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Abstract

Chlorella 1s an unicellular green algae that shares many metabolic pathways
with higher plants, which offers many advantages as an expression svstem of
forcign protein. Recent expression of a fish growth hormone in biologically active
form using transformed chlorella suggested possible application of this system. In
an - heterologous  expression  svstem,  strong  and  constitutive  promoters  are
prerequisite for efllicient expression, which the scope of this study.

Viral genes encoded by PBCV -1, the prototvpe of Phycodnaviridae, can he
grouped carly and late genes depend on the time of their expression. The early
genes that encode proteins required for virus replication are expressed before the
virus replication possibly by host  transcription machinery, which offers possible
application  of the promoters ol these genes in the construction of Chlorella
transformation vectors.

Putative promoter regions of the DNA polymerase, ATP-dependent DNA ligase
and chitinase genes were amplified from 8 Chlorella viruses isolated in Korea
using primer scts designed based on the scquence of PBCY -1 genome. Scequence
analvsis of these carly gene promoters showed high scquence homology to the
corresponding  regions of  PBCV-1 genome. Analvsis of this putative promotor
regions  indicated  the presence of many  cis-acting  clements  for  transcription

factors including TATA box. CAAT box, NTBBEF1 box, GATA box and CCAAT.



Chlorella  transformation  vectors containing three promoter regions from
Chlorella virus 11S-1 fused upstrecam of the green fluorescence protein (GFP) genc
were constructed and introduced into protoplasts of C valgaris. Initial observation
with a fluorescence microscope indicated the expression of (GFP protein in
transformed Chlorella. The transformed cells were selected in culture medium
containing phleomycin, and GEFP intensity of same number of cells transformed
with different constructs  were compared. Compared to GFP  intensity  {rom
Chlorella cells transformed with CaMV 355-GFP fusion (100%), cells transformed
with the chitinase, the DNA polymerase and the DNA ligase gene promoter-GFP
fusion construct showed 101.5%, 100.8%, 95.8% intensity. respectively.

These results indicate that Chlorella virus early gene promoters are active in
transformed Chlorella, and Chlorella viruses can he useful sources of promoters in

addition to many genes of interest.



INTRODUCTION

Chlorella is an attractive cukarvotic microalgac as a new syvstem for foreign
protein overexpression in many aspects. It has been widely used in aquaculture
and industry such as health food production. It can be cultured inexpensively
because it requires only limited amount ol sunlight and carbon dioxide as energy
sources. It can be cultured large scale in a pool by using sunlight. It also grows
relatively fast and divide 2-9 times per day depend on the light intensity and
temperature (Sorokin and Krauss, 1958). Also, Chlorella may produce complex
protein that requires post-translational modification in  biologically active form.
These characteristics provide a rationale for the usage of Chlorella as a bioreactor
for Tforeign protein  overexpression. Recently, [ish growth hormone has bheen
expressed in biologically active form in transformed Chlorella (Kim et al., 2002).
Therefore, the purpose of this study was to isolate strong and  constitutive
promoters to improve for Chiorella expression system.

Chlorella viruses arc large double-stranded DNA  virus of about 330-380 kb,
which contains  many  uselul  genes such  as  restriction/modification  enzymes,
topoisomerase, chitinase, hvaluronan synthase (Van Etten, 2000 Zhang et al., 1998;
Xia et al., 1986 Lavrukhin et af., 20000 Sun er al., 1999 Graves et al., 1999). In
addition, the large size DNA contains many  promoters that can be used in
heterologous  protein expression  system. For  example. the upstream  region  of
Chiorella virus adenine methyvltransferase gene functioned as a strong  promoter
hoth in plants and bacteria (Mitra ec afl., 1994).

Once  consideration  in choosing  target  promoters  was  the time of  gene
expression. Chlorella virus transcription can be divided into early and late stages.
Earlv genes are expressed in host cells as carly as 5-10 min post-inoculation, or
immediate carly. Farlv genes of PBCY -1 have been isolated and characterized

(Schuster et al, 1996). These include genes encoding  proteins with  significant



homology to transcriptional factors and mRNA processing protein, helicase, mRNA
capping enzymes, factors influencing translational aminoacyl tRNA  synthetase,
ribosomal protein and unknown enzymes (Nishida et al, 1999a; Yamada et al,
1993). Early genes usually encode proteins required for virus replication. They are
prohably transcribed by host transcription system. Therefore, early gene promoters
could be recognized by host transcription machinery. A typical TATA-box and a
common element 5" -ATGACAA were identified in the promoter region of almost
all of the immediate carly genes, which may be recognized by host RNA
polymerase and transcription factors (Kawasaki er al., 2004). In contrast to them,
late transcription begins 60-90 min p. i, after viral DNA synthesis starts and they
usually encodes proteins required for virus structure.

Sequence  analysis of the entire genome of PBCV-1, the prototype of the
Phycodnaviridae  family, indicates that there is no DNA  dependent RNA
polymerase required for viral RNA transcription (Van Etten, 2003). Considering the
temporal regulation ol early and late genes expression, it is possible that the late
genes are transcribed by host RNA polymerase that has been modified by viral
proteins, In fact, several genes encoding transcriptional factors have heen identified
from the genome of PBCV-1 (Van Etten, 1999).

(renes encoding a polvmerase, an ATP-dependent DNA ligase and a chitinase
have been identified as the early genes that are essential for the DNA replication
and virus infection (Van Etten, 2003).

In this study, the promoter regions of the polvmerase, ligase and chitinase gene
of  Chlorella viruses isolated rom Korea were isolated and characterized. Also,
promoters of these genes isolated from Chlorella virus 11S-1 were tested for their
activity m transformed  Chlorella with green fluorescence protein (GFP) fused to
these promoter regions by comparing  their activities with that of cauliflower
mosaic virus (CaMV) 355 promoter, the most commonly used promoter in plant

transformation system and used in previous Chlorella transformation system.



MATERIALS AND METHODS

Virus culture and purification

Chlorella  strain NCH4A  were cultured in a modified Bold's basal medium
(MBBM) as described (Van Etten et al., 1983). The Chlorella viruses used in this

study, KH-1, KH-2, 55-1, 55-2, HS-1, YK, YK-1 and YK-2, have been isolated
from fresh water in Korea (Cho et al, 2002).

