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Molecular characteristics of the AT40/145R protein of chlorella virus PBCV-1

Sun-Mi Lee

Department of Microbiology, Craduate School,

Pukvong National University

Abstract

Paramecium  bursaria chlorella virus type 1 (PBCV 1) is large, genetically complex,
dsDNA viruses that infect certain unicellular, endosymbiotic chlorella like algae (Van Etten and
Metnts, 19991 To initiate infection PBCV 1 attaches to an unknown receptor on the surface of
chlorella NCG4A cell wall. The virus attaches to the cell wall, digests the wall at the
attachment point, and releases viral DNA into the host leaving an empty capsid on the cell
surface. The micrograghs of PBCV-1 attaching to the chlorella cell wall by hairlike fibers
suggest that the tps of these hairlike fibers are responsible for the initial recognition
attachment of the virus to the host receptor. Using monclonal antibodies that inhibit virus
attachment to its host two putative PBCV -1 attachment proteins, Al40/145R and AI18Y%/192R, are
identified.

[n this studv. viral genomic DNA was isolated from purified PBCV-1. After each of
N fermunus  and C-terminus of ALA/145R ORF was amplified by PCR and cloned, 140N and
HoCT clones were transtormed into £ coli BL2TDED) SI strain. HONT and 145C7T proteins
were overexpressed and polyvelonal antibodies against these proteins were produced in mouse.
When purified 140NT and 145CT proteins were added to chlorella and each or both antibodies
wore added to PBCV-1, there wore no obvious plague inhibition activities. however, in case of
protease treatment (o virus-ghost cell mixture, plagque formation was considerably decreased.
These results suggested that dunng interaction between viral attachment protein and receptor
on the surface of chlorella, attachment protein was exposed outside virus particle. To investigate
expression level of ALIO/145R gene with change of time, northern blot and western blot were
carried out. Results from northern and western hlot analysis explained that AI30/145R protein
was A structural protein as a late protein produced in late phase of PBCV-1 infection. The
results  observed in this work suggest that the Al4145R could be involved in  wvirus

attachment, and the reaped middle region is important in the attachment process.
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Algae ¢} virus®) s

Chlorella H}olel 29l  Paramecium bursaric Chlorella Viurs type 1
(PBCV-1)2 Z1 71591 Chlorella strain NC64A+® wl& | Hel~7bcf A EH g
&7 James Van Ettenaw/ 32 5El 2ol AL&3F2 . PBCV-13} Chlorella
strain NC64A ] mieFe ¥l Bold's basal w4 (MBBM; modified Bold's

hasal medium}el 4 Van Etten et al. (19839 4 91338 Wl o8& o] Fo] F o},

re
i)

Virus &£

2 2kgk NC64A viekel 100miel PBCV-12 HEgh & wikelo] 243
lysis® w72 =k PBCV-19] ol&] 93] lysis¥ w2 Sorvall GS-3
rotorZ ol &8s 4T, 5000mmelA  HEES AR A E=de
Triton-X1008 HF §% 01%%E H7keta 4THA 20837 doi 52k sloly
22 312le Sorvall T-880 rotors o] &3k 20,000rpmell M 6025t Y4 &35
o] pellete 2 Xof Hth Pelletg 50mM Tris—HCI, pH80 =] &3 3 10~
40% 2} w123 sucrose gradient (20,000mpm, 208, 4T)8 S&f 94 s4
U 30~40% Abolol A4 mlelelx W& Belslo] T-830 rotorZ 27 000rpmel A
A gHEet @it eiste) wieolo] A pellet? TSR g wlo]l#i A pellet

2 50mM Tris-HCI, pH7.84 A& e A7l



Viral Genomic DNA¢| ¥4

Wl vlol el 20400k 10X TEN (100mM Tos-HCl, pH7.4, 10mM
EDTA, 1M NaCl}) buffer (60xf), 1% Na-sarcosyl (60gf), 60% (w/w) CsCl
(0.6m¢) 18] 3t Agke] EtBrat 43 75T A 1585 73 F 40~60%
tw/w) CsCl gradient (Sorvall TH-641 rotor, 3500rpm, 18A17F 25712 E4
A4 E = Ak DNA #EE 33850 butanol extractiono] 2|8l EtBrg #A
stk DNAE EtOH= FdA7|or dxg § 1IX TE (10mM Tris-HCI,

pHR.0, ImM EDTA) bufferel]l =3 et #c},

Al140/145R 9] 424

AN40/140R o P HE 5 ovhel faAbel edte] wEojAE Fose]
gelglev G71MES Aedlst Azt shibel fFaabel o5l whe
A A 130kDae] seiA R FlF) vt o] gl e FdRdel 6749
NANK motif7b gbE =0 9lo] Fzy Ao recombination®] 23 internal
deletiono] dejvhr) o F-off Al40/145R2) N-terminus®t C-terminuss 28}
of PCRE ol&3td Z2Y stArt. N-terminust [40NFTOPO primer %}
T40NRTOPO primert <] &8t PCRsFI 2™  C-terminusiz 140CFTOPO
primer?t 140RBTOPO primers o]€3lol PCR 320tk PCR #1488 £4 Ry
¥ PBCV-1 genomic DNA (05ug)3 template® 3ld ExTaq polymerase

