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Abstract: Objective The medicinal plant /lex asprella contains various biologically active sulfonated triterpenoids and triterpenoid
saponins. The objective of this study was to clone sulfotransferases (ST) from /. asprella and facilitate the elucidation of the
sulfonation mechanism therein. Methods The physicochemical properties, secondary structure and tertiary structure of two ST
candidates of [aST1 and 1aST2 were forecasted and analyzed using related software. IaST1 and [aST2 were cloned by RT-PCR and
expressed in Escherichia coli. Results The open reading frame (ORF) of [aST1 was 1 002 bp long and encoded a protein of 333
amino acids with the calculated molecular weight of 55 500, while the ORF of [aST2 was 993 bp long and encoded a protein of 330
amino acids with the calculated molecular weight of 54 700. Both contain the five highly conserved domains of ST. Phylogenetic
analysis revealed that IaST1 and IaST2 were genetically closely related and clustered together with flavonol C-3 ST of Flaveria
bidentis. Conclusion This is the first report on the cloning of STs from /. asprella, providing an important basis for further
investigations into their functions and roles in the biosynthesis of sulfonated triterpenoids in /. asprella.
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7 AE W JE o X 3 A XM B AL = ik 2
asprellcoside A+ asprellanoside A+ oblonganoside H
) 24 PRSI0 B 70 R B E AT B A B0 B HR BT
B G R B RE SN S 3 4] I AP SRR
PU HSV-1 35 PRS2 3R Y B T 7T &
DL, AR BAE AR D, 0T AR R IR
Hoy BA A FIER, (E2F4E & B R A I /R
WPt B Je AR TE AR LI/, AR T s o R

9T b Al 2 1 BB AL AL 0 T R L2 AN R A

TR HE B2 W (sulfotransferase, ST) LT
B2 MO 3-8 R OB OH -5 BE R G OMR MR
( 3'-adenosine phosphate-5'-phosphate sulfate ,
PAPS) #: R 3HEE k), bk, BRI
NGRS SEBLRPIR IR AL, o AR MR AL S
oSNy, BAEENEY SR MY T3
AN, WK ST G R (1) T BEAE F0AH KL
o HETC S EMEY) ST 48K 2 302 52K 1)
TR B R A b, Wi B AR IE N FHEY Flaveria
chloraefolia A. Gray F1 4> B4 015 21 3 AMiEfL
A R 77 s R Ak 10 ST™ ;s | A A P 4L 7
I+ Arabidopsis thaliana L. [ A0 3 R AL 1T
AtSULT202B7™. 530, M =i v %
A A ERE R S B Ea 14
o 2 AR L, Ak R A AR B L
K ST K5EH, AR WM FTHRIE .

A VR 2 AT X B M AR B o 4l B
(Accession 45 : NPRINA236423) (iR 45 R
ANy A 31 ANESRAER N ST 2, AR SEIGRkiE
T A 2 JEATRERY ST £ K (437l i 44 0 1aST1.
1aST2) W5k 5E A REERIE, NS T RenT
7B E Rtk o
1 #E5iRF
11wy

R 2 AR R AR, TR E AR I T
i S 2 A SR, ST N TR R KRBT
PR R 5 AR O B A BET AL 0L S e A&
TR EEMEY) KM llex asprella (Hook. et Arn.)
Champ. ex Benth. FFiN E. coli Trans1-T1+ E. coli
Transetta (DE3), W4 H TransGen A& (JLE),
1.2 K7

FEY) RNA /N ESEHU & B DNA /N [f]
WOaGR & BURL N B PR R SR R T e R

VR E AR A A
First-Strand cDNA Synthesis SuperMix For PCR % #%
A& . pEASY-Blunt Zero Cloning Kit Z75 5tk
o PR S T A & RS AR ARG R A A ;
Trelief SoSoo Cloning Kit {7 &/ MEER LY
HAREIR AT ; In-Fusion™ HD Cloning Kits i
%5+ Prime STAR MAX & {# Ei#l4 T TaKaRa 4
YT R ARAF]; 2XHigh-Fidelity Master
Mix = f* B R A BT Toyobo /A 7]; Ni-NTA
Superflow Columns 4T Qiagen A #] .
2 HE
2.1 IaST1 #0 1aST2 FFHIRYEME B F ST

