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Abstract

Self assembly of HcRNAV109 and controlling of harmful
microalgae, Heterocapsa circularisquama, by utilizing the
host specific algicidal activity

Oh Hye Gyung
Advisor : Prof. Si Wouk Kim, Ph. D
Department of Environmental Engineering,

Graduate School of Chosun University

Harmful algal blooms (HABs) are characterized by rapid and massive
accumulation of certain types of microscopic algae and HABs are linked to
significant socio-economic losses and can give extensive damages to the
aquatic ecosystem, drinking water sources and human health by depleting the
dissolved oxygen and blocking the sunlight, or producing toxins.
Recombinantly expressed and purified VLPs of Heterocapsa circiularisquama
RNA virus (HcRNAV) can be used as a potent carrier for harmful algal bloom
suppression. The HcRNAV strains were divided in two types; HcRNAV109
(CY-type) and HcRNAV34  (UA-type), based on their  complementary
strain—specific infectivity. Host specific attachment and cell destruction
of HcRNAV109 VLPs against H. circularisquama strains were investigated under
microscopy by encapsulating the particles with a novel algicidal substance,
thiazolidinedione (TD49). The TD49 concentration was detected by HPLC
analysis. The VLPs encapsidating TD49 specifically attached and destroyed

_|X_



the cells of H. circularisquama HY9423, which are the hosts of the HcRNAV109
strains, but not the cells of HU9433-P and HA92-1, which is known as a host
of HcRNAV34 virus. These results indicate that the recombinant VLPs have
considerably high host specificity and are compatible with a common viral
property of host specific infection. Therefore we suggest the possibility
that VLPs encapsidated algicidal agents can be used as an alternative and
highly effective bio-control tool to prevent a harmful algal blooming in the

sea.
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19818 0l= D=sE2 ER2EF (dinoflagellate), S06l Gymnodinium T-" 65 Ol
Ol XoH2H, DIAGE S2 F&o=z 782H M2 HIIHEeZ XEHHN 17
Aol mohE LA JACH. 0 AoHOtE ZEE QAMNAA R S 28 =2

O OIFM/LCE. OIME 1980&U0ll= 732H 98
S Gymnodinium T-" 65, Prorocentrum micans,
Skeletonema costatum, Thalassiosira sp., Microcystis sp. ¥ Chaetoceros SO0l
Ol ol MSHUCH.,  1990EU0l= Hollett =oietsS S22 Heterosigma
akasiwo, Cochlodinium polykrikoides, Ceratrium furca, Prorocentrum spp. <Ol
Olo LMSIUSH £06l 199555 0l= 58 FH 108 =Kl EJ[2t SMGIRCH 1
£ Qloff 7614 22l %iiet HioHE LUCH. Ol= 20008 U0l= =BHol ol oFut
Soiet  SA0MM =Bl Aotk =AZUC. =2 A Bel O
polykrikoides, H. akasiwo2t Chattonella sp. S0 2o 2003E 0= 2156 &,
20073 0il= 1004 &S IloHIot 2Mot=s = =4tHCSl oIt RE06I LMot
201280l 78 =EHRH 2 502 =ot oot SoetolA, 100l =
o NMoHCHUIA ZMot= S

==l

=2 o
0| 2tLjE 2o

Hol=s Zolietnt Soier, 20008 Hol= AoH bRl & HAQHUIA ==Al
ot HEEDH =& N0 HoHet &= ™ XY 3Hel doiet of
) 2x

SetAIZID AUACH (Fig. 1). S8 1982E M= 30%2 AE=F 2k 33% #H F2 37%
Of S0l 2ol LMIl= S 19808 U= AMES2 AT cHIER, €27,
AT, AHEXEF L HEXF S 0Lt ZF0 2t FHEF2 HEMC=Z
SBE =& (bloom of mixture of species) EFE = UCH. DdLE 1990E &
SH ABEIEXIR HIZERO HIES0l SII6HH T 200080 OIF2H ABR2E
SOl C. polykrikoidesdt XIBHEOIUCH 3| 20128 0= FHEF = <& 1%2
HEAFQ o 98%2 FAEIEI0| Slof LMSHAH ZIUACEH. OIHE =Ue K=
S HEMo| SBE =BUAN &= 2EZE (mono specific bloom)2& & 0[Jt
LMTIASS 2 & AL Y (Fig. 2).

HUll= £ OUE AEHBXJO Alexandrium spp.Jt OH&FSEDE XIGHBHOIAM 724
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Table 1. Damage of marine organism by HABs (81
o Damage )
Division Damage cause Causing symptoms
patterns
Production of toxin of Production of
harmful microalgae biotoxin
Death from toxic material production by bacteria
poisoning . o . Toxicity breakdown
Production of toxic ingredients such as
) . product, DNA
organism decomposition of HABs algae
damages, cell damage
) ) Enzymic
Production of oxygen free radical .
transformation,
) ) Consuming of
Respiration of plankton
Direct dissolved oxygen
damage Consumption of dissolved oxygen by Development of
organism debris respiration anoxia ringleader
Suffocation
. . . . Fall of gas
breathing disorder by gil clogging
exchange roll
physiological stress by increase of
carbon and pH in seawater
Relative oxygen deficiency and
deteriorating water quality
. Gill damage by harmful
Gill damage ) .
microalgae salience
migratory escape, depletion of
resources and weak of reproduction
biologic growth
Poor of sea water exchange
o slowdown
Productivity
. ; organic matter shel lfish, crustacea
Indirect decline N ) .
— exchange of benthic organism — Polychaeta
damage
Change of environment quality photosynthesis
(clay, turbidity) s|owdown
Secondary Declining of sea food Halo effect
damage Food poisoning Health damage




Table 2. History of HABs area, year, types of algae and number of harmful algal species identified in Korea seawater '®°.

Year Sea area of occurrence Class Major harmful species (count)
OFARRE, DpRE, sietor SS0H 2AES, 2sS0t
Dinoflagel late | Gymnodinium T- ‘65 (53), Prorocentrum spp (3)
K| &= 0O}
1981 | &5
ZE0H AN, DEDH A0 =0t Diatom Skeletonema costatum (21)
SAlDF DIANOF SO0l DD foor Mol Dinof lagel late Gymnodinium spleudens (7), Prorocentrum minimum (6), Nitzschia se
Prorocentrum dentatum (2)
1085 | Ot&HRE, SHQIOH Raphidophycea | Thalassiosira sp.(2)
20, A0 OFAMOH 8HQEOF 2ADE S DE0E A .
HOF ASOF SAC BorOl Diatom Chaetoceros spp. (4), Skeletonema costatum (14)
S, XHolH, S24H0H Siotor OfASH Y, JIXE, Dinof lagel lat Coclodinium (7), Prorocentrum micans (4), Prorocentrum minimum (2)
_ inof lagel late L
HHM, AMAl 823, 20l (1), Gymnodinium spleudens (1)
OFAFBE, 2410 TS Flagel late Heterosigma akasiwo (3)
1988 | £=0F, Drargr, g&E0H, ASeH, D80, HFRE, ,
o Diatom Skeletonema (7)
sg, ol HOIE
20 U2 U0, 35Es SEO Cyanophyta Microcystis sp. (3)
oI A Ciliophora Mesodinium (1)
4, XS0, SA0H, G200, &IGHOH, HHI, Aok, o o ) o
_ ) . Cochlodinium polykrikoides (11), WNoctiluca scintillans (5), F
s9, dd oA, doll 0™, 280 AT, 2H| | Dinoflagellate .
1993 | — sp.(4), Ceratium furca (3)
220, DOHAHRE Flagel late Heterosigma akasiwo (3), Eurepiella sp. (1)
2120t Diatom Skeletonema costatum (4)
2C, OXBH, N5, AZ-ISH AMIA-SA, MET, (38) (33)
_ _ _ _ . Cochlodinium polykrikoides (38), Ceratium furca (33), Noctiluca scit
1995 | €olfl &€, =S4, ZE, =9, SteH, o Y Dinoflagel late o .
c Gymnodinium sanguineum (3)




Table 2. Continous

Year Sea area of occurrence Class Major harmful species (count)
S48, 2ADIE, Xttt o, 2R, AT, AS
o Flagel late Heterosigma akasiwo (12). Eutrepriella gymnastica (1)
Aty Diatom Thalassioaira mala (1)
Eapag=l Ciliophora Mesodinium rubrum (1)
£, oS, S, HMAl, 220 XS0H Opa Dinof lage! late Cochlodinium polykrikoides (10), Prorocentrum micans (6), Eutrpt
_ 0 )
SI = Relyely (4), Ceratium furca (4)
AR, IS, SAH, 240F 2AH SHOFOF - OFARDE, ) )
2001 | mor Flagellate Heterosigma akasiwo (14), Cryptomonas sp. (1)
2Y, =, =92 ot+F Diatom Thalassiosira sp. (1), Skeletonema sp. (7)
2 Ciliophora Mesodinium burum (1)
28, 99, Ig, dF, 25, 0|=H, AL, 04
Dinoflagel late Cochlodinium polykrikoides (16
2007 | 2, 04, HE, 2 DE-0l2, IE-PSHIC ¢ oty (16)
Efor, M4=DH-ENOFQIOH, ENQH-EEH, H|olDt Raphidophycea Chattonella globosa (4)
AOi0 OIAMOF KISOF FIGHDN BMOIDF =Of i Cochlodinium polykrikoides (10), Prorocentrum minimum (5), Gymnc
_ Dinoflagellate | Prorocentruam dentatum (3), Ceratium furca (2), Alexandrium
S, 1&E-0%, 2, SEZHO ) o
2010 Noctiluca scintillans (1)
=0t o, Hollz Flagel late Heterosigma akasiwo (6)
A&, AL, ol 2 Diatom Chattonella antiqua (5), Chattonella curvisetus (2), Skeletonema co
HE-2%, QQURE, &, 1E UWURES-2LIR
T, 00z go-3&, Y HAM-Coier, S29-90 Dinof lage| |ate Cochlodinium polykrikoides (72), Alenxandrium sp. (7), Prorocentr
) . ) _ 0
oo | E DO, T GEl, DIEE, JIEE, Y Eo- ¢ Ceratium furca (2)
E23-A&, H|QIBH H|QIB-F AL otHE
OFAFOE XIBHSH, HXMI, Hlelot Flagel late Heterosigma akawiso (4)




Fig 1. Annual HABs occurring marine areas in Korea (801
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Fig 2. Microalgal transients in marine area of Korea from the year of 1980
to 2012 191
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2006 MKl E10E oY £FE ZFAIII= 200dS 018t HIOIHA =5 W=LHS
2= Heterocapsa circularisquama DINIERE =2 M 21&0t= HHOllA A
C CHOMA CH2FAAFGEO! HCRNAVEl VLPOI AE 22 (TD49)E EMAIA ==0 S0l
Moz AHAH AtHAII|IDRECH ] (Table ). Ol= oH&Eor otLlet &=2
=X7 Y Z2HRS FolMEM LS AAEE = U220 SZMEHE THGHA
2= 88l (HHOI-UL-2F)2 ES8 RHEFE UHZLMsS HHE > U=
Jl=g Hdote Aol
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Table 3. Viruses infectious to marine eukaryotic microalgae

