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ABSTRACT 

Macerating enzymes produced in culture and in potato 

tissue by Drwinia carotovora and Corticiun praticola were 

investigated to find the relation between macerating enzymes 

and the factors causing changes in permeability and cell 

death in potato tuber tissue. In experiments with crude rot 

extracts and extracts partly purified by dialysis, fractional 

precipitation with ammonium sulphate and by gel filtration, 

permeability changes and cell killing by the rot extracts 

were associated with pectolytic enzyme activity. 0. praticola 

produced an additional factor, not associated v/ith pectic 

enzyme activity which also increased the permeability of 

tuber tissue. Changes in respiration rate caused by extracts 

of rots produced by C. praticola or h. carotovora, were not 

associated with pectic enzyme activity. Studies of the effect 

of plasmolysing solutions in retarding the permeability 

increases and cell hilling caused by rot extracts suggest that 

the permeability changes observed in hypotonic solution are 

due to osmotic effects. 

During the course of these experiments tubers were found 

to be most susceptible to C. praticola and E. carotovora just 

before sprouting and that newly lifted tubers could be made 

susceptible by treatment with 'rincite' a mixture of compounds 

which terminated the 'rest period1 of potato tubers. The 

changes in fine structure of potato tissue which occurred 

during maceration by B. carotovora and J. eraticola were studied 

by electron microscopy and are described. 
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ETTGOD'JCTICIT 

The aim of this thesis was to investigate the relation 

between factors causing cell death produced by soft rot 

pathogens. A bacterial pathogen Brwxnia carotovora var. 

atroseptica and a fungus Corticium praticola Ilotila were chosen 

largely because they both rotted potato tuber tissue, readily 

produced macerating enzymes in culture ana produced different 

pectic enzymes. A discussion of the evidence implicating 

pectic enz; mes in maceration and death of host tissues is 

given in the Literature Survey. Short notes on the principal 

pathogens used in this study are given below. 

3. carotovora var. atroseptica is the pathogen which 

causes the black leg disease of potato plants in the field 

(Horse, 1909; Graham, 1962), but is much more important in 

causing 1-oss of potato tubers in storage, especially when 

tubers are stored in warm humid conditions (iLendricx, 1959). 

-The middle lamella materials may be dissolved so that potatoes 

are reduced to a soft mass of cells which usually are then 

colonized by saprophytic bacteria. 

The nomenclature of the bleck leg pathogen is contraversi-.1 

and has been reviewed by Hellmers (1959). ' The taxonomy of 

the soft rot coliforn bacteria which include B. carotovora 

lias also been reviewed by Graham (156U). Both authors agree 

that soft rot coliforn bacteria from potatoes should be 

included in one species, Gectobacteriam carotovorurn, and withi.: 



that species a number of varieties, viz. var. carotovorum, 

var. atroseoticain, var. aroideae should "be recognised. 

Logan (1965) agrees that the potato soft rot coliform bacteria 

form a coherent group and that they differ sufficiently to 

be separated into varieties but he sees no reason for changing 

the generic name from Brwinia to Pectobacterium on the basis 

that B. carotovora produces pectolytic enzymes whereas otlier 

Brwinia spp. do not. Accordingly Erwinia carotovora var. 

atrosertica seems to be the most practical name for the black 

leg pathogen and for convenience will be referred to as 

E. carotovora throughout the thesis. 

The nomenclature of Corticium p-aticola is also confusing 

as the genus Corticium is closely related to Rhizoctonia which 

differs in that it has no perfect stage. Corticium and 

f.iiizoctenia are most important in causing damping off of 

seedlings although they may also cause soft rotting of young 

and mature plants, attacking roots, hypocotyls, coleoptile^, 

stems, leaves and leaf petioles and storage organs. A wide 

range of hosts are attacked by Rhizoctonia and Cofticium spp. 

but some isolates have much more specific host requirements 

than others (de Silva, 1563)• 

Rolfs (ISC3) connected the genus Corticium with 

Pfiizoctonia and described his isolates as C. vagun 3 and C. 

Botila (1923) named his isolates C. praticola and showed they 

v/ere distinct from R. solani as they produced a perfect stage 

and dittf/ered in certain cell dimensions from C. vagurn. 
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Both Corticiun and P.hizoctonia form a mycelium in culture 

which is at first hyaline or light "brown and later darkens 

and forms irregular dark brown and often aggregated sclerotia. 

Corticium isolates can be induced to form a perfect stage in 

which basil;ia arise directly from a greyish web of hyphae 

with no fruiting body, and two species have been distinguished 

on the morphological characters of the basidia, 0. solani and 

0, praticola. Blentje (1556) found the cultural appearance 

of some isolates distinct enough to refer them to C. praticola 

in the absence of the perfect state. 

C. praticola is not normally regarded a s a potato 

pathogen but produced large amounts of soft rotted tissue 

when inoculated on to potato slices after the 'rest period' 

of the tubers was broken. It vas.therefore, included in this 

work as a fungal pathogen which might well cause rots in 

potato tubers by mechanisms different from those of the soft 

rot bacteria. 
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LITERATURE SURVEY 

The theme of this thesis is the development of 

soft rots in potato tissue and the substances in the rots 

which cause maceration and killing of host cells. That 

maceration and death of host cells is caused by thermolabile 

substances produced by soft rot pathogens is well established, 

but much less is known of the sequences of events leading to 

cell death and the mechanism of enzyme action in degrading 

water insoluble polysaccharides in the complex environment of 

the cell wall. 

1. Macerating and toxic solutions from giant pathogens 

Some of the earliest and basic discoveries about tissue 

degradation by plant pathogens were recorded by de Bary (1886). 

He found that the expressed juice of roots of carrot and 

other tis'sues infected with Eclerotinia libertiana, and the 

liquid exuded from young sclerotia of this fungus contained 

a thermolabile principle which was able to dissolve cell walls 

and kill cells. He doubted that the toxic effects were due 

to the macerating factor and discussed the possibility that 

soluble oxalates might be implicated in cell death. Liarsha 11 

7/ard (1383) made flask cultures of Botr.ytis alii on prune 

juice and also obtained a cell wall dissolving enzyme from 

the dried, ground mycelium. ITorchausen (1899) emphasized the 

two-fold action of preparations from Aspergillus niger in 

killing and macerating tissues of higher plants and ascribed 

both activities to enzymes. 
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The first attempts to separate macerating and toxic 

activities v/e re made by Br own (1915). He grew spores of 

Botrytiscinerea on shallow layers of medium on glass plates 

and then extracted the mycelium with water by grinding. 7/hen 

dried the extract was found t o be much more active than prepara-

tions previously obtained. Treatment of parenchyma tissue 

with extracts from B. cinerea cultures led to loss of 

coherence between cells, solution and collapse of cell walls 

and death of protoplasts. Cell death did not occur until & 

late stage,, in wall disintegration, so Brov/n hypothesized that 

either: 

1. Both activities were due to the same substances or 

group of substances 

or 

2. Both actions were due to different substances but 

the lethal factor was unable to reach the protoplast until 

the permeability of the cell wall was increased by the macerating 

-factor. 

Brown found the first hypothesis more probable as he 

was unable to separate macerating and lethal activities by 

heat treatment or neutralising the extract, and when macerating 

activity was stopped even at a late stage in wall degradation 

the lethal effect was greatly retarded. 

Little progress was mace in understanding the relation 

between toxic and macerating activities of plant pathogens 



until the 1950's when Tribe (1555) cultured Motrytis cinerea 

and Bacterium arolceae on a pectic salts medium and tested the 

cell free culture filtrates on cucumber tissue. Hot only did 

the filtrates macerate and kill the cucumber tissue, they also 

rapidly reduced the relative viscosity of sodium polypectate 

(iTaP?) and pectin (p) solutions. Plasmolysing concentrations 

of salts and non-electrolytes retarded the killing action of 

culture filtrates out of all proportion to tine effect on 

maceration or on the rate of pectin degradation. Tribe 

interpreted this as indicating that the toxin was delayed in 

reaching and damaging the plasmamembrane while the membrane 

was drawn away from the cell wall during plasmolysis. 

Protoplasts plasmolysed in situ were even more resistant to 

the toxic effects of culture filtrates than isolated -proto-

plasts. 

Fushtey (1557) gave further evidence concerning the toxic 

activities of macerating solutions, he demonstrated that 

when cells have recovered from plasmolysis they regain their 

sensitivity to toxic action. Me also showed that the toxicity 

of mercuric chloride and oxalic acid was reduced when cells 

were plasmolysed. fractional precipitation with acetone gave 

preparations with macerating and toxic activities that varied 

together. Following partial maceration tissues were more 

sensitive to the toxic action of mercuric chloride and oxalic 

acid indicating that the toxic principle is able to penetrate 
the clasnamenbrane and damage it before maceration is complete. 
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2. Cell wall degrading- enzymes 

The first plant cell wall degrading enzymes to be studied 

extensively in relation to plant disease were the pectolytic and 

cellulolytie enzymes. Although such a vast variety of cell 

v/all degrading enzymes including arabinases, xylosidases, 

mannosidases, glucosiaases (Wood, 1967) besides pectolytic and 

cellulolytic enzymes are now known to be produced by plant 

pathogens so that almost every cell wall component is 

vulnerable to attack, the pectic enzymes have been cited- most 

often as being wholly or partly responsible for tissue 

maceration (Bateman and Pillar, 1966). 

Frotopectin was the name given to the complexes of insoluble 

pectic substances in the middle lamella of cell walls and 

protopeetinase to the enzyme or enzymes able to degrade 

protopectin ana cause tissue maceration (Brown,1915; Lavison 

and '.Villaman, 1527). Protopectinase has now become identified 

with chain splitting enzymes which cleave the </- -1 

glycosidic linkages of soluble pectic substrates (Hertesz,1951; 

Demain and Phaff, 1554). Bemain and Phaff (1957) classified 

pectic enzymes into two groups: exo-enzymes which break off 

galacturonic acid units one at a time from the end of pectic 

molecules and endo-enzymes which cleave the^f-1,4 linkages 

randomly along the length of the chain. Pectic enzymes may 

be further classified according to preference for pectate 

or pectin substrates. V/here pectic enzymes have been purified, 

maceration has always been associated with endo-enzymes, v/hicln 



rapidly decrease the viscosity of soluble pectic substrates as 

the substrate molecules are shortened (Bateman, 1363;1568; 

Byrae and Fielding, 1563; Dean and 7/cod, 1567; Demain ana I-haff, 

1957). 

The eff-1,4 glycosidic linkages may be cleaved in two ways: 

1. hydrolysis - polygalacturonases 

2. transelimination - pectic transeliminases or lyases 

(Albersheim, ITeukom and Deuel, 1560) 

Pectic lyases degraded t h e 1 , 4 > linkages by a transeliniination 

of the proton on carbon atom 5 of an snhydro-galacturonate 

unit with the oxygen of the adjacent glycosidic bond. Cleavage 

of the bonds in pectin resulted in the formation of esters of 

galacturonides of undetermined size with unsaturated bonds 

between carbon atoms 4 and 3 at the non-reducing ends of the 

fragnents formed, which absorbed light strongly at 235 mp. 

The enzynic process is thought to occur by a similar action 

to that of the degradation of pectin in alkaline or neutral 

solution. Both transeliminative and hydrolytic pectic enzymes 

have been associated with tissue maceration by plant pathogens 

(Starr and Noran, 1562; Dean and 7/ood, 1567; Bateman, 15'63> 1566, 

1568). 

Recently, Knee and Friend (1563) demonstrated galactanase 
from Bhytochthora Infestans which slowly macerated potato tuber 
tissue. Theyalso demonstrated a very high concentration of gal-
actose in potato pectin hydrolysates which had the following 



composition t 

galactnronic acid 13*5h 

galactose 51 

arabinose 5r$ 

However, identification of macerating enzymes with enzyme 

which degrade specific soluble pectic substrates often 

pectates tells us little of the reactions taking place in the 

insoluble pectic complex of the middle lamella. Irotopectin 

is officially defined as tlie insoluble substance in plant 

cell walls which yields pectinic acids and not pectates on 

limited acid hydrolysis, furthermore the insolubility of 

protopectin is not understood. In a review (Kertesz, 1351) 

the following are cited as possible causes; association with 

cellulose, presence of polyvalent cations, association with 

aracans and galactans, and large molecular size. 

That pectic substances are dissolved from protopectin of 

-the middle lamella has been studied by observing the loss of 

ruthenium red stain from tissues treated with macerating 

solutions. Similarly macerated tissue stained with Aloer— 

sheim!s ferric hydroxyanine stain, which is very specific for 

pectinic acids, is not electron dense at the middle lamella 

while that of healthjr tissue stained in the same way appears 

very dark when, examined with the electron microscope. 
* 

Hot only is the production of cell wall degrading enzymes 
« 

relevant to tissue maceration but probably also to the wider 

concept of pathogenicity. In a review article Aloersheim, 
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Jones ana English (1969) proposed the hypothesis that the 

interactions between the pathogen and the carbohydrates 

of the host determined the ability of the pathogen to produce 

enzymes able to degrade host cell walls. 

They also propose that the production of wall degrading 

enzymes determines whether or not successful infection is 

initiated. A short discussion of the evidence supporting 

this hypothesis is relevant to the studies of soft rot 

development in potato tubers described later in the thesis. 

Evidence that the control of production of polysaccharide 

degrading enzymes rather than the activity of the enzymes 

determines pathogenicity was investigated by English and 

Albersheim (1969). The authors observed that when Colleto-

t r i chum line emu t h i a num is grown in culture a n / - galactosidase 

is produced which extracts galactose at the same rate from 

cell wall material from resistant and susceptible bean 

-varieties. 

Friedman and Ceponis (1959) were able to show that when 

a suspension of ?seuoomonas marainalis was irradiated with 

ultra-violet light, surviving bacteria which lost their 

pathogenicity had also lost their ability to produce pectolytic 

enzymes in culture. 

Environmental control of pectic enzyme production by 

plant pathogens in culture and host tissue has been reported. 

Similar control systems may explain why enzymes produced in 
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rots are not the same as those produced in culture. Bateman 

(1 Bo7; found that in extracts of bean hypocotyls infected with 

P.hizoctonia s olani, endopolygalacturonase activity predominate^ 

whereas extracts of cultures grown on bean hypocotyl medium 

exhibited chiefly pectate lyase activity. -Similar results 

have been reported for Botrytls alii (Hancock, Millar and 

Lorbeer, 1964), Solletotrichum trifolii (Hancock, 1966) and 

Fusariurn solani phaseoli (Bateman,1966). 

Sugar content of host tissues nay determine pathogenicity. 

Horton and Xeen (1966) found polygalacturonase and cellulase 

activity in extracts of Pyrenochaeta terrestris infected onion 

roots. In culture both enzymes were repressed by the addition 

of glucose. The authors demonstrated a similar repression in 

host tissue by removing the cotyledons from young onion 

seedlings infected with ?. terrestris which reduced the sugar 

content of the seedling to about a quarter of the original 

value. Decrease in sugar content was accompanied by increase 

in enao-polygalacturonase and. cellulase activities and 

acceleration of disease development. Disease development is 

retarded and enzyme accumulation was not observed when tissue 

glucose levels were increased by spraying plants with glucose 

solution or maleic hydraaide. 

Where a pathogen produces a number of enzymes which attach 

the same linkage in a host molecule the production of each 

enzyme can be controlled individually (Albersheim, Jonfes and 

English, 1969). If synthesis of these enzymes is stimulated 
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by different external factors at least one enzyme might be 

produced in a variety of environmental conditions which 

would be of obvious advantage to the pathogen if production 

of such enzymes were necessary for the initiation'of infection. 

Another interesting recent discovery which might lead to 

a better understanding of the insolubility of protopectin is • 

that certain pectic enzymes which degrade soluble pectic sub-' 

strates can only macerate higher plant tissue in the presence 

of a wall loosening factor (hnglish and Albers-.eim, 1969; 

Harr and Albershei.w, 1969). 

Thus the environment afforded by the host may control 

production of v/all degrading enzymes by the pathogen and be 

one factor in determining whether a susceptible or resistant 

reaction occurs. 

3. Permeability changes in diseased tissue 

Permeability changes are associated with many plant 

diseases whether caused by bacteria (Cook and Stall, 1563; 

Friedman and Jaffe, 1960; '.Villiams and keen, 1S67), viruses 

(Ghabrial and Firone, 1967) or fungi (Thatcher 1535, 1542, 

1943; Hheeler and Black, 1963; Algera and Fokkema, 1967). 

Thatcher (1939,1542,1543) investigated permeability 

changes caused by fungal pathogens which represented several 

disease types; rusts, powdery mildews, soft rots, dry rots 

and wilts. He concluded that altered permeability of host 

tissue was consistently associated with disease and that the 



cells of fungal pathogens have a higher osmotic pressure than 

host cells, he also stated that for rusts increased 

permeability of host cells was characteristic of the susceptible 

reaction and decreased permeability was characteristic of the 

resistant reaction. The evidence for this is less convincing 

as pointed out by V/heeler and hanchey (1968). 

Thatcher ascribed the failure of cells from the borders of 

necrotic lesions to deplasmolyse to decreased permeability 

of the plasmamembranes or the cytoplasm. V/heeler and Hanchey 

(1968) suggest tv/o other interpretations; 

1. Cells were in an advanced stage of deterioration and 

could not deplasmolyse as they lacked the vitality required 

to establish equilibrium with the surrounding hypertonic 

solution. This seems unlikely as cells within necrotic 

flecks which should have been more severely damaged than 

those at the borders, deplasnolysed in hypertonic solution 

more rapidly than healthy cells. 

2. The cell wall was modified so that it became much less 

permeable. Although cell walls are usually freely permeable 

to small molecules such as urea, they can be rendered imperm-

eable, even to water (killer, 1938). 'Modified walls have been 

reported in rust diseases of wheat (Allen, 1927; Humphrey and 

Dufrenoy, 19U4). 

The cell wall is usually thought of as a mechanical barrier 

to invasion by pathogens (Akai, 1939? Bateman, 1966; 'food, 

196c) and by drastic modification by lignification or 



suberisation na-j be important in sealing off wounded and 

necrotic tissue. However, by less drastic alteration the 

cell wall may become a permeation barrier. Eennet-Clark (1559) 

found that when cells adjacent to necrotic lesions are placed 

in hypertonic solutions the protoplast shrinks away from the 

cell wall only on the side of the cell away from the lesion. 

The author interpreted this as evidence of decreased permeability 

of the wall nearest the lesion. 

Changes in the pecuin content of cell walls has often 

been associated with injury (Aertesz, 1 5 5 0 an(3 disease 

(lateman and hi liar, 15'6S; 'food, 1967). Swelling of walls 

and changes in coragosiuion are often observed during penetration 

of cell walls by pathogens (Akai, 1959). These effects may also 

affect cell wall permeability and the length of the diffusion 

path for molecules moving in or out of the cells. 

Permeability changes often occur in advance of lesions. 

Thatcher (15+2) reported changes in advance of visible lesions 

with celery tissue infected with Botrytis cinerea and Sclerotinia 

sclerctiornm. Friedman and Jaffe (1960) treated witloof chicory 

tissue with bacteria ana cell free filtrates from cult tires of 

Brwinia sop and Fseudcmonas marginalis. Conductance of the 

tissue increased before visible symptoms developed in advance of 

the margins of lesions. They attributed conductance changes 

to changes in the permeability of the piasnamembrane which 

led to ioi. leakage from the cells. The authors thought 

that 3aZZi ions in bound form as pectates of the middle 



lamella eight contribute to the increase in conductance when 

released during maceration. They also observed that a non-_ ' 

pectolytic mutant strain of P. marginalia caused no soft rotting 

or conductance changes. 

Altera and fokkema (1S67) infected potato tuber halves 

with Gibberella zeae. Increase in permeability was measurable 

in non-invaded cells adjacent to the lesion. The authors found 

that permeability increases lessened with increasing distance 

from the lesion, but bore no relation to the duration of 

infection. 

It has been suggested that changes in permeability might 

make nutrients more available to the pathogen (Link and Wilcox, 

1936; Thatcher, 19U3)• Permeability changes have also been 

associated with respiratory changes and have been cited as ex 

possible cause of increased respiration (Wheeler and Black, 

1963). However, this is controversial. 

Verleur ('i 56C} suggested that increases in respiration 

were followed by increased permeability of potato tissue 

adjacent to tissue invaded by Gibcere11a zeae. The increase 

was larger and extended deeper into the tissue when the infection 

wras heavier and had lasted longer. Wheeler and Black (1963) 

measured the effect of Victoria, the toxin produced by 

Helmintho5norium victoriae on samples of leaf tissue of oats. 

Permeability as indicated by the rate of exosmosis of electrolytes 

increased as early as 5 aifl- after treatment with toxin. 
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However, respiration did not increase measurably till the 

tissue was treated for 30 min. The authors concluded that 

if a causal relation existed the permeability changes must 

cause respiratory changes as the permeability changes occur 

first. 

In soft rotting pathogens where specific toxins have not 

been identified it is difficult to understand how changes in 

permeability and cell killing occur. Host investigators 

have considered the plasma-membrane to be the most important 

permeability barrier in cells. Whatever the arrangement of 

molecules in the plasmamembrane (Robertson 1959* 19&U; Morn 

1966), the membrane does appear to be composed of protein and 

phospholipid. Since the toxic principles from soft rot 

pathogens are probably enzymic (Brov/n, 1915; Tribe, 1955) if 

they operate by disrupting the plasmamembrane v/hich could cause 

permeability changes one would have expected that they might 

be proteinases or phospholipases. Tseng and lateman (1968) 

demonstrated phosphatidese production by Bhizoctonia solani, 

Brwinia carotovora, Thielaviopsis basicola, Botrytis cinerea 

&nd Busarium solani. 

However, toxic activity had already been associated with 

pectolytic activity (Pashtey, 1157). Spalding (1969) also 

linked macerating and toxic activity with endo-polygalacturonase 

activity. Although the author did not use purified enzymes 

his preparations contained no phosphatidase and negligbable 
proteinase activity, a purified endo polygalacturonase 
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from iiiung "bean hypocotyls infected with R. solani was found 

to cuase permeability changes when applied to healthy 

hypocotyls (Ring-Tan Lai, 7/einhola ana Hancock 1568). 

It is even more difficult to understand how pectolytic 

enzymes can cause permeability changes and cell death in host 

tissues. Fectic substances are not considered a constituent 

of cell membranes or cytoplasm although Albersheim and 

Rillias (1563) have reported that certain cytoplasmic particles 

of onion cells contain substances that are stained by alkaline 

hydroxylamine which is specific for pectic acids. 

Recently Mount, Bateman and Grant-Basham (1372) published 

a paper also linking permeability changes with maceration, 

pectic enzyme activity and cell death, which will be discussed 

more fully later on in the tmesis. 

The original questions posed by Brown (1915) later 

followed up by Tribe (1555) and Rushtey (1957) concerning the 

relation between toxic and macerating effects of extracts 

from soft rot pathogens have proved to be of great importance. 

Fectic enzymes are now almost certainly known to be implicated 

in cell killing and permeability changes as well as in the 

maceration of host tissues. This does not necessarily mean 

that the proteinases and phospholipases are unimportant in 

the disease process. They may make proteins and phospholipases 

of injured cells available as nutrients to pathogens, also 
* 

since enzymes used in these assays are all from established 



cultures or rots nothing is known of their involvement in 

the early stages of infection.-The work described in this 

review also demonstrates the need for a better under standing 

of the sequence of events'in diseased tissues so that proble 

such as the possible causal relation between permeability 

changes and respiratory increases could be clarified. 
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MATERIALS AND METHODS 

" 1 CULTURES 

The following pathogens were used-

1) Brwinia carotovora var atroseptica 

Culture was obtained from the National Collection of riant 

Pathogenic Bacteria, Ministry of Agriculture, Marpencen, Marts, 

and was descended from isolate 1277 (Logan). 

2) Brwinia aroideae 

Culture was obtained from the stock culture collection of 

the Department of Botany, Imperial College, London 3.7/. 7, 

3) Pseudomonas ehaseolicola (Burk.) Dows.i Race 2 (isolate pSO) 

Culture was obtained from the National Collection of Plant 

Pathogenic Bacteria (see above). 

4) Corticium praticola Notila 

This* culture was obtained from the stock culture collection 

of the Department of Botany, Imperial College, London 3 . 7 / . 7. > 

and was descended from an isolate supplied "b.y Dr. N.T. Plentje 

(195o) to Dr. P.II. 7/illiams, Glasshouse Crops Research Station, 

Rustington, Sussex. 

Stock cultures of bacteria were maintained on neutral V-8 

Juice agar (see below) and the fungus was maintained on acid 

V-8 Juice agar slopes (see below). All stock cultures were 

incubated at 25°C and subcultured every 2 weeks. 

Master cultures of each pathogen v/ere kept at 4°C* and at 

room temperature (i9-23°c) under mineral oil. 
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2 CULTURE MEDIA 

Media for storage and grov/lh of pathogens 
- t'im IM r MIIM—i 1 • < J i nfr - - f r—i r~ n . • ' - " * ' 

V-S uxiice agar - neutral 

200ml V-8 Vegetable Juice 

SOCml tap water 

3g CaCC3 

20g agar 

7-8 juice agar - acid 

This was similar to neutral V-3 Juice agar but the CaCLk 

was cmiuted. 

Katrient agar for growth of Erminia carotovora 

Cxdid Hutrient Broth ho.2: *Lab Lemco' Beef Extract 10g 

Peptone (Cx.biuL57) 1 0g 

naCl a g 

Agar 2Cg 

.Vater to 11 

Both V-5 Juice and nutrient agar were steamed until the 

agar v/as dissolved and then sterilized by autoclaving for 20 

in in at p.s.i. 

Licuid_ media for gare^oaration of macerating filtrates 

The h pathogens were grown in shallow layer liquid culture 

for the production of macerating solutions. Eedia were modified 

from a glucose - casarino acid medium described by Blachhurst 
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Shallow layer medium for Corticiun praticola 

4*bg Bacto vitamin-free casamino acids 

1-Cg I'J^K^ 

I0 #0g sodium polypectate or pectin 

1C -Cnl minor element solution (see below) 

Water to 11 

Solutions of pectic substances were made by rapidly stirring 

large volumes of water on a magnetic stirrer and slowly adding 

the pectic.- substance to the vortex at laboratory temperature 

(19-23°S); 30ml alicuots of medium were put into 300ml capacity 

medical flats and sterilized by autoclaving at 10 p.s.i. for 

10 min. 

Shallow layer medium for bacterial pathogens 

Bacterial culture media were prepared as above, with the 

following alterations; RH^FC^ was replaced by an equal weight 

of : b C g / 1 CaOC- was added to maintain neutral o i l during a ' 3 
bacterial crcwth. .Vhere pectin was the carbohydrate source 

CaCC, was added before sterilization. However, Ca + +ions form j 
a stiff gel with sodium polypectate solution, so sterile SaCCg, 

was auded to each medical flat after autoclaving. The flats were 

sha-.en and placed broad side down on the bench so that a shallow-

layer of gel rested on the sice of each flat. 

linor eJLe;n e n t solution(hlemmer and Lenney 1563) 

1 Cml of the following stock minor element solution was 

included in each 1 of pectic medium, to give the final concentra-

tions shown. 
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Stock solution final concentration in medium (ppm) 

0«02g FeS0^.?K 20 0-2. 

0-1g ZnSC^.7H20 1*0 

o*oo2g ::a::oô .2E2o o*C2 
0-002g CuSC^.5rI20 0;02 

0*002g ::nCl2.4H20 0*02 

Water to 11 

5 CULTUhE PATHOGENS O'T PEPTIC I.: PI A 

Corticium praticola 

Acid V-8 Juice agar plates innoculstea with 0, mraticola 

and incubated for 43h at 25°G were used as source of inocula 

for shallow layer cultures. Bisks of agar v/ith fungus were cut 

from the edge of the colony with a sterile cork borer; one disk 

was transferred to each medical flat containing pectic medium. 

Each flat was lightly stopperred v/ith a metal cap, shaken and 

placed wider side down. 

Bacteria 

Neutral V-8 Juice agar slope cultures of bacteria incubated 

at 25°C for 24h were used as sources of inocula. The surface 

of each slope was Washed with 2ml, sterile C«35# saline. The 

concentration of the bacterial suspension v/as adjusted to appro:: -
1 0 

imately 10 cells/ml and C*5ml was added asentically to each 

medical flat containing pectic medium. The flats were stopperred 

(as above), shaken and put flat side down. 

All shallow layer cultures were incubated at 25°Cf and shaken 

vigorously for 10 sec every 24k. 
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k FB'-'PARATICIT CB CBhh FRB5 C'JLTURE FILTHAT3S 

Corticium nraticola culture filtrates 

The fungal mycelium and culture fluids were strained through 

2 layers of nylon cloth. The "bull-zed culture filtrates were theh 

centrifuged at 12CG0 x g at in an M . S . H i g h Speed 

Centrifuge for 20 min. The supernatant was decanted ana 

centrifuged in the same way for another 20 win. Small alicuots 

of supernatant v;ere stored in McCartney bottles at -20 C or 

first dialysed against water (10ml culture filtrate against 

UOOml water) at 1;°C for 2Uh before storing at -2C°C. 

Bacterial- culture filtrates 

Culture filtrates from shallow laj/er bacterial cultures 
r-. 

were also made cell free by centrifaging at 12000 x g at L/C 

for 20 min and then centrifuging the supernatant for another 

20 min. Ten ml aliquots of crude culture filtrate were either 

dialysed against 500 ml water orC-002 M-CaCl^ for Lh at L°C 
o 

before storing at -20 C, or transferred immediately to BcCarthey 

bottles for storage at -2C°C. 

