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Purification and Characterization of Peroxidase from Chinese Cabbage

Rhee, Hae-1k*, Kyung-Suk Park!, Yong-Soon Choi and Sang-Young Lee'
Department of Applied Biology and Technology, and 'Department of Food Science and
Technology, Kangweon National University, Chuncheon 200-701, Korea

Abstract — The distribution of peroxidase activity in 9 kinds of cruciferous plants was investi-
gated. Among the plants examined, peroxidase activity was found to be high levels in roots
of Chinese cabbage. One kind of peroxidase was purified approximately 56-fold from crude
extracts of Chinese cabbage roots. The molecular weight of the enzyme was 50,000 and consis-
ted oif a single polypeptide chain, as estimated by sodium dodecyl sulfate polyacrylamide gel
electrophoresis and Sephadex G-150 gel column chromatography. The enzyme showed optimum
activity at pH 7.0 and 50%C. Phenol and phenol derivatives serves as substrates of the enzyme
and Km value for H;O, was 1.6 mM toward pyrogallol. The enzyme showed a Soret band
at 406 nm and this result indicate that the enzyme contained heme as a prosthetic group.
The immunochemical and electrophoretic properties of purified peroxidase from Chinese cab-
bage were very similar to horseradish peroxidase.

Peroxidase(donor : hydrogen peroxide oxidore-
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ArE Axe] Whgo] dug e o4l 4
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A AFEE 9le POXE horseradish 7149
A7) FFHE o|F2 9o POXY #PH F84
2.2 qlste] horseradish ¥e]o] 23] wief 5-& 53
g Atel Al=s 3 9leh(10). R 2= POX AL
A AF FF9] screeninge] A o) FoA 3 gl
2 FolA dRe AadhE AA(11-13)e] uhe A}
FAlel fHzpe] 2l(14,15) & Esle) A4S e
A 7 9le 7S AlAsa Qo weka] B
9ol 4= horseradish POXE A& H=2¢ ih
Ay pLE B o g ulF ¥ 7149 peroxidase )
AAE Fote] A4EA BEAS 9 FA)e) A A
o] 7FsAdE AA|tnA} Ik

ME Yok
Alet
B A7 AH8" 713l Ak, phenol, 4-
aminoantipyrine, pyrogallol FYAE-%, guaiacol,
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acrylamide, DEAE-celluose, horseradish peroxidase,
horseradish peroxidase antiserum{goat)-2- Sigma
)| Z-8-, Butyl Toyopearl 650 M2 Toyo Soda A &2,
DEAE-Sepharose CL-6B, Sephadex G-150-- Phar-
macia A|FS AHEsIch 7lER A AR S

7 B
Alekg A}-g-3tgiTh.

AlB
POX9) g4 748 918k A1kt A E &= 1990
W 5,69 3 e wellx AFJE okulF, uwll =,
23 vege], opehe], Fopeo], 2be A
22 s AEAL Eie dd AE =4 16) e
= Ag2 9] A3 F deep freezerol] B.{3}H A
| R-*Ml Aol Apg-3haict,

Axe FAE 93 wde] F5oEs e ¥
A E A g]ol A 19901 ofFof) zulj g v <] ul 32}
1990+ ofSoll 7% AT FAkg] oA Muigh A

& BW3E AE2 st

a2 §48EH

Peroxidase2| #A4-& 4mM 44y, 1 mM 4-
aminoantiypyrine, 4 mM phenol, 100 mM Tris-HCI
(pH7.0) 8]z Areke] f47 FAE ukgol Q_
ol AA4e] 25led MAE quinoneimined &
A A-2] ok 500 nmellA Al POX 1 unit+=
37Co A 1587F 1 umole®] quinoneimine 4AgE Al
;.—],z,].?] t—]} _‘a:l_g_zg_]. _‘_§__1_4 o‘i:oi g}?jouq qumo-
neimine?} ¥ A&#A4=(12.2/cm?/umole) Z5-€] A
AR Aae] ofS $Hbsieich v ae] A bo-
vine serum albumin$ ZFEAHE o] LowryH

