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ABSTRACT

~

Exudate has been associated with a num-
ber'of different fungal structures. Dfoplets of .

exudate were observed on rhizomorphs of Armi-

llaria mellea, and subseqhent study,showed that\“

rhizomorph‘exudate washproduced in great‘quanti—“u

ties on carrot agar medium. Light microscopy

‘ahd seanninq electron microscopy studiee'were‘,

done on rhlzomorphs with exudate droplets and

showed that the droplets were initially. hyallne

but darken with age and that- a membranous ma-

terial is left after freeze*dr’ng. Some physi-

~cal and biochemical propertieg of the eXudate“ *,
: ) v

"were determined.’ Inorganic elements, protein,

and free amino acids were'detected Oxalic acid

whlch has been found *in other fungal exudates

was not'found in A. mellea exudate. Protelns
from exudate and from rhlzomorph extracts were
separated by the 1soe1ectrlc focusing technlque.
B—glucosidase, perox1dase, polyphenolox;Ldaseh
acid.and alkaline‘protease activities were also

detected. o ‘ T

v
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CHAPTER I

3

INTRODUCTION

! Armlllarla mellea (Vahl.‘ex Fr;)(kummer,'

(—Armlllarlella mellea Karst ), is a root, rottlng

basrdlomycete belonglng to the order. Agarlcales.
It is commonly found.ln forest 50115 throughout
the world, and has an extremely w1de hoit range,

pr1nc1pally forest trees but also 1nclud1ng many

b

;hortlcultural crops (Raabe 1962) A. mellea causes

;the dlsease in plants known as 'shoestrlng rot',

crown rot'r\or Jmushroom rdgt rot' .Whlte fans

of mycellum and black cord -like rhlzomorphs of 1
e 3
mellea can be found between the bark and the wood
I\ N
tln the root collar ‘and .roots of 1nfected trees.

The rhlzomorphs may be attached to root surfaces

S

- and/or - grow1ng in the 3011 surroundlng the plant
roots.l ﬁhlzomorphs are the prlnc1pal means of
-lnfectlon and: spread of the fungus (Rlshbeth 1970),
as they can grow through sorl and attack healthy

, plant roots.’ %~

Armlllarla mellea has been the sub]ect

of’ con51derab1e study because ‘of 1ts wide host

range and destructlveness of certain economlcally '

1



. important: plants (Foéter ‘and Foster 1951, Marsh

1952), Hartig (1873), was one of the flrst workers

B

‘to Qxam}ne A. mellea from a taxonomlc-p01nt of

view, He showed that Rhlzomorpha substerannea and

\

Rhlzomorpha subcortlcalls vere the ‘same fungus, A."
'mellea. Slnce_then,~mggn\ezfort has been carried
~out in the study of §.4mell a's biology, cultural

characteristics, rhizomorph behavior, genetics,
. - N . “ Q ‘

‘etiqlqu; and control.
o ﬁartié 61873) Qriginally,thought that
AL melleafwas a"woundl paraslte and' that it was
‘unable.te enter‘actively growing tisSue} put later
reported?that A. mellea was neither a pvraeite of
v'ﬁealthy ner'woundedkroots. Hewever,.Thzlas (l93&f“‘
pcbnclﬁded. from a long and detailed study, that
penetratlon of the root by a branCh of the rhizo-
morph was dlrect and through 1ntact perlderm Pene—
tration involved two processes, mechanical force |
from the~rhi20morph, and by chemical means as
thete appeared to be’destructlon of the suberlzed
celMhwalls. Further observatlons revealed that
death of the plant cells always occurred well in ad-
vance of the penetrating'rhizomorphs, thus indiéa- |

ting the presence of fungal toxins and/or enzyme

£

systems.
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ffo' ward (1888) pointed out the possibility

#
' 2

that fungi might oduce'toxic substances which
were related to pathogene51s. De Bary (1887) and
Brown (1915)~ found that cultural flltrates of fungl

4¥had the. ability to destroy host tissue. It is now
: : Ly 2 .

a commonly heldbview that fungi excrete extraceilu—“

lar enzymes in order to break down foodstuffs

Since the time of de Bary (1887), liquid

PR

- droplets have been reported by méhy investigators
on fungi from almost every tawonomic class. In the

ba51dlomycetes, many authors have described llquld

»

droplets belng assoc1ated w1th different parts of
‘ J . ? )

the basidiocakrp, -

Reports’of droplets on the upper portion

of the stipe have bqu)made for Agaricus polyporus

(Tulasne and Tulasne 1931),‘Paneaeolus solidipes

(Hard 1908, McIlvaine 1912, Gussow and 0dell 1927),

~

" TPricholoma grande (McIlvaine 1912), Marasmius

elongatipes, Hygrophorus eburnes, Panoeolus campan- .

ulatus'(Kauffman’l918), Boletus subaurens, Boletus

. puntlipes (Coker and Beers 1943), Suillus plirans, .

Limacium poitarum, Limacium pudorinum.and Russula

foetans (Pilat 1961). McIlvaine (1912), Kauffman

 (1918), Coker and Beer (1943), and Pilat {1961) .



noted that the droplets were colored and ‘that when

drled left colored spots on Lepoita lentlcularls,

Suillus plorans, Marasmius elongatlpes, Boletus

subaureus, Boletus punctlpes. Droplets on, gllls

or tubes have been reported for Hypholoma lachryma—'
bundum (Hard 1908, Atkinson 1911, Kauffman l918),~

Boletus sobaureus (McIlvaine 1912), Poliota

albocrenulata, Hebeloma fastible, Hebeloma crustu-.

\ , . . :
liniforme (Kauffman 1918), Boletus gganulatus,

Polyporus hlpldus, Polyporus stlptlals, PSLlobybef

areolata, Russula luteo—tacla (Rea.l922), Russula

delica (Rea 1922, Gussow and Odell .1927), Suillus

plorans (Pllat‘l961), Russula foetans (Gro‘es 1962),

Polyporus- berkeleyl, Polyporus schwe1n1t211 (Krleger

[3

1967) A chestnut colored watery liquid exuded by

spores of Gyroden p_oximus was reported by’ S&nger

(1977). Buller«(l958) described; for a number-of
'ba51dlomycetes, droplets of llquld that forned on
=ba51dlospores just before their ejectlon. Exuded

droplets on Hymenophores have been noted for

Tricholoma grande (McIlvaine 1912), Polyporus -~

hispidus’ (Massee), Merulius lachrymans (Rea 1922){

Polyporus resinosus (Groves 1962), Suillus subaureus

and Pulveroboletus. certisii (Snell and Dick 1970).




(.‘\ /v ‘ . ) -

J

. ’/Several early twentieth century plent;
pbysiologists, Pfeffer (1900),'Lepeschkin (1906);
and Knoll (1912) studied liquids exuded from fungi
to_understénd guttation in hiéber‘plents. All of
these workers found that the droplets contained‘p
otherisubstances besides water. Pfeffer (1900)
observiB crystalllne material after lettlng llquld
droplets from-the sporanglophores of Pilobus dry

on a covérsllp. He was not sure however,_as to how

the‘droplets‘were formed. Lepeschkln {1906) aha-

lyzed droplets from Pilobus longipes and found them

to contain several inorganic mineral salts but no
organlc substances Small droplets of liquid were

observed by Knoll (1912) on the. ends of cystidia of

Coprlnus-ephemerus.‘ The ends\of the cystldla were
considered, by him, to‘be acting as hydathodes}
ﬁe also noted that as_the'droplets dried theirM
surfaces_wrinkledrand became irregular‘in shape,

"which led him to believe that.a colloidal substance -
was present in the droplets. Pilat (l96l).desCribed

a reddlsh brown liquid Wthh was exuded from the

cystldla on the stipe of Sulllus plorans. Wattlng

(1977) noted that cystldla of Bolbltaceae exuded

vdroplets of liquid. Droplets of liguid can be found



. ” .

on the cystidia and bagidisspores of Ophiobolus
canarii (Corner 1948). In Corners' opinion, £hese
droélets were made ﬂﬁ of cytoplasmic and vacuolar
sép; and_wefé.exuded through an excessively
permeable cystidial wéll. |

Exudate;droplet‘formation, in some funéi,
appears. to be associated with pefiods of active
growth (Fenner 1932, Macdonald 1934, Cooke 1971,

Colotglo 1973, McPhee and Colotelo 1977). Exudate

droplets from developing sclerotia of Sclerotinia

sclerotiorum have been shown to exhibit non-

- A

enzymatic (Cooke_1969, Jones 1970, Colotelo gg al.

1971@, 1971b, 1973) and enzymatic characteristics
(Jones 1970, Cdlotelo et al. 197la, k9?lb, 1973).“'
Thé\pfesencé;of hydrolytic enzymes, fatty acids,
free amino acids, cations, oxalic acid, andvammqﬁig“

in exudate from Sclerotinia sclerotiorum have beén

determined_ by Colotelo et al. (1971a, 1971Db).
Qhristia§ﬁ(i980) noted the frée amino acid com-
-position, total protein and carbohydrate,'eigctrical
conductivity and the effect of sclerotibixexudate |
on growth of selectegwfo'l microorganisms for vm

A

sclerotial exudate Sélerptium rolfsii. Exudate

droplets from a wide variety of fungi have also been



v

Shown to contain hydrolytic enzymes (Colotelo 1978).

McPhee (1978) showed that hyphal exudate from

‘Fusarium culmorum contained hydrolytic enzymes and

also hadvthe ability to degrade plant tissue. Drop—

let formation on the mycelium of Serpﬁla lacrimans
was described by Coggins et al.(1980) and related
to pressure driven flow along the hyphae.