Visking tubing, diameter 5/32" (H.M.C. England), was used 

for dialysis of culture filtrates and rot extracts. Filtrates 

used for enzyme assays were frozen and thawed only once before 

use unless otherwise stated. 
r- --•.-> i T t—*--r» - — • —IT*'" *T " —r * ̂ r-!"-"—TAT i ' —*.iT "r'- , 7T rn~TT* TT1 g . - t. a YJ - > . 1 _ 'Jq J -> jv. . i_ gn-io xgu q WA-Li jq.-w,̂ *ry mfr^A. fv^ 

0. Praticola 

Growth of C. praticola on pectic media was estimated by 

measuring the dry ..eight of mycelium. Each culture wds harvested 



Page 

under suction on a Buchner funnel containing a disk of '.Thatman 

no.541 filter paper. The mycelium was washed several times with 

water and then washed on to a preweighed aluminium foil cup. 

The cup and mycelium were dried to constant weight at 30°C. 

The aluminium cup and mycelium were cooled in a desiccator 

before each weighing. 

Bacterial cultures 

Total counts of bacteria were made to give an estimate of 

bacterial growth. Following the precipitation of bacteria at 

12000 x g, the bacteria were resuspenaea in sterile C-S5% NaOl 

solution containing formalin and a trace of Teepol 

an anionic detergent, buffered at pH 7*5 with O O p M phosphate 

buffer, formalin killed the highly motile bacteria and the 
detergent prevented their agglutination in the saline medium. 

The organisms were counted in a 1Helcer1 bacterial counting 

chamber, under phase contrast microscopy. At least 600 

organisms were counted for each filtrate, setting up the chamber 

at least 4 times and using dilutions which £ave a count of 5 - 1 5 

organisms/small square cf the 'Helbei* chamber. Results were 

expressed as the number of bacteria/ml culture fluid. 

6 "03T TISSUE 

Potato tubers, variety Majestic 1 were used for the 

production of soft rots by E. carotovora and C. oraticola* 

Tubers were grown at Imperial College Field Station, Silwood 

Park, Ascot, Berks. ' : . I . » ' .-.-• w I-.. rg , „ 

» 

'Rindite1 ..as used to break the dor many of newly lifted • 
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tubers v/hicii v/ere resistant to invasion by 5. carotovora and 

C. praticola. It- is a mixture of compounds which have a 

synergistic effect in breaking dormancy and is prepared from 

7 parts anhydrous ethylene ehlorhydrin, 3 parts ethylene 

dichloride, 1 part carbon tetrachloride. (T>en 

Potatoes v/ere cut into a large glass tank. A small 

beaker with a tissue paper wick was placed in the midst of the' 

potatoes and 0*3 - C*5ml 'Rindite'/'Kg potatoes was put in the 

beaker. The tank was quickly closed v/ith a glass lid sealed 

v/ith 'Vaseline'. 

7 lUOCilLATIOU OF POTATO I f f TISSUE 

All tubers v/ere immersed in tap water for I3n at 20°C 

before inoculation to ensure they v/ere turgid. 

Whole tubers 

a) Qo-rticiur.i oraticola 

Tubers v/ere washed in tap water and surface sterilized by 

swabbing v/ith absolute alcohol. The alcohol v/as allowed to 

cry, and a plug (C*7cm diameter x 'icm deep) v/as cut from each 

potato using a plug cutting tool, sterilized by flaming. The 

plug was renovec. A disk of agar ana mycelium from the edge of 

a hSh colony of G. praticola grown on acid V-6 Juice agar at 

23°C v/as placed in the bottom of the well and the plug v/as 

replaced. The cut edges of the surface were sealed v/ith 'Sello-

tape' and the potatoes v/ere incubated in large closed plastic 

boxes at 25°C. 
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b ) Brwinia carotovora 

Tubers were washed and surface sterilized as above. 

A plug was cut in each potato with a plug cutting tool but was 

not removed from the tuber. The ring shaped cut was irrigated 
1 C 

with 2 drops of a 10 w bacteria ./ml suspension. The cut tissue 

was sealed with 'Sellotape' and potatoes were incubated in 

large closed plastic boxes at 25°C. 

Bacterial inoculum -was obtained by washing cells from 

the surface of hSh nutrient agar (growth) plate cultures 

incubated at 25°C for hoh. 

Tuber slices inoculated with C. praticola 

Tubers were washed in tap water, allowed to dry and 

sv/abbed with absolute alcohol. Y/hen dry the potatoes were 

peeled finely and cut into 1cm thick slices. The slices were 

washed in sterile water and blotted dry with clean tissue paper. 

Plastic boxes were lined with moist tissue paper and flame 

sterilized glass rods were placed in the bottom of the boxes. 

Potato slices were arranged on the glass rods so that they aid 

not touch the tissue paper. 

Inoculum v/as obtained from l;8h acid V-3 Juice agar plate 

cultures of C. vraticola. Disks of agar and fungus were cut 

from the edge of a colony with a sterile O g c m diameter cork 

borer. The disk was transferred to the potato slice with a 

sterile scalpel, placed fungus side down on the slice and I 

pressed gently. The plastic box was closed and 'Vaseline1 

was smeared rouna the lia. The slices were incubated at 25°0. 



34 

Tuber slices autoclavea in petri dishes for 10 min at 

5 u.s.i. were inoculated v/ith g. eraticola and incubated in 

the same way. 

8 PREPABATICE 07 CELL FREE ROT EXTRACTS 

hot extracts from slices inoculated with g. oraticola 

After 3 days incubation of tuber slices inoculated with 

0. praticola, the macerated parts of each slice were scraped 

away from sound tissue. The rot tissue was homogenized with 

an equal volume of 0-85$ NaCl in a 'Ilenwood Blender* at full 

speed for 1 min. The iiomogenate was strained twice through 

2 layers of nylon cloth and made cell free by centrifuging at 

120G0 x g at 4°C. The supernatant was centrifuged for a further 

20 min, then divided into small aliquots and stored in 

McCartney bottles at -2G°C. 

Hot extracts from ..hole tubers inoculated wii.h E. carotovora 

Potatoes inoculated with E. carotovora and inoculated from 

1 to 7 days were cut open, and the macerated tissue was removed 

with a clean scalpel. The rotted tissue was then homogenized, 

extracted and stored in the same way as the rotted, tissue from 

C. praticola infected tuber tissue. 

Extracts were used for enzyme assays directly after 

thawing, or were first dialysea at 4°3 a_ainst 0*00211 - CaCl^ 

or water for 4h (-* carotovora rot extracts) or 16 - l3h 

(C. traticola rot extracts). Ratio of ceil free extranet to 

solution or water was tne same as for dialysis of culture 

filtrates. 



9 PROPERTIES CF SOFT ACTS CAUSED BY BFV/IhlA CARCTCVCFA 

Rot Volume 

Potatoes with soft rots were cut in half longitudinally 

through the plug. The macerated tissue was removed v/ith a 

scalpel. The cut surfaces v/ere blotted dry with tissue paper 

and smeared with a very fine film of 'Vaseline'. The halves 

were then stuck together and water v/as run into the rot cavity 

from a burette, through the hole left by the rotted plug. The 

volume of water needed to fill the cavity was approximately 

equal to the rot volume. 

Dry weirht/g fresh weight 

Samples of fresh rot (2-3g) were weighed in pre-v.eighed 

aluminium foil cups. The rots were then dried to constant 

weight in an oven at 3C°C. Samples were cooled in a cesiccato 

before each weighing.. Results were expressed as the ratio 

g dry weight/g fresh weight. 

Dumbers of viable bacteria/;: whole rot 

numbers of viable bacteria were estimated by counting 

the number of colonies developing on a selective medium for 

soft rot coliform bacteria (see below). A dilution series 

of 1g fresh weight samples of rot was made in 0*55/ FaCl 

solution. 



Logan1 s modification of Ctev/art's medium for the selection 

of soft rot coliforn bacteria 'Logan. 156"% 

Basal Layer 

23 g Simmon1s citrate agar (see below) 

3g CaCl-

5g ' Bile Salts 

C - C d g Crystal Violet 

hater to ll 

Simmon's Citrate Agar 

MgSOt, • 7N.-C 
4 a 

ITU, K PO, 
4 a L 4 

ITalTII^EFO^ • i+HgG 
-"•v. ni 
-cxv^ J. 

Br oin o t h jrni o 1 B lu e 

Agar 

Crystal Violet was aaded as 1ml of a O-VjL solution 

The ingredients were added slowly to water in a flask on 

a magnetic stirrer. The solution was steamed for 1 - 2h to 

dissolve the agar and then stirred again for 10 min. fOGml 

aliquots were dispensed into 500ml flasks. Flasks were plugged 

and autoclaved at 15 p.s.i. for 13 min. 

For use, the medium was melted in a steamer, then cooled 

to 45°C in a constant temperature bath. 1•6m1 N - NaCN was 

added to every yCCml of medium giving a final pll of b#*8. Tlate 

were poured makinw sure that the sediment was kept well 
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distributed throughout the solution. Plates were dried in the 

inoculating room overnight. 

Pectate Layer 

Sodium polypectate, Vbfo solution, was heated on a magnetic 

stirrer but not boiled. The solution v/as brought to pE 7*.U by 

stirring 1*3~1 IT - HaCM into pCCml of medium. aliquots 

were dispensed into test tubes and autoclaved at 10 p.s.i. for 

10 min. for use, 1ml dilutee rot suspension v/as added to a 

tube of cooled sodium polypectate solution, shaken on a 

'Whirlimixer1, then poured over the surface of the basal layer. 

•i o -'Vi-f A nnxp" ^n-n-tn-rp'- ,̂-ni ̂ ur'VT T̂ 1 T̂"*"'"1 
I a -̂-.o J.' ,-v SJ .̂ D ± J-I. -LV, . • U? r. LjjJ. ~> O 

->-}/>•»* r-r""̂;—-j rrrcjcJT'-C 
J? . J.VJJL)-J-X J. LODL'-I 

Extraction 

3 to hg of tuber tissue was cut from a potato, weighed and 

finely sliced. Slices were immediately plunged into a beaker 

containing 3-nl 957* boiling ethancl on a water bath. This 

inhibited polyphenol oxidase activity so that phenolic sub-

stances were lest subsequently only through autoxidation 

during extraction. The ethanol 7/as cooled and the tissue was 

ground finely in a pestle and mortar over an ice bath. The 

extract was made cell free by centrifuging at 12CC0 x g for 

2b min at h°C. The filtrate was transferred to a 100ml flask 

and stored at 4°C. 2Cml 8Cf0 ethanol was added to the residue in 

the centrifuge tube and stirred. The tube v/as stored at 
* 

and stirred every few hours for 1k-*i6h. The tube was centrifuge 

again at 12000 x g for 20 min and the supernatant v/as added to 
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the first extract; both were made up to 100ml with 80% ethanol. 

Phenol estimation 

The method used was based on spectrophotometry measure-

ment of the blue colour formed b.y the Folin-Ciccalteu reagent 

after it had reacted with phendLic substances (Spies 1957) • 

Reagents 

(1) Phenol reagent (phosphotungstic-phos'phornolybdic acid) -

Commercial Polin-Ciocalteu Reagent. For use the stock solution 

was diluted with 2 volumes of water. 

(2) IM-ITa^CO^ 

(3) 2N-HC1 

To 1ml 80% etlianol extract of tuber tissue, 0-6ml of the 

diluted phenol reagent was added. Then 2*Oml M-lTa^CO^ solution 

was added and the tube was shaken and left for 10 min. The 

original method was modified by the addition of HCl(7/ebb, 

unpublished) because when phenol reagent is added to an 80% 

ethanol potato extract a very fine precipitate of carbonate 

forms which is difficult to remove by centrifugation. After 

10 min 2ml 2H-IIC1 was added and the reaction mixture was shaken 

until no more C0 2 was evolved. A green colour formed and the 

absorbance was read at 65Cmp. in a spectrophotometer immediately, 

and after standing overnight at room temperature. Audition of 

KC1 stopped the reaction and the colour formed was shown to be 

stable over 1oh. A calibration curve was made using 80% ethanol 
» 

solutions of chlorogenic acid as a standard (Lovrehovitch, 

Lovrekovitch and Stahmann, 1967). A linear reaction with phenol 



reagent was demonstrated over a range of 0*02 to 1-0mg 

chlorogenic acid/ml. 

11 BUFFERS 

The following buffers were used in the extraction and 

assay of enzymes. Buffers were prepared as described by 

Dawson and Elliot (1939)• 

Citric acid - sodium citrate (C*1M), pH3'0 - 6-2 

Ka^UPO, - NaHJrO, (0-1M), pH 5-8 - 8-0 
eL 4 a h ' e 

Tris - (hydroxynethyl) - amino methane - KCl(C*05), pH7"2-

Glycihe - HaOE (0•C5E), pK8-6 - 10-6 

Substrates 

The substrates used for measuring the pectolytic and cello, 

lolytic activity of rot and culture filtrates were: 

Carboxymethylcelluiose (CMC) - wood origin- high chain 

length polymers v/ith a degree of substitution of G«/. 

Substrates were purified by washing before use in enzyme 

assays. 25g substrate/15Cml ethanol containing a final 

concentration of 0-C5B - MCI was agitated for 1h on a magnetic 

stirrer. The substrate was then collected on Ho. 5/1 that/nan 

filter paper under section on a Eucnner funnel. The solid 
» 

resiuue was washed several times in 7Zfo ethanol until no more 

chlorine could be detected in the washings with Ag HQ, solution 

12 BESEEM ACTIVITIBS 

A.Pectolytic and Cellulolytic enzymes 

citrous origin 
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The substrate was then washed once more with 95/ ethanol and 

dried at 70°C for U8h. The powder was allowed to equilibrate 

with air at room temperature (c. 20°c) for USh. moisture 

content was determined by drying at 73°C for 2qh, cooling in a 

desiccator over GaUl^ to room temperature and weighing, frying 

was continued to constant weight. 

methods of assaying rectolytic and cellalolytic activity 

1. Reduction of viscosity of solutions of substrates 

2. / hydrolysis ofcL- 1 g l y c o s i d i c (pectic substrates; 

- 1 ,if glucosidic (cellulose substrate) linkages 

3- Ultra violet absorbtion method for pectic transeliminase 

h. Thiobarbituric acid reaction 

1. Viscometry 

Viscosity measurements were made using 'Cannon - Fenske' 

size 200 viscometers suspended in a water bath at 25°C. The 

volume of fluid used in each viscometer for each assay was 1 0ml 

and the fluid was allowed to equilibrate to 25°C before measure 

ments of viscosity were made. 

Reaction mixtures 

5ml 1/?, RaFF or CUC solution at the required pE 

3ml water 

1ml buffer: citrate-Ua citrate (pE3-6), Tris-BCl (pI'7-9), 
Glycine-UaCE pE 

1mi enzyme preparation 

7/here bacterial enzymes were a ssayed 1ml C«01h CaGl^ 

replaced 1ml distilled water. Since Ca + +ions cause EaPf 

solution to gel rapidly, where an UaPP substrate was used the 



CaCl^ and enzyme preparation were mixed before adding to the 

rest of the reaction mixture. Degradation of NaPP by the 
++ 

bacterial enzyme prevented gelling by the Ca ions. At time 

0 the enzyme preparation was aaded to the viscometer and the 

reaction mixture was mixed by blowing through the viscometer 

tube. Plow times were recorded every 2 or 3 min. 

The relative activities of enzyme preparations were 

calculated by plotting flow times against the reaction times. 

Prom the curves ontained the time corresponding to 75$, 

or 25$ loss in viscosity were taken as being J and i; way 

respectively between the flow time for water and the control 

time. Controls contained 1ml water or 1ml heat inactivated 

enzyme in place of 1ml active enzyme preparation. 

Viscosity reducing activity was expressed as 1 GO -where t 
t 

was the time in minutes for 25,6, 50$ or 75$ reduction in 

viscosity of the reaction mixture, measured in this way activit 

is directly proportional to enzyme concentration. 

2. $ Hydrolysis o f / - 1,4 or & - 1,4 linkages 
/ 

The method used was adapted from the Somogyi method for 

the determination of glucose.(Nelson 1544) 

Reagents 

Copper reagent A 

The following were uissolved in 800ml water and then 

diluted to 11 
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25g Na^CO^ (anhydrous) 

25g Potassium sodium tartrate 

2Og KaHCC^ 
2C0g ITa^SC, (anhydrous) a . q 

The solution was filtered and stored above 20°C. 

Copper reagent 3 

15% Cu3C^.5B-2° containing 1 or 2 drops concentrated sulphuric 

acid/1OCml solution. 

Arsenomolybdate colour reagent 

25g ammonium molybdate was dissolved in 450ml distilled 

water. 21ml concentrated IN.30, was added and mixed. 3d of 

IsOn. AsOb • T--rJ0 dissolved in 25ml water was added and stirred. 

The solution was incubated at 37°C for 24-4Sh. The reagent 

was stored at room temperature (1S-23°C) in a glass stopper-red 

brown glass bottle. 

Reaction mixtures were the same as for the viscosity 

estimations. Copper reagents were mixed on the day of use, 

25 parts of reagent A to 1 part of reagent B. Reactions were 

carried out at 25°C on a water bath. At appropriate time inter-

vals 1ml reaction mixture was removed and mixed with 1ml 

copper reagent and heated for 30 nin on a coiling water bath. 

Aft~r cooling, 1ml arsenomolycdate reagent was added to 

each tube and thoroughly mixed on a 17/hirlimixer' • A blue 

colour ceveloped rapidly and the reaction was complete when 

CC> evolution ceased. The fluid in each tube was diluted and 
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the absorbance read on a Gallenkamp Photoelectric Colorimeter. 

The colorimeter was adjusted to read 100$ transmission when 

an Ilford red filter 605 (670 m|i) was placed in front of a 

water blank. The colour formed by the celevoping reagent is 

very stable. A calibration curve was obtained by using a series 

of glucose solutions containing between 58'Gjig and pp-g/nl. 

}ig equivalents of galacturcnic acid in each sample were 

estimated and enzyme activity was expressed as $ hydrolysis 

- 1,4 bonds broken curing the reaction tine, 

i.e. P or NaPP substrates 

% hydrolysis. =- p.-: ankydroralacturonic acid liberated x 1CC 
|ig annydrogalacturonic acid originally present in 

polymer form 

for CHC substrate 

% hydrolysis = py lucosc liberated x ICO 
jig glucose originally present in polymer form 

Cole (1553; estimated that NaPP contained 1-3$ ammonia 

and 4'2/o sodium. The anhyarogalacturonic acid content is 

therefore 54*5% of a given weight. The methyl content of pectin 

was determined as 8*3$ after sapcnification and backn titration 

(Hinton, 1940). 

3. Ultra-violet method for pectic transeliminase 

There are two known mechanisms for the cleaving of 

ga lac tur onic acid polymers. Polygalacturonase enzymes^ break 

the 1,4 gl.ycosidic linkages by hydrolysis which results in 

products with saturated terminal galacturcnyl units. However, 
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transeliminase enzymes degrade pectic substances by a trans-

eliminative mechanism similar to the non-enzymatic breakdown 

of pectin in neutral or alkaline solution (Albersheim, ITeukom 

and Deuel, 1560). The glycosidic linkage is broken at carbon 

atom 4 of a galacturonic acid unit, and a proton is eliminated 

at carbon atom 5. The products of this reacton terminate in 

unsaturated galacturonyl units with a double bond between 
« 

carbon atoms 4 and 5 at the non-reducing end 'of the molecule. 

Conjugation of this double bond with the carbonyl group at 

carbon atom 6 causes the product to absorb u.v. light maxi-

mally at 230 mp(NaF? reaction substrate) and at 235 c-p sub-

strate) (hagel and Vaughn 1561; Starr and koran, 1562; Eostrom 

and Phaff, 1564; Sherwood, 1566; Dean and Wood, 1567) 

Culture filtrates or rot extracts from E. Carotovora 

were dialysea before use (as described previously). 

Reaction mixtures 

2-5ml C*5% ITaFP or P solution at pH required 

1-Cml C•1R buffer (as for viscometry) 

0*5ml C-01M C a C % unless stated otherwise 

water 

Enzyme preparations were always mixed with CaClr before 

adding to HaP? substrate. After addition of the enzyme prep-

and aadeu to a spectrophotometer curvette. The increase in 

absorbance was recordea at 230 mp. for NaFP substrate and 235+4 

enzyme preparation 

aration the reaction mixture was shaken on a ''.Vhirlimi 
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for P reaction substrate. 

Results v/ere expressed as 11 moles aldehyde groups formed. 

Rdstrom ana Phaff (i$6l|) stated that during the degradation 

of pectin by pectin transeliminase in standard conditions, the 

release of 1 pmole of aldehyde groups in a 10ml reaction 

mixture caused an increase of 0-555 absorbance units at 235 mp 

when measured in a cuvette v/ith a 1cm light path. 

h. •Thiobarbituric acid test 

The unsaturatea products of transeliminative cleavage 

of pectic substrates give a chromogen absorbing maximally at 

5h? rap. v/hen reacted v/ith thiobarbituric acid, while saturated 

products resulting from hydrolysis give a chromogen absorbing 

maximally at 510 mp v/hen reacted in the same way (Albersheim, 

Neukom and Deuel, 1960) . 

Reaction mixtures were the same as for the hydrolysis 

and viscosity experiments. Da?? or P were usea as substrates. 

At time 0 and at intervals thereafter 1ml of reaction mixture 

v/as added to 5ml C« O'iB - thiobarbituric acid and 2*5ral C-pD-BCl 

and boiled for 3^ rain on a water bath to allow the colour to 

develop. 

The mixture v/as restored to its original volume and the 

absorbtion read at 510 np and/or 5h7 rap in the spectrophotometer. 

B• Phosphatidase activity 
— - 1 ' 1 1 " * " * 1 1 1 . 

A cup plate method of measuring phosphatidase activity v/as 
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used as described by Tsung-Che Tseng and Baxeman (1968) 

after Loery ez al (1955) 

Tedium for enzyme substrate 

/Og agar 

C-1H citrate buffer pE 5*0 for 0. mraticcla rot exxracts 

or Tris - KC1 buffer pH 9*0 for B. carotovora rot 

exti-acxs 

C- 75g L'gSC^ 

water to 11 

The constituents were :;.ixec and sterilized by autoclaving 

in 150ml alicuots at 15 p.s.i. for 20 min. .Vhile still hot the 

following emulsion was added to each agar aliquot i:i a 1:1 

v:v ratio. 

1*5g soybean lecithin in 135 ml water was emulsified in 

a 3orvail Onnimix at 12000 x g for 5 min. 15ml 0-2^ 

thiomersalate solution was added to the soybean lecithin 

-emulsion. The emulsion and agar medium was mixed and 25ml 

alicuots were poured into 7cm diameter sterile plastic Petri 

dishes. Plates were allowed to solid!!/ at /°3. -./hen set, 

1cm diameter wells were cut in the agar, 3 wel2s/plate, and the 

plugs removed. The bottom of each well was sealed with 2 drops 

of molten agar. *.7hen dry 0*2ml of enzyme preparation was 

applied to eac~ well. The plates were incubated for /Sl-

at 30°0. Phosphatidase activity was indicated by the aevelop-

ment of a white zone of products of soybean lecithin hydrolysis* 

Enzyme activity was expressed as the area of the zone of 
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hydrolysis after 43h incubation 

~C. macerating Activity 

Laceration v/as measured "by the needle test. O-pmm thick 

potato slices were cut with a hand microtome. Prom these slices 

disks C«7nim in diameter were cut and washed in several changes 

of water for about an hour. Disks were drained and blotted 

quickly with clean tissue before adding to the reaction mixture 

in a qcm diameter petri dish. 2+0 - 50 disks were added to 

each dish.- Reaction-mixtures were as described in individual 

experiments and contained a final concentration of 0-01H -buffer, 

water ana enzyme preparation. Calcium chloride solution was 

added for some experiments. At 5 or 1C minute intervals for the 

first hour and subsequently every 38 min four disks were 

removed from the reaction mixture and testea by attempting 

to pull then apart with mounted needles. ".Then the disks 

shewed no resistance to being pulled apart they were regarded 

as macerated. '.Then it became no longer possible to pick them 

up with fine forceps they were said to have lost coherence. 

Macerating activity was expressed as -

1 uu 
maceration time in .minutes macerating activity 

D. Cell Killing - plasmolysis method 

The method used for demonstrating cellular dead 

the same as that used by Tribe (1955)• Potato disks J U U J • 

as 

e cut 

and washed as for the maceration experiments and were 
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incubated in similar reaction mixtures. At intervals 4 disks 

v/e re removed from the reaction mixture to a watch glass 

containing 2ml of the following solution-

35ml M - UNO, Solution 2) 
10ml 0*1% neutral red solution 

5ml 0-1N - phosphate buffer pK7'5 

In this solution the disks quickly became olasmolysed and 

accumulated the vital stain, neutral red. After 20 min staining 

the neutral red solution, was replaced by G'BM-NNO^ solution 

buffered with 10ml 0»1N phosphate buffer at pH 7* 5 for each 

SCml of UNO, solution. Live cells retained neutral red in the 

plasmolysing solution but the stain quickly leachea from 

dead cells. Visual comparison of the disks was made and results 

were recorded by a number (Tribe, 1955)* "the Neutral Red Index 

so that:-

5 whole disk covered with red spots 

gradation 

0*5 occasional spots 

C no spots 

N. Permeability cranges in tuber ais-.s 

A 'Chandos1 conductivity meter was used to measure the 

increase in conaactivity as electrolytes leaked from risks 

of potato tuber tissue into water. The experiments were 

4 



designed to show changes in the rate of leakage of electro-

lytes from tuber tissue va.en the tissue was treated with cell 

free rot extracts. 

Since reaction mixtures containing crude or even partiail 

purified and cialysed extracts were already hig„ly conducting 

solutions, 5 dishs of .otato were removed from the reaction 

mixture at intervals, rinsed thoroughly and quickly in 2 c.;an_ 

of water, then transferred to a specimen tube containing Ignl 

water. The tube was awaken for 1C sec ana the conductivity 

of the solution was read. The tube was shaken for'i C sec 

a wain after 15 min and the conductivity of the solution read. 

Results were expressed as the increase in conductivity during 

15 min, ih umbos, of the solution bathing t~e disks. The tissu 

disks were prepared in the same way as for the killing and 

maceration assa. s. Reaction mixtures were as describee in 

the 'Experimental and Results' section but were similar to 

those used in all maceration and cell killing assays. 

13 RE5PIEATChh GIVTTGES HI POTATO TUhhR TISSUE TREATED 

.«!-.-: kG x - u S . — - o u x - j e j * _-JO 

A 7,'arburg apparatus was used for respiration assays. 

All measurements were carries out at 20°G with air as the 

gas phase. The centre well of.each flask contained a piece 

of fluted filter paper which absorbed the C-2ml of 1Ch hOh 

solution miretted into the well, ana increased the surface 

area for CC^ absorbtion. Tops of the wells were greased with 

'Vaseline1 to urevent KG" leakage. 
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15' tissue disks, prepared as for the maceration 

experiments v/ere used for each assay. Fresh weight of the 

disks was about 0-5g. 

The disks with C-5nl tap water and 0'5ml buffer, (0-117 

Tris-IICl pH9'0 for enzymes of bacterial origin, 0-1M citrate 

pH5'0 for enzymes of fungal origin) were placed in the large 

v/ell of each flask and equilibrated for 3° min. The first 

manometer reading v/as then taken and after a further 30 miri 

1ml of enzyme preparation v/as added, by which time the respi-

ration rate was established. Subsequent readings were taken at 

10, 15 or 30 min intervals. Manometer level changes v/ere 

converted to microlitres of gas/g fresh weight of tissue by 

use of the interval uptake method (Manometric leckmques, 1955)-

The effects of Triton X - 100 and ITigericin on respiration 

and tissue permeability was also studied. Triton X - 100 was 

obtained from British Drug Houses Ltd. and the Higericin 

was kindly supplied by Dr. 7/alker, Imperial College, Prince 

Consort Road, London 3.7/. 7. 

1 k PARTIAL PjRIPICATI'.:1~ Of PECTIC AHD PPG 3 THAT ID A3 3 

HEEYH.-S PROP ROT EXTRACTS 

a) Practional precipitation withxamnoniuin sulnhate 

i) Extracts from C. praticola rots 

A cell free extract of tuber tissue rotted by 0. mraticola 

was prepared as described previously. 130x1 rot extract was 

brought to 1 Cg, 20/, 3 07, i+0.", 50;:', ̂ 60;", 70."', and 9CE saturation 



with solid (HE, at room temperature (c.20°c). At each 
UF. D 4 

step the precipitate v/as collected by centrifuging for 20 min 

at 12000 x g. The supernatant was used for the next stage in 

the fractional precipitation and each precipitate was 

dissolved in a minimal volume of 0*5nih phosphate buffer at 

pH 7*0. The fractions were then dialysed'against water for 

2/h at Z°C, mace up to 13ml on removal from the dialysis 

tubing and stored in smaller aliqaots (2 and 3ml) at -20°C 

until required. 

Extracts fbon B. carotovora rets 

Bxtracts of potato tissue rotted by B. carotovora were 

fractionally precipitated with (-83^) ̂ SG^ in the same way as 

the extracts from 0. nraxicola rots. Since the precipitate 

formed only very slowly between 70% and 30% saturation the 

precipitation was left overnight at room temperature before 

centrifuging to collect the precipitate, fractions were 

dialysed for /h against O 002!.'. - CaCl^ at h°C (volume raxios 

as for dialysis of crude rot extracts and culture filtrates), 

then made up to 0*1 of the original rot extract volume and 

stored at -20°3 as for the 0. Iraticola rot fractions. 

Gel filtration of ammonium s .lahate fractions on 'Sephadex G-7d' 

Appropriate fractions of rot extracts, following-

precipitations with (NII?i)230^ were further separated by ^el 

filtration. 'Sephadex 3-75 Superfine1 was used for the separ-
» 

ation and was obtained for fharmacia Fine Chemicals Ltd., 

Uppsala, Sweden. This gel lias a particle diameter of 10-/0 \L 
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and separates proteins and polypeptides v/ith molecular weights 

between 3,C0C and 70,600. 

