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1. Materials and methods

Isolation and identification of SRB.
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The sediments collected from Yangtze Estuary were added to a liquid medium (the
composition of the medium is listed in Supporting Information (SI) Table S1), and the suspension
was then cultured under anaerobic conditions at 25 °C until it turned black. The suspension was
subsequently cultured using the dilution coating-stack sandwich culture method, and a single
colony was isolated and purified. The purified bacterial strain was grown overnight in LB liquid
medium under anaerobic conditions. After centrifugation at 10000 g for 10 min, the supernatant
was discarded and genomic DNA was extracted using a 3S DNA Isolation Kit for Environmental
Samples V 2.2 following the manufacturer’s instructions (Shenergy Biocolor Bioscience and
Technology Company, Shanghai, China). The 16S rRNA gene sequence of the genomic DNA was
amplified by PCR using primer sets of 27 F (5’ - AGAGTTTGATCCTGGCTCAG - 3’) and 1492
R (5’ - GGTTACCTTGTTACGACTT - 3°).! The PCR amplification was performed in a 25 pL
reaction mixture containing 0.5 pL of each primer (10 uM), 1 puL of template DNA, 12.5 pL of
Taq PCR Master Mix (2 x, with blue dye), and sterile distilled water to a final volume of 25 pL.
Thermal cycling was conducted under the following conditions: an initial denaturing step at 94 °C
for 5 min, followed by 35 cycles of denaturation at 94 °C for 30 s, annealing at 55 °C for 30 s, and
elongation at 72 °C for 2 min. Finally, an extension step was performed at 72 °C for 8§ min. PCR
products and their sizes were verified by agarose gel electrophoresis (1.0% weight/volume agarose)
with ethidium bromide staining in a 1x TAE buffer at 120 V for 15 min and visualized using an
ultraviolet (UV) transilluminator. PCR products were sequenced by the Shanghai Map Biotech
Company Ltd. The 16S rRNA gene sequences obtained were analyzed with the BLAST program

of the GenBank database at the National Center for Biotechnology Information (NCBI) website

(http://www.ncbi.nlm.nih.gov/).

Table S1. Composition of cell culture media used for the SRB isolation.

Chemicals Content
K,HPO, 05¢g
(NHy4),SO4 10g
MgSO, 20¢g
L(+)-Ascorbic acid 05¢g
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L-Cysteine 05¢g

Na,S04 50¢g
Sodium DL-Lactate 65¢g
FeSO, 05¢g
Milli-Q water 1L

TEM characterization of 40 nm and 80 nm Ag’-NPs.
The 40- and 80-nm Ag’-NP standard solutions were homogenized using an ultrasonic
instrument. Approximately 7 pL. of solution was dropped onto a TEM grid (CF300-Cu, Electron

Microscopy Science), and the TEM grid was dried in a desiccator prior to TEM analysis.

2. Results and discussion
Characterization of Ag’-NPs.

Based on the results obtained with a TEM coupled with EDS and SAED, the measured sizes
of Ag’-NPs were generally consistent with the expected sizes (20, 40 and 80 nm), as shown in Fig.
S1A, B and C. The major elemental compositions of these Ag’-NPs were C, Cu and Ag, and the
strong C and Cu signals obtained in the EDS analysis can be attributed to the Cu-based TEM grids.
Moreover, 20-nm Ag°-NPs showed d-spacings of 2.38, 2.05 and 1.18 A, corresponding to d-
spacings of planes (1 1 1), (2 0 0) and (2 2 2), respectively, of silver.? 40 nm Ag®-NPs exhibited d-
spacings of 2.35, 1.99 and 1.22 A, corresponding to the (1 1 1), (2 0 0) and (3 1 1) lattice planes,
respectively, of silver.? In addition, Ag°-NPs with an average size of 80 nm showed d-spacings of
2.40, 2.00 and 1.46 A, which matches the (1 1 1), (2 0 0) and (2 2 0) lattice planes of silver,

respectively.?
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Figure S1. Representative TEM images, EDS and SAED analysis of Ag’-NPs with different

sizes.(A: 20-nm Ag®-NPs, B: 40-nm Ag’-NPs, C: 80-nm Ag’-NPs)

Table S2. Zetasizer analysis of 20-nm Ag°-NPs in Hoagland solution in the presence/absence of
SRB. The hydrodynamic diameters were not detected in 0.01 and 0.1 mg/L 20-nm Ag®-NPs
suspension in Hoagland solution as the result of that the concentration of Ag’-NPs were too low to

reach the detected concentration. “+”: in the presence of SRB; “-”: in the absence of SRB.

Ag concentration] mg/L[ 0.01 0.1 1 10
SRB - + - + - A - A
Zeta-potential] mV] -5.58+0.43 -8.74+1.07 -5.39+0.60 -8.21+0.77 -6.03+1.21 -10.214+0.43 -4.82+0.09 -9.17+0.63
Hydrodynamic Diameter] nm[ — — — — 56.0043.23  75.05+2.86  46.13+0.34 63.94+0.69
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Figure S2. Dose and time-dependent culturability percentage of SRB in the presence of silver ions
and 20 nm Ag®-NPs in Hoagland solution. A: treated with silver ions; B: treated with 20-nm Ag°-

NPs

Table S3. Ratios (%) of total Ag concentrations in the whole plants treated with SRB versus those

without SRB (i.e. R..) for Ag" and 20-nm Ag®-NPs treatment groups.

