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f;h}i‘Summary“

Four strains oF Cryptostroma oortioals jﬁsvelseéh characterised.

'morphologioally and physiologically.-~,’ﬁ~¥ri»~f}-2«'¥ruia@.-°5‘:*7‘

The* growth sporulation and gsrmination wsrs affsotsd diffsrsntially

'fgfwsra.both}squally slow with A33-produoingisporss inrlow nunbsrs;?;:;;LiV_ﬁqfo'

"';3}iThs optimal conditions For growth sporulation and gsrmination underl.

“otjlaboratory conditions haVB been sstablished.- Ths strains wsrs mssophilio,i'i

"osmodurio, oarboxydurio and slightly halodurio.. - . | |

| | All the strains showed a non-fastidLous nutritional oharaotsr.

.Df the carhon sources tsstsd glucose was ths best’ for growth; g1uooss

hand sucrose providsd ths bsst sources For sporulation while gelactosa::__f'
:'was the poorest carbon souros‘tor‘growth, gsrmination and sporulatlon.

‘iifAll ths nitrogenous souross were sffioisntly utilizsd sxoept msthionine:um

‘-QLand cysteine Arginins, asparagine and urea producsd ths bsst growth yisld{.

iThs strain,_ABG ;was found to bs o prototroph whils ths othsr strains

_wsrs partially auxotrODhio to either d- biotin or L asoorhio acid..,{_'i“ﬁm"
~Th9 strains exhioitsd a high heterotruphio oharactsrﬁtio which could bs
'.f--d”a t° the 15”'89 “Umbef 0{“ hydrolytic enzymes they produced s
iijhs pattsrn ths organisms showsd in ths assimilation and dsgradation tsstsigj
8 ;h;may provids a ‘means of diffsrsntiating them."”f ; s . -

A}iu ;when ths osllular protsins wsrs subjeoted to sleotrophorssis. the-:7f

rostrains showed broadly similar and strain spsoifio patterns..:




LI,TElectron microscopy studies illuatrated no differenoe in morphology

:T;;vfamongst ths strains and related genera.: Using lytio enzymes it was

”:frrsvealed that the cell wall was poseibly three layered and made UD DF
ximainly glucan and chitin: cellulose was absent. The oarbohydnates |

fwere ths mejor polymsrs composing about 84 90° of the cell waller

proteins were between 5 10/ and the lipids 1 S

iInhibitory and fungioidal leVels have been estahlished for the

ﬁfifantimiorobial agentS-{p;ffi_:iie

7-"The imidazole derivatives produced the greatest lytio effect, -Followed

J:’Lfby thB polyenes.m Norphogenetio studies were carried out.; 1Qf51:,ﬂ;'ffs7ﬁ”“

7‘i'_Ramihyphin, Rapaoyoin, EytochalaeinA,_Aouleacin A and Polyoxin D B
.-i:had the greatest morphogenetio effeots oausing ballooning of -
h:oells and cells of varied ramifioations., Polyoxin D, owing to its
::inhibitory effeot on wall synthesis, produced protoplasts whioh failed
| f:to rsvert to the myoelial form unlike the protoplasts produoed with
: ’_lyt:lo enzymes._ 3 | | 7

The experimental infection investigation revealed germination in the"

"?”fiplant tiseue and the fungus was reisolated This oharaoteristio and

)'?the ability of the fungue to produce cel1 wall degrading enzymes within

t:Syoamore oells as . well ‘as’ degrading the cells indicate that C corticale 1i

s probably a Facultative parasite. nt:j;{;:'
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| CHAPTER DNE }ff?f°**"'”"’

fZHISTDRICAL BACKGROUND

ISCOVERY AND DISTRIBUTIDN"

The firet descripticn cf Cryptcstrcma ccrticale wes made by T

_{Ellis and Everhert( J in 1899._ They isulated it frcm a maple lcg

*f;fj(Acer ccmpestre L 3 in North America and named it Ccnicspcrium corticaleﬁfﬂﬁ*r
Tftc.-ccrticale is the fungus respcnsible Fcr the "Socty Bark Disease"

'*ch sycamcre ¢ Acer pseudcplatenus L J

'ni.In Britain, it was first discovered in: Wanstead Park, Essex in
.h194570n7a dead sy_camcre.-(_J The fungus caused a. ccnsiderable
'_damage amcngst the-sycamdre pcpulaticn inrthe Park'end a survey
’f was carried cut by the Fcrestry Cdmmissicn between 1945 and 1951 R
%h'[Fig 1) The figure shows a cumulative percentage af incidence
: iEoF the disease and indicates a rate of increase. A further survey .
1'¥fobetween 1951 and" 1954 shcwed a decline 1nJincidence af ‘the disease.ri;? o

-ThiS le PBECE[ ] tg describe it as a "disease in eClipSE" el e

fThe diseese was thcught to be prevalent dnly arcund Lcndcn.- f;ffs;sm éfg;
"'t J

;Pawsey repdrted dieccvering the disease in Oxferdshire. Ncrfolk

t_and Ncrthamptdn.‘ In 1978 there wasg an unprecendented severe cutbreak j,'

fﬁ'cf the disease in the ccuntry. Pavidus Smith‘s), Abbott et alt )

aiand C w T Ycung ( perscnal ccmmunicaticn) repdrted recent cases arcund f71'
'?L_lHampshire, Devon and Exeter. There is no reason ta suggest the
;"“f;,fungus is restricted to these places. Again, ite distribution is '

E-difficult tc ascertain, cwing tc the insidicus nature cF the Tungus..'



*'?"_jCUMULATwE INCIDENCE OE SOOTY B
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1945 1946 19:.7 135$f-19"'9_‘19‘5'9'7 B R
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; The disease has also been reported in France on Norway maple"'

ff[Acsr platanoides L l, on sugar maples ¢ A. campestre L. J and on

‘fBox elder ( A. negundo L. ] in the USA and Ceneda(7 8]

(8]

;! Gregory and Waller tried to explain the sudden appearance

of'the:fungus in Britain in 1945 ofThey thought it might have been .

a. widely distributed but hitherto overlooked saprophyte whioh”:';

;fhas either produced a mutant pathogenic for A. pseudoplatanus, o

‘jhfsthe fungus has recently been introduced from North America and
T it was spreading from a oentre where it was well established.

A :',They regarded the 1ast point as most 1ikely in view of the faot '

‘that imported timber came .:: near’: :

_Li ter(10] failed to report the dieease in her survey.. However' |

‘f to Wanstead Park._ Also .

'éithey said there were verbal reports of sooty trees in the Park
' -thich were believed to be due to deposition of London smoke.

'-:i_THE ozseass IN PLANTS: ,I:]_

The fungus can gain entry into the plant through small openings '

..and wounds.w Initially small brenohes may be killed or the damage e
mav-escalate to the death of the plant._ In its virulent form. the
ungus spreads through the wood progressively establishing itself
extensively leading to wilting of leeves whioh shows itself notably
-cin the summer. A derk greenish brown to yellow stein develops in the

F'.frwood invaded by the fungus. It forms dark brown stromata below the

-f:iibark whichis quite cryptio from the initial stage and at a. later stage,rfzi
rﬁitfftha bark 10059n3,'exposing a sooty layer of spores. o |
;l;The disease got its name,i”Sooty Bark" from this chereoteristic
V-appearanoe.- The tungus forms a 2 3 cm tnick olivaceous to brownish.”
:;iiablaok sooty layer of minute spores approximately 30 to 170 milli°” ;'*
n'per square em The spores are’ dispersed gradually leaving exposad a

h.h bluish grey surface.

Ejflencountered a looal mutant oopulation of susceptible hosts or :fii_,_:l“;:;;,f;



The infectieus precese in the plant depends on fevoureble RS

"*thfconditiene which occur npteply during eummer end it can take a 77"'

'?minimum of one yeer. There have been cesee when the dieeaee—“?f_Lf‘;“}fr;f-ff7

;rprpgreseed elewly fer eeven yeers in the limb before becoming ecute."r

ZfSummer reletienehip

lehe dieease appeere te have a. relationship with eummer :fi_ o ,ft o
f?ftemperetures which eeem te centrel the internal spread of the ;}fi;;};;;flﬂwfii
“ﬁ?;fungus, the higher the temperature the greater the spreed._fiﬂ;"? .

,;COneequently, internal epreed which leeds te extensive damege

'-Jidavelpps fer one to twa years efter a very warm summer weather ?i;fiif
”ii{ C.l. T. Young, perepnel communicetien) - | B
. “Greater Lendpn ie the area mest prene te the incidenee of |

‘ the disease end For much pf its hietery, the greeteet demegee:

'Lhave been largely confined to thie regien. This may heve a. relatipnehipf;;'ﬂf;
.:_:with thie area. which always recorde the higheet summer temperetures in |
*t!.Britein.f In 1975, a nptably werm July wes Followed by an August |

'it‘?thet, in generel, was the wermest eince 1947, and in central Englend

'Q_;Qwae probebly the wermeet fer 300 yeare end so the unrivalled outpreek '

‘fof Soety berk diseeee fellpwed in 197S.~ The exceptienelly werm eummer

-;of'197e did bring about severel epidemics in 1977t11 12)°

;;}THE DISEASE b MAN-?fv ‘
[ The first human caeeeﬂtﬁ C. certicale were reported by uff;_g“'”"”'

[13]

‘_Q:Towey et el when 35 workere en maple 1oge went dewn with

'1-:?gtypically ecute esthmetic cenditiens., The predominant sympteme here

'”f;;were dyepnee,.cough, with verying emnunts ef expectpratipn er 1oes
“Jef weight. There wers reporte pf raised tempereturee [103 F] night

5 eweeting end pains.; The x-rey reports ehowed mettling thrpughout fi
;,ithe lewer helF of the lunge in. the mpet severe casee with a definite -
'iincreaee_in basal trunk end_peri-bronchiel.ehedowe in ail the-ceses;‘i

”f'The_biCtura seemed quité similar to pneumoepniesis.



- The dieease got ite name.'"Maple Bark" by being prevalent amongst';:‘.ffff

L"?;tthe maple 1og workers who were oonetantly expoaed to the spores from
“?infeoted treee and Frequently went down with it.;-r~.;pff'”l7"iﬂ
,Similarities have been mada between thie disease and farmer s lung.'ﬂ“'”'

n aoute:granulomatous intereitial pneumonitie£1? 15] Thia type4

j&of-pulmonary disorder ie widely distributed in Britain. It ‘was. firat a;fn:fﬁC

f;deeoribed by Campbell[16] followed by Fawoitt[17 15? and rev;ewed

[19] and Williame and Mulhalltz ] Bueohner et al(21]

*“Jlf”by Fuller

'iiitheir review on bagaeeosia ( a pulmonary conditions due to inhalation;lf pj -

' 'f'of bagasee - the fibroue material of augar—oane) drew eimilarity to'”'b

. maple.bark disease and also Cohen;gt:altzz} has ehown its: oonnection'fvf'

_d:with.eequoioiaie. also;a'granulomatoue pneumonitie aeeociated with
4~_eaw duet inhalation.
Hypereeneitivity of individuals to moulda and haya causing

"f_fallergio oonditions and pneumonitie attracted a lot oF attention.

(23 24]

tf. Emanuel et al were involved in this. They reoeived oaees of .

v77fpneumonitis and oonfirmed them to be due to C. oortioale.

"-E;fTeWKabury FZS? induoed the dieeaee, maple bark, in experimental

L?animale.‘ The involvement ot C. oortioale in extrinaio allergic E

tzs]

;dalveolitia waa made by Bulman and Stretton who aleo showed the gf}f%i:i

_,;,

capability of the fungua in producing leeions experimentally in rabbits..mr.f.

‘?MJCLASSIFICATIUN-.i

C oortioale,_having been dieoovered in 1945 remained unidentified.

;,FThe oloaest it came. to being given a name was in 1948[1) Eiistnd Evcrhaf*"’

:7-%asaumed that the fungua travelled up and down the veaaels in the plant
:j’produoing leaiona whenever in oontaot with the oambium. This they
| 7.thought, had a oloee reeemblanoe to the Ganker atain of plane tree

.f[Platanue} and sugar maple [ Av campeetrel - Both these‘conditione )

”"d'were'oauaed‘by fungi of_the genua,'Endoconidiophora.”




:'":“Later in: the year, th 'Ninietry cf Agriculture and Fisheries handled

'%{the fungus and Fcllcwing the description cf Ellis and Everhart ccnsidered C

;fi:"lnaming it Coniosporium ccrticale ¢ Ellis and Everhert).;~~

r,In_quG the type specimen cf Ccniospcrium ccrticale wae examined e

at thechmmcnwealth Mycclogical Inetitute.: Ecth specimens were

Fcund tc be similar. Frcm here :the Fungus then passed thrcugh

several genera including being terned the ccnidiel stage cf a: 'f_ffjl;i;ff;

species cF Nummularia;f“

[3}. whc have dcne by far the greatest wcrk

'{i'Gregcry and Weller

- ﬁ?fiin this respect. ccllated results frcm eeveral authcrities and

."_pccmpared tc materials cf the genus, Ccnicepcrium. Link.: This grcup
ccf Fungi ccntaine catenate. dry ellipscidal, pale tc dark brcwn
i multi-septate ccnidia resembling, spcrcdcchia pulvinate: B
immersed mycelia, strcma present, ccnidicphcree macrcnematcus and
_"meristemeticizy].: This descripticn, cn the ground cf its mcde cf .
s::spcre Fcrmaticn and ccnidicphcres arrangement differed from their'

,"twc fungi..

It then became clear tc them the fungi cculd nct remain in the )

"genus, Ccnicepcrium. After seVeral attempts, they fcund it ccnvenient

tc create a: new genus. Cryptostrcma. and sc claseified it es belcw'-,inE:"v

fi{Subdivision'-' Deutercmycctina.,;"}ﬁwiH

:itCIaSS-‘ f%ijff‘Hyphomycetes,_-f{aﬁa
;;rEsmi;y;=4:;L; :f Dematiaceae; ER

*1:The‘name is descriptive to cover ite cryptic strcma. They then put
.“_Lfcrward the fcllcwing diagncsis"immereed strcma, ccnsisting of
gg'Flccr or rch connected by strcmatic cclumn ( cnly in the plant), shcrt'
B ccnidicphores ending in phialides-:ccnidia enddgencus, dry and prcduced ‘

~Ifrcm phialides. These were accepted and changee were made(ZS].r



and M. Mareau£29] suggssted that"c. corticalr 1s therimperfect

—'fiétaga o? Eutypa acharii ( Fries] Tul., an Ascomycete of the Drder,_'f?” -

. {i”:,SphaBPiGIBS.* E. acharii is also found on sycamore.; No evidence waS'

'Found ta support this claimta)_

,as'the name'implies,_houses all fungi with no perfect state as e
' (307

Ainsworth and Eisby rightly pointed ou__

'*difficult to achieve.

The Deutaromycotina ( Fungi Imperfecti);_[E‘:

fThis makes classification B



CHAPTER TWD

FUNGAL PARASITISM

Parasitism is the term applied when an organism lives on L

L or’ in'another living organism, deriving at 1sast part of its food

.Thus;parasitism is basically a- nutritional

a7relationship between two living orsanismS-

" FoRMS OF PARASITISM.

-TfFeeultetive Parasitism.

This includes organisns wbicbrusually oocurﬁas.saprophytes.i e.i;ifjtdifl
;tethose living on dsad organic matter,_but cen. beoome parasitio when |
conditions psrmittBZ]. This group of parasites are readily oultivabls.
,.'Under this, comes ths.Faoultetive=saprophytes_whion usually live as _ |
' V_i;parasites but can also grsw saprophytically. lhe'ditterence between

‘:5thess two types lies in the degrse.- Thsy obtain their nutrients in

ivarious ways. Venturia inaequalis, one of the highly specialised of

'F:Qithis group,causes littls demege,‘thus,enabling the host cells to remain 2

",kalive ana- funotional to meet its requirsmsnts.' This is termed
(33] . e

5**Eusymbiosis

"ﬁThe less specialised parasites quiokly kill the host tissues to 1ive
Where killing is 1imited, a Perthophyte is involved a speoial
fceee of Necretrophs, whioh live on tissues, killed by them(s??,sz:f:nfrigrir

ez7ob11gete Parasitism. 3

This refers to the oréanisms which grow only in association :J'Wi':
: 5;f‘ewith a suitable host(34J, The Peronosporaceae [ downymildsws] |
'Erysiphales [ powdery mildews] and ths Uredinales [rusts]. at one o
'f,-ftime, were considered as. obligate parasites but certain members ‘
K“fn"ican now " be grown axenioally[3 ) .”Gaumann(SS] distinguished thero.
wref{;obligates into biotrophs, those deriving their nutrients from living

'f_*cells and necrotrophs.rf.



‘ymbicsis is regarded as a highly specialised fcrm cf parasitism
Lfin which both partners benefit from the aeseciatianSSJ.lféxﬂﬁ

Ll In practice, it is difficult tc distinguish cne fcrm cf g sr S

'“parasitism frcm anether and even parasites cr predatcrs from

' Hudscn(§7]lpointed this cut in Armillaria mellea._the

'ymbicnts.

gheneysfungus. _This{basidicmyceteiis capable cF fcrming an

fendctrephic myccrrhizal asscciaticn with the crchids. Gastrudia

velatatsalr and Galeole septentrionalistus): cf acting as a serieus ”;:ft

;fand distinctive facultative parasite cf_wccdy plants cr cf persietingf_:”””"

T;saprcphytically[403 Rhizcbium, which is ncrmally ar symbicnt in the

.f?rects of legumes. beccmes parasitic under certain cenditions .
VIt may be right to say that parasitism has criginated frcm mutaticn

g?hor adaptation i e., erganisms living saprephytically on eenescent dr_"

li_ dead vegetaticn acquire the ability to. attack 1iving tissues-_ | -

.i,@-cOlgnizaticn OF Hest by Parasites

Some parasites can attack almest all parte cf the plant but L

B B general, most shcw ‘some degree of. specialieaticn.' Colcnizaticn.i

'Zliiwith eventual infectien, is discernable, theugh nct clearly “hli;”

:""'::_"_distinctively: _ into thfee Stages :

75;? J Prepenetraticn. g fﬂ“ﬁ;f.ﬁ;ﬁ

_;Spores ccme intc ccntact with hcst tissues and gETminate under ;'ivifgf,f

;fanurable ccnditicns.{ Invaeien is chiefly by germ tube which may befﬁﬂf7'$h

:£<~single, aggregated fcrming apprescria cr haustdria(?2 42]

zﬁkfi5?Penetreticns- .

- Pathcgens can invade plants thrnugh mechanical penetration,_

] ;natural cpenings and. wcunds.. Variaticns occur amcngst fungi which o

“%largely depend on genetic and environmental factcrs. Cladcspcrium .
(43)
-3

,fulvum,f, and C. cucumarinum infect tomatc thrcugh the stemata



lApple rots arekcaused hy Penicillium expansum invading vie the

(3?1 end Botrytis cinerea penetrates by mechanical prccesstﬁfl.:s

‘,ulenticels

d,Entry through wounds which is ccmmcnly caused by humans.‘;““

{animals'and insects is the means fcr scme fungi.i Howell and WQQd(45]

ﬁclaimed that:infecticn by Pycnostysanus czaleae [:bud blaet cf

.Rhcdodendron) is asacciated with leaf hopper. Graphocephala

'iahd:animals are alsc involved in spcre disssminaticn(4§J.

.coccinea

':Few reported studies on C.-ccrtiCale.' 'ver;-the R T

:F:Fungusmhasbesnhfound cn dead sycamore wocd still attached-to the_3;iyif;gy:;?
"JT{g{tres with teeth*marks prchably made by wood mice or bark voles[ ]
“lfﬁgIt has also besn established that the grey squirrel is involved in

the entry of C.. corticale intc the sycamcre tress(B]. Entry

'ithrcugh wcunds seems tc.be'the liksly‘mode of infecticn.toragfjcorticale;

'.-Post penentration.‘

Successful entry in the host tissues is fcllcwed by establishment

“'and spread of the fungus. This agaih is dependent on several tactors

"f'ffi;including its aggressiveness, susceptihility cf the tissus and
”'”“,"envircnmental fectcrs.?“ i s '

Colcnizaticn usually results in infecticn and this process takes r,ﬁ.s;s
:ifferent fcrms in various diseasessa??: Infection by Venturia inaequalis is
. csz)'

'lccalised and the Eythium species are systemic These mcdes of

In C. ccrticale invasion has heen seen to he_glffﬂff;ﬁf
{9 J

ﬁinvasicn also varg_:f
" Zlccalised at the vascular bundles cr it may be systemic and C w T,

'*ﬁ]ngung [personal ccmmunicatiﬁn]

{iiiFMechanism of Attack"
Damage tc the host cells is usually caused in varying degress
_fdepending on the parasites.‘ The biotrophs, heing the mcre specislised,;_
'3L?Timpart less severe damage while the hecrctrcphs,the 1ess specialised, ‘

' icause ccnsiderable damage leading to cell death.-




he damages are due to producte eleborated by the perasites.“ TheSei'
iproduots include mainly enzymes end to a lesser extent extra-oelluler .
rdpolysaccharides-,;-:.‘ B

VIt was DeBary(471 who first suspected the involvement of enzymes e

?i” oell'wall dissolution, when he detected a: meoereting enzyme from SEer

_tiesue infeoted with Solerotinia 1ibertiene. This?was oontirmed by];rﬁ

Hwith Botrvtis species snd aleo arg@n(éf}_who used more;mrﬁ'l'”

fCell well Degreding Enzymes. 7

These enzymes ere not only concerned with initial entry but elso E

':';:eventuel spread of the pathogens in the host’ tissues._ They ere cepeble o

s'of degreding complex plent cell wall sul:stenoes(32 50} end membrene

oonstituents[51J.' It ie evident thet phytopathogens produoe these E

',::jenzymes [51 52]- It doee seem that the ebility to produoe theee.
w.enzymes end elso seoretihg them within ths host ehould give information
about fungel pathogenioity. '

:-fZA knowledge of the struoture and typicel plent cell wall with knowledge

'°'~;of the degreding enzymee, can give a good understanding of pethogenicity.{_'-

[Fig Za )

The plent oell well is the’ structure surrounding thelffl:fgfﬁl

;igf°t°9155t EXteri°f tﬂ the.Plasmalemma.~ It s complex but orderly'_ "iffj“f
‘toomposing of polyseocharides, glycoproteins end lignr1_F§3 54] L
,HThe structure may be viewed as e two phass system o a disPerSed‘phaseiilitzi'
;rorﬁoellulose microfibrils and a continuous mstrix msde up of other'.'
_3_;;;_polysecoharides grouped as peotic meteriale, hemi oellulose and

(53) ‘The cell wall g

i.riiicellulose and a hydrgxyproline rich glycoprotEiﬂS
' 5fcan be divided into three functional regiﬂns . the middle 1amella
h-rfwhich serves as an intra- cellulsr cement thet binds ‘the cells tegether_;

Y

f']“in a tissue system; the primery well whioh is the first formed wall,_i



FIG 2c:a)
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:fbeing the mcst dynamic cf the well regicns and functicns tc support T

:7l5;31the prctcplast 10 the ycune gr0Wing 09115 and then the Seco”dary
'jhﬁwall which is depOsited after the ccmpleticn cf cell elcngaticn. N

tffuncticns as a plant bcdy supporting element_i"?'”ﬂ

:cfAthe secondary well regicn.e This is asscciated with cessaticn cf

' This grcup cf enzymes has received a: great deal of attenticn(4a 49 59

'*1pThe enzynes degrade pectic substances which are present nct cnly in the'”g' o
;t‘middle lamella ‘but alsc in the primary end secondary wells in which they -

- fcrm an amcrphcus gel Filling the spaces between the cellulose micrcficrils;

- Fig 2b) -

'?'Pectins - are. pclymers ccnsisting primerily cf’dﬁ 4 linked D---

gelecturcnic ecid units. The cerbcxyl grcup cn C B may be
= unesberified as in the pOlygalacturonic acids, which if ccllcidal, e

' _are kncwn as - pectic acids. The carbcxyl grcups cf pectic acid may

Ylbe estgrified tc varying extents with methancl tc give pectinic acid(57J

""inPectins are pectinic acids of high msthcxy ccntentscsol.

aTFThe Pectineses fall intc twc grcups.‘lﬁleilfvi

Li(1] Pectin methyl esterase [PMEJ These hydrclyse the methyl ester :Qi;ﬁﬂjf
fgrcups cf pectinic acids tc methencl end pectinic acids of reduced s
ks methcxy ccntents and eventually tc pectic scid.ﬁ They are widely distributed'

;in plants and micro crgenisms.- Thcse ef fungel crigin generelly have a

'*f‘_'.lcwer pH optimum.'ijL.=“3f‘”
.:I‘tél Pclygelacturcnidases EPG] These include the pectic glyccsidases
‘ffffsnd lyasee.i They breek up adjacent gslacturcnic ‘acid links in pectic acids.'