The gel v/as prepared by heating for 3h on a boiling water 

bath in an excess of water to swell the particles. The slurry 

was then carefully poured into a 2*5cm diameter glass column 

and allowed to settle making sure that no air bubbles v/ere 

trappea in the slurry. The column v/as connected to a reservoir 

of G-i::-:;aCl buffered with 0-CCpE-citrate c.uff er phf 5-0 

(O.-raticola rot separations or 0-GC-k-Tris - EGl buffer pE 9-C 

(E. carotovora rot separations). The buffered salt solution was 

allowed to flow through the column until twice the column volume 

had passed through. The flow rate was 15 to 20nl/n at 5°C. 

Excess buffer v/as removed from the top of the gel column and 

a disk of filtrate paper carefully floated on to the gel 

surface, to avoid disturbing the gel surface when the sample 

to be separated v/as aaded. A 5ml sample of a rot fraction 

was added to the top of the column v/ith a Pasteur pipette. 

/Even the sample had entered the gel 3ml of buffer-salt 

solution was added and a further 3~;1 was added after this had 

entered the gel. The column was then filled v/ith the buffer-

salt solution and connected to the reservoir again. The flow 

rate was kept at 15 - 2Cml/h at 5°C throughout the experiment 

and 5ml fractions were collected, divided into smaller aliquots 

and stored at -2C°G. 
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15 PROTEIN ESTIMATION 

Following separation on Sephadex G-75 protein was 

estimated by the ultra-violet absorbtion method (Layne 1957* 

after V/arburg and Christian, 1941). The optical density of 

the sample was read in 1cm light path cuvettes at 260 mp and 

230 mp so that a correction could be made for any nucleic 

acids present which absorb strongly at 260 mp„ 
T h e r a t i o °Pti°al density at 2oQ ap T / a 8 c a l c i l l a t e d a n d 

optical aensity at 2o0 mp 
substituted in the following: 

protein concentration (mg/'ml) = F x x optical density 
d at 230 mp 

where d = length of light path of cuvette in cm. 

For crude dialysed extracts and extracts precipitated 

by and subsequently dialysed the method of Lo.vry 

et al (1951) was user. Non-dialysed extracts contained amino 

acids and phenolic substances -which react v/ith the Folin-

Giocalteu reagent (Folin and Oiocalteu, 1927) and (NH^)^SO^ 

interferes with the reaction, so all samples assayed were first 

dialysed for 2qbi against several changes of distilled water. 

Reagents; 

A. 2N Na^CO-, in b«12T-NaOE a p 
B. G«55 CUSO; ,5NHO in 1$ uotassium or sodium tartrate 

14 d -

C. alkaline copper solution: pOml A. mixed witn 1ml B. 

B. Folin-Oiocaltev reagent diluted to 1N 



1ml protein sample and 5* Oml reagent C were mixed and 

stood at room temperature (c.2 0°c) for 30 min. C*5ml diluted 

?olin reagent v/as then added and mixed. After 30 min the 

absorcance was read at 750 mp. A calibration curve was pre-

pared using standard solutions of crystalline bovine serum 

albumin containing 10 - 100 mp/mg. 

16 'ELECTRON NICROCCOPY 

Preparation of tissue 

1cm thick slices of tuber tissue were inoculated with 

C. nraticola and whole tubers v/ere inoculated with 3. carptovora 

as described previously. All inoculated tissue v/as incubated 

for 24h at 25°C. Control tissue/was obtained from freshly 

cut tubers and tuber slices which had been aged for 24-A in 

the same conditions as inoculated tissue. 

Small pieces of tuber tissue(2 x 2 x 2mm) were cut from 

the edge of each soft rot lesion or from control tissue. 

Tissue was fixed in 5% aquaeous gluteraldehyde solution 

overnight. Rapid penetration by the fixative was achieved 

by evacuating the tissue in fixative solution immediately 

after cutting. After fixation the tissue v/as put in 3 changes 

of buffered sucrose solution (30' min each) followed by stain-

ing for 2h in osmium tetroxide. Tissue was then dehydrated 

in an ethanol series (20%, 30%, 40% - 5 run each, 75%, 95% -

20 ruin each, 100% 2 changes of 30 min each). The material was 
* 

then ready for embedding, carried out by replacing ethanol by 

exsroxynropane. a substance soluble in alcohol and the 



embedding medium, epoxyresin. The expoxypropane is then 

replaced by epoxyresin. 3- of the alcohol v/as removed and 

replaced by epoxypropane ana left for 10 min. i the mixture 

v / a s removed and replaced by epoxypropane and left for 10 min 

(repeated once). Then all the mixture v/as removed and replac 

by epoxypropane and left for 20 nin (repeated once). J- the 

epoxypropane v/as removed and replaced by epoxyresin. The 

dish v / a s left covered v/ith a glass lid overnight. The lid 

v/as removed and the dish v/as left for 2h. The resin v/as 

replaced, left overnight and replaced again. The tissue in 

resin v/as then left 1 day at room temperature, 1 day at 37°C 

and 2 days at 6C°C. 

Epoxyresin mixture, after Luft (19?1) 

Epon 312 207g (Gurr Ltd.) 

Benzyldimethyl amine £nl 

Eethyl nidric anhydride 57g 

Dodeeenyl succinic anigvdride I8h'6g 

Sectioning 

Embedded tissue was sectioned on a 'Beichert Ultramicro-

tome* v/ith a diamond knife. 

Staining 

Sections v/ere stained in 2% aquaeous uranyl acetate for 

20 min at 60°C and then for 10 min at room temperature (c.20° 

in lead citrate stain. 
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Lead citrate 

PbH03 331'23g 

:;a3c6?:3c7 29/-iig 

distilled water to 32ml 

The mixture was shaken vigourously for 1 min and then 

allowed to stand with occasional shaking for 32 min. 8ml 

IT-ITaCH was added (freshly prepared C-/g in 10ml). The volume 

was made up to 50ml with water, mixed "by inversion and centri-

fuged. 

Microsco".y and Photography 

Stained sections were examined in an 'A.B.I. EH 65' 

electron microscope, for the photography, 'Ilford N-50* 

plates 'were used and micrographs were printed on to ?Agfa 

Rapiaoprint' paper processed in an 'Agfa Blueprint Processor' 

and fixed, washed and glazed. 

17 SPECTROPHOTOMETRY 

A *Beckmann' model 'D.B. spectrophotometer' with a 

•Beckmann' laboratory potentiometric recorder was used for all 

light absorbtion measurements unless stated otherwise, 

fused silica cuvettes (Spectrosil Thermal Syndicate Ltd.) 

v/ith a 1cm light path were used in conduction with the 

spectrophotometer. 

18 pH MEASUREMENTS 

pH of large volumes was measured using a 'Cambridge' 

prl meter while that of smaller volumes was measured using 
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B.D.E. narrow Range indicator papers. 

19 STERILIZATION 

Media were sterilized as indicated in the text. Pipettes 

were sterilized in metal containers by autoclaving at 15 p.s.i. 

for 20 min. 

20 CHEMICAL I.TATBRIALS 

7/ater 

Glass distilled water was used wherever 'water' is 

referred to in the text. 

General Chemicals 

All chemicals used were of analytical grade and were 

obtained from either British Drug Houses Ltd., Dorset or 

Hopkins and Williams Ltd., 12+ — 17 St. Cross St., London H.C.1. 

V edia and* Nutrients 

Nutrient Broth Ho. 2 (CH67) 

Bile Salts - a standard mixture of the slats of bile 

acids from ox-bile, and Simmon's Citrate Agar v/ere obtained 

from Oxoid Ltd., Southward: Bridge Road, London 3.D.I. 

Agar was obtained from Davis Gelatin Ltd., 'Warwick. 

Bacto vitamin-free casamino acids were obtained from 

Difco Laboratories Inc., Detroit, Michigan. 

Substrates 

Sodium polypectate and Pectin N.P. were supplied by 
Suhkist Growers Inc., Ontario, California, U.S.A., both are 
citrus products. 
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Carboxymethyl cellulose was obtained from Hercules Powder 

Company Inc., 7/ilmington, Delaware, U.S.A. 

L Lecithin from Soy Beans, Commercial Grade Type 11-

v/as obtained from the Sigma Chemical Company, 3500, De Ha lb St 

St. Louis, Missouri, U.S.A. 

Albumin from bovine serum, crystallized and lyophilized 

was also supplied by the Sigma Chemical Company. 

Neutral Red stain was obtained from Solmedia Ltd., 35, Orfora 

Road, London H.17. 

Chloroyenic acid was obtained from Koch-Light Laboratories Ltd 

Colnbrook, Bucks. 
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EXPERIMENTAL 'MORII AND RESULTS 

i 

GROWTH O? PATI"0GEMS 121 CULTURE A27D PRODUCTION 

'0? CELL V/ALL DEGRADING ENZYMES 

Preliminary experiments were carried out to find the 

.macerating, pectolytic and celiulolytic activities of Erv/inia 

carotovora» E. aroideae, Pseudomonas phaseolicola, and Cortic-

iun praticola when grovrn on pectic media. Pseud omonas 

phaseolicola, a pathogen which does not produce soft rot 

lesions and Erv/inia aroideae, one which causes soft rot lesions 

similar to those caused by M. carotovora were studied for 

comparison. 

1. BACTERIAL PATHOGENS 

All bacterial pathogens were incubated for 6 days in 

shallow culture in pectic media at 25°C. 

1. Growth 

Bacterial growth on ITaFP, 2"aPP + Ca and P + Ca culture 

media was measured by making total counts (Table l). The 

highest counts were obtained from NaPF cultures of all three 

bacteria and the lowest from P + Ca cultures. Pseudomonas 

phaseoilcola counts were about 0*2 of the counts for E. carot-

ovora. and E. aroideae on each medium. 

2. Macerating, pectolytic and cellulolytic activity of culture — • ,.,.... • • • •• — — • — • •- •• -
filtrates 

Cell free filtrates from bacterial cultures on pectic media 
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Table 1 

Total counts of bacteria/ml after 6 days incubation in -Hectic 

media 
• • 

culture 
medium organism no. bacteria x 10~ 1 0/ml 

NaPP Srv/inia carotovora 1-324 (1-268, 1-330) 

NaPP 3. aroideae 1-367 (1-454, 1-280) 

NaPP Pseudomonas phaseolicola 0-241 (0-244, 0-238) 

NaPP+Ca 3. carotovora 0-829 (C-844, 0-814) 

NaPP+Ca 3. aroideae C-842 (0-865, 0-81.9) 

NaPP+Ca P. phaseolicola 0-174 (0-177, 0-171) 

P+Ca E. carotovora 0-540 (0-530, 0-550) 

P+Ca aroideae 0-766 (0-672, G-86C) 

P+Ca P. phaseolicola 0-119 (0-132, 0-107) 

v/ere tested for macerating :activity by the needle test. 5ml 

culture filtrate, 4ml 0-111 Tris-ECl buffer (pll S-0) and 1ml 

-water v/ere included in each reaction mixture. 1.ml water v/as 

replaced by 1ml 0-G01M CaCl 2 v/here the filtrate was from a 

culture with no supplementary calcium. 

- Pectolytic activity was measured by the viscometric method 

and by estimation of the % release of total reducing groups. 

One ml of culture filtrate was added to 9ml of reaction mixture 

and assays v/ere done at pli 8 #C. One ml 0'001M CaCl 2 replaced 

1ml water in reaction mixtures with culture filtrate "from 
« 

cultures grown without added calcium. (Table 2) 
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Table 11A 
Lacerating and oectolytic activity of bacterial culture filtrates 

macerating activity - given as 100 
t min for maceration 

viscosity reduction - given as 100 
t min for reduction in 
relative viscosity 

- denotes that viscosity reduction v/as not measurable over 30rnin 

Organism Culture Lacerating Viscosity reducing activity' 
Ledium Activity P NaP? CMC 

Pseudomonas 
ITaPP+Ca - - - -

rhaseolicola 
P+Ca — — — — 

BaPP — — — — 

Erv/inia 
BaPP+Ca 8-3 - Uoo 5-3 

carotovora 
P+Ca 5'0 — 3/ • 

CM 
T— 

BaPP 5-0 6*25 0-37 

-* 

NaPP+Ca 8-3 - koo 5-55 

Aroideae 
P+Ca 5-0 — 28-5 l 3 o 

ITaPP 6-25 7-15 2-0 RR 5 

No measurable macerating, pectolytic or cellulolytic acti-* 

vity was recorded for any of the Pseudomonas phaseolicola fil-

trates. 

The macerating activity of filtrates from E. carotovora 
a n a E. aroioeae cultures correlated well with the visdosity 

reducing activity for the Lapp substrate. The viscosity of 
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ITapp solution v/as lowered more rapidly than that of P solution 

by all filtrates tested and the most active were from Na?P+Ca 

cultures. Cnly ITaPP culture filtrates v/ere effective in reducing 

the viscosity of P solution during the experiment. 

The highest activity for the reduction of viscosity of 

CMC solution v/as found in P+Ca filtrates but was only half 

the activity on ITaPP substrate. ITaPP and I!aP?+Ca filtrates 

had much lower activity on CMC substrate. Reduction of the 

viscosity of CPC solution bore no relation to the macerating 

activities of the culture filtrates. 

There v/as little or no relation between total bacterial 

counts and macerating or pectolytic activities. 

Erwinia carotovora filtrates from ITaPP+Ca and P+Ca cultures 

released reducing groups (Table 3) from ITaPP and P solution to 

a similar extent after 7h. However, the 24h figures are 

erratic. The reaction rate had fallen off greatly by 7h but 

the 2i+h figures should have been at least equal to the 7h 

figures, filtrates from cultures of Z. aroiceae grown on 

ITaPP+Ca and P+Ca media degraded ITaPP much more readily than 

P and after 22+h the % hydrolysis of ITaPP v/as about four tines 

that of P. The HaPT+Ca culture filtrate was more active than 

the P+Ca filtrate. 

The final / hydrolysis of P ahd ITaPP substrates by 

filtrates from cultures of both Erwinia spp. were very "low 

probably due to inactivation of the enzyme at 2$°C for such 
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Table 3 

% release of tota-l reducing groups by bacterial culture filtrates 

1. Pseudomonas phaseolicola - no increase in reducing groups v/as 

recorded v/hen culture filtrates were reacted with UaP? and 

P solutions for 2/h. 

2. Brwinia catotovora 

culture medium ITaPP + Ca 
substrate KaPP P 

t(h)l /•86 (Z-86, /•86) /•co (z-oo, / • CO) 

3 6-2/ (6-77, 5-71) Z*66 (/•//, Z* 88) 

7 6-87 (6-98, 6-77) 5B11 ( 3 U 1 , 7* 11) 

2/ k' 96 (/*86, 5-07) 6-66 (7*11, 6- 22) 

culture medium P -h Ca 
substrate KaPP ? 

t(h)l 3*70 (3-70, - ) 6-12 (6-66, 5* 77) 

3 6-/5 (7-19, 5-71) 5-55 (3-77, 5-33) 

7 6-23 (6.3/, 6-13) 7-11 (6-66, 7-55) 

2k - Z-66 (/•//, / • 
O Q \ O O y 

a long period. This was not checked by adding more active 

enzyme. 

From these results the macerating activity does appear 

to have some relation to the ability of culture filtrates to 

reduce the viscosity of pectic substances. Cellulose 



Brwinia aroideae 

Table 3 (continued) 

culture medium NaPP + Ca 
substrate Napp N P 

t(h)l 8-46 (8-46, 3-46) 1.44 (1-11, 1-78) 

3 10.47(10.58, 10.37) 2-22 (2-44, 2-00) 

7 11-53(11-21, 11-85) 3-55 (3-55, 3-55) 

24 11-10(11.00, 11-21) 2-77 (3-11, 2-44) 

culture medium P + Ca 
substrate NaFP P 

t(h)l 5-70 (6-34, 5-07) 0-66 (0-66, C- 66) 

3 8-25 (5-04, 8-46) 1-22 (1-11, 1-33) 

7 8-67 (8-04, 9-31) 2-11 (2-00, 2-22) 

24 6-98 (6-77, 7-19) 2-00 (2-00, 2-00) 

degradation does not appear to be important in tissue macera-

tion. Also, the reduction in viscosity of pectic substrates 

is more closely related to macerating activity than % hydroly-

sis of pectic substrates. The lack of any of these activities 

in the Pseudononas phaseolicola filtrates may reflect the 

different type of lesion caused by this pathogen. 

3. Pectic transeliminase activity of Erv/inia carotovora culture 

filtrates 

Transeliminase activity was measured by the ultra-violet 

absorbtion method, and reaction mixtures v/ere as described in 

'Materials and Methods'. 
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Table 11A 

Transeliminase activity of filtrates from. Erwinia carotovora 

cultures - expressed as u moles of aldehyde groups produced 

1. culture medium P + C a 
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Fig. I TRANSELIMINASE ACT IV ITY OF FILTRATES 
FROM E. CAROTOVORA CULTURES 

Culture medium P + Ca 
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A. pH optimum and substrate preference 

Reaction mixtures contained C«25ml culture filtrate 

dialysed against 0 002II CaCl^. No C a C ^ solution was added . 

to reaction mixtures. Results are given in Table L ana fig. 1. 

Enzyme activity was highest at pfl 10 with filtrates 

from P + Ca and NaPP + Ca cultures whether an ITaPP or P 

reaction substrate was used. The NaPP + Ca culture filtrate 

was more active than the P + Ca filtrate. The' P + Ca filtrate 

was more active on NaPP than P. 

Initially the NaPP + Ca was very active on P substrate 

but after about 6 min the rate slowed down. The pectic enzyme 

in this filtrate may be less stable in P than in NaPP solution. 

No increase in aldehyde groups was found in controls containing 

heat inactivated enzyme at any pH tested on NaPP or P substrate. 

B. Effect of dilution on transeliminase activity 

Active filtrate from an NaP? + Ca culture of Erwinia 

carotovora. dialysed against 0*CC2M CaCl 2 was mixed with 

different amounts of heat inactivated filtrate. 0«25ml of 

each mixture v/as added to each reaction mixture. NaPP was 

used as the enzyme substrate and transeliminase activity v/as 

measured by the ultra-violet absorbtion method. The results 

are given in Table 5 and Pig. 2. 
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Fig. 2 DILUTION OF E. C A R O T O V O R A NaPP + Ca 
CULTURE FILTRATE AND TRANSELIMINASE ACTIV ITY 

Fig. 3 Ca REQUIREMENT FOR PECTATE 
TRANSELIMINASE FROM NaPP-hCa CULTURE OF 
E . C A R O T O V O R A 

CaCI~ concentration 



69 

Table 5 

Dilution of Erwin-ia carotovora "aP? + Ca culture filtrate and 

pectate transeliir.inase activity 

ml active filtrate/1Oml u moles aldehyde groups released 
reaction mixture per min 

0 0 

0*0+0 0*023 

0*100 O-OZjO 

0*125 0*056 

Cl-250 0*098 

Enzyme activity measured in this way was directly propor-

tional to enzyme concentration. 

C• Calcium recuirement for pectate transeliminase 

Cell free filtrate /.from a culture of E. carotovora grown 

on NaPP + Ca medium was dialysed against water (see 'Materials 

and Methods'). C*25ml of filtrate was used in each assay and 

-different amounts of CaCl^ were aaded to each reaction mixture 

at the same time as the culture filtrate. Results are given in 

Table 6 and Fig.3. 

The results s-iewed an optimal Ca concentration around 

0-001M CaCl^. The effect v/as not as striking as might have 

been expected. This may have been due to some C a + + remaining 

in the culture filtrate after dialysis and also the substrate 
4-4-may have still contained traces of Ca • 
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Table 11A 
Calcium requirement for nectate transeliminase from Nap? + Ca 

cultures of Erwinia carotovora 

final concentration of CaCl, """ • "" — ™ " 1 •" • < 
in reaction mixture 

0 

o. 000251: 

0.000.51: 

0.0011.1, 

" 0.0021: 

0.0041: 

0.006l! 

11 moles aldehyde groups formed 

in 5 min incubation 

0-220 

0.303 

o.385 

0.545 

0.501 
0-457 

0.396 

2. ccrticiui: peaticcla 

4. Growth on ITaPP and P media 

Growth of c. praticola in culture was determined by 

measuring the dry weight of mycelium produced on ITaP? and p 

media incubated at 25°C. Results are given in Table 7. 

Growth was initially more rapid on the MaFP filtrate 

but by 8 days growth hac almost stopped on both media and a 

similar amount of dry weight mycelium was produced. Initially 

higher pll of the NaPP medium and/or a better ability of the 

pathogen to degrade NaPP rarher than P may be responsible for 

the more rapid growth on MaPP in "the first few days. 
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Table 11A 
Growth and change in pH cultures of C. praticola on NaPP and 

P media - standard deviation from the mean given in brackets. 

A. P medium 

incubation time pE dry weight (mg) 
(days) culture filtrate mean of 5 replicates 

1 3-9 2*6 (±0*98) 

2 3-9 U-3 (-1-L) 

5 6-0 32-L (-8-2) 

8 " 6-5 12L-6 (-5*9) 

12 6-0 133-0 (-L-0) 

B. ITaPP medium 

incubation time pu dry weight (mg) 
(days) culture filtrate mean of 5 replicates 

1 5 . 5 b'b (+0-98) 

2 6-0 12-6 C > 3 3 ) 

5 7-7 131-6 (-h-96) 

8 5-3 131-3 (±2-96 

12 3-5 132-6 (-1-9) 

5. Maceratir." a n d nectolytic activity of filtrate from cultures 

of Corticlum uraticola 

C. nr•.tr.cola was grown in shallow layer culture on NaPP 

and P media at 25°C and harvested after L days when the fungus 
» 

was growing rapidly on both media (Table 7). Culture fluids 

were mace cell free and the dry weight of mycelium estimated. 
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Results' are given in Table 8 

Table 8 

Dry weight of C. praticola mycelium produced on pectic media 

in Z days - standard deviation from the mean given in brackets 

In Z .days C. praticola produced twice as much mycelium 

(by dry weight) on ITaPP medium as on P medium. 

A. Macerating activity of Corticium oraticola culture filtrates 

Reaction mixtures for measuring macerating activity 

consisted of 3ml 0*111 buffer and 3ml culture filtrate. Results 

are shown in Table 9. 

The ITaPP culture filtrate macerated tuber slices over the 

pH range of 7 - 10 with optimum activity at pH9. The P filtrate 

also macerated at pE9 but most activity was from pH 3 - 7 with 

optimum activity between pK Z and 5- V/ater controls showed no 

activity. pE of water controls dropped similarly to that of 

reaction mixtures containing culture filtrate at pE 9 and 10. 

medium 

ITaPP 

P 

dry weight (mg) mean of k replicates 

130 (-15* 7) 

58 7-0) • 
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Table 11A 
Macerating activity of Corticium praticola culture filtrates 

- = no maceration within SO min. 

pE 3 4 5 6 7 8 9 10 

NaPP Medium 

maceration 
time (min) 

- - - - 60-90 30-50 20-30 6C-9C 

Macerating 
. . . . 1 0 0 a c t i v i t y r ^ . n ) 

— — — — 1•11 2-0 3-33 1-11 

final pE 3-2 4* 1 5-1 6-2 7-0 7-9 8-0 8-9 

P medium 

maceration 
time (min) 

25-30 10-25 10-25 25-35 25-35 25-35 -

macerating 2-86 4 4 2-86 2-86 2# 86 -

.. 100 a c t i v i t y ^ ^ 

final pE 3.0 4.1 5-0 6-0 7-0 8-0 8-5 9'0 

v/ater control 

maceration 
tine 

- - - - - - -

macerating 
.... 100 activity 

final pE 3'2 4*1 5-1 6-2 7-0 7-9 8-4 9*0 
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B. Pectolytic activity of gorticlum rraticola culture filtrates 

a) Viscosity reducing activity of Corticium oraticola culture . 

filtrates in P and BaPP solutions 

One ml of culture filtrate v/as added to 9ml reaction 

mixture for each assay. Results were expressed as 50/ or 75/ 

reduction in relative viscosity of reaction mixtures. 

The results (Table 1 0 ; show that filtrates from ITaPP and 

P culture reduced the viscosity of ITaPP solution more rapidly 

than that of P. solution. The ITaPP culture filtrate v/as active 

over pH range 7 - 1 0 and the highest activity was at pH 1 0 . 

The P culture filtrate had a much higher activity than the 

NaPP filtrate and brought about reductions in the viscosity 

of ITaPP and P solutions over the entire pH range used. 75/ 

reduction in viscosity of ITaPP solution was most rapid at 

pll 5 - 6 and that of P at pll b - 5* These results correspond 

well v/ith the results for maceration. 

"h) / hydrolysis of ITaP? solution by 0. oraticola culture 

filtrates 

Reaction mixtures v/ere identical to those used for the 

visccmetric assays. The results (Table 11, Pig.L) showed that 

the ITaPP filtrate hydrolysed HaF? rapidly at pll 5 and at pi" 3. 

The P filtrate degraded BaPP most rapidly at pK b> and was more 

active than the BaPP filtrate. The double peak of activity 

of the BaPP filtrate in hydrolysing BaPP solution v/as not 

observed in the viscometry and maceration results. However, 

there v/as some suggestion that the P filtrate which reduced 
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Fig.4 °/o HYDROLYSIS OF NaPP BY C . P R A T I C O L A 
CULTURE F ILTRATES 

NaPP Filtrate 

P Fi l trate 
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Table 11A 

Viscosity reducing activity of C. praticola culture filtrates 

in P and ITaPP solution 

I 50% reduction in relative viscosity 

Substrate Culture pH 
medium 3 Z 5 6 7 8 9 1C 

NaPP NaPP gel - - - 6- 18 13-33 31-53 57-1 

ITaPP P gel 2Z0 300 Zoo Zee 70-5 Z5 7-Z 

P NaPP - . - - - 1-Z2 z-zz - 5-0 

P P 28-5 36.3 50 28-5 ZO 28-5 35-3 1Z-C 

II 75/ reduction in relative viscosity 

Substrate Culture pH 
medium 3 Z 5 6 7 8 

NaPP NaPP gel - - - - Z-76 10-S 2Z 

NaPP P gel 80 150 150 111 35 - -

-P- ITaPP - - - - - - - 1-8 

P P 16-66 ZC Z0 1Z* 28 21-56 8 15-38 -

the viscosity of ITaPP and P solutions over a wide prl ran^e 

(Table 10) had a double peak for macerating activity (Table S). 

1 peal: at pH Z - 5 3nd a lower peak at pH9. 

Although not altogether consistent v/ith the results for 

maceration and viscosity reduction the results for the % 
p nydrolysis of ITaPP showed that the NaPP and culture filtrates 
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Table 11A 

$ hydrolysis on fa BP solution by 0. oraticola culture filtrate 

A Filtrate fron faPP culture 

pn 4 5 6 

t(h) C-5 

1 0.43(0.42,0-53) 0*95 (0-S'5» C-S5) 1 #22 ( 1 -27,1 -16) 

2 1 .27(1 -05,1 -49) 1 -96 (2 -01, 1 -90)' 2 - 0 7 ( 2 •12,2-01) 

4 2-22(1 .65,2 -75 ) 4-55 ( 4-76 , 4-34) 4-45(4-34,4-55) 

5-5 3 -45(3 -23,3 -70) 6-24 (8-13, 6 -35) 5 -37(5 -52,5 -82; 

24 7-53(5 .14,7-72) " 15-53(16 -71,14 -39) 8 -47(8 -15,3-73) 

P H 7 S 
0-5 O.31 ( 0 -31, 0 - 3 1 ) 0-53( 0-53, 0-53) 

1 C -53 ( 0 - 4 2 , 0 - 6 3 ) 1-16( 1 - 1 6 , - ) 

2 2. 01 ( 2-01, 2-01) 3* 16( 3* 15, 3*17) 

4 2-55( 3-49, 3-60) 5-98(5-92, 6-03) 

5-5 3-30( 3- 50, 3*80) 7-0 ( 7'0, - ) 

7 5-3S( 4-66, 5*52) 8-69( 3-6S, - ) 

24 12-^5(12-70,12-27) 15*93(15'66,16-29) 

prl 9 10 

0-5 C-42( 0-42, 0 - 8 2 ) 0 - 0 ( 0-0, 0*0 ) 

1 0-79( 0 -74, 0 -85) 0 -0 ( 0-0, 0-0,) 
2 2- 49 ( 2 -22, 2 -75) 1 -22( t -43, 0-95) 

4 4 *34 ( 4-02, 4-66) 1 -59( 1-55, 1-59) 
C P c p / p p > p p ( r <~ r- \ 

7 q-35('5-71,. 6 - 9 3 ) 2 . 7 6 ( 2 . 6 5 , 2 . 8 6 ) 

24 11 '33(11 •23,11' 43) 5-6l(6M4, 5*05) 
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Table 11A 

B Filtrate from P culture 

pH 4 5 . 6 

t ( h ) 1 27-0(27*5,26-5) 24*35(26*5,22-2) 21-2 (21-2,21-2) 

2 29*1(28*6,25*6) 27 #0 (27'5,26-5) 24-35(23-3,25-4) 

4 -

8 37-5(37-0,38-1) 33-3 (37-0,29-6) 31-7 (31-7,31-7) 

24 38-1(37-0,39-2) 35-5 (37-0,33-9) 31-7 (31-7,31-7) 

pE . 7 8 

t ( h ) 1 19*0 (17-9,20-1) 0-82( 0-79, 0-85) 

2 21-2 (20.1,22.2) 3-58( 3-43,.,3?72) 

4 - 10.15(10.33, 9-47) 

8 29-1 (32-8,25-4) 12-62(13-22,12-02) 

24 35-95(34-9,37-0) 25-9 (25-4, 26-5) 

pi! 9 10 

t(h) 1 0-48(0-53,0-43) 0-21 (0-26,C-17) 

2 2-21(2-12,2-30) 2-80(2-91,2-70) 

4 4-33(4-23,4-44) 4-41(4-49,4-32) 

8 4-38(4-23,4-52) 4*73(4*76,4-81) 

24 4-79(4-76,4-82) 4*86(4*76,4-56) 

behaved differently and that degradation of NaP? at high pi! 

is cliaracteristic of the I'TahP filtrate and not the P filtrate. 
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c) Thiobarbituricfacid test on the degradation products of 

BaPP and P. 

