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Abstract The chemical characterization of the free fatty
acid (FFA) fractions of the cuticular lipids of Calliphora
vicina larvae and pupae was performed by separating the
FFA fraction using high-performance liquid chromatogra-
phy with laser light scattering detection (HPLC-LLSD)
and quantitatively analyzing the FFA using gas chroma-
tography—electron impact mass spectrometry (GC-MS).
Thirty-two saturated and unsaturated FFA were identified
and quantified in the insect lipids. Cuticular FFA profiles of
C. vicina larvae and pupae were compared. Cuticular FFA
of larvae and pupae accounted for 70.8 and 77.8 % of the
total lipids, respectively. The cuticular lipids of C. vicina
larvae contained 24 FFA ranging from 8:0 to 24:0, whereas
the cuticular lipids of pupae contained 32 FFA ranging
from 6:0 to 26:0. The cuticular lipids of the larvae con-
tained 16 saturated, five monounsaturated, one diunsatu-
rated, and two polyunsaturated FFA. The cuticular lipids of
the pupae contained 18 saturated, nine monounsaturated,
two diunsaturated, and three polyunsaturated FFA. The
major cuticular FFA in C. vicina larvae and pupae was 18:1
(47.6 and 41.7 %, respectively). The highest amounts of
total cuticular FFA were detected in larvae of C. vicina
(1.7 mg/g of the insect body). The quantities of total
cuticular FFA in pupae were smaller (1.4 mg/g of the
insect body).
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Abbreviations

TIC Total ion current

SIM Single ion monitoring

EI Electron impact

BSTFA N, O-Bis(trimethylsilyl) trifluoroacetamide

TMCS  Trimethylchlorosilane
M+ Molecular ion

TMSi Trimethylsilyl derivatives
FFA Free fatty acids
Introduction

The cuticular lipids constitute the initial passive barrier to
desiccation [1] as well as to fungal and bacterial infection
[2], and they may reduce the penetration of toxins and
chemicals [3]. Cuticular lipids are also involved in various
types of chemical communication [4]. For example, insects
use components of the surface lipids as contact phero-
mones when they encounter each other. The cuticular lipids
in pheromones are hydrocarbons, short-chain unsaturated
aldehydes, ketones, fatty acids, and acetate esters of short-
chain unsaturated alcohols.

The insects belonging to the Calliphoridae, Sarcophag-
idae, and Muscidae families often colonize a human corpse
[5], and are often very important elements in forensic
investigation. For example, Calliphora vicina is considered
as a synanthropic species and larvae of this species are used
in criminal investigations to determine the post-mortem
interval (PMI), i.e., the time from death to discovery of the
corpse.

In view of the great importance of C. vicina, it was
decided to identify and assign the components of the free
fatty acid (FFA) mixtures found on the surface layers of the
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cuticle in larvae and pupae. Susceptibility or resistance of
various insect species to fungal infection may be caused by
several factors. The most important of them are differences
in the structure and composition of the exoskeleton. The
exudation of ammonia and allantoin is very significant in
cleansing the insects’ microhabitat. The bacteriostatic
effects of the heat generated by accumulations of actively
feeding larvae, the presence of antifungal compounds in
the cuticle, especially FFA [6], as well as the cellular
and humoral defense reactions of insect are also important
[7, 8]. Susceptibility to penetration by fungal pathogen
depends on mechanical barriers which either prevent or
reduce infection and chemical barriers which inhibit or kill
the pathogen. For example, FFA possess the ability to kill
or inhibit the growth of fungi and bacteria [6, 9-13]. The
antibacterial and antifungal effects of FFA are frequently
observed during bioassay of extracts from a variety of
organisms [13—15]. The activity of each FFA is influenced
by its structure, especially the length of the carbon chain
and the presence, number, orientation, and position of
double bonds, and the presence the hydroxyl group is
important for the antibacterial activity of FFA [16].
Unsaturated FFA are more active than saturated FFA with
the same carbon chain length [16, 17] and unsaturated FFA
are more active against Gram-positive bacteria than Gram-
negative [18]. Additionally, FFA with the double bonds in
the cis orientation have greater antibacterial activity than
FFA with double bonds in the trans orientation [10, 12].