(17)e.8 3ok

b S

Polyacrylamide gel ©]83 #7]%d%-2 Laem-
mlie] vPH(18)e] 93lsie}. Arjads F Ao
¢ A= Coomassie brilliant blue R-2502.2 ¢ 4§ 3}o]
galdlgiom, Ao 34 AANL gel& 100 mM po-
tassium phosphate buffer(KPB), 10 mM H,0,, 10
mM pyrogallol £ <ol ©h1o] 37Cel A ofF 108
incubationste] POX<e $1x|Z5 3alslgich POX-—]
Aol gle v ZMeE o] Hof 3 F
A4 =42 PharmaciaAt®] Phast-System-2- ©]-8-3h
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1soelectrofocusing electrophoresis® 3}l

= A 5%

QA g FAske
electrophoresis®} Sephadex G-150 column chroma-
tography(1X90 cm) & ®-&35}9ic}

SDS-polyacrylamide gel

oo Bl FA

Horseradish peroxidasee}2] =HH3EE H{ARAE
AE3F7] #)8Fe] horseradish peroxidaseol| &t 3}
A2} A a5 0.1 M NaCl-g g3k 50 mM po-
tassium phosphate buffer(pH 7.2) ¢l ¢l 1% agar
plateell A o gHak3-A-& 31 cH(19). F4le] By
% Coomassie brilliant blue R-2502 <3 43s}e] 37}
N salaldo).

Aot 3 o

SARID AE0| A POXS| EX

POXE W= &3 MEAE screening¥d =3
o= Ax}FH OB horseradish?} L5302 £3)o]
e AR AE F S AYE AlE 7ES
Foz st POXe &4 F-¥E 7143kgic) Table
loff vfebd uie} 7o} POX 2] &A1& fo]e] Bia]of| A]
74 A Jebstar wl5=2] Rl A v wA] F
B34E vebdch wiEe] Ae BeldMe vlaF
T 84S vepliglont & F R 2 845

Table 1. Distribution of peroxidase activity in crucife-
rous plants

Sample Activity
(unit/g wet wt.)
Chinese cabbage(v}3) leaf 0.06
Chinese cabbage(®]3=) root 2.36
Cabbage(oful 3=} leaf 0.54
Cabbage(oFuf 3=) root 0.52
Radish(-) leaf 0.17
Radish( 5} root 0.09
Radish’pinkball’ ( £ #-F) root 0.18
Barbarea orthoceras(-}E Y]} root 0.93
Lepidium apetalum (o]} root 0.52
Lepidium virginicum (ZFch=tliel) root 0.97
Capsella bursa-pastoris(*go}) root 3.38
Brassica juncea(7}) root 1.04
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HiFE 822 peroxidasel| T7|HEXH SA

POX2] &4 7N e Ay Yol ez} 71 &
AABAGE »ep L glont AXEe diF gur) &
o|gt v FelEF AhYe=E o)

2w FE7F peroxidase?] isozymel] E-E
IS HEFZ] 3t AE BuiFet PRl
Be] 2] homogenate 4545 A& 3} native po-
lyacrylamide gel electgrophoresis& &+ ¥ %4 <
8- £3}o] peroxidase isozymeS &l3lgir} Fig. 1
of ehd ule} o] 7 FFFtelle A7lGeALE
Ayegs] obE isozymeo] EARTE Uil E3] AE
Hu]3=2] homogenateo]|+= 1003£2) isozymee] &3l
sldch. &b, R F2] 74-5-dl= 3FFY isoz-
ymeShE ¥ 4 slgier FHrjedE A2 Al
horseradish peroxidasee} -fFAFS}oic}. wlelbA isoz-
yme?] <7} ZIL horseradish peroxidase®} H]<=3F
A71445A SA4S 2= AYRMFE AlEE 5o

axe HAE st

Peroxidase2| |

BAo F& [ aPAF FY of 200ge EA
2428 F 4CE Yz 10 mM Tris-HCI(pH 7.0, 500
mM NaCl §7) 5848 7}8le] Waring Blen-
dorell A 12,000 rpmo 2 1023} 63 shs|slgdctk 5
s o8-2 cheese cloth® o3}3te] B o 3 AbAl= ok3)
2 wpg e 23] o] F&siqdch 4 F oAge
25 Eo} curde extract® 3}t (Total volume
1000 mi).

