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Abstract 

Using agro-infiltration, we have transiently expressed human Growth Hormone (hGH) in Medicago sativa and 
Trifolium alexanderium leaves. The presence of hGH was detected in leaves extracts by western blot and ELISA. The 
plant leaf types were effective factor in expression level of produced recombinant protein. Medicago leaves infiltrated 
for 30 minutes could be good candidate for this production system, but the expression rate in trifolium levaes was 
lower in 25 minutes that was the best time. .It could be discussed for the hydrolytic or toxic compounds that could be 
find in trifolium leaves.  
 
Introduction: 

In the past decade, plant –based expression system has emerged as a serious competitive 
force in the large-scale production of recombinant proteins. The first pharmaceutically relevant 
protein made in plants was human Growth Hormone (hGH), which was expressed in transgenic 
tobacco seeds and sunflower callus in 1986 (Barta et al.,1986, Leite et al.2000,) Now, several 
plant –derived biopharmaceutical proteins are reaching the late stages for commercial 
production. Transient expression can be used to verify expression of constructs and produce 
small amounts of product for functional analysis before proceeding to transgenic plants. In 
Agro-infiltration evacuated plant leaves take up large amounts of recombinant Agro bacteria 
upon rapid vacuum release. Agro-infiltration targets many more cells in a leaf and the T-DNA 
harboring the gene of interest is actively transferred into the nucleus by the bacterial proteins 
(Kapilla, 1997; Fischer 1999). Recombinant protein production can be increased by up-scaling 
using transient-expression systems Here we studied the capability and efficiency of Medicago 
and trifolium leaves and effects of increasing inoculation time in agro infiltration process for 
expression of human Growth Hormone as a recombinant protein. 

Material and Methods 
 
Construction of plant expression vector 

A binary vector pBin19hGH, containing coding sequence of human Growth Hormone 
was constructed. Expression cassettes containing CaMV 35S promoter, TEV leader fragment, 
cDNA of human growth hormone and the nopaline synthase terminator was digested by HindIII 
and was introduced into the same site of pBin19 to create pBin19hGH (Figure1) and 
transformed to competent Agrobacterium. 

  

Preparation of Agrobacterium for infiltration 
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Recombinant Agrobacterium production and vacuum infiltration of plant leaves were 
performed .Plasmid pBin19 hGH was transformed into Agrobacterium tumefaciense strain 
pGV3850(KmR RifR ). Liquid culture of Agrobacterium with final O.D 600≈ 0.5-0.6. 
Suspension was kept at 28ºC for 1 hour and used for infiltrations. A continuous vacuum in the 
range of 0.5-1 mbar was applied for leaves with different infiltration times. For analysis of the 
infiltration time effect plant leaves was infiltrated for 15, 25 and 30 minutes. Then vaccuum was 
broken rapidly, leaves were rinsed in sterile water, kept on a Whatman paper No.40 with adaxial 
side facing up and put in sealed trays (16/8 h photoperiod, 25  ْC) for 60 -72 hr. Leaves were 
used directly for further steps or frozen in liquid nitrogen and stored at -80ºC until they were 
analyzed. 

 Protein extraction from infiltrated leaves  

For protein extraction,10 gr of leaves was used. Infiltrated leaves were ground in liquid 
nitrogen to a fine powder with a mortar and pestle and extracted with 1x w/v extraction buffer 
(10 mM Tris-HCl-pH 8, 2 mM PMSF, 0.5 M NaCl, 5mM DTT and 5mM EDTA).Supernatant 
were used for Immunoblot and ELISA analysis. The concentration of extracted total soluble 
protein (TSP) in each sample was determined by Lamelli assay (Lamelli,1989).  

Detection of hGH protein in transformed leaves 
Transformed tissues leaf was analyzed by immunoblot detection methods for the presence of 
hGH gene expression. Expression of hGH also was analyzed by ELISA kit according to the 
protocol described by the manufacture (Padtan Elm Company,Iran)  
 
Results  
 
Effect of infiltration time  

Use of three different inoculation times (15, 25 and 30 minutes) during agro-infiltration 
process showed that this factor could have an important role in expression level of recombinant 
protein in leaves. our experiments showed that by increasing infiltration time the level of 
expressed hGH was increased. 

