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Superoxide radical (0,7), hydroxyl radical (HO-),
hydrogen peroxide (H,0,), singlet oxygen (-0:) %<
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Characteristics of Peroxidase from the Earthworm,
Lumbricus rubellus and Degradation of Phenoxyherbicides

Lee, Mi-Young and Yoon-Kyoung Kim
Department of Life Science, Soonchunhyang University, Asan 336-745, Korea

ABSTRACT

Peroxidase has been isolated to apparent homogeneity from earthworm, Lumbricus rubellus,
using ammonium sulfate fractionation, Sephacryl S-200 gel filtration, CM-cellulose cation
exchange chromatography and native-PAGE elution. Some of ils enzymatic characteristics were
examined.

The optimum pH for guaiacol oxidation of earthworm peroxidase was determined to be 6.0, and
the Ky values against guaiacol and H.O, were 1.25 mM and 3.4 mM, respectively. When various
compounds were tested as the possible substrates of the enzyme, o-dianisidine was used as the
substrate. However, earthworm peroxidase could not oxidize esculetin and ferulic acid as
substrates, suggesting the different characteristics of the enzyme from plant peroxidases.

The optimum pH for veratryl alcohol and H:O: oxidation was determined to be 2.5 when lignin
peroxidation activity was examined. The K., values for veratryl alcohol and H.O» were 0.02 mM
and 0.13 mM, respectively. Furthermore, the earthworm peroxidase could oxidize phenoxyher-
bicides such as 2,4-D, 2.4-DP and MCPA as substrates. The optimum pHs for 2.4-D, 2.4-DP and
MCPA were determined to be 4.0, 2.0 and 2.0, respectively. The most available substrate was 2,
4-DP, followed by MCPA and 2.4-D when their peroxidation activities were compared.
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M E il Utk A& E£A8k= peroxidases A|ES] AR}

2315 sl £a% 242 494 4o, indole-
3-acetic acid®] AF3HWelinder 1985), U3 pyridoxal
# g geh=el Aksvan Huystee 1987), lignifi-

oxygen radical®] ZAC0 ZRE S HIF357] 9]l
superoxide dismutase, catalase % peroxidase 5] X
o= AEEE ol 714 FaAdo] A& HiH
221 (Cameron 1932, Lassegues er «f. 1981, Vaillier
et al. 1985, Lassegues er a/. 1989), o]5 §ho] &

cation R Aol )& wol(Laulan er al. 1985) 5©
le& 7HAA Sik wEol EAEke peroxidaseiie
&9 salivary peroxidase, thyroid peroxidase, glu-
tathione peroxidase, lactoperoxidase, ovoperoxidase %

o] Ba%lo] 9l o1 (Johansson and Soderhall 1989). =)
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Holol - catalase?} $HA(Seevers et al. 1971) chl-
oragen celiol 3li= DOPA(dihydroxyphenylalanin) per-
oxndaseol E7} gl Ak Fischer 1978). Z1eiu} o]

9-13= DOPA peroxidase®} catalase2] 3 H]ulofyt
‘1513 B ool ddE At moavh gldck 2|
ol+= 4ts} &Y w2 A oY) AHA] fU] HEE E
dlgte 548 7HAL Qlofd SFAe] AEEhA A
glof o] &% A=, Eisenia foetidaSt Lumbricus ter-
restris?] A doll= T A S Fa|x7e g Felg
27b ENEH (Tuckova er al. 1986), Lumbricus ru-
bellus®] ANl M 7 fibrin #3827} B1% A
CHPark er al. 1989). %vF ofeh z|goloA wh¥
S840y dAgsA g wo] o]gxi AUrHDu
Pasquier and Duprat 1968).

oA = B8 R o|(Lumbricus rubellus)ol
Ash= peroxidases H-2}3ked, guaiacol peroxidase
433} lignin peroxidase 42 FAlSIaL, Fok *é;‘i—‘
2,4-D(2,4-dlchlorophenoxyacetlc acid), MCPA(4-chlo-
ro-2-methylphenoxyacetic acid), 2,4-DP [2-(2,4-dichlo-
rophenoxy)propionic acid] 59| HxAA AxHAZ 7
A7 slo] peroxidase FAS MHEowH, AJolE
o] &3t WEalg QdEAe] Hajo] W 7| E oS

