BioMetals 1995, 8, 12-18

Metal loading and enzymatic degradation of fungal cell walls and chitin
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The capacity of chitin (from crab shells) and of fungal cell walls from Trichoderma harzianum to accumulate
zinc, cadmivm and mercury was studied as well as the effects of adsorbed metals on the enzymatic hydrolysis by
Novozym 234 of the two substrates, The total adsorbing capacity with respect to these metals was estimated to
be at least 10 mmol kg™' chitin (dry weight) and 50 mmol kg™! fungal cell walls (dry weight), respectively, at
pH 6.1. Enzymatic digestion of fungal cell walls preloaded with mercury and cadmium was significantly
reduced, while zinc did not cause any significant inhibition. The effect of metal complexation by chitin on the
enzymatic digestion was not as pronounced as for fungal cell walls. This could reflect the fact that chitin sorbed
a lower total amount of metals. The inhibitory effect of metals on the enzymatic hydrolysis was caused by the

association of the metals with the two substrates and not by the presence of free metals in solution.
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Introduction

The distribution and spreading of metals in soils are
processes of environmental importance, and the mechan-
isms are subjects of increasing intcrest. Microorganisms
can directly affect the speciation of metals by controlling
their oxidation state, formation of alkylated forms, ac-
cumulation, etc., and also indirectly by the production of
complexing organics. However, there is inadequate know-
ledge about the total effects of microorganisms on the
distribution of metals in the environment. Soil fungal
biomass has recently been shown to have a high ability to
accumulate metals, especially at low soil pH (Krantz-
Riilcker er al. 1993a). Metals associated with fungi are
mainly bound to the surface of the organisms (Townsley
1983, Gadd 1989). Tsezos & Volesky (1982) reported that
chitin (a -1,4-linked polymer of N-acetylglukosamine) is
the active constituent responsible for the biosorptive
capacity for metal cations of the mycelial cell wall of a
Rhizopus arrhizus strain. Chitin together with f-1,3-
glucans are the major components of fungal ccll walls
(Farkas 1985) and it is well documented that chitin
possesses high metal sorption capacity {Muzzarclh 1973).
The ability to decompose chitin is widespread in naturc.
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Chitinolytic activity has been detected in both procaryotes
as well as in eukaryotes, ¢.g. fungi and plants (Cabib 1987,
Gooday 1988). The large pool of chitin constitutes an
important energy, carbon and nitrogen source. Much of
the degradation of chitin occurs extracellularly due to the
pelymer structure of chitin. There are other important
functions for chitinases beside decomposition. Intracellu-
lar fungal chitinases arc important for the apical growth of
hyphae, hyphal branching and cell separation, e.g. release
of spores (Bartnicka-Garcia 1973, Gooday 1977). Further-
more, the production of chitinases in plants has been
suggested to act as a defense against fungal infections
(Boller 1985, Mauch ef of. 1988). Metal complexation with
organic compounds has been shown to inhibit their
biodcgradation (Firestone & Tiedje 1975, Madsen &
Alexander 1985, Brynhildsen & Rosswall 1989) and it has
been suggested that the recalcitrance of humic compounds
to degradation may be due to complexation with metal
cations (Juste er /. 1975). Aluminum protected a model
humic substance from degradation almost completely,
while iron protccted the organic substance to a lesser
degrec. Martin et al. (1972) showed that complexation of
APR*, Cu*, Fe’t and Zn?* with polysaccharides greatly
reduced the microbial degradation of these organics.

Chitin appears to be rapidly degraded in the oceans,
since no major accumulation in sediments is observed
(Gooday et af. 1991). Since chitin forms strong complexes
with metals it has been proposed to be an important agent
for transporting metals from surface to deep waters in the
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oceans. The metal complexes would be formed in shallow
waters, sink and be degraded in deep waters, and thereby
release the associatcd metals (Yoshinari & Subramanian
1976, Subramanian 1978). This hypothesis was, haowever,
based on the assumption that metal-chitin complexes and
free chitin exhibit the same biodegradability, which is not
necessary the case.

