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As regards to environmental, ecological and social aspects, the use of
biochemical technology to remediate dioxin (PCDD/Fs) pollution is more
green and sustainable remediation (GSR).  White rot fungus degrade the
complex and recalcitrant polymer lignin by their ligninolytic enzymes. These
enzymes are versatile, extracellular and also able to oxidize various
environmental pollutants. Herein, this project mainly explores the
bioremediation of the indigenous white rot fungus in Taiwan and its
extracellular multiple enzymes to dioxin-contaminated soil.

The field survey of 95 samples from Taiwan showed that the fungi had
significantly higher laccase activity than animals and plants. The highest
activity of 8 commercially available edible mushrooms is in “the beauty of the
oyster mushroom”, and the preliminary identification of the strain by ITS gene
is Pleurotus eryngii. In order to reduce the production cost, five renewable
agricultural waste materials including wood chips, rice bran, black tea residue,
green tea residue and coffee grounds was used to cultivate the white rot fungus
Phanerochaete chrysosporium. The extracellular multi-enzyme was obtained
from the supernatant of 6-day cultivation by five renewable materials. When
compared with PDB medium, the total enzyme activity (MnP+LiP) of
extracellular multi-enzyme produced by green tea residue, black tea residue
and coffee grounds were increased to 1.5, 2.4 and 2.3 times. The optimum pH
were pH 5 and 6 for peroxidase and free radical scavenging activities,
respectively. Malonic acid and malic acid can enhance the enzyme activity by
about 20%; conversely, temperature (25-35°C) and surfactant (Tween 80 or
Triton X-100, less than 1%) have no significant influence.

After 6-day of liquid cultivation, extracellular multi-enzyme obtained by
centrifugation were used to examine their enzyme activities and to treat the
same weight of non-sterilized contaminated soil under 26£2°C for 96 hours. In
comparison with a normal medium (PDB), comparable removal efficiencies by
extracellular multi-enzyme cultured with agro-industrial residues were found
and the average efficiencies were approximately 49%z6% for P.C. The highest
PCDD/Fs removal efficiency reached 60% by TEQ-concentration unit and 91%
by mass-concentration unit by extracellular multi-enzyme cultured with coffee



ground. Besides, OCDF and OCDD were significant decreased and there is no
corresponding increasing sign of other dechlorinated dioxins or furans. This
results suggest that PCDD/Fs removal mechanism is biased towards oxidation
rather than dehalogenative reduction. Besides, the removal efficiency 90% was
achieved within the first 12 hours and was increased by 17% by adding
borate-fructose complex as mediator. At present, the patent has been applied.

These provides a promising way to regenerate Dioxin soil more easily and
to be a good GSR remediation satisfied the best management practice such as
saving energy, reducing air pollution, saving water, recycling green raw
materials and reducing waste, improving soil fertility and enriching ecological
diversity.
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BB 3N 22k c PRI ELAIT G 2L ¢
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3.1. FRA R
EREEY EREN TP ESUCERES B Y EE S 3 TUCIE -5 5

PR3ME 5 D204 By Fehdfl ¢ 427555 § = ¥
¥ $* ® * ( polychlorinated dibenzodioxins & # Polychlorinated
dibenzo-p-dioxins > # # PCDDs ) » m 2 135 #& % & - % ¥ vt
(polychlorinated dibenzofurans » £ # Polychlorinated dibenzofurans » & -
PCDFs) 2 %tfi o f* B3 ¥ - a1 ¥4 Y T4 2 hi5 4 b % &R Sy
GO TR EREYR B PT AR S AR ATREEEREA A
4’&%$ B e f R T R TR AR RIS
p %% v/l?c‘fé? PRI HAMEEGET Kf K éléié’wfi,]‘a L B

‘“\

_ﬁ

Bt st (Fewer, 2003) > = o » VR 3 g p 7 5 (&
o {f—guz)\ DNA »~ 3% %% > d L J R

)% - st (WHO » 1997) & 23R is F ;ﬂrﬂw%,nrﬁou:
RN ST ERALEFIIE A R R PR T A A
W&

£ Elff% [ERER VN L ES
EM%IF’** R R A

\rn
1’3» ‘15}
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TEBR & (Chang % 0 2015) 4 iz Flpt £ 3 4 chd B RE T 5
ﬁ’% 55 QM Bk G ARE 3T 20T 0 B3 P B 5k ¥ AR
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3.1.2. FEM- AN%4d 2 ’k.éi‘éﬁrré-ﬁ']ﬁfié (GSR) H.jF

EERRRFARESS 212G (DRAILE ()P 52 (3)
dFEELEE Ag o H Y ,3_471]4 ;@,-/zqr\#ﬂl!/[ﬂf'%jw\v]rg#‘\}‘w‘réiﬁéﬁ’}
ik tﬁ*i‘—fﬁ# ’ uéﬂ*ﬁﬁ@%f“‘m' T A g ARE R R

i AL L EID A FeT@ i B 2w Bk w2F 5 (Nam et al > 2008) ~ { &
‘iiﬁ“#g‘i;‘flﬁ’ﬁ‘izﬁ\%‘°"fﬂt”ﬂ?zﬁfﬁ,ﬁl% = KB4 At

u%&%aﬁ‘mm%ﬁﬁiiiaéowau&4%&ﬁiﬁ%ﬁ&$“

RNERAAV LN PR ERNR o td WA FEILDR AL S
F VRS k2 R R 214 &4 (BakerDBetal,1994)> & % g #
PERFLERTI S AT T LG 2 ARFES AT ST Ko 4 P2
PCDD /5 4 "% f2i#2 > # WA FHRFTHMHFEFT 77378 ks iy - o

S

A HPCE R O T e 7 ¢ (lIshiguro et al.,, 2000; Schultz et al., 2001;
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Kimura and Urushigawa, 2001; Gesell et al., 2004; Chang, 2008 ) & 3 21 (573
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Fungal strain Degradable xenobiotics Initial concentration Removal Efficiency Duration time References
Trametes uersicolor H-1051 Polychlorinated biphenyls (PCBs) 1,800 mg/L 72.3% 10days | Ruiz-Aguilar et al., 2001
Lentinus edodes H-925 600 mg/L 70.4%

. . 2,7-dichlorodibenzo-p -dioxin 10uM > 98.0% 40 days Sato et al., 2002
Panellus stypticus strain 99-334
(2,7-DCDD)
. . CNP herbicide 1¢/100 mL 28% 28 days | Kameiand Kondo ,2006
Phlebia brevispora TMIC33929 . .
1,3,6,8-tetraCDD (in herbicide) 180 pg/g 84%
fungi 267 OctaCDD 5%
(screened fungi) 1,2,3,4,6,7,8-HpCDD %
1,2,3,7,8,9-HXCDD 18%
1,2,3,6,7,8-HxCDD 10%
1,2,3,4,7,8-HxCDD 28%
1,2,3,7,8-PeCDD 10%
2,3,7,8-TeCCD 5%
OctaCDF 8%
1,2,3,4,7,8,9-HpCDF 20% 30 days
1,2,3,4,6,7,8-HpCDF 12%
2,3,4,6,7,8-HxCDF 22%
1,2,3,7,8,9-HXCDF 5%
1,2,3,6,7,8-HXCDF 12%
1,2,3,4,7,8-HXCDF 23%
2,3,4,7,8-PeCDF 21%
1,2,3,7,8-PeCDF 28%
2,3,7,8-TeCDF 61.5 pg-TEQ/kg 58% Tachibana et al.,2007
fungi PL1 2,3,7,8-TeCCD -
(screened fungi) 1,2,3,7,8-PeCDD 76.3%
1,2,3,4,7,8-HxCDD 75.6%
1,2,3,6,7,8-HXCDD 79.4%
1,2,3,7,8,9-HxCDD 79.3%
1,2,3,4,6,7,8-HpCDD 79.0%
OctaCDD 80.0%
2,3,7,8-TeCDF - 30 days
1,2,3,7,8-PeCDF -
2,3,4,7,8-PeCDF -
1,2,3,4,7,8-HXCDF 100.0%
1,2,3,6,7,8-HXCDF 100.0%
1,2,3,7,8,9-HXCDF -
2,3,4,6,7,8-HxCDF 82.3%
1,2,3,4,6,7,8-HpCDF 70.2%
1,2,3,4,7,8,9-HpCDF 100.0%
OctaCDF 67.4%
Bjerkandera adusta Pentachlorophenol (PCP) 100 mg/kg 82% 28 days Rubilar et al., 2007
Anthracopphyllum discolor 90%
Trametes versicolor Pentachlorophenol (PCP) 1,043 mg/kg 70% 7 weeks Ford et al., 2007
Phenanthrene - 9.7%
Irpex lacteus Anthracene - 22.3% 50 days Cajthaml et al., 2008
(low-nitrogen mineral medium) | Fluoranthene - 79%
Pyrene - 83%
. .. 2,3,7,8-tetrachlorodibenzo-p -dioxin 86.7% 48h Ishii et al.,2008
Pseudallescheria boydii 6.2 ng/ml
(2,3,7,8-TCDD)
. . 1,3,6,8-tetrachlorodibenzo-p -dioxin - 50% 90 days Kamei et al.,2009
Phlebia brevispora
(1,3,6,8-TCDD)
Phlebia lindtneri Organo-pesticide trans-chlordane 25 pmol/L 64% (in PDB medium) 42 days Xiao et al., 2011
Phlebia brevispora >50% (for low N medium)
Phlebia aurea
Gymnopilus luteofolius PCDD/Fs 72,960 + 13,400 69.3 + 6.6% 3 months Anasonye et al., 2014
Stropharia rugosoannulata ng-TEQ/kg (WHO) 60.8 + 1.6%
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% 2 Phanerochaete chrysosporium *% 25 % 4~ st # &2 F R if i F2
G JEEAE- $ kY ik R 4 ',ﬁ% LEE 22854 % ‘Q’lf’%
Pentachlorophenol (PCP) 30 mg/L 76% 15 days \2/\(/)%8 Ryul Ryu etal,
Simazine 34~48% o .
Trifluralin 10 mg/kg_1 soil 0~30% \}vzeeks jlll\g(z;lolgragoelro o
Dieldrin 40~46% N
Graciela
Polychlorinated Biphenyl (PCB) | 600 to 3000 mg/L 34~73% 10 days | M.L.Ruiz-Aguilar et
al.,2002
2,7-dichlorodibenzo-p-dioxin 0 .
(2,7-DCDD) 100 uM 50% 27 days | Vallietal.,1992
2,3,7,8-Tetra CDD 37.1+£5.9%
1,2,3,7,8-Penta CDD 53.9 £ 6.8%
1,2,3,4,7,8-Hexa CDD 64.9+57%
1,2,3,4,6,7,8Hepta CDD 53.6 £ 7.9%
Octa CDD 41.1+7.6%
2.3.7,8-Tetra CDF 5 ug/L 273+ 8.0% 14 days | Takada et al.,1996
1,2,3,7,8-Penta CDF 385+5.7%
1,2,3,4,7,8,-Hexa CDF 54.7£6.1%
1,2,3,4,6,7,8,Hepta CDF 51.9+7.1%
Octa CDF 58.6 £ 12.3%

. . Ruiz-Aguilar et
Polychlorinated Biphenyl (PCB) | 3000 mg/L 32.60% 10 days al. 2002
Pentachlorophenol (PCP) 30 mg/L 80% 30 days Shim and

Kawamoto,2002
Phenanthrene 72.8+1.4%
Pyrene 10 mg/kg 51.2 + 6.6% 19 days | Wang et al.,2009
Benzo[a]pyrene 255+ 3.4%
72,960 + 13,400 0 3
PCDD/Fs ng-TEQ/kg (WHO) 67.2 £ 2.6% months Anasony et al.,2014
daris e B B FEA G

T R PR R et 2
B R R BT L ARRR IS T ARG A

¢ 3% ¢ @ A % 3% Panellus stypticus (Sato et al., 2002 ) ~ # 3%k 3% ¥ % Stropharia
rugosoannulata ( Winquist et al., 2014 ) ~ k& & ]2 T i Pleurotus ostreatus ~ 5t
v 4 7 lrpex lacteus, “F1g f] Bjerkandera adusta, Z 3~ Trametes versicolor, %
k= % 3% [/ Pycnoporus cinnabarinus ( Cajthaml etal., 2008) % o gt “b » A3+ 3
RO - e ARG Rl B AR RN el A SR
Fie AR EFEFL R iR
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P (EC4) iz R Hps (EC5) %> A HE AT I 25 (F
#LEgE A KEGG b https://www.genome.jp/kega/ )

-k FEFEEEAATF A BB

Jof A B AR e A

% % (Kersten and Cullen, 2007; Singh and Chen, 2008 ) o #7141 ig i fig 2 4 7 14

»47\‘/‘:‘;;1

5_7‘ }F’Eﬂfj‘*i

BB o GlAekfRpE (KR pE o %R

R pERs )

foA % j2ps (> F2BF pF lignin peroxidase (LiP) > 42§ it pF
manganese peroxidase ( MnP ) fri% fi# laccase ) ( Teerapatsakul et al., 2007 ) % -

R AAFTHET BB P AR LR

LR RTRE S D

€ & 22 (Mori and Kondo, 2002 a,b; Singh, 2006; Pinedo-Rivilla et al., 2009;
Wang et al., 2009 ) - P. chrysosporium (P.C.) ¥t 2,7-8 % #* # % (2,7-DCDD)
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R A T A 1992 & (Vallietal, 1992) o B 1 4e@ 3 H ¢ Bgor %gd
MnP 22 LiP A féifs % B3 4385 CREF BRI BBIMASF R
WA AR S o PE NS EA D F PR o R R RS
> 4t MnP - LiP £ laccase #2 % /1 B (mediator) i iff% (4c®l 4) #
A AT g i BN 2§ R - B B S - RS L
P RAP I RIEITALE S TEFF R S Y RS ) A

o
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4

& 2 OH 3 1
LiP l
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0o 5 OCH, oH 7
l 6 / 1
OH 0 COOH
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—_—
o Is) 10
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OH OH v
8 o v
CO,

W3 %% RLTEF (P chrysosporium) # 27-F & & £+ (2,7-
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LIP3 2 LRI REFF CBRFBELBHRI NI PRI
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d 4 ?“ ()4 ABTS) eriggr » BB E }%%’i\ig— ) 52

FRBORTE - -MnPE LIPy 504 FltRE7iE
Fixs k=g PBRF K-

@45 BREINR PR FBIF 4R 2014 & NAL 7 & 4 605 - 4p #0 ik
FEH v FEFLCASMBARY 882 - 2REF oA TR D5 - ¥
T200 FERL- LR AREL S50 B HkaE Fo FE LN
FRHAFEFRER T A BN APk aug@ﬁgm#g”{ﬁx ) F T E
%%ifw BERFS P F - LR P 0 Jﬁ*fpﬂfim%ﬁafi
2.0 il A EiEid ’—‘I!;rs*’ B EHS TR G BB EER S TR
HApB A fEF%E2E 4o MnP ~ LiP 22 laccase & s o kw0 s H B4 > 2 BT
TIHNFEMNEF RAFERIREFR > 2 FFAEFFE DR LIRE
LETE-REFEF SN R
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315 FEEBLEIZRARHRH
FI* EFARREF s R XA AN E LS R
T E FARRRFORHEELL L P RS IRE RS 2R
EarthFax Engineering Group ~ 4r £+~ Yukon &3~ Xfg &2 p 257 % 2 )I?c—‘t- ’
B o prEbl AT e Rl B ARG B L o 8RR
AGEARE RG> BB g e KT RO iR 5 A kb
PR o ¥ 23 $3 hE 6| A 47407 !

