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ABSTRACT

Formation of virus—like particles of nuclear inclusion virus
(CSNIV) of Chaetoceros salsugineum

Min Sik Kim
Advisor : Prof. Kim, Si Wouk, Ph.D.
Department of Renewable Energy convergence,

Graduate School of Chosun University

Virus-like particles (VLPs) are non-infectious and immunogenic, virus—mimicking
protein assemblies (including host specific binding abilities). The research on
this area increasing rapidly towards drug delivery system (DDS), lipoparticle
technology and vaccine candidates.

In the present study, the Chaetoceros salsuginium microalgal infecting
Chaetoceros salsugineum nuclear inclusion virus (CsNIV) was used to produce
VLP. The CsNIV is a 38nm icosahedral virus that replicates within the nucleus of
C. salsugineum. The CsNIV capsid protein gene (1.2kb) was cloned into pEt 29b
vector. The recombinant pET 29b—-CsNIV plasmid was transformed into E.coli
BL21(DE3). The CsNIV capsid protein was purified using Ni-NTA affinity column
chromatography using elution buffer (20mM Tris=HCI, 300mM NaCl, 250mM
imidazole, pH8.0). For further purification was performed in FPLC packed with
Sephacryl S-500 resin. The purified VLPs was analysed using native-PAGE and
the molecular weight of the VLP was found to be 46kDa. The CsNIV-VLPS was
labelled with FITC by dissociation and reassociation process. The VPL and FITC
combination was confirmed by 12% (w/v) SDS-PAGE and UV light.

Further experiments need to find out the host specificity of novel algicidal

Collection @ chosun



compounds encapsulated with CsNIV-VLPs such as, HPLC analysis, FITC
labelling, host specificity test against various diatoms. Therefore, we suggest
that this study may help to produce an alternative, specific and highly effective

bio—control tool to prevent the harmful algal bloom in marine waters.

_\/l_
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Damage of marine livings by harmful algal bloom (HAB)

Table 1.
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Table 2. Nationwide Statistical report of HAB damaged areas, economic

losses and marine livings losses in South Korea from 1995-2014M

ey S S S o) NS Z'EI_EH%E II| oH <4
g E RPN () OhE==/mL) (2 &)
1995 8.29 e 2~HE 54 30,000 764
1996 9.5 8, e 2~ E 28 23,000 21
1997 8.25 = 2e~=24 29 20,000 15
1998 8.30 s 2t~ 34 20,000 16
1999 8.11 = 2e~=2& 54 43,000 3.2
2000 8.22 ==, ol DE~INE 29 15,000 2.6
2001 8.14 o= 2E~NH 42 32,000 84
2002 8.2 o= 2e~=2& 55 30,000 49
2003 8.13 o ==~<ol He~LS 62 48,000 215
2004 8.5 HAH 2t~ 30 5,800 1.2
2005 719 = 2t~ 58 25,000 10.6
2006 8.6 o= 2t~ 37 33,500 0.7
2007 7.31 A= 2e~=2& 50 32,500 115
2008 7.30 = 2~ 62 7,300 -
2009 10.28 o= Hr~Sg 20 1,660 -
2010 9.17 s49 s49 3 1,300 -
2011 - - - - - -
_ 2t~
2012 7.27 = e ot 75 23,000 44
2013 77 M=, SE NE~SY 51 34,800 247
2014 7.31 s 2E~NH 75 20,000 53
— 4 -
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Fig. 1. Annual maps showing HAB damaged costal areas in South Korea 71
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3. Chaetoceros salsugineum nuclear inclusion virus (CSNIV)

Chaetoceros genuse= Z=&F MEsSLNO JIEHCg, M2 84 AX =l
AN St ZC =2 o0l A 2
o=z MEHHC 11X MaXtE 2™

S
3o 04
e
e
1
IS
IT_]
oF
0
40
o
=
u
Y
0
rir
5
P
1
il

concavicornisE HIR8t Chaetoceros=2l 22 I &2 HF2 OO0 £&6tH =
S22 Yo 2ZM EAA ARICtD 220% 0 JCH MK Chaetoceros genusl
Z&ot= Ul &F2 DNA virusIt B3 EUCH, SSELZ S0 2¥otH 12~24 h
O ZH=JIZ host cell lysisE Sol &=8t virus LAt S==C Ol E=EE=
viron2l 2Xt= <& 25~35 nm BE2 IJIE A=l 2 HFUA =2 A8t C.
salsugineum2 EtE Jls Z2YCIZ EHZAMS S AMEZ & HHE ZAEs 2D
ULCH E8H X7 It 2 3o 2 ME)el 23H0lt 25012 HAZ6tH XAl
E O0I&Ct. Chaetoceros salsugineum nuclear inclusion virus (CSNIV)& C.

salsugineumdl SO0IH 22 2 AGt= virusE, 383 nm2l HFE It&l 208 REE
g0 UL Genome structure= covalently closed circular ssDNAE =822 0I0
FEHo=z B2 2012 linear ssDNA%t dsDNAJL Z& & A= ssDNA + dsDNA
TEZ2 0I20M UL 0lefst S01&HQ SHEM 2E2= XSNMA EDE HMe HHO
AARASE LXISHK %=Lt CSNIVE 612 orfe JHXIGE Ol & orf-30F BAIES S
A2 ASsth) LHAM UCH (Fig. 2).

