•

and phosphatidylethanolamine were the major phosphoglycerides
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in baaidiomycetes, deuteromycetes and phycomycetes . These

phosphoglyceride trends are based on generalizations among fungi

and one or more of the possible phosphoglycerides may be absent

or present in very variable amounts* On a more specific level,

Deven and Manocha (1976) noted the presence of higher amounts of

phosphatidylethanolamine and phosphatidylcholine in total lipid

extract of Choanephora cucurbitarum . There were lesser amounts

of mono and digalactosyl diglyceride, phosphatidylglycerol,

sterol glycoside and diphosphatidylglycerol . There were also

very small amounts of phosphatidylserine, phosphatidylinositol

and phosphatidic acid.

The involvement of lipids in membrane permeability has

been implicated in a variety of ways . It has been shown that

phosphate fluxes of mammalian red blood cells increase in

proportion to the amount of phosphatidylcholines present (Fuchs

and Tachen, 1969). Glycolipids have been reported to increase

chloride transport into all parts of bean, cotton and grape

plants (Kuiper, 1968 a and b; 1969)' Studies on synthetic

bilayers have shown that negatively charged lipids selectively

bind cations, whereas uncharged glycolipid membranes exhibited

only slight cation selectivity (Galliard, 1968 b). Also,

Bangham et al . (19^5) showed that the permeability of liposomes

towards cations was facilitated by negative charges of the

membrane lipids. Membranes without a negative charge showed

only very low cation permeation.

Altering the environment of the hydrocarbon side chains in
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membrane lipids is known 'to affect the permeability properties of

the membrane • Sterols present in eucaryotic membranes interact

with and partly immobilize those regions of the hydrocarbon side

chain closest to the polar head group of the membrane lipid

(Chapman, 1973). This results in a more condensed and thicker

bilayer. Hamilton-Miller (1974) examined the effects of free

sterols, sterol esters and sterol glycosides on electrolyte

leakage through membranes and concluded that only free sterols

are involved in controlling membrane stability and membrane

permeability

.

Membrane permeability can also be influenced by the

structure and composition of the various fatty acids comprising

the hydrocarbon side chains . Extensive research by Van Deenan

and coworkers (see De Gier et al.,1968; Haest et al. ,1972)

,

on the permeability of liposomes constituted from natural and

synthetic phospholipids, showed that ethylenic bonds in the fatty

acid chains enhanced the rate of permeation of glycerol and

erythritol into the vesicles. Scarpa and De Gier (l97l) showed

similar increases with K"*" ions . In addition studies on Mycoplasma

laidlawii B (Haest et al.,1969; McElhaney et al.,1970; Romijn et

£l.,1972), Escherichia coli (Haest et al.,1972; Davis and Silbert

1974 )> Acholeplasma and bilayers of liposomes derived from its

lipids (McElhaney et al.,1973) showed increased permeability with

increasing degree of vinsaturation and with decreasing length of

the fatty acid side chains in membrane lipids.

There is also evidence that localized alteration of membrane
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properties can be attributed to phospholipid degrading enzymes

•

Phosphatidases from fungal pathogen hav%, been implicated for

increased membrane permeability in infected host cells (Lumsden

and Bateman, 1968; Tseng and Bateman, 1968, 1969; Lumsden

,

1970 ; Huang and Goodman, 1970; Hoppe and Heitefuss, 1974 c).

Phosphatidases are also referred to as lecithinases or

phospholipases (Kates, 196O). Since phosphatidases are known

to hydrolyse ester linkages of lecithin and related phospholipids

(Butt and Beevers, 1966) and since phospholipids are the major

components of membrane structure (Van Deenan, 1965; Williams

and Chapman, 1970; Simon, 1974)> their degradation leads to

increased permeability

•

Recently, considerable interest has been generated in

studying the lipid metabolism of biotrophic associations in

host-parasite relations. One major concern is the role of

lipids as membrane components in permeability changes during

the host-parasite interaction. Two groups have recently been

involved in investigating membrane lipids of healthy and rust-

infected tissues, namely Hoppe and Heitefuss (1974 b and c;

1975 a and b) in Gottingen, using Uromyces phaseoli on Phaseolus

vulgaris and Losel and Lewis (1974) in Sheffield, using Puccinia

poarum on Tussilago farfara . The Sheffield group noted increased

levels of phosphatidylethanolamine and phosphatidylcholine per

unit area of leaf tissue, whereas the Gottingen group found

slight but steady decrease in all phospholipids per unit dry

weight. Brennan and Losel (1978) reported that the discrepancy
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could be resolved since mist infections are known to cause an

increase in the dry weight of tissue with age and phospholipids

per unit dry weight measurement may quite likely have been under-

estimated. Moreover, an overall loss of membrane lipid in rust

infections would be difficult to reconcile with the greater

incorporation of label by infected tissue than by control leaves

in bean shoots fed with ^^P (see Hoppe and Heitefuss, 1974 b).

Both groups found marked increases in phosphatidylserine and

phosphatidic acid. Hoppe and Heitefuss (1974 b) interpreted the

increased phosphatidylserine of infected tissues as an

alteration in host membrane which would permit increased

permeability to sugars, amino acids and ions which they

previously detected (Hoppe and Heitefuss, 1974 a)« However,

synthesis of new fungal membranes could not be ruled out since

both ungerminated and germinated spores of Uromyces phaseoli

possess phosphatidylserine

.

Brennan and L&'sel (1978) noted that Hoppe and Heitefuss

(1974 b) had difficulty in ascribing the proportional contribution

by the fungal parasite to the increased incorporation of •'^P into

phospholipids of the rust-infected tissues which they detected.

They considered a 40>6 dry weight contribution by the parasite,

postulated by Hoppe and Heitefuss (1974 b) to explain the

phosphatidylserine increase in terms of fungal lipids alone, was

quite possible. Moreover, Losel and Lewis (1974) suggested that

the dominant process of lipid metabolism in infected tissue was

synthesis of fungal components, both storage and membrane lipids.
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which would be likely to mask any changes in the composition of

host membranes

•

In investigating the fatty acid composition of each of the

polar lipid classes, Hoppe and Heitefuss (1974 c; 1975 a) found

little change in phosphatidylglycerol and monogalactosyldiglyceride

or in lipids of uninfected tissue adjacent to the rust pustules.

The most striking difference between infected and healthy tissue

was the higher unsaturation of phosphatidylethanolamine and

phosphatidylcholine from infected leaf halves. These changes

were found to be due to the fungus, Uromyces phaseoli , since the

percentage of linolenic acid was much higher in

phosphatidylethanolamine and slightly higher in phosphatidyl-

choline in the fungal lipids compared with uninfected tissue.

The leakage of sugars and ions previously observed by Hoppe and

Heitefuss (1974 a) could be explained on the basis of a higher

degree of unsaturation of the phospholipids of infected tissue,

especially phosphatidylethanolamine (Hoppe and Heitefuss, 1974

b). However, Hoppe and Heitefuss (1975 a) felt that

unsaturation of phosphatidylethanolamine was mainly due to

fungal phospholipid, since fungus-free tissue was only slightly

affected, concluding that both host and parasite are involved

in changes of the lipid acyl groups which might be important for

alterations in membrane permeability.

It should perhaps be ix>inted out that although the research

of Hoppe and Heitefuss (1974 a, b and c; 1975 a and b) and

Losel and Lewis (1974) are very thorough, they are complicated
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by complex metabolic activities taking place in systems where

the host is a photosynthesizing plant. In addition, studying

these systems generally entails the excision of plant tissues

in order to examine the influence of the parasite on the host*

In so doing, the pathogenic responses observed may very well be

an additive effect of both injured tissue and parasite on the

host. The data of Hoppe and Heitefuss (1974 a) showed higher

leakage of ions, amino acids and sugars from uninfected leaf

halves compared with the controls at the later stages of the

experimental period. This was attributed to earlier senescing

of the uninfected leaf halves, compared with the controls.