Droplets of exudate have been observed on

the mycelium of Armillaria mellea (Hamada 1940) and
on the,rhi:omorphs growiné above‘the cultural media
(Raabe 1967). Hamada (1940) re}erred to the exudate.
as guttatlon droplets and observed the droplets to
grow larger with time, eventually coalescing into
several laxge drops. The color of.the exudate was
noted to chenge from colorless to black;yith time.
Hamadénalso found the quentity of guttetien drep—
,lets to vary as the C:N- ratlo of the media was '
changed. The greatest amount of exudate was pro-
duced when the C:N ration was '1:1. No one has
reported on the chemlcal comp031t10n of the exudate
droplets of A. mellea rhizomorphs; however, Lanphere
- (1934) did examine»extracté made from rhizomorphs,
for fhe presence of various hydrolytic mes.

THe purpose of .this study was to deter-

]
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mine some of the physical and biochemical charac-

teristics of Armillaria mellea rhizomorphal exu-

-, date. -

v
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CHAPTER II

"OBSERVATIONS OF RHIZOMORPHAL EXUDATE IN CULTURE, -,

<

Objective '

-

In order to stﬁdy'exudate dropletgxproduCed
on rhizomorphs of A. mellea,it was necessary to de-
termine when the droplets appeared, What their

physical appearance was like, and which media or

medium produced the greatest amount of exudate.

Materials and Methods

A culture of“Arﬁillaria mellea_(Vahl; ex
Fries) kummer, isolate C49, was obtéined‘from fhe
Caﬂadian\ForestrQ Service, Pacific ;orest,Reéegyéh
Center;'Vidtoria, British Columbia. fhe»fsblate
was grown on the following media: |
(a) carrot agar
" (b) potato dextrose agar
(c) béynthetic .
(a) ~ Carrot Agar . -
. The carrot. agar was prepared by grinding
300 g. of washed carrots with 4001m1 deionized

i

distilled water in a Waring blendor for 45 seconds,



.

A\

In a separate flask, 16g. of difco agar was added

to 300 ml of deionigéd distilled water. The two

flasks were then autoclaved for 40 minutes at 1210C

e . ‘

agd 16 psi. The agaF was added to the homogenized
carrots aseptically Bbefore dispensiﬁg into 140mm
(i. diam.) x 20 mm Pe%fi plates, 125 mis pér Petri
plate. | |

(b) Potato Dextrose Agar (PDA) Medium
I : .

éDA was made by.autoclaving 200 g. of .
peeled potatoes in one liter of deionized distilled
water for 20 minutes at 121°C ana 16 psi. The
}iquid portion of this was filtered fhrough cheese-

cloth into a flask containing 20 g. dextrose and
»

15”g. agar, then brougﬁt up to one liter with de-
ionizedvdistilled water.i This‘mixturé was auto% g
claved for 20 miputés at i21°C and 16 psi before
being dispgnsed into 140 mm (i. diam.) x 20 mm

_ Petri plates, 125 mls per Petri plate.

(c) vSynthetic Medium

The synthetic medium was composed of the

following:

5g ° glucose ‘
2 g i—asparagine

1.75 9 KH2P04

0.55 g MgS0,*7 H,0

4 2

7~

Ag

10



11

~

~,

)

2.0 ml of a sggution containing

A\

0.15 g/1 KCl ‘
0.00365.9/1 FeS0,-7 H,0
0.00365 g/1 ZnSB4'7‘H20
0.00314 g/1 Mnc12-4’520
100 g thiamine
: 20 g A difco agér

These‘c@emicals were dissolved in one liter
of déionized distilled water and autoclaved for 20
minutes at 121°cYand 16 psi., The medium was dis-
éensed into 140 mm (i. diam.) x 20 mm Petri plates;
125 mls per Petri platg..

Petri plates containing media were ino-
éulatea Q;th‘agar plugs, cut with a number five
cork-borer from the margin of a five-day-old cul-
ture grown on the same medium-as the inoculum plug
was to be placed upon, Tugre was takén to insure
‘that no rhizomorphs wegébincluded in the inoculum

plug for these experiments. Petri plates were

sealed with masking tape to prevent the cultures from

2
<

drying out. All cultures were grown in an incubator
at 25°C, oObservations were made daily fdr'four weeks.
o
Microscopic examinations were done using , -

‘a Carl Zeiss low power binocular microscope g%
H . !

b
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equipped with,a photographic apparatus. Material
used for scanning electron microscope (SEM) pur-
poses came either from carrot agar or synthetic
media cultures. Rhizomofphs were removed from the
culture with a scalpel and immediately frozen in |
liquid Freon 12 fqllowed by liguid Nitrogen. The
samples were placed in an Edwards Pearse tissue
drier (EPD,) and dried for 10 hours at _70%.
Saﬁﬁles were sputtercoated with goid (approximately
200& thick) in an Edwards Vacuum Coating unit

(E12E) and examined using a Cambridge S150

Stereoscan Scanning electron microscope.

Results . /)

On carrot agar medium, A. mellea grew
from the inoculum plug onto the agar surface within
twd days of inoculation. The mycelium was white,
sparse in growth, and appressed to the agar éur?
face. Six to seven days aftef inoculatiqn, théj
diameter of the coldny was approximately 4 cm.
During this time, the mycelium around the plug grew

uanrds by several millimeters and had turned from
white to brown in color. The agar immédiately éur—

rounding the colony was a much darker color than

_the agar near the edge of the Petri plate. Nine

12
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to ten days after inoculqtion, gsmall white tufts

of mycelium could be seen growing randomly out of
the surf?ce mycelium around the agar plug; the
number JESiufts varied from plate to plate. Twelve
to fourteen days after inoculafion,‘the tips of
round white rhizomdrphs could be seen growing down
and outward in the medium. At first, there were
"only five or six of these round white rhizomorphs,
but severai days later profuse branching had occurred
and the rhizomorphs had become flattened of ribbon
shaped. These rhizomorphs could be seen growing
{between the media and the glass of the bottgm\
half of the Petri plate, Fig. 1. There was no
directionality to the gfowth of the rhizomorphs.

Sixteen to eighteen days after inoculation, rhizo-

morphs emerged through the agar surface, Fig. 2.

These rhizomorphs'were at first‘white and had a
mﬁcilaginoué—like coating, but developed peri;
‘pheral hyphae, some hane—so Eﬁéj others, and took
on a fuzzy appearance within 24 hours. Small clear
droplets that turped brown over time weré scattered
o;er the’rhizomorph surface. .These droplets, and

others which deyeloped later, grew larger and

eventually coalesced into several large droplets,

v



FIGURE 1

A colony of Armillaria mellea grown on carrot

agar illustrating the submerged white rhizo-

morphs growing between the media and the bottom
3 ”

half ij)he Petri plate.

FIGURE 2

A colony of Armillaria melléh grown on éérrof agar,
illustrating aerial rhizomorphs, mature brown
rhizomorphs, and (arrow) immature white rhizo-

morphs.
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Fig‘3. These exudate drops were observed on &ll
"parts of the rhizomorph, tip to base, Fig. 4.
Droplet formation was random over the rhizomorph |

surface and dld not correlate with the age of the‘

rhizomorph part. Small clear droplets could also,
be seen on the surfaces of the perlpheral hyphae,
Fig. 5. .When exudate droplets were.observed for
a»length of'time under the microscope, the droplets’
QSUrfaces‘Seemed to shriyel and wrinklevas if water
was’ belng lost from the droplets, elther through
»evaporatlon or reabsorptlon,’and thus 1nd1cat1ng
-thatuthe surface of the droplets was membranous;
Shrlvelled and hardened blobs, droplets from which-
the water had evaporated or reabsorbed were found

on surface rhlzomorphs grow1ng from three to. four—

" week-old. cultures.

,

Surface rhlzomorphs varled "in helght, from
several mllllmeters to one centlmeter. The tlpsvof
the rhlzomorphs were either cyllndrlcal or-. forked,
the forked tlpped rhlzomorphs were usually flat.

"All surface rhizomorphs, regardless of shape, had

Hexudate‘dropletS'on them; Three to four_dafs agter _

the rhizomorphremergence,;surface mycelium grew’
from the base of the rhizomorphs onto the agar

. surface. This mycelium resembled the mycelium that

16



' FIGURE 3a

An aerial rhizomorph of Arﬁillaria mellea with
. ‘ -
clear exudate droplets.

b "c@

FIGURE 3b . :
A scanning‘eléctron micrograph of an Armillaria

~mellea'aeri5l fhizgmorth31th dfoplets;of
exudate.  (50x)

oo
kY .
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FIGURE 4

An aerial qpizombrph of A;miliar{§ m§l1eé with
droplets of exudateg illuéfrqting’tﬁét exudéte:
droplets can be found from the base £o the tip of
the rhi;omorph. Clear droplets (arrow) and dark

ﬁbrown-black droplets can.be seen, -

-

F;GURE~5
A scanning electron micrégréph of;Armillaria
mellea aerial‘rhizomofph"éeripheral hyphae’with
exudate droplets;“ (4,060xl |

9
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grew from the inoculum plug and followed the same
developmentel stages except that rhizomorphal ini-
tials were not formed. The mycelia or rhizomorphs‘
growing in close proximity to &ach other even-
'tually.coalesced. )

Isolete C49 did not grow well on PDA. A
small amount of mycelium forﬁed around the inoculum
plug but very few pultures produced rhizomorphs .
that grew beyond this margin of the colony. The
1solate did grow on synthetlc medlum and produced
rhizomorphs. .On the synthetic medlnm the fungus
grew in a-manner eimilar to that on the carrot agar
,except that the rhlzomorphs produced in the agar
were black in color and tubular in shape resembling
rhlzomorphs growing under natural condltlons, Flg 6.

- The black rhlzomorphs had whlte ‘apical
tips and numereusxbranches along their lengths. Sur-
’face.rhizemorphs werelalso.black‘with white tips.
Some of these rhgzomorphe grew over the agar surface.
None 8¢ these colonies covered the entire petri 4
plate nor did any of the rhizomorphs have as much
peripheral hyphée'asjthe carrot agaésgurface rhizo-

morphs. Exudate droplets were observed on the

surfaceprhifomorphs, but not in. as great<% quanti-

nos

21



FIGURE 6

A colony of:Armillaiia mellea grown on synthetic
medium illustrating.tpe black syrface rhizomorphs
with white apical tips and numerous branches.

