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Abstract |

Deformed Wing Virus (DWV) is one of viral pathogens in honeybee and caused a wing deformity
and a premature death of honeybee. In this study, capsid protein VP1, capsid protein VP1-VP3
complex, RNA dependent RNA Polymerase (RARP) and C3G peptidase (C3G) originated from DWV
were successfully over-expressed using E. coli expression system, respectively. Each recombinant
proteins using pET32a(+) or pMAL-C2 system was purified using affinity-column chromatography
under optimum expression conditions, Four specific proteins in this study would be use as antigens
to generate specific antibodies against DWV. Especially, recombinant RARP and recombinant C3G

might be useful materials to studies on enzymatic analysis and inhibitory assay of DWV.
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M 2 HAEL, S T 7 RNA(positive single strand

RNA)E F-AA &2 7FA] 11 Ql &1, T2 Retrovirus =2

Deformed Wing Virus(DW V)= &8 (Apis mellifera L.) A2t Fe, EHO| F-AA|(DNA)|| 4F) = o] DNA
ojrpefet A vl s FEEo IE Mg 2 WY Em o }a1("no DNA-stage"), Ed o] 7+

Atk Be M oR B WS woln], B Qo olF, AAR vlo|2j A BAF &4 Tl
(Varroa destructor) @] w7 o] o]slo] Zh¢lo] 52 ==  RNA (negative single strand RNA)E 7531, 0| & 5+
HAA 2 &3 A 9tk (Anderson, D.L. and J.W.H. O 7 tfj=Fo] vjoly A § X*H](ok T 71E RNA)S
Trueman, 2002; Bailey, L. and B.V. Ball, 1991; Ball, B.V. MAS= Ao 2 =

and ME Allen, 1989; Ball et al., 1988). RNA2]= RNA ZﬁLPZJ_(RdRP RNA dependent

DWVE 235}l0], ez 2o HE ¥ A dlo) RNA Polymerase)+~= -2 RNA H}-0]2{ A 2 "no DNA-
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stage" 9] HFolH Ao At AR = AAEH, DWV
ol M= Fd7H RNAR R E 5471 RNAE, 217
I 5/37F RNAZFE| ThA] A7 RNAGRA
ANE ABibshs 716 E3eth T2y DNASJE
DNA 538 4 (5A]), DNASE RNA S 4 (A
Ab), ZL2] 31 RNA2]E DNAZG A (Y AR 4) 9]

3-9-2F 22], RARPO| 7|50 thgt #4424 7] 22 of

L sk Rt Alo] Bre x| A] JLskar it

3, C3G Peptidase+= H}o] A 9] 9FAJ 71 RNA

T 7E EH S mRNAR & 7]5-5}o] whEof
o} polypeptide®] 57 ofw|ieAl A E FEE52 214
ska, A "/Pﬁ}b Azxoltt. o] dohH A&
polypeptide 52 Z}7] vlo] g A9 JL% il 2(VPI,
VP3 &), H|7-2 w2 (Non-structural proteins; RARP,
C36)2] 7 ehal A e 7] 58] HLt, o] (3G Eo
Q1A A 291 @A ol AR A7) 40 v,
71 dlf polypeptide7} 2|4~ 671 ©]/-2] 78 polypeptide =
Z}7] A= o] 2}7] o] A= 7]55H| sh=t|
D AT BE AL T EHE sl ob4] 1
fj 4 & ol qlt.

AR 7HA] DWWV tidstr] 913 d+-52 2
DWV o] §-14 A& A& Aol ghen,
Ultra-rapid Real-time PCR(Lim et al., 2013), Ultra-Fast
High-Performance PCR(Lim, 2013), Real Time PCR(Lee
et al., 2005), Loop-mediated Isothermal Amplification
(LAM No et l, 2010 o] AL 0|z} 3 Ho|t),
HES BT A 7ike] BAvhg o2
L%‘ ofl A wi-- RISt AVE Holal glon,
Foll A S4] Zeto]] ARg-8}7]ofl= of 2l &0l
oftt. dXH—J 71&5Eol A 6‘f‘ﬂxlf)roﬂ 7F
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whebd] B Aol e AR SEAAYE o) §
slo] DWVE] Eo] Tl S 7} o6] 2 v 2%
(VP13 VP3)3} 1] 72 Th) 2 2RARPS C3G)]
PP BER L) o5 459 So] HUs

2 717] Eo] 3 WALS o5t FYE = ALRE 2=
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92 W olUeh DWVE] A% 9 7] 22w 4
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A2 Y= 9 RNAQ| 2453

DWVel ZHed 5] 91tk 1 <] 4 ) B (Apis mellfera
L) A RS A7|st oFEAo A 3 H = 5192
DWV Z AR S 329 50] RFPCRE] W o & o
o5l th RNA B e 2 A& 359 Total
RNA Extraction kit(Intron Bio Inc., Korea)©] 1ml lysis
buffer2} 200wl Chloroform (Daejung Inc., Korea)E 7}
5. MagNA Lyser Green Beads (Roche, Switzerland) & A}
-&-5Fo] 6000RPMO]| 4| 602 2] =7 o 2 vl 5 =3
&k o g2 A|&s19it). o] & 942 Total RNA Extraction
kit(Intron bio, Korea) & AR8-5}0f A2H2}e] A Al of u}
2} Y513l al, =% A RNA= OD 260nmef| A]
5= 5 =73}, Reverse Transcription 1}7 of] Al-8-5}
ROm, ZFo] RNA= 2425 31( 70°C o]shof| 1
Paisict.

Reverse Transcription

FZ9 HA RNAS 3000ngS AH8-31o] cDNAE
/g8l %iTt. 3.000nge] A RNAZ} gk 8-
100pmol oligo-dTE 2] 7}5}o] 65°Cof| A 1087+ & =]
SHATE A &, SA] ice2 &7 S AAISHAL,
o] Hk-g-oofl 100mM DDT, 10mM dNTP(Z} 2.5mM),
RNase inhibitor, Rocket Script Reverse Transcriptase
(10000U), 5X reaction bufferE- A 7}5}o 42°Cof| A 60
27k X 3ho] o AES-& Syt

Molecular cloning of each protein gene
from DWV

GenBanko]] S2% DWVE] 574 4 < (Accession
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Table 1. Information of deformed wing virus (DWV) specific protein primer set