'_5 These alsc have widespreed distributicn in nﬁcrc crgenism



e

(O_“) Pectic acid o TR

() The methylation of pectic acid

Codhen



.;7CELLULASES.;3j‘ :

The cellulase group c? enzymes has alsc been the subject cf u"g-""f":*

£58 BO)

;jexteneive reviews These enzymee break dcwn cellulcse which

fccurs in higher_plante as skeletal etructure cf cell walle in the jh;fl?:f

farm’ cf micrcfibrile which, in turn, fcrm the basic etructural‘unit:

-of. mcst meristematic cells.
[ Fig 2:3

Cellulose

i a linear pclymer cf ﬁ'“1 U {iRked o

-gluccee residuee.thhe mclecules are arranged in parallel bundles .;ﬁﬁ;,;if;

,Fcrming the micrefibrils which grcup again intc larger bundles tc-fﬁipﬁ;
c573 o

4ifcrm the macrcfibrils he Tibree are intertwined tc Fcrm a &:i?“fjﬁtv"t
;:flattice 1ike structure with the inter fibrillar epaces filled with
..:amcrphcue matrix ccmpceed chiefly cf pectic substancee, hemicellulcse;
l'ltand llgnin. Cellulcse, thue, fcrma the basic framewcrk in the plant o
'gftieeues.;ftg'7 e | |
There are eeveral views regarding the breakdcwn-cf”cellulcee.:;'?,”‘,=t-f

(81] suggested the invclvement cf a eingle enzyme which ccnverte N

fBZ]

'Nhitaker

”f:7cellulcse intc gluccee by randcm cleavage cf the mclecule.“ Aitken et al

(58

'fccnsidered that twc enzymee were invclved and Reese repcrted a seriee~j :

fcf enzymes., Many micrc-crganiems prcduce cellulase and sc are able tc

. ' 4
,l'ccnvert cellulcse intc lcw molecular weight ecluble prcducts or gluccse[saus ;

:TffLHHHNﬂsﬁu*7?¥T”*ﬁi?Hr?~T=”

Lignin' is ancther impcrtant ccnpcnent cf cell walle particularly

.fgin wocdy tiasuee._ It hae been a tcpic cf several reviewsts__5 673

5_“;5L1gninFFig Zd} ie derived frcm the enzymic ccupling cf three arcmatic ;'f

.-‘falcchcle namely p ccumaryl; ccniferyl and sinapyltsa). The mcncmers are '}

','inter ccnnected by a variety of C C and ether bcnds, making it difficult

‘”fftc hydrolyse bcth chemlcally and enzymatically., It is inscluble and reeists

nj“attack;_prcperties_thatihave hindered ite study., It occurs in the matrix



FIG 2d L
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“,eurrcunding the cellulcse fibrils. In woody cells, lignin
faiccnstitutea almost all the middle lamella and fcrme its cwn frameecrk H
w din the walls, strengthening them sc that they remain intact even when
étlthe cellulcse is removed.} Lignin is brcken dcwn by lignhtiﬂﬂt o
nwhich are apparently pclyphencl cxidases. Such enzymes may be
ulture filtraticn in media where lignin constituted ;fﬂ
“(89) =

_the scle carbcn source e

PRDTEASES. .

Tfi F’rmtein(Fig 29]

is present in all cell walls.t Part of thie 1S

{aﬂimade up cf varicua enzymes or portions cf the plasmadesmata. The

“*._’remaining part is truly structural cell wall pretein._which is similar

1.¢_tc other prcteins except fcr the presence cf hydrcxyprcline, f_an"'

'-Iaminc acid nct fcund in cther plant prctein.:'

Prcteases ars enzymes that hydrclyse peptide bcnds. The, breakdcwn'
:,mechanism cF cell Wall prctein will nct differ significantly from cther

'fa:prcteine. Pathcgens are kncwn tc degrade prctein enzymatically and

"'3L;degradaticn cf prctein can prcfcundly affect the crganisaticn and

'"ﬁg.llt is a gluccse pclymer

:1f functicn cf the hcst cells._ Kuct 70" ) suggested that prcteaeea had -:J
;an impcrtant rcle in phytcpathcgenicity._f;i£'¥‘""'J{ L
AMYLASES

"rgg;Starch is one. ct thsrmain reserve pclysaccharides‘fcund in plant
;cells,.synthesised in the chlorcplasts and in the amylcplasts cf ncn— fﬂi.
:ﬁphctc synthetic crgans..iV”i"'” e e Lo

(Fig 2?2 that exista in twc Fcrms, amylcse,uan i

"f'”?esaentially linear mclecule ccnsisting 0f0(1 4 glyccsidic linkages and :

*r;jfamylcpectin a highly hranched mclecula cf verying chain lengths.l.iﬁel

1;1inked by0<1 6 bcnds tc the main chain. Many pathcgens utiliee_starch :

' w;breaking itxdcwn'py the acticn cf the twc.eniymesliand45;amylaseel C




A.mylépectin )



Lipids are present in varying type in plant tissues, the most '

“:,iimportant being the neutral lipids which Function as energy reserves.c_"riiﬂ;

“7ijhese’include the fats. oils, phospholipids and glycolipids””th“J':'"

Lipase ‘degradeh

‘ipids and pathogens are known to break down lipids

TNUCLEIC ACIDS

DNA and RNA

“All cells contain small amounts of both nucleic acids

;Dhn“is nainly Found in the nucleue;-and in very small amounts in ﬁ;@n;:ﬂifff*
'fffchloroplasts and mitochondria. RNA is more widespread, found

'G'in the ground cytoplasm, ribosome, mitochrondria, nucleolus and

;chloroplasts. The DNA carries the genetic code and determines the'

-“genetic capabilities of the cell while the RNA translates the genetiu
:T;;message into protein production...h}L'” . L ;

Ribonuclease and deoxyribonuclease are .the enzymes that breakdown N

‘3f77RNA and DNA respectively.: Degradation of nucleic acids apparently

occurs in diseased tissues and will obviously lead to distortion of TV'W
tss) '

""Cf?cells but-their significance in pathogenicity is nct known

EfHMECHANISM oF DEFENSE._.“,ijﬂw"?"';

jT?Spores are distributed widely and come in contact with many plants o
firbut oolonisation is not widespread.‘ C corticale produces approximately
' ' (9)

i v;130 to 170 million spores per square cm of surface r,--Attempts have f_:'
'.‘izgﬂfailed to colonise plants with fungi other than thoss to which they are:ipf”_
7 Tjsusceptible.j This signifies that parasites are’ only capable of thr1Ving

’:Vf,on a few species of plants. It ie therefore clear ‘that a nechanism of

V;}aresistance exists in plantstsa].; This topic has been the subject oF

H‘;_several reviews (32' 71 73]



The meohanism of resistancs is‘essentially of '1“”m

ZV:The first is the pre infeotionsl [ passive ] typs which constitutes l”
.f;fthe first line of defense and tends to be rather non specific although
}”%insffeotive against pathogens able to attack the host._ff"fff'iijﬁ“""'ﬁj

LApart From the obvious mechanical barrier present in the plant

ireformed factors that contribute to its resistanoe exist.ifThesef P

}include the nutritional status, presence of antimicrobial agents
tss, 74) ' [75]

g and physico-chemical factors Chereﬁick suggested that jﬁlf"a'

'l;s._?speoifio proteins in the host determines race specificity hiu
(761

was about the tirst to speoulate the preserving and : ﬂ_;ﬂ;_,gjﬁyj
(77} e il

"*ffKraus
E'TZaperectiva role of tannio aoid and Cook and Taubenheus

"ss'.demonstrated the toxicity to pathogens of a variety of tsnnin and

phenols and then.Rubin and Artsikhouskaya(?QJ showed that the

'3.'phenolic compounds play a; primary role in resistance..

.TinResistanoe oonferrsd by phenolic compounds was demonstrated by

o walker and Stahmann (72}, They showed thst the resistance to .

tt,'Collstotrichum oircinans. of onion vsrieties with pigmented outer '

n';lf”soales is related to the presence of catechol and proto catechuio r

,A;acids, phenolic compounds whioh diffuse from the dead ooloured scales

qgfand prevent Fungal spore germination. Fungi. such as Aspergillus niger, L

;able to withstand the compounds, will attack the pigmented onion[sz)

The second type of resistance is post infeotional._ Many Fungi

o oan enter non- host plants but establishment oF disease lesion is o

.3{gradua1 snd finally cesses[7 J This indicates that resistance is an sctive

7‘iand dynamic process.‘ The active response of the cabbage olubroot to e

- infeotion by Plasmodiophora brassioae(7 q supports the sotive neture of

"T_;resistanoe. These‘dynamio post infectional'mechanisms of resistance ars ncw'
-jigenerslly oonsidered to be oF greater significance than the pre infeotional

'Wtypes.



-:iThe first repcrted case of active defense against a fungus was R .-‘-~f5

T by Bernard[ 0].- He described how a fungus stimulated the orchid tissues to

"imlsecrete an anti-fungal suhstance that stdp further grcwth cF tha fungus. PR

, ;The mechanism is homclcgcus to that cf animal sarclcgy( 1) which

5seened tc suppcrt thedry cf acquired immunity in plants(§2]

;Mullerfand Borger(8§] repcrted on the similarity between acquired.m“i

Timmunity in plants tc induced immunity n animals.. Based on studies -;::fﬁl

',ﬂwith hybrids cf pctatces'resistant tc Phytophthcra infestans,»they

A iff;demcnstrated that the tuber tissue df a partially resistant hybrid

=:hibeccmes locally immuned against a cempatible race of the fungus by T;”':}
.."pricr-infectien with an'inccmpetible race. They prcpcsed that plant
tissues . in ccntact with pathcgens prcduce a substancs of non- specific -
:_hcrigin that beccmes tcxic ta the fungi. The sensitivmty of these fungi
o ;y;is depended on the speed and intensity of the prcducticn cF the
'fttcxic substance which became knawn as "Phytoalexin";“ This has been

: reVie ed(84 86] and several phytoalexins have been isclated including ;ff”r

: 1the latest, casbene( ?J frcm castar bean [Ricinus ccmmunis) i




CHAPTER THREE

MGRPHUGENESIS

':*FUNGAL GRDhNH.vV:

'Fungal spore will germinate on a solid medium. oontrolled

ohanismstegq,_to form a myoelial oolony with et

.by some regulatory'

:the outen—most region consisting of young, actively growing end

,”5;radiam;hyphaetng Provided thers are no toxio metabolites,go?if:-'73

”:rf?:"Staling substanoes"[sp},_the colony grows at a steady rate., Fungi

cen, therefore, be desoribed as. Staling and Non-~ staling types. --';
o The oolony oontinues growing and difFerentiates into maturity

' aocording to the prevailing environmental factors. The mature oolonv

'”_;ﬂoan be said to have four morphologioal zones(gsJ. .

'ffli the peripheral zone made up of a sparse network of vegetative :
Chyphess G |
'V?;t-thé:érodoctivelzonegoonsisting'gf a.densernetwork of vegetative_;

'igths fruiting zone bearing the :eproductive =tructures and ;'
- the ged zone with old autolysing hyphae at the oentre of the oolony. o
iThe above desoription is one; of an ideal oolony._ HOWBVEP,_the :r_ﬁﬂf:fff'];]?

_gmorphology varies amongst species within the same genus, and within the

*“;gsame species grown on different media[gsl_and sven in different depths

g'izof ‘same media[973.

:ufifKINETICS OF COLONY EXPANSION:
fﬂ 8)

Bull and Trinci qooted ths need to define;

ST the faotors which govern the radial growth rete of microbial oolonies,'

.:'5‘92. the relationship between radial growth rate and mass growth rate and o

"3.1 the faotors whioh oause differEntiation within colonies.'



tgaz.etated that at constent and non limiting environmental

ﬁMandels
.Tétactors with no internal changes other then the normal processes in _“inf
t';ﬁthe cell growth will occur at a constant rate and since the number . r;j o

fof cells present is governed by the time; it can bs expressed as"7yt¢7?**

[where e is the base of natural 1ogarithm). He claimed that exponential

"’f'growth does not occur in fungi even though Plomley(gg} showed

o thet Chaetomium globosum does grow exponentially.f Mandels view

”‘.'was supported by Swanscn and Stocktqou} who reported that the growth =

f Nicrosporum quinckeenum is not logarithmic since individuel

t;nhyphae grows at a constant rate. However, severel workers have ]"'

,reported exponential growth 4n -Filamentous fungi (101- ~103)

Trinci (104} stated that the radial expaneion oF the fungal colony may

:tfbe divided 1nto four phases.,gicfyfie'”'.i”r
_1;}[11 Lag, the period between inoculation and emergence of germ tubes,

f;f?)fexponential during which the colony increases 1n redius at an

liigexponentiel rate;

h"f(s}fdeceleration, the period between the termination of the exponential R

':phase and the oneet of the linear phase and

;lffAlfconstant growth: during which the colcny increases in radius
l 'at a constant or linear rete.} Thus, for most of its growth, a fungal e

o colony expands at a linear rate.j'.i';



a: Form and so exhibit oertain morphological and metabolio patterns.

3foharaoters which are Fundamental and diffioult to separate sinoe-fVﬂ;"t':”‘

lhmorphology provides the Form of struoture needed for metabolism and

um;metabolism, In turn, produoes and maintains morphology.‘
:f Morphogenesis oomprises the prooessas by whioh the form of an organism

'.arises and. changes,which is expressed in the development of differentiated

fpatterns of netabolism and struoture [1USJ

(108).

Niokerson and Faloone pioneered an approaoh to eluoidate.

:'the bioohemioel bases of morphogenesis in fungi by Firet obtaining a R
better understanding of the oell wall properties and behaviour.
"-t;Suoh evidenoe does indioate that morphologioal differentiation is

‘*z'ﬁioorrelated with ohanges direotly affeoting the oell wall metaoolism. This?"

fstrengthens the main premise of equating morphologioal differentiation 1j:if-

ﬁﬁhwith oell wall differentiatio £197 ﬂ1°J Jf"j o

: ::The morphology of the fungus is depended on growth oF the hyphae 7
lwhioh is dictated by the shape of the hyphal wall An undertsending ot ”3;;2
.*morphogenesis thus requires a knowledge of the struoture of the wall SR
::J;issand the apex whioh generates it.w Several workers have’shownrthat
:i:;hYPhal growth is a;:rh:al(111 113 These etudies still did not reveal E
;lilwhether structural elenents were actually inserted at the apex. It was “‘

= Burnett [114]

who, ‘using the information based on the reeponse of
' hyphal tips to experimental manipulation,' suggested that maximum
‘wall synthesie ooourred, not at the Very. tip hut in the annular band

'ltl;7looated immediately behind a non- extensible apioal oap.



fBartnichi Garcia and Lippmantiiﬁg. Katz and RosenbergEr(11s]

(11?) have also shown Fairly conclusively by auto radiographic :{;n;a-ﬂ;

”d 'iaf;m

Gocday

labelling that microfibrillar constituents are deposited prefsrentially_ ._‘

‘at'the hyphal apex and maximum incorporation occurs at the apical

Furthermore, since a- chemically complete cell wall is ssemingly;f

es sential fcr normal morphogenssis,,it is possible to prsdict that

morphogenetic development may depend to some extent on the specific fﬁffifﬁiu

.”Zﬂi variations in the relative prcportions‘ofrths interaction amongst

”iff'structural components cf the cell wall(11BJ Df all the aspects of f],f'

o morphogenesis in fungi, the morphology seems to be the most studied.l"
Much.valuable information_has-been accumulated_over the years._‘
-”'There are yet'manyItungi;fincIUding'C.fcorticale, édr which:_“'J'
. mcrphological and cytological details are 1acking. L H -

FUNGAL WALLY

The fungal spores germinate by producing hyphae whose branches growﬁ'

-'j‘out and fill in the spaces between each other to give the expanding

"ttmi circular oolony. Such a mode of grcwth is well suited on substratesj;{t”

;f such as wcod and animal tissues.u The nmst distinctive part of the fungalifiﬁs
.:“fi-cell is the cell wall which is a rigid structure that both protects the i: ift
ifragile protoplast frcm damages and alsc maintains the characteristic |
[1i9)

-shaps of the cell. Villanueva T denonstrated the presence of this :Uf?

5f3'structure by treating the mycelia with enzymes that hydrclysed the walls.-5557

thus, liberating the protoplasts. , S
| ' (120 1213_. ]
The study of fungal wall composition started many years ago _ -
""’32 showing the wall to consist of mainly polysaccharides and in particular
e chitin which is found usually in the invsrtebrates and the fungi where

it plays a sksletal role._lw S



4;fChitin is an amincpclysaccharide. a [ 1*4] /5 -hcmcpclymsr

.:e;of N-acetyl gluccsamine.l It is a strcng, inert. macrcmclecule
.l'fcrming a very stable crystalline structures. Chemically it 15
:ianalcgous tc the glucan back boce cf peptidc glycan, the { 1 4]/5 -f}”*'t"lf"

_ﬂ‘*'N acetyl gluccsamine and N—acetyl nuramic acid which is B

walls. . Rudall an_ :

;[1??J showed thrcugh X~ ray diftraction that fungal chitin

*';5}@is in ‘an “--chitin Fcrm, a state which is the mcst stable and

v“efthat it ccneists of chains cF N acstyl gluccsamine residues linked by

,'CU---NH hydrogen bands.

Early wcrkers on the fungal cell walls. because cf.the limitaticn-l;i”it
rlcf the- techniques, available, had tc rely on qualitative tests cn -
i whcle cells._ This of ccurse gave limited infcrmaticn abcut the chemical-:
: composition ef the cell wall._ In recent times the walls have been
:hu_separated frcm the other cellular ccnetituents by mechanically - . 7
.gdistrupting the cell and ccllecting the walls [123]. ’Subsequent-chemical;{

“analysis cf the. walls shcwed the nature cf its ccmplexity being made of -

".*;mixtures cf pclymers and it was alsc revealed that the nature ot pclymerstf,'

”tjvaries amongst epecies and euen in the same crganism under different

. cnditicnsr1?43 | Electrcn micrcsccpic studies demdnstrated that the

(1 25_]

_fphysical structure is equally ccmplex ccnsieting cf netwcrk cf

'?f“micrcfibrils With thE Space in between filled by matrix polymers such.ift‘h:&
qlalas prctein and glucans neking it lcck like a carbcn Fibre reinfcrced fq -
.1'5;.':.;'-.__1-.851” (128) | | . L | |

| There are still many gaps in cur kncwledge cf the chemical ccmpbsiticn

: cf fungal walls and in cur understanding, cf what the physlcal crganisaticn _
iimplies._ The walls of relatively Few Species haVe been studied but the .
' (127)

| fiiavailable Findings dc fcrm a basis fcr Further research . _and alsc :

understanding many present cbservaticns.



_'ANTIFUNGAL AGENTS AND. MORPHDGENESIS . ﬂ-’i*

7ﬁ§;f;;“;' The fungi are an extremely varied euooeseful groub with the R

7ﬂliability to 1ive in a wide range oF habitate._ Their success ie partly

Tdue to thEirnge”Btic adaptability“ Some fungi undergo dimorphism,;fr'ﬁrf

8- phenomenom by whiohlthe organism oan exiet in both yeast and myoelial L
: : (125)

;f'rms; conditione whioh are inducible depending on the environment

_Antifungal agents. antibiotics or metabolio inhibitore, ueed at af"ff?j*

t_.:;.euitab:l.e sub inhibitory oonoentration oen modify the growth and

Jff};development of fungi., Beoause there ie detailed knowledge ebout the
rﬁtfbioohemioal meohaniem ‘of aotion oF many antibiotics, they can be ueed
T”to elruoidate the biochemietry of fundamentel cellular proceseee.

- SOME ANTIFUNGAL ANTIBIDTICS'-

2 ' ' (Fig 3a,
A major advance in the eearch for effeotive entifungal antibiotios g

'"fﬁtwas the dieoovery of two agente produoed by Streptomyoee noureeii129)

’-:FUne of theee, Nystatin, was the first of the PoLyene antiafungal agents to be
'_n'oharaoterieed and used therepeutically

'?if:b The Folyene antibiotios form a claee of maorolide antibiotioe ;_ S

";roonsieting of maorooyolio ringe oloeed by a laotoae bond, ueually with one.i‘t
.lfaf more eugare ettaohed glyooeidioally to the macrolide ring.: The ring -
{;oontains up to 38 carbon atome, a chromophore with a eeriee of alteenatineoif
,‘%;double bonds and usually one amino sugar moiety._ The Chrcmophozg gives fﬁf"{”
b{a rigid planer oharacteristio to one part of the meorolide ring, which : |
Qucontrests with the polyhydroxylated hydPOphilio FEgion of the reet of the ;?‘,
.”r;'imolecules. Thie amphipathio charaoter aooounts for the phyeico cnemical

"d‘ propertiee [ low water eolubility, photolebility] and biologioal

ﬂ_;faotivitiee T interaotion with membranee and sterols]

o Mode of Action and Biologioal Activities
All ‘the polyenee have a similar mode of action whioh entails,
) essentielly,'an irreversible binding to a eterol in the cell membrane with

eubeequent disfunction of the membrane(130’ 131].71It has been established
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-that he. polyenss induce distortionl_f"selective memhrane T

rt:ffpermsability end this results in leakage of potassium and magnesium

.'ﬂ;:ions followed'by decreassd protein and RNA synthesis[??ZJ

The Imidazole Derivatives.- ;i;”” i

"The initial reports on these anti Fungal agents were published

and their activities were oonfi.med oi the

rdermatophytes and yea t(134’ 135?.f Clotrimazole and miconazole are'

‘the-commonest agents.- The physico chemioal properties of these

e 1drugs have been sstablished[136]

N-'ﬁ"f.".'Msoa(a__,o,F W?—wn
It has. heen suggested that the sits of action appears to be in the:lz
cell wall and the membrane, making them permeabls to intracellular phosphate

. I4
'_and potassium; thus inhibiting intra- cellular macro molecular synthesis(137 -

‘liVan den Bossche('m_1J suggested there is an enhanced nucleoside transport ;,_.f
;;_féllowed by increassd mucleoside 1ncorporaticn into nucleic acids_._;%_-_r

"JRadioactive studias indicated that in 1og phase oells, most oF thet'ﬁ

‘derug was in the cell wall and plasmalemma..“ Alteraticns in oell

'ﬁjpermeability with theleakagsof ZSDnm aosorbing materials, aminoij:
(1423

,frtacids, protein and inorganic catioos were also reported

"fifﬂiconazole is an, effective broad spectrum entifungal as: wall as q
(143] ' : S L

”bactericidal agent

ﬁThe Pyrimidine Derivativss--;;crt'
i 5 Fluorocytosine,.( 5- FC] was the First of this group to be ’1=:}h"”
"Ttisynthesised F144?,. S h ler(145? suggssted that its activity was

i in its interference with the metabolism of cytosine to uridine.-‘

h ?Sensitive oells have a cytosine deaminase that oreaks down 5 FC to-

,5 ‘luorourecil { 5 FU) and then S-FU gats inccrporated into tRNA[14SJ'



:,Jund ahd Lacrcute[1&?q shcwed a further enzyme, cytcsine permease

(148]

.:;f-? tc be necessary fcr ita entry intc the cells.: Pclak et al”

-’:'prcpcsed a metabolic pathway and mcde c? action.

g FC E+;mease HS:FC deaminase -'ji:; , 5 FUNP

= 5FU s FUTP—-——P RNA.

Evidence has ahcwn that RNA, heavily substituted with 5 FUff

‘functicna pccrly and Ieads tc abncrmal prctain synthasis Which resultsf,;;f7°%

f}in cell death(135] “5e FU is also a pyrimidine darivative that 15 S

:“ﬁ"related tc a black cf thymidylate eynthatase leading tc the inhibiticn; ffffff

"_;fof DNA synthesis ;1351

e gef FC exhibita no’ bactericetasia butnshcwad marked activity against

r'fffCandida albicana.ﬂ L

Some- Newly Charactarieed Antibictice'

“f{'Aculeacin' Ai

This was the First cf a- series cf antibictice isclated frcm

:}*.TfAspergillus aculeatus. ';;:f'

“ci;It ia a peptide ccntaining palmitic acid and shcws U V. max1mum at

(149]

;5278 nm in methancl.‘ Mizunc et al® repcrted cn ite isclaticn ”-}.f_: ST

_T"*“;fand the phyaicc-chemical prcpertiea._ The ncde af actibn liea in :_”ﬁ[‘f” o

:Tthe inhibiticn of cell wall eyntheeia which 1eads tc lyais and 'ian;;ai?]'

.ﬂ:frelaase c? intra cellular substancest‘_];DJ

:iTHE CYTUCHALASINS-'v'_‘iiJ | _ EE IR
iy These belcng tc a relatively amali grcup cf aglyccsidic macrclidehlil;;{;
;”:antibictics cf fungal crlgin. They are macrccyclic non lactcne f i |

yifantibictics with effective antimicrcbial activitiea.“ Thay are. antifungal h_fi

7-:i;and induce mcrphclcgical changes(15ﬂ].5 The nama, cytcchalasin, was

A-*'Cifcrmulated tc deacribe tha effect the ccmpcunda have on mcrphcgenesis and

‘cellular movements.



oo lkm

: _fLiThe Polyoxins.:,,_ﬁ;ffia;,;;;

7 The polyoxins are closely related nucleotide antibiotics,fr _

Tfprroducsd by Streptomyces cacaoi._ They were first isolated and’?EZhET“5t“x””L*

A’characterised by Suzuki and co-workers[1§2)

"Polyoxin D,‘one of the major comoonents of the group, isi
: (153) |

: ;active against most fungi with chitin Structural analysis

;:nrevealed that the highly active forms have a structure similar to
[154]

LfUDP N-acetyl glucosamins, a chitin prscursor.t “Ende and Misato

.?Lfobserved competitive inhibition oF chitin synthetase oF Neurospora:' e

rffcrassa 3 by polyoxin D.. This was substantiated by Ohta et a1(155?, who '

n'found that UDP N- acetyl glucosamine aocumulatss within the cells

“'under the 1nf1uenoe of'polyoxin 0. -

fi RaEamxcin-- .
' This antibiotic was isolated From Streptomyces hygroscopicus hy
' 11}'801Vent extraotion(155). It is a colourlsss crystalline solid with an

¥ --  ampirical ~Formula O'F C55 Hag N014 F1$7J

The objective of this work therefore, is to oharactsrise the .:'

'a?;fungus morphologically as well as physiologically, to examine available.fl;um:
?strains and show similar and distinguishing features amongst them._,'r -
ﬁﬂi;It was also intended to investigate the pathogenio state oF the organism:};;lf
udftiin the plant and its response to antimicrobial agents and elIucidate -

“r=jtheir sffeots on’ morphcgenesiS- ?}'-"



'l';,lﬂ CHAPTER FOUR f;ff-"

‘*MATERIALS ANo METHDDS o

E°;Four strains of Cryptoetroma cortioale were used They were ABD

'"':{isolated From 1nfected maple bark(zsl, A31 and A32, isolated bym'

"H%R G._Strouts (Forestry Commiseion,.SurreyJ from infected syoamoree !f;lff:ffef

'?i;fin Wansteed and Holland Parks. London and A33 From Central bureau voor E

.l¥.ﬂSohimmel cultures, Baorns, Netherlande.fjofﬁ"

'MEoIA-__.

