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Abstract: [Background] Magnetic nanoparticle-mediated isolation (MMI) is a culture-independent
approach for identifying active degraders from complex microbial communities. However, there
are few studies about the MMI-based identification of active bacteria involved in the
degradation of recalcitrant 3,3',4,4'-tetrachlorobiphenyl (PCB77). [Objective] To isolate active
PCB77 degraders from soil and assess the pollutant degradation capacity. [Methods] Magnetic
nanoparticles (MNPs) were used to enrich the active PCB77 degraders in soil. The change in
bacterial community composition was determined by high-throughput sequencing. A PCB77
degrader was isolated from MNP-enriched culture, and its performance of degrading
polychlorinated biphenyls (PCBs) and polybrominated diphenyl ethers (PBDEs) was assessed.
[Results] The MNP-enriched culture was capable of degrading PCB77 with high efficiency
compared with the control, which increased from 6% to 79.3%. The treatment with MNPs
decreased the bacterial diversity and changed the community composition. PCB-degrading
Rhodococcus sp. CT2 and Paenibacillus sp. MT2 were isolated from the control and MMI
culture, respectively. Rhodococcus was dominant in the control group, while the dominant
degraders included both Rhodococcus and Paenibacillus in the MMI group. The strain MT2
degraded 65.2% of PCB77 serving as the sole carbon source, and this degradation rate was close
to that in MNP-enriched culture and significantly higher than that (26.3%) of strain CT2 under
the same condition. In addition, the performance of Paenibacillus sp. MT2 in degrading PCBs
and PBDEs was better than that of Rhodococcus sp. CT2. [Conclusion] MMI is a powerful
approach to enrich active PCB77 degraders from complex microbial communities, with which
Paenibacillus sp. MT2 having high PCB degradation efficiency was isolated. The study lays a
theoretical basis for developing efficient approaches to remediate the soil contaminated by
PCBs.

Keywords: 3,3',4,4'-tetrachlorobiphenyl; magnetic nanoparticle-mediated isolation; Paenibacillus;
polychlorinated biphenyls; polybrominated diphenyl ethers
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385 T2 S 1 T A 0 % A S A A T S B
HH Ut e 1 AR 1 58 R A AR . AT R Ar
1653 SR T, SR S YL IR S B 5T 1 o6
BT

F 1973 4F B YARE Al FI i PCBs HY G (A FF
B (Achromobacter )k | [lisE4T ZFl PCBs f#
TR BAESY . Rl , PCBs mEtEAIREfRYE
SHIE g e A <, Hdh 3,3 4,44
FK K (3,3,4,4'-tetrachlorobiphenyl, PCB77) &
55 = & S S 1 VAN O VA %W R 19 1
REZAWR, B rERE R mg i H 52
8 L TR S 2 ) A L b At D R
MELLAE B R g Y, B R T 3R B B R B X
PCB77 BRI AR . AR A
IR S5 M+ 52 2% , N i B Zh BE A= 1) 1 02
FETERERBRAR , WM ATIORL AT 53 15 (magnetic
nanoparticle-mediated isolation, MMI)4 A J& it
AR SR BB NI AR TR b 4y B PE DI RE T AR )
A B8 1, L3 2k A R S P 2N K Uk
(magnetic nanoparticles, MNPs)Xf BE7& 5 {3 4= )
HATAERE SRR A 5 AR A KR 2 il
TR RE W A o 24 m Ok LGk, Ak AR HE e
VR TG REAS X 20 i TE P Sh RE S E W 2™, 3l
Tk i — 20 T 5 W R T T FCAE 0 1) A B R B i
FRpEN

H AT MMI £ ARTEAR W | Bk 5575 Je Wi ih
YT RE S A Wy A — e gE ! (H X
MERE S (9 PCBT7 ¥ oA WLARGE o ASBE R ] MM
HAREEIE PCB77 MMM R, LR
PCBs 5 5% T A B SR I RE S5

AR

1.1 ##
+ 3R QIR M EAL T R 43 R
FE>3 m), PLIRE b2 A AR K Bt

P B SE 0 23, ffrE T 4 °CUKFE & .

