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Purification, characterization and partial primary structure
analysis of rutin-degrading enzyme in tartary buckwheat
seeds

Yuwei Zhang, Jie Li, Yong Yuan, Jijuan Gu, and Peng Chen

College of Life Sciences, Northwest A&F University, Yangling 712100, Shaanxi, China

Abstract: Rutin-degrading enzymes (RDE) can degrade rutin into poorly water soluble compound, quercetin, and cause
the bitter taste in tartary buckwheat. In the present study RDE from Yu 6-21 tartary buckwheat seeds was purified by
ammonium sulphate precipitation, followed by hydrophobic interaction chromatography on Phenyl Sepharose CL-4B, ion
exchange chromatography on CM-Cellulose and gel filtration chromatography on Sephadex G-150. Purified RDE showed
single band with molecular weight of 66 kDa on SDS-PAGE. The optimum pH and temperature of RDE were 5.0 and 50 C
respectively. The K, was 0.27 mmol/L, and the Vy,y was 39.68 U/mg. The RDE activity could be inhibited by Cu**, Zn*",
Mn®" and EDTA, and showed tolerance to 50% methanol (¥/V). The N terminal sequence (TVSRSSFPDGFLFGL) was
obtained by Edman degradation method and 15 internal peptide sequences were determined by MALDI-TOF-MS
(matrix-assisted laser desorption ionization time of flight mass spectrometry). These results established the foundations for
identification of the candidate gene of RDE via transcriptome data and further studying RDE biological function.

Keywords: tartary buckwheat, rutin-degrading enzyme, purification, characterization

(Polygnaceae) 0.13 mol/L 20% (V1V)
(Fagopyrum mill) DMSO B3
[4]
B-
10-100 M 40% (V1)
Bl 60 kDa
pH 5.0
40°C Cui U 70 kDa
Li
RDE
5 RDE
Yasuda
70 kDa
K 0.12 mol/L

B 010-64807509 P< cjb@im.ac.cn



798

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech May 25,2017 Vol.33 No.5

N
N
1 HHEFE%
1.1 #H#
1.1.1
6-21
20 C
1.1.2
( BR)
( BR)
(AR) (AR) (AR)
(AR) MnCl, (AR) AICL (AR) ZnCl, (AR)
CuSO, (AR) EDTA (AR) (AR)

(Phenyl Sepharose CL-4B) CM-
Sephadex G-150 GE

1.2 AT RERNSIES54
1.2.1
15 0.2 mol/L

http://journals.im.ac.cn/cjben

(pH 4.0) 4C 11 500 r/min

15 min

1.2.2

60%—-90%

1.4 mol/L (NH4)2$O4
(pH 4.0)

0.07 mol/L

1.2.3
(1.2 mol/L (NH4),SO4 pH 4.0 0.06 mol/L
) Phenyl Sepharose CL-4B

(1.8 cmx11.5 cm) I A»50<0.02

(pH 4.0 0.02 mol/L

)
1.2.4
2
Il (pH4.0 0.1 mol/L )
CM- (1.8 cmx12 cm) I
A280<0.02 (NaCl
0.1-0.4 mol/L)
PEG 10 000
1.2.5
I ( 0.4 mol/L NaCl pH 4.0
0.2 mol/L )
Sephadex G-150
I PEG 10 000
4°C



KER F/EFFHATREBINSK. BEEERIBS—REQDH 799

1.3 ZBERRZEMNEEFRNE

Bradford '
Chen M
160 pL 0.1%
(80 mmol/L pH 4.0

20% ) 40 pL 40 C
3 min 800 uL
4 (20 mol/L
pH 4.0 80% )
372 nm  344.5 nm AA
(pH 4.0 0.1 mol/L)
3 min AA 0.01
(1 U

(Total activity) (Specific activity)

[10]

1.4 ETERREESFERNE

Laemmli UK!"!
SDS-PAGE
2xSDS-PAGE 5 min
SDS-PAGE
3.3% 12%
R-250
1.5 Native-PAGE 5 #7 T & fi# s
Li M
Native-PAGE
40% 10%
Native-PAGE
0.1 mol/L (pH 4.0) 40 min
30 mL 0.1% (80 mmol/L

B 010-64807509

pH 4.0 20% ) 50 C

1.6 A TIEEEE N imREEBRNF

SDS-PAGE
PVDF EDMAN
(Procise 491 Applied Biosystems)

