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Analysis of volatile chemicals induced

by honeybee diseases and
its application to early diagnosis

in the future
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(Analysis of volatile chemicals induced by honeybee diseases and its application to early diagnosis
in the future)

O. d70de] 54 9 384

2 dve 280 A oA e o mE Sold HAE AASt I FEoE A
dol HA FEF A MAC el B4 P& Hole AABAESH 7AE d+sta, 315
A4S FATOEAN EHY AWE 2] A9 F e dHF FRE FSed 58S
YAl ok dAA7EA] EHY giE Ay oz Q) MACA FEEHE sEA=dY A8 B4
I} ol& At e wroe®E WHUE 2HE9 g AR Ay 2 dlE o dig
AT €Hz vt A9 gle AAolH, AW I {FRE ST F e dAY FHE
A, BANETH HY AZHE Egdde digh gt 2 3 Ed AR T/ EE F
Zbetar ok mEtd B dAFoAE 75 2 ASAA EBhiEHe 2 3EEA ‘{17:}5
(Sensitivity), Eo]l= (Specificity), ¥ & A icti

test), 4 =% (Predictive value of negative test) , &
& 9% AW ZEE o B &M e B AHS =27)9 Xd‘i‘r?% T Ja, %% *P
S| & FAIskE Al 33k et YAata ol gk dF

32 toggoE A5

Be AAZ AHE olFol Mok A4 TEe] A% e fAA TABRAG A=
o) e FE(contac) o2 Qs WAY WPl ok AN B BTk WA, olF A
54 25 AEL AAS) 9% ABH Poioh 2% @ P YT T AF A Asocial
immunity)& HEAZE ES Aoz A H9S.
O 4 W 433 752 I9 $O= ML P2 Y5 v 2AUL A -

Ry

AY FZFo] BEusle 33HEA(chemical stimuli)g €128t 7+
RHolA .
O Yy z7]o 37y A=E& Z7]o EFH o= QXS e oA ojdd TFEHE 7
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SUMMARY

This research project mainly focus on the identification of induced chemicals by honey bee
diseases or pathogens from individual bees as well as honey bee hives. Honey bees are
thought to communicate each other with less— or non-volatile compounds due to crowded
environment in the hives. However, these chemicals are not yet identified to identify or
diagnose the status in the honey bee health in the colony. Recently many quick-diagnosis
analysis of honey bee diseases and pathogens by PCR applications, but more fast detection
application protocols are needed to prevent the fast spread of diseases in the hives.

Therefore, this research project is to challenge to identify marker chemicals in the major
honey bee diseases. Moreover, we try to seek for the potential chemosensory receptors
responding to marker chemicals to apply to high sensitive nano-detectors in the near future.
This research project was supported by Korea Institute of Planning and Evaluation for

Technology in Food, Agriculture, Forestry and Fisheries (IPET) through the Ministry for Food,

Agriculture, Forestry and Fisheries, Republic of Korea.
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1. EEo AAZ 71A

Oh BHE FFREY stEuge 9 VMR dE, i, 2EAY, 55, Z2F g2 A
sgbolghs AHAE ZEXE AW ARSI 2502, IulolA 62Y R AAA JIAE AU
ol.@

() $avet BEAS JFEE 2008 7]Eo 2 ¢k 1909 Bo 2 AA 119o)H, ¥E ik
29 7 BEo2 AA 159E JIESste o, A A4S RSy F93 JsS g

71 %ﬂ AlFol s M%

Fl

S
T

o{r

ol
-

C olege v gos, FudAs AL AN ofel Aoz el 57
AAA £4¢ 88 A
@D olds FAA B 9710 WSHL ¥ol7] A% FoHH DSAA FHo| AFen, B

o NG olsfstn FRAYL AT AT AT LokE Pk I

Table 1. 2008 M= &= ALSAZ

TE A F(ES) MNFF(FS) $HA APF(ES) H&
A5 7HE) 13,883 20,219 34,102 40.7%
At 9= (3) 314,511 1,544,063 1,858,574 16.9%
A, THFAAFH

2. ¥ dx 2

b &l AHol =AnpE-2 Nosema apis woll o] s, FolHd= 60dt] FHkoj
A EAste] 703 e daddow 2 dE 7, FAE AFFHR] FRAA AL
o= WAt g7t A& AL U+

) =AY E G2 YEEAY TAYEADY BRFos EAsE NTRAY 95
Mol TAAD AANA L 3 o), BelAL 340Y FEY 5 g gD B xR

WSS v 7R Q= Ao E%U‘ (Tom Webster, 2010).