o AR EN| 2ift B D oA 2 Al
4C o)ale A 33ttt Crude extractel (NH,).SO,
5 30% E3wir}l HES 718 F 603 WA 3
AL 447 ¥ 1000082 2083 JAIFel 54
v} Aagpe] b Al o 5 He] 2a]o] 3 Aslg] e
Aol B9 Aol A9 vehiA] @stch o
AgE Ao (NHy).S0.& 90% X371 =A oA
7}RE F 6057 A sk o] F ofA] AEe] st
Al Axe Aok HALE 239 10mM Tris-
HCI(pH 7.0) $5-8d¢] =l F & 958904
3 sl=w FA8te] (NH,).SO,& A|A3ldc.

DEAE-Cellulose column chromatography : & =t
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Fig. 1. Electrophoretic pattern of peroxidases in polya-
crylamide gel.

Lane A, crude extracts of Seoulbom; B, crude extracts
of Gonaengji; C and D, partiaily purified enzyme from
Gonaengji and E, horseradish peroxidase. Activities of
peroxidases were stained with pyrogallol.

Ael FAAH(105 m) S HAEF-2Btd FAE A A%
% DEAE-cellulose column(4.0X26 cm)<l| =3+ =
A4E linear gradient® &3l (0~1M NaCl
in 10 mM Tris-HCI, pH 7.0, total volume 1000 m/).
Fig. 26| A4 viepd wle} z2e] DEAE-cellulose chro-
matographyl] o]& wiF-3 ¥z FAE-F-2 2719
fraction 2 ¥2]& 7} sJHFig. 2). o]& 2714
fractione F7ledE o g nlisle] B A} fraction
[ o] ozl FMo] ¥R este(Fig. 1, lane
C). o]+ °ol& fraction®] ME v} 7|A Fol|A
71913t AL 2 fraction [ A e AHEE 7]
Zal pyrogallolel) dfs] @& 3HE zZe A=
HodElc) Fraction 15 2o} o} AAGAR o]
2kt

Butyl Toyopearl 650 M column chromatogra-
phy . Fraction 11(220 m{) & X.o} ice bathglel|A]
A3 wuksiA A B (NH.).SO.& 30% E3H7} =
T2 71 F 127 A oF 10,000g90 A Q4
st AR F 23 AeAE 30% =
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(NH,),S0, £o2 w33A|7] Butyl Toyopearl
650 M column(25X 14 cm)el =<3tk A 59
waolo] By}t ¥ linear gradient® £33} H(30~0
% sat. (NHy).50, in 10 mM Tris-HCI, pH 7.0, total
volume 300 mi). &Ade] v F95 Eo} 4THA
10 mM Tris-HCloll w3te] 3} 743kl rh(330
m/).

1X} DEAE-Sepharose CL-6B column chromato-
graphy | & 2419 F4N(330 m) S LAF-2| 8o
AFALS A g £ DEAE-Sepharose column CL-6B(2
X26cm)ol] £k} Alge] o] By F -
near gradient2£ £-%3}tH(0~1M NaCl in 10 mM
Tris-HCI, pH 7.0, total volume 300 m). 4| &
B8 wol e orjuhE o) 83t HPAZ F
t}l-& AAGA R Folitrh

2x} DEAE-Sepharose CL-6B column chromato-
graphy : & ©tAle] & 493 DEAE-Sepharose CL-
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6B column(1.2X 18 cm)d| =& F 70 m/2} 10 mM
Tris-HCI(pH 7.0} 2 A &% & linear gradient® £
%359 c+(0~100 mM NaCl in 10 mM Tris-HCI, pH
7.0, total volume 200 ml).

W 3= Be] 200g2.25-8] peroxidases| HA| S
fof3tH Table 29} vl a4AAe] HAAHE &
gt w3 Feje] FHoZHE] HowlE, 12%9]
FATEE AAE stk v dAlelA] el
A4y Fig 3, lane A CollA epd ule} 3o
SDS-polyacrylamide gel H7|dExo2 3 o
o]l

40| 83

B aae] Fzlekg Sephadex G-150 column chro-
matography & %3l FA3le] £ 43 50,0005
Al AbE 9.0 (Fig. 4), =¥+ SDS-polyacrylamide gel
A7 FA M E Al 50,0009 ©9d HEE o}

1.0 .

