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Abstract
Objective

The use of plant expression systems to produce recombinant proteins have advantages such as
different methods for transformation and culture, occurrence of appropriate post-translational
modifications and no risk of contamination with animal and microbial pathogens. However, low
productivity in these expression systems have always been a major challenge. Secretion-based
expression systems, such as Hairy Root Cultures (HRCs), is a convenient way to continuously
produce active ingredients without the need for plant tissue degradation, which will facilitate the
purification process and significantly reduce related costs. This study aimed to designing and
constructing vectors carrying NtREL1 root specific promoter in combination with patatin, pectin
methyl esterase and calreticulin signal peptides at the same time in order to increase the specific
expression of recombinant proteins in hairy root culture and their subsequent secretion into

hydroponic medium.

Materials and methods
The nucleotide sequence of NtREL1 root specific promoter, patatin, pectin methyl esterase and
calreticulin signal peptides were retrieved from NCBI database. To identify cis acting regulatory

elements involved in specific expression, the NtREL1 sequence was investigated by PLACE and
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PLANT CARE softwares. Bioinformatics studies were performed to design pBI121 expression
vector with NtREL1 promoter in combination with signal peptides and appropriate restriction
sites. After receiving the synthetic fragments in pUC57 vector, the fragments were digested by
restriction endonuclease and sub cloned in pBI1121 expression vector.

Results

Examination of the NtREL1 promoter showed that this promoter is rich in AT nucleotides. These
sequences can improve the recognition process by transcription systems and increase gene
expression due to their ease of conversion from double-stranded to single-stranded form. The
accuracy of NtREL1 promoter sub cloning upstream of patatin, pectin methyl esterase and
calreticulin signal peptides in pBI121 expression vector were confirmed using colony PCR,

digestion reactions and sequencing.

Conclusions

Since pBIl121-based expression vectors are more efficient than other expression vectors and
widely used in genetic transformation and expression of recombinant proteins in plants, this
recombinant vectors can be applied effectively for recombinant protein production and its
secretion in expression systems like hairy root culture.
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ST ot Skl JIy s 3l oKl
Primer Primer sequence Restriction
name site
NtREL F 5GCAAGCTTGAATATCTTCAGTATATTCGTTGTG 3’ Hindlll
NtREL R 5GCICTAGATATAGCTAGCTAATACCCCCACC 3 Xbal
Calret F 5 GCGGTACCATGGCTACTCAACGAAGGGCA 3 Kpnl
CalretR 5 GCCCCGGGTAAGCGGAGACGACAG 3’ Cfral

PapeF 5 GCCACAATTTCTACGCATG 3
papeR 5 GCCGTTTTCGTCGGTAATCAC 3
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cycle JSoww time ob; temperature ('C) L> steps  Jslpe
1 5 minutes 4> 5 94 Primary  aJgl (gjlo s puilg
denaturation

30 seconds 456 30 94 Denaturation  ¢;jle cub yuls
30 seconds 456 30 o o3l gla S5l b gllao Annealing Lol

30 Based on used primers
30 seconds 456 30 72 Extension 5 y.s

1 10 minutes  4aé> 10 72 Final extension _,lg s
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Table 2. Frequency of general and specific regulatory elements in NtREL1 promoter

Regulatory element  codiid jais Sequence  Jlg Frequency  Jlgl,8
TATAA 9
TATA box TATAT 9
TTAT 23
TTTAA 11
CAAT box CAAT 9
GATA box GATA 9
OSE2ROOTNODULE CTCTT 1
ROOTMOTIFTAPOX1 ATATT 9
P1BS GTATATTC 1
WUSATAg TTAATGG 1
Box4 ATTAAT 6
CCGTCC Motif CCGTCC 4
ACT Motif (Y)ACT 30
DOFCOREZM AAAG 6
CAACA Motif CAACA 3
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Figure 1. Prediction of cleavage sites for Patatin, Pectin Methyl Esterase (Pme) and
Calreticuline (Cal) signal Peptides using SignalP-4.1 software. Enzymatic cleavage occurs
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Figure 2. Schematic representation of designed vectors. Sub-cloning of NtREL1 promoter
(alone) in the pBI11121 expression vector (using Hind 111 and Xbal), in combination with the
calreticulin signal peptide (using Hind 111 and Cfr9l), patatin and pectin methyl Esterase
signal peptides with a part of gus gene (using Snabl and Xbal). The signal peptides and
enzymes are displayed in the box
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Figure 3. Electrophoresis of colony PCR product using specific primers. A. Cloning
confirmation of 1636 bpNtREL1-Cal fragment in pB1121 vector. Sample 1. Recombinant
colony with NtREL1-Cal fragment. C+. pUC57 vector with NtREL1-Cal fragment. B.
Cloning confirmation of NtREL1 fragment without signal peptide with length of 1529 bp.
C+. pUCS57 vector with NtREL1-Cal fragment. Sample 1. Non-recombinant colony without
the desired fragment. Sample 2. Recombinant colony with NtREL1 fragment. C.
Confirmation of 478 bp pat-gus gene fragment cloning. Sample 1. pUC57 vector possessing
the desired fragment as a positive control. Sample 2. recombinant colony with pat-gus gene
fragment. D. Confirmation of 484 bp pme-gus fragment cloning. C+. pUC57 with the
desired fragment. Sample 1. recombinant colony with pme-gus gene fragment. C-. Samples

without DNA (no DNA). M. 1kb DNA Ladder
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Figure 4. Enzymatic digestion to confirm recombinant expression constructs on 1% agarose
gel. A. cloning confirmation of 1600 bp NtREL1-Cal fragment in pB1121 expression vector
using Hindlll and Cfr9l (sample C. undigested plasmid as negative control and sample D.
studied plasmid). B. Cloning confirmation of NtREL1 fragment without signal peptide
(1529 bp) using Hindl 11 and Xbal enzymes (C. Undigested plasmid. D. Digested sample). C.
Cloning confirmation of pectin methyl esterase (pe, samples 1 to 3) fragment with part of
gus gene (484 bp) and patatin (pa, samples 4 to 6) with part of gus gene (478 bp) using Xbal
and Snabl (C. Undigested plasmid). M. 1kb DNA Ladder
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