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Prokaryotic Expression of Tartary Buckwheat Dihydroflavonol
4-reductase and Preparation of Its Polyclonal Antibody

LI Meng,CHEN Fangxia, LU Ning,CHEN Peng"
(College of Life Sciences,Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract : Dihydroflavonol 4-reductase(DFR) is a key enzyme in the biosynthesis of anthocyanins in tartary
buckwheat. The DFR coding gene was amplified from the seed-filling period cDNA of tartary buckwheat by
RT-PCR and ligated to the expression vector pET47b. The E. coli BL21(DE3) carrying the DFR coding
gene was obtained and induced by IPTG. The expression products were analyzed by SDS-PAGE, purified by
affinity chromatograph and the high titer polyclonal antiserum raised against rabbit was obtained. The open
reading frame of DFR coding gene was obtained by RT-PCR. As analyzed by PCR and DNA sequencing.
The recombinant prokaryotic expression vector was constructed successfully. As analyzed by SDS-PAGE,
the DFR had been high-efficiency expressed in E. coli in the form of soluble protein and inclusion bodies.
Pure fusion protein was obtained by affinity chromatography. Western blotting analysis showed the raised
antibody could specifically react with the antigen and native DFR existed in total protein of seed filling peri-
od of buckwheat. These results will be valuable for the further study on the biological function of DFR.
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K 3 DFR %S %58 SDS-PAGE /3 #71
M. # H marker;1.3. if5 PRI BB 2.4, 5 5 R BH LK
Fig. 3 SDS-PAGE analysis of the expression of DFR
M. Protein marker;1,3. Uninduced cells containing

pET47b-DFR;2,4. Induced cells containing pET47b-DFR

K4 HEEPAEERB T
M. & marker; 1. RiFEFNREIEEA ;2. FFOEEEA;
3. V55 T B 75 U S R DLTE s 4. RS bR S D S 1 BT
Fig. 4 The solubility analysis of recombinant
M. Protein marker; 1. Uninduced cells containing pET47b-DFR;
2. Induced cells containing pET47b-DFR; 3. Insoluble protein
from induced cell containing pET47b-DFR;4. Soluble

protein from induced cell containing pET47b-DFR
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Fig.5 SDS-PAGE analysis of purified DFR

M. Protein marker;1— 3. Purified protein

6 DFR [1§ Western blotting 43 #
LEREMEMEN 2. REARLEAED
PERZR 153, 5 FR A RS vh SR
Fig. 6 Western blotting analysis of DFR

1. Total protein from induced cell containing
pET47b-DFR;2. Induced cells containing pET47b;

3. Total protein of seed filling period of buckwheat
LW 45 BB IESE DER () Jf 4% 26 1k 2 1R #  al
i, BEHFRBEIREMTFRILE BL21(DE3) , i 5
J5 4 SDS-PAGE 43#fr . 1E 35~45 kD 2z [a] 4 B B 1Y
W RIR N NS W EHES > FEKR
MFFFCE D U EHEO B FREEI. BT
PRAF KA PE B 8 [ 77 &, 314 pET47b-DFR
TR MR BT T 50 5 IR EE 22 °C LI 3 1]
10 h IPTG ¥ & 0. 15 mmol/L,SDS-PAGE 41 H
1 % I 7E KB FF B BL21 (DE3) th 48 3 2L F il 514
WIAIE XAFTE (8 D)
2.3 EHEAMNA4LESRGEHE

Ko EAEAMN LELSHE TFES 2
b )5 SDS-PAGE Kl 4% 9 F$ B 45 4% Talon resin 5C
BT % AL AR sl (B S5 . MR ER £ H
f 2R 1 AT BE AR AE I B 2 AR L K Al Y B Y R
F SDS-PAGE(20 cm <20 cm) Ht ik » % 7 52 15
5 V1B H A5 25007 KB K U8 36 e 1T S bt 7 9
DFR £ s fEdu i il % .
2.4 B HEEHEAR Western blotting & il

