J. Plant Prot. and Pathology, Mansoura Univ., Vol. 2 (4): 379 - 392, 2011

IMPORTANCE AND CHEMICAL ANALYSIS OF
TRIGLYCERIDES AND FATTY ACIDS COMPOSITIONS OF
THREE ENTOMOPATHOGENIC NEMATODE SPECIES
El-Badawy, S. S.; A. M. Azazy; Randa M. Abd EI-Rhaman and
Soher F. El-Lakwah

Pest Physiology Dept., Plant Protection Res. Inst., Agric. Res. Center,
Dokki, Giza, Egypt

ABSTRACT

Triglycerides and fatty acids compositions in the juveniles of two species of
Heterorhabditis (Heterorhabditis bacteriophora and H. indica) and one species of
Steinernema (Steinernema riobrave ) were analysed and determined at two ages 0
and 20 days for S. riobrave and H. indica , less than 7 and 30 days for H.
bacteriophora. Results revealed that triglycerides comprised approximately 82, 88and
85 % of the total lipids in S. riobrave, H. indica and H. bacteriophora respectively,
Fatty acids recorded 8, 7 and 8% of the total lipid content, so, neutral lipids are the
major content of total lipids. The major fatty acids found in nematode juveniles of three
species were: palmitic C16:0, stearic C18:0, oleic C18:1 and linoleic C18:2. The most
abundant saturated fatty acids were palmitic (C16:0) and stearic (C18:0) acids. Oleic
(C18:1) and linolelic (C18:2) were the principal unsaturated fatty acids. These
nematodes have relative high levels of poly unsaturated fatty acids. Triglycerides and
fatty acids composition were declined with storage. This decline was quantitative
rather than qualitative. These results might be helpful in increasing the efficiency of
entomopathogenic nematodes (EPN) as biological control agents against insect pests
and improving different nematode species or strains. Fatty acids may be play role in
toxicity of entomopathogenic nematodes (EPN) against hosts.

Keywords: Entomopathogenic nematodes, Steinernema, Heterorhabditis, Energy
reserves, lipids, triglycerides and fatty acids.

INTRODUCTION

The infective third-stage juvenile of the entomopathogenic species is a
non-feeding phenotypically distinct survival stage, whose ability to locate and
infect the host has been reported to decline with declining total lipid content in
several species during storage (Lewis et al., 1995). Lipids, phospholipids and
sterols are essential for nematode growth, development, and reproduction
(Lee & Atkinson, 1977). The role of the membrane, fatty acids and sterols is
important in several physiological processes, such as desiccation survival
(Patel et al., 1997) and energy reserves (Patel &Wright 1997a,b; Patel et al.,
1997; Wright et al., 1997). Fatty acids play an important role in determining
the physiochemical properties of cellular and membrane lipids (Abu Hatab
and Gaugler 1997a).

Stored neutral lipids (mainly triacylglycerols) provide the main source of
fatty acids for locating and infecting a new insect host (Patel et al., 1997).
Selvan et al., (1993) reported that the total lipids fatty acid of newly emerged
IJs of Steinernema. carpocapsae, S. feltiae, S. glaseri, and S. scapterisci
mostly contained saturated fatty acids (50—-66%), while the total lipids of the
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heterorhabditid nematodes, H. bacteriophora and Heterorhabditis megidis
contained proportionately more unsaturated fatty acids (57 and 62%,
respectively). In contrast, Wijbenga and Rodgers (1994) found unsaturated
fatty acids accounted for over 70% of the total lipid composition in S. feltiae.

The present investigation aims to study the role of neutral lipids
(triglycerides and fatty acids) of two species of Heterorhabditis and one
species of Steinernema during two ages of their life. Such chemical analysis
might play a vital role in improving shelf-life of nematode juveniles and
establishing a simple and easy quality control method for different nematode
species or strains.

