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Study on inhibition kinetics of peroxidase from Lonicera Japonica Thunb
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Abstract; In order to purify honeysuckle peroxides and study the en-
zymatic properties and inhibition kinetics, DEAE cellulose DE-52 ion
exchange chromatography was used for purification of peroxidase
from Lonicera Japonica Thunb prepared preliminarily by three-phase
partitioning. Two kinds of peroxidase, HSP [ ( honeysuckle
peroxidase | ) and HSP [l ( honeysuckle peroxidase [[ )., were
purified, the specific activity were 3 312.3 U/mg and 564.8 U/mg re-
spectively. The double substrate enzymatic reaction type was Ping-
Pong reaction analyzed by the reaction kinetics. Citric acid, Sodium
metabisulfite showed irreversible inhibition to Lonicera Japonica
Thunb peroxidase, L-cysteine showed reversible inhibition, and
L-cysteine was a competitive inhibitor that the inhibition constant K
was 0.053 mmol/L.
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Figure 1 Chromatographic elution profiles of

honeysuckle POD

1 2
L A Bk s R A AL 2. B T aC R R AT Al S R AR
it A Ay it
B2 &8t R A B R R BE R B I Bk
Figure 2 PAGE of Lonicera Japonica Thunb Peroxidase

2.2 RYREXNEREE ML YEEEHEREREERNZNE
B & 3.4 BT, 2 AR B vk B o A R A
0.062 5~1.000 0 mmol/L B, 2 Sz i 8 22 i i 47 ¥k J35 34 K
T 18 R 5 2 3 S8 Ak &0 Mk 5 >>1.000 0 mmol/L B, f2 i 4 %
Fhaow. B S &k . w0 K Bk B 0.4 ~
96.0 mmol/L B . 5 i 38 2 Fifi JiS 4 R B 48 O 18 KL 24 A )
AR B EE>96.0 mmol/L B, 2 b 3 8 TR & . R4 o )
A W U Yl R — SRR B /B S B
R R B DG B I R B 0 1 R R )
B RS £, R R R TG Y 2 Ak
JE 5 Y AR S I P AL T AR AR S B

IRV B TRE A R 2 R IR Y P R LAY RO

'\_
\
|

o0
=
T

PODAR X 1% 7
5

Relative activity of POD/%
N
=)

S>3
(=]
g

(=)

o 1 2 3 4 5 6
H,0, 4 2
Concentration of H,0,/(mmol + L)
B3 i A SR AT B AR R IR R4 R
Figure 3 Effect of H; O, concentration on enzymatic

reaction rate

(=3
(=]

L [
»

N

Relative activity of POD/%
o ®
(=) (=)

PODAH X 375 P

[S~3
(=]
T

20 40 60 80 100
AR B e

Concentration of guaiacol/(mmol * L)
I NGRS SN S W S bR A

Figure 4 Effect of guaiacol concentration on enzymatic

(=}

reaction rate

A B b KAH .
2.3 S@RESEUWEIEY R LR
XRTEE%@@{E&TL?EZJJJJ%*JL‘FE‘J g3 R 3 R
J Jig FAE0 36T g5 2 Ffr F v AT LA 3 Lineweaver-Burk X3 {3
BAEE X 7. T8 5= S ALH] o — R [ E TR LA A R
JE 5 — R R S R AR R T LS B 1 AT
L AP AL L i DR S 1AM EL . A S AT
AL JLAS A TR 9 B AR 1 e B2 oo b Wk S I
B PARES L g o I o A 1 b= 1 g D N i N PR 3
A AR By e I 5 s R Y R Bl 2 A BT AT . BB AE
SN By 3 2 5 T 43 R AR 2o 484k W B 1 SURE W) 8 AR S vy 2 R
N, 5 A R R A
il U ) R 2 A
2.4 A4 0 350 69 H 0 3% R
2.4.1 L2 i S B2 %) 4 AR A A S AL W Bl R A 8o
& 6w, L-2 e & R ¥k B 7E 0.1~0.5 mmol/L B, L-2f jif
B TR N 4 R AE 3 A A Wy Tl A ) 4 P R B AE OB N ] A S
5 TR A NS 3 M 0 T AR o T e 1 4 SR I 4 o R ke R
KM HE SR BRI STE P H 79.1 %0 FREE] 49.6 %, 1R A i ]
H1 10.9 s T35 30.3 s, ATRER L2 M & AR 19 A7 78 8 i 9 45
ME 5 0 1 ML 4 A T O AR S 0 3R I ] R K i i AL
PR .

