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Abstract

This work evaluated the in vitro bio-control action of actinomycetes isolated from Egyptian soil against Fasciola
gigantica eggs. In this respect, the identified Streptomyces griseolus was the best parasite-control agent which gave
the highest mortality percent applying three methods; the first method was the application of the grown bacterial
disks with the eggs at zero time on the medium (2% w/v water-agar) and incubated for 21 days (75.5% mortality),
the second method was the incubation of the bacterial disks using the same medium for 5 days before eggs
inoculation, after 21 days of incubation the mortality percent was 80.8%. The application of the third method showed
a good effect by using all bacterial culture filtrates. S. griseolus filtrate which had the highest lytic enzyme and
proteolytic activities reached 2.0 and 660.7 U/ml, respectively, gave the highest mortality (95.5%) of F. gigantica
eggs compared to the other bacterial filtrates. The crude culture filtrate and the diluted culture filtrate (1.33 fold) of S.
griseolus gave the highest mortality percent against the parasite’s eggs (95.8 and 94.5%, respectively) compared to
the higher diluted filtrates. The culture filtrate of S. griseolus grown on two different media and its partially purified
enzyme (precipitated by 60% ammonium sulfate) were tested for their proteolytic activity and inhibitory effect against
F. gigantica eggs. Medium no. 2 showed the highest proteolytic activity (1030.3 and 1138.1 U/ml) for the crude and
the partially purified enzyme, respectively. While the highest inhibitory effect reached 97.6 and 89.9%, respectively.
Finally, the application of crude enzyme filtrate was better than the partially purified one. Streptomyces griseolus
was proved as a potential biological control agent for this helminth.

Keywords: Biological control; Actinomycetes; Strepfomyces as potential pesticides. Streptomyces species producing protease
griseolus; Fasciola gigantica eggs; Proteases include S. griseus, S. rimosus and S. thermovulgaris [9-12].

X Fasciolosis, caused by the trematode liver fluke Fasciola gigantica, is
Introduction the cause of considerable loss in domestic ruminants’ production
systems in tropical and subtropical parts of Asia and Africa [13]. It is
also emerging as a significant zoonotic infection of humans [14]. In
Egypt, high infection rates had been described in livestock [15]. Such
infection rates induced important economic problems. The annual loss
in milk and meat due to fasciolosis was being estimated to be 30%.
Also, the number of human cases had dramatically increased since
1980, especially in the Nile Delta region [16]. On the other hand, one
adult liver fluke produces between ten and 20,000 eggs per day that are
expelled to the outside along with the stool. In the right humidity,
temperature, and light conditions in the pasture, the eggs hatch and
release miracidia, initial larval forms that will infect the Lymnaea spp.
freshwater mollusk [17]. Although humans and domestic ruminants

Lytic enzymes such as a and B-glucanases, proteases, peptidases, become infected through water consumption, most infections in
cellulases, chitinases and lipases have been proposed as the key ruminants occur in animals during the dry season, when they graze in
enzymes in the lysis of pathogenic bacterial and fungal cell wall. contaminated areas and become infected orally by ingestion of
Proteases known as proteinases or proteolytic enzymes which occur  metacercaria; the infectious form [18]. At present, effective and
naturally in all organisms, they act on the peptide bonds formed by ~ commercial vaccines are not yet available; therefore anthelmintic
specific amino acids to hydrolyze them [7]. They represent one of the  drugs are the main method employed for controlling the fluke
three largest groups of industrial enzymes and find application in  infection [19]. However, due to emergence of resistance and the cost of
detergents, leather industry, food industry; pharmaceutical industry —animal treatment, especially for small ruminants, the use of new
and bioremediation processes [8]. Also, Proteases from a variety of  control alternative measures is important, especially of the present
sources (viruses, bacteria, fungi, plants, and insects) have toxicity eggs in the pasture, such as biological control [20]. The use of bacteria
towards insects; Harrison and Bonning used the insecticidal proteases