BER AN LB 553750 JOHLER R IR
(MM) (g/L): MgSO,4-2H,0 0.20, CaCl,-2H,0
0.02, FeS0O,-7H,0 0.01, KH,PO, 0.40, Na,HPO,
0.60, MnSO,40.02, NaNO; 1.00, NH,C10.60,
pH 7.0,

PCB47.PCB77.PCB110, BDE28 ., BDE47 .
BDE77 (4li£1>98%), B REFHEABRA A ;
WECKE. TN, Tedia 22 Fl; 2xPro Taq, RS K
BlFi A W) TREA BRZN 7] 5 Premix Tag™, TaKaRa
/A7) ; TIANamp Bacteria DNA Kit, KM A4 4LEH
F b s)E MR/ 7] ; QIAquick PCR Purification
Kit, Qiagen A wl, SAHEIEAL . S AHMAE/ 5T
AN, ZHERRH A R A PCR Y,
Thermo Fisher Scientific 7% #) ; Quantus™
Fluorometer, Promega /A l; My TVEZHE [
T 26 7 AL s 2 BB A IR /58 .

1.2 MNPs B95I&

MNPs KA iiek &, BB, 7
=BT A 300 mL WAk, FiR TR
30 min, [F) 38 BB P YA SR HER
FREL 4.490 g FeCl;-6H,0 £ 2.307 g FeSO4-7H,0
AR, TR 2 e W, SBaa, m
ERIBEYIPEEEA 30 mL k&K, BEEAE
K BB ATTHE, 7E 60 °C/K I M BSR4k
YRS 2 h, SRIEE T TR ER A, E
R R R BRI LA 43 B o %o A5 31 1) B B EA T O
HEatiK 5, JLAKLEE 3K, 60 °CHYEZS Jreh
T 20 h, 1FFIHOIR Fey040 TEWMER PRI 2 KK
AR, FHEAETCTE K T 40 kHz AR A5 %% 5% 10 min,
e .

1.3 £F MMI &K E& PCBs [ H ¥

X FH N ECK: PCB47 51 A 250 mL K
(121 °C, 30 min) =AM, FFHNEFEREMA
100 mL MM K355 20 g + 38 45 i 54 5 mg/L
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PCB47 (13805, —MIT 28 °C. 160 t/min
iR 2 D H B GG I 558 T 1 400 r/min
B0 3 min, KB HIERPOR A5, 15304
HERFRYI(SOC).

¥ SOC #4453 Wify , Hh— {3 A 3% MNPs
fEIREE % 1 h XS UZE AT REAL AL BE(M 41); 5
— Iy AN TEAT REAL AL AR g X BRZH (C 4H) o 2331 K
1 mL WA/ ARREA ISR YA 5 A PCBT7 (5 mg/L)
AL (0.1%)H89 5 mL MM K555 38, 28 °C,
160 r/min ¥53% 15 d, ¥4 H 508 PCB77
(IR, TRl X M ZH3% 8 HgCl, (10%) K
XTI, LAHER: MNPs AOAEA MpseAbim . 52
I hb FRALFEXTHES R 3 AN EE

WA T ML 5 55 O RE — 0 R A A TR
#F 20 min, AR M A EEEMOC);
C 4 (COC) ] X} BB RE . 437l HL SOC ., COC
I MOC H 4 5 mL, 14 000xg &5.0> 5 min Y&
SETFIAK, $% TIANamp Bacteria DNA Kit 1B
FEHUA R DNA K514 515F (5'-GTGCCAGC
MGCCGCGG-3")H1 907R (5'-CCGTCAATTCMT
TTRAGTTT-3")XF 41 16S rRNA LA 1) V3-V4 [X
#47 PCR, PCR JXW{AZ (20 pL): 2xPro Taq
10 uL, F . FH#51%(5 umol/L)%% 0.8 uL, DNA
Mz (10-50 ng) 1 uL, ddH,O %2 20 pL. S
. 95°C 3 min; 95°C 30, 53°C 30, 72 °C
45 s, 29 MEH; 72 °C 10 min; 4 °CIF-AF. ff
A QIAquick PCR Purification Kit X PCR y= ¥y i}t
fraifk, H Quantus™ Fluorometer #H47E 46
W, A PCR Y FE/RIEAIGIREE
[lumina MiSeq Il /7> F & #4743 707
1.4 PCB77BRBEMFLSEE

3B MOC FI COC 3537 W b B 7 B
(107'-107%, WA T U2 EH ik PCB77 [
fE TR, HrP AR 2 A 1.5%BUIE ) MM [ {4
Frgedt, FJENPL 20 mg/L PCB77 JyiE— R

