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Cloning of flavone synthase (FNSII) gene and expression in
three cell lines of Saussurea medusa
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Abstract: Saussurea medusa is a rare traditional Chinese medicinal herb, of which luteolin is the main active medicinal
compound for cancer prevention and treatment. A full-length FNSII gene, namely SmFNSII (GenBank Accession No.
KF170286), was obtained from green cell line of Saussurea medusa by RT-PCR and RACE-PCR. Sequence analysis
indicated that SmMFNSII is 1 710 bp in full length, containing a 34 bp 5’-untranslated region (5’-UTR), a 125 bp 3'- UTR, and
a 1 551 bp open reading frame (ORF) encoding 516 amino acid residues. Amino acid sequence analysis indicated that
SmFNSII belonged to subfamily CYP93B of plant cytochrome P450. Sequence alignment and phylogenetic analysis
revealed that amino acid sequences of SmFNSII shared 87% homology with the protein in Hieracium pilosella. Quantitative
real-time PCR analysis indicated that SMFNSII expression is the highest in red cell line and the lowest in white cell line,
corresponding to quantitative analysis of luteolin concentration. pET-SmFNSII, a prokaryotic expression recombinant
plasmid, was constructed and transferred into Escherichia coli, and the expressed protein band was the same size with
predicted protein. Saussurea medusa cultivars with high anti-inflammatory, anti-cancer activities and health care function

would be cultivated through filtering cell lines and plants with high expression level of FNSII gene and luteolin accumulation.
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1 MBET %

1.1 ##
M1
(MS+2 mg/L NAA+0.5 mg/L 6-BA+ 7 g/L+
30 g/lL pH 5.8)
45-55 pmol/m*'s 16/8 h (22+1) C
30d (18]
M2 (MS+3.5 mg/L NAA+0.5 mg/L
6-BA+0.7% +5% pH 5.8)
90-100 pmol/m*'s 16/8 h (10£1) C
Ml [4]
12d 3
~70 °C
1.2 & RNARZEIRREER
50 mg
E.ZN.A. Total RNA Kit (OMEGA)
RNA
RNA PrimeScript® RT
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reagent Kit (Perfect Real Time) (TaKaRa)
cDNA -20°C

1.3 SmFNSII £ KE R =&
NCBI FNSII

FNSf FNSr

FNSf2 SMART™ RACE c¢DNA
Amplification Kit 5'- 3'-RACE
PCR

NCBI ORF Finder
ORF FNSqf  FNSqr

pMD-19T (TaKaRa)
Escherichia coli TOP10

14 EYEEFERR
SMFENSII

*1 EERRE. RESWRFEZRRESY

Table 1 Sequence of primers for cloning,
expression analysis and prokaryotic expression
Primer

S 53’
name equences ( )

FNSf  CTCGGCCCACTCATCCACCA

FNSr  GAGATTCTTKGCTTCATCAGCCTC

FNSf2 GTCAAYATTTGGTCMATTGG

FNSqf ATGCAAGTACTCCAAACTCTAACTCCG

FNSqr TTAGGTTGAAGTTATAAAACTCTTTGGAG
AGTC

tFNSf CTCGGCCCACTCATCCACCA

rtFNSr  GAGATTCTTAGCTTCATCAGCCTC
tACTf GTGACCTTACCGATGGCTTAATGA
rtACTr CAATTTCCCGCTCTGCTGTAGTA

FNSqfE GGAATTCGATGTATAGTGAAACAATCAC
FNSqrS GCGGTCGACTTATAAAACTCTTTGGAGA

Note: the underlined words mean the restriction enzyme
cutting sites of primers.
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cDNA

15 SRR EERIEDH

12 d 3
0.1 g E.ZN.A Plant RNA Kit
(OMEGA) RNA 1 pugRNA M-MLV
Reverse transcriptase (TaKaRa)
PCR SYBR Green Q™5
PCR (Bio-Rad)
ACTIN et
3 1
1.6 SRREBIESHT
12 d 3
025¢ 1.5 mL 30 min
4°C 12 000xg 10 min
0.22 pm
L-2000
L-2455
200-700 nm C18 (Hitachi Japan 250 mmx
4.6 mm 5 um) 40 °C 10 uL
0.50 mL/min A 0.04%
B