The most popular techniques used for the identification
and quantification of cuticular lipids are TLC [19], column
chromatography [20], HPLC/LLSD [21], GC-FID [22],
GC-MS-TIC [23, 24], GC-MS-SIM [25], and MALDI
[26]. For analysis, relatively volatile compounds solid-
phase microextraction (SPME) [27, 28] or solid injection
(SD [29] coupled to the GC or GC-MS are often used [30].

This paper describes the qualitative and quantitative
comparisons of cuticular and internal FFA profiles of lar-
vae and pupae. These results provide baseline data for
further studies on the possible role of FFA in the resistance
to microbial attack. The lipids of flies were separated into
classes of compounds using high-performance liquid
chromatography with laser light scattering detector
(HPLC-LLSD). Qualitative and quantitative analyses were
done by gas chromatography combined with mass spec-
trometry (GC-MS).

Methods and Material
Insects

A total of 140 larvae and 302 pupae of C. vicina were
obtained from the Institute of Parasitology, Polish
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Academy of Sciences in Warsaw (Poland). The insects,
raised from eggs laid on beef by adult flies, were reared at
28 °C with 70 % relative humidity and a 12:12 h photo-
period. Maternal generation was maintained in the same
conditions. For experiments, 1-day-old larvae and freshly
emerged pupae were used. All insects were quickly frozen
and kept at —20 °C until being used.

Extraction of Lipids

The cuticular and internal lipids were extracted by methods
described previously [24]. All larvae and pupae were first
extracted separately by stirring in 20 ml of petroleum ether
for 10 s (extracts 1L and 1P). All primarily extracted larvae
and pupae were separately extracted for a second time in
20 ml of dichloromethane for 1 min (extracts 2L and 2P).
Finally, the insects were extracted with 50 ml dichloro-
methane for 10 days (extracts 3L and 3P). The obtained
extract was filtered (0.45 pm) and collected into a glass
vial. A 1-ml aliquot of this extract was further taken and
placed into a tared glass flask, and then evaporated under
nitrogen in order to determine the dry mass of extracted
lipids. For example, extracts 1L and 2L contained cuticular
lipids, and extract 3L contained internal lipids of larvae.

High-Performance Liquid Chromatography with Laser
Light Scattering Detector

The lipids were separated by methods described previously
[31]. All lipid extracts (larvae and pupae) were separated
using HPLC-LLSD. Separation in the normal phase (five
replicates) was performed on a silica gel column (Econosil
Silica 5 Micron, Alltech, 25 cm x 4.6 mm i.d.). Binary
gradient elution with eluent A (hexane) and eluent B (15 %
of acetone in dichloromethane) was applied with a linear
gradient from A to B within 35 min. Total flow was
maintained at 0.8 ml/min. The FFA fractions obtained by
HPLC were silylated with 100 pl of a mixture of 99 %
bis(trimethylsilyl)acetamide and 1 % chlorotrimethylsilane
(Sigma Aldrich) for 1 h at 100 °C and then analyzed by
GC-MS.

Gas Chromatography Mass Spectrometry

GC-MS analysis of each FFA fraction was performed with
a Finnigan Mat SSQ 710 mass spectrometer coupled to a
Hewlett—Packard 5890 gas chromatograph. Compounds
were separated on a 30 m x 0.25 mm i.d., film thickness
0.25 pum, HP-5 capillary column. Helium was used as the
carrier gas at a flow rate of 1 ml/min. The injector tem-
perature was 320 °C and the column oven temperature
cycle was 60 °C for 10 min, then 60-320 °C at4 °C/min; the
final temperature was then held for 20 min. Electron-impact
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ionization (electron energy 70 eV, ion source temperature
200 °C) was used.