b

113



s 5 (R &

2017 &% 7 4

4.0
= 2 mmol/L
3.5 * 4 mmol/LL
+ 6 mmol/LL
3.0
2.5
é 2.0
1.5
1.0
0.5
0.0 . . . . .
0 1 2 3 4 5
1/H,0,# &
1/H,0, concentration/(L. * mmol™)
(a) 2o AL S BUE Kot &
5
= 0.4 mmol/L
* 0.6 mmol/L

4 + 0.8 mmol/LL

0.0 0.2 0.4 0.6 0.8 1.0
1/ A A T3 v

1/Guaiacol concentration/(L + mmol™)
(b)) AT RS E 2
B 5 A8 AL B SR R KA
Figure 5 Double substrate enzymatic reaction type of

Lonicera Japonica Thunb Peroxidase

—=—0.1 mmol/L
0.4r ——0.2 mmol/LL
——0.3 mmol/L
——0.4 mmol/L,
037 ——0.5 mmol/L

WL i
Absorbance values
=)
o

e
=
T

0.0 ¢ . . . . L
0 20 40 60 80 100 120
S B (1]
Reaction time/s
(a) PODHMIMEF
[ . e R ] 180
30F ‘
TR |+
2r / 170 i,
=4 g gl
;-é g 20+ . +465 z _,H\E
) 3 160 £ =
X E 15F \ Z:: z
155 2
./ \A 10
10+ N
\ \ \ \ \ 45
0.1 0.2 0.3 0.4 0.5
Lo BB R

L-cysteine concentration/(mmol + L)
(b)) RS S 8 T 08 i i)
B 6 L3 pk 2B AT & 4R e it AL 4 Bl A ) A4E R
Figure 6 Effect of L-cysteine on Lonicera Japonica

Thunb Peroxidase
114

2.4.2 FPRERR M AR AE T S ALY R R AN R 7 T
PR R M B AE 2~ 10 mmol/L B, #7 45 BR X 4 4R 18 1T
A T 1) 00 S PR S  H E O RE X E E E 87. 100 T I
70.1% RHFET A A 8.4 s EFFE] 18.3 s, FFAFEERTEXT 4 4R 16
sk 4 Ak 0y T 1 A0 0 ] — T T Y T R T R 55— T
K 7GR R ut Rl EAE Rk B SRR . 5 LR R
T A B A A T X 4 R A o A A Rl A ) 4 P 45855

—=—2 mmol/L,
——4 mmol/L.
—+—6 mmol/L,
—— 8 mmol/LL
—+— 10 mmol/LL

g
o)

2 S B
Absotbance values
(=} (=}
%) ~

o
o
:

e
=
:

20 40 60 80 100 120
S ]

Reaction time/s

(a) PODIMHIVEF
201 ]

o S o
I8N i T84
|- - O\O
=2 16 \ :2(2) Eﬁ
B E4f £
'y 178 & =
M=ot 176 2 =
174 <
10t |7, =
gr 170
, , , , , 68
2 4 6 8 10
il e

Citric acid concentration/(mmol + L)
(b)) RS A P 3R i I )
B 7 ATARER AT e 4 40 3 B A A B A ) AR R
Figure 7 Effect of citric acid on Lonicera Japonica

Thunb Peroxidase

2.4.3 i T 0 R 0 6 4 4R AE o S AL W O BRI AL
8 AT, it 7 IV 5L TR A %o 4 R A Ao S R AT o) R T 2
TSR s s ) 11 A K 55 R R S O T R I T I B R A R
JEFE 0.02~0.10 mmol/L B , i A9 AH X 36 M By 55.5 % T R 5
28.3% R 15.8 s B FHEI 21.6 s, 7EAH ) W ¥ &1
T TV R A R A TR R L2 o A R 2 B L A5 A
il D B RT AR O W G R b R 0 5 AR BRI B U TG
T A LR AL
2.5 N[EIHD &) F A0 H 1E KR

