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Studies were carned out in order 1o determine the effect of some heavy metals (Cu, Cd, Pb, £n) on the
production of enzymes (cellulases, pectinases, proteases) by ectomycorrhizal fungus Hebeloma crustiliniforme
(Bull.: Fr.) Quél. All the heavy metals inhibited the general enzymatic activity regardless of the source of
carbon used. The metals reduced the egzocellulolytic activity more in media with cellulose powder than with
CMC (carboxymethylocellulose).

Among pectolytic enzymes heavy metals most strongly inhibited polygalacturonase (PG). The heavy
metals did not harmful affect the activity of pectate lyase (PGL). Proteolytic activity of Hebeloma crustu-
liniforme was least affected by zine (Zn). The degree of inhibition of enzymes by heavy metals can be
presented in the lollowing order: Pb < Zn < Cd < Cu.

INTRODUCTION

Plants gain many benefits from mycorrhizal fungi. They help plants aquire mi-
neral nutrients from the soil, especially immobile elements such as P, Zn, Cu (T i n-
k er, 1948) but also more mobile ions like S, Ca, Fe, Mg, N, and others. In soils
where such elements may be defficient or less available, mycorrhizal fungi increase
efficiency of mineral uptake, resulting in enhanced plant growth (S m it h, 1987).
They also have been shown to increase water uptake and/or otherwise alter the
plant physiology to reduce stress response to soil drought (Parke, Linderman,
B lack, 1983). Furthermore mycorrhizal fungi can reduce plant response to other
soil stresses such as high salt levels, heavy matals, toxicity due to minor elements or
associated with mine spoils, reduce the disease respons to plant pathogens (Linder-
man, [988).

Heavy metals are imput to forest soils via both natural (soil and oceanic pro-
cesses) and anthropogenics processes (fuel coal combustion for power generation,
industrial processes, vehicle use and agricultural acivities) (S m i t h, 1983). It is sug-
gested that heavy metals deposited from the atmosphere to forests are accumulated
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in the upper soil horizons of forest floors (Miller, McFee, 1983; Friedland
et al., 1984). Since these metals accumulate in the horizons with maximum root and
soil microorganisms activity it was appropriate to study the effect of some heavy
metals on mycorrhizal fungi. Hebeloma crustuliniforme (Bull.: Fr.) Quél. was
chosen because apart from other genera it is one of the best growing mycorrhizal
symbionts (Molina, Trappe, 1982; Pokojska etal., 1996).

MATERIALS AND METHODS

The ectomycorrhizal fungus (obtained from professor Pac hle w s k 1, Forest
Res. Inst., Sgkocin, 05-550 Raszyn, Poland) was isolated from a sporocarp in Nancy,
France.

Culture conditions

The fungus was grown in a modified (without glucose) liquid Lamb’s medium
with cellulose powder (CF 11 Whatman), or carboxymethylocellulose (CMC) Koch-
-Light, U.K. in amound of 0.5 % and supplemented with the following hitered
(Millipore 0.22 pym pore size filters) haevy metals: Pb (CH,COOH), « 3H,0;
Cu (CH,COOH), - 3 H,0; Cd (CH,COOH), - 3H,0; Zn (CH,COOH), - 3H,0 were
used at the following concentrations 10, 100, and 500 ppm. Fifty ¢cm* aliquots of
sterile medium were inoculated with one agar disc (@ 1 cm) of Potato-Dextrose Agar
(Difco) containing an eight, nine or ten-day old growth of the mycelium. The experi-
ments were set up in triplicate. After 10 days of growth at 26"C the cultures were cen-
trifuged (10.000 rpm) at 4°C for 10 min. and the cellulolytic activity was determined.

Enzyme assay

Studies on this activity were performed as indicated in previous paperof Dahm
and StrzelczyKk (1995). The cellulolytic activity of the fungus studied was
compared with the standard curve for glucose. The egzoglucanase activity unit was
defined as the amound of enzyme which under the experimental condition relased
| pg of glucose per hour.

Endoglucanase activity was studied according to W o o d (1980) as described
byDahm and Strzelczyk(1995). Endoglucanase activity unit was assumed to
represent the amount of enzyme of Aspergillus niger (Fluka, Swiss) which under the
experiment conditions released 1 pmol of glucose per min. at 30"C and pH 4.8.

