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ABSTRACl

The devel-opment, structure and funciion of vacuoles in some

filamentous fungi, particul-arty Eh:-Zqçlonia 9o1q,¡! were sbudÍed

by several cytoJ.ogical methods.

The development arrd general fonn and behaviour of vacuoles

were followed with the phase contrast n-icroscope, and. the electron

nicroscope hras used to study the fine structure"

The relaÌ;ionship between the conients of the vacuore and the

surrounding cyboplasm vras studied by nr-icro-j-nterferometry and found.

to be variable and complex"

The accr¡mul-ation of neutral red lras investigaied. and. was shoum

to be markedþ pH dependent"

No clear measurement of the osrooLic pressure of the vacuol-es

coul-d be made"
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]}]TRODUCTÏOTü

Observation of the cyboplasm of living fwtgi with fhe optical

microscope reveals siructures, spherical to ovoid i:r shape, thai

appear to be devoid of contents and si¡ui-l-ar in i;his respect to the

vacuoles seen i:r mature plarrt ceJ-ls. They are also invariably

cal'l ed vacuoles, but unli]<e those ì.:n plants they can be seen to be

attached to the hyphal waLL and are frequently flattened jn the area

of contact, An alternative e4planation for their erci-stence m:igh-b be

that there is insuffj-cient cytoplasm to fill the hyphae and the so

called vacuoles are indentations in the cyboplasnri-c membrane. The

e:çerience of ngrcologists that it is difficr¡lt to denonstrate plasmo-

lysis j-n fila"nentous fungi tends to support the latter possibili-ty.

In recenf years ina:1y physical techniques have been developed

that rvere not available to physiologists j-n the first ha^l-f of the

century ¡,¡hen most of the studies on water relations of plants øere

conducted, and the purpose of this study is to describe attenpts to

clarÍfy the fwrciion of the vacuol-es in filament;ous fungi through

the application of some of the newer methods.

1
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LITERATURE REVIE!^I

Vacuoles are regarded as one of the cyLoplasaic inclusions in

cel-Ls. They are considered to be characteri-stic of mature plant cells

where they may occupy more than half the total ceIL vo}¡ue a¡id are

fiIled. l.,rith liquid ceIL sap, they are rareþ for¡nd j¡ the meristematic

tissue" They are noù generâl]y conspicuous in ani-nal- celIsr however,

in protozoa, contractile vacuoles act as the excretory organ by lutti-ch

waste prod.ucts are ercpelled to the outer mediwn" The size and shape

of vacuoles depend.s on a n¡nber of factors such as the age and the

activity of the cyboplasm, they tend to be spheri-cal- in quj-eb c¡röoplasm,

and may be rod-shaped, elongaie or irregularly shaped in streaning

cyLoplasm (zirt<J-e, L937) "

In fungi, relatively small, globular vacuoles are fj¡st seen

adhering to the wall-s of the yoì¡ng h¡rphae. As the h¡rphae become older,

the vacuoles increase i¡r si-ze and may occupy a total of more than

50% of the volume between ad.jacent septa" BuILer (1933) observ'ed that

as fungal fruitilg bodies begin to develop many small vacuoles fuse

to forrn a large vacuole occupyi:rg most of the basidium" He considered

that the grol.rth of the vacuoles was due to the presence of osmotic

subs'bances in the vacuoles and to -ù'rater absorpti-on from the medium.

tr: the qycelir:m of li4gþggþ, fi¡ricola. Brrller noticed i;hat the vacuoles

moved r,rith the streami ng cytoplasm and. r,¡ere capable of being carried

wj-th the protoplasm from cell to cell passilg through the pores in

the septa" i,thjJ-e passirrg through the pores the vacuoles became con-

stricted and. many divided into two or more s¡n¡-l I vacuoles r,r¡hich often
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fused together again" rn the highl-y vacuorated hyphae of Bïonema

confluens-" Br:l1er (1935) observed. that the vacuol-es Ïrere more finnly
attached to the ceLL waIL and even the pressure of rapidly strea¡,ing

protoplasm rvas not suffÍcient to free the vacuoles of their attach-

ment, but i:heir shapes were changed by the pressing of i,he pro.uo-

pIasm, Árthur (1897) observed the vacuoles of coenoc¡rbi-c hyphae and

noticed thai when sirean,-ing in a branched trur¡k hypha ühe large

vacuoles iended to divide into two or more parts, rqith one part going

into the branch hypha, while the other went on i¡r the tru¡lk hypha"

The streaming of protoplasm in fungi has been considered by

some authors to be due to vacuolar pressureo ilu].].er (L93s) studied

translocation in fungi, and thought that the vacuoles probably play

a role in forcj¡rg the protoplasm to the young h¡phal tips, also

Cor"ner (1948) considered that the vacuole of the basidir¡m has the func-

tion of forcilg the protoplasn"ic contents i-nto the basidiopores, hlell

(196þ) studying ihe features of developing and. mature basidj-a and

basi-diospores of Schiz-ophylh¡n coÌTìnune, showed that small vacuol-es

appear in the basal position of the basid.iurn after the sterigmatal

initiatj-on. The smalJ. vacuoles tend to coalesce and n'iay force ì;he

cybopla*n and nuclei into the basidiospores. Vacuolation proceeds

wrtj-l iL reaches a stage i-n rdnich a thin peripheral layer of cy'boplasn

j.s ]-eff in the basidiu¡r"

From el-ectron raicroscopic studies, I. lrlanton (1962) observed

that some young vacuoles showed an obvious electron dense precipi-

taie r,/nich was thought to be due to a reacùion of the vacuolar solutes
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with the KI4ro04 used as a fíxative" Also, WeII (196J) observed

that vacuoles were frequentþ inegularJ¡ shaped in the dikaryotie

basidiun, and that the tonoplast appeared as a¡ el-ectron dense li.:ae,

presumably consisting of a unit membrane; iü is possible that ühe

irregular shape was due ùo poor fixation"

THE FUNGYIONAL ROI,E OF VACUOLES

In plants, vacuoles play a significant role in accrrmulating

ions ínto the vacuolar sapu The ion-ic concentration in the vacuole

is generalþ higher than that of the exbernal mediun, The vaeuolar

concentrations of potassir¡n and chloride in the giant j¡rternodal celJ-s

of Nitel.].a transluscens are higher than that of the nedit¡m" MacRobbie

(196/+) suggested that two separate processes are involved in the

active uptake of salts by the vacuoLesi an active accr.mrrlation in

the cyboplasm and a subsequent transfer of salts actively across

the tonoplast into the vacuoles" Several authors, e.g, Bath and

Sponsler (I9r+2), have suggested that the vacuoles migbt be the

site of reactions of physiological interest, but published papers

have concentrated on the uptake process, for instance, mar¡Jr studies

have been made in corunection with vital staining of vacuolegu Vital.

