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Fatty Acid Composition of Different tissues of Spodoptera exigualarvae and
a Role of Cellular Phospholipase A,

Yonggyun Kim*, Seunghee Lee, Seunghwan Seo and Kunwoo Kim

Department of Bioresource Sciences, Andong National University, Andong 36729, Korea

ABSTRACT: Eicosanoids are a group of C20 oxygenated polyunsaturated fatty acids (PUF As). To monitor biosynthetic precursors of
these PUFAs, this study extracted fatty acids from different tissues of the beet armyworm, Spodoptera exigua, and assessed their
compositions using GC/MS. Fifth instar larvae were dissected to isolate different tissues of gut, fat body, hemocytes, and integument.
From each tissue, total lipids were extracted and fractionated into neutral lipid (NL), glycolipid (GL), and phospholipid (PL). Most
tissues contained palmitic acid (16:0), stearic acid (18:0), oleic acid (18:1), linoleic acid (18:2), and linolenic acid (18:3). However, their
compositions were different among tissues and lipid types. Fat body and hemocytes possessed other type of fatty acids such as myristic
acid (14:0) and three unknown fatty acids. Among lipid types, PL contained relatively high levels of linolenic acid than NL and GL,
while it had lower saturated fatty acids. Total unsaturated fatty acid composition was varied among tissues and lipid types. PL was rich
in unsaturated fatty acids in fat body, gut, and hemocytes. There was a significant influence of calcium-independent phospholipase A,
(iPLA) on maintaining fatty acid composition because RNA interference of iPLA, expression significantly modified fatty acid
compositions in NL and PL. However, this study did not detect arachidonic acid, a main eicosanoid biosynthesis precursor, in all tissues.
This suggests an alternative biosynthesis of eicosanoids in insects, which is distinct from the biosynthetic pathway of mammals.
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o QlofA o] ofo] AR o] B 150 T o, ujd 9l A
A2 Z-2-& Z7l5HKStanley and Kim, 2014). 2-zEA b
01 Manduca sexta®) 739 ofo] A o] & AYTHA] A= A
24 oS oA A oK Stanley-Samuelson et al., 1991). k=%
Z3}2|(Drosophila melanogaster)2] o}o] FA -0 = AJSHA]
S AAlsH 15 S/3+tol thsfiA ¥h3-5h= IMD A<
Hod A dg S adFick(Yajima et al., 2003). SRy
(Spodoptera exigua) 2] 739 o}o]| AL o) & AEHA] WS-8 o]
A1 ZgEfoll A TheFet PGLF LTS Foi gt A Al i/ 9 A
ol A T oJHE-2-0] oF7]| =] QA tH Shrestha and Kim, 2009). ©| &3}
IS o] @] ofo|FARo| B T 7| He] R
2 S5t ol ELNT|(dedes aegypti)t E7Nu0|RH
(Formica polyctena)o)| A vl}A3-& &2 A FtH(Petzel and Stanley-
Samuelson, 1992; Van Kerkhove et al., 1995). T3} o}o] A}
10| B 20 Al 2ot holsto] Aba} vl Tibicen
dealbatus) 2] 7)13}E WAYE =781 tHToolson et al., 1994).
oh&e] ofo| TAR ol = A S FIHske] et Rl
A= =2 A1 7 tKStanley-Samuelson and Loher, 1983;
Stanley-Samuelson et al., 1986). wha}A] thofal 2 A e]uk-g-
= SNk ofo]ZARo|=of thEt Wik A28 Si5A
Al 7ke) Wake Als- g 4= ATHKim, 2014).