MATERIALS AND METHODS

Nematode source and culturing of the nematodes

The three species H. bacteriophora, H. indica and S. riobrave were
obtained from the Laboratory of Insect Parasitic Nematodes, Plant Protection
Research Institute. Nematodes were cultured on last-instar larvae of Galleria
mellonella (L.) as a host at 25°C according to procedures described bys Kaya
and Stock, (1997). Nematode juveniles at the tested ages (0 and 20 days for
S. riobrave and H. indica , less than 7 and 30 days for H. bacteriophora)
were used for the following biochemical tests after being stored at 15°C.
Lipid extraction

Freshly harvested nematode juveniles at the tested ages were
centrifuged or vacuum filtered, weighed and incubated in 15 ml ethanol 80%
at 75°C for 5 minutes to inactivate degradative enzymes such as
phospholipases. The suspension was cooled and stored in a tight-capped
tube after flushing with N,, and stored at -70°C (Abu Hatab, & Gaugler,
1997a). Lipids were extracted and purified according to Folch et al., (1957).
Total lipids were determined according to Knight et al., (1972). Lipid content
expressed as pg/g nematode was calculated using a standard curve (oleic
and palmitic acids).
Determination of lipase enzyme in nematode juveniles

The activity of lipase enzyme was studied in entomopathogenic
nematodes at different juvenile ages. Nematode enzyme solution was
prepared by the extraction method of Abu Hatab et al., (1995). Nematode
samples (0.05 g) were homogenized in 0.1 M phosphate buffer at pH (7.6)
with periods of relaxation over ice. Homogenates were centrifuged at 14,000
rom at 4°C .The pellets were collected and dried at 90°C for 48 hr to
determine the dry weight. The supernatant was used for assay. Lipase
activity was determined by the method of Tahoun & Abdel Ghaffer, (1986).
Analysis and determination of lipid fractions
Triglycerides

Triglycerides in nematode lipids were calculated by the full enzymatic
determination using kit of bio Mérieux (France) (Fossatip and Prencipe,
1982).
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Fatty Acids Analysis
Extracted FAMEs (fatty acids methyl esters) were performed

according to the method described by Abu Hatab and Gaugler(1997a). Lipid
fatty acids composition was analyzed qualitative and quantitative by using
gas liquid chromatography, (Hewlett Packard 6890 series gas liquid
chromatography equipped with a flame ionization detector). The column used
was HP-INNOWAX-cross-linked polyethlyene (25 m x 0.2 mm x 0.4 pm film
thickness). The inert carrier gas was nitrogen with flow rate 1 ml/min, oven,
injector and detector temperatures were set at 200, 250, 280°C, respectively.
Statistical Analysis

The data presented in percentage values in the present study were
normalized using arcsine transformation. The significance of the main effects
was determined by analysis of variance (ANOVA). The significance of various
treatments was evaluated by Duncan’s multiple range test (P<0.05). All
analyses were made using a software package “Costat”, a product of Cohort
Software Inc., Berkeley, California.