stai-nlng j¡rvolves the uptake of {ye by liuing cells ar¡d because

most vital sùains are more or less toxic cells seldom survive i¡a

them for long" Alúhough several dyes have been proposed as vital

stains, practical\r aIL work has been done with neutral red" One

characteristic of the uptake of this dye is the frequent appearance
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of concentrated droplets or trneutral red granulesn in the ceIL after

treatment with dilute neutral red solution. This was obserwed by

CickLhorn (f929) who noted that neutral red. granules not only

oceumed in the c¡rboplasm of ani-mal- cells, bui; also j-n the vacuoles

of plant ceJ-ls" According üo this author ihe neutral red granules

disappeared af-ber plasnolysis, but reappeared at depJ.asmolysis" The

droplets at first appeared to be fJ-u.id, but later solidified and

beca¡ne hard and bribtle. Baker (f945) considered that the appearance

of neutra-I red grarrules indj-cated that there r^rere pre-e,.ci-sting bodies

in the vacuoles. However, other investigators such as Toshimi l{agatani

(19ó0) and Singh (f%7) have erçlai¡red the presence of the neuùral red

granules on the basis of reaction to the dye and not to the pre-existing

nature of the vacuoles " Singh concluded -i;hat the pre-eri.sting naùure

of the vacuoles n'r,ay induce the neutra-l red granules forraation'

Neutral red is a vreakþ basic dye, entireþ in the associated

state i¡r an al-kal-ine medium, but dissociating in an acidic medir:r¡.,

Oi*ing to this property, the penetration of the dye i:rto cells and

vacuoles depends upon the pH difference between the ceIl interior

and the exterior mediunrand the degree of dissocj-ation of the dye"

By using sea urchin eggs, Chamber (1930) demonstrated that the vacuoles

of the eggs take up neutral red, rrrÌren placed in al}ali¡re sea water; but

l¡hen transferred to acidj-fj-ed sea water they become colorless. Cha.mbers

and, Chambers (t96t) indicated that the neutra-l red diffuses rapidly

from the medium through the acidic cyLoplasm and into the more acidic

vacuoles"
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Scarth (L926) showed that Spj-rogËA and Tradescantia zebrina

cor¡-ld. be staj¡red by neutral red and other basic {¡res" As the dye

accumrrlated, grarurlar precipitates occumed and aggregated together

into droplets i¡r the eyboplasm and appeared to pass into the vacuoleo

the fornation of drops of stain, wt¡ich appeared to be a coacervate,

could be j¡rcreased by the addition of alkali (annonia) or afì a^Ikaloid

(caffeine)" The stai:r droplets inereased in size as the a^mmonia

penetrated the cell" The a.nount of accumulation of neutral red in the

vacuoles also depended upon the alkalirrity of ihe medium, the more

alkaline the medir¡n the more accumulation.

DE'T'MIITNATION OF CTTOPLA,S}4IC AND VACUOI,AR CONCEIüTBATTONS

BT THE INTERFMEISCE ¡{ICROSCOPE

Unti^L the development of the interference microscope no method

was available that would. en¿ble measurenent to be nade of the con-

centration of solute in the vacuoles of livÍng cells.

The j¡rterference nicroscope has the adva¡rtage in that it can

be used. to measure the mass, concenùration, or thickness, of sÍngle

celLs a¡d. other tissue elements" In practi.ce, it has been the ur¡lcnown

thj-clsjess of most cel]-s uhich L¡as been the main difficulty v¡:ith the

technique, but i¡ the case of cells that are approxS-nately spherical or

cylindrical in shape, the thiclr¡ess can be estinated by measuring the

di-a.meter"

The concentrations of dry substance in Amoeba" di-fferent stages

of d.evelopnent of pollen grains, nuclei of cells and spem beads have



all been deternÉned. usilg the i-nterference n-icroscopee With the

originaL D¡rson (fg¡O) intcroscope, Davies et al (195/,+) detenuined

the changes i¡r dry mass during development of pollen grain of lrades-

cantÍa bracteata" They found. that the dry mass rras increased about

ten times during 'i,he devel-opment of inature pollen grains, and that the

total dry weight increased during the formation of vacuoles" They

observed. that increase in fhe ceIL vo}¡ne is accompar:.ied by a

d.ecrease in the aver.age concentration of dry substârlc€o The larger

cell v¡'ith large vacuole was likely to have the lower average concen-

irabion of protoplasm" l,Iith the Baker-Sni-ih j-nterference rn-lcroscope,

the concentrabion of dry substance in nucleus and cyboplasm of living

sea urchin eggs, the changes during fertilization and the fj-rst

division have been d.etermi-ned by t'fitchison and Swann (L953)" The

concentrabion of d.ry substance in the cybopl-asm of the unfertil-ized

egg is about 25 g/J:OO mJ. whil-e that in the nucleus is about 1ó 9/100 nTl"

Barer (1956) showed that the concentration in the cytoplasrc

of most tissue cells is generally betl'reen I0 and 25 g/IOO mJ-' iriore

tinarL 55 g/IOO ml in concentration was recorded for some bacterial

ce1ls, filrgal spores, cíIia and. some spenn heads. The concentration

of hi¡nan red. blood celfs has been shol,rn to be about 28 - 34 9/100 nl'

The concentrations of biological inaterials most often very

with the change of physiological conditions, For exarople, the

change in concenfration of dry substance in cyboplasm of chick fibro-

bLast depends upon the exbent of toxicity of the mediu:ir (Barer and

Dick, 1955).



In none of the studies mentioned llras an attempt made to

neasure the concen-r,ra'bion of solute in the vacuole, in fact in most

cases ¡aaterial was deliberately selected that was non-vacuolate

to avoid errors d.ue to uneven distribution of dry mass withj:t i;he

ceLl.

OSI,TOTIC RELATTONSHIPS

Osriotic phenomena have been s'¿udied j¡r detajl- in ihe higher

plants, and anj¡rals and io a much lesser exbent in the fungi"

De Vries (fS84) introduced a method for detennining the osnotic

vafue of ptant cel-Is by immersi:rg them in solufi-ons of kno¡,m concen-

tration of cane sugar or potassium nii;rate and notj-ng the concen-

tratj-on in lùich ihe cells show the firs'b signs of plasmoþsis. This

inrork has been eLaborately stud.ieci sínce then by Dj:con and lttkin

(fgf¿), Ursprung and Blu¡r (1916), I'Ieber (L926) and many others a:rd

foqnd. to give ad.equate da'r,a for the esti¡ration of the osmotic val-ue

of the cell sap" A more accurate and. versatile method is the

plasmometricmethodofHof]er(1920)"Theosmoticpressureisfound

to vary vrid.ely in d.ifferent planLs and even in different varieties

of ihe sa¡ne speciesø Beruret-C1ark, Gz'eeru¡roo¿ and Barker (193ó)

itlssf,¡¿fed three varieties of beetrooi which di-ffered markedly in

osmotic pressure ancl sugar content, They also showed that the

val-ue of osrnotic pressure d.eternined by the plasmolytic method i's

generally greater than that d.eterrained by cryoscopic methods" A

fact that r,ias interpreted by them to imply that cytoplasm is capable
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of secreting i..l.ater into the vacuole against an osmotic gradient "