One hundred milliliter of actively growing Chlorella strain NC64A  was
moculated with virus at an moi of 0.01 to 0.001 and incubated until completely
lvsed. The lvsate was centrifuged in a Sorvall (G5-3 rotor at 5,000 rpm for 5 min
at 4C. Triton-X100 was added to the supernatant at 0.1% final concentration and
stirred for 20 min at 1°C. Virus particles were pelleted by centrifuged in a Sorvall
T=880 rotor at 20,000 rpm, for 60 min. The pellet was resuspended in 50 mM
Tris-TICIL pIl 7.8 and centrifuged through a 10-40% discontinuous sucrose gradient
(20,000 rpm, 20 min, 4°C). The virus band was collected from 30-40% interface,
and then pelleted for 3 hrs at 27000 mpm with T-8R0 rotor. The pellet was

resuspended in 50 mN Tris=TICHL pIT 7.8 (Van Etten er al., 1933).

Isolation and analysis of viral genomic DNA

[solated virus (400x0) was mixed with 10X TEN (100 mM Tris-HICI, pH 7.4, 10
mM EDTA, T M NaCD bufler (60p0), 1°6 Na sarcosyl (60p¢) and 60% (w/w) CsCl
(0.6mt) and trace amount of ItBr. After heating at 75C for 15 min, the mixture
was loaded on a performed 40-60%(w/w) CsCl gradient and centrifuged in a

Sorvall TI-641 rotor at 35000 rmpm, 18 hrs, 25T (Van Etten et al., 1981). DNA



band was collected and EtBr was removed by butanol extraction. DNA was
precipitate with EtOIH, dried and resuspended in 1X TE buffer (10 mM Tris—-HCI,

pH 8.0, 1 mM EDTA).

PCR amplification of the Chlorella virus early gene promoters

DNA fragments containing about 420 bp upstream region of the DNA
polymerase, the DNA ligase and the chitinase genes were amplified by PCR with
primers designed based on the published PBCV-1 sequences. The locations of
these genes in the PBCV-1 genome are indicated in Fig. 1 and the primers are
listed in Table 1. The DNA fragments were amplified in 50u¢ of PCR mixture
containing Ot of 10X huffer (100 mN Tris-.Cl. pH 83, 500 mM KCI, 15 mM
MgCl), 25 mM dNTP. dué of Tagq DNA polvmerase(bu/pt), and 100 pmol of
forward primer and reverse primer. PCR reaction condition were predenaturation at
94°C for 10 min, 35 cycle of 1 min denaturation at 94°C. 1 min annealing at 50°C,
and 1 min extension at 720, followed by a 7 min postextension at 72°C. The PCR

)

products were analvzed by clectrophoresis in 1.2% agarose gel and visualized by

UV frradiation.



T

@ 100 200 o) 0
i |

(D Al81/182R Chitinase
@ A185R DNA polymerase
(3 A544R DNA ligase

Figure. 1 Location of ecarly genes sclected in this study on the PBCV-1
genome. The line represent the PBCY -1 genome of about 330 kb, which are
indicated  with the numbers above the line. The arrows indicate direction of

transcription.



Table 1. Oligonucleotide primers used for the PCR amplification of the early

gene promoters

}Target gene Prlmer name Sequence ‘ Remark
%m%mmmMFMMMmMM@m%ﬁw

Pol-promoter-R  ATA GGA TCC GAT CAC TTG TAT TTC TAA  BanH |
Ligase Lig-promoter-F  ATA AAG CTT CCA ACA ACA TTC GCT GCT  Hindlll

meﬁMWMMMWWWMPM'
Chit-promoterF  ATA AAG CTT GAT AAT TTG AAT GTG TGT | Hindli

Chitinase ] |
Ch|t—promoter—Rﬁ ATA GGA TCC TAT ACT TTA AAC CAC CATi JQ@WH |




pGEM-T vector cloning and sequencing of carly gene promoters

The PCR products were cluted from the agarose gel with gel extraction kit
(Bioncer, Korea) and cloned into pGEM-T vector system (Promega, USA) for
sequencing confirmation. £ coli XL1-Blue strain was transformed with the ligated
DNA and clones containing the insert were screened with X-gal and
isopropyithio-f-D-galactoside (IPT(@G). White colonvy was inoculated to 1.B broth
containing ampicillin (100pg/m¢) and plasmid DNA was extracted with alkaline
lysis method. Purified DNA were digested with EcoR I restriction enzyme and
clectrophoresed in 1% agarose gel.

The plasmids containing  appropriate inserts were purified with  plasmid
purification kit (Bioncer) and used as templates for PCR sequencing. Sequencing
reaction mixtures [1000 ng template DNA, 4 pmol of T7 primer or SP6 primer for
the carly gene promoters, 248 of terminator ready reaction mix] were prepared,
and 25 cveles of PCR reaction composed of 10 sec denaturation at 96C, 7 sec
anncaling at 50°C and 4 min extension at 60°C was performed with an Eppendorf
Mastereyeler 9600 (Eppendorf). The sequencing products were precipitated  with
cthanol and dissolved in 250 of template suppressing reagent (Perkin Elmer). The
DNAs were denatured for 2 min at 980 and cooled down on ice, and analvzed

with a ABI PRISM'™ 310 Analvzer (Perkin Elmer).

Vector construction and preparation for Chlorella transformation

Chlorella transformation vector containing the putative promoter regions were
constructed by replacing the CaMV 355 promoter in the pMinGFP vector (Kim et
al, 2002). The pMinGEP vector has green fluorescent protein (GIFP) as a reporter

gene.  the ort Vofor replication in both . coli and Agrobacterium, the nptlll gene



for kanamycin resistance, the trf A gene for replication support, right and left
horder of T-DNA for integration and Sh ble gene for trnasformant selection with
phlecomvein. The carly gene promoters in the T-easy vector (Promega) was
digested with Hind Ul and BamH I, and cloned into the Hind III and BamH I
digested  pMinGFP  to  replace the CaMV 335  promoter. The resultant
transformation vector containing the DNA polymerase, the DNA ligase and the
chitinase gene promoter were names as pPGFP, pLGFP and pCGFP, respectively

{Fig. 2).

Chlorella strain and medium

Chlorella vulgaris was provided from Korea Marine Microalgae Culture Center of
Pukyong National University (Strain No. KMCC FC-001). Cells were cultured in
the DW. {72 medium in which sca water was replaced with fresh water (Guillard
and Ryther, 1962) containing 50pg/mé cach of chloramphenicol and  streptomyein
without shaking. Cells were inoculated at initial concentration of 1x10° cells/m¢ and

cultured under 3000 lux fluorescent lamp at 25C with 186 hrs light:dark cycles.