RESULTS AND DISCUSSION

Total lipids determination

Data illustrated in Table (1) showed that the percentages of total lipids
were 42.55, 50.52 and 53.75 % of nematode dry weight for S. riobrave , H.
bacteriophora and H. indica respectively, when freshly emerged from their
hosts (0 day old) for S. riobrave and H. indica, and less than one week for H.
bacteriophora. Our results are in agreement with those reported by Lewis et
al., 1995, Fitters et al., 1997 & 1999, El-Badawy 2002, El-Assal et al., 2008
and Shapiro et al., 2005. These percentages declined significantly to nearly
22-45% after 30 days, and to 16-00% after 50 days of storage for H.
bacteriophora. This is similar to the percentages reported by El-Badawy
2002& 2011 in press and supported by Lewis et al., 1995 in another strain of
the same species. In case of H. indica these percentages decreased to
37.39% after 20 days, and to 25.51% after 40 days of storage. Radwan
(2002) showed that the percentage of total lipids content was declined
significantly from 54.75% (0-day) to 39.39% after 20 days, and to 26.51%
after 40 days of storage in H. indica . On the other hand the total lipid content
of S. riobrave 1Js, was nearly the same during the first 20 days of their life
(41.95%). A sharp significant decrease was recorded in total lipid content
after 90 days of storage, where the recorded value was 18.00%. This
confirmed by Lewis et al., 1995 when they reported that total lipids decline at
species-specific rates. Entomopathogenic nematodes are capable of
adjusting their lipid content at different periods of life (Abu Hatab and
Gaugler, 1997b). This meaning that nematode juveniles of H. bacteriophora
consumed more than 70% of lipid reserves during 50 days of their life. In
other words, nematode juveniles of H. indica and S. riobrave consumed more
than 50% of lipid reserves during 40 and 90 days of their life respectively.
Lewis et al., (1995) reported that H. bacteriophora IJs used approximately
60% of their total lipids during 7 weeks of storage. Fitters et al., (1999)
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reported the total lipids in two isolates of Heterorhabditis sp (.HF85 and
UK21) after 5 weeks storage at 20°C, HF85 had lost 57% of its total lipid, and
UK211 had lost 94%. This indicated that total lipids are the chief food reserve
for infective juveniles.

Table (1): Lipid content of S. riobrave H. indica and H. bacteriophora at
different juvenile ages.

Juvenile age (days) % Lipid content (Mean + SEM)

S. riobrave H. indica H. bacteriophora
0 or less than 7 days * 4255+0.29% | 53.75+0.54° 50.52+0.34°
20 or 30 ** 41.95+1.13° 37.39+0.77° 22.45+0.77°
40 or 50 or 90 *** 18.00+2.00° | 25.51+0.34° 16.00+0.34 ¢

Values are expressed as dry weight % of total lipids content

Lipid fractions analysis
Neutral lipids and triglycerides

In the present investigation, triglycerides were the most unsaturated
of the individual classes analyzed and comprised approximately 82, 88 and
85% of the total lipids in S. riobrave, H. indica and H. bacteriophora
respectively( Tablel); while, free fatty acids were recorded 8, 7 and 8% of the
total lipids in the three species respectively. Triglycerides and free fatty acids
were the major neutral lipid classes in the three species, this meaning that
neutral lipids are the major content of the total lipids. Neutral lipids comprised
approximately 90, 94 and 93% of the total lipids. Therefore, polar lipids
comprised about 10. 6 and 7% of the total lipids (Table 2).

Table (2): Triglycerides percentages at two different juvenile ages of S.
riobrave and H. indica and H. bacteriophora.

Juvenile age (days) % Triglycerides (Mean + SEM)

S. riobrave H.indica H. bacteriophora
0 or Less than 7 days* 82.14+1.22°% | 87.76+0.68° 84.78+1.90°
20 or 30 ** 58.2+1.33" 56.63+0.88" 44.77x1.22°

Values are expressed as dry weight % of triglycerides content

* 0 days for H. indica; and S. riobrave and less than 7 days for H. bacteriophora.

** 20 days for H. indica; and S. riobrave, 30 days for H. bacteriophora.

*** 40 days for H. indica; 50 days for H. bacteriophora and 90 days for S. riobrave.

SEM = Standard error of the mean

For each nematode species, means followed by the same letter are not significantly
different (P<0.05; Duncan’s multiple range