Actinomycetes are gram positive mycelium-forming soil bacteria.
They have the ability for decomposition of many macromolecules
because they synthesize of various extracellular hydrolases including
lytic enzymes which degrade chitin, cellulose, proteins, xylan, lignin,
starch, lipids, pectin, and keratin [1]. Also they can produce antibiotics
and other wuseful compounds of commercial interest [2,3].
Furthermore, they play an important role in the biological control of
insects and parasites [4,5]. Finally, Pirali-Kheirabadi reported that
Streptomyces — avermitilis, produces toxins collectively called
"avermectins” which are highly effective against several invertebrates
from the classes Insecta, Arachnida and Nematodes [6].
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appears therefore as a viable and promising control alternative for
constantly infected animals.

The major objective of the present study is screening of the soil
actinomycetes isolates for their ability to degrade or lysis the eggs of £.
gigantica, then the most promising organism was applied as a bio-
control agent against the eggs under laboratory conditions.

Materials and Methods

Microorganism

a. Isolation: The soil samples were collected from three different
locations in Egypt (Kafr Elzayat city, Tanta city and El mansoura city)
air dried and powdered. The samples were diluted in sterile saline
solution (0.89% wi/v). The diluted samples were plated onto sterile
starch nitrate plates (pH 7) containing (g/l) Starch 20; KNO; 1;
K,HPO, 0.5; MgS0,7H,0 0.5; NaCl 0.5; Fe SO,4 0.01; and agar 20 and
were incubated at 30°C [21]. After 7 days, the isolated actinomycetes
colonies were subcultured in fresh plates and then the single uniform
colonies were transferred into slants of the same medium and
preserved in the refrigerator at 4°C until use.

b. Reference microorganisms: Streptomyces griseolus was isolated
from the soil and identified by biochemical tests in National Research
Center [22]. Streptomyces griseus and Streptomyces viavogriseus were
isolated from the soil and identified previously by 16S rRNA
sequencing data collection [23].

c. Collection and counting of F. gigantica eggs: Immature F
gigantica eggs were obtained from the gall bladders of naturally
infected buffaloes slaughtered in El Warak abattoir, Giza, Egypt,
known by the presence of adult F. gigantic worms in the bile passages
of the livers of these buffaloes. The eggs were processed according to
the method of Hegazi et al. [14]. Number of immature eggs per 1 ml of
solution was determined and kept in the refrigerator at 4°C until used.

Screening for biological activity against F. gigantica eggs

All the isolated actinomycetes included the three identified
streptomyces were screened for biological activity against F. gigantica
eggs by three methods

Screening by using antagonistic effect: This was done using two
methods as follows, the first: Fifteen ml of the assay medium (2 %w/v
agar) were poured in Petri dishes till solidification. One cm diameter
disks were taken from 9-day-old cultures of actinomycetes and placed
on the solidify assay medium containing five hundred immature £
gigantica eggs; after one week of their collection. The second method
was the same as the previous method except that the bacterial disks
were incubated with the assay medium for 5 days before the
inoculation of the eggs. The Petri dishes were incubated at 30°C for 21
days. The eggs were collected from each plate containing the
microorganism and from the control (without actinomycetes) and
examined. The cultured eggs were examined every 3 days until the
eggs approached hatching, as evidenced by movement of the miracidia
within the eggs [24]. The day of hatching was the day in which most of
the eggs with developed active miracidia hatch after exposure to
artificial light for 15 min.

Screening by using culture filtrate: The inoculum was prepared by
growing the organisms on soy bean slants for 9 days; then a bacterial
suspension of optical density 0.6 at 660 nm was made by using sterile
saline solution. Two ml of the suspension was inoculated on 48 ml

liquid medium which contain (g/1): 0.7, K;HPOy; 0.3, KH,POy; 0.5,
MgSOy; 0.01, FeSOy; 0.001, ZnSO,4 and 7, baker's yeast; modified from
Reynolds [25]. Thereafter, the flasks were incubated for 4 days at 30°C
in a shaking incubator (200 rpm). The culture medium was
centrifuged at 6000 rpm for 10 min under the sterile conditions and
the supernatant was assayed for lytic enzyme and proteolytic activities.
Thereafter, five ml of the supernatant was poured on test tubes
containing five hundred immature F. gigantica eggs. The tubes were
incubated for three days on a shaking incubator adjusted at 100 rpm,
then the eggs washed several times with sterile distilled water and
placed in Petri dishes. The dishes were covered and incubated at 26°C,
and the eggs were examined every 3 days until the eggs approached
hatching, as above.

