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Abstract

Chlorella is a very attractive organism as a new bioreactor for foreign protein
overexpression because it is an eukaryote that can be inexpensively cultured in
large scale. grow relatively fast and can synthesize complex proteins that require
post-translational modification to be biologically active. Recently, the flounder
growth hormone (fGH) gene was stably introduced and expressed in a functional
form In transformed Chlorella ellipsoidea with a modified plant transformation
vector. In an attempt to improve the expression system. we replaced the CaMV
355 promoter with promoters from the tRNA gene clusters of chlorella viruses.
Chlorella viruses SS 1.0 §5-2, KH-1 and KIT-2 isolated from freshwater in Korea
are similar to the Paramecium bursaria chlorella virus (PBCV-1). the prototype of
the Phycodnaviridae family, and encode 11. 14, 16 and 14 tRNA genes.
respeclively. Analysis of the promoter region of these tRNA gene clusters of these
viruses revealed repeated and conscrved DNA  motifs called Box A of 33

nucleotides and Boxes B or C of 81 nucleotides. which are arranged as AA in



SS-1, CABA in KH-1, KH-2 and ABABA in SS-2. These promoters and their
derivatives of serial box deletion were fused to the green fluorescence protein
(GFP) gene in chlorella transformation vector, and introduced in C. vulgaris. The
ABABA-GFP fusion construct showed the highest GFP expression followed by the
CABA and AA-GFP fusion, which were stronger than the most commonly used
cauliflower mosaic virus (CaMV) 35S promoter. Serial deletion of the conserved
boxes revealed that the activity decreased as the number of deletion increased and
that minimum sequence with ABA box is required for the promoter activity similar

to that of 35S promoter.



Introduction

Molecular farming is the growing of transgenic plants to produce pharmaceutical
or industrial compounds instead of food or fiber. The possibilities range from the
manufacture of medical products, such as pharmaceuticals and vaccines, to the
production of products like biodegradable plastics and industrial chemicals, Since
1980s. increasing number of reports have shown that it is possible to express and
purify proteins of commercial interest from transformed plant tissues (Hiatt et al.,
19891 Salmon et al. 1998). According to the development of plant transformation
technique. it is possible now to produce valuable proteins in industrial scale (Zhong
et al, 1999). Although it is not used commercially vet. interest and investment in
molecular farming with plants is accelerating rapidly.

['rom a commercial point of view. transgenic plants have the highest safety and
cost-effective production system for heterologous protein in quantities. It is an
eukaryote that can synthesize complex proteins that require post-translational
maoditication. However, it is difficult to purify the expressed protein since plants
have hard structure such as cell wall. In addition. the release of transgenic plants
into the environment has raised concerns over the spread of transgenes by
cross-pollination to related wild species.

In contrast to plants. microalgae show several important advantages as
large-scale bioreactor for proteins production. It can be inexpensively cultured in
large scale. grow relatively fast. Also. it would be easy to purify the expressed
protein because microalgae have simpler structure than complex plants. Since 1990s,
there have been many attempts for chlorella transformation to express foreign
proteins {(Javis and Brown., 1991: Dowson ef al. 1997: Hawkins and Nakamura.
1999).  In 1999, human growth hormone was expressed in transformed chlorella.

but the expression was fransient and the biological activity of the expressed protein



was not tested (Hawkins and Nakamura, 1999). In 2001, Chen ef al produced
rabbit neutrophil peptide-1 gene in C. ellipsoidea by electroporation. Recently. the
flounder growth hormone (fGH) gene was stably introduced and expressed in a
functional form in transformed C. ellipsoidea by utilizing a modified plant
transformation vector that contains cauliflower mosaic virus (CaMV) 35S promoter
and the phleomycin resistant Sh ble gene as a selection marker (Kim et al, 2002).

When the plants are used bioreactor. the accumulation of the highest level of
the proteins is desirable. Hence, for production purposes, generally strong and
constitutive promoters such as the CaMV 35S promoter have been used. However,
the CaMV 35S promoter expression in plants is variable (Lam et al. 1989).

In contrast to a wealth of information gained in the past 10 vears regarding
chlorella transformation technique, only a few promoters. such as CaMV 35S,
RBCS2 have been used (Javis and Brown. 1991: Dowson et al., 1997: Hawkins
and Nakamura, 1999: Kim ef al. 2002: Mayfield et. al. 2002). The efficiency of
this promoter has not been compared with other promoters that function in
chlorella.

