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W OE: HYRRBZZRS B RABNEEF N, P KMATE Escherichia coli BAZ %L T B EZ % B8t
(Black sesame polyphenol oxidase, BsPPO). H& m 94K B M E £ pMAL-cSx Hik, FTERKMATE F#HATREA, 2
FIF O HATH B AR RS EWIR, K134 BsPPO B OB FEEFMRIRA. L2 KW, 4R Bsppo £ B
1 752 bp, % 585 NRIALER, EEG LT EH 653 kDa; #E 4 pMAL-c5x-Bsppo ELA/F ¥ fe K AT H
Escherichia coli BL21(DE3) ¥ 7T % ik 7 MBP-BsPPO % @ ; #5472 R MBP #4474 5t BsPPO 47T 7 BE 5 14
Ji B R, 4R &9 BsPPO 89 iEIR B A= pH 5 3| 4 25 CA= 4.0, FEAKR A58 B IRIE T A BT 0935204, 40T H
1K5% 69 R B8 A= Cu™ ST #L7E BsPPO #97& 1%, Zn" A= Ca™ #b47 4| L& 4. BsPPO TTHEALEE . —Br A B =8 K1k
L, 2t L-BARBR VA B A BRI 55 3 0 EALTE M, SbIl BsPPO AT 2 X R A 6 2-F AL MARRR .
3B AAR M KR AT RAF O E M, IR ERAZZIRE B AABEBE A e A T T b,
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Abstract:
was cloned into the vector pMAL-c5x and expressed in E. coli. Subsequently, the MBP fusion label in the recombinant protein

To investigate the enzyme properties of the black sesame polyphenol oxidase (BsPPO), a synthesized Bsppo gene

was removed by protease digestion after affinity purification. The synthesized Bsppo gene contained 1 752 bp which encodes
585 amino acids with a deduced molecular weight of 65.3 kDa. Transformation of the recombinant vector into E. coli
BL21(DE3) resulted in soluble expression of the fusion protein MBP-BsPPO. The enzymatic properties of the recombinant
BsPPO was investigated after MBP fusion tag excision followed by affinity purification. The results demonstrated that the
optimal temperature and pH for BsPPO was 25°C and 4.0, respectively. BsPPO exhibited a good stability under low
temperature and acidic environment. Low-intensity short-term light exposure increased the activity of BsPPO. Cu?* could
improve the activity of BsPPO while Zn®>" and Ca®" showed the opposite effect. BsPPO could catalyze the oxidation of
monophenols, diphenols, and triphenols, and exhibited good catalytic activity on l-tyrosine and vanillic acid. Moreover,
BsPPO exhibited high catalytic activity on black sesame metabolites, including 2-methoxy cinnamic acid, indole-3-carboxylic
acid and phloretin. These results may serve as a basis for further characterization of BsPPO.

Keywords: black sesame polyphenol oxidase, Escherichia coli, prokaryotic expression, affinity purification, enzymatic

properties
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1.1 FEHE 5T
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1.3 FA&*
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HEETIA, BEEA T RERBE RGN RS
R Z B SR A L P41, K 1 752 bp, Zifid
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BL21(DE3) EZ A4, ki =& Amp (&
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FHR 1 2 100 B LUK B 3 2 A8 1 L%
A 100 pg/mL Z N R R M LB MK SR ATy
KHEEFE,37 °C 200 r/min 5514 F 135 2 H B ODeoo
fH°4 0.6-0.8 i, KWL HIE 18 'C, A IPTG
BAWHE N 0.1 mmol/L, 18 CiFFFKik 16h, LU
ASINFE R0 4 % B
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HFEL 1 min, 35 B, B OIS M TR A
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pH 7.4), VKIGAME T A AR A f, s o
120W, 525 0.3 0 0.5, #ANHA] 15 min, HK
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gel electrophoresis, SDS- PAGE) %7€ .
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AAFE T 0.22 wm JEREXT E A i ug o

1B R B F IR A MBP EAZE N,
ZEONR A VEIROR SR TA5 S A, B RUE
2% P B (20 mmol/L Tris, 0.5 mol/L NaCl,
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1 E4 MBP-BsPPO BIRIEFARA S

Fig. 1  Expression and solubility analysis of the
recombinant BsPPO by SDS-PAGE. M: protein marker;
lane 1: recombinant bacteria before inducing; lane 2:
recombinant bacteria after inducing; lane 3: supernatant
of recombinant bacteria lysate.

