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nj A Z2F @ 24% promoter?] ¥
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Chlorella viruses are large icosahedral, plaque-forming, dsDNA viruses that belong
to the Phycodnaviridae family. The genomic DNA of over 300kb contains many useful
genes and promoters. The genomic DNA of chlorella virus strain SS-2 that has been
isolated in Korea was partially analyzed to isolate strong promoters which can be used
in chlorella transformation system. The genome of SS-2 was estimated to be 340kbp,
and over 300kbp nucleotide sequence was analyzed except for about 20kbp from each
end of the linear DNA genome. Among the 372 open reading frames identified from
PBCV-1, the prototype of chlorella virus, 331 were identified from SS-2, which
suggest that SS-2 is very similar to PBCV-1. Based on the analyzed sequence, five
putative early gene promoter regions were cloned from the open reading frames A67R,
A312L, A342L A548L. and A158L that encode the procyclin precursor, aspartyl-tRNA
synthetase, regulatory protein, helicase and an unknown protein, respectively. Sequence
analysis of these promoter regions indicated the presence of many cis-acting elements
for transcription factors including TATA box, CAAT box, GAGA box and CCAAT.
Chlorella transformation vectors containing the green fluorescence protein (GFP) gene
fused to these promoters were constructed and introduced in chlorella protoplasts.
Compared to GFP intensity from chlorella cells transformed with CaMV 355-GFP
fusion (100%), cells transformed with the A67TR, A158L, A312L, A342L and AB548L
promoter—-GFP fusion construct showed 131.5%, 135.19%, 116.79%, 110.29%, 105.18%

intensity, respectively.
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FzAE AFAF 2 FAdAA zr)Holm oA dE o] &Hol gtoH
qUuA ez AgFe] g ojtsigravt dew d7] W AHsA wF
o] 7tgstrt. FRAets YL S o] &M WA dypRE uidEd £ e
o, AgEErE wep 259 Wol A7d wep &Fo 2~9W7tA] It
(Serokin and Krauss, 1958). 3 A Eo n|sle] ttdd HE 2 o] Foz I
Agol7] W Axy dAFdS dHINIYS o o5 &Rt &0,
Zrdetes JAYEo7] wFd FHS 77l 989  post-translational
modifications "L Z v E3st dwlzo] ikl HAaith o) g EAHL

B ogula 938 9% bioreactor® FER AT AR Tt5AS AFelH, AA
2 FAEETELR0] FAHAsE FRAGAM YETAH A4S 73 FuE
F¥l el ok (Kim et al, 2002).

YAARE MAEFE olgstel AZYF TUAL AAST] QAL @

847 ndEHopst=d, 2 Fol surt AR Gl Aol uiEAgle Hga s
7#38% Z2REoY Kim 5 (2002)8 dA7olMes ZZXEE Cauliflower
mosaic virus (CaMV)2] 35S Z2ZREJ} o] &5 ort o] Z2RE 9 HY 53

ol M A3 o] g2 A Ak B AFNME CaMV 35S TEREHE o
A+ AdE ML ZEZRHEHE 7] Y8t TudAM ZelE 229 violy
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Etten et al, 2002). °l%o] @ s+ Iml 9 10710° 7o) wholelx 447}
At AR vlol# A9 AS ChrysochromulingE ¥ 2% o2 ZHZE A+
S AEATE Aoz LA WA oF upole]zd thE Ao B =g 7]
gola gledl, weleixe] 715 Koldg ojfstd AxE HAsts A7t
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WEY AZRF vlojg 22 AN FAsE Aoz 4#3 Chlorella
Fol 7)A&+E=  Paramecium bursaria chlorella virus type 1(PBCV-1)o]t}.
PBCV-1<& Phycodnaviridae familyel Chlorovirus genusol| 43} uviolg{az
330,744702] A71%4= FAEOl de olFude] DNA genomedl °F 70074 €]

SRR

R

o

ORFs & X #sta glom, olF of 375747t 24 @9 2ds U=s
o2 253 Yk, PBCV-19d % EsV$ FIRRV %9 genome #20] HZ
o o] & o] A HDelaroque et al, 2003; 2001). =& nvlo]#] 22 genomed] &3 3}
g0l e ZtE F8& F4A Lo olE FHA LH HAdses TEZREHELR
FE% Aoz AAAY HAz Fhe wielziz PBCV-19]  adenine
methyltransferase 3 =2}2]  upstream HE& A E3 g goloN  H3
promoter 7]15& e ZAoZ A tHMitra et al, 1994).

Fzdel glojax SS-2& FH ALY EEZEEH EE@ wpojEiigA,
phycodnaviridae familyol 4 3}+ icosahedral, plaque ¥4, dsDNA dHlojglzx =2
genome 27| 300kbol o2 FZEJY (Cho et al, 2002).

E AFdAe 28 4d Al2gs AAaNEd F e /83 ZEREE
gl sl7] 9t Tl Eelg F2d2 vlo]lg 29 SS-29] genome?] A A

@714 del BALe AEstgon, 715 seldz wMa glo] 715 DNA

rr

dependent RNA polymeraseo] &3l 2= 7] &3 {F AR (early gene)

570¢] = sled ol ZZ T E 9 green fluorescence gene
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(GFP)& d43% F 3dAAsy ZFzdets o]f3ld ol ZZHHO 4&
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B Ao o] &% ZAe} ulolg A SS-2& 19990 FEAAbe g shA el
A Eeg Aol wpolgize FR e} nlolglxe] FA UdWtHow o] &H e
chlorella-like green algae NCG64AE o] £3to] FE3rt. NC64A+ modified
Bold's basal medium (MBBM)ol| A w43t tH(Van Etten et al., 1983). 100ml
o] Zzda NC64A°] moi 0.01~0.0019 slelel2rt HEFHYLH, 150rpme]
wRkl Eg do) 9= AejolM HA3] lysisE w7bAl wi s RAT (Cho et

al., 2002).