[17]

Virus Host Size (nm) Genome
Aureococcus
BtV 140 dsDNA
anophagefferens
Chrysochrom! ina
CbV o 145-170 dsDNA
brevifilum
CeV Chrysochrom!ina ericina 160 dsDNA
EnV Emiliania huxleyi 170-200 dsDNA
HaN |V Heterosigma aakashiwo 30 not found
HaV Heterosigma akasiwo 202 dsDNA
HaRNAV Heterosigma akasiwo 25 SSRNA
Heterocapsa
HCRNAV ] ) 30 SSRNA
cireularisquama
Heterocapsa
HcV ] ) 197 dsDNA
cireularisquama
MpRNAV Micromonas pusilla 50-60 dsDNA
MpV Micromonas pusilla 115 dsDNA
PoV Pyramimonas orientalis 180-220 dsDNA
PpV Phaeocystis pouchetii 130-160 dsDNA
PgV Phaeocystis globosa not found dsDNA
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H 3 & &4X=Z& TD492H HcRNAV VLP

TD49

20! copper sulfate (CuS0a)

stet

4

AX (algicide)s 20|12
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-
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=
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-

<

X0
ol
ol
)

A

}

o)
A&e 337.83 g/mZ P24 2X0IH =40 €1 0.8

=
S

(5-(3-chloro—4-(cyclohexyloxy)benzylidene)thiazol idine-2,4-dione)S Al

Ct (Fig. 3).
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(A) (8)

O 0
Ry = Cl N
D OO0 T
Ry—O ~ 0 ~
O 0

Fig. 3. The chemical structure of TD derivative (A) and TD49 (B) !"®%

(=2 2.0 nm G=13.1nm

G=4 40 am G=5 5.3 nm G=66.7 nm G=7 80 nm

Fig. 4. Graphical presentation of PAMAM dendrimers from core to generation
G=7 showing the linear increas in diameter and exponential growth of the

number of surface groups (2
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2. HcRNAV VLP

H. circularisquamas RHEFE HEMO RoIEC=Z LHAM U@ OIS0 M
Aol SA0 26 ZONSIF HIAFE O =48 LA A0 S =dlE Uol= 2AH

2XS (dinoflagellate)Oll =6t 28 S42 & Kol 0IMEF S SHLIOIC.
Ol DIMEF[= HtolAAN 2ol 28D =0 H0IMHM2 Hevet HeRNAVE =22l &
Ct. HcVe= double strand DNAZE HsS2 tH HcRNAV= 34 nm+22| single
strand RNAE H=2 =2 StCk. 21 = HeRNAVE H. circularisquama WX =2l SEH
£ SHE = U= HM2AUHEM == S0I1Fel dFES ot SE2 It UL
HoRNAVRl =z=E2 (CY-typedt UA-typelZ LiECH. L2 ol2t0IA isolationE
CY-type strain, H. circularisquama HY94232+ H. circularisquama HCLG-1E 0|
HoZ Zgol= HIOIHAAE= HERNAVIO9OIOd UA-type strain, H. circularisquama
HU9433-Pet H. circularisquama HA92-1E€ SO0|H2=Z2 2Zdol= HI0lIHA=E
HCRNAV340ICH (Table 4) ", HoRNAVE 8ROl €hel 2X12 2H= 4.4 kbol ssRNA
Hs 22 HoRNAVI092H HoRNAV34 Mol DA ZE S 97%2l homologyS p el
(Fig. 5). O R&EXIL 2= S e orfe polyproteing 2
o

major capsid prot FS3IolE or 2010 . 28 HI0ldA= =2

ol

P
rr
O

o©
=1
o

2 -4 2
A2 MAMGHH ot RES2E S JHXILD A= (DNA 2 RNA) BAIE (L= VLP)
ct Ecle= HUAE = AWM (capsomer)ct Ecl= A SEMII RASE
FR0 LyE gz PHE=E HOIL. BAE SIANE 224 L CHHE 2
2 S0l HoRNAV VLP X E | Eot)| ol HAIE HHE REIBE A= orf-2
E UHEZDUNAM ZTWAIE CHHE LAHAZS 2ol rare codon=  HMIHGSHK  codon

4L
30
> ol
ro
—
=
@

optimizaiondtACH. HCRNAV VLP SHSHAI2 33 nmel HZEE 220
TX 180012 O0IR0& FHOIMEM X2 JAMEOMN ¥
2hAlOICH BT ) = HRNAVIO9 AIS CHEls S5 b TS

&S HcRNAVIO9 VLPE 2z &=x
circularisquama HY9423E2 ==2 S01&82

et o128 asAuct “

O\J
[0 o

0
0
' o
A
X

o HQE
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Table 4.
isolation in Japan seawater

Harmfulal AH.
[23]

cireularisquama strains,

location and year

of

Origin
Strain
Location Isolation
Heterocapsa circularisquama Uranouchi Bay (Kochi
Dec 1994
HU9433-P Prefecture)
Heterocapsa circularisquama )
Ago Bay (Mie Prefecture) Jun 1992
HA92-1
Heterocapsa circularisquama )
Gokasho Bay (Mie Prefecture) Aug 1999
HCLG-1
Heterocapsa circularisquama Yatsushiro Kai (Kumamoto
Sep 1994
HY9423 Prefecture)
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*TIR
(18 nts)

Central UTR ¥ UIR

Deletion
(162nt) (113 nts)

(1500

HcRNAV34
(UA-type)
I o0 m 1v
| S ——
Variable regions
MCPF1 MCPF MCPF3 MCPR1
» » > &
HcRNAV109
(CY-type)

L 30150t —— L —— 108006s —

FUIR
(116 nts)

1 ORF-1 ] ORF-2 |
{Polvprotein) {Capsid protein)

Fig. 5. Schematic genome structure of HcRNAV34 and HcRNAV109 and

positions of the primers 4.
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A 2 & &g

oo

EREET

== o

M 1 & HcRNAV109 VLP R & X 22Y¢

1. HcRNAV109 VLP S& X &4
2 HA0A AF2E= HcRNAVI09 [accession number; AB218609.1] R& Xt= Kol
= (

Ol Heterocapsa circularisquamatil 2&3dt= HcRNAV109 VLP S & Xt
2N |A8X SHS Eol SZoIY L (Genscript, USA). E. coli WHSl THXEEH ¢t
HSHZ SkAAIDD] o SIIHESE HAGIH 3H 2DE2 2ES 8 1.1 kb

HCRANV109 VLP BAIE R&EXIE 22 = pUC57 HeRNAVI09E & ULk,

2. 2ctA0lE ¥ HEteA

SAEX 242 fdl MES Heteahes 10 units@ Nde I, sap I(Lgul),
Hind TI, Xho I 22l EcoR I (Thermo, USA)S AIESIA LD S22 <M
pCR2.1 BIE| (lInvitrogen®, USA)S AI25IUC. 22Y HIE 2= pCR2.1 HHE
AMEEIRO0, SHE & BiE= pTXB1 (BioLabs®, England), pHCE 1A (E9HtOI
QelHA saMPISARRA, Korea) 12l pET-30a(+) (Novagen Inc,
Germany) Z2tADIEE AIEoIJCH. &2 We MEXE ZE2ADNE  plXBf
HCcRNAV1092t pHCE A HcRNAV109= 100 4g/me2| ampicillin, pET-30a(+)
HcRNAV109-intein= 50 ug/me2| kanamycineOl &JtE Luria-bertani (LB) medium
OlA 14 Al2E S0t 37CUH M MBH2oHALCEH.

3. Al
DNA =% 2 & = . coli DH5a 2 AIE Bt Crow
©SS Q5 £ coli BL21(DE3)E ALEGHRUCH. THZXEH pHCE A HCRNAV109 VLP
BHEIO| £, coli strainf® 2 S AS HlwotI| <ol BL21(DE3), TOP10, DH5
a, ER2566, XL1-Blue, MG1655 L rpoS-"*'2 AtEGHRLC.

0K
09L hl

=
T

= &

(s

ra
o
é
>

I0
rn
H
M
rr
™

N
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4. Competent cell HIZE

Competent cell2 Inoue® Ol M2t MZEoIRON MEMUIS ey 2ok Y 5
meel B mediumOll £. co/j BL21(DE3) &Y 2= LIE HBIoI0 12 Al2t S0t 37C
A MHHY GIRU20 200 M2l LB mediumOil HHLH 1%S HE5H = 600
U SZZI0F 0.601 & MK =gst ZAHNA BHSSIRULCH. 0lF BHYHS
ice A0l 10 22t XIS & 12,000 x g0lAl 15 & SOt FME2| GACH. 3%
= ZHO 67 m2 TB buffer (10 mM PIPES, 15 mM CaCl,, 250 mM KCI, 55 mM
MnClz, pH 6.8)S &JI5t04 THBIE 8 % 12,000 x gOlA 15 2 St |22 5t
AUCH. ZEZHC=Z 16 MO TB buffer? 1.2 mo DMSOE HIIGHN EEE & E
coli strain@=z AEotT D ZZE eppendorf tubel 200 £ % ZF5t0 -80T

O 22+GHRUL.

ol

5. HcRNAV109 VLP R& Xt 224

™

ng

Jb. Al J121
Ligation2 <®IcH T4 ONA ligase (Thermo fisher scientific, USA) E4E AIS
otAD PCR S=2 <ol LA tag polymerase (5 units, Takara Inc, USA)E
Ct. Primer= BionicsAtOl 2/2lot0d A6t CH. el |KREX S0 At

E HAZ=Z)|= GenePro (Bioer Technology CO.,LTD, USA)S O|Z5t%LCt.

L. HcRNAV109 VLP =& Xt
HCRNAV109 =& X &2 fIgt =& ScA0IE= 7,800 bpll pUC57 HcRNAV109
Qb 7,633 bpll I8 pTXB1 HCRNAV109 VLPE AHZoRACH. 2 puUCS7 HcRNAV109
E FEHOZ SFANZ REX= HHE &8 HEH pTXB1W pHCE A2l XSS
?let =& S2AA0IE0I0 pTXB1 HRNAVIOOMF =& 2 SZEAZ2 REI= £
2E YE pET30a(+) e MEEES IS =& SAUHANED. REL S=S Ao

MZE primers CHS 20 (Table 5). S&8K SZE0 AI2E BlE &8Ho X

Ol

=
=



&2 10 x Taq™ reaction buffer (50 mM Tris-HCI, 50 mM NaCl, 5 mM MgClz, pH
9.0), 0.2 mM dNTPs (dATP, dCTP, dGTP, dTTP), 30~50 ng template DNA, 100 ng
o] 5'-forward@t 3'-reverse primer 12l 2.5 units Tag™ DNA polymerase (5
units, Takara Inc, USA)E AISSIACEH. pTXB1 Z& HEWH 22< & HcRNAVI09
HENE SZE6H)| st B8 £2H2 MTUHM 5 2 St pre-heating & 94Tl
M 30 =2+, 56COIM 30 =2+, 72COHIM 40 =2t 30 cyclesS XEHGIALD 72COHl
M 5 & S0 final extension HEES +HGIRULCH. & PHSAH 0

UCH. pHCE A Z& HHO0 224 & HRNAVIO9 R&EAE S
A2 9TOHMN 5 2 =S¢t pre-heating =, 94TCHA 30 =2+, 62CHA 3

f

72COH A 40 =2t 25 cycles &l&ist = final extention WAEZ 72 COHA

o &
Al FH'
O

O 20 cyclesS XEGIUOH & BISM2 20 wO0lA =8HotACH. 8t pET30a(+)
g YN 22 Y S HoRNAVI09-intein KA XIS S22 &t Bts XAH2 94T
HA 5 & SO pre-heating & HATUHAM 30 =2F 62CUHA 30 =2t 72COHIAM 40

C
x=2F 25 cycless XS & 72CTUHA 5 & =0 final extension &S L85}

AL, & gsAH=2 20

[e=TE S - |

LEOIA S=SGIRCH. PCR =E BtE MAMES gel extract

kit (Nucleogen, Korea)S AF20l0 gel 22H Rot= ONA SHEHS AMGHACH.