151 g S 7 8 FR O — 2 e 0 ) AN [ e A )
ST P VR B N N A] A T 3 A R vk
S OG FR AT A U ok R R A 0 A 2 A T 3 o)
WA, p 9 f A S R e L2 b R
ST RIS O SRR ALRL R AR R B LR LR
GRS A AR A 1 Ak 0 il 1 0 7k Sy RT3 o s AE AN [ vk R
e A TR 1 i 2L IV A R 4 A R T 5 Ty 5 G R — 4T AT
2R, Ul B AT A5 2 R Ot IV TR 0 % 4 R A 3 42 Ak T 1 41 )
S AT 160



EBEFETH z

T AR

G P T 86 B T3 2 BT 5

030F ——0.02 mmol/LL
——0.04 mmol/L,

L ——0.06 mmol/L

0.25 ——0.08 mmol/L,
——0.10 mmol/L

WOLEEE
.
S

Absorbance values
=)
=
N
|

=

—_

(=]
T

0.05

0 20 40 60 80 100 120
S i)

Reaction time/s

(a) PODMIVEF

ol 160
ol e R ] 155
\\\\\\‘-$Exhﬁ g 8
20¢ -
E ¢ l4s B3
= £ 1ot BT
=] q_‘-';(‘
%ETE ¥ 13 140 2 2
G =<
17 135 &
6 A/A \. 130
15— : 25

0.02 0.04 O.bﬁ O.‘OS 0.‘10

i 2 V. IR 9 4 2

Concentration of sodium sulfite concentration/(mmol * L)
(b)) FEFE A 14 R i 1]

B8 i E B ALER 4h A 4R L T A A 4 B I B AF R

Figure 8 Effect of on Lonicera Japonica Thunb Peroxidase

2.6 L-¥BEBERETELYERR R EHIH 3h H 2
P10 AT, FEAN [R) L-2F G 20 R e B 2R R R LA 2
TR W v B 5 S BUAE) 801 B BB B il £k A 28 L

iﬂa 2RI R 2 A o 0 v B R B ORI AS n HAR S YA Rl

A e 00 7 e R g 8 T A Ak B S KR N B Vo A

AR R PGB K B AU S 550 3 B 1% 48 TR 1A 5 5 P D

AR UL L2 iR R e 5 &M AE T S &

RAeSH IKWE WG E . 8K 0670 e BE 5 — AR

P& 11 ek 25 AR B 43 500 — WA TR RT LS B 4 R B S

il B R B K 5 R W 5 A W % B B K.

Bl 11 B 30 %8 KR 0.053 mmol/L, K sk 0, B L-2f

MARARE S K ESWEE .

3 ik
(1) H = AL SR IR 2l Ak 19 42 SR AE 1 Sk ¥ 8 4 DEAE

24 R DE-52 B F 3¢ 20 /0 845 3 2 Bh 4 4R A8 1 A Ak W il

HSP TF1 HSP 1. 2 o3& J) 2 4351 3 312.3.564.8 U/mg,

21 BT A Bl T 2 BF Y R W) - 2 B R Bk [ L AR

LW FEAE 0.062 5~1.000 0 mmol/L B, {2 2 i 2 %

JE P v FE G M K. 2 A AL E W 2 =>1.000 0 mmol/L

B SRR T AR . 1 o Ak R R AR R v

F£0.4~96 mmol/L B}, B {2 S 57 1 3R Bl JiS ) e J3E 189 K iy 1

KM AR B B2 =96 mmol/L A, 07 3 5 T 5 e .

