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IN RELATION TO BEECH BARK DISEASE
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Abstract.--The pectinase activity of Nectria coccinea
was studied in vitro and in wivo in relation to the
pectinases of Cryptococcus fagisuga and the nature of the

bark.

Any pectinases necessary for degradation of pectic
material were secreted by the fungus in witro.

Some

pectinases produced by the insect are of great significance
in the predisposition of the bark to alteration by the fungus.
The assistance given by the scale insect and the pectinase
pool of N. coccinea which is well adapted to the trunk bark,
is a possible explanation of the specificity of the
association C. fagisuga/N. coccinea.

INTRODUCTION

Recent outbreaks of beech bark disease

especially in Europe have been of great economic

importance and have promoted a renewal of
interest and research on the disease complex.
Recent investigations have brought some
clarification of the aetioclogy of wvarious
bark necroses.
of disease development is widely accepted and
demonstrated, and N. coccinea following
Cryptococcus fagisuga attack is the main cause
of the dieback of beech in Europe (Parker 1874;
Perrin 1974, 1977, 1979). The insect provides
more than just a means of entry for Nectria
(Perrin 1979, 1S80; Lonsdale 1980; Kunkel
1968). Predisposing factors are an important
part of the disease. Nectria coccinea has
been involved with beech bark necrosis without
previous infestation by Cryptococcus fagisuga
(Leibundgut and Frick 1943; Perrin 1977).
Various factors like nutritional deficiency
and abiotic stresses lead to predisposition of
the tree, favourable to Nectria induced
necrosis (Lonsdale 1980). The ability of

N. coccinea to destroy the bark of beech has
been frequently demonstrated but has always
been related tc previocus predispesing factors,
the most common of them being Cryptococcus
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fagisuga. This breakdown of bark tissue must
depend not only on the presence of pre-
disposing factors but also on the ability of
N. coccinea to degrade cell wall materials.

Despite our imperfect knowledge of the
nature of plant cell walls, pectic substances
are regarded as of primary importance because
of their abundance and above all as the
principal constituent of the matrix of the
cell wall. Alteration of pectic substances
leads to a loss of tissue coherence. With
respect to beech bark degradation, pectic
enzymes may be prominent among the complex of
factors involved in pathogenesis. Pectic
enzymes produced by wvarious pathogens have
been the subject of numerous investigations
but surprisingly very few of them have been
related to bark necrosis fungi.

The aim of this study was to investigate
the pectinase "weapons" of N. coccinea and
their involvement in the beech bark disease
process particularly in relation to

C. fagisuga.

MATERIALS AND METHODS

The names of pectic enzymes conform to
the classification proposed by Bateman and
Millar (1966). Three isolates of N. coccinea
were used. All of them are mycelial strains
freshly isclated from typical beech bark
diseased trees in three different regions of
France: strain A, Forest of Lyons (west),
strain I, Forest of Amance (east), strain
W, Forest of Climbach (Alsace).



A preliminary test of most of the media
traditionally used by various authors has led
to a choice of the best appropriate medium
composed as follows:i-

KHQPUd 0.1%, NHdNO3 0.1%, MgSDa 0.05% in

distilled water, pectin (1%), pectic or
polygalacturenic acids (0.25%), powdered
bark (2%) or glucose (0.5%) for control,
were used as carbohydrate sources.

The bark used in this study was of three
different types collected on the same tree:
bark of the trunk infested with C. fagisuga
(score 5 Parker scoring system), bark of the
trunk not infested with the beech scale
(score 0) and bark of the twigs,
corresponding to the juvenile state of the
bark. Bark was stored as dry powder at
0°C for growth substrate use, or as water
extracts by freezing (-24°C) for a study of
the influence of bark contents on pectinase
activity of N. coccinea. Twenty ml of
medium were dispensed per 125 ml flask,
autoeclaved, then seeded with an 8 mm disk
from an actively growing malt agar colony.
Cultures were incubated without shaking at
23°C. After a few days, the liquid from the
5 replicate flasks was pooled and filtered
on paper. Enzyme preparations were assayed
immediately.