The measurement of osmotj-c pressure in fr:ngi presents considerabl-e

difficulty ol,ring to the uncertainty of detecting plasmolysis, how-

ever, the phenomenon has been stud.ied. j-n some parasitic fungi' The

osmotic pressuf'e of various parasitic fungi was found to be greater

than that of their hosts by Thatcher (1939, Lghz) and' by Lonsd'of (1934)

wleo detemo.ined. the osmotic pressune by means of the plasnrolybic

method. The higher osmo'bic pressì.rre in the parasitic fwrgi ihan in

'bheir hosts l"¡as regarded. as characteristic of the host-parasite

relationshipbyLillìrand'Berneb't(195f)'Thatchet(L942)considered

that the higher osmo-bic pressure j-n the parasite rÍas necessary to

enable ther¡:. i,o absorb I¡,Iater from the host plant' Accordi-ng to

Flawker (f950), a high osmoi;ic pressure in a parasi-te is noù necessary

for penetrating the host cuticle"

several fungi have the ability to grow in solutions w'ith

ex|remely high osmoi:ic pressureso Some data presented by Hawkins

(1916) are shov¡n in the foJ-lor'ring Ì;able.

T,i_J-Iy a¡d Barnet,t (1951) suggest that these data show thai;

the ljmiting osmotic pressure is dependent upon both ì;he fungus and

the cotnpound.s used., and. so the effect upon the fwrgus cannot be

regard.ed as a simple physio-chemical- process"
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Species
CJucose-)(- Sucrose
(atra. ) (atm)

Potassi-um Calciuin
Nitrate llitrare
(atm) (atrn)

PLenodomus destruens

Diplodia tubericola

Rhizopus niAricans

Botr.T!,is cinerea

Ceratostomel-Ia fimbria]-a

58.3

63 "2

663 "z

63 "2

63 "2

l+7 "b

l+2"I

42"r

l+7 
"l+

l+7 "h

5l+.5

58.8

27,5

5l+,5

54"5

)) "a

L5.g

27.7

L9 "5

li LùLiiing concentratj-ons not used"
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i,1ÂTF,RI.A]-S AI{D T.ITTHODS

ORGAI{ISI.I AI]D CULTURE I'IETHODS

Eþizociæn:þ so_lani l(uhn'¡¡as used in the e>çerimental part of

this j:rvesti-gation. This fungus was obtained from the stock culture

collection (tlo. R-3) of the Ðepar'r,ment of Botariy of the Unlversity

of I',{a¡ritoba" In addition, u.se ruas rnade of i;he collection of rui-cro-

graphs of this and other fungi held by the Electron l"iicroscope

Section of the Division of Bi-ological Sciencesc

The stock cultures were stored

(Dade, 1960). The medium is conrposed

carrot a¡rd 15 gB of agar per ]ü;re of

was transferred from the above mediu:n

agar medium at 2O-25oC for use in the

on potato-carrot agar inedii:m

of 20 gn each of po'r,ato and

distilled water. The fungus

and grov.rn on sucrose-peptone

experi ments.

Sucrose-peptone agar medium:

Sucrose

Peptone ----
Krr2Po4

I"fsSO, .?TI^04Z
Agar

Disti]_led H^0 ----I

J-\,, Ëltl.

5 ø'n¿ø"
) ørn

0,5 grr

15 gn

1000 ml-

For microscopic observa'bions of undisturbed hyphae, ii was

necessary to groru ihe fungus on sl-ide culture (Gor,r, 1958; Iiing, L961,,) "

Standard 1r¡ x 3rt rcicroscope slides r"¡ere steril-ized in a plain agar

medirrm. r,ri-Lh a conposition of 15 g-i1 agar per lii;re of dist'i I1 ed '¡¡aùer

U-
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in a pyrex storage dish" After sterj.lization in a¡r autocLave for

15 ¡ainutes at 15 lb pressr:re, the microscope slides were taken out

r,rrith the aid. of sterile forceps. The excess plain agar was allowed

to drai¡a off a¡rd each slide ïras placed in a petri plate on the

surface of a soli-d.i:fied layer of 1.516 ager" After the thin fil-n

of plain agar had solidified, a disc cut with a No 2 ork borer

(4 *o dianeter) was taken from the edge of a one week old culture

of &, Solani grown on sucrose-peptone agar" The i:rocr¡lurn was

placed one end of the s!id.e, a¡rd the pe|ri plate rtras placed in

a d.essicator jar Ii¡red. vrith filter paper moistened with a di-lute

copper sulphate solution to prevent bacterial growth" The method

ensured that a high lrrrnid.ity was naintained throughout the growi:tg

period of the fungus"

The 5-? day o1d. slide cultures of &' qqlani '¡rere taken out

from the petri plates and a thÍn glass strip, cut with a dianond tipped

slid.e marker from a 22 x 50 flnn cover glass was placed on either side

of the kryphae ïrt¡ich nere then morrnüed r,rith drops of distiJ-Ied water

r¡nd.er a 22 x 50 m cover glass wtrich rested' on the strips ' This

enabled the mour¡tj:rg soluti-on to be changed by adding drops of the

new solution at one end ruf¡il-e the o1d solutj-on was drarrn off with

filter paper at the other'

ÐYE ACCIJT'ÍIILATION

The uptake and. accqmulation of neutral red r,ras studied by the

classical techaique as used by chamber (1930), Scarth (r926)t sineþ
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(L937) and Taylor and Hayes (L9l+2). The follor,ring neutraJ- red

solution was useci:

i,ieutraJ- Reci Chloride (ll,D.H. Stand.ard Stain) ---- 0,05 gût

Distil-led w-aùer 1000 m]-

The pH of the solution was adjusted to a suitable level by

the addition of drops of 0"0L ¡t IlHl¡OH"

STUDES OF T}iE PHYSICÄI IìORT'I OF VACUOIES

.Lll. routine observations r/rere carried ouL i^riih a posi-tive

phase contrast rn-ì-croscope, and unless other,,,rise s't,ated, the micro-

graphs in this thesis are photographed through such a nicroscope,

i,[ost of the micrographs have been pri:rted for ma:ci:nt¡n contrast to

reveal the outline of the vacuoles mosb c1early.

An elecüron raicroscope l\ras used to study the fi¡le sl,ructure

of the vacuoles" Portions of ]-day old cultures of E. qolani groid-

Íng on sucrose-peptone agar were cuL ini;o small- sections appro,rJmately

1 rmr square and fi:ced wiLln L"2% unbuffered aqueous lfi'{rlO& solution for

abou'i: half an hour at room temperature, Dehydration was caruied out

usi.ng a grad.ed ethyl alcohol series for about 15 r¡:inu'bes at each

change. The ma'Lerial- r.¡as enbedded i-n cross-linked methacrylate

consisting of O"5% of 'bhe cross-Iinking agent divir¡yl benzene j:r

bui;yl methacryla'r,e and lrith 0"8iá benzoyl peroride as a catalysi.