(Takara, Japam)g o) gty Falstgdon], B2 =712 g4 o] 5% HE 2 )
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2l 2 947 1% 30%F, 570 1%, 720 282 40 cyvcles® gH53Fat, oAl 72T
A 1037w A Ao 8 AR L [%(w/v) agarose gelol A Al A Eg

¥ EBR @43 sto] UVE o] &8t £ASHALH



= = NANK repeat A = PAPK “hinge” eossmwn = 24 x PAPK

NH, Ar A*-*A o A,JEA:b COOH

Figure 1. Structure of Al40/145R protein. There are 6 NANK motifs
flanked by 24 PAPK motif, which causes intramolecular recombination

during cloning of this gene.



Table 1. Primers used for cloning of A140/145R

Primer Sequence

140NFTOPO 2" ATGTCATCTGAAGAAACTGCTCGT -3’
140NRTOPO o' GCAGACAGTAGGACATTTACCAC-3’
140CFTOPO ' -GGTAACAGACCGTCTGCAAATAC-3

IM0RBTOPO o' -GCACAGGGACGGACATTATAC-3




PCR product?] ligation ¥ FE.coli transformation

PCR 44= el Azg s AatA f8ke] expression
vectorel FZ93 % ch N-terminus ¥ & C-terminus H %9 histidine tag7h
AFsLE Ho] e pCR TV CT-TOPO vector (Invitrogen, San Diego, CA)
of #2438l 2™ C-terminus & N-terminus H 9| histidine tagZ 7}
25 pCRT7/NT-TOPO veetor®) 24 313 tHFigure 2). PCR product (3uf)
9} vector gt (100ng)is: 5 A17F 59 ligation A2 & E coli TOP10 strain
o transformation 3FETH Ampicilline! H7Fz s #ol A 22t colony EF-E
DNAE &8 BamH 14} EcoR 122 Hykslol flatis PCR 4bEo] 2y
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@ & HEHo /ML BAsel A FB2L Bud

e
Jol*

Dt FrYd FEA=FEH Axd ddds ANdET] sl SRy F8e
2EE DNAEZ Ee&tn ol& ol&3t9 E  ecoli BL2I(DE3) SI straing
transformationst it ol 5 E colfi2 B el dold A zg g4 s FH4ONT

eF 140CT= ¥ shatrt,



Ping |

CT-TOPO
2702 bp

e
K |
|
A% L
o
Fairng 1

NT-TOPO
2870 bp

Figure 2. Cloning vector used for the cloning of Al40/145R
N-terminus and C-terminus. The N-terminus and C-terminus were cloned
into the pCR T7/CT-TOPO vector (A) and the pCR T7/NT-TOPO vector

(B) for C-terminal and N-terminal tagging, respectively.
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eA3 1 E colizielel AET wumde] 442 2] sl

ampicillin(®30gg/mire] i3 LBONHIA|  3miel  single colonyE 4 &5t
ODan=0571 = w7z s st 3 306 NaCl 300put s H7HgE 3 25T A 2470,
4217 6A17F fdEkd. wigE AEEE g9AFEgsted 2o b pelletg

sample loading buffer [ImM EDTA, 250mM Tris-Cl (pH6.8), 4% SDS, 2%
~mercaptoethanol, 0.2% bromaopheny! blue, 50% Glycerollell =<l 100T ol A
b sl s HEeAd WAAAY 43 sampled 4-20%  gradient

SDS-PAGE gels o] £3to] #7953 geld Coomassie brilliant blue® &

ol
4

Asto] peiZe] wae zabalgrh waE v ol solubled HEjNAE 2

it

otk 7] #sted 40mie] LBON (LB without NaCl} medium® 4mé2] overnight

culture® T &332 25T A 287 wjekst 3 3M NaCle #7lale 2w 7)

