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SUMMARY
GRS

I. Title

Development of total diagnosis system for the diseases in honeybee

II. Goal and Importance of the research

1. Goal of the research

This research was carried out to establish the total detection and control system for
honeybee—pathogens, including primary diagnosis and standard treatment for disease-

control.

For the purpose of these, wvarious methods to detect specific pathogen in each
honeybee-disease were newly developed, and/or improved and/or investigated. To rapid
diagnosis for the large numbers of specimens, standard protocols of molecular detections
for the various etiologicagents in honeybee-diseases were established basically. In addition,
to control of honeybee-diseases the standard treatments against each pathogen in

honeybee-diseases were also proposed.

2. Importance of the research

Honey is one of important, valuable, and traditional food in Korea and the whole world.
Recently, apiculture or bee-industry in the world was greatly damaged by newly developed
diseases, such as CCD (Colony Collapse Disorder) in USA and Europe, or kSBV (korean

Sac Brood Virus) in Korea, etc.



As a matter of fact, honeybee is most important pollinator among various insects for many
crops and plants.

At present honeybee itself as pollinator is more important already than honey or other
bee-products in apicultural industry. The demand of honeybee population for the pollination
1s still increasing, even although total population of honeybee is decreasing step by step,
especially well developed lands, such as USA, Europe and Japan. In USA, the number of
total populations of honeybee is under 3 millions in several years long, while same number

1s about 2 millions in South Korea.

More recently, it could recognized that one single type of wvirus could collapse total
honeybee-industry of one nation which is "koran Sac Brood Virus (kSBV)”. Almost of
Apis cerana in south Korea were attacked by kSBV, and most of them were killed within
3 years. It is only good thing that Apis mellifera, major species in korean bee-industry, is

resistant against the invasion of kSBV, while Apis cerana is not.

To control specific disease, a correct diagnosis of etiologicagent and application of effective
treatment against disease are always best way. The aims of this study were focused on

these two points in the field of honeybee diseases.

III. Research Contents and Scope

In variety of infectious diseases in honeybee, only 2 bacterial species, 2 fungi, 2 protozoal
species and 9 species of viruses were known as their etiologicagent in Korea. In this
study, various detection methods were developed for the purpose of systematic diagnosis
from honeybee samples. For the accurate laboratory test, systematic detection system was
established based on real-time PCR and Ultra-rapid PCR, while immunological test
(immuno- chromatography) and Loop mediated isothermal amplification (LAMP) were also

developed for field-test.

Based on these developed and/or improved detection methods, systematic diagnosis in
honeybee diseases was basically established. In addition, many numbers of samples could
be processed to systematic procedure of molecular diagnosis. And, standard treatments

according to results of diagnosis were also proposed to control diseases.

IV. Results and their applications



From the various kinds of developments to detect honeybee-pathogens, total 19 detection

methods were newly developed against total 10 different pathogens.

1. New detection method by LAMP for Paenibacillus larvae (AFB)

2. New immunological method to detect Paenibacillus larvae (AFB)

3. New detection method by LAMP for Melissococcus plutonius (EFB)

4. New immunological method to detect Melissococcus plutonius (EFB)

5. New detection method by LAMP for Nosema cerana

6. New detection method by Ultra—Rapid PCR for Nosema cerana

7. Development of new detection method by LAMP for Ascosphaera apis (CB)

8. Development of new LAMP detection for Chronic Bee Paralysis Virus (CBPV)
9. New Ultra—rapid PCR to detect Black queen cell virus (BQCV)

10. New immunological method to detect Black queen cell virus (BQCV)

11. New detection method by Ultra-Rapid PCR for Deformed Wing Virus (DWV)
12. New Ultra—rapid PCR to detect Sac Brood Virus (SBV)

13. New detection method by LAMP for Sac Brood Virus (SBV)

14. New PCR detection method to distinguish kSBV from SBV

15. New immunological method to detect Sac Brood Virus (SBV)

16. New Ultra-rapid PCR to detect Israelli acute paralysis viruses (IAPV)

17. New detection method by RT-LAMP for Israelli acute paralysis viruses(IAPV)
18. New immunological method to detect Israelli acute paralysis viruses(IAPV)
19. New detection method by RT-LAMP for Kakugo virus (KV)

For the purpose of molecular diagnostic system against honeybee diseases, total 24
detection methods were improved and applied. With newly developed and improved
methods, the molecular diagnostic system against honeybee diseases was basically
established. By this system, 15 different species of bee—pathogens could be detected. They
are all pathogens that still are identified in Korea.

15 species of bee—pathogens are Paenibacillus larvae (AFB; American Foul Brood),
Melissococcus plutonius (EFB; European Foul Brood), Ascosphaera apis (CB; Chalk Brood),
Aspergillus fulavus (SB; Stone Brood), Nosema apis (Nosema disease), Nosema cerana
(Nosema disease), Acute Bee paralysis virus (ABPV), Black Queen Cell Virus (BQCV),
Chronic bhee paralysis virus (CBPV), Deformed Wing virus (DWV), Israel acute paralysis
Virus (IAPV), Kashmir Bee Virus (KBV), Kakugo Virus (KV), Sacbrood virus (SBV), and
korean Sac Brood Virus (kSBV).

All 15 pathogens could be detected by PCR or Real-Time PCR in laboratory, however, only
8 species could be tested by Ultra-Rapid PCR including Paenibacillus larvae (AFB),

Melissococcus plutonius (EFB), Ascosphaera apis (CB), Nosema cerana, Black Queen Cell

_8_



Virus (BQCV), Deformed Wing virus (DWYV), Israel acute paralysis Virus (IAPV),
Sacbhrood virus (SBV).

For the easy field test, & major honeybee pathogens could be recognized by LAMP method,
such as Paenibacillus larvae (AFB), Melissococcus plutonius (EFB), Ascosphaera apis
(CB), Nosema cerana, Chronic bee paralysis virus (CBPV), Israel acute paralysis Virus
(IAPV), Sacbrood virus (SBV), Kakugo Virus (KV) without special equipments such as
PCR thermocycler. In addition, Paenibacillus larvae (AFB), Melissococcus plutonius (EFB),
Black Queen Cell Virus (BQCV), Deformed Wing virus (DWV), Chronic bee paralysis virus
(CBPV), Israel acute paralysis Virus (IAPV), Sacbrood virus (SBV) could be tested by

Immunochromatographic Rapid Kit.

Diagnosis aganst honeyhee diseases begin receiving of samples (egg, larvae, adult bee, or
honey). Molecular diagnosis is a system of procedures including preparations of sample,

molecular detections in laboratory or in field, and even standard treatments.

V. Products of research and their application—plan

Among products of this study, the best seems basically systemic establishment of total
molecular detection system against honeybee pathogens. It could be able that bee—keepers
could treat and control against bee disease based on scientific diagnosis. Seletion and
treatment of effective drugs after recognition of pathogens. It was always standard

strategy in successful disease—control that we, human being, achieved.

Real products in this study are 1) Detection PCR kit for 15 honeybee pathogens, 2)
Detection Real-Time PCR kit for 15 honeybee pathogens, 3) Ultra—Rapid PCR Detection kit
for 8 major honeyhee pathogens, 4) LAMP Detection kit in field for 8 major honeyhee
pathogens, 5) Immunochromatographic Rapid Detection kit in field for 7 major honeybee
pathogens. Among these, 4) LAMP Detection kit in field for 8 major honeybee pathogens
was produced by GeneClone Inc in Korea as prototype, and 5) Immunochromatographic
Rapid Detection kit in field for 7 major honeybee pathogens was also produced by BioNote

Inc. in Korea as prototype.
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A3 AT U8 R An
A 1A =FAg AN AF A A=W Y

1. )RR o] AQI¥ Paenibacillus larvae©] W3 LAMP AAZERe 7w

ool 3= w|=FE AW (American Foulbrood; AFB)9l <1411 A+, Paenibacillus larvaes X
ot AEs HAEsla A s BHo R Al WEE Ao = Paenibacillus larvae®ro] B3}l
Eo] {49l metalloprotease (Mtpr) genes AEHREZ 31ATH AFBY HE& 93 A4
theFstA M daL, =3 d AAE R

= Bo HAA AN, o] A9 UM 5 v

,_C,)_
o] AW Mo A 7H wol AMEE AL 7], B AG= Paenibacillus larvae©] W3 Hz

i)
o

3
ofo
g

D,
e

9] LAMP (Loop-mediated isothermal amplification HE& Hela, o] Y8
Journal of Apiculture 26(3)e] “Development of a Metalloproteinase gene  based loop
mediated isothermal amplification assay for detection of Paenibacillus Larvae” o] A& 0%

LRHA7IOl, E B 2 g AR e 7 sdth

%

GhoAs 2

1) AFB-A=%2 93 Primers? 47144

Table.l.Nucleotide sequences for AFB amplification

Primer name Sequence (5'-3")
Cloning F AAGGATCCACTCACGGAGCTACAGAACA
B ACGTCGACCGAAGGTCCTTTGTAACGAT
F3 ACTCACGGAGCTACAGAACA
LAMP B3 CCGAAGGTCCTTTGTAACGA
FIP (Flc+HindIll+ F2) TGCCTTTGATCGCATTGCCGAaagctt TATGAGAACGAAT
CCGGAGCA
BIP (Blc+ HindIlI+ B2) CGCCGAATATTCCGGAGGATGCaagcttCCGGCTGACCATA
AAGTGTT
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(2) AFB-A %% 9% Primers9 A 9 $Z3A9 7|1¥ ¥

A

’

Fig.l. (A) The partial sequence of Mtpr gene used to design primers for LAMP. The
nucleotide sequences and the positions used to design the primers are represented by
dashed lines and labels. (B) A schematic diagram showing the positions at which the

primers attach for amplification of the target gene.

= I L
(1) AFB-specific LAMP¢] H 4 3}

Mo B0 61 62 63 B4 65 Bf
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Figure.l. Determination of the optimal temperature, time incubation of LAMP and
verification. (A) Determination of the optimal temperature. Lane M: Forever marker; lanes
60-67: LAMP carried out at 60, 61, 62, 63, 64, 65 and 67°C, respectively. (B) Determination
of the optimal time. Lane M, 10 kb ladder marker; lanes 5-60, LAMP carried out for 5, 10,
15, 25, 30, 45 and 60 min, respectively. (C) Verified the specificity of primers. Lane M: 1kb
ladder marker (Fermentas, Germany); 1, HindIll digest of pBX vector (as control); 2, pBX
vector no cut; M’ forevermarker(Seegene ,Seoul, Korea); 3, LAMP products from AFB
clone; 4, HindIll digested of AFB-LAMPproducts(102, 84 and 54 bp).

Figure.2. Sensitive detections of AFB-LAMP and conventional PCR

Both LAMP and PCR methods were performed using the 10 fold serial dilutions of the
plasmid (pBX-Mtpr-AFB) DNA. Lane 1-6: 6X105,104,103,102,101aHd6copies,respectively.LaneM,
1 kb ladder marker; lane N, negative control (A) LAMP reaction, (B) PCR reaction.
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(2) AFB-specific LAMP 9] Eo]A

Fig.3. Specific primers for AFB-LAMP assay
Lanes: M, 1kb ladder marker; N negative control; 1, bees genome infection with AFB, EFB

and Nosema; 2 bees genome non infected with AFB; 3, bacterial genome mixture without
and with P.larvae, respectively.

3) dFAAAE 93 AFB-specific LAMP9] A z+3 @AW

A B C

Fig.4. Visual detection of AFB-LAMP products

(A) Inspection of AFB-LAMP by SYBR green (Fermentas, Germany) under UV
llumination showing vyellow green color transillumination in the positive reaction
(AFB-LAMP), negative control (N) with red color (color not change).

(B) Directional inspection by gene finder added to LAMP-products. A positive reaction
appeared green and orange in a negative reaction in day light.

(C) Detection of LAMP under UV light with gene finder added. A positive reaction emitted

bright green and a negative reaction emitted red fluorescence.
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2. vlER W 9] A2 Paenibacillus larvae©] W3 M3t XA A

7F A E.

v =5 A4 W (American foulbrood, AFB)& Paenibacillus larvae subsp. larvae©] )3 &1 9
At Aoz 71 wol WA= Ag2el Aol (Bailey and Ball, 1991; 434 &,
2001). o] WA= HHYE T8 o] B FFo IAsta, HAEA o5 A,
A & FET|Zke] A, FASEE wEY 58 AAMEE Wof ARl Tis dE
F3 QY (Bamrick, 1964; Atkins &, 1970). ulol A= 1950t o] Aoz 2|4
LS wolal Uty A" f52 500 ol el ot E whEo] 2% M o] ¥ ofx7}t
WA = sl Al 2L AaddA mid A& o w MAs| R g (F &, 2001).

o

o Bl S AAF B Q@ glo) A o AWe A2ENEA

P. larvae subsp. larvaes= ZL# %A 7t (2575.0mx0.770.8um) 0.2 HE o 93 % Ao ¢)
AL, iRl AwS 45 o2 EuRS ofxE FASHANL o] Alid T FoE A
o] B¢ 73ttt (Bakhiet 3 Stahly, 1985). ol 2 <18] doly & A o] A3FAdo] s, A
AN E A A HAAE BHAsH, 35-50W 3 A<E dt} (Bakhiet ¥ Stahly, 1985).

AFBO] Zgke F= b5 FEste] dAvjd A4 Astehd dALE S o] Foix L o
L, o Wl e ol Gl o8 AAEE At o, Al midaA oA v

BAge] 22 ASYA TSl Paenibacillus larvae subsp. alvei 53 3 7195 o] Z7] ko

s!

Asletd Exdo] WS Mlefsle]l AFBO] dlwro] FASS A&# Awo] ofge AAelT)

(Sneath 5, 1986).

A=A AR5 ddsty] g ASeka AEe Ay e T3 ot
o= Welskd EAWE 913 FolgAle] side] Almd nl glvk (W 5, 2002). WEF
P. larvae®] ™3t polymerase chain reaction (PCR) A &Ho] /MEHE o™ (Govan 5, 1998;
Gt £, 2001), A& WS 98 nested PCR (Lauro %, 2003)3 A@Ado] wl¢ Hojw
Real-Time PCR (°] -5, 2004)°] 7Idtso] Mty e 4 2 JAdfe] 7ds 938 =9 o]
AL A gt

g, o R ARE wMEA Aol & Ay FAeA HRe Y]7] glo] Al&d e
S 9% ELISAY Immunochromatographic assay (ICA)9] 7o) 274 n

al
A9 HAe AFB WA EE wolde] Mg ®H0R od® BT ofRE WIS



A&NA, P larvae 2 71 o} ZE i whEA A 5 9l ELISA9H ICAE 7wkste] @7l Al
o] &gk ko] o] &elE= Aotk olE 93t P. larvaecl EolARl v GEEIAE
M3l aL, o] Z ELISASF ICAS AA = AHE3td o, ELISA9 ICAE /Eslr] §8h Alw oA
g st

. F e ALk
(1) P. larvae flagella &9
P. larvae® 735 obdll ¥l 13} o] = endospore®] HHE fsoll sk
B2 AL ofF, THA| endospore®] WHIE AL w8l Ale A&k S0 itk 19 2

of QA ol Eel Astel wet FEAEA WaHT donw, ccllel AW 2 bl et

vegetative cell At

&7 wol] AHE Y% T TR AEMHE nud BaUt g AoR RS TE. P larvaes
flagellagE zt= Aol B2 vegetative celldl AEfo A= flagellad] thsh Eoldtls AA|sle], w3l P
larvae 9 ol ThE Algtel ARy AEEe BolgAE HMER /I Fart gt olF s

flagella 3] AAE AT

Fig 1. Diagram of endospore formation in P, larvae. Fig. 2. P. larvae spore (vegetative cells are also

observed)

20
2

<
.

S A 1R 1t

o

A

ne

P. larvaeE BHI #]x| ol A 244 7F E<F wjk

b

i

S F2s9tt (Figure 6, A). P. larvaed) flagella® 28817 Yste] 19 39 a)e} zto] 43819
ok &, BHI agartll X ol vlE P larvaes F831] 28402 flagellad A3t & AAFAHE &
ko] AAEAT}E Flagellad ek gAEZ G000 x g 20min)E E3ke] 23] AlF3 #4Z 2mm

diameter®] glass bead (SiLibeads, Sigmund Lindner, GmBH)E A}-&3le] 3087F Awate] Ea&koink

o
ol

.

o] & YAEZGBN0 x g, 0min)E E3Fe] Aoty flagellaZ} 78 A2de 331, o5 Azds
Zopal HEAA IAEE (14000 x g, 0min)E T3t HAE flagella £35S o
859 JU7HE ELISAE Fdto] £43% Ay 19 49 ek HEHo2 dojzl B8 =
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< Ve HolE 7% flagellad ¥3 O

rs;

FgetE o @lEmE oF 3000l tkFig 5.).
Flagella®] %2 4:33ko] -20Tol 2gapy vk W13} Hybridoma®l screening®ll A3t

P.lar. flagella Ag ELISA

== \\'hole cell Ag

=0O=sup 4
Q=ppt1

=Q=pt2

1.50

: =@=ppt 4
m’LOO 4
.50 -
O-OO L] LA RALL] L L) LB B EE] ] Ll LI el |
10 100 1000 10000

Fraction Dilution

Fig 3. Diagram of purification of P. larvae flagella.. Fig 4. ELISA titers of purified fractions resulted from
purification of flagella.
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04 =i
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Fig. 5. Protein concentration of purified P. larvase flagella fraction.
(2) P. larvae o234

P. larvae (ATCC 9545)% Brain heart infusion (BHI) plate (DIFCO, U.S.A.) o] Z=%3}to]
37T, 2477 viket & ddF2g eisle] AK 8]X] (Sporulating Agar) o =23} C
A AR Wi eFElth o2 dA oAF-E FAshy] s AK wjA|ol wiekHE wa 24A3F AL
2 sl muale] A HAxA

mela hgel A 2383 e AAF g WA B2 £EER AR oF

o

R
%)
Q

o
mm
o

71

2

% malachite green (Junsei, Japan) %A 2Fg ™o
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8] LH- o xskekA| k2 AltAlE #FHAT (Figure 6, B-F), 18|22 o}¥ 39 FH|

HefiM = Aol 5 ool wjefol niEAd Ao A AT

(ld

W FH oFEi= scraper® ©] &3] plateZF-H ol kil A2 A Al FAzl 35
AAEZYste] (1600 x g, 208) HH&ES st 28] Yoy (-70C)3d 4 BALB/c

wp 20l M9 52 hybridoma clone A €3 st oz A&}

(3) P. larvae? spore?] &4 4
AutA o2 P Jarvae® spore Y

plate o =3l 37TollA 2443k
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Fig. 6. Gram staining & spore staining of P. larvae spore through time elapse.

(A) of P. larvae incubation onto Brain Heat Infusion agar at 37C for 24 h and sore (B to
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F) staining of the organism at 24h, 48h, 72h, 96 h and 120 h incubation onto AK agar at
37 C.

Table 1. Composition of P. larvae culture medium per liter

Component amount to add per 1 liter

Pancreatic digest of gelatin 6.0g

Pancreatic digest of casein 4.0g

P larvae Yeast extract 3.0g
) Beef extract 1.5g
medium Dextrose 1.0g
Agar 15.0g
Manganous sulfate 0.3¢g

Z}Zy #98)3F P, larvae flagella 39 (15p2/5008 PBS) 2 spore 39 (HAE2 v 2w &
Z1o] PBSY| F-) 50ulE =2 Complete Freund's Adjuvant (Sigma, U.S.A)ol A 33}
6575 ¢ BALB/c vhp29 574 ol st dgs AAESY FUHH S-S 50pe] &
A3 Freund's Incomplete Adjuvant (Sigma, U.S.A)S FT#o
= 33 BAUE JFsded, v FrHHFEA] v e o] &35
E SASUT S Wk orkE g 9 5 g vhE 24X A 0w 50u 33 54
= A&

AR P larvae®] flagella® WY O= AREsto] AR A3k 209 7o e itk WSl
of 7ol we), AT Aol #EHeH, AL Aoj® 105 olde Hole AFdIA SP2,
myeloma®te] fusions E3Fe] Eol|gHE Eu|3l= hybridoma FEES ARIGUE R
hybridoma®l 84h& HelA= Aoj& 1075 o|4del A7FE Mol AFlddlA fusiondt s AT Aol &

THE AoZ AEHT
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Mo, anti_AFB_cell Titer
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=6=1123A Mo

L5 11238 Mo

==01826Y
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=B-018 13
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I —— =
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0.0

Fig 7. Time point of antibody titers increasing.

(2) MEF3

HAEHE 24N AFETE A7 BALB/c w929 ulgs Hato AE§ol AL
AT A &3 v]AdS 70% ethanolel A3 4] AUlo] washing mediaol] 23] % 4 3}o] A
Hokdvh AlEgetel AMEY e EE & ve 37CE 7heste] FE8skaith v A xe] &
& 938ke] 50m tube 9ol Hit ¥ stainless steel mesh (4005)E AAg ¥ w48 E3 3
m¢ A= 117 el washing mediume FL A AT 93 & Al A3 washing medium 20
wE e Y F9 vAARZY) tubel 2 FHHES ST AAEE (B00 x g, 45, A)
2 A vFAxE AZH7 A9 78 mid-log phase JHZE F2AAA £9]d SP/2
myeloma cell’S 50ml tubeol] 231 FA)o] AAEE] (1500rpm, 4%, A-2)3}o] 33] A& 3k}
A F FJdd AEY packed volumeo| HIFAES} LA H=E AxY Fs x4
3lo] vAA Z el SP/2 myeloma cells E33lATE o5 33 ] 942 (1500rpm, 4%, 2-=2)
E AAste] dAAES s AAsAY. vhA T AlH $ washing mediums €3] Al A
g FHA HdE AlEsE =97 tappingdte] tube whErel @Al =aF HAXA T
polyethylene glycol 1500 (Roche, GmbH)-& 7}3lo MEES AAsATh &30 dx5d A
¥ 5L washing medium® 2 33] Y4F7 (300 x g, 4%, 2A2)3o] A AsAT (A=

2003).

f
il

el Az o] 2AsE Aol BRHAeH, oE AUML Eao] tlakd ATET AHE )

d
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Fig. 8 Nucleus stained by Hoechst 33258.

AAY AEE HAT medium 80mlel FHA7 96 well tissue culture plate (Nunc,

Denmark)oll 150u8/well 2 &F3F9 T &FE 3 & 24A7to] 43 & HAT mediums 5

R o7

Eot FUtsle] AEEFo] HA &2 SP2 cells AMPEA 7|3, 39 hybridoma Al Xwh A
Aoz gt 59E hybridoma AlX2] #zho] Q%M HAT mediume H7IAIA F

oh Az SAA e wel sjFd weFv|E AT

32

(3) Hybridoma clone®] WS $]3 ELISA

Eo] A5 W hybridoma clones AW3L7] 913t A X7 S48k well v
/3 A% AARE o, Wi FZFA4E 100w FHAste] ELISAE HA8t T &9-E coating
buffer= 34 (10ug prot/mé)3} L
F3ko] A4TolA 16X FFAI AT 4F NS Al A3 phosphate buffered saline (PBS, pH
TAHE 33 AAH F, vEolZQl FAY ZFE AASHY] 98k 0.2%9 bovine serum

albumin (BSA) blocking &< 200p0S 7z welloll &3] 4TolA 2A17F A A&t =

, 96well ELISA plate (Nunc maxisorh, U.S.A.)ol 1002 +

& AAsa PBSE 33 AlA § AxAlA WEEA3HA hybridoma AE-E 913 ELISAC]
AF-&3FSI T

W] &% hybridoma A ¥ &8 10002 ELISA plate wellell 713k 3 2204 408 &<k
WS- A 7Yl thA| PBSE 33] A& 8Fal goat anti-mouse IgG-horse radish peroxydase (HRP)
(Sigma-Aldrich, U.S.A.)E conjugate buffer®= 34 3}o] 10002 7}3Fal, A-2o]A 408 ¥
Al PBS® 33 A& 3}al chromogen buffero] 0.1% ABTS (Sigma, U.S.A)SF 0.02%2] 3}
AstE s et oS 2 wellell 10002 HUFsa A2olA 408 WESAIZI $ 405mm
(referance 74 492m)oll Al FJEE A

ELISA Z3 &3 %7F 20040 & cloneE wz AMWHEle], AdF= 480z FZAAA
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P.lar. flagella Ascites Titer

1.0
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lo1¥=1,-]
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0.0 T T T 1
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Ascites dilution

Fig 10. ELISA titers of ascites raised by hybridoma clones

Table 2. Cross binding reaction among the hybridoma clones

Ascites Dilution

500 250 250 50
Clones PCO1 2G6 4D7 3D2
pcll 1.113 121 1.211 1.326
2G6 1.221 1.395 1.341 1.409
4D7 1.177 1.319 1.107 1.185
3D2 1.293 1.31 1.111 1.216

(\}) P. larvae sporedl th3F o FE28Hx

=

P. larvae®| spore® BALB/c w2zl SAAAIA A Ao FAZE 19 113 o] 10757 o]
el A71E wolon FEF Woo] o]Foln Ao wutelo] hybridoma M-S 943 fusiond F3
9tk vere FE F 1D79 A% culture sup?l AEOIAE 1073 o]Ate] 9rtE mglow, Em9
el M= 1006 e Boldt 3197E BTt Detector?] pair2% 1D7, 4D6, 5D 506, 1]

3RSl 77t A2 ThE GUEAE oXshs Aoz BuHe] /FY @ul e DTS wacer,

=

506 % AFBE E@stol capture AHEHOl A HEFHe] o FHY ACR BN (£ 3),
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Fig 11. ELISA titer of hyperimmunized mouse serum

P Lar Spore Culture Sup Titer Pla Ascites Titer

10 100 1000 10000
Sup Dilution 0.0

—rrrrr

100 1000 10000 100000 1000000

wfmo | D7 wifif=) g wule=4 D6 ===/ Fg
wfew 5 B6 =5 CE wwhmw 5 D11 w5 G8 Ascites dilution

Fig 12. Titer of anti-P. lar. spore hybidoma culture supernatanes and ascites

Table 3. Cross binding reaction among monoclonal anti—F. lar. spore

Clones 1d7 4d6 od11 och 418
1d7 0.894 0.958 0972 1213 1.301
4d6 1.03 1.121 1.086 1.302 1.364

od11 1.04 1.039 1.034 1.263 1.325
och 1.36 1242 1.274 0.645 1.195
48 1.252 1.372 1271 1.127 0.953

Eo]g S 213} hybridoma clone< BALB/c #F9-229] 2 x 10° cell X AE3} 1% m
o] dEFEIAE Tt E5E AN AY. B¢ LS v~ (1259, female)= AXH

_35_



X
o
30,
o

£ 1579 Aol 7Y pristane (Sigma, US.A)S 05mA 27 = HE3e] 73 A
EFEA AuHE A9 B4E AFHSAT AHE B 942 F -2

kel
5
0CY-5 5B MAb AAlo] AL&3F )

(B) FEFEIA Y AA

Protein G sepharose 4B gel (Pharmacia LKB, Sweden)< o] &3] H5 F9 [gGE AA|
A B HE:d AL H4E PBSE vl sAMd &A™ 7hekglen (0.3ml/min),
=2 3M NaSCN& AHgstgivh 349 IgG #482 10mM PBS,

pH72 =& FA3% 3 dulzdgs =& Alet o33k (0.22um pore size) U, ELISAS 9

o,
2
=,
e
rlo
-
=
)
i
o%
—_&,
o

St &3 plate 3 HRP HAe Alxel AREsadth
Hybridoma cell& &3t @& HF2Z5YH Protein G sepharose 4BE ©] &3t 72} G428

FAE AAF ZzHL a7 130 YeRHAT

Fig 13. P. larvae flagellad] w3k MAb2] A A.
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AAR ZF dFESA FFo dri= a9 140 JeERSIY Eold AR, AFBS gl A<l
P Z 23 A+= Protein G sepharose 4BZ AAE A oH,
T3] IgG typel.ZA12] A7FE vERHIL 9l o anti-Mouse IgM typed] 2239w LA

HATHA T Fr=e e oAM= dojubA &k
U A gde] EAd wel A= FAY typeolA Aolrb e Ao EE ALRHU,
Protein G} ZA3st™ sAldl IgM typed A& ¥ olgdt GZEA 7 AdHE A4

o taiA e FAhHel wdke] Waw Aotk

Fig 14. P. larvae flagella®] 1k MAbe] 55 9 AAEF o A7},

1% 14904 H50o] goat, anti-IgG, ¥ oY} anti-IgM (u chain specific)ol] el = <A 3k

A& FA7LE Holal g},
P. larvae 9 spored| 3t @ZFE3A) = Protein G sepharose 4BZ AA|E AA|5F3 0,
fe=]
-1

2% 150 e AAE ZF GEFEFA e dUtE a9i60A e Zon) 1075 o] d e
712 B9},
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Fig 15. P. larvae 9 sporeel tar GZFE3H 2] AA.
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Fig 16. AAR P. larvae ¢ spored] thal GF 234 ¢ o7}

#}. ELISA system 7%

ELISA kite] Agx7e 437 3o, P larvae?] vegetative cells A#3sl7] 93 Aoz
protein G= AA8 Pc0lS tracer=4 Horese radish peroxidase®t H3A|A o0, ofEo] 3F9] *FEE
A E capture®™ &3¢ 4-83F0] ELISA A2ES FASG Y. P larvaed spore HEE 1D7S tracer

2 506 2 4F8S capture® 743 ELISA A ~8S A9 T

(1) HRP-MAD conjugates
Wilson¥} Nakane (1978)¢] "ol 93] a3ttt 5, HRP (RZ=3.0) Smge 1.2md 5ol
=2l & 0.IM NalO. Sigma, US.A.) 300 E #H7Fstar Ao A 208-3F oF3hA &80 F%
. olF GEFEFAE 10mg/mlis FH7FskaL 2A3F FeF AollA oFstA &E50] &+ § NaBH4
(4mg/me)(Sigma, U.S.A)& 100uE o] FATE WHollA 242 vEgAIZ] ¥ PBSE ©] 83}
FA% & Yol HAsIH AFEIA Y. HI AL oA s f13Fed BSA Sigma, US.A)E 10%
A 7Fekar 0.02%% A thimerosal (Sigma, US.A)S 7}8te] Fvt Pc0ld HE¥ HRP
conjugatesy 1% 173} o] HIdA AA PcOl, 1D73% 53 titerS YEFH o1, ELISA

systemol] 4]-go] #3s Aoz ks )
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15 PcO1-HRP T gt=tol

wbuw PCO1-HRP

=== Puri.Frac

100 1000 10000 100000 1000000
Pc01Dil.

Fig 17. HRP labeled PcOl and 1D7 shows almost same ELISA titer with intact purified PcOl or 1D7.

(2) GZEIA coated plate Y|

AAE GEEIAEES FYozZ oF Sug/misA & buffer2 F4stal, o] & 96-well
ELISA plate (Nunc polysorb, Demark)ell 10002 #-F38fo] 37C2 =] 2A]7F A gt
4T WaFatell AAA A 1641F FAAIZATE ofie] WA 0.2% BSA-PBSE 2004 7hshaL
AT ol 2A1%F AR 3k &3l (blocking) 3} T

o

(3) Antibody pair 24 A

09 plate® PBSZ 33 AHska o} Ffele PBS-Tol 31435t welld 1004
Falo] A2oA 3087 Al AA3 & PBSE 33 AAEAC}. o] - Z+Ze] HRP-MAb
T AE conjugate bufferel] A3 3 435te] 2 wellol] 100w FF3F3 A4 3087 W

A gk %o PBSE 33 Al 3Fth WA RS 100p8 F3kal 307 Fo o]E 405mm (thx=
A a0m)el ] EHEE 4ol 4 BFEGAL 2FF ARGl b S5 pars F

28 A 2 A Alxg A= s

(4) Sandwich ELISAE 9% capture®d A ¢} detector@d A 9] =71 XA}

Antibody pairZ ZAA¥ Z+zte] A pairg AFESt wldE P larvaed] oYX E HAE3LV
gk Fhe T3] ELISA HAxdS AAs Y. Ax2 7zF @A vid PBS® 33 A X813
o AAAE 2 aaFETAY Fg42 02% BSAZE HrE PBS-TOl A 84ske] 4083
Ao Al WA AT HAMAZE 02%2] ABTSH-S ARE3le] 3087 wHeAH Y. Wz me}

P ARE e 2ol #HEtAY. &, #8529 AMAIE microcentrifuge
tubeol ¥ 3 200u02] PBS-TE 7}3F % microcentrifuge tube® plastic % (disposable plastic
pestles, conical, 70mm, Biobasic inc.) o2 wldlar 20%37F AR89 (3,000 rpm). YA

FEoe wE 58kl ELISAS A4 8H3

_40_



(5) Sandwich ELISAE 93 #AdY Aex2
Immunoassay S 93k bacteria @ 19 sporex I size’} Y& Z7] wjF-o @AE A #H 3}

] N—?ﬁ' o

(e} 1l

ri

32
i
)
i
2
O

Ao A immunoglobulin®} A3 Lo = B73ta €@y = ASS W
Aol o]gd gt 18 12. o)A ¢ o] eosinelE A P lgrvae) A W o}¥E, g3l M.
plutonius A= pore sizeZ} 7HE & 75" membranee] AIN3AR-E WE flow7} o] Fo] XA
k3 AAF ] LS A £ At ol AFAE kite! Immunochromatography 7§l

T Fgddor Fofrl HE Aot} oy s ¥-AE Aty 95t glass bead (0.1mm,

BioSpec Products, Inc. USA) % zirconia/silica bead (0.lmm dia., BioSpec Products, Inc.

USA)E AAA Rl 7hstal wwksle] stA] 2 o2& A2|atales o 19 1872 A

AR

o
2

sl flow’l GelHo] o]% S8H £AL +Y

Fig. 18. A &Y o] w2 particle sizee] ¥ 3}
YA Fe 7#E5 A= flow’l dojubA] &ar o (F) zirconia 52 glass bead® v}

Ak AEe 26 wet flow7h dojubal k).

(6) ELISA? A=4w
R AP HAE fske] AEd ELISAS] AESHA= 19 199 2ol
vegetative cell® A% 105cell/ml7HA] HE7Fs31H ow, 100pe] Alaze=z ALbsvid

1074 cell7hA] AZ7Fs3t9th spore?] -+ vegetative cell®] A-$HT} Uha Gou; oA

(it

104 spore®] HZEo| 753t
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Fig 19. P. larvae cell ¥ spore 7 %8 ELISA9 detection limit

v} Immunochromatographic assay ¥ ¢ 7%
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(1) Colloidal gold AA A=
HAE4H o2 Immunoglobulin G typed] &AE &2AZ collidal golde 40nme] 74 o] 713+
AHs Aoz F8&EI r WA 20nm 7749 gold colloidE Al2Fgk < 40nm T-74do] HE

= seeding S B3t W 759 gold particles A 23T

(71 20nm colloidal gold (100mg)2] A=z

MAE=F 89mlE  hot plate magnetic stirer® AFE3le] 60 C2 71493t ar, 19% gold
chloride (Fluka, switzerland) 1mé-S 7}8Fo] 0.01%% A 3tk o] F, 19 sodium citrate
Sigma, U.S.A) 4dnlell S35 6ml-e 413, 7FE ¥ gold chloride®] Fgeol SA 7Fslsic) &<
AN & yrete] AbEsRdY AR E B

b 1-25
E goo =xA44% dxEase 24590 AFE 20nm A9 plain golds 528nmel A
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Fig 20. Absorbance spectrum of 20 nm colloidal gold

(1}) 40nm colloidal gold (100me)9] A=
TS0l 20mm gold 25mle] & 153mE 713 vhe #ET 19 sodium citrate (Sigma,

d 0 &

US.A) 2m0s 713 0.01%7F S A 3FA T 1% gold chloride 2m¢E & 18mée} 41 F 1md
/min AE2 A3 o]F LEE /X3 2087 w9 & A WA st AF&-3FA T
AZE 40nm T4 plain goldE 536nmolAl H e E#-S YeER o, ol v|Fow

plain gold®] ek sized] FA o] 7}5e Aoz A

Fig 21. Absorbance spectrum of 40 nm colloidal gold.

(t}) Gold F3HA A=
Gold AAE wE7] flstd A2 27142 AP A= plain golde] ODZte] 1.00] A

Ol
L

3 S FEE Odmg/mio]l S A 3T plain gold?] A== 0.19% NaOI (Sigma, US.A)= 9

Fot Mg 28 Aol 0.01% NaOHE AR&stadth. JF3A AxE 913t pH 758 x4
30w AA T NaOH=Z pHE 9744 &3 +
C

—_—

3l plain gold 10méo] FAE A3k

&
3
BSA (100 of 10%/ml gold)E 7Fatdrh 105xF AA £ ol& A2 (10,000xg 30+, 4
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oL gold 3 (1% T-20, 1% BSA, 2-3%

Kontron T-324, Italy)*7] %r& A8 2
kA ok

sucrose, in 100 mM PB)ell =}

(2) Immunochromatography
Nitrocellulose transfer membrane (Whatman, SP003, U.S.A.)& tmm ¥ o2 Ad3k
: ICAE AA3telvh 1A=

AE A (10mg/ml) = 2.0 ¥ il dottingdlo] Ao A AZ3 5
59 £Y)& ELISAS 49 L34 a3 A )
Row,

of Eol FALE 98 A
P. larvae flagella detection® 23 Detector 241 Pc0l, Capture® 2G6 clones =i &3}
| Al A Kkitg -4 3T

spore detection &2 2+ Detector® 1D7, Capture® 5C6%
Frpfel ey @Al B3

23k =54 flagellaol] A<=
SeB AT Wg

a9 22 AR O EA,
detection & Ho|il 9on wZF A Y] ofE ot FHF
ofstA wstar vl o] gk RS AEE AP A N VA EE Folo] AUA
B AEs e 2de AEE oA FAHTE xdel vigAsi
A A AAE immunochromatography kit A1 2F52] 4],

Fig. 22. =34 2 §Hx7
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k)

A2 A FARAY AR A% AT AZR AR

¥t Melisococcus plutonius©l W3 LAMP A A=H9 7

Ju——
Jo
jaatd)
4z
)
o&
o
(o
o,

7 e R

B A3 E 95449 (European Foulbrood); EFB)e] A9l el A+, Melisococcus plutonius

R

2 yr} A3 AZ:eax s B oz A F s Ao = Melisococcus plutonius @)

DNA Gyrase subunit B2l o] 97N EE& HEHAEZ 3130 EFBY A&EE #13F 2+
= Melisococcus plutonius®] W3k #Hzx2] LAMP (Loop—mediated isothermal amplification™
S AL FdEHS wa|a, o] WELe Journal of Apiculture 27(1)°] “Development and

=

clinical validation of a DNA gyrase subunit B gene based loop mediated isothermal

amplification method for detection of Melissococcus plutonius™ 2] AlF-o 2 WHEH A7), &

BaAe= 1 Aag 402 e Vs s

o)
I
-rl

%

oA

(1) EFB-3A%% 93 Primers? 47|44

Table 1. Primers of the molecular cloning and the LAMP-detection for M. plutonius

Primer name Sequence (5'-3")
Cloning F CCCGTCGACATGTTTCAAGCTATTTTGCC
B ACGTTCAGGATCCATGGTCGTCTCCCAC
F3 CGCCCAATTGTTGAAGCT
LAMP B3 CGTCTCCCACAATTGATGA
FIP (Flc+EcoRI+F2) TCCCCGGCTGAACATAAGTAATATTgaattcTGTTTATATTG
CCCAACCAC
BIP (Blc+EcoRI+B2) ATCTCATTTGATGGAAACTTTGCCAgaattcTAATCCCTTGT
ATCGTTGAAC

L2 R R U T 5

(1) EFB-A &S 9% H3 LAMPe =735
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Fig.1. Determination of optimal temperature, time incubation of LAMP, and verification.

(A) Determination of optimal temperature. Lane M: Forever marker; lanes 60-67: LAMP
carried out at 60, 61, 62, 63, 65, 66 and 67°C, respectively. (B) Determination of optimal
time. Lane M, 10 kb ladder marker; lanes 5-60, LAMP carried out for 5, 10, 20, 30, 45, 60
and 90 min, respectively. (C) Verification of the specificity of primers. Lane M: forever
marker (Seegene, Seoul, Korea); 1, LAMP products from EFB clone; 2, EcoRl digested of
EFB-LAMP products. (D) Directional inspection of LAMP products by GeneFinder in
daylight. A positive reaction shows green florescent, while orange is florescent of negative

reaction.
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(2) EFB-A %% 93 LAMPY® 3 7]& PCRY 9 W% v

A, B,

Fig. 2. Sensitive detection of EFB-LAMP and conventional PCR

Both LAMP and PCR methods were performed by preparing 10-fold serial dilutions of the
plasmid (pBX-Egyrl). Lane 1-6: 6X105,104,103,102,lOl,and6copies,respectively.LaneM, 1 kb
ladder marker; lane N, negative control (A) LAMP reaction, (B) PCR reaction.

The detection limit of EFB-LAMP was 6x10’ copies (equivalent to 2fg of plasmid DNA)
(laneb, fig.2A), whereas 6x10° copies using conventional PCR were detected (equivalent to
20 fg of plasmid DNA) (lane4,fig.2B), the EFB-LAMP method was 10 times more sensitive
than conventional PCR.

(3) EFB-LAMPW ¢ A 3}+A

Fig.3. Specificity of EFB-LAMP assay
Lanes: M, 1 kb ladder marker; 1 and 2, bacterial genome mixture without and with

M.plutonius, respectively; 3, beegenome infected with EFB.
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(4) 8%

o

AE 9% EFB-LAMPY 9] A747 %4 94

i

Fig.4. Visual detection of EFB-LAMP products

(A-D) Inspection of EFB-LAMP by using DNA interaction dye: SYBR green, Gen finder,
Bigdye sequencing RR-100 and Ethidium bromide, respectively; E, inspection by Cacein
metal indicator; F-G, inspection based on pH indicators. In all panels, N is negative
reaction, P is positive. The left side is daylight inspection, whereas the right site is
mnspection under UV light except F, G.

2. A AW A2¥ Melisococcus plutoniusel] dl3t Westal XA 7w

e
re
-
rie
do

HE- A" (European Foulbrood); EFB)2] Q15+l M3, Melisococcus plutonius
o] AME YL 7Htow FHREAH] AAIES MEdtaxt 3 Aow v|EZF AUy
2 A1A, 20] 7|&d v RAH Eoldd HES I vagFAEY IdIE ity )

=+
O 2 7B AAERE A4 dgaso, vsiAY JARIE 2F (£ A58, HELg)

(1) M. plutonius FQA2] £V

Melisococcus pluton< At] & 7] 72 2 anaerobic gas mixture N2 90%, CO: 10%E A&
g w2 30ColH  Glove boxel A ®I%FsAth #lx]e] @A7dd &ele #1864
TAA Sl wj Ao AV FEHE AFQstd vt 242 E A (-80C)

kel

Resazuring- HJ #] o]
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HaE Melissococcus plutoniuss KS-BHA(37.0g Brain Heart Infusion(DIFCO,Inc), 20.4g
KH2PO4, 10.0g Soluble Starch(SIGMA, Inc.), 18.0g Agar(DIFCO), 1000ml of DW)ell At Hj
FF s GEE A AEe A% Fde 7Edez 104 KS-BHA HjA¢l = HF
ste] wmhed kel PackAnaero(MGC, Inc)& ©l-&ste] 7] MejE 37°CoAA 477d 715 vk
% M3t Saliney} HEoZ #FE BHA7]a 16ml A@Ho=Z 22 3000 rpm(1,300 x g)
oA 1587 fAET F H=de v il pellet2 50mM phosphate bufferol] A At} &
e A wgAE 620 nmolAl OD 1.00.2 A3 R A7MA] -80Cl B3t ch

o)

Table 2. Composition of Melisococcus plutonius culture medium per liter

amount to add per
component

1liter
Glucose 10.0g
Soluble starch 2.0g
Peptone(Oxoid L37) 25g
M. Neopeptone(Difco 0119 25g
plutonius Yeast extract(Oxoid L21) 50g
medium Trypticase(BBL 11921) 2.0g
1M Phosphate buffer, pH 6.7 50.0me
Cysteine HCI - H2O 0.25g
Resazurin 0.001g/ml 1ml

* Adjust medium for final pH7.2. Dipense medium into tubes flushed with 90% N2—10%
CO- and immediately plug with butyl rubber stoppers. Autoclave at 121°C for 1bminutes.