The objectives of the present study were 2-fold. The first
was 1o detcrmine the accumulation of zine, cadmium and
mercury by fungal cell walls and pure chitin. The other
objective was to study the effects of metal (zinc, cadmium
and mercury) compiexation on the enzymatic degradation
of the cell walls and chitin. The cell walls were prepared
from a fungas. Trichoderma harzianum, previously shown
to accumulate significant amounts of metals (Krantz-
Rilcker er al. 1993b). The effects of metal complexation
on enzymatic degradation of fungal cell walls and chitin
were studied using a lytic enzyme mixture (Novozym 234)
produced by a Trichoderma sp. This cnzvme mixture is
mainly composed of chitinases, glucanases and proteases
(Hamlyn ef af. 1981), and is widely used to degrade fungal
cell walls for fungal protoplast production (Collings ef al.
1988).

Materials and methods

Organism and growth

Trichoderma harzianum was obtained from thce Swedish
University of Agricultural Sciences, Department of Micro-
biology, Uppsala, Sweden (J 65). The organism was
maintained on 4% malt extract agar (MEA) slants. After
10-14 days incubation at 20 °C, the culture was stored at
4 °C. This procedure was repeated at 3 month intervals.
Conidia for the inoculation of liquid media were
obtained by growing the fungus on 4% MEA for 14 days at
20°C, The conidia were harvested by covering the agar
plate with sterile Milli-Q water with Tween 80 (detergent)
added and dislodging the spores with a glass rod. The
conidial suspension was filtered through sterile glass wool
to remove hyphac and other debris. The filtrate was
centrifuged (15000 X g; 15 min) and washcd three times in
sterile 0.1 m KCI. The last pellet was suspended in a freeze
medium [in gl~!Y; KH,PO,, 0.18; K,HPO,, 0.82; Na-
citrate.  0.59; MgSQ,-7H,0, 0.25; glycerol (87%).
172 mil~!] and frozen in portions of 1 ml with 4 x 10°
spores mi~! at —70 °C. These suspensions were used as
standardized inocula throughout the experiments. The
mycelium for cell wall preparations was grown in a glucose
mineral salt medium (GMS; Townsley 1985} with the
following composition {(in gl~'): C;Hs(OH).POMg *
2H,0, 0.5; (NH4 .80, 2.0: KCl, 0.5: CaCls - 61,0, 0.25;
2(N-morpholino)-ethane sulphonic acid (MES buffer),
9.76; glucose, 20.0. Trace metals were supplemented by
adding 0.1 mll-!' of a solution containing (in gl=i):
FeSO. - 711,0, 5; ZnSO,-7H,0, 1.75; MnSO,-H;0,
0.076; CuSQ,-5H,0O, 0.1. The pH was adjusted to 5.5
with KOH or HCI. The spore suspension was washed once
with (GMS medium and inoculated in 100 ml GMS
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medium, giving 1 X 10% spores ml~! culture medium. The
inoculated medium was incubated on a rotary shaker
(120r.p.m.} for 72h at 20°C. The myeelium was
harvested by centrifugation (15000 X g; 10 min) at late
logarithmic phase/onset of stationary phase as determined
from an earlier established growth curve.

Cell wall preparation

After incubation, the myecelium was thoroughly washed
with sterile Milli-Q water and homogenized with an Ultra
Turax homogenizer for 5 min at the highest speed. The
mycelium suspension was centrifuged at 15000 X g for
10 min. The pellet was resuspended in sterile Milli-Q
water and sonicated (Bandelin Sonorex RK 510H,
500/1000 W) for 15-30 min and washed repeatedly until
no residual glucose or protein could be detected in the
supcrnatant. The cell wall preparation was freeze dried
and stored at 4 °C. The lyophilized powder was washed
twice prior to experiments with the solution used in the
metal loading studies.

Chitin preparation

Colloidal chitin was prepared from practical grade crab
shell chitin (Sigma C-3387) according to Rodriguez-
Kabana et al. (1983).

Adsorption

Adsorption isotherms were determined for zinc, cadmium
and mercury at 107% to 10-* M to determine the maximum
metal loading capacity of the fungal cell walls and chitin. A
radiotracer batch distribution technigue was applied using
“Zn, "Cd and ™ Hg as tracers (from Amersham, UK, all
as chlorides) and non-radioactive carriers of the same
elements to achieve the total concentrations desired. The
metal binding studies were made in 50 mi polyallomer
centrifuge tubes containing a total sample volume of
20 ml. All equipment was cleaned by soaking in an acidic
wash solution (3 m HNO;; 0.1 m HCL) overnight and then
rinsed eight times in Milli-Q water. Solutions of chitin and
powder of fungal cell walls were added to the electrolyte
solution (0.1 M KCl} to give a final amount of solid phase
in each sample of 2 gl cell walls and 1.5 gl~" chitin,
respectively. An acidic metal stock solution was added to
give a final well-defined total metal concentration in the
range 10-* to 10~* m and pH was adjusted with (.1 » KOH
to 6.1. The volume was adjusted 10 20 ml by adding 0.1 m
KCl. Phase separations were made by centrifugation after
a contact time of 19 h (on rotary shaker of 120 r.p.m. and
20 °C). Aliquots (1 ml) of the supernatants were sampled
and analvzed for their metal content by using a well-type
scintillation counter (Compu Gamma; LKB Products,
Bromma, Sweden). Also, the pellets (cell walls or chitin)
were collected and their radioactivity measured. Metal
adsorption on the vessel walls was estimated from the total
mass balance.
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Desoarprion