LSOl A ofe]FARE0| = AR v S Yol Tl TR
A7t Y=l o] Lok oAt At A F 7HK] ke R
FEE A sh= 325 Aol EAsh= ool ZAR o] =
o] slelat2E v el A WolaL thE sh=olE =4
O] A I of| Toldt= s ol A FRE WS
= Aol B Pseudaletia unipuncta)s A0 2 &
3 A 2] A PGFa 7} 4<% 9 tH(Jurenka et al., 1999). v]Z+
59 79 0.9 0.3 pg/mL 2] =0l Al Alatoll 7=
4.0+0.9 pg/mLO.2 S Yo PG, w7} Z7}5}5T) E
thE PGE 2 A AL F(Acheta domesticus) AU 0| A PGE,
7} 5% =] 9l ti(Destephano et al., 1974). ©]& ofo] Ao =
E A= AU 7172 4] E8]A phospholipase A> (PLA>)
7} AR EA A (Tribolium castaneum)o| X |z 2 FA
%] 1tk Shrestha et al., 2010). B&-o] & apahubake] &LA|
Lof| A Hol & o2 HrA w= Al22/d PLA 7S = Sl o] %
FrefE ol | mHARS ARSHA] 7171 S8l COX A7 ahthut
ol Al F4 = R h(Park et al., 2014). o] 2{3F A& o] A+ 77
Zof oA & F] ] k2 SRR ofo] AR = AR At
EAo|t} o]2fgt olfi+= o] AR =AM ol 7F & e 1l
A=A} ol Imdito] 5ol A= FASEAY i -2 &
=2 Z517| ylEo|tHoward and Stanley-Samuelson, 1996).
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phenylthiourea”} 4% E0|3l= FHo| Higtt) o] 5,000
rpmof| A 5 E1F Aplie] $ JHE E =

Fola 3ol 23k A % A 27 Qlikekagel
(PBS: 100 mM phosphate buffered saline, pH 7.4) o] 4] 3|55}
of Zkz} 2:713hich, AL A2 91 2 M 5 oF 150 o}
2]9] f50] 22| 50 o] &H -

=5 Q2 XY 22|

HI

IR 5H 552 22 AR thH] 20 Hl] n-hexane ¥}
tert-butyl methyl ether (MTBE) Z¢}ol(1:1, v/v)& 75} 20 &
7t Z-2u} #|2](Branson, USA)SPHA] 2 3] £=3}9I ). Whatman
No. 2 oJ 1A 2 o] 2}3} 5 2hA}o]] thaf Folch et al. (1957) ] 5
Hol| E3fo] FFY] SRR XS  WEE (2:L,vVE2 I 5
SIIcE SR, SR QXA 2elE flel 2R R EE:
HehE S50 tigh AezPd A-(5.5 x 40 mm) A 20FE
I E AAlskl e, E4d3kA7] A el71A(70~230 mesh,
Merck)& 5313t & &l SA4o wheh SRR F, obAlE, |
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& 5o GRS 23 9 vjEske Axsec. ekl
A, XA 7FEs) WRe-8-90(45 g sodium hydroxide, 150 mL
methanol, 150 mL H,0)-& 7} )& A|&9]| 1 mL A7}3}32100C
ol 4 30 &7t A EEal 7 o] F ATk o] % e H A AR )
E3ls17] 98 WiElshg-o(325 mL 6 N HCI, 275 mL methanol)
& ZF Aol 2 mL Z9718H3AT. 0] $-80°C ol A 10 7T HES-A]
2k wEakE ARk 225k ffsf vl=/d-8l(50 mL 3
Ak 50 mL MTBE)E 7+ A]&of 1.25 mL 7130tk Ao A
105 EHE A1) T Akl 9]
GOIMS $490] o} 851%IT), GOMS $41< 9I5H AAL SP-
2560 (100 m x 0.25 mmi.d., 0.2 ¢ film thickness, Supelco Inc.,
Bellefonte, Pennsylvania, USA)S A2l51 G o, 29 o B &
EE100C ol A 4 5 52t FA13H 5240 C 7] B 3CH 5
7¥stod 15 & &t FAs o5 7iae WECR 0.8
mL/min, injector 225°C, ion source 200°C, separator 240C &
ARt Z7ke] AR | UL FeJsko] 2SI, split
ratio=20:12] v]g-0]3ic}. 2|5 1] 3= SupelcoA} EFA|HF
AFmethyl ester @] W22 A7k} v] wate] EHelstglom, o5
WA A 24 MEES T E8 GOl )
Haoj=l 113.9] mass spectrum= GC/MS data system?l MS
Chemstation (Hewlett Packard)of] A %] NIST & Wiley library
ofe] A4 - S Fal XA ATk AL A

