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Extended abstract

Introduction

Type 2 diabetes mellitus (T2DM) is characterized by progressive hyperglycemia, peripheral insulin resistance, and
B-cell dysfunction. It is a chronic disease that is one of the leading causes of high mortality and morbidity rates.
Therefore, the development of drugs that lower blood glucose levels in T2DM patients is crucial. Glucagon-like
peptide-1 (GLP-1) receptor agonists are increasingly being used in clinical practice for the management of type 2
diabetes mellitus. The potent glucagon-like peptide 1 (GLP-1), a natural small incretin hormone, enhances insulin
secretion in a glucose-dependent manner. However, the extremely short half-life of GLP-1 and the need for its
subcutaneous administration limit its clinical application. Thus, half-life extension and alternative delivery
methods are highly desired. DARPin domains with a high affinity for human serum albumin (HSA) have been
selected for the half-life extension of therapeutic peptides and proteins. In our previous study, we designed trivalent
fusion proteins as oral candidates for long-acting GLP-1R agonists by genetically fusing a protease-resistant
modified GLP-1, HSA-binding DARPin, and a Penetratin cell-penetrating peptide. The aim of this study was to
develop a bioprocess for the production of long-lasting GLP-1 in tobacco chloroplasts as GLP-1reseptor agonist
with potential for oral delivery in a bioencapsulated form in plant cells for the treatment of type 2 diabetes mellitus.

Materials and methods

The nucleotide sequences of the constructed fusion genes were deduced from their amino acid sequences and
codon-optimized based on the codon usage of tobacco (Nicotiana tabacum) chloroplasts. To facilitate
immunogenic detection of the fusion protein, the histidine tag sequence was embedded at the 5" end of the fusion
protein-encoding sequence. The final fusion protein-encoding cassette with translation control elements was
subcloned into the pPRV111A plastidial vector. Transformation was performed using the particle bombardment
method on tobacco leaf explants and the regeneration of transplastomic plants in selection medium containing 500
mg/l streptomycin. PCR and Southern blot analyses were used to confirm the integration of transgenes, as well as
chloroplastic and cellular homoplasmy. Western blot analysis was used to assess the accumulation of the mGLP1-
DARPin-Pen fusion protein in the chloroplasts of transplastomic plants. ELISA was used to estimate the fusion
protein content in the leaves of the transplastomic plants.
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Results and discussion

Tobacco chloroplasts were successfully transformed with trivalent fusion protein-coding gene using a pPRV111A
chloroplastic expression vector. Homoplasmic transplastomic plants were obtained after three rounds of selection
in a selection medium containing 500 mg/L spectinomycin and streptomycin. Transgene integration as well as
chloroplastic and cellular homoplasmic status in transplastomic plants were confirmed by PCR and Southern blot
analyses. Western blot analysis confirmed the accumulation of the mGLP1-DARPin-Pen fusion protein in the
chloroplasts of the transplastomic plants. The fusion protein content estimated by ELISA was 21.8% of the total
soluble protein content in the leaves of the transplastomic plants.

Conclusion

Our study aimed to express a long-lasting GLP-1R agonist as an oral candidate for type 2 diabetes treatment in
tobacco chloroplasts. The expenses associated with diabetes treatment and the need for frequent subcutaneous
injections of drugs are attributable to the high cost of production and purification in conventional recombinant
protein production systems. By utilizing a plant expression system to produce oral analogs of medicinal peptides
and proteins, the cost of production can be reduced, thereby offering an effective alternative to traditional
expression and administration systems. This study presents an opportunity to develop a new biological process for
the production of GLP-1-based oral drugs for the treatment of type 2 diabetes. The successful production of a
functional fusion protein in tobacco chloroplast GLP-1 receptor agonist indicates that the production of functional
GLP-1 in plants will facilitate the development of a low-cost, orally deliverable form of this drug as a
bioencapsulated form in plant cells for the treatment of type 2 diabetes. These findings provide a promising
foundation for extending the results to edible plants, such as lettuce and spinach, and for producing biological
capsules containing this peptide drug with high therapeutic and economic value. Access to the mass production of
any anti-diabetic molecule in plants using a plastid-based platform opens up a new area in the coming age of
synthetic biology for fast and accurate assessment and examination of biopharmaceuticals or biologically active
substituents. Further in vitro and in vivo confirmation of the activities observed in this study is strongly
recommended, and ongoing efforts are underway in this direction.
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Figure 1. A) Physical map of the plastidial vector containing the mGLP1-DARPin-Pen trivalent fusion protein gene,
along with the restriction site used in cloning. rps7/12: ribosomal S12/7 protein encoding sequence, Nt-Prm: ribosomal
RNA operon promoter from tobacco; T7g10 5" UTR: 5" untranslated region of bacteriophage T7 gene 10; 6x His:
histidine tag sequence, mGLP1-DARPin-Pen: coding sequence of mGLP1-DARPin-Pen fusion protein, TrrnB: rrmB 3°
untranslated region from E. coli; PpsbA: promoter and 5" UTR of psbA gene; aadA: aminoglycoside 3'-
adenylyltransferase gene; TpsbA: terminator of psbA gene. rn16: plastdial 16s rRNA encoding sequence, P1-P5:
annealing sites of primers used, prob: site of designed prob. B) The appearance and growth of the green and resistant
seedlings on RMOP medium containing 500 mg/1 spectinomycin 35 days after shooting, C) resistant seedlings obtained
from the third round of regeneration on RMOP medium containing 500 mg/1 streptomycin /spectinomycin, D) rooted
transplastomic plants in MS medium containing 500 mg/1 streptomycin/spectinomycin 3 months after shooting.
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Figure 2. Molecular analysis of transplastomic plants: A) PCR amplification using fusion protein-specific
primers, B) PCR amplification with flanking sequence primers, C) PCR amplification using a forward primer
from the chloroplast genome near the insertion site of the gene cassette and reverse primer from the aadA
gene. M: 1 kb DNA Ladder (Fermentas) molecular weight marker; P: recombinant vector used in
transgenesis; WT: non-transgenic tobacco plants as control; T1, T2, and T3: Transplastomic plants; C :
DNA-free reaction as a negative control. D) Southern blotting of transplastomic tobacco plants; M: DIG-
labeled molecular marker VII; WT: wild-type tobacco plant; T1, T2, and T3: Transplastomic plants.
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Figure 3. Expression and accumulation of the mGLP1-DARPin-Pen fusion protein in tobacco transplastomic
plants using Western blot analysis, M: pre-stained molecular mass markers (PR911654, Sinaclone), T:
transplastomic tobacco plant, WT: wild-type tobacco plant. The corresponding band of 22 kDa indicates the
DARPin G3 protein.
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