) MM AR R 3 (1%8008) . PR T 28 °ClE
AR R BRI RV, S5 WK IE S g
439k MOC il COC I3 E, JF7E LB *F
Me b B R Zealifh. FEMERAE LB JEFRsdh
K EEFEFH#¢ TIANamp Bacteria DNA Kit 5 B 45
FEIA /& DNA, SRH 519 27F (5-AGTTTGAT
CMTGGCTCAG-3")Hl 1492R (5-GGTTACCTT
GTTACGACTT-3" )40 16S tRNA FL[H ¥EfT
PCR, PCR &% (50 pL): Premix Taq™
25uL, [, FiE51%(10 pmol/L)4% 1 uL, DNA
FiHz (50-100 ng) 2 uL, ddH,O 21 uL., PCR [
2. 94°C 5min; 94°C30s, 55°C30s,
72 °C 1 min, 30 ¥ ; 72 °C 7 min; 4 °CH-AF o
PCR J7 ik b 3635 A 1) R 2 BHE AT BR A wl i
FTIE, FESIAE NCBI %#E JE (https://blast.ncbi.
nlm.nih.gov/)#1 EzBioCloud (https://www.ezbiocloud.
net/) P AT AR RN FE X, FEAE NCBI 8 28
R A CERRRY 16S rRNA R FS, R
MEGA 11 ¥ R g & BT, b4 7[R W
VA i
1.5 PEMREXT PCB77 HIFEFE R M E
PCB [ R A LB K53756F 28 °C 160 r/min
B % 20 A K (ODgoo 2574 0.6), 5 000%g
O 10 min WCERAR, MM K532 3L VE R4 3 48
JEHE 10% (B BOHRN . FEARSCH T 20 mL
KA S HAT . o0 578 G — B s AN LA gy
ZAF T PCB77 ByRESg, HdME—aIEA 5 mg/L
PCB77, AR HE AN AN 0.05% % L 4l
W, A ALVE Y A D e ) AR SR,
REFET 28 °C. 160 r/min 5555 9 d., [RIAFZEME—
il S5 I B I RE T I MNPs (/5 M-
B TE)XT R, LLHER: MNPs B] BEAETE (14 A= M figt
e EH . SLIA PR FE XTI 3 AN EE
B SRS ORI 2 AR A IE 2 bR E
HE TG Y, W1 mL A HLAR S 0.22 wm JENE,
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R VAR5 5 5% B 75 5490
1.6 BEFRE X H fih g1 (X 15 2 MBI PERE R
M ZE

WA PCB [ 12 X5 A W] b A H () PCBs
F1 PBDEs (RS, SConihk R | IR
1Y PEER] 1.5, 23 5 LR — 5 e R A 1S
YL SEny, B2 SIS A SIS RS S e 1
FAE PR IR : PCBs #1254 PCB47 #l PCB110,
fdi IV BE Y94 5 mg/L; PBDEs #1254 BDE28 .
BDE47 11 BDE77, f#H#kE N 0.1 mg/L. &
B SIS IR G5 J I VE Ak IE . PCBs 4174
PCB47. PCB77 #l PCB110 =F W&, 1#
FHYE % 5 mg/L; PBDEs 415 BDE28. BDE47
M BDE77 =# WHRGY , i VK E & 0.1 mg/L.
RS E T 28 °C 160 r/min BYBEFRA ISR 9 d,
SEEGA PR RS (1 3 N EE L R RE,
A LI R GC E PBDEs; [ GC Joik
X 43R A0+ PCB77 fil PCB110, RIS
AR TS/ BT 56 A G € PCBs #kJEE .
1.7 StHhE®RtAZE

e A A5 #) 9 R UG B 7E QIIME2
v2020.11 V-5 AT AR50, (] cutadapt ¥
OIS P s 514, 8k DADA2 i Xt 2
SR . REMEIH, By i+
J¥ %) 2% 53 & (amplicon sequence variants, ASV)
(% 100%)FFIAHIPE)FAER , JFKHE Silva 4
HBORE PE XS R ASV JEAT 20280 R, (il
“vegan” LR 4.2. )T E YR E FE (observed
species) FI 7 4 5 5 (Shannon index), FLLFEAE
BEIEH) o ZEEYE. GC B4l HP-5M,
30 mx0.32 mmx0.25 um, MR MR: BIH
A, 1.5 mL/min; #E#E TR 250 °C, £
AL 300 °C; 23 LRy 20:1; 72 P A, 120 °C
{445 3 min, 8 °C/min #&£7} % 270 °C. GC-MS {4,
4N TG-5SILMS, 30 mx0.25 mmx0.25 pm,

