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PRODUCTION OF PECTOLYTIC ENZYMES IN LETTUCE
ROOT COLONIZED BY GLOMUS MOSSEAE
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Summary—The type of extraction solution used influences pectolytic enzyme recovery from Lactuca sativa
root colonized with Glomus mosseae. The most suitable extraction buffers are 250 mM NaCl for pectin
esterase and 50 mM citrate-phosphate plus polyvinyl-polypyrrolidone for polygalacturonase, endo-poly-
galacturonase, polymethylgalaturonase, endo-polymethylgalacturonase, pectin and pectate lyase. The
inclusion of glycine and urea to citrate—phosphate buffer decreases polygalacturonase activity but
enhances endo-polymethylgalacturonase activity. Mycorrhizal colonized roots possess more pectin
esterase, with optimum production at pH 7 and endo-polymethylgalacturonase but not more poly-
galacturonase, polymethylgalacturonase endo-polygalacturonase pectin and pectate lyases, than non-
colonized roots. This fact suggests that these enzymes may participate in the process of penetration and
colonization of root by the vesicular-arbuscular mycorrhizal fungus G. mosseae.

INTRODUCTION

Most phytopathogenic fungi and bacteria are known
to produce enzymes that degrade pectic substances
(Albersheim and Anderson-Prouty, 1975). Thosec en-
zymes that degrade the a-1.4 linkages between galac-
turonsyl moictics in polymers of galacturonic acid
play a fundamental role in pathogenesis (Garibaldi
and Bateman, 1971). Rescarch has shown that the
degradation of pectin is due to the action of a
complex of enzymes, including polygalacturonase,
pectin esterase and pectin lyase (Collmer and Keen,
1986). The production of pectolytic ecnzymes has been
obscrved not only in parasites but also in mutualistic
microorganisms such as Rhizobium, and strongly
support the importance of these cell-wall degrading
enzymes produced by Rhizobium in the infection
process of plant roots (Martinez-Molina and Oli-
vares, 1982).

The biochemical mechanisms by which VA mycor-
rhizal fungi penctrate host tissues are still unknown,
but electron microscope observations of fungal pen-
etration” into roots indicate that these fungi are
probably able to degrade cell walls (Kinden and
Brown, 1975; Bonfante-Fasolo, 1984). The presence
of pectolytic enzymes in Glomus mosseae sporcs
suggests the possible involvement of these enzymes in
the colonization process (Garcia-Romecra et al., 1990)
However, the ability of microorganisms to produce
pectic enzymes in tvitro constitutes no proof of their
pathogenicity. Some microorganisms able to produce
pectic enzymes on synthetic nutrient media did not
always possess the ability to produce them in vivo.
Moreover, attempts to demonstratc pectinase pro-
duction in extracts from VA mycorrhizal tissue have
not been successful (Anderson, 1988). Confirmation
of the production of pectolytic enzymes may be
impeded by the very low levels of enzyme production,
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as found for other mutualistic microorganisms
(Angle, 1986). Other causcs may lie in the chemical
composition of the cell walls of plants which repress
or control the production of pectic enzymes (Rexova-
Benkova and Markovic, 1976). Besides this protective
mechanism, there is the possibility of the effect of
other inhibitors, including phenolic compounds
(Mullen and Bateman, 1971; Dazzo and Hubbell,
1974), which may be produced during the coloniza-
tion process or during the extraction of enzymes from
colonized tissues. The type of extraction solution is
known to influence enzyme recovery (Morales et al.,
1984).

Since the effect of VA colonization on enzyme
production is currently unknown, the following study
was initiated, however, to study this problem meth-
odologies in enzyme extraction first had to be devel-
oped. The objective of this study was to determine
whether pectolytic enzymes are produced in lettuce
plants colonized with G. mosseae.

MATERIAL AND METHODS

Plants were grown in 300 ml capacity open pots
of soil collected from Granada Province, Spain.
The soil was a reddish-brown type, pH 7.6 (see
Garcia-Romera and Ocampo, 1988), and was steam-
sterilized and mixed with sterilized sand ina 1:1 (v/v)
proportion.