Azshag gk

O et iy

&4
°

B2 3
Peroxidase®| F£&

EAY Lumbricus rubellusE sea sand, 50 mM so-
dium phosphate buffer (pH 6.0)9} A whz} Ao
ﬁ}fﬂaw . 10,000 X gofl A 3023 4 el g
#sla] 0~30% ammonium sulfates
Ak oAl 10,000 X goll A 3047 €
sMg sl 30~70% ammonium
QAR sle] MBS A9} o
2 HES 50 mM sodium phosphate buffer (pH 6.0)
=o] 1A Fet FAARD F mEl 50 mM sodium
phosphate buffer (pH 6.0)= %33} A]7] Sephacryl
S-200 column (1.5 X 90cm)ol] F3g+ & 30 ml/hre] &
=2 §&AFE Peroxidase €4do] £ #El& 1o}
7.5 mM sodium phosphate buffer (pH 6.0)% H& Al
7l CM-cellulose column (3.5 X [7ecm)ol] FY3gF & &
ZA)AA  peroxidase S Holi= RENES wo}

1
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native PAGE# 8sldvt. @V 5o #d & 24
HAalo]l vz 915 FHehdlol 4¢olA 50 mM sodium
phosphate buffer (pH 6.0)o}4] 1247} o] &ZEA|A
Al FHE GAYoR Abgeidlth HE aafle] T E
native-polyacrylamide gel electrophoresiss 483+ &
g_-auxl oﬂxﬂ*v} ig—z\g cﬁgio_;; §L°]8]-°jq—(Laemmli 19

70) ‘]'I:_l_}']% Z) E];'O__ Lowrvg] HO}-H“ 9’ 0] O}_Oq V-;H O}‘
Al %P“E 212 bovine serum albuming ARR-&FSIth
(Lowry 1951).

Guaiacol At8l &AM

;5Li %0“ 60,49 15 mM guaiacolo] 5 mM H.0.&
7kt & 50 mM sodium acetate buffer (pH 2.0, 3.0,
4.0, 5.0, 5.5), 50 mM sodium phosphate buffer (pH
5.5, 6.0, 6.5, 7.0), 50 mM Tris-HCIl buffer (pH 7.0,
8.0 9.00& AH8-3ste] whE pHE BISAA 7hHA &4
249 3 pHE &4 }'A}\‘/}_

Peroxidase®] &4 guaiacol®} H.0.5 7132 84
%Qﬂ 60 2t 15 mM guaiacolol 5 mM H.0-& #7}

3. 50 mM sodium phosphate buffer (pH 6.0)5 7}
oM AE B o7E | mivk S25 & Fol UV/VIS spe-
ctrophotometers: ©]8-8la] 470 nmol| A 2] &dwo W
ks Syl

Guaiacoldl] tf3t K. #3 50 mM sodium pho-
sphate buffer (pH 6.0)o14 H.0.8] =& 5 mMZ
LG AI7) AL guaiacol®] FEE WEAIA 7HHE A, 470nm
o g4 A4S =43}, double reciprocal plotdhed
Kn & 7Agsioioh

H.000 3k K, #2 S0 mM sodium phosphate
buffer (pH 6.0)o14] guaiacol®] FEE 15 mMZ 1F
A7) 3L H0,0] F58 WH3IAA 7PEA, 470nmell A &
3¢ Z33ta, double reciprocal plotdte] K., 7k

73 Xc-’] OI—A}\E}‘.

tle })

A0 2|Ft peroxidase EAM His}

71 87} peroxidase Aol oW JFE T
£ Qobii 7] 2]8led methanol, ethanol, butanol®] &%
217 5%, 10%, 15%, 20% %A &kl peroxidase
I e

0% f“é] O]’N\L-}'-

Lignin 43} M
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=48 Zh 8 200 49
0.2 mM veratryl alcohole] 1 mM H.0.5 7}3 3 50
mM sodium acetate buffer® 7}3ta] ZHZF VL3]7} Iml
7} S & Fol UV/VIS spectrophotometer& o] &
sted 310nmol A 9] Fay wWEleks 25k

Lignin peroxidase 4

Veratryl alcoholo] thg Kn #2 50 mM sodium
acetate buffer (pH 2.5)914 H.0.2} F%E | mM&

LA AZ| T veratryl alcohol®] Fw& W3IA|A 7pH A,
310nmell Al @4 48 =43k, double reciprocal
plotdte] veratryl alcoholell thét K, #4-& 2434
H,00 th3t K, k& 50 mM sodium acetate buff-
er (pH 2.5)914 veratryl alcohol®] F%E 0.1 mM=E
TBAIFIE Hi0x9 S%E WsAA 7PHALL 310nmoll
)\i B_}\ §LH