Target Primer name Sequence Reference
DWV VPI F GGGGGATCCTTAATAGTAGGTTATGTGCCT
DWYV VPI R GGGGTCGACATTCAAAATCTTGAACATGCG
DWV VPI vp3 F GCGGGATCCGGATCTGYTTCCGAYCAAAT
DWV VP1 vp3 R AGAGTCGACCGCAATAGGGCCCTCAGGCA )
bwv DWV RdRp F GGGGGATCCCAGTTAATGAGGAAAAAGGG This study
DWYV RdRp F TCGGTCGACTGAGTCCAATTCGTCGTTCC
DWYV polyC3G F GCGGGATCCACTAAGCCTCAGGGATCAA
DWYV polyC3G R AGAGTCGACAGCTAGCTTTGCATCCACT
P}'-:?,E;N Capsid VP1 Capsid VP3 rhv_like i hehcaPseeptidase c3g RdRp
1 ] [ ] 1 1 —1 —
( structural Protein 1 Non-Structural Protein ]

LI 1/ L4 L1 J 1 L]

< pMAL C2-DWV-VP1 >
Expression

< pMAL C2-DWV-VP1-VP3 >

pMAL-C2
6.6kbp

Fig. 1. The genetic map of Deformed Wing Virus and basic strategy of molecular cloning for DWV VP1 / DWV VP1 VP3 using pMAL C2
vector.

rhv-like  rhv-like RNA helicase Peptidase-C3G RNA_dep_RNA Pol.

< pMAL C2-DWV-RdRP>

\_coding’ Non_codi
IER - SGIComplet ;2

< pMAL C2-DWV-polyC3G >
His | " O ... HIS

< pET32a-DWV-polyC3G>

Sall

Expression
vector

6.6kbp

Fig. 2. The genetic map of DWV and strategy of molecular cloning for DWV Peptidase C3G / RdRP using pET32a or pMAL vectors.

No.JX878305.1)2 vl gL O & 7 thul 2] KB o] o %} (http://www.ncbi.nlm.nih.gov/BLAST) & E5}0] E0]4
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oligonucleotide 2] A 2}-2- H}-0] 2 Y *(Bionics, Korea)©]|
o) 215151 ch(Tuble 1)

o RAPILS-S 53] A 2HE DNAS FF 0 2, 0] 5
primer’-& A}8-510] DWV] ZF §-47-5-8 PCR %
Z3}gic}. o]u) 2+ PCR] 24, 2.5U Tag DNA
Polymerase(GeneClone, Korea), 2.5mM dNTPs, 10 X PCR
buffer(25mM MgCl,), Z} 10pmol primer set® &}%3 31, 2+
PCRO] 2A]L 94°Co| 4] 55
94°Cof| A 302, 58°Cof| A 30%,72°Cof| Al 12 Icycle
2 3}o], & 35cycle W28 5} 11, mp x|} © & 72°Co]|
Al 1057} post-extension2 4~ 5} T}

25 7 $AASS olRes A WA
E3}o] 7L PCR AFR9] F7]2 Bholatelon, 37]7}
3Fol %] PCRAMHEE-S ZH7] pBlueXcem I vector(Gene
Clone, Korea)©]| 421 3}o] T-vector cloning2 4~23 3}
o} A e A x=3 DNAS> DNA 97] A8 4=
2] |5} % 2.1 (SolGent, Korea), 7] 4 G o] 2<% Y
£ DNASL2, Algtaa g dusto], 217] W
vector?l pET32a(+) (Novagen, Germany) 12| 37 pMAL-
C2(NEB, UK) Expression vectoro] 411 Al % thFig. 1,
Fig. 2).

7t pre-denaturation -,

A 2E DWV ] 2} 714 DNA 917] 4 87} 22
2 o] 1AL S-S GenBankol] ®. 11l DWVe] &
A A G (Accession No. JX878305.1)3} H|ul A ESH
5, DWV-VPI, DWV-VP1-VP3, DWV-polyC3G, DWV-
RARP} 311}, o) 5 £ 4%}5 2 2}7] pMAL-<2
vector?} pET32a vectorof], A &t
sho] AxGAAOM 72 *Yé Ao Azt e

R
4 Az dA S FAE WAL w5
Escherichia coli BL21(DE3)£ AS-5HA . Sl A

Z:

_]Z_
Sl chal 2l o] Wy Q= = A A 7] of| S0l ZF A
uﬂokoﬂ(Snﬂ)g_ M2 A2} 1259] v &= 5]t
% Sub-cultureS £35}0] OD-600%F°] 0.69] =235}
S o) & =42 isopropyl-1-thio-f-D-galactopyra-
noside IPTG)S X|F5%= 0.6mMo] & =% 718l

t}. o] & 37°Cof| A 150RPM &] 218+
7] A el A - wl ket

Frie v FE 7 ot vl oS Soml A e
o] BZF35}o], 3000RPMO|| A 15min, 4°C2] Z 7 of A,
S750-4B rotorE ARE5}o] Y4l B 2]6}$) S m(Union
32R, Hanil Inc., Korea), Z} tubed 40ml PBSE- A[-3-5}¢
23] 9] washing Y& A% 3, 502 &3] A7
&}a1, 22 0 & 10ml PBSE F.-QA| 7T}, o] H.gol
L 23} Bifj7]el VCX 500 (Sonic & Materials Inc.,
USA)o]| S&M 1000 rode& #2Fs}al, 40% Amplitude,
pulse on 0.5 sec, pulse off 0.5 sec, running time Imin 30sec
ol o2 AEE Bt on, o] 2HolA AlE
s golo] grobl A2 SIS,

A -8 40C ] 271 0] 4] 3000RPMO] A] 155
7t S750-4B rotorS ARE-51o] A x| PA Bl o
(Union 32R, Hanil Inc., Korea), 0] & A= A 29
5o $715 B A ol Agshdh o] 5
= TE ofF 2l #{3kod, 5x probe bufferE 7ot
3 99°Col| A 1057 A2 23} aL, 12% SDS-polyacryla-
mide gel electrophoresis (SDS-PAGE)E- Al-8-5}o] A 7]
o B9 2aalart,

o Tw =TT

AR OAE

DWV xj ¢t T O] x|

SDS-PAGE®] A Tt o] Shelsl 2} %3 whul
(PMAL-DWV-VP1, pMAL-DWV-VP1-VP3, pMAL-
DWV-polyC3G, pMAL-DWV-RARP, pET32a-DWV-
polyC3G)S-& 7H7] tekAiAr & thul 2] SeeBal =
Seatacy.

