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A naJor crlt1_clsm of graduate programs Is that the

young professlonal sclentlsts graduatlng from these programs

have not recelved sufficlent tralnlng to present sclentlflc
papers ln an acceptable formn For thls reasonr the results
of these studj-es are presented_ ln the fo1low1ng sectlons ln
the same form as that requlred. for subnlsslon to a sclentlflc
journaln In addltlon, a speculatlve d,lscusslon of the type

encouraged ln a thesls 1s presented. ln the general dlscusslono



ABSTRACT

Llplds and. sterols l{ere extracted.

lsogenlc 1lnes of healthy and rust-infected

ii_1

from tv¡o near-

wheat (Trlticun

aestlvum L" ), and analyzeð- by Èhin-layer and gas-Ilquld

chromatography" The lines of wheat d.lffer ln that one con-

talned- the ternperature-sensltl-ve gene q! from Red Egyptian

Spring wheat whlch provld-ed. resistance to race 56 of stem

rust aE mean temperatures below Tooc"

Rust infectlon had- no effect on the level of the

total- llpld,s, polar and- non-polar ltpld-s, and. unsaponlflable

]lpld s ln leaves of Chinese Sprlng wheaL grown at }OoC. In
leaves malntalned. at ZsoC, where both reslstant and- sus-

ceptlble lines d-lsplayed a suscepblble phenotype, and ln
four other wheat varletles that riere susceptlble to race 56

and. malntalned. at z}oCs infectlon d-ld, not affec! apprectably

the 11p1d. content" trÏheat leaves containeù at least 11 fatty
acid.s" Slx of these were present ln appreciable amounbso

Infectlon was not accompanl-ed. by qualitatlve changes ln the

lipld- and. fatty acld. spectrum and. no slgniflcant changes were

observed- 1n constltuents of el-ther non-polar or polar fractlons"

lrlheat leaves of susceptlble and resistant llnes con-

talned- cholesterole campesterol-, stlgmasterol, p-sitosteroln

anù an unknown sterol that accounted- f or 7 5'fr to BO/" of total
sterol oontentu A further sterol, stlgmast-|-enolo occurred-

in all rust-infected- leaves and- 1n one of eleven samples of

healthy leavesn The level of sùignast-f*enol- ln lnfected-



iv
leaves appeared. to be correlated- wlth ühe amount of fungal

nåss in the hostu

Varlous lipld. fracbions from healthy and- rust-

infected. wheaü l eaves r\rere not phytotoxlc " They d.1d not

inhlbit rust d.evelopment in susceptlbl-e leaves nor d.id they

promote lt ln reslstant leavesu

fhe results suggested- tlnaþ the llpid. and- sterol

fractl-ons are not related. to susceptlbi-llty or reslstanceu
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TI\TTRODUCTIOÌ{

Ivluch is known about the metabollc d.isturbances

tlwi occur in host plants a.ftey infection wlth parasites

(5uLO116r46u58) " Some of these changes may be related.

directl¡' to al-tered. membrane integrlty and. permeability of

host cell-s as a consequence of pathogenic aLi.acJr'u HoT{everu

the nature of the changes in the affected. cell membranes

have not been elucid.ated-,

I,'Ihile much work has yet to be d"one on the nature

of structt¡yal- components in host cell me¡abranes, lt is
generally accepted. that al-l cellular membranes are composed-

of tv,¡o princlpal- classes of compou-nds: lipid-s and. proteins

(51). The principal stru-ctural lipid-s in plant membranes

are the phospleollpidss glyeolipld.se sulfolipid-so and iso-
prenoid.s (37 ,5r) "

The amphipathic natu-re of the first three classes

of lipicls suggests their primary importance to be in the

maintenance of membrane structure and. integrity" Hol'rever, it
is not unlikely Llnat the¡r may also serve other important

metabolic functions such as 1n the transport of metabolites"

The last group of lipid-s, plant isoprenoid.s¡ may function

in cell membrane structuree perr¡.eability, and. transport. Kemp

et al (2!) suggested tinat unesterlfied- plant sterols have a

structural role in membranes while pl-ant sterol esters may

be involved- in membrane transportu Gruffsald. (14) proposed

tYøt phytosterols stabilize plant membranes by controlling
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'l,helr permeability 
"

Invol-vements of this kind- by l-ipid and sterol

derivatives in the regulation of cellular membrane actlvi-uy

could- greatly influence the nature of the response by a

host plant to an invad.ing pathogen and-/or 1ts toxins,

Phospholipid-s have been the subject of stud-ies on wheat

leaves infected- r.qiith Er.v-siphe sraninls !gi-!.igÀ D.C n (26)

and. PUcclnia graminis Perso f n sp" tJill_gÀ (nriksu & E" Henn. )

(36) " However¡ fro studies on the role of sterols in rust-

infected. cereal leaves have been reported-,

At the present tine our knowledge of plant mem-

brane chemistry 1s based- almost entirely upon stud.ies of

the distrlbution and. general structure of constltuents in

lipid. extracts, primarily from seed-s and- lea.ves" i'iost of these

lipid" constituents are probably specific to cellular mem-

branes (51) " In the present study, the 1lpid and. sterol

contents from two near-isogenic lines of healthy and. rust-

infected wheat leaves Ïiere investlgated., wlth the hope tlnat

some insight into the ¡necha.nisms of resistance and- suscep-

tibillty might be gained-"
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LÏTERATURE REVIE.Í/J

It is generalTy accepted- that the brea.kdolvn of mem-

1';yane structure d-urf-ng the course of lhe host-paraslte

interaction lead.s to increased- perneabillty of host membranes

resultlng in d-isorg;anizatl.on of cel1u1ar componentsn Corl.se-

quently, intracelLular changes lnvolving increased- catabollc
processes and- eventual senescence nay ensue ( 5 rLO ,16 u46 o 58) "

Changes in bhe properi:les of membranous components of hosü

cells could- be expected. to be reflected. 1n alterations in
the nature of those lipid.s associated. with l1po-protein mem-

Ï:yane structuresu However there a"re fe¡,{ detailed. studles on

the nature of a1-Lerat:-ons ln the blochemlcal and. biophyslcal

properties of eellu.lar membranes of the host in response Ea

an invad-lng pathogen and/oy its toxinsn

ï, Alterations to inembrane permeablllty

The literature contains numerous reports r^¡hich

lmply d-lsease symptom prod.uction as a" consequence of phyto-

toxln lnteraction with plant cell membranes (cnfu 10, 39r58).

Gottlieb (l'Z) reported- Eha.þ a fluid obtained. from

tomø"to stems infected. wlth Fusarium g-ã¿Fglg f " lycopersisi
increased. the permeability of toma¡s pith ceLl-s"

Gäunarur and. eo-workers (B) carrled. out extensive

stud-ies on cleanges in permeability induced. 1n a variety of
plant tissues by low molecular weight toxins prod-uced. by

Fusarlup ox¡/sporilun f " llrcopersici" Damage to cell nenbranes
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appeared to be an earLy effect.
Gnanam (9) observed. changes ln cond.uctlvlty of cot-

ton plant tlssues infected. wlth Fu.Êarlun vasl4fec'Egq. ITe

observed tlnat conductlvltles were not affected. untll flfteen
d.ays after lnfectlon. Later on the cond-uctivlty of the leaf
sap from lnfected plants was hlgher than that from healthy

plants.

Kern and Naef-Roth have 1solated. four phytotoxlc

plgments from varlous cultures of Fusarl_um solanj- and. from

d.lseased. pea (ZZrZ3r24) " The toxlns presumably caused

wlltlng by affectlng the water permeablllty of the ce11 mem-

branes.

Glycopeptld-e üoxlns have been lsoIated. from specles

of @ (lÞ1,49 ). The avallable evldence suggests

that they play a role ln prod.uctlon of d-lsease synptons by

thelr lnteractlons wlth cellular membranes, and. not slnply by

a plugging actlon of the vascular elements.

ColletoüIn 1s a toxln prod.uced. by the phytopathogenlc

fungus 9oile!g!9!qhg4t fuscum. The üoxln appears to act by

causlng d.J-slntegratlon of leaf nesophyll and pa1lsad.e tlssue
(29)"

Leaf and. stem bllght ln zlnnla have been attrlbuüed.

to the fungus Alternarlg zlnnlae. The symptoms appear to be

caused. by zlnnlol, a toxln lsoIated. from culture flltrates of

the fungus (57 ). The toxln caused. rapld. loss of plgnent and.
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d-rastlc shrlvellng of cut red. beet stems. lhese observatlons
tend to suggest þlnat cell membrane damtrge ls an early effect.