Table 5. Primers used in this study.

No Construction Name Sequence (5" — 37)

5' GGA ATT CCA TAT GAT GAC CCG CCC
pTXB1 5" - Nde I forward GCT GGC TCT GAC 3'
HcRNAV109 VLP 3°-Sap I reverse 5" GGT GGT TGC TCT TCC GAC TCA GGC
AGC CAT CGC CGG 3'

5' C CAT ATG ACC CGC CCG CTG GC 3'

pHCE TA 5= Nde I forward
2 ) 5" CCC AAG CTT TTA TGC AGC CAT CAA
HCRNAV109 VLP 3" - Hind III reverse
TGC TGG 3'
PET30a(+) 5" C CAT ATG ACC CGC CCG CTG GC 3'
5= Nde I forward
3 HCcRNAV 109 5" CTC GAG AGC TTG GCT GAC GAA GTT
o 37— Xho I reverse
-intein VLP CGT G 3'
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Ct. S&X &E TA E2YE

TA 22<d= <ol pCR2.1 HIE{ 2t insert DNAZ 1 @ 12| S=HIZ2 FEIIoIU 2N
1T unit2l T4 DNA ligase2t 10 x ligation buffer (300 mM Tris-HCI buffer, 100
mM MgClz, 100 mM, 20 mM DTT, 10 mM ATP, pH 7.8)2 &EJIIGIH & BISH 10 4E
14CUHAM 20 Al2t S0QF BESAIZH ligation GHACH. Target gene=2 & EStI| 2loH
Olel MIZ=8t 200 #£2] £. col/i DH5a 2+ ligationOl &eHE 10 #£2] gene fragment
E EIISH & ice A0 30 2 SO HXSHUCH. 1 = 42CHAM 45 = S92 heat
shock & CtAl 2 & S92t ice &0 EXIGHAUCH. 1,000 #£2] LB mediumE &= IS
37COlA 30 & S92t shacking incubationdtRACH. SEXMEE gene2 HEDHI| <
off Incubation & cell2 ampicillin (100 #g/m¢) Bt kanamycine (50 4g/mé)0l
JbEl 1.5% (W/V) LB agar plate0il SZ5t0d 37COIA 14 A2t SOF BHLGHUCEH.

|'0||

xﬂl>I

3|

i

ct. SA0E EAH &£ SIIMHE ol
Z2tADIE 221 2 BHE alkaline lysis gHE olgstuct ¥ X4
2010 SHA B 5 ME eppendorf tubell €10 Ay 2 o
Hootn, BdE2 20 mg/me2|l RNase 10l =O0tJA= resuspension buffer (50 mM
Tris-HCI, 10 mM EDTA, pH 8.0) 200 #4E 0|=2dtd SES = lysis buffer (200
mM NaOH, 1% SDS) 250 wE &HIIolt 5 2 SO A=20 ZXotc. 1O =
preicipitation buffer (5 M potassium acetate 60 m¢, glacial acetic acid 11.5
me, distilled water 28.5 m¢) 350 S HIIGIH <, Ot REEAH S A2
= 15 22t 12,000 x gUlA Ja =22l ot 0 Soff 22 4SHUE2 silica
membrane column tubelll 2! = 1 & =¢t 12,000 golA columnOll binding Al
ZACh. 700 #£2] washing buffer (95% ethanol)E F&ot0! 12,000 x gWlAd 1 2
Z2l = membranelil &O0IA= ethanol & MHGHI| ol 2 =28 CHAl 34

22l ot zEBEHS=Z 30 42| TE buffer (10 mM Tris-HCI, 0.1 mM
= 8 = 3 28 EXlot) 12,000 x gUlA 3 =22t AA=Z2E Sl
membrane column0il Z& s DNA E2tADIEE ZZ2I6tUCH. HHME DNAE EcoR 12
AMNE0HH 1.5% (W/V) agarose gellA HIIESS Sol0d 2t DNAS EQIgt &

)

JINE 242 226IHCH (Macrogen Inc, Korea).

=
=
X

O 0t0
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Oh. Higts2A Xc2let DNA Zcl

TA 224 = Sol &2 & HeRNAVI0O9 VLP Zc2tA0IER Al ]S Z8 HH=
2t2t0| NIStSAE HMelorCh, M & HE pTXB1 Ec2tA0lEr HdEE
HCRNAV109 VIP Z2tA0IS&= SapI(Lgul )2 AISotD LS 8H pHCE 1A Eet
ADIE2F AEE HRNAVI09 VILP ZctAO0IE= Hind MME AZoI/A2H & 8y
PET30a(+) StA0I=2t AEHE HoRNAVIO9 VLP E2tADIES= Xhol & HIEH S4AE
Xelstdl <ol 37CHlA 2 A2t St BESAIZACEH. 1.5% (W/V) agarose gelS S&t
HMIgs2=2 ol & DNA= clean-up kit (Nucleogen, Korea)E O0IE6t0 ===8t
ONA Z2HZE 3|=otACH. 1 M &F2 2 B2 M E HERNAVI09 VLP Zct

ADIE= Nde I £ HMaIatIl <ol 37COHA 2 A2t St BESAIRCH. 1.5% (W/V)
agarose gelE S8 &MIIG=s22 L& HEH2L insert DNAZ &EZ & HcRNAV109
VLP EctAO0IES= EOIGHACH. pTXB1, pHCE IA, pET30a(+) ZctA0IE= clean-up
kit (Nuclegen Biotechnology, USA)E Soll &==5t ONA SHEHEZS 3[5tA LD insert
ONAE= gel 22H insert DNA 2E22tS &b Gel extraction kit (Biosolution,

Korea)S 0I25t 235t= ONA SHH S 3|=5tRALL.

Hb. Ligation & HEXNE

LigationS <ot #EH2 insert ONAE 1 @ 28] S=HI2 €= 1 unite
T4 DNA ligase® 10 x ligation buffer (300 mM Tris-HCI buffer, 100 mM MgCl»,
100 mM , 20 mM DTT, 10 mM ATP, pH 7.8)E &EHJII&H & BISH 10 K4E 4TUH A 20
A2t SOt BFSAIA ligation SIRULCH 1 = SEHHMSS <Ioff 0l2l M8 200 w4
O E. coli BL21(DE3) competent cellOl ligation & DNA 10 ©#E &HIISH & ice
&0 30 22t XA, OGS 42COHA 45 = S¢t heat shock® & O3 O

Al iceddOll 2 2 =¢F EXIoHACE. GII0 1000 #£ LB mediumsS <
M 30 Z2F st O M ZelotH A4S 1000 #E HMOSHRAULCE.
( LB agar mediumOl S8t = 37CUHA 14 Al2H
HEHI Hetds 2= SHUE agar
mediumOfl EIISIAUCH. HXA pTXB1 ZctA0IS= 50 ug/me2l ampicillin, pHCE 1A
Z2tA0IE= 100 pg/me2| ampicillin 12l pET30a(+) E2AD0IE= 50 ug/meo)

0

Om
L
02
ol
32
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kanamycine2 & JIotA L.

Ab. &
Al

kaline lysis
S A

£ Heloto S
I SapI(Lgul), pHCE
PET30a(+)-intein HcRNAV109
AZE Sob BESAIZI T2
0IEE EoIGHALE.
pTXB1 HcRNAV109 VLP, pHCE 1A HcRNAV109 VLP elid
VLPE HHGHALY.

ol

|A HcRNAV109 Z=ctA0|
=ctA0|
1.5% (W/V) agarose gelS

==

HEs Sof €& J

=

Ol = —

F

ST

M 2 & HcRNAV109 VLP tHH

1. Ale & DJIDI
CHHE  #E RC2EE
(SIGUA, USA)E AIZBBID Che#m
2 SONICS, Vibracel )& AFS3HLACE.

(Southam Warwickshire CV33 OHP, ENGLAND)S AtZ56}H
orf-2 SEXIL 9

HH & =

=

1%2! homologyE ==

E| HCRNAV34 VLP CHEHEZ
M= gl AESHACH
Anti-Rabbit IgG (SIGMA, USA)E AtS
/NBT-Blue liquid (100 mM Tris-HCI,
pH 7.5)& AESISLCE.

%l_} St

=
=
=
=

frontier
ot ACH.

(Youngin

i
oy
i
JE
[1a]
uz
rgl
I

2. SDS-PAGES

clADIE =2el
. pTXB1 HCRNAV109
E= Ndel 1t
E= Ndel 2t Xho

isopropy|-1-thio— B-D—galactopyranoside
IS <ol sonicator (SONIFIER250, Branson

[
HcRNAV34 VLP
SROE AE

CO.

BCIP 250 mg/mé, NBT 50

e

2 EM = M
SctADIE= Nde I
Hind I el

pET30a(+) HoRNAV109-intein

(IPTG)

Western blot2 semi—dry transfer system

1Xt & XM= HcRNAV1092
ME AMEGHACH. HHERA
rabbitOl =&otd &
Korea). 2Xt antibodyes
8t01510| 2I8H 8CIPY
mg/mé, 5 mM MgClz,

i

T



(sodium dodecyl

INES=L
sulfate polyacrylamide gel

VLP SHEHEIO] E 2= 12% (W/V) SDS-PAGE
electrophoresis) gel2 Solfl &olotR20 Z&O0|
clE Sl ASHZ MAHE = PBSE Soll =
SHEA TIME ol M pTXB1 HcRNAVIO9 VLP &t

ct

A2
Tris—HCI, 500 mM NaCl, 1 mM EDTA, pH 8.0)& Al
buffer A (50 mM Tris-HCI, 300

FEE RS 22T] 2ol
£ HARMC. O =
lumn buffer (20 mM
& pHCE |A HCRNAV109 VLP CHEHEAI=2
pH 8.0)E Sl denaturation AIZA20{ M8 pET30a(+)
lysis buffer (20 mM Tris-HCI, 300 mM NaCl, pH
iced0ll 30 & <2t

C}HH Xl
[ =

8 M Urea,
Hend =2
Sol 2ME 88 A2l =

OlIH pTXB1 HCRNAV109 VLP CHEH A}
AESHR 1D pET30a(+)

M= 12,000 x g

2122 HIHE
ot ALt.

Tk 4H
=

SONIF IER250E
IHf =

HcRNAV109-intein VLP
ALk,
= cell free extract® 2+=3dt11 cell

8.0)2 ALEGtRULY.
& Xl = sonicatorE
pHCE |A  HcRNAVI09  VLP
HcRNAV109-intein VLP HHEHEA2

2 a2 2ot

Ol = o
ChuH Xl ©
— =T

A+Z ot

o

=
o
1)
on

R o
ro
0

0 2
AN

==Yel}
(=R

0t

e
=
o g

GIA 30 =

m
JE
A
10
)l
o O
rr
:

(0.1% Coomassie

0

ol
N
b

m

U fon
oo I
& ron M
0Q ro

Ol 00

o M

= & g

2o

no

Bradford &2
Ot U LCtH. tt gel2 staining solution
10% glacial acetic acid)Z EMGIA D destaining
solution (30% methanol, 10% glacial acetic acid, 60% distilled water)2& &

tOIGHA L.