=
0

0.6 -

0.4 -

) Protein (mg/mf)
® Activity (unit/m/)

0.2 -

0 20

Fraction No.

Fig. 2. Elution pattern of peroxidase on DEAE-Cellulose column chromatography.
Detailed conditions for the chromatography were as described in the text. Fractions of 12 m/{ were coilected.

Table 2. Purification of peroxidase from Chinese cabbage roots

JR—

il

V—

Specific activity Yield Fold

Step Protein Total activity
(mg) (unit) (unit/mg) (%)

Crude extracts 923 4075 44 100 1
(NH4).50, 197 3341 16.9 82 3.8
DEAE-cellulose 157 2223 18.4 55 4.2
Butyl Toyopearl 650 M 26.2 1922 73.4 47 16.7
1st DEAE-Sepharose CL-6B 6.1 766 149 19 33.9
2nd DEAE-Sepharose CL-6B 2.0 492 246 12 55.9
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97,400

68,000

43,000

25,700 -

Fig. 3. SDS/Polyacrylamide gel electrophoresis of pe-
roxidase.

The protein samples were treated with SDS in the
presence of 2-mercaptoethanol and electrophorested on
SDS/polyacrylamide ge! (10%). Lanes A and C, purified
peroxidase; lane B, marker protein and lane D, crude
extracts.

el o] (Fig. 3, lane A, C) ¥ A4+ X8 50,0009]
single peptided< ¢ 7 et plE B3l o
Wl 2] 8- marker protein®.2 3}¢] isoelectrofocusing
electrophoresisdt A3} 2 d42] pl+= 912 &AFH
A}

2 Ao 3 A SIS HEFT] 5l o
271X a4 FAAE 7IHR sl BAHAERE FA 5
ArH(Table 3). ZHEF FaFodA FelA pyrogal-
lole] 7}AF FL2 7|22 eyt Phenol % phenol
+EA X Z|AEA 28819 2t catechols 7|AE
A 2F8-31A] edstkoh Guaiacol s TAhFAAHE &l
Velick -2} 3 (20) 2.2 Hy0,¢ W3 Kmztg 73
23 1.6 mMeo|glch zhﬂﬂ ool 7]—’43’“”"‘4 °3 o of
e FArYezs F
2] Soret %—-rﬂ%ﬂ

heme”| &

1_“7%}51 o}(Fig.5) &
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Fig. 4. Determination of the molecular weight of pero-
xidase by Sephadex G-150 column chromatography.

Table 3. Substrate specificity of peroxidase from Chi-
nese cabbage

Substrate Relative
activity (%)
Dichlorophenol + 4-aminoantipyrine 100
Phenol -+ 4-aminoantipyrine 32
Pyrogallol 235
Guaiacol 23
Catechol 2.2

Increase in absorbance in 1 min were compared and
expressed as relative activity. For dichlorophenol+4-

aminoantipyrine, 100% relative activity was 18.6 pmol
/min/mi.

A% ©}E  peroxidased} wlEZEA|R B
heme-& 7}2]:11 As= Falsldci(ll, 21-24)

£ Aae pH6~89 HE Mol & AL
il ey #HA pHy 7.00)¢0ch &3 pH 50 o]
gtel pHOO ool e EagAde] 30% ©I3tE #
A3 golx A F-28 pHlM & At 2
BAE HeEPE S o 5 olslo)k & 24 &4l yigh
259 od3ke. 40T 4 60T Apolola] wlmA &
g4 Jeldgen #8- #HAHE= 50Ce]qdnth
w5~ 7] peroxidase®| <AL HES] #1381
10 ugel &EAE 4074 80C7lA] Zzb 71-&3bw A
5, 10, 20, 30F-vlc} EAW-8 FH3lo] Fr¥g F o]
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Fig. 5. Ultraviolet/visible absorption spectrum of puri-
fied Chinese cabbage peroxidase.
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Fig. 6. Effect of temperature on stability of Chinese
cabbage peroxidase.