(L)~ P AFHFF6A

e 4 (2006) 5P~ BB FfEE T EGBE R R o bR (4o
RS #4378 MKRESRALFH - AL FTARTOEEERLE > R
& F st 4 ¢ 10 mM Malonic acid, MnSO4 £ H,0, # ¥4 pH & 4.0 & 37
CTHr 7 Al | FEFpEEiiEge 385 % (PCBs) 2 “,f 84% - %+ PCDD -~
PCDF »< % P £ 4 - PCDD ~ PCDF - PCB % %84~ 4>k & % 497.3
ng-TEQ/kg -

W5 P+ RHBIBEENEREF BN

(2)~p *935%6|B

s (2009) * p FEE N KRR F (FRAEABR ) 7%*&?{&_?,9]?
AR A ¢ 0 el 6 TR AL 30 X 1 0 B 3 ok ik 00% o K
F3 I 0T RIE 1000 ngTEQ/KG 775 % 4 #i
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M6 prRserhe (2)BEF () B

(3)~ g 06l
> Aalto ~ ¥ Winquist % « (2014) {|* + zk ¥ & Stropharia
rugosoannulata % v ¢ # E f] Phanerochaete velutina &2 i3 4 2 3% » 4o
77 o e L1 R By bR~ FP U FIBAEF B B PERT
16 # PAH 4 & 400 mg/ kg =4 f# 5 5 94% (Winquistetal., 2014) ; §* £ =
SRR A 0 N5 64% (RRFTAR ) FeoFT 2L B

Q FUNGAL GROWTH

." b PAH CONTAMINATED SOIL AFTER 3 MONTHS

+
COMPOSTED GREEN WASTE l
PAH DEGRADATION

W7 ¥ Aalto * ERFF L in BRI E FHRY

(4)~ %2 | EarthFax g 3#

# W EarthFax Engineering Group #_ - R AZRER &7 o 5 Py &
Takada (1996) %= % > 41* Phanerochaete sordida ¥+ B % "% f25 &
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https://phys.org/news/2014-05-fungi-oil-polluted-soil.html
http://www.earthfax.com/Page/Field-Scale+Degradation+of+Polychlorinated+Dioxins+and+Furans.aspx
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= ~ SUBRERES

- 22545 (91500 22 ) S Bk (T o e 20% A0%E S E A
540 F 282 (4107 ) 7 # 15 ppb-TEQ /5 2 A f#< 5 ppb-TEQ
(4@ 8)» Ak 5 65% e

- 5

518

c

o

€10

S Cell A CellB
{1

w

B l .

Day 0 Day 282 Day

y 0 Day282

Figure 1. TEQ Degradation

W 8 % B EarthFax % #-4 f23% % (CellA: 20%%’5}“&&;,?]& 4o ;
CellB:40% Fj#li 4 ) B2 X R ¥

(5)~ H i 4B @ 4r £ % Yukon F 3% i)
Kawina Robichaud % 4 (2013)# Yukon ] * X %tk = j&=if Trametes versicolor
(turkey tail mushroom) (4@ 9) & & 4 & (Pleurotus ostreatus) fie & frpfes s ve
R F b %05 4oend 3 (petroleum-hydrocarbon contaminated soils ) - 2 ¢ 5 X 3tk
TS A R A BT UG RBE AR E A o % 3Rl i AR
+

PRRER R SARG KA AR T A RR R

=k

WO X RFAVIRE " FHR
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http://earthrepair.ca/bioremediation-in-the-yukon-using-fungi-plants-and-compost-to-heal-petroleum-contaminated-soils/

BEMFR FESEE 3T

33 FEMBRPRIZ AN R ES 0D RE

initial Final | &~z | F Rig "5 iz F Jtp
ng/Kg | ng/Kg e | (REF) | ERE
-TEQ
1 % 1000 100% | 90% | % * R 30 | ARF &
g in- | 4973 50* | 90% | ¥k 1/ F | fEhiRtF
&
% i Aalto X 371% | 2~ R 90 = | FHF &
EarthFax 15000 5000 | 67%* | = ¢k gk 282 % | HMF &
EarthFax 2836000 | 570000 | 80%* | X 274 = | FIMF &

Y e RFEPE SR X ARTA

G R T e R IR G TS RS T B E AL NEEN F
%ﬁm@”’a%“éﬁﬂﬁéiﬁ;é%%?%ér“%lﬁ?ﬁéﬁakﬁ
O T T Sy B RS N T R R L R AT Y

A 4 RS G hREL e

32 BEEMRBEI2ZTAEAFMEEA LML

Fl* e FERASMBRERF AP A FR M 508 E ] (e
US09805127 ~ EP1074611A4 ~ JP 3831784 % ) » A FH ¥ {71+ o Uit % & f2
Ol r’v’?ﬁzﬁ"f TR BORRE SO BT A B TR REI %
> o‘}%ﬂgv oL FEREREFRDAT R SR {rES PERABRERER O
£ 4] (United States Patent US4891320A) ™ 2 p & Mg 54 2 &2 9 K Ffi¥ %
ﬁ_g‘/r»i\-fﬁ?ﬁ e b (R E 4, 2006) & & 41 (JP2005034057A) - izt
*"K{m (2 mlziib‘;:

ARG E2 T GREALRAFEUEFET I P -RAI HELG A
ﬁ*i\i’?mné Poa R ERE FEELAREF RPHIIEAATHRTNE L
SRR AR G P EAERSAAM KA DR L #“ﬂ‘/éﬂi%—*‘
FF é 7
poh s kg GSR R B F)F v —}EE’ B f*?,;;" 7% ( Best Management
Practices, BMPs ) A~ 47 % » A8 %3P E 5 T 7|1 (4B 10) > f§ it 4o

L
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= ~ SUBRERES

AL R HA TR S S L
o R SO A4 (biomass)
P 2R RS E B R

BEINEETT By
T IIREL

SREOIEEREYIER
Bl Ry 4%
LREEY)

A EfE A DT (bioaugmentation) fZ [

Z 5 [FEr A (biostimulation)
A B AT IR 5

¥ 10 r-w'& v FE Eﬁ’?é’ﬂﬁ#ﬁﬁ“i‘-@%ﬁi 2B | e
2ZHFZFIF BB K Fisd i § =R 5 (Best Management
Practices BMPs) #4578 % » B 7 2B L L2 FEH E 5 LA &N ~
FREZ SR R BRAPFEPFIRR PR “ERB
IR T EEF VxS L

SR

AEEZE g R 205 2 B RO I I F R T N S
s B end P T TEEMEHF "L’ﬁ—,—‘%/bb 4 jjg( A A s P AN Y
BHD o SR ARAREE M B R E S AL R T A o

N

B AR

PR EE R RSP 4 2 - RHASIR R REART /A
FRAL L R AL o A P IR L B al cng bk s A PRI E B 2§40
Fv"%{"
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B N R LY

ﬂ‘“*ﬁﬁﬁwéﬂﬁﬁz—wam’iﬁﬁﬁwaﬂmnwﬁhﬁﬂ £ 5=
Rk R e N Y BT T F R R NS BT iR
WP EREIEARS S SR EAN FRL

% 2 ;}'ﬂ%ﬁ’ 7r A Ifgj“i}%(7};)§t@
TR KL o Lt ARIFERFET PREST I ERF B R E R
M EERVFRRR AL AE AR SR

T~ 4 1}4_1% /}E\‘@‘

Bt PREZ SRR R F 5L 0 plagEirR * a5k X
Ry P RE % iﬁ##°*@%”“*”%%%$?ﬁméfﬁ%ﬂ ’
SRR SR AR RO T AR AL SRR
¥ % bioaugmentation 2_ b > 4R HFRE T w e 4 AR A S 0 2 B A
£ A% - E IR ER PP AR
AT AEZE AR

W

PR SRR AR ERCT B gad e T o RFIHEED
4cw7,ﬁ“*ﬁ%&ﬁﬁiﬁﬁg?%%ﬁﬁﬁﬂﬁ(MMWmmm)i“
8% 4 (bioaugmentation) Mg & ficd 47 e £ b BT 0 A 3 S
S ekl Fla kR *4&m¢ﬁ&°“%w%*ﬂ%§wﬁw’a
CEE T PR S RIE S TN CIES S

Flpt o AT P o TR AR B S %k o PRt H B VR 305 4 A
:}iﬁf’%-i%pé]% FEFEEE BRI H TG R
AFEREFFr>TETREF LA RARPRFF I L EN 2L 3

FECLIHIERFT AL T R R E -
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-~ F’;L 2R (21T RHYEH)

41 RERFHEVEHEE

AR R AR 11 AT o [T 2 0 R R LR R 2 T
FHORR BT RRIE G > UG BFARRDRER S FPF > BES K I FAD N5
%%&i%@ﬂﬂmﬁ@ﬁ%:%@,@ﬁ%ﬂﬁ@i?m%ﬂﬁw°—¢Fi“%?
VRPAERMAE Y F LR RGP T

o AR

;\Z .‘."‘ v
R w|

.
lllll

N
"y
.

Y KRR ieE Sam o

9 v

ool D i OO

—|  FHENIE |e—

BOER S

ey

[ ek

W 11 R B2 Btz -
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BT R
AAIERPIEG S CHRPISAIERPICERER > T H KT I EEFEA B

i & RRITZ By B2 o AR A BT A3 0.105~0.250 mm R o R S 2 54 ASTM

E276-13 ~ D422-63 = ;= > * £ 1 @R & o

HE2~ b REEE AL ARG

LASERAE % PO FHERF DEF - S1rFARY R v gL a3 g
v TR 7R A M BORGE o 4% laccase ~ MNP & LiP i chEtR 0 (TR
fexg & e hrettAg EpE R R -

2. % fe¥ A PDBHREHUE AR I ER3AT RS BRFTM T AWM
R R ARERAS (DAF2Z) A MA ko R E AL & T L0 M
EFMPEOS A BT ERAFEE RGP A fERE R AR PR G o A
FRFEETL S BRUPEEL AT EFL RS -

3w EEEPE AN I AEFRAIEL DT L > AP H 2 I s b EE R A2
A SISk A gk a2 5 URRIRY TG o

4 bR F REiF BRI R E G R PHY R E S BRHEF LA B E S5
BHEREF BED S Ged 2 E RN R LA FRAIH S H AT

PLE - MR A2 REEEELEOERT DA AT AL RV R DR g A

A
= o

dN RN R e R B B o M £ B¥ R4 49 (laccase+MNnP+LIP) ¥ Bt E 7

ERTHAS AL SHA R R P

HFE3 A F 1 28 AT

L ARELF B #pdrle st LIREG FRFRTERWESF & 96| 5o iRl
BRI ERRET

2. FHEPIFE AV EBRE L ZRRZIFIERE U RS (FF )R REFERE LA
f3+ %5 5000-10000 ng I-TEQ/kg kAR F B 352 » FEN I RBNRER SIERT
B FaEZERCMERFHBRE wﬁr*%‘”‘*vi C R H E RS o

3. A I AFHK T ES0M PEFEAERET ZEFRLIBE AR B ahfiEE (§F
%%ﬁ@ﬁ)r&éﬂﬂﬁﬁ%%TﬁiﬁmﬁQSz%ﬁﬁﬁiﬁ@ﬁ@&”%é’
BRI R AR B (RF BEH2Z 20T e % m ) £ i 4 1~2 X enE
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3

H
\‘
St

<5

&

k3

¥RA7 5 I ALBER  EREEA BT o

—

LR B 2t e Rt T BR A 0 FE

r

-l S5 U IR S RSP 4
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42 PRI FEHPR A2 173D (HEW)

2 AFPTRAREIEH R 22117 (HER)

E 3 #

a1 i{F¥3 p

© fric B i

g itapid A

ER DS E- L S e3 WERFRCE 2

[P R R )

ER YT

R
1FRRBIFAY 20 |30 (35 |50 |60 |65 |70 |80 |85 (90 |100
% % (% (% (% (% % (% (% |% |%
C F & % )
L 2 R L AR
g |20 FEIRI 37f§;1ﬁ“m§x'i%'» H
3. VeI v D AR E FORIE 2 PIEE
FRAPR l.wmf*3ﬁ§$¢¢”F@@ﬁW$
w4 |2 St JANFHA S
3 AP RA 2SI PAERS R
w

1~ 21 ie5gp ’ﬁ‘ﬁﬁagy f“*?‘ri ZTRP AT IPITEANERA T HAZZP H o
-

2~ T1IFRRET AV ﬁ;ﬂlja;;gjor-g Y irEer2 /ﬁ,fi—f;,q\gt?a_ﬁ:ﬂ |r.}'}’}ﬁ‘/j}u"r EF =
e a (1) 11828k (2) §p2~f (3) 1Fg2E (4) S F2 L/
wF -