(th ES&ob3¥ (Sacbrood Virus)v= 83 EZTHAA THste= vlojy 24 AW o2 M,
gZg-ol -l ¥Wnlo] 2] 2(Chinese Sacbrood Virus)7} =uje] B4 Ze & 43l A<

A7y H. o] Wol] WAZ FaTltollAe oF & G ¢kl BE Fwo] AEH o F gold B

—‘T‘r i%l Pﬂ A HH FAAEAE At X857 EVFsstal AR E A= v 6km QFE
=HE AAE3oF & AoE B

(a}) Gl & (Deformed Wing Virus)e= ulollA 200585 X502 = ozl niolzfx &



HozA AAZCR 7HE ol

S 7AH AFe 78S
L. (Genersch et al., 2006)

Table 2. =5 AbSE71 vs) A 10.7 @A)

Wy ste, 28 Sl Y3 wifEH= A
(Bowen-Walker et al., 1998). o]&= Z&Ho] HY|7|oA AFOE 7= Al7]
LA 7] B A

A7 G

pil

A4q AR | FEEE | J3E VR | J3HY AEH

Ehe 34,068+ 16,412+" 48.2% | 4,2679WkY] | 16,412X260H ¥

A 215,000 56,511 26.2 14,560 56,000<2607 ¢

ik 131,108 80,076 61.1 20,800 80,000x2603 ¥

=>4 14,682 1,500 10.2 390 1,500x<260% ¥

el 22,723 12,150 53.5 2,126 12,150x1754 ¢

A 417,581 166,649 39.9 42,143
Table 3. X <4 Il =A A3}

A ZAL | AMS ks ke

Ul B | SHEA | % | FEAEA | % At %

e 5 484 351 72.5 100 20.6 451 93.1

77 7 384 80 46.8 99 25.7 179 72.6

oh:l 5 630 80 26.4 178 26.1 258 52.6

=5 4 864 40 4.6 12 1.3 52 6.0

A& 3 1,040 820 78.8 60 5.7 880 84.6

A 3 847 482 56.9 255 30.1 737 87.0

ok 2 2,060 1,174 [ 56.9 636 30.8 1,810 87.8

A 5 1,600 960 60.0 440 27.5 1,400 87.5

A 34 7,959 4,187 [52.6 ] 1,780 [22.3 5.967 74.9
3. & AW d Uy F EAF
b EE AZEA w3 dS dets YHeEE duAS o83 At HA, SFE
2 A4 vHE(PCR)S &3 =Av, EFEoriay, S/eTd a4 &, s25FHe F
g G EotRaE HAAol A+
(b dArAEE ol &3 Alvt HAL 4008 B8t A S o] &8t @ 2.3~3ps, B 4.4~5.0
us Ad weFol xAE st A A LS o83 THEL I ¥HSPCRISE
ARE SHFEAA wAn, GEEobRaH, ENETH S JAdst=d ol &3
(th stARE dv)d R FFEL AHE, S2FTFHS AE7E AAEoF sty 3y & 3
o] FRlo] 7hsstm wE ko] E7lsdt A ZAHES 2 e
(@) = Eddd A7t 2 AAZA] e D Y S FEHoR Gad v Ay 27 o
Al g mokgk AAola, dA EE AW ITs e o3 Arizide] FE o] FA X
st 3] HlggZlor IAPH S B
(mh mebA A&sta AEsHA Igs WE 5 s o] Aoz EAEoF st 23l
ot A 5AY & 2 FE&oR Q7 Hop AA4% FA|E WA stedof g
(P =] A7 o8 HUA FFolA Ascophaera apisoll ZEE FEOEZHEH FHFHL

_8_



A =l ol ZAAHE Al 7HA LA SgEES st A4 fEde EAEHA
%= Al 7FA] 3}3HE, phenethyl acetate, 2-phenylethanol®} benzyl alcohol % phenethyl
acetate”} Ascosphaera apisdll ZEE #3534 THE ] JAAHQA E5& F=5t= 4 ELY
< 93 A, (Jodi A. 1 et al., 2009

(Ah &2 7L A, GEEob I, EE

5 T3t 7)A AEntEYn AZFEA7|(gas chromatography-mass)E E& 3¢

setEd S
=9 AHEN A, AFEY, FH494L A8 EXE st ¢ 7 Ao & EolF 3
SHEH S FASIY olE EW ZAZ|oAe] $4RHEEY HA qPFOE olojX = AlAYE 7

=

==

A ws Ay B olde EeH 27] AW vtdst] AUE FAE o] £ T ole
&3t Fud AW AW AT P BFHL oo AT NBA 0§ U ¢S %

of HAT W FAE A 71F e ARshEE ouAY o o3,

2 4. ATAL HEEE
T= AW ZHAFH BEHlEE £%59 $38&EZ(chemical stimul)e 3 2 543+
AA] tiek A FFe ANAPFEH J|HdS AFsta, olE EH FAHS 2V