03ME =% etolet ols Ax & L oA A SAITE o dlleksh & 4000xgo

s

MBelgte AEZESE vk HAHE AEEZ 400x2 lysis buffer

M
o
C

k} 5
(5OmM  NaH-PQO,;, 300mM NaCl, 10mM imidazole, pl18.0)& A HErE =
sonication {50% amplitude, 5% pulse, 3x1.5% sonicaticn)oll &ldld AL Z o

Astaach FhAl € AE S 10,000<gell A 3077 A EeiEt dsoit HdE

Mzt
H—H
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=
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me el LBON w|zjof 20m¢el O/N cultures $Esh 25T A 16417 widdt &
HEE7h 03Me] HEE NaCle d7tatqtt ol & A Es 24 &k o )
ek F 4000xg oM SWETF A FE st MisE 2Eoduh FAE MEE 2mee]
lysis buffer® A& eralar 9felA] A3t Wbl o 2 sonjicationol] 2 &) o &
= 10,000xgell A 30w R4 et A s Ak A 20mio] 28uf
B-mercaptoethanol® 10% Triton X-100 2m¢, t&] % Im¢2 Ni-NTA resin

(Qiagen, USA)S H7FE F 4T M & Al¢h Feb gbg Azt ddo]l A%

O\ﬂ

F Ni-NTA resing mini column®l leadingdtr #5de] % AAHEH &
resin column® 1%% Triton X-1007F d7F<  washing buffer (30mM
NaH POy, 300mM NaCl, 20mM imidazole, pH8.0) w2 23] & =% ¥ Triton
X-1000] £ == o2 washing buffer 5me2 18 A H &%tk Resinoll 23
A e ZHEHoR il elution buffer (30mM NaH:PO,;, 300mM NaCl,

250mM imidazole, pHR.0}2 32| elution %+ 3 Bradford assay kit (Bio-Rad,

USAYE o] &3to] d#at SDS-PAGES o] §3te] #1314

Plaque inhibition assay with recombinant protein

AZFE 140NTF 145CTe] Abd 2 ele olgted PBCV -1l 23 Chlorella

NC64A 2] Tdeta] <R % plaque assay S &35t #Helslsith Chlorella cell 2

o

3000x<gel A 583+ YA esle] ¥ MEE MBBM @Eato] 4x10%cell/
me = FASAT. FHE ME 300p e g0 o PelEl el AS T3
A& rotatord o] &alo] Ao 308 wb2AFG of 7)o oF 200pfugl vhel

ol = 50t s A7EsE - oohA] 308gE b Al71 3L NCE4A] F-F3tA] a2 vhel

‘12,



&g AT flake]l 5000xgo A bR fAFelE A 4R AAS

HAES 300pt2] MBBMO. 2 2 &&at 3mi9 top agar® 4o MBBM plate

‘-1

of plating@t ¥ 25T oA wlgslW A plagues] B4& ZFAbetdoh 238 3

o2 % 7 o g nes Age] abelE vlustut

B’

Antibody A4+

w4 By AFE JA0NTS 145CT @2 2o 3k polyclonal antibody &
Uk £ cdRie] wel whsoldch AAlE Wl 25468 PBS (137TmM
NaCl, 27mM KCl, 8mM Na:HPO,, 1.5mM KMH.PO,, pH74) 2 HaA F3 50
2 423 Freund's complete adjuvant (Sigma) 50ple &3+l HE 5=
BALB/C Hel 13 #=Adch 1£9 o+ w3} Freund's incomplete

adjuvantg 111 H &2 Zadta 179 +d o5 5u4 2, 3, 43 FAE49ch 4

A FAF 179 Fel PBSE 34 sarcoma cell (1x107 celD g B7o] 3413}
125 Fol B FaEskv. FEFE ST 3000xgR 158 it

@ F gsee -0CAA Rasc

Western blot

ALE A7 Yol ghgle Boldom whEdl Al x4 BEosl vt
ol R HE o] Ao ¥tSEE vlolgl A gh Ao QA E sllEly] 98
o] Western blot analysisZ 2A& A0} o4 Bas vle)le] ~ (22«10 i} 1

pes) w5 Feld SMAS SDS-PAGE geld ol &3tel 47195 st} el
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ot AS gransfer buffer (23mM Tris, 192mM Glyeine, 20% methanol)oll
Al 230mAE °F 1AYE 3087 nitrocellulose  (NC)  membrane O %
electrotransferst it NC membrane TTBS [0.8% NaCl, 0.2% KCI, 20mM
Tris-HCl (pH7.4), 0.05% Tween-20]o 5&37F 41 blocking buffer(5% skim,
TTBSH "o 308 £59 F°] blocking 3%tk Blocking %, [40NT&H45CT

protein®] Wt polvelonal antibody (1 30002 23 1A E9F kg

=
o

Al F1TE,
Primary antibody ¥+8 & TTBSZ 5% 33 A1 blocking bufferZ 931 30
#3F blocking 3 % alkaline phosphatase”} ZE% anti-mouse IgG(1: 30,000)

