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control plasmid crude protein (3, 6 and 16 h induction).



ol 5 laasuas 1Sy pa plo gobaw calS > Klg
b 9 08 &y 350 (lyie; AUS drwgs Ciliseo Jolye 55 00
Sbcdnlio golaw 9 bases I S o ol o b)) oz
g 5 0l e |y S (glacdly 4 ond aly;oSIS
ol e oy 45 3 s UGT (slacKesls 5U0
ol 1 TVA 45 g5k 035 bl gsly als o 5 UGT
7D (56, ads e 3 ZVY S 635 als e > UGT
5 Lo g SIAYD § /N0 TNS Sl 3 (g50)8 dls ye
s 59y 93 ¢ SLadl 035 dl>po )3 sy 4 UGT L lasi o
Joslazalazdl oo BlST SLidlos)S 5l LS 59, 95 9 (SLidles,S
=03,5 al>ye 53 e S pgtg Sl 55l ol sla Jlgs
o=l g 0 Aol (55 Iy (plelid )3 (5350 S8 SLad]
o1 ol ol (185 (il Al 4y L5 oges Gudow
slossly Gldl ol ol IS )5 UGT g5 cslap 895! Sl
Lagl s 9 (sion)S sz o0 (il dlge 2 JUub g8
ol @l 28lioo (awg)S 03le slapydgn] i glgil 4
255l 5 glisie clap Bosl alwlid 4 Wy oo 039 cnl ]
5o SoS Lol 1Sl 5 Shos iz o2 5 UGT
S St Glyie oy sl e Aol 35 slaJIs 5 03503
a4 glie oS (Svj gllol gl e ) S50 (S
Ole) o) S g caeS Hla 1 5y ol S

55 )18 oalil 550

Gibson, D.G,, Young, L., Chuang,
R.Y., Venter, J.C., Hutchison, C.A., and
Smith, H.O. 2009. Enzymatic assembly of

Holscher, D., Stich, K. 2010. Cloning and
heterologous expression of
glycosyltransferases  from  Malus X
domestica and Pyrus communis, which

sl Slos 5 b Shy ololis L a3 p3] Sl

iy p g 3l opl 3, Sles a8 o0ls Lis UGT (o 31 cilises
Wang & Hou, ) 5,5 o )3 e 15l cov asdaws 4
aojls Lol cnl 0,8kae 385 (2] s (2009
P Ssdgn sl g b 01 d 8 oLyl
gl Lyl e Lo ySLy g2pp (2lop sl lgSee
EST (55 abuls 5 oslitul wile el gy (55 a3
3 (ilize glgl cunl awilys Jlgi sGglgen wly p (alulid 4
Onoetal., ) ioles (byme |y o3l ol i slap 2ol
25858 5l 5l (ol s 4 0, » (2006
o (o pind Lol bl o pglacl joim 0ad (Bpme (slajlydusl
~odlgls plwlid (Sl (LS 5l gilews S8 (o985 JIys
oS 5> Jlie plgis dn il 03908 jue |y (55 i sl
PSPG o5 cblis claci o 5l ooliusl gl
hUGTs (Sf dlgils a4 bgye sl jl g W (alulid
= Sl 03905 @aly3 1) olS (pl (a9 SRS dsgoomo )
o Carica papaya ;jsopn »LS bdsS plo o s
L ko, s ois olwlis slaj sl Glycine max
Sl Jg 5l ol cloosls 1 odlizl b UGTS (clap s3]
Yonekura & ) sib o o5 YFY 9 0F iy an 09
cUs S5l 5 Sy n 55 WEST 3434 (Hanada, 2011

Sl s il e AU 8l 5 gy MRNA 3955

&l

DNA molecules up to several hundred
kilobases. Nature Methods 6 (5): 901-903.
Gosch, C., Halbwirth, H., Schneider, B.,

convert phloretin to phloretin 2'-O-
glucoside (phloridzin). Plant Science 178
(3): 299- 306.
Hansen, K.S., Kristensen, C., Tattersall, D.B.,


https://www.ncbi.nlm.nih.gov/pubmed/?term=Gibson%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=19363495
https://www.ncbi.nlm.nih.gov/pubmed/?term=Young%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19363495
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chuang%20RY%5BAuthor%5D&cauthor=true&cauthor_uid=19363495
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chuang%20RY%5BAuthor%5D&cauthor=true&cauthor_uid=19363495
https://www.ncbi.nlm.nih.gov/pubmed/?term=Venter%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=19363495
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hutchison%20CA%203rd%5BAuthor%5D&cauthor=true&cauthor_uid=19363495
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20HO%5BAuthor%5D&cauthor=true&cauthor_uid=19363495

YAQ ol AUS )3 (g S 0uidS i (55 p 890 oS 55 ol 9 (2Ll « 13T 599 cymm

Jones, P.R., Olsen, C.E.,, Bak, S., and
Mgller, B.L. 2003. The in vitro substrate
regiospecificity of recombinant UGT85B1,
the cyanohydrin glucosyl transferase from
Sorghum bicolor. Phytochemistry 64 (1):
143-151.