Obviously, the precipitation of senescence was due to injury.

Moreover, Hoppe and Heitefuss (1974 b) noted higher specific

activity of "^^P for all phospholipids in uninfected leaf halves

compared with the controls at four and six days after irvoculation

.

Hence, higher incorporations of ^^^P into the membrane of infected

leaf halves reported by Hoppe and Heitefuss (1974 b) may very

well be an additive effect owing to both tissue injury and

pathogenic infection. It is not too unrealistic, therefore, to

expect excised tissues to further complicate the already

ambiguous host-parasite interrelationship.

Brennan and LSsel (1978) in their review article pointed

out that the important study of Manocha (1975) on the myco-

parasite Piptocephalis virginiana may parallel and extend the

picture emerging from investigations of lipid metabolism in rust

fungi. Manocha and Deven (1975) reported a direct correlation

between the levels ofyiinolenic acid, a polyunsaturated fatty
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acid present in the host organism, Choanephora cucurbitartun

during the early stages of growth (24 hours) and the degree of

parasitism of ?• virginiana . These researchers considered that

since v-linolenic acid was the longest chain polyunsaturated fatty

acid detected and constituted a major fraction of the host

mycelial lipids, it was not unreasonable to assume that

Y~ linolenic acid played an important role in permeability and

possibly maintaining or establishing the integrity of the

membrane. Manocha (1975) previously repKjrted the failure of

axenic spores to synthesize Y-linolenic acid, the characteristic

fatty acid of Mucorales. The proportions of other major fatty

acid components, palmitic, palmitoleic, stearic, oleic and

linoleic acids were otherwise similar in parasitic and axenic

culture. Thus, axenic spores may have a block in polyunsaturated

acid synthesis . Notably interesting was the suggestion that the

absence of Y>linolenic acid from axenic cultures of P. virginiana

may result in the development of defective membranes with

altered permeability, thus forcing it to adopt a parasitic mode

of life (Manocha, 1975; Manocha and Deven, 1975)* A defective

membrane would lead to great difficulties for a free-living

organism, but might be a useful adaptation to parasitism (Manocha

1975).

The essence of the present review may be summarized in the

words of Durbin (1967): "Discovering the mechanism whereby the

pathogen obtains nutrients from the host lies at the very heart

of the understanding of the nature of obligate parasitism."
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According to Hoppe and Heitefuss (1974 a)> membrane permeability

as a result of infection undoubtedly plays a part in nutrient

supply to the invading pathogen. Moreover, permeability changes

can also produce alterations in cell compartmentation or in the

activities of membrane-bound enzymes (Rothfield and Finkelstein,

1968).
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CHAPTER 3

MATERIALS AND METHODS

I. ORGANISMS AND CULTURAL CONDITIONS

The obligate parasite, Piptocephalis virginiana (Leadbeater

and Mercer) and its host, Choanephora cucurbitarum (Berk and

Rav.) Thaxter, were used in this study. Since Piptocephalis

virginiana is an obligate parasite, cultures of this organism

were maintained in association with the host, Choanephora

cucurbitarum (Berry and Barnett, 1957; Manocha and Deven,

o o
1975)* Cultures were routinely grown at 23 C ± 1 C on malt-

yeast extract medium (pH 6.0) consisting of malt extract, 20 g;

yeast extract, 2 g; agar, 20 g, all of the Difco trademark, in

1 litre of distilled water (Manocha and Deven, 1975)* The

liquid culture contained the same medium minus agar. Cultures

were grown on solid medium for sporulation and on liquid medium

(50 ml in 250 ml Erlenmeyer flasks) for analytical purposes.

The inoculum used consisted of spores harvested from sporulated

cultures of host and infected host, by carefully dislodging

them in sterile distilled water. Inoculum concentration for

host as determined by haemocytometer counts was approximately

2 X 107 spores/ml, whilst inoculum concentration for infected

host consisted of approximately 1 x 10^ spores/ml of the

parasite plus 2 x 10' spores/ml of the host.

The active phase of parasitic infection was determined by

examining host-parasite cultures under the phase contrast
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(Leitz, Wetzler, Orthoplan) microscope as described by Manocha

and Deven (1975). Slides of the specimen were stained with

lactophenol cotton blue (O.25S) to improve contrast.

For analytical studies, mycelia were harvested by suction

filtration on double-layered cheese cloth in a buchner funnel

and washed with several volumes of distilled water to remove

nutrient medium adhering to the mycelium. The wet weight of

the mycelium was then determined and a portion was kept for dry

weight determination (dried for 24 hours at 60 C).

II. PERMEABILITY STUDIES

Harvested and properly washed mycelia were resuspended in

200 ml sterile distilled water in 500 ml Erlenmeyer flask,

sponge plugged and placed in a shaker (80 strokes per minute)

0,0
at 25 C i 2 C. Analyses were performed over a 12 h period.

(a) Leakage of electrolytes.

Host and infected host mycelia grown for 24 h and 72 h were

analyzed for electrolyte leakage at 2 h intervals, starting at

time zero for a 12 h period. The conductivity of the bathing

solution was measured in ^ho units and expressed on a dry weight

basis. This was monitored by means of a conductivity meter

equipped with a wheatstone bridge (Conductivity Bridge Model

16B2; Industrial Instruments Inc., Cedar Grove, N.Y.). This is

a very reliable and preferred method for measuring leakage

(Wheeler, 1976).
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(b) Leakage of amino acids and their analyses.

At 2 h intervals for a period of 12 h starting at time zero,

24 h grown mycelia of host and infected host were removed from

the bathing solution by suction filtration on Whatman No . 2

filter paper using a buchner funnel and their dry weights

determined. The bathing solution was then concentrated to 10 ml

o
by rotary evaporation technique at 47 C Quantitative

determination of amino acids was performed after the method of

Yemm and Cocking (1955) with glycine as standard.

The combined effluents from host and infected host over the

12 h period of the experiment were concentrated to 10 ml by

o
rotary evaporation at 47 C . This leakage sample was then run

through anion (Dowex-1 ; acetate form) and cation (Dowex-50W; H

form) exchange columns (Wang and Bartnicki Garcia, 1970). After

the resulting effluents were collected from the ion exchange

Columns, the amino acids were eluted from the cation and anion

exchange columns by using IM ammonium hydroxide solution and 4N

formic acid solution respectively. Qualitative amino acid

analyses were performed by the Amino acid Analyzer technique.

The amino acid effluents were concentrated to 2 ml and brought

to a pH of '»^v2.0 (Kendenburg, 1971). This resultant sample was

then analyzed at the University of Toronto, Medical Sciences

Department, using the Beckman 120 C Amino acid Analyzer (Beckman

Instruments, Inc., California, U.S.A.). Column 5*8 cm x 9 mm

(l.D.) was packed with UR30 cation resin. Column temperatures

o o
were 39 C and 62.5 C for 220 minute and 235 minute time period
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respectively. Citrate buffers of pH 2.8 and pH 4.I were used

to elute the samples. Flow rates of buffer and ninhydrin

(indicator) were 70 ml per h and 35 ml per h respectively.

(c) Leakage of reducing sugars and their analyses.

The 10 ml concentrated leakage solution as obtained for

the quantitative amino acid analysis studies > was used for the

estimation of reducing sugars . Quantitative determination of

reducing sugars were performed according to the method of Miller

(1959).

From the qualitative amino acid studies above > effluents

were obtained from the 12 h combined leakage samples eluted

through the anion and cation exchange columns. These were the

neutral or reducing sugar fraction. Reducing sugar analysis was

first determined qualitatively using one dimensional Thin Layer

Chromatography (TLC). Five microlitres of concentrated sugar

effluents were spotted on heat activated 20 x 20 cm plates

coated with 250 fim thick Kieselgel G (E. Merck, Darmstadt).

