2014,33(6):1153-1158 Ko RO R ¢ 2 4R 2014 4E 6 f

Journal of Agro-Environment Science

#oK S TEXT LR A& B P R F20
% 2, R R, EN, B, BER, PRE
LSRR S FRBEE e ARSI S BB P IT A SE35E , ALt 100871)

B YUOKREALEE(ZnO-NPs ) J2: H A fH UL TREKRIIR. 2 — , 712 B F T8 287 i b, AR S IR IR A WA . S T B
ZnO-NPs Xof - SEfCE PS50, BRI AR FIATLR B0 B 00 G 3R, L Bt 5200, 43 B ar 1 Sl B (RO | ) 35 FR A =
TIEREFRR R X IF R ZnO-NPs 2588 251 N UAE VI PG R — CBRER K iR (FDAH) TG PEHE T 7005 , AELE TR B SRR R s
W 7 i U (DH) T M o 551 oK, 5AE ZnO-NPs BXF B HE , 35 72 P ZnO-NPs ¥R B2 1,510 mg- L™ B, XHF A9 FDAH
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Effects of Zinc Oxide Nanoparticles on Enzyme Activities of Soil Microorganisms

HOU Zhen, CHEN Zhuo, SHEN Zhao-yi, LI Ting-ting, YANG Jun—jun, LU Xiao-xia"

(Laboratory for Earth Surface Processes, College of Urban and Environmental Sciences, Peking University, Beijing 100871, China )

Abstract; Zinc Oxide Nanoparticles (ZnO-NPs) are among the most common engineered nanoparticles and widely used in various prod—
ucts, having potential impacts on ecological environment. The purposes of this study were to elaborate the influence of ZnO-NPs on soil mi—
crobial enzyme activities and to explore the action mechanism as well as the dose-response relationship. Via microcosm studies, pure bacte—
ria( Microbacterium sp.) cultivation system and soil cultivation system were set up, and the microbial activities of Fluorescein Diacetate Hy—
drolase( FDAH ) under the exposure of various concentrations of ZnO—NPs were measured. In the pure bacteria cultivation system, the De—
hydrogenase( DH ) activities were also measured. The results showed that, compared to the control medium without ZnO-NPs, ZnO-NPs in
the liquid medium at concentrations of 1 mg-L™, 5 mg-L™" and 10 mg-L™" significantly inhibited the activities of FDAH and DH of Mi-
crobacterium sp.with the inhibition rates being 22.5%, 61.2%, 62.3% and 27.8%, 44.8%, 44.8%, respectively. ZnO—-NPs attached to the
membranes of Microbacterium sp. and some entered the interior of the bacteria, causing oxidative damage. At ZnO—-NPs concentrations of 5
mg-g™ and 10 mg- g™ soil, the activities of FDAH were significantly lower than that in the control (P=0.007 and P=0.008). At ZnO-NPs
concentration of 1 mg g™ soil, the activity of FDAH was not significantly different than that in the control (P=0.149). The inhibition of
FDAH activity was well positively correlated with the concentration of ZnO-NPs. Over the exposure time, the inhibition of ZnO—-NPs on
FDAH activity decreased.

Keywords: zinc oxide nanoparticles; soil microorganisms; Microbacterium sp.; enzyme activities; oxidative damage
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NPs 7] 25048 - 30 A I RER 4544 o Ge SEMIRRFGEAL
FEH, ZnO-NPs 1] FE AR A 398 G0 A= ) ok 0 440 R 8 % 45
2R 76 Du SEIFSE v, HEER G ok 41
A AP G 2 3] ZnO-NPs f#], H+
PRS2 2 R0 o AR iR 25 SR 5156 4%
PR+ IR (ZnO-NPs YR | 12 YLt ] 454G 56,
SIS &, FEEZ 5k ZnO-NPs
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AHF5E H )52 B ZnO-NPs %of - il 15 P 0 5%
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FHEAT TR SR, BT T Al R SRR R A+
BRFAR,, SRS ZnO-NPs 2588 5510 T 4555
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1.1
L11 g

ZnO-NPs ¥R (€, R 251 B Lt RS
SRHECABRA ], 7 i U TR AR R 99.9% F-F
FifE 30 nm, FLRMEA S0 m?-g? | MALEEE T 0.3~0.45
grem™ EAEEEE 5.6 gcem™, AWFSE{H F vario Micro
Cube JCEFHHLIE T ZnO-NPs FYIT 2, i
Malvern Zetasizer Nano ZS90 4 K b7 #2 o Ay 43 Hr /S
5E T ZnO-NPs [JHLA, 8] FEI Tecnai F30 51 27
BIWEL T ZnO-NPs BITE SRR/
1.1.2 (i

SR PRI 2 v NG 50 58l - v o3 8 o —
W, 224 FRA AL S AT 16S tDNA 23T, 28 58 AT
(Microbacterium sp.) . %R A5 == [RPHME R , S HAT
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BEE LLSCHR AR . Boxall 2524y T — AR fL R 7y
NG, FH AR SRR AR A ARG R )
AU ABRGE T3 10% 1Y T AR GN K 0R Py ik AR 45,
WK ZnO-NPs [ FEAE mg- L7 JEFl, AR 24K
e .