3 THTAPE » FraFURM I HEPRES ¥ T TAPE ) LM e
£
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43 FR AR
43.1 F 3 AR R 4
ARTT TR 2 A W E AT A5 % BT

3 5 P& FEPH

AL RELZES RE 2 AlE
Vial, screw, 2 mL Agilent Technologies
Vial, insert, 250 ¢ L Agilent Technologies
' 2 % (Clean up Standard ) SUPELCO
' 2 3 (spike Standard) SUPELCO
#* 2 % (internal Standard ) SUPELCO
. ® % (Stock Standard ) SUPELCO
& -k Frpadr (Sodium sulfate ) Macron fine chemicals
= % ¥ '= (Dichloromethane ) C-ECHO
# % (Silicagel) 70 - 230 mush Macron fine chemicals
ez C-ECHO
Frps 25L C-ECHO
vF C-ECHO
¥ F & 1L
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% 6 RETXHG
A& LS ITR % % N |
% R % A5
ik ﬂ”ﬁ%}& Turbo Vap500
RIS TR 2 AG204
A RRTE VCX750
/",’ ¢ 47 1% )
A ARR 1T Agilent 6890N
(GC)

P& (MS)
ATk 5 k-

&R ECE
ksl B2t

REHER

Agilent 5973N
Channel Drying

EVEL4 FDU-1200
U-5100 HITACHI

TS-520 ORBITAI

43.2 742 EERIEFA

PR2FIEF AL RFREWIE e AEEEE TR H B
WeRs A SSRGS ERPICHE T S 025-0.105 mm 2 2 5 R 505 R

Yoy

433 FAEFEFH %G

AR FBAS A X kR Bp S B Leha
e 8 6 Jf E ) o Phanerochaete chrysosporium (P.C.) (BCRC 37988) ri
Bpam1¥FEATTA TP (BCRC) #piist 1 24 2 hF R
PS4 %X E 4+ (PDB-39g/L; Yeast Extract>5.1 g/L;agar 20 g/L) >
Tr CEERAREFAMRBR  Fdd AUEREL TV HIRLERS
% oogt b BB F SO PDARE Y > F FSA LB RE2THER Y

BEB2H T 1

34
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43.4 % LR R LG E

FER S B REGIFFE T ARET LN ;;3.1‘7@{'4;;;,?],?@
7%—,’5!*1;?]'%”1;’&7%’&T%p\;‘fimﬁg’i’g*“ PDA £ % &+ 1 8-
o VRLEIG I RSk o 218 0 B - [ BUFS T %\ﬁ;‘f%f‘%m’?ﬁ{
RIRABASfEAT R 20 d c AT R A ﬁuﬁ 40mL 2% (9
7 50% A B % )4c » 200 mL 2. dH20 ﬁrﬁ B3 e M4~ 20mL3NHCI >
‘PRS2 2 pH 5 8~9 2 & o £ 1% 0.3NHCI#-H pH A F 3 pHT -
PR 8NATF o EAEFELIZ 1%ATE e~ E agar 27 3
Bk z2. M9 medium (64 g Na,HPO,-7H,0 ~ 15 g KH,PO4-H,O0~2.5gNaCl~5¢
NH,CI ~ 1.2 g MgSO, ~ 0.055 g CaCl, fie #l & 1000 mL » ¥ % 5X # %73 % ) »

BEABAFE 6B Er X FRA -

s ayg} ﬂa? —

=

Perh o ST SVIENEE R 05 g B AR ARl (T A
1745 2 o

4.3.5 ¥R ARl

v FE FAPTA 4 gk ' Laccase~ &~ % %% i & pF(lignin peroxidase
LiP) ©4%:% % i~ 2 f¥ (manganeseperoxidase » MnP ) &% i & e 2 i 144k B
7% P (Juarezetal, 2011 ; Freitasetal., 2017 ; Zengetal., 2015) - # ¢ » #7%
ke d D EF ok (5 MM HO,) ~ #rfidE (10 mM > MnSO,) ~ %4
K (Dl) ~p - g ®%% (pH 5.0 buffer » 350 mM) & B * % =3 %
( Britton-Robinson buffer ) ~ ABTS (10 mM ) ~ i 4= (50 mM > Phenol red, PR -
fefs ) ~ 7 A E (30 mM > Methyl blue, MB)

1. Laccase ;= 1+ipl % (ABTS 2 ) (Chengetal 2015)

# 600 pL =k ~100 L & pH 5.0 buffer ~ 100 ¢ L e ABTS
( 2,2"-azino-bis-3-ethyl-2,3-dihydro -1,3-benzothiazol- 6-sulfonic acid) e
200 pLig §AFfRaprdin g > B IEiRacs B¢ 30CF 30 A 4 o
Bl Z_ODgonme FEZ A (U) T & 55 248753 1y mol ABTS "efiz %
$EH? ABTS )k adic s e=36mMlem™o ot 5= 2 7 v * dopgsn
Lip ( 2 HO,FF) 4= MnP ( 7 H,O, 22 prfadsF ) «is e (Fackler et al.
2006 ) -

2. lignin peroxidase (LiP) 7= 14ip] 2.



HREEER

#-570 y L «nDl-k~100 gL & pH5.0 buffer~100 gL 7H202~30 g
L MB % ¢ &2 200 p Lg% #f@2priRe » 30CF 530 ~ 481 -
R iODGSO nm °

3. manganese peroxidase (MnP) 5 {4ip] 2
470 p L «nDIl-k~100 gL <7 pH5.0 buffer~100 g L 7 H202~100 g«
L 57 MnSO4 ~30 pL PR % ¢ #2200 oL §4F@2pmiRs 30
Tr & 30 ~ 4518 > Bl T ODgzonm ©

4. 2tk pd B iRl R
#-600 L h-k~100 gL «pH5.0buffer~100 gL <7 ABTS 22 200 1
Lig 4 #rf2psgme > 30CHF k30 ~ 4iis > 2l 2.0DA420 nm -

Eg it (U) %k 5% 248 1 umole %4 (PR & MB) & 13 & cps4

ﬁﬁiofgéﬁ%fz

AOD= H&EBZEE-Z 09 B EE e (=23v1)
AO.D
C (mM) = B T T TSSOSO PPT PSR (=234 2)
e(mM*cm) l(cm)

C(M)+1000(=1)+Final volume(L)
T (min)

o)
BN
Tk
=
|
N
vy
)
w
\—

O.D (Absorbance) =rxskig

e (mMiem?) = £ ik

C (M) =i-BHFhanin? akhER

L (cm) =r&g & R&EIT

T (min) = F BEFF

V. (L) = F Ror* iz WA

Specific activity (U/L &« Ulg) = pEZ v iE4

43.6 9 WA 32 wito 5k

AFTEHE - Ro RS P2 BEEEEFREE ST R
e A RREF A BA L EFHFS) B E 2 GG R )
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rAEALEFEABKI B o HP L F(FN)IS B B 14 B jud 31 B
2IG(FF )37 B oA AL 2E KB40k TR H Laccase ~ MnP 2
LiP ;&4 8 » 12 SPSS o2t 48 & 4738 (7 & W (502 & 47 ~ Kruskal-Wallis #
T (Htest) » MiF AR w @ fk A d| 2 Laccase w4 2 AELFE T LR
EFDUMNERSETIELTER LR o

2 7T HiLr ez ki i

B A i #

% A(F ) 13
# 4 14
e 31
EFH((G 7 ) 37
i 95

AR B L ER AR EFEZ B EPRAERRS P AFRAT
AL g {,;j_fggnﬂ < p& \ﬁo o F]t | # ez Kruskal-Wallis # 25
7% u]2 ,r.]“}{@ o”ﬁ Bt T aE £ R TR AT
(ANOVA) - KruskaI—Wallls e mﬂg;:fg T E AT A ‘Bﬁ#»F'&rm‘ [
BcE T = AP E 2 5332 o Kruskal-Wallis & %2 @ * pFi% 5 ¢

1g A fic(n)fo ] (L ¥ 4p n<B0) o & & i hfen T & 430 5o

2 P e g ek A 2N

bt fr A4 T F LB RR S B ’ﬂn,a B (HO ): 4

ERAY REARR O H2BERMHA)Y D03 - e AR o H 2N 4T
12 H R} R:
H=—"" e E 3 (n+1)
n+1) ", n,

*H 5 df=3 -1=2 sy’ A

Kruskal-Wallis #& = H 3+ > & > % H>y* (df,1-a)> P | > k¥
k& o (significant level, a) Rl4adom & B> &7 2 efF @ 8 ¥ 4
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ot Ly CH(TIORB)EAE 3 oAt B ETnLE
AR DUNN e FE SRR S S L T % s B o Dunn

PESEAIATE D -

0 - Ri—Rp
NN+D 1 1
12 ny nB)

Ry:AnTiofk ;Rp:BlaTiof ;N: gfEA#c n, ' Arttadic: ng:
BlethAfic: k: ko

5 Q>Z(k(:c_1)) » AT ANBA Y G BEFALR -

43.7 9 v BRI AVTRGERF BiFE

FI* 0 v RS A R R HRBEAATY KPS & 87T
~F B iE e 38y F]5 (Factor) 2 = -k 8 8 (Level)e 5 7 0 F B =< dic o
BRe BFRFFEIIEY > ¥ FI 2Tl F% LEBYE4259%
2.2 X%k (Hr# 9)

% 8 Control factors and selected levels

Levels Factors
Acid Temp (C)  Tween 80 (%) Tnton(o/i()-loo
1 Malonic acid 25 0.0 0.0
2 Tris Phosphate 35 0.5 0.5
3 Malic acid 30 1.0 1.0
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4 9 Orthogonal Array ( Lo(3*)

Experiment Control factors
No. A B C D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1

BovEg Y i gl o (SN ratio) kit 2 i AT S E o B ik P
TRTFE LR T RFE RS F R X FLFFH TR SLFEY
bt EF Y PR G EAR S AR > & 5 - ¥+ 41 (Larger-the-better) -
FH N eT o

S/ N = —lO]ongi2
noy

438 ¥ L AN AR HAET
RER 7 B REIPRE S ERE TN o B 7 B URE I
,J~7ﬁ5-ﬁ '{:ﬁ F};L—k)vf;’é s FB,‘P)\%KE:]’QQ’T' B o PDA}F%%JK Fia%o,g’]—
6 VEERD né’,;:]/,o

B PDA3 & F B2 RSN YEH T 25 100p] #-ka1.5ml
MR g F ¢ o 4o 10ul Afaipie (05 M NaOH) R 3 1% & 95C ™ 7 i
10 ~ 48 - fpt PR > f1* T 4E5%6 B (Black and Decker LXD10-2) 57~
¥ 1200 rpm A7 = 1 A dd o FRis -1l b 5ike * 32 PCR e 1% PCR Hujisrt 25
%1513+ %t : Forward Primer (ITS1F)-CTT GGT CAT TTAGAG GAA GTAA >
Reverse Primer (ITS4) -TCC TCC GCT TAT TGATAT GC #-ITS 2 F|4% 3
(S rFIP A EPEFTRE AT -FIAFIESE R 1% NCBI-BLAST
PerbiE FRFICH > B FTAH AARET -
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439 v FERHZRERX 3
B RSB R R 3 & A (PDB- 39 g/L; Yeast Extract> 5.1 g/L)
® 5 3t 25°C ~ 150 rpm Z i ¥ % 5 2 T (Caietal, 2004 ; Zengetal., 2013) -
I RAEIFSEPEHS LAY FEFRR
B * FTHRERBRREE LY TH(bldeivereZg ~ A~ 2 F0F
S‘?»/_g_)/» /ﬁlgc‘)#lb ~ Hﬁ‘ﬁﬁﬁﬂ A ’B"Sgétﬁ 50m|—i¢;ﬁ ko
R F S A~ 2 7 AR M9 medium 150 ml - 3%~ 100 mL 42 {r ¥ B E F FiR
o3 25C ~ 150 PME R & T F R A BT S 0 B e AR gde
(10000 rpm » 15 & 48 ) (SB~(F ik » 2 T L B AT EEE R o
4310 *&*iFLpEE Y FRA
4+ 4]* TCA( Trichloroacetic Acid )tk % #-2 [#2- 72 *t4F & p % if &k
4 » 114t SDS-PAGE ¢ L% o £ 1,000 uL 4% 5 4r » 250 uL 1100 %+4%
frfi TCA * 4Crkfacy 2 B/ pF o BT K FRE 4 2 500 uL acetone
FRH S AR (s 0 8 T 20 Ao B TCA MR I k ehded Fie Lyl
Guanidine Hydrochloride fe 6 uL -k 12 2 7 yL 2X loading dye » ** 100 Ciziz
G 10 & 48 0 42 7 SDS-PAGE 4 #7 o
4311 EF R
prtag LA (20mL) B2éE A fsas 3 (209) R EFEERS > B3R
fﬁ;}lzg (120|’pm) 151117':3;{\_1@;,54;)’@‘!4%5@; F O 96 ) CPELS 0 Ak
ol x> #3200 0 EDEFAT - AT e
4312 FEI AR
PRIRKRPZ2E2TIBRBTOL2TR BRI 2w hp > 2 —F 2%
%;‘H%ﬁﬁ%%#ﬂﬁ‘r/% 217 B a2 ; (NIEAMS80L1.12B) » ff it 4o o
L kB Ep 2 EE e B iR kBB Y o £4er 10 ¢
-‘1:!1_-\ J\énkﬁjfx_{ﬂi °
2.4k S ARE A Bk D B E RS 20920 250 ML MEHE R 0 £ 4 r 20
E N i = IE S
S FEB LA r 60 ML T FREF RSZEW P 0 L RE LT R
ﬁifwﬁj‘fgé\iﬁ_’ /@‘1(%’]‘%%"’&/%1};1?6 ’ E‘.??EJ ii:'é%ﬁ?_:_fi °
4. k%5 E A7 &2 RMEIRSFAL Y (turbovapll ) ik Sk HF1