Z a3 1A 7

—

gl v

s

olo

A7tk NC  membrane2 TBSZ 1t BCIP
(h~hromo-4-chloro-3-indolvl phosphate, 0.15mg/mé) 33x42F NBT (p-nitro blue
tetrazolium chloride, 0.3mg/mé) 4387} = 10mé2] alkaline phosphatase buffer

[0.IM Tris-HCl (pH%5), 0.1M NaCl, 5mM MgCL]2 &7 Wam§ do 7]

ne,

o}

Plaque Inhibition assay with antibody

H4ONTeF 145CTo) tHeh Aol wiole] 2~ Abdafelo 2fsh zrdda o %
% plaque assays Falo]l & E vk Chlorella cell & 5000xgol A 537 94
Helsted FEF AL S MBBMel @EFaled 4x107cell/misl A S AT SHA=
50mM Tris-HCl (pH7.8)2 ol 43te I 2500 & 3148tttk 100u9] uto)e) 2~
(1.2410°pfu/m)ob 3|4l ulole] 2 100w 8 Fdated 3 213 Eob Aecld A
4 rotator® o] §5le] HES AT Z 4000xgoll A 4E-7E dA Rt A5 RS

Hatgrh Ay el 50mM Tris-HCH (pHZRe] 10 '~10 7= &4t & s A

,14,



Eoupolel A~ B0pd, 300t NC64A, T 3 mte wp agarg: oA MBBM

plateell plating®d & 25T el A vlestd A plaguee] F4 2 ZASAG L8

bR er Fst & 2 Hegter Helikel o) S H waklch

JT

Protease treatment

A140/1451 0] vl el =9 attachment® zZ&sFAjwt 7] F Ao HEzs}7] A
of = wvlolgl A HEWo wmEFo] AR Far VIFAERe] HEA odle] T O

2 H%¥3i=A1E ghost cell (methanol extraction® NC64A)E protease ¥ &

o] g5l Folalgiv A& 3F proteasets Proteinase K (25mg/mé), Trypsin (10
mg/mé}, Protease E (100mg/mé), 2]l Protease [V {100mg/meé)°] T}, Protease?)
upole] s A Aol djg gk oliiz] flshe] ubelel 3004 (2¢10"pfu/me)
Z 240p62) 50mM Tris-HCI (pH7.3)¢} =3¢k & 90w® 382 o7« 10
w2l protease ¥ 50mM Tris-HCE (pH7.8Y2 % 7Fste] 37TAA 1A 7 591
HE AT 10110 A M a9l Al HEh el ojsled plaque
assay+ skl ke Ayt wleole] 2T 4~20% gradient SDS-PAGE gel
+ o] &3t W7IdEE, HelA Mg while iz Western blotg 2453

t}, Ghostoll vlole]l =& WA b2 A]7]& 4 ot vle]e] 2 3004 (2210 pfu/

e

S 2409 ghost (26x10°cells/mi)e} EFE T 95T 3087 A&

rotators o838t 9HS-AZE ple]] A9t ghost EEME o0 E+E F

|

2k 7ol protease Wit 50mM Tris-HCl (pH78)Y2 A 2lsted plaque assay 3

Fastadch



PBCV-19] 795 NCS4AZHE mRNAY 2

MBBMel| A w23t NCB4A ChlorellaZ 4000xgofl A 5&37F A4 ®-es &
MBBMell A @esta] 2x10°cells®2 2Rtk o] Chlorella cell& 250m¢ =&}
2o 40mi w73 F 45~60% Tt HAe YoM shakingdhH Al e ek
stach Z-2be] flaskd] moi (muliiplicity of infection)”} 571 S =3 vlelg]l A5
HES 919k dol wviddsladvt £ 13, 30, 4o, 60, 90, 120, 180, 240, 360
# Fo] mRNAE #astdivt 499 AEE 4000<gol Al 5&¢ A Zaigh &
AENS AT HAES diquid Nl d 3% BAAI S 80T A A Huks)
At T2 A Zel Aol 03mm glass beads® H7F3t & mortar®} pestle s
ol &5te] vlastir 2ml screw-cap microfuge tubed &7 F 750ul) TRI

reagent (Promega, USAYE H718t5cth 22 Ao 5H G 247 &

e
M
o

15046 2] chloroform2 A 7Féba2 1527F vortexst 3 A A&of 4] 5~
stk TS microfuges ol 83t 4TA 1587 HAdH = A4F
etk AEAEs A twhei 7)1 ATAd H

isopropanol e #7Fala el A 5~10% 3 A A A Microfuge s o] &4t
4T A 1083 dddegetit ZdES 70% cghs S ol&sle] Azlst & 5~