N 15

1.7 AT IRREERIE S

MALDI-TOF/TOF

(PMF)
15
MALDI-TOF-MS (
)
ProFound (http://prowl.rockefeller.edu/prowl-
cgi/profound.exe) PMF NCBI nr
de novo

1.8 AT IEREER LSS
1.8.1 pH
pH
pH 3.0 pH4.0 pHS5.0 pH 6.0
0.2 mol/L 4 °C
1.3
3

pH 7.0 pH 8.0

pH
pH3.0 pH4.0 pH50 pH®6.0
pH80 0.2mol/L 4°C
40 C 2h 1.3
3

pH 7.0

K cjb@im.ac.cn



800 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech May 25,2017 Vol.33 No.5

1.8.2
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2.2 AT SRS N im @ BRI F (PMF) ( 3)
EDMAN ProFound
(Procise 491 Applied Biosystems) N
15 N-Thr Val Ser Arg 2.3.2
Ser Ser Phe Pro Asp Gly Phe Leu Phe Gly PMF 1751.82
Leu(TVSRSSFPDGFLFGL) http:/fwww.nebi. 9375 1 658.8 1675.864 1170.6433 1227.67
nm.nih.gov/BLAST/ 1 732.89 1085.66 2207.728 9 1 453.616
1 562.8 1 022.5 1 186.556 1 365.68
2.3 AT REBRESRGE S 999.6563 15 MALDI-
2.3.1 TOF-MS ( )
MALDI-TOF/TOF de novo
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Table 1 Purification of RDE from tartary buckwheat seeds
Step Total protein (mg)  Total activity (U) Spec(llfj;:nall;;lwty Recovery (%) Purification fold
Crude extract of RDE 1 072.00+53.60 a 1701.34+85.07 a 1.58+0.08 a 100.00+£5.03 a 1.00£0.05 a
Extract from 60%-90% 510.23425.51b  1465.12+73.26 b 2.83+0.14 b 86.10+4.31 b 1.79+0.09 b
(NH4),S04
Extract from phenyl 102.5145.13 ¢ 1 185.90+59.29 ¢ 11.50+0.58 ¢ 70.70+3.54 ¢ 7.26+0.36 ¢
Sepharose CL-4B
Extract from CM-Sepharose 31.47£1.57d 588.78+29.44 d 18.67+0.93 d 34.60+1.73 d 11.7940.59 d
Extract from Sephadex G-150 6.01+0.30 de 125.69+6.28 ¢ 20.84+1.04 ¢ 7.39£037¢  13.19+0.66 ¢
Different letters mean significant differences (P<0.05) in each column.
100 ¢ (8824844 e 73
90
80
70
< 60
é) 50 999 638 4 1476.833 4
4; 40 638.809 0 2 820,365 5
- 30 )72;' IS” 0 2848304 7
20 | 2208.129 6
10 23122776
0 51948461 .
799.0 1441.8 2 084.6 2727.4 3370.2 4013.0

Mass to charge ratio (m/z)
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Fig. 3 The peptide mapping fingerprint of RDE.
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[14]
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Fig. 4 Effect of pH on the RDE activity and stability.
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Fig. 5 Effect of temperature on RDE activity and
stability.
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Fig. 6 Determination of the K, and V., of RDE by
Lineweaver-Burk reciprocal plot graphic method.
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Table 2 Effect of different metal ions and EDTA on
the RDE activity

Residual activity

Metal ion/
EDTA Concentration Concentration
1 (1 mmol/L) 2 (10 mmol/L)
MnCl, 74.01%+4.60%** 73.68%+5.30%**
ZnCl, 69.23%+3.90%** 54.36%+2.70%**
CuSO, 89.47%+3.60%* 83.87%+4.50%**
EDTA 76.32%+2.10%** 69.54%=%1.40%**

Analysis of significant difference between enzyme
activity with T test. Control: the activity of untreated RDE.
*: significant difference (P<0.05); **: extremely significant
difference (P<0.01).

0.6

1 1 1 1 1 J

10 20 30 40 50 60 70 80
Methanol percentage (%, V/V)

7 BEEXTA T FERREEE LRI
Fig. 7 Effect of methanol on the activity of RDE.
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50% (V/V)
50% 66 kDa
K Vinax 0.27 mmol/L
39.68 U/mg pH pH 5.0
50°C Cu’ Zn®> Mn® EDTA

50% (V1V) N 15
15

(23]
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