H,0.°l o gt

35 Z=738}31, double reciprocal plotdlhed]
Kn gh& 2Asoir
o] 7Ix| 7|30l cH8t peroxidase A

aa g9 20049 1.5 mM 7]-o] 5 mM H.0.&
7}ek & 50 mM sodium acetate buffer (pH 2.0, 3.0,
4.0, 5.0, 5.5), 50 mM sodium phosphate buffer (pH
5.5, 6.0, 6.5, 7.0), 50 mM Tris-HCI buffer (pH 7.0,
8.0, 9.00& Ap&3le] ukg pHE wWgrA 7PHA a4
24de] A pHE ZHsloit

2% peroxidase?] 7|d=Z %7 o-dianisidine, escu-
letin, ferulic acid & AFE-3kel 400nm. 469nm, 320
nm o)A FHEe WHelgs S5k

ofg 7}x] 7]8e] hé Kn s 50 mM Tris-HCI
buffer (pH 7.0)214 H:0,9] %5 5 mM2 TYGA}7)
i 7189 Feg WA 7PEA aa 848 A5

K 4%

[PERTN=1 =
i, double reciprocal plotshed e AR

m i

2,4-D, 2,4-DP, MCPAO)| CH3} peroxidase &4
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EA £ 200449 0.2 mMe] 2,4-D, MCPA, 24-
DPi 718 & 3t 5 mM H.0-& 7}$F & 50 mM so-
dium acetate buffer (pH 2.0, 3.0, 4.0, 5.0, 5.5). 50
mM sodium phosphate buffer (pH 5.5, 6.0. 6.5, 7.0).
50 mM Tris-HCI buffer (pH 7.0, 8.0, 9.0)3F AR8-5hof
Fh pHE ¥lsAlA 7 A 2,4-Di= 283nm, MCPAE
279nm, 2,4-DPs= 284nme| u} ol A z}z} Tgr-o]
st F9stel HH pHE A%t Ka o> 50
mM sodium acetate buffer (pH 2.5)91*4 H.0.9] #%

2 | mMZ XA 7|He] 2o WalAA 7
A double reciprocal plotdte] A4 3} c}.
27} o 3t
Peroxidase?| F=
gl =|Ho] gHg 30~70% ammonium sulfate

g ZAAl7l & Sephacryl S-200 gel filtration,
CM-cellulose ion exchange chromatography %! native
PAGE &&W& AHBSte] peroxidase® 2] slict
(Table 1). #2]¥ peroxidase?] ¥ FEE2 3%
1L, native- PAGE %%g M F FHFHOE 94nf 9
HAZE YERRS]
! Ei"” 5 & 0} native-polyacrylamide gel # 7]
S 4883l & Coomassie brilliant blueo] 23} w
213t 7]l 3-amino-9-ethylcarbazolex} H. Ovoﬂ

20 2% 0o ma ek

Guaiacol &4 &H

]‘HO]E Bl HEel¥ peroxidase?] EAE FE8}7)
2&te] A& peroxidase®] A 712 da] 48 gu-
aiacolol] ™3} peroxidation W3S Fa&}SITt (Table

Table 1. Isolation of peroxidase from earthworm. Enzyme activity was expressed as the change in absorbance at
470nm per min. Specific activity equals to enzyme act1v1ty per mg protem

Fractions Total protein
(mg)
Crude supenatant 570
Ammonium sulfate(30~70%) 340
Sephacryl S-200 5.4

CM-cellulose 1.5
Natxve PAGE elutlon

Specific Yield

Total Purification
activity activity (%) fold
96 0.17 100 1
92 0.27 95.8 1.6
51 9.4 53 65.3
21 14 21.38 82.3
1.28 16 1.3 94
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A B

Fig. 1. Native-polyacrylamide gel electrophoregram of
earthworm peroxidase after protein staining with Coo-
massie Brilliant blue(A) and activity staining with 3-
amino-9-ethylcarbazole and H.0:(B).
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2). 1 Ay} guaiacol 2H3ke] #HZFH pHeE 6.00]U 1r
Double reciprocal plotell €]t guaiacolol] theh K
o125 mME ERRET, HO0 st K, ik 3 4

mM 2 YFERSICE

Ghkak Ttof] Fafsti= o Al7EA] peroxidase isozyme
(Ci. Coo A As Aw, A)2) guaiacold] thet Kn 3ol
560014 19.4 mMeke= B W83 vas) 4 wi(Lee
et al. 1994), #|3dolo] Zste= peroxidase?} guaiacol
of thate] wivts] Eo- V1 AateE M ¥ 4 A
vl 1ejy H,O000) Wiafj Al §l=tAk §- peroxidase iso-
zymeR T Ao g vhe v1E M3 E vPRAa Qs