I R M SR B A, IR 2 SRR
e BITTUAAE (ORE) ) ST %[, HJ 1aSTI
1 1aST2. KH neighbor-joining (NJ) kXt 2 /N3
DRl ) i 2 11 5 SL At 4 ST B AR i R LA,
BEAT YRR 2> Hr , B ECY 10 000 X FH SMART
TEL A5 B 85 1 4544938 Ff TMHMM Server v.2.0
W B ML 45 R s RO TR & B B
ExPASy-ProtParamtool - NPS@SOPMA secondary
structure prediction. SWISS-MODEL X} 2 3R 7 51
AT BRAL 53 B R0 25 K B A,
22 54t

FIF PrimerPrimer 5.0 #X {4 11-4F 554 PCR ¥~
1454 1aST1-F/R 5 [aST2-F/R(F 1) . 4245 Clontech
A+ In-Fusion ™ 5o [ 51 )% iT i B, it RIA
K FH 51 %) elaST1-F . elaSTI-R . elaST2-F .
elaST2-R (X D. 5I¥FHHR M EYFHEA
PRA R & e
2.3 5 RNA RY$RZEUE cDNA HIE X

BB AR e, FHAEAY) RNA /N EFREUA T
EPRHUE RNA, F 730 6 BE vl 5 He 40 BE R
FE, FEH 1%ZR e kR I e 4%, SR )G
PR B SR 0 AR BB 15 RNA R % 5% ik
cDNA.
2.4 TaST1 F1 1aST2 EE R 5 RAEE

PL ¢DNA A #ItR, 4 %l LA [aSTI-F/R &}
1aST2-F/R A51%), HmERERAIHIT PCR, 3k
3 1aST1. 1aST2 HJ52% ORF. PCR H& M 414N
94 CLREF 2 min; 94 CAME 30 s. 50~60 C B
K 30s. 68 CLEM 1 min, F& 35 MEH; 68 CL#
FF 10 min, 4 CHR4#F. [ PCR 729, 5
pEASY-Blunt ErfE#AAHATERE, ¥R E. coli

TransScript All-in-One
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Table 1 Primers used in this study

ElEZE2X0 A (5°—3)

[aST1-F ATGGCAGACAATTCCCCAAT

[aST1-R TCAAGCCAAATCCTTGAACT

[aST2-F ATGGCGAACCTTTTGCCTTC

[aST2-R TCAGACCAAATCCTTCAGCTT

elaSTI-F CGACAAGGCCATGGCTGATATCATGGCAGACAATTCCCCAAT
elaSTI1-R GGTGGTGGTGGTGGTGCTCGAGAGCCAAATCCTTGAACT
elaST2-F CGACAAGGCCATGGCTGATATCATGGCGAACCTTTTGCCTTC
elaST2-R GGTGGTGGTGGTGGTGCTCGAGGACCAAATCCTTCAGCTT

R F IR > AU il U RILL R AR RIURR B0 N Sl 2 ) ok L R U

The wavy part of the primer sequence is the restriction site, the double underline part is the carrier homology arm, and the single underline part is the gene

homology arm

Trans1-T1, FHE*FH & R PUH ik b B, .
WA IER e By K%, 1Bk, 43l 44
N pEASY-1aST1 1 pEASY-1aST2.