‘ ds region
/

CsNIV ORFs

Fig. 2. Diagrammatic representation of CsNIV ORFs??,
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Table 3. Conventional

methods for controlling of HAB™®

—

ML

HELH Jl=

=& XMalY

HX 3= Meld / HHs =

I—lEUI-X.H ok

/| L O ANl T

It
E/é

H

Table 4. List of host specific viruses and their algal hosts [

4]

HhOl 24 A =F 321 (hm) =
BtV Aureococcus anophagefferens 140 dsDNA
CbVv Chrysochromlina brevifilum 145 ~ 170 dsDNA
CeV Chrysochromlina ericina 160 dsDNA

CsNIV Chaetoceros salsugineum 38 dsDNA
EhV Emiliania huxleyi 170 ~ 200 dsDNA
HaNIV Heterosigma akashiwo 30 22

HaV Heterosigma akashiwo 202 dsDNA

HaRNAV Heterosigma akashiwo 25 sSRNA

HCcRNAV Heterocapsa circularisquama 30 sSRNA
HcV Heterocapsa circularisquama 197 dsDNA

MpRNAV Micromonas pusilla 50 ~ 60 dsRNA
MpV Micromonas pusilla 115 dsDNA
PoV Pyramimonas orientalis 180 ~ 220 dsDNA
PpV Phaeocystis pouchetii 130 ~ 160 dsDNA
PaV Phaeocystis globosa 22 dsDNA
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SEX ME&= ol AH=8 Ndel, Xhol2 HSts A2 DNA ligase= Takara HZE
= 0|=0oIAULCt. PCRZ I8t primer= MacrogenAttl 2l2/6td A6 CH =g O
AA0M 2= CsNIV ZHAIE SBHEO] MH= Ni sepharose™ high performance

(GE healthcare bio—sciences AB, England)2t Ni sepharose CL-6B (Incospharm,

korea)E open column(Bio—Rad, USA)0I =2ZI6t04 AtE5HRACEH

H 2 2 AEdx= % E4A0E

2 AN AIESH CsNIV & X Genbank? A BES HIgo=2 HAE o
A 20{oteE orf-3 REXE HEZNAN &S IISotES rare codonE Z & SHA|
H 22YE MEE EctANEE REL SES 98t =8 E2A0EZ ALESHUL
st EEMEE /s HWEZSZ= BL21(DE3) & DH5aE OIZotRUCH el 22

==
rr

2|8t pET29b vector (BiolLabs®)
kanamycin (50 ug/mé)0] &I}

pCR2.1 vector (invitrogen)2t CHEHE da g
AMNEZSHHCH THEE Z2HADNCSI S= HEZA
2 (o]

LB HHMUHXIONA 37C2 14~16 Al2t=0H H

m g oc A

_10_
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H 3 2 THX& DNA Hlx

2 A8 2 Genbank[accession number; AB193315]1282H CsNIV ZHAIES SHEHEIQ|
20ole orf-3 S8A HEEE HIE2C2 HEZAM &S Jis
X

ZESAIZL BAE KEXL (1.2 ko)t 22 & pUCS7-CsNIVE UL

ot&=% rare codon2

2. CsNIV 18X &=

CsNIV HAIE HEE SHTE SE6tI| fIoh 5'-TTTTCATATGGCACGCAAAAAAT
CCACGCCG-3" (5'-Ndel froward)2t 5 -TTTTCTCGAGGCCGCCGCCCGTTTTTTGAC
G-3" (3'-Xhol reverse)2l primerE HMXGIALCH. =8 E2HA0EZ pUCS7-CsNIVE
MESIFCH, T HEUS 20 #Z2 REX S=2 SAHOIALE BtS 22HE 95TOHIA
5 S0t pre—annealingE 8 =, 95CHA 1 &, 607 ,

20 cycleE AAIGIA LD, 72CUHA 5 & SO extension 2SS =&GtRULLH BtS
oHol XM 10X PCR buffer (50 mM Tris=HCI, 50 mM NaCl, 5 mM MgCl;,
pH9.0), 0.2 mM dNTPs (dATP, dCTP, dGTP, dTTP), 30~50 ngll =& ZctA0lE,
100 ng2l 5 -Ndeldt 3'-XhoI2l primer, 0.5 unit EX tag polymeraseE AtEotA
Ct. PCR2l =& BtS MHE2 Gel extraction kit (Nucleogen)E 01&3dt0{ A HIGHA

Ct.

T 0

i
!