Silica gel was slurried with 0.3 M potassium dihydrogen phosphate

(KH2P0j) buffer as recommended by Ghebregzabher et al^. (1976),

to improve resolution of sugar samples. The solvent system was

n-butanol-acetone-water (4:5:1; v/v/v) (Ghebregzabher et al.

,

1976). Sugars were compared with the Rf of authentic standards

(Supelco Inc., Beliefonte, PA) by spraying with the reducing

sugar specific spray, aniline phthalate (Weicker and Brossner,

1961).

For greater sensitivity in characterizing the various
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sugars, it was felt necessary to use the technique of gas-liquid

chromatography (GLC). Sugars were identified on the basis of

their retention time as their alditol acetate derivative

comparative to the retention time of authentic standards

(Supelco Inc., Beliefonte, PA). Alditol acetate derivatives

were prepared according to the method of Stadler (1976). To a

neutralized sample (100 mg) an equal volume (l ml) of a freshly

prepared 0.2 M solution of sodium borohydride (NaBH^) was added

and stirred at room temperature for 2 h in a sealed reaction

flask. The excess of NaBH^ was then eliminated by addition of

acetic acid and subsequently removed in the rotary evaporator as

volatile trimethylborate after the addition of methanol ( 1% HCl

in CHoOH). This NaBH^ elimination process was repeated five

times, using 2-3 ml CH3OH-HCI each time. The dried residue was

then acetylated in a mixture of dry pyridine and acetic

anhydride (0.3 ml each) at 105 C for 20 minutes. This was done

in a sealed reaction tube. After cooling, but prior to the

addition of water, salts were precipitated by centrifugation

(500 g for 5 mins) and discarded. The supernatant was freed

from pyridine and acetic anhydride by repeated addition and

evaporation of water (2 ml at each step). The dried residue was

then extracted with chloroform (l ml), dried in a stream of

nitrogen, redissolved in 20 fil of chloroform and 0.1 pi of this

solution and was injected into the gas chromatograph.

The alditol acetates were analyzed using a Hewlett Packard

57OOA gas chromatograph equipped with a flame ionization detector.
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The 180 cm X 2 mm ID glass column was packed with %% SP2340 on

100/120 mesh Supelcoport and programmed at I80 C - 240 C (2 C/

min; 4 min initial hold) with a flow rate of 40 ml/min pre-

purified nitrogen carrier gas. The peak areas were ascertained

using a Fisher Recordall 5000 series recorder fitted with an

integrator.

In order to determine whether the sugars leaking out of the

cells reflected altered permeability resulting in leakage of

internal pool material, or whether the sugars found in the

bathing solution wipre a result of cell damage, internal pool

sugars were obtained. The pool sugars were obtained by

sonication of host and infected host mycelia (Sonicator Cell

Disruptor, Model W-375i Ultrasonic Inc., N.Y.) at a setting of

5056 duty and 5 output control for 15 minutes. Cell debris was

removed by centrifugation (1,000 g for 15 min) and the sugars

were obtained after proteins were precipitated in S% trichloro-

acetic acid (TCA). The resulting solution, neutralized by

cation and anion exchange columns as for the leakage samples,

was used for sugar analysis. Analyses and derivatization were

carried out as for the leakage samples.

III. LIPID ANALYSES

(a) Isolation of membranes

Total membrane lipids were isolated by a modified method

of Barran et al. (1976). The mycelia were harvested and washed

with several volumes of distilled water to remove nutrients
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adhering to the cultures . Mycelia approximating 8 g wet weight

were resuspended in 40 ml of 0.05 M Tris-HCL buffer, pH 7«5»

The entire isolation of the total membrane samples were

performed under cold conditions. Cells were disintegrated by

homogenization at full speed in a Sorvall ooinimixer for 15

o
minutes . The temperature of the slurry was kept below 2 C by

immersing the ste^l container in ice . The slurry was then

subjected to the French Pressure Cell (1,000 lb cell pressure

per ml ) in the precooled metal container and collected in a

beaker on ice . The supernatant was collected after

centrifugation (2,000 g for 10 min) under refrigeration

(International Refrigerated Centrifuge, Model B-20; Needham

Hts . , Mass., U.S.A.) and the pellet resuspended in buffer. The

suspension was further sonicated (l5 min; pulsed at 50^ duty/5

output control ) and recentrifuged (800 g for 10 min). The

supernatant was collected and pooled, while the pellet was

again resuspended in buffer. This latter procedure was repeated

four times to maximize the gain of membrane from the mycelial

sample . The pooled supernatant was finally ultracentrifuged

(105,000 g for 90 min) in an lEC B-60 Ultracentrifuge (Needham

Ltd., Mass., U.S.A.). The high speed pellet thus obtained

represented total membrane preparation.

(b) Lipid extraction

Lipids were extracted from the isolated membranes in 20

volumes each of chloroform : methanol (2:1; 1:1; 1:2; v/v)

solutions. The membranes were suspended successively in each of
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the three solvents and homogenized at full speed in a Sorvall

omnimixer (30 min in 2 : 1 ; 15 min in 1:1; 15 min in 1:2;

chloroform : methanol mixtures). After each extraction the

lipid suspension was centrifuged (800 g for 10 min). The pellet

obtained after each extraction was resuspended in the successive

mixture of chloroform/methanol, while the supernatant was

collected and reduced to a known volume in a rotary evaporator.

This volume was washed in a separatory funnel according to the

methods of Folch et al. (1957) and Bligh and Dyer (1959) to

remove non-lipid contaminants. The lower phase solvent was

collected in a rotary evaporatory flask while the upper phase

was further extracted with an equal volume of chloroform/methanol

U i 1 ; v/v )

.

The lower phase solvent from this extraction was pooled with

that previously collected in the rotary evaporator flask. The

combined lower phase lipid extract was evaporated to a small

volume, dried with anhydrous sodium sulfate and centrifuged. The

supernatant was dried to constant weight under a stream of

nitrogen. Lipids were stored under refrigeration with a drop of

O.Oly^ butylated hydroxytoluene (BHT) solution to avoid oxidation

of lipids. A small portion of the total membrane lipids was

kept for gas liquid chromatography of the fatty acids, while

the rest was retained for Thin Layer Chromatographic analyses.

(c) Gas liquid chromatography of fatty acids

Fatty acid methyl esters were prepared from the total

membrane lipid extract as described by Deven and Manocha (1975)«
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Lipids were methylated in a freshly prepared mixture of

petroleum ether: acetone :0 . 5 N sodium methylate (1:1:5; v/v) and

fatty acids were hydrolyzed with 0.5 N hydrochloric acid. The

reaction was allowed to take place overnight . The petroleum

ether phase was then removed and dried with anhydrous sodium

sulfate prior to centrifugation . The supernatant was then dried

under a stream of nitrogen . The resulting mixture of fatty

acid methyl esters was redissolved in n-hexane (GLC grade. Baker

Intra-analyzed Chemicals, Phillipsburg, N.J.) for injection

into the GLC. A Hewlett Packard 5700A gas chromatograph equipped

with a flame ionization detector was used for analysis. A glass

column (l80 cm x 2 mm ID) packed with 3% SP2330 on 100/l20

o o
Supelcoport was temperature programmed from 140 C to 200 C at

2 C/min. The injector and detector temperatures were 200 C and

250°C respectively. The peak areas were determined using a

Fisher Recordall 5000 series recorder fitted with an integrator.

Provisional identification of the peaks was based on retention

times of authentic reference compounds (Serdary Research Labs.

Inc., London, Canada). A more complete identification of the

fatty acid methyl esters of this host-parasite system was

previously obtained by the technique of combined GLC Mass

Spectrometry whereby the molecular weight (i.e. the determination

of the molecular ion ^/e) of the esters were determined and their

characteristic mass spectra compared with those of authentic

standards (Deven and Manocha, 1975) • In the present study,

various fatty acids were fractionated and their identity verified
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by mass spectroscopy

.

