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ABSTRACT: The growth and biochemical activities of Chlorella fusca were studied in the presence
of different concentrations of either filtrates or mycelial mats of Saprolegnia ferax and Pythium
graminicola. Low concentrations of both fungal filtrates exerted increase in total count, dry weight
.and in the biosynthesis of photosynthetic pigments, carbohydrates and nitrogen content. High con-
centrations showed inhibitory effect on both growth and biochemieal activities of Chlorella fus-
ca. Supplementation with different concentrations of dry mycelial mats of either fungi the cul-
ture of Chlorella showed elevation in biomass, dry weight, and biosynthesis of carbohydrates and
nitrogen content especially at low concentrations. The contents of photosynthetic pigment were
inhibited only at low concentrations. Neither the culture filtrate of Pythium nor Saprolegnia had
cellulolytic activity, although polygalacturonase enzymes were detected, whereas chloroform-extract
of both fungal filtrates showed blue spots under long wave light (366 nm).
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The phytotoxicity of Pythium and
mycoparasitism of Saprolegnia has been demon-
strated by Martin (1964) and Schneider (1979),
respectively. Martin (1964) reported that Pythi-
wum vrregulare produced non-specific phytotoxic
substances of proteinaceous character, while Ja-
nardhanan and Husain (1974) reported that the
culture filtrate of Pythium butlert induced wil-
ting to higher plants.

Recently, it has been shown that Saprole-
gnia declina produces protease and lipase en-
zymes (El-Feki, 1987). Also, one of the main
characteristic feature of many phytopathogen-
ic organisms is their ability to produce an array
of enzymes capable of degrading the complex
polysaccharides of the plant cell wall (Alber-
sheim et al., 1969 and Wood, 1973) and mem-
brane constituents (Tseng and Bateman, 1968).
These enzymes usually are produced inductive-
ly, generally extracellular and highly stable.
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Pectic enzymes that cause maceration in plant
tissues also cause injury and death of the cell
(Mount et al., 1970 and Wood, 1972). Clear evi-
dence of killing the cells by pectic enzymes was
reported by Basham and Bateman (1975).

The present investigation aimed to study the
metabolic changes that might take place in a
pure synchronons culture of Chlorella fusca in
response to effect of extrametabolic filtrates
and dry mycelial mats of Pythium graminicola
and Saprolegnia ferax supplemented to the cul-
tures. Particular emphasis was devoted for iden-
tification of the fungal extracellular enzymes
and mycotoxins responsible for the metabolic
changes in these algal cultures.

Materials and Methods

Fungi;
Pythiwm graminicola and Saprolegnia ferax
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were obtained during the investigation work of
Shoulkamy (1990).

Algae;

Chlorella fusca was obtained from the col-
lection of Algal cultures, Gottingen, F.R.G.

Culturing and Treatments;

Synchronous culture of Chlorella fusca were
performed according to Pirson and Lorenzen
(1958) and Kuhl and Lorenzen (1964), and the
nutrient culture solution used by Grimme and
Boardman (1972) was applied. One m! of the di-
lute synchronous Chlorella cultures was transfe-
rred to 49 ml of the nutrient media which were
containing the following series of concentrations
prepared from either the fungal filtrates or dry
matter of mycelial mats of the two tested fungi:
Filtrates: (m{/50 ml culture media)

a) Saprolegnia ferax; 0.5, 1, 2, 4 and 8 ml/
50 m!

b) Pythium graminicola; 0.1, 0.4, 1.6, 6.4 and
25.6 ml/50 ml

All volumes in experimental flasks were com-
pleted to 50 ml with sterile media.

Mats: (gm/50 ml).

a) Saprolegnia ferax; 0.1, 0.2, 0.4, 0.8 and
1.6 gm/50 ml

b) Pythiwm graminicola, 0.025, 0.05, 0.1, 0.2
and 0.4 gm/50 ml

Control in two series was carried out pa-
rallel to treatments using (a) Chlorella grown
on its medium without using any treatments, (b)
by the addition of different level of the fungal
medium comparable to that used in treatments.

All flasks were incubated for 3 days in a large
controlled illuminated incubator (Precision
Model 818) at 22°C under continuous light
(2000 Lux) by fluorescent lamps for a period of
10 hours in the light and 14 hours in the dark.

At the end of each experiment the algal
masses were separated from media by filtra-
tion and washed with distilled water; then
were dried by further suction. One set con-
sisted of 3 replicates from each treatment as
well as controls was dried at 800°C till con-
stant weight. The second set was extracted
with 90% acetone for pigment estimation. A
third one was homogenized with 10 m! of bo-
rate buffer at pH 8 before centrifugation.