3. #8XA 2E TA 224

pCR 2.1 Vector2 insert DNAE 1:12] S=HIEZ €0 =1, 10X ligation buffer
(300 mM Tris—HCI, 100 mM MgClz, 100 mM DTT, 10 mM ATP, pH7.8)2t T4 DNA
ligase 1 unitS EIIotH & BISUES 10 U2 & = 420 KM 3 Al2t S0 BESAIA
ligation GtRUCH InoueZHOI Itet HMZESH DH5a competent cell 200 04 ligation
8t DNA 10 #£E &IIGIH 30 & =0t 230 EXIst = 42TCHAM 70 = =02 heat

o S
shockE = =, UAl 3 2 S E30 EXIoHACH LB AHMBHXI 800 ©“E FHItet
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FH, 37CHAM 30 & SO HILGIFCH OlEH E2A&E & HW&EZFS X-galdt IPTGIL
ZSC U= kanamycin (50 u#g/me)0| &HII= 1.5% LB DAHHIKIN HEEZ2 5l 3
7TCOHAM 14~16 Al2tSOF Hi2st =, MAHE white colony2t2 &850 DNA MEZE2

A5t CH (MACROGEN).

4. SctA0lE M € GIINME &0l

Alkaline lysis 2t S AI26I0 Z2tA0E2 =2elstgch ' X4&8=0] 20 S
H& B 1 M= micro centrifuge tubell €10 & =Zclst & 4SHUE MAHGHA
Ct. 822 20 mg/m RNase AJt =0tJA&=
10 mM EDTA, pH8.0) 250 /g 20 SESIAUCH. SHENXN lysis buffer (200 mM
NaOH, 1% SDS) 250 w2 &HItst & A=20AH 5 22t LXGIAL BIS0| 2L =
precipitation buffer (5 M potassium acetate 60 m¢, glacial acetic acid 11.5 m,
distilled water 28.5 m¢) 350 w2 HIIoIH 3~43 ZAAYH ES0 S&AZI =
12,000 x gOlAd 15 & =S¢t JAAZ2I5HUCH J|MZ2I B ASWU2 silica
membrane columnOil =21 = 12,000 x gOlAd 1 & =S¢t R4 Z2IotH DNAE
columnOil Z&AIZCE 0 & 700 42| washing buffer (95% ethanol)E& F&6t0 &
20M 1220 &XI8 & 12,000 x gllA 1 E2+ FAZEelE & & Al 12,0
HA 2 22 FaZelotH Z0tdE eSS 28361 MAGHALH 35 w2l TE
(10 mM Tris=HCI, 0.1 mM EDTA, pH8.0)E Z&Jiot) A20M 1 & 8% &X& &
Ol columnOil Z2&& E2tA0IEE 2elotcth. O = AME E2tA0l=

NEs 246tACH (MACROGEN).

resuspension buffer (50 mM Tris—HClI,

==
(=]

5. NIgts4A Xclet DNA & Ze|

TA 2242 Sol 88 & CsNIV SctA0EQ HBAEHA vector?! pET29b0 XISt
24 Xhol2 €10 37COHA 2 A2t BESAIHA X2 & Clean—up Kit (Nucleogen)S
0l ZdtH =38t DNAZHZ 3|+0tACt. st CtAl Ndel Met&EAE XElot 37T
OlA 2 AlZE BESAIRACEH 229 HsteA2Z HMel= vector?t insert DNAS 1% (w/v)
agarose gelOllAM HMIISBSSHAUCH gel2FRE vector?t insert DNA 222 Z2tU K,

Gel extraction kit (Nucleogen)E AI20l0 gelZ2H <6t= DNA SHHEHE 3406l

Collection @ chosun



ARy
1

6. Ligation & SH&E X &

PET29b vector?t CsNIV insert DNAS 1:2°2 =S=HIE& 201, 10X ligation
buffer (300 mM Tris—HCI, 100 mM MgCl,, 100 mM DTT, 10 mM ATP, pH7.8) 1
unitt T4 DNA ligase 1 unitS &EIJIotH & BHSHE 10 @2 8 = 4COHAN 20 Al
2t S0 BFSAIA ligation StRUCH 1 InoueH Ul et MIZESH competent cell 200
1Ol ligation & DNA 10 #E &EItot S0l 30 =2+ gXIst = 42TO0HM 55 =
S0t heat shock& & U3 Al 238 S0AM 3 228 EXISHACEH D10l 800 #£ LB
HAEHXIE S0HE & 37CUHA 40 22+ iLst OIS A 22010 ASH 900 w2
HHOIRACH SE&EHEE & cell 100 42 kanamycin (50 ug/me)0l EItEl Agar 1.5%
(w/v) LBOIl =25t 37CHIAM 16 Al2t SOt HHYE = FENME & HERES 86t

AL

0

g

7. Competent cell A=

Competent cell2 InoueR 0l M2t MEsHHCH '8 5 meol LB HABHXIO CHEZ
BL21(DE3) &2 ZZ2LIZ FZE56I0 37CTUHA 12~14 A2t SO HHLGIACH HHYE
ZME 200 M2 LB HAMBIXIO 0.1%E ESot} 2, O.D. (optical density) 600 nm
of MEWAM BRIt 0.4~0.62 = WK BILGIAUCEH 0] & HILAUS LSHA 10