¥ 2 3
AT = Y YNF TEAE Dol Qe FAZA LA 2o Bl um LYo

A HEHE getEde] JRe BAst] ofF PAstel BAHE PorAF 5, Buzte] 59
27 AR A R VF FA UG ATE oF AF F4 FEAS Hoh AFYRAY W
AUZS FRAAE B A3 FAE AR AA G 33



TH O, SSSotFHE, E7HE18
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259 343 gopgo 2219
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3l USDA X reserch A 40

ko] Lnjo A == 3
Folu 4, Single sensilla recording, Patch clamp &) WA =W FHiL FFolH A

9. W ozl zuiel 943
FEolA A3 HPolAA e,



A3 A ATAREY g 2 A

1 4. o]2d g A
1. 71eA B3
Oh A7 283 4 9 A AR F5H
31l 9+ web-base d al
E5AH S ol &8st #H Ax AFAEY A ¥ AR 53] 34

a
O
=)

2. AN EEH )

b Al ATee] AAA

- IdHAAF A1, Olfactory responses in a gustatory organ of the malaria vector mosquito
Anopheles gambiae.(PNAS, 2006, A|1FAA}): 7] FFololA AA =2 7752 LA,
A7 s, EAA B =S, 27, AEZAAESE A7

- #HAAF A2, Genomics and transcriptome profile of the odorant receptor gene family in
arbovirus vector mosquito Aedes aegypti. (Insect Molecular Biology, 2007, &A1 Ap): =7 <& uj
NEZ1R] Aedes aegyptil A8 MZL 24484 FAAe] o= A7, Bioinformatics

- A AFZ A3, Floral components & $7F ¥ . dAfo W& 579 wEg9 xolE
Electoantennogram-= ©]£-3fo] &<l

2 -4 dFHE

1L FXA8 9 A=

P =A ESEolFiHe) BEE 2% AE 1 (O 2. dFYA
FEE A, A B, AAdEE 2P
O =Amp - AFd, ESH
@ FEEotFuy  EFH
@ 5 % AZFAA EnlEe AW dstEde U= (Sensitivity), §°l% (Specificity), %l
& AA EAY, AdA =% (Predictive value of positive test), &4 < =% (Predictive
value of negative test) , &% (Accuracy) 5 A& FAELAS A AW EE o
B 48 3.

o
N
b

o
>
o

of
N
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a9 2 Sl B Mgl Ferbeke] 14 A=t

() ARl e SBERYH g3l ZHlEs dsted 3.
- otz Zuy F4ke] X% Carl Hayden USDA EH AT A4 AL g8tE2d +171&
ojgst Z AWl wmet ol EnlEE Fdsted 3 (3" 3)

1 I

a3 3 EEANEYEH IEA sestEd =3 7 713A
(e}&) z=1} T4k 938 Carl Hayden USDA #H AT 4)

(th 712 a=EvtE s D227 (gas chromatography -mass)E °|&3 IF=d 4
- GC-MSE o] &3 dF i AW #9d FFo=2RE EYxEes 5ol4 sstE4d
(chemical stimul)e] A=A, A, AFEA, L A0 B4, ofgl 2y T4l 914

gk Carl Hayden USDA EH AT 40X AFste &4 ARE o] &3 AW W& &
g FolF 3stEd 74
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a9 4 A718Y A (HEolddAH2dS5AR)

(mh) o] ¢1x%38 EA] (Proboscis Extension Response)
0 GC-MSol| Al &49 3EHE o] &3 9 A TH S &4

3 A, A2

HI

1. =47} ¥ Sacbrood virusel] 9 d &35 AlE &

b A vk 20123 9~11¢€ Afo] W34 Al <} %—Zr AHe] FItAA AR FF. At
THAAE A st SAHOE HellA AFS T A8 BFS o83t Nosema feeding assay
E AW wirI(aE DA X3y

(1} Sacbrood virus: A& u FJYHATHS SHANA ASFU ETE FF
SBV feeding assayE AW viF7|(2R 8ol A %13y,

.

o

o] 83}
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40 newly emerged bees

20 bees fed u-.uth

Incubated for 7 days

sucrose 50% (control)

-

e Incubated
l %
20 infected bees
- 100.000 spores/bee
a9 6 wAnkt A 729 A BAx
2. SBV 2 = Au} Al &2l
Mg AT g5 WAFewE ZAddE A v+t
A AEA Hold ATl 7Y B 44 2
Aupdo] ZAHAJEA FA(TE 100 & GC mass

_15_

Dissection
> RNA extraction
for7 days cDNA synthesis
RT-PCR
GC mass
< collection (28 93t AAZ & o=
& 29 7Y F ASS AE] AR =
B4 A,



A WA AL Bl = ASEDS mAlvkE e A A

% 8 Sacbrood virus feeding assays &3 A9 WA BEFH FEST(EFHI Luk Hol AAS

%3} control F&7(5)
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M Nc Nc Na Na