Hpol 2= A

Lysatex Sorvall GS-3 rotor2 4TdA 5&3F 5000 rpmolA 44 #2184
th. A5 ol Triton-X1008 HEF=7F 01%7F = A A7EsaL, 4T A 2083
wEksbgd ). vlolgl 2~ A= Sorvall T-880 rotoroll A 6087F 20,000rpmol A €
A ##38te] pellete 2 wHEUTE Pelletg 50mM Tris-HCl, pH7.8°1 A @AEA
7] 31, 10-40% discontinuous sucrose gradient (20,000 rpm, 20 min, 4C)& &3l
A4 BEstdor. vlolgl2 bandE 30-40% interfaceo| Al &l + AU,
T-880 rotor 27,000 rpmoll A 3A17HE¢t YAl #e F pellete2 2t} Pellet&
50 mM Tris-HCI, pH 7.8 oA A @E3stAdt



Bl o] #] ~ genomic DNA ¥3]

Falg vlo] ¥ 2(400u)E 10X TEN (100 mM Tris-HCl, pH 7.4, 10 mM
EDTA, | M NaCl) buffer (60x8), 1% Na-sarcosyl (60ut), 60% (w/w) CsCl
(0.6m) 183 w#Fe] EtBrol]l EFstAch 75CAA 1583 7143 Foll, A
& Fulg 40-60%(w/w) CsCl gradientoll A loading 3} 3, Sorvall TH-641
rotor2 25C, 35000 rpmolA 18AI7HE<t AR sFtHVan Etten et al,
1981). DNA bandE Xo}A butanol %% F3 EtBr& AlAdI oM oet&=2
DNAE AN T AxA7]2 1X TE buffer (10 mM Tris-HCI, pH 80,
ImM EDTA)E A #etA 7ok A dgg wlolg{x genome DNA+E pulsed

filed gel electrophoresis (PFGE)E %3l Z7|E #& At

ulo]#] 2 genomic DNA 9 47144 4

vlol 2]l A genomic DNA library A2 2 fG7|AE EALE (F)uta2Adl o=
sty sttt 5 Ee ¥ genomic DNAE nebulizationo] 23t} @33} A
7o klenow enzymex & & Ea|A 2+S blunt 3 2 dephospholyzation 2]
Atk 47195 S sle d3te= A2 dHsd 9GS elutiondt A blunt end
DNA £2y e pCR blunt-TOPOE o] &3td Wl S F24Y3to librarygE
A Zstger. AAE libraryd target insert?] F7IAE S #1357 HEd HE
¢} universal primer®} ABI PRISM™ BigDyeTM Terminator Cycle Sequencing
KitsZ o] &3l PCR(M]J Research A}2] PTC-225)% ¥, ethanols ©]-&3tef gt
Lo It & INTPo #e¢&58 B dden, AAE PCR products
32} 2820 thA] =0 automatic sequencer(ABI PRISM® 3730XL Analyzer)

g olgsted 7t F insertd Y7IANEEMS AT



PCROl 23 gap 4714 F 9

Genomic DNAY 49714 <¥E B4 % PBCV-12] genomic DNA2| 474 d3}
Hli2ske] homology 7t 1% A ¢4& F¥2 PCRE 33t Aol g9 ¢
7IME ¥4 sttt Aoz 7ML A4S PCRE Slsted A=
% primerd @474 ¥9& Table 19 AAlstGon, A7]7F & 2,356A gaps 475
Aol product® TE7] sl F o FAAHA primerE A 23 THTable 2).
PCR ¥H-& 2 5pb2 10X buffer (100 mM Tris.Cl, pH 8.3, 500 mM KCl, 15 mM
MgClL), 25 mM dNTP, 4442 Taq DNA polymerase(5u/ul), 2] il 100pmol2]
forward primer®} reverse primer® o|&3le FTE3dHrt PCR #¥HE =7 9
5T A 5%7F predenaturation, == % 95ColA 1¥37t denaturation, Z7te
primere] @& Tmgk 2%dA 1E7F annealing, 123 72TCoA 187
extensionz} AL 35 cycled] A 33 72T A 727 postextension 3
t}. PCR A2 1.0% agarose gelsollA A7]|9% 3% & UV irradiationste] 291
sttt

Zz49e vlolg] 2~ %7] 438 A=A promoters 2 PCR 5%

rﬂL

PBCV-19] 7] %d #FAA &4 F, 24} vlojs S5-29 x7] #3
FAAe] AVINEES 7122 3t A AT primerg 2 F2Ae} wol# A SS-2
o %27] ¥&8 HHx2 promoter & PCRetH FTE3AT A7 AR
primerg< Table. 3 Yetyde. 7] &8 {2 promoterg2 5,9 10X
buffer (100 mM Tris.Cl, pH 8.3, 500 mM KCI, 15 mM MgCls), 25 mM dNTP,
4ueel Taq DNA polymerase(5u/pl), 28]3 100pmole] forward primer%}
reverse primerE ©|&3te FE34ct PCR wg 27L& 9BToA 523
predenaturation, I & 95T°|A 7t denaturation, 595TColA 187
annealing, 283 72°ColA 123} extension @At ol #A-E 35 cycled]l ZHA
&3t 72CAA TEZ postextension dQTh PCR A& S 1.2% agarose
gelsoll A1 241 31] o