12,000 x gOIA 15 22+ AAI22|6tUCH sl 2H0 67 Mo TB

ol Eget = 100 % ZEZE micro centrifuge tubelll €0 -8

8. AME " ZMERH Mg SADE &0l

Mg 220122 E2l= alkaline lysis 8= AtSot =EclotALH =clet MM
A0

IEE 2 unit MEtEh Ndel2Z 37CTOHAM 1 A2 BIEAHA NHE

o
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1% (w/v) agarose gelllM HI|¥Sol0d XS DNASl AJIE &QloHH L

= ZctA0IE DNASE HEot0 pET29b-CsNIVE EHH G L.

9. SDS-PAGEE 0|88 A 23l =0l
WEE Simol SHNSE =I5 Aoh 12% (w/v) SDS-PAGE

dodecyl —sulfate polyacrylamide gel electrophoresis)E 0I5+ &QIoHH L.

gt

=
0 & HHYHS A4 2Lt o4SHS MAHoIRALD =2== M 1081 S

&

lysis buffer (50 mM Tris—HCI, 300 mM NaCl, 0.5% Triton X — 100, pH8.

Al2! = sonicator (SONIFIER 250, Branson)& 0|26t0 HI2HotUCH I = oM

OIA 15,000 x g, 40 22t |AE2IotH 22 ASHZ cell free extract=

M= I & /Y SL=29| bufferE M EAIFA insoluble fraction2
2|

fS 2ol BSA (Bovine serum albumin)@2 E= =M

= o
DFEDH EBEY BES HOUX LT= 2HGDXGHE S8R A

w/v) SDS-PAGEE O0IS56t({ =tQIoHCH &

St £ 595 nmUlA SZ2EE =860 oI L Bradford 2oz H2sH sample
(w/v) p,

(sodium

0)2

Z2t==ot,

gel2 staining solution (0.1% coomassie blue R-250, 45% methanol, 10% glacial

acetic acid)2 EMal¥H 1D, destaining solution (40% methanol, 10% glacial acetic

acid, 50% distilled water) @2 EMst & CIBHE O] YWHHEE EQIoI L.

_14_
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H 4 & CsNIV A HMES & 2 A

e

1. CsNIV BAIE HHE gs

CsNIV ZHAIE CHeiA ol &S o FHE Aol 8EE pET290-CsNIV THEE 2
OIS L&Es W& BL21(DE3)E2 kanamycin (50 4g/me)0| E&HE LB 24X BH X0l A
& BHLGIACE kanamycin (50 #g/m)0l & & 500 M LB HIMUH KA & UM
ot 1, 600 nme mMENA SZ2%J 0.4~0.622 = WNXA HH &t

0o o
0
ity
Of

kA

Ct

0.5 mM9l isopropyl-2-d—thiogalactopyranoside (IPTG)E &DJtot0d, 16 CH M 20

}\ljl- EOI- CS'\”V JH}\lc C}HHXIO =13 =1 OC@I.OEIEI.

2. 22 IPTGsT0l IHE HYS A 84

CsNIV BAIE SHEEH O X

bl
T

UCH pET29b-CsNIV Mg ZctAOIEE Zes HEZS 600 nm2l THE 0 A

SOt 0.52 E [Nt HHst

OlA 14 Al2t, 16TOIAM 20 AlZtSQH 212r BHotATH =HEol &

SDS-PAGE analysisE& 0|2

o)
ot ZEOUFE MEQIGHACH L&t x| H9 HES

o

SH
SZ& 90l |sopropyl-2—-d-thiogalactopyranosideS C28t =< (0 mM, 0.1 mM,

mM, 0.5 MM)Z Z&olH €S KT8t £ SDS-PAGE analysisEol &QIot%H

3. Western blot analysis

el
1]
ol

-|O||
O
gy O
3
<
10
<
-
(@)
i
ll
=
ol
=
w
o
O
=2
x
w
=
e
N
(&)}

=

I

4 E0Iot¥ D F=IIE2SZ western blot analysis&
=

l= 25 ZHUA 2

o

w Ao

o 10

-

Vel

12% (w/v) SDS-PAGE gelE We!l = Nylon membranelil semi-dry transfer
system (Southam Warwickshire CV33 OHP, ENGLAND)Z OI23t0 150 mAOIA 1
A2+ 158 S0t transferdtAL. western blotlll= TBS-T buffer (20 mM Tris—HCI,
137 mM NaCl, 0.1% Tween20, pH7.5)& AS5IACH. SEHEO| transfer

membraneE blocking reagent (5% skim milkJl Z&& TBS-T)0A &A=22

=

£ 1 Al

2t S0t blockinggt &, membraneS washing solution (TBS-T buffer) @2 15 24

_15_
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38 MI=SHACH 1X &X (Monoclonal Anti-polyHistidine)= 10 me2] TBS-T buffer
0l 1:50002 HIZ2 &40t membranelll €2 = &=20AM 1 A2t S0t BISAIR
Ct. BFE = membrane® washing solution22 15 =2+ 38 KHESIAL,
Anti-mouse Alkaline phosphataseJt conjugation U= 2x SME 10 Mo
TBS-T solutiontil 1:50002 HIE22 3|4&0tH 1 Al2t S &420lAK BtEet =, CHAl
washing solution2 15 22t 3% MG MAEE membranelll &