* Always use freshly prepared pre-reduced media or pre-reduced media that has been
previously prepared but stored under anaerobic conditions. Resazurin in the media is a
color indicator for anaerobic conditions. Observance of pink color in medium before use or
during incubation shows anaerobic conditions have not been met and oxidation has

occurred. Medium should be discarded.
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Adud 28 918F9 Melissococcus plutonius®]
oz 7hx W o Helsrt WA dukd oz ALgE= SDS-PAGE lysis buffer® o] &3}
o FHF-A S lysis ARE H7FeLH L, lysis buffere] 0.49% Tween 20, 0.4% Triton X100
S F7Fste] mERE lysis A7 A Y 01lmm zirconia/silica beads(BioSpec Products, Inc.)E o] &
sto] TFAE st o™, TE buffero] F-+¥ #H-& AF beadE ol &3sto] g A v
skeivk W
£ 2ml screw capped tube®] 1/2 A H7Ielvh vhs Evls] & dods Al@del H7He

% Mini-Beadbeater™M (BioSpec Products, Inc.)oll #&sle]. &&= (4800rpm) = 1-287F

d

=
)

S 7FeFs] 7)1&dpd, WA 0.lmm zirconia/silica beads(BioSpec Products, Inc.)
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shaking3} St} 283+ A A3 & AF=94-2 1.5 ml microcentrifuge tube® =7]3L, -20°C W%

() g Aol 39l 859 UG AL SDS-PAGEE %53l 82138tk WA bead
HAZ §E5H AEE BBC, 1687 €A o 4S5 100 nE 579 2X SDS sample
buffere} E3Haltt. o] & 95°ColA] 303F A& sh & 15-25 nlE SDS-PAGE°] AF&-3}31
t}. SDS-PAGET 10% running gels ©]831% 2™ Coomasiae blue @202 #23s}9 ),
() &9 #=9): Ars FYe HaE i RE HEFE 0.2% glutaraldehydeE  H7Fske] OD
2 012 243 5 30537 WS e YRS dEde WEla 0.2% glutaraldehyde
9} 3.6% (wt/vol) formaldehyde’} & 7}¥ 50mM phosphate buffer (pH7.5)-8& <48 H7}3te] 1
A ZbEek st o] 7l 04 mlE vk WA ALEFAY. FEI THEH AL lysis
Azto A 717 53 TE buffero] 59 9 bead-beatter2 X #dto] 4L A HEE 100
pg/mlE 243 B Titermax gold adjuvant® ©]&3to] = £H|3 & 04mls vhe-~
ool ARSI

bzl oz Al SDS-PAGE: et Al 773 § 2% SDs7F H7kd
SDS sample bufferol] F--3Fo] &3k & HAST) T8y M. pleutonius ] 74-% ©]# 3k v
Moz §ato] A &ol SDS-PAGEE AT 4 A (Fig 501 lane 1). wehA] M.
pleutonius®] THAGN A F5& 9Jote] vxF-Aw 9 Ao FZ2WHE ALE3H7] 9131
0.4% Triton X-100((Fig 5°1 lane 3). ¥ 0.496 Tween20(Fig 59l lane 4).0] H7}¥ lysis
buffers AFE3}% 3L, beadE o] &3 & A (Fig 59 lane 5, 6)% FA]o] 22339t} Tween
20 A7bol o3 mHEM A lysis7t tha F3(Fig 50l lane 6)%+ 43¢ Aoy 1 A%
nla)skd . 28y F=ulE -8 TE buffero] §-73F t}8 bead-beatterol] 4 183 2% &

< shaking 3l WHo= £&59 Fuawde 49 287

iy

192}
=
o
=
[ije}
_?L
>
i
=
2
ofe
M
o
o
o

Fig. 5. SDS-PAGE using surface protein of Mellisococcus plutonius.
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Lanes M, maker; 1, M. plutonius in lysis buffer; 2, E. coli in lysis buffer; 3, M. plutonius
in lysis buffer with 0.496 Tween20; 4, M. plutonius in lysis buffer with 0.4% Triton—X100;
5, M. plutonius in 0.4% Tween20 + bead-beatter 1m; 6, M. plutonius in 0.4% Triton-X100

+ beadbeatter 1min; 7, M. plutonius in TE buffer + Beadbeatter 1min; 8, M. plutonius in

TE buffer+ bead-heater 2min

2

(2) 8 5-A+ (Melissococcus plutonius)® A =8 Wy At
E-E 2] AMit& SDS-PAGE buffero] 23 lysis¥ o] APASA T M. plutonius®] 74-% 2%
SDS7F 71 lysis bufferdl] 93] lysis® A @ %th. wela] £ A A& o]& o &3 ¢

S et @) el A 493wk M. plutoniusE 15 x 10° CFU/mlZ %A 8
ujj <

o

T HFTE 2% SDSE HIFSHITE ol & 37TelA 1At &<k mjgg F KS-BHI
SRR 5 @Y BHE 479430 #Essiv. dixToRs SDSE APEA @ M.
plutonius 2 SDSE A Y3+  Staphylococcus pseudintermidius T2 AF&3F33L, S
pseudintermidius® A% =2 o H1 = A x| oA Az}l

AatH o7 SDSE A3k oy AHdhA ¥ A¥ BF owg 49 5H colony 7t
AR o, #59 Ao A 1.5£03 x 10° CFU/mIelA wj% 79747 #2PS
0.9+06x 10° CFU/mI2 &A% o tzxo vs] 94 YA ZFasAs @) gxro=
Avg9 S, pseudintermidius® 73-%-ol3= SDSell )& A3 A} wetA 9
Ayt B E 9t AAE 2% SDSE A HYT A9 e 2gits o
Hel Adte] &8¢ F As Aew wHddr

Table 3. SDSel| A2l Melissococcus plutonius® AEA

e &5 (CFU/ml) vl &t = (CFU/ml)
M. plutonius w/ SDS 15203 x 10° 0.9+0.6x 10’
M. plutonius wo/ SDS 15203 x 10° 1.4£0.4x 10°
S. pseudintermidius wo/ SDS 2.3+05 x 10° NG

w/, with; wo/, without; NG, no growth

AgA-S Y37 fAste] Al dez AAstal 80T R#AS P o larvae A L o}
¥ (Cell &9: °F 0.60Dgp, Spore & °F 1.7 ODegw), M. plutonius 3 F-H(°F 55 ODgo) S
0.29% glutaraldehyde ©lA] 30+, 0.2%glutaraldehyde / 3.6%formaldehydeol| A 1A%k ¥F-&-A] 71
T AAEEsIe] A el A FHAIZ T AEFIe] Y] 70T E@IH wpgso] WY
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of AM&3E T (FEAEFAME 2011-0003, AFistn sEHFF L)

WIS 9sh 3 FHE4 iv] 28] 829 A dFel] F-FAZ & vhes gk v
HAGYE L ol 50uls FH9 TiterMax (Sigma T2684, USA)o| #A38}sle] 778F# 2

97 BALB/c Ph929 5% slaho] 2UF 912 iro] WEstel Wl AAstAr 29
F 2% o)%e] 2 FEUE FAAY ARE FAste WA FAPEL AAFAT. F

THE T 2N Fol AFETAIA AR Aol spleen AEE AXEZFF ol o3k

#}. Hybridoma A AF

HEHFT 24N Fol AFE72 g AAZ BALB/c vF¢29 W3S 33l Axg3 el A
vk A =g WAL 70% ethanolel &3 F4] 7 o] washing media°l 23 3% 3}
AAsEATE M EGI AMEHE RE 84 vg 37CE 7F2E heating blockell &35}
AF-&3FSI T

A Ze 88 913te] 50 tube 9ol Hir¥ stainless steel mesh (4005E)E A A&k <
A8 =al 3wl FAIE 8l#F Yol washing mediume FUAA AT 99 E A AS
washing medium 20m(E 857 w2 d BFA L} tubedZ FHHESE AT A
(300 x g, 4%, A2)2 MAZ WHFAMEE AFAY sAo vE] mid-log phase HEIZ 52 A
7 48 SP/2 myeloma cell$ 50ml tubeo] 23 EAlo] AR (300 x g, 4%, 21&)3}]
33 AAsau. dAEY & A" AEZe packed volume®] WHAYEL} LA FHEE
myeloma A £¢] %8 xzsle] v AAE e SP/2 myeloma celle T3ttt o]% 33 ©f o

ARD500mpm, 4%, LB ANl AR @8 AAdNUT. WAL AH F

&

o

washing medium<s $Hd38] A AS Hejolx HHdE AXES F-=97 tapping3dte] tube vl
of kA &% HAA 3§ & polyethylene glycol 1500 (Roche, GmbH)-& 7}3te] Al E-53S

AN 8T 8o S8R AEELS washing medium® & 33] 94188 (300 x g, 48, 2>

~—

HA® HEE HAT medium 0mlol] FHA7 96 well tissue culture plate (Nunc,
Denmark)oll 150u8/well 2 #7319t 85 2427k A3}
7F3ke] Al EFJho] HRH| & SP/2 celle AFE AT

HAT medium& 549 &<t F
a* z
hybridoma A|3%¢] #Zo] el

o3
=
, 9 hybridoma A9t A&z o
H

medium-S F7HAA FAH AE

vl 3Tt 55 ’
o] Z=AAT wa) vk} W) e 2 sYc)
Eo] FAE #H|8l= hybridoma clones AW37] st Ax7F F2)8ke] well vl ¢



/3 A% AAAS u, #F FS5Aqe 100 FH3le] ELISAS AA3AY. &US coating
buffer® 34 (10uxg prot/m)3}ar, 96well ELISA plate (Nunc maxisorb, U.S.A.)el 10002
Folo] ATeA 16417 SZAIFH Y. d=dS A A3aL phosphate buffered saline (PBS, pH
TAHZ 33 AH 3 v|5olAgl A9 AJE AASH7] fske]l 0.2%<9 bovine serum
albumin (BSA) blocking &9 200uE 7} wello]l EF3lo] 4T A 247+ AR 9t A=
& A7skar PBSE 33 AlH $ AxAlA WA EsHA hybridoma HWE-S 913 ELISAC]
AF&3F AT

ke hybridoma ¥ AZFH-8 10002 ELISA plate wellel 7}3F 3 2 2o 408 5ot
WS- A 7Yl thA| PBSE 33] A& 8Fal goat anti-mouse IgG-horse radish peroxydase (HRP)
(Sigma-Aldrich, U.S.A.)E conjugate buffer®= 34 3}o] 10002 7}3Fal, A-2o]A 408 ¥
AN Atk PBSZ 33 A & 3}al chromogen buffere]l 0.19% ABTS (Sigma, U.S.A.)¢F 0.02%2] 3}
AstE s et oS 2 wellell 10002 HUFsa A2olA 408 WESAIZI $ 405mm
.
ELISA A3 &3%7F 200]d0] 5& cloneE2 w2 ddste] A5 SZAA B, A
3 (05 cell/well) o2 Eo|gAE EU|3}= clones AMEE T AE A hybridomas 5

AHQ W Fe AAF T B k] Felshglth

2

(reference 3 492m)ol A SH =S =43}

4

v}l Monoclonal Ab A4F 2 A A

Eo]g S 213} hybridoma clone< BALB/c #F9-229] 2 x 10° cell X AE3} 1% m
of FFEIAE Ffdls HFE AAEIET. 54 LS vk (1258, female)= MXEH
F 1579 Ao vg pristane (Sigma, U.S.A)S 05mA 7 W=z HE:sho] @227 =k}

=

g 4y 258 fAsdn. AAE 25E A9Rd T 9E

Wy
oflt
oX,
o
=

il

GZFE3A| o] AAZE 93] Protein G sepharose 4B gel (GE Healthcare)S o] &3] E4
<9 IgGE AAsE B4 HEste] @2 B PBSE HH 343 & Axle] 7hekgl e
¥ (0.3ml/min), ©] § PBSE Attt A 852 3M NaSCNS AR&sHITE 24 IgG
92 10mM PBS, pH7.2 2 FA43% & dwWdsks A5, Alvt o343k (0.22um pore size)
THe, ELISAE 913 &% plate 3 HRP 3 3HAI e Azl ARg-3sE3ith

Cell fusions &3l AZE3 P larvae ©o}E 9 Eo|d o & Wk 3 hybridoma clone 5 A

)

b

A AWE Fdto] HAAQ FAEHE Qg A3 EO1, E02, E039] 3F clones 493}

Atk o] cloneE& vhg-2of HEse] 42 HFE Protein G Sepharose gel& ©]-8-3F affinity
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o

chromatography S %53lo] AA S @ FE2IAE] A7lE ELISAZ =4
ol Hi= miel o] ODgkel 0.1 o]do= 105 wl o|ARy U}
affinity columng F¥43F HpdLe 549 A7tz ehyygonz F33] Ax

wHs At

N

(ld

Fig 6. M. plutonius®] W3 ©ZFE2&A AA profile.

Fig 7. AAlE £33} recycle 822 H AT ascitese] 97}

Eas

o

Aol Eolx
B oATA HEdor AR 55 dFEFAE] vE A wat
ofx 7] 913}o], Table 40|42} o] A%T<l ¥k 13FS Wdo=

W FAE Adaat wARkeE Bol A ekttt

d

n
ae
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Table 4. Specificity analysis of antibodies by ELISA with different bacterial species.

Monoclonal antibodies
EO1 EO02 EO03
Melissococcus plutonius - - -

Baterial strains

Salmonella enteritidis - - -

Salmonella typhimurium - - -
FE.coli K83ab - - -
Pseudomonas aerugenosa - - -
FE.coli O157:H7 - - -

Streptococcus mastits strain 1 - - -

Streptococcus mastits strain 2 - - -

Rhodococcus equi - - _

Staphylococcus aureus 1 - - -

Staphyvlococcus aureus 2 - - -

Bacillus subtilis - _ _

Micrococcus leutus - - -

AF. ELISA

(1) HRP-MAD conjugates A4t

Wilson¥ Nakane (1978)2] ol &3] 333} 3it}. RP (RZ=3.0) 5mgs 1.2m Z 7
of =21 ¥ 0.IM NalO, (Sigma, U.S.A.) 3005 #H7}slar A4 2083 oF8lA &89 F
At o]F GFEFAE 10mg/ml-S HIFsta 24

NaBH4 (4mg/m¢)(Sigma, US.A)S 100U E Ho] F3oh. WAl A 2A17F HEgA171 3 PBSE
o &3ato] T & Aol Husk AREEATE A M-S 9] BSA (Sigma,
US.A)E 10% A 7F3Far 0.02%% Al thimerosal (Sigma, U.S.A)-S 713 F3At}

(2) GZEIA coated plate Y|

AA Y GSEFAES FHOE of bug/mlE A F& buffer? 248k, o] & 96-well ELISA

)
offt
r o
>
o
=2
>
2
_?L
,
ot
it
o @
e\
o

plate (Nunc polysorb, Demark)el 100p¢% 8o 37C2 7|l 2A]7F AXA s & 4T 2]
Yrare] AAAA 16413 FEAZ T offe] Wd2 0.2% BSA-PBSE 200ut 7Fskar 4Col
A1 AR sk, ekl

(3) Antibody paird A

Sandwich ELISA®] capture ¥ detectore] Z2AS 93te] AAY FAE 22 plate coating
2 g (HRP) AFAE A%3 & P larvae spore antigen (10°cell/ml)& AF&3te] 4319
t} (Table 5). Pla07-g capture® AR&3}3l Pla063 detector AFE3FA-S o) 7b4 743k kg

& vehidleng 59 23 Pla0s % Pla07 cloneg 483} th.
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=, ¥ plate® PBS® 3% AAshal o F-ol3 PBS-Tel 8143te] well'd 100404
shol Lol A 30%3t thAl AAF 5 PBS® 33 AlFHFA o] ¥ 717he] HRP-MAb 3
L

HAE conjugate bufferel 2A3] 235t 7} wellel 100 #+F3har A

N

o4 3087k W
A o] PBSE 33 AT MAAE 10004 BFET 0% Fol olE 406m (7
A a0m)el ] EHEE 4ol 4 BFEGAL 2FF ARGl b S5 pars F

g A 9 A Axg FAZ AA A

Table 5. Determination of antibodies pair of sandwich ELISA for the detection of P. larvae

spore antigen

Detector
EO1 EO2 EO3
EO1 - - +
EO2 - - +++
Capture E03 + 4+ ++

* The results of OD by sandwich ELISA. -, OD=0; +, OD=<05; ++, 05<0D=<1.0; +++,
1.0<OD<1.5; ++++, 1.5<0D<2.0

(7}) Sandwich ELISA®] A&3A ZA}

N

, BAUe Polarva spore? AE UAEE AL 98 1x10%,  1x107, 1x10°% 1x10°,
1x10%, 1x10°, 1x10%, 1x10" spore/100g¢ 7} A F48k t}& K029} E03S E3}¢] sandwich
ELISAE A&ttt 28 83 #o] 1x10° spore/mle] AEHEE HTh

(}) ELISA kite] Wil s 9@ Eo|x

ofr of
N,
ox
of
>
Al
rir
-,
i)
ofl
N
N
—
> 3
o
e
o
i
;%
(l
)
o
K
r:u
X,
oty
_>",
P~
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M. plut. Detection limit

05 }

[@lw se i (N on)

8 7 6 5 4 3 2
M. piut. (Log cells/ml)

Figure 8. Limit of sandwich ELISA for the detection of M. plutonius antigen.

Table 6. The result of comparison PCR and Rapid kit

PCR
ELISA kit (Ref. method) Total
Positive Negative
Positive 48 0 48
Negative 2 o4 o6
Total 20 o4

7}, Sensitivity: 48/(50)x100= 96.0%, . Specificity: 54/(54+0)+100= 100%

o}. Immunochromatographic assay

(1) Colloidal gold A=}

(7} 20mm colloidal gold (100m¢)e] A F: AFAo|A A %3 320 ZHFEUE Z2A A7}
Hojgl, FaAe® (2949 9mlE 20im pore sized filter® o313 F hot plate
magnetic stirers ARE3l] 60 CE 71493ar, 1% gold chloride (Fluka, switzerland) 1mé2-
7}kl 0.01%% A 3tk 2L Fo 1% sodium citrate Sigma, U.S.A.) 4mlol] EHF9 6mle 4
aL, 744 gold chloride®] ol A kit &oo] Aoz Wgk wf7pA] of 508 A A3}
SLaL, 5 #FQl F sk AME-ERSt

(1}) 40mm colloidal gold (100m¢)2] Al Z: =012 20nm gold 25mée] = 153mE 7}3F v}
#ZA 1% sodium citrate (Sigma, U.S.A.) 2ml-S 7}8te] 0.01%7F A Ak 1% gold
chloride 2mtE & 18m 9t 412 ¥ Imt/min =2 AU o|F 2n5 {43 2083t
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o

#Ql 5 Aol WAk ARG

(h) Gold A Ax : Gold AFAE WE7] fste] AlZ 272, plain gold?] ODsyo 8Ll
1.00] HA 3Far @s= 01mg/mee] A g9t plain gold®] A=+ 0.19% NaOH (Sigma,
US.A)ZE g3u7t vz AHod A= 0.01% NaOHE AFE3FAth. HA3Al AxE 93y
923}t NaOHZ pHE 9.07}

off
o,

pH 75% ZA3F plain gold 10méel] A= A=A & 3087
Al =¥ F BSA (10l of 10%/mé gold)E 7Fetsivt. 10#3F A 5, o] & 41+ (10,000xg
30%, 4T, Kontron T-324, Ttaly)Al#A e &3 d& Aojfal gold H$Hel (1% T-20, 1%
BSA, 2-3% sucrose, in 100 mM PB)ell tA] F-FA A AAdEn Aoz 821319 S u 19

9ol A ¢k 7ro] Zbzh 20mm A0mm FA e PAE Bl

Figure 9. Transmission electron micrograph of 20 nm and 40 nm gold colloid

(2) Immunochromatography

Nitrocellulose transfer membrane (Whatman, SP003, U.S.A.)S tmm oz Awdh

o
o

b

H

AE FAZ 10mg/ml-e 2002 23 dotting3dle] Ao A AZxd & ICAS A3}, 917k
9} Eolm HALE 93 A F 9 4= ELISAY 74%9 SA&A 3339}
A ZFA 2 v FA o] A9 At A E Sl o] Rde] A ARG nlo] Qi Ee] v

L

Fakol Algsholth
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Figure 10. #3854 A ¢$ Immunochromatography A 2% o2 AL AytE

ICA9 Wifts 9 Eolxe] "l PCRO 98 ZAi(o] &, 2004)5 7|Eo2 uluste] Xk
S o, A EE 92.0%, EolE 100%E K.t} (Table 7).

Table 7. The result of comparison PCR and Rapid kit

PCR
Rapid kit (Ref. method) Total
Positive Negative
Positive 46 0 46
Negative 4 o4 o8
Total 50 54

7}, Sensitivity: 46/(50)x100= 92.096, 1}. Specificity: 54/(54+0)+100= 100%

B oATE @A A2EASAGYOR ARHe 9 wF Pl Be HE a9
= P larvaed] 93 @shs ARAANA 0FHAY 2 fARA] 05T 27 A9

=]

B
Ao A A& S 8] 3 ELISAS ICAZE 73lr] 93]
A AAole 93] BAAEe FFAzIY. ve §4
larvae subsp. larvaed AES 93 PCR-kit7} 7N, A s glom (F3 5, 2001), 2001

vla BAge] Q1 P larvaeol Al BIH YA o}EQ] P. larvae subsp. pulvifaciens7} W71

o] A&3tar Al

2F
le] ]

1__

Ho| wet v YA 7S AYS P olarvae subsp. larvae s AZE3 ¥ 4 ¥ Real-Time
PCR7|® o] 7= ATt (o] & 2004).

TS wEmEAge] ds Qg FA E:

N

=g A glevt (W 5 2002), ol

=

polyclonal antibody 241 Eo|Zo] A A& Aoz AaHY, dA7ES AE AAI}E
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AK wjx|o| Al 547 wje

o
Ol
ol
2
o
Y

3¢ kitE Aakstr] 91k P larvae®l 3
= on, gAY GFELAE P larvae 9 Fold o2 wkE3tdrt. E3k ol st dEE
A= P larvaes AL 3 & #5% wARRES UENA @5 AR Hol BolnTl &
Aoz AUt P. larvae Ae-g  ELISA ¢ #A&37= 10°spore/100pt ©] o.M, o=
100pee] NEFoz med o 1x10° 7% fFEo] 7Msd Aoy, 7149 HAFE A%
U AEstE 918 kit o] hed Ao ® AlRHu. ol# e AEIAE VIEoR V£
AEs]o] 2= PCR 7IH (0] &, 2004)& 7|02 HlustAd S 4$

100% olslol. w3 ICAS] 7IiHs 93 colloidal goldE AAAu|H o=z 21898 o 20m%
A0mm 7749 PR FAFAA, AFH colloidal gold FFHe @A E SAHWHO R

o] gold-Ab A= Ab&o] A Aew AlRHU. olE wEOR ICAS H=dA=
107spore/1000 ©]1glem, 9A] PCR 7|WT nuslyges A, 975 920%0]1, Eori=
100% oAt} o] PCR 7|Woll XEA%A W= 2 So|&=rt Hojuw, v A&S 99
Arrd, 58S 71719 da gle] dAelAe] A&E dwts 93] ELISA 7% ¥

M Ha wEA P larvae subsp. larvaeS A@de] Fi-mrle] AAE &4 Hihe g

T & ALz Zivd
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A3 A wAvty ANE 9% AT AFHe] A

1. Nosema'§ 9] A2+ Nosema cerana®]l W3 LAMP A4 AZEHe

7 e R

BoTe

R

Avkg (Nosema  disease)®] HAAN A (LF dAsEZ E7F9H), Nosema
) = -

=
ceranas A &s

—

o
=
_|>i
o
rir
uj
X
o
f
2
=l
=,
(7
e
poi
o
!
s
ok
o,
24
rf

>
o2
of\
ix
e

a=

WA
5 7+91e 71E2) WA Nosema apisol| vldte]l 1 AT oS A73 Aoz &¥ X
A HQow, o]H o]FZ Nosema ceranaS Nosema apis® THEA AMEe]ok 3f= A3t

¥ =AvH (Nosema disease)S HAA Al ¥ 7] A E(obligate intracellular parasites)$]
Nosema apis(N. Apis) &+ Nosema ceranae(N. Ceranase) | 2]8}o] oF7] ¥ += A" S 2 (Fries
et al, 1996) A AAAo=z fFasta oy, e e F31 oH G5 Bao ofsie

gt AA A £48 Zd s Fries et al., 1984; Anderson and Giacon, 1992).

K

N. Apis = Mo} AARE AdE FloA wmAvtgES dozivta €A $o ™ (Mariano
et al., 2007), N. Ceranae © FH+tol| £ SFoAA A VS of7|3f= ZH o2 HuHAY}
(Huang et al., 2005; Higes et al, 2006). N. Ceranae ¥ 1994\ S 3to| A ofajo} HH 9]
Apis cerana E25¥ A& AdE S oW (Fries et al., 1996), N. apis ¢+ FH 2 ¢l EAS HA}
3Fuh(Fries et al., 2006; Larsson, 1986; Weiss and Vossbrinck, 1999), 16S small subunit
(SSU) rRNA ko] f7Iqd st 2vArtx4 ERol osto] BF&s] -9 tH(Fries et al,
1996). Mariano 59 Ao mEW A kE ol st N. Ceranae 7} N. Apis Bt} =&
HdE vEeRdTh

AA7A AdE mAv A9 AdH o= PCR # Real-time PCR & ©|&3t& Wilo] 9o
oo e AP e w Alu A 5 HPHAR Hksto] HAF 3H7I7bA 2@ A
ol Ayl ANwe &85 "] ofgr gk 2-3 A3kEet PCR & }
I WA e g AE By oy}, PCR #HAA L4 w S=Wstol] o Almrr Wy
7He/d e vk Zrglar avke] AHlE ARRSHY] widel @Al A&3kr] o @k vkl 2000
Wxo] 71¥E Loop—mediated Isothermal Amplification(LAMP) W& S04 1A 7o)

DNA Al#ho] 7pa3k oz 517F2] #H|Ql thermocycler §lo] Fe3 g7|qto g2 23 o)

_61_



7Fs 8o Tsugunori et al, 2000). %3k 6 719 SHA A& QA 37| wieo] & Eold&

AAA 3 e,

upEp] E A Tto| A= LAMP WE o] &3 N, Ceranae & AEWS /Eslar o] AdWS
A ste] FEAGdA AAZ L7175 AES A o, T3 dALHE Ve
W
i=|

< ¥ol7] 98l SybrGreen & AFg&3te] Soto = Il 4 )& H

=

n

LER

(1) N. ceranae-specific LAMP H 9] primer 2#A @ A%+

N. ceranae—specific LAMP o] AF&% primer & Table 1o YEeH AT LAMP forward
primer ¢! Nosema-FIP = N. ceranae anti-sense sequence ¢ A E A<l A7) A L(F2)3}
TTTT linker 23l loop & HA3F= sequence (Fle)o] HF-#& 33 Ao= 45 nt 9
long—nucleotide = A2t ¥ At} Reverse primer ¢! Nosema-BIPS N. ceranae anti-sense
sequence & AR A A7AEB2)¥ TTTT linker, loop & A 3= sequence (Ble)e] ¥
2 ek Ao w2 48 nt 9 long—nucleotide = A& ¥ At} E3F Nosema-F3 ¢+ Nosema-B3
Z+7} inner primer®] HPZAZE AT EE AAEH o A2 25 nt, 19 nt o ZV|= A F}
gt} o] primer 52 Bionics AHKorea)oll 2] 3lo] A 23 2™ inner primer & 4§+

PAGE AAl §- &8t tHTable 1, 218 1)

iy

Table 1. Primers of N. ceranae—specific LAMP

Lengt
Oligo Sequence (5'—3") h
(mer)
Nosema-F3 CTACGTTAAAGTGTAGATAAGATGT 25
Nosema-B3 TCCCATAACTGCCTCAGAT 19
N —FIPD ACCCGTCACAGCCTTGTTAA-TTTT-GTAAGAGT A5
osema GAGACCTATCAGC
9 ACTTTGTAATATTCCGGAGAAGGAG-TTTT-CCA
Nosema—-BIP 48

TAGGTCAAGTTTCGCC

1) FIP : combine by Flc and F2
2) BIP : combine by Blc and B2
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b -TAGACGC TATTCCCTAAGATTAACCCATGCATGTTTT TGACATTTGAAAAATGGA

CTGCTCAGTAATACTCACT TTATTTTATGTAAATTTTTAATTAACTACGTTAAAGTG
MNosema-F3

TAGATAAGATGTTTACAGTAAGAGTGAGACC TATCAGC TAGTTGTTAAGGTAATGGC
Mosema-F2(sense)
TTAACAAGGCTGT GACGGGTAACGGTAT TACTTTGTAATATTCCGGAGAAGGAGCCT
MNosema-F1{loop) Mosema—81(lcop)

GAGAGACGECTACTAAGTC TAAGGATTGCAGCAGGGGC GAAACTTGACCTATGGATT
Mosema-BP(anti-sense)

TTATCTGAGGCAGTTATGGGAAGTAATATTATATTGTTTCATATTTT AAAAGTATAT
Mosema-B3

GAGGTGATTAATTGGAGGGC AAATCAAGTGCCAGCAGCCGCGGTAATACTTGTTC-3"

<

Figure 1. Nucleotide sequences and location of primers for N

ceranae—specific LAMP

(2) N. ceranae-specific LAMP ¢] ut-& ol Ay HZA S 219

A

A

pBX-Nosema ¢ £9o|4 #A&E 93}9], primer ¢ Bst DNA polymerase ¢ A48 93
A s A A A WS $32 pBX-Nosema plasmid (f %, 2008) 1 ng,
inner primer ¢! Nosema-FIP/BIP = 27} 40 pmole, outer primer ¢ Nosema-F3/B3 & 77}
10 pmole, 2.5 mM 54 dNTP, 10xReaction buffer, 8 U 2] Bst DNA polymerase (NEB,
USAE H7I8te] = 25 w & 2439} Bst DNA polymerase o 4§ 80T o|Ao] ¥4
=443 7 W%Oﬂ, 9Tl A 583 DNAE slgAzl H vtz dfom 7 255
H A7bskelvl o] F 60%3F DNA A8 askelar, 80CelA 10#3F vHEA17l 5 F53813
o} DNA 21739 #HA2m &4L 7b7 525TC, 54.2C, 564C, 5897C, 61.0C oA 1417 &<t
Sz A Ao, ZF LAMP ®¥H&eo] 4 & dr|dEo=m gy

2

(3) N. ceranae-specific LAMP ¢] HZ ukgol x4

N. ceranae-specific LAMP ¢ & w¥h& A& 37| flste] o 7kx] 24 A3
3t Ha =748 239 primer ¢ ¥X3 Notomi (2000)e] A A3F outer primer ¢+
inner primer ¢ ¥=7F 114 4 W 71 =& 8% li?i‘jr% 7334%‘ RO % o] Mg
A &+5] primer ¢ AoFrevt Z

£ 5 pmole, 10 pmole, 20 pmole, 40 pmole, 60 pmole = 0}04 LAMPE $33}g o o
outer primer ¢ 7} v %i+= 1.25 pmole, 2.5 pmole, 5 pmole, 10 pmole, 15pmole = Zr531 T}

E8 ANTPY %= 125 mM, 25 mM, 5 mM, 7.5 mM, 10 mM 2 243t ZH390
¥, Bst DNA polymerase®] 5% 4 U, 8 U, 16 U, 24 U, 32 U, 40 U o2 =43l =43

mlo fu
e
i)
>,
Y
_a
il
ﬁd
L
B
5
=
c
B
3
a
O
4=
off
£ o4
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oM HA Wkg 2718 Y3
(4) N. ceranae-specific LAMP 9l A primer ¢ %37

N. ceranae 9 #HZE°l 9o N. ceranae-specific LAMP ¢ AEIAE =437 ¢35+
pBX-Nosema plasmid ¢ copy % obefe] o] meh A4bste] 1x10° copies FE 1/100 4

WASAG 5, olB FHOZ so] BUw HAxA LAMP B F @

6 10% (copies/mol) X concentration (g/ wl )
W (g/mol)

= amount (copies/ wl )

(5) N. ceranae @Y HWAEJA N. ceranae-specific LAMP ol 93 N. ceranae 9

%y

N. ceranae-specific LAMP Wo] B AA AL&d ¢ Q75 Solstr] 989
Nosema £9| Real-time PCR (+ %, 2008)°] 2]3}o] Nosema #Zd&HEHZ 3% Alx F
7d YeANBES 353 RT-reaction $ N. ceranae-specific LAMP ¢} Nosema 5—0]
Real-time PCR T 3. UETo 2z pBX-Nosema (1x10° copies) & F3 o=
AREBFal, LAMP A3 2 e H x4 338t

e

KeR
=
KeR

=

(6) SybrGreen test

DNA o] 7tgo| Az o] Aol =29 @338 W33 = 1xSybrGreen & AFE31%
o o] &3E-S ultraviolet trans illuminator 2ol Al 323} o).

L2 R R U T 5

(1) N. ceranae-specific LAMP ¢] ut-& ol xAx HzA S 219

A

<!

N. ceranae—specific LAMP o] #& %
9C, 61.0C A 13t &t 247] T3
NgEoz solalgr}.

N. ceranae-specific LAMP += 525-61.0C ¢ W elA N. ceranae-specific DNA 7} F
3 AFEE e FAsdon, A€ DNA = FE% 100 bpel 4HE5-H loading well 744
Uheksh 2712 UEbRtHELE 2).

o,
o

Z737] 918ke] 525, 54.2TC, 5647, 58.
ol WAl om, Z LAMP wkgo] gy & A



N. ceranae-specific LAMPo] A ¢ £xW9E= HhE2AF S 23l 564TC & 2AE O
o, o] %9 gL o] oA Fe3eit

Fig. 2. Temperature gradient N. cranae - specific LAMP

Lane M is 1kb ladder Marker(Fermentas). Lane 1 to 5 were specific LAMP product from
each LAMP under isothermal temperature at 52.57C, 54.2TC, 5647C, 5391T and 61.0TC,
respectively. Lane N is without template. Optimal elongation temperature was determined at
56.4°C.

(2) N. ceranae-specific LAMP ¢] H3Z urgol x4

N. ceranae-specific LAMP 2] #ZA 4H--§ 2745 &9387] 93} primer, dNTP, Bst DNA

polymerase ¢ 7 »x& v}

primer ¢ 4% inner primer 7} Z+Z} 20 pmole, outer primer 7} Z+Z} 5 pmole € W 713+
o LAMP AAEo dAHA oW (LY 3-A), inner primer”’} Z+7} 5 pmole, outer primer”}

247k 1.25 pmole & W= LAMP A =o] A7|A &t ol& ngoz wEdds 3o

ﬂJ

[e] -

primer o] ¥4 3 %E inner primer?] A-%oli= 20 pmole, outer primer ¢ -%°l+ 5 pmole

= AAs9r)

o

H, N. ceranae-specific LAMP oA dANTPY HZ v=Z 33173817 98] 2z dk&-
ool 1.25 mM, 25 mM, 5 mM, 75 mM, 10 mM ¢ ANTP & #H7}ste] LAMP & $8dt1
I AAES FE AVHdEeEs st vusd iy 3-B). 21 23 ANTPS] 4ol 5 mM ¥
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o, loading well 7}# DNAS] AZbo] # o]Fojg o 75 mM o]dY -5+ loading well
7hA DNA 7F AHA &8 Ae 399 & Ak v e 5ol DNAE A&=staa s
2 AFo A Bst DNA polymerase 7} #--8-A|7HgQt 71 DNA 7hX] vpeksAl shds] & 4 <l
© AS AF Ay B v TR Zoly ddHY, olF Fiko] HFe] ANTP =
LAMP®] ®kE& A gthes AMES & 5 AT webA] RERAE S Sobo] A4 4 94A
o] Ty % &= e AS 1183t N. ceranae—specific LAMP oA ANTPY HA =&
5 mM = ZAs35rt.

o

o

N

Bst DNA polymerase®] A% 24z} 4 U, 8 U, 16 U, 24 U, 32 U, 40 U & #H7}3sle] LAMP
E FY3AT 4 U 3 8 U & #H7Igk 4 $olli= loading well 7-2 DNA 7} 21&= o) 16

o] ol A= loading well 7F%] DNA 7} A&= A &skrh 4 U & #7139 e o ogs =2
719} we A Eo] Fel¥ o] Bst DNA polymerase ¢ HA¥EE 4 U 2 BA3IHE

3-C).

i)

w2l A N. ceranae-specific LAMP & 9% &4 dbgoe] 242 & 25 w o wh-gofs %
A= AS 7oz, 77 20 pmole ] inner primer, 27 5 pmole 9] outer primer, 5 mM
2] dNTP, 10xReaction buffer, 4 U 2] Bst DNA polymerase (NEB, US.A)%Z ZAAsH o,
564C ¢ S2xHoA 6057+ F33= AL N. ceranae—specific LAMP ¢ ¥&=F7Ho =
A5

(3) N. ceranae-specific LAMP ©| 4] primer 9] 7 %3HA|
N. ceranae ©°| W3 N. ceranae-specific LAMP 9] AZIAE EAHS7] 3519
pBX-Nosema plasmid & 1x10% copies %8 1x10° copy 744 1/100 # @A/H=z sda &
FHOow AT

AZE3A =A A 1x10° copies 2] pBX-Nosema plasmid & AF23F LAMP ZZ 227} 4]

Arldeer A & AT (E 4).

(4) N. ceranae @99 #WAEJ A N. ceranae-specific LAMP °| 93 N. ceranae 9
A=

N. ceranae-specific LAMP ©] A4 N. ceranae 739 8 AAo thdte] AL 7153+

ol 7] 913k Nosema £9°] Real-time PCR © 9J3teo] o] eld st 74w x| o

e BHS Uoz HAAE sy, fETFoZE pBX-Nosema (1x10° copies) & AF&3)

AA N ceranae ° #A" TH ANBIAAME N ceranae-specific LAMP o 93}
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¥2

pBX-Nosema plasmid 2] 4%} 7ro] EX 2 LAMP A %ol dAHE AL Fld 4
Row N. ceranae o #F =
LAMP RAAEo] A=A &Sk

The e B Fdh

c

1

ne
i)
N

M N 1 2 3 4 5

| v
=
—
—
—
—
—

CL LI

Figure 3. The optimal concentration of reaction solutions in N. cranae - specific
LAMP.

Panel A. The optimal concentration of primers. Lane M is 1Kb ladder marker
(Fermentas). Lane N, Opmole Nosema-FIP/BIP and Opmole Nosema-F3/B3; Lane
1, N. cranae - specific LAMP using 5pmole Nosema-FIP/BIP and 1.25pmole
Nosema-F3/B3; Lane 2, N. cranae - specific  LAMP using  10pmole
Nosema-FIP/BIP and 2.5pmole Nosema-F3/B3; Lane 3, N. cranae - specific
LAMP using 20pmole Nosema-FIP/BIP and 5pmole Nosema-F3/B3; Lane 4, N
cranae - specific  LAMP  using  40pmole  Nosema-FIP/BIP  and  10pmole
Nosema-F3/B3; Lane 5, ~N. cranae - specific  LAMP  using  60pmole
Nosema-FIP/BIP and 15pmole Nosema-F3/B3.

Panel B. The optimal concentrations of dNTP. Lane M is 1Kb ladder marker
(Fermentas). Lane N is negative control. Lane 1 to 5, LAMP products using
125 mM; 25 mM; 5 mM; 75 mM; 10 mM dNTP. The optimal concentration of
dNTP was determined at SmM.

Panel C. The optimal concentration of Bst DNA polymerase. Lane M is 1Kb
ladder marker (Fermentas). Lane N is negative control. Lane 1 to 6, LAMP
products using 4U; 8U,; 16U, 24U; 32U, 40U Bst DNA polymerase. The optimal

concentration of Bst DNA polymerase was determined at 4U.
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BRI

Figure 4. Sensitivity test of primers in N. ceranae-specific LAMP.
Detection limit of N. ceranae—specific LAMP. pBX-Nosema solution
containing 1 X 10° copeis/ud was serially 100-fold diluted. Lane M is
1Kb ladder marker(Fermentas). Lane 1, N. ceranae—specific LAMP
with using 1 x 10* copeis/ wl. Lane 2, N. ceranae—specific LAMP with
using 1 x 10° copeis/ wl. Lane 3, N. ceranae-specific LAMP with using
1 x 10* copeis/ wl. Lane 4, N. ceranae-specific LAMP with using 1 X
10° copeis/pl. Lane 5, Nosema-specific LAMP with using 1 x 10°
copy/ pb.

_68_



Figure 5. Application of N. ceranae—specific LAMP to infected honey bee
samples.

Lane M is 1Kb ladder marker(Fermentas). Lane 1 and 5 are using
pBX-Nosema plasmid (1ng). Lane 2 and 6 is without template. Lane 3 and 7
are using honey bee sample by infected Nosema disease. Lane 4 and 8 are
using honey bee sample by not infected Nosema disease. Lane 1-4 is
reaction product by N. ceranae-specific LAMP. Lane 5-8 is reaction product

by N. ceranae-—specific Real-time PCR.

(5) SybrGreen test

Figure 6. SybrGreen test of N. ceranae—specific LAMP.

Panel A. LAMP product (P) and negative control (N) and  were
stained by SybrGreen. Each products were observed by ultraviolet
transilluminator.

Panel B. Each products observed by ultraviolet transilluminator were
analyzed by gel electrophoresis. Lane M is 1Kb ladder
marker(Fermentas). Lane P is LAMP product on pBX-Nosema plasmid.
Lane N is negative control.
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A&E N, ceranae-specific LAMP AA =9 1xSybrGreen & FH7}A
ultraviolet trans illuminator AolA #&ste] =5 H4YPF-E G THLEH 6). oA %
Aol YEb st oy o AR LAMP A E vlste] oFdk As &0 & 9
u} Al SybrGreens ©]83% N. ceranae-specific LAMP ¢ AAdE 21 U

e W bt

HooAFo| A MEE N. ceranae—specific LAMP = N. ceranae 9 16S small subunit (SSU)
rRNA (GenBank, DQ486027)E targeto.= 3ol AAFHAY. T4 1A7F ool N
ceranae-specific DNA & d¥ld o=z AAA 7= N. ceranae-specific LAMP & %& £o]4
& 7HAH, & nlofe k]
=}

-S54l @S HolF Uk ek 317t AH]Ql thermocycler §lo] 7] ¥ho =

o
4
)
rlol
ek
il
o

iy

T
i

ki
(it

o

e

o] &3} ultraviolet trans illuminator %ol A Wiz = DN

o.
=1
E g 5 o]l @AM ntE HEIbedtr] witel vl w8 Ao

ol
o,

. A
A v (Nosema  disease)= WA M EZ 7] A Z(obligate intracellular parasites)?] Nosema
apis(N. Apis) 9 Nosema ceranae(N. Ceranase) o 2]8}lo] of7|% = Mot} X ol N.
Ceranase = Apis cerana %5t ol &} Apis mellifera oA % &F ARG, N Ceranase
= N apis Bvt WA =40 Asirtal ¢ A v
B AFoAE N. ceranae & Eoldozw HUEF3E LAMP WS /NEstdth. N ceranae
small subunit ribosomal RNA gene (GenBank, DQ486027)-& WlIE OS2 N. ceranae =9|
primer 4 7|(Nosema-F3/B3/FIP/BIP)E A 739 th. pBX-Nosema plasmid & T3 o2 3}
N. ceranae—specific LAMP 3= 564C oA A&34do2 N. ceranae £°] DNA 7} A1#5 o}
3 Nosema 5°©| Real-time PCR o &3} 7ol S¥ & A E+= N. ceranae—specific
LAMP ol &t vha] <13 3ivt
N. ceranae-specific LAMP = & %ol A

& =l
ceranae °| 23t AAQ AT FUHY & F S Aoz UdiE
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2. Nosema* 9] 9213 Nosema cerana®l W3 Zi11<% PCR Ayt AEHe /M

7 e R

2 dA4E =AvbH (Nosema disease)e] WA M (LF YAEEZ +79), Nosema
cerana’s 7174 WEA AEstaA o= BH o082 2314 PCRY (Ultra-rapid PCR)-& 4881
A5 sk Aeolu & 308 W] PCRUES 1280 w2 4 dded, gae F/54e &
Ao 10Fo|el 7hsddv. B £ Journal of Apiculture 26(1), 2011\d 4€9

“Development of Ultra—rapid Real-Time PCR Method for the detection of Nosema ”¢] A&

o= Wid FHolvh & niudXiE 1 AE F4AoE st WA g}

=

UoAlE g .

X

Table 1. Primers of Nosema-specific for ultra-rapid real-time PCR

o. 23 9@ 5F,

(1) 2315 PCRE 1% Primer? 9] Ad
A B

Figure 1. The primer selection for ultra-rapid real-time PCR. Panel A shows fluorescence
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curves of URRT PCRs with Nosema-180-F/R and Nosema-230-F/R  primer sets. The
highest specific and sensitive primer set was evaluated. Panel B shows the result of
melting analysis of the same PCR products in the range of 50-90°C. All PCR products
were identical, dependent on the temperature of midpoint (Tm). Nosema-180-F/R show the
fastest Cr value (19.13).

(2) Nosema %1% PCRE 93 %749 HA 3}
A B

Figure 2. Optimal annealing temperature of specific PCR using Nosema-180-F/
Nosema—180-R primers pairs. PCR was performed under the following conditions: 94T,
100sec pre—denaturation/ 94°C, 10sec; 58-61C, 10sec; 72C, 10sec; 40cycles/ 50-90C melting
temperature analysis. Panel A shows fluorescence curves of gradient URRT PCRs. Panel B
shows the result of melting analysis of the same PCR products in the range of 50-90°C.
All PCR products were identical, dependent on the temperature of midpoint (Tm), calculated
in range of 79.29~79.97°C. The detection primer pairs show the fastest Ct value at 59°C.

(3) Nosema %314 PCRY 917 %

A B

Figure 3. Test of the sensitivity of the detection primer set with serially diluted
pBX-Nosema. Each URRT PCR was performed under standard conditions with different
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quantities of initial template DNA. Initial templates were used in the range of 10° to

IOOcopies of pBX-Nosema, respectively. The Cr values showed the initial quantity of

template—dependent manner in the range of 105—10200pies. Panel A shows fluorescence

intensity curves of template limit diluted URRT PCRs. Panel B shows the result of melting

analysis of the same PCR products in the range of 50-90°C. All PCR products were

identical, and dependent on the temperature of midpoint (Tm) calculated in range of 79.01 ~

79.43°C.

4) 7149 %9 WE Nosema 235 PCRO A&EA|7 W3}

Table 2. Nosema ultra-rapid real-time values of Cr and Tm in range of 10°-10° copies

. Elapsed
Initial template ) Cr value Tm value
time

10° coples of pBX-Nosema 37:12 19.13 79.01
10 coples of pBX-Nosema 37:060 22.62 79.37
10° coples of pBX-Nosema 36:56 26.46 79.32
10° coples of pBX-Nosema 36:57 29.48 79.43
10! coples of pBX-Nosema 36:53 31.06 79.43/75.53
10° coples of pBX-Nosema 36:47 31.68 79.81/76.47

(5) Nosema @A 5E AE3F Nosema 314 PCRO A FA

Figure 4. Nosema detection using ultra-rapid real-time PCR in genomic DNA from

Nosema-infected honeybee samples.

Confirmed PCR conditions were applied to Nosema-URRT PCR using genomic DNA from

Nosema-infected honeybee samples.
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(6) Nosema A&=S 93 Nosema %31% PCR9Y HAAZL

Figure 5. Minimal detection time confirmation using Nosema-infected DNA in URRT PCR.
Each reaction was performed in following condition: 94°C for 1s, 59°C for 1s, 72°C for 3s.

The confirmed detection time was 12min 19sec.
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A 4 A R ANG Q3 LAMP A A=W A
1. LAMPWY & o83 Wi Q913 Ascosphera apis® AEW /Y

7F. M E

ol A AWYow dHA 9l WMEW(Chalk brood disease)® 12 Ascosphaera
apis (A. apis)2. 2 3+ 579 strain(+ & )W AEMfe] fFFo Y3 4% uy 24 o] w]
ojg}=, AL A H P Afol= S wolgt eyl Ho| Wil HHEA Ho =
= (Maassen, 1913; Deans, 1940; De Jong, 1977; Bailey, 1981).

A apis= EA0] FHlE AdHH 2l f§50 AR FAYste]l SAdNA Fekebar, 53t
A IAs FAHE A2 FF59 Ade viEA FomA AAAIZIY. 58] ssle] {5
HeAdol wa A= 10-1597HA B S 7AE Az AL ettt (Maurizio, 1934;
Bailey, 1981; Heath and Gaze, 1987; <, 2001a).

Wz e oyl epRololA A e u)al

=

rir

_1
o

2
s
v
2
rlo
&
:Oé
(ld
off N

ddo] vt wow, et e B A7e AdE 2 HskA A 5, 2001b).

AA7A Add WEH IdH ez PCR (o] &, 2004), real-time PCR (°] &, 2005) %
quick real-time PCR (ultra-rapid real-time PCR) (°] &, 2006)-S- ©]&3& W o] gloi) o
WHES APAAQ Ueg AN AfFH & AAPE uksto] fGArs7|7bA @ A3ke] A
H AR 4S8 W] oy g By ofygl PCR HAoA 87HE SEwsd o8 A=)
HEdd 7hedol vk B avke] AuE ARESHy] it #Adel A&38kr] of Y. whHo
2000 ol 7f¥re Loop—mediated Isothermal Amplification (LAMP) & S20o 4] 1A|7F o]
el DNA Al7o] 7hsgh Wk o= 37Fe] Au| ¢l thermocycler §lo] &3 g27|vto =z A
g o] 7}=3lt (Notomi ef al.,, 2000). B3t 6712 =5 A S Q2517 wite B} =& E
o] A& ZFA AL vk (Fig. 1).
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Fig. 1. Schematic representation of the mechanism of LAMP.
Steps in the LAMP reaction. This figure shows the process that starts

from primer FIP. It should be remembered that DNA synthesis can also

begin from primer BIP.

HA3slsle] FoAFAA HAAZ ALI)F3E 7

upehA] 2 ATl A= LAMPHS o] &3ke] W& R4t

o
= ]

g 7MsAS =017] Y8 Fluorescent Dyes ARE3e] S-oto

1) =98 Az 3
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AT AgE 2 AR AW Awg Fte] T FBIIERH BT EAAWAT
3]

=
2 201090 95 Aow JFARE gttt o ARSE ATk B FA

& 9%
923 A5AA0E F98 9 chromosomal DNAS FZo] AF&31ath. 2 7oA A&H
B AmE AW A9 Sste] Fu FRtETE FHUWAYATLE 201049 9L
ASE HFARE AEHAT. o] AREL d7he] BAF 54 99 BAY AFANE 5

MagNa Lyser (Roche, Switzerland)E A}&3te] WS 23 A)171 & AccuPrep® Genomic
DNA Extraction Kit (Bioneer Inc., Korea)E AF&3}e] & 2] chromosomal DNAE F%3}15]
o AL A ALY AAe wEt 2geedrt. F+EE chromosomal DNATE OD 260nmel 4]
TEE A H LAMP wh&o AF83F9 3, 4 chromosomal DNAY 24 & Y& (-70C
o] ah)ell B3}t

(3) Clone® "% ¥ plasmid DNA 9] ¢3¢
o] 5(2006)° 23}l A. apis® 18S rRNA gene? U H-(GenBank, M83264.1; 671-1666bp)7}

cloning® & LBHIX|A 37T, 16A1ZHsQF 200rpme.=  wjkstsich wjgd &
DNA-spin™ Plasmid DNA purification Kit (Intron, Korea) & A}&3t9] plasmid DNAE F%

st on] Ao AzkAte] X Ale| uwhE} ATt FEE plasmid DNAE 52E 4313
LAMPH ol Ag3t9l o™, Zo] plasmid DNAYE 24 WS (-70Colsh)el 3339 vk

(4) A. apis—-LAMP® 9] primer 27 2 A%

A. apis LAMPo| A3k primers= Table 19 YeEWH AT Forward inner primer$!
A.apis-FIP+= A.gpis anti-sense sequence®] AW A<l A7|A<E(TF2)3} TTTT linker 18] 3l
loopE IA3=E 47| dAFle) FES T3 Aoz Mnte long-nucleotide® A 23} %3 Tt
Reverse inner primer®l A.apis-BIPE A.apis sense sequence®] E.A<Q A7 A<d(B2)3}
TTTT linker, loopE dA3= D74 <EBle) FES T3+ Aoz ZZ 46nt9
long—nucleotide = A 2F8} 9t 3 outer primer$] A.apis—-F32} A.apis-B3+= inner primers
o] nlgzd A EE AAGG e ZZF 19nte] AZ7]E A ZEA T o] primerES Bionics
AHKorea)oll o8&t A28 2™ inner primere 7A-$-ol= PAGE AAl & AF£39vHFig.
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2).

Table 1. Primers of A.apis—LAMP.