Inhibitory activity of tested microorganisms and enzymes on
immature F. gigantica eggs: At the end of the incubation period, the
rate of egg hatching in both exposed and control eggs were evaluated
according to Hegazi et al. [14]. The reduction percentage of F.
gigantica egg hatching was estimated using the following formula:

Hatching % of controleggs - Hatching % of exposed eggs «10
Hatching % of controleggs

Inhibitoryactivity = 0

Production media

Two different types of media were used for production of lytic
enzymes (especially protease). The compositions of these media g/l
were as follows:

Medium 1: 0.7, K,HPO,; 0.3, KH,POy; 0.5, MgSOy; 0.01, FeSOy;
0.001, ZnSO, and 7, baker yeast; modified from Reynolds [25].

Medium 2: 30 glucose; 0.5, NaCl; 2, KNO3; 1, K;HPOy; 0.5, MgSOy;
3, CaCOg3; 0.01 for each of FeSO,4, ZnSO4 and MnCl,.

Preparation of dead enzyme

The crude culture filtrate was autoclaved at 121°C, 1.5 atm for 5
minutes.

Assay of lytic enzymes

Preparation of cell wall suspension: The residual cell walls of
Saccharomyces cerevisiae after sonication were centrifuged and
washed then lyophilized and stored according to Beaulieu et al. [26].

Turbidimetric method: This was carried out according to the
method described by Tominaga and Tsujisaka with some
modifications in the volumes of the reaction mixture (enzyme
solutionandcell wall suspension) [27].

Quantitative assay of protease

Protease activity in the culture filtrate of S. griseofus was assayed by
method of Tsuchida et al. [28] by using casein as the substrate. One
protease unit is defined as the amount of enzyme that releases 1ug of a
tyrosine per ml per minute under the above assay conditions.

Protein concentration

The protein concentration was determined by the method of lowry
et al. [29] with bovine serum albumin as a standard.
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Precipitation by ammonium sulfate

Finley powdered ammonium sulfate was added to the culture
filtrate of S. griseolus maintained at 4'C with stirring until the required
saturation of ammonium sulfate was reached (60%). The mixture was
lift to stand overnight at 4°C. The precipitate protein was separated by
centrifugation at 10.000 rpm for 15 min. at 4°C. The precipitate was
dissolved in 0.2 M phosphate buffer pH 7 and dialyzed against the
same buffer, and dried then stored at -18°C. This concentrated enzyme
solution is called Partially Purified Enzyme (PPE).

Statistical analysis

Data were statistically represented in terms of mean and Standard
Deviation (SD) of five independent astrocytic culture preparations.
Comparison among different groups in the present study was done
using One-way ANOVA Test as multiple comparisons. Probability
value (p-value) less than or equal to (0.01) was considered highly
significant. All statistical calculations were done using computer
program SPSS (Statistical Package for Social Science) statistical
program version (16.0).

Results

Screening of actinomycetes for ovicidal activity

The isolates including the three previously identified Stereptomyces
were screened for ovicidal activity against F. gigantica eggs using water
agar medium (Table 1). The first two methods exhibited the
antagonistic effect of all actinomyctes after 21 days of incubation. The
most potent isolate, S. griseolus, exhibited a maximum inhibitory
effect reached 75.5% by using method no. 1 and 80.8% by using
method no. 2 at 30°C compared to the other isolates. The data
obtained from method no. 3 showed the highest inhibitory effect
against the eggs compared to the other two methods (Table 1). S
griseolus gave the highest lytic enzyme and protease activities reached
2.0 and 660.7 U/ml, respectively, with the highest inhibitory effect
reached 95.5% compared to the other organisms. On the other hand,
isolate no. 8 gave the lowest inhibitory effect (5.0, 0.0 and 47.3% by
using the three methods, respectively) and the lowest enzymatic
activities (0.9 and 264 U/ml for lytic enzyme and protease,
respectively).