Table 1. Primers used PCR amplification of the small regions showing

sequence difference between PBCV-1 and S55-2

Regions Primers

1H(31008 | F : CTT CAG CAT TCA AGG GTG AAC

~ 35873) | R : GGT TGC TTT GAT ATT TGA GAT AC
2H (118093 F : GAG GAA TTT TGA AAA CTT CAT CGC
~ 123687)| R : TGG AAA ACA ATG CAA GTA CTA CCC
3¥ (153157 F : GGT ACG ATA CTA CGA CTT GTA GA
~ 155834) | R : GAA TTG TGC CGA TGT AAG TAT CG
4¥M (175826 F : CAT CCA CAT CAG GAG ACT CGT A
~176706) | R : ACT TTT AGC ACC GCG CAT CGT GT
5¥M (229997 F : TCA AGA TCG TTT TCG AAG CTC
~ 235330) | R : GTT CGT CAA AGG CAT TAA CGA C
6H(262113| F : CTT CAT GGC TGC TTT GTA TTT CTG
~266424) | R : CCT TGT AAG TGT GTT TAG TGA TG
7H(281346] F : GGG AGG AAC ATT GTT TTT CCT G
~ 282689)| R : CTG TGA TAT AGA AGA AGT AGC CG




Table 2. Primers used PCR amplification of the larger regions showing

sequence difference between PBCV-1 and SS-2

Gap ¥ & Primers
1-1 F : CTT CAG CAT TCA AGG GTG AAC
R : CGT GAA AAT GTT GAA CAA GCT TG
1-92 F : CAC GCA GCA AAT TAA AAC ATT TCA G
R : GCT GTA GAA GAA TTT CTT GAG GCA A
1-3 | F . ATA CCG TTT CTT CAG TTT CCA CTC
R : TCT TCC GTT TCA TAT AGA TGG
1-4 F : GGG TAG AAT GTC ATG ATT TTC CC
R : GAG CGA AGA TAG TCT TAG TAA GAG
o-1 F : GAG GAA TTT TGA AAA CTT CAT CGC
R : CGG TGC ATA ATA ATG ATA CGT C
9-9 F : ACT CCT ACT ATT GTA CCA GGT G
R : AGC ATA CAT GTC AAT TGG CTT ACC
9_3 F . TGC ACC TGA AAT TGT TCA TGG AT
R : TCT AGA TTG GAC GGT GCA TCA
o_4 F . TGC CCA CTC GAG ATT CTT ATA ATG
~ 27% IR : CIT TAG MG TIT TGC GIT CCT TIG C
se | B i ACG ATG AAG GGT GGA AAG TGT
R : TGG AAA ACA ATG CAA GTA CTA CCC
5-1 F . TCA AGA TCG TTT TCG AAG CTC
R : CTA CTC TGT ACA GAT GGT AGA TTC
5-9 F : ATC TCC TGG TTT ATC ACC AGT TG
| R : CAG GIT GTA TTA TTT CCA GAG GG
5-3 F : TTT GTG ATC AAA GCT CTG ACG AC
B R : CAT TTG TAT TTG CTA CCA TAG CGC -
5-4 F : CGA CAT TAT CCT TGT AAA TAA GCG C
R . GGC CAT GTT GTA TAC CAT TAT C
5-5 F : ACC TTC TCG TTT GTT CGA CA
, R : GIT CGT CAA AGG CAT TAA CGA C
6-1 F : CTT CAT GGC TGC TTT GTA TTT CTG
R : TGA ACG ATG ATA GTC TCT GTG TG
6-2 F : TCT AAT TCG GCA GAC AAC GTC
R : GGA ACC AAC TTG ACC ACA AAA AG
6-3 F : GTT CCT TAT CAA TGA AGT CAG G
"0 | R : GIT TCT TGC AGC GAT GAG TTC
6-4 F : AGT GAC GAC GCT GTT CAC AAA
R : CCT TGT AAG TGT GTT TAG TGA TG




Table 3. Oligonucleotide primers used for the PCR amplification of the early

gene promoters from SS-2

ORF | F/R Primer Enzyme

Forward | COC AAG CIT GTC CTT GAA GAA 1T Hindll
A67R IReverse | GCG GAT CCT GTT GGT TGC TTT BamH |
gL LFoward | ATA AAG CTT CGC GGT TGA CTT TG Hind I

Reverse | GCG CGG ATC CTA TAG ATA TTT ATA AT |BamH |

Forward| CCC AAG CTT GTA GAA TTA GAG AAC GTT | Hindlil

AB12L I cVerse | CGC GGA TCC AGT AAA TAT GTT CTT T |BamH |

Forward| GCC CAA GCT TCA TTT ACA AAC TAT G Hind Il

___A342L Reverse| CCG CGG ATC CTT CTA TAC TAT TTG TAT |BamH |
A548L Forward| ATA AAG CTT TTG CCC CGC GAT C Hind Il
Reverse| GCG GAT CCG ATT TTG GTA TGT BamH |




PCR A EEL 971448 8292 938 agarose geldld Power gel elution kit
(Takara)S E3) elutionstth. Ligated DNAY E. coli XL1-Blue straino] &2

48 & X-gal, isopropylthio-B-D-galactoside(IPTG)7F & sl Ao A 3t

’

AN

ot @Ml colony:E ampicillin(100gg/mé)el X 3E LB brothol HEF3HAa,
plasmid DNA+ alkaline lysis ¥¥& %3 &34t AAl¥ DNAT EcoR I
o2 ZAetA 19 agarose geldlA A7|dF5 oz A3t}

Q3= insert® 7FA ¥ plasmidE-& plasmid purification kit (Bioneer, Korea)
2 AAsAg. F89 A71AES gdst7] 918 sequencing PCRE HAIE

t}. Sequencing reaction mixture (promoter : 1000ng template DNA, promoter

il

& 4 pmol ¢ T3 primer £+ T7 primer, 27] ¥&d #FHA promoters&

tio

918 T7 primer ¢ spb primer, 2uf°/terminator ready reaction mix)& FH|

3+ & Eppendorf Mastercycler 9600 (Germany)o® 96TColA 103t

denaturation, 50°CoA 7%t annealing 18] 60TColA 4%3F extension?