SIS R s AR AR, 1.0 mL/min; #EFF
PR 250 °C, fEHZiEEE 280 °C; N3 ;
P THE, 120 °CI#£4F 2 min, 10 °C/min 2T+ &
280 °C, K24 t Ki56 (student’s t-test) AT B Ak
PREH ] i) 22 57 i 254 (P<0.05)

2 HERE5M

2.1 EHF MMIEZAKEER PCB77 [EMEE AT
Y% F PCB77 A5y A WA i) et BIF9ER
MW s H 07 X220 v PCB77 BEfR e,
HE SR R T 2R ) [ Aig (1) PCBAT Xof B 1 10F
IR &, WERIRYER S PCB77 A
MNPs 2238 & 4 PCB77 7 P [ At v . 25 R 1
23 IEW P E % PCB77 MR- A%, 1
TE MNPs 1FEF T FEfif R B 2185, A 6%38TH =
79.3% (P<0.05, K1), W& m FHAFEH
RERIRE AR AR (26.7%, 100 mg/L)!'®, HgCL K
A HERR T MOC 2H 'l MNPs ‘2 HEAY)
AL R K AW EI(CK, 6.16%, & 1),

100
i
13T
=
2
= S50
s
o
Gy
a
25 F
1 i
Nl
CK coc MOC

Bl1 EEEFREREBNAERPCBTTEEEX  CK:
MMI 4bHZH 1) K X B (HgClb) s COC: Xt HRA &
BB FEY; MOC: MMI AbHRAL & 4R 1 37 Y

Figure 1 The degradation of PCB77 after enrichment.

CK: HgCl,-sterilized magnetized culture; COC:
Non-magnetized culture; MOC: Magnetized culture.
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22 EEEFTEPHAEIFERAEAMMT

LA PCB77 J Ji 4y (4 A 1 S5 1 A v 240 e
AR T A, 25 2 B R
YIRh = E WA T 90.6%, FAIEEEMK T
60.9% (SOC vs. COC, P<0.01, ¥l 2A . 2B); MMI
SIS Pyl RS B — BRI T 37.3% (COC
vs. MOC, P<0.05, & 2A), FRIGHELIE—
TE IR (COC vs. MOC, P>0.05, [l 2B).

R T AT R, IR EEE AR R A T
BT As . R DK T SIE T TN ER),
SOC H WA 5, A (R
FE>5%) A5 R AT 14 | ] (Acidobacteria) . 475 4[]
(Chloroflexi) . y-Z8TE # 44(Gammaproteobacteria)
&5 MHZ T, BESBEPYFA R SR —, L
I B ] (Actinobacteria) #1 Gammaproteobacteria
HFEF, IEEEESE NP P R 101, (HAE
MNPs 11, Gammaproteobacteria i/f— 5 4,
FRE G HARTH R 91.5% (K1 3A). ST TKFAEfbE
#—F, BACET SOC UM R A+, 1IE%
' HE(COC) i & #2151 41 8K T4 J& (Rhodococcus) )

L
0

Y e

SOC COC MOC

2 EERFIETARVMFEREQMERENGBRIEL

He RS, MOC: MMI 4bH 2 & 445 55

MXTFERE, 29 49.1%, # SOC [ 1.5%M KT
31.7 f%, JIA MNPs J&, ZUEREEH)FERFIKE
8.06%, B AL )& 074 B J& (Cupriavidus) i)
KiEsaE, FH 5 ik 88.4% (& 3B).

DL PCB77 AAEKIRY AT IR0t 16 PR
KA ZUE R BRI EAN M Y MNPs & 57
BEARRE, e 20 LR 1 DA i S 3 0 P R
2, M MOC 21 1A Wyite & 72 1k A B 32 24
TG PCB77 B0 4, i 5 CoC
TEVIFR A b7 AR AR 28 e . ANl BT Aok
WOk AR B 0T fE 2 B W R AL
BRI I HER: MNPs X REVR 21 Y B4
s, (HIEF MNPs AEEIEA YL PCB77
(B DHRYBS:, HEW &A% PCB77 IR £
BOARIE TIRE A A E 4 1 H MMI ERE
Bl UIE SR % A7 R0 1) AL 0 M R A e A A 2
#E, U0 Zhang S HRGE T A W Ve P RS A
ARG YETR , 455 15 L W R g R A AR E 1 R
7 R R EH R (DNA-stable isotope probing,
DNA-SIP)%iE S b 82 /K 7 14 (Burkhol derial es)