(1)RC LR FE3E . 7Em 4K (Milli-Q K)o
A 1 g-L? NH,C1.0.1 g-L™ MgSO,+7H,0.0.05 gL~
CaCl,»2H,0.1.9 g-L" KH,PO,.1.7 g+ L™ Na,HPO, I 1
mL- L™ flifE & @I -G, Ml (121 °C) K& 30 min,
AR E TR, 8T 0.22 pm PRSI IMALEA: RIRA
W (0.1 mL-L1),

(2)BCHil ZnO-NPs 24 . FRHL 10 mg ZnO-NPs
AT 100 mL =il KR 1 s 2loK 8 AR
30 min J5 45 -

(3)BC AT PR . B 120 mL LB 1532 AT
AT A 50 mL B0 TR 750 (5000 remin™)
X W, SRR B SR RV — R B L
JIA 15 mL FefidE 57 5L R ahiR S R4 .

(4)TE VYA R il K T 1 500 mL AETE i 433
A 300 mL BEfifids 52 , B MHEIE A 15 mL Gk
DA (5 53R P I IR B 20 108 4> -mL)
FEH A = AHIE R 43 AN A 3.16.33 mL ZnO-NPs
B, AR TES TAEG N T, T #E R
FHIB B OIS s A O, eSS E IR IR % 4 (SHZ-
82A) PR 15 77 (6 200 r-min™, 20 °C)., 1EIREIF
TS 0 d)FNZEHT (45 7 d), 43 3 NS A HETE i FP B
IKFE, MRE 96 R . FRBE 7K ff i (FDAH) 1 14 F
LU (DH )W, B A E A AT teAh, 7R
SEARET , WA RIE SRR rP UK RE HEA 7385 S HL B S

N W] ZnO-NPs XA BRI sEEALE], XA R
B5 SR IR B 1 SR A AR T (SOD ) i PR 2R 1 7
TWE . WE IG5 % 10 mg- L™
ZnO-NPs $5 35 10 mg- L' Zo* {5320, AR
(45 0.2 mL) A, M AT, I HEH
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(1)K 5255+ 5853 By, B0 150 g,

(2) NE oy L HEF 10 g £, 105 CHET, BREE 1
WA, K =t 44 515 150.750,1500 mg
ZnO-NPs 0184, AR5 140 g #rfef £, ]
PEFERRIRS], A — It £ E A 140 g Hrfef +,
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I o E R
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0o A KR IS N S R ik, A - SRR —
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(4)TEIRI AN [R] B B, DA TR O v SO
& TR FDAH 35 7%.

1.3 EgiEENE
1.3.1 6K L RBEK B S 1:

K H A0 FDAH 3G, LLCERIOEER
TR AT AR RIS B I R R
B AR S AR e 7K S R S S , Fe J 2B LB £,
BIDER LI 490 nm A0 B RIEOGAE ,
AN 6T (Unicam UV-100) 470 o X T
B R, I A8 B FRRE SRR 5 mL XT3 I Fir
FARESR N 5 g0 ELAHAE WSCHR(17].

1.3.2 JBARGETE

KA@M E DH iEPE. DL 2,3,5- =K%
RS A (TTC) R 5L 5T, 76 T B 5 B = i ) AV
I RLAT i = 2RI H R (TPF) 2= W FE I 1 485
nm A e RWOGAE , RSN e RE TR 7l 2 o DU
SEFTFHEES A 5 mLL, EAARSRE DL SCRR[17].

1.4 #HELE
FH Visual MINTEQ %R {4 3550 147 55 7% W Hh i i 1

Zon( I ¥ . A Microsoft Excel 2007 £ SPSS 18 4bFH
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PSP

2 #REWR

2.1 kSR RRIE

It ZnO-NPs B3 oK ZnO &K 99.8% Fe,0,
TN 0.051% PbO i 0.046%, ZnO-NPs /K%
W (10 mg- L), ZnO-NPs 7K 5 1 5% K 630 nm, -
¥ ¢ WA R-20 mV, ZnO-NPs F 22 FRIR, KB <300
nm, B & <80 nm; /N4> ZnO-NPs B ERIR , H <70
nm, & 1 575 ZnO-NPs F3 51 45 (TEM) BHZ .