Protoplast preparation

The cells were harvested  for protoplast  formation when cclls were  reached  at
1 2-107 colls/me, usually 8-9 davs after inoculation. Chlorella colls in 50m¢ of above
culture were harvested by centrifuging for 5 min at 3.000 xg. Cells were washed
once with 25 mM phosphate bulfer (pH 6.0) and suspended in 5mé of the same

hulfer containing 0.6 M sorbitol, 0.6 M mannitol, 4%{(w/v) cellulase (Calhiochem,

UISA), 2200w/v) Macerase (Calbiochem), and 1% (w/v) pectinase (Sigma). The cell

_10_



suspension was incubated at 25C for 16 hrs in the dark with gentle shaking.

Chlorella transformation

Protoplasts were centrifuged at 400 xg for 5 min and the supernatant was
decanted. Protoplasts were gently suspended with 5mé of /2 medium containing 0.6
M each of sorbitol and mannitol, and washed by centrifugation at 400 xg for 5
min. The pellet was suspended in Imé 0.6 M sorbitol/mannitol with 0.05 M CaCl..
Protoplasts in 0.4m¢ (10°-10" cells) were placed into new microcentrifuge tube and
oug of vector DNA was added with 25ug calf thymus DNA as carrier (Sigma).
After 15 min incubation at room temperaturc. 2004¢ of PNC [0.8 M NaCl, 0.05 M
CaCls, 40% PEG 4000 (Sigma)l was added with gentle mixing. After 30 min
mcubation  at  room  temperature,  0.6m¢ of  [/2 medium  containing 0.6 N
sorbitol/mannitol. 1% veast extract and 1% glucose was added, and the cells were
incubated at 25T for 12 hrs in dark. The transformed cells were transferred to
fresh [42 containing 1xg/m? of phleomvein and cultured under 3000 Tux fluorescent
lamp at 25T with 186 hrs lightidark cvcle. Aflter 8 davs culture, cclls were

transferred to fresh medium containing same concentration of phleomyein.

_11_



pMinGFP
pPGFP

Hind IIT BamH I XhoI
pLGFP

Hind IIT BamH I Xho I
pCGFP Reportergene

Figure 2. Plasmid constructs for Chlorella transformation. LEarly gene
promoters [rom Chlorella virus TIS-1 were fused to the green fluorescent protein

(GEPY gene and the phleomycein resistance Sh ble gene for sclection.
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107-10° protoplasts in 0.4ml 0.6M sorbitol/mannitol with 0.05M CaCl,
4

Add 4ug vector DNA, 25ug carrier DNA
J

15 min incubation at room temperature

2
Add 200ul PNC buffer
(0.8M NacCl, 0.05M CaCl, 40% PEG4000)

2

30 min incubation at room temperature

2

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

4

12 hrs incubation (25°C, dark)

d
Transfer in MBBM Medium

Figure 3. General procedures of microalgae transformation.
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Observation of the GFP gene expressed in transformed Chlorella

Transformed cells were monitored for GIFP expression every 2 days using a
fluorescence microscope (Olympus BH2-RFL-T3) using WB filter. After 14 days
culture from the initial transfer of cell wall regenerated protoplasts to D.W. F/2
medium containing phleomycin, GFP expression level was measured using a
fluorescence spectrometer (Perkin Elmer L.13-500). Transformed and
non-transformed Chlorella cells were prepared for 3.0 x 10° cells/m¢ as follow:
Chlorella cells were first counted using a hemocytometer chamber for five times.
Cell culture containing enough cells was centrifuged at 400 x g for 5 min and
the supernatant was decanted. The pellet was washed once with phosphate buffer
(pIT 6.0) and the cell pellet was resuspended to the final cell count of 3.0 x 10°
cells/mé with same buffer. One milliliter of the resuspended cells were used for
measurement, and five samples were measured [rom cach preparation. Absorption
spectrums of  non-transformed  and  transformed  cells  were  obtained  first  to
determine the excitation wave length. Emission spectrums were obtained with an
excitation wave length at 375 nm and the GFP intensity values at 435 nm

emission were taken for comparison.

_14..



RESULTS

PCR amplification of Chlorella virus early gene promoters

Putative promoter region ol three carly genes, DNA polvmerase, DNA ligase and
chitinase gene, were amplified by PCR from 8 Chiorella virus strains (KI-1,
KH-2, S5-1, S5-2, HS-1, YK, YK-1 and YK-2) isolated in Korca. The PCR
primers were designed to amplify DNA fragment of about 420 bp. As shown in
Fig. 4, DNA products of expected size were detected from PCR reactions for each
promoter region, hut not from all of the 8 strains used [or PCR. In case of the
DNA polvmerase gene, the putative promoter regions were amplified from 5 of 8
Chlorella viruses, KH-2, SS-1, §5-2, HS-1 and YK. In case of the DNA ligase
gene and the chitinase gene, the promoter regions were amplified from 4 of 8
Chlorella viruses, KII-1, T15-1. YK and YK-1. The results are summarized in
Table 2. PCR products of the promoter regions of three genes were obtained only

rom PBCV-1, HS-1 and YK.

_15_



(A)bp123456?391ﬂ

s00
Ry

(B)

00
400

(C) 1 2 3 4 5 6 7 8 98 10

fa1H 1]
S0

Figure 4. PCR amplification of Chlorella virus carly gene promoters. PCR
products of DNA polymerase promoter (A), DNA ligase promoter (I3) and chitinase
promoter (CY i 8 Chlorella viruses. Lance 1, 100 bp size marker: Lane 2, PBCV-1;

Lane 3. KI-1 Lane 4, KIT-20 Lane 5, SS-10 Lane 6, S5-20 Lane 7, HS-1: Lane &,

YR Lane 0 YRK-10 Lane 10, VK2
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Table 2. Results of PCR amplification of early gene promoters from 8

Chlorella viruses 1solated in Korea.

PBOV-1 KH-1 KH-2 SS-1 $3-2 HS-1 YK YK-1 YK-2
Polymerase gene '

+ - + + + + + - -
promoter
Ligase gene + + : B _ + + + -
promoter
Chitinase gene + ' _ - _ n N + -
promoter
Fopromoter regions were amplified, - not amplified, the promoters from HS-1

were used for Chlorella transformation vector construction.

