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Contribution of Particle Size and Surface Coating of Silver Nanoparticles to Its

Toxicity in Marine Diatom Skeletonema costatum

HUANG Jun'?, YI Jun'?, QIANG Li-yuan', CHENG Jin-ping'*"
(1. State Key Laboratory of Estuarine and Coastal Research, FEast China Normal University, Shanghai 200062, China; 2. City
University of Hong Kong Shenzhen Research Institute, Shenzhen 518057, China)

Abstract: Due to the unique antibacterial properties, silver nanoparticles ( AgNPs) have been widely used in commercial applications.
In this study, the toxicity of three kinds of AgNPs with different sizes and surface coatings to marine diatom Skeletonema costatum (S.
costatum ) was studied, which was one of the dominant species in estuarine and coastal areas. All three kinds of tested AgNPs inhibited
the growth of exposed S. costatum under acute exposure condition, and the order of toxicity was 10nm-OA > 10nm-PVP >20nm-PVP.
Given the condition of similar particle size, oil amine surface coated AgNPs were more toxic than polyvinyl pyrrolidone (PVP) surface
coated AgNPs in S. costatum in term of cytotoxicity. With the same surface coating, the toxicity of AgNPs in S. costatum was affected
by its hydrodynamic diameter and exposure concentrations. When the concentration of AgNPs was less than 500 pg+L ™", larger sized
AgNPs showed greater toxicity; When the concentration was greater than or equal to 500 pg-L™", smaller AgNPs exhibited greater
toxicity. At molecular level, 50 pg-L~" 10nm-PVP significantly upregulated expression level of 3HfcpA (P <0.05) and significantly
downregulated expression level of DI (P <0.05), and 500 pg-L™" 10nm-OA significantly upregulated 3HfcpA expression ( P <
0.05), while 20nm-PVP treatment group didn’t show any significant change. Exposed diatom demonstrated sensitive photosynthesis
response to small size and PVP coated silver nanoparticles at molecular level. This study suggested that the toxicity of AgNPs to marine
microalgae was largely controlled by the particle size, surface coating, exposure medium, exposure concentration and other factors. The
smaller the particle size, the greater the toxicity of AgNPs, and the particle size of AgNPs played an important role in the toxicity of
AgNPs in marine diatom S. costatum.

Key words :silver nanoparticles; marine microalgae; particle size effects; surface coating effects; toxicity comparison
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S 5% 5%l cDNA , ##2#8 SYBR Premix Ex TaqTMﬁtﬁUﬁE‘;
(TaKaRa) #F 17 SZ B 2 Y6 22 & PCR. KW 2 5 4
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Table 1  Primer sequences used in gene expression studies of S. costatum
SR AR 45 He iR 1 (5% TFWES 1 (3% ) ik
Fucoxanthin-chlorophyll a/c 3HfepA  NCBI U66183 CTCCCTCCAGGTTCCTGTTG AGCGAGCTCAAGGAATCCAA  [27]

light harvesting protein

Fucoxanthin-chlorophyll a/¢ 3HfpB  NCBI U66184

light harvesting protein

Photosyst‘em I reaction center DI NCBI HM449711
D1 protein

Ribosomal RNA 18S 18s NCBI HM449712

AGTTCGATGAGGAGACCAAGCT

ACCACCAAATACACCAGCAAC

CATTGTCAGAGGTGAAATTCTTGGA

GGCACGTCCGTTGTTCAAC [27]

GCGTCCTTGGATTTTCGTAGC  [28]

CCCCGGAACCCAAAAGT [28]

1.9 Hdlasb 3k b

YRR RLAR 2 LG ) RO Image)2x 17
i, Excel 41T )5 HH Origin 8. 0 B4l . 44 5256
WEWHE 3 1 FAT (0 =3) , Irfy SR BE 2 R HF

VIH + brifiefi 22 KR, SC80 s H] GraphPad Prism
5.0 AT B 2R 22530 S i P Dunnett-¢ £
5, R A W EEE S LA (% P<0.05, * * P
<0.01 Fl = % % P <0.001)FFnR.
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10 nm-0A X 3 Fl 44 K H 43 BLAE Milli-Q 7K i1 i
SR A, B 1(a) B8 20 nm-PVP 44 K 4R 5
B T R A S H A B ERE , K42 N 20

nm 24 ; B 1(b) i/~ 10 nm-PVP KH3 20 K 4R
OB 2 AR B 3 5085 R4 8 10 nm 247
F1(e) n 10 nm-OA 1y 40 K 41 2 B3R E H A %
B, RiAE N 10 nm A 4. B HEESRER3
TR K ARTE Milli-Q 7K Hh 3 B LGB 2] AR AR TE
BRBEHRE , BEK/NFEIES S, bR
N Ty R A R

Bl1 3 MaRIRESRIERIE

Fig. 1 Representative transmission electron microscopy (TEM) images of three kinds of AgNPs in Milli-Q water

& 2 23514 20 nm-PVP, 10 nm-PVP LA J% 10 nm-
OA IX 3 FPARARAE T HRIRE T Al B 5. & 2
(a) 7R 20 nm-PVP G4 KER 2K H AT , Kok
AR 2% K 2(b) BR 10 nm-PVP B4 AK4AR 5
K EACIRIE RARBINH KNEEAR 2 B 2(c) R

10 nm-OA GRARUR A R A — i 2 HUR I B )
SEATE 35, NANKAR UKL (1 T8 SRR 23 M7, 10 nm-
PVP F120 nm-PVP 47 HH RG24, 2R B B AR
F 10 nm-OA Y. HAEELA UL PVP 2
BV AR L T e F 2 RO R DRAR 7 B T 4

(@ 10 am-OA

. Y

2 3 FAKIRERBERIE

Fig. 2 Representative scanning electron microscopy (SEM) images of three kinds of AgNPs powder

2.2 3 MY IR S ECRIE ST
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Table 2 The z-average hydrodynamic diameter and zeta potential of the three kinds of AgNPs in water
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Fig. 4 Cell viability of S. costatum upon exposure to AgNPs

with different surface coatings and particle sizes for 24 h
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Fig. 6 Induction of ROS in S. costatum after exposed to AgNPs

with different surface coatings and particle sizes for 24 h
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Fig. 7 Change of chlorophyll a content in S. costatum
upon exposure to AgNPs with different surface

coatings and particle sizes for 24 h
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surface coatings and particle sizes for 24 h
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