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Materials and methods

Coarse-grained Molecular Dynamics Simulation

We first constructed a polystyrene chain containing 100 styrene monomers (PS100,
neutrally charged). Then, 273 polystyrene chains were aggregated into a nanoplastic
sphere with a diameter of 20 nm (Figure S11A and B).

More specifically, each styrene monomer was constructed by mapping onto four
interaction beads: one corresponding to the position of the backbone atoms, and the
other three representing the benzene ring. This mapping corresponded to the
“A-mapping” scheme developed by Rossi et al. that reproduced the best structural
properties of polystyrene.!!

For the plant cell membrane, three common phospholipids (POPC, POPE and POPI)
in the plants were adopted'*®! to construct the lipid bilayer with a molar ratio of 2:1:1

(POPC:POPE:POPI). ®! The membrane contained 10608 POPC, 5304 POPE and
5304 POPI, with the surface dimensions of 80nm x 80nm (Figures S11A and B).

The membrane models were generated by using insane.py script. [ Then, the
membrane was equilibrated for 1000 ns at 300 K and 1 atm. The final membrane
structure and the PS-NPs were then placed into a water box with a size of 80 nm x 80
nm x 45 nm to study their interactions.

Molecular dynamics simulations on the coarse-grained models were performed in the
NPT ensemble (P =1 atm and T = 300 K). The pressure was controlled using isotropic
Parrinello-Rahman pressostat,”! and the system temperature was maintained using a
stochastic velocity rescaling thermostat.’® The Martini force field™ was adopted to
describe the interactions of the lipid membrane and water molecules, and the
parameters developed by Rossi et al.l! were employed for nanoplastics. The periodic
boundary conditions were applied in all directions. Short-range electrostatic and van
der Waals interactions were calculated with a cut-off distance of 1.1 nm. The
long-range electrostatic interactions were treated using reaction-field potential.*® The
all-atom molecular dynamics simulations were conducted with the GROMACS

package (version 5.1.4).' Snapshots were rendered by the visual molecular



dynamics (VMD) program.*

Measurement of PS-binding amino acids

For measurement of PS-binding amino acids, amino acid mix solution (the content of
each amino acid was 20 ng/ml) was prepared, and 1mL of mix solution was incubated
with 10 puL PS nanoplastics (10 mg/mL) for 12 h. Then the mixture was centrifuged
for 15 min at 20,000 x g and the supernatant was arranged for free amino acids
analysis. The PS-binding amino acid (%) was calculated as follows:
CPS=(C0-Csup)/C0, where CO is amino acid content without treatment; Csup is

amino acid content in supernatant treated with PS nanoplastics.
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Figure S1. Leaching detection of fluorescent agent or additives in
fluorescently-labeled PS nanoparticles. (A) Fluorescence image of PS-NPs solution
(stored in lab for one year), precipitate and supernatant. The solution sample (1 mL)
was centrifuged at 10000 x g for 5 min, then the precipitate and supernatant were
observed at 505 nm excitation. (B) Raman spectra of PS-NPs solution and its
supernatant.
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Figure S2. Localization of 80 nm PS bead in the root of peanut. (A) Schematic
diagram of the cross section of the peanut root. (B) SEM images of 80 nm PS bead in
the root with different treatments.
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Figure S3. SEM images of 80 nm PS bead localized in the peanut grain under
different treatment of PS nanoplastics (in different SEM views). Red arrows
indicate nanoplastics.
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Figure S4. Fluorescence images of accumulation of fluorescently labelled PS
beads (80 nm) in peanut grains (in different microscopic field). Scale bars, 500
pm.
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Figure S5. Localization of 80 nm PS bead in the root of rice. (A) Schematic
diagram of the cross section of the rice root. (B) SEM images of 80 nm PS bead in the
root with different treatments.
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Figure S6. Localization of 80 nm PS bead in the leaves of rice. (A) Schematic
diagram of the cross section of the rice leaves. (B) SEM images of 80 nm PS bead in
the leaves with different treatments.
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Figure S7. Localization of 80 nm PS bead in the panicle of rice. (A) Schematic