Jon

MG s
blue R-250, 45% methanol,

Semi—dry

FO|
LHElCt.

= o=

SO BE 028
o]

—

Jon

EER=EE
(W/V) SDS-PAGE gelS

3. Western blot=
fIo0 12%
transfer buffer (20 mM Glycine, 25 mM Tris, 20% Methanol)
nylon membraneS 1) SDS-PAGE gelE =ScdiE =
Ct= membranes

Iz
o

ol
00
0

o

=clotl
st

HY SEHAEZ
transfer systemOi|
g 22l =
100 mAGIA 2 Al2H S0t transfer

=2

Jl &%= 3 paper
= YAUCH.

3M paper £ gel

blocking reagent (20 mM Tris—HCI, 137 mM NaCl, 0.1% Tween 20, 5% skim milk,
— 24 —



pH 7.5)2 1 Al2t S0t AI20|A BE2AI2] & washing solution@! TBS-T buffer
O mM Tris-HCI, 137 mM NaCl, 0.1% Tween 20, pH 7.5)2 15 &2 S0t 3 H AH
otACH. 1XF &tXI2l HeRNAV34 polyclonal antibody®t TBS-T bufferE 1 : 5,0002
=

Z SIAGHH 1 Al2ZE SO A20lM BFSAIZACH. Washing solution® Sall 15

3 H NI=S = Anti-rabbit Alkaline phosphatelt conjugation &l O
2xF &Mt TBS-T solutions 1 : 5,0002 HIE=2 sS|&6IH 4 Al2E SOt A2
&t & [CtAl washing solution@& 15 &2t 3 B NEZCH. DIXNUe=Z A

CIP®/NBT-Blue liquid 4 MS KIEE membranell L& AlH SF Mz
s

0
x 1

00

g
o

e HHd s oA HAH A pTXB1 HERNAVIO9 VLPRF THEE
PET30a(+) HcRNAV109-intein VLPE &St HA
oHENA  S&&Jt 05001 &Sgatd 0.
-D-galactopyranoside (IPTG)E &EIi8t & M8 pTXB1 HcRNAV109 VLP= 30Tl
AN 7 A2t 25COIAM 12 Al2t, 16COIM 22 Al2t St 22 LS FEotU2H
pET30a(+) HcRNAV109-intein VLP= 30COIA 7 Al2, 25COIA 12 Al2, 18COIA
18 AlI2H s¢F 2= REotUCH. 8HH pHCE |A HCRNAV109 ViLP= &

b, 37COIA 7 AlIZ2H, 30COIIM 9
| 28 HR= 12% (W/V) SDS-PAGE gel & Western
OIS 1O & JE otdAMoz LUHE| &olf= xHE 258 ¢

C|

Of HE =X =Hd g £A422 ZHoIRAL.

mM 2 isopropyl-1-thio-

HE2

U
a
i

0x
=2
o N
%
~
. o
o
=2
x
[o o
=
rJ

J
Il
.

blot2
HH F Al

2 om Mo Jm
ol

o
o
ol
32
o
0
>
I
rgh
I
o
e

= pHCE TAOI THZE& = H
H2lst THEE pTXBI HCRNAVIO92H pET30a(+) HoRNAVIO9 ZAODIEE HEEsH &
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A= 37COHA BHLSENH 600 nmel AWM SZTJF 0.52 T&& 0 IPTG
=52 0.05mM, 0.1 mM, 0.2 mM, 2l 0.3 mM=S F=& & LIS K TS},
12% (W/V) SDS-PAGE gel & Western b

[=RCS
L
e s882z ZEE X242 IPTG s&0 HE zHe HHa ¢S

_|_
[u g
= =
b}
[u8
-—

6. £. coli strain0ll tE == H

LdERC=E0l 27X = pHCE 1A HIEHE 01888 IXg pHCE A
HCRNAV109 SADIEE Zget HWEHZUA OE %2 E. coli strainll E

gHAS SOIGHACH. BL21(DE3), TOP10, DH5a, ER2566, XL1-Blue, MG1655 %
S} |

coli strain@ AIE20 E&EN&E S & oA g

Western blotS Soll &Qlold 1
x =

strainfll & =&EQ| HHHHEA 2H

7. HAEZ ZAHONANL A €S | Y cell free

extract M=

REX 22HES S SHAEE THEE pTXB1 HCRNAVI09 VLP= 100 ug/mie|
ampicillinOl Z&tE LB mediumOlA 12 A2t =@t 37COHIA &HHY SHACH. 50 48
/me2| ampicillinOl E&E&E 500 M2 LB HUMBHIKIHA 1%2 HMEHYMES HE
£ 600 nme MENAM SZ=JF 052 T<& M X 37CHA 200 rpm (LAB
PARTNERS, USA, Olotats)2 BHst = 0.1 mM2 IPTGE &IIotd 16C, 180
romOllA 22 Al2t S0t HE=S REotJUCH. MHZEE pHCE A HCRNAVI09 VLP= 100
ug/me2l ampicillinOl EZ&tE LB mediumOlM 12 Al2b St 37CUHA HEHY SHA
Ct. 100 wg/me2| ampicillinOl EZ&&E 500 m B HAMUBIXINAM 1%2 BHEHE &
S 8 = 600 nme IEUWA &It 2.8-3.022 TEZ& WMNA 37CUH M 200
rome 2 BHLOIACH. OtXI2e 2 MZEE pET30a(+) HoRNAV109-intein VLP= 50 ug
/M2l kanamycinOl E&fE LB mediumOilA 10 A2t =0QF 37COHA &BH GHRULCEH.

i
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71 & 50 ug/me2| KanamycinOl Z&E LB mediumtlA 1%2 MEjiYHsS HS &t
600 nm2l HHEOIA EZ=JF 0.52 =& [ MKl 37COA 220 rpn22 b5

= 0.2 mMel IPTGE &Jtot 18T, 180 rpmOIAl 18 Al2t St €& = R0t

o =2

o

M 3 & HcRNAV109 VLP tHEHA HA|

1. Al & DI

cteRE S ol Chitin bead (New england biolabs Inc, England

), Ni
sepharoseTM high performance (GE healthcare Bio-sciences AB, England), Ni
sepharose® CL-6B (incospharm, Korea)2 Open column (Bio-Rad, USA )= A5}
QUCH &

b DTT (SIGMA, USA)Q B MIE SHMRIO| dialysisZ 96l Slide-A-Lyzer®
Dialysis Cassette G2 (Thermo, USA)S At=Zol L.

|'0||

2. Chitin affinity columms OI&&t XHEX& HcRNAV109 VLP

CHnE F R

pTXB1 HCRNAV109 VLP ©HE8HEZ2 chitin affinity column chromatographyE OI&
of HMGHARCH., %M chitin beadE 10 M2 open columnOl =& & = column
buffer (20 mM Tris-HCI, 500 mM NaCl,1 mM EDTA, pH 8.0)E OISdi 2t 3IoH
Ch. O = cell free extractE 0.5 m/min2 /=22 £ci=MH binding AIZILH.
WashingS <IoH column2l 308 Z 2= column bufferE 0I&d 2 m/min2 REX2
2 EH=ULH. 0= HcRNAVIO9 fusion proteinOl binding® resin0l 50 mM
Dithiothreitol (DTT EZetE column bufferE OlEoll columnel 3 EE= 3

=

Ol

)t
m/minE EHE & MA20 M 30 A2t St AXIGIKLH. =ESE2=2 50 mM OTTO
Ololl cleavage=! HcRNVA109 VLP SHBHAZ2 column bufferE Ol 2 ™/minS &
=0z SHEUF=0 22 EHMEIULC.
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3. Ni-NTA affinity column2 O[&8t HcRNAV1I09 VLP HHEH&E H

Al

Jb. THZ& pET30a(+) HcRNAV109-intein VLP SHEH&E A K|

PET30a(+) HCRNAV109-intein VLP SHEHAZ Ni-NTA column chromatographyES Ol
261 HMSIACH. HH Ni-NTA resin (Ni sepharose®™ CL-6B)Z 5 méS| open
columnOil & & = resin2 108 &2l distilled water & lysis buffer (50
mM Tris-HCI, 300 mM NaCl, pH 8.0)E OI&doi &3 otUCH. A SIE resinOfl
cell free extractE =230 binding AIZCt. 1 = crude extractE HIO15H2|
?Ioi column2l 108 =Sl distilled waterE ZEcd& = HcRNAVIO9 fusion
proteing ZJ| <o S&2 washing buffer (50 mM Tris-HCI, 300 mM NaCl, 20
mM Imidazole, pH 8.0) O0I8d ZHAFJUACt. O0IF elution buffer (50 mM
Tris-HCI, 300 mM NaCl, 200 mM Imidazole, pH 8.0)2 ZEEW=0 columnOil
bindingE HcRNA109 fusion proteing AAHME & & 12 tag (intein & his
tag)2 cleavageot)| <ol 100 mM DTTE &EIIotOd 21CHA 11 A2t S0t
UCH. 12% (W/V) SDS-PAGE gel= Soll HHEHE W tagll cleavageS &0l &t
2 imidazoleS MHSIJ| <IoH cut off 3.5 k dialysis cassettedil €2 = lysis
bufferE 0I&0o dialysis HE =S &AL, =SEHE2=2 Ni-NTA column0il =¢cd
= resin0l binding &1 HcRNAV109 VLP ChEHA!

0
Pal
ol

o
o
=
—

ZM resin0l affinityE 2= tag
2 =cdl M otALt.