In order to quantitatively determine each of the analyzed
FFA, GC-MS analysis was performed with an internal
standard (19-methylarachidonic acid). The contents of the
compounds in the analyzed samples were calculated from
the chromatogram peak areas. The results were expressed
as mean =+ standard deviation of three GC-MS analyses.

Results
Total Lipids and Free Fatty Acids

The total quantity of cuticular and internal lipids larvae
was 20.4 and 461.8 mg, which comprised 0.2 and 5.4 % of
the total fresh weight of the biological material, respec-
tively (Table 1). The percentage content of cuticular and
internal lipids in pupae was similar. The total quantity of
cuticular and internal lipids of pupae was 30.0 and
514.9 mg, which comprised less than 0.2 and 3.1 % of the
total fresh weight of the biological material, respectively
(Table 1). Cuticular FFA of larvae and pupae accounted for
70.8 and 77.8 % of the total lipids, respectively, whereas
internal FFA of larvae and pupae made up 5.2 and 21.3 %
of the total lipids, respectively.

Free fatty acid fractions obtained as a result of the HPLC—
LLSD separations were then subjected to further GC-MS
analysis. GC-MS in total ion current (TIC) mode was used to
identify unknown components, and single ion monitoring
mode (SIM) to verify recognized molecular ions. FFA in the
cuticular and internal lipids of C. vicina larvae and pupae
were identified on the basis of the characteristic ions: 73, 128,
132, 145, M—15", and Mt (molecular ion).

The amount of cuticular FFA isolated from larvae was
1.7 mg/g. The results obtained from pupae were similar:
1.4 mg/g of the insect body. The total mass of internal FFA

Table 1 Quantitative summary of the experiment: numbers and
masses of insect (Calliphora vicina); masses of lipids

Stages Number Masses of Masses of  Extracts Masses of
of insects lipids in lipids (mg/g
insects () extracts of the

(mg) insect
body)

Larvae 140 8.5 9.2+0.1 1L 1.1

112 £0.1 2L 1.3

4618 £55 3L 54.3

Pupae 302 16.6 11.6 £ 0.1 1P 0.7
184 £02 2P 1.1

5149 £ 6.2 3P 31.0

1L and 1P, petroleum extracts (10 s), 2L and 2P dichloromethane
extracts (5 min), 3L and 3P, dichloromethane extracts (10 days)

was greater in pupae (6.6 mg/g). This last quantity is about
twice the average in larvae (2.8 mg/g).

Cuticular Free Fatty Acids in Larvae

Cuticular lipids of larvae contained 24 FFA ranging from
8:0 to 24:0 (Table 2). Among cuticular FFA of larvae, 15
saturated, seven unsaturated with even-numbered, and two
unsaturated with odd-numbered carbon chains FFA were
present. The major FFA in C. vicina larvae were 18:1n-9
47.6 %), 16:1n-9 (20.0 %), 16:0 (19.4 %), and 18:0
(9.4 %). FFA occurring in smaller quantities (from greater
than 0.1 to 1 %) were 12:0 (0.4 %), 14:1n-9 (0.6 %), 14:0
(0.3 %), 17:1n-10 (0.8 %), 17:0 (0.6 %), and 18:2n-6
(0.9 %). The cuticular lipids also contained 14 FFA present
in concentrations from traces to less than 0.1 %.

Cuticular Free Fatty Acids in Pupae

Table 2 lists the FFA contents calculated per gram of pupae
body. Among 32 cuticular FFA of pupae, 18:1n-9 (41.7 %),
16:0 (19.3 %), 16:1n-9 (16.4 %), 18:0 (8.6 %), and 18:2n-6
(6.9 %) were the most abundant compounds. One fatty acid
is present in a smaller amount (14:0, 2.4 %). Other FFA were
detected in very small and comparable amounts from 0.7 %
(26:1) toless than 0.1 % (e.g., 6:0). Cuticular lipids of pupae
contained 18 saturated FFA, among which seven fatty acids
are odd-numbered, and also 14 unsaturated FFA, among
which three fatty acids are odd-numbered.

