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The roles of various plysioloricul s;, stars iu the ability of 
3xo;inia. atrosootica to cause soft rots of rotate tuber tissue were 
investigated by studying’ isolates, autant for these different characters, 

One of these characters was pectic encyue production where it v;a.s 

shown that the only detectable pectic enzvme produced both in vitro and 
in vivo was endo-Polygalacturonatc trans-elininase. hutannts which were 
selected out on their inability to liquefy pectate gels proved to be 
abnonr.al for the production of this enzyme as well as having greatly 
reduced virulence. Culture filtrates of these different mutants caused 
maceration end browning of potato tissue in amounts corresponding approx: 
mately to the levels of enzyme activity they contained.

Different types of soft rots were observed for isolates with differ­
ent colony appearance on glucose minimal medium agar. It was possible tc 
select from one single colony isolate of one colony type, creamy, mutants 
which had the appearance of the other colony type, diffuse. These iso­
lates caused soft rots characteristic of the other diffuse isolates. 
Various diffuse isolates differed from one another, and the creamy iso­
lates, in different characteristics according to the particular isolate 
under study, Eov/ever, they always differed from the creamy isolates in 
the type of soft rot they caused, the levels of endo~P,G.T.E. produced 
in vitro, and their colonial morphology^ o:n glucose containing media.

Changes in pH occurring in infected host tissue might explain the 
differences in the soft rots produced by- creamy and diffuse isolates.
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r
i  ' The higher pile found cr; in'i.c hion cre-nny isolates mziy result in

the prevention of the. hrov:..-rei.lon hi hifectcd host tissue by re­
versing the effect of nhe h; sL's p-.fyplxonolcovidase through the action of 
bacterial dehydrogenoses, . f t f f o u r d  in the pH of infected
tissues did not occur in viLro,

Other studies on colonto.l D'or-.tiology p.roducod evidence to suggest 
that the metabolism of pectic substr-noes and thoir breakdown products by 
the bacterium may be associated v/itl'i its me Label ism of galactose and 
lactose. However, this does not. a-ppm-ar to be directly related to the 
ability of an isolate to cause soft rots.

Similarly evidence is presented to show that the motility and the 
production of proteolytic enzymes by this organism do not appear to be 
directly involved in the production of disease symptoms by an isolate.

It would appear that the characters most closely associated with 
an isolate’s virulence are its ability to produce endo-P.G.T.E,, and 

its colonial morphology, which is possibly related to an ability to 
raise the pH of the host tissue being infected„
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GENERAL INTRODUCTION

The use of biochemical mutants has greatly helped in the elucidation 

of metabolic pathways in ixtemiediaiy metabolism, starting with the work 

on biochemical mutants of Ueuros pors. eras sa. Beadle and Tatum (1945).
In similar fashion, work with mutants of animal pathogens has helped in 
an understanding' of factors associated with their virulence, Stocker (1959) 

The basic concept in such studies involves the isolation of mutan.t 

strains differing from the wild type in a single physiological character.
If there are differences in virulence between such strains, then these 

must be a direct consequence of the change that has occurred.
The complement of this approach is to isolate and study strains 

differing in virulence from the original parent type. These isolates 

can be examined to see what physiological differences exist between them 
and the parent type. In this way, characters can be assessed for their 
importance in virulence.

It may prove difficult to obtain mutant isolates differing from the 
wild type in one character only^ but the use of niunbers of different iso­
lates which may differ for some characters but which are identical for 

the particular character under study, should overcome this problem. It 

should also be possible, at least theoretically to use back mutations or 
crossing experiments to show that the lines are isogenic except for the 
character under study. This would provide a definite proof that what is 

involved is, in fact, a single ’character’.
Using these approaches it has been possible to demonstrate the



importance of capsular structure in Pneumococcus as a factor in its 

virulence. The fact that mutation from encapsulation to non-encap­
sulation is accompanied with a, loss of virulence coupled with studies 

of genetic transformation in the opposite direction, illustrates the 
importance of capsular structures in a clear-cut, unequivocal manner, 
Stocker

A similar situation with regard to reduction in virulence with 
mutation from smooth to rough colony appearance, occurs in Salmonella 
speciesÇ Roantree (1967).

Studies on phytopathogenic microorganisms are rather limited, not 
least because of the general difficulties in handling fungi, which are 
of greater importance in plant diseases than are bacteria. However, 
there have been several intensive studies done on both bacteria and 

fungi using nutritional mutants. It has been demonstrated by Garber, 
(1959 and 1960) and Garber and Shaeffer (1957) in their work with the 
bacterial plant pathogens, Er\-7inia arbideae and Pseudomonas tabaci, that 
some nutritional requiring mutant strains derived from a virulent wild 

type are, in fact, avirulent. This is similar to the situation found 

by Boone at aH. (1957) working with nutritional mutants of the apple 
scab pathogen Venturia inaequalis. Elaboration of these results leads 
to the 'nutrition-inhibition hypothesis' of Garber (195^) to explain 
virulence, avirulence, susceptibility and resistance. Essentially the 
idea is that if a substance is absent from a host in a free, available 

form, then it is likely that any pathogen requiring that substance for 
growth, would be unable to parasitize it. It is interesting to note



that fiviiculent nutritional mitsnts ‘..-a.latoi ly Kline et pH. (IQ64) did 
not induce the hyrersencitive reacti" o.f th%’ host. Addition of the 

growth requireiaent after some time -'il:: red parasitism.

Although such nutritional orurcrh: ray hO' important in some diseases, 
e.g. X̂ mthoir.onas vesicatoria h^icteriai spot of tomato, Na.yadu and V/alker 
(1961), many workers feel that a r.uir.i clonal concept is too simple a view 
of all that occurs in pathogenesis, hood (1966). In the case where the

wild typDe pathogen can readily grow cn a defined carbon source/mineral
salts medium, then it would appear to be of little relevance to consider
purely nutritional markers. It is possible, of course, that the host
may create conditions where materiaIs cannot be utilised by the pathogen, 

but it would seem logical to consider such a position as a host response 
to infection rather than consider it to be a nutritional situation.

Other studies with plant pathogens have concentrated on using non- 

nutritional characters and there are several reports in the literature 
involving pectic enzymes. Ihnn (1962) and I-îcDonnell (1962) working with 
Fusarium oxyspo^Tum f.sp, lyconersici tested all suïvivors after mutagenic 
treatments and isolated strains differing in pectic enzyme production, but 

as close to wild type as possible regarding nutrition. They then tested 
these for their virulence and compared that with the virulence of wild type. 
Thus, they emplo^^ed the approach of getting mutant isolates for specific 

systems supposedly involved in virulence, Friednan and Geponis (1959) 
carried out the opposite of this by testing avirulent mutants of Pseudomonas 
marginalis, a pathogen of lettuce, for their abilities to produce pectic 
enzymes in vitro. Friedman (1962), employed a somewhat similar tech-
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nique when studying Rrwinia carotovora on whitloof chicory.

Colony appearance on agar media containing triphenyl tétrazolium 

salts has been studied for Erwinia carotovora by Friedman (1964), 
and for Pseudomonas solanacearum, by Kelman (1954)^ The fact that 
differences in virulence are associated with-changes in colony mor­

phology gives another example of the approach of isolating mutants 

for specific characters and then studying the effect of these changes 

on the virulence of the organism. The effect of changes in colonial 
morphology on virulence appears to be a problem particularly suited to 
this approach.

Other studies with bacterial species related to phytopathogens 
only serve to illustrate the possible benefits that mutants could pro­
vide. For example, Element ^  al. (1964) using non-pathogenio and 
pathogenic species of Pseudomonas, have investigated the response of 

tobacco plants to infection and highlighted the differences between their 

abilities to grow in the host. Similarly a yellow Erwinia-like bacterial 
species as well as other bacterial species have been used in studies con­
cerned with the physiology of the fireblight pathogen Erwinia amylovora 
and in the events occurring during infection, Element and Goodman (1966) 

and Goodman (196^). Lapwood (1957) has also made use of related non- 
pathogenic bacterial species in comparative studies of pectic enzyme 

production by phytopathogenic bacteria. In such studies it is certain 

that the related species differ by more than one character from the 
pathogenic species* The rather gross differences in the physiological 

terns which must exist between two distinct bacterial species must



limit any conclusions tliat can be drav/ri from comparative studies of 

this nature* This limitation would not, however, apply to the same 

extent to studies using bacterial isolates derived from the same source. 
In this way, a large range of problems would appear to be suited to study 
using mutant strains.

This study has attempted to elucidate some of these problems using 
the following approaches,

(i) Studying mutant isolates which possess different character­
istics from the wild type, particularly with respect to the 
ability to produce certain enzyme systems,

(ii) Studying avirulent isolates to see how their physiology 
has been altered.

The organism used in this study was Erwinia atroseptica. It is a 
gram negative ooliform bacterium which causes blackleg symptoms on 

potato plants in the field, and soft-rob of potato tubers both in the 

field and under storage, Butler and Jones (1949). Several important 
factors make it a suitable organism for such a study,

(l) Bacteria tend to be more easily handled, lending themselves 

to standardised techniques. It is possible, for exaniple, 
to use replica plating and other techniques developed with 
Escherichia coli to screen large numbers of colonies in 
the isolation of specific mutant types,

(ii) Since it is a gram negative coliform bacterium, it was

thought that any results concerning its genetics would be 
of interest in comparison wd.th the known genetics of other 

gram negative coliforms, e.g. Escherichia coli.



(ill) It has no exacting gx’ov/th requirements, growing readily 

on a glucose/mineral salts medium.
(iv) On infection, it produces soit-rot symptoms, and stand­

ardised infection can readily be obtained in the laboratory



CHAPTER I - GSIETAAL METHODS AND PROCEDURES

Section I - Ealtures

1. Isolates

The isolates used in these studies were as follows.

(JliC ) Dr. Graham, East Craigs, Edinburgh,
G110 cr* ) Creamy type of colony derived from G110,
G110 dif*) Diffuse-edged colony’derived from G110.

H/C 454)
H/C 549) National Culture Collection of Plant
n/c 1042) Pathogenic Bacteria.
n/c 1449)

2, Pkintenance of cultures

All cultures were maintained on nutrient agar slopes in 1” screw- 

top bottles. Sub-culturing was generally of a "mass transfer" type 

with a platinum loop, though occasionally, single colony isolates were 
selected out of each culture for continued sub-culturing.

All cultures were stored at 4"5^G in a refrigerator when not in

use.

5* Media
Unless otherwise stated all media were autoclaved at 15 lbs, pres­

sure for 15 minutes.

Nutrient broth
Bacto-peptone 10 gms,

Lab-hemco beef extract 10 "
(Oxoid)

NaCl 5 "
Glass distilled H^O 1 litre

pH adjusted to 7*2 with IN NaOH,



5, Media (contd.)

Nutrient agar

Nutrient broth -i- agar (Ovoid No.5) 15 gn./litre

Section II - Growth Conditions

1. General conditions
Nutrient broth was used for growing up bacteria when no specific 

experimental procedures were required. Two procedures were used: ■

(i) 10 ml, of nutrient broth in 1" screwtop bottles.
Standing cultures at 25^0,

(ii) 50 ml. of nutrient broth in 100 ml* Ibclenmeyer flasks at 
26^0 on a rotary shaker of amplitude 5*5 cm, at I50 revs, 
per minute.

Inoculation into these cultures was generally done with a platinum

loop. The shaken cultures were always used where standard inocula

were needed as in the virulence tests and the in vitro pectic enẑ nae

production tests.
After about 24 hours, the density of cells in tube cultures was

7 8generally in the range of about 10 - 10 cells per ml. Shaken cultures
9usually ranged between 1~5 % 10 cells per ml, after 24 hours.

2. Minimal medium (m )
The minimal medium was that used by Starr (1946). It consisted 

of the following:



Glucose 0*5 giTiS. (aoded sep:M.v.tely)
KEgPO^
mi^ci

MgSO4
Trace solution
Glass distilled H^O

0,2 "

0.1 "

0,02 "

1 ml.
100 ml.

For a solid medium, 1*5 gins. of agar (Oxoid No.5) was added. The pH 

was adjusted to 6*8 with 1N NaOH added dropwise before adding agar or 

autoclaving. Liquid media was used in 50 ml, batches incubated under

exactly similar conditions as nutrient broth. In specific cases, the 

glucose was replaced by the following sugars, fructose, galactose snd 
lactose*

galactose MM and lactose respectively.

In such cases, the medium will be referred to as fructose Mtl,

Trace solution
B (H^BO^) 0.5 Mg.
Ca (CaCO^) 10,0 "

Ou (OuSO^*5EgO) 1,0 "

Fe (FeSO^LNH^l^SO^.611̂ 0 ) 10.0 "

Mn (mSO^.H^O) 1.0 "

Mo (MoO^) 1.0 "

2n (ZnSO^.TH^O) 5.0 "

5. Eosin Methylene blue agars (EMB agars) Difco Manual (9th Edition, 1955). 

These consisted of the following:



Sugar 10 gms

Bacto-peptone (Difco) 10 "

ICpPLq 2 "

Egsin Y 0,4 "
Methylene blue 0.065

Agar (Oxoid No.2) 15 gms
V/lien the sugar was lactose, Difco's Levine ElIB agar was used for con­
venience* Other sugars used were glucose, fructose and galactose*
4. Triphenyltetrazolium chloride (TTO) agars 

These consisted of:

Oxoid Nutrient agar (C,M*5) 28 gms.

Sugar 5 "
TTC solution (0 .5/ w/v solution) 10 lal.
Distilled water 1 litre

Carbon source and TTC solution autoclaved separately at 10 lbs. pressure 

for ten minutes. The same sugars were used as for the Ei-iB agars, lliis

was the same as that of Logan (1966), minus the yeast extract.
5 • Peptone-sugars

These consisted of the following:
Bacto-peptone (Difco) 5 gms,

KgHPO^ 2 "

Sugar or other carbon source 5 "
Glass distilled H^O 1 litre

1,6/ w/v, 50/ w/v ethanolio
solution of bromo-cresol purple 1 ml,

adjusted to pH 7,0 with 1N naOH.



Tlie solutions were dispensed in test tubes with an enclosed Durham 

tube to test for gas production* They were steamed in an autoclave 

for twenty minutes on each of three consecutive days and stored at

in a refrigerator. The various carbon sources used are given 
in the appropriate experiments. V/here ethanol was used, it was added 
to the sterile tubes after steaming, just before use.

The tubes were inoculated from standing 24 hour old nutrient broth 

cultures by adding one drop of bacterial suspension. The tubes were 

incubated at 25^C and examined at various intervals to check for acid 
(a yellow colour) and gas formation.

Acid production was classified into five categories as given in 
the following table.

(i) = No reaction ,

(ii) -f - Possible, very small reaction

(iii) P “ Definite but incomplete reaction
(iv) ++ - Complete reaction
(v) d - Delayed reaction

6. Nutrient gelatine
This medium was routinely used for gelatine liquefaction. It was 

prepared to the following formula modified from the Difco Manual (9th 
Edition, 1955). Bacto-peptone (Difco) 5 gms,

lab-lemoo Beef extract (Oxoid) 5 "
Gelatine (B.D.K.) 120 "
Glass distilled B^O 1 litre

This geletine was dissolved by heating in the water and then the other 
constituents were added. The medium was adjusted to pH 6,6 with 1N NaCh 

and dispensed in bottles.
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7 * Examina11on cf cultur-s for motil ity

Motility was a-Termiroi by examining a drop of bacterial sus­

pension (nutrien t broth ?4 hours) on a microscope slide without cover- 
slip under the lighl microscope* The degree of motility was estimated 
as follows:

(i) - - non-motile

(ii) + - slightly motile, very little movement out of a
small localised area

(iii) -F+ •“ about of the cells moving freely
(iv) +'H- r= all or nearly all cells moving freely

The greatest difference exists between categories (ii) and (iii), there

being possible overlaps between categories (i) and (ii) and also between

(iii) and (iv).
8* Measurement of cell numbers and densities

Estimates of cell numbers in liquid culture were generally made 

using a colorimeter as a densitometer. In this study, optical densities 

(O.D's) were taken using either?

(i) an EEL portable colorimeter with red filter No.608, or

(ii) a Hilger-Watt colorimeter with a red filter No.700*
With the EEL, dilution of 24 hour-old cultures was not necessary to get 
accurate readings. However, on the more sensitive Hilger-V/att machine, 

l/lOth dilutions were generally needed to get accui’ate readings. Refer­
ence solutions used, consisted always of the solutions in which the 
bacteria had been grown, These were diluted if the culture had been 
diluted.

In addition to this viable counts were often taken by plating out



dilutions of cultures onto Oxoid nutrient agar

Inocula prepared from nutrient broth cultures were estimated to 
give an O.D, of 0.1 when inoculated into ^ ml  ̂ of nutrient broth. Tliis 

inoGuluju was used to inoculate shaken cultures and for the preparation 

of inocula for virulence tests *

In a few specific cases, estimates of cell numbers were made by 
haemocytometer counts. Where such cases occur, they will be clearly 
indicated.

Section III - Virulence Tests

Healthy Pentland Dell tubers were washed under a cold tap to re­
move dirt and then immersed in a 2/ calcium hypochlorite bleach solution 
for thirty minutes. Thereafter, they were rinsed and dried with pape% 

tissues. After being quickly flamed with ethanol, they were cut into 
slices approximately 5-5 mm, thick with a knife which had been flamed 
previously. These slices were washed four times with glass distilled 

H^O to remove debris and finally washed twice with sterile glass distilled 

water.
After allowing the excess water to drain off, each slice was placed 

in a separate, sterile petri dish containing an 11 cm. Postlip filter 
paper in its lid, to which 5 ml. of sterile glass distilled H^O had pre­
viously been added. As soon as possible after placing in the dishes, 
the slices were inoculated with a suspension of the bacterium under test 
which was prepared as follows.

The bacterium was grown up first of all in ^0 ml. of shaken nutrient
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broth for 24 hours* Its optical density vas measured against sterile 
nutrient broth (page 12) and an inoculum made from the culture into 
9 ml* of sterile glass distilled K^O* This inoculum was calculated 
to give an 0,D, of 0*1 if it had been added to 9 #1. of sterile nutrient 

broth. The suspension thus prepared, was then inoculated onto the tuber 
slices, a 0,5 ml. portion for each tuber slice. Controls consisted of 
inocula prepared in an exactly similar fashion with sterile nutrient 
broth.

The slices were then incubated, at 20^0 in petri dishes. By \jq,j of 

keeping the humidity of the atmosphere high, the petri dishes were placed 
in polythene bags. Control slices were always incubated in the same bags 

as those under test.



Figure 1. Basic structure of pectic substances.
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CHAPTER II « PECTIC MZIHZS

Section I - Introduction

This section is concerned with the production of pectic enzymes 

by the organism in vivo and in vitro and the part that these enzymes 

play in the host-parasite relationship.
Pectic enzymes have been implicated in soft-rot diseases by 

numerous workers* A comprehensive list of organisms producing pectic 
enzymes is given by Wood (I966). Tissue maceration is considered to 
be mainly due to the action of these enzymes on the middle lamella of 

plant cells where pectic substances occur in considerable amounts^ 
Albersheim et al* (l960a); McClendon (1964). The middle lamella binds 
cells together and the destruction of it results in the disruption of 
the affected tissue, Hancock (1968); Wood (1966)*

Chemistry ;
The pectic substances which are the main components of the middle 

lamella, have the basic structure given in figure 1. They consist 
of polymers of Galacturonic acid units linked by a1 ;4 glycosidic bonds, 

The carboxyl side groups of the units can be esterified generally with 
methanol. The degrees of estérification which vary with age, species 
etc., are used to classify the pectic substances. Using Bateman and 
Miller’s classification (1966), three types are recognised:

(i) Pectin, estérification > 75/

(ii) Pectinic acid, estérification <75/
(iii) Pectic acid or polygalacturonic acid no estérification



Figure 2, Action of pectin methyl esterase (P.M.E.) on pectin.
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Although galacturonic acid appears to he the niain sugar unit, other 

sugars and substances have been found associated with pectic substances. 