Ascochltlne ls a phytotoxlc hemlqulnone d.erlvatlve
whlch has been lsolated- from culture flltrates of asc_ochyta

fabaeu the causal fungus of brown spot d-lsease of broad bean
(38) " The toxln caused epld.ermal celrs of Bhoeo d.lscolor
to leak plgnent and. to Lose plasmolytlc ab1l1ty, suggestl-ng
alteratlons of the cell membranes.

rn recent years more d.etalIed. stud.les have been

d.lrected. toward- stud.les on the nature of these phytotoxln-
plant cell membrane lnteractlons. Two such stud.les lnvolve
the toxlns vlctorln and syrlngomycln.

l,iork wlth vlctorln, a polypeptld.e t,oxln of Helnlntho_
sporlum vlctorlae suggests that lts prLnary effect ls an

alteratlon ln cel1 membrane permeablrlty" üfheerer and. Black
(53'54) showed. that toxln-treated. or lnfected. tlssue from a

susceptlble oat varlety rapldly beglns to lose electrolytes
lnto a bathlng soIutlon. lhls electrolyte loss began wlthln
flve mlnutes after toxrn treatment. [lssue from reslstant
oat varletles was not affected.. rhe authors concrud.ed. that
these are host speclflc and not general effects" Further
evldenoe for thls membrane-alteratlon theory was obtalned
by sanaddar and- scheffer (43) uslng plant cell protoplastso
Protoplasts from susceptlble oaü tlssue qulckly stopped.
protoplasmlc streamlng and- ruptured. v,i1üh1n one hour after
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toxln treatment" Protoplasts from reslstant oats Ì4rere un-

affected.n Luke and. co-workers (30) have obtalned electron

mlcroscopic evldence for selectLve toxlclty tov¡ard cell IBên-

branes" The endoplasmlc retlculum, nuclear enveloper and.

mltochond.rlal membranes were more reslstant to toxln d.amage"

These flnd.lngs have been corroborated. by stud.Les showlng

þLrat nelther succlnoxldase actlvlty (13 
'27 

,44), resplratory

control (55) ' nor permeablllty (53 r54 ) of m1üochond-rla lso-

lated. from susceptlble oat tlssue were affected. by toxln

treatment.

Backman and. Ðevay (3) have süud.led" the membrane

actlon and blogenesls of the phytotoxln syrlngomyclnr lso-

lated. from Pseud-omonas syrlnsae vâT¡ &11. Thls toxln

causes a rapld. necrosls in two to flve hours when lnJeeted.

lnto plant tlssue. The contact a.ngle of water to hydrophoblc

surfaces was found to be red.uced r suggestlng that lt pos-

sessed. d.etergent-llke properties shovrn by nany membrane-ac-

tlve polypepüld.e antlblotlcs. The authors suggested that

the slte of actlon for thls toxln was most l1ke1y on ceIl
membranes. Comoborating evld-ence came from flnd.lngs that

the toxln caused rapld. leakage of haemoglobln from washed.

rabblt erythrocytes. Electron mlcrographs of toxln treated-

cells of @þg!gs!3rn candld.um lndlcated. that at lethal d.oses'

masslve d-lsruptlorr of membrane lntegrlty occurred. vri-thln ten

mlnutes and. that membrane abnormalltles were caused. at sub-
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1etha1 d-oses" Application of 14c-toxin to plant tissues

showed. tlnat rad-ioactive toxin Ì^Ias concentrated- prlnarily

over the plasnalemma and. nuclear envelope" Stud.ies with mem-

brane components ind-icated tlnat the site of syrlngomycin

blnd-ing might be membrane lipid-s" They postulated. that the

mechanlsm of reduction of syringonycin toxiclty ln vitro

caused- by some llpid"su for exampleo(-lecithin, hras simllar

to the blnd.ing of the toxln by cell membranes" From thelr

find-ings the authors belleve syrlngomycin to be a prod-uct

of the cel1 wall of 8" syr:rqgae and- that 1ts prinary role

is the rapidu d-etergent-like lysis of cellular membranes

by 1ts bind.ing to membrane lipid-s"

There are very few reports on a]-Lerations to mem-

brane permeability of host tissues fol-lowing rust infection"

Thatcher (50) used- plasmolytic techniques lo

measure changes in permeability which occur in a number of

plant d-lseases" Irrfection by rusts was found. to increase

permeablllty of celIs ad jacent to lnvad-ed., kl1led- cells"

Sllverman (48) extracted- a toxin from T{arquis wheat

lnfected- with Tace 38 of the rvheat stem rust fungus" The

toxin v¡as isolated from Marquis seed-lings grown a.t high tem-

peratures but not from those grown at low tennperaturesu

Chlorosis appeared- in seed-lings of Marquis infiltrated- with

the toxin only when these test plants l^Iere grovùrt at low tem-

peratures; lt d.id- not appear on plants grown at the high tem-
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peratureso Liti;le Club wheat, which is susceptible io race

)B at a1-L temperatures, d-id not become chlorotic folIowlng

lnfiltration with the toxin regard-less of the temperature

preceed.lng or folloi^ring infiltration, However¡ Little Club

is T" campac'Lrum not T" aestivgm-" The d.ifference in reactlon

to the toxin may therefore have been species d-epend.ent"

l,flcroscopic examlnation of chlorotic àTeas prod.uced- by the

toxin revealed. that the chloroplasts were affeeted-¡ however

the ce1l walls of the host remained- normalo

If. Lipid metabolism

Very few stud-les on the relatlonship between llpid

metabolism and- host-parasite lnteractions have been reported,

Maciejewska-Potapczyk (33) examined- the phosphorus

compounds, nucleaseg and- phosphatase actlvities in healthy

and- tumorous tissues of Datura stramonium L. The author

reported. an increase 1n the phospholipid. fraction in the

tumorous tissuesu

Scott et aI (45) investigated. the phosphorus-

containlng fractions in normal and. tumor tissues of Beta

@ar¿.g" They reported. that the residual-lipld. phosphate

per unit fresh weri-ght was three times higher in tumors"

Ilowever per mlcrogram DNA-phosphateu it was about the same

ln both tissues.

i'fukherjee and- Shaw (J6) stud-led the effect of stem

rust on the phosphate fractions in vrheat leaves and- reported.

LhaL rust infection caused. striking increases in the lipid-



phosphate ftaetlon, They suggested. that fhls lncrease was

of consLderable lnterest slnce an inereased vate of synthesls

of 1ip1d.s could- promote the operatlon of the hexose monophos-

phate pathway by promoting the oxi-d-atlon of I$ADPH2"

The lncorporaELan of 32p lnto the phospholipid.

fractlon of wheat leaves infected. wlth powd-ery mlJ.dew '¡ras

lnvestlgated- by KIjaJlc and Plesnicar (26) " They observed-

tlnat the incorporatlon was hlgher 1n the reslstant than ln

the susceptlble varletyn

Epbon and" Deverall (7) have found. tlnat leaves of

Phaseolus vulgarlq reslstant to halo blleht d.lsease have

larger quantltles of a llpld tlne,n susceptlble leaves" 0T1

aeld hyd.rolysls this lLpld. yleld.ed linolenic and llnolelc

aclds, and was thought to be a ga1,actosyl d.lg1ycerid.e,

Follorqlng homogen1-zatlon and lneubatlon' the amounts of free

11no1enlc acid- lncreased. elght-fold ln halo bhght-resistant

leaves¡ in susceptlble leaves there I¡Ias a four-fold. irrcreasen

Keen and. Wll11ams (20) stud.led. the synËhesis and.

degrad.atlon of starch and- llpid-s followlng lnfectlon of cab-

bage by Plasmod-iophora brassicaeo They noted. that 11plds

dld- not accumulate in the host cytoplasn d.uring d.isease

d"evelopmentu and. no pronounced changes occurred in llpaseo

esterase¡ or fatt'y acld- synthetase activitles" Speclflc

actlvltles of fatty acld. synthetase ïvere forty to seventy

tlnes hlgher ln extracts of lsolated. P. brasslcae plasmod-ia

than ln nonlnfeeted. or lnfected. tlssue extractsu
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The chollne content of healÈhy and. rust-lnfected-

prlmary leaves of wheat were examlned by Kln (25). Rust

lnfectlon was found- to lncrease the content of free chollne u

but not the content of 11p1d- chollne ln susceptlble or re-
slstant leaves. It was conclud.ed. that the postlnfectlonal

changes ln chollne concentratlons were not related. to sus-

ceptlb1l1ty or reslstance because rust lnfectlon lncreased.

the choline content equally 1n both 1lnes of wheat.

