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Biodegradation of phenolic compounds by
extracellular peroxidase in suspension cell
culture of liverwort Heteroscyphus planus
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A fumber of oxidative enzymes from bacteria, fungi and vascular plants have been reported to degrade
aromatic pollutants. However, the oxidative enzymes from lower plants, such as liverwort, attract less
attention. Highly oxygenated terpenes and polyphenols have been isolated from intact plant and cultured cells
of liverwort Heteroscyphus planus. These oxygenated compounds were assumed to be produced by oxidases
such as peroxidases within the cells of the liverwort. Therefore, the main objecﬁvé of this study was to
investigate the biodegradation of aromatic compounds by the oxidative enzymes in suspension cell cultute of
H. planus. The study was carried out as follows: 1. Analysis of extracellular peroxidase activity in suspension
cell culture of H. planus and the enhancement of the peroxidase activity and H;O, concentration by addition
of pheniolic compounds and monoterpenes, 2. Biodegradation of bisphenol A (BPA) and lignin model
compound (LMC, guaiacylglycerol- B-guaiacylether), 3 Partial purification of the extracellular peroxidase
inducted with chemical stress using column chromatography and analysis by SDS-PAGE.

Peroxidase activity and H,O; Concentration in Suspension Cell Culture of H. planus.

Peroxidase activity was detected in the medium of a suspension cell culture of H. planus using a guaiacol
test. However, laccase activity was not detected using 2,2'-azino-bis-(3-ethylbenzthiazoline- 6-sulfonic acid
(ABTS) as a substrate. During incubation at 25°C for 13 days under 3000 hxx of continuous light, peroxidase
activity increased synchronously with the cell growth. The cultures supplemented with 2,6-dimethoxyphenol,
pcresol, and LMC showed peroxidase activity about two times higher than those without phenolic
compound for 7 days incubation, suggesting that production of peroxidase may be induced by certain
phenolic compounds. The increase in peroxidase activity after addition of those phenolic compounds was
accompanied with a high level of H;O, concentration. Addition of (+)-bormyl acetate to the culture increased
the peroxidase activity and H;O, concentration about two times higher than those of control, while the
peroxidase activity and H,O, concentration were not enhanced by addition of (+)-c-pinene. (+)-Bomyl
acetate is often observed as a monoterpene from vascular plants and not detected in H. planus, while
(-a-pinenie is a major monoterpene in H. planus. These observations clearly indicated that the chemical
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stress to the cells of liverwort resulted in the enhancement of peroxiase activity and H,O, concentration.
Biodegradation of BPA and LMC
Oxidation of BPA by suspension cell culture and culture filtrates were carried out. Eight milligram of BPA

was administered to 200 ml of suspension cell culture . -
and culture filtrates and incubated for 5 days. % qzj)ﬁ
Wo l:;-ﬁwll

Approximately 63% of the BPA was oxidized to other
the culture filtrates. Oxidation of BPA by the culture : i F W,O)‘g«_.:(}(?
' hydxyacatsphancns
&acpropenyiphancl

M vt 244 (208
products in the suspension cell culture, while 41% by
filtrates was performed in order to elucidate the
degradation process. BPA was mainly oxidized to i 10 (130
insoluble polymers (30%), while GC-MS analysis of Pl Bdogadcion ki o BEA
the EtOAc extracts from the culture filtrates detected the presénce of 4-isopropenylphenol (1.69%) and
4-hydroxyacetophenone (0.061%). The formation of these products was examined using [*H;,]-BPA. Based
on the MS spectra of non-labeled and H-labeled 4-isopropenylphenol and 4-hydroxy- acetophenone, the
possible degradation pathway of BPA was proposed (Fig. 1).
Since no report about oxidation of lignin by peroxidase
from liverwort cell culture, the oxidation of LMC in
suspension cell culture of the liverwort was examined. The
oxidation of LMC was carried out in suspension cell
culture and culture filtrates, each of which oontained of 10
g LMC in 250 m] of culture. The HPLC analysis of
EtOAc extracts showed that the residual LIMC in the
suspension cell culture and culture filtrates were 30.7%
and 73.9%, respectively. Biphenyl dehydrodimer was

e 143.(190)

detected in both the reaction mixtures of the cell culture (5\"‘ -"(?“
and culture filtrates incubated with LMC (8.6% in the cell Rl — s
culture and 18.8% in the cultured filtrates). GC-MS e 2 o ey o0

analysis of the EtOAc extracts from the culture filtrates
detected the presence of coniferyl alcohol, ferulic acid, vanillin and guaiacol as degraded products of LMC.
By oxidizing vanillin and coniery} alcohol the possible degradation pathway of LMC was proposed (Fig. 2).
Partial purification of the extracellular peroxidase

The extracellular percxidase was separated by combinations of column chromatography with 37.7 fold
purification. However, firther purification could not be done, because the amount of the protein was riot
enough to be analyzed. A large scale production of the enzyme is necessary to purify the secreted peroxidase
of H planus.

