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Supplementary Figure 1 | Schematic diagram of stepwise synthesis of targeted
nanomaterials with biorecognition motifs. Diagram illustrates step by step synthesis
of chloroplast targeting quantum dots (Chl-QD) containing B-cyclodextrin (3-CD)
molecular baskets and chloroplast guiding peptides. The targeting peptide design (Chl-
peptide) is based on a truncated Rubisco small subunit biorecognition motif (RbcS) that
guides protein precursors to chloroplast outer membranes.
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Supplementary Figure 2 | Absorption spectra of Chl-QD and loading efficiency of
MV and Asc in Chl-QD. a, UV-vis absorption spectra of QDs coated with MPA (MPA-
QD), targeting peptide (Chl-QD) and random peptide (R-QD), MV (methyl viologen) and
Asc. (ascorbic acid). b, Absorbance spectra of Chl-QD before and after loading with MV
(MV-ChI-QD) and Asc (Asc-Chl-QD). Calibration curves of ¢, MV and d, Asc absorbance
versus concentration were used to determine the loading efficiency of MV (green square)
and Asc (cyan square) in Chl-QD.
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Supplementary Figure 3 | Confocal microscopy images of Arabidopsis le if
mesophyll cells infiltrated with TES buffer as control. Leaves infiltrated with TES
buffer exhibit no fluorescence signal for QDs within the detection range for QD emission
(500 -550 nm). Scale bar, 50 pym.
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Supplementary Figure 4 | Orthogonal views of confocal microscopy images
between QD and chloroplasts. Projections in the z-axis of confocal microscopy images
in the x and y planes showing colocalization of nanoparticles with chloroplasts for a, QDs
coated with MPA (MPA-QD) and b, random peptide (R-QD). Z axis optical slices were
taken every 2 ym up to a depth of 20 um. Scale bar 50 uym.
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Supplementary Figure 5 | Plant cell viability assays in
leaves with embedded ChI-QD. a, Confocal fluorescence
microscopy images of propidium iodide (Pl) stained
Arabidopsis leaf mesophyll cells infiltrated with 10 mM TES
buffer (pH 7.0) and b, 200 nM Chl-QD. PI only passes through
damaged areas of lipid membranes in dead cells intercalating
with the DNA in the nucleus. The PI fluorescence accumulation
within cell boundary was counted as dead cells. Scale bar 50
um. ¢, The percentage of living cells in Arabidopsis leaves
infiltrated with Chl-QD or TES buffer solution. Mean + SD, n =

4. Error bars represent standard deviations.
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Supplementary Figure 6 | Isothermal titration calorimetry of 3-Mercaptopropionic
acid (MPA) coated quantum dots (MPA-QD) with chemical cargoes. Thermograms
(top) and binding isotherms (bottom) of MPA-QD interacted with a, methyl viologen and
b, ascorbic acid.
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Supplementary Figure 7 | Comparison of DHE fluorescence localized within
chloroplasts in leaves infused with MV chemical and MV-ChI-QD. Arabidopsis
leaves treated with Chl-QD loaded with MV and targeted to chloroplasts have
significantly higher colocalization rates of DHE (fluorescent dye for superoxide anion)
with chloroplasts (78.8 £ 7.0%, Mean = SD, n = 7) than leaves treated with MV chemical
alone (32.2 + 11.2 %, Mean = SD, n = 11). DHE fluorescence intensities were measured
after a 3 h incubation with Chl-QD and MV treated leaves. Error bars represent standard
deviation and boxes represent the interquartile range from the first to the third quartile
with squares as the medians and horizontal line with representative treatment color
represents mean. Box plots contain diamond symbols for each data point. Statistical
comparison was performed by independent samples t-test (two tailed). *** indicates P <
0.001.



Supplementary Table 1: Wide range of chemicals forming inclusion complexes

with cyclodextrins.

Chemicals Function Reference

Allyl isothiocyanate Antimicrobial Li et al. 2007
Chlorpyrifos Insecticide Lucas-Abellan et al. 2008
Hesperidin, naringenin, Flavonoids Ficarra et al. 2002

naringin

2-methyl-5-(1-methylethyl)
(carvacrol)

Reduce intestinal
parasitic infection

Shashank et al. 2018

Nicotinic acid, ascorbic acid Vitamins and Garnero et al 2007,
antioxidants, Plant Palomar-Pardavé et al.
metabolite 2011, Subhadeep et al.

2016,
Methyl viologen Herbicide Sivagnanam et al 1992,

Ong et al 2003, Mondal et
al. 2016

Dihydroxyphenylalanine

Neurotrophic factor

Palomar-Pardavé et al.
2011

Theophylline Alkaloid treatment of Amarr et al. 1996
respiratory diseases
Amatadine Antiviral agent Ai et al. 2012

Beta-Carotene, carotenoids

Vitamin, plant metabolite

Kaur et al. 2016,




Nitrophenol isomers Pharmaceutical Zhang et al. 2015

precursor

Alkaline phosphatase Clinical disease indicator Jia et al. 2010

Napthalene Insecticide Harata et al. 1975

Terfenadine Antihistamine Choi et al. 2001

Carvedilol Antioxidant Wen et al. 2004

Sulindac, Fenoprofen Non estradiol anti- Diaz et al. 1999
inflammatory

Albendazole Intestinal parasite Garcia et al. 2014
treatment

Cocaine Stimulant Nesnas et al. 2000

MCPA 4-chloro-2- Herbicide Garrido et al. 2014

methylphenoxyacetic acid

Norflurazon Herbicide Villaverde et al. 2004
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