=
250 mg/me, NBT 50 mg/mé, 100 mM Tris—HCI, 5 mM MgClz, pH7.5) 5mé

SAUIS S PHETHACH

= T =

4. Cell free extractl M=

PET29b-CsNIV HZEg SctAUIEESE Egotd U= HEZFS 600 nm2 IHEOIA
2Tt 0.52 2 MIHK BHEESt = 0.5 mM2l IPTGE &Jtotd 16 CUHIA 20 Al2t
0 =

A

o

AMZ2IotALCEH 328 ZHME lysis buffer (60 mM Tris=HCI, 300
mM NaCl, 0.5% Triton X — 100, pH8.0)2 23| ME& = JAAZ2Iot0 CAl Z2HE
3|==GtALCE. 3l==& A 4 g0l 1081 S| lysis buffer (50 mM Tris=HCI, 300 mM
NaCl, 0.5% Triton X — 100, pH8 0)2 M8E A2l =, 1 unit DNasel 2 1 mM
PMSFE &JIolod 230 AM 30 & X8 = sonicator (SONIFIER 250, Branson)&
Ol =5t MIMGHRCH DIMEHE A& =Zel (15000 x g, 40 2, 4T)8 & LHA &

SHZ cell free extract2 AIE0H L.

5. Ni-NTA affinity column2 0|8t CsNIV ZHAIE SH8HEA M X

CsNIV ZHAIE SHEAS] M= open column (10m¢, Bio—Rad)0l Ni-NTA resin (Ni
sepharose®™ CL-6B)Z Z&5t0{ HMIGHRCH Ni-NTA resin0ll column®l 10 Egko!
50 me2| distilled water ¥ lysis buffer (50 mM Tris—=HCI, 300 mM NaCl, 0.5%
Triton X — 100, pH8.0)E EHEUW columnE HESIGIACE. 0l = columnOfl 40 me
©| soluble fraction2 ZEEU ZBAIE & HEBAES Ni-NTA resinOl ZAIZ LD, 1
= column2 2084 el 200 m2| washing buffer(50 mM Tris=HCI, 300 mM
NaCl, 50mM Imidazole, pH8.0)& £ =0 washing ot%ICt. 2 = Ni-NTA resindil
Elution buffer(50 mM Tris=HCI, 300 mM NaCl, 250mM Imidazole, pH8.0)E £ 2

_16_
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L =01 Ni-NTA resin@ 2% H 46 kDall CsNIV ZIAIE HHES 22|l ZMGHICH

H 5 & CsNIV A& SHEHAOl X

1[5

1. Dissociation} reassociation W& S S& self-assembly &

Z2l ZME CsNIV BAE A 2 mg/mg 2X dissociation buffer (20 mM
Tris=HCI, 300 mM NaCl, 10 mM DTT, 20 mM EDTA, pH8.0)2 1:12] HIEZ &
OlA 1 Al2+ BFSSHH CsNIV ZBAIE HEHE S dissociationAlZICH. 11 = dissociation
E CsNIV ZAIE SHAEZ cut-off 10 k dialysis cassette (thermo)til €& =
reassociation buffer (20 mM Tris—=HCI, 300 mM NaCl, 2 mM CaCl,, pH8.0)Z 47T

OIA 2 & S0t dialysist@= Soli CsNIV ZBAIE SHHRES I8 AIFH CsNIV VLPsE
S &otULH

2. Gel filtration chromatographyE 0|&¢&t VLP =& &9l

1S
ujo
Jo
2
(@)
wn
=
<
<
[
0
U
_Ik’l'
5
S

Reassociation buffer2 dialysisE ol XHJt=

?/5t0d FPLC (Bio—Rad) 21210l Hiprep 16/60 saphacryl S-500 HR column (GE
healthcare)2 Z &35t 2A0IRUCE. 20% (v/v) ethanol0l EH/U= columnE 0.2 M
NaOHZ 0.5 m¢/min8 |R£X2=2 120 ml £H4=0 washing ot} 20, 0l= distilled
H202 0.5 mli/ming |22 120 ml EHAF0 CtAl washingatRUCt el
reassociation buffer (20 mM Tris=HCI, 0.3 M NaCl, 2 mM CaCl,, pH 8.0)2 1.0
mi/min2 X922 240 ml £2F0 E3 A2l & 1 ml (2 mg/mle sample2
injection StRALt. Injection = 1.0 ml/min2 $=2=2 reassociation buffer& 180 ml
ScA=FUL. M3 void volume 40 M= HI2I6tL) Fraction sizeE 2mEZ ot & 70
JH2l fractionS ECHAM efZel BISIE 2EOIJL AMAE = columng 0.2 M
NaOH2t distilled H.OZ CHAl washing 8 & 20% (v/v) ethanolg M< 4 C cold
roomOlA 22 &tAUCEH