0 High=4095 G

2 Low

wAulE, Control(F), A n}k

CTR SBV

1d 3d 5d

b
b=
”
=
—

O =
T e

]

w}

13kl

7

A A
H

=)

13 11 SBV feeding®
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3. 714 zEwEIHY A"EA7)(Gas chromatography-mass)E o] &3+ 3}stEd 2.
GC-mass & ©]&3F A }ﬁﬂr SBV Oﬂ 7“”:‘% u‘éi‘:‘ﬂ HlEE 5ol3 a4l 4
FEA W GRS K

b A, FFAGAAM 3 wAvkd FE AFE HS ‘:Jﬂ‘?};“’ﬂ ded AL e
TH8te] GC-mass &4 AT 23 Agd 9 EFE W29 8oA ERHA FUd
gt (2 12). o] 2¥E Ediz 44 W

o
oA AW AHSE B3l =AvES A A TN ASE AFAAE FYEHA oleic acid
7F s A SR s (2" 13). o] Ade %‘?4_5& HEol 7n] Ao E YElYE &
oz dHF e wAvtA e FFolyo)| Zd v AAZ Oleic acidE E4HIstaL ©]
E A A U o JelEe] Ay 29 7HU] g2 I AAE HEle P it By
==

A.cerane nurse

i Al Ad - l A

aha noa 15 b0 an'tn 2 =n'n w0 snon

A. cerana forager

o Al el

B B ann “&nn anon

mm ‘-}fl lnlm |‘Ifl1

— A. mellifera nurse
2000000 1

- T N A O T

[ %hn 10 M 2 20 n'm anm

melly"era forager

mmt L il i A .JJ‘A i d. ] A

T T T
1500 0 00

Sl o A. mellifera infected Nosema

Z mjleic acid
& l doL ML L

— =0 nnn wnn 20 &0

a9 12 =Av 739 A ASodA EFH B AgE 919l Holx &4 Oleic acid7d
wH kL &S &<l
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ZEANZ EFE 5 Aedista sdAAH IS
g SAolA AtSete EFTE SToA ART F5S ol&st SBV S WA (T1H
23] grdddAE controlel ®l3E| Benzyl alcohole] Hu]#Fo] =
& A7 vebd (28 14).
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- Benzyl alcohol
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\
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R AAEAL B9 S0z £84 BE f84 B4 2o 484 9 9 Q9
W AFEse d¥5e] Fad J15or A8 oy RO pALEAT (37, 07,
HE% oﬂw daegAlel FRe e, AdL

ol FEA TS A BEAS
grstogA (29 15, 16, 17) ¥
identification & 4 A3} op& ©
Fold Ao=E oidt,

Aol Zgsts 5014 Fe=ds

= q] 2+ 2k =84 9] functional study”7} 9&3] o]
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a9 16 B vz 8T f44 R
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ACSNUOI003T.381 MNY EKY 6 RE TASAQYF LOLAGYLG | PY | AWNADNSGLERRASESNLALALAP SLEHTAAML S |LERYKWHO F SUUTSO | AGKDDF VOAVRER | SEMADTFKF T |LNA|LVSDPRDLLELUNSESRVMLLYSTREEAVR |LGAANDYK I TOENYWIVUTOSY | ENLOTPSEF P |GMLEVHFDTSTESLUN
ACSHUOTI4STO/ 766 POLLALEA | YQOLKPONESFQVE TVKR |GNMSEA | DF LRSLEELNAWSNKTVYL OGP TOMAKD IVVSHYRDVALGKRTYHYLLSGL I MDDRWESEY | EYGA INITGF | VDATRPYVKDFLAGWHRLDFATSEOAG RES |SAGAALMYDAVF YLVEAF NKF LRKKPDRSNVRRTS IPOSSQ | TN TRALD
ACSNUO129571.528 MSELOASG | SUEPKSS KCF SNKNQ SSRYT | EAF NKN | LAVSHGF K | VGNKDRWKLKKT NLPOKLOGND T F EYWSEKGM | TYKAE | ELE | LENGLLEPLATWTRNEK | REAENKII LPAKRFFR 16 [ TP SURWI | K IDPATC KVMKNENGNDMWDGYC | OF VKKLSEEMEF 0YOLVUPADRTF OKKLAN
AGSHUD1884T#.053 MSG 1 WKL SDNYLNP RV VKF DRYEE | K |DEN | N7 ROGELGUE S | NP PMIYLNMT |RKT | NG F EACUYAMDNDLDWDG | EMALF L | MAEKLNF TWT | RKPEGNYTYOKRF NETYWI GO | 1GUL I DGKVD |AFAS IWUTLOGNRFVTLS | PWYDVYLHF LVARPHRTSSF WAL KKPF SKKIWELLLSALLL
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