1027 2ol Azsteirh 7125 mRNAL DEPCE Aeld 2740l A4

Northern blot

el FEelgt mRNA  Apg2  60% formaldehydeZ 3FH3F  1X
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HEPES/EDTA hufferi 9= 1.5% agarose gelol 4 100VE 44 7F

okl

A
Fsadn dvldE F ogeld 0.IM NHiAc, 03ug/m¢ ethidium bromide £ <4
of A 30~-4587F HAF 4T FF 42 destainingsdhil UV F9 sl A
RNA bandE 22la9itt. Agarose gelZ2H-E RNAE 20X SSCE ol £35ld
capillary "ol 2lste] nitrecellulose membrane &% transfer$t & UV cross
linkerz °]-§3te A3 Probe A 22 2]8te] pCR T7/CT-TOPO vector
of &% 140NT R & insert= Hind II$} Xba 122  Z2lllol agarose gelol
MoAvldE F sid DNA 27HE gelolAd #Elstde. EE® DNAS
template? Klenow fragment® 32P-dCTPHE o] 43+ random priming H el
2|t probeE A FEFItE Nitrocellulose membrane2 prehybridization 8 oY
(X 55C, 5X Denhardts solution, 20mM Na(FDPO4, pll65, 250pe/mé ss
salmon  DNA, 50% formamide)& ol &sted  65CelA 12370 &<
prehybridization Al 71t} Prehybridization &2 A 23 & o 7)o} 25mee]
hybridization & (5X SSC, 1X Denhardts solution, 20mM Na(H)PO,, pHS.5,
100pg/me ss salmon DNA. 50% Formamide)s 22 & d7telm of 7)o 53831

Bo ¥ A4

ll

WAl probeE H7Fekitl.  Hybridizationol A 65T 3
overnight &%t hybridization A7l & 2X SSC, 0.1% SDSE 1087 13 A2
off Al H 2 65Tl A 103W7F 28] A2 & tha] 0.1X SSC, 0.1% SDSE 427 o

Moo gE A HSE & 80T el X-ray filmoll u-&3F

Al40/145R ™A A%

e

PBCV-1ef 7Hd ¥ NCHIA Al Z2=RE Al40/145R ot 2.8 stelsly] ¢

_17A



gho] A Eol uwpe)el A3 HEE F 0, 15, 30, 45, 60, 90, 120, 180, 230, 360E
Bo (otal proteine FEIUY. FEF oA 30ug/sample®  4-20%

- ol gatel NG ES suTh AAGE F g4

<
o
-
[
=
-t
7
)
7
LU
-
=
o
gyl
il
o,
rlo

Awsh Yo s whE-$ nitrocellulose membrane® s &1 11300028 3
M J40NTel i §t aal& ol &abo] Al40/145R chal @& Zatairth
4 g E npol ) e M el AT40/145R ©H H o] soluble @ fractionel]

EATFEAL dobi] T o4 Feld vloleAZ TN 147 59

-

N o

ke

bl 45

H

RATE AT o

o)

e s F 10,000xgoll A 1027k

rie,

A
=

]

He
u
o

oS

% sampleZ sample loading bufferdl A 2% ¥ 4~20% gradient SDS-PAGE
gel& ol &ato] W7]diEsti 140NTel wHsh shHg ol &abe] 9o Ao} 722

2 o 2 Western blot2 A A skt
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Al140/145R A= 249

PBCV-12] Al40/145R #3372l ORF3= genomic DNAS 5 @eho @ Hg
73121-765110 1 AskE= 330079 «@v)w FAHo gow WA aai
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140F TOPO primer —>
ATGTCATCTGAAGAAACTGCTCGTTCCATAGGTGGTCCGTTTCCCATGAAT