. ,'MAINTENANCE MEDIA.

Stook cultures were- mede from szngle colonies end maintained
B fon Sabouraud agar elopee et 4 C., Fungi are very prone to verietion..];utﬂ-ﬁ-o
fﬂlTo safeguard thie, eeveral culture lepes were- made and a slope used A

‘at any one time.- Fresh cultures were mede every three months..u o

'°-‘QQCULTURAL AND oRowTH MEDIA-

Sabouraud media, SAB (Uxoid CM 41] Potato Dextrose Agar, PDA

it;(onid CM 1391 Malt Extraot Agar, MEA (Gxoid CM 59}, Corn m931 Agar,lo‘:fl?
??CMA._fonid CM 1033, Czepek Dox Ager, CDA toxoid CM Q?J Nutrient Agér;;_,j
;fNA (onid CM 3) Wort Agar. WA (onid CN 2473: Yeaet Extract Ager. YEA';:f 
f;f(oxoid tn 19); Brein Heart Infusion Agar, 'BHIA® (Oxoid: cm 225), and e
.f::?Glucooe Yeast Extract Agar (GYEMJ containing (gﬁpa

+ Glucose‘s-

Yeast Extract: 1_jzi.

Agar 20 pH 8. U._u

".j-ThiS wee'stefilieed'by'autoolaving at 1219C tor 15_mins._ .



'ijEFINED MEDIUN.

Georg and Camp (158] medium was modified for use.‘ %Hé"sésisif}fj*fig;ﬂﬁ*

:Q; medium consisted of (gﬂé

"7%ﬂrVitamins L-Aecorbic Aoid 20 »

' ﬂ;and d Eiotin 20 pg were sterilised separately by

wa;ffiltration.

"_:The medium was dispensed into SDD cms_oonioal Flasks in 100 cm3 volumes, S
" plugged with cotton wool and eutoclaved &t 115° C for 10 mins.; The

o medium was allowed to cool and the vitamin solutions were then added

”:_rhto the required conoentration._”__j -

' ";&ENZYME ASSAY. VEDIUM:

All glaseware used in the work was aoid washed as desc:ribed beIGW. e

The ‘Eup plate",method of Dingle, Reid and Solomon(1sg? Wasfmodifiedﬂ;fay
”ﬂffto estimate the activity of oell free extraots._g--

The medium consisted oF

:if1/ Substrate [ w/v]

,,u:?2° buffered agar solution

':_io 04, sodium azide._fﬂ?357

flThe substrate and buffer were altered aooording to the enzyme being tested

Hff:_fer._ Platss were poured to the depth of 4 mm.l'.




?fmeorum FOR UREASE ACTIVITY.;Vf7

“*7 The medium used was’ by Christensen[150] It consisted oF (gﬁLk

f glucose '1;"

“ﬁé;péptbhgﬂj{};.if' .

fsodium chloride 5 '“'i

i EL;;The medium waslautoclaved at 115 C For 10 mins ahd cooled to 55 C.f:;I;';“::{l
}ifi;Urea solution, sterilised by Filtration, was then added to 20°7ﬁ'*
:_concentration and elopes were made in universal bottles. -
| Gordon and Mihm . medium[1s1) waS'modi?iedl: It-consisted;ofu(gihﬁ:f_u
_NaCl ;_m.i”.-i1efu-_- S - R S .
;.Ns$04.7ﬁéd oz
'_xtNe‘J75HFo'ffg o
;iKHz P04 _f7::o.5-:
hjl_Drganic compound CRTE

‘"-f<1140cm3 oF 0 2° Eromothymol blue, pH S 8 The medium was f?ih:f”

-hutoclaved at 115 C For 10 mins without the organic compound which was”}ﬂi

'i=; added, as a sterile solution, when the medium cooled to 55 C. Slopes fifiwﬂ"“
' were made in universal bottles..;;i:"yliﬁf'

ANTIMICRDBIAL TESTING MEDIUM.

",g Wickerham s medium as adopted by Shadomy[ zl‘wae modifiedr¥ot use{:}'

The medium consisted o+‘ { g/vb%) .
- Baoto Yeast Nitrogen Base.'hijs.%?:.ﬂ:t‘ﬁrw
L. Asparagine Co ._'f? ';:T'1l5-
| Dextrose - _"';: ”;_{ f o &u_”t'
j'_-_'Phenol red _f':i ,'?ff.:o 025"

L o phosphate buffer 1000cm, pH 7. o.-'



Tﬁe H'Edium was ster‘ilised by ‘Filtration. .

Medium fcr Ptctcclast Stcdies

(183]

N:KH2P04
:f:NH NO

~53,Ca012

The medium by Peberdy and Gibscn S wae used.‘

,f Yeast extract a, 25 pH 5. 5.-;f:

-The medium was dispensed in SOcm3 uclume intc 250cm3_ccnical flaeks

o and autcclaved. o

The generating medium was: prepared ae abcve except that gluccee :

'=”If”fwae 5 % yeast extract wee cmitted and 0 4M NH4C1 WaS included as an

S }“usmotic etabilieer. ‘m’

"JCELL CULTURE MEDIUM

The medium used was based cn Street(1843

x;_Na H2 PD4 2H 0

...:1[C3012‘BH20'f..:;¢f_‘fj;'ehk?
B Ti?ZnSD4 7H af.iﬁ;_' U
o oHe 803

'Mnsc4-4H20f'
e

KL

Fé015'5520'ﬁ

B It comprised cf..m .1a'}=r“,

Incrganic salts [Heller ealts} mg/éni

0.
. 0.03

0.0t

It conteined




| Green Fashars and permenes:
::;Thiamine HCl '.. ‘7 N
hf:Pantothenic Acid /"ffEe,i;?;.:ﬁtlérsﬁrlif.fguu_,J_H_)
”::ﬁf?Choline Chlorideni:u e :

;;:mese-ines;tql
;CYsteineuHcl ir S
¥ 4”Dichlerophencxy acetic acid

' Kinetin [BDH]

~1¥Carbohydrate (Sucreee] 20 UUU PH B 5

'fj{The medium wae distributed in 1000m3_volume into 500cm3 conieal Flasks and

::;sterilised at 115 fcr 10 mine.j Uree (sterilised by filtration was if}
"fadded to ‘the cooled medium to a cencentration of 20 mg/1000m3- |

Immunmdiffusien Medium*_

The medium consisted uf.
1° Ionagar No._Z?
1M glycine ie.:-
0 4m eodium barbitdne'_:w

0 859 sodium chloride, pH 7 4

'"I;Plates were pdured en a level aurface to a depth of 5 mm.isi;;::

*JFCHEMICALs-fff3a?ﬁ;ili;ryilafilffr;f{,“d%f{jjﬁ“Vf:.";Qg;t
r”h‘Enzyme Preearatione,jpeeginase,:cellulaee, ?famylase, o
=_arnnaee, chitinaee {Sigma Chemicale Co. Ltd, Lendon) and snail gut

fffjuice ( Koch Light Laboratoriee, Celnbreok,_BucksJ Organic compdundsﬂdl[ei;;
.ip'for hydrolytic tests included- adenine, cellagen. Fibrin.rxanthine,_;':f,

‘ :ifityresine, guanine, aesculin, (BDH Ltd, Paole England}. 7 ‘.l L
.i~5Polyphenclic cempounde. gallic acid tannic acid and catechal (Sigma]

‘]L-Drganic cdmpounds uaed ae carbdn seurcee.m acetamide, benzamide, citrate;“ N

o formate, lactate,.phenol, m—cresel p-cresol, pyruvate, oxalate,
“'benZaate, malate, prepionate, mandelate, malenate, succinate, fumarate

Jre?f[FiSOns Ltd).



“fjANTIMIcRUBIAL AGENTS4W

:;Amphotaricin B, Nystatin and Miconazole ( E R Squibbs & Sons Ltd

3;Twickenham]; Griseofulvin [ May & Baker Ltd Dagenham, England];"'

ijatamycin [Brocadas. Great Eritain Ltd, west Byfleet, Surrey]

'Trichomycin { Fujisawa Pharmaceutical Co;'Ltd., Dsaka Japan)"-- S

erlotrimazola and 5 Fluorocytosine were kindly donated by Dr._Holt

ﬂf:Quaen Marys Hospital Carshalton Surrey]. Gentamicin (Nicholas Laboratories

'”Eﬁf’Ltd Slough England): Phanquone (4 7 phenanthroline 5 6 quinone;tw e

[Ciba Laboratories Ltd. Horsham England] Rifampicin (Lepetit Pharmaceuticals :}

ué*;ithd Naidenhead, England): Rapamycin (Ayarst Research Laooratoriss,
1{Montrea1 Canada) Tetracycline [Pfizer Ltd Sandwich, England]
;_Ethidium Bromide (Boots Ltd, Notts, England); 5-Fluorouracil and
. ACytochalasin D (Sigma]; 2 4 Dinitrophenol EEDH Ltd, Poole, England];
._:{Cycloheximide (Actidione Upjohn Co. Kalamazoo, Michigan); |
.":::tAculeacin A ( Toya Jozo Co. Ltd Shizuoka Japan}; Polyoxin D

T f(Kaken Chemical Co. Ltd Bunkyo Ku. Tokyo]: Ramyhyphin A EBiolcgical

'”fifInstitute, Slovak Academy of Scienca, Bratislava}

' *?*SINGLE CULDNY ISDLATIUN.,}f

i Fungal isolates fron-plants aremoften contaminated with cther fungi:?:irel
¥;It is, tharefore, essential to obtain single colonies of the fungus.'

';This has its advantages in presenting pure cultures and again. it reveals,-c;?
if'more than one strain or variant is involved.i;1y3rf'i;_y  ~ qu. j__.;”
7‘{A series”of 10 fold dilutions wers made down to 107" from a broth h
”i;irculture of. the original specimen. Pour platas were made.using 10mafl'

f*n_from the dilution and the plates incubated.y CclcniBS were. selscted

o T?ﬁlon a similarity basiS-



;;wASHEo CELLSF

';‘ff; In order tc prevent the transter oF contaminating nutrients into e

"3defined media and also tor inoculating liquid cultures, it was necessarygf;h,g

;to"keep aistock of weshed cells;{fThe tungi were grown in liquid SAB.: i

’T e'cellsrwere harvested_in the active growth phase and washe';

Tthree tires in i strength Ringers solution [Oxoid BR 52} and then i,:'n

5stored in universal containers at 4 c for subsequent uee.:

dePoRE SUSPENSIDN-LA-? B

Spores from a 3 day SAE. agar culture were washed oFf into a

-

-h:; ZDOcm3 bottle of 53 strength Ringer s solution.: This was thoroughly"?{;f77gT”;
o agitated on a whirl-mixer and tiltered through three layers oF »

.“"f-glass wool to remoVe the mycelial particlee. The number of sporesi
'dpresent was counted using the neuhauer haemocytoneter and the

:‘volume was. adjusted to contain 105 spores/cms.;_j' --'

5iij,i.f'f SLIDE CULTURE
| Frcm a suitaole medium an egar block [ 1 cm cube] was cut dﬂ;

,,i out and placed on a sterile microscopic slide. The blocK was inoculated ',ifd

;‘with the culture on ell Four sides ae in Fig 4.“ A sterile coverslip was_:4347
:Jwthen plaoed on the block and the slide ineerted into e petri dish

iThe petri dish Wae incubated at 25°C until myceliel growth reached

zithe coverelip, which was then removed and placed cver a drop ot water.:;ld;fif

iiiThe ahove technique was employed to prepare needle—mounts for
'L;,microscopic morphological etudies and photomicrogrephy.' If a stained

“-:?fpreparation was required lactophenol was used.. ;T5"




FIG 4

«::_--t_f:;_-SCHEMATIC ILLUSTRATIONS OF SLIDE e
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g Preparation of Glaesware"3 o

All glaesware For media preparaticn wasg soaked in dichrcmate-’h

“-: ulphuric acid cleaning solution for 3 h.. Then removed and washed‘
.;four tines in running hot water;rallowed tc drain dry or dried in
the oven

ffDichromate—sulphuric acid fluid:wgg',,_

63g sodium ( or pctaeeium) dichromate'wae dissolved by heating

:f}in-35'cm3 water.;‘Thie wae made up to 1 litre with concentrated

j"_:_sulpl'n.ur:l.c acid._;:if,:g;fi .

N GRUwTH CURVE:

For growth curves of the organisme, liquid SAB. was dispeneed 4n R
L8

_ 100 cm3 volume into SOD cm3 conical flaske. Theee were inoculated :

'1'with etandardieed washed cell inoculum._ The cultures were ehaken -
By et 150 rpm in an orbital eheker (Gallenkampi fcr 42 days, t 25 C.ti L

'f:ﬂeasurement of growth was by dry weight as described below._:f?

s

:_5 'MEASUREMENT OF GRGNTH, SPORULATIUN ANU GERMINATIUN

Growth wae meaeured by linear growth rate on agar PlatES and e

1fdry weight in liquid nedium._.;:‘i;il“

;',._LINEAR GRGWTH RATE.

Thie was performed by measuring the colony diameter ( ch in f*'rwi”~mJi;.
(1551 i

,‘1gtwo directions at right angles to eech cther

After a suitable period of incubation,_growth wae dislodged from

f;the walls of the flasks, flltered through whatman s No. 1 filter paper
”-nffiwhich had been previouely dried at 120 C for 4 hre,_cooled and weighed..'-' .
gThe growth wae then dried overnight et 90 C, cooled in a deeiccator

R :and the weight determined- 3'T



';ﬁSPGRULATIoN-

E At the end of an incubation period, a known VOIume of & strength

ﬁaﬁ'Ringers solution was. added to the flaek of msdium.ithe growth dislodgedif*f"

1&frem the walls ef the flesk and the cotton-plug replaced with'i

‘ :iThe flask wae then shaken vigorpusly to free thsdepores'

from the mycelium The suspension was filtered through glass“woof

and the spores oeunted uaing a’ haemecytometer.rgdflfﬁ‘J

"GERMINATIDN--.T'“ B

."3”% This wes determined by percentage germination E i e._the

J'sffpercentage o? sporee that form a germ tube in a given time}._idd

i_:tAn aliquot from the medium was put ana slide and examined under the
'_[microscope.‘ The mean spore germinetion was. assessed in twenty tieldsl
2 and"the perﬁentage of germinating spores caloulated. ::. |

"]stGCHEMICAL ANALYSIS

::(1] CF\RBE]HYURATE [ REDUCING SUGARS ]

The anthrone method (1 5.] was used to estimate reducing sugars

‘:‘throughout. ;,;;“.)

;n“Q;'Anthrone reagent C 0 2 'w/v enthrone—S 10 dihydro-9 oxanthracene%

-i{fdissolved in eoncentreted H280 J

'rniiGlucose standards [ G 100 Pg/cm ]. used to prepare a standard |

"icurve of O D..at 520 nm.
*?i;fTo 1 om3 test sample, 4 om3 anthrone reagent was added and mixed i;fﬁti5
'-zj_quickly. The tubes were covered with marbles and heated in a boiling -IE,':

”'iﬂweter bath For 10 mins: allowed to cool and the absorbanoe read at

-Js‘EZG nm against a reagent blank. The test was performed in duplicates

. “.jand the gluoose equivelents read off a standard ourve.”



-“NITRDGEN DETERNINATIUN.”}

The nitrogen content was determined by the Maorokjedahl

J:”Et (157]

?ﬁt_o Som sample in a kjedahl flask, 1Dcm3 conoentrated H2304 was. added,n.;"t:i

followed by one kjedohl tablet [ Thomas an:

'Capper Ltd, Liverpool]. %

This was’ allowed to digest and then diluted with water:

800m3 of 40‘ NaDH was added to the Flask and also o little Devardas """

ren oooled.

Jfalloy.- The flask was set up for distillation; the distillate collected

r~1n a oonioal Flask containing 50cm3 saturated boric aoid and 2 drops of f;’;ff

5iffmethyl orange.{ This was titrated ogainst U 2 N hydrochloric aoid ( HClJ..; S

B PRUTEIN DETERMINATIDN

. This was pertdrmed by the tethdd of Hartree[188]

5”L_Reagent5'tf* _ o _ _ S . 3
| o Solution:A:f{ETZ g Potassium Sodium tartrate and 1008 Na C03
d‘“;”ﬁl;d.dl;}ff t?mif;ig;ifi]d155d1ved in SDDom N NaOH and diluted to 1<img _*N;,
| ,-‘,:- '_"h o 1“'ﬂfw1th water-l R B
'"uf{i"fSolutiontBtit_:Zg Potassium Sodium tertrate ond 1g CuSO4~5H20
P DR 5

- wers diesolvsd in QGcm water and 1Uom N NaDH added.iuu

:ﬁﬂffSoldtiohicélgiiFreshly prepsred Folin oiooalteu reagent { 1 volume

' Jf:to 15 volume water]

::Samplee weTe diluted to 1 cm3 and treated with O Qom solution A.ié-iﬂui?rﬂ
t;eThe tuoee were heated in a water bath at SD C for 10 mins; oooled and
lﬁu ton® solutioh added. They were left at room. temperature for 10 mins,?t‘?:
lﬂgzdacms solution c was addEd and then heated again tor another 10 mins; oooled
~f:tand the absorbanoe read at BSDnm._ Reagent blank and standards [ U 100

"_"ug/cm3 hovine albumin] weTe' similorly trsated. The conoentration of -

:-protein was’ estimated from a stondard curve.‘3



CELL WALL PREPARATION

Hyphae were harvested and disrupted using an X~ prees [LKB] with

R a preesure of 15 DDD lb/1n at 30 C.: The procedure was repeated

';{three times. The hYPhal fragmente Were: washed eix times in 1 M je;"ﬁ

'Jphoephate buffer.? Nioroecopic examination ehowed the preparation was,

‘free from cytoplasmic materials.; The preparation was then lyophilised 1;“'5'

-,and kept at 4 C for further analysea.ip__" o

"7¥fTAMINo SUGAR DETERMINATIDN.~;__

:W-;;The method of Stewart Tu11(169 -was applied.,uegg*gf;-ffw.:;. g.”” S
3 3 bicarbonate buffer, pH 9 8 ';?fif

-;:Reagent: Acetyl acetone ( 1cm in 100cm

prepared -Fresh be-Fore uee] and Erhlich 8 reagent. -j_

.The test was carried cut by hydrolysing SD mg sample of dried ce11 wall

'ffat 135 c fcr 18h in‘ooncentrated HCl:-drying off therhydrolysate.

iiand dieeolving the-'reeidee'in‘Zem3 water. kD Scm3 acetyl acetdne was =

-'t“ffmixed with the hydrolyeate and heated in boiling water For 20 mins._;j S

"x'4cm3-of thie was then added to Ecm3 Erhlich s reagent ‘and’ the abeorbance

"1read at 545 nm._ Reagent blank and etandards [ glucosamine and

‘nﬂfdgalactoeamine] were eimilarly treated.- The concentration of amino augers;f1?f

Q:wae read. off a etandard curve.jlf:ff_ '

i;;fIDENTIFICATIDN OF CHITIN'-. S e

{ Chitin was’ identified by the nethod of Applegarth[170} ;1¢?mgjfrfii?}efﬁ
;,;T;gample [ cell wall preparation] was extracted with 5cm IN acetic [
'LP;acid at 100 C For 20 mine. The acid extract ‘was removed by centrifugatien.fT'
ﬂ?tifand grams iodine added dropwise._ No reaction at thie stage meant the ‘
'Tr-fiapsgnce of chitosan.. The reeidue was’ then extraeted with 24/ potassiumt..
'TF'nyechide7éf ﬁso°c.' The resulting solution was acidifisd with 0.5em>
"]; ;concentrated H 804 and iodine solution added again. A-red colour “

7indicated the preeence cF chitoean, formed by alkaline degradation

];of chitin.- Chitosan and ohitin were ueed as controls..



Coas

Chitin wee quantitatively estimated by the fractionation prccedure33
t1711 :

:“”f‘Of Mahedevan and Tatum 1DDmg cf cell wall preparaticn was

J'*.;'hydrclyeed in 2N NaUH for 15 h et 25°C., The residue was, treated

'i;iiwith IN H2804 Fcr 18 hr at SD C and the residue frcm here, wae

The final

'“furthermere treated with 2N NaUH far 30 mine et’25 c.,

reeidue, chitin, wae then dried and weighed.“

: ,?ENVIRQNMENTAL AND. NUTRITIDNAL FACTDRS AFFECTING GRDWTH, SPURULATIDN
. AND GERMINATION - -

'fif$Effect of Media’ Ccmpceiticn and Temperaturee cn

[1_Grcwth._”a”Tw:'m'”

All the grcwth media given.abcve were incculated-with an: agar
Z_blcck culture [2nm) cF each strain. The platee were incubated at the
fcllowing temperaturee; u“, s , 100, 159, 20 , 25°, 300, 37°, 40° -‘

'h and asc for 7 days and examined daily ' o
'chr each determineticn, B replicatee were carried cut e#cept when -

*;ctherwise statedi- _ﬁn

- :jif Sporulation.

It was fcund that epcrulaticn wae higher cn a eclid medium than in

:";;:a liquid medium.” Therefcre a eclid medium fdr eperulaticn etudiee wae ‘
r;ueed.t The defined medium wee eclidified w1th 2/ (w/v] chid agar Ne.iéiﬂxire}i
iiThia medium wae prepared in SDcma vclumes in 250cm3 ccnicel flasks . :
_ﬂfccvered with ccttcn-wccl pluge; The fleeke were incculated by Flccding

'1the eurfacee with 'Icm3 aF epcre euepensiene ccnteining 10 epcree per

:__1cm3., Incubatien wae carried cut at the epecified temperaturee for 7

o days.
.m : S fe -

- The 1iquid defined medium was incculated with 'lcm3 of Spore-;'f'::
‘euepension and: incubeted at the epecified temperatures.‘ Samples o
were withdrewn et timed intervals and examined under'the micrcecopé

"fcrzgerm tube_prcduction.-



4B L

'lé?EFFssT OF- pH OV GnowTH, SPURULATIDN AND GERMINATIUN

'ffGRDwTH.u _l};is*'

The pH of SAB agar was adjusted after autoclaving with 4N NeOH -

;'or 4N HCl to cover . the. pH range 2 to 12. The pH adjustment cculd not IR

'be made before autoclaving since the agar Failed to set below pH 4-..-

Furthermore any,drop in pH during autoclaving could also b
l'cmoensated for.g Plates were poured and inoculated using an
"ﬂfagar block culture and iocubated at_25 C_for 7 days and the radiall_;?

*H{fSPoRULATIoN-“’

The solidified defined medium was used and the pH adjusted as. above; i;;
The surface cf the medium was flooded w1th 1cm3 spore.susoension and :
f'incubated for 7. days at 20 C.

:GERMINATIUN. ;.;_.- _'“°

: The liquid defined medium was used and the pH adjusted as abﬂve-',ff
':f]_Tha medium was inoculated with 1cm3 spcre suspension and incubated
"ffat 25 °C and the germination of the spores examined.e

Lo EFFECT oF CAREON DIGXIDE ON GRUWTH ANo SPURULATIDN

'1y[ SAB ‘agar plates were inoculated with agar blUCK culture a“d

f;incubated in various concentrations of carbcn dioxide.; The BBL .;2;;,¢-;
1;Gaspak system was used to give the required carbon dioxide atmosphererrdf”
QfThe plates were incubated at 25 C For 3 days with ASD and 6 daye for ,hﬁdbt‘;t
:”:the other strains. Growth was compared to culture grcwn in air whichddlu’:f'ﬁ

;-;;t;“was taken as 100/ growth

'f“.SPoRULATIoN._fQ'°"”
The defined agar medium was poured into petri dishes. 'These o
”'were inoculated by flocding the surfaces with ‘lcm3 spore suspension'r

". and incubated as- above at 20 C for 7. days.



:WﬁZ{EFFECT DF LIGHT DN SPDRULATION AND GRDNTH

R SPDRULATIDN

',,. The defined agar medium was inoculated with spore suspension

*3[10 /cm J and incubated at 20 C for 7 deys in sets oF S replicates, one o ‘ﬁ?

