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Biochemical Analysis of Physiological Stress Induced by High Frequency
Sound Treatment in the Beet Armyworm, Spodoptera exigua

Yonggyun Kim*, Yerim Son, Samyeol Seo, Bokri Park and Junga Park

Department of Bioresource Sciences, Andong National University, Andong 760-749, Korea

ABSTRACT: High frequency sounds disrupt physiological processes, such as feeding behavior, development and immune responses of
Spodoptera exigua. We analyzed high frequency sounds with respect to biochemical changes in S. exigua. High frequency sound (5,000
Hz, 95 dB) suppressed protein synthesis and secretion of midgut epithelium. It also significantly inhibited a digestive enzyme activity
of phospholipase A,. The gene expression of three different heat shock proteins and apolipophorin III was altered, particularly in midgut
tissue in response to high frequency sound treatments. High frequency sound treatments significantly increased sugar and lipid levels
in hemolymph plasma. These results suggest that high frequency sounds are a physiological stress that induces biochemical changes in
S. exigua.
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AEH A Sk 48] $41A17) 71 A910] ik 2ol
aFolefr] Mk es|d AdA AR A4S wetA
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Tee THeR AFEHU F B v 2B A ST
tsjA AEHAA 5 Z25(antinociception)2 325}
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(Khasar et al., 2005).
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ARl ofl A A7t 5 Aol A QlEALE(Goh et al., 1990)E
o2 w58 o ARSSRRITE AR 7S] 24
L 2w 25+1C, 357 16:8 h (L:D) o]tk 452 Ho|&
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HIHA 27445490 cm), SFEE7| 2 Y0 Q(Park er
al., 2011a). 241 TIPS BT 53301 AUl 25°C
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acidof| A} THElS J7FAIA, 2 TelE S AR ehE-8-(8

M urea, 4% CHAPS, 3-[(3-cholamidopropyl) dimethylammonio]-
1-propanesulfonate, IPG buffer pH 3-10, 40 mM dithiothreitol
(DTT)) 2.2 G| Al 5th o] =84 w2l 2 Bradford (1976)
AR O TS ARSIt o3k 7] 9E-E isoelectric
focusing (IEF)1} Ettan IPGphor II IEF System (GE Healthcare,
Uppsala, Sweden)< ©]-8-8f A1 301, THAZEL- 300 g,
2= T 18 AZF-5QEC & 100 VollA] 1 AIZE A2, 500 Ve
A T AIZE TR TKVOlIA] T AIZE 2 kVOllA] 2 AJZH4 kV ol 4] 2
AIZE 6 kVollAf 1 AIZE 8 kVOllA] 8 Ao = & 8THA| = -4
E| Rt IEF= A-8- w213 em, pH gradient 3-10, Immobiline
Drystrip, GE Healthcare)2- ]85}t WA SDS-PAGEZ
Z12Ya}7] ol IEF 9o -2 SDS % ¢h-5-8-9(6 M urea, 75
mM Tri-HCI, pH 8.8, 2% SDS, 0.002% bromophenol blue, 10
mg/mL DTT] 15 37+ A|sieie). v]wa 2ol waje
IEF Hf A2 0.7% agarose 80 0 & 12.5% SDS-PAGE &0
2| QAT 015 10 mA/gel 2 1 A7 7] 0] A= AL o]
%25 mA/gel 2 5 A7 3712 whal Balsh A E e A



71%9% 3 AL silver O"g,/‘_ﬂ‘i,*(Bio—Rad Hercules, CA, USA)2.
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1 M CaCl 12 i, FHAEE 20 pl A2 S x| o2 2 4l
pyrene 3A| ¥ 7]2(1-hexadecanoyl-2-(1-pyrenedecanoyl)-sn-
glycerol-3-phosphatidyl choline)2 @2 & 10 & 59 HF-3-A]
7 E335) 30335 A(Aminco Bowmen Series 2 Luminescence
Spectrophotometer, FA257, Spectronic Instruments, USA)ES
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SHILHE 58 518 210 el 4 805000 e 24
ARFESE 1 AR 2 ZADE(BT, A, 2ok, E))
g-N(Invitrogen, Carlsbad, CA, USA) 0]-&-3}o] 3]
Ayel o2 RNA 3251903, 5% RNAL 5%

A%k f’# ol &5 FTE o83t °F 90 ng/ut o= 3|A5}
&5 0]85to] cDNAE §H4dsted PCRY|| o]-8-5}

%Zﬂ cHal 2 (hsp) 712H] hsp70, hsp74, hsp83 -2 A}
g ZefolH(Xu et al., 2011)F ©]-§-35t T3}t °]
ol A E-L SexHsp702 5¢-CAT GAA TCC TCG
CGC ACT GC-3', 5'-CCT TGT CGT TCT TGA TCA CG-3',
SexHsp74= 5°-CCT ACC TGA ACA CCT CAG T-3,
5'-GGG ATC GTA GTA TTT CTG GTG-3', SeHsp83-&
5'-GCT GAC ATT AGC ATG ATT GG-3', 5-GGC AGG TCC
TCA CTG TCT AC-3'o|t}. T3} Apolipophorin-III (ApoLplII)
$7170) 54 seto|u] o] g5}elch ofu) sfoln] Aot
5’-ATG GTC GCC AAG TTG TTC GTG-3', 5'-CTG CTT
GTT GGC AGC CTC-3'0]th.Z-PCR A| 29| AL the ) 7+
It cDNA 1 b, ANTP 2.5 10, 10x PCR r-Z58M 2.5 uf, 3
E}OIEH Z¥ZF 1 1l (25 pmol/0), Taq polymerage 0.5 (0, 33} =