The desorption of metals, after changing the liquid phase,
was measured in order to determine the metal concentra-
tion in solution and on the substrate during the enzymatic
assay. The kinetics of desorption from metal-loaded fungal
cell walls and chitin were studied in 50 mm MES buffer.
This buffer was chosen since it does not form strong
complexes with the present metals (Townsley 1985).
Sorption of zinc, cadmium and mercury was first deter-
mincd at a metal concentration of 104 M, as deseribed for
the isotherm studies. The solid phase was 40 mgl-!
(0.20% w/w) cell walls and 30 mgl ! {0.15%, w/w) chitin,
respectively. Samples of 1 ml frem the batch distribution
vessels were collected after 24 h and analyzed for their
mctal contents. The solid phase was separated from the
liquid by centrifugation (15000 x g:; 15 min), and the
pellets were resuspended in 20 ml of 50 mm MES buffer
(pH 6.1). The desorption of the metals was then followed
for 6 h by measuring the amount of metals in solution, as
described for the isotherm studies.

Mergl loading

Fungal cell walls and chitin were loaded with zinc,
cadmium and mercury in separate batches for subsequent
studies of the effects of bound metals on the enzymatic
degradation. The cell walls or chitin was suspended in
sterile (.1 m KCI (adjusted with 0.1 m KOH to give a final
pH of 6.1 after addition of metal solution), yielding a
0.15% chitin solution and 0.2% fungal cell wall solution,
respectively. Portions of 2ml of these solutions were
added to 10 ml polypropylene test tubes. Metal solutions
of zinc, cadmium and mercury were added to give a total
concentration in solution of 1 x 10~* m. The test tubes
were centrifuged at 15000 x g for 15 min after a contact
time of 19 h on a rotary shaker (120 r.p.m.). The pellets
were suspended in 2 ml of 50 ms MES buffer (pH 6.1).

Inhibition of enzymatic activity

The effects of mertals in solution on the activity of
Novozym 234 (Novo Nordisk, Denmark) with metals
present was assayed by measuring the release of p-nitro-
phenol from p-nitrophenylchitobiose, pNp-(GlcNAc),
(Reberts & Selitrennikoff 1988). The p-nitrophenylchito-
biose (Sigma. St Louis, MO) was dissolved in 50 mm MES
buffer (pH 6.1). An aliquot from a metal stock solution
was added to 100 yl pNp-(GlcNAc), to obtain a final
concentrations of 1074 and 107% M, respectively of each
metal. Novozym 234 was then added (1 pl, 10 mgml=1)
and incubated at 37 °C. The reaction was terminated by
adding 54 of 1y NaOH and the absorbance was
measured at 410 nm.

The effect of metals on the hydrolysis of fungal cell walls
and chitin by Novozym 234 was measurcd as the release of
reducing sugars. The reaction mixture, containing 2 ml of
0.15% chitin (metal loaded) or 0.2% fungal cell walls
(metal loaded) suspended in 50 mm MES buffer (pH 6.1)
and with 20 ul enzyme solution (10 mg ml—! Novozvm 234}
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was incubated for 1-3h at 37°C under continuous
shaking. After the incubation period the samples were
centrifuged (15000 X g for 15 min) and the amount of
reducing sugars released into the supernatant was deter-
mined (Dygert ef al. 1965) using NV -acctylglucoscamine as
standard. The enzymatic releases of reducing sugar from
cell walls and chitin without metals were run as standards.
Also cell walls, chitin and enzyme solution dispersed in
buffer were examined for the presence of reducing
compounds as controls. Enzymatic activity was defined as
pmoles of reducing sugar released per hour.