These include the sugars arabinose and galactose as well as proteins, 

and calcium and magnesium ions.

Most v̂ ork has been concentrated on those enzymes attacking the a1 î4 
linkages of the galacturonic acid residues and those removing the methyl 

groups from the pectin, Hancock (1968) has suggested that although 
other enzymes may be necessary for the complete breakdown of pectic sub­
stances, even a limited breakdown of the polymeric structure could greatly 
affect their properties,

Bateman and Miller (I966) have produced a classification of these 
pectic enzymes which is both ordered and comprehensive. They first of 
all separate the enzymes on the basis of whether they attack the ester 
linkage or the glycosidic linkages, i.e.

(i) Pectin Methyl Esterase (p.M.E.)

(ii) Hydrolases and Trans-éliminases

(i) Pectin Methyl Esterase (P.M.S.)
There are no reports in the literature of any other type of ester­

ase, P,M.E, has been reported to occur in a wide range of organisms.

It is present in substantial amounts in higher plants, e.g. the common 
source for the commercial preparation of this enzyme is tomato fruits.
It is present in appreciable amounts in healthy potato plants, Linev/eaver 
and Jansen (1950» Its action on pectin is given in Figure 2,

The reports of the production of this enzjmie by Erwinia species 
are rather confusing. In some cases, the enzyme can be detected in 

small quantities, while in others it cannot be detected at all.



G-raîiam (19^4) bas suggested that the production oi this enzyme may he 

correlated with pathogenesis, this suggestion being reached from the 

data of Smith (1958)» Smith showed activity in culture supernatants, 
such activity, however, having been measured over a fairly long period 

(2 4 hours) with the result that the quantities of the enzyme may have 
been very small.

Other reports of P.M.E. production by Erwinia spp. have come from 

Kraght and Starr (1955) and Kasuno and Starr (1966). Kraght and Starr 

judged activity to be present from acid production in a growth medium 
containing pectin. Na^suno and Starr produced good evidence of some 
pectin methyl esterase (P.M.E,)production by Br/zinia carotovora.

There are other reports in the literature where little or no enzyme 
ha,8 been sho^m to be produced. Thus, Echandi ^  (1957) found that
E, carotovora. E. aroideae and E. atrosephia only produced a depolymer­
ase in culture and did not produce P.M.E. or polygalacturonase (P.G.), 
Similarly Walton and Capellini (1962) found that E, carotovora produced 
no P.M.E. in vitro.

After studying in vitro production of pectic enzymes by E. aroideae. 

Wood (1955) concluded "that crude solutions, i.e. crude filtrates from 
cultures of Bacterium aroideae. are practically free of pectin-
esterase". He was also able to demonstrate rapid reduction in the vis­

cosity of pectin and pectate solutions over short periods of time (20 mins) 
which were accompanied by little, if any, drop in acidity due to the action 

of P.M.E. It would appear that no definite correlation exists between 
P.M.E. production in vitro and the pathogenicity of Erwinia soft-rot 

species, although this throws little light on the in vivo relationship.



Figure 5. Action of hydrolases on pectic substances.
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Of studies invoJ,, :iv:o‘ uuteut strains, it appears that only one 

previous report v/ith :r.-eeific regard to PJi/S, is available for Er-̂ vinia. 

Using a mutant with r'.freed virulence on witloof chicory Friedman (1962) 
found that the.r-e was change in the level of P.M.S. produced by this 
isolate in vitro whe.ceas it had- reduced ability to produce other pectic 
enzymes,

Kann (19^2) and '’■cfomiell (1962) studying Fusariun oxys-porum f.sp, 
lycopersici found that mutant strains lacking the ability to produce this 
enzyme, or those producing less'than wild type, w ere still as pathogenic as 

wild type* It would appear, therefore, tliat in the context of this dis­
ease at least, production in vitro is of little importance.

It should be noted, however, that may act as a 'primer' for
the action of other pectic enzymes, and that its action on pectinaceous 
substances in the host may result in a greater ability of other enzymes to 

degrade them, i.e. a synergistic effect.

It is also possible that in some cases, alkaline saponification or
déméthylation of pectin can occur, and in such cases, it would be more 
difficult still to decide if pectin esterase was closely involved in patho­
genesis, Hancock (l9o8). It is clear, however, that P.M.S. does not 

cause breakage of the o:1;4 linlcage in pectic substance. It is this link­
age that is now considered to be important from the standpoint of macer­

ation.
(ii) Hydrolases and Trans-climinases (lyases)

These two groups of errẑ mies attack the a1 :4 linkages of pectic and 
related polymers. Their action is thought to be as showu in figures 3 

and 4o



In effect jboth these enzymes bring about the cleavage of the o:'i î4 

linlcage. Further sub-divisions of these enzymes can be made along the 

lines suggested by Bateman and Filler (1$66), whose classification is 
reproduced here.

A. Hydrolases 
(i) Random mechanism of hydrolysis.

(a) Pectin attacked in preference to pectic acid .....
  endo-polymethylgalacturonase (endo-P.M.G.)

(b) Pectic acid attacked in preference to pectin .....
..... endo-polygalacturonase (endo-P.G.)

(ii) Terminal mechanism of hydrolysis.

(a) Pectin attacked in preference to pectic acid
..... exO"polymethylgalacturonase (exo-P.lhG.)

(b) Pectic acid attacked in preference to pectin .....
..... exo-polygalacturonase (exo-P.G,)

B. Trans-eliminases
(i) Random mechanism of trans-eliminative degradation.

(a) Pectin attacked in preference to pectic acid .....
  endo-pectin-raethyl-trens-eliminase (endo-P.K.T.E.)

(b) Pectic acid attacked in preference to pectin .....
  endo-polygalacturonate-trans-eliminase (endo-P.G.T.E.)

(ii) Terminal mechanism of trans-eliminative attack.
(a) Pectin attacked in preference to pectic acid.,..,.

.,,,. exo-pectin-methyl-trans-elimin8.se (exo-P.M.T.E. )
(b) Pectic acid attacked in preference to pectin .

..... exo-polygalacturonate-trans-eliminase (exo-P.O.T.E.)

From this classification, it is possible to make several useful 

observations on pectic enzymes:
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Exo-enzyme s lead to the release of large amounts of reducing groups, 

with little effect on viscosity, while endo»-enzymes also release reducing 

groups, but have a much greater effect on the viscosity of pectin and 
pectic acid solutions.

Trans-eliminases and hydrolases can be distinguished by the type of 
coloured compound formed by the reaction of the product and thiobarbituric 

acid. The products of hydrolases give a peak at 51? mp while those of 

trans-éliminases give a peak at 547-550 nip (Albersheim ejb , (196O) ; 

Sherwood (ri967). Further, the formation of double bonds by trans-
eliminase action can be followed spectophotometrically by measuring the 
increase in absorbance a,t 250-255 mp where these compounds absorb ultra­
violet (U.Y, ) light.

At this point, it is necessary to say a few words about methods of 
estimating pectic enzyme activity. In the past, it has been usual to 
measure reduction in viscosity of peotin/pectic acid solutions and/or 

the release of reducing groups by enzyme action. It is now clear that 
such systems cannot give completely accurate information on enzyme act­
ivity in those circumstances where more than one enzyme attacking the 
a^ j4 lihk;age is present. Measurement of enzyme activities separated on 
the basis of optimum pH alone is also of doubtful value, since it is pos­

sible that the range of action of different enzymes with different pH 
optima may overlap (page 58). Therefore, unless the enzymes in the 
system have been specified, the use of viscosity and reducing group 
measurements should be avoided, unless, of course, a composite assessment 
of all the enzymes present is required.



other enzymes or terms used in studies include protopeotinases■ 

and depolymerases.
Bateman and Miller (l9o6) state that the term protopectinaso has 

been applied to those enzynes causing tissue maceration. Wood (1955 
and 1966), suggests tliat protopectinases attack the ill-defined sub­
stance, protopectin, present in the middle lamella, and so cause macer­
ation. In this study, the term will be avoided, and use made of the 
term 'macerating enzymes' as suggested by Bateman and Killer (1966),
i.e. as long as the enzymes causing maceration remain unidentified*

The term depolymerase also occurs frequently in the literature, 
and has been applied to those situations where rapid drops in viscosity 
of peotin/pectic solutions have not been accompanied by a great rise in 
reducing groups. Increases in reducing groups do occur, however, as 

is witnessed by the work of Beese and Stahmann (1962) who used reducing 

group forms,tion as a measure of 'pectic depolymerase' produced by 

F, oxysporum f.sp. cubense. In such cases, galacturonic acid appears 
not to be formed from the action of these enzymes, Bateman and Miller 
(1966) suggest that enzymes described by this term are probably trans- 
eliminases.

It appears possible, however, that depolymerases could include both 

trans-éliminases and hydrolases which have an endo-action, since the 

action of such enzymes would probably be very similar in respect to vis­
cosity and reducing group assays. It is possible that endo-hydrolases 
may not give rise to galacturonic acid directly.

There are numerous and conflicting reports of different pectic



enzymes being produced by soft-rot Zrwinias. ïbhandi et al. (1957)
( Ireport only the production of a depolymerase for the three soft-rot 

species E* carotovora, E, aroideae and S. atrosephia. Wood (1955). 
found large amounts of 'depolymerase' produced in vitro as well as 
large amounts of ’protopectinase’ produced in vitro and in vivo. The 
similarity of both these enzymes is extremely close, and it appears 

likely that they are one and the same. Walton and Capellini (1962) 

report the production of 'depolymerase, protopectinase* and polygalac­
turonase by E. carotovora. the opthnum pH of hr latter enzyme being at 
pH 9# However, the methods used are not described and it would be of 
interest to know which assay was used for these enzymes, particularly 
the polygalacturonases.

In 1962, Starr and Moran reported trans-eliminase activity in 
culture supernatants of E. carotovora. The optimum pH for activity of 

this enzyme is pH 8 .5. They concluded that this enzyme had an endo™ 
action and attacked pectic acid or polygalacturonate in preference to 
pectin, i.e. it was an endo-polygalacturonate-trans-eliminase (endo- 
P.G.T.E.) on the basis of Bateman and Miller's classification. The 
properties of this enzyme agree remarkably with those of the 'depoly­

merase* described by Wood for E. aroideae i.e. calcium stimulation, 
pH optimum, fast reduction in viscosity of pectic solutions and no 
formation of monogalacturonic acid as detected by paper chromatography.

Thus, it would appear that Wood’s ’depolymerase' and endo-P.G.T.E, 

are one and the same enzyme. It is interesting to note that Smith 

(1958) reported the presence o f ’y-pectinglycosidase’ (i.e. an enzyme 

active at pH 7*5) in culture supernatants which attacked pectic acid in



preference to pectin* In some cases he detected a-pectinglycosidase 

activity, (i.e. pectic enzyme activity at pH 5«5), but this was always 

accompanied by very high activity at pE 7,5»
It is generally accepted that many reports of such enzymes with high 

optima pH's are probably reports of trans-eliminases. There are also 
reports in the literature of cell-bound exo-polygalacturonate trans- 

eliminases, Okamoto êt ah (1965; I964). Since cell free filtrates of
this and other soft rot bacteria can cause maceration, it is unlikely 
that such cell“bound enzjnnes are greatly involved in maceration, although 
it is conceivable that they may be involved in the utilisation of pectic 
substances as carbon sources.

Reports of hydrolases are less easy to find, since it is now clear 
that many previous reports were, in actual fact, reports of trans-elimin- 
asas. However, Nasuno and Starr (1966) have clearly and unequivocally- 
demonstrated the production of an endo-polygalacturonase by Brwinia 
carotovora with a pH optimum of 5,4, It would be of interest to see if 
future reports for other Brwinia sp. and varieties also gave reports of 
such an enzyme.

Of pectic enzymes present in infected tissues, so called 'proto­
pectinase' appears to be the most commonly detected enzyme, Wood, (1955), 

Friedman (1962) and Lapwood (1957), Lapwood demonstrated highest macer­
ating activity at pH 8-10, which is similar to that of Wood (l955)« The 
close similarity of 'protopectinase' to endo-P.G.T.S. has already been remarked 
on, Haucock (1968) v/orking on Rgsariuic . solsni concluded that the enzymo 

mainly responsible for maceration was an endo-P,G,T,E. Turner and Bateman



(1968) produced evidence in a study of Smvinia oaroiovorc rn-1 

debaryanum on carrot, cucmcer and onion, that endo-F.G.T'ffp we.s nrobcblv 
responsible for tissue maceration in all cases.

The use of mutant strains to elucidate the relationship of pectic 
enzymes to disease is, to say the least, limited. However, ItciO'imon and 
Geponis have used such a procedure. They foimd that five aviirih! ent iso­
lates of Pseudomonas marginal is selected at random, fs.il ed to produce 
detectable pectic enzymes in culture, whereas the wild type produced 
P.M.S., pectic depolymerase and protopectinase. Those strains differed 
from wild type only in characteristics associated 'with the metabolism of 

pectic substances and in one other character, namely acid production from 

sucrose. Supplementation with unheated pectin to one of the isolates 
did not promote its growth. They concluded that loss of ability to 
synthesise pectic enzymes by some strains was a genetic effect e.nd was 
the cause of the loss of virulence of those isolates. This study did • 
not indicate, however, which particular enzyme or enzycnes were involved 
in loss of virulence. However, Friedman and Jaffe (I960) showed, using 
these mutants, that tissue injury (as measured by electrical conductance) 
was probably due to pectic enzymes, since the culture filtrates of a 

mutant strain did not cause any increase in conductance, whereas those of 
other Pseudomonas species and Erwinia species did.

Using ultra-violet light, Friedman (1962), isolated a weakly virulent 
strain of Ervinia carotovora from a virulent parent wild type* This 
strain differed from wild type only in having a reduced ability to decrease 

viscosity of pectin solutions and cause increases in reducing groupe of



of sociiû i pectate. No differences in P.K.E. activities were noted, and 

the only other difference involved gelatine liquefaction and other tests 
associated with proteolytic activity. However, later studies on changes 
in virulence of cultures, growth rates in vivo and acid production in vivo 

and in vitro suggest that changes in other physiological systems may have 
occurred complicating any straightforward assessment. All this work 
implicates pectic enzqciîes as important in pathogenicity, at least in 
bacterial soft-rots. It must be noted, however, that there is some 
evidence that this may not be the case in many other diseases, Vsjm  

(1962) and MeBonne11 (1962) found that differences in P.M.S. and P.G. 
production in vitro by mutant strains of Fusarium oxysporum f.sp. lyco- 

persici were not correlated to any great extent with differences in 

pathogenicity on tomato*
To conclude, there is some evidence that pectic enzymes are import­

ant, at least in soft-rot diseases. V/hich precise enzymes, however, 
are responsible for maceration is not clear, and this must be allowed 
for in. any study of pectic enzymes in disease.



2b

Section IT - Methods

A* Cu.ltiira.l Conditions

Pectin and Sodium polypectate media
The media for the production of pectic enzymes are modifications of 

that of Nasuno and Starr (1966), They were prepared in two parts as 
follows ;

Solution 1
Pectin (h.D.H.) or exchange sodium polypectate 
(s. & S, Services Ltd) washed with acidified ethanol 
to remove sugars and other low molecular weight com­

pounds, Wood (1961) 5 gms.
Bromothymol blue indicator solution (Hopkin & Williams) 2 ml. 
Glass distilled 4OO ml.

The pectin or sodium polypectate was dissolved by continuous stir­
ring in the water at a temperature of 80-90^C, The bromothymol blue 
was added and the pH adjusted to approximately neutrad (a green colour) 
with 1N NaOH, The solution was dispensed in 20 ml, portions and auto- 
claved at 10 lbs. pressure for 10 minutes.

Solution 2
KHgPO. 2.4 gms,
Ha^HPO^ 0.8 gms.
MgSO^.THgO 0.2 gms.

(NHP2SO4 3-0 gms.
Sodium monoglutamate gms.
Glass distilled H^O 600 ml.



Table 1. The cell riUiXbere and C.Bs, of various cultures of

isolate G110 dif.

Medium

Estimated numbers of 
cells (X1C5) per ml. 
of culh;ro8 with an 
O.B, = 1.0 on the ESL 

colorimeter

Estimated numbers of 
cells (X109) per ml. 
of cultures with an 
O.B, of 1/10 dilution 
= 0,10 on Hilger-V/att 

colorimeter

Nutrient
Broth 1.10 1.86

Liquid mini­
mal medium 0.93 1.74

Sodium poly­
pectate 1.10 2.01
medium

Pectin
medium 1.50 2.74



The mineral salts were dissolved in the water and the pH was adjuster 

to 6*8 with 1H HaOH. The solution was dispensed in 30 ml. portions in 
100 ml. flasks and autoclaved at 15 lbs, pressure for 15 minutes.

The medium was finally prepared by adding one portion of Solution 1 
(20 ml.) to one part of Solution 2 (30 ml.).
Inocula

Inocula were generally obtained from 24 hour-old shaken nutrient

broth cultures (page I3), Ihe inoculum was calculated so as to give an
optical density of 0,1 if inoculated into 9 ml. of nutrient broth. Table 1

gives the cell numbers against O.Bs. of nutrient broth and other cultures;
9it will be seen that cell numbers in the inocula lay between 0 ,5-2*0 x 10

7cells or about 1-4 -0 % 10 cells per ml. in the inoculated pectic media 
flasks. In some cases, a smaller inoculum was used and the details are 
reported in the appropriate experiment in a later section.

Growth conditions
The inoculated cultures were grown at 26^0 on a rotary shaker at 

150 rotations per minute of 3 .5 cm. amplitude.
Estimation of growth

Growth was generally estimated from O.Bs. of the cultures after the 
desired incubation period. These were read in exactly the same way as 
the O.Bs. of H..broth cultures, except that the reference solution con­
sisted of the appropriate pectic medium used in the experiments. In many 
cases, nutrient agar dilution counts were also taken to provide estimates 

of viable cell counts for the cultures.
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Enzyme Assays

Prepari.tion of sokajioriS fofApsstj-np; for pectic fnsyrnos

1 . CuJ.turc .>0000:0 touts

The culture supernatants were obtained by centrifuging at 4,000 r.p.m, 

in a Gallenkarp ber..oh centrifuge for 20 minutes to remove the bacteria. The 
supernatants \:ero decanted off and passed through a membrane filter. Gener­
ally, they were used the same day but if not, were stored under toluene at 

3^0, In some cases, they were stored without toluene at "20^0. Results 
did not seem to vary with these two different procedures,
2. Extracts from blackleg infected plants from the field

Plants were collected from a heavily infected plot in the garden of 
the Botany Research laboratories, Garscube Estate, in mid-August, I968,
These plants displayed all the characteristic symptoms of heavily infected 
plants, i.e.

(i) Separation of the haulms from the underground parts of 
the plant when pulled gently,

(ii) Blackening and rotting of the haulm near the soil,

(iii) Curling of the leaves and drying up of the stems,
(iv) In some cases, complete wilting of the plant had

occurred, presumably because of disruption of the 
water-conducting elements of the plant.

(v) After collection, masses of bacteria could be seen if

small pieces were macerated with water.