o
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3. CsNIV VLPs2 TEM EEi &&

HME 46 kDa2l CsNIV HAIS CHBHE 2 mg/mE 2X dissociation buffer (20 mM
Tris=HCI, 300 mM NaCl, 10 mM DTT, 20 mM EDTA, pH8.0)2 1:12] HIEZ &=
o 1 A2t BESAI2ZI & cut-off 10 k dialysis cassette (thermo)Ol <O
reassociation buffer (20 mM Tris—HCI, 300 mM NaCl, 2 mM CaCl., pH8.0)2 4T
OlM 2 & S0 dialysislt&= Sof CsNIV VLPs2| X8 = R EotRAC Gel filtration
chromatographyE Soil X EIUCID EEHE = CsNIV VLPs fractionE &= Il
SN 3@ MISH0IZSR SHE AL 0A TEME Cryo-EMES S8 X242

O 2|6t LY.

H 6 2 FITCE 088t CsNIV ZAIE S ASl HX|

CsNIV ZAIS CHERA 2 mg/meOfl 2X dissociation buffer (20 mM Tris=HCI, 300
mM NaCl, 10 mM DTT, 20 mM EDTA, pH8.0)2t 1:12] HIEZ &A=20A 1 Al2+ Bt
SAZI =0 100 mM FITC 100 # =gotUCt. 1 = 10 K dialysis cassette
(thermo)0il 201 reassociation buffer (20 mM Tris=HCI, 300 mM NaCl, 2 mM
CaClp,, pHB8.0)Z 4TCOHAM 2 & SOt dialysisE ol CsNIV VLPsOl FITCE EXl ot
Ct. IS0l 24 & <Y0lle &0 FITC MHE <ol 3.5 k centricon (sartorius)2
0l Ol ==06tACEH. FITCIOE EXIE CsNIV VLPsE 12% (w/v) SDS-PAGE gel0l &

Il gt = UV lampE HIF FITCS &&= =QIotULt.

2

02 00
o o
ujo
0
2t

o
L
1
[l

M 7 2 CsNIV VLPY ==+==501H

CsNIV VLPSl == =0ld 2&ZE= ol =2 C salsuguneumit ==FJt Ot
Chaetoceros sp., Chaetoceros grailis, H. circularisquama HU9433-P, H. akashiwo
S92 5 B9 xRE AIESolUCH FITCIH EXIE CsNIV VLPs 100 #£ (1 mg/mlE =
SHIYH 2F 400 0 E0H=0 1:42 HIE8=2 BSAIZCH FITCOF EXIE CsNIV

VLPs2t 279 H=2+5 s2lJ| ol wBtIIE 01E6HH 3 Al S RG] Wk

_18_
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ZEHE Soll =0 FITCIOt EXIE CsNIV
Ct.
AN AMESE H=EZFHHXICI f/2 BHXIS &2 CS0 Z2Ch (L €) 75 mg

NaNOs, 5.65 mg NaH:PO42H,O, 4.16 mg Na, EDTA, 3.15 mg FeCls-6H.0, 0.01
mg CuSO04-5H:0, 0.022 mg 2ZnS047H.0, 0.01 mg CoCl.-6H0, 180 mg
MnClz-4H20, 0.01 mg CuSO4-5H20, 0.022 mg ZnSO4-7H20, 0.01 mg CoClz-6H20,
0.18 mg MnClz-4H20, 0.006 mg Na:MoO4-2H.0, 0.0005 mg Cyanocobalamin
(Vitamin B12), 0.1 mg Thiamine HCI (Vitamin B1), 0.0005 mg Biotin .

_19_
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A3 & 20 % N

H 1 & CsNIV ZAE A SAX &d

nio

10
Q
@
>
o

F C. salsuguneum0ll 2 &3dt= DNA Bt0le1A 2l CsNIVE 6.0 Kb& me
o0, 62 o2t BT, 0 & CsNIVe HAE CHHHE S 2

D LA or-30F HE @S 0IE8t expression systemOll 2o && Jts0otCH

SOIC| AL =, Genbank [accession number; AB193315]22E 1 & A

s gsscte of-3 RAEL FEE HIES=Z HWEZUHM ZHO0

codon optimization Al2! & S &otALCH SHE 1.2 kbel CsNIV BAIE &Rt

24 & pUC57-CsNIVE GenscriptAtol Al - 2 6t LY.

fol
tol
rok
Q

[N rr
o

oy

A
or
_O'j
i
mw o JE

H 2 2 CsNIV R&Xt2 224 & €3

pUC57-CsNIV Ec2tADIEE =& ZcetADIEZ PCREIZZ2 £=8olH CsNIV ZHAIE
CHOHAl QAXE Y SEOI/JACE 1% (w/v)2l agarose gellM 1.2 kb2l CsNIV &
AlE CHBHZA HA SHS ZoIoIHCH (Fig. 3). Clean upsS SolA ==0olH &€