Comparison of Free Fatty Acids Composition
of Cuticular Lipids of C. vicina Larvae and Pupae

The presence of six FFA with 20 carbon atoms in the chain,
namely, 20:0, 20:1n-6, 20:2n-6, 20:3n-6, 20:4n-3, and
20:5n-3, in the cuticular lipids of pupae is very interesting.
On the other hand, only four FFA with 20 carbon atoms in
the chain were present in the cuticular lipids of larvae.

The following free acids present in the cuticular lipids of
pupae were absent from the cuticular lipids of larvae: 6:0, 7:0,
19:1n-10, 20:3n-6, 20:2n-6, 22:1n-9, 26:1n-9, and 26:0. The
percentage contents of cuticular 14:0 and 18:2n-6 in pupae
were significantly higher than those of cuticular lipids in larvae
and compromised 2.4 vis 0.3 % and 6.9 vis 0.9 %, respectively.

In cuticular lipids of larvae, the relative content of
16:1n-9 was higher than the relative content of 16:0. On
other hand, in cuticular lipids of pupae, the relative content
of 16:1n-6 was lower than the relative content of 16:0.

Internal Free Fatty Acids in Larvae

Internal lipids of larvae C. vicina contained 26 FFA
ranging from 6:0 to 22:0 (Table 2). In the internal lipids 15
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Table 2 Chemical composition of the fatty acids found in larvae and pupae of Calliphora vicina

FFA Larvae

Pupae

Cuticular FFA Internal FFA

Cuticular FFA Internal FFA

Masses of free fatty acids (pg/g of fresh weight of insect)

6:0 - 0.55 + 0.06

7:0 - 0.47 + 0.07

8:0 0.28 + 0.03 0.95 + 0.08

9:0 21+£02 0.91 £ 0.07

10:0 0.89 + 0.06 0.51 £ 0.06

11:0 15+0.1 1.01 & 0.09

12:0 74+06 84 4 0.7

13:0 0.69 + 0.06 1.36 & 0.09
14:1n-9 104 £ 0.8 3.5 x 10" + 0.3 x
14:0 45404 1.9 x 10> £ 0.2 x
15:1n-10 0.98 + 0.07 -

15:0 8.7 £ 0.4 1.9 x 10" £ 0.1 x
16:1n-9 34 x 10 £ 0.2 x 10 6.5 x 10> £ 0.5 x
16:0 33 x 10 £ 0.2 x 10 3.8 x 107 £ 0.2 x
17:1n-10 1.4 x 10" £ 0.1 x 10 6.5 x 10" £ 0.5 x
17:0 103 £ 0.6 10.7 £ 0.6
18:2n-6 1.5 x 10" £ 0.1 x 10 -

18:1n-9 8.1 x 10> + 0.6 x 10? 1.5 x 10° £ 0.1 x
18:0 1.6 x 10> £ 0.1 x 10? 44 x 10" £ 0.4 x
19:1n-10 - 42 4+03

19:0 0.36 £+ 0.03 Traces

20:5n-3 14 +0.1 1.6 x 101 £ 0.1 x
20:4n-3 0.96 + 0.08 1.6 x 10" £ 0.1 x
20:3n-6 - 17402