Lettuce (Lactuca sativa cv. Romana) was used as
the test plant. Seeds were sown in moistened sand.
After 2 weeks, seedlings were transplanted to the pots
and grown under greenhouse conditions (natural
light was supplemented by Silvania incandescent and
cool-white lamps, 400 nmolm~?s~!, 400-700 nm;
with a 16-8 h light-dark cycle at 25-19°C and 50%
r.h.). Plants were watered from below using a capil-
lary system, and fed with a phosphate-free nutrient
solution (Hewitt, 1952).
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The VA inoculum consisted of S g of rhizosphere
soil from either maize (Zea mays cv. Calderon) or
alfalfa (Medicago sativa cv. Aragon) plant pot cul-
tures of a isolate of G. mosseae which contained
spores, mycelium and colonized root fragments. Uni-
noculated plants were given filtered leachings from
the inoculum soil. Soil filtrate (Whatman No. 1 filter
paper) from the rhizosphere of mycorrhizal plants
was added to VA uninoculated treatment. The filtrate
contained common soil microorganisms, but no
propagules of G. mosseae. All assays were repeated 3
times (twice using G. mosseae inoculum from maize
and using alfalfa inoculum, 20-25 spores g~ soil, in
the remaining replication) with similar results.

Plants were harvested after 9 weeks. The root
system was washed and rinsed 3 times with sterilized
distilled water and parts of the root system from each
of the five replicate group of pots were cleared and
stained (Phillips and Hayman, 1970), and examined
under a compound microscope. The percentage of
total root length which was colonized with VA
mycorrhiza was measured (Ocampo et al., 1980). The
rest of the roots (20 g) were finely pulverized in a
mortar under liquid nitrogen. The resulting powder
was homogenized in 40 ml of the following solutions;
250 mm NaCl (Hancock, 1966); 50 mMm citrate-
phosphate (CP) buffer (pH 7) (Martinez-Molina and
Olivares, 1982); 50 mm CP buffer plus 13 g of poly-
vinyl polypyrrolidone (PVPP) (Sigma); 50 mm buffer
CP (pH 7) plus 1% glycinc and 1 M urca (Moralcs
et al, 1984); 100mm Tris-HCl buffer (Garcia-
Romera et al., 1990). Sodium azide (0.03%) was
added to all solutions to prevent microbial growth.
The liquid was filtered through several layers of
cheesecloth. The extract was centrifuged at 20,000 g
for 15 min, and the pellet resuspended and washed by
centrifugation with the same buffer three times. The
supernatant was treated with ammonium sulphate up
to 80% of full saturation (to precipitate pectinase
protein). The solution was kept for Sh at 4°C and
centrifuged once more as described above. The super-
natant was discarded. The sediment was dissolved in
a small volume of the same extractant solution and
dialyzed against 2 1. of the same extractant solutions
for 16 h at 4°C. The samples were then frozen until
usce.

The extracts were assayed to determine the
activities of pectin esterase (PE) (EC 3.1.1.11), endo-
polygalacturonase (endo-PG) (EC 3.2.1.15), exo-
polygalacturonase (PG) (EC 3.2.1.67), pectate lyase
(PAL) (EC 4.2.29) and pectin lyase (PL) (EC
4.2.2.10). The activitics of endo-PG and PG on pectin
were designated as endo-polymethylgalacturonase
(endo-PMG) and polymethylgalacturonase (PMG),
respectively.

Enzyme assays

The substrates used in the analyses of pectic en-
zymes were Na polygalacturonate and citrus pectin
(Sigma). Three general methods were employed for
the detection of pectic substance depolymerases: re-
ducing groups released, viscosity reduction and in-
crease in absorption at 235nm. Reducing groups
were measured by the procedures of Nelson (1944)
and Somogyi (1952). The increase in reducing groups
was determined in reaction mixtures containing