These rhizomorphs resemble rhizomorphs of Armillaria

mellea found naturally in the soil.

; | - J
& ) * RB [

FIGURE 7a

A surface rhizomorph of Armillaria mellea growd on

syAthetic agar. A droplet'of exudate is indica-
_ ‘ v . -

-ted by the arrow:v'

< FIGURE 7b

~.
~.
~

. . ‘ M o . .
A scanning electron micrograph of a surface rhizo-
LD -

morph of Armillaria mellea grown on synthetic

medium. (60x)
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ty as that found on carrot agar-grown rhizomorphs,

Fig. 7.
Discussion

The cytology and morphogeﬁesis'éf A. mellea
‘rhizomofphs have been studied.in detail by Toynsend
'(1954), Motta (1969), Schmid and Liese (1970), and
Wolkinger gﬁ gl;'(l975). The Qarious cell layeré
of a rhizomorph can be seen in Fig. 8. kMotta 1969).

Snider (1959) described five stageé'of de-
velopmenf}for the growth of A. melléa'in culture.
These stages are as follows: Rt
Stage 1. Mycelium only is present, no rhizo~
’mgrphs have emefged althoﬂgh rhizo-
‘morphal initiation occdurs (micro-

scopically) at the end of Stagé 1.
-?tage 2. The emergent phaéeL microsclerotia
form and the apices of thegrhizo-
morphs emerge. |
Stage 3. The lag phaséi the rhizomofphs have
| not yet grown past the mycelial
‘ margin.
Stage 4, The iinear éhase, rhizomorph apical
‘”growtﬁ rate ‘is maximal and lateral

branching bégiﬁs.
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FIGURE 8

A diagram‘g}”ag,apex of an Armillaria mellea

rhizomorph illustrating the distribution. of tissue
and their origins: ah, apical hyphae; ac, apical"
center; 1lm, lateral meristem; pm, primary medulia;
c, cortexy.gs, gelatinous sheath; sm, secondarx
meduila% sc, ‘'subcortex; taken from Mqttér(l969):f
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Stage 5. The terminal phase, . radical growth
stops or is retarded; lateral my-
celium and lateral branches extend
laterally from rhizomorphs, pseudo-
sclerotié may form in the media.
(Pseudosclerotia may be defined as
a thin layer of bulbous cells often

i
T touha oh the surface or,within

5wy

media or wood.)

Iseidte C49, when grown on carrot agar,
followed Snider's five stages of development, the \
isolate did not exhibit all of the characteristics
of each stage when grown on synthetic medium. For
ihstaﬁce, lateral mycelia was not formed in Staée 5.
It is known that different isolates of A. mellea
differ in their development on certain media.

(Benton and Ehrlich 1941, Gibson 1961, Raabe 1966).
It is also known that, in nature, two types of rhizo-

- morphs of A. mellea are formed, the R. subterranea,

tubular black rhizomorphs found in the soil, and R.

subcorticalis, flattened white rhizomorphs found

‘growing between the bafk‘and the wood in roots of .

3

infectéd trees. De Bary (1884) regarded the differ-

ences in form as due to a nutritional factor.

e
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Hamada (1940) found that R. subterranea type was

formed in yeast agar and R. subcorticalis type was

formed on soya sauce ag?f. The experiments carried
out on carrot agar and ;ynthetic medium also

showed the importance of a nutritional factor (s) in
the morpholoéical type of rhizomorph formed in the
media. The rhizomorphs of C49 found in synthetic

medium resembled R. subterranea and the rhizomorphs

of the same isolate (C49) found in the carrot agar

were like the R. subcorticalis.

The appearance of surface rhizomorphs
occurred during what Snider (1959) termed the linear
phase oflgrowth, the period when rhizomorphal tissué
grows most rapidly. During the latter stages of
this phase the rhizomorphs had ramified throughout
most of the cg:rot agar medium and the majority of
the surface rhizomorphs that would form were formed.
It was also during this stage ofvdevelopment that .
one could cbllect the most exudate. Carrot aga¥~

obtain an

was the best medium to use i

appreciable volume of exudgte for analyses.

different e accounted for by the foll



‘ingnexplanation based on nutritional différencee'of

‘the two media. The carrot agar is rich in organic

B3

substances and perhaps unidentified growth stimu-—

-'1antsvkwhereas:the'synthetic media, can be.chemi; |

'callygdefined and may be considered‘toube‘a‘minimal

-v‘medium 'ManY”inveStigators have noted the stimu~

: latory effect of certaln organlc compounds on rhlzo-

| morph formatlon of .A. mellea (Welnhold 1963,

&
Garraway and Welnhold 1970 Garraway 1970 Moody

8
and Welnhold 1972a, 1972b Sortk]aer and Allerman."'

1972, - Garraway l975 Gulllauman and Leprlnce 1979)

Droplets seen on peripheral hyphae d1d

not appear to be aSSOC1ated w1th ‘the brown exudate

edroplets Thls was because none of these: droplets‘

‘-was ever observed to grow exceptlonally large 1n

¢

size nor - change color and broWn exudate droplets

»

ﬂ:'were observed at the tips of rhlzomorphs where there

pwere no per1phera1 hyphae. s v -

Exudatlon on rhlzomorphs grown on,carrot
agar and synthetlc medium was noted to- occur durlng

the llnear phase of development, i.e. a stage of

.

_rapld growth. ThlS observatlon, that exudationrls

“fassoc1ated w1th perlOdS of actlve growth has been

made for many other fungl (Fenner 1932 Macdonald

l934, Cooke 1971, Colotelo et al. 197lb, Colotelo

W
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1973, MCPheg and Coiotelo_l977)r  Isoléte C49
produces mére'exudate on carrot agar grown rhizo="""
morphs than on synthetic medium rhifomorphs because
of5£hef£ichér nutritional status oflthe carrot agar
allowing the rhizéﬁorphs to grow more,quickly and
abundantly. Two theories have: been pu£ forward to

explain the exudation phenomena of actively?groWing

b

tissuegi\ Cooke~(197L)\has described exudation in

developing scleroﬁiaﬁas an effort—;ggmaintainvan‘
‘internal physidlogiCal balance byyexudiﬁg water that
contains Carbpn compounds. This_maintenance is 9
nécéssary'because the fungus is rapidly moving solu-
ﬁ;blé\Earbéhydrates into growiﬁg‘tissﬁes and cannot
conivert the carbohydrates to stSfége‘and‘étrucﬁural
kcoﬁpounds faS£'enbugh. Colotelo et g;. (19flb)} also

describes exudation.as being a function of rapidly .

~ -

growing tissues. Exudation is the reSult'Qf cell

- ~wall growth. When polymerization of short and long %

chain po1yhers occurs, water and ;elated compounds’
are expélled; arform of{syneresis as well as cell
ruptﬁfe. Exudation as a result -of ééll‘rdpture.‘
could be causéd by the rupture of rind cells but
aléo by thé1cql1apsg of'medullary’cellé to form the

lumen in the,rhizomorph, Figs. 9 and 10.  Motta

s

730



FIGURE 9
A scanning eleetrOn micrograph of a cross'seétion

V through a surface rhizomorph of Armillaria mellea

- grown on synthetlc medlum, 1llustrat1ng the distri-
bution ofvtlssue:f '1,, lumen; M, medullary cells;

’C,Vcortical cells (rind) . = (420x)

FIGURE lO

A scannlng electron mlcrograph of a cross sectlon

through an aerial rhlzomorph of Armillaria mellea -

r‘grown on carrot agar medlum, 1llustrat1ng the dis~-
"trlbutlon of tissue: L; lumen; M, medullary cells,
c, cortical cells (rind). (300x)

xrﬁ. | ) ,' -
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FIGURE 11

A scanning electron micrograph of a cross section

through an aerial rhizomorph of;Armillaria'melléa -
groWn on carrot agar medium, illustrating collapsed

medullary cells (arrdw) and an a, exudate droplet.

(l,ZOQx) 4
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(1969) detailed the morphogenesis of A. mellea
rhlzomorphs and indicated that there was stretchlng
and tearlng of the medullary cell walls durlng

- elongation. He also suggested that there may be
autoly51s in the 1hner medulla durlng medullary
differentlatlon, Flg. 11. The contents Of these
1ysed qélls may well be exuded from the rhizo=
morph in the form of exudate droplets.

Membranous materlal surroundlng exudate

droplets has been reported by Colotelo (1971b,

l973,vl978) for Sclerotlnla sclerotiorum, Phyco-

myces blakesleeanus, Rhizopus nigracans, Thanate—

phorus cucumeris, Claviceps purpurea, and, Nectria

inventa. Upon fixation with osmium tetroxide  and
. o : “ .
examination with the scanning electron microscope,

the inside of thése freeze-dried droplets were

—

" shown to contain a nethork of meﬁbranous material

‘ (Colote£ 1973, 1978). Similarly, A. mellea exudate
droplets also exhibit a membranous coat sﬁrroundlng
the droﬁlet as well as the membranous material
'1n51de the freeze drled droplets. This was evident
from: llv1ng cultures and from SEM mlcrographs, Flgs
12 and 13. | The droplets on the perlpheral hyphae

also show sac—~like membranes. Colotelo (l97lb)

stated that these sacs may form from the associa-



FIGURE 12

¥

% scanning electron micrograph of a cross section

through an aerial fhizomorph'of Armillaria mellea

>grp%h on Carrot agar medium, illustrafing exudate

~droplets with a méﬁbranous coat on the outer/su;f
féce‘of the‘rhizomorphi>\A crOSSnséctionlthrougﬁ
an exudate droplet showing membranous fiicelles

‘is‘ihdicated by the arrow. (465x)

.  FIGURE 13

A scanning electron micrograph of exudate droplets

-

-'fouqd on the surface of .an aerial rhizomorph of

Arfnillaria mellea grown in carrot agar medium,
illystrating the membranous surface of the exudate

‘droplets. (2100x)
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tion of proteins and lipids found in the exudate.
However, he could not get reformation of the -
membf;nous material after removal of the original
hembranous maﬁerial‘by filtration. through a 0,450

millipore filfer.» Colotelo (1973) concluded that .

shrinkage of droplets in Sclerotinia sclerotiorum
was due to evéporation of water and reabsorption

of droplet constituents



CHAPTER III
SOME PHYSIGAL AND BIOCHEMICAL

CHARACTERISTICS OF RHIZOMORPHAL EXUDATE

L

Dbjective
Uponﬁobserviﬁgrrhizomorphal exudation,

/’}iﬁ was noted that the exudate droplets became pig-
mented with time. When the’droplet§udried, a
membranous sac could be seen.’ This‘observatioh
would suggest that the dropleté.contained consti-
tuents.othér tﬂén Watér. Therefore, a’series of
experimenﬁs were designed_to determine some of the
pﬁysical and\biochemical characteristics of exudate

droplets.

