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PR BN R, AR 2R T ROt A
20 TR [ 7 A 2 A i B - R T A R T Y T 22 BK
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AL NERGE R 2-CPIY L BRACR , e 1R

actamicro@im.ac.cn

B 2R R A Tl BIARTSE, LA
R I 2 1 72 AR A B AR B4 T A ) o AR
B, A5 FESE PR N T ME R A HLE A LR (A
PR o

1 AR 7

1.1 8

111 HEKERR: (D) OLEME: BT LS4
WPSB-1D NS R AF A, AR 2 HE5 1
TUWEKARZ IR 5 . ik s], S%EN
R B M E (Rhodopseudomonas palustris), 16S
rDNAJF 1 GenBank 1 #4)Efili 5 & Accession No.
HM 068966, 1% Xf2-CPEA K4 1 it 52 F1 [ it
RENM . (2) FUBE A . U0k o A B R
(Phanerochaete chrysosporium), £ fiy 4 NDH-1,
FHHERE DR EE, WA T EEE
A MRS B UL (CGMCC) ., 1225 1 1 4
PREGFE 0T AR B 228k, X2-CPEAT BN 52
REJIFN—E MR RE 1 . MR fIn R, %
B 22 Bk B 377 dJR X2-CPII LR R N30% A . &
YU RIE, %W 506 A I PSB-1D LT i
YEH

1.1.2 3EFRE: (1) GAUNREE R (gL): Hahk
2, (NH4),S04 0.6, FELEE0.2, KH,PO, 0.6,
K,HPO, 0.4, CaSO, 0.2, MgS0,-7H,0 0.3,
10% I NaOHAT10%HCHE TipHE 7.0, (2) H)E
IR SRBERIOKL L, 420 g,
KH,PO, 3 g. MgS0,-7H,0 1.5 g, 4/ EBI1 %
., H10%MNaOHA10% A HCIH T pHET.0,
(3) WLk F I (g/L): WA 10, WEFE2,
KH,PO, 0.6, K,HPO, 0.4, CaSO, 0.2, MgSO,-
7H,0 0.3, F10%HNaOHF110%AYHCIE T pH =
7.00 FSFREFEIEIEFNET1.0x10° PaZK %20 min.
1.1.3 FEMESS5EH: Motic Typel 02MHL T i
B (TR ERR A R A E]), TM-10005 2434
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- I f 8 ( H 37 HitachiZy A]), L-2000 5% AH
3% (H S7 HitachiZA &), SpectroFlex6600%54h-
A A6 (EEWTWA H), 2-CP (4ifF>
99%, EZ4E AL AT A RAR), FEE(GS
4li, Fisher ScientificZy ),
1.2 fFEBRAHE
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250 mLICwWHIE I, iRy, M rd
TSI HORAS . AN 0] WA e 6T
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8000 r/min.[>5 min, 2 [IEW, WENKEK
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IR A BRER K, PR A, BUHIBLOD 60 R
204 IR, DLBS PR RV TR RO
A NE BRI 2°42.0x10" CFU/mL,
1.5 B—PHZIRAIHAS
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T90 mL, 2-CPim Wk M50 mg/LIYpE 223k
Fd, B30 °C. 130 /min¥ K IR %1555
4 dB IR 223K
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TR T W(1.3) T80 mL, 22-CPRRHEWKE N
50 mg/LIYPE 228k Br 55 36 rp, EF30 °C. 130
r/minfE KPR 724 A2 R A 2ZER 1T . N T 1%
TE LR 2F s L AT g, DA B— P 22 BR )
XFRELUAES, BRI RE SRR B A i G 4
[ R B S 7 K S 8
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e e, ALY, YR )ES8-10 pm, FLRRA
RIRARWE YL (0, D62 AT T WSS T 22 3Kk A 5 1)
Fr e 2258
1.8 BRI