diagram of spike section of the rice plant. (B) SEM images of 80 nm PS bead in the
spike at different treatments. Red arrows indicate nanoplastics. (C) Bright field
images showing transverse sections of a panicle from a rice plant treated with 80 nm
fluorescently labelled PS beads. Green fluorescence images of peanut grain transverse
sections were observed using a laser confocal microscope to detect the fluorescently
labelled PS beads. Scale bars, 300 pum.
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Figure S8. Localization of 80 nm PS bead in the grouting period of a rice grains
at different treatments. White arrows indicate nanoplastics. Bright field images
showing transverse sections of grain from the grouting period of a rice plant treated
with 80 nm fluorescently labelled PS beads. Green fluorescence images of transverse
sections of rice grain were observed using a laser confocal microscope to detect the
fluorescently labelled PS beads. Scale bars, 300 pm.
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Figure S9. SEM images of 80 nm PS bead localized in rice grains (in different
SEM view). Red arrows indicate nanoplastics.
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Figure S10. Fluorescence images of the fluorescently labelled PS beads (80 nm) in
rice grains (in different microscopic fields). Scale bars, 300 um. Red arrows
indicate fluorescently labelled nanoplastics.
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Figure S11. Molecular dynamics simulations of PS-NPs uptake by the cell
membrane bilayers. (A) Top panel, front view; (B) Bottom panel, top view.
Coarse-grained models of POPC, POPE and POPI are colored in purple, yellow and
green, respectively. The head group and tail group of lipids are in the sphere and
licorice representation, respectively. The PS-NPs are shown in blue spheres. (C) Time
evolution of interaction energies (mainly contributed by van der Waals interaction)
between PS-NPs and the lipid membranes.
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Figure S12. Phenotypic images (A) and physiological parameters (B-D) of peanut
plants upon exposure to different treatments of PS nanoparticles. (A) Scale bars,
5 cm. (B-D) plant height, tillering number, and yield per plant, respectively. The
analyses were performed independently ten times.



A

£
A
-
=
(=4
)
=
b4
€
8
o
-
£
&
=
-
=]
c
o
o
24
c
©
o

Control

951

901

851

80

24

214

Control 50 250

PS-80 nm (mg/kg)

Control 50 250

PS-80 nm (mg/kg)

Tiller number per plant

Yield per plant (g)

PS-80 nm (50 mg/kg)

121

104

PS-80 nm (250 mg/kg)

30

Control

50 250
PS-80 nm (mg/kg)

28

26

24

22

oo

20

Control

50 250
PS-80 nm (mg/kg)

Figure S13. Phenotypic images (A) and physiological parameters (B-D) of rice
seedlings upon exposure to different treatments of PS nanoparticles. (A) Scale
bars, 5 cm. (B-E) plant height, tillering number per plant, panicle length, and yield per
plant, respectively. The analyses were performed independently ten times.
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Figure S14. Phenotypic images (A) and physiological parameters (B-D) of rice
grains upon exposure to different treatments of PS nanoparticles. (A) Scale bars,
5 mm. (B-D) 1000-grain weight, total grain number per plant, full grain number per
plant, respectively. The analyses were performed independently ten times.
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Figure S15. The initial (A) and final (B) configurations of Phe binding to PS-NPs.
The PS-NPs and Phe are colored by blue and pink, respectively. For clarity, the free
amino acids in the final configuration are shown in grey.

Figure S16. The distribution of adsorption numbers of amino acids on PS-NPs,
and the calculations were based on the last 100 ns trajectory of each system.
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Figure S17. PS-binding amino acid percentage in aqueous solution.

Table S1. Chemical properties of the soil.

Test indicators (g/kg) Na Mg

Al P K

Ca Fe Cu zZn

pH

Results

12.063 12.802 63.122 0.515 23.061

2266 33.736 0.043 0.077

7.8

Table S2. The relative contents (%) of fatty acids in rice grains.