Iloppe (fA¡ lnvestlgated. the phosphatld. and. glyco-

11p1d. metabollsm, and. permeablllty behavlour of Phaseolus

vulgarls after lnfectlon wlth Urom[ces phaseo]l vârr Wp-lca.

In lnfected- halves of leaves, an lncrease ln leachlng of 1ons,

amlno acld s, and. sugars rtras observed. f rom the f ourth d-ay

after lnfection" 0n1y ln later stages of pathogenesls was

Lt possi-ble to observe lncreased- leachlng from non-lnfected

halves of leaves compared- to those of unlnfected- control
leaves" Infectlon was not accompanled- by qualitatlve changes

in the llpld spectrum, and no slgnlficant changes ?üere ob-

served. regard-ing the concentratlon of phosphatldyllnosltol,
phosphatldylchollne, and phosphattd.ylethanolamlne ln ln-
fected. halves of leaveso In relatlon to control leaves, a
flfty percent d-eerease occurred 1n the concentratlon of
phosphatld.ylglycerol, monogalactosyldlglycerld.e, and-

d.lgalactosyld-iglycerlde, whi-le phosphatidylserlne and-

phosphatld.lc acld- lncreased-o Compared. wl-th unlnfected. con-
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trolsu uninfected. halves of lnfected. l-eaves contalned. ßa.r-

gLna11y smaller amou-nts of all phosphatld.s and glycolipids"

In lnfected- halves of leaves u rad.ioactlve phosphorus was in-
corporated to a Larger extent lnto phosphatld.ylserlne and. Eo

a smaller extent lnto phosphatid-ylglycerol, compared. to non-

lnfected. controlsu In non-infected- halves of lnfeeted. leaves,

phosphatid-ic acld. contained- a larger proportlon a.nd the

other phosphatids a smaller proportion of the total lncor-
porated. activfty, The speclfic activity of all phosphatld-s

was lncreased- ln lnfected- halves of leaves" Infectlon d.ld.

nof affect the qualltatlve fatty acld compositlon of any

of the phosphati-d.s and. glycolipld-su and. neither d.id lt change

the proportlon of lnd.ivid.uaL îatty acid.s In gal'actollpid.s"

The phosphatld.su howeveru contained. an lncreased. proportion

of unsaturated. fatty acid.s in infected tlssues" Thls was

especially evld.ent urlth phosphatid.ylethanolamine and. i¡rith

phosphatid.ylcholinen and- to a smaller extent wlth phos*

phatid-yLglyceroI" The affect of lnfectlon on the fatty acid

compositlon of phosphatld.s 1n infected- tlssues occurred. con-

comltantly wlth incfeased leachlngn startlng three to fou-r

days afüer lnfection" Phosphollpase activlty was found- to

lncrease between the fourth and. sixth days after infection
in inoculated- leaves" In non-lnfected. halves of lnfected.

leaves phosphatid-ase actlvlty was not affected-"

III " Sterold. metabolism
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The posslble functlons of sterolds both ln membrane

structure and- functlon (5n) and. ln the sexual reprod.uctlve

cycle of many species of fungl (I?) suggests that they play

a role ln determlnlng the extent to which a pathogen ls able

to establlsh ltself wlthln a host plantu However, very few

stud.les on the relatlonshlp between sterold metabollsm and.

host-paraslte lnteractlons have been reported..

Baur et al (4) and. Rlchard.son et al (42) reported

t}:at tobacco mosalc vlrus lnfectlon d-ld. not appear Eo have

any effect on sterol blosynthesls or d.lstrlbutlon 1n tobacco

plants.

Jennlngs et aI (19) stud.les sterol levels ln mai-ze

leaves lnfected. wlth Helnlnthosporlum ggþgg and observed_

changes ln total sterol content and conposltlon ln lnoculated

Ieaves. They suggested. þhrat the toxln prod.uced. by E. carbonum

nlght interact wlth the host sterols changlng the host ce1l
permeablllty thereby eventually lead.lng to loss of sterols
d.urlng d.isease development.

Loccl and. Kuc (30) studied. the amount of sterold_

alkalolds 1n potato tubers and reported_ þhat, the amount of
these compound.s present 1n fresh tlssues was 1ow, whrre an

lncrease ln thelr quantlty and_ number occurred- ln aged.

tlssues" slnllar lncreases were arso obserwed. when tubers
were lnoeulated, wi-th a non-pathogen of potato He1¡nlnühosporlug

carbonum. rn the case of a com.patlble pathogen phytophthora
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fglqgtA4q, there T^ras å. slight loss in these eompound-s" The

authors suggested- that ETrc accumulation of sterold- aLkaloid.s

tn pataLo rras a response to physiological stressu

Allen and Ku-c (]) reported that extracts from

potato tubers contalned- fungltoxic g}ycoalkaloldso I-soLamine

and l-ehacomine thab may be associated- with resistance of

this tissue to certain fungi"

I{cKee 3l+) reported. that the rapid. accumulation of

steroid. glycoal-kaloid-s near lvouirds in potato tubers lncreased

resistance to Fg"gaqigp c_oeruleuB Lib, ancl concluded" Llnat the

free bases of the steroid- glycoalkalold.s were toxlc to the

fungus 
"

Naturally occurulng steryl glycosld.es have been

reported- to exhlblt blolog1cal activity agalnst some mlcro-

organisns, but their role in host-paraslte interactions is
not knorrn, Dewey and- Kid-d-er (6) reported. tlnat the reversal

of the inhlbitlon of the growth of Tetrahymena- pIr:llo_j:pis l,t.

by tlne anaLo¿g, 6-nethylpurineu could- be obüained- with s¡nall-

amounts of a ftaction from saponifled lecithin of soybeans"

The active material had. propertles which ind-icate its id-enti-
flcation as a p-O-gfycosid-e of p-sitosterol, Synthetic

B-sitosterol$-D-glycoslde had- grororth-pronoting properties

approxinately equ-al to those of the isolated- materlal. Both

mateyj.aTs lrere more actlve than free þsitosterolu lula and-

Sehaffer (32) tested- entracts of comms3g1al1y d-r1ed. grape-
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fruit pulp for antibiotic activlty and. reported- that methanol

extracts exhibited- some antifungal activity but llttle or no

antlbaoterial activityn In searching for the naterial- respon-

sibLe for this antifungal activlty, the authors lsolated-

p-sltosteryl-D-glucoside and. B-sitosterolu neither of which

had. been isolated. previously fron grapefruit. These bwo com-

pound.s aecounted- for most of the antifungal activity observed.;

however these eompound-s lrere d"esignated- as having a low order

of antlfungal actlvity" Goto et aL (11) stud.ied- the anti-

microbial glycosid-es of El¿_p!_e_leg polyandra and- reported. the

inhlbition of the antimicroblaL actlvity of eupteleosid.e AuB"

caused by þslbosterol,
Ulryehova anð. Linberk (52) studied. the effect of

sterols on plant mycoplasma" They found that the applica-

tion of two essential sterols, cholesierol and stigmasterol,

to grafts from tomato plants infected with pofato wlùches'

broom, stimulated- groi+th of the d-iseased- gra"fts and- d.elayed.

sympton manifestation" The stimulation was more evid.ent wilh

stlgmasterol but the d.elay in sympton manifestation ancl lnten-

sity wâs more d.istlnct with cholesterol-" They suggesfed.