(d) Thin-layer chromatography of lipid classes

The lipid fractions were separated by thin-layer

chromatography (TLC) using chromatoplates (20 x 20 cm) coated

with 250 fim thick silica gel G (E. Merck, A.G. Darmstadt, West

Germany) in one and two dimensional solvent systems. For one-

dimensional separations, 250 p.g of lipid was spotted on heat-

activated plates and developed in the solvent system of hexane :

diethylether tacetic acid (85:15:1; ^/v). This separates the

parent lipid into their various neutral lipid classes (Manocha

et al . , 1980). The polar lipids remain at the spotting locus

and do not migrate. For two-dimensional separation of polar

lipids, a double solvent system was used. A 250 fxg aliquot of

lipid was spotted on heat activated plates and developed in

solvent systems as modified from Galliard (1968). The successive

solvents used were : (l) chloroform : methanol : ammonium

hydroxide (75:25:3; ^/v); (2) chloroform : methanol : acetic

acid : water (170:25:25:4; Vv). All solvents contained 0.0 IjS

butylated hydroxytoluene (BHT) to avoid oxidation of lipids.

Lipids were visualized by spraying with S0% sulphuric acid and

heating the plates at 90 C Identification was made by (l) co-

chromatography with available standard lipids (Applied Science

Laboratories, College Park, Pennsylvania, U .S .A . ) ;3fia (2) by

comparing with the mobility (Rf values) of published diagrams

for these solvent systems (Deven and Manocha, 1975)*
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IV. PHOSPHOROUS-32 STUDIES

(a) ^ P Incorporation into phospholipids

To detect the rate of 32p ^g KH2'^'^ PO^ (aqueous)

incorporated into the fungal cells, 1 ml of 25 uCi KH2'^ PO^

(aq.) [25 mCi/ml, New England Chemical, Boston, Mass., U.S.A.]

was added to 20 h grown cultures and gently shaken to mix.

Mycelia were harvested and washed, as previously outlined, 15

min after 32p y,as added and at one hour intervals for a period

of 4 h. Mycelia were used at once or frozen in liquid nitrogen

and stored under refrigeration after its wet weight was determined

and a portion of the mycelia retained for dry weight determination.

Lipids were extracted as outlined previously, weighed and

phosphorous content determined according to the method of Rousser

et al. (1966). The radioactivity of the phospholipids was

analyzed in a Packard Tri-Carb Liquid Scintillation Speptrometer,

Model 3310, using the following scintillant : 0.^% PPO [2, 5-

diphenyloxazone], 0.003/5 POPOP [1, 4-bis-(5-phenyloxazole-2-yl)

benzene] (Sigma Chemical Company) in toluene (Johnson, 1971).

Five microlitre aliquots of a 2 ml chloroform/methanol (l:l)

diluted lipid samples were dried down in scintillation vials in

a stream of nitrogen and redissolved in 15 ml scintillation

fluid. Radioactivity was subsequently analyzed in the

scintillation counter.

(b) 32p xurnover in phospholipids

From the phosphorous- 3 2 incorporation studies, 3 h exposure
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bo ^ P was considered satisfactory for adequate amounts of ^^P

to be incorporated into the phospholipids. Cultures were grown

for 20 h and 1 ml of 25 pCi KH2'^^P04 (aqueous) then added and

gently swirled to mix. After 3 h of '^^P feeding, the growth

media were gently poured out and the mycelia was rinsed three

times with 30 ml aliquots of IM phosphate buffer. Finally, fresh

media was added and the time was noted as zero. At 0, 15 > 30,

60, 90 and 120 min intervals, mycelia were harvested and lipids

extracted. Their radioactivity was subsequently determined in

the scintillation counter as reported above.
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CHAPTER 4

RESULTS

A high degree of parasitic infection was observed at 24 to

36 h in liquid cultures. The type and degree of response of a

highly susceptible host such as C. cucurbitarum to P. virginiana

depends to a large extent on the number of penetrations made by

the parasite (Barnett and Binder, 1973) • In addition, when

severely parasitized, a young host hypha frequently responds by

a flurry of lateral branching, resembling a witches broom

(England, 1969)« Shigo et al. (1961) reported that the only

feasible method of measuring parasitic activity was by

estimating the amount of growth of the parasite. Thus, on the

basis of haustorial development and their numbers, together

with the extent of lateral branching of the host owing to

parasitism, the degree of parasitism was determined. The

degree of parasitism up to I8 h was very low as indicated by

the few penetrations of the parasite. However, the level of

parasitism increased significantly thereafter, attaining a

maximum at 24 to 36 h as determined by high amounts of

penetrations and proliferation of lateral branching by the host.

No new penetrations by the parasite were detected after 72 h of

growth, although sporulation of both host and parasite cultures

were evident at that time . It should also be pointed out that

the susceptibility of C. cucurbitarum to parasitism by P.

virginiana declines with age (Berry, 1959; Manocha and Deven,
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1975) • Apparently, the host cell walls become more mechanically

resistant as the hyphae mature and age.

I. PERMEABILITY STUDIES OF CHQANEPHORA CUCURBITARUM

INFECTED WITH PIPTOCEPHALIS VIRGINIANA .

(a) Effect of infection on leakage of electrolytes.

Electrolyte leakage determined by conductivity measurements

was assessed during the phase of maximal parasitic infection

(Figure 2 ) . The average values of five data points and 95/S

confidence limits are indicated by bars in Figure 2 . The

infection brought about a small but consistent increase in the

leakage of electrolytes compared with the uninfected host

during the course of the experiment.

In order to determine whether this was a general phenomenon

owing to a leaky parasite and to active parasitic infection of

host, electrolyte leakage was determined after 72 h growth. At

this time (72 h) there was a marked reduction of parasitic

infection (Manocha and Deven, 1975; Berry, 1959) and the parasite

had initiated sporulation . Figure 3 represents the average

values of three data points with 95/^ confidence limits and shows

that the pattern of leakage was similar for both host and

infected host, exhibiting considerable overlap in the confidence

limits imposed. Leakage was much higher in the 72 h grown

cultures compared with the 24 h grown cultures (compare Figures

2 and 3 ) , perhaps due to the onset of senescence

.
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(b) Effect of infection on the leakage of amino acids

The leakage of amino acids expressed in terms of glycine

equivalents exhibited a similar pattern as for the 24 h

electrolyte leakage data (Figure 4)« The data represent the

average value of three experiments with 95/^ confidence limits

ascribed to each data point. The trend noted from Figure 4 was

one of little difference in amino acid leakage in infected

cultures compared with uninfected cultures up to 8 h of the

experimental period. Thereafter (10-12 h) a more discernable

increase in leakage of amino acids was observed, although this

was not very pronounced.

Analysis of the various amino acids in the leakage solution

was performed as described under Materials and Methods . The

qualitative profiles of the various amino acids from host and

infected host effluents are presented in Table 1 . Significant

leakage of specific amino acids was not noted from infected

cells, based on twenty six amino acids and amino compounds

detected. There were reasonably high amounts of alanine, ammonia,

aspartic acid, glutamic acid and valine in both host and infected

host samples. The other amino acids and amino compounds occurred

in lesser amounts in both experimental conditions. Comparative

examination yielded minor increases in infected samples compared

with host alone for alanine (9.59/S to 11.69/S)> aspartic acid

(5 -2055 to 8.37%) and valine (7.325? to 9.635S). On the other hand,

minor decreases were also observed for glutamic acid (8.15/S to

6.8O/S) and for the amino compound, ammonia (l6.47^ to 11.7l/?)«
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TABLE I.

Percentage Composition of Amino acids in Leacheate of
Choanephora cucurbitarum infected by Piptocephalis virginiana
after 24 hours of Inoculation.