Polyrnerization of the blocks was brought about under vacuum a'r' 58oC

for 24 hours (Peaser 19ó0)" The blocks were sectioned bymeans of a
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glass }cni.fe on the LIG ultrar¡úcrotorae. Thin sections r¡¡ere mounted

on carbon films and observed under a PhiJips frf-75 B electron ¡aicro-

scope "

ÐJTITìR¡'Í]NATION OF DBT MATTffi, CONCH{TRATION

Boih the dry mat'uer concentrations of the vacuoles and of the

cyboplasm r.rere deternrined by usilg the Dyson j¡lterference rn-lcroscope

t.-.(Vicker Ï:rstruraen'bs, l,fodel No. i'[ 2595)" The measurements -were made

on the slide cultures nounted in distill-ed v,rater, using Kohl-er i ì'lruci-

nation itriih r'¡hi'l;e or monochromatic (fUe "*7 lighii" The diaine'uers

of the hyphae and of the vacuoles rtrere rneasured urith the aid of a

fj-Lter eyepiece (6*)"

The measurements i¡¡ere made afier rotaùing ihe wedge plates of

the i.nterference microscope to the paralle1 posi-tion, i.e. until

ihe fi-eld ruas uni-formly illuninated at the niaximum frirge lridi;h

(ttaIe, 1958) "

The dry mai;ter concentration of the cyboplasm was calcul-ated

fronr the optical retardation and the depth of the h¡rphae v¡ith the

followirlg fornrrla:

^ Rh ,À" 100. ra^^
Ljco : Dh-" I,I" X" g/ruu ]ILL -- (1)

u¡here Cc : dry matter concentrafion (9/100 rnl-) of
the cyLoplasrn

Iìh.: optical retardation, in ralcrometer uni-ts,
of the hyphae (no vacuole)
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r.ravelength of ligh'r, used (O"5ln6 p)

depth of hypha (p)

nise¡o*uter consiant ( :130 units/ )\ )

O,If : 100 ø , uhere c is the speciJi-c
refractive increment (Ànnstrong, Budka,
l"forrison, and Hassom, 1947) "

(nn-uv).n¡¡
Ðh -- (z)

The depth of the hyphae and of the vacuoles was esti¡rated

by assr:uring they had a circul-ar section and ¡reasuring the diamei;er.

In calcul-aiing the dry ¡natter concentration of the vacuoLes

alloivance had to be made for ihe depth of cyboplasm and v¡aIL above

and beloi'r the vacuofe, This r¡¡as achieved by rneasuring 'bhe retarda-

tj.or: through the vacuole (A¡") and through the cy'i;oplasm i:nnediateþ

adjacent to the vacuol-e (RL)" Then the retardaiion of ihe vacuole

(nv) atone, l¡¡as calcuLai;ed;

f?a¡ = RkìT¡ -

of

of

l',ihere Dv : dianeùer of the vacuol" (p)

The eaJ-cul-ated value for the retardati-on due to the contenis

the vaeuole was then used to calcul-ate the dry matter concentration

the vacuole (Cv):

- Rvo 
'À, 1oo t1flrr : =*îúîff gnÁoo nù ------ ------ (3)

In practice the val-ues of À, tul and X, are constant so ihe ti¡ro

formulae (1) and (3) reduce to:
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^- - 
Rh n I Ã 

^-^Á rrrr : Psr " 2"5 o/-ì ôfl ¡r'lC" : ffi ' </ gê00 T[.1 *.* vv Dv- g/ruu nt.t-

DEIffiJ,I]TIATIOÏ\T OF DT¡.FUSTELE COI.iTH\ffS

To d.eternÈne the amounì; of ¡nai;erial in the cyLoplasm and

vacuole tha'" existed. j-n a diffusible fonn, that is, norually re'bai¡ed

in Ì;he organ-isn by the seni-perraeablJity of the cytoplasn-ic membranes,

as d.isi:inc'b from the structural maierial, ì;he dry matter concentra-

tions of the c¡rtopJ-asm and vacuoles r'¡ere tneasured r'¿ith the hyphae

nounted i¡r v¡ater and again after 5rrigat ion with h/" nout'rú- Íorn:alin.

Ðue to the fac-b 'bhat there r.ras a certain a¡rount of movement of

the hyphae during the exchange of mou:rting flrl.id co-ordinate lneasure-

ments coul-d. not be relied upon for successi-ve measurenents of the

sarte vacuoles, so thai sketch r:iaps of the surrounding hyphal systerä

r.Íere used as an aid to location"

DETEFI,iIIIIATION OF OSÌ'{OTTC PR.ESSURE

Trr¡o me'bhocls of d.eiermini¡rg i;he osrno'bic pressu.e of the vacuo]er

contenis were attempted :

(a) The-Plaslnol¡rtic ]'[e!hqq (tserurei;-C1ark et aj-t f%6)

This ine'bhod depends upon irriga';ing the hyphae urith solutions

of a rairge of knol.rn osmoiic pressures and observing the concentraiion

j-n l.ùiich -r,he hyphae show incipicent plasmolysis.

(¡) fne-31a"-"romgtric l{"th"{ (Hofler, 1920)

Hoflerrs plasnoroetric rnethod. depends upon the assr.unption that,
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r.¡i'r,hj¡ ihe e:cperjnental lirni'bs, the osmotic pressure of the vacuole is

related to the vo}¡ae as if it obeyed the gas Jâ,ws" The assunption

enables the osmotic pressure of the fuJJy turgid ceIL to be calcul-ated

fron the change i::. vo1i.¡me that' takes place follovring transfer frora

equi-Librii¡n ¡'¡ith a solubj-on of knor^¡n osmoiic pressure to dis'bill-ed

l.¡ater, To elj¡¿inate l,he effect of waIL pressìlre it is necessary

that the exLernal solution be of such a coneentration as to cause

^ ^1 -: -l^+ *-ì ^ ^*^'la SrJ.gnE pJ.asino{¡SlS o

DEIERI'IN.JÀTTON OF T}M I"TEAN }'ÍOLECULAN I.JEIGHT OF VACUOLAI COIfIElfIS

If the dry natter concentraiion a:id the osmotic pressure

are knolrrn the mean molecuJ-ar rveight of the contents of the vacuole

can be calcr-r-lated:

0"P" x Cv
Grain }iolecular l{t. :

2"24

i'Ihere O"P" is the osmotic 'r:ressure of the vacuole.

