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Abstract Chlorella has various biotechnological applications, including in the biomedical and phar-
maceutical industries, because of its advantages, including rich nutrients, fast growth rate, easy
cultivation, and high biomass. We used the Agrobacterium-mediated transformation method to
express human GM-CSF and EGF proteins, which are widely used in regenerative medicine, cos-
metics, and pharmaceutical materials in Chlorella. The codon-optimized #GM-CSF and hEGF
genes were cloned into plant binary vectors and transformed into Chlorella vulgaris using the
Agrobacterium-mediated coculture transformation method. After transformation, genomic DNA
PCR was performed for each C. vulgaris line that was stably subcultured on an antibiotic-resistant
solid medium to confirm the insertion of /GM-CSF and hEGF into the chromosome. Furthermore,
PT-PCR and protein expression of hGM-CSF and hEGF in each transformed C. vulgaris were
significantly increased compared to the untransformed Chlorella. This study suggests that high-val-
ue proteins, including hGM-CSF and hEGF, which are foreign genes of C. vulgaris, can be stably
expressed through the Agrobacterium-mediated Chlorella transformation system.
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1. DIMI=R R HHX]-BHQF =2

B AFof| AME-SF Chlorella vulgaris AG10032% S
=AY =AY Al Bl (Korea Collection for Type Culture;
KCTC)oll A ot H A vjdE sl gade
2 0.5% glucoses 7} BG (Blue-Green) 11 8] A]
= AF&3A T [29]. BGI1 Wi A (pH 7.0) A& oS
I Zo] #4451, NaNO; 1500 mg/L, K,HPO, 40
mg/L, MgSO,-7H,O 75 mg/L, CaCl,-2H,0O 36 mg/L,
Citric acid 6 mg/L, FeCsHsO7;-NH,OH 6 mg/L, Trace
metal solution 1 ml/L (Na»-EDTA 1
MnCl-4H,0 1.81 ¢g/L, ZnSO4+7H,O 022 g/L,
Na,MoO42H,0 0.39 g/L, CuSO45H,O 0.08 g/L,
Co(NO;),-6H,0 0.05 g/L, H;BO; 2.86 g/L) E A A=,
121°C, 1523 B¢ & ¥Zste] 250 ml Al Zul &
Zeh2To) HEH(1x10° cells/ml)S Ho] AnjF )
Atk HEF & wwk £% 150 rpm, FF7] 14 h:10
h (light:dark), Wl Y25 25°C, 3= 3200 lix2 33
© ] 7] (VS-8480SR-L, Vision
Korea)oll A4 At & AA] & UV/Vis 33357
(Optizen pop, Mecacy, Korea)E ©] 83t FF% 680
nm (Optical Density, 680 nm, O.Dggo)N A HFES
ZA4stal B Ao AHgstth

mg/L,
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28°Coll A, O.Dgyp 0.7~0.8°] 2 wj7}=] Ll < SHA
. $2¥ 5 subculture 399, 100 rppm 202
2A12F O v eFste] HEHO R AMESEATH

C. vulgaris= 0.5% glucose’} 78 BG11 A
iR A 25°C, 59 FF dEHoA Hujf
(0O.Dggo=1) 3FFT}. Cha 5(2012) WHS HEP3}A 4.
tumefaciens &N C. vulgaris AW FH L 2+t
120 rpm¥ 200 rpmoll A L& A4 7](1236R,
LaboGene, Korea)E AH8-3l] A& Al AL,
Induction B Z](100 uM acetosyringon®] X3+ BG11
AA A (pH 5.6)Z Al A& F Induction HI A=
2v7F A e sE T [14]. A E F Agrobacterium-S
C. vulgaris® 1/502 ©]2)3}a1, 25°C =4 5¢
7+ FF 8ok 3 20 pg/ml Hygromycin (Hyg”)¢} 150
pg/ml Cefotaxime (Cef*’)] Z3+H BG11 (0.5%
glucose F7F) LA\ R o] =23t} o] & LA ]|
A= 29 ¢ S ohs, FFA-2H LI
(DS-53FPL, DASOL Science, Korea)Z &7 52 A
713 A A4 PCR HFOoE AEstAT