HUE AR RN S 5-10 A— T 22 3R IR A T
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UKL R UIRE T 20 °CHEIEHEZR20 min.
RIGEFT-20°CU A& L, VIREE IS0 um,
VIR G, MIGENEE R R, & TEiRT
HEAT BRI AR Al A% . LR A AR (1) [
E: WU —TR223K/ IRA WL R 5k,
A2.5%. pH 6.811)% [ Wi, JIF & T vKEE
4 °CF[EEL.S hy Z 5 A B EE I 1 PR b
1.5h; (2) Bii/K: FHO.1 mol. pH 6.8F4 MR 2% ik
k3, BR10 min; B H30% . 50% .
70%. 85%. 95%MY LEEHATHEK, FFK15 min;
(3) E¥e: 100 %L BEE#2UK, HEK20 min;
LRSI ER B 20K, BIK20 min; (4) T4
Quorum K850l it 1 4 {30 B 22 BR T Hi b 3 5
(5) Widr: MR TS T 225k U) v N
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WS ) R R ARG B, H
Quorum Q1 50R S~ S 8% B (S AF AT 22 3R R T 9 —
JZ1500 nm/ZE &R (6) WM& Frfil s i
PRI ZZBRFE S IEA T R ZS A A R LB S

1.9 A3Hro B X ik

1.9.1 fBRREMBIWZE : F2f B iR &=
223R30KE A 100 mLIGTC R AEBEER K, F30°C.
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R G T 2 BRAE A B A T B A A R
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E="%"P 100
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Hrr, 2-CPRRm R EMMIE . KitHRmRs
0.22 pm IR U8 fe , A E RO AE g 3G T
ME . TR C A (4.6 mmx200 mm),
FEIR30 °C; SAMGIERAG I 1273 nm; A
FHBEE45%, F4K55%; Jid1.0 mL/min; #EAE
25 ul,

1.10  HdEAbs
% HISPSS 19.0f1Microsoft Excel 2003 4% {43}k

TR E AL BRI 5 22430 (one-way ANOVA), R
Duncanik #1725 7 W & A 55 (0=0.05), RH
Origin 758X EAEAE R
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BRI BEWRE e, IR WmN. 5%, LEM
W REDOEHE, KNYY), HEESS mmAEL
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FH40fF G4 B e IR A (E12) T RA R, A
) 5 I A TR 22 BR A0 28 N 4 534 AL BR 43 B
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BiIX o Horp, SF05 I8 SE 2 ERANZ B IX
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& 1. Tﬂﬁ%ﬁ/ﬁklﬂﬁf}iﬂ’lﬁl\&ﬁi
Morphology of mycelial pellets formed by different methods. A: Single mycelial pellets; B: Combined
mycelial pellets I formed by adsorption method; C: Combined mycelial pellets II formed by simultaneity method.

Figure 1.
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2.2 REFEEBE LR AEY R
MR LAR Y, ST 22 BRI TR 22 B AR o A
BONMSEL, WX E2ARKIEE, Bk, W
Fl58 6 W% U TEA K

M BE 2B A TR 5 T

23R | b P XA . BRI, N IX
B 55 @%“ﬁwﬁﬁm;ﬂﬁﬁﬁ%%m
M%D@%WHMWﬁEﬂLFE%@wﬁF,
W04 1 AR RGBT R AR R T X
X3

2.3 ARFEEREZRO RS RS

H E14-AFT LUUER R, TRZZERE R 224 KR
GBS A RN BRI, 222 HREDGH, W
Z I FEH A B, LB K YY), R TASMmE
TG, Ao NI E . T2 TG R
LRI, ToRERRIE, WA Z I U5
SR ARRAZ o X0 T A AR 2% b 5T 2 A 1) e Ky

MTET, WaskEALmmnEY ik, B4 R

& 2. NEGEFRELKIIRESEMRRA 40x)
Figure 2. Microscopic observation of mycelial pellets formed by different methods (40%). A: Single mycelial pellets;
B: Combined mycelial pellets I formed by adsorption method; C: Combined mycelial pellets II formed by
simultaneity method. 1: fimbriae region; 2: transition region; 3: core region.

Bl 3. RNEFZEMRELKOAET AR (40x)
Figure 3. Microscopic observation of paraffin section (40%). A: Single mycelial pellets; B: Combined mycelial pellets

I formed by adsorption method; C: Combined mycelial pellets II formed by simultaneity method.
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MRS, R IR Y TR 22 45K R s A 0 A i
RO T ERR MRz E], BRI IR R A
PR A T E D B [ o i i B A [ 4-
B, CRILIE, Jab 4 gty o) g B HES 7E
BHETE TR A 223k 1 i — i 22 b il
IR IR B B R 223Kk TN ER, Jeie M 22
SCHRIE U 2 B B S AR 22 b, EROIR AR
KARERDCEHE, HAAR2Z ERERLE
AR ] 0.2 TR
24 ANRTFEEBRELRNSGE LB