It v/as therefore decided to use these plants as representative samples of

the infection in the field.
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Tlie collected haulms wscc gently v/ashed with distilled water and 

dried by careful blotting v;it;i paper tissues* The blackened parts of 
the hauÜJûS which occurred at, end just above ground level, were cut off 

and the rest of. the plants discarded. 10 gms * of these blackened sections 

were weighed out and added to 50 ml, of distilled water in a Waring blender 

where they were blended for 1-2 minutes until only the fibrous material of 

the stems was left. The fluid was then poured off and wa.s seen to be full 
of a dense suspension of bacteria which proved, on examination, to be a 
motile gram negahive rod* The suspension was then treated in exactly the 
same way as pure bacterial cultures to remove the bacteria and debris*
5, Extracts from laboratory infected notato tuber slices

Potato tuber slices were inoculated in the manner described for tests 

of virulence with a suspension of bacteria (page I4 ). After 48 hours,
10 gms, of rotted material were removed and blended in 50 ml. of glass dis­

tilled water as described for the blackleg stem extracts. The procedure 
after this point was exactly similar to that of the pure cultures and black­
leg haulms,

In those cases where direct assays of P.G.T.E. in infected discs 

were made, the extraction was done with TRIS-EG1 buffer 0,1 M (pH 8 .5).
Pec tin Me thy1 Esterase (P.M.E.)

A 1.25/ solution of pectin (B.B.H.) was prepared by heating and stir­

ring. This solution contained O.G ml. of a 1.6̂ b w/v solution of bromo-cresol 
purple in ethanol for every 100 ml. of solution. The pH of the solution 
was adjusted to 7.0 with N/10 and H/1OO HaOH.

The assay mixture for the enzyme consisted of the following:



24 ml. of the pectin solution.

3 nil* of 1 *0 M NaCl.
3 ml* of culture filtrate under test.

The pH of the mixture was readjusted to 7»0 with IT/100 KaOH after addition 

of the enzyme solution. Control solutions consisted of incubation mix­

tures with culture filtrates which had been heated in a boiling water bath 

for 15 minutes* Other controls consisted of mixtiures with the enzyme re­

placed by distilled water and the pH adjusted to 5*5, 6.0 or 6,5 with n/10 
HaOH, After incubation for one hour the absorption spectra of the solutions 
were read in an 8? 800 spectrophotometer at 590 mp. Since there is a change 
in the absorbance of the bromo-cresol purple at 590 mu over the pH range 
5.0-7.0 then this can be used as a measure of the change in the pH due to 

the action of P.M.E, h/l00 NaOH was added to  ̂ m l, samples in increasing 
quantities until the absorbance was restored to the original value. Checks 
were also taken of the solutions with a pH meter. The amount of NaOH 
needed, to restore the solutions to the original pH was calculated and used 
as a measure of the activity of P.M.S.

For the assay of P.M.E, the cultures were always grô wn up in a pectin 

medium.
Hydrolases smd Trans-éliminases for 

Thiobarbituric Acid Assay

Albersheim e_t (l960b) showed that the products of hydrolases, i.e. 
galacturonic acid and the oligosaccharides of it, gave products with a Biaxi- 
mum absorbance s,t 517 mp, while those of trans-éliminases, i.e. unsaturated 
galacturonic acid and digosaccharides containing this group, had a maximum 

absorbance at 547-550 mp.



Procedure : The following procedure is a inocificaiion of that by Sherwood,

(1967).
A solution containing sodium polypectate or pectin, buffer, enzyme

solution and other minerals reportedly necessary for the enzyme's activity,
owas incubated at 30 G in a water bath* 0*1 ml, samples were taken from 

this and added to a test tube 3/8" kc diameter and 3'* bong, containing 
the following mixture.

1 ml, 0.01 M Thiobarbituric acid

0,3 ml. 0 .5 0 M HCl.
These tubes, two per ssmiple, were carefully plurg'ged with cotton wool, care 

being taken to avoid getting solutions onto the cotton wool, and heated in 
a boiling water bath for one hour. After cooling, their spectrum was 
measured in an SP 800 Unicam spectrophotometer over the range 5OO-65O mp , 

in an 0,5 cm, cell. The zero for all readings was taken at 65O mp because 

experience showed that presence or absence of absorbance in the range 500”

550 mp little affected absorbance at 65O mp. Controls in all cases,
employed boiled enzyme solutions.

The incubation mixtures consisted of the following:

Buffer 5 ml.
2 ,5/ w/v Sodium polypectate or pectin 2 ml.

1 M NaCl or 0,001 M CaCl^ 1 ml.

2/ w/v Phenol 1 ml.
Enzyme solution 1 ml.
Total volume 10 ml.

In each case, the test was carried out with the following buffer 
solutions.
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Citric acid/sod ram citrate (o„1 M)

Tris-Maleate (0,1 M)

Tris“HCl (0,1 M)
M It

pH 5
pH 4
pH 5
pH 6

pH 6

pH 7
pH 8
pH 8

pH 9
This combination of buffei) substrate etc. gave 36 best incubations per 

sample tested. In some cases, sample sizes were increased by a factor 
of 5, and then readings taken with 1 cm. spectrosil cells. This gave 

larger curves in specific cases, if required.

>ay of reducing groups by Kelson's Reagent

The reagents were prepared according to the procedure of Kelson (1944) 

as follows:

Reagent A
Solution 1 ; Na^CO^ (anhydrous)

Rochelle salt 
NaHCO,

25 gms.

25 gms.
20 gius.y

Kâ SÔ  (anhydrous) 200 gms.
Dissolved in 800 ml, of glass distilled H^O and made up to 1 litre 

Filtered if necessary and stored above 20^0.



Figure 5* Standard curve for the measurement of reducing 
groups (glucose) using îlelson's procedure.

CO

JQ<
.(^1 ' o

Concentration of giucose(M l



Reagent A (contd)

Solution 2: 15}“c w/v CuSO, with 1 or 2 drops of concentrated
per 100 ml^ of solution.

The reagent was prepared finally for use hy adding 25 parts of 

Solution 1 to one of Solution 2.
Reagent B

25 gms. of ammonium molyhdate in 450 ml, of glass distilled E.O.
21 ml. of concentrated were added and then 5 gras. sodium arsenate
dissolved in 25 ml. of glass distilled H^O, This solution was stored 
for at least 48 hours after preparation at 57^0 in a brovai, glass-stop- 

pared bottle. After this, it v/as kept at room temperature.

The procedure for testing for reducing groups was as follows:

1 ml. of the solution under test was added to 1 ml. of Reagent A and ' 
heated in a boiling water bath for 20 minutes. After cooling, 1 ml. of 
Reagent B was added. The solution was left for 20 minutes before read­
ing in the SP 800. It was general procedure to dilute the treated sol­
ution to 10 ml. with glass distilled H^O. \Jhen standard solutions of 

glucose were prepared, the blanlc control solution consisted of glass dis­

tilled H^O, The control solution in enzyme assay mixtures consisted of 
treated samples of the mixtures removed immediately the enzyme was added, 
i.e. at time 0. The concentration of reducing groups released in such 
mixtures was estimated from absorbance at 500 m|_i in 1 cm. silica glass 
cells in the SP 800 Unicam spectrophotometer. Figure 5 shows the standard 

curve obtained by reacting glucose with Helson’s reagent.



Assay of Polpgalac Uuronate traris-ellriinase (P. G.T. F. )
measurements c.t 255 pLi,

The assay used v/as a modification of that of Nasuno end Starr (1566). 
Activities were m0;?.sui?0d as follows?

An SP 800 UPV, spectrophotometer (Unicejn) v.'as set a t ’fixed wavelength’ 

at 255 wp with constant temperature cell holders at 50^0, Using O .5 cm. 
silica, glass cells the assay mixture consisted of the following?

Tris Buffer (0,1 hi) pH 8.5 0,75 ml.
1.5/ w/v Sodium polypectate 0 ,2 5 ml.
0.001 M GaGl 0 ,1 5 ml.
Bnizyme solution 0 ,5 5 ml.
Total vo].ume 1 .50 ml.

In some early experiments, 0.01 M GaGl^ was used, but this led to gel 
formation in the control cells where boiled enzyme solution was used in 

place of the fresh enzyme solution. The use, of 0.001 M GaCl^ stopped 
gel formation but still appeared to give the same enzyme activity as the 

0.01 M  GaClg.
The increase in absorbuice at 255 cip was taken as a measure of 

enzyme activity. As the carriage of the spectrophotometer moved side­
ways at a fixed rate, it was possible to get a graph of increase of absorb­
ance against time ; in other words, a direct measure of activity.

Activity was described arbitrarily as;
1 unit of activity - an increase of 0.5 absorbance units
per minute (using 0,5 cm. cells in above conditions).
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Since most curves tend to be sigmoid in shape with a fairly long, straight 

middle section, the activities v/ere measured from this middle, straight 

line part of the curve,

Estimation of Macerating Activity

Macerating; activity v/as measured using the procedure of Brovrn (1?15).
1 cm, cores of potato tuber were cut from healthy tubers using a 1 cm. dia­

meter cork borer,. These were washed, and then slices approximately 0,5 mm. 

thick, were cut v/ith a ra,zor and bench microtome. The slices were also 

washed thoroughly^ After washing, sets of 5 discs were placed in petri 
dishes and 10 ml, of the solution under test were added. At appropriate 
intervals attempts were made to tease the discs apart gently with a pair of 
mounted needles. Maceration v/as judged to have occurred if the disc broke 

under very little force. Control solutions consisted of the test solution 

heated in a boiling water bath for 15 minutes.

The assay used was essentially that given by Lovrekovich et al, (19$7) 

The reaction mixture consisted of the following:
Phosphate buffer (0,1 M) pK 6,0 1,0 ml.

Catechol solution (2 mg./ml,) 0.5 ml.

Proline solution (5 mg’,/ml,) 0.5 ml.
Enzyme solution 1.0 ml.

The enzyme solution v/as added last to the test tube containing the mixture. 
The test tube v/as then shaken vigorously on a test tube shaker for 5 minutes



to provide aeration. After shaking, the absorbance of the solution was 

measured at 520 mp in an SP 800 Unicam spectrophotometer. Control 
solutions, using enzyme preparations heated for 15 minutes in a boiling 
water bath, were used in the reference cells. No differences could be 
noticed if water w&3 substituted for the boiled solutions in the controls 

Tlie absorbance at 520' mp was talien as a direct measure of poly- 

phenoloxidase activity. In some cases absorbance of soine solutions had 
to be calculated using dilutions of the original ones.
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Section III - Results 

A, Beetle enzyme production in  vitro

The production of PJ'UE. in vitro
The following isolates were used in this experiment. G110 cr.str-r,

(a streptomycin resistant creamy isolate) and G110 dif. They were grovm
up in the pectin medium for 48 hours, after which the culture supernatants
were tested for activity.

The results are given in Figure 6. It is clear that no change in

the absorbance at 590 mp occurs after incubation for one hour when compared

with the control cells, indicating that no change in pH had occurred. No
change in pH could be detected using the pE meter. Thus, ho detectable

activity was present in the culture supernatant of these two isolates.
Qualitative determination of hydrolase and trans-eliminase activity in vitro

The isolates used were the same ones used in the previous experiment.

They were grown up in the pectin and sodium polypectate media and after
24 hours growth culture supernatants were prepared and tested for pectic
enzyme activity using the thiobarbituric acid assay.

The results using one isolate, G110 cr.str-r,, are given in figures
7 a, b, c and d. The other isolate gave similar results.

All the reaction mixtures had an an absorption peak at 550 mp. This
indicates the presence of trans-eliminase activity. Little or no absorption

occurred at 5'!7 nip, indicatirg the absence of hydrolase activity. Absorbance
at 550 mp was generally greater with polypectate in the reaction mixtures
instead of pectin and calcium chloride instead of sodium chloride. This
suggests the possibility of the trans-eliminase being polygalacturonate 
trans-eliminase (P.G.T.E,),
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*>âT̂''wiriga»SÆBm:r«saflnj.-:ĵ?i3BgTer’B3VV3EMEKsuÆagaoj?v;RiTa?MSJS5TâAV£̂ŷ^
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reacted with tldobarbituric acid.
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Thus trans-éliminase activity (possibly due to P.G.T.E.) was readily 

demonstrated in all cultures, but there was no indication that hydrolases 
were also produced. The following experiment, using a commercial sample 
of pectinase, was carried out to determine v/hether hydrolase activity could 

in fact be detected using this procedure.

The determination of enzyme activities in a commercial pectinase 
sample using' the thiobarbituric acid assay 

The commercial preparation of pectinase was obtained from Sigma and 
was prepared for testing as a Yjo w/v solution.

The results obtained after 24 hours incubation are given in Figure 8a, 
b, c and d . üiese results are for the large sample size and large cuvette 

size mentioned in the methods. However, they agree completely with the 

results for the usual sample size and the 0,5 cm, cuvettes. It is clearly 
seen that both hydrolase and trans-eliminase activities are present. Since 
the trans-eliminase is active only when pectin is the substrate it would 

appear to be pectin methyl trans - éliminas e. This is supported by the 
fact that the optimum pH for its activity occurs at about pH 5-&.

Hydrolases are present which degrade pectin and sodium polypectate 

with highest activity in the lower pH range 3~5. It is noticeable that 

HaCl seems to give a slight shift in absorption maccima from 517 mp to 510 rap, 
The teclinique is clearly capable of differentiating between the differ­

ent types of enzyme produced. These results would indicate that the fail­
ure to detect hydrolase activities in culture supernatants ŵ as due to the 

absence of active forms of enzymes in culture supernatants. Enzyme could 

be produced but could be inactive or inactivated.
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The following experiments were carried out to investigate further 

the properties of the trans-eliminase produced by atroseptica, in more 
detail.

The effect of calcium chloride on tranis™eliminase activity

G110 dif, was grown up for 24 hour-s in polypectate medium. Culture 
supernatants were assayed for trans-eliminase activity by measuring changes 

in absorbance at 255 ittp in the presence of 0,001 M calcium chloride and in 
its absence.

The results are given in Figure 9. It will be seen that the omission 

of calcium chloride from the assay mixture gives a reduced rate of increase 
in absorbance, indicating a reduction in the activity of the enzyme.

It would therefore appear that calcium chloride stimulates enzyme 
activity. Other isolates gave similar results when tested.

The effect of different substrates on trans-eliminase activity

G110 dif, was grown up for 24 hours in a sodium polypectate medium 
and the culture supernatant was tested for trans-eliminase activity. This 

was done by measuring the change in absorbance at 255 nip using 1,50;o w/v 
polypectate or 1,50/ w/v pectin as the substrate. The results are given 
in Figure 10.

It clearly shows the marked stimulatory effect of sodium polypectate 
on the activity of the enzyme. Pectin is thus less suitable as a substrate 
for the trans-eliminase. Other isolates gave similar results.

The effect of pH on trans-elimlnase activity 
All isolates had similar pH activities but the results using 0110 or, 

str-r. are presented because of the initial high concentration of activity 

in the culture supernatants of this isolate. Such activities allowed more



Table 2, showing the effect of oH on trans-eliminase activity

Buffer pH ; Trans-e1iminas e 
Activity

TRIS-KCl 9.0 4.816
U tt 8.5 6.165
M It 8.0 5-. 780

Phosphate 8.0 1.204
" 7.5 0.812
tt 7.0 0.599
" 6.5 0.162
ft 6.0 0.080

Citrate 6.0 ^  0.002
It 5.5 r-0
tt 5.0 0



accurate determination of lower activities at other pHs.

G110 cr.str-r, v/ae growr- no in the sodium polypectate mediujn and 

after 48 hours the culture siirr:nuitarts were tested for tra.ns-eliminase 

activity hy measuring the ciungo in absorbance at 255 mu. The following 
buffers were employed to vary the pH of the reaction mature.

Buffer pH

THIS-HCl (0,1 M) 9.0
M It

tl tt
8.5
8.0

KH^PO^/Na^HPO^ (Oyl M) 8,0
It

tl
7.5 
7.0

” 6 .5

" " 6.0
Citric Acid/Sodiura Citrate (0,1 M) 6.0

It tt II 11 tl ^

It It It II 11 5oO

The results are given in Table 2 .

The activity increased with pH, the highest activity being present at 
pH 8 .5 . Only very small activities were detected when citrate buffers 
were used.

Thus the evidence suggest that the trans-eliminase produced by this 
organism is a polygalacturonate trans-eliminase (P.G.T.E.), by virtue of 

the fact that it is most active against polypectate, is stimulated by 
calcium and has an optimum pH of 8 .5 . These agTee well with the properties 
of endo-P.G.T.E. reported for Erwinia carotovora by Starr and Moran (1962).
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It is also worth noting here that concentrations of calcium chloride 

higher than that normally used in the absorbance assay give gel formation 

in the TJ,V. cuvettes. This gel is rapidly liquefied when detectable con­
centrations of P.G.T.E, are present but not in the control cuvettes. Since 
rapid liquefaction of gels is a characteristic of endo-enzymes then it is 

likely that the enzyme in culture supernatants is endo-P.G.T.E.
A characteristic of endo-enzymes is that they do not give high levels 

of reducing groups in reaction mixtures unlike exo-enzymes which give re­
lease of 90/ or more of reducing groups in reaction mixtures.

It was decided to investigate the production of reducing groups at 
pH 8 ,5 und 5 .0 to determine whether this was an endo- or exo-enzyme and 
also to see if any reducing group release could be detected at the lower 

pH where increase of reducing groups has regularly been used as a measure­
ment of polygalacturonase activity.

Increases in reducing groups with trans-eliminase activity 
G110 cr.str-r. was grovai in a sodium polypectate medium for 48 hours. 

Using 1/50 dilutions of the culture supernatant P.G.T.E, measurements were 
determined by measuring the change in absorbance at 255 mpi, at pH 8,5, end 
in the presence of calcium chloride (O.OOOI M), P.G.T.E, activities in 
undiluted culture supernatant were also determined by the same method but 
using 0.1 M citric acid/ sodium citrate buffer (pH 5.0), in the presence of 

sodium chloride (O.I M) .
In order to measure the production of reducing groups two sets of 

reaction mixtures were prepared. These consisted of four tubes per set. 
They were prepared with exactly the same constituents as the reaction mix­

tures used for P.G.T.E. determinations by absorbance at 255 mp except that



I'̂igiire 11. Increase in reducing power of reaction mixtures 

at pH 8,5, 1/50 diluted culture supernatant.

i  0.5-

CD
cc

0.1-

Tim e (minutes).

Figure 12, Increase in reducing power of reaction mixtures
at pH 5,0 , undiluted culture supernatant.

22 hrs.
Time (minutes).

1 Unit of activity 0.001 Moles of Reducing Groups
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each had a total volva’io of 15 ::1. , i,e. ten times the volume of the 

absorbance assay mixtures, fhey wore incubated at C and 1 ml, samples 
removed at time 0̂  10̂  20^ $0, 50 and 60 minutes and 22 hours after
the addition of the enzyme. The samples were treated with nelson's 
reagent and the quantities of reducing groups released were estimated.
The time zero sample was used as a reference solution for the other sol­
utions.

As an additional control^ samples were removed from the reaction mix­
tures after three hours and tested using the thiobarbituric acid assay. 
These samples were five times larger than the samiples normally used in 
this assay. The spectra were also scanned in 1.0 cm, silica glass cells 
(as opposed to the normal 0,5 cm. cells) to provide larger pealcs of absorb­

ance, This procedure was adopted to detect^ qualitatively^ any very low , 
levels of P.G.T.E, or hydrolase that might be present at pH 5.0,

The activities of P.G.T.E, as estimated by absorbance at 255 nip are 
given in Table 5.

Table 3* P.G.T.E. activity of culture surernatants

I/5O Diluted 
Supernatant at pH 8 .5

Undiluted 
Supernatant at pH 5.0

0 ,074 0.002

It can be seen that little P.G.T.E. activity, if any, is detectable at 
pH 5«0 even when undiluted culture supernatant is used.

