rd

'GANADIAN THESES ON MICROFICHE |

-~

R

. I* National Library of Canada
. Collections Devg&opment Branch

Canadian Theses on

Microfiche Servi_ce * sur microfiche

Ottawa, Canada -
K1A ON&

NOTICE
The quality of this microfiche is heavily dependent upon the
quality of the original thesis submitted for.microfilming. Every

eﬂoﬁh&sbeenmdetoensurememghestquaﬁtyofrepmduc-
tion possible.

If pages are missing, contact the university which granted the
degree. .

Some pages may have indistinct print especially if the original
pages were typed with a poor typewriter ribbon or if the univer-
sity sent us an inferior photocopy.

L

Previously copyrighted materials {joumnal articles, published
tests, etc.) are not fimed.

Reproduction in full or in part of this film is governed by the
Canadian Copyright Act, R.S.C. 1970, ¢. C-30. Please read
the authorization Torms which accompany this thesis. '

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

g

NL 236 (r. BAD)

" THESES CANADIENNES SUR MICROFICHE

Babllothéque natnonale du Canada-
Direction du déveioppement des eollections

Service des théses’ canadnennes

AVIS

Laquantédecetta nucroﬁdwedépendgmndementdelaqmﬁré
delamésesoumiseaumrcroﬁhmge Nous avons tout fait pour
assurer une qualité supérieure de reproducnon

. i Tt

S'il manque des pages, veuillez comrnunlquer avec 1 univer-
sité qui a conféré le grade : /

La qua!ité d'impression de certaines pages peut laisser &
désirer, surtout si'les pages originales ont été dactyloghaphi¢es
a {'aide d'un ruban usé ou si ['université nousafa:t parven:r

- une photocopue de qualuté inférieure.

-

Les documents qQui font déjé I'objet d’ un droit d'auteur (articies
de revye, examens publiiés, etc.) ne sont pas microfimeés.

La reproduction, méme partielle, de ce microfilm’ est soumise.
& la Loi canadienne sur le droit d'auteur, SRC 1970, ¢. C-30.

Veuillez prendre connaissance des formules d’autorisation Qui
accompagnent cette thése. ’ .

[
P S 8

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L’AVONS REGUE -

Canad"'

+
o aid v
FPRAISLI X! Pl
. .

-



UNIVERSITE DOTTAWA®

- UNIVERSITY OF OTTAWA



ACKNOWLEDGEMENTS = - .

1 would l1ke to thank Dr. John Arnason for gu1dlng me
through this progect and shaflng his expertrse in chemlstry,"

'-photoblology and the study of plant secondary metabolltes.

-

I would also wish to thank Dr. wlnson Ort and '
Dr. Clarence Madh051ngh for thEII help at the Chemlstry and

Blology Research Instltute (Agrlculture Canada, Ottawa) and

"

“to Dr. Ian de la Roche'fqt the genanoys-use_ofzthe .

N

'_faczlltles at C BiR.I. ' ' if_' L T
Flnally,.thanks to Dr. Pearl Welnberger and .

‘Dr. Anna Picman for thelr suggestzons during comm:ttee

‘meetlngs.w T L ' : 1



SN S0 TAgsTRACT 0, o T
'Phenylheptatriyne (PHT),'a polyacetylene presentfin the ge--

nera Bldens, Coreqp515 and Dahlla of the Asteraceae

-

iCompos:tae) is a potent photosen51trzer of mlcroorganlsms.

A quantltatlve evaluatlon of 1ts antrfungal act1v1ty toward-

the model pathogen Fusarium culmorum was undertaken. In the
g presence of near-uUv rad1at10n (300-400 nm) the effectlve
concentratlon for SDe 1nh1b1tron (EQ”) of mycellal growth
was 2 5 ppm.' In additlon PHT under near-UV behavedras a -
w'fung1c1da1 agent which 1nh1b1ted germlnatlon ané germ tube
_elongatzon. -Inhlbrtlon of fungal growth was aiao“apparent ..‘35
in the dark at hlgher conoentratlons of DHT- Enéogenods .
concentratlons of PHT at d:fferent.stages of growth of

Bidens pllosa (Beggar”'s T1cks) were at 1east an order of

magnltude greater than concentratlons requzred for'
1nh1b1tzon of growth of F. culmorum suggestang t t PHT may
1nh1b1t the growth of unadapted fungl in the host plant.
‘Phy51olog1cal damage 1nduced by PHT 1n F. culmorum 1nvolves ‘
membranes as the site of actlonf as 1nd1cated by experzmentsf'
.on uptake of. radloactlve phenylalanlne, pota551um leakage

and_resplratlon.

A\L\J'
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'RESUME

L

Phenylheptatrzyne (PHT} “un polyacétyléne présent chez

_ les genres Bzdens, COréop51s et Dahlla ‘de la famllle aes

‘ Astéracees, est un p&lssant photosen51bzllsateur de. |
microdrganlsmes. Nous .avons entreprls une évaluatloni

. quantltatlve de son act1v1té fpnglc1de chez le pathogéne o

. modele Fusarxum culmorum. . En presence du proche ov ..

T (300 400 nm}, la concentrat1on effectlve pour 50% S

d'lnhlbltlon (CE“} du mycellum était den2 5 ppm.' ‘De plus,‘
. le PHT en présence de proche Uv s Test comporté comme. un o
;agent fongicide gui 1nh1be la” germlnatlon et l élongatlon du‘.
" tube de gerﬁinatfzg\f L 1nh1b1t10n de la cr01ssance du C e
.jchamp1gnon a ete au551 détectable en 1 absence de proche UV .
’pour de fortes concentratlons; .Les concentrat1ons endogenes

du PHT" différents ‘stades’ de er01ssance de Bldens pzlosa

» . .

ont été da' au moins un ordre de magnltude 'supérieur aux
: ~

i//gx—4—\ ' concentratlons nécessalres pour 1’ 1nh1b1t10n de la

_ cr01ssance de F- culmorum suggérant que 1e ‘PHT pourra:t
1nh1ber la crolssance de champlgnons non adaptés a la
;,iplante hote.‘ Les dommages phy51olog1ques 1ndu1ts par le PHT
‘Chez‘g.fculmOrum ;mpllquent la‘membrane cel ire comme
site d"acfion,,, coxﬁme-l' in'diquént les;' expérgs sur "
I"influx de phenylalanlne radloactlve, 1! efflux de pota551um
et sur la resplratzon.

- iy -
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Chapter I

INTRODUCTION

._,ﬁ;gher plants protect themselves from fungal attack by
physical .and chemical barriers td infection. Physical

barriers inhibit the'pathogens from-gaining entrance and

kspreadlng through the plant. Preexist*ng‘physical bafriersn

include the amount and quallty\hf ‘the waxy CUthle coverlng

epidermal cells, the structure of epldetmal cell-walls, the

sife, location and shape.of sfqmata and lenticels, and the

-presence on the plant of tissies made of thickrwalled cells

‘that'hinde@ the, advance of the pathogen (Agrios; 1978).

Induced phy51ca1 barriers 1nclude £ormat10n of cork layers,
tyloses, paplllae, and deposition .of gums (Agrios, 1978).

Other forms of- phy51cal barriers 1nvolve morphologlcal

"changes in the plant cell wall leadlng to sheathing of

penetratlng hyphae or the hypersenszt1v1te (necrotlc)
defence reaction in whlch d151ntegrat10n of the invaded -

cell's cytoplasm is belleved to arrest the 1nvadlng hyphae.’

Another 1mportant aspect ‘of reszstance to fungal invasion

1s the production of allelochemlcals generated by the vse-
condary metabohfsm of higher plants. As 8escribed for.phy-
sical barriers, chemical defence may be prefofﬁed‘or’
1nducedq resultlng, in the case of 1nduced substances, in

the productlon of.antlfungal substances called phytoalexins.

_l_.
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Figufe-' : The chemlcal structure of
7= phenylhepta 2,4,6-triyne" (PI—!T)
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The chemlcol structure of 7-phenylhepto-
- 2,4,6- tnyne (PHT) |
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1.1 Preformed chemical defences. '

Wood (1967) suggests four essential pieces of evidence -
before resistance can be attributed to a.preexisting

biochemical defence:

1. The substance must be present in -those parts invaded
bylthe pathogen. - T -
2. In tissues invaded by the pathogen, the substance must

be preéent in.concentrations high enough to affect the
pathogen seriously. .
3. It must be demonstrated théy the substance is present
| in plant tissues in a form available to the pathogen.
4. Where experimentailf feasible, it should be demon-
strated that an indﬁce@'change in the concentration of
an fnhibitor in plant tissues results in a correspon-
ding change in susceptibility ﬁo the pathogen.