_17_



Cloning and sequencing of the three ecarly gene promoters

These PCR products were cloned into pGEM T-Easy vector and their sequences
were determined. Sequence analysis of these early gene promoters showed high
sequence homology to the corresponding regions of  PBCV-1 genome. Fig. 5-7
shows the cloned promoter regions of Chlorella viruses isolated in Korea and
those of PBCV-1. In case of the polymerase gene promoter., KH-2, HS-1 and YK
showed 99.8%, 96.2% and 955% sequence homology to that of PBCV-1,
respectively (Fig. 5). The DNA ligase gene promoter regions of KH-1, HS-1 and
YK have 100% scquence homology to that of PBCV-1 but the same region of
KH-2 was different in one nucleotide out of 419 nt (Fig. 6). In case of the
chitinase gene promoter, KH-1, HS-1 and YK were identical to the corresponding
region ol PBCV-1 but YK-1 was different in one nucleotide out of 418 nt (Fig.
7). One of the Chlorella viruses, HS-1 showed the highest sequence homology to
the corresponding regions of PBCV-1 in the three carly gene promoters, and
promoters from this virus stain were sclected to construct Chlorella transformation
vectors lor promoter assay.  The carly gene promoters of HHS-1 were analyzed
using plant cis-acting regulatory DNA clements (PLACLE) database to search for
conserved sequences and binding sites of transcriptional lactors (Fig. 8-10). Many
transcriptional  factor binding  sites  were  identified in earlv  gene  promoters,
typically TATA box. CAAT box, NTBBEFL box. GATA box and CCAAT. In the
DNA polvmerase gene promoter, 2 TATA boxes, 3 CAAT boxes and 5 GATA
boxes were adentified (g, 8). In the DNA ligase gene promoter, one CCAAT hox,
S TATA Dboxes, o CAATT boxes and 1 GATA boxes were found (Fig, 9. In the
chitinase gene promoter. one CCAAT box and NTBBE1 box, 4 TATA boxes, 5
CAAT hoxes and 4 GATA boxes were identified (Fig. 10). Three carly gene
promoters from HIS-1 did not show any scquence homology to cach others (data

not shown) except for the TATA box, CAAT hox and GATA box that identified

_18_



from all three promoters.
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PBCV-1
KH-2 ") i ;
HS-1 #TMM&”ITCTATTGM"ALLJLU\AbbAhLJLbTUJMTTLL1LAA.NM"'AAEETCTTBSFTAAMTTCATaEh‘.TTTI[EBD}#IIBI:‘CGIPAGMTGDZ‘AMGATACMAGGIL:AAAL, 120
KH-2 ATASAGCTTCTATTGAT A ACGOCAAGGAAGTCRTCGATTTCGCAAAGASAA DGTCTTRGGTAAAT TTCATSEGAT TT TERGCSA CBAGCRT GACAATRICAAA GAT ACAAAGGLT AARC. 120

L S by hds dhia ShibidbibbhE Kb 4 b4 2

PBCY-1 4 GTGATGTOSGA T TCACAAATATAT TCAACACAT TTST AMARAA AT AT BTCSGT TATGTAT AACCAAACA TGTOCATT AKCCET TCT ATGA TCOACGLCGRTATTCTOGEACTC 240
KH-2 AAGTRATGTCGGRA TTCACAAATATATTCASCGEATITGOGT An 600 6 AUTSTGTCRRT TATGTATAMCCA S ACATGTCCATT A ACCGT TCTATGA TCGACGICGGT ATFCTCGCACTCA 240
HS-1 AAGTGOTGTGEGAA TTCAGAATATATTCAACACATTTGCET ARAAAARATAT GTCGET TATGTATAACCAAACA TGTCCATTAACCGCTCTATGATCGACGCCGGTATTCTCGLACTCA 240
KH-2 AAGTGGTGTIGGA TTCADGAAT S TATTCARCACATTTGORT AR 44 A AT ATGTCOGT TATGTATAACCA&ACATGTOCA TTAACCRLTCTATGA TCRACGOCGACATTCTCREACTCA 240

ShAAE ARABLELSAbEd bherbhedbidd PEY PPN hhd *iix trrbbtriiad Abkhibiibddds

PBCV-1 104 TATGRT TTATGOMCGT GACTTCACACTCGOCC TRGCT AT GCCGT TGOGAGT T ACGTTCTOCACATRCTT TCTTTCT AkAAT TGTCATTTATCAT AT CGACACGARTIGTATATTT 360

KH-2 TCATATEGTTTATGCGCCGT GACCTCACACTOGINCTRRCT GTT GLCGTTGOGAGT TACGTTCTCCGCATGCTTTCTTTCTARAATTGTCATTTATCAT ATCGACACGAATTGTATATTT 360
HS-1 TCATATEETTTATGCOCCECGACCTCACA CTOGOCCT BRCAGTT GLCGTCGOGAGT TACGTGCTCAGGATGCTTTCTTTCTAGA AA TGTCATTTATCAT ATCAACACGATTTGTGTATTT 380
KH-2 TCATATGGTTTATGOLOCCLGACCTCA CACTORCCCTRGCAGTT GLOGT CB0GAGT TACGTGCTCAGRATGCTTTCT TTCTAAA AL TGTCATTTATCATAT CAACACGATTTGTGTATTT 360

B S S L T ST S PSSP USSR
PBCY-1

AGCATTTCTAACTTATGATATCATAATTTAGAAATACAAGTGATCOGATECTAT 418
KH-2 ! CATTTCTAACTTATGAT ATCATAATTTAGAGATACAAGTGATCRIATCCTAT 418
HS-1 SAATAGCATTICTAACTTATGATAT 2AChATTTAGAAATACAAGT GO TCHGATCCTAT 415
KH-2 SAATAGCATTICCATCTTATRAT AT A TTTAGAALTACAMGTRO TCAGATOCTAT 418

THARSRRILIAIE B ERSEARERARS ArmhRAbRrdddeddbbaaddbasbinban

Figure 5. Comparison of putative promoter regions of the DNA polymerase

genc of Chlorella viruses isolated in Korca and that of PBCV-1. The

asterisks indicate  nucleotides identical in all of the viruses.
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PBOV-T g alar T0CAACA AATT CELT BT ECAET A 46T 85T A CTAACGELT ACGGATGAT TCCGTGTT F TGCAT TSTG1ACOCGECGTATGOCOCT ACA AT GTAGRATTTRATACG 120
KH-1 41444 5CT TCCAACAACA T CELT BT GEALT 4AGTACT CCA G COLAACGILT ACGRATGA T TCUGTGTT T TGCAT 15T BTACCCGEDGTATELCICT ACAAGTGT AGAATFTGATACG 120