Recently. the entire genome of a chiorella virus. PBCV-1. has been cloned and
sequenced (Kulish et al, 1996). This virus encodes many useful genes including
restriction/modification enzyme, topoisomerase, chitinase and hyaluronan synthase
(Zhang et al. 1998: Xia et al. 1986: Lavrukhin ef al. 2000: Sun ef al. 1999:
Graves ef al, 1999). In addition, PBCV -1 has tRNA gene clusters in their genome.
Interestingly. the tRNA gene cluster promoter is known to be active. and it was
found that the tRNA gene cluster of CVKZ2 was transcribed as one unit and
processed nto small tRNAs (Nishida ef al. 1999). Although this shows that the &
upstream region of tRNA gene clusters Is active. this region has not been studied
in defail.

In this study. the promoter activity of the upstream region of the tRNA gene

clusters of chlorella viruses isolated in Korea was test in an trial to improve the



chlorella transformation system for higher expression of foreign protein. Also,
constructs containing serial deletion of this region were constructed to find

minimum region required for promoter activity.



Material and Method

Viruses strains

Twenty three chlorella virus strains have been isolated from fresh water
samples collected from ten cites in Korea and their tRNA gene clusters have been
characterized (Cho ef al, 2002). Among these strains. the tRNA gene cluster
upstream regions of SS-1 and SS-2 that have been isolated from a pond in
Seusan, and KH-1 and KH-2 that have been isolated from a lake in

Daegu were analyzed.

Sequencing of tRNA gene cluster promoter

The initial trial for the direct sequencing of purified genomic DNA was
unsuccessful probably due to the large size of the genomic DNA. Therefore, DNA
was first digested with restriction enzyme, extracted with phenol:chloroform. and
used as template for sequencing, which was named as “Cut and Walk method™,
The details for this method was as follow: purified genomic DNA (3-5 ng) was
digested overnight with BamH [ and extracted with phenol/chloroform mixture.
The DNA was precipitated with ethanol and dissolved in distilled water. These
digested genomic DNA was used as template of PCR reaction for sequencing.

A primer for the tRNA gene cluster promoters (lle-C. 5 TTGGCTCATAAG
AGACCAATGC-3") was designed based on the isoleucine tRNA gene that located
second in the tRNA gene cluster (IFig. 1). The tRNA gene cluster promoters of 3
other strains were determined by cut and walk method with this primer.

Sequencing reaction mixture (1-1.5 ug template DNA. 1 pmol of primer, 4 ul of
terminator ready reaction mixture. and distilled water to 20 w) was prepared and

place Into a thermal cvceler. Twenty five cvcles of PCR reaction composed of 10



sec denaturation at 96°C, 5 sec annealing at 50C and 4 min extension at 60C was
performed. After reaction was finished, the product was precipitated with ethanol
and dissolved in 25ul of Template Suppressing Reagent (Perkin Elmer). The DNAs
were denatured for 2 min at 95T, cooled down on ice and analyzed with the ABI

PRISM™ 310 Analyzer (Perkin Elmer).

PCR amplification of the tRNA gene cluster promoters

Direct sequencing results showed that the promoter regions of KH-1 and KH-2
have same sequence. Therefore, the tRNA gene cluster promoters were amplified
by PCR from 3 strains, SS-1. SS-2 and KH-1 for promoter assay. Primers for
the SS-1 (tRNApro-N. SSlpro-C), SS-2 and KH-1 (tRNA pro-N, tRNApro-C)
were designed based on the sequence of tRNA gene cluster upstream region
(Table 2).

The tRNA regions were amplified in 30 W of PCR mixture containing 5 u of
10> buffer (100 mM Tris.Cl. pH 8.3, 500 mM KCI. 15 Mm MgClL). 0.2 mM dNTP.
05 W of Tag DNA polymerase (5 u/w). and 100 pmol of forward primer and
reverse primer. PCR reaction condition were predenaturation at 95C for 5 min. 40
cycle of 1 min denaturation at 94C. 1 min annealing at 50T, and 1.5 min
extension at 72C. followed by a 7 min postextension at 727. The PCR products
were analyzed by electrophoresis in 1% agarose gels and visualized by UV

nradiation.



PBCV-1  [Leuf{ Te [{Leu[{ Asn | Lys asn [ Lys { Ty Hiys Harg{ val]
cvk2  |Leu[] Be [{Leu  Asnl{ Gly [ asn [ Lys G [ Tor Lys [{Arg [ asp  vai |
KH1  [Len[] lle [{Leu [{ asn || Gly [{ Asn ] Lys H Asn H Lys H in {1yr Hiys Hiys Hare Hasp H val|
s1 [Leu { e Heu [ Asn { Gty Hasn H ys Hror Hrys Have 10w s {val
ss2 [Leu ] e f{Leu [ asn [ Gty HasnH Lys Hom Hm Lys M arg f{ Asp ] vl |

«— Jle-C

IFig. 1. Arrangement of tRNA gene clusters in Chlorella virus strains and
location of primer used for the direct sequencing of promoter regions.
PBCV-1 is the prototype of Chlorella viruses and CVK2 is isolated in Japan. KH-1,
55-1. 55-2 are virus strain isolated in Korea. Primer for direct sequencing is

located in the lle genc.