There is a genuine lack of interest in preformed chemical:
defences which are fegarded as "static" and. "unspecific” as
ccmpéred to phytoalexins (Schl¥sser, 1980); Wood's
bosthlates also represent the only attempt ﬁo recognize the
value of such chemicals as one'importént barrier offered by
plants against fungal infection. . ' '

The main classes of preformed éubstances with specific
examples‘(according to SchSnbeck and schlbsserf;l§76) are
listed in Table 1 with chemical structures in Figure 2.
Unsaturated lactones with cyclic or e;qcyclic double-bonding

frequently occur in the plant kingdom, particularly in spe-

v
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cies"of.Liliacéaef Ranunculaceae and_Rosaceaé.
Fiée-me@bered lactones seem to be more‘antifungal than .
six-membered lactones. C?anogenic glycosideé,ﬁre present in
more than .800 pléht sﬁecies representihg about 70 families
(Solembs; 1977). "Antifungal sulfur compounds comprise
“thicethers (R-Sx-R') occufrihg as oils-primarily in the
genus Allium and isdfhiocyadafés (RTN=C=S) occurring as
glucosides primafi;y in Brassicaceaé (Sch¥nbeck 'and g
Schl@éser,ll§76).‘ Antifungal phgno%ic compounds‘inéluaq
_simple phenols, coumarins, flavonoids and tanninse Saponins
constitute a considefable~fungicidai barrier and represent a
very widely distributed class of plant sécondary metabolites

i (Schl&sser, 1976).
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Table 1: The main classes of preformed antifungagj"
substances : “ oo .
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A preexlstlng b1ochem1cal defence may be stored 1n'
‘1ntracytoplasm1c or extracytoplasq;c compartments

(Wlermann, 1981)." Vacuoles and’ plastlds represent

',:1ntracytoplasm1c storage of hydroph111c chemlcals. The cell

of lipophilic chemzcals such as terpen01ds, methylated

. wall{:ggﬁwaxy cutlcle are 51tes of extracytoplasmlc storage

flavonozds and—sesqu1terpene lactones. Th‘se llpophllxc
chemzcals are sometlmes referred fo as prelnfectlonal
toxins, since they can exert thelr toxic action wzthput
'further modlflcatzon of the molecule.‘ &owever, moSt - r
preformed tOXIDS are kept in a su1table bound form,
frequently a glyc051de, wzthzn a vacuole so that- the tomln

does not. interfere Wlth normal cellular processes. " As soon

as fungal penetratxon occurs, the toxln is liberated

) ‘enzymatlcally-from the-bound-non-tox;o_form and this acts on

the fungal haustoria and orevents further-colonizationl

Such a bound toxin is referred to as a pOSt 1nfectlonal

toxin (Ingham, 1973) S '{‘. ‘ '
IhveStigations of the méchénism of‘eotion Of.pfeformed'

chemzcals have focussed pr1nc1pally on cyanogenlc glyc051 es

and saponlns. Cyanogenlc glyc051des can produce-hydroge

cyanide (HCN), a. known 1nh1b1tor of cytochrome oxidase -and
other metal- contalnlng respxratory enzymes. 'There are/no’
'repopts of fUngal HCN detoxlflcatron. In 1n$
mamméls; rhodanaSe (thlosulfate sulfur transf

-’

catalyses the conversion of HCN to thiocyanate
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(westley, 1973) The membrane lytic action: of saponlns

' ‘requlres not only the presence of sterols in fungal cell

", and Phytophthora (Schonbeck and SchloSSer 1976).'g

. membranes, but also of. 3 glyc051dases, capable of oonvert1ng
saponins 1nto the hydrophoblc aglycones whlch are the active
.agent Presence of B- glyc051da5es 1n fungal cell membranes
-(Segal and Schlosser, 1975) as well as the postulated |
.aglycones has been conflrmed ‘1§ elther of the.two
prerequ151tes is lacking; saponlns wlll not‘affect the.
fungal cell= membrane. Modes of saponzn detoxlfzcatzon
1nc1ude lowerlng by the fungus of the PH at the 1nfect10n

51t3;L£rneson and Durbln, 1967) release of 1nact1vat1ng

r

enzyqes and lack of membrane stergfs for speczes of Pythium

“e

'The role of preformed secondary metabolltes in defence
may be clarlfled through the use’ of mutants. For example,
.'1nduced mutants of a. number of fung1 wlth.lower membrane
sterol content were less sen51t1ve to the saponln tomatlne
(De Fago and Luescher, 1978). Recess1ve corn mutangs w1th

lower levels of preformed cycllc hydroxamates showed reduced

’ resastanqe to corn pathogens (Day, 1974).

'l.g Phytoalexlns

A second type of plant resoonse to fungal penetratlon
1nvolves the rapld de novo synthe51s of a fungitoxin, u51ng
. simple startlng materlal already avallable within the host

tlssue. These low moleEular weight (usually between 200 and

".JSOQ.daltons)‘toxlns are called phytoalexins. .

‘ .



' sent workers consider that

‘triggered by beth ablotlc

12
The bas:c postulates of the Phytoalexlu Theory as
orlglnally proposed by Miller and Birger (1941) are:

1. - % principle, desjgnated.;s Pphy;o;lex;nf, which'iﬁﬁi—
bits the development of the fﬁnéus in hfpersensitive
tissue, is formed.or activated only when the host '
cells come into'gontact with the p;rasite.

. ) - -
2. " The defensive.reaction occurs only in living cells.

3.  This phytoalexin is non-specific in its toxicity

towéréé fungi; however, fungal species may be diffe-
', rentially sensitive to it.
4. The basis of differentiation between a resistant ahd.
éuSceptible host is the speed of‘fbrmation of the phy- __
toalexin. S - - N o }\_\-_,;,Jﬁ

The first postulate of - Muller and Bgrger 1mp11es that a

‘phytoalexin response may be t 1ggered only by fungi. Pre-

pbytoalexln nesponse may be -
i.e. Hon—microbial)'and biotic
agents. as long as the 1nduced chemlcal has antifungal acti-
vity (ga;ley and Mansfield, @982).

There are about 100 known phytoalexins (Albersheim and

" Valent, 19781 distributed among at ‘least 75 plant species

representing 20 familieél(¥oshikawa, 1878). They inciude

various classes of natural products (Figures 2 and 3, Table’
2), with the ndtable excepﬁion of alkaloids. The majorlty ~_

of ‘the -phytoalexins so far known are 1soflavon01d5, produced

N
. maznly-by members oﬁ,thé~Fabaceae.. The Solanaceae generally

&« S
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., | | . . o : Y
produce diterpenes, tﬁe Convolvulaceae furanoterpenoidg, the
O:chidaceae‘dihydrophenanthehes, the'Apiaceaé
furanocbumarins,_tﬁe Malvaceae naphthafu?hns and the

. Asferaceae polyacetylgnes. Exceptions exist, such aé the
formation of ﬁhé.acétylenes wyerone acid in broad beans

(Vicia faba) (Hargreaves et al., 1877) gnd_falcarinél in

tomato (Lycepersicon escﬁientum) (de Wit and Kodde, 1981).
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Figure 3:

Chemical structures of phytoalexins
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‘The mechéﬂism by which phytoalexins stop the growtﬁ of
fungalicells is not fully understood. Phytoalexins ﬁay
alter the pldéma membrane, inhibit oxidative’ phosphorylation
(Oku et gi.,\1976) or cross-link DNA wheén exposed to
Jltraqiolet light (Marciani et al., 1973).

Phytoalexins can be modified by .fungi to less toxic or
gnstable compounds. The metabolic cénversions include
-monooxygenation, reduction, hydration, 6xidation and
retroaldol cieavage_(Bailey and Mansfield, 1582). The most
commoh involves monooxygenases which catalyze the
@nco;poratién of one atom of molecular oxyéen directly into
a substrate. For example, phaseollin is oxidized to -the

mere weakly fungitoxic hydroxyphaseollin by the fungus

Fusarium solani, a pathogen of bean (Dewick, 1977). This
| fungus also releases extracellularly an acidic glycoproteiq,
now well characterized, which catalyses therconver$ion bf‘
the phytoalexin' kievitone to the non-—toxic kievitoée hydrate
. (Ingham and Harborne, 1976). Other mechanisms of %ungal
response to phytoalexin which propose the release fungal
phytotoxins or fungal inhibitors of host plant enzyme
(Harborne and Ingham, 1978) are still.sbeculative.
Elicitors are molecules responsible for the initial
phytoalexin inductibn (Bailey and Mansfield, 1982). Biotic
elicitors are of biclogical origin and the most thoroughly

studied is the so-called Pms (3-glucan elicitor obtained from

Phytophthora megasperma var. sojae mycelial walls,



} 19
responsible: for glyceollln accumulation in soybean
(Albersheim and Valent 1978, Darvill and Albershezm 1984).
‘Abiotic elicitors are of a physical or chemical nature.