=
kb2l DNA SHEZ pCR2.1 vectortil 2240t 2H& THXE &
o|2] (MACROGEN)GIH CsNIV STl HIIAZES SOIGHACEH Ol A
EOIE CsNIV REX=E 5'-Ndel b 3'-Xhol ZHU U= MSSAE 01850 KUE
= WEZUHAN 280l JtsdtH His tagit Z&E pET29b vectorlfl ligationES ==& 5t
AUCH (Fig. 4). OIZEA UHEHE MW=EE EtADNESs W&z BL21(DE3)0 heat

shock Z#&# S 0/Edt0 & H&at ALt

_20_
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Fig. 3. Agarose gel electrophoresis of PCR amplified products of codon

optimized CsNIV capsid gene.

fHas tag

r_ Khol {159)

CsNIV ORF3

o _Ielel (1339)

pET29b(+)::CsNIV

537the + ugobp

Fig. 4. Schematic representation for construction of pET29b—CsNIV.

_21_
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2. CsNIV ZAIS S E O] F=es X2 &g

PET29b-CsNIV M8
C Hea gss #elst

uw

Eg
gé
2

§§
=clst 2+ fraction

=)
o
=

I
o
o]l

0
rr
>y

0| &t ol o

m
0
£

r
J
I

=2 2olg £ QYLD O = 16CHAM HIZSIFES [ 30T,
29| solubilityet &820| SItES &ols & AUAULCH (
analysisE =85l &St Z2U0HIME OF&IDIRIZ 16TCHA BHYGITS [ CHEHA

9| solubilityet ZSH&0| JtE =

RULCH 14~16 A42Z Hi2E & HHEHS 1% ESot0
0.52 E MMX st ts 0.5 mMe IPTGE &It
2t0IotJ| ?Iot0d 30COIA 3 Al2t, 25COIIA 14 Al2H 16T
FOlRUCH Ol 2018 BHYMS A =2l otk &

\J

2204 HH

(0]
—/ o
3|46t lysis buffer& 0|20l S ESIFCH SEMS Sonicator2 06t

AE2|IIE 0I5+ cell debris?t supernatant fractiong =c2|otiC.

£ 12% (w/v) SDS-PAGEE SoiH Z&FR2 solubilityS

IR0 western blot analysisE 8ot MEQIs 2 RE S X HUHAM &
2 (=]

Fig. 5). Western blot

CS2=2= 018 2 22 A2 Z240M 28RS 2E0 PTG sZol HE
CsNIV ZAIE SHeAol HEE8S 2HEGIAULL IPTGsSE (22, 0, 0.1, 0.3, 0.5 mM)
£ Xclotel ¢3S KT8 = 12% (w/v) SDS-PAGEE Soff LSS =elotAlt

£ SItotAl 23

Collection @ chosun
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(A) (B) (C)

kDa

55
40

& 46kDa

Fig. 5. SDS-PAGE analysis of the recombinant CsNIV capsid protein
expressed in E. coli BL21(DE3) at different temperature. (A) 16°C, (B) 25°C
and (C) 30°C. Symbol: M, molecular weight marker; lane 1, Control
(BL21(DE3) lysate); lane 2, soluble fraction; lane 3, pellet.

_23_
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kDa

33
40

€—46kDa

Fig. 6. Western blot analysis of recombinant CsNIV capsid protein expressed
in E. coli BL21(DE3) at different temperature. (A) 16°C, (B) 25°C and (C)
30°C. Symbol: M, molecular weight marker; lane 1, Control (BL21(DE3)

lysate); lane 2, soluble fraction; lane 3, pellet.

_24_
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kDa

55 : . €—46kDa
40 —

Fig. 7. Expression level of recombinant CsNIV capsid protein in E. coli
BL21(DE3) at different IPTG concentration. Symbol: M, molecular weight
marker; lane 1, Control (BL21(DE3) lysate); lane 2, No IPTG induction; lane
3, 0.1mM IPTG; lane 4, 0.3 mM IPTG; lane 5, 0.5 mM IPTG.

_25_
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H 3 & CsNIV ZHAIE S8 FHA|

IPTGOll 2ol 280l SR M HEZS & S06tH cell free extractE
Ct. sl==& cell free extract22H CsNIV ZZAIE HEAE S HRIIGHI®IoH open
column (5m¢, Bio—Rad)0l Ni-NTA resin (Ni sepharose® CL-6B)Z Z&X& = lysis
buffer (50 mM Tris=HCI, 300 mM NaCl, 0.5% Triton X — 100, pH8.0)& Ei=F0
resing ZESGIACE. 1 = cell free extractE £2F & washing buffer(50 mM
Tris=HCI, 300 mM NaCl, 50mM Imidazole, pH8.0)E 0l &dll washingdtO 46 kDa2l
HAIE 88 HEAEZS resin0l ZEAIZECH 1 = Elution buffer(50 mM Tris—=HCl,
300 mM NaCl, 250mM Imidazole, pH8.0)E ZHZUW Ni-NTA resin0Ol Z&& 46
kDall CsNIV BAIE A Z 22| ZHMGHACH 222l HAHE HH FHHE CsNIV

HAIE SHBHEIS 12% (w/v) SDS-PAGESH western blot analysisE 0|28t &H0l5}

=T

dl =0k

ol

ALt (Fig. 8).