tbal the exogenous supply of sterols probably promoted-

addltional ¡ou1tip1lcat1on of mycoplasma in alread-y lnfected-

graftsu thereby allolving the plants these essentlal metabo-

lites for the d-evelopment of reprod.uctive organso

Me}lano et at ß5) stud.ied. the role of hos| sterols
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in the d.evelopment of tolerance in snapd-Ta,go:n seed.lings to

infeetion by Pythiuro ullimum Trowo The authors suggested-

that substances such as p-sitosterolr pr€sent in tolerant

host tissueso may switch fungal d.er¡elopment from vegetative

proliferation to reprod-uctlve activlty" The end--result

T¡ras suggested. to be a lessenlng of vlrulenceu

In a stud.y on the physiological activlty of the

toxln syrlngomycin prod.uced- by Pseud.omonag gysl.gqae. isolates
pathogenic to @g sp. , Backman g! a1 (3) reported. that

cel1 membrane d-isruptlon caused by the toxin could" be greatly

red.uced. by the ad-dition of cholesterol, B-sitosterol, and.

vlosterol-" In contrast, ergosterol rnias less active, and-

squalene and- eholestanol T/irere inactive"

The d-lsruption of host ce}I membranes caused by

substances of pathogenic o::igin undoubted-ly forms an lntegral
parl- of the host-parasite intec'actioi'r." Changes in the pro-

perties of membranous components of hosi cells can also be

ind.uced. by physlcochemical forms of environmental stress

su-eh as temperature, water, rad-iation, and- chemi-cal-s (28)"

Howeveru from a plant pathological stand-point, the find.lngs

of Backman et ?l (3) tinat biologica.Lly aetive lipid. and.

steroid- d-erlvatives cou-ld. red.uce or arrest such processes

raised. the question as to how the metabolism of these com-

pound-s in wheat leaves 1s affected- by rust-infection"
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SECTÏON ONE

LÏPÏDS OF I{EAITTTf AMO RUST-IIV¡'ECTED

PBTMARY LEAVES OF W}TEAT
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ABSTBACT

L5-pld.s extracted fron two near-lsogenlc llnes of

healthy and rust-lnfected. wheat (frltlcuq aestlvum L. ) s1x

d.ays after inoculation were separated. i.nto non-polar and.

polar fractlons by preparatlve thln-layer chromatography

and. analyzed by gas-Ilquld and. thln-layer chromatography"

Rust lnfectlon had no effect on the level of the

total llpld.s, polar and non-polar llpld.ss and. unsaponlflable

Ilplds In leaves of Chlnese Sprlng wheat gror^r'n at z}o}o In
leaves malntalned. at ZsoCo where both resi-stant and- sus-

ceptlble llnes d-lsplayed. a susceptlble phenotype, and- ln
four oüher wheat varleties that Tvere susceptlble to race 56

and maintalned. at }OoC, lnfectlon d"ld. not affect appreciably

the llpid" content. Llheat leaves contalned. at least 11 fatty
acld.s, Slx of these irere present ln appreclable amountso

fnfectLon riras not accompanled. by qualltatlve changes ln the

11p1d- and. fatty acld. spectrum and" no slgnlflcant changes Ïrere

observed. ln constltuents of elther non-po1ar or polar fractlons"
Llpld. levels were not correlated. wlth susceptlblllty or

reslstance u
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INTRODUCTTON

Early cytologlcal lnvestlgatlons by fhatcher (ZI,

22, 23) on the rust/wheat lnteraction d.emonstrated tlnat rnem-

brane permeablllty of reslstant reactlng host cells dlffered
from that of susceptible reactlng ceIIs. These flnd.lngs and

those of related- work T¡rere revlewed. extenslvery by l,Iheeler

and. Hanchey (Zt+¡ " Few cytologlcal studles lnvolv1ng obligate
parasltes have been carrled- out in recent years, but use of
the elecüron mlcroscope has provld-ed- some lnslght lnto patho-

genlcarly Lnd-uced. structurar changes occurrLng at the sub-

eelIular leveln For exampre, recent work (20) on the ]nost/

paraslte lnteractlon beüween @f!un pratgnse L. and_

Eryslphe polygoni DtC. showed. that plasmalemma and_ nuclear

membranes r,vere rapld.l-y d.estroyed., and. chloroprast membranes

were broken d-own ln the resistant reactlon" slmllar changes

'hrere observed- In the resl-stant reactlon of cowpeas (vtgna

slnensls (Torner) Savl ) to Uromyces phaseoll vâr¡ vlgnag
(Barc1.) Arth. where d.eposltlons of phosphollpld.-llke matertal

r¡rere d-etected. at |.he lnterface (5), No such changes ïrere ob-

served- ln susceptlble lnteractl-ons. rt ls not clear how any

of the ultrastructural d.lfferences are related to changes in
functlon, but they may interfere wlth the transfer of meta-

bolltes across the host/paraslte lnterface"
Phosphollpld.s and_ glycollpids are of interest to

studies orl lnost/pavaslte lnteractlons because t]ney ate 1n-
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portant and- universal constltuents of all blologlcal mem-

branes (18), Phosphollpld.s have been the subJect of studles

on wheat leaves lnfected- v¡lth Eryslphe Êramlnls trltic! DC.

(]-0) and. Pucclnla gramlnls Pers, f. sp. brltlc! (Erlks. & E.

Henn") (f3). In both cases, infeetlon lncreased. the }evel
of these conpound.s. Infectlon wlth a vlrulent r:a:ce of

Uromyces phaseoll (Pers" ) caused. quantltatlve but no quall-
tatlve changes ln the glycollpld and. phosphollpld content of
bean leaves (7) " The llp1d netabollsm of reslstant reactlng
tlssues was not lnvestlgated 

"

ïn the present study, we compared the llpld. content

of susceptlble anô- reslstant reacting wheat Leaves lnfected.

wlth stem rust. The süerol content of these tlssues r¡as the

subject of a prevlous report (14),
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MATEBIATS Ai\D IVIETTTODS

Plant- MateJ:la_l and._Fungus

Near-lsogenic lines of wheat (Triticun aestivuu L. )

a.nð- Taee 56 of stem rust (Pucclnla gJ:arnlnls Pers" f n sp"

trlti%L Erlks" & E. Ifenno ) were used-u The lines of ruheat

d.iffer in that one contains the gene gg! fron Red- Egyptian

Sprlng wheat r¡¡hich cond-ltions resistance to race 56 of stem

rust at meavt temperatures below zToc, Six d-ays af t,er seed-ing

(i"e" 1 d.ay before lnoculation), the ambient temperature was

lncreased- from z}oc to Zsoc" [he plants were malntained- at

the higher temperature unt1l 1 d-ay after lnoeulation (L7) 
"

They were then returned. to zooc to ind.uce the expression of

reslstance in Sr6_-contalniirg plants" By uslng thls pro-

ced.ure it r¡¡as fel-t tlnat any metaboLites prod-uced. 1n the

resistant teactlon night be present in higher conc"tt¿¡e.ti on

d-ue to the greater abund.ance of fungal material in the ln-

fected. host tissue,

The plants rvere ha.rvested 6 d"ays aftey inoculationu

fn each experlment, a set of four d-lfferently treated- plants

lcas used-: healtiry ancl rust-infected- plants of the susceptlble

lines, and healthy and. rust-lnfected plants of the resistant

line" Each of the four samples consisted- of 3g of primary

l-eaves cut ln 4-in, lengths (approx" 10 cm)" Experiments were

repeated- once irlth d.lfferent plant materl-al and the data ruas

presented- as the averages of d.uplicat-e d-eter¡llnationso

Extraction of Æg



2L

Total lipid.s were extracted- ln a VirTis homogen.Izer

with isopropanol-chlorof orm-methanol u Jz2z7- (v/v/v) " The

homogenate was filtered. and- the remaining resid.ue washed-

i¡rith ad.ditlonaL solvent untll lt was eolorlessn The fi-l-trabe

was concenttated. to d.ryness in vacuou taken up in chloroforn-

methanol o ZaI (v/v) u and- washed. accord-i-ng to the proced-ure

of Folch et al (3), After phase separatlonu the lower phase

was filtered. through anhyd.rous sod-ium sulfate, drled ln
vacuoe and- taken up 1n ehloroform-methanoln Aliquoüs vüere

taken to dryness und.er nltrogeng and welghed. üo girre the

weight of "total lipld.s"o Varj-atlon between d-up1j-cate d.eter-

mlnations d-ld. not exceed. 5'Ã"