Table 1,--Enzyme sssay setihods

Enzyme Anmny
Bubstrate Mo thod
Buffer
Sodium clirste 0,02 W pH 4.5 Trim HC1 0.0% M pH 8.5
1% Pactin Polymethyl LUronREs . PNG
sodium smlt endo- : viscosTmefry (m
axo-PMG: D.N.8, tesi oxo-PHTE: T.B.A. test
(optical dessity 575 mp) (optical denmity 547 my)
1.2% Sodium  Polygelacturonass. PG Polygelasturonstetransel JPGTE
polypectate endo=FG.  viscoslmeiry (b) = ¢ wiscosimetry
0,358 Poly- exo-PG: D.N.5. test #x0-POTE: T.D.A. test
ghlacturonic (optlcal depmity 575 mp) {optical density 347 mu)
mcid T.B.A

ont
(optical dansity 515 mu)

Viscosimétry with Feuske-Oawald wviscosimeter for liquid viscomity.

(8} vigcosity betwoen 83-100 centipolses (b) viacomity betwesn 18-35 ceRLIpRineE

Enzyme assay methods are summarised in
Table 1. Quantitative enzymatic data are
expressed by the number of units of enzymatic
activity per ml culture filtrate or water
extract. Three assay methods were used:

1. Viscosimetric method for endo-
polymethylgalacturonase (endo-PMG),
endopolymethyltranseliminase (endo-PMTE),
endopolygalacturonase (endo-PG) and endo-
polygalacturonatetranseliminase (endo-PGTE).
Units of enzymatic activity were defined by
the quantity necessary for a 50% decrease of
reaction mixture viscosity in 100 mins.

2. Dinitrosalicylic acid test (DNS)

{Bompeix 1972) for exopolymethylgalacturonase
(exo-PMG) and exopolygalacturonase (exo-PG).
Units of enzymatic activity were the quantity
of enzyme necessary for liberation of 1 micro-
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mole of galacturonic acid per minute and per ml
of culture filtrate. 3. Thicharbituric acid
test (TBA) (Bugbee 1975) for exopolymethyl-
transeliminase (exo-PMTE) and exopolygalact-
uronatetranseliminase (exo-PGTE). Units of
enzymatic activity were equal to the guantity
of enzyme arbitrarily corresponding te 0.1
optical density variation for 30 minutes.

Preparation of bark extracts for in vivo
measurements

In vive assay of pectinase activity was
made for different types of bark, and from
liquid produced by homogenising many insects.
Bark wasz collected during spring and autumn
from:— trunk heavily infested by C. fagisuga,
trunk with typical beech bark disease syndrome,
young trees artificially inoculated with strain
A of N. coccinea alone and from a "healthy"
trunk. The tissue was homogenised in a Waring
blender and extracted with water (1/1 volume)
with or without added NaCl (0.5 M). After
centrifugation (2000 g) the supernatant was
dialysed against distilled water at +5°C for
24 hours. If not assayed immediately enzyme
preparations were stored at -5°C and tested
within 2 days.

RESULTS

1. In vitro expressicon of pectinase activities

The results are presented in Tables 2-10
and Figs 1-2. In vitro results reveal that all
strains of N. coccinea can be induced to secrete
any pectinases necessary for degradation of

Tables 2 to S.--Pectinase activity of the three strains of
M. ¢occinea. Cultures on various substrates
were 14 daye old {ane hour incubation). For
method of assessment and units of enzymatic
Activity mee text.

Table 2 endo-P0 Table 3  exe-PG
Strains A 1 W A I W
Culture substrate
Twig bark 2.43 1.9% 0.80 3.0 3.39 2.68
Trunk bark 2.66 2.32 2.36 2.90 2.72 2.9
C. fagisuga infested
trumk bark 2.93 2.30 2.3 2.9 3.13 3.11
Pectic acids 0.47 0.63 0.37 1.05 1.54 D.0%
Caontrol 0.02 0.00 0.00 0.00 0.03 0.0
(glucose)
Table 4  endo-PMG Table 5 endo-PHTE
Twig bBark 1.53 1.86 1.23 2.00 1.93 1.37
Trunk bark 2.63 1.27 2.57 2.80 1.70  2.87
C. fagisuga infested - =
TG DATH 2.43 2.16 2.43 2.60 2.70 2.67
Pectin 0.87 1.0 0.40 2.90 1.60 1.00
Xentral 0.07 0.01 0.03 0.04 0.02 0.00
(glucose)

pectic substances. Extensive investigations of
the last 15 years have demonstrated that many



fungal pathogens when growing saprophytically
have these abilities.

The nature of the substrate is one of
the many factors affecting the level of
pectinase activity in culture filtrates.
For these isolates of N. coccinea, the
inducing power for hydrolase activity of
natural substrates e.g. bark powder was
many times greater than those of artificial
substrates (Tables 2-4). This is especially
true for the W strain hydrolase actiwvity
which was very low on artificial substrates
and became equivalent to those of other
strains on trunk bark only. Bark of the
trunk enhances endohydrolase activity
while the bark of the branch allows the
greater exo-PG activity of some strains.

