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Table 1- The sequences of primers used for Isolation and cmMSH gene expression in

Chelidonium majus L.

Jlasl sles

Yt . 4.&3.3 J JJ: N . 2
PAIRT - .
JSJ f (5'_)3');jl9| ‘;“js (°C) SRV o)
Primer . (bp) =5 Target
Primer sequence Annealing ene
name Product size g
temperature
MSH-F TGTACCCAGCAGGACCATTG
MSH-R TACACGCTCCCATCTCGTTG >7 784 cmMSH
gqMSH-F TTGAGAGGTTTGGTTGGAGG
gMSH-R GGCTAATTAGTCCTGCACTTTC 38 128 cmMSH
EIffF  AGATGATTCCAACCAAGCCCA s . falph
Elf-R  CCTTGATGACACCAACAGCAACT @-aipna

SVDNA Sladad (g5la 2l 51 aalsl s
Silealls oS Sl el L 5,ET U3
oo S plxsl (GeneAll) Expin™ Combo GP
PTG19 saudy 5 ol jaldss askd
03 Sl Ssd Sy Lo T (Vivantis)
L) DHS0 4 s E. cOli s)s dxies lad shes
Sambrook & Russel, ) (m.wls LIS Gy
ol s s 8 s3leslons (2001
Sl bl e 5l S S5 slag S
Glypos e eliad e ol S T
B ashad iyl 5 Oleedl

)J JJ‘}A

45

5 8le i) slazil 5IRNA sl

RNX- ) RNA ol zaul 3L 5l eslinad L S,
JM)\ sswss (b (Plus Solution, Sinaclon,
L cDNA ol pll slijle oS3
S s, wpl 5l eslid
s (Thermofisher scientific, EPO441)
A el (Vivantis) (T T SIS
Ao 55T i Jlasl slos o g 8L 51 e
Solldr Gl Slek Glopmiy STy
23Lizul b Ol zle oLS 5l emMSH o 5T cDNA

W ¢L>.u'| (Amplicon) PCR Sl b gses 3l

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



WAV O, e 5 Sleske

o5 s ol ply «(Facchini et al., 2013)
SlemMSH suis oS cDNA- g5lulis ol
5o (DY S s el aly, il
S PCR o, b oS s sbatilons Aol
Sy90 axkad &S oy Ol oL JIg @Lﬁ (=Y
SSlE ol SO LS S 5 VAY 6l s
oled L aS Wil glawlinl Y8 5L
< NCBI osls aK.sL: 0> KX646397 o s
‘}»«4‘ CJ’#“J stb J«ab— L;L:.f.?)ﬂ L;‘JS .Li.sjf
axlze S48 L.fl’sjﬂ MJ& olis aS Jj.,p450
sl Cytochrome-P450 55,0 sl 5l 4
o.ﬁ“};l;- LSLA‘_;}.’J )‘ S )SJ “ ¢)y .J)‘J
delix K region sla - wls PA50 o355,
aromatic region  heme-binding region
J..;:L:Lia ol CJQLR;— LA&:)).:)[S}J BL. LY ML’Lf‘
ol S5 sl wls (Takemura et al., 2013)
ol s el il glaslnd JIg s
(cmMSH) ,.50! 0l 3l odd (g 5lula= MSH
5l axes O o5ysa 555 PASO gla s L

EcCYP82N2V2, ) &jls a8 o sl 5555

PsCYP719Bl1, PsCYP82N4,
EcCYP80B1V2, PsCYP719A25,

(v J&i) Ll awlae (EcCYP719A5
Gesell et al., 2009; Ikezawa et al., 2007; )

Takemura et al., 2013; Beaudoin and
.(Facchini, 2013

v

plnil olatl sla S5l L PCR el
T7 5 M3 osee sla ST L oL JIs 5 A
s <235 bl Bioneer =S5 Ly
Loy hisgge askd oL IS Sl ol el
¢L?L;\ CLC main workbench (V5.5) || J~5|¢ »
s ls Ol ol Sl eslial 23S
Sl Iy 5l e BU Iy bl S Ll
Slp okl Gl A5 AS S Mg s s S
25 L3Sl ekl sy i Gla e
5 adllas s S o5 NCBI sledibl oKL
Sloell s cmMSH 03 Ol Oljs gl
s glasles 5 (S 5 Blo iy ) il
L Gad 2 s s Voo s 00 Y0 i) (555
5o 5 sobastl gls ST 5 Real Time-PCR
05 Ol seas Elangation factor O3 1 eslaal L