Class SepaÏatioq -of Llpll Extras:ts

Ltpld s were separated- into non-polar and- polar

components by thln-layer chromatography (TLC) on 0nJ mm

thlclc layers of sillca gel G (19) i{ith chloroform-acetone-

methanol-acetic acld*water, 6Jz20: 10: 10; J (11) " Fractions
'¡rere eluted. from gel scraplngs wlth chloroform and. chl-oro-

form-metha.nol, Zel- (v/v), concentrated to d"ryness in vêe]les

and. red-lssolved. in chloroform-methanol"

ülelsht of Unsaponi$able L1plds and- Fatty Agld.SonteqL

Aliquots of the extracts contalning "total lipid"s"
hrere saponifled with lt{ KOH in absolute methanol (16)" Un-

saponlfiable lipid-s t,rrere extraeted- from the mixture with

diethyl ether" The ethereal phases ïrere comblned-e evaporated

to dryness U vacuo and. weighed-. The resid-ual aqueous fxactlons
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ïÍere acid.ifled. wlth 10N H2SO4 and. extracted. wlth d-iethyl

ether (16) " The ethereal phases were concentrated- ln r¡acuo

anð. the fatty aelds were esterifled. r'rlth lVfi øf 3-methanol (tZ¡,

Gas lQbronatography

Fatty acid methyl esters ÏIere anaLyzeù wlth a

Packard. gas ehromatograph Model 7500u equlpped- wlth hyd-rogen

flane d-etectors, A column of 6 fto x þ mm inner d-lameùer

contalning J/" Uutaned.lol- succinate on Anakron ABS e 9O/IO0

meshe T^ras used- wlth a flow rate of J0 mI l\2/mtn" Operattng

cond-ltions were¡ inlet u 2L5oC; column, lBOoC; outlet u ZOJ1Ci

d.etectors, Lgsoc" Peaks of unknowns were assigned. id.entities

if the retention tlmes $rere wIthln 4'l of those for corre-

spondlng authentlc fatty acid. methyl esters" I[ethy1 hepta-

d.ecanoate r,iãs used- as internal stand.ard. to determlne Lhe con-

centrations of enclogenous fatty acids ln each sample (15) 
"

Varlation betr¡een d-uplicate deterninations did. not exceed lfo"

Thl n-LayeL_C hro¡rat o graphy

Llpid. components were separated. from each other on

pre-coated- sheets of silica gel F 254u 0"25 mm thickness (8"

Itferck, Darrastadt) with the following solvent systemss for

non-polar llpld.s u d.iethyl ether-benzene-ethanol-acetlc acid.,

4O: 5O z 2z 0 .2 s f o]lowed. by alr-d.rylng and- d-evel opment in the

same d-irectlon with d.iethyl ether-hexane, 6¿94 (4); for polar

1lpids, chloroform-methanol-aceilc acid--water, BJz:..JIT-Oa), J

(1)" The air-drled. plates were cha.rred- vrith tO/" A2SOI+ at L20oC

for 10 min" (19) and. then seanned at 365 vm wlth a Zeiss

chromato gran spec trophotome ter 
"
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RESULTS ANÐ DISCUSSTON

The 11pld, content of healthy and rust-lnfected
wheat leaves harvested. 6 days after lnoculatlon 1s shown

ln Table 1" There were dlfferences ln llpLd content between

i.nfecbed and non-lnfected. leaves, but most of these dlf-

ferences ?rere smaIl" The close agreement between the values

from lnfected. and non-lnfected leaves of Chlnese Sprlng

wheat grown at zOoC lnd.lcates that lnfectlon wlth stem rust

has no effect on the leve1 of the totel llpi-ds, polar and.

non-polar llpld.s, and unsaponlflable llpldsu Increased.

levels of polar Ilplds had. been reported. ln wheat leaves

followlng lnfectlon wtth nlldew (fO¡ and. stem rust (13).

In leaves mal-ntalned. at ZsoCu where both reslstant and.

susceptlble llnes dlsplayed a susceptLble phenotype, and,

ln four other wheat varletles ühat were susceptlble to race

56 and- malntalned. at, àOoCo lnfectlon d1d- not affect appre-

clably the llpld content"

Gas chronatographlc analysls showed that wheat

leaf llplds contalned 6 naJor fatty acld.s; palnltlc ac1d.

(t6rO¡, stearlc acld. (18;0), olelc acld (tBrt¡, llnolelc

acld (18:2), llnolenlc acld (tBr3¡u and. behenlc acld (22t0),

Add.ltlonal fatty aclds were detected. ln snall concentratlonsn

These lncluded-¡ n-trld.ecanelc acld (t3¡O), n-pentad-ecanolc

acld (15:0)o nethyl I4-pentadecanolc ac1d. (1so 16¡0),

palnltolelc acld (16¡1), and meühyl 16-heptadecanolc acld.



Table 1
Llptd content of healthy and- rust-lnfected- wheat leaves harvested

6 d.ays after lnoculatlon

Chlnese Sprlng
Susceptible u healthy 2A

Lnfected- 20

Resistantu healthy 20
infected. 20

Susceptible, healthy 25
lnfected. 25

Beslstant, healthy 25
infected. 25

Lrttle crubf, î;i3:iå" 33

Prelud.ef healthy 20
infected 20

-LRed Bobsi healthy 20
infected- 20

)-
Rellance j healthy 20

lnfected- 20

Pla.nt materlal

Ambient
tempegature

Total Llpld. fractlons
lipid" Non*pqlar , Polar UnsApo{rlflaþle

mg/g fresh welght#

11" &
12 "+
10"8
13"1

11, g
1l "2
L3 "?11.7

ry ry+iIøI
g 

"+r,

10 u 6"r
lJ"1*

8"0'á
g 

"6';t

6 u]-,k
ÕoI?ç

JIlt
+
_rl

variation between dupllcate d-eterminations d.ld. not
susceptlble to race J6 wheat stem rust
values calculated- from the welghts of the non-polar

l+ 
"7

5"5

4"8
5"4

6,3
6,5

6,3
7"0
É. .)
)6 )

6"3

4,7
5"8

5"O
5,5

Jno
4"9

6.2
Os¿.

5,r
5"3

4"2
3"I
l+,5
1"8

2,1+
3"L

5"9
7"3

3"0
4"1

2,5
3"2

8.6
7.3

?"8
5"8

9.9
10,7

9"5
11" 1

5"7
8"4

5"9
7,6

6 
"1+8"6

4"6
6"8

exceed- 5%

and. polar lipld-s N)
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(lso 18:0). In none of the lipi-d. extracts did these minor

components exceed Zft of the total fatty acld" content"

The effect of rust lnfectlon on the level of 6

maJor fatty acld-s of wheat :-.eaf Ilpid-s is shown ln Table 2"

Some of the changes in fatty acld. content after infectlon

were very consld-erable, but d.id not f ollow a read-iIy recog-

nizable pattern" Infectlon tended. to lncrease the contents

of palnitlc and. stearlc acld-s ln Chlnese Spring grown at

}OoC and. 25oc, but thts pattern was not observed. ln the four

other varieties, Previous reports had. shown t}:rat the fatty

acid- spectrum of susceptlble reacting plants was not ac-

companied by qualltative changes (7rB).