Hosseinpour, A.N., Nematzadeh, G.A,,
Giuliano G., Ranjbar G.A., and Yamchi, A.
2017. Identification of Apo- Carotenoids'
crocin and crocetin isomers in saffron
crude extracts by HPLC coupled to
atmospheric pressure chemical ionization
and high resolution orbitrap mass
spectrometry. Saffron Agronomy and
Technology 4 (4): 291-300.

Kumar, R., Sangwan, R.S., Mishra, S., Sabir,
F., and Sangwan, N.S. 2012. In silico motif
diversity analysis of the glycon
preferentiality of plant secondary metablic
glycosyltransferases. Plant Omics 5 (3):
200-210.

Li, Y., Luo, H.M., Sun, C., Song, J.Y., Sun,
Y.Z, Wu, Q. Wang, N. Yao, H,
Steinmetz, A., and Chen, S.L. 2010. EST
analysis reveals putative genes involved in
glycyrrhizin biosynthesis. BMC genomics
11 (1): 268.

Lunkenbein, S., Bellido, M., Aharoni, A,
Salentijn, E.M., Kaldenhoff, R., Coiner,
HA., Munoz Blanco, J., and Schwab, W.
2006. Cinnamate metabolism in ripening
fruit. Characterization of a UDP-glucose:
cinnamate glucosyltransferase from
strawberry. Plant physiology 140 (3):
1047-1058.

Demurtas, O. C., Frusciante, S., Ferrante, P.,
Diretto, G., Hosseinpour Azad, N.,
Pietrella, M., and Al Babili, S. 2018.
Candidate enzymes for saffron crocin

biosynthesis are localized in multiple
cellular compartments. Plant physiology
177 (3): 990-1006.

Moraga, A.R., Nohales, P.F., Perez, J.A., and
Gomez-Gomez, L. 2004. Glucosylation of
the saffron apocarotenoid crocetin by a
glucosyltransferase isolated from Crocus
sativus stigmas. Planta 219 (6): 955-966.

Ono, E., Fukuchi-Mizutani, M., Nakamura,
N., Fukui, Y., Yonekura-Sakakibara, K.,
Yamaguchi, M., Nakayama, T., Tanaka,
T., Kusumi, T., and Tanaka, Y. 2006.
Yellow flowers generated by expression of
the  aurone  biosynthetic  pathway.
Proceedings of the National Academy of
Sciences of the United States of America
103 (29): 11075-11080.

Ono, E., Ruike, M., Iwashita, T., Nomoto, K.,
and Fukui, Y. 2010. Co-pigmentation and
flavonoid glycosyltransferases in blue
Veronica persica flowers. Phytochemistry
71 (7): 726-735.

Subramanian, S., Stacey, G., and Yu, O.
2007. Distinct crucial roles of flavonoids
during legume nodulation. Trends Plant
Science 12 (7): 282-285.

Wang, J., and Hou, B. 20009.
Glycosyltransferases key players involved
in the modification of plant secondary
metabolites. Front Biol China 4 (1): 36-46.

Woo, H.H., Jeong, B.R., Hirsch, A.M., and
Hawes, M.C. 2007. Characterization of
Arabidopsis AtUGT85A and AtGUS gene
families and their expression in rapidly
dividing tissues. Genomics 90 (1): 143-
153.

Yonekura-Sakakibara, K., and Hanada, K.
2011. An evolutionary view of functional
diversity in family 1 glycosyltransferases.



\Y¥aA QL’&M} F ojlouis ¥ > ‘dl).é.c)’ 9l g el 4y pia 4.

Plant Journal 66 (1): 182-193.



Saffron Agronomy & Technology Vol. 7, No. 4, Winter 2020, P. 481-490 4

Identification and Recombinant Expression of Crocin Synthesis
Isoform Gene in Saffron Stigma

Noraddin Hosseinpour Azad™*

Submitted: 29 May 2018 Accepted: 3 December 2018

Hosseinpour Azad, N. 2020. Identification and recombinant expression of Crocin synthesis
isoform gene in Saffron stigma. Saffron Agronomy & Technology, 7(4): 481-490.

Abstract

The existence of isoform genes in plants led to creation of the different types of
isomeric metabolites like these glycosylated forms. This study was conducted to investigate
the identification and heterologous expression of Saffron stigmas Glycosyl transferase coding
isoform gene during the pollination stage. The results have been obtained by sequencing and
bioinformatics analysis of an isolated gene from saffron genomes by degenerate oligo’s
revealed that the gene is in1283 bp length and belongs to the CsUGT protein family which has
Apo-plastic secretion in the cell. To evaluate the enzymatic function, firstly the isolated
sequence was sub-cloned under arabinose induce promoter in pThio-UGT expression vector by
the Gibson assembly technique. Then, the recombinant vector transformed into BL21-pGro7
bacteria which were able to express chaperon proteins with EL& ES subunits. Followed by
destructing the bacteria cell wall via ultrasound, the pellet was suspended by PBS solution and
then the soluble proteins were extracted by the boiling method. Finally, the protein
electrophoresis by SDS pages 10% showed that the recombinant protein of CSUGT expressed
correctly in bacteria with 69.5 kDa molecular weight. The results obtained in this project could
be applied to determine the breeding's strategies to improve qualitative and quantitative
traits such as color and aroma in saffron.
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