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Abstract

,,.;,:,, 
", ,A method lvas d.eveloped for isolati-ng single livlng

mesophyll- cells and naintaíning then in eulture. The mlddle

lamel1a was dÍssolved by protopectinase, with prior plasmolysis

of the tissue to. reduce the toxic factor associated with pro-

topectinase of this enzytne. Experíments r+ith detached cotyledons

and portions of eotyledons suggest that the degree of meristenratie

activity in the tissue of sunflower cotyled.ons controls the

susceptibility of the tissue to rust ínfection. Intense meris-

tematie ,activity leads to resistanee due to extreme c.ompetition

for available nutri-ents.
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2

1. An investigation of the realcÈ'on of individuar host
cells to infection independently of the surroundi.ng tissue.

2, The d.eterminatisn of the extent to which tíssue res_,
ponse could modify the reactions of individual host cells,

rn the first case a considerable amount of preliminary.....
work was necessary to develo¡ a, rnethod, for isolatíng individual
mesophyll cells and mainËaining them in a living condition, wh¿e
the most pronising approach to the second. rine Eppeared to be
through,,a,r study of t,he effect',upor,. susceptibilit3¡.of . p"àgres_
sive..reduit'lon.'of..'thl]aie*.;i..iái*¿ied.']uissùe..



this,'phenomenon was made by:Thatcher'l (19¡9) ínr hisl 'Érneàbtlity

theory of. .r:rrsË ,,lnfectior. - :l{ê,.has, s-ho¡m experibentally,' that

some rr¿sit fungi càn:,secrete.a-âùU¡têlrce or substancêê ¡rhich.:'.....:'.....'-'.]]....':.
promote an i¡rc¡reasë ín the peruoeability,of ,ther,ho$t protoplast,





tì"





have been thet a'ttertpts to guLture $ucb parasites en host, tíssue

sultãres" ,Merel tLgt+8) t+aF the f{rst to repôrü succe$sf,trL,'

culturing of PlasmOwia yftj.,cola on grape câ]-h¡.e tíÀsue aad,

foLlowed, this by the.srl.ltl,vation sf sçme other ob3.igate parasítes"

Låttle sueÈess,has bee- net fn thls directionrw'ith-.,rqst f-qr.¿gi'

Hoüsoa ttg53) using healthy eallus tissue of Juniqerus virEipiana

has suceessfully cultured 8ïrulospsranej.r¡p .

Thô, rr.ist. p{gdueedf.t-yplç ,trå},ía1 horns,.aad a frurga} nayeelin4,,,.
:.

survlved. in :gub:cr¡rtirras l¡¡' ¿¡*, gari::eál}us ,i4 ,serfal:'i*rrgturs,
føn,,d'ver'thre-e,lyê¿*5';:,',fþþ - veáetative nycel.lun sf the firnguo

grolrr{.4$,,aeria1-1y frem the crr*-..tured,:,host. eal}rrq,,'was','birx¡eleate,

'dtølhétom$ustyl:bran¿hed.,àna, wlthout elarop cg¡nect19gs, ",,,',' , , tt, 
,

'ì. .,, ,',flþln:and., Grl;ei:s.:,:.1rrt3,). hê,ve, shgranr.:;tbat' ElfEsiphp çLqheBEçeeJrun

ga :..',,, iø;,¡¿ltur'e¿ oa.,,SunEfO-ù fumþur',tig,sue¡',.,..t¡é' si ts,tshÈwed', l

'g-¡1gl;,,,rtoi",á ,Very .,Iim$éd, 'éxtgnt r , !hê¡.'¡¡¡qw.deri..øi'1.4eø wáS, ',çapablq

of,glôw¿a:oa..éxelsed..:uÈüåffeientlat4t1¡s@uj':.,i.issae.'.';.dù.:rms

aIs;'',,nofed',,ihat the cultq¡és,',Hhiú',grew,'nost rapidly weie, on,
..:..

tne' nore,,,:lapådly grgwrng tissue seetfons¡ . Ít,.'Uao'been shs¡r¡r :,
ühat ''ÊbllgatÈ parlgftes t,frrivé,'bes.t-,'on'.,vår4oous'. host$,, ,(But1er', ., '

and Jonesr.lg4t).'..$l1eé'.nrsis 'do. aot. Senera1ly g.row sn meris- '

tenåt,ic,'tfs'sue theq a¡e rrnl.tkely to, glóry itreLr'.on,'tlssue. culture
.:...:t ...".'

and. though a few positíve resr¿Ite have been obÊained, iË snst,

be eoniideiear lhÂt thiç,',wí1i,,,noù ùe'ar,very fnriÈful field of

The above êbeervations ehow that the e,ultsfe ,of .ob3.lgate





I*ater, a more,convenÍent :nethod: was, developed.. Tn-e seeds



10

!ìrere first shelled and washed. d,uring a period of 3o-h.j minutes

in several changes of sterile dlstilted water" They hrere

then removed aseptically and placed in a petri-dish csntaining
sl,l9f@SÊ-pepüoaeaga'r.'ofthefo11owingformu1u',-.

* 10 ggrs

:æ j,.gÍns
.....:z' Q,gFÈ :

- '8 
",5 

gms
. .. . .. . :

= O-'O1, Bns.

,ç 15'gmsr '
:.'

:F I l-itre
'..'...'..,.,'.,'l

eaS.L'l¡t úd.en..

Sucròsg ., , ì .i: , . ,. ,' ',,' ì

Bacteriological peptone '
. ,it t., ... . : . :.. : .

Potlasglwr d.lhydrog€-n þhosphate.....:...:....:.
I,I*gq-rêSÐ&l sulpháte (crysrati*nel

Ferrió,etiiãr'raár' "'r'. ' :'' '' ''

Agar'
I. '..,..