Thiobarbituric acid v/as used to distinguish betv/een 

hydrolytic and trans-eliminative cleavage of BaPP and P by 

cell free culture filtrates from C. praticola grown on P and 

NaP? media. Reaction mixtures were as for the % hydrolysis 

assay and were incubated for 3h before a 1ml sample was 

removed for reaction v/ith thiobarbituric acid. Results 

(Table 12, Fig.p) are expressed as the increase in absorbance 

over heat ^inactivated enzyme controls, which eliminated 

discrepancies due to the presence of pectic substances in 

culture filtrates. 

The thiobarbituric acid test also showed that the BaPP 

culture filtrate was more effective in degrading BaPP ana P 

at high pH than the P filtrate. Degradation at high pH v/as due 

to transeliminase activity (reaction products absorbed light 

maximally at 5L7mp) and at low pK v/as due to polygalacturonase 

(reaction products absorbed light maximally at 5iCmp.). 

The P filtrate degraded BaPP more readily than P. The 

BaPP filtrate degraded BaPP maximally at piI8 but the highest 

value for pectin degradation v/as recorded at pH 10. 

These results agreed with the maceration and viscosity 

reducing results more closely than the / hydrolysis estimations. 



80 

Table 11A 

Thiobarbituric acid test on the degradation, products of NaP? 

and P formed by reaction with C. praticola culture filtrates 

Results given as increase in absorbance unims 

I P substrate 

p f iltrate Nap? filtrate 
pH 51 Cnqi 5L7mM 51 Ornji 5L7np 

k 0.030 ru r-
\J m \J 

0.005 A Ar A 
U. \J 

5 0.015 0.000 0.000 0.005 

-6, 0.015 0.015 0.005 0.000 

7 0.015 0.000 0.005 0.025 

8 0.010 0.010 0.015 0.060 

'9 0.005 0.005 0.020 0.105 

10 0.000 0.005 0.165 C.270 

II NaPP substrate 

P f iltrate ITaPP filtrate 
pn 51 Cnp. 5L7cu 51 Omp. 5L7np 

0.103 0.060 0.007 0.0C7 

D 0.063 0.0L5 0.010 0.018 

6 0.053 0.033 0.025 0.035 

7 0.020 0.015 0.033 0.050 

8 0.01+5 0.050 0.055 0.098 
c y 0.020 0.010 0.0h5 C.035 

10 0.000 0.000 0.030 0.060 
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Fig. 5 THIOBARBITURIC ACID TEST ON THE PRODUCTS 
OF PECTOLYTIC ACTIVITY OF C.PPATICOLA 
CULTURE FILTRATES AFTER 3 HOURS INCUBATION 

P Substrate 
P Filtrate NaPP Filtrate 

NaPP Substrate 
P Filtrate NaPP Filtrate 

absorption at 547mjj (transeliminase activity) 
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SUUBARY 0? 1GRCV/TU OF PATHOGENS IB CULTURE AND PRODUCTION 

OF CELL '.'/ALL DEGRADING EUZYYES' 

There was little or no relation between growth and produc-

tion of pectic, cellulolytic or macerating enzymes for any 

of the pathogens tested. There was however a relation between 

pectolytic activity (measured by viscometry) and macerating 

activity. P. phaseolicola was the only pathogen examined which 

produced no pectolytic or macerating activity in culture. 

E. carotovora and E. aroideae culture filtrates degraded 

ITaPP (preferred substrate) and P. Both pathogens produced 

endo-enzymes (rapidly decreased the relative viscosity of 

reaction substrates while the number of reducing groups in the 

reaction mixture increased slowly). E. carotovora filtrates 
++ 

contained an enao-pectate transeliminase with an optimum Ga 

requirement of C-.0.001M and which degraded NaPP most rapidly 

at pH 10 (pKL - 10 tested). 

C. praticola grew more rapidly on NaPP than on P. BaPP 

filtrates macerated potato disks and reduced the viscosity of 

NaPP and P solutions over the range pll 7 - 10. P filtrates 

macerated at pE 3 - 9 with optimum activity between pll h and 5 

(P substrate) and pE 5 and 6 (BaPP substrate). The / hydrolysis 

of NaPP by G. praticola filtrates gave a double peak for the 

NaFP filtrate at pH 3 anc 8 which v/as not seen in the viscometry 

and maceration experiments, and high activity at pH L-7 for 

the P filtrate. The thiobarbituric acid test indicated that 
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the ITar? filtrate contained pectin and pectate transeliminase 

activity and the F filtrate contained mainly pectate 

polygalacturonase activity. 

Although the results from different methods of measuring 

pectic enzyme activity did not exactly coincide there appeared 

to be a relation between macerating and pectolytic activity 

whether a polygalacturonase or pectic transeliminase was 

present, whereas no relation was found betv/een cellulase 

activity and maceration. 
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POTATO RCT3 FORMED BY 5. CARCTOVORA AND C. PRATICOLA 

The following experiments weredesigned to show the develop-

ment and kind of rots formed by the 2 pathogens and to find 

what conditions enable the susceptible reaction to occur. 

A. SRV7IITIA CAROTOVORA ROTS 

6.Appearance of E. carotovora rots 

Three main types of reaction were seen when 5. carotovora 

was inoculated into potato tubers by the irrigated plug 

method (Fig.6) and all intermediates between the 3 types were 

observed. 

a) Dry limited (resistant) reaction 

No maceration of host tissue occurrcd and a russet-brown 

cork layer developed at the edge of the plug. Tissues tended 

to dry. The plug did not rot and was usually dry and shrunken. 

h) Black spreading rot 

This type of rot was characterised by the production of 

large amounts of dark, macerated host tissue which was often 

lighter at and round the plug which was completely macerated. 

c) White-cream spreading rot 

This rot was similar to the black spreading rot but 

macerated host tissue remained the same colour as the surrounding 

sound tissue, frequently a narrow/ or broad band of dark 



Fig.6 SUSCEPTIBLE AND RESISTANT REACTIONS IN 
POTATO TUBERS INOCULATED WITH E. CAROTOVORA 

Cream spreading rot 

cork layer, 
vascular bundles. 

Icm i 1 

dark ring visible 
at surface 

vascular bundles 

Resistant reaction 

cork layer lining plug 

plug not rotted but dry 
and shunken away from 
the rest of the tuber 

vascular bundles 

j sound tissue 
lv»'«*i vil macerated tissue (cream) 

macerated tissue (dark) 



macerated tissue lay between the light rot and the non-

macerated parts of the tuber. This dark band could be seen 

at the surface of the tuber as a black ring a few mm from the 

edge of the plug. 

The outer layers of the potato tuber appeared more 

resistant to E. carotovora than the inner layers. The rot 

v/as often confined to a narrow cylinder round the plug in the 

superficial layers, but just belov/ tine layer of vascular 

bundles the rot ballooned out and filled most of the tuber. 

Newly lifted tubers all gave the dry limited reaction. 

Treatment with 'Rindite' broke the rest period of the tubers 

and also made them susceptible to E. carotovora. 'Rindite' 

treated tubers were used in all experim ents unless stated 

otherwise. 

The development of soft rots and production of pectolytic and 

cellulolytic ensw?.ss 
*• i i • 

Tubers were inoculated with E. carotovora by the irrigated 

plug method and incubated ai 2p°C as described in 'haterials 

and Methods', fifteen were cut open and the rows harvested 

1, 3 and 7 cays after inoculation. Rot volumes, fresh weights, 

dry weight: fresh weight ratios and numbers of viable bacteria/g 

fresh weight rot were determined, and a brief description of 

the appearance of the rots was recorded. 

Cell free extracts were prepared from the rots (see 'hateri 
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and Methods') so that 6ml extract was prepared from 1g fresh 

weight of tissue. Some of the extract was dialysed overnight 

against 0.002M C a C ^ at 4°C and then made up to twice the 

original volume with water. Dialysed extract was used for 

the thiobarbituric acid test to distinguish between polygalac-

turonase and trans-eliminase activity. 

One ml of dialysed or crude rot extract v/as used/lOml 

reaction mixture for measurement of % hydrolysis of cellulose 

and pectic substrates and for the thiobarbituric acid test. 

All assays" were done as described in 'Materials and Methods'. 

The results are given in Tables 13 and 14. V/here figures for 

replicates are given; these were the results for 2 different 

rot samples. 

The increase in rot volume with age of rot was accompanied 

by similar increases in the total fresh weight of rot produced. 

However, the volume was always greater than the fresh weight. 

Sound potato tuber tissue has a relative density greater than 

one so in rotted tissue some of the fresh weight must be lost 

by evaporation or metabolism of host material. Rots were 

often noticeably drier near the plug. The dry weight: fresh 

weight ratio was fairly constant over the 7 days of tne 

experiment and all rots harvested were of similar wet consis-

tency, the potato tissue having completely lost coherence. 

The numbers of bacteria/per g fresh weight of rot able 

to produce colonies on Stewart's medium for the selection of 



Table 13 

General Properties of E. carotovora rots of different ages 

Age (days) 1 3 7 

av. rot volume 
(ml/poeato) 

1.98 5.56 10.40 

av. fresh weight 
(g/potato) 

0.95 4.88 7.97 

dry weight g/ 
g fresh weight 0.180 0.167 0.192 

No. viable 7 
bacteria x-. lO'/g 
fresh weight 

180 8.1 0.217 

extract colour pale brown brov/n brov/n 

appearance of rot cream-pale brown 
moist o: spreading, 
sli ghtly br owner 
at plug margin, 
brov/n ring visible 
round plug at 
surface. 

dark 
spreading 
rots with 
some light 
rot. 

dark wet 
and 
spreading 

soft rot coliform bacteria (see 'Materials and Methods') 

decreased rapidly as did the pectic enzyme activity during the 

7 days of the experiment. This may indicate that the productio 

of pectic enzymes is related to the number of actively dividing 

bacteria and is most important in the initial invasion of tuber 

tissue ana/or that in older rots bacteria able to divide 

actively are confined to the advancing ed-e of the soft rot 

lesion. In the above case viable bacterial numbers/g whole 

rot would decrease with increasing rot age. No experiments 

on pectic enzymes or numbers of viable bacteria at the edge 
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Table 1a (a) 

it hydrolysis of pectic and callulose solutions by 5. Carotovora 

potato rot extracts 

Rot Reaction Reaction Substrate 
age time (h) NaPP P CkC 

1 0 0 0 0 
day 0 c - R-O.YP 5.56 7.15) 1.27(1.27 1.27) 0.3 r\( f\ /- r> r- 20) 

1 1C.15 10.65 19.62) 1.63(1.36 1.91) 0.2 5(0.30,0.20) 

2 io. 26 10.71 10.22) 3.35(3.17 3.5k) 0 

3 - 12.21 13.72 10.70) 3.72(3.72 / 0.3 0(0.30, 
\ ~ Y 

h 12.75 13.72 11.55) 2.25(2.18 2.32) -

5 13.79 12.78 / R. "J I 
» ̂ •OA , 2.29(2.15 2.81) 0.2 o(0.20,0 

\ 

/ 

3 n Us 0 0 0 
days 

0 K 1.28 1.86 0.71) 0.29(0.52 0.25) 0.2 .(0.80,0 A / 

1 2.57 2.72 2.21; 0.96(0.52 1.11) \J (0,0) 
2 8.89 9.32 7.96) 1.01(1.91 1.11) 0.05(0.10,0 \ 

j 

3 9.27 9.73 9.21) 2.09(1.63 2.52) 0 (0,0) 

- - 2 8.31 . 8.86 » 1 . ̂  y 1.09(0.51+ 1.63) 0.2 0(0, 0. / 

^ 9. 09 9.73 3.22) 1.76(1.81 1.72) 0 / ̂  ON 
^ ^ , u) J 

7 \J 0 n. KJ 0 
days 

0 * 0.66 0.W7 0.86) 0.26(0.36 0.17) 0 (0,0) 

1 1.63 1.32 1. / o.29( 0.72 0.26, 0 (0,0) 
ru d 5.76 -5.76 ~~ y 0.99(1.13 0.51) 0.25(0.30,0. 19) 

3 9.2 9.50 c T 1.02(2.01 2.08) Uj (0,0) 

2 11.03 10.92 11.13) 2.22(2.81 ^ • U-J y 0.30(0.20,0. xc* 

1 y. ̂ o 1L.97 15.16) 5.02(5.35 > — \ 
2 • 1 ~ y -



Table 1Z (b) 

Thiobarbituric acid test on extracts of 3. carotovora potato 

rots incubated with P and HaPP 

Results are given as the increase in absorbance at 5Z7 niu 

lot age 1 d ay 
Reaction time substrate HaPP 

0.5 0,05 (Q.Oij., p . 06) 

0.20(0.18,0.22) 
0.21(0.20,0.21) 

0.01(0.01 ,0.01 ) 
0.03(0.02,0.03) 
0.05(0.oz,0.06) 

Rot age day 
Reaction time substrate ITaPP 

0 0 

3.5 0.01(0.02,0) 
0.03(0.03,0.02) 
0.09(0.08,0.09) 

0 

0 (0,0) 

0.01(0,0.01) 

0.01(0.01,0.01) 

as compared with the centre of the rot were attempted. 

Since the % hydrolysis of ITaPP and P by 3 Gay rot extracts 

gave results between the values for the 1 and 7 day rots for 

the first three hours incubation, the hypothesis that pecto-

lytic enzyme activity decreased with rot age was supported. 

However values obtained for 3 day rot extracts after longer 

incubation were lower than the corresponding values for 7 day 

rots. The low values may have been due to a real difference 
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(e.g. enzymes present in 3 day rots may be as active but less 

stable than those in 1 and 7 day rots) or due to experimental 

variation. 

Both % hydrolysis and the thiobarbituric acid test showed 

that the rot extracts more actively degraded NaF? than P 

solutions at pH9.0. Megligeable cellulase activity was 

demonstrated. 

8. Effect of '"Rindite' treatment on the development of rots 

caused by E. carotovora 

'Rindite' (see 'Materials and Methods') was used to make 

tubers more susceptible to E. carotovora by breaking the rest 

period. The following experiment was carried out in December 

when tubers were beginning to become naturally susceptible to 

E. carotovora but when susceptibility was greatly enhanced 

by 'Rindite' treatment before inoculation. The experiment 

was designed to demonstrate the properties of rots produced in 

-tubers treated or not treated with 'Rindite' as dormancy was 

broken and the tubers began to sprout. 

Four tubers were inoculated with E. carotovora on various 

cays after 'Rindite' treatment. Untreated tubers were 

inoculated on the same days. After 3 days rots were harvested. 

Appearance of the rot, rot volume ana state of tuber (sprouting 

or not) was recorded for each inoculated tuber. 85$ ethanol 

extracts were prepared from the macerated tissues, the 

surrounding non-macerated tissues and tissue from the central 



Table 13 

Hot volume and tyre, and condition o f buds In tubers inoculated 

v/ith Erwinia carotovora 

B = black spreading, ',7 = wkite-cream spreading,"lim = limited,dry 

RI = -phenolic content/- fresh ::eight invaded tissue 
RBI phenolic content/g fresh weight non-invaded tissue 

for 'Rindite1 treated tubers 
N j 

= as above but for control tubers oi.J-
1 RI'BITE TREATED TB3BR3 

inoculation rot rot volume terminal bud RI 
day type (ml) condition RBI 

0 B+'.V 3.3k • dormant 0.6 

3 »Y k. 71 dormant 0.39 

6 B 3.39 1 / 1 6 4 " long C.k3 
10 lira 1.58 * tt over m long not comparable 

Ik lira. 0.58 *1» over m .long as dry rots 

2 CONTROL T. BE*-5 3 

inoculation 
day 

rot 
type 

rot volume 
(ml) 

terminal bud 
condition 

CI • 
CBI 

0 B 2.08 dormant 0.68 

3 B 3.33 dormant 0.k5 
6 B+V7 h 3Q f-T. ^ ̂  dormant 0.60 

10 mainly jr. ii dormant 0.73 

1k B 5.0k 1/16" long 0.62 
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Table 11A 
Phenolic content of tuber tissues following inoculation with 

E. carotovora phenolic content expressed as mg/g fresh weight rot 

1 RIND 1TB TREATED TUBERS 

inoculation 
day 

inoculated tubers control 
tubers 

inoculation 
day invaded tissue non-invaded tissue 

control 
tubers 

Before 
'Rindite' 

0 

3 

6 

10 

1Z 

o.zo(o.zo,o.zo) 
0.93(0.90,0.96) 

0.59(0.68,.0.50) 

1.3Z(1.3Z,1-3Z) 

1.16(1.06,1.26) 

0.67(0.66,0.68) 

1.0Z(0.98,1.10) 

1.11(1.16,1.06) 

1.13(1.10,1.16) 

0.99(1.02,0.96) 

i 
0.70(0.72,0.67) 

0.75(0.70,0.80) 

0.93(0.83,0.98) 

0.8Z(0.8Z,C.8Z) 

0.99(1.06,0.92) 

2 CONTROL TUBERS 

inoculation 
day 

inoculated tubers control 
tubers 

inoculation 
day invaded tissue non-invaded tissue 

control 
tubers 

before 
'Rindite* 

0 

3 

6 

10 

1Z 

0.Z2(0.i|2,0.Z2) 

O.Z5(O.Z2,G.L8) 

0.58(0.60,0.56) 

0.60(0.58,0.62) 

0.56(0.56,0.56) 

0.60(0.60,0.60) 

1.01(0.92,1.10) 

0.98(0.98,0.98) 

0.82(0.82,0.82) 

0.90(0.90,0.90) 

0.70(0.68,0.72) 

0.67(0.70,0.6Z) 

0.80(0.80,0.80) 

1.23(1.20,1.26) 

1.23(1.06,1.20) 
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parts of healthy tubers. One extract was prepared from tissue 

from 2 potatoes and 2 extracts per treatment were prepared. 

Extracts were tested for phenolic compounds v/ith the Folin 

reagent (see'Materials and Methods'). The ultra-violet 

absorbtion spectrum of each extract was also recorded. (Fig 7 

(a) and (b)) 

usually soft rots caused by E. carotovora are surrounded 

by a dark margin of oxidisea polyphenols (Fig. 6) indicating 

that pectic enzymes have diffused into the host tissue in 

advance of the pathogen, damaged host ceils and triggered off 

polyphenol oxidation (Lovrekovitch, Lovrekovitvh and Stahmann, 

1967). In some of the most rapidly spreading rots, frequently 

seen in 'Rindite' treated tubers, there is no dark margin to 

the rot although maceration is extensive and the macerated 

tissue remains the same colour as the sound tissue. The testing 

of ethanol extracts v/ith the Folin reagent and recording of 

the ultra-violet spectrum of each extract was carried out to 

find whether dark and pale rots differed in their phenol 

content and how extracts from rots compared v/ith healthy 

tissue from inoculated tubers and tubers not inoculated with 

E. carotovora. 

The following observations were made from the results 

(Table 15). 'Rindite' treated tubers began to sprout before 

the control tubers. The greatest volume of rot obtained from 

both 'Rindite' treated and control tubers was obtained just 

before the terminal buds started to enlarge. V.'hen sprouting 



began (buds over long) both 'Rindite1 treated and control 

tubers began to be resistant to invasion by E. carotovora. 

This was especially marked v/here dry limited rots were formed. 

The largest volumes of rot were also associated with 

larger proportions of white rot in macerated tissues, suggesting 

that polyphenol oxidation is largely prevented in the larger 

rots. This was supported by the results from the total phenolic 

assays (Table 16). The amount of phenolic compounds in rots 

containing all or a high proportion of white rot was near the 

value for the surrounding non-macerated tissue. 7/hereas in all 

black spreading rots the phenolic content was much lower than 

that of the surrounding sound tissue. Figures for 'Rindite* 

treated tubers when sprouting were not comparable as the rots 

were dry and limited. 

The ultra-violet absorbtion spectra of ethanol extracts 

from rots were also related to the colour of rot produced 

(Fig 7(a) and (b)). Extracts made from sound tissue absorbed 

strongly at 275 rap and also gave a peak at about 325 mp. In 

all rotted tissue except the dry limited rot a drop in the 

325 n p atsorotion was observed compared with the value for 

sound tissue. Dark rots showed much absorbtion at around 

250 n p . '.Vhere the rot was completely pale there was no peak 

at 25O mp and a peak formed at 278 mp which approximately 

followed the 275 mp peak for sound tissue. .Ynere mixed rots 

with light and dark parts were used the ethanol extracts gave* 

absorbtion spectra intermediate between t-ose for the light 



Fig, 7a 
96 

u.v. absorption 
spectrum of 8 5 % 
ethanol extracts 
from 'Rindite* 
treated tubers 
inoculated with 
E.Carotovora 
on different 
days after 
treatment 

= extract 
from macerated 
tissue 

= extract 
from sound 
tissue 

not 
comparable 

v as dry 
' limited 

rots 

250mjj 275 mjj 324mjj 400mjj 
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DavO Fig. 7b 
u.v. absorption 
spectra of 8 5 % 
ethanol extracts 
from tubers 
inoculated with 
E.Carotovora 
on the same 
days as 
Rindite treated 
tubers 

= extracts 
from macerated 
tissue 

= extracts 
from sound 
tissue 

250mu 275 mu 324mu 400mu 
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and dark rots. 

These results show that the state of dormancy of.buds is 

important in determining what kind of reaction to inoculation 

with E. carotovora occurs in potato tubers, and that there is 

a period just before . sprouting" when tubers are especially 

susceptible. 

B. CORTICIUM PRAT I COLA ROTS' 

The inoculation of tuber slices v/ith Corticium praticola 

Unlike 5. caratovora, C. praticola is not usually regarded 

as an active pathogen of potato tubers. The following 

experiments were carried out to find whether potato tissue, 

rotted by C. oraticola, could be obtained in suitable quanti-

ties for further experiments. 

A Inoculation of scarified and untreated tuber slices 

Potato tuber slices were prepared for inoculation as 

described in 'Materials and Methods'. Ten slices were un-

treated, 10 were scratched with a sterile needle and 10 were 

autoclaved at 5 p.s.i. for 10 min. Autoclaving in this way 

killed but did not discolour the tissue. Slices v/ere then 

inoculated and incubated over glass rods in humid plastic 

boxes (see 'Materials and Methods'), at 25°C. Slices were 

observed after 24 and 48h. 

I 24h incubation of slices inoculated v/ith G. praticola 

a) live slices - not scratched 

Brown staining surrounded the agar-fungus inoculum disk 
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and there was a little fungal growth at the surface of all 

10 slices. 

b) live slices - scratclied 

These slices v/ere similar to a) but the staining v/as 

darker. All 10 slices were similar. 

c) autoclavea slices 

There was no browning round the inoculum disk and fungal 

growth from the disk v/as observed on all 10 slices. 

11 U8h incubation of slices inoculated with C. praticola 

a) live slices - not scratched 

There v/as much brown surface staining on all 10 slices. 

Slices v/ere cut, and after staining v/ith Neutral Red (see 

'Cell Hilling' in 'Materials and Methods') the following 

layers were demonstrated from the inoculated surface downwards: 

1• live hyphae, 

2. -dead, hyphae, 

3. layer of dead cells with brown contents, 

in most places only 1 cell deep, 

4. apparently 'normal' tuber tissue. 

hyphae were observed in the brown cells but were dead and there 

was no penetration by hyphae beyond the brown cells. There 

was no maceration of tuber tissue. All 10 slices reacted to the 

patiiogen in a similar way. 
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b) live slices - scratched 

The reaction v/as similar to 'a1. The brown staining was 

darker and was darkest along tine scratch lines. As in faf 

there was no penetration by hyphae beyond the layer of dead 

cells and there was no maceration. 

c) autoclaved slices 

The slices were covered in fluffy white mycelium. 

The live potato slices were resistant to the formation 

of soft rot lesions by C. praticola. A layer of brov/n cells 

formed which prevented further penetration by the fungus. 

This was probably a general response to cell injury caused 

by invasion by the pathogen and scratching with a needle 

(darker browning along scratch marks). Since only dead 

hyphae were found in the brown ceil layer and hyphae did not 
t 

penetrate beyond tiie brown cells it is probable that fungitoxic 

factors v/ere formed in this layer. 

B Treatment of tuber slices with a culture filtrate containing 

pectic enzymes ana/or wectic or cellulose solutions before 

inoculation with G. rraticola 

Tuber slices were treated with a cell free culture filtrate 

containing pectic enzymes and with pectic and cellulose 

solutions in an attempt to obtain soft rot lesions on potato 

slices inoculated with C. rraticola. It was hoped that maceratic; 

of tuber tissue by the culture filtrate might aid rapid 

penetration by the fungus. Cellulose and pectic solutions 
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were meant to provide an immediate carbon source for rapid 

growth of the pathogen before it produced cell wall degrading 

enzymes, and as possible inducers of pectic and cellulolytic 

enzymes. 

Slices were prepared for inoculation with C. praticola 

(see 'Materials and Methods'). A 0.7cm diameter well, 0.4cm 

deep was cut in the centre of each slice with a sterile plug 

cutting tool, and slices v/ere rinsed thoroughly in several 

changes of sterile water. Slices v/ere put in plastic boxes 

for inoculation (see 'Materials and Methods'). Before 

inoculation the following solutions v/ere added to the wells 

with a Pasteur pipette: 

1. c.O.Opml of cell free culture filtrate from P culture 

of C. praticola of 1$ NaPP, P or CMC. 

2. c.O.Opml of sterile water 

c.0.05ml of 1$ NaPP, P or CMC. 

An agar-fungus inoculum disk (see 'Materials and Methods') 

was placed fungus side down over each well. Controls were 

run inoculated with a sterile agar disk. Results v/ere 

recorded (Table 17) after 72h incubation at 25°C. 

Addition of pectic enzyme preparation and enzyme 

substrate made tissue more resistant to the formation of soft 

rot lesions b3r C. praticola. Cell killing is also associated 

with pectic enzyme preparations, and the small amount of 

pectic enzyme added to each well may have damaged cells 
sufficiently to trigger off Defence reactions of the host, 
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Table Z1 
Treatment of tuber slices with a culture filtrate containing 

pectic enzymes and /or 1/ pectic or cellulose solutions before 

inoculation with G. praticola 
1 

well treatment agar disk slices 
resista nt susceptible contaminated 

filtrate + P with 10 0 0 

" + NaPP Corticium 7 3 0 

" + CMC praticola 5 3 2 

water + P with 1 5 k 
,f + NaPP Corticium 3 k 3 

" + CMC praticola 3 k 3 

filtrate + P sterile 
no staining, no maceration, 

" - + NaPP agar no lesion, 

+ CMC disk 

water + P sterile 
no staining, no maceration, 

" + NaPP agar no lesion. 

" + CMC disk 

inoculated treatments resistant susceptible 

filtrate 22 6 

water 7 13 
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eo that v/hen the fungus began to produce pectic enzymes an 

effective barrier to invasion v/as already established. 

Addition of pectic and cellulose solutions alone may have 

hastened growth of C. praticola and induced the production 

of large amounts of cell wall degrading enzymes which may 

have overcome the host's defence reactions. 

C The effect of aiding nutrients to the inoculum 

Tuber slices with wells v/ere prepared for inoculation as 

described in the previous experiment* Nutrient agar disks 

(see below) were cut the same diameter as the wells and v/ere 

fitted into them. Agar - fungus inoculum disks (see 'Materials 

and Methods') were placed fungus side down on the nutrient agar 

disk ana pressed lightly. Two crops of sterile water v/ere 

added to each well with a Pasteur pipette; 16 slices were used 

per treatment. Slices were incubated at 25°C after sealing 

the plastic boxes with 'Vaseline'. 

The following nutrient agar disks were used: 

1. 1% glucose agar, 

2. C.4% casanino acids agar, 

3. 1% glucose + 0.4% casanino acids agar, 

4. water agar controls. 

Controls for each treatment v/ere run using a sterile agar 

inoculum. '.Veils were observed at 24k ana cut through longi-

tudinally at 72k. Results are shown in Table 13. 
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Table Z1 
The effect of adding nutrients to the inoculum 

I 22h incubation 

Nutrient browning reaction 

glucose pale brov/n 

casamino acids brown 

glucose casamino acids brown 

v/ator pale brown 

There was no browning reaction in any of the sterile agar 

controls. 

II 72h incubation 
resistant, = lesions less than 1mm deep 

susceptible = lesions more than 1mm deep 

ITutrient no. resistant no. susceptible 

glucose 16 0 

casamino acids 2 12 

glucose + casamino acids 16 0 

water 12 2 

The browning reaction was a response to presence of 

fungus and was not related to the susceptibility of the potato 

tissue to invasion by 0. praticola. Glucose prevented 

invasion by C. praticola and is known to be a repressor of 



105 

pectic enzyme production (Morton and Keen, 1966; Patil and 

Dimond, 1968). Casamino acids however, made the slices more 

susceptible but v/hen added with glucose v/ere resistant to 

formation of soft rot by C. praticola. No lesions v/ere formed 

in the sterile agar controls. 

D Effect of washing slices before inoculation 

Tuber slices were prepared for inoculation as described 

in 'Materials and Methods' except that slices were washed 

for different lengths of time in running tap water before 

inoculation. Sixteen slices v/ere used per treatment and 

they v/ere inoculated v/ith C. praticola and incubated as described 

in 'Materials and Methods' for 3 days at 25°C. Treatments 

included*slices: 1. unwashed, 2. rinsed ana blotted immediately, 

3. v/ashed for; 1,3»6, 2b> or 45 h. 