pGEM-T vector cloning

The PCR products were eluted from the agarose gel with DE81 filter paper
(Watman) and cloned into pGEM-T vector system (Promega, USA). I coli
XL1-Blue strain was transformed with the ligated DNA and clones containing the
insert were screened with Macconkey plates. White colonies were inoculated to LB
broth containing ampicillin (100 wg/ml), and plasmid DNA was extracted with
alkaline lysis method. Purified DNA were digested with EcoR [ restriction enzyme

and electrophoresed in 1% agarose gel,

Sequence analysis

Cloned plasmid DNAs were purified with Wizard plus SV minipreps DNA

purification system (Promega) and used for DNA sequencing. Sequencing reaction
mixture (500 ng template DNA, 1 pmol of primer. 8 4 of terminator ready
reaction mixture, and distilled water to 20 @) was prepared and place into a
thermal cycler. Twenty five cycle of PCR reaction composed of 10 sec
denaturation at 96C. 5 sec annealing at 50C and 4 min extension at 60°C was
performed. The products were precipitated with ethanol and dissolved in 25 W of
Template Suppressing Reagent (Perkin Elmer). The DNAs were denatured for 2
min at 95T, cooled down on ice and analyzed with the ABI PRISM ™" 310

Analvzer (Perkin Elmer). Data about protein binding factors were obtained through

the PILACE (Plant cis-acting regularoty DNA element) databases.



Table. 2. Oligonucleotide primers used for the PCR of tRNA gene cluster

promoter regions.

Name Sequence

tRNA-proN 5'-COTAAGCTTGAAAGAATGTAT-3'

IRNA-proC  5'-GCATACGGATCCGCGCGCGTGTAT-3"

SS1-proC 5'-ATACGGATCCGCGCGATTAGAGTC-3'

Remark 1

Hindlll

BamHI

Bamtll W



Construction of chlorella transformation vector

The transformation vector pMinGFPble had been constructed by modifying a
plant transformation vector pMinGFP for expression of GFP (Kim ef al, 2002).
This vector contains ori V for replication in both E. coli and Agrobacterium, npt III
gene for kanamyecin resistance, trf A for replication support. right and left border of
T-DNA for integration and Sh ble gene for transformant selection with phleomyecin.
The GFP gene is under the control of the 35S promoter of CaMV (Fig. 2).

In order to compare the effect of the each promoters (35S, KH-1. SS-1. S5-2)
on the expression of the GFP gene in transformed Chlorella, three different
expression vectors were constructed as follows. The pTGFP vector contains the
tRNA gene cluster promoter of $S-2 and GFP gene, the pSGFP vector contains
the tRNA gene cluster promoter of SS-1 and GFP gene. the pKGFP vector
contains the tRNA gene cluster promoter of KH-1 and GFP gene. The tRNA gene
cluster promoters in the T-easy vector were digested with Hindlll and BamHI, and
cloned into the Hindlll and BamHI digested pMinGIFFPble to replace the CaMV 35S

promoter (Fig. 3).

,11,



nptilip
GED pminGFPble

7000 bp

BamHi xbai 4812

Hinegil 40580

IFig. 2. Chlorella transformation vector pMinGFPble. In this vector. the GFP
gene i1s under the control of cauliflower mosaic virus 35S promoter and the sh ble
gene is under the control of Chlamyvdomonas RBCS2 gene promoter. Ori V. board
host range replication origin. KB. right border region: LB, leftl border region:
nos-nptlip npt Il nptll gene under the control of nos-npt [l double promoter:

ter{pli. 3" region of the potato prolease inhibitor II genc. The 35S promoter was

replaced with tRNA gene cluster promoters in this study,

,12_



HindlIl BamHI Xhol
1 l 1

pMinGFEPble
pSGFP
pPKGFP

pTGFP

Fig. 3. Structure of Chlorella transformation vectors. The transformation
vector was constructed by replaced the 35S promoter with promoters from tRNA

gene cluster of indicated viruses.



Serial deletion of the promoter region from the SS-2 strain

In order to find the effect of the repeated sequence on the promoter activity,
serial deletion constructs were made from the promoter region of SS-2 strain
containing ABABA repeat. Serial deletions containing BABA. ABA, BA, and Box
A fused to the GFP reporter gene were constructed by PCR amplification with AB
box prime or BA box primer in conjunction with GFP-C primer (Table. 3). The
location of the primers are shown in Iig. 4. The serially deleted promoter-GFP
fragments were amplified in 30 @ PCR mixture containing 1 ¢ template DNA
(PTGFP), 3 ut of 10 x buffer (100 mM Tris.Cl, plI 83, 500 mM KCI, 15 mM
MgCL), 0.25 mM dNTP, 0.5 g Tag DNA polymerase (25 0/U) and 50 pmole
AB-box/GFP-C or BA-box/GFP-C specific primer. The reaction conditions were:
35 cycles of 30 sec denaturation at 95T, 30 sec annealing at 45C, 60 scc
extension at 72°C followed by 5 min extension at 72°C. The amplified PCR product
was analysed on 1% agarose gel electrophoresis after the gel was stained by
cthidium bromide. The PCR product was digestion with Hindlll and Xhol, and

cloned into pTGIEP digested with 1lindlll and Xhol.