PA Fi& pEASY-1aST!1 iUk 954K, LA elaST1-F
FlelaSTI-R (£ 1) A5, HmRIEEF#EIT PCR
P14, PCR [ M A&FR: 98 CHR¥FE 2 min, 98 C
PE 108, 55 CiBK 15s. 72 CiEM 10s, 354
PEFR, 72 CA#¥F 5min, 4 C{RfF. PCR P44k,
Jii» FHBRAIE A VIBE EcoR V. Xho 1 X344 pET-32a
(+) 5 PCR 2tk =it AT XD AL 2L, B V)=
Ay SR R, 4 1aST1 423 pET-32a (+) Hifk
F, ¥4k E. coli Trans1-T1, &Ptk FHE AT
B, W7o [FVE4RAE, LA pEASY-1aST2 JF R AARAR ,
elaST2-F Fl elaST2-R 514, ¥ & 3K 1 1aST2 H: A
Fi BE, i3 In-Fusion™ TEMEK: TaST2 S MEAL
(1) pET-32a (+) #fk I, Ak E. coli TRk A v bE,
WY o 7 5 BRI P PE e B K 7%, 1R HUS 2
ki pET-32a-1aST1. pET-32a-1aST2, 7£ 2 4N3E[A]
() 37 -3 509 N T gt 6 X His (A% ER 51 o
2.5 IaST1 #0 1aST2 BUiESRIA 54k

# pET-32a-1aST1. pET-32a-1aST2 7354k E.
coli Transetta (DE3), #hHXPHMEwlEE LB B¢
i, F 37 °C. 225 t/min 2% IR E Ao TEN 0.6~
0.8, JIA 0.1 mmol/L IPTG, T 16 ‘C. 225 r/min
REERTFE 12~16 ho WEEE A, MG R PBS %t
W CEBEME 10 mmol/L) FEAE:, JIA 0.1 mmol/L #
FHEERIE S (PMSE), @A RE (D)% 240 W, il
F 20 Hz)o BEEEIIEWT 4 'Cy 10 000 r/min &
£ 30 min, ZHCEIEW, INZE CCFE R Ni-NTA

Superflow Columns T4 _F, 46H & 50 mmol/L K
i) PBS WEik, 4 300 mmol/L KM PBS £
Ve S 8 H AR . F] SDS-PAGE 43 # H AR H
3 BR59H
3.1 IaST1 #0 1aST2 ERFBIFFIH 4

1aST1 JEK 4K 1232 bp, OFR 24 1002 bp, %
5 333 NEAERR; 1aST2 24K 1 246 bp, OFR
9993 bp, JwtH 330 M IEIR . —EH IR TN
AP A 59.41%, 13 ] DNAMAN #5445 oA Filt J&
) ST G 7 AT RIS, K3 1aST1 A
1aST2 AHR (1) 5 MRFREER T 514 B (B D,
HAFE 14 (A DXXLXXPKSGTTW) 55 2 4
(IVYXXRKDXXVSXXHF) #&75, T fEsE PAPS [
gh i P, SMART TELRBAE TG H, 1aSTI.
1aST2 A # &4 ST 45438 (sulfotransfer-1
domain ), JofF 5 K X 8 A0 5 IR0 g X 5 7 H
TMHMM Server v.2.0 Tl &5 #4358, Wos 2 M &
S/ ey b
3.2 1aST1 #0 1aST2 BB GFH LS4

¥ 1aST1 Fl 1aST2 4w [ R LR 7 511 5 16 26K
JETAREY) C AR AL L R i 2 NI R Guidk
i (B 2), S53R KR 1aST1 5 1aST2 f YR P %
B, MASIER— ., HIRSHETN3G Flaveria bidentis
Kuntze ¥ EEE C-3 TERRFLFE BN (F3-ST) SEZ
KRABGE . PEIRIE, F3-ST Ak i ms 6Ly
AR — Y, RINHZ R R 2R R AN — Xk
M ERIE, MRk RIAN, T 2,4-
CRFRCRESERETTY, Eik, N [aSTI
A1 TaST2 1E XA ] e B A KAL) T fE -
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1aST1

TaST2
EMT28548.1
AEC05746.1
AAC63112.1
AAR14296.1
AF000307
AAA61638.1
Consensus 1
Consensus 2