A=
EYHOR3 3 o) 22 &30l BT,

O] TS TR %

OIX|E=3HEAC| RNA ZHM

ShabbS 92 PLA, §814k] HHEl-S oj45He RNA 7H
2 Park et al. (2015)2] S w2} double stranded RNA
ASRNA)E Az5tsch. fzas Selsumloles 4

Z}OF302 (Park and Kim, 2010)¢f] £0]%] dsSRNAE dsCON2.
2 o]g3lr). o]FH| #=H|HE dsRNAS A2y Ad E22l
Metafectene PRO (Biontex, Plannegg, Germany)®} 1:1 (v/v)
o8 2361125 C of A 30 H7FHHG-A| A dsRNAE £ 3}6=
EES FAA o] JEFE 5 | QAL shiLhg f
% @7} 26 gauge needleo] H2HE | AlSEAFR|(Hamilton,
Reno, Nevada, USA) 2 1}2] 1 £g2] dSRNAE YA F T
dSRNA 72] 348 A|7k0] AT}t 228 2&510] 447]2]
R E S e R F

SHEA

REAZHEIAIY Aibs RS AR 2 A] arsine H3 &
SAS2] PROC GLM (SAS Institute, 1989)-& 0]-8-5}o] ANOVA
B AAEGIEE Hojl ANOVAS 7|22 izt vla=
DUNCANS| ch5074 W& olstih f-o4e Type |
error = 0.052] 7|0 A 2}o|& LS} T)

A A& o 22004
FEoIelE T2 A FAAE, FAE L A H

5 = e s sghE AgAr
EASFATE W] 22]0] 7R AL Q= Ak FR=
TKTable 1) palmitic
acid, stearic acid, oleic acid, linoleic acid 2! linolenic acid7} 7
S o] 7Rt EZIFARARS palmitic acid, &2
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Table 1. Fatty acid composition in the integument of the fifth instar larvae of S, exiguaaccording to lipid types: neural lipid (NL), glycolipid

(GL), and phospholipid (PL)

Relative ratios (%) in different lipids'

Fatty acid (# carbon: # double bond)

NL GL PL F df P
Myristic acid (14:0) 0 0 0 - - -
Palmitic acid (16:0) 26.8+22 23.6+23 36.4+£21.7 1.66 2,15 0.2230
Stearic acid (18:0) 0 52+2.6 11.5+£83 3.21 1,10 0.1035
Palmitoleic acid (16:1) 0 0 0 - - -
Oleic acid (18:1) 276+ 1.1 146+7.2 89+4.5 22.79 2,15 <0.0001
Linoleic acid (18:2) 455+2.5 41.6 £6.2 344 +£20.2 1.27 2,15 0.3097
Linolenic acid (18:3) 0 15.0+10.1  37.2+20.7 4.15 1,10 0.0689

!0’ represents ‘not detected in this assay condition’
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Table 2. Fatty acid composition in the fat body of the fifth instar larvae of S, exiguaaccording to lipid types: neural lipid (NL), glycolipid (GL),
and phospholipid (PL)

Relative ratios (%) in different lipids'

Fatty acid (# carbon: # double bond)