Pigments estimation

The photosynthetic pigments (Chlorophyll a,
chlorophyll b, and carotenoids) were determined
using spectrophotometric method recommend-
ed by Metzer et al. (1965).

Biochemical analysis

The algal masses were analysed for their to-
tal carbohydrate, total nitrogen and protein con-
tents. All analyses were carried out on the
unacidified extracts, except for the carbohy-
drate, where clearing was necessary.

1) Carbohydrate analysis

This was carried out according to the proce-
dure recommended by Naguib (1969).

2) Nitrogen analysis
Total insoluble nitrogen (Naguib, 1969).
Total soluble nitrogen (Naguib, 1969).
Protein-nitrogen (Lowery et al., 1951).
Nitrate-nitrogen (Paech and Tracy, 1956).

Cultural studies on production of cell wall
degrading enzymes and mycotoxins by Py-
thium graminicola and saprolegnia ferax

The basal cultural medium for growth of
zoosporic fungi was prepared according to
Emerson’s (1958). The two fungal isolates were
grown separately in 500 ml Erlenmeyer flasks
containing 50 ml of the basal medium. Each
flask was sterilized and then inoculated with one
myecelial dise (0.7 cm) cut from the margin of 3
day old cultures of each fungal isolate grown on
M3-medium (Hasija and Miller, 1970) for the
Chytridiomycetes. Fungal mycelia were re-
moved by filtration through 3 layers of cheese
cloth. Enzyme extracts were assayed for cellu-
lase and protease activities.

1. The ability to produce extracellular
enzymes

1) Assay of cellulase activity

Cellulase in culture filtrates was assayed vis-
cometrically with CMC as a substrate in a lo-
cally fabricated viscometer as previously
described by EL-Katathy (1984).

2) Assay of protease activity

Protease activity was assayed by a modifi-
cation of the casein digestion method of Kunitz
(1946, 1947) and Lowery et al. (1951).

3) Assay of polygalacturonase (PG)

Viscometric method: Polygalacturonase in
the culture filtrate was assayed by viscometric
method using 1% sodium polyacetate as sub-
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Table 1. Effect of various concentrations of fungal media on the biomass (cell count/ml) and pigment
contents (uglg d. wt) of Chlorella fusca after 3 days growth ’

Concentration No. of cells Chlorophyll (a) Chlorophyll (b) Carotenoids
(wiv)y %
Abs. . oof g ol Abs. | Pof Abs, o
increase or increase or increase or increase
Coundt. value value value
decrease decrease decrease decrease
P.grawiinicola
Control 2100 100 1.12 100 0.42 100 0.47 100
0.1 4000 +90 0.22%* -80 3.47** +726 1.11 +136
0.4 8233** +292 0.52** -53 7.46%* +1676 3.37** +617
1.6 5083** +142 0.33** -70 4.62** +1000 2.16** +359
6.4 3726** +77 0.16** -85 1.75* +316 1.87** +297
25.6 1866 ~-11 0.11** -90 0.82 +95 0.78 +65
LS.D. 1% 371 0.58 2.12 1.44
5% 264 0.41 1.51 1.03
S. ferar
Control 3266 100 0.59 100 2.54 100 0.68 100
0.5 3700 +13 0.93** +57 4.45%* + 75 0.76 +11
1 9383** +187 1.58** +167 6.72%* +164 3.55** +422
2 8050** +146 1.31** +122 5.49%* +116 1.69** +148
4 5730** +75 1.05%* +77 4.2** +65 0.88* +29
8 1300** -60 0.7 -23 2.57 -1 0.67 -1
LSD. 1% 732 0.21 0.71 0.39
5% 522 0.15 0.51 0.28

strate according to El-Katatny (1984).

Method of assaying reducing groups: Poly-
galacturonase in the culture filtrates was also
assayed by measuring the increase in liberated
reducing groups. After incubation for 7 hrs at
30°C, the increase in reducing groups was
measured using Nelson’s modification of So-
mogy’s method (Nelson, 1944).

2. Preparation of crude toxins of the test-
ed fungi

The toxins in the crude chloroform extract
of tested fungi were extracted from mycelium
and filtered culture medium and individually
analysed as previously described by Hassan
(1988).

Appropriate methods of statistical analysis

were carried out for analysing the data ob-
tained.

