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Effects of silver nanoparticle (AgNP) on soil nitrogen—fixing microbial community structure and nitrogenase
activity

WU Ling-li, YANG Yu-rong, ZHANG Li, LIU Xiao—hong, SI You—bin"

(Anhui Province Key Laboratory of Farmland Ecological Conservation and Pollution Prevention, School of Resources and Environment, An-
hui Agricultural University, Hefei 230036, China)

Abstract: To evaluate the possible risks of silver nanoparticles (AgNP) in soil environments, culture experiments were carried out to study
the effects of 10 nm(10, 25, and 50 mg-kg™) and 50 nm(25, 50, and 100 mg-kg ™) AgNP on nitrogenase activity and the quantity and com-
munity structure of nitrogen—fixing microorganisms. The results showed that the number of nitrogen—fixing microorganisms declined; the
relative abundance of Bradyrhizobiu, Pseudomona, Vulgatibacter, and Anaeromyxobacter decreased. In contrast, the relative abundance of
Azoarcus increased in the AgNP—treated soils. In addition, the community structure of nitrogen—fixing microorganisms changed significantly
upon exposure to AgNP in soil. The largest impact of soil AgNP on the structure of the nitrogen—fixing microbial community was seen for 10
nm AgNP applied for 7 days, while the smallest effect was seen for 50 nm AgNP applied for 90 days. The number of Azotobacter decreased
by 18.96%~47.28% and 17.42%~27.78% after 28 days of soil exposure with different doses of 10 nm and 50 nm AgNP, respectively. Nitro-
genase activity also decreased with exposure time, and by 14.55%~27.47% and 17.87%~21.79% after 90 days of soil exposure with differ-
ent doses of 10 nm and 50 nm AgNP, respectively. In conclusion, AgNP have negative effects on soil nitrogen fixing microorganisms and ni-
trogenase activity, which are related to the AgNP size, dose, and exposure time.

Keywords:silver nanoparticle (AgNP); nitrogen—fixing microorganisms; community structure; nitrogenase activity; soil

WA 2019-07-18  FAHH:2019-09-24

TEF B AL (1994—) , 2 L HEEM  BH-0F5 A, BT 7 o L3 W/ E 7S . E-mail: 1836248629@qq.com
HBEIEEE . dl JOR E-mail : youbinsi@ahau.edu.cn

EE&UIE : EZ QAP ERE G TN H (41430752)

Project supported : The National Natural Science Foundation of China(41430752)



2758

VRIEIN ity 3855 12

YK AR (AgNP) 55 4% G2 11 B2 JIUREAH B HL AT 1 55
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Figure 1 Transmission electron microscope(TEM) images of

B.50 nm

AgNP of two sizes
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FELERANFR 1 PR o KR 3T 20 H 5 CE T
30 CHEBA PR E 7 do PRI AgNP 5 /D
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A7, 4394 10 nm A9 AgNP (nAgl0) 23k & 10,25
50 mg- kg™, 50 nm it AgNP (nAg50) 23 fE ol 25,50,

R TEHERNERELER

Table 1 Basic physical and chemical properties of measured soil

+ e Soil type pH

A5 MLJ% Organic matter/g-kg™

CEC/emol kg VA Sand/% MRLSiV% kL Cosmid/%

#4851 Yellow cinnamon soil 6.50 8.65

15.37 10.60 58.60 30.80
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100 mg-kg™'o FHIR A G 9 L HERE ST 30 CRYE R
A RE SR R B HE T K A ) B KRR K
60% , & N IRUFE 4 3 AL
1.2 AgNPXf 3B E R E Y B E ST
1.2.1 IR LT AR 3

FREL 200 mg P FlkL 12 AgNP fiz i 77 it 22 7% 7 d
(nAgl0S il nAg50S) 190 d (nAglOL Fl nAg50L) Y 1
K ARG 192 mL &0 T, AL mL
70% 1 LB IR A 5] )5 w553 (10 000 1+ min™) 2.0 3
min, KR FIHWR . IABEERZE ol (PBS) , LLA TR (1)
0 3 min R FHEI L RIS . RERKEOET
55 CHE 10 min, (5% L BESE 245 % o R AR A
AgNP 1 T BE1E X BEZH (CKD) .
1.2.2 +HEDNA I PCR Y3