KH-2 ATARAGCT TCCAACAACATT CGLTGTGEACT AAGT ACT CCAGT COCAACGLCT ACGOA TGATTCCGT GTT T TGCAT TGT GTACTCGECGTATGCCCCTACAAGTGTAGAATT TRATACG 120
HS-1 LTTCCAACASCATT COCTECTRCACT AAGT SCT COA GF COCA AOGCCT ACGRATGA TTOCGT GTT TTGCAT TAT RTACCOGELGTA TELCODTACAMGT STAGRATTTRATALG 120
ACATTCECTECTECACT 8 AGTACT CCAGCCOCAACGOCT ACGGAT AT TOCGT GTT TTGTAT TGT GTACTCGRCGTATOLCCCTACA SGTSTAGAATTTRATACG 120

YK {GLTTCCAACA

Fhrkartrbod ey ax

PBCY-1 GITCCTGATTGA TTCAT TRCACT TECCCCGACGRCTGT GTT T T T TGCGAGLT TECTCCTARAAT AACT TTGGTACCERCGTT GAALCAACGAACGT GTEGTEGTAALCATCAACLART 240
KH-1 GITCCTGATTGATTCAT TRCACT TGCCCCGACGGCTGTGTTTTTT TGEGAGCT TCCTOCT AAAAT AACT TTGGTACCCGEGTTGAGACCAACGAACGT GTCGTCGTAACCATCAACCAGT 240
KH-2 GTTOCTGATTGETTCAT TECACT TGLCOGACGECTGTGTT T TTTTGCGAGCT TCCTOCT AAATAACT TTGGTACCCECGTT GAGADCAAZGAACGT GTCGTCGTAACCATCAACCAGT 240
HS-1 GITECTRATTGATTCATTECACT TELCCCGACGRC TRTGTT T TT T TGLGAGCT TECTOCT ARAAT AACT TTRGTACCCAIGTT GAGAD GIGTERTCRTAACCATCAMICAGT 24D

GITOCTGATTGATTCAT TRCACT TALCICGACGECTGTGTT T TTTTGCGAGCTTCCTECT AMAATAACT TTGGTACCCOCGTT GAGADCAACGAACGT GTCGTCGTAACCATCAMICAGT 240

dharas Awkr adkas

PBCV-1 GAGATATGGICTAAT TGGAGACTGTATCCTCCAGT TCCGCTGAATTTATAATCTTGGAAATTTTTACCTGGCTGCATATATCTACTGAATAATCATATTATTATTGTAATTTATAAADGA 360

KH-1 GAGAT ATGGTCTAATTGGAGACT GTATECTCCAGT TOCGI0GAAT TTATAATCT TRGAAATT TTTAGCTGOCTGCATATATCTACTGARTAATCATATTATTAT TGTAATT TATARACGA 360
KH-2 BABATATGRICTAAT TGGARACT BTATGCTOCAGT T CCGOCGAA TTTATAATCT TGGAMATT TTTAGCTGICTGEAT A TATCTACT GAATAATCATATTAT TATTGT AAT TTATARACGA 360
HE -1 GABATA TGBTCT A TTGRARACT GTATGSTOCAGT TCCAI0GAAT TTATAATCT TGGAAATT TTTAGDTGACTGCATATATCTACTGAATASTCATATTAT TATTGTART TTATARATIA 360
K FAGAT A TRRTCT AT TR3AGACT BTATEOT CGART TR GAA T TTA TARTCT TRGAMATT T TTAGCTOACTACAT & TATCTACTGAATAATCAT AT TATTATTGT 48T TTATARACGA 360
R e e R T PR Y FhrdbEk EEEETRX Y
PBCV-1 coamararcos ACAACTTAATACATGAAGTTACGTGTETTCTGEATCCTAT 419
KH-1 CATATATC AACTTAATACATBASGT TARTGTGT TETGRATCCTAT 419
KH-2 CCATATATCEACCECTATAACARCTT AATACATOA 4T TACGTGTGI TZTGGATICTAT 419
HS-1 8 TATOGAOCECTAT A4 CAACTT AATACA "G 4GTT o & a9
WK ALSALTTAATACSTAAGT T o 49

R L T T ST T PN AV ey

Figure 6. Comparison of putative promoter regions of the DNA ligase gene
of Chlorella viruses isolated in Korca and that of PBCV-1. The asterisks

indicate  nucleotides identical in all of the viruses.
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PBCV-1 GOTTGET THATTAATARTGAAGACSATCAATTTC TACACTTCRTTROGIG CAAA AT 3120
KH-1 STRAAGLTTGAT TATARAAT TAATAA TGAAGACA ATCAAT TICAACGEA TACACCA TOGTT GRGRACAR ASTGCTAGAG 120
HS-1 ATARAGCTTGATAAT TTGAATGTGTGTATAACAATOOCAATCTGAAATGAAATATAARATTAATAATGAAGACAA TCART TTCAACHGATACACCA TOGTTGOBGEACAAAATGCTAGAG 120
YK BTAAAGCTTGATAATTTGAATGT GTGTATAACAATCOCAATCTGARATRARAT A TALAATTALTAATGRAGACAATCAAT TTCAACGRATACACCATCRTTGOGGGACAA ARTGETAGAG 120
YK-1 STARKGETTGATAATTTGAATGTRTRTATAACAATCOAATCTGAAAT GAAATATAAAL TTAATAATGAAGACAA TEAAT TTCAACSRATACACTATCGTTRIGGRACA AATRCTAGAG 120

+er raresaen Proes et Abdass

PBCV-1 4u aCOACA TG TCA CACTTCAR T CAACT Gk AACGACA TTGRT TTCATISTT GAAAACA TCOUGEEGAGT CACGT T ATACTGA AAGADGLTGTTGAA GTTACAARGACETT ATTAATT 240

KH-1 AGAACGACATGCTCACACTTCASTCAACTGGAAACGACA TGTCIT TTCATGTT GAA A ACATCCCGEEGA G CACGTTATACTGAALGICGCTGTTGAAGTTACAAAAGACGTTATTAATT 240
HS-1 AGAACCACATGCTCACACTTCAATCAACTGGRAACGACATGTGIRT TTCATGTT GAAAACA TCOOGGEAGT CACRTTATACTGAALGACGCTGTTGAAGTTACARAMGACGTTATTAATT 240
YK & CAATCAACTGLA A ACGACATRT AT TTCATRTTGAS A ACATCCUGGEGA GTCACGTTATACTGASAGSCGITGTT GAAGTTACAAMGACGTTATTAATT 240
YK-1 & CTCACACTTCAATCAACTGRA AACGACATGT AT TTCATIRTT GAARACATCOOGGEGA GTCACGTTATACTGAAAGACGLTGTTGRAGTTACAARMBACGTTATTAATT 240