PET32a-DWV-polyC3G ] 7., 7 23 thal 2] o] N-
ek 9 C-weko] His taggingo] = o gl7]efl, Ni*
column(His trap HP, Iml, GE Healthcare, USA)S- A&-5}
of FAIE 1 3= skt

H & His trap HPE- AKTA Start system(GE Healthcare,
USA)©]|| A2Fs}a7, 20ml His-washing solution(20mM
sodium phosphate, 0.5M NaCl, 40mM imidazole, pH 7.4)

< flow rate 0.5ml/min®] 4= =2 systemujof] =151
© i, His trap HPE- F-1}5}0] L}-& His-washing solution
o] UV-detector®] TH&sto] ol o|=4 HE &<l
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SFATE o] % 10ml Af| 3 B H-2- flow rate 0.5ml/min
o] £E 2 systemUjof] =5+ . (His trap HPE 5
afelo] U ofztale st AALE), olo] FF
10ml 2] His-washing solution©. 2 A% 3}%it}. o] % 5
2F 10ml2] His-Elution solution(20mM sodium phosphate,
0.5M NaCl, 500mM imidazole, pH 7 4)2 £={13}5 S,
FZ5) = thil A 5.0 UV detector?] 342 31|, ZF 1ml
A fraction collector® 4~ 3} T 2t fraction 2] Tl 2l
kL UV detector= ITH2FSH off, AulA © 2 3mI(3H
fraction)of| A 5ml(5¥ fraction)”7} A &3] Z7}5}% 2
Lol 8] st

pPMAL-DWV-VP1, pMAL-DWV-VP1-VP3, pMAL-
DWV-polyC3G, pMAL-DWV-RARP2] 7 <, ulal 5 7
Z3F ol 2 o] N-w ok F ¢ o] Maltose binding
proteinMBP)7} Q1aL, A 2 A= o] of 5otk 2 ]
He| 2 oA %] 7] o, Maltose & MBP Column(MBP trap
HP, 1ml, GE Healthcare, USA)S AF2-510] A A2 #13)
sheic.

H Z MBP trap HPE AKTA Start system(GE
Healthcare, USA)©of| #A2}s} i, 20ml MBP-washing
solution(20mM Tris-HCl, 200mM NaCl, ImM EDTA, pH
7 4)&- flow rate 0.5ml/min®] <= 2 systemU)] of] =415}
1.6, MBP trap HPE £1}5}¢] L}-2 MBP-washing
solution®| UV-detector2] I+zl5}o]| o] o]|2H4 H
< IS} o] % 10ml Al Z 53 -5 flow rate
0.5ml/min®] &% 2 systemU] o] 3¢5} 0 = (MBP
trap HPS- S 3}3} 0] 112 o7kl & 5-31 71 A A-D),
o] o] F&F 10ml2] MBP-washing solution ©. = A 2 5} %]
t}. o]& Z2F 10ml2] MBP-Elution solution(20mM Tris-
HCI, 200mM NaCl, ImM EDTA, 10mM maltose, pH 7.4)
= FYstien, 255 oS3 UV detector
9] THzFslof|, ZF Iml4 fraction collector= =7 51t
MBP-trap®] 7 - Z} fraction?] Thuj 2 k2 UV
detector= H2He} uff, UHFA © 2 3ml(3H fraction)o]]
A S5 fraction)7}4] 3] 715k 0L, o) F 2

8] grash it

21t % 1E

DWVQHEXIEOM Qafi= XfZe TR ol HT|IMH
E A

ey |

DWVe] 7 §HA5-S cDNA 5 W 8 5
primer*d(Table 1)& A}-8-35}o PCR SE3 02 AL
4= %It} 0] & PCRAMHES Z}7] T-vector clonings}o]
FRAAE gk e, 2t7] pBX-DWVE} g 5}
7] A71ME AR o= sk

pBX-DWV clone& 2] A7) A E-L 7}7] primer A2}
Al AHE-91El DWV Complete sequence(Accession No.
JX878305.1)¢} Bl L 45 skl o, 71 At 5}
HE DWV L2l 2] 9] Capsid protein VP12] & 7] A
o (GenBank accession No. KP739938.1)-& GB-
JX878305.19] 1A} 97%(791/818)%] A sAdS H S
o, o] A7M B IAR FE2E ofu| Al A E 9
] 5 B ol A= 100%) 454 S 7hA) = Ao = 1}
E}ytth(Fig. 3, Fig. 7).

S+ =] Capsid protein VP1+VP3 (GenBank accession
No. KP751410.1)9] 749, GB-JX878305.12] 1A 3}
98%(1145/1167)2] 7| G AAzAS B o, o]
7| EE TAR F2H ofn| 4l A F o) vl FEA4
of| A= 99%2] A5/ 7HAl = A o = e THFig.
4,Fig. 8).

Sk, &k 5 DWV H| Xl 2 o] RARP (RNA
dependent RNA polymerase)2] 7] A€ (GenBank
accession No. KP739937.1)2 GB-JX878305.12] 14131}
96%(832/863)2] d&5/d= Helom, o] A7|ANES
A2 22T o] iedt Ale] i) BA o] A=
09%°] 54 1A= A0 LehTFg. . Fig
9).

T3, R DWV v 2w 2 o] C3G(C3G
peptidase) 2] 73 -9-, GB-JX878305.12] 173} 100%
(828/828)2] 7|4 e Hem, o] d7]A
& AR FEH obu|ie Al A o) HlaL A oA
= 9%0] F5/3E 7= A e = e ThFg. 6, Fig.
10).
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Deformed wing virus strain Korea-2, complete genome
Sequence ID: gblJX878305.1] Length: 10114 Number of Matches: 1

Range 1: 2993 to 3810 GenBank Graphics

Score Expect Identities Gaps Strand
1362 bits(737) 0.0 791/818(97%) 0/818(0%) Plus/Plus

gttt st i
gyttt ittt
avee o SAAGHOV RN o
et ikttt e
anee 2z ARG <
anee 50 AR, <=
eyttt AN
dgpore ittt
prt ottt o e
ettt i e
anee 250 QMMM AN, o
anee 555 Uil RO
gt ot