20:2n-6 - 0.34 + 0.02
20:1n-6 0.94 + 0.06 1.16 £ 0.09

20:0 1.5+ 0.1 21+0.1

22:1n-9 - -

22:0 0.21 £ 0.03 0.48 + 0.05

24:0 Traces -

26:1n-9 - -

26:0 - -

Sum 1.7 x 10° 2.8 x 10°

0.13 + 0.02 -
0.14 + 0.01 51+05
0.48 + 0.04 1.3 x 10" £ 0.1 x 10
0.52 & 0.04 47 +04
0.33 + 0.03 0.78 + 0.04
0.77 £ 0.09 Traces
24 +02 1.6 x 10" £ 0.1 x 10
0.53 £ 0.04 1.8 x 10' £ 0.2 x 10!
10" 78+ 0.5 6.3 x 10" £ 0.5 x 10"
10° 33 x 10" +£ 0.2 x 10 34 x 10>+ 0.3 x 10?
0.92 + 0.06 -
10! 58 £0.5 1.8 x 10> £ 0.1 x 10*
107 23 x 102+ 0.2 x 10? 12 x 10* £ 0.1 x 10°
107 2.7 x 10> +£ 0.2 x 10? 1.6 x 10> £ 0.1 x 10°
10! 22402 9.1 x 10" £ 0.8 x 10"
8.8 £ 0.6 1.4 x 10> £ 0.1 x 10?
9.6 x 10' + 0.6 x 10" -
10° 5.7 x 10> + 04 x 10? 27 x 10 £ 0.2 x 10°
10! 1.2 x 10> £ 0.1 x 10? 3.2 x 10> +£ 0.2 x 10?
23402 -
0.59 + 0.05 -
10! 39+ 04 1.3 x 10" £ 0.1 x 10
10! 43 + 0.4 1.0 x 10' £ 0.1 x 10!
0.36 + 0.02 -
0.24 + 0.02 -
3.0+£02 -
6.0+04 -
1.4 £ 0.1 -
34402 23402
1.19 + 0.08 22402
1.0 x 10" £ 0.1 x 10 -
1.54+02 0.33 + 0.03
1.4 x 10° 6.6 x 10°

Cuticular FFA, sum of FFA content in petroleum extract (1L and 1P) and dichloromethane extract (2L and 2P). Internal FFA, dichloromethane
extract (3L and 3P). Data are presented as the mean =+ standard deviation of three separate analyses performed on different samples

saturated, six monounsaturated, one diunsaturated, and four
polyunsaturated FFA have been identified. Only three acids
are present in high concentrations (more than 10 %): 16:0
(13.6 %), 16:1n-9 (23.2 %), and 18:1n-9 (53.6 %). Other
acids amounted to from less than 0.1 to 6.8 %. Among
saturated acids, the following are the most abundant: 16:0
(13.6 %), 14:0 (6.8 %), and 18:0 (1.6 %). Among unsatu-
rated acids, the following are the most abundant: 18:1n-9
(53.6 %), 16:1n-9 (23.2 %), and 17:1n-10 (2.3 %). Internal
lipids of larvae contained six FFA with 20 carbon atoms in
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the chain: 20:0, 20:1n-6, 20:2n-6, 20:3n-6, 20:4n-3, and
20:5n-3.

Internal Free Fatty Acids in Pupae

Internal lipids of pupae C. vicina contained 20 FFA ranging
from 7:0 to 26:0 (Table 2). FFA occurring in the highest
quantities were 16:1n-9 (18.2 %), 16:0 (24.2 %), and
18:1n-9 (40.9 %). Except for 16:1n-9 and 18:1n-9, which
occurred in large amounts, the following unsaturated FFA
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are present in smaller quantities: 14:1n-9 (1.0 %), 17:1n-10
(1.4 %), 20:5n-3 (0.2 %), and 20:4n-3 (0.2 %). Among
saturated free acids, only C16:0 is present in large amount
(24.2 %). Four saturated FFA are present from 2.1 %
(17:0) to 5.2 % (14:0). Other saturated FFA occur in
smaller quantities.

Comparison of Free Fatty Acids Composition
of Internal Lipids of C. vicina Larvae and Pupae

The following acids present in the larvae lipids were absent
in the pupae lipids: 6:0, 11:0, 19:1n-10, 19:0, 20:3n-6,
20:2n-6, 20:1n-6, and 20:0. On the other hand, only 13:0,
24:0, and 26:0 were absent from the internal lipids of lar-
vae C. vicina.