I¡Jå.t,er

ff i t-l¡ ia r,, 2, þ,' høuré i ontaøna,¿ *¿ 
:,, :" ufd s, : c oüLd,. b e

tf'fígd:,,- :The'.as.eptic hendJ-lhg,,of ,,g"*Or:, and tissue follswed the
genera1,,,,t-ec åque.!.,,s.àt . aôø,,byr.. Irr,htte 'a::I}.gttn3l ,,ànú iby càutherà,Ë.,,, :

TT,,

.,',',.r' ,Mân¡l ,techn.iaúes',.¡g¡e "been described for growlng plaa¿" '

under asept-ic ,eo,ndili.ons , {De Ro?p,r_,, ]:9¡6r 'l Geir*n ,áa-a: n ,r, 
Lg s\. ,

...'.]..:..::.
:borate, :bEing deslgneo rer piã@*a'¿io¡rth- or' tbrlfu, : 

,'

aecessitating cçnetant aeralÈion',and rep}eAishnônt : øf nr¿Ër{iente.

sech methgds: wo9J.d.,b€, sulüabLel b[t. noü,.u*oáùi¿nui rôr, growing
large nu¡rbers of aseptie eotyledons.

rn the :eaiiy. áËueu" 'of: ihes"',èxpelri*"r,ii ,the,loi face
sterili.sed seed.s werq sg-!4,àn. mçiet-vermisutlte ori:sand cotr-
Èained .ia:grass jari prqggedlwith cottéa brqol andr.all previously



1t-

autocl-qved at 15 J-bs. pressufe for, 3O minutês¡ r The, eotyt-edons

producèd under sueh,cond,itions Ïrere eonsid,erabLy. snatler than
normal and ,there Ïras a tendency for incurved grorrbh to oser¡r

at the ed,ges of the cotyled.on.

:, Recently, a ¡nore csnvenlent methoo nas been d,eveloped in
whiitr the seeds prevåously eurface sterilisedland.þlaeed on

agar in petri-dishesr.,as. pieviously, ¿uicirb'edr -ruerá .remaved

asep!íeally,aft,er, twenty;four hours and :rplq.ced,ón, suerosê-,,,
peptone',agar in'snall.elase vêssê}à, c-overed wfth ¡r-atch glasses.
the ,giz'e, of, Èhe:,'vespelé ,,:'2n ,*':2år¡ .was,'utlftåáí*ùù: roilgepmÍna-'
tion and for the norrnal development of the cotyledon stage of
thé" súnflowef ¡-p1' ¡¡,; ,, l{srmal healthy eotyledonslofei*,,,obtâined ,

by'thís Eethod.

Irr,.
' 

' ,t S1¡4f.o1^rer,,,p1ánüs,.,gr,ovnr,,unde r';:r,r.lrrma1 ,g¡¿ef ,,cón¿iiiôns, '

wer-e 
- 
lnorytea' wlth úr'.edf ócþry' and,,t he' ên-t iie:.¡lânt c ove red

for.,ù ,,hóúrs,wirth 1 nòlytnene'.bag.,to,t@idè a satura-
ted atáâsÞhêi¿,,ior...gernrina:tian.r, 

, ,At Èhe ,'r'f1rictæi. Étage of
ínf.êcteonr,. befo.rè".the .éorus breaks through',thè .eÞ'ldârmis, the
reaves lvere vr¡ashed once Ì^rith the mercuric chl-oride /etbyL ar-

'0øho1,sslutión qnd then severall,tåmes- wiÈh rEtèrÍlé IdístfIIed
.lvater;ì, Ther entíre leaf w.as then placed in,at.âteiiiise¿ gtass

stand. and, clanp. Spores produced. under these eonditíorls lvere

seldom conta.minated.



',. ' 'L2.
j....'

i..r

groryfing, thém,'uÞol: aserptie cot-Í-trgdoas ;,but ryhen groqa.. un4er,.

these conditioùs,'the' rate':,of pustu3-e development was redrleed

aswasthe'.5tie3.d'.ôf.:sÞøiês'

IV'

roáge¿,'rraâ¿rliþ;;çi:,iis ',,etc;,',ulaãr."aé ¿..cg'44ftto¡s, (Fig; .' ," ,

I). Ar1 mareiíáI¡"án*i :iiáryut',t, i1,,, Þ,ud,'*oÞt ',
pass through a double-baffled entrance box (A) inserted through

tnei fáa¡'of,:ttré.,éhá,nU*..',,,Thi.s. bo.x Í-s ,construited',wåth a iaged

dooi .(B)'ått,éí.ther,,9{.'ánd..in$149''éáCh,,door hangs a cI'oüh:.baf-'

¡1-e, i$pregaa.tedr6h..l¡4d .o;.à''S'iø' ãis inf qA üant,?,. :,,,:Wi.¿6, 
"

Ëhe inslde door closed materials may be ínserted from the rear,

the inside of the box sprayed vt1th l,ysol, and. the rear door

Cfqo@'aããia;'l:i.:il.ía:,!þiillãJi, -$:',tAen,'.be' brought Lnto the'c! ;1 , 
:

¡*'¡t,f;áii¡e'tâ-á,,1 ida door. Thus,, áùlãé-þôlnt. iú'r,the.,-'.' '' r .

râsio-e:.ana,r,oú{Éidèttóf,'¿tre,chamb.,er.,..Thêl,,glass. eove19d,.ùop. (gl ,i ' ,

iá.iigmo+auÍ èt,æ¿' áIlôws: 
. 

- fé ¡, t i éff ' Ète¡iiiÉàt lea,-ór' Èhe e hanb er

,ùirlré' t¡ê' .ri,, rl,,ã*oéá.i*ith'*, é1ottr :W*#øtçtih-,,,r,Tso1. 
.' '': ''' :" ) ,.,, , ,,, .For, þandli¡g,nateqiáI,,.within the,,C'hArdber,,rthe.,operqleri¡

:. ...'

(¡) at' t'he f¡lçnt, of-..ü'he' chamberr.,,,,,'Thê'rglgvgs:,áre..of ,ffure .Eetr- I

. ::... . '":: '.::. : .:'. a':túre'and,,'a11oùt almàst' còBplele' ¡-iee¿om -of uerement oJ'the' llands.

Tbe resefyoii '.(g): oontafniag,$rierlle d-istilled v¡ater is' , '
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.rlcoc-qcuçd gt¡r{ pållT¡ XaTlnO - .d

..rêîeÄ peTTT?STp eÏTrals Jo JToÂJê8âU - .g
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'llr .

csnneeted:by glass'*uÞ'ing to an outlet','{'f') go a supply of
'r'.'..

sterile water: is availabLe w1Èhin the chamber. :'

V.