Results

It is necessary to report that administrations
of fungal medium to the algal cultures with
doses equal to those applied in experiments of
fungal filtrates resulted generally in significant
increases in pigment biosynthesis and gain in bi-
omass of Chlorella fusca; an effect that was fur-
thered up to moderate levels. At the highest
concentrations, however the pigment content
and algal biomass dropped significantly (Table
D.

Effect of different concentrations of test-
ed fungal filtrates on growth and biochemi-
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Fig. 1. Effect of various concentrations of dry mycelial mats (a,c) and extrametabolic filtrates (b,d) of
Pythium graminicola and Saprolegnia ferazx , respectively ondifferent growth critera of Chlorella fusca

of 22°C after 3 days.

cal changes of Chlorella fusca

1. Growth

1.) Dry weight

The growth of Chlorella fusca (expressed as
loss or gain in dry weight) was remarkably af-
fected by both fungal filtrates (Fig. 1b, d). Thus
a pronounced increase in dry weight was obta-
ined at the lowest levels of either filtrate. Such
stimulatory effect was furthered to reach max-
imum at concentrations of 0.4 and 1 ml/flask for
Pythium and Saprolegnia, respectively. These
maxima represented percentage of increases
which accounted for 41 and 242% of control,
respectively. However, these significant
changes were more prominent in Chlorella cul-
tures supplemented with Saprolegnia filtrate

relevant to those of Pythium

2) Biomass

The data demonstrated in (Fig. (1b, d) clearly
show that cell counts of Chlorella were signifi-
cantly increased following supplementation of
both fungal filtrates to the algal cultures; an ef-
fect that was furthered to reach maximum cell
accumulation at 0.4 and 0.5 mi/flask levels ot
Pythium and Saprolegnia, respectively. Beyond
these concentrations, the number of cells was
significantly decreased to reach lowest yield
at highest concentrations of both fungal filtra-
tes. Again, these significant changes were more
pronounced in the treatments of Saprolegnia
than that of Pythium.

2. Biochemical components
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Fig. 2. Effect of various concentrations of extrametabolic filtrates (a,b) and dry mycelial mats (c,d) of
Pythium graminicola and Saprolegnia ferax on chlorophyll and growth period at 22°C.

1) Pigment content

The results demonstrated in (Fig.2a, b) rev-
eal that the biosynthesis of pigment fractions
(Chlorophyll a, b and total carotenoids) was re-
markably and significantly stimulated at lower
and moderate levels of either fungal filtrate.
Maximum pigment content was detected at 0.4
and 0.5 ml/flask of Pythium and Saprolegnia
filtrates, respectively. Thereabove, the bi-
osynthesis of all fractions was inhibited with rise
of filtrate concentrations. Such inhibition was
statistically highly significant at the highest con-
centrations of the two fungal filtrates.

2) Total carbohydrate content

The biosynthesis of total carbohydrates in
Chlorella cells was favoured in the presence of
either Pythium and Saprolegnia filtrate as
shown in (F'ig. 1b, d). At 0.4 and 0.5 ml/flask of
Pythium and Saprolegnia filtrates, maximum
accumulation of total carbohydrates was dis-

played representing increases which accounted
for 57.5 and 15% of control, respectively.

3) Nitrogen content:

Fig. (3-d) clearly show that addition of Pytht-
um filtrate to culture media of Chlorella result-
ed generally in a significant increase in total
nitrogen content of algal cells. The maximum
total nitrogen content was recorded at
1.6 mi/flask. Such increase was accounted for
578% of control.

At the lowest concentrations of Saprolegnia
filtrte (Fig. 3¢) augmented to culture of Chlo-
rella, the total nitrogen content slightly in-
creased. Elevation in concentration resulted in
conspicuous drop in total nitrogen control of the
algal cells. Maximum inhibitation of total nitro-
gen accumulation was attained at the highest
concentration, being accounted for 85%
decrease of control.