O3 o U RO VR LR 22 3R 100 KL, X RAL
IERBOCR B A T bR e AT I E , IR TSR I
B, FRMEIFR . mIRIATAL, AR ISR
TR 22 2R A B BRZBCR  [E 7E AL SBOCR A7 A — 3 22
S Horh, WERREAUAST kR, NGOk

4.0k 20 pm TM-1000_

TM-1000

ik, BRAEEBE MM, R IR%
M, BEL R, B RAIRA 4R TR
Bt o TEPATH R G B WAL FOG A Al B 10 i
T, [FIREEFRPIE RS T 223k 554 XD
A Y0 0 [ AR 24 4 (4.9£0.7)x10" CFU/g
2 M R AR A B K AT, EARA
MOAFEAEAE R B S, WEW TOGH dI TR R B
MIBEFEOIRRIGEE TR, Z JE&EE T, 48h
Ji FEAS TR B W AP, RS B 22 BR A A B Y
AR 24 0(2.1£0.3)x 10" CFU/giE 22 T8, Vil
IR, Bk KA EETE, M
2P A R 22 BR B PLR TR BRI, PR 5K
B A A ML A e R v A [ A3 B o R &
B, BRI A R 23R E BB A O A BEER K TR
24 hfm, WRHHEIE IR G R 22 BRI OB 6 4T

x4.0 k 20 pm TM-1000_ x4.0 k 20 pm

4. NEFERRE LKA IREIRIREBIRIR A (4000%)
Figure 4. Intrastructure of mycelial pellets formed by different methods (4000x%). A: Single mycelial pellets; B:
Combined mycelial pellets 1 formed by adsorption method; C: Combined mycelial pellets Il formed by simultaneity

method.
x1. NEGENRE LIRS LR
Table 1. Comparison of mycelial pellets formed by different methods
Pellets
Index

Single mycelial pellets Combined mycelial pellets 1

Combined mycelial pellets II

Average diameter/mm 3.0+0.5
Dry weight/(g/10 pellets) 0.006+0.002
Dry wet ratio/% 3.0+0.2

Photosynthetic bacteria amount
embedded/(CFU/g mycelial dry weight)

Desorption amount/(CFU/mL) -

5.040.4 6.0+0.5
0.010+0.002 0.009+0.002
5.040.5 7.0+0.6

(2.1£0.3)x10"° (4.940.7)x10"
(9.5+0.8)x10° (4.7+0.6)x10°
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BRI 2 4(9.5+0.8)x10° CFU/mLZE Ay, 1 [ st
Bk 2°0(4.7£0.6)x10° CFU/mMLZE AT, Ut B W
IE TR A R 22 BRTEK 185 D) e T 5
IR
2.5 REFEERXT2-CPRERRCR K

o3 R e AR AR R L L 24 10 mL: 10 mLA -+
BIACA AR 5 2-CPRT s R 50 mg/L
BB 22 BRES 3R 3L, 7£30 °C., 130 r/minfk {4 ik
i a 3R . DICR SRR s AR IR, 48
B CEUPE . B— PR 22ek . MR AR B R 55
IR A B 22 3R 2-CPI RS RE , 8 K E it
WORE, 05 AN [F] R A 3R TP 2-CPIR B ik B2, O
HEEBE, 5RMESHR,

60

[
(e}

N
(e

[\®}
(e}

-—<—Blank control
—o—Single mycelial pellets
| —e—I'ree photosynthetic bacteria
—o—Combined mycelial pellets |
—*—Combined mycelial pellets I

p(O-chlorophenol)/(mg/L)
(O8]
[w]

—
o

0 1 2 3 4 5 6 7 8
t/d

5. TNEIFEBERT2-CPREREL L
Figure 5. 2-CP concentrations with different
biodegradation systems.

HI IS TT AT, K JC R X BB SR T8 R b4k
ViiFE, 2-CPRiBmWREEA —ERE TR, 75
Je B H8.07%, FWI2-CPHYE &R H Z
WEAE—E T, FitERgEREH, PIR—
FE IR E] N IO S AR R (192-CP o 2 R 2R A ht
MRV BT LR W AL G 40 PSB-1D1;
F27 dJF *2-CPI KR #EN65.92% ., TLie Wk ftikis
S [ ISP 5 35 0 T TR 5 7T 22 Bk 2-CP A 255
R R TS SAGME, 530 h81.08% Al
89.13%, 7E 1B FLTA Y B B — T 22 BRI AR &R
W, BEE R SRR R A RER, 2-CPRR IR P
W, U0 HH 11 EL T N 2-CPRR T A7 — & Wy B 4
AL, WMESAYIERRGE, 557 dE, 2-CPE
R 432.77%.