Lengt
Oligo Sequence (5'—3") hE
(mer)
A.apis-F3 GCCGATGGAAGTTTGAGGC 19
A.apis—-B3 ACAAGCTGATGACTTGCGC 19

Neaisoprp!  TTGGCCCTGTCATGTGAGGC-TTTT-ACAGGTCTGT
apts GATGCCCTTA

ais—pp?  TGTTAAACCCTGTCGTGCTGGG-TTTT-AGGCATTC
-AapLs CTCGTTGAAGAG

1) FIP : combine by Flc and F2
2) BIP : combine by Blc and B2

B -GACGTTTGTCGGCTGU TG TTCT TAGAGGGAC TATCGGTTCTTALAGCCGATGGA
A. apis—F3 A. apis—F2

AGTTTGAGGCAATALACTGGTCTGTGATGCCCTTAGATGT TCTGEGOCGCACGCGCGT
(sense) A. apis—F1(loop)
TACACTGACAGGGC CAACGAGTACATCACCTTGGCCGAGAGGTCTGGGTAATCTTGT
A. apis—B1(loop)
TAAACCCTGTCGTCTGGGGATAGACAT TGCAATTATTGC TCTTCAAC GAGGALATGCC
A. apis—B2{anti-sense) A. apis—B3

TAGTAGGCGCAAGTCATC-3

Fig. 2. Nucleotide sequences and location of primers for A. apis—-LAMP

=

WS AIZE Al

R

s

(5) A. apis-LAMP?] HZA wlgen =4 d

X

=

A. apis® HAEL 9%, primeret Bst DNA polymerase?] A2 93 & 225 =4
STk Hkg oo 3

= 42 40pmole, outer primer$] A. apis-F3/B3+= 27t 10pmole, 25mM dNTP, 10xReaction

el A. apis plasmid (©] &, 2006) 1ng, inner primer$) A. apis-FIP/BIP

buffer, U Bst DNA polymerase (NEB, U.S.A), DMSO(HE5 % 5%)E H718e] & 30u=

24 stk

Bst DNA polymeraset= 80T ©o]Xto] HH E&A43 7] o], 94TA 5837F DNAE 3



gzl F R deoR & 2E WY $ol HUisksien, o § 6023 DNA A& A

Fatal B0CelA 1023F ¥H-&AIZl & FR3th DNA 41739 A F42 45-65C 731
dlA] IAZE ot e Astel A dEAskelen, 7} LAMP W0l Evt § dV]de o gl

(6) A. apis—-LAMP2] HZA qk-gof xA]

A. apis—LAMPS] # 4 wrgx78 Fysty] flste] oferbx 24 Al g FHA =4
S 3913} tl Primerd w5+ Notomi & (2000)¢] A A3 outer primer®t inner primer$]
FE7F 14 Y W g e 5ES Wovtke ZAE AR o o] H&E f{A8HE primerd]

&

A5 ovts W3l A o 235 A3t &) inner primer?] 7+

=

EE bSpmole, 10pmole,
20pmole, 40pmole, 60pmole® 3}o] LAMPE $33t% 2w o] o outer primer®] 4 5%+
1.25pmole, 2.5pmole, Spmole, 10pmole, 15pmole @ 3=t}

3 dNTPY s=%& 27 25mM, 50mM, 7.5mM, 10.0mM, 125mM= =438k =439

3L, Bst DNA polymerase®] 7-$-ol+= Z}z} 4U, 8U, 12U, 16U, 20U-S H7}slo] ZAIsto = 4
4 wkgx7s gy

(7) Restrictiong %53 A.apis—-LAMP A& 32l

A. apis-LAMPR - %3] AA¥ DNAZ}F A. apis—specific DNA7Z} 2h=X] &<21317] 9314,
k2ol £ ¥ LAMP wkgoo] Haelll (Invitrogen, U.S.A.) A& A5 H7lec) vhgo =
Z2 20ulE LAMP product 8ul, 2009 HaelllZ #7}&}o] 37T A 2475 A A3 5 2%

agarose geloll A7|%E3Fo] &2l3%t.

(8) A. apis—-LAMPOI A primer? 737

A. apis® AZ o] A apis-LAMPY HAZ3AE =437 93te] pBX-A. apis plasmid
o] copyE obefel el el Aakete] 1x10° copies/ulF-E 1/10% @A S A F 5, 7t

Ao e FHOE st FPH HA 2ol A LAMPE FA3hglv.
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6 < 10 (copies /mol) X concentration (g/ ul)
MW (g/mol)

= amount (copies/ wl )

(9) EHAHAA9 LAMPHY PCRY 93 A apis A=

FeadA e A apis-LAMPH ] A& o 59 PCRYS °]&3 Avka vw s uf dvt
U aEAdA ek gk 2L wEARE o83t A apis-LAMPHY B A apis 5]
real-time PCRH(°] 5, 2005)& o]&ste] zdstolvh iy o] oids= widzAd

(ld

oflt

chromosomal DNA F% § o|& 3 DNAZ A&

(10) Fluorescent Dye test

Hhgol FEE LAMP WHe s AV9ee] slslo]l &elsty] 95k, DNA o5 el
A slo] el H3S wE@stE SYBR Green I3 GeneFinder™ Nucleic acid fluorescent
dye (Baygene Biotech CompanyLimited, China)& ©]&3}o] #2399tk SYBR Green [ &
AbEE W2l e yltraviolet trans illuminator AelA #2319 o™, GeneFinder™ Nucleic

acid fluorescent dyeE AF-&3F whg-o4-2 335 offol|A] dAzalsdc)

L= s B = 1 £

LAMP ®kg-9] HA wh&x71& Z4317] 938t pBX-Aapis plasmid DNAE 3 DNAZ
ARZEATE HA S22 E 437 98k 50.0°C, 52.5°C, 54.2°C, 56.4°C, 60.0°CelA] 1 A
skl A Al apis-LAMPE #8385l 0H, 24 LAMP whg-o] & 5 7]

= AT ¢ WUl A A apis—specific DNA7Z} 21%4% = AL &2l
skl om, 217E DNAE FE9 200bpe) AHEH-E loading well7bA) vhdh 272 gt
(Fig. 3-A). LAMP ¥H-gAtES A7) E5elA 22 77 th& =7]9 DNA bandZ Efths=
g, 2 7}¥e LAMP AbEo] 2Hol inverted-repeat T3 E A3 wiiolvh ulelA
LAMP el 9]% DNA F%2 PCRHel &g F%c] 5o DNA bandE YEbdE A3t &
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ladder 72 pattern®Z ERATE A apis-LAMPS HZF S& &nyE nhEAES Eid
4T = Ao, o]F 9 Ade A 259 4T =35t

glate] 54Tl A 27t 208, 308, 408, 50%,

]
603t RkeAZl H, drldEs S s]dsdt 1 Ay A 30wolde] wks Hel

(B)

Fig. 3. Temperature gradient A. apis LAMP. And time limited for elongation.
Panel A. Temperature gradient A. apis LAMP. Lane M is 100bp ladder Marker
(Forever). Lane 1 to 5 were specific LAMP product from each LAMP under
isothermal temperature at 50.0, 52.5, 54.2, 56.4, and 60.0°C, respectively. Lane N
is without template. Optimal elongation temperature was determined at 54.0C.
Panel B. Time limited for elongation. Lane M is 100bp ladder Marker (Forever).
Lane 1 is LAMP product during 60 min. Lane 2 is LAMP product during 50
min. Lane 3 is LAMP product during 40 min. Lane 4 is LAMP product during
30 min. Lane 5 is LAMP product during 20 min.

(2) A. apis—-LAMP®9] HZ& dk-gof xA

A apis-LAMPO] H& wkex7A-8 7] Y3}l primer, dANTP, Bst DNA polymerase 2

24 FEg Taheh.
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Primer® 7-% inner primer”’} 27t 80pmole, outer primer”’} 27 20pmole 7 e
LAMP A4 Eo] FAHNo™(Fig. 4-A), WEAHS Foto] primerd HAFEE inner

primers= 80pmole, outer primery 20pmole® 72 A 3} v}

S, A apis-LAMPol A dANTPS HZ s&& S#Hst7] 9ste] Zb whgfe 25mM,
50mM, 75mM, 10.0mM, 125mM¢e] dNTPE #H7}3te] LAMPE F3dta 1 429 %S
A7195es 3t v st th(Fig. 4-B). A ANTPS <o)l 10mMY d, loading well7}

b
#] DNA2] A17go] 71 2 o] Foixl As &4l AT}

BN
T

et
30

aAp = 2 Ao A Bst DNA polymerase’} ¥H&A)7H5¢ 70
1
=

DNAZHA thesbl @4 9 % 9 A4S A3 Ave) wde ¢ Fad Aold ww
R ERR

ul, o] Fate] whake] dNTPE LAMPS) whg-& Asldth A2e & 5 919l
BA9e Bal 954 FARAel FoEA @t WexraL nwse A

dANTPY #4 v%Z 10mM=Z 2 A3 Ak

Bst DNA polymerase® A-$ Z+7 4U, 8U, 12U, 16U, 20U% #H7}38te] LAMPE 33t
t}. AUS 73 Aol loading wellZbA] DNA7ZF Al#w 1o 8U o] Ato| A= loading
wellZb<] DNAZF A7+ ekskvt. 4US H7Eekols wf vheksh 27)9F B2 A4 Eo] &
o] Bst DNA polymerase®] HAFEE 4Uo = AA3 A Fig. 4-C).

utbA Aapis-LAMPE 938 H2& ks 24He 2 30uE 7|s=oz, 27t 80pmole?
inner primer, 24} 20pmole®] outer primer, 10mM dNTP, 10xReaction buffer, 4U Bst DNA
polymerase (NEB, US.A)E ZAAdGoH, 54T S2xAddA] 3087 F3y3= 2AS A
apis-LAMPS =270z AAsTh
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Fig. 4. The optimal concentration of reaction solutions in A. apis LAMP.

Panel A. The optimal concentration of primers. Lane M i1s 100bp ladder Marker
(Forever). Lane N, Opmole A. apis-FIP/BIP and Opmole A. apis -F3/B3; Lane 1, A. apis
LAMP using 40pmole A. apis -FIP/BIP and 10pmole A. apis -F3/B3; Lane 2, A apis
LAMP using S0pmole A. apis -FIP/BIP and 20pmole A. apis -F3/B3; Lane 3, A apis
LAMP using 120pmole A. apis -FIP/BIP and 30pmole A. apis -F3/B3; Lane 4, A. apis
LAMP using 160pmole A. apis -FIP/BIP and 40pmole A. apis -F3/B3. Panel B. The
optimal concentrations of dNTP. Lane M is 100bp ladder Marker (Forever). Lane N is
negative control. Lane 1 to 5, LAMP products using 2.5 mM; 5 mM; 7.5 mM,; 10 mM;
125 mM dNTP. The optimal concentration of dNTP was determined at 10mM. Panel
C.The optimal concentration of Bst DNA polymerase. Lane M is 100bp ladder Marker
(Forever). Lane N is negative control. Lane 1 to 5, LAMP products using 4U; 8U; 12U;
16U; 20U Bst DNA polymerase. The optimal concentration of Bst DNA polymerase was
determined at 4U.

2

(3) RestrictionS %3 A.apis—-LAMP BAE 3

A. apis HES 3 ¥F LAMPYS S8 213" DNAZ}F A apis specific DNA7ZF S=%]
gelsty] ko], wkEol F5® LAMP w¥hgol Haelll AIFEAE H7bskaL, 37T 24
et AAE § Arjdess T FAssivh. AdEAE AsA ¥ lane 190A4=
loading well7}A] A217%¥ DNAE #Zd 4 Ao, lane 2004 Algtasol 23 DNA7}
Add AL FAd & Uy, wEd A apis-LAMPRl 93tel AF® DNAE A

s}
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I

Fig. 5. Electrophoretic pattern of the LAMP and Haelll digested product.
Lane M is 100bp ladder Marker (Forever). Lane 1 is LAMP product. Lane
2 1s Haelll digested product.

(4) A. apis-LAMP?®] 7% 3}el

o

A. apisol] td A apis-LAMPS AZAZ EAI 7] 93t pBX-A. apis plasmid
1x10%opies/lF-E 1x10%copy7FA] 1/104 @AAZ g Agt & 8ol 1 s FPoz A§3}
vk A=A =H A3} 1x10°copies”t A A. apis-LAMPE £3] #&8 + &= Aoz &

= A eH(Tig. 6)

Fig. 6. Sensitivity test of primers in A. apis LAMP

Detection limit of A. apis LAMP. pBX- A. apis solution containing 1 x 10° copeis/ hwas
serially 10-fold diluted. Lane M is 100bp ladder Marker (Forever). Lane 1, A. apis LAMP
with using 1 x 10 copeis/ 0. Lane 2, A. apis LAMP with using 1 x 10" copeis/ul. Lane 3,
A. apis LAMP with using 1 X 10° copeis/ wl. Lane 4, A. apis LAMP with using 1 X 10°
copeis/pl. Lane 5, A. apis LAMP with using 1 x 10* copy/ul. Lane 6, A. apis LAMP with
using 1 x 10° copy/pl. Lane 7, A. apis LAMP with using 1 x 10° copy/ il
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(B) EHAFAAS LAMPHY PCRYA 93 A apis A=

A. apis®] ZFAE AT oAEE EHAEE o| &3t A apis-LAMP ¥ PCRE& o] &3}
A apisE FHE3 A FAY. LAMPHS A apis-LAMP %=z 7e uegl 83 o,
PCRY 2 ©] (200500 s 7idd WHez 35y 1 23} LAMPH PCRESZ
FH F Ae EFolA DNAS FFol Ay olthFig. 7). wEkA LAMPW o

apis 1&°] PCRYol Aol Boks w F5o] glvpar & = Stk

HHN'
o

e
9

rO"

4]

Fig. 7. Application of LAMP to clinical samples and conventional PCR. Lane M is
100bp ladder Marker (Forever). Lane 1-4 are reaction product by LAMP. Lane 5-8
are reaction product by PCR. Not only LAMP product but also PCR product is

amplified.

(6) Fluorescent Dye test

AA HAAFNA DNAZ FE3t0] Aapis-LAMP Z&=Z7d wpg} vk A7l 5, 1kgo]
TEE LAMP vh&o& d7)|dse Faglo]l g2st7] f3te] DNA o5 7hetol] A= o
=] yFS wdEH3E SYBR Green 3 GeneFinder™ Nucleic acid fluorescent dye

(Baygene Biotech CompanyLimited, China)E& 77} 7}ttt SYBR Green 1-& A}&3

el o yltraviolet trans illuminator “3ollA] #E3H o™ GeneFinder™ Nucleic acid

fluorescent dyeE AFE3%F W&o 35 ool A FzalSo)
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. A3 SYBR Green 18 A3 Afols AAAEAA & ¢ #H F
#2590 m(Fig. 8-A), GeneFinder ™ Nucleic acid fluorescent dyeS AFg3 Qo=

=4
FAA R = =4, A Rl FRAe o] #dHATHEIg. 9-A).

s
rie
r
N
o2
offt
g2
s
&
_{
(o
f
C
Z,
o=
=
o3
2
o
Lot
r [0
o
N
N
ol
M
i
o
f
*%
s
o
2
A
=2
=)
o
do
oo
et

(A) (B)

Fig. 8 SYBR Green I test of A. apis LAMP. Panel A. LAMP product (P)
and negative control (N) and  were stained by SYBR Greenl. Each
products were observed by ultraviolet transilluminator. Panel B. Each
products observed by ultraviolet transilluminator were analyzed by gel
electrophoresis. Lane M is 100bp ladder marker (Forever). Lane P is LAMP
product on honeybee infected by A. apis. Lane N is LAMP product on
honeybee uninfected by A. apis.
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Fig. 9. GeneFinder™ Nucleic acid fluorescent dye test of A. apis
LAMP. Panel A. Each ©products observed by ultraviolet
transilluminator were analyzed by gel electrophoresis. Lane M is
100bp ladder marker (Forever). Lane 1 and 9 are LAMP product on
honeybee infected by A. apis. Lane 2-8 1is LAMP product on
honeybee uninfected by A. apis. Panel B. All products in the
reaction tubes were dyed using GeneFinder™ Nucleic acid
fluorescent dye. A positive reaction appeared green and a negative

reaction appeared orange in daylight.

B A3E LAMPHS 7to 2 A gpisE HAs L w27 AE3s Wi 9S8 5350
2 39tk LAMPHEE 249 e 95e e nioz wey i 95 & e »

gk ole} EolAu VIRER =rla oe A 9.

BooAFo Al A A apis-LAMPE A, apis 18S rtibosomal RNA gene  (GenBank,
M83264.1)E targeto. @ 3to] A AR 47019 primer, & A. apis-F3/B3/FIP/BIPE o] &3k} A
apis-LAMPE $3F & wkS-do] AL £ 0uE 7|22, 7217 80pmole?] inner primer,
Z+7} 20pmole?] outer primer, 10mM dNTP, 10xReaction buffer, 4U Bst DNA polymerase
(NEB, US.A)olH, 54T 9] S2x7oA 3083t A apis-specific DNAE Agjz oz AAA 7]
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S Felgdrk. wak 17ke] Auel thermocycler§lo] dL7jwto 2w A& Fsjo] 73k,
SYBR Green I3} GeneFinder™ Nucleic acid fluorescent dye A]9Fg o] & =
DNA A% SRIAgFB-E 308 = gl&o] 1= A7]d Aol n=z AE7bsste] v+ F&

% Aoz Ardy
@ 4 e

e g dor d¥A JdFE WEW(Chalk brood disease)®] RIS Ascosphaera

apis (A. apis) 2.2, HHFZ WE FUAZIT

2+ ATolAME A apisE o)A oE AFEshE LAMPHE /IEstadth o] Wye F2olA
DNAE m=3 g&40z2 FHAI|H Eoldol v A apis 18S ribosomal RNA gene
(GenBank, MRg3264.1)-2 Wl¥ o2 N. ceranae £°| primer 47(A. apis-F3/B3/FIP/BIP) &
AAEACE. HAxAe Y F A gpis-specific template 258 54TC9 S&x7 3lol A
02 wkell Aoz DNA Aol o FofXH, A apisel #dd Al HEARANE

AERoz NAFE AL Foaygdul. w3 LAMP ¥leoREs Mz s 7S £,
S ot

W&l A apis-LAMPYE @A oA #5834 ARE 102 AsET, A apisel

g AR 4dE BUHY T F A AOE ]

>,\I
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Al 5 A CBPV AL 93 LAMP Al A=W 7
1. LAMPY €& ©] &3 Chronic Bee Paralysis Virus (CBPV)9] A& Ady 7w
=2 AA Ao 25%0 slHsle vk FEe] RS wislst 91zko] Abolrtar AJE A

7 A=l 7192t vl At (Morse and Calderone, 2000). T3+ &5 H] 53 thkdt

FEA=2 Ve AITEE ohvet AW ABAl T oy WHoeR ofgHal vHKlein et

Engelsdorp et al., 2007), o]# st HHol AFe &2 & /NS FAAA AFS of7|A

e Az ARE 29T 5 9ol AAHOE B B B

>
o
e
i
e
o
)
Rl
%2,
)
O
@
)

o} ##Esle] HHel wuHe do7)= Acute bee paralysis virus (ABPV), Israel acute
paralysis virus (IAPV), Chronic bee paralysis virus (CBPV)7} = €1¢l nlo]#{ A~ F 3=

TEE& Wi v (Diana et al., 2007).

o
E
ol
Lot
=
g
i
)

53] CBPV= single-stranded RNA #Ho]#] 42 DNA stage® 7147 o
ool A ekgkeh. wEe] AFelA wAvhE dov)m 19639 HzE FelHe] o
o] 7|&= oA H((Bailey et al, 1963; Bailey et al, 1968). CBPVe] #AH A5 &= %3}

I 7y wAn Wi fAREE 4 dod|E Aol EAo|tHRibiere et al, 2002).

s

CBPVE whulE o7 & npojgago] nste] wddow A7 AP+, sides 5
& ol&3te] o] vhesty]l Wil wa Al A ZAE FAE Al 4 do] (Ribiere et
al, 2002) i wE x7] e Ba o] rafzivt

Tl A o] V| dg o] &3 CBPVY HEWHOoZEE F 5(2008)°] 93 minus strand
specific RT-PCRell ]38t ko] HEx =2 By o]3 real-time PCR AW (F %, 2010A),
mE eS8 938k ultra-rapid real-time PCR¥Y (f &, 2010B)&©] Harxo ot 28y ¢ W
HES CBPVE 5o 97 Mdg ol&stnz AdEsE AR avke] el diesql 7|<
S 83tz A Ho] opd A A3 A&shrlcE Aol S & AUk

3kH  Notomi 5(2000)2 S2°olAx EA FAAE FZA7]= Loop-mediated isothermal
amplification (LAMP)®-& 3<kstsit). o] ®MH e strand displacement activity”’} & Bst
polymeraseE ©| &0 2ZH FA7} loopE FAsHHA FEHA. LAMPE F33t7] 93lA
= SEAZL FAA 6719 fAE QY EE 5 3rotd 4719 primerE A3 U

(Blomstrom et al., 2008; Zhang et al, 2009; Nagamine et al, 2002). o]& 4xF PCRo] 271 2]
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AAE Q1A= A vwgls W, LAMP= target DNAO] thgh So]ido] m-¢ Foli& ¢

1] 3k} (Notomi, 2007).

LAMP®] 714 & 5L T2 fAAe] FFo] o]Fojxivh= HoR, 2x9 FH7p &2
238 PCRol| Wls|A] 52 272 2 71A oldg 7HAa vk WA &% x4do] da gl o
ol iAoz wg Agto] gropxivt webAl F o wE AZE el fdA FFHE 7e A
Sttt LAMPE o] &3t A7 g-s Alzbs Al9fstar gk A7k el A F3o] T dE

tA gl

71 o] =F-olA oln B aEAHOhori et al; 2006, Xu et al, 2009). BT &%

71 wWitel $% &g&o] m¢ EtHWansika et al, 2007). 3

5 2h0A9 FF e LAMPYL T2 AF wisd g A34¢ M 5 vk 2A7)

HAtH(Yoshiteru et al, 2006). 4A3 Lmvt §x5A =7 wFo] arle] Aujzp A2 glo

FeFx 5 D9 FuEE AR weo] sbsstth upebd LAMPE o] 3thi o] A
=

Aol = A% A8 =& LAMPHE o] &3te], Hrh 2l

_|1->
olt

bkl wwel
AENE Azel A

Awtu) -8 A o 7)== Chronic bee paralysis virusE #A&Ee

iy

1

fass

(1) CBPV clone 4]

H o oo A= CBPV sequence {(GeneBank No. EU122231) 9] 99%9] A&Ae Hol=
sequence®t pGEM T vector® X383+ AM-CBPV clone (] %, 2008)% AF&3%ic).
AM-CBPV clone2 &z &<, ®IzFE 39 59 4% PCR FHL = AH&H ATt

(2) LAMP primer A%}
LAMP primer designing software$! PrimerExplorer (http://primerexplorer.jp/e/index.html)&

o] &3e] CBPV 59| LAMP% primerE A 23ttt CBPV-LAMPS| FIP primer= CBPV

anti-sense sequence?] AH Al JV|A A loopE FA = sequence®] F-# TTTT spacer
2 3F8lo] 41nt9 long-nucleotide® A 2F% $lt}. BIP primer®= vFzH7FA| 2 CBPV anti-sense
sequence?] AH Al A7 E}  loopE FAEE sequenced] FF TTTT spacer® 3]
39nt2] long-nucleotide® A &% Av}t, &dt F33 B3 primers 27 inner primer?] ®FZZ:o|
AAZEE AP 717] 18nte] A7I= A e ul. o] primerE<S BionicsAHKorea)ol

ol#sto] AzE o™ inner primereol] walA= PAGE AAl @ S ARESIAH
(Figure 1, Table 3).
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Figure 1. Sequences and locations of four primers for CBPV-LAMP

This sequences are shown AM-CBPV clone. Upper six parts are need for designing four

primers to LAMP.

Table 1. Specific primers for CBPV-LAMP

name sequence (5'->3") reference
CBPV_LAMP_F3 CATCAAACGGGAGTCCGG This study
CBPV_LAMP_B3 ATCAAGGCGTACTTGCGG This study
TGCACCCTCTTCAACCAACTCA-TTTT )
CBPV_LAMP_FIP This study
-GACACTCCGTTACGCCAAT
AACGCTACCCAGAATGGCGTC-TTTT )
CBPV_LAMP_BIP This study
-GTTCTGGGTCGCTGAGGA

(3) LAMPY 9 H& urg 2% 37

jud

CBPV-LAMP®] Eold HAZE& 9ste] kg A4 ng st soivh. 242
AM-CBPV clone 1ng/pl3} 20pM inner primers, 10pM outer primers, 8U Bst DNA
polymerse large fragment (New England Biolabs, USA), 1xThermoPol Reaction Buffer
(20mM Tris-HCl, 10mM KCl, 10mM (NH4):SO4, 2mM MgSO,, 0.196 Triton X-100, New
England Biolabs, USA), 10mM dNTP, 5% DMSO, DW= = 5002 w88 x4 3%t
Bst polymerase large fragment= 80T ©o]/de] &XoA& EEAHES YEREZE WA 94T
A 5zt dlE] - onkR dEdl &7 5, wE AUEEdvh o] F 1417-Eqt DNAR IS & A
Batelar, 80ColA 1087 WA 17l & FH35th DNA ¥d 949 4 2= 542 50
0T65.0C Afolel A z}7] sz skel A dAlstelon, 2} LAMPRESo] & & T34 Es

2 1.5% agarose gels ©]&3to] 100VelA 25837 7] % (Mupid-one, Advance, Japan) 3}
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%t} Agarose gel< ethidium bromide (Sigma Chemical Co.)® A4 3le] UVAarol A #2319
=

(4) LAMPH 9 HA WS A7+ 89l

CBPV-LAMPS®] w2 kg 9jgte] CBPV HZe] dad H4 vhg Ahg &estar 3
At 94T A 587 37 3 Bst polymeraseE #H7Fgk Wk} 2] polymerization A 7HE 60

i, 00+, 404, 304, 204, 10802 xHste] 1 % A=

(ld

Hlwstgen, LAMP %2712

(5) CBPV-LAMP?9] 975 32l

CBPVE #dA&del 1ol CBPV-LAMPS] HAEJAE S48 93t 7] 7|d g o&
CBPV-LAMPE 7}7] $&38%th. AM-CBPV clone 1x10°F-¥ 1x10°744 @72 o2 54
sto] FP o= AMgEglon, LAMP 2708 & d7olA styd gExdos Fdsd. F
F7 9] copyiE ofef o] AL S wsith

6> 10% (copies/mol) X concentration (g/,ul)
MW (g/mol)

= amount (copz'es/,ul)

(6) SYBR Greenl & o] &3 CBPVY 33 A=
TZo] ¥ LAMP ¥HgHg =

BT o= SYBR Green I o] o]F7fetel Agsle] d3a Uells SA4& ol &3t &
FhEe dEe oA A &9 fdelth LAMP 232 #Hd gExds naiow,
Hkgo] € tubeE UVEtelA @ato] e &3t

9oda 2 a g
(1) LAMP® o & =A 8

CBPV-LAMP?] #H2 whg2wE F2lstr] 3t vhg &% & 500T600CoE Z47] &=
2% §447 F A8 $£BFHAT 500TTHE 02T WANA FFo] FsFe FAs
Atk 534CeN A FFo] 19 FAFe HAsg v, 7 olshe] LEoIN FF o 27} W

=
E
i)
ol
i

N

Ao eyt web] CBPV-LAMPS] 34 xi= o 54T2 Sedgion,

o] LmoAE o AR o] X3 Aoz A (Figure 2).
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Figure 2. The optimal reaction temperature of CBPV-LAMP
LAMP was performed under range of 50.0C to 60.0C as reaction temperature. Lane M is
1kb ladder marker (Fermentas, USA). Lane N is negative control as no template at 50.0°C.
Lanes 1 to 6 were carried out at 50.0, 52.0, 53.4, 55.2, 57.2 and 60.27C, respectively. LAMP
products showed in lane 1 to 6. Optimal reaction temperature was determined as 54C on

lane 3.

(2) LAMP 9] H24 w3 Xzt 39l
CBPV-LAMP®] Ha& ¥hg ARbs 2lshy] fiske], whe Al 60 10302 77 =24
g 5 ZZ B A4 ARE uwalgdth v Aj7ro] 305 o)A A9 ZZo] o]Fo]x=
Zle] gl glont, 3029 1 d7go] ofst Aoz e thFigure 3),
wte}A] CBPV-LAMPi= ©F 408 o]de] whe Ajzke] Fojzivi® CBPV Eo] 3] 7Hsd

Aoz oA

oo
>
N
o
o
14
o|\
It

Figure 3. Determination of minimum reaction
time of CBPV-LAMP

LAMP was performed under range of 60min to
10min as reaction time after denaturation step.
Lane M is 1kb ladder marker (Fermentas, USA).
Lane N is negative control as no reaction time.
Lanes 1 to 6 were carried out at 60, 50, 40, 30,
20 and 10min, respectively. LAMP products could
be amplified in 30 min reaction time.
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(3) CBPV-LAMP] 7% 39l
CBPV-LAMP?] AZ3AZ F2l&t7|9)8te] AM-CBPV cloneg 1x10°5-E 1x10°copy %7+
GAA o7 sMste] APE s 2 A, copy Tt AaTol whe} vEEAdo] WA A o
7 ol AL Folstglon 1x10°%-E 1x10'copyF7HA FEo] o] Folx S Felatyrt

(Figure 4). wWehA] CBPV-LAMP:E w8 3 1x10%copy57HA] A &) 71538 Aoz Busly

Figure 4. Sensitivity of CBPV-LAMP

Each LAMP was performed the standard condition
with different quantities of initial template DNA.

Lane M is 1 kb ladder (Fermentas, USA). Lane N is
negative control as no template. Lanes 1 to 6 were
carried out using 10° copies, 107 copies, 10° copies, 10°
copies, 10* coples and 10° copies of template DNA,
respectively. The detection limit of CBPV-LAMP

using plasmid DNA was set at 10* copies/reaction.

(4) SYBR GreenI & ©|-8&3% CBPVY 33 3=
CBPV-LAMP®] Z&ib=ms d7|9de A glo] dFo= sy sty ®xx27olA
gh&-o] vt wkg-ol o] tubeol SYBR Green I-& #7Fste] UVetelA feog 3 A& ofF
& FAsnh FF 4bEo] UV 3stelA FH3s Wates Aoz s o (Figure 5A),
Primer dimere] &% &3 FFAMEC] o3 ol Hlwgls wf vz ofsty] ujitdl,
A

A glo] €A LAMP

Figure 5. Observation of LAMP product by SYBR Green 1
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Panel A. SYBR Green 1 test. a is negative control as no template. Fluorescence was
ohserved in b tube. Panel B. electrophoresis of SYBR Green [ test. Lane M is 1 kb
ladder (Fermentas, USA). Lanes 1 and 2 show the results of SYBR Green I test for
tubes a and b, respectively. LAMP product was observed by fluorescence with of SYBR

Green [ in b tube.

o= F o] whAulu| S A © 7)== Chronic bee paralysis virus (CBPV)E E4W3 %
2 §le]l XYt sk ®wHow HES7] 98l loop-mediated isothermal amplification
(LAMP)E o] &3 Adi-S 723t CBPV-LAMPZ H5old B AhRe 54T wk
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A= Wol & ] Jiddvtd CBPV-LAMP
H

oz &84 ¢ de Aoz Ve

Chronic bee paralysis virus (CBPV)E ¥ nlo|y Az whAEHuiu| g3 do7ig K

r2

Tol A= Ao A el Al&3k CBPV AWs 93] loop—mediated isothermal amplification™ <
o] &3t 1A1E Wlel F&ollA A& 7Hesh Aeye el e, o8 CBPV-LAMPH | g

Ww sttt CBPVE] U458 Soldos F2A7%E 419 primer® Agstgon 43 e
7} SATYE FASI Ak 408 el AFO) bsFe FAsgh HH 20 MPOE 4

Uyl CBPV-LAMPH 2 SYBR Green I & o] &3] A7|ds A glo] npz ==
= UHS ZAEH on o= CBPVY AEWe d4d A&r7ls4s Fol= 2y
3t 4= 9t} CBPV-LAMPH-S %3lo] CBPVE Al&35la ASe A A&sto =z AAoA &

g5 88 + 9 Ao Anwrh
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Al 6 2 BQCV AAS A A4 AEwe A

1. 231% PCRY & o] 83 Black Queen Cell Virus (BQCV) A& A 7jat

e
r
4
ol
iy
e
1o
o

A4 mpo] 8 49l Black Queen Cell Virus (BQCV)E Mt} 23] A&
gtarat shE HAo® Algf s Ao w BQCVHEe]l B3kl & o] fdA4<el ORF2
gene®] o] 159 bpE HEHAEE 31T BQCVY AZES g A4+ PCRE 7|Wtoz 3
Eol fxAe] Aol FF& olFa glow, & dAve= o AW T U wE 8E 34x
3054 ¢ PCRE viAaL #AS & 4 A=F g3tk &3 E A= BQCVe] tish %9
%314 PCRW(Ultra-rapid PCR)& 483 HAZFHLES w3, o W& Journal of
Apiculture 26(3)°l “Development of Ultra-rapid Real-Time PCR Method for the detection of
Black Queen Cell Virus” ¢ A&Ho=2 R A7, 2 HuXdes 2 AadE FA02 7=

3] 7=

AR W gy

(1) BQCVAZEE 93 Primersd 9A ¢ 9721449

Figure 1. The location of detection primers on BQCV genome.

Table 1. BQCV-specific Primer for ultra-rapid real-time PCR

PCR
Primer
Virus Primer sequence(5'—3") product Reference
name
(bp)
BQCV-RT-F TCG CAG AGT TCC AAA TAC CG
Yoo et al.,
BQCV 159
2008

BQCV-RT-R  TAT CAT CTC CCG CAC CTA CC
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(1) BQCV 23 Primers9 H7F 2 At

Y
re
o

Figure 2. The primer selection for ultra-rapid real-time PCR. Panel A shows
fluorescence curves of URRT PCRs with BQCV-RT-F/R and BQCV-Q-F/R primer sets.
The highest specific and sensitive primer set was evaluated (BQCV-RT-F/R). The Cr
values of each primer sets were 21.12 and 22.78 , respectively. Panel B shows the
melting analysis results of the same PCR products in the range of 50-90°C. All PCR

products were identical and dependent on the midpoint temperature (Tm).

(2) BQCVHAEE 9% %314 PCRY HZFH x4 3+

Figure 3. Optimal annealing temperature for the specific PCR using BQCV-RT-F/
BQCV-RT-R primers pairs. PCR was performed under the following conditions: 94T,
100sec pre—-denaturation/ at 94°C for 10sec; 58-62C for 10sec; 72°C for 10sec; 40cycles/ at
50-90C for the melting temperature analysis. Panel A shows the fluorescence curves for

the gradient URRT PCRs. Panel B shows the melting analysis result for the same PCR
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products in the range of 50-90°C. All PCR products were identical and dependent on the
midpoint temperature (Tm), calculated in the range of 82.05-82.58°C. The detection primer

pairs showed the fastest Cr value at 62°C.

(3) BQCV-%314 PCR9 97 %
A B

Figure 4. Sensitivity test of the detection primer set with serially diluted
pBX-BQCV. Each URRT PCR was performed under the standard conditions with different
quantities of initial template DNA. Initial templates were used in the range of 10% to 10°
copies of pBX-BQCV, respectively. Panel A shows the fluorescence curves for the
sensitivity URRT PCRs. The Cr values showed the initial quantity of template—dependent
manner in the range of 10%-10" copies. Melting analysis of the same PCR products were
performed in the range of 50-90°C. All PCR products were identical, dependent on the
temperature of midpoint (Tm), calculated in range of 81.91 + 047°C (data not shown).
Panel A shows detection limit of BQCV-specific ultra-rapid real-time PCR using different

quantities of initial template.

1) AN FE U3 BQCV-%3% PCR g A4
A B

Figure 5. Application of ultra-rapid real-time PCR to BQCV-infected honeybee
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sample. Confirmed PCR condition was applied to filed sample with BQCV-URRT standard
curve PCR. Panel A shows fluorescence intensity curves of BQCV-infected field sample.
Panel B shows the result of melting analysis of the same PCR products in the range of
50-90°C. The temperature of midpoint (Tm) of PCR product was 8191 which was
included in 81.91 £ 0.47°C.

(5) BQCV-%314 PCRY 9 Ha AAAZ

Figure 6. Minimal detection time confirmation using BQCV-infected cDNA in URRT
PCR. Each reaction was performed in various conditions to reduce the detection time:
denaturation and annealing temperature. At the condition of the shortest time (94°C for 1s,

62 for 1s, 72 for 3s), we confirmed the shortest detection time (8min 34sec).
2. Ax3 dmAdo w3 S F 3 Black Queen Cell Virus o] &9 A4t

7F. A&

AbA A 22 HAlE A vH(Bailey and Wood, 1977). wheo]e] 2o 2+

of ojF Al WalE TS HolH, eAaEH AN = oSl FeEae] 7P dubdel o
¢lo® Wiy o]gltH(Anderson, 1993). BQCVE w53 ASd 25 #AAHY, o<+l {534
e AbE s 2T

(5

BQCVE iite] 29 nrolel AWE} o] F3d 40 2uA IA %ol 4AL ¢
Aek7] olel g, Sud AmWo] Aws ol AR ok AWe) A et EAHL AFES

oMz Ao Aol s Ao dAolty. B3k, BQCVZE wAvtet dAls o] 44
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tl= Ha(Allen and Ball, 1996; Bailey et al, 1983)% =2 &3t 7199 ulglol =] FE 5

al
i Qo FEddele v ojH e £ Ade A FarF v A sijd Aew

oA 200756 Hx22 BQCVZE B4R o F(f E, 2007, AAZA i wue
L 2000). ole] FRAFIA a}A W
Ao EAE BQd 5 Q= dFd Avduse A7HI vk (Notomi et al, 2000 F %,

2008; No et al., 2010).
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I st #o nlely s AWS FwS 913 reverse-transcriptase PCRE ©] 83k B2 A+
Eo] FHGHOoH(H T, 2007; o] &, 2005; Benjeddou et al.,, 2001; Genersch, 2005; Ribhiere
et al, 2002. Stoltz et al., 1995; Topley and Davison, 2005), | <*°]& real-time PCR= ©]-&
3 AdFEo] HaEojx i v} (Blanchard et al, 2007; Chen et al., 2005, Kukielka et al.,
2008). rEfup tiF-Ee] e Eo] A wRler HAA e A= AE&A7] 7]l o

o F-io] Bt

uEhA] 2 Ao A= e dAA dAFez HUAE A & = wEa 7had g
= FEZ Qdetaat g o, oo dsto = BQCV structural polyprotein 3¢ whud 2 o
i ALkS 93te] ELP & systemS o] &3ttt AFE¥ ELP 23 systems F3] B2
Aol st = gl9len ELP & o433 ITC AAZE - a2 AA 7Hs3le,

P= A=A 9% @ gde] A4 olF EF BQOV 2 g @A A&dw

(1) BQCV ¥3-& primers®] A2

BQCV structural gene F-#¢ S 93lo] primergs AZ3FAtHTable 1). ©] primers
AF1839052] 7850nt-8550ntE W&o = Primer3(Version 0.2, primer design software)E
Abgete] AAE e, BHE vector22] AYHS #18tel BamHI Sall restriction siteE
YA A AAE primerd A= Fig. 1o YER I oH  Oligonucleotide® Al 2F-&
(F7)nv}o] 2.9 2 (Bionics, Korea)ol|l 2|23t}
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Figure 1. The location of primers on BQCV genome.

Table 1. Oligonucleotide primers for BQCV Real-Time PCR

PCR
Primer
Virus Primer sequence(5'—3") product Reference
name
(bp)

GGA TCC TGG TCA GCT CCC

BQEV-BamHI"E 1 Acc TTA AAC ,
Bacy GTC GAC GCA ACA AGA AGA s This study
BQCV-Sal I-R ;

AAC GTA AAC CAC

(2) AZx3 pQE30-BQCV-ELP vector A%}

B A= BQCV w@idel oz wd-s 98¢l ELP fusion protein && A&
o] &3¢l ELP: wa AHAF Al Val-Pro-Gly-Val-Gly%] peptide ¥FEAMA-S 71A =

o

165bpe] ¢1&sA4 DNAZE AFE3}o] in vitro ligations E38] Aoz °F 1.8 kb9 polypeptide =
pQE30 vector?] MCS F-#of 4dAIzl Aotk BQCV FAAE primerd] 4% £ AAE
BamHI13} Sall-s ©]&3}o] ELP tagging vectorel] At¢8}&itt.

3) A= vector? 474D 3l

BQCV #F4dxe] wde ¢35l Frw 713bhp HFEO 47|49 9@ oluxAlt AES
g3ty FHH clonee pQE30-BQCV-ELPEF % H 3% 2™, automatic sequencers %3

F29 DNA 97|49 ClustalX program (1.81)& AR&3le] NCBIe| 5=3% Black queen

==

cell virus structural popyprotein (orf2) gene (Accession no. AF183905: 7850-8550)3 W]l
A3 A (Fig. 3, 4).
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(1) pQE30-BQCV-ELP %3

Az @z ol ¢ colonys= 50 pg/mé ampicillin ¥ 50 pg/m¢ kanamycin’} $HF-E 20 ml
™ 180 rpm, 37CelA overnight 8] &3FI Tt sl A wj=]o] 7
N3t on, o] & IPTGE AMg3sle] BdS FE39rh wjdde
14

welE FAst] deds AAsNeH, A HAE= 1 9

LB mediacl HZE= 3o
i3l A600=05 7}X] #
3,000 rpmel A 15%3F 9
PBS (pH 74)% F3t9t) sonicator® AFg3le] AXE F3AZl & (Amplitude 40%,

] Al ¥¢} 5xprobe buffer ¢S 100C oA 10 £7F boiling A7l ¥, stocking gel oA 15

mA, separating gel °l1A] 30 mAE A7)95S FH35)

A719% %, polyacrylamide gel® Coomassie Brilliant Blue (CBB) R-250 gel staining
solutions AF&3te] 30-60 &7+ AMS FIFsPow, ©o] F Coomassie gel destaining

solution®= & 43} o}
o A3 1IPTG &
IPTG (Isopropyl thio—-B-D-galactoside) &%of uw& TdA E&S Slst7] fd3te] 1%

Adeier & 0 mM, 0.1 mM, 0.3mM, 0.5mM, ImM, 2mM ©¢] H %= IPTGE H7}3k &

6A1E &t e <kl

bt

-

A7

LS

(W) #4249 «

s

Induction A|ztel| w& Yd &S FA3H7] 93te], 0.3mMeo] HEE IPTGE H7kgk 5 2

hr, 4 hr, 6 hr, 8 hr, 10 hr, 12 hr, 24 hr ¢ ZAdA % 8%S 33

|2 < i I

1). AZ3F pQE30-BQCV-ELP vector A%t
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Figure 2. Restriction analysis of pQE30-BQCV-ELP and genetic map of
pQE30-BQCV-ELP. Lane M is the 1 kb ladder size marker(10 kb, 8 kb, 6 kb, 5 kb, 4 kb,
35 kb, 3 kb, 25kb, 2 kb, 1.5 kb, 1 kb, 750 bp, 500bp, 250 bp); lane 1, plasmid DNA of
PQE30-BQCV-ELP; lane 2, pQE30-BQCV-ELP digested by Sacl (5.887 kb); lane 2,
PQE30-BQCV-ELP digested by Sacl and HindIII (1.967 kb, 3.920 kb).

(2) AZZ vector?] A71AE g9l
BQCV fFx#e] @dg 9135ke] Ax3 pQE30-BQCV-ELPY A7 &g skt 1 A

I BQCV AA 47144 (7850-8550 in AF183905)# 7wl LElo]= A do| 99% YAt 2

o, ofn b Al holl A 100%9] 5SSl
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AF183905
pQE30-BQCV-ELP
AF183905
pQE30-BQCV-ELP
AF183905
pQE30-BQCV-ELP
AF183905
pQE30-BQCV-ELP
AF183905
pQE30-BQCV-ELP
AF183905
pQE30-BQCV-ELP
AF183905
pQE30-BQCV-ELP
AF183905
pQE30-BQCV-ELP
AF183905
pQE30-BQCV-ELP
AF183905
pQE30-BQCV-ELP
AF183905
pQE30-BQCV-ELP
AF183905

pQE30-BQCV-ELP

tggtcagcteccactaccttaaacatagtggeggagatgtatgegetttatcgaggagga

tggtcagctceccactaccttaaacatagtggeggagatgtatgegetttatcgaggagga

gttcgagttaaagttgttactgagaagggtgtggatttcgtcagagetacecgttagteet

gttcgagttaaagttgttactgagaagggtgtggatttcgtcagagetacecgttagtect

caacagacttacggcagtgaagtcgctcctactactcatatcagtactectttggeaata

caacagacttacggcagtgaagtcgctcctactactcatatcagtactecttiggecaata

gaacaaatacctataaagggagtcgcagagttccaaataccgtactatgetecatgtttg

gaacaaatacctataaagggagtcgcagagttccaaataccgtactatgeteccatgttitg

tcatcttcgtttagagegaattcggaaacattttactatagttcaggtcggaataatete

tcatcttcgtttagagcgaattcggaaacattttactatagttcaggtecggaataatete

gatatagccacttcacctecttccatcaatcgetattatgeggtaggtgegggagatgat

gatatagccacttcacctecttccatcaatcgetattatgeggtaggtgegggagatgat

atggacttttccatctttateggtacgeecgeectgtattcatgeatctcagacggeeecag

atggacttttccatctttatcggtacgeecgeectgtattcatgecatectcagacggeccag

tttaccaaaataaaacaaggtaaagtgtatgatttgaggtatgatcagtacgacectttc

tttaccaaaataaaacaaggtaaagtgtatgatttgaggtatgatcagtatgacectttc

agggaagtccaggacggtacggegtttctcaatgetegtagtattgaggatagegatttg

agggaagtccaggacggtacggegtttctcaatgetegtagtattgaggatagegattitg

ttgtgagctectttagagggagggctcactttatctattgettaaatcggtaagecacaa

ttgtgagctectttagagggagggctcactttatectattgettaaateggtaagecacaa

atttttctaagtgtcatgagtttcttcteggttctictcatgattactaatcgaacegtg

atttttctaagtgtcatgagtttcttcteggttctictcatgattactaatcgaaccgtg

tgtagagtcagaatgttgtggtttacgtttcttcttgttege

tgtagagtcagaatgttgtggtttacgtttcttcttgttege

Figure 3. DNA sequence homology between AF183905 and pQE30-BQCV-ELP.
PQE30-BQCV-ELP indicates nucleotides from BQCV Korean strains in this study. The
sequence determined is corresponding to nucleotides in 7850-8550 of AF183905 (the
complete BQCV sequence deposited in GenBank database). Identical residues indicated in
the consensus line with a stick (|). Nucleotide sequence was aligned to AF183905 revealing

992 homology.
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AF183905 WSAPTTLNIVAEMYALYRGGVRVKVVTEKGVDFVRATVSPQQTYGSEVAPTTHISTPLAL
WSAPTTLNI VAEMYALYRGGVRVKVVTEKGVDFVRATVSPQQTYGSEVAPTTHISTPLAL
pQE30-BQCV-ELP WSAPTTLNIVAEMYALYRGGVRVKVVTEKGVDFVRATVSPQQTYGSEVAPTTHISTPLAI

AF183905 EQIPIKGVAEFQIPYYAPCLSSSFRANSETEFYYSSGRNNLDIATSPPSINRYYAVGAGDD
EQIPIKGVAEFQIPYYAPCLSSSFRANSETEFYYSSGRNNLDIATSPPSINRYYAVGAGDD
pQE30-BQCV-ELP EQIPIKGVAEFQIPYYAPCLSSSFRANSETFYYSSGRNNLDIATSPPSINRYYAVGAGDD

AF183905 MDFSIFIGTPPCIHASQTAQFTKIKQGKVYDLRYDQYDPFREVQDGTAFLNARSIEDSDL
MDFSIFIGTPPCIHASQTAQFTKIKQGKVYDLRYDQYDPFREVQDGTAFLNARSIEDSDL
pQE30-BQCV-ELP MDFSIFIGTPPCIHASQTAQFTKIKQGKVYDLRYDQYDPFREVQDGTAFLNARSIEDSDL

AF183905 L
L
pQE30-BQCV-ELP L

Figure 4. Amino acid sequence homology between AF183905 and
pPQE30-BQCV-ELP. pQE30-BQCV-ELP indicates amino acid sequence from BQCV
Korean strains in this study. The determined DNA sequence in this study was translated
into amino acid sequence and compared with amino acid sequence from nucleotides in
7850-8550 of AF1R3905 (the complete BQCV sequence deposited in GenBank database).
Amino acid sequence was aligned to AF183905 revealing 100% homology.

(3) pQE30-BQCV-ELP¢ 2d

1) pQE30-BQCV-ELP9 23d 39l

BQCV-ELP 2& 9] 3kele ALg9 pQE30-ELP ¢ F#d waxdo=rw 335t (3 &,
2006). Az WAl overnight ¥k -S- wix|of Ahsle] A600=05 7FA kst on, o]
<05 mME IPTGE A3l 23S F239t. BQCV-ELPY +A5F2 81 kDal =

molecular weight calculator programe AF83lo] 4319 0, Figure 594 Axd @z

o] wdg 3915490} (lane 2.
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Figure 5. Expression of pQE30-BQCV-ELP in MI15 by IPTG. SDS-PAGE was
performed with 1296 polyacrylamide gel and 1xTGS (Tris/Glycine/SDS) running buffer. All
sample was loaded after sonication and heat denaturation. Lane M, protein size marker (170
kDa, 130 kDa, 100 kDa, 75 kDa, 55 kDa, 40 kDa, 35, 25 kDa, 17kDa, 10kDa). Lane 1 and 2,
total cell lysate of pQE30-BQCV-ELP OmM and 0.5m, respectively; lane 3 and 4, total cell
lysate of pQE30-ELP and pQE30-ELP induced at IPTG 0.5 mM, respectively; lane 5 and
6, total cell lysate of MI1b.

) HA IPTG 5%
IPTG ko] uhe 2d &= 37 flsted 77l v& IPTG s koA &z dd s
FE3AY. 2 A3 PTG 28 2dHol f=d 274 E3dHE pQE30-BQCV-ELPS

bandE &I = AAgvk IPTGS s=7F 03 mM ¢ W 7HA= @d Od ¢kol

s

7Pkl od, I ol FrmolA= wdAYdol Hide AdE BT TEHF Ad

s

s 93k IPTG w=ol w
Al skl (Fig. 6.).

E.8-2 image analysing systeme AFE3}o] X813

Lane 1 2 3 4 5 6

IPTG (mM) 0 0.1 0.3 0.5 1 2
Density 8.5681543 32.86241 37.4425 24.53377 30.50379 24.96145

Figure 6. Expression of pQE30-BQCV-ELP in MI15 with different IPTG
concentration. SDS-PAGE was performed with 122 polyacrylamide gel and 1xTGS

(Tris/Glycine/SDS) running buffer. All sample was loaded after sonication and heat
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denaturation. Lane M, protein size marker (170 kDa, 130 kDa, 100 kDa, 75 kDa, 55 kDa, 40
kDa, 35, 25 kDa, 17kDa, 10kDa). Lane 1, 0 mM; lane 2, 0.1 mM; lane 3, 0.3 mM; lane 4,

0.5 mM; lane 5, 1 mM; lane 6, 2 mM, respectively.

