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Antagonlstlc Effect and Mechamsm of Nano Tltamum D10x1de and Cadmlum on

the Growth of Scenedesmus obllgu 44 =

WANG Pu' 2, \ZHAO Li-hong'*, ZHUXiao-shan zf; g ; ‘
(1. Shenzhen International Graduate School, Tslnghua -}vaersny, Shenzhen 518055{‘ China; 2. School of Env1r0nment Tsmghua
Umverslty, Beijing 100084, China) i

Abstl"act /The releasé of manufactured nanomaterlalq (MNM@) lnto the environment has raised concerns about combined toxicological

y

A

risks | as MNMs ould significantly alter the efivironriental _behav‘lor and fate of co-existing contaminants. Numerous studies have been
pubhshed On the combined toxicity of MNMs and co-existing contaminants, but the potential mechanisms controlling the combined
t0x1(‘1ty,le<pe(1aﬂy the biological response mechanism, remain unclear. This study investigated the combined toxicity of nano-titanium
dioxide (nTiO,), a typical MNM, and the heavy metal cadmium ( Cd’* ), using Scenedesmus obliquus as the test organism. The
molecular mechanism was examined under different concentrations, using an equivalent dose (toxic ratio 1:1) on S. obliquus. The
results showed that the 72h-EC,, of nTiO, and Cd** at the equivalent dose was significantly higher than that of single exposure,
indicating an antagonistic effect. Further transcriptomics analysis revealed that the photosynthesis, chlorophyll metabolism, and starch
and sucrose metabolism pathways involved in the energy metabolism of S. obliguus were significantly up-regulated in the presence of
nTiO,. The arginine and proline metabolic pathways related to the anti-stress effect of algae cells also showed positive stimulation. The
results of this study provide an important reference and a research basis for in-depth understanding of the environmental effects of MNMs
and co-existing contaminants.

Key words: nano-titanium dioxide (nTiO, ); cadmium; equivalent dose; antagonism; transcriptomics; manufactured nanomaterials
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magna) FEEME, H 72 h ECSO{EF%%{E&T 40% "' . Fan
SEU B SEE W, nTiO, (2 mg-L7') 3 M5 T
Cu® " XF KA % ( Daphnia magna) W FEME, LC,, [EL
111 pg-L7"BEARE 42 pg L' LA b 45 50 2 %
nTiO, 5 IAFT5 JYAEAE D R . (H2 /5 248 1,
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1.1 SEEeAbR

nTiO, B3R CEERAR <15 nm, =99. 5% ) 3K
TR 00 3R B 49 K A BHA PR A F]. CdClL, - (5/2)
H,0(99.0% ) W F RHEETTOGE BHE R R A BRA A
il #& OECD201 #5575 frig i AL & 9y 340 | L ifg i
P TS A PR A, 2i B T 99. 0% . SE5 i v
KBRS AR AL AT 7E HNO, (10% ) Wiz i 8 it
24 h, 5 A oK 540K 0 bk 3 . ik
SRS E IR K (1219C, 15 min) 451,
1.2 nTiO, FERVEM SRS 72 b i BA M o

nTiO, ¥ K H 8 4 /K (Billerica, Millipore, 3¢
) AR AL HE 10 min ( DR BEE 50 W-L~" AR 40
kHz) , il #& nTiO, B VW (10 g-L7'). B T 5%

nTiO, 76 &b A M 3 55 75 4k & b i 5 0, i
OECD201 535 55 B¢ nTiO, BIFI £ 20 mg-L ™',
B FREIK L RE B0 71 0.25 g, PRFFIER: . a2 it
WA O, 24, 48 F1 72 h FE i, £ 1 8h 26k BE AL
(DLS, DelsaNano, Beckman Coulter, 32 [ ) X} nTiO,
TR SN 124 AR Zeta HANIHEATRAE. JHIB ST T
Y% (TEM, FEI Tecnai GF30, 3% [#) %} nTiO, 3t
Fr IR AR ARZSFNIE SURRAE ARG
1.3 RIAEMER TR

SCHS BT FH AR 2 AR W B AR M B (S, obliquus
FACHB-417) 3k H h BB} 22 B K A A 9t 52 BT, 9F
Z: 18 OECD ARy kARG 3217 B35 Sk R A0 T
FEmEEE 12 h: 12 hy 658 45 pmol - (m®-s) ™' JRJE .
25°C = 1°C; #EIRFL# : 150 remin ™", jﬂ@?*ﬁiﬁﬁ@%
AERCRDURRE X HLBIAE 4 ~ 5 JRJR 0,
1.4 C®* AT, AR RS [