781 CCATTGGCAACACAGCGTGCGCATGTTCAAGATTTTGA 818

syttt g

Fig. 3. DNA sequence homology between JX878305.1 and pBX DWV VPI1. JX878305.1 is complete nucleotides of DWV deposited in
GenBank. Alignment analysis was revealed 97% (791/818) homology between nucleotide sequences of pPBX DWV VP1 (GenBank
accession No. KP739938.1) and 2993 3810 of JX878305.1.
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Score Expect Identities Gaps Strand
2024 bits(1101) 0.0 1145/1167(98%) 0/1167(0%) Plus/Plus
Query 3452 GGATCTGCTTCTGATCAAATTGCTCAGTGGOOGACAATTTCAGTGOCAAGAGGTGAGCTA 3511
IIIIIHIIII IIIHlll||||||||Il||||||IIIHHIIIIIIHIIIIIIIII
Sojot 10 COGATCARATT! GTGGOCGACAATTTCAGTGOCAAGAGETGAGS &9
Query 3512 GCTTTCTTACGAATTAGGRATGGAAAGCAAGCTGCTGTAGRAACTCAACCTTGROGTACA 3571
FECLEELEREER R e Ceeer e e e e e e e ety
Sdjot 70 GUTTTCTTACGAATTAGGRACGRAAAGCAAGCTGOTGTAGRAACTCAACCTTGRCETACA 129
Query 572 TTGTTTGACCTTCTGATCATOATTATAATATTGOCATACCTACGTATAATGCTGAA 8831
||||HH|||||||I| TERCEREEREEL R R R eyt
Sojot 130  ATGGTTGTTTGGCCTTOGGGTCATAGTTATAATATTGGCATACCTACGTATAATACTGAA 189
Query 3B32 CGAGCTOGOCAGCTTGCACAACACTTATATGGTGOOGGGTCATTAACTGATGAGAAGSCC 2891
FECERERERLEEED TEEETEL |||||l||||| II|||||||||I|||HI|I|||I
Sojot 190  CGAGCTCGCCAGCTOGCACAACATTT. GATGAGAAGRCC 249
Query B30 ARACAATTATTTGTTOCTGCTAATCAACAAGGACCTGATAAGGTAAGCAATGGGAATCCA 3751
IIIIIIH|I|IIIIIHHlIIIIIIHHIIIIIIIIIIII IIIIIIllHIIIIII
Sojot 250  AAACAATT AATCAACAAGRACCTGETAAGECAAGLAATGGGAATOCA 209
Query $S752 GTATGOGAAGTTATGOGCGOGCCATTGGCAACACAGOGTGOGCATGTTCAAGATTTTGAG 811
LELERLEREE FEEEREEr Feeer e e e e e e e e
Sojot 310 GTCTGGRAAGTCATGOGCGCACCATTGGCAACACAGCGTGOGCATGTTCAAGATTTTGAA 2489
Query 3812 TTGAAGCTATTCCAGAAGGAGAGRAGTCTCGTAATACTACAATCTTGRACACGACC 2871
|||IHHIII|||||Hlll||||||HH|||IIIHHIIIIIIIIHII I
Sojot &70 TTGAAGCTATTCOCAGRAGGAGAGRAGTCTOGTAATACTACAATCTTGRATACGACC 428
Query 3872 ACTACTTTACAGTCRAGCGRATTTGATOROGCATTCTTTGRAGAAGCTTTTAATGACCTT 8381
FECPERLEREEEEE FEEE e e e e e e e e e e e et
Sojot 430  ACTACTTTACAGTCAAGCGGATTTOGTOGORCATTCTTTGRAGAAGCTTTTAATGACCTT 489
Query 3352 ARAACGTTAATGOGACGATATCAATTATATGGTCAATTATTATTGTOOGTTACTACGEAT 2331
IIIIIHIIIIIIIIIHHII|||IIIHII|I|IIIIIIIHIIIIIIIHIIIIIII
Sojot 490  AAAACGTTAATGOGACGATATCAATTATATGGTCAATTATTATTGTCOGTTACTACGGAT 549
Query 8932 GGATATTGATCATTGTATGTTTACCTTCOCTTGTTTACCACAAGGGTTGACE 4051
||||Hlll||||||Hll||||||||lllllllllllllllllllllll ll||||||
Sojot 550 AAGGATATTGATCATTGTATGTTTACCTT TTTACCACAAGOGTTAGCGTT: 609
Query 4052 ATTGGTTCTGCTGECTCTOCACATGAAATCTTTAATAGATGTOGTGATGRCATTATACCA 4111
||||Hl| LT ||||||||Illlllllllllllllllllllll THTELLT
Sojot 610 TTGETTCAGCTGACTCOCCACATGAAATCTTTAATAGATGTOGTGATGGTATTATACCA 649
Query 4112 AATTGCATCTGRATATAGATTTTATAGAGGAGATTTGOGTTATAAGATTGTTTTTCLA 4171
||||Hlll|||||||Illl|||||||||||||||IIIHHI||||||l|Il|||||||
Sojot 670 AGATTTTATAGAGRAGATTT TTGTTTTTICCA 729
Query 4172 AGTAATGTTAACAGCAACATTTGGGTACAACATCGACCGRATOGTAGATTGRAAGRATGG 4231
IIIIIHIIII IIIIIHIII|||IIIIHHIIIIIHIHllIII HIIIIIIIII
Sojot 7N AATAGCAACATTTGEETACAACATCRACOGRATOGTAGACTGRAAGEA 789
Query 4232 TCTGOGACTAAGATTGTAAATTGOGATGCTGTGTCTACTGATCAAGROGTGTATAATCAT 4291
IIIIIHIIIIIIIIIIIHIII PEVERERERRELEEER e et
Sojot 7N CTGOGACTAAGATTGTAAATTGTGATGCTGTGTCTACTGATCAAGAGGTGTATAATCAT 849
Query 4232 GGTTATGCTAGTCACATTCAAATCACGOGTGTAAATAATGTTATAGAATTGRAAGTTCCA 4351
||||IHII|||IIIHHIII||||||I||||||||||ll|l|||||||ll||||||||
Sojot 850 QGTTATOCTAGTCACATTCAAATCACGOGTGTAAATAATGTTATAGAATTGRAAGTT! 09
Query 4352 TTTTATAATGCTACTTGTTATAATTATTTACAGGOGTTTAATGOGTCTAGOGCTGCATCT 4411
||||IHII||||||HH||||||IIIIlH|||IIIllIHIlIIIIIHIIIIlIII
Sojot 910 TTTACAGGOGTTTAATGOGTCTAGCGCTGCA 953
Query 24712 AGTTATGCAGTATCTTTAGGAGARATATOGGTTGRTTTTCAAGCTACAAGTGATGATATT 471
II||IHH|||IIIIIHl|||||IIIHII|I|III||l|||||IIIIHI||||III
Sojot 970 AGTTATGCAGTATCTTTAGGAGAAATATOGGTTGGTTTTCAAGCTACAAGTGATGATATT 1029
Query 4472 TATTGTTAATARACCTGTTACTATTTATTATAGTATAGGAGATGRTATGCAATTT 4531
l FECELECEREREEE e e e e e e e e e e e e e e eree ety
Sojot 100 &ATCT TTGTTAATAAACCTGTTACTATTTATTATAGTATAGGAGATGGRTATGCAATTT 1083
Query 4532 TCTCAGTGAGTTGRATATCAACCRATGATGATCCTAGACCAGCTTCCTGCACCAGT) 4591
|| FLECEEEERLELERL T ||||||lllll||||||IllHIIIIIIlHlIIIIIlI
Sojot 1090 TCTCAGTGGGTTGRATATCAGOOGATGATGATCCTAGACCAGCTTOCTGCACCAGTAG 1149
Query 4592 AGGOCOGTOCCTGAGGGCOCTATTGLG 4818
|||IHH||||||||HH|||||||
Sojot 1150 AGGGCOGTGOCTGAGAGOLCTA 7
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Fig. 4. DNA sequence homology between JX878305.1 and pBX DWV VP1 VP3. JX878305.1 is complete nucleotides of DWV deposited in
GenBank. Alignment analysis was revealed 98% (1145/1167) homology between nucleotide sequences of pBX DWV VP1 VP3
(GenBank accession No. KP751410.1) and 5420 4618 of JX878305.1.
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Detormed wing virus strain Korea-2, complete genome
Sequence 10: GRALKETEI0S 1] Leng®x 10114 Number of Masches: 1