The increase of reducing groips is shown in Figures 11 and 12,
The thiobarbituric acid tests gave characteristic absorption maxima



for pH 8,5, Only a very n rrlll absorption maxima was detectable at 

550 mp at pH 5«2) and none -at 517

It would avp.'vtr from these results that increases in reducing groups 
at both pHs are due to rlG/f„E(, activity. It supports previous obsei'v- 
at;Iii addition it is worth looking at the percentage release of reducing^,

hi addition it is worth looking at the percentage release of reducing 
groups. The concentration of sodium polypectate in the reaction mixtures 
is 0 ,25 0̂, Assuming that polypectate consists only of I. 4 alpha linked 
galacturonic acid residues th.en the maximum possible amount of r-educing 
groups that could be released would be about 0.02 M. At 22 hours the re­

action mixture at pH 8 ,5 has released approximately 0.002-0.003 M of reduc­
ing groups or 10-15y of the theoretical total. This would be in agreement 
with the suggestion that the P.G.T.E. enzyme is an endo type enzyme, i.e. 
endo-P.G.T.E.^ There is a small release of reducing groups at pH 5.0 and 
most of this occurs in the first hour. It is likely that the high con­
centration of P.G.T.E, present (the culture supernatant at this pH is un­

diluted) allows some release of reducing groups. It is obvious that much 

. higher enzyme activities occur at pH 8.5*

The variation in the production of P.G.T.E. in vitro by different isolates

The following isolates were used, G110 dif,, h/C 454, H/C 549, H/C IO42 

and H/C 1449. An. inoculum of 1 x 10^ cells v/as used to inoculate pectin and 
sodium polypectate media, 5 ml. samples were removed at 24 hrs. and 48 hrs, 
for O.D. measurements to determine cell density, and to provide culture 
supernatants for the determination of P.G.T.E, khen culture supernatants 

had above 0,6-0,7 units of activity dilutions had to be made so as to get 

more accurate measurements of activity.
EndO“P,G,T,E, after this will often be referred to simply as P.G.T.E.



Results

The results are given in Tables 4 and

Q ,Table 4» Annroximate cell rsrnbers (X10''J ".er xi ot Bcciujn

nolynectate (a ) and pectin nedia culuitnros

A ̂'8 of G110 dif. n/g 434 h/o 549 k/g 1042 n/g 1449
Culture A I B A B A B A i Sr A B

24 hours 2 .68 1.52 2.92 1.95 3.25 2.15 3.63 I2.56 3.17 2.33

48 hours 2 .62 3.15 3,06 3,25 3.25 3.15 1 5.14 3.07 4,25

Sample not taken,

Table 5* P .G.T.E, activities in sodium polypectate (a ) and

pectin (b ) media culture supernatants

Age of 
Culture

G110 dif. h/c 434 B/c 549 h/c 1042 k/c 1449

A B A B A B A B A B

24 hours 

48 hours

0.416

0.556

0.096

0.523

2.320

1.988

1,848

2.912

1.540

1.120

0,576 2.212

2 ,660

2.100

2,408

0.416

0.363

0,032

0.037

* Sample not taken.

All the isolates produced appreciable quantities of P.G.T.E. although 

there were considerable variations between isolates.

In conclusion then, there is evidence that the isolates of Eixvinia
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Figiire 1d, Spectra of reaction mixtures containing an extract of blackleg 
infected potato haulms from the field, incubated for 24 hours 

at 50°G end then reacted with thiobarbituric acid.



g troseutica examine d in this study produce abundant P«G.T,S,. but no PJ-LE. 

or Polygalacturonase, in vitro « It is necessary, of course, to see if 

similar results can be found for the pectic ena/nnes present in infected 
potato tissue. This would provide some evidence that events in vitro are 
related to some degree with events in vivo.

Bo Pectic enzymes produced in vivo

The production of Poll,S. in vivo

Since no P.KoEo was detected in vitro and since P.M.E, is present in 

healthy potato tissue, Lineweaver and Jansen (195'0; Holden (1946), no 
attempts were made to investigate whether or not this enzyme was produced 
by E , atroseptica. in infected tissues.
Qualitative determination of hydrolase and trans-eliminase activity in vivo
(1) Blackleg infected potato haulms

Extracts were made of blackleg infected stems from the field, (see 

page 28), These extracts were incubated with sodium polypectate and pectin 

at different pH’s and in the presence of HaCl, or CaClg. Enzyme activity 
was assayed using thiobarbituric acid.

The results, shown in Figure 15, were very similar to those obtained 
with the culture supernatants. Again sodium polypectate gives bigger peaks 
of absorption than pectin. Similarly, calcium chloride gives bigger peaks 

than sodium chloride. Thus the main enzyme present would appear to be 

P.G.T.E,
(2) laborsfory infected tuber slices

The extracts were prepared from infected tuber slices 4G hours after



inoculation, as described in the methods. Ehz^/me activities were deter­
mined using thiobarbituric acid. The results agree exactly with the 

results for blackleg haulm extracts and culture supernatants.

These results indicate that P,G,T,£. is present in quantity in in­
fected tissue both in field and laboratory infhoted material. It is of 
interest to consider the actual levels of present in infected and
healthy potato tissue„
Levels of present in infected and healthy tuber slices

Tuber slices were infected with G110 cr.str-r. and incubated for 
4 days. Uninfected control slices were prepared by inoculation with 
sterile broth and then incubated under the same conditions for the same 
period of time. Macerates were made of the slices using 0.1 M THIS-HGl 
buffer at pH 8 ,b and assayed for P.G.T.E. activity using the direct spectre- 
photometric assay0

The results for sets of six tuber slices are shown in Table 6 .
Table 6 . Levels of PgG.T.E. detectable in extracts of infected

and healthy tuber slices

1 Healthy Slices Infected Slices 
(Mean of 2 readings)

1.057
1

0 0.991
0 0.826

0 0.571

0 0.869

0 1.045



It is clear that considerable P,G,T,S, activity was present in the 

Infected slices, while no activity was found in the healthy slices. Since 

P.G/ihS. is produced in quantity in vitro it is likely that the presence 
in vivo is due to secretion of the enzyme hy the bacterium rather than by 
the host.

In summary then, it is clear that different isolates produce abundant 
P.G.T.E, in vitro but no other pectic enzymes in readily detectable amounts. 

In addition, this is also the only enzyme attacking the a1;4 linkage that 

can be detected in infected plant material. All this suggests that P.G.T.E, 

is indeed the main pectic enẑ mae produced in vitro and in vivo by this 
organism.

. The next section describes the work using mutant isolates which was 
designed to investigate the importance of this enzyme in pathogenesis by 
this organism,

G. Isolation of mutant strains

The mutants were selected for their inability to liquefy, or their 
ability to liquefy at a slower rate than the wild type, a solid sodium 
polypectate medium. This medium is a modification of that used by Logan 
(1965) for isolating Erwinia species.
Isolate

The isolate used in these studies was G110 dif, which was generally 
found most suitable as it wa.s non-mo tile and did not cause too rapid fusion 
of the areas liquefied by the individual colonies on the isolation medium. 
Isolation medium

This medium was prepared in two stages :



(i) Petri dishes were prepared with distilled water agar

(Oxoid ho.5) w/v, containing- 0.3/ w/v anhydrous calciim

chloride. Since this medium has a tendency to'hunp^ it was 
autoclaved in quantities no greater than about one third of
the volume of the containing flash. .

(ii) After storage overnight, a layer of liquid sodium poly­
pectate medium was poured over the agar layer. The con­
stituents of this part were as follows :

Sodium pol}p)eotate 13 gms.

Yeast extract (hifco) 10 gms.
Bromothymol b3.ue (Hopkin & Williams) 2 ml.

Glass distilled 11̂ 0 1 litre
The polypectate was dissolved in the water by heating and 
constant stirring. The yeast extract and bromothymol blue 
were added after all the polypectate had dissolved, and the 
pH was adjusted to approximately neutral by adding IK KaOH 
dropwise while continuing to stir. This wa.s then autoclaved 
at 10 lbs. pressure for 10 minutes and poured at either normal 
agar pouring temperature or after cooling to room temperature. 
The plates were left for 2-3 days at room temperature. After 

this time, they were examined for the presence of free liquid 
on the surface of the pectate gel which had formed by the dif­
fusion of calcixm ions from the agar layer^ If such liquid 
was present, it generally could be poured off or solidified 
by gently rotating the dish and spreading it over the surface 

of the gel.
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When the gel surface had no free liquid on it, it v/cs rec.dy for use.

The wild type, when grown on this medium, caused 'piiiing’ and doprecsion 

of the medium, due to the local liquefaction of the e.rovtnd the colonies. 
An inoculum was used which gave several hundred, hut ‘vcll ^.yacod, colonies 

per plate. These plates were then incubated for about 2-3 days after 
which they were examined for colonies which did not sink h-to the gel. 
Failure to sink in was due to the fact that no liquefncticn of the gel had 
occurred, probably due to the failure to produce P.G/T.rh Such colonies 
were removed and sub-cultured into nutrient broth.

Each isolate was then re-tested using the same procedure and if a large 
number of the colonies did not sink into the pectate gel, single colony 
isolates were then taken, sub-cultured onto nutrient agar slopes and in­

vestigated further.
Of sixteen strains isolated only three, G110 dif. S1, S2 and S10 have 

proved to differ markedly from wild type after re-testing.
These three isolates were compared with the wild type in as many 

characteristics as possible to ensure that they were as nearly identical 
as possible with the wild type except for the ability to liquefy pectate 

gels,
nutritional requirements

It was important to ensure that all three mutants had no other 

nutritional requirements than the wild type. This was to rule out the 
possibility that differences in virulence were due primarily to the absence 

of specific growth factors from the host. All mutants grew as readily as

wild type on minimal medium.



Acid Production

\i1 Cs rbori 
i decree
i

G110
(V;i].d

dif, 
type ) G110 dii. S1 G110 dif, S2 G110 dif. 810

Acid Gas Acid Gas Acid Gas Acid Gas

i . . . ■; rr-icinose 1 -h 4- 4 4 4 4 -

1 H.; lei toi ~ - - - — - —
' Pieru.ol - — - — " -
i Fructose; +-h 4- 44 4 44 + 44 -
!
1 Galactose + - 4 - 4 4 -
i Glu.cose H-+ 4- 44 4

■
44 + 44 -

!
Glycerol — d — d d -

Ir close ++ •f 44 4 44 4- 44 —
. Maltose “ d „ d " d —
U m o s e 4- 44 4 44 4 44 -

PaffPaose *f-+ 4 44 4 ++ 4 44

Salicin ++ 4- 44 4 ++ 4 44 —

Sucrose ++ 4 44 4 44 4 44 —

Tartrate » “ — ” — — - -

Xylose 4 4 4 4 4 4 4 —

Table 8. Solid media used to test colony appearance
Glucose MM TTC EMB
Fructose MM TTC EMB
Galactose im TTC EMB
Lactose MM TTC Eî'TB

MacGonkey’s agar (a lactose containing agar
Hutrient agar



Motility auid gelatine licuefaoticm

The three mutants and the wild Lyre were non-motile and did not liquefy

gelatine to any extent in less tlian several weeksi
Colonial appearance on ve.rious raedia

\'/hen grown on the various KM, E?3 and TTC agars described in Table 8, _
the mutants appeared identical with the wild type except for G110 dif. S2
which did not give the greenish black sheen on galactose EMB agar, which is 
characteristic of wild t̂ qpe. It appeared identical on all other galactose 

media.
Ho differences were noticed between the mutants and wild type on 

nutrient agar and FlacConkey’ s agar.

Acid production
The mutants and the wild type were compared for acid and gas production 

against a range of carbohydrates (see Table 7)«
There were no apparent differences in acid production from the carbo­

hydrates used. In the case of maltose and glycerol a very small positive 

reaction was noticeable after more than one week. Gas production was not 
great in any test but G110 dif. 810 did not appear to produce gas with any 
of the carbohydrates tested.

The wild type appeared to give less g:as overall with glucose and xylose 
than did G11Q dif, SI and 82, in some tests no gas apparently being evolved, 
P.G.T.E. production

The mutant isolates were tested on several occasions along with the 
wild type for the production of P.G.T.E. in vitro. It was usual to grow 
each isolate up in two flasks of each mediuun under test. Tables and 10



show the results for an expertisent with wild tyr,e and all three mit&nts. 

Table 9b« shows viability counts obtained for the cultures after 72 hrs. 
of growth and is included to indicate the nurbers of viable cells in the 

culture s,
Table 98,* Auproxiniate cell numbers (X'lÔ ) per ml « of sodiuri 

polvneotate (A) and uectin (b ) media cultures

Age of Flask
G110 dif. 
(wild type) G110 dif. SI G110 dif. 82 G110 dif. 810

Culture A B A B A B A B

1 4 .2 2 .4 4.1 1.9 1.5 2.1 0,02 0.2
24 hours 2 4.0 2.1 4.1 1.9 1.5 2.0 0 .06 0.08

48 hours
1 4.0 4 .6 4.6 2.7 4.7 5.2 5.8 1,9
2 4.7 4.2 4 .6 2.5 5.1 5.2 4.1 1.,8

1 4 .6 8.5 4 .6 4.6 4.8 4.8 4 .6 2.9
72 hours 2 4.9 7.6 4 .6 4.5 4 .8 4.7 4.2 5.1

/ 9\Table 9b. Estimated numbers of viable cells (X1Q ) in cultures

per ml. after 72 hours growth

Flask G110 dif. 
(wild type) G110 dif. 81 G110 dif. 82

" — ..........1

G110 dif. 810

A B A B A B A B

1 2.7 7.9 9.2 5.9 7.8 5.6 6.4 5.4



F ig u r e  I 4 . E n d o -P .G .T .E ,  a c t i v i t i e s  in  sodium  p o ly p e c ta te

medium c u l t u r e  s u p e rn a ta n ts  o f  G110 d i f .  (W ild  T y p e )

flask 1.

flask 2

120
Age of Culture (Hours).
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Figure 16, Endo-P.G.T.E. activities in sodium polypectate
medium culture supernatants of lîutant G110 dif. S2

flask 1. 
flask 2.

120
Age of Culture (Hours).



ÿl^re 17# Estimated numbers of viable cells (X10^) per ml* of 
sodium polypectate cultures of G110 dif, (Wild Type)

and Mutant G110 dif. S2,.

G110dif.S2.
G110dif.(wild typel"S o

XI

Age of Culture (Hours).
Figure 18, Estimated numbers of viable cells (X10^) per ml. of 

sodium polypectate cultures of Mutant G110 dif, S1,

GllOdif.SI,
( 2 single colonies)jQ

o o
(/) X

05

120
Age of Culture (Hours).



Table 10. Activities of P.O.T.B, in nectin (b ) and sodium

oolynectate (A) media

Age o f  
Culture

24 hoiirs

48 hours

72 hours

Flask
G110
(Wild

dif.
type) G110 dif. 81 0110 dif. 82 G110 chf, 810

A B A B A B A
1 1.208 0.088 0,002 . - 0 0 ,016 ~ 0 ~o 0

2 1.271 0,068 0,002 —'0 0,018 - 0 - 0 --'O

1 1,183 0 .604 0.004 - 0 0.252 0 .0 4 4 0.226 0.002
2 1.190 0,628 0,004 0,002 0,246 0,048 0.214 0.008

1 1.155 1,519 0,007 -0 0 ,242 0 .096 0,214 0.006

2 1,173 1,666- 0.005 ^0 0,220 0 ,096 0.218 0.005

Also given in Figures 14  ̂ 15, I6, I7, and 18 are the results for an 
experiment with the wild type and the two mutants G110 dif. SI and G110 dif. 
82. In this experiment a conplete set of viability counts for the cultures 

was obtained by plating on nutrient agar. Two different single colony 
isolates of G110 dif, 81 were used, hence the two sets of results for this 
mutant.

The results clearly show the much higher levels of P.G.T.E, activity 
produced in the culture supernatants of the wild type compared to the 

mutants. There is also a marked tendency for the isolates not to produce 
the maximum levels of P.G.T.E. activity till a considerably later stage in 

incubation.
The wild type shows good correlation between growth of the organism 

and production of the enzyme as do G110 dif, 82 and G110 dif, 810 where 

growth tends to occur at a later stage, than in wild type cultures, Tiiere
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is generally no further rooreaoo In P^ChihE« activity after growth of 

the organism levels off; in fact Sicall drops in activity often occur 
after several days incubation. jIo such correlation can he found for 
G110 dif, S1 which appears to grow at much the same rate as wild type^ 
hut does not produce the enzyme in any appreciable quantities till the 
viability of the culture has fallen below 10^ cells/ml.

Pectin is a poorer inducer of fbG,T,E, activity over the first 48 hrs, 
of growth^ but in the wild type at least, the level of the enz;̂ me activity 
in pectin medium cultures reaches that in the sodium polypectate cultures 
after about 72 hours.,

It is clear from these results that the mutants are v e T j different 

from wild type in the î'èvel#'bÉ/P4.G,f,T,E« activity that they produce in vitro. 
These differences are consisbent with repeated testing, *

Virulence ■ ' ' : '
When inoculated bnto tuber' sliced,', G110 dif, (wild t̂ q̂ e) gave a brovai- 

ish black rot within 24-48 hours pf inoculation. This rot, though exten­
sive, did not spread throughout the whole of the tuber slice. In many 
cases, the cortical area outside the vascular bundle as well as a small area 
in the region of pith, did not rot, A brovm necrotic zone often developed 
around the rotted areas and appeared to limit further spread of the rot. 

During repeated tests, the two mutants G110 dif. S1 and G110 dif, S2 
never produced extensive rots on potato slices. In a few cases, very small 
lesions developed, but these did not appear to spread and usually dried up 
within a few days. It would appear that these isolates were unable to 

produce lesions comparable to G110 dif, and have, in fact, reduced virulence 
as judged by this test.
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In-one comprehensive test with mutant G110 dif. S10, similar results

were found,
Faceration Activity

IVenty-four hour old sodium polypectate and pectin media culture super­
natants having the levels shovm in Table 10 were tested for the

ability to macerate tuber tissue using Brown’s method. The supernatants 

were also tested for the presence of undigested higher molecular weight 
pectic substances, as it was felt that the presence of such jnaterial may 
provide an alternative substrate for any pectic enzymes and so adversely 
affect maceration rates. Its presence was determined by adding absolute 
alcohol to the culture supernatant. The precipitation of gelled material 
indicated the presence of undigested pectic substances as shown in Table 11

Table 11. Presence of undigested pectic materials
in

G110 
(Wild tyrpe) G110 dif. S1

!
! G110 d:If. 32 G110 dif, 310

A B A B i ^ B A B

- +
1 ^

+ 4-

The degree of maceration after 40 minutes and 2 hours are given in Tables 12a 

and 12b respectively.

Table 12a, Maceration of potato tissue after 40 minutes
by culture supematants

G110 
(wild type) G110 dif. 31 G110 dif. S2 G110 dif. 310

A B A B ! A
I

3 A B

4*+ +
i

I — —



Table 12b. Mac era t Ion jdj? potato tissue after 2 bcuro
by cn.itlire enrernatants

G110 
(wild type) G110 dif. 81 G110 dif, S? G-110 dif. 510
A B A ' B A B • A '

H'+ ■f'l* j + •f ■{■ 4-

1
4- i 4-

1

It is clearly seen that the culture supernatant of the wild type macerates 

faster than the mtauts. However, the mutants culture supernatants do 
macerate even when little P.G.T.E, activity is detectable.

Maceration is measured after a much longer period of incubation than 

is used for the estimation of P.G.T.E. activity. Thus more maceration 
may be recorded than one would expect from the levels of P,G.T,E. activity 
if maceration was the result of the activity of P,G,T,E. It must be « 

admitted, however, that no direct evidence has been found to Indicate that 
maceration is definitely caused by the P,G,T,E,

In those cases where undigested material is present there appears to 
be a reduction in the ability to cause maceration, even where the levels 
of P,G,T,E. are higher than in solutions where there is no undigested 
material. This result has been found on several occasions, i,e, the pre­
sence of undigested material is associated with slower rates of maceration.

