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Microbial insecticides are considered as the most sustainable and ecologically acceptable means of
crop protection. Here we report the ability of some Moroccan actinobacteria isolates to produce
larvicidal compounds against the Medfly (Ceratitis capitata Wied.). Thus, actinobacteria isolates were
tested for their insecticidal activity through biological and chemical screening. The primary biological
screening using the brine shrimp bioassay showed that 12 isolates out of 210 (5.71%) have been found
to be highly toxic at the concentration of 100 ug mL™. Among these, isolates 0S46, 37 and B62 were the
most toxic with an LCsy of 0.26, 0.34 and 0.84 ug mL™, respectively. The freeze-dried fermentation of the
selected isolates showed moderate to high insecticidal activity against the first instar larvae of C.
capitata, and the most important pupation reduction was obtained for isolates 37 and B89 (0 and 6% of
pupation, respectively). The chemical screening on thin layer chromatography of the crude extract of
the most important isolates using specific insecticide family’s reagents showed a variety of compounds
depending on isolate with at least one active spot for each tested specific reagent. Finally, the inhibition
of acetylcholinesterase activity test was carried out in order to assess the possible nature of
insecticidal activity of selected isolates. The obtained results show that, except the isolate 37 which
probably acts by a different mode of action, all other isolates were active. This finding could have an
applicative value for the potentiality of utilizing Moroccan actinobacteria isolates as an alternative to
chemical insecticides in pest management mainly against C. capitata.

Key words: Moroccan actinobacteria, insecticidal activity, biological screening, chemical screening, Ceratitis
capitata.
INTRODUCTION

With an ever-increasing of human population, the more food is one of the greatest challenges for the
demand placed upon the agriculture sector to supply agrarian community. An increased vyield potential of
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crops, however, is often constrained by different pest
attacks (Oerke and Dehne, 2004). In fact, an average of
35% of global crop production is lost due to insect pest
(Oerke, 2005). A case in hand concerns one of the most
economically costly pest species worldwide; the
Mediterranean fruit fly, Ceratitis capitata (Weidemann)
(Diptera: Tephritidae) (Malacrida et al., 2007; De Meyer
et al., 2008). This species shows a wide larval hosts
range comprising more than 200 different species of fruits
and vegetables (Lance et al.,, 2014). In Morocco, the
Medfly survives in large forests (800,000 hectares) of
endemic Argan trees and invades continuously bordering
agricultural areas (Alaoui et al., 2010). The control of the
Medfly has been mostly done with chemical insecticides
(especially malathion) (Bolognesi, 2003, Dominiak and
Ekman, 2013). However, their intensive use and abuse
have led to several problems such as the pollution of the
environment (Kumari et al. 2008; Ferencz and Balog,
2010), an increase in human diseases such as cancer
and several immune system disorders (Osman, 2011),
the selection of insect resistant populations (Rivero et al.,
2010), and important outbreaks of secondary pests
(Croft, 1990; Ruberson et al., 1998; Preetha et al., 2010).

Microbial insecticides have been recognized as an
important alternative to the use for pest control
(Ravensberg, 2015). Unlike most chemical insecticides,
bioinsecticides are often very specific for a particular
pest. They have less impact on the environment and
water quality, and they offer more environmentally
friendly alternative to chemical insecticides. They could
also be used where pests have developed resistance to
conventional pesticides (Popp et al., 2013). For these
reasons, there is an increasing concern in society for
lowering the use of chemical insecticides and moving to
safer practices in crop protection (Jeméa et al., 2010 ;
Chueca et al., 2013), such as the development of new
environmental friendly microbial insecticides (Aboussaid
et al., 2011). Among bacteria, actinobacteria are the most
prolific source for all types of bioactive metabolites,
including bioinsecticides (Berdy, 2005; Liu et al., 2008;
Herbert, 2010; Karthik et al.,, 2011; Omura, 2011;
Deepika et al., 2012; Saurav et al., 2013). Currently, the
control of C. capitata by actinobacterial insecticide is
based on spinosad (Barry et al., 2003; Vargas et al.,
2003; sStark et al, 2004). However, in laboratory
experiments, some pest insects have developed
resistance to this insecticide (Hsu and Feng, 2006; Su
and Cheng, 2013 ; Abbas et al., 2014). Thus, the use of
others actinobacteria as a biocontrol agent against the
Medfly could ensure environmental protection and
commercial sustainability.