-

' ' . 'Iu, ordér ,,to ,üainta,ln ,aeeptiú ôonafüions- 'during microeeopie

examination of tissue a speeial chanber was constnrcted (Fig.
I ' ': l ':' t t' : : '

.2) . The cgarselãnd,,.fånel'.adlUètments' {Ð.And''B),'of '¡,the: mi.crOs-

c'ope are eonÈrol}ed from the outside by connecting-rod,s ' A

#¡b'úer,,eAm"at¿¡n .iC-}'seáis the projectfng',eyeþ'leee, ùo, the,sur,-

,f¿sþ.ôf.r'úfre etranUè,,.i ,wå els till al-Iowing ftI,l,úpward. P,olèmeat ,

gf ilie:' bvb e;' .:The,,'nfi¡o*, sn¿',, sendens é¡:, caa,be,,, a{¡'us ted-r bhrBtrgh

á, el.,glorve co¡¡r.ection at-tachc4 Et,. (ÐJr.,'.-$hieria1s...tc be ,,,',,
.:.r,t,;,4.,.1,.1.:,.1¡.t 

:, : ,... .:: .:'..: ..,:.., ... , : : '.,

exan¿ã¿d',aú'p+ê saa:t 'ár,'sê}f:ságl¡g.ãÞên1lg,:¡'nede" of ' ,, .

"1,:':;:;,' 
¡ ,:'

r,ovérfáp¡fug-,shé.ets' of,',dent'iÉ'..'tB)l;;',,.;Ll,gþi..ént'ôrs, the,.ôhamber,,, '

vr.
A protopectinase or üBcerating enuyme r'¡as required !n

this study Èo dissolve the protopectin component of plant cell
. ..:. . a .....

rûal1s;t,'t''..-* *¡ etai.'¡rãlopec-ti*rasgs wáre''ùsed.,t,in' pr4lnrnary

êiper:mÀntsr,,O. ùt, netrther,."u ,.,s,óm¡3¿,tâf.i satÍsfactory'.' A,fresh

* ¿,.;¡'..þôtonecrin¿se "xtrAoièe.'fi¿ù"potatses 
infeeted.'w1,Ë!r

Ðf þ+fry,,g,AFgËpp,t¡ry r¡e s s e', hâd: rf 'st iong,ma oerat rng' propert ie s "
i ' , ,x¡þþ;' f¡.',¿é. ,Fàrgãnpm-.,att€,eks:, a.,,suseeptibi.e varíety of

potaËo tuber a:'chaiaeteristic ssft rot dépglOps* ' The dÍseased



15

A
D,

B

Text Fig. 2. Diagran of chanber used for aseptic

Â. ,'-' ßoârse adJùóinç¡1¡,,,ói, ùi¿"oiód,, , "; :..';" 
''

B;.i; -Finå q¿gu at 'ir,,rt"roscope: '', ,"

C.:, -.,F1gx-ible..nrbbeir seâL: , ., : ::,.

:.:.....::..1,..i:':.....'.ll.--,

rf ' nrbúãr.'. eióv;; , .,.- '

þ
E; - Séif.:seaft¡sr¡pê.ni4g", ' ., 

*.
., .,.,

, t : ...1 ' : 'F..-,Beal rrindo¡¡ for:,*fcroÈcoplc lamp. ,, .

n\lr
- lflindows for general fllunlnation.

H.

nÍcros'e-opfc



L6

tissue beeomes soft and watery due to rhe presence of the
...''..,.

protopectinaseS which'have, dissolved 'ahra{ the protopectin of 'l
: . :. ì

ühe .eeLtiwaLl. The gffect,'it io' separate the cells frornieach

other wft,h a cerrtainramount of destruction of the çell wal1,
.. :.t . : : '. .....t:

and., subsequently, thè. déáth,,of 'the, pio- -last,", 'Therpárticular
r. r.. . . ..:.....

strain of Pyt,híum used in these experiments was isolated. from
tdanped-off l eress,,s.eedlings,,ând.. has,"sinié ì been maintained on

a sueros,þ.-þeptone. mediqq pH,:Q., :.,1hê:,'.süoCk cultures þr€re, kept,,

on agar slopes at 5oC, and. subcultured at least onee a month.

, ,:l:. 1Th€..:potatË.es,- weirê 'fj,rs¿,, weshád.,ahd , dríed. and ' thé paït

bo be-,,inóóulated washed wibh..,95i,'io; ethyl-. alcohol which urae:,ihe-n

alloyred''to, évaþo$; ..'.Á' n1u'S,.,of ,tigsuâr, âpproxinately 0. J cfrr

tn aépthr.r,wai, i.,ámoveá''.*ritr ' 
a- itelire .No; , ?. èork. uorer and' .j '

dáÍ.,old ,'Pylhtumi,cultufêr.,.qas:,.inve1té4,.¡.'i¡¡¡or,.Lhé,,.'C i.ty, and.

sealed. with Ìow-melting point Ì^rax (rsaac, 1951) of the follow-
ing composition.

P.etrroleum, JeIL3¡,.,' : ;, ¡ ::

Paraff-in 'T{ax .' (1'L,p,.r.5 /oc)
?5/¡'hy,,wèiÈht

25'i" by weíght

at 25oç;,.,aftei ict .'ti¡neia,.characqlstic soft-rot had set
. '.. :.: ,.'

in and most of the potato had become a brown watery mass due

to the action of the macerating enzymes. This disorganÍsed

tissue, wa$: scrapefl out .åed ':squeezed throughf à 'doublê layer
of nustin, andr .the solution ôollected rras' cèntrifuged,at c . 2Or00O



'lnr-l

:.....
x g, :for 2O minutes- to, renoye all- cell d.ebrisr ,,,,T. e'supernatiVnt ..

.,''.fluid wae further. purffied by,aeëtone pfep¿pitatiol :of Ëhe, , , '

proteins, at -iooc fnl:',the','ratlo àf ,.Z,r¡olumes áceiooui to,}i,,ef I ' ,

enøyrye 'solutÍoí..,,..4,,:c,opiþug:,arhiùq, floôàúlent ,p-Ieeipltate w'as
. .. ... ... 

:

The:,,residua} '.táCetóné,,was',-rqna+ad-.,under: Vacu¡F .and the f fu4l,
dry.,p,4.'áãrryte,.lg.r - tio': a fine powd,er âm 'stóied raù: r;160ç.; '.,. 

