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Isolation, structural modeling and evaluation of strictosidine synthase gene expression
involved in the biosynthesis pathway of indole alkaloids in Papaver somniferum
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ABSTRACT
Strictosidine synthase protein is one of the key enzymes involved in the biosynthesis of plant alkaloids.
To date, no information on strictosidine synthase sequences of Papaver somniferum has been recorded in
various databases. Therefore, the aim of this study was to isolate the complete ORF sequence of
strictosidine gene, bioinformatics analysis of this gene and study its expression in different organs of
Papaver somniferum and Papaver bracteatum. The consensus sequence of strictosidine gene with 1179
bp was obtained after identi@ing the consensus sequence resulting from assembling similar readings in
related species. Also, the strong sequence conservation was observed in the terminal parts of the
strictosidine synthase enzyme. Due to the isolation of the full length of the consensus sequence, the
prediction of its third protein structure was performed using the comparative method obtained from the
Modeller program and its molecular dynamics was predicted and simulated using the GROMACS
software. The results of prediction and evaluation of the third structure indicated the structural stability of

the predicted model. Finally, the expression of strictosidine synthase gene expression in the leaf, stem and

capsule tissues of Papaver somniferum was 12, 4.09 and 1.3 times more than the root as a control,
respectively. Also, in Papaver bracteatum, the root had the highest expression (5 times than the capsule)
and the stem (3 times than the capsule) and the leaf (2.5 times than the capsule) took the next ranks. The
results of this study provide the possibility of STR gene manipulating with the aim of engineering the
pathway of Papaver alkaloids. ) o o ] R
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Table 1. Names and characteristics of specific primers designed in different parts of this research

Name Type (5'- 3 ") Primer Sequence Length (bp)
PS.STR.F1 Inside ORF TGTTTATTGCGCAGTTGATCC 1129
PS.STR.R1 Inside ORF TTCCAACTGATAAACGGCAAC
PS.STR.F2 Outside ORF AATTTCCTTTACTCACTCCGG 1316
PS.STR.R2 Outside ORF AGTCATTTCCAGAATCCATCC
PsSTRFL1. F gRT-PCR TGTTTATTGCGCAGTTGATCC 119
PSSTRR. R gRT-PCR TCTTGCTATCCCTCTCTGTTG -

ACT. F (Reference) gRT-PCR GCAGGGATCCACGAGACCACC 193

ACT. R (Reference) gRT-PCR CCCACCACTGAGCACAATGTTCC -

EFlo. F gRT-PCR CTGGTGGTTTTGAAGCTGGT 213
EFla. R gRT-PCR TGTTGTCACCCTCGAATCCA -
PsSTRF2. F Nested-PCR AATTTCCTTTACTCACTCCGG
PsSTRR2. R Nested-PCR AGTCATTTCCAGAATCCATCC
PsSTRFL1. F Nested-PCR TGTTTATTGCGCAGTTGATCC
PsSTRR1. R Nested-PCR TTCCAACTGATAAACGGCAAC
Short-Primer Nested-PCR AAGAAGTCCTAACAACGCAGAGC
Long-Primer Nested-PCR AAGAAGTCCTAACAACGCAGAGCAC
Modified OligodT Nested-PCR AAGAAGTCCTAACAACGCAGAGCAC (t)18
PS.STR_F1 Inside ORF TGTTTATTGCGCAGTTGATCC 119
STR.Real Inside ORF-RT TCTTGCTATCCCTCTCTGTTG
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Figure 1. Phylogenetic tree obtained from orthologous sequences of STR gene based on Maximum
Likelihood (ML) model using Mega 5 software (V. vinifera (XP_002278088.1), T. cacao (EOY33230.1),
P. trichocarpa (EEE82963.2), R. communis (EEF48687.1), M. truncatula (KEH29729.1), A. thaliana
(AEE28296.1), P. mume (XP_008230556.1), C. melo (XP_008453519.1), A. lyrata (EFH50300.1), Z.
mays (DAA51393.1), P. massoniana (AGUA43759.1), C. arietinum (XP_004493426.1), G. max
(XP_003554139.1), S. lycopersicum (XP_004249227.1), S. tuberosum (XP_006351273.1), C. sinensis
(XP_006494390.1), F. vesca (XP_004307669.1), R. serpentina (P68175)).
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ATSLVTEADGVPLRFTHNDLDIDD AGNIYFTDSSSKYQRRNFMOLVESSEDSGRLLEKYDE 2

