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B E: [86] EXETALZM T, AR AKALRAKRLE®ILA (Trametes pubescens) i) LRt %
FRHATBLE TR Y KIER A, RS EHLEGZAM. [FE] FZARRIKREROE LKL
RE TS TP LA AT E, Fhat 2 b B & AR BT 18 R AR Ry Bl & L2 AT
M. AR, ME T ZARSLGRINOCAEEE ), HhALF B Fhotnts pH A, RE.
Fe AR A kB, ) B AR AR &R IR B R AT B AR A T AR R AR R e PR
Y. A EFH RN ERRIOZRELILAR LKL EM B FHEH, [4R] B LAt
REAR R A BAF M EBOR, EAndb pHAEH 2.0, BEH 30 °C, FAHKRE A 80 mg/L,
HEH 2.5% (RERARL)E, 150 t/min #i& T35 7 d B EFTIA 80.52%. fshidf2d,
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LA A LR LA AR EER. [£48] FARANAEAILAALKREL TR EHF TN
18 R R AL TR A LA 7B 4G R AT

KHER: REARILE B LK, EERImEH, BRI oAT, M FRKE

Decolorization of azo dye Congo Red by Trametes pubescens pellets
without addition of nutrition
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Abstract: [Objective] White-rot fungus Trametes pubescens pellets without addition of nutrition
treatment, a novel design, was used to lower the running cost as well as to enhance convenient
availability for dye decolorization. [Methods] Liquid cultured pellets of 7. pubescens were used to
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decolorize various dyes without addition of nutrition and then the removal process of the azo dye
Congo Red with higher decolorization rate was analyzed. During the decolorization process, the
extracellular and intracellular enzyme activities were monitored and the impact factors such as initial
pH value, temperature, dye concentration and salinity were optimized. Moreover, metabolites of the
dye Congo Red degraded by T. pubescens pellets without addition of nutrition were analyzed by gas
chromatography-mass spectroscopy (GC-MS). Phytotoxicity experiment was carried out before and
after dye decolorization to assess the toxic nature of the metabolites. [Results] The pellets could
decolorize azo dye Congo Red. After a 7-day incubation period, the highest dye removal of 80.52%
was observed under 150 r/min shaking speed at initial pH 2.0, temperature at 30 °C, dye
concentration 80 mg/L and salinity 2.5% (W/V). The pellets performed good persistence in repetitive
decolorization operations, as well as high potentials toward the degradation of dye Congo Red which
could be attributed to the presence of biotransformation enzymes. Additionally, degraded metabolites
were identified as naphthalene amine, biphenyl amine and naphthalene diazonium, as evidenced by
GC-MS. Phytotoxicity experiment confirmed that the azo dye Congo Red degraded by T. pubescens
pellets without addition of nutrition resulted in its detoxification. [Conclusion] These findings
demonstrate that the 7. pubescens pellets have potentials for the azo dye effluents treatment
applications without addition of nutrition.

Keywords: Trametes pubescens pellets, Continuous addition of dye, Degraded metabolites

characterization, Phytotoxicity
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24 B FL 1A (Trametes pubescens){F -l —Ff [
FE, EEEREYEIENY, g c k8
FREHEE S, H YR A T i €k
AN O I =p (% (7 CAIOE et = (WL R2A L N
TCE IR T Xk i€, ik o 5 R A
XP AT (R DLk, Stk i € 3l A v ) 5 i BRL - A 7000
b, BERESL S IR BRI €L RE 1 B2, I
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1 #eS 58

1.1 #8

1.1.1 ik E#k: S ERfLE (T pubescens)H ik
Cui 7571, R AT HRAE G/ BRI IX, PR
FAb MO K2 A P 52 i

112 Fed FRAEECYVRL BIEC T AL 50 mg/L (%
W, 28 0.22 pm UERERRE G ROCIRAA R . &
YeB RS 9T . =532 R KR IO K A5 ek
W& 1,

1.1.3 3R F: 2,2 R/ -M(3- IR I HE M -6-fEf i)
(ABTS), Sigma; B34k Hrak.,

1.1.4 $EFFE: BAIEFRHE(g/L): Hi%ihF 20.00,
FEEEIZ K 5.00, BEAEHT 20.00, KH,PO, 1.00,
MgSO47H,0 0.50, ZnSO47H,0 0.05, pH H4X,
1x10° Pa 5 £ K B 30 min, FEHEIR AT fil i i A 283
£ 0.01 g/L Dt IEBRAM4EAE R Bl, RS
. WA SR I (/L) KT 20.00, BEERRE
5.00, KH,PO, 1.00, MgSO47H,0 0.50, ZnSO,47H,0