~

Materials and Methods

(i) Cultures

Armillaria‘mellea; isolate C49,

was-used throughout the expariments. Carrot agar
was used as the culture medium since the isolate
grew quickly and produced an appreciable volume of

exudate when grown on it. ?The preparation of the

39
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medium and growth conditions are described in
Chapter II. Inoculum plugs were cut with a num-
ber five cork-borer from <10~ to lé—day—old cul-
tures and purposely contained rﬁizomorphs. This was
done so that rhizomorphs would be initlatzd imme-
diately and thus reduce the time necessary for the
productlon of exudate droplets. Using this\hethod,
aerial rhizomorphs with exudate droplets could be
found in all reglons of the Petrl pfate after 20
days incubation. All exudate used in the experi-
ments was harvested from 20-day-old cultures.

(ii) Collection of Exudate

EXudate-was collected with a - ,

pasteur plpette before being passed through a l
0. 45/~m1111pore filter and into a clean test tube.
The filtered exudate was kept at 5°C until used.

\

(iii) ©pH Measunements

. - The pH of filtered exudate was
“determinea with a'Radiometer pH meter, model 22, 2}
using a comblned glass-calomel electrode. For com-
‘paratlve purposes the pH of a ground aerial rhlzo—
morph extract was also taken. Aerlal rhizomorphs

‘ from a 20-day-old culture were gro&nd in a mortar

using acid washed sand with a minimal amount ~



;
/

of diétilled'water. XThe pH of the slurry was deter-
mined, . /
(iv) Visqosity
V#scosity measurements of filtered
exudate were perfbrﬂed a% 30°% using a Cannon-
'Manning 150A610 vis#ometéf‘
(v) ’nyiWeighk .
The dry weight of 0,45 wmillipore
filtered exudate wasidetermined‘by adding 1 ml’
" of filtered exudate ﬁo a weighing pan of known
. weight and then air d;ying the exudate at 60°C
for 16 hours in a Thelco ci;culatiné air oven.
The residue and pan were subsequently weighed.
(vi) Inorganic Eleméhts
Exudate was collected and filtered
throuéh,a 0,45/uﬁillipore filter using acid washed
glassware. Two milliliters of exudate were added
to 2 crucible and airbdried at 100°C for 16 hours.
 The sample was ashed in a muffle furnacevat 300°¢C

for one hour and 550°C for six hours. Ten milli-

f//iiters/of 2N Instrawanalyzed HCl (Baker) was added

to the residue. The'contfol consisted of ten milli-

liters of 2N Instra—anal&zed HC1 (Baker). The

f
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sample was analyzed in‘an Applied Research Lab
Inductive Coupling argon plasma emission spectro-
photometer, model 13700, with a torch temperature
"of 9000°K. Analysis was carried out at the Alberta
Agriculture Soil and Feed Testing Labo;atory by
Mr. Lloyd Hedgins.
(vii) oOxalic Acid

The quantity.of oxalic acid in the

exudate was ascertained using thé‘method of Bates

man and Beer (1965) and by x-ray diffraction. Sev-

eral collections of exudate were combined to obtain .

5 ml necessary for analysis; the exudate was kept

" frozen until used. The sample for x-ray diffraction

was prepared by adding 4 ml of CaCl, in acetate
buffer to the exudate and letting it stand for 16
hours. The sahple was céntrifqged at 3000 x g for
10 minutes and the beliet was éir'dried at 60°c
for several hdurs. The peliet was then crushed éB

~a fine powder in a mortdr before bei mounted on

a glass sl%de. A Phillips x—ray_diffra ion unit
with a monochromatic attachment, bpe ated at 40kﬁﬁ%
10 mA, was used for analysis, located in the Depart-

ment of §oi1 Scien

perforﬁég by Dr.
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(viii) ‘'Total Proteins =

' Two methods for determining total

protein were used, the method of-ﬁdwry.et al.

’(1951) and the procedure developed by Bradford
“(1976) Exudate that was _to be used in the &owry
'test was dlalyzed for 24 hours\at 5°¢C against 0.02M
-phosphate pH 7. ‘Proteln complexed w1th copper in an
"alkallne solutlon reducesbthe folln reagent toﬂ. B
produce a blue color. The absorptlon of this color

Was read,on‘a Hitachi Perkin‘Elmer, model 139,'spec-

-l 3

trophotometer at 630 nm. An'autoclaved.sample of
exudate plus substrate was used‘as a-controlj The
,concentratlon of proteln‘was quantltatlvely deter-
/;ned u51ng Bovine serum aibumln ﬁroteln standard
Exudate to be used for the Bradford method was..
dlalyzed agalnst 0.02M phosphate buffer pH 7 for

24 hours.‘ In—the Bradford method, Coom3551e
"brilliant blue G—iso‘complexes wrth protein to give .
a blue color. The absorption'of-this color was
'v'determlned on theﬁabove spectrophotometer at 595 nm.

An autoclaved sample of exudate plus substrate was.

used as a control. The concegtratron,of protein was
' @ o - o LT

i o : ' a e '- < . . ) : . . B
‘quantitatively determined using a Bovine serum

.

albumin protein standard. : ' A
B 4 : i ‘ ) B . 'i



C(ix) - Qualltat;ve Determlnatlon and Sep-
aratlon of Exudate Proteln by Disc
Gel Electrophoresis

Ammohium sulphate, 0.662 g/ml,

(this amount gives a saturated solution at SOC), was

added to a known volume of exudate to precipitate
- - . ‘ - "‘;;R;"u
zprotein The exudate - (NH4)ZSO4 solution was kept

at 5°C over a 24 hour peq&od and then centrlfuged

at 32, DOO X g for 15 minutes 1n a Sorvall superspeed

e

faubomatlc refrigerated centrlfuge, model_RCZ—B. The

»

pellet was resuspended in deionized disEilied water
and dlalyzed agalnst delonlzed dlstllled water for
six hours and 0 02M phosphate buffer PH 7 for 18
“hours,' The separatlon and detectlon of exudate pro-
.telns in the above purlfled sample was attenpted
using the dlSC gel electrophore51s method of Davis
x(l964). Separated protein band(s) in the gel were

?

Stained with 0.2% CoomaSSLe'brllllant blue_G—250\

in 3. 5% pexchlorlc ac1d (Relsner et al 1975).

- (x) Qualltatlve Determlnatlon and Sep—‘
aratlon of Exudate Protein and
Rhizomorph Extract Protein hy
Isoeleétricfocusing‘

(a): Exudate Proteins

o2

Filtefed exudate was dia-

& .k ¢

~

44



lyzed against 0.02M phosphate buffer pH 7 for 24

L]

hours and concentrated in a Minicon BlS«concentrator‘

to 10x orlglnal concentratlon. Exudate proteins were'

separated and detected'u51ng thin layer isoelectric
focu51ng technlque of yesterherg (1973). A 6%
vpolyacrylamide Qel cohtaihing Servalft'pH 4-9
ampheline solution was prepared using:0.004%uribof_
"=fiavih as the catalyst. AkDessaga‘thin—layer’elec—

trophoresis apparatus; modef\121221,10perated at

59¢ was used td‘separate the gfoteins. A strip of
"heaﬁy.filter paper, (1 x 1l0cm), soaked in a 1M
NaOH was-used,at the cathode and another'siﬁilaf
strlp of- heavy filter paper soaked in 1M thSphO;lC'
.ac1d was used at the anode. The dlstance between
these electrodes was lOcm:v Séazxiktrlps of f;lter
paper; (1 x 4mm), were placed lcm from the cathode.
electrode.and~20ﬁ~i of sample were applied to each.
The.current,vB.SmAé was\applied'and allowed to run
_fdr foar hours or uhtil.the voltage reached 900v.
Gelstwe;e'stgined in-absdlutien of 0.25% Coomassie
" brilliant blue GLZSO and 3.5%hpe;ehleric abid
(Reisner et al. 1975). o ' _ |

| (b) Rhizomorph Ektractsléroteins

" Brown aerial rhizomorphs,
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'2.2g, and submerged white rhizomorphs, 10 g,

were harvested separately from 20-day-old cul-

tures. The rhizomorphs were pressed between paper

towels before being ground in a mortar with acid .