They include salts of heavy metals (mercury and copper),
respiretory'inhibitors and uncouplers (potassium cyanide

and 2,4- dxnltrophenql) and plant growth regulators
(ethylene, 2,4- dlchlorophenoxyacetlc acid) ) )
{(Yoshikawa, 1978).. Constitutive (i.e. endogenous) elicitors
have been obtained \rom soybean and tobacco cell-walls
{Harborne and Ingheﬁ, 1&1:_.Recently, sucrose has been

recognized as a constitutive elicitor of the tropical legume

Cajanus caijan (Cooksey et al., i983). The accumulation of
phyvtoalexin may be a response to stress and part of a
general tissue repair mechanism (Kuc, 1976). It is now
recognized that the traditional classification of elieitors
as abiotic, biotic and constitutive fe less phyeiologicelly
meaningful. For example, abiotic elicitors may lead to the
release of constitutive elicitors within the injured plant

and thus operate through this mechanism,
¢ . -
a
1.3 Fungal pathogens.

-

Of the 100,000 spgcies of feegi known, most are strictly
saprophytic, living on dead organic.matter which they help
to decohpose and. only 8,000 species of fungi are reéognized
‘as causing di'seases in plants (Schl&sser, 1980). Not ﬁore
than 1,500 species can claim attention as plant pathogens of

o~

[}
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some importance. Examples are given in Table 3. Even when

coincidence of location and time is provided and supplémen-.

ted with optimum conditions for microbial development, most

fupgi-canﬁot establish a pSrasitic relatignship, or -if they
do so,~it is only on plant.tissues weakened-ﬁy stress
conditions (Schlésser, 1980). Generally, the physical and.
chemical barriers against fungal attack are efficient. A

* minority of fungi can colonize host tissues despite their
high antifungal potential. They have adapted to these host
plants and have acquired mechanisms t; inactivaté or

detoxify antifungal compounds as described previously.

-y

-
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Table 3:

Wide host range fungil
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1.4 Antifungal acetylenes

’,

There are approximately 750 ynown‘écetylenes-
(Swain, 1977). They mostly occur.in'the Asteraceae (Compo-
sitael\gnd Apiaceae (Umbeliiféyeae), but aré also characte-
ristic of the Araliaceae, Campépuiaceae and Santalaceae.
They are relaéiyely non-polar hydrocérbons; methyl estefs

and acetates.

Biosynthetically, they are formed in the Qlant from oleic -

acid (Fig. 4 and 5). Tracer studies indicate that bio- ‘
synthesis proceeds with the formation of triple boﬁdsﬂand}
chain-shortening reactions involving - andrﬁ-oxidations
from oleic acid via linoleic acid, cregengnic acid
(9-octadecen-12-ynoic acid) and dehydrocrepenynié acid
(9,14~octadecadien-12-ynoic acid) (Bohlmann et al., 1967 and
1969). While isolation of the enzyme systems for’
polyacetylene synthesis might give much information on the
individual reactioné, no such system has yet been isolateé..

The only experiment in vitro with a homogenate of a higher

-

plant, Chysanthemum flqculosum, showed that chloroplasts”
were probably necessary for triple bond formation, although
labelled oleic acid was incofporated with low activity

(Bohlmann and Schulz, 1968) .

el
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Figure 4:

Metabolic pathways. Interrelationships
between primary metabolism and synthesis.-of.
secondary plant substances. From Bailey and
Mansfield, 1982. ' .

: \Y &T'



N

: Phosrhoénolpyruvétq~+Erythrose-4-phosphate-+Phen?lalanin¢"

.'):-

-

-

o

.

A

Counaroyl CoA -

25

1

Flavonoids .

y Isoflavonoids

.

//’fystilbenes

Acetylenes

4

}Malonyl CoA

» Polvketides

- - Monoterpenéi\‘i
Mevalonic acid Aﬁi___,>Diterpénes E

Sesquiterpenes



Figure 5: Biogenesis of PHT from dleic acid. 1I:
Oleic acid, II: Linoleic acid,1ri: Crepenynic
acid, 1v: Dehydrocrepenynic acid, v: PHT.
(Adapted from Bohlman et al., 1967
~and 1969) ST
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. 'HsC- [CH2]7 CH=CH- [cnaj.,
HyC- [cuzjl‘ CH=CH- ca,-ca-cu [CH, J7 - cooH .

“

HsC- [CHa]4-C=C- cuz CH=CH:- [CHz ] - COOH |

HsC- [CH,],~ CH=CH- —c=¢ —=CHp=CH=CH- [cuz]-, COOH

HsC-[C= c], CH,—~CH= CH- [CH2]7 COOH
l 2x PB-oxydation

HsC-[C=Cly-CH,~ CH=CH~ [CH,]s—~COOH
| @
[C=Cls-CH;
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Polyacetylenes kndwn to be antibiotic were not récognized
first as polyacetylenes;’then tested for activity, but ra-
thef the revefse. Ant1-bacter1al actlvzty was observed in a
fungal or plant extract, and when the actlve prznc1ble was
isplated and.characterized by its near-UV absorptlpn
spectrum, it‘proved.té ?e a éolyacetylene.

The p&lyacetélenes safynol (trans -trans -3,11
-tridecadiene -5,7,9 ~triyne'¢l,2;diol)‘and dehydrosafynql
(tréns-ll -tridecene-3,5,7,9 -tetrayne-l,z-dibl) (Allen and
Thomas, 197la and 1971b) accumulate in the first internodes

of Carthamus tinctorius (Safflower) which have been wound

inoculated with Phvtophthora dreschleri. Additional

.antifdngai'polyacetylenes h;ﬁe aiso been found in other:
famiiies. for example, wyerone, wyerone acid and wyé;one
‘epoxide (Rossal and Mansfie?®, 1984) are the major
components of the'‘response of tissues of Vicia ﬁggg

[
(Fabaceae) to infection by Botrytis cinerea. Falcarifdiol

(cis-heptadeca-1,9~ diene-4,6-diyne-3,8-diol} and falcarlnol
(cis -hepta -1,8-4,6 -diyne =-3-o0l} accumulate in leaves and

fruit of tomato, Qi&qperszcon esculentum (Solanaceae), after

inoculation with Cladosperium fulvum (Kemp, 1978). None of

‘ . - . U
these studies have considered the possibility that

polyacetylenes may be liéht activated, as suggested in the

Y
present study. A :
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‘l.§f"§HT as an_antifungal agent for Fusarium culmorum.

Recently{PHT‘{fig. 1), tﬁe-pol§acetylene in#estigaéed in
the pfesent study; was shown in'tests?yith treated filter
paper disks to be much more toxic- to ﬁfvariety of
microorganisms in the presenée of sunlight or near-UVv
radiation (300-400 nm) (Wat et al., 1979). These authors
héve suggested that PHT may act as a natural protective
agent in vivo againétlplant pathogens. However, no
information is at present available on the phototoxic
effects of PHT on germination, growth and development of a
phytopathogenic fungus. . o :. .

Fusarium culmbrum, an aggressive pathogen of cereal

crops, does not infect Bidens pilosa in the field

(Weiss, 19§0) and cannot be inducéd to do so‘undér
laboratory conditions (cf. Section 3.2). Therefore it was
chosen as a model unadapted pathogen for'the pregent study
since it would not be éxpecfed to. contain toxifyiﬁg
enzymes speéifically for this substance.

PHT is a natural antimicrobial compound found in high
con;entratién in the cuticle of leaves and stems of the weed
B. pilosa, a member of the Asteraceae (W& al., 1979). -
B. pilosa-is a persistant pan-tropical weed which is"
extremely abundant in agricultural and disturbed sites.
Bohlmann et al., (1973), investibated'the distribution of

PHT in the roots or leaves of species beleonging to the

following genera of\the Asteraceae: Heliopsis, Coreopsis,

e TR i,
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Dahlia, Zoegea and 3idens. The three main Bidens species in

Canada are B. cernua, B. fronéosa anaﬂg. vulgata. PHT is
absent in B. frondosa and B. vulgata was not investigated.
PHT is present in the leaves and roots of §. cernua, an-
aggressive Geed present from Prince Edward Island-to ﬁritis%

Columbia (Scoggan, 1978). The antimicrobial activity of PHT.. .
~ et Tml Flalam -

extracted‘from this species against gram-positive bacteria, -
dermatophytes, éertain yeésts, yeast-}ike and mould fungi,
was investigated in 1968 by Bondarenko (Bondérenko et al., ,/”
1968} .

A systematic study of the effects of the polyacetylene
PHT has been undertaken in some procaryotes and eucéryotes.

Studies of photosensitization of Escherichia coli and

Saccharomyces cereviseae by PHT (Arnason et al.,» 1980 and
- &=

McLachlan et gl.,'1984) suggest a dualistic mechanism of

action in which PHT produces both toxic singlet oxygen and
free radicalg. This mode of action is clearly distinct from
that of furanocoumarins, another group of photosensitizers
forming DNA crosé links in the presence of near-UV light
(Wat et al., 1979). At 10 ppm, PHT is toxic to the
freshwater alga Euglena {Arnason et al., 1981) and has

antifeedant activity on the cutworm Euoxia messoria

(McLachlan et al., 1982). PHT does not induce chromoscme
aberration in Syrian hamster cell (MacRae et 2l., 1980)
which makes it a possible candidate for use as a besticide

or topical antibiotic.