Range 11 8736 to 9618 Qeafash Qoaabics ¥ Mot Match A Brevieus Matoh
Score Capect 1deatition Caps Strand
1423 bee(770) 00 832/843(%6%) O/8A3(0%) Phoa/Pus

Quezy 1 CAGTTAAT GAGGARAAIGERAT ARSI CTCACACTATATICACGGATICITIGAAAGAT €0
PRRRRRRR R R e e e r e ey venenninl
Sbict 8754 CASTTAATGAGGIAAAGOOAATAAOALCTCACACTATATICACCEATTICCTIGAAAGAT B8ls

Query 61 ACTIGTTTGCCTGTCGAMAAT GTAGATACCTOOTAAGACTAGAATATITAGTATAAGT 120
L N N N N N RN NNy

Jbjet  BRlE ACTIGTTTGCCT I OaARAAT CTAGAATACCTOOTAAGACTAGAATATITAGTATAAGT 0078

Queary 121 COGGTACASTITACTATACCOTITAGACACTATTACTTAGATIITATCOCATCCTATCGA 100
PERRRRRRRE R e e e e e ettt

Sbjot 0876 COGGTACAGTTICACTATACCGTTTAGACAGTATTACTTAGATTTITATGGCATCCTATCGA 8935

Query 101 GCTGCACGACTTAATGCTGAGCATGECATTGATATTIGATGTTAACAGCTTAGAGTGGACA 240
PRRRR R R RRR RNt nnnney sttt
Sbycr £936 OCTOCACGACTTAATGCTGAGCATGOTATTOOTATTIGATOTTAACAGCTTAGAATOOACA 28555

Query 241 AATTTGGCAACAAGTTITGTICTAAGTATGGCACTCACATCSTGACAGGAGACTATAAGAAT 300
PRRRRRRRT RN n PRy v PRRny FRRnrnnl e Prennpenniel
Sbjot 0996 ARTTIGECAACAAGTTIGTCAAMAGTACGETACTCATATCOGTGACGGGTGALCTATAAGAAT 9055

Query 301 TITOOTCCTOGGTTAGATICTOATOTIOCOOCTTCASCOSTICOAMATTATTATCOALTOS 3460
PORRRRRRRRE RPN Rl PRnny PRl rrnnnrennnnnnning
Sbjot 9056 TITGOTCCTGGATTAGATICTGATGTIGCAGCTTCOGOGTICAMATTATTATCGACTGS 9115

Query 361 COTCTTACATTACACCOAASAACATAATAAASCACCIAATCAACCOACTARTCTOOACCATG 420
L RRRRRnnE e RRr e e e e nnnnnnnnl
Sbjer  911€ OTATTACATTATACTOAAGAAGATAATAAAOACOIMAATOAAGCOACTAATOTOOACCATIC 9175

Query 421 GCOCAAGAGATCTTAGCOCCTASTCATCTGTOTCOOCGATTITGOTOTACCGASTACCTIOT 480
FORRR R RN e n ey PR nnnrnnnnnl
3bjer  917€ COCCAAGAGATCTTAGCOCCTASTCATCTATCTCOOCOATTTICOTCTACCOASTACCTIOT 9235

Query 4851 COAATTCCATCASOITCTICOOATAACOOACATITICAATACAATITCAAAITOICTOCTA 540
PORRRRRR R TR Ry LR ey 1 11
Sbjct  923¢ G&aamraoéna&urmnn&ummcmn&nma 9298

Query S41  ATTASCTTACCTITICCTITASCTATTACICATTTCOCSTITATCOGASTITCICTCARAATSIT €00
PORRR RN R R Ry PRy o0 LR innniennnni
Sbyet 9296 ATTASCTTASCTICOTTASCTATITACTIOACTICOCTITOICCOASTTICICTCAARATOIT 9355

Query 601 GITCTIGITTIGITATGOIGATGATCTITATCATGAATGTTACTGATAACATGATIGATAAA €60
PERRR RN e e e innnnnnning
Sbjet  935¢€ CIICTICTTICITATGCIGATGATCTTIATCATGAATCITASTGATAACATGATIGATAAA 9425

Query 661 TITAATGCTOTGACAATAGGMAATICTITICACAATATAAGATGGAATTITACGGATCAS 720
PORRRRRRR Rl P ity
Jbjet  PALE TTTARTGCTGTGACAATAGGGMATICTTTICACAATATAAGATGGAATTTACGGATCAS 9478

Queary T2l  GARGGRRTCAGGROATACTOTGARGTGOCCEACCTTACAGACTCCTACTITICTTAAAGCAT 780
PORRRRRR R R e el PR e nnny rhnini
Sbjot 947€ GACAAATCAGGAMATACTGTGAAGTGGCGAACGTTACAGACTGCTACTTTCTTIGAAGCAT 9535