G BRAE 2o A0 T 10 LS W T O S 7 8 RO B AL, A

TR Al T IV 1 A T 4 AR A 3 Ak 1 T ) 40 3 25 A8 Sl AR T

WA L2 e 2R 0 6 4R A6 5 Sk W I 4 1 248 B SR AT

P T 2 T Ay 5 A AT R L L2 o R 0

100 - = (0.2 mmol/LL -
e 0.3 mmol/L
. a 0.4 mmol/L "
£ 807 v 0.5 mmol/L .
A = .
g2 g 60 a
= 3
= o [
FZa0f
E 2
20
0 L L L L
0.0 0.1 0.2 0.3 0.4
it 1t
Enzyme concentration/(g *+ L)
(a) L-FRHCER:
L = 4 mmol/L.
100 ® 6 mmol/L. *
4 8 mmol/L,
X 807 v 10 mmol/L
wo -2 60[
o 8
=g
£ 2 401
<
2=}
201
0.0 0.1 0.2 0.3 0.4
ity it
Enzyme concentration/(g + L)
(b) Frig
100 = 0.02 mmol/L -
e 0.04 mmol/LL
a 0.06 mmol/L.
K 80r v 0.08 mmol/L
)
gz 2 60f
= &
E £ 40
<
=1
20+
0.0 01 02 03 0.4

il ik
Enzyme concentration/(g *+ L)

(o) i 250 0 AL R M

B9 ERFRAZIHANTHE) MEGEETHX R

Figure 9 Effect of inhibitor concentrations on activity of
Lonicera Japonica Thunb Peroxidase
0251

— = (0.1 mmol/LL

= e (.2 mmol/L.

E 0201 . 0.3 mmol/L

T' v 0.4 mmol/LL

= 0.15 ¢ 0.5 mmol/L

=)

\é 0.10

=

~ 0.05

0.0 0.1 0.2 0.3 6.4 6.5
S - mmol™)
B 10 L~ pe R R x4 46 33 B Ak 4 B 4 ) AF R
a4 2] 5y 2%,
Figure 10 Lineweaver-Burk plots for inhibition of
L-cysteine on Lonicera Japonica Thunb

Peroxidase

115



s 5 (R &

2017 &% 7 4

0451 4 0.020
0.40 10.018
035k 10.016
_ 030/ 10.014
8 10.012
z 0251 10010 £
0.20 10.008 ~
0.151 10.006
0.10f 10.004
0.05F 10.002
‘ ‘ ‘ 0.000

0.0 0.1 0.2 0.3 0.4 0.5 0.6
L-E A iR vk i
L~cysteine concentration/(mmol + L)
B 11 L-¥pA K EL Lineweaver-Burk w25 9\ 4 4, 3B
Fo it Rt X &
Figure 11 Effect of concentration of L-cysteine on intercept

and slope of Lineweaver-Burk plots

K b 0.053 mmol/L,

(2) A0 o = A0 43 B9 gl Ak 5 B8 38 4 M 2 B A 4
G 10 7 TR X A AR AE 1 S AL P B HEAT AEAL L 8] B X 4 AR AR
A0 T 149 ST 0 T 2 S I 26 RN I 2l 2 AT T RS A
2T 4 AR AE I S A W Il ) B 9 B A FEAE T

(3) AR 56 U0 T~ M 5T A0 1 3l g 2 R AT T RS X
G B AL A AR A Y T 1) A DT S A S G B Z B

5% 30k

(1] B, WA SRR R 2 s e e L. 2541,
2002(10): 762-763.

[2] RWH, AT, BAR, % S|AEAFRSR R b
H 2, 2014(24): 3 656-3 664.

[3] #5380, A%, PRICT. SRAETCRVE = L2 5] &fs
HLIE ., 2004, 20(2): 25-26.

[4] ATIQUR Rahman, SUN Chul Kang. In vitro control of food-
borne and food spoilage bacteria by essential oil and ethanol ex-
tracts of Lonicera japonica Thunb[J]. Food Chemistry, 2009,
116(3): 670-675.

(5] Blif, ZIEMl, WhE, 4. 4 AT Mk 450 2% me o7 R Ak mF 5e LT 1.
BHMEPL, 2014, 30(5): 271-275.

[6] EWSF, Bpatige, WL, . i &mammaistell]. 4ws
Mraeaki, 2014(11): 1 928-1 935.

L7] BB, £, EHL W R G O R ORI LT ]. & S5
M. 2009, 25(5): 170-171, 177.