The present study has been undertaken to select
Moroccan actinobacteria isolates with insecticidal activity

using a primary biological screening against Artemia
salina, successfully used as a model for biological
screening of insecticidal activity (Xiong et al., 2004 ;
Shiomi et al., 2005; Deng et al., 2008), and a secondary
biological screening against the first instar larvae of C.
capitata (Wiedemann). Finally, the chemical screening
through specific insecticide reagent was done in order to
assess the possible nature of insecticidal activity of
selected isolates.

MATERIALS AND METHODS
Microorganisms

The 210 actinobacteria isolates used in this study were from the
collection of Laboratory of Biology and Biotechnology of
Microorganisms, Cadi Ayyad University, Marrakesh, Morocco. They
were isolated from various Moroccan habitats including rhizospheric
soils and endophytic of endemic aromatic and medicinal plants
(Barakate et al., 2002). All strains were maintained in glycerol
(20%) at -20°C.

Fermentation

Selected actinobacteria isolates were inoculated into a 500 mL
baffled Erlenmeyer flasks containing 100 mL of the producing
Bennett's liquid medium (Beef extract, 1 g L™; glucose 10 g L™;
peptone, 2 g L™; yeast extract, 1 g L™; distilled water, 1000 mL ;
pH 7.2). Flasks were incubated on a rotary shaker (250 rev min™) at
30°C for 48 h. 2 L of this culture was used as inoculum for a 20 L
jar fermentor containing 18 L of the Bennett's liquid medium.
Starting pH is at about 7.2 and the aeration was of 5 L min™ with
agitation of 120 rev min™’. The fermentation was carried out at 30°C
for at least seven days. The bacterial culture received from the
fermentation was first filtered over the Celite and the water phase
was in part freeze-dried and used for larvicidal bioassay of C.
capitata. The remaining liquid fermentation was extracted three
times with acetic ester with a ratio of 1:1 (v/v). The organic phases
were collected together and evaporated in vacuum at 40°C until
they became dry. The obtained crude extract was suspended in
methanol for further uses in chemical screening and acetylcholine-
esterase test inhibition.

Primary screening: Brine shrimp bioassay

The brine shrimp lethality assay is considered as a useful and
effective tool for preliminary screening of insecticidal substances of
microbial origin (Liou, 2000 ; Zhiyu et al., 2000). Our primary
biological screening’s brine shrimp bioassay was conducted using
agar culture diffusion solution according to the method of (Xiong et
al., 2004) with some modifications. The agar culture diffusion
solution was prepared as follows: actinobacteria isolates were
grown on Bennett's agar medium (Beef extract, 1 g L™ ; glucose, 10
gL™; peptone, 2 g L™ ; yeast extract, 1 g L™ ;agar, 15 g L™ ; distilled
water, 1000 mL ; pH 7.2) and incubated for at least 7 days at 30°C.
The agar culture diffusion solution was prepared by picking out
under sterile conditions 1 cm? of agar culture of the isolates and
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put into Eppendorf tubes containing 1 mL of sterile distilled water.
The tubes were kept at 4°C for 12 h. The mixtures were centrifuged
at 1000 g for 15 min and the supernatants were pipetted out. Brine
shrimp eggs (0.5 g) were hatched in 500 mL sterile seawater. The
suspension was aerated by bubbling air and kept for 24 to 48 h at
room temperature. A volume of 0.5 mL of hatched nauplii
suspension (30 to 40 larvae) was transferred into separate wells of
a plastic 24-well tissue culture plate and filled with 0.5 mL of each
actinobacteria supernatant. The supernatant obtained from a free
isolates agar culture was used as negative control. All experiments
were conducted in six replicates. The mortality was adjusted using
the Abbott’s control-adjusted mortality (Abbott, 1925) expressed as
follow :

_ (A-B-N)
M= o x100

Where, M = percent of the dead larvae after 24 h; A = number of
the dead larvae after 24 h; B = average number of the dead larvae
in the blind samples after 24 h; N = Number of the dead larvae
before starting the test and G = Total number of larvae.