.°’

E9 RHA ol ¥ WH F% o
Genomic DNA PCR¥} RT-PCR< &
C. vulgariso| A T2 = %—‘?—9]- Z}
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YZhol e & Ho]3dlal, genomic DNA (gDNA)*E‘
SDS extraction bufferg AH83to] 2|3t [33].
2] ¢DNA 100 nge OS2 st {FHA 5ol

primer (Table 1)2} $H7 EmeraldAmp® GT PCR

Master Mix (RR300A, Takara Bio, Korea)E& Al-8-3}<
PCR (Polymerase Chain Reaction)< <383} % t}. PCR
FE 2702 98°CollA 1, 60°CollA] 303, 72°Coll 4]
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hGM-CSF$} hEGFS] gDNA PCRS F3f A%}

SAE  C vulgaris  FE A ol A
hGM-CSFSt hEGF 7337k e o - 2l 9|8t
TRIzol Plus RNA Purification Kit (#12183555,
Invitrogen, USA)Z total RNAE FZ3+H 21 [34],

M-MLV RT-Kit (BR122-10k, BioFACT, Korea)Z A}
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—a}oq cDNAZS 4314t 4% cDNA 1 wS
go2 3Fle] Table 1o FEAE Zejous}
EmeraldAmp® GT PCR Master MixE A}-&3}<]
Cycler (A24811, Applied
ZZalo] wE e BB

SimpliAmp  Thermal
Biosystems, USA)°l| 4]

Table 1. List of primers for this study

Gene Primer
Name Name Sequence (5" — 37)
hGM-CSF hGM-CSF F |ATGTGGCTCCAGTCGCTGCT
hGM-CSF R |CTCCTGGACAGGCTCCCAG
REGF hEGF F AACTCCGATAGCGAGTGCCCTC
hEGF R GCGCAGCTCCCACCACTTCA
185 PRNVA 18S rRNA_F |TTCTATGGGTGGTGGTGCATG
18SrRNA R |GCGAACCAACCGTGACTATT
hpl hyg F TTCTTTGCCCTCGGACGAGTG
hyg R ACAGCGTCTCCGACCTGATG

7. $EMEE C wulgaris THEE F& Y sl
T2 =] B1H C. vulgaris SAHA
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(B)
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20065
Figure 1. The binary vector used for C. vulgaris
transformation  in  this  study.  Schematic

representations of the binary vector constructs,
hGM-CS:His (A) and hEGF:His (B). LB, T-DNA
left border; RB, T-DNA right border; #Aptll,
hygromycin resistant gene; CaMV 35S, Cauliflower
Mosaic Virus 35S promoter; His tag, 6xHistidine
epitope tags; NOS polyA, NOS nopaline synthase
terminator. (C-D) Colony PCR of the hGM-CSF:His
(C) and hEGF:His (D). The orange arrow indicates
the 432 bp, 159 bp, and 964 bp fragments of
hGM-CSF, hEGF, and hpt II, respectively. Lanes M,
the 1 kb Plus DNA Ladder; Lane 1, the negative
control based on H,O; Lanes 2, the E. coli liquid
PCR products; Lanes 3, the A. tumefaciens liquid
PCR products. (E) The Sacll digestion product of
the plasmid containing the hGM-CSF target gene,
hGM-CSF:His. (F) The Acul digestion product of
the plasmid containing the AEGF target gene,
hEGF:His.