0.3 ml 1% (w/v) pectin or sodium polygalacturonate,
0.3ml 50 mm potassium phosphate, pH 6.0, 2 mm
EDTA (to inhibit lyases), and 0.4 ml enzyme. One
unit of enzyme was defined as the amount of enzyme
which released 1.0 umol of galacturonic acid h~!
at 37°C. Viscosity reduction was determined in a
Cannon~Fenske viscosimeter (5354/4) at 37°C. The
reaction mixture (6 ml) contained 1% substrate
enzyme, 50 mm CP buffer (pH 5) and | ml enzyme.
One unit of enzyme activity was expressed as relative
activity (RA: reciprocal of time in h for 50% viscosity
loss x 10°) (Bateman, 1963). The activities of PL and
PAL were measured by recording the increase in
absorption at 235 nm of a pectin or sodium poly-
galacturonate solution, respectively (Starr and
Moran, 1962). The reaction mixture contained 1 ml
0.5% solution of substrate; 0.5 ml 50 mM Tris-HCI
buffer (pH 8.5), supplemented with 1 mm CaCl,; and
1 ml enzyme preparation. The reactions were stopped
by adding 0.2 ml 9% ZnSO,-7H,0, mixing well, and
centrifuging at 10,000 g for 10 min. One enzyme unit
was defined as a change of 0.01 absorbance units
in lh

Pectin esterase (PE) was assayed by measuring the
release of acid groups from pectin. The reaction
mixture consisted of 15ml of 1% pectin (pH 5 and
pH 7) and 2.5 ml enzyme solution dialysed against
250mm NaCl or water to remove buffers. After
rcaction times of 10, 20 and 40 min at 37°C, the
cnzyme-substrate mixture was titrated with 0.02 N
NaOH to the pH recorded at zero time. However, the
1% pectin substrate solution was made up in 250 mm
NaCl and in water so that cnzymatic activity could be
determined in both the presence and absence of salt.
Onc unit of PE activity was defined as the amount of
enzymce that required the addition of | microequiva-
lent of NaOH h-' to maintain the reaction mixture
at pH S or at pH 7. Controls for all enzyme assays
were autoclaved enzyme extracts and buffers, and
0.03% of sodium azide was added to all reaction
mixtures. Protein was determined by the method of
Lowry er al. (1951) with bovine serum albumin
(Sigma) as the standard.

RESULTS

After 9 weeks of growth VA inoculated and un-
inoculated plants were healthy and no disease symp-
toms were observed. Microscope obscrvations of
stained roots showed no presence of fungi in uninoc-
ulated control and only VA mycorrhizal structures in
VA inoculated plants. Lettuce plants inoculated with
G. mosseae reached 42+ 7% of VA root length
colonization.

Root proteins extracted in 250 mM NaCl showed
more PE activity than those prepared with Tris~CIH
or CP buffers (Table 1). The extracts prepared with
CP buffer demonstrated more enzymatic activity than
those prepared with Tris-C1H buffer. The inclusion
of PVPP or glycine and urea in the CP buffer did not
greatly affect the amount of activity obtained in their
absence. When root extracts were prepared in 250 mM
NaCl, mycorrhizal colonized roots contained more
PE activity than non-mycorrhizal roots either in
absence (data not presented) or in presence of NaCl
(Table 1) in their reaction mixtures. When salt was
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Table 1. Pectin esterase activity and the pH values in root of

mycorrhizal and non-mycorrhizal lettuce plants extracted with differ-

ent buffers
Specific activities (units mg ™' protein)

Buffer pHS.S pH?
composition -M +M -M +M
250 mm NaCl 9.3¢ 18.6d 27.4¢ 4821
50mm CP {(pH7) 4.2b 5.4b 13.8d 12.6d
SOmm CP (pHT7)

plus PVPP 4.1b 4.8b 12.6d 14.4d
50mm CP (pH7)

plus t% glycine

and 1 M urea 5.4b 6.6b 19.2d 18.1d
100 mm Tris-CIH i.la t.3a 8.4c 9.6c

~M = Minus mycorthiza; +M = Plant inoculated with mycorrhiza.
Values sharing the same letter are not significantly different
according to Duncan’s multiple range test (P = 0.05).

omitted from reaction mixtures. small amounts of
activity were detected in extracts from colonized
roots. When PE activity was measured as a function
of the pH of the reaction mixture two peaks of
activity appeared at pH 5 and at pH 7, with optimum
PE production at pH 7 (Fig. 1).