Calculanions

The background of reducing compounds originating from
fungal cell walls and the enzyme mixture was measured in
cach cxperiment. The median values of these measure-
ments were subtracted from the amount of reducing sugar
due to enzymatic hydrolysis of the substrates. A corre-
sponding subtraction was made for the chilin ¢xperiments.
The background medians were based on six to 19
observations and ranged from 8 to 19 peg ™!,

A statistical analysis was made on the enzymatic assay
data. A two-factor general analysis of variance (ANOVA)
was made on the data for fungal cell walls, as the
cnzymatic activity varicd somewhat between the three
experiments. Simple contrast between experiments with
no metal and metals was calculated and joint univariate
95% confidence limits were cstablished. For chitin a
general one-factor ANOVA was calculated, since this
study was limited to one experiment. The test was made on
ranks of the data to avoid assumptions of normality and
cqual variance, The ANOVA analysis was made with the
SPSS® for Windows™ program (SPSS Inc.) using the
Advanced Statistics module (Norusis 1992).

A calculation was made for all possible pairwise relative
differences between no metal and metals within each
experiment. For each metal the median of these relative
differences was taken as typical enzymatic inhibition. A
confidence interval was established based on all relative
differences. This confidence limit underestimates the true
limit somewhat.

Results

The sorption of zinc, cadmium and mercury by fungal cell
walls as well as chitin could be described by linear
isotherms at mctal concentrations below 1074-10-5m
except for the chitin/mercury system (Figure 1a and b).
The total complexing capacities for these metals were
estimated to be at least 50 mmol kg~! tungal cell walls (dry
weight} and 10 mmolkg=! chitin (dry weight). respect-
ively. No pronounced differences in the affinity order at a
metal concentration of 10% m could be distinguished for
the two substrates (Figure la and b). [lowever, at lower
metal concentrations (10 7 M) the affinity for mercury was
higher than for the other two metals.

The desorption of zine, cadmium and mercury as a
function of time is depicted in Figure 2 (a and b). The
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Figure 1. Adsorption isotherms [, concentration of metals on
the solid phase; 7). concentration of metals in the agucous phase)
for the accumulation of zinc, cadmium and mercury by fungal cell
walls (1) and chitin (b) {5 mg solid phase in 20 ml 0.1 s KCI:
19 h at room temperature and pH 6.1}, Svmbals: 4. zine: O,
cadmium: B, mercury.

desorption, after the change of the liquid phase from
potassium chloride 1o MES buffer, reached a constant
level within | h and no further change was observed after
0 h. The desorption of mercury was low for cell walls (5% )
as well as for chitin (10%) (Figure 2a and b), indicating
that mercury was the metal most strongly bound by both
tungal cell walls and by chitin. A negative slope of the
curve showing the desorption of mercury from chitin was
obtained. However. since the desorption of mcreury in
general was very low, the values obtained are close to the
detection limit and thus uncertain. The release of adsorbed
cadmium from the cell walls and chitin was 10-15%.
suggesting a similar degree of cadmium binding between
the two components. The highest release, 60%. was
detected for zine from chitin, while the desorption of zine
from fungal cell walls was 20%.

T'he amounts of metals adsorbed by the cell walls after
changing the liquid phase were similar for the three metals
(Figurc 3). The total amount was lower for chitin
compared with cell walls. except for cadmium. However.
the cadmium duta are based on one single experiment. The
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Figure 2. Kinetics of the desorption of zine, cadmium and
mereury from cell walls {a) and chitin (b) in 50 mM MLS buffer at
pH 6.1 (the symbols represent the mean values of three parallels).
Symbols: 4. zing, O, cadmium; B, mereury.

on substrate (mmuolikg)

Chitin

Cell walls
Figure 3. The mean concentration of zine, cadmium and mercury
adsorbed by fungal cell walls and chitin after desorption (6 h)
expressed as mmol kg ! (solid phase ratio: 0.20% cell walls and
0.15%. chitin in 0.1 m KCl; initial metal concentration of

1% 1074 s: 19 h at room temperature and pH 6. 1). The error bars
represent minimuom and maximum values.
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relationship between metal concentrations remaining on
the two substrates agrees with the adsorption capacities
determined in the isotherm studies (Figure 1a and b).

Measurcments of the chitinase activity of Novozym 234
with metals in solution showed that the rclease of
p-nitrophenol by Novozym 234 was inhibited only in the
presence of mercury at 1074w (data not shown). No
reduction in enzymatic activity could be observed in the
presence of zinc and cadmium even at the highest studied
metal concentration (10-* m; data not shown).