R i L T R R R R R LA S LI T T T T ISy pe e

PBCY-1 SCGCCGCTTTTATCGLGEIGAGT ATGT CGAAGGT A A GGARATGTCAACGTGATT TACACAAATATT TACAACGTCGAGAAAAGLA SGT TTTCGAAA CCAGEGGAMGTTTTTGTTGAAT 350

KH-1 ACGOCGCTTTTATCGOGGOGAGT ATGTCGAAAGGT ASAGGANATGTCAACGTGATT TACACAAAT A TTTACAACGTCGAGAAAAGAA AGT TTTCEARACCAGEGGAGTTTTTGTTGAAT 350
HS-1 ADGOCGCTTTTATORCGGOGAGT A TGTCGAAAGGT A AAGGAAATGTCAACGTGATT TACACAAATATTTACAACGTCGAGAAR A ASGT TTTCGAAMCCAGEGGAMGTT TTTGTTGAAT 350
YK AZGLCGCTTTTATCGOGGORALT ATGTOGAAAGET #AAGGASATGTCAACGTRATTTACACAAATATT TACAACGTCGAGAAR 4GS S AGT TTTEGAAA COAGRGGAAGTTTTTGTTRAAT 350
YK-1 AZGOCGCTTTTATCGUGGOGAGT A TETOGAA GAT A AAGLAACT GTCARCGTRATT TACACALATATT TACAACGTCGAGAA AGA 4 AGT TTTEGARACCAGEGGAAGTTTTTRTTGAAT 260

B B B B L L L ¥ Y SN

PBCY-1  CoTaTCAACATGTRAGT ATASATTTAARAT AL T 3T TTASAGTATAGGATECTAT 418

KH-1 CATATEALCATGTAAGT ATASATTTAARATAATIEGT GRT TTAMAGTATAGGATCETAT M8
HS-1 WCATGTARGTATAAATTTAAAATAATHGT GRT TTLAAGTATAGRATCLTAT 418
YK i CATGTAAGTATASATT TAASAT ALTGGT AT TCAMGTATAGGATCITAT 418
YK-1 CoTaTCAATATATSAGTATALATTTo S AAT A THSTORT TTAR GTATAGRATCET T 15

BT T L

Figure 7. Comparison of putative promoter regions of the chitinase gene of
Chlorella viruses isolated in Korca and that of PBCV-1. The asterisks

indicate  nucleotides identical in all of the viruses.
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GATE box(+)
ATAAAGCTTC TR T TG TARCGOCAAGGAAGTORTCGAT TTCECAAAGAAAACGTCTTEGG S18]
CAAT box(-)

TAAATTTCATGEEAT T T TGGEECGACCEEECGTGACAATIRCCAAAGATACAAAGETGAAAC 120
CAAT box(+)

AAGTGGETGTGGGAATTCACCGAATATATTCAACACATTTGCGTAAAAAAAATATGTCGGTT 180

ATGTATAACCAAACATGTCCATTAACCGCTCTATGATCGACGCCGRTATTCTCECACTCA 240

TCATATGGTTTATGCGCCGCGACCTCACACTCGLCCTGARCGETTGCCGTCGUGAGTTACG 300

360

Figurc 8. Analysis of the DNA polymerase gene promoter region of
Chlorella virus TIS-1. The AT rich region is shown as a doted box with
consorved boxes indicated. AAGCTT (Iind D and GGATCC (BamH D sites used

for cloning arce underlined and the location of the initiation codon (ATG) s

indicated. (+) and () of conserved motifs indicates orientation of the boxes.
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ATAAAGCTTCCAACAACATTCGCTGCTGCACTAAGTACTCCAGTCCCAACGCCTACGGAT 60

GATTCCGTGTTTTG GTACCCGGCGTATGCCCCTACAAGTGTAGAATTT|GATACG 120
CAAT box(-) GATA box(+)

GTTCCTGATTGATTCATTGEACTTGCCCCGACGGCTGTGTTTTTTTGCGAGCTTCCTCCT 180
CAAT box{(-) CAAT box(-)

AAAATAACTTTGGTACCCGCGT TGAGAGCAACGAACGTGTCGTCGTAACCATCAACCAGT 240
TATA box(-)
CCAAT box(-) e .
GAGATATGGTCTAATTGGAGACTGTATGCTCCAGTTCCGCCGAATTTATAATCTTGGAAA; 300

GATA box(+) CAAT box(-y T TTTmoToTTommomomee

.......................................................................................

T TTTTAGCTGGCTGCATATATCIACTGAATAATCATATTATTATTGTAAT TTATAAACGA | 360

........................................................................................

GATA box(-) CAAT box(-) TATA box(-)

GATA box(-)

FFigurc 9. Analysis of the DNA ligase genc promoter region of Chlorella
virus 1IS-1. Location of conscrved hoxes indicated. AAGCTT (Ilind 1D and
GGATCC (BamlIl I sites used for cloning are underlined and the location of the
mitiation codon (ATG) is indicated. (-) and () of conserved motifs indicates

orientation of the boxes.
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: TAATAATGAAG#%CAr’l.TC.L‘-.M;rTTCAAC CACCATCATTGOGEGACAAALTGCTAGAG 120
TATAboxty GATA box(+)
AGAACGACATGUTCACACT AACTGGAAACGACATETGGTTTCATGT TGAAAACA 180
CAAT box(+)
TCCCORGGAGTCACGT TATACTGAAAGACGCTAT TGAAGT TACAAAAGACGT TATTAATT 240
TATA boxi+)

ACGCCGCTTTTATCROGEOGAGTATGTCGAAAGGTAAAGGAAATGTCAACGTGATTTACA 300
GATA box(-)