In viel.¡ of the fact that the non-diffusable compounds can be

e>qpected to have a high molecuJ.ar weight and therefore cotriribute

l-ittle to the osmotic pressure, ùhj-s calcul-atj-on produces a nrore

realistic value if based on the va]-ue of ùhe concentrai,ion of diffus-

able r¡aterial (See Deter¡rination of Diffusal¡Ie Contents) '
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EXPER,NMNIAI RESULTS

}-ORI4 AISD STRUCTURE

(a) Vacgolization of HYPþae

Observations of aetiveþ growing hyphae of &" solarli were made

on slide crrltures with the positive phase contrast microscope' the

apical segruent r¡as for¡nd. to be devoid of vacuoles (nig 1) a¡d highly

refractjl-e. .ås the h¡phae aged vacuoles started to appear, the

firsì:, being seen as smaIl globose structures attached. to the waII

r,*ren the hyphae weTe 20-30 minutes otO (pig Z) " Increasi¡tg age of

the tryphae resulted. in the fl¡rther enlargeroent of the vacuoles and

the coalescence of some ad.jacent vacuoles urith a conseqlrent decrease

in the ru.¡mber per segm.ent" It lras noticed. that the vacuoles were not

scattered over the wall, but tended to forn in longitudinaJ- rows

(¡'igs 3-5), The development of vacuoles up to this stage tended to

be si:nilar in a]'l hyphae of the sa¡ne ager uI'rether they were tru¡k

hyphae or lateral branches" The d.j-fferences betl,¡een these becane

progressively more apparent as the vacuolization proceeded" The

cytoplasm in this fungus tend.s to be l,rithdrar'n: from the si'de branches

during the maturation of the nlycelium and' concentrated in the trunk

h¡phae" This process results in the complete evacuaiion of cyboplasn'

from most side branches (nig 8) ancÌ the eljmi¡ation of vacuoles

originalþ present i:t the trunk l¡rphae (¡'igs 7 and 9) " Occasionally,

the vacuoles become very extensive just before the cyboplasm is

removed. as is shown in Figure ó" The appearance of the cyboplasm in

ìôIÕ



the fully mature resting irrmk hyphae is very similar to that i¡t

the apices, as can be seen by a comparison of Figures 1 and 9.

(b) the Effect of C.vtoplasmic Streaming on Vacuoles

superimposed. upon the changes in volume of the vacuoles

described. in the previ.ous section are much shorter term changes due

to the effect of the cyboplasrnic streanr-ing i-n the h¡rphae" In actively

gro-r.ring hyphae the vacuoles could. be seen constarrtly changi.:ng their

shape and position, some would break free from their attachment to the

hypha-l i.¡a}I and move i^rith the cybopl-a5rulc stream, whj-l-e those that

remaj-ned. attached to the waIL showed varying degrees of di-si:ortion.

Coalescence occurred. beiween boih attached and free vê,cüolos" The

series of phoiographs shoi,nn in FigUre 10 denonstrates the type of

change frequently seene The photographs are of the same section of

hypha taken at ir,¡o minui:e interva-ls'

(c) Fine Structure of V¡.cuoles

In ad.dition t,o the sectj-ons prepared in this study and exa¡nined r.¡ith

the electron microscope, the collection of rnicrographs of fr.rngi held

by the electron nicroscope section of the Divisj-on of Biological Sciences

has been exarai-ned. for evid.ence of vacuolar structure" From this survey

and from the references ciied i¡ the Literature Review it is clear

that vacuoles are seld.om lvell preserved,. The tonoplast is raost clearly

revealed by fi;ration in unbr-¡-ffered. potassii¡m perfiIanganate as is shov¡n

i¡¡ pigure LL, The outline of ì;hj-s membrane is much less distinct l¿hen
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osrûlum fi:<at,ion i-s used (Fig I2). It was fowrd. that sections of

kryphae fj^xed i¡r osnium very seldorn shor¡ structures that can be recog-

nised as vacuolesi a more t¡rpica-l appearance is seen in the lower

half of Figure 13 r'¡here the cytoplasm appears to consi-st of irregular

areas that show a nrarked difference in electron density" In these

sections mitochondria and nuclei are only found en'bedded i¡i the denser

areas, but lipid depsoits are found in both. Fj:cation in glutaralde-

hyde solutions preserves the forrn of the vacuole, but prevents the

subsequent uptake of pennanganate or osrn-ium by the tonoplast (nigs 14-

18) so thai the membrane is not distinguishable"

Very few nicrographs were seen w"ii;h vacuoles in a position close

to the r¡¡aì-I and in each of these cases there appeared to be a layer of

cyboplasm betr,¡een the tonoplast and the plas:nalema (fig LL) "

In one preparatj-on of é]!ernar.i.a tenuis- a large central vacuole

surrounded by a thin peri-phera-l layer of cytoplas¡n si rni lar to tha'r, found

jn the higher plant cel1 (nigs 14-1f) lrras seen" Apari; from these no

large vacuoles were found j¡ the sections, nor have ruLcrographs of

normal ¡nature vacuoles such as those seen in Figures J-J been taken

i¡ thi-s department or published by other authors.

IÍicrographs of the hyphae that appear to be emp'i;y under the

opi;ical aricroscope confirm that the c¡rboplasm is completely withdraw:

leaving a hyphal 'bube of irrall material on\r.

A consistent feaiure of electron micrographs of vacuoles is

ihe appearanee of varÍous types of contents dnichr, r.rith the possible



exception of neutraL red. granules uhich r'¡j-l-l- be discussed later,

are not seen r¡rith the opti-cal rnicroscopec The youngest vacuoles are

characterized by the presence of j-rcegular floccul-ent contents and

the absence of me¡abrane bound bod.ies (¡'ig ff). Qlder vacuoles

frequentþ con'Lai¡r vesicu-lar structures varying frora very sr¡.all

(zo-5o r+r) and siinple (nig rz) to relatíveþ large (r-e p) and

complex '¡rith i¡rternal struciure (nigs l.l+-I7) "

Fro¡n bhe limited roa'berial available there is a suggestion tha.t

development of 'bhe vesicular contents is accompanied by a correspond-

ing decrease in ùhe fl-occrrlent materìal found in the youngest vacuoles

(cf . l-igs 3J, LZ and f4)"

(d) Interferonetric Studigq

gi'ri-Ttg to the regular geornetrical form of the hyphae and vacuoles

it r,¡as possible to use the interferometer nuì-croscope fo measure

direc'bIy bheir solu'ûe concentration.

The readings were pai-red

tion being obtained beside each

for ihe calcr:-lation of vacuolar

relationship betr,reen the two to

r^rith a value for cytoplasnri-c concentra-

vacuole measu.red. This t¡as necessary

eoncentra'bion, but aLso enabled the

be demonstrated.

The vaJues for cytoplasrnic and vacuolar concentrations are

listed in Tables Ia and b and. plotted in Fig 19" Frorn these it is

evid.ent that there is a d.ouble relationship between the t-wo concentra-

tíon measureÍrents" Below a vacuolar eoncentration of approximaUeb 5.Å

the coryelai;ion is negaiive, whiJe above i;his value the correl-ation is
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positive. The rarige of vacuolar concentration thus increases with

increasing cyboplasnri-c concentrati-on and is most resÈricted v¡Ï¡en the

cyboplasm is most hydrated.

Tab1e II and Figure 20 show the effect of j-ncreasing the

nutrient level-. The level used, I/50 N sucrose-peptone, is at least

ten tj¡res ihe concentraùion of nutrient i¡r the plain agar medium used

for the previous e>qperiment, but is still a very weal< medium' One

Ijmitation of the techr:-ique is the requirement that the nlycelium

be very sparse on the slid.e so as to prevent blocki-:ag of the reference

bea¡r in the i-nierferometer'

The effect of increasing the nutrient J-evel is seen jn an over-

aIL increase in boih vacuoLar and cybopl-asm:ic concentrations, but

the relationship betv¡een the two remains the sa¡oe. fn both cases the

inereases in concentration appear to be due primariþ i;o a smaller

nir¡nber of very low values rather than a marked j-ncrease in high

values.