The release of reducing sugar from both fungal cell walls
and pure chitin was partially inhibited by the presence of
bound metals (Figure 4). The degree of inhibition for cell
walls loaded with zinc, cadmium and mercury was 2, 26
and 48%, respectively, while the same measurements for
chitin revecaled an inhibition of 17, 22 and 22%, respect-
ively.

Statistical analysis confirms the difference in release of
reducing sugar from fungal cell walls between experiments
with and without metals { P < 0.001). A significantly lower
amount of reducing sugar is found with mercury is present,
compared both with the case without metal and the two
other metals (P < 0.05). The presence of cadmium on cell
walls might also have an inhibitory effect ( P < 0.10), while
no significant difference was found between experiments
with zinc and experiments without metals. It is harder to
draw any definite conclusion about chitin since there were
no differences at the 5% significance level (P = 0.09).

Discussion

Fungal cell walls adsorbed zinc, cadmium and mereury to a
total capacity of at least 50 mmolkg~' (at pH 6.1} with no
pronounced differences in affinity order at the highest
metal conceniration studied {Figure 1a}. Similar results
were previously obtained for intact hyphae of 7. har-
zianum (Krantz-Riilcker et al. 1993b). Furthermore, the
entire isotherms for these two systems (cell walls and intact
hyphae) are quite similar, The main accumulation of
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Figure 4. Enzymatic activity of Novozym 234 on cell walls (a) and
chitin (b) expressed as the median percentage inhibition of release
of reducing sugar by metal complexation (0.20% cell wall,
respeclively, 0.15% chitin in S0 ms MES buffer, 1-3 h at 37 °C).
Error bars represent 95% confidence intervals.
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metals by this fungus thus appears to be due to sorption on
the cell wall. The adsorption capacity of chitin was at least
10 mmolkg~! (Figure 1b). This difference in capacity in
comparison with the fungal cell walls suggests that
additional camponents besides chitin are involved in the
sarption of metals by the fungal cell walls. However, it has
been shown that the metal binding capacity of chitin from
different sources varies substantially. Manskaya & Droz-
dova (1968) reported that 20% of added uranium was
adsorbed by chitin from crab shells, while chitin of a fungal
origin adsorbed 60% of the added uranium. This observa-
tion may explain the difference in metal binding between
fungal cell walls and chitin in the present study, since the
chitin was prepared from crab shells.

The higher affinity for mercury by both solid phases, at
low metal concentrations, indicates the presence of select-
ive adsorption sites. The capacities of these sites must be
low since the differences are not distinguishable at higher
mercury concentrations.

The enzymatic release of reducing sugars from the two
substrates was affected by the accumulated metals but to
different extents. Enzymatic digestion of fungal cell walls
preloaded with mercury was significantly reduced (by
48%). A lower degree of inhibition was observed for
cadmium (26%), while zinc did not cause any significant
enzymatic inhibition. The inhibition by mercury of the
enzymatic digestion of chitin was not as pronounced as of
the fungal cell walls. This can be explained by the fact that
chitin adsorbs a lower total amount of mercury comparcd
with the cell walls (Figure 3). In the case of cadmium, the
results from the sorption and desorption as well as the
effects on the enzymatic digestion were similar to those
obtained for cell walls. The data obtained for zinc and
chitin indicated a larger decrease in the release of reducing
sugar. However, a lower total amount of zinc was
adsorbed by chitin than by the cell walls (Figure 3).
Possibly, the cell walls contain components other than
chitin that could complex zinc. Another cnzyme in the
enzyme mixture (Novozym 234, e.g. glucanase) may be
responsible for the release of reducing sugar from the cell
walls. This enzyme may be less sensitive to the complexa-
tion of zinc by the cell walls than chitinase, which is the
enzyme responsible for the degradation of chitin and
p-(GlcNAc);. No far reaching conclusions should be
drawn from the differences between the three metals and
between the fungal ecll wall and the chitin systems since
the confidence intervals are large particularly for the chitin
experiments (Figure 4). The use of non-parametric confid-
ence intervals makes the observed asymmetric intervals
possible. The apparent differences in statistical distribu-
tion between the inhibitions of cach metal is probably duc
to the limited number of replicates. A single outlier can
have a strong influence on the estimated confidence limit.
Still, the intervals give some visual representation of the
variation in the data. The negative interval for zinc and cell
walls (Figure 4) does of cause only indicate that the
inhibition is not different from zero and should not be
interpreted as a possible stimulation of the enzyme.