NL GL PL F df P
Myristic acid (14:0) 0.1+£0.2 08+14 0 2.32 1,9 0.1620
Palmitic acid (16:0) 329+1.2 24.6£6.8 18.4+2.1 26.82 2,20 <0.0001
Stearic acid (18:0) 22+1.0 6.7+2.8 6.4+£2.7 9.31 2,20 0.0014
Palmitoleic acid (16:1) 1.6+1.1 0 0 - - -
Oleic acid (18:1) 29.9+3.3 122+1.8 13.8+1.5 132.84 2,20 <0.0001
Linoleic acid (18:2) 27.5+£3.0 364£73 32.6+2.5 6.97 2,20 0.0050
Linolenic acid (18:3) 5.8+0.8 15.7+6.9 27.0£3.6 47.23 2,20 <0.0001
Unknown 1 0 14+24 0 - - -
Unknown 2 0 1.7+3.0 0 - - -
Unknown 3 0 2.7+4.7 1.9+4.8 0.10 1,13 0.7565

' /0’ represents ‘not detected in this assay condition’

Table 3. Fatty acid composition in the gut of the fifth instar larvae of S, exiguaaccording to lipid types: neural lipid (NL), glycolipid (GL), and
phospholipid (PL)

Relative ratios (%) in different lipids1

Fatty acid (# carbon: # double bond)

NL GL PL F df P
Myristic acid (14:0) 0 0 0 - - -
Palmitic acid (16:0) 154+3.0 26.9+4.0 85+6.8 14.56 2,9 0.0015
Stearic acid (18:0) 4.1+£0.9 84+33 109+5.2 3.64 2,9 0.0694
Palmitoleic acid (16:1) 0.5+0.7 0.5+0.7 0 0.00 1,2 0.9544
Oleic acid (18:1) 17.4+2.6 16.0+1.4 12.1+2.1 7.06 2,9 0.0143
Linoleic acid (18:2) 50.5+£4.0 41.6+4.6 339+ 145 3.36 2,9 0.0814
Linolenic acid (18:3) 124+0.9 69+1.6 19.5+15.4 2.01 2,9 0.1894
Unknown 1 0 0 104 +15.1 - - -
Unknown 2 0 0 0.8+1.1 - - -

"0’ represents ‘not detected in this assay condition’

AR linoleic acid7} 714 1o] EaHElo] QIgick MR A9 o] A% kA9l palmitic acid S ThE 2| o] ]3]
B, SR AL 8 e A S T ST, ) 2 W, linolenic acid S k2 X ol vla AL S )
wbglol S A3 QA AL wrkelokel A AL EYSIT R 71 ol mekek Qlck. Tio] R AT oI AL ujEiel X
o, B3] oleic acid} linolenic acidoj|A] 0]5 X A= 2} HRAL3 222 g3k
o7} Uiz 2485 vttt Bt 24 7hed] 1A1E aoho] AW AE 24 o] 4 ¥ }lth(Table 3). o] =
9] AL = x| H|3f oleic acidS & A E3F1L QAT Aof| A &= ZSFAH] ‘_P 2 palmitic acid®} stearic acid”} A&
linolenic acid:= 713 Wo| sZaks}al Q= R|Hkako 2 Ve i ) E 3, E3ESIRHPALS 2 palmitoleic acid, oleic acid, linoleic
AHHA| 2R 9] AWPAF A0S Ab H H(Table 2), 3 22 acid X linolenic a01d7} HEEH AL o] 2o A= Ao
I} GRSt 2A1S LFERN AL, o] 7]of myristic acid 2} palmitoleic A AEE R 5UeF 7FR] vjEl A9 SR HEE
acid7} 27k2 AEE Tk B USIR 3 K AT ok AR A, Eakupae] A9 B4 gk A
259tk Al A2 B ZIA AR palmitic acid7} TEA 2 palmitic acid7} 435k, Q1221 9] 7L stearic acid 7} 74
o}, B skA|HFAR] AL A X AL oleic acidS 18|11 T Sl B A|HFARS] 2= B = inoleic acid S 7 A4}
£ AL linoleic acid & 9 A4S 2 --akaL Q3T ¢l Ako 2 gha-akar ISk QIR 9] 74-9- ZBEA|REARS] palmitic
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Table 4. Fatty acid composition in the hemocytes of the fifth instar larvae of S, exiguaaccording to lipid types:

(GL), and phospholipid (PL)

neural lipid (NL), glycolipid

Fatty acid (# carbon: # double bond)

Relative ratios (%) in different lipids'

GL PL F df P
Myristic acid (14:0) 2.6+0.1 0 - - -
Palmitic acid (16:0) 25.1 £ 0.9 34.6+6.6 225+72 2.51 2,3 0.2289
Stearic acid (18:0) 23+0.7 9.1+4.38 0 3.90 1,2 0.1870
Palmitoleic acid (16:1) 0 0 - - -
Oleic acid (18:1) 224+04 142+73 10.0 £0.7 4.36 2,3 0.1296
Linoleic acid (18:2) 27.0+19.5 27.8+6.8 36.5+13.9 0.27 2,3 0.7830
Linolenic acid (18:3) 49+4.0 6.6+ 1.1 32.8+1.5 75.28 2,3 0.0027
Unknown 1 0 0 - - -
Unknown 2 52+39 11.5+3.1 3.09 2,2 0.2443
Unknown 3 0 0 - - -

!0’ represents ‘not detected in this assay condition’

Table 5. ANOVA on fatty acid (FA) compositions of four tissues (gut, fat body, hemocyte, and integument) and their three lipid types
(neutral lipid, glycolipid, and phospholipid) of 5. exigualarvae. ‘df','SS’ and ‘MS' represent ‘degree of freedom’, ‘sum of square’, and ‘mean

square’, respectively

(A) All tissues
Source df SS MS F P
Tissue 783.92 261.31 422 0.0061
LIPID 115.03 57.51 0.93 0.3959
FA 23625.68 2625.08 42.43 <0.0001
Tissue*LIPID 693.13 115.52 1.87 0.0863
Tissue*FA 17 2438.39 143.43 232 0.0026
LIPID*FA 13 6322.93 486.38 7.86 <0.0001
Error 287 17754.93 61.86
Total 340 73913.85
(B) Integument
Source df SS MS F P
LIPID 1033.39 516.70 3.73 0.0291
FA 8104.83 2026.21 14.65 <0.0001
LIPID*FA 2590.92 431.82 3.12 0.0095
Error 65 8992.05 138.34
Total 77 21696.09
(C) Fat body
Source df SS MS F P
LIPID 2 1.49 0.75 0.06 0.9428
FA 9 18375.48 2041.72 161.41 <0.0001
LIPID*FA 10 4541.63 454.16 35.91 <0.0001
Error 133 1682.32 12.65
Total 154 25290.44
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Table 5. Continued

(D) Gut
Source df SS MS F P
LIPID 2 118.45 59.22 1.20 0.3100
FA 7 10454.49 1493.49 30.22 <0.0001
LIPID*FA 1606.16 178.46 3.61 0.0015
Error 51 2520.10 49.41
Total 69 14777.16
(E) Hemocyte
Source df SS MS F P
LIPID 2 236.30 118.15 2.39 0.1218
FA 9 3639.60 404.40 8.18 0.0001
LIPID*FA 1304.11 144.90 2.93 0.0269
Error 17 840.56 49.44
Total 37 6317.47
acidE o #| o vlsf 10