Fit B E.Z.N.A Mag-Bind Soil DNA (OMEGA )iz 51|
BT 1 R ) A DNA B3R B, F nifH 3L RAE R
FRPES I, R PCR VK & & 2 2XTaq master
Mix 15 pL, E #5147 (10 wmol - L") 4% 1 ulL, Ge-
nomic DNA 10~20 ng, findd H,0 £ 30 pL. PCR P
519 B S WA L2 2.
1.2.3 Tlumina Miseq Il /¥ J A= 9155 8. 2% 53 B

DNA i [a i FE itVEA5 J5 A Hlumina Miseq
W1 & AT i i B, B AAILET DR IE L2k B oy
20 pmol - Lo W F e 55 ZHHEAE T A9 TRE ( 1ifg ) JIE
YA BN I S8 8o o A O A5 381 19 R Y 91 4
f6 FH FastQC 47 5T s 45 1], 25 R IR 5T 1 7 40 F ik £
K41, OTU (Operational taxonomic units) 5 A~ %5
BB TT T B 1 [R]— R i L 38 H X 97% FH LK
FR R OTU #4415 B 48140 #r™. 8] Usearch
HEAT OTU R, SR 5 AR A0 FE A 43 BT T 4% OTU 55 L 1
A QIIME (Quantitative insights into microbial ecology )
Y alpha_diversity 40T EE T Alpha Z2 86050 H7 o
13 TEEERAEHENE

AgNPAbHE 7 28 60,90 d 5 , #E#F Ashby K5 373,
K MPN F 7 D 2 1 498 ) 2 1 R0 P e B
FER AR - H #& B 10.0 g, KH,PO, 0.2 g, NaCl 0.2
g,CaC0; 5.0 g, MgSO,-7H,0 0.2 g, CaSO,4-2H,0 0.1 g,
ZEI7K 1000 mL, J&755 pH % 6.8~7.0,

1.4 TEEREENE

R T 20 B2 P A P 1 1 R TR CoHL 38 5y
CoHa P RE T, SR CoHL 3 D il 5 38 1y [ U VE
fe] SRt T3 2 1R o T B/ INEE SR 7 A I 4 IR
(nmol-h™"+ g™ ) R FIRP, F PIFIRIAE AgNP 258 )5 1Y
145 (20 o) WA TC AU H B I, A AR 1Y 1
TR AR HORE | mg- g, FH 4l CoHL A (99.99% )
B 10% BN 255 (10 mL) o K A 4 HERE S 7E
28 C'F i E 48 h, I-fifi I A AH (23 (GC-7890B, ‘&4
&, EED M E CH B . K254 FID, 43541k
Agilent 19095P —Q04 HP —plot, T 40 45 1 & 30 m x
0.350 mmx40 pm , A I Z5 44 A K I #5150 °C L, 4
T 40 °C, FEFETELE 150 C, 23N No RSN He, R
Wi A 400 mL-min™'.
1.5 #iEabE

s & SPSS 19.0 #4748 343 Hr , XA [] 4k
FHLT] ) 5cH R B 6 7 2243 B (ANOVA) F Duncan
Z T LA T i 3 P 25 SR B, Origin 9.0 A R 5 5 2
J¥ 4 (Venn [#] R H] VennDiagram # 4 f , #4 K] >R H]
pheatmap B A FER .
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& 5 Hr