Endo-PG and PG activities were detected in inoc-
ulated and non-inoculated plants, with activities in
roots extracted with CP buffer higher than in roots
extracted with 250 mm NaCl or Tris-CIH buffer. The
addition of PVYPP to the CP buffer enhanced endo-
PG activity. However, the application of glycine and
urca to CP buffer decrcased PG activity, Endo-PG
and PG activitics were similar in mycorrhizal and
non-mycorrhizal root extracts regardless of the ex-
traction solution used {Table 2).

Endo-PMG activity (Table 3) in mycorrhizal roots
extracted in CP buffer was higher than in roots
extracted with 250 mm NaCl or Tris-CIH buffer, and
morc endo PMG was found in mycorrhizal than in
non-mycorrhizal root extracts. The addition of PVPP
to the CP buffer enhanced the activity in mycorrhizal
plants. Although the inclusion of glycine and urca
enhanced the enzymatic activity of plant roots, these
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Fig. 1. Effect of pH on pectinesterase from mycorrhizal and
non-mycorrhizal lettuce roots. I = Plant inoculated with
mycorrhiza;: NI = Noninoculated plant.

595

Table 2. Endo-PG and PG activities in root of mycorrhizal and
non-mycorrhizal lettuce plants extracted with different buffers

Specific activities (units mg~' protein)
PG

Buffer eado-PG
composition ~M +M -M +M
250 ma NaCl 20z 28a 04a.b 0.5a.b
50mm CP (pHT) 6.2b 7.8b 2 2ic
50mm CP (pH 7)

plus PVPP 10.8¢ 9.6c 24 29¢
50mm CP (pH 7)

plus 1% glycine

and 1 M urea 6.4b 7.3b 1.0b 09a,b
100 mm Tris-CIH 1.7a 2la 0.1a 0.ls

Within endo-PG and within PG values sharing the same letter are
not significantly different according to Duncan’s multiple range
test (P = 0.03).

substances did not influence the activity of extracts
from mycorrhizal over non-mycorrhizal roots. We
found that extracts prepared with CP buffer con-
tained higher amounts of PMG (Table 3), PL and
PAL proteins (Table 4) compared to those prepared
with 250 mm NaCl or Tris-CIH buffer, however,
the differences in these enzymatic activities between
VA colonized and noncolonized roots were non-
significant.

DISCUSSION

The production of hydrolytic enzymes by G.
mosseae spores (Garcia-Romera et al., 1990),
suggested the possible involvement of these enzymes
in the process of colonization as suggested in
electron microscopic studies (Kinden and Brown,
1975; Bonfante-Fasolo, 1984; Jeanmougin er al,
1987; Bonfante-Fasolo and Vian, 1989).

Table 3. Endo-PMG and PMG activitics in root of mycorrhizal and
non-mycorrhizal lettuce plants extracted with different buffers

Specific activities (units mg ™' protein)

Buffer endo-PMG PMG
composition -M +M -M +M
250 mm NaCl 43a,b.c  53b,c 1.2a 0.6a
S0mMCP(pH?) Tl d 27.3¢ 3.6b 31b
50mm CP (pH 7)

plus PVPP 10.2d 45.6¢ 24b 3.2b
50mm CP (pH )

plus 1% glycine

and 1 ™ urea 15.4c 18.6¢ 6.6¢c S.4c
100 mm Tris-CIH 1.7a 9.6d 0.6a 0.6a

Within endo-PMG and within PMG values sharing the same letter
are not significantly different according to Duncan’s multiple
range test (P = (.05).