ATSLVTEAREGVPLRFTNDLDIDD - BEGNTYFTI I YOQRRNFMQLVE SSGRLLKYNE 222
arpa ATSLSNEAEGI PLRETNDLDTDD - BGNT YT TYOQRRNFMOLVESGENSGRVLKYNE 222
ATSLVTEAEGVPLEFTNDLDIDD-ECNIYFTDSS 1L TYO! NFIQLVEFSGDNSGCRLLEYNE 2223

rpentina ATOLATSVDGVEFKWLYAVTVDORTGIVYFIDVSTLYDDRGVOOIMDTSDEKTGRLIKYDE 194

Vit LTKETTVLLREGLOFPNGVSLSKDGSFLVLCEGSFGRLVKYWLKGDKAGTSEVIFATLPGY P 282
The HTKEATVLVRENIOQOFEPNGWYV SNDGSFLVFCEC LGRLHKYWLEGE KA CVEALLEGEE 282
Popul richocarpa TTKETTVLVRNLOFPNGVSLSKDGSFFVECEGS IGRLRKYWLKGEKAGTSEVLAILPGFP 282
Pap NTKETTVLVRGLOFPNGVSMSKDKSFFIFCEGSLGRLRRYWLKGEKAGESEVFATLPGFP 283
Rauvo Lfia serpentina STKETTLLLKELHVPGGAEVSADS SEVLVAEFLSHQIVKYWLEGPKKOGTAEVLVKIP-NP 253

Theobroma .Vitis vinifera (XP_002278088.1) 453 ,le> ,o Solei,l slo g a0 jen gl 5 oidu-Y S
ORF 55 L Rauvolfia serpentina (P68175) (Populus trichocarpa (EEE82963.2) .cacao (EOY33230.1)
63 Skes (e Jolss K, (6 ,uS 1 >lgs) Jlad sloolSols g oo cblis (slacyes oluliss jghais 4y ilseas

(el (Fad cbilis o 5oy (518 a0 59550 !
Figure 2. A part of P. somniferum CLUSTAL W2 alignment with four other species Vitis vinifera
(XP_002278088.1), Theobroma cacao (EOY33230.1), Populus trichocarpa (EEE82963.2), Rauvolfia
serpentina (P68175) to find the STR conserved domain and active site (the highlighted grey amino acids
and marked with upside green bars).
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Figure 3. PCR product reaction of nested primers (right figure) F1 and R1 primers, 2) F1 and R2 primers,
3) F2 and R1 primers, 4) F2 and R2 primers. STR gene PCR colony product (to identify clones containing

(the desired sequence fragments) (left figure).
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Figure 4. Electrophoresis of RACE-PCR reaction products on 1% agarose gel, 1: combination of two
primers F1 and R1, 2: RACE-PCR product Il, 3: combination of two primers F2 and R2 and 4: product
RACE-PCR first.
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Figure 5. Predicted and optimized structure of Strictosidine synthase protein in Papaver somniferum y
using Modeller and SCRWL
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Figure 6. Ramachandran diagram derived from RAMPAGE online program for the improved model of

STR protein
RMSD
O Backbone after Isqg fit to backbone

0.3

025

7§7 0.2
2

= o.as
=

0.1

0.05

o

o 2000 ao00 s000 8000 10000 12000 14000 16000 18000 20000
Time (ps)

GROMACS 4l 10 (0059555 sl (33590 RMSD Jloges -V JSi
Figure 7. RMSD diagram of PSSTR protein in GROMACS program
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Figure 8. RMSF diagram of PsSTR protein in GROMACS program. The coloured symbols at the bottom

of the graph indicate fluctuation values in different regions. The arrow, spiral-like and thin line shapes
corresponded to a-Helix, B-Turns and loops respectively.