&
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Man§ studies of secondary compounds have been limited to
a description of chemical structures and effective
concentration for 50% inhébitioﬁ of growth (ECy) in a single
test of biological activity. Little quéntitative data on
the variatibn_of their concentrations in plants, on their
mode of action, syqergistic or antggonistic effects and .
detoxification are available (Swain, 1977).

This thesis is an_examination of the antifungal .activity
and mechanism of action of the secondary %etabolite ;
phenylheptatriyne (PHT, Fié. 5) from the pan-tropical weed

-
and persistant agricultural pest Bidens pilosa

(Beggar's Ticks). This polyacetylene has 'not yet been
classified as either a pre-formed substance or a phytoalexin
and the present study focuses or the inhibitory effects. of
this natural product on the gr;wth and development of a.

model pathogen Fusarium culmorum and its mcde of action.

In the first part of this study, a guantitative
evaluation of the antifuhgal activity of PHT in a liquid
bioassay was made. 6 This assay is perceived as having more
credibility than the classical agar bioassay (Bailey et al.,
1976, 1In addition, it was decided to investigate if PHT
behaves as a fungfstatic or fungicidal agent as well as an
inhibitor of .germination and germ tube elongation of
F. culmorum. The growtﬁ inhibiting effects of PHT are
related to concentrations of this secondary métabolite at

different stages of gfowth of §.‘Qilosa. Because no mode of
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action study is available on any of the antifungal aéety-
lenes, a second cobjective of this work is to‘chafacferize
the physiological events leading to toxicity. Thié study
began with a Eareful-microscopic examination_of cell damage
during treatment. Because previous work has suggested a
membrane site of'action of PHT in other organisms (Wat

et'al., 1979), three membrane related events were monitored:

potassium leakage, transport of radiocactive phenylalanine

and respiration.

\
\/
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p MATERIALS AND METHODS : ‘ ~.

|
i
i
!

2.1 Isolation of PHT

LS

PHT was extracted from Bidens pilosa leaves according to ' {

a modified method of Wat et al., (1979). B. pilosa seeds
| ‘were collected by Dr. J.T. Arnason in Miami, Florida.
Plants were grown.from seeds in greenhouses at the
University oﬁ Ottawa and the Chemistry and Biology Research ' i
Institute, Agriculture Canada, Ottawa. This species was l
useo since it is known to possess a high concentration of
PHT in the leaf, up to 600 pg/g fresh weight at maturity
(Towers and Wat, 1978). Leaves were harvested at maturlty‘
and immediately placed in 95% ethanol (EtOH). Leaves were
ground in a Waring blender with 95% EtOH to a slurry. "This
mixture was. filtered using a Buchner funnel with Whatman
no.l filter paper under vacuum to remove particulate matter.
The leaf residue was discarded. The‘resulting filtrate was
partition—extracted three times with petroleum‘ether (P.E.,
boiling point: 30-60°C). This was performed in a ‘large
separatory funnel after the addition of an equal volume of
H,0 (1 BEtOH fllﬁrate.l H,0:2 P.E.}. The three fractions
were then combined and dried with anhydrous sodium sulfite
for 24 h. |

i

-33_
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-

The P. E. extract was evaporated to dryneés under vacuum -
on a erary flash evaporator fitted with a continuous feed
The re51dues sticking to the flask were r%dlssolved in a
'small amount of P.E. Thls concentrated extract was then
applied to the top of a 2‘{‘50 cm P.E. saturated silica gel
column (Baker: 40-140 mesh) and eluted with glass distilled
P.E. The eluant (5 ml/min) was collecteé and monitored for

PHT using a Pye Unicam SP8§-100 double beam spectrophotometer
(Fig. 6)

™
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Fiqure 6:

Uv-absorption spectrum of PHT. max
(petroleum ether) (loge¢ ) 238, 250, 253,
274, 291, 310, 330 (4.9, 5.2, 4.0, 4.2,
4.4, 4.5, 4.3). :

.-—1‘.‘}
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*The column fraction eluting ahead of the first carotenoid.

3
" _band contained PHT. ' It was reduced in volume on the rotary

‘flash evaporator. Crystals were obtained by reducing the
PHT fraction further using a nitrogen éirstream to |
.volaéilize the P.E. ané subsequently lowering the
temperature of the remaining fraction to -25°C. The long
white needle;like crystals were recovered and then
recrystallized in a small volume of glass distillegd 95%-'

L

EtQOH. )

¢

* . Colorless prisms recrystallisation give:'mp. 55-56°C., i

U.V. spectrum: max (P.E.) (log'extinction coefficient)

. 238, 250?2, 259, 274, 291, 310,_331.5,.(4.9, 5.2,’4;0, 4.2,
4.4, 4.5, 4.3). Mass spectra {(M.S.) for ions with é
relative ébundancg greater than 10%: m/e 164.0 (100.00%);
m/e 163.0 (47.29%), m/e 138.0 (45:51%), m/e lGS:Q (14.31%),
m/e 86.0 (11.57%), m/e 87.0 (11.00%), m/e 137.0 {10.78%)
(Fig. 6). The M.S. was performed by.J.R. K;aus (Department
of Chemistry, University of Ottawa) on a VG 7070-E mass

spectrophotometer.

=
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2.2 Growth of the funqus

F. culmorum (W.G. Smith) Sacc. isolate CT440 obtained
from R. Tinline, Agriculture Canada, Saskatoon, was
.1n1t1a11y 1solated from dlseased wheat plants., ‘Cultures of
F. culmorum were grown in potato dextrose agar (PDA) at
25°C, 10 cm above- 2 dayllght fluorescent lamps (350- 700 nm
range: 50 w-m") wzth-contlnuous-1llum1nat10n. Potato
dextrose agar was prepared by suspending 39lg'PDA powder
kCanlab! FSDMND) -per liter distilled H,0. Heat with
stirring was required éq coﬁpletely dissolve the PDA powder.
Tbe-preparatiqh was sterilized by autoclaving at 121 °Cc for -
15 min. In ‘the laminar flow, 20 ml liquid PDA were poured
into each 15X100 mm Petri dishes ﬁnd allowed to solﬁdify at -
45°C. Every 7 days, 3 PDA pﬂatés were inoculated with an 8
mm diameter agar disc from the previous“plafé covered with
mycelia. Inoculation waé performed under sterile-conditions
in a lamlnar flow )

Macroconldza from 3 PDA plates were obtalned by surface
agltatlon of the cultures with sterile glass beads in
.sterile distilled water (3 ﬁllmater, 5 beads/ml) and the
suspension was collected. The spore suspensibn'was
centrifﬁged fpr_;o min at 1,500 x g, the supernatant
discarded and‘the pellet resu;pended in sterile water and
" adjusted to 10'* macroconidia/ml. Macroconidia 'density was
- estimated oﬁ a Klett densitometer previously standardized

from haemacytometer counts.
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2.3 Effects'foPHT‘on'fungal éro;th and -development.
" From £he concentra;ed suspen;iqn, an inoculum Qf 100 Fl
of 10“5po¥es/ml was prepared énd éispensed in lO‘ml sterile
Fries medium {Madhosingh and Orr, 1978) in_sterile 25 ml
beakers. The final éoncenffﬁtion Qas 10* macroconidia/ml

- . 4

Fries medium.

The ‘spore cultures were treated in'tripiicate with'Ehe
- following concentrétions of PQT in Fries medium: 1.8, 4.5,
8.1 and 18.2 ppm. ‘The PHT was dissolved.in 10 ul EtOH énd
an EtOH control was included. .Each beaker was covered with
plastic film (Saran Wrap) during incubation under
'appropriéte photosensitizing radiation.

Tﬁé.lightAsource consisted of a bank of four‘horizoﬁtal
lamps. The two central lamps were 20 w-Black Light Blue
{Westinghouse F20T12 BLB, wavelength range: 300-400 nm) and
the two flanking 20 w solar gimulating Vita lamps "1
‘(Duro Test, wavelength range: 300-700 nm}, A 16 h light, 8
h darkness schéﬁule was used. Intensity in the near-UV
~jnsidé the beakers was estimated at 5 w-m~* with a Yellow
Spring Instrument radiometer and near-UV cutoff filter
(Kodak Wratten Filter CB2P). Two 30 x 30 cm filters_were
Elaced over the béakérs'when elimination of the
bhotosensitizing wavelengthé less than 400 nm was reguired.