A7 2&=HHH, linolenic acid& th&
Ao wlsl @A 223Fstar k. s wghel AHARS Q1A
oAt A= Ak
A E 220l A A F o] &AL
o] B &It Table 4). o] Z2]0)| A= ESIRHPALO & myristic
AL, EESPAAE
% &2 palmitoleic acid, oleic acid, linoleic acid L linolenic acid
7 AEE k. o] 2ol AN HEE A Bl
A 744 mIte] AAF S5 7w gk A A A ne,
LR HPALS] Q- palmitic acid7} -8l E3ESIR|HPALS]
AL L 1 Jinoleic acidE $-4 x|HWPALo 2 383101 91ith
olx| & o] A©. EahA|H}
& A[-of| B3l 24| 2= v,
off @A Zetskal Qlck
22 93 A d FRE Ak 24 bl ofl thsiAf £-9
& AESI T Table 5). BE 2] 9 A2 F5olA] AP
o 2L 2 AolZ UETI(AS FAS] Slgat Wolsl
Table 5A). O[5 2|4t 24 o] Aol 2R 2 Zo|S 1}
EPHTH S ‘Tissue’ o] 3|3t Hol¢l, Table 5A). 1L} #]
2 Z2o| lebils AR H 02 2 xjo| S Koz TS
‘LIPID’of| 3|55t o] ¢, Table SA). T1jut 228 2 BA3)
of wl A 2 2ol el o] EAAE AL o
4= QItKTable 5B).
ofolsibizol= AIRHe] Fag BEBAPAY 2
22 W A AER AT Fig 1), AN O R BEsA)
SR S1-819%0] ZAH] 5 Lehc, o] elg S akAuALe)

R EERREY:
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Fig. 1. variation in unsaturated fatty acid compositions among
different tissues and lipids of 5" instar larvae of . exigua. Four tissues
are integument (INT), fat body (FB), gut (GUT), and hemocyte
(HQ). Three different lipids are neural lipid (NL), glycolipid (GL),
and phospholipid (PL). Each treatment was replicated more than
three times. Different letters above standard deviation bars
indicate significant difference at Type | error = 0.05 (Duncan'’s
multiple range test) among means in each lipid type.
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Table 6. Influence of RNA interference of iPLA; on fatty acid compositions in three lipid types of S, exigua larvae: neutral lipid (NL),
glycolipid (GL), and phospholipid (PL)

(A) Fat body
Lipid types Fatty acids Relative ratios (%)] 5 Statistics
dsCON dsiPLA
NL Myristic acid (14:0) 0 0.50 X’ =46.57,df=6
Palmitic acid (16:0) 24.97 35.27 P <0.0001
Stearic acid (18:0) 0 3.73
Palmitoleic acid (16:1) 0 1.80
Oleic acid (18:1) 30.75 44.40
Linoleic acid (18:2) 36.03 0.67
Linolenic acid (18:3) 8.25 2.79
GL Myristic acid (14:0) 0 0 X>=520,df =4
Palmitic acid (16:0) 38.88 27.68 P=10.2673
Stearic acid (18:0) 24.22 20.09
Palmitoleic acid (16:1) 0 0
Oleic acid (18:1) 11.54 13.75
Linoleic acid (18:2) 20.41 30.93
Linolenic acid (18:3) 4.94 7.55
PL Mpyristic acid (14:0) 0 0 X*=12.07,df=4
Palmitic acid (16:0) 17.22 24.26 P=0.0168
Stearic acid (18:0) 1.08 11.34
Palmitoleic acid (16:1) 0 0
Oleic acid (18:1) 19.26 15.25
Linoleic acid (18:2) 43.41 36.69
Linolenic acid (18:3) 19.03 12.46
(B) Gut
. . Relative ratios (%)' .
Lipid types Fatty acids - Statistics
dsCON dsiPLA,
NL Myristic acid (14:0) 0.27 0 X*=17.80,df=6
Palmitic acid (16:0) 25.22 15.92 P =0.0067
Stearic acid (18:0) 3.97 3.26
Palmitoleic acid (16:1) 1.67 0
Oleic acid (18:1) 35.38 18.88
Linoleic acid (18:2) 26.38 49.55
Linolenic acid (18:3) 6.29 11.656
GL Mpyristic acid (14:0) 0 0 X*=0.62, df =4
Palmitic acid (16:0) 22.61 26.58 P =10.9606
Stearic acid (18:0) 15.06 16.36
Palmitoleic acid (16:1) 0 0
Oleic acid (18:1) 14.85 13.06
Linoleic acid (18:2) 40.79 37.88
Linolenic acid (18:3) 6.69 6.12
PL Myristic acid (14:0) 0 0 X*=4.09, df =4
Palmitic acid (16:0) 8.04 13.83 P=0.3938
Stearic acid (18:0) 11.30 9.42
Palmitoleic acid (16:1) 0 0
Oleic acid (18:1) 14.78 15.25
Linoleic acid (18:2) 49.38 38.57
Linolenic acid (18:3) 16.50 22.94