1 day 18.97 143.33
3 day 43.73 119.38

0.01
5 day 47.90 180.71
7 day 79.13 203.58
1 day 47.66 138.49
3 day 63.93 114.17

0.1
5 day 42.46 151.99
7 day 50.63 164.32
1 day 71.50 107.22
3 day 85.20 184.00

1

5 day 93.67 168.98
7 day 89.26 131.41
1 day 98.10 171.00
3 day 66.98 163.37

10
5 day 59.82 103.63
7 day 44.46 247.90
Average 62.71 155.84
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Figure S3. Concentrations of Ag" in the Hoagland solution after treating plants for 1 day. A:
silver ions treated Hoagland solution; B: 20 nm Ag®-NPs treated Hoagland solution. *: Significant

difference, P < 0.05.
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Figure S4. Particle concentrations and average sizes of Ag-NPs in the Hoagland solution after
treating plants for 1 day. A: silver ions treated Hoagland solution; B: 20-nm Ag®-NPs treated
Hoagland solution. 0.01/0.1/1/10 SRB: Hoagland solution treated in the presence of SRB;
0.01/0.1/1/10: Hoagland solution treated in the absence of SRB. Average size-Ag®: the average
sizes were calculated based on AgP; Average size-Ag,S: the average sizes were calculated based

on Ag,S. *: Significant difference, P < 0.05.

Characterization of Ag-NPs associated with plant roots.

Based on the results obtained with a TEM coupled with EDS and SAED data, the morphology,
composition and crystal structures of the Ag-NPs associated with Scirpus triqueter roots were also
investigated. The results provided in Fig. S5 revealed the presence of Ag-NPs of various sizes and

shapes in/on plant roots after treatment with Ag* or Ag®-NPs in the presence/absence of SRB. For
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example, a metallic silver NP was found to be associated with plant roots exposed to 20-nm Ag°-
NPs in the absence of SRB, with the silver exhibiting d-spacings of 2.35 and 1.99 A,
corresponding to the (1 1 1) and (2 0 0) lattice planes, respectively.? The plant roots exposed to 20-
nm AgP-NPs in the presence of SRB exhibited an Ag,S-NP aggregate with d-spacings of 3.56 and
2.58 A, corresponding to the (0 1 1) and (0 2 2) lattice planes, respectively, of acanthite.*
Moreover, we observed Ag,S-NPs associated with plant roots exposed to 20-nm Ag®-NPs in the
absence of SRB. This result is consistent with the findings reported by Stegemeier et al., who
found that both Ag,S and Ag®-NPs could be formed in plants hydroponically exposed to either
Ag"' or Ag0-NPs in the absence of SRB,’ likely due to the reduction of sulfate by biomolecules in

plants.®7
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Figure S5. Transmission electron microscopy (TEM) analysis of Ag-NPs in Scirpus triquter roots.
A: Ag-NPs in plants exposed to Ag* without SRB; B: Ag-NPs in plants exposed to Ag™ with SRB;
C: Ag-NPs in plants exposed to 20-nm Ag’-NPs without SRB; D: Ag-NPs in plants exposed to

20-nm Ag®-NPs with SRB.
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Figure S6. Time-dependent concentrations of dissolved Ag in 20-nm Ag°-NPs treated Hoagland

solution (without plants). A: 0.01 mg/L; B: 0.1 mg/L; C: 1 mg/L and D: 10 mg/L. *: Significant

difference between the groups treated with and without SRB, P < 0.05. Different letters above the

error bars indicate statistically significant differences of Ag® concentrations at different time

points for the treatment group with and without SRB, respectively. (P < 0.05).
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Figure S7. Concentrations of total Ag in Scirpus triqueter exposed to 0.1 mg/L 20-, 40- and 80-

nm Ag’-NPs with (A) and without (B) SRB. Different letters above the error bars indicate

statistically significant differences (P < 0.05).

Table S4. Ratios (%) of total Ag concentrations in the whole plants treated with SRB versus those

without SRB (i.e. R.,.) for 0.1 mg/L 20-, 40- and 80-nm Ag®-NPs treatment groups.
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treatment group  treatment group  treatment group

1 day 138.49 213.20 100.93

3 day 114.17 128.73 143.51
0.1

5 day 151.99 115.67 128.65

7 day 164.32 107.49 174.97

Average 142.24 141.27 137.01
Maximum 164.32 213.20 174.97

Minimum [ 114.17 107.49 100.93
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Figure S8. Particle concentration and size of Ag-NPs in 0.1 mg/L 20-, 40- and 80-nm Ag®-NPs
treated Scirpus triqueter collected on the 1st day (A), 3rd day (B), 5th day (C) and 7th day (D).
Root/Stem SRB: Root/Stem of Scirpus triqueter treated in Hoagland solution in the presence of
SRB; Root/Stem: Root/Stem of Scirpus triqueter treated in Hoagland solution in the absence of
SRB. Average size-Ag’: the average sizes were calculated based on Ag®; Average size-Ag,S: the

average sizes were calculated based on Ag,S. *: Significant difference, P < 0.05.
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Figure S9. The average total Ag uptake rate (mg/kg/day) of plants exposed to 0.1 mg/L Ag®-NPs

with different sizes.
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