The observed decreased enzymatic activity was clearly



not caused by metals in solution. Measured metal concen-
trations in solution after desorption from the cell walls
were S.5x 1070, 3.0x107% and 1.1 x 10-%m for zinc,
cadmium and mercury, respectively, and 5.2 x 1079,
2.3x 10 ¢ and 0.47 x [0-% M, respectively. for chitin.
Inhibition of the enzymatic activity, due to metals in
solution, was only observed in the mercury system at a
concentration of 1 > 107+ m, as indicated from the p-nitro-
phenol rclease experiments, This is about 100 times higher
than the measured metal concentration in solution during
the enzymatic assay. These results clearly indicate that the
observed decrease in degradation of metal loaded cell
walls 15 due to the complexation of the metals by the
substrate and not to the metals in solution.

The fact that the metals that were most readily desorbed
(Figure 2) caused the lowest degree of enzymatic inhibi-
tion (Figure 4) supports the hypathesis that it is the
complexation ol metal ions by the substrate that is
reponsible for the observed reduction in enzymatic activ-
ity. It is also obvious that the three metals studied have
different effects on the enzymatic hydrolysis of the two
substrates, These differences in inhibition can be related to
the different chemical properties of the metais. This
conclusion is based on the fact that the final amounts of the
metals adsorbed by the cell walls were similar despite
differences in the amounts desorbed.

The inhibition of the enzyvmatic digestion of fungal ccll
walls by adsorbed metals was increasing in the order
Zn < Cd < Hg, which follows the size of the metal ions
(0.75. 0,95 and 1.02 A for zinc, cadmium and mercury,
respectively: Jesson & Muctierties 1969}, This possibly
reflects a larger sterical hindrance to the enzyme by a
larger metal ion. The metals also have different ligand
preferences, which means that the three metals may form
complexes with differcnt ligand atoms present on the cell
surfaces of the myeelia (e.g. sulfur for mercury, oxygen for
zine).

Knowledge of the inhibitory effects of metal ions on lytic
cnzymes is poor. However, Balsasubramanian & Manocha
(1992) have studied the cffects of mercury, copper,
manganese and zinc on membrane-bound and cytosolic
chitinases from two muecoraccous fungi, Ceoanephora
cucurhitarum and Phascolomyces articulosus. Their results
showed that the cytosolic chitinase was totally inhibited by
all metals. The membrane-bound chitinase was totally
inhibited by mercury and manganese, while copper and
zinc had an inhibitory effect of 98 and 23% (C. cucurbi-
tarum ), respectively, and of 53 and 66% ( Ph. articulosiis)
on the chitinase activity. Whether this inhibitory effect was
due to binding of the metals to the chitinases, to the
substrate or to both is not possible Lo distinguish since the
substrate and cnzyme were added o a solution with a
rather high metal concentration (50 mm) without the
removal of non-adsorbed metal ions before the enzymatic
assay.

The inhibition of ¢cnzyme activity by metal binding to the
cnzyme is well known and has been proposed to be one of
the mechanisms of metal toxicity to organisms (Tvler
1981). The effects of the binding of metals to the substrate
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on the activity of corresponding enzyme are scarcely
reported. However, Brynhildsen (1992) reported an al-
most complete inhibition of the microbial degradation of
zinc—. copper— and cadmium-—citrate. The experiments
were designed to vield 95% of the citrate in the meral-com-
plexed form. The metal complexes were taken up by the
cells, but the citratc carbon was not assimilated or
incorporated into macromolecules. Disturbed interactions
between the enzyme aconitase and the substrate in the
cenversion of citrate to isocitrate due to the complexed
metal ions by the citrate could be a possible explanation.
However, this hypothesis could not be confirmed due to
methadological problems when working with the aconitase
assay and mctals.

The consequences of an inhibition of lytic cnzymes by
metal complexation of the substrates suggested by the
present work could be important. The immobilization of
metals bound by fungal cell walls and other chitinous
materials could be significant, if the complexation of
metals results in a rcduction of the degradation of the
materials. This possible reduction could also causc a
limited recycling of an important source of nutricnts in
nature. Those arguments stress the nced of further
research of the effects of metals bound 1o organic
substrates on lvtic enzymes, such as chitinases.
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