1 iRIGFT A ZnO-NPs KB SR E 1R
Figure 1 TEM images of the studied ZnO-NPs
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*the significant difference sign as compared to the control , P<0.05.

The same below

2 AERE ZnO-NPs M THRATEIE TR P FDAH &tk
Figure 2 FDAH activities in liquid mediums of Microbacterium

sp. under various ZnO-NPs concentrations
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Figure 3 DH activities in liquid mediums of Microbacterium sp.

under various ZnO-NPs concentrations
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22.5% .61.2% .62.3% 1 27.8% 44.8% 44.8% , 5.10
mg- L' ZnO-NPs Zb ¥ 20 v FDAH 1 DH 5 E 1 8 2%
f&F 1 mg- L™ ZnO-NPs Zb ¥ 2H (P {8 0.004~0.050),
{H 5,10 mg- L™ ZnO-NPs ZbFR4H A FDAH #11 DH 75 1

(a)l mg-L*

g

(b)5 mg- 1"

ERARE . FEPEKE ZnO-NPs By 5 2,
ZnO-NPs KA R WA 4 iR, XAl RERE FDAH A
DH {i M]3 5 ZnO-NPs Y A B E LML R
R Z—
2.3 KRN EERTIE TR P RAT R EE R S AL
Sk B B 320 ZnO-NPs S HORF T 14 25 14 AL
il , i Visual MINTEQ B4 1455 TR [R B ZnO-NPs
MR REFRR D) Zo IDWREE . 255 80K ,1.5.
10 mg- L™ ZnO-NPs 5532 W i il 19 Zn (10 ) e B2 53
5124 0.8.1.3.1.3 mg- L™ AR T SCHR P& 1) Zn( 1)
Xof S T AT 1) EE M B 36 mg - L7, DK R 2R A AT
BB ERT P B AT 200 TR ) 1 A 1.9.2.8.5.6
mg- L7 il 12.9 mg- L2, Xt 1 J& 5 AOBORT B8 55 7 sk
ITHBDUES, RIAEARFIHR B ZnO-NPs AbHRA
ZnO-NPs P E AR, ALt AT BN, i
5 R (Lh 10 mg- L ZnO-NPs 4b3HZH 451 ) . ZnO-NPs
B E RS b X B TR A T — s, Qi iy
JEEE SR ARTE B M1 B, 22 B3804 o Lin 550
218 , ZnO-NPs if AR5, ATy A R 4

(a)%t#; (b)ZnO-NPs 5537 (10 mg- L)
(a)Control ; (b)ZnO-NPs medium(10 mg-L™")
5 XFHRFN ZnO-NPs $EFE PRI AR
Figure 5 Morphologies of Microbacterium sp. in the control and the
ZnO-NPs medium

(¢)10 mg- L

4 RERE ZnO-NPs FEFE Tl PRI S

Figure 4 The morphologies of ZnO—NPs of various concentrations in liquid mediums
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ZnO-NPs 1 10 mg L™ Zn*) UFFER 4 SOD (& 21T
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ZnO-NPs B389 22 5% 48 h )7, SOD i 1 . F R A
(P14 0.006), {H7E 10 mg- L™ Zn* 1535 H 555 48 h
Ji ,SOD {EMAREA K . SOD &A= Wik E b A i —
ANHEFR. XMW, ZnO-NPs BI#E T WO I 19 48 fb 45
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Figure 6 SOD activities of Microbacterium sp.
under different conditions

2.4 Gk FEXT PRI AE Y ERE R RN

SEOG S 1, pH S 7.1 KRR i (67 4%
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WAHLL , 3D FDAH e s B, Al e S +
AR SR G AFLEIE 3T FDAH B[]
PSR SR —2, PTRE SIE M RGIRZEA XK.
RGTERA PR R, AN[E A3 158 FDAH 7§
PETE 0.05 7KV FIC & 255, (HAH = A OE s [a]
S EAR IO — R AT Hede, T0HE S 55 0 ) - e v
ZnO-NPs ¥ Jy 5 mg- g™ Fl 10 mg-g™ B FDAH 51k
HEMCT A ZnO-NPs (9xf I8 -3 (P=0.007 Fl P=
0.008) , ifij -3 ZnO-NPs ¥ 4 1 mg-g™ if FDAH
TEME S X R % 2% 5 (P=0.149) . FDAH iG55
ZnO-NPs ¥R FERIE . 2 LAXT IR FDAH 3544 0 T
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5 mgZnO-NPs-¢"' 1 10 mg ZnO-NPs-¢™" -
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Figure 7 FDAH activities in soil under different ZnO-NPs

concentrations
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2,140 : Jin SFP9FN Chung 5P E , BRLEERR AN K
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g ) AL SRR A T 2 K R B-1,4 -
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