22 EHEAMSBHEUFERELIE
HHAMBZRE W ELME S A MBP @l
G, SR MBP S5 AZ Mt Hib 1743 B 4lifk .
F 2 AT, 2 R B 2 2R I U R AT R I
H W E B B ve i ok, WIE ] MBP SEHI
JZHTRE X MBP-BsPPO 43 B 4lifk . {3 ] Xa
THE ORI AT VIbR S AL B 16 2 6K £ W SR AL il
fGEAYS Xa HFEAMRELL R 120 @
B, KBRS T 25 CREY) 4 h J5iEfT
SDS-PAGE 43#fr, HLIK&SSRANE 2 k& 8 F1 9 fr
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Fig. 2 Affinity purification of MBP-BsPPO and its
MBP-tag excision. M: protein marker; lane 1: total
protein; lane 2: supernatant; lane 3: flowthrough; lane
4-7: protein eluted by 10% buffer B; lane 8: recombinant
protein before MBP-tag excision; lane 9: recombinant
protein after MBP-tag excision.
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PAABIR W IR, 98 T BZRE B AL
T (2 AR N T T Y AR SN IR L R
FaE M i S pH Al pH B2 EE, 45 R AnIA 4
JJt 7R « BsPPO i 2 W A 25 °C (&l 4A),20 C
B E P & (] 4B), Mi7E 75 ‘CH¥E 30 min 5,
SR B T B KIS IR 14%, 1368 BsPPO 7E7,
HTEARE. A 4C AT0L, AR HGE Y pH
4.0, ULH] BsPPO i 45 76 FR 1tk PR 5% vk #74i
G . H4H BsPPO 78 pH 5.0 &4 F ke &,
MR, 76 pH 7.0 &F T HE 1 h 5, HIRW IS
FIA B R IE 7110 4%, Ui BsPPO 78 H kR
B RENAE,
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Fig. 3  Affinity purification of MBP-BsPPO. M: protein
marker; lane 1-3: collected recombinant BsPPO purified
after affinity chromatography by using MBP column.
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92%F1 89% . T A7 15 BR FI Bt IR 1M B2 1% Vi 5 Oy
10 mmol/L 45T, X4l BSPPO il 253 5]
H 72%. 39%, FrEEER FIBLIR L ER X BsPPO (41
Tl M & [ BRI S K, BT
il RE I K FHUIR MM

2.6 HEBIEREZE T BsPPO BRI
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Fig. 4 Enzymatic properties of the recombinant BsPPO. (A) Activity of BsPPO measured from 15 to 75 °C, with
activity at 25 °C normalized to 100%. (B) Thermal stability of BsPPO which was incubated in 50 mmol/L citric
acid-sodium citrate buffer (pH 4.0) at different temperatures (15-75 °C) for 0.5 h. (C) Activity of BsPPO measured at
different pH values (pH 3.0-7.0), with activity at pH 4.0 normalized to 100%. (D) The pH stability of BsPPO which

was incubated at 4 °C for 1 h in 50 mmol/L citric acid-sodium citrate buffer (pH 3.0-5.5), and 50 mmol/L PBS buffer
(pH 5.5-7.0).