&
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0.05, pH AR, 1x10° Pa kK4 30 min, 348
TR AT B In A 0.01 g/L B i BB Bk i Ad 4
AE B, ARSI

1.2 F%

121 GEURIES: TRIAERES RS Gk, 28 °C
TR TR G SR 6 d 75 H .

1.2.2 FF&EE: B 250 mL =M% 100 mL
WREEFEIE P S ANEAS | em FBE, THEIR 28 °C,
150 r/min JR3% 15 5% 5-6 do WU EHHUE RN T %
P R BORRR, FRAr IR, LA 5% (IR LD )2
FREMAT 100 mL LAl EE AR 7= L1 250 mL
=fAMT, THRK 28 °C. 150 r/min JR3% 5555 .
123 FRBEEER: L S% (RS EME
I3 BIIMAALE 100 mL 4%k 50 mg/L ARGk}
W 250 mL =i, FFEIK 28 °C. 150 r/min
MR RESR, 7 d JEIE SRR LR A (AR Ak,
W3 WER . WM T LIS IS 75 5L BRI
AN LN IV (E SO B ILY SN RS i
BT I=(Ag=A)*100%/Ao; FHrr, Ao XS BRI
R, Ak ¢ d BESIOBRE o AT FUB B 3R
J EERCRAR R AV R B ARG T LA i
124 FEEFMBEMRENENELAREENNE
e DL 5% (AR EL )RR i AL 100 mL ¢
WA 50 mg/L HARYUEHA M) 250 mL =AM,
TFHEIK 28 °C ., 150 r/min FOEHRFHE SR, 7d JFME
BRI ST A 7R L, % 3 IREE . [REPE L
7 d SR AR R B YRl R, ks T
IR, A 7d —MER, HEEMARN G,
PIICIR R TCE FE 41 T S i ek 3 4 B e L
PR DA 22 AR B BE T s o e A TR L 1.2.3,
125 ERNE: BBEAKRTE 3 RIERSF
W, 4°C. 12 000 r/min &.0> 30 min, A8 FiER
FH 0 7 58 0 2ok 7 v 8 B A L PR 22 AR T - W 1)
i & 1 AR A o TR B T A5 DA 22 AR 28 2 B K Uk
WS IR, WHERAIERE, IR S IMAZD i 50 mmol/L B
1R — S -BE IR S P S P (pH 7.4), 4 °C 1R 1)
¥, 12 000 r/min 5.0 30 min, FPi5 3SR EVH T
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W H M NG PEAE L. 3.0 mL SRR RS, &
1.0 mmol/L ABTS, 50 uL 3% A 0.1 mol/L #7145
PR - IR A B ZZ P (pH 5.0), ZEi& T 3 min
G, T 420 nm ZRIE OGRS, T LA R R AT
#ET, 2.5 mL AR A1 100 mmol/L 1E R

250 mmol/L Wi /1% . 10 mmol/L H,0, 1 50 pL I
EW, FI TR 3 min f5, F 300 nm AL E K
JGEE, FHRAIE A 5t B iE L 3.0 mL
FiARZ R, £ 50 mmol/L 4F%E " . 2.1 mmol/L
PORMAR . 50 pL B 50 mmol/L iR — &
P-BER S PR (pH 7.4), =R F Y 3 min
J&, T 265 nm ZRIEWOGRE, LA E 1o 22 R T
s PET 5.0 mL RONAR Z R 50 pmol/L 5
€M (Dichlorodiisopropylether, DCIP), 50 umol/L
R Tk Fie BiR 52 04— 4% FF R (Nicotinamide adenine
diuncleotide hydrogen, NADH), 0.1 mL 5 A1
50 mmol/L TR — E 1 -HEMR & M 22 vk (pH 7.4),
I NV 3 min J5, T 595 nm A E OB,

FH LA 5E 08 T iz J W8 0 — A% 1 IR - — 1) E )
diuncleotide
hydrogen-dichlorodiisopropylether , NADH-DCIP)