0-40 min A 95%—0 B 5%—100%
40-60 min A0 B 100%! "

1.7 SmENSH EREFRE#ZRIES#

EcoR [ Sac |
FNSqfE  FNSqrS SmFENSII
65 C PCR EcoR [

Sac |

pET-28a (+) pET-SmFENSII
BL21 (DE3)
SmFNSII
[20]
BL21 (DE3) 5 mL LB
( 50 gL ) 37 °C
1 100 30 mL LB
( 50 g/L ) 37 C ODygo0
0.6—0.8 IPTG 1 mmol/L
30 C 0 2 4 6 8h
2 mL SDS-PAGE
2 BREMT
2.1 SmFNSII £E £ KFFIHIRSG
cDNA
FNSf  FNSr PCR
471 bp Blast
FNSII 87%
82%
FNSII
RACE
FNSf2  FNSr 3'- 5'-RACE
cDNA
3/
508 bp 5 689 bp FNSqf FNSqr
ORF 1551 bp
RT-PCR  RACE-PCR
1 710 bp FNSII
cDNA SmFENSII (GenBank
KF170286) NCBI ORF
Finder cDNA 1
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1 551 bp 1  poly (A) ACB56919) (Gerbera hybrida,

5! 34 bp 3 125 bp AAD39549) (Callistephus chinensis,
516 AAF04115.1) (Dahlia pinnata,
ADM67337) (Antirrhinum majus,

2.2 SmMFENSII £2REWESZESH
BAA84071) (Camellia sinensis, ACH99109)

SmFENSII
58 89 kDa 6.67 SignalP 4.1 (Gentiana triflora, BAD91809)
SmENSII (Madicago truncatula, XP_003622125)
DNAMAN
SmFNSII a (48.06%)
(42.64%) (9.30%) TMHMM2.0 FNSII 87% 82%
SmENSII  7-26 8% 15%
SmFNSII SmFNSII MEGA6
PLN02738 P450 CYP93p ~ SmMENSIL  NCBI 8
Kinase Phos FNSII ¢ D
SmFNSII 5 ( FNSII
37 104 132 198 379 ) 2 FNSII
SmFNSII NCBI i
Blast 8 2.3 HHEWNKNKEE PCR RIEFH
FNSII (Hieracium pilosella, ACTIN
99 Hieracium pilosella (ACB56919)
75 { Saussurea medusa (KF170286)
94 L Camellia sinensis (ACH99109)
100 Gerbera hybrid (AAD39549)
Dahlia pinnata (ADM67337)
97— Gentiana triflora (BAD91809)
L Antirrhinum majus (BAA84071)
80— Callistephus chinensis (AAF04115.1)
[ Madicago truncatula (XP_003622125)
1 SmFNSII 5H 45 FNSIH S EEBFHRIRFEH LR 24 (- Camellia sinensis Madicago
truncatula Hieracium pilosella Saussurea medusa Callistephus chinensis
Gerbera hybrida Dahlia pinnata Gentiana triflora Antirrhinum majus)

Fig. 1 A phylogenetic tree of the SmFNSII and FNSII proteins in other species. Numbers on the points of branches
represent sanalytic reliability, numbers in brackets represent GenBank Accession No.
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2 KBEEIHEAGMMEAED SMENSIH EFRMNEANRIEKERMEFYARABEZRNHENTE
Fig. 2 Relative expression levels of SMFNSII gene and relative accumulation of luteolin in three kind of cell lines
of S. medusa. (A) Relative expression levels of SMFNSII gene. (B) Relative accumulation of luteolin.
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Bl 3 pET-SMFNSII [F#%3ki%& SDS-PAGE £ R

Fig. 3 SDS-PAGE analysis of prokaryotic expression
product of pET-28a and pET-SmFNSII. M: protein
marker; 1: expression products of pET-28a after 2 h
induction;  2,3,4,5,6:  expression  products  of
recombinant plasmid pET-SmFNSII after 0, 2, 4, 6, 8 h

induction.
FNSII
SmFNSII FNSII
PCR
3 SmFNSII
FNSII
7.78 3.62
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