Fatty PS-80 nm PS-80 nm
. Control
Acid (%) (50 mg/kg) (250 mg/kg)
C10:0 0.00147 £ 0.00006 a 0.00139+0.00016 a  0.00132 + 0.00017 a
C12:0 0.01896 + 0.00091a  0.01784 +0.00042 ab  0.01749 £+ 0.00010 b
C14:0 0.70848 £ 0.03503 a 0.70147 £0.00771a  0.71724 +£0.07287 a
C15:0 0.04758 £ 0.00120 a 0.04778 +£0.00072a  0.04582 + 0.00237 a
C16:0 2255845+ 0.45776 a  22.67949 + 0.41675a 22.84485+0.16332 a
Cl6:1 0.35931 £ 0.04002 a 0.35725+0.03139a  0.35764 + 0.02486 a
C17:0 0.08319 + 0.00192 a 0.08649 + 0.00324a  0.07697 £ 0.00161 b
C18:0 5.68050 + 0.34683 a 5.62980 £ 0.16786a  5.54969 + 0.26816 a
C18:1N9  39.42905 £ 0.56137a  39.40454 +0.39336a 39.28282 £ 0.94545 a
C18:2N6  27.45377 £0.33124a  27.48066 + 0.27805a 27.50612 + 0.50733 a
C18:3N3  0.02023 + 0.00268 a 0.01868 + 0.00229a  0.01924 + 0.00164 a
C20:0 1.52745 + 0.07981 a 1.49111+£0.07900a  1.52143 + 0.06968 a
C20:1IN9  0.73262£0.00482a  0.71209 + 0.00684 ab  0.69477 £ 0.01747 b
C20:2N6  0.03933 +0.00219 a 0.03978 £ 0.00166 a  0.03193 + 0.00254 b
C21:0 0.02036 + 0.00102 a 0.02020 + 0.00038 a  0.02205 + 0.00147 a
C22:0 0.43656 + 0.01513 a 0.43696 + 0.01608 a  0.43960 + 0.03576 a
C22:1IN9  0.07923 +0.01109 a 0.07800 £ 0.00425a  0.07730 +£0.02341 a
C24:0 0.80345 £ 0.03817 a 0.79647 £ 0.02778a  0.79371 +0.02341 a

Different letters indicate the significant differences at P < 0.05.



Table S3. The relative contents (%) of fatty acids in peanut grains.

Fatty PS-80 nm PS-80 nm
. Control
Acid (%) (50 mg/kg) (250 mg/kg)
C10:0 0.02094 £ 0.00097 a 0.02145 £ 0.00152 a 0.02653 + 0.00363 b
C12:0 0.01037 £ 0.00116 a 0.01218 £ 0.00072 a 0.01012 £ 0.00053 a
C14:0 0.04992 + 0.00019 a 0.04751 £ 0.00085 b 0.05008 + 0.00046 a
C15:0 0.01009 + 0.00092 a 0.01187 £ 0.00127 a 0.02035 £ 0.00115 b
C16:0 11.27503 £ 0.21922 a 11.22606 £ 0.17303a  12.29792 + 0.05793 b
Ci16:1 0.07353 £ 0.00024 a 0.07471 £ 0.00505 a 0.05048 + 0.00236 b
C17:0 0.00998 + 0.00097 a 0.00794 £ 0.00063 b 0.00977 £0.00175 a
C18:0 3.82685 + 0.09637 a 4.00081 £ 0.18912 a 3.87700 £ 0.04770 a
C18:1N9 46.17546 + 0.13170 a 46.10724 +0.37102a  46.36021 +0.18445a
C18:2N6 32.54571 + 0.22647 a 3251876 +0.17914a  31.36266 + 0.09232 a
C18:3N3 0.07989 £ 0.00158 a 0.07240 £ 0.00152 b 0.06935 +0.00235 b
C20:0 1.60509 + 0.03375 a 1.59645 + 0.03289 a 1.60726 + 0.07363 a
C20:1N9 0.84406 £ 0.02902 a 0.84710 £ 0.02833 a 0.86164 £ 0.05591 a
C20:2N6 0.02885 + 0.00381 a 0.02418 £ 0.00148 a 0.02075 £ 0.00144 a
C21:0 0.02257 £ 0.00136 b 0.01632 £ 0.00364 ¢ 0.03116 £ 0.00348 a
C22:0 2.24992 £ 0.01991 a 2.25813 £ 0.02596 a 2.17707 £ 0.06644 a
C22:1N9 0.07248 £ 0.00240 a 0.07616 £ 0.00130 a 0.07150 £ 0.00349 a
C24:0 1.09926 + 0.00509 a 1.08073 £ 0.01021 a 1.09615 £ 0.09671 a