Query 781  GEEITTTTIAAAACATCCAALCTAGACCTGTGTTICTGOCTAACCTAGACAAGGTTTCOGGTG 040
N N RNy

Spjct 9536 OOOTTTTITAAAACATCCAACTAGACCTIOTGTITCTOOCTAACCTAGACAAGSTITOOOTA 9595

Query 841 GAAGGGACGACGAMATTGGACTCA 263

PRRRL RRRRRRnnnnnnientl
Sbjot 9596 GAAGGAACGACGAATTGGACTCA

Fig. 5. DNA sequence homology between JX878305.1 and pBX DWV RdRP. JX878305.1 is complete nucleotides of DWV deposited in

GenBank. Alignment analysis was revealed 96% (832/863) homology between nucleotide sequences of pBX DWV RdRP (GenBank
accession No. KP739937.1) and 8756 9618 of JX878305.1.
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Score Expect Identities Gaps
11530 bits(828) 0.0 828/828(100%) 0/828(0%)

Strand
Plus/Plus

anee 1 MR
Query 7532 ATGGTCTACATTGGTGTTGTTTTCCCAAAAGTGCCTGATAGTAAGTGGCGAGATATTAAT 7591
ety ittt it
anee 1 MG,
iy ittt
anee 20 WM Y 50
ittt
iy ittt .
g ittt sttt g
Query 7952 AATAATAATAAAACTCCAATAAGCATCAACGCTGATGATTTGTATGAGGTTATACTTCAA 8011
ettt ottt g
o ittt d it
ittt
Query 8132 GGAGTTGCOGAACCACTTGTACATGAAATGTTCACTGATAAAGCAATCGAGAGTGAAAGA 8191
anee o QARG NN, 7
gy ittt it

Query 8252 TTAGATACOGATTTATATCCGATTGGTAAAGTGGATGCAAAGCTAGCT 8299

sict 1 THSHEAN AU SIS T o

8299 of JX878305.1.

Fig. 6. DNA sequence homology between JX878305.1 and pBX DWV polyC3G. JX878305.1 is complete nucleotides of DWV deposited in
GenBank. Alignment analysis was revealed 100% (828/828) homology between nucleotide sequences of pBX DWV polyC3G and 7472
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‘Score Expect Method " Identities  Positives  Gaps
577 bits(1487) 0.0  Compositional matrix adjust. 273/273(100%) 273/273(100%) 0/273(0%)

Query 622 LIVGYYPGLTASLOOOMDYMKLKSSSYYYFDLOESHSFTFEYPYYSYRPUIVRKYGGNYL 681

L IYGYYPGL TASLOQOMDYMKLKSSSYYYFDLOESNSFTFEYPYYSYRPIIVRKYGENYL
Shjet 1 LIVGYYPGLTASLOQOMDYMKLKSSSYYYFDLOESNSFTFEYPYYSYRPIIVRKYGGNYL 60
Query 682

PSSTOAPSTLEMYVOYPL |PMEAYSDT | D INVYYRGGSSFEVCYPYOPSLGLNANTOF IL - 741

PSSTDAPSTLEMYVOYPL | PMEAYSDT 10 I NYYYRGGSSFEYCYPYOPSLGLMINTOF IL
Sbjct 61  PSSTDAPSTLFMYYOVPL IPMEAVSDT |0 INVYYRGGSSFEYCYPYOPSLGLNINTOFIL 120
742 801
121

RNDEEYRAKTGYAPYYAGVIWHSFNNSNSL YFRUGSASOD | AQUPT | SYPRGELAFLR IRD

RNDEEYRAKTGYAPYYAGYWHSF NNSNSLYFRWGSASOO | AQWPT | SYPRGELAFLRIRD -
802 861
181

Query
Sbjct
Query
Shict

RNDEEVRAKTGYAPYYAGYWHSFNNSNSLYFRUWGSASDO | AQWPT | SYPRGELAFLRIRD

GKOAAYGTOPWRTMYYUPSGHGYNI G| PTYNAERARQLAQHL YGGGSL TOEKAKQLFYPA
GKOAAYGTOPURTMYYWPSGHGYNI G | PTYNAERARQLAOHL YGGGSL TOEK AKULFYPA

GKOAAYGTOPURTMYYUPSGHGYN| G PTYNAERAROLAOHLYGGGSL TOEKAKOLFYPA 240

Query
Sbict

862
241

NOQGPGKYSNGNPYWE YMRAPL ATORAHYQ

OFE 894

NOQGPGKYSNaNPYWEYMRAPL A TORAHYODFE

NOQGPGKYSNINPYWEYMRAPLATORAHVC

==

DFE 273

Fig. 7. Amino acid sequence homology between JX878305.1 and pBX DWV VP1. The deduced amino acid sequences based on pPBX DWV
VP1 (GenBank accession No. KP739938.1) was aligned with the deduced amino acid sequences on 2993 3810 of JX878305.1 The
homology between both amino acid sequences was calculated as 100% (273/273).

‘Score Expect Method Identities Positives Gaps
816 bits(2108) 0.0 Compositional matrix adjust. 388/389(99%) 388/389(99%) 0/ 339(%)w

Query 775  GSASDQ|ACWPT I SYPRGELAFLR | ROGKOAAYGTOPURTMYVIIPSGHGYNIGIPTYNAE 834
GSASDO | ACUPT | SYPRGELAFLR | ROGKOAAYGTOPURTMYVIIPSGHGYN 1G | PTYNAE

Shjct 4 GSASDO | ACWPT | SYPRGELAFLR | ROGKOAAYGTOPURTMYVIIPSGHGYNIG IPTYNAE 63

Query 835 894

RARULAUHLVGBGSLTDEKAKULFVPANLLbeKVSNENPVWEVMRAPLATUHAHV[UFE
RAROLAQHLYGGRSL TOEKAKOLFYPANQOGPGK  SNANPYWEYMRAPLAT(RAHVODFE
Sbjct 64  RAROLAQHLYGGGSLTDEKAKOLFYPANOOGPGKASNGNPYWEYMRAPLATCRAHVODFE 123
895 F 954
124 F 183
K

|EA|PEGEESRNTT ILOTTTTLASSGF GRAFFGEAFNDLKTLMRRYOLYGCLLLSYTTO
|EAIPEGEESRNTT ILDTTTTLOSSGF GRAFFGEAFNDLKTLMRRYOLYGCLLLSYTTO
|EAIPEGEESRNTT ILDTTTTLOSSGFGRAFFGEAFNDLKTLMRRYOL YGCLLLSYTTD
955 1014
184 243
1015 1074