For the isolates showing a strong anti-brine shrimp activity, the
LCso and TLso were calculated.

Secondary screening: Laboratory bioassay of C. capitata
Insect rearing

C. capitata used in these tests was obtained from a mass-reared
stock maintained at the laboratory of Molecular modeling and
Ecophysiology, University Cadi Ayyad, Faculty of Sciences
Semlalia, Marrakesh, Morocco (Aboussaid et al., 2011). The flies
were maintained and all the experiments were carried out at 27 +
2°C and 75 to 85% relative humidity under 16:8 light and dark
cycles. Insects were reared in clear plastic containers (20 x 14 x 7
cm) on a diet composed of wheat bran, sucrose, brewer’s yeast,
Nipagin, Nipasol, benzoic acide, and water at a volumetric ratio of
(25:7:3:1:1:1:62). A mixture of sucrose and Brewer's yeast (4:1)
was used as adult food.

Insecticidal bioassay

A preliminary screening of C. capitata was performed using a
single-dose test according to Molina et al. (2010) with some
modifications. Thus, the first 10 instar larvae were transferred to
plastic recipients (30 x 70 mm) containing 5 g of diet (see insect
rearing) mixed with 0.5 g of freeze-dried fermentation of selected
actinobacterial isolates. The control receives 0.5 g of freeze-dried
Bennett's liquid medium. Five repetitions were conducted for each
experiment and the pupation was recorded after 14 days of
incubation.

Chemical characterization
Chemical reagents

Fast Blue B salt, physostigmine, and 1-naphthyl acetate were
purchased from Sigma (Germany). The palladium chloride (was
obtained from Riedel-de Haén, the methyl yellow from Acros
organics and the molybdatophosphoric acid from Fluka. Silica gel
G/UV254 plates were purchased from Macherey-Nagel & Co., with
the thickness between 0.2 and 0.25 mm. Other reagents were of
analytical grade.
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Detection of chemical insecticide families by TLC

The detection of chemical insecticide families was conducted for
the most promising isolates from the biological screening on thin
layer chromatography (TLC) using specific reagents of each
chemical insecticide family: (i) for the organophosphates (OP), the
crude extract was applied onto the TLC plate and chromatographed
in a mobile phase consisting of n-hexane-acetone (8:2 v/v). The
plates were first placed under UV radiation at the wavelength of 254
nm and sprayed with a 0.5% solution of palladium (II) chloride in
10% HCI then heated (Koujiro et al., 1997), an active yellow-brown
to black colored spots indicating a possible production of an
insecticide of organophosphate family. (ii) for the carbamates (CA),
developing solvent was benzene-ethyl methyl acetone (19:1 v/v).
The orange or purple specific spots were visualized after migration
by treating the chromatogram with an ethanolic solution of Fast
Blue B followed by 20% of aqueous solution of NaOH and viewed
under short UV light (254 nm) (Tewari and Singh, 1979); (iii) for the
pyrethroids (PY) family, the mobile phase consisted of n-hexane-
benzene-acetone (9:1:1 v/v) then after, plates were sprayed with
molybdatophosphoric acid and heated to 120°C to visualize gray
spots in a yellow background (Ogierman and Silowiecki, 1981); (iv)
for the detection of organochlorines (OC), the hexane-chloroforme-
acetone (9:3:1 v/v) was used as developing solvent. The TLC
plates were sprayed with the N,N-Dimethyl-p-phenylazoaniline
(methyl yellow), and red spots were viewed under UV radiation at
the wavelength of 254 nm (Krzeminski and Landmann, 1963). For
all tests, the colored spot positions were determined using the
retardation factor (Rf).