P
e

PCR %2348 25cycle® et 233} Sequencing MEELS = A
7 template suppressing reagent(Perkin Elmer) 2509 =%t} DNAT 98Tl
A 287 denaturation® QgoA 2% = ABI PRISM'™ 310 47

3
(Perkin Elmer)2 #2183 th

224° 3448 9y

oft

AA3 AE pMinGFPE fGH (Kim et al., 2002)2] 2d& 93 AE 34
Ag WY pCTVE HEAA BEJr) o] WE = E coli 9 Agrobacterium
tholl A B 4 Q¥ ori V, kanamycin AZA o} 3 npt I FAA, 24
support® 918 trf A, integration® $13 T-DNA¢2} right and left border, 2]
31 phleomycing o] &3t WA 483 943 Sh ble FAAE 2t U

Sh ble & AAE Chlamydomonas®l RBCS2 promoter?] #lo] shell At}
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HE 73 A AAES A% =

gHddg @ F2AYdA GFP fFdAe] w@Eo®  24zte]  promoters
(procyclin  precursor A aspartyl-tRNA synthase %=}, regulatory
protein A A}, helicase FAzF, d# A x] & R Ao {2 promoter)2l
g vusty] g 47 o2 2d W E HEUY. pMinGFP (Kim et al,
2002)(Fig. 1)¢] GFP $ 4 A& pCTVdl EA3l: fGH FHAF thAst7] ¢ 3)
BamHI # Xhol 2.8 #Ze}A pCTVel ligationdtdth. 8]l pCTVel A 9]
CaMV 35S promoterg& th#3}7] a4 T-easy HE F2JE promoters &
HindIlI ¢ BamHIS. 2 A& 3 pCTVel ligationdtd thH(Fig. 2).
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Sot &7

Xhai 2600

pminGFPbIe
7600 vp

BamH:Abai 4312

Hinditi £05¢

Figure 1. pMinGFP vector used for chlorella transformation
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Hind 1

Early gene promoters

Procyclin precursor
Aspartyl-tRNA synthetase

<pMinGFP>

Regulatory protein
Helicase

Unknown protein

Figure 2. Vectors for chlorella transformation. The early gene promoters are

transcriptional fused to the green fluorescence gene
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SeAz} #4579 A

Chlorella vulgaris®t Chlorella ellipsoidear= 73 thetw 2] 3t =/F23Po
ZHE B etH(Strain No. KMCC FC-001 and KMCC C-20). 22d¢&&
wukgle]l chloramphenicol¥ streptomycin®] ZHzZb 50ug/m 2 E°ide /2 wiA
(Guillard and Ryther, 1962)ol A v kst et % &l 1x10° cellsy/mME =2 224

g HEsHoH, Wl or)e] F717F 1860 H& 25TelA 3000 lux9l
&4 Fstoll A wj st

Protoplast & H|

22U HE ¥ BE 8~9Y F, 1~2x10° cells/mio] B& o Ao o
g3t wigd FzAds 50my 3,000xgodl A 58 A2 MY =
Aot 25mM phosphate buffer (pH 6.0)2 washingdt %, 0.6M sorbitol, 0.6M
mannitol, 4%(w/v) cellulase (Calbiochem), 2%(w/v) macerase (Calbiochem),
1% (w/v) pectinase (Sigma)7} £°]3+& buffer Smeoll HEFAIZG. E=24d:e &
Ehe oF F7olA 7iuE wwkat A 25TCelA 1641 Fot sk

Fxav 2A9

Protoplast¥ 400xgollA  5&37F YA & AF5AS AAGFAT
Protoplast¥ 0.6M sorbitol/mannitolol ¥3 ® 5Smée] f/2v] A2 R = A FEA
2 vg 400xgolM S5RZ YAEYE dte]l washingdt ATt PelletS  1mé o]
0.05M CaCl:7} ]9 % 0.6M sorbitol/mannitol solution$ A}-&3te] &EA T

0.4me(10'~10" cells)2] protoplast® A YAE# FrE 713 5ugel vector

_.14_



DNA® DNA $9Hal(Sigma)e]l 25ug calf thymusE 713 o, A2 A 158
ok o 2002 PNCO.8M NaCl, 0.06M CaCl2, 40% PEG 4000 (Sigma))E
HA7rata A3 HolFEdcoh A2diA 308 uld Fo 0.6M sorbitol/mannitol, 1%

veast extract, 1% glucose® X33t 06mee /2 wixlE #Hrbstdcl a8l €2
Al 25CoA 1243 Bk o5& ZHE wgsdct dAHE & 242

Z 1pg/me) phleomycing Z3Hs A /2w &0 &7AA 25C B¢k 471 F7]
7} 18:60] ==& 3000 lux &35 3olA L3 AoHFig. 3).