-',"

For.:éxpe:riBentaf,.risérr:ú,s.1ehêd.:ganp'lés-,,of,'thê.,porrder, were dls-

tmaceiâtion,:,ù1ue't-.;;!;1i.,r;;;,,Ebe.,tlmê,.requit:êd by e . s-ection,..of:.tissús .:r.

óf.,,s,çàla-rd. ,th,it tê,¡l.'l i*e-d',.io,la,:,gôiut:înr'æ,::the-,, prgto- ,.,

Ãì

1t': ::. , ..,... .

, ;:,,,, .,,':: ;,,1i¿¡¿¿¡f:,farbwg.,,té'ê,l¡niqué'$t jlfréíê..eúp'1ô''''ypd',,'1ú'.,!þ€ r€s-,
,p-i'ration",,stud.iês,..,,t'.' ,si-ândaíd,'îàigút';' ''fiÉ.s¡¿',.('0i.i5:.,þms )

pfevréu$lf, ,i¡,jþgt-e.d- wÍf h...wa,têi,,,!þ',,q'llow:'unlf orm..penetrat1on .. ' ., ,,

,:',,,;:;:. :.,:.. :. .'

': :': :'' : : 
'

',vóIúé,.,¡rithin.the,-.f1a,Ék,,nade up t-o_ 3.0 ml:.wtrth,',the,,,.,soluti'on,t ::
.... .......:.:
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of study tfere the maeerating and tsxie properËles sf the

protopectinase, and Ï4ra]ts of reducing or elfminat5.ng thls toxlc

factsrweresought'.-i, , , '

' 
: : 

. I , t' ',. ' : . '. 
:. 

'

I,' ''A. Þtúdy, òf ' thè'',Toxi-p : 4frd MaçBrali-ng P'f.ppèrt-ieg,',of,, tþ9.

(a.) ,, The: :Eff edt ,of',.pH" on,,.thê', 'âcilví:tv '',of ,'ìthê-'Ptf¡üpp, ctinas.

,,,,, ,'FroteÞácti.nases, the elzyne or group,of, enzl4es,,ryþ1"¡t .

dís'solye ihe, ,.protopeeÈin, the,. water ,insoluble substance wirleh'

rtrósr tiæ;;"tit*',wlib'io{t þaihogens, and. examination

of' 'Ìvhe inf,get'ion s¡lot has showA t,irât'.thè cells are isolá.ted 'l

fróm',.eaeh,.oúhel,"¿¡¿''¿"" d,ead. : : ',, '.ì', '

', .,'.,,,,-B,r' -ßp.r¡l ¡eg4n-'â.study, of bhe pbyslllogy of "u"h ...: .

.....: ,:.,:.rr.t..rI

þathogeß'. and ,.ús,fn$,'extrâ:et5 .,prepared 'trom, ge';¡m;tu,bes,,of '&Efi-
tls cineliea he'was , Ablè,'.t,o.1s,e,paia,te,.tþ p4cgrating, and ,to4i'C'l

I

effeÓt_,of .thås,,.th-ermolábi1e .,pr$ar.a!içnr. -T*€ theori.es for

... ,', -.(t),'tþ¿t both facto¡s ,,'u- Ë'ioh', ând .lôxicfty,r'originete ,

r+eie t¿"x¿¿ ovær,,à.,.pH,rlá.ngþ .o'f',,,fion pH !¡;O:8.,5 ì using:two,' buffers;

from pH 4.0-7,0.,sodfu¡a,eitr¿te;gitrie acld ¡uffer was used and

irom pH f .0:8,5: sodir¡n" boiate-bor.ic acld: buffei wás, used. Both



2g

Q';',,,, , , ', 5,. ', 
,,,,, :$.,.-, .t', "'7.',..., 

,, 8. t. ,., '9
p. H.

-Tgd,.,,Ffg, 3'i, Tbe,''..' et, of, pH,on,the,,nac"1 iag.,aitiviËy,,',
of the protopectinase. ^A.etlvity þras neagured

:' " ' .'..!",thá:l,reeiprocal of rmaceration.tiner in m{nuÈes,
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pectinase

tilled water for 18 hours prod,uced almost complete inaetivation.

Þarti*il, iósove"y was obtalned by,adding ä'n,equaI, volune of '

uoiied proiopeetinasè :solutíontto l'the 
, díatysatP' ,

(u)

(c) I

' '',, ,,TrLbè, {7955}r,,îe1qg ,,próiopè-c-tinàsé...extiacts,.from' BotrvËj.e
'':':' : : . '

.aáa, ggete" 1î"+lîryi 'has .iècenù1¡¡ sbqnn'that -varåous '

,pta,smo.lysing eôneéntfq'Uféæ of' salt'S''.ánd,.,non-eléctrolyte's re-': '

duc.e:,the.'rat-os of ,,both the mâeeùation-'ald:-toxlcltr;,ø;f ,ç]a*:plloto-

peetínaoê,'ánd,tt6{l,, thô'.1á È-êr ie,. áffected',,tó'a,,nu,oh:,H,reater

iAe!iér'.,': ,He F,:¿ts's,'.éhôwn,. tnat,,the e.o_ncentrctiol.of,,,p!ãémolyq-'

,iag Ðo,-1lr!{ù,;uÈi; :ut'1løw'íwt' ùhiab- erïry"d_ ea*ry'is,, hà4 
' - , 

I r,

'ú t'éfe" 
"i' in"i,; àiàgt t¡á"ttfè,, ãr t n",iÞ*âioÞr*sts;.' aad,',.''

