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Abstract

Exendin-4 (EX4) is a protein similar to glucan-like peptide (GLP-1) and has a longer half-life and greater
effect in inducing insulin secretion. The fusion of EX4 to the non-toxic cholera subunit (CTB) increases
its efficiency through absorption in the digestive system. In this study, CTB-EX4 gene was introduced into
lettuce by Agrobacterium tumefaciens using vector pBl121. The results showed that 20.25% of the
inoculated explants were successfully transformed and regenerated (To generation). To create T» plants,
seeds of Ty were cultivated, and 42% of the cultivated seeds germinated. T1 plants were analyzed using
PCR test. The mRNA expression of the CTB-EX4 gene was examined through RT-PCR and Real-time
PCR, while the protein expression was assessed using ELISA and Western Blot tests. The number of
transferred copies to T1 plants was determined using Real-time PCR. This estimation was performed
using both the absolute method and the standard curve, as well as the relative method, with Acitn gene as
a reference gene. The results showed that 60% of the T1 plants were transgenic and the CTB-EX4 gene
was expressed at the mRNA and protein levels. The results showed that the process of transferring the
CTB-EX4 gene to the lettuce plant was successful and the lettuce plant was able to express the desired
gene at the RNA and protein levels. Considering the subsequent processes, including the purification and
evaluation of the biological activity of the produced protein, plants can be used as a suitable bioreactor for
the production of recombinant proteins.

Key words: Agrobacterium tumefaciens, Exendinp-4, gene expression, Gene transfer, pBI121 binary
vector, Recombinant protein.
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Table 1. The number of explants and the percentage of callus and stem formation
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Fig2. Regeneration of inoculated explants and preparation of transgenic seeds and production of first and second generation transgenic
plants.a) Emergence of the first seedlings from the grown callus. b) Rooting of samples in rooting medium. c¢) Transplanting the explants
after sufficient growth to the in-glass medium containing cocopeat and pearlite. d) Adaptation of transgenic seedlings in glass with the
outside environment. e) Transferring the grown seedlings to pot conditions containing soil, animal manure, cocopeat and perlite. f) Flowering
and seeding stages. g) Collecting seeds from first generation transgenic plants. h) Cultivation of transgenic and non-transgenic seeds in MS
culture medium containing kanamycin for germination test. i) Kanamycin-sensitive seedlings (1), kanamycin-resistant seedlings (2). j) The
sequence of growth stages of second generation transgenic lettuce plants.
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Fig3. Molecular analyses on the plants under study. a) Selection of first-generation transgenic seedlings from samples regenerated by
specific primers CTB-EX4, wells A, C, D, E, G, H, |, J, K, and L: confirmed first-generation transgenic samples, wells B and F: Non-
transgenic samples, H well: negative control (using water as template DNA), pB and pU wells: containing desired fragment as positive
control, M: molecular marker 100-3000 bp, Wt well: non-transgenic control sample. b) Genomic DNA electrophoresis extracted from
transgenic and control plants, wells 101, 103, 104, 105, 106, 107, 108, 110, 115 and 121: DNA extracted from transgenic plants and Wt
wells: DNA extracted from non-transgenic control plants. c) Examining the second generation transgenic lettuce plants at the DNA level and
confirming the presence of a 543 bp fragment of the CTB-EX4 gene by PCR test, plasmid (C+): including the desired gene as a positive
control and the number of 6 lines 101, 104, 105, 106, 108 , 121 of all transgenic plants of the second generation: containing the studied gene
CTB-EX4 with the expected fragment of 543 bp, well C-: control non-transgenic sample, well H: negative control sample (using water as
template DNA), 103 samples, 107, 110 and 115: non-transgenic sample. e) Standard curve for CTB-Ex4 gene primers at 4 dilutions and 3

replicates for each dilution. Ct versus cDNA concentration f) Standard curve for Actinl gene primers in 5 dilutions and 3 replicates for each
dilution. Ct versus cDNA concentration
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Fig4. Comparison chart of the average of CTB-EX4 gene expression in RNA and protein levels. a) ELISA plot for extracted proteins of
transgenic plants compared to the control plant. b) Comparison graph of the average relative quantitative expression of the CTB-EX4 gene

normalized with the expression value of the Actin gene.
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Fig5. Analyzes performed at the protein level. a) SDS-PAGE of extracted proteins in transgenic and control plants, wells 101, 104, 105, 106,
108 and 121: transgenic plants, Wt wells: non-transgenic control plants, well M: protein marker. b) Changing the color of the ELISA wells in
the order of the steps, transferring the extracted proteins together with the coating solution to the wells (1), adding blocking buffer and
incubating (2), adding 2.5 M sulfuric acid (3-4). c) Western blot test, wells 101, 104, 105, 106, 108 and 121: transgenic plants, Wt wells:
non-transgenic control plants, under conditions of recovery by specific antibody CTB-EX4 by ECL kit method (1). Appearance of CTB-EX4
protein bands on nitrocellulose paper (2).
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