W4 A [ R AR 22 T 2-CP 5 2 Wk 38 IR I i) ) 2
o4 — N Bl ) 7 AT R A, B
Inp=Fkt+A, ZHp(mg/L) 2} 5% B8 1Y 2-CP i ik
. k [mg/(L-d)|FnFEME R, (d)e R
], ARHE S5RmE2HR,

M2 UL, A[RIERAR F 6 2-CPIY K BRI AT
B—RN SIFIE, BIE 2R BoR#S BRIk R 3k
P R R, HXRBREETF0.95, fr
15—l J1 25 07 FE Y REHCUT M s WA [i] R i 1Ak 2R
X 2-CPHY AR SR S a3, R S R 238 0K
IINERUR N Kyt srens™ g™y o iR »
FREWHRUON 4 ez < Qommt< Dot 4 mm<

2. T EIFEBRARER2-CPRIR N NFE S
Table 2. Degradation kinetic of 2-CP in different biodegradation systems

Degradation rate

constant &/[mg/(L-d) ] Half-life t;,/d Removal rate E/%

Biodegradation systems Kinetic equation R

Blank control Inp=3.91469 — 0.01136¢  0.9904
Free photosynthetic bacteria Inp=3.93128 - 0.16539¢  0.9903
Single mycelial pellets Inp=3.94889 — 0.07726¢r  0.9841
Combined mycelial pellets 1 Inp=3.95269 — 0.22631¢  0.9788
Combined mycelial pellets I Inp=4.19314 - 0.32859¢  0.9754

0.0114+0.0034 61.2+5.1 -

0.1654+0.0157 4.3+0.1 65.92+0.04a
0.0773+0.0049 9.3+0.5 32.77+0.02b
0.2263+0.0271 3.2+0.3 81.08+0.04c
0.3286+0.0115 2.8+£0.05 89.13+£0.03d

"P<0.05.
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gk, ELASPEMRFIR R RX2-CPRY 2 BRARAFTE
WEER (P<0.05), Hrp, [FBHEEFRBERIES
TR 22 B3RO0 2-CP Y e fige 1o 8 8 450k 4 0.3286+0.0115
mg/(L-d), 2-CPRYFEEHIN2.80+0.05d, EERFN
89.13+0.03%, AILAPEAR AR A WP

33

TR T . BRI B R R RUE D)
(] 2 AR AR AT LASE T R ) 6k . S5 oL
FHULZARP R L, T8 22 BRA1E R A S A b e
HAHELZE . (1) B2k H 2R 2 8
B, HERTE AN EAT 7RSI, ATA SR
D) RERE AR AN TR , I HLREAS v IR 2R AT LT DL K
TGP PR JUEERE T, FITAERT; (2) L2k
HAZALL R R, AT X D Be R
YDA s (3) TR Z23RA RN S8 i 1 sk AN AR
M, UIREMERER LS, HA —E PR, 6
BEIRGTRR BRI BT Y) T1 5 (4) T 243K FR s oK ]
o ARG fCRH, AEPERARE, ASEER
TG, W ZREE R, AT LSS e R I
AL, BRI VR BENAS . LA Ok,
W FE G A AL 7K LA R e A7 ) R 1 A4 1 3
PR 22 W B o 4 S8 14 P 181 A R 228k |, AT
MERE AR AT PR K I A B, KA B AR D
lm%&ﬁﬁﬁﬁmmmﬁm h A YA A L
PR BB . B SUN

A x ' - B -

2By e i . A
: “ s ",

R 22 BRAE S A 0 0 8 A T A 5 A TR 1
3 A WA AR I R Rk o A A e B
S LERNTREEH, PTG LA 41 PSB-1D4H
JfL 215 1l HE B 6 T I T TR 22 33K 1 g — A TR 22
e, ) B R SRR R TR A B 22 BRI Y
PSB-1D4fifl 3= 2R 4 TR T 22 | DU ST 22 588K
R s AL . X —iX IR 5 i S A
JANIA] o By R 3R 2 0 e i ORI R e 2
B TH-9 & 5 T B i B Y3 U 223k |, Wiz
KL, RIBTEEFREIE A B2 BRI ER, & P40 TR
BIo HES A K e — R 22 b, T B K
MBI 223Kk L, AR JAFE T2 R W48 LAk, 43
ORI R, AT BE St A4 9 B A 1 B A
FPRATE, TR A B 22 BR e v 1 0 BB 1 R
GilEe