01 DHCMF TFPCLPOGLALD | GSAGSPHE | FNRCROGI | PL | ASGYRFYRGILRYK 1 YFP

KO |DHCMF TFPCLPOGLALD | GSAGSPHE | FNRCROGI |PL | ASGYRFYRGCLRYK | YFP

KD 1DHCMF TFPCLPOGLALD | GSAGSPHE | FNRCRDGI I PL | ASGYRFYRGILRYK | YFP
244 303
1075 1134
304 363

SNVNSNIWVUHRPDRRLEGNS&AKIVNCDAVSTGEGV?NHGV#SHIUITRVN“?IELEVP
SNYNSN | WWOHRPORRLEGWSAAK | YNCOAYSTGOGYYNHGYASH | 0] TRYMNY | ELEVP

1135

364

o

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

SNYNSN [ WWOHRPORRLEGWSAAK | YNCDAVSTGOGYYNHGYASH I 01 TRYNNY | ELEVP

FYNATCYNYLOAFNASSAASSYAVSLGE | SYGFOATSDD | AS 1 YNKPYT | ¥YS | GDGMOF
FYNATCYNYLOAFNASSAASSYAVSLGE | SYGFOATSDD | AS 1 YNKPYT | ¥YS | GDGMOF
FYNATCYNYLOAFNASSAASSYAVSLGE | SYGFOATSOD | AS1YNKPYT | ¥YS | GDGMOF

SOWVGYOPM | LDOLPAPYYRAYPEGP 1A 1163
SOUVGYOPMM | LDOLPAPYYRAYPEGP | A
SOWVGYOPM | LDOLPAPYYRAYPEGP 1A 392

Fig. 8. Amino acid sequence homology between JX878305.1 and pBX DWV VP1 VP3. The deduced amino acid sequences based on pBX
DWV VPI1 VP3 (GenBank accession No. KP751410.1) was aligned with the deduced amino acid sequences on 5420 4618 of
JX878305.1 The homology between both amino acid sequences was calculated as 99% (388/389).
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‘Score Expect Method Identities Positives Gaps
603 bits(1554) 0.0 Compositional matrix adjust. 286/287(99%) 287/287(100%) 0/287(0%)

Query 2543 (QLMRKKGIKPHTIFTOCLKDTCLPYEKCRIPGKTRIFS | SPVQFTIPFROVYLOFMASYR 2602
QLMRKKG |KPHT | F TOCLKDTCLPYEKCR | PGKTR | FS | SPYQF T | PFROYYLDFMASYR
Sbjct 1 OLMRKKG I KPHT | FTDCLKDTCLPYEKCR I PGKTR IFS| SPYQF T IPFROYYLOFMASYR 60

Query 2603 AARLNAEHGIGIDYNSLEWTNLATSLSKVGTHIVTGOYKNFGPGLOSDYAASAFKI | IDW 2662
AARLNAEHGI G | DYNSLEWTNLATSLSKYGTH | YTGOYKNFGPGLOSOYAASAF+1 | 1DW
Sbjct 61  AARLNAEHGIGIOYNSLEWTNLATSLSKYGTHIYTGOVKNFGPGLOSDYAASAFE! 1 1DW 120

Query 2663 VLHYTEEDNKDEMKRYMUTMAQEILAPSHLCROLYYRYPCGIPSGSPITDILNTISNCLL 2722
YLHYTEEONKDEMKRYMUTMAQE| LAPSHLCROLYYRVPCG I PSGSP | TOILNT I SNCLL
Sbjet 121 YLHYTEEDNKDEMKRYMWTMACQEILAPSHLCROLYYRVPCGIPSGSP I TOILNTISNCLL 180

Query 2723 IRLAWLGITDLPLSEFSONWLVCVGDDLIMNVSDNMIDKFNAVTIGKFFSWKMEFT ] 2782
| RLAWLG | TOLPLSEF SONYVLYCYGDDL | MNYSONMI DKFNAYT | GKEF SCVKMEF TDQ
Sbjct 181 IRLhWLBITDLPLSEFSONWL#CVGUULIHNVSUNHIDKFNAVTIBKFFSWKMEFTUIJ 240

Query 2783 DKSGNTVKURTLQTATFLKHGFLKHPTRPYFLANLDKYSYEGTTNUT 26829
DKSGNTYKWRTLOTATFLKHGFLKHPTRPYFLANL DKVSYEGT TNWT
Sbjct 241  DKSGNTYKURTLOTATFLKHGFLKHPTRPYFLANLOKVSYEGTTNUT 287

Fig. 9. Amino acid sequence homology between JX878305.1 and pBX DWV RdRP clone. The deduced amino acid sequences based on pBX
DWYV RdRP (GenBank accession No. KP739937.1) was aligned with the deduced amino acid sequences on 8756 9618 of JX878305.1
The homology between both amino acid sequences was calculated as 99% (286/287).

Score Expect Method Identities Positives Gaps
‘574 bits(1479) 0.0 Compositional matrix adjust. 273/276(99%) 274/276(99%) 0/276(0%)

Query 2115 TKPOGSTOCYDAAYNK | LONMYYIGYYFPKYPGSKWRD | NFRCLMLHNROCLMLRHY IES 2174
TKPOGSTOCVDAAYNK | LONMYY | GYYFPKYPGS+W DINFRCLMLHNROCLMLRHY |ES

Sbijct 1 TKPQGSTOCYDAAYNK | LONMYYI GYYFPKYPGSRWED | NFRCLMLHNROCLMLRHY IES 60

Query 2175 TAAFPEGTKVYFKY IHNOETRMSGO|SGIE |DLLNLPRLYVGGLAGEESFOSNIYLYTMP 2234
TAAFPEGTKYYFKY IHNOETRMSGO | SG | E | DLLNLPRLYVGGLAGEESFOSN | YLYTMP

Sbjct 61  TAAFPEGTKYYFKYIHNOETRMSGO | SGIE | DLLNLPRLYYGGLAGEESFOSNIYLYTMP 120

Query 2235 NRIPECKS!IKF IASHNEHMRACNOGYLYTGDHTOLLGFENNNKTP |SINADGLYEYILO 2294
NR I PECKS | IKF | ASHNEHMRACNOGYLYTGOHTOLLGFENNNKTP | 'S INADGLYEY ILO

Sbjct 121  NRIPECKSIIKF IASHNEHMRACNOGYLYTGDHTOLLGFENNNKTP I SINADGLYEYILO 180

Query 2295 GYYTYPYHGDGYCGS ILLSRNLCRP | |GIHYAGPEGLHGFGVAEPLYHEMF TGKAIESER 2354
GYYTYPYHEDGYCGS ILLSRNLCRP | |GIHYAG EGLHGFGYAEPLYHEMF TGKA | ESER