Two unusual cltanges were observed. ln the conlc€fl.-

trations of linolenic and- behenlc acld.s ln Chinese Sprlng

wheat" Firstlyu the level of llnolenic acld- showed- an

apparent flve-fold- lncrease upon infectlon ln reslstant
plants grown at zjoc" Epton and. Deverall- (2) reported- t]nat

this acld- lncreased. elght-fold in the reslsbant Teàction of

Phaseolus vulga,ris L" leaves to halo-bllght d-lseaseo Slnce

linolenic acid- 1s very susceptible to oxldatlon, ïIe belleve

that the l-ow level reported. for healthy leaves of the

reslstant line may be in error,

Second-ly¡ wê observed- a three-fold. lncrease of

behenlc acld levels 1n susceptlble reactlng plants of Chlnese

Sprlng wheat grorrn at 25oC, Thls ecld. ls a najor constituent



Chinese Spring
Suseeptible, healthy 2A

infected- 20

Resi sta.nt , healthy 20
infected 20

Susceptible, healthy 25
infected. 25

Resistantu healthy 25
lnfected- 25

Little ClubT healthy 20
infected" 20

Preludef healthy 20
infected. 20

Red eobsT healthy 20
lnfected- 20

Rellancef healthy 20
lnfected- 20

Fatty acicl eomposltion of
wheat leaves

Plant material

Ambient
temperature

ço

Table 2

the toNal lipid.s
harvested. 6 ö,ays

Fatty acld. composltion u þe/S fresh weight*
Palmltlc stearlc 0leic Linoleic Llnorenic t3ehenlc(c16) (cl8) (cIB;1) (cl8;2) (cr8:3) rczz)

?fx

#
+

79
9o

37
93

B7
94

35
51

20
20

4L
/+0

from heal-thy and. rust-lnfected
aftey inoculation

variatlon betv¡een dupllcabe d-etermina.tlons d-ld- not exeeed" r%
t - Lyace amounts less tlnan I pg
fiud" = not d-etectable
susceptlble to r:e-ee J6 whrcat stem rust

¿.c)

5r

14
27

L2
25

7
20

9
9

t5.t<

10
r3

23
18

E-'f 1í

t
L

L

!
t

10
\5

3
9

10
11

30
1B

11
10

3r
26

¿o
30

)
2T

6l
+6

I6
1B

23
25

54
39

389
36l-

57
278

367
283

l.25
o?

2L
2L

6z
3I

24
20

27
2L

7B
B6

70
63

l-02
305

7o
81

1BB
203

r62
180

lgB
2LO

r53
r50

5
Lr,

L,

3

n.d- "$
nodo

L3
7

N)
o\
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of the surface llpld.s of wheat leaves and- of ,@!gÞ
strilformis I¡fest. (6), It 1-s llkely that stem rust also

contalns thls substance u and. the lncreased amount ln lnfected.

susceptlble ]eaves grown at Zsoc eould- well reflect the more

luxurlent growth of the fungus at the hlgher temperatureo

Thln-layer chromatography of polar and non-polar

ftactlons revealed. no naJor qualltatlve d.lfferences between

reslstant and- susceptlble reactlng plants at elther of the

two temperatureso Thls 1s ln agreement wlth work lnvoIvlng

other hosb/paraslte lnteractlons (7 rB) and lt 1s conslstent

wlth earller results on chollne levels ln rust-lnfected-

wheaË (9) 
"

However, lmportant metabollc events nay occur 1n

the llpid netabollsm and. these need not 1ead. to qualltatlve

or quantitatlve changes that could. be observed by analyzlng

crud-e extractso Rathero they may lnvolve reatra-ngements

and replacemenüs of certain phosphollpld, glyco11pld.r or

suIfollpld. membrane constltuents. These ln turn could. alter

me¡nbrane structure or selecùlvlty" The approach taken by us

and other workers ln thls fleld. would- not reveal changes of

thls natureo
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SECTION T1¡f0

STEBOLS OF HEALTITY AND RUST.INFECTED PRIMARY
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ABSTRACl

Sterols extracted. from healthy and- rust-lnfected
prlnary leaves of wheat r¡rere ana1yzed by thln-layer, column,

and- gas-llquld. chromatographyo

't{heat l-eaves of susceptlble and- reslstant ll:res eon-

talned. cholesterol, campesterol-a stlgmasterol, Ê-sltosterol,
and- an unknolrn sterol that accounted. for ?5% to BOfr of total
sterol contentn A further sterolr stlgmast-/-eno1o occurred-

in all rust-lnfected. leaves and- 1n one of eleven samples of

healthy leaves" Sterol levels were not related to susceptl-
bllity or reslstanceo The level of stigmast-f-enoI 1n 1n-

fected- leaves appeared to be correlated. wlth the amount of

fungal nass 1n the host"

Sterol fractlons from healthy and- rust-lnfected-
wheat leaves were not phytotoxlc. They d_1d_ not lnhlblt rust
d-evelopment in susceptlble leaves nor d"ld they promote lt ln
reslstant leavesn
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TNTRODUCTION

Although sterols are knovm to be required- for the

growth and- sexual reproductlon of roany specles of fungl (B),

llttle 1s known about t,heir role ln host-paraslte lnter-
actions between fungi a"nd. higher plants" Extraets from

pofato tubers were reported. to conta.ln fungltoxlc gl-yco-

alkaloids (1) ttiat may be assoclated- wlth reslstance of thls
fissue to certaln fungln Naturally occurrlng sterylgLycosid.es

were a.lso reported. to have antlfungal actlvlty (416nl-j) but

thelr role in host-parasite interactions is nob knownn

Successful colonlzaLf-on of a host by obligate
parasltes, such as the rust, depend.s on the lntegrity of

membranes at the host-paraslte interface" Sterols are inpor-
tant components of all membranes (19) and- it wa-s therefore

of lnterest to d-etermlne their ldentlty in the wheat host

and. to follow changes in sterol- composition of the host-
paraslte complex d.urlng dl-sease developmerlt" In ad-d-1tion

lt was of interest Eo test sterol fractlons from healthy and

rust-lnfected- i¡rheat Teaf extracts for their effect on rusÈ

d.evelopment in the host"
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MATENIALS AND METHODS

Plant Islaterlal

Flve varletles of luheat

lsogenlc llnes of wheat (frtttcuq

grown und-er cond-ltlons prevlously

l1nes differ ln that one contains

gene 516 from Red Egyptian sprlng

slstance to race 56 of stem rusto

Extractlons

(Table 3) and two near-

aestlvum L. ) were used- and

d.escrlbed (l-7) , fhe wheat

the temperature sensltlve

wheatn whlch provldes re-

Three grams of prlnary leaves of wheatu 3s 6, and

p d.ays after lnoculatlon, ïrere cut to 4-1n" lengths and

honogenl zed, at OoC wlth JO nl of an lsopropanol-chloroform-

methanol mlxture (3zZzI v/v/v). The slumy was flltered and

the resldue washed. wlth solvent untl1 colorless" The com-

blned flltrates were drled ln vacuo"

The llplds thus obtalned were dlssolved ln 10 ml

chloroform-methanol (2¿L v/v) and. partltloned wlth chloro-
forn-methanol-O "oz 14 aqueous cacL2 (10:523 v/v/v) accord.lng

to Folch et al (5) " Both phases were drled- ln vaquo" The

llpld.s were saponlfled accord-lng to Jackson and- Frear (10).

The resld.ue fro¡r the aqueous phase was extracted.

fl-rst with methanol and then with d.lethyl ether. The com-

blned. extracts were d.rled in vacuo, taken up wlth methanol,

and- monltored by thin-layer chromatography (TLC ) for the pre-

sence of sterylglycosid-es (2). A portion of thLs materlal
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I¡ras acicl- hyd-rolyzed- and. extracüed. with d-iethyl ether for the

steroL molety accord.ing to i{a and- Schafter (f3)"

C o l}tmq Cþl:onat osrapþy_

Total llpid-s from i¡iheat leaves were fractlonated- on

Florlsi1 (60-fOO mesh) ustng the stepwise elution apparatus

of llirsh and- Ahrens (9), Columns were packed- in petroleum

ether with 15 e of F1orisl1" The elutlon sequence was pet-

roleum ether, 50 ¡nl; 5% ð.ietyryl ether ln petrol-eum ether,

120 nnl ; 15% d.lethyl ether ln peüroleum ethern 150 ¡r1; 25%

d.iethyl ether in petroleum ether, 100 rn1; 50% d.j-etlnyl- ether

ln petroleum ethero 100 nl; and- nethanol, J0 m1" EIU-tlon 'was

caruled- out und-er nitrogen at the rate of 1 rnl/nlno Fractions

were coll-ected. 1n bulk and- evaporated. to d.ryness in Wo
Each fraction was assayed. by TLC and. those contalni:ng a single

class of lipids i^iere comblned- for further examination by TLC

or gas-llqu1d- ehromatography,

Thin-Laye r,C hgonatography

The sterols were separated- on non-actlvated. O"25

mm sillca ge1 G layers wlth benzene-ebhyl aceiuate, 4z1- v/v
(Z)" After air-d.rylng, the plates were sprayed- wlt]n LOft

H2SO4 in ethanol and. heated- at lzOoC for 10 minu (tB1 
"