'jset wes in oontinuous lightfranother in continuoue darkness and a

third set elternately in light and dark at 12 hourly intervals
JThe light intensity appliad was BDO foot candles/inch2 {172J

fﬂThe effect of light on growth was determined as- above on SAB

:?ffﬂagar but with an incubation temperature of 25°C. d'i,i-ffiﬁfﬁ.”.'” -

From the growth test on verioue media it was observed that ABD

:'had the tendency to grow radially in zonee and this was most pronounced ji%
- _on SAB. The strain was, theretore, ueed to investigate the effect af -
liéht'on zonation The test was: performed on SAB agar medium, in wnich

”'..1fthe varioua sources . of nutrients wers either substituted or omitted.z'fs-

'ffThe plates were inoculated and incubated in sets of B replicetes """

'under varying oonditione...-”'
.? ﬁf'falj exposurs to direct day 1ight=
13?f;i(dlbgin oontinuous darkness:
“ft}{bjﬁrin continuous 1ight

5;?(dl{e5 h exposure to 1ight followed by 21 h darkness, ln:*b" o

'L[ejirincubated alternately at 12 hodrly intervals at 25 C and 30 E

E

- All the plates.except (a] and (el were incuﬁetedZZTf*Z;”“°=7*”

;;fat 20 50: 3d and 37 C-“f_ :*:nj:jf’fn*-' i

'".ri"EFFECT OF sLucese AND_ SODIUM CHLORIDE : -
Graded concentrations oF either gluoose or sodium chloride were i‘fi
S prepared in SAB agar and inoculated with an agar block culture. hil”‘"

'_"They were then incubated at 25 ° for 21 days and examined regularly.f”



: —HEAT RESISTANCE DF SPGRES

waehed spore suspensions [ 10 /cm J were made in 1Ucm3 saline”f"

| Nlcontained in 8 X E in pyrex glass test tubes. These were incuoated

tif—at various temperatures in water baths.= At timed intervals, 0 UScm f'l;”h '

"ot'each_semple was spread over SAB plates and incubated et 25 C For

The colonies produced were counted and the percentage'off

A"ﬂffeurviving spores oalculated.:gfafﬂﬁf Erﬂ

'={¥eNUTRITIoN--e1 2

h The defined medium was used throughout end conpounds were omitted

- tor altered according to the experiment. L:H?tfiff7*"~~:~***w4 ey

The nutriticnal factore under investigation were lett.out
before autoclaving the medium end added subsequently as sterile solutions.
;_eIn ell cases control systems. in which the nutritional tactors were
| omitted were included. i - e | | .. | I
Tc test for the ability to utilize a. certain nutrient the"-y
.zappropriate nedium was inoculated with 1cm3 washed cells and incubated
'yin an orpital shaker at 25 C for 7 days except where specified.-
thhe residual nutrients were anelysed._ For the sporuletion test the L
i':.5.‘-7;:f:de{-‘iz'led agar medium was used ae previously described.; The germination:}fnd;ai
;’v?;rate was studied in the liqu1d defined medium which was. inoculated withj;;fﬁf;;

?ﬁ1cm3 spore suspension [10 /cm J; incuhated at 25 % and samples -f;:‘b”ﬁ

’ﬁexamined after 24 h .f7;';fl""

1dH:BIDCHENICAL CHARACTERISATIDN

.{'FiQECELL WALL DEGRADING AND OTHER HYDRDLYTIC ENZYMES
"f The test organiame wers grown in the liquid medium incorporating
‘-;ifif w/v of appropriate subtrate at 25°¢ Fcr 7 days.“ The amount of growth*t
. was determined by dry weight. The cell Free extract was assayed for the"
' 7f:presence of the enzymes. The‘protein and reducing sugar content of the-
E i.extract, as well as the reducing power, were estimated by the methods i -

-"descrioed earlier.



e G
‘*ENZYFE ASSAY LA

tCups, 4mm in diameter, were cut out in the assay plates and;'

7'Tj¥'the cups were filled with D 58m3 of a range of standard enzyme}f—

ny,preparations, as well as test enzyme extract.: After suitable ;nihii;jt,:fihf

1fi.per10d5 of incubation, the plates were develcped with appropriate

The activities5

agents where applicable andlthe zone diameter measured.3

were read off a standard curve..:wiilfe=
For Peotinase activity, the substrate used was sodium pectate
fi:oxalata added. The plates wers developed with SN HCl which gave ;.clear L

"”szones around the oups on an opalescent background.r_ Tm”hm'””

e substrate for EE}EE}ase activity was sodium carboxymethyi celluiose ji:ﬁ
3_5uspended in sodium acatate buffer at pH 4, 5. The plates.were developed
:;;iWith 109 (w/v] sclution of copper acetate.' When cellulase Was produced :
":*f;a clear zone on an- opalescent background was observed._.l 7 :
f'j;e‘ek-amylase'*Soluble staroh in 0.3M phosphate buffsr at PH. 4.5 was =
‘;-used as the substrate and iodine solution used to develop the plates_:w S

o A clear cclourless zone on a blue background indicated a positive test.

”;3T;Frctease..l Casein and gelatin were used as. substrates. d“

.:i? The organisms were grown in the defined medium with 1% casein 553777}7;??
;thencell free extraot was used in the ouo plata, which was-made with i;;,fiii:
| ﬁskimmed milk as the substrate.: Where a protease was present a clear??i;ndi
;;aﬁe with a hazy background was observed. ‘ b lrf‘ ﬂ.f‘ AR
Ti7fGe1atin-' Nutrient agar deeps with 1° gelatinrwere.prepared; e
ﬁii}Thesa were stabbed with the cultures and inoubated at 25°C. After
l7 days, the bottlas were left overnight at 4 C.. Liquefaotion of the

_medlum indioated hydrolysis of the gelatin. L



f;Lipase Production

' i}incorporated in YEA., The substrates include the tweene ( 20 40 60

'tand BOJ tributyrin and triolein.- Plates were incubated Fcr 7 days ff: 331}f*

xwith daily examination for precipitetes arcund the colonies.x

YEA medium containing S

1;0t the substrate and 10/ [v/v] Viotoria Blue B salt ( 1 1500 in water] g£~m~

: was prepared.i Before pouring, the medium was shaken Vigorously to

fidisperse the substrate. The plates were inoculated and incubated tor fff‘.m”'

:ejf7 days with deily examinaticn For blue surrcund tc colonies on a jﬁfftf
' -pinkish backgrcund. =

-"Phcsphclicase Production' Production of phospholicase'was examined'

" on YEA with the addition of 1/ [w/v) sodium chloride and 10/ [v/v] egg _=h
.'dyolk [onid SR 47].f Enzyme producticn was indicated by opacity
;;daround the oolonies.ii; hff' ﬂ ' R '

i;Nuclease' activity was tested using 1/ (w/v] deoxyribonuclsic and i..“:
ifribonucleic acids in YEA._ At the end ot the incubation period the' _Tm

S ,plates were flocded with 5N HCl. A cleer zone around the colonies ;yfj”t )

i;shcwed hydrolysis of the nucleic acids,%_}_i?;;;;.:_

: Urease Activity Urea hydrolysis was indicated by the production o'F a E

red colcuration in the medium by the test organisms.éx '

j’Production of Polyphenyl oxidase-“'"” -

'*QTYEA medium supplemehted with 0. 1/ [w/v] of substrate was used for the I
:'i_ftest. Brownish cclouretion around colonies signified enzyme prcduction.*_%ii}{

”lHydr__ysis of Urganic Compounds. ~hf, :~V

:'fiYEA medium incorpcrating 1/ w/v of substrate‘eas used to demonstrate
ft~the hydrolytic ectivity.- Clearance of the suspension under ccloniss‘rfi,'f
indicated activity. R T e B
lAesculin hydrolysis was. examined separately on YEA medium to-which were- _
.rtl: added 0. 1» ( w/vJ aesculin and D 05% [ w/v) Ferric citrate. Produotion ot o

- a brownish colouration showed hydrolysis.r' R



';Utilization of?Drganio Compounda as” Sole Carbon and Energy Souroe

The medium of Gordon and Nihm (151] ‘was modified for- usa.;l, RGN

e ;The slopes were inoculated with washed oella; incubated at 25 C '

j”For 21 daya and examined daily for an indioator ohange from green to

?”blue demonstrating the_utilization of the compound.

R replicatea including oontrol syetems ware oarried out.,$

;‘PRUTEIN PRUFILE AND zvnosnAms._-;.J{Fﬁl;ffm'qtn "

Cellular proteina ware prepared by the method of Gill and Powellt173]

'”Lanyoelia were harvested and homogenieed in D 1M phosphate buffer (pH 7 DJ

:M“élzat 4 C._ The supernatant fluid from the homogenete was oentrifuged at
':?:_48 DQDg for 1 hr at 4°C.- The final supernatant fluid waa then | |
R plyophiliaed._ The protein level was etandardieed to. 308 pg/om for

: eleotrophoreaia.ﬁse-‘- ' o |
_ The eleotrophoreeis waeroarried out by‘the Diao-AorQlamide method _
..t;rﬁljas modified by Tonpa and Akroyd(17 J. using the Shandon Dieo Electrophoreaia-'
;L_apparatue-_.j.;. B e T ' AR R

'dijeagenta

‘?auffer._ Tris glyoine, pH 9 4, ( o uam Tris and. o ozzn glyoine]

ﬂiigsl.inf Cyanogum 41 [BDH]

waCatalyat-*' 7/ w/v ammonium persulphate }szfu;;;“fﬁJﬁf,.:-:f"

rﬁ.i’ii15/ w/v suoroee eolution in buffer._x i}ftf‘ilﬂlﬁﬁf
::fﬁtﬁrooedure-J The gel wae prepared by adding 1om3 initiator and 2om35ﬁsz:\'urﬁ
"n?oatalyst to SUcm of 8 cyanogum 31 eolutione in buffer._ Running tubea
“L{ii[Shandon] were filled with this solution.lﬁi-; L 4. ”. o
:Sample Applioation.{ Samples [ lyophilieed] were solubilieed in the V
l"f euoroae aolution and applied in appropriate volumee.- ' :
:';Eleotrophoresis'- An initial ourrent of 4,25 mA per tube was applied for

-1;5 mins to ooncentrate the protein on the gel and then inoreesed to SmA.



_Staining3:fThe gels were stained in:if amido blaok and deetained in

| [;2» acatio aoid

';An estimate of the relative amounts of protein in eaoh band was‘ffr

ﬁ?obtained by densitometry.." -
;fzvmoeRAM i

iThe prooedure'for Amidases was carried out by the method of

{175}

Hagenmaier After electrophoresis, the gele were immersed in f”fﬁlf*ﬂ?:ﬁf

dalsolution of L- leuoyljﬁ-naphthyl amide HCl for 30 mins at 37 C' waShEd

."f;and put in Fast Blue B salt solution until the colour was fully developed;;;'ft
' (178]

'"’ZFThe method oF Uriel and Berges - was applied for the Esterases.—liiﬁJfT:

' "i}tThe gele weTe. immersed ina solution of eL-naphthyl*aoetate or aoetyl-_HZV“
o phenylalanine P- naphthyl ester in whioh Fast Blue B salt was
- dissolved for 1 h and washed off 1n_24 acetic,acid,_fr'f-
f:MICRUSCDPY.v_;:, o o | |
'.'; Light- Photomicrographs were taken from needle-mount prEparatiansiﬁuﬂ
'l_llor slide oulture from the various media using Vickers M 25 series

' "”hjpmicroscope.; IF preparations were required etained. lactophenol blue

“5fwae used._

ffELECTRoN MICRDSCUPY-_ Scanning (SEM] ‘and Transmission tTEMJ'“

Hyphae were harvested at the active phase from liquid media by
e;centrifuging, at 4000g at 4 C and washed with Ringers solution

iitaSpores were waehed off solid media. washed thrioe and filtered through

%:ﬁglasswool to remove the hyphae.f Subsequent examinations by light
id?ﬁjmicroscopy showed the absenoe of hyphal fragnents.ii-f””i: : ' LT
i SEM materials were prepared by the method of Bulmann and Stretton[177§r
‘%i}leutaraldehydeh(kG.Tr;Curr, Buoks) wae added to waehed cell_suepensions .
'5to.give'a‘conoentrationlof'1 59"l v/v):- After.Z'mins oontact..tﬁe‘celle-

' 7;were removed by oentrifugation at BDDOg at 4 C for 15 mins. and o |

;:-_resuspended in 5/ [v/v] glutaraldehyde for 18 h at 4 c.



AT T FEE

 ?;The cells wera cantrifuged washe :threa tines in distilled water and

5,;irssu5pended to an appropriate density._ Dne drop uf this suspension was.gj3 :

'f;_'then air-dried on a cover-slip in a vacuum desiccator.i The samples

ﬁ‘:were then coated with gold palladium in a high Vacuum unit to obtain

using a 30 Kv voltage.c

- Reagents' :,::' J O T R

Fixatives —f;ﬁlutaraldehyde
I ;VH;Putassium permanganate,KMnD

7 :Dsmium tetroxide,ﬂs 04 |

'.-_13.“éﬁffer§ , l_ _Phosphata buffer [ 0. M pH 7 23

Ll "jCacodylate - HCl D 1M [pH 7. D)

"f_Solutiun A.u Sodium cacodylate 47 Bg
‘(Na [CH ) As 0,- SHZD].- '

in 1000 cm3 water f"i

3

':?'1;{-8o1ution B: 0. zm HCL conc (35 35/1 1Ucm

*:f,in BUScm3 water.;T

:Solution B was.added to. solution A to obtain the required pH.Li;TJE?
Dehydrating agent-f Graded alcohol -‘20,50,70 ao 95 and 100/ f?f???f;f
Claaring agent-:f-- Propylene oxide I GO e e
Embedding agentS"ﬁiﬁ?ﬁL{TLLf:'H;;';;'t?‘h

"3 Araldits mixture consists of.;;  f

ffﬁfff:?*;;fil,a-f35f Araldite [Polaron Equip Ltd WEtford) GY 212 27cm3‘f -
Hardener [Polaron) 3;;’;;f} T!;' HY 964 23c:rn3 o

Acelerator (N Benzyl dimethylamine Polaron] m3_



54

*}Two techniques for TEN wereiapplied.

15(11 %;U .‘Samplss ( washed] were suspended in 3° glutaraldshyde in jj._}r_{'
x;,.phosphate buffer for 1 h The oells were centrifuged and resuspended in 1°1Q

for another 1 h : washed three times and dehydrated._ The cells

_S 4

'spended in 2 agar and tha agar cut into small cubes (1mm3

. ! __51 ”1 After dehydration the samples werllclearediandu
_embedded in capsules.; These were kept at 80 for 48 h'

;;Sections were then cut with a Cambridge Huxley Nk 11 Ultr Mmicrotome'wwn

ﬂfae equipped with glass knives and picked up on copper grids.. They were e

Jj'then examined with AEI EMBG elsctron microsoope unstained ar Postjfiiffﬁ'ﬁvw
i;.stained For 20 mins in uranyl acetate [ 70/ v/v in ethancl) and |

:5 mins in lead citrate [ 0. O4s in 0.9N NaDcharbdnate_tres - Taab
' .Z.Laboratories. Reading] | | | |

"?*‘ Samples were ?ixed in 2 5/ glutaraldehyde in a. 01M sodium ff
”iﬂcacodylate buffer at 4 C for 2 h\s. centrifuged and resUspended

_uﬁp‘,in freshly preparad 2/ KMnU4 solution at 4 C for 2 hri and the e

1;t procedure repeated at room temparature._ Samples were centrifugad.;7'

-'and washed Four times in distilled water,_pre stained in a 1 1

:Lsolution of 1/ potassium diohromate and 1/ uranyl acetate for 2 h%{;;;;:_f

:;at 4%, They were’ washed again, dehydrated, cleared and embaddsd;iiﬁif*k-

\;ias praviously dascribed-j;df:-;dtiff.ﬁﬁjlg“ DEP TR S

thShadow Casting ,T“; Zﬂjﬁfi _ _ 7

.f:tHyphae were’ harvested washed in distilled water and drisd on grids ;dltfirir
tfcoated with carbon.. The grids were then shadowed with Au/Pd (BU/4U)

mr;ffat an angle appropriats to the thickness of the cslls [45 ] and o
'thexamined under the electron microscope., All the processes wers’

i performed undsr high ‘vacuum except the mounting of samples.-
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l;MYCELIAL WALL - coMPoNENTs-f'

-:?Amino aoide‘gp,,="

The amino aoids were. liberated from the cell walls by hydrolyeing tff'

.}20 mg of oell wall preparation with Som BN HCl in a sealed ampoule at jg;eJﬁ'

"f1oo°c for 18 he

The hydrolyeate was: centrifuged and the eupernatant

eyaporatedito_drynessfi.A solution of this was made in water
f,ZApl of each sample and standarde were examined by paper ohromatographyiifiifi

fﬁ[Whatnene No._1] The ohromatograms were developed with n butanol- [

7.5) for 18 h and eprayed with G 1/ :

;??iaoetic aoid-water (

atnhydrin’ in "a°et°“ef‘~? The anino seid spots were --,1°c.ated_-__tw:__he._a.t’iﬁé TEEEL T

.at 105 C for 3 mins._'ls LT R s T
QuantitatiVQ analysis Was’pérformed at Unilever Researoh Laboratoriesll‘

dl_“Bedford. The samplee were hydrolysed for 18 h under reflux in &N HCl

":'[ 0. 15 mg/cm.] in a nitrogen atmosphere and aliquots of this analysed.e_-.elak

4£3f;f¥f Carbohydrates
Qualitative analyeis of the carbohydrates was performed

'ﬂriby thing layer chromatography [TLCJ.j 50 mg of cell wall DPEDaFatiO”

2

fir;was hydrolysed with 3om INH 804 in a sealed ampoulE for 2 h at 100°C-7f'?dl*:
5:Saturated barium hydroxide solution wae added dropwise until the DH B

H?;was between 5 2 and 5 5 : The precipitate was | removed by gsntrifugatiend'.;{i;;

-:and the eupernatant evaporated to dryness.a A solution of the re51dua

wae made in water and used.,y

= The sugars were saparated by TLC using silioa gel C plates of 0 20 mm d_a
E thiokness ( E Merck, Dermstadtsl. The chromatogram was developed in
.‘n butanol pyridine-water fB 4 3) and the spote vieualieed w1th aoid f17

if-aniline phthalate.‘ Ninhydrin spray was_used to deteot the aming sugars.f



_‘;jQUantitative analysis was carried out by gae liquid chromatography .fffff
ff[{gf{GLCJ based on the nethod of Sweeley et al£178)
-7_‘Trimethy1silyl [TMS? derivatives were made from dried cell wall

7 ili'preparaticns and also dried hydrolysates using Tri sil tPierce

TheUderivatives were separated in a Pye eeries 104

chromatcgraph, fittedfwith a 6 ft glass colunn packed with 3° SE 30 CQ

[Phase Separations Ltd.,_DeesideJ and alsc 10‘ Apiezcn L on Chrcmascrc N

iIApplied Science Laboratories)

"”fiJIndividual sugars were identified by comparing their retention tines

8179]

'2:Ewith those cf standards and were’ estimated by the triangulation methc
i.'7'_:The area under each peak was estimated by multiplying the peak weight :jf?; ”t
| and the distance the base makes with the centre of the peak. -This was

: then expressed as a percentage of the: total content

11E1EEE§,:-"" | l_ | |
The nethod applied was based on the prccedure of Bartnicki Garcia ;fifi'

' and N:Lcke::‘scn[124"J

"\

,:."Readily Extractable Lipid“ was determined by extracting 1UUmg

-'ref_cell wall sample with SUcm3 ethanol ether(1 1] fcr 24 h at room .J '
temperature.‘ The supernetant frcm three successive treatments was

further‘extracted with chloroform and evapcrated to dryness in nitrogen

a.and the weight determined.!x

ii"Bound Lipid"; was determined on.the previous.residue by extracting‘ %
”*Ffitwice with hydrochlorio acid/ethanol/ether mixture, twice with ‘the i?h::}
.';ethanol/ether mixture and again with chlorcfcrm. The residue was thenrihw\
l'fdried and weighed. The procedure was carried out in duplicate.kizrnld:

”;:”iff‘?‘Blank determinations were also carried cut.



fENZYNATIC TREATMENT DF CELLS

r: Hyphae were harvested and washed in Ringers solution. The cells i

'_'were incubated at 30 C in the enzymes cellulass. pronase; chitinase

_f;and snail gut juice separately and sequentially ] &ontrol experiments

”ere carried out fo:f

'ach treatment with boiled enzyme to ensure that

'buffer alone has no effect on the oells.f The cells were examined

ﬁf}by the Shadow-oasting technique.ﬁ“ el

TANTINICRUBIAL ACTIDN DN CELLS'

S Determination o+‘ mnimum Inhibitor.\/ Concentration [MICJ anr:l ninimum o

TJfCidal Conoentration [ MCC)

7 The MIC values were determined by the tube dilution method :;.f:”
lusing the modifiedShedomy E mediumThe test Was. performed in o
%niduplicate inoludingrcontrol systems to check: |
.'Tf_(al _sterility of the drugs ‘and materials ( drug in medium without N i”_h?
N 1:organism] and l_.' “ “ | o
'T(bl:ithe efficiency of. the medium { medium without drug plus organisms]
"‘The MCC was achieved by plating out the tubes showing ne: growth

'1on the solid medium.’flift.]'

'.33 Morphologioal changss effected by the agents were studied by using
.:}fdrugs at different sublethal conoentrations and examined by microscopy.:“fﬂ; .

fPRDDUCTIDN AND REVERSIUN UF PROTDPLASTS

Cells wsre harvested and washed in U 2M phosphate buffer at pH S U and o

.:““resuspended in the same buffer with 0. 4M NH Cl added._ Equal volume oF

4 _
L cell suspension was added to the lytio enzymes [ snail gut juics and chitinase

"'theparately and to both combined} and inoubated at 30 E. -Release:of the;
irprotoplasts was determined.microscopically?at,an_1nterVal.oFf-3hef.and,f
‘uleft overnight. The,protoplasts:were_colleoted by centrifuging at 500g -

']for 10 mins._hﬂV



: Qf;dReversicn of: Prctoplaste‘t

The protoplasts were washed three timee with D 2M phosphate

ijuffer ( pH e a} ccntaining 0 4N NH c1 as & etabiliser and

4

;fFinally resuspended in the generating medium.: The culture

: wae incubated at 25 C and examined three hcurly fdr revertente._

:,PLANT INDCULATIDN AND PHYTDALEXIN DETECTIDN

‘Potted eycamore ( Acer pseudcplatanue] saplinge were grcwn

idn the~1abcratpry and allcwed time tc edjust. g L

';Prccedure Fcr Incculeticn-?f@?3ff
’*lthhe plant eurfacee were cleaned with alcchcl.. Using a eterile T?i;
i Tscalpel, a v-shaped piece cf wccd was cut lifted backwarde
: ﬁ:and the epct infected with a mcietened spcre blcck Frcm A30,
'__ The piece cf wccd Was - replaced and the plants left tc grcw.» -
'j::d_dThe eaplinge were. eecticned at intervale cf cne, three and eix
:;;months and examined Fcr the preeence of phytcalexin and the effect o
-tﬂjof the fungue on the plant.. Some cf the sections were planted in
'ifagar medium fcr reieclaticn df the fungue..;,p ) |

* " EXTRACTION AND DETECTION OF PHYTUALEXIN--n,nV?*-“
: (130]

]? The nethdd cf Letcher t wae modlfied Fdr uee.flin-a¢,

feections wers mecerated in 60/ ethanol [SDOg tc 200 o WV
::iand shaken at 4 C.- The extract wae filtered cff and evapcrated tcjfdiiif?i}ff
T?fahout SDcmS.: Tc thie, wae added SDcm3 5/ Na2 603 and extracted fdur R
r;ftimee with ether.- The ethereel extract was: evapcrated tc near drynese“1 Gma
ﬁtCJCH Cl' was added and the ecluble pdrticn was’ ueed fcr chromatogrephy .flg‘;;}f
“4n methancl - CH Cl (1 5] eclvent on silica gel plates.r After i”iTﬁzt“
.!T“running the platee were dried end viewed under u. V. light fcr blue ﬁf

'Flucrescent bande.=e'-77




'1;A second technique was also tried.. Extractionuwas started in methancl

-7d]{SDDg. 200 ml w/v] shaken at 4 C overnight.; The extract was decanted

shpoff and process repeated three times._ The extract was Cgmbined and

a"i;evaporated to dryness under nitrogen. The residue was then dissclved 1n ’

jether and chromatography performed in Hexane acetone (2 1] solvent'

;followed oy another run in ohloroform petrol [2 1). The_plates:were}

ined under UV light

jSTAINING oF SECTIDNS."

Sections [Smm) were Fixed in 5/ formalin..cvernight"JTheseVQere?;;ff:fj

'fffurther sectioned on the microtome tc 1Qu, passed down to water

L5i¥and stained by Stoughtons method._it'f'fj}ef_:;-”
;Technique'j‘ﬂir~‘ . o -
R &5 0 Stains for 1'h in '0.1% thionin [BDH} sclution in 5% aoueousfphenolr_l'“
.[ii] Dehydrate in successively stronger alcchol ' o :ii :'
| .t”ftiii] Differentiate in a saturated solution of - Drange G ( BDH] ;:;T'
"fiftiva wash n acsolute alcohol LA B | -
h7¢ft-[t] Clear in xylene and mount in Canada Balsam.
e Parasites. . Violet Purple f}e B

“f;?ﬁCellulose Wall Yellow or Green

ilhif}_?Xylen\. Tf: Blue

. *TChromosowes._; Blue fff:;wmﬁ.

CCELL CULTURE-V

7 The cell culture nedium was - inoculated with a oallus of _

';i'isycamore cells [ Kindly supplied by Dr. N Robertson, Leicester ;Err';Pijdh{‘—;
“dUniversity] and shaken at 25 C. .z-rjh L _ . | |

Cell growth was determined by dryweight and packed cell volume [PCV) .

._The cells were also examined micrcscopically._



INFECTIDN oF SYCAMDRE CELLS.

Fungal Growth

;textraot was tested for the production of cell wall degrading enzymes. Af,f-";.

A large suspension of cells [ ZDD mg/cm dry weight) was infectedV'w

with a epore euspension and incubated at 25 C in an orbit-l shaker.;

The effects on the cells were examined microscopically and production

;;of enzymes was again tested. Fresh cell suspension was also treated

Efwith the enzymic extract.?;r3?F

B .f-Se.ﬂ_oc_o‘crgs- g

""---ﬂf'.Pr‘erJaration cn° Antisera N

Aotively growing celle‘were narvested and washed.in.saliner;.