Sbijct 181  GYVTYPYHEDGYCGS ILLSRNLCRP| |GIHYAGTEGLHGF GYAEPLYHEMFTGKA IESER 240

Query 2355 EPYORYVELPLRELDESOIGLOTOLYPIGKVDAKLA 2390
EPYDRYVELPLRELDESD | GLOTDLYP | GKYDAKLA

Sbict 241  EPYORYVELPLRELDESDIGLOTOLYPIGKVDAKLA 276

e A

BRSOl

Fig. 10. Amino acid sequence homology between JX878305.1 and pBX DWV polyC3G clone. The deduced amino acid sequences based on
pBX DWYV polyC3G was aligned with the deduced amino acid sequences on 7472 8299 of JX878305.1 The homology between both
amino acid sequences was calculated as 99% (273/276).
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Fig. 11. Expression of DWV proteins depends on IPTG concentr
ation. All recombinant DNA in E. coli BL21 was cultured
until OD600 reach to 0.6 and induced by IPTG to express
recombinant DWV proteins. Bacterial cell was collected at 6
hours after induction, respectively. Panel A. pMAL DWV
VP1, Panel B. pMAL DWV VP1 VP3, Panel C. pMAL
DWYV RdRp, Panel D. pMAL DWV polyC3G, and Panel
E. pET32a DWV polyC3G. Lane M was protein size
marker (T&I). Lane N were cultures without IPTG
induction. Lanes 1 to 5 were induced culture with 0.1, 0.3,
0.6, 1.0 and 2 mM of IPTG, final concentration, respec
tively.

A} 372l pMAL-DWV-VP1, 75kDa; pMAL-DW V-
VP1-VP3, 93kDa; pMAL-DW V-polyC3G, 81kDa;
PMAL-DWV-RARP, 81kDa;, pET32a-DW V-polyC3G,
S0kDao]] -3t ypid T vl e S o] Q)
(Fig. 11).
HH O =S Q5 A IPIGsEE2 2 E 9@
011*1 0.1~03mMoj| YElstom, & tof A A&t
S AAE(DWV-VP1, -VP1-VP3, RdRP, C3G)& # 9]
RE Z Lo 4 pMAL vectoro] 2]+ MBP2} -§-§Heha
g o] o] FurEHS wo] 29T} S, pET
vectore]] 2]5}e] C3G2] Hra o] FHolw] 9l S B L ]
Az A ol ot e -2 A = A] ok ok h(Fig.
11E).

DWV THEZIOf x|

PET32a-DWV-polyC3G-2 Ni* column A5} %
A E 23Y3}9) .1, pMAL-DWV-VP1, pMAL-DWV-
VP1-VP3, pMAL-DWV-RARP pMAL-DW V-polyC3G 2]
7d-olli= MBP columng- AR8-5lo] 225 Tl 2=
= 27) el ekeich A2 el o) i
% A T A S 12% SDS-PAGEE AHg-51of At

Fig. 12. The purifications of recombinant DWV proteins. Panel
A.pMAL DWYV VP1, Panel B. pMAL DWV VP1 VP3,
Panel C. pMAL DWYV RdRp, Panel D. pMAL DWV
polyC3G, Panel E. pET32a DWV polyC3G. Lane M in
each panel was protein size marker (T&I). Lane 1 of
each panel were total proteins from each culture induced
IPTG, lane 2 of each panel were affinity column purif
ied recombinant proteins from each culture.

£ Al st thFig. 12).

0] 3 Bradford assayS- E5}10] ZF A A H T2 E-S
AR e, 71 23} pMAL-DWV-VP1, pMAL-
DWV-VP1-VP3, pMAL-DW V-polyC3G, pMAL-DW V-
RdARP, pET32a-DWV-polyC3G 2] thul Al &Fo 77}
2.71mg/ml(total 8.13mg of recombinant protein /125ml
culture), 4.71mg/ml(total 14.13mg of recombinant
protein/125ml culture), 2.07mg/ml(total 6.21mg of
recombinant protein/125ml culture), 2.57mg/ml(total
7.71mg of recombinant protein/125ml culture),
1.04mg/ml(total 3.12mg of recombinant protein/125ml
culture) 2 Ve T

DWV (Deformed Wing Virus)&= G7f&-1 o] 2h+=
o|FL 2 o= @] &7l vlo] Lo, 20131
2 2’ 39-2] Al E] (Center for Honeybee disease control)
of Aol fsh T ol upolef s WY 330
A 2 To] BrA L= vlo] 20| tH(Yoo et al., 2014).

Fuje] B W 5 DWVE TG B9 vlolg)
220 3t ﬁ?—t— Ao A HEo 2A HF
wof AL E*e?;“ez—’l A Ko 27‘401 o
014 ‘21‘4# DT vhof2 A A S Moy
Hom F537] ¢ 3}04 Hho] | 2o R A, = HP
ojg|£ol B4 TS0 BT B vlol2 A
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£ 7L DWVE] 2t 4 g o] et A7 g
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C3GE Al =3 DNAYH S St A 25 o2l
AAFS 7 B or, o) vk ) gl o
= Sfelo] A7) 22 el LA 51 R0l ek,

B ATE Foke] At AU AR A
RARP(RNA dependent RNA polymerase)~= DWV 5%
A8 BABHE 7)%50] F8 T Eaolu o ghul
4] 7)ol g S W 71, 5 of @, of
A ELE], positive-RNA(S- A ) S £ © 2 negative
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= AH A= ¢kt Al
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2 7)%5-9) RARPHAHAHE 74431 gle], o] 7]
S ol ) 277 AR ol ol
2s0) o] BAPAT BASE o vo]ol A W
-—A&Eﬁﬁﬂﬂ7WWH%rw gl ek,
wphA] 2 Aol A ke DWV-RARPO] AJAHH 2
o] AAE o] &3t AsA| W= Y ulolH 24| 2] 7|
L3} Q1A of Fafiet Edufol g 2o A [Tl o]
RARP T} 22 vpo] 2 2 ko] Qloj A B A=
HolE Zl oz 7|t B3 & A5 F5te] A
Zg A 2 A AFE C3G(C3G peptidase)+=
polyprotein®] | 2 12} A4k DWV | Tl 44
NE TS 2 Aok, 22, @A 7= T -
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= Fofstofof sh, T AT Bl E40f Rt

R gkl A NS 915k Alok
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