After 3 days each slice was almost completely rotted, a 

small hard core remaining at the centre of each slice. 

It was concluded that slices used in this experiment , 

were much more susceptible than those used for previous 

experiments. For the first experiments tubers v/ere newly 

lifted but this experiment was done more than a month later. 

It is possible that some physiological change tool: place in 

the tubers in that time making them more susceptible to soft 

rot. The resistance of newly lifted tubers to 0. craticola 

may be similar to their resistance to E. carotovora. However, 

resistance to E. carotovov-a persists much longer. Subsequently 
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all extracts from 0. braticola rots were prepared from tuber 

slices washed in tap water for 1h. 

10. Inoculation of whole tubers with 0. praticola 

'.Thole tubers were inoculated with G. rraticola by the 

plug method. Ten potatoes were cut open after 2 days and 

another 1C after 2 days incubation. Rot volume and appearance 

v;as recorded (Table 15). Results showed a very slow spread of 

rot in the tuber in 3 days. 

Table 19 

Inoculation of whole tubers with 0. nraticola 

I Tyre of rot produced 

a) 2 day rots: 3 brown rots limited by a layer of russet-brown 
cells, plugs not completely rotted, 1 brown 
spreading rot, 1 contaminated. 

b) S cay rots: 10 brown limited rots, plugs completely rotten, 
rots tending to dry out. 

II Volume of rots 

a) 2 day rots b) 3 day rots 
# 

volume of rot (ml) 
mean of 12 replicates 1.5 2.15 

standard deviation 
from the mean -0.1b +0.590 

11 • affect of '".indite1 treatment on the development of 0. wraticola 

rots in r.otato tubers 

This experiment was done with newly lifted tubers to find 

whether treatment with 'findite' enhances the susceptibility 
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of potato tubers to C. praticola. The effect of 'Rindite1 

in making tubers more susceptible to 3. carotovora has 

already been demonstrated. 

Tubers were treated with 'hindite' and inoculated with 

C. praticola. Control tubers not treated v/ith 'Rindite' v/ere 

also inoculated. After 2 days incubation the rots v/ere cut 

open, the type of rots described and rot volumes measured 

(Table 20). 

'Rindit^ treatment made tubers more susceptible to 

0. praticola but the effects were not as marked as for 

Erwinia carotovora. 

Table 20 

The effect of 'Rindite' treatment on development of 0. praticola 

rots in potato tubers. 

I Type erf rot 

a) 'Rindite' treated tubers - Rots were not limited but were 

-drier than bacterial rots. They were black in tine region of the 

fungal mycelium but were surrounded by a paler macerated zone. 

A similar result was recorded for the 12 tubers. 

b) Control tubers - Lesions v/ere limited v/ith russet margins 

and v/ere very dry in all tubers. 

II Volume of rots 
a) 'Rindite' 

treated tubers b; Control tubers 

volume of rot (ml) 
mean of 12 replicates 2.22 1.36 

standard deviation _ + 
from the mean ^0.27 -0.26 
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SUMMARY 0? 'POTATO ROT3 FOETID BY 2. OARCTOVORA AND G. FEAT 10OLA 

Potato tissue inoculated with E. carotovora or 

C. praticola gave a large range of reactions from resistant 

reactions where the pathogen hardly penetrated the host and 

the inoculated surface became brown and dry, to susceptible 

reactions where much host tissue was macerated. Newly lifted 

whole tubers were resistant to infection with E. carotovora 

and C. praticola and susceptibility was enhanced by breaking 

the rest period of the tubers by treatment with 'Rindite'. 

C. praticola rots developed very slowly even in 'Rindite' 

treated tubers and rots were more easily obtained on tuber 

slices. 

Slices from newly lifted tubers were made more susceptible 

to C. praticola by the addition of casamino acids, NaPP, P or 

CMC with the inoculum, but the addition of glucose or culture 

filtrate containing pectic enzymes with the inoculum usually 

resulted in a resistant reaction. 

7/hole tubers did not start to become susceptible to 

T. carotovora until 2 to 3 months after lifting, and tubers 

appeared to be most susceptible just before the terminal buds 

started to enlarge. Some of the largest rois failed to trigger 

off polyphenol oxidation by the host: these rots were cream 

coloured and yielded ethanol extracts with a similar phenol 

content ana ultra-violet absorbtion spectra as extracts from 

healthy tissue. During *the development of soft rots by 
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3. carotovora the numbers of viable bacteria and cectolytic 

activity per g fresh weight of rot decreased rapidly and 

cellulase activity was negligeable. 

These results show that the physiological state of the 

tuber and the initial environment of the pathogen (C. rraticola 

experiments) may be important in determining the most -

pathogen reaction. 
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III 
PROPERTIES OF CRUDE AND DIALY3ED CELL FREE EXTRACTS FROM 

C. PRATICOLA A"u E. CAROTOVORA ROTS 

For many years macerating and toxicity of culture filtrate 

from cultures of soi't rot pathogens have been associated with 

pectic enzymes (Tribe, 1955; Fushtey, 1.957. )• However, little 

is known about the timing of maceration and the events leading 

to the death of host cells. Fushtey (1957) found that 

partially macerated tissues were more sensitive to the toxic 

action of mercuric chloride or oxalic acid and interpreted 

the results as showing that before maceration was complete the 

toxic principle had been able to reach and damage the cell 

membrane• 

Changes in permeability (Thatcher, 1942; Friedman and 

Jaffe, 1960; Burkowiez and Goodman 1967, 1969; Lai 7/einhold 

and Hancock, 1968) and in the respiration rate (Black and 

feeler 1966; Etten Maxwell and Bateman, 1967) have often 

been recorded in diseased tissues but whether change in the 

respiration rate is caused by change in tissue permeability 

is controversial. 

The following experiments using crude and dialysed rot 

extracts were designed to demonstrate the pectolytic, maceratin 

cell killing and permeability changing activities of cell free 

rot extracts ana if possible, to show any relationships 

between these activities. 
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All extracts used in this section were prepared from 

whole tuber rots (E. carotovora rot extracts) and slice 

rots (C. praticola rot extracts) which had been incubated 

for 3 days at 25°C. 

Maceration and cell killing by rot extracts from 0. praticola 

and Em carotovora rots 

A. pH optimum for maceration and cell killing 

The following experiments were carried out to find 

whether the pH optimum for macerating activity coincided with 

the pH optimum for cell killing when potato disks were 

treated with crude rot extracts. 

Reaction mixture contained -

5ml 0. praticola or B. carotovora potato rot extract 

2ml 0.11.: buffer (citrate pHZ-6, Tris-MCl pH7-2, Glycine-
NaOH pK1 0) 

3ml distilled water 

1ml of 0.01LI CaCl^ replaced 1ml of water for reaction 
d 

mixtures containing bacterial rot extracts. 

Potato disks C.7cm diameter and O.pmn thick were prepared 

as described in 'Materials and Methods' for maceration 

experiments; 70 disks were incubated in each reaction mixture 

in 5cm diameter petri dishes. At intervals 2 disks v/ere 

removed from each reaction mixture and tested for maceration. 

At the same time Z disks were removed and tested for dead 

cells by Tribe's Neutral Red method. 
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Table Z1 

Maceration and cell killing by rot extracts: pi: optimum 
I Corticium praticola rots 

m indicates that tissue is macerated 
numbers indicate Neutral Red Index 

reaction 
t (min) 3 4 

PH 
6 7 8 9 10 

0 5 • 5 5 e; 5 5 5 5 
10 5 5 5 5 5 5 5 5 
20 5 5 5 5 5 - 5 5 5 
30 4 4 5 5 5 5 5 5 
40 4 4 4 e; 5 5 5 c; 
50 3 4 3 4 5 5 5 R 

70 3 m3 m3 4 4 4 e; 5 
100 m2 m2 m2 3 4 4 5 5 
120 ml ml ml 3 3 3 3 3 
140 mO. 5 mO. E~ inO. ml 2 2 2 3 
180 mO. 0 mO. 5 nC. 5 ml Cl2 m2 m2 3 
II Erv/inia carotovora rot extract 

reaction 
t (min) 3 4 5 

PH 
6 7 8 9 10 

e 5 5 5 C. ^ 5 5 
10 5 5 5 5 5 4 4 4 

-20 5 5 c; ^ 4 4 m3 m3 
30 c; 5 5 4 4 3 m2 m2 
40 4 4 4 3 n3 m2 ml ml 
60 4 • 4 3 m3 m3 ml. nC. 5 ml 
90 3 3 E23 ml ml uiO. t; ^ mO. 0 mO.O 

120 F D 1 D1 m0.5 mO. 5 mO. 0 mO. 0 mO. 0 
150 m2 mO. 5 mO. nC.O mO. 0 mO. 0 mO. 0 aO.O 
180 mC. 0 mO. 0 mO. 0 mO.O mC. 0 mO. 0 mO. 0 mC.O 

?H c; 0 ' 6. 0 6.4 a L . 8 7. 1 7. 4 7.7 
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The results (Table 21) show that the optimal piI for 

maceration closely parallels the optimal pi! for cell death. 

They also show the great difference in pE optima between the 

Z. carotovora and C. praticola extracts. S. carotcvora extracts 

macerated and killed cells most rapidly at pH 9-10. however, 

C. praticola extracts v/ere most active at pll 2-5* each 

case cell killing had begun before maceration was complete. 

Water controls had no effect (table 22) in macerating 

tissues over the pH range 3 to 10 but a toxic effect v/as re-

corded at "pH 3 . 

After 3-h incubation the pH of the 3. carotovora rot 

extract reaction mixtures v/as tested. The low pH reaction 

mixtures were higher and the high pK reaction mixtures were 

lower than the initial values. This may be due to substances 

diffusing- out of the tuber tissue during dissolution of the 

middle lamella and/or at cell death. No changes in the pE of 

.the water controls was recorded over the same period. Change 

in the pH of reaction mixture at prl 9 containing E. carotovora 

extract v/as most rapid in the first 1 0 - 2 0 min and started 

before maceration was measurable by the 'needle test'. 
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Table 22 
III Water controls - numbers indicate Neutral Pwed Index, 

no maceration was observed 

reaction 
t (min) 3 Z 5 6 

PH 
7 8 9 10 

0 
> 

5 5 5 5 5 5 5 5 
10 5 5 5 5 5 5 5 "5 
20 5 5 5 5 5 5 ' 5 c; 

30 3 5 5 5 5 5 5 

Zo ^ 5 5 5 5 5 5 5 5 
60 5 5 5 5 5 5 5 5 
90 Z 5 5 5 5 5 5 5 
120 Z 5 5 5 5 5 5 5 

150 3 5 5 5 5 5 5 - 5 
180 3 £ 5 5 5 5 5 

final pll 3 Z 5 6 7 8 9 10 

B. Effect of ola smolysin concentrations of glucose on 

the toxicity of crude extracts from C. rraticol a and E. carot 

rots 

Tribe (1955) ana Fushtey (1957) found that plasmolysing 

concentrations of glucose or ILNO^ greatly retarded the killing 

of cucumber mesocarp attributed to pectolytic enzymes. The 

experiment was repeated with potato disks using glucose as the 

plasmolysing agent and a further experiment (see 'Experiment 16) 

was done to find whether plasmolysing concentrations of glucose 
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also retarded the permeability increases recorded in previous 

experiments. 

Table 23 

IV Change in pH of Bacterial enzyme reaction mixture at pH 9.0 

m indicates that tissue is macerated 

reaction 
t (min) 

Neutral Red 
Index P-

0 p s.o 

2 8.5 
20 m3 8.5 

30 m2 8.5 
20 ml 8 .0 

60 mO 7.7 
50 , mO 7.7 

120 mO 7.7 
150 mO 7.5 
1 SO mO 7.5 

The plaswolytic method of Tribe (1955) v/as used as 

described in 'Materials ahd Ilethods'. Reaction mixtures v/ere 

similar to those used to find the optimal pH for cell hilling 

and maceration except that glucose v/as included at the following 

final concentrations; 0.111, C.2h and G.gM. Controls v/ith no 

glucose ana v/ith no enzyme cut v/ith glucose were run. Proto-

plasts began to round off in 0 . 2 1 1 glucose and was complete in 

C-.5T glucose. Bacterial rot extracts v/ere assayed at pi! p.O 
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and fungal rot extracts at pH 5.0. Four ml of extract was used 

per 10ml reaction-mixture. 

Results (Table 24} showed that the toxicity caused by both 

extracts was delayed by plasmolysing concentrations of glucose. 

The 0.2M and 0.5LI glucose concentrations stopped cell killing by 

C. praticola over the 2.3h of the experiment, which was in 

agreement with Tribe's (1955) results, however by 2.5h over 
< 

half the cells treated with R. carotovora extract in 0.2M and 

0.5M glucose were dead, whereas Tribe found no toxic effect 

in C.5M glucose over the same time. 

C. Concentration of rot extracts and macerating activity 

The macerating activity of rot extracts diluted with 

different volumes of autoclaved extracts, was measured at 

pH 9-0 (E. carotovora extract) and pH 5.0 (C. uraticola extract). 

Results (Fig. 8a) show that macerating activity of 

both 5. carotovora and 0. praticola extracts did not give a 

linear relation with extract concentration. At high concen-

trations the curve levelled off indicating that a factor other 

than enzyme concentration was limiting maceration. This 

factor could be the time for middle lamella degrading enzymes 

to diffuse into the tissue disks. At low concentrations the 

macerating activity fell off sharply and was probably limited 

by enzyme concentration. These results are in agreement with 

the work of (Dean and 'wood, 1967; and Cole, 1967). 



Fig. 8 CONCENTRATION OF R O T EXTRACTS AND 
MACERATING ACT IV ITY 

°/o active extract in reaction mixture 

B. Extract concentration plotted on Log, scale 

= E .Carotovora extract 

= C. Praticola extract 
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Table Z1 
Effect of pjasnolysin;: concentrations of rlncose on cell death 

number denotes Tribe's Neutral Ned Index 

I. E. carotovora extract 

Active extract No extract 
glucose concentratio 

t(nin) CM 0.1M 0.2M 0.5N ON 0.11 : 0.21: 0 

0 55 r-«A' 5 r-P > p p c J 

10 5 5 5 5 R- 5 c; -A -A 

20 5 5 5 -A 5 5 5 

30 4 4 5 5 5 5 c; -A 5 
40 3 4 e; -A 5 5 5 5 5 
60 D 4 4 -A p _A p; -A 

20 1 .2 4 3 5 _A c; • -A 5 
120 0 1 3 3 .A 5 5 5 

150 0 1 2 2 5 5 5 5 
130 f \J 0 2 2 5 5 5 •-> -A 

2 • C • -..raticola ex tract 

Active extract No extract 
£± ucose cc: 1centra n o n 

t(min) CM r- -' 0. eiu 0.5M AV • 0.11 : 0.2M 0.5:: 

r\ U 5 5 5 5 5 5 3 5 

30 3 5 5 5. 5 5 5 5 

60 4 4 5 5 5 5 5 5 

so 3 3 R -A c; 5 5 5 5 

120 1 el 5 5 e; J c; -A 5 -A 

150 r £ O • 1 5 c 5 5 5 P 
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7/hen macerating activity = for maceration was 

plotted against extract concentration on a Log scale macerating 

activity was found to be proportional to the Log of the enzyme 

concentration (Fig.Bb) for C. praticola and E. carotovora extracts, 

Since the relation between macerating activity and extract 

concentration is not linear macerating activity expressed as 
1 00 trr.;^ for maceration cannot be directly compared with t ^ m m ; 
pectolytic enzyme activity which does give a linear relation 

with extract concentration (Table 27, Fig. 9 ) . 

Pectic enzyme activity of E. carotovora and C. •oraticola extracts 

Pectolytic.activity of extracts from 3, carotovora and 

C. praticola potato rots was measured by / hydrolysis of 

pectic substrates and viscometric and ultra-violet light 

absorbtion methods all of which give a linear relation between 

extract concentration and pectolytic activity (Tables 5, 27 a.id 

Fig. 2, S.). 

Extracts were tested for their ability to hydrolyse pectic 

and cellulose solutions over a pH range of 3 - 1 0 ; 1ml extract 

was used/10ml reaction mixture. Results are given in Table 23. 

Both extracts were more active on RaP? than P. Hov/ever, 

the activity of 0. praticola extract on F substrate was only 

slightly lower than on LaPF whereas the activity of E. carotovora 

on RaP? was nearly twice than on P. pR optima for the 

E. carotovora extract (pH 5-10) and the G. praticola extract 

(pHp) agreed well with pH optima for cell hilling and macerating 

activity. 
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Fig.9 CONCENTRATION OF C .PRATICOLA ROT EXTRACT 

AND PECTOLYTIC A C T I V I T Y A T pH 5 
NaPP Substrate 
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No Iiydrolysis of CMC in 1h was recorded for the E. ca rot over 

rot extract and very low activity was recorded for the 

C. rraticola extract. 

Similar reaction mixtures were used for the viscometric 

assays which were carried out using NaP? substrate. (Table 26 

Fig.10) The p;I optima did not coincide exactly with the % 

hydrolysis estimations, the highest-activity being recorded at 

d!I 10 (B. carotovora extract) and pi! 5 (C. praticola extract) 

but still showed good agreement with the cell hilling and 

macerating results. Activity of tlie E. carotovora extract 

was very mucin greater than the C. praticola extract. 

Both extracts were also tested by the ultra-violet 

absorbtion method to test for pectate transelininase. activity. 

Only reaction mixtures containing E. carotovora extract gave 

reaction products absorbing ultra-violet light at 230 mp. 

Optimal activity was at pM 10 (Table 28, Fig. 11) which agreed 

well with the otherpectic enzyme assays and macerating and 

cell hilling activity. 

An optimal Ca + + requirement of 0.G01M was demonstrated 

(Table 29, fig.11) for E. carotovora pectate transeliminase, 

using rot extract which had been dialysed against water. 

Treatment of reaction mixtures with thionarbituric acid 

after 3A incubation confirmed pectate lyase activity for the 

f. carotovora extract. Only polygalacturonase activity was found 
i n the 0. praticola rot extracts although there was some evidence 
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Table Z1 

pH optima for pectolytic arid cellulolytic activity of potato 

rot extracts: $ hydrolysis of substrate after 1h 

I Brv/inia carotovora rot extract 

Substrate NaPP P CMC 

pE 4 o .e ( o . o , o . o ) 2.2( 2 . 1 , 2 . 3 ) 0 (0 ,0) 

5 2.1( 2 .5 , 3 . 7 ) 2.4( 2 . 7 , 2 . 1 ) 0(0 ,0) 

6 3.6( 3 .5 , 3 .6 ) 1.9( 1 . 9 , 1 . 9 ) 0 (0 ,0) 

7 9.4( 9.2, 9 .6) 7.4( 7 . 8 , 7 . 1 ) 0(0,0) 

8 14.2(14.1,14.3) 7.7( 7 . 9 , 7 . 5 ) 0(0 ,0) 

9 16.0(14.8,17.2) 8.7( 8 . 7 , 8 . 7 ) 0(0,0) 

10 16.3(15.2,17.4) 10.1(10.0 ,9 .9) 0(0 ,0) 

I I Corticium r.raticola rot ex tract 

Sub strate NaPP P CMC 

pE 4 5 . 0 ( 5 . 3 , 4 . 7 ) 4 . 4 ( 4 . 4 , - ) 0 .4 (0 , 0.8) 

5 6 . 3 ( 6 . 5 , 6 . 1 ) 5.1 (^ - .8 ,5 .4 ) 0 . 8 ( 0 . 2 , 1 . 4 ) 

6 4 . 7 ( 4 . 1 , 5 . 3 ) 3.0(5 . 0 , 2 . 9 ) 1 . 2 ( 1 . 0 , 1 . 4 ) 

7 2 . 8 ( 2 . 7 , 2 . 9 ) 3 . 5 ( 3 . 3 , 3 . 7 ) 0 . 5 ( 0 . 4 , 0 . 6 ) 

8 2 . 1 ( 2 . 1 , 2 . 1 ) 2 . 9 ( 2 . 8 , 2 . 9 ) 1 . 0 ( 1 . 0 , 1 . 0 ) 
o y 1 . 7 ( 1 . 7 , 1 . 7 ) 1.5(1 . 5 , 1 . 5 ) 1 . 0 ( 0 . 7 , 1 . 3 ) 

10 1 . 8 ( 2 . 0 , 1 . 6 ) 1.7(1 . 7 , 1 . 7 ) 1 . 2 ( 1 . 2 , 1 . 2 ) 

that C. praticola may produce transeliminase culture (Fig.5) 

Autoclaved enzyme controls v/ere used in each assay and 

no pectolytic activity was recorded for any inactivated 
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extract whichever method of measuring pectic enzyme activa 

was used. 

ivity 

Table 26 

p!~ optimum for 50£ reduction in relative viscosity of NaPP 

10: 
solution by rot extracts 

Figures give viscosity reducing a ctivity as for 5 

viscosity reduction. 

I Zrv.inia carotovora rot extract 

pli 2 5 6 7 3 9 10 

^ gel 15 18 22 83 167 250 

IlLCorticium praticola rot extract 

prl b 5 6 7 8 

33 18 2.5 5.5 5.5 100 
t 

10 

0 

'able 27 

Concentration of C. praticola extract and pectolytic activity 

at pH 5.0 

ml active extract/ 
10ml reaction mixture 

ft hydrolysis of 
ITaPP after 3h 

-^-r^for 5Of* reduction 
in relative viscosit; 

of ITaPP solution 

022 

0.2 
0.6 
0 V 8 

1.0 

0 (c,0) 

1.8(1.8,1.8) 

2.6(2.2,2.7) 

2.0(2.0,3.9) 

6.6(6.2,6.7) 

8.0(7.5,3.2) 

3.7 

8.0 
11,1 
15.3 

18.8 
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Fjg.lO pH OPTIMUM F O R REDUCTION IN THE 
V ISCOSITY OF NaPP SOLUTION BY ROT 
E X T R A C T S 

E. Carotovora extract 

C.Praticola extract 

c o 
u 
u 
tit 

CO O <J to 

o 
o o in 

3 0 i 

20n 

ioH 

8 o 
§ ph 

~r 
4 

T~ 
5 

T -

6 T 8 IO 
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Fig.ll PECTATE TRANSELIMINASE ACT IV ITY OF 

E.CAROTOVORA ROT EXTRACT - ULTRA 
V IOLET A B S O R P T I O N METHOD 

l.pH Optimum 



A ^C 

1 d.o 

Table 28 
pll outimani for oectate transelim.lnase activity expressed 

u moles aldehyde grouos formed. 

pK b 6 7 8 9 .10 

t(min) 3 u 0 0 0 0 rv 0 

3.3 - - - - - 0 . 1 3 0.30 

> - - - - 0.0b 0.21 -

6 0 0 0 0 - - -

7 - - - - - - - 0.70 
A 0 - - - - 0.07 0.37 

9 0 0 .01 r. r J 
- -

11 - - - - 0.11 0.56 

12 c rv \J 0 0.03 

15 r» u 0 o \J 0.03 . 0.16 

17 - - - - 0.21 

18 - - - 0.07 -

r-- r\ d r-, 0 n \J - - 0.26 

f f ' f g t c t t e l l — . p.ct -lil J t 3 c r t: : e a b i l i t y c f p o t a t o 

X. xl HJ —I- - I 1 JJ J J 

lany authors have demonstrated permeability changes in 

host tissues as they are invaded with pathogens or treated with 

extracts of invaded tissues (Thatcher, 1535, 1532; Friedman 

and -Raffe, 1560; 7/heeler and Black, 1So3; Algera, Van cer Burg 

and Fokkena, 1567; Ling-Tan Lai, V.'einhold and Hancock, 1568; 
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Table 29 
Calcium requirement for rectate transelininase activity of rot 

extract; T. carotovora rot 

final concentration o: 
added CaCl^ 

£L 

0 

c.ccc5m 

0.00111 

0.CG2M 
o. 00311 
0.004M 

u moles aldehyde produced in 
the reaction mixture in 5 min 

0.116 
0.172 

0.189 

0.133 

0.094 

0.039 

Eurhowiez and Goodman, 1969.) 

The work of Friedman and Jaffe was of especial interest. 

They demonstrated increases in conductivity of host tissues 

in advance of Trwinia and Pseucomonas lesions in 7/itloof 

Chicory tissue where lesions were caused by the pathogens or 

cell free culture filtrates of the pathogens. Increases in » 
conductivity were a ttrituteG to the increased permeability 

of semipermeable membranes,though some electrolyte leakage 

might be due to the liberation of ions formerly in bound form 

in the middle lamella due to pectolytic activity. They also 

suggested that pectic enzymes night be involved in the permea-

bility changes since a mutant Pseudononas strain which did 

not produce pectic enzymes also produced no changes in the 

permeability of potato tissue. 
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The following experiments were designed to find some of 

the properties of.factors producing permeability changes in 

soft rots caused by Erwinia carotovora and Corticium praticola 

Before carrying out permeability experiments, fresh and 

dry weight of tissue samples similar in volume to those usel 

for each assay were measured to check that samples v/ere 

comparable. (Table 30). Five 7mm diameter x 0.5mm thick disks 

v/ere cut washed dried and weighed and then dried to constant 

weight on pre-weighed aluminium foil cups in an air oven at 

30°C. 

Table 50 • 

Fresh and dry weights of tissue sa'mnles used in permeability 

experiments 

Disk sample 
(5 disks) 

fresh weight 
(g) 

dry v/eight 
Os) 

1 0.123 0.019 

2 0.120 0.020 

3 0.128 0.020 

2 0.118 0.016 

Permeability assays were carried out using the method ; 

described in 'Materials and Methods'. All results are express 

as the increase in conductivity of the v/ater in |imhos over 

15 min after removal of the disks from the reaction mixture, 

unless stated otherwise. 
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. Effect of cell free extracts from C. praticola potato 

rots on the permeability of potato tissue 

i) Effect of active and heat treated rot extract on 

permeability 

Reaction mixtures contained 5nil crude G. praticola rot 

extract, 3ml. water, 2m 1 C.1L' citrate buffer pH 5.0 and 60 

potato disks. 

Table 

Effect of heat treated ana active rot extract from C. praticola 

rots on tissue permeability 

i = approximate time of maceration 

Active filtrate Meat treated 7/ater control 

t(min)0 1.15 1 . 3 , 1 . 0 ) 0.8 (0.5,1.1) 1.3 
10 1Z.7 18.5,10.8) - -

20 26.0 29.0,23.0) - -

30 26.25 25.0,27.5) 6.9 (7.2,6.6) 0.3 
ZO 25.5 28.0,23.0) - -

50 2Z.25 23.5 ,25.0)* - -

60 22.5 2 C.C,25. 0) x 3.5 (3.0,Z.0) 0.6 

90 5.0 5.1, Z.5) 3.0 (3.1,2.9) 0.7 

120 3.1 3.5, 2.7) Z.Z5(Z.3,Z.6) 0.9 

130 5.75 6.0, 5 . 5 ) Z.75(Z.8,Z.7) 0.Z 

180 5.2 3.0, 5.Z) - 1.5 
210 .2..85 2.3, 2.9) — 0.2 
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Fig. 12 EFFECT OF ACT IVE AND HEAT T R E A T E D 
CRUDE C. PRAT ICOLA ROT E X T R A C T ON 
THE PERMEABILITY OF POTATO TISSUE 

30-i 

c 
£ 
in 

<n 
O 
£ 

20-

u u ~o c o u 

«n O U 
T— V c 

120 I6O 2 0 0 240 
t(min) 

— active extract 
— heat inactivated extract 
— water 

time of maceration 



Fig. 13 CONCENTRATION OF 
DIALYSED C.PRATICOLA ROT 
EXTRACT AND 
INCREASES IN 
TISSUE 

PERMEABILITY 
POTATO 
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volume of extract 
(ml) 

o = time of maceration 
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Heat treatment of the extract was carried out by placing 

small aliquots (iCml) on a boiling water bath for 20 min. 

In water controls active extract was replaced by water. Results 

are summarized in Table 31 and Fig. 12. 

Permeability changes were measurable in the first 10 min, 

long before any maceration of the tissue occurred (tissue was 

macerated in 50 - 60 min). Most of the permeability increasing 

activity was lost by heat treatment of the extract indicating 

that permeability.changes may be due to enzyme activity. 

Water controls showed no activity. 

ii) Concentration of clalysed rot extract and effect on 

permeability increasing activity 

Reaction mixtures contained 0 to 4ml dialysed C. oraticola 

rot extract, 0 to 4ml autoclavea extract (see 'Materials and 

Methods') so that the volume of autoclaved + active extract 

was eyual to 4ml, 2ml 0.1M citrate buffer pH 5*0, 4ml water. 

Activity of C. praticola rot extract in increasing the 

permeability of tuber tissue was related to the concentration 

of extract in the reaction mixtures (Table 32, Fig.13) • Not 

only did conductivity increase more slowly but the lag phase was 

longer at low concentrations. The reaction mixture containing 

4ml extract began to increase the permeability of potato 

disks almost immediately 'whereas the reaction mixture containing 

1ml extract did not increase tissue permeability for.55 - 6C 

min. At high concentrations permeability increasing activity 

is limited by factors other than enzyme concentration and may 
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be related to the rate at v; hich the extract can diffuse into 

the tissue disks; a similar res ult w as obtained for mac era tin, 

activity (fig.8). 

• 

able 7 r> P^ 
Concentration of C. mraticola r ot extract a nd the effect on 

the permeability of motato tiss ne 

x = tine of maceration, 
results given as increase in conductivity in mhos/15 min. 