[35, 36]. 22} 52 GRAS "AZFE &85}
A =2 TAZTE AREA o FEFS A4S
Aol R0 m uRI}L oA BLHE 9T /A
Mg A77F Qs
2 AT C vulgarisoll A o] Tald WA
&S 3 A717] A8 8 AR hGM-CSF
<} hEGFO tis)] S =24 Z= /\]-%-‘ﬂ(codon usage)
of BHA ‘?ﬂ }i%

—?i-h (2

%H&%ﬂ
l SpeITJr 5 Zholl BsEIl
z3sldom, ol &A A F
pCAMBIA1302 #E o] AFsle] GM-CSF:His}
EGF:His ¥EHE A 23} % th(Figure 1A, 1B). & &
binary vectorQ] pCAMBIA1302 W E = E& 23 9
A FAA BHE S FE3HE CaMV 358 ZE2 R E 9}
FAA Fhtutel Al WA fRAE Yt 1o,
T-DNAl= 54 333 & /- 2HGFP)<} 348
A sto]laEmtol4dl WA /% A (hygromycin
phosphotransferase, hptll)7} ZQ = At} [37, 38].
AN =2o] AZtE WEQ hGM-CS:His2} hEGF:His2]
Z e} 2~P)E DNAE E. coli DH5a W2 heat shock %
3019 Wt £9) ¥, Kan™0] £3589 LB LA HiA|
o A1 GM-CSF:His®} EGF:His9] g Z2UE A
sttt A FEYUE WFOE GM-CSF} hptll
A2 Eo]& Zelo]m(Table 1)& AF8-3F colony
PCRE F3l| Figure 1C2} o] 432 bp<} 964 bp AHE
= 130 & gRlsta, Ade Age] 23g 1A
HE]E A &Rlstr] 95t &l F=1lA DNA
2 FE3Y Sacll AFELS YA 1 A
0.8% agarose gel®ll 4] 6641 bp2} 3683 bp TH-S &2
3lal(Figure 1E), 238 02 NI B4& S J5
A A9 hGM-CSF:His A1 92 AAZs gt =
3k, hEGF:His Wl A4 A8 E S2YE o=z
hEGFS} hptll 34 §o]2 Zelo|m(Table 1)E At
&3 colony PCR< -3l Figure 1D} Z©] 159 bp
9} 964 bp AHES 1x}F 07 Folaly, oY F 2
UE S E DNAE = 3, dal AFEALE A

2lst Ttk 1 A3} 4049 bp, 2739 bp, 1543 bp, 909

$4 AL FES 2R

A aAS
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bp2} 811bp THH S &1t al(Figure 1F), 222 0.2
Ad B4S 53l AgshA A4Y® hEGF:His A4S
geld + AAg

321E hGM-CS:His®} hEGF:His Zgl2vj=
DNA< Agrobacterium®] freeze-thaw H-& ©] &3

=Ysta, FA7 £3E LB A 8l 2| (Gen'’,
Rif, Kan’)ollH A& F2UE didoez 74z
hptl/hGM-CSF S} hptIl/hEGF E-0]7 3Z2}o] v (Table
HE AFE3le]  Agrobacterium GV3101 w9l A

colony PCRE &3l +%d A& 13 5, C

A
(A) C. vulgaris hGM-CSF:His hEGF:His
: ) s gacef e
x TR 7S
R e ‘! g | e
A 57 S " e | S
(B) z
£
. covda
e o o000 e ?,{’ f!':";:;’:
e plshe |o o8| I e K e AR
© .
hGM-CSF:His

T2 T3 T4 TS5 T6

hGM-CSF

Figure 2. vulgaris  transformants,

Screening of C.
hGM-CSF:His and hEGF:His. (A) Colony formation
transformation C.

of  Agrobacterium-mediated
vulgaris on the selection plates, 0.5% glucose plus
BGI11 plates supplemented with both 20 pg/ml
Hygromycin and 150 pg/ml Cefotaxime. (B) Stable
transformants obtained through serial subcultures at
2-week intervals on the selective medium containing
Hyg” and Cef'’. (C-D) PCR analysis confirmation
from gDNA of the hGM-CSF:His and hEGF:His
transformants using the A”GM-CSF (D) and hEGF
(E) specific primers, respectively; Lanes M, the 1
kb Plus DNA Ladder; P, the positive control based
on the plasmids containing hGM-CSF:His (upper)
and hEGF:His (down); T1~T7, seven independent
transformants; N, the negative control based on
non-transformed C. vulgaris.