SRS PEY, 2.5 mL WA R H 1 mmol/L
MnSO4 . 10 mmol/L H,0,. 50 pL I ¥ & I
50 pmol/L Vi f1FRENZE MR (pH 4.5), IR T L
3 min i, T 238 nm ARG, FHLAIN E 4
AL B I LR E 1 min PIAEIL AL
1 pmol JIKH I Al A 1 BB 1 567 (1U)
1.2.6 BfRFERREIREPEIEEFRILIL: KK
XFTCHE IR 50T SRR AL T 22 0 B FR ek i
B P A2 B . W04 pH {E(1.0-10.0) . i
(15-50 °C). YukHfkE(10-500 mg/L)FIELJF (NaCl
0.5%-5.0%, BRI iifl, FHEIR 28 °C.
150 r/min BEOCIRGRESE, 7 d Jo 5 B 97 BE W8 '
A ML, w3 RER . PLESN AR &5
BRI 1.2.3,

1.2.7 BWREREREY S Binjor e e
&, AIEAR RIS, RIS TR AR R

(Nicotinamide aenine

LR CBRES 3 AL RHEAR ™) , Bl in A
T TCK B BR AN A T T8 | VRS TE % 25 & A rh ik
R 2T N EE LB IR 5 A9 B LA
YEFA B R YURHREfRE 2 B S T 2.0 mL (A4
HOEE T A - B BT 4 BT (Gas
chromatography-mass spectroscopy, GC-MS). SAH
AT 5 0F: PE-SMS BANE ikt , HAWII
RN 80 °C, f£4F 2 min J&, LA 10 °C/min AR
FHEZ 150 °C, SRJ5 LA 25 °C/min (3% THE 5
280 °C, f/afi¥F 7 min, &P AE1THEH A
18 min, N AL TEERE N 99.999%L) 1),
Wit 1.0 mL/min. $FFE FREE A 280 °C, F-shilk
R, RS 1.0 uL, 3l 20:1; Bkt sk
7 : A2 280 °C; M T (ED 72U S 5
HLETRETE N 70 eV MR 470 V&R
JEh 250 °C; HAIER 2.3 min; H$ A RE
TGy 15-300 amu; SIM 36l 7 e & .
1.2.8 BirFEMREREEYINEE R 48
BRBENSHERR: Bk elia)s, ik
19 2 22 B AL PR A Y RHA W DA A TR P s 15 ()
4 R TR AR Y B AR SR i ™ ) T8 0T
f#TF 50 mL KoK, (HHZMRERF] 80 mg/L
AT BRI ES . A W3 5. (Phaseolus
mungo) . 15 & (Sorghum vulgare) F1 /)N 22 (Triticum
aestivum) R, BRI 5.0 mL 5 GEHE LIPR
FERhF i R PR LniR iz, DLREEFKMYYENA R
REFRAE R BT R TR, 7 d JEE
T 1R % (%) SR ZE AR AEROIRGE KK B (em).
1.2.9 HUE S iS4 R DL xtse o8 AL H SPSS
18.0 B X B #EA 7 HL R 2 5 25 0 AT (ANOVA) | ¢
K361 LSD /5, " P<0.05 1" P<0.01 4> 31 2 5
WEMERW R,
2 BRI
21 HERIFELAEAELEFREZHTIER
/Y B & 1E F

SERALENE—F0E WL S A, TEAHE
FEHRREN TR R GR  age b, 455N 1
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PR o ETEFRFM T, BT IR Z G 3R
N 22K H BT YR W AR, (A S B R AL IS
BRI ZZIRXT 12 Fhas R[] 0 ekt 34 5L by i it o
BOR o o, TR DU GRS £ A 5 35 R
BAE, #5387 d JEMERATIAR] 73.83%, EUEE
YURE B S B3Ry 3.78 4%, PRI SR LT
VER BFR YR T L 50

BEAR, 5N IR I S5 T A 21 A I 2 6 AH
EL, AR RS 735 oK B 0k 55 4% B A AL B ekl
FI R, B0 R IR WA KR BE AR, 1A FETC
B IR T R 8 BT 98 B R FL R A ek
AT b 3 B — s AT AT, AT 4s
FREEA, YRt B SR
22 ELRMEE RN RN B 2 KB & s
pal:opA!