FIF Western blotting 5 I il 7 Pt 74 19 £5 53
PE 25 R B OR R AZ R IR RGBT SR R SR
SR S PN 24 58 R B — A% T oA EE 4 R Gk
A TR AR B 1A R A8 AT ) 5 (L 6) L Ui ]
UL 5 0 R S ELFEVE W ) e SR R T
e A RKEN DFREH., | THERMAREHT DFR 4
HATRAR A  Western blotting H I HH w7 57 Fl - %
2R R B AL FRGA R B o TR

31 ®

SR T o S B R Y 1 1 R 1 TR A 0
P 1 R 5% S T ) 25 0 ST AR . i 0
SRR SR T SR A R 6 BRI B 5 %
SRE AL T 45 b 5 7 0 e BB v A R O B R 1



888 [T A i N // M= S

35 #

FIR AR T 5 i IR 0 B SRR R (i B B
WA F A . A 430 R T SR IR
A AR A 1R R 11 6 R il RN — A S PR AR A . S
B2 5%k & m R0 25 B AL
YIMEPERE T L AR, 4 DFR S50 flsh ¥ 3p-%
HEAS [ I S o 2 A H X, R B AT Y ()
— AN A A F A AT Z ok 9 43 5 O
Y%t DFR gt 367, BF 58 45 4 7R DFR [] 5 5%
DA # ELAG — A~ ML ) NADP 45 4 07 5 fl 26 42 3%
i 2 1) JES 0 R S PR A B L B T RO
FE T 3¢ DFR gmid A . 8] H A ¢ F =& A A
I 538 A 4B L AW 98 A 33 08 0% 30 R b
P45 3 DFR 4 fd 2% 5, #) FH DNAMAN #1443 47
KBHEA DFR [A] J5 35 [ (1 3078 465 i 70 G 5 25 1
B HEM 3 5F DFR 2 A% 356 R 4 5 2 3 HL A LTS
PE S AH G SCHR R W K FF 18 AR B v 3235 19 DFR
HELA B U R 2 . R B R K
FF TR 9 388 1% T 55 R A= BIURR PRI 9 1 A A LU S0TE 28
TEAR M TR BB 7 A S PEAT & 4B & i 4R
B TR, Rtk AW 588 o i # DFR JFAZ E 4
FEIR AR HE AL K B AT I BL21(DE3) , 523 T % 5
R SR A% 2R 3k R A% R 8 2R 8 R G0 L (9 7 2 1

ANBEA RO BT S TE B T AR R 8 o A Ak ik
PR AR BT AT R R R IR SRR
T AL AR T M 45 ) B T ODsoo (35 0. 6~0. 8 AT
B E R ERE 22 CFE RN E 10 h IPTG ¥ &
0. 15 mmol/L . {ff F [ 52 fb &6 2 745 & HIS $r45 4l
A0 25 5 33 U R DR e I B 24 AR A R 4l DFR
G & MR ABESE ¥ 3 DER 1) R 8h J1 2 A
TR PEBEE T kA .

FLAZ A U A AR R OGS TR 11 2R 3k 4R 4 B
SEIKOE B E K- 55 Z AN 2, HET X T DER 4%
BE R SR HLHI G B SRRV 2 A ) AR 2 RS
TSR 8 5 B S DR R R A A I R Gk L I R
AR 0 U A A 4 1 R SRR
FEWAACH P B S DFR 2B C R ABIIFK
AT B S e R SRR A R
PRI RO 5 o AR W 5% 0 2o S 2 35 R4S K i
1 H 8 R A2 AT 5 B m A H R E
RHUE P R )5 3R 1 DFR £ e BE P IA . Western
blotting {78 AR 45 BB R R4 75 S A% AT LA Ry
#E— 25 I JE DFR 25 [ B 76 A 6] 35 33 fh R Tl AR K
RE BRI [F) 20 809 1 B R A DL S 1
S5 ) W A R SR R T

S0k
[1] LID(Z #),DING X L(TEF). Advance in the active components of buckwheat(2)——The structural property and physiological

(2]

(3]

[4]

(5]

(6]

(7]

(8]

[9]

effects of buckwheat polyphenol[J]. China Western Cereals & Oils Technology (PG 3k FL %) . 2000,25(6) :38—41(in Chinese).
WANG L,YANG X,QIN P,et al. Flavonoid composition,antibacterial and antioxidant properties of tartary buckwheat bran extract[J].
Industrial Crops and Products,2013,49.312—317.