& Ko o0& B3l & 5 At
of2{ 7Ix| 7|@oll gt peroxidase B4 EH

o] 7}%] 7)Ao Whgk K#o] peroxidase®] A3t
29 zZALs A A 8lo] peroxidaset o-dianisidines
71A& Abgdon, pH 7.0014 #dl €4S JeRix
double reciprocal plot Z3} o-dianisidine®] w3t Kn

Table 2. Summary of K,, values and optimum pHs for various substrates of peroxidase from earthworm

Substrate Structure Optimum pH Ka.(mM)
OH
Guaiacol @ OCHs 6.0 1.25
H,0- 6.0 3.40

HaCO O
o-Dianisidine O OCHa 7.0 1.72

Esculetin

Ferulic acid

OCHa

S

. Not reactwe
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e 172 mME YElttt (Table 2). dhdab Fof &

A 3= odA7HA] peroxidase isozyme (A, Ax Am, As, 0.56
C., C)E9 o-dianisidined] that 2 pHy 45 048 |
ol2] 5.0 Apelel oFaby pHE i don K. g
0.6 mMJAl 12 mMZ B5|ItHLee and Kim 19 : O
94). ojY3t AE Ed) o] peroxidaser: o-di- S ol
anisidinedl] thste] &4k £ peroxidase$}t B3 71& i
2ol 7 9ee o 4 9k <%
ey dutA el A% peroxidase?tE 9] esculetin 0.16
I} ferulic acidE 7|12 AFR31A] @& Aoz Hol 7 008 |
o] peroxidasetr YuHE<l A& peroxidasedt= A= ’
0E 714 5olids /M Ao F2H) (Table 2). 0
0 10 15 20
Concentration(%)
Y20l o3t FMET sl [~o~MeOH —o~E10H —+—BuoH |
AFole] EAshz peroxidasee] EASHH M-S Fig. 2. Effect of various alcohols on the activity of
AL Yete] 4 fr1Evlel ofd FAdwe] W} peroxidase from the earthworm, Lumbricus rubellus.
€ =3sIg. Fig. 2014 2 4 1%0] methanol, MeOH : methanol, EtOH : ethanol, BuOH : butanol.
ethanol, butanol =08 EBlA 1 Zolg E#7iHA &

A #3A4E =A% A3 methanold] EZ7} Z7)8H) 2 S|
ule} peroxidase €4d0] olft}. 53| methanole] wvel BAsle] 5A4e sl 4t
T FR7F 15% A Ho 2w Hre) 4 ot Bl zgolE o] 2]
S etk 22y ethanol®}t butanol® #4E 4 nin
ol A Frptel A pamh olrie Axg th

i =2

fra Bl a4E
A A7IEe Az
ik, olol| Hls} lig-
o=

2 ulEE ol

™

Za)A 23 o] peroxidase®] AL BFAo] Zolo] uin Agolo A E2]g peroxidase?} lignin ¥-a%5S 7}
Hsled ZAgE & F Aot AL AeAE Hopd 7] 215t veratryl alcoholE 7)

AR ote] g4 g AT ##ol9] lignin
Lignin peroxidase B4 X T g DI 295 i Lol 2 8

JEE YEeRA L, veratryl alcoholo] thdh Km 7+ 0.
Mxsel Fad AR lignind A3 #HiE 02 mM, H.0:° W&t Ko 362 0.13 mMo|itt Table
ZSLX%]EH tREo] njAEo o8 Ea)o} 7 3). Veratryl alcohole] th&t K. 7kl 0.02 mMZ gu-
3} (Keyser et al. 1978). Ag7kA &2 lig- aiacololl st K. #h 1.25 mM$} o-dianisidineol} o &
nin 3 Pl EZ= white rot fungi®t wood decaying Ko 8 1.72 mM&} Hlws] B of(Table 2), =|=o]dl
fungi7} & AtHGleen er al. 1992). 73 A& EA) 5= peroxidases guaiacol?} o-dianisidinedl] B]3}

Jon
ox o 1>
o m{u i

Table 3. Kr values and optimum pHs of lignin peroxidase activity against veratryl alcohol and H,0,

Substrate Structure Optimum pH Ku(mM)
Veratryl alcohol 2.5 0.02
OCHs3s
OCHs3s
HgOgr 2.5 0.13
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o} veratryl alcoholol thaled 60 wvjo] =2
SPEE 7P ATE o 7 Sk olefdt Hubs )y
olof  Ea|sti=

