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Effect of titanium dioxide nanoparticles on the uptake of pyrene by soybean(Glycine max L.) roots

MA Xiao—yue'?, YUAN Bin—bin'?, FANG Guo—dong', GAO Juan', ZHOU Dong—mei'"

(1. Institute of Soil Science, Chinese Academy of Science, Nanjing 210008, China; 2. University of Chinese Academy of Sciences, Beijing
100864, China)

Abstract: Nanoparticles (NPs) have excellent physicochemical properties, but research on the effect of NPs on the uptake and
accumulation of polycyclic aromatic hydrocarbons (PAHs) by plant roots is still limited. In this study, the roots of soybean were exposed to
TiO, NPs and pyrene, which were selected as the representative NPs and PAHs, respectively, or both. The results showed that the content of
Ti ions in soybean roots increased by 82.3% in the presence of pyrene, but the addition of TiO, NPs significantly inhibited the uptake and
accumulation of pyrene by soybean roots, and hence, the accumulation of pyrene in soybean roots decreased by 97.1%. Under pyrene
stress, the presence of TiO, NPs did not reduce the lipid peroxidation of soybean roots and had no significant effect on the activity of
superoxide dismutase (SOD), but significantly reduced the content of glutathione (GSH) in soybean roots. This study provides a theoretical
basis for understanding inhibition of the uptake of PAHs by plants and provides a new idea for safe production of agricultural products.

Keywords : titanium dioxide nanoparticles; pyrene; soybean; uptake; antioxidation
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TS RERRI LRI BRORE L4,
oA, F 1 e T DX A K R R 1Y % AN R T R
B 2K 5 A 1 PAHs IR VI I 7E 158~995 g kg (16 F
PAHs i S JE)7 . &4 PAHs IUAEY) AT RE 23t A2k
HEREEY, SRR XEFhYEHIEART —
BFRR, e ) W 2R B S 2 R E P
vt 3 P Tt i 26 T 4 b 3 o B iR AR AR
TR A A4 B 3 B R A8 TR A E T

WE 201143 A, T EE A 1300 25055
GUREAR T i, AN BRI BEAS Atih AL R
BB SR A0 DA JEURE AR AR 7 0 57 i ) o 32
7 b B AR 55, LRGN OK B RE LA 2 A o]
$0 v R A T s A b A R R R ) S R R
(]S R TR AR (NMs ) BAT RO HORPE | 2 iR
RADGE BRSO PE BT, T e R DR AP A0 8 5% D T
HA T [ B R HTH 5, IS | 1 R BT G G
TE, R, A RIS s, R AR R R WA 3R A B
Y94 AR URL (NPs ) J5 R B X B B AR KA 23 09 7R ]
(@72 555 1A SN I TSI N ¢ o S i ML s LA/ S =
BR(TiO, NPs) Wit G #F 1 4624E (Arachis hypogaea 1..)
AR, g T AR ARAR B AR M T EA BTN
5125 /N2 (Triticum aestivum L) FEFESE /T 500 mg - kg™
19 TiO, NPs & B, TiO, NPs X HoA: K AR A 52
ARG T AT AR B 2 BE R 1 . Zhang SR
i FHAS [R5 R A0 KA (Cu NPs) b BE/NFZ R RE , % B0
Cu NPs 5155 1 N Bt A AL 50 Cln il =008 ) /9 &
o SR 22 T T AR AR P AE NMs St i) 1) 15 i
A LTS G B R BE BT T, G T RATRE AR )
RO TEATI AR o0 AT R, A WS R B B
100 mg-L™" TiO, NPs B #4255 7 8% 1 mg-L™' PUFRZR(TC)
V5 YL i L FE I (Arabidopsis thaliana L.) /) 8 5T 5529,
WA B BIIE T B ARGE 8 2K BURL (Ni/Fe NPs) X
Z IR (PBDEs ) 28 K (2% (Brassica pekinensis L.)
RN B, & B Ni/Fe NPs (9 its F 2 & R T
PBDEs X # # 1)  £*., {H De La Torre—Roche 55!
TRIT & W AR R RS 1, 1= (W R 3 ) -2, 2-—
A N (DDE) TE P #  (Cucurbita pepo L.) . K G.(Gly-
cine max L.) F17% Hii (Solanum lycopersicum LOERN &
FREISE IR, A0 5 B S A0 KA ) A A 8 3 1
T HEYIXs DDE A5 R (30%~65% )