BLAh, ARG 2R IR BR G T 223K CR
MIZEA LU R B, AEHERh S5 G460 7 G 40 i Y
RIEER, [RIA 35 SR L i W Bk VR e (R B e . B
farfd, ERER T L, IR TR R,
BN 22T A AN £,

WFIE AR, F0 T (0 56 3R 7E B 22 BR () Jliad i
il TAREZEMIEN . P RRREER, AR
AR A%, PRI G IE R 228k ]
BRIV U 24 BRAEAS [R5 2 B B BB G IE A (1K 6)
ATLAE Y, AR A MR A S S T+

5

e !»-

C

6. REELIK AN Hi“%ﬂﬁﬁxﬁ’lﬁéjs(m()x)
Figure 6. Morphology of combined mycelial pellets II in different culture stages (400%). A: Dispersed spores and
PSB-1D cells (0 h); B: Formation of saturated crystal nucleus with PSB-1D (6 h); C: Growth of spores from saturated

crystal nucleus (12 h).

actamicro@im.ac.cn



HIRHESE | MUEWZER, 2016, 56(5)

761

A3 SR LA SR A TR B, R FEARUR S A% v
P T —E M as ), A2 R ERR, B
BT B2 AR, BRRERE, REEM
I TH 22 BRECR iR o AR AL T AT A K
W22, T 2R K R R = A K
SNRAYIEPS), It H R ZFREA B RARF
g5 7= fedRG s, AW ffiPSB-
LD 4 JERS B AE TR 22 4R, AEZK B35 U0 0 A
T, TH2L[E 58 A g SO L 22 BRI R, R
PSB- 1 DA B F AL X, TR K T IRA
B 22Bk . M LEIE UG, BRURZR X 15 R
Tl A Ui B e A Ao TR AR L AT W VR, (A5
B AL A6 A AN T 2 B R R ORI X
W BRI R L TR ) B — P 22 BR B TR A
WPSB-1DE T, AR RGHHE T, W
LIRSS INECE, I HANMMU LS 4nE %
Y 2o TR R DX A TR 22 78 IR A BIBRIR S X, R
WidE e . X500 A, A AIE A B ERIR PR
P, AR ECT T, [ 5 vk A Wi o vk A M ) o'
BUFEECR T L, A, Jeh e R DL R4
JERE A T OLRESR A K, RIS AL IR d
REMEAT, MARMFESFRA K, HXEAE R
JERBEAT, MG A AN AL T BRI X
B, TR BRI, e BRI PRI L A
AR, SFEERR LG KA EZ, 1
A A 20 TR T DA TR DR Al il B AR A T R S ARl
FY A PUR R JFE, RN FREE K
P14 3K P RE AT 285 48 R 23 XA R I IR R FH 2o R v
F 7K 8551 77 VR FH R i e o R e A A
BRI, PRI T LRI 22 T R ' A 40 1 A T 1 22
BRI, DA R R S A ) T e A DL K b
FR A SEBR A o

ZUF5E R, I A R R TR
Fefem 7, AEdERR S e Sl 2% . 2R
MERE A LIS Y, R IR B T e i A i 2
KRR R ARSI, s

5 LR Bh B 2 (Aspergillus fumigatus, GenBank
Accession No. KJ156821), L r[{E N iRk
JEEHEPSB-1DIE MR 5 225K . SR 2-CPIREfift
WA, W3 da, BEERENER, ZRP
A B — TR 22 BR X 2-C P 25 R R U A e R 7
12%7c 47, BV S 0 RRF A AT, by a3 0 & %k 2 -
CP 122 B 32 238 1ok i B B n I A M Rt o i
W B, HE R R — 28 SR T
—— AR B V-5 R (Phanerochaete chrysosporium),
AMETRT LR ]y A= Wy B8R 5 006 AN e R &
223k, i H I ) B — B 22 ROV 2- St LA
—EEYIERMRCR, $53RT dE, X2-CPERERARN
32.77%. Wik, AHFFEHE TP A R L
18 T 22 3R A W B AR N & A AT PSB- 1 DEA T
EEAL .