Ggs-Li quid. C hromatosra'phy

All sterol analyses were performed. wlth a Packard-

gas chromaüograph Mod.el ?5OO equlpped. wlth hyd"rogen flane d.e-

teetors" Free sterolsu thelr trlnethylsllyls ether (fMS)
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ând acetate d.erlvatives v,rere chromatographed. using silanlzed-

glass colu-mns containl:ng L% OV-L on Anakro¡n ABS, 7O/]-OO mesh

(tn1et, Z?ooT; column, 23ooc; outlet, ZSOoc; and- detectorsu

Zt+}aC)a an B ft, x 4 n¡m 1"d" column was used. wlth a. flov¡ rate
of BJ ml I'IZ/ml-n,

Sterol TMS and. aeetate d.erlrratlves Ï¡ere prepared_

according to Van Den Heuvel and_ Courts (20) and Kni-ghts (!Z)

respectlvely" 5{-Chol-estane was used as an lnternal stand_-

ard, for the calculatlon of the content (15) and retention
tlme of each sterol ln the sample (3 oL6) , Analyses ï¡ere

repeated onee wlth d-lfferent plant material and. the data

hlas presented- as the averages of d-uplicate deternlnations"

The varlation between d"uplicate d-etermina.tlons clid_ not ex-

ceed. 2%"

Biologieal Ac9.ivity

Extraets or colu.mn elu-ates 'hrere d.y1ed. vrith a stream

of nltrogen and the resld-u.es vrere taken up rarith double d.is-

tilled- water" Aliquots of these samples at concentratlons

from 0.1 g to 1"0 g fresh weight of leaves were injected.

elther as suspenslons or clear solutlons using the method. of

Hagborg (7) lnto healthy or rust-lnfected. leaves z days after
i-noculationu The test plants, which had. been grovün und.er the

sarne cond.itions (17) as used- for the analyttcal stud_les, were

examined. 6 to B d-ays later for phytotoxicity and- effect on

rust d.evelopment,
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Durlng prellmlnary studles attempts were made to

locate free sterols and thelr ester and/or glycosld.e derlv-
atlves 1-n lsopropanol:chloroform-methanol extracLs from

wheat leaves" Howeveru both column and. thln-layer chro-
natographlc technlques fal]ed- to reveal the presence of

elther sterol esters or steryl glycosld.es" Consequently,

subsequent stud.les T{ere dlrected toward-s d.etermlnlng the

nature of the free sterols Ln wheaLn

Prlmary leaves of wheat contai.ned five sterols
(raule 1) of whlch four ïrere ldentlfled- as cholesterol (peak

1), campesterol (peak 3), sttgnasterol (peak 4) u and

F*sltosterol (peak 5), Peak I was ldentlfled. as campesterol

rather than ergosterol d"esplte the eloseness ln the relatlve
retentlon tlmes for thelr TMS derlvatlvêse canpesterol has

been found. to be present ln most plants lncl-udrng wheat (tz¡,
whereas ergosteror ls usually considered to be the prlnclpal
sterol ln fungl (B). The sterol energlng ln peak 2 was not
Ldentlfled- but represented- 75 to 80ft of the total free sterols"
One ad.d-ltlonal steroln stigmast-7-enol-, was present ln all
rust-lnfected wheat leaves and in only one of slx samples

of non-lnfected wheat leaves used for the tlme stucLy (ratte
2), Bepetltlon of this experiment wlth new plant materlal

confi-rmed- the presence of stlgmast-f-enol ln 1J-day o1d

non-lnfected leaves of the susceptl-ble Line and 1ts absence

ln all other samples of non-lnfected lesvesu Add.Ltlonal
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Table 1

Relative retention ti¡res of
d-erivatives from

free sterols and their
wheat leaves

Compound.s Free Acetates TMS Assigirment

1" Beference standard
fi-cholestane
Cholesterol
7-d ehyd rochole sberol
Brassicasterol-
Campesterol
Ergosterol
Ergost-7-eno1
Stlgmasterol
p-Sitosterol

Itlheat leaves

Peak
Peak
Peak
Peak
Peak
Peak

2n

2.Bg
3 "02
3 "21
3 "603,83
4'32
t+ ûz
5,30

2,86 z.4o
3 "3L 2 "Bg
3 "77 3 "t44"14 3"4j4,?? 4 

" 
oo

5"2L 4,4?

1
¿
I

L+

5
f) 7r

1" 00

':ot
2,53
2 "702"92
3'00
3,40

2"05

2 "70
3"00
3 "Lþo
3 "73

,:t,

3 "15

llt+z
3 "99

Cholesterol
/

campeåterot
Stignasterol-
p-Sitosterol
Stigma"st -7 -enol-?

Occurred" in rusi-lnfected_ wheat leaves



Table 2

Effect of rust-lnfectlon on sterol content in prlmary leaves of wheat

Plant materlal

Susceptlble
heal.thy

Susceptlble
rust-lnfected.

Re sI stant
healthy

Resl stant
rust-i-nf ected-

Days after
lnoculatlon

Total- free
sterols,

pe/e fresh
weight

3
6
9

)
6
o

)

9

)
U

9

+Þ

#
+

teg:-

56t
535

570
6zo
t+68

6?7
OÕO

669

6Bo
B2T
728

5*t-chole stane equlvalents ;
h."d-" - not d.etectable
0"01 to 0"05 lrg

Chole-
sterol

Sterol compositlon, pg/g fresh welght-r+

6,
TraceY
Trace

7
Trace
Trace

Trace
Trace
Trace

Tra"ce
Trace
Trace

Unknown
A

358
4zo
398

4zb
4Lv:
290

532
703
525

525
6ze
55:-

Canpe- SLlgma-
sùerol sterol

variatlon betlveen d-upllcabe d.etermlnatLons dld not exceed- 2%

3B
36
39

4z
37
34

44
52
42

Lt'Lþ

52
42

L6
10
20

1B
23
25

22
2B
tq

25
29
¿t

Slto- Stigmast-
sterol 7-enol

73
75
7B

79
7I
7I

79
103

B3

Õo

9L
BO

nrdn#
20

nud-"

nL"d 
"

4B
4B

fI"d.u
n"d..
nlud-u

nud.u
2T
3o

UJ\o



Llttle Club, healthy
Llttle Clubu infected.

Reliance, healthy
Rellance o infected.

Red Bobs, healthy
Red Bobs, lnfected

Prelud-e u irealthy
Prelud.e u infected.

Kubanka, healthy
Kubanka, infected-

Plant rnaterial

Sterol content
wheat leaves

Total free
sterols u

Ve/e fresh
weight

Table 3

of healthy and rust-lnfected- susceptible
harvested- 6 d-ays aftey inoculation

626
6lz

593
6lz

825
BB2

7L9
100?

611
523

#
+

J"{-cholestane equivalents ;
il.od-u = l1ot d-etectable
0"01 to 0"05 pg

Chole-
sterol

Sterol composition, þg/e fresh T/üeigl'r'b+i

Trace*
Trace

Trace
Trace

Trace
Trace

1" 06
Trace

Tra.ce
Trace

Unknourn Campe*
A sterol

493 36405 35

442 jB
37L 33

Øo 55565 +t+

472 765BB 6z

482 þo
3Ø 33

Süig¡aa- Slto- Stignast-
sterol sterol f-enol

variation between d-uplicate d-e'berminatlons d.ld not exceed_ 2%

20
?B

2'7
27

3?
29

35
42

17
r6

77 n.d..f
73 96

86 il.,d- u

65 1/+1

108 nnd-,
103 141

L35 n. d..
119 L9r

72 nnd u

52 59

{-o
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lnformaflon on the occurrenee of stlgmast-f-enoI was sought

by analyzLng healthy and. rust*lnfected leaves of f1_ve other

varLetleso Tn all casese infected. leaves contaj_ned thls
sterol, but non-lnfected leaves did not (Table 3) " It 3_s

not known why stlgnras¿-?-enol was d.etected ln 1 of the 11

samples of healthy leaves analyzed-u but lt shoul-d be polnted_

out that lts occurrence there colnclded. wlth maxlmum steroL

content reached- ln all leaves 13 d.ays after seed.ing (Table Z) 
"