Volume of active 
enzyme (ml) r- A J P. 1 0 ^ 1.0 2.0 5.0 2.0 

t(min) 0 1.3 1 2.5 2.0 yy /-dim^ 1.6 1.5 
10 1.3 2.3 1.5 2.0 2.0 1.6 r 

d-mO 

20 1.6 2.3 2.5 1.8 1.8 dm d 3.8 

50 - 1.3 2.7 1.9 2.2 2; 9 6.5 

20 1.2 1.7 2.2 2.3 5.0 9.6 13.2 
JR n P ̂  1.5 1.6 2.2 1.6 5.2 12.2 

60 1.5 dm yj 1.2 2.3 17.2 17.5 22.2 
120 1 ^ dm s* 2.5 11.1 17.5 x17.3 xip.O 

permeability increa 
ing activity 100>i 

s-
nj -- / 

t 
for 5 pmhos increase 
in conductivity 

— 1.1 1.9 3.0 P • p 

- = 5 puihcs increase not ot iserved during 2h 

iii) ml! omtim urn for verneacility chan res 

Reaction nixtu res contains d 2 m! . C.i:: buffer (pi! range 

2 - 9 , see 'Materia Is and ;em.-cds'), -rat icola r ot 

extract (dialysed a gainst v. ••at -h 5 ml water, ^ - C\ potato disks 
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Table Z1 
pll optimum for permeability changes by G. praticola rot extract 

results given as the increase in conductivity in jimhos/15 min 

pll Z 

t(min)0 

10 
20 
30 

ZO 

50 

60 
120 

2.55 

z.zz 
12.05 

13.75 

13.5 

19.0 
1Z.5 

2.1 
? £ d . 

3 0 
c 2 

12.0 
5.0 

18.1 
1Z.5 

1.3) 
^ 'R \ d.Oj 

5.5) 

1Z. 9) 

15.5) 

13.1) 

19.6) 
1Z.5) 

1.2 

1.5 

3.8 

7.Z 

11.65 

15.75 

18.9 

2 1 . 0 

0.9, 1.5) 

2.6, 2.1) 
3.2, Z.Z) 

6.3, 8.5) 

11.8,11.5) 

17.C,1Z.5) 

17.2,20.0) 
19.9,22.1) 

1.Z5( 1.5, 1.Z) 

2.15( 1.7, 2.6) 

3.9 ( Z.7, 3.0) 

6.5 

12.7 (15.2,10.2) 

1Z.6 (13.2,16.0) 

13.2 (16.2,20.2) 

13.3 (19.0,17.6) 

Ph 7 8 

t(min)0 0.55( C. P , 0.6) P 0.5, 0.5) 0. 65 ( 0.7, 0.6) 

10 .0./ ( 0.0, 0.8) 0.6 0.7, 0.5) c. 9 ( 0.9, 0.9) 

' 20 0.9 ( 1.0, 0.3) 0.7 0.7, 0.7) 1. 15( 1.3, •1.0) 

30 1.0 ( 1.0, 1.0) 1.0 '1.2, 0.8) 1. 25 ( 1.2, 1.3) 

Z0 - 1.Z ( 1.5, '1.3) 1.3 (1.2, 1.Z) 1. 25 ( 1.2, 1.3) 
50 d. d^ \ 3.0, 1.5) 1.5 1.6, 1.Z) 1. 8 ( 1.5, 2.1) 

60 2.5 ( 3.1, 1.9) 2.75 3.1, 2.Z) 1. 95( d * d 9 1.7) 
120 6.3 ( 5.5, 7.1) 5.55 5.9, 5.2) 5. 3 ( 4.5, 

CO
 . 

m
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Fig. 14 pH OPTIMUM FOR PERMEABILITY CHANGES 

IN POTATO TISSUE CAUSED BY 
DIALYSED C. P R A T I C O L A ROT E X T R A C T 
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' The effect of cell free extracts from 2. carotovora potato 

rots on the permeability of potato tissue 

i) The effect of active ana heat treated extract on tissue 

permeability 

Reaction mixtures contained 2nl 0.1h Tris-I.Cl buffer pll 9.0, 

6.5ml water, "l.Tnl crude 2. carotovora rot extract or extract 

inactivated by heating over a boiling water bath for 20 min 

(Table 3 4 , Tig. 15)• 

Table 34 

Effect of active and heat treated extract of 2. carotovora rot 

on tissue permeability 

results given as the increase in conductivity in jimhos/15 nin 

active extract heat treated extract 

1.05(1.2,0.9) 

1.3 (1.2,1.4) 

1.75(1.9,1.6) 

2.15(2.2,2.1) 
1.65(1.6,1.7) 

2.7 (1.7,3.7) 

1.95(2.0,1.9) 

1.9 (1.9,1.9) 

2.25(2.3,2.2) 
r- f c. ^ • <4 ̂  <£ • O , £L 9 cL j 

1.7 (1.9,1.5) 

x = Approximate • time of maceration 

reaction 0 
t(min) 

10 

1.2 1. 

3. r> 
1 . 2 ) 

4 . 1 ) 

20 7 . 7 c — . 9 . 2 ) 

50 11.45 10. 3, 12.6) 

40 13.55 19. 2, 17.9) 

50 j. p '. c; 19. p > , 17.6) 

oOx 17.5 i C P 15.5) 
R\ 15.5 14. R-17.0) 

120 11.0 12. P , 9.5 ) 

150 11.0 15. 7 . 0 ) 

A C o IOU 9.05 9. P , 
y \ 

C . D ; 



Fig. 15 EFFECT OF ACT IVE AND HEAT TREATED 
E .CAROTOVORA ROT EXTRACT ON THE 
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Tissue in reaction mixtures containing active filtrate-

was macerated at 60 min. As for the C. praticola rot extract 

increases in permeability occurred long before tissue 

maceration, heat treatment destroyed most of the activity 

indicating that enzyme activity may be responsible for the 

permeability changes. 

ii) Concentration of extract and effect on permeability 

changes 

Reaction mixtures contained 0.5ml 0.C02M-CaCl2, 2.0ml 

0.11.1 Tris-HCl buffer pll 9*0, 0.1 - 4.0ml Erwinia carotovora 

rot extract (dialysed against C. 002MCaCl2 - see 'Materials and 

Mehtods'), 0.1 - 4.0ml autoclaved dialysed extract (10 min at 

5 p.s.i.) so that the volume of active + autoclaved extract 

was equal to 4ml, 3.5ml water and 50 potato disks. 

Table 55 

Concentration of E. carotovora potato rot extract and the effect 

on tissue permeability 
* = time for maceration, results given as the increase in 
conductivity in pmhos/15 min 

vol. active filtrate(ml) C.1 0.5 1.0 2.0 5.0 4.0 

t (min) 0 0.5 1.2 0,9 0.9 1.5 0.9 

10 1.1 1.0 1.6 1.3 0.7 2.0 

20 1 . 1 1 . 3 1 . 1 1 . 3 1.3 1.7 

30 0.0 1.4 1*3 1.6 2.3 3.5 

40 1.2 1.0 1.2 1.4 3*4 4.7 

50 1.5 1.1 1.1 1.5 3.9 11.2 
60 1.3 1.4 1.6 2.5 5.6 12.9 

120 1 .7 1.2 2.1 11 .7 *11.0 si 2.6 
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Fig. 16 CONCENTRATION OF DIALYSED ECAROTOVORA 
ROT EXTRACT AND ABILITY TO INCREASE 
THE PERMEABILITY OF POTATO TISSUE 

Tissue maceration did not occur in 60min at any 
extract concentration used. 
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Tlie Results (Table 35, Rig.l6) show that higher concentr-

tions or rot extract increased the permeability of potato 

tissue more rapidly than lower concentrations but there v/as 

no linear relation between extract concentration and permea-

bility change. Macerating and permeability increasing activity 

for both C. oraticola and E. carotovora extracts are limited 

by a factor other than enzyme concentration at high extract 

concentration. 

iii) pH optimum for permeability changes (Table 3 6 , ?ig.1 

Reaction mixtures contained 3^1 S« carotovora rot extract 

dialysed against 0.002M CaCl2(see 'Materials and Methods'), 

2ml C.1M buffer (pll 4 - 10, as described in 'Materials and 

Methods') 5ml C.002M CaCl^, 40-50 potato disks. 

Permeability increasing activity v/as greatest at pH S - 10 

which is 'similar to the optimum pH for pectolytic activity 

of this extract. There v/as little or no activity at pli 4 - 6. 

iV') Effect of CaCl™ on permeability increases 
a: 

Reaction mixtures contained 3nil dialysed E. carotovora 

rot extract (dialysed sgainst water or C.C02M CaC^), 2ml 

0.111 Tris-HCl buffer pH 9.0, 5ml water and 50 potato disks. 

In some reaction mixtures part of the water v/as replaced by 

CaCl2 solution so that the final concentration of C a C ^ v/as 

0.CC01M' or 0.0011,1. Results show the increase in conductivity 

in [mhos, of the external solution when 5 disks were removed 

from the reaction mixture and placed in 15ml water for 15 min 

(Table 37, Rig.18). 



1bi 

Table 36 
pH optimum for permeability changes caused by E. carotovora 

rot extract 
results given as the increase in conductivity in pmhos/15 ciin 

PE b 5 6 ; 

t(min) 0 2.95(2.9,3.0) 2.25(1.6,2.9) 1.35(l.b,l .3) 
10 2.75(3.2 ,2.3) 2.55(2.8,2.3) 1.7 (1.8,1 .6)" 
20 2.b (2.b,2.b) 2.2 (2.1,2.3) 1.75(1.5,2 0 \ • w; 
30 2 . 2 ( 2 . 3 , 2 . 1 ) 2.0 (1.9,2.1) 1.65(1.5,1 ^ \ .0 ) 
bo 2.1 (2.b,1.8) 1.75(1.8,1.7) 1.b5(1 • 5,1 .b) 
50 1.7 (1.8,1.6) 2.05(1,9,2.2) 1.75(2.0,1 .5) 
60 1.75(1.5,2.0) 2.15(2.3,2.0) 1.95(2.1,1 .8) 

pK 7 0 0 Q 

t(rain) 0 0.5 . ( 0 . 5 , 0 . 5 ) 0 . 7 (i.b,o.o) 2.15(2 . 6 , 1.7) 
10 0.85(0.8,0.9) 0.55(0.9,0.3) 2.0 (2.5, - \ '1 
20 1.3 (1.0,1.6) 1.7 (1.8,1.6) 1.6 (1.5, 1.7) 
30 1.5 (1.8,1.2) 2.2 (2.2,2.2) 2.5 (2.7, 2.3) 
bo 1.75(2.0,1.5) 2.55(2.8,2.3) b.b5(b.7, li.2) 
50 2.5 (2.7,2.3) 2.9 (2.9,2.9) 6.25(6.0, 6.5) 
60 3.05(3.0,3.1) 3.65(3.5,3.8) 1 0 . 1 ( 7 . 8 , 1 2.li) 

P-- 10 
t(min) 0 0.85(0.8, 0.9) 

10 1•b5(1•5, I.b) 
20 2.1 (2.2, 2.0) 
30 3 . 1 ( 2 . 6 , 3 .6) 
bo 3.6 (3.5, 3.7) 
50 6.b (6.8, 6.0) 
60 10.8 (9.1,12.5) 
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Fig. 17 pH OPTIMUM FOR PERMEABILITY CHANGES 
IN POTATO TISSUE CAUSED BY DIALYSED 
E .CAROTOVORA ROT EXTRACT 
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I issue maceration did not occur in 60min at any pH 
used. 
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Table 37 

Effect of CaCl^. on permeability increases in potato tissue 

treated with E. carotovora rot extracts 
results given as increase in conductivity in pmhos/15'min 

Extract cialysed against GaGl, dialysed against water 
added CaClo d none none 

t(min) 0 1.15( 1 .1 ,1 .2 ) 0 . 7 ( 0 . 6 , 0 . 8 ) 
10 0.8 ( 3,0 ,0.6) 0 . 7 ( 0 . 7 , 0 . 7 ) 
20 C.85( 0.9 ,1.0) 1 . 0 ( 1 . 1 , 0 . 9 ) 
30 1.Z ( 1 .1 ,1 .7 ) 1 . 2 ( 1 . 1 , 1 . 3 ) 
Z0 2.2 ( 1 . 7 , 2 . 7 ) 1 . 3 ( 1 . 2 , 1 . Z ) 
50 3.05( 2 . 3 , 3 . 8 ) 1 . 9 ( 1 . 8 , 2 . 0 ) 
60 3.1 ( 3 . 2 , 3 . 0 ) 1 . 6 ( 1 . 7 , 1 . 5 ) 

120 " 10.8 ( 1 1 . 9 , 9 . 5 ) 6 . 2 ( 6 . 9 , 5 . 5 ) 

Extract cialysed aga xnst water 
added CaCl^ c . cco i i : G.CG1M 

t(min) 0 0.6 ( 0 .8, 0 .Z ) 0.5 ( 0.6, o . z ) 
10 0.85( 0 .7, 1.0) 2 . 5 ( 2 . 8 , 2 . 2 ) 
20 0.85( 0 .8 , 0.9) 2.15( 2.3, 2 .0) 
30 1.Z ( 1 .3 , 1.5) 2 . 9 ( 2 . 7 , 3 . 1 ) 
ZQ 2.3 ( 2 .3 , 2 .3) 3.8 ( 3 .8 , - ) 
50 2.Z ( 2 .3 , 2.5) 5.Z5( Z.6, fi.3) 
60 3.2 ( 3 .2 , 3 .2 ) 5 .7 ( 5 .9, 5 .5 ) 

120 12.0 (12.5 ,11.5) 15.3 (13.8 ,16.8) 

Y/ater controls 
added GaGl^ c. oc on: n ^n-P' 

O . W W I 
t(min) C - 0 . 2 5 ( - 0 . 2 , - 0 . 3 ) - 0 . 2 ( - 0 . 2 , - 0 . 2 ) 

10 - -

20 - -

30 - 0 . 3 5 ( - 0 . Z , - 0 . 3 ) - 0 . 3 ( - 0 . Z , - 0 . 2 ) 
Z0 - -

50 - -

60 - O . Z 5 ( - 0 . 5 , - C . Z ) - 0 . 3 ( - 0 . Z , - 0 . 2 ) 
120 - 0 . 5 ( - 0 . 5 , - 0.5) - 0 . 3 ( - 0 . 3 , - O . p ) 
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Fig.I© EFFECT OF CaC I 2 ON PERMEABILITY 
INCREASES IN POTATO TISSUE CAUSED 
BY DIALYSED E.CAROTOVORA ROT E X T R A C T 

I. Extract dialysed against C a C b . against water, and 
crude extract. 

crude extract 

dialysed 
"against Ca Cl2 

dialysed against 
water 

t(min) O 30 60 I20 
2. Extract dialysed against water with and without 

added CaCI2 ^'OOIM 

no added 
CaCI2 

120 
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The 3. carotovora extract lost much of its permeability 

increasing activity when dialysedegainst water or CaCl^ but 

the loss was greater when dialysis was against water (disks 

treated v/ith crude extract were able to increase the conduc-

tivity of 15ml distilled water by 5 Vimhos in 15 min after 17 

min incubation in the extract, whereas disks incubated in 

extract dialysed against water gave similar conductivity 

increases after 78 min incubation). Addition of CaCl^ to 

extracts dialysed against water partly restored their uerme-

bility increasing activity. Concentrations of CaCl^ which 

enhanced permeability increasing activity also enhanced 

pectolytic activity (Fig. 11) of E. carotovora rot extracts. 

15. Effect of plasmolysing concentrations of glucose on 

permeability changes 

The standard method described in 'Materials and Methods' 

was used and reaction mixtures included 2ml crude rot extract in 

each 10ml reaction mixture. Potato disks were placed in 

glucose solutions at the same concentrations as v/ere used in the 

reaction mixtures for 45 min before the experiment. After 

removal from the reaction mixtures potato disks were rinsed 

and conductivity, measurements were made in glucose solutions 

at the same concentrations as in reaction mixtures. Results 

given (Table 38) are the means.of 2 replicates. 

Flasmolysing concentrations of glucose delayed the permea-
bility increasing action of E. carotovora and C. praticola 
rot extract on potato tissue. C.ph glucose was the most 
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Table Z1 
Effect of plaomolysing concentrations of glucose on permeability 

changes in potato tuber slices caused by crude extracts from 

C. praticola and Z. carotovora soft rots 

results are recorded as the increase in conductivity in pmhos 
and t = 0 value is subtracted so that only the increase aue to 
rot extracts is indicated 

1. Zrninia carotovora pll 9.0 

Active filtrate Water control 

glucose 
concentration 

0 . 0 0 . 1 0 . 2 0 . 5 0 . 0 0 . 1 0 . 2 0 . 5 

t(min) 0 0 . 0 0 . 0 C . O 0 . 0 C . O C . O 0 . 0 C . O " 

2 0 3 3 . 3 2 2 . 7 2 5 . 0 7 . 0 - 0 . 2 O . C - 1 . 5 - 1 . 5 

2 0 2 8 . 7 5 1 . 0 2 1 . 0 1 7 . 5 0 . 0 C . LL - 1 . 5 - 2 . 0 

6 0 2 2 . 3 2 0 . 0 2 6 . 0 2 1 . 5 - 0 . 1 O . C - 1 . 5 - 2 . 0 

1 0 0 
t(min) for 

5 fimhos change . 5 3 . 3 1 8 . 2 2 0 6 . 6 6 — — — — 

2. Gorticium oraticola pH 5.0 
- - Active filtrate Water control 

glucose 
concentraticn 

R- / > \J % SJ 0 . 1 ^ • D 0 . 5 O R\ 0 . 1 0 . 2 A- r-
P 

t(min) 0 0 . 0 0 . 0 0 . 0 C . O 0 . 0 0 . 0 0 . 0 0.0 

2 0 7 . 6 2 . 8 2 . 0 3 . 0 0 . 2 C . O 0 . 9 1 . 0 

2 0 1 2 . 9 1 1 . 3 5 . 5 3 . 8 0.7 2 . 0 2 . 9 0.0 

6 0 1 9 . 1 1 2 . 3 1 8 . 5 2 . 0 2 . 2 2 . 2 1 . 2 r> R\ u . VJ 

8 0 1 9 . 6 1 7 . 3 1 8 . 0 1 . 0 2 . 2 1 . 0 2 . 2 
1 0 0 
t(min) for 

5 pi mhos change 6 . 1 2 5 . 7 0 2 . 5 6 — — — - -



Fig. 19 EFFECT OF 0-5 M GLUCOSE IN RETARDING 
PERMEABILITY CHANGES IN POTATO TISSUE 
TREATED WITH ROT EXTRACTS 
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effective concentration used, but the permeability changes 

due to the G. praticola extract were delayed more than those 

due to B. carotovora rot extract (Fig.19). 

The results for the effects of p.lasmolysing concentration 

of glucose on permeability increasing activity are very 

similar to those for the results for the effect of similar 

glucose concentrations on tne toxicity of rot extracts, where 

the toxic action of the C. praticola extract was more 

effectively delayed by plasmolysing glucose concentrations. 

It may be that increase in the permeability of cell membranes 

and efflux of electrolytes and other substances from cells 

may lead eventually to cell death. 

These results could be interpreted as showing that when 

host tissues are plasmolyseo and the protoplast shrinks away 

from the cell wall, the cell membranes are further spatially 

separated from the external solution and cannot be damaged by 

the rot extracts so rapidly. 

Another hypothesis (Mount and Bateman, 1970) suggests tha 

the rot extract may contain enzymes which attack the cell wall 

membrane directly and that when the plasmalemma becomes 

contracted during plasnolysis it may become more resistant 

to the toxic effects of the extract. The implications of chan 

in tissue permeability and their relation to enzyme activities 

of rot extracts will be discussed more fully later in the thes 
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It is interesting to note here though how closely the 

permeability increasing activity parallels pectolytic activity 

with regard to pH optima, calcium requirement and heat treat-

ment, and how permeability increasing activity is affected by 

plasmolysing conditions in a similar way to toxic activity. 

Friedman and Jaffe (1960) noted that some permeability 

changes caused by soft rots might be caused by the liberation 

of ions formerly:" bound in the middle lamella at tissue 

maceration, as well as being liberated when the cell membrane 

v/as damaged. The following experiment was an attempt to find 

how much of the permeability change v/as due to liberation of 

electrolytes from the middle lamella. 

17. The efflux of electrolytes due to macerating activity 

Before potato slices were treated with macerating rot 

extracts as for the other permeability experiments, they v/ere 

killed by immersion in 30% ethanol for 10 min. Disks were 

"then leached in several changes of distilled water, stirred 

on a magnetic stirrer for 3h at room temperature (20-22°C). 

Disks v/ere then tested for efflux of electrolytes from the tissue 

using the conductivity meter. A sample of 5 disks gave no 

increase in tiie conductivity of the external solution in pCmin. 

Samples of leached potato disks v/ere then incubated with 
a C»- praticola potato rot extract (2ml extract/10ml reaction 
mixture) and tested for permeability changes in the usual way. 
Samples v/ere also treated with autoclaved rot extract. 
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Results (Table 39) showed no increase in the efflux of 

electrolytes from reaction mixtures with time and gave similar 

values to the reaction mixtures containing autoclaved enzyme. 

The results gave higher initial values than fresh tissue. 

This was probably due to the fact that the reaction mixture 

could penetrate the dead tissue more easily and was more 

difficult to wash out completely. 

Since these slices showed no increase in flow of 

electrolytes while they were being macerated it was concluded 

that the large increases observed in live tissue were mainly 

due to increased permeability of the cell membrane and not 

due to the liberation of electrolytes from the middle lamella 

during maceration. 

Table 59 

The efflux of electrolytes due to macerating activity 

Conductivity measurements for leakage from dead, leached potato 
disks in jimlios. 

active rot extract autoclaved rot extract 

t(min) 0 

20 
40 

60 
80 

100 

120 

11.56(12.5,12.5, 9.9) 

11.5 ( 8.4,13.0,13.0) 

11.2 (12.5, 9.5,11.5) 

11.8 (10.5,12.5,12.5) 

12.6 (15.0,15.5, 7.5) 

9.5 (11.5, 7.5*18.0) 

10.7 (10.0, 3.2,14.0) 

13.1(14.7, 9.6,15.0) 

12.9(12.1 , 1 5 . 5 , 1 1 . 0 ) 

1 1 . 0 ( 1 0 . 5 , 1 3 . 5 , 1 0 . 0 ) 

10.5( 9 . 5 , 1 1 . 0 , 1 1 . 0 ) 

1 3 . 5 ( 1 5 . 0 , 1 5 . 0 , 1 1 . 5 ) 

1 0 . 8 ( 1 2 . 3 , 1 0 . 0 , 1 0 . 0 ) 

1 0 . 8 ( 1 1 . 8 , 1 1 . 6 , S . o ) 



Action of alcohol in increasing tuber tissue permeability 

The following experiment v/as carried out to fine if a 

substance which destroyed cell membranes but did not macerate 

tissue would give a similar pattern of permeability change 

as the rot extracts. 

Tuber samples were placed in 30/ alcohol ana tested for 

permeability changes in the usual way. 

The results (Table i|0) show a rapid increase in flow of 

electrolytes out of the dishs in the first five minutes which 

falls off as dishs become depleted. This is very similar to 

the changes in permeability of tuber due to rot extracts. 

3Uk::A?.Y OF 'THE RROPZRTIES O? CRTDE AID LIALYShD CELL TREE 

EXTRACTS FRCT 1. PRAT ICC LA AZh E. CAT0TC70TA ROT 3 f 

Extracts from T. carotovora and C. nraticola potato rows 

macerated, hilled and increased the permeability of potato 

tissue and degraded pectic substrates. Permeability changes 

preceded cell death ana maceration. When potato dishs v/ere 

treated with rot extracts in plasmolysing concentrations of 

glucose the permeability changing and cell hilling effects 

were greatly retarded. Unlihe pectclytic activity of the rot 

extracts cell hilling and permeability changing activity did 

not give a linear relation //ith extract concentration. 

C# nraticola potato rot extract shoved polygalacturonase 

activity whereas pectate transeliminese activity was demon-
strated i:i g. carotovora rot extracts. It is interesting to 
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Table 40 

Action of ethanol. in increasing tuber tissue permeability 

Results given as increase in conductivity in yimhos. 

reaction 
t(min) 

change 
30% ethanol 

in conductivity in jimhos 
C. praticola rot extract 

N SA 1.2 1.1 

5 50.5 -

10 43.5 14.7 

15 29.0 -

20 15.3 26.0 

25 9.3 -

30 9.8 26.3 

35 9.8 -

40 - 25.5 
60 - 22.5 

90 - 5.0 

120 - 3.1 

note that the pi! optima for the permeability increasing and 

cell hilling activities of the rot extracts were similar to 

those of their macerating and pectolytic activities. Similar 

the permeability increasing activity of E. carotovora rot 

extract which was lost during dialysis v/as partly restored 

by the audition of CaCl^ at similar concentrations to those 

which enhance pectolytic activity. 
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III 
Separation of yectoly'tic, ohosphatidase ana permeability 

increasing activity by (iTIT^JgSO^ precipitation, followed by 

Sephaaex G-75 filtration. 

Since good evidence of a factor increasing the permeability 

of potato tuber tissue has been demonstrated in extracts of 

tissue rotted by E. carotovora and G. praticola further 

experiments were designed to find whether this activity was 

associated with pectic enzyme or phosphatidase activity. 

Friedman and d'affe (1960) hypothesized that pectic enzymes may 

be important in altering the permeability of witloof chicory 

tissue in advance of soft rot lesions, however, it is 

difficult to'understand how pectic enzymes can directly damage 

the semi-permeable properties of proteiri-phospholipid 

membranes. An enzyme more lihely to produce such changes 

would be a phosphatidase. Loth E. carotovora and F.hizoctonia 

.solani - a fungus very closely related to G. praticola , nave 

been found to produce phosphatidase enzymes in culture, (isung-

Ghe Tseng and Bateman. 1968), noi'-eover, the phosphatidase 

enzymes of both pathogens were active over the same pli range 

as their pectolytic enzymes. 

(NH, %30, fractional precipitation of cell free extracts 

from G. praticola and L. carotovora rotted potato tissue was 

carried out in an attempt to separate the pectolytic and 

whosohatidase activities and to fine whether the permeability 
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increasing factors in the extracts v/ere associated with either 

or both of these enzyme activities.. Similar assays were carried 

out after further purifying ^ fractions by separation 

on a column of Sephadex G-75 dextran gel. 

A) fractional precipitation of rot extracts 

Fractional Precipitation of Z. carotovora potato rot extract 

130ml of cell free Z. carotovora potato rot extract was 

fractionally precipitated with (I7H^)2S0^ as described in 

'Materials and Methods'. Each precipitate was taken up in 

0.5m:.: buffer pH 7.0. Following dialysis each fraction 

v/as made up to 13ml. Fractions were tested for 1) protein 

content - u.v. absorction method, 2) phosphatidase activity, 

cup plate assay, 3 ) pectolytic activity - viscometric method, 

4) ability to increase the permeability of potato tissue. 

All assays were carried out as described in 'Materials and 

Methods' at pH 9.0. A final concentration of 0.001M CaCl^ 

was included in all reaction mixtures. 

Results of the reduction in viscosity of NaPP solution 

are expressed for 1ml of the fraction in a 10ml reaction 

mixture. In the experiment a 10 fold dilution of each fraction 

v/as used. 0.23ml of each fraction/10ml reaction mixture was 

used in the permeability assay. 

The results (Table 4l»Mig.20) show a good correspondence 

of pectolytic activity with permeability increasing activity, 

but there appeared to be no relation between phosphatidase 
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Table Z1 
Properties of fractions obtained by fractional (Mr/) 30, 

+ d 4 
precipitation of a cell free extract of an E. carotovora 

potato rot. 

fraction, 
% saturation 0-10 1 0-20 20-30 30-Z0 4o-50 50-60 60-80 60-90 

protein mg/ml b.hk 2 1 . 5 0 63.00 20.75 11.87 5 • co P. O AC f O \ yJ d 
p ho s pha t i da s e 
activity-area of 
hydrolysis (sq.cm 
means of 5m , 

replicates 

• ) 

C -7 c 0.5Z 0.67 0.SZ 0.37 1 . 3 0 yj . yj yj 0 . 0 0 

1 ~ rvrf 
— i n * o r 

viscosity reducti 
of HaFF solution. 
Mean 
Values of 

replicates 

on 

10.6 
11.1 
10.2 

13.Z 
15.0 
11.9 

58.3 
71.3 
65. Z 

83.3 
100 
66.6 

127 
111 
1Z3 

500 
500 
500 

2500 
r- ,— 

2500 

1 . A 
233 
250 

Permeability 
100 

increase Trr* 
for a 5 p.mhos 
increase in 
conductivity. 
Mean 
Values of 

replicates 

- - 1.57 
1.59 
1.56 

2.66 
2.77 
2.56 

2.01 
2.13 
1.89 

7.72 
5 .90 
5 . 5 5 

18.0 
avD. O 
A C, c ib.o 

2.85 
2.85 
2.85 

and permeability increasing activity. 

Fractional precipitation of C. "raticola rot extract 

13 Oral of a cell free 0. praticola potato rot extract was 
fractionally precipitated with (MM, ) EC. as described in 
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Fig. 20 PROPERTIES OF FRACTIONS FROM (NH4USO 
PRECIP ITAT ION OF CELL FREE E. CAROTOVORA 
ROT E X T R A C T 
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'Materials and Methods'. Each fraction was taken up in 

O.^raM PO^ buffer pM 7.0 following precipitation. After 

dialysis fractions v/ere made up to 13nil. 

Fractions were tested for protein content, pectolytic, 

phosphatiaase and. permeability increasing activities in tne 

same way as the E. carotovora rot fractions. 1ml of extract/ 

10ml reaction mixture was used in the pectolytic and permeability 

assays and all were carried out at pll 5.0. 

The G. nraticola rot extract yielded 2 fractions with 

high permeability increasing activity (Table 4-2, Fig.2i). 