IR FETAT 5T 9RO AE H BSCA BL TS G
Yy (40 DDE ) 520 R BFFE  (H 3 Sz PAHs BOF SEATS SR AT
PR JEF LA EARFEBAR, ABT 5T 1 F TiO, NPs (<100

nm) VE R UK BB, A Tio, NPs & H Fi i ]
R Z AR Z — ROl % BRI
PO T3 T, REREEAR ™ i i 15 1107 kg™ e
YE AR PAHS ; 3 BUKR 5 (Glycine max L) VE J R
BRI AR, AR 7 b 19 722 4 A 7 LR B 6 fe
J3E 1 A BE e, R AR TSR A g b BN R it Y
NMs J& 75 A] LU il A 406 PAHs W 5 SR

1 #MEETE

1.1 iRBEH

Yok — A ALK (Ti0, NPs, 41 4 99.0% , R ~F 18
15~25 nm) W4 [ B 5058 FEG0ORMEEHE AT FRA 5 B
(PRI 0T, MEVS K, B v T A W) W B L B
$r TR A BR A B R SR 3w st A A B
NI
1.2 #hEEEF

T B — 5 i R /N— B0 AN IE A G K SR
FHZE B PR TR R . 0.2% R S BRENIA T
TH# 30 min, RJFREAELEF KT, 24h)5 %K
PR B AT W SR AT FE A A
N TARA  FE RIS 25 CRIZM T U THEZE . Rl 7
RAFER2 em A BB LEFKPEER4d, AT
A B A E N - R OB R 375 pmol =57 -
m™?)25 °C .16 h; B (R )20 °C.8 hs X2 B
K 75%
1.3 7kiEikie

PEPUE ORI — B R 24l S 5 12
W BE I 4 W i Hoagland 75 F7 ¥ (H) H 4 B B5 3% 4 d.
B EE K PRI 1 d, B #— 31y ok
AR, FEZESLAL B b 1 X S8 R Y B AR AR EA T
4 h AR AR (1) 28 XTI (HR) 85 FRmh RfF R
MR 5 (2)1 mg- L (HRP) 5 (3) 100 mg- L™ TiO,
NPs % ¥ (HRT) ; (4) 1 mg - L™ £ % #{ + 100 mg - L
TiO, NPs i (HRPT) . Fr A AbEEAS 3417, 3 7E
EABEADI PSR AT oAb 3R T P A EE VA TR
4 P R BB (A ok G R A 4 AR K AR R, B
FE B B TR T 0.1%) , T AT Rb BS54 55
BRI . REEGRIE T R EARTRH 251
KR e, e R R 30 s, PR R kT
G T KAy, -20 CRHEIRTER
1.4 IRFMESENE

B R G AR O T8 DHEE 8 K, PRI
0.150 0 g # 5 ] 40 mL A% A3 B, i 10 mL 4
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H e 5 1E Qe TR AR (V:v=1:1) 87 1 h, e
AEOR S E A 3R MER R 20 mL 2K BUR E 2% Uk
72T 1 mL, HIEGWWER 22 mL, 0.5 mL
W AR Z O TG AL 1) SPE /N EA T 4lAk (SPE /R
] EAr RIS A 0.5 g oK BRIREN 1.0 g BERE |
1.0 g LK B R AN H F o SPE /NHETE AL i AR A « 1) B
HAR YOI 10 mL & H %E .S mLIEC KE) , 10 mL
TR GV TURI o B OR300 A R IO P TR A1 7 e
s AR E A E 2 mL, BT 0.22 um A AL
UE Sk, SR A RS (GC-MS, GC-MS 2020, H A 5
HOFEA T E .

GC-MS AR Z5 14 S AH A 34 Al Ri-max5 (30
mx0.25 mmx0.25 pm)AH BB FEHE DR N
250 C, #EFEIAREUA 1 pL, R b eE X 3,
SON TR 4R R (99.999%) o FEF TR IR ) 4R R E
60 °C, {4 4% 1 min, L) 10 °C - min™ FFiL 2 280 C, {4
52 min, EHLER 5 min, 8 46 X AR FE S
(ED) , 8 FALBER N 70 eV, TR 2 e 4% SIM AR L
1.5 RAMHKRTESENE

BGH A K EARAE 70 CFHET 2= 48 i i, 78 5 IR
THA 6 mL 65% HNOs F1 2 mL H,0, 1 4 VA W fift
24 h, AE 280 CHL M FIHEZI6 h®= 1 mL A A, H
PR . F 2% HNOSJK I i i R It € B &
10 mL, 24 0.45 pum 7K RUEk SR FH LB 5 55 2 11K
5% (ICP-MS, Agilent 8800x, 35 [&] ) I 5 75 W Hh 4k 29
TR . (il A PR AERE i (255, GBW 10020,
i RL 2 e i BR P B A4 S A i BT, e D AR R
Jo A A [ s A 0 A