SR [ OECD, i a7 " . SO b i
B K A MO, I 7 6 B A 1 LA 2 ok
B4 2 x 10 cell s I~ f £5k 205 & i T 20 3 48 1
e, SURAE % TR RS I A B 110, ok
Cd* PRI (] OBCD 8% 7% 3 8 4. A 410
nTiO, ¥ Gd® P B2 e VR E 1 2 i) ST TR
A RAGTLR BB 100 mL. nTiO, 49K
J9.0.5.1.2.5.5.10, 50 F1100 mg-L~"; Cd>* &
WeBE R, 0.001, 0.0025, 0.005, 0.0075, 0.01,
0.025 F1 0.05 mg-L~". WANEHER T — N A
nTi0, =% Cd** (X BR 40 %o R 20 5 ) 2 R A 24 %%
B3 AT, Bi g A S LR A TR 7E 2 55 S0 5
], 4 24 h I — IR AN B . SCIR 5 R AR
OECD #RifE it AR A5 N8R AET2 h Y
(A KA R AN EC,, 7. SR SPSS 20. 0 X 5
AT T 2253 M1 (one way ANOVA) Iz Turkey’s test 43
Br,P <0.05 FnA i EH2ER. R Origin #1714
I R 22 il
1.5 Cd** +nTi0, Bt G 288 LILFHROIFN 7k

A BEMEITHOR TS Y45 H I EC,, fHE X —
AFEMERAAL (1 TU) . ARBFFELE L nTi0, F1 Cd**
) ECy, fH53 54 28. 7 mg-L ™" F10.011 mg-L~" 424
F uTi0, Fl Cd** /9 1 TU. fEARSZE o, Ry B 2L Hi
PERAIE], EEPELL 1:1°F Cd** 5 nTio, M4 2EMEME
FH AR5 YL e B2 0 s 1K, 0 iise s 7 AR BE 2L
(1), % BEA Y B 4 4 b At A Ml 3 0 A K 30 31 47
B I E RS TRE P RIS YIEC,, 1.

BT, & 0B A B VR IR AL O« T B A
T I T 43 A B R R B ax 5 R /R AR



4352 7S b} s % 2 %
£1 FERBARERE mgL-
Table 1  Concentration ratio of different experimental groups/mg-L ™!
S
5K g
1 2 3 4 5 6 7
A nTi0, 0.5 1 2.5 5 10 50 100
¢ Cd** 0. 001 0.002 5 0. 005 0.007 5 0.01 0. 025 0.05
Cd2* +uTiO Cd** 0. 0007 0.001 4 0.002 8 0.005 5 0.011 0.022 0.044
+nTi
2 nTio, 1.794 3.588 7.175 14.35 28.7 57.4 114.8

S BT 3 M YR 2 R 17
SO 5P R S (TU) AT 5% (AT A
R AP (T LTS ™

TU, = ¢,/ECq,

= > T,
TU, = TU/max(TU,)

K e, WALEY i IHREE ; EC,, AALEY i B
W,

(1) FEHEHA L (TU)

TU =1, M mfEH; TU >TU0,T*TIL4/EfH,_-TU <
1, MEVER; TU = TUO,ZEJJ/EFH Py >TU > 1 ifS
SIATER. | & .

(ﬂﬁM%ﬁ%mn 4

élTU<1,0HT Al = (1/TU).- Ls «%M‘r/U> 1.0
i, AT 21 - FU. 7

AT >0 ﬂsj—a%ﬁ%jﬁk?*ﬁhnﬂiﬁﬁ i AI <0

m'/ ﬁﬁﬁuﬁﬁﬁﬁ Ab= Oi%/r%‘?ﬂrﬁbnﬁfﬁﬁ
(3){5‘

: MTI = 1 - (1gTU/1gTU,)
A7 MTL <0 5 Pi/EH ;47 MTL =0, 20 SrAEH 5 #5
0 < MTI <1, #73HHIMVERT; & MTL =1 W BEE AR AR
FH; & MTI> 1, BhRIVE.
1.6 FEsEddin)y
1.6.1 AL RNA $RECR & 2
WA 2 5 R EE T Cd®* (0.011 mg-L™")
A1 Cd** (0.011 mg-L™") +nTi0,(28.70 mg-L™")
72 h, ¥ B TRIzol iX 7 & ( Molecular Research