In general it can be said, however, that macerating ebility correlates 
to some degree with the levels of P.G.T.E. in the culture supernatants,
The effect of culture supernatants on whole tuber slices

Culture supernatants of the wild type and the mutant C-110 dif, SI were 
tested for the effect they had on whole tuber slices, V/liole tuber slices
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were prepared as for the virulence tests. They were treated with 2,5 ml, 

of filter sterilised 24 hour old polypectate culture supernatantsj oy 

inoculating in 0,5 portions at 50 minute innervais. Control slices 

were prepared by treating slices with supernatants autoelaved for 15 mins. 

at 15 lbs. pressure. 0 .5 ml. portions of the supernatants were also 
inoculated into nutrient broth tubes and. these were incubated for three 
days at 25°C to check for any bacterial growth, no such growth occurred, 
indicating that the culture supernatants were indeed sterile. After 

24 hours incubation the tuber slices were exai'iiined for any changes. The 
results are illustrated in Plate 5*

The slices showed definite responses to the supernatants. The slices 
treated with the culture supernatant of the wild type were a brown colour 
and their surfaces were macerated since the tissue could be removed by 

lightly dragging a spatula across their surfaces, ho colour changes had 
occurred with the culture filtrates of G110 dif. S1 and no maceration 
either. This last treatment was indistinguishable from the slices treated 

with autoclaved supernatants of both types.
After 24 hours some leakage of liquid had appeared to have occurred 

from all slices, including the controls. Since this fluid was similar 
in colour to the treated tuber slices, i.e. brovm if the slices were broim 
or clear if they were unaffected, it was thought that measurement of the 

polyphenoloxidase in this liquid would be of interest. Polyphenoloxidase is 

responsible for the brciming reaction of damaged tuber tissue* Increases in 

the activity of this enzyme in host tissue as well as darkening of host tissue 
have been recorded after treatment with pectic enzymes, Lovrekovich _et 

(1967); Tomiyama and Stahmann (1964).



Levels of Polyuhenoloxidase in free liaui-: :n-i ' tzber slices

The assay was carried out using 0,, S ii'.L. of " 

with 0,5 nil. of glass distilled water as :'se er./; 
activity of the liquid in each dish was assayed r 

in Table 13 •

hr free liquid diluted 

y.-' solution. The enzyme 

wi;‘ the results are aiven

Table 13. Absorbance at 520 easuremrnt of ^njvnhenoloxidase
activity of free liauid in netri dishes

Filter Sterilised Culture 
Filtrates

All 10 c lave d Ou 1 ture 
Filtrates

G110 dif. 
(wild type) G110 dif. SI G110 cii f. 

(Wild type) G110 dif. SI

3.24 1.57 0.25 0.18

3.02 1.10 0.16 0.35
2.66 0.95 0,11 0.15
2.32 0.78 0.22 0.15
2.20 0.78 0.04 0.07
2.82 0.95 0.09 0.08

2.14 0.56 0.11 0.10

2.40 0.58 0.11 0.11

2 .30 0.68 0.10 0.10
2.78 0.54 0.13 0.11

P.G.TcE, activities in culture supernatants (absorbance at 235 mp) 
G110 dif. (wild type) 0.441 units 
G110 dif. S1 0.002 units

It is clear that the wild type culture supernatant treated slices



have much higher levels of polyphenoloxidase present in the free liquid 

than those treated with culture superne tant of G110 dif, 81 or with auto­

claved culture supernatants. I f  this measure of polyphenoloxidase can 

he used as a crude estimate of damage then this would suggest much more 

damage caused by the culture supernatants of wild type than by the mutant, 

although some does appear to occur with the latter isolate in comparison 
with the control treatments. The control treatments suggest tliat whatever 
is causing the effect in culture supernatants it is destroyed by heating. 

This would indicate that the substance was probably a protein and since the 

supernatants were shown to be free from bacteria that it is an extracellular 
protein. Since the two isolates, as far as could be shown, differed physic 
logically solely with respect to the ability to produce P.G.T.E. then it 
would be reasonable to suppose that the protein responsible for this effect 

was probably this enzyme.

If studies with back mutations were carried out it would be expected 

that restoration of production of P.G.T.E, activity in vitro would be 

accompanied by an increase in the browning and polyphenoloxidase effects.

In fact back mutation for P.G.T.E. production should also restore virulence 

to the pectic enzyme type mutants if it is this character which is respons­

ible for their greatly reduced virulence. If any other character were 
responsible for virulence and the browning effect then back mutation for 

P.G.T.E, production would not restore the mutant’s virulence or ability to 

cause browning to that of the parent wild type.
It is interesting to note in passing that the polypectate culture 

filtrates of another wild type isolate, G110 cr.str-r,, with even higher 

P.G.T.E, levels than G110 dif. caused more discolouration of slices which



59.

es a result were nearly hh.-c/' after 24 hours. In this case there were also 

higher levels of polyph-rLo'irriâase in the free fluid from the tuber slices,
There are at least throe r>rssible explanations of these results.

(1) The culture siroerao.tants induce enzyme formation.
(2) The culture suporn-'vtants activate Tin inactive

(5 ) The culture suoorr/̂  tants damage cells causing the release of
more enzyme.

Lovrekovich e_t al. (1967) report that polyphenoloxidase activity in­
creases after treatment of potato tissue with ’pectinase’. Their study 
would suggest either of the first two possibilities. However, observation 

on treated tuber slices in this study suggested that the last possibility 

mentioned may also occur. This is supported by the observation that the 

browning only occurs in the areas macerated by the culture supernatant. If 

the macerated surface layers are removed the tissue underneath is still in­
tact and not discoloured. It is possible that death or damage of the cells 
in the macerated area leads to a release of polyphenoloxidase from the cells 
with a consequent browning reaction. It is, of course, also possible that 
all three systems or combinations of them are in operation s,t the same time. 

At any rate there appears to be a good correlation between the levels of 
polyphenoloxidase present in the free liquid and the P.G.T.E. levels in the 
culture supernatants,
Suijimary

The following points are vrarthy of note. Isolates differing from the 
wild t5p)e in their abilities to liquefy pectate gels are unable to cause the 
same rot symptoms as wild type. They are also different from wild type in 

the levels of P.G.T.E. they produce in culture. Also, different culture



supernatants containing different quantities of P,G,T,E, macerate potato 

tissue at rates corresponding approximately to the levels of 
activity they contain. In addition, there exists a correlation between 
the browning and release of polyphenoloxidase after treatment with culture 
supernatants and the level of P«G,T,E. in those culture supernatants,

All this, in conjunction with the in vitro and in vivo studies, would 
suggest that P,G*T,2. plays an important role in pathogenesis by this 
organism.



CHAPTSB III - STUDIES OF COLCFIàL MORPHOLOGY

Section. I ~ Introduction

There are reports of a reduction in virulence associated with changes 
in morphology for a number of bacterial anima.1 pathogens. For example, 

the change from smooth to rough associated with a reduction in virulence 
for vSa.lmonella spp., Stocker (1959). These changes are thought to involve 
changes in antigen and capsular structures and often result in the bacteria 
liaving much reduced virulence or even being avirulent,

Goodman et al (1962) have reported a change from an avirulent rough 

colony type of Erwinia amylovora to a virulent smooth form when the rough 
isolate was treated with aphid extracts. This situation may exist among 

other plant pathogens where there have been reports of similar types of 

changes in colonial morphology, for example Goto and Okabe (1957&) have 
reported a mucoid mutation in En^inia carotovora.

The precise changes in such mutants are not at all clear. They are 
not directly associated with the nutritional status of the organism since 
most variants of this type appear to grow readily on a minimal medium.

In the case of animal pathogens, antigenic and capsular structures are 
changed along with the alterations from the smooth to the rough type, 
Roantree (1967). The situation has not been as widely investigated for 
plant pathogenic bacteria but it is interesting to note that Goto and Okabe 
(1957b) have demonstrated some correlation between the virulence and the 
serotype of Erwinia carotovora.

In preliminary investigations in this bacterial species it was noticed
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ühnt variation in colonial morphology was apparently associated with the 

typo of soft-rot produced. It was therefore decided to investigate the 
effect of colonial inorpholcgy cn virulence more completely..

Section II - Methods and Results

Isolate G110 was used in this study. In specific instances a strepto-
r.ycin resistant isolate G110 cr.str-r. was used.

The isolation of inorohologically distinct strains

Different colony morphologies were first observed on plating suspensions 
of G110 onto glucose MM agar. Since these different types were fouud in
two separate G110 cultures which had been received at different times, it was
decided to look further at these isolates. Close examination of the plates 
revealed two distinct forms of colonial morphology.

(i) Creamy morphology, jLabelled.GHO or. Isolates of this type 
have a rather smop.:th:p:;Crelamy;:appearance on glucose Ml agar.
The edges of the colonies are clearly defined (Plate 6).

(ii) Diffuse morphology, labelled G110 dif, . Colonies of this 
isolate generally tend to be smaller on glucose Ml agar.
They are less dense than the creamy isolates, being whitish- 

grey with a rather rough appearance. The edges of the col­
onies are rather fuzzy or diffuse (Plate 7).

It was decided to make a detailed comparison of the virulence and physio- 
lopùcal characters of these two types. Three single colony isolates of 
each type were isolated from MM agar and used in further studies.

Comparison of virulence

The G110 or, isolates completely rotted the tuber slices within forty-
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65.

eight hours of inoculation. The rots were rather creamy in appearance, 

tending to remain this coloor for several days before starting to turn 

brovm (plate 8).

The G110 dif, isolates often gave Incomplete rots. In particular, 

the cortical tissue outside the vascular bundle, and tissue in a position 
corresponding to the pith, often remained intact. The rots tu:cned brown 
or brownish-black nearly always., v/ithin forty-eight hours of inoculation.
Dark necrotic zones often: developed round the lesions, appearing to limit 
further expansion (Plate: 8)^

Since the two types’ of isolates gave different symptoms on potato 
slices, they were further compared for any other physiological differences 
which could be related to their different patterns of virulence.
Motility ,

The G110 or. isolates, at least in young cultures not more than four 
or five days old, were always motile in nutrient broth, sodium polypectate 
and pectin medium cultures. Motility was observed in the first 24-48 hrs. 
of growth in glucose MM but seemed to be lost rapidly after this. G110 dif. 
isolates never showed motility at any stage in any of the above media.

Cultures were therefore examined using the electron microscope to 
determine whether differences in motility and colonial morphology could be 
related to differences in cell structure.

The E.M, examination was kindly performed by Mr. D. Huns ley. Tt-/enty- 
four hour old sodium polypectate cultures of G110 or. str-r. and G110 dif, 
were spun down and re-suspended in. distilled water. The suspensions were
dropped on bo copper grids which had been covered previously with EOPd-IVAh 

and carbon. After drying, the grids were shadowed with Dalladium-gold at



Plate 9. Morç-'holo^' of isolate C110 cr.str-r. as revealed b;
Electron Microscope (X20,0C0)

P l a t e  1 0 . M o rp h o lo g y  o f  i s o l a t e  G 110 d i f .  as  r e v e a le d  b y

E le c t r o n  M ic ro s c o p e  (XpO jO O O )

m



6 a

an angle ox 22^. The prepared material was examined in an A,S,Ï, Electron 

Microscope 6j3 using an accelerating voltage of 60K volts. The different 
cell types are given in plates 9 and 1 0.

G110 cr. str-r. was peritrichously flagellate having from one to four

flagella. This agrees with the description given in Bergey’s Manual of

Determinative Bacteriology (195?)« Further, the size of the cells, 0.5-0,'/ n 
in width by 1-2 p in length agreed with the data on cell size.

The diffuse isolate, while similar as regards cell size, did not appear 
to be flagellated. This observation naturally fits in with the observation 

made about motility, namely that the diffuse isolates are non-motile. In 
addition, it appeared that in both strains, small cap-like structures may be 
present at the ends of the cells. Thus the two isolates appeared to be

similar in structure except in the possession of flagella ,
Gelatine liquefaction

When inoculated into nutrient gelatine tubes, it was found that the 

three isolates of G110 cr. gave marked liquefaction within 5™4 days, while 

G110 dif. isolates produced no liquefaction in this time. After incubation 

of G110 dif. for at least one week a small amount of liquefaction occurred, 
in some cases, at the surface round the point of inoculation.

Thus the two isolates differed markedly in their abilities to liquefy 
gelatine. This is interesting since in his study on Ibn̂ inia. carotovora 

Friedman (1962) found a similar difference between the virulent wild t;̂ q)e 
and the partially virulent mutant isolate, the latter being less able to 
produce proteolytic enzymes as judged by gelatine liquefaction ard milk 
clotting.
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Production of P.G/T.E. in vitro

The tliree isolates of each type were growu in liquid socliurn polypect; 

and pectin media, and the levels of PpG,T«P. in tlie culture supernatants 

determined at various times after inoculation. The results are given in 

Tables 14 and 15.

Table Anproxiiiiate cell numbers (X10^) per ml. of sodium
polypectate (A) and pectin (b ) media cultures

Creamy Isola tes Diffuse Isoi.at es
Age
of 1 2 3 1 2 3

Cultures A P A B A B A B A B A B

5.4 4.1 5.1 4.1 5.2 4.0 4 .8 4.4 4.5 3.1 4.9 3.8
24 hrs

5.7 3.2 5.4 3.9 5.2 4.2 4.8 4.0 4.6 3.0 5.3 4.1

5.2 6.7 4.9 6.7 5.2 6.7 4.9 7.1 5.5 5.3 5.3 6.7
48 hrs

5.2 5.1 5.0 6.9 5.1 6,6 5.2 6.2 5.3 5.4 5.4 7.2

2.7 8.4 3.2 8.5 2.6 6,0 3.2 6.5 2.7 7.5 2 .4 6.2
72 hrs

2.4 8.8 '3.4 7.7 2.8 8.4 3.0 6,8 2,2 8.3 2,2 7.4

It is clear from this study that there is a considerable difference 
in amounts of P.G.T.E. produced by the two mori^hological types in culture. 

There is little difference in the levels of P.G.T.B. between single colony 

isolates of each type except perhaps for G110 cr, isolate 1 wliich appeared 

to produce slightly more P.G.T.E. than the other two isolates of this type. 
It is clear, however, that the levels of activity of G110 cr. isolates is 

about 2“5 times that of G110 dif. isolates.



Plate 11. Appearance of isolates G110 cr.str-r. and
G110 dif, on glucose TTC agar.

P la t e  1 2 . A p p e a ra n c e  o f  i s o l a t e s  G 110 c r . s t r - r .  and

G 110 d i f .  on g lu c o s e  EMB a g a r .



Colony oopoearanoe on various solid nodia

% e  isolates were grown on the various solid media given in Table 8,

The appearance of the colonies on these plates was determined after 4“-5 days 
growth.

Differences occurred between the two types on all glucose containing 

media. On glucose TTC agar the diffuse isolates always gave colonies with 
large white borders and pink centres, while the creamy isolate colonies had 
wider, deep red centres (plate 11). On glucose EMB agar the diffuse colonies 
had a greenish black sheen, while the creamy isolates were bluish-pink with 
no sheen (Plate 12), The appearance on glucose Mti w-as as described on 
page 6 2.

The results appeared to be variable on fructose media. In particular, 

the crea,my isolates gave variable results on fructose Ifi with, in some oases, 

marked inhibition of growth. However, on those plates where growth did 
occur creamy isolates always gave rise to creamy colonies and diffuse iso­
lates gave rise to diffuse colonies. The morphological differences between 
the two types were, however, not as clearly defined on this medium as they 
were on the glucose Mi,

There were slight differences on fructose EI-IB agar where the greenish- 

black sheen of the creamy isolates was less marked than that of the diffuse 

isolates. No differences were found on fructose TTC a,gar, where the colonies 
of both isolates were deep red in colour.

Thus the differences apparent on the glucose media were much less marked 
when the isolates were grown on the fructose containing media.

In contrast no morphological differentiation occurred when creamy and

diffuse isolates were grown on galactose and lactose containing media (includ- 
ing KacConkey's agar), or on nutrient agar.



Afis.f no gas production
Acid and gas production .from various carbohydrate sources were com­

pared. The results a.re given in Table 16.,

Table 16, Acid and gas -production from various carbohydrate sources

Carbon source
G110 dif. G110 cr, str-r.

Acid Gas Acid Gas

Arabinose 4- ■ 44 4

Dulcitol — “ —

E tha.no 1 — — -

Fructose 4" 44 4

Galactose “ 4 -

Glucose -t-t " 44 4

Glycerol d — d -

lactose 4-4- 4- 44 4

haltose d d -

hJannosG “t4' 4 44 •f

Haffi.no se 4-4- 4- 44- 4

Salicin 4-+ 4- 44 4

Sucrose 4-+ 4- 44 4

Tartrate — — -

Xylose 4- 4 4- 4

The only difference appeared to be in gas production from glucose, 
but this difference was only slight and did not occur in all tests.



The two types of isolate differed in the characteristics aiven in Table 17

Table 17  ̂ Comparative list of characters of creamy and diifnse isolates

Character
Appearance on Glucose 
MM agar

Glucose EMB agar
Glucose TTC agar

Prucoste media
Galactose media
Lactose media (includ­

ing MacConkey*s agar)

Nutrient agar
Virulence
Motility

Flagella
Gelatine liquefaction
P.G*T,E. activity 

in vitro

Creamy Isolates 
Creamy colony

biff us e _J[so 1 ajtep 
Luffuse edged colony

Bluish pink colonies Greenish black colonies
Beep red colonies Pink colonies

Similar to above but less marked 
No differences

No differences

No differences
Creamy extensive rots 
Very motile

1 " 4

Rapid 

2-5 units

Brown limited rots
Non-motile

None

Very slow 

0.5-1.0 units

In view of these differences it was decided to attempt to isolate 

diffuse colony types from a creamy isolate, to determine whether the change 

in colonial morphology Was always associated with changes in the other 

physiological characters including virulence.
The isolation of morphological variants

G1Î0 cr.str-r. was grown up on glucose Î-M, EI-IB and TTC agars on which



the distinction between the diffuse and creamy isolates v/as most marked.

Two isolates were obtained from glucose Si'IB agar which had the greenish- 

black sheen characteristic of the diffuse isolates.

They were both shown to be strernptomycin resistant indicating that 
they were derived from the parent isolate G110 cr.str-r, and were not 

chanc e c ontaminant s.
Ttiese isolates were labelled G110 cr.str-r. gl.1 (hereafter labelled 

Mutant dif. 1) and G110 cr.str-r. gl.2 (hereafter labelled Mutant dif. 2). 

They were tested for all the characters in which the original diffuse and 
creamy isolates differed.
Virulence

Both these isolates consistently produced rots similar to those pro­

duced by all wild type diffuse isolates and not like that of the parent 
G110 cr.str-r, isolate.
Motility

Both isolates were motile in a variety of media and were thus similar 

to the parent isolate. Therefore the two mutants differed from the wild 

type diffuse isolate with respect to this character.

Gelatine liquefaction
Both isolates liquefied gelatine. However they liquefied the gelatine 

to a uniform depth over the whole surface and did not produced the funnel 

shaped liquefaction characteristic of the parent isolate. Thus> although 
different from both creamy and diffuse wild types, the speed of gelatine 

liquefaction was approximately that of the creamy wild type.



Colony appearance ori various- noli;‘

Growth of the mutants snnl tl-. \n 11 types v:ere compared on the range 

of solid media listed in Table 3.
Both mutants were identical wi'-h wild type dif, isolates on all 

glucose containing media including glucose IlM,, Growth on this medium 

indicated that they both had wild type nutrition.

On media containing fructose the mutants appeared very similar in 

appearance to all wild type diffuse isolates, although there was again 
some variation in growth especially on the fructose M-L

Mutant dif. 2 was similar to the diffuse isolates on all other media. 

However Mutant dif, 1 although siuiilar to all other isolates on nutrient 
agar was abnormal on the galactose and lactose containing media.