GHASEMZADEH A,JAAFAR H,KARIMI E. Involvement of salicylic acid on antioxidant and anticancer properties,anthocyanin produc-
tion and chalcone synthase activity in ginger( Zingiber of ficinale Roscoe) varieties[ J]. International Journal of Molecular Sciences
2012,13(12) .14 828—14 844.

HUI C,BIN Y,XIAOPING Y,et al. Anticancer activities of an anthocyanin-rich extract from black rice against breast cancer cells in vitro
and in vivo[ J]. Nutrition and Cancer ,2010,62(8):1 128—1 136.

DURENDIC BRENESEL M,POPOVIC T,PILIJA V,et al. Hypolipidemic and antioxidant effects of buckwheat leal and flower mixture in
hyperlipidemic rats[ J]. Bosnlan Journal of Basis Medical Sciences,2013,13(2):100—108.

JOHNSON E T,RYU S, YI H,et al. Alteration of a single amino acid changes the substrate specificity of dihydroflavonol 4-reductase[J].
Plant Journal ,2001,25(3) :325—333.

LICH L(ZHH),.CUI G XC# [ #H) . XU ZH RGFEL) set al. Research advances on dihydroflavonol 4-reductase genel J . Letters in Bi-
otechnology (W) AR ,2009,20(03) :442—445(in Chinese).

LIU M S,WANG F,DONG Y X,et al. Expression analysis of dihydroflavonol 4-reductase genes involved in anthocyanin biosynthesis in
purple grains of wheat[J]. Journal of Integrative Plant Biology ,2005,47(9):1 107—1 114.

PETIT P,GRANIER T,DESTAINTOT B L,et al. Crystal structure of grape dihydroflavonol 4-reductase,a key enzyme in Flavonoid bio-
synthesis[11. Journal of Molecular Biology ,2007,368(5) ;1 345—1 357,

[10] XIE D Y. Molecular and biochemical analysis of two ¢cDNA clones encoding dihydroflavonol-4-reductase from Medicago truncatulal[]].

Plant Physiology ,2004,134(3) :979—994.

[11] HUANG Y,GOU ]J,JIA Z,et al. Molecular cloning and characterization of two genes encoding dihydroflavonol-4-reductase from Populus

trichocarpal ]J]. PLoS One ,2012,7(2) ;:e30 364.



53

5L IE A MR 400 R IR AR R K 5 2 s BT IR % 889

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

YOSHIDA K,IWASAKA R,SHIMADA N,et al. Transcriptional control of the dihydroflavonol 4-reductase multigene family in Lotus
japonicus[J]. Journal of Plant Research ,2010,123(6):801—805.

HAYASHI M, TAKAHASHI H, TAMURA K, et al. Enhanced dihydroflavonol-4-reductase activity and NAD homeostasis leading to
cell death tolerance in transgenic rice[ J ]. Proceedings of the National Academy of Sciences of the United States of America ,2005,102
(19):7 020—7 025.

KUMAR V,YADAYV S K. Overexpression of CsDFR and CsANR enhanced flavonoids accumulation and antioxidant potential of roots in
tobaccol J|. Plant Root ,2013,7:65—76.

KUMAR V,NADDA G,KUMAR S,etal. Transgenic tobacco overexpressing tea cDNA encoding dihydroflavonol 4-reductase and antho-
cyanidin reductase induces early flowering and provides biotic stress tolerance[J]. PLoS One ,2013,8(6) :e65 535.

LI X, THWE A A,PARK N I,et al. Accumulation of phenylpropanoids and correlated gene expression during the development of tartary
buckwheat sprouts[ ] 1. Journal of Agricultural and Food Chemistry,2012,60(22) :5 629—5 635.

LI X,PARK N I,KIM Y B, et al. Accumulation of flavonoids and expression of flavonoid biosynthetic genes in tartary and rice-tartary
buckwheat[ ] ]. Process Biochemistry ,2012,47(12) :2 306 —2 310.

CHEN P(J& 5, JIAP(EY %) . WANG C(E  JE) .eral. Construction and partial expressed sequence tags analysis of seed filling pe-
riod full-length cDNA Library of tartary buckwheat(Fagopyrum tartaricum)[]J]. Journal o f Agricultural Biotechnology (4l 4 ¥ 35 A
4% ,2012,20(5) :576—584 (in Chinese).

