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Leaching of CuO Nanoparticles with Copper Tolerant Bacteria and Their Communities

ZAN Shu-ting, ZHOU Gang, LI Jing, SU Nan—nan, SHAO Zong—yuan, YANG Ru-yi"

(College of Environmental Science and Engineering, Anhui Normal University, Wuhu 241003, China)

Abstract: Behavior, environmental fate and biotoxicity of manufactured nano materials(MNMs ) have received extensive attention in recent
years. However, it is unclear whether MNMs—contaminated soils could be remediated by combined plant and rhizospheric microbes. In this
study, bacterial community structure associated with copper( Cu) accumulating plant Artemisia capillaris Thunb. was investigated using
PCR-DGGE and sequencing techniques. Subsequently, Cu tolerant bacteria were screened using selective culture medium containing 500
mg - L' CuSO,. The effect of Cu tolerant bacteria and bacterial communities on leaching of nano CuO(CuO NPs) was then studied. Results
showed that bacterial community in the rhizosphere had very low diversity, and mainly consisted of genus of Aerococcus, Stenotrophomonas
and Micrococcus, with Aerococcus being the dominant genus. The growth of bacterium S31 was enhanced by low CuO NPs, but suppressed
by 400 mg- L CuO NPs. The Cu tolerant bacterium S31 showed a concentration dependent enhancement on leaching of CuO NPs. Acclima—
tion significantly improved the growth of bacterium S31 and increased the leaching of CuO NPs. This study indicates the potential to reme—
diate MNMs—contaminated soil by combined plant and microbes.

Keywords: heavy metal; acclimation; leaching

N THURBER R T HA MR B A=A PR 5 T
BN 2 I AEHOR A A R K PR 858 B TR A R e
5 Rl FRIEUR R R WP B, AR
A2 B4 FEL 5 R AOURY. B4 A W0 A P R R AT 3 X
EIWORGURA L , R ORL HATRAR /N | HE R IR
R EYREVERAF R, LR I8 AP Rett: |

W H H#3:2015-01-20

EEWH : MK HAREES (41001368 ) ; B FE P H RBLEDT
FEH T H (KJ2009A026)

PEZ B AW (1980—), %, RO I, W, FRNFT5 L IR5E
MIAREST AR FEH B IAL R S5 5 1l 9T
E-mail : shuting@mail.ahnu.edu.cn

*BIEEE . HUE  E-mail: yangruyi@mail.ahnu.edu.cn

AR, DL 52 Hos Y R A6 2 T AR Bk i 37 3]
I, CuO 44Kk (CuO NPs) T2 FH FHi 14
AL IR 272 R E i AL R T At g4
KAPREEAT R AR, QKR ARG & 5
2K AR EAE S BOOR i R TE P 5 A K
B F IS AR AR AR, B i o8 B, e RS b i
RIEREAVIIVERT ,CuO NPs ik IE 2 B %
B0, FLUE A B R iR 60%0~T5% , B AR A
A Gy BRI, DRI R b R

A R R AR A, F R TR
R TS SR, BT B S L A (45 T
Rz 5Kk 3 TUB SRS B 1Y)



AR 45 TRH A AN T S LB RERT 4K CuO (g M FI RS 1083

B AR E A AR OV, ST I 2 R OT ER BT
& BT A e W eSS I A TR R AN i
AR HAE WA RIOMES T N A S5 AR R 04 T 0] 240 P P
ISR (%) A A 2, I ik 2 4 v R A %o 1) SRR
K- B T RAE S IR, T AR R IR
HE ELTH (Arbuscular mycorrhizal fungi, AMF ) GE 85 1
Ho A8 W) 75 25 (Phragmites australis ) #1755 B (Iris pseu—
doacorus )M PR -3 v i 555 16y < T AR ORI
T AR X AR ) 1) 1 5 5 AL S, AMIF 23 T TR AR PR +
338 v S AR 8 FEATI AN 269% T 31 439, 31 1 =
M- ( Trifolium repens Linn.) F1 2 42 B2 (Lolium perenne
LOARBR -3 oK s A5 i 2 T A= vt E 432 JR E
AL AR B S R PR T AR W A T A Y Ry
fE, IF S PE A AR G, 32 BIPREEA Joe vh 135
A4S Z2 A I3 ¥ 52 =520, CuO NP f4 9k 38 f Tk
U8 FE R RS SR MR 2, PR A A ik 221,
MELARIAE T . G R Ao Tl 2k O O i L o
E LAY ) MBS AR