(h H4 24 7%= Azt

0

Induction A|3tel w& Wd BE&S Fsty] 9k, ol AFoA HA PTG &=
g9 0.3mMe] H == IPTGE H7Me 5 Z}7] tE induction AlZHe Fof @z 2d &
skt 6 hr 7HA=  induction A7kl FUFEG R wwA Wy ko] Skl ot
o] o= WA o] F Aol E HolA| &rirl 10 hr o]e] HW LYo Foj=E AAE
ook S Age vus 9ty wd % Azl wE ®&S image analysing

systeme AR&3te] FA shste] vlawst ATt (Fig. 7).

.

Lane 1 2 3 4 5 6 7

Time 2 4 6 8 10 12 24

Density  20.94086 22.58633 35.63238 34.97445  31.2241  27.90302 20.57064

Figure 7. Expression of pQE30-BQCV-ELP in M15 with different induction time.
SDS-PAGE was performed with 129 polyacrylamide gel and 1xTGS (Tris/Glycine/SDS)
running buffer. All sample was loaded after sonication and heat denaturation. Lane M,

protein size marker (170 kDa, 130 kDa, 100 kDa, 75 kDa, 55 kDa, 40 kDa, 35, 25 kDa,
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17kDa, 10kDa). Lane M, protein size marker (170 kDa, 130 kDa, 100 kDa, 75 kDa, 55 kDa,
40 kDa, 35, 25 kDa, 17kDa, 10kDa). Lane 1, 2 hr; lane 2, 4 hr; lane 3, 6 hr; lane 4, 8 hr;

lane 5, 10 hr; lane 6, 12 hr; lane 7, 24 hr, respectively.

(2}) Inclusion body?2] 32

o

BQCV-ELP Az @wdel e Jefj& &1str] 918k, viFdE 3,000 rpm oA 15337
YA st e At FHE proteing 2319 2™ SDS-PAGE gel +4-& F33%h 1
A3 BQCV-ELP fusion protein < 7F-Ad3 &8&49 deg =2 A3 A} (Fig. 8.). Inclusion
body HElZ Tdd SWAE g sl7] fste] &d3E wo] G| denaturations =3}
= SDSE AMEEFATH 1%¢] SDSE #H7bste] 10&-s<h #l F, A2olAl 28 inclusion

bodyE 2] A7t (Fig. 9) =L A3} dfF-ie] ¥d djdo] s ool &l

ot

Figure 8. Identification of BQCV-Thr-ELP in inclusion bodies. Lane M, protein size
marker (170 kDa, 130 kDa, 100 kDa, 75 kDa, 55 kDa, 40 kDa, 35, 25 kDa, 17kDa, 10kDa).
Lane 1, total cell lysate of pQE30-BQCV-ELP IPTG 05 mM; Lane 2, supernatant of
pPQE30- BQCV-ELP induced at IPTG 0.5 mM, after centrifugation. Lane 3, pellet of
PQE30-BQCV-ELP induced at IPTG 0.5 mM after centrifugation.
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Figure 9. Isolation of inclusion bodies using the 1% of SDS. 1 2% final concentration
of SDS was added to pQE30-BQCV-ELP induced at IPTG 05 mM and boiled for the
denaturation of inclusion bodies. Then, the boiled sample was centrifuged for separation of
supernatant from the insoluble proteins. Lane M, protein size marker (170 kDa, 130 kDa,
100 kDa, 75 kDa, 55 kDa, 40 kDa, 35, 25 kDa, 17kDa, 10kDa). Lane 1, total cell lysate of
pPQE30-BQCV-ELP IPTG 05 mM; Lane 2, supernatant of boiled sample containing
PQE30-BQCV-ELP protein that was a soluble form; lane 3, pellet of boiled sample

containing insoluble proteins.

3. ITCRl 93 A %3 Black Queen Cell Virus 5°] 3929 AA

7t A E.

B od+4= ZAEF Black Queen Cell Virus (BQCV) wlz &9le] AAE 3t ITC
(Inversed transition cycling)'H-& A&3 A= AAWE 7dst AHelo, ITCE ELP

(Elastin-like Polypeptide)®] &% Wo]d-& o] &3] HA oA ELPY M3 uANE #
o

Tk wioem B 9o E recombinant BQCV-ELP §3 #AAE 2@ AA, o]

d

o
g

o,

Gl A8 whE Al YAt extracte] SEWEE Fo] Mz or o] Fusion—proteingd A
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B A4=  Journal of Apiculture 27(1)°ll “Purification of Recombinant Protein of Black
Queen Cell Virus 7 o AlEoz2 RISV, ¥ HuxdE o1 AxE FHoz 73] 7|

Eias g

oA

Pk

.

(1) BQCVEe] 39< 9

!
ey
gy
jﬁ
oo
]
e
=
i
62
r ]
ofo
E
I

Figure 1. Genetic map of pQE30-BQCV-ELP. QE30-BQCV-ELP (Yoo et al, 2011)
vector origenates from pQE30, prokaryotic expression vector. Total size is 5887 Kb and
Ampicillin R represents ampicillin resistance gene. ColEl represents E. coli origin and has

6X His—tag sequence.
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(2) ITV-AAR 9 A

Figure 2. The principle of inverse transition cycling (ITC) purification. The ELP
fusion protein is separated from other contaminating biomolecules in the cell lysate by
triggering the inverse temperature phase transition of the ELP. The inverse phase
transition of the ELP fusion is triggered by an increase in temperature and / or ionic
strength, and aggregated protein is separated by centrifugation leaving the contaminating
biomolecules largely in the soluble fraction. The ELP fusion protein is then resolubilized in
fresh buffer by cooling to below its Tt (transition temperature). If desired, the target
protein can be liberated from the fused ELP tag by cleavage at the thrombin recognition
site engineered between the ELP tag and the target protein. The cleaved ELP can be
removed by another round of ITC. After centrifugation, the purified target protein is
obtained in the supernatant, while the aggregated ELP is discarded in the pellet (Meyer et
al., 2001).

oo dyp 2o

(1) ITCH el 23 ELP&%-BQCVEol &9 AA
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Figure 3. Purification of pQE30-BQCV-ELP fusion protein by ITC. The final
concentration of 1.3 M NaCl was added and ITC purification of ELP fusion protein was
performed. ITC purification was repeated twice more. Lane M, protein size marker (170
kDa, 130 kDa, 100 kDa, 75 kDa, 55 kDa, 40 kDa, 35, 25 kDa, 17kDa, 10kDa). lane 1,
purified pQE30-BQCV-ELP by one round of ITC; lane 2, purified pQE30-BQCV-ELP by
two round of I'TC; Lane 3, purified pQE30-BQCV-ELP by three round of I'TC.

(2) AAE ELP§3-BQCVEo] oA ELPY A|A

Figure 4. Purified BQCV protein after cleavage with thrombin. Purified BQCV was
obtained after cleavage of BQCV-ELP-fusion protein by thrombin at the recognition site
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located between BQCV and ELP tag, followed by another round of ITC to remove the ELP
tag from solution. Molecular weight of purified BQCV protein is 26kDa. Lane M is protein
size marker (170 kDa, 130 kDa, 100 kDa, 75 kDa, 55 kDa, 40 kDa, 35, 25 kDa, 17kDa,
10kDa). Lane 1, BQCV-ELP fusion protein after ITC purification;lane lane 2, 3,
BQCV-ELP fusion protein after cleavage with thrombin. lane 4, purified of BQCV protein

by ITC purification after cleavage with thrombin.

3) ITCH I HIS-tag® 2] v

Figure 5. Comparision of purification method between I'T'C and His-tag. Lane M is
protein size marker (170 kDa, 130 kDa, 100 kDa, 75 kDa, 55 kDa, 40 kDa, 35, 25 kDa,
17kDa, 10kDa). Lane 1, BQCV-ELP fusion protein; lane 2, BQCV-ELP fusion protein after
ITC purification; lane 3, BQCV-ELP fusion protein after His-tag purification.
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1. 2314 PCRY & o83 DWV (Deformed Wing Virus) A& Ady 7

7 e R

3

e

ool = o WA nlo]#H A9l DWV (Deformed Wing Virus) & HUu 2143 7

A dhE HE oz At MEd Aoz, DWVHE] WA-3kal Sl Ho] #fd4<¢] RARP gene

{t

al
o So] 133 bpE AEEZEZ AT DWVE A%L 98 ATE PCRE 7oz @ Sof
A AAe] FEL o7 glow, B ATE o A4y F A% WE 108 1120 308

A9 PCRS w3 #4S & 5 YE% gtk B B ATFE DWVel it Ak 2ask

ki

PCRW (Ultra-rapid PCR)-S &% HE=WUS ws|a, o Wl€&L2 Journal of Apiculture
28(2)° “Rapid and Sensitive detection of Deformed Wing Virus (DWV) in honeybee using
ultra—rapid real-time PCR” ¢ A|E- oz WHHES 7o, H HuAdi= 12 AW}E FA oz 7

BRI Eacias

(1) DWV-59] %a1% PCR (Ultra—Rapid PCR)°l A}-2 % Primer 97|44

Table 1. Oligonucleotide primers for DWV-specific real-time PCR

Template Primer Primer sequences (5° — 3) Position Product
Name in (bp)
NC004830
pBX-  DWV-UR-F TGTCCGAAAGTTGTCGAAAGAA 6949 71bp
DWV "DWV-UR-R  CACCACAAGGAACAGATAAATTAATC ~ ~7019
AA
DWV-UR-F3 GTTGTTTGAGAACCCAACTTG 7072 133bp
DWV-UR-R3 CGCTTGCAACCACACTTTCA ~7204

|2 < i U T 5

(1) DWV-59] %1% PCRE 93 Primero H7l @ Ay
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Figure 1. Primer selection for ultra-rapid real-time PCR
Panel A shows fluorescence curves of UR-RT PCRs using DWV-UR-F/R and

DWV-UR-F3/R3 primer sets. The most specific and sensitive primer set was evaluated
(DWV-UR-F3/R3). The Cr values of each primer sets were 21.15 and 22.57 respectively.
Panel B shows the melting analysis results of the same PCR products in the range of

50-90°C. All PCR products werei dentical and dependent on the mid point temperature
(Tm).

(2) DWV-5o] x31& PCR

o
)
S
o
2
I
-

A B

Figure 2. Optimal annealing temperature for specific PCR using DWV-UR-F3/
DWV-UR-R3 primer pairs. PCR was performed under the following conditions: 94°C,
100sec pre—denaturation/ 94°C, 10sec; 58762°C, 10sec; 72°C 10sec with 30cycles/ 60790°C
melting temperature analysis. Fluorescence curves for the gradient URRT PCRs shows no
significant differences (Panel A) as well as the result of the melting analysis for the same
PCR products in the range of 60790°C (Panel B). All PCR products were identical and

dependent on the midpoint temperature (Tm), calculated to be in the range of
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79.11779.40°C. The detection primer pairs showed the fastest Crvalue, 20.18 at 60°C.

(3) DWV-5o] 1314 PCRE W E
A B

Figure 3. Sensitivity test of the detection primer set with serially diluted
pBX-DWV479. Each URRT - PCR was performed under standard conditions with different
quantities of the initial template DNA. Initial templates were used in the range of 10" to
10" copies of pBX-DWV479,respectively. The Cr values showed the initial quantity in a
template—dependent manner in the range of 10"10" copies. Panel A shows the fluorescence
intensity curves of template-limit diluted URRT PCRs. Panel B shows the result of a
melting analysis of the same PCR products in the range of 60790°C. All PCR products
were identical, and dependent on the midpoint temperature (Tm) calculated in range of
77.89~78.09°C.

(4) DWV-59| xa1& PCRoIA x7] 7|49 %43} Ct %
Table 2. Representative Cr and Tm values of DWV ultra-rapid real-time PCR in range of
107—10100pies

Initial template Elapsed time Crvalue Tm
10 copiesofpBX-DWV479 22:41 14.32 77.89
10°copiesofpBX-DW V479 22:46 18.79 78.07
10°copiesofpBX-DWV479 22:16 22.56 77.97
10*copiesofpBX-DW V479 22:35 24.15 77.95
10°copiesofpBX-DW V479 22:39 26.08 78.09
10°copiesofpBX-DW V479 22:33 28.13 77.94
10'copiesofpBX-DW V479 22:14 30.21 77.93

5) AAAN R U3} DWV-5o] 2314 PCRO 3§
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Figure 4. DWV detection using URRT PCR in ¢DNA from DWV-infected honeybee
samples. The confirmed PCR conditions were applied to DWV-URRT PCR using cDNA
from DWV-infected honeybee samples to determine DWYV infection. DWV-infected samples
were successfully detected in standard range of 10°-10° coples of pBX-DWV clone
(PanelA). In which indicated that the quantities of the loaded virus were calculated to be
around 1x10° to 1x10°. All PCR products were identical dependent on the temperature of

mid point (Tm) (PanelB).

(6) DWV-Eo] 231< PCRO HA @AAZF

A B
C
Amplification conditions Elapsed time Crvalue Tm
3-3-3 10:22 21.80 78.07
1-1-3 10:11 21.82 78.09
1-1-2 11:27 22.01 79.17

Figure 5. Minimal detection time confirmation using DWV - infected DNA in URRT

PCR. To examine the minimal detection time, URRT PCR was performed in various
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conditions to reduce the detection time: denaturation, annealing, and elongation time. The
conditions of cycling was as follows; 30 cycles at 94°C for 10-1s, at 60°C for 10-1s, and
at 72°C for 10-2s with pre—denaturation at 94°C for 15s. At the condition of the cycling
as 94°C for 1s, 60°C for 1s, 72°C for 3s the shortest detection time, 10min 1lsec including
melting temperature analysis, was confirmed (Panel A, C). Almost amplicons after reaction

were identical dependent on the melting temperature (Tm) (Panel B).

(7) DWV-5o] %1314 PCR9 5o]A
A B

Figure 6. Specificity of PCR-primer pairs (DWV-UR-F3 / DWV-UR-R3) for
DWV-gpecific detection. Synthesized ¢cDNA from DWYV, KBV infected honey bees was
tested using by ultra-rapid real-time PCR with DWV-gpecific primer set. The
DWV-specific amplicon was produced only from DWV-infected honey bees whereas
KBV-infected sample was amplified no accurate amplicons after 30cycles as shown as in

fluorescence curves and melting point analysis (Panel A and B).

Table 3. The values of CT and Tm of DWV ultra—rapid real-time PCR in specificity

nspection
Initial template Graph No. Elapsed Crvalue Tm
time

cDNA from DWV-infected 1 11:21 22.46 78.21
honeybee 1

cDNA from DWV-infected 2 10:59 21.01 78.41
honeybee 2

c¢DNA from BQCYV, 3 11:30 N/A 81.90

IAPV-infected honeybee
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transcription Ultra-rapid PCR)-& A& 7|3}% 31, 9]

(10817)& ATAA ABRIEH 2Rl So] A/NAE FIAD 5 gL el T
o] W82 Journal of Virological Methods, 179(1):195-200 (2012)°] “Rapid detection of
Sachrood Virus (SBV) in Honeybee using Ultra—rapid real-time PCR (URRT-PCR)” 2] A

2oz WwRFv e, ¥ BuMos o AWE FAO0 R 7HEFs] 7] & e

oA

Pk

i

B w142 SBV-URRT-PCRe] A9 PrimerE-&SBV3-824F (5“4-atc cag cgce gtc ttg agt
t-3% 6336 - 6354 in AF092924) ¢} semi-136R (56— gaa tca agg ggt ggg tgt tc—-3% 6452
-6471 in AF092924)°]™, Alxbd F3A4HES] =L7]= 136 bp oldvh HA xS AAsH] A
¥ templates= pBX-SBV3.8 (GenBank accession number GQ160517, Nguyen et al, 2008)
| A

o
2

o] A %3 DNA+= forward primer SBV3-824F (5“-atc cag cgc gtc ttg agt t-3% 6336 -
6354 in AF092924)3} reverse primer SBV3-824R (5-act ggg tcc ttc cca atc tt-3% 7135 -
7154 in AF092924)2] RT-PCRZ A7l PCRAM=ES EE3}st Aot}
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(1) QAAPFSA A Z3% PCRAIA Cezke] M3

Table 1. URRT PCR with differently synthesized cDNA by incubation time

Incubation time of Ct valus A" Ct valus B™®

Reverse transcription

0 min - -
1 min 275 31

5 min 22 255

10 min 19 25

20 min 18 24

40 min 18.3 23

60 min 18 23

" synthesized cDNA used directly
™ synthesized ¢cDNA stored for 7 days
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(2) 2313 PCROl A initial template® %3} Ctgte] #A

Fig 1. SBV URRT PCR for standard curve.

For the standard curve, a series dilution of plasmid pBX-SBV3.8 from 10°-10° was used as
the template for Ultra-rapid Real-time PCR using the primer pair, SBV3-824F/Semi-136R.
A. Fluorescent intensity of the PCR product. B. The melting temperature analysis of initial
templates in the range of 10° to logcopies of pPBX-SBV3.8. C. The Ct value and elapsed
time. D. Regression analysis of PCR products. The linear relationship between the
quantities of initial template and Cr values was fairly accepted. Regression equation was

calculated as Y=-0.382X+15.62. Regression coefficient was R*=0.999.
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(3) AAANEGEA| b W Z51& PCRE W3}

Fig 2. Real-time PCR detection of SBV in ¢DNA synthesized at different incubation time.
Total RNA from two different samples of SBV-infected honeyvbees were used for cDNA
synthesis for different time of retensions. Then, 1 of each c¢cDNA was subjected to
Real-time PCR for comparison of the Crvalue. The Cr value of sample 1 (A) and sample 2
(C). The relationship between the time to cDNA-synthesis and the Cr value of sample 1
(B) and sample 2 (D). E. Electrophoresis of the PCR product of b -actin and SBV gene

from sample 1. (lane M. DNA marker, lane 0. No reverse transcription, Lane 1, 5, 10, 20,
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40, 60: used cDNA as the template after 1; 5; 10; 20; 40; 60 min of incubation).

(4) #AA A U@ DWV Seo] dal 2% PCRO 2§

Fig 3. Application of Ultra-rapid Real-time PCR assay for detection of SBV.
Reverse transcription was performed for different time of retensions using a total RNA
from two separate fecal samples of SBV-infected honeybees. Then these ¢cDNAs were used

as the template for Ultra-rapid Real-time PCR. A. Fluorescence intensity. B. Relationship
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between the time of cDNA-synthesis and Cr value. C. The melting temperature analysis of
cDNA synthesized from SBV-infected field samples.

2. LAMPY} & ©] &3 Sacbrood Virus (SBV)9 A= 7|
7. A&

'l (Apis mellifera L)& 7] 202 A AA FL 1000 53E9 71%E F43d
ot | S e Bk olye} b 78 AHES ALEste] O AAE A E v =
th(o] &, 2011). ey &lF, ofl, ¥ s =, FFo], wH g o}, vlolelx Fol 9t fu¢dE

Aoz B Ao ¥ HAR Qo] s Al A4S AVE st Adv(EHE S, 2001).

G

Sacbrood virus(SBV)& &% 3o AZ4s AW S of7]|ste nlole] 2=, 19139 A5 wA
Ho] 19640l &Aoo 2 EA o] 3t H I tHBailey, 1964). Picornavirus® #7 28nm¢e] ¥
9] capsidE 7FAIH 285871 ¢] o}m]:Ako] polyproteing TAddtal ¢low, thE FW nlolw
o} tb2 A 3ol 2 open reading frameo E o] F0 2 2 tHGhosh et al., 1999). ©] njo]&
o #HAH #FEe A AAMom Wty AxQl WHHEYIZF HA KEstal S=v(Bailey, 1975),

gulojo] gye] melWA Friu RS FAste] PEPelRsicltus Ruvhd

o

ml
Ol

H- 3AZE sharol Al SBVel 9 gk Ief Alarvt FEd] Frbske] ghow, 2010de= B
(Apis ceranae) @A 75% o]do] HANIHTHC] &, 2011). dA7X] o=z FHE
SBV A z:H o] §l7] wiifel 7S dwWste Aol 71 T8, HiHe

s st
o] Ay} FEER o] FojA W AWRS B3 AgxAsl gAQ owele 3 4 9t}

HA7EA] 7E SBV AdfH oz PCR (4 5, 2008; Nguyen Thi et al., 2008;), Real-Time

PCR (Nguyen Thi et al,, 2009; Han et al., 2011)& ©]-&3F+= WiHo] glo} o] rHEL 2
AR WozE Am AFH F HAPHER Fulste] GAE7| 7] Ll Alte] A AR Y
£4e W) B

o= ¥ olye} PCR AAA 275= =Wt ofsf 287}
al Gat7] witol @&l g8kl ofygol ko] &, 2011).

vk o] 2000 el /e Loop—mediated Isothermal Amplification (LAMP) W& &=
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1

rto

A 1A1ZE olulel]l DNA A1#o] 7hsdk Wt o = 317k &8¢l thermocycler §lo] 7heksh

oot

7eto w2 Aol ybedar(Notomi et al., 2000), 671¢] SHE gl S 212317 wFo H

ko)

= 5old& 7 v
aebA] 2 Aol A= LAMPH S o] 83te] SBVe] AEWE Jwdtal ojs Fed gl A
A AE ThestRs HAsE RRIeH, dF48 JheAde Eol7] 918l SybrGreen

phenol red& AF&3fe] Sotow &2ed 4 Q&= WHS /Edax 3.

oA

Pk

ks

%

(1) 29 AR 57

2 AT ARgE A EE AWe Ads fske] 2010d 3 2011l S
3]

Atk dgne ASARTT E=ATE FA Y

SBVel  ZdHATh oid = BEARE LAMPHES  ARESte] w95}
HHANBEZ FH total RNAZ F%3%th RNAS =528 E 98] Total RNA Extraction

Kit (Intron, Korea)E& A}-&3}% o we} AT FEF  total

Bl
>
mal
rlo
2,
2
>
o
Y
>,
2,

RNAE= OD 260nmolA] TE2E 2Asar w2 AA-ALE AvHS(reverse transcriptase

reaction)ol] AF&3F 0w, o] total RNAYE A2 WE I (-70TCo]3h)el Hassdc).

(3) JAALA AN

rlob

FZ&% total RNA 2nget 100pmole oligo dTE E3F3le] 1087 65CxolA AA 3 H,
10xreaction buffer, 100mM DTT, 2.5mM dNTP, 200unit MMLV reverse transcriptase
(Bioneer, Korea), 10unit RNase inhibitor (Bioneer, Korea)E #7}3lo] 9083+ 40Tl A

HH3 A7 cDNAE A&kt
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(4) Clone® ®]<% 2 plasmid DNA 2 &542

Nguyen Thi (2008)s°l 3} polyprotein gene®l  AF(GenBank, AF092924;
6336-7159bp) 7} cloning® SBV3 plasmidE A3t & 72 LB A A 37T, 16475 <t
200rpmo. = ksl wlkE #o Z3E plasmid DNA FZo|= DNA-spin'™ Plasmid
DNA purification Kit (Intron, Korea)E& AM&3FHow, A& AzZxte] A Ao  upe}
gkt =9 plasmid DNAT  spectrophotometorE o] &3le] TEE FHA3% o

LAMPH o] AF&3t9 o, zhe] plasmid DNAYE A< W% 3 (-70Co]3h el 3314t

(5) SBV-LAMPW 9] primer 27 2 A=}t

SBV-LAMP®| AF&3 primer seti= Table 19 YEFHATE Forward inner primer$!
SBV-FIP= SBV anti-sense sequence®] FH A< A7 A ATF2)3 TTTT linker 23] 3L loop
2 A= 7D Fle) FES AT AR 49nte] long-nucleotide® Al &&} 3t}
Reverse inner primer$! SBV-BIPE SBV sense sequence® WA A7 A4 B2)3 TTTT
linker, loopE FEste= A7IAABle) F-#E& 23T Aoz 744 460t long-nucleotide®
A 2R Y. B3 outer primerd] SBV-F3¢ SBV-B3:i= inner primers 9 vlZZo| 93|35
= AAsH e ZH7E 19, 18nte] AV]ZE A EE vt o] primer seti Bionics AHKorea)ol 2

# &l A2 o™ inner primere e Aol PAGE A & AR89 tHTFig. 1).

Table 1. Information of SBV-LAMP primer set.

Oligo Sequence (5'—3") %iiigl
SBV-F3 CGCGAATGATGTCATCTGT 19
SBV-B3 ATCTTCCAACTGCACCAC 18

SBV-FIPY CAATAGGTCTTTGAGAACGGGATAATTTTCGATTATTCAC 49
AACAGGGAG

_Rip? GCGAAGGATCTTGTGGAGAAGGTTTTGTTGGGACTTCAGT
SBV-BIP GCTAA 45

1) FIP : combine by Flc and F2
2) BIP : combine by Blc and B2
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E-CGGTATTTTACGCGAATGATGTCATCTGT TACGATTATTCACAAC AGGGAGCTTG
SBV-F3 SBV-F2(sense)
TGGATCCTTGTGC TTTTTATCCCGTTC TCAAAGACCTATTGTGGGAATGCATTTTGC
SBV-F1(loop)
TGGTCGEEEUGAAGGATC TTGTGGAGAAGGTTAT GGAGTTATT TTGACT AAAGAGGC
SBY-B1({loop)
CATTGGGGATATTT TAGCAC TGAAGT CCCAACCTGTGGTGCAGT TGGAAGATTGE- 37
SBV-B2(anti-sense) SBV-B3

Fig. 1. Nucleotide sequences and location of primers for SBV-LAMP.

=

[o]
uk-g-of

(6) SBV-LAMP H#A g 2%

b

SBV A& 9% primer sete] &4 H4 £E& SAHIATE dh&A2 T3 SBV3 (Kim
Cuc et al, 2008) 1ng, SBV-FIP/BIP= 72} 40pmole, SBV-F3/B3+= 24} 10pmole, 5mM
dNTP, 10xReaction buffer, 8U Bst DNA polymerase (NEB, U.S.A), DMSO(H =% % 5%)%
A7tete] & 20 E /3890 vh. Bst DNA polymerases 80T o|Ato] HH B&A43 o= E
e 7HAIL 3ol 94TolA 583 DNAE algrzl 5 S 4CT2 258 v3a 18 A4
ol Hriekelod, of & 603 DNA NS 3aka 80Tl 1023t AAIs Bst DNA

=

polymeraseE &
1A 7F &9 S2x713)

SBV-LAMPol| tj3t HALEE FH3H T}

L3k SBV-LAMPY] H4 wh§ 2318 FH317] 93k primer set$} ANTPY TE2E &g

3lo] Hbgol Ao wE A 718 FA3H T Primere] 5%+ Notomi & (2000)°] AlA]

S

3l outer primer®} inner primerd ¥%7F 14 4 of 71 28 F&S ¥vE 23S niE o
)

2 o] Wl&a T8t primerd] Aiyivts WA 1 AaE SAHGAT

<, inner primer®] 7} X7} 5pmole, 10pmole, 15pmole, 20pmole, 25pmole ™ outer primer

o

7} 5+ 1.25pmole, 2.5pmole, 3.75pmole, Spmole, 6.25pmole® 3¢ LAMPE <383} %t
dANTPS A% Z+Z; 1.25mM, 25mM, 5mM, 7.5mM, 10.0mMeo] %% sl SHgo N

44 we 249 Ggsiar.

1o
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(7) Restrictiong %3 SBV-LAMP AA L <l
SBV-LAMP®W-S %3] X% DNAZ} SBV specific DNA7Z| 9=%] &213l7] 93lo], 2%
Soh EEES 20uE LAMP

O

=
¥ DNAo| &£A3}+= restriction siteE ©] 8319 tF Restriction HF

O

product 8uf, 2002 BamH 1 & H7}3}e] 37CelA 24 7Hs<r A A3 5 2% agarose gelel A
71453t glst Tt

(8) SBV-LAMP O A] primer®] 7% 3gHA
SBV-LAMP?] AZEFIAZ =AH3L7] Y3te] SBV3 plasmid®] copyFE ol#fe] 2o ulz}

Aabslel 1x10° copiesH-E 1/10% @A 48 & o]& FPoz 3lo] Ty HA 274

LAMPE 4343} %t

(ld

6 10% (copies/mol) X concentration (g/ wl )

MW (g/mol) = amount (copies/ )

(9) ZHAFHA S LAMPH3 PCRYE| 93 SBV A=

AT

(ld

Z3] Mty SBV-LAMPWo] dE3HAoA AEE = Ad=A F2A3t7] ¢35+
PCRH | 93le] SBV #Ad&Edz dex A#Y cDNAE FHo=z 3lo LAMPHOZ 744

(10) Fluorescent Dye test

SBV-LAMP F& & @795 2 3ol &1e7] 913k, DNA o5 7t 4dsof =
Mol HPHe WHIE SYBR Green [, Gene-Finder'™ Nucleic acid fluorescent dye
(Baygene Biotech Company Limited, China), pHell w&} 24e] W3lE M o= phenol red=
AFE3Foth. SYBR Green & AF838F 7ol ultraviolet trans illuminator “goll Al #2319
3L Gene-Finder™ Nucleic acid fluorescent dye$} phenol red & A}g438 whed e Pz 34

Ao sl BT

L2 R R U T 5
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(1) SBV-LAMP H# wvt-& 2% 9 uhg-of x A

LAMP wk&-eo] HZA vk 2748 2A37] 938te] SBV3 plasmid DNAES 3 DNA=Z

AFEEATE HA 5 £RE Z2AH37] 98ke] 52T, 54T, 56T, 58T, 61TolAl 1A7F <l

N

7] Sex7A3%to A SBV-LAMPE 283 om, Zt LAMP wh&o] #4d 3 Hr|ds o=

J&‘l

o135}t 52-58C ¢ W olA SBV-specific DNAZF A5 E A8 823 thHFig. 2-A).
SBV-LAMP®] HZ4 T 2% WEAAS F3te] 57C 2 FAHNH, o]Fe] a2

SAE 29 57CoA e

(*) (®) | ©

Fig. 2. Temperature gradient SBV- LAMP. And The optimal concentration of
reaction solutions. Panel A. Temperature gradient SBV-LAMP. Lane M is
1KB ladder Marker (Basic Bio). Lane 1 to 5 were specific LAMP product
from each LAMP under isothermal temperature at 52, 54, 56, 58, and 61T,
respectively. Lane N 1is without template. Optimal elongation temperature
was determined at 54.0C. Panel B. The optimal concentration of primers.
Lane M is 1KB ladder Marker (Basic Bio). Lane N, Opmole SBV-FIP/BIP
and Opmole SBV-F3/B3; Lane 1, SBV-LAMP using 20pmole SBV-FIP/BIP
and bSpmole SBV-F3/B3; Lane 2, SBV-LAMP using 40pmole SBV-FIP/BIP
and 10pmole SBV-F3/B3; Lane 3, SBV-LAMP using 60pmole SBV-FIP/BIP
and 15pmole SBV-F3/B3; Lane 4, SBV-LAMP using 80pmole SBV-FIP/BIP
and 20pmole SBV-F3/B3; Lane 5, SBV-LAMP using 100pmole SBV-FIP/BIP
and 25pmole SBV-F3/B3. Panel C. The optimal concentrations of dNTP.
Lane M is 1KB ladder Marker (Basic Bio). Lane N is negative control.
Lane 1 to 5, LAMP products using 1.25mM: 2.5mM; 5mM; 7.5mM; 10mM
dNTP. The optimal concentration of dANTP was determined at 5mM.
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st SBV-LAMPY HZA wHbg =718 37l 913l primer, dANTPY H4 FEE

ﬂJ

T3t Primer ¢ A-$ inner primer’} 27t 40pmole, outer primer’} 217+ 10pmole¥ |

7H4 we LAMP A Eo] dAEoH(Fig. 3-B), ANTP2 2% 5mM< o, DNA2 A% o]

7 2 ol R0l RS g9 F ik njgke] Eo] DNAZ HEFsauxl 3= =2
Aol A Bst DNA polymerase’} HE&A|7Hs<E 71 DNA7ZFR] vpekstAl sl ¥ ¢ A+

%, SBV-LAMPZ 93+ 37 wk&d AL & 20U 7|52z 27 40pmole?] inner
primer, 27t 10pmole®] outer primer, 5mM dNTP, 10xReaction buffer, 8U Bst DNA

polymerase (NEB, US.A)Z 3l glow, 57CY Sex7doA 60#7 3=

o)
o

SBV-LAMP? B %702 AAs9T)

M N 1 2

-
Fig. 3. Electrophoretic pattern of the LAMP and BamHI1 digested
product. Lane M is 100bp ladder Marker (Forever). Lane N is
nagative control. Lane 1 is LAMP product. Lane 2 is BamH]1 digested

product.

(2) Restrictiong %3 SBV-LAMP AA L <l
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AFEAS 3R &L lane 1914 3= loading wellZFA 21789 DNAZS #sk 4= o

_1

]
lane 2914 += Agtaael o& DNAZF s o] F 170bpe] DNA bandE 1E & At}
we} A SBV-LAMPH ] 93t 245 DNAYE SBV specific DNA< o] &-215] )t}

(3) SBV-LAMP¢ uzt=

-lﬂ

5} 0]

SBV-LAMP?] ZAZ3AS EA37] 938l SBV3 plasmidS 1x10%copiesF-E 1x10°copy 7}
2 1/10% SAEZ sl dgk & s [ E FPoE AMGE AT

iy

o T

AZE3A =4 A3} 1x10°copies”A] SBV-LAMPE £33 A3 4+ 9= A

(Fig. 4)

A=

el

Fig. 4. Sensitivity test of primers in SBV-LAMP. Detection limit of
SBV-LAMP. SBV3 plasmid solution containing 1 X 10® copeis/pl was
serially 10-fold diluted. Lane M is 100bp ladder Marker (Forever). Lane
1, SBV-LAMP with using 1 x 10° copeis/ul. Lane 2, SBV-LAMP with
using 1 x 10" copeis/ul. Lane 3, SBV-LAMP with using 1 < 10°
copeis/gl. Lane 4, SBV-LAMP with using 1 X 10° copeis/gl. Lane 5,
ASBV-LAMP with using 1 X 10* copy/ul. Lane 6, SBV-LAMP with using
1 x 10° copy/ut. Lane 7, SBV-LAMP with using 1 * 10 copy/u.
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(4) EAARAA S LAMPH 3 PCRY el 23 SBV A=

SrarEd A

re
-
[N
(ld
of
:Oé
fob
r [0
i)
w
v
<
o,
o
ne
i)
in

e
>
i

(ld
>
op

3te] SBV-LAMPE

g3ttt LAMPRH S &3 &2 2 AFoA 7idtd 35 SBV-LAMPH| we} #3833

L

(A) (B)

Fig. 5. Field test of primers in SBV LAMP. Panel A. Application of
SBV-LAMP to infected honey bee samples. Lane M is 100bp ladder
Marker (Forever). Lane N is negative control. Lane 1-5 are using honey
bee sample by infected SBV and other diseases. This is reaction product
by LAMP.Panel B. Lane M is 100bp ladder Marker (Forever). Lane N is
negative control. Lane 1-5 are using honey bee sample by infected SBV
and other diseases. This is reaction product by PCR.

(5) Fluorescent Dye test
SBV-LAMP #zzxzdel 93 T34 DNAE AV9Es shAea vz $2dsr] 93]

SYBR Green I, Gene-Finder™ Nucleic acid fluorescent dye, phenol red A 9FS o] 43

Zolw elW AU DNA olF7hetel 4sislo] 4o YHS wASHE SYBR

o|\

Green [9 7o ultraviolet trans illuminator 2FolA #2391 Gene-Finder™
Nucleic acid fluorescent dye®} pHell wa} 2ol W3}E M o] phenol reds F 35 ofgf ol A
st it

SYBR Green [ & AF&3F 4-$(Fig. 6-A) positive controle] & ¢ & #3458 yehidar

Gene-Finder™ Nucleic acid fluorescent dye(Fig. 6-B)E A48 A% positive controlo] A=

1.
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S& 4 negative controldl A= FEMow WREEHG OW,  phenol redE ARES -%(Fig.
6-C) positive controlo| A]3= F34 negative controldl A= Ao 2 Wgs= o] F2lH ]

el Aol W f83 Aow AT

Fig. 6. SYBR Green [ test of SBV-LAMP. Panel A. LAMP product (P) and negative
control (N) and were stained by SybrGreen 1. Each products were observed by
ultraviolet transilluminator. Panel B. LAMP product (P) and negative control (N) and
were stained by Gene-Finder'" Nucleic acid fluorescent dye. Panel C. LAMP product
(P) and negative control (N) and were stained by phenol red. Panel D. Each products
observed by ultraviolet transilluminator were analyzed by gel electrophoresis. Lane M is
100bp ladder marker (Forever). Lane P is LAMP product on pBX-A. apis plasmid. Lane

N is negative control.

e

iy

el

J&‘l

o

B oodgE LAMPH S 7|dtez SBVE Ao A&sta AgeA 1E3) o4
2R og FPLArl. B AFoA] iEl SBV-LAMPYE SBV Y polyprotein geneg target®.
2 4719 primer (SBV-F3/B3/FIP/BIP)E AF&-3tH, HA whgd £4& F 20uE 7T =,
Z+7} A0pmole®] inner primer, Zt7} 10pmole®] outer primer, 5SmM dNTP, 10xReaction buffer,

U9 Bst DNA polymeraseE AM&3}H, 57C9 S2x7A 6087+ Z3st). SBV-LAMP
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= 1x10° copies7tA HZEo| 7bedtH, A4l TWARIAME HAFo] stk E3 SYBR
Green I, Gene-Finder™ Nucleic acid fluorescent dye, phenol red A]¢FS o] g3d A7 9%
glo] ME o= DNA A% o5 &2l = gl7]ol @l nt=E A &st7]o F&7t gls A

oz Alrdr}

@ Agn

Sachrood virus (SBV)+= &9 dedAd dAwoz Zlsd WMur|7F H% Ftar 74 2
t}, LAMPE thermocycler 22 3712 ZAulglol= FAAE £33 & S2TFYHo=z 2
ATolE i w27 SBVE A9e ¢ 9l SBV-LAMPY & 723ttt SBV £o] 917
A E-e 128= SBV-F3/B3/FIP/BIP, 4712] primerE AF&3Fe] 57C9 527 dFAl 60%
b Aol DNAZE Aaaoz =ZdS sttt 1x10° copies/m7H A E=Zo] 7}5atH
AA EHAANE AEZ7FEEo] A9 T SYBR Green [, Gene-Finder™ Nucleic acid
fluorescent dye$} phenol redE AF&3te] #A7]9d% glo] S<¢to =z #Azsk = giv}h uwpepA

o

o

SBV-LAMP:= @& A &grse By oyl gdodim g4 Z=Yga & 4+ gl

= Amd,
3. Sacbrood Virus®} Korean Sacbrood Virus? 7% &S 93 PCRY 7%
7F. A E
19139 A& A ¥ Sachrood virus (SBV)& = 3ol 47 A& of7]sheE nlol

Az Ao g Wl Aarel WM 7| 7F ¥A] F313 5= tHBailey, 1975). €3 o] 9]y &
Y RS dATTaL st shxd e dEsobg-aielglal (A 5, 2008).
gukA o 7 AokFE HWHQ Apis mellifera (A. mellifera)o|~] HAZ%HH LA x| A#Hgl
= 3L, FE HQ Apis cerana (A. cerana)oll A AETE SBVE A dof u}
Ao AolE Koy wiel ME vEA "WHHI Atk A4 HmolA HE
712 Thai Sacbrood virus (TSBV), FarolA X AL Chinese Sachrood virus
(CSBV)#} E#th(Rana et al., 1986; Ma et al., 2011). & S(2010)¢] &3te] -4+ A. cerana
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oA wrAR SBVE 20110 3+=9k%-83] %] o] Korean Sacbrood virus® %% % vk (Han et
al., 2011).

g HZ 493 gl A= KSBVel &gk a7t J5ste] EFH (A cerana) HAAIS 75%
ol o] #HAFESIYH O] 5, 2011a). FA/FA Aot ow FHE AGR o] A Wi
Huhs Abdel #els dWets Aol Tosttal & & vk shARE EEe F 2
g i-o e Aurf FEHEER o] FoAE v wWME Ade F
2} g = dAv(e] 5, 2011a).

7R el AgE SBV AW o=z PCR (# %, 2008 Nguyen Thi et al., 2008),
Real-Time PCR (Nguyen Thi et al,, 2009; Han et al., 2011) ¥ Ultra—rapid Real-time PCR

I
Mo
N
i

i
o
il

o
off
ol
s

_|_4
S

g A z27F B3]l ool

(Yoo et al., 2012)8 o]&3l= AgAde Wiz 34 go] 7153 SBV-LAMP (o] %,
2011b)e] E£AsT) e} o] AWML SBV ¥ KSBVE 9d AZstE w9 oz 2AwA

AEE AEel wek Anok elshl v S gom, e AsAE FoAPel BEol

upeba] B Ao E A mellifera®t A. cerana®l A Zt7 AR SBVE] dA7|A4d AolE
neto = gk 29 forward/reverse primerE ©]83¢] SBVe} KSBVE 79 A& ¢ =

ARAe st s

(1) 29 AR 57

BodTea AgR @EAmE AW Awg sistel 2011de] . @R o
ERtERY #RUAYdTAE fadat At §

99 B@} NS FANUT, 2 R RNAY w5 AFgsisn.

(2) RNA 9] &+

SBVel #dEduta gAEE HEARZE FE total RNAZS FE39d. RNAY
THeelE #9189 Total RNA Extraction Kit (Intron, Korea)E& AF&3l9orn, HAde
A ZApe] x| Aol utEl AT FEF total RNAE OD 260nmolA 555 A3 &
2 A HALE AVES(reverse transcriptase reaction)ol] AFE3A o™ Fo  total RNAE
AL WEA(-70Co) skl BT

(3) FAANELNS
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FZ% total RNA 3uge® 100pmole oligo dTE E33Fe] 1087 65TColA AAZ H,
10xreaction buffer, 100mM DTT, 10mM dNTP, 200unit M-MLV reverse transcriptase
(Bioneer, Korea), 10unit RNase inhibitor (invitrogen, U.S.A)E H7}8Fo] 6057+ 40Tl A
HEgA1A cDNAE AlZratelom, A2kl cDNAE 2 #t& PCR ¥h&-of AR&3E3ith

(4) Primer®] 2 A 2 A&

GenBank (http://www.nchi.nlm.nih.gov/)el 5%¥ SBV (Genbank No. AF469603), KSBV
(Genbank No. HQ322114), CSBV (Genbank No. HM237361)¢] 917] ¥4 Clustal X Z&E1
e ol AE " naste], AEdBy ohvgr dF AEd FeR Fdskvk(Fig. 1). ]

_1_:,]__
B2 primerE AAdte] =ZF PCR 4HE9 =7 wal A F7/79

vy ¥
SBV7F 7¥E % 9% 39 tHTable 1).

Fig. 1. Nucleotide sequences and location of primers for SBVs.

Table 1. primers of sacbrood virus for cloning and detection.

Oligo name Sequence (5' — 3" mer target product size Reference
SBV 318 bp

CSBV 279 bp this study
SBV-R GCA GTT TCA TCT TCA TCT TC 20 KSBV 967 bp

SBV-F GGT GTA TAT GCG AGG AGG 18

(5) Molecular cloning

2~

Al2td cDNAE SBV-I/R primerE ©]-§3t°o] PCRZ F3%A21 5, molecular clonings <
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B39 ;. PCR 242 2% TOPsimple™ DryMIX-HOT (Enzynomics™, Korea)< o] £319)

o, 94T A 587 pre-denaturation %, 94Tol|A 20%, 50TCA 20x, 72TCoA 20x%=

leycle® 8o 40cycle ¥hE F3833lal 72°Col A 7E7F post-extensionS T3t =29 &

AAE Xem I 98le] Aded pBX vectord]l A 9UA#A recombinant DNAE A 21815 0.9,

o] DHba F'ol transformation 3 th A& A Ay DNA 7144 248 %3] clones
R

At o, pBX-SBVY pBX-KSBV=Z 747} skt

6) A=A AN

SBVS} KSBV 79 &S 913 primer? #H 4 annealing <=5 =437 981, ¥ks-of
< pBX-SBV¢} pBX-KSBV plasmidE 27} 3 o= 3}9] 1ng, SBV-F/R primeri= 27}
10pmole, 25mM<e] dNTP, 25U2] Tag polymerase, 10xReaction buffer (with 25mM MgCl:) &
A7Fste] = 20 E ZA3ATE. DNA 522 ¥4 annealing <% =42 45-65TC T3l A
APt on, 7t whgol ¥y F Av|gdEo R Felsle] pBX-SBV, pBX-KSBV 7t7bo| gt
#H 4 annealing <=5 =43}

3 SBVeE KSBV 71 dAEWe H4 whe 2d& F9Yshr] 95kl primer, dNTP, Tag
polymerase, MgCl-¢] TR & &g dle] vr&oll Ao we H2 =4S 235 vh. Primer?
49 Z¥7F 0, 10, 20, 30, 40 pmoleo] HEE ZA3H o™, ANTPY Aol 77 0, 25, 5,
75, 10 mM, Tag polymerase® 7ol Z7k 0, 25, 5, 75, 10U, MgCl®] Z4-¢<l= 0, 10,
20, 40, 80 mM= xAsto] ATz HH whg =4S FAsaL o8 FF HEUeE &

Btk

M A=A 54

SBV$ KSBV 1 HEWE AZFIAIE 437 98t pBX-SBVS pBX-KSBV
plasmid®] copy & ol#le Aol we} AXrele] 1x107 copiesT-E 1/108 @A 8 A8 3 o
& FYPo2 39 FqHd EF HAEWLE PCRE F43Hath

6 10% (copies/mol) X concentration (g/ wl )
W (g/mol)

= amount (copies/ )

(8) WA HoA SBVE KSBV Agt
B AGE F3 /NEd SBVE KSBV 79 HdE:wWol AA i H&=E 4 =4 &9ls}
7] 9&te], SarFE A AT Ao SBV # £}

n2
i



L= < I LT

(1) Molecular cloning

ZZ% SBV % KSBVY PCR product: TA-clonings ©]&3te] Fu3lglon, A7)|A44
H4& Sl pBX-SBVel pBX-KSBVZ 7}z ®®slgivh. B3 BLASTSle] 7]&o] =49
A7 A FEAe etk 1 Ay pBX-SBVEY 9714 4L GenBank No. JQ390591.1
o} 98%, pBX-KSBV?9] 47|14 4d-& HQ322114.19F 100% A FH& M F3ith.

5'-GGTGTATATGCGAGGAGGGAAGAACTATGCATTGCATGGGTTAAAACAGTCG
ACTTATTGGCCGTCAAATAGTGTGGTACCTATTGATAGTTTTCCGCCCGATGGT
TATGATCCAGTTAAGCCACCAAATAGATCAAGGCGAGAGTTAGCCTCTACAGAT
AGTGATGGGGGTAAGGGAGAGCCTGTGTTGGCGGGGTCAGATAATCCGCATAGA
TTCTTGCCTGCGAATGTGTCTAATCGTTGGAATGAATATTCTAGCGCTTATTTG
CCGCGGGTACAAATGGACACTGGGGCTAAGGAAGATGAAGATGAAACTGC-3

< pBX-SBV sequence >

5’ -GGTGTATATGCGAGGAGGAAAGAACTATGCATTGCATGGTTTAAAACAGTCA
ACTTATTGGCCATCAAGAAGTGTGGTACCCATAGATAGTTTTCCACCTGATGGT
TATGATCCAGTTAAACCGCCAAATAGACCAAGAAGGGAATCAGATAATCCACAT
AGATTCCTGCCCGCGAATGTTTCTAATAGTTGGAATGAGTATTCGAGTGCTTAT

TTACCGCGAGTACAAATGGATACTGGTGCTAAAGAAGATGAAGATGAAACTGC-
3

< pBX-KSBV sequence >

Fig. 2. Nucleotide sequences of recombinant plasmid which are pBX-SBV
and pBX-KSBYV.