Isolate Inhibitory effect (%) Lytic Protease
no. enzyme activity
activity (U/ml)
(U/ml)
Method Method no. | method no.
2 3
no. 1
il 61.5+50 [ 0.0+£0.0 75.0+6.0 1.1+0.10 | 448.1£10.5
12 75.0+4.7 | 80.3+2.1 93.8+1.1 1.6+0.12 |5242+129
13 475+7.0 | 63.3+50 |[948+0.8 1.8+0.11 616.0 £ 14.3
14 61.3+3.0 [43.8+80 |920+25 1.5+0.14 |[4921+95
15 (S.|755+£32 [80.8+22 |955+10 |20+0.14 |660.7+13.7
griseolu
s)
16 42.5+10.0| 0.0+ 0.0 81.8+3.0 1.3+0.09 |460.9+8.9

Page 3 of 6
17 (S.[10.0+£6.2 [ 0.0£0.0 742+72 | 1.4+0.10 470.0+7.5
vlavogris
eus)
18 55+35 0.0+£0.0 47.3+6.2 [ 0.9+0.09 |264.0+7.3
19 (S.|628+13.0|66.0+£6.0 |905+43 |[13+£0.07 |5208+11.2
griseus)
10 425+10.2| 25.0+5.0 |[76.8+4.0 |1.2+0.11 488.6 + 13.4
F value | 33.779 229.570 37.709 29.847 270.123
P value | 0.000 0.000 0.000 0.000 0.000

Table 1: Screening of actinomycetes isolates for ovicidal effect on
Fasciola gigantica eggs by using three methods at 30°C. Data indicated
that there is highly significant difference among all isolates at 0.01
levels (p < 0.01).

Ovicidal activity of enzyme protein concentration

The ovicidal effect of the protein concentrations of extracellular
lytic enzymes (especially protease) produced by S. griseolus was
performed to find out the minimum inhibitory concentration which
gave the maximum ovicidal effect after 3 days at 30°C of incubation at
100 rpm. Different concentrations of enzyme protein ranged from
0.03-0.28 mg/ml were tested (Figure 1). The results revealed that the
ovicidal effect increased with increasing the protein concentration and
protease activity. The maximum inhibitory effect which ranged from
89.8 to 95.8% was at concentrations ranged between 0.14 to 0.28
mg/ml, respectively, and had the highest enzyme activity ranged from
356.6 to 663.3 U/ml, respectively.

800 1 g Inhibitory effect (%)
700 - Protease activity (U/ml) I
600 - I
500
400 - T
300 -
200
I
100 -
x
o i i . . i . i . .
0.03 0.07 0.14 021 0.28
Protein concentration (mg/mil)
Figure 1: Effect of different concentrations of enzyme protein on
Fasciola gigantica eggs after 3 days of incubation at 30°C using S.
griseolus

Comparison between the inhibitory effect of crude, partially
purified and dead enzymes on F. gigantica eggs

The enzyme production varied greatly with the culture media used.
So, the effect of crude, partially purified and dead enzymes secreted by
S. griseolus grown on two different media (M 1 and M 2) on F.
gigantica eggs was tested at 30°C after 3 days of incubation at 100 rpm
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(Table 2). The results indicated that the inhibitory effect (97.6 crude,
89.9 partially purified and 25.5% dead enzyme) and protease activity
(1030.3 crude, 1138.1 partially purified and 0.0 U/ml dead enzyme) of
enzyme produced in medium no. 2 were higher than those of medium
no. 1 (95.1 crude, 86.6 partially purified and 19.5% dead enzyme) and
(647.0 crude, 718.8 partially purified and 0.0 U/ml dead enzyme),
respectively. Based on the data, it indicated that the organism could
produce protease by using different substrates. The highest activity of
protease (crude and partially purified) was observed by using medium
no. 2. The most potent enzyme form was the crude one. At the
meantime, 60% ammonium sulfate partially purified enzyme had
slightly lower ovicidal activity.