- The mycelia:were ncmogenised in a blender and.the spores adjusted

- to'containi108 spore/cma.f Tniomersalate-[,D,D4(%‘wfv]'was used.as:_'
_?a:prEServative;“=Tbeseieuspensions;wersfdilutedland.usedjae_the”

L'iantiéans;%arfinjEction sterting witn:tneilowestidilution up.to tbe'; e
.bondiluted”euepensicc. Following the regime of injection,_icm?-:tl"“}

' ; from each series of suspensian was injected into the ear 1obe of

.{”ia rabbit at "ﬁ[interval of 7 deys. The reglme wae CompletEd by 1nj80ting
'Wwith 1cm3 of 1ive euspension.; The rabbits were bled after 7 daye and
-ﬁiilthe eerum collected in bottles containing thiomerealate- Ng;rupsy_t;a?fi727;?h

B

”3*“was then perfcrmed on. the rabbits. ;e“" o

.I,?Antigen Preparation~'-

:ejf The cell suspens1ons were prepared as fcr injection but were

shaken in 0.2m pyridine acetic acid bu-F-Fer t pH 5. Q) 'For 48 h

's;ifroom temperature..;




(1 13

The technique of Ouchtarlony 7 was used. wglls, 4mm in

. dianeter, were cut on: the plates Smm apart and filled with 0, 2crn3 t

"u..:_.'_fluid.,,_ The plates were incubated at 37 c for 15 h“ An ‘extract of

"iffStaphylucoccus aureus and saline wsre included as controlswr

Antigenic Components

;Zﬂycelia and spores suspensicns were treated with the enzymes,

C'cellulase. pronase,uiL -amylase. separately and sequentially for

‘h“fij24:§1' at 37 C., Tha extracts from these traatments were used as '@f3"

'Lﬂ?;ijffifantigsns in the diffusion plates.}"'”:”:
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|CHAPTER- FI

ffRESULTS'Rh’”

';ETHE GROWTH AND CULTURAL CHARACTERISTICS OF _C. coRTICALE—-H7,fff*:"“"

’;,;The growth on all the growth nedia Usso was compared [Fig So:b]

Strainr ASD, produced very light faint and mainly mycelial growth

on)CMA and CDA y Dn NA YEA and BHIA, growth was thick and slow.-u

;”Growth on PDA MEA and GYEM was similar; faet and sparse mycelia‘W_ryr"; :

';fwere produced with floccose hyphae and a 1arge numher oF epores

-TfJ{Plate 1] and on’ SAB and wA growth wes, also fast and floccosa.:;»;;;;_fj e

TUE?The mycelium was thicker with extensive stroma and spores were
.f:Uprcduced abundantly (Plate 2]. U:.. -

i_The cther strains also produced better growth on 5AB. SAE'was,"
:;Utherefore, made the medium of choice for future experiments [Fig 5]

f‘THE CULTURAL FEATURES DN SAB AT 25°C

i::ASD., This strain produced a fast growth under optimum oonditions
T;'oovering a Qcm diameter plate in 4 days. The colony started quite f_'_U_::;
't*zgfloccose and radiel on the periphery with a powdery [spores] centre .“

rij'and a whitish mat 1ike etructure, the Stroma covering the hase of

ffthe mycelium.‘ The spores were white at first and progressiVely turnedl":*{

derk green.( Thus, giving the colony its characteristic appearanoe

ifia thick greenish central spcre zone in the centre with a buff
QA}choured Floccose and peripheral growth having moderately long hyphas.iii“rt"‘
'-UUTTNo pigment was produced. This eppearence, however, differs from that UiUi]hru
'TQSeen on infected sycamores, where it has a dark brown colour.:ﬁuir':“:”-
Under the microscope, the mycelium consisted cf septate hyphae which
-:f'were hyaline when ycung end darkly stained when old., Conidiogenous |
.:fcells O phialides) either grew directly from the hyphae or were
r;ftiproduoed at’ the apex of short lateral conidiophores singly or in’ Ei

':clusters._ The conidia were endogenous with hyaline walls and typically _
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‘-;:;fQ:Piéféﬂd.«:- Cultural plate showing a. colony of strain, e
Tat e e ASD,aon PDA incubated for_4 days at 25 C.:f

3 Platé"z;;__- Cultural plate showing a culnny cf A30 an’
I SAB incubated For 4 days at 25 C

. Plate 3, - Light micrograph of A30 grown on, SAB for . o
ol R oo 4 days at 257 °c. ‘Septate hyphae’ and’ phialides,jf"_ﬂ--* o
“ borne- singly are present x 400 : S
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ovoid shape but could be globose owing to external pressure. They
were amerosporous and glabrous; produced singly, in clusters
or in chains and varied in size; the smallest measuring ( on the
average) 2.5 x 4p and the largest 4.5 x BH ( Plate 3 ) .
A31: This grew slowly attaining only a maximum of 3 cm in diameter
in a 7 day period under optimum conditians. The organism grew into
a thick whitish and slightly floccose colony with a characteristic
elevation at the centre. A depression occurred around the agar
which was an indication of the thickness of the colony. The organism
neither sporulated readily nor produced pigment. However, the
reverse surface was darkly coloured, (Plate 4).
The mycelium consisted of septate hyphae. There was an absence
of conidia but abundant hyphal swellings ( Plate 5).
A32: This grew moderately fast covering the dish ( 9 cm) in 7 days.
The fungus produced a small whitish floccose colony in 2 days.
This developed into a thick and fairly granular form with an
extensive stroma and a central dark coloured zone. On prolonged
incubation the colony turned brown but there was no diffusible pigment
(Plate B). -
The microscopic appearance was similar to A30 but no spores were

formed. This strain sporulated only when grown with small fragments

of sycamore twigs in the medium(C.W.T. Young - personal ccmmunicatiéﬁ BERES

A33: This strain, like A31, also grew slowly covering only ‘2.8 cm in

diameter in 7 days under optimum conditions. It developed a thick, fairly
hard and elevated colony accompanied by a depression in the medium.

There was a small peripheral growth that was hardly floccose.

The colony had a characteristic buff colour with its elevation crumbling
into crusty forms. Spores were produced readily but the number was

low (Plate 8).
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Plate- 4.

Plate 5.

Cultural plate showing a colony of strain
A31 on SAB after 7 days incubation at 25°¢C

Light micrograph of A31 from gAB culture
after 7 days incubation at 25C. Septate
hyphae and hyphal swellings are present.

x 400
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Plate B. - Cultural plate showing a colony of straig
A32 on SAB after 7 days incubation at 25°C.

Plate 7. - Light micrograph of A32 from SAB culture
after 7 days incubation at 259C. The hyphae
are septate. x 400.
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Plate 8.

-Plate 9.

Cultural plate showing a colony of strain
A33 on SAB after 7 days incubation at 25°¢.

Light micrograph of A33 from SAB culture
after 7 days incubation at ZSDC. The hyphae

are septate with swellings and few conidia are
present. x 400.
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On microscopic examination this strain was similar in appearance
to A31 but there were spores present. The average dimension of the
spores was 4 X BF and were usually fusoid (Plate 8). Other factors
such as temperature, pH, carbon dioxide and osmotic pressure affecting
growth, germination ana sporulation are presented in Figs 7 to 15.

THE EFFECT OF LIGHT ON GROWTH, SPORULATION AND ZONATION :

The growth was not significantly affected by light but on
sporulation, a varied effect was obtained (Table 1). Continuocus
light had no zoning effect neither did continuous darkness (Plate 10).
The best defined zonation was obtained from treatment in alternate
'light and darkness and then fluctuation in temperature (Plate 11 and 12)a
Alteration of nitrogen sources and their concentrations had
no zoning effect. However, with carbon sources, zones were produced.
Concentration of glucose up to 4% (w/v) produced distinct zones but
above this concentration, the zones became diffused (Plate 13).
Growth from the different zones, was used in a repeat experiment and

similar results were achieved.

THE EFFECT OF SODIUM CHLORIDE ON GROWTH:

A30 grew in the presence of sodium chleride up to 2% (w/v]) concen-
tration. After 14 days incubation a scanty growth was observed at 4% (w/v)
concentration.

The other strains grew well up to 1% and produced poor growth on 2%
after 14 days (Table 2). i
NUTRITion *

The strains were examined for their ability to utilize various
soﬁrces of carbon for growth and also the effect these sources had on
sporulation and germination. (Tables 3 and 4). The rate of utilization
was followed over a period of 12 days at an interval of 3 days. This was
to allow for adaeptation of the strain to the substrate in DPdéP to obviate
false utilizatinn[183}. Residual sugars were determined after incubation
to give an indication of efficient utilization of each source. This is
also necessary as it is possible for growth to occur without a good

utilization nf the chiirre
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TABLE: 1

EFFECT OF LIGHT ON SPORULATION AT 25°C

ON DEFINED MEDIUM

TREATMENT

CONTINUGUS LIGHT

CONTINUQUS DARKNESS

ALTERNATE LIGHT AND OARKNESS

spores X 108/cm®

40.1 + 1.5
160.5 + 2.3
178.8 + 17

EACH VALUE IS A MEAN OF B REPLICATES.

STANDARD ERRORS ARE SHOWN.
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TABLE: 2

EFFECT OF SODIUM CHLORIDE ON GROWTH
AT 25°C ON SAB

SODIUM CHLORIDE CONCENTRATION ( % w/v)
STRAINS 0 0.5 1.0 2.0 4.0 8.0 16.0
A30 + + + + :° - »
A31 + + + :.0 = o -
A32 + + + e " P _
A33 + ¥ + » % = . -

6 REPLICATES WERE CARRIED OUT

KEY:
+4 Good growth

| +

Scanty growth
=3 No growth

< 14 days incubatiaon
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TABLE: 3 THE UTILIZATION OF CARBON SOURCES.

ARBON | DAYS OF A0 A31 A32 A33
OURCES | INCUB- [DRY FINAL | RESIOUAL | ORY FINAL | RESIDUAL | ORY FINAL | RESIDUAL ORY FINAL | RESIOL
ATION | WEIGHT oH |SUGARS | WEIGHT | pH | SUGARS | WEIGHT | pH SUGARS | WEIGHT |pH SUGARS
(me] (3)* (mg) (%) (mg) (%) (mg) (%)
(1.5) (1.2) (1.2) (1.11 |
3 121.7 8.5 33.4 .5 81.7 6.8 55.7 §.8
1.1) (1.5) (1.2) (1.1
(s 145 4 8.3 50. 8 6.5 112.4 5.0 7.9 6.5
GLU-
COSE (1.2) (1.4) (1.2) (1.5)
3 146.1 8.3 107.4 6.0 117.4 5.0 118.3 5.0
[ (1.5) {1.5) (1.1 (1.4) |
12 100.8 B.3 1 110.2 6.0 5.0 80.0 8.7 3.0 [|115.3 5.0 5.3
2.0) 1. 1, 1.6
3 583 6.8 013 5.0 4837 7.0 36480 5.5
. 1. . K
GALAC- 5 a03?| 5.8 a3 ;.0 §13°7) .5 aa'd " ls.2
TosE (1.7) (1.2) (1.7) (1.0
g 100.8 BB 52.8 6.8 §2.0 Eis 54.4 6.0
(1.3) (1.2) ; (1.2) (1.2)
12 70.5 6.5 40 57.0 6.8 | 50.1 54.4 6.5 | as.2 57.4 6.0 52.1
1.1 1.2 1.3 (1.7)
3 708 6.8 '3 5.8 82083 5.8 47.1 6.8
(1.0) 1.5 (1.1 1.5)
- B 100.2 6.6 8033 5.8 1053 5.8 §5.4 6.8
JOSE 1.1) 1.5 1.2 (1.2)
) 12009 8.5 018 | 6.2 110532 6.1 115.7 8.2
(1:2) (1.5) (z.0) (1.3)
12 38.2 6.5 | 10.5 ]103.4 5.2 | 20. 8 0.5 §.0 | 12.1  [11a.5 g.2 23.0
(1.3) (1.7) (1.2) : (1.4)
3 ] 6.5 40.4 7.0 66.2 6.7 43.5 5.8
(1.5) (§.0) (2.5) (1.7)
- 5 104.2 6.4 55.9 5.8 88.8 6.7 55,7 8.6
rose g 118582 5.4 5039 | 6.5 100%'%) 5.2 003 (6.4
(1.5) {2.0) § (1.1) (2.5)
12 92.5 6.3 | 10.1 31.3 5.6 | 17.5 75,5 6.0 | 14.7 87.9 6.0 15.2
11.7) (1.1) (1.7) (2.5)
3 55.8 6.8 25.7 7.0 38.5 7.0 20,1 7.0
(1.8) (1.1) (1.9) (2.1]
—— K 110.5 5.8 50.9 7.0 0.3 5.8 50.8 7.0
3 (2.0) 2 2 2,
g 120:2°%| 6.4 - Gl P 89'3°%)| 5.4 7082 6.5
21 (1.2) : .3
12 1281 6.4 20.3 | so.8 g4 | 22 08 5.0 | 22,3 0293 ls.3 30.1
1. 1,2 ; 2.0
3 56t 1| s.a 2732 7.0 2389 5.0 0% 7.0
(1.5) (1.3) (2.5) 1.1
S L 112;1 : 5.8 5313 ) 7.0 73Ea = 8.7 55,5 7.0
1.7 1.4 g A
] 125.5 6.5 72.6 8.5 958 8,3 738 g8
(1.7) 1.1) (2.3) 2.1
12 120.6 6.4 14,5 | 82.8 6.5 | 20.2 0.4 6.2 | 18.2 80.89 §.1 20.8
= . A 2.2
3 11238 56 03" ss 673" 6.7 5032 5.7
1) 1 2.0}
§ 1253:5)| 5.5 503 8.5 10121 6.4 555 8.5
iLUCOSE 1.2 (1.1 (1.5 2.0
x g 12502 5.4 112.4 6.4 108" 5.0 113%'? |6.0
; 1.5 1.5 1.7 1.7
PEAGTREE | o 1009 s 5.2 (10587 | 5.3 | 20.9 108587 6.0 | 159 11087 [s.0 20.4
1.3 1.4) 1.6) 1.8
3 11233 5.8 a2l 6.5 a3l 6.7 5038 |s.5
(1.2} (1.5) (1.8) (1.4)
LUCOSE | & 149,5 5.4 70.5 6.4 120.7 6.3 50.2 6.6
+ (1.2) (1.1} 1.9) .0)
Bigrose | 8 150,2 8.3 115,2 §.0 127.5 6.3 100'3 6.0
1.2) 1.1 2.0) :
12 1203 6.3 0.1 Jens | s 18.1 | 12089 6.0 1.7 100" [s.0 17.5

The Table shows the rate of Utilization, Final pH and Residual Sugars.
Each value is a mean of 6 replicates. Standard errors are shown in brackets.

*Percentage of original concentration.




TABLE: 4

EFFECT OF CARBON SOURCES ON SPORULATION

AND GERMINATION. A30 USED.

COMPOUNDS SPORES X 1DB/Cm3 GERMINATION (%)
GLUCOSE 180 + 2.5 100
GALACTOSE o & 1l 50

SUCROSE 160 + 2.2 80

LACTOSE 100 + 1.5 70

MEDIUM WITHOUT 3.6 % 2.0 NIL

CARBON SOURCE

EACH VALUE IS A MEAN OF 6 REPLICATES.

STANDARD ERROR SHOWN.
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Plate 10.

Plate 11.

Effect of continuous light on zonation.
A30 on SAB after 7 days incubation.

Zonation in alternate light and darkness

( 3 hin light and 21 h in darkness).

A30 on SAB after 7 days incubation showing
concentric zones of spores.
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Plate 12.

Plate 13.

Zonation
7 days.
defined.

Zonation:
above 4%.

on window ledge. A30 on SAB after
Zones were formed but not clearly

gffect of glucose concentration
No well defined zone.
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The utilization of nitrogen sources and the effect of their
concentration on growth were also investigated ( Fig 16) along
with the effect of these sources on sporulation and germination
(Table 5). Again the residual nitrogen was determined (Table B).

The experiment on vitamin requirement showed that A30 required
no vitamins whilst the other strains needed either biotin or ascorbic
acid for better growth (Table 7).

The results on hydrolysis of organic compounds and their
utilization as sole carbon and energy sources are presented in
Tables 8-10.

THE PROTEIN PROFILE AND ZYMOGRAM:

Electrophoretic patterns of distinct protein fractions were
obtained from all four strains. Fig 17 shows the densitometer
tracing of the patterns. These patterns were found to be reproducible
and identical. The growth medium was examined electrophoretically
Pnd this gave no protein bands,

In order to locate and designate the position of the pesaks,
the running distance of each peak was measured relative to the
tracker dye. A similarity chart ( Fig 18) was then drawn. Fractions
with mobilities within the Rf range of 0.01 were considered homologous,
unless there was a very distinct peak. Esterése and amidase zymograms
are presented in Fig 19.

MICROSCOPICAL STUDIES:

The scanning electron microscopy (Plate 14) confirmed the
glabrous nature and ovoid shape of the spores. Wall collapse is
evident which could be due to either the Fixatiﬁn process or to the
vacuum evaporation during drying. Attempts to eliminate it failed.
The hyphal swellings seen in the light microscopy of A31 and A33
showed quite distinctly (Plates %8 and 17). The hyphae were apparently
separated into shorter fragments and extra cellular material may be
present. Figs 15 and 18 show the mycelial growth of A30 and A32.

Emerging conidia with short conidiophores can be seen ( Plate 17).



o UTABLE: 5

€FRECT OF NITROGEN SOLRCES OF SPORULATION.

| Potassun nrvrare |

AMMONIUM NITRATE | 1700% 2.0 | . o8
| AsPARaGINE. | . 180+ 1.4 | 100
oaemnme- . | a7se s .| a0

|+ :::I

MEDIUM WITHOUT . | . 6.5
'NITROGEN SQURCE =~ | -

e VAL TS A tER OF © REPLIGNES.




" TABLE: 6 SHOWING RESIDUAL NITROGEN AT.OIFFERENT LEVELS WITH

FINAL pH READINGS.

i NITROGEN | SUPPLY = ° A0 = s A3 AS2: - A3
“SOURCE -~ LEVEL . ) ; T — — — - - - - .
: | g/l | RESIDUAL | FINAL pH [RESIDUAL FINAL pH | RESIDUAL | FINAL pH | RESIOUAL [FINAL pH
St TUE N2 %)t ST N e Ng&Y S N ) T
N Rl I Y SRS K SN Y- - P Sl I Y D G Y-V A Y R 01 PR P 4.5(2.1) ] 6.8
:|POTASSIUM | 0.4 " = | 2.2:(1.71].- 6.5 4,2 {22007 6.5 . - [4.8 (1.2) .8 4.§(2.2) | 6.8
- NITRATgfi g.87" 2,0 (1,531 6.5 7.5 | a.8-02,00-].0 8.5 7 ]10.2(1.5) 8 7.701.5) |0 8.5
S 18- 8,0 (1.1)] : 8.5 2111041 (2.5) 6.5 [10.7(4.9) L5 T 11,2 (2.0) |- 8.5
e 0.2 S3.2] 70 4.5 (2.5] | 8.8 4.701.4) | 6.8 7 .| 4.5 (1.7)| 6.8
- |soorum o | 0.4 3.2 (1.7 7,200 4,7 (1.5) 6.8 4.9(1,3) | 7.0 4.8 {1:2) 6.8
NITRITE = g5 10,1 (1.9 7.2 1.2 (1.7) 7.3 7.1(1.2) 7.2 8.1(1.3) | 7.0
1.6 15.2 (1.3)| 7.5 - [15.5 (1,21 | 7.5 13.201.1) | 7.2 15,7 £1.4) | 7.0
B0t 0.2 3.1 (2.1)) 5.5 4.1:(1.3) 5.3 3.704:7) | .B.2 0 4,7 (1.8) | .6.0
- |AMMaNTUN 0.4 3.5 (2.2)] 4.5 4.4 (1.4) | -4,3 4.501.5) 5.5 5.9 (1:2) | 4.3
SULPHATE 0.8 10.2 (1.7)] 4.0 8,2 (1.5) | 4.0 4.9(1.4) 4.0 10.1 €1.3)] 4.0
1.6 15.2 €1.5)| 3.5 15.7 (1.5) | 4.0 8.511.5) 4,0 12,2 (1.7 ] 4.0
o 0.2 2.3 (1.2)] 6.3 3.5 (1.1] 5.0 3.8(1.7) 3.3 (1.58) | 6.5
AMMONIUM 0.4 2.5 (1.1}} 4.0 4.0 (1.1) 8.0 4.301.8) .39 {1.9}] 6.0
NITRATE
A 0.8 7.1 (1.2)] 3.5 4.3 (1.0) 4,0 8.2(1,31 . 7.3 (1.8} | 5.5
1.6 10.2 {1,7]] 3.5 10.1 (2.01°| 4.0 11.101.5) . 9.2 (1.3) | 4.5
0.2 2.4 (2.9)] 6.8 3.1 (1.5) 6.8 3.3{2.0) 8.8 3.4 {1.4)] 8.8
ARGININE 0.4 2,7 {200 7.0 3.5 (1.7) | - 6.8 3.702.1} | 6.8 ~3,9 (1,0)| 6.8
0.8 s 5.0 2.0)] 7.0 2.2 (1.5) 7.5 B.8(1.1) 7.0 7.1 ¢1.8) [ . 7.0
1.8 7.0 (1,51 7.5 8.1 (1.8} 7.5 10.1(1.5} | 7.5 10.5 (1.4) 7.5
o I in.2 S 1.2 (1.13] - 7.0 2.1 (1.9) | . 6.8 '2.71{1.5) 2.4 (1.2) |- B.8
* |ASPARAGINE | 0.4 2.0 (1,3) 7.0 - ‘2.4:02.0) | - B.8 12.501.2] 2.7 {1, 1)} 8.8
AT ] 0. 3.5 (L2)]~ 7.5 - ]72.9 (2.1 | 7.0, 5.501.3) . 5.8 (1.1 |7 7.0
1,6 - oo [ 1402 €11 8.0 12,4 (2.3) 7.0 10,70(1,8) | - 7. 1.2 (1.2 | - 7.0
\ 40.5 (1.41] 6.8 1%0.57(2.4) |- 6.8 |50.2(2.0) 7.0 5007 (1s2) | 6.8
| 80,5 (1.5)} 6.8 " 50.9 (2.1] <BaB | 80,8200 F 7.0 T - | BLSTY | T Ble T
§5.5 {1.8)] B.8-- }70.0 €20} | - 7.0- 70.9(2.0} |7 7.2 73.5 (1.5){ 7.0
1.8, - 70,8 (2.0} 7.0 80,5 (2.1} 7.3. --.|75.801,5) | - 7.5 - [80.9 (1.2} - 7.0
el 4,2 50.5 £1.1)] 6.8 40.2 (1.7 6.8 " . [40.5(1.11 | 6.8 45.2 (1.4) 6.8
veThronTe | 054 40,9 (1.01{ 6.8 50.5 (1.1] 5.8 50,2(1.7) . | 7.0 £2.5 {1.3) | 6.8
o 0.8 50.1 (1.4)| 6.8 56.5 (1.2). 6.8 54,2(1.8) . .0 58,9 {(1.7)§ 7.0
AAAAAAA FH-E B5.5 (1.11|" 7.0 . 70.5 (1.3) 7.2 87.7{2.0)- . 70,2 (1.5) | 7.0
N . 1.5 (1.7 | 7.2 |20 | - 70 1.701.71 | 7.0 1.9°(2.1) | " 7.0
durea -] 0.4 1.7 0,0 | 7.2 2.2 (1.7 | 7.8 2.001.6) . 2.0 (1,51 ] 7.0
R I s Y. 80.5 (1.1) | ‘8.5 2.5 (1.5) | 7.8 50.22(1.5) | - B.S ~2.4 (1.2)1 - B.B
1.6 79.7 (1.7) | 9.5 B.0 (1.5) 8.5 - -|70.3 (2,5)] 8.0 B5.1 (2.5} 9.5

*Parcentage of aoriginal cencentrations

- Each value 18 the mean of 3 rsplicates. Standard errors are in brackets.
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+ . 1.5( 140.8 +.2.0

170.5

130.7 + 1.0

185.7

1+

7

)+ ;___;

145.2.

1.z

T

REDUCING SUGARS . .

*.kmg/CmS)

0.5 v 13|

|+ .

+1.2( 14,5+ 1.0

133.9:

|+._?

1.7

"137.9 + 1.9

ARd

125,7

-

[+

“ 2.0

132.8° % 11|

b " STANDARD ERRORS ARE SHOWN. -

{ VALUES ARE MEAN OF 3 REPLICATES.
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| TABLE: 'm"__'- . UTILIZATION OF ORGANIC COMPOUNDS AS SOLE CARBON AND ENERGY SOURCES.

DRGANIC cumpuumns L) s .- _STRAINS

BENERAL NAYE - - SINGLE COMPOUNDS ‘-_3 CA30C e | A3t | Aszeo ol oAg3l

OXALATE = | o+ @7 e @ @

DICARBOXYLIC ACIDS =% | 0  MALONATE: |

L e T S RN R RPN

FUMARATE: .~ |+ {5 we ) we T ) NG

CHYOROXY ACIOS .~ »= | CITRATE ~ - | e T | e @y @y
0.1 W) T — - —T
S e AeTATE e T L e e @

0.4% WA - - \ . _ —
S = - PROPIONATE - R .0 SR ®.

PHENGL - (0. 1%) NG ? NG 7 NG 7 NG ?

PHENOL (0.05%) L NG 2 NG ? NG 7

PHENOL (0.025%) |  +®2 |2 NG ? NG ? NG ?

. DERIVATIVES' -

| M-CRESOL ( 0.025%) |+ 72 NG ? | NG ? NG 2

P-CRESOL ( 0.05%) + 0 - NG. 7 NG ? NG ?

&
e
PHENOL AND ° ° 1 g ceeey (o.05%) .| +®: | me? N7 | NP
_ . N -
D
]

phcresoL (0.025%) [ +®2 | wer. | w7 | NG?

|- ketoacin o COPYRWATE .| e ® b e T e B e
!:_:' ZIQ_P ’V] . . - C L . . i . L .

©. MANDELIC ACID.. .- | +®™ . | NG = | NG . | -1.NG.

