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Abstract

Due to the increasing demand for recombinant proteins free from animal products, plant cells are considered as a suitable
platform for the production of these proteins. Plant cells have advantages such as low maintenance cost, ease of separation and
purification of the produced products, and independent cultivation from weather conditions, soil quality, seasons, day length,
and weather conditions. In this study, BY-2 plant cells were used as a platform for producing recombinant proteins. BY -2 cells
have a high cell division rate, which is an important feature of these cells. To optimize the transfer and expression of genes in
BY-2 cells, the gus reporter gene was transferred to these cells. Expression of this gene leads to a measurable phenotype. To
confirm the presence of the gus gene in BY-2 cells, the expected 521bp fragment was observed using PCR. Additionally, to
further confirm the biochemical expression of GUS in BY-2 cells, cell blue staining was observed. To express the beta-1,3-
glucanase enzyme, the intron containing bgnl gene from the T. virens fungal strain was transferred to BY-2 cells using the
pB1121°YS- dual vector. The expression of the protein in BY-2 cells was confirmed by SDS-PAGE analysis. The activity of the
beta-1,3-glucanase enzyme (Bgnl) was determined using the dinitrosalicylic acid (DNS) method to measure the amount of
reducing sugars produced by the enzyme. The results showed that the transgenic BY -2 cells were capable of expressing active
beta-1,3-glucanase enzyme.

Keywords: beta-1,3-glucanase enzyme, recombinant proteins, bgnl gene, BY-2 cell, glucan.
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Table 1. primers used in this study

Primers name Primers sequence Tm
Fbgnl 5-CG _TCTAGA ATG TTGAAGTCACTGGCCTTTG-3 66.8°C
Rbgnl 5'-GCTCTAGA CTA GGTTGTGTAGCGGCCAACATC -3 70.8°C
GUS F 5'-GGT GGT CAGTCCCTT ATG TTACG -3’ 62°C
GUSR 5'-CCG GCATAG TTA AAG AAATCATG -3’ 57°C
NPTF 5'-GTC GCC TAA GGT CAC TAT CAG CTAGC -3’ 66.4°C

35SF 5-GGC GAA CAG TTC ATA CAG AGT CT-3 55°C
nosR 5'-CGCGATAATTTATCCTAGTTTGC-3 55.9°C
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Figl. A) Schematic diagram of plasmid pBIRM1 containing a 2344 bp fragment of the bgnl gene. B) Restriction pattern Digestion,
1)Confirmation of the plasmid pBIRM1 using the enzyme digestion pattern by Xbal (2344 bp), 2) PCR product obtained from genomic DNA
and (Fbgnl/Rbgnl) ( 2344 bp) , M) Marker, C) Verification of the plasmid pBIRM1 using PCR and PBR technique, 1) The PCR product of
the bgnl gene using (Fbgnl/Rbgnl) ( 2344 bp) from plasmid DNA , 2-5) PCR product digested with Sacl, Pstl, Hindlll, and Sall created the
expected pattern. M) Marker, D) Verification of the correct orientation of the bgnl gene cloned into the plasmid pBIRM1, 1) PCR product
obtained using primers Fbgnl/Rbgnl (2344 bp), 2) PCR product obtained using 35sF/Fbgnl (0 bp) 3) PCR product obtained using
35sF/Rbgnl (2344+500bp), 4) PCR product obtained using 35s F/GusR (0 bp), 5) PCR product obtained using Fbgnl1/nosR (2344+247bp),
6) PCR product obtained using netF/nosR (1550bp), M) Marker. The fragment sizes are as expected.
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Fig 2. A) Schematic diagram of plasmid pBI1121¢YS* B) Confirmation of plasmid pB1121%YS* in Agrobacterium by PCR. 1) PCR product
using primers GusR/GusF (521 bp), 2) PCR product using primers 35sF/GusR (1021 bp), 3) PCR product using primers GusF/nosR (2050
bp), 4) PCR product using primers Fbgnl/Rbgnl (0 bp), 5) PCR product using primers 35sF/Rbgnl (0 bp), M) Marker.
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Fig 3. A) PCR assay using genomic DNA from BY-2 cells and primers (GusF/GusR), 1)PCR product using DNA extracted from non-
transgenic BY-2 cells (negative control), 2)PCR product using DNA from the pBI1121¢YS* plasmid (positive control) (521 bp), 3)PCR
product using DNA extracted from transgenic BY-2 cells (521 bp), M) Marker. B) Biochemical GUS assay to confirm gene expression in
transgenic BY-2 cells, 1) Biochemical GUS assay using transgenic BY-2 cells, 2) Biochemical GUS assay using non-transgenic BY-2 cells.
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Fig 4. PCR assay to demonstrate the transfer of the bgnl gene to BY-2 cells using primers (Rbgn1/Fbgnl). 1) PCR product using DNA from
non-transgenic BY-2 cells (negative control), 2) PCR product using DNA from the pBIRM1 recombinant plasmid containing the bgnl gene
(positive control) (2344 bp), 3) PCR product using DNA from transgenic BY -2 cells (2344 bp), M) Marker.
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Fig 5. SDS-PAGE results of bgnl gene expression in BY-2 cells. 1) Protein pattern of BY-2 cells without plasmid, 2) Protein pattern of BY-2
cells with pB1121¢YS- plasmid, 3) Protein pattern of BY-2 cells with pBIRM1 (containing the bgnl gene) M) Marker.
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Fig 6. Samples for enzyme assay by DNS method from BY-2 cells protein. 1) Protein extracted from transgenic BY-2 cells containing the
bgnl gene, 2) Protein extracted from BY-2 cells containing pBI121CYS-, 3) Protein extracted from non-transgenic BY-2 cells, 4) Fungal
culture medium containing glucose, 5) an induced culture medium of Trichoderma virens, 6) Water as a control.
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