Effect Protease activity (U/ml) | Inhibitory effect (%)
Crude enzyme (M1) 647.0+5.0 95.1+20
Crude enzyme (M2) 1030.5 + 14.0 97615
Partially purified enzyme| 718.6 £ 8.0 86.0 + 3.0
(M1)

Partially  purified enzyme| 1138.0 £ 5.2 89.9+3.0
(M2)

Dead enzyme (M1) 0.0+0.0 19.5+5.0
Dead enzyme (M2) 0.0+0.0 255+4.0
F value 8443.476 350.317
P value 0.000 0.000

Table 2: Comparison between the effect of crude, partially purified and
dead enzyme on Fasciola gigantica eggs after 3 days of incubation at
30°C using S. griseolus. Data indicated that there is highly significant
difference among all isolates at 0.01 levels (p < 0.01). M1= medium no.
1. M2= medium no. 2

Discussion

Actinomycetes are considered as important natural bacteria which
exhibit diverse modes of action: these include parasitizing and
producing of toxins, antibiotics, or enzymes, they act synergistically on
the parasite through the direct suppression of it or by promoting the
microbial antagonists [5]. Among various actinomycetes, the genus
Streptomyces always hold special significance in the research because
this genus is known to produce a vast array of compounds with diverse
biological properties. In the present study, all screened Streptomyces
showed ovicidal activity against F. gigantica eggs. This might be due to
that the isolates had lytic effect on the eggs wall without morphological
damage. In this sense, Braga et al. [20] found that the fungi
Duddingtonia flagrans and Monacrosporium sinense had shown lytic
effect on F. hepatica egg wall without its morphological damage
reached 66.5 and 73.4%, respectively. Also, the same author reported
the same effect on eggs of Ascris lumbricoides. Furthermore,
Artobotrys robusta and A. conoides had the same effect against
Toxocara cains eggs [30,31]. Moreover, Hussain et al. [4] used
actinomycetes as a biological control against the house fly Musca
Domestica, they found that the mortality of larval and pupal stages,
were very high reaching up to 90%. Also, Sundarapandian et al. [32]
used actinomycetes effectively against Culex quinquefasciatus. In the
present study, S. griseolus was the most potent isolate that exhibited a
maximum inhibitory effect reached 75.5 by using method no. 1 and
80.8% by using method no. 2 at 30°C compared to the other isolates.