' 'dsCON’ represents a control dsRNA specific to a viral gene. 'dsiPLA;' represents a dsRNA specific to iPLA; of S. exigua.
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ol A Bl itk iPLA; -3 d o] A== 2ol A <A
2709 Hsb7E R E Qlek AA 9] - o] g k= 54
A3} IRl A B4 = SITK Table 6A). iPLA, f7d ko]
3 oAl= 78 ZAYAI palmitic acid 244 S7F 9 8
SESFAJHFARS] linoleic acid®} linolenic acid?] = ZHAS
O ReE AAE 24 Hsh) Aok S A A Ao A
, H9k] P2 ERiti(Table 6B). AUA|of vpb7pA| 2 22
SEAAF] palmitic acid 2/ S717F QoA E32opAR
Are] ZFAL oleic acidof|A] YERATE 28] linoleic acid2}t
linolenic acid 2] g}=2 thAh Z7}sF9ich

me mr ot

=

1%

sha ko] ML 24 22 W 2 E5o] we} o]}
gk 28y gREL FQ ESIR|HMAEC 2 palmitic acid}
stearic acid= 3H3-5}a1 9Jow, FQ EBEZIX|HFALO 2 oleic
acid, linoleic acid ¥ linolenic acid= AU 3l ¢t} o]= Adt
ARl =7 AT 24T FARE ¥ UEhd Aoz &
HEITh(Fast, 1971). £835] & Ao} FARH O = AAE
S F(Zophobas atratus) ] 7%= o5 AWAto] ol
el 9 A= o2 A FROIA R o] 23 FREY ATl
F2 &% % tiHoward and Stanley-Samuelson, 1996). =3t
QA AN A ExzspA o] A UEhbs A= AR A9
L Jebich a2eu EE3) zfo)7) U= A& a-linolenic acid
(9,12,15-octadeccatrienoic acid)®] $teFo|t}. Z atratus®] 73
L= ZHFA| o] A linoleic acid 7} 44.57%©] 3 linolenic acid 7}
0.35%¢]1 BHof] spihupro] 294 74-$- linoleic acid7}32.6%
0] 1 linolenic acid7} & 27.0%= 24|53k o|ZA =&
aEES] linolenic acid 2] SRS A H(37.2%), 4-514(19.5%)
13l dK(32.8%) A= HrERkaL Qlk Z1Eu & A
Al ofo]FARizo]=0] ARtdof A4 A-EAE ofAX of
7Ytk HESHA| JESHA: ol= 3ol AlAE 240
A g FE Zpolro] ol Al RAfjehs E4(Bade,
1964)2 AZRIAA e} o= EtekaL o A=
oflA] L5 2AOA] A A o= ofo] ko] = YHo] 7}

Solthe A& AARBIAL Sle olE S, TR M.

sexta A 3E 2] microsome FEEL ol | YA 7] #
HE3to] PGA,, PGE,;, PGD,8} PGFy & A4FEH 4= Q1ich

(Stanley-Samuelson and Ogg, 1994). T35t A =72 (Amblyomma
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americanum) | A= 2 A el At 84221 PGH ynthase
O A HolFglon, 7 e Adlof o] 8H okl
4t 714 25E] PGAy/PGB,, PGDs, PGE; 9 PG & A/J5H 3T
(Pedibhotla et al., 1995). ThA] M. sexta®] A|A|= 9+ SAF
3+ A3 ZgYo|A] PGE EE0|al 5-hydroxyeicosatetraenoic
acid9] LT olo| ZAL o] =& AY3HA] 819 T Gadelhak et al.,
1995). ole} o] A&oflA dgstaiizel ahiholA &
4 oI PG AR A HAARS(PLA,, COX) 9 &A=
LTt ol mHAke AAdste] o5 PG E= LTE A
dstar o] 5 Foll thRt Al SN Al o= Helnh