Lt. THZ& pHCE |A HcRNAV109 VLP HHeR& H |

M Z=8H pHCE |A HCRNAV109 VLP SHEREZ2 Ni-NTA affinity chromatographyE Ol
2ol ZHMSIACE. 8M Ureadt E&E buffer A (50 mM Tris-HCI, 300 mM NaCl, 8 M
Urea, pH 8.0)2 & E&ot0 denaturationg &8 = i StRUACEH. 5 m2 open
columnOfl Ni-NTA resin (Ni sepharose™ high performance)
bufferE OlEoll etZstotALE. CHESEE columnOll cell free extractE &=
binding AIZCt. WashingE2 <IoH column2 1084 &2l buffer B (50 mM
Tris-HCI, 300 mM NaCl, 5 mM Imidazle, pH 8.0)8 ZHFJULI. zBZHC=

[e]
=
=

o

e = |ysis
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1]
W
H
=

buffer C (50 mM Tris-HCI, 300 mM NaCl, 200 mM Imidazole, pH 8.0)5
Z0 columnOll binding=! pHCE |A HCRANAV109 VLP CHEHA S =2| HMGHAC.

H 4 &2 THZ8 HcRNAV109 VLPSl Xt =&

1. Dialysis& &8 NI 28 |k

THZ8H pET30a(+) HcRNAV109-intein VLP HEHAZ 2y I HME SoH HRNAVIO09
VLP HHMAZS &5 & = D=9 imidazole2 MAHGHL Xt ZES RE6H|
?Ioi cutoff 3.5 k& dialysis cassetteOfl €0 lysis buf
300 mM NaCl, pH 8.0)2 4TCOHA 3 & S0 dialysis &S +=3HGIACH. THEE
pHCE A HcRNAV109 VLP CHEHAE2 =
denaturationg HEAEOl HEHHE HF
VLP EHSRE O refoldingE &0t #

25t dialysis buffer (50 mM Tris-HCI, 300 mM NaCl) solutionOll Urea =

_.,
)
X
—
()
)
3
=
_|
=
q
-
o

8
O Ak, Z8 ZHM = =8t HeRNAV109

ol cut off 7 k& dialysis cassetteE Ol

2. TEM 242 S8t HcRNAV109 VLPs X
= A0 [HE dialysis &S =S
st VP PEES FHsteX ol

nthanum hexaboride (Lab6) gunOl

4

JE
A

- Mo o

8 kDa2| HcRNAV109 VLP e
off Xtot €2 REoHACH. HRNAV109 VLPO|
otJl AcH TEM 2AS 2I2I6H/ALCH. TEM 242
2tF & Tecnai G2 Spirit electron microscope (FEI Co., USA)E AISoIU20
Ultrascan 4000 charge-coupled device (CCD) camera (Gatan Inc., USA)E Sal

OI0IXIE =&otACH (S=II=USARR).

=
o

—
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H 5 & HcRNAV109 VLPY == £0|4

1. Alet & J[D]

SHZ=Z Fluorescein isothiocyanate (FITC) (Sigma, USA)JF EXI= HcRNAV109
VLP CiEHZEIOl =x E0|M dZs =0lot)| ol €& &0lF (OPTINITY, China)

S AE6IH D centricon (Thermo, USA)S Soll FITCOF EXIE SHHEAS A9

Jl 2ol Megal7R centrifuge (HANIL, Korea)S AI2otSLEH.

2. HcRNAV109 VLP HERE Ol SH&Z=Z FITC HE X

AN HE=sS Sol 22 pTXB1 HCRNAVIO9 VLP SHERA M| FITCE HEXIGH| S0 1
mg/méel VLP SHEHAIMF 2 x dissociation buffer (20 mM Tris-HCI, 0.3 mM NaCl,
10 mM DTT, 20 mM EGTA, pH 8.0)E 1 : 12 HIEZ &A20AM 1 At S
st = 100 mM FITC 100 #E =otUCH. 1 = HcRNAVIO9 VLPOI ZEXIEXl 22
FITCE MGl <ol cut off 3.5 k dialysis cassetteE O0IZ5tH
re-association buffer (20 mM Tris-HCI, 0.5 mM NaCl, 20 mM CaCl,, pH 8.5)&
4CUHAM 3 & =0t dialysis ot O & MHEKX %2 &0 FITCE oHZ0HI|
fIoi 3.5 k 2 centriconS 0l&0t Megal7RUIA 12,000 rpm2 2 4CUHA 12 2

Ot locking

St s=Hoit. tATezxz AN FITCS =X FE &olotd| ol
HCRNAV109 VLPE 12% (W/V) SDS-PAGE gelOfl LHE! = UV-visible lampE HIF &

S =OIBHAC.

2. &

old &

of!

ra

80ldE2 =S8 FITC-labeled HCRNAVI09 VLPE == £

HCRNAV109 VLP2l == S0|& BtsZ2 =oIat)| o FITCOF HEXIE HeRNAV109

VLPOl =z HI(JE)=FTE 22t BISAIZCH. S HeRNAV109S =Z01 H.

circularisquama HY94231F HoRNAV342l =3z=9l H. circularisquama HU9433-P &
= E

HAQ2-11} H. akasiwo, Chattonella marinasS BI(JE)=F2 AI2oIYLH. €& &0



d= Sl Btsobl & 72 SEE =0 = FITCIF EXIE HeRNAVI09 VLP2F
2t RFE 11 49 HIEZ X& ot0ll wBIIE Sol FES REotAT. &=201A
3 AlZt Set BISAIZI = 1,660 x gllA 3 =22t Fa=ECE Soll &4sHS HMA

& | 500 S At=Zot0d 1,660 X

MER £ ASUES MAHGIAC. HSHoZ @S 220 X
= f/2 BIX 100 42 WSECIH H2 S0IZS S =% S0484S Ao

2 ABN AMEE SHXSHIXC f/2 BIXIS &2 OIS 20 (L &); 75
mg NaNOs, 5.65 mg NaH:PO, - 2H:0, 4.16 mg NaEDTA, 3.15 mg FeCls - 6H20, 0.01 mg
CuSOs - B5H:0, 0.022 mg ZnS0; - 7H:0, 0.01 mg CoClp - 6H:0, 180 mg MnClz - 4H0,
0.006 mg NaxMoOs - 2H.0, 0.0005 mg Cyanocobalaimin (VitamnB12), 0.1 mg
ThiamineHCI (VitamineB1), 0.0005 mg Biotin '’

Ol N &%

Jm
0Ir

H 6 2 T049 8N ¥ ==

TD492] H &S <9IoH 1200 series HPLC (Agiletnt, USA)S AIE3IALD A

2. HPLC =40l 28t cell free extract®l SHEH U= TD49
E' Tl HCRNAV109 VLP tHERE A E4

PET30a(+) HCRNAVI09 ZctALIEIt ZEE HEZS L8 & d2 cell free

T ?Ioi 1200 series HPLCE

MNESIH ZAGIACEH. Control2 pET30a(+) vectorE HHY & = B2 cell free

extractE AFZGIACE. TD49E BFSAIZ2I = cut off 10 k dialysis cassetteE Ol

20 4CUHA 2 & SO dialysisotCH. Diode Array Detector (DAD)2t Agilent

gl
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Zorbax SB C-18 columns
s&2=2= (A) 10% ACN
100% ACN (acetonitrile), 0.1% TFA
gradient (0~3 & A 100%, 3~33 & A 100% — 0%
FE2 1.0 ™/min2 uv &
OlM dialysis t& = TD49

NS

T Ol'gi_jl_

,
=Cc
-

o

i

3. Cell free extractOll
VLP THHHEO| = E(Q|A
MM S X 22 HRNAVI09 VLP

LS
2t 5| <l oH

H
I 2

=
MaXZ

}

ol

[

Paa

& TD49E

T

w
I
i
010
=
_AU"_L
il
Mgt
ol
4

o
i
A
ro
Jm
b
fol
&
1
HT

(O] S
PET30a(+) HCRNAV109 VLP
TD49E XH2Iot:H otei 2
dialysis cassette0ll HOH
NaCl, 20 mM CaCl,, pH 8.5)& Xt& G0l 4COlA

mou W nr
N

ne

o

22 weks

= =
TP:’O

AEZDH2H, EX Al column
(acetonitrile), 0.1% TFA (trifluoroaceticacid)2 (B)

(trifluoroaceticacid)Z O0I25t0

re-association buffer

C =

2= 30C=Z oL, 0]
| inear
, 3340 = A
TD492 =&

[==]

%S ZH=RUALE.

0
£ol 340 nme| =A

TD49 ETH HcRNAV109

At
=

=30 S0lE2=2 SWE
HCRNAV109 VLPS b bl
£ = HeRNAV34 VLP
A0 2tEotALE.

free extractOll
tRACH. O = 10 k&
20 mM Tris-HCI, 500 mM

3 & =0 dialysis ot 1

=
A
==

==
o
cell

o

=X
_/ —

CtS pET30a(+) HCRNAV34 VLP2F pET30a(+) HoRNAV109 VLP 22+ 200 w2t Rol =&
FOF B E B 200 #E FGHH 1 @ 12 HIEZ2 BHSGIACH. A0 A2
= FHES= HoRNAV109 VLPRl ===QI H. circularisquama HY94232+ HI(FE)==F
Ol H. circularisquama HU9433-P X H. akasiwoE AMESIIU M HcRNAV34 VLP=
=0l H. circularisquama HU9433-P2t BI(JE)===Ql H. circularisquama HY9423
Dt H. akasiwoE ALESIRUCEH BtS = 1 Al2h 21222 MEZGIH &8 silZES
Sofl == S0I18 4% SUE 2EOIRUL.
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A7 2 GEule

1. Al & DD

MZEE  HRANVIO9 VIPE o=z 2&dt)| ol KF 5 ¢ fermentor
(KoBiotech, Korea)E AFZ2oI¥ D tryptoneOl EHOIE MO ZIABHXIO AFZ2E Al
2 CaCl, (Junsei, Japan), NagHPOs, KH:POs, NaCl, NH.CI, MgSOs, Glucose
(DAEJUNG, Korea)®t trypton (BD, USA)S AIZ2otSLEH.

2. UEHHS

M8 pHCE IA HcRNAV109 ZctAOIEDF EetE (HEZS WEH2Z YEot)| <
ot 5 4 S BIXIE AMESHRUCE. BHX =4S M9 =4 BHXIO 0.01% tryptonS
HOIOIACH. HAM 100 #g/me2l ampicilling Fst & 1% MUHLHS HBoIA
Ch. 23 &= 37COIA 200 rpm2 =2 24 Al2tSQH dH Al BI|E FUGHH H=UHL
SIACH. 2 Al2t 2tA22 MEHGEO 600 nm2 IIEUAMN SBEE EOIGHRD
A 2SS RE ZIok)| Ioh 12% (W/V) SDS-PAGE gel & Western blot2 Sl
SOISHACH. £t TH8F pHCE |A HcRNAV109 VLP ZctAOIEE & 2ls6t)| flol 2
ctADIE 22l HNE & & 1 Al2t SO Nde |2 BHS8H & 1.5% (W/V) agarose
gel2 0|E8st MIIFs22 EHA0IEE =OIGHALH
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A3 & 24 & 1

2

HcRNAV109= R=3¢0 2tH
A0 4.4 kbe genome2Z ssRN
ORF= polyproteing &33t ot= orf-73F major capsid proteing & 33stot=
orf=201Ct. Ol & orf-2 *&X ZEE= Genbank [accesion number; AB2186089.01]
Sofl 2200 HEZUA 2&0| Jisotes 88 22 zHFAIRCH. 3A
DE ZIIMZEES Arginine (CGA, CGG, AGG, AGA), Glycine (GGA, GGG),
Isoleucine (AUA), Leucine (CUA), Proline (CCC)OId EM |SAEXS 2 10%S Xt
XI&tCt. OI=2 Arginine (CGT, CGC), Glycine (GGT, GGC), Leucine (CTG),
Proline (CCG), Threonine (ACG)Sl IIANZZ HHGINH SHECZM RES
Mot ofUCH. EFHSHE 1.1 kbe &4A HeRNAV109 VLP= GenescriptAl2FEH 22
S & pUC57 HcRNAVI09E 2ot ALt (Fig. 6.).