The fraction precipitated at 40 - 50% saturation had a higher 

permeability increasing activity which coincided with optimal 

phosphatidase activity. The fraction precipitated between 

70 and 50% saturation had a slightly lower permeability 

increasing activity which coincided with optimum pectolytic 

activity. There v/as good separation of pectolytic and phos-

-phatidase activity, but the evidence for the involvement of 

pectolytic enzymes in changing tissue permeability was only 

conclusive for the fraction precipitated between 70 and 50% 

saturation with (Mr, J^SO, • 

B) Gel Filtration of Rot Extract 

I Filtration of Zrwinia carotovora rot extract 

A 5^1 sample of Erwinia carotovora potato rot extract 

precipitated between 60 and 50% saturation with (NR. )_3C. 
4 u q 

v/as separated on Sephadex G-75 gel as described in 'Materials 



Table b2 

Properties of fractions obtained by fractional (Nlh^SO^ 

precipitation of a cell free extract of a C. eraticola rot 

fraction, 
/ saturation 0-10 10-20 20-30 30-b0 b0-50 5 0—6 0 60-72 -7 r\ r-. r\ (\J-yv 

protein mg/ml 2.15 9.52 36.70 1b.bo 11 .b7 b. 77 1.62 1.33 

phosphatidase 
activity, mean 
of 8 replicates 0.17 c.35 1.bS 1.76 a. 1.23 

-

ig.n: for" 50̂  
viscosity reductl 
of Nap? solution. 
Lean 
Values of 

replicates 

.on 

- 6.b 
6.5 
6.3 

s.b 
8.0 
8.9 

1b.3 
1b.8. 
13.8 

30 
33.3 

-7 
dOm ( 

b0 
40.5 
bo 

100 
100 
100 

100 j--7-7—. \ x or a p t(min) . 
/umhos increase i 
conductivity -
-permeability asss 
t refers to reac-
tion time. 
A*ean 
Values of 

replicates 

1 

- 1.03 
1.0b 
0.98 

1.09 
1.0b 
1.1b 

2.02 
2.00 
2.0b 

i.ibf 
1.15 
1.1b 

1.15 
1.11 
1.19 

1.76 
1.75 
1.72 

and Methods'. The column height was 32cm. 5ml fractions were 

collected and were tested for pectolytic and permeability in-

creasing activities, protein content and cell hilling. 

Pectolytic activity coincided well with permeability 
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Table 45a 

Filtration of Brwinia carotovora rot extract precipitated 

between 60 and 90% saturation with (RHjJ^SO, on ^ephadex G-75 

hydrolysis 
NaF? 1h 

rer meabilit*. ' increasi. lg ability t-t 
fraction protein 

content 
nig/ml 

hydrolysis 
NaF? 1h t( min) 20 40 60 

' 

1 00 
t(nin] 
nalios 

for 5 
increase 

1 0 • COO r o v̂  . vJ 1 ^ c 
Ltm O -

0.125 0.0 0 R 0.0 -0.1 -

3 0.000 0. 0 1.1 0.2 0.2 -

4 C.000 0.0 0.4 0.5 0.7 -

p 0.000 c.o . -0.8 -0.5 —G. 8 -

r O o.cco c • 0 -0.5 -0.6 -0.7 -

7 0. 000 . 0 0.1 0.2 0.1 -

o o <J. vJw1 O 0.0 r, r- 0.0 -0.1 -

9 0.280 0.6 O.C O.C -0.1 -

10 0.650 4.0 -0.6 -0.5 -0.4 -

11 0.435 5.1 -0.8 -1.1 -0.7 -

12 0.595 22.6 1.6 15.0 cm C. a J • b 3.35 
13 C.3GC 23.2 12.8 2a. 3 . 0 10.0 
14 dL (b 26.0 19.5 29.4 21.4 14.3 
15 c.230 13.8 8.8 17.9 22.4 7.15 
16 4.0 1.6 2.7 10.1 2.13 
17 0.160 1.1 0.7 1.0 2.5 -

18 C. 16p n ». «-r -0.1 0.7 -

19 0.175 r- 0 vJ. a f. n -0.1 1.0 -

20 0.170 0.1 1.4 0.2 1.0 -

21 0.155 0.0 0.0 0.8 0.1 -

22 C.16O 0.0 0.4 0.5 0.8 -

23 0.155 c.o 0.4 0.3 0.8 -

24 0.150 0.0 1.2 r- p O 1.3 -

25 O.13C 0.6 r\ -7 1.0 -
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Table 4-3 b 

Cell Hi11iny - Plasnolytic method (Tribe 1555) 

fraction ITeutral Red Index fraction ITeutral Red Index 

t(min) 20 40 60 20' 40 60 

1 5 5 5 14 3 2 1 

2 5 5 5 15 4 3 3 

• 3 5 5 5 16 . 5 4 4 1 

4 5 5 5 17 5 5 5 

5 5 5 5 18 5 c; -A 

6 5 5 5 19 5 5 5 

7 5 5 5 20 5 5 5 

8 5 5 5 21 5 5 5 

9 5 5 5 22 -A 5 5 
10 5 5 5 23 5 5 5 

. 11 -A 5 5 24 5 5 5 

12 -A 3 2 25 5 5 5 

13 3 2 1 

increasing activity and cell killing (Table 43 a & b, Fig. 2 2 ) 

between fractions 12 and 16 with optimum activity at fraction 

13 - 14. A further purification of. the enzyme v/as made in 

this way because most of the pectolytic activity passed through 

the column after the bulk of the protein. 

II Filtration of G. praticola rot extracts 

A sample of C. praticola potato rot extract v/as precipitated 



Fig.22 E.CAROTOVORA ROT E X T R A C T - SEPHADEX G-75 
SEPARATION OF THE FRACT ION PRECIPITATED 
BETWEEN 6 0 - 9 0 % SATURATION WITH (NH4) S04 
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Table 44 

Filtr-ation of Gorticlur rraticola rot extract rrecioitated 

betv/een 60 and 90$ saturation v/itii (17H. )^30,f on Sephadex G-75 

Fer meabilit y increasing ability 
fraction protein 

content 
mg/nl 

$ hydrolysis 
ITaFF in 1h tc= in) 20 40 60 100 t[nin) 

prill os 
for 5 • 

increase i 

1 C.030 .0.26 -C.2 1.0 1.8 __ i 

d 0.040 0.26 -C.1 2.9 1.3 -
•z J 0 p r r \J • woo 0.26 -1.3 0.4 -0.3 -
4 0.207 0.26 0.7 1.9 0.8 j 
p 0.041 0.31 0.2 0.2 p p u. \J 
6 "0.028 0.21 -0.5 1.1 1.1 j 
7 0.030 0.26 2.7 0.2 2.1 _ I 

6 C. 200 0.62 0.5 1.4 2.4 i 
o > 0.702 1.86 1.4 1.1 1.6 i 

i 
10 0.787 4.15 rs I, C.7 1.0 s ^ 1 
11 0.423 7.15 4.0 4.3 9.0 • 2.3 
12 0.325 3.19 - .3.4 9.1 17.8 3.6 | 
15 0.302 5.70 0.2 10.9 j p 1 2. j 2.6 ! 
14 0.333 1.35 1.9 0.4 1.7 - i 
15 0.344 0.57 C.3 0.3 0.8 

i j 
1 

16 0.265 C-.36 0.3 0.7 1.: D ! 
i 

17 0.250 p 7 g 0. g 0 -C.1 1.1 A 1 . -> 1 1 i 
18 0.260 0.31 P. r- 0.5 P 

> 
1 
| 

19 0.273 0.31 0.6 0.2 P 1. 

20 0.264 0.31 1.3 1.6 1.< £ -

21 0.257 0.31 0.7 2.0 1.4 -

/— p dd 0.139 0.35 C.7 1.4 0.3 
23 P p A f> 0.10 1.4 1.8 0.4 -

24 0.207 f. —T J - • J? i -C.1 p — p 0.4 
25 0.155 C. 21 1.0 1.2 0., i _ 
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Fig.23 C .PRAT ICOLA ROT E X T R A C T - SEPHADEX G - 7 5 
SEPARATION OF THE FRACT ION PRECIPITATED 
BETWEEN 60 —90°/o SATURATION WITH (NH4) SO4 

-°/o hydrolysis NaPP 
, - J O O for 5umhos 



165 

between 30 and 60% saturation and between 60 and 90% 

saturation with (HE, • 5nil of both fractions were run 

on Sepliadex G-75 columns as described in 'Materials and 

Methods'. Column height was 34cm. 

a) 90 - 60% saturation fraction (Table 44, Fif. 23) 

As in the 3. carotovora 60 - 90% saturation 

fraction mosp of the pectolytic activity came through the 

column just after the bull: of the protein and coincided well 

with the permeability increasing activity. Fractions were 

not tested" for their ability to kill potato disks. 

b) 60 - 50% saturation fraction (Table 45> Fig. 24) 

Fractions from the gel filtration of this sample 

were also tested for phosphatidase activity. Fectolytic 

activity was 2 to 3 times lov/er in each fraction than in the 

90. - 60% fractions and did not correspond well with permeability 

increasing activity. The peak of permeability increasing 

activity was higher than for the 90 - 60% saturation sample. 

The bulk of phosphatidase activity corresponded with fractions 

containing the highest protein content and did not coincide -

with optimal permeability increasing activity. 

It was concluded that in fractions resulting from.the 

filtration of rot extracts from both E. praticola and 

C. praticola rots precipitated between 60 and 90% (MK^)2S0^ 

saturation, a pectic enzyme is involved in causing permeability 
changes in potato tissue. However there is probably a 
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Table 45a 

Filtration of Oorticinr praticola rot extract precipitated 

betv/een 30 and 60/ saturation v/ith (hi:,,)^30, on Sephacex 3-75 

fraction protein 
content 

/ h"dr olysi; 
ha?? in 1h 

lerneabilit;; increasing aciliry t-i 
tfmin; 

20 hC 
.no 
of . 

atiaase-area 
_;/drolrsis(so.cn.) 

1 
2 
j 

b 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1b 
15 
16 
17 
18 
19 
20 

21 
dd 
23 
2b 
25 

0.021 
C. 021 
C. 01 5 
0.033 
0 . C C 6 
r\ o A r\ O . Ul \J 

0.930 
11.235 
5.1 CO 
1.551 
1.202 
1.458 
1.779 
1.176 
C. 671 
Or- r*,r\ • p OH 
0.500 
r> rr.r, o . p o o 
0.b56 
0.b37 
0.415 
0 7C1 h . ^ i 
0.265 
.1 

0.00 
0.00 
C.00 
A o O . H O 

0. 00 
r> o o * oo 
o . ovJ 

2.b7 
3.09 
2.37 

2.06 

i 
rv Q o. 
C.bl 
0.21 
0.21 
o.bi 
0.10 
0.10 
0.10 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0. 00 
o.bb 
1.49 
1.49 
0.5b 
0.5b 

0.44 
0.16 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.co 
0. CO 
r-

0.2 
C.b 
•0.1 

0.6 
1.6 
0.9 
0.5 
-0.8 
O.b 
0.8 
3.6 
6.0 
3.0 
o.b 
-0.3 
0.3 
-0.6 
0.6 

-0.1 
-O.b 
c.9 
o.b 
0.2 
0.3 

-0.1 1.1 
0.6 

-0.6 
0.1 
c.5 
O.b 
o.b 

-0.1 
-1 .0 

2.0 
3.5 

14.7 
19.2 
15.8 
-0.1 
-0.8 
0.3 

-1.7 
-0.5 
-0.1 
-0.7 
0.2 
0.2 
O . P 

o t, o. <4. 

0.9 
0.6 
0.2 
1.0 

- 1 . 1 
0.7 
-0.2 
1.1 
b.c 5.9 
16.8 
17.9 
17.8 
0.2 
-0.1 
1.1 

-1.5 
1.3 

-0 . 
r p. 

2.0 
1.0 
O.b 
C.b 

i AS I . — 

b.16 

b.16 
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Fig.24 C. PRATICOLA ROT E X T R A C T - SEPHADEX G-75 
SEPARATION OF THE FRACTION PRECIPITATED 
BETWEEN 30 - 60°/o SATURATION WITH (NH4) S04 

°/o hydrolysis NaPP 



a r a 
1 oo 

factor otherthan a pectolytic or phosphatidase enzyme which 

is responsible for permeability changes in potato tuber tissue 

treated with an extract of C. praticola potato rot precipi-

tated between 30 and GC% saturation with. (1TK. )pS0, . 
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V 
THE RELATION C? RESPIRATORY AND PZRNEAB ILITY CHANGES IN 

TUBER DISKS CAUSED BY CULTURE FILTRATES AND ROT EXTRACTS 

Increased respiration in host tissue is often associated 

with disease (Allen, 1952; Verleur, 1950; Wheeler and Black, 

1963.). Permeability increases have been cited as possibly 

causing the respiration changes (V/heeler ana Black, 1953), 

although Verleur (1950) suggests that respiratory changes occur 

before permeability changes. Since changes in permeability 

of potato tissue can be caused by soft rot extracts (Sections 

III and IV) the following experiments were done to investigate 

respiratory changes in relation to permeability changes. 

Where Z. carctovora or C. oraticola preparations were used 

for permeability assays reaction mixtures consisted of 2ml 

rot extract or culture filtrate and 1ml buffer, filtrates 

v/ere obtained from NaPP culture of both pathogens. Oxygen 

uptake results are the means of 2 replicates and are given in 

the tables as ml uptake/g fresh weight tissue. 

Nigericin (10"^h) and Triton X-100(10"^), substances 

which are known to increase respiration and permeability were 

used for comparison with Z. carotovora and C. rraticola rot 

extracts and culture filtrates. Nigericin acts by setting up 

a K* instead of an E + gradient across cell membranes. 

Triton X-100 acts like a strong detergent and makes holes in 

membranes. 
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A. Brwinia carotovora preparations 

i) Effect of crude and dialysed rot extracts and culture 

filtrates on permeability and respiration 

Results are given in Tables Z6 and 2+8 and Fig. 25 and 

26. The largest permeability changes were brought about 

by the culture filtrate and slightly smaller increases were 

caused by the rot extract. Dialj^sis lov/ered the activity 

of the culture filtrate and the rot extract, but both gave .perm-

eability changes 3 or Z times greater than heat inactivated 

preparations. The water control and heat inactivated 

preparations gave similar very slow increases in the conducti-

vity of tuber disks. 

E. carotovora culture filtrate and rot extract increas-ed 

the respiration rate of tuber disks initially but after 2.5h 

the rate of 0 o uptake had slowed to a rate similar to the 

water and heat inactivated controls. By Zh the disks treated 

with rot extracts almost stopped taking up and the rate 

for disks treated with culture filtrate had slowed further. 

Dialysis of the culture filtrate resulted in total loss 

of respiration increasing activity; values similar to those 

for the heat inactivated filtrate v/ere obtained. Dialysis 

only slightly lov/ered respiration increase by the rot extract. 
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Fig. 25 OXYGEN UPTAKE BY TUBER DISKS TREATED 
CRUDE AND DIALYSED PREPARATIONS FROM 
E. CAROTOVORA POTATO ROT 
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Fig.26 OXYGEN UPTAKE OF TUBER DISKS TREATED 
WITH CRUDE AND DIALYSED PREPARATIONS FROM 
E. CAROTOVORA CULTURE FILTRATE 

• crude culture filtrate 
x dialysed culture filtrate 
A heat treated culture filtrate 
o water 
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Table 45a 

Permeability of tuber disks treated with crude 5. carotovora 

rot extracts and filtrates and dialysed preparations 

Results given in jimhos and are the means of two replicates 

Reaction Rot Dialysed Boiled Culture Dialysed Eoiled V.'ater 
time(min) Rot Rot Filtrate Culture Culture Control 

Filtrate Filtrate 

2 9.0 - - 6.5 . - • - ,0 

5 12.5 1Z.7 2.5 9.0 6.U 3.1 0 

10 15.5 16.8 - 15.0 17.5 - 1.0 

15 19.5 - U.o 22.5 30.0 U . o 3.0 

• 29 20.5 27.5 - 30.0 31.0 - -

39 36.5 Z0.7 6.5 39.0 28.0 7.0 * 0 

60 5Z.0 35.0 10.5 68.0 2Z.0 11.0 8.0 

90 Z1.5 50.0 11.0 68.0 2Z.0 11.0 3.5 

120 •28.0 25.0 11.5 69.0 20.0 12.0 L>. 0 

-i i) 3: "feet of fractions precipitated with (i!H^)2 30 ̂  from 

rot extracts a nd culture filtrates on respiration and 

permeability 
F I | j _ I i 

Results are given in Tables U7 and U 9 , Fig.2 7 . The 

greatest permeability increasing activity of the rot extract was 

associated with the fraction precipitated at 70-90$ (NIC^SO. 

saturation and coincided with the bulk of the pectolytic 

activity (Table 59)- No precipitate was formed by the culture 

filtrate until the solution was brought to 90$ (Nil, )r,3Ct) 
4 d 4 

saturation. This preparation produced even more rapid 
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Fig.27 OXYGEN UPTAKE OF TUBER DISKS TREATED 
WITH FRACTIONS OF E .CAROTOVORA ROT 
E X T R A C T PRECIPITATED WITH (NH4)2S04 

(NH4)2S04 o G 
fractions 

t(min) O 
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Table 4 7 

Permeability of tuber disks treated with (13. fractions 

from E carotovora rot extracts and culture filtrates 

Results given in pmihos and are the means of two replicates 

Fractions from rot extract 
Reaction 0- 20- 30- 40- 30- 60- 70- Culture filtrate 
time(min) 20% 30% 40% 30% 60% 70% 50% brought to 90% sat. 

15 4.4 2.9 5.5 7.8 12.0 10.0 25.0 61.0 

20 5.0 3 .7 6.5 S.5 14.5 14.0 30.0 65.0 
30 5.6 4.6 12.5 10.5 40.0 32.0 52.0 47.5 

60 4.0 6.0 14.0 15.5 40.0 36.0 64.0 45.5 

75 6.0 20. 0 16.5 16.0 39.0 35.0 42.0 40,0 
so 5.0 18.0 16.0 13.0 30.0 29.0 40.0 40.5 

120 p. ^ 15.0 14.0 10.0 28.0 25.O 34.0 39.0 

permeability changes than the 70-90% rot extract preparation. 

The 40-50% (23, saturation fraction from the rot 4 k 4 
"extract gave the largest increase in respiration of tuber 

disks whereas the 70-90% fraction gave no increase in 

respiration over the water control and was almost zero by 

4.5h, The initial increase in rate of uptake by the 40-

50% fraction fell off slowly with time but a high rate was 

still being maintained at 4.ph. 
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Table 45a 

Oxygen uptake of tuber disks treated with crude or dialysed 

preparations from 3. carotovora rots or cultures 

results given as ml taken up per g fresh weight tissue 

Reaction Rot Dialysed Boiled Culture Dialysed Eoiled Water 
time(min) Rot Rot Filtrate Culture Culture Control 

Filtrate Filtrate 

0 0 0 0 0 0 0 0 
10 4 8 4 4 ' 4 • 4 4 
20 8 12 8 8 10 8 8 

add. enzyme 30 12 16 12 12 18 12 12 
40 - 1 2 20 20 24 16 16 -

50 16 24 24 38 20 . 24 20 
60 36 32 28 40 22 28 24 
70 52 48 36 52 28 32 -

80 60 64 40 64 36 40 32 
90 72 76 44 68 40 48 36 

100 88 84 48 84 48 52 38 
110 96 88 52 - - 60 -

1.20 " 112 96 54 92 60 68 44 
140 128 108 62 100 80 76 52 
160 140 128 70 120 90 80 60 
180 156 136 78 128 93 88 68 
200 164 148 86 136 100 96 76 
220 172 152 94 144 A n« 104 84 
240 180 160 102 148 108 11,2 92 
260 188 164 152 • 

280 196 164 156 
300 200 168 156 
320 204 168 160 
340 204 168 164 
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Table 45a 

Oxygen uptake of tuber disks treated with fractions of B„ carot-

ovora rots or culture filtrates precipitated v/ith (HE, . 

Rot extract f ractions Culture 7/ater 
Reaction C- 20- 30- 40- 50- 60- 70- Filtrate Control 
time(min) 20$ 30$ 40$ 50$ 60$ 70$ 909: 0-90$-

0 0 r0 0 0 0 0 0 0 0 
10 4 4 4 4 - 4 4 4 4 
20 8 8 8 8 4 8 8 . 8 8 

enzyme 3° 12 12 12 12 12 16 16 12 12 
added h Q 16 16 16 16 16 20 20 16 16 

50 ^ 20 16 20 16 16 20 20 16 20 
60 20 32 28 28 24 24 24 24 24 
70 24 36 28 36 36 28 28 28 28 
80 24 36 40 52 43 32 32 32 32 
90 28 36 52 60 56 36 36 36 36 
100 36 44 56 72 64 40 44 40 40 
110 44 48 60 80 72 52 44 44 44 
120 48 52 63 38 80 60 52 48 48 
140 52 56 76 112 38 68 60 52 56 
160 52 60 88 120 100 72 64 56 64 
180 60 64 104" 136 110 84 64 64 72 
200 68 68 112 144 120 88 68 72 80 
220 72 72 120 152 128 92 76 76 88 
240 80 76 128 168 136 96 80 80 96 
260 86 88 136 176 144 96 80 84 104 
280 96 92 144 184 152 96 SO 63 112 • 
300 100 96 152 196 160 100 84 88 120 
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Table 50 
Pectolytic activit5r of (NH,t)pS0, fractions from 3. carotovora rot 

fraction pmoles aldehyde groups 
released in 10 min 

0-2or 7.2 
20-3 Of! 3.6 

30-20/ 10.8 
20-50/ 12.2 

50-60/ 10.8 

60-70/ 20.0 

70-90/ 72»0 

dialysed crude rot 10.8 

Table 51 
Permeability of tuber disks treated v/ith crude C. praticola rot 

extract and culture filtrate 
Results given in jinhos and are the means of 2 replicates 

c -
Reaction Rot Culture Eoiled Control 
time(min) filtrate Rot 

2 12.5 — — — 

c; 15.0 8.0 2.0 2.5 

10 17.0 - - -

15 23.0 9.5 3.0 d • o 

20 27.0 M - • 2.0 -

30 36.0 12.0 5.0 3.0 

60 26.5 * 13.0 6.0 2.0 
120 21*0 J i o ^ 7.0 3.8 
180 20.0 39.0 7.5 _ 
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Results (Table. 51 and 52, Fig.28) show that crude 

extracts from C. praticola preparations also increased the 

permeability of potato tuber tissue. The rot extract brought 

about permeability changes more rapidly than the culture filtrate 

Heat inactivated filtrate had very little activity. 

The crude rot extract increased the rate of uptake , 

initially but the rate fell off rapidly in a similar way to 

the crude E. carotovora rot extract. The culture filtrate 

also produced increases in On uptake but the initial increase was 

not so great and the rate fell off more slowly. 

The rot fraction precipitated between 70 and 90$ (ITB. ) 2S0 :i 

saturation followed a similar curve to the water control with 

regard to Cv uptake although it caused rapid permeability 

increases in tuber disks. 

C. Nigericin and Triton X-100 

Results (Tables 53 and 52+ and Fig. 29) showed that 

Nigericin (10~"^L:) and Triton X-100 (10~^$) brought about very 

rapid increases in the permeability of tuber disks, followed 

by increases in the rate of uptake over the water controls. 

Respiration ceased after 2h in reaction mixtures containing 

Nigericin and after 2+5 min in those containing Triton X-100. 

From the results for this section it can be seen that 

both G. praticola and E. carotovora rot extracts and culture 



Table 52 

Oxygen uptake of tuber disks treated with G. praticola crude 

rot and culture filtrates and rot extract precipitated at 

70-90/ saturation with (ITII, )o30. 

results given as ml 0^ taken up per g fresh v/eight of tissi 

Reaction 
time(min) 

Rot Culture 
Filtrate 

70-90/ rot 
fraction 

Water 
Control 

0 0 0 0 0 

10 4.0 4.0 4.0 3.8 

20 12.0 12.0 8.0 7.6 

30 16.0 16.0 12.0 11.4 

40 20.0 12.0 20.0 15.2 

50 20.0 16.0 28.0 19.0 
60 36.0 24.0 32.0 22,8 
70 56.0 36.0 - 26.6 
90 80.0 48.0 36.0 34.2 

100 92.0 56.0 40.0 38.0 

120 96.0 64.0 44.0 45.6 

140 103.0 72.0 52.0 53.2 

160 116.0 54.0 60.0 60.3 

160 120.C 96.0 68.0 68.4 

210 116.0 96.0 - 79.8 

240 116.0 104.0 38.0 91.. 0 

260 92.0 



Fig.28 OXYGEN UPTAKE OF TUBER DISKS TREATED 
WITH C. PRATICOLA PREPARATIONS 

• crude rot extract 
• culture filtrate 
A 7 0 - 9 0 % rot fraction (precipitated with 
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Table 53 * 

Permeability - of tuber disT :s treated with Nigericin do-5::} 

and Triton 7 r* f\P ( j 4-5*/ \ 
l— I 'w >J V I a v/o ] 

- • 

Reaction 
time(min) 

ITigericin, 10" 'hi Triton X-10C(10~"5$) Control 

1 64 32 0 

5 89 59 2.6 

. 53 75 4.0 ' 

30 35 42 6.0 

60 - 20 31 6.0 

Table 54 

Oxygen uptake of tuber disks treated with ITigericin and Triton 

X-1 00 

Reaction. Nigericin Triton X-100 Control 
time(min) 

20 3 8.4 15.2 
30 12 12.6 19.0 
45 20 12.6 26.6 
60 . 60 37.8 30.4 
75 76 54.6 33.0 
90 60- 42.0 45.6 

105 84 46.2 49.4 
120 33 46.2 57.0 
135 92 46.2 64.6 
150 96 46.2 72.2 
165 96 76.0 
190 92 83.6 
21.0 92 91.2 
240 90 93.6 
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Fig.29 OXYGEN UPTAKE OF TUBER DISKS TREATED WITH 

NIGERICIN (IO""6M) AND TRITON X - I O O ( l o " 5 % ) 

x Nigerian 
A Triton X - I O O 
o water 
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filtrates contain substances which, cause increases in the 

respiration rate and permeability of potato tuber tissue. 

Both factors can be inactivated by heat. 

falling off of the respiration rate was thought to be due 

to cell death. 

Some separation of the respiration and permeability 

factors was made by (lul, ),-3G, separation of the B. carotovora 
4 a «4 '" ' " ' ' 

rot extract, fractions with high permeability increasing: a ctl-

vity being precipitated at 7 s a t u r a t i o n and fractions 

with high respiration increasing activity being precipitated 

at 28-58/ saturation. This nay be interpreted in two ways:-

1. Permeability changes and respiration changes are 

caused by different substances or groups of substances 

nrecioitated at different (NM, }„3C. saturations. 

2. The respiration increasing factor may be the same 

as the permeability increasing factor but 'where permeability 

increases and cell killing are very rapid (i.e. 70-90/ fraction) 

the increase of respiration that would take place is masked 

by rapid cell death, whereas slow permeability increases 

which co not quickly kill cells may result in increases in the 

oxygen uptake rate. 

The first interpretation seems most likely as the most 

rapid permeability changes were obtained by treating disks 

with Triton X-1 00 and Nigericin and yet both rapidly and 

measurably increased the respiration rate of tuber disks. 
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Dialysis of the E. carotovora culture filtrate which destroyed 

the respiration increasing activity but not the permeability 

increasing activity also supports the hypothesis that the 

respiration increasing and permeability increasing factors 

are different. From the fractionation results it also appears 

that rapid changes in permeability do not necessarily lead 

to rapid increases in respiration and suggests that the 

mechanism for respiration and permeability changes caused . 

by a. carotcvora and C. praticola preparations is aifferent 

from that ^caused by ITigericin and Triton X-100. 
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VI L'IC?sQ3CCrY 

Light microscopy of potato tissue treated with extracts 

from 0. praticola or B. carotovora rot or culture filtrates 

shov/ed that they caused maceration and the tissue eventually 

lost coherence (Plate 1,2). The fact that the cells retained 

shapes similar to those of cells of healthy tissue demonstrated 

that their cellulose walls v/ere largely unaffected at the time 

of cell separation. 

The fine structure of material from near the edge of 

G. praticola and B. carotovora lesions was investigated to find 

more about the details of degradation of cell v/all material 

which occurred. 

Light microscopy of G. praticola potato rots also showed 

that the host tissue became so permeated with hyphae that all 

that could be seen of the former organization of host cells 

(Plate 3) were starch grains which did not appear to be 

hydrolysed. Much dark flecking was also observed but it was 

difficult to ascribe this entirely to the polyphenol oxidase 

activity of the host as G. praticola also produces dark 

pigments in culture. Earlier stages of invasion by C. Praticola 

also showed intercellular and what appeared to be intracellular 

hyphae (Plate/). 

Electron microscopic studies were done to find whether 

hyphae invaded, live host cells or whether they first dissolved 

most of the wall substances before penetration. 
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Material v/as prepared for electron microscopy as described 

in 'Materials and Methods'. Details of the fine structure of 

healthy potato tuber cells are given in Plates 5-S. 

Plasmodesnata in cell walls are shown in Plates 5 und 6. 

Plate c also shows details of mitochondrion structure. The 

cellulose wall material appears much less electron dense 

than the middle lamella (plate 5,6) and the fibrous structure 

of the cellulose material is seen well in Plates 7 and 9 which 

are micrographs of cell walls from the cut surfaces of a tuber 

slice aged, for 24h after cutting. The middle lamella appeared 

more granular than the cellulose wall and was particularly 

electron opaque at cell junctions (Plate 8,9). Plate 5 

shows a starch grain with its cytoplasmic sheath bounded by 

a double membrane which extends toward one of the plasnadesmata 

A Fine structure of E. carotovora rots 

Bacteria at the edge of lesions appeared confined to 

intercellular spaces (Plate 10). however,, the effect of 

extracellular enzymes on cell walls extended far beyond 

intracellular spaces (Plates 11-14). '.There the middle lamella 

was partly disrupted, the granular structure was more apparent, 

presumably because the granules became separated. The celiulos 

walls appeared less electron cense than in micrographs of healt 

cells but still appeared fibrous ana orientated parallel to 

the face cf each cell face. Plate 11 shows an early stage 

in degradation of the middle lamella where the cells are 

still coherent. Plate 12, however shows cue middle lamella 

being split into two parts presumably due to the activity 
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of extracellular enzymes from the bacteria. Plate 13 shows 

complete separation of the middle lamella between 2 cells. 

