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Production of hGM-CSF from Cell Suspension Culture of Transformed
Lettuce Using Agrobacterium-mediated Transformation System
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ABSTRACT Lettuce (Lactuca sativa) was transformed with Agrobacterium tumefacience LBA4404 containing
human granulocyte macrophage colony stimulating factor (hGM-CSF) gene to produce in cell suspension cultures.
Cell suspension culture was established using callus from transgenic lettuce plant. Integration of hGM-CSF gene into
plant chromosome was confirmed through genomic PCR and Southern blot analysis. In addition, Northern blot
analysis indicated the expression of the introduced hGM-CSF gene in transformed lettuce. The recombinant hGM-
CSF was expressed in transgenic cell cultures derived from transgenic plants as a yield of about 149.0 ug/L in
culture filtrate, which was determined by ELISA. These results demonstrated that transformed lettuce cell
suspension cultures could be used as a production system of therapeutic proteins such as hGM-CSF.
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T7F HAT 2o E A ol &8 AT oy AlxH
g AS o] &g YL s e Ayt FAEL
eltt (Miele 1977; Doran 2000). 21&-2 o] &3 583 <)
o] AARE B-olucuronidase (GUS) (Kurata et al. 1988),
interleukin (Magnuson et al. 1988), murine granulocyte
macrophage colony stimulating factor (mGM-CSF) (Lee et al.
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1997), human granulocyte macrophage colony stimulating
factor (h\GM-CSF) (James et al. 2000) 5] SHES o] &3}
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GM-CSF& ZERA X 2gsto B9 kg £
Bte 3 v A Z A (John and Gough 1994) AMg, #, Y50,
& 5 B T TRFEAA G A olulicit Ado] B
A glow, Algtel A% 257019 leader peptide & E31e] 127
e ohuxato g LAFO Ut} (Gough et al. 1984). GM-
CSF= dtatet ool ul2 57 (neutrophil) A%, A4
By WY, TrolRY ZEE AIES o4, FAYRA
B2 @ YRR Yom B 537 a3 24
ol49] &zt Fag &7} 9lFo] BIHAT (Antman et
al. 1988; Champlin et al. 1989).
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A+Z (Lactuca sativa cv. Chongchima)®] £2E Kimz
Kwon (1999)2) o] weh B Wl #1284 24
£ AEE A

hGM-CSFE 2] &o)A SdA7]7] $)3] A, PCR AHE
471 bpe] hGM-CSFE X33 9%+ pQE vector ZEE
hGM-CSFZ BamHIz} Smal2. 2 Hesle A& & BamHIz}H
Smalo.2 Wea pMY160] AZTsIALE o2 pMYO622}
w3 oM, pMYOE29] hGM-CSFE BamHI+ Kpnl©.2

Figure 1. A schematic diagram of the expression vector containing
hGM-CSF gene.
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of AZJet] pMYO64Z skt (Figure 1). o) W&
vectorE tri-parental mating (Ditta et al. 1980) WPH-S o]8-3h¢]
A. tumefacience LBA44049) &2 AEA Z]Th
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MS selection BjAJol| A XE®E FAA3 2 EAH] hGM-
CSF #4847} SR o R EgugE $A57] S 33
A3 A EAZHLE genomic DNAE #8313, hGM-CSF &
A9 Kol primer§ AHgstel PCR #42 Sasidrh
ARG A D JAWLE Aol vl e g
DNeasy Plant Mini Kit (QIAGEN)S ©]-£-3}] genomic DNA
& FE31%3 200 ng®) DNAE ARSate] PCRE S FTh
PCR foward primer (5"-GCG GAT CCG TTC TCT GGA
GGA TGT-3)%} reverse primer (5-TTG GTA CCA TCT
GGC CGG TCT CA-37)-& o]&3ste] 94°CollA] 3E7ZF pre-
denaturationd} ¥, 94°CollA] 147} denaturation, 55CoA] 18
7F primer annealing, 72°Co|A] 3037} primer extensiond}+=
HF& 309 wHEE wpRgto g 72°CAA 5T vRAIA
th 224 AELS 1.0% agarose gelZ2 A7]|%GF519 25 EBr
Z g5 UV lampdlollA] HEE &ol5t%th PCRYH
sl FEE WMETF AGM-CSF FAARIAE 8987 A3t
o o] Ae] DNA 8= & nitrocellulose filer2 271 & hGM-
CSF DNAE probeZ 3o Church bufferg o]£3 Wi
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{Church and Gibert 1984)©. 2 Southern blot analysis & A]3) &}
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RNA == 2! Northern &M
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hGM-CSF DNAE probeZ 3} hybridization 3+93ch
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Ax7} 35157 ARt AAH o2 waE ot (Figure 2).
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Genomic DNA % 3 PCR 2A