0

i
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ATGACCCGTCCCCUAGCTCTTACCAATGGCGGCAATACTAATE G AGGCAATAACGGCTCTCGCCGCCGTCCT
CCO0EACAGCGCCGCCAGGGCABGCGTERA M CORECCCAGAGGOGGC - GGTGGCGGOCCECGTAAC
AATGOGGCTATGGTGTTGGOCCAGLUAGCT 7 TCCGTGEEC | ATGCCTTTTGGCAGETGGCCTTCGCG
TAGTTCAATGCAAGOCTGGGATGCCTTTCACCCTGAGCACCTTCOGCTCOCTOROTCAGTG. . L CCCTATTG
CGTGGTTC COEAGCAGCTTGATCRERTCCAGCGACAAGGTC ATGTIGTWGCTCCC'(‘TI'GGCGACGA
CGGCTGCTGGCUARIRE TCATG T =CTG == TCCCGCACCGAAGT N EEGCTATTAATG G ACAAGATAAT
ACCAACTTGTACACCGTACCECTTCOGALL ATTGCAACCACTGGTAGC GCTATCRIREGT CGTGCCTGCGGCG
TTGTCAGTCCAGGTTATGAACCCCAACCCACTTATGTCCACCACTH G AATCTTTGGTGGCACAGTTTCACALCA
Major HRNAV109 | CCCAGCTTAATCTTGCAL i CGTACAGAGACCTGGAATGATTTC GCTRIBEGAGGTGATT TCTTTTATGAGECC

orf-2 gene GEGECTTATGTCGGCT. .1 AAGCTTGCCCTGC GCHGAGTCCAGHE AGATAGCTACECECTTAATATGTCCGC
GTTGTCCAACTTCAATTGTGTCCACGACGTGACAGCAGACAAGC AT TGGACTGATTACGCC (" I TCCTA
COCGACTGGTTTGGOGCCGAAGTCTTTGTGAACGAGGCAAAGCAAACAATGAACTATCTGGTGTCTGTCGA
ATGGOGCGTOBEETTTGACATCGGCAACCCTGCTGTTGCCGCCCAACGCCACCACGGCAT TIIRBCCGGAGTG
GAAGTGGGATGATATGATTAAGACTGCAAT TGCTCGCGGTCACGGTATTATGGATATCGCTGAGCGTGTTGCCA
ACGCGGGCTCGTTTGCOGCAAACGCTGTGGTTGOGGCCOGCABEGCTATGCCAG CATTGATGG CTGCTTAA

The number of the above sequence =1,080
The number of codon in the above sequence=360

ATGACCCGCCCGCTGGCTCTHANBBAATGGTGGTAATIBEA ATGGTGGTAACAATGGTGGTTCCCGCCGCCGTC
CGCCGCGCCAACGCCGTCAGGGCCGTCGCCGTAATCGOCGTCGCGGOGGTGGCGGTGGCGGTCCGCGCAAC
AATGCCGCAATGGTTCTGGCACAGGGTGC TGGTAGCGTGCCGGGCATGCCGTTTGGTAGCTGGCCGTCTCGTA
GCTCTATGCAAGCGTGGGACGCCTTCCATCCGGAACATCTGCCGC TGCCGCGTTCTGTGGGTCCGTATTGCGT
GGTTCGCACCAGTTCCCTGAT TREEI CATCGGATAAAGTGATGC TGTTTGCCCCGACCGTTGGCGATGACGGT
TGCTGGCTGACCTCATGTGGTCTGGGTAGCCGTACCGAAGGCGGTGCAATCAACGGTCAGGATAACACCAAT
CTGTACACCGTTCCGCTGCCGGGTATTGCCACCACCGGTAGTGCCATCACCGTCGTGCCGGCAGCTCTGTCCG
Major HRNAV109 | TTCAGGTCATGAACCCGAATCCGCTGATGTCAACIBBGGCATT TTCGGCGGTACCGTTTCGCATIIREC AACT
orf2 gene after codon | GAACCTGGCCGGTCGTACCGAARTEBTGGAATGATTTTGCAACCGAAGTGATCAGCTTCATGCGTCCGCGCCT
optimization GATGAGCGCGGGCAAACTGGCTCTGCGOGGCGTTCAAGGTGACAGC TATCCGCTGAATATGAGTGCTCTGTC
CAACTTTAATTGTGTTCATGATGTCACCGCGGACAAACACACCTGGA(BEGAT TATGCAGGC TTTTACCCGA
CCGGTCTGGCTCCGATTGTGTTCGTTAACGAAGCGAAACAGIXEEATGAATTACC TGGTCAGCGTGGAATGGC
GTGTTCGCTTTGATATCGGTAATCCGGCCGTCGCCGCACAACGTCATCACGGTATCACCCCGGAATGGAAATG
GGATGACATGATTAAARIEEGC AATCGCTCGTGGCCACGGTATTATGGATAT CGCGGAACGCGTTGCGAATGCC
GGTTCGTTTGCCGCGAATGCTGTGGTGGCTGCTCGTCGTGCTATGCCGGCGATGGCTGCCTGA

The number of the above sequence =1,085
The number of codon in the above sequence=361

Major HCRNAV109 orf-2 gene Majﬁmvwg orf2 L

Amino acid Rarecodon Frequency of occuutence Rarecodon Frequency of occurrence
CGA 2 CGA -
Arginine ey 4 CGG 0
AGa 4 AGC 0
AGA 0 AGA B
Glycine S 7 GGA o
(F=5 11 ety 3
Isoleucine ATA 1 AUA 5
Leucine CUA 2 cua 5
Proline ccc 9 Pere =
Theeonine ACG] 8 A -

Fig. 6. Codon optimization of HCRNAV109 orf-2 gene sequence from Genbank

for expression in £. coli.

_35_



H 2 2 T8 HeRNAV109 VLP =& X 224
IS 25l pUC57 HORNAVI09 & Z2tADIS9 pTXB1 HoRNAVI09
2 EoIADIS22E HANAVIOY BAISE RTXE SEo1)| fIoh PR 2SS +3
c 2S5 &AITI| 2I5H01 HCRNAVO
Z& pTXBI HeRNAV109 Z2tAD

2 Z0F1.5% (W/V) agarose gel2 0188 MI|IES2=2 &0lsh Z1 1,085 bpl
HCRNAV109 S & X2t 1,679 bp2l HCRNAVIO9 |RE Xt SHEHE SQIGHACH (Fig. 7.).
2f2t9 PCR productE clean up 8t = DNA ©HEE pCR 2.1 HIEHE Soll TA E22¢€
2 HOFULH. O = SIANE E42 221610 HeRNAVI0O9 = HcRNAV109-intein
SEX NZ2 MWEQIGHALC

FIIME BAHg Soll 88E RM=sE WEIUAM 28 ISt M 59 Z8
BIHHE AIEotC. S=& 1,085 bp2 HcRNAVIO9 =& Z24A0IEE 224
pTXB1 EtADIE (5 -NdeI, 3" -Sap I )2 pHCE IA E2tADIE (5" -Nde I, &
-Hind I)E ArE5t™A D 1,679 bp2l HoRNAVIO9 =& ZEctADIEE 224 &
PET30a(+) SctA0IE (5 -Ndel, 3" —xhoI)E AMEotUCH. FI| AZS &olst
pCR2.1 HE{ 0l 2=2< & HcRNAVI09%t Ml 12 ¢8 HE= HMEsAE XMelst
= 220 2 YE 2 HoRNAVI09 VLP S&XHE ligation OFACH. OIZ€H MAE
=l Z2tADISE £ coli strain BL21(DE3) CHEZ 0l heat shock & E 0l =510

MBS SEMGIA2H 0IS pTXBT HCRNAVIO9 VLP, pET30a(+) HCRNAV109 VLP,
CRNAV109 VLPZ HHGIALCt (Fig. 8.).
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(&) (B

W 1,679 bp
1,080 bp

Fig.7. PCR product of codon optimized gene of HcRNAV109 (A) and fused gene
of HoRNAV109-intein (B).
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Fig. 8. Construction of pET30a(+) HcRNAV109-intein VLP (I ), pTXB1 HcRNAV109
VLP (II) and pHCE IA HcRNAV109 VLP (II).
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Fig. 9. SDS-PAGE analysis of recombinant pTXB1 HcRNAV109 VLP (A), pET30a(+)
HcRNAV109-intein VLP (B) and pHCE |A HcRNAV109 VLP (C) protein expressed in
E. coli BL21(DE3) at different temperatures 16C (1), 18C (1), 25C (II),
30C (IV), 37C (V) and 40C (VI). Symbol: M, molecular weight marker; lane

1, only BL21(DE3), lane 2, before induction, lane 3, insoluble fraction,
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lane 4, soluble fraction.
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Fig. 10. Western blot analysis of recombinant pTXB1 HCRNAV1O9 VLP (A),
pET30a(+) HcRNAV109-intein VLP (B) and pHCE IA HcRNAV109 VLP (C) protein
expressed in E. col/i BL21(DE3) at different temperatures 16C (1), 18T
(1), 25¢ (1), 30C (1v), 37C (V) and 40C (VI). Symbol: M, molecular
weight marker; lane 1, only BL21(DE3), lane 2, before induction, lane 3,

insoluble fraction, lane 4, soluble fraction.
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Fig. 11. Expression level of the recombinant pTXB1 HcRNAV109 VLP (A) and
pET30a(+) HcRNAV109-intein VLP (B) protein expressed in £. co// BL21(DE3) at
different IPTG concentrations. Symbol: M, molecular weight marker; lane 1,
only BL21(DE3), lane 2, before induction, lane 3, 0.05 mM, lane 4, 0.1 mM,
lane 5, 0.2 mM, 0.3 mM .
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Fig. 12. Western blot analysis of the recombinant pTXB1 HcRNAV109 VLP (A)
and pET30a(+) HoRNAV109-intein VLP (B) protein expressed in £. coli
BL21(DE3) at different IPTG concentrations. Symbol: M, molecular weight
marker; lane 1, only BL21(DE3), lane 2, before induction, lane 3, 0.05 mM,
lane 4, 0.1 mM, lane 5, 0.2 mM, 0.3 mM .
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TOP10, ER2566, XL1-Blue, MG1655 Z12l11 rpoS-E AISoIACH. Y HEASES
fIof 2822l £. col/i strain competent cell 200 #£0 M=g ZctAO0IE 1 UE
Z=Qot0d ampicillin (100 wg/m£)0| E&tE 1.5% (W/V) LB agar mediumOff &= &st
= MHE ZSZ2ULE MY GIRUCH. HEHE LSS o 1% dfYs 838 =
B7CUIAM 7 AI2H SQF CHHAL ¢