The results shov¡'n 1n FigUres 19 a¡rd 20 rn¡ere obiained from

comparativeþ restricted areas about 10 nrm behind the apj.ces, of

the myceli.urn measuring vacuoles in h¡rphae of all t¡pes" FigUre 21

shows the effect of measuring the vacuolar concentration j¡ suceessive

vacuoles along a trur¡l< hypha starbing at the apexo The most advanced

vaeuoles measured r"rere not in the apex tdtich is devoid of vacuoles, but

are the youngest ones of suitable size and position to be measured"

SimiJarly, not a-11 vacuoles were measured. because manJr l'rere too srnall
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or in an unsuitable position; sa;op1es were taken at intervals along

the h¡rphae. A11,hough the variation is very large it is el-ear that

the i;end,ency is for the younger vacuoles to have the lor'¡er solute

concentration.

In Figure 22 i;]ne values of cytoplasnic concentration are

plotted. in ord.er of position and a reverse trend i;o that seen i¡r

vacuoles i s found. ir¡-ith the ol-d.er cytoplasn having a lower concentra-

tion" This trend. is further confirmed by comparing the concentratj-ons

of apices and oLd hyphae (?-8 days) tfrat have ceased to be vacuolated

(ta¡te lV), The apices had a mean concentration of 41ø i"rhile the

oId. hyphae were Z6/" dry matter. By nreasuring the concentraiion of

vacuoles and cyboplasnr before and. after treatrnent w:rtin h/" formal-in

an estimate can be mad.e of the concentration in each of snall mole-

cul-es that are free to dj-ffuse out of the hyphae when the semi-

permeability of the plasrnafummaand. tonoplast are l-ost. Va1ues of

concentrations of cytoplasra and vacuoles in hyphae before and after

treatment uj-th fornralin are given in Tab1e V and plotted Ín Fi-gure 23"

It r^,:iJ-t be seen that the actual qrantities lost are very sinrilar i-n

both the cytoplasm and jJl the vacuole, but thai; some sections of

hyphae tend. to lose more from the vacuoles and others the roverseo

This tendency for adjacent vacuoles to be si-lrilar is shohrn by the

examples in Figure 2b a-f,
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FUNCTION STUDIES ON TTTE BEHAVTOtA OF VACUOÏ,ES

(2) upteke of NeutIaI Re¿

uptake of neutral red is onþ visua]-ly detectable r+hen it is

foJ-lowed. by accr.rmulati.on of the dye to a higher concentration thart

the surrounding solution.

I¡ühen h¡rphae of $" solani are inmersed. in a di-lute (0"005ø)

solution of neutral red the chief factor affectÍng the rate of accumu-

lation is the pH of the solution" For accu¡nr¡-lation to take place

the pH of the solution must be equal to or more than f.0"

The fi¡st sign of accumr¡latj-on j-s the appearanee in the h¡rphae

of srnaIL intenseþ stained globular bodies simi]ar to the theutral

red. granr:1esn described. by other authors. Most of these bod.i-es appear

to be insid.e vacuoles, but some nay be free in the cyLoplasnr (Fig Z5a),

As the accumu-lation continues the granrrles increase i¡r size untiJ they

appear to fill the vacuoles completeþ (fig ¿tU). Further elcposure

to Èhe dye solution results in a¡r increasj¡rg accumulation and a reduc-

tion i-n the nr¡nber of vacuoles" The sequence of micrographs shown

in Figure 25 wexe taken during a period of j¡mersi-on of L"L/Z hours"

The reduction in a nrimber of the vacuoles is illustrated by the

nunbers visible in Figures 25bt c and d, which are {0, 35 end Z1

respective\r, Coalescence is also shown in Figure 28"

If a¡nmonir:m hydroxide is added to the neutral red solution to

give a pH of 9,0 the accum¿latj-on is at first vs¡y rapid but granules

produced at Lower pH values do not appear, i-nstead the vacuoles increase js¡
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density urriformly" Afier a shorb time ( 20 nins) the outJ-ine of

the vacuoles becomes vague and the stain-ing appears to spread

i¡rto the cyboplasra (nig eó) "

If the h¡rphae that have accumul-ated neutral red nonnally are

placed in djLute acid solution (pH

the vacuotes (fie Z7),

(b) Osm.otic Pressure

Attempis to measure 'i;he osmotic pressure of the vacuoles were

nade by both the standard plasmometric and plasmoJ¡rbic methods.

The plasnometric method was thought to be suitable because

of its versatjl-ity and the reasonabþ regular form of the vacuoles,

holrrever, r"¡l:en measurements were attempted it was found that the

vacuoles were constantly changing their volule through division and

coa-lescence r,r¡hieh prevented the method belng used"

The plasmolybic method. involves the in'mrersion of organ-Lsm

in a series of solutions of varying osmoiic pressìre and noting the

leasi eoncentration in -v¡hich plasnroþsis is detectable. This

concentrati.on is considered. to be equal to that of the vacuole. the

tr.¡o stand.ard. solutes used. in this method are cafciun chloride and

sucr.os€o lühen the h¡rphae of E" solanl were tested it was found to

be exbremely d.ifficuJ-t to d.ete:rnine r"¡hether the contents r,¡ere plasmolysed

or noi. f-n calcium chloride solutions the cyboplasnr becane granular

and. the vacuoles started fragurenting at a concentration of 0"06 t'{



(¡'ig e9) whil-e i¡r sucrose the concentration had to be

before t;he same resrrli r,¡as obiained (Fig 30) " At no

was plasmolysis sinif¿¡ to thai seen i¡r higher plarrts

26

raised 1.0 i,i

concentrati-ons

noticed"
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DTSCUSSTON

Vaeuoles occu^r abundantly in the filanentous fungi, buù

very little cybological study has been concerned r,rith then" They

are clearþ visible under the phase contrast microscope i¡ &izoe-

tonia solani and they appear like empty spaces or indentations

attached to the f¡yphal- ¡raLl-, By the aid of interference microscopfr

the study of dye accr¡mulation and electron microscopy, the results

obtai.ned fron this urork reveal that the vacuoles of fiLamentous

h¡zphae resemble i:r roany respects that i¡r higher plants, but differ

from then in their plasnrolybic properties,

FORM AND STRUCTURE

The different stages of vacuole development shovrn in Figures

1-4 i¡dicate an i¡crease in sj-ze of vacuoles related to the age of

the h¡phae. The highest degree of vacuolation occurs in the branch

hyphae as the cyboplasm is being r.rithdrawn i¡¡to the trunk h¡4phae"

The tra¡¡slocation of protoplasm from old hyphae toward.s the apices

and from the branch h¡phae to the trunk hyAhae was considered by

Br¡I1er (i..gS3)u to be due to vacuolation. He thought that the

pressure of the expanding vacuoles caused the streaini-ng of the proto-

p1asm, The h:ighly vacuolated hyphae reach a certain age and become

completeþ enpty as the cytoplasm is trithdrawn into the older t5phae'

fi¡si-on and change in shape of vacuoles was noted and occumed

most activeþ under the conditions of active streanring" This

suggests that the flowing protoplasm mqy exert a pressure which causes

the lateration in shape and coalescence of the vacuoles' Ðowding and

27
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Bakerspigel (1954) reported that strea,ming cfioplaffi of (þTasinospora

tetraspe¡ma could, break vacuoles f¡rpe from the ¡raLL a,nd caffy then

throngþ the septal pore. Ilowever, it ¡'¡as noted repeatedly in this

work tÀat v&cuoles char¡ged their shape wj.thout ar¡r strea.ning being

seen.