¥¢ o
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B fthpr % it e » 100 ML I & R SRS E 0 e R ALE R
ifggj 15 /”\ﬁ (:Efﬁrr{"')‘ g?{ﬁi&%ﬁ'{llﬁ’\?%— E\!;’) «ﬁﬁ@—ﬁ;mw
ZAgAg e » 200 B UEF B 104 8R S5RGBT
B is o fORAR B RYRSEE ¢ o
6. JRFRALIE 1 0 M R EESED TmLo £ % T AR AR #&*{ayg
AT 20mLpkgage o Fher AmLkmpiis o F THP L0 FE
AR RP R R ORMEE RMEIA > MR Z & T OREH DMK
L R 35 T2+ F F F¥eX T’A,??IJM E= NS

T.EBHP] : Avor 2 F 7 RN R B ALY 0 fde » 13C12-F mE R
B R ARk R S (5u¢L,100ng/mL) > £ 12 GC/MS # ] -

43.13 7 PR L7 3
2 USEPA 8270D ] = SVOCs 4 47> ;2 112 GC [ MS ~ 47 L 423 4.5
it L e o 4o 2 LIF M N IR £ $ (Sigma-Aldrich Inc. » PA» £ &) 7y e
&S Bl L HEi 0 GC wigfi v o 3ZEHR T 1R AN uwféf
250°C- 11 3 5 1¥5 $“$ e s ik 2 Imblmin-1 o GC 4148 e B K _45°C B
oo BFHE L A4S F A4 10°CHuE X2 T 310°Cr RiSE BEFT 44 o

A oA A i 1‘%&3 #a USEPA - ;2 8270D fr - % NIEA
M731.00C - A&+ > @& * - 4 = 34 (DFTPP) i% 5 8 2 & kmiFk & s
*ﬁiP'JE?'F-* oo ¥ BRI T 5 1004209 o £ K-EF I £ F D B TS R A

M w s Bl 4] 5 <2092 > 0.99 -

4.3.14 GC/MS &k B $-¥c2 % T4 45

k= Fapk 45k (Agilent 6890N GC) #7e 1 3# % (5973 MS)
(4oB 12) 245 K478 45 J&W 2 7 2 HP-BMS £ s 410 & & 5 30m »
PSR 025mme 3 BN R EZ FBGK ST A 10~ A 1l & AR &L T
% 515 A 4s o
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42

% 10 FH&+ &R (GC) <38 28% 2

REKA e (TiE 2
Column HP-5MS
Injection Temperature 280°C
Detector Temperature 350°C
Initial Temperature/ time 40°C /4 min
Tamping Rate 10°C /min

Final Temperature/time

320°C / 10 min

F 11 FHRTEFERT

REKA e fTiE 2
MS Source 230°C

MS Quad Temperature 150°C

MS Mode El

EM Voltage 70 eV
Acg. Mode SIM Mode

W12 GCIMS &% E
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43.15 PRI HRD 22 ERE

NA SRS E 0 2R TS24 2 TNIEA M8B0L12B-1* # % % rva
WiRl> 22— R R AR B BT RS LS
R R R Aok T AT o

B ? FEAREA R (JEAR 40/200/400 Moo/ ) PR 5AE OF
PRREREBLN 2B 1~2 p L RGFHRI P A FRE B THK
(Agilent 5973N MS) | 2 17 #81- £ 4 ¢ 443 8 # PCDDs f~ PCDF aﬁuﬁ—a
Rend 78 SRGSSHBBRPF SEIARS TPE LS BE S A
it g2 RN EE  TARRTE N R SEREER LA r S o

-

2 RBRIEEFSTLRL

HF i

I 5EIRIERE REEFF PEHERR
wER

£ 7 A28 30%

REE vz F & & 4CI-5CI: 30-1309% ~ 6CI-8CI : 40-130
¥ %
DFTPP J& 230 pass i i
LS W T 3l e 70~130%2.
g Ry 10 ¥4 i £ RPD>20%
Al >+ 2*MDL
¢ BRI P4 1002209 % i £ <20%
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I~ BEauE (FRREER)

51 REFAFNHEEAER L AR
*EFR

v FE R f TO% Ay 4 fis ehw 3¢ R £ T & Phanerochaete
chrysosporium (F& FPC) 2% s s &% F&s By FEF 50 7%
WA PGS RGREE M MG 1] AR A (FHRY
5000 &) AR E{IT 0 B AR RELpE DL E A 5
WREMT 8 AL e g GE L - RELRS DRSS — % 4 35
g ITS 25 F]vt 4~ 9 - F 44 = Pleurotus eryngii -

s
P v=

?ﬁi%{!ﬁ,”i‘?\'é d E—I_\/"_E-'ri (_ﬁ “'r"% iv 4 fi‘gé N |accase /\—"t}— ), F 2w }?;"-;5_
FIPC.A sk fd Jeit 4 Rl (Fof 4 MnPLIP 5 )0 & = ¢ - i
FREMAE G F T

POEIRG PRI A AFEF AT RFEF T - Fo BREK N
WEEREEE P11 LA B SRR - B mand B e
FRPEE AT E 4L 5 10 BRI E 110 B RS £ A TSR S
2 laccase ~ MnP £ LiP cjad » 3 ds i 4r & 13 o ik IR ik & RiRiE
ﬁ@ﬁﬁuﬂﬂiﬁ@¢§WHW@+'W*&ﬁéi WR RS - =%

(RS S5 iz EHG M) > 2303 %3 A Ak
9&ﬁﬁé*ﬁﬁlﬂ3@ﬁW1mﬁﬁ#ﬂﬁmi I I
Frthrrez fgick 14

E

v
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PSR EY LN BIREE AL 4B 130 LIP A i 2355 0 AP
iz laccase B A WA B3 @ MnP Rl AR *ﬂ*rv‘ IR G o iF fm
/»\%‘r B AfaEnl R T £ G laccase B R pf:](*;?]ii)(z z 5)7 #

KR BB B EMR S o AR AT R > M laccase E MR (T
AT o w AR A2 fy b % Laccase BT I0E L R E K 4ok
14 -




|F - R

laccase Lip MnP
120.0 120.0 60.0
1000 . 100.0 * . P 40.0 . 3
’ * i 4 PS
80.0 . * 4 20.0 + - :
| © g N SRS PO N T I
z i g0 SRR B B
ﬁ' 600 * * ﬁ‘ M ﬁ *
e . go 400 . s ¥ -200 s
by $ = . s <
40.0 . * . * . *
s . g 20.0 . s -40.0 . . .
*
200 S : oo R B
$ : : * g * M
00 N ¢ : 200 | : . N ° -80.0 *
2 3 4 5 .
-20.0 -40.0 -100.0

W13 o HAZLPUARRALEAGTHAR 234 58
2EFAFAM)BF EF U EFHCG W) - BRAA- B
TR

% 14 & % Laccase BT ioE ~ & 1wt

BT
1

IEE 95% (5
s FE{ G ]
AR E5R

TH H HUsE A Gl

Laccase EH(E4%) 13 30.27 27501 13.65 46.89
EIEY) 14 1124 16.832 1.52 20.95
TEY) 31 7.09 10.142 3.37 10.81
HE(FE#) 37 36.08 28.452 26.59 45.56
HER 95  22.16 25.624 16.94 27.38

s Kruskal-Wallis # 7 % 2 T5% &4rdk 15> B Taf s s u i o B
F(#]51) : 58.65: 44 1 32.54 1 fi 4 1 32585 1 FA(+ 7 4k) 1 63.03 - 4 47
%+ 2 {5 27.05(P<0.05) > &7 Laccase % 4 e evEftj BEF LB > L
2 R EEMT AR o 4ok 16 R 5 a* 5 Dunn % S (4 17) 0 H B %
Bor & R Laccase A G R F(F R H)E=T F(F ) e B

,
B o
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% 15 Kruskal-Wallis ¥ 7 T 5% % %

PaE (E% | FeRTE

Laccase L. (F4%) 13 58.65
g 14 32.54
kY 31 32.58
HE(TERS) 37 63.03
gl 95

% 16 Kruskal-Wallis ¥ %_

Laccase
Vil 27.052
HHE 3
AT R .000

2 17 @2 &DUNNEHHBTES

4HA 1 4HA 2 B R R HEE
HEEFE%)  #9 2.46 CEES
YEkY)| 2.86 B
HE(TER) 0.00
e GEkY)| 0.00
HE(FER) 3.52 e
tEY) HE((TER) 4.54 e

n g & SPSS 12 Kruskal-Wallis # 7.2 Dunn ¥ & ¥ T3 3. »

RS
Laccase &+ 1+ F R F AR )38 IR ’K&ﬁ%“%ﬂfa PR R O

$

,
B o

5.1.2 % BHNHRELGE

n %R “‘”ﬁ EX TR R ETFRAS R L wE (R R F)

EAFEU G ol WH SR ARHRFEFTLAYY o S AT BN
ﬁﬁf g igdhed 18 41 ABTS /2B £ laccase /& 4+t #de Rl 14-15 -
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140

120
- m R
%100 -
w80
g 60
L]
E 40

20

0

5 A

ET

W 15 gtk & laccase Bt o 1. @ h 5~ 2. #F 3.
FAMRIG A MBERG 5 oRFH 6. EF T 458 2
AEANZ O FEEASM R NAERZ SEHEL 100%:E
4 5 OD=0.61-

EREREE A A RS (AR RIAEAZ AL P
Re FREFIRI FIMCEHcAR - {4 ~ L~ FREF - BETI4E 5
b AR L o d 2P 3R F ARG E L i it

)

=
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A~ R R

513 £ 4 %ﬁvﬁ-]".ﬁ#‘-; * 8 ARET

- %; A%mfg,ﬁﬁi%* *pgljr;sg;r; Y H-H ﬁ%ﬁf’l‘ﬂ‘b’}ﬁ y ¥ OB
PIREFRE O TR PDAR AT PR A - BTV R B 14255 o

W12 EH9=xh=3%2 %X 33 PDAK -

FCPDA # 5 b 3% P03 4 S 0 1% PCR Hjiesc ~ 5.85 2 H ritiT
2. ITS o & F w3 A FE 7215 » 41+ NCBI-BLAST k4 J:P; i
v A FEF e A FIM MY AR DA | hEf 0 ~ % i Pleurotus eryngii -
Pleurotus ostreatus ¥ Pleurotus eryngii * Pleurotus eryngii - H L F1 5 7|t 434
% 4B 17 22 @) 18 - 4~ #= 2 % Pleurotus eryngii -

51



MK785235.
KX688459.

R(+)

MK785235.
KX688459.

R(+)

MK785235.
KX688459.

R(+)

MK785235.
KX688459.

R(+)

MK785235.
KX688459.

R(+)

MK785235.
KX688459.

R(+)

MK785235.
KX688459.

R(+)

MK785235.
KX688459.

R(+)

MK785235.
KX688459.

1
1

GTAAAAGTCG TAACAAGGTT TCCGTAGGTG AACCTGCGGA AGGATCATTA ATGAATTCAC TATGGAGTTG TTGCTGGCCT
-------------------------------------------------- ATGAATTCAC TATGGAGTTG TTGCTGGCCT

————————————————————————————— T CTATTCA--T GCGTGCTATT GATGAGT--- GATAATTATC ACATCATGCG
CTAGGGGCAT GTGCACGCTT CACTAGTCTT TCAACCACCT GTGAACTTTT GATAGATCTG TGAAGTCGTC TCTCAAGTCG
CTAGGGGCAT GTGCACGCTT CACTAGTCTT TCAACCACCT GTGAACTTTT GATAGATCTG TGAAGTCGTC TTTCAAGTCG

-CAGAGGCAA TGAGAAGTCC TGCTAATGCA TT--TAAGAG GAGCCGACCT GTCAAGGCCA GCAGCCCCCA ACA---ATCC
TTAGACTTGG TTTGCTGGGA TGTAAACGTC TCGGTGTGAC TACGCAGTCT ATTTACTTAT AACACCCCAA ATGTATGTCT
TCAGACTTGG TTTGCTGGGA TTTAAACGTC TCGGTGTGAC AACGCAGTCT ATTTACTTAA CACACCCCAA ATGTATGTCT

AAACATCACA ATTGGAAA-- ----—--—---- -AAACCAAAG TG--AGTTTG A----- GAAT TTAATGACAC TCAAACAGGC
ACGAATGTCA TTTAAAGGGC CTTGTGCCTA TAAACCATAA TACAACTTTC AACAACGGAT CTCTTGGCTC TCGCATCGAT
ACGAATGTCA TTTAATGGGC CTTGTGCCTA TAAACCATAA TACAACTTTC AACAACGGAT CTCTTGGCTC TCGCATCGAT

ATGCCCCTCG GAATACCAAG GGGCGCAAGG TGCGTTCAAA GATTCGATGA TTCACTGAAT TCTGCAATTC ACATTACTTA
GAAGAACGCA GCGAAATGCG ATAAGTAATG TGAATTGCAG AATTCAGTGA ATCATCGAAT CTTTGAACGC ACCTTGCGCC
GAAGAACGCA GCGAAATGCG ATAAGTAATG TGAATTGCAG AATTCAGTGA ATCATCGAAT CTTTGAACGC ACCTTGCGCC

TCGCATTTCG CTGCGTTCTT CATCGATGCG AGAGCCAAGA GATCC----- GTTGTTGAAA GTTGT----A TTATGGTTTA
CCTTGGTATT CCGAGGGGCA TGCCTGTTTG AGTGTCATTA AATTCTCAAA CTCACTCTGG TTTTTTCCAA TTGTGATGTT
CCTTGGTATT CCGAGGGGCA TGCCTGTTTG AGTGTCATTA AATTCTCAAA CTCACTTTGG TTTTTTCCAA TTGTGATGTT

TAGGC--ACA AGGCCCTTTA AATGACATTC GTAGACATAC ATTTGGGGTG TGATAAGTAA ATAG-ACTGC GTAGTCACAC
TGGATTGTTG GGGGCTGCTG GCCTTGACAG GTCGGCTCCT CTTAAATGCA TTAGCAGGAC TTCTCATTGC CTCTGCGCAT
TGGATTGTTG GGGGCTGCTG GCCTTGACAG GTCGGCTCCT CTTAAATGCA TTAGCAGGAC TTCTCATTGC CTCTGCGCAT