Table. 3. Oligonucleotide primers used for the PCR of box deletion

Name Sequence Remark
AB-Box I5-CACCAAAAGCTTCATTTATTACAGG-3 HindIII
BA-Box }5'*TATATAAAGCTTAACTTAAGAAATA*.‘%‘ HindIII

GFP-C  5-CTCGAGCTCTTAAAGCTCATCATG-3 Xhol



A sERY
GFP C

IFig. 4. Location of primers used for the of conserved sequence motif. PCR
products containing GFP gene fused to serially deletion promoter were amplified by
PCR with AB-Box or BA-Box primer and GFP-C primer. Filled and white boxes

indicate Box A and Box B. respectivelv.



Chlorella Strain and medium

Chlorella vulgaris was provided from Korea Marine Microalgae Culture Center of
Pukyong National University (Strain No. KMCC FC-001). Culture medium for C
vulagris (DW {/2) was made by replacing sea water of the /2 medium with fresh
water (Guillard and Ryther, 1962). Cells were cultured in DW £/2 containing 50 ug
/ml each of chloramphenicol and streptomycin without shaking. Cells were
inoculated at initial concentration of 1x10° cells/ml and cultured under 3000 lux

fluorescent lamp at 25 with 18:6 h light:dark cycles.

Protoplast preparation

The cells were harvested for protoplast formation when cells reach 1-2x10% cells/
ml, usually 8-9 days after inoculation. Chlorella cells in 50ml of above culture were
harvested by centrifuging for 5 min at 3,000 xg. Cells were washed once with 25
mM phosphate buffer (pH 6.0) and suspended in 5 ml of same buffer containing
0.6 M sorbitol. 0.6 M mannitol. 1% (w/v) cellulase (Calbiochem. USA), 2% (w/v)
Macerase (Calbiochem). and 1% (w/v) pectinase (Sigma). The cell suspension was

incubated at 25C for 16 h 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 5m of DW /2 medium
containing 0.6 M each of sorbitol and mannitol, and washed by centrifugation at
400 =g for 5 min. The pellet was suspended in 1 ml 0.6 M sorbitol/mannitol with
0.05 M CaCls. Protoplasts in 04 m (10°~10° cells) were placed into new
microcentrifuge tube and 5 wg of vector DNA was added with 25 wg calf thymus
DNA (Sigma) as carrier. After 15 min incubation at room temperature, 200 u of
PNC [0.8 M NaCl. 0.05 M CaCly, 40% PEG 4000 (Sigma)] was added with gentle
mixing. After 30 min incubation at room temperature, 0.6 nl of DW /2 medium
containing 0.6 M sorbitol/mannitol, 1 % veast extract and 1 % glucose was added,

and the cells were incubated at 25T for 12 h in dark.

Selection of transformants

The transformed cells were transferred to fresh DW {/2 containing 1 wg/ml of
phleomycin and cultured under 3000 lux fluorescent lamp at 25T with 18:6 h
light:dark cycle. After 2 weeks culture. cells were transformed to fresh medium

containing same concentration of phleomyein.

*18,



Measurement of the GFP gene expression

After 2 weeks culture, the transformed cells were observed for GFP expression
with a fluorescence microscope (Olympus BH2-RFL-T3) using WB filter. In order
to determine the fluorescence intensity, 1 ml of samples containing same number
of cells that had been transformed with different constructs were measured using
a fluorescence spectrometer (Perkin Elmer LB-500). Before the measurement, cells
were first observed with the fluorescence microscope to confirm that there is no
wild type cell in the samples. In order to get same number of cells for each
sample, the cells were counted using a hemocytometer chamber over 5 times. The
cells were centrifuged at 400 xg for 5 min and the supernatant was decanted. The
pellet was washed once with phosphate buffer (pIl 6.0) and the cell pellet was
resuspended to the final cell count of 3.0 = 10" cells/mé with same buffer. One
milliliter of the resuspended cells were used for measurement, and five samples
were measured from each 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 wave length were taken for

com ],)Zl[’i son.