Effect of different concentrations of



186

Kor. . Mycol. Vol. 18, No. 4, 1990

- o e Protein (mgl/g D.wt)

E\\
\\\

a)Saprolegnia ferax 5 ’g (b) Pythium gﬂg
g = é"d graminicola Z, S
= = -
5 SpER B 2gEg /
o 253 ¢g Ao EXFE /
= & - 2 Z of 8=
& Z . 2Rfe 0w< g S 400
E ST sufs| / Wy - X
-PEE 12| / EE 2 ¢ 1200
& =27 8§ ~ SoE =
P I Z g 4
5 B8 " / Pgal=18 BT S
chch / < S /)
7 6 2 S| 200
S 2 AR
3 6 -
= 4 // 3
© =t
2 S

Protein (mg/g D.wt)

S o
SIS
}>

(c)Saprolegnia ferax §o g Phthium gmminicola%ﬂ g
- &_7%d ER-I -
B L% E %ﬁ A 9B%E %ﬁ ,
S8 2832 25 EgEl -
T 2w £ 2o 2olS8120
e~ )
ESc B &l 80 ~ 3% 3E| 80
S 25 EE z 8o S&
= 25 .5 40 <= 2 o
€ 23 / 2 = E
s Zw) 24 2 EE| 120
FE LIy g 15,
g - Lalind : 2z = 2
A Eliat 4/ A Bl os
w5108 m B
g | 04 2 ©
£ 4 =
z =
£ 2
A &
0.4 0.3
0.2 0.2
0.1

Fig. 3. Effect of various concentrations of dry mycelial mats (a,b) and extrametabolic filtrates (c,d) of
Saprolegnia ferax and Pythium graminicola on the nitrogen content of Chlorella fusca after growth of

3 days at 22°C (mg nitrogen/g.d.wt.).

mycelial mats of tested fungi on growth and
biochemical changes of Chlorella fusca

1. Growth

1) Dry weight

The dry weight of Chlorella cells was found
to be appreciably increased under the lower lev-
els of either Saprolegnia or Pythium mycelial
mats Fig. 1a, c. Maximum inhibition in the dry

weight gain was detected at 0.2 and
1.6 gm/flask of Pythium and Saprolegnia,
respectively. Chlorella was found to be more
sensitive to the treatment with mycelial mats
of Saprolegnia than Pythium.

2) Biomass

As shown in Fig. 1a, c, the lower concent-
rations of either fungal mats of Pythium and
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Table II. Production of polygalacturonase, cellulase, protease enzymes and fungal metabolite by Pythi-
um graminicola and Saprolegnia ferax in culture medium

Enzyme Fungal
activity metabolites
Organisms PG Cellulase Protease Rec100 Max. abs
g tyrosin/ml
V.M. R.E.A. Viscometric Lowry et al
(%) ( g/mi/h) (% reduction) (1951)
Pythium 11.0 2.0 0.0 85.0 22 268
graminicola
Saprolegnia 12.5 8.5 0.0 102.5 60 259

Jerox

Where: P.G. =Polygalacturonase, V.M. = Viscometric method,
R.E.A.=Relative enzyme active, Max. abs.=Maxmum absorption.

Saprolegnia exerted stimulatory effects on the
biomass yield of Chlorella fusca. The magnitude
of increase in cell count under such condition ac-
counted for 129 and 128% increase of control
in the cultures supplemented with Pythium and
Saprolegnia mycelia, respectively.

Another additive explanation for accelerat-
ing growth at lower concentrations of extracel-
lular products of fungi or mycelial mats may be
due to the beneficial role maintained by supply-
ing Chlorella with limiting CO,, which would be
in agreement with the findings of Lange (1971)
on studying the effect of bacteria on algal
growth.

2. Biochmical components

1) Pigment content

The biosynthesis of all pigment fractions was
significantly suppressed under the effect of all
doses of mycelial mats, both except at the lowest
concentration of Pythtum mats, where a signifi-
cant increases in chlorophyll a and total carote-
noids contents were established (Fig. 2¢, d).
Maximum inhibition of pigment accumulation
was observed at the highest concentration of
both mycelial mats. In the mean time, a highly
significant increases in all pigment fractions
were harvested at 0.04 gm/flask of Pythium
mats.

2) Total carbohydrate content

Both fungal mats of tested fungi at lower and
moderate concentrations exerted an stimulato-
ry effect on the total carbohydrate accumulation

in Chlorella cells, (Fig. 1a, ¢). Beyond these lev-
els, the biosynthesis of total carbohydrate was
gradually decreased; a trend that was furthered
to reach maximum drop at the highest levels of
both fungal mats.

3) Nitrogen content

A glance to the data illustrated in Fig. 3a,
b, clearly indicates that administration of dry
myecelial mats of either Pythium or Saprolegnio,
increased the total nitrogen content of Chlorella
cells. At the highest level of mycelial mats, the
total nitrogen content was significantly
decreased. Apart of some minor fluctuations the
ratios of total insoluble nitrogen to total solu-
ble were generally increased, whereas the total
insoluble nitrogen fraction participated in total
nitrogen content was remarkably decreased, a
trend that was associated with enhancement of
protein accumulation.