--CGAGACGT TTACATCCCA GCAAACCAAG TCTGACGACT TGAAAGACGA CTTCACAGAT CTATCAAAAG TTCACA----
GATGTGATAA TTATCACTCA TCAA--TAGC ACGCATGAAT --AGAGTCTG GCTCTCTAAC CGTCCGCAAG GACAATTT--
GATGTGATAA TTATCACTCA TCAA--TAGC ACGCATGAAT --AGAGTCCA GCTCTCTAAT CGTCCGCAAG GACAATTTGA

CAAT

W17 % 2 3 F » 2B % % £ Pleurotus eryngii ~ Pleurotus
ostreatus A F1 5 7| ¥ -

Bl 15 R HLR

2

R(+) % 4 4

mo

HE BB

MK785235.1: MK785235.1 Pleurotus eryngii isolate 24 small subunit ribosomal
RNA gene, partial sequence; internal transcribed spacer 1 and 5.8S ribosomal

RNA gene, complete sequence; and internal transcribed spacer 2, partial sequence

KX688459.1 : KX688459.1 Pleurotus ostreatus strain 19 internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete

sequence
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F(+) mmmmmmmmmm e e e e e A TGTGCACGCT TCACTAGTCT
KY962500.1 GAACCTGCGG AAGGATCATT AATGAATTCA CTATGGAGTT GTTGCTGGCC TCTAGGGGAA TGTGCACGCT TCACTAGTCT
FJ904735.1  —mmmmmmmmm mmmmmm e e o oo oo GGGCA TGTGCACGCT TCACTAGTCT

F(+) TTCAACCACC TGTGAACTTT TGATAGATCT GTGAAGTCGT CTTTCAAGTC GTCAGACTTG GTTTGCTGGG ATTTAAACGT
KY962500.1 TTCAACCACC TGTGAACTTT TGATAGATCT GTGAAGTCGT CTCTCAAGTC GTTAGACTTG GTTTGCTGGG ATGTAAACGT
FJo04735.1 TTCAACCACC TGTGAACTTT TGATAGATCT GTGAAGTCGT CTCTCAAGTC GTTAGACTTG GTTTGCTGGG ATGTAAACGT

F(+) CTCGGTGTGA CTACGCAGTC TATTTACTTA TAACACCCCA AATGTATGTC TACGAATGTC ATTTAAAGGG CCTTGTGCCT
KY962500.1 CTCGGTGTGA CTACGCAGTC TATTTACTTA TAACACCCCA AATGTATGTC TACGAATGTC ATTTAAAGGG CCTTGTGCCT
FJ904735.1 CTCGGTGTGA CTACGCAGTC TATTTACTTA TAACACCCCA AATGTATGTC TACGAATGTC ATTTAAAGGG CCTTGTGCCT

F(+) ATAAACCATA ATACAACTTT CAACAACGGA TCTCTTGGCT CTCGCATCGA TGAAGAACGC AGCGAAATGC GATAAGTAAT
KY962500.1  ATAAACCATA ATACAACTTT CAACAACGGA TCTCTTGGCT CTCGCATCGA TGAAGAACGC AGCGAAATGC GATAAGTAAT
FJ904735.1 ATAAACCATA ATACAACTTT CAACAACGGA TCTCTTGGCT CTCGCATCGA TGAAGAACGC AGCGAAATGC GATAAGTAAT

F(+) GTGAATTGCA GAATTCAGTG AATCATCGAA TCTTTGAACG CACCTTGCGC CCCTTGGTAT TCCGAGGGGC ATGCCTGTTT
KY962500.1 GTGAATTGCA GAATTCAGTG AATCATCGAA TCTTTGAACG CACCTTGCGC CCCTTGGTAT TCCGAGGGGC ATGCCTGTTT
FJ904735.1 GTGAATTGCA GAATTCAGTG AATCATCGAA TCTTTGAACG CACCTTGCGC CCCTTGGTAT TCCGAGGGGC ATGCCTGTTT

F(+) GAGTGTCATT AAATTCTCAA ACTCACTCTG GTTTTTCCCA T-GTGATGTT TGGATTGTTG GGGGTTGCTG GCCTTGACAG
KY962500.1 GAGTGTCATT AAATTCTCAA ACTCACTCTG GTTTTTCCAA TTGTGATGTT TGGATTGTTG GGGGCTGCTG GCCTTGACAG
FJ904735.1 GAGTGTCATT AAATTCTCAA ACTCACTCTG GTTTTTCCAA TTGTGATGTT TGGATTGTTG GGGGCTGCTG GCCTTGACAG

F(+) GTCGGCTCCT CTTAAATGCA TTAGCAGGAC CTCTCATTGC CTCTGCGCAT GATGTGATAA CTATCACTCA TCAATAGCAC
KY962500.1 GTCGGCTCCT CTTAAATGCA TTAGCAGGAC TTCTCATTGC CTCTGCGCAT GATGTGATAA CTATCACTCA TCAATAGCAC
FJ904735.1 GTCGGCTCCT CTTAAATGCA TTAGCAGGAC TTCTCATTGC CTCTGCGCAT GATGTGATAA CTATCACTCA TCAATAGCAC

F(+) GCATGAATAG AGTCTGGCTC TCTAACTCTC CGCAAGGACA ATTTGACAAT TTGACCTCAA ATCAGGTAGG ACTACCCGCT
KY962500.1 GCATGAATAG AGTCTGGCTC TCTAACCGTC CGCAAGGACA ATTTGACAAT TTGACCTCAA ATCAGGTAGG ACTACCCGCT
FJ904735.1 GCATGAATAG AGTCTGGCTC TCTAACCGTC CGCAAGGACA ATTTGACAAT TTGACCTCAA ATCAGGTAGG ACTACCCGCT

F(+) GAACTTAAGC ATATCAATA- ---------

KY962500.1 GAACTTAAGC ATATCAATAA GCGGAGGAA
FJ904735.1 GAACTTAAGC ATATCAATAA GCGG-----

W 18 % & Gt » 2 A % % £ Pleurotus eryngii ~ Pleurotus
ostreatus L F1 5 7|t ¥+ @) o
B 16 5L p
F(+) 3 A 392w 2 R ES
KY962500.1 : KY962500.1 Pleurotus eryngii isolate P84 small subunit ribosomal
RNA gene, partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA

gene, and internal transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence

FJ904735.1 : FJ904735.1 Pleurotus eryngii isolate 12PL internal transcribed spacer
1, partial sequence; 5.8S ribosomal RNA gene and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene, partial sequence
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514 $AZAFHRFTIFHBESER
8tk B 4 ¥ laccase &5 % ¢ 45 Pleurotus eryngii £2 < gk ¥ *% i#
o 4 s ey 3¢ o £ T E fF Phanerochaete chrysosporium (P. C.) F B4 * 6
7o i AR A > T H laccase FEEPF (4o 19) IR XA

s & AR AT 0 4 RGN 4reh laccase iE 0 KA 0 v FEFPC
#ril s ixie laccase iE il o F 2 0 Fr (B e ﬂfg d g o

BUEh o d T R AR R ARG PP T 3T kAR 3 R R
J&od *erl 2~ 3o L AFHKRTH ﬁigff%lﬁ%ﬁ*ﬁi%);f%ﬁa% —
£X40PDB YE 32 H3 A2 R PDBApG » EIHR{F - Fl > Ei2F
iR R A R o FI o T R A AR PP T gL < R
< & f#4 ehg 32 i £ T E fA Phanerochaete chrysosporium (P. C.) iF 4 {5 4 9
I RFHRED-

peek s 33 R L X E fF Phanerochaete chrysosporium (P. C.) ehBI%F i
(B19) Ak A M AN TR ERTT RS > R L
IE KK MR - TR Al PR T BB TR £ A pe
S R E e

2 19 $A 3 HHAFHRRLETE FHBEERAFH VR

AOD 40 nm =37 P.C.
T & E |EkrE | £E | EBRE
A |HE HE |HE

k1 0.358 - - 0.793

k2 1.313 - - 0.778
X3-1 1.556 - - 0.794
X3-2 1.657 - - 0.754
x3-3 1.688 - - 0.792
HO4 0.643 - - 0.786

2. A Apfe oA & 442 PDBYE 5 i 22 Rk PDB
AR F e
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|F - R

W 19 % ¥ &k £ T & [ Phanerochaete chrysosporium ( = &) ¥ki§
(PP)BI R 1% {3} o
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5.2 MRABFTHL AR LA
i%#i:

56

DR AHIFL LR AR SR BB AL (PDB)-
§ t %= % (HIMEDIA 500 g #> % % 2300 =) » ¥]g+ » % 7 4 PDB {4 9 &
v ehAf L fEH b h3b 4 B0+ & wood chips (SD )~ #% rice bran (RB) -
‘= % /4 black tea residue (BT )~ % % /4 green tea residue (GT ) £ wwr§ coffee
grounds (Coffee) 5467 I IR FH (T 5 F2 e £ 4 - k* 0K
AR D KT Ip EBAEEEN R g S AR A R R A B
IR R o

Flb > AT PDB R £ A R & 2 SVl G e b4 & iR
FENEFHMBEZIEAT O BINEEIRAFFNE 4-6 X o L R
BHg it eARERAY THIR LA T A% THERHE
potato dextrose (PDB ) #gw@w:&?—r D G E R AT L R
FEE S 2B o Hilm BRiBARY B R 4oT

521 ¢ REFAREBZHEBRAN
v R ]?]'1 PDBH#EREAZANRERZ BRI (FRY:
7-14 % )0 F o~ 7 25%RBRFTHORMEBAAY BA61 o XE I EPH
b ip 2 A& F - pF (lignin peroxidases - i 4 LiP) 22456 § - f*
( manganese peroxidases » f§ fi- MnP) E % o % % 4B 19 #7157 » ¢ F E F.9
A& A4-6= 2 @k LiIP & KMnP ﬁ'&iﬁ'm)ﬁf e % 2 R(GT)
¢ ezt (Coffee) 4 MnP myp'h‘f’,““ﬂ? By Aa%533hgAE (1)
FRa o o RpEZ A (MnP+LIP) 2% 6 2 FRfE 2 r ‘fé’kiﬁi%
;nni&?ﬁﬁﬁéﬁﬁ%%@%%gz
Pl AP AL 28 % 0 L FBRAET T
o AR bR SEMXBERE > B
2% (B ATR)-d WE@EF IR L (9
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i~ &R R

120

100 —--SD —-=-RB
~ 80 —-—BT —==GT
5:/ =#=Coffee <-PDB
H 60 Sand
e
2 40
a
=
= 20

0

-20

AR RE(R)

120

100

-8-SD -B-RB

80 ——BT —=GT

LiP 1L 3% M (%)
= (=)}
(o] <

20
0 or— o~
-20
40
ﬂ}%ﬂfrfﬁ(i)

== Coffee =0-PDB

WM20v FEFEEX AR (SD)~ K #ricebran (RB)~ = X4
black tea residue (BT) ~ % % ;& green tea residue (GT) £ verrt
74 coffee grounds( Coffee ) 2 potato dextrose( ¥+ PDB)T™ »

kst & e MnP (1) 2 LiP (7)) g4

522 FRFHE FLABIALEEE

MARES FRTHELFAEBRA ST RERA AN AL P
P REEEENREMATE AR A R AR B IR o Fp o EY 1 F
AFE2Z PG A o e RIS HRE I RER FOFE 0 7 b
RmFSHE AR (MFRR) NP LESRBIFEOETE -~ BH L vl
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FEPE BRI MRS TR KR P LIF Rapsaps. £y
AR EY RPF LA B g o It o BEER Y g R T O E )
P fefRieS EHA AR R AMETE A IR AR AL R
A% # (Dinis et al., 2009) > & & pt3rF ¢ > TR > F @ B F LD
PDB 3 % it 5 § Skt o

AR ENE S FHRFTH 0 A A (SD)~ F #Frice bran (RB) ~ = %A
black tea residue ( BT )~ % % ;4 green tea residue(GT) g2 veezyd coffee grounds
(Coffee) 3 L BF 3T ¥ % o § 0 }i;** A A 3 B FHT 46 % 5 MnP -
LiP 2 &2 5o 474c@ 20 H Y > B2 58 2 W34 2 MnP
B LIPHRE F REEF R o BRGS0 %A i 8 - Kk i 4 e PDB
i & A4 (MnP+LIP) A w347 1413 05 & > 247 H & 5
i BT % o

YRS FHRFTHOEF o BT AL IR - o 2 SRR
FrELmFAE s B RASCRARNETF vl v AR SEICE -
VERAL | bR A 4 d AR E AT RS E 18 5
ERRFEABRRAIL > 2 A F ETFRE G2 v F 0 F E L T
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h - §EREEE R

[\.]
wn

mLiP
uMnP

%t (U/L)
“w = o S

<o

SD RB BT GT Coffee PDB

FE EH

140
120

100

z;nI“i

GT Coffee PDB
Z:ﬂﬁﬁ

o)) oo
o o

*ﬂ ﬁﬁ%'& (0/0)
=~
(=]

W216 REFPEA 2F FFH T4 46 2 crMnP~ LiP ((1)
RRBE (T BBV RF-REREATRE AN (SD) X B
ricebran (RB) -z %% black tea residue (BT)~ % Fi& green
tearesidue (GT) #revetid coffee grounds (Coffee) grird) e

potato dextrose (PDB) - ',ﬁ% GT £ Coffee (n>5) 2z ¢ » H 4

g n=3 -
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523 P RFHHES FLASIERESEE
MR ek PR IT G F A A A B R 2 e o i % 11 SDS-PAGE
A FrhoRl 222 ¢ > 5 25-37kDa 2 B F - A& F-9 B AR 4+ £ ¥ 33kDa
(B %% #g) » X @ > Phanerochaete chrysosporium z_ £ 4 »* 25-37 kDa

3
%% (% 20) AR L fREBENEZEEE 0 T ARG S R v 0 £ A Feo

ﬂ /_ /'1_ B N
TR - P B E 2 i
Marker PDB BT GT RB Coffee SD  Sand Marker PDB BT GT RB Coffee SD Sand