. The beaker cultures were incubated ﬁn'a water‘bath, with

shaking at 150 revolutions per minute (r.p.m.). The

temperature was controlled at 30°C inside the-beakers.
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Microscopic examination of samples from the lidﬁid‘

culture assay was undertaken after 16 h incubation. An
aliquot (100 pl) of the liquid cultu:e'was removed from the
igsubatiqﬁfaédium and exémined by ‘phase contrast microscopy.
Each data point in the-Fig. '8 represents\the .mean of
germination (%) of tﬁree gréups of ldo_macroconidia. A
spore was considered germinated if the germ tube was
~one-half the width of the spore. This assay was based. on
primary macroconidia; microconidia and chlamydospores were
not cénsidéred in this study. Length of the éerﬁ tube at
"16 h was éstimated on a haemacytometer in similar
expe;iﬁéﬁfs. Aftér'48 h, the.myceliuqfwas filtered and
dried at 110°C for 24 h to determine dry weight.

For the fungicidai test, macroconidia prepared in an
identical fashion were given the minimum tréatment for
complete arrest of germination (9.1 ppm PHT and 16 h

near-Uv}. These were thgn 3X centrifuged ;nd-transferred to
fresh medium witggut PHT. Germination and germ Fﬁbe
extensiqn'were monitored during thernext 20 h

(witﬂout near-UV) and compared to untreated spores (no PHT,
no near-UV) freshly prepared at the time of washing.

Other methods of assaying growth effects of PHT were

considered but not used because of special problems ‘
associat?d with thém._ For exéyple, one antifungal assay for

secondary metabolites present in minimal quantity is to

spray a spore solution on a thin layer chromatoéraphy‘(TLC)N;

-



43
plate of a plant extraci; The active molecule corresponding

to an are&éof inhibition.can be characterized by

conventional chemical methods. This assay is unsuitable for
polyacetylenes which generally are prone to oxzdatzon on
silica gel. whlch has a very high surface area. " Another
method is to incorporate 1n agar the antlfungal agent and

measure the dlameter of growth of a. mycelial plug

-

» 4

s

2.4 Bndogenous concentrations of PHT in Bidens pilosa.

PHT levels if'the B. pilosa plant grown in sterilized
soil weré monitofed at 2 week intervals during Qrowth under
contrélled cquitions of humidity: 60%, temperature: 25°C,
light regime: 16 h light, 8 h‘darkfunder solar simulatiﬁ;
Vi%a lights (intensity 200 w-p"). Weighed samples (llé
fresh weight) of roots, leaves and stems, pooled from
several plants were homogenized in a Polytron (Brinkman,
Model PT-10-20-3500) in 10 ml EtOH, extracted 3X into 20 ml
E.E. {30-60°C), filtered and'chrbmatographed'on a5 x 50 mm
coluﬁn,of silica gel (BAKER: 40*140'm§sh) eluted with_P.E.
The PHT was collected before the first carotenoid band and
its concentratlon "determined spectrophotometrically at 310
nanometers (log € = 4.5) (Fig. 6). Recovery Of PHT by this

method was estimated to be better’than 85%.

-8
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2.5 Photomicrography

Photomicrography of stained F. culmorum cells was
performed to obsgrvé any cytological disruption after PHT
and near-0v treatment; The stain Sudan Bla;k B, a
lipophilic stain, waé chosen because .the high partition
coefficient of PHT suggests its_absdrpFion in cell
membranes. “

Macroconidia were prepared and incubated der the same
cendition as for the liquid bioassay.(Section 2.3). PHT was
added at the timé of inoculation (concentration: 10 ppm) .
Near-UV irradiation periods of 3, 6, 12, 16 and 24 h were
ihitiated immediately after incubation, then held in the
dark for the balance of treatment period. The 24 h_ samples
were stained for 15 min with Sudan Bléck B in 70% EtOH.
They were then washed three times with 5 ml 50% EtOH to
remove unbound stain (10 min centrifugation at 1,000 x q).
Aliguots of this stained and washed prepération were
d;spensed on a microscope sli or héemécytometer and
observed under phase contrasfdzzé?bscopy. Counts of
macroconidia were made as either normal, granulated or
lysed. Three sets of ;60 macroconidia each were examined,

from which means of triplicates were determined.

2.6 . Respiration.

Macroconidia were prepared in Fries medium as described

in Section 2.3. PHT was added at the beginning of the
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incubation period‘to gﬁve the following conéentrations in
Fries medium:'D, 5, 10, 15, 20 ppm. The samples were
_incubated for 16 h in Fries medium in‘thg presence of
near-UV. The oxygen uptake of mycelia was measured at %?“C
with a Clark oxygen electrode (Model 53, Yellow Spring
Instruments) and results recorded on g flét—bed chart
recorder (Canlab, R2970-3). The respiration rate was
related to the weight of mycelia aried to cénstaht weight ;s
aescribed in Section 2.3. The sampie chamber was surrounded
by a water jacket thermostated at 25 +0.1°C. The electrode
was calibrated assuming-that air saturated water contains
0.26 moles oxygen per ml at 25°C (Weast, 1970).

-

2.7 Potassium leakage

The study of leakage of potassium ions from F. culmorum
cells was performed according to a modified method of Wat
et al., 1980. An inoculum of 200 ul of 10** macroceonidia/ml
was dispensed in 20 ml sterile Fries medium (Madhosingh
~.and er,.1978) and incubated for 48 h. After incubation,
the mycelium was centrifuged at 1,000 x g for 10 min. The
Fries medium supernatant was discarded and the pelleé
resuspended in 20 ml deionized H,0. Deionized H,0 was
prepared by filtering distilled H,0 through a demineralizer
cartridge (Barnstead Combination Demineralizer, 10

megahoms/cm purity). In order to remove any traces of

potassium from thggénitial 20 ml Fries medium preparation,

]
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. three washes were perﬁormed.by centrifugation at i,000 X g
for 10 min, and replacﬁng Ehe supernatant each time with 20
ml deionized HéO.- 1'ml of this final preparation.waé‘ |
dispensed:into eacﬁ of twelve flasks. These 25 ml Erleﬁmyer
}lasks were-egch washed before use with deionized H,0 to,
remove any traces of potassium. Then $ ml deionized H,0 was
“added in each flask to obtain a total volume of 10 ml. Six
~ samples were treated with PHT.{IO ppm) and-s without PHT but
an egual vélume of EtOH (10 pl) was addeds The samples were
irradiated for 0, 20, 46, 60, 80 and 100 min intervals under
near-UV conditions, then held in the dark for the balance of
the treatment period. Affer 100 min, the m;celia of each
sample saﬁﬁle'were filtered. The filtrate volume was
'deiermihed and the concentration was deterﬁined in a flame
photometer (Cérl Zeiss PMQ2). Potassium emission was
calculated at 768 nm and related to a standard c%rve.
Because of the difficulty of'hamdling more than 12 samples

at once, there were no replicates in each experiment, but

the experiment was repeated in total three times.

2.8 !‘C-Phe transport

The upta@e study was originally attemptéd with
'4C-aminoisobutyric acid (Alﬁ!, an. analogue of alanine,
which presents the advantage of being transported inside
cells without being metabolized (Hamaide, 1984). The

percentage uptake of **C-AIB by F. culmorum cells was low
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(\»500 cpm, which 'wvas approximately the background level of

the scin}illation counter used), indicating that this amino
acid énalogue was.not_undergéing éignificant tranéport in
this species. ! *C-Phe was then tried, since it is known to
be activily transported inside- F. culﬁorum macroconidia
(Madhosingh and Orr, 1981).

The transport study of L—(U-“C).phenylalanine (specific
activity: 494.5 mCi/mol, ‘New England Nuclear) into the\cellé
was performed according to a modified method of Wat et al.,
1979.° An inoculum of 200 Pl of 10** spores/ml was dispensed
in 20 ml sterile Fries_medium. 'This spore culture was
incubated for 48 h in the flark at 30°C. After 48 h, the
culture was centrifuged at 1,000 x g for 10 min."fhe '
supernatant was discarded and the pellet (mycelium) was
resuspended in 15 'ml M63 transport médium (13.6 g/l_KHzPQ,,
2 g/1 (NH,), SO, , 2 g/l MgSO, .7 H,0, 0.0005 g/l FeSO, .7H,0,
}b g/l sucrose, 28.1 mg/l cycloheximide. The pH of the
transport medium was previously adjusted to 7.0 with
concentratea KOH.

In order to remove any traces of Fries medium,'three
washes éere performed by centrifuging at 1,000 x g,

discarding the M63 medium and resuspending with 15 ml fresh

M63 medium each time. PHT in 10 pl EtOH was added to obtain

a concentration of 10 ppm. Aliguots (1 ml) of this
PHT-treated preparation were dispensed into twelve 5 ml test
tubes and irradiated with near-UvV (5 w-m~?) for 20, 40, 60,

- #

3

- R, A4
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. 80, 100 min then heid in the dark for the balance of the

treatment period. After 100 min, all samples were removed

and 2 pl of the **C-Phe added to each 1 ml sémplg.'