1aST1

[aST2
EMT28548.1
AEC05746.1
AAC63112.1
AAR14296.1
AF000307
AAA61638.1
Consensus 1
Consensus 2
[aST1

1aST2
EMT28548.1
AEC05746.1
AAC63112.1
AAR14296.1
AF000307
AAA61638.1
Consensus 1

Consensus 2

TaST1

[aST2
EMT28548.1
AEC05746.1
AAC63112.1
AAR14296.1
AF000307
AAA61638.1
Consensus 1
Consensus 2
[aST1

1aST2
EMT28548.1
AEC05746.1
AAC63112.1
AAR14296.1
AF000307
AAA61638.1
Consensus 1
Consensus 2

EMT28548.1 KET i3, AEC05746.1 KIETHIHITF, AAC63112.1. AAR14296.1. AF000307 JJFEFRERIMMZE, AAA61638.1 HiF T 3% T
%j; Consensus 1 4 9 NEIEFRFHILLATLEH, Consensus 2 4 116 AMEPIAN 11 AN NSHEER I B IER 75 LT 45 5 (U H 1aST1. 1aST2

QGFWEPNQPEEGVETLQRCFKEAQPT]
QGFWENQSPLQGIITLQQSFKAR. PT]
TWVIEGWIPGIVQIQNGGGFTPRRG.
FQGLWHTQAILQGILICGKRFEAKDS
FQGRWHTQALLGGILTCQRHFEAKDS
FQGRWHTQALLGGLLQYQKHFEAKDS
FQGRWHTEALLQGILTCQRHFKAKDS
GDVWNHQEFLEGRMLSEQTFKAHPN.

RIRSKELPTLILG
SELRPKELPPLVLE
RHPRPNLSENDMEE
KELAPEETADYPIE
KELAPEETALYPIE
KELASQETADYPIE
KRLAPCETADYPLE

EAFEQFCRGVSACgsER F SIS IEWEDRY. . .. ... ... '
DAFEQECSERSSYSsER D ILUERISIEWEDRY . . ... .. ... VKEA
LTCEGRSL. . . . J93FR D ILREMNGK TMSGDEGQPEMT SAAVINLRYE
KAVEAFCEGKFIGE e ILERQY WNSRENENEV. . . ....... VIYE

DMENDPQLHVER LS
DMENDPILHAR LS
EMIRCPANNVRER LS
ELKEQTEVEMER LS
EPRRXTGETIER LS
ELKRQTGDTIKR
ELREQTEVEVER
DMREOPVPSVER N
lcsfe 1s 1 n
rlcsfe 1 levnk
IRLGQDIVEENKSH ' FxDLA
MeSYKASSASKIESKTE LXDLV
HEPVVFTKYPRESF. . .} 1 0PN : FHGSG
KLPNG. . . . IETKTERES FXGSG
KLPSG. .. .METRAF FCGSG
KLENG. . . . VETKAEN: FQGSE
KLPNG. .. .IEINAE FGGSG
HRPEEAHSIENRL LGATG
(o1 k

ffRkg vgdw

LR IR AT H1 BT L B0 47 X 45 58

Species: EMT28548.1 from Aegilops tauschii, AEC05746.1 from Arabidopsis thaliana, AAC63112.1, AAR14296.1, AF000307 from Brassica napus,

and AAA61638.1 from Flaveria bidentis. Consensus 1 is derived from the alignment of 9 plant sequences, Consensus 2 is derived from the alignment of

116 plant and 11 human SULT sequences''?! (Showing the amino acid conserved sequences of IaST1 and 1aST2)