AgNP Z& 75 T 138 B A E Y OTU it A8 4k an
B 2A FToR , AR IR AgNP (1 4 3 [5 &G4 9 19 OTU
BHERZ oA RS, WA AR
W E AgNP -85 T 1 458 [ AU AE MR A e R R .
€ 2B H CK 4 3454 OTU A% H 4 2166,nAg10S
nAgl0L ,nAg50S Fl nAgSOL 7% 4b B ZH 1) - 45 OTU
H 430 683,768 784 Fil 1144, 10 nm A1 50 nm [
AgNP 2 7% 7 d F190 d J7 1 58 [ A A ) OTU %t 2=
SV NTE N
22 ANPEEBET L EERMEYMNEIZEARREE
T

A R A 20, %) DR PR o SCRE T 9341 B L 46
B, BV . JE KT SR BT 10 A AR AR R 43
B UL 3o R ) 2 [ R0 A P A AR 0 Ak G R R 2

&2 PCR¥ 85| ¥ R R M4

Table 2 PCR amplification primers and reaction conditions

F: K Gene

5|9 ¥ 4 Primer sequence

JZ I &AF Reaction condition

nifH nifH-F : TGGAGTTCCTTGGCACCCGAGAATTCCATAGATSGCCATCATYTCRCCGGA
nifH-R : CCTACACGACGCTCTTCCGATCTCGGACTGATGCGAYCCSAARGCBGACTC

95 °C 5 min, 35%(95 °C 305,58 C
305,72 C 45s),72 °C 6 min
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Different lowercase letters indicate significant differences
among treatments (P<0.05). The same below
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Figure 2 Quantitative distribution of soil microbial OTU and
Venn diagram representation of the OTU under the
exposure of AgNP
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Figure 3 Heat map of soil nitrogen fixing microbial species

abundance under the exposure of AgNP

¥ 5 )& (Vulgatibacter ) F1 K 58 %
41 0 J& (Anaeromyxobacter) . AgNP %% £ J5 iX SEfi =
Py ) 7= BE WY S BEARG, 1T [ ECIR T 8 (Azoarcus ) 19 32
AR F T, 5 CKA 223 B0KR, Ui AgNP i) 255 5|
BT AR YIRS A5 R U
2.3 AgNPEZE T LIEERRBEN SHEMESH
YRR - T2 [T SR ) 2 R R DL 3R 3
Chao 5 BUFN Ace T8 50 IR 0 MU E WD REVE 19 5
FERE . Shannon 5 £ A1 Simpson 8 25 S Ak AL 5
AW G 2 FE 4, o Shannon {8 #8150 BH 3% /> 1E
TE I ZREPERET 1 Simpson {EIAH KL . Coverage $EHF
A PERIBL KPR 3 H AT LA, CK 20 Y 1 S ]
RE DI Z R f  , HAUOR nAgSOL 2H Al nAg10L
#,nAglOS 4 iy L HE [ A A ) Z PRI AR, X 5
AL PR OTU % H He Ao Bt AL, 1] AgNP 2k
AR R AR IR 1 LA T R

(Pseudomonas) \JiAT

R3 WARN T EERBED SH TR0

Table 3 Effects of AgNP on nitrogen—fixing microbial community diversity

Kb B F 5 EHE % Richness indexes ZFEPEFR L Diversity indexes
Treatments Coverage/% Chaol Ace Simpson Shannon
CK 98.07+1.50a 3375+315a 3492+404b 0.005 3+0c 6.57+0.07a
nAgl0S 97.37+0.60a 3005+462a 3629+210b 0.057 0+0.002a 4.61+0.10d
nAglOL 96.82+0.68a 3035+377a 3467+239b 0.018 1+0.007b 5.54+0.33b
nAg50S 96.45+0.47a 3719+351a 4463+445a 0.029 6+0.005b 5.00+0.08¢
nAg50L 96.22+0.70a 3666+47a 3983+137ab 0.024 7+0.003b 5.85+0.63b

T R RS /NG TR R A A BRI 22 57 8.2 (P<0.05)

Note: Different lowercase letters within a column indicate significant difference at P<0.05.
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Figure 4 Variation of azotobacter number under two sizes of AgNP exposure
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Figure 5 Variation of soil nitrogenase activites under two sizes of AgNP exposure
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