-

Incubation time with *¢C-Phe was 40 min. The mycelia were
. e Gy . .
>filtered and the filters (Amicon microporous, 2 mm diameter,

pore size .45 p) were placed in 10.ml scintillation fluid

: N
(Scintiverse 2, Fisher). Counting was performed on a

Beckman LS-150 (Liquid Scintillation System) for a period of

10 min/sample.

"
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Chapter III
RESULTS

3.1 Photosensitizing effects

The photosensitizing effects of PHT on germination of

F. culmorum are clearly evident (Figure 8A). Germination

ideclined rapidly with increasing concentration of PHT (EC+

5.6 ppm) in the presence of near-Uv zadiation. The PRT and
near-UV treated éamples were significantly (P = .05) diffe-
rent from the controls at concentrations of 2 ppm and greé-
ter. Statistical analysis was performed by Duncan's Multi-
ple Range Test and is presented in Appendix A. There was
little effect on germination without near-Uv except at 9

ppm. Near-UV treatments alone without,PHT had no signifi-

cant effect on germination of conidia.

-
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Figure 8:

Germination and elongation experiment. The
effect of PHT treatments on primary macro—
conidia germination (A) and elongation(B)
of 16 h cultures in Fries liquid medium
Germination and elongation were evaluated
in the presence (open circles) and absence
{closed circles) of near-UV wavelengths
(300-400 nm, 5 w-m~?), Bars represent
standard deviation. Where omitted, stan-
dard deviations were < 5%. ‘

‘o
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At concentrations abévg 4 ppm, PHT strongly inhibited
gerq tube_elopgation (Fig. 8B) ﬁith\and without near-Uv
treatment, aléhoﬁgh some stimulation was observed at low -

concentrations (2 ppm)L The near-UV and qohtrbl groups are

significantly éifferentﬁht all concéntrations'éxcgpt 9.1

‘ppm. Partial but not statistically éignificant inhibition ~ °

with respect to controls of elongation in treétmeqts with~
near-UV but without PHT suggest that the combiged effectﬁ of
PHT and near-UV were not htghly synergistic. Thus%§photo~

sensitization effects in germ tube elongatlon were less evi-
dent than.in tﬂ\*germznatlon study. -

&5

'In a subseqguent experiment (Fig. 9), we 1nvestlgated

-

whether tﬁe effect of PHT photosen51tlzat10n on macroconidia -

»

was funglstatzc or funglc1dal Macroconldla _given the mini-
mum treatment for complete arrest of germlnat1on (9.1

ppm PHT 16 h near-UV} were washed 3X in PHT frée medium and
incubated without- further near-UV treatment. These had a

low germination rate and_ho‘germ tube extension took plijr ;

over the next 20 h, while control macroceonidia (no PHTT no
S -

‘near UV and freshly prepared -at the time of washing) germi-

nated and extended the germ tube normally. Thus PHT photo—'
sensztlzatzon is clearly a fungicidal effect from whzch

there 1s no rec0very
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Figqure $9:

-

Fungistatic-fungicidal experiment. The

. fungicidal effects of PHT on primary macro—"

conidia germination (A) and elongation (B)
in Fries liquid medium. Circles represent
control (0 ppm) and sguares repressnt cul-
tures previously. treated for 16 h with 9.1
ppm “PHT and near-UV, then transferred to

fresh medium with no PHT. Other conditions .

as in Fig. 8. v

oy
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Photosensztlzat1on of mycella in llqu1d culture was also

clearly apparent (Fﬁg 10) and significantly dlfferent frpm

the controls at 4.5 ppm and above (see Appendlxsa) The EC,,

"obtalned from a probit analy51s of the data was 5.6 ppm. 1In

the absence of photosen31t1z1ng wavelengths (less than
" 400 nm) growth anhlbltlon was con51derably reduced but Stlll
evident. These results are 51gn4f1cant1y different from the
._controls and the near-UV treated group at\i\S ppm and above.
Near UV radiation alone without PHT had no 51gn1f1cant

effect on mycelial grqwth.

.
ek g b ddnm g F
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.Figure 10:

Mycelial dry weight experiment. ™ The
effect 6f PHT on mycelial dry weights of
F. culmorum. Open -circles represent incu-
bation in presence of near~UV radiation

(5 w-m~—2) and closed circles, incubation
in absence of near-UV radiation. Bars
represent standard deviation. '
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3.2 Endogenous levels of PHT in Bidens pilosa.

In order tofssess the possible role of PHT as a natural
protectant in its hpsé;plant, §._Qi£osa; endogenous lgvels
of the_suﬁstance were ﬁonitored dﬁring growth and’develop-
ment of the plant. Concentrations ﬁere'higheét in all ﬁlant
parts at the seedling stage (Fig.‘li). They declined with
age in leavé% and stems angd reacheé;zero in.roots. Levels
in the leaf increased slightly at flerring;: Values are
repoéﬁed on a dry weight basis of plant tissues-to reduce
variance attributable to water content in the plénts, At &
weeks, the values correspond to,450 pg/g fresh weight of
leaves, a value falling in the range of PHT'conceqtrati-'

ons determined by Towers and Wat (1978) for B. pilosa.

-»
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Figure 11:

PHT levels in Bidens pilosa. Endogenous

concentrations of PHT in B. pilosa during |

growth at 25°C under solar simulating Vita

~lights (16 h light, 8 h dark cycle 200

w-m“*). Circles, triangles and squares
represent concentrations of PHT in the
leaves, stems and roots respectively.
Bars represent standard deviation and
where omitted were < 4 mg PHT/g dry
weight.
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Some eiiéitation_S{udies_were'carried out with B. pilosa
at différeﬁt stages, in order to detect any possible ;
increase of levels of PHT in response to g.-culmoruﬁ,or
mechanicaifdamage i.e. a phytoalexin‘response.' Several
'methods were used to attempt to achievegsuccessful infection
with F. culmorumm A plate of dilute PDA agar (1. 5%) prepa-
ration was_ streaked WIth fungal spores of F. culmorum and
seeds of B. pilosa were placed over it. Germinated seeds

were not infected. A second method was to prick B. pilesa

seedlings (2 weeks) with the tip of a Hamilton microsyringe °

~along the main vein of leaf. A spore solution was then
sprayed on the abaxial side of the leaves. Similar infec-
tion techniques were tried with B. pilosa plants at the 6
week sfage. Also, a range of spore concentrations was-used
with all attempts but none of the above led to successful
infection. Mechanical damage of B. pilosa tissue and any of
the attempted infeetions, whether alone or in combihatiqn,

did not affect PHT levels in B. pilosa on the basis used.
. +

3.3 Photomicrography ' -

After PHT and near-UV treatment, &acroconidia appeared

_ under the phase contrast microscope as either normal, granu-
lated or lysed (Fig. 12). ﬁormal macroconidia had a uniform
bluish tint. Granulated macfgconidia were scored as having
3 or more visible black dots, indicating aggregation of °

cytoplasmic lipids into discrete globules. Lysed macroconi-

e b ———
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dia had a visible membrane disruption uhicﬁ led-t& coﬁplete

loss of cell contents.

el s
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Fiqure 12:

’.,

Photomlcrography._ Photomicrographs of

F. culmorum macroconidia stained with
Sudan Black B after 24 h near-UV incuba-
tion with 10 ppm PHT. Normal (A), granu-
lated (B), partly lysed (C) and completely
lysed (D)} 'macroconidia are shown. Per-

centages of (A), (B) and (D) are recorded
in Fig. 13.

e ]
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| with_ld.ppm PHT but no near-UV treatment, 30% of macroco-
lnidia became granulated (Fig. 13). -With photosensitiéing
near-UV and PHT treatment, this value increased to 80%°
wheréas the percent of normal cellé'steadily decreased to
15%. ,Aftef 12 ﬁ{ a minority of macroéonidia in this latter
Qroup becaﬁe-lysed. -Phase contrast microscopy of 16 h

treated mycelia -showed also presence of granulation, but

more extensivily.
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Figure 13:

N

Quantitative data from photomicrography.