IFigure 10. Analysis of the chitinase gene promoter region of Chlorella virus
HS-1. The AT rich region is shown as a doted hox with conserved hoxes
ndicated. AAGCTT (Hind 1D and GGATCC (BamlIl 1) sites used for cloning are

underlined and the location of the initiation codon (ATG) is indicated. (+) and (=)

ol conserved motifs indicates orientation ol the hoxes.
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Figure 11. Structure of Chlorella transformation vector (A) and confirmation
of the constructed vectors by PCR of the promoter regions (B) and the GFP
gene (C). (3 Lanc 1. 100 bp DNA ladder: lane 2, polvmerase gene promoter lane
3, ligase gene promoters lane 4, chitinase gene promoter (C) Lane 1, kb DNA
ladder: Lane?, GEFP in vector fused polvmerase gene promoter: Lance 3, GEFP in
vector [used ligase gene promoter: Lane 4. GEFP in vector fused chitinase gene

Promoter.
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Chlorella protoplast formation

Protoplast formation was conlirmed by calcofluor white staining. The untreated
cells exclusively showed blue fluorescence under fluorescent microscope (Fig. 12).
However, over 90% of enzvme treated cells were red, which indicated removal of
cellulose component [rom the cell wall to which calcofluor white bind. After
regeneration of the protoplast, the cells showed blue again. Thus, the enzyme
mixture and reaction conditions were used in the following transformation

experiments.
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(N (B) ()

Figure 12. Detection of protoplast formation and cell wall regeneration by
calcofluor white staining. (A) Non-transformed Chlorella (B) Chlorella cells
treated with enzyme mixture for 12 hrs (C) After cell wall regeneration for 16

hrs.
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Transformation of protoplasts with vectors fused the early gene promoters

and the GFP gene

Protoplasts prepared by above method were transformed with vector containing
early gene promoters in the pMinGEFP by using polyethylene glycol. After initial
transfer of cell wall regenerated protoplasts to D.W. F/2 medium containing
phlecomycine, observed the GFP gene expressed in the transformed Chlorella using
a  fluorescence  microscope.  As  shown in Fig. 13, hefore the selection of
transformants cells with phlcomvein, Chlorella cells showing tyvpical green color of
GIP gene and non-transformed red colored cells were both present. In contrast,
there was no green colored cell in the culture of non-transformed Chlorella cells.
The cell population containing both non-transformed and transformed cells were
grown for 2 weeks in culture medium  containing  Tug/ml phlecomycin for the
selection of transformed cells. As shown in Fig. 14, there was no red colored cell
in this population. which indicated complete selection of transformed Chlorella

cells.

Measurement of the GFP gene expression levels

The GFP gene  expression  levels  were measured using of  fluorescence
spectrometer (Perkin Elmer 1LB-500) after 14 days culture from the initial transfer
of cell wall regenerated protoplasts to D.W. F/2 medium containing phleomycin of
Let/mé. Absorption and emission spectrum of non-transformed and transformed
cells were obtained first, which showed maximum absorption and emission at 375
nm and 435 nm. respectively., Therefore, GFP intensity of each sample was
measured at this condition. As shown in Fig. 15, fluorescence  spectrum  of
non-transformed Chlorella cells showed weak fluoresce in the same wave length

range as transformed cell, which indicates autofluorescence of non-transformed
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Chiorella  cells.  Fluorescence  spectrums  of  Chlorella  cells  transformed  with
constructs containing the GFP gene fused to 35S promoter and promoters from
Chlorella virus HS-1 were very similar.

The GFP gene expression intensity in Chiorella cells were measured to compare
cach promoter activity. Five groups, which represent 5 repeats for each sample,
contaiming Chlorella cells transformed with each construct and non-transformed
cells were prepared and their GFDP intensity was measured at fixed excitation
wave length of 375 nm and c¢mission wave length of 435 nm. GFP intensity of
non-transformed cells in each group was subtracted from the measurement to
compensate  the autolluorescence. The relative intensity  from  cells  transformed
with cach construct were calculated using the intensity from cells transformed
with 355-GIP construct (100%) in each group. and the mean relative intensities
for cach construct were obtained.

Although there was no significant difference among the constructs as shown in
Fig. 16, the chitinase gene promoter (101.5%) and the DNA polymerase gene
promoter (100.8°6) showed higher promoter activity than the CaMV 355 promoter
(100%).  Howcever, the DNA ligase gene promoter showed lower promoter activity

(95.8%) than CaMV 35S promoter.
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) (D)

Figure 13. Expression of the GFP gene in transformed Chlorella vulgaris.
A, non-transformed Chlorella, B - E. Chlorella cells transformed with vectors
containing CaMV 355-GFP fusion, the DNA polymerase gene promoter—GFP
fusion, the DNA ligase gene promoter-GFP fusion, the chitinase gene

promoter—-GFP fusion constructs, respectively.
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(A) (B)

Figure 14. Transformed Chlorella cells after selection with phleomycin. (A)
Non-transformed C. vulgaris, (B) Transformed (. vulgaris after selection with

phleomycin for 14 days.
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Figure 15. Fluorescence spectrum of Chlorella cells transformed with
constructs containing the GFP gene fused to promoters from Chlorella virus
HS-1. The emission spectrums were obtained at the excitation wave length of

375 nm.
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Figure 16. Comparison of the GIFP expression in Chlorella cells transformed
with constructs containing Chlorella carly gene promoters-GFP gene fusion.
The relative GFP intensities was obtained by comparing that values from CaMV
3595-GFP fusion (355 100%). The fused promoters are indicated. PP, the DNA
polvmerase gene promoter: 1P, the DNA ligase gene promoter: CP, the chitinase

gene promoter.
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Discussion

Chlorella has many advantages as a new system for foreign protein expression
in many aspects. However, the development of this organism as an expression
system has been hampered by the lacks of appropriate transformation vector.
Recently, the flounder growth hormone has heen expressed in transformed
Chlorella (Kim et al., 2002). The transformed Chlorella promoted the growth of
juvenile flounder when the protein was indirectly provided to small fish through
zooplanktons, which indicated that the cxpressed has biological activity.

There arc several thing to be improved for the application of this system for
the commercial production of proteins of pharmaceutical importance, and one of
them is development of strong and constitutive promoters. The CaMV 358
promoter has heen used in the transformation of microalgae and has been proven
to work in them (Mitra er al., 1994, Ying et al, 2001). [However, promoters [rom
cither Chlorella or Chlorella virus arc desirable because they will use same RNA
polymerase and other transcriptional factors in the transformed cell.

Chlorella viruses arc large double stranded DNA virus of about 330-380 kb
and contain many usclul genes and promoters that can be used in heterologous
protein expression. For example, the upstream region of Chlorella virus adenine
methyltransferase gene functions as a strong promoter both in plants and bacteria
(Nitra et al., 1994).