The obtained results match those of Lee and Atkinson (1997) who reported
that the major fraction of total lipids in entomopathogenic nematodes is
triglycerides, which are the most important long-term energy storage
molecules for nematodes; and Fitters et al., (1999) who reported that neutral
lipids in three isolates of Heterorhabditis sp. comprised from 70 to over 90%
of the total lipids content. Similarly, triglycerides (82+3.0%) and free fatty
acids (7.3+0.4) were the major neutral lipid classes in S. riobrave (Abu Hatab
and Gaugler, 1997a). and they concluded that, among lipid reserves,
triglycerols to be the major neutral lipid fraction of entomopathogenic
nematodes, which emphasizes their importance for long-term energy storage.
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Also, (Abu Hatab et al,. 1998) noted that neutral lipids were the major lipid
constituents of S. glaseri, and triglycerides were the major neutral lipid class
in S. glaseri produced in all 4 culture methods and the percentage of polar
lipids was 6.8%. Patel & Wright (1997b) reported higher percentages of polar
lipids (15-18% of the total lipids) in newly emerged 1Js of four species of
entomopathogenic nematodes belonging to the genus Steinernema.. El-
Badawy (2002) reported that neutral lipids comprised 93% of the total lipid
content in the nematode H. bacteriophora N-1 strain (85% triglycerides and
8% fatty acids).
Percentages of triglycerides are declined significantly to nearly 44.77

% after 30 days of storage for H. bacteriophora and to 58.2 , 56.6 after 20
days of storage for S. riobrave and H. indica respectively (Table 2). This
decline in triglycerides content was mainly due to a decrease in neutral and
total lipids with storage.
Fatty Acid Analysis

Fatty acid analysis of nematode juveniles (Table 3, 4) indicates that
the major fatty acids found in nematode juveniles of the three species were:
palmitic C16:0, stearic C18:0, oleic C18:1 and linoleic C18:2. The
percentages of these acids in freshly emerged S. riobrave were 15.30, 7.70,
43.70 and 21.33 %, respectively. The corresponding values in H. indica were
14.30, 7.50, 41.42 and 29.78 % for the four acids, respectively (Table 3)
while, for H. bacteriophora, emerged less than 7 days, were 26.18, 5.15,
51.30 and 9.00 % (Table 4).

Table (3): Pattern of fatty acids of total lipids of S. riobrave and H.
indica at two different juvenile ages.

Days after emergence

Fatty acids Zero day 20 days

(FA) S. riobrave H.indica | S.riobrave | H.indica
Palmitic (C16:0) 15.30£1.00 14.30+1.00| 18.47+£1.00 |21.01+1.00
Stearic  (C18:0) 7.70+0.08 7.50+0.08 4.19+0.08 5.65+0.08
Oleic  (C18:1) 43.70+1.20 41.42+1.00| 32.93+0.70 |30.65+0.70
Linoleic (C18:2) 21.33+0.60 29.78+0.70 10.01+0.70 18.92+0.70
Eicosatrienoic 20:3 n-6 3.20+0.09 2.00+0.08 4.30+0.02 3.00+0.02
Eicosatetraenoic20:4 n-3 2.30+0.08 1.30+0.02 3.90+0.04 3.50+0.04
IArachidonic20:4 n-6 4.10+0.20 1.30+0.02 00£0.0 00£0.0
Eicosapentaenic20:5 n-3 2.40+0.10 2.40+0.02 0040.0 0040.0
% of unsaturation 77.00+£0.10 78.20+0.10 51.10+0.10 56.07+0.10
% of saturation 23.00+0.10 21.80+0.10| 22.66+0.10 [26.66+0.10
Ratio of sat.\unsat (S/U). 0.30+0.04 0.28+0.04 0.44+0.04 0.48+0.04
% PUFA 33.33+0.10 36.76+0.10 18.21+0.10 25.42+0.4
U.1 133.56 129.30 81.45 91.49

Values are expressed as dry weight % of total fatty acids.