Results

Sequence analysis the tRNA gene cluster promoters

DNA fragments containing the upstream region of the tRNA gene clusters of
chlorella virus SS-1. SS-2 and KH-1 were amplified. PCR products with expected
size were obtained. which were 370bp in SS-1 and KH-1. and 490bp in SS-2 (Fig.
5). The PCR products were cloned into the pGEM-T vector and their sequences
were determined, which shown in Fig. 6. Analysis of these promoter regions
revealed repeated and conserved DNA motifs that we named as Box A, Box B
and Box C (Fig. 7). Box A is composed of 33 nucleotides while boxes B or C are
composed of 84~100 nucleotides. Although Box B and Box C were similar in size.
they showed only 40% sequence homology, and they were regarded as different
motifs. Fig. 8 is the simplified version of the promoter regions. PBCV-1 and S$S-1
have two Box Aes, the KH-1 strain has CABA arrangement and the $SS-2 strain
has ABABA arrangement,

Analysis of the tRNA gene cluster promoter regions with PLACE (Plant
cis-acting regulatory DNA element) program revealed the presence of a number of

putative cis—acting elements {for transcription factor binding (Fig. 6).

*20 -



500bp—
300bp—

Fig. 5. PCR amplification of the tRNA gene cluster promoter from chlorella
virus isolated in Korea. Lane M. 100bp DNA ladder size marker: lane 1. KH-1:

lane 2. SS-1: lane 3. 8S8-2.



S5-1

T— G3— G2
AAGCTTGAM GAATGTATAG ATCAAATTTC GTAAAAAAGA TGATGTCATT TATTTTOCCA AGATGTTTTA ATTAAATGAC AAATGCGACC ATTTIGTCAT 100

101 ATCGACAACT AAAACAACTT AAGAAACAGC GATGCTTACA ATTCAAGTAA GTATATAGGT AAGTATCACT AATACTAAA

Ca—

§TCGTTTA TOSCAIJGTFT GAACCAATCT AAAAGATAAG TA'ITAATGAT TATCAFAMT GTAATAAGTA TCA[IMTTCA CACAT 4 300
C ATTCATTTGC AGGTAGTCGG CGGACTCTAA TCGLGCGGAT CC 372

201

30

SS-2

1 CTTGAAA GAATGTATAA GTCTTCGATA TTCAAAAAGA TAATGTCMT TAﬂ'F[(IIX) AGATFTTATG C TTMATGAC AATTGTGATC ATATAGTTAT 100

101 ATCAACAACC AABACAACTT AAGAAACAGA GATGCTTACA ATTCAAGTAA L:TATACAGL:l AA[;TATCACA AAU.:TCAAAT & 200
BAICATTTA TTACAGGTTC GACCCAAATC ATCCGACCTA AAABATAAGT ATTATIGATA TCAGAAATGT GATAAGTATA TATAAATERT) 300
]

—C —
ATATCA GAAATGTGAT) 400

TG TCTITGTCTA TTCGAGGTAA TTATACACGC GCGCGGATCC

KH-1
D

AAGE TTL;MA GAATGTATAA GTOUTCAATA TTJ;\AAAAGA TAATGTCATT TCTTTTCOCC AI;AT\;TTATL: C TTr\AAT[JAﬁ MTTGTGATC ATATAG- TCAT} 100
101 ATCOACAACT AAAACAACTT AAGAAACAGA GGTGE TTACA ATTCAAGTAA GT@«TAEAGGT AAGTATCN‘A AACGTCAAMT ATE ]
201 BAG CA CATTCA TTG?AGFTTC GACCCARATC ATLCGACGCC AMGATAAFT ATTADWGEfA TCAGAAATGT GATAAGTATA TATAAAT. §TT] 300
ACTAAC ACCAGAATCA CTGTCTTTGT TTATTGf AGG TAATOATACA OGCGUGIGGS TCC 373

IFig. 6. Analysis of the tRNA gene cluster promoter regions of the chlorella
viruses. The putative transcriptional f{actor binding sites known in plants are
ndicated (C: CAAT box, C2: CCAAT box. D: Dof protein binding site. G: GATA
box. GZ2: GATA box. C3: GC like motif. T: TATA hox. in bold ). Repeated

scquences described in the text are boxed (Box A: black. Box B. C: white.).

_22,



Box A

PBCV-1-A1:  ATTAACTTAAGAAACATACTAACACCAAAAACA
PBCV-1-A2:  ATTAACTTAAGAAACATTCTAACACCAAAAACA
SS-1-A1 : ATTAACTTAAGAAACATTCTAACACCAAAAACA
SS-1-A2 : ATTAACTTAAGAAACATTCTAACACCAAAAACA
SS-2-A1 ' ATTAACTTAAGAAATATACTAACACCAAAAACA
SS-2-A2 © ATTAACTTAAGAAATATACTAACACCAAAAACA
SS-2-A3 ©  ATTAACTTAAGAAATATACTAACACCAGAATCA
KH-1-A1 :  ATTAACTTAAGAAATATACTAACACCAAAAACA
KH-1-A2 - ATTAATTTAAGAAACATACTAACACCAGAATCA

khkkk hhkhkkAkkkk *k Xkkkkkkkxkx *k %%

IFig. 7. Comparison of the repeated Box A sequences of tRNA gene cluster
promoters of chlorella viruses. Names and locations of the boxes are shown in

Fig. 9.