SOC: HitE LR, COC: XIH

Figure 2 The change in bacterial Observed species (A) and Shannon index (B) during enrichment. SOC:
Initial PCB47-fed culture; COC: Non-magnetized culture; MOC: Magnetized culture.
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100
Bacteria; Others
Verrucomicrobia
75 . Patescibacteria

50k I . Bacteroidetes
. Gammaproteobacteria
. Deltaproteobacteria
. Alphaproteobacteria
23 . Acidobacteria
Actinobacteria
SOC cocC

MOC

A

%0)

Relative abu

Others
Uncultured TRA3—-20 bacterium
Uncultured subgroup 7 bacterium
Uncultured Rhodospirillales bacterium
Uncultured Rhodanobacteraceae bacterium
Uncultured Pedosphaeraceae bacterium
 Uncultured Kryproniales bacterium
[ Uncultured Gammaproteobacteria bacterium

75+ . Uncultured Candidatus Woesebacteria bacterium
~ Uncultured Candidatus Gottesmanbacteria bacterium
[ Uncultured Candidatus Azambacteria bacterium
[ Uncultured Caldilineaceae bacterium
[ Uncultured Anaerolineaceae bacterium
50 + 77 Uncultured 0319-6G20 bacterium
[0 Thermoanaerobaculum
Rhodococcus
Rhodanobacter
— [ Pseudoxanthomonas

B 100

Relative abundance (%)

Phaeodactvlibacter
Microbacterium
[ Ellin6067
[ Cupriavidus
o L — [ Castellaniella

SOC cocC MOC I Azoarcus
[ Arenimonas
Achromobacter

B3 BEEFSEPEEMEEAREITRNKFEQFBKFEBRENL [ 1/HKFEREKFET, 55
JETZRAN FFE>1%H 0.5%3EHE, /DT F B RZERES JF A “Others”. SOC: HH W HEHFR; COC: *f
M2 B ARG SR s MOC: MMI AL FRA] & 4 B 5%

Figure 3 Relative abundance of taxa at phylum/class (A) and genus (B) level during enrichment. The group
accounting for >1% at phylum/class and >0.5% at genus levels are shown, while those not match the criterion

are integrated into “Others”. SOC: Initial PCB47-fed culture; COC: Non-magnetized culture; MOC:
Magnetized culture.
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R ER R AR RESHE . Li 570K MMI HiAR
5 DNA-SIP MZ5G, K s SERE A B
TSN RAE, UESE TR YL IE (Pigmentiphaga)
TE AL K A EAC % F AR
2.3 PCB7TT BREHFESEEER
FHILA PCB77 AME—RAT MM Pt
COC Fl MOC ‘& W T IS TERF A R 1 140 g 45
F%, KBXT IR (COC)H PCB77 FAF I 1 B0
(1.36x10° CFU/mL) % . 3 5 T MMI Ab B4 (MOC,
1.61x10* CFU/mL), ZHiT 2 MRS . WAL R]
P T T S AEAE 22 AR S B A T
16S rRNA FEE XS 4347, KB COC -l 2H 45
JpBi—, COC FPE#E CT2 (1.29x10° CFU/mML)AY
16S rRNA H:[KF41)(GenBank %5554 OP709841)
5 Rhodococcus sp. JC435" AP ¢ 155 (100%,
K 4A), HEES N6, RiabEE . gt
YA SR A AR, 22 [RY A BAYE(E 4B). MOC
O S H 20K 1R (8.8%10° CFU/mL) RIS 2 48

FFAE (MT2, 6.7x10° CFU/mL)3L:[RI4H AL, MT2
(GenBank % 5t 5 OP709842) 5 Paenibacillus
populi strain LAM0705" 5 AH{EL(98.0%, &l 4A),
WA AE, REEEE., hgotiE, F 2K
PE, KFPIR B A 2RI (& 4B).