In &. solani. large numbers of vacuoles a,re i¡ contact with the

cell waLL and appear to be enpty epaces or indentations in ühe cybo-

plasm. IÍowever, from electron nicroscopical stu$r, as shoïn in

Figure 11, the vacuole is seen üo be sitr¡ated close to the hJrphal

walJ- ïrith a thin layer of protoplasn lJrir¡g between thern. The vaeuole

j.s bor¡nded ïfith an electron-dense tonoplesù, a.nd the contents l¡ave a

floceulent appearance iuhfctr is characterisüÍc of vaeuoles j¡r KMnO4

fixed plant ceJ-ls (lrlhaley, 1960). The app¿rent exi,stenee of a layer

of cyboplam betweea the tonoplasù and tlre plasma-lema could mean the

section rr¡as cut obliquely, but the existence of content appears to

nrle out the possibility of the vacuoles beÍng j-ndentatj.ons ar¡d

therefore part of the free space. The electron-densiüy of the tonoplast

has been taken by na¡y authors (e.g. Porter and, l4achadat Lgóf. and, Parsons,

L96L) to j-ndicate the existence of phospho-lipoprotein.

It has been suggested that Klfn0' acüs as an tur¡naskingr agent

(ClayUon, ]r955i Glaybon, L959) enabliag the protei-n to reduce the

KMnO4 a¡¡d increase the electron d.ensityi ùhe high density i¡ osm:ir¡m-

fixed naterieJ. srrggests the lipid is highly eoncentraùed'

Tlre osnÍr¡n-fixed vacuoles of B. qoluryi- sl¡or+ infolding of the
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tonoplast wt¡ich suggests sone strrlnkage of vacuoles took place

duriag the preparative processes. G-Lobular or oval, membrar¡e-

bor¡r¡ded organelles oecur j¡ the vacuoles of B. solar¡i (fig fe) and

Alternaria solani (¡'ies Lh, L5, 16 a"nd 17). fhey may be the pre-

existir,rg bod.j-es in the vacuoles that have been thought to be the

nneuùra1 red. gra,nulesn and not artifacts of fixative or staining

as has been suggested by other authors.

The r,urinkled appearance of the tonoplast sf a. Folani seen

in Figure 1? is si.mílar to that d.escribed. by Coldacre (t962) ¿n

rhizoids uhich I'fere undergoi4g a rapÍd i.ncrease in cyboplasnic

contenüs.

The j¡rterfermometric stqdies st¡ow a complex double corre-

lation to exist beùween the concentrations of vacuoles a¡¡d' ctyo-

plasm, 5ndicat5ng a probable d¡manic relationship between tbe two.

At least tr,¡o erqplanati-ons are possible. First, thaù there are ttüo

sorts of vaeuoles present a¡rd secsnd.ly, ttrat the relatÍonship represenüs

a change ühaü takes place irith tjme. These res¡¡lts were obta^i.ned

from a ii¡nited area of a slide cr¡Iture and include h¡phae of alL

t¡rpes, but ín Figures 21 and 22 i',llre coneentrations are plotted for

a single trunk l5pha. These snggest that a young vacuole (close

to the ape¡c) tends to have a low concentration and be sr¡gounded

by high density cyboplasm. a¡rd as tJre trypha groÌrs older the concen-

tratisn of the vacuole tends to rÍse a¡d the cyboplam ¿e fal1r

The erçlanation is very inconplete because of the large variation

!-:ti.: .

ii :;

l.r',
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J .::,-



30

for¡nd in al-l Parts of the h¡rPha.

The effect of fo¡malin j-s to i.ncrease the peimeability of

the cel-L membra¡res and al'lor¡r the dijfusable $rbstances to escape

(Davies, Lg5Ð. If the vacuoles contai-n most of the ions afld sal-L

molecules jn the cell, which ís srrggested' to account for the osnotic

pressure, then the great loss of nass on treatment uith for,ualin strould

occur fron tbe vacuole, Fígure pA anl Table V show ttrat the loss

in n¿ss is approxinateþ equal fro¡n bsth vacuoles and c¡rboplam'

FIJNCTlON

As one of the cyboplasnic .Í¡clusiotlsr vaeuoles have been

thought to play a role in accr¡mr¡lation a¡rd i¡r regulating the osmotic

processes ìn higher plants. TJI addition to this the vacuofes of

fungi have been thougþt to exert vacuolar pressure causÍng the

streaning of protoplasn (3uIL er, L933)r &d foreing the cyboplasn

a¡¡d nuclei to the tip of basidiu¡n (Corner, 191É, WeLL, Lg64).

The d,enonstration of neutral red gfarr].es in B. solani suggests

that the ftrngus accumrlates neutral red by the salne process as

p€mcreas acinor cells of mouse (WinfietO, Lg53 a,nd Lacy, 1954), and

Amoeba proteus (sinehr L937).

- It is not possihle to say ryhether the me¡nbrane bot¡¡d bodies seen

jn the vacuoles in the electron nicrographs are the same or develop

into the neutral red gra,nrrles.

The effect of pII on the accr¡mr¡latiop of neutral red is consistent

: ::.._ : 
_-. 
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with the id.ea that the vacuoles are areas of lower pH than the

surroundings enclosed. in a lipophiJic menbra.ne. Ttris suggests

that the acid netabolism of the vacuole lfoul-d be interesting to

study"

Levitt has suggested that calcir:m chloride is an ideal

plasmolybe for osmoÈic experiments because of its poor penetration

arid low viscosity, but it seems to have a dariaging effect on

the cyboplasn of R" sola¡r1' 0n the other hand sucrose causes the

vacuoles to fragrnent, and i¡ neither case cor¡ld plasmolysis like

that seen in higher plants be produced. This night be due to the

osmotic substances being evenþ distributed between the vacuoles

and the c¡rboplasm as shown by the effect of fornralj¡r"
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SUI'IITARÏ

(1) The development of vacuoles in Rhizocloni-a sQl-a^ni Kuhn was

sholrrn to be related to i:he age of the hyphae "

(Z) ffre vacuoles Ï¡ere seen to change i'heir shape and co:lesce"

(3) Electron ir-icroscopy sho¡¡ed the vacuoles to be sr¡rrounded b¡r a

tonoplast and to have contents that were floccr¡-lent in young

vacuoles and vesicular in old vacuoles"

(4) Interferomebric studies showed a double correlation betv¡een the

vacuolar and cyboplasraic con'bents.