*23,



<A>
Box B

S5-2-B1: TCATTTATTACAGGTTCGACCCAAATCATCCGACCCAAAAGATAAGTATTATTGATATCAGAAATG
S5-2-82: TCATTTATTACAGGT TCGACCCAAATCATCCGACCCAAAAGATAAGTATTATTGATATCAGAAATG
KH~1-81:TCATTCATTGCAGGTTCGACCCAAATCATCCGACCCCAAAGATAAGTATTATTGATATCAGAAATG

Khkkhkhkkh hhkk kkkhAAkhkhkkhhhhkhhhkhkhhkkhxhk IhhkkhkkhkAAAAAXKkkkAhAhkkhhkkkhkhkkk

TGATAAGTATATATAAAT
TGATAAGTATATATAAAT
TGATAAGTATATATAAAT

hhkhkkkkhkkhkhkkkkhkhkkkk

<B>

Box C

KH-1-81:TCAT_TCATTGCAGGT TCG_ACCCAAATCATCCGACCCCAAAGATAAGTATTATTGATATCAGAAA
KH-1-C1:TCATATCGACAACTAAAACAACT TAAGAAA_CAGAGGTGCTT_ACAATTCAAGTAAGTAT ACAGG

*hkkk kk * * * K * k Kk * Kk ok * *khkk Kk ok

TGTG_ATAAGTATATATAAAT
TAAGTATCACAAACGTCAAAT

* * kk X * * %k

FFig. 8. Comparison of the repeated Box B sequences of tRNA gene cluster
promoters of different chlorella viruses (A) and comparison of B and C box

of KH-1 (B). Names and locations of the boxes are shown in Fig. 9.

— 24 -



PBCV-1-A1 PBCV-1-A2

PBCV-1

$8-1-A1 $8-1-A2

S5-1

KH-1-C1 KH-1-A1 KH-1-B1 KH-1-A2

KH-1 —— [

KH-2-C1 KH-2-B1

KH-2 ——

$8-2-A1 $8-2.B1 88.-2-A2 §8-2.B3  $S-2-A3

SS-2

Fig. 9. The arrangement of repeated motifs in the putative promoter region
of tRNA gene cluster in different chlorella viruses. Name of boxes cited in
[Flg. 7 and 3 are shown above the hoxes. Black boxs. Box A: white boxs. Box B

or C.

¥25_



Test for promoter activity

In order to find whether the upstream region of the tRNA gene cluster
functions as real promoters in transformed chlorella, DNA vector containing the
GFP gene under the control of these regions were constructed. The constructs
were confirmed by restriction enzyme digestion (Fig. 10), PCR and sequence
analysis of the cloning junctions. and then protoplasts prepared from C. vulgaris
were transformed with these vector. The transformed cells were selected by
culturing in the presence of 1 wg/ml of phleomycin for 2 weeks. As shown in
Fig. 12, chlorella cells transformed with the constructed vectors exhibited green
fluorescence (Fig. 12B-E). in contrast to non-transformed cells that did not emit
any green fluorescence (IFig. 12A).

[For quantitative comparison of promoter activity between these constructs.
tluorescence was measured using a fluorescence spectrometer. The excitation wave
length of 375nm was chosen from the absorption spectrum analysis. GFP
fluorescence values at the emission wave length of 435nm were chosen for
comparison because the emission was the highest at this wave length (TFig. 13).
IFive samples were prepared from each preparation including non-transformed cells
and grouped into 5 groups representing five repeats. In each group, the GFP
intensity  values of transformed cells were subtracted with the intensity of
non transformed cells to correct the autofluorescence. Thar. relative intensity values
tor cach samples against that from the cells transformed with 35S-GFP fusion
(pMmGEPble vector) were calculated. Average intensity for each constructs were
calculated with the relative intensity of corresponding consfruct in 5 groups, which
are shown in Table 4.