AT B 00 AN MR — TR 22 BRON W IR, %
BN B AN ] I 55 372 0 IR A T 22 300 2-CP Y
WA ACRE 25 R IR W] 1R 4 AN [R] B A A4S 2R %k 2-
CPIY LBRFRAFAE B 2257 (P<0.05), Hrfr, [F]mY
B IR0 2-CPIY L BRGCR B 0F TRt . it
HT T Bk R A= B AR /K T R TR & T 22 3R
AU BN2-CPE SR, Warid ot E wg
B . AR R SRR, RAREL
TRA B 22 5K e 3 Y 'G5 A0 i A B b 5 T [+
R SR R T T 22 BR B SR Ak v o 65 RO 5 40 T
A A KL B MIE IR & W 228k, it A e
FLIA DH- 134 2% & 241 1R PSB- 1 D 4f 24 Bif [1] 2
FRR ST, TES SR R vh B e B A OG5 A0
ANWTEGE . U, RO 2-CPH#ETT HRRIACE,
M72-CPHY L BRBCR LU

gigy bR, TR 22 BRAE ok B A W) o K
A, [ SR R W E A AN, SR
BERI LG, AL [ e AR 1), #RAEfTAE, 1M
HEEE R, EEBCRE . WRAEA S
Tk, I HX2- M R BRACR &, BATH B AL
B MG AEA ML KA B TR 5 R 4
Fi .

http://journals.im.ac.cn/actamicrocn



762

Yihua Dong et al. | Acta Microbiologica Sinica, 2016, 56(5)

2% XM

(1]

[2]

[3]

[4]

[5]

(6]

[7]

[8]

Huang LP, Shi YH, Wang N, Dong YS. Anaerobic/aerobic
conditions and biostimulation for enhanced chlorophenols
degradation in biocathode microbial fuel cells. Biodegradation,
2014, 25(4): 615-632.

Li GW, Liu H, Zhang F, Du GC, Chen J. Real time PCR
quantification of ammonia-oxidizing bacteria in aerobic
granular sludge and activated sludge influenced by
pentachlorophenol. Acta Microbiologica Sinica, 2007, 47(1):
136-140. (in Chinese)

ZHLAR, XUAN, TR, 3% E K, BRI, 9<0E S PCR I 1L &M
X 4SO 5 JE AN PE TS e Hh S AL AN TR R RS A
YI2F4R, 2007, 47(1): 136-140.

Gao NY, Zhu SM, Ma Y, Rong WL, Zhou SD, Lu NX.
UV/H,0, photochemical degradation of 2,4,6-trichlorophenol.
Journal of Central South University (Science and Technology),
2013, 44(3): 1262-1268. (in Chinese)

)z, BLIE, ShHa, BOCER, SRR, BEANHT. 2,4,6- =5
FIUV/HO M R P IR (A AR ), 2013,
44(3): 1262-1268.

United States Environmental Protection Agency. National
recommended water quality criteria. Report EPA 822-R-02-047.
Washington. D C.: EPA, 2002.

Idi A, Hanif Md Nor M, Firdaus Abdul Wahab M, Ibrahim Z.
Photosynthetic bacteria: an eco-friendly and cheap tool for
bioremediation. Reviews in Environmental Science and
Biotechnology, 2015, 14(2): 271-285.

Meng JY, Feng FY, Ge RL. Study on degradation of
naphthalene with immobilized photosynthetic bacteria. Journal
of Inner Mongolia Agricultural University, 2012, 33(12):
99-102. (in Chinese)

T T, AR, A% H AL OGS AT [ e AR RS,
STl K F2EAR, 2012, 33(12): 99-102.

Zhao LJ, Ma F, Shan D, Gao M. Immobilized effect of bacteria
by mycelial pellet of Penicillum Y3. Journal of Jiangsu
University (Natural Science Edition), 2007, 28(5): 446—449. (in
Chinese)

BASLAE, EHRC, LLPF, Rl I TR 22 BR Y 3060 240 1 1Y 181 AL Ak
fig. YL KZFIR(A AR IR), 2007, 28(5): 446-449.