Detection and Quantification of hGH in tobacco potato and lettuce leaves  

Western blot analysis of both leaves was showed that protein extracted from Medicago 
contained recombinant hGH protein by western blot(Figure 2) analysis but the amount was 
lower in trifolium leaves that we could only approved it by dot blot (Figure 3). hGH was not 
detected in protein extract from untransformed plant. ELISA experiments was showed that the 
level of hGH was higher in Medicago leaves. 

  

Discussion 
Transient assay mediated by Agroinfiltration have been increased employed as an 

alternative to the analysis of the stable transformants. Its utility has been reported for transgenic 
complementation (Bendahmane etal 2000), promoter analysis (Yang et la 2000) and protein 
production (vaquero et al 2002).Because in this process two living organisms participate ,the 
efficiency of transient assays is influenced by experimental variables . 
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As efficiency of agro-infiltration highly dependent on ability to distribute bacterial culture 
evenly inside the leaf tissue (Fischer et al., 2004), it seems by increasing infiltration time , there 
is more chance for passing the epidermis barrier and infecting the neighboring cell and 
transferring T-DNA containing the desired gene into the nucleus. The level of recombinant 
proteins synthesized in transgenic plants in general range is from 0.0001 to 0.3% of total soluble 
protein (Arakawa et al1998).Thus amounts of the hGH in medicago leaves were not exceeding 
low and were detectable by standard western blot procedures. A low amount of hGH in 
trifolium may be caused by synthesis of recombinant protein in an unstable environment 
because of the chemical compounds that may destroyed the protein.  
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Figure1: Schematic representation of Binary vector derived from pBIN19 used for the 
transformation of leaves containing the hGH cDNA under the control of CaMV35S promoter 

and translational enhancer from TobaccoEtch Virus (TEV). 
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Figure 3: Dot blot for 26 samples from 
trifolium leaves  

Figure 2: Western blot with 3 different infiltration 
time. Trifolium leaves (line1-4) Medicago (line6-
9),hGH Standard( line 5) .  

Control positive 

 

  

 

 

   

www.SID.ir



Arc
hi

ve
 o

f S
ID

 

 

 

References 
Barta, A. et al. The expression of a nopaline synthase human growth hormone chimaeric gene in transformed tobacco 
and sunflower callus tissue. Plant Mol. Biol. 6,347–357 (1986). 

Daniell H, StephenJ, Stratfield W. Medical molecular farming production of antibodies, biopharmaceuticals and 
edible vaccine in plants .Trends in plant science 2001 6,219-226 

Deblare,R. Bytebier B.De Gerve h, Deboeck F. Schell J, Vanmontague Mand Leemans J.1985.Efficient octopine Ti 
plasmid-derived vectors for Agrobacterium-mediated gene transfer to plants. Nucl acid Res.13:4777-4788 

Fischer R,Vaquero C, SackM, Drossard J, Emans N and Commandeur U. Toward MolecularFarming in the 
future:transient protein expression in plants. Biotechnol.Appl.Biochem1999, 30 113-116 

Fischer R,Stoger E, Schillberg S, Christou P and Twyman R. Plant based production of Biopharmaceuticals. Current 
opinion in plant Biology.2004 7:152-158 

Kapila J,De Rycke R, Van Montague M, Angenon G: An agrobacterium –mediated transient gene expression system 
for intact leaves. Plant Sci 1997, 122 :101-108 

Leite A. ,Kemper L, Da Silva M J,. Luchessi AD: Expression of correctly processed human growth hormone in seeds 
of transgenic tobacco plants.  
Mol Breeding 2000,6, 1, 47-53 

 Vaquero C, Sack M, Drossard J, Schuster F,Moneke M, Schillberg S and Fischer R.Transient Expression of a tumor 
–specific single chain fragment and a chimeric antibody in tobacco leaves. Proc Nati Acad.Sci 96,11128-11133 

www.SID.ir


