Copper oxide nanoparticles alter cellular morphology via disturbing the actin cytoskeleton dynamics in Arabidopsis roots
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1. Supporting Information Materials and Methods 

1.1. Spectroscopy analysis

The chemical treatments were the same as the measurements of root elongation assays. The clean root tip sample (1mm) was used for paraffin section. Root tip was fixed by 4% glutaraldehyde (pH=7.2) for 5 h in 4 ℃, and then used 1% osmic acid fixative for 2 h. The samples were dehydrated by ethanol gradient, epoxy resin coating, uranium acetate dyeing and ultrathin slices (100 nm). The metal grids are constituted by nickel, which is used to loading slices. Using X ray spectrometer (FEI Nova nano SEM540, USA) analyzed element content.

Supporting Information Figures 
Figure S1

[image: image1.jpg]



Figure S1. Scanning electron microscopy (SEM) micrographs of CuO NPs. Bar=100 nm. CuO particles were suspended in ethanol and ultrasonicated for 30 min before SEM observation.
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Figure S2. Time-dependent dissolution of 40 mg/L CuO NPs. Copper release in CuO NPs 1/2 MS liquid medium from 0 to 120 h. Mean values and SE were calculated from three replicates. Within each set of experiments, bars with different letters are significant different (Duncan’s multiple range tests, P < 0.05).
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Figure S3. Energy-dispersive spectroscopy (EDS) analysis of the spots in Arabidopsis root after CuO NPs treatment. The results of the EDS verified that the grains in root cells were CuO NPs.
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Figure S4. Representative phenotypes of location of intracellular CuO particles in leaf epidermal cells. The scale bar = 25 μm. 7-d-old seedlings were supplied with 20 mg/L CuO NPs or 1.4 mg/L Cu2+ for 12 h. 

Figure S5
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Figure S5. Photographs of cell phenotypic in leaf epidermal cells. The scale bar = 25 μm. 4-d-old seedlings were supplied with 20 mg/L CuO NPs or 1.4 mg/L Cu2+ for 3 d. 
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Figure S6. Skewness analysis of F-actin in root epidermal cells. (A) and root hairs (B) for Fig. CA. 7-d-old Arabidopsis seedlings were grown on 1/2 MS agar plates supplied with or without CuO NPs or Cu2+ (1.4 mg/L) for 6 h, and then actin cytoskeletal was observe. The data are means ± se (n = 25). Within each set of experiments, bars with different letters are significantly different (Duncan’s multiple range tests, P < 0.05).
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Figure S7. F-actin cytoskeletal organization assays in leaf epidermal cells. A, Cellular actin cytoskeletal organization phenotypes in the epidermal cells of leaf. Scalebar = 25 μm B, Quantification of the amount of F-actin. C, Skewness analysis of F-actin. 4-d-old Arabidopsis seedlings were grown on 1/2 MS agar plates supplied with 20 mg/L CuO NPs or Cu2+ (1.4 mg/L) for 3 d, and then actin cytoskeletal was observe. The data are the mean values ± SE (n = 10). Within each set of experiments, bars with different letters are significantly different at the P<0.05 level (Duncan's multiple range tests).
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Figure S8. PIN4 subcellular localization in root tips. 7-d-old Arabidopsis seedlings were grown on 1/2 MS agar plates supplied with 20 mg/L CuO NPs or Cu2+ (1.4 mg/L) for 12 h, and then PIN4:GFP protein was observe. Images shown are representative of each treatment. The scale bar = 5 μm.