MSSEETARSI GGPFPMN

GCAACTATCAGAGACGTATTCGAAGAATCAAGGTATTCTCCTCTGGATTCT
AT+ RDV FEESRYSPLDS

GCACCACTTCACCTTGCACCAAGTGCCGCAGTTTCCGGGGATCCTAATGTG
AFPLHULAPSAAYVY SGDPNY

AAGATCTGCTTCACAGAAGCGGAATTGGCCACGAAATGCCCTAGCATCCTA
Kt CFTEAELATKTCPS I L

ATCAAGCCTAAACCCAAACCACCGGCGAGCAACGTATGCACTGGATACGAA
Il K P KPKPPASNVYCTGYE

ACCGTGGCCCCTGGTGACGGCTATGAAAAGAATTATGGTGACAATGATGAT
T VvVAPGDGY EKNYGDNZDD

GGTGGGTTCGCACCTATGATTCCTGATAACAAACTCGAACCATACTATTTT
GGFAPMI]I PDNKILEPYYF

GGCAACCCCCCGCAACAAGGT TCTCTTCCGTTGAAAGATAATACAACAACG
GNPPQOQGSLPLKDNTTT

ACTCTCAAAGAAAGTAATCTAACAATCACCCTATTACCTCGCGTTGCTCAA
TLKESNLT I THELLPRVYVAQ

GCAATTTCAAGCATTAAACTAGGAAATGTAGAGT TCCTGAATACACCCGGT
Al S S I KLGNVYEFLNTPRAG

GGAACTATGTTCAGT TCCGCTGCTACAGACGTGCCGAAAGGGACGAGCGAT
G TMFSSAATDVPKGTSD

AAGTTGACTCGTGT TGACGAGGCTGGGAACAAAAACCCGACGAAATCAACG
KL TAHRVDEAGNIEKNPTIKST

AGCAAAGTGATGAAAGTCGCGGCGAATAAAAATAGCGCGTTCACT TCAGTC
S KVMKVY AANIKNSAFTSV

CAAGCATCATACTATCTCCCCCCTGGAAGCGTCCTCGGTGACAAACGCGTG
Q ASY Y LPPGSVYVLGDZ KRBV

GCTCACAAGTCTACTCTCAGTAATACAGTTATATCCAAGAGGATTTCTATT
AHKSTULSNTV I SKRI S I

GCACCTAATAAAGTTGTTAGATACACAACGGGTATATCTATGGAACACCCT
APNKVYVVRYTTGI SMEHP

Figure 3. Nucleotide and deduced amino acid sequences of PBCV-1
A140/145R. The locations of the primers used for the cloning of the

N-terminus and C-terminus were underlined.
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TTCATCAGCTCTCGTATGAACGTTCCGAAATACAGCCTCAAACCTCAATTC
FI'SSRMNYPKYSLKPQF

