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PECTINASE ACTIVITY OF NECTRIA COCCINE4 (PERS ex FRIES) 

FRIES IN RELATION TO BEECH BARK DISEASE' 

Abstract.--The pectinase activity of Nectria coccinea 
was studied in vitro and in vivo 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 vitro. 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 aetioloev of various 
bark necroses. Ehrlich's (1934) interpretation 
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 1974; 
Perrin 1974. 1977, 1979). The insect provides 
more than just a means of entry for Nectria 
(Perrin 1979, 1980; 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 to previous predisposing 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 
natureof 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 oathoeenesis. Pectic - 
enzymes produced by various 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 isolated 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 haa led 
to a choice of the best appropriate medium 
composed as follows:- 

KH2P04 0.1%, NH4N03 0.1%. MgS04 0.05% in 

distilled water, pectin (I%), pectic or 
polygalacturonic 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 (-24OC) 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. 
autoclaved, 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. 

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- 
oolvmethvlccalacturonase (endo-PMG). - - - . . 
endopolymethyltranseliminaee (endo-PMTE), 
endopolygalacturonase (endo-PG) and endo- 
polygala~turonatetranseliminase (endo-PGTE) . 
Units of enzymatic activity were defined by 
the quantity necessary for a 50% decrease of 
reaction mixture viscoaity in 100 mins. 
2. Dinitrosalicylic acid test (DNS) 
(Bompeix 1972) for exopolymethylgalacturanase 
(ex-PMG) and exopolygalacturonase (exo-PG). 
Units of enzymatic activity were the quantity 
of enzyme necessary for liberation of 1 micro- 

mole of galacturonic acid per minute and per ml 
of culture filtrate. 3. Thiotarbituric acid 
test (TBA) (Bugbee 1975) for exopolymethyl- 
transeliminase (exo-PMTE) and exopolygalact- 
uronatetranseliminase (ex-PGTE). Units of 
enzymatic activity were equal to the quantity 
of enzyme arbitrarily corresponding to 0.1 
optical density variation for 30 minutes. 

Preparation of bark extracts for in vivo 
measurements 

In vivo assay of pectinase activity was 
made for different types of bark, and fran 
liquid produced by homogenising many insects. 
Bark was 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 Wring 
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 +S°C for 
24 hours. If not assayed immediately enzyme 
preparations were stored at -5°C and tested 
within 2 days. 

RESULTS 

1. In vitro expression 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 he induced to secrete 
any pectinases necessary for degradation of 

Tlbl*. 2 t o  S.-PaetlN.e activity of the thme strrim of 
N. ooccinea. N1-a on vvloua aubsfrstes 
rmm 14 d.p old lono hour insuhtfon). For 
mamod or r.saSsmnt and ""lt. or e"zmtic 
activity ae. text .  

h b l .  2 a"d*PD Table 3 erem 

6-ns A I W A I Y 

-1- substrate 

h i s  h r k  2 . a  1.W 0.99 3.05 3.39 2.66 

Tr(n* b..C 2.66 2.33 2.98 2.90 2.72 Z.S$ 

C. fwisw i"ro't(ld 2.93 2.30 2.36 
t d  bsr* 

2.89 0.13 3.11 

Pectic acids 0.47 0.65 0.37 1.05 1 0.W 

cm-l 
1.luso.oI 

0.02 0.W 0.00 0.00 0.03 0.01 

h l s  bu* 1.53 1.66 1.23 2.00 1.93 1.37 

mnlbar* 2.65 1.27 2.57 2.80 1.70 2.87 

f.plaulo 2.43 2.16 2.43 
t d  bar* 

2.60 2.70 2 .67  

sactin 0.81 1.99 0.40 2.80 1.99 1.00 

C o n k 1  
wucose1 0.07 0.01 0.03 0.04 0.02 0.00 

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 activity 
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. 