E1 =5 1aST1 0 1aST2 BYRFEEELFF

Fig. 1 Conserved amino acid residues of ST found in IaST1 and I1aST2
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W= (AAC63112.1)
FRHHNHIZE (AAR14296.1)
JUETT (AEC05746.1)
KFE (CAG27305.1)
WK+ (EEE97835.1)
I (AEE29015.1)
AAH (KHG06832.1)
PEFTE (AETO01513.1)
HIE (ADW54463.1)
% (AAA61638.1)
*5HfF (1aST1)
* K (TaST2)
F¥#E (EMT32466.1)
KF (AAY34254.1)
FiTiZ (EMT28548.1)
B/ (EMS54391.1)
A[A] (EO0Y34384.1)

0.2
—_

2 1aST1 70 1aST2 SHMAEY ST RGEH LK
Fig. 2 Phylogenetic tree of 1aST1, IaST2, and other known
plant STs

3.3 TIaST1 #1 I1aST2 B9E B LT

) 75 28 7§18k 14 ExPASy-ProtParam tool %
2 SRR T RATEAL ) BT . 1aST1 Al 1aST2 4
fh 35 B 01 B 3 o 38 890 A1 38 100, 45
M 5.83 A1 6.54, SEAR R ECH 81.05 Al 78.00, &
BIsEKME (GRAVY) —0.397 F1-0.424, #)& T35
KHEEE A

FIFHAE 2 3 B/ NPS@-SOPMA secondary
structure prediction X 2 2k &R IERFINIHEAT 04T, K
I TaST1 FH 1aST2 Zhth 25 11 1) o BRTE 45 4 5301 o 8%
) 33.03%F1 37.27%. B #EMEH A 10.51%F0
9.39%. FEMEE (S 21.62%M1 17.88%, LTS &
34.83%7H1 35.45%.

K F SWISS-MODEL X 1aST1. 1aST2 £ (it
17 =Yg (B 3), RIL1aST1 ME LR T4
5k B #l M JF B i Smek.1.A  ( cytosolic
sulfotransferase18) [EIERR T 71 i AL, AHALE
N 47.56%; 1aST2 WIZ LR T 515>k B 40 FE SR
2g3m.1.A (flavonol sulfotransferase-like) [FZ& LR

3 1aST1(A) #11aST2 (B) ERLEMTAN
Fig. 3 Protein structure prediction of IaST1 (A) and
I1aST2 (B)

JF B BRI, AALEE R 47.99% .
3.4 BRYEE 1aST1 #0 1aST2 BYsEfE

AR M S5 e SR A 1 cDNA AR, 43731
FH 1aST1-F/R 5 1aST2-F/R 5|94 #43K158 2 2 HIW
FBL HRNST—% (B 4. BEHMFBRY
o # /K pEASY-Blunt #E ¥ 5, #¥1b E. coli
Trans1-T1, FEEFHME . BE% PCR &R LK
SER RS T R R/ %4 (1200 bp). DNA
WP RT3 75 5 A 7 50— 80 BBHIRTS T
H LA 1aST1 AT 1aST2.

M 1 2

2000 bp

1 000 bp:

M-Marker 1-IaST1 2-1aST2

4 1aST1 # [aST2 4855 HE PCR P4 E2 ik [E
Fig4 Obtained PCR products of IaST1 and IaST2
analyzed by gel electrophoresis

E— 25K 1aST1 A1 1aST2 4 W% 3 3| %k %
& pET-32a (+), ¥4k E. coli Transetta (DE3), ff
A ME %, 7% PCR A1 DNA Il 5 3 5878 %2
o 7 R & K pET-32a-1aST1 Al
pET-32a-1aST2,
3.5 IaST1 #0 IaST2 WIFRiE 54h1k

FES SR TRI, F%0 TaST1 Al [aST2 N EA
JELER, SUHABFERE E. coli 1RBUE A, Ni-NTA 3%
bt fgatift 8 9. i SDS-PAGE (& 5) w41, IaSTI

A ; =] B =
S .. HE =
—
55500 S B 55000 54700 EEmEREmT
= ot | . s
— :.-1—
— ‘,.—
1 2 3 4 2 3 4