Sat.=saturated fatty acid, Unsat= unsaturated fatty acids

PUFA= poly unsaturated fatty acids

U.I= unsaturation indices = } (% of fatty acids x number of double bonds)
SEM = Standard error of the mean
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Table (4): Pattern of constituent fatty acids of total lipids of H.
bacteriophora at different ages

Fatty acids Days after emergence
(FA) Less than 7 days 30 days
% %
Palmitic (C16:0) 26.18+1.22 33.47+1.52
Stearic  (C18:0) 5.15+0.08 7.66+0.05
Oleic  (C18:1 n-9) 51.34+1.50 44.81+2.20
Linoleic (C18:2 n-6) 9.00+0.71 1.67+0.07
Linoleic (C18:2 n-3) 0. 40+0.05 00.00
Linolenic(C18:3 n-3) 0. 62 +0.03 00.00
Eicosatrienoic 20:3 n-6 2.47+0.10 3.07+0.20
Eicosatetraenoic20:4 n-3 1.3440.10 3.37+0.20
IArachidonic 20:4 n-6 1.35+0.10 00.00
Eicosapentaenic20:5 n-3 2.14+0.10 00.00
% of unsaturation 68.67+1.70 52.92+1.30
% of saturation 31.33+£1.09 41.13+1.54
Ratio of sat.\unsat. (S/U). 0.46+1.00 0.78+1.34
% PUFA 17.32+0.10 8.11+0.10
U.1 100.06 70.84

Values are expressed as dry weight % of total fatty acids.

Sat.=saturated fatty acid, Unsat= unsaturated fatty acids

PUFA= poly unsaturated fatty acids

U.I= unsaturation indices = } (% of fatty acids x number of double bonds)
SEM = Standard error of the mean

The percentage of fatty acid, as a whole, declined after 20 days of storage by
26.24 % in S. riobrave, 17.27 % in H. indica and after 30 days by 6.00 % in H.
bacteriophora. This decline was quantitative rather than qualitative. In details,
the decline was much obvious in stearic (from 7.70 to 4.19% in S. riobrave;
from 7.5 to 5.65% in H. indica), Oleic (from 43.7 to 32.93 % in S. riobrave;
from 41.42 to 30.65% in H. indica and from 51.3 to 44.81 %. in H.
bacteriophora) and linoleic (from 21.33 to 10.01 % in S. riobrave; from 29.78
to 18.92 % in H. indica and from 9.0 to 1.67 %. in H. bacteriophora). On the
other hand, an increase occurred in palmitic acid (from 15.30 to 18.47% in S.
riobrave; from 14.30 to 21.01% in H. indica and from 26.18 to 33.47%. in H.
bacteriophora). Also, there is an increase in stearic acid from 5.15 to 7.66%
in. H. bacteriophora). Generally, percentages of fatty acids of H.
bacteriophora and H. indica were higher than S. riobrave, this may be due to
the total lipid of S. riobrave was approximately not changed after 20 days of
storage.

