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Abstract

Background and objectives

Sanguinarin is an important secondary metabolite of the benzyl isoquinoline alkaloids, which is widely found
in Papaveraceae family plants such as Chelidonium majus. Sanguinarin has many properties such as
antimicrobial, antifungal, and anti-inflammatory. The use of abiotic elicitors is one of the effective ways to
induce and increase of secondary metabolites. The elicitors such as methyl-jasmonate induce the biosynthesis
and accumulation of secondary metabolites by stimulating the plant's defense system. Since there is no report
on the isolation of cDNA encoding the stylopine synthase in sanguinarine biosynthesis pathway in
Chelidonium majus, the full length of this gene was isolated to provide an opportunity to identify and
investigate the pathways of benzylisoquinoline that have not been known so far. Also, the expression pattern
of this gene was surveyed under the treatment of methyl-jasmonate to improve its production.

Methodology

In this research at the first stage, the cDNA encoding the stylopine synthase gene (STS) was identified and
isolated from the root of Chelidonium majus. STS is one of the genes in sanguinarin biosynthesis pathway
that converts (S)-Cheilanthifoline to (S)-Stylopine in the methyloxy bridge, which belongs to CYP719
subfamily. In the next stage, the expression pattern of STS gene was examined in a completely randomized
design with four replicates by applying methyl-jasmonate (concentration of 100 uM) at four treatment levels
(foliar, irrigation, foliar + irrigation and without methyl-jasmonate as control) in different organs (leaf, root
and stem) and different sampling times (6, 24 and 48 hours after methyl-jasmonate treatment) In a pot
experiment under greenhouse condition.

Results

Isolation of STS gene cDNA was done in two steps. At first, the incomplete sequence (1000 bp) was
isolated, and then, by designing new primers based on the information from the primary sequence, the full
length (1500 bp) of the coding region of gene was isolated and successfully cloned into pTG19-T plasmid.
After sequencing and necessary modifications, the obtained gene sequence was registered in the NCBI
database with the accession number KY550671.2. By evaluating the sequence characteristics and studying
the phylogenetic relationships, it was determined that CYP719A3, the product of the STS gene, belongs to
the P450 protein family. The results of variance analysis showed the methyl-jasmonate treatment affect
significantly (P<0.01) STS gene expression at different times in different organs of Chelidonium majus. The
highest level of gene expression was observed in methyl-jasmonate foliar spraying + irrigation 48 hours after
treatment in the root. The mean comparison showed that the expression level of STS gene was different in the
root, leaf and stem of Chelidonium majus, so it was 1.5 and 2.5 times higher in the root than leaf and stem,
respectively. The high expression of the STS gene in the root of Chelidonium majus indicates the
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effectiveness of the plant organ in the level of gene activity, on the other hand, the use of methyl-jasmonate
could play an effective role in increasing gene expression.

Conclusion

Methyl-jasmonate increased the expression of STS gene in the sanguinarine biosynthesis pathway so that the
highest expression was observed in the root. Therefore, the sequence of the gene encoding stylopine synthase
in the sanguinarine biosynthesis pathway and its expression pattern in Chelidonium majus can be used in the
pathway engineering of this valuable metabolite.
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Figure 1. Sanguinarin biosynthetic pathway with seven enzymatic conversion steps from the oxidation of (s)-
reticulin to (s)-sculerine until a change to sanguinarin (Beaudoin & Facchini, 2013).
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Figure 2. Multiple alignment of STS gene in Chelidonium majus and similar proteins using Clustalw method. The
boxes in the figure are the conserved regions of eukaryotic P450, which include the helix K region, the aromatic region,

marked
and the
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heme-binding region. The marked section in the K-helix region represents the conserved EXXR motif, which is characteristic of all
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Figure 3. Phylogeny tree of Chelidonium majus stylopine synthase and other STS protein sequences from
different species.
Accession numbers of proteins in the drawn phylogeny tree are Cj. methylenedioxy (BAB68769), Cm. Stylopine
synthase (KY550671.2), Ec. Cytochorom P450 (BAG75116), Ec. (S)-stylopine (Q50LH3), Cj. (S)-canadine synthase

(Q94817), Ec. Chelilanthifoline synthase (B5UAQS).

3p dale oS 1 WO wcele YA 5y Sl
5b gladla. s (Zhoulideh et al, 2022)
Sele ol Lag JSIT lie g5 b sanls fito
S palir Jote 31 ezl 48 sls ol gl s
S JSIT chle aos PP Lmlsl el
sl oley cad8 b 5wz oSl Lo cp sl
s co WIS Gl ol Sl e les
! s (Kleinwachter et al.,, 2015) <l !5l
e 05 3L S STS 03 0l ol 5 Lies
2 ol S b4 s w5 Lo JSIT s sy
ol s cal Ll Ol b b s o ol el

55 ol ol o ite (oSl Amlie s Wl

# o5 YA 5o Olsenls e 2bdshe Slas 5o STS
o b g i a5 as saalin 8 50 sl ) ey el
£ 00 05 ol ol S 5 sl gl pme sl
Sl o as sl Bl 5o Sl Jlel 5l s el
SUganls e b l] + 2o oS5 5 ol
Cele YA Do i 4 05 ol ol S s on ki
Dl sl 5l G el £ 5 sy o Hlew Jlasl 51
5 eadsd gl sl ol anl o s S easlas Ble 5
Jed L o5 ol a5 ol plas Hlas e ol s oS
“dse ¥aes Se Voo cBle 5o slaul s JSsbs



e sIoA @Lut\.& gdjLudJLmAh

\YA

s i ol s d8 L 2ol 51 )

25 0l ele Glaplul Dy s slagle) 3 SUsanla duto b Jles € STS o5 ol puibiuls 4529 =Y Joan
Table 2. Variance analysis of STS gene expression under methyl jasmonate treatment at different times in the

organs of Chelidonium majus.

Source of Variation DF SS MS F test
Methyl jasmonate 3 26.33 8.77 1379.12™
Time 2 11.72 5.86 920.82™
Organ 2 37.43 18.71 2904.54™
Methyl-jasmonatextime 6 10.36 1.72 271.32™
Methyl jasmonatex organ 6 20.09 3.34 526.16™
Organ xtime 4 13.30 3.32 522.91"
Methyl-jasmonatextimex organ 12 14.40 1.2 188.84™
Experimental error 108 0.678 0.006

Total 143 134.35

**: significantly difference at 1% probability level
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Figure 4. Mean comparison of STS gene relative expression for methyl-jasmonate x time x organ three-way
interaction effect in Chelidonium majus using Duncan’s test.
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Figure 5. Mean comparison of STS gene relative expression in root, leaf, and stem of Chelidonium majus using
Duncan'’s test.
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