The studies on total cellulolytic activity in the presence of Cellulose Azur were
carried out accordingto Fernley (1963)asdescibed Dahm andStrzelczyk
(1995). Cellulolytic activity unit was defined as the amound of enzyme which under
the expennmental conditions released 1 pmol of glucose per min. at 37°C and pH 5.0.

Pectolitic activity of these enzymes was estimated by the thiobarbituric acid -
TBA test (Sherwood, 1966). Methods of the studies on polygalacturonase (PG)
polygalacturonate lyase (PGL) and pectin lyase (PL) were described in more detail



Effect of heavy metals on enzymes production 183

byDahm andStrzelczyk(1995). Solution of pectolyase (mixture of different
pectolyuc enzymes) of Aspergillus japonicum (Sigma, USA) served as a standard
of activity of PG, PGL and PL which under the experimental conditions released
| pmol of galacturonic acid per min. at 25°C and pH 5.5.

Studies on proteolytic activity were carried out using the Ha z e n’ s (1965)
method (details: Dahm, Strzelc zyk, 1995). The fungi were grown in Lamb’s
medium supplemented with gelatine (Loba, Feinchemie, Austria) in amound of
2g/1. The same concentrations of heavy metals (as indicated above) were used. Solu-
tion of fungal protease, XIII (Sigma) in acetete buffer, pH 4.5 served as the standard
of activity of acidic protease and Protease E (Streptomyces griseus, Sigma) in Tris
buffer, pH 7.5 served as the standard of alcaline (neutral) protease. As the unit of
activity of acid protease was assumed the amound of enzyme which under the ex-
perimental conditions hydrolyzed hemoglobin and released 1 pmol of tyrosine per
min. at 37"C and pH 2.8. As the unit of activity of alkaline protease was assumed the
amound of enzyme which by hydrolyzing casein released | pmol of tyrosine per mn.
at 37°C and pH 7.5.

The results of all esumations were evaluated using one factor ANOVA and
Student’s ,,t” test.

RESULTS

The results of our studies are presented in Tables 1-4 and Figures 1 a, b, c.

Table 1 (A) tllustrates the effect of heavy metals on the activity of egzoglucana-
ses in H. crustuliniforme 1in media with CMC or with cellulose powder. The activity
of egzoglucanases was higher in media with CMC than with cellulose powder as
a carbon source. All the heavy metals used reduced this activity in cellulose powder
containing media. In the presence of copper and cadmium no activity of these en-
zymes was noted. Lead at concentration of 500 ppm and zinc at 10 ppm increased
the activity of these enzymes in media with CMC. However no activity of these
enzymes was recorded in the presence of copper (100 and 500 ppm) and cadmium
at 500 ppm. In the case of zinc (500 ppm) the activity of egzoglucanases was also
minimal (at the border of detectivy).

The etfect of heavy metals on the activity on endoglucanases 1s shown in Table
| (B) and Figure 1. All the heavy metals applied reduced the activity of these en-
zymes regardless of the source of carbon (CMC or cellulase powder). Copper had
the strongest inhibitory effect whereas lead and zinc were least effective.

Table 2 shows the effect of heavy metals on total cellulolytic activity. Regard-
less of carbon, all the heavy metals used lowered the cellulolitic activity of the fun-
gus studied.

Table 3 illustrates the influence of heavy metals on pectolytic activity of the
fungus studied. The heavy metals at the concentrations used inhibited most strongly
PG. No activity of this enzyme was detected in media containg Pb, Cd and Zn
concentrations 100 and 500 ppm.
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Effect of heavy metals on the total cellulolytic activity (“Cellulose Azure™) of . crustulinifarme in media

with CMC or cellulose powder (unis/ml)