100,
750 J

B ] e ‘;h l
Ve &0 "
37-I .» ' |
250 4

W226 B3 Fe% ? b 54T % *hif & Bt § 9 SDS-PAGE 4
¥l =W 5 TCAKRREE » 4ekwB k& +WRI3 TCAK
¥4 » 4x Guanidine Hydrochloride % i3 s &« 3 & 2 1t % (B
R[PEFHIg) R AP REE > RARP RS T EE MnP -
LiP 48 # £ - (Marker: BioRad)

% 20 § ¥ R+ T 3 @ Phanerochaete chrysosporium 2 4 3 g 4 ** 25-37
kDa enpk % &2

EC Number WA Recommended Name W& Molecular | Commentary WA Organism WA
‘Weight [Da]

YA ) m

[Da] WA

&0 (931172 acetylxylan esterase - X * 63000, recombinant His-tagged | Phanerochaete |-
enzyme, SDS-PAGE, X * 55000, chrysosporium
partially deglycosylated His-tagged
enzyme, SDS-PAGE, X * 37000,
about, sequence calculation

& 31172 acetylxylan esterase 37000 E X * 63000, recombinant His-tagged | Phanerochaete | H2E
enzyme, SDS-PAGE, X * 55000, chrysosporium
partially deglycosylated His-tagged
enzyme, SDS-PAGE, x = 37000,
about, sequence calculation

B0 3216 -endo-1,3(4)-beta-glucanase 36000 - X * 36000, SDS-PAGE Phanerochaete |-
chrysosporium
2@t 13218 endo-1,4-beta-xylanase 28600 E X * 41600, isoform XynA, X * 28600, |Phanerochaete |-

isoform xynB, x * 40300, isoform chrysosporium
xynC, calculated, x * 52000, isoform
XynA, x * 50000, isoform xynB, x *
32000, isoform xynC, SDS-PAGE
D@ 3218 endo-1,4-beta-xylanase 32000 E X * 41600, isoform xynA, x * 28600, |Phanerochaete |-
isoform xynB, X * 40300, isoform chrysosporium
Xync, calculated, x * 52000, isoform
XYNA, X = 50000, isoform xynB, x *
32000, isoform xynC, SDS-PAGE

B (i) 3.2.1.99 arabinan endo-1,5-alpha-L-arabinanase 33000 - X * 33000, SDS-PAGE Phanerochaete |-

chrysosporium
B0 (32199 arabinan endo-1,5-alpha-L-arabinanase 33000 - X * 33000, SDS-PAGE Phanerochaete  |16X
chrysosporium
@ 932199 arabinan endo-1,5-alpha-L-arabinanase 33900 - X * 33900, calculated from amino acid | Phanerochaete |-
sequence chrysosporium
& 332199 arabinan endo-1,5-alpha-L-arabinanase 33900 - X * 33900, calculated from amino acid | Phanerochaete (16X
sequence chrysosporium

;-0 F2p BRENDA F 2 (Placzek etal., 2017; BRENDA)
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i RS TR AT HOTERL > TR E TCAREE » 77 gg;g-l

®5 i&‘ = ﬁ A 7 ;m“qﬂ 4e » Guanidine Hydrochloride » #i; w
B “dg ciE 4 A

e

an(%\» 22)7;
R

o
% 21%

' @ 22 ¢ F
ABRE A S+ F

A7 1

RE
S B

212

A

IR TR

2 7 Phanerochaete chrysosporium 2

£ %) 43 kDa >

e BOEMRAF R R el o IR

F

2 j’iﬂ’fﬂ °

LiP & +

/p »Iﬁ* e
2 LiP(4 21) -

L

LER

MOLECULAR WEIGHT |ORGANISM AY UNIPROT & | COMMENTARY AY

38000 Phanerochaete - SDS-PAGE
chrysosporium

39000 Phanerochaete - X * 39000, isozyme |, SDS-
chrysosporium PAGE

40000 Phanerochaete - SDS-PAGE
chrysosporium

41000 Phanerochaete - X * 41000, isozyme I, SDS-
chrysosporium PAGE

42000 Phanerochaete - X * 42000, SDS-PAGE
chrysosporium

43000 Phanerochaete - X * 43000, isozyme lll, SDS-
chrysosporium PAGE

ix B2 p BRENDA F#E (Placzek et al., 2017; BRENDA)

3 22 % 3 R+ T & F Phanerochaete chrysosporium 2

MnP & 3+

EF2

MOLECULAR ORGANISM A¥ UNIPROT | COMMENTARY AY
WEIGHT A¥
40000 [ Phanerochaete - around 40 kDa, gel filtration
chrysosporium
43000 @ Phanerochaete - 1 * 45000, PCH4 and PCHS6, 1 * 43000, PCH5, SDS-PAGE
chrysosporium
- determined by Western blot analysis
45000 @ Phanerochaete - 1 * 45000, PCH4 and PCHS6, 1 * 43000, PCH5, SDS-PAGE
chrysosporium
- gel filtration
46000 = Phanerochaete
chrysosporium
- X * 46000, SDS-PAGE
- X * 46000, wild-type and mutants R177D, R177E, R177N
and R177Q, SDS-PAGE
- X * 46000, SDS-PAGE
i 12 p BRENDA F#E (Placzek et al., 2017; BRENDA)
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524 2 A»F 3

I e Bk PDB 32 % 6 K E A IEE AT 2 AR M » f255 5 unde
% ?uz@@ta v o s R R A BT G ug @ig_
NA o piARd AaF A 0 FIRA4ck 230 H P ’“f ke e gl e
HEZ O BRI PR AR EIEADANNAT R

% 23 J* eheZ BN PDB 2 &£ ¥ B R

R TN LR

PDB#: % (/L) werih 3 & (/L)
PEC v t@ [hee) | zams | vE@ [#R()| 2aks
YE 3.2 5.0 16.0 1.67 5.33
BEAS A PDB 4.6 24.0 110.4 8.00 36.80
coffee* 0.003 0 0 25.00 0.08
M9 0.015 0 0 200.0 2.90
KN 126.40 45.11
A i 34 % 4-6 =
i 3 AN 8U 19U
2 A xE 0.018 U/~ /= 0.084 U/~ /=
* 11 & wg 3000 ;u@;{« I E
F 24 JI% eneih BN PDB 32 &0 FE A2 34 30 E 4
PDB % et 3 &
4 4% A (R/L) 126.40 45.11
4 & % #e(X 3+ =) 3.50 5.00
Ea2is 2 (Kg) 1.00 1.00
2 B % ¥ (ng-TEQ/L) 2945.00 3906.00
AT 2 3§ (mg/L) 3.63 4.33
R #K 4 4
L8 3 AuT st ¥ (ng-TEQ/ =) 23.30 86.59
B 3 AJ2 s F (mgl/~) 0.03 0.10

4 }3, 7‘§c = 4
% 1000 ==

’

3‘1 r'r’w@» E’r"/ik

By Eak g A s BB R

E-HFRUFEERIEY LR IRRETTHERZ
% 245 f§ 3 2 > A2 - #1552 (% 7100 ng I-TEQ/KQ) 7 fi% %
U PDBRANFEY 1268 o v I 45F c F PRI AR
PEOARESLPRI TIN5 FEI L A
Rk Y G S
"o mj T3/ -
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5.3 FEE F MK R
*HHR

LRI T T o B YRR 2 Y B ek R
BREBBFAZ 4o d W R B I P kEE . 225 b ald Vi
AR A Ap R BE > F o RIREEEE F RE 'ixf TRk ek 2R
2ok BT G EMA ((6]4e Tween 80 ~ Triton-100) ™2 2 7 e 7 4c ) (&
hof R FARE C RIFRE SR PR ) R

BRFR o R AT (pH56) & ik anF ot ot
A A R
A EEE2 L Fpt s FARAEFRR R LR T?g—‘g/}‘%;‘;?%v o 2Eim
FREAZE F % Ao

531 HEFHAFRBELFHLSH

MnP ¢2 LiP &_peroxidase #f «rf % » #7171 3 & H,0p § 175 JEPF 3 %
X E AW 220 FIP 0 1 HOp £ G - weng ko i &0 d 2t H0p E5E
Ww%** S E ¥Ry TS5 T i f i H 0,4 2% € ¥ MnP 22 LiP

N EE o Fp o APRIET HO ¥ K E ﬁ MnP £ LiP & 28258 (4o
Bl 23)> S5 M HO /a7 7 2 35 e B 44> £ 2 Z 2§ MnP pF > 2%
F R R M A o TR R S F* -2

.
o

cn,o\é‘\
y jf
/E <!
Uigrin Peroxidase
|
cu,o ~Z

W23 LiP@&fFafaarsfar i HO, L§ chit i o

Tk kR ¢ http://2015.igem.org/Team:_Purdue/Enzymes
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HREEER

100% -o-MnP
- LiP

L0,

W24 H,0, %% &3 MnP 2 LiP #258 -

5.3.2 B if plak ERIE

fhdg B g ey FTUATOR I @+ F plleame®e 50 FfEe K
Bz bl F e R R RERD PCZ %k pd i 4~ MnP s LIP ek
HpHiE® > Hai pHA % pH6~pHS5 2 pH5 4@ 24 #777 o £k @ 2 -
PC. itz #ip % h itk (pH5-6) & 4 it ehk Bl o bl4cd K 3 5
Pleurotus ostreatus 7%z *t f¥ % laccase’ & pH 2~7 F & +T ¥R % 50%07 o
g pH 29 P B TRGE T o Fgt o R iEE T2 IR S
2RI REBRYOCFEIWRESNGTI X I EekE(ATFHRIFE pHT8)

m=MnP mmLiP EMRBdEFN

100 i 140
_ % . 1120 _
£ 80 1 S
ﬁ 70 [ i 1 100 E
60 | g j { s0 %
:é‘ 50 | I i =

1 60
a 4 &
g 30 |4 &
4¢ 20 | =

10 20

0 0
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5.3.

"fé d a4 F%k (dvk 25)0c o %
/r' ]"J’/? ié%'ﬁ‘_"z\ 26>
-l A o B PR I AN N

% 25 @il FS mokEL

B 25
3 9%
; 7 }a I/F ﬁj_'% }; f@;l'—r» I«J—’

¢ REF~3 A d Rits - MNP g LiP i pH & -

S/ N =—10log nZ—

v 51w ¢ pik:%?ﬂ-:’ﬁff)’ ﬁkﬁ'ﬁu‘ R (C)
2 B o5& Tween 80 (%) 27 Triton-100 (%) = B85k 7]+ 217 P.C. e

yi

-~

B - ﬂ'}}ll” i’r_""\

|27 QR HF RiFEEREZ
HP 456 BB A o
H SIN & -

”

G QE | HMEER OB (C) Tween80 Triton-100
1 N % 25 0.0 0.0
2 ! 35 0.5 0.5
3 BERIE 30 1.0 1.0
% 26 B RPEH N4
¥ % . B | Tween 80| Triton-100 | _ ., .

F % 7R EHO—C) (%) (%) T 328 (%) |SIN -
1 P - 25 0.0 0.0 97.87£1.59 | 39.81
2 P - 35 0.5 0.5 99.32+0.96 | 39.94
3 P - 30 1.0 1.0 98.04+0.19 | 39.83
4 R H 25 0.5 1.0 65.94+5.42 | 36.30
5 B 35 1.0 0.0 58.14+3.69 | 35.23
6 R 30 0.0 0.5 49.85+3.85 | 33.88
7 ¥k 25 1.0 0.5 90.77+4.33 | 39.13
8 ¥ % e 35 0.0 1.0 94.11+0.26 | 39.47
9 ¥ % e 30 0.5 0.0 89.3x1.91 | 39.01

@é%ﬂ+m3%9ﬁ4%%m PR R h s P A TR

X1k 66% (4% 27 278 26) -

R MNP gt

« LIP 2% & f@mlﬁ\xiﬁ?ﬂ

%ﬁﬁﬁ

SRS S
;% ( Britton-Robinson
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buffer) » 7z 7 B2 B¥FR > A > BIA NP - REFEBROEERE T
FARL T (4eB 270 7 8 paclevel 1 & level 3) o

% 27 T3 F K
N A& Tween 80 Triton X-100
PRE o) () (%)
Level 1 39.9 38.4 37.7 38.0
Level 2 35.1 38.2 38.4 37.6
Level 3 39.2 37.6 38.1 38.5
TR R 66% 12% 10% 12%
HRE
70%
60%
X 50%
% 40%
T 30%
= 20%
10%
H m B

E=Li i SERE (°C) Tween 80 Triton-100

(%) (%)
HEAT

W 26 ki H F]F L TR A R
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h - §EREEE R

VUEHF =K #5317 Bl
44 -
12 R (C)
—o—Tween 80 (%)
2 40 Triton-100 (%)
T 38 E
< 36
34
32
30
1 2 3
Level

B 27 35341 F1+ H SIN * hF BH

ﬁﬂ’é?iﬁ*%ﬁﬁ@*?%ﬁﬁéﬁ%’ﬁﬁﬁﬁﬁ*%%a%
AR R R o d NP RHRFR S E R e B R OT AT 2 € P
MpEE S (REF LR ). d > Tween-80 ++ Triton X-100 £ B 14 (4B
26 )" g 4( Tween-80: 360 =/ 500 ml =** Triton X-100: 5000 =/ 500 ml ) >
714 > Tween-80 #-1% % %—%%Eg*;‘f]‘ beehfe B2 - o pteh s pLEE R A 25
CTe BTz’ WEF ARG TR E AL
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* SEREEETER

54 FEF 53 pE
AER{E
RIRGBRERIABREA R TR REER TGI8 2 Bl oS

HARPFHTRAHARMEL R T IEEH[EF B2 BY A
17THEPRF (827 BREF 2 10 firdwm ) cng R0 o TR eerifis
% e oh iE R A 20k B 0 ARk L 60% I-TEQ > B3 E 3iE 91%
2 EXESAEEERE < 1 IR i S S ek gk N ik S S A E RS
BRDEARY o Bt BREAFAL MG LB ISDT ik BB ELD
DAY > AAF T L APRE ALY o BEFIR P LU ZER B L
BIR(Er B B3 A2 2w d BB % o