Table &.--exo-PMTE and exo-PMG activities of the three
strains of Nectria coccinea. Cultures were 14 days
old en pectin as substrate. For method of
assessment and units of enzymatic activity see text.

Strains A 1 W A I W
Enzyme exo=PMTE axo-FMG
Substrate
Pectin 2.47 1.2% 0.10 4,539 714 1.06
Control
{glucose) 0.01 .00 0,00 0.00 0.00 0.00

Transeliminase activities were not
affected to the same extent by the nature
of the substrate (Tables 5 and 7). The
natural substrate elicited a greater
transeliminase activity than did artificial
substrates only in the case of strain W
alone (Tables 5 and 7). Exo-PGTE activity
was greatest when N. coccinea grew on bark
from an infested trunk and the twig bark
as substrate reduced endo-PMTE activity
{Table 5).

Table 7.-—exo-FGTE activities of three strains
of Nectria coccinea. Cultures were 14
days old on various substrates. For
method of assessment and units of
enzymatic activity see text.

Strains A I W

Substrates

Twig bark 0.942 0.754 0.825
Trunk bark 0.554 0.292 0.308
Infested trunk bark 1.375 1.12% 1.133
Pectic acids 1.300 1.470 0.000
Na Polypectate 0.070 0.080 0.040
Control (glucose) 0.010 0.030 0.000
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2. In vivo evidence of pectinase activities

The results are shown in Table 8. 1In vive
evidence of transeliminase activity except ende-
FMTE was lacking whatever the type of bark and
the sampling season. Endo-PMTE activity could
be revealed as well as hydrolase activity other
than exo-FMG in the bark at various stages of
disease development but only at spring time.

Table B.—=In vive evidence of pectinase activitiea in besch
bark, or in C. fagisugs larvae at spring time. For
mathod of ansesgment and unita of enrymatic
activity mee text.

Enzyme mctivity ando=PG exo=FG endo=FNG endo-PNTE
Extract
Diseased bark 0,033 trace trace 0.024
Bark with
N. coccines necrosis 0,089 0.280 0.070 0.124
C. fagisugn infeated
bark 0.057 0.200 0.052 0,045
C. fagisuga larvae 0.087 0.000 0.0a7 0. 0a2
"Healthy" bark 0.000 0.020 0.000 0.000
Control
{Healthy bark 0.000 0,000 0.000 0.000
autoclaved)

Cryptococcus fagisuga showed clear
endohydrolase and endo-PMTE activities at spring
time.

2 4B Influence of bark additives on pectinase
activities of N. coccinea

One ml of healthy bark
infested bark of beecn was
substrate reaction mixture at the beginning of
the reaction. The results are summarised in
Table 9. The different excenzyme activities
were slightly reduced by C. fagisuga infested
bark. Endo-PMG was the only endoenzyme influenced
by bark extracts. C. fagisuga infested bark
induced an increase of that activity.

or C. fagisuga
added to the enzyme

Table 0.—Influsnce of bark additiven on mome peactiname mctivities of
N, coccinea culture filtrates. Cultures were 14 days old on
bark substrates. For method of assessment and units of
enzymatic activity see test.

Strains N 2
Healthy Infested Healthy Infeatsd
Additive Water Bark Harh Watar bark bark
Enzyme activity
EXO=PHTE 2.467 2.208 1.521 1.250 1.196 0.987
axo-POTE 1,300 1,563 1,396 1,470 1,871 1.533
endo—PMG 0.6800 0.670 1.470 1.600 1.860 2.100

4. Sequential occurrence of pectinases

These investigations were conducted with
the most efficient strain A. Data are presented
in Table 10 and Fig. 2.

The development of endoenzyme activities
with culture age followed the same rate except
for endo-PGTE which was delayed., In 8 day old



Table 10.--Development of exo-PG and exo-PGTE activity in culture filtrates of strain A of N. coccinea growing

on healthy bark of C. fagisuga infested bark.

activity see text. Figures underlined for emphasis.

For methods of assessment and units of enzymatic

Age of culture (days) 2 4

Pectinase activity exc-P0  exo-POTE exc=P0 exo-POTE

exc—PG  exo-PCTE

13 & 14

exo=PG  exco-PGTE exo=-PG  exo-PGTE

Substrate
Healthy bark 0.005 0.003 0.024 0.000
C. fagisuga 0.000 0.000 0.250  0.000

infested bark

0.389

0.133 0.330 0.170

1.514 0.082 1.380 0.210

culture filtrates endo-PG activity was
slightly greater than that of endo-PMG
and endo-PMTE.

bark all types
W [

Ha polypectate

% viscosiy reduciion

Na palypactate

Figure 1l.--endo-PGTE activity of three
different strains of Nectria coccinea.
Cultures were 14 days old on various
substrates.