FAAFA A8 2 GFP FAA9 43 #F

HAAFAE 1w/ml 9 phleomycing E &3 /2 vix|o] KAHA 25C 7|
ol ¢t71el F 717k 1860 HEZ 3000 lux FFS3olA widsldt. 839 F9t
v 3 HAAIRAE Adsgen MiwEl ygAAZN F=deke]  green

fluorescence protein(GFP) 232 #ZF3Av|H S Filo #&A3IT.
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107-108 protoplasts in 0.4ml 0.6M sorbitol/mannitol with 0.05M CaCl,

¢

Add 4ug vector DNA, 25ug carrier DNA

|

15 min incubation at room temperature

¢

Add 200ul PNC buffer
(0.8M NaCl, 0.05M CaCl, 40% PEG4000)

|

30 min incubation at room temperature

|

regeneration medium
(0.6M Sorbitol/mannitol, 1% Yeast extract, 1% glucose)

|

12hrs incubation (257, dark)

|

Transfer in /2 Medium

Figure 3. Procedures for chlorella transformation
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SS-2 genome DNA =Z7|9] 3

1 liter®] Z2de} vt S lysis AlA vlo]HAE dFoZ Aoy, o2k
B °F Imgel w®lolzix~ DNAE xHT F QdAu. PFG WHE F3f SS-2
genome DNA =718 A% A3} SS-2 upojg) =+ 3395kb 2 genome & 7}

12 Ag @A 5 AN Fig. 4).

N
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NEB Low Lambda Ladder

range PFG PFG Marker
Sample name treatment size Wi -
Pl Tl
NEB 1kb ladder 9re -
&5
NEB Low range PFG ’
mark 2L~
G2~
NEB Lambda Ladder .85 =
PFG Marker P
sSs-2 uncut 339.5kb
Ss-2 fNot1 o
s$8-2 I Xho -

Figure 4. Size estimation of SS-2 genome using pulsed field gel

electrophoresis.



SS-2 genomic DNA2] g71A4 4 4

Nebulizationg %3l 2725kb #7112 ©3stEl DNAE FHHs o, o
DNAZE geldlAd 2238t genomic DNA libraryE A 2tol o] &3] th(Fig. 6).
Library 2 %€ °F 12000709l €8 #FHE&FHow, 2 F 100749 insert size:
Mg Axn, He 1571kbe insert® X #stn ALS FAstA (Fig. 7). 2
2o driMEE BAG ¥, 2 379 270 R Axdsd FE €2 20kbp

ALt ok 310kbe] F7IMEES FRIFI(Fig. 8), A€ ¥7<9 ORFE
A Azt oF 373719) ORFE 0% + AU A48 F71MEd dato
BLASTE ©)&3ld #A fHaE AN 23 diige] g2 2= voy
29l PBCV-19] #Azte} {AgE oz ST SS-29 33179
ORF(79.77%)&< PBCV-19] ORF&E3 A5A4E& Yehgdon, 427Y
ORF(20.23%)E < PBCV-1 ORFE 3 ¢ A38t#] e dtH(Fig. 9).

iy Hu:

it
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Figure 6. Size fractionation of nebulized genomic DNA for library
construction. DNA fragments of 2-2.5kb were used. lane 1, lkb
DNA plus ladder; lane 2, 1.5-2kb inserts; lane 3, 2-2.5kb inserts;

lane 4, 2-3kb inserts.
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Figure 7. Size determination of the inserts from genomic DNA library by
PCR amplification. The inserts were amplified with T3 and T7

promoter primers.
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© o 4 A0 o % o
* & K
f_‘:g) \QQ \QSQ ,5\4) N ‘L ) @/\ %\{5
FX & Yo o T WY &
| | M 1 | x | |
1 2 3 4 S 6 7

Figure 8. The members below the live indicates regions with no homology to

corresponding regions of PBCV-1 genome.
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Figure 9. Comparison of the ORS of SS5-2 and PBCV-1
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PCRS 3 971448 2

77Hel gap FolA 37k el PCR® &t a, A 470 717 #AA
PCR#} sequencing®] ol&& Aoz Aztsof 47570

PCR 3ttt 2 A3+ Fig. 103 2o PCR 2z o35 27|19 PCR AH&0)
g so] o] REo griMde] FEI AYS ¥ F AU ORFel| rhste
blast 48 ¥3te] &€ #4F FHAE Table 40 LoFstAT.

o] primer set2 A1}
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i} «—— 2.7kbp
# +— 1.4kbp
¢ «— 0.9kbp

<+ — o ¢ T A I
' [ LI ’ol [N
- -~ LS IS S

Figure 10. PCR amplification of regions with no sequence homology between

PBCV-1 and SS-2. The numbers degigate the gaps shown in Fig, 7
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Table 4. Summary of proteins encoded by the SS-2 genome

Biochemical Pathways

Protein Synthesis,
Modification and
Degradation

Nucleotide Metabolism

Lipid Manipulation
Signaling

Nerve Synapse-like
Proteins

Glycosyltransferase
. Sugar Manipulations

Cell Wall Degrading
! Enzymes

DNA Replication,
Recombination &
Repair

Miscellaneous

Transcription

Proteins Encoded

Translation elongation factor-3, Prolyl 4-hydroxylase a-subunit, Thiol
oxidoreductase, Protein disulfide isomerase, Ubiquitin C-terminal hydrolase.
Ubiquitination of cell cycle protein, Zn metallopeptidase,

Aspartate  transcarbamylase,  Ribonucleotide  reductase,  Thioredoxin,
Glutaredoxin, dUTP pyrophosphatase, dCMP deaminase, dG/dA kinase,
Nucleotide triphophatase, cytidine deaminase, Thymidylate synthase
complement, ATPase

Glycerophosphoryl diesterase, 2-hydroxyacid dehydrogenase,
Lysophospholipase, N-acetyltransferase

Ser/Thr protein kinase, Tyr protein kinase, Tyr phosphatase, K-+channel
protein. Ligand-gated channel