+

‘washed sand and 15 ml of 0.02M phosphate buffer,

PH 7 " The slurry from each was centrifuged at

32, 000 X g for 15 mlnutes gbefore decantlng the
supernatant. The pellet was zfshed and centri-'

fuged three more times with 5ml of buffer each

time. The 30ml of supernatant had ammonium’sulfate.

added to it, 0.662 g/ml, and the'protein was pre-

s>
i

cipitated overnight at 5°C. The protein mixture

was centrifuged for 15 minutes at 32,000 x g; the
N \ 3 ) 1 - '”

supernatant was discarded and the pellet was re-—.

dlssolved in 3ml of 0. 02M phosphate buffer, pH 7

“lhls solutlon was dlalyzed against deionized dls— v

tilled Water “gor 51x hours and agalnst 0.02M

phosphate.{ '-Qgﬁigr 18 hours: to remove the

(NH ‘ Total proteln for each sample was de-

4)2504.
termined by the Bradford method. For isoelectric

4

focusing, the protein was~then concentrated in a

Minicon”BlS.COncentratorJQSX before being applied

to\strips of filter paper near the cathode. SQ,Ll' -

of white rhizomorph protein“wasigpplied to the
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filter paper and 40 .l of the black-brown aerial

rhizomorph protein was applied to. another filter

o
-

paper.
(xi) Free Amino Qcids
: Jé) Free Amino Acids of Exudate
A _ A 3ml aliquot of filtered
exudate was air driedy:;e:%ight at 60°C in a 50 ml
beaker. The dried sample was extracted with 80%
ethanol for 30'm1nutes before the alcohol séluble
fraction was centrifugeg‘et 5Q00‘x ? for 15 minutes
and the pellet discarded ‘The alcohol was eva-
porated by drying the sample in .a c1rculat1ng alr
oven at/60_C. The sample re51due“was redlssolved
in 3 mls of 6N con§tant bo}l;ng HCl and athclaved‘
“at 121°C for 16 hours. The free amino acids in the
exudate‘ertract and the rhizomorphrextragt we}e .
determineé by a purrum D500 aminetacid;analyzer;
ogereﬁed in the Department of Biochemistry, Uni- . _
-versity of Alberta,.by M. Natriss. Acidic.and basie
amino ac1ds were separated on a 0 18 x SOCT column”
packed with Durrum 6A Resin and eluted w1th sodium
.citrateabuffers; pH'3325, 4.25 and 7.9 with thev .
- cdlumn_temperath:e being 51°c and 64°c. The detec-
tien feagent was ninhydrin. ;

(bp) Free Amino Acids of the Brown

Aerial.ghizdmorphs

a - "2,' . o }
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A sample, 2.2 g,‘ofdaerial rhizo-'
';morbhs wasﬁharvested from the surface of a 20~
‘day—eld'culture and ground in -a mortar with acid
washed sand and 80% ethanol. The ground,rhizomqrphs
were ceﬁtrifuged at ld>Q30 x g for 15 minutes and
- the supeérnatant fraction was .decanted. The pellet
maS‘washed with 80% ethanol and centrifuged tw;ce:
The supernatant from the rhizomorph ektraction»was
then treated in‘a manner identical'te the exudate
sample. -

(xii) Enzyme Assazs

| (a) B—Glucesidase_

‘ 6 — .o B—glucbsidase activity wag
determined using the method of Cohen et al. (1952).
Filtered exudate that had been dialyzed against‘O.ZM
phosphate sodium‘Citrate buffer pH 4.5 was incubated
mith-G bromo-2¥napthol b-B-D-glucopyranoside ‘at 259C.
This resulted in'thedrelease of 6 bromo;2—napthdl
which' forms a color complex ‘with tetrazotized - \}; /{
‘diorthoanlsldlne. The amount of color development \\\
was measured atu540 nm.t 051ng a standard curve for
6 bromo—z napthol the number of/pgrams of substrate

transformed by the enzyme in the exudate could be

determined from the curve and, the specaflc activity

of the-enzyme “could thus be calculated.‘ Autoclaved

o~ ' . @
f* . "
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filtered exudate plus substrate. was used as a con-

-~

trol. Specific activity is defined as the number

of enzyme units per mg protein, One enzyme unit
is defined as the amount of enzyme cau51ng trans— 7 R
formatlon of l 0 mlcrogram of 6 bromo-2- napthol re—_v
leased per mlnute at 25 C.

(b) Catalase o " s

A preliminary test.for cata-
lase act1v1ty was done by m1x1ng flltered exudate
with dilute 30% hydrogen perox1de in a test tube
and examlnlng it for evolutlon of .oxygen bubbles.

(c) ,Perox1dase_

The- peroxidase activity in
filtered exudate was determlned by the procedure
descrlbed in Enzymes, Enzyme Reagent (Worthlngton
Blochemlcal Corporatlon, Freehold New Jersey)

The exudate -was dlalyzed agalnst 0.01M phosphate
buffer, pH 6, for 24 hours. O—dlanlsldlne was used
as t?e hydrogen donor during the decomﬁQSition.of
hydrogen gefoxideﬁ The rate of color development
at. 25°C was -followed at 46Q4nm. Autoclaved filteted
exudaté plus substrage was used es a control. P
Specificractivity of the enzyme was determined using

the follow1ng equatlon- | S ’ -
change 1n cplor development at 460nm/m1n

<

fﬁ.3 X mg protein/ml reaction'mixture
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(d) Polyéhenoloxidase-
’ . Polyphenoloxidasé activity
.waspdetermined by the method of Hall et al. (1969). N
Filfered exudate was dialyzed against 0.1M citrate
phosphate buffe;, pH.4.5._ Ferricyanide is releaséd
- in- the presence of catechol when the enzf%e was /2//’
preéént,and an'incfeaée‘in absorbance at ‘420 nm
was measufed'at 25°Cf\ Autoélaved filtered éxudatéA
“plus subétrate was used as a onﬁrol,»“Pglyphenol—.
oxidase activity-in, the exudate was caiculated by
multipiyipg fhe increase in absorbanée per minute
by 1,45. | -
| (e) Proteases
Acid‘and éikaline protease.
véétivities were determined by the method described
by Nagainis (1976) . Filtered exudate was divided
ihtofequal volumes; Exudate féf acid‘proteage'was o
dialyzed againstTO,lM citrate buffer: pH 4.5; for
'24 hours. Exudate for'alkalipe ptoteaéeuwas dialyzed
against 0.1M phosphaté buffer, pH+8.0. Bovine
serum aibﬁmin (fraption v) ., the substrate,xwas
incubated with either acid piotéaseféxudate or ‘ S
~‘alkaline protease exudate dialysates respectivély
at 25°C. 2,4,6—trinitfobenzene sulfonic acid wéé:.

£
e
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reacted with the released amino acids, the color
change was measured at 420 nm. Acid ‘and alkaline
protease activities in the exudate were calcula-

ted by dividing the change in_absorbance'at>420 nm
}by mg/ml total protein. ' ~ ”

Results
—_—

All experiments were repeated more than
once.
(i) Volume of Exudate per Petri plate ﬁ

The average amount of exudate

o

collected per Petr1~plate from carrot agar mediam
‘ was 0.17 ml. . .
(ii) pH of Exﬁdate ahd'Rhizomorph éxttact
The pH of filtered exudate was. |
7.43, whereas the pH fer anvaqueous extract ef

rhizomorphs was 7.64.° ‘
| ‘%iii)»Dry Weight of Filtefed Exudateff
\ L &ﬁe.dry weight of filtered )
exudate was 17.25 mg/ml. . | '

,v/-_

(iv) Vlsc051ty of Filtered Exudate

The v1scos1ty of flltered exu-

°date at 30°C was 0.89443 centlsokes; 8% greater
than the v1sc051ty of deionized dlstllled water.

(V). Inorganlc Elements"

—

The dlfference between the sample

E

~and contrdllvaiues can be seen in Table I.

»
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Table I.

52

Inductively Coupléd Plasma Emission

© Spectroscopic Analysis for some Inor-

ganic Elements in Filtered Armillaria

mellea Rhizemorphal Exudate in 2N HCL

Concentration -

Element '
(in ppm)

Potassium 15h8.14
Sodium = 552.10
Phosphorus 535.15
zinc 43.68
Magnesium 21.66
Boron 7.99
Calcium 4.51
Aluminum 3.22
Iron 0.52
Molybdenum 0.07 : : -
Cadmium 0.07

- Chromium 0.06

. Manganese 0.06
Strontium 0.05
Cobalt | 0.05
Arsenic -

~ Lead - N
Copper | -
Vanad;um" -—

1 These values are the average of three
’ separate collectlons,

(two determlna—

.tlons were done per sample), and re-

present the difference between the

sample and the control.



(vi) Oxalic Acid .
| No oxalic acid was found in
the filtered exudate by the method of'Bateman_and
Beer (1967) nor by the x-ray diffraction tech-
hique. ) h
i ‘(vii) Total Protein
The results of the total pro=
teln experiments are glven in Table II. The same
exudate/sample was, used forﬁboth Lowry and Brad-
ford methods in order to compare and evaluate the
two mehhode.,;The Bradford method was replicated
several more times, the results of this can be -
:seen in Table III. This was done because as
Table II1 1ndlcates; the Bradford method- gave the
~lesser value. The average value for total ‘protein
by. the Bradford procedure was determined to be
0. 31 mg/ml -
u A(viii) Qualifative Determination and:
Separation of Exudate Protein by

Disc Gel Electrophoresis>

A qualltatlve determlnatlon and

separatlon of exudate proteln by disc gel electro—

phore51s was not’ achleved " Fig. 14 shows a 51ngle

>

band of proteln at- the anode end of the gel. Some

of the sample remained at the point of applléatlon,v

-

e /

L
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Table II. A Comparison of the Lowry Method vs the
‘ v :
Bradford Method for Determining Total

Protein of Armillaria mellea Rhizomorphal

Exudate
Sample ‘b Total Protein “
) f
Lowry Method - Bragford Method
. (mg/ml) (mg/ml)
C + 1.55 o 0.30
) 0.90 0.20 . |
2,60 | 0.36 ‘

Table III. Total Protein of Armillaria mellea

Rhizomorphal Protein as{Determined

by the Bradford Mgphod

Replicate » ' Total Protein
‘ (mg/m1l)

10.30
0.20

0.36

0.20°

0.27

0.34

0.33

o 0.38
‘ 0.38
0.38

duouiswnH

Py
[
[e RV}

¥=0.31




I
FIGURE 14
A disc gel electrophoreéis gel showing a single
N v y ‘
< band of protein from Armillaria mellea exudate

at phe anode end.
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: (ix) . Qualitative»Determination and
E . . : st ’
KSeparatlon of Exudate Proteln and

o

bl‘Black Brown Rhlzomorph and Whlte )

Rhlzomorph Extracted Prote;ns‘
Separatlon of exudate proteln
© “and protelns extracted from black aerlal rhlzo-
morphs and submerged whlte rhi omorphs was
achieved by the isoelectric’ f cu51ng teckhlque,-

Fig.°15. - TR

(x) ~Free Amino Acids found in Rhizo-

‘morphal Exudate'and;Rhizomorph

j,Extract*{

The free amino acids found in

Y

yv///gdateAand rhiéomorph extract’arek

gis able IV.
" (xi) - Enzyme Assays 7

* 7

o . h
.pe'rexd.daSe, pololox_ldaee acid and alka]q.ne
protease are given id_TablerV. 'No catalase
activity was found in the'?retesgr“
S |

-

e act1v1ties of B—gluc051dase,

o



' '\L/Y b' ’ ° . ' . ’ ‘~vt\"$
. RS 'FIGURE 15a° . “

W

Proteln bands of Armlllarla mellea exudate

separated by the 1soe1ectr1b fo cu51ng technlque.