$5 vk

4 A

peroxidase”} 713l lignin peroxidase

ol ZHAH, Al 24k Gl 4] lignin

el s/ v whikal A A v]4E 9
o)

& wgheh: 9B As 5
Bajol AYold MiHOR oG8 4 AUNS wold

HlA[A] ®ZEH[2] peroxidation

A Al A 249
oLo] } Eoﬂrﬂo]
a9 7rebr] wjiell 4lzkel g ogle] iole] a1 )
tHSoderquist and Crosby 1975). £3&], o]& A ZA 9]
TRE ATUT A WSS spghEEA] H]QlA
spoHEol Hlsl aetx e vjeE s Barh oy
thal Baxe] gut eliloalis olE LA A EAE
Fellek 4 ole AR o] Bary u) O]OHL

24-D¢} 24-DP ¥ MCPA 5¢-
GurAz) 4= qlon], a1eHA J.-Mol

g_ T OWmIT ]
walisel Balzk ool A e qbgy

vl $ltk(Sinton et al. 1986, Pieper er al. 1988, Dltzel-
muller er al. 1989).

i Agolo] FANE el olgsle] #4 i

Table 4. Peroxidase activity of earthworm against phenoxyherbicides such as 2
act1v1ty was expressed as the change in absorbance at 470nm per min

Substrate

Ci

2,4-D(10 mM)

Structure
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TR s

1ataa) sk wmgo] ey Qlo
1, Adfo] R

A el A, kbl g 5
ol atulso]l gaehr Aol spduvIe frHUr-

bassek 1990, Tuckova er al. 1986).

Table 4oflA] o = dszo] Agfoll e teldh per-
oxidase’} A& A|7 2| 2l 7)1 AR ALRER=AE 2AL
A5 ul, 2.4-D2| peroxidation ¥H3-2] 7 pH?t 4.0
o]0l MCPAS} 2.4-DPe] thdt 7% pH¥: 2.3 2.02
o LpERsIeh MR # B AL A Ao LH pcroxi-
dase WHg-& nlaues] 1H 24-D, MCPA, 24-DP9] =
o g o] i JERken 58] 24-DPofl o]
A= 2.4-Diit 7001 H o]’Fe] = peroxidase 2H
T NdTh o]t Hilis Aol o] gt FmAl
AzAE 2 de TFeAde Hel & B oy
ek, #olol oJgh Auaha] whiow 7 &
T71d A dAVEE HEd ¢ e olgA SE

A Al gt
T

ghakebinyi 8 214, Sephacryl S-200 gel filtration,
CM-cellulose chromatography. native-PAGE £&4 %

2.4-D, MCPA and 2,4-DP. Peroxidase

Optimum pii Activity

Cl ‘C}— 0—C|HCOOH 4.0 0.09

H
CHa
MCP mM y
CPA(10 ) Cl O—CHCOOH 2.0 0.136
H
Cl
2.4-DP (10 mM) al O—CHCOOH 2.0 0.204

CHa
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& AMgste] B& o] 2 E peroxidaseE #-2l3kS
v}, E2l¥l peroxidaset= guaiacolS 7] E A5l
pH 6.0014 el &A4-& R, guaiscold] tfd K,
e 125 mMieH, HOol Wigk Kn #t2 34 mM
2 ERtch

ofe} 712 712 i3l peroxidation WM& ARG
A3} o-dianisidines 7128 AFE@ow, FZ pHy= 7.
m 2 172 mME JERTE 18y escule-

00191 3L,
tin?} ferulic acids 7182 AME3HA] 5%kT

71 ¢l methanol, ethanol, butdnoloﬂ ofsk g4
24 WH3le 2A1ES ) methanole &4 A4S &7}

Az o), cthanol# butanol® Z5E a4 A4S 7}
2A)# ) Lignin Aks} 848 ZAMIE w), veratryl al-
coholol] thet K, 7t 0.02 mM |, H,00l that K, 4t
& 0.13 mMo|ler HH pHE 252 debu}

F3k 24-D, 24-DP 2 MCPA 59| uHiaja =32
of th3t peroxidation W3- ASH Ay} 2.4-D, 2,4-DP,
MCPA “}sle] #4 pHe 447 4.0, 2.0, 2002 e}
vial, 2,4-D, MCPA, 2.4-DP2] 22 peroxidase 243
o] =7 Yepsit)

2l

2
=]
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