(2) HA=xA9 A

SBVeL KSBV 8 AEWe #HA wbs 2745 S48 9lke] pBX-SBV 9} pBX-KSBV
plasmid DNAE template® AF&3}% Y} Annealing %% 45-65(45.0, 46.7, 48.2, 50.5, 534,
56.7, 59.6, 61.8, 634, 65.0)C F-zktellA Azl e, 2t PCR §h&o] 58 § A7|dFso=
o1l ith. pBX-SBVSF pBX-KSBV W% 45-65C WA Eo] FAAY FZHFE AL
F ddeu 62T olie 2XoAE FEHFF] 62T vt Hidts Ao=
o] HZ annealing &5% 60CE ZAAYaL, o|F AFLe =7 &2 60TAA
5} ATE.
1 SBVS KSBV 79 A& 4 wbg 27108 &3H37] 9319 primer, ANTP, Tag
polymerase, MgCl:9] #4 T=& F3t99tt. SBV-F/R primerE Z+Z} 10pmoleE & 7Fsk 4%,

ek o _l
(U A
o

a
o2,
\

r\:l
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o

A0pmole®] primerE Al

&35t A9 FEZ2F Aoyt gl ev(Fig. 3-C), dANTPY 74-¢
25mMuYHE AFEE R 8] S

] S3&FHs AS AT AJAvHFig. 3-D). ¥R oy} Tag
polymerase?] A-¢o% 25URto 2% FE3D AtHFig. 3-E). 18y MgClke s
wela = SE ko] WEE W, pBX-KSBVE 4% 10mMe] s (Fig. 3-E2 lane 2)ol A=
FE o] A3 3, pBX-SBV 20mMe]3HFig. 3-E9] lane 3 )9 X9 40mM Z¥H(Fig.
3-E9| lane 57)¢ A% FFaFo] AA 3 AT

A

%, SBVe KSBV 78 A& 93 H4 vb§d 2S5 20uUE 7IT+2= 247 10pmole

ofr

N
ol
I
N
L)
A

2] SBV-F/R primer, 25mM dNTP, 25U Tag polymerase, 10xReaction buffer (with 30mM
MgClL)= &5 o, 94T oA 55-7F pre-denaturation -, 94Tl A 20%, 60TlA 20%,
72Tl A 20%E leycle® 319 40cycle WHE Fa3tal 72T 4] 7H3F post-extensions <+ 38

S RS E£F AFWOR FYsA

(A) (B)

(C) (D)

(E) (F)

Fig. 3. Temperature gradient SBV and KSBV detection PCR. And The optimal
concentration of reaction solutions. Panel A. Temperature gradient pBX-SBV detection
PCR. Lane M is 100bp ladder Marker (Bioneer). Lane 1 to 10 were specific PCR product
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from pBX-SBV under temperature at 45.0, 46.7, 48.2, 50.5, 53.4, 56.7, 59.6, 61.8, 63.4, and
60.0C, respectively. Optimal annealing temperature was determined at 60.0C. Panel B.
Temperature gradient pBX-KSBV detection PCR. Lane M 1is 100bp ladder Marker
(Bioneer). Lane 1 to 10 were specific PCR product from pBX-KSBV under temperature at
450, 46.7, 48.2, 50.5, 534, 56.7, 59.6, 61.8, 63.4, and 65.0C, respectively. Optimal annealing
temperature was determined at 60.0°C. Panel C. The optimal concentration of primers. Lane
M is 100bp ladder Marker (Bioneer). Lane 1 and 1~ are negative control. Lane 2-5 using
10, 20, 30, and 40mM primer for detection of pBX-KSBV. Lane 2 -5 using 10, 20, 30,
and 40mM primer for detection of pBX-KSBV. The optimal concentration of primer was
determined at 10pmole. Panel D. The optimal concentrations of dNTP. Lane M is 100bp
ladder Marker (Bioneer). Lane 1 and 1 ~ are negative control. Lane 2-5 using 2.5, 5, 7.5,
and 10mM dNTP for detection of pBX-KSBV. Lane 2 -5 using 2.5, 5, 7.5, and 10mM
dANTP for detection of pBX-KSBV. The optimal concentration of dANTP was determined at
2.50mM. Panel E. The optimal concentrations of Tag polymerase. Lane M is 100bp ladder
Marker (Bioneer). Lane 1 and 1~ are negative control. Lane 2-5 using 2.5, 5, 7.5, and 10U
Tag polymerase for detection of pBX-KSBV. Lane 2" -5 using 2.5, 5, 7.5, and 10U Tag
polymerase for detection of pBX-KSBV. The optimal concentration of Tag polymerase was
determined at 2.5U. Panel F. The optimal concentrations of MgCl.. Lane M is 100bp ladder
Marker (Bioneer). Lane 1 and 1~ are negative control. Lane 2-5 using 10, 20, 40, and
80mM MgCl; for detection of pBX-KSBV. Lane 2" -5 using 10, 20, 40, and 80mM MgCl,
for detection of pBX-KSBV. The optimal concentration of Mg(Cl: was determined at 30mM.
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(A) (B)

Fig. 4. Sensitivity test of primers in SBV and KSBV detection PCR.
Detection limit of SBV and KSBV detection PCR. pBX-SBV and
pBX-KSBV plasmid solution containing 1 X 107 copeis/i{ was serially
10-fold diluted. Lane M is 100bp ladder Marker (Forever). Lane 1 is
negative control. Panel A. Lane 2, pBX-KSBV detection PCR with using
1 X 107 copeis/ul. Lane 3, pBX-KSBV detection PCR with using 1 X
10° copeis/gl. Lane 4, pBX-KSBV detection PCR with using 1 < 10°
copeis/gl. Lane 5, pBX-KSBV detection PCR with using 1 X< 10*
copy/ul. Lane 6, pBX-KSBV detection PCR with using 1 < 10° copy/ul.
Lane 7, pBX-KSBV detection PCR with using 1 X 10° copies/ul. Lane
8, pBX-KSBV detection PCR with using 1 X 10' copies/ul. Panel B.
Lane 2-8, pBX-SBV detection PCR with using 1 X 107, 1 X 105 1 x
10°, 1 x 10% 1 x 10°, 1 X 10% 1 x 10" copies/ut, respectively.

gHA

A

!

e

3 #

SBVe KSBV ¥ =W A=IAIE 547 $ste] pBX-SBVE pBX-KSBV

plasmidE 1x10°copies/l5-E 1x10'copies/d7}A 1/10% @AH=Z 348 & Al (s

77 F9o2 A,

AZE3A =4 A7 SBVS KSBV 2% 1x10°copies”7tA] SBVE KSBV ¥ AZWHS E

g A& 5 e Aoz 1A (Fig. 4).

(4) A zA SBVE KSBV A

o

SEHAY AT Lo SBV ZAdEHEZ 3w A zmeo] RNAES Aol cDNA AF &
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tol S3€l SBVSH KSBV 74 A&WoE 4d& AAstdrh 1 4%

Ol

°f

(ld

FHPoZ
FoAl SBV X KSB7F #AEZHAvHFig. 5). $71A] Eo|A g2 A mellifera®l A A

= A

cerana® Al EA == KSBVZE SAE AT A o]th(Fig. 5-lane 5 and 6).

N

Fig. 5. Field test of primers in SBV and KSBV detection PCR. Lane M
is 100bp ladder Marker (Bioneer). Lane 1 and 2 are positive control
which are pBX-KSBV and pBX-SBV. Lane 3-6 are using A. mellifera by
infected SBV and other diseases. Lane 7-9 are using A. cerana by

infected SBV and other diseases.

2 AFAAME A mellifera®t A. cerana®l A 247y A E SBVE @7A 4 AolE ng

sk 9] forward/reverse primerE ©]83te] SBVE KSBVE 74 A=d £ d¥ AdwHsS
Aetdich d71E 45 &3t KSBVelA d7IAd AES gelsiglon, o & ntgo
2 SBVE] - 318 bp, KSBVE] Z-¢-ol= 267 bpe TF 5% primers A7 9 A 23}l

|

TAREE SBV 2 KSBVe| #odd HHARE A 3ol RNA F3, cDNA

r

o

ST EE
AA, PCR, TA-cloning& %8ke] nto]e] o] 95 9714 4e S5 00d, 247k pBX-SBY,

pBX-KSBVZ W H3lo] o|& A& templatez AF-&3% T

w3k A 23 SBV-F/R primer® # & annealing <%, ¥4 wgd A8 AT, SBV
9} KSBV ¥ #HES A% HA Hb&y x4 2040 o= Z+7Zb 10pmoled]

SBV-F/R primer, 25mM dNTP, 25U 7Tag polymerase, 10xReaction buffer (with 30mM

o
(ld
~

MgCl)ol™, 94C oA 58-3F pre-denaturation §, 94Col A 20%, 60CelA 20%, 72ClA4 20

%Z lcycle® 3} 40cycle WHE F=83Far 72Col A 7H3F post-extensions T3 AL
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GHE 57 AEWES MR OE primer?] AETA 2 AA 2dA R 483 A3 primerd]

X-SBV¢} pBX-KSBV ZFolAl 1x10°copies/ul 0.2 S om, HA R
A= SBV & KSBVZ/E A=At Sr 2% AFEES Al melliferacl A &= KSBV7F A5 ¢
thi= Ao}, o) FulelA & 9&lE UL Apis ceranaX ¥ Apis mellifera® =3t 33 &

He o Ao As e, AE549 BUHY S S8 d27F 228 Ao Aled

Sacbrood virus (SBV)& &EHe] dAd Aoz FujoA= SBVE Korean SBV (KSBV)
7V AEE v vk B A SBVE KSBVE 137 9o F viruse 97149
"l ske], SBVe] 4-t-oli= 318 bp, KSBVY 4 -$e= 267 bp7l %2 & JEZF primers

# 2 annealing %% 60CE Z2AYNOH, A=37E 1x10°copies/ul = v gon, 2
A EHAEE o)&ste 7 HAEUES A& A Apis ceranacl #5730l ¥ KSBV7F
Apis melliferadl A= AZH At o= FuUldA & FIAE 942 Apis ceranaX ¥  Apis
mellifera®™ =tfst I E LS F Atk AS XY, A4 ZYHAS T3 @7t

Hed Aoz AlgHC),

4. Sacbrood Virus® Eo| 39 AL A% SBV Capsid protein®] 2d 2L AA

7F A E.

2 AF= SBV (Sacbrood Virus) &o] &z glo] iz Aiks H402  SBVE Capsid
protein FAXE U atel A AxF DAA T, AAS Aotk B AFE Journal of
Apiculture 27(3)° “Over—expression and Purification of Capsid Protein of Sacbrood virus in
Ecoli 7 o] AFo=z wxH7|dl, ¥ sares 2 A3E S 0w Efe] 7| sdih

[ P R U T 5

(1) SBV capsid &9 A4S A8 AP Zepiav=9 5
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Fig.1. Construction of clones expressing the fused pET32a(+)SBV492 expression vector

(2) A% DNAY ol 93 SBV capsid &9 = A

Fig.2 Examination of the expressions of the pET32a(+)SBV492 fusion protein. After
transformation and grown on the Amp/Cp plate, each colony was picked and grown
overnight at 37°C/200 rpm, individually. Then, it was sub-cultured until reaching an OD of
approximately 0.7, and then added 0.5mM IPTG (final concentration) for the expression of
target recombinant protein. Lane M, protein size marker; Lane 1, pET32a+SBV
non-induced; Lane 2-6, the pET32a+SBV clones were induced by 0.5mM IPTG. The black
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arrow indicates expected band of molecular weight (37 kDa).

bt

(3) SBV capsid &9 dF AAE AT A4 A4 §

Fig.3. Optimization of IPTG concentration for expressing recombinant VP-SBV fusion
protein Lane M, protein size marker; Lane 1, cultures non—induced; Lane 2-8, induced
under different IPTG concentration of 0.001, 0.005, 0.01, 0.05, 0.1, 0.5 and 1 mM,
respectively. The black arrow indicates the induced 37 kDa rVP-SBV protein.

(4) SBV capsid &9 =z ALS 93 HA wgF A3t

Fig.4. Optimum incubation time for the expression of SBV- recombinant protein.

Lane M, protein size marker; Lane 1, pET32a+SBV non-induced; Lane 2-7, induced by 0.5
mM IPTG and collected cells on the time of 1, 2, 3, 4, 5 and 6 hours, individually. The
black arrow indicated the desired protein band.

(5) His-tagf el 23 A %3 SBV capsid &9 o=z AA
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Fig.5. Purification of recombinant VP-SBV protein by His-tag column

His-tag purification of the recombinant VP-SBV was performed after suspension and
dissolution of the inclusion bodies. Lane M, protein molecular weight marker; lane 1, crude
supernatant from non-induced culture; lane 2, crude supernatant from induced culture; lanes
3 and 4, elutions of His-tag column from the non-induced or induced culture, respectively.
The purified, recombinant VP-SBV protein was shown only in lane 4 (black arrow).

5 Eo] ddFEJIJAE o] &3 Sacbrood Virus? #A&

B A5= SBV (Sacbrood Virus) 5o @l &9l A% Capsid proteings &0

i
154

2eRAE AW, oF o83 AR SBVE WelwA AZWE ATF Aovh B AT

DR

+ Journal of Apiculture (2013), 28(2)o] “Detection of Capsid Protein of Sachrood Virus in
Honeybee using Monoclonal Antibodies” ¢ Aoz WEHA7| A, ¥ HuAMdE oL A3
FTH o2 ke 7)Eskt)

J. 4

(1) A% SBV-Capsid protein®] @3 2 A
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Fig.l. SDS-PAGE of the overexpressed and His-tag purified of recombinant VP-SBV
protein.

pET32a+VP-SBV in Rosetta(DE3)pLysS was cultured until OD600= 0.7 and collected 4
hours after induction by IPTG. Proteins were loaded on SDS-PAGE and stained with
Coomassie Brilliant Blue. Panel A is a 12% SDS -PAGE stained with Coomassie blue
showing the total protein profile of E.coli Rosetta(DE3)pLysS expressing rVP-SBV. Panel
B is Western blot of the same SDS-PAGE as revealed probing with an anti-His-Tag
antibody. M-=protein ladder marker (T&ITM ACCU-eco Pre-stained Marker, Korea); 1=
total cell lysate from noninduced E.coli; 2= total cell lysate from induced E.coli; 3= His-tag
purified total E.coli protein; 4= His-tag purified rVP-SBV fusion protein. Black arrow
indicates the rVP-SBV fusion protein at 37 kDa.

(2) SBV-Capsid Eo°] ddZFE3A 9o Aut

Table 1: Isotypes and reactivity of monoclonal antibodies (MAbs) anti-recombinant, and
native VP-SBV in ELISA, dot-blot and Western blot.

MAbs Reactivity  against rVP-SBV Reactivity  against
(classes) VP-SBV-infected
ELISA ‘WB band Dot blot WB band Dot blot
ng/well Size pg/spot size ng/spot
SFS8 (IgGl) 2.55 38 251 18 ~4.12
8G8 (IgGl) 781 38 and 11 425 18 ~16.33
7D1-6 (IgG2a) T2.87 38 and 11 383 18 and 25 "5.26
7D2-6 (IgG2h) 73.54 38 “H44 Non -
7HI (IgG2b) ~5 46 38 and 11 ~871 18 and 25 ~10.1

(3) SBV-Capsid G4 FEFAEY &9 o=

1 > 1 > 1 > 1 > 1 o
® & » ® »+ & ® 9
8F8 8G8 701-6 7D02-6 7H1

Fig.2. analyze the specificity of MAbs using dot blot

Lysates of Rosetta E.coli containing rVP-SBV (1), and homogenates of honeybees infected
by SBV (2) were spotted (2pf/spot) onto a nitrocellulose membrane and treated with
MAbs: 8F8, 8G8, 7D1-6, 7D2-6 and 7HI.

- 147 -



(4) Native & 9ol i3 SBV-Capsid YL FEFAQ 3gd Solx

Fig.3. Detection of native SBV major capsid protein from honeybee homogenate by western
blot using the recombinant 8F8 MAb against rVP1-SBV. Panel A shows a 12 %
SDS-PAGE stained with coomassie brilliant blue; panel B shows a PVDF membrane using
the MAb 8F8. M=protein ladder marker (Fermentas, Germany); l=purified rVP-SBV,; 2=
tissues homogenate from honeybee infected SBV; 3= homogenate from honeybee
noninfected SBV.

(5) Ayl SBV-Capsid Y FE3FA o] wxur-3-A

Fig.4. Cross-reactivity of MADbs, homogenates of honeybees infected by Deformed Wings
virus (DWYV); Korea Sacbrood virus (KSBV); Black Queen cell virus (BQCV); Israeli acute
paralysis virus (IAPV) were applied to investigate the possibility of non-specific
regconition of MAbs. 1=SBV; 2=KSBV; 3=DWYV,; 4=IAPV,; 5=BQCV.
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(6) ArHl SBV-Capsid @Y FEIJA S 4=

Fig.b. sensitivity of VP-SBV detection by dot blot using MAbs
(1) lysate of Rosetta E.coli containing VP-SBV; (2) honeybee homogenate from bees
infected by SBV, were used as antigen, and were serially diluted and spotted on to each

circle grid of the nitrocellulose membrane.

(7)) FAA = U3 SBV-Capsid £ 9|
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Fig.6. field detection of SBV based on recombinant 8F8 MAD.
(A) Western blot detection using 8F8 MAD, (B) real time detection using F/R-249 SBV
primers (Phu et al 2010). 1-14= named samples 1-14, respectively.
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Al 9 2 IAPV AANS A% A4 AEwe AT

1. 2314 PCRY S o] &3 IAPV (Israel acute paralysis Virus) 215 A 7w

B o wWYA ¢l TAPV (srael acute paralysis Virus)E 7F3 w24 AZF3arxt

2, 2314 PCRY (Ultra-rapid PCR)& A&3te] Alqf 7Igst Aolv). Z 303 9

PCRAZS 7# 34z° whz = Ao, dAY &F/F4Y #HA4L 10&o|lel 7Fsaksith

B8-S &4 Journal of Virological methodsel] Fial% o] 4AF Fo] Aor, K HiloA=
%]

Beg FAoE TFH 3] AR,
| < =L A
1) A2s TIAPV 59| primer®t 1 97144

Table 1. The sequence of IAPV specific primer.

DCR Original
Primer Frimer
Primer Sequence (5'—=3") Product Sequence Reference
Ho. Name .
(bp) (Position)
IAPV-UERRTZ03F  aca ata tge aaa gga tea oo
EF219380
1 203
IAPV-UERTZ03R  cat cca act coc aga att ta (3257-3459)
IAPYV-gpl-E03F tgg cta tgo tot gat gga ca EF219380
Z 203
IAPV-gpl-Z203R act aaa acc acg cga tga cg (3345-3547)
This study
TAPV-RT-F cac gat aag tge cot gaa ttg g EF219380
3 147
IAPV-RT-E2 goe goa geo ate ata cac a (2634-3080)
IAPWV-gpl-197F tea gaa aat goo aag too to EF219350
4 197
IAPV-gpl-197R tot gte cat cag age ata geo (3170-3366)
IAPYV-162FF AAC gAC OCL EAC A8a AAC ac EF219350
5 162
IAPYV-162FE coe age cat cat aca caa ot (2017-3078) Kifiiatial
= 2008
IAPYV-113FF gas aca goco aat taa gog tea EF219380
3 113
IAPV-113FR gea tie cac gta aat cga gag (3371-3483)
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(2) IAPV 5o] %2314 PCR AMYS 93 primer o] At

A.

Figure 1. The primer selection for ultra—rapid real-time PCR using six kinds of primer
set.

Panel A shows fluorescence curves of URRT PCRs with six kinds of primer set. The
highest specific and sensitive primer set was evaluated (No. 55 IAPV-162PF and
IAPV-162PR). Panel B is an image of electrophoresis of same PCR products. Lane M is
molecular size marker (2.84, 1.39, 1.08, 0.816, 0.29, 0.084 kb); lane 1, IAPV-URRT 203F/R
(203bp); lane 2, TAPV-gpl-203F/R (203bp); lane 3, IAPV-RT-F/R2 (147bp); lane 4, TAPV
gpl-197F/R (197bp); lane 5, IAPV 162PF/PR (162bp); lane 6, IAPV 113PF/PR (113bp),

respectively.
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(3) IAPV E9] %314 PCR A4
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Figure 2. Optimal annealing temperature of IAPV ultra—rapid real-time PCR using IAPV
162PF/PR primer set. PCR was performed under the following condition of 94C, 100sec
pre—denaturation/ 94°C, 10sec; 54-64C gradient, 10sec; 72°C, 10sec; 40cycles/ 50-94C
melting curve analysis. Panel A shows gradient PCR graph to search optimal annealing
temperature of TAPV detection primer pair. At the annealing temperature of 60T, the
detection primer shows the fastest CT wvalue. Panel B was melting temperature analysis
(dF/dT) of ultra—rapid real-time PCR.

(4) IAPV E9o] 234 PCR AAN 9 WAL,
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Figure 3. Sensitivity test for the detection primer set with serially diluted pBX-IAPV.

Each URRT PCR was performed under the standard condition with different quantities of
initial template DNA. Initial templates were used from 10% to 102CODi€S of pBX-TAPV,
respectively. The
CTvaluesWereShowninitialquantityoftemplate—dependentmannerintherangeoﬂOS—IOZCopies.Panel
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Aisfluorescenceintensitycurvesoftemplatelimit diluted URRT PCRs. Panel B is the result of
melting analysis of same PCR products in the range of 50-90TC. All PCR products were
identical, depend on the temperature of midpoint (Tm), calculated in range of 81.56 + 0.5
7C.
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(5) TAPV Ho] %11

Figure 4. Relationship among denaturation and annealing temperature, ramping rate and
temperature range of the melting temperature analysis in URRT PCR condition to reduce
detection time. Relationship among temperature range of the melting temperature analysis
and ramping rate of the melting temperature analysis in URRT PCR condition to reduce
detection time. Each reaction was performed in various conditions to reduce the detection
time: denaturation, annealing temperature and temperature interval between denaturation
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and annealing temperature. The cycling temperature condition was as follows; 30 cycles of
1 s at 91-94TC, 1 s at 60-63T, and 3 s at 72C. At the temperature of the lowest
denaturation temperature (91C) and the highest annealing temperature 63°C, we could
confirmed the shortest detection time (8min 15sec). After that each reaction was performed
in various conditions to reduce the detection time: temperature range of the melting
temperature analysis and ramping rate of the melting temperature analysis. Temperature
range and ramping rate of the melting temperature analysis was examined from 75-85T to
79-85C and 02T, 0.3C and 04C. The confirmed minimal detection time was 7min 34sec.

6) JF3 27] 72T = APV Eo] 2314 PCR ANWH A=

ok

Al

Table 2. Detection limit of IAPV-specific Ultra-rapid real-time PCR using different
quantities of initial template.

Initial template Elapsed time Cr value Tm value
108 copies of pBX-1APY 36:29 10,21 80,99
107 copies of pBX-1APY 36:28 1461 81.13
108 copies of pBX-1ARY 36:33 16.29 8l.12
10° copies of pBX-14PY 36:09 19.99 61,14
10% copies of pBX-14PY 35:55 £3.77 £1.31
108 copies of pBX-1APY 36:09 26,93 82.59
102 copies of pBX-1APY 36:25 29.18 82.00
10" capies of pBX-14PY 36:20 23.94 61.57
10° copies of pBX-14PY 36:09 £8.86 £2.20

(7) &3 PCRxZo| & TAPV 5o] 314 PCR ANWH HA HAAIZE

Table 3. Ultra-rapid real-time PCR condition to reduced detection time.
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Table 4. Ultra-rapid real-time PCR condition to reduced detection time.

PCE condition Cr value T'm value Elapsed time
94% 1s, 60%C 1s, 727 3s Z21.92 82.38 9:11
94% 1s, 617 1s, 727 3s 2z.13 gz.44 859
93% 1s, 617 1s, 727 3s 22,20 82.5% 554
93%C 1s, B27C 1s, T27C 3s 2z.20 gz.34 g4z
92%C 1s, B27C 1s, 72T 3s A gz.50 831
91%C 18, B2C 1s, T27C 3s 25.93 82.38 827
91%C 1s B3C 1s, TEC 3= 23.19 82.05 8:15
(8) &3 PCR &% 7 W& IAPV 5ol 234 PCR AAY9 A4 7

- 156 -

Melting range Ramping rate Cr value Tm value Elapsed time
T5-857C 0.2%C/ger 23.19 82.05 315
T9-85%C 0.2%C/gec 23.92 82.63 743
T9-85%C 0.3C/sec 23.90 82.84 T34
T9-85%C 0.4%C/sec 23.03 g 730

9) A= A IAPV Fo] i PCR AW A&



Figure 5. Sensitivity test for the detection primer set with serially diluted honeybee
samples.

Confirmed PCR condition was applied to IAPV URRT PCR using serially diluted ¢cDNA
from TAPV infected honeybee samples. The quantities of loaded virus were calculated into
from around 5X10° to 5X 10%All PCR products were identical, depend on the temperature
of midpoint (Tm).
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2. RT-LAMPWY & o] &3 IAPV (Israel acute paralysis Virus) A< A¢y sat

7 R

B oAPE
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i

Aol WAl IAPV (Israel acute paralysis Virus)E @ &olA f1 A a1

Ol

e B8 o2 AAA-525ZFH (Reverse-transcription loop—mediated isothermal

amplification)& 2 -&3}o] A4+ 73k Ao
B o8& Journal of Apiculture (2011), 26(2)e] “TAPVW ¢l capsid protein gene® A&ES 9
3k RT-LAMP ®We] /o7 Ao gy Aow B HiuodAsE o AxE F4Ho=z o

28] QAL

oA
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.

1) ¥ AFoA AdE primersd 1 @744

Table 1. The four specific primers for IAPV-RT-LAMP

name Sequence (5'—3") mer (Ién)
IAPV-VP2-F3 GTTATAGGATTACCGTGGTGA 21 56
IAPV-VP2-B3 GAACACGTATTGTAACTTCTGT 22 56
IAPV-VP2-FIP é%écGGGTATCACTCCTGGTTTTTAGACAGCTTTTCATACT 44 59
IAPV-VP2-BIP gé%TGGGCCCGATCAGGATCTTTTAGTCAGGTCCAAAATGT 44 58

(2) ¥ 44 ALdA primers ] IAPVHAA F9 A

o. 23 9@ sF

(1) TAPV-RT-LAMP9] HA Qg2 %
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Figure 1. Sequences and locations of four primers for
TIAPV-RT-LAMP. The six locations of motifs for primers and

loops for the LAMP are denoted underlines.

Figure 2. Optimal reaction temperature of IAPV-RT-LAMP

LAMP was performed under range of 450 C to 60.0 C as reaction
temperature. Lane M is 1 kb ladder (NEB, USA). Lanes 1 to 10 are
LAMP products at 45.0C, 463 C 475 C 492 G 514 ¢ 539 ¢ 560 ¢
57.7C, B88C and 60.0 C, respectively. LAMP products are shown in

lanes 1 to 7. Optimal reaction temperature was determined as 54 Cin

lane 6.
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(2) IAPV-RT-LAMP 9] HZ w-g =7

Figure 3. Optimal condition of IAPV-RT-LAMP

Panel A. Optimal primer concentration. Lane M is lkb ladder (NEB, USA).
Lane 1 to 5 were used deferent concentration of inner pirmer as 1, 2, 3, 5,
10mM respectively. Lane 4 was only amplified. Panel B. Optimal dNTP
concentration. Lane M is 1kb ladder (NEB, USA). Lane 1 to 5 were used

deferent concentration of dNTP as 5, 10, 20, 30, 50mM respectively.

(3) TAPV-RT-LAMP Y H4A AF Azt

Figure 4. Determination of minimum reaction time of IAPV-RT-LAMP.

LAMP was performed under range of 60min to 10min. Lane M is lkb
ladder marker (NEB, USA). Lane N is negative control as no reaction
time. Lanes 1 to 6 were carried out at 60, 50, 40, 30, 20 and 10min,

respectively. LAMP products could be amplified in 40min reaction time

- 160 -



(4) TAPV-RT-LAMP 9] W34

Figure 5. Target mRNA concentration in total RNA

Lane M is 1kb ladder marker (NEB, USA). Lane N is negative control as
no template. Lanes 1 to 9 were carried out using 108, 107, 106, 10°, 104,
10°, 10>, 10" and 10° copies of diluted template DNA, respectively. Lane

S is ¢cDNA as template.

(5) IAPV-RT-LAMP 9] AZAAE g A ztst
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Figure 6. Visual inspection of IAPV-RT-LAMP using fluorescent dye

Visual inspection of LAMP amplification products in the reaction tubes was performed by
adding fluorescent dye, SYBR Green 1 and GeneFinderTM to reaction mixture. Tubes a
and b (A and B) are reaction tubes adding SYBR Green I, tubes ¢ and d (C and D) are
reaction tubes adding GeneFinderTM each positive and negative reaction, respectively.
Panel A. Fluorescence under daylight. Positive reaction tubes appreared Yellow and
negative reaction tubes appeared orange with white background. Panel B. Fluorescence
under UV light. Positive reaction tubes appeared fluorescence but negative reaction tubes
not appeared fluorescence. Panel C. Electrophoresis of reaction tube. Lane M is 1kb ladder
(NEB, USA). Lane 1 and 2 are reaction added SYBR Green I, Lane 3 and 4 are reaction

added GeneFinderTM each positive and negative reaction, respectively.
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(5) IAPV-RT-LAMPS] AAA

Figure 7. Result of the TAPV-RT-LAMP analysis using a water bath to replace the
thermocycler.

All products in reaction tubes were added X1000 GeneFinderTM. Panel A. Fluorescence
under daylight. Tubes a to ¢ are positive reaction tube each sample. Tubes d to f are
negative reaction tube as no template. Positive reaction tubes appreared Yellow and
negative reaction tubes appeared orange with white background. Panel B. Confirmation of
amplification using Electrophoresis. Lane M is 1kb ladder (NEB, USA). Lanes 1 to 3 are

positive reaction, lanes 4 to 6 are negative reaction , each 3 samples, respectively.
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3. RNA-dependent RNA Polymerase(RARP) A€o w1 & TAPV AEF7w3%H3d a3z

7 A E

=l AlA AFzrEe] R Wil Esel Fo% Jgds @Ie, 2o el AA A e
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3FaL 9lo](Morse and Calderone, 2000; Klein et al.,, 2007), =L S84 d2 #AA7Far v}

=

29 Age AgA9 A4 WHE FUsE 2o

FAsho] b= Exoz ol o 4g At

flo

HelF =, o8 AMAE] ¥ /S
gty AR 7R o WA EF= wlo]H A
AH L2 Deformed Wing Virus(DWV), Acute bee paralysis virus(ABPV), Black Queen Cell

(ld
P

Virus(BQCV), Sacbrood Virus(SBV), Kashmir Bee Virus(KBV), Israecli Acute Paralysis
Virus(TAPV)&s 0.2 18F o]/o] ®WYA nloly 2= ubslAd Ith(Allen and Ball, 1996, Eyal
et al., 2007 Govan et al., 2000).

ol F IAPV, ABPV, Kashmir Bee Virus(KBV), SBV % BQCV thsjr= <=3k

genome sequence”’} W& A 2l tHBenjeddou et al, 2001, de Miranda et al., 2004).

2006 SHE morol Al o] 30% o] o] AMERA|E AN B (Colony Collapse
Disorder; CCD)o] M sl om A7 A D0z oF 95% o] are] mo] AbelATtT Wi

X
o

%} (van Engelsdorp et al., 2007).

Sk dglo] whE X2 &2 7hg-dl, 20079 CCDE 99 8-S $3 Metagenome

(Cox-Foster et al, 2007)° 4 TIAPV7} CCD2 714 fd3k Aoz A A %o}

M
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-

4

IAPVE] genome #412 19951 Stoltze ol ¢3te] oln] €8 H A5, o]F Bz FfdlA %
IAPV A& that A7) o] F oAt (Z. 5., 2008; #. 5., 2008; &. 5., 2007). IAPV
= HojAlo] %8 RNA Fd 9 wlo]ly o), 7 Dicistrovirida¥®} ¢ Kashmir Bee Virus

9} A7 do] 97%2 H=2 AeAe Hol(de Miranda et al., 2004; Maori et al.,2007) HZE7

o 0B oA £ glon], OB vlolHAES AT AZdY] AT s AsHon



Fh XL YT 5., 2008 . 5., 2008 FH. F., 2007; =.%, 2010).

A A genome A ¥E¢ RNA dependent RNA Polymerase(RARP) regione- DNA stageZE 7}4]
A = wlolH AE XZ

2]2~9] RNA +3-& 7]

o

b =& RNA9 genomes ¥adstEd 44l whildolu] nfo]

L

o2 AHAQ RNA Mo e HAA7]= Eaolt.

B oo A= WolAe] =& APV EAd wil F3 RNAY A4S Fa3)
regiono| A &= Woldo] =R &Rleta voprt I f89 Vb AAE Hax
A Z=RE APV Zdem Apdsl #Wol Al A S o] 435

sequence 45 5389, RARP region? WolAd % 1o 7|¥kst Als & 734

Py
S
oAl 2wy

(DEE Alm

woqlga Agw w8 Ani A7detn FBgel KFHE Apis Mellfera®® A%
4 249 Jein 458 S £98 AR5E PR AAE Faslel Aue A4

3L, APVl ele] S4ne ARES Awele Ao ALga.
(2) Total RNA Extraction

FAH HH A ZE2Z5E Total RNAE ¢ #8313t MagNA Lyser Green Beads(Roche,

Switzerland)oll €71E AAS &H A vig]E @i, Lysis buffer 1ml¢} Chloroform 200u0%

A71sFe] 6,000rpm, 60% 2] Z2Ho w2 HgE sttt o] AL Total RNA Extraction

kit(Intron, Korea)& AF&3te] A 2pxpe] A Ao whe} %35, 59 Total RNA«= 33

SAl(Eppendorf, Germany)® %% Z743lo] Reverse Transcription #7d] A8kt

(3) Reverse Transcription

Z39 Total RNAZ 3,000ngs A3 cDNAZS 433t} 3,000nge] Total RNAYF 23
H &

ool 100pmol oligo dTE #7138l HE volumes 50pl= 2433 AL, 65CoIA 1057

1= O

dA LG A &, FA] iceZ &4 5w AAGA 4TE 25E 2AAY. Ao AA
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B owkgee] 100mM DDT, 10mM dNTP(each 2.5mM), RNase inhibitor, RocketScript
Reverse Transcriptase(10,000U), 5X reaction bufferE & 7}3le] 40Ceol A 60F37F A=A 5le] vk

&3t Th.
(4) TAPV RARP A A o] W g 5] Primer Design

GenBankell 559 IAPVS] complete genome sequence(Accession No. NC_009025, Fig. 1)&
ngto 2 RARP e SE3EE IAPV-RARPE 5o XZ#olWE AAS% 3, BLAST
(http://www.ncbi.nlm.nih.gov/BLAST)E &3l ol 2 oh& A7ixdae JesAdE& vl
ST

7z} oligonucleotide®] A2 #}o] .Y ~(Bionics, Korea)oll <3t ow, 7z xXgo|H 52
5

2
IAPV-RARP-F, IJAPV-RARP-RZ 3 tH(Table 1).

Table 1. Sequence of specific IAPV-RdARP primers

Name Sequence(5' -~ 3') Target

IAPV-RdRP-F TGCGGATCCATTCTCAATGAAGATGTTA RARP
IAPV-RARP-R TAAGAGCTCACACCAGTTTGGCATTTCAA  (918bp)

Figure 1. A schematic diagram of TAPV complete genome(Accession Nr. NC_009025)
The genome sequence consists of two open reading frames(ORFs) enconding two
polyproteins that ORF 1 is for non-structural polyprotein including RNA helicase, a 3C-like

cysteine protease named as Peptidase C3G, and an RNA dependent RNA Polymerase
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(RARP) and ORF 2 is for structural polyprotein.

(5) IAPV_RdRP Recombinant DNA 9] A%t

RT-reactions %3 #12¥ cDNAZ Table 1o #7]¥ £o°] PrimerE A}83l9] RARP ##
AHAA 918bp)S =E3FAvE PCR A 223 25U Tag DNA Polymerase, 25mM dNTPs,
10x PCR buffer(25mM MgClz), 10 pmol IAPV-RARP-Fwd/Rev, DW= XA 3} a1, 94Tl A
57t pre—denaturation %, 94Tl A 30x%, 56TColA 30x, 72TColA 18-S lcycle® 3}o, 40
cyclevh¥ $=8)31ar 72T ol A 1087} post-extensions 53§ 591t}

S Z ¥ FAA+= pDrive Cloning Vector(QIAGEN, Germany)ol 4F$13F% recombinant DNAE
A ZHEF ). Screening-S A X A¥EH Positive CloneE<2 pDrive-IAPV_RdRP Clonel.& HH
235 9] 2] 8} tH(SolGent, KOREA).
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2. Chromasl¥ Clustal X program(Ver. 1.83)
2 NCBIA AlF¥= BLASTE &3 &3t om, GenBankel &% thE $u §FHA

9719 Tzel FEHS BAFHA

L2 R R U T 5

(1) IAPVY A=

A71del A e EH ABoA IAPV 74 AR5 2lstr7] 98] RNA &3 JHdA &
18-85 %3] AP cDNAZ AF£3le], TAPV detection Primer(Z. 5., 2008)Z A& 3}
PCRS F33gtt. el B-actin genes reference® v dle] JHA} &40 A%s 5l

39 o, Eo]l&Detection PrimerE F3l od¥ AW 570bp 27]9] & AHEE& gl

-~

FHE BE A 5E i PCR #HAALES AA 5, IAPV 7Y ddo] &od AL
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Figure 2. Detection of IAPV(Isracli Acute Paralysis Virus) in Honey bhee from
Kyonggi-Uni, Korea.

Total RNA extracted from the honey bees was examined for the presence of TAPV by
performing of PCR. Specific detection primer pair for TAPV amplified a PCR fragment of
ca. 560bp. TAPV was detected in honeybees specimen from a bee—farm at Kyonggi
University, Korea. Lane M. 1lkb ladder of DNA size marker; Lane 1. Positive control(B
—actin of Honeybee, 230bp); Lane 2. Amplified product with IAPV-detection primer set.

(2) IAPV-RdRP Recombinant DNA A %}t

o] =Z% IAPV_RARP PCR

Ol

Table 1.9 =HAl¥® TAPV-RARP primer & ARg
product(918bp)E pDRIVE vector{Qiagen, Germany)®t T-A cloningS 33}t Vector
specific primerE AF83F9 Screeningdt ¥, A¥H F 7719 Clonege-S pDrive-IAPV_RdRP

Clone Nr. X&3 9934}

=

3) 471449 & &L +4

X

Screenings € A F FEE cloneed A7IM4E AAe & £4& oFEa, 249
A7 E2 ClustalX program(ver. 1.83)3% BLAST tools AF&3l%] Primer A|ZFA] A&
IAPV complete sequence(accession. Nr. NC_009025)3} Wl &243}3l, 1 & NCBIo| 554
2 8719 IAPV complete sequence(Table 2)E3 % AaAd 22l wE AEstd E/7E 9

3 waL 48kl

AHE = 7712 pDrive-IAPV_RARP Clones 3 NC_009025° 4 A A]¥ RdARP sequence
(Region 5358bp—6198hp) 2] Wl oAl gk o2 7|9 14712 A7|E A9d 9047 477}
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[A]

[B]

Figure 3. Multiple Alignment of c¢DNA sequence and amino acid sequence of the
IAPV_RdRP gene between Reference(NC_009025) and Clones.

CXs indicate the nucleotides (A) and amino acids (B) of pDrive-IAPV_RdRP clones in this
study. The reference sequence determined is corresponding to nucleotides in 5358-6198 of

NC_009025 that is a TAPV complete genome sequence deposited in the GeneBank database
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and amino acids in 1555-1834 of Protein ID : YP_001040002

A A3 29 (Fig. 3A), oFv|ieal A do A= 3719] ofniks AlQlslal YA 3led(Fig. 3B) 7
97969k 98%¢] “dEd-e FsA

oA AR Y AIRE B F5% RARP 4714499 AEA EFE §l@d NCBIO
| of

A= BE 8719 IAPV complete genome(Table 2)¢] RARP A& F-3-& vl i, #2413}

Table 2. List of TAPV complete genome sequence from NCBI

Accession No. Country Description

(YPN %—001%%%20502) Israel Israel acute paralysis virus of bees
(Eg\%‘gg?‘) USA Israel acute paralysis virus of bees from USA

( AEBL\J(2721‘;25%01) USA Israel acute paralysis virus of bees from USA
(Eggéggzg) USA Israel acute paralysis virus of bees from USA
(Egg%?‘;g?) USA Israel acute paralysis virus of bees strain IS1-ISRAEL-2007,
(Egé%?‘;gg) Australia Israel acute paralysis virus of bees strain OZ6-AUSTRALIA-2007
(Egé%%%%) USA Israel acute paralysis virus of bees strain DVE31-OP3-PA-USA-2007

EF219380 L

(AAV64179) Israel Israel acute paralysis virus of bees

Multiple alignment Z ¥} “F&/del %el we} F IAFo=2 vFoxeE e HA o™ (Fig.
4), o] 2~} A(EF219380, NC009025)3 m|or(EU436455, EU218534) o4 Had 4712 7|44
B2 987100%9] FE S wolal o] Aol = GloE ER3SI

T 7(EU436456) 9k = (EU224279, EU224280, EU436423)°A] Halgl of& 4712 TAPV_RdRP
o

71 DL 979769 EdE B, G2E Bl 7 1E 78 RARP AV de At
5

Aom of 90% AR et BT Ao T4
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Figure 4. Alignment of RARP sequences of eight different TAPV complete genome

There are 8 different TAPV complete genome that deposited in GeneBank database of
NCBI. Four strains(EF219380, NC009025, EU436455, EU218534) presented 100% homegeny
and another strains(EU436456, EU224279, EU224280, EU436423) presented 979 homology,
respectively. In between the two groups showed relatively lower homology around 90% on

average.
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ofmj =ik A FA M= 871 F Group 1] 3k 3709 2 AHEF218380, NC009025,
EU436455)7F 100% 4AgteE s 7HAe Aoz 9 AtH(Fig. 5.

Figure 5. Alignment of amino acid sequences for RARP of eight different IAPV
Amino acid sequence of 8 different IAPVs from GeneBank analyzes with Clustal
X(Ver.1.83), only used for RARP regions. This is the results for homology bhetweens a.a

sequences; which indicates that three TAPV(EF218390, NC009025, EU436455) with lined

showed 100% homogeny compared to others.

flel F Fig. 4, 594 #A GeneBankell %3¢ %1+ complete IAPV genome?] RARP #

& A7 Dl oF 37 10% WMo Wol e FA = Aom FAF T

o) wel B AT A& 2 ZFZ 9 IAPV. RARP 9714499 AEA EHE 317 93

=

A

714 Ae Weldg B pDrive-IAPV_RARP C63F ¢ #40] AM&3t90% NCBIOl 559
IAPV complete genome-2 Y] 213} t}.

Alignment A3, Clone® RdARP 9714 <€& Fig. 404 &E7F% Gl Ahdoz

i

ke
T

08799%¢9] A=A S Hoon, B3 EU234004 AAE IAPVE RARP 47| A< v

>
N

M A28 A 836bp7t I3 em, EF219380, NC0092059+= 10712 971 & A9
830bp7t LA dke] 7 99% ¢} 97.79% 9] AEA-S Fddul G20 £33 vhE IAPVE RdARP

o

H7IM A= g oz 91792%0 Hede wolas As F9aadthFig. 6A).
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[B]

Figure 6. Multiple Alignment of DNA sequence and amino acid sequence of RARP between
pDrive-IAPV_RdRP clone 6 and eight different TAPV complete genome

Both DNA sequence and amino acid sequence of pDrive-TAPV_RdRP clone 6 is analyzed
by ClustalX(ver 1.83) to calculate the homology presented as a percentage compared to
eight different TAPVs from GeneBank. In the sequence of clone 6 has relatively high
homogeny as a 985% on average with EU218534, NC009025, EF218380, especially with
EU218534. An a.a sequence of RARP in clone 6 showed the high homogeny as a 99% with
EUA436455 and NC_009025 as well whereas it showed relatively lower homogeny than 90%
with another TAPV complete genome sequence from EU436456, EU224279, EU224280,
EU436423.

obricat MAAE 71 d 4 dikel o] EU218534, EF219380, NC009205, EU436455
oF A e® =2 08799%9 e ds Holon, 53] EU4364057 = 99.2%9] %2 o=

hu
W
rlo
o
offt
o,
o
s
£
HN
v
rir
S,
o
do

O
QL
E
=
)
[@))
%

Complete genome H7]A & FEAelA sHelg of 10% o] ¥old o2 RARP 47|29 #8&
7bsd e Aol mofsirhal waste], X oo wE TAPVE RARP @74 <Y ®Wold-Ss
B A dE Foa] E#®@ RARP partial sequenceE(Table 2.)3 2 =I-of A

Reference® AF&3¥ Complete genome sequences o] A7) A3} o)At A4S wjw &4
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wHolA 2k 98%9] ¥ AEde BAFAT(ARE vAA). kxR, NCBIC & =9 IAPV

[e]

T

complete genome®] RARP @7|AMEiH& ofF vt AeAds Holw, 5042 Jede

= A eekth(Fig. 7)

ol

Table 2. List of RARP partial cds isolated from Japan and China deposited in GeneBank

Accession No. Country Description
AB745499 Japan IAPV for RdRP, partial CDs, isolated: Japan 1_iapv
AB745500 Japan IAPV for RdRP, partial CDs, isolated: Japan 2_iapv
AB745501 Japan IAPV for RdRP, partial CDs, isolated: Japan 3_iapv
AB745502 Japan IAPV for RdRP, partial CDs, isolated: Japan 4_iapv
AB745503 Japan IAPV for RdRP, partial CDs, isolated: Japan 5_iapv
AB745504 Japan IAPV for RdRP, partial CDs, isolated: Japan 6_iapv
AB745505 Japan IAPV for RdRP, partial CDs, isolated: Japan 7_iapv
AB745494 China IAPV for RdRP, partial CDs, isolated: China 1_iapv
AB745495 China IAPV for RdRP, partial CDs, isolated: China 2_iapv
AB745496 China IAPV for RdRP, partial CDs, isolated: China 3_iapv
AB745497 China IAPV for RdRP, partial CDs, isolated: China 4_iapv
AB745498 China IAPV for RdRP, partial CDs, isolated: China 5_iapv
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Figure 7. Multiple Alignment between the RARP partial sequence from Japan& China and
full length of RARP sequence from TAPV complete genome

Analysis for the comparison with 12 different RARP partial sequences isolated from Japan
and China by Clustal X program showed about 98% homology whereas the comparison of
partial sequences with full length of RARP of TIAPV complete genome showed the low
homology with less than 20%. Which indicates that it does not show a significant
homogeny between RARP partial sequence isolated from Japan/China and RARP sequence of

TAPV complete genome identified in different area, USA, Israel.

el A7IME A Aol whel # Aol AbEE EHE A BA FEF ¥ RARP A7IA D2
Ayatd o7 7]Eo] NCBIo 533 W IAPV complete genome % EU218534(USA)3} H L
o @7 AL ofmeAit Ahol A Z2F 99%9F 98% 9 & AeAdS e oE FAAH
i, o] B oA AZE pDrive-IAPV_RARP7} 1 Al&olA ##ld IAPVEZ &/}
ALE E o xITh EU218534(USA)S =2 AsA-E& 7HEd EU2183803 NC00902592] 4 7]~

3 GeneBankel] ¢l 8719 IAPV complete genomeE-S EF v Al 7| AaAA oF
Gl oA WHolzl 7] A Ee] '

2L
HE BAFJAAR, AVIAEFY] A @8 ®olAdo] RARP ¢7144d F24¢] IAPVE] A&
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FHEAE, B F3oA EEo] HaE 25 12719 RARP partial sequenceE< 1%

o4 =E o 200 ol5he] W FEAEL 2 AOE MOFUL, o|AL AF FEAH|A ¢
GItH(Fig. 7). o7& e 97 A #4 @ase] Hste] RARP 4714

Il
de] ®olgo] ke Ae sl F= d3eolH, RARP |7 gl wE X %<l TAPV

o] 79SS YO 7= Israeli Acute Paralysis Virus(IAPV)7} Metagenome 48 £3)] &
5 I #H(CCD; colony collapse disorder)9] 7} 83 F2 €< nlo]y el HaE$]
o} APV} KBVE ¢hd 3 genome 9714 Dol #Waxa 1 £4402 JAPVE W =

RNA F39 npo]gixaglar 4 AT non-structural ©ze] g F-F2< RNA dependent
RNA Polymerase(RARP)& #lo]2] 2] RNA F3 & 7|wko = Fu A<l RNA 7lee] &
A 7]= &4olH, DNA stageE 7FA1A &&= EE RNA Hlo|#] 29 genomes ¢35 313f=

0 B5A9 o)y,

£
o

8 M5 ATE

b 22Ye 25t

RARP 471 e] wloldo] vhehber] asha, AEsa s
7] f18l E Aqrell A= Fol4 o] E Az, RARP FHAE &2
pDrive-TAPV_RdRP clones& A2t o, A7|A4ad £40 A-83FH T pDrive-TAPV_RdRP

A
off

cloneE2 GeneBank database®] =% TAPV(Access. no. EU218534 and NC009025)¢] RARP
A7y} obm| Ak Ao A ZFZF 97%9F 99%9] AEAS Hel ¥k thE JAPV complete
=3

b

genomeE ¥ OF 90% R HUAoR e S B

IAPV complete genome® RARP 17|41 <d 4o A °oF 10%¢] WolAde &Fodtla, w3k o
B odl Faro|A E2l¥ RARP partial A/ E3 TIAPVE RARP A E3te 4 A3E 53] RARP
of FAA AVIMEH dld AE BFoA Wolds TRzt Aol Feld & ATk oA
TolA FilE d3e2 RARP 971449 F40] drvbal IAPVe] AlEstd frol A&d

Qo w3 x o] wE IAPVE AlEAd B thek

N
0]

Fs/de AAska A
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4. Israel acute paralysis virus (IAPV)9] &94& 98 A =3 Capsid protein®] A4F

7 e R

B 3= Israel acute paralysis virus(IAPV) Eo] wulza g9lol tigF Hgaks 2oz

IAPV 2] Capsid protein F+AAE Aol A A2 W& A 7|4, AA S Aol

°

2 AF=  Journal of Apiculture (2011), 26(3)ell “Capsid protein gene expression of Israel
acute paralysis virus in honeybee (Apis mellifera L.)” ¢ Al&F-o = ¥ 7], H H 319

o ARE FHOE 1 J)E Bk,

oA

Pk

i

(1) TAPV Capsid protein® molecular cloningg 93 primeres 9 1 47144

Table 1. Primer sequence for IAPV molecular cloning.