As shown in Table 4. all of the cells transformed with tRNA gene cluster

promoter-GIP  fusion showed stronger intensity than those transformed with

_26_



CaMV 35S-GFP fusion construct. The cells transformed with ABABA-GFP fusion
derived from the SS-2 strain showed the strongest (110%), followed by AA-GFP
fusion (108%) and CABA-GIFP fusion (102%) derived from SS-1 and KH-1

strain. respectively,

Promoter activity of constructs with serial deletion

In order to find the importance of the repeated boxes in the promoter activity,
constructs containing serial deletion were constructed from the ABABA-GFP
fusion construct derived from SS-2 strain. The partially deleted promoter-GFP
fusion DNA was amplified by PCR with AB or BA box primer in combination
with GI'P-C primer to obtain PCR products of 80071000 bp which includes
ABA-GFP and A-GFP or BABA-GFP and BA-GFP fragment (Iig. 11). Although
these PCR products contain DNA fragments of two different size, they appeared
as one hand because of small size difference, 33bp and 84bp, respectively. This
was confirmed by cloning and sequence analysis of these PCR products. The PCR
products were cloned into pGIEM-T vector for sequence confirmation, and than the
promoter-GFP region in pTGEFP vector was replaced with the serial deletion
containing BABA, ABA, BA or A-GFP fusion.

After transformation and selection of transformants for 2 weeks, GFP intensity
of chlorella cells transformed with each construct was measured as described above
and refative inlensily against ABABA-GIEP construct (100%) were calculated using
saimic method. As shown in Table 5, GIFP intensity of the cells decreased as the
deletion ot the conserved boxes increased. Chlorella cells transformed with BABA.
ABA, BA or A-GFP fusion constructs showed 94%. 89%. 87% and 73% GFP

intensily. respectively,

,277



lkp— Baad

500bp

Fig. 10. Detection of promoter and GFP gene from the constructed
vectors. Plasmid DNAs were digested with BamHI/Xhol to detected the promoter
region (ance 1-4) and with FindlII/BamlIll to detected the GEFP gene (lane 5-8).
Lane M. lkb plus DNA ladder: lanc 1 and o, pMinGEPble: lane 2 and

6, pTGEP: Tane 3 and 5. pSGEP: Tane 4 and 8, pKGEP.
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1000bp—
800bp—

Fig. 11. PCR amplification of the box deletion promoters from
pTGIP. Lane M. 100bp DNA ladder size marker: lane 1, AB box PCR : lane 2.
BA box PCR.
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Fig. 12. Expressionof the GFP genein transformed C. vulgaris. A: wide type,
B-E: C. vulagaris cells transformed with plasmid vector containing GFP gene fused
to 35S promoter., tRNA gene cluster promoter from SS-1, KH-1 and SS-2

respectively.
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Table. 4. Relative activity of promoters

different chlorella viruses.

from tRNA gene

clusters of four

construct GFP relative
name arrangement Intensity a) intensity
MFP(SSS) 51017 100%
SFP(SS-1) 548 .04 108%
TFP(S5-2) 5588 110%
KFP(KH-1) 51905 102%
a) The values are means from 5 measurements.
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Table. 5. Relative promoter activity of serial deletion constructs derived

from ABABA-GFP vector.

construct name arrangement | GFP intensity a) | relative intensity
ABABA-GFP(SS-2) 558.9 100%
BABA-GFP 524 44 94%
ABA-GFP 4997 89%
BA-GFP 48846 87%
A-GFP 408.38 73%

a) The values are mean values from 5 measurement and excitation wave length of

375 and emission wave length of 435.
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Discussion

Although the CaMV 35S promoter that has been used in may plant
transformation system was also proven to function in microalgae (Mitra ef al.
1994: Ying et al, 2001), promoters derived from chlorella or their virus would be
suitable in the chlorella expression system. PBCV-1 encodes a number of
transcriptional factors in its 340kb genome (Anne ef al. 1990) but it does not
encode its own RNA polymerase and it is believed to use host transcription
machinery to make its transcripts (Schuster et al, 1986).

In addition to over 300 ORF encoded in the genome of PBCV-1, this virus and
other related chlorella viruses contain 10716 tRNA gene cluster, which suggests
the adaptation of this virus to a wide host range in nature (Nishida et al, 1999b:
Van Etten et al. 1999). Aside from chlorella virus, the tRNA gene have also been
identified in the genomes of murine gamma herpesvirus 63 (Bowden ef al, 1997)
and bacteriophages T4 and T5 (Desai et al., 1986). The presence of viral tRNA
genecs can be explained by the codon usage regulation of the chlorella viruses and
their hosts (Van Etten ef al, 1995). Nishida et al. (1999b) identified tRNA gene
cluster consist of 14 tRNA in the chlorella virus CVKZ, and showed that these
tRNAs were expressed and aminoacylated. which indicated that they involved in
the viral protein synthesis.

Generally. ecukarvotic tRNA genes are transcribed bv RNA polvmerase Il and
these genes contain two internal promoters designated as the Box A and Box B
elenents that present inside the tRNA coding region (Plamer and Folk, 1990).
However. the tRNAs of chlorella virus CVKZ were cotranscribed as a large
precursor of about 1.0kb and processed into individual mature tRNAs (Nishida et
al. 1999b). Exceptional cotranscription of tRNA gene clusters in eukarvotes have
been known only from yeast so far (Schmit ef al. 1930).