12% (W/V) SDS-PAGE gel2 Solff &olst 2 Choid J9s
MG1655 & rpoS-S £. col/i strainfid= Ls=S &olg
XL1-BLUE 2 ER25660IA= Z= R
S0l Y =8 € = UALD Western blot

Ct (Fig. 13).
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Fig. 13. Expression level of recombinant pHCE |A HcRNAV109 VLP protein in E.
coli by SDS-PAGE (A) and Western blot (B) analysis with different £. coli
strains. Symbol: M, molecular weight marker; lane 1, only BL21(DE3), lane 2,
before induction, lane 3, BL21(DE3), lane 4, XL1-Blue, lane 5, ER2566, lane
6, MG1655, lane 7, rpoS-.
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M 4 & 2+ affinity chromatographyE Ol=38t HcRNAV109

1. Chitin affinity columns O|=8&t THZXE HcRNAV1I0O9 VLP Ct

W& A

PSS
A

o

| CHORA 2 XH0M & 58 pTXB1 HeRNAV109 VLP HHERAS HIMGHK
22 cell free extractE 2|6t chitin affinity column chromatographyE =
of HHMSHACH. 10 me2| chitin beaddt S&E open column= column buffer (20
mM Tris-HCI, 500 mM NaCl,1 mM EDTA, pH 8.0)E Ol=all tHSGIACH. AT &
columnOfl EStSHAOl hindingS <IoH cell free extractE 0.5 M/min2 REL=Z
Ed & 5 HYAHO| E20l columnlil binding & = UETE 4TUHA 12 AlI2H S
ot JockingdtRUACH. 2 me/min2 H=52=2 300 M2 washing buffer& Zei&E =
chitin beadOl Al 66 kDa2l fusion protemZ 2= = JUR/JUCH. Fusion proteindl
chitin affinityE == intein tag€ =clotJ| <o 50 mM2l DTT 30 M= 3 me
/min2l £z EHE = 30 Al ¢t A20 EXIGHACH. 12 = column
bufferE S0l 38 kDa2l HcRNAV109 VLP HHHRA S =2l ZMIGHRLE.

 Z HMES MoK 66 kDall =4 HSAES &0l = UYL column
0l washing buffer& EHAS2EZM fusion proteinOl bi
U[CH. £8F 50 mMe DTTE HMelgt & 30 Alt =S¢k & Xl 2Dt intein tagdt Al
HE 38 kDaol Aol HHME 12% (W/V) SDS-PAGE gellt Western blotE Sl
StOIGHALCE (Fig. 14).
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Fig. 14. Purification of the pTXB1 HcRNAV109 VLP protein wusing chitin
affinity column chromatography. Symbol: M, molecular weight marker; lane 1,
only BL21(DE3), lane 2, soluble fraction, lane 3, fusion protein bound to
chitin resin, lane 4, purified HcRNAV109 VLP protein by 50 mM DTT treatment,
lane 5, Western blot analysis of purified HcRNAV109.
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2. Ni-NTA affinity columnsS O|28t HcRNAV1I09 VLP THuUHA A
M

Jb. THZ& pET30a(+) HcRNAV109-intein VLP SHEH&E A K|

Z MOl A &E Z2AHUNA B SSEH pET30a(+) HCRNAVIO9-intein VLP HHEHAIS
oMot 22 cell free extractE &l==otd Ni-NTA affinity column
chromatographyE Soil EMGHI}CH. 5 M2 Ni-NTA resinOl S&IE open columns
lysis buffer (50 mM Tris-HCI, 300 mM NaCl, pH 8.0)E Ol&dil tHSGIACH. 1
= cell free extractE Z=&35l binding AIZI2] 2o 4TUHAM 3 Al2t =S¢t
lockingolRALt. cell free extractE Eci& = columnOll EHSt= crude extract
£ MGl floH 100 me2| distilled waterE Ecdi& = 61.5 kDall fusion
proteing &J| I 50 M2 washing buffer (50 mM Tris-HCI, 300 mM NaCl, 25
mM Imidazole, pH 8.0)E ZA=RUCt. Elution buffer (50 mM Tris-HCI, 300 mM
NaCl, 200 mM Imidazole, pH 8.0)& OIZadH column0l binding& 61.5 kDa<l
HcRNAV109-intein VLP H®AS =c|l ZMGtRCH. O = 38 kDa2l HcRNAV109 VLP
ceRa s 2I] fAoA =22l ZHE 4830 100 nM2l DTTE &It 21 CHIA 11

i

Dt 38 kDa2l HcRNAV109 VLP HHERADF 28 kDall tag (intein & his tag)Jt

cleavage TIUS =2 =CIGIY D OTT imidazole2 HMIHGHI| fol cut off 3.5 k

dialysis cassetteES O0IZ0dH 4TOHA 12 A2t SOt dialysis & CIS cleavages®
tag (intein ¥ his tag)S HMXHoIIl foH Ni-NTA columnOll E24= & &olst &
Db 38 kDal| EHBHEIOl MMIE 12% (W/V) SDS-PAGE gelZt Western blot2 Soll &

OIGIALCH (Fig. 15-16).
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Fig. 15. Purification of the pET30a(+) HcRNAV109-intein fused VLP protein
using Ni-NTA affinity chromatography. Symbol: M, molecular weight marker
lane 1, only BL21(DE3), lane 2, soluble fraction, lane 3, purified
HcRNAV109-intein fused VLP protein, lane 4, HcRNAV109 VLP protein after 100
mM OTT treatment for 11 h at 21°C, lane 5, Western blot analysis of purified
HcRNAV109-intein VLP protein, lane 6, Western blot analysis of HcRNAV109 VLP
protein after 100 mM DTT treatment.

_50_



kDa M 1 2 = 4 b B

ata
40

- 38 kDa

35

k]

Fig. 16. Purification of the pET30a(+) HcRNAV109 VLP dissociated from fused
protein through Ni-NTA affinity chromatography. Symbol: M, molecular weight
marker; lane 1, SDS-PAGE analysis of only BL21(DE3), lane 2, SDS-PAGE
analysis of HcRNAV109 after Ni-NTA column pass, lane 3, SDS-PAGE analysis of
his-intein tag bound to Ni-NTA resin, lane 4, Western blot analysis of only
BL21(DE3), lane 5, Western blot analysis of HcRNAV109 after Ni-NTA column
pass, lane 6, Western blot analysis of his-intein tag bound to Ni-NTA

resin.
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Lb. THZE pHCE |A HcRNAV109 VLP HHeWE H A
PHCE IA HCRNAV109 VLP HHBHEIOl 2

00

=
I
tOd

X|HOl CHBHZEl gts XAHNA EEEH

=

ol

I
([}

2 A MHE o 8M Urealdt E &= |ysis buffer (50 mM Tri

< IS—
300 mM NaCl, 8 M Urea, pH 8. O)E S &Gl denaturation2 |&8t = I

I

ol

Sofl ZHMStRUCE. 5 M2 Ni-NTA resinOl S&IE open columng lysis buffer (50
mM Tris-HCI, 300 mM NaCl, pH 8.0)E Ol&ali 2tASGHRUCEH. A SHE columnOfl
cell free extractE EH&E = columnll =20l binding & = UEE 4TCUHA
14 A2+ SOF WBIGHRACH. 38 kDa2l HEHAEZ HI| <o 50 M2l buffer B (50 mM
Tris-HCI, 300 mM NaCl, 5 mM Imidazle, pH 8.0)2 S0dll washing & = buffer C
(50 mM Tris-HCI, pH 8.0, 300 mM NaCl, 200 mM Imidazole)E EHEUF=0N

columnOll bindingE 38 kDall HcRNAV109 VLP HeH&lZ2 22| EMSHILE.

1 Z1 38 kDall =24 HHA S 2S5IY D 250 M2l imidazolesS 0|8 &
BHEl MIIE Soll 38 kDall HHHHES A5 2= JU/USD 12% (W/V) SDS-PAGE gel 2t

Western blot2 Soll &0QlotACH (Fig. 17).
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38
kDa

Fig. 17. Purification of the pHCE |A HcRNAV109 VLP protein using Ni-NTA
column chromatography. Symbol: M, molecular weight marker; lane 1, only
BL21(DE3), lane 2, total protein expressed in £. co/i BL21(DE3), lane 3,
purified HCRNAVIO9 VLP protein, lane 4, Western blot of purified HcRNAV109
VLP protein.
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M5 & KXot &€ F&E S8 HCRNAV109 VLIPSl & &
A& pET30a(+) HcRNAV109-intein VLP HEHAZ F2| M HE 2 Sdl &S
8 kDa2l HcRNAV109 VLPIt Xt ZEE Soff 2&E& VLPIt €4 & =X &0l6t
ialysisE +=&otALCt. Cut off 3.5 k2l dialysis cassettell ZH= &4
= (50 mM Tris-HCI, 300 mM NaCl, pH 8.0)2 0l&dll 4C
! S0t dialysisE XMAGHRCH. Tl T8 pHCE A HcRNAVIO9 VLP &

3 &
HES =2cl EH UES Soil E=8 38 kDa2l HCRNAVI09 VLPOF Xt XEE &

of &8t VPOl HHEE =X &016HD| <IoH dialysisE ol CH. 8M Urealll 2l
off denaturation= SHEHE O refolding@ S =0t <o 8 M2 =% Ureadt X

gtel HIHOAM 4 M — 2 M — 0.5 N2 S48t = FESHCZE Urealdt EZSEX &
£ MEdt

o OF

K jalysis cassetteES
P 242 REoISULCEH.