AMINO ACIDS PERCENT (% ) COMPOSITION

HOST HOST + PARASITE

Dir-AMINO-ADIPIC ACID
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The other amino acids and amino compounds did not exhibit any

notable shifts in amounts of leakage. On the whole, there were

no amino acids or compounds which were detected in infected host

and not detected in control host, and vice versa. More

importantly, there were no drastic shifts in the leakage of

specific amino acids or compounds, although apparently minor

shifts were detected as reported above

.

(c) Effect of infection on leakage of reducing sugars.

Figure 5 illustrates the leakage of sugars expressed as

glucose equivalents in both host and infected host. The

average values of five data points from separate experiments

are presented in Figure 5 along with 95/S confidence limits.

The leakage of reducing sugars in infected host cells exhibits

an increase as compared with the control host. Although

increased leakage of sugars in infected cells was not drastic,

differences were evident after eight hours of the experimental

period (Figure 5)«

Qualitative determination of reducing sugars was performed

to examine whether there was any difference in the types of

sugars leaking out of the cells owing to parasitism. Internal

pool sugars were also analyzed to determine whether the

leacheate sugars were due to permeability changes or due to the

damage of cell structures during experimental procedures.

Analysis of reducing sugars was performed by one dimensional

thin layer chromatography (TLC) as outlined in Materials and
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Effect of Parasitism on the Leakage of
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(see Appendix III for statistical data)
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Methods. Sugars were compared with the Rf values of authentic

standards (Figure 6 a and b). Note particularly that the Rf

values of many of the reference sugars were quite close (Figure

6a) and although addition of 0.3 M potassium dihydrogen phosphate

was added to the TLC slurry to improve the resolution of the

various component sugars as recommended by Ghebregzaber et al

.

(1976), only approximations of types of sugars present could be

assessed (Figure 6). The data did show, however, the presence

of a mixture of sugars in all the samples, rather than only a

few specific sugars. In an attempt to better resolve the

different sugar components, the technique of gas liquid

chromatography was employed. It may be mentioned 'en passant'

that sugars detected via GLC also exhibited Rf values consistent

with their presence on TLC (Ghrebregzaber et al., 1976).

The reducing sugar composition of the leakage material and

the internal pool of C. cucurbitarum and with its obligate

parasite, P. virginiana are shown in Table 2. Data for the

leakage samples are based on mean values obtained from three

different experiments whilst pool samples are from two separate

experiments. Both leakage and pool values are presented with

standard deviations. The percent composition of the seven sugars

identified in the leakage experiments, plus one unidentified

sugar, displayed comparable values for both host and host plus

parasite combination (Table 2). Whereas percent composition of

ribose, mannose and galactose were reasonably high (10-13/6),

glucose was significantly higher (50-53/2). Lesser amounts of
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Figure 6 a, b.

Thin layer Chromatograms of Reducing Sugar Samples
of (a) standard (reference) sugars: (l) rlbose,
(2) glucose, (3) galactose, (4) mannose

^

(5) fucose, (6) xylose, (7) arabinose, and .

(b) Leacheate and Pool Sugars;
(8) 24 h grown host pool sugars, (9) 24 h grown
infected host pool sugars ^ (lO) 24 h grown host
leacheate sugars, (ll) 24 h grown infected host
leacheate sugars, and (12) glucose as reference
sugar*
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fucose, arabinose, the unidentified sugar and xylose (i '5%-(>%)

were noted. It should be mentioned that two other sugars,

inositol and sorbose were detected in very small amounts (~0.6y6)

in pool samples of C. cucurbitarum but was neither detected in

the pool samples of infected host, nor in the leakage samples

of the host and infected host.

Except for very small quantities of inositol and sorbose

in internal pool sugars of host, the profile of all the other

sugars were comparable in both host and infected host. Of

particular interest is the comparatively lower percentage

composition of glucose in the pool data compared with that of

leakage (l6-l8$6 in pool, 50-53% in leacheate) and the higher

amounts of arabinose in pool data compared with leakage (-^ 18/6

in pool, 1-2/6 in leacheate). Values of fucose, the unidentified

sugar, xylose and galactose had a very similar percentage

composition in both leakage and pool samples of host and

infected host. Values were higher, however, in pool sugars for

both ribose (21-2356 in pool, 10-11/6 in leakage) and mannose (20-

2156 in pool, 13/6 in leacheate). The leakage data did not fully

represent the internal pool composition and although consistent

trends were noted for some sugars, percentage composition of

the others did not correlate fully. Moreover, the higher amounts

of glucose in the permeability studies is very conspicuous and

the effect it may have on parasitic development may be fairly

important

•
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II. MEMBRANE LIPID ANALYSIS

(a) Gas-liquid chromatography of fatty acids.

The fatty acid composition of total membrane lipids

extracted from C. cucurbitarum and with its obligate parasite,

p. virginiana at 24 h and 36 h, the time corresponding to the

start and the termination of the leakage experiments respectively,

are presented on Table 3 • Data values are representative of

three separate experiments, with mean values plus standard

deviations. It should be noted, first of all, that there was a

consistently higher amount of membrane lipid in infected host

compared with the control . At ^ h there was an increase from

38.67 fig to 47.97 >ig per mg dry weight, and at 36 h 53*50 ^g to

67 '72 fxg per mg dry weight. Secondly, there always were higher

amounts of gamma-linolenic acid (Vl8:3) in infected cultures

both at 24 h and 36 h. There was also an increase in the levels

of "\/l8:3 in the 36 h cultures compared with the 24 h cultures.

Thirdly, there was a small, but consistently higher degree of

unsaturation of fatty acids in infected host cultures compared

with that of the control host. The fatty acid composition percent

of total membrane lipids showed an overall consistency of

profiles under all the analyses. Palmitic (l6:0), stearic (l8:0)

oleic (18: 1), linolenic (l8:2) and gamma-linolenic (Y'l8:3) acids

were the major constituents. Lesser amounts of lauric (12:0),

myristic (l4:0), palmitoleic (l6:l), docosanoic (22:0) and

tetracosanoic (24:0) acids were also found. A peak was also

detected by GLC occurring between docosanoic and tetracosanoic
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-A 24 hour Host

- 36 hour Host + Parasite

-a 36 hour Host

(see Appendix IX, X, XI & XII for statistical
details )
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acids* However, fractionation and subsequent mass spectroscopic

analysis revealed that it was not a fatty acid. It should also

be pointed out that percentage composition of lauric (12:0),

myristic (14:0), palmitic (l6:0), palmitoleic (l6:l), docosanoic

(22:0) and tetracosanoic (24:0) acids were very comparable in

each case with the 24 h and 36 h cultures of host and infected

host. Stearic (l8:0) acid had similar percentage composition

for all conditions except with 24 h host-parasite cultures where

it occurred in higher amounts (Table 3). For a clearer picture

of the fluctuations in the fatty acid compositions Figure 7

shows percent composition of the quantitatively significant

fatty acids from the infected and uninfected cultures at the two

time periods of analysis.

(b) Thin layer chromatography of lipid classes.

One dimensional thin layer chromatographic separations of

neutral lipids into various classes yielded five different

fractions, namely the monoglycerides, sterols, diglycerides,

free fatty acids and sterol plus fatty acid esters (Figure 8).

It is apparent from Figure 8 that the infection did not bring

about any change in the distributional patterns of the neutral

lipid classes compared with the uninfected host both in 24 h and

36 h cultures. Of particular note is the apparent absence of

triglycerides. This neutral lipid class was detected in total

lipid extracts of the host, C. cucurbitarum (see Deven and

Manocha, 1975)* However, triglycerides are known to be storage

lipids and do not exist as membrane components.
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Figure 8

.