Name Sequence(5'->3°) Product size Reference
[APV-VP2-F ATGATTGGGGCGGTGTAATA

4 Thi
IAPV-VP2-R TACGTCTTCTGCCCATTTCC D48bp is study

(2) IAPV Capsid protein® subcloningS €3t primers @ 1 97|44

Table 2. Primer sequence for subcloning including to restriction site

Product
size

561bp This study

Name Sequence(5'->3°) Reference

IAPV-VP2-B  GGATTCGATGATTGGGGTGGAGTTATA
IAPV-VP2-S5 GTCGACTACGTCTTCTGCCCATTTCC

*Two sites as underlined indicate BamH I /Sal 1 restriction enzyme site, respectively.

ENEE AL

(1) TAPV Capsid protein gene? 97144
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Figure 1. Alignment between TAPV gene in this study and EU436509 from GenBank

nucleotide sequences in this study revealed 10 mismatches. Among these mismatches, three
of them caused amino acid replacement.
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(2) @A w3 o] xg3¥ TAPV Capsid protein gene?] %7144

Figure 2. Alignment between IAPV gene in molecular cloned and sub—cloned.

Sub-cloned IAPV sequence was added BamH I /Sall restriction enzyme site.

(3) A %3 IAPV Capsid protein gene?] @M= u-g
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Figure 3. Expression of TAPV depends on IPTG concentration

PQE30-TAPV in MI15 was cultured until OD600=0.6 and inducted by IPTG to express
recombinant IAPV. Inducted cell was collected after 5 hrs. Lane M is protein size marker
(Fermentas, USA; 250, 150, 100, 70, 50, 40, 30, 20, 15, 10 and 5kDa). Lane N is negative
control as no induction. Lanes 1 to 5 are 0.05, 0.1, 0.3, 0.5 and 1.0mM IPTG concentration,
respectively. Lane P is positive control as gfp expression.

(4) A1 %3 IAPV Capsid protein gene® H2A wd x4

Figure 4. Optimal induction point for expression of recombinant TAPV

pQE30-TAPV in MI15 was started to induce 0.1ImM at variable OD600 concentration.
Inducted cell was collected after 5 hrs. Lane M is protein size marker (Fermentas, USA;
250, 150, 100, 70, 50, 40, 30, 20, 15, 10 and bkDa). Lane N is negative control as no
induction. Lanes 1 to 6 are induction at OD600=0.2, 0.35, 0.5, 0.7, 0.9 and 1.25, respectively.
Lane P is positive control as gfp expression.

(5) A %3 IAPV Capsid protein gene® HZ wd X zh
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Figure 5. Optimal incubation time recombinant TAPV

pQE30-TIAPV 1n MI15 was started to induce 0.1mM at OD600=0.7 and collected cells at
different induced time. Lane M is protein size marker (Fermentas, USA; 250, 150, 100, 70,
50, 40, 30, 20, 15, 10 and 5kDa). Lane N is negative control as no induction. Lanes 1 to 6
are collected cells after 1, 3, 5, 7 and 10hrs long induction, respectively. Lane P is positive
control as gfp expression.

(6) Inclusion body2 @Aol| 23 A %3} IAPV Capsid protein®] %3

Figure 6. Formation of inclusion body

After sonication, location of TAPV protein was checked either the supernatant and pellet in
divided total protein by centrifugation. Lane M is protein size marker (Fermentas, USA;
250, 150, 100, 70, 50, 40, 30, 20, 15, 10 and bkDa). Lane N is negative control as no
induction. Lane 1 is total protein. Lane 2 is supernatant and lane 3 is pellet. Target protein
located 1n pellet of total protein.
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Al 10 A Kakugo virus® AAI A4 AW /T

1. Kakugo virus®] =u] EA¢
7F. A E.

BoAFE oAt Hauyel HHel HAQ Kakugo virus’l srijol® =188 XS
v Ao g o]F e Kakugo virusol thdk <2 Al o] It}

B8-S Journal of Apiculture (2012), 27(1)o] LEH Aow H WA= oL ARE F

Aoz W ste] A gy,
. 43 9 azh
1) AZol A€9 primer €@ 1 97|44

Table 1. primers of Kakugo virus for cloning and detection.

Oligo name Sequence (5' — 3" mer product size Reference
Kakugo-F GGA TCC ATG CGT CCC GAA CTT GAG 24
Kakugo-R  GTC GAC CGC GCT AGC ATA ACA TCT AAC 27

1104 bp this study

(2) Kakugo virus® #F4dA &1 = 93 molecular cloning
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MI 1 2 M2 4 5 6 7 8 9

2.9kp

1104bp
0.5kp

Fig. 1. Identification of pBX vector restriction. And the PCR detection of KV in

honey bees collected from Korean apiary.
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(3) Kakugo virus9 971449 2 vz 4

Fig. 2. DNA sequence homology between AB250362.1 and Korean KV strain. This
query indicates nucleotides from KV Korean strains in this study. The determined
sequence corresponds to nucleotides in 1-891 of AB250362.1 (Kakugo virus gene
for polyprotein, RNA dependent RNA polymerase region, partial cds, strain:
BF7-050602 in the GenBank database). Identical residues are indicated in the
consensus line with a vertical bar (|). The nucleotide sequence was aligned to

AB250362.1, which revealed 96.6% homology.
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(4) Kakugo virus® Aol 7]Qkgt ofu] =it A 9 vl 74

Fig. 3. Amino acid sequence homology between AB250362.1 (protein No.
BAF32580) and Korean KV strain. This query indicates nucleotides from Korean
KV strains in this study. The determined DNA sequence in this study was
translated into amino acid sequences and compared with 1-297 amino acid
sequences of BAF32580.1 (polyprotein of Kakugo virus). Identical residues are
indicated in the concensus line with alphabets. The amino acid sequence was

aligned to BAF32580.1, which revealed 99.3% homology.

2. Loop-mediated isothermal Amplification(LAMP) W& |83 Kakugo Virus9

Mz A=W AT

7F. A&

s, ABA T Aibel®= A=A 7|o3lar ol (Morse and Calderone, 2000; Klein er al,
al

, Alolel 2= Q1dh Ee] AR 18F o]4fol &# Al 3ot (Allen and Ball, 1996), &

ZRA = mpolE 2] AWl tiek A AR AAE wp glow, A g " A wke] A

.t
B
i

(dt
o
il
3

,
rir
do
e
g
£

oz e A vk HAAA =l dHe doTl= nt
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paralysis virus(CBPV), Black queen cell virus(BQCV), Kashmir Bee virus(KBV), Sacbrood
virus(SBV), Isracli acute paralysis virus(IAPV), Apis iridescent virus, Cloudy wing
virus(CWV) & 18%F o]o] W3 A 9t (Ghosh et al, 1999; Govan et al., 2000; Leat et al.,
2000; de Miranda et al., 2004; Lanzi et al, 2006; Maori et al., 2007). £3] o] & wnlo]y]

sEe BPe ASAOR FHAA B JAAS EFAGS dosH, g EFRDL
gze B3 5 B AA AWA £4& Qeslsel Az o gARe Az uFEL
ATHH 5, 2008).

Kakugo Virus(KV)& 2004d d2eA A Foz2 TR HATHFujivuki et al, 2004). KVE ¢
Aoz At A AR 43S UehlE dH Y oA #Ed picorna virusA € 9
virusel ™ (Fujiyuki et al., 2005), KV2] RNAE 2,893719] o}n|wats @zl o] ojvx
A& picorna virus®t W23 polyproteing ¥ x4 SA-% A7|AEe] A S TS

(Fujuyuki et al., 2004).

T KVE HE ZFAAZ By olyg) il = Al AAES 7AaAzIth KV #gde
Ho| A A AHoz YebdtH(Fujuyuki et al., 2004). AA W2 52 =209 WY A=
Aol F Q3 (Krupp et al., 2008), KV 72 <ol gt et #=Z& Aot o
& & Aoz AR FH(Fujuyuki et al., 2009). gt A= Boram Lee §(2012)¢] &3l A
£ 0.2 Kakugo Viruse] €415 g<139t}.

154

(
o

3H Notomi % (2000)2 strand displacement activity 7} < Bst DNA polymeraseZ ©]-&3}

o HFLAd EAH FHAE loop TERE  FEAIE  Loop-mediated isothermal
amplification(LAMP)H-& 3.¢t3lglv)k. Lk PCRo| 2719 prierE AF&3= A3 €], LAMP
= 6709 FAA YAE A2 s = 4719 primers AFE3HA A tHBlomstrom et al., 2008;
Nagamine et al., 2002; Zhang et al., 2009). ©]i= LAMP7} target DNA<| th3l ool wj-$
ol A& 9|3t} (Tsugunori, 2007).

LAMP®] 7} 2 EALS T4 44 TFo] o] Foith= FHolth o= 2&k¢ )
7F 2% PCRel HlelA] T2 242 3 7HA ofdg 7HAaL Utk WA 2% Fdo] I gl
7] wjitel iAo w whE Azbo] Fropxivt whepa F vl WE AIZF o] AR FE%E Ut
3t gtk LAMPE o] &3ttt d7ds AzbE A9sta g AzE el fAdA FFo] 7)
TohE 7 Ay =wollA ol »adE vk ok (Ohori et al., 2006; Xu et al., 2009). %3 F
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> 20 FE2 LAMPZE BE AE wiled 9 s e ¢ ke oA 9
U(Yoshiteru et al., 2006). A% =¥t FA8HE WS dod 5 Y] el aviel A
H7E B gle]l d2ax 5 eE Avivks JhX AR wbgo] Zhg sty ek LAMPE ©]
3 w=o] Al WA @] otyrHE FedYdN 5 wAxe HEl Jhe
IRl

ofr

e, ElyEel A= LAMPR o2 KVE dd 5= Sl Wio] ofF 7 F(2012)0 ¢ &k
AAE b gl SR B ATl A& AAad pe WARE us o whe

Al KVE A5E ¢ = daws 7idstas ol

Pk

i

YA

(1) Kakugo Virus Clone 4]

B oo Fo A= Kakugo Virus sequence(GenBank No. AB250362.1)2] 97%2] AsA-S Ho|=
sequence®t pBX T vectorE X33 pBX-KV clone(Boram Lee et al., 2012)& AF-g39it}.
pBX-KV clone< HAx7A &<l Y7 9 5o 3o LAMP F3d o2 AREH ST

(2) KV-LAMP(s)W 9] primer A7 2 A&
LAMP primer designing software$! PrimerExplorer VA4(http://primerexplorer.jp./e/index.htm
DE o]&3le] KV E9o] LAMPE primerE A 23ttt KV-LAMP(s)o] A}&3F primer set™

Table 1.9 YEeRHSIY. Forward inner primer$! KV-FIP(2)F= KV antisense sequence®] X

el A7 L(F2)3 TTTT linker 18] 3L loopE dAZstE 97| 44D(Fle) B82S A3 A

o 2 52nt9 long—nucleotide® A2} 3}t

Reverse inner primer$] KB-BIP(2):= KV sense sequence® X A<l A7|Ad(B2)3 TTTT

linker, loopE A3t A7IALBle) F7& 2383 Aoz 77} 52 nucleotides® Al 23}

t}, ®E3F outer primer KV-F3(2)3 KV-B3(2)3= inner primerE2] v}l7ZZo]| 932 A

st o Z7; 18, 19nte] =71 E A A oW inner primers ¢ 7A-$ol¥ PAGE AA 3 A}
&3 A tHFig 1).
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Table 1. Information of KV-LAMP(s) primer set

. Length
Oligo Sequence(5'—3")
(mer)
KV-F3(2) TTAACGCTGAGCATGGTA 18
KV-B3(2) ACTCGCTTCATTTCGTCTT 19
KB-FIP(®) H TGAGTGCCATACTTTGACAAACTTTTTTATTGATGTTAACAGCT 5
TAGAATGG
KB-BIP(2) H TAAGAATTTTGGCCCTGGATTAGATTTTTAGTATAATGTAATAC 5
| CCAGTCGA

UFIP : combine by Flc and F2
YBIP : combine by Blc and B2

5'-GCCTTAACGCTGAGCATGGTATAGGTATTGATGTTAACAGCTTAGAA
KV-F3(2) KV-TF2(2)(sense)
TGGACAAATTTGGCAACAAGTTTGTCAAAGTATGGCACTCATATCGTGA
KV-TI1(2)(loop)
CGGGTGACTATAAGAATTTTGGCCCTGGATTAGATTCCGATGTTGCAGC
KV-B1(2)(loop)
TTCGGCGTTCGAAATTATTATCGACTGGGTATTACATTATACTGAAGA
KV-B2(2)(anti-sense)
AGATAATAAAGACGAAATGAAGCGAGTAATGT-3
KV-B3(2)

Figure 1. Nucleotide sequences and location of primers for KV-LAMP(s).

(3) KV-LAMP(s)9] HA wg2x A

KV A%< 93 primer sete] @4 H4A £52 =AHs9rl g F3¢ pBX-KV
plasmid (Boram Lee et al., 2012) 1ng, KV-FIP(2)/BIP(2)+= Z}7Z} 40pmole, KV-F3(2)/B3(2)+=
Z+7; 10pmole, 2.5mM dNTP, 10x reaction buffer, 8U Bst DNA polymerase(NEB, U.S.A),
DMSO(HZ% % 5%)E #H7lsle] & 20 = X243+5ith. Bst DNA polymerases 80T ©] %ol
i 2844 E He A4S JHAA o], 94T A 583 DNAE &g/l H SA ice® &7

WAL 18 AR Sl HIbskl e, of § 603 DNA A7E 18skalar 80 ColA

ro
o
(ld

1083+ A=A 8] Bst DNA polymeraseE =8A13} A7l & Z53 9. DNA 239 HHLem
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=32 50.0~60.0C 7oA 1A17F Bot S2xAsloA 23
5 ArlgE oz FA3le] KV-LAMP(s)ol| 3 HAexs& =459}

(4) KV-LAMP(s)9] HZ vkgof x4

=ge)

(ld

L3 KV-LAMP(s)9] H4 vkg =718 &Hsl7] 913+ primer set¥?} ANTPY &%
sho] whg-of Ao mE HA 24E 213kt primere] ¥ %+ Notomi 5(2000)0] A A
outer primer$} inner primer?] FX7F 4L 71 & 2&S HYTE A& nfgo =z o

H &8 74315 primere] AsEyhs WHIlAA I A3E FAIAC. =, inner primer?)

-
—

7zt F%7) 20pmole, 40pmole, 60pmole, 80pmole, 100pmole¥ ™ outer primere 7 %+

5pmole, 10pmole, 15pmole, 20pmole, 25pmole® 3¢ LAMPE 433t} ANTPS 4% Z7

1.25mM, 2.5mM, 5mM, 7.5mM, 10mMo] ¥ %% xAste] Ao nH H4 vhg 218
Hak3d v

(5) KV-LAMP(s)ol A primer? A %37

KV-LAMP(s)e] HAE3AE F4317] 93t pBX-KV plasmid®] copyFE o] 2o u}
2} Aarste] 1x 107copies¥-H 17108 @A A3 & o] F3 o= sto] e HAxd
4] LAMPE 4333t}

6x10%(copies/mol) X concentration(g/ut)
MW(g/mol)
=amount(copies/t)

~

3}
1,

2

(6) KV-LAMP(s)2] 4 wb$ A

)
Ol

[e]

T

ot

171 $18kel KV d%ol B3 Ha whs A0E

A7l 3 Bst DNA polymeraseE H7}3F whg-of o

ﬂlO

KV-LAMP(s)9] #Ha w-§ A|7HE
Q13farAl BT 94TeolA 5E-7F wl
polymerization A|7H& 60+, 50+, 40%, 304, 20+, 10Fo 2 XHslo] o 52 ALTE v s}

Ao, LAMPRFES KV-LAMP(s)9] g 2FExgdo= Fastglrt.

T
oo

(7) Fluorescent Dye test
KV-LAMP(s) £8 % AdA7)|d52 F3 glo] &3] 93te], DNA o]F 7} A= o]
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=ae] 3 BS e 3lE SYBR Green I, Gene-Finder™ Nucleic acid fluorescent dye(Baygene
Biotech Company Limited, China)E A}&3t9t. SYBR Green 1S5 AF£3F whgoe
ultraviolet transilluminator’doll A #23}92.8], Gene-Finder™ Nucleic acid fluorescent dyeZ

AEE g FPES BUOT s BT

EREE I E

(1) KV-LAMP(s) H3 Wkg &% 2 yhgof x4

LAMP ¥hg-9] 2 w8 %78 Z4317] 93te] pBX-KV plasmid DNAE 3 DNAZ A}

#3tgnh H2 we eng =Asr] ¢3ske], 50.0C, 51.3C, 525C, 54.2°C, 56.4C, 5897C,
61.0C, 63.9C, 65.0CoIA 1A7F &<t 77 S2x43fd A KV-LAMP(s)E 283909, 7}
LAMP wr&o] &y & ZZANEESLS 15% agarose gels o] &3] 100VelA] 2587 A7|9%

(Mupidone, Advance, Japan)3}$ith.

Agarose gel<- ethidium bromide(Sigma Chemical Co.)Z 9 A3le] UV transilluminatorel 4]
#&Z3A. 50.0~61.0Ce HolA KV-specific DNAZF A&AE = AL 21319 2 (Fig.
2), KV-LAMP(s)9] #H4 T 2= BhEd3s ko] 56T=2 49U, ofF9 4
4" 259 56ToNA =3

il

ke
T

Figure 2. Temperature gradient KV-LAMP(s).
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Lane M is 100bp ladder(Bioneer, Korea). Lane 1 to 9 were specific LAMP product from
each LAMP under isothermal temperature at 50.0C, 51.3C, 525TC, 54.27T, 5647C, 5897T,

61.0TC, 63.97TC, 65.0T, respectively. Optimal elongation temperature was determined at 59TC.

$tA KV-LAMP(s)9] HA v 2705 37 99135+ primer, ANTPS] ¥4 ¥E=& +-3}
At} Primer? 7% inner primer’} 27} 100pmole, outer primer”} 242} 25pmole & W 7}
FS LAMP A =o] A= o™ (Fig 3), ANTPS] 4% 5mM<Y w, DNA®S] A% o] 7174 #

o] Foldl AL e F ATHFig ).

Figure 3. The optimal concentration of reaction solution(primers).

The optimal concentrations of primers. Lane M is 100bp ladder(Bioneer, Korea). Lane 1,
KV-LAMP(s) using 20pmole KV-FIP(2)/BIP(2), and 5pmole KV-F3(2)/B3(2); Lane 2,
KV-LAMP(s) using 40pmole KV-FIP(2)/BIP(2) and 10pmole KV-F3(2)/B3(2); Lane 3,
KV-LAMP(s) using 60pmole KV-FIP(2)/BIP(2), and 15pmole KV-F3(2)/B3(2); Lane 4
KV-LAMP(s) using 80pmole KV-FIP(2)/BIP(2), and 20pmole KV-F3(2)/B3(2); Lane 5,
KV-LAMP(s) using 100pmole KV-FIP(2)/BIP(2), and 25pmole KV-F3(2)/B3(2). Lane N,
Opmole KV-FIP(2)/BIP(2) and Opmole KV-F3(2)/B3(2).
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Figure 4. The optimal concentration of reaction solution(dNTP).
The optimal concentrations of dNTP. Lane M is 100bp ladder(Bioneer, Korea). Lane 1 to
5, LAMP products using 1.25mM; 2.5mM; o5mM; 7.5mM; 10mM dNTP. The optimal

concentration of dNTP was determined at 5mM. Lane N is negative control.

~
o
o

(2) KV-LAMP(s)9] H2& whg A
KV-LAMP(s)9] 4 ®kg A 7he SQetr] 918ko], w23k 10~60%-0.% 217 =A%
H, 5% 2 A ALE uwdtth vhgA Zho] 408 o] 3d A$ FEHo] o F

A A (Fig 5). WA KV-LAMP(s)E= 408 ©]2F9 ukg Algke] Folxvpd KV AFEo|

TR e Aom oARI
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Figure 5. Determination of minimum reaction time of KV-LAMP(s).

KV-LAMP(s) was performed under range of 60min to 10min as reaction time after
denaturation step. Lane M is 100bp ladder marker(Bioneer, Korea). Lane 1 to 6 were
carried out at 10, 20, 30, 40, 50 and 60min, respectively. KV-LAMP(s) products could be

amplified in 40min reaction time.

Z, KV-LAMP(s)E 93+ &4 ¥k&od AL = 20uUE 7|Eo2, 242 100pmole?) inner
primer, 22} 25pmole®] outer primer, 5mM dNTP, 10x Reaction buffer, 8U Bst DNA
polymerase(NEB, US.A)Z 3Ilyd o 56T S2XAdA 6087 F3d3ts AS

KV-LAMP(s)9] E&=x7d0=2 g#39c)

(3) KV-LAMP(s)¢] 7% 39l

KB-LAMP(s)9] AZ3AZ =A317] 9359 pBX-KV plasmidE 1x 10" copiesiH 1x 10
copies7F#] 1/10% @A = 8|43 & AN [ wE FHo= AMEAY. A&3A =4 4

7} 1x 10%copies”7tA KV-LAMP(s)& %3] 7%3 5 Jd= Aoz 3eludrhFig 5).

Figure 5. Sensitivity test of primers in KV-LAMP(s). Detection limit of
KV-LAMP(s).

pBX-KV plasmid solution containing 1X1O7copeis/ 1l was serially 10-fold diluted. Lane M
is 100bp ladder Marker (Bioneer, Korea). Lane 1, KV-LAMP(s) with using 1x 10’copeis/sL.
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Lane 2, KV-LAMP(s) with using 1x 10°opeis/ul. Lane 3, KV-LAMP(s) with using 1x
10°copeis/pl. Lane 4, KV-LAMP(s) with using 1x 10*copeis/ul. Lane 5, KV-LAMP(s) with
using 1x  10%copy/ul. Lane 6, KV-LAMP(s) with using 1x 10°copy/m. Lane 7,
KV-LAMP(s) with using 1x 10copy/ L.

(4) Fluorescent Dye test

KV-LAMP(s) &%) 93 SZ% DNAZ dA79%5S 31 &a a2 ##3s7] 93]
SYBR Green I, Gene-Finder™ Nucleic acid fluorescent dye A]oFS o] 83t ZZEojx.
& stk DNA o]57hetel| Abgls] o] =29 §3-& W3 SYBR Green I & 7-F-of

-

= UV transilluminator oA #2389 th. Gene-Finder™ Nucleic acid fluorescent dye® 3

#5 obgelA Attt

SYBR Greenl & AF&3F 74-9(Fig. 6A)°]+= positive controle] & © & &3S e

31 Gene-Finder™ Nucleic acid fluorescent dyeE A28k 4 -9(Fig. 6B)d = positive control]

A= =4, negative controldl| Al &= F3AM o2 WHE QL o] Mol W= S e
F A7), A G W &% AR Az E

Figure 6. Fluorescent test of KV-LAMP.
Panel A. LAMP product (P) and negative control(N) were stained by SYBR GreenI.

Each products were observed by ultraviolet transilluminator. Panel B. LAMP product(P)
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and negative control(N) were stained by Gene-Finder™ Nucleic acid fluorescent dye.

B 93= Kakugo VirusE FE-aA Ao A A%sta A4 AZF3s7] 93Fe] loop-mediated
isothermal amplification(LAMP)E o] &3k -8 o]&3tAt. KV-LAMP(s)Z HHd 2
AP 56T whgemola HAe @4¢ ol F4 27 Yol wg F 1x 10%copy+
o] HZEo] 7ol YFHAI, HA 4029 ¥ A wtomn FEo] vhegh oz 39l
=

AT,

o]= 7]&e] LAMP7| 60+2] Wkg AJ7ko] H Q3 o] & 2059 A7ts @=stoweyn & o
me Ate] spede]l d=mul. w3 SYBR Greenl, Gene-Finder™ Nucleic acid
kil

ok.O.

H
fluorescent dye A 2F2 o]-&3hH A7|d% glo] Wiz o2 DNA AFRE Felgh 5= gl7|o|

Kakugo Virus(KV)& e#goze A7stANE 34420 Aads el €39 ¥
2] ¥ picorna virus A€ 2] viruse|th. & AFo A= I HAo Ao AlEE KVeE %
3}9] loop—mediated isothermal amplification®-2 ©| €38l KVE & 7l wy-s 7t
stslom, o] KV-LAMP(s)zt ®aoltt. o] Wi 7]£8] KV-LAMPRY 205 w27

Aetek = Sl Aol St

KV Eoldgl d7|Ade| +AS KV-F3(2) / B3(2) / FIP(2) / BIP(2), 471¢] primerE A}
83le] 56T TLxAs A 4087 AX3F] KV DNAZF 1x 10%copies/ w72 4334 o

oo il
_O|L
2
r
N
o2
offt
g2
s
fo
r o
o
f
s
ik
et
4

Atk Wb KV-LAMP(s)H S KVE Al&sta

At AEFoRA FRAPNM f83 489 & 9L AOE Bawr)
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E

Al 11 A 1 Ao A1 Ao dlg a] gy
1. v o] AQ1¥# < Paenibacillus larvae®] W %

7k, wtA o] <F

(1) ¥ #]: BHI v}~A:
Name Component Amount to add per lliter
BHI Brain Heart Infusion 37.0g
Agar powder (LA IR A Z) 10.0g
P. larvae®] Ae ] kol AL}, = v atol] ogh

« nalidixic acid 15pg/mee] A7} o]=
2 vl ol A = A o] 7h53lT).

oz WLt 4%

(2) Wiz

7)) T7ieek dwtd o g Audd A 37C, 24A)7kolH EEI FFo
o] ¢k=7)oll Sl A, HA A&l (self-lysis)7F dolvb= A-97F o, 25T, 484]
Ge Nzow 4 gashE gAAge] At

&= Aol

ko] 70T B
H A7 o]

=4 5 (Glycerol #7}% A%
T A7l otz
7] & o]

(W) A uekere 620nmeol A OD =
13k ol ¥ E 5o A&k

Vs3ty, P larvaes "$ AaL
E Ad&of Bn#Ast= Ao X Fd3it (Hd 30 A& A=)

). o} ¥ (Endospore) 2] W&

(1) 9=]:  AK w}#| (Sporulation Agar AK)
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Name Component Amount to add per lliter

AK agar Gelatin, powder 6.0g
skim milk 4.0g
Yeast extract 3.0g
Beef extract 18.0g
Dextrose 1.0g
Manganouse suphate 0.3g
Agar 15.0g

« nalidixic acid(15mg/ml) & =& HFE %= 15pe/m7F ¥ =5 agar WjXE 293 23 & A

7F (of]; = 1 mZ 1 liter agar ¥ Ao A7}

(2) WF W

[e] =
zolth, WFEe FAR BRI} S WEL 59U, 7bsl

o
=S
)
=
__)&l
iy
rlo
=
o
ol
Aok
it
o
f
i
=
X0
rir
ot
o
o
X
iu)
=
Bl
o
i
w
Q

S

®

il
4l
2
=
ki

Fa ¥ Scraper® FHolWl B vhedt o]l Hud 4 gloy, O W vbe Ve &
AH A= oy BTk F, AR T A PBSOl FAREE FRA17]a A& 2 8hed(1,300g
3,000rpm), A =& #7118 F, HE PBSO

X 15min, 273 3|, ¢l table top YAI7IZE
BEfA1Z15, o] = 620nmell Al OD &4 &, A®3Fe] -70TCe| H33sr,

t}. P. larvae 9 3¢9l

flo
S
rE

(7} P. larvae®] 22l 2oz PCR AAMH &3y, P. larvaed] nalidixic acid
A&, IAE S, 17N, TAAMT nAESA WoeRE O Y E S0 & vk
3t ATCC9545 (Paenibacillus  larvae; Type strain), ATCC25745 (Paenibacillus
larvae), SJ23 (Paenibacillus larvae (=HF25)).

(WU) P. larvaed] &8 138 v &Y HAL
1) #UZ FHo BHIMIA 30mls @il P. larvae Bt IS FE8e] 25T oAl 24 ~484
Zk v gt
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2) MFdsrt e test tubed] BHIWIA] 3mlE ©3l 12k vl 10E HE3ho] 25T
A 16~24A12F Al ol &k}

3) 2EAA Wi aFANE Feete] LEFd A A Feld

4) Nalidixic acid A& AHIA 0 2 nalidixic acid”} 15pg/l 522 E99l+= BHI 3244
Aol streakingdle] 25TColl A 24~4843F v sl P E colony ¥t ThA] #jFsiA] a9 d
S it

5 AHEE P. larvae 919 1mlE nalidixic acid”} 15pg/pl sE= HA7tE EApujA] o =Ea}f
3L 25C ol A 24 ~48A 7t v kst

6) 12 IAAM: JAd9 A= A Ho g gl

7 ¥AFEA G o3 MY dAE ¥A= EF Fo] Zol BHI A8 A 1nl7F E3 e-tube
o] il shakingdt $-70TColA 10% incubationd}al THA] XEXpu x| o] Zkdle] 25T A H)
Fote= AEAAS FHE

8) 22} I AN wpAleto 2 FA A

H

n&
O-r'
)
=

|

E P
rir
EU
t

==

=

}-H

]_

mlm

EAQA el 9

o

t}

4

CRE S TER

(1) £ol= Fgtzol DW &S "3 ke ¥24E loopd 2% £ &dol= g
291¢] DWel 4o ¢fA ¥ npEth

(2) ALollA dxA 7o

(3) malachite green A oFS E-aL
25 5% &t kst xxE g A

o
g 9z E

E=

(4) DW= %413] washing3}il safraning "Hojmdl & 18 30%7F wh&A7It}h (hEaA)

(5) DW= ZA413] washingdlal DW 3k W& dojrmdd & AWIHAE 7|27 A7]A &
Al Gi=t}.

6) A&z #Esta o|HH 2de " 10008 &= w2k},

i
m il
s
ofo
_0|L
£
e
o
X
i)
(ld
it
ki
i
)
s
nt
il
)

-

A

2. v EF- AW A2 Melissococcus plutonious® ¥ %A

7k, wtA o] <F

3 7t ATCC 35311 (Melissococcus plutonious): St & 7] 4

v}, ¥l A
* ATCCo| A= Melissococcus plutonious ATCC35311-8- w37 $lske] ATCC 1430814 &
FHsAF o, 2 a Ao A= sl FIF A E AEskA] ok skt

wx Melissococcus plutonious ATCC353119] v X|+= AFstal &4+ s KSBHIH
Zo| Al A= AdstR o, meba] 2 Aol A= KSBHIWA &
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(1). KSBHI =] (324 v} <] )

Name Component Amount to add per lliter
Brain Heart Infusion 37.0g
KH>PO 20.4

KSBHI 2 £
Soluble starch 10.0g
Agar powder 18.0g

(2). KSBHI i =] (4 A v =] )

Name Component Amount to add per lliter
Brain Heart Infusion 37.0g
KSBHI KH2PO4 20.4g
Soluble starch 10.0g

L= L i

@
ol
e
N
BN
N,

* Melissococcus plutonious ATCC35311S At HAHV|A =4 8
AskE Aol F asirt

* @)z 241 MFd T E AZe] WA E A AMESa, @] BaelE Bg
7o 73 AARAE THSYel HEE 7 e AR 2SS .

x o7 zAe A2 AZFH vjA = color indicatior® Rasazurin (1 mg/ 1 liter #]#])S A7}
shof, vl A e wjdF T B30l UEA oY EtSl=THE HAMSTH

* 7|7l ZA3: anaerobic jarE AR A9, FeHom A7 steelwool WolElE
jar‘ﬂoﬂ HolF M, jartf o] oo AAE AAT & Jdoun, wjd F FAAIZ steelwool B o
)7 S0z WelR EvW Melissococcus plutonious ATCC353112] kol
718 HdE & F Atk

Zx79 x44: Gas Pack® AM8% Melissococcus plutonious ATCC353112] wlj kel =
A7 E =4 skslv

rlo

e

Mo * ofy
ro g ML o
Nk

e

ﬂJ

(1) Gas pack 3= anacrobic jarZ o]-&3le] & 7|u]kalc},
&

(2) MFemE 30CE FA3E, dHuFes A} (FYe odr)s Lo 9 24dax
2 Qlste] 7|u] 7l2o] FEE T AS)

(3) A uyR| oA T A 50ml tubed] KSBHIHNAE 715 Y3, o HE & AAH|F
(shakingg§lo] wlF). o] AL nta i 3¢ A= Aoz #&dd 5 v

(4) °F 5 vk $of AR s A, duk table top FA7]1E 13,000rpm, 10+
(5) = PBSO FHA1Z1 & 620nmel A OD =A sk},
(6) FFF 5% 15%0°]% Glycerols H7hatar, 2E3dke] -70°Cel H@dhu),
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3. Wx ol Q9l3r2l Ascosphaera apis 2 W%

4 U 7 =

Ascosphaera apis var. apis (KACC 41774), W58+
Ascosphaera apis var. apis (KACC 41775), W&E-HH A+
Ascosphaera apis var. major (KACC 41610), W &E-H 9+

Ascosphaera apis var. major (KACC 41778), W E-H ¢+

= R
(1) PDA (Potato Dextrose Agar)

* PDAR| A o] 274

Dextrose 20.0g

Potato starch (from infusion) 4.0g

Agar 15.0g

DW adjust to 1000ml
Total 1.0 liter

* WX A5 pH 560 %
* WX & 50-56C=Z 23l
A

* 40CZ WX & 23 &, Petri dishell 253ka, 1417 A% $ ALS

* Autoclave@d ol ®1X]7} pH 352 2HH 35 W, autoclave o agar’} 7Fa8 %o vix| 7} 1
sl¥) 2] @S 4= lom o] o]f-= Autoclavedoli= pH 5622 A3 of 8 (agard] TS
1.5%7} o}d 20% = ZA3}+= AR F23).

d3ke]  121°C, 39} (15psi), 155 + A 2] (Autoclave).
10% tartaic acid (F44h& Fado= Hr7lste pH 352 %

Z£4
5
T

* PDA®NA 9] HF pH 3565 M A4S dAste] Ay A4S =8 A4
* Al3F = Difco =3 BBL A 3#2] PDAYE B ez, o]F 39 g& SHFol =9 liter
WX 2 wrEn, olw= pH=56%. weA] HFE autoclavedt 4 §liL, 2FE Yo} Zo] pHE *

A3t

« A 3% = Difco =¥ BBL A# ¢ PDB (Potato Dextrose Broth)¥, #29 deg =, o5 24
g& ZHF =9 lliter| X E WEH, olu= pH=51¢9. welA] ¥2 autoclaved & ¢l
25 918} ol pHE 4T

x Z3]; o]A4 %, Difco™ & BBL™ Manual. Manual of microbiological culture media. BD.

ol

Ni

(2) SDAH]A| ¢} SDA+Y (Sabouraud’s Dextorse Agar +Yeast extract)t] #]

x Difco™¢e] SDAR]=| 2] =4
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Dextrose 40.0g

Peptic Digest of animal tissue 5.0g

Pancreatic Digest of Casein 5.0g

Agar 15.0g

DW adjust to 1000ml
Total 1.0 liter

* Difco™ 3= BBL™ SDA®A= 650g% Sl o] 10 liter® WHE®, & 3% g7]0]
A A"t =9l &, 183 o] ks MK I F o], WAL EHAA SRS F
o). ojuj 2] pH=5.6¢%.

*  SDA+YH| A= o] SDAWIA] 2] FA ol Yeast Extact 5.0gS 73k A <.

*  whekaA]l SDA+YHIA S AH-S; Difco Ve SDA 65.0g°] Yeast Extact 5.0gS 7}3te], o=
700gs Z=FF0 Ho 1 liter SDA+YHI X E ¥HE & 121°C, 29 (15psi), 162 H A
(Autoclave)dtar, 40C= ®ix|ZE 213 & Petri dishol 533, 1A A% 5 ARE3H

« Mol S22 AR pH 35= ZAFHWA, autoclaved HIA|E 50-55TC= 213, 10%
tartaic acid (F44h)& a0 2 H7bsto] AT o] F petri dishol] .

x Z3]; o]A4 %, Difco™ & BBL™ Manual. Manual of microbiological culture media. BD.

4. =Avtyg o] A2+ Nosema apis 9 ¥ %W
Nosema apis ©] &wlFHS warg vl glow, wepa] o] WAAE Hefshe X ¢y
A ol EAYt. a2y Nosema apis 9 1522 Nosema trichoplusiae ATCC 307025 &

% glom, o % Hestel gl A&F ok Wt HATHEIEH B, 2012 FTE FR A A
e ST N mmvelos s AR A AL, SEED)

Figure 1. Nosema trichoplusiae ATCC 307029 A% &53Ha QA (2F&3 5, 2012)
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o] oA Nosema apis®t =HES1 Nosema trichoplusiae ATCC 307023 A EF< ATCC
CCL-80 (Antheraea cells, Ovrian tissue, Moth, Antheraea eucalypti)® 2 ®%S& A&l or} *
Aol wels: WA ¢ gldithE Aoy, AFxAL, ¢4, ATCC CCL-809 #lFH o2 Grace's
insect medium, 79%. heat-inactivated fetal bovin serum, 10%; whole egg ultrafiltrate, 10%:;
bovine plasma albumin, 1% S AF&3F3 3, 24T CO; incubatoroll A cells &4 o= vjdAZ] 3
ATCC CCL-80 (1 x 10° cel/mDE 96well plated] &7 wo}¥® Nosema trichoplusiae ATCC
307028 HEA71E Aol HE 5 35TColA 3¢ sk mdst 229 HolE& #&st ot
whol H x| ojy - githE Aot

w3 T AP Nosema trichoplusiae ATCC 307025 A3 Fold 7
Hatakeyama et al. (2003)3} Chakrabarti et al (2008)2] HIH-S- o A 831500 HHA
79 AerEd Nosema trichoplusiae ATCC 307029 ZAE EFAA (15 x 10" spores/ml), 3
d " Foldta 7Y9F Ao REE gRIsrh 1 A3 =l oA Nosema
trichoplusiage ATCC 307028 %A= wrol ZAgo] & AN vjat dud A5((1.2 x 10°
spores/ml) et PCRA 24 5 A oh(ek&31 &, 2012)

5. = nio]lH 259 WY
=lntolH Ao Iyl H Aol FujkHe dAl ¥ad vk glow, =l -7
3]

o) AEF e wad v gk

w2} A

oI5 Hhol
gohe A

&
T

of thak A= AAANA HAE
b= oHlEE o] &3lo] BAADES AL AvistE Wyel e Aol

o D‘

olt

_L ru

2l

<+ Azzami 5 (2012) 5¢Y Wuerzburg &8 Acute bee paralysis virusE AHEZ bee
pupacEs ©]|&3l] 3EH3= HI larvaeo] Al @M= WS KA oY, Azzami,
Klara, Wolfgang Ritter, Juergen Tautz, Hildburg Beier. 2012. Infection of honey bees with

acute bee paralysis virus does not trigger humoral or cellular immune responses. Arch.
Viol. 157:689-702.7} ZLR |t}

B oumel e e /18] Astel Y REe ARoR AdT

., 2012)

%
~~
>
N
N
o
8
—
o)
o~
Q
S

() bee pupaecE °]| &3l ABPVE il =3+=

“Preparation of ABPV suspensions

A single highly purified virus suspension prepared at the CVUA laboratory (Freiburg,
Germany) served as a source of acute bee paralysis virus (ABPV). For virus propagation,
an ABPV suspension was injected into the haemocoel of white—eyed worker pupae of
honey bees (Apis mellifera). The infected pupae were maintained in an incubator at 35°C
for 3 days. Thirty bee pupae were crushed in 40 ml of 0.01 M potassium phosphate buffer,
pH 7.2 (PPB), 2 ml diethyldithiocarbamic acid and 1 ml chloroform. The mixture was
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passed through cotton gauze, centrifuged at 4000 rpm for 30 min and incubated at 4°C for
16 h. The supernatant was centrifuged at 24,000 rpm for 45 h in a Beckman SW41 rotor.
The precipitated virus was resuspended in 1 ml PPB, layered on a 10-40% (w/v) sucrose
gradient and centrifuged at 21,000 rpm for 3 h in a Beckman SW28 rotor. The virus
fraction was recovered, layered on a 30-60% (w/v) CsCl gradient and centrifuged at 40,000
rpm for 18 h in a Beckman SW41 rotor. The virus—enriched fraction was dialyzed against
PPB. The concentration of ABPV in the purified preparation was A260 = 5.0, corresponding
to 1 mg/ml [6] and equivalent to about 1012 particles/ml [22]. The A260/A280 ratio was
1.7. RT-PCR analysis revealed the complete absence of sacbrood virus (SBV) and minor

contaminations by deformed wing virus (DWV) in the ABPV preparation.”

(4) bee larvacE o]-&3le] ABPVE A A A ¢3li= W (Azzami et al., 2012)

In vitro rearing of worker bee larvae and septic wounding

Larvae were collected from a comb with a special grafting tool and transferred to a
24-well tissue culture plate filled with 300 ul of basic diet, consisting of 4.2 g freeze—dried
royal jelly powder, 0.6 g fructose, 0.6 g glucose, 0.2 g Difco yeast extract and 144 ml
sterile deionised water according to Peng et al. [40]. The larvae were maintained in an
incubator (Memmert, HCP108) at 35 °C and 70% relative humidity. Each day, they were
transferred to new tissue culture plates filled with fresh nutrients. As determined
previously, larval weight is a useful index of age [41]. For artificial infection with ABPV
or E. coli, fourth-instar larvae with an average weight of 40-60 mg were employed. The
larvae were injected dorsally with either 1 pl of phosphate-buffered saline (PBS) or with 1
ul of appropriate amounts of E. coli cells and ABPV particles as described [41] and as

indicated in the legend to figures.

Haemolymph collection

At the indicated times after septic and aseptic wounding, all challenged larvae or adult
bees were bled by puncturing the abdomen with a fine-tipped glass capillary (see above).
The collected haemolymph was transferred to reaction tubes containing mixtures of
N-phenylthiourea (PTU) and aprotinin as described [41]. The samples were kept at —20

°C until further analysis.
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4) &ae] Aol AMelwl AHgow g

5 A EF slide glassdol A AN o= AW HEAA HEas ZH3 T

6) AN FEn g or ¥ {HE AL

g @3 dvd QA

(1). AEA s A Fd3 U&= FAv F A (Nosema¥ A9 Gimsadl 4])

1) slide glass@olAl Ao W 7145S 2719 Aoz 74zt Za Fol g4 44
(mid-gut)& =EA7|a(AA S 3 dar A A

2) =59 THBAEE slide glass TdF-o $1xA17]3L, Aoz st}

3) Aad FFTAA WEEe] #F Ug 7 JEF Wy e ke 799 FHEs dAoR
hEEH U85S durz Holdt

4 WEES WA =2sta, 391 3 Giemsa 94S Fasta Faan oA 4008 2
zZsko

5) Nosema spore?] Z7]= 3-5umz=, 4008] @v|4d #AzoA= diet 549 w522 1-23
olH, o] 10008] &l A 3-57F =L7] o]t}

(2). wEAIE A FeAn P AA (P. larvae spore® XA A)

XA (Spore) AL FY3te, " FAH(AFB), F35F-AH(EFB) & #A3H, 7|ZE3)a,
AL E S ekt

1) slide glass’dollA #%5-& Isct(d s, oA A, HAAALE, AL 3d Do 2
A,

2) Idld e dEEo &2 Us F AEE UEES ddF 2 dojdir],

3) WEES WA =@sla, sl A" 5 Spore S Fasta B U Aol A 40002 B

5) Paenibacillus larvae subsp. larvae= 2.5-5.0 nm x 0.7-0.8 ume] =7]o]¥, spored ol A
06 utm x 1.3 um7]9] endospore”} #Zo] #HZAT} endosporesdF-+= 53] $A Kt
Nosema spore?] =7|& 3-5um=z, 4000 dwv]d #FA@dgAd=diet w542 522 1-237Fo|H,
o] 1000w &l A 3-53F =Z7]o|v} o] A7 2 #FEW, uFAE o R 12 wsal, o
A= E wfgste] AN THBHIM A ARE, v A 2 PCRAAD.

6) Paenibacillus alvei= 2.0-70 um x 0.8-1.2 um$e| Z7]o|¥, Paenibacillus larvae subsp.
larvael| W&le] #7428 Zhtolth 06 um x 1.3 tim37]29] endosporeE WhH=i}, F-A o] 9]

o] ol il 24 gttt
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7) Melissococcus pluton+ FH5-AHe Yo = A7]+= 05 ntm x 1.0 ume 73k (ovoid
form)o] ™, sporeE A FA &=

8) AR f5el Al 2} delse Ao FR o0E s SR S
o},

A

< Corynebacterium pyogenes, A2 32 Streptococcus faecalis©] $)

oA 7148k, POR#A S ]3] gt

o

o Y
> A

rﬁ re
& oX,

2. 5ol AR o3 HaudAe AN

7L AR AA A8 92 E5

FAR HAFE Al 2 DNA virus® =S 918 DNAZ AR} RNA virus® #A=S 93
RNAZALZ v 4 Sk o] did WA mel 27 dibs 53 ¢ 3o, Hold & 9

)
&o] DNASH RNAZE Aol &4 = 7| EE AFEE = th

(1) F=9 2 y22 02 PCR %+ Reverse Transcription-PCRO.Z 34 st}

(2) ¥} w2 AAHS 9139 Real-Time PCR, Reverse Transcription Real-Time PCRel 23]
wA4E F Q.

(3) 71H3 wE PCRYAS 93le], e e AH oA S47AHS 98t9] Ultra-Rapid PCR
™+ Reverse Transcription PCReol| 28] &g 4+ ).

(4) FH-HA oA FAAAS 93] LAMP (Loopmediated isothermal Amplification)F2 A}
43 5 Aok

t}. DNA 2 RNA9 «F14¢

(P}) Proteinase K 9l 23 chromosomal DNA &

* o] DNA FZF9 W vxFAW Plavae 183 FHF-AHL] Melissococcus
plutonius & M/ WYA, el WMEY 2 A3y §F 79 Nosemad DNA 5 594
oz 3 Aolt} ¥l WYUA virus 5 DNA-genomes 714 wlo]l#] A AR R ol &
Atk

D = AlRe] RAARE Fof & WeA7)aL, rAeh whA ApEE o] &3k #7 o

2) o] Alxe] 2 DNA extraction7}*] A&7} 53] s F930H,
3) Al&o 5674t TE-bufferZ % il micropipettes Ab&3lo] 43 FH-3la,
4) 30t 10% SDS®F 3l 20mg/m{ Proteinase KE o], 37C, 1A vl s, i & &4

AR-7F Ao (viscousdh) € AE geldt
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5) 10046 5M NaCl& 7}3tal, invert mix3gt}.
6) ==(0.7m0)¢] phenol/chloroformS ¥ il ¢F3l shaking & emulsiond} A 71t}

7) 12,000rpm, =-2] centrifuge 1802 A&=S )8t A=9 DNAZS A tubed] =71
t}.

8) TE(eF 0.6m)e chloroforms @3 ¢F8t  shaking®Z  emulsiond Azl &
12,000rpm, 2] centrifuge 1% = 3% 8 3ta, 439 DNAZS Al tubeol %71t}
9) Al tubedl &A% DNA &4 0.6 Vol.9 isopropanols 3L invert mix3tch, o] o 224
DNA # Ao #zwojof 3, 15000rpm 2] centrifuge 15% © 2 DNA pellets A
Al 7131 e Hg s Al A ST

10) A Ao] o] gl tubedl] 1ml 75% ethanols ¥ o] 1#7F shaking mixE &to] o &9 A&
o] Wl & A1} 15,000rpm A >-9] centrifuge 158202 HAAA A5 AS dAs] A A3}
11) A 7x= DNA pellets 30-60% #HZxA 71,

12) 100t TE-bufferel] =< 3 wl= PCRAA}| AF-&3ku},

13) «=%2]¥ Chromosomal DNA 100utel A PCR 43
S3ka, Ux 90ue] DNAAEE 2hd § Yerado, g
2y shal, APALA e 2 AFAE 2 BaeA &

]
=828, DNAAE, RNAAE % A3dA = & 45 dASES 359 ANEHSE

-

14)
A3

L

(Y}) Chromosomal DNA #4219 RNAEZ R 9 %£3t.