Metal and Mean values (n = 6) = standard deviation (SD)
concentration
(ppm) CMC cellulose powder
Control
(without metals) (LIND29E2 ¢ + (LINNILT 3 QAN 26 b = O (NHNI3 ]
L Aad 1} LOODDSHR a + (LINNIZGS (LIHHIBAE a = (L0223
(Fh) 1IN} U037 T a = 0L.INN) Q001002 a = 0000121
SiNH) CLOMMBONT o+ (LINKI 70 (LARNYTOT a = 000001244
Copper 1 (LOMIS2 ] = OLINNI228 0
{,:-:“ ) [ UK} [ 0 |
S () 0 |
Cadnsium 11} (LANI2355 b = (0LO0OOT] ] (LOOOB23 a = 0L.OMN556
(Cd) 3] OUO0025T7 a + (000021 1 (LIHHKBO a + (LIKNI296
SN [ ]
Finc 1 (.000929 & + 0.0003 0.001006 a = 0.000169
(Zn) [tH} CLOOTO2E a £ (LIHK)T (LINHDAE a = (LID366
SIH) [} ()
Explanations: see Table |
Table 3

Effect of heavy metals on pectolytic activity of H. crustuliniforme (units/ml)

Mean values (n = 6) = standard dcviatiﬁﬁ IQD]

Metal and
concentration polygalacturonase pectate lyase pectin lyase
{(ppm) PG PGL PL
Control

(without metals)

1.1942 b = 1.5360

1.0658 a+ 00,4881

0.2239 b = 0.1834

Liid 10 00310 a + 0.0068 1.1572 a  0.2340 0.0762 4 = 0.0669
(Pb) 100 0 (.2337 a + 0.0718 10,1237 a=0.1217
S00) 0 (.8789 a + (1.4443 (0275 a = 0.0186
G 1) 0 (.8983 4 + (6880 (.0689 a + (.0521
(Cu) 100 0.0521 a+ 0.1701 (.2982 a + (.1279 (.1192 4= 0.0114
500 0 0.1675 a + 0.0444 00135 a= 0.0031
P TSt 10 0.0119 a%0.1327 .9083 a £ (1.8127 0.0182 a = 0.0051
(Cd) L)) 0 L1069 a+ 09111 10214 4 = 0.0062
S00) 0 0.1675 a + 0.0444 0.0135 a= 0.003]
Zinc 1) 00370 4 + 10,0962 1.7619 a + .9228 0.0569 = 0.0216
(Zn) 100 0 1.4155 a £ 0.2130 0.0891 a = 0.0O03S
S00) 0 0.2337 a £ 0.0718 00182 a+ 0.005]

E

xplanations: see Table |
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Table 4

Effect of heavy metals on proteolytic activily of H. crustuliniforme (units/ml)

Metal and

Mean values (n = 6) = standard deviation (51)
concentration S —— RE—
(ppm) Acidic protease Alkaline protease
Control

{without metals)

(LEHGHNT b £ OKIO95

(LIN2G1 8 ¢ = (.001534

Lead 1id LODAR] 1 a = 00841 [)
(Pb) (M) () ()
Cadmium 10 (L0747 a = 0.000747 ()
(Cd) 1)) () ()
LING I () (LAMIAG5K a = (0.IK) ] 459 (LI T950 ¢ = (L.IKKMG3S
(£n) | M) AN 34T a = OANN) 16 (LI O8O b = 0000495

Explananons: In media with metals at concentration of 500 ppm the fungus did not develop. The 5
did not grow at all in media with copper at the concentrations studied. For further explanations see Ta

a — without heavy metals (control), b — with zinc = 1(0) ppm, ¢

C

Fig. 1. Endoglucanases activity of H. crustuliniforme in media with CMC or cellulose powder

with zinc - 5K ppm



Effect of heavy metals on enzymes production 187

In general the metals did not affect significantly the acuvity of PGL but all the
concentrations applied inhibited the activity of PL.

The highest concentrations of the metals (500 ppm) and all the concentrations
of copper completely inhibited the development of the fungus 1n gelatine containing
media as the source of carbon (Table 4). The remaining concentrations of heavy
metals (10 and 100 ppm) inhibited the growth of this fungus and significantly
retarded the proteolytc activity. The inhibitory effect of the heavy metals on both
types of enzymes (acidic and neutral proteases) was noted. An exception was zinc
which at concentration of 10 ppm did not affect significantly the activity of neutral
proteases. The highest toxicity for this fungus was exhibited by copper. The pro-
teolytic activity was in general least affected by zinc.