W5t PCR-DGGE (22 M40 B rL UK ) A
W PS5 7 oA 1 S I S b i e AR ) v R s
(Artemisia capillaris Thunb. ) i HE R4 B BE V%, 18 1 1
PEVE S5 R BT T A 40 P A T T iR e AL, TR T
CuO NPs #ys i, PRIT 1 2200 (A= Py bk s i) B A
+, N 3 S A ) - A B 5 18 5 CuO NPs 5 4%
PR AL IR

| RS

L1 FARXERE T ERE

KA b, A5 T2 ROE FE M T e g EL R - RURL
L 8 51X (30°557 517N, 118°09'23"E ), I 4 s i
(30°45'12"~31°07'56"N,117°42’00"~118°10'06"E )35
km 2 P RAHE 2R U, AR 15.8 °CL ARy
Rk i 1400 mm, A28 & 5 1377 mm, -3 H B
JE 8 1935 h, JCFGH] 237~258 d. & 37 - 3 @ i) 1
F KRR G, TR A 50 a, 2850
KA A ARG 2 1 JZAT ML e o R T A 3
F % (Elsholtzia splendens Nakai) | P4 B 5 | g B &2
(Commelina communis L.) JRIE (Rumex acetosa) Fll 3k
A2 (Polygonum capitatu) % FARNEY) , B 35 R4 R
40%

P R — A A Y, AR AR R T s
533 mg-kg™M, AMFITHERT ] SR 2014 4F 3 JT, D43
ANTIFRZ R 20 m? 125 3 AR Ry BORE A5, & 22 [

AHFE 100~120 m, FEANEURE S FEHLIEE 4 4~ 1 mx1 m
BIRETT o AT N I O R v A R B SR PRI
MR 3 W] — 0 N EFEIR A5 AE I —A
TRAHFE(Z) 200 g) o BT L H8RE 7 R [ S50 2, 3
SrRnte L3R TR 5 DNA, Hox 3 320X
TIEFREH
1.2 xR

CuO NPs(CAS 1317-38-0)lty H Sigma—AldrichZ
Al i 79.55, KiARYE [l 25~60 nm, F-YkifE 48
nm, PR ERIE , LR TEAN 29 m?- ¢! V2 BRI TH
K CuO Mg HAE T TR ) ABRA R, PiF
CuO R AT B 3RAE 25 3 LA 1,

s o 88 i Il o v Bl S o
(a)CuO NPs fikr (b)CKZK CuO Foikr
CuO nanoparticle Micro-sized CuO
AR BRI
The arrows indicate the size of an individual particle
1 CuO BRI E

Figure 1 Scanning electron microscope(SEM ) images
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Table 1 Soil physiochemical properties

T HBEME R Soil HBURE 15, Sampling sites

property S1 s2 S3
pH 6.98+0.06a 4.90£0.05¢ 5.82+0.06b
AL g ke 6.40+0.41¢ 29.35+0.78a 22.21+0.93b
Mg kg 0.22+0.02b 0.50+0.03a 0.53+0.05a
AR /mg kg 8.9920.05¢ 17.5020.52a 14.90£0.41b
S fil/g kg 7.81+0.71b 11.90+1.11b 25.76+1.95a
Hlg kg 1.3120.03b 1.51+0.06b 5.130.14a
Mg kg 0.22+0.03b 0.25+0.01b 0.43+0.07a
AR mg-kg? 8.1420.75b 9.2740.41b 13.01x0.99a
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Note : Data marked by different letters indicate significant difference at

0.05 level.
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of amplified 16S rDNA V3 region from Cu tolerant

bacterial communities
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Table 2 Match of recovered DGGE bands to known species
Filh B Genbank H1 /5 51 e AR T 4 P il ARABLE /%
Bl KJ890584 Stenotrophomonas maltophilia(LN681567.1) 99

B2 KJ890586 Uncultured bacterium(GQ476158.1) 100
B3 KJ890589 Uncultured Aerococcus(KF506927.1) 100
B4 KJ890590 Uncultured Aerococcus(KM052399.1) 100
B5  KI890587 Aerococcus urinaeequi( KM052399.1) 100
B6  KJ890588 Uncultured Aerococcus(KM052399.1) 100
B7  KJ890592 Micrococcus luteus( AB999931.1) 100
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Figure 3 Effect of bacterial communities on leaching of CuO NPs
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Figure 6 Effect of different CuO NPs concentrations on growth of bacterium S31
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Figure 7 Effect of bacterium S31 on leaching of CuO NPs
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Figure 8 Effect of ultrasonic treatment on leaching of CuO NPs
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CuO NPs [k P k08t fd ] 25 7 8 i 5 e o
PRI B R 28 - 1 2508, FF 5 CuO NPs AL HRVR
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