AAGAAGATTTTGTATTATAAGAGGAGCACGAACTCTTGGGTTACACCGAGG
KK 1T LYY KRSTNSWVY TPT

CAATCAAAAATCCACCTTGGTGCTGACCATCGTGCTTTCATTTTCACTACA
Q SK I HLGADHRAFLIFTT

ACCGACCACAAAGTCGCTATGGGAGT AAGACCTATAGATTTTCCTAAACCT
TOHKVYAMGVRPI DFPKP

AAAAATTTTGGTTCAAAGTTCTATAACTCGT TCGAAACCCATATCACCCGC
KNFGSKFYNSFETHI TR

GGAACAAAAGCAATAAATGTCGCTAGCACTCTCGTGGTGGGAAGACGCGGG
G TKAI NVASTLVYYVGRRSGEG

GGCATGGCATCCAAATTATGGGCACCCTCTGGTACATATTCCGTGACACAA
GMASKLWAPSGTY SV TAQ

GACTACATTTTCGGTACTTTTGCCGAAGTTCAAAAAATACTTAACAACGTG
oYy I FGTFAEVQK I LNNY

<- 140NRTOPO primer
TTTAAAGGCAGTAATGGTGGTAAATGTCCTACTGTCT GCCCCCCGAAAGCA
FKGSNGGKT CPTVZCPPKP

CCATGTGGGACAAAAATAATACCCGGT AAGATAAGAAATGTCGTAAACGCA
PSGTKI I PGK T RNVYVNA

AACAAGTTTGTAGTGACGTATGAGAATAACATCACCAACAGTTATGTTGCG
NKFVVYVTYENNITNSYVA

ACGAGGGTTACGAAGGCTAAGCACGGATTCAAGGCTAACGAACCTGTTAAT
TRVTITKAKHGEFIKANETPVN

GTTACCGTAGATGCACAGACATGGGTAGTGAAAAACGT TACCAAGAGAGGT
vV TV D AQT WY Y KNVYTKRDGEGE

GCTGGTAAACCCACGGTGAAACCCACGGCACCCGTTGGAACCATCATTATE
AG K P TV KPTAPYVYGT I I |

GCAGCGAAGGTGACGGCGGTACCAAATGCCAATAAAGTAAGCCTGCAGTAC
AAKV T AVPNANKYSLQY

ACCAAACCAAACAAGAAACTGACGAAGGTGACT GTTACCAAGACCAAACAC
TXPNKEKLTZKVTITVTEKTKH

GGGATGAAGGTCGGAGAAGCTGTTGACGTCGTTGTACGTAACAAGGATCCG
GHMKVGEAVDYVYVRNKIDP

Figure 3. Continued



TATGCTTTCGTCGCGGTGTACAAGAAGGGTGCTATTAAACCCGCACCCAAA
Y AFV AVY KKGAIT KPAPK

CCTGCCGGTAAACCCACGGCACCCGCTGGAACCATCGTTATAGCCGCGAAG
PAGKPTAPAGT I VI AAK

GTGACGGCGGTGCCAAATACCAACAAAGTAAGCCTTCAGTACACTAAACCG
V TAV PNTNEKYVY S LQYTKTP

AACAAGAAGC TGACGAAGGTGACTGTTACCAAGACCAAACACGGGATGAAG
NKKLTKVYVTVTKTKHGHMHK

GTCGGCGAATGYGITGACGTCGTTGTACGT AACAAGGATCCGTATGCATTC
vV G E X VDV VVYVRNIKDPYATF

GTAGCGGTGTACAAAAAGGGTGCTATTAAACCCGCTCCCAAACCCGCTCCC
VAVY KKGAIT KPAPKPATP

AAACCCGGTCCCAAACCCGCACCAGCAGGAACCATCGTAATCTCCGCGAAA
KPGPKPAPAGTI VI SAK

GTAACTGCCGTTCCGAACGCTAACAAAGTAAGCCTGCAATACACTAAACCG
VTAVPNANKYSLQYTKT®P

AACAAGAAGCTGACGAAGGTGACYGTTRCCAAGACCAAACACGGGATGAAG
N KKLTKVTVXKTKHGMEK

GTCGGYGAAGCTGTTGACGTCGTYGYRCGKAACAAGGATCCTTATCCATTC
VGE AV DV Y XRNEKIDPYATF

GTAGCAGTGTACAAAAAGGGTGCTATTAAACSCGCGCCTAAAMSCGCACCA
V AV Y KKGAIT KXAPKIXATP

AAGCCTACAAATACCATCAAAATTAACGCAAAAGTAACTGCTGTTCCGAAT
KPTNTIKINAKY T AV PN

GCCAACAAGGTAAGCATTCAATACACAAAACCCGACAAAAAGATCGCAAAA
ANKV S I QY TKPDKIKI AK

CTGACAGTCAACAAACCAAAACACGGAATGAAGAAAGGGGAAACTGTGATC
L TVNKFPKHGGMEKI KT GETVI

GTTGTCATACATAAAAAGGCTCCCTATAAATTTGTATCTGTGAACAAAAAG
vV VI HKKAPYKFVYV SV NEKHK

AACGCTCCTAAACCCGCGCCAAAGCCTACAAATACCATCAAAATTAACGCA
NAPKPAPKPTNTI KT NA

AAAGTAACTGCTGT TCCGAACGCCAACAAGGTAAGCATTCAATACACAAAA
K v T AV PNANKVYS I QYTK

GCCGACAAAAAGATCGCAAAACTCACAGTCAACAAACCAAAACACGGAATG
POKK I AKLTVNEKPIKHGHM

Figure 3. Continued



AAGAAAGGAGAAACTGTGATCGTTGTCATACATAAAAAGGCTCCCTATAAA
K KGEeETV I VYV I HKEKAPYK

TTTGTATCCGTGAACAAAAAGAACGCTCCTAAACCCGCACCTAAACCAGGT
F VS VNKKNAPKPAPKPRG

140CFTOPO >
AACAGACCGTCTGCAAATACAAATTGGTCAAAAGTACAATCCGAATACAAT
NRPSANTNWSKVQSEVYN

GCATTGATAAACTCTAAAAAATCACATGCGGTGGCTATAATAACACTCCAA
ALT NS KKSISIHAV AL T TLAQ

AAGAAATGGCAGGATATAGGACCTGCAAATGAAGCAAGACTGAAAAAAGGA
KKWwWaDI 6PANEARTLEKTEKSTEGE

TATAAACCCGGAGGCAAACCTGCACCGAAACCTACAGACACCATCAGAATT
Y KPGGKPAPKPTODT IR

AACACAAAAGTAATGGGAGTACCAAGTGCTGATAAGATTTCTTTGCAATAC
NT KV MGVYPSADKTESLGQY

GTTAAACCTGATAAAAAGATCGCAAAACTCACAGTCAACAAACCAAAACAC
VKPDKEKILDITAKLTVYVNEKPEKH

GGAATGAAGAAAGGGGAAACTGTGATCGTTGTTATACGTAAAAAGGCTCCC
GMKKGETVY I VVIRKZKAP

TATAAATTTGTATCCGTGAACAAAAAGAACGCCCCTAAACCCGCTCCCAAA
Y K F VS VNEKKNAPKPAPK

CCCGCTCCCAAACCTGCACCCAAACCCGCTCCTAAACCCGCTCCTAAACCS
P APKPAPKPAPEKFPAPKTP

GCACCCAAACCTGCACCCAAACCCGCTCCTAAACTTGCTCCTAAACCCGCT