Genes encoded by viruses can be divided into carlv and late genes  which
cncode  proteins involved in virus replication and  formation of  virus  particles,
respectively. Early genes of PBCV-T are expressed in host cells as carly as 5-10
min p.i., or immediate carly (Schuster er al., 1996). 1t is known that PBCV-1 doces
not encode its own DNA  dependent RNA  polymerase and  probably use  the
enzyme from host (Van Etten, 2003). Therelore, promoters from three carly genes

of Chlorella virus, a DNA polvmerase, an ATP-dependent DNA  ligase and a
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chitinase gene that have heen known to be essential for the DNA replication (Van
Etten, 2003), were cloned and tested for their activity in transformed Chlorella.

[Fach early gene promoters were amplified using a primer designed specifically,
but promoters were amplified not from all of the 8 Chlorella virus strains (Table
2). There are two possibilities for this result. One possibility 1s sequence variation
among the viruses. The primers were designed based on the published sequence
of PBCV-1. Although they are related viruses. the secquences where the primers
are located may not identical, and the target DNA could not be amplified. In fact,
restriction enzyme digestion of genomic DNAs purified from Chilorella viruses
isolated in Korea showed different band pattern, which suggested sequence
variation (Cho et al, 2002). Also, amino acid sequence comparison of the A478L
ORF from Chlorella virus SS-1 and PBCV-1 showed only 51% homology (Cho et
al, 2002). The other possibility is the absence of the specific genes in some virus
strains, It is know that the chitinase gene does not present in some Chlorella
virus - strains (Van  Etten, 20030 Van Etten et al., 2002), although the DNA
polymerase and  the ATP-dependent DNA ligase genes is know to be essential
for virus replication,

Sequence  analvsis  of  these carly  gene promoters showed high  sequence
homology to the corresponding regions of  PBCV-1 genome. Fig. 5-7 shows the
cloned promoter vegions of Chlorella viruses isolated in Korea and those of
PBCV-1. In case of the DNA polymerase gene promoter, KIT-2, HS-1 and YK
showed  998%, 9629 and  955% sequence  homology  to  that of PBCV-I,
respectively (g, 5). The DNA ligase gene promoter regions of KH-1, HS-1 and
YK have 100% scquence homology to that of PBCV-1 but the same region of
KIT-2 was dilferent in one nucleotide out of 119 nt (Fig. 6). In case of the
chitinase gene promoter, KII-1, [I5-1 and YK were identical to the corresponding
region of PBCV-1 but YK-1 was different in one nucleotide out of 418 nt (Fig.

7). One ol the Chlorelia viruses, [T5-1 showed the highest sequence homology to
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the corresponding regions of PBCV-1 in the threc carly gene promoters, and
promoters from this virus stain were sclected to construct Chlorella transformation
vectors [or promoter assay.

A typical TATA box and a common element 5 ~ATGACAA-3' have been
identified in the promoter region of almost all of the immediate early genes, which
may be involved in the recognition of the promoter by host RNA polymerase and
transcription factors (Kawasaki et al, 2004). TATA box is a initiator element as
well as well-defined transcription initiation site about 20 to 30 bp downstream to
TATA element. In the upstrcam region, several gene promoters were found to
contain positive or negative regulatory elements, some of which were characterized
as enhancers or silencers (Tvagi AK., 2001).

The early gene promoters of HS-1 were analvzed using plant cis-acting
regulatory DNA clements (PLACI) database. The results showed that 2 TATA
hoxes were identified in the DNA polymerase gene promoter, 3 TATA hoxes were
identified in the DNA ligase gene promoter and 4 TATA hoxes were found in the
chitinase gene promoter but 5 ~ATGACAA-3 sequence element was not found
in all three carly gene promoters. In addition to TATA box, binding sites for
many  transcriptional factors including CAAT box, NTBBFEF1 box, GATA bhox and
CCAAT box were also present (Fig. 8-10). The NTBBFI motif {ound in the
chitinase gene promoter is a candidate of binding site for the Dof proteins, which
has bheen found to be responsible for  tissue-specific expression of the roll3
oncogene in tobacco (Baumann et al.. 1999). The CCAAT hox is a Myh-hinding
site and has been reported to he involved in tissue-specific expression of GUS
gene I transgenic tobacco  (expressed  exclusively  in meristematic tissue  and
conductive tissue associated with vascular bundles) (Wissenbach et al., 1993). The
presence of many binding site for the transcriptional factors suggests that some of
these proteins or related  proteins are also present in the Chlorella cells, and

further analysis for these factors are necessary.
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The activity of the promoters were analyzed by the intensity of GFP from
transformed cells. As shown in Fig. 15, non-transformed Chlorella cells showed
autofluorescence. Because of the autofluorescence and low emission level at 488
nm at which the emission spectrum of most fluorescence activated cell sorters
(FACS) are [ixed, the intensity were measured using a [luorescence microscope.
The autofluorescence of non-transformed cells were subtracted from the
fluorescence from same number Chlorella cells transformed with each construct
and selected in the presence of lug/ml pheomycin for 14 days. As shown in Fig.
16, promoter activitics determined by the fluorescence were 101.5%, 100.8%, 95.8%
for the chitinase, the DNA polymerase and the DNA ligase gene, respectively
compared to that of CaMV 35S promoter (100%).

Because the size ol cloned promoter region was same for the three promoters,
there can be several factors alfecting the activity of the promoter. One and the
most important  {actor would be sequence of the promoter regions. As shown in
IFig. 10, the chitinase gene promoter region contains many sites for transcriptional
factors including a NTBBIF1 motif that does not present in other promoters. The
other possibility is the overlapping of ORF in same or diflferent orientation. The
cloned chitinase gene (AI181/182R) promoter region of 118 bp contains a small
ORE (ALROR)Y of 326 bp and part of a putative promoter for this ORE. It is not
clear at this moment whether any transcript is made for the ORF AI8R. The
mfluence of this upstream AT vich region could be determined with serial deletion
constructs  for this region. In contrast, the promoter regions for the DNA
polymerase gene (AISOR) and the DNA ligase gene (ASHR) overlap with putative
promoter regions ol OREF in opposite direction, A184LL and  AH43L., respectively.
The influence of these overlapping promoters running opposite orientation need to
clucidated further.

Although the factors affecting the promoter activity have not bheen clearly

analvzed, the present results show that promoters {rom Chlorella virus are active
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in transformed Chlorella, which could be used in the expression of heterologous

proteins in this attactive system.
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