Cotranscription of the tRNA gene cluster in virus infected chlorella suggest that

the 5 upstream region of this cluster functions as a promoter. Sequence analysis of
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the 5 region of the tRNA gene cluster of PBCV-1 revealed a typical promoter for
chlorella viral genes that is composed of 65bp with 75% A+T (Schuster et al,
1990). However, there has been no detail analysis for this region for the presence
of a promoter.

Analysis of the genomes of chlorella viruses isolated in Korea showed the
presence of tRNA gene clusters containing 14-16 tRNA genes (Cho et al, 2002).
The 5 upstream regions of these gene clusters were cloned, sequenced and
analyzed for their promoter activity in transformed chlorella in the present study.
Sequence analysis of the putative promoter regions revealed repeated and
conserved DNA motifs called Box A of 33 nucleotides and Boxes B or C of 84
nucleotides (Fig. 7 and 8). which are arranged as AA in PBCV-1 and SS-1,
CABA in KH-1 and KH-2, and ABABA in SS-2 (Fig. 9). This region also
showed high A/T content of over 80%. Many promoter genes contain AT rich
sequence as enhancer elements responsible for regulated gene expression. AT rich
sequence have been shown to be important for quantitative expression of many
plant genes (Yamamoto et al. 1994). Several reports have previously suggested
that the AT rich sequence might act as a general positive regulatory element
(Bustos ef al. 1989). AT-rich sequence from the pea plastocyanin gene(PetE)
promoter has been reported to act as quantitative and non-tissue-specific enhancer
elements in transgenic plants. In PetE promoter. a single copy of the 3lbp AT
rich sequence increased the expression nearly 2-fold over the minimal promoter,
whereas triplication increased the expression 1-5 fold (Sandhu ef al. 1998). This
motif also has been shown to be responsible for the enhancer-like function in the
maize gpct promoter (Manjunath and Sachs, 1997,

Although the importance of repeated sequences in promoter activity has been
acknowledged. repeated sequences with more than 30bp has not been reported
from promoters of plant or plant viruses so far. [n order to test the importance or

possible role of this repeated sequence in the promoter activity of this region,
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DNA fragments of about 400bp were amplified from chiorella viruses and cloned
upstream of the GFP gene in a chlorella transformation vector. and then introduced
into chlorella protoplasts. As shown in Table 4, the activity of these regions as
promoters determined by the fluorescence from same number of transformed and
selected cells was higher than that of CaMV 35S promoter. The putative promoter
region from the chlorella virus SS-2 that containing ABABA arrangement showed
the highest promoter activity, followed by those from KH-1 and SS-1 that have
CABA and A-A arrangement, respectively.

A relationship between the number and arrangement of the conserved motifs
and the promoter activity of the regions was expected. This was confirmed by
serial deletion of the repeated motifs from the ABABA arrangement in the tRNA
gene cluster of SS-2 strain. As shown in Table 5. the promoter activity decreased
as the repeated motifs are removed from the promoter region. and promoter
containing one A motif showed 73% activity compared to the complete ABABA
arrangement. However, the promoter activity of only one Box A (73%) is higher
than expected. The length one Box A is only 15% of ABABA and contains only
one out of five repeated motifs. This suggest the importance of Box A in the
promoter activity. Analysis of the Box A showed the presence of "AGAAA" (Bate
et al. 1999). YACT (Gowik et al. 2004) and the RTTTTTR (Lessard et al
1991) sequences that have been identified as binding sites for transcriptional
factors in tomato. flaveria and soybean, respectively. The importance of the Box A
also can be observed in Table 4. The promoter with the A-A arrangement (S5-1)
showed very similar (108% of CaMV) activity as ABABA (110% of CaMV),
which is higher than that with CABA arrangement (102% of CaMV).

Table § also suggest that the Box B is important in promoter activity. There
was sharp increase In promoter activity (73% 1o 87%) when the Box B was added
to Box A. Box B also contains binding sites for transcriptional factors ‘GATAAG’

(Rose et al. 1999), 'CAAT  (Shirsat et al. 1989), 'GATA" (Teakle et al, 2002}
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(Fig. 6). This results suggest that both Box A and B are both important in the
promoter activity of this region but Box A is more important. One possible
explanation for the importance of the Box A would be the positional effect of this
sequence., which could be tested with a construct containing AB arrangement.

In this study. eight promoters directly cloned from chlorella virus or obtained by
serial deletion of the cloned promoter have been tested for their activity in
transformed chlorella. The results showed that these promoters are comparable or
better than the most commonly used CaMV 35S promoter and that they could be

used in the expression of foreign protein using transformed chlorella.
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