222165 gl 2 T QICE PCR HRE272 27 94°C o A 2
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3C oA 1 &, 72°CoflA] | &9 AREAA GA|R 4= 3lck
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SR 59 -2 10 1S 23H0-5,000 Hz)of 24 A|1ZHs
A =F A & FYZE FEIRE S AR 100 109
AT} 100 1l o] |- 528 (chloroform : methanol (1:1)
VIV)S 5 B B0k ERSA]7] 312,500 x gof 4] § B ok YAl R
25 ol AT SA2 95 C o ezl 20 &
EOFHRS A7) 3200 10 0] SPARS W11 95°C 9] §h2g=R o]l A]
10 2 -5¢F oA HESAI R 202 %71 55 ml9] vanillin
£H(600 mg vanillin, 400 ml phosphoric acid)-& %7} 3= 525

mmo X FFEE Z% agic}. FZF 241 linseed oil (0 - 500
pg)ye Aot A1 ek

PR 5 52 2 10 vk 4 5H(0-5,000 Hz)of 24
ARFESE ez ARl & Y S 01000 574 A= 100
102] Aoy 300 1102] 2% NaSO42} 600 120 2] methanol-S &
7Fet %5 & &7t RESAIZIT: 0] % 12,500 x gof|Af 5 2 &<t
AR sk OIS Sl HAlof ol el itk A%
9101 200-300 17} ¥]12.5 95 C ©] g0l 4 S0 1 E 95
WA ] o] Z AR © 2 271 & 5 ml2] anthrone -8-2%(750 mg

anthrone, 380 ml H,SO4, 150 ml 7422 A715F 3625 nm
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A2

#glof| w2 Hi#7t Bl SASS] PROC GLM (SAS
Institute, 1989)2 085} ANOVA 42 A X615t} Bt
7} H]3= Duncan®] t}& AAL o] 83185tk Aol =
& 3]= Sigma Plot 8.0 (Systat Software, Inc., Point Richmond,
CA, USA)< o-gsto] =4]5}stqlr)

2 it

155} 235,000 Hz, 95 dB) %127} mphupate] 4 chay
A T 2ol mA = FF= oA A7 YEE o183t
EASIITKFig. 1). o] 2E#A Zubof 24 ARt e & 425}
W& AEohal S WSS 242 Be2lste] ol
71952 Zestilch SHAILS] A9 Blaa] 22 o

(60 kDa o]s}) 2] Thf A Fo] felw o] HEE Ik A%
o2 AlEWell= 56 711¢] Thiido] FEE U o 72| 52
Mt A A E AL, FAT A 24004 St A2
FollAs B3 28 7H ] T ANt HEE| Qi) 5, 28 7)2) Tl
A Ae] oA AEHA e <
TollM FolH oz HEE Uk Wl EAske e dE &
Agt A S R 2 T Eo] AR Uehyton, F55
7He] T FEE Ik of7]o = v AR Hi2H (45 )

oflA A2]71(29 7H) Bt g2 il do] HEESick Ael =

kDa Control Treatment Control  Treatment

N=56

Control Treatment

Fig. 1. Influence of sound treatment (95 dB, 5,000 Hz, 24 h) on
proteins in the midgut epithelium and luminal digestive juice of
fifth instar Spodoptera exigualarvae. Proteins were separated by
isoelectric focusing (IEF) and 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE). Triangles indicate
specific proteins detected in each of the control and sound
treatment larvae, respectively. Each treatment used 200 ug
proteins extracted from 50 larval tissues.
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Fig. 2. Influence of sound treatment (95 dB, 5,000 Hz, 24 h) on
catalytic activity of phospholipase A; (PLA;) in the midgut
epithelium and lumen of fifth instar Spodoptera exigua larvae.
"0" sound teatment indicates the untreated control. Each treat-
ment consisted of five individual midguts and was replicated
three times. Different letters above standard deviation bars
indicate significant difference among means at Type | error =
0.05 (Duncan's multiple range test).

)26 He] T Gl A S WX glgort BolH oz 10
el gl 7c.