Potassium ion channel, NMDA glutamate receptor channel, AMPA
glutamate receptor channel, Ornithine decarboxylase, Homospermidine
synthase, Histidine decarboxylase, Tyrosine phosphatase

Glycosyltransferase, Fucosyltransferase, Glucosyltransferase

iHyaluronan synthase, Glucosamine synthase, UDP-glucose dehydrogenase,
GDP-mannose dehydratase, Fucose synthase

B-1.3 glucanase. Chitinase, Alginate lyase, Endochitinase, Chitosanase

& DNA polymerase, ATP dependent DNA ligase, DNA topoisomerase |1,
PCNA. Replication factor C. Rnase H, Superfamily I helicase, DNA
binding protein, Exonuclease, Pyrimidine dimer-specific glycosylase

Omnithine decarboxylase, Homospermidine synthase, Monomine oxidase,
O-alanine  synthase, Fibronectin binding protein, CwZn superoxidase
dismutase, Amidase, BCS! protein, Histidine decarboxylase ‘

1Transcrip1i0n factor TF || B, Transcription factor TF II S, Transcription factor
TF D, VLTF2-type transcription factor, RNA guanylyltransferase, RNA
triphosphatase, Superfamily |1 helicase, SWI/SNF helicase, Skil helicase,
RNase 111 i
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Zzdd npola]~ 7] HdA FAA promoters e PCR 5%

271 48 § 213 procyclin precursor, aspartyl-tRNA synthetase, regulatory
protein, helicase, unknown protein 3%kl promoter2 ¢4 == F&° PCR
FZ3 98 F=zAe vlolalx SS-28 FFISIA. F29e viojda §5-2
o] 7] B8 §d2 471 E S EURE o, SS-2 27 #d FAAe] ATG
codonoll Al ¢ 420bp o} A& PCR %3 $1Ax2 R i, forward®} reverse primer

59 AFs PCR 3FIthFig. 11). PCR AH2 59 227]& dief 400bp AEE
Zh7to] W] &ALt
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A00bp —»

Figure 11. PCR amplification of early gene promoters from SS-2. M: 100bp
DNA marker (bioneer) ; 1: Procyclin precusor gene promoter ; 2
Aspartyl-tRNA synthetase gene promoter ; 3! Regulatory protein
gene promoter ; 4. Helicase gene promoter ; 5! Unknown protein

gene promoter.
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gA Ao z=71 #&@ §AA promoters e F 243} sequencing

7] 28 HF¥2 promoterE> F2 A} vlole{ s SS-200A4 FEF Ao

we| ZEAZT EeE PCR 4HEE pGEM T-Easy WHE 2298, 1
Aol A7|Ee et A rhFig. 12). 7] 28 #AA promoterg9 F7IM<E

A71MEF Ao dARTE AS & F AU
"TATA-box" ¥ 5 -ATGACAA-3'9} 5 -TATAAAT-3'%) F71¢| sequence

elements7} Z7] @d FHAAAN FEAH o2 LA

Hr
1%
iih3
5
w
¢
[\]
o

Zz297 PAAG IHE o)]f3 F=d} JAAH
T-easy WE 9] %7} @& § A2 promoterES Hindlll¢} BamHIS 2 ZHgti,

CaMV 35S promoter® thalat7l ¢lsf Hindlll, BamHIZ #& pCTVe] 24
3t tH(Fig. 13).

_29_



ABTR

TGGGCGTACATCGGAGGTAACCAGCCCGAACACGAATGGAATGTATTTTGCAAAGCAATGGGATATACAGGTGCCGTAAAAACTTTTAACGGTGGGCTAT 100
CTCTCAGACGTCGTGATGCTATGCTCAGAGTCCTTGAAGAATTTCCACCAAGTATCACTCAATTTAATAGCACCGTCCACACCGAGATGCCCGAAGATGC 200
ATATTTTGTATTTGGATGTATTAAACTTGGTCTTAACATAGGGGAAAACGATCCTGCTGCAAGATACTTTTGTGTTCACAATGACTATACGAGTTTCGAA oo
TATGATTTCGTAGCAGCGCACAAACCATTTCGAGAGATTCCCATGGCTAGAGAATATTTTTTCCACCTATACCCAATGGCAAGGCAGAACAGATACCTAT 100
AATGTCATTTTACCAAGGTAGAATGTCATTTTACCAAGGTAGATGACAAATGACAAATGACATTTCTTTAGTATAAATAAGGTGTTTTGATAATTGAATG 50
TATCTCAAATATCAAAGCAACCAACAATG

AlSRL

GTCTCAGTCTTGACCGTCTCAGTCTTCACCGTCTCAGTCTTAATGTATTTTTTAAAACCCGCGGT TGACTT TGGTGCAGGGGCGT TCAAGACGACAGCGC 100
GGGTCTTGGCATTATCGATCGCCTCGAAAGACGCCTTCATCTTGGCAATGCTTGCCTCCATCTTGGCCTTGT TGGCAGCGATAGTAGCGACGTTGGTGTT 200
CATTATGGCTTTGGGAT TTGTTTGCTTTGGGGTTTGGT TGCTTTGAAAATGGTAAAGAATATCAGTTTTCAATGAAGTCATATACACTTCTTTGAAATGA oo
CAATACTGGGTCAAATGACACAAAAATGACACAAAAATGACACAAAAATGACACAAAAATGACACAAAAATGACACAAAAATGACACAAAATGACATTTT 100
AATAGACATAAAAGGAGCGTCTTGGTCACACCTAACATCAAATTATAAATATCTATAATG

A312L.