WANG Y(E=4) . XU Y JOFEW) . HU X Qi) set al. Clone, expression and functional analysis of dihydroflavonol 4-reduct ase
gene of tea plant(Camellia sinensis)[J]. Journal of Tea Science (F5MBl2£),2013,33(3):193—201(in Chinese).

LI Y P(ZEEH) ,DENG D DGEFFE) . ZHANG H NGEEYY) et al. Prokaryotic expression of truncated tartary buckwheat flavanone-3-hydrox-
ylase and preparation of its polyclonal antibody[ J]. Acta Bot. Boreal. -Occident. Sin. (P§ALA Y2 4R) . 2013,33(4) :672—677(in Chinese).
ZHANG P,WEN P,WAN S, et al. Molecular cloning of dihydroflavonol 4-reductase gene from grape berry and preparation of an anti-
DFR polyclonal antibody[J]. Vitis ,2008,47(3) : 141 —145.

LI J HCZEMAE) ,LIU M BAIEA ) . MA Y(5 ) ,et al. Gel purified recombinant protein as immunogen to generate polyclonal anti-
bodies against human thyrotropin B subunitChTSH®)[J]. Chinese Journal of Immunology (B 2424 &) ,2010,26(5) :428—431(in
Chinese).

JIANG J(#£  #,SUN Q F(#hH ®),CHEN Y(BfE 5).et al. Preparation and characterization of polyclonai antibodies against high a-
bundant proteins in human parotid saliva[ J]. Beijing Journal of Stomatology (L5 T B EE %) , 2007 ,15(5) : 254 — 256 (in Chinese).
CHEN J(F& ) ,ZHANG X B(jk2# %) ,WANG L(FE %), et al. Recombinant expression of TBW16 allergen in tartary buckwheat
and preliminary analysis of its targeting binding protein[J]. Acta Bot. Boreal. -Occident. Sin. (PG LA Y2 4R) . 2014,34(04) : 665 — 670
(in Chinese).

WANG H,FAN W, LI H,et al. Functional characterization of dihydroflavonol-4-reductase in anthocyanin biosynthesis of purple sweet
potato underlies the direct evidence of anthocyanins function against abiotic stresses[J]. PLoS One ,2013,8(11) :e78 484.

TANG L K,CHU H,YIP W K,et al. An anther-specific dihydroflavonol 4-reductase-like gene(DRL1) is essential for male fertility in
Arabidopsis[]]. New Phytologist »2009,181(3) :576—587.

BAKER M E,LUU-THE Y,SIMARD J,et al. A common ancestor for mammalian 3 beta-hydroxysteroid dehydrogenase and plant di-
hydroflavonol reductase[J]. Biochem. Journal,1990,269(2) ;558 —559.

LIU G DG ,LET X H(FE2%4E) ,ZHU Q L(HLEKIE) set al. Cloning and sequence analysis of a DFR gene from Fagopyrum dibotrys
(D. Don) Hara[ J]. Scientia Agricultura Sinica (WAL BF24) ,2009,42(1) : 55— 63(in Chinese).

ZHU T 8, L1 CH L(ZH %) . WU Q(#  #j) .et al. Cloning and sequence analysis of dihydroflavonol 4-reductase genes from tar-
tary buckwheat and common buckwheat[ J]. Food Science (£ 5B ,2010,31(13) :219—223(in Chinese).

LI H,QIU J,CHEN F,et al. Molecular characterization and expression analysis of dihydroflavonol 4-reductase(DFR) gene in Saussurea
medusal ]]. Molecular Biology Reports,2012,39(3):2 991 —2 999.

TRABELSI N. Kinetic and binding equilibrium studies of dihydroflavonol 4-reductase from Vitis vini fera and its unusually strong sub-
strate inhibition[ J . Journal o f Biophysical Chemistry ,2011,2(3):332— 344,

YOSHIDA K,IWASAKA R,KANEKO T,et al. Functional differentiation of Lotus japonicus TT2s,R2R3-MYB transcription factors
comprising a multigene family[J]. Plant and Cell Physiology 2007 ,49(2);157—169.

(% REP)