Analysis of extracellular metabolites of
Pythium graminicola and Saprolegnia ferax

The results of physico-chemical and chro-
matographic analysis of the culture filtrates of
both Pythium and Saprolegnia are shown in Ta-
ble (II). Both culture filtrates showed no cellu-
lytic activity, although polygalacturonase
enzymes were detected to be found in either
Pythium or Saprolegnia as was determined by
Viscometric and Relative Enzyme Activity
methods of bioassay.

However, the enzyme activity tended to be
higher in Saprolegnia filtrate, than that of
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Pythium. Estimating the efficiency of protease
enzyme in the filtrates of both fungi revealed
the high proteolytic activity of Saprolegnia as
compared with that of Pythium.

Discussion

The present investigation clearly shows that,
the most enhancement of both fungal filtrantes
or mats appeared in enhancement of growth of
Chlorella at lower concentrations and its sup-
perssion at higher ones. Such effects were ex-
tended to comprise also chlorophyll contents,
which indicates retardation of the photosynthet-
ic activity of Chlorella under these conditions.
This could be explained in the light of the fact
that fungi are important nutrient regenerators
and the phytoplankton response most likely
reflected this process. It is axiomatic that the
fungal filterates or mats have a wide variety of
degradative enzymes, which at lower levels,
would have accelerated the breakdown of some
organic matter in the medium directly through
mineralization. Accordingly nutrient availabil-
ity would have increased and their losses
through sedimentation decreased, as a result.
In turn, the growth and metabolic activity of
Chlorella would certainly have been stimulated.

Alternative hypothesis for the stimulatory
response of Chlorella at the lower doses of both
fungal filtrates or mats supplemented to the
culture media appear less plausible may lay in
vitamin enrichment induced by both fungal ex-
tracellular products or mycelia. In this respe-
ct, it was reported that although many algal
species are auxotrophic (Provasoli and Car-
lucei, 1974) for vitamins released by various
aquatic microorganisms (Niewolak and Sobier-
ajska, 1971), yet in situ vitamin enrichments did
not substantially alter the phytoplankton com-
munity (Smith et al., 1984). The excessive
production of exocellular enzymes or mycotox-
ins at higher doses, may mask the beneficial role
played by vitamins.

The drastic effects on the growth and meta-
bolic activities of Chlorella induced at higher
concentrations of fungal mats or filtratees may
be attributed to high polygalacturonic and pro-

teolytic activities of these fungal enzymes. In
this connection, it should be mention! that the
extracellular protease hyphomycetes has been
explored by Suberkropp et al. (1983). They
reported proteolytic activity for six species
namely; Flagellospora curvula, Heliscus lug-
duensis, Arguillsspora pseudolongissima,
Clavariopsis aquatica and Lemonnierq terres-
tris, Samir and Saad (1989) listed 19 species of
aquatic hyphomyeetes which showed proteolytic
activity.

The absence of cellulase enzymes from either
fungal filtrates or mats, as observed in this in-
vestigation, may confirm again, that the inhibi-
tory effects induced at higher doses, could be
mainly attributed to the mycotoxins and not en-
zymatic activities (Canter, 1974, 1979).

It must be mentioned here, that not all
phycomyeetes are able to produce cellulases. It
was reported by Singh and Yadava (1983) that
Helicoma dennisit, Helicoon farinosum and H.
pluriseptatuwm are not cellulase producing trop-
ical aquatic hyphomyecetes.

The relatively high proteolytic and polygalac-
turonic activities showed in this investigation
are consistent with the findings of (El-Feki,
1987), who reported that Saprolegnia diclina
produces protease and lipase enzymes capable
of decaying the protein and lipid in fish.

Generally, the data presented in this inves-
tigation support the idea that relationships be-
tween these two groups of organisms, in natural
environments are far more complex than it
could be expected. In this connection, Parker
and Bold (1961) studying the biotic relationships
between soil algae and other microorganisms,
reached to the conclusion that a-stimulatory ef-
feets occur naturally between remotely related
groups such as autotrophs and heterophs, b- in
soils deficient in nitrogen stimulatory and inhibi-
tory relationships involving algae may center
about the availability of nitrogen. c-stages in life
cycles of different soil algae are evoked by ac-
tivities of their neighbours; the rate of cell divi-
sion, longevity of cells, induction and duration
of motile stages, zoospore formation, sexuality,
and other aspects of life cycles of algae may be
influenced by associated organisms.
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