Similar results were reported by Patel and Wright, (1997a) who
mentioned that the profile of neutral lipids fatty acid was palmitic C16:0 (18-
23%), stearic C18:0 (4-8%), oleic C18:1 (43-49%), and linoleic C18:2 (8-14%)
in four species of entomopathogenic nematodes of the genus Steinernema.
Fitters et al. (1999) reported that the patterns of fatty acids were similar in
three isolates of Heterorhabditis sp.; where oleic (C18:1n-9), palmitic (C16:0),
and linoleic (C18:2n-6) acid predominated with 51, 13, 12%, respectively in
the total lipids of fresh nematodes. Also they reported that, for both isolates
(.HF85 and UK21), the percentage of palmitic acid and oleic acid in the total
lipids decreased significantly between week 0 and week 5, and arachidonic
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acid (C20:4n-6) increased significantly. Patel and Wright (1997a), found that
during storage, the relative levels (%) of C16:0, C18:0 and C18:lin the
neutral lipids were declined significantly, suggesting that they were
preferentially utilized. The sharp decrease in the percentage of linoleic C18:2
in the three nematode species after 20 days for S. riobrave; H. indica and 30
day for H. bacteriophora was due to the oxidation of this acid by two
enzymes; i.e., isomerase and epimerase, losing two carbon units in the form
of acetyl CoA. The produced compound is (Cis) B & y unsaturated acyl CoA
(Acyl CoA= R-C=0-CoA), this product by the action of certain enzymes is
converted to (trans) o & B unsaturated compound. This might explain the
increase in the ratio of palmitic (C16:0) after the same period.
Fatty acids with 16 and 18 carbons palmitic (16:0) and stearic (18:0)
acids were the major saturated fatty acids. Oleic (18:1) and linoleic (18:2)
fatty acids were the principal unsaturated fatty acids. Unsaturated fatty acids
predominated, with about 77, 78.2 and 68.67% for newly emerged IJs of S.
riobrave; H. indica and H. bacteriophora, respectively. Wijbenga and
Rodgers, (1994) found that the unsaturated fatty acids accounted for over
70% of the total lipid composition in S. feltiae, and Fodor et al. 1994 found a
similar situation in the neutral lipids of S. carpocapsae. The proportion of
saturation increased after 20 day for S. riobrave and H. indica and after 30
day for H. bacteriophora, but, in general, the proportion of unsaturated fatty
acids remained higher than that of saturated fatty acids. High proportion of
unsaturated fatty acids was observed in all lipids fractions of S. riobrave
grown on G. mellonella, (Abu Hatab and Gaugler, 1997a). In another study,
the entomopathogenic nematode, S. feltiae, infective juveniles showed a
decline in the proportion of total poly- unsaturated fatty acids relative to those
of monounsaturated and saturated fatty acids after four weeks. Thus,
confirming the results obtained in the present investigation. Generally, there
was a general decline in the content of unsaturated fatty acids and a
concomitant increase in the saturated fatty acids content in total lipids. This
high proportion of unsaturated fatty acids may be tend to increase the
membrane permeability, and utilization of energy reserves become easier,
since, the double bonds in the unsaturated fatty acid are easier to be broken
rather than the single bonds in saturated ones. However, the fluidity of
biological membranes is known to be directly proportional to the number of
double bonds in fatty acyl moieties (Hakomori, 1986). In this respect, Fodor et
al. (1994) suggested that the increased unsaturation in lipids of S.
carpocapase may facilitate membrane permeability and thus easier utilization
of energy reserves, and the high proportions of dietary polyunsaturated fatty
acids may increase membrane fluidity in entomopathogenic nematodes.
Levels of saturated-to-unsaturated fatty-acid (S/U) ratio of fresh
emerged nematodes were an average 0.30, 0.28 and 0.46 for S. riobrave, H.
indica and H. bacteriophora, respectively (Tables 3 & 4). These levels were
increased to 0.44, 0.48 and 0.78 after storage. Fodor et al., (1997) reported
that the saturated-to-unsaturated fatty-acid ratio is believed to indicate the
fluidity of membranes of symbiotic bacteria associated with EPN. According
to this finding and the fact, each strain of EPN species is capable of changing
the S/U ratio and the fluidity of their membrane (Fodor et al., 1994). The
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decreasing of unsaturated fatty acids give us a plausible explanation of
increasing of S/U ratio of the three species during storage and fluidity of their
membrane. Fitters et al. (1999) reported that, the unsaturation index (U.1.) for
NL (neutral lipids) fraction increased during storage, suggesting a preferential
use of saturated fatty acids. Our results in this investigation showed the
opposite of this finding, since, the unsaturation index (U.l.) of the three EPN
species were 133.56, 129.30 and 100.06 for newly emerged S. riobrave, H.
indica and H. bacteriophora, respectively, (Tables 3 & 4). These levels were
decreased to 81.45.91.49 and 70.84 after storage, this meaning that more
consuming of unsaturated fatty acids. H. bacteriophora had a slightly lower
U.l than the other two nematode species after storage, meaning, less
consuming of unsaturated fatty acids.