A4 PCR detection®] #H2 w9 WZAT=7F wojufa] DNAS 72 RNAZY
FPsla, olE H;AAEE 7] PCRE HAAMY o+ §iv welx] PCR #HAMES
DNA<} RNAS £ =, date] B2 5g3sto] Al ddo] v 7+8d 4 g},

i HD:

1’4% e
og:}

(2). oA FAHDNA, RNA) &84

Al HAre7] 918t
o] DNA®} RNA BF, =% iﬂﬁ% FEsHE Aol vk Hesith 2 padAe o] e >
Mabe, ez Ede] RNA virus AH& Awatr] 913kl total RNAE F%3te] RT-PCR
AAbel] AR£3IC}F o] 7§ RNA extractione easy-spin(DNA free) Total RNA Extraction

KitONTRONAH-& AFg3fe] =3 3t

FI A

Oh AAZAE 4% 2 DNAANESY 5

D gME AQdsk w8 AE(100mgelshol HAALE 7Fste] sZAA 7] AL, 2Hapel 2hap Apgkg
o] g3t A &g E} RNA extraction A|7}A] A|&7F %] &2 Fosit},

2) 1m¢ Lysis Buffer ¥ il 73} A vortex3d 3, RTolA 10%7F AR 3t} Wojg]rl Holx &
=W 7HA] vortexet AXE AL icedl AA T (F-So] BuE & A, 4CE AN B



stu], dFdolol] AE= AREST
3) YAEE 12000 pm, 2022 HAA 7|32, 5 00ulE FHIe] 1F YF(200ul)= DNA
genomes 93 PCRAAIS 833, Y A(600ul)= RNA extractions 713§ 3t}

(\}) Ultra-stirrer 23 9 DNAAE9 F=

1) 2m1*°h%k-<4 centrifuge tube°l] =¥ AlFE 1-3 7|A(&7] A¢]), Silica Bead, Lysis buffer

1ml= , (¥}, RNA isolation®] 2594+ 200 ul Chloroform-e # 7}3Fa A 8).
2) AlR 2 A Jerdd Jz2hE Racks vE] 459 AASA, 2 5 AR tubes 3
A W78 Rackel A skl 2Ag

A& TubeE MagNa Lyserel settingdl3, 2L =& 6000 rpm, 20 sec, & A & 2
g dhEo 2 Xydh (MNEY HAFE Fo=2 &2 W FAE fstq A& 279,

4) 4AE-2 12,000 rpm, 2022 A HA| 7] 3L

5) A5 800ulE FHate]l 21F YHF-(200u)x= DNA genomes 93 PCRAAIE F383ta, U}
W 2] (600ul)x= RNA extractiong %33k},

(t}) RNA Extraction
x B 282 TntronAhe] easy-spin Total RNA Extraction KitE 7|¥lo 2 7)< % ¢t}

1) BAAA B EE Ultra-Stirrer i Mol ol ste] FF% lysis buffer53Z 4 (4, 400ul)ol
1/22] %9l 20040 Chloroforme #7}8tal 30%3F vortexE 3t} Chloroforme] #H7F5 W,
blue layer?l $1Z9] nvt2 @o =z Hw3l chloroform=o] &4 At}

4) 13,000rpm, 4C, 10’9l YAEZE F3hsaL, 400 M HS 1.5ml tubez &7t AY 9
9] & Be FHAZFRNAY A ddd DNAOIH, F3F (3 HHE)S protein
genomic DNA &9 Aol Ad otz M wi= AMor oz W cell debris?} ¥
E F78F ol th

5 MHI FgA= TH = 400409 Binding Buffer® #H7}8kal pipetting %3 inverting
2-33 = &g O]‘: Jﬂ‘j]%?/] glo] Lol A 133k A A gheh,

6) o] &L columnel ¥i(HW volume 800x0), 13,000rpm, 30% YAEZ3e] RNAS
column®| bindingA] 7] 2t E3} & A A3k},

7) 700u0 Washing Buffer AE columno] %37, 13,000rpm, 30% A28t columnel
binding¥l RNAE A& A|7] 3L g3t A A sk}

8) 70040 Washing Buffer BE columnel| %3, 13,000rpm, 30% HU4+2l8te] columnel
binding¥ RNAE tA] AAA 7| F3pf A A3

9) Columns YA 13,000rpm, 1-28 YA E 8o columns 7134 71tk

10) Columne M Z21.5ml tubedl 7|3, 50102 Elution BufferE columnell 7}3Fal Af-9
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AA S 5 13,000rpm, 1% 2] 9AEZZ RNAE elution 3T},

A 1E
+Z% RNAT %41 labellings 3l3, 22 5 1S AFE319 spectrophotometer® RNA S

1) =
=& =A3, 7144 vlE Reverse transcriptase reaction®l] AF&3cF RNAS] B2 -70T
W w ek

o

t}. Reverse transcriptase reaction

RNA Extraction 3494 FZF49 total RNAT Reverse transcriptase reactions 7 * cDNA
Z WEA 7Y

1) Primer®] bindinge ¥ %7} &A% 2-3ug total RNA extraction &4-& AF&3lH, 2 ul
Oligo dT %% hexamer mixer®} 7|, <& volumes 20u= 31of, 65T, 1023+ AAshaL,

2) ol#f e} Zo] Reverse transcriptase reactiong FA3Fo] 40T, 90E-7F ¥H-&-A] 71t}

DTT(100mM) 210
dANTP(2.5mM each) 1u0
PRI(10unit) 1u0
RTase 1u0
Reaction buffer 218
RNA solution 138
total volume 2048

Z}. YHPCR S A& 3= HWH A Y9 detection

A wHAHe] GAkel AHES = PCRE F7= 2L H2 ol 9lgke] tpeksiH, (1) 4yt PCR,
(2) AFPCR, (3) 235 PCRol Zizieltt. A4 AW E 918kl dwk PCRo] F2 AhgH
aL o, digke] AlmE AYstr] fske]l 4% PCRYSZ Hd&stojof & Aolw, 453 &
FAANE f18ko] 2a% PCRE A= &&3folof & Aol

(1) €uk PCRl 2% A 2 AV|F%.

HHAEEEE dojxl DNA ¥ RNAS Al wde] Wdddye] A< Alv, 9855 ¢
o]y 5] Ak B ooluel il AA Y AAER 27 ST



2 RNAGA ®W3HA17] cDNAARE 7|d 2 AFE319] PCR 53-8 S8l WA

A duk PCRYC ofdte] A7} 7hedh 28 22, DNAARZAE vlsiA, f4954
5 3, A3y, =AvE e 2% F 6% EAE AT F don, ¥ oy

151 A viruse]7]e] RNAAIZZ5F-EH #3871 cDNAAEE 7[d 2 RT-PCRE
skt #Al dwk PCRHYo oste] AL 7hedh & vlolglA2xde 9F 0", GoldFhs
W(SBV), 353 BoldaTF-AH(kSBV), w/d & Hvln|y(ABPV), E71&7H(DWV), Black
Queen Cell Virus(BQCV), Kashmir Bee Virus (KBV), %4 & #H el H(CBPV), o]l&gtd 54

v W(TAPV, Israel acute paralysi virus) 218l 32 Kakugo virus (KV)o|t}.

=

a9

B
B
X]Hg 8
A
B

¥ 148 394 A48 PCRY x4

Template(chromosomal DNA % ¢cDNA) 1ud
F-primer(10pmole) 10
R-primer(10pmole) 10
dNTP (2.5mM each) 1ul
10X PCR buffer(with 15mM MgCls) 210
Taq polymerase(5U/ul) 1u
D.W 13
Total volume 200

duk PCROA 7|8 PCRZEZE 94C, 5%9] pre-denaturation §, ¥4 94C, 157, &4 52T
~60TC, 157, =3 72C, 157 & 4538 A8 Fd3}aL, 72T, 10 " 2] post-polymerization®]t}. L
i zF Awe] el AREE= primerol] wel #H A annealing &%) Zkol7F low 174
Alzol gk tEe] PCRUANE A B8 A-F o5& F9 shofof g

Adnk PCRE Fd3ta Ar|dsoz AAste 49 A4 #4948 fIste] vy & PCRA
& V= primers S ARE3HH, A% PCR 2 %34 PCROIA= 200bp Wil wlwd 2
€ PCRAHE S W=+ primers S AM§-3H0)

duk PCRS A&319S AF, ¥71H = 71952 1xTAE agarose gel 7|95 Ho=,
ZAE B3 2 WA Hele) PCRAME
12 o] AL of o).

- 211 -



sBaesaaRsase

a9 1.1 AAI s g 1159 #3 WAdAd dig PCR detection (<)

FHALY AMEESFH 11E9 3 HAdA thd PCR detectionZ #o|t}. Lane M DNA
molecular weight markere]™, S EA =Aw}, vlol#l~Ad DWVS Black Queen Cell
Virus®] WA A=A A7) BUA Y SRR eE A

Lane 1 : 7] 5-A ¥ (AFB)¢ PCR detection(57d)

Lane 2 @ 954 % (EFB)2 PCR detection(5d)

Lane 3 : W& (A.apis)® PCR detection{24)

Lane 4 : 2317 (A.flavus)2] PCR detection(&73)

Lane 5 : A"} Nosema)?] PCR detection( %A ): 592bp
Lane 6 : d3%5ol5-9H(SBV)29] PCR detection(£73)

Lane 7 : 54 vHH(ABPV)2S] PCR detection(£-4)

Lane 8 : E7/1E&7H(DWV)E PCR detection(2] %A): 479bp
Lane 9 : S o] gbdH (BQCV)S PCR detection(A): 700bp

Lane 10 : 71A 7ol H(KBV)2] PCR detection(=-4)
Lane 11 : o]~z dnlo] #] A~ (IAPV)Y PCR detection(%¥A): 237bp

vl AZ PCRES AF&3t= AW detection

1) s
Bl 584 FHAHe A& HAENES FHIY] 918 specific primerE ©] 83 Real-Time
PCR A& = 2)t}. Real-Time PCRS A7t Z PCRY ZA#}E E £ 9=

N
2,
oft
2
e
ko
£
1r

SR ol E v AEE HUh W 9 ¢ gle Aol
ol o] AFWMe 7171 2= Excycler ™ Quantitative Thermal Block(Bioneer, Korea)$ AM&
I 9l oW melting temperature curve® 418 3H7 =fdle] AREe] AFAS T

4% PCRE, d¥t PCR3#} o], #dA2=2%E dojx DNAAE % RNAJA @7l
2 7)1dE AHgste], PCR $E2 34X Yehvs 39 Fus vl x
Eo] AR ZEoR ks, s 2z E Edle] WA e

A A PCRYC 2lsto] A7F 7hed wd AWe, DNAARESY w5540, w5y,
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4508, wAVhY 5 4% A,

S w plole] A4 6%, 5
3

]_
EE

Z o K

ke
&
ke

w (IAPV; Israel acute paralysi virus) =283l YA & wln

Zl cDNAAIEE 7|4 = gdA st A4 2 A=HS &

]

a1
=

(2) A= PCR9 x4

5 |

Awk PCRol A 7|2 PCRZAL2 94T, 589 pre-denaturation 5, WA 94T, 157
72C, 157 & 4531 A& F383tar, 72C, 10 " 2] post- polymerlzatlonolr/‘r i
annealing <59 z}ol7} 2

=

~60C, 157, T3

Ik 7t Ayl Agels AEsE primere] 9 47

1)l =H

575 o

o} (SBV),

O}lﬂi*fﬂt‘é(kSBV), %’7HE:[1H§(DWV), Black Queen Cell Virus (BQCV), o]x=&td F4

|H(CBPV)& RNAAZ 25
T Atk

i/ﬁ 52C

o™, 17

A g 3 thFe] PCRUAIE AT A$ o& slofof gl
X 1238 HaA A48 AF PCRY =4
Template(chromosomal DNA % cDNA) 1pl
F-primer(10pmole) 10
R-primer(10pmole) 1pb
dNTP (2.5mM each) 1ul
10x PCR buffer(with 15mM MgCls) 210
Taq polymerase(5U/ul) 1l
D.W 1310
Total volume 2010

(3) A% PCRZ %9 #A

7k WA e A4 F(copies) ©]€ 4 PCRY template”’} ¥+ Ho] A ¢ #4¢
T Ao 2HyY ol P olarvaest 22 Aldd A% 1719 chromosome= 1712] template®
gk = glol FAT Moy, BAE A=A WY A% 171 templates= 17§ Al E ol A
U Aoz st 4= dro] glow H3 RNA virus® Z4-¢ cDNAZ WA A 2 57}
AA F7skrlel A AE st AL BUbs s

o] o] = RT-PCRelA ol AwFolddh 53] Azl Aoln, 2 7|Fo2 ZE3H Eo

FANE AHY VFEom AFEE & gl glvh

olzgf o] o= DWVE AH&S 9gte] DWV Fo| §AdA7F 239 A x3 plasmidE AH&3he=
A0 2 o] plasmidE IngolA 1fg 22 o2 AFg3sle] A #HR standard curveE 243 7 o]
t}. Standard curve$} Cr #& EalA %7] Templated %S G4rs 4= doh(d 1).
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¥ 1. DWV 93 standard real-time PCR

BN
T

a3 2. DWV 3 melting temperature analysis

woll ek A2 4

19 3. DWV d 3 standard curve® regression® 23 A& 1, 29 A
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Standard Curve Result

Name Concentration [Cp
DWV-C12 |Ing 13.615
DWV-C12 100pg 17.719
DWV-C12 |L0pg 21.786
DWV-C12 Ipg 25,895
DWV-C12 |100fg 30,105
DWV-C12 |L0fg 33.367
DWV-C12 [Ifg 35.152

UTHLH2).

Tm Result

N ame Concentration {Tm
DWV-C12 |Ing 80.59
DWV-C12 |100pg 80.62
DWV-C12 |10pg 80.57
DWV-C12 |lpg 80.63
DWV-Cl12 |100fg 80.61
DWV-C12 |10fg 80.58
DWV-Cl12 |lfg 80.59

J719] standard curve®} ¢1A|EFe] o}

P
T

low, obd 9 I doltt

Z.




v, 2314 PCR& A3l E84A4W 9 detection

oy A& Ay HEs 9t 2 WdA e Wk specific primerE ©]
A7+ PCR (Ultra-rapid Real-Time PCR; UR-PCR % URRT-PCR)E A}
PCRE 10%-o|ulel PCRe Z¥E & F Jdv Ag7IHe=z, 724 Adu

CROJ 108o]d] 2= 4l

Z3s P sge FuaAdA ZA WAE AFW Ave FAT
ol ZAM ¥ (nstant test)®] FAo] glorl, o= F&s| A= volHay ¥W AA
(Z79] kSBVE eo] viste] A&d U eg F78 5 AL Rl

o] Ultra-rapid Real-Time PCR 717124, GenSpector TMC-1000™ System(Ztde =z,
Korea)s AF&3%tt) ol dd%rl =2 A&y WFo= o]F o micro heating plate<}t
microchips 7|¥FO. 2 3= 5 tubed AMESFH, Hd AT PCREFG A& A&ste] S435t
= WAoo R HAA whEAIZEe] ©EE 7leetAl skt

3l 72-e /a9 Ultra—fast PCR system (o] d €, Korea)o] <& 7/IZ ¥ 1o, o= 8719

PCR& 170¢] chipell & & Sl @ ofF e, dddded st/ A4Sy 5 Fhd &
AA AdEstel oy, of4 f/FANe AT F A= (AFA AE2 27D FAE Holu

Z3% PCRE, ¢v PCR ¥ A% PCR¥} Zo], #HARER 1 dolxl DNAAE % RNAC]

Al A7) cDNA/\]EE 71A7 ALg3le], A# PCR¥} 7o), PCR FZ 34 A Jeus &
el AreE Sdte]l 4 WA Fol fAdAe] FHo dd &Eﬂ, WA= s %6}04
gelAle] Fes AT

g PCRWYo) 93le] AA)F 7hed i 2 DNAARZEH naiAqy, us
W, mAN T 4Fe] WA, ¥ vloly ~AW 6F, & %%%@wﬂﬂé(SBV) Sk
Bol R g (kSBV), E/HETH(DWV), Black Queen Cell Virus (BQCV), o]2gd
H(IAPV; Israel acute paralysi virus) 2832 THAH & Huolu|W(CBPV) RNAA R Z5-H
71 cDNAANEE 7|22 WA st A&sk g4 2 As 3 5 v

_I

B o ot o o
ol
of
o

(2) =314 PCRE &4 € x4

AwF PCRo A 7] PCRZEZAL 92T, 15% 9] pre-denaturation §, WA 92T, 1x, &4 52T
~60TC, 1%, T3 72T, 322 453148 43d38}ar, 72T, 10x 2] post-polymerization®] t}. 18]
v 7F é‘h‘é-‘ﬂ Ao = AF&E = primerol] wel X4 annealing =% Zo|7} glow, wf-¢
wzkgk AgRjolr]o] 17] Alzol gk thEe] PCRAUALE A3 A-F o|& F9 shofof g
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”

1. #98 A4 AML 314 PCRe xA

Template(chromosomal DNA % cDNA) 1u
F-primer(10pmole) 1pb
R-primer(10pmole) 1pb
2X SYBR green Master Mix 3ul
Total volume oul

(3) 231% PCRA%}e] 3

A, I AYPEHEE 108 o= Tt
A AdoA= Az PCRIF} o] standard curve

TraAke] F% ol Ho] fdA AL+
Meltmg point -4 (Tm, Temperature of mid-point)e &3l9], Eo| FdARo] FEHEH A EA
e 4 At 231E PCRE #AL 7|24 oz A& PCRY FHst7]ol olste] 7= A
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Al. PCR detection® primer? (24 PCRE, A% 2 %314 PCRE)

(1) v =R AW Paenibacillus larvae® A4 93 PCR primers

PCR
B R a5/
i imerA 4 (5'—>3' AHE .
(§821) primer™ primerA| g ( ) (bj) PCRER/24
(16s) AFB16sNR CTC TAG GTC GGC TAC GCA TC larvae/ PCR
mn g | AFB MipF3  ACTCACGGAGCTACAGAACA - Paenibacillus
(Mtpr) AFBIMtpB3  CCGAAGGTCCTTTGTAACGA Phu o s
WA | AFB 16SNF  GTGTTTCCTTCGGGAGACG yag | larvae) UK-PCR/
(165) AFB 16SNR  CTCTAGGTCGGCTACGCATC e i
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(2) Fr AW Melissococcus plutonius® AME 93 PCR primers

PCR

B R a5/
i imerA ¥ (5'—3) A2 i
() | Primerd primer| (b: PCRZ5/28
EFB-NSF AAG AGT AAC TGT TTT CCT CG Melissococcus
R BNt 564 plutonius/(RT-)
EFB-NSR ACG CCT TAG AGA TAA GGT TT PCR/ 21386“ al.,
S P H 2] EFB-gyrF3 CGCCCAATTGTTGAAGCT Melissococcus
229 plutonius/ PCR/
(gyrase) | EFB-gyrB3 CGTCTCCCACAATTGATGA Phu et al, 2012.
(3) ME-YW Ascosphaera apis® S 13 PCR primers
PCR
EAR R a5/
3 : X QE:] 5!_)3| }1\_]__13 _
(x| Primerd primer{ & (53 L porgR/Rd
DE Ascol8S-F GGC TGT AGG GGG GAA CCA GGA - Ascosphaera
(185) Ascol8S-R1  CGG GTG GTC GTT TCC AGC CTC apis/ PCR
) =g Ascol8S-F GGCTGTAGGGGGGAACCAGGA o1 Ascosphaera
(185) Ascol8S-R2  CCTCAAACTTCCATCGGCTTAAGAA apis/ PCR
QP-Asco F TTA GAG GGA CTA TCG GTT CT
o5y 148 |Ascosphacra
QP-Asco R TAA CAA GAT TAC CCA GAC CT apis/
) = A.apis-F3  GCCGATGGAAGTTTGAGGC Ascosphaera
228 apis/ UR-PCR/
(185) A.apis-B3  ACAAGCTGATGACTTGCGC Lee at al. 2011
(4) M3 Aspergillus fulavus® A2 ¢33 PCR primers
PCR
B R a5/
i imerA & (5'—3") ALHE N
() | Primerd primer| (b: PCRZ5/2d
. Asp 18S-F ATC GGG CGG TGT TTC TAT G t1y |Aspergillus
- o]
Asp 18S-R ACC GGG CTA TTT AAG GGC CG fulavus/” PCR
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- Fungi 185 UF CGC GCA AAT TAC CCA AT g | Aspereitius
Fungi 185 UR GGC GGT GTG TAC AAA GG fulavus/ PCR
(5) =Avl 3 Nosema apis® AAS $13 PCR primers
PCR
Y a5/
primer™3 rimerAq g (5'—3'") AHE .
($ A7) P (bg) PCREF/2¥
P
Nosema-F CTG CCT GAC GTA GAC GCT AT Nosema  apis/
A vhH 592
Nosema—-R CTT CGA TCC TCT AGC TTA CG PCR
(6) =Av}l 3 Nosema cerana®l A& 93 PCR primers
PCR
Ay a5/
rimer™3 rimerA € (5'—3") AHE _
&2z | P primer ] (bg) PCREF/2¥
P
Nosema-F3 CTACGTTAAAGTGTAGATAAGATGT Nosema cerana/
= A mH 212 | PCR/ Lee et al,
Nosema-B3 TCCCATAACTGCCTCAGAT 2010
Nosemal&0-F  ATTGGAGGGCAAATCAAGTG Nosema ceranal
= A mp e 180 UR-PCR/ Yoo et
Nosemal80-R AGCTTTCGCTTCTGTTCGTC Al 2008
* Nosemal80F ¢} Nosema230F = Fd 3 g7]x4 .
Nosemal Nosema230-F  ATTGGAGGGCAAATCAAGTG Nosema cerana/
212 UR-PCR/ Yoo et
cerana | Nosema230-R CTTCGATCCTCCAGCTTACG AL 2011,
* Nosemal80F ¢} Nosema230F = Fd 3 g7]x4 .
(7) ABPV A& 9% PCR primers
PCR
Y a5/
primer's rimerA € (5'—3") AHE .
($ A7) P (bg) PCRER/ B8
P
ABPV-PF TTATGTGTCCAGAGACTGTATCCA Acute Bee
ABPV 901 paralysis
ABPV-PR  GCTCCTATTGCTCGGTTTTTCGGT virus/ PCR
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(8) BQCV A A& 93 PCR primeres

PCR
Ay +51/
. . fos | | =
() primer's primerA € (5'—3") AHE PCREE/ 24
(bp)
BQCV-F TGGTCAGCTCCCACTACCTTAAAC Black Queen
BQCV 700 ]
BQCV-R GCAACAAGAAGAAACGTAAACCAC Cell Virus
BQCV-RTF TCG CAG AGT TCC AAA TAC CG Black Queen
BQCV 159 | S ey vorts!
BQCV-RTR TAT CAT CTC CCG CAC CTA CC al, 2011 0 C
BQCV-Q-F ATA GCC ACT TCA CCT CCT TCC Black Queen
BQCV 59 S%HPCR/ YVlruS/
- t
BQCV-Q-R  ATA TCA TCT CCC GCA CCT ACC al., 2011 0 °©
(9) CBPV AAS 913 PCR primers
PCR
Ay +51/
. . ot | | =
(&) primer's primerA € (5'—3") AHE PCREE/ 23
(bp)
CBPV-F AGT TGT CAT GGT TAA CAG GAT
CBPV ACG AG 455 Chronic bee
CBPV-R TCT AAT CTT AGC ACG AAA GCC paralysis virus
GAG
CBPV-F3 CATCAAACGGGAGTCCGG Chronic bee
CBPV 228 paralysis  virus/
CBPV-B3  ATCAAGGCGTACTTGCGG No et al, 2010
(10) DWV A4S 9% PCR primers
PCR
Ay +51/
. . ot | | =
(axpg) | Primerd primer A€ (538" ff) PCRER/ 28
P
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DWV-F TCATCTTCAACTCGGCTTTCTACG Deformed
DWV 479 . .
DWV-R CGA ATC ATT TTC ACG GGA CG Wing virus
Q-DWV-F TCA TCT TCA AAC TCG GCT TTC Deformed Wing
DWV 121 virus/ UR-PCR/
Q-DWV-R1  CAG TCA ACG GAG CAT ACC AA Lim et al.. 2013
Q-DWV-F TCA TCT TCA AAC TCG GCT TTC Deformed Wing
DWV 262 virus/ UR-PCR/
DWV-Q-R2 CAC ACA CTT CAC CAC AAG GA Lim et al. 2013
Q-DWV-F2 TTC AAC TCG GCT TTC TAC GG Deformed Wing
DWV 194 virus/ UR-PCR/
Q-DWV-R3 TCG ACA ACT TTC GGA CAT CA Lim et al. 2013
Q-DWV-SF | TGT CCG AAA GTT GTC GAA AGA A Deformed Wing
DWV CACCACAAGGAACAGATAAATTAATCA | /2 | virus/ UR-PCR/
Q-DWV-SR A Lim et al., 2013
DWV-UR-F TGTCCGAAAGTTGTCGAAAGAA Deformed Wing
DWV 71 virus/ UR-PCR/
DWV-UR-R CACCACAAGGAACAGATAAATTAATCAA Lim et al., 2013
DWV-UR-F3 GTTGTTTGAGAACCCAACTTG Deformed Wing
DWV 133 virus/ UR-PCR/
DWV-UR-R3 CGCTTGCAACCACACTTTCA Lim et al., 2013
(11) TAPV A A& 93 PCR primers
PCR
A a5/
. : yafe:] ! ' }1\_]__1:'
(&) primer™ primerA 4 (5'—3") = PCRER/ 24
(bp)
IAPV-VP2-F3 GTTATAGGATTACCGTGGTGA Israel  acute
APV 237 paralysis  Virus/
PCR/ No et al,
IAPV-VP2-B3 GAACACGTATTGTAACTTCTGT -~
IAPV-162PF  AACGACCCGAACAAAAACAC Tsrael acut?
paralysis  Virus
IAPV 162 TRIPCR/ Kim et
IAPV-162PR  CGCAGGCATCATACACAACT al. 2008
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IAPV-URRT203F

ACAATATGCAAAGGATCACC

Israel acute

paralysis  Virus/
1Ay ATCCAACTCCCAGAATTTA w0 U R I PR/
IAPV-URRT203R CATCC Unpublished
(12) KBV A& 913 PCR primers
PCR
EAR R . ) a5/
- ;ﬂox]— ) primer's primerA € (5'—3") AHE PCREE/ 24
(bp)
KBV-F GAT GAA CGT CGA CCT ATT GA Kashmir Bee
KBV 415 .
KBV-R TGT GGG TGG CTA TGA GTC A Virus
KBV-F GAT GAA CGT CGA CCT ATT GA Kashmir Bee
KBV 441 .
KBV-R" CAG TTA AGG GGT GTT GTT GC Virus
(13) KV A4S 93 PCR primers
PCR
B R . ) a5/
- ;ﬂox]— ) primer'3 primerA & (5'—3") AHE PCREE/ 24
(bp)
KV-F3(2) TTAACGCTGAGCATGGTA Kakugo Virus/
KV 270 PCR/ Lee et
KV-B3(2) ACTCGCTTCATTTCGTCTT al., 2012
(14) SBV ¥ kSBV A M-S 93 PCR primers
PCR
B R . ) a5/
- ;ﬂox]— ) primer™3 primerA € (5'—3") AHE PCREE/ 24
(bp)
SBV-F ACC AAC CGA TTC CTC AGT AG
SBV 258 Sacbrood virus
SBV-R2 TCT TCG TCC ACT CTC ATC AC
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_ 318bp SBV
SBV/KSBV SBV-FV GGT GTA TAT GCG AGG AGG
/cSBV 267bp kSBV
C _
SBV-RV GCA GTT TCA TCT TCA TCT TC 279bp cSBV
* Lee et al, 2012. JA27(2)
SBV-F3 CGCGAATGATGTCATCTGT Sacbrood  vitus/
SBV 225 PCR/ Lee et al.,
SBV-B3 ATCTTCCAACTGCACCAC 2011.
SBV3-824- .
F3 atc cag cgc gte ttg agt Sacbrood  vitus/
SBV : 136 PCR/ Yoo et al.,
SBV-Semi- 2012
136R gaa tca agg ggt ggg tgt tc .

ofl. LAMPH & A}

ofo
_O‘L
rir
i
e
i
o&

9] detection

1) As.

Hrh e EHAWe] o] §dA AES fAste] 7 @Al ik 471 specific primer
2 o] &3+ LAMPH (Loop—mediated isothermal amplification)S AF&3tt} LAMPHS 5 &
o] xZAAA Fo| fHAe] FEoF-2 PUA e EAjoF-E FAs= v o)

=

o] LAMPH2 g 7|7]|24, 60C~65CE 308 A% FAT & dx FLrute] F g sy,

=
ol o= A FHHPAN 2 Axle Hola i

LAMPH = 44l PCR ¥ A% PCR,

Zas PCR¥} o], #HAEREE ozl DNAAE
2 RNACIA ®W3AIZ] cDNAANEE 7|2 E AHg3te], A% PCR ¥ 114 PCR¥ Zo|, PCR
FTENAAA e 3o ARE Tt 2 BdA o] fAA4e] FHE wogi
A4 LAMPHl 93] Aaba AnE AF&E3te A= s 2a o

d&de ;o ATk, Aol ST Fevte] EEAH

= 3T 1.
s @ A Aol o LAMPH O A§g vhasisl Austa.

AA LAMPHol oJste] A7 7hsdh 2 ZAW S DNAAEZFY 5349 (AFB), #¥
B4 HW(EFB), %4 (Ascosphaera apis), =AvFE (Nosema cerana) 5 4259 WA oly, -
3 & nlo]H AW RNAAEZFEH HMEAZ] cDNAANEE 7[HE 4F, F G555
W (SBV), Kakugo Virus (KV), o]~g}d w4 vku] M (IAPV; Israel acute paralysi virus) 1#]
Al ¥l E(CBPV) S g = glo], & 859 ¥ HAdAE Jddd 5 3
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(2) AGE LAMPY x4 2 =2

LAMPH A 718 Z4AL ZF primerd Zdo| w&t 55CT~65TC9 vHg 2
polymerase’} 22314 3li= Ao|t}. HE o] E4hF 80T olio] HWH =843 o
9MTColA 5&3F AlEQl DNAE &fgAzl 5 b2 dFe= &4 =&

LAMPAEES #7Fsltl. Bst DNA polymerase® 288 308-6087F DNA A%
80CNA 1023t ¥k FHAZIY

]

oo

¥ 1. #39 "WdA A48 LAMPY x4

Template(chromosomal DNA % ¢DNA) 1.0u0
Inner-primerl (20pmole) 1.0u0
Inner-primer2 (20pmole) 1.0u0
Outer-primerl (5pmole) 1.0u0
Outer-primer2 (5pmole) 1.0u0
dNTP (2.5mM each) 1.0u0
10X Reaction buffer(with 15mM MgCls) 2.5u0
Bst DNA polymerase (NEB, U.S.A) (4U/ul) 1.0l
D.W 10.510
Total volume 25.010

(3) LAMPZ 9] B4

LAMPZ #2o] A& 7|Z240=2 A7) o dAadel 1A A
A = dEE A4l AG43E FEd. HeA 5ol %Zﬂ?@fﬂ THo 8= Cyber
Green ®¥ GeneFinder™ Nucleic acid fluorescent dve (Baygene Biotech Company Limited,
China) 59 ¥#d=4d H7l= A #AS 5 9o, ole dA7|des Aet #Ldairt (L
#1)

oft
o
+
021:2
ol
£
rﬁ
ol
o
+
32
O
pﬁ
rﬁL
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Figure 1. SybrGreen test of N. ceranae—specific LAMP.

Figure 2. GeneFinder test of KV-LAMP.

A+. LAMP detection& primers

(1) AFB-A%¢& 93 LAMP Primers9 9471449

P. larvae ¢ metalloprotease (Mtpr) genes Target A A= Abo} A z}&}d ).
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Table 1. Primers of the molecular cloning and the LAMP-detection for P. larvae

Primer name

Sequence (5'-3")

Cloning F AAGGATCCACTCACGGAGCTACAGAACA
B ACGTCGACCGAAGGTCCTTTGTAACGAT
3 ACTCACGGAGCTACAGAACA
LAMP B3 CCGAAGGTCCTTTGTAACGA
FIP (Flc+Hindlll+ F2)  TGCCTTTGATCGCATTGCCGAaagcttTATGAGAACGAA
TCCGGAGCA

BIP (Blc+HindIIl+ B2)

CGCCGAATATTCCGGAGGATGCaagcttCCGGCTGACCA
TAAAGTGTT

(2) EFB-A %% 9% Primerg9 7144

based on DNA gyrase subunit B gene

Table 1. Primers of the molecular cloning and the LAMP-detection for M. plutonius

Primer name

Sequence (5'-3")

Cloning F CCCGTCGACATGTTTCAAGCTATTTTGCC
B ACGTTCAGGATCCATGGTCGTCTCCCAC
F3 CGCCCAATTGTTGAAGCT
LAMP B3 CGTCTCCCACAATTGATGA
FIP (Flc+EcoRI+F2) TCCCCGGCTGAACATAAGTAATATTgaattcTGTTTATATTGCCCAACCAC

BIP (Blc+EcoRI+B2) ATCTCATTTGATGGAAACTTTGCCAgaattcTAATCCCTTGTATCGTTGAAC

== O o] & 3 =
“ ?15_ = A= =4
(3) Nosema ceranae =% 913 Primerg 9 §7|4 <&

N. ceranae 2] 16S small subunit (SSU) rRNA (GenBank, DQ486027)E target
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Table 1. Primers of N. ceranae-specific LAMP.

Length
Oligo Sequence (5'—3")
(mer)
Nosema-F3  CTACGTTAAAGTGTAGATAAGATGT 25
Nosema-B3  TCCCATAACTGCCTCAGAT 19
ACCCGTCACAGCCTTGTTAA-TTTT-GTAAGAGTGAGACC
Nosema-FIP" 45
TATCAGC
ACTTTGTAATATTCCGGAGAAGGAG-TTTT-CCATAGGTC
Nosema-BIP? 48
AAGTTTCGCC

1) FIP : combine by Flc and F2
2) BIP : combine by Blc and B2

b -TAGACGC TATTCCCTAAGATTAACCCATGCATGTTTT TGACATTTGAAAAATGGA

CTGCTCAGTAATACTCACT TTATTTTATGTAAATTTTTAATTAACTACGTTAAAGTG
MNosema-F3

TAGATAAGATGTTTACAGTAAGAGTGAGACC TATCAGC TAGTTGTTAAGGTAATGGC
Mosema—F2(sense)

TTAACAAGGCTGT GACGGGTAACGGTAT TACTTTGTAATATTCCGGAGAAGGAGCCT
MNosema-F1{loop) Mosema—81(lcop)

GAGAGACGECTACTAAGTC TAAGGATTGCAGCAGGGGC GAAACTTGACCTATGGATT
Mosema-BP(anti-sense)

TTATCTGAGGCAGTTATGGGAAGTAATATTATATTGTTTCATATTTT AAAAGTATAT
Mosema-B3

GAGGTGATTAATTGGAGGGC AAATCAAGTGCCAGCAGCCGCGGTAATACTTGTTC-3"

Figure 1. Nucleotide sequences and location of primers for N.

ceranae-specific LAMP.

(4) Ascosphaera apis A& & 918 LAMP-primerg¢ 947|144

A. apis 18S ribosomal RNA gene (GenBank, M83264.1) & target
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Table 1. Primers of A.apis-LAMP.

Oligo Sequence (5'—3") %iiigl
A.apis-F3 GCCGATGGAAGTTTGAGGC 19
A.apis—B3 ACAAGCTGATGACTTGCGC 19

A.apis-FIPV ggg%%gCTGTCATGTGAGGC—TTTT—ACAGGTCTGTGATG 44

. _np2  TGTTAAACCCTGTCGTGCTGGG-TTTT-AGGCATTCCTCG
A.apis—BIP TTGAAGAG 46

1) FIP : combine by Flc and F2
2) BIP : combine by Blc and B2

B -GACGTTTGTCGGCTGU TG TTCT TAGAGGGAC TATCGGTTCTTALAGCCGATGGA
A. apis—F3 A. apis—F2

AGTTTGAGGCAATALACTGGTCTGTGATGCCCTTAGATGT TCTGEGOCGCACGCGCGT
(sense) A. apis—F1{loop)

TACACTGACAGGGC CAACGAGTACATCACCTTGGCCGAGAGGTCTGGGTAATCTTGT
A. apis—B1(loop)
TAAACCCTGTCGTCTGGGGATAGACAT TGCAATTATTGC TCTTCAAC GAGGALATGCC
A. apis—B2{anti-sense) A. apis—B3

TAGTAGGCGCAAGTCATC-3

Fig. 2. Nucleotide sequences and location of primers for A. apis—LAMP.

(5) CBPV (Chronic Bee Paralysis Virus) %S $13 LAMP-primers9 97|44

Table 1. Specific primers for CBPV-LAMP

name sequence (5'->3") reference
CBPV_LAMP_F3 CATCAAACGGGAGTCCGG This study
CBPV_LAMP_B3 ATCAAGGCGTACTTGCGG This study
TGCACCCTCTTCAACCAACTCA-TTTT )
CBPV_LAMP_FIP This study
-GACACTCCGTTACGCCAAT
AACGCTACCCAGAATGGCGTC-TTTT )
CBPV_LAMP_BIP This study
-GTTCTGGGTCGCTGAGGA
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Figure 1. Sequences and locations of four primers for CBPV-LAMP

(6) SBV A=S& 93 LAMP-primers 9 97|44

Table 1. Information of SBV-LAMP primer set.

Oligo Sequence (5'—3") %iiigl
SBV-F3 CGCGAATGATGTCATCTGT 19
SBV-B3 ATCTTCCAACTGCACCAC 18

SBV-FIPY CAATAGGTCTTTGAGAACGGGATAATTTTCGATTATTCAC 49
AACAGGGAG
_ 2) GCGAAGGATCTTGTGGAGAAGGTTTTGTTGGGACTTCAGT
SBV-BIP GCTAA 45

1) FIP : combine by Flc and F2
2) BIP : combine by Blc and B2

E-CGGTATTTTACGCGAATGATGTCATCTGT TACGATTATTCACAAC AGGGAGCTTG
SBV-F3 SBV-F2(sense)
TGGATCCTTGTGC TTTTTATCCCGTTC TCAAAGACCTATTGTGGGAATGCATTTTGC
SBV-F1(loop)
TGGTCGEEEUGAAGGATC TTGTGGAGAAGGTTAT GGAGTTATT TTGACT AAAGAGGC
SBV-B1({loop)
CATTGGGGATATTT TAGCAC TGAAGT CCCAACCTGTGGTGCAGT TGGAAGATTGE- 37
SBV-B2(anti-sense) SBV-B3

Fig. 1. Nucleotide sequences and location of primers for SBV-LAMP.
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(7) IAPVAES 998 LAMP-primers9 97144

Table 1. The four specific primers for IAPV-RT-LAMP

name Sequence (5'—3") mer gén)
IAPV-VP2-F3 GTTATAGGATTACCGTGGTGA 21 56
IAPV-VP2-B3 GAACACGTATTGTAACTTCTGT 22 56
IAPV-VP2-FIP é%écGGGTATCACTCCTGGTTTTTAGACAGCTTTTCATACT 44 59
IAPV-VP2-BIP gé%TGGGCCCGATCAGGATCTTTTAGTCAGGTCCAAAATGT 44 58

Figure 1. Sequences and locations of four primers for IAPV-RT-LAMP.
The six locations of motifs for primers and loops for the LAMP are denoted

underlines.

(8) KVA =< 913 LAMP-primerg9 9714 <

Table 1. Information of KV-LAMP(s) primer set
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. Length
Oligo Sequence(5'—3")
(mer)
KV-F3(2) TTAACGCTGAGCATGGTA 18
KV-B3(2) ACTCGCTTCATTTCGTCTT 19
KB]HP@f) TGAGTGCCATACTTTGACAAACTTTTTTATTGATGTTAACAGCT 5
TAGAATGG
KBIﬂPOf) TAAGAATTTTGGCCCTGGATTAGATTTTTAGTATAATGTAATAC 5
" | CCAGTCGA

YETP @ combine by Flc and F2
YBIP : combine by Blc and B2

5'-GCCTTAACGCTGAGCATGGTATAGGTATTGATGTTAACAGCTTAGAA
KV-F3(2) KV-TF2(2)(sense)
TGGACAAATTTGGCAACAAGTTTGTCAAAGTATGGCACTCATATCGTGA
KV-TI1(2)(loop)
CGGGTGACTATAAGAATTTTGGCCCTGGATTAGATTCCGATGTTGCAGC
KV-B1(2)(loop)
TTCGGCGTTCGAAATTATTATCGACTGGGTATTACATTATACTGAAGA
KV-B2(2)(anti-sense)
AGATAATAAAGACGAAATGAAGCGAGTAATGT-3
KV-B3(2)

Figure 1. Nucleotide sequences and location of primers for KV-LAMP(s).
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3. So] FAol o3 wWPAR ) 74
7}. Immunochromatography ' ol 2] gk A}

oo te] 9)Ete] 9] Immunochromatography ol 2]3F & AW AL H o] 7y et ™
AAZvtE2dt e HeAe Soldtdde] e SoldAE AFEste, Y WA AlFE
of EATE AAHoRE B 4 A 3ok Aotk & R A v 9% WA
2utE gty 7|ES ARRAWHAE 918 dtolldl, HAF vHdEIHE fske] v m A R
WHA A skaL A8 7] = skl

1 712 49 &L AFe 74

Lol nBAH(AFB) A&FS 93 w9std A47A 7] E (Immunochromatographic rapid
test: IC-PF-01)3= 7] =54 ¥ (American Foulbrood; AFB)2] WL A Paenibacillus larvae?
g wodsta N&EY JNERMN, Paenibacillus larvae?] ARG (flagella antigen) HEi=
ZA &4 (Spore-antigen; IC-PS-01)& A7 o= dad 4 A 7idd Aol o= 4%
A Fe AR EFolA A AHEE F JESE ST

s

AE2 T2 1) Plastic cassette (AAFS] ZgliE BA) 2) 858 959 (glass bead®}t
buffer’} ¥39 tube, €3 0.8 mD, 3) 7Y E37] (tubeol WF-o & @A Axd Zgig
W2, 4) 15 mlg Y8 S FH, 5 vy A¥ol= 6) AMEAWA Fo= 3T

(2) A e <A 2 BA

o
op

Arstaa sz i) ofdd(ERE 4F)E 15 mE dAREYE F
=2 Algdte] §$54 9= 2 ml(A 59 &%) 713 =&
HE

A& 0.
bead’} EH= el 317l ¢F o FEE AME del 5ol & ERste] Fi F4] £F0s A
THow F7 Folof dvh HAY 42 02 mlE V|EoE on, oE wE FW 4F 1
phelell s AL, o e} e oAl wheh BonkelE RobA ARG Ao A4 4
= s 40}04 EME AAGE Aol Flate, 48 S ueh v Ee heyavt B
vhe] RS Bob @ Bt AE FEE wd & Ao
() 2. Wy Z371 & Abgske], AAlE ws ek
Y7 15 mlE dAdEe g FHe) wbgel & STRE AREe glew, gl
22 glass bead’}t 2= o] gl7]el, PIYEfrl2 FH wiEs FRI Ee Sus @i
ok B AREE of 302 FEoR, o Mol delrt gl ARA otk &E Mol
Hifew v s ot
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A (cassette) 2]

AFZFYGTS) Fgettt vyEsfr]= o] & 4530 of, & Bgs YrHoz
SAZE 7 Ak 2" &Fd9 E7] #& VA AT utE BA AEFES) Tl &
A7) #& AAATNE F B2 oA At ASFYTFE EA S (sample)E EAE F-
Holu, Bl ola nptol] M9 filter7b BATh Fe AA 1H-golH EE 2A 2-39-g9]
o, 2323 0.1 ml Weeltt

(2}). A (cassette) 7} FH o] HA FiL C
A ] plasticF-w-oll AA2EE o] Fo] QaL, 1 We| “T” "C'7F S o E FAEO o, &
npeto] B A9 filter7} =Z ¥ o] At FUE &EFHE T (Test)d-E& A1} C (Control) Al 9
RAolw, CAo A= ArAATI FA/ &40 BAIgle] H2 o] Pz ojof o)

o e

=
=

(vh). A¥e] d5: CH TH BiFe 2 o] IAHAE o= 34,
THA CHA ZFoA] HF& Ao velyd “FA” = Paenibacillus larvae?] AU o] 74
e vk Aoy, naF-Ae] dlto] Algulel] EAgthE Aot CHole &2 A
of YEttoy, TAL Wyt gAY w-¢ weksivd “FAd7em @A TA9 A7) of
gk oW “o)kArow wAET 4 vk |, CAe AAATE FAdoly SA oY He
Aol @A ojof gttt THel &2 Aol ey ey 1 die “BA4dEs70 2 gfofof
Eia=

3) 719 A4

B I EL sandwich-type lateral flow assay®EH, P. larvae®] HEEYPy} Eojz oz A3}
= SEFESA (P larvae E°] @A, detector)9} colloidal gold’} 239 conjugateE A&
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F9 ol fIAAZINAL, E o2 P larvae ] SR A|(Capture)E T (test) Aol 91x|3}h
A st A, BE FAIgm e 23 F d= FAE C (controDA ol $14]8}A 3} AT

utebA, AAEZEN7F FAEHE, T ofd Fol A€ P. larvae 5o B3 A —colloidal
gold conjugate A5, FUE HA T P larvae HEIFYUH Eold AIS 1A o] #A

2 - A -colloidal gold complexE WEA Hrh  ©] complexE< X o
nitrocellulose membrain®1 & o] &atA =™, o] HAAA T (test) Mol $AH &= th&
larvae E°] @A (Capture)dl] H XY -3A-colloidal gold complex &2 HXE a3
of we}, HREIYU-3A -colloidal gold complexs T-H4to] &2Z% A A LAt o] &3
complex®9] colloidal goldE& Az oz THo] £& Hog Mol ., FAABRAS

s,

HA Foll WA P larvae’} §1& A5, BA3] P. larvae E°] HEIUE gl7]
ol ol YAA P. larvae E°| ©@&A|-colloidal gold conjugate FA52, L2
A%F o 2 nitrocellulose membrain®? & ol &3dtA =W, o] IANA T (test) Al

U2 P larvae &°] @A (Capture)$} ¥Eg-Eo] glo] CH &% o= o]&stA Hr). CAlel
2H 2E IAIg® Y A% 5 e FAVE C (controDAlel $12]3ka 7], P

@34 —colloidal gold conjugate ¥-AHE2 CAol =& %A Hw, 92 colloidal goldell <]
o AoE HolA HAth

oz

rﬁ—u“

_—

°f

Elilm_kné-lmrﬂi

i

t}. Immunochromatography '8l 23] HAL7} 71 HAA 9 &

(1) W=EAMAFB) w8  rapid kit;  Paenibacillus  larvae  spore  AE&

immunochromatography (IC-PS-01)

(2) FH9F-AHWEFB) A2 rapid kit; Melissococcus plutonius 7% immunochromatography
(IC-MP-01)

(3) EMETHDOWY) A rapid kit; Deformed Wing Virus #% immunochromatography
(IC-DWV-01)

(4) F=H(SBV) A@E rapid kit Sac Brood Virus #A% immunochromatography
(IC-SBV-01)

(5)  ®HHAEPAWE(CBPV) A& rapid kit; Chronic Bee Paralysis Virus #H&
immunochromatography (IC-CBPV-01)

6) ol~zd FAWWIAPV) A rapid kit; Israelli acute Paralysis Virus A3
immunochromatography (IC-TAPV-01)
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(7 S99 (BQCV) &g rapid kit;  Black
immunochromatography (IC-BQCV-01)

o
rH

Queen Cell Virus %

- 234 -



A 13 4 =

Ui

T

o = VA AW

7 AL

il

—_—

0
<
ez

A7)
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AZzo = AulFd

1417150 et =

oln, A& e FedelA HHE ol

Tolth AR EHE Gl Faroll A A Aol nio]g

mA A o] AARE ol El, wHE el

3

I

A= EHERe]
=

ry

o]
[e]

tol Bug o] 7

34

B 7144 A8 A, B Al

i
=

-
o}

gl
) 70

-
1.

EER

=

=

_?4

=3 ]
=

1. we A vl

I

o] o= & Aol

0.3 mg/kg

aLA])

ot

3|

A&
L

L =
- T

=)

H2a57] dio=

I

- Al H E gk AFo] 9 (Oxytetracycline)
£ 2 294 & (Chloramphenicol)

Ao A "ojAH, o
Y] 2 v}o] Al (Neomycin)

W
pul

iy

0.1 mg/kg

W
pul

iy

2 E gl & vto] Al (Streptomycin)

o}v] E 2} 2 (Armitraz)

AL
3

=

0.2 mg/kg
0.1 mg/kg
0.05 mg/kg
0.01 mg/kg

Fef Al

5

(Coumaphos)
_?4

Fhlg] Y] o] E (Fluvalinate)

Fu 2 ¢ (Flumethrin)

=

hya
= A
=

Aol Aol

=

-

ur

-

-

ojy
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v B G oo F5E 93 A3 AESHA XA
(1) A (Lactic acid)& A}&3F G oo F-=
ohH &9 9 &%

1) 15%9] 214k Abgstel &l @ 4 9 3-6 mle) W&
2) 5% Ao m 23] o4 AEstd 40- 95/4 uhA e

(b AW 2 FoA

1D Eatdl #4998 ZAHLactic acid)v 85%9 =2 FvjeH, 820 ml FEE9°] 180 ml

85% A Lactic acid)S 7}3te], 15% AR 1000 mlE wHEo] A& 3o},

2) 85% AAHLactic acid)e "¢ ZA4o] Falr)ol, Bio| FJdtolof ], HFolA LT-F

Aol #AEE AFdola, yFe HJHFA| SA| o] B2 A HBFooF gt

3) 5ol gli= o) & —”ioﬂ A2 sz Aol wElatH, 5o A 53, eggol larvaes= 4

AME e 7 Awel FoE.