Screening for acetylcholinesterase inhibitors

In order to determine whether selected isolates have an insecticidal
activity on insect's nervous system a screening assay was
conducted for acetylcholinesterase (AChE) inhibition according to
the method of Zhongduo et al. (2009). Thus, 500 U of
acetylcholinesterase (EC3.1.1.7, Sigma product No. C2888) was
first dissolved in 500 mL Tris-hydrochloric acid buffer (0.05 mol L™,
pH = 7.8) containing 500 mg BSA (Sigma, Germany) and 100 pg of
crude extract of actinobacteria isolate was dissolved in 1 mL
methanol and applied to silica gel TLC plate. The plate was dried
and sprayed with enzyme and 1-naphthyl acetate solution (150 mg
of 1-naphthyl acetate dissolved in 40 mL of ethanol and diluted with
60 mL of distilled water). Then, it was put in a closed humid
environment and kept at 37°C for 20 min. Subsequently, the Fast
Blue B salt solution (50 mg dissolved in 100 mL of distilled water)
was sprayed onto TLC plate and the inhibition of the enzyme-
substrate reaction by the produced insecticide caused the formation
of an azo dye resulting in bright zones on a purple colored
background (Sherma and Fried, 2003). Physostigmine, known as
acetylcholinesterase inhibitor, was used as positive control and the
methanol as negative control.

Statistical analyses

All experiments were conducted in a randomized design and the
data obtained were compared by one way ANOVA, and means
were compared by Tukey's multiple range test, with the level of
significance set at p<0.05. The lethal concentration (LCso) values
were calculated using the EPA computer probit analysis program
(Version 1.5). The lethal time (TLso) were calculated according to
the SAS LIFEREG procedure fitting a Weibull model to the time
interval data with single censored-time observation using JMP
version 8.0.
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Figure 1. Toxicity of Moroccan actinobacterial isolates against A. salina. LT, low toxic isolate with
a corrected mortality less than 50%; MT, moderate toxic isolate with a corrected mortality ranged
from 50 to 80 %; HT, highly toxic isolate with a corrected mortality ranged from 80 to 100%.

Table 1. Lethal concentration LCso (ug mL™) and time mortality TLso (h) of the most

active isolates using brine shrimp bioassay.

Isolate LC50.1 95% confidence limits TLeo (M)
(ug mL™) Lower Upper

0S46 0.260 0.257 0.278 <1lh
37 0.342 0.293 0.445 5.20 £ 0.02
B62 0.840 0.811 0.932 <lh
B56 1.094 1.043 1.256 2.29+0.04
PH33 1.352 1.343 1.394 <lh
AS1 2.604 2.550 2.799 3.59+0.04
AS2 2.862 2.834 3.035 2.29+0.04
B89 5.285 4,949 6.130 <1lh

CB33 7.168 6.859 8.131 6.66 + 0.03
D51 10.893 10.429 12.358 7.94 +£0.03
0S5 11.265 10.641 12,354 22.79+£0.11
B42 23.775 21.154 26.986 11.21 + 0.06

RESULTS
Determination of anti-brine shrimp activity

The primary biological screening results show that out of
210 isolates, 22 (10.48%) were highly toxic against brine
shrimp with a corrected mortality that ranged from 80 to
100%, 9 isolates (4.29%) were moderately toxic with a
corrected mortality ranged from 50 to 80% while, 179
isolates (85.24%) have a corrected mortality less than
50% (Figure 1). Among the 22 highly active
actinobacteria isolates, only 12 showed 100% brine
shrimp mortality at the concentration of 100 pg mL™, and