ofgl7|mHAto] glomA ofo|FAeo|EE AT
U LT ZFFolA B AP A ofo| Ao = At
A= 0|2 UERd 4= ek AR 44 25<) 57] $5
< oAk Adste] x| S2|5H3itk Dadd
and Kleijan (1979)2 R X 7|F(Culex pipiens)7} /3% 2 dt
ot Hl ol =HgAkE atstittar Wastginh 12719
Hol 7hed| ofepr|myito] EAEL7] o 7] wiZef ol= At
Aol A AgHg ol ol Aokgtth= Ae W2k qieh E3F 17
o] wojo] ofe}r|w HARS H7FSko] kgt At 2 ofe}
P LA 117] 2209] 910 A EIgcK Stanley-Samuelson
and Dadd, 1981). ©]of] tj&-9] linoleic acidoj| 4] o}e}7| = Ak
= A 5 e A AT Uity A4S sEA0IA
H/d8HA] Sk linoleic acid7} of2] 5ol Al 7HssHTt
(Blomquist et al., 1991). o]& SgHsl= A% SAZA A
12 desaturase 7} 05 LZFol| A H A= ATH Cripps et al., 1990).
wratA] linoleic acidof| Al AREAAT 2 E223k-5-2 53f C20
O 7= 2SR AR o) 7Hs sl 4= Qi oS S0,
FHX WD I Galleria mellonella)2] 73-%- a-linolenic acid
= 15 Yol A7 A Ae 2AolA FEE AAE AR
of C209] th7 = sR Ao A& & QI TH(Stanley-Samuelson
and Dadd, 1984). o]2{3t o}2}7| =4t A/ v]=ut7d
d|(Periplaneta americana)@} H5=ctu|F(Acheta domesticus)
of| A &= 8} HthJurenka et al., 1987, 1988). SFZ L30f| A 7]
=Yool A ol mygAle sk e aa Yl At
o] F7o] 7]thEct

221 9l A3 F5of wheh Aolet A 2L olE =
Aoh= IR EAE AAIBEAL QU 2 Aol A= o 2l
AbZ 7| shubz Al Zgol] B]2JE4] A2/ PLA S 55}
ek A EaEad] PLA = A 3550 49 ot &
AAS o] F A0 IA| Al FF 2 Y thBurke and Dennis,
2009). -4 $]x]of] whe} A| A PLA9F F-H| 4] sSPLA, 2 L
I, | EZA PLA = THA] 502 of whe} Z40]E % cPLA,



9} v]o]=3 iPLA,Z ;Lfgu} E3] iPLA= of2] 7]%0] &
oASHATE A FF20] B = Aol AAF 24E -4
3= g 98-S Jddl= Ao 2 A R]al It Balsinde et al.,
1997; Barbour et al., 1999). 2 &1=RNA 7HJ o & o] &4
Ayo] WS oA 49 o] uls) FAK Ak 917 e]
A EZ3R|HFALS] SlefFo] 37| Yoz 1L R AL Bk
o] oAt} o] iPLA7} sptiubite] i o] whofsh= Aoz
WY = 2171 oll(Park et al., 2015) o]t QIA|A 24 Wste}
£0]iPLAx= o2 thE AP 2] Hhgof Tofd 2l o2 oy AXITh

QI B Bt w50 of ] 240fA] ofo]
Aol 0] A PRS2 o) Ze8l9]
o}, ol EUARS ASekAls EaA ] trlRE
SR (linoleic acid @} linolenic acid)©| Q1x] 2o B}
o] B ek AL 240 EHS WA A]. webA o v
Azo) Fol A e ABE o5 917 do] e BT
SRS ol mqAke 2 Hglsto] O}Oli*PiolE ol
AL ATATHE ol o188 4 9E 0= 24, ol

it 4 A7t Basie.
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