The results described above open up a possibility for liverwort cell culture as new altemative
method in bioremediation studies. A possible ecological relationship between liverworts and vascular plants
via chemicals was hypothesized. The released spores from gametophytes of liverworts may drops and
germinate on the surface of a bark. Thén the intracellular peroxidase which may be involved in the cell
elongation during germination, may be enhanced by volatile phenolic compounds or monoterpenes emitted
from vascular plants. — 272 —
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Biodegradation of phenolic compounds by
extracellular peroxidase in suspension cell
culture of liverwort Heteroscyphus planus

(2 4 KEY) Heteroscyphus planus 5& &3 2= o #lka st
RVFF TV F—=BIZED 7 =/ = VLB D5 E)

mAY., BEE. MEREYRROBIERL AVWEREBLSERILEYWOLARIZEA
LTEL O RBEBRENTWEN, 2/ EYHROBRILERC L SFFHRILEHDST
FRICEST BBFRRITIE & A E R\, 2 7 Hi) Heteroscyphus planus D EHEM & 5N EE DS
EHE»PLEL DREIBELENETARVRRY 72 ) — AR RBEN TN
B, INOLOEHIIMIENTRIEERICEIVERT IBREEEOERICI VY AERTS
LEZOND, AR, 2 H planus BEBRAIERES OB{LEBERIC L 525 FIKL
EHDOESBIZEL T, UTORICOWTHRELELDTH S, 1) H. planus BB
EFOMBNASNVZX VX —BEHEO[NE 7 = /) —NMMEBEBRTE ) TAREDOERM
& DBRIEMOBEN, 2) H planus IR L 5 REBEEME LR T = 7 — /L A (BPA)

}Zklﬁllﬁf::L/HEE?/b{tf%Qw(LMC\ guaiacylglycerol-p- guaiacylether) D4 43fi#, 3) {k

FHA PR LD BRI DHBAANVF XX —B ORISR,

ZORER., UTOREHLNT LT,
H planus BMBWEXRPOSRNVFT X ¥ — P L BRILKRRE.

H. planus MR P OMBA~INFF 2 ¥ —BiEHE % guaiacol RERT, £/, Fo b
—PIEH% 2,2° -azino-bis-(3-methylbenzthiazoline—6-sulfonic acid (ABTS) TR #1T
o1z, H planus 3EEMIRE 3000 lux EFHERN T 13 AR OEE L 2RR., Mgt~z
¥ F —BEMITHEOMNAE L RFICEMT 2 2 L PRI, 7y —BEERIT
BHEWREhot, 7. LD T7 = /) —MEEW (2, 6-dimethoxyphenol, p-cresol, LMC)
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H. planus $:MBIIC X 5 BPA DA
H. planus BHEEFRMATIZ BPA ZHINT 5 L A&
DR CAER % £/ L. BPA BSHRRAS VA F o
VE—FBIZ Lo TR b5 WS R S iz, (,,Klj)\’;"_’ ;]%55
F72bb, JFEEEKE O H,-BPA (8 mg) % 200 w?
ml OIFFIKIZMZ, 5 BFEEEE L -/RER, 63%MH Vi 1 Bodeyataton mechakam of BPA
fDEMITER LTz, -, HRAREZERYER
WS RIBE DA TH. 41%D BPA BMLD{LEWITEH Lz, ERHOKHTIITREHED
BEEWTHDIN., FBEMHEERYE GC-MS 8 L7z R, 4-isopropenylphenol 8 X T
4-hydroxyacetophenone % 73 & L TR L7z, 2His BPA DA L2 b D{LEW
DEKRFEOEZ/NY —»b Figl KR LESBBEEZHE L,
H. planus %Mz X 5 LMC(guaiacylglycerol-p- guaiacylether) D4R
SETarBBEMRICLZ Y V=V R 7=
VETF MR O LSRRI BRI RBE LRV, 4C}ff
V7 =veFaibd® e LT guaiacylglycerol- ;
B-guaiacylether Z BTN, MKIHTE I NI HE R IR ‘_
WL B ENMERST, IMCO0 ng) % 250 ml  J
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4-hydroxyscetophenons:
M* i 143 (136)

DI L UHERIEHEIC N Z . 5 BRI L, O Wl d G U
ISR TR F MM L, £RME HPLC 4y o= .

70%, 26%253 st L7z, £ D 5 HEBEKT X
biphenyl dehydrodimer (Fig. 2 0 dimmer LMC) T
BN, FDIEH, coniferyl alcohol, ferulic acid, Fie. 2. Mijor degrodaion paraas of.MC

vanillin, guaiacol X5 MREH L L THRH L,

Vanillin & OF coniferyl alcohol DRFBIKIZ X ZEMEBRIZ LY | Fig. 21TRT L 572 IMC
O RIRBRPHEE ST,

B HEANASNE X —PESEEADI T LI N7 4 —EMASDETH
3MEE THMLY, BREHRERICELRP>T,

UEOMRBRFICL Y, a /gL > T, FERCEDRBILNICER, ST
TEHRENT, B, #EFREYLOHREENRD 7= ) —AVBERE ) TANVIZEDY
ay OHRASN T XX —PIEENFRINDIZ L6, (LEMEERIS LIt a Y —

HEREDR COBRRCEOTREMELN TR N, - TEEBR—RIT Lely
Tjandrawaskitasari 23+ (B%¥) OFEMNEZ T 5D+ RBEEREARAT I LD LRDIE,
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