4) v} B7F] ARE, A3t ER A AE Aestd Bare] st AF vk

5 ol& FHe oy FrtellA 20 o] EEE ¥4 FAFe R AFEH AlEA o] St
(2) /v 2 (Formic acid)& AF&3 ZFWZ3 oo 3

1) 60%¢] 7ivjtbe Abgske], ka4 g Avigl 7= VskEe 240
2) 5YF AAE AlEEH FHEAE =Y 7 Uk

(b AW 2 FoA

-

1) ¥ukdel F8¢ v A Formic acid)E 85%% HEZ BHwE W, 540 ml 85% 7Hv]4t
(Formic acid)ell 180 ml +X=&-8 71819, 60% 774t &9 720 mlE 5o AF&3o)
2) 717 2HFormic acid)2 ™% =Ao] 7alr)o], Hike]| Foldlejol 3}u, #HFolA nFAY
o] ZgL FFAolaL, Fo HHFEA FA v =8 ‘ﬂ%é}oﬂok Eia=g

T

woll Az2lgh= Aol welsd, 715ke 74

_‘_4

O

FI
=,
)
P
oF
r o
=
S
N
a0



o=, 120ml 60%

=
e

9cm x 4 cm 7]

7z Lo
=1

2 cm), A& 718719 7]sA

51ty

B

o]

i

_EH

il
B
ojy
<

71 7]

, 718 A3 60% 70 WA 5

fsiz

o] VEUR ko), wuedle] Al

shofo}

5

=

=

HQlata A A A

= A

o FE oF 109 FEOE F74A7 59
se

5) ZWvat AbgellA e " 7=

wgofe] 74

=0

a5 71l

o =7t A

6) A7

ot

3
T

=ojA Az

o)

=

THE o F7l A AR E = AFAd ol glo, niE 75k
) Al

(3) 222K (Oxalic acid) & A&

=T}
1 kg, &4H:F 75 gram

1.

o]
s

8|

8) ©]

15

W
o}

N

n-

F, sl A oL

S

9] 5o of

=

fsiz

o] R} erou}, wwWlgofel T4 &t

o oF

T
5]

T

Sy

=

=

]

i oF

X
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o] & A & AA| Bed HE3E 240l B
5) WA SAkxo] Rol= oGS Fol: U 9], 28 /d(o]E B EUS)ol3 R A A
& Algksi

:
T
=
AN

(4) 91 E(Thymol)& AF&3F &4

FAEOE

Thymol2 Thymian oil¢] A
il Y AL FA ThymolzA, 3¢l 3 o)
u, TymolAlAl = 1 litere] &7] 9 5-15 ug? B oA

H
=
gt Aol gl Aoz Aol vhdzt AREse] sirt

=

Thymol AFELS 257 7]20] 15°C ol ddd Hged & == Az en, §Hol kst
i, AAZMA] EEEE FAlo] Harw A grol & wal v, B9 dF ol Fofs)
Ge A Taol BAH L, g Ao E T A =57 HAEATE Bavt S
¥ 2. Thymol A ¥2] EH o] FAAFE

oFE T A A 2 A 2 A
Thymovar (E] &n}) 2EY 9] 2~ /BioControl
Apiguard (o}¥]7}=) % k)
Apilife Var (o}3]2}o]z) ~EHY oo}
o] - E] 7} & of

(5) Y E(Bienewohl) S AF&3F W Golo =
BienenWohl< 2] &4 Flavinoid(Z &0 o] =)E FAF- 072 3= &FH-$of A A o]t}
Flavinoide= & U7#4d SolA A= 4 A4 AEoz, o8, A45A, @74
Az AFEFEo] gow, 1987 U9 Dr. Deny”} propolis®} citric acidE & 338}

BienenWohlA| 233l &l -&of FAAZ AEs At HAY 752 Flavinoid&o] #'H§
of o] AZt7|he] 2gHTta YA lon HHSo] WA f e HHe HA4LEFE A
sto] Aawe] WAl At Sl x gyt lvhar 3y, Hoh e 7)Fe d4E 28R

& Aol

2239 S Bienenwohl £ 1ml A& 7+ &njalole] F WolFi 7143k Aoln, 9%
2 Bo]l gle Bl 5°C oo 2ol ARt ARgETh o] WS A 7e 7oA 5
R8s way v gl
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EHENE YA A oFES 2 AR FA8S FHst o, 1 FEA
ol AA 7P wol ARREAL vk oFFEE B FAE T8 TAHSE v #o] xE &
St

¥ 3. FddA fdF7ted EE SN FAAE

Al % 8 JAZAL T 3% dR7E HE
3 5 /7 ZZntg] vl o] E (Fluvalinate) 2~E# 0.05 mg/kg
¥ 5 /5 ZZntg] vl o] E (Fluvalinate) 2~E# 0.05 mg/kg
¥ 5 /3E ZFulg v o] E(Fluvalinate) 2~E# 0.05 mg/kg
o Vo Z Znlg) ) o] E (Fluvalinate) A~EH 0.05 mg/kg
T Vo Z Znlg) ) o] E (Fluvalinate) A~EH 0.05 mg/kg
SATS Vaakn Z 3Ly o] E (Fluvalinate) 2~E# 0.05 mg/kg
v A Z 3Ly o] E (Fluvalinate) 2~E# 0.05 mg/kg
o} 3] ~ %k Z Znlg) ) o] E (Fluvalinate) A~EH 0.05 mg/kg
nloupF /=5 Z % v 22 ¥ (Flumethrin) AEF 0.01 mg/kg
HLE 7L E o}v] E g} = (Armitraz) FdA 0.2 mg/kg
ulo] 7L E o}v| E 2} (Armitraz) FA] 0.2 mg/kg
wlo] g o}v| E 2} (Armitraz) FA] 0.2 mg/kg
Ea s o}l E &} & (Armitraz) T 0.2 mg/kg
#H 2zl F1F¥ 2~ (Coumaphos) o A 0.1 mg/kg
Al Zwpo]l E sut ¥ 2 (Coumaphos) o A 0.1 mg/kg
ZWA-VA Bromopropylate FA] —%

n} 2 Z P(Varokil P) Al u] o} & (Cymiazole) 2 —%

oy & Al n] o} (Cymiazole) iy —%
AEATAA Tetradifon Folx —%

t}o) et Chlorobenzylate A —

2 A Chlorobenzylate = —

* AL A GFQkThE 5o, 7)ol gitkis Aol obd.

- 239 -

ox £



2. 9B AH(AFB), T8 5A M (EFB) dig FAA A X
Zb. "HEZA ol S o3 AldA AW A XA
LAl H EgFAbo] &8 (Oxytetracycline)©] A A 8] o]Fo]H, ooz o] AR S AHEZA}

o] Z¥ HCl (Oxytetracycline CDE 7|2 % o] it} ® #}vFo] Al (Terramycin)< PrizerAle] A%
golu BE tHAHE &850 AMEHAL QT

Tl FeAd FHEE FAAE SAHEDAEH, U 2vo] Al (Neomycin) 8] F+ & o],
2 9o FAAlE A Wil FHEA Fevh 1Yy SAHEGA]E Y, v ewrto]il e
AAA Zeafg o] Hojup xhRpAo]l wi-¢ wofsiry dA| et A f Bl A Foke W
o i bsdE v oy, A7E Foldnt stoigte AE 4Fo| e Fopd Alvlof gt
S A H EgfAbo] 29 (Oxytetracycline) @] 3 B I Alg 5= A% FARE %oz 200 mg
(0.2 gram)olth. F=-& Hebrtoldl FHE ofFo HEA AuAl Fo] &3l o], #+E9
FAE FAE HEZGAolZH Y FuTt 108 ol Be & d7lel, ofFel dHHo A= F
Ao ghefe VI Eoka kel wel Agbste] A S Fostolol dri(d. HE&& EHlEhrteo] 4l
ool % 1 kg & SAHEZHA|FH %L 50 gram, BE FAES F FH9 5%,
w/wZ 7Aoo v, BEe] T 1 kg T SAHEZAO|EFH Y L 50 gol7]el, B
g 13 Fo3= 02 g (200mg) Y79, 50g/0.2g=250(%1), = % lkg 2505w 138 F
e F A= &l Aot

A, SAEEGAFAE HFAT o e, Beiwe] AL AXAAE AirAle] )6 13
Folzi 2 5B B AEH, 3959 (A0 38 o)F A Folste] ARAHE Fol
of @ oty wd SAHEIIZUL, B ol f = HHREARHY TANAE Fol A
2@k 2EnE AR AASA i o4 MERANe G Aol Aol wobgln.

=
1t

1) ZE2A =4 2 A

200mg 2] A H EgALo]l £ 9 (Oxytetracycline)-e 30g A%
g, e B BAle]l Ropa A% Al Wz Az ¥ EFI I, 77
gty 18 T 13 200mge] Hgtvwtolile] Foums g

Z3be HEhekol e Ane] 9% R e T, HEe 7o wo 4, 3¢
AE AL 3-5%d AA shaA A Eo] FAlste] Fofdith

a2

200mg2] SAlH E#FAlo] 28l (Oxytetracycline) 2 30ml &9 &3] =90 ¥ 30g9 A"HS ¥
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AL Aoz xAlsH, 17] Batol Folgtth o= 17) Baro] A qtell edd] 4~x
A7l o 3d A E i, 3853, mi M2 AR Ao ol

@) &85 9@ FAA Fol Wy

6) oFa # AL 713

LA " E g} Abo] 28 (Oxytetracycline)& vHFE o] =ZH A0S A 1Y oo A9 Fi&

g so] ofarF fojd A= wwy A Bes= FAA IR YA AR @]

AN 7] FAA ARl A AxHr

g Aol S A H Eg o] ¥ (Oxytetracycline) 9] ¥-77] 34°ColA 74, 30°Cel A 17
dou}, 25°Cell A 8%, 4°Col A 13FEM, A /ad HEZAIEFAS MY AZEE 24
W1 5= Aoz Abslelof g,

%

. v HE= ] 9% A AW XA

Y] & H E 2} (Neotetra)= -] H EgtAFo] Z ¢l (Oxytetracycline) 3 4] 2. v}o] 21 (Neomycin)©] <3t
Hol v AEHoR 7 AAE MEAdom AMGEHE Ao vlEl, 1 ARZ A7 55
&

ok &M e AFAg wErh
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F(Oxytetracycline)9] A=A Folx B U 75 AH(AFB)o] Alg &4td
Hay= A, D Xl AY, 2) SAHESAEY AR P larvaed #9

Ao g3 AR
7F. Fumagillin(Grebd &)l o3 m=Aupo] djgl A X

A vk (Nosema disease; Nosemosis)< ¥ ZA5-(Kingdom: Protista, Phylum: Microspora)©ll
3= Nosema apis %= Nosema cerana’} E'82] AFo| 7 7Aooz WHE =
71 EA Aol AdukA o7 Nosema apisy= WAl A3 Ao R uHEHXA = &%k
, 19943 F=re] B oA FHE Nosema cerana (Fries et al., 1996),7} A %FE HH ol A
& Yol ASE e o]e] Aojrl FHEAL Qi)

o Hdor b

rmL

H

5HH, Fumagillin(Grebd #1)2 3t Aspergillus fumigatusol A 29 FAEAZHN, A =
Amp o] A 5ol 7P Hol 2ol ABAola, £33, AEZHI olE Feol woldtd wAvte
& A FAAT= ALE HaE T (Gochnauer and Fugala, 1962).
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i

Fumagillin

—_—e— — — —_— —

i

Fumagillin

i

Fumagillin

i

Fumagillin

Sodium salicylate + Beta—vulgaris

(Nonos)

<
A

Sodium salicylate + Beta—vulgaris

i)

A A
A

i

Citric acid + Thimerosal
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(1) 22324 YE

4T A8 g, xzae

3 2 9] 22Hpropionic acid) 54 °FAlE WEW e A FA
3 A2 glsle] W&

4 HEge 2U ddd 22 deAAE IR

(2) vl & (Bienewohl) S AF&3 HWH g Al Awlo] Ao

BienenWohl& 2124 Flavinoid(Z &1 o] )& FAR o2 3u HHSof FAAZ <48A

o} St kA g ykol shA| EHo HAL&TE 2

3kar, AbeEZle| . g 3v) ﬁl‘jrﬂ By A A Ao A ZHE AQAT F
%,

7+o], Bienenwohl €< 1ml 28 7+

Albofix Z1#]aL Albio K& HA HAe FEa(HA4H)= dHo
A

& HEATY, AEAxG AN G

5| grelA QA ok, ed J1z QA Aol §EHT, B 1 ofEe] A%Aol 9
W, g gEel obd ¥712 B oy mdel 4F $o Pl At

3l Pure Wild Organo Oil (PWO):= 2] &
1547158 wzbe]erF oz WHEAZ &lyte] F9E QAN E Edo|r),

Albofix, AlbioK, Pure Wild Oil =5 37| & ikl ol W& o] Ascosphaera apis ~L
glal A o] Aspergillus flavus® 373 Aoz Ao, okAle HeloA] &=
dk-& B4 (Dose—effect relationship)S 153l v) A7) okl o] A&-S 93 &9 2 AR g2

o Wetel Fbd A7 ek o Base], s =wg ohel /14w,

d

x o]& ¥l = 2005. A A AlbioKe} Pure Wild Organo Oil& AF&3F &8 @l o] o}
ar -8 #] . 20(1):19-28.
* olgnl F, 2003, FZTA Albofixel <)k &M wWEwo]l whAe} Alo], dafEshE R,

18(2):139-150.

o
o

- 245 -



A A

I

O
pad

5. 29 WAA vl xol 1]

Aofel FAE 2 Fl

i3

of i

2w

]

=

3

REERE

P2

s

)

Fo, o] ¥ANA Edn}

ol 9

5

:F-

==
T

o=
A1 7171

==
=

LU=

=

A nlo] 2 A4
=

larvae

O
pad

5 2

2 A+

-
1.

il

°
pad

°f 9]

==

%
so] ofs)

qare) WA ol

7. Ape e ol 7 stel o
1

X

(Ja3g<l)el

1.

Ao, nfol
urEkA], dA A Aol

o HHGof -
SBV, DWV

o] #] Ao

larvae

o}
G

1 4Zs0) k. wet

3|

3

3}

- 246 -

+ njo] 2] 24

O
pad

o ¢

==
=

s
RGN} vhFe] vpolelaE # el

s, wule] WA nhold
A Ak & Aot}



o GRS du o o TR W Mo 7 B o ~ =
T ORw o= om T4 T o HOVMJMW %o
e g imeul,mr Qﬁ% W g B Famo ® <
- T IR R o o o = =N
ﬂZI R ﬂ_OI O# Lf ‘AIU,W 1__/|,A N..E Ot x © dﬂ %,A R OE M,ﬁ_”
Nfo — L R o ok &l, — T WK 2 )
) w GG (i I o T T
of g S o ey Ay T
= 3 3 i T o5 g T oo wrW mw o)
® 5T 2 T FW BT T F
o ﬂ“ = T o B W = P T S g 2
- — al ~X T M =) -
T T = N T MooE oy W i o 7Sk £
= W= e N > S TR © T S5 &N S
" ‘ml 3R =l T ,MA ﬂE —_ % _ ~ S o
(- o X = - 7T o} WE - o T o T W o m -
me S A J¢7W% :ﬁa)ﬂ@_ﬂoe Eﬁ_EuT < 4 F g W £
s T e ¥ E s Sug X T oy (- O =
Wu_” XJAI | mo-%ﬂmlgo_nmo o ﬂsﬂlﬂ ﬂidﬂ o _fqmﬂnoonﬁ =
o T o= i = fLAl < = <L T8 = 9 —_ 0 oF — ,Ul
—_ \WE — I L) o g X
oo X mDNagw mﬁ + g oﬁ_ S X o = mr o "
g W ur ¥ oa Sl ow_ @ = e I
. = K K —_— "
5oy T ¢ Fore B Tga" 3T o @ G
iR . T OX S o = ia ] o G
Mo = = 3 _ 2 H ! do of K o) ¥ )
N r@o® 2 g E¥n Tlg A &
o (9] = ok LT ISE) w7 X o o T
v & de o = B & ﬂ_z.wm g Mo =i o - oF o ) ojy >
— ol <~ T m g o1 oy of o - v T Gl m
< b E ° g Nt o|J To F oK
T o N ww 8 WEs T L B
i xo < o) W oL " 7 AV S ol < O o W o
3 F T o X 3 o) g L : S o W _
= = W 2 e W e I Hnm T_A ) - ® oI P s < T e e o
o "o z T < H B e = 4y = B ox R i = o <o
N o) — W o R | L " o = ~+ O M = o)
XL o JJJ X N . —_— o % o ol ol oL oR 2
El mﬁ .6L 0 4] X 10 A# 1FL _~ _AD
omoa ¥ RW o & T F e %_ A S
o) =y =0 < N - 3 = R ~ © © o
s =7 ﬂ%%# z w%M% PEE S : S Wﬂ,k_w_ap i
o TRLE T oz RE cmEe 09T e 4 *ECRm W
ELR: et T LR B © oo K om0 A
oo Ly T oo B o o X X
Fl oo N 60 o T - O I = W o
_ 5 E io o A Al o Mo <0 e <0 0w R s A
e BT W wH T 4T 8 4 oM eET O W

=
=

o

g

A

()]
=,

vgre] 22 ok AA), 25

kel
T

ol ARES I, 1 &2 500H] &4 ool
- 247 -

7 2ol AR (A7

AF
=

w3k A7 FATIE Ao, v

5)



A 7}

o
~
il
Lo

& 3008 3

Hr
<

9l

<A

"
=

O

D) .

7N A

=
=

of mge F 2% m%

Az

o}

gyl
B
W

Hr
<

%

o}

-

B

%

B

=

Fiae

}d of

S

A7)l 24

=)
=
_,AO

H
gyl
<]

<

2k A
=
b Aot

ATk 5004)
3}

13l oabe] A

=
ES )

EZ A

9l

o

t}

o
ﬁO
ojy
o
1o
) ..rl

&ﬂ
H

o
i

ot
B

H

[==
el

=
o
pF
]

[==
el

o

Aol
3) sl

=

fsiz

wolel

=

=

o}

il

o

iz
Ao

H

fveel

X

A

)
s

g

s

[OJR=%
o=

A71+5 Eot

3

e

Al kg7l o

3

e

°
pad

10},

}d of

<]

A

o} EA wi=
A

St

A= A

-

o] HA X
e

A~

o]

™

)
s

Je]= =27

A

o]
™

}

il

°
pad

FH, R

5

P

- 248 -



AR ool o] 7)ol %

0 AT WM AT

g

gl .0
o =

14 A2

A

i3

of i

Br

o
st

I
'l

Gt

o

fveel

=

<N
o

ol
1 .

)

<]

R

=

=

A

} =

[e]

= o]

St

stoluelmrby & ol &

T
.

=

uk
o] -8 ELISAHl ¢

SR

=

=

A

1.

)

19F =

A
1l

L.

3) Eol

'l

ojy

-

W

A

=, o) A

-
it

-

2=
i
ojy
N5
)

—
o

W
H

R

A o] Q-2

=

O

-
1.

Br

o
st

o}

THEAR),
mRul ),

Bt

(EFB;
Sachrood virus (SBV; @ %8°FH¥), korean Sac

Melissococcus plutonius

v = 52 ),
Ascosphaera apis (CB; W49 Aspergillus fulavus (SB; 21aLH), Nosema apis (=A7}1),

(AFB;

larvae
Nosema cerana ((=Av}H), Acute Bee paralysis virus (ABPV; 298] 1) Black Queen

Cell Virus (BQCV; &M o] 2+=) Chronic bee paralysis virus (CBPV; wHduhs]H), Deformed

Wing virus (DWV; W33 75), Israel acute paralysis Virus (IAPV;

Kashmir Bee Virus (KBV; 7|A| 7o &%),

Brood Virus (kSBV;
Kakugo Virus (KV; 7]

Paenibacillus

—
o
oF

o
T
o
ot
v
)
ol

O
()

uj
&

il

7] E (Lateral

G I S

5

o|m=E JfA
~ 249 -

el
7kl 9

H
=

A=)
-

=

.]

%
L

B=Y

[s)

3ko] 15

5

We JRowm



™~ T - 7 mo oo mo - ,1_.
< do m ooy A T o y 4
e w o FOR ERR T o = Z oMW o
fo w O o o ) M 0 Fodx=Dn Z
o " ow w® E M - bo % ol I =
oy T 2 : T oo o T = - < R 5 =
oo T = o = % ) Mo = il . ®omE o + B
T - T g~ = Hdws x5 O I )
~ 2 Ho ol T = = W Mo o+ B BL umAT 5 A]g O o)) PR ngnm mw ~
Gl g B B gy W LB G TN T T
o < ® T oam o M RCIRC I S W © oo A
5 © P ® TE=ag o0 T M T e Ewm
wjr . " Y S-Y mo o, ED fr al os) Y - o) NR o o
B 8 o R R A Sl S R oo«
.= Ty, PE<Es E® <~ K om
NS w = E ,mmo ;OE ﬂ__/H »AE ) ~ ‘mW AT —_ T = ;Lme
- e lv cxETE oyl TR 7
= - s A ol e
™ = i1 o o T ~ ° ~] = ) 0 il m e o < ‘XI <A
Zi Emmﬁﬂwog <Pl SR wh oY <
i e o= A 9 o A - - BT
Wg N T < o D w0 = i N Mo R ol
of F @ om bomx® TR VLT %
ks ﬁﬂaﬂﬂﬁgv% o T o % S o X o S m K =
I 5S T oAy K o’ W 5 = g ol o oF TR 3
| 1r CECH = NR 0 W S S — W o X -
mt 2 o omn BT b T om O o s e B % o] T x X r ofp
NURY e oo ox T C o W o o Mo o= T I = N i
= O % = g T oms o~ = X -
- = 7 o R e TN 2 & o = Vo T m M X
B g TE oo KRR © Ty R I S
o E o s = s Tow T X " T
=8 wroo Ay s m N @ _ =@ +~ B o W
A _ 'HE I KR ) = =l @) S [ P NI e i
o2 o & o g & FD = (R o
2 B X mn B — T e < i < o X =y
Gl o B Py il w P RN 4w = A ® 7o
= m O oy = e o = 0% J z X g [ <
i . g = - i = 1 B < o% S oy = =
g Y iy N 4 w0 - oy " N 3 S G o & ! e mJ
s g s nTE 3 R @ Mw SH:S ok N P mm F o o
8 o< B ;WO o o] o) ° - 9 o WS NIy T ™ ~
8 o woZ g H o o W & 9 NG T h g RS
B ° = oo oy O Mo EY ~ B o X8 uj A K2
g o T oe o R R B~ Ot o
0 = In7
o N5 —~ . B 3 - | —_ o
£3 sEfa. MERE LT oEY wrenii g
= m T n Moo (- < w5 o g B mo O of o] Wy T . o}
z ELeTe, TE_RT .2 FTERZ®E Iy
= Ao T R W B W SN 0O B T o R B
! 1o s El % ﬂArO e ‘IVW._ ZT = o e il . O#
. & Mo W R T RO )

=
(¢}

al
=

3

-
i

8] ol A

2

3] x| 12
5}

A%
3], i

Ly
[€]

3 Al

3

of 13, ZAldEs&EAd 128, =
- 250 -

SCIAH

[e)

=
= Ty

A7

e

l‘ﬁ:



7

%9
W

o] Aekg PCR kit, 2) ZHAH 15

-
1.

o

8

F24

H
=

PCR kit, 4) &

il

& AAIZF PCR kit, 3) &

=

5)

LAMP kit

o

(Immunochromatography)

(7)GeneClonedl| Al Al A& o] AAEE oW,

kit¥ (F)BioNoteol| Al A] A & o]

kit,+=

O AFAME A3 A5

iy
N
=
%ﬁ Y Y
my e
TR
M e S
T ™
3 —
o
el
M
ko
O
b3
o
o~
.| o
- _
= B = &
~ IR
1
b
o~ o~
i
R
[
Gl
A U
W !
X
~
vA. Wﬁ._
on Ny [aN] [aN]
3 |
~ = =
=~ o~ o)
S <L =
in = «
B < &

- 251 -



A5 AFAL A 2 AH8E AY

* AEgE - AE AR CIedA $)

A1A AR EEY Ae.

2 AgY FAA BAHEHA, A Sl dHo] gld 12F9] W Fo A d FA4
AA| 28-S Gysialon, o AWEL v=7AW (AFB), F+H7A% (EFB), W&
(Chalkbrood), =Al®=}H¥ (Nosema Discase)?] 2%, W&EBoliloiH(Sachrood) ¥ FH& U9
ETHE Ao AHFEoR s Y3 dmd dEEobFuiy whel# A (Korean Sachrood
Virus; kSBV), A uku] ¥ (Chronic bee paralysis virus), Black queen cell virus, ¥7§&74
(Deformed wing virus) @ Israel acute paralysis virus 283l 2 QA3 E E3lo] ] WH o]
gelyl Kakugo viruse o]t
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A 34 #W A9 9L 9% LAMP 7= =
1. LAMP Detection KitE 9] A3

e}

EFB(European Foulbrood) Detection Kit
‘EFB GB LAMP(LK-EG30)

4@ Description

EFB(European Foulbrood) Detection Kit= A4 @5 A9 2 .
98 4 9= Loop- Mediated Isothermal Amplification (LAMP) W& o] &3t A&t} A #
HREAHE At 8 5= 9= Control DNA9 PrimeZ} #3590 gl

e
2
£
A
i
ko
_%
ulif
>
i
=
=
2

o

Jo

9 Components of Kit

Control DNA 1vial(30 L)
IF 1vial(304L)
IR 1vial(304L)
OF 1vial(304L)
OR 1vial(304L)
dNTP(1.25mM each) 1vial(304L)
DMSO 1vial(304L)
10xReaction Buffer 1vial(60 L)
L Polymerase 1vial(304€)

@ Storage cindition
store at —20C

@ Experiment Protocol
1. L PolymeraseE A|&st =] AES olame] %9} o] tubed 4E=th o] u] sampled EHo
A F=73 total RNA ¢cDNAZ JHA &4 §H&E 8k 5 A&t (cDNA 71&  50ng)

Sample(E+= Conrol DNA) 110
IF primer (20pmole/uL) 110
IR primer (20pmole/uL) 110
OF primer (5pmole/w) 110
OR primer (5pmole/w) 110
dNTP (1.25mM each) 1
DMSO (HFsk 5%) 10
10 XReaction Buffer 210
L Polymerase (8U/ut) 1
D-W up to 20u0

2. 1H9) tubeE 95C A 5min?t incubation 2 iced] 1#-7F A XA 71},
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3. L PolymeraseS 2W A Hk-3-A1 7] tubed] ¥ 3 62C9A 60&7}F incubation 3o}
4, 39 ¥k8 & 80C A 1083 ¥vbg & FR s
5. S FRI A HES 12% Agarose Gelo|l A7) %ste] CBPVH S &<ldit,
4@ Application
: Control DNAE ©]-&3F EFB Detection Kite] A x4

EFB Detection Kit9 &% &% 9l

1% 1. EFB-Detection LAMP7]|E ¢] AF£9] A incubation &% WE Eo
lane M : Marker 1kb ladder, lane 1 ~ lane 12 : LAMP 3 Hkgojo g
46.5, 50.0, 54.0, 57.3, 60.1, 62.0, 634, 64.0C A incubationd} =

d7 =% 2
zk7] 400, 40.6, 42.1, 43.8,

2 A9 A4 S5 lane 109 60T E 4 H

a9 2. EFB(European Foulbrood) Detection Kit :EFB GB LAMP(LK-EG30)
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SBV(Sacbrood Virus) Detection Kit
SBV LAMP(LK-S30)

4@ Description

SBV Detection Kit+= vlol#] =4 Fagobfay A Kitdueh wE Ao gGA a3 <+
9]+ Loop- Mediated Isothermal Amplification (LAMP) H-& o] &3 AEJt) A3 B
WS #oled 4 = Control DNASH Prime”} %35 0] 9l

o
2
i
ol
ofj
oft
o

9 Components of Kit

Control DNA 1vial(30 L)
IF 1vial(304L)
IR 1vial(304L)
OF 1vial(304L)
OR 1vial(304L)
dNTP(2.5mM each) 1vial(304L)
DMSO 1vial(304L)
10xReaction Buffer 1vial(60 L)
LAMP Polymerase 1vial(304€)

@ Storage cindition
store at —20C

@ Experiment Protocol
1. L PolymeraseE Al¢|gt YA A& ool 79 o] tubed 41+
o] o] sampled HW|A F&3F total RNA ¢cDNAZ SAALE A ¥Fe&S 8 5 AL&3lt} (cDNA
7= 50ng)

Sample(EE= Conrol DNA) 1wl
IF primer (40pmole/pl) 10
IR primer (40pmole/pl) 10
OF primer (10pmole/ut) 10
OR primer (10pmole/ut) 10
dNTP (2.5mM each) 1§74
DMSO H3&E 5%) 1l
10 XReaction Buffer 210
L Polymerase (8U/1t) 74
D-W up to 20u0

2. 119 tubeE 95C o4 Smin?t incubation 5 iceol| 187+ AR A 71t}
3. L PolymeraseS 2W oA Hk-3-A1 7] tubed] ¥ 3 57C9A 40&7}F incubation $to}
39 ¥hE % 80T AA 1087 ¥kg & FR s

4,
5 022 53 AT MES 1.2% Agarose Geldl A7 G E35le] FEH-ol iy

)
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(SBV)& Bl g,

9 Application
: Control DNAZS o]-&3F SBV Detection Kite] HAz7 32l
M 1 2 3 4 5 6 7 8 9 10 11 12 M

I3 1. 2% SBV Detection Kite] &<l
lane M : Marker 100bp ladder, lane 1 to 12 : LAMP carride out at 45.0, 45.5, 46.7, 48.2, 50.5, 53.4, 56.7, 59.6,
61.8, 63.4, 64.6 and 65.0, respectively. Optimal temperature is about at 57C in lane 7

A7+ SBV Detection Kit9 2-¢l
M 1 2 3 4 5 6 M

% 2. AZHE SBV Detection Kit®] &<l
lane M : Marker 100bp ladder, lane 1 to 6 : LAMP carrided out for 20, 30, 40, 50, 60 and 90min,

respectively. Optimal time is 40min.

a9 3. SBV(Sacbrood Virus) Detection Kit: SBV LAMP(LK-S30)
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Nosema C(Nosema Cerena) Detection Kit
:Nosema C LAMP(LLK-N30)

4@ Description

Nosema C Detection Kit= 9AFEA AvbY Ao Kitdyoh wa A|7Hde g4 J1ad ¢ 3l
= Loop- Mediated Isothermal Amplification (LAMP) & o] &3t AEJUth A Fodes =AvH S

skolsk 4= 9l= Control DNA® Prime7t £385 o] 51tk

9 Components of Kit

Control DNA 1vial(30 L)
IF 1vial(304L)
IR 1vial(304L)
OF 1vial(304L)
OR 1vial(304L)
dNTP(2.5mM each) 1vial(304L)
DMSO 1vial(304L)
10xReaction Buffer 1vial(60 L)
LAMP Polymerase 1vial(304€)

@ Storage cindition
store at —20C

@ Experiment Protocol
1. L PolymeraseE Al¢|gt YA A& ool 79 o] tubed 41+
o] o] sample® EFRAAA FE3 total RNA cDNAZR dAAE A W8S 3 5§ AFR3S (cDNA
7= 50ng)

Sample(EE= Conrol DNA) 1wl
IF primer (40pmole/pl) 10
IR primer (40pmole/ ) 10
OF primer (10pmole/ut) 10
OR primer (10pmole/ut) 10
dNTP (2.5mM each) 1§74
DMSO H3&E 5%) 1l
10 XReaction Buffer 20
L Polymerase (8U/1t) 74
D-W up to 20u0

2. 199 tubeE 95C A 5min?t incubation § icedl] 187t XA A7)

3. L Polymerasea 2o A HEg-A 71 tubeoﬂ L3 57CAA 407t incubation $HU

4, 39 ¥k8 & 80C A 1083 ¥vbg & FR s

5. WS FES AW AEE 12% Agarose Geloll 7|9 E3ste] wAvy-S 39l

)
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9 Application
: Control DNAS o] &3 Nosema C Detection Kit9 Az &<l

M 1 2 3 4 5 6 7 8 9 10 1112 M

I3 1. 259 Nosema C Detection Kite] &<l
lane M @ Marker 100bp ladder, lane 1 to 12 : LAMP carride out at 45.0, 45.5, 46.7, 48.2, 50.5, 53.4, 56.7, 59.6,
61.8, 63.4, 64.6 and 65.0, respectively. Optimal temperature is about at 57C in lane 7

M 1 2 3 4 5 6 M

200 30" 40" 50" 60" 90

2% 2. A]7F Nosema cerana Detection Kite] &<l
lane M : Marker 100bp ladder, lane 1 to 6 : LAMP carrided out for 20, 30, 40, 50, 60 and 90min, respectively.

Optimal time is 40 min.

9 3. Nosema C(Nosema Cerena) Detection Kit: Nosema C LAMP(LK-N30)
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IAPV Detection Kit
JAPV VP2 LAMP(LK-1IV30)

4@ Description

IAPV(Isracl Acute Paralysis Virus) Detection Kiti= ulo]2]22Al IAPVY g Kitdy o w2 A
rel HA Ade = 9= Loop- Mediated Isothermal Amplification (LAMP) H-£
th A= IAPVHE S #0384 & Control DNA (VP2)9} Prime7t 85 o] 54 th

9 Components of Kit

Control DNA 1vial(30 L)
IF 1vial(304L)
IR 1vial(304L)
OF 1vial(304L)
OR 1vial(304L)
dNTP(2.5mM each) 1vial(304L)
DMSO 1vial(304L)
10xReaction Buffer 1vial(60 L)
LAMP Polymerase 1vial(304€)

@ Storage cindition
store at —20C

@ Experiment Protocol
1. L PolymeraseE Al¢|gt YA A& ool 79 o] tubed 41+
o] o] sampled HW|A F&3F total RNA ¢cDNAZ SAALE A ¥Fe&S 8 5 AL&3lt} (cDNA
7= 50ng)

Sample(EE= Conrol DNA) 1wl
IF primer (40pmole/pl) 10
IR primer (40pmole/ ) 10
OF primer (10pmole/ut) 10
OR primer (10pmole/ut) 10
dNTP (2.5mM each) 1§74
DMSO (H3&E 5%) 1l
10 XReaction Buffer 210
L Polymerase (8U/1t) 74
D-W up to 20u0

2. A9 tubeE 95ColA Smin?t incubation § icedl 1#-7F XA 71t}

3. L PolymeraseZ 2WHoA wk-2-A17] tubed] Hal 57C oA 30%7t incubationdht},

4, 3% §Fg F 80ColA 107t §bg ¥ FE it}

5 828 =53 At M-S 1.2% Agarose Geldl A7) %35t IAPVHE S <l dho)

)
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9 Application
: Control DNAE ©]-&3% TAPV Detection Kite #AzxA 3l

M 1 2 3 4 5 6 7 8 9 10 1112 M

a¥ 1. %9 [APV Detection Kit] 22l
lane M : Marker 100bp ladder. lane 1 to 12 : LAMPE EFEZ27oA 42 450, 45.5, 46.7, 48.2, 50.5, 53.4, 56.7,
59.6, 61.8, 634, 64.6, 65.0TCNA +3E. HA-2x = 57C (lane 7).

M 1 2 3 4 5 6 M

0 200 30" <« 50 60
o7 2. A7 TIAPV Detection Kite] &<l
lane M : Marker 100bp ladder. lane 1 to 6 : LAMP carrided out for 0, 20, 30, 40 and 60min, respectively.

Optimal time 1s 30min.

19 3, IAPV Detection Kit : IAPV VP2 LAMP(LK-IV30)
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BQCV Detection Kit
‘BQCV LAMP(LK-B30)

4@ Description

BQCV (Black Queen Cell Virus) Detection Kit+= #lo]e] 2~ BQCVY ek Kitg o) & A7k
o HA AFe F 9= Loop- Mediated Isothermal Amplification (LAMP) M-S o]&£3F AFJth
AEANE mAPE S 28 4 9= Control DNA9 PrimeZl =35 o] glgyth.

9 Components of Kit

Control DNA 1vial(30 L)
IF 1vial(304L)
IR 1vial(304L)
OF 1vial(304L)
OR 1vial(304L)
dNTP(5mM each) 1vial (30 48)
DMSO 1vial(304L)
10xReaction Buffer 1vial(60 L)
LAMP Polymerase 1vial(304€)

@ Storage cindition
store at —20C

@ Experiment Protocol
1. L PolymeraseE Al¢|gt YA A& ool 79 o] tubed 41+
o] W sampled HFH|A F=E3 total RNA cDNAZ dHdAEA w88 o
(cDNA 7] 50ng)

an
>
op
o
i}

Sample(EE= Conrol DNA) 1wl
IF primer (40pmole/pl) 10
IR primer (40pmole/ ) 10
OF primer (10pmole/ut) 10
OR primer (10pmole/ut) 10
dNTP (5mM each) 1§74
DMSO H3&E 5%) 1l
10 XReaction Buffer 210
L Polymerase (8U/1t) 74
D-W up to 20u0

2. A9 tubeE 95ColA Smin?t incubation § icedl 1#-7F XA 71t}

3. L PolymeraseZ 2WHoA w2271 tubed] ¥ail 57C oA 60%7F incubation 3Ht}

4, 3% §Fg F 80ColA 107t §bg ¥ FE it}

5 828 53 AT MES 1.2% Agarose Geldl A7]9 %35t BQCVHE S gHelsio}

)
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9 Application
: Control DNAZS o]-&3F BQCV Detection Kit9 Az &<l
M 1 2 3 4 5 6 7 8 9 10 11 12 M

a9 1. &5 BQCV Detection Kite] <1
lane M : Marker 100bp ladder. lane 1 to 12 : LAMP carride out at 45.0, 45.5, 46.7, 48.2, 50.5, 53.4, 56.7, 59.6,
61.8, 63.4, 64.6 and 65.0, respectively. Optimal temperature is about at 57C in lane 7

M 1 2 3 4 5 6 M

0 20" 30" 40" 50" 60’
o 2. A1ZH8 BQCV Detection Kite] &9l
lane M : Marker 100bp ladder. lane 1 to 6 : LAMP carrided out for 0, 20, 30, 40 and 60min, respectively.

Optimal time 1s 60min.

29 3. BQCV Detection Kit: BQCV LAMP(LLK-B30)
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CBPV(Chronic Bee Paralysis Virus) Detection Kit
:CBPV LAMP(LK-C30)

4@ Description

CBPV(Chronic Bee Paralysis Virus) Detection Kit= Hlol#] 24 CBPVH Atk KitdHth wE A
ZHo]l fGA AdE 4 A= Loop- Mediated Isothermal Amplification (LAMP) %
o AlEFd+= CBPVE Ad & 4 2l&= Control DNA®} Prime”’t 2850 35514

9 Components of Kit

Control DNA 1vial(30 L)
IF 1vial(304L)
IR 1vial(304L)
OF 1vial(304L)
OR 1vial(304L)
dNTP(1.25mM each) 1vial(304L)
DMSO 1vial(304L)
10xReaction Buffer 1vial(60 L)
L Polymerase 1vial(304€)

@ Storage cindition
store at —20C

@ Experiment Protocol
1. L PolymeraseE Al¢|gt YA A& ool 79 o] tubed 41+
o] o] sampled HW|A F&3F total RNA ¢cDNAZ SAALE A ¥Fe&S 8 5 AL&3lt} (cDNA
7= 50ng)

Sample(E+= Conrol DNA) 110
IF primer (20pmole/uL) 110
IR primer (20pmole/uL) 110
OF primer (5pmole/w) 110
OR primer (5pmole/w) 110
dNTP (1.25mM each) 1
DMSO (HFsk 5%) 10
10 XReaction Buffer 210
L Polymerase (8U/ut) 1
D-W up to 200

2. A9 tubeE 95ColA Smin?t incubation § icedl 1#-7F XA 71t}

3. L PolymeraseE 2W oA w3217 tubed] ¥iL 62C oA 60+%7F incubation 3t}
4, 3% §Fg F 80ColA 107t §bg ¥ FE it}

5 wk2-g =53 At MES 1.2% Agarose Geldl A7 %35t CBPVH-& &3],

)
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9 Application
: Control DNAZ o] &3t CBPV Detection Kit®] #HA=xa <)

<=4 CBPV Detection Kite] 3¢l
M 1 2 3 4 5 6 7 8 9 10 11 12 M

a9 1. &5 CBPV Detection Kite] <l
lane M : Marker 100bp ladder. lane 1 to 12 : LAMP carride out at 45.0, 45.6, 47.0, 48.7, 51.3, 54.6, 58.4, 61.7,
64.3, 66.1, 67.5 and 68.0, respectively. Optimal temperature is about at 62C in lane 8

21 2. CBPV(Chronic Bee Paralysis Virus) Detection Kit : CBPV LAMP(ILK-C30)
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DWV (Deformed Wing Virus) Detection Kit
DWV LAMP(LK-D30)

4@ Description

DWV(Deformed Wing Virus) Detection Kit= ®lo]#]24d DWV Ak Kitdyoh w2 A7k 4
A Ae 4 9= Loop- Mediated Isothermal Amplification (LAMP) & o]-&3 AFErt) AFd
= DWVE A 8 £ = Control DNAS Prime”F 2850 51t

i

9 Components of Kit

Control DNA 1vial(30 L)
IF 1vial(304L)
IR 1vial(304L)
OF 1vial(304L)
OR 1vial(304L)
dNTP(1.25mM each) 1vial(304L)
DMSO 1vial(304L)
10xReaction Buffer 1vial(60 L)
L Polymerase 1vial(304€)

@ Storage cindition
store at —20C

@ Experiment Protocol
1. L PolymeraseE Al¢|gt YA A& ool 79 o] tubed 41+
o] o] sampled HW|A F&3F total RNA ¢cDNAZ SAALE A ¥Fe&S 8 5 AL&3lt} (cDNA
7= 50ng)

Sample(E+= Conrol DNA) 110
IF primer (20pmole/uL) 110
IR primer (20pmole/uL) 110
OF primer (5pmole/w) 110
OR primer (5pmole/w) 110
dNTP (1.25mM each) 1
DMSO (HFsk 5%) 10
10 XReaction Buffer 210
L Polymerase (8U/ut) 1
D-W up to 20u0

2. A9 tubeE 95ColA Smin?t incubation § icedl 1#-7F XA 71t}

3. L PolymeraseZ 2WHoA w2271 tubed] ¥ail 57C oA 60%7F incubation 3Ht}

4, 3% §Fg F 80ColA 107t §bg ¥ FE it}

5 wk2-g =53 At MES 1.2% Agarose Geldl A7 %35t CBPVH-& &3],

)
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9 Application
: Control DNAZS o]-&3 DWV Detection Kite] #Az4d &9l

£ 59 DWYV Detection Kit9] =<l

a9 1. €59 DWV Detection Kit9] &9l
lane M : Marker 1kb ladder. lane 1 to 12 : LAMP carride out at 40.0, 40.6, 42.1, 43.8, 46.5, 50.0, 54.0, 57.3, 60.1,
62.0, 63.4 and 64.0, respectively. Optimal temperature is about at 57C in lane 8.

29 2. DWV(Deformed Wing Virus) Detection Kit: DWV LAMP(LK-D30)
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Al 44 HH AY AGS 93 Immunochromatography 71 EE.
2 ATl A AAE X DNAHS s, 28al &F FE3 JdES 7 G228 FA
o Aol AMEEHATE o] F EAH wWAA g Fo] FA FEES H2 9 Capture/
Dectector -2 A@3lo] immunochromatography ol €] 3k Rapid kit= A 2= s34 of
a9 1. AFBYW YA P. larvae ATCC 9545 A5 9] capture/detector pairing.
2B AW (AFB)9] WAl Paenibacillus larvae ATCC 95459) flagellad 9oz A4y dZF 2 34H
A 52 capture/detector pairing®] 23, E A= EFE 2G67}

59 pairingd 3. Add

capture @ detector ZFAA 714 wheAdo] 3 Aowm wy,
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C

29 2. FAE9 capture/detector pairingol W2 A AFE 9 A A

A. "R AW (AFB) 9] WA Paenibacillus larvae ATCC 95459] flagelladt ¥ o2 AAd d&& 3
A 59 pairing B, B. FEFAHEEFB)Y WUl Melissococcus plutonius® somatic 902 A
e dEE A5 paring Bl W, C. H|=ZFAHAFB)e] WU Paenibacillus larvae ATCC 9545
9 sporeddo AFH GEE FAE 9 pairing Bl

Eo] FAE g3l WA J|E(Rapid kiES 7F9 F AHd el A
(77)Bionotes} A&t Ade A FolH, FAE AFolA Hoh wkeAS FoluA ¥ F
of ot} H, 2 FYA o] H3 Rapid kitE® L &3S g9 st glon, ofge FH
of AWAREFE ¥ 4 g dudS A A By 98 dA-y 7|ES A
= 28 Fel st

o

13te] AEL A4 /e ddsts Gah A AEEe] AFEAREA ) b AlEe] AR S0

tt.
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wue) WERAY(AFB) A%S 9@ st M&AA

(Immunochromatographic rapid test: IC-PF-01)

AlE-2 A=A (American Foulbrood; AFB)9] WU AQ) Paenibacillus larvae®l tj s

A€ &M 7] E (Immunochromatographic rapid test)ZX, Paenibacillus larvae ] A
F (flagella antigen)-S A& oz A= 4 A NEHAFUL ol Feddd di
HWAAE BRoA]l HA AHES & s

i rE

1. Plastic cassette (FAA}S] Zglag HA)
2. 858 A= (glass bead®t buffer’} £3HE tube, €% 0.8 ml)
3. 7Y #37] (tubeol WiF-of & A Az Zead T}

Ao %A

L dAbstaa st wde) e $38 439 R
« ARG FL 02 mF AEow =% Shell S, ARl 2
2 ovlelg mobd Abgstel Buth 439 A BT AA o o} s, v
E !

%
o mi bR vl @ 2

2. AIYEA7IE AR, AAlE et

* AU Rl uge] & StE= AlFEo] glow, EEdulds A& glass bead’t
r ol Qe WYEAIE TR Be U ZH3un 2420 o 302 FEoR, §9%
5.

= Hol= gdofErt gle AE7AUY

lo M

I

3. PIUEA7E Agelel, 859 5 B& Bl (cassette)?) A ZFATS)e] Fa)

f RIS Eo] £ AFFom Hojgle] T P22 NHOR $AF 7 Ak 24
A §EYe] B2 B A AT iz BA AFdTA B 2 44470 2 3e
2 ol Futh AEFQTE BAC S (samplo® EAE FiolW, Bl uiete] Axe)
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filter7} R} &+ A 1980w = A 2-39god, 2= 01 ml Hedoh

4. EA(cassette) 7} FH o] HA FaL CHol H& Aol IAH7IE Vv

# 2AY] plasticF-woll AAMZERE Sl Fol Qlar, oWl T, "C7F Fem HAIEC] glow,
w9 el A9 filterrl =EHO U FAdE AL THE Ay CAdl ol Aelw, CA
M= HARAIAIE Folnt Aol w2 Aol F4E AdyH

5. 239 B CAF TH %4 3

« T CH BFAA B8 Mo veud “gky” = Paenibacillus larvae?] H R3¢ 0]
AAHe vk Aoy, mlaRA el o] Az &A= AAgYrh CHol+ &
Aol vEtg oy, TS w7t gAY v wofsivtd “SA37o2 AAF Y THe 2
BT} ok ol oo R AAT ¢ Utk ©, CHE HAAZE AT Sl &40
U 58 Aol gamojol gyt THA HE Aol vehuA gevd o Aie ‘M ETOR 3§y
of ryt}.

-2 sandwich-type lateral flow assay =X, P. larvae] HEIFYy} Eolxow Ags)
FESA (P larvae o] @&Al; detector)9t colloidal gold7} A3¥ conjugateE A&
ol YA, & 2 P larvae E°] SG&FA (Capture)E T (test) Mol ¢ A3}
th 3, & FAIgR e 23 F de FAE C (controD Aol HA|eHA S

kA, JA(EE ) FAEE, FAF ok ZFol 9A9 P larvae £ ©&A —colloidal
gold conjugate +AIE2, U HA 59 P larvae HEEUY Eold A-S
2 A- A -colloidal gold complexE YHEA BUYtTh ©] complex®
nitrocellulose membrain®] & ©l&3tA v, o] FANA T (test) 4ol
larvae E°| ©@&A (Capture)ol H =& -3F4 —colloidal gold complex %] HE
of we}, HR3Y-3FA -colloidal gold complexs T-XA4ol| =254 14 Pt} o
complex5 9] colloidal goldE& A Z+A oz THo] &L Moz HolA s, iR
ot
ShH ) AA Foll WAT P larvae’t 902 A%, 93] P larvae Eo] ARFUT §l7]el
T obg ol YAE P. larvae 5°] ©&A —colloidal gold conjugate A&, LU= %
A#AEHA S 2 nitrocellulose membrain®] & &34 HH, o] H}AHANA T (test) Aol A4
T 2 P larvae E°] @A (Capture)9} wES-Fo] glo] CAH #o =z o]&3tA Btk CAHol
29 BE dAIg@)e 2 F ' AU C (Control)**oﬂ AA 3L A7), P. larvae
O] @gFA —colloidal gold conjugate #AHES CAldl A3 A ™, A colloidal goldel 2
& Moz wolA gy}

gLJlm_

it
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a8 3. =X AW (AFB) A8 rapid kit; Paenibacillus larvae spore &

immunochromatography (IC-PS-01)

a8 4. FHRAWEFB) AL rapid kit;  Melissococcus  plutonius AE

immunochromatography (IC-MP-01)

ag b, AL FHDOWY) ALE  rapid kit;  Deformed Wing Virus 2%
immunochromatography (IC-DWV-01)
a9 6. 3EW(SBV) A& rapid kit; Sac Brood Virus 2% immunochromatography

(IC-SBV-01)
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o -2 N A oln) g (CBPV) RAX-{ rapid kit; Chronic Bee Paralysis Virus A
immunochromatography (IC-CBPV-01)

a9 8. ola¥td FAUM YW JIAPV) AYE rapid kit; Israelli acute Paralysis Virus 23
immunochromatography (IC-IAPV-01)

a9, S A GAR(BQCV) NFL rapid kit; Black Queen Cell Virus A&
immunochromatography (IC-BQCV-01)
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= AuA Rt HeRE Ads A% g5 AAAAAY EF il REAE
4 2 3 3

TEaLAe] Al 3%, Al A gl e vz HoA GAAA, A1

Ay vl B EE: Aol Aol gom, B AN FRS Ay Astel 4

=
FN

%2 P,
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