,,"ARGMATI"C’ R CUUACETAMIOE 0 | e an | e Mo El
- _-‘"'CDMPDUNDS - :3-; I T I e R e |
10,1y w/vJ Coup T BENZAMIDES .ot feeedeiond P oNGLD o fa CNG T L NG

BENZOATE . | e e e e

CCATECHOU - - e ®ap | e Mee |0 e®ep | eBee |

“poLverenoLzes 0 | GALIcActo |0 +% e | eMee | Mep | 4®pp

A T | o Tawic AcIo (| L+ BP. U]l .NG.BP | NG, BP.| - - NG, BP

“KEY: - --Growth with colour change ( Green to E!lue]
' Scanty grawth ‘ S
Ne growth . L
"Positive within' 3 days
Positive within 6 days. -
Positive within 7 days
Positive within 9 days
- Positive within 12 days
Positive within 14 days:
Medium turned vellow
Brown pigment
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0
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E EFIG 19 SCHEMATIC REPRESENTATION
o;: ZYMOGRAMS

ABJ A32 A33-'ﬁ7',;§"‘;: };{_

L _ | ' _
(@ GELS TREATED WITH oGNAPHTHYL ACETATE FOR (37%
| ESTERASE ACTIVITY | T

i‘@ . | GES TREATED WITH L- LelerL B----
i NAPHTHYLAMIDE HeL . L e A




””fplate 15,

’:_‘SEM of spores of ASD cultured on: SAB
= Naote- glabrﬂus nature. of. spore surfaGBJ
and wall collapse.‘ X 10,000

smnoth."x 5, 000.,;_1.n~;.ﬁ

SEN D'F mycelium g-{-‘ ASO Cl-lltured in: SAB.
LiQuid medium. " The hyphal walls are fairly s







".Lf;: P1été:4S;f?;:H SEM‘EfThQEeiium of A31 cultures in SAB. .~ .
i, e rHyphal swellings and conidium borne on short-g ;_:
canidiophore are present.f b3 5 DDU -

‘Plate 17, ..~ SEM of mycelium of A33 cultured in - N
- . 7 . SAB. also'showing hyphal swellings. x:35,000. '

© Plate 8. - sEMof mYCelium of A32-grown in sAB showing B
RSN regular hranching with no special featuFe-‘:J_iTx o
e 5,000. S N







ﬂ?Transmieaicn Electrcn Micrcecdpy
Plate 19 shows the typical appearance df a resting fungal

'spcre.‘ The nucleus wae well detined and surrounded by a wall

i?_marked endcplaemic reticulum., Mitcchcndria with their regular ;;;ivf~

°V°id shape and,:cntcur were present.{ The abeence cf 1arge vacucles'f*

_,and relatively small numblrfcf vacuoles was characteristic cf lcw
__metabclic activity at this stage-tl, f?;i;ﬁl7;:§g£;;}lil:iriﬁﬁijii¢;";”
During the process cf germinaticn‘the sporea”were sucllen“
't-‘u?{;;with the walls becoming thicker.. Thia ‘can be seen in Plate Zumh"i:'F

Wi:iffThe increased metabolic activity, at this atage was characterised

?by the-presence of mcre and larger vacucles, more mitcchcndria with
: enlarged and'irregular shapee. The plaemalemna': is fclded in
"fupcn itself, prcbably the start of plasmalemmascmes. Lcmascmes
'~'can alsc be-eeen.‘ These atructures did nct develcp frcm any particular -
'sites but were randcmly situated.i The germ tube appeared to criginate:ji*a‘r'
.'l“ffrcm the inner well ¢ Plate 21].
-'.fThe hyphae are characterised by the ccncentraticn of/metabclic _1

”ﬂ—:activity at the tip, where the endoplasmic reticulum, cytcplasmic

.,ﬁééicleei and mitcchcndria are well defined and the plasmalemma ;ffﬁg..;,,,,;.,

,care thruwn intc aeries cf invaginaticns [Flate 23).7 A clcse assaciaticn-;ic:il
seemed tc EXiSt amcngst the endcplaemic reticulum, plasmalemma and T
;imitGChQndria ¢ Plate 24] - The hyphal wall may he a 3 layared etructure ff?féﬁ
-;;(Plate 25) . althcugh the demarcaticn ia nct QUite distinct. The:;;_ jf,"3""

";leeparation of hyphae intc cells hy the fcrmaticn of eepta cccurs in the';';;f-

'?‘jmature hyphae with a central disc like pore remaining [Plate 251
I Lcmasomes, as well as’ myelin like atructurae were seen in’ the hyphae o

:_'-ueing the twc Fixing techniques ( Plates 20 26 and 27]




.;,._.;;'a_'i'at'e.,;'1“e‘. S- o TEM ‘section of A33 grown in SAB:showing the
SRS usual featurss of.a.fungal: cellys Fixation i
X 45 DDD-: Q—E.Stc_.n-s Spvv'z

.. :Plate 20.. - TEM section o-F A31 cultures :I.n SAB.
o -..-ff.{jsThs wall is greatly increased; the: - SI
3 ':'plasmalemma can be seen folded on itself.:
;- Lomasomes: are also. present. ‘Fixation by
~ .- 0g04 '+~ x-35,000.

Ppe,.._ 52—"MWG+L°"I SPOP& ‘







:;-f-”Piet'e"_zz.'._,_. “A30; TEM of o germinating epors with an elongated
S L germ tube._ Fixation by 0504. X 32 DGU SRR







gA331 TEM of a. longitudinal section of hyphal?
“tip with numerous cytoplasmic vesicles, -
+“mitochondria and endoplasmic’ reticulum. i
3f08 04 fixad. X 75 0oogs‘r,

Plate 24.{_ A32 TEM of a longitudinal section oF hypha1~“’3

'E~,3%05 04 fixed. x 70,000

S tip showing close association of endoplasmicgﬁTji#a:{
qudi,reticulum, mitochondria and the: plasmalemma..f-iﬂ'







A30; TEM section ;_showing septa with a-dilsc-1like

pare.. A develuping lomasome ‘can be seen. The
o wall is’ posaibly 3 layered Fixation_by_0504;i
"-x 40, noo.c-—--,. e e T

© Plarez6. < A33; TEM saction showing lomasomss and Lightly . .
Ll T ,{stained;cell;Wa;liﬁ_Kﬂn O4—fixed.;'x'323000; U







. A3250 TEM sectioo showing myelin—type structura,
e cytoplasmic whorl 0404 fixed "x 150 DDD :

Plate 28. ;1 - ASU TEM secticn showing a highly convoluted
: ‘ : structure. Kﬂn 04 fixed., x 50 DDD.;.; *li;:,\f
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.ﬁfAMINo acID’ ANALsts.q‘_

Table 12 presents ‘a quantitative result of the aminc acids .

7e.”pbtained from the straina. Similar results were achieved with paper

-i€=chromatography.5¥A11 amino acids wers present except tryptophan,fﬁrr'””'”

,'which is always cempletely destroyed on acid hydrolysis and hydroxyline.;*

.methipnine was absent iﬁfstrains AQU and A31 but it was

{deteoted by the paper chromatcgraphy.” Methionine is Known to cxidise

“'””:during hydrolysis.: This can he minimised under anaerobic condition,”};?[“jf‘lj

”1"which was applied during the hydrolysis tor the paper chrometography.—J_s]7flf

ffCARBOHYDRATE CONTENT:

Initial laok of gpqd separation of the sugars on . thin layer
'~chromatography [TLCl led to the use of several systems. The TLC-
.'“fresult is presented in Table 13’ and this was confirned by the gas liquid

5dchromatcgraphy ( See Appendix)

"f{}*AnIND SUGARS | ”
| These were detected by paper chromatography and estimated (Table 113.
‘azf-cHITlv-; f“;.'"“ R T - e DR ' :

Applegartwt17_1 method was applied to detect chitin.. It alsp R

5indicated the absence of chitosan. The quantity Was determined by the _L'fiﬂqx

_fractionation method of Nahadevan and Tatumt171]

Jf—The main cell wall components are presented in Table 11., PR

’,ENZYMIC TREATMENT.-e.

Treated cells werevexaminedxunder the‘electron microscnpe(Eﬂl <
di‘by the shadow caeting technique. f-*Affrr R ‘ |
' ';d;Tha controls (Plates 29 32] presented granolarrsurfaces with amorphous
J'?e:appearance. Cellulase and chitinase treatments were quite cdmparable A
.7jrto the controls [Plate 33]. Pronase treatment, after 46 h
f'incubation. affected cells slightly but a prolcnged treatment showed

_'some microfibrillar structures (Plate 34] _The snail juice treatment o




. FROM THE TEST STRAINS.

~'PRINCIPAL COMPONENTS OF CELL WALL PREPARATIONS = . .

_COMPONENTS - " A0 "~ .0 | A31

b Ass

| ToTAL CaReOHY= | ‘e0.:

1. DRATES <.

| PROTEIN (HARTREED| "

PROTEIN. (AMINO
ACID ANALYSER)

© LIPID, FREE

© LIPID, BOUND
. GALACTOSAMINE
 GLUCOSAMINE | 1.8

S T

6.3
RN
2.0

B

6.3

1.
RN

N

m._z,} S

: 9_.8'5 |

11
I A

8.7

1.3

T L TY- R |

o

B




Si1090

tANINO ACID CDNPDSITIDN OF CELL NALLS.

'"ffEXPRESSED AS g /100g SAMPLE

e e T T e T

.<;AMINchiQ;“ A |TAs Az Tl Al

A ASPARTIC Acznﬁf5;_fjﬁb7580jf'f":3j;a’190jjﬁg;  “'.sa | e.3000 |

THREDNINE '

e s SERINE 3f;ﬁ??tf; ¥;f0 135ff“f;} }'{0 2207? ?f; 2¥:dia%afffii;.f;a?ééa?ffﬁ;;?f
ES GLUTAMIC ACID}TLi-ﬁ’"0.140f”' : ?.fo.jgg: ’];  ?'-0;7103'1¥i_._ 1;Dédrl"

PROLINE -~ | cg.130 - | o2 | 0.240 .  hﬁ,35g

: ALANINEf ?"f7.'5 | Q'dsﬂ'l:'.".;ﬂ.1so.:'_ | so. 590“:_'*: 0.0
CYSTINE#;: 5 ? i; 11 °;°45 .lf"'”,'0sd4df  f { 0 0. 080 | d;jodi?‘

| VALINE 1”& T ‘£ff  2:¢;143' ol oese | . s0 | c.2s0

FETHIONINE f.t."ilsd.dDQt; i:.Lj 6;ﬁg0':f1_ ; _D,ani > ;'63015 Sy

L.iii,ISOLEUCINE ;':f  ?i50103d  ;if,-if7D 180 i::ﬁ;égd;f:;‘..lig hag"

Jiii LEUCINE ’tuff?3.';ﬂdlizef{_ 3,;5€ﬁ0 250 ;1fif i;;§14§5?;155-§;70 170.;l'ff}ﬁ

3TYRDSINE B B - R fﬁ;o 1505;“‘ “ {:;n.é&o;i.;ﬂ,,ﬁ=q.14ofﬁi?svr-

.'PHENYLALANINE’%'i Effg;i1qtff:?'j:;f0 1soffj[j; 0810 | 0.1807 7

f;jHISTIDINE :;?-f”iié éyofiitg ,;”53 120f$ﬂ:;; f*i5f4ad;:J ;ﬂlfl4f4601;7i;u;‘

LYsmE f;--g”o oso | 0.150 7 '0 250; _77“ 0.080 .

""5“;”AMM0NIA 77?  e 250_”5][“: _10 37U;*;: 1o 310-‘[13 Up.290

;ARGININE Sl 0,040 '“-0,173 o f_'“?o,24n'n-f”‘\- 0.080




Cmeeias

o TOTAL suGAR covtenT.

. PERCENTAGE OF NEUTRAL' SUBARS TO . -~ . .\ = = -

T Am

Caszo |

| saacrose
MANNOSE

RHAMNOSE

B R PIE I
23.00 -

13,8

o1

10,2

’JZf:i%;f};éi_f

3

T

5.0

7.7

8.5




7 plates. 29 and'30. . - S
: ... CA3D-and A31 in buffer. Note the amorphous

Shadow cast preparations of strains -

nature af walls.
A30 x 20,000.

' A31 x 25,000,




By e e
S

LA A;"J.; :




. Plate 31 and 32.

'A33 x 20,000+

‘Shadow-cast preparations of strains .
- A32 and A33 in buffer.. Note the amorphcqs T

nature of the walls.
A32 x 25,000, -

.







}ASD Shadowed section of chitinaee treeted
walle.; Note 1ittle change of appearance. '
x 25 000.__jf j3 S Rt L

ffﬁxﬁléteﬂ34.:f3%e§A30; shadowed eecticn of cell treated with e
... ow.- . .. pronass for 72hi “Note surface. distortion and(_gfﬂaﬁf
ﬁ bstil1 masked microfibrils.;_x 25, 000.__'- SR
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L1180

reégggéa”’*éﬁ}bhgféaegéfi5ﬁ“c811éftpjgfgi35) All strains developed
L e eeries of. ddtdnes, some increasing to crater fOrmS- a few course.

ﬂh;scattered miorofibrils were noticeable. A snail juioe/pronase

'”°:treatment [ Plates 38 and 37]._showed distinct view of the course

undirectional and non uniform miorofibril indicating the removal of i

the amorphous matrixﬂ from the interstioes.ﬁ Chitinase/pronase
:"treatment showed some Few scattered miorofihrils as in pronasei

e Snail Juice pro ase/chitinase showed

'fias well as disappearance oF miorofibrils (Plate 38]

ijNTIMIceoeIAL ACTIVITY
‘ Only A30 was USed for these tests._ The minimum inhihitory
'ddconcentration (MICJ and minimum cidal ooncentration [NCC] of various
1””Lagents were determined [Table 14]. Sub lethal doses of speoifio S
-";J agents: were then used in morphogenetio studies and ‘examined by light
Ti:a:microsoopy SEM and TEM. f"'”':" : |
”The polyenes, pyrimidine derivatives, and eotidione.csused.lateral ?fthuf;
i“V-.;fend ferminal branching. Sporuletion was inhibited at higher
‘Eincenoentrationc' Griseofulvin induced a curling effect.,.

Plate 39 showed a typioal growth of the organism in the antihiotioj¥fai;'

i?medium.) Septation was regular and conidiation low. A mature and’ a few
:developing conidia can be seen and hyphal branchingrwas quitevregular.iir
The_SEM and TEM were similar with earlier miorosoopio etudiee.;effff”
E"Ramimphin"used at 1DU Fg/cm induoed a highly ramified growth

’hfi“j[Plates 40 and 41].-_"Blastospore like"dstructures were formed and the i",ff-f

;L#ifcells were frequently vaouolated.j The SEN presented cells with Very
tg{fi‘undUlating surfaces without a. definite shape. _
. Rapamyoin | At_ﬂﬂ t.lg/om3 slender hyphae were produced Conidiation -
increased and spores appeared like chlamydospores. In the SEM, cell

oollapse and possibly leakage were evident, also the oonidia have lost -

their smooth surfaoes [ Plates 42 and 43).




B MIC AND MEC oF VARIDUS ANTIMICRDEIAL AGENTS -f,? A T

AFTER 241% f'INCUBATIDN AT 30 c

ANTIMICROBTAL AGENTS

ffAMPHUTERICIN B

"Vj"'NATAMYCIN . ey
1 e PDLYENES

‘”155NY3TAT1N

R O T EE R A R

'rfTRICHUMYCIN

5 FLUOROCYTOSIVE % PYRIMIDINE | 100 | 2200

'_S*FLUURDURACILj' j__; _BASE_ B | 1 50 b >200
| CLOTRIMAZOLE _'f':iu  --IﬁiDAZOLE..' o  :.,5'd}Ba "
iaMICDNAZDLE :} “_-;6EéivAfIQE§- : 'fo;csr*-g .=-.b.58 m‘
 GRISEOFULVIN - SRR s | v

- RAPAMYCIN. 25 0 | 7505

}RAMIHYPHIN '?- DTHERS fjf;f Coaso | >200

| scrmmone [ wmmewens s foase |

| f;ACULEACIN A 1ot es b sa0

ﬁ:PcLYosz D ST R IR 11 ER ST

TECYTOCHALASINfA:~377' A ee | >z00

| ffGENTAMICIN T I N U S (R

{*RIFAMPICIN © ANTIBACTERIAL|" * ~ 50. . °| - 112.5

f;TETRACYCLINE >200 | ooND

l‘CHLDRAMEHEN1CDL_?ﬁ' _ i -:h?2ﬁﬁ"]'f__ ]:f ND
'2,4-DINITROPHENOL] ~  UNCLASSIFIED |~ 200 - >a00
ETHIDIUM BROMIOE | ez 20

?IPHANQUUNE T

.->'2no -  >400

MIC MINIMUM INHIBITORY CONCENTRATIDN

MCC: MININUM CIDAL DONCENTRATIUN
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. Plate 38. .-

- A32,
iwalls. Note Some- coarse: strands and cratared
_Lappearance. x 30 DDO._;¢L RR PR " :

£ shadowed section oF ﬁ glucqnase treatedf

ASO; ‘shadowed sactions of walls treated

. sequentially through P-gluconase and: pronaée.,,;;gjff{:l;i
© . Note distinct undirectional microfibrils. S
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- Plats 37, = ;
SR ‘@.sequentially through B*glucunase and. pronasa.
Note coarse distinct microfibrils.; x32,000..

A33 ' shadawed section of walls treated i
S sequentially through B- gluconase/pronase/chitinase,W
. Notes - degenerative effact and disappearance of

"'microfibrils.: X 30 DDG. I : '







‘s -u-Plate 38, “: ABD Light"microgreph”of growth in 8hadowmy's i " -
"':F.‘-“‘jf'-*~4;. medium for antibiotics testing. Note-regular
E 7_'branching-:e mat ure phielide end absence of
‘aﬂfcnnidia. x 400,- e T T s

Plate 40. ff%;.tiéht micrograph of A30 grown in the presence of
R .+ 100 pg/cm3 of Ramlhyphin.. Nate greatly. distorted . .
with blastnspore-like celle., X 400.3 S L

i ',-Ple‘ce 41, .- SEM o? AEG grown in the presence cf 100 Fg/cm
o L ef Ramihyphin. Note depth of ramification;
.cells have no definite shapes. X 10,000,






"-ffPiete'43;l : SEM of ASU grown in the presence of 10 Fg/em ef

~Plate 42, _,jLightrmicrograph of ASO-grown in the preeence

cel e of- 100 “pg/em’. of Rapamycin.' Note:reduced hyphae’ )
‘ “and DIESBHCB of spcres lceking like ehlamy-'*-r e
'“g“fdospores.& X 400 e - .

: Repamycin. Note.presence of distorted spores, .’

degenerating hyphae and poeeibly leakage. x- 10, UOO. CL}T;






Cgeg

;f;”Cytoohalesin A
' *Lﬁnhigh veouolation.- They were segmented into oeedy forms or e

afseries of hyphal swellings.- At 95 Pg/cm‘,-the segments broke otf

Je:hyphae undergoing eegmentation with faint oell wsll and 1ipid _ ‘fﬁ

fdeposition. No oytoplasmic distortion was observed

wiiii Polyoxin D This agent, used at 75 pg/om L induced exoessiVe

oeﬁ.;hellooning of oells whioh tended to clump together or in chains |
."u.(Plate. 49] Blastospore-like oells were agein produced m_. _
| Giant oells at hyphel tips end cell collapse could be seen E Pletes
750 and 51]. The TEM showed severe cytoplasmio distortion. Swollen
md.d:mitoohondrie; mitoohondria undergoing eutolysis end also granular K te
_:nuolei were: present.; Cytoplesm ‘was' muoh 1ess dense end cell wall |
"H'ddlwes not‘very recognisable [Plates 52 and 53]. The effeot of |

B ”:?'Polyoxin D on chitin was examined oy the shadow oesting teohniqus.-:*

’mLPlate 54 showed some loose isolated miorofiorils whioh ere similar R
fto those enoountered in the enzymatio studies.: Some protoplasts fg'"J:”“-“'” g

.were produced by a prolonged treetment.. It was observed that these ;_f;,;

;protoplests failed to revert to the hyphel growth.x ﬂ; ;;q}*7 ;

;Aouleeoin A-7 This drug produoed exoessive branohing end some

- hyphal swellings.' Segmentetion and surfaoe distortion wes present

(Pletes 55 end 58} surface distortion too.j The TEM shows a dense

S 'end severely distorted cytoplasm ¢ Plete 573



,Flate 44. g Light micro%raph of ASD grnwn in the presencei{f:l 5~~
L o ~of 75 pg/cm” of cytochalasin:A, Neote .. ¢ -0

,','_vaquplation and. hyphal beading. X.GDO.:  SRR S

_Blate 45. - SEM of A30 in the pressnce of 75 pg/em> -
L. .. ... of cytochalasin A. Note depth of hyphal
‘beading. x’1D,OUU, R e

'¥;'P1ate 46.,_'— Light midrograﬁh of’ASO in the preaehcs ofi
T Rt |- pg/cm:3 of cytochalasin A. Note extensive- _
- hyphal beading and presence of various shaped cells.-
:X 400. . - . . P - . .
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SEM of ASD grown in the presence 95 Fg/cm of SR
Cytachalasin A.." Note presence of hyphal:

“h beading and balloon cells. x_jG 000+ ;;j*¥53lgkj

' ﬁ]ifPléﬁéL@Bfl,; TEM of AS0 in the presence of 95 Fg/cm of T N
e el _.‘ Cytochalesin A. Thers 1s no significant cytoplasmic s
distortion.: X 20 000.,_ N S Pl Ve e
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- Light micrograph nf A30 in the presence of 75 pg/ch
.. of Polyoxin D.: Note excessive ballonning o? calls.
o X 400.- R ; _ AT R '

~ Plats 49.

© Plate 50. - SEM of A30 in the presence of 75 pg/em> of . ..
R "'H'Polyoxin_D“f.shcwing'ballccn cells.ix;jﬂ,GUD.; R

','_P1é£e 51;.;'- SEM oF ABD in the presenca of 75 g/cm Df . o
SRR "Polyoxin D shuwing distortion of cellular surface. s
x 10,000, ‘ |






i1, Plate 52. < TEM of A30 in the presence of 75 pg/em- of | . . -
S -Polyoxin- D. . Note cytoplasmic dis grtiOn,y. SO,
x 30,000.- o

-~ . Plate 53. - - Higher megnification of section on Plate 52 a
IR - to show éxtent of-cytoplasmic distortion. .~~~ "
" Nots granular nucleic, swollen mitochondria ' '

« -+ and. 11l-defined cell wall._ Fixed: in Kmn 04 :

X 85 UDD. ' , S o

. Plats 58. - -Shadowed wall section of A30 in the presence of. -
o : 75 g/cm3 of: Polyoxin D, showing disappearing -
microfibrils.. X 20, DDG.






d#i;fﬁléﬁS:QSE;fr Light micrograph of ASD in the presence of

’; 20 pg/em® of Aculeacin A. ~Note excessive -
99@Jirregular“bpanqhing.: X 400.  L

'-‘Platé‘SS;, - SEM oF ABO in the presence of 20. g/cm nf
o . Aculeacin A. Note’ degenarating hyphae and
hyphal beading X:10, UDU '

¢ Plate 57. - TEM of A30 in the presence of 20 jg/cm® of
R .- Aculeacin A, Note cytoplasmic distortion. .~ = 7
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':fRelease and Regeneration of Protoplasts.~" o

f First examination of mycelial preparation after 3 h incubaticnl*'

_;151n snail juice showed slight degeneration and no Productign of L

ﬁi_ﬁt 10 h degeneration had gone far accompanied with

'Qiprotoplasts

lﬁfliberetion of protoplasts. The mixture of snail juica and chitinase

had a greater degenerative effect with a igh release cf protoplasts

37;Tefter 3 h incubation. Chitinase on its own was ineffectiva lt;;

1hwas observed that the age of cultures played s part, the older o

5}{57;::5fthe culture.l “m{”onger the releese of protoplasts.ff

; h;The protoplasts were basically Spheroid but varied in sizerrihiiurt;ff;t;
'ipf;tThey measured an average cf 2 X 2 SP [Plate 52) - S
: Regeneration was observed after 3 h incubation.e'Direct.productionrt
.,_‘cf germ tubes was the system observed (Plate BD]. : | :

. -PLANT INDCULATIDN

Sectionad plants shcwed some wood staining around the point ot
: j_}'inooulum.: The staining, though not quite extensive, could be due to 7;_.f:t}
;;:jleither the fungus infectivity or: the incissus made or: could even he

*i"fra combination of bcth. riei;'é‘ T

"ﬂLThe fungus was reisolated pUre from,all the sections and it exhibited 2j;dgg;

:'7*all the usual Features. 25 of the plants died._ Thin sections were:tsft“iiiﬁ

Zﬁcut and steined to demonstrate the presence ot the fungus (Plate 821

'{Phytoalexin was not detected in any of the cases..

f" CELL CUL.TURE° -

'i Sycamore celle wers. grown in the cell culture mediumj The growthhju‘__,:

':"monitored by PCV and dry weight [Fig 20]

h strain. ASU was grown in the cell culture‘medium to examine;:
n.1l_ the growth rate in the medium and |

:T'ijito aheck for production of degrading'enzymes;"fhe fungus'produced
i.fthe‘poorest grcwth (Fig 21]) it had done on_any tested medium.

The cell free extract did not degrade pectin ( Table 153



¥:ENZYMATIC AETIVITY PRDDUCED IN CELL CULTURE MEDIUN WITH AND -5  ) 71 "1"

g WITHOUT SYCAMDRE CELLS.;'”

- ENZYIES TESTED . | -

ENZYME ACTIVITY.
co WITHOUT CELLS

| EnzYME ACTIVITY {0
Lopw WITHOCELLS, @l s

* PECTINASE .

& AMYLASE

NoT rEAsURABLE

131 pgérd,

:-“SQﬁ'Fggm%.

PRONASE |- 900 pghd 300 pgénd

CLIPASE- . | NOT DETECTED o |t e

.- Test perforned in trislicates.

*'Difficult tn quantify owing to precipitation;;;f'f

fTween 20 used as substrata.,f;":? ARt




ML CELLS/ML CUTURE )

PACKED CELL VOLUME

(CELL DRY WEIGHT (M)

- 10 20 30

R TIME (DAYS) | G T
GROWTH CURVES FOR | SYCAMORE CELLS
: ’"‘.--:'--_-j-(EACH POINT 1S A MEAN OF-“‘ SIX REPLICATES)
FIG 2o 8
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CDRY WEIGHT {MG) = _

(EACH POINT IS

284

5 _10 ‘ 1(’5
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;“Aébs Light micragraph of production nf

Piate s6. s
pmtoplasts.A x 400.