Only very small colonies grew on the galactose Ml and none at all on 

lactose MM. On all other galactose and lactose media only colonies with 

a very rough abnormal appearance grew. There was no greenish-black sheen 

produced on galactose or lactose EK3 agars and little red colour on the 
corresponding TTC agars. It would therefore appear that this isolate had 
a reduced ability to utilise galactose and lactose as carbon sources.
Acid and gas production

The range of carbohydrates given in Table 7 vas used. Mutant dif, 2 

was identical with both wild types. Mutant dif. 1 produced acid at a imuch 

slower rate from galactose and lactose than any of the other isolates. This 
agrees with the growth characteristics of this isolate on media containing 

these sugars.



71

Production of P.G.lh

Three single colony isolates o'' onc'i :;:uCno.t were tested for P.G.T, 
production and compared with the wild types G110 cr.str-r, and G110 dif 
The results are given in Tables 10 and 19*

Table 18, Approximate cell numbers (X10^) per ml. of sodium
polypectate red tun culfjres

Age of 
Cultures

G110
cr.str-r.

G110 
dif.

hut ant dif 
isolate

. 1
3

Mutant dif. 2 
isolates

1 I » 3 1 2 3
1 5.5 5*8 0.08 1 0,04 0.08 2.8 2.5 2.8

24 hrs !i
2 - 0,08 0.07 0,07 2.6 2.5 2.7
1 3.8 4*7 0.18 1 0,20 0.57 4*1 3.9 3.9

48 hrs
2 “ — 0.20 I 0.25 0.97 4*0 5.8 3.9

Table 19. P.G.T.E. activities in sodium polypectate culture supernatants

Age of 
Cultures

G110
dif.

G110
cr.str-r.

Mutant dif. 1. Mutant dif, 2
1. 2 3 1 2 5

24 hrs 0,868 2.156
- - 0  

— ' 0

^ 0

~ 0

'—' 0 

--0

0.511

0.483

0.420

0.406

0.644

0.581

48 hrs 0.777 1.843
^ 0

0.016
0.016

0.020
0.044

0,068
0.535
0.485

0.555
0.385

0.581

0.553

The supernatants from two flasks of each of the isolates of each mutant 

were tested.
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It is clear that Mutaart dif, 2 produced P*G.T.E. levels only slightly 

less than those of G110 dif, but about one third of that of the wild type 
creamy from which it was derived.

On the other hand^ Mutant dif, 1 produced very little activity in 
culture and also grew slowly in the polypectate medium,

This observation is extremely interesting because this isolate readily 
produces soft rot symptoms on potato tuber slices, and also liquefies yeast 

extract pectate gels in a similar fashion to the parent creamy wild type.
Since this liquefaction is apparently due to the production of P.G,T,E. it
suggested that adding yeast extract to liquid sodiujp. polypectate medium 
would enhance the production of ensytpe by this isolate. It was therefore 

decided to test the effect of adding yeast extract on the growth and P.G.T.E, 
production in liquid sodium polypectate cultui’es of Mutant dif, 1.

Effect of the addition of yeast extract to sodium polypectate medium on 
the growth of Mitant dif, 1.

Five ml. of 2^0jo w/v autoclaved yeast extract were added to 50 ml. of
the sodium polypectate medium to give a final concentration of approxi­
mately O.2O70 w/v. Other flasks with 5 ml, of sterilised glass distilled 
water instead of yeast extract were prepared in a similar manner. All the 
flasks were then inoculated with the same volume of the same inoculum.
They were tested for P.G.T.S. activity after 24 hours and 48 hours of growth. 
The results are shov/n in Tables 20 and 21,



Table 20, Apni’oxlf;v:..te numbers (a 10^) r-r r:l. of sodium poly-

peoi.ato cultures

c t f h r L
Un s upp1emen t e d 

Cultures
Yeast Extract 
Supplemented 

Cultures

1 0 ,06 1.3
24 hrs

2 0.07 1.5

1 0 .6 8 3.1
48 hrs

2 0.54 3.1

2 1. P.O.T,E activit:les in sodium uplypecta 

sup e m a  tan t s
te medium culture

Age of FlaskCultures
Unsupplemented 

Cultures
Yeast Extract 
Supplemented 
Cultures

1 0 0.085
24 hrs

2 r-vO 0.100

1 0.032 0.336
48 hrs

2 0 .040 0.506

Thus the addition of yeast extract to the sodium polypectate medium 
increases the growth of Mutant dif, 1 and also its production of endo- 

P.G.T.E.

Since this isolate can readily grow on glucose minimal medium it is 
unlikely that the yeast extract is acting as the source of some basic 

nutritional requirement such as an emiino acid. More likely explanations



would appear to be that either the yeast extract is being used as an alter­

native carbon source to the sodium polypectate or it is in some v/ay pro­

moting the utilisation of the sodium polypectate as a carbon source.
As was reported in Chapter II, imtants producing very little endo- 

P.G.T.Se are able to grow as readily as the wild type on a sodium polypectate 
medium, for example GVIO dif, S1, This suggests that the utilisation of 

sodium polypectate for growth is not directly associated with the production 
of endo-P.G.T.2, One may therefore consider the metabolism of pectic sub­
stances in two parts,

(1) Production of endo-P.G.T.E, which breaks down the pectic 
substances to oligosaccharides and which is believed to be 
responsible for tissue maceration in the host,

(2) Tlie breakdovm of pectic substances to smaller saccharide 
units which would then be utilised by the bacterium. This 
breakdovm could be the result of cell bound exo-P.G.T.E,
activity. Such enzymes have been reported to be produced

by Eri'/inia aroideae. Okamota ab el (1965 > 1964), but have 
not been looked for in this study.

Thus G110 dif, S1 although it does not produce endo-P.G.T.E, does 

grown on sodium polypectate, suggesting that it does breakdown the poly­

pectate, possibly through the action of cell bound exo-P.G,T,E.s and also
utilises the saccharide units formed by the action of these enzymes. On
the other hand it is possible that Mutant dif, 1 either does not produce 
these cell bound exo-P,G,T.E,s or cannot utilise their products.

It is interesting to note that Mutant dif. 1 does not appear to readily 

utilise galactose or lactose. Perhaps galacturonic acid together with the
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other breakdown products of sodium polypectate are metabolised through 

the same metabolic pathways as galactose and lactose. Thus any blockage 

in this pathway would obviously affect the utilisation of all these com­
pounds and would explain the inability of Mutant dif. 1 to groŵ  on un­
supplemented sodium polypectate medium.

Whatever the cause of the inability of the mutant to grown on this 

medium, it is clear that the addition of yeast extract allows growth to 
occur and also results in an increase in endo-P.G.T.E. activity. In all 

studies of wild type isolates it has been found that the greatest increases 

in endo-P.G.T.E, activity are associated with rapid growtho The limiting 
factor then in the production of endo-P.G.T.E. by Mutant dif, 1 in un­
supplemented sodium polypectate culture could be the slow growth rate of 
the isolate, due to the lack of a suitable carbon source, and as a result 
the inability to synthesize the enzyme.

Table 22 gives a comparison of the characters of the wild type creamy 

isolate and the two mutants derived from it.
It would appear that motility and gelatine liquefaction are not closely 

associated with virulence, since both mutants are similar to the original 
creamy wild type with regard to these characters.

No variations in acid and gas production on any medium, except in the 

case of Mutant dif, 1 on galactose and lactose containing media, could be 

found that could account for the differences in virulence.
It is possible that creamy morphology and the creamy type of rot are 

in some way associated with high levels of P.G.T.E. production since both 
mutant diffuse isolates and all wild type diffuse isolates produce much less 

enzyme than the creamy isolates. Changes in morphology may be due to



( u

changes in cell wall properties, which could affect t;:-; synti.csis and 

release of exo-cellular enzymes. If this is so then a. single mutational 

event could bring about a change in coIonia], morphology and a.t the sane 
time affect P.G.ToE, production.

In effect a good correlation exists between virulence and colonial 
morphology since even with Mutant dif. 1 where various physiological systems 
differ considerably from diffuse wild types, its degree of virulence is 

nevertheless still identical with that characteristic of the isolates.
Further support for this is provided by the fact that of two different

mutants isolated from other creamy wild types, both had the degree of 
virulence characteristic of the wild t̂ gpe diffuse isolate. however, neither 
of these hs.s been studied as extensively as have Mutants dif. 1 and dif. 2.

One of these mutants 0110 cr.str-r. Gel 6 was isolated while studying 
motility and gelatine liquefaction (see Chapter IF). This isolate has been 

tested for its motility, its ability to liquefy geltatine, colony appearance 
on various solid media and acid and gas production, but not for P.G.T.E. 
production. It appears to be identical with Mutant dif. 1 for all these 
characters. The second, G110 cr,Av-14 was isolated during attempts to 
isolate an avirulent mutant from G110 cr. This isolate has only been 
tested for virulence and its colonial morphology on glucose Mi agar. It 
is identical with G110 dif. for both these characters.

Thus all four diffuse mutants which have been isolated from parent 
creamy isolates cause soft-rots identical with those produced by all wild 
type diffuse isolates. This would cearly indicate that colonial morphology
and the type of soft rot produced are related in some way.
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Section III - Studies on dehydrogenases and acid production

It has been demonstrated that the diffuse and creamy isolates pro­

duce limited brownish-black and extensive creamy rots respectively on 
potato slices. The phenomenon was investigated further by studying 
those aspects of their physiology which might explain such differences.

While studying the infection of potato tissue by Br\̂/inia carotovora 

Lovrekovich eb ah (l9c7) noticed that the bacteria were able to prevent 
the browning of potato sap, which normally occurs as the result of poly- 
phenoloxidase activity. Furthermore, they also showed that this organism, 

when added to oxidised potato sap could reduce the coloured quinones present 

to colourless compounds, supporting the concept that the bacteria can reduce 

these compounds back to their original form as rapidly as they formed. They 
suggested that this effect was related to the high dehydrogenase activity 
of the bacteria, and concluded that a cell bound bacterial dehydrogenase 
requiring glucose for activity was responsible.

If this were so, then it would be reasonable to propose that differ­
ences in the colour of the two types of rot caused by creamy and diffuse 
isolates could be due to their having qualitatively or quantitatively dif­
ferent dehydrogenase systems. That this may be so is suggested by the 
observation that the colonies differ in appearance when grown on glucose 
TTC agar. Tétrazolium salts have commonly been used to demonstrate de­
hydrogenase activity in a wide range of organisms, Lederberg (1948),
Jensen ejb ab (1951), and so differences in appearance on this medivim suggest 
differences in the dehydrogenase systems between the two isolates.

Other workers have used differences in auuearance on media containing
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tétrazolium salts to isolate strains of phytopathogenic bacteria differ­

ing in virulence from one another. Thus, Kelman (1954), was able to 
select out weakly virulent or non-virulGnt isolates stMseudq:'pqna_s 

solanaceaxurn from a virulent parent stock culture, on the basis of their 
appearance on such a medium. Similarly, Smale and \vorley (1955) have 
used a tétrazolium medium to isolate highly pathogenic isolates of Pseudomonas 
phaseolicola and Xsnthamonas uhaseoli from infected bean ulants. They were 
also able to pick out weakly virulent isolates from stock cultures of 

Pseudomonas phaseolicola using the same medium but not from stock cultures of 
Xanthamonas phaseoli, A medium containing tétrazolium salts was also used 

by Friedman (1964) to distinguish between colonies which differed in their 
virulence. All these differences of all these isolates on the tétrazolium 
media could well be due to differences in their dehydrogenase systems.

Attempts were therefore made to investigate the role of the dehydro­
genase systems of Er^finia atroseptica in its mechanism of virulence.
The rate of decolourisation of oxidised potato sap

The oxidised potato sap was prepared from healthy Pentland Dell tubers. 
These were thoroughly washed and peeled. The peeled tubers were washed 
again before macerating 100 gm, of the tissue with $00 ml, of distilled 
water in a Waring blender for two minutes. After filtering through Whatman 
N0 .I filter paper using a Buchner funnel, the supernatant was spun in an 
M.S.E. refrigerated centrifuge at 4,800 r.p.rn, for thirty minutes, to re­
move most of the cell debris.

The 0110 cr.str-r, and Mutant dif. 2 were used to compare the abilities 
of the two types of isolate to decolourise potato sap. They were grov/n up 
in shaken nutrient broth cultures, harvested after 24 hours growth, centri-
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fugGd dovm and resuspsndad in water, inran oentriiuping again, half

the sample was resuspended in water end the other half was suspended in a
Q0.8 K glucose solution, giving 4 - 10" cej.ls per ml. in each case.

1 ml, 01 the bacterial inoculun was added to 7 ml. of the potato 
sap in glass colorimeter cells. After inoculation the final concentration 
of cells in all cases was about 5 :c 'ICi' cells/ml and in those tubes where 

the bacteria were added in glucose solution, the final concentration of 
the glucose was 0.1 H,

The absorbance of the solutions v/as measured in the EEL colorimeter, 
using blue filter No,621, Reference solutions consisted of the bacterial 
suspensions inoculated into water. Controls consisted of cells containing 
potato sap, inoculated with suspensions of the bacteria which had been 
heated in a boiling water bath fo.r 15 minutes.

The results are given in Figures 19 and 20,
It is clear that both the diffuse and creamy isolates have a pro­

nounced effect, for after one hour all tubes where the living bacteria had 
been added had been decolourised. The rate of decolourisation was similar 
for both isolates, and was also similar whether or not glucose wr.s present 
in the reaction mixture. All the control tubes on the otlierhand became 
darker.

Thus the different types of rot produced by the two isolates could 

not be correlated with different abilities of the two isolates to decolour­
ise potato sap in vitro. However, this experiment did not rule out the 
possibility of differences in the activities of different dehydrogenases 
and this aspect was then investigated.



Table Dehydrogenase activities ao estimated by formagan formation

Substrate G110 cr.str-r. G110 dix. Fut. dif, 2 Controls

Bthanol 1 1 1 1
Fructose 3 3 3 1
Galac bose 3 3 3 1
Glucose 3 3 3 1
Sodium glutamate 1 1 1 1
Glycerol 2 2 2 1
Sodium glycerophosphate 1 1 1 1
Glyoxyllic acid* 1 1 1 1
Sodium lactate 4 4 4 1

lactose 1 1 1 1
Fa lie acid 4 4 4 1

Sodium succinate 2 2 2 1
Water 1 1 1 1

* These substrates were adjusted to pH 7c5« with 1H FaOII before use.

1. Yeiy slight red colour after 2 hours’ incubation.
2. Bed colour noticeable after 1 houjî 's incubation,
5. Deep red colour noticeable only after 20 minutes or more incubation. 
4. Very deep red colour noticeable within 10 minutes of incubation.



Ve t terne of cl ehy cl ro gêna se actlvi ty

The two wild type isolates G110 cr.str-r, and G110 dii. and autant 

difo 2 were g:cown np in sh&icen nutrient broth and tested for dehydrogenase 
activity in the presence of the substrates listed in Table 2$.

The cultures were centrifuged down and then resuspended in phosphate
buffer (0,1 M) at pH 7.5. This process was repeated and the 0,Ds. of the

9cultures adjusted with buffer to give cell densities of about 4 x 10 
cells/ml. The reaction mixtures were prepared by adding 1 ml, of the 

bacterial suspension to tubes containing the following.

0.1 ¥i Phosphate buffer (pH 7.5) 4 ml.

0 . 4 Substrate 2 ml,
0,4y w/v Triphenyl tétrazolium salts 1 ml.

Controls consisted of the above mixture inoculated with 1 rnl, of a 
bacterial suspension which had been heated for I5 minutes in a boiling 
water bath.

The amount of formazan produced and thus the depth of colour of the 
reaction mixture gives a measure of dehydrogenase activity. The depth 
of red colour of the different reaction mixtures was judged by eye on a 
scale from 1 - 4 over a period of tv̂ o hours after which even the controls 
had turned a slight red colour. The results are given in Table 2 5.

Sodium lactate appears to be the best substrate, followed by malate, 
then glucose, fructose and galactose, the last three being more or less 

the same. Succinate and glycerol appeared to be utilised to a small 
extent but the others were utilised little, if at all.

Ttiere appeared to be no obvious differences between the three isolates 

in tht'ir ability to dehydrogenate these substrates. This experiment has



Table r.'< b O--' ■ aox.-at.er; cf infected tuber slices

1 G110 dif. Controls
1 ! o.:;a 

!
6,14 5.82

2 j 6.78
I

6,10 5.74
1

3 ! 6,26 t 5.98 5.70
4 i 6.82 5,84 5.90

J
5 j 6.40 6 ,0 4 5.72

6 i 6.46 6.08 5.78

7 j 6.30 6 ,04 5.78
8 i 6.32

!
5.88 5.92

9 ! 6,42 5.70 5.86

10 î 6.52 6,00 5.82
j

Kean i 6 .50(6 ) 5.98(0) 5.80(4)
...._L..........  _



been repeated fone times and the same result was obtained on each occasion. 

Thus the differences in virulence between diffuse and creamy isolates 

cannot readily be explained by any differences in any of the dehydrogenase 
systems investigated in vitro so far. however, this investigation has 

covered only a. minor part of the dehydrogenase activities of the bacterium, 
and whether or not dehydrogenases are involved in the differences between 

the tv/o types of isolates awaits a more complete investigation.

For instance other work suggests that the optimum pHs of dehydrogenases 
in vitro is around 7.0 and above, Biochemists' Handbook (1961), and this may 
also be the case in vivo. Thus it may well be that the isolates differ in 
their abilities to change the pH of the infected tissue which in turn affects 
the activities of their dehydrogenases, For example, Friedman and Ceponis 

(1964) found differences in acid production in infected witloof chicory 

between a partially virulent mutant of Rrwinia. carotovora and the virulent 

parent wild type. The mutant infected tissue had a lower pH than that 
infected by the wild type.
The pH of the macerates of infected tissues

Sets of potato tuber slices were inoculated with isolates G110 cr.str-r, 
and G110 dif. Control slices were spread with sterile nutrient broth.

After incubation for AS hours the slices were individually weighed and 
macerated in a Waring blender with glass distilled water. For each 10 gm, 

of tissue 50 ml. of water were used. The pH of the macerates was measured 
imrxedlately afterwards. The results are given in Table 2 4,

An analysis of variance reveals that the pH of the macerates of the 
creamy infected discs is s%mficahtly higher (P = 0,001) than the pKs of the 

macerates of the control discs or those infected with tiie diffuse isolate.



The discs infected with the diffuse isolate, however, also have a sivni:

cantly higher pH (? = 0,01) than the macerates of the ce.itrol discs.

Table 25 gives the results for enother experireyit :;r;. which I hi tan t dif ,2 
was included. Six discs were inoculated with each isol-te, After 40 hrs. 
the discs were individually weighed and macerated as ore c.nd the pis of 
the macerates were measured.

Table 25. ~pH of macerates of infected tuber sifces

0110
cr.str-r.

Mutant 
dif. 2

0110
dif. Control

1 6.40 5.70 6.05 5.95
2 6.28 6,04 6,04 6.16

3 6.20 5«66 6.18 6,16

4 6,76 5.82 6.20 5.84

5 6,58 5.96 5.92 5.86

6 6.28 5.82 6,06 5.86

Mean 6 .41(7 ) 5.83(3) 6 .07(5) 5 .97(1

In this case an analysis of variance again showed the pH of the discs 
infected with the creamy isolate was significantly higher tlian all other 
treatments (P - 0.01). The pH of the macerates of discs infected with 
0110 dif, and Mitant dif. 2 did not differ significantly from the controls. 
HoweverJ the discs infected with 0110 dif, had significantly higher pH than 
those infected with Mitant dif, 2 (P = 0,01 ). The low-er levels of signifi­
cance obtained with the second set of results was probably due to the use 

of smaller samples.