The enzyme (10 ug) was incubated in 10 mM Tris-Hcl
buffer (pH 7.0) at various temperatures (O, 40C; @,
50C: [J, 60C; M, 70T and 2, 80C) for several minutes,
and then residual activities were assayed under the
standard conditions.

3X-& ZAstedct Fig 604 Hi= npel zhe] 40T}
50C 2] 30%-7F 7idel olste] A4 W3] ¢
A2 70C o]ike] md e 105-7H] 7hdel| 9
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Fig. 7. Ouchterlony double diffusion analysis of peroxi-
dase.

The center well was filled with the antiserum against
peroxidase from horseradish and each peripheral well
with enzyme solutions: A, crude extracts of Chinese
cabbage; B, purified peroxidase from Chinese cabbage
and C, horseradish peroxidase.

s 50% o] e BEAgAe] A E Bk uebA
2 24T 60C7HA 9 2 xol i dled= Al WA o]
Uae ¢ T U

Fig. 1ol vtebd vie} el 31zl 7]%d pe-
roxidase®] native polyacrylamide gel electrophore-
sis #H®1-2- horseradish peroxidase®} f-AF5lsio =g
horseradish 7| ¢19] & 49} YT FA4E Ou-
chterlony immunodifusion®(19) 2.2 &gl3}gich
Horseradish peroxidaseol] tHgl a8 A= YA3 &
a8}2] #7FA-2 Coomassie brilliant blue R-2502.8
DY AHE Fig 7o et gl 2ol A el
vle} 7to]| horseradish peroxidase?] 3}3 A2 hor-
seradish peroxidase(C Well) #=to] olu]z}l w3
71412} peroxidase(A, B well)¢l% A71A-8 3 As8)
of F £5F9] peroxidaser 7|53 e ¥ualo]
oluzl HAHHowE FARE uh-g-& epys o
=7F sdgith

B ATl A Al g S e] 71 POX e ke

& B A7 A oA Fal cholesterol A4 kit
(25,26)F °]F2 Q= Eae shuied ¥xbe] oz}
qef7lA] SxE FEA o] &H e AAeloi(l1-
5). o]e} o] F&3F Eho] AAYE FA H7)Ed
Wl FelE stx Qlvles 7S dz S arlrb
MAHEE AR oked) & 9] E zhech w3
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S-eluelell A 73 el el gl Ao 3
24 vd oF 4005HE o] Aol AAME I Qi) e
3 A8 LE o' FE AR o] 43
e §E-2 3 dF7l AR R o|d-" B
o] WX HrET Qe AAelch B A7
uka] 7] g 7] POXS] ®Ashy Al g2 %
pH % v|w3 ¥& 4t (Fig. 6)5 Jelle] 4
A&l ¢o]& 7heAde] vif £2 AR YEyrt
®§ Wdda AlAe] horseradish 7|1} Ao}
o] & &gk Ae2 Jeh(Fig. 7) horseradish 7]
Aol BAd dXE £ g A= Fde] =t
GoF wjE 71 549 AHdA o] & S YE
AEE stodof & Zlo} wiF ¥ej2} 22 F4t ¥

@,irf*«HLL

g BRI Aloko ] HE R o]4E B
sle] ¥7b 259 FUE 7MY F A Aelvk
2 o

Peroxidases t}% §i-3l= AEAE HAE =
Ao g Azl AlE- 9ol tidle] EA4AEA BXE
ZAEEATE A4 A A F olg el A
58] gA4o] FstA et vfSE FelERE £ &
A9 AAE g3l AALE 4= FR=F 50,000
o] whefs 24 pH70 50Ce4] ¥4 A4S vehy
4t} phenol % phenol FEA7 F& 7]AE zHE
8kl o v pyrogallolel]l Wj¥t H;0,2] Km3k2 1.6 mM
olgich B AL+ 406 nmol A Soret FFulE e}
de] o2 peroxidases} vha7lr|2 F-2RW RAR
At 2.2 hemes 7|3 Sl&5 Lotk AAE W=
e 7Ide] Ea4e dA3EH, 735 Ao
horseradish 7]¥28] peroxidases} H-Al5ksich.

2Nl Y

2 ka-a—ﬂ.ﬂrﬂl ﬂﬁod%wu]on 43}&1 a2
2w oo ZAt=grr}
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