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Materials and methods

Materials

Activated carbon was obtained from Aladdin Chemical Reagent Co., Ltd. Sodium bicarbonate
(NaHCO3) was acquired from Tianli Enterprise Group Co., Ltd. Sulfuric acid (H2SO4) and nitric acid
(HNOs3, 65%~68%) were procured from a local supplier. Cupric chloride (CuClz) was bought from
Macklin (Shanghai, China). L-ascorbic acid (L-AA) and sodium hydroxide (NaOH) were obtained
from Sigma Aldrich (Shanghai, China). Ferrous chloride (FeCl,-4H,0O) was obtained from Tianjin
Bailens Biotechnology Co., Ltd. 3,3°,5,5’-Tetramethylbenzidine (TMB) was purchased from Shanghai
Malin Biochemical Technology Co., Ltd. Nitrotetrazolium blue chloride (NBT), L-methionine (L-met),
and riboflavin were acquired from Sigma Aldrich. Hydrogen peroxide (H202, 30%) was procured from
Tianjin Daxiong Chemical Reagent Co. Superoxide dismutase assay kit (S311) was purchased from
Dojindo Molecular Technologies Co., Ltd. Hydrogen Peroxide Assay Kit, Total Antioxidant Capacity
Assay Kit with ABTS method, 2’,7’-dichlorodihydrofluorescein diacetate (DCFH-DA),
dihydroethidium (DHE) and animal RNA isolation kits were purchased from Beyotime Chemical
Reagent Co., Ltd. 4°, 6-diamidino-2-pheny-lindole (DAPI) was obtained from Roche Applied Science.
All chemical reagents were not further purified and were used directly, and detection kits were used
according to the manufacturer's instructions. All aqueous solutions used in this work were prepared

with deionized water with a resistivity of 18.2 MQ-cm.

Instrumentation
Transmission electron microscopy (TEM) images were obtained using a FEI Tecnai G2 F30 (FEI, USA)
at an acceleration voltage of 300 kV. Powder X-ray diffraction (XRD) data were collected using a

Bruker D8 ADVANCE (Germany) with a 6 °/ min scan rate. FT-IR spectra were recorded by a Thermo
2
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Fisher Nicolet 5700 (USA). X-ray photoelectron spectroscopy (XPS) spectra were recorded by a
Thermo Escalab 250Xi (USA). Electron spin resonance (ESR) spectra were recorded by a Bruker
A300-9.5/12 (Switzerland) at room temperature. Flow cytometry data were collected by FACS
CaliburTM, Becton Dickinson (USA). Microplate absorbance was measured using a Tecan Spark 20 M
multi-mode microplate reader (Switzerland). The fluorescence imaging was done using an in vivo
imaging instrument (IVIS Lumina 3, PE, USA), and images were obtained by IVIS Living Image 3.0
software (PerkinElmer, USA). Leica DM3000 microscope (Leica, Wetzlar, Germany) was used to

image tissue sections.

Synthesis of CNDs-A or Re-CNDs-A

The CNDs-A or Re-CNDs-A were synthesized according to the methodology reported previously [1].
20 mg of CNDs was added to 50 ml of NaBHj4 solution (0.5 M), and the mixture was stirred for 24 h
at room temperature. The resulting solution was neutralized with hydrochloric acid and further
dialyzed for 3 days to obtain Re-CNDs.

Then, 1 mL of CNDs or Re-CNDs solution (5 mg/mL) and 1g of 1,3-propanesultone (PS) were added
to 10 mL of 1, 4-dioxane. A total of 1 mL triethylamine was then added to this mixture. After stirring
for 24 h at 40 °C, the mixture underwent rotary evaporation to remove the solvent. The resulting sample
was dispersed in water and dialyzed in 0.1 M NacCl solution for 1 day to remove triethylamine salt
through ion exchange and then dialyzed in ultrapure water for 3 days.

5 mg of the resulting CNDs or Re-CNDs (reacted with PS) was added to 10 mL of 0.5 M NaOH
solution and then stirred for 24 h at 40 °C. The resulting solution was neutralized with hydrochloric

acid and then dialyzed for 3 days to obtain CNDs-A or Re-CNDs-A.

Synthesis of CNDs-B
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The CNDs-B were synthesized according to the methodology reported previously [1].5 mg of CNDs
was heated with 2-3 mL of thionyl chloride (SOCI») in 6-8 mL of acetonitrile until all the CNDs solid
powder dispersed in the solution. After removing the excess SOCI, and acetonitrile, the CNDs acyl
chloride was obtained. The CNDs acyl chloride was redispersed in 6-8 mL of anhydrous acetonitrile
with N-Boc-ethylenediamine (200 puL) under stirring for 1h at room temperature. After removing the
excess solvent, 7.5 mL of dichloromethane (CH2Cl>) and 2.5 mL of trifluoroacetic acid (CF3COOH)
were added to the sample. After stirring for 12 h, remove the excess solvent and add 2-3 mL of water.
The resulting solution was further dialyzed in ultrapure water for 2-3 days.

1 mL of the resulting CNDs solution (5 mg/mL) and 1 g of 1,3-propanesultone (PS) were added to 10
mL of 1, 4-dioxane. A total of 1 mL triethylamine was then added to this mixture. After stirring for 24
h at 40 °C, the mixture underwent rotary evaporation to remove the solvent. The resulting sample was
dispersed in water and dialyzed in 0.1 M NaCl solution for 1 day to remove triethylamine salt through

ion exchange and then dialyzed in ultrapure water for 3 days.

Synthesis of CNDs-CyS5.5

5 mg of CNDs was heated with 2-3 mL of thionyl chloride (SOCI2) in 6-8 mL of acetonitrile until all
the CNDs solid powder dispersed in the solution. After removing the excess SOCI, and acetonitrile,
the CNDs acyl chloride was obtained. The CNDs acyl chloride was redispersed in 6-8 mL of anhydrous
acetonitrile with Sulfo-Cyanine5.5 amine (3 mg/mL, 167 pL) under stirring for 30 min at room
temperature in the dark. After that, the mixture underwent rotary evaporation to remove the solvent.
The resulting sample was dispersed in water and stirred for 1-2 h. After then, the resulting solution

was filtrated with PD-10 Columns several times to obtain the CNDs-CyS5.5.
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Animals

Female BALB/c mice (6-8 w, 20-25 g) were purchased from Xi’an Jiaotong University, Xi’an, Shaanxi
Province, China. All mice were kept