(81 XEHE. oM 2 MWy OB BRI LT ). £ i S HLME. 2013, 29(4)
210-213.

[9] AL, 4R AL P T A vl i €2, 5 78 AL B0 % A0 ol A 5 [ D .
WP R R, 2011,

[10] PALMA-OROZCO G, ORTIZ-MORENO A, DORANTES-
ALVAREZ L, et al. Purification and partial biochemical char-
acterization of polyphenol oxidase from mamey ( Pouteria
sapota) [J]. Phytochemistry, 2011, 72(1); 82-88.

L1 XB3e . AR WA, # oy i Ak My 1 o s sl Ak B LT ). &
S HLE . 2016, 32(2): 20-23.

[12] BRIR. 0B 3o S8 Ak 0 8 10 2 1 20 L 295 4 5 Ot % R 1 1) T
FELD]. G FEBAEAR K, 2002,

116

C13] XUR . A2 ik S e it 1) UG 490 52 R L il B G 3% P oo 19 4
fePERELD]. VM« INZR K, 2005.

[14] PEREZ G P, HIDALGO C N, ARELLANO ] B, et al. Purifi-
cation and structural stability of white Spanish broom (Cytisus
multiflorus) peroxidase[ ]J]. International Journal of Biological
Macromolecules, 2015, 72 718-723.

C15] S0 0588 4 8 78 v 22 o S A0 W0 A0 0o S04k 4 63 1Y 4 85 A M A
WFELD]. AL ekl KA, 2013.

(16 ] Mo, 4 M 740 28 By 2 W Ot WL LB 5 (D, 3% BH - 3]
A K2E, 2013 3-10.

L17] P IE. G 4RAEH KT M o i v 251 €4 45 /A8 ML 2 % 400 ) A 5 L D .
WA TR AR, 2011, 1-10.

[18] DENNISON C, LOVRIEN R. Three Phase Partitioning: Con-
centration and Purification of Proteins[ J]. Protein Expression
and Purification, 1997, 11(2). 149-161.

[19] SAGUS T, NSO E J, HOMANN T, et al. Extraction and pur-
ification of beta-amylase from stems of Abrus precatorius by
three phase partitioning [ ] ]. Food Chemistry, 2015, 183:
144-153.

[20] VEAL M D, RATHOD V K, Three phase partitioning a novel
technique for purification of peroxidase from orange peels

(Citrus sinenses)[J]. Food and Bioproducts Processing, 2015,

94 284-289.
[21] E5 . REPE, RKE. AWML st 55T HAR
., 2009,

[22] ALIJANIANZADEH Mahdi, SABOURY Ali Akbar . GAN-
JALI Mohammad Reza, et al. The inhibitory effect of ethylene-
diamine on mushroom tyrosinase[ J ]. Internati Onal Journal of
Biological Macromolecules, 2012, 50(3): 573-577.

[23] FANGE D, LOVMAR M ., PAVLOV M Y , EHRENBERG
M. Identification of enzyme inhibitory mechanisms from steady-
state kinetics[ J]. Biochimie, 2011, 93(9): 1 623-1 629.

[24] 5 fhih» BREGAS, HAUDF, 55, X T SR . ] 2 I 1 A1 2R 4 oy 2
R T X T 2 G ) D R LT ). B S HLBR, 2016, 32(11) .
9-12, 63.

[25] B &, Jlele, R0, . A2 M SRRy 570 5 10 0 )
BRI R HUR . 2014, 45(7): 202-208.

[26] B2He. T H L1 ik 2 IR R 300 1) 70 0 43 19 40 Al B G 30 ) AL 20 B 50
(DI 7M. R I HA, 2012: 61-62.

[27] SI Yue-xiu, JI Sun-young., WEI Wang, et al. Effects of boldine
on tyrosinase: Inhibition kinetics and computational simulation
[J]. Process Biochemistry, 2013, 48(1). 152-161.

(28] #2253, K Sl (LW Al Al 24 e 5 W AR 5E LD Ul = i
VLR, 2006 31-32.

[29] B, T8 2 My AU M0 B L o B 10 R AR U ML B BIF 52 [ D], B
7. EI K2, 2006, 105.