12 kanamycino] FH7bg vjR|olA] AHE A2 & o)
hGM-CSF 5327} 235218419 3 <o) Eo7teA el
371 98 dd AfE AF F SIAE Fe doezRE
genomic DNAE FZ3|%th AGM-CSF 7Rl specific 3t

primerg ©}&38ld PCRE 343 A &4 HAFd8 W45 5

A ExFellA] 047 kb TS st ot thzrel §2A
gs AFIA B2 AFeME 2 2719 DNAGHE g9l
& 4 ek (Figure 3). PCREA A2 & DNA ©# o)
HGM-CSF $ 3217} 2282 82187 9154) hGM-CSF &
AZE probeZ AFE3}e] Southern blot analysisZ &3t}
(Figure 4). Southern blot analysis Z3%= PCR Z¢} dx|s}
et AR Hop AFo hGM-CSF f327F 4382

Figure 2. Regeneration of lettuce (Lactuca sativa) transformed with
hGM-CSF gene. A, Putative transgenic shoots formation on MS
medium with 0.1 mg/L. NAA, 0.5 mg/L BA, 50 mg/L kanamycin
and 300mg/L cefotaxime; B, Normal plantlet transformed with
hGM-CSF gene on MS medium containing 50 mg/L kanamycin.

M  PCNC t 2 3 4 5

Figure 3. Genomic DNA PCR analysis of transgenic lettuce plants.
M, size marker; PC, positive control (plasmid); NC, negative control
(non-transgenic lettuce); lane 1-5, transgenic plants.
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Northemn blot analysisE £3t HEMERH Q| hGM-CSF X

At gred

Genomic PCR=} Southern blot analysis 23} hAGM-CSF #3
Ae] =Yool BIH AFZHE AGM-CSF G- A3
o2 HHEEAE Fsl7] 95t Northern blot analysis &
Al8iatdtt. Northern blot analysis 27 248 =z &2
gzl Al e ARt ddo] SRIEA] &2 v A7
B A BFAME hGM-CSF §4x7} BAdHom 4ad
< st (Figure 5).
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Northern blot analysis 27 RNAY&o] #9215 47)] line?
HAAE HEANERE Vel AYAE A Wide 8o
NFAEZRE iz 2 Erlg hGM-CSF 9ol 4L

517 Y8 ELISA (enzyme linked immunosorbent assay)

2 Aaldch StandardZ A E. coli2¥E ANE A2
human GM-CSF& AHE-3}g o, ELISA Z 3} H)iﬂﬂ ok 124
Zof) WiA] WE 28] hGM-CSF g ae] ek& 4 ¥ lined)
A 149.0 /L2 71 =Qkth ¥hE, 1,2, 3 hneow% 75.2,
32.6, 689 uo/LZ ¥ 3 49 lineX T} wj#] Y= Bu]Eojr]
ol AL HelN AT BuFY Holrk UL e
o (Figure 6). b 45<) e vhek AR o) F3jel &
43 g o) Aato] 7hE3HE ERIEIATE James & (2000)
= murine®] GM-CSFE 4 EAEZ A& wjg2 olgsto] A
AL 2= FE T Ao S BT vl g
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Figure 4. Southern blot analysis of hGM-CSF gene amplified by
genomic DNA PCR of transgenic lettuce plant (Figure 3). PC,
positive control; NC, negative control (non-transgenic lettuce); lane
1-5, transgenic lettuce.

NC 1 2 3 4

Figure 5. Northern blot analysis from transgenic lettuce indicating
the expression of hGM-CSF gene. NC, negative control (non-
transgenic lettuce); lane 1-4, transgenic lettuce.
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Figure 6. The secreted amount of recombinant hGM-CSF protein
during batch culture. The each value was average concentrations of
hGM-CSF measured by ELISA method.
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