541 FHIBAIFCERELF
AP ik * HPCDD/F 3 2 3 A S @ 0w k30 K o d
MR BRI A P FES T - o JE LT A R s T
# 52 PCDD / F;‘};&é@l“ ko 3 BEERLBTAELIE REERHY
% E ¢ (ASTM) E276-13 i& {7 ;& & o ¢ * T 39T # F 5 0.105~0.250
mm > #7é E et B L R 2 67% 0 TOC 4o TN 9 5 0.73% % 0.12% ; T
#xfopH A W 5 0.16SmM-1408.9 Sk jzfs » Bg3tfzrd 5@ o

5.4.2 E i PIAEEK

#-20 ml 7 3 H"fi‘“%\ 6 % e P.C. % b FiR 48 22 4p I REF4 i B
254 FRR 6 FEEIEF BB BUAITARRER (47
22 10 fardvm ) ﬁﬂé‘i%‘ib o Bk B Gllolikdpictdl) # 0 B F
BT h R R 2 S g S > T AR R 3 B F AT T A (B 28-GT &2
Coff) » ARis A 5 X ¥ PDB~ =Rk &2 Ay o ¥ 3 > 23 2ot
F A T o F i 81%+8% - i * I-TEF 3+ 8 # I-TEQ 18 » i v F pl 5
49%26% I-TEQ -
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5000000 8000
e OCDD
4500000 . e ooor
~ #000000 1,2,3,4,7,8,9-HpCDF
Z 6000 e 1,2,3,4,6,7,8-HpCDD
X 3500000 (IBZCST O\ | mwml23467 P
> —  mm1,2,3,4,6,7,8-HpCDF
[ soop B WL LL5A,0.7, P
<= 3000000 =
L g mem12,3,7,8,9-HxCDF
=
8 2500000 4000 §  WEm1,2,3,7,8,9-HxCDD
a T mm1,2,3,6,7,8-HxCDD
O 2000000 x
Ia) 3000 2 mem1,2,3,4,7,8-HxCDD
O 1500000 = 2,3,4,6,7,8-HxCDF
o 2000
1000000 mm 1,2,3,6,7,8-HxCDF
= 1,2,3,4,7,8-HxCDF
500000 1000
. - w1,2,3,7,8-PeCDD
0 = ==ly == 2,3,4,7,8-PeCDF
cO bk SD BT PDB RB Coff GT

W27 FREBARATLALCIHANNERFT L AILE S o
PC. M4k (SD)~ ## (RB)~ &=%& (BT) %% (GT)
grewetig (Coff) 223412 (PDB) 2% 6 %15 » Hopelprd &
zv& (ckobk) #:32 (Co) F R PFerft B3 L il -

543 FEEFEEALRZ L fEaF M RFH
B R ECFAFBFRAES TR (B 29) > fPRFEN T
Bk Ry - SnrApi - 530 8- Hraes 2Rl 2477 8
BAPRE AT 3 B3 R [ A 4p B 3 (Pearson's correlation coefficient) (4-%
28) o AP EEF R MnP & LiP chse 2% 1 (r=0.896) " B — ¥ & &
(r=0.821 2 0818)&f B e it F L L F R ApM > » L EHFN
(p=0.006) -
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MnP =[P ——i#ft% —LTEF-#{%

16 100
190 &
A 14 | f#
= 2 170 &
H 10 160 f;r
G Q
s 8 50 &
I 40 i’“
30 %
* I I 20
2 10
0 0
SD BT PDB  RB  Coffee  GT
W2OF R FARRBEMNAHF
F 8 FIRBLAE HAAM GEEL
e LR IS T S I : i N
(i féj) (TEF") }; % omop | LiP ﬁ’; o
i & (4 Pearson #p B 1.000] 0819 0910 0.821] 0818 0.89
) ¥ () 0.024) 0.004 0.024| 0.025/ 0.006
i #c 7.000f 7.000f 7.000f 7.000f 7.000{ 7.000
& v % (TEF) Pearson #p i 0.819| 1.000, 0.521} 0.707 0.537 0.673
BEE () 0.024 0.230, 0.076/ 0.214| 0.097
i® #ic 7.000f 7.000, 7.000, 7.000{ 7.000] 7.000
FMHBR Pearson #p B 0.910f 0.521, 1.000, 0.802] 0.834| 0.897
BEW (FE) 0.004| 0.230 0.030] 0.020, 0.006
i #c 7.000f 7.000f 7.000f 7.000{ 7.000{ 7.000
MnP Pearson #p B 0.821| 0.707| 0.802 1.000] 0.668  0.898
BEM (L) 0.024| 0.076] 0.030 0.101] 0.006
i #c 7.000f 7.000f 7.000f 7.000f 7.000{ 7.000
LiP Pearson #p B 0.818/ 0.537, 0.834 0.668] 1.000] 0.927
EEE () 0.025| 0.214| 0.020/ 0.101 0.003
i® #ic 7.000f 7.000, 7.000, 7.000{ 7.000] 7.000
f%% %51 Pearson 4p B 0.896| 0.673] 0.897, 0.898] 0.927, 1.000
BMEM (FE) 0.006| 0.097| 0.006] 0.006] 0.003
i #K 7.000f 7.000, 7.000, 7.000{ 7.000[ 7.000
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DA% WS =MNP+LIP; 3 & 4p B 1|r|=0.7-0.99; ¢ A& 4p B¢ 1|r]=0.4-0.69 ;
R Ap B 1 |r=0.1-0.39 -

=

[t

b i 2 g (nglkg) it F e T TER(T 195 4 3 chl =4 )

w%009n-ﬁwﬁﬂx%iﬁﬂﬁr”¢44$°E{ﬂm«W““ﬂw
#Feh5 2 ¢ OCDF(I-TEF 0.001) 2 OCDD (I-TEF 0.001) e+t i % & 95%
b (4eR) 28) (A5 4 p W R OCDF 2 OCDD #2% 60%: +) »
Fli e men [-TEF £ 17T FA R 3 ¢ boien 9hd > Eie g3 7 B0 6| %
AR > lhe ARG - R BTk RE S RS NT RS E

A ppend g o

% 28 ¢ BV R ’**iuﬁ—% W2 (ngkg) #i v 23 I-TEQ %
0 L lgm iy MnP & LiP (st ip i o bldefiz & s e g %
F*fé_(ng/kg),Lﬁws B Ap K (r=0.896)F £ & % % B (0.006) £ 2 it & (I-TEQ)
FRIAEY BRARM (r=0673) * mA ¥ £ £(0.097) - i& B SkE T 0 A FF
ﬁ%%é'r EfRF R R TARFIRE(ngky) A R FE 2 E £ (TEQ)
y ¥

544 FREAFEFEESHAER
PREFOEMRENAEL L CPERFRERRNEF B A F

ek ¥ mpFA» WG fI** 214 o8 & PCDD/Fs &% f2 + (Field and
Sierra-Alvarez, 2008) o d > A F %52 B F LB F 7 EHRF > F FiR(F
%iﬁ@?ﬁgﬂﬁiﬁi$ﬁw§§$%%ﬁ’ﬂﬁ%@ﬁﬁﬂé%ﬁ%

B RHCR o f2F i i5 0 4 3t OCDF 2 OCDD P &5 % » friz § Ap st
/i%m;iw’i#é_i (4-® 30) > Ft > 4= o3t PCHE B 3 aix I F ik
w PR R R LR E TR R o ies BREREP VY (V2276540 LIP » MnP g% A
PRFFR S LA o
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4000000

3500000 1 ~ ®CO bk
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3000000 -

= 2500000

&

S,

[=1s]

£ 2000000
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1000000 -

500000 -

0 —_— et = fla
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— 1

W30 17HELER (¢37 B E22 10 firdken ) 0
FERT

Pkl AN E R el i B AT R AP o e B KR AT B &
1 |-TEQ 4Pt wheriy & (78 > Tt > B i 7 2 A 1L G A 45 Bl 4B 31 56
AW ENSPT UFR TR RBREEF AT (ngkg) i
@ g B brigst g1 o 3¢ > OCDF (I-TEF 0.001) # OCDD (I-TEF 0.001)
b P AR 4> @ 1,2,3,4,6,7,8-HpCDD (I-TEF 0.01) ~1,2,3,4,6,7,8-HpCDF
(1-TEF 0.01) 2 1,2,3,7,8,9—HXCDF (I-TEF 01) PNE 5 % 1L p ke A%dF o 5
B HAXB o F| L F R B R BAERF(Sldc B F R eeeh )0 B |-TEF
5 (#4e 1,2,3,4,6,7,8- HpCDF) mAf‘_L“ BlECE BF o R A g R ehg
BRHI-TEQ RE AR5 2 S FAFEFHY R I-TEF F 7 0l 3525

lﬁ,‘*" Phresad e o

1_

A 2 oM F RHBEME T APRRE D S - F PRI
& MnP -
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FLEH(%)

41

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

m OCDD
m OCDF
1,2,3,4,7,8,9-HpCDF
m1,2,34,6,7,8-HpCDD
m1,2,3,4,6,7,8HpCDF
m1,2,3,7,8,9-HxCDF
m1,2,3,7,8,9-HxCDD
m1,2,3,6,7,8HxCDD
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-4 30 BN RBAGFELIBFECBOITALESZ LR
ng-TEQ/kg
Compound Name Sample Name Cco bk SD RB BT GT Coff PDB I-TEF
2,3,7,8-TeCDF (# 2) Amount 18.50496 29.81634 24.49081 14.09192 15.0533  17.3201 19.86352 18.99826 0.1
2,3,7,8-TeCDD (# 5) Amount 0 0 3.787879 4.335976 5.639564 0 0 0 1
1,2,3,7,8-PeCDF (# 8) Amount 4.041563 5.487881 4.120094 2.905104  3.74938 6.222084 3.325062 7.485104 0.05
2,3,4,7,8-PeCDF (# 10) Amount 0 0 0 0 0 744.1377 0 0 0.5
1,2,3,7,8-PeCDD (# 12) Amount 73.63524 119.0655 74.11202 63.98662 58.65766 20.96774 124.2246 63.05859 0.5
1,2,3,4,7,8-HXCDF (# 14) Amount 40.15509 74.25662 59.05365 42.00322  30.3173 34.03846  32.3201 58.44712 0.1
1,2,3,6,7,8-HXCDF (# 16) Amount 18.77792 28.62944 17.56085 14.35208 16.38572 0 7.531017 18.20382 0.1
2,3,4,6,7,8-HXCDF (# 18) Amount 17.43797 0 0 17.74034 18.41225 0 0 0 0.1
1,2,3,4,7,8-HxCDD (# 20) Amount 26.09801 4251 28.26006 23.72398 25.60114 23.70968 35.52109 28.61842 0.1
1,2,3,6,7,8-HXxCDD (# 22) Amount 211.005 324.3128 273.1868 162.8035 213.504 224.8077 195.9801 267.6701 0.1
1,2,3,7,8,9-HxCDD (# 24) Amount 57.88462 103.3608 65.31918 53.85282 54.96406 59.8263 63.56079 66.52805 0.1
1,2,3,7,8,9-HXCDF (# 26) Amount 1684.957 1804.479 1850.466 1699.058 1893.908 1794.057 1812.854 1915.864 0.1
1,2,,3,4,6,7,8-HpCDF (# 28) Amount 300.0589 321.9347 293.2725 316.6198 304.4559 226.7239 302.1787  314.676 0.01
1,2,3,4,6,7,8-HpCDD (# 30) Amount 793.2959 772.3669  560.426 496.7678 557.4033 582.1253 233.9783 338.1833 0.01
1,2,3,4,7,8,9-HpCDF (# 32) Amount 25.73821 34.78636 24.63674 20.73959 23.39799 66.04342 24.96216 25.78389 0.01
OCDF (# 34) Amount 3483.345 2190.325 965.3759 501.6723 942.1177 192.2573  250.739 770.5392 0.001
OCDD (# 35) Amount 1133.96 808.9968 281.6685 156.0797  247.739 93.12177 86.92395 261.8366 0.001
Total-Dioxins 7100.123 6777.819 4525.737 3590.733 4411306 4085.359 3193.962 4155.893
I-TEQ L3R (%) 5% 36% 49% 38% 42% 55% 41%
FEE (%) 34% 1% 84% 73% 92% 91% 76%
S5 TEF 0.00149  0.00216  0.00333 0.00471  0.00339 0.0103 0.00768  0.00370
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“té%-4 31 \Verification of internal standard (labeled solution) recovery for PCDD/Fs analysis

CI:\:;’IG 1 2 3 4 5 6
Compound Conc. 0.8/4/8  8/40/80  40/200/400  120/600/1200  200/1000/2000  280/1400/2800 /r:\s/;;f:]gsz rsezg)%lse Recc%e Y Check Acéiﬂ;ib'e

(ug/L) Response
*13C12-2,3,7,8-TeCDF 20 5417 7879 8458 9382 9184 10164 8414 4092 49 PASS  30-130%
*13C12-2,3,7,8-TeCDD 20 3004 4030 3504 4999 5105 5639 4380 2753 63 PASS  30-130%
*13C12-1,2,3,7,8-PeCDF 20 5215 7383 7917 8332 7926 8707 7580 3666 48 PASS  30-130%
*13C12-2,3,4,7,8-PeCDF 20 4810 5900 7811 8116 7927 8102 7111 3468 49 PASS  30-130%
*13C12-1,2,3,7,8-PeCDD 20 3625 5094 4757 5088 4605 5081 4708 1926 41 PASS  30-130%
*13C12-1,2,3,4,7,8-HXCDF 20 3041 3798 5251 5984 5746 6212 5005 2194 44 PASS  40-130%
*13C12-1,2,3,6,7,8-HxCDF 20 9484 8954 9321 7998 7552 7789 8516 3483 41 PASS  40-130%
*13C12-2,3,4,6,7,8-HxXCDF 20 4973 6208 6598 6706 6199 6192 6146 2814 46 PASS  40-130%
*13C12-1,2,3,4,7,8-HxCDD 20 2764 5692 4218 3327 4031 3946 3996 2212 55 PASS  40-130%
*13C12-1,2,3,6,7,8-HXCDD 20 4888 4721 5753 6106 5627 5879 5496 2307 42 PASS  40-130%
*13C12-1,2,3,7,8,9-HXCDF 20 3029 4042 4607 5396 4684 5167 4488 1821 41 PASS  40-130%
*13C12-1,2,3,4,6,7,8-HpCDF 20 4179 5857 5624 6260 6187 7317 5904 2529 43 PASS  40-130%
*13C12-1,2,3,4,6,7,8-HpCDD 20 2536 3566 4184 4275 4126 4525 3869 1959 51 PASS  40-130%
*13C12-1,2,3,4,7,8,9-HpCDF 20 2028 2699 3451 4060 4015 4841 3516 2373 67 PASS  40-130%
*13C12-OCDD 40 2887 3315 5365 6313 6645 7225 5292 2261 43 PASS  40-130%
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*té%-#% 32 Calibration curve verification for PCDD/Fs analysis