_26_
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kDa

55 [
40

46kDa

Fig. 8. SDS-PAGE and western blot analysis of purified CsNIV capsid protein
obtained from Ni—NTA affinity column chromatography. Symbol: M, molecular
weight marker; lane 1, Control (BL21(DE3) lysate); lane 2, soluble fraction;
lane 3, fusion protein bound to Ni—NTA resin; lane 4, purified CsNIV capsid
protein; lane 5, Western blot of purified CsNIV-VLP.
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Fig. 9. Gel filtration chromatogram of purified and self assembled CsNIV

2X dissociation buffer (20
=0

Ut

VLPs using FPLC packed with sephacryl S-500.

il

3. CsNIV VLPs2 TEM S EH
HAE CHEHE 1 mg/misS
mM Tris—HCI, 300 mM NaCl, 10 mM DTT, 20 mM EDTA, pH 8.0)2 1:12 HIE=Z
10 k dialysis cassette (thermo)dil

HME 46 kDall CsNIV
FHCH Gel filtration

T AIZE BESAIZE =
ol CsNIV VLPs2
Sdt=

a 20 = cut—off
reassociation buffer (20 mM Tris—HCI, 300 mM NaCl, 2 mM CaCl,, pH 8.0)2 4T
a3 LEE R&0
chromatographyE Soil Z& & ACtD EHEHE= CsNIV VLPs fractiong TEM &0|&
= CsNIV VLPsE negative staining ot TEM2Z Z
£ JH&l VLPsE0|

M 2 & =0t dialysist &
= Sol e 4ot =g
A 21 & 25 nmel R#EXNO IE L= EBIRFE 2
Hs Eolot|CH (Fig. 10)
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Fig. 10. TEM analysis of self—-assembled CsNIV VLPs.

M 5 & FITCE 0I88t CsNIV ZIAIE SHEH A O] HT|
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AlZE BESAI21 =0 100 mM FITC 100 FoIRLCH. O = 10 K dialysis cassette
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CsNIV
(46kDa)

Fig. 11. SDS-PAGE analysis of CsNIV capsid protein labelled with FITC.
Symbol: M, molecular weight marker; lane 1, purified CsNIV capsid protein;
lane 2, CsNIV capsid protein labelled with FITC illuminated under UV

illumination.
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Okl

d 6 & CsNIV VLPS S0 & 2F
CsNIV VLPSl == E0ld 2&FE= ol =32 C salsuguneumit ===Jt
Chaetoceros sp., C. grailis, H. circularisquama HU9433-P, H. akashiwo 2| 5
SO0 *RE AMEoIUCH (Table 5). FITCIF EXIE CsNIV VLPs 100 #£ (1 mg/ml)
AU 2F 400 w0l S0 1:42 HIEZ BISAIZCH FITCOt EXIE CsNIV
VLPs2t =82 Ex34+E =2|J| fol wetIIE 0|30 3 A2t S ®AAF| wet
OIRULCE. BrS0l Y = 1300 rom0IlM 3 Z2F FaZE2st = A4SHES ML /2
BHXl 500 wE 20 2 812 washing ES HH &0 FITCE MAHGHRCH O = X
FE CHAl f/2 HHAI 50 #£0ll THEESHH SZ2S0/1ZS Sol =01 st CsNIV VLPs
O =50l 2FoIUL. BN JHABHIAS Sofl 272 2AS &elgt = &
ZIAE Soll =0 FITCIOF EX & CsNIV VLPsS =Ma&d S LIEH=X 2E6H™A
Ct. 1 &2 ==It Okl Chaetoceros sp., C. grailis, H. circularisquama
HU9433-P, H. akashiwoz Bt OtLIet ==FQl C. salsugineumlAE =M sS 2F
SHXl 23 CsNIV VLPsSl ==S0|4S &QI6tAl RotALH (Fig. 12).
Table 5. List of algal host stains used in this study
Strain Viral infectivity
C. salsuguneum CsNIV
Chaetoceros sp -
C. grailis -
H. circularisquama HU9433-P HcRNAV34
H. akashiwo HaRNAV
-not determined
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H. circularisquamaHUS433-P  H. akashiwe

C. salsugineum Chaetoceros sp. C. graifis

Fig. 12. Analysis of host specific binding of CsNIV VLPs labeled with FITC to
its host , C. salsuguneumn. Non—-host cells of Chaetoceros sp., C.grailis, H.

circularisquama HU9433-P and H. akashiwo were also observed with optical

and fluorescent microscopy.
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