BHelst Zat 33 nm2 HeRNAV109

0l
J
.
‘

TEM 242 @Il A8E22 negative staining
VLPO} EHC= 212 EOolokACH (Fig. 18).
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Fig. 18. The transmission electron micrograph of negative stained HcRNAV109
VLPs. The self-assembled HcRNAV109 VLPs are show as the homogenous spherical
particles with 33 nm diameter. The VLPs were expressed using pET30a(+)
HcRNAV109 VLP (A) and pHCE IA HcRNAV109 VLP (B) protein.
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H 6 & HcRNAV109 VLPS == £0|4

1. &€& =& FITCOt EXIE HCRNAV109 VLP EHeHA =0l
THZEH pTXB1 HCRNAVI09 VLP SHHA =S FAl ot 22 1 mg/mee| HcRNAV109 VLP
CHREO 5 mM DTTE &IOS &=20AM 1 Al2t S¢t dissociation BFSE Gt
100 mM2] FITC 100 X4E =25t 30 & =2t lockingS Soil A DO B
SAGHUCH. O O3 Cut off 3.5 k& dialysis cassetteE OlEoil 4CUHA
2 ZoF Xt&otol buffer (20 mM Tris-HCI, 500 mM NaCl, pH 8.5)% dialysis
OtRACH. Dialysis = 3.5 k& centricon@2 HXIZ Xl 22 FITC= HIot2 &A
E HcRNAV109 VLPE ==& = FITCOI EXIZIA=R &IstIl ah 12% (W/V)
SDS-PAGE gelE Wel = W-visible lampE Soff 2ZGtACH. 1 Z 1 38 kDal
HCRNAV109 VLP CHHE AN =M 20| &&=
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Fig. 19. SDS-PAGE analysis of the pTXB1 HcRNAV109 VLP protein labeled with
FITC. Symbol: M, molecular weight marker; lane 1, purified HcRNAV109 VLP
protein, lane 2, HcRNAV109 VLP protein labeled with FITC illuminated with
UV-visible lamp.
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OlZE S8 FITC-labeled HCRNAVO9 VLPS| == £0|

0
0
gl

HcRNAV109 VLPIF ==0l S0/ 2 2Zot=Al =lot)| <ol MHEE FITCOt
HXI= pTXB1 HCRNAVI09 VLPOI ol OIMZEZRE BIS ot ==0 st S0lds
S0l=X0l st AdsS StACH. XM H. circularisquama HY9423 == OIMZES
@ H. circularisquama HU9433-P, HA92-1, H. akashiwo ¥ C. marina2 HI(3E)=
= DINERE Soll BtSotRUCH (Table 6). FITCOF EXIE pET30a(+) HCRNAV109
VLP SHEHAEL 220l 26 OINERE BtS A2l & ZFHHLEHX /22 AHESHN
HXEZX 22 FITCE MAHE T2 &€& s0lZs 2ZEoIULt.

0 Z20 HA JtAIZE A0

filterOlA HAZS e XS SHOYSLEZMN A0 AMEE =i 0O
(@)

HcRNAV109 VLPSl ==Ql H. circularisquama HY9423
(FE)==01 H. circularisquama HU9433-P2} HA92-1,
ANe =M 322 4 LSS 2EFE = JUJALC. FZ=E FITCOI EXELZA

2EL = &= Sofl HRNAVIO9 VLPE ==:0l S0/1H2=2 ZZFots A
(

C. marinall

= 1r
3
=
S

ol

[

ujo
1
]
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Table 6. Heterocapsa circularisquama and the other algal strains used in
this study.

Strain Viral infectivity Reference
H. circularisquama
HcRNAV 109 [17]
HY9423
H. circularisquama
HcRNAV34 [17]
HU9433-P
H. circularisquama
HcRNAV34 [17]
HA92-1
Heterosigma akasiwo - [40]

Chattonella marina -

- not determined
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A, f. H

Only FITC clroularisquane  ciroularisquane  ciroutar isquana . akaslwo &, merina
Hy9423 HJ433-p HAG2-1
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Fig. 20. Host specific binding of pTXB1 HcRNAV109 VLPs to its host, H.
circularisquama HY9423, and its non-host, H. circularisquama HU9433-P,
HA92-1, H. akasiwo and C. marina. Optical filter (A) and fluorescent
micrographics red filter (B) and green (C). After incubation HcRNAV109 VLPs
labeled with FITC at R/T for 3 h, the microalgae were washed 2 times with

f/2 medium and visualized by fluorescent microscopy.
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H 7 & Cell free extractOl ol U= TDA9 EM

HcRNAV109 VLP ShBHA Ol =F E(0|& AX S}

CHM R 93 Sl pET30a(+) HCRNAVIOQ VLPOI AXSEZ SIHGHH ==0| SOIX
ol AKX SIS DESIUCH. OX HPLC 242 =

cRNAV109 VLP2| ==Ql H. circularisquama HY94232 A|2+0|

L32 gr38s Z1 H
Zeol et =] AMZEE01 MASI SO 5 Al 0l A2 E01 =&3
ZOtotHA 8 AlZt B ZUl= 90% Ol&el AtEEs &QIoHALH. HI(FE)==0l
H. circularisquama HU9433-POIA= 8 AlZ2t 20 20l= &M £FJF2 2F 10%2 =
SOt ME8ote NS 2EHE = JUJU2L H. akasiwo= 8 A2t Bt FEHE =82
AZOl ZHET X LUCH (Fig. 21).

5, pET30a(+)

HcRNAV34 VIPE Sgst ggicz A4X=2HZ e = =55
S01&E o SWUE 2FeH A HERNAV34 VLIPSl ===Ql H. circularisquama
HU9433-PUIM= 1 Al2E Ol ZZ0HH AZEE01 SItotCot 7 A2t 0lF M Z 5t
Ct. BI(FE)==Q H. circularisquama HY9423UI A= AFZ 201 2F S Xl 2 CHt
6 AIZERHE 8 Al2E 1 E0le MMERS & 5%t AlYots 1S 2AE2E £
RUCt. H. akasiwo= 8 A2t 1 22T AFO| AtZ0| 2= X ALUACH OIS

of =01 S0IH22 &% St UASS =Y &= JAJUCH (Fig. 22).
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Control

Fig. 21. Host specific algicidal activity of HcRNAV109 VLPs dissolved in the
cell free extract and encapsidated with TD49 on its host H. circularisquama

HY9423 (A) and its non-host H. circularisquama HU9433-P (B) and H. akasiwo
at 21 C for 7 h.
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Control

Fig. 22. Host specific algicidal activity of HcRNAV34 VLPs used as a
control, dissolved in cel free extract and encapsidated with TD49 on its
host H. circularisquama HU9433-P (A) and its non-host H. circularisquama
HY9423 (B) and H. akasiwo at 21°C for 7 h.
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(A) 4 8 12 16 20 24 Time (h)

(B)

ODBDD

0 5 1D 15 20 25
Time (h)

Fig. 23. Plasmid activity (A) of £. co/i BL21(DE3) harboring recombinant

HcRNAV109 VLP gene depending on the cell growth (B) cultivated in a 5 L

fermenter. The culture conditions were as follows: incubation temperature at

37°C, agitation speed 200 rpm.
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(A)
M ocon 2 3 4 il 8 10 12 14 16 18 20 22 24 Time (h)

4% 38 kDa

B W com 2 3 4 B 8B 10 12 14 16 18 20 22 24 Time (h)

-» p" h"” -.‘ — *38kDa

Fig. 24. Expression level of recombinant pHCE |A HcRNAV109 VLP gene in E.
coli BL21(DE3) cultivated in a 5 L fermenter by time course. SDS-PAGE (A)
and Western blot (B) analysis. Symbol: M, molecular weight marker; control,

BL21(DE3).
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GenbankE Soll &8t HcRNAV 1092 orf-2 &L HE2E W& LHOIA SR
& U2 ol 10%2 rare codong 25F zES AMHA RALL 52 SHACH
MES0 2Rst 8L S=2 pUCs7 HeRNAV1092H pTXB1 HCRNAVIO9E =& =
ctADIEZ AISOIR0] CHHE LS B Ol pTXB1, pET30a(+), pHCE 1AGI 2
=Y ot 1 2 pBAD, pTYB21, pGEX S2| CtYsh L&dE AAHEZ 018
StASLt =BH2Z pTXB1 HoRNAV109 VLP, pET30a(+) HCRANAV109 VLP el

pHCE IA HCRNAV109 VLPOl && 2 K0 A= &elotALt.

MZZ8 pTXB1 HCRNAV109 VLP= 0.1 mMel IPTGE ZJtst = 16TCOHIA 22 AlZt
o _

S =58 21 66 kDa2l =E4 pTXB1 HCRNAVIO9 VLP HHERE

J
Ml
1l
rol

& pET30a(+) HCRNAV109-intein VLP SHHAES 25 £ QJUJUCH. L& MEE
pHCE [A HCRNAV109 VLP= 37COIA 7 Al2t EHEHA

S =&« pHCE IA HCRNAV109 VLP SHHHE S 2= == URULCE.

M8 pTXB1 HcRNAV109 VLPOIM ZdE =24 HWMEEZ chitin affinity
chromatographyS Sofl &KX ot D, M=Z& pET30a(+) HcRNAV109-intein VLP
OlAN ZaiE =224 HA 2 THEZE pHCE |A HCRNAV109 VLPUIA ZEE ==
o HHBA 2 Ni-NTA affinity chromatographyE =Soil ZHMotACH. 21 = pHCE

A HCRNAV109 VLP 224 HBHAE2 denaturation Bt = 0/E0t0d & MHIGHALCE.

THZEF pET30a(+) HCRANVI09 VLP SHHHAS 22| FM & = dialysisE Sl
et A LES S8 VPE STot¥ ML S0lZFS Soi 2FE 2
°F 33 nm2 AEES 2= VPSS €4S Eolotytt

M8 pHCE A HCRNAV109 VLP HHHHE H4E= 0lEotH =2l EHM & =



dialysisE ol HHEOZZ Urea sEE YZ=UHA refoldingES S%otSLE.
5 M 80|Z2E Soff 2&Es 20 2 33 nnel 2AS 2= VIPES 4
S E0IotULCt.

THZ 8 pET30a(+) HCRNAV109 VLP HHeH&E S Zel A & = 5 mMel DTTE S
dissociation® #&&t & €@&Z=& FITCE HAXNGIH == E0/|48 24Fe 2
Dt ===l Heterocapsa circularisquama HY94230 M B & S& 2l H X0 2|&t
=M 0| HEHEOZA HRNAVIO9 VLPIE =0l S0/482 JtXle HE &0l
ot AL

MHZ=&F pET30a(+) HCRNA109 VLP E2tA0IED Z&E aEZAS €8 & & 3
=8t cell free extractOl &X=&Ql TD49E EMGIH == S0/8 4xsS
2HESt B =30l Heterocapsa circualrisquama HY9423& 7 A2t = & Z 6t
UCH. HI(FE)==FQl Heterocapsa circualrisquama HI9433-P= 8 A2t 21 &
0%2 AIBES 2tE0IY LD Heterosigma akasiwo= ZES &

OIGIACH. L&t controlE M & pET30a(+) HoRNA34 VLP ZctA DS
2 WEZs 28 & = 358 cell free extracttl X220l TO49E EM
S0I® d4XsS 2F6t 20 ==l Heterocapsa circualrisquama

2t & MYGIRUCH.  HI(FE) =3FQ Heterocapsa
circualrisquama HY94232 8 A2t At = 5%2 AIEE=S 2Eoi¥

Heterosigma akasiwo= J2 B X 2= A2 =OIGHALCE.

Kb 20l Jbs8t THZEE pHOE IA HORNAVIOOZSES HCANAVIOQ VLP SHed o)
M AS 9IBH W8l XS SEoHDI 215101 0.01% tryptonOl EIE M9
AUHXI 5 £ 2 OIBH0! BHGIAUCH YFS BIIS FGH04 200 rpm, 37°COH
N SR 2ES QT 2D WY B 8 A0l ZWLEIAS O HHO crez
SES SOIE & UYL
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HcRNAV109 virus like particlel XIJIEE 2 =z S0|& AMAXsS
oOl2st Kol DIM=F Heterocapsa circularisquama2l Xl
== M= Self assembly of HCBNAV109 and controlling of harmful micoalgae,
Heterocapsa circularisquama, by utilizing the host specific
algicidal activity
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