Different letters indicate the significant differences at P < 0.05.

Table S4. The total content of amino acids in rice grains.

Amino Acid PS-80 nm PS-80 nm
Control
(o/kQg) (50 mg/kg) (250 mg/kg)
Asp 6.55+0.14 a 6.47+0.24a 6.49+0.20a
Thr 2.86+0.11a 3.06+£0.05a 3.05+0.11a
Ser 344+0.15a 3.40+0.06a 341+021a
Glu 14.88+0.15a 1436 £0.11b 13.64 £0.03¢
Gly 5.63+0.07a 543+0.15a 545+0.2a
Ala 3.72+0.07a 3.60+0.10a 355+0.10a
Cys 1.23+0.01a 1.27+0.06 a 1.27 £0.06 a
Val 446 +0.06 a 436+0.14a 424 +0.07a
Met 1.89+0.01a 1.77£0.08 b 1.78+0.09b
lle 2.76 £0.03 a 2.75+0.07a 2.32+0.09b
Leu 6.59+0.24a 6.59+0.22a 6.49 £0.08 a
Tyr 1.54+£0.04a 1.51+£0.05a 1.34+£0.05b
Phe 3.92+0.08a 3.83+0.06a 3.35+0.07b
Lys 3.28+0.14a 3.35+0.06 a 2.93+0.07b
His 281+0.12a 2.79+0.04a 245+0.06 b
Arg 6.03+0.19a 5.98+0.17 a 546+0.17b
Pro 3.81+0.04a 3.85+0.08a 3.70+0.05a



SUM

7540+ 159 a

73.38 £1.66 ab

70.92+1.48Db

Different letters indicate the significant differences at P < 0.05.

Table S5. The total content of amino acids in peanut grains.

Amino Acid PS-80 nm PS-80 nm
Control
(9/kQ) (50 mg/kg) (250 mg/kg)
Asp 1851+1.36a 18.35+0.97a 18.28+1.41a
Thr 3.02+0.16a 2.88+0.14a 3.15+0.25a
Ser 7.69+042a 7.53+0.27a 7.66+0.40a
Glu 29.02+1.02a 28.88+1.27a 28.79+0.43 a
Gly 9.11+0.52a 9.11+0.61a 9.28+0.18a
Ala 6.57 £0.27 a 6.64+0.31a 6.58+0.44a
Cys 1.90+£0.29a 1.84+0.20a 1.79+0.19a
Val 7.95+0.47a 7.86£0.48a 7.95+0.47a
Met 1.21+0.08 a 1.23+0.11a 1.26+0.15a
lle 11.78+0.29a 1153+ 0.09a 11.36 £ 0.44a
Leu 25.87+0.73 a 24,98 +0.75 ab 23.99+£0.75b
Tyr 10.09+0.50 a 10.14+£0.47a 9.12+051b
Phe 13.15+0.95a 13.13+1.00a 1213+ 0.8b
Lys 17.43+1.36a 17.13+0.46 a 1545+ 0.53b
His 7.45+1.08a 6.85+0.81a 7.81+0.36a
Arg 24.08+1.89a 236+1.14a 22.02+0.42b
Pro 12.11+048D 11.24+£0.25¢c 1359+0.11a
SUM 206.96 + 11.68 a 202.91+8.8la 200.22+7.61a

Different letters indicate the significant differences at P < 0.05.
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