Compound Name Avg. response re;gggn Criteria Evaluation
2,3,7,8-TeCDF 2011 0.9956 >0.990 PASS
2,3,7,8-TeCDD 1313 < 20% PASS
1,2,3,7,8-PeCDF 11.12 < 20% PASS
2,3,4,7,8-PeCDF 10.93 < 20% PASS
1,2,3,7,8-PeCDD 16.25 < 20% PASS
1,2,3,4,7,8-HXCDF 1081 < 20% PASS
1,2,3,6,7,8-HXCDF 1281 < 20% PASS
2,3,4,6,7,8-HXCDF 1055 < 20% PASS
1,2,3,4,7,8-HXxCDD 16.18 < 20% PASS
1,2,3,6,7,8-HXCDD 10.66 < 20% PASS
1,2,3,7,8,9-HXxCDD 21.42 0.9951 >0.990 PASS
1,2,3,7,8,9-HXCDF 14.10 < 20% PASS
1,2,3,4,6,7,8-HpCDF 10.12 < 20% PASS
1,2,3,4,6,7,8-HpCDD 17.88 < 20% PASS
1,2,3,4,7,8,9-HpCDF 558 < 20% PASS
OCDF 518 < 20% PASS
OCDD < 20% PASS

5.58
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Abstract

Phanerochaete chrysosporium (PC) and Pleurotus pulmonarius (PP) which
are effective to degrade the recalcitrant polymer like lignin as well as other
persistent organic pollutants were used to treat the PCDD/Fs contaminated soill
from Southern Taiwan. After 56 days degradation by solid-state incubation (pre-
test), PCDD/Fs concentration decreased from 7,864 ng-TEQ/kg to 3,493 ng-

TEQ/kg (56%) and 4,002 ng-TEQ/kg (49%) by PC and PP, respectively. 3. PCDD/Es analysis
To reduce the remediation duration and cost, five agro-industrial residues All 17 PCDDs and PCDFs were analyzed by GC/MS.
e.g., wood chips, rice bran, black tea leaves, green tea leaves and coffee
grounds were used as supplemental materials to induce their productivity of Results and discussion 2,000
ligninolytic enzymes. After 6-day of liquid cultivation, free-mycelium liquids 1. Preliminary test in solid state fermentation. ___8'000 |
: : : : : - _ _ ) -Oo-fungi PC
(FMLs) obtained by centrifugation were used to examine their enzyme activities After 56 days degradation by solid-state § 7,000 o-fungi PO
and to treat the same weight of non-sterilized contaminated soil under 26+2°C incubation, PCDD/Fs concentration = 6,000
for 96 hours. In comparison with a normal medium (PDB), comparable removal decreases 56% and 49% by PC and PP. < 5,000 n
efficiencies by FMLs cultured with agro-industrial residues were found and the 160 & 4,000 -
average efficiencies were approximately 49%+6% and 48%=x6% for PC and PP, 120 __ § 3,000
respectively. The highest PCDD/Fs removal efficiency reached 60% by TEQ- S mpp  mpPC ] ™ 2,000
concentration unit and 91% by mass-concentration unit by FMLs of PC cultured ,:gm | 1,000
with coffee ground. The further experiments employed PC reveals that g1
dibenzofurans are significant reduced compared with dibenzo-dioxins and the @ 80 - 0 7 14 21 28 35 42 49 56
removal efficiency 90% was achieved within the first 12 hours. Besides, OCDF 60 Experimental period (day)
and OCDD were significant decreased and there Is no corresponding increasing f; 20 2. Ligninolytic enzyme activities in FMLSs.
sign of other dechlorinated dioxins or furans. This results suggest that PCDD/Fs e 0 Cultivation with material adding induces
removal mechanism is biased towards oxidation rather than dehalogenative . more enzyme production of PC but not
reduction. Besides, the removal efficiency Is increased by 17% by adding 0 RE BT T Coffec PDB PP.
borate-fructose complex as mediator. These provide a promising way to
regenerate PCDD/Fs contaminated soil more efficiently.
Keywords: bioremediation; white-rot fungus; PCDD/Fs; ligninolytic enzymes 3. Removal of PCDD/Fs after treatment. 0% 70%
In comparison with FML prepared with 8000 60%
Research concept PDB (normal one), comparable removal @ Zggg /\\/ s0% &
Nature as Teacher | efficiencies (RE) are found and the avg. g sy & PP
Natural organic matter decomposer---fungi RE are 49%6% and 48%+6% for PC & 2222 ’ 2 wpc
| and PP. The highest RE reaches 60% by< | 3% § =REofPP
Fungi grow : : Q 20% @ “REofPC
‘ r TEQ-concentration unit and 91% by S 1000 " E
AP pS = l g — mass-concentration unit by FMLs of PC 190 I 10%
) | /- i'; Ij cultured with coffee ground. o = 0%
| o A e CO SD RB BT GT Coff PDB
monomers/ polymers Secreted Ligninolytic Enzymes ' \_/ : . : . . :
(degrading products) (MnP, LiP, Laccase) J s 4. The proportions of 17 toxic dioxins/furans and removal efficiencies by PC.
o Metabolites (co-oxidant, acid;fatty acid)/ Wit supports by other It indicates that dibenzofurans are remarkable reduced compared with
S = 1T dibenzo-dioxins and the removal efficiencies of GT and Coff were 92% and
© DN Decompose . 91%, respectively. PCDD/Fs removal mechanism is biased towards oxidation
rather than dehalogenative reduction.
I I’Itl‘Od u Cti on 100% 100% mm2,3,7,8-TeCDF mm?,3,7,8-TeCDD
As regards to environmental, ecological and social aspects, the use of 12 8D 12307 8 FCDF
biochemical technology to'remediate dioxin (PCDD/Fs) pollution is more green _80% - 80%  miaaraincop  mmL2ae7HcDD
and sustainable remediation (GSR). White rot fungus degrade the complex 2 R i onor  mm1 234678 0C00
and recalcitrant polymer lignin by their extracellular multi-enzyme. These ¥ 60% - T B0 G s el eftency (5%
enzymes are versatile, extracellular and also able to oxidize various &£ ] ) = 9000 20
environmental pollutants. Herein, two native white rot fungus namely g 0% : 40"% 5 8000 70 5
Phanerochaete chrysosporium (PC) and Pleurotus pulmonarius (PP) were S oy 2 S oo 60
cultured with five agro-industrial residues by liquid cultivation and their FMLS I I & = 5000 VS
. . : o . = - 40 3
were used to remediate the dioxin contaminated soil in Southern Taiwan. 0% i B I i N > 4000 e
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Methodology . £ 1000 10 %
1. EML preparation |47 Scaling up — liquid cultivation 4{ Mz::al;dd;g 0 Control  w/OBF  w/BF 0
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Control temp: 26 °C Il /"\ ( ( . J SN
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Shaking: 120 rpm (orbital) ] '- | Increased from 50% to 67%
Light: lamp (24 hours). i - ud ' |
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AbSt I"aC’[ As regards to environmental, ecological and social aspects, the use of biochemical technology to remediate dioxin (PCDD/Fs) pollution is more green and

sustainable remediation (GSR). White rot fungus degrade the complex and recalcitrant polymer lignin by their ligninolytic enzymes. These enzymes are versatile, extracellular
and also able to oxidize various environmental pollutants. Herein, extracellular multi-enzyme with two ligninolytic activities, lignin peroxidase (LIP) and manganese peroxidase
(MnP), of white rot fungus Phanerochaete chrysosporium are prepared, characterized and explored for PCDD/Fs contaminated soil remediation.

To reduce production cost, five renewable materials including wood chips, rice bran, black tea residue, green tea residue and coffee grounds were used as sub-materials to
replace PDB medium. The extracellular multi-enzyme was obtained from the supernatant of 6-day cultivation by five renewable materials. When compared with PDB medium,
the total enzyme activity (MnP+LIP) of extracellular multi-enzyme produced by red tea residue, black tea residue and coffee grounds were increased to 1.5, 2.4 and 2.3 times.
The optimum pH were pH 5 and 6 for peroxidase and free radical scavenging activities, respectively. Malonic acid and malic acid can enhance the enzyme activity by about

10%; conversely, temperature (25-350C) and surfactant (Tween 80 or

riton X-100, less than 1%) have no significant influence.

Non-sterilized dry contaminated soil (7100 ng-TEQ/kg) was mixed with extracellular multi-enzymes in 1:1 w/w ratio and incubated under 26x2°C for 96 hours. The
highest removal of PCDD/Fs is reached approx. 91% by mass-concentration unit and 55% by TEQ-concentration unit by using coffee grounds. It is expected that the dioxin of
contaminated soil can be rapidly degraded by a non-specific open-ring oxidation via mediator-regulated oxidative enzymes, I.e., MnP and LIP. These provides a promising way
to regenerate Dioxin soil more easily.
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Fig. 1 Enzymatic (A) and relative activities (B) of MnP and LIP

obtained from

6-day broth cultured by five renewable materials

Including wood chips (SD), rice bran (RB), black tea residue (BT),
green tea residue (GT) and coffee grounds (Coff). When compared with
PDB medium, the total enzyme activity produced by black tea residue,
green tea residue and coffee grounds were increased to 1.5, 2.4 and 2.3
times. (Coff and GT: n>5; others: n=3)

9000

Table 1 Control factors and selected levels
Levels Factors
Acid Temp (C) Tween 80 (%) Triton X-100 (%)
1 Malonic acid 25 0.0 0.0
Tris Phosphate 35 0.5 0.5
3 malic acid 30 1.0 1.0
Table 2 Orthogonal Array ( Lo(3*) with factors and measured values
Experiment Control factors Enzyme Large-the-Best
No. activity(%)
Acid T(ﬁg‘)p wa;:‘)so Trito('}) /3-100 meantstd S/N ratios
1 Malonic acid | 25 0.0 0.0 97.9%1.6 39.81
2 Malonic acid 35 0.5 0.5 99.3*1.0 39.94
3 Malonic acid | 30 1.0 1.0 98.0+0.2 39.83
4 Tris Phosphate 25 0.5 1.0 65.915.4 36.30
5 Tris Phosphate 35 1.0 0.0 58.1X3.7 35.23
6 Tris Phosphate 30 0.0 0.5 49.913 9 33.88
7 malic acid 25 1.0 0.5 90.8+4.3 39.13
8 malic acid 35 0.0 1.0 94.1+0.3 39.47
9 malic acid 30 0.5 0.0 89.3+1.9 39.01
The S/NL ratio for Larger-the-Better Is used where the largest
value Is desired. 1 1
S/ N=-10log—2>—
n-y
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Dioxin by extracellular broth cultured with SD, RB, BT, GT and coffee
dry contaminated soil was mixed with extracellular multi-enzymes In

1:1 w/w ratio and Incu

« Total ligninolytic enzyme of FMLs of white rot fungus Phanerochaete chrysosporium was more productive by black

SD BT

PDB

RB

Coff

GT

8000

7000

6000

5000

4000

3000

2000

1000

Conclusion

Dioxin (ng-TEQ/kg)

Concept of Research
Nature as Teacher

Natural organic matter decomposer-—-fungi

\ A 1 ',~‘\ -

70%

Secreted Ligninolytic Enzymes |
(MnP, LiP, Laccase) W)\
\ fetabolites (cooxidant, acid. fatty acid) |

Taguchi Method to evaluate the effluent factors on enzyme activity
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Fig. 2 The optimum pH of MnP, LIP
and radical scavenging activities which
are pH5, 5 and 6, respectively.
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tea residue, green tea residue and coffee grounds which also reduce production cost.

* The favorable condition for reaction were pH 5-6 with malonic acid or malic acid adding under ambient temperature.
* The highest removal of PCDD/Fs Is reached approx. 91% by mass-concentration unit and 55% by TEQ-concentration

unit by using coffee grounds.
* These provides a promising way to regenerate Dioxin soil more easily.

on

activities IS  acid

e Acid

EETemp (C)
Tween 80 (%)

——Triton X-100 (%)

2 3
Level

Main effect plots for S/N Ratios. Rradical
scavenging activities are enhanced both by malonic and
malic acid supplementations by about 20% (data not shown);,
conversely, temperature (25-35°C) and surfactant (Tween 80

or Triton X-100, <1%) have no significant influence.

5 Correlation between enzyme activity and
removal efficiency
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pated under 26+2°C for 96 hours. The highest removal of PCDD/Fs is
reached approx. 91% by mass-concentration unit and 55% by TEQ-concentration unit by using
coffee grounds. It is expected that the dioxin of contaminated soil can be rapidly degraded by
a non-specific open-ring oxidation via mediator-regulated oxidative enzymes, i1.e., MnP or LIP.

grounds.
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Fig. 6 Correlation between enzyme activity
and removal efficiency of extracellular broth
cultured with SD, RB, BT, GT and coffee

Table 3 Pearson's correlation coefficient

matrix

Total MnP LiP RE (%)
Total 1.00
MnP 0.77 1.00
LIP 0.83 0.28 1.00
RE(%)| 0.85 0.73 0.63 1.00
Note: Total =MnP+LIP; RE: removal

efficiency; high correlation (|r|=0.7-
0.99); (|r|=0.4-0.69); low correlation
(|r|=0.1-0.39).

Fig. 6 and Table 3 show a strong
positive correlation (r=0.8) between
total enzyme activity and removal
efficiency.
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