*1 =i BsPPO EUAREBMERMMFT HESH

Table 1 Kinetic parameters of different substrates of recombinant BsPPO

Phenol type Index K., (mmol/L) Vimax (AOD/min) Vinax/Km
Monophenols L-tyrosine 0.41%0.02° 5.24+0.28" 12.79+0.35°
Vanillic acid 1.92+0.06° 5.47+0.24% 2.85+0.06°
Diphenols Catechol 26.87+3.05° 6.78+1.27% 0.252+0.08¢
4-methylcatechol 29.98+2.18° 6.01+0.78°° 0.20+0.04¢
Catechin 2.07+0.12° 7.64+0.54° 3.69+0.47°
Triphenols Pyrogallic acid 22.81+2.04° 4.81+0.35° 0.21+0.03¢

Note: the different letters in the same column indicate significant difference (P<0.05).

: 010-64807509 B: cjb@im.ac.cn
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&2 E BsPPO X EBRZHMEFN BRI ELIEE
MR

Table 2 Catalytic activity of recombinant BsPPO for
differential metabolites of black and white sesame

Index Concentration Relative
(mmol/L) activity (%)
Catechol 5 100
Coniferyl aldehyde 5 =
Hesperidin 5 -
Phloretin 5 118.18+5.23
Indole-3-carboxylic acid 5 142.86+2.68
2-methoxycinnamic acid 5 281.35+7.66

Note: — no PPO activity was detected.

%3 HIHIFIXELE BsPPO BEiE MR
Table 3  Effect of inhibitors on the activity of
recombinant BsPPO

Inhibitors C‘)(‘I‘;;rglrfﬁ‘)‘m Tnhibition rate (%)
L-cysteine 1 -
5 3.26:+0.42
10 89.34+5.31
EDTA 1 -
5 13.93+1.24
10 92.62+3.68
Citric acid 1 18.85+1.36
5 36.884+2.52
10 72.13+4.21
Ascorbic acid 1 9.02+0.37
5 30.33+1.47
10 38.52+3.29

Note: — no inhibitory effect was detected.

x4 EREBEFXEL BsPPO B E MY

Table 4 Effect of metal ions on the activity of
recombinant BsPPO
. Concentration Relative
Metallic salts (mmol/L) activity (%)
Zinc chloride 1 80.38+4.56
5 73.77+4.35
10 40.16£2.53
Calcium chloride 5.60+0.13
5 —
10 -
Copper sulfate 1 105+2.89
5 125+5.62
10 250+8.75

Note: — no PPO activity was detected.
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100%, 1fi Zo* FIIHI R A 26%. Cu* X &4
BsPPO MGt B A fE#/EM, HAE 1-10 mmol/L
VAR S BT A T R R g 3 DR AR A P 3 58
[ 5 D't B3R B Ry e KOG BRRE (8 000 1x),

A E T BsPPO FE S BE A B [R] B[R] i R 3%
P ZE RN SA B, 78 10 FOGIRIEEE (8 000 1x)
M, BEE G RIAE K, BsPPO I 4 23
Se bBTHE TR LI 120 min J5, FHXT
i1 P A 2 e = 350%. & 5B R THEANEDE
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Fig. 5 Effects of light exposure time and light intensity
on BsPPO activity. (A) Changes in the activity of BsPPO
after exposure to maximum intensity light (8 000 Ix) for
0, 20, 40, 60, 120, 150, 180 min, with activity at 0 min
normalized to 100%. (B) Changes in the activity of
BsPPO which was incubated under five different levels
of light intensity (0 to 8 000 1x) for 3 h, with activity
under 0 Ix normalized to 100%. Different letters indicate
significant differences between means at P<0.05.
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HEE R 40 B B 3 h i BsPPO BEE A8 fk, ]I,
Wi 5 ' SR B P 398 T, TRl T S B S R sl N
B MIRGFIREE N 3 % (2 400 1x) WIS R
3 e