Hamanaka T, Higashiyama K, Fujikawa S, Park E. Mycelial

actamicro@im.ac.cn

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

pellet intrastructure and visualization of mycelia and
intracellular lipid in a culture of Mortierella alpina. Applied
Microbiology and Biotechnology, 2001, 56(1): 233-238.

Liu YS, Wu JY. Effects of Tween 80 and pH on mycelial
pellets and exopolysaccharide production in liquid culture of a
medicinal fungus. Journal of Industrial Microbiology &
Biotechnology, 2012, 39(4): 623-628.

Zhang HT, Huang Y, Fu YQ. Effects of pellet characteristics on
L-lactic acid fermentation by Rhizopus oryzae. Acta
Microbiologica Sinica, 2015, 55(3): 372-378. (in Chinese)
TR, BAE, AR, KA T BRI X LI A T 1) 52 T
WEEMIEFAR, 2015, 55(3): 372-378.

Zhang S, Ma F, Shan D, Wei L. The aniline purifying
efficiency of a combined myecelial pellet. Journal of Harbin
Engineering University, 2010, 31(6): 786—790. (in Chinese)
I, Thk, LoPE, BRI RS TR 2RO BERT ST MR
T REREEAEIR, 2010, 31(6): 786-790.

Wang HL, Li P, Jin QL, Qin G. Specific aerobic granules can
be developed in a completely mixed tank reactor by
bioaugmentation using micro-mycelial pellets of
Phanerochaete chrysosporium. Applied Microbiology and
Biotechnology, 2014, 98(6): 2687-2697.

Luo J, Hu YY, Zhong HT. Removal of Cr(VI) in solution by
Aspergillus fumisynnematus mycelia: reduction and
biosorption. Acta Scientiae Circumstantiae, 2007, 27(10):
1585-1592. (in Chinese)

B, WA, A, A B 22 B Cr(VD Y 25 FR-18 i
SRR, BREERLA 2R, 2007, 27(10): 1585-1592.
Sathishkumar M, Murugesan GS, Ayyasamy PM, Swaminathan
K, Lakshmanaperumalsamy P. Bioremediation of Arsenic
contaminated groundwater by modified mycelial pellets of
Aspergillus fumigatus. Bulletin of Environmental
Contamination and Toxicology, 2004, 72(3): 617—624.

Yesilada O, Yildirim SC, Birhanli E, Apohan E, Asma D, Kuru
F. The evaluation of pre-grown mycelial pellets in
decolorization of textile dyes during repeated batch process.
World Journal of Microbiology and Biotechnology, 2010,
26(1): 33-39.

Wu J, Zhong S, Li YC. Biosorption characteristics and



H#ih

R | WEEYIZER, 2016, 56(5)

763

[17]

[18]

[19]

[20]

mechanism of Pb™ by Phanerochaete chrysosporium. Research
of Environmental Sciences, 2010, 23(6): 754-761. (in Chinese)
SR8, #WIF, ZER. EEIEBVYE (Phanerochaete
chrysosporium) ¥t Pb> L5 8y W BRH45 1 K W BREDTLER. BRBERL
2EM5T, 2010, 23(6): 754-761.

Zhang S, Li A, Cui D, Yang JX, Ma F. Performance of
enhanced biological SBR process for aniline treatment by
mycelial pellet as biomass carrier. Bioresource Technology,
2011, 102(6): 4360-4365.

Shan D, Ma F, Zhang S, Wang C. Comparative study of two
immobilization technology-simultaneity culture and adsorption.
Journal of Harbin Institute of Technology, 2012, 44(4): 53-57.
(in Chinese)

WY, Sk, Tk, AR [ IR 5 0 R SR B 1 R b
XF L. BRI Tl R 24240, 2012, 44(4): 53-57.

Hu XM, Dong YH, Li L, Lu J, He YD, Gao Y. Biodegradation
characteristics of o-chlorophenol with photosynthetic bacteria
PSB-1D. Environmental Science, 2010, 31(7): 1672-1678. (in
Chinese)

BRI, TR, 5, IR, RIS, &AL DA AN TEPSB-
1 DX 2- G R B R R EEF 5T . R BERE#, 2010, 31(7):
1672-1678.

Lei DZ, Yu SJ. Morphology of mycelial pellets during the
submerged culture of Grifola frondosa. Acta Edulis Fungi,
2003, 10(1): 6-11. (in Chinese)

WAEKE, THUA. RAWALIRZE K R T B 2 BB R 451 1Y

(21]

[22]

[23]

[24]

[25]

[26]

[27]

WF5E. B E2AHR, 2003, 10(1): 6-11.