ICP-MS WA S5 AL R DI %R 1 550 W, X B %%
LA F RN 1.0 Lomin, B E R R 14.0 Lomin™,
VSR E N 0.8 Lomin™ , BE M2 FH 5 4 4.0 L-min™',
FFCRFER)E N 7.8 mm, BEE RAE3 IR,

1.6 REBEIRISHRNE

WS Ak 38 R R T AR L 2 B K e e
BETKAJE 4 BT (g) <R (mL)=1:9 1 EL 41l Jin
NSV, VKK S5 T il VS Rl R
FH ¥ 122 A S AL B 2 (NBT 36 ) I 5 #4801k W) 5% AL il
(Superoxide Dismutase, SOD) % JJ(U-g™"), A& w4
AUE 1 mL S W B NBT I8 J5 50% S — > 1% J 84
A7 5 2R FHBRAR B b 22 188 Bb 270 (TBA ) I 7 1
(Malondialdehyde , MDA) %% & (nmol - ¢ ') ; SR JH 64t
TR R R B (505 (DTAB 322 ) Wl 5 A8 Ji 7R A48 b H
K (Reduced glutathione , GSH) % & (wmol - g 'prot ),

1.7 Git o

{31 FH] Excel 2016 .SPSS 17.0 #1 Origin 8.0 %k {4 %z
B B As HEA T AL B 2 1 5 4 5 R R 5 22 93 A1 (One—
way ANOVA ) 5 25 4b B 22 [A] (1) 22 53 @ 351, SR )
Duncan #7172 & LK E (0=0.05) .

2 #ER5iTiR

2.1 KERAPIT KA AR UL

TESCA U Ti0, NPs AR H rh R GRS 1 BR 5
AR AR AR, BT A AR s AT AR . BAS
TiO, NPs I}, R GARFRER 5 8 0 320 mg-kg ™o B TH5
TR R 1 AR, 7E pg - kg B 4, I HAEAL
PR FE e RS E (B 1), AT LA P R BOC R £
VR FHLFRXS TiO, NPs i ELHE W . A7 SCHRF L
e IRl 2R B v F S K RN Ag NPs 1 I 1 % Ak
I, ZEAR A N RIS T Ag NPs, 7R T /K MR 38
AR Ag NPs (R REVE, A7 1 FH IR) 4 46 5 i £k
X BRI CH AN T /N AR ) 20 2 b NPs 19 5341
FF3E 17 S e IR SR, & B TiO. NPs 7EAR
TR I8 1L A AE P AL B A, VAT Vs A m b A AR A
TR, SE A S | B R G A B IR I
AL (sp—1CP-MS) S iff 5% 7K A8 Xt Ti0, NPs f4 W i Aisf
KI5 mg+ L F1 50 mg- L HRFE R TiO, NPs (9 0K
TS A S AR A A — 30, B TiO, NPs 29 i £
PR HE A HC T TiO, NPs ACBE , BE+Ti0, NPs ZbF
TR GHFR AL E i T 82.3% (& 2) , 1B PAHSs
SRR X Ti0, NPs (S R XA AT B &
KN EE BN ACEE T TiO, NPs 192 1 L fnf , (il L5 )
ke 40 3 T 2, DT B 22 e A BRI AR R (H
A W B T BRI I, He A i BAR S R A
FriE— 2 HR5E .
22 KERFMENESE

3 R AN R B K AR R A BE i . WA W
BE (R A BRAE K ARSI B 1B (A7 7E A T RE
RAEYIAS B 25— S YRR PAHS® AT 1] 2
IR B I R IR 2, WA I AR 4 i B A
Do AEJE AR H A A B 7, S AR H AR, T A
WEARTE . 5525 PG BEAH EE, B e b P K AR &
£ 27.8 mg-kg T, AT UL K O AE AR 04 AR A S 25 W
e PAHs, F5 H BAFERR T AL 9 . Dupuy 5% &
KAREBIEA TR R TR, FI FH 26 B AR F ORAR S Y
WOWEERE , KRBT AEMAATE . AL A Rk T
PAHs fify S5 25 iF AR, 2F 1 REAE W M o, %o
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Figure 1 The change of titanium ion concentration in culture

medium with time
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Figure 2 Titanium content in soybean root under
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Figure 3 Pyrene content in soybean root under

different treatments
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Figure 4 MDA content in soybean root under different treatments
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Figure 5 SOD activity in soybean root under different treatments
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Figure 6 GSH content in soybean root under different treatments
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