their corresponding lethal concentration (LCso) and time
mortality (TLsg) are given in Table 1. Thus, the 12
selected actinobacteria can be divided into two groups: (i)
the highly toxic rapid group (HTR) including isolates
which caused 50% of A. salina mortality in less than 1 h.
Among these and except isolate B89 with a LCsg, of 5.285
Mg mL™, the others (0S46, B62 and PH33) were the most
toxic with a LCg, of 0.260, 0.840 and 1.352 ug mL™*
respectively ; (i) the highly toxic slow group (HTS)
includes isolates 37, B56, AS1, AS2, 0S5, B42, D51 and
CB33 which caused 50% of Artemia salina mortality in
more than 1 h. Among this group, the isolates 37 and
B56 were the most toxic with a respectively LCs, of
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Figure 2. Insecticidal activity of the most active actinobacterial isolates on larval pupation of
Ceratitis capitata after 7 days of exposure (means followed by different letters with in a column

are significantly different; Tukeys HSD, p < 0.05).

Table 2. Chemical screening of the most active isolates on thin layer chromatography; using four specific insecticide

reagents.
TCL with specific insecticide reagents
Isolate - .
Pyrethroids Organophosphates Organochlorines Carbamates
37 . . R (9.33; 22.67) -
G (12.68)

B89 G (10.53; 22.37; 39.47 R (30.88 O (28.38; 56.76
( ' ’ ) Y (19.72; 32.39; 50.70) ( ) ( ’ )

AS1 - G (32.05) - -

0S5 - G (25.64) - -

Color of reveled spot after staining with specific insecticide reagents are: G, grey; Y, yellow; R, red; O, orange; P, purple; -:

no active spot; numbers in brackets represent the Rfx100.

0.342 and 1.094 pg mL™,

Insecticidal activity against C. capitata

The biological control against the first-instar larvae of C.
capitata (Figure 2) showed that the percentage of
pupation ranged from 0 to 100%, and only isolates 37,
B89, AS1 and AS2 caused a significant reduction in larval
pupation compared to control as determined by Tukey's
Student range test (p < 0.05). No pupation was obtained
from treated larvae with isolate 37. On the other hand,
the remaining isolates showed no significant mortality in
comparison to the control with no pupation reduction for
isolates B42 and OS46.

Chemical screening

The thin layer chromatography (TLC) of crude extracts

showed a diversity of the bioinsecticide compounds
produced by the most promising active isolates against
the first-instar larvae of C. capitata as indicated in Table
2. The variety of colored bands on TLC after staining with
palladium (1) chloride, Fast Blue B, molybdatophosphoric
acid and methyl yellow showed that the selected
actinobacterial isolates gave at least one active spot on
TLC plate. Thus, isolate 37 gave a red spot after staining
with the methyl yellow indicating that these crude extracts
could contain chlorinated insecticide compounds.
Furthermore, the isolate AS1 gave a gray spot after
spraying with the palladium chloride, a specific reagent
for thiophosphate esters and other sulfur compounds.
While, isolate B89 exhibits a wide chemical variety with at
least one active spot for each specific reagent tested.

Acetylcholinesterase inhibitors

The screening of the most promising isolate as candidate
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Table 3. Acetylcholinesterase inhibition bioassay of the
crude extracts of the most active isolates at the
concentration of 100 pg mL™.

Isolate Inhibition of acetylcholinesterase
37 -

B89

AS1

0S5
Physostigmine
Methanol -

+ + + +

+, Active spot; -, no active spot.

for the production of acetylcholinesterase inhibitors
indicate that when the crude extract of the isolates AS1,
OS5 and B89 was used in the TLC-bioautographic assay
at the concentration of 100 ug mL™, a bright zones on a
purple colored background were clearly observed.
Conversely, both the isolates 37 and physostigmine failed
to give an active spots on the TLC plates (Table 3).