Total sberol content and- content of unknown A

d.Lffered- wld-ely between sampLes harvested at specifled. tlmes

after lnoculatlon (fa¡le 2) " These differences appear

smaller if Lhe leve1s of Lnd-lvldual steroLs are expressed- as

percentages of total sterol content as reported. by Jennlngs

et aI (11) for sterol levels Ln mat,ze leaves tnfected wlth
Helginthosporlun carbonum (Ulhtlgp)" Howeveru It is felt
that sueh a comparlson ls of IlttIe value when the sterol
eontent d-lffers w1d.ely" It was conclud_ed that the changes

of süero1 levels whlch were observed ln leaves after in-
feetlon r{ere not related to suscepLlblllty or resl-stance"

The level of stignast-/-enol in lnfected. leaves appeared_ to
be correlated. wlth the amount of fungal tissue ln the host

slnce lnfected susceptlble tissues contaln much more fungal

materlal than lnfected reslstant tlssues especially at later
stages of lnfection"

Slnce healthy wheat leaves do not contal-n stlgmast-

7*eno1 lt couLd. be assumed_, that 1û is synthesized. by the
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host after infectlon with rust" Hol{ever, lt ls si.mprer to
assume that lt ls syntheslzed, by the paraslte and. that the

stlgmast*7-enol <l_etected. ln lnfected. plants is of fungal
orlgin. Nowak et al (r+¡ have d.emonstrated. that stlgm¿st-

/-enol is the major sterol ln ured.ospores of both flax
rust and wheat stem rustn In contrast Jackson and Frear
(10) suggested that fLax rust ured-ospores were unable to
syntheslze sterols and Elnat stlgmast-/-enol was derlved

from the host,

Sterol ftaetlons from healthy and. rust-lnfected.
leaves r{rere tested for posslble blologlcaL actlvlty" These

fractlons were not phytotoxle or lnhibltory to fungal

developnent ln the host0 nor dld they promote iust d.evelop-

ment ln reslstant Teactlng leavesu
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GENERAL DISCUSSÏON

Changes in the propertles of membranous compon-

ents of plant cells ln response to the stresses of their

envlronment mlght be expected- to be reflected in alteratlons

ln the nature of those lipid s and. sterolds associated- wlth

llpoprotein struclures" The responses of plants to physico-

chemlcal types of envirorunental stresses have been reviewed

by Levltt (28)" Physlcochemica] forms of stress such as

temperature, water, rað,LaLlon, and chemlcals are known to

nodlfy the 11p1d. composltlon of plants. For example, total

11pid.s and. 1n partlcular, phosphollpld.su generally lncrease

wilh decreaslng temperature d"urlng the phenomenon called-

hard.ening. Thls ls al-so accompanled- by an increase in ce1l

perrneabillty which 1s suggestlve of a change ln the plasma

membrane n

However, there 1s another form of environ¡nental

stress to which plants are normally subject u Llnat belng the

biotic type" The latter belongs to the fl-eld of plant

paihology and was not consid.ered. by Levltt (28) " Very ]ittle

ls known about the effects of fungl on the lipld and sterol
composltion of plants, Since successful colonlzatlon of host

plants by obllgate parasites, such as the rusts, depends on

the lntegrLty of membranes at the host-paraslte interface, 1t

was hoped. that, by lnvestigatlng the nature of the lipld- and-

sterol fractions of healthy and. rust-infected. wheat, some

lnsight lnto the mechanisms of resistance and- susceptibllity



46

nlght be galned,

In the present lnvestlgatl-on, minor increases were

observed ln the total ll-pld. content of infected- hosts in

comparlson to healthy hosts ln both reslstant and susceptible

reactlng plants at zooc" At zsoc, this trend- was reversed"

Earller reports had. descrlbed the rnetabolism of phosphate-

compound.s to be enhanced. upon lnfecblon by obllgate parasltes

(26,33136r45) " Al-so infeoËlon was not accompanled. by quali-

tatlve changes in llpid. and. fatty acid profilesr and- no

slgniflcanl elnanges were observed. regard.lng the constltuents

of either the non-polar or polar lipid. fractions" These

flndlngs were ln coroplete agreement wlth those of earller

works ( 18 u 20 ,25) "

In view of the known effects of temperature (Ze¡

on the 11p1d. compositlon of planls, it may be that the mlnor

d-lfferences observed. 1n the lipld composi-tion ln healthy

Chlnese ,Spring wheats grown at the two d-lfferent temperatures

were slnply d.ue to a temperature stress effect.

Some changes were observed regard.lng sterol levels

ln rust-infected leavesu but these d.lfferences Ïrere coruelated

wlth the amount of fungal mass ln the host lnd.lcatlng tlnaL

fungal constituents accounted- for the increase. ït T¡ras con-

clud.ed- that sterol levels were not related to reslstance or

susceptlbility" Slrnllar flndings have been reported. for

tobacco lnfected- with tobacco mosalc vlrus (l+r42) " In contrast,

Jennings eb aI (19) reported- changes ln sterol content and.
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composition In maize leaves lnfected. wlth Helminthosporiun

carbonum. The authors feLt ElnaL an lnteractlon¡ su.ch as

blnd.ingu between the toxin of the pathogen and. sterol com-

ponent of the host cell membranes was not sufficlent to

explaln the observed- changes in sterol content and. compositiono

They suggdsted. tnat the toxllr produced- by Eç carbonum nlght

lnteract wlth sterols of the hostu changing the host cell-

permeabllity and- lead-lng to loss of sterols d-urlng later

stages of the d-iseaseu The results of the present lnvestl-
gatlon d.o not appear Eo lend- thenselves to this suggestion"

While it was not posslble to d-emonstrate a corre-

latlon between reslstance of wheat to stem rust and" 11p1d-

content of the host/parasite complexo negative results d-o

not preclude that a correlatlon exlts, The technlques

applled. nay slnply have been inadequate to d-etect lt" It is
therefore d.esirable to restate the probl-em and to redefine

objectives that may be helpful to fuLure work in this f1eld-"

The breakd.own of host cel} membrane structure d.ur-

ing the course of host-parasiüe interactlon often Lead.s to

increased- permeabillty of host membranes resulting in loss

of compartmentation" The stabillty of these membrane com-

ponents durlng the early atternpts at establishment by the

pathogen vrithln the host nay ultlmately d-etermine the d.egree

to whlch susceptiblllty or reslstance are expressed.o Success-

ful colonlzatton of the host plant by obllgate parasites such

as the rusts and. powd-ery nild.ews may d.epend. upon malntenayrce
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of the integrlty of the cellular membranes at the host-para-

site lnterface" By contrasto lncompatlble host-parasite

interactions might be envlsloned as resulting ln the rapid.

loss of malntenance of membrane integrlty" Cellular necrosls

could" then occur ln such places of lnleractlon and- the over-

all effect would be the expresslon of the hypersensitlve

reaction"

One nlght postulate Elnat following Infection there

is a d-isruption of membrane actlvity, accompani-ed by alter-

ations ln the llpold-al and steroid"al components in the lipo-
protein membrane complexc The v¡el1 d-ocumented. lntracellu1ar
changes lnvolving increased catabolic processes and eventual

sensecence ¡night be promoted. by these alteratlons (5r10 rL6u46,

58)" These changes may be assoclated. with rearyangements oy

replacements of certaln phospholipld-, glycoli-pid-, sulfolipid,
and/or sterold constltuents in the native membra.ne" In ad--

dltion, alteraNions in the fatty acid- profiles in these

constituents may also act to alter membrane structure or

selectivity 
"

The tlme aftet infection during which these suggested

changes may occur would. also be of major lnportance ln deter-

minlng thei-r role ln the expression of resistance or suscep-

tibllityu Two possibilitles can be envisloned- as occurring"

First, the initlal interaction between host and. parasite

mlght result in the alteration of host membrane lnlegrity

such that a cascad.ing serles of intraceJ-lular reactlons
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cb,aracteristic of events leading to cellul-ar collapse

ensueso this woul-d suggest tlnat membrane alterations and/ot

collapse would. be a prinary lactor in deterrnining the ex-

pression of the hypersensitive reaction, By contrast, the

second- possibility ls tlnat membrane collapse is a fate

expresslon of intracellular changes which rüere lnitiated.
following the passage of some biologically active product from

the pathogen across the host-paraslte lnterface" Substances

capable of a high biologlcal specificity, such as ri'bonucleic

acid.s or peptides, might initiate the elnayacteristlc ca"tabolic

processes within the host and this in turn mighb lead. to

alterations to membrane stru-cture and. permeability"
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