These three nematode species showed relative high levels of poly
unsaturated fatty acids (Eicosatrienoic 20:3, Eicosatetraenoic (20:4) and
Eicosapentaenoic (20:5) acids). We found that, the decreasing of unsaturated
fatty acid (Linoleic (C18:2) and disappearance of unsaturated fatty acid
(Linoleic (C18:3) and polyunsaturated fatty acids (Arachidonic 20:4 n-6 and
Eicosapentaenic 20:5n-3) was accompanied by an increase in
polyunsaturated fatty acids (Eicozatrienoic 20:3 n-6 and Eicozatetraenoic
20:4 n-3). This finding confirmed by Fodor et al., 1994, who suggested that S.
carpocapsea has the ability to elongate and desaturate linolenic (18:3) acid,
and found different levels of C-20 polyunsaturated fatty acids depending on
the dietary lipid source and they added that, the amounts of C-20
polyunsaturated fatty acids could be regulated by at least three mechanisms:
chain elongation and desaturation of linolenic acid, selective absorption or
deposition, and de novo biosynthesis. Our results supported the hypothesis
that de novo poly unsaturated fatty acid biosynthesis occurs in some species
of nematodes, as has been proposed in microbivorous nematode species
(Satouchi, et al., 1993). In contrast, Lee and Atkinson, 1977 proposed that
the vast majority of parasites seem incapable of synthesizing long-chain fatty
acids and sterols de novo and they cannot introduce double bonds into the
carbon skeleton of fatty acids.

The minor differences between the percentages of these fatty acids

in the present study in comparison with those in previous ones may be due to
the fact that content of fatty acids is governed by two main processes, i.e., 1)
production of these acids by hydrolysis of lipids; and 2) consumption by
nematode juveniles. The relative speed of each process at any given time
determines the percentage of these acids.
Hydrolysis of energy reserves to simple utilized substances, generally, takes
place by enzymatic reactions. In the present investigation, determination of
lipase activity at the tested juvenile ages (Table 5) revealed that this activity
in S. riobrave recorded lower value (0.20 ug oleic acid) than that of H. indica
(0.48 pg oleic acid) at 0-day old juveniles. This low activity might explain the
stability of total lipid content during the first 20 days of life in the former
nematode species. It also indicates that nematode 1Js during this early stage
do not depend upon total lipids as a main source of energy.

386



J. Plant Prot. and Pathology, Mansoura Univ., Vol. 2 (4), April, 2011

Table (5): Lipase activity of S. riobrave, H. indica and H. bacteriophora
at different juvenile ages.

Juvenile age (days) Lipase activity (Mean + SEM)

9 Y S.riobrave H. indica H. bacteriophora
0 or less than one week* 0.20+0.03" 0.48+0.01° 10.50+0.58"
20 or 30* 1.41+0.05° 1.22+0.08° 17.93+0.60°

Lipase activity is expressed as pg oleic acid/g body weight.

* 0 days for H. indica; and S. riobrave and less than 7 days for H. bacteriophora.

** 20 days for H. indica; and S. riobrave, 30 days for H. bacteriophora.

For each nematode species, means followed by the same letter are not significantly
different (P<0.05; Duncan’s multiple range

On other hand lipase activity in H. bacteriophora increased
significantly at 30 days than that of 1Js less than 7 days. However, this finding
supports the concept that total lipids (especially neutral lipids) are the main
source of energy reserves in these organisms, and its consumed gradually
through the period life of nematodes. None of the previous studies ever put
into consideration the determination of hydrolysis enzymes. Estimation of
these processes in the ecological studies of nematode species and isolates
can be used as an indicator for their efficiency and quality.

Chemical analysis of nematode juveniles at the indicated ages
revealed that, total lipids (mainly neutral lipids) are the main source of energy
in these juveniles which they depend upon in searching and penetrating their
hosts. This may be attributed to the fact that neutral lipids, especially
triglycerides are easily hydrolyzed to glycerol and a mixture of fatty acids.
Glycerol can enter glycolysis pathway and fatty acids are broken down (two
carbons at a time) to provide units of acetyl coenzyme A for fueling citric acid
cycle and the respiratory chain. Thus, adenosine-triphosphate (ATP), needed
for all metabolic processes and the other activities of these juveniles, is
thereby produced (Grodsky et al., 1981).