Lawniczak L., Kaczorek E, Olszanowski A. The influence of
cell immobilization by biofilm forming on the biodegradation
capabilities of bacterial consortia. World Journal of
Microbiology and Biotechnology, 2011, 27(5): 1183-1188.
Zhou Y, Du JX, Tsao GT. Mycelial pellet formation by
Rhizopus oryzae ATCC 20344. Applied Biochemistry and
Biotechnology, 2000, 84(1): 779-789.

Grimm LH, Kelly S, Krull R, Hempel DC. Morphology and
productivity of filamentous fungi. Applied Microbiology and
Biotechnology, 2005, 69(4): 375-384.

IRUL. T 22308 it B R S PR 2 IS . A R U Tl R
ZERRL 2R S, 2007.

Rudolf C, Grammel H. Fructose metabolism of the purple non-
sulfur bacterium Rhodospirillum rubrum: effect of carbon
dioxide on growth, and production of bacteriochlorophyll and
organic acids. Enzyme and Microbial Technology, 2012,
50(4/5): 238-246.

Kamei I, Kogura R, Kondo R. Metabolism of 4,4’-
dichlorobiphenyl by white-rot fungi Phanerochaete
chrysosporium and Phanerochaete sp. MZ142. Applied
Microbiology and Biotechnology, 2006, 72(3): 566-575.
Teramoto H, Tanaka H, Wariishi H. Degradation of 4-
nitrophenol by the lignin-degrading basidiomycete
Phanerochaete chrysosporium. Applied Microbiology and
Biotechnology, 2004, 66(3): 312-317.

http://journals.im.ac.cn/actamicrocn



764 Yihua Dong et al. | Acta Microbiologica Sinica, 2016, 56(5)

Comparison of two mycelial pellets formation methods to
immobilize o-chlorophenol degradation bacteria

. 1,2 o1 . . 1 . .3 . . 3
Yihua Dong ~, Peng Li , Jianghai He , Liang Li", Xiaomin Hu
' School of Environment, Shenyang University, Shenyang 110044, Liaoning Province, China
? Key Laboratory of Pollution Environment and Regional Ecological Security, Shenyang University, Shenyang 110044, Liaoning
Province, China

* College of Resources and Civil Engineering, Northeastern University, Shenyang 110004, Liaoning Province, China

Abstract: [Objective] To find an efficient and fast method for microbial immobilization, we compared simultaneity
culture method and adsorption method on morphology and intrastructure of combined mycelial pellets, as well as their
o-chlorophenol biodegradation efficiency. [Methods] The o-chlorophenol degrading photosynthetic bacterium PSB-
1D was immobilized onto mycelial pellets formed by Phanerochaete chrysosporium DH-1 to form combined mycelial
pellets. The morphology and intrastructure of pellets formed by two immobilization methods were observed by optical
microscope and scanning electron microscope. Then, their differences were analyzed. Using the sterile medium as
control, o-chlorophenol removal efficiency of free photosynthetic bacteria, single mycelial pellets and combined
mycelial pellets formed by two methods were studied. [Results] Photosynthetic bacteria were largely concentrated in
the core region of pellets formed by simultaneity culture method and grew in clusters on each mycelium and their
intersections. As compared with simultaneity culture method, photosynthetic bacteria mainly grew in the transition
region of pellets formed by adsorption method. With the same inoculation amount of spores and photosynthetic
bacteria, the simultaneity culture method could immobilize more bacteria with little time. Moreover, average diameter,
dry weight and dry wet ratio of pellets formed by simultaneity culture method were bigger than that by adsorption
method, and their desorption amount were less. The o-chlorophenol degradation followed a first-order kinetics model.
The combined mycelial pellets formed by simultaneity culture method could degrade above 89% of o-chlorophenol in
medium with an initial concentration of 50 mg/L after incubation for 7 days. And the half-life periods (¢;,,) were
shortened to 2.8 days. [Conclusion] The study provides the theoretical foundation for the practical application of the

new biomass carrier to organic wastewater treatment.

Keywords: combined mycelial pellet, Rhodopseudomonas palustris, Phanerochaete chrysosporium, o-chlorophenol,
biomass carrier, biodegradation
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