9\‘;&) w);) )a..ld) ‘ssl.b[j o | OA:..MJ)
o pa slo ole o ki Ophiorrhiza pumila
ond ()5S 4ty g Al S n b s 5 50
3,50 ,o aiwe pl (Yamazaki et al., 2003b) !
o3> L Ophiorrhiza japonica 4  yuily, oL
Sibéril et al., ) sg a8le o lo e (p S
ol ol ezl (20015 Lu et al., 2009
o Ol shlo 0398 Bl igS g0 oy aS ol
S Blad 0 0e badl ple 4 s (g5eS
S 4 ) ol Oliee (278 0598 g (i Al
055 pé) 99 ‘_g)‘ou_;sw )L».m.; u_aaLa.; iols uoLa.o‘
S e o Saomn L Ylais| (opaize ple
ol bbby dlize LS 0 o) o
205 9 e ol 1Sy JolSS L Yoo g5
ol obe (LU et al,, 2009) coul Lo Lol Jsbo
S8 Glize sl S o g oyt glgil 53U cow o5
e 5l et ST yme S gl 5058 o
JB jsba sl Sledlo 5 Sligenl> e
ol adg a0 5 0f rl oo (2lab>dle
- ¢ Uiw!38 Ophiorrhiza japonica s 1, laasglSIT
35 ol o L33l el «(Lu et al., 2009) wias

Ay il cel paiian jebay 30056580 Xl

I- Camptotheca acuminate
2- Divergent

5 RS oS 50 na e il o ol
oS Galid

2 e (JaeeS 5 ady; SO 9o S nl 4 4y L
Ole Ol GreS ghle oS Blad 5 Alsis
— Loyl 5l a0 wog bedl ple 4 s
b olitwl ileley jelateds b 3L lyie
2 as olS 50 nasESs il o ol Ol
\/\“ 9 f/‘ﬁ s\Y w).:cb 0)99 9 4.9L.u “5): MSL
6‘)“5 dw...:) s).»..S d’.’.L‘L’*’ oL:f BT 4.....3‘) ﬁ‘ﬁ
S Iy wn Glr an 5l G Ol G
(3 JSS ) wisls plas! o 4 1) sum sloa,
oS 5 crvieSeyl 0 ol Ol oIS ssba
=S GBS Gl i gl s Ojgony lis
oS 90 o lldl o Ol Ol (RS S
aly, 3 o9 P. bracteatum JsuS 4 by
i oo GaS Gla g Sy plhss
i Sy g adle g ,nS QAL Sy lis
L bl oy aiols plasl sgs @ |y gam sloas,
Ol Ol ireS 5 (Wi S e
0 oomlive M s ¥o e Golid JgmnS)
(Y Jga2)

OLLS 3 eeS il 0 Ol g e et
(Sohani et al., 2009) s g, T B 51 aliseo
<Ll & (Lu et al., 2009) Ophiorrhiza japonica 4



ey Je 5l 005950 il 5 e (o2 9 6L (g5l S s ilulaz ] Ses 5 (6 Y.

Jolse Geizmen il A Jumipe sloS e
9y a5 MYC g bHLH .8 5l (gousie (ouusis,
gyl g (58 4z S Jud 5l SlalS o lag]
S o ol 4wl ;o 5 wonl sonn, ldl &
(vyang et al, 2015) osxie Lo

S92 S yoba el loaslSIT  Jgus|
) oVl sl Jlg o ead cbili> slaciige
@ gl jshateds slaslel,y o (G-hOX (sla yize alez
5 G-box sl g jea> cwl (59,0 S ;20
o b e sl sl g ke bl

= 14 6
S 12 .E 5 <]
8 1 a . ~
8= 8 |-
£3 £33 — d
g3 6 vz ——e
g2 g2
& 2 £ 1
] 0 o
Capsule Stem Leaf Stem Leaf Root
Tissue Tissue
a b.
14

2 10

E_ 8

5% ¢

g2

= 2

% 0

= Capsule Stem  Leaf Root

Tissue
c.

s D985 (C g S 3ala3 (B bt (A oL il slocdly ;5 (005555 ol 05 oot el dgllio -8 IS5
.OLS 50 U""
Figure 9. Comparison of STR gene expression level in different plant tissues A) Papaver somniferum, B)
bracteatum Papaver and C) relative difference between two plants
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Table 2. Comparison of relative levels of STR gene expression in the corresponding tissues between
P. somniferum and P. bracteatum

P. somniferum/ P.)

Tissue (bracteatum SD
Capsule 3.25 0.74
Leaf 12.12 2.28
Shoot 3.25 0.55
Root 0.55 0.11
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