ASU; Phase contrast micrograph of protoplast f;ii

. Plate 59,
s e T production.”,x 400.‘f ot e e







Plates B0 and 81, - A30; Phase contrast micrograph of =
L S o  protoplast regeneration. % 400,







o Stained ssction of sycamore saplings._ Notsi"{
growing hyphae, strainﬂau used._ %4005 0

P:léga'sléa‘f_énd"_ﬂ _ Light micrograph of sycamors cells grown -
S T s ina shaka culture for 7 days at’ 2503-.5 f!
R ‘{;Nota soma differentiation within cells. i‘
B X 400. R R R = =







The sycamore cells (Plates 63 and 84) were infected with the
fungus. The cells steadily degenerated with proliferation of the
fungus ( Plates 65 and 66). The cells were fully degraded in two

days. Cell free extract from this infected culture showed a very

high lytic activity (Table 15) and also solubilised fresh sycamore cell

suspension releasing pelysaccharides.

IMMUNO-DIFFUSION TEST:

Precipitin lines obtained from the test were not strong enough
for photography. Several attempts were then made to stain the
lines which only resulted in all the surrounding area being masked
by the stain. A schematic diagram is therefore, presented (Fig 22].
Two precipitin lines separated out. There were non-specific lines

from saline and Staphyloccocus auresus. The lines from the strains

formed arcs ( Fig 22) and full circles (Fig 22 ). Originally, it
was thought to be distance effect ( i.e. distance between antigen and
antibody). This was, therefore, varied several times, still the

results remained the same.
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FIG 22 DOUBLE -DIFFUSION TEST

o

6@ M2
M
(@ 5@ i E
il W
@/

CENTRAL WALL CONTAINED MYCELIAL ANTISERUM (AB)

| — A30 ANTIGEN 4 — SALINE
2 - ASI

» 5 — A32
3 — STAPHYLOCCUS AUREUS ANTIGEN 6 — AS3

LINES OF IDENTITY SHOWED AMONGST THE STRAINS

|

@

©) é(ﬂﬂ)@&

@
5

ANTIGEN TREATED WITH PRONASE
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Plate-B85. - Light micrograph of sycamore cells infected with
A30 spores after 24h incubation. Note proliferation
of fungus. x 400.

_ Plate 66. - Light micrograph of Sycamore cells infected
with A30 spores after 48 h. Note degeneration of
cells and extensive growth of fungus. x 400.






L;feENVIRDNMENTAL FACTDRS AFFECTING Gnohnnt;f[

SR e Y e
“CHAPTER'SIX- " oo

o) o:scussrou

The life of every organism is influenced by environmental factore.; :
jAn understanding of the influence cf these factore is important

. any wor' involving the morphology and compositiov-:

lTheheftect of environmental tactore on fungal growth is often discuseed}

in ieolaticn and whilet these factors can be studied separately, giﬁ-fi-

_they are frﬁquehtiy inter-related.iﬁf

Ae would be expected, temperature affected the growth oF

-_;Cryptostroma corticale. The strains grew over a wide range of

: "‘_t_temperature with the minimum for growth being 5 C, although growth

h.was very slow.‘ There was no growth at G C but it was not surprising
-Jv-that the cells remained viable._ A difference in' the optimum "
§ _temperature was observed amongst the strains. While the optimum
1?“.For ABG was 30 C, it was’ 25°C for all the other strains [ Fig 83

Generally,the temperature curve is skewed to the right _The -f:“

'r7i‘lower the optimum temperature ( 22 -25°C} the more symmetrical the curve o

'ff}becomes and the higher the temperature the more pronounced the skew (N
.ﬂ”:t 90] which could be due to denaturation of a rate limiting enzyme._ﬁf’"'“"”

rIt was found that the skew was lees pronounced in the higher gptimum ﬂif'-

range ae seen in ASD ﬁ_Thcugh, thie ie not common [SDJ it is associated ;;glvf
jwith a broader range of good growth.; This trend continued throughout ?““i;"?

?>the work.- The ability to grow at 37°c may be one reason why this

"-]1:strain has been reported as caueing human diseases such as extrinsic o

rl”fialveolitis.- It has also induced lesions and survived in experimentallyj -
Ih”ginfected animals ¥25 and 25) However, it should be emphasised that..
.n;temperature optima and the growth ranges should net be taken' as
t-absolute since they are dependent on various factore such as’ medium
7"composition and the nethod of measuring growth. Nevertheless,'the concept

',f_of temperature_optimo provides a useful basis for physiclogical studies. y’;




P LA

(1843 whc wcrked cn a strain cf C. ccrticale isolated frcm'"'”'

SET Tcwnrcw

: __hsycamore alec recorded the optimum temperature as 25 C whilst the

‘isclate frcm maple log was- tcund te grcw at 37 c (28]. It might seem’ f;':

i'--funlikely that the cptimum temperature fcr epcrulaticn was lcwer than

'that fcr growth { riga 8 and 9} but this‘is nct unuaual aa similar

By ;f_f'{go)
;reeults have been cbtained with Cephalospcrium(185} and Fusarium ccnglutincna-

(188]

;Mathre and Jchnetcn etated that the ability te epcrulate at a i

?temperature lcwer than that Fcr growth wculd be an advantage tc fungi

in general since it muet prcduce spcree fer infective purpcsee during

_,fthe Iate~_utunn tc early epring when_ecil temperatures are lcw.;rp;ﬁwi-
'rjta?;whether this proposition is true in nature is hard tc eay eince-.
C. ccrticale ie capable cf grcwth and epcrulaticn at lcw temperaturee :;
. ﬁif;in the 1abcrat0ry studies- Growth at 1cwer temperature is cbv1cusly

2 :beneficial fcr eurvival cf the fungue.__”uu

Cryptcstrcma ccrticale grew and spcrulated at lcw temperaturee

."but cutbreaks cf sccty bark dieeaee are mcre prevalent in warm summers.i:;jﬁft
ttrThie indicates that leee activity cccure during ccld weather and |
‘fte”infecticn and epread take place at temperaturea around the cptima l..?
"ﬁfsince the most . eevere cutbreaks have been during the hattest summers. L
" The crganiems are meecphilic fungi and shcwed a typical heat :

(187]

: resistance reepcnse ( Fig 10].' Deverall etated that most fungal

"eporee are killed by brief expcsure to temperatures of 60°C. ‘Excepticns

to this undcubtedly exiet as shewn in Bysecchlamys nivea (188) which'will.'

'eurvive expcsure to’ 88 C for 1 h. (However,_few conidla resist he:a.t'*i
pH had a similar effect tc temperature. The tungi grew cver a range'
-t'l of pH values and grcwth ceaeed at the lcw and high extremee ( Fig 11).
'i.‘.ABD ccvered the wideet range, pH 2 12.“ The cptima tcr all the straine
1';were between pH 5 and 8 which confarms with the report that mcet fungi

' have pH cptima between pH 5 and 7“8gJ



s

;?Generally,lfungi tolerate acidio'pH a criterion made use of in

flieeleotive isolation of Fungi from bacterial oontaminante.. The

"'”f optima for eoorulation and germination aleo fell within the eame pH _:‘t'

firange[ Fig 12].‘_J:i¥;25h$

'=The effeot ot5'H:ie not a unitoryTFaotor beoauee it ie dependent

onkionieation-of the medium oonetituents, the oel _surfaoe and intraoellular .

Vand extraoellular enzymeer-fTherefore, the effeot of ohanging pH Valueer

-:fehould be viewed with some oaution sinoe these valuee can be interpreted

f&fin terme of availability of nutrients, growth temperature and time Qf }f:;-«w~

"3harveet. However, in a oontrolled eyetem,‘it offere a. guide in media f

,T;preparation and aleo forme a basie for grgwth Studies._ n.ir.:

o Cryptostroma oorticale, with the ability to grow in euoh a wide range

':t:e_‘of pH has the advantage of being very oompetitive in ite habitat.
. Another environnental Faotor whioh affeots growth ie the level
“gfof-oarbon dioxide in the atmosphere.- A graded effeot on the growth of;gt:
3 C._oortioale was obeerved.i Growth was etimulated“in all the etraine :

‘*h_and the higheet etimulation effeot was: obeerved at 4% oonoentration of3h

'.‘“the gae.. Cryptoetroma “corticale” oan,thereforel he_termed'a S

xV?carboxydurio fungoe (Fig 13].,h;4;h"';'

VCarbon dioxide playe-an*important role in fungal differentietion whioh;_;tft_h

:mie seen in the retardation of growth of eome fungi ia the _abeence
?:of the gae(?qJ The etimulatory effeot of oarbon dioxide on the tungue
?‘oan be advantageoue beoauee the tungue oan eurvive in a polluted '

;rienvironﬂent with higher atmoepherio oonoentratione of the gas._;;"fg_7'
Lo : fm¢u«Lf-,” R
‘:jHowever. highipreseure of the gae inhibit fungal growth though the

[iSD)

'Tfhlevel is’ variable. Macauley and Griffin grouped some eoil Fongi

:"aooording to- the effeot of oarbon dioxide on their growth., They showed

- that Fuearium oxyeporum ‘and; Chaetomium epeoies were inhibited by

i ::'oonoentration above 15o, in Curvularia epeciee it was’ 8 5 and’ in

Coohliobulue eativue they reoorded their lowest oonoentration of 3.3%



Burges and Fenton(1g ]aleo reported on varied effect of carbon -

izaldiogide.‘ An increase beycnd 5/ inhibited growth cf Penicillium o

nigricana“ while.Zygorrhynchush Vuilemini seemed unaffected. ;.

’lThe effect ot carbon dioxide on the growth of the C._corticale etraine ,ff;a,f

wae aleo varied.};Conc ntration of carbon dioxide above 10/ waa‘ i:f_*':'”i‘dl

inhibitory to ABD, 5° +or A32 and 5° for A31 and Aes., e

:Growth in Sclerotium rolfeii was enhanced by 1 to 2/ concentration oF

’Jcarbon dioxide while 10 wae inhibitory{192} Hartman et al (183) gglfigiji_J

1'showed that Verticillium albo atrum required carbon dioxide when glucoee

Lfior glycerol was the sole carbon eource but not when succinate or o
.i:Jacetate was eupplied._ This confirmed the work on S. rolfsii in which
growth was enhanced in a eyetem lacking euccinate dehydrogenase[1 J.
In C.=cortica1e aerial mycelial growth increased with increaee in _
rl:zi'carbon dioxide concentration and eporulation was - inhibited (Fig 14]. Thia
Jitindicates a morphogenetic efféct which hae aleo been demonetrated

':in_§. rolfeii{1g4j : A simiiar ettect has been reported For various tungi

o tﬁgs_and_jeel

Glucose et a range of osmolaritiee in nutrient medium produced a graded ﬂ

.ilfeffeot but this reeponse varied amonget the etraine LFig 15).1 Ths strains can

_therefore, be claased ae oemoduric.f Strain ABU ehowed the highest

;,level of toleoance, growing on a glucoee concentration of 30 R This ”*:"2'w'

_strain wae ieolated from Acer campeetre..r The oemotio preesure of the »3‘.

fplant could oe the reason why only this strain infects A. Qamgegtre.;l;ff;f]fﬂ

The resietance to high osmotic preeeure constitutes a.

Qfedietinguiehing factor for the Various etraine as does ealt tclerance.,'

(187 J

‘fTreener and Hayee grouped fungi by their ealt tolerance the h‘ﬁ

"”Peniciilium and Aapergillusr being the high leVBl tolerants, withstanding '? :

5'20 aalt concentration and the Basidiomycatee, the 1eaet tolerante,

“1on1y reeieting 2% concentraticn.- Cryptoetroma corticale is elightly '

haloduric. “The. etrain A30 grew at 4% after 14 days while all the other

:straine grew at 2% ccncentration._,f



"7f,Kene and Fischer (1_3? also divided the dermatophytes into five groupsi='”"'

ﬁﬂ:'on salt tolerance. The moet sensitive were inhibited by 5 salt

;'conoentration. Trichophyton tonsurans is an example oF this group f 3

g ffand the most tolerent Were inhibited by 15/.oonoentration.-, o

“enentagraphytes belongs to this group.;;';"tt'f

' investigation on Iight effeotﬁshowed that'growth_was noti

signifioantly affeoted by the varied light treatments..

f;oomparable to'sporulation in darkness while the lowest reeult wes_ et

obtained in continuous light.- These results were in agreement with

e_other workers. Darbin tig l

has reported that light had no effeot on {7fQ*fi:i

'”t_?the growth of Pellioularua filamentose and darknese hes been shown to

_ induce sporulation in severel fungi{gﬂ] Light has also been shown ‘
"~'to induoe sporuletion in Fuserium oxyeporum[ Q} and in Hymenula oeree11é1B?J.”
[201)

. j‘__:.:;'i_These reports- indicate thet the effect of light 15 variable.,_ Leach
??i.apprsciated these confusing results. He then stated that this situation
.”;ﬂ(:is brought about by workers ignoring the importance of the quality of -'“
flight end its intensity and other interaoting factors such as light :3;‘
?.[h effeot on substrates.j However,_the results from this work seemed
: fconsistent with the natural situation.{ C"EEEEEEElE being an'endogenous ;'
'perasite, is oooluded from continuous light and so oarried:out its |
_ _processes either in the dark or with 1itt1e light present.r‘-;
| Light showed g contributory effect’ on zonation. whioh wasrseen to.
dgpend on.alternate.light and darknesss fluctuation in temperature'and';:

7availebility of carbon source notably gluoose.“'

'Several workers have ettributed zonation to alternetion of light and

' derkness. in Cephalothecium [2021 end in Fusarium (203]
- Bis by (2043 reported that zonation in F._discolor sulphureum was’ due to.'

“.L.two factors:_* alternation of light and derkness end variation in

-ltemperaturee. Fluotuations in temperature induoes two types of zonation.

The first of these was seen in Cercospora beti oola iZDS).




SEULAAE i B

1fawhere the zones were entirely mycelial and the second,‘as seen in
| [208]

_shcwed

s.ﬁthis'work;where growth talls in zcnes of spores. Hafiz

Td{fsimilar effects with Asoochyta rabiei as oompared to that on C. corticale,{h"
[207]

':tfhoweveryhe failed to specify the nutrient scurce.f Brandt has &

f'shcwn in Neurcspora orassa.that zonaticn is dependent on fluctuaticn in'hi'

temperature and_nbtrients;_' hich wer& seen in C. ccrticale but he also

wobtained zonation in the dark which is contradictory.

‘In the nutritional studies, it was Found that the Fungi utilized

T?all the varied sources of carbon.: Glucose was the besticarbcn scurce 't-‘m:‘__;------r'-i

'Ltigrowth while glucose and sucrose were equally the bESt for 5°°r”latian

'u:iand germination.r This 1s of some significance in the life of the fungus
"r:as gIUCOSB is biologically the commonest cf the hexoses_ DR

' lThe etficiency of utilization ot glucose was also observed in the grDWth T'ti
'xi”study on various media. The mcst rapid aﬂd bBSt growth was ObtaiHEd

i:”frcm the media with high content oF carbohydrates BSPBCially glucose ..“ .
'?viz SAB, POA and MEA.~ Similar results were repﬂrtEd for ﬂEEEEEi&iEi igiiiitii

;"jflavustzoel and Hymenula oerealis(188]

Galactose was the least utilized af all the carbcn sources studied._:fﬂ'ﬂ

£1a§1 and Lindberg TZ ?? reported on the 1ow number of Fungi;_f

.';iLilly and Barnet

which can utilize galaotose.‘ The ineffioient utilization o? galactose
may'be due to the inability of the Fungus to convert the sugar to a fffﬁiu"ru
;“phosphorylated derivative which is then able to enter the main pathways

9of respiration and synthesis._ Perlman[21Q? (2 ]

. and Lindberg however.‘:ry“']'
';_J;shcwed that though galactose does not make a good souroe of oarbcn, its

i¥fut11ization may be improVed in a mixture with other utilizable sources._rgle'ﬁ

This is a case of adaptive growth rather than a diauxic growth because -

' 't:uthe utillzable source can be of a more complex struoture as eeen in

7-;]'Glicmastix convoluta(183).- In this fungus a mixture of galactose and

'.'sucrcse produced better growth than sucrose on - its own, which was a. better .

L utilization source than_galaotcse}-



. Summar

‘"Four'strains of?Cryotostfome'oertioele 7hevefbeenjoheraoterisedfm;:”T
rphologicelly and physiologioally

'_ Ths growth sporulation and germination waTe affeoted differentially

"fhi.by environmental factors.“ A30 grew rapidly and SDDPUI&tEd abundantlyr“i;_

f?:'ABZ grew well but not quite es repidly as ASU %"“""

i * ' A31 and A33

Jelwere both equally slow with A33 producing sporee in low numbers.!f_.ﬁ

‘ fiThe optimal conditions for growth soorulation end germinetion under ;T;-ﬁ’

"'rileboratory conditions have been esteblished.- The streins were mesoohilic;
:;lfosmodurio.e oerboxydurio end slightly heloduric. e Ok
| All the strains showed a non-FastidLous nutritionel.oharecter.i
'Uf the carbon sources tested gluoose wes. the best for growtn: glucose
-:and sucrose provided the best souroes for eoorulation while galaotoee e
:f.was the poorest carbon SoUICE. for growth, germinetion and sporuletion._:'“
'~¥All the nitrogenous souroes were - effioiently utilized exoept methionine H
and oysteine Arginine, asperagine and urea produoed the best growth yield
The strein, ABB was found to be a prototroph while the other straine
Ei were pertially euxotroohic to either d biotin or L eecorbio eoid. |
The strains exhibited a high heterotrophio ohareotergtio whioh could be .
'due to the lerge number oF hydrolytio enzyﬂee they produoed.
The pettern the organisms showed in the ossimiletion_end degredation tests
may pravide a means of differentieting them. |
When the oellulao proteins'uere subjected to eleotroohoresis. the

streins showed broadly similar and strain epecifio patterns.



i?fﬁElectroh hiccoeccpy etudies illustrated no eitference in mcrphclcgg ’;hl”;;
::a-amcnget the straine and related genera.: Using lytic enzymee it was
'.ﬂ’*revealed that the cell wall was pcssihly three layered and made up of o
".mainly'glucan and chitin; cellulose wae absent ' The carbchydrates l'

'were tha majcr pclymers campcsing about 84 90% cf the cell walls, if'”

r”:proteins ware. between s 10% and the lipids 1*34.;
Inhibitory and Fungic1dal levals have been established far the ;iif':

‘;‘antimicrubial agents.:ﬁ”,jff@f,;' N

;5_€'The imidazole deriVatives produced the greatest lytic effect %ollcwedf-vlih
i"ﬁ}by the pclyenes. Morphogenetic studies were carried cut.'r B
ﬁ”ff;iﬂamihyphin' Rapamycin, CytcchalaeinA, Aculeacin A and Pochxin D
”:':had the greateat morphneenetic effacts causing ball°°°1“g of
7'_cells and cells of varied ramificeticns.% Pclyexin D cwing to ite.:
finhibitory effect on wall synthesis, produced prctoplasts which failedl,;
. tc revert to the mycelial Fcrm unlike the prctcplasts prcduced with
1ytic enzymee._i'. - | | . |

The experimental infecticn inveetigaticn revealed germinaticn in the g

- plant tissue and the Fungus was' reisclated._ This characteristic and
E the ability of the fungue to produce cell wall degrading enzymes within
sycamcre cells as well as degreding the cells indicate that C. corticale :

is probably a facultative parasite. .




";_and galactoee produced better growth in all theletraine than galactoee ﬁ_h:””'

'5?f-alone. This bears a practical implication eince the C. corticale strains'f3

' 5{;utilized pectin as a eole carbon eource, galactoee being a component

part of pectin. The ability to utilize mixturee oF eugars should be ffr];e;',

advantageoue _ince in_nature, 5 gare arerrarely free

ejAn'obvioue point emerged From the investigation on

nitrogen sourc !

b The importance to the fungal growth of'the nature o

';oF the eource and the supply levele were revealed = ?;- - ,?iﬂi:nii

All the nitrogenoue eourcee were utilized to a varying dagree..iﬁf o

r“The ease with which the fungi utilized the inorganic eources is not a

--common feature amonget the Hyphomycetee._ The Saprolegniaceae

f"mouldffailed to grow on ammonium eulphate and potassium nitrate(2123

"i_while the Achlza speciee produced poor growth on nitratee{213]

”lRoor utilization of the ammonium nitrogen was aleo recorded in Fuearium

o -‘M.'OX}/SDOI‘UTH (ZUU] .

'*f:;The poor: utilization of ammonium nitrogen in Fungi ie due to the
i;inhibition of growth by the low pH produced in the medium(2?4)

5 &Table B)
;;The average final pH level recorded in thie inveetigation wae pH

ﬂ;The etrains of C. corticale grew at lower DH levels, therefore, were. Hj££_e,:w

ﬁufeable to utilize the ammonium nitrogen eouroee efficiently. rf‘;>

-*f The organic nitrogen eourcee notably asparagine, arginine and

='iurea were the beet eourcee for growth. ,Asparagine has been widely

gireported as the best nitrogen eource for growth in several fungi e.g.; ]-,*"'

q.ihliacaprinue species[-jSJ J Fuearium oxysporum( QFJ, Chaetonmium epecies and. -

e Myrotheoium VeronariaF21BJ

- T ‘ o { g, 2173
- iIn general organio nitrogen is better for growth than inorganio nitrogen o

]f-though exceptions exist., :k'
i,In this etudy. the. organic SOUIrces did produce the beet growth._ Cn the,i:g,

- other hand,the organio sources were the least utilized, Methionine .
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:r‘fdﬁiand cysteine produced tha pooraat growth.; Pataman and Kinghor£2183

{*:alao raportad mathionina and cyStEinE as. poor nitrogen sources in

-;,SQIASDergillus nidulana and Nauroapora crassa.

. Uraa had baan reported as 8 good nitrogen sourca For aavaral :mo;i¢1311';
[QU 218]

ifur Uraa produced good growth yiald in all tha atraina

upto tha_aupply laval of 1687mgN/L and tharaaftarJIthara waa a dramatic

iibr TfThis waa obvioualy dua to a pH ahift as avidant in tha final

'*j{vaH valua oF the medium [Tabla BJ._ Tha risa in pH would ba dua to
}fammonia, a braakdown product of uraa._ Tha ability to utiliza uraa

;;13 an important charactaristic in fungi as; uraasa ia aaaantial '

.iiﬁfor tha oxidativa dagradation of tha purines which are quite 'f'm_--““"
'ftoxic avan at low ooncentration£218}
H_Tha invaatigation on tha vitanﬁn raquiramants has shown A30 as prototro— f.__‘
'phio whila tha other straina wara partially auxotrophic towarda biotin
:.i!?and ascorbio'acid._ This was not a oaaa of doubla requirement but that
:f ;aithar would satiafy the raquiramant.- A Faw vitamins showed R
ia:istimulatory effacts [Tabla 7].' Biotin raquiramant amongat tha )

Th;thyphomyoetaa has also baen raportad (2133 For Voluoriapora aurantiaoa.l_};_'.i

'Biotin is a coanzyma involvad in a wida variaty of raactiona such as-

‘.daoarboxylation reaotions._oonvarsion ofrornithina to citrullina

and hexokinaaa syatem. Thasa activitiaa‘may-ba tha raason for tha ?:fi:ri“ia

f’partial raquiramant frequantly raportad for tha vitamintzzol This

;1partial requiremant can ba aatiafiad by tha addltion of matabolitas';imf

fbwhich conatituta producta of reactiona whara biotin takaa part. s

‘In Candida albicana $or inatanca, biotin can ba raplacad by glyoaryl f'-'
& (221) " R s R '

- mono olaata



The partial requirenent cf theee strains wae reflected by growth P

f'in the vitamin Free medium where grcwth did occur but ae exogenous aupply ;_.1

’Tfprcduced more Vigorous growth. A complete requirement fgr vitamins ?“

'hizmay be genotypic while ‘a partial requirement can be influenced by environmenta

'*factors such ae constituents of media, temperature ae is shown in

‘Neuroepora crassa. requiring riboflavin and Saccharcmycee cerevieiae

'for pantothenate

1; Cryptosttoma corticale exhibited a non fastidLous nutritional

'hhcharacter.“ This will no doubt contribute to its succees ecologically

'ﬁr;j;Although no- qualitative differenoes were: obvioue in their nutrition.hfj'r

'ffthe etraine showed a number of quantitative differencee in their growth
trate, temperature and pH e?fects.a;.f

' __kTAonorfiIc CHARACTERISTICS. :

The organiems demcnstrated an: ability to utilize a range of complex
- and eimple organic oompounde as’ sole carbon and energy sourcee-*and aleo,
';”they showed a’ high hydrolytic capaoity.‘ These hydrolytio enzymee

“:'including peotinaee, cellulase, pronaae and‘*—amylaee may have pathogenio'f

-3';}implicatione as they can play a part in inVaSSivenees. Their bicohemicalf_;l;

:lcheracters, can conetitute a system fcr grcuping as well ee

*delﬂieating_'the etreine of C.lcorticele,as has been eeen in the

'finvestigation, they exhibited several eimiler and dietinguishing '

fo: uree by the amount and rate of enzyme production end also by the

varioue ccmpounde hydrolyeed and rate cf hydrolyeie. The moet obvious

;,fk;differences occurred in the utilization of phenols as: eole carbon ;(; f"
7f}and energy eource.; Strain ABD failed tc grow on. D 1/ ccncentration of
“1?;phenol and creeol but at lower concentrations growth occurred.‘ All the
frtother straine ehowed no growth and neither did they grow on mandelic acid,i
A;ii-which was - utilized by ABD. Again tributyrin and triclein ware hydrolysed h.”f
i-,ifby ABD but not by the other etrains.; It can’ be inferred frcm this -
'-ﬁffinVestigation that A30 showed a greater heterotrophic character than

"qythe other strains. Gcrdan and Mihm{151] ueed the decompoeition of



”d;?fcrganic ccmpcunds tc characterise the Nccardia;_ Stcckdaletzzslﬁ

:i}uland Rcsenthal and Sckclsky[224] have used the enzymatic studies-dxiJT

'_iin differentiating the dsrmatcphytes and scme pathogenic fungi

respectively B Murray [225] in his review alsc stated the

Usefulness cf he assimilaticn"'an degradation'character in

'tcxcncmy.
Fungi hed been cheracterised by their protein prcfileﬁ_

.:This relates tc differences cr similarities

.ifiand“enzyme patterns.
-;;;in their genetic infcrmaticn and since one’ zcne makes cne enzyme,;}i'rrfﬂ*’“”t'
..ithe system shculd give stable characters.::'r -
"Several Fungi have been differentiated and grcuped intc genera

"by this system fcr instance the Dermatcphytes[%? ]; Aspergillus specieé22?1

.aand the Verticillium Species EZZBJ | Garber and Rippcnizzgljexpressed_f
'Tithe value cF this system_as,a‘tewcncmic tccl'after viewing'thetlquiltfuslu
Tﬁ:tlimitaticns. fjj:'_iiff5-jfjﬂ tlltdr::';t'ﬁ' R D
There were at leest eleven prctein frecticns in‘each strain.'