Table 4. PL and PAL lyase activitics in root of mycorrhizal and
non-mycorrhizal lettuce plants extracted with different buffers

Specific activities (units mg ' protein)

PL PAL

Buffer
composition ~-M +M -M +M
250 mm NaCl 8.6b 7.3b 1t.4a 14.2a
50mm CP (pHT) 19.4c 19.2¢ 59.1¢ 59.3¢
Omm CP(pHT)

plus PVPP 17.6c 20.2¢ 81.2d 72.d
50mu CP(pHT)

plus 1% glycine

and Im urca 24.6d 27.3d 48.8¢ St.le
100 mm Tris-CIH 3.2 27a 8.6a 10.2a

Within PL and within PAL values sharing the same letter are not
significantly different according to Duncan’s multiple range test
(P =005).
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Considerable attention has been devoted to the
study of the role of pectolytic enzymes in physiologi-
cal and pathological changes of plants, but research
of these enzymes in plant roots are scarce (Rexova-
Benkova and Markovic, 1976), only data from soy-
bean and carrot roots are available (Verma and
Zogbi, 1978; Konno er al., 1989). Endo-PG activity
from crude extracts of soybean roots prepared with
250 mm phosphate buffer (0.05 units mg~' root) and
exo0-PG activity from culture filtrate of carrot cell
culture (0.46 specific units mg ™! protein) were similar
to endo-PG activity obtained in crude extracts
with Tris—-HCI buffer from lettuce roots (data not
presented) or to exo-PG activity in lettuce roots
extracted with 250 mM NaCl or Tris-HCl buffer
(Table 2).

The type of extraction solution used influences
enzyme recovery (Morales er al,, 1984). From the
results obtained, the most suitable extraction buffers
was 250 mM NaCl for PE and CP for the other
pectolytic enzymes. A substantial proportion of PE is
bound to the cell wall and is released on treatment
with salt solution (Hancock, 1966). The different
enzyme extractabilities of the solutions used in our
experiments could be due to the different localization
or properties of binding to ccll wall. Some pectolytic
enzymes produced in colonized tissuc have been
reported to be inactivated by phenol oxidation during
extraction (Dazzo and Hubbcll, 1974). The successful
extraction of some pectolytic enzymes with CP plus
PVPP from roots may be duc to the insoluble com-
plexes which PVPP forms with phenolic compounds
by hydrogen bonding. The positive effect of glycine
and urca on endo-PMG and PMG activitics may be
due to the effect of these compounds in dissolve the
precipitate of enzymes after the ammonium sulfate
treatment (Morales et al., 1984). However, the nega-
tive effect on PG activity could be duc to the usual
negative effect of urea on enzyme activity (Hippel and
Wong, 1964), or to the inactivation of some poly-
galacturonases by glycine (Kertesz, 1951).

Mycorrhizal colonized roots possess more PE than
non-colonized roots with optimum at pH 7 which
could indicate that this activity is of plant origin.
However, the original view that pectinesterases from
higher plants differ from those of microbial origin
in optimum pH (in the acid range for fungal
pectinesterases) is of limited validity. The optimum
pH for all pectinesterases of higher plants is pH 7,
but for some of the microbial pectinesterases, pH
optima in the alkaline region have also been reported
(Rexova-Benkova and Markovic, 1976).

The fact that mycorrhizal colonized roots possess
more PE and endo-PMG, but not more PMG, endo-
PG, PG, PL and PAL, than non-colonized roots,
with the extractant solutions used in this experiment,
may mean that PE and endo-PMG arc the main
pectolytic enzymes involved in the colonization of the
root by the fungus. However, spores and external
mycelium of G. mosseae contain PMG, cndo-PG, PG,
PL and PAL enzmes (unpublished results). Thus, the
absence of differences between these degradative en-
zymes in root extracts of VA inoculated and uninoc-
ulated plants is not conclusive evidence for their
non-participation in the colonization process. In fact,
the possible production of these enzymes may depend

on the stage of root colonization by the fungus, as
shown for other enzymes (Spanu and Bonfante-
Fasolo, 1988). Although we found that CP buffer plus
PVPP was the best extractant solution, the amount of
PMG, endo-PG, PG, PL and PAL activities pro-
duced by the fungus may be too low to be detectable
at this stage of mycorrhizal colonization with the
extraction procedures used in this study.

Our results do not allow us to unequivocally claim
a role for pectolytic enzymes in the process of pen-
etration and colonization of the root by the VA
fungus. However, the fact that higher amounts of PE
and endo-PMG activities were detected in colonized
plants than in non-colonized plants strongly suggest
that these enzymes may participate in the unknown
process of colonization of plant root by VA mycor-
rhizal fungi.
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