'that,'â ,,slight' lnsreåSè,'in,,:ihe:.cOne--e ratio-n-: o!, '¿þe-. :plasnolysing

,agéoi; 
, Srrf.ti"irot': to,tbif¡lg ,áUæi'.¡lalo*¡øi";, eàa$éd ',a 1@-f,o1d ;' 

t

'iâà**uuá' i-n..the ,nunÚ.er -of 'protoplaet,s,,sryvrn,g,,aË tþe, e-nd., ,of I

In view of these results experÍnenËs were earuied ouË

la thås ,nràj*Ct';. iot'Stud¡¡r.the, _effeet of nlasnolysing concen-

tratións of sabe and non-e1eetrolfLes on .the'aaeqrating and

toxie propertles ef ¿5s piotopeetinase isslated frorn .P@&,
Iinfêeted potaioes.l 'It was fsund that thé utolar'iconceatratioas



?3..

of lfi{03 and ÞksoU (oi5-0;Ts¡) thar,werþ requtred 11 plasnolyse_

the celts of the eoty'Iàdons, had a toxfe :act:on on'¡¡" eelis ':

afÈer proloaged. immersion. Solutions of non-electrolytes such

qs susrose and glueose .of Beulvalent molarity did not :have thls
toxic astion', aRd'ê1ssùé,,,eéuld be left. tn' lJvI'È¡eróáe for tweaty

: .. . .t..'...,.: . : .,.. : .- .... ..

four,'hours, w1thori.t obviéús, 4amag;g,,:','** sectíons of cótyredôn

tLssue lttere pLaced. in a solution of equal volumes of ZNI sucrose

aaa',protqpteclu1rraie- sótu,úíóa',iot tr+á,.,aleìnái''*ãte*tty.ol','oaltyr,,,
thg : sectiöns-,r,rolrld stilr.,,r.gspond to vital.:,stalatná,, âftel,thréê :

hours ínrnersion. In a protopeetinase eontrol wiÈhout suerose....

the ül,ss3¡é, would ,aøí,,,.ré-lp d,6-9. qi,ta1,'qtalning,and Brasn¿rysÍs, ,

a{t-er tw,eaùy.:, mf.nute-s iryers'l.,9u,',,.În.,nonþ experiments r41¿i,erà-

t,í sa . ilme ! '. wa s r,,a ppr CIc lsa !,e1y:,,,ttre nijÍ:,mtäutêÉ .

t.o
, .:'.

,b'l
:^ì. . .

:.,by

: .:'Bèsults .,suEh,,,as':-tÏ :sré,,ç6'qq,,ôéásldéred_bi.,igifbé' ,,(lgjil
¡. u mãtto.' :,ior,qqa 

s e,, irx,, t he,.r e. s 1 st anç e,öf , fç, ii ¿l¿¡l:ás;
pl,asnolysis.:rr::rat:!ê,r¡.tban,,,an.',fnhlb'itiiiùr'ôf the ts:cic agenÈ

Ëhe,,',pJá snolytl-i,u .
(¿)

sunflower cotvledons

,,.,,,. -'Rêspåratioa Is.,a.,rL:tal phenonenon,

this,'.,: seri'ès::sf ,éúperfments were earried,

øf,,:l;lví ,.tí!su,e artd ,
.out:,1i0:, eee,,.; 

- 
t.: effeàt

protopeötÍnase had on the system and. this in eoajunetion with
paasmolyul,l.,,âod,,vå!a1,.'àta,iuång,,would ù,e.,&:,rl er., sbiek, .r;

Two aspects of respiratioa were studied
tt 

,

(1) 0xygen úþtake. .,.,',' .',,,'.'....
(:e ) istal-, íesptration
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' f\l''

o9.; ,._-
.,. 

t'-t',t, 
a[:'

..:.. v

O,8

oor

ozt



26



.r,27'l

Text '- Fig. 5, 'Control experiment, , 0.15 grts tfssue and

. .

.'. . ' ' - ' . .. :.. ..... ..., : ì'

Text - Fig. $,' 0oatroL exþrtnent.for plaemolysed tfssue' ì 
,

.t

:: II , ' O*!5.æs tfesue'.and 2.É5 rl.L.'nòLar sucrose!

f,9xt - Flg, ,?,o Ài-etone enTi'rye extracü, in,'r'¡¿¡êr', 'O'15:88s,'
. . a, ,... .::' ,.. | :. .. :. ...

.:: : ..

'. . : .. .1 
' : 

' rlr' .... . 
- --' - 

...' 
- 

i_::

Text,'; Ftg,,8;,,,:Ace¡sge,,€ozy-[oe extract Ín :sucr-ose', 0-'15..84s
. ,'. 

lj' i .':
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Z. ThÞ Is

Single cells and groups of ce}ls, which respond Ëo plas-

molysis: and vital staining, havl been obtained'experimenüally
::.

by bringing the ealcir:.m pectate middle Lanella inÈo partial

solution and Sepárâtrng the cells fron each, other by mlcro-

dissection or,aechanical shaking, The acetoqe' powd.er æxtract

of 't'he maceiating enzpes prevlous1.3¡ deseråbed,iat a concen-
. . : ' ... ., :' l . ,r ,. .,. l. . ' . ." . .., ... . . . :..:

Ëh'e source oi protópàetínass,,',,The,, cotyledons of the sunf'lower

were found Ëo be excellent naterÍal for this experlment because

of: ihe-, Iârge .size of 
"iþe' 

''ind.iviql¡q,t, uaeÉop-h¡¡ll- eells.,(c r 2O-O¡, dían,)

and ,,the: ,rêlativel¡' .few, poínts,, of , contact ,bètt4f,geú , neighboring' ,

Celle, , This is,,,,duô.,,Ëó'.thg,,.'high,¡e,rçe'ntaþe :Of:,,the,,total-, vol.Ume

of ,-¡¡ie...oty1òaþn-,óieùþíèd',.by the interceltutai.'sþacie';,,,-.',: "' , .

,,,,' I Eârl¡¡ exper:inenter, sholrred.,lhai- á:higher,, pér.cênÈage: -of, single'

eells ,were , obt'aiae,q.,'by ,usfng',eotyl.edonS" taken ,r3-l+ 'days' after ' :

germliatÍon. ., .fñe,:', eø;i;ytede¡s:,{e,ré':injeâted,,wit¡r-, watei and. trans*

verse secËrons OoJ rnm, thick'¡¡ere cut and immersed in a plas-

mol¡rs1ág, concêntiat'ion, 
'õ-f,rsúc.ro,se.,{ft4),.for 

approxinatel¡¡ 60,'

minutes until they had reached. È,hé,',final stage, ì:of rplasnqtrlrsis
.:''].]...:......:....

and the protôpla3ts',haã:,become sphericaT-. i r, ,' , ' ) : '

' ' The sect:ions were then removeC and. 0.,15.'rg¡ns.' of üissue

p1aded..íD ä.::solut,! .'of 1,m1. o! 2H sucrose .oq L ml. óf the

enzlnme 
' 
sóluti'on. The period. of, im¡rersaon' 1,t1: this solutlon

. :.: ..