ATAAATATTGTGATTTCTCATACACTATAAAACATTTCGTATCGACAAAAAATAATTTGGTAGTGTATAGATGAATAGAGTAGAAT TAGAGAACGTTTTG 100
AGACCTGTTTTATATAACTTCGGTGTGGTAGGAAAACGAGGTCCAGTACCCGGT TGGGTATTGCCGGCGACGATAGCATCCGTGGTTTTGTTGGTTCTTA 200
TATTGATTACCTTGATCAAAATT TACGAGAGTATCACCACTGGAAAGTGCATGATGTGTGGGACAATACATAAAAATGACAAATGACAAATAAATGACAA 00
CCGTCATATCAACAAGAAAAAGCATTTAAGCAAGTGTT TTCACACTAAACTCATCTTCCTCCTTCGGGACTACCATCTGAACAACTACTGAACAAACAAA  son
CAAACAAACAAACAAACGCTCTCCGTAAACAAACCTCAATAACCCTCAAACAAACTCCCAAAGAAAAGAACATATTTACTATG

A3421.

TATAAAGGACAAATGAATAGAATATCCCCCGCCATGGCAGACGGAAGATCATT TACAAACTATGTGTCCAGCGGTCTGGATAACAACTATCTCGAAGGTA 170
AATTCGAAACCCCCGAAGATTCCGAT TACCGACTGCATTCCTCCTAAAGAACGCAAAGGAGG TCGAAAAAACTGGCAACGCTCTCACTGTGTACTACGTA 20
AAACCCCCTGTGATGCCGAGGGTGAAACTGAATGTGACCGGCGATGCCAACGCAAAGATGACTGCCGCTCCTGT TGATTACAACCAGAGAATACTGGACG
ACAGTTACACAGATACTATGACTAAATTCGAAAGGGGGACTCGGTAATCATTTATAAGATTTTTATAGTATTTTCACAGCACATTAATATCATACAAATG '
ACGTGAATGTAAAATTTAATTTATTTTTATATACAAATAGTATAGAAATG

AB48L.

GGGACGTATCGCCGTTTCTACAGGTAT TTCTATTCGCGTTCCAAATGGGACATATGGTCGAATTGCCCCGCGATCAGGCCTCGCTTATAAATATGGTATT 10
GATGTACTTGCCGGTGTGAT TGATGAAGATTATACCGGTGAAGTAAAAGCAATCCT T TACAACACTACAGAACGTGATTATATTATTAAAAAAGGTGACG
GCATCGCTCAGCTTATCTTGGAACAGATTGTTACCCCGGGAGTTGCCGTTGTACTTGATCTT TCTGACACTGCCCGAGGCTCTGGAGGGTTTGGAAGTAC
GGGAATCTGATTATCGTGACCTGTAGAAAGTTTCTTTCAAGAAAGAAATGAGCAAATGACAAATGACAAATGACAATAARTATGTATAATGTATTTTGAT
TTCATTGTTTATTATCTCAAAATACAAACACACAAAGCACAAAGCACAAAGCACATACCAAAATCATG

Figure 12. Nucleotide sequence of early gene promoters isolated from SS-2

genome.
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« Vector

« GFP gene

« promoter

Figure 13. Confirmation of cloned promoter and GFP gene by restriction
enzyme digestion. Purified plasmid DNAs were digested with
BamHI, Xhol and HindIll. M, size marker; Lanel, procyclin
precursor gene promoter; Lane2, aspartyl-tRNA synthetase gene
promoter; Lane3, regulatory protein gene promoter; Laned,

helicase gene promoter; Laned, unknown protein gene promoter
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GFP {384 2d%9 54
%7] 28 212 promoterE¥ CaMV 355 promoter7t E0i3le oA 79
Zedey FAA AE g e JFAFA. FA AU FAM FEH&
a7 9o Fadsts FoeMozr gEFHoen, ALY FIELFEE FY
o2 A AHFig. 14).

GFPel @& A7l CaMV 35S5-GFP fusion(35S 100%) vector® ¥d A&
) Z2deE V|F22 o @S ¥ WA H(Table. 3).
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C. Vulgaris (wild) Procyclin precursor  Aspartyl-tRNA synthetase
Regulatory protein Helicase Unknown protein

Figure 14. Chlorella cells transformed with vectors containing early gene

promoter—GFP fusion.
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Table 3. Comparison of promoter activity in transformed chlorella cells.

OREF as early gene promoter region GFP intensity (%)
) »358 promoter 100
Procyclin precursor é‘ene 131.5
o Unknown protein gene 135.19
Aspartyl-tRNA synthetase gene 116.79
Regulatory protein gene 110.29
_. Helicase gene 105.18
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n #

FRHEgE B dolA ofF A

o

HE & 5 Ade Axglerry g2
A kA3 gtk aEh #E Aagloz el o] 48 Ay Add A
A8 wEo A Fo ofs) stz wokth e, WA A4 T2 EFGH)
o] HAAG @ FrdgdA FdR A7 YT (Kim et al, 2002). F2A

3 ¥ 2zdde TE4Y ERAES T e oA AY FIsE

olgtn oz Fad wudol Ay i 9% ojld Alxye HEE 9
A M oorst Al 7HA] AS F szt vtE Fetn FEAR] promoterd]
Aatolr}. CaMV 358 promoters PlAZFe] @A AS ] o] &x1 glon nlA
5ol AZAE gAdol gtke Aol WA (Mitra et al, 1994). 72y 2]
g gl ik AAe e NE&AHe) ZHE promotere] o] T
st