It would appear then t}:at inl'ecrion cl pota :.c tucLV* slices with th'̂  

creamy isolates leads to an increase in the pH o:’ the : nthcted tissue.
Infection with the dif this e wile type c m  prsdrce s rise in the pH

of the infected tissue^ out in no case wan t,t nearly marred as that

produced by the creamy isolate, while Muten': dif. 2 did rot alter the pH 
of the tissue at all.

The rise in the pH of the slices infected with GViO cr.str-i\ would
help explain why this isolate causes rapid extensive roin of the tuber 
slices without any noticeable browning. Such a rise rr p' affect the de­
hydrogenase activities of the bacterium in vivo as well as the polyphenol™ 
oxidase activity of the host. The result may be that iactorial dehydro­
genases under such conditions are more able to prevent oc reverse the-action 
of polyphenoloxidase so preventing the formation of possibly in}.iibitory or 
toxic compounds.

There are reports that some of the products of polyphenoloxidase 
activity inhibit a wide range of enz;̂ mies, l/illiums (lmby) he.o demonstrated 

that various phenolic compounds such as chlorogenic acid and catechol, after 
oxidation, in fairly low concentrations are inhibitczy to the polygalactur­

onase and macerating enzymes of Sclerotina fructigena,
If such products were not formed in the infected host then the exo- 

cellular enzymes of the bacterium attacking the host tissue e.g. endo-P.G.TJ 
would be more effective in disrupting the tissue and allowing the organism 
to spread.

It is interesting to note that other enzyme systems ::.ay be affected by 
such a pH rise. Thus Hancock (1968) has noted a rise in pH of cucumber



tissue infected with Puse.rium so la ni f.sp. cucurbitae, He concluded

that this rise in pH allowed greater activity of the endo-P.G.T.3. pro­

duced by the fimgas, and probably increased alkaline degradation of the 

pectic substances present in the host. Such a situation could exist in 
this disease since the pH optirum of the endo-P.G.T.E. produced by Erwinia 

atroseotica has been shown to be about pH 8.5»
Since it was demonstrated that differences existed between the pH of 

tissue infected with the two different morphological tjv^es it was decided 
to determine whether any of the differences could be related to differ­
ences in acid production from glucose in vitro.

Although no differences were noticeable in the acid/gas tests which 
were earlier carried out on these isolates, the results of which were re­
ported in Table 16 it was felt that quantitative differences may be present 

Meynell and Meynell (1965) state that the type of acid/gas test used here, 
although giving good indications as to what substrate an isolate will or 
will not utilise, is unlikely to be very sensitive in any quantitative 

study. It is therefore possible that two isolates could give a similar 
reaction in the usual acid/gas test procedure but differ in the actual 
amounts of acid produced.

In addition, it must be noted that both these colony types gave 

different growth appearance on glucose agar, G110 cr.str-r, was
bluish-pink, while G110 dif, was greenish-black. The appearance of the
latter isolate is indicative that a drop in the pH of the medium has 
occurred. This particular medium is generally used in studies where the 

effect of an isolate on pH is being investigated, that is, it is a pH



Table 26, Approximate cell numbers (X1G^) per ml, of shaken (a ) and imshaken (b )

liouid minimal medium cultures

G110 cr .str-r , I' ll tant dif. 2 G110 dif.
1 2 1 2" 1 2

Â :e of
Culture A

!
B A B A B A B A B A B

24 hours 1.00 0 ,15 1.00 0.18 0,57 0.11 — 0,002 0 .9 0 0 .25 1.05 0 .23

48 hours 1.47 0.16 1,53 0.25 0,87 0.211 - 0 .16 1.21 0 .27 1.57 0 .29

72 hours 1.76 0.59 1,81 0,41 1 .20 0.41 - 0,51 1,55 0.44 1 ,64 0.42

In this series the ip.oculum was a tenth of that used in all the others | (final 
concenh'atxnof 2 x 10^ cells/ml, of medium) ̂ All ten flasks were left unshaken 
so that the results for this series are the averages for 10 flasks. All other 
results are the means of 5 flasks.

Table 27. pHs of shaken (a ) and unshaken (e ) liquid gducose minimal medium cultures

G110 difKutant dif. 2G110 cr.str-r.

Age of 
Culture

0 hours

24 hours I 4*47 ' 4.98

4,4948 hours I 4,48

ours



indicator medium^ j .eyrie 11 an:t i-.eyneil (19^5) «
Since the difference in the appearance of the two types of isolate 

was most iLsrhed on all media containing glucose it was decided to investi­
gate the changes in pH which occurred during growth in liquid glucose 

minimal medium,
Acid production in vit.ro

The isolates used in this experiment were G110 cr.str-r,, G110 dif, 
and ill tant dif. 2, The medium used was the glucose 114.

The isolates were grown in shaken nutrient broth cultures to provide
n

the inoculujii. An inoculum giving a final concentration of 2 x 10 cells/ 
ml. of culture medium was used,

‘hvo different series of inocula from different nutrient broth flasks 

were prepared for each isolate under test, Each inoculum series was in­
oculated into 100 ml, Erlenmeyer flasks containing 50 ml, of medium. All 
flasks were incubated at 26^0.

Each set of ten flasks was split into two groups of five. One group 

was shaken on a rotary shaker at 150 r.p.m. and amplitude 5*5 cm,^ while
the other group was left unshaken in the constant temperature room.

At appropriate intervals 10 ml, portions of the cultures were removed 
and the cell numbers (estimated from O.h, readings) and pHs were taken.
The results are given in Tables 26 and 27,

There were no clear cut differences between the isolates. The final
pH achieved was about the same for all tliree. With the exception of 
Jjutant dif. 2 this pH was achieved within 24 hours in the shaken cultures. 
The second inoculum series for this isolate demonstrates that different 

inocula may effect the growth rate and the fall in pH, In this case



v/here a much smaller inoculumi was used the growth and fall in pH seen to 

lag: behind all the other isolates although it appears to catch up in 2-5 
days.

The results o:C this experiment and observations on the pH of liquid 
glucose î'1'i cultures on other occasions indicated that no great differences 
existed between diffuse and creamy morphological types when compared for 
acid production in vitro. It would appear that there is little relation­
ship between the effect of the isolates on the pH of the tissue-that they 
infect and the drop in pH that occurs when they are grown in a medium con­
taining glucose.

In sumnary then, it would appear that the only detectable difference 
between the different colony types, other than those discussed in Section II 
of this chapter, and summarised in Tables 17 and 22 , is the effect that 
each ho.s on the pE of the tissue infected by them.



CEAPTSR - MOTILITY AIO GZIATDTE HIQHEFACTIOH STUDHS

Section ^ Introdi;cjbi_qn

As v/as reported in Chapter III, differences in motility and gelatine 
liquefaction were observed between the two morphological types, described 
as creamy and diffuse. It was decided to study further the importance 
of these differences on pathogenicity.

It is worth noting that among various differences between a partially 
virulent mutant isolate of Erwinia carotovora and the virulent wild type. 
Friedman (1962) found differences in proteolytic activities as judged by 

gelatine liquefaction and the clotting of litmus milk.
As regards motility it is possible that it may have important effects 

on growth and survival of the organism* Thus it has been shown that 
motile strains of Pseudomonas fluorescens grow better under conditions of 

low nutrient status than non-motile ones, Smith and foetsch (1969)*

Section II - Procedures and Results

Isolate

The isolate used was G110 cr.str-r. since it was a motile isolate 
causing fairly rapid liquefaction of gelatine.
Isolation of gelatine non-liquefiers
I I # *11 I 1 I I I ,  'I «II H I mwi I ,  ,  ■ n .im. i umiiifcn

The medium used for this isolation procedure was nutrient gelatine 
(page 11) with 0,5y w/v Agar (Oxoid ho,5) autoclaved at I5 lbs, pressure 
for 15 minutes. Suspensions of bacteria were spread over plates of this 
medium so as to produce less than 100 colonies per plate. The plates 

were incubated at 25^0 and examined after 2-3 days for colonies which did



O'J

not sink into the inediniTî  These colonics wr-.ju Then isolated into tubes 

of nutrient broth and the procedure rope-; bed a check on the isolates.

Of six isolates, five were found on re-tje utrp- rot to sink into the 
nutrient gelatine/agar inedirviu fhese ir ole ter v.'cro then used in an ex%)eri- 
ment aimed a,t checking whether differences in ooility to liquefy gelatine 
were associated with changes in virulence. Tl;oy were named as follows, 

0110 cr,str-r* Gel - 1
" " Gel  ̂5

” Gel - 4

” ” Gel ~ 5
” ” Gel - 6

Comparison of wild types and mutants for gelatine liaueiaction.
motility and virulence - *

The two wild types G110 cr.str-r, and G110 dif. and the five mutants 
were subbed into nutrient broth tubes and grown for 24 hours at 2^^C,

These suspensions were spread over nutrient agar plates, from which single 
colonies were isolated after 4-8 hours incubation, Nine single colonies
were selected for each isolate. Each of these was grown up in a test 
tube containing 1,l/2 ml. of nutrient broth.

After 24 hours incubation at 25^0 the suspensions were used in. the 

following tests.
(1) Drops of suspensions were examined under the light microscope 

and motility assessed according to the method given in 

Chapter I.
(2 ) Each suspension was stabbed into a nutrient gelatine tube and 

incubated at 25^q^ After 8 days the liquid formed by the



(2) (contd)

action of the bacteria r'as poured off by inverting the tubes 

for 10 second.'-u The weight of this liquid was taken as a 
crude measure of liquefaction,

(h) The cultures were spotted onto glucose IM and nutrient agar 
plates and these were incubated at 25^0 to ensure that all 

isolates had wild type nutrition,
(4 ) The rest of the bacterial suspension was spread over potato 

slices in petri dishes to check virulence. The potato 
slices were incubated at 20^0 and examined after 48 hours 
when the type of rot >/as assessed.

The results are summarised in Table 28^a, b, c, d, e, f and g.
All isolates grew on nutrient eig'ar, even the three not growing on

MM.
Table 28. Gelatine liquefaction, motility and virulence of single

colony isolates

GIIO cr.str-r, (wild type)

Colony
Number Motility Virulence Growth on 

M. Medium
Quantity of 
Gelatine 
Liquefied

1 “h-++ A + 0 .63(4) gm.
2 ++-f- A + 2 .5 0(7 )
5 A + 1.53(7)
4 + A 2 .9 3(4 )
5 A + 2 .7 1(1)
6 -f-f A + 1.52(2)
7 ++ A + 1 .6 3(2)
8 4"-h+ A + 2 .45(7)
9 I —1“ • A + 2 .6 7(8 )

( a )



G1 10 dif. (wild type)

Colony
Ember Motility Virulence Growth on 

M, Medium
Quantity of 
Gelatine 
Liquefied

1 - B 0 gm.
2 B -}• 0
3 - B *h 0
4 — B + 0
5 “ B 4- 0
6 - B 4" 0
7 B -t- 0.16(9)
8 - B 4- 0
9 " B 4* 0

G110 cr.str-r Gel - 1
Colony
Number Motility Virulence Growth on 

Mo Medium
Quantity of 
Gelatine 
Liquefied

1 A + 0.20(9)gm.
2 A -k 0
3 4- A 4- 0
4 • -h A 4- 0
5 + A 4- 0.25(7)
6 4- 0 — 0
7 — A 4- 0.25(1)
8 — A 4- 0
9 — A 4- 0.02(4)

(b)

(c)



G110 cr.str-r. Gel - 3 (d)

Colony
Kunicer Motility Virulence Growth on 

M. Medium

1 +
2 +
3 H-

4 -1-

5
6 +
7 4-

8 +
9 4-

Quantity of 
Gelatine 
Liouefied

0 gm.

G110 cr.8tr-r. Gel
olony
lUiher Mo till t.y Virulence Growth on 

M. Medium
Quantity of 
Gelatine 
Liquefied

1 4- B  ; 4- 0  gm.
2 4- B  ' 4- 0

3 4- A : 4- 3.42
4 A I 4" 1.03(3)
5 4- 0  I *- 0

6 4-
!

A I 4* 0.34(4)
7 4- 3 1 4- 0

8 4- ^ ! 4' 0

9
'  I 4- 0

(e)



!i1 r> ̂ ; ) j- -Ti -- Gel - 5

Colony 
i Hnmoer

!
; lot H i  ty Vizuleoce Growth on

T.T 1 r hri /I 4 *t 1 rn
Quantity of i Gelatinei J. * * J, *L * li 11 Liquefied j

: A 4 0 gm.
2 ; Â 4- 0

; -t- : A 4 0
1 4 ! + I 4- 0

5 •f ! A 4 0.01(5)
6 ! ! A 4- 0
7 1 "

1 0 “ 0
8 I + i A 4 0
9 j.1 i AI ________ 4 0

G110 cr\str-r. Gel - 6

Colony 
Number 

—... .
Motility ' Virulence1

Growth on 
M, Medium

Quantity of 
Gelatine ; 
Liquefied i

1 ! S * 1.80(5)gm. :
2 j; -f-l'-j- : B 4 1.20(3)
3 ; .j. -j—|. B 4- 1.26(6) 1
4 +4-+ 1 B 4 0.70(3) 1
5 1 4" 4-+ 4' 0.83(7)
6 11 ++4- I B 4 0.80(0) i
7

1I “!-4-+ ii B 4 1.27(0)
8 1 4"f4* ! B 4 1.55(7)
9 1 44 + I B 4 0 .65(5)

(f)

(g)

A = Extensive rot characteristic of creamy isolate 
B = Brown rot characteristic of diffuse isolate 
0 = Ho rot or symptoms



9 %

There is obviously wide variation between these'mutants sud the 

parent wild type. In most cases a ms.rked reduction in, or loss of 
motility is accompanied hy a reduction or loss of the ability to liquefy 
gelatine. There was a lot of variation for isolate G110 cr.str^r. Gel 4 
so that results for this isolate were inconclusive.

Isolate G110 cr,str-r. Gel 6 was interesting in that it was motile 

and gave gelatine liquefaction, but produced rots in tuber slices similar 
to those produced by the G110 dif. isolate.

Single colony isolates of G110 cr.str-r. Gel 6 and G110 cr.str-r.

Gel 5 were used for comparison with the wild types as regards various 
physiological characters. These strains were selected as representative 
of two extremes with G110 cr.str-r. Gel 6 having the properties described 
and G110 cr,str-r. Gel 5 having only slight motility at best, being unal^le 
to liquefy gelatine but still producing extensive rots characteristic of 
the creamy isolates.

Streptomycin Resistance
All the mutants were tested for this character and all proved able 

to grow on media with streptomycin incorporated, indicating that their 
origin was from the G110 cr.str-r, isolate, thus ruling out the remote 
possibility that they were contaminants.
Colonial appearance on various media

The mutants G110 cr.str-r. Gel 5 and Gel 6 were grown on the various 
MM, and TTC agars listed in Table 8 . and on nutrient agar and McKo:olcey's

agar, G110 cr.str-r. Gel 5 was similar to G110 cr.str-r, on all media. G110 
cr.str-r. Gel 6 was unlike the parent isolate on galactose and lactose con-



taiiilng media, and in fact appeared identical in all respects with is slat 

G110 cr.str-r, gl-1., (Mitant dff. 1).
The two mutants were tested for acid s.nd ga,s production from c--I'ious 

carbohydrates. The results are given in Table 29.

Table 29.Acid and gas production from various carbohydrate sourcEw:

Carbon source
G110 cr.str- 

Acid
-r. Gel - 5 

Gas
G110 cr.str- 

Acid
-r. Gel 6 . 

Ga.s i
i

Arabinose 4 + 4 + 1

Dulcitol — “
i

— I
Ethanol -

Fructose 44 + H—r 4 !!
Galactose 4 -» d

j

Glucose 44 4 44 4

Glycerol d d -
Lactose 44 + d i

1

Maltose d d —
Ma.nnose 44 4 44 4

Raffinese 44 4 44 4

Salicin 44 4 44 4

Sucrose 44 4 44 4
I

Tartrate - ■ * "

Xylose 4 4 4 1
:

Again it is noticeable that strain G110 cr.str-r. Gel 6 is much 

slower at producing acid from galactose and lactose, although some pro­



auction occurs after longer periods of tine. This is very siniilar to 

the situation with G110 cr.str-r* glo1.
In effect then, it must be pointed out that isolates can be found 

having reduced rot. ill ty and reduced ability tO' liquefy gelatine but still 

able to cause extensive creojn/ type rots on potato tuber slices. This 

suggests that these characters are not of immediate importance in deter­

mining an isolaro hs ability to cause soft rot symptoms. More interesting 
is the isolation of strain G110 cr.str-r. Gel 6 , This is the second iso­
lation of a diffuse isolate which has abnormal growth on the galactose and 
lactose media and which causes brown limited types of rot.

It again indicates that diffuse colonial morphology which, in this 
case, is apparently associated with an inability to utilise galactose and 
lactose can affect the type of rot produced.
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CHAFTKR V -  STUDIES ON AYIRUIEI:T HJTAETS

The isolation of avirulent mutants in which the physiological changes 
associated with avirulence can he studied, offers an alternative approach 

to that employing isolates, mutant for specific physiological systems.

The greatest difficulty lies in determining which physiological 
changes have occurred, since it is possible that many physiological systems 

may be altered by a mutational event. As a result it is generally only 
possible to examine those systems previously implicated by other studies 
and those physiological characters which are easily determined. In this 

study examination has been restricted to colony appearance, acid and gas 
production and production of polygalacturonate trans-eliminase in vitro.
These were selected because the foregoing chapters on pectic enzymes and 
colonial morphology indicated that studies on these aspects of the organismes 

physiology may prove useful,
Annther major difficulty in this approach is the initial isolation of 

the avirulent mutants. This must be more difficult if the study specifi­
cally excludes the isolation of avirulent mutants having nutritional require­
ments, because the normal replica plating techniques cannot be applied. 
However, all this is a question of technique, dependent on the development 
of rapid assay procedures, which allow fast, accurate assessments of an 
isolate's virulence.

Friedman and Ceponis (1959) working with Pseudomonas marginalis were 
able to isolate avirulent mutants of this organism. These isolates pro­
duced less pectic enzymes in vitro when compared with the wild type,

Friedman (l9o2) using Frwinia carotovora isolated a mutant of Erwinia



O  '

carotovora with reduced virulence. This isolate a.s well as having reduced 

abilities to produce pectic enzymes and proteolytic enzymes, also appeared 
to produce more acid in vivo, i.e. on infection of its host, whitloof 

chicory, Friedman and Ceponis (1964).
Mitant8 of Agrobacterium tumefaciens differing in degrees of virulence

have been used in genetical studies of that organism, in which it has been 
possible to demonstrate the 'multi loci' nature of the genetics of its 
virulence, Klein and Klein (1956).
Isolation of Avirulent Mutants

Isolate: The isolate used in these studies was G110 dif.

Procedure ; A 24 hour old culture in nutrient broth was treated with 

the chemical mutagen ethyl methane sulphonate (E.M.S.), Loveless and 

Haw^orth (1959), in the following manner. 3 of the bacterial suspen­
sion were added to a solution containing 0.33 ^1. of E.M.S, in 6.65 ml. of 
glass distilled water. After two and a half minutes 1 ml. of the treated 
culture was removed and added to 9 ml. of glass distilled water. Previous
studies showed that this treatment killed approximately of the bacteria.

0.1 ml. portions were then used to inoculate 50 ml. of nutrient broth 
which was then incubated on a shaker at 25^0 . This step in the procedure 
was included because it reduced the hazards in handling the mutagen. It
was thought that it would allow segregation of mutant 'nuclei' out of 
'inultinucleate ' bacteria, as well as reducing losses of mutations, which 
occur if the bacteria are grown immediately on Minimal Medium, Within (1936).

After 24 hours dilutions of this culture were made so as to give ssrples 

containing approximately 100 viable cells. These were spread over nutrient 

agar or glucose MM agar plates.