varied fron p0-120 mínuTes and,the correct period of inmersÍon





1'l

'L

but could not be plasmolysed or stained by vital dyes. Tota1

co11apseofthesece11sdidnotocgurunti1im4ersed'fgr
approxinaÈely 2l¡ hours.
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Plâte No'¡,.,l.r .rÞhotomieiogr:aph (,magn. 450x) .of a mesophyll
.,.,',...""1'.1,'r':'¡':'-t"'r" " 

:

, : : , . :cell. lsolat'éd:. f pon : :gtr¡lf1ower,, cotyledgn bl¡ treat-
'l....]'.]....,.'..].:'

nent with nornal enzyme solution.
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1

M -"..--"-...."-.","
ì

I

Plate No. 2, Photo¡nierograph (nagn, 450x) of mesophyll eells
isolated from a solutíon of enzynne and suerose

of IM concenÈration. The cel1s were capable

of being plasmolysed. and stained by vÍtal d.yes.

As
l-n

Plate No. 3, above buL showing early stages of deplasnolysiswater"



3t+

Plate,'No¡ Il', Photomicrograph (magn. 65tix) of isolated meso-

phyl1 cells showing effect of prolonged inmersion

in the solutlon of enzyrne and suerose. The pFoto-

plast on the right'had begun to dísintegrate.
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ExperimenËswiËhd'etached.1eayestlarwoodT:9l+6)hare

shown uhaç sr¿eeessful. growth of oblígete parasites is possible

on isolate,il' portíons of planù tissue, huwever ühe work ef Sêp;

bsrskÍ 'and thaw (yg56) saggests that qyaiþble sqttrient suppLy

ts'a li4iítíng faetor jn the developmenÈ of ínfectlon. Thus,

it appeared posSible i-Þt,'nq ühe add.ítioa of strbstances to

an ârea of tlssùe, ¡uit ema3-leç than tkrat reryired to support

an i4feetion, ,vaJ.uable lnfornatlon night be obtained sn ,t1ee

nutrltiþnaL regnirements of'the Paraslte. With this obJeet

in ni-nd the following seri.es of experj-ments ïrerre eonducted.

þhat wiJl suppsrt a1.- To Ffnd' ùne sualleqt- -are-

Rust fnfection.
(a)

Detached aotyS.edoos,$rère placed as-eþbiéally..On sg€rôsê-

peptone aÀar,rn snaLl petri,-dis,þe¡ ,and ,i.nøeulated wi.th uredio-

sp-ores.' lhe petri-dishes, were set in clgqg¡d,'vessels over
, ,ì.: - . ,., -,. , ,'".

r¡ater for,germinatioa áad,placed.ln a posftlôn fully exposed.

to nor"m¿I greãnhouse, cond,it,íonS,f or 3,6 ,heurS. . FollOrLng this,

the dlshes were remaved ånd ,sËt on tb-e ]aho¡ator5¡ boneh and

appro:rÍtately lJ¡ days later disbinct tfleçkingf vras ap¡4.renü'

The entire process, from inoeulation Èo pustule fornation, takes

between 3-l+ weeks as:eompared to the normal l0rdays on gttached
r:: .

cotyledons.

One very importanù point of difference is that the ¡u¡nber
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of pustules is greatly redueed. 0:r.a normal attached cotyledon
up to 2oo pustules may be forured depend.ing on bhe degree of
inoculation; whereas on detached maËerial the naxirun nrrøber
has been l¡"

The size of the pustule depends on the
on heaviJ-y infected tissue the pustules arê

increase in size in reLatlon to the area of
0n d.etached cotyled.ons the pustule size was

sane as tilat of pustules occupying a sími1ar
oB attached cotyledonsr ,, 

,

0n many of the d,etached cotyred.ons meristeuatic grovrbh

conmenced at, Èhe base of the petiole from which green shoots

nor,pions, of ,eotyledoná varying'in,siøe from tralf to,ene ,'

quarter of the whole cotyS.edoùlwere þlaced ôn.nutfient agai
and inoculated with urediospores. Though the curtures were

kept free'ôf Conüaral,nation,ioi' up..¡¿' 6 rweeks and periodically
sr¡bcultured, to prevent dessicatlon, lheré vËF'tno'exte"o*i mani-.t.

festatronl of infeetion.l'zuu,sequent seeËioning,¿nd. staåning
witrr anll1ne ¡tuu sno*ea,that, the urearoiporee,haj le"minâted,
and Ëhat the ger"m-ttibes couLd, be seen on the surface but no
penetration.had'occurred,"..-'..j..

hrhen.coty1edonsweràcutln.such'a.ma¡.tnerastoieave

only porülons varying:r"o* hali üo, sne quårter of tlie usual
cotyledon stllL attached to the plant and iáocrilatedr nomal
fnfectlon occurred. on these porüions. Vlithin two days of
sporulation these attached portions of coËy3-edon turned. yellow

degree of infeetlon;
very mall aad

Èissue available..:

approxim'tely ¡,þs

area of tissue

developed,
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¿.1

and $hrivelled up.

On many of the porüions of detached cotyledons merlstena-

tic aetivity occurred at the cut ed.ges and. small buds of cal-lus

tissue gradualfy developed.

(c) Inoculatj.on of Epidermal Sb ;

Strips of adaxÍal epidermal tissue l¡¡ere renoved from

eotyledons, washed several Ëimes'in sterífe dÍstilled waÈer

and :placed on susrose-þeptone agar.' 'The strips qrere inoculated

wÍth'ured.losporés ànd withln 2t¡ hours SO'/, gprrilination had

occurred., .Ttre form of . the:germ-tubes' varied consíderably. In

most cases they were long and unbranched whÍle others were

short with frequent braæhing. A small perc'entage on germinating

grew' to aboui 50 f in length and produeedla globular:oreIling

at the apelc of the germ-tube and on one or two a small- peg-

lrke siruiturê develo¡.d,, This,,globular slructure.aPPeared

eompafable to :a I subsüonàtal : vesíclê,'and t'he peg--like' structures

to infection hyphaeo

- In some cases ttreie was anastomosÍng oi tft" germ-tubes

ov-er the stomata, end,hyphae could be seen entering the open
L

stomata and a fevr al-mos,t transpqrant hyphae brere present under

the epid.ernal strip, , There was no further development from

thÍs SEage.