bEARR s

Frad GORH (00 T 22 AR 2L, R 3
HEMILHERLZ

2 A MR ZTATI AT B AR E R,

SRR 2, UL 22 IRTE TCE F7 5500 T Wi
JEAREME AL, PTARSRAE YR 6, I B ST
2RI AR LT B O JE B TR, AR ACEEE
BETRE, MRS, 3 AL E SR
WL AR R BETE 7 d WS ETHES, 25
7 RIS (8,343 53k 73.83% . 36.48%F11 9.74%, L4
G ORCRERRZ EME , TERFMT T HER
FLTA B 22 A AE X Y I SR 21 A4 o € 3l 2 Hp T 4
SR 2 K.
23 EERNE
HETEFRFMT, SER LR w2 ARG
Ak ISR £ e o R b R R B 2 A, AN
i, AR AN . B S AL . 2 RR AN
HRTE e I NS — A 1R — S e S i 21
3PN, FERFRR PRI S A I RHE A i
W AMERE AR R E 2SS, VIR RE A
BRI E 2R W R EE RN Z 2,

F1 FERIIFFLAELERFHTHRREBREEIER

Table 1 Decolorization of various dyes by 7. pubescens pellets without addition of nutrition

it £2, 2%
¥ R 5 W N Y L i i °
okl %%glfﬁﬁ NS Bk K : cholorlzatlon ratc? (%) _
Color index . RSB 5 IS InEE R
Dye Chemical class ~ Wavelength (nm) ) )
number Without addition of With addition of
media media

15 P X-BR Reacti s
B I cactive 61205 el e 603 47.16+2.36 44.13+1.54
Brilliant Blue X-BR
4 HL% B Disperse Blue B 61500 Nz 640 42.33+2.10 46.15+2.31
KISR4L Congo Red 22120 (RS 497 73.83+1.87 73.34+1.67
FA 541 Methyl Red 13020 (RS 523 67.71+1.55 62.23+1.48
77412 B Sudan Black B 26150 HAEZE 498 65.23+1.63 68.3242.04
B35 Trypan Blue 23850 A 607 66.6242.54 67.28+1.38
th#:4T Neutral Red 50040 AR 553 60.3143.05 69.84+1.57
WV F £ Methylene Blue 52015 WERK 661 19.54+1.84 14.2142.45
%54 Crystal Violet 42555 =R 595 55.34+1.57 65.20+2.48
Z.F4 Ethyl Violet 42600 =R BESE 596 57.16+1.84 59.92+3.02
HZF\F % B Victoria Blue B 44045 =R BESS 599 50.20+1.29 53.45+1.68
54 Brilliant Green 42040 =R BESS 623 51.48+1.84 57.12£1.45

W SR xks, TR,

Note: Each value is the mean value + standard error mean of triplicate.
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Table 2 Influence of continuous addition of azo dye Congo Red on the decolorization capacity of 7. pubescens pellets
without addition of nutrition

YU} £, 2
TR Decolorization rate (%)
Cycle 1" day 2" day 3" day 4™ day 5" day 6" day 7" day
1 13.20£3.54"  25.61+3.65 30.24£2.117"  52.47+2.647  60.37+£2.157  68.35+2.55°  73.83+3.31"
2 6.61£2.21  10.54£2.74°  15.34£1.107  30.46+3.04  34.27+2.14 35.37+1.26°  36.48+3.34"
3 3.5443.04 4.58+2.57 5.3443.54" 6.45+2.68" 8.37+3.14" 9.3542.57 9.74+1.78"

TE: SERLL xts, TR, P<0.05: ZHEE; TP<0.01: ZRWMEHE.

Note: Each value is the mean value + standard error mean of triplicate. The P value less than 0.05 indicates significantly different; The P
value less than 0.01 indicates utmost significantly different.

R3 REFFETHERIIERLABRRINRLAGEE 3 RETNEMRARINEGEEL

Table 3 Extracellular and intracellular enzymes activities monitored during the decolorization process of azo dye Congo
Red by 7. pubescens pellets without addition of nutrition after a 3-day incubation period

Xif e i £ )
JifF 2 Control After decolorization
Enzymes Mk JL P b Nz
Extracellular Intracellular Extracellular Intracellular
%M Laccase (U/mL) 5.64+£0.25"" 1.05+0.07 13.84+0.22" 7.64+0.13"
ARZELEAYEF Lignin peroxidase (U/mL) 3.55+0.17 0.86+0.09" 9.56+0.51 3.60+0.04"
Gt E ALY B Manganese peroxidase (U/mL) 0.57+0.06" 0.57+0.21° 3.98+0.31°" -
fi% Z B2 M Tyrosinase (U/mL) 1.78+0.51 0.68+0.18" 11.64+0.08" 2.87+0.08"
; I A — A% AR - I .
R NIy — % PR~ — SR P 4 3.10+0.34 - 7.1720.57 2.0440.74

NADH-DCIP reductase (U/mL)

TE: S5 xts, FR. TP<0.05: ZFEE; TP<0.01: HFHWDH

Note: Each value is the mean value + standard error mean of triplicate. The P value less than 0.05 indicates significantly different; The P

value less than 0.01 indicates utmost significantly different.