DISCUSSION

Trend in insect pest control have been shifted from the
reliance in conventional chemical pesticides to natural
product such as microbial insecticide. The discovery of
new active metabolites must be followed by adequate
biological testing (Naine et al., 2012). In this study, we
investigated the ability of Moroccan actinobacteria
isolates to produce insecticidal compounds against C.
capitata by combining several screening methods. From
the 210 investigated Moroccan isolates, 5.71% showed
100% anti-brine shrimp activity. These isolated could be
a potential candidate for the production of insecticidal
compounds, and also a source of cytotoxic substances
as described by many other authors (Xiong et al., 2004;
Anibou et al., 2008; Deng et al., 2008). According to
Meyer et al. (1982), LCs, value lower than 1000 pg mL™
indicated significant cytotoxic potentials. In our bioassay,
LCs, value of the twelve most active isolates ranged from
0.26 to 23.77 ug mL™* indicating a high anti-brine shrimp
activity. Similar toxicity values were obtained from
actinobacteria by many other authors using A. salina as a
model of screening bioinsecticides compounds from
actinobacteria (Tantithanagorngul et al., 2011; Kekuda et
al.,, 2012; Tanvir et al., 2014). However, the TLso values
obtained in our study were lower than those obtained by
the same authors. The 12 selected actinobacteria
isolates were there after tested against the
Mediterranean fruit fly C. capitata and especially against
the first instar which is considered to be, with the second
instar, the most crops damaging. In fact, the most food
intake is used to expand the cell and body size of first
and second instars during the life cycle of this Diptera
(Berni et al., 2009).
Our results show that the ingestion of freeze-dried fer-

mentation of the isolates 37, B89, AS1 and AS2 caused a
significant pupation reduction (P>0.05) compared to the
control after 14 days. Many works have demonstrated
that actinobacteria isolates are able to produce
bioinsecticides compounds against C. capitata (Karthik et
al., 2011; Deepika et al., 2012; Saurav et al., 2013). The
fact that selected bioactive isolates seem to be differents
regrading their morphological characteristics and
fermentation (data not shown) suggested that they could
produce different active compounds. Thus, a chemical
characterization was conducted using thin layer
chromatography (TLC) combined with chromogenic
reagents; in order to assess the nature and chemical
diversity of the produced bioinsecticide metabolites. The
chemical screening of the acetic ester extracts by thin
layer chromatography (TLC) helped to determine the
diversity of the chemical constituents produced by the
investigated isolate. The variety of the colored bands and
their Rf obtained on TLC plates after staining with specific
insecticide reagents represent secondary metabolites
diversity in the crude extract and could indicate the
mechanism of action of the respective actinobacterial
isolates. Indeed, the isolate B89 produce a wide chemical
variety of secondary metabolites, while the isolates 37,
AS1 and OS5 exhibit less diversity. On the other hand,
the production of organophosphate compounds could
indicate a mechanism involving the enzyme
acetylcholinesterase. Accordingly, only the isolates AS1,
OS5 and B89 could act on this enzyme. We also notice
that the isolate B89 produced compounds belonging to
the four insecticide families investigated and could have
therefore more than one mechanism of action. These
finding were confirmed by a screening of
acetylcholinesterase inhibitors. Indeed, the obtained
result showed that except the isolate 37, all selected
isolates inhibited the enzyme at the concentration of 100
Hg mL™. In fact the organophosphates acted primarily by
phosphorylation of the acetylcholinesterase enzyme at
nerve endings (Moss and Henderson, 1999; Walker and
Asher, 2005). Consequently, it allowed the accumulation
of acetylcholine at parasympathetic neuroeffector
junctions and caused insect poisoning (Waxman, 1998).
It can be conferred from the study that Moroccan
actinobacteria could be an important source of
compounds with insecticidal activity. The isolates 37,
B89, and AS1 showed a potential for controlling C.
capitata and could be useful in integrated control against
this Pest. The bioassay of selected isolates against the
other stages of C. capitata and the taxonomic
characterization of isolates with important larvicidal
activity against the Medfly as well as isolation, purification
and structural elucidation of the produced larvicidal
bioactive metabolites are under investigation.
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