1-&EE 2-BiER 3-4ifkE A 4-Marker
1-total proteim 2-upper clear protein  3-purified protein  4-Marker
5 1aST1 (A) #1 1aST2 (B) 4i{kZEHHY SDS-PAGE
Fig. 5 SDS-PAGE of purified protein of 1aST1 (A) and
1aST2 (B)
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A1 1aST2 7E E. coli T NINFRIE, A0SR, 1
55 000 K/ B HIL 75 THELR R/ (55 500 A
54700) AHN 26T o 1aST1 Al TaST2 B [ ¥k Xt
AN E RO P S A W R S B S =R AP A N SN P S
BER, R\WEAFEIVHR T ARk, Ko
WEMEN, AW EITEHI T —%B M
iy, MR RS B A RAEEA R & A L.
4 g

ST B 72 AT S 1989 4E55 | METRFEFEF
cDNA [IapEtiis, 2 ety ST Bimis =%
SR TEH IR SRRE IR T L. H Al E P AE
VIR IE AL BRI S o b, E i hggte; [
HINK R R B 5 B W AT B 1 T 450 5 AR A 2 ] B
IR AE I TRE 2 S5 (=

ST & —MEBHIEF KR, HEKHEZ, Ao
SN 5 R AR R B IR JE e A il 2 KR, v i
FLECREIE X Oy NI SR R M I R
I R R S A A B . AR e S B R DL
EVME BT, AWFFLR) 1aST1 5 1aST2 435l
N ST A HHZS IR ILFEFENG . HRRRIL LR
Tt A R A S L) 2 A7 AE TAEAR Y, T A
A K & E DL PR B IE B e 51T, BAy
R Fow . PLEtESEMRY, BT, Bk
BT TV 22 25 R 208085 W is 1 22 DG B 2,
A XM= Skl ZmE A A
(conicarmisulfonine A) 2522, FREEish, HEksH
BRI IRAACEIA S ST Sz Hb, WHEEAN
W5t

RIS B IX R 22—, Fiafi £,
& 2 AR PR SRR 2444, AERERE H 2
I, BRI N = SR, R R A
I =k S B o I AR AR ZE XS (A =k S 2
R BGRER (A S SE R AT Y, R E 2 oK
P IR G R R R, BEINERIE, A
=05 S B AT Tk A Fe 2 e — e i Sk at . B Ar
R Z) 1/5 B =BG w A mRE, &
A 3 AN =SS0 AR I B PR BOR TR A3
YEF, BT DA Se i fb, = s it AL iF 98 B A A5
FKyE. SR, H AT ME =AY A AR R AT
ALy, BERED R R . Mg
S 31 ANFESE AR ST, H& HIMT)EES
AN ARSI R 2 MRS REIE N, 8
ERE, A TR ES. Sk

RSN SRR R E AT 15 2 5 K =1 45 140 1) B
g, #t—B R AATA Y ST KA,
#hFE ST ZR AL IRIR, D9 LEAEAN RIS ST (8]
MEZ S5 5REk, b 22 7 2 R A DO REs midR itk
o

SE

(11 FBRREE, BKHK, BU/NIE, 55 B9 25 R MEA SR (J].
W EZ KR, 2017, 1909): 117-121

(2] HLOKEE, BEERE, B BR, SF KM M2
TERW gtk [J]. R ERZi2e &, 2017, 42(1): 20-28.

3] ¢ M, B, mRE, & KR 1 ASETRSE
RN =a R ] RFEABZRE, 2017, 42(13):
2503-2509.

[4] Peng M H, Dai W P, Liu S J, et al. Bioactive glycosides
from the roots of llex asprella [J]. Pharm Biol, 2016,
54(10): 2127-2134.

[5] Zhou M, Xu M, Ma X X, et al. Antiviral triterpenoid
saponins from the roots of llex asprella [J]. Planta Med,
2012, 78(15): 1702-1705.

(61 & I, ®9E, BB, & RKEFRUREWRR
R [0 I EREL 2011, 39(4): 18-21.