T.blo B . - - m E  and . x * m  astivitiee or th. throe 
strains of Neetria caeinsn. culturea rero 14 says 
Old on pctin as substrate. For method of 
aseesmmant end units of enzmatic activity sea rut. 

Strains A I W A I Y 

Knyrns e-mK ax-PI0 

subtitr.ts 
Pectin 2.47 1.25 0.10 4.99 7.16 1.06 

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 
subsixates 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-PGTK activities of thme strains 
of Nectria coccinea. Cultures were 14 
days old on various substmtes. For 
method of assesement and units of 
enzymatic activity see text. 

Strains A I W 

Substrates 

Twig bark 0.942 0.754 0.825 

T d  bark 0.554 0.292 0.308 

Infested trunk bark 1.375 1.125 1.133 

Pectic acids 1.300 1.470 0.000 

Na Polypectate 0.070 0.090 0.040 

Control (glucose) 0.010 0.030 0.OW 

2. In viva evidence of pectinase activities 

The results are shown in Table 8. In vivo 
evidence of transeliminaee activity except endo- 
PMTE was lacking whatever the type of bark and 
the sampling season. Endo-PMTE activity could 
be revealed as well as hydrolase activity other 
than exc-PMG in the bark at various stages of 
disease development but only at spring time. 

T.bl. 8.-ln rtm .",a.nn or p c t l W  .cti.,t<n 1" b.Ch 
M. Or L. C. h. .t .p.m tl... lor ..- OI -UMt  "d Lml" or -ttc 
.cti",t, ...text. 

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

3. Influence of bark additives on pectinase 
activities of N. coccinea 

One ml of heal* bark or C. fagisuga 
infested bark of beecn was added to the enzyme 
substrate reaction mixture at the beginning of 
the reaction. The results are sumrised in 
Table 9. The different exoenzyme activities 
were slightly reduced by C. fagisuga infested 
bark. Endo-PMG was the only endoenzyme influenced 
by bark extracts. C. fagisvga infested bark 
induced an increase of that activity. 

T.U. 9.-l"fl".x. or M .ddlt,".. a .a Pctlnu .etlrltI.. ol 
*. cocclnr- C I I m U . .  CUIM.  nn 14 dy. old on 
M ."t.".t... ,or "Md 0, u M t  .nd ullt. or 
r u r r q t s  .ct,r,ty s n  tat. 

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 endoenzyrne activities 
with culture age followed the same rate except 
for endo-PGTE which was delayed. In 8 day old 



Table 10.-DNeloment of cxePO and ex-POT8 activity in culture f i l t r a t e s  of atrain A of N. cocc lnu  amwing 
on healthy bark of C. fssiauga infested bsrk. For lnsthods of assessment and units of enrymtls 
ac t iv i ty  see tart. Figures vlderlined for emphasis. 

As* So culturS 1 d . y ~ )  2 4 8 8 14 

P e c t i ~ s s  ac t iv i ty  a x e K  sxo-POTE exePG ex-PGTE axePO cxo-PGTE oxo-PG sxePOTE exo-PG exePOTE 

Subatrats 

Healthy bark 

C. razlsuea 
infested bark 

Culture filtrates endo-PG activity was 
slightly greater than that of endo-PMG 

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

Figure 2.-Sequential aooearance of endooectinases 
in culture filtrates b i  strain A of & 
coccinea. 

Exo-PG activity appeared very early in 
culture filtrates. The level of exo-PGTE 
activity was very low even after 8 days of 
growth of the fungus. C. fagisuga infested 
bark allowed a better exo-PG activlty 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 vi'wo studies 
indicated that N. coccinea -es first poly- 
galacturonases, while pH is in the acid range 
(4.3-4.5). These activities were strongly 
increased when N. coccinea grew on infested bark 
as the substrate. Transelimlnase 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 typlcal 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. 

Accordinn to Skou (1979) calcium stronelv 
inhibited polkalacturonase activity, whereas7 
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. 