One Dimensional Thin Layer Chromatogram of
Neutral Lipid Classes from Total Membrane
Lipid Extracts of: (l) 24 h grovm host,

(2) 24 h grown infected host, (3) 36 h

grown host 5 (4) 36 h grown infected host

and (5) standard (reference) compounds.
The abbreviations correspond to : MG,

monoglycerides; S, sterols; DG, diglycerides;

FFA, free fatty acids; S & FAE, sterol and

fatty acid esters.







Figure 9 a> b, c, d.

Two Dimensional Thin-Layer Chromatographs of Polar
Lipid classes from Total Membrane Lipid Extracts
of (a) 24 h grown host, (b) 24 h grown infected
host, (c) 36 h grown host and (d) 36 h grown
infected host . The abbreviations correspond to :

PS, phosphatidylserine ; PC, phosphatidylcholine;
PE , phosphatidylethanolamine ; P6, phosphatidyl-
glycerol; DPG, diphosphatidylglycerol; MGDG,
monogalactosyldiglyceride ; NL , neutral lipid;
FFA, free fatty acids.
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Figure9a,b,c,d : 2-Dtlc of Lipids
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Two dimensional thin layer chromatography of total membrane

lipids revealed a similar pattern of lipid composition (Figure

9 a, b, c and d) in the infected and uninfected hosts at both

time periods analyzed. Phosphatidylethanolamine (PE) was the

predominant phospholipid followed by phosphatidylcholine (PC)

and phosphatidylserine (PS). There were also minor amounts of

phosphatidylglycerol (PG), diphosphatidylglycerol (DPG) and

monogalactosyldiglyceride (MGDG). Neutral lipids and free fatty

acids were also detected. Essentially, no apparent difference

was noted in the phospholipid profiles of the host and infected

host

.

III. PHOSPHOROUS- 3 2 STUDIES

(a) 32p Incorporation in phospholipids.

The results of ^^P incorporation into phospholipids of host

and infected host are presented in Figure 10. The data were

expressed on two different unitary bases; counts per minute pier

microgram lipid (cpm/^g) and cpm per fig inorganic phosphate (Pi).

All data showed a higher level of 32p incorporated in infected

host compared with the control host and that a period of l80

minutes (3 h) was sufficient time for adequate amounts of "'•^P

to be incorporated into the phospholipids . The data show a

tendency toward attaining saturation levels in 32p after 3 h

(Figure 10).

(b) 32p Turnover in phospholipids.

Figure 1 1 shows the rate of turnover of phospholipids in
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Figure 10. Phosphorous-32 Incorporation Versus Time
in Infected and Control Host tissue.
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(see Appendix XIV for details)
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Figure 11. Phosphorous-32 Turnover in Phospholipids
Versus Time in Infected and Control
Host tissue.

o- -o Host + Parasite (cpm/ug lipid)

-a Host ( cpm/ug lipid)

-•Host + Parasite (cpm/pg Pi)

-Host (cpm/jig Pi)

(see Appendix XIII for details)
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the host and infected host. Data is expressed in two unitary

forms as for the incorporation studies, cpm/jig lipid and

cpm/pg inorganic phosphate. On both unitary bases, the rate

of turnover of phospholipids was consistently higher in

infected host lipids compared with that of uninfected host. In

general, the initial increment in levels of radioactivity

observed may quite likely be due to further 32p incorporation

into phospholipids from the internal pool of radioactive

phosphorous already incorporated. Subsequent dilution of

radioactivity by feeding cold potassium phosphate solution

results in the decline of radioactivity observed (Figure 11).
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CHAPTER 5

DISCUSSION

I. PERMEABILITY STUDIES .

The focus of the present permeability studies was on the

initial stages of the host-parasitic interaction . This was due

to the fact that previous investigations on permeability which

involved the rust pathogen (Thatcher, 1939, 1942, 1943; Hoppe

and Heitefuss, 1974 a, b and c; 1975 a and b; LUsel and Lewis,

1974) were made during the later stages of parasitic infection

when sori were well developed and sporulating pustules reached

a maximum size. Moreover, Antonelli and Daly (1966) and Wheeler

and Hanchey (1976) reported that the critical events in the

host-parasite interaction probably occur much earlier. Host-

parasite cultures grown for 24-36 h were found to represent an

active early phase of parasitic infection in this study.

Previous findings by Manocha and Deven (1975) ascribed I6 to 24

h as time of active parasitism. However, their studies were

done on solid media, whereas this present study was performed

on liquid media which may perhaps retard the infection process

somewhat

•

Results from the present study on permeability did not show

any significant leakage of ions, amino acids and sugars as was

found by Hoppe and Heitefuss (1974 a). Examination of the

leakage of electrolytes, amino acids and reducing sugars showed
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a small but consistent increase in Choanephora cucurbitarum

infected with Piptocephalis virginiana . However, a notable

increase in leakage was observed with the reducing sugars after

8 h of the experimental period. The overall level of leakage

observed in this study, compared with the previous work of Hoppe

and Heitefuss, may be explained on the basis that this study

was done during the early stages of infection and not during

the later stages where, according to Wheeler and Hanchey (1968),

the cells of the host are modified in some way which greatly

reduces their ability to withstand stress. Moreover, Hoppe and

Heitefuss (1974 a) used an obligate pathogenic fungus which

eventually causes host cells to become senescent and die

prematurely. Whereas, the present mycoparasitic system is

obligately biotrophic in nature and, according to Barnett and

Binder (197 3) and Manocha and Deven (1975)> there is little or

no apparent inhibition of host growth by this haustorial myco-

parasite under the experimental conditions employed in their

work and followed in this study. It would be unlikely,

therefore, to anticipate any drastic permeability changes in

this mycoparasitic system, since this would be detrimental to

the sophisticated nutritional balance which this host and

parasite displays.

In order to determine whether the patterns of electrolyte

leakage wgrg, characteristic not only for the initial period of

infection, but also for the later stages of parasitism, 72 h

leakage of electrolytes was examined* The pattern of
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electroljrte leakage observed after 72 h growth was quite

comparable for both host and infected host systems « exhibiting

considerable overlap in the 95% confidence limits imposed

(Figure 3). This may quite likely be due to the fact that

there is a marked reduction of parasitic infection at this later

stage of parasitism, as observed in this study and borne out by

Berry (1959) and Manocha and Deven (1975)« This is generally

attributable to wall composition or thickness as the mycelium

ages, which would afford mechanical resistance (Barnett and

Binder, 1973 )• Moreover, the higher overall leakage of

electrolytes of the 72 h study compared with the 24 h study may

be attributed to the inception of senescence

.

No data is presently available on the qualitative profiles

of amino acids or sugars which comprise the leakage effluents

in permeability studies with obligate biotrophic mycoparasites

.

Data is, however, available on the leakage of nutrients from

dried and rewetted conidia of Alternaria brassicae , the

blackspot pathogen of rapeseed and its effect on the necrotrophic

mycoparasite , Nectria inventa (Tsuneda and Skoropad, 1978). It

was interesting to note though, that both this study and that

of Tsuneda and Skoropad (1978) showed high amounts of aspartic

acid, glutamic acid and alanine in the qualitative and

quantitative analysis of the leakage effluents. The latter

amino acid and serine occurred in higher amounts only after 12

h drying followed by rewetting of the conidia. However, unlike

with the rewetted conidia of A. brassicae , high levels of

glutamine and serine were not observed in our system. On the
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other hand, the comparatively high levels of valine noted in

the leakage studies of JP. virginiana on C. cucurbita rum was not

observed in the leacheate of A. brassicae

.

Moreover, the

presence of amino compounds were not reported by Tsuneda and

Skoropad (1978) and thus, the higher levels of ammonia found

in this study could not be compared. In both studies, though,

the other amino acids detected occurred in comparatively

smaller quantities.