In the internal lipids of larvae, the relative content of
16:1n-9 was higher than the relative content of 16:0.
However, in the internal lipids of pupae, the relative con-
tent of 16:1n-6 was lower than that of 16:0. The same
situation is observed in cuticular lipids of larvae and pupae.

Internal lipids of larvae contained six FFA with 20
carbon atoms in the chain but internal lipids of pupae
contained only two of those compounds (20:4n-3 and
20:5n-3).

The percentage contents of internal 15:0 and 18:0 in
pupae were significantly higher than those of internal lipids
in larvae and compromised 5.2 vis 0.7 % and 4.8 vis 1.6 %,
respectively.

Discussion

The major components of the cuticular lipid coating of
insects are often hydrocarbons, such as r-alkanes, mono-
methylalkanes, dimethylalkanes, and alkenes [32], FFA
[31], alcohols [33], aldehydes [34], wax esters [35], fatty
acid methyl esters [32], and acylglycerols [36].

In our work, we stated that cuticular lipids of C. vicina
larvae contained FFA from 8:0 to 24:0 and pupae from 6:0
to 26:0. Table 3 lists the FFA identified in insect cuticular
lipids. For example, in the cuticular lipids the following
FFA were identified: from 10:0 to 22:1 in Locusta migra-
toria migratoriodes adult [37], from 10:0 to 20:1 in
Schistocerca gregaria adult [37], from 14:0 to 18:1 in
Frankliniella occidentalis larvae [32], from 16:0 to 18:3
in Acanthoscelides obtectus female [21], and from 16:0 to
36:0 in Apis mellifera [38].

In our study, the major cuticular FFA were: 16:1n-9,
16:0, 18:2n-6, 18:1n-9 and 18:0 in pupae and 16:1n-9,
16:0, 18:1n-9 and 18:0 in larvae.

In the other insects species, the major FFA were 14:0
(40 %) in Acyrthosiphon pisum [42], 16:0 (25 %) in
L. migratoria migratoriodes adult, (64 %) in S. gregaria

adult, (63 %) in F. occidentalis larvae, (36 %) in Fannia
canicularis adult [40], (38 and 30 %) in Attagenus mega-
toma 6.8- and 32-week-old larvae, respectively [43], 18:0
(58 %) in A. megatoma adult [41], (33 %) in Lasioderma
serricorne larvae [44], (40 %) in Dendrolimus pini larvae
[6], (49-52 %) in Galleria mellonella larvae [6] and
(51 %) in A. obtectus female [21], 18:3 (28 %) in Mela-
noplus sanguinipes and M. packardii adult [36], 24:0
(29 %) in A. mellifera [38], and 28:0 (34 %) in D. pini
exuviae [31]. On the basis of these results, we stated that
two major FFA (16:0 and 18:1) were present in many
insect species. Other major FFA are atypical (14:0, 24:0,
and 24:0). In our study, the major compound in cuticular
lipids of larvae and pupae, i.e., 18:1n-9, is typical.

Saturated, unsaturated, and even-numbered FFA ranging
from 12 to 20 are typically found in many insect species
[30, 33, 45], whereas the presence of FFA ranging from 5
to 11 and from 21 to 26 are unusual. In particular odd-
numbered FFA and polyunsaturated FFA such as 15:1n-10,
17:1n-10, 20:5n-3, and 20:4n-3 identified in lipids of
C. vicina are unusual. Only typical cuticular FFA ranging
from 12:0 to 20:0 are present in cuticular lipids of larvae
F. occidentalis [32], adult F. cannicularis [40], L. bostry-
chophila [34], and female A. obtectus [21].