Host diet sources have high influence on nematode yield and lipid
content (especially triglycerides and fatty acids compositions) of EPN and
subsequently their efficiency as a biological control and there are similarity
between lipid content and fatty acids compositions of EPN and their bacteria
and others of host or host diet. This is obvious from many studies such as
Abu Hatab & Gaugler(1997 a,b) and Fodor el al.(1994) The role of neutral
lipids (mainly fatty acids and triglycerides) is important in several processes in
EPN, such as: facilitate membrane permeability and accommodation of
proteins involved in thermal adaptation. (Fodor et al. 1994), nematode
survival by affecting the fluidity of the lipids within the nematode and the
amount of potential energy derived from them (Patel and Wright, 1997a ), the
physiochemical properties of cellular and membrane lipids. (Abu Hatab and
Gaugler, 1997a), differences in shelf life of EPN species (Selvan et al.,
1993), to yield energy (Lee and Atkinson, 1977) increasing of shelf life of
commercially produced nematodes (Fitters et al., 1999). From these studies
and our results in this investigation, we can improve the efficiency of EPN
and their shelf life through increasing the accumulation of triglycerides and
fatty acids constituents quantitatively and qualitatively by selection the
suitable host or host diet sources.
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Experimentally it has been shown that either the associated bacteria or
the axenic nematode are able to kill insects host usually within 48 h after
infection. This fact reported by Simes et al., 2000. and Sergeant et al., 2003.
Some studies refer to these toxins produced by the associated bacteria or the
axenic nematode were allelochemicals such as Grewal et al., (1999 & 2005)
who reported that allelochemicals produced by EPN or their symbiotic
bacteria may have both repellent and toxic effects on plant-parasitic
nematodes. Fatty acids might serve as allelochemicals (Chiang et al., 2004)
and allelochemicals can interfere with a variety of processes in organisms
and act depends on the kind of compound; they can inhibit protein or enzyme
activity, damage cell membranes, change physiological functions, and lyses
target cells (Legrand et al., 2003).

According to these studies and there is no researchers refer to the
role of fatty acids in toxicity of EPN. The fatty acids may be one of the toxins
produced by EPN and play role in the toxicity of nematodes against insects.
This finding, can be supported by many studies indicated that fatty acids and
their methyl esters or salts have growth inhibition and toxic effect against
insects and other organisms, (Arita et al., 2003, Barakat et al., 2004 and
Tsolakis & Ragusa 2008).

Conclusion

Chemical analysis of nematode juveniles at the indicated ages
revealed that total lipids (mainly neutral lipids) are the main source of energy
in EPN juveniles and consumption of these reserves resulted in the observed
decrease in nematode efficiency. This may be attributed to the fact that
neutral lipids, especially triglycerides are easily hydrolyzed to glycerol and a
mixture of fatty acids. The major fatty acids found in nematode juveniles of
three species were: palmitic C16:0, stearic C18:0, oleic C18:1 and linoleic
C18:2. Palmitic (C16:0) and stearic (C18:0) acids were the most abundant
saturated fatty acids. Oleic (C18:1) and linolelic (C18:2) were the principal
unsaturated fatty acids. We recommend the use of natural or artificial media
rich in linoleic (18:2), oleic (18:1), palmitic (16:0) and stearic (18:0) acids in
the growth of EPN species. This tend to production of nematode juveniles
which are rich of the most consumable energy reserves and thus improving
their shelf-life, their quality and consequently their value as biological control
agents of insect pests and establishing a simple and easy quality control
method for different nematode species or strains. The free fatty acids and
their ester or salt may be one of the toxins produced by EPN and play role in
the toxicity of nematodes against insects.
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