. Six thclcgcus fracticns were detected. The esterase zymcgram [ Fig 19611iw

.Lshcwed fcur bands in all the streine except in ASZ. The bands at 0 17

- 0. 18. 0. 25 . c 25 and 0 95 c ss wers’ common. to all the strains.

_Again in the amidase zymcgram [ Fig 19 b] the band at D DS was ccmmcnitr

ftc all the strains.‘ The strains, therefere, pesses prctein

"fracticns characteristic cf all the strains and alsc strain specific_ihjiirh A

__fracticns.i'"ﬁﬁ“* :
Charectsrisaticn cf the strains was’ alsc examined serclcgically.:"*T

‘;:The usefulness cf serclcgy has been demcnstrated fcr the Dematchecus

k.:i:_fungiizs_Js Phytcphthcra infestans» {232]. Its aid tc taxcncmy and

“ﬁjidentification has been reviewed (233 and 234]. The results cbtained e

; demcnstrated identity amcngst the strains and the presence cf twc
'antigens. The circular precipitin lines cbtained were peculiar and
_difficult tc explein apart frcm the cbvicus case- cf identity. The _11__3;“ "

"antigens resisted treatment with prcnase, cellulase and d:amylase but a



xsequential treatment through pronasa and dwamylase produoed no precipitin’*‘“”'

3i—lines, indicating the destruction of the antigen, thus. suggesting that

',1che antigen was probably a glycoprotein-}_yt'f}fgfiiff.?fi,*“”"*

[235]

- Emanuel et al have also shown the antigens in fungi implicated

_i” farmers’ 1““3 disease tU be glyccprotein.w They also remarked*f

‘on- the involvement“of mors than ons antigen.

Similarity hasibeen drawn between the conditions caused by C._corticale:

1in mapls bark disease and ether fungi associated with farmers lung

;[ 21 and 238 ”;LIt is therefore likely the antigens ars similar.gv-efifili

TﬂsRankin et al [23?? also reported similar results in cases of
'granulomatous pneumonitis. f”. L

STRUCTURAL STUDIES

The strains did not exhibit any differences in morphology ._3 f':iff

'7H;but ASO grsw mors rapidly and produced spores more abundantly than TR
T'ei?ithe other strains.: The strains were similar in their cytology and
”i showsd no major diffsrences in organisation from related Fungi such

ifas Penicillium notatumtzasl .and Aspergillus speciestzag]

The swelling of the dormant spore well prior to germination

T:sesn in C.‘corticale has also‘been reported in conidia' of Aspergillus - '_f
(??03 and in several other fungi viz Eotrytis oinsrea

‘nidulans

;_The invagination of the plasmalemma probablyéh'“5'; ERAR

frepresents ths region for germ tube formation and emergence.;f{'zc"l’;ii SEENEE

;The germ tube ssemed to have originated from the inner wall of L;iiﬁf'“ SR
fths spore. This Feature has heen reported in Aspergillus oryzae{ 41]

= ,and Botrytis cinerea (241?., This differs from de nova formation of

{'f:germ tube. walls seen. in Fusarium culmarum [2423 and RhiZGPUS o

*”i_;istolonifer F2431 There was. a general increase in the cellular o

"""'f'organenes indioativs of active respiration and biosynthetic metabolisn:

The presence of cytoplasmic VESiClBS in the apical region of the

'lhyphae is seen in othsr fungi whioh are . taxonomically diverse [245]

and is also found in other growing tip cells like pollen tubes (2483

48}

“ront (247 2 o
Viroo hairs N budding yeast cells - and algal_rhizoids[?49]47',



{Brenner and Carrolltzsg] also found accumulation of cytoplasmic

9ﬂﬁ;vesicles at the apex in Ascodesmus species and though they could not
n«{;rstate their origin,considered them to be involved in wall formation.g;_tgl-f~f

[251{,agaim shcwed the role of the cytoplasmic‘vesicles in cell

;wall envelope bicgenesis ofrthe yeast cell. 7

_s;sicles is merely speculati e;

(89] Rosenberger F_27] stated

;frcm'budding of endoplasmic reticulum

?they are From endomembrane syetems and added that they move towards - R

.;ithe ceese of growth extension only to reform at the start of growth." f”fjfa;l
:':_This theory Fits the structure where the endoplasmic reticulum could ce

seen in close aseociation with the plasmalemma tPlate 24).

(252)

The presence oF plasmalemmasomes and lcmasomes has been a

= controversial topic. BrackeriZSS} repcrted that they may be artefacts_';i

'-f“'_produced by fiXatiVBS: Campbell F?$4] end Centino and Truesdell (253
R (256 )

;'fhaleo thought they are artefacts.t Heath and Greenwood . us ed a

"'d'“variety of fixatives and showed that 1omaeomes and plasmalemmasomes E

}are constant structuras in Saprclegnia Ferax and Dictyuchus sterile.

iLomasomes and plasmelcmmasomes were regularly demonstrated in C. corticale e

;and found in mature hyphae as well as regicns of high metaholic activity._;,_zr

t (257]

{Beck and Greenwal described struotures they termed " cytoplasmic whorl"

:as_having double stranded convoluted._ yelin type structures. hey showed

_these cytoplasmic whorls as regular featuree and suggested that they i

-“”Ti;:have physiological basis connected with cellular ditferentiation.lf Sl

' :5f5fThese cytoplasmic whorls are reminiscent of lomasomes [Plate 27].-~

'd*fCole and Aldri h[ZSB? showed their presence in fixed and unfixed .

'{"1sections and Kozer and. Weijer FZSQ?

confirmed thie in Neurospora crassa.” o

The origin cf these structures is doubtful. Suggestions exist that

' they may be derived either trom the passage of vesicles through the
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:ip;asmalemma Qr by budding cff cr proliferation cf vesicular

;'structures l-g) or vesicles budding cff endoplasmic reticulum passing ;T;;;;';;

7.dthrcugh plasmalemma FZBU)., An early initiaticn ot lcmaecme formaticn .

ican be seen in Plate 25.. This seems rather mcre cennscted to the f‘f:"'

rplasmqlemma than endcplaemic reticulum.A This thought seems mcre 1;53

;feasible with the prcpcsiticn that lcmascmes are derived Frcm :

;vesicular structures passing thrcugh the plasmalemma. In Plate 25 ,,;

; :a eimilar structure ie present in Plate 20.: It cculd be f“

Pi;pcssibls fcr fclded plasmalemma such as’ that tc bud ch tc give
:;hlcmasemes., The convcluted structures in Plate 28 cculd nct be_:”'h*'5
Pescribed to a definite crigin. o | EE
_ The crigin cf lcmascmes and plasmolemmascmes is still cbscure ::' R
.but they appear tc be part sF the cell. Structures ccnfcrming tc _hh _
rusitheir dsscripticn have been repcrted in cther cells namely algaetzeﬂ 282]
| .-r':and in higher plants [253' 284]_. of the f‘ixaticne used’ 0504 Cwas

'7:f0und better for cell wall’ demcnstration while KMn 04 was supericr l;."

[.cn membrancue structures.:'

‘.:':'.':The r.:ell wall, though slightly di-F-Fused, appeer‘ed tc have three .'
"layers [Plate 25] Twc layered walls have been rePDFtEd in Mucor rOUXii[124]'f
tzss) R L A

:and three layers in Ccchlicbolus mycbeanus

ih Enzymatic treatment cf the walls dsmcnstrated that-theAwall surface ;ifi;l
”was‘granular with -an’, amcrphcus appearance._ Chitinase and cellulase 1;&7f;”=:}¢
ghad no- effect en the surface when ueed separately and sequentially o
rffjindicating the absence of chitin and cellulose on the surface.: The ,hh‘"h
'i%eurface was readily eusceptible tc B glucqnase From snail gut juice

. and very slewly to pronase. -

’
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A sequential treatment through ﬁ glucqnaee and pronaee revealed

;a.distinct complexity of interwoven microfibrile which disappeared on i
' prolcnged treatment with chitinase while cellulase had no effect.

”ﬁn;can, therefore,‘be inferred that the wall ie made of mainly glucan cn'j'

-the'eurface and the chitincue microfibrile on the inner moet sur$ace

iwith the intereticee and retioulum-matrixjfilled with glyccprotein.

,,The wall} thue,_preeentedf:'etructure oF three integrated but

fco~axia11y diatributed regiona. each with a prominent polymer

,jfconjeoture ie aupported by the three-layered propoeal with glucan

éﬁfhand chitin being the predominant polymere._ This ie coneistent with

[125]

f{t;the work of Huneley and Burnett and Salton

-*Gﬂ Neurcepora crassa that the micrcfibrile were embedded in a homogenoue

_'matrix.- Though the glucan in C. corticale wae not split, it ie now
H”kf_clear that there are twc glucane. The R-glucan ccntaining ﬁ ( 1—93)

'-V“and,ﬁ‘ t 1—96} linkagee and the s- glucan which is a Straight Chai“ i'

*;]containing ci— [ 1—93] linkagee [72?' 267]

The analyeie of cell wall components ehcwed that ell the wall "]”

f;componente Found in one strain were preaent throughout the cther etraine

Z"except that there were quantitatiVe differencee. The walle comprieed ff“’”

flargely of polyeaccharidee as’ regularly reported in Fungal walle. 1L;hf{ft

‘finor quantitiee of other compcnente euch a" protein and lipide were s

"faleo preeent.vp_h RO
ECrooK and Johnetontzﬁé} reported eimilar reeulte in related genera.5§”f¥ff
:::fthhey found two hexoeaminee,galactoeamine and glucoaamine.,in Eotrxtie

7’ffcinerea, Aepergillus niger and in Neuroepora eitophila.' The absenoe of

‘h-flcelluloee”in the cell well was ehown beyond doubtw.' Cellulaee had no

E g;;effect on the oell wall there was no hydroxyprcline, the amino acid

which ie characterietic of celluloeio cell walle ans? and Applegarth'e teet

: prcved ite abeence.‘ Celluloee hae never been reported in the Imperfect
';Fungi. The high"level of carbohydratea notably.glucoee is seen in all -

Fungi FBQ, 270]
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These struotural and ohemical oomponents are ussfulfinttaxonomio3
';fcharaoterisation. Bartniokin Garcia F11?] divided the fungi‘group i"

5ﬁ; into eight classes on the basis of wall chemistry and showed how this o

fitted with other classi?ications based on ‘8 range of oriteria of

Vihowever, be viewed critically as the components and their peroentages

*f}t:are likely to vary significantly under several cultural conditionst118’ 1131:”

j”ﬁfi?MoreoVer,_the reoovery of the various oomponents is subjeot to the method.
B ?of cell wall preparation as well as techniques for extracting the e
'oomponents. In the amino aoid analysis, for instanoe, methionine appeared
”;ff_to be present in all the strains by the paper ohromatography while this o
; component was recorded absent in strains ABO and A31 by the amino acid
fhauto analyser.‘ Baokground oontamination that oan cause complication
(2723.

'of chromatograms has been reported However, instruments are now

'fﬁﬂfavailable for acourate analysis of samples. With improved teohniques

;of sample preparations, this system oould make a. reliable oontribution in

ataxonomy.

hInvestigations were.carriedtto establish minimum inhibitory

and Fungioidal 1svsls of antimiorobial agents on. C. oorticals. Also the'fJﬁl
;5°tiVit195 Uf thBSB agents at sub inhibitory levels on the cellular

';lfistruoture were demonstrated. The imidazole derivatives were . the :;;;."

“'most effective by produoing the lowest fungicidal levels on C. ccrticale.:"-”

jThe polyenes were also quite effeotive but their fungioidal levels were _J

"}ji_higher than had been obtained in Candida albioans [135] snd Torulopsis :
”t:glabrata( 73], f C. oortioale,-as well as being inoriminated in diseases

- af sycamores and maple trees,'also cause. ailments amongst the. workers

'onlthe logs, thus, oonstituting an economic hazard,



j:wThe only treatment applied has peen to remove the Pﬁtie”ts from

o fexposure to the spores cf the fungus Fja 24} Complete recovery

[24)

ustook up tc a year and Fatal cases have sven besn reported

:;fThe repcrted cas__“of maple bark diseases have all been allergic Qf}*iés

'”3donditicns as such._these drugs will be ineffectiVe but they could

f;sed,in a systemic;infection._ Aspergillus Fumigatus which causes .

fan’” allergic condition also beccmes systemic. The possihility of
.;corticale turning systemic cannct he ruled out in the face cf
‘j{indiscriminate usage of antibictics and immunosuppressive drugs.l:_lff

}These factcrs cause debilitation in the man making him prcne tc

":,infection.-, | .

Brown F?jj stated that there is not thought to be a cure fcr

's-ythe disease in the plant. So far, all infected trees have oeen
;cut down and hurnt with every sffort being made to prevent the y_.f‘-"-
m'l‘a“spread of the sporss., The new drugs with fairly lcwf1IC euch ‘as
1;Rapamycin, Aculsacin A and Polyoxin D could be tried.' Indeed,-pfﬂrﬁ

“Lg. Polycxin D has been used- in plant patholcgy in Japan [?74] d

lliuaureﬁfungin, a polyene, is used in agriculture in India F2751 SR

o A limitation cn the use of drug is likely from the insiduous

3characters ot the tungue in the plant bscause by the time the symptoms ;?‘;_“f

iare Fully recognised the damage has been done.g A possihle method of
".fcsnt' ol lies :Ln breeding and using resistant varieties o-F the plant.

wThis is the method of choice for many diseases such as viral and . el
tss)

ij?vasculsr pathogens for which adequate cure and control are not available - ‘.:
‘&fC. corticale has bsen found in the vascular tissue of sycamore trees (3 ]as sum

‘;ﬁthis system of contrcl may thereFore, be - adopted. .



]The antimicrobial agente caused morphogenetic effects to a »;-"

::Q;;;varying degree. Barathova and Betina < ;ﬁéGé;f;;,:ﬁf'”

V"shown that ethidium bromide and 5 fluorouraoil produced granulation,

iVaouolation and undalation Jon: Botrytis cinerea.ffl£'2“2”M7”h

fIn C. oorticala, ethidium bromide also caused granulation which was

coompanied by elight distortion of the cell shape.;r5 fluorouracil only caused

;a alight granulation. The distortion affect of ethidium bnomide must

'llhave been due to ite strong anti chelating property.:;Z 4 dinitro-f‘

wf,fphenol had no significant effeot._
(2783

gr;:curling effeot reported - _ : ST
ﬁf;;;fiTha most striking morphogenetio effaots ware induced by Cytochalasin A, : o
1_?Ramihyphin, Rapamycin._Polyoxin D and Aculeacin A._ In oytochalasin A.-_”a
4 't the cell sur*aoe effect was quite pronounoed, though not much
:T'Viﬁcytoplaamic distortion was- observed (Plate 48] : This 1ndicatea that the
i‘-ilgruss alteration of the wall wae due to interaotions of the wall and Jf'
.ﬁjiatplaemalemma. Weseele et al @ 72] féported of intrQ*oellular -
f:ﬂf:disorganisation of microfilaments systems._ This was not seen .

t?753 reported “on revereible

' f;in C..oorticale and Bradley

1inhibition of . cytoplaamio streaming without disorganisation oF micro- {_;ijc”j‘

tfilamentsrﬁ Rapamycin produced a reduotion in the hyphal width and N
R e :fThe reduction oould be due to 1eakage in thejt;!ffiifé
rcell wall which could lead to collapee ﬂ and breakdown of celle FE NG

:as evident in the SEM ( Plata 43] Ramihyphin induced the highest
';iramification.i The hyphae ware broken into fragments with the surfaces :"

?aeverely distorted thus portraying ite nama,ramification of hypnae[??sj
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;? Katz et el [280} Preposed thet inhibitien of cell well synthesis fﬁﬁﬁ

Aj-could increese the Frequency of brenching._ This cculd explain the :

L'increase in branching in polyoxin D end eculeecin A As seen in

-;Plete SD pelyoxin D treatment was’ elso accompenied by swelling and o ol

1bu1ging of the cells [281 end 262) Aculeecin A inhibits well

(151)

while Polyoxin D :

Eeynthesie by inhibiting the eyntheeis of glucan

-;i;Preroplasts were eventually produced bbt these failed to revert

"?te the hyphal grewth.* DeVriee end weseel (2 3] reported that

.fpolyoxin D aleo inhibits the synthesis oF R-glucan.~ They suggested
'.thet the swelling of the cells could be due to the absence of dll
.:'ll_chitin and, R-glucen, thus signifying the importance oF these polymers

'”;?;;fin hyphel morphogEnesis._l:g_fd7: -

(274)

'3”V:DGoedey steted thet the existence of polyexin 0 doee hold out e

-Tfhope thet chitin eyntheeie cen be used as e target for a retionel

‘?Titherepy for fungsl diseeeee., He alse drew a resemblance betweenj5i';:

fpolyoxin D end penicillin by their mode of action.

Reporte thet proteplasts reVert to the original hyphal grewth

&have been mede on several fungi Aspergillus nidulans [183].

_:NeuroSpore creeea(284] and Fueerium culmcrumtzas?.f The inebility

-of polyoxin D treated protoplests reverting to the hyphal growth

’”LDinitiated the investigeticn fcr the production and reversion of ?‘7;1

:,:,;protoplaets of C. corticale:.. Protoplests were produced end did revert

f'-7e£€;to the myceliel grdwth._ Dhitineee elone wes ineffective in producing
:wkfprctoplests but in cenjuncticn with sneil gut juice the. productive

;_effect was very rapid., This confirmed the cbeervstion on the cell well
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{oonsisting of mainly glucans and chitin:{;A similar rssrlt wa"i

. ﬁTTrsportad by Skujins at al [288} on Fusarium solani and g

: ffAspsrgillus oryzaa.'u Inability oF ths protoplasts to rsvart to ths f

V'riginal mycslial form has bssn rsportad in Fusarium culmorum by Garcia-i;i::l

fAcha at al [232} who want on to suggest that this could bs dus to

ginal-hyphas, abs,nos of nuclei o

rlocation of ths?;W” absence of

’othar organsllss: Protoplssts of'Psnioillium chrysogenum and wiw.ﬁf,:*ffﬁl,ﬁ

y;Csphalosoorium scramomium have bssn usad to dsmonstrats that Lfvlzfﬁoq_mu
E288] -

""5fftsoms metabolic activities takes place in ths intact mycslium

: {Conssquantly thsy havs a high potantial uss as a tool for fungal

'-:yffmorphogsnstic studiss in ths contsxt of call wall synthssis."?r-"“

:*IMPLICATIUN IN PATHDGENICITY o

Cryptostroma cortioals has bssn implicated as a potential
{3)

upathogan.~tPsacs b

doubtsd its pathogsnicity, though, he- admittad
'-ifthera is strong oiroumstantial svidencs that C. corticale is ths causslir B
4;of sooty bark dissase, hs thought thsrs is no. proof. His doubts

slwsrs confirmsd by tha tailurs of sxpsrimsntal inoculation of

”-_fsycamors plants. basing his theory on rsducsd virulsnos in ths fungus tn}gfff_#

'caussd by 1ow tsmperature.fﬁtn

_ Rssults from this work havs shown ths numbar of csll wall .

}dsgrading and hydrolytic enzymss producad by C. cortioals. ?”F_b?ha;ﬂﬁ';ﬁ

iThs ability to producs an array of anzymss capabls of dsgrading ths
ioomplsx oomponsnts of ths plant osll wall is a charactsristic of

. pathogens E??J. and also of saprophytss but it is a prsrsquisits and also'

fssssntial For pathogsnicity (2891 Ths molecular basis oF pathogsnioity :‘f-.
.ﬁistill rsmains illdsfinad. It is apparant,howsvsr, that the ability to. \-'
' ;causs dissasa is depsndant on a numbsr of molscular Factors and in ;.l:
'7.:_considsring thsss factors ths ability to producs csll wall dsgrading -f

' ~ssnzymes by an organism should rsprssent one aspsct. Thasa anzymss-

' f'fshould be producsd_in the host snvironmsnt-and seen to effect changes. o
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[50 52]

“'It is now evident that pl'”t pathoge:s:producedfwa11€::ﬁ: 'ﬁg: nzymes

Theee enzymes were produced by C..cortioale in vitro as well as in

"Efifsycamore tissue oulture.r The sycamore oells were oompletely degenerated.v? '

lfffAn estimate of the cell wall degrading enzymee showed that production'

'“;in the tissue was twofold higher than in the medium.

arr;and Albersheim( ga] showed the necessity of the oell wall degrading?

‘iin the plant wall.;

z}jSubsequent studies by Englieh et el [2911 and Bashman and Bateman( ?2)

fenzymes for effeotive degradation of the substrate

;haVe demonstrated the ability of pectin enzymestin disrupting

?[iisolated walls and resulting in solubilization of pectin materiale

o including neutral polymers containing galactose and arabinose.,ﬁ”'”:a'

( 93) (2 4}

hifTelmadge et al “and Bauer et ‘al further Qmphasized the

importance of pectin enzyms - in cell wall degradation. They stated
‘T'_thet the release of polysacoharide in syoamore oells by cellulaee and y-.,_

‘i?'“pronase was ten fold higher when pre-treated with pectinase than when

”t:yaoting alone.' This ‘was also demonstrated in Rhizoctina solani (295] , in o K

"fSolerotuim rolfsiitzgs], .Bateman and Jones {??73

'liéz Bateman [?983 reported the ability of pathogens to exorete the

and Mullen and

idegrading enzymes in infected tissues and their disruption of cell walls;;?

“during pathogenesis-:fifiiu B

"'?Factors trom plant cell walle or tissues'are known to enhanoe‘f;ﬁ:fi

_roduction of degrading enzymes by pathogens.q{These have been demonstrated

5 omato by Fusarium oxysporum [ZSSl.and in green elm by Ceratocystis

This may account for the inorease of enzyme production by

. ;N.,oorticale in the sycamore cells. i':‘: deey _ e “”

: The artificial inoculation of sycamore saplings produoed only i'_f;'

"::7;'one dead plant out oF four. Thie may seem insignificant but the fungus
'fiwas demonstrated in the tissuee and was also reisolated pure.

7j.:Robertson [3013 has a 1imited success in the.experimental infeotion"work

ztfbut a more perising result hae been achieved { C. w T Young personal

'communioation) o



LThe lack cf much success cculd be due'tg lcee UIAVirulence T

:]70rganism Frcm the labcratcry culturing._ It cculd alec be due tc

":icet epecificity since the strain,rABD ueed was isclated frcm ;.

R

.Utmaple lcg.. Since this strain destroyed sycamore cells and being

'*the fast growing strain. it wae likely tc give infecticn in a

,reeecnable time.; chever, conditions in the tiseue culture differ B

jThere are mcre nutrients and no antagcnietic.ﬁ.

:ifagents creeent and so suitable fcr the strain tc tlcurish.f;fsilf;;;~1f:--~

-5eNeverthe1ess, the preeence cF hyphae in the tiesue signifiee that

il;:ggerminaticn cccurred since spcres were used as’ the incculum-iulr"t~F~~*mi,

:Ttif;This may bB Significant. as’ hcst resietaneefactcrs wculd be’ present

"‘in the plant.. This indicated scme activity by. the crganiem and pcints*"-

- out that the. crganism might have lost its virulence in the labcretcry.

| Tha Ebility to germinathhowever,shows that after several paseages the
i“jcrganiem can gain back ite virulencE'_ﬂﬂ g :

Peace (3] indicated that the lcse ct virulence, he suggested in

“}g,c. EEEEEEEEE} was due tc 1cw temperaturef It has been shcwn in thie'-gf

u‘j_wcrk and it is generally kncwn that lcw temperature can iny

;were suoh as cne wculd asecciate with an active Pathogen, In hie S
';tfinal remark, he eaid, the Drganiem is beccming 1ess active and s0 1eeeﬂe:

’77”imp0rtant but was hoping the future will ‘show if c. ccrticale can”

: “V‘Hreappear.

The resulte cbtained frcm thie work, thcugh far frcm being
:fccnclusive, give dEfi”ite indication cF c. ‘corticale being Pathcgenic. S

-‘:fE,_EEEEEEEEERCE” therefcre{'be deecrieed as a Facultative parasite.

?reduce activity._ He alec pcinted cut that activg infecticn and spreadrfg-jﬂ;?j
A nont 7 Aii}lsc evident frcm thie wcrk.-t'ﬁl'i—'=,a”
*He hypcthesieed that C.Jccrticale is a eaprophyte ‘hut at the same timer_f"

chntradicted it by Stating that the leeione fcund cn diseeeed treee'd.ttfziqj::
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