AP KPAPKZPAPIKTLAPIKTPA

CCTAAGCCCGCACCGAAACCCGCACCCAAACCCGCACCCAAACCLGLACCE
P KPAPKPAPKZPAPIKPATP

AAACCCGCACCCAAACCCGCACCCAAACCCGCACCCAAACCCGCACCCAAA
K PAPKPAPKPAPKTPAPK

CCCGCACCCAAACCCGCACCCAAACCCGCACCCAAACCCGCAGCCAAACCE
PAPKPAPKPAPKPAPKTP

GCACCTAAACCCGCACCTAAAAAATAATGAAAGATTCGTAAAATTATAAAA
AP K P AP KK =

AATAAAGCATTTTGTTGTTGTATAATGTCCGTCCCTGTGCAAGAATTCA
<-  140RBTOPO primer

Figure 3. Continued
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2.9kb

2.0kb
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0.5kb -

Figure 4. PCR amplification of the N-terminus and C-terminus of the
PBCV-1 A140/145R gene. Lane M: DNA size maker; 1, C-terminal PCR

product; 2, N-terminal PCR product.
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kDa
179.2

120.0

83.8
65.6

50.1
36.8

27.5
20.5

16.1
6.1

Figure 5. Expression recombinant [40NT protein and 145CT protein
from NaCl induced E. coli cells. Lane M. pre-stained protein size maker;
1, non-induced control; 2, induced control; 3, non-induced 140NT; 4, induced

H4ONT: 3, non-induced 145CT; 8, induced 145CT.



M1 23456178

kDa

179.2

120.0 *

83.8
65.6

50.1
36.8

7.5

20.5

161

Figure 6. Purification recombinant 140NT and 145CT protein expressed
from E. coli. Lane M, pre-stained protein size marker; 1, total cell lysate
from [40NT: 2, first eluate of 140NT; 3, second eluate of 140NT; 4, third
cluate of 140NT; 5, total cell lysate of 142CT; 6, first eluate of 145CT: 7

v

second eluate of 145CT: 8, third eluate of 145CT.
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Figure 7. Western blot analysis of PBCV-1 with antibodies against
recombinant 140NT and 145CT proteins. Purified virus and recombinant
protein was detected with Coomassie brilliant blue staining (A), western blot
with antihody against 140NT (B) and 145CT (C). Lane M, pre-stained
protein size marker; V, purified PBCV-1: N, purified I40NT protein; C,

purified 145CT protein.
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Figure 8. Aggregation of Chlorella NC64A by purified recombinant

140NT protein. Chlorella NC64A cell before (A) and after (B) addition of 1

g/mé of purified 140NT recombinant protein.
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Table 2. Effect of protease treatment on plaque formation

Virus

Virus + Ghost

Dilution

Converted

Enzyme Number of N
Factor Plaques | Plagque Numbers

; Ngr)wt’rrergltmentri 107 643 ) N 64,300 )

Protenase K1 107w 79000
Trvpsin_ 0’ | x 54,000
Protease IV 107 547 54,700
' Protease E 107 58 58,700
No treatment 107 30 8,000
W Protenase K“ 10}; | 103 7 1,030
Trypsin " 107 50 5007
Protcase IV 0" 34.3 34.3
 Protease E 10" 433 433

al. These numbher was obtained by multiplying the plaque number and

reciprocal of the dilution factor.
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Figure 9. Northern blot analysis of A140/145R transcript from PBCV-1
infected Chlorella NC64A cells. Lane M. RNA size maker, rest of lanes

indicate time after virus inoculation in minute.
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kDa ‘

179.2
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LR R 2R 2

27.5

Figure 10. Western blot analysis of A140/145R transcript from
PBCV -1 infected Chlorella NC64A cells. Lane M, pre-stained protein size
maker: Host, total protein  from non-infected NCB4A; Virus, purified
PBCV-1; rest of lancs indicate time after virus inoculation in minute.

Western blot was performed with antibody against 140NT protein.
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