. The effect of near-UV radiation (5 w-m-2)

on ‘macroconidia treated with 10 ppm PHT -
for 24 h. . Circles, squares and triangles
represent normal, granulated and lysed

macroconidia réspectively. Bars represent

standard deviation.
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o " Respiration

The effect of addition of 10 ppm PHT at time of inocula-
tion-on the respiration énd_growth of 16 h mycelia grown in
the presence of near-UV is shown in Fig. 14. Both respira-

~ _ _
tion and relative growth decreased steadily_as the concen- -

tration of /BHT was increased (Fig. 14). However, the .

decline of the respiration rate appgared to be a primary | -
inhibitéry efféct since it was inhibited at lower conéenéraL

tions than s-myqeliél.g;oﬁth. At 10 ppm for instance, the
respiration rate was 10% of control while growéh was 30% of |
control. There wascno difference in respiratign rate of

Zontrols (-PHT,-UV) or near-UV treated 'mycelia (-PHT,+UV). .

s
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'Figure-l4: Respiration experlment. The effect of PHT
: . - treatments on mycelial weight (circles)
.o and oxygen uptake (squares) of
Faculmorum. Macroconidia were incubated
- Tor 16 h under near-UV radiation (5 w-m=-3)
- with varying PHT concentrations. Bars
represent standard dev1at10n and where
omitted were < 5%.
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3.5 - Potassium leakage

The results of a typical K leaka§e experiment are shown
in- Fig. 15. During the 100 min héldiné period in deionized
waterz'éontrol mycelia released approximatelf 3 pg K/mg'dry
weight. This value did eot increase with near-UV treatment
(wlthout PHT). . For 10 ppm PHT treated samples, the pota551-
um leakage of mycelia was 1n1tlally 5 pg K/mg dry welght and
gradually increased with near-Uv 1rrad1at10n time to a maxi-
mumdbf'13 P9 K/mg dry wezght at 100 min. -This near-UV irra-
dlatlon tlme also representeg the maximal 1nh1b1t10n of
‘QF-Phe uptake. The experlment was repeated 4X 1nd1cat1ng

each time the same trends as shown in Fig. 15.,
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Fiqure 15:

Potassium leakage experiment. The effect

of near-UV irradiation on potassium leak-
age of F. culmorum cells incubated without
(squares) and with (circles) PHT (10 ppm).




+ PHT
— PHT

(1ybrom Aap Bu/ Bl )
~ abpYpa| . WNISSDIOd

1

1
00 :

1 !
60 - 80

40

T
20

o

U.V. iradiation time  (mir')




pY———

\3.§ i +C-Phe ugtake o L, =

With :*C-Phe, subsian:igl iﬁcbrporation (»10,000 cpm in
control éells) pqrmitﬁéd measurement of.trangbort of PHT
treated cells. ébr.contrpl samﬁles};neaf-uv irradiation
siightly decreased ®‘C-uptake, the lowest vgfﬁe being'at'40

min near-UV (84@ of control). For 10 ppm PHT treated sam-

ples, increasing'\near-UV irradiation time steadily .inhibited
1+C-uptake. The ®‘C-uptake of g{ culmorum cells irradiated
with near-UV for a period of 100 min.has decreased to a val-

ue of 31% of the control (-PHT,-near-UV)..

-
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1 4C-Phe uptake experiment. The-effect of

near-UV irradiation (5w-m~*) on !*C-Phe.
uptake by F. culmorum mycelia incubated 4in
absence (sguares] and presence (circles)

of PHT (10 ppm).
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Chapter IV l
DISCUSSION

4.1 Qverview

~ The present study clearly esStablishes the photosensiti-
. zing and non-photosensitizing growth inhibiting effects of
PHT on germ}nafion, germ tube elongation‘ané mycelial -
growth, It also strongly suggests that fungal membranes are
the principal targets of photosensitization. Endogenous
levels énd location oﬁ PHT in }he“plant B. pilosa suggest
that PHT is a preformed ,fungal inhibitor and could inhibit
the growth of this and possibly other adapted phytopathogen-

ic fungi. .

\\\ . 4.2, Growth studies

el *
" The study of the effect of PHT/ on F. culmorum suggests

e is a potent tifungal substance. _How-

ver, the compariso icity of PHT with values pre-

viously reported for other acetylenes must be limited to
dark sgud'es gince there are few reports on the effects of
electromégnegi2 radiation in the process (Table 43.1 For -
J - e#ample, de Wit énd Kodde (1981) found an EC,, for inhibition

' of germination of Cladosporium ducumerfnum of 24 ppm for

falcarindiol and for‘pis-tetradeca-s-ene-l,3—diyne—~5,8—diol

bl

L~

..77_

Y

LY



¢
~ . -

: _ oL - 78
‘of 36 ppm. ~“The EC for ;nﬁibition'of F. culmorum by PHT in
the presgnée of‘neag-UV is coésiderably lower (1.7 ppm), but
. when near-UV-is excluaedh_the EC excedeg 20 ﬁpm. The only'
study relating to photosénsitizing effecfs is that of DiCos-
mo et al,, (1982a) on a biosynthetically related group of
- substanfes, the.thiophehes. Alpha-terthienyl was. the most

active of three substances tested with anpEC,, of 0.1 ppm for

+ .
inhibition of growth. of Pythium aphanidermatum on agar.
{
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r
Table 4: Selected toxicity data

BEC,, for PHT, related acetylenes, thiophenes and other
fungicidal agents. o )
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PHT has funglc1dal activity towards both spores and

7

hyphae. as does‘ﬁhe furanoacetylene wyerone (Rossal,et al.,
1980} and the dlhydrophenanthrene orchlnol ard et ‘al.,
1974). However some secondary plant metabolltes, such -as
‘phaseollln, have a funglc1dal act1v1ty against spores but
fungistatic activity against hyphae (VanEtten-and Bate-
man, 1970). . { ]

with the fungicide benomyl (EG = 1-2.5 ppﬁ_og_ager) (Van'dei
oeven and Bollen, 1980) and the hypocholestoremic agent,

clofibrate (EC = 0.16 ppm ;? liguid medium) (Madhosingh and

- Orr, 1978), indicate that PHT is afgotentjinhibitor, but not.

active enough to be considered as a control agent at this
time. Preparatioﬂ-of analogues or investigation of other
r s 3 * .

natural acetylenes may produce useful substances for control

purposes. e i o \

g.%_ PHT fevels during growth of B. pilosa. a
The present study is the first repott.pf.tﬁe production
of PHT in roots of B. Qiloset Previous repdrts have dealt
only with a‘single aoqusis of mature, plants (Bohlmann
t al., 1973 and Wat et al., 1979). The physiological le-

vels in the plant indicate that the hlghest concentreﬁeon of

this fungal inhibitor occurs during 1ts most crltifi} sﬁpges :

of growth, namely the seedling and flowerlng stages.

N

Comparison of the\yalues of PH™iphibition of F. culmorum -

A\

\
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Growlng leaves contaln hlgher levels of the polyacetyleﬂe

- PHT than do mature tlSSU&. leferences between older and

- -

younger leaf tlssue may be a result of the loss of compounds
by : 1) blochemzcal or photochemlcal degradat1on in. clder

tlSSUES 2) volatllzzatlon from glands or 3) dzlutlon in ‘old-

er tlssue.‘ Conversely, younger tissue may be the site of

:polyacetylene synthe51s. A study of the accumulatipn of

-hydrocarbons and epoxide polyacetylenes per seedling in saf-

flower was performed over™3 two weeks period followlng ger-

mination (Ichiara and Noda, 1977). Within the first 7 days

" fpllowing gérmination, polyacetylenes increased rapidly, "

: mainly in the cotyledons.rather than in hypocotyls and

PN

roots.t | - \J‘
2 PHT segregation in the waxy cuticle (Wat/et al., 1979)

lsuggests the bigh lzpophlllclty of this molecule. This has

been conflrmed by measuring its Octanol/Water partxtzon
coefﬁlclent-(log'P='5,82)'(McLachlan et al., 1984). The

concentrgtion of PHT required for photosensitizing effects
o : L ‘ -

on F. culmorum eg. EC, =1.7 ppm for, spore germination and

o =5-6 ppm for myeel1a1 growth 1n;§bition,are far below

-~

the concentrations found 1n/%he various plant_parts. In

addition, the levels of near-UV used (3 w-m—?) were well

: below those measured in natural sunllght (10-w- m in

b3

'June at mldday in Ottawd 45° N latitude). These data sug-

gests that PHT on leaf and stem surface could 1nh1b1t the

growth of this and possibly other unadapted planr pathogens -

- .
- -

/\'
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‘throughout'tﬁe various phases of their life cycle. BEven in
the roots where no photdsenéitization is possible, the non-

' photqsensitizing'éfﬁects of PHT are sufficient to inhibit

growth.

4.4 .PHT; prefogmed defgnse or phytoalexin ?

The lack of response to mechanical injury suggests3t§at
PHT does not behave as a constitutive phftbalexin in the
plant. A?Eo, F. culﬁorum did.not elicit synthgsis but this
experiment- does not rule out that additional possibility
that PHT may be elicited by other adapted. pathogens.

DiCosmo et al., (1982) f;iled to producé.PHT with Biéens
céllus tissue under a variety of culture technigues inclu-
diné-environménta} stress; Howéver, they were ablé‘ulti-
mately able to elicit PHT'synthesis using cell‘free fungal-
culture filtrates of Pythium aphanidermatum. This expéri-.

N,
ment suggests that the 3. Elloga genome does possess the

cépacify for a phytoalexin response, although synthesis of
PHT in leaves appears to be derepressed under normal growth
conditions in the intact plant.