(5) yowig vacuoles i;ended to have lower concentrations and be surrounded

by denser cyLoplasm Ì;han older orl€s o

(6) i,teasurements of rnass before and af'ber treatment lr¡ith formah:r

sho¡ied thai diffusable subsiances l.rere equally disiributed betlueen

the vacuoles and c¡rLoplasm'

(7) treatmeni v¡"iih neutral red solui;ions showed initial- accumulation

of the dye in t¡neutral red grani:-Lesrl " Further accumulaÌ;ion of

neuiral red lead to coalescence of vacuoles.

(8) Irio clear fireasumoent could be made of the osnrotie pressure of ihe

vacuoles,
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FIC{}RES I - 10. IÍicrographs of hyphae of
[, solani growing j-n slide cu]-ture
on a plairr agar mediun" positive
phase contrast " i'.iagnification
1000 x.



FÏGUEE J. Hyphal apex
and absence

shol.ring dense cyioplasm
of vaeuoles"

FIG{.IRS 2, Portion of
aÞpearance

young hypha sholring the first
of vacuoles.



FICÍ{IRE 3. l{a4¡' sma}l vacuoles adheri-ng to the
hyphal wal1 in rowso

FIGIJRE 4" .An oLder stage of Figure J shor,ring the
increase in size and coalescence of adjacent
vacuoles 

"



Ll,v

FIGURE 5. .A' taì;er stage of development than
Figure 4.

l

l

i

FIGJRE 6. A. portion of old' h¡4phae (6-? days) shouing
attenuation of cyboplasm as oeeasionalþ seen

Prior to evacuation of the hYPha'
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FIC{IRE 7. Evacuation of cyboplasm of a si-de branch "
The l-owest h¡iphae are eropty and the cJrbo-
plasm of Ì:he vacuolated portion i-s moving into
the fulJ- trunk h¡4pha at the top of the micro-

B, Corapletely evacuaied lqrphae"
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FIGIIRE 9" À porbion of ol-d mycelir::n (ó-7 ¿ays)
sholring an enrpty brartch and fuIL tru:k
hYPha"



FIGURIJ 10 (a-d), A series of rni-crographs of a
portion of hyphae showing the
change in shape of the vacuoleså
2 m-irrute intervals"



l+l+

FIGURE IL. E'leetron micrograph of vacuoles fixed ì.n
Kl/inO¿ shor,ring tonoplast, flocculent contents
and ä layer of cytoplasrn between the vacuole
and the Plasmalema.

FIC,{JRE 12. Electron ¡rl-tcrograph of
showi-ng fine vesicuJ-ar

vacuoles fi-xed in osruium
contents.



t,4

FIGIIRE 13. F"Lectron micrograph of &' polartj^fj:ced in
osruium showing a septum between fuJ-l and

eroPtY Parts of the h¡¡Pha'

ffi

Electron mi crograph of !!!.ernanÞ ts:nuis fixed in
glutaratdehyd.e and i0'I:r34 show-ing a Iarge centrar
vacuole cont,ain-ing comp.Lex þoo'l-es o

FIG{JRE 14.



l+6

FIGURE 15, Sj-milar to Figure i-4 showing membrane
bound vesicles"

---a---.-. 

r /

-t'l_Liufüh; Io. ÐLruJar to ¡'agure J2"
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FÏGURE lf" Similar to Figure 1l¡.

FIGURE 18" Eleciron mis¡egrapils of young hyphae of .t.
sglani fixed i-n glutaraldehyde anO tffnO4l
showing the loi¡ densÍùy of me¡nbranes.



FIGUiìE f,9. Diagrarn showing the relationship
between the concentration (e/100 rnl-)

of vacuoles and sumounding c¡rboplasin'
R, sofa¡ri, slid.e culture, plain agaro
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FIC.URE 20" As i¡l Figure lt, but culture grown on
1/50 N sucrose-pePtone mediu¡t"
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FÏGURE 21" Di-agrarn of the relai;ionship betvieen vacuolar
concentration and distance of vacuole from
apex" &" Sgfg&i, slide culture, plai-n agar.



{3ll^fl \4fl

(u¡ru) xädv ffiüud ä3hå',f,åsfrffi

@@

'@@

ê

rDo e-
I

6
@

o
ø

o-
@

a

^l Ub
?
5

o
ø

ø

66
o

&

@

6ô

6

0

G
ø

ffi

¿n
ñ*.7

flll
'd8

CN

fi:
ffit
tiD

%
0\

ffi

a* \ú1

nn'ig v

tra

n7



FIGLME 22" As j-n Figure 21, but rel-ationship between
c¡rLoplasmic concentration and dj-stance
t-^* ^- ^--¡ ¿ ulrl d,P ÌiÃ c
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FIG{JRE 23" Diagram showing the relationship between
vacuolar and cyboplasnic concentrations before
and. after treatment ,¡r:.uh 4/. formalin. R"
solani, sl-ide culture, plain agar.

rL Va-lues ob'bained irr water"

0 Values obtained after treatment with
formali:r.
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F]GURE Zh (a-f) Drawings of representative portions of
hyphae showing differing types of
relationship between vacuolar and cyto-
plasiaic concenirations.

(a)r(¡) a:ra (f ): ueditrnr vacuolar concentration
Lovr cyi;oplasaic concentration

(") Low vacuol-ar concentration
High cylloplasnrie concentraiion

(d) High vacuolar concentration
High cytoplasiaic concentratj-on

(") ftrptyi:rg side branch - low
vacuolar concentration.
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FIGURE 25 (a-d) The sa¡ne portion of hypha of R"sol-ani-
sholrring ihe process of accumufation of
neutral red dwÍng a period of L"I/Z
hours,



FIGURJI Z5 G) " The appearance of rtneutral red
granuleslt "

FIGURE 25 (b) " I\ iater stage of upiake"
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FTGURE z5 k) " As in Figure 25 0)) "

FTGURE 25 (ci) " As jn Figure 25
of vacuoles lvith
labion"

( c) shol.ri:rg coel escence
i-ncreasì-ng d¡re accumu-



FIGURJ 26. Accrxiulation of neutral- red at pH 9.0,

l.licrograph shoni:rg i;he loss of neutral red
after transfer to an acid medium (pH 4,0);
cofl^pare Figure Z5(d).

FIGURE 27"



FIGURE 28. l,Licrograph shor,'ring coalescence of vacuoles
at an earþ stage of neutral- red accruoula-
tion" rrl[eutral red granr:]err stage"

---a'.^.- 
^a 

/ \

¡-IGURE 29 (a-te) " A serj-es of ni-crographs showing the
effect of CaCl2 solutions of increasing
concentration" a) 0.02 I'f, b) 0"04 i.i,
c) 0,06 t["



ó0

FIC.{JP,E 30 (a-d). A series of ¡nicrographs shovring the
effect of sucrose soluti-ons of
increasing concentration"
a) water, b) o.L l'I, c) 0.5 14, d) 1"0 i'L
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