LIERB KW UL PCBs [, |2
e T HHERMUTB Y AR BT U™ HAR 26 3tk
RHA 1" Burkholderia xenovorans LB400%” | 2
B L 7 (Pseudomonas pseudoal caligenes) KF707
SEHR MY PCBs A W) R i B TR A s 5 403K
BRA LY, 5% T2 2 AT A1 100 2 55 S S8 AR R 44
b, ABE R R AL 58 PCBs FEfSFE
RYEHTEEVER, Uhlik P81 Lee ZP7LF
DNA-SIP 71 BB ZEHATF IS 5 T H i
Y1 PCBs (R ffIEFE ; Ouyang 2P ITERF 5T A4
Tk ] 7 RERE AR PCB118 FOBFSE o R B T 252
TAFR M ESE; Li S5 URAEOEHA S T Ak
YRR B AR B T BEARIOR S HAF IR

& 99 @ CT2 (OP709841) =i X A "zj "‘, i

n\: :Ilﬂ LI ” Sl - O 4

99| L Rhodococcus sp. JC435T (LT630357) it . ff)a o

(4 =
1\,

Rhodococcus aetherovorans strain 10bc312" (AF447391) 2] f)?(‘.f

D AR
. . 7 A?Na
Rhodococcus olei strain Ktm-20" (MF405107) IR \&r” Wi
L A‘Mu)ﬁ

Paenibacillus harenae strain B5197 (AY839867) gl WY R
Rl
5 ® Lt

€ MT2 (OP709842) §t’ N, Q"\—-‘\\z- N

99 I NE Ve, NN\,

97 Paenibacillus populi strain LAMO0705" (KJ000069) )’ b, v !
LI LN L
91 : % e

Paenibacillus agaridevorans strain DSM 13557 (AJ345023) ALk é a LN
i ¢ MT2 ?‘..:{\ JEk S \'"-f,\
0.02

4 PCB[EfEHE CT2 71 MT2 RS L B R (A E ZHMEFSB)

Bootstrap X BN 1 000, 53

TALEF-FIR bootstrap LHFER; FES N EFS GenBank &3¢S R 0.02 18R 752 E

Figure 4 The phylogenetic tree (A), colony and cell morphology (B) of PCB-degrader CT2 and MT2.
Bootstrap values (expressed as percentages of 1 000 replications) are indicated at the branch points;
Accession numbers are shown in parentheses and the value of 0.02 represents the sequence deviation value.
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RAEH IR Cupriavidus H- £ PCBs [%
fiftfE S22, SR, PCB77 AR 4R M MOC
Hh 3 B 235 SR I ) P 4B & Cupriavidus,
A, #1525 3 4 HAR IR Paenibacillus (4
X F B <1%). %4 5 Zhang Z LT HE AL,
i AT & B ik )y B SRS 2 B IS HE B il K
5 % T R (Enterococeus, i 37%), i
T T H R firt BT O 228 S 6 P AR AR I AR AR E 1Y
AR (Klebsiella, ft i 1.7%). & F R
IR 5 o eI GA s 7/ R | o O R N
TEHE AR 43 B R B A TR AT 5 vt e BB A
(IR AR— E BRI Al 55, A (043 B 1 bk L
BT AT P AR G X R T R
PR BRI DI RE B 22 5, ATREEATT 0 2 52 F)
TEUA B 551, AT RE X 2 B 2 3 o AR
A= ) AR 5 2R T T 5 ) A A5 R
2.4 PCBs [§f#E X PCB77 8P #E

BUASE T T AR A it AT A P — B D R R 2%
N XF PCB77 WyREfERE ST . ME—BRIESAME T,
COC 4 1 F B B LT BR B CT2 H A1k 3] 3 53 % it
PCB77 MR H(26.3%, &l 5A), 1 MOC 41 H Ik
FRERR AT MT2 A6 25 S 5 Y4

5 &tk CT2 1 MT2 fEME—RRIR(A)FN R (B) &4 T 3 PCB77 BYFEAZ

M-MT2: &k MT2+MNPs

(65.2%, Bl 5A), FEAESCREGE T & %W MOC
W PCB77 IR (K 1), %4595 Sakai %
B 2L, AT\ 338 rp oy B A5 2 K 2E A AT
@ KBC101, & MHANEAT 1K) PCBs [
RE T, T H A A5E R Sk T R S 7 e o i - T
5K PCBT7. 5 Z B 55 458 1o A T BRAH 1
MT2 HATHEIFRREARRCR . 40 Wang S5 UHH
— PR B 1E HHAE AR T (Sinorhizobium meliloti), 12 d
N PCB77 (5 mg/L)WJREf#RE N 29.6%; 257 FF
5 DOL S B T P AR MR B X PCB77 (5 mg/L)
(B 40.0%; SEERSEP RIS T —BRa SRR
R, 7 d AR 49.6%) PCB77 (1 mg/L).
[F] ) MINPs (/i A TR i 2 b8 R A 14T % PCB77
PIRERRSCR , HEBR T HnT BEAAAE 0 A W R A (2 1
YEFI(M-CT2, M-MT2, P>0.05, & 5A),