0= endo- PG
ando-PMTE
ando-PMG
é endo-PGTE
g 50
.
S 4
a. H H H H 12

Age of culiure ( days )

Figure 2.--5Sequential appearance of endopectinases
in culture filtrates of strain A of Nectria
coccinea.
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Exo-PG activity appeared very early in
culture filtrates. The level of exo-PGTE
activity was very low even after B days of
growth of the fungus. C. fagisuga infested
bark allowed a better exo-PG activity in
culture as young as 6 days of age and led
to a greater level of exo-PGTE activity.

DISCUSSION AND CONCLUSIONS

In vitro, it was possible to induce
N. coccinea to secrete any pectinase necessary for
degradation of pectic material in the cell wall.
In vivo evidence of some pectinase, hydrolase and
endo-PMTE activities gave a satisfactory proof of
their implication in the process of necrosis.
With respect to these considerations production
of endohydrolase and endo-PMTE by the insect may
be of great significance in the predisposition of
the bark to alteration by the fungus. The beech
scale seems to be capable of initiating the first
steps of the degradation of pectic substances.
In addition the presence of C. fagisuga and its
influence on bark contents enhance some pectinase
activities of the fungus. In vitro studies
indicated that N. coccinea secretes first poly-
galacturonases, while pH is in the acid range
(4.3-4.5). These activities were strongly
inereased when N. coccinea grew on infested bark
as the substrate. Transeliminase activity
appeared a few days later in culture filtrate,
when the pH had reached 5-5.5. Moreover
C. fagisuga infested bark induced an increase of
exo-PGTE activity of N. coccinea. Bark pH measured
in nature changes from 4.5 in healthy bark to
6.5-7.5 in typical beech bark disease necrosis
(R. Perrin, unpublished data). The pH of
C. fagisuga infested bark is 0.5 units greater
than that of healthy bark.

According to Skou (1979) calcium strongly
inhibited polygalacturconase activity, whereas
this cation weakly stimulated transeliminase
activity. The calcium concentration of trunk bark
is almost 5 times greater than that of the twig
(Kreutzer 1976). It seems that pectinase weapons
of N. coccinea and the help given by pectinase of
the insect are well adapted to the bark
environment of the beech trunk, a possible cause
of the specificity of this association,



No relation can be found between the
potential enzymatic pool and the virulence
of these different strains of N. coccinea
{unpublished data). Pectic enzymes are
only one of the weapons of the pathogen,
acting in concert, to destroy plant tissues
and the results reported here indicate a
complete pectinase potential of the
organisms involved in beech bark disease
which seems not to be a limiting factor in
pathogenesis.

ZUSSAMENFASSUNG

Die Pektinaseaktivitat von Nectria
coccinea wurde in vitro und in vivo in
Abhangigkeit von den Pektinasen von
Cryptococcus fagisuga und der Art der Rinde
untersucht.

In vitro wurden von dﬁm Pilz alle
Pektinasen gebildet, die fur"den Abbau
entsprechenden Materials benotigt werden.
Einige von der Buchenwollaus gebildete
Pektinasen sind im Zusammenhang mit der
Frgdisposition der Rinde flr Ver;nderungen
durch den Pilz von grosser Bedeutung. Das
gut auf die Stammrinde abgestimmte
Pektinasebesteck von N. coccinea und die
Unterstﬁtzung durch Cryptococcus fagisuga
sind eine mégliche Erkl8rung fur das
Besondere dieses Laus-Pilz-Komplexes.

-~ -
RESUME

L'activité pectinolytique du Nectria
cocecinea fut Etudiée in vitro et in vive en
relation avec les pectinases du Cryptococcus
fagisuga et la nature de 1'écorce. Toutes les
pectinases nécessaires & la dégradation du ma-—
tériel pectique &taient s@crétées par le cham-
pignon in vitro. Certaines pectinases produites
par 1'insecte sont trés importantes dans la pré-
disposition de l'&corce i l'altération par le
champignon., La situation d'une production de
pectinases bien adaptées a 1'&corce du tronc de
N. coccinea et de 1l'assistance donnée par la
cochenille peut expliquer l'association spéei-
fique C, fagisuga/N. coccinea.
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