[7] Coughtrie M W H. Sulfation through the looking
glass--recent advances in sulfotransferase research for the
curious [J]. Pharm J, 2002, 2(5): 297-308.

[8] Varin L, Ibrahim R K. Partial purification and
characterization of Three flavonol-specific sulfotransferases
from Flaveria chloraefolia [J]. Plant Physiol, 1989,
90(3): 977-981.

[9] Hashiguchi T, Sakakibara Y, Shimohira T, et al.
Identification of a mnovel flavonoid glycoside
sulfotransferase in Arabidopsis thaliana [J). J Bioch,
2014, 155(2): 91-97.

[10] Shi Y S, Zhang Y, Hu W Z, et al. Anti-inflammatory
triterpene glycosides from the roots of /lex dunniana Levl
[J]. Molecules, 2017, 22(7): 1206.

[11] Sanchez-contreras S, Diaz-lanza A M, Matellano L F, et
al. A sulfated saponin from Bupleurum rigidum [J]. J Nat
Prod, 1998, 61(11): 1383-1385.

C, Varin L, Marsolais F
Sulfotransferases from Plants, Algae and Phototrophic
Bacteria [M]. Netherlands: Springer, 2008.

[13] Kakuta Y, Pedersen L G, Pedersen L C, et al. Conserved
structural motifs in the sulfotransferase family [J]. Trends
Bioch Sci, 1998, 23(4): 129-130.

[14] Barron D, Ibrahim R K. Synthesis of flavonoid sulfates.
II. The use of aryl sulfatase in the synthesis of
flavonol-3-sulfates [J]. Zeitschrift Fiir Naturforschung C,

[12] Hernandez-sebastia



¢ £ % Chinese Traditional and Herbal Drugs

FS0E B 11 20096 B ©2689

[15]

[18]

1988, 43(9): 625-630.

Hannoufa A, Varin L, Ibrahim R K. Spatial distribution of
flavonoid conjugates in relation to glucosyltransferase
and sulfotransferase activities in Flaveria bidentis [J].
Plant Physiol, 1991, 97(1): 259-263.

Ananvoranich S, Varin L, Gulick P, e al. Cloning and
regulation of flavonol 3-sulfotransferase in cell-
suspension cultures of Flaveria bidentis [J]. Plant
Physiol, 1994, 106(2): 485-491.

Hirschmann F, Krause F, Baruch P, et al. Structural and
18 from
Arabidopsis thaliana explain its substrate specificity and
reaction mechanism [J]. Sci Reports, 2017, 7(1): 4160.

Varin L, Marsolais F, Richard M, et al. Biochemistry and

biochemical studies of sulphotransferase

molecular biology of plant sulphotransferases [J]. FASEB
J, 1997, 11(7): 517-525.
Yang H, Matsubayashi Y, Nakamura K, et al. Oryza

sativa PSK gene encodes a precursor of

[20]

(21]

(22]

(23]

[24]

phytosulfokine-alpha, a sulfated peptide growth factor
found in plants [J]. Proc Natl Acad Sci USA, 1999,
96(23): 13560-13565.

Ok, PO, R, & PRSI A
FER TR L RIENHT [J]. RAFEWZEIR, 2014, 35(4):
95-100.

#OEF. KT GmFLC #:H 1wk 5T aERIE [D]. db
A HRRORE, 2012.

Guo Q, Xia H, Shi G, et al. Aconicarmisulfonine A, a
Sulfonated C20-diterpenoid alkaloid from the lateral
roots of Aconitum carmichaelii [J]. Organ Lett, 2018,
20(3): 816-819.

HWEAE. KM K& =08 B ARG B S B
248 [D]. J-M: JTMABEZ R, 2014

MEL, BHRH, 1, & KIEERAREDSR
Bt B = R AR A O S B R R R (0],
FRbE R — R A4, 2014, 16(7):
1505-1512.