vulgaris @& 3ol A&3A T

Aol HFT  FUdH  Agrobacterium
hGM-CS:His®} hEGF:His 2 HujFoz Fx|H C
vulgaris= A& R Yol AEHo e of 124
g 7l S22 A3 i) ot Y-S
shal, 5U3E FE S &, FAA(Hye™, Cef™) A&
A vl Aol A A &4 (Resistance, R)= Hol= /A=
< A3 chFigure 2A). A1E @ Hygt 9 Cef® 714
S5 27 A0 R 53] AA FAYA AFAE 1A
Hj 2o A A& Al e B3l A2 FHZAF
A& &HE}a(Figure 2B), X E /A EZ gDNA
o Al¥ hGM-CSF} hEGF F-AAE 81317 ¢
3t hGM-CSF} EGF s+ A E°]34 primergE AR
sto] PCR 415 st 11 Ay, F448 st
A &2 C. vulgaris gDNAS] 75 3l A2 F
Zo] doji}x] ¢gkon hGM-CSF:His®} hEGF:His
FAHGE Z7te] C vulgarisol A= 432 bp
(hGM-CSF) ¢} 159 bp (hREGF)2] PCR AH&o] &<2lF]
Atk °]=2 %3] hGM-CSF:His #ZAHSH C
vulgaris®t hEGF:His ¥ & A8 C. vulgaris G A
Woll A\GM-CSF$} hEGF §-AA7F =4 H A= AL
S AL & A H(Figure 2C).

C. vulgaris B AW ol =4o] FAE hGM-CSF
o} hEGF Fr7 Ao} el do] F2AetoA A4
o7 BHEEXS 4] Yt 250 ml Al Z8) ok
g2k~ =0f subculture $~(Figure 3C), EAHASA
H(Enzyme Linked Immuno Sorbent Assay, ELISA)
g & A &3 7| EE AHESte] ELISAS 33kt
3 A, AuETe] A g F=2dge}
ZPE E) Al, hGM-CSF:His®} hEGF:His7} & & 72 &k=
2o A hGM-CSF} hEGF7} 733HA] a5
Ao, "AHFoR {otA F7H=E ATh(Figure
3A, 3B). HZol =l FAAEAAR A& F A
© W8y T X5z 2ol FEHYGFTH G
¢l hG-CSFE Z2de}ol| A L3 AZ al
= ATt [18].

hGM-CSF2} hEGF T4 &t o] gels 747}9]
2 A hGM-CSF+ hEGF f+73A+2] e+ A
)l mRNA o3 AFE st FAAE C
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vulgaris®t BAEA XS C. vulgarissE A3+
TRIzol Plus RNA Purification Kit= total RNAE
33, RNA 1ng A3kl cDNA @43t
H cDNAE F oz FAAZAANA AU

Aol EolZ primerE AHESEY Y FA AL
mRNA 3 B4 A3}, hiGM-CSF7F =98 883
SA(TI~T7 S hEGF7F =E4E FE A SA(T1~T7)
AN B5F hGM-CSFS} hEGF7} kH A a9
oA} vlAA), Figure 3Dl 4= hGM-CSF:His

40 E‘& e
=>oox M

o

>
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=
=

N T1 T2 T3 T4 T5 T6 T7

hGM-CSF:His

3
200.0
150.0
100.0
50.0
0.0

hEGF (ng/ul) ~
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Figure 3. Characterization of transgenic Chlorella expressing
hGM-CSF:His and hEGF:His. (A-B) ELISA analysis
of the hGM-CSF:His and hEGF expression in C.
vulgaris  transformants, = hGM-CSF:His  and
hEGF:His. N: the negative control based on
non-transformed C. vulgaris. The data are averages
of three independent experiments, and error bars
indicate standard errors (S.E.). Different letters over
columns indicate significant differences between
groups (p<0.05 when compared to control, N). (C)
Flask liquid cultures used for ELISA and RT-PCR
analysis in C. vulgaris non-transformants and
transformants, hGM-CSF:His and hEGF:His. (D)
Semiquantitative RT-PCR analysis of target genes,
hGM-CSF and hEGF, in C. vulgaris transformants.
The 18S rRNA gene was used as an internal control.
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