ZFOt XM2lof e S| AXHZshEL 2 Xt

T23K(5,000 Hz, 95 dB)S 24 A7t A 2] & 24 Abm| A=
2 4 Wdoll A5 PLA, f4 SAHEIE 24510
Fig. 2). sy 4 Al A 22 PLA, 34 43 S350
Dd o] 2ol A 2F 3.8 pmol/min/ug®] PLA, F4 S48 1
ol=¥4I4, A E]?‘oﬂ/\ib ©F36%7} A3+ 2.4 pmol/mm/ug'l
PLA, &4 84S B TKFig. 2A). 24 W72 PLA, &4
3 M s Et ol ti 22 7-9- ¢F 6.1 pmol/min/ ug—i
PLA; fd BAS Kol ula, He| 7ol e b oF 34%7}
Z£0]E& 4.0 pmol/min/ug 2] PLA, &4 842 X $ItiFig. 2B).

l'UﬂI
i

o:

ZOb X2]of S D fte| S 24l
83)4 ApoLplll §XX} w5 5}

Zhsp70, 74,

St Hejo ufel i FRe) A2 el T Ae] 4
W P ZARICKFig. 3). 2APE 4 $0] RRAE S BT
ot A7) ghiz ool A AL Rk hp700] 44 g
Aeloll WIZFsHA Wepo] ZoSgitk. et 2R W g4
4§ A7} kel olshe] BT 630 Hz o)A W]
23] ZolE uhel EIA|EL BE 3t HefolA] GoEe
QLo S5 1,000 Hz ool A= 712 st egket. 7}
A gk 248 ARleh B0 2 mE S He) oA
#E Wolx) ke

>

il

I

rl



hsp70
Control 100 310 630 1000 2000 3000

[N

HC
FB |
Gm:i_

BACH - — oy

hsp83
Control 630 1000 2000 5000

hsp74
Control 630 1000 2000 5000

HC

FB

Gut
EPD
B-Actin s w—

ApolLplll
Control 630 1000 2000 5000

BACH s —

Fig. 3. Influence of sound treatment (95 dB) with different frequencies on expression of four different genes in different tissues of fifth
instar Spodoptera exigua larvae. The expression of three heat shock proteins (hsps) and apolipophorin Il (ApoLplll) was analyzed by
reverse transcription polymerase chain reaction (RT-PCR). The four different tissues were hemocyte (HC), fat body (FB), midgut (GUT) and
epidermis (EPD). 3-Actin expression was used to confirm cDNA integrity.
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2 ]2l 217] 952 Fol HAshlck B ale] AR A

e FPAEL ol Al fARE She] Traalo] A&l

A5k, FAA 2] 79160 kDa of ko] e o] HEH 9,
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2 U431, serine proteases, trypsin, chymotrypsin®} 72
endopeptidase7} 241 £of| oH-F-l THiE S A2 Jojejz
A2, 0]% carboxypeptidase T+= aminopeptidase2} 7
exopeptidase©] 2J3l 2| Tz 4517} PojubA HTK Tera,
1990). o] 52| VA A7]|= Eft} thFsHA| T, endopeptidase
7} exopeptidase (> 100 kDa)of| H|3}| 423 ©. & 20-35 kDa2] =
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Aol A S E 51 Qe 82180l A PLAs= QA E S 28]
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AAER F4wlo] AW FHAD % AP O of

=
S o B2 vleshEd 725 24 o] £4o] e
Sohs 282 9 2102 o] 4 wo]o] xakel A Az
2] OJ8e Bea Ao Atk B AeA s 1

PLA, 275 @531 Qltk o= A 3 E AR =8
A

-

3
—
&
12
>
o,
N
i
=)
o
=2
N
o
ek
o,
_l

=
o, LUk Skl whea g kel s e gick 3, ¢

FA Bl = AE YA I i) o]t Feder and

APA O & o] &7 Sh= chaperone
o3kS- T4 Elti(Hartl and Hayar-Hartl, 2002; Walter
and Buchner, 2002). o|2|3F d&ZAhilz o Qdulzxo g 445
T2 B o] AF0] 20-30 kDa%= 4% HSPe} ZA1o]
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Fig. 4. Influence of sound treatment (95 dB) with different
frequencies on nutrient contents in hemolymph plasma of fifth
instar larvae of Spodoptera exigua.'0' sound teatment indicates
non-treated control. Each treatment consisted of 10 individuals.
Different letters above standard deviation bars indicate signifi-
cant difference among means at Type | error = 0.05 (Duncan's
multiple range test).
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Fig. 5. A working hypothesis of stress sound effect on biochemical changes in hemolymph plasma of fifth instar Spodoptera exigualarvae.
(A) Without sound, diet lipid (L) in midgut lumen is digested by phospholipase A2 (PLA2) into free fatty acids (FFA) and lysophospholipids
(LP). FFA are then metabolized to diacylglyceride (DG), which is then released into the plasma. In the plasma, high density lipophorin (Lp)
is associated with DG and becomes low density Lp with the help of apolipophorin Il (ApoLplil). Low density Lp delivers DG to the fat body,
where it is changed to triacylglyceride (TG). (B) With the stress of sound, diet lipids are incompletely digested due to suppressed catalytic
activity of PLA.. In response to the stressor, the corpora cardiaca (CC) releases adipokinetic hormone (AKH), which activates fat body
catabolic pathways, in which TG and glycogen are broken down to DG and glucose. Glucose is then combined to form trehalose, which is

released to plasma.
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