The culture filtrates of the ten isolates grown on medium no. 1 were
collected after 4 days of incubation and were tested for ovicidal effect
against F. gigantica eggs after 3 days of incubation at 30°C and 100
rpm. The medium no. 1 was chosen because it contained baker’s yeast
that consisted of biopolymers which had a stimulating influence on
synthesis of lytic enzymes [33].The culture filtrates were collected after
4 days because the lytic enzymes reached its maximum production at
the stationary phase of growth. In this study, the third method was the
most effective method for killing the eggs by all Streptomyces used but
with variable potentialities; S. griseofus gave the highest inhibitory
effect reached 95.5% compared to the other organisms. This might be
due to that the culture filtrates of the actinomycetes, contained
extracellular lytic enzyme systems varied in their activities. These
results appeared to be in line with Shubakov and Kucheryavykh who
reported that the activities of extracellular lytic enzymes in the tested
fungi varied [34]. The antagonistic activity of Streptomyces was related
to the production of extracellular hydrolytic enzymes and antifungal
compounds [35]. The lytic enzyme system including protease acts on
the peptide bond of protein. Since the egg shell of the parasite consists
largely of protein and related compounds; sclerotin or quinone tanned
proteins, like other living matter does, it was postulated that protease
whether alone or in a mixture with other lytic enzymes could be
involved in parasite control [36,37]. In these findings, Lysek and
Sterba found that the fungi Verticillium chlamydosporium and
Verticillium spp. were shown to be able to degrade the egg shell of
Ascaris lumbricoides enzymatically and infect the eggs [38]. Also,
Gadelhak et al. [39] found that the actinomycetes Actinoplanes
philippinensis, Actinoplanes missouriensis and S. clavuligerus were
capable of reducing the insect (Drosophila melanogaster) population
by their effective production of chitinase under controlled laboratory
conditions. Meanwhile, the inability of the autoclaved preparation of
each chitinase producing isolate to kill the insect indicated that the
reduction in the insect population by the chitinase-producing isolates
might be associated with their chitinase production where, the cuticle
of insect species consisted largely of chitin, it was postulated that
chitinase produced by these isolates could be involved in insect
control. Furthermore, Streptomyces saraceticus and Pasteuria
psenetrans had the best antagonistic abilities, which reduced egg
masses number of nematode (Meloidogyne incognita) on roots of
banana and citrus from 207.8 to 90.1 and 83.6, respectively [40]. This
was attributed to a secreted chitinase that dissolved the chitin layer of
the plant parasitic nematode egg shell [41].

The ovicidal effect of the protein concentrations of extracellular
lytic enzymes produced by S. griseolus increased with increasing the
protein concentration and protease activity, this might be due to that
the increasing of the enzyme activity, and this was in accordance with
Vetrivel and Dharmalingam who reported that the increase in enzyme
activity was due to increased synthesis of the enzyme protein [42]. The
maximum inhibitory effect which ranged from 89.8 to 95.8% was at
concentrations ranged between 0.14 to 0.28 mg/ml, respectively.
Indeed, Prapagdee et al. [43] mentioned that the decrease in the degree
of fungal growth inhibition corresponded to the decrease in
concentration of the culture filtrates. In Streptomyrces, the enzyme
production varied greatly with the culture media used. So, the effect of
crude, partially purified and dead enzymes secreted by S. griseolus
grown on two different media (medium no. 1 and medium no. 2) on F.
gigantica eggs was tested at 30°C after 3 days of incubation. This study
revealed that the organism could produce protease by using different
substrates. The highest activity of protease (crude and partially
purified) was observed by using medium no. 2, this might be due to
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induction of enzyme secretion by glucose and potassium nitrated in
medium no. 2 compared to baker’s yeast in medium no. 1. In these
findings, El-Shafei et al. [44] observed that glucose (1.25%) was the
best carbon source for protease production by S. albidoflavus. Also,
Johnvesly and Naik noticed that 1% (w/v) of sodium nitrate and
potassium nitrate seemed to be good nitrogen sources for protease
production [45]. The most potent enzyme form was the crude one.
The partially purified enzyme which precipitated by 60% ammonium
sulfate had slightly lower ovicidal activity, however it had a high
specific activity, this might be due to the presence of compounds
produced by Streptomyces at the stationary phase (after 4 days) in the
crude culture filtrate and when precipitated by ammonium sulfate,
these compounds were separated. Prapagdee et al. [43] suggested that
extracellular hydrolytic enzymes in the exponential and stationary
culture filtrate and secondary compounds in the stationary culture
filtrate of the strain S. Aygroscopicus played an important role in the
inhibition of the growth of some pathogenic fungi. On the other hand,
the dead enzyme gave inhibitory effect however, it had no activity. In
this sense, Gadelhak et al. [39] found that the autoclaved spores of
Actinoplanes philippinensis, did reduce the amount of pupa formed
by Drosophila melanogaste, at a time, its active spores gave the lowest
pupal formation percentages.

This was the first study on the effect of actinomycetes on F.
gigantica eggs. S. griseolus might be a potential candidate for
biological control of this fluke.
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