¢

FIGURE 15b -

Protein'bahds of Armillaria mellea brown aerral
rhizomorph extract separated by-the isoelectric

-

focusin§ technique.

FIGURE 15¢

. Proteln bands of Armillaria mellea submerged

white rhlzomorphs extract separated -by the iso-

electrlc focu51ng technlque.'

S
FIGURE 15d

A sample of Armillaria hellea exudate protein

":'applred near the anode show1ng mlgratlon towards.

&

" the ‘anode. A control protein also applled at the

anode mlgrated to it' S. 1soelectr1c polnt

5
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Table IV. The Free Amino Acids. Found in Rhizomorphal
. - ] Exudate and in a Brown Rhizomorph E}étract
S - of Armillaria mellea -
A -
Amino Acid . "iExud'ate o Extract
' ‘u#holes/ml) : * ()mole's/g)
Sample 1 = Sample 2 ~Sample 1 ‘Sample 2
. , S
Glutamic Acid . 1.950 ©2.100,  32.210 38.050
 Aspartic Acid . 0.863 0.950 18.050 19.840
Alanine 0.497  0.764  6.579  7.789
serine’ 0.419 ~  0.411  6.263 6.316
Threonine ©0.263 ° 0.278 4.053 5.053
Glycine ' 0.245  0.260°  4.053 3.947
Arginine. .0.098  0.083 2.105 1.474
‘valine © 0.085-  0.093 1.105 1.368
_ Histidine -~ 0.053  0.047 2.210 2.000
Lysine 0.041 ~  0.035  ~ 0.821 ~0.619
_ Phenylalanine ~ 0.030 0.033 .  —= . ==
Isbleucifie ~~ = - . --= ~ 6.000 6.616
Leucine . . == == 4.711 4.430
' Proline . -= T == 1.315  1.097
:Eacg sample is ‘the average of ’two runs.v AR . _fii’
RN | /

-
—
pd
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' Table V. Specific Activities for B-Glucosidase,
Catalase, Peroxidase} Polyphend;gﬁidaseJ Acid

and Alkaline Protease of Rhizomorphai Exudg?é

from Armillaria mellea.

Enzyme ~ specific Activ_ityz

(units/mg m‘l‘;l protein)
(,‘) - ) .

B¥Glucésidasg. P - i ' | 88.1Q
- Catalase R -—
 Pe£okida§e T 1.4 x 1072
Pblypheﬁgloﬁidaﬁe : ‘e‘ 1.6
Acid Protease . —7.33 x 1072
Alkaline'Protea%e - , 8.17 x 1071 \
) —

2 Average of 3 experimehts‘
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-found scierotial“exudate of Selerotlum‘rolf511 to

,respect to pH between genera -Colotelo (1973)

62

Discussion

- The results show that A. mellea rhizomor-
phal exudate is a complex,liquid made upfof‘aﬂvar—
iéty of substances. From the-experiments performed,'

the true function of exudation is unknown and there-m

fore the discussion of it's purpose is speculatlve."

The pH of the exudate 1ndlcates that it
is a weak base but slightly more acidic than the

rhizomorph extract. The pH of Sclerotinia sclero-

ftlorum six-day-old sclerotial exudate and sclerotlal

extract was determlned by Colotelo et al. (1971)

to be 5.4 and 6.3 respectlvely. hrlstlas (1980)

have a pH of 4 5. These results would at first

~suggest that fungal exudates can._ vary w1dely w1th

1

/
found that the pH of exudate taken from sclerotla

of differing ages changes with the age of the

sclerotla and ‘becomes. more alkallne. This may be
caused by the presence of more oxalic a01d in
youngvexudate than in old exudate.' The high pH ' .

in isqlate‘C49is eXudate may be due to the lack

of oxalic acid. A. mellea exudate was collected

' from'rhizomorphs‘of‘differing temporai and physio- -



logical age. Moreover, exudate'droplets on a single

H

rhizomorph ¢an be of a different temporal and

physiological age and so the exudate collected in

' this study is a composite of exudate droplets

’ . . L ' '
that vary in physiological age and therefore

: physiolodical characteristics. It is also of

‘exudate is verj similar to theva of the rhizo-
ye ‘

Lyl

interest to note that the pH of the rhizomorphal BN

L

morphal extract which one might expect if the ,

‘exudate is the result of lysed medullary cells. v N

v
& . v

The:viscosity of filtered‘eXudate at 30°C is
0.89443ocentistokes,.this_is 8% greater than the
viScoaity of deionized distilled water. Colotelo
ﬂggg_ (l97lb), found the v150051ty for sikeday—

old sclerotlal exudate from S. sclerotlorum to

be 0,90016 centistokes, 9% less than that of water,

this Colotelo thought to be due to 11p1d \ The

greater viscosity for A. mellea rhlzomorphal exu- o’

e
date is probably g&e to the nature of the solute

'1n the exudate.

The ICP results 1nd1cate that rhizo- o

morphal exudate COhtalnS many 1norgan1c elements,

~ some of whlch are found inslarge guantities.

' These znorganlc elements make up 12% of the exudate s

dry weight. Large quantltles of potassium, sodlum,

phosphorus, zinc _magne51um and boron were presenb



Small quantities of calcium,’aluminum and iron
as well as trace quantitles of chromium, cadminm,
manganese, strontlum and cobalt were also present

According to Lilly (1965) the essentlal elements

‘for all fungi include hydrogen, carbon, nitrogen,

phosphorus, oxygem, sulphur, potassium, magnesium,‘-

,iron,_zinc; manganese, coéper and molybdenum.

Some fungi may require calclum. Colotelo et al.
(1971b), analyzed -exudate "from six~day-old - |
cultures'of S. sclerotlorum for sodlum, pota351um,

ya a

;fmagne51um, iron ar&calc.lum and found large quant;L-

ties of pota551um, sodlum and magne51um, but dld
"not detect iron or calc1um. It would therefore

appear that exudate from A mellea and from S.

sclerotlorum contaln some 51m11ar elements

Potassium was the element found in tne
dreatestlconcentration in.the exudate. According
to Lilly (1965), of all-the metals fo%ndqin spores
of mycelia, potassium usually is found in the ®
greatest. quantlty «‘ln plants, potassium is in-
volved “in enzyme activation and acts as a charge—
palanc1ng catlon durlng transport of anions

{Sallsbury and. Ross 1978). godlum was also found
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in considerable quantity in'the\exndate,‘however,

‘it's role is unknown since it is‘not considered

to be an essential element ;h fungal or plant

nuzrition. ‘Phosphorus is invoived in many differ-
,ent components of the cell rnc;uding phospho~

lipid membranes, energy exchangef‘end nucleic
acids. It is difficult to ascribe a function to

the phosphorus round in exudate since the.form that
it was found in 1s unknown. Howener, since exudate,

‘is assoc1ated wrth ‘actively gr0w1ng tlssue that has'
high metabollc act1V1ty, it is possible that the
phosphorus is found in high energy compounds. Zinc
is-considered tovbe’an essential;microelement-of
fungi.necessary for ectivation and function‘of

' some enzymes (Lilly 1965). The presende of.zinc in

tne‘exudate may well be explained-by the finding

that enzymes were also found in the iiqnid.

Magne51un’1s an essentiﬁl element neces-

;Qsary for resplratory enzyme act1v1ty and 1s often

'found chelated to ATP or ADP. The presence of

this element can also be accounted for by the
presence of enzymes in the exudate.

Boron is not con51dered to be an essen-

, tial‘element for fungl and it's presence in th&x;g‘;
exudate may be due to a high concentrétﬁonpof ‘

2
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.boron in the carrot agar medium which‘thelfungus
was usmng as a food source. .Iron is}essential for
fungal growth and 1s a constltuent of several en-
zymes such as the cytochromes.b Again the presence
- of this element in the exudate may be e;plained\
lby exudate enzymes. The“élements found in trace
quantltles such as strontlum and manganese may
have 90551b1e roles but none have been descr;hed
fofvother’fungi (Lilly 1965):'7Chromium, cadmium,
vanadium, strontium, calcium and aluminum do not
have essential roles in fungi and are probably
_found.in the,exudate due to.their ﬁresence in the
' .carrot agat medium. .The ptesence of.theSe\ele43"
nents in the'exudate is citcnmStantial evidence to
support the hypothe51s that exudate is the result
- of lysed medullary cells since- some of these -
elements have eSsentlal roles W1th1n»the cell.

. However, it ls also p0551ble that these elements
*couI/ result from excretlon or are lost from the
‘cell as,the young.or newly—formed cell,wall

‘material polyﬁeriies. An importang effect‘ofvtheSe

elements that are found in the exudate is that they

could act as a, nutrlent source for mlcroflora

e
©

surroundlng the rhlzomorph in SOll
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-methoa gave a greater value for total protein

.
No oxalic acid was found in the exudate
of isolate C49, however, other isolates of A.

mellea have been noted to prodﬁce oxalic acid in

culture (Hamada 1939). .The reason for the oxalic

acid determinations is that oxalic acid is

Ehought to play an important role in pathogenegiE

of such fungi as S. sclerotiorum (Debary 1887,

Maxwell and Lumsden 1970), Botryti; cinnerea

(Smith 1902), Penicillium (Johann et al. 1931),

Aspergillis niger (Gibson 1953), and S. rolfsii

{Bateman and‘Beer 1965). Howevef}.Foster K1949),

thought oxalic acia to be a common metabolite

of many fungi. Colotelo (1978) found oxalic acid

‘in the exudate of Claviceps purpurea, Fusarium

culmorum, Penicillium»ﬁotatum[ S. sclerptiorum and

S. rolfsii. | .
Totai”profeih-in the exudate Qas.déteff

mined by two methodé for dbmbdrative purposgs.