In our study, the FFA (in the range from 5:0 to 11:0) 8:0,
9:0, 10:0, and 11:0 in larvae and additionally 6:0 and 7:0 in
pupae were identified in the cuticular lipids. Similar cutic-
ular lipids ranging from 5:0 to 11:0 were identified in the
lipids of D. pini exuviae [31], L. migratoria migratoriodes
adult, S. gregaria adult [39], and A. pisum [42]. The num-
bers of fatty acids in this range are not large: one compound
in the cuticular lipids of L. migratoria migratoriodes,
S. gregaria, and A. pisum and four FFA in D. pini exuviae.

Cuticular lipids of C. vicina larvae and pupae contained
several odd-numbered FFA. Among this group the fol-
lowing acids are present: 9:0, 11:0, 13:0, 15:0, 17:0, and
19:0 in larvae and pupae and additionally 7:0 in pupae. All
of these FFA are minor constituents. Those compounds
were identified in the cuticular lipids of some insects. For
example, 9:0, 11:0, 21:0, 15:0, 17:0, 19:0, and from 23:0 to
33:0 were present in D. pini exuviae [31]. The 15:0, 17:0,
and 19:0 entities were identified in S. gregaria adult [39]
and 15:0 and 17:0 were present in the cuticular lipids of
L. migratoria migratoriodes adult [39].

Among odd-numbered and unsaturated acids only
15:1n-10 and 17:1n-10 in larvae and 15:1n-10, 17:1n-10,
and 19:1n-10 in pupae of C. vicina are present in small
amounts. These FFA (17:1 and 19:1) were also identified in
cuticular lipids of S. gregaria adult [39]. Moreover, the
presence of polyunsaturated and odd-numbered fatty acid
(21:3) in cuticular lipids of L. migratoria migratoriodes
was detected. However, its biological function needs
additional research.
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detection and quantification. Both results (present and
earlier) showed the similar qualitative fatty composition,
although data were obtained using different extraction
methods and GC-MS equipments.

Free fatty acids present in the cuticular surface of insect
larvae and pupae could be inhibitory to germination and
growth of conidia and penetration of the integument by
entomopathogenic fungi. In our previous work [37] fungi-
static effects of 16:0, 16:1, 18:0, 18:1, 18:2, 18:3, 20:0, and
20:1 were shown. The cuticular lipids of larvae and pupae
C. vicina contained FFA in this range, with the exception of
18:3. Also medium- and short-chain fatty acids which are
present in cuticular lipids of larvae and pupae of C. vicina
were demonstrated to present toxicity to filamentous fungi,
including some that had been isolated specifically from
insect cuticle [48, 49]. FFA might be engaged in protecting
larvae from fungal pathogens, whereas the presence of, for
example, 15:0 stimulated C. coronatus growth [37]. The
determination of the cuticular fatty acid profiles and infor-
mation on which particular fatty acids support the fungal
assault and which contribute to insect resistance to
entomopathogenic fungi is of great importance and requires
a better understanding of the physiological aspects of fungal
growth and virulence factors.

In conclusion, the conducted analyses exposed qualitative
and quantitative differences in FFA chemical composition of
the examined developmental stages. The major differences
are cuticular lipids of pupae contained 6:0, 7:0, 19:1n-10,
20:3n-6,20:2n-6, 22:1n-9, 26:1n-9, and 26:0, which were not
found in larvae; In the cuticular lipids of larvae, the relative
content of 16:1n-9 was higher than the relative content of
16:0. On other hand, in cuticular lipids of pupae, the relative
content of 16:1n-9 was lower than that of 16:0.

Differences in FFA chemical composition of larvae and
pupae may be responsible for susceptibility or resistance to
fungal infection. Experiments which are currently ongoing
in our laboratories will show which of the identified com-
pounds possess antimicrobial activity. Hopefully the results
described here revealing the chemical composition of fatty
acids of C. vicina will be an important contribution to fur-
ther studies of the taxonomy and physiology of insects.
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