After 2-3 reye g.L'rwth at 23^0 the colonies were clearly visible and 

single ccloni'v were iooculaHd into small tubes of nutrient broth and 
again incubarei at 23^0 , The turbid suspensions, formed after 24- hours 
growth, were theu snot.-'.ed onto nutrient agar plates. If the initial 

isolation had been made on nutrient agar the single colony isolates were 
also tested for growth on the minimal medium to check that they still had 
the same nutz'itional requirements as the wild t̂ /pe. The rest of the sus­
pensions were inoculated onto tuber slices vfrich were incubated for two 
days Eut 20^0 before examining for the development of soft rots.

If a potato slice did not show any symptoms of soft rot, the isolate 

was retested by inoculation onto at least five slices. If this test 
proved negative, the isolates were kept for more comprehensive tests.

Using this procedure it has been possible to examine about 1,000 
single colony isolates of 0110 dif. Of these, two avirulent isolates 
0110 dif. Av-1o7 and Av-1.34 were kept for further study.
Virulence

Both of the mutants had completely lost their ability to soft-rot 
potato slices, although in some tests a slight darkening of the surface 
of the tuber slices occurred. This was, however, variable and no soft 
rot ever developed over these areas.
Motility and gelatine liquefaction

Both mutants were identical with wild type with respect to these 
characters,

Colony aonearance on various solid media
The media used are listed in Table 8 . Tlie appearance and growth

of the two mutants was identical to wild type on all media. Growth on



Figure 21* Endo-P,G.T,S. activities in sodium polypectate
medium culture supernatants of GIIO dif. (Wild type).
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Figure 22, Endo-P.G.T.E, activities in sodium polypectate
medium culture supernatants of G110 dif. Av.-1.7.
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the various minimal media clearly indicated that t'nese criants Irxi no 

specific growth requirements.
Acid and gas production from various carnohvdratos

The carbohydrates used are listed in Table 7 « ihe mutants appeared 

identical with the parent wild type in all these tests.
P,G.T,F. Production

When tested for P.G«T,E, activities in vitro the isolates gave the 
results shown in Figures 21, 22 and 2$,

This experiment has been repeated several times with similar results. 
Both mutants grew fairly readily in both polypectate and pectin medium. 

It would appear that although the mutants are capable of producing the 
enzyme in vitro on a sodium polypectate medium they do not produce as much 
or as readily as the wild type. After 24 hours growth appreciable activity 
is detectable but maximum activity is not detectable until after about 
48 hours growth, The final level of activity is lower than in wild type 
but not greatly so.

Activity in the pectin medium was not very high but appeared on measure­

ment to be much higher for Av.1.$4 than Av.1.7.(Tables 50 and 51),
Conclusions

Tlie only difference that could be detected between the avirulent mutants 
and the wild type was in the amount or the activity of the P.G.T.E. produced 
in vitro. It is possible that this difference is the major one, if not the 
only one, responsible for the loss of virulence. If this is so it raises 
several interesting points. Both isolates did not produce any soft rot 

lesions, unlike the pectic enzyme mutants which occasionally produce some



Figure 25« Eado-P.G.T.E, activities in sodium polypectate
medium culture supernatants of G110 dif, Av.-1.54,
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Table $0. Approximate cell niLTilers (X10^) eer nl, of sodiurr: 

Dolyeectate (a ) and nectin (b ) media onltares

Aa'e of Flask
G110 dif.- _ ..... ..... G110 dif , is/ .-1.7 G110 dif. Av.-1.34

Cultures Â B A 3 A B

24 hours
1
.2

4.2
4.0

2,4
2,1

4.1
9.8

2,4
2.2

4,4
5.9

1.9
1,0

48 hours
1 4.0 4.6 4.8 2,6 5.9 5.9
2 4.7 4.2 4.8 5.1 4.0 5.8

72 hours
1 4.6 8.3 4.9 5.2 4,4 9,0
2 4.9 7.6 4.8 5.5 4,2 7,6

Table 31, P.G*T.3. activities in sodium polypectate (a ) and

pectin (b ) media culture supernatants

Age of 
Cultures Flask

G11Q dif. G110 dif c Av,“1,7 G110 dif. Av.-1.34
A B A 3 A B

^0
24 hours

1

2
1.208 

1.271

0.088

0.066

0.151

0,154

- 0
- 0

0.182

0.160

1 1.183 0.604 0.268 -0 0.212 0 .030
48 hours

2 1.190 0.628 0.276 0.008 0,186 0.022

1 1.155 1.519 0.246 0.002 0.242 0,470
72 hours

2 1.173 1.666 0.244 0.004 0.212 0.426



lesionsJ albeit very snail ones. These latter mutants in fact produced 

even less of the encyme than the avirulent mutants.

Lapwood (1957) carried out a comparative study in vitro of an 
Erwinia sp; with such non-pathogenic bacterial species as Flavobacterium; 

which also produced pectic en%}vaes. He found that the best correlation 
with pathogenicity was the length of the lag phase of pectic enzyme pro­
duction after inoculation into the growth medium, the shorter tlie lag 
phase the greater the pathogenicity.'

This situation would not seem to apply here since the two avirulent 

mutants had shorter lag phases than any of the three pectic enzyme mutants 
However this situation may not obtain in vivo where delay in production of 
pectic enzyme may affect further growth of an isolate. This aspect 
obviously requires further study.

Thus it is likely that other factors are also involved in the reduced 

virulence of the mutants. It is clear that many characters which could 
also be involved have not been tested. It may be that differences in 
their abilities to alter pH in the infection court are involved as appears 
to be the case for the creamy and diffuse isolates.

This, however, would be difficult to investigate since the isolates 
do not cause any soft rots and do not grow much in infected tissue. It 
would therefore be extremely difficult to investigate, since any effect 
would be very localised.

Other factors may also be involved in the loss of virulence of these 

isolates. Certainly these mutants indicate that other factors besides 
the ability to produce pectic enzymes are involved in the process of in­

fection.



V O

CHAPTER VI - NITTRTTTOIÏÏ..L V'P P?:v IXTAPTS

Attempts were made to induce rcutrii:onvl end drug resistant mutations 
in order to determine the ease wAth winch t: :vv could he produced and then 
develop methods for their isolation.

Isolates carrying such mutations, if tliey were as virulent as the 
original wild type, could be usefully employed in a number of ways.
Firstly, the mutation could serve as a marker and help in establishing
the origin of other isolates from a particular wild type, and reduce the
possibility of errors due to chance contamination. Streptomycin resist­
ant strains were particularly useful for this purpose.

In addition, they could be employed in attempts to map the organism 

genetically. Mapping of mutations for virulence has been done by Klein 

and Klein (1956) on Agrobacterium tumefaciens, where they demonstrated that 
virulence is controlled by multiple loci. It would be useful in 8n%/ 
attempts to map loci for virulence or related markers in this bacterial 
species to be able to use other markers not directly affecting virulence, 
or any of the other physiological systems under study.
Methods

Ao Nutri tional Ifitant s
Isolate : Isolate G110 dif. was used.
Pro due t i on of hu tanks ; The procedure for the isolation of nutri­

tional mutants employed penicillin enrichment and replica plating tech­
niques, Sederberg (1950) gives a full description of these techniques.



Ultra-violet light in the 254 :%Li region of the spectrum was used 

as the mutagen. A killing curve v/as first obtained hy irradiating a 
suspension of the bacteria in saline for varying periods of time, until a 
99/^ kill was achieved. Other suspensions of the bacteria were then treated 

to give a 99x kill, after which the penicillin enrichment technique was used 
to increase the percentage yield of mutants. The survivors were grown on 
Complete Medium and then replica plated onto glucose 131. If any isolates 
failed to grown on the minimal medium they were retested on the following 
media.

1. Vitamins medium

Glucose MM + Vitamin stock solution 1 ml. per litre
(Pontecorvo et aU (1555)

2 . Amino acids medium

Glucose MM 4- Casamino acids (UIFCO - Vitamin free) 3 gm. per litre
3. Nucleic acid bases medium

Glucose MM + Nucleic acid digest 3 ml. per litre
(pontecorvo e_t al (1955)

4 . Complete medium
Glucose MM 4 the three supplements listed above

and also yeast extract (UIFCO) 2 gm. per litre

After determining which medium supported the growth of each mutant, 
further tests were carried out to determine their apecific nutritional 
requirements.
Vitamins No mutants were isolated which grew on the medium supplemented 

with vitamin stock solution.
Amino acids A total of six isolates grew on the amino acid medium



and were tested further to d ê :er-r'ne t' :rh; specific requirements. They 

were spotted onto glucose tii age../" or■•ring: individual amino acids in 
the concentration of 0.5 P“'-: ^itre, Tahi.e 52 gives a list of the
amino acid requiring mutants vf-aîeh we:.rc : co'i e.tod.

Table $2. Amino acid rec ci"'ior lou bants

leu (4 isolRt̂ '.s)
met (1 isolate)
arg (1 i.s elate)

Nucleic acid bases Three isolates were tested for growth on.glucose ill
supplemented with the various nucleic ocid bases (in the hydrochloride

form), at the level of 0.2 gm/lit:ce. Table 55 gives a list of these 
isolates, ,

Table 55. Nucleic acid base requiring mutants

ura (2 isolates)
ade (l isolate)

Incorporation of additional markers
In order to incorporate two markers into any particular isolate,

the process was repeated with an isolate with one of the desired markers
already incorporated. Hie minimal medium in such instances consisted of
glucose Mi supplemented with the particular nutritional requirement of 

that mutant,
Using this procedure it has been possible to isolate several double

mutants, which are listed in Table 54.



Table 54. Double nutritional requiring mutants

ura . cys^ (1 isolate)
ura . lys" (1 isolate)

ura . arg (3 isolates)

ura . met (1 isolate)
ura . val (1 isolate)
ura . leu (1 isolate)
ura . tyr*" (1 isolate)
ura . asp (1 isolate)

B. Streptomycin resistance

Isolates G110 dif. and G110 or. isolates have been used in these 

studies. Neither of these isolates grow on glucose MM when streptomycin 
sulphate is incorprated at 100 p.p.m.
Isolation of mutants

A turbid suspension of the wild type was plated onto glucose Mi agar 

supplemented with streptomycin sulphate in the concentration of 100 p.p.m.
The few survivors which proceeded to grow on these plates were 

selected out and subcultured again onto the same medium, before single 
colonies were re-isolated onto nutrient agar slopes.

All the isolates obtained by this procedure were able to soft-rot 
potato tuber slices, and were indistinguishable in this respect from the 

original wild tj^e.
Although various mutants have been isolated, only one has been used 

extensively in any of the previously described studies. This mutant was



1 L-,

derived from a creamy ieole/le G'HO or. and was labelled G110 cr.str-r.

All its characters were identical with those of the wild type except for 

its ability to grow in the presence of 100 jj.p.m. of streptomycin sulphate 
This isolate proved ext:cemely useful in all studies in which it was 

used. In particular, it gave unequivocal proof that various types of 
mutants obtained in studies using it were in fact derived from it, and 
were not chance contaminants.

//
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GENIRAL CQNOIUSIQITS

The results of this work clearly show the value of the use of in­

duced and spontaneous mutations in studying the physiological basis of 

the host-parasite relationship using S. atroseptica.

Using this approach it has been possible to investigate the roles 

of pectic and proteolytic enzymes, motility and colonial morphology and 

related factors in relation to the pathogen’s ability to cause soft-rots 

of potato tissue,

A good correlation has been found between the ability to produce 

endo™P,G.T.E. in vitro, and the ability to rot tuber tissue. The amount 

of enzyme produced, and also the time taken for the isolate to release the 

enzyme in response to the inducing medium appear to be the important ' 

factors involved.

Factors related to colony morphology also appear to be associated with 

the type of soft rot an isolate produces since all the diffuse isolates 

gave bro^vnish limited rots, while all the creamy isolates gave creamy 

extensive rots,

Tomiyama and Stahmann (1964) produced evidence to suggest that the 

pectic enzymes produced by a pathogen may be responsible for the browning 

reaction of infected host tissue. This is supported by the observation 

that bacteria free cultuz'e supernatants of the creamy isolates cause a 

greater increase in polyphenoloxidase activity and darkening of treated 

slices than culture supernatants of the diffuse isolates. Culture super­

natants of the creamy isolates contain more endo-PoG,T,S, activity than



those of the diffuse isolates.

These results, hcv/Gver,, are ia contrast with the observation that 

slices infected wit]: tli.c crca-ry Irolntes do not become discoloured whereas 

those infected with ci if fuse isolates dcu Since large amounts of P.G.T.E, 

activity are detectable in slices infected with the creamy isolates, it 

supîgests that these isolates have some ability to reverse or inhibit the 

action of the host's polyphenoloxidase systems not possessed by the diffuse 

isolates,

Attempts were therefore made to determine if any differences could 

be detected between the abilities of the two different colony types to 

reverse the action of polyphenoloxidase or in the dehydrogenase patterns 

they exhibited. However, both isolates decolourised potato sap and no

differences in their dehydrogenase patterns were found.
The only difference which was discovered which might explain the

The only difference which was discovered which might explain the

different types of rot produced was that the pH of tissue infected with 

the creamy isolate was significantly higher than the pH of the tissue in­

fected with the diffuse isolates. Since dehydrogenases, in general, 

appear to be more active at higher pHs, the pH difference could well 

affect the ability of an isolate to reduce the products of polyphenol­

oxidase activity. However, no differences in physiology in vitro between 

the isolates could be discovered which would explain the different effects 

on pH in vivo.

If the characters exhibited by the creamy isolates are separate dis­

tinct one, that is high P.G.T.E, levels in vitro, creamy morphology and 

ability to raise the pH of infected tissue, it should be possible to get 

isolate^ mutant for one character but not the others. For example, it



nay prove feasible to is^olate a creamy mutant pro due 1 very little 

endo-P.G.T.E. activity in vitro. In this v/ay it s'nouj d be possible 

to study the relationship of each of these factors in the ability of an 

isolate to cause soft rots.

This has been done, with some success, for motility and proteolytic 

enzymes. These do not appear to be directly involved in the ability of 

an isolate tc soft rot potato tuber tissue once infection has occurred. 

However, it is likely that motility may affect the spread and entry of 

this organism under field conditions.

Thus, the ability of Erwinia atrosentica to parasitise potato tuber 

tissue does not depend on one physiological factor, but appears to be the 

result of a complex interaction of various factors . These include the 

ability to produce pectic enzymes, to overcome the host’s defence mechanism 

and to change the pH of infected tissue to one more favourable for patho­

genesis.



BIBLICHUOirY

Albersheiop lb, Ibbolethaler, K. and Frey-V/yssling, A. (l960a). Stained

pectin as seen in the electron microscope, J, biophys. bioehein.

CMtol., 8, 501-506.

Albershsim, lb, Neukom, H., and Deuel, H. (l960b). Splitting of pectin

chain molecules in neutral solutions. Arohs. Biochern. Bionhvs.

9gU 46-51.
Bateman, B.F. and Millar, H.L. (1966) Pectic enzymes in tissue degradation,

A „ Bevc Fhyt.ooath., 4, 119” 146.

Be ad1e, G. W . and Taturn, E ,L . (1945). Neurospora 11. Me thods of pro due ing 

and detecting mutations concerned with nutritional requirements. 

Am. J. Bot.. 52, 678-686.

Bergey's Manual of Determinative Bacteriology - 7th Edition (1957). E. & S, 

Livingstone Ltd., Edinburgh and London,

Biochemists' Handbook - 1st Edition (196I). Ed, C, Long. E. & P.M. Spon 

Ltd., London.

Boone, D .M «, K1ine, D .M . and Keitt, G.W. (l957). Venturia inaequalis

(Cke.) hint. XIII Pathogenicity of induced biochemical mutants, 

Am. J, Bot.. 44, 791-796.

Brown, W, (1915). The action of Botrytis cinerea. iVnn. Bot, Lend., 29,

513-48.

Butler, E.J, and Jones, S.G. (1949), Plant Pathology - 1st Edition.

MacMillan & Co, Ltd., London and Lew York,

Deese, D.C. and Stahmann, M.A. (1962). Pectic enzymes and cellulase 

formations by Fusariun oy^sporum f, cubense on stem tissues 
from resistant and susceptible banana plants. Phytopathology.

52^ 247-255.



Difco Manual *• t̂h 3clition ('1955)" Diico Laboratories ̂ Detroit.

Eclianclij E. ̂ Van Girndyj S.D, and Welker^ J.C. (1957)« Pectolytic

enzymes secreted bysoft-rot bacteria. Fhytoratholoy/, 47, 

549-552.
Friedman, B,A, (1962) Physiolog’ical differences between a virulent and

a weakly virulent radiation-induced strain of Erwinia carotovoxa 

PhytouatholQoy, 52, 528-552.

Friedman, B.A. (1964). Carbon source and tétrazolium agar to distinguish 

virulence in colonies of Srwinia carotovora. Phytonatholory,

M ,  494-495.
Friedman- B.A, and Ceponis, Î1.J. (1959). Effect of ultraviolet light on 

pectolytic enzyme production and pathogenicity of Pseudoinonas. 

Science. N.Y.. 129. 720-721.

Friedman, B.A. and Ceponis, M.J. (l9&4). Acid production by Erwinia

carotovora in vivo as a factor in virulence, Phytonatholoyy,

257.
Friedman, B.A. and Jaffe, M.J. (1960), Effect of soft rot bacteria and

pectolytic enzymes on electrical conductance of whitloof chicory 

tissue. Phytopathology. 50, 272-274.

Garber, E.D, (l95&). A nutrition-inhibition hypothesis of pathogenicity.

Am, hat.. 20, 185-194.

Garber, E.D, (l959). Further observations on biochemical mutants of

Pseudomonas tabaci. Bot. Gaz,. 120, 157-1&1.

Garber, E,D, (196O). The host as a growth medium. Ann. N.Y, Acad.

Sci,. 88, 1187-1194.



Garber, and Shaeffer, S.G. (1957)  ̂ lYee histidine content of

turnip varieties art their resistance to histidine requiring

mutants o f If :. Jlf S j  ̂ I A j 592-595*
Goodman, R.ÎI. (1957). Protection of apple stem tissue against Erulnia 

amylovora infection by avirulent strains and three other 

bacterial species, rhytopatholoyy, 57., 22-24,

Goodman, R.il. , Shaffer, v/.H. and Baldwin, C,H. (1962). Reversions of

Erwin.ia arrp/1 ovorn, from the avi:mlent rough to the virulent

smooth form on exposure to aphid extracts (Abst,) Fhytopatho1oyp

52, 754.
Goto, T'h and Oke.be, h, (l957a). Studies on the strains of Erwinia

carotovora (Jones) Holland, III. Mucoid mutation* Hull * Mac. 

Agr-ic*, Shizuoka Univ*. 7 , 1-10.

Goto, M, and Okabe, N* (l957h). Studies on the strains of Erv/inia

carotovora (Jones) Holland, Pi, Antigenic variations. Bull*

Fac. Agric,, Shizuoka Univ., 2, 11-20*

Graham, D,C, (1964). Taxonomy of the soft rot coliform bacteria. A . Rev.

Phytopath., 2, 15-42.
Hancock, J,G. (1958), Degradation of pectic substances during patho­

genesis by Fusarium solani f * sp, cucurbitae, Phytopathology. 

58, 62-69.

Holden, M. (l946). Studies on pectase, Biocheni* J,, 40. IO5-IO8 ,

Jensen, 0*0., Sacks, W* and Baldavski, F*A, (1951). The reduction of

triphenyltetrazoliru'n chloride by dehydrogenases of c o m  embryos. 

Science, 115, 65-66.



Kelman, A. (1954). The relationship of pathogenicity i:' ?cc-uc.oconoo 

solanacearoii\ to colony appearance or<. " tetr-c..oliuj.i medium,

■ Php'topathol.oyy. A4, 695-695,
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