The amino acid analyses showed similar profiles and no

new species of amino acids or amino compounds were detected in

host or infected host leacheate. Although minor increases in

alanine, aspartic acid and valine were noted, while minor

decreases occurred in glutamic acid and ammonia in infected

host compared with control host, the overall profile was quite

comparable for both leakage of host and infected host. Perhaps

any one or a combination of the amino acids and amino compounds

detected in this analysis may be required for the successful

parasitism of C curcubita rum . In accord with that, analyses

of nitrogen nutrition on the fr^e amino acid pool of C.

cucurbitarum infected with P. virginiana by Phipps and Barnett

(1975) revealed that reduction in parasitism could not be

correlated to the absence of specific amino acids in the host

pool. In brief though, this study showed no significant and/

or differential leakage of amino acids in infected host compared

with host alone to implicate a possible correlation with

parasitism.
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Qualitative examination of sugars in the permeability

studies showed the presence of glucose in significant amounts

(50-53/6) both with the host and infected host. There were

reasonably high amounts of ribose> mannose and galactose,

amounting to about 10 to 13 percent in each case. The other

sugars, namely fucose, arabinose, the unidentified sugar and

xylose, occurred in lesser amounts. These results may be

compared with that of Tsuneda and Skoropad (1978) who analyzed

their leakage sugars by paper chromatographic technique. Their

sugar fraction consisted of glucose and fructose, plus one

unidentified sugar. What is discernable from these two studies

is the prominence of glucose in the effluents. Nevertheless,

the technique of Tsuneda and Skoropad (1972) was not sensitive

enough to detect the possible existence of other sugars

occurring in smaller quantities in the effluents.

It should be pointed out that the mere presence of glucose,

a readily metabolized carbon source, may not mean it can be

taken up by the parasite. Barnett and Binder (1973) made

mention in their review article of the detailed studies on the

axenic growth of Dispira cornuta and Tieghemiomyces parasiticus

in liquid culture . Radioactive studies with these haustorial

mycoparasites by Binder (l97l) showed a slow or limited

entrance of glucose into the mycelimm. Use of the surfactant,

Tween 80, enhanced the rate of entrance of glucose and resulted

in much greater growth of the parasite. In the opinion of

Barnett and Binder (1973)> there is little doubt that glucose
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can enter the mycelium of the haustorial parasites under some

conditions, but it also appears that the vegetative hyphae

serve as a barrier to certain nutrients in media that are

readily absorbed by haustoria within the host cells. It is

also possible that the presence of the host may influence the

permeability of the parasite's membranes. Manocha (1975)

suggested that axenic cultures of P. virginiana may have a

defective membrane , based on the absence or very low

concentration of V-linolenic acid in their lipids, which was

considered to be indicative of some sort of block in the

synthesis of polyunsaturated fatty acids. The close contact

of the haustorial parasite, P. virginiana , with its host's

protoplast, quite likely alters the permeability properties of

the parasite and probably facilitates nutrient uptake.

Examination of pool sugars yielded a very similar profile

for both host and infected host , except for minute amounts of

inositol and sorbose detected in host pool samples. However,

this did not reflect the qualitative profile of the leakage

data (see Table 2). Hence, sugars may be leaking out in a

selective manner. Although some of the sugars detected in the

permeability studies may be due to tissue damage, it should

be noted that this is a non-destructive obligate biotrophic

system, as opposed to parasitic systems involving necrotrophic

pathogens. Lewis (1973) mentioned that the latter produce

copious amounts of hydrolytic enzymes of varied specificity,

resulting in degradation of tissue, characteristic of the
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of the pathogen (Wood, 1967), whilst minimal tissue damage is

the hall-mark of biotrophy . Also, whereas tissue damage may

account for some of the leacheate material when excised tissues

are used to study permeability changes, such as perhaps occurs

when excised leaves of the host plant are used (Hoppe and

Heitefuss, 1974 a), in our mycoparasitic system, such damage

may not occur since mycelia were not cut, but were used as an

entity. It should also be mentioned that suspension of mycelia

in distilled water does not incur damage. In fact, various

mycelial fungi are stored for long periods (months, years) on

distilled water and have occasionally been known to germinate

there as well (Boesewinkel , 1976; Ellis, 1979). As for the

shaking procedure, it should be mentioned that fungi are known

to be grown under similar conditions. Moreover, mycelia were

quite viable after the permeability studies as observed by

their growth following reculturing onto fresh media . In this

permeability study, therefore, it is reasonable to assume that

only a minimal quantity of the effluents may be attributable

to tissue damage

.

II. MEMBRANE LIPID ANALYSES

Since this study was directed to elucidating the functional

role of membrane permeability in the supply of nutrients to the

invading parasite, membrane lipids, which determine the barrier

properties of a membrane (Van Deenan , 1969), were studied.

Consistently higher amounts of total membrane lipids were found
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in infected compared with uninfected host> both at the 24 h and

36 h analysis. This finding is in agreement with that of

Muckerjee and Shaw (I962) and Losel and Lewis (1974) in their

studies of the obligate pathogenic rust fungi. Hoppe and

Heitefuss (1974 b and c), however, reported a slight decrease

in phospholipids in rust infected bean leaves. The latter

determination is considered to be an underestimation by Brennan

and Losel (1978) in their review article. They pointed out

that determination on a per unit area of leaf tissue basis

results in a higher estimation of the phospholipid content,

whereas on a dry weight basis, the technique followed by Hoppe

and Heitefuss, the estimation of phospholipid content is lower,

owing to the fact that rust-infected tissues are known to

increase in tissue dry weight with age. It should also be

mentioned that an overall loss of membrane lipids in rust

infection would be difficult to reconcile with the greater

incorporation of 32p into the phospholipids of infected tissue

compared with the control, as shown by Hoppe and Heitefuss

(1974 b). In the present study though, increased levels of

membrane lipids may be due to rapid synthesis of new parasitic

membranes owing to the possible elaboration of a defective one

by the parasite (Manocha, 1975)* In addition, the host organism

may also be increasing its synthesis of membrane lipids in order

to maintain its cellular integrity in the face of multiple

haustorial invaginations by the parasite (England, 1969j

Manocha and Lee, 1971).

In the fatty acid analysis of membrane lipids, it was
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interesting to note that there was a small, but consistently

higher, degree of unsaturation in the fatty acids as a result

of infection, both at the 24 h and 36 h period of analysis. A

similar finding was made by Hoppe and Heitefuss (1974 c) in

their permeability studies on rust infected bean leaves.

Extensive research on the influence of chain length and degree

of unsaturation of fatty acid on membrane permeability properties

with liposomes (De Gier et al., 1968, Haest et al., 1972;

Scarpa and De Gier, 1971) in Mycoplasma laidlawii B (Haest et

al., 1969; McElhaney et al., 1970; Romijn et al., 1972) in

Escherichia coli (Haest et al.> 1972; Davis and Silbert, 1974),

in Acholeplasma and bilayers of liposomes derived from its

lipids (McElhaney et al^., 1973 )> all showed enhanced

permeability with increasing degree of unsaturation and

decreasing chain length in the fatty acid side chains of membrane

lipids. Hence, the slight but consistent increased leakage of

ions, amino acid and sugars (Figures 2, 4 and 5) observed in

infected host compared with the control host, may be explained

for the most part by the higher degree of unsaturation detected

in infected tissue compared with the control

.

It was also interesting to note in the fatty acid analysis

of the membrane lipids that gamma linolenic acid (V l8:3)> a

polyunsaturated fatty acid was consistently found in higher

quantities in infected host compared with the host control.

Higher levels ©fY-linolenic acid wer& also found with the 36 h

cultures when compared with the 24 h cultures (see Figure 7).
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Manocha and Deven (1975) showed a direct correlation between

the increasing levels of y-linolenic acid in total lipid extract

of C. cucurbitarum during the early stages of growth (24 h) and

the degree of parasitism by P. virginiana . Previously, Manocha

(1975) had reported the absence of Y~li"ol®"ic acid in axenic

culture spores of P. virginiana . The absence of Y-linolenic

acid was considered indicative of some sort of block in the

synthesis of long chain polyunsaturated fatty acids in P.

virginiana , a feature which could result in a defective membrane

.