In general were more sensitive to the action of heavy metals neutral than acidic
proteases.

DISCUSSION AND CONCLUSION

So1l enzymes play an important role in the mineralization of organic substances
and making nutrient ions available to plants. Due to reactions of specific enzymes
like urease and phosphatase NH,* and PO, are made available to plants from orga-
nic substances in soil (Red dy etal., 1987).

Accumulation of heavy metals in soils may decrease the rate of decomposition
of organic matter — as a result of diminished soil microbial activity. However the
degree of heavy metals on soil microorganisms often depend on many ecological
factors like pH and organic matter content (B adura et al.,, 1884), organic acids
which bind metals, or fungal cell membranes which may cummulate these compounds
(B 34t h, 1980). Differences in the sensivity of ectomycorrhizal fungi to lead, zinc,
copper and nickel have ben found by Pachlewski andChrusciak (1986) and
Jones and Hutchinson (1988).

In our studies all the metals at the highest concentrations apphied inhibited the

enzymatic activity of the fungus studied. In media with gelatine and 500 ppm of Pb,
Zn and Cd the growth of H. crustuliniforme was completely retarded. Pb and Cd

used at 10 and 100 ppm inhibited the activity of alkaline proteases. Our results are in
accordance with the observations of other authors who found that many heavy me-
tals like Zn, Cu, Pb and Cd inhibit fungal proteases to different degree (W or o w-
s ki, 1975).

Informations about the effect of heavy metals on enzymes of mycorrhizal fungi
are rather scarce. Infection of plants by symbiotic fungi may occur either by their
own enzymes or by those of associated microorganisms (Garbaye, 1994). At least
some mycorrhizal fungi are capable of producing enzymes that degrade the main
components of the cell wall of plants (Dahm, Strzelczyk, Majewsk a,
1987; Dahm, Strzelczyk, 1995). Data concerning the inhibitors of proteases
occurring 1n nature are scarce and fragmentary.
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In our experiments Zn was the least toxic to both the acidic and neutral pro-
teases. Its toxicity was lower than that of Cu and Cd. Zinc as a component of many
important enzymes 1s apparently used in greater amounds by the mycelium than other
metals. Mycorrhizal roots of Pinus radiata absorb 1.4-4.5 times more zinc than non-
mycorrhizal ones. The heavy metals used 1n our studies also affected negatively the
productions of pectinases — most strongly the prolygalacturonase (PG) and least that
of pectate lyase (PGL). The fungus produced more cellulases in media with CMC
than with cellulose powder (in the presence of heavy metals).

The role of mycorrhizal fungi as protecting barrier of plant towards heavy me-
tals 1s not unanimous and not yet clear cut. In our studies heavy metals were empoyed
because of their importance in the natural environment and their possible involve-
ment in the “acid rain™ syndrome and because of their widespread occurrence as
products in man-made environment. Solubility of most metals increases with decre-
asing pH, the natural acidic environments are likely to suffer from metal toxicity
(Read, 1986).

In field studies the heavy metal pollution is never due to one single metal.
This makes difficult to draw conclusions regarding toxicity of metals to organisms
(B 4 4th, 1990). However in order to understand the relationships between mycorrhi-
za infection and plant growth in metal enriched environments it is necessary first to
obtain basic information concerning the resistance of the fungus to metals when gro-
wing in pure culture under standardized conditions (Burt atal, 1986). Trappe m
1977 suggests several criteria which are important in selection of ectomycorrhizal
fungi for inoculation of soils in tree nurseries. Among them the action of more than
one single factor like pH tolerance should be considered. We have used heavy metals
and studied their effect on some enzymes of one ectomycorrhizal fungus. Other my-
corrhizal fungi certainly require similar studies.

According to B 4 4 t h (1980) the relative toxicity of different metals 1s fairly
constant. The following degree of toxicity appears to be most commonly found
Cd > Cu > Zn > Pb. This was irrespective of the soils having high or low organic
matter.

We have found the effects of heavy metals on enzymes of H. crustuliniforme to
be: Pb < Zn < Cd < Cu. Thus differences in reaction to heavy metals between genera
and perhaps between strains are possible.
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