W25 S plasil e

Cou gl
Dl SR S e e
S Gl Kine (G 3 S Olpele 3
;8 pll (S)reticulin 5 ey 5l al> e

T R N )

(8)- k45 e cpl 2 hydroxylase (MSH)

N-methylstylopine

axs bodas <=L>.u'| |y ms5 9 4 stylopine
mﬂ ool eSS cDNA 51 Sledlbl oSl o
oMl Loyl 53 (L g s oS Ol
S ol S5 w8 0l gl o
sl pbtan OLLS 5 cilie Sldles &l

sy pend &S g bl 5l S

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



SyglaS (659095 g alomo

Thy

(Z)-Reaticulina (S)-Scoularine

CFS
" J'J,SF*S

[ Z)-cis-MN-Meathylstylopine (5)-Stylopine
MSH J,
o

{-D ‘ n e P&H

o —_—

>
s
FProtopine G-Hyvdroxyprotopine

l spontanecus

Sanguinarine Dihydrosanguinarine

03l 4y ol Al o i (b K8 s ) 53 45 )l B S g e ) S

.(Beaudoin & Facchini, 2013 3| a3 5 ;) 555 0 s ol oK olgS

Figure 1- Sanguinarine biosynthesis pathway which in this pathway S-reticulin is

converted to the sanguinarine in seven enzyme phases (derived from Beaudoin &
Facchini, 2013).



WAV O, e 5 Sleske

2000 bp

1000 bp

M(u;éﬁﬁ\» A*:QJCDNA dﬁ)j‘ (\ &Q\Q)CmMSH o.\.’bﬁi’ﬁ'w(dﬂ—\' JS.;

s 5561 51 eslizwl b (Clony PCR) Kiws ¥ b g9, 05,5 Ad, sladiler LPCR iy,

BU lls sdlaen ¥ JI) Kal> (Vivantis, 1kb) J ke o3l KLis -M) ol

(S Ol ge 4 4k y DNA) e J 25 -F (S 5 g5
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Figure 5- Comparison of the mean relative expression of cmMSH gene in various organs

(root, stem and leaf) of greater celandine.
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Table 2- Analysis of variance for cnMSH gene relative expression under salinity stress

in greater celandine organs.
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Figure 6- Mean comparison of salinity x greater celandine organs interaction on
cmMSH gene expression (control: non stress; weak stress: 25 mM salinity; mild stress:
50 mM salinity; severe stress: 100 mM salinity).
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Abstract

The greater celandine (Chelidonium majus L.) contains important alkaloids such as
Sanguinarine. Sanguinarine is an active alkaloid with potentially antimicrobial, anti-
inflammatory and anti-tumor properties that is widely found in plants of Papaveraceae
family. In this research, the isolation and sequencing of (s)-cis-N-methyl stylopine 14-
hydroxylas (MSH) coding gene was performed as one of the key enzymes in Sanguinarine
pathway from celandine. Then, the changes in cmMSH gene expression were investigated in
roots, leave and stems at four salinity levels (0, 25, 50, and 100 mM) in a factorial experiment
based on completely randomized design. In the present study, the cDNA encoding MSH
enzyme was isolated from root and successfully integrated into PTG19-T plasmid and cloned
at E. coli. After confirmation of recombinant clones by PCR, plasmids of recombinant
bacteria were extracted and the gene segment sequenced. The sequenced segment had 784
nucleotides with an open reading frame of 261 amino acids which the derived protein with
functional domains including helix K region, heme-binding region and aromatic region
belonged to the Cytochrome-P450 protein family. In the phylogeny tree, the protein sequence
of isolated cmMSH gene had the most similarity with methylstylopine 14-hydroxylase
enzyme of poppy species. Mean comparison of gene relative expression showed that 50 mM
salinity had maximal effect on increasing of cmMSH gene expression in root tissue. Also, the
expression pattern showed that with increment the salinity up to 50 mM, the expression of
cmMSH gene increased in leaves and roots, but with increment the salinity to 100 mM the
gene expression decreased 35% in both tissues.
Key words: Benzylisoquinoline, Celandine, cmMSH, Salinity, Sanguinarine.
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