Consequently, the increased levels of Y-linolenic acid observed

in this study is quite likely a response due to parasitic

infection. Since the parasite apparently does not synthesize

y -linolenic acid (Manocha, 1975) > the contribution by the host

to the overall increased level in infected tissue must be in

significant quantities. Exact proportional contribution by the

host is difficult to ascertain. Difficulty arises mainly from

culturing Piptocephalis in the absence of the host fungus

.

According to Barnett and Binder (1973) and Phipps and Barnett

(1975), this problem remains a real challenge to the interested

researcher. However, these results do assent to that by

Manocha and Deven (1975) and Deven (1976, M.Sc Thesis) where

stimulation of ]r-linolenic acid was shown to be a characteristic

response of the host to infection. In fact, the influence of

Y-linolenic acid on membrane permeability may be significant,

since it exhibits increased synthesis in membrane lipids in

response to parasitism. Lack of V-linolenic acid on the part
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of the parasite may render its membrane leaky, which would

force it to adopt a parasitic mode of life (Manocha, 1975) >

which may also be accountable for the small but consistently

higher leakage observed in infected host in this study.

Comparable profiles of polar lipid classes from total

membrane lipids were noted for infected and control host of

both 24 h and 36 h cultures (profiles on Figure 9 a> b, c

and d). The major phospholipids detected were

phosphatidylethanolamine (PE) and phosphatidylcholine (PC).

This is consistent with the characteristic trend of fungi to

contain high amounts of these phospholipids (Mumma et al . , 1971;

Weete, 1974; Deven and Manocha , 1976; Brennan and Losel, 1978)

Other phospholipids were also detected in lesser amounts. It

should be mentioned that neither in the present study nor in

those of Losel and Lewis (1974) and Hoppe and Heitefuss (1974 b

and c) were there the occurrence of any new lipid species as a

result of the infection process. In the present study though,

no significant differences were apparent in the proportional

distribution of the polar lipid classes in infected and

uninfected host. However, definitive quantification of the

lipid classes were not made. Thus, any minor differences which

may be present were not determined.

No significant difference was apparent from the neutral

lipid classes of the host compared with the host-parasite

complex, both at the 24 h and 36 h period of analysis, based on

one dimensional thin layer chromatography. Among the various

neutral lipid classes detected were the monoglycerides, sterols
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diglycerides and sterol plus fatty acid esters. In accordance

with this, Brennan and LSsel (1978) reported that the major

component of fungal lipids was the phospholipids, accompanied

by sterols, sterol esters and some neutral lipids. Sterols

have been investigated in rust diseases in the search of

membrane components which might be altered by the presence of

a biotrophic fungus. Both Nowak et al. (1972) and Hoppe and

Heitefuss (1975 b) detected no difference in sterol content in

healthy and rust-infected leaves . Any increase in sterol

synthesis during rust infection appeared to be in the

urediospores (Knoche, 1974; Hoppe and Heitefuss, 1975 b). It

should be mentioned that triglycerides were not detected in

this study, whereas this neutral lipid class was found in total

lipid extracts of C. cucurbitarum (Manocha and Deven, 1976).

However, this is not too surprising since triglycerides are

known to be storage lipids and their existence in the membrane

lipids would be unlikely. In brief, the neutral lipid classes,

though characteristic of fungal membranes, did not exhibit any

significant shift in amounts present as a result of infection

in this obligate mycoparasitic system.

Preliminary investigations on 32p incorporation (Figure

10) and 32p turnover (Figure 11) in phospholipids of host and

host-parasite system, showed higher levels of incorporation and

turnover of phospholipids respectively, in the infected host

compared with the control host. These findings are consistent

with that of Hoppe and Heitefuss (1974 b) who found that rust-

infected leaf halves showed an increase in 32p incorporation
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into all phospholipids and higher levels of membrane lipids in

infected tissue compared with the control (Table 3) previously

reported. This indicates that P. virginiana stimulates the

synthesis of membrane phospholipids during the host-parasite

interaction. Perhaps, as suggested earlier, increased synthesis

of membrane lipids may be due to a requirement on the part of

the parasite to construct a functional membrane as it adopts a

parasitic mode of life, and the host organism may also increase

its membrane lipid content as it strives to maintain its

cellular integrity when afflicted by the haustorial penetrations

of the parasite.

From the foregoing discussion it was noted that no

particular amino acid could be implicated in preferential

leakage, though in the sugar analysis, glucose showed

preferential leakage in both host and host-parasite complex.

However, it is apparent from Figures 2, 4 and 5» that the

parasite induces and/or is itself responsible for the slightly

higher amounts of leakage of ions, amino acids and sugars in

infected tissue. Permeability changes as a result of infection

were rationalized on the basis of altered membrane lipids; a

higher degree of unsaturation of fatty acids in membrane lipids

from infected host, a defective parasitic membrane requiring

the synthetic capacity of the host for y-linolenic acid

synthesis and the synthesis of phospholipid, and induced

permeability changes in the host on account of infection . It

was also pointed out that the significant leakage of ions,

amino acids and sugars in bean leaf tissue infected with the
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rust fungi by Hoppe and Heitefuss (1974 a ) in contrast to the

small but consistently higher leakage of these components in our

mycoparasitic system may be rationalized on the basis that the

rust fungi, though obligate biotrophs, are also pathogenic in

nature, leading eventually to the death of host cells, whereas

in our system, the parasite is obligately biotrophic in nature

and depends on the host for its long term survival and

propagation, while showing little or no apparent inhibition of

host growth (Barnett and Binder, 1973? Manocha and Deven,

1975)' To expect drastic permeability changes in our myco-

parasitic system would be unrealistic considering the nature

of the host-parasite association.

It might be interesting to speculate that the permeability

changes which occur as a result of infection by haustorial myco-

parasites may be a localized phenomenon occurring at the host-

parasite interface. There is evidence that the haustorial

membrane is specialized at the host-parasite interface in

infection by P. virginiana (Armentrout and Wilson, 1969) and

most clearly illustrated in flax leaves infected by Melampsora

lini (Littlefield and Bracker, 1970; 1972; Bracker and

Littlefield, 1973)' Bushnell (1972) reported that the infecting

haustorium comprises the only interface between the host and

parasite and plays a central role in permitting nutrient

availability to the parasite. Perhaps the specific analysis

of the host-parasite interface membranes may better indicate

the permeability changes which take place between the host and
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parasite during infection. Small increases in electrolyte

leakage as a result of infection in this study may be due to

seepage at this interface. Moreover, there is also evidence

that localized alteration of membrane permeability in infected

host cells can be attributed to phospholipid degrading enzymes

(Lumsden and Bateman, 1968; Tseng and Bateman, 1968, 1969;

Lumsden, 1970; Huang and Goodman, 1970; Hoppe and Heitefuss,

1974 c). Owing to the obligate biotrophic nature of our myco-

parasitic system, detection of high amounts of hydrolytic

enzymes would not be expected (Lewis, 1973) > although minimal

quantities may be detected at the haustorial interface.

Further studies on the leakage phenomenon could involve

the effects of culture filtrates of the parasite, on the leakage

of electrolytes in the host organism. Dow and Callow (1979 a

and b) showed that the culture filtrates of the tomato leaf

mold elicited rapid and non-specific leakage of electrolytes

in the host organism. These researchers partially characterized

the active molecules, considered to be glycopeptide in

character and postulated the site of binding to be at the

plasmalemma surface . Analogous molecules may also be

responsible for increased permeability in response to infection

observed in this study. Such studies would further elucidate

the mechanism whereby the parasite infects the host and causes

the characteristic permeability changes which are considered

necessary for it to obtain its nutrients, a feature which

Durbin (1967) stated, lies at the heart of the understanding

of the nature of obligate parasitism.
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