A cell corner v/liich is being degraded is shown in Plate 14 

and a rift can be seen separating two cells from a third. 

Although the middle lamella substances appeared to be separa-

ting the granular particles did not become any less electron, 

dense during maceration. It is possible that dissolution 

of the matrix between these particles may cause maceration* 

B Fine str icture of C. praticola lesions 

In most cases hyphae were seen amongst dead host tissue. 

Where the smaller inoculum was used hyphae were found in 

tissue where a lot of cytoplasmic organisation remained. 

Plates 16 and 17 show a hypha which had made contact with 

a live host cell and disorganization of the host cell wall can 

be seen at the point of contact. It appeared that much of ihe 

cellulose wall material had been removed from the same side 

of the wall as the hypha and round granules, perhaps resulting 

from the dehydration of the cell Y/all were seen near to where 

the hypha was in contact with the cell wall. It was difficult 

to see whether reaction material had been formed between the 

cell -wall wall and the cytoplasm or whether disorganization 

of the cellulose wall caused the disrupted wall to collapse 

in towards the cytoplasm. 

Plate 15 shows an early stage in the penetration of the 

cellulose wall by a C. praticola hypha. The fungus appears 

to have dissolved some of the cellulose wall but the middle 
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lamella does not appear to have been degraded. Plates 18-21 

all show tissue invaded by C. praticola from which almost all 

the cellulose material has been removed and yet the middle 

lamella remains. In plate 21 there appears to be nothing 

separating 2 hypha except the granular material of the miaale 

lamella. The fungus seems to have difficulty in degrading 

the cuticle substances which often line intercellular spaces 

in potato tuber tissue (plates 18,19,20). This is shown 

particularly well in Plates 19 and 20 where much middle lamella 

degradation has taken place at a cell junction bordering an 

intercellular space but a narrow bridge of cuticle material • 

still links the two cell walls. 

That cellulose was removed before the middle lamella was 

attached by 0. nratlcola in potato tissue was an unexpected 

result since rot extracts had greater pectolytic activity 

than cellulase activity and macerated potato tissue leaving 

the cellulose walls relatively intact, It can only be 

concluded that much of the cellulase activity v/as lost during 

extraction from rots and that the effects of rot extracts 

on healthy tissue are not directly comparable to the effect 

of the pathogen on host tissue. 
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Alate 1 Healthy potato tuber cells: coherent 

Plate 2 Tuber cells macerated with C. praticola culture 

filtrate. Much of cellulose cell wall (cw) remains 
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Plate Li Intercellular (1) and intracellular (2) hyphae of 
C. praticola in tuber tissue 



192 
3 ELECTRON MICROGRAPHS OF HEALTHY TUBER TISSUE 
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Plate 7 (x67, aic r , \ -"--A a:ov/ sections of cut cell 
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Plate 9 (x37,250) Cell junction showing cellulose cell wall 

a.Vj,* 
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C ELECTRON NICROGRAPHS C7 Z. OARObCYCRA IITZZCTZD TISSUE 

Plate 1C (x1C,?00) Bacteria (b) confined to intercellular space 

(is) 

Inil) 

'J* 
' 1 

i 

I 

n 



(xlC,1CO)and 13 (x20,30C<) show separation of deac 
cells at the middle lamella (ml). The fibrillar 
structure of the cellulose wall (cw) can be seen 
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Plate 1/ (x15,570) Dissolution of middle lamella at a cell 

junction 

late 15 (x11,2+20) Hypha invading cell, nucleus (n) 

endoplasmic reticulum (er) cellulose wall (cw) 
middle lamella (ml) 



Plate 16 (x6,370) Pypha in contact v/ith host cell wall, '99 
showing round granules (g) where wall is being 
degraded and host reaction material (rm) 



2 0 0 

h 
'f y 

Plate 18 (x5,750) Dissolution of cell wail material and 
distortion cf cells by 3. praticola hyphae. Little 
cellulose wall material remains. 
hypha (h) intercellular space (is) middle lamella (m 
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Plate 15 (x19,8?0) 
Degradation of 
middle lamella at 
a cell junction 
"bordering an inter-
cellular space; 
detail of plate 2C. 
hypha (h) int e rc e1-
lular space (is) 
granules (g) 
cuticle (c) 

late .20 (x6;37C) Degradation of cell wall material adjacent 
to C. pi^aticola hyphae (Large inoculum preparation) 
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Plate 21 (x59»2C0) g. praticola hyphae on either side of 
granules of middle lamella material; all that 
remains of the ceil wall. 
granules (g) hyphaj(h) 

* . >j 
i 
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Discussion 

This study v/as undertaken to deter nine some of the factors 

important in tissue maceration and cell killing in potato 

tissue infected v/ith C. mraticola or 5. carotovora. Toxic 

activity and macerating activity nave already been associated 

v/ith pectolytic activity (Tribe, 1935; Fushtey, 1957; Spalding 

1969) so some of the first experiments were designed to see 

whici- pectic enzymes were produced by 0. mpaticola and 

3. carotovora. 

Zndo-pectate lyase activity v/as confirmed for ZT catotovora 

(Starr ana Zoran, 1952) from haF? and ? cultures v/ith an 

optimum Ca + + requirement of 0.C01Z CaCl^. Because the 

degradation of ZaPP occurred randomly and macerating.activity 

was found to be more related to viscosity reducing activity 

than to % hydrolysis, rapid lowering of molecular size may 

be more important in the dissolution of protopectin of the 

middle lamella than the total number of reducing groups 

released. A similar result, that an endo-enzyme was responsible 

for tissue maceration was obtained for 0. opstIcqla enzymes. 

Unlike the Z. carotovora culture filtrates those of 

3. vraticola grown on ZaPP and ? contained different pectic 

enzymes. ' The ZaPP filtrate .macerated and v/as active in 

reducing the relative viscosity of Z'aTP by 75/ at p>T 7-10 

whereas the P filtrate macerated over a wider rZ ran^e with 

optimum activity at pp: . Zesults for the percentage 
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hydrolysis of ITaPP differed from the results for the viscosity 

assays in that the ITaP? filtrate showed 2 peaks of pectolytic 

activity at pll 4-5 and pH 8-9. A possible explanation won Id 

be that G. uraticola produces an exo-polygalacturonase on 

ITaPP media which is active at pH 4-5 but is relatively 

unimportant in causing tissue maceration. This agrees v/ith 

the results of many workers who have shown that macerating 

activity depends on endo-pectic enzymes (Bateman, 1963, 1963; 

Byrde and Fielding, 1968; Dean and 7/ood, 1967; Demain and Phaff, 

1957). Tasting with thiobarbituric acid revealed that mainly 

pectic transeliminase activity v/as present in the ITaPP filtrate 

while polygalacturonase activity predominated in the P filtrate. 

No relation between cellulase activity or growth of 

pathogen and macerating activity v/as found for either pathogen. 

Inoculation of E. carotovora into potato tubers gave 

very varied reactions from dry resistant lesions to moist 

-spreading rots either very dark or pale in colour. '.There dark 

rots occurred it v/as concluded that pectic enzymes penetrated 

more deeply into the host than the bacteria and activated 

the host1s -polyphenol oxidase enzymes. Some rots were 

cream coloured at the centre or throughout probably because 

dehydrogenase enzymes associated with the bacterial cell walls 

reversed the effects of polyphenol oxidation (Lovrekovitch, 

Lovrekovitch ana Stahmann, 1967). 

ITewly lifted tubers v/ere very resistant to infection by 

G. nraticola or E. carotovora. Treatment with 'hindite1 



1166 

which contains ethylene chlorhydrin broke tne 'rest period' 

of the potatoes andincreased their susceptibility to both 

pathogens. Eemberg (1349) found that ethylene chlorhydrin 

treatment of resting tubers caused almost complete disappear-

ance of growth inhibiting substances from the tubers within 

b days. The physiological state of host tissue has been 

reported to affect pathogenicity in other diseases. Bateman and 

Lumsden (1963) showed that as bean hypocotyls became older more 

calcium was incorporated into the cell walls and resistance to 

?.hi zoo t on i a so la ni was increased. Treatment of potato tubers 

7/ith the sprout inhibitor, isopropyl-I7-(3-chlorophenyl) 

carbamate made tubers more resistant to k. carotovora. 

There was a period between breaking of the rest period 

and sprouting when tubers were particularly susceptible to 

E. carotovora. hots produced at this time contained the highest 

proportion of white rots and the pale rot tissue contained a 

similar concentration of phenolic substances as the sound parts 

of the tuber. Either polyphenol oxidases are not so active 

in the presence of pectic enzymes or the bacteria multiply 

rapidly in the tuber just before sprouting and penetrate host 

tissue as quickly as the enzymes they produce. 

When, tuber slices were found to be resistant to C. praticola 

forming a brown layer of suberized cells at the cut surface 

which probably contained fungitoxic substances, attempts 

were made to make conditions for growth of the pathogen and 

pectic enzyme induction more favourable at the site of 



inoculation. Addition of a pectic enzyme preparation together 

with HaFP, p or CMC to the inoculum led to a resistant action 

in most cases. The pectic enzyme preparation nay have started 

the host's defence reactions before the inoculum had tine to 

grow and produce pectic enzymes itself. However when Ha??, 

P, or CMC alone with the inoculum were added to potato slices 

the slices were more susceptible to C. praticola. The pectic 

and cellulose solutions may have stimulated growth and enzyme 

production by the pathogen without starting the host defence 

reactions until the pathogen could invade the potato slices 

successfully. Addition of glucose which represses pectic 

enzyme production (Morton and Heen, 19-66) to the tuber slices 

increased their resistance to invasion by C. wraticola and 

supported the evidence from other work that the production 

of pectic enzymes determines pathenogenicity (English and 

Albersheim, 1969; Friedman and Ceponis, 1959). 

The results from the experiments v/ith washed potato 

slices infected by 0. praticola v/ere unexpected in that all 

slices v/ere susceptible. Also, potato slices became 

susceptible tc C. pra_ticola_ lon._ before whole tubers became 

susceptible to E. carotovora. This may have been due to the 

fact that cutting tubers hastens orearning of the 'rest period' 

(Appleman, 1516; hmilsson, 1549) 

Comparison of the volumes of ret produced by E. carotovora 

and the weight of fresh, rot demonstrated that much of the 

fresh weight had teen lost either by evaporation and /or because 
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of the metabolism of the pathogen, although the dry to fresh 

weight ratio of rotted tissue remained fairly constant for 

about a week following inoculation. Pectic enzyme activity 

and numbers of viable bacteria per g fresh weight decreased 

with increasing rot age. Because the results v/ere from whole 

rots it is uncertain whether (l) this is because bacteria became 

less able to divide and enzymes become less active throughout 

the whole rot or whether (2) active enzymes and bacteria able 

to form colonies are situated for example at the advancin^ edge 

of the rot4 in which case as the rot volume increased the numbers 

of viable bacteria and the amount of pectic enzyme per g 

whole rot might decrease. This result may also reflect the 

effect of the potato on the rot and the fact that the initial 

invasion may require both large numbers of actively dividing 

bacteria and high pectolytic activity. 

Extracts of rots, caused by E. carotovora contained only 

pectic-transelimlnase activity which had properties similar 

to the culture filtrate transeliminase. Only polygalacturo-

nase activity was found in 0. nraticola rot extracts although 

both polygalacturonase and transeliminase activity was 

demonstrated in culture filtrates. Bateman (1966) v/as able 

to identify polygalacturonase and transeliminase activity 

in bean hypocotyls infected with Rkizoctonla solani. 

G. oraticola which is closely related to E. solani is not 

usually regarded as a potato pathogen and may be able to 

produce transeliminase in the environment provided by a 
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different host. Little cellulase activity was found in either 

C. praticola or B. carotovora rot extracts. 

. pli optima for cell killing and maceration corresponded 

well with pi. optima for pectolytic activity of G. praticola 

and D. carotovora rot extracts. Ilov/ever, unlike pectolytic 

activity macerating activity is proportional to the log of 

extract concentration. Maceration is probably limited at 

high concentration by the rate of diffusion of enzyme into 

the tissue and the structural properties of tuber disks, as 

initially the middle lamella is only exposed at the cut surface 

of the disk so there are only limited sites available for its 

degradation. This result is in agreement with the results 

of Dean and 77aod (1967 and Cole (1967). 

Cell killing started before maceration was complete in 

disks treated with extracts of rots caused by C. rraticola 

and h. carotovora. However, Cole (1967; found delay between 

-the time of maceration and cell death in similar tuber disks 

treated with macerating enzymes of FeniciIlium diyitat-um. 

For both B. c.-.rotovora and C. praticola preparations more cells 

we re killed before maceration was complete at pIT ranges less 

favourable to macerating activity than at pil ranges at which 

maceration was rapid indicating that maceration and cell 

killing occur independently although they may both be caused 

by a common factor. Fushtey (1957) showed that following 

partial maceration cucumber tissue was more sensitive to the 

toxic action of mercuric chloride than healthy tissue and 
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interpreted this result as showing that t..e toxic factor 

had reached and damaged the protoplasm surface "before maceration 

v/as complete. 

Results from the permeability experiments also suggest 

that the cell membrane was damaged before maceration. Roth 

0, praticola and E. carotovora rot extracts caused great incr-

eases in the rate of leakage of electrolytes from tuber disks 

within a few minutes. Friedman and Faffe (13c0) pointed out 

that some of the increase in permeability might be cue to the 

release during maceration of ions formerly bound in the middle 

lamella. Rut, potato disks killed in alcohol and then leached 

in water did net leak more electrolytes when treated with rot 

extracts which caused maceration. 

Permeability increasing activity of rot extracts had 

similar pK optima and Ga + + requirement to the pectic enzymes 

produced by E. carotovora and 3. -oratlcola" in potato rots ana 

was also inactivated by heat. 

Precipitation of rot extracts v/ith (RE, yielded 

fractions with high permeability increasing activity and high 

pectolytic activity. Pectic enzyme activity coincided with 

permeability changing activity for the E. carotovora rot 

fractions, but 3. praticola extracts gave 2 fractions v/ith 

high permeability increasing activity only i of which coincided 

with pectolytic enzyme activity. 

Tsung Che Tseng and Eatenan (1368) demonstrated that 
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phosphatidases were produced by several pathogens including 

Rhizoctonia solani and 5. carotovora. Eecause it was diffi-

cult to understand how enzymes v/ith such specific substrate 

requirements as the pectolytic enzymes could damage a protein-

phospholipid plasmalemma the possibility that phosphatidases 

were responsible for permeability changes was investigated. 

However, phosphatidase activity of 5. carotovora rot fractions 

obtained by precipitation v/itli (FH^^SO^ did not coincide with 

permeability increasing activity although phosphatidase activity 

for similar fractions obtained from C. praticola die coincide 

with the fraction containing high permeability increasing 

activity but low pectolytic activity. 

Further purification of rot extracts precipitated between 

90 and 60/ saturation v/ith (l-TII, on Sephadex C—75 columns 
4 D. 4 

confirmed that the pectic enzyme activity 0. praticola and 

H. carotovora rot extracts coincided with permeability 

increasing activity, but separation of the C. praticola rot 

fraction precipitated between 30 and 60/ saturation with 

(LTH^)2S02 gave a permeability increasing activity which did 

not correspond v/ith pectolytic or phosphatidase activity. 

Cell killing v/as also associated with the permeability 

increasing activity when the E. carotovora rot extract was 

separated on Sephadex G-75* The C. praticola fractions were 

not tested for cell killing, from these results it was 

concluded that pectolytic enzymes caused the permeability 
changes brought about by E. car-otovora rot extracts and that 
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pectolytic activity ana an unknown factor caused permeability 

changes brought about by C, praticola rot extracts. 

Tribe (1355) found that plasmolysed tissue was resistant 

to the toxicity of macerating solutions so that cell killing 

was delayed to a much greater extent than maceration. Results 

of the present work for G. praticola agreed well with those 

of Tribe but for B. carotovora rot extracts although the toxic 

effects were delayed much cell killing took place in G.5H 

glucose in 2.5h whereas C.pB glucose gave complete protection 

against the macerating solutions used by Tribe. Plasmolysing^ 

concentrations of glucose also delayed permeability increasing 

activity demonstrating that permeability changes were related 

to cell death. 

Permeability changes have often been associated v/ith 

respiratory changes (Verleur, 1560; .-'heeler and Black, 1363) • 

Crude extracts from rots caused by C. praticola and B. carotovora 

-Increased the respiratory activity of potato disks after 

permeability changes occurred so that if a causal relationship 

exists permeability changes give rise to respiratory changes. 

However (iBIiV.SC, precipitation of B. carotovora rot extract k d k ~ 
showed that respiration increases were not associated v/ith 

fractions containing high pectolytic or permeability increasing 

activity. In most cases the initial increase in respiration 

fell off after a few hours to a fate lower than that of the 

controls ana was probably due to cell death. Disks treated 

with the B. carotovora rot fraction precipitated between 70-50." 



saturation v/ith (XMi,}-3C;, which contained most of the pernea-
* C. H 

bility increasing activity had a lower respiration rate than 

the controls throughout the experiment. It was possible that 

with toxic preparations' (high in pectolytic and permeability 

changing activity) the initial increase in respiration might 

be masked by rapid cell killing. However, use of Triton X-1CC 

and Xigericin, toxins which increased respiration rate and 

which increased the permeability of tuber disks more quickly 

than any rot preparation used showed that rapid permeability 

changes would not mask an initial rise in respiratory activity. 

It was concluded"that respiratory and permeability changes 

are caused by independent factors produced by X. carotovers 

and C. praticola. 

Mount, Eater an and Grant-Basliam (1970) have also related 

cell ceatli and permeability changes to pectolytic enzyme 

activity of E. carotovora preparations. The authors found no 

evidence of cell death associated with proteinase or phosphati-

dase produced by the pathogen although tney did not exclude the 

possibility that these nay be involved together or in combina-

tion with other factors to aid in the killing of host cells. 

They also state that as plasmolysed tissue is less rapidly killed 

in the presence of pectic enzymes (Tribe, 1955) that either 

1. a substrate for the enzyme may reside in the cell 

membrane and is less exposed when the membrane is in a more 

contracted condition, or 

2. a substrate may be within the protoplasm and penetration 

of the contracted membrane is greatly retarded. 



Furthermore Mount et al could not understand why plasmolysis 

should delay the hilling response if protoplasts are hilled cuv 

during maceration due to the disruption of plasmodesmata, which 

might result in the observed permeability increases. But, if 

as suggested by Wood (Mall and Wood, 1970) as maceration 

proceeds plasmodesnata become exposed to a hypotonic external 

solution they would swell and rupture, whereas if maceration 

proceeds in a plasmolyticum plasmodesmata would not rupture 

and no abnormal release of electrolytes would occur. The 

authors also state that the fact that tissue is hilled before 

it loses coherence also lends support to the idea that 

mechanical damage of plasmodesmata is not the cause of electrol 

leakage. However, the overall coherence of a tuber disk may 

give little information as to the state cf plasmodesmata as 

many of these might be ruptured by an osmotic effect long 

before the cells separate. The main difficulty with the 

hypothesis for rupture of plasmodesmata causing permeability 

increases is that some maceration must tahe place before the 

release of electrolytes but the results show that electrolyte 

leakage occurs before maceration is complete. Since maceration 

is a gradual process and it is likely that parts of a potato 

disk become infiltrated with external solution more quickly 

than others many plasmodesmata might be ruptured by an osmotic 

effect before the disk was macerated. 

Electron microscopy of E. carotovora and C. praticola 

rots gave interesting details of cell wall degradation. 
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Uicrographs of Z. darotovora rots showed the dissolution of 

the middle lamella which appeared more coarsely granular when 

being degraded than in healthy tissue. In C. praticola rots, 

it appeared that most of the cellulose wall v/as degraded before 

the middle lamella which was often seen as rather large rounded 

granules between fungal hyphae. This was.unexpected as cell 

free rot extracts had little cellulose activity with macerated 

tissue so that separated cells had similar shapes to those in 

coherent tissue, presumably due to the rigidity of their 

cellulose y/alls. In most cases tissue appeared to be hilled 

in advance of the pathogen, however in one case where a 

C, mratIcqla hypha had come into contact with a potato cell 

cytoplasmic contents of tlie host cell and some decree of 

organization remained. The cell wall v/as partly disorganized 

at the point of contact and a broad band of less electron 

dense material appeared between the cell wall and the cytoplasm. 

This material may "lave been some hind of reaction material 

or partly degraded wall material which had collapsed into the 

cell. 

From the results it appears that Z. carotovora and 

0. oraticola rot extracts contain substances which cause 

permeability changes in potato tissue well before clianges in 

respiration rate, maceration and cell hilling which happen 

more or less simultaneously, dell hilling and permeability 

changes were associated with pectic-enzyme activity for the 

Z. carotovora rots bat there was evidence that an additional 
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factor was important in causi'w permeability cizar.ges brought 

about by 0. uratlcola rots, further investigation is needed 

to find out how these changes occur, to find details of the 

alteration of the fine 'structure of cell membranes by the 

pathogens and v.hether these can he altered by purified prepara-

tions from rot extracts. daicnge, Byrde, fielding and _-h:ine-

fron (1355) A v e already made some progress in this field and 

have shown that 3cerotinia fructigena may hill pear fruit cells 

without destroying the physical integrity of the plasmalemma 

even when a cell was penetrated by a hypha. 7/ith 3. fructipenm 

rot of pear fruits the authors observed no damage to 

plasmodesmata in the cell walls of infected tissue. Disorg-

anisation of the plasmalemma was observed at a later stage. 

The authors observed that in an egg nlant infected with 

lemma was observed in both cells bordering an intercellular 

hypha. Calcnge at al. thought it likely that for 3. frmcti.ena. 

.pectin methyl esterase and pectin trans-eliminese (demonstrated 

by Cole and Vfaou, 1351) were respcivsicle for the observed effec 

and that a lytic enzyme with similar properties to that 

described by Bateman and Lumsden (1365) that attached 
and 

phosphatidesesAbrought about lysis of membranes might be 

responsible for the effect on the egg plant brought about by 

1. 'almivora. 

The present work focuses attention on the pectolytic 

enzymes as being of great importance in maceration and ceil 
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killing of host tissue by soft rot pathogens. However, the 

results also demonstrate the importance of the environment 

into which a pathogen is introduced, be it into culture or 

host plant, in determining which enzymes are produced and 

whether successful colonization by the pathogen occurs. 

Perhaps the greatest danger in studies where rot extracts are 

used to cause changes in healthy tissue is that the effects 

are not directly comparable to the changes which take place' 

in rots e.g. the unexpected evidence of much cellulose 

dissolution in electron micrpgraphs of C. praticola potato rot 



217 

Summary 

GRQ'.VTi: AND PRODUCT ICE CF PZCTIC ENZYNES IN CULTURE 

A. Growth of rathoyens in culture 

a) Pseud omonas yhaseolicola grew least well on pectic media 

and counts were about 0.2 of the counts for Erwinia spp. 

b) Erwinia aroideae and E. carotovora produced similar bacterial 

numbers on pectic media. Counts were highest for NaFP cultures 

and lowest for P + C a cultures. 

c) C. araticola grew more rapidly on NaPP than on P medium. 

B. Pectolytic and macerating enzymes produced in cultures 

a) Pseudomonas rhaseolicola produced no macerating or pectolytic 

enzymes in culture. 

b) E. aroideae and E. carotovora produced pectic enzymes which 

degraded NaFF more readily than P. Lacerating activity of 

culture filtrates corresponded better with viscosity reducing 

activity than with / hydrolysis of pectic substrates. 

c) E. carotovora produced and enao-pectate transeliminase v/ith 

-optimal activity at pi: greater than 10 and a Ca + + requirement 

of 0.CG1::. 

d) 0or11ciurn yraticola i) produced mainly endo-poiygaiacturonase 

with optimal activity at pE b-5 on P medium and mainly endo-

transeliminase with optimal activity at pH 8-10 on Nap? medium, 

ii) on P medium gave filtrates which 

macerated most rapidly at pE 4-5 and on NaP? medium gave filtrate 

which macerated most rapidly at pK 9. 

For E. carotovora, E. aroideae and u. rrqt.i nnl? macerating 

activity a r:eared to be related to pectic enzyme activity 
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"but there v/as little or no relation between growth of the 

pathogens and enzyme production. 

BCT PRODUCTION BY 3. CABCTCVCBA A1X G. PRATICCLA 

Newly lifted tubers were resistant to 0. praticola and 

E. carotovora. Treatment of tubers with 'Eindite' broke the 

rest period and made them more susceptible to C. ^raticola and 

E. carotovora. There was a period between breaking of the 

rest period and sprouting when tubers were particularly 

susceptible to rotting by E. carotovora. 

A\ E. carotovora rots 

A variety of reactions occurred when E. carotovora was 

inoculated into potato tubers from a resistant reaction to 

the development of spreading dark or light rots. Bale colour 

was often associated with large rots in 'Binaite' treated 

potatoes. Pale rots contained a similar concentration of phenc 

lie substances as sound tissue but dark rots contained less 

-phenolic substances than sound tissue because of polyphenol 

oxidation. The outer layers of the tuber v/ere more resistant 

to E. carotovora than layers below the vascular bundles. 

Dry weight/g fresh weight remained almost ccnsmant for 

7 days in moist spreading rots. Comparison of fresh weight 

of rots with rot volumes showed that much of the original 

fresh weight of the tissue was lost through evaporation or 

metabolism of host material by bacteria. Pectolytic activity 
and numbers of bacteria able to produce colonies per g whole 

rot decreased ra idly with rot age. Cellulase activity was 
negligible 
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B1 C. praticola rots 

Before ^RindjLte' treatment other attempts to make alices 

of newly lifted tubers susceptible to C. praticola were made: 

a) addition of culture filtrate with CMC, P or NaF? and 

C. praticola inoculum gave a resistant reaction. 

b) addition of CMC, P or ITaPP with C, praticola inoculum more 

often gave a susceptible reaction. 

c) addition of glucose alone or with casamino' acids with 

C. praticola inoculum gave a resistant reaction but addition 

of casamino acids with inoculum gave more susceptible reactions. 

Progress of C. praticola rots in whole tubers even after 

'Rindite' treatment was very slow. 

PROF/ILL IBS CP POT ".XPRAGTS 

a) B. carotovora rot extracts showed pectate transeliminase 

activity -similar to that shown by culture filtrates, C. rrati-

cola extracts showed endo-pectate transelirninase activity 

/which was optimal at pi" 4-5 • 

b) Extracts of rots caused by both pathogens macerated, killed 

cells and increased the permeability of tubersdisks and the 

pH optima for these activities was the same as for the pectic 

enzyme activities of the rots. 

c) Pectolytic activity was proportional to extract concentration 

but macerating activity was proportional the the Log of extract 

concentration for extracts of rots caused by both pathogens. 

d) Permeability increases occurred long before cell death and 
killing of cells started before maceration was complete. Loth 
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pereability increases and cell death was delayed when 

maceration was carried out in plasmolysing concentrations 

of glucose. 

e) Dialysis of extracts from rots caused by both pathogens 

against water resulted in some loss of pectolytic and 

permeability increasing activity. Loss of pectolytic and 

permeability increasing activity in dialysed X. carotovora 

rot extracts v/as partly restored by the addition of CaCl^ to 

0.0011,:. 

FjRIFICATIC1T 0? ROT EXTRACTS 

A. Fractional precipitation v/ith (XX^)230^ 

a) Fractional precipitation of E. carotovora rot extracts with 

gave fractions with pectolytic activity separated 

from the bulk of the protein and v/ith permeability increasing 

activity that coincided with pectolytic activity. Phosphatide 

activity v/as not related to permeability increasing activity. 

b) Precipitation of 0. craticola rot extracts gave 2 fractions 

with high permeability increasing activity one of which 

coincided with the fraction with.highest pectolytic activity 

and the other with the hihiest phosphatidase activity. 

E. Separation of rot extracts precipitated with (XX, K3C, 
: = ^ h 

on 3s-hadex G-75 

a) Separation of E. carotovora and C. eraticola rot extracts 

precipitated between 60 and 90$ saturation (lEhJ^SC^ 

confirmed that permeability increasing activity v/as associated 

with pectolytic activity. 
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b> Separation of G. eraticola ret extract precipitated between 

30 and 60/ saturation with (EE. showed that the nermea-^ 4 a 4 
bility increasing activity of this extract fraction did not 

correspond well with phosphatidase or pectolytic activity. 

ERRZCT CR RCT EXTRACTS A n CULTURE FILTRATES Ch THE RZSEIRATICE 

OR TURZE LI 51".5 

a) Rot extracts and culture filtrates of both pathogens caused 

increases in the rate of respiration rate of tuber disks which 

fell off considerably in a few hours. 

b) Separation of factors in Z. caratcvora rot extracts which 

caused permeability and respiration rate increases in tuber 

cells by fractional rrecimitation with (hU, )^3G, showed that 
- - 4 a 4 

these changes were probably brorght about by two different 

factors. 

ELECTRiI" ::IGR03GCI-Y 

Electron micrographs gave clear details or* the way in 

-which the middle lamella is degraded by Z. carotovora enzymes. 

However, micrographs of C. praticola rots showed that extensive 

cellulose degradation had taken place so that the middle 

lamella was degraded last. This was in direct conflict with 

the results from rot filtrates which macerated tuber cells 

leaving their cellulose walls still ri_id and which showed 

very little cellulase activity. 
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