M BE S SR 0 RE O A7 SO AR LT BR A CT2 X
PCB77 HFEf#(59.7%, K 5B), ZIHMHIZE 24
FFE MT2 BIRERSCR(33.2%, E 5B), HHA
S AL v AS B A, (I 5 AN ) A A T 114 6
RAUINERG BphA FrtEAE7e 2 VI Gk, A B
¥ 22, BphA J& 11 57 )5 8l PCBs [ 1) G HE fify
FEFZIBRE RHAL (IWF5Y % B BphA fiifk 114

M-CT2: Btk CT2+MNPs;

Figure 5 The degradation of PCB77 by strain CT2 and MT2 with the pollutant as the sole carbon source (A)
and the co-metabolism degradation (B). M-CT2: Strain CT2+MNPs; M-MT2: Strain MT2+MNPs.
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RN, JRYIEE G T 2R A L U A R
FIRYMELRY, A0 5gi i H 4 3L [ bphA
AT T A, AR T BRI L
4 =G PCB77 fE NI £ Fl PCBs 1L 3L
R HEHE bphA 323K AT i 35 8 i A= ) S 0L 4%
PCBs £ PR A iR B0
2.5 PCB [§f#E X Hfth PCBs 1 PBDEs Ay
P fiR

43 AR B — 5 Ye My IR A 75 Ye W 25 1 N 0F
G T R TR AS [A] i A 25 PCBs Al PBDEs (1)
i . 25 R, 203KTE CT2 MIZEZFATIE
MT2 XI5 Ye Wy 350 i i A R 0, 7R
— PCBs 1ENRIERI Z51F T, CT2 X PCB47 Fl
PCB110 [IREFEFRIT AN 29.9%F1 28.4%, MT2
SR 38.0%7F1 50.5% (& 6A). FEHi— PBDEs
VERBRIERY 214 R, CT2 % BDE28. BDE47 il

A - CT2
100

75 L Individual

Degradation (%)
wn
=1

25F

PCB47 PCBI110
B
650 m CT2
Individual
g 75F
j =)
&
= S0
-
g
&
¥
a 25t
0
BDE28 BDE47

PCB47

BDE77

BDE77 IR 28.4% . 41.7%F1 50.1%,
MT2 7351k 41.8% . 62.2%FH1 65.7% (& 6B).
KIS, WPk MT2 % PCBs #11 PBDEs [/)[4fi#
R 1T CT2, HifP %t PCB110 .BDE47 1 BDE77
(IR 22 Sk 31 @ 2 7K (P<0.05, 18] 6). AH LG HR
— IS YRR AT, BRT CT2 X%F PCB77 B —EfE
PEVER(49.3% vs. 37.8%, P>0.05, & 1 F1F 6A),
KABGI 15 YL WR A S5 T R B Ry e fie 2 20 40 31
s, orh B i 325 5 (P<0.05) A FRAL 4%
CT2 %} BDE77 W [%fi# (44.8% vs. 50.1%, €] 6B).
MT?2 %} BDE47 B[4 f#(37.6% vs. 62.2%, & 6B) .
MT?2 Xf BDE77 [HFf#(42.0% vs. 65.7%, [l 6B)55.
X AFEF AT 44, CT2 1 MT2 ¥k
I 10 AR B0t 1 T i V5 e P e 3 B = BRI 1)
Hagh, TRERE /R 2 B PCB77 R % e i A5
YIRAT AT A REAR AR . T H PCBs FEF# IS CT2

E MT2

Mixed

PCB77 PCBI110

= MT2

Mixed

BDE28

BDE47 BDE77

6 H#k CT2 1 MT2 Xt H fth PCBs (A)F1 PBDEs (B)A7p& i
Figure 6 The degradation of individual or mixed PCBs (A) and PBDEs (B) by strain CT2 and MT?2.
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REERER—FE, RGN H TR R
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WA I FB, HAnZ AR 2 68 5 B fd 1)
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