The high levéls of PHT in leaves and its location in the
cuticle suggests instead its role as a prg-infectional '
inhibitor. 1In the case of an éer}él pathogén which would
try to infect B. pilosa leaves, PHT meéets the first three
criteria of Wood's postulate (1967). The fourth criterion

- could be verified by comparing the rate of fungal-infection
T ot
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through roots and leaves, whzch have dlfferent levels of -

PHT.” However, a mutant of B. Qllosa, with no PHT, mlght be .

-

preferable for such a study..

4.5 | Photomlcrographz

The granulatlon observed in the cytoplasm of PHT treated
macroconldla or hyphae is LnOwn to Sg a characteristjc
stress response,of Fusarlum cells-(Maahosingh and
Orr, 1981). The dark blue eolqr-of the globules in ou®*
eeperiment indicates that there was aggregation of’cyto-
:ﬁlasmic lipids. No such dark and disérete globules were
present in the controls.

Other antifungal plant secondary metabolites induce visi-
ble aggregaﬁion inside treated cells. .They include kievi-
tone (Smith, 1976}, orchinol (Ward et al., 1974) and pha-
seollin (Slayman and VanEtten, 1974). Most studies used’
phase contrast microscopy te visualize toxic effects inclp—
" ding protoplast lysis {(Lyon and Mayo, 1978}, cessation of
cytoplasﬁic streaming (Smifh, 1976} and effect on germ tubes
(nggzns, 1978). Electron microscopy (E.M.) studies have
been carrled out to visualize effects on organelles such as\_
mltoehondrla (Higgins, 1978) and the endoplasmic reticulum
'(Hargreaves, 19805. “ |

When observing photomicrographs of PHT treated
macroconidia, we should be aware of the danger of relating

-t

mefphological and physiological damage. There are no clear

g4

)
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\benéhﬁarks by which a sever€ly stressed but still normal
‘4céii can be distinguished from a cell that has begn taxed to
the ‘point of injury. S{milarly, théré are no certain
ﬁ&raméters by which. the injured but still Yiable.cell.can be
l differentiated from one that is fatally injured., This is .
why experiments on fungistatic or fungicidal activitz’and
¢careful dose response experiments are .the onfy ones which
'giwve an indication of the degree of damage. .
Respiration and transporf represent vital processes
contributing .to the.dis?ase potentiél of F. culmorum cells.
- Both require the physical and physiological integrity of }he

fungal cell_membfane.

4.6° Potassium leakage

Many PHT studies have indicated that the cytéplasmic mem-
brane is a primary site of attack (Wat et al., 1979 and Ya-
mamoto et al., 1979). The potassium ieakage.study of PHT
treated mycelia éells confirms that this is the case in
F. culﬁorum, since leakage of potassium occurréd within the
initial 100 min of-incubation. Leakage of potassium may
impair the K dependent enzyme phosphofructokinase in the.
glycolytic pathway and upéet the osmotic balance of the
cell. 1In addition potassium ions efflux from damaged
F. culmorum cellé, other substances which normally do not
readily penetrate phe cytoplaspic membranes, may enter or

leave the cell readily.
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It is difficult to compare my studies of leakage induced
by PHT with those of other antifungal substances, since the
few studies have,mQQitored'parameters other than,pbtassium
‘ .éfflux: for exémplé 14c-glucose (Higgins, 1978), betacyanin
(Hargreaves, 1980) and conductivity of electrolytes (Har-

greaves, 1980).

4.7 t4C-Phe transport

The active transport of aminc acids across cellular mem-

branes is performed by carrier proteins embedded within the .

bilayer of lipids (Stryer, 1981). PHET in the presence of
near-UV significantly affected the uptake of the amino acid
phenylalanine into F. culmorum hyphae. This inhibitioﬁ of
transport stuay represents-a second confirmation of the mem-
brane site of action of PHT.

It is difficulggtﬁ compare % inhibition of PHF uptake
with other known antifungal secondary metabolite;'since
~ these studies were often performéd with different substances
and species. For example, the studies of franspbrt inhib-
ition by phaseollin (vanEtten and Bateman, 1971) and maacki-
an (Higgidé, 1978) were performéd with “C-glucose.instead
of ‘4CjPhe.

A possible mechanism of PHT action is the polymerization
of F. culmorum membrane lipids following treatment (McLa-
chlan, 1984). This may affect the céﬁfiguration or position
of the embedded protein responsible for phenylalanine active

/

transport.
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_ 4.8 Reﬁpiraéion. ‘
The effect of~PHT on fungal‘respiratiéh représeﬁts a
thlrd,confxrmatlon of a membrane site of actlon. This . =
exper1ment suggested that the photosen51tzzatlon effect on © ; :
mitocﬁbﬁdria is a primary one since the.decrease in respira-
tion rate, as measured with the oxygen electrode,. occurred
at lower concentrations of PHT than did-the decrease in dry
- ‘'weight of mycella. The significénce of this result ié that
it suggests that PHT can cross the cytoplasm into other
l;pophlllc structures sucé as mitochondria and that respira-
tion may be_one of the prlmary sites of 1nh1§;t10n as has -
been observed with other lipophilic 'toxins ( ealy et al.,
1971, Helenius and Simons, 1975).
Unfortunately, it was not always po%sible‘to.telate the
S leakage and transport studies with mycelial'dry'weight'since\
. the incubation time of 100 min was too short fbr measuring a
significant change'in dry weight. Again, it is difficult to .
T compare respiration iﬁhibition studies since they have been
//,performbd with different concentraﬁions and times of incuba-
tion. The thiophene, alpha-terthienyl, also inhibited res-
piration ih‘the-green alga Chlorella (Sinclair and Arna-

son, 1982).

£.2 Molecular mechanism of damage

= These experiments indicate that PHT damage occurs on the

plasma membranes. To explain the mode of inhibition of
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F. culmorum by PHT, we have consideréd two properties.of

. . : . " : -
- - i »
. . »

this molecule. First, PHT is a very nen*polar‘lipid. RN

Theretore it 1n1tlally blnds to the llpld 1n the plasma.mem-'
lbrane of the pathogen. It's hlghly I1near an lﬂfl&lelet '.. : i
.structure may change the fluidity of the membrdhe,*énd con—”k'
~tr1bute to the non- photosen51tlzlng effects cf the molecule
'1n darkness. Secondly, PHT forms sznglet O? and p0551b1y
free rad1cais 1n the presence of near-UV, radlatlon. A chaln
reaction trlggered by free radlcal formation would lead to-'f&"
polymerization or alteratlon of membrane 11p1ds ot.‘, R _i' R

’

F. culmorum. This could create point .rigidities and eventu-

.. ally small ruptures in the membrane of the'pathegen, leading

T ISR/ PR U S [P

to leakage of ions. Polymerization or alteration of cellu-

lat membrane lipids could also distort the conformation o . - |

-

orientation of transport proteins. ' . : . -

Chemlcals with modes of action 51m11ar to that of PHT

incliude polyene antlblotlcs (Kinsky, 1967) and carbon S . -

tetrachlorade (Chopra et al., 1972). _The former binds with
sterols whereas the Yatter generates ﬂree tadicals which

react with unsaturated membrane lipids.
. . )

o

-

4.10 Conclusion
Despite recent progress, relatively little is known of
the biological function of'polyacetylenes in plant tissue.
It is surprising that of the approximately 600 acety%enea.
known to occur in higher plants (mainly in the Asteraceae),

only a few have been ctedited with fungitoxic activity. >



."To understand in greater depth the fungicidal ectivity of
PHT on F. culmorum, additional experiments should be per- '
formed. .For example, electron spin resonance studies would
prov1de more 1nformat1on on the free radical generatlon of
PHT. A study of .the lipids, especially sterols in target
fungi before and after photosen51t12atxon m1ght reveal the
molecular nature of the damage.' A b;ochemlcal'study_could_
“determ;ne if PHT inhibits the main“entymes,in lipid metabo-
lism such.as cholestetol ester hydrolase and pyruvate dehy-
i&rogenase. Inyestigation of adapted fungi known to parasi-
.tize B. pilosa could also leaé to.information on fungal

response to plant phototoxins.
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< : Appendix A.
STATISTICAL DATA ANALYSIS OF FIG. 8, FIG._ 10,

FIG. 14 AND FIG. 16. y

’

Note: means followed by the same letter in a column are not

significantly different (P = 0.05) in Duncan Multiple Range

Tegt.
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Value of P for ‘COCHRAN test

Variable 0.9 ppm 4.6 ppm 9.1 ppm 18.2 ppm |

——————————————————————————————————————————————————————————————————— ‘l

Mycelial weight  0.326 1.000 ~ 0.921 0.619 1:
Germination 0.200  0.496 0.083 0.142
Germ tube growth  0.291 0.592 »-—‘0.002 0.012

R | |

' |

Variable 2 ppm 5 ppm 10 ppm 20 ppm §

Respiration 0.379 0.239 0.035 - j

: 1

|

i

variable 20 min 40 min 60 min 80 min 100 min.

*C-Phe _ 0.359 0.079 0.007" 0.143 0.027 i

[
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