Zzdg} vlo]z]l & heterologous B AN AlEE £ Jdv B FEFA
A} promoterES 2 o, ¢ 3307380kbel & o]F 4l DNA w®polE X
t}, o2 5w Zz e} vlolg] A~ adenine methyltransferase f A 2k2} upstream
A 231 ubg|g)otol A 73 promoter® A& $HTH(Mitra et al, 1994).

npolzl 2o FHAAEL 27|FAA} F£7] AR Urold £ e, 2R
S o 77k wpolels EAel wpole| A Qlxte] A #ojdrh PBCV-19] 27

SARE 27 HEF F 5~108 £ 1 FA 57 cellsdl A 28 tH(Schuster
i

Mo
flo

=]
T

et al, 1996). €217 npel] o3t PBCV-12 1 AAl2

R0

a9

DNA dependent RNA

al

polymerase® & 3slA] @, o)A otk &HFo| EAE o]&F Aot

(Van Etten, 2003). wetx Zzdgt wpo]glxol A 7k2 %7] promoters @ +r

rir

Azel DNA polymerase, ATP-dependent DNA ligase, chitinase %7t
DNA 2212 98] A4&olgtx 4alAd 9lerv(Van Etten, 2003), 475 53l
ZzYEdn AN ¥ FEAgaA 259 o) AlFEAHA

_35_



Rl

T
A

ol
=

Ao M= FzAet vlolgl A SS-29] WA genomed] i #AS

O
Uik
4z
ShiA

Atk SS-29] genome 340kbpE o AE|vE, A¥ 2] DNA genome®]

fin)

@ 2Mg shusgrh

e
)

oF 20kbp7F A2l 2F300kbpel @ 71A Hel
po]l 8 2] prototype®! PBCV-17 HlirstdS o 3727§¢] PBCV-1 ORFE
SS-2& 3B 58S e Ao: #dxer, 2R SS-27F PBCV-1#
ol 9 fAbEthE RS derlEch B2AE @ 1Dl ANz, o e 27
wd A2 promoter FHE procyclin precursor # 7 2}F,  aspartyl-tRNA
synthetase ¥ A2}, regulatory protein A2}, helicase %2, unknown protein
SHAAE 93385 e open reading frame?l A67R, A312L, A342L AS43L,
AlSBLZRE Ztzt 2z98ddvh zhzhe] 27 2@ {42 promoterg & 5ol
o2 t]#x<l % primerg o] &3] ZZ35 90, promoterEe] ¥ FAXE
¥ ZzddEaie GFPY 2d A2 ZHsto EAstt Fig. 1494 B
AANY, BAAS ) 2L FRdgs H2499 FFE bl @Y GFP
Fzdge 49 Fag et FEAES
2 AEe} FEEYrk CaMV 35

zzdglel GFP %d AM71& v#2s9de ¥, procyclin precursor 3 A},

Ir
x

be Mz g2

e
el
ot
ol
Z

2
lreg
axd

S-GFP fusion (100%)0.2 & Ag A2

aspartyl-tRNA synthetase A7}, regulatory protein %}, helicase =k,
unknown protein A& promoter-GFP fusion®.2 d2A A% 7 7z 224
2o A 131.5%, 116.79%, 110.29%, 105.18%, 135.19%< 2&d HEE HAFAH
ol 7] & FHA promotergd HE FAASF < MzRE 7
promotergtE AL WaF oA AE FFAUE o] H& BT MEL

promoters 2 A" Aozt AL TalEoh
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Analysis of the genome of a chlorella virus SS5-2 and isolation of promoters
for microalgae transformation

nAg gL e v 4Ly

2z Ayl nlo]e] A% phycodnaviridaed] 48t 2 200 A Fxold, Fe=2
2 A= o]F 4ol DNA Hbol2l o)t} 300kb ©]1/32] genomic DNAE
& 83 §AA9 promoters S I B AP E F2det FAAE
A zelo)] ALgE 5 9 2 promoters WEEr] flste] @EoM Eel" E
2d:al vlo]lal 2 $5-29] genomic DNAS EA LS Fa3t¢r). SS-29 genome
e H2x BT APFG) A719% A3 oF 340kbp2 FAHHJ LM o] ZRE Azt
% genomic DNA® #2418 %3lo] 300kbp °l e wHHLEel= H7IMEE
Fr3idvl. Fzde vlolgixol A

2
e

PBCV-12o2%¥ &el¥l 37274 ¢
ORF oA 33170% SS-29¢ &34z FA=HA=H, AL S5-2¢
PBCV-13 of$ fatsiche e 2aEt 24" 971M9E 7122 e,
procyclin precursor, aspartyl-tRNA synthase, regulatory protein, helicase, g
3 7% A e wMAS 4FdEeE ORF & F 579 %7 28 &
A2} promoter B8-S 2249 sk oj#l¥ promoter F#S TATA box,
CAAT box, GAGA box, CCAAT 5 A} 8471 AFE + AT cis-acting
elements& I3tz YUt o]E promotersel] fusion ¥ green fluorescence
protein (GFP) #3128 Zgsle Z2det 2448 He & Axste F2de
HAAGS T GFPe WAAM7IE 2AH A7 CaMV 355-GFP fusion # €
FAAeE FzAgodre HFAZE 10062 RS W procyclin

m{m

i

precursor A}, aspartyl-tRNA synthase %%}, regulatory protein %7},
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helicase &A=}, 8]l dadAA &S dwAe] FAHA2 promoter-GFPE &

[+

A3 3 FARSL zhzt 1315%, 116,79%, 110.29%, 105.18%, 135.19% 3=
2 Vet olgld Ane F29de vtolg] o] genomed HUHF 78 F
U RPA LR

4 7+3 3 promoter?] 3ol # & dvkes AS AAGEH
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