. ,Penetration' had on15¡ occurred' :wtrere there was aÍr trapped

betv¡een, the surface of the agar and. the epidermal strip,
(¿) Tnoqulatipg of F S-Irsnegsion of SinEle Çe$s and Grpr¡ps

sÉ--0.s1-tÊ"
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Cotyledon tissue was naeerated as previously d,eseribed

and a suspension of cells and groups of cells poured onto the

surface of sucrose-peptone agar and dusted ¡,\rÍth ured.iospores.

Nornal germination of the spores occurred.. The t,ypes of ger-

mínation varied. consid.erably.

When spores, which were not ,in contact wíth cells or

groups of celIs, germinated, the germ-tubes grew at random and

h¡ere norrually long and unbranched.. It was'elear that the tis-
sue present in the suspension had no'controlling effect on

the direction of growth of the geqm-tubes.

" W.hen spores germinated on groups ,of ce1ls they behaved

to a certain extent in a similar manner but, Ín a few cases,

there was anastomosin$ of the germ-tubes, rThey foqmed an ir-
regular pattern on the su:riace o-f groups of cells and. many

peg-IÍke structures,developed from the .network. During a

winter experÍrnent hyphae were observed 'to have grorrn into a

small group of cells and wer€ mole intra-, than'intèr-ceIIular.
A few of the hyphae appeared ,to,65rour'tlirougrr' cells in a manner

simi'Iar to facultatíve parasites, 'No,haustoria lcsuld be seen.

,These results eoufd not be repeated,in a summer experi-

ment,

2. To Studv thé Effeet of Deta-gÀ¿¡g Infected Tissqe-
' 

Whole cotyledons and portions of cotyledons d.etached from

the plant at the flecking stage of infection rdere surface

sterilised and placed on nutrient agar. IB almost all caÈes

the nornal process of infection continued and pustules were



39

forrued.

0n a snall nr¡mber of the portions of tissue, ptrstules

did not deveJ-op but the eoloration of the developlng pustule

grqdually cbanged from pale, yel1ow to deep red. or normal eoïsr
of a mature spore, Ses.tioning of the tissue showed that the
spores, already present before detaclrment, had. esnt j-nued to nature

but that the hyptral grovrth requlred. to prod,ucer the presaure

neeessary.to:breakthroughtheepidermíshad[Õt¡..g4gi¡rred.'.

rh some cases pustules continued to develop and ured.io-
spores form even when the tissue around the pustule was apparently
d.ead and, woul"d nót :respond to vital stalning and plasnolysis,

3, The ,fnocr¡latiEn of Dead Tilisue.

In..thecaseoftheprevious,'experimentsai.fewiso1atàdl

examples of rr¡et tnfeetions çontlnrríng to sporulate on apparently

dead tissue were obserred," ExampJ-es o-f thls. occurred. on whole
. .., , : . . '

cotyledons and aIso portions'of sùeh. : ,'.
I

rn al1 mod.er^n treatment, or, obligate parasitisn it hasl

been considered that obligaËe parasituu,"111 not attack dead

ti.ssue and that establi.sheC infeetions dle when the surround.-

r,Tâble I
Type,of totyledon Time, from:tfleckingt stage to

þastute ter-rinatloñ Ín'eäys
Attached wåole rotylédons 2

Ðe.tached whol'e :' co-ty1e'd,ons 3-l,,

Attached. portions of eotyl,édon-s 2

Detached porüions, of ,cotyledons 6-10
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ing tissue dies. Slnce it v¡as apparent, from the above obser-
vations, that sporula.tion was occurcing on dead. tissue, a series
of experimen'bs were caried out j-n an attempt to throw some

light on this problenr"

A tecirnique inrolving killing the ti.:sue by imner-sion

irr lic1uiú aír vtas enplo¡r'¿rl Eo red-t:.ce tlie physicat anl che¡a¡ca-;-

cl:.tnage to 'bhe cel-ls" lrelintinary experiroenl,s sLrol,¡ed that the

extrenaely lor.i tomperature (-l89oC") had little effect on'the
bacterial'and fungal contaminantsr so, for the follouring experi-
ments, cotylednr.u **"" grown under sterile conditions"'.

l'lhole co|yledoñs ,!ù€r€ suspended by -'a glass rodiin liquid
air for J0 seconds:, iemoÌe¿ and placed aseptically on sücros€ç

â.
peptohe . agqr and inoculáte-d',wíth ir:ediosporès, :..Withln'Z honrs

ühe tissue had losü the green coloration but nieroscoplc exani-
nation showed l1ttle ¡seehanical damage d,ue to freezing. The

eultures were' kêpt:,free,.:of có¿tâminatfon: for 6'r^raeks i when mipro-. : .. . l. . r.t . .

: 1.ì . . :r" ì .

s,copic exarnínation,,sholrred that the urediospores had, :geiminated
... ... .... . ., ...,,:.... i... .. .l

and the germ-Ëubes could be seen growing along the surfaee

but no penetration r,rras apparent.
..: 

:

I{hore cotyledons and, portions of leaf tlssue, at Èhe

rfleckí¡$ s8age of infeetion, were dipped in:the :riquia air and,
. . . -,.. ... ,. .,.,i.. 

,:. : , . tr.., . ..

plac'ed' ô¡i sua-rose-peptone agar.'', The pustrrles dld: nót".breakI,
:.

'

through -but the cololrr of the pùstules ,grad,uaL1y changed from
pale, yellow to dark red, sigpifylng, that the spores had con-
'tinuedto.r¡1atufe.aftertr.€åtmeItn..
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Ðåsc_rrgs¿an

as wae süated. ln:;!,¡g lntroduetl.on ühe key, to ,ühe problen

of rust ínfection apBears,te be ,in the sËrrdy of the formatl.gn

and funcËi.oniof the haustoria in relat,ion to the indívldual ,

' r " . , ..:., '

ce1'1;..'....'....:
,,..