24 BRFERNRLREDREPZWE TR
24.1 % pH E: FEIEFRFMNT, ARAYER
FL A P 22 AR U BENIR 2T I 6, BR R ) U
pH XTULid R, 45K 1A Fin. 7E9G
pH {E>} 1.0-6.0 JEE Y, 55 B FL X E SR
TLT MO T, JUHY pH(E R 2.0 B, 35
3% 7 d JE YR (R AT Ik 74.51%. UlHITE R BR T
(A 04 T G 5 €2 mT A5 SR 58 oo g B € %
X ] BB AR TR T BB A A5 A 17 R A 7 ek Sl
1 R 77 P T 22 1A 200 B 2 ) ) e T 3, T o
YR Bt R E TP S e i pH {EAE
7.0-10.0 JEFEIN , ToE IR T EGEHNIER 21 H)
J R B i R R . Pl IR R R AE W IR pH {E N

2.0 Zb3kA%, HEBELUF R vl 4G pH 2.0,

242 RE: WAKRAERKTE—ABREEET
Bl AEL 55 AR ) S BRI AL & W TR 1P 75
R S AT REAS AR [P0 FE B TR AR, Al
FAGE B AL TR 22 AR XHE A G IR T 67 2
PRAUR XTI R R A2, 255 an1E 1B R, i
FEXE 20-40 °C JEEIN, JURHBL @3 GEHF7E 60%
PLb, JEHCYIREE K 30 °C B LE FE A FHISE
T L T 22 AR el KSR 1 A B (e sk R e £, i
ALK 75.14% o MIEALTF 20 °C BT 40 °C B,
JUBHL (a2l N, USRS 10 °C B
AN 21.51%, X AT AEJE T AR i 15 18 22
N ORI N T AR ot s Y S A L A (TR P
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Figure 1 Optimization of impact factors during the decolorization process of azo dye Congo Red by 7. pubescens pellets
without addition of nutrition

TE: A: P46 pHE; B: ME; C: JekhkiE; D: #HhE.

Note: A: Initial pH value; B: Temperature; C: Dye concentration; D: Salinity.

SO Al (4 B 2 BB T R o R AR SR T R R
IR EL 30 °C,

243 FERUKE: NERRILEFRFMHTHRER
FL TR TR 22 1Ak ol I SR 21 () i 32 g i e, X
WA 10-500 mg/L AIRISRLLIEA T T 88 R 555
IR . S5RAE 1C R, Rl ki BE i A B
ETFE, B AR R, Yk 80 mg/L
I, R R AT 3k 77.14%, Uil ERfLEE
22 (R FLAS b B e W AR R 2R e kb RE T . (AR I
250 mg/L J&, (3R B 5 L b v B A 1 R At Tk
B, JUHRY YRR Bl 500 mg/L B, ek
TR €8, 5N Ry 5.71% , U B4 e Wk B ) Y b 3k T AR
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Ty e FL TR B 22 AR R R 32 A far B, X e i Bt €2
O S AR A IO R LT R 6 Ykl e
IR EL 80 mg/L.

244 EE: HYILG pH N 2.0, HREH 30 °C,
YeoRl Wk E O 80 mg/L HF, R (NaCl
0.5%—5.0%, s R )X ToE T 40 T B
FLR B 22 i Ak e Rt B T s, 25 SR DL &
1D, MERELE 1.5%2.5% (NaCl, JREAFLI)TE
LN, Bt R b Th, SeEEh R 2.5% (s ik
FRLE), SEET YR30 80.52% X AT REZ H T
VN TIN— 72 W& B 1) NaCl (A5 J0URLIR B 22 14 1 B AR D8
N, BT A, TR] AR A A S AR
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Ak VS A BE VRN, I TR T TR 22 1A% et ISR 211
Ji e Ve T T 24 R T 2.5% (B AR L),
PRk 8 28 T B 3K B T R 2
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