The results in Table II indicate that the Lowry

<

than did the Bradford method. ' There are. some faults -
' in the Lowry method which can-give misleading re-

‘sults. -Garhardt and Beaver'(1968) showed”that the

amount of sucrose in a sample to be tested can
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influence the Lowry method, that 'is, in samples
low in protein, sucrose will give high absorbance
readings greater than the true valuel Solecka gg>
al. (1968), demonstrated that there are TCA
prec1p1tab1e substances in plant leaf tlssue pro-
tein that can glve mlsleadlng results when uslng : Y
the Lowry method. The Bradford method gave a
much ;ower total érotein'value compared tobthe \
Lowry method and so it was used as the method

for determihing total protein throughout the .en-

tire study. The results indicate that the to:

tal proteln made up 1.82% of the total dry welght

of one mllllllter of exudate. Colotelo et al.-

~(1971) found the total proteih from S. sclero

tiorum s1x-day old culture sclerot;al exudate to/; ' l’ o
be 1.0 mg/ml and that the total protein in ‘sclero-.

‘tlal exudate decreases with age of the culture

(Colotelo 1973). This decrease can beﬂdramatic7
as_exempiifiedkby'a'decrease by one half of the ’

~jinitial concentration in a day. WMcPhee (1978)~'
found thatlthere uas an increase ih the protein
content of mycellal exudate from F. culmorum |
from 24 hours (5. 3mg/m1) after the start of exu—:

_dation, to ‘a maximum at 60 hours (8 Tmg/ml) and
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""apqpteln wag then
" w f‘r YRR (

applied to the anode end of the gel anéqgagéﬂéheﬁwm
kS ) _}L »E"

result seen in Flg..lS.' No proteln bands svparatéd

out into the gel, as they did in the control, H¢f~V““f%_‘f?;”

A W
but a brown band was observed at the anbde. These"
results are very similar to what . Colotelo (personal

communlcatlon) found for exudate proteln frOmsthe

sclerotia of Thanatephorus cucumerls., The results

would suggest that the proteins were associated

with melanin-like substances which can prevent the
- S
proteins from migrating to and .precipitating at = °

their isoelectric point. In’Fig.'15, it can be

«
e

seen that exudate protein from dark brown aerial
rhlzomorph extract show similar brown bands in the
_gelf' Submerged white rhlzomorph extract proteln

did“not form brown‘bands in the gelvbut had to be

o . rs
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dyed with Coomassie blue before the bandl could

be seen. These bands occurred in similar 1ocatiqps

as those fibm the aerial rhizomorph extract ‘and (

suggest that these could be the same proteins.
Exudate and rhizombrph extracts contain numerous
proﬁéins and'it would seem that ‘those proteins
bound to melanin-like substances can be separated
by 1soelectr1c focu81ng but not by dlsc gel
electrophoresis. Colotelo (1978) showed that
proteins in the exudate of a numbex of fungl can
be separated into bands by using dlgupgel electro-

phoresis but most of these fungl lack melanln—
g

like substanéﬁs in thelr eﬂpdate. Exudate from

Thanatephorus cucumerls sclerotla, which has melano-

protei lso does not separate into bands durlng

disc gel electrophore51s (Colotelo, personal
commanlcatlon). Smlth and Grlffln (197E) claimed
that the pigment extracted from rp{zomorphs of A. ~
elegahs was not melanin, but melanin-like. Part

of thelr evidence for thlS wa based on thexr
flnding that brown plgment fo ation was catalyzed

by p—dlphenol Oxxdase and not by }—dlphenol oxi-

,‘Lﬂ
' dase whlch is respon51ble for melanin formatlon.

"Rhlzomdrphs turn ‘brown’ 1n color upon exposure to

2 ¥

-

£

oxygen (Smith and Grlffln 1971) . There must also

o

AN 7}
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ube other causes for rhlzomorph brownlng as}the
'”submerged rhlzomorphs 1n thé*synthetlc@agar
d.medlum-also turnrbrown. Smlth and/Grlffln (1971)
" found th:t the extracted brown plgment d1d not
Tprec;pltate gelatln. From the results of these
experiments, it would appear that the. melanin-dl‘

= llke plgment tles up proteln. A posslble functlon

%for melanln-llke compounds 1n the rlnd of the

thlzomorph may be sxmllar to that descrlbed by L

~

‘,Bloomfield and Alexander (1967) for the melanlns

in the rind of thelsclerotla of S..rOlfSil. They f

' g'fognd that the melanlns may serve'a protect1Ven7“

©

l.functlon, preventlng lyszsAof the fungus by soil .

’4}microorganlsms.,\Thls functlon could be very

‘,1mportant to: A. mellea rhrZOmorphs and may account

-

‘for thelr longev1ty in the so;l..;'

- Smlth and Grlffln (l971) have made the ~

“fvobservatlon that the lntercellular spaces between '

'rlnd cells 1n bxown rhlzomorphs are fllled w1th

*melanln-llke plgment, but in the whlte rh1zomorphs,-

yvlntercellular spaces of the r{nd cells are not.
*

‘:Thls observatlon may be explalned if one conslders

'the exudate. If the medullary cells are collapsed,.

'fthen exudate may represent the contents of these

T

1
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cells that have leakbd‘put.of the rhlzomorph

P through the rlhd céil 1ayer.i Slnce'exudhte is '.;f{: ;;f*%

. 1n1t1ally clear but later’turns brown llke the rlnd -
o

layer, it could be argued@’hat the brown materlal
in the. intercellular space between rlnd cells is

exudate. The 1ntercellular spaces between rlnd

R

cellsnoffwhite'rhizomorphS‘may also contain hohe

‘plgmented exudate. ‘
. Eleven free amino ac1ds were detected
“7;1n the exudate compared to thlrteen free amlno

acrds found in the rhlzomorphal extract.‘ Cystelne
3
“and methlonlne may well have been present but were

,not tested for." Glutamlne a asparaglne were"

L

r-probably detected as glutamlc acid and aspartlc -

ac1d because~of-hydroly51s. Thls may be a possm-'f,

ble explanatlon of why glutamlc ac1d and aspartlc

:aC1d are found in such great quantlties. g@ggié}?l t“ﬁ?;i
ifand asparth ac1ds are found in the*q!eatgjx q9;ﬁ4 ﬁ:"_;;;;‘,»
'f:tltxes 1f the free amlno ac1ds from the exudate'v :
| ”fand the rhlzomorphal extract are compared._ Rel-
'atlve amounts are the Same in both“except hlstldlne‘
“ln the rhlzomorphal extract WhICh 1s found in a;b‘v;‘_,? 
:greater quantlty than valine. No isoleuc1ne, |

[

' eleuclne, nor. prollne were found in the exudate

B w
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but"were fou \d in the rhlzomorph extract. &6~
| phenylalanlne was found in tha rhizomorph extract
’but was found i athe exudatef Colotelo et4a1.~
(1971b) found that S. §g;erotlorum sclerotial

: exudate and scle otial extract from smx—day—

¢

old cultures confalned 17 free amlno ac1ds. The
_ M Y
only free amlno/ac1ds that they faﬁnd that were N

not found 1n Ah mellea exudate or rhlzomorph ex—

,ﬁ-"

=3

tract were tyrosxne, cystelne and. methlonlne. .Chet

et al. (1967) dld not detect phenylalanlne nor:
| tyr051ne in hydrolyzates of S rolf311 sclerotlal
/’and hyphal walls. ’However, Chrlstlas (1980),‘

“found 14 free amlno,ac1ds 1nc1ud1ng phenylalanlne

- and . tyr051ne,41n trace quantltles, 1n exudate of
?t,g rolf511. These free amlno aczds were 1dent1ca1
" to those found 1n A, mellea exudate except ‘that
tyr051ne was found in trace quantltles, leuc1nej
‘ and 1soleuc1ne were also found Colotelo et al.
(1971b) found 1t somewhat surpr1s1ng that Chet
et al (1962) found no tyroslaﬁ>nor phenylalanlne

Ln S. rolf511 sclerotlal and hyphal walls, since

e

these amlno ac1ds are comﬁgn constltuents of pro-‘

<

' telns andiare also consldered to’ be 1nvolved 1n |

the f0rmatlon of’melanlns, ;The same'ls true.for -




N

A. mellea rhlzomorphal extr@pt ' fhen&lalaninett‘
| but not’ tyr051ne was found‘in the exudate of A.
mellea, however, Chrlstlas‘(l980) found small
quantltles of phenylalanlne and tyr051ne in the.
5exudate of S. rolfsll. "It could be suggested !