Ðiek¿nson (IVr,lgl+gI ihas shown tlyqt stnretures eoa¡larable..'.''
in appearance to haustoria can be for¡aed by the infection hyphae

sf P. eraüinis..Uritf¿l''Eiíkss. and flenn.. Ín,gsRtact' wi,th specfal
membrane surfae€sr No,,attempt was nade to sbow that these ,'
stfir.oturep rwerê,,tna,e :,hauê-toria i4' that'they acted, as organs't'

I .. . . l' . :

to inféctioa rhas :,beè-n, stud'Íed.o In ühe fiist casê. à c,onåiderabl-e..a.

amq:nt of. work,w8.fi..n€ÇeÊsary to develop a nethqd for is,o.].a,tlng,

ind,ívidual mesophyll cells and. malntaining thenr in a livíng
condiüion,,,,.ûwång to the seasitlv:.ty,:of the tissue to neêhanieal
- áge, 'an'enzy¡Irie netùod,was:,eùployed io diésorvél'th" niddLe

'...l....'...'.:'.'....lane1ia. In'conmon içlthlTfÈbe (1g5I), i¿ *s fêun¿ ,that prior
plasnrolyslsiwould redusà tbê effect of the toxic factor nornally
associated wit,h these qaceraÈing renzy¡res:'and. singre 1iv;ing . '

ee11scou1d'.be.iso1at'ed'aft'ár..tr.eât5.ng.th*t1ssue+¡íth.ap1as-

nol-ysing agent. the viabílity of the cells was tested by Eeaas

of plasmolysrs and vital s.t4ining , ùhre Èr, ,Èoþether r., are 'charac-
:

teristic of Iívfng cells (cuitliernondrLg4l), a studl of
ì

the respåratioa o,f the, tissue dr:rüg ismersi,on .in, the er.rzyme

solution showed that, nornal respiration continued 1ong after

Ti*t ''o''u-;?î
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tbe Ëlssue Íras dead accord{4g.to, plasnolysis and vital stain-

ing tesËs, Thls suggests Íbaþ the systene eê¡tïioll.ing plas-
.l

msLysÍs and. vital stalnlng jare affected dlreetly'by the box;in

in ùhe enã]me solutlon, "td tUat' the eventuaL deçrease ln rss-
piratlon is a second,ary reactlon,

ltlhen urèdiospgres werrå gèrninate¿ anioag tbe singLe,øel,J.s 
,

tbe gro-w'th of tbe genn-tubee 'appeared llttle rtåffqrqnt fron

übat ÞGcurriag.6rfr.agar. rTherelwao no apparËnt, xluLraeilon be-
'. 

1

tween:the eelIs and the hyphae, and, no penetratlon of, siagåe

eel3s was observed. HowËveq Í.:a a felu ittstances, a deflntte

as-soelatlon dfd .occ*¡r,with gery Snall portions of Ëissue mixed

wlÈh þhe sfng:Ie bells, and hyphae coul.d, be seen to be grurcing
t._.

in bpth an Íßtråc'elfu¡.].ar an¿ lntercellular fastriøn" The oLøa'

sf these pdrttglq {"., J0;100 eells).,wae cueh,,as,to nake 1t

unllkely tbat tbey were capable of a tissue response ln thê

ßorua} Ëense and, makeE lt app€ar *at .Èhe lnabilåty, of . Ëher. '

sång1e cells to *peg"È fnfàctisn, øás d.tre to al.teratlon durlng

separatS.on rather thaq to any inherenË resistancen

The. experrnenÈsr wlth tungfoi"¡er cótf.led.ons showed. that
.'..

d.etaclqgnË aad f\¿rther divislgr ut the soty1e{ouo resu1te9'' .,

1a à resurger¡se of serísteaqticìaetivity Ín the dlffereaelaåed.

mesophyJ-l eells with ühe eoncom¡ritant red.uctíon of susceptf-

;bf.lit¡r,, Sbaw and Seaborg,!í, fttSíl and,$qborskl'an¿ Sþqrg .r,,,'

..
f'lgl6t uorklng wåüþ ráàistanü Kap3.1, ehowed tha:þ lqactfvatlon

of meristenatic aetfvlty with malele hydraälde lead Èo a rapid,
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increase of soluble earbohyd.raËes and. amÍno aeid's ín the Leaf

and also lead to the leaf becomíng susceptible. sfuníIarly, they

found, that by detaehing a leaf of Kapli and standíng it ln

a nutrient soLution tbere was a buiLd up of soluble earbohydrates

and amino aeid.s and the leaf beeame lsusceptlbLe. From these

results, they .have sug-gested that in the nalsal fesistant Kapli

p3-ant tbere is compeiitiott from all parts sf t'he planË for

the availqble soluble substances, and' that r¡¡hen meristernatre

ae tivity ís stopped eitlier b¡¡ maLelc hydra zj:de or detachment

of the Leaf there,is:a surplus of soluble carbohydrates and' :

anrino acids available !n the leaf to support rtrst ínfection.

Thus, wíth the portions of cotyl-edon tlssue Ít appears

that the acü1veIy dividing cells, it close,proxrnlty ts:the

site of infection, act as efficíent conrpetitors for the essen-

tial nutrienbs. lfith detached whole cotyl.edons the area sf

neristematíc activity is srnall in,'relatíon to the tstal ca-

tyledoá, and though .competÍtion,for lher'available nrltrlentu

ís present, a'reduced 4r.rnþer of fnfecËlons Can occllrc In the

'**u* of attaehed:þortions' of' cotylèd.ons, lt appears, that in.;

fection ean occur, ¡ut'the resultani competítion between the

actively Oivlaing celLs at the margin of'the tíssue and the

rust íafeetfoà'is too ext¡,es¡e and the tLssì.l'e dies.

ït must þlsô:be noted that the hô!fronal level withlnl

the Lfssue may have a d,irectr inhibitony effeet on'the ru'st

uredlospores preventfng penetratíon and establishrsent of in-

fection,
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Swnnarv

I. A nethod developed for growing plants u¡der aseptic conditíons

an¿ apparatus constructed for prolonged handLing and examination

of tÍssue und.er aseptic condltions is dràscribed'

Z" The macerating and toxic properties of a protopec!i.nase sslution

were studíed'

3. A technique was d.eveloped for lsolating and maíntaining single

llving mesophyll cells of Helj.anÈhus annuus'

h, Experfuaents, wlth deÈached eotyfedons and. portions of cotyledons,

suggest that areas of meristematic actfvity act as competing

sorlrces for ayailable nutrlent-s 1n the tissue end that it is

the d.egree of merlstematic astivfty whrch controls the suscepti--

bility of the tissue to rust infectíon'

q
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