6

Brdselor o e

AdiFH Teicl ¢ Qﬂi—% B 5 SEA AT

Center, 32 [#) ) ZR #E47 RNA 25 4K )5 6 H RNeasy
B8 (Qiagen, Valenma,%ﬁ—il) B B RNA. ff
Agilent Bioanalyzer 2100 % 4t ( Agilent Technologies,
EE) 4 HriEAl RNA 523k 3 Oligo (dT) 1Y
PEPRX SR ICAY S RNA E4T mRNA & MZifl, 28
JE AR BEARIRFPEE mRNA FT 08006 R B, DR B
L mRNA jﬂff;'&i‘f(AEJZ —4E cDNA Fl 4 cDNA,
I8 350 & ik AT 2l Ak 1 i K i?ﬁ‘«’fﬁﬂkﬁﬁ
¢DNA3 Xlﬁﬁﬁﬂiﬁjﬁ%“}\”ﬁﬁ%%% WLJT)#
B /I %, BUR oE €3 PCR 47 4. ﬁTjAg)lent
Bioanalyzer 2100 ,%?L,J:'ﬂzfﬁiﬂgp i, E Hlumlna
HiSeqTM 2000 ElZéJ:J'ﬂWTUm“? F—] L 4
1.6.2 %ﬁ%@@giﬁﬁ&mﬁ )

O A A P 3
L‘J‘&ﬂi%ﬂﬁ’fcg N é‘il_mﬂ’ﬂ?ﬂ ?%@Jﬁﬁj‘*ﬁﬁ
. M Trifity BPFRE 5 5351 508 17 241 % O U
TREEITUREF
Unigene. i i} FPKM ( 4 T~ il 3 19 5% 5% 5 1 7 Bk
SRR R ) (T AR A B B SRS R
SRJE R T8 4 A B BE DR AR A X e 3K fifE
H edgeR % 5E 22 7 KA FH (DEG, Fold-change >2
8 <0.5, FDR <0.01,P <0.05). {{i F§ KOBAS #77
T KEGG 120 4.

2 F#HREIHE

nTiO, 7E R BRI R PR sh &2k
B LA R AR ALERTE OECD i gr3kh

2.1

(a)

5k

Ky um

(b)

//ﬂiz;;é
= ZetaHifii

Zetafifit/mv

0 24 48 72
t/

(a) OECD201 5323 H nTiO, MITESUHIE, (b)nTi0, T OECD201 5353 H-F-2 7K S1 242 Zeta B AL BRG] (19725 £k
E 1 nTiO, # X\ OECD201 555 R I B B 7S

Fig. 1

Agglomeration state of nTiO, particles entering the OECD201 culture solution
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KR AR R Z AR, KRR 5 E 4k
FIWOK [ 1 (a) ]. DLS MEKHEIESE T nTio, AYH1ER
PG, G5 | Bt 25 7% F s IA] B9 ZE 4 nTiO, AY7K 71
B SEIAE 3 ~5 um ZJA], 0 h PRI A2 A%
JN, 48 ~72 h BHER [ 1(b) ]. ARBFFT R, 5 7
Fa T A HE  nTiO, 76 A e 1% 77 2 i R A TE i
BER M TRAENR. XS R AE R I 45 6 T8 A X P, 34
ZEATT RN RN . Zeta AR nTiO, B IFIR AT
T FEL i o 2 5 8 HSF 1] A S T3 111, Zeta FL(SE 5047 A
SHEH R EHAL A —19.6 mV. nTiO, LA I ] )
Zeta FUAIAE =25 mV ZEHIFSI[ K 1(b) ]. T Zeta
HL AT XA K, nTi0, TER IR IR E A, X —45
SRS 0 SCRRARE AR
2.2 Cd** Fl nTiO, XAk A wif s i) 2 pE s
HMETE T nTiO, 1 Cd** J5, #4E OECD #pifE )7
AR R, IF AR R oI, A Gt X
BB 72 h ECy, (H 43514 28.7 mg L~ '%n 0:011
mg-L~" (38 2) , SHTASHRGER EC, (AR ™ 2‘”
nTio, %ﬂ%%ﬁﬂf%iﬂﬁ{%E’Jik#ﬂﬂﬂﬂﬁ
Eﬁﬂﬂﬂ 5| 1 - xﬁ(f?&?“@ 2(a)]. i*?% 72 hf:ﬁﬁ'
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