—that the extractlon methods used on the sclerotla

of S. ,rolf511 and the rhlzomorph5wof A. mellea \"

o

.did not w1thdraw these two amlno a01ds from the
tlssue 1n a detectable quantlty As w1th dry
welght ‘and total proteln, Colotelo (1973) has
shown that the concentratlon of am&no ac1ds 1n-

S. sclerotlorum sclerotlal exudate decreased with

;. ® .
- the age of the culture. Slnce the exudate drop—

-lets and the rhlzomorphs from whlch they were
collected differed 1n phy51ologlcal and tem—
poral age, 1t is most llkely\that these results

presented represent a comp051te of the free am'no

o ac1ds that are present in exudate and. rhizomo phs'

e

in a 20 day perlod of growth Morrlson (1975)

*extracted ll free amln acrds from A. ellea
P =

o

= ’ P

rphal aplces. His, results show "the sa e;
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‘extracted rhizomorphs of the exoetiment except

that he did not detect\arglnlne, phenylalanlne,
eprollne, thféonlne, nor serine but dld .detect
‘tyr051ne and methlonlne. ' S g ilvﬂ
"” B- glu0051dnse activity has been demon- ®

strated 1n exudate from several fung, g. sclero-

l tiorum (Colotelo et al 1971), Fusarium culmorum

‘(McPhee 1978). Clav1cegs purpurea, Nectrla anehta,

Pen;c1111um flaﬁrumL‘Penlcllllum notatum, Sclero—

tlum)molf511 and Thanatephorus cuCumerlg (Colotelo

1978). A. mellea rhlzomorphal exudate also posseses

& s \'

’ _B-glu6051dase activity. —glu0051dase is a hydro—

lytic enzYme‘that may Be‘involved in the autolys;s
‘process (McPhee, 1978) When cellulosé is hydro— |
1yzed, celloblose is” formed, this accordlng to
, coehfahe’(1958)_is a‘subStrate for B—gluc031dase;.}
/?it would therefore-appear that*B—glucosidase‘is  ‘
a common constltuent of fungal exudates and- that
'ﬁi;t‘s assoclatlon w1th auzg?y81s is partlcularly

-

~1nterest1ng 1f the hyPothe51s that exudate is. a

S

“tjresult of medullary cell autoly51s 1is con51dered.

. 7 *
1t is aﬁ%o 1mportant to note ‘the effect thai;B- .
”gluc051dasefﬁn the .exudate might: have in patha&
o ¢
gene51s,7 3 ﬁ*

Colotelo (19&8) fognd thag the exudate
nba - . - p
™

715
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from'F. culmorum}‘N; 1nventa, Pen1c1111um claviforme,
[PusSucsturth i -—, -—q-———-—— —————

ain alka-—

S. sclero-
tiorum egudate were alsb found to have’ acid. pro—v

2w P
tease act1V1ty, A. mellea exudate has both acid o

\ ¥

‘and alkaline protease activity, although a. greater

activity was. found for alkaline protease Wthh

. might be 1ndlcat1ve of the'pH of the exudate,

_ slightly aikaline; Proteaee'}ike'B?glucosidase ieli

a hydrolytlc enzyme.d | | |
Perox1dase and po@yphenolox1dase actl—.

v1t1es were found in A mellea exudate ) Lanphere'.

(1934) found perox1dase and catalase act1v1ty 1n

fX mellea rhlzomorph extract. Smlth and Grlffen

(1971) d1d ngt flnd'perox1dase activity in rhlzo— o
: 4 W .
Amorphal extnuct of A..elegans, but/dld flnd . . - —

p—d1phenol>ox1dase act1V1ty. ThlS enzyge,,they o ‘ s
. ?/ : N _“‘ . -

3 .“ . %‘ . ¢
_(B01den 195

f; McEneeV(l97 '1.perox1dase and polyphenolox1dase

: act1v1ty ln te from F culmorum.\ Colotelo

-

(1973) found.that peroxldase act1v1ty in sclerotlal “f . )}

o exudate from cultures,of S. sclerotlorum to 1ncrease"

o



.“ ;»’*3‘» T
hetween the f}fth and the s;xth ‘day and then to
' 'remaln the same ﬁhereaftef} Polyphenoloxmdase”

\x

act1v1ty 1ncreased w1th a'_

E It would thns appear thqﬁ#&hese enzymes T e
¥ e o S

_are common in many fungal exudates. Colotelo

(1978) pélnted out that the enzymes B- gluc051dase, "
protease, polyphenoloxldase and perox1dase are. . "
characteristic of lysosqmgl enzymes.\‘
L . E . J ‘J;; 1,""‘: )v \ . v ) " . .
0 - . . ’ ]“"J B . N . . v\\
, I3 . '1“ . - ' ‘/ ‘



CHAPTER IV ”::f>

; ~ GENERAL DISCUSSION

~

Froﬁ‘th%s study and fr the‘ﬁofk of
Colotelo‘ggigl. (197lb),'Colqteld (1 73),'Colotelo

(1978) , MePhee (1978) and Christias 193'0),“ it
would seem that exddation is a common pheﬁomena
*}n many . fungi and is partlcularly associated w1th
rapldly grow1ng fungal structureb Frométhe work

a{eitedfaﬁd %rom_the experimehﬁs carried out; fupgef P
exﬁdate has Eeen_ehpwnetqwﬁe~remarkably Complex:
Mapy'of'the exudate eharaQQEFistiqs such es free

. .amino acids,ISOme'of the ian&déic elemedts, total
eprotein,'isoelectric fogusing; enzyme céntent-ehd
‘enzyme adﬁiv%&ieéfof differeﬁﬁ fungi show strikiﬁg
similarities' Celetelo‘(1973) has demohstreted .
gyat exudatlon lS a dynamlc event and'fhat exudate R
cOnstltuent concehtratlons vary w1th t1me 1ndepen—d
dently of volume changes in the lquld A

g S e
.If one ‘were to speculate on the purpose

- of the exudate & A, mellea, it could conCelvably

78
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have several different roles. Smithyand Griffin

(1971) have demonstrated that the,ﬁgdullary lumen
which is formed in rhizomorphs of.él elegans are:'
used to supply oxygen to the growinj tip of the 7’,
rhlzomorph In order for this lumen to form,
medullary cells have to collapse, this has been
- shown: by Motta (1969)., 1f these cells collapse,
'the cause of.which could be autolysis or simple
_pressure from the surrounding cells,‘the:cellolar
contents would then be freed and 1t s fate could
take,severaljcourses. One mlght be that the ma-
terial is siﬁply absorbed by surround;ng cells.
A second fate may be’that it'ls exndedboutithrouéh
tne intercellular spaces of:the rind layer ofrcells
‘to the. outsrde of the rhlzomorph‘ The former ex;

-

planation may account’for some of the materlal but

v‘COUld not handle the full volume of materlal that

£

l \ V

IZWOuld~be produced The ‘data collected in the ex—'

2

perlments would tend to support but does not,?rove,

:‘atter fate.“ The pH of the exudate and the

s hlzomorph are very samllar, relatlve amounts of

el

ﬁ.§@ano acids and 1soelectr1c focu51ng patterns are

dialso similar. The presence of enzymes that are

Qc‘

characterlstlc of lysosomal enzymes would also tend"

//i : ) A )
. . -~ : ’

el
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to support thie‘fete; | |

The exudate would tﬁéﬁ”be airesponse to
growth allowing the growing apek to derive oxygen
but also performing several other functions. As

' the exudate moved through the intercellular spaces
. ; o N

- some of it would be‘leftlbehind in the intercellular

spaee. When in'contact‘with oxygen, melanin-like
compounds form.ﬂ This melaninization may have, as
noted before, a protectlve functlon preventing the'
rhlzomorpu from'beln‘ lysed by 5011 mlcroflora.‘
_Likewise,,the inoréénlc elements and the free amino -
acids found in the'exudate couid influence the
microflora that surrounds the.rhizomorph.as roots
influence the rhizosphere, "Another functiqn which
the exudate could play an important;rolevih ié'
pathogenesis. Colotelo et al. (1971), Colotelo
(1973), (iQ?B),\suggegted that this may possibly be

awrole for exudate of Sclerctlnla sclerotiorum and ‘

of other fungl._ McPhee (1978) demonstrated-that

exudate from the mycelia of Fusarium.culmotumf

caused plant t;ssue degradatlon. Thomas (1934)
thought that penetratlon Pf host tlssue by A. mellea
rhlzomorphs to be mechanlcal but was chemlcally

influenced as he noted that ‘tissue ahead and sur-

80
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vrounding tne'rhizomofph was degraded. Exudate
from the rhizomorph-should be suspected as being
the cause of such degradation. Morrison (1975)
'showed»evidence that rhizomo;phs growing“through_'
soil are able to absorn and»utilRZe nutrients.
Rhizomorphs,growing'in peat 'soils had greater

dry weights than‘those,not growing_in peat soils,
Morrison (1972). Since‘ekudate'contains hydro-
lytlc enzymes, it mlght play an 1mportant role in
.breaklng down plant material surroundlng the |

5

‘rhizomorph whlch the rhlzomorph could use for
‘ continued Qrowth. | |
Summary o “ @.m‘ﬁ@;
Exudatlon from. rhlzomorphs of Armlllarla
mellea is a common phenomena and has been noted
by severhl 1nvest1gators (Hamada 1940)(Raabe 1967).
There ‘is more exudate produced on carrot agar
medium grown rhlzomorphs than on synthetxc-agar "
medlum grown rhlzomosphs, p0551bly because syn-
thet;c agar.é; a minlmal medium and that carrot l

e

‘agar is nutrltlonally rlch

N

nght and. scannlng electron mlcroscopy

reyealed ;hateexudate droplets are

sociated thh
. rapidly &fowing tissue, that exu

. R '
K7 "\ . "J . . R
& x? L , &



age 'and that upon freezevdrying of the droplets,
membranous materlal is left. ﬁﬁudate droplets on
peripheral hyphae were observed and did not appear
to be related to exudate droplets exuded from the
rhlzomorph .
Biochemically, the exudate froﬁ carrot
agar medium grown rhizomorphs is qomplex; The

pH, viecosity, dry ueight and oxalic acid content
- of hhe e#udete were dehermined. 'Inorganic‘elements

such as pota591um, sodium and phosphorus were found

—

in. large quantltles as well as trace quantltles of
other elements. Total proteln of the,exudate was
determihed gquantitatively 'by the Bradford method.
Qualltatlvely, protelns in “the exudate were separ- -
‘ated by the 1soelectr1cfocu51ng technlque.’ Mela-

| nlnfllke*compoundsAwere found to pe associated with

the ﬁroteine. Disc gel electrophoresis separation

of the ekudate proteins was not successful, a single

hand.waS'found,at the anode end of the gel.
vEleven\free amino acids were fbund in.
the exudate whereas thirfeenifree“amino acids were
found in the rhizomorph ektrach. B-glucosidase,
perox;dese; poIthenoloxidase,‘acid and elkaline
‘.protease acti&ftes were fouhd in the exudate.

K

3
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