KB RIERGE EEHRE Ew . BBRAE
AN IA AL . pET IR IR ARG H i w b
KREARARMAMRSE", Bl A R
HAIE pET RGP IR T 2 W S AL . B EEA
M R R A1) TR SRk Y 2 By SR AL AR 5 T
SRR, 3 A I T TS AR AR O e o
A% R R R G Z A N TR, KA EN
PR PN B N e NN o T ) ) R T e e
e PG A R AHIF ST SR R 2
IEEA W E. coli BL21(DE3) 7E & e iE Ky
0.1 mmol/L /9 IPTG 2, #EATHK S E] K
RiES (18 CiERRSE 16 h), A THMEARN
FO AR B [RIHEA T 2202 G B, 1) 2 0 IR AR AT S
T, B E N EA A EENEL PPO &1,

Fo AL I AR, 2 B S840 i mT Lk o
Y AL . LSS A AL R . A T AT
TEAN 22 B S AL () A AL R PR R R e, AR
SRR T R (-MAER. FER). R
By (BF2E . 4-HIEILASH . JLAS ). =
By (EVERETIR) HTIFM B4 BsPPO HIKY)
Fesek, 45K, BZRE WS LR H B
SAALEE R LAS B TR S 1 o A AF 98 R B SE R
BERY | R A A PPO KR R R B
N ey Y320 B S ' BU o s A N i)
Y B HE AL TG Pk B 2 BB 2 R Z2 T R AL I 1) i
I L-FEE R, HIREE R . Pellosi ZP2HF
FEFIA T 2R 5 1T R SR 1A LT IAR , Panzella
ST gy ok PR, R B A TR T RE LA 3-H
AIL-A-FIEMUCRIN I SSRRIE . AFoE R RS
IR Z W E AL X i 2R . AR (3-H U472
FORHER) ML B T AR, X5

. 010-64807509

TN OG- B8 38 15 Al A 235 A0 4 U 1 e 0 2 o 2
Bro ARSGEXT R Z R 0 22 S Y AT T
HEARDESE, BRI R | mIE-3-R IR L I 2-F 4
SR 3 M RERRE S A, (IR R
IR A R PR A Fr ik — 5 058 B
AWFFEERGE T H 4B 2R 2 I S bl 1 i
PERR, & BB IR ERG , Bl R pH R 4.0,
KT pH 4.0 J & F pH 5.5 BT, B LA K
FOEME SR TR, XATREZH T pH BER AR
S35\ 2 B AU AR T I SR 1) T S AR S AT e
BAE, WTBEIR T 15 07 5 A Frol BR B8 . (5
JE B[] ' R BB A AIE iF BsPPO T 1, SERE
R 1] A B3 B K KRS X BsPPO A AL 38R ™
AR . X AT RE R B T AR A O B 25 A4
TR &G EE Ty, REIVE S JE B e k&Y
RN, TR 85 Bk A sl 2R A1 1R 5 A T 0 722 g 25 11
APE RPN, A, K R R R R, PR
AR D TR, 2 f6F T 4 1 A9 25 R0 45 W 2 el 2 o
TR, R RS TR, A 4
JEE T Zo® F Ca¥* Xt BsPPO HAHMHIVE.
o HATHAARE S, MRS MR nILERE . &
JEER G T AR A RN, AR U T ey — 2 FH
o1 il 1) AR FE2O) ca® % BsPPO fo 4 1 7] R
S E IR A MR TTEY R, 30 PPO Tl
L CuP PR A e NI RIS T Cu™ R By
FALE L, X BsPPO B0 BOE R, 1
FHBLTR AT e 28 1k 2 B 2 11 i TR PR 2 A
YA 122 -5 TS 0 O 98 AT 02 T 41 1 7 2%
AWFFEVEMN TR (LRI ER) . ZA
(EDTA). HHLER (PR . brifimfz) xF &4l
BsPPO Ml FH o 45 SR F B AE U B R 10 mmol/L
i, EDTA R T o () 2H BsPPO il G 14
TR IR A0 8RB A 5% . EDTA fEh
FEA TN AT A PPO T M HR L 18 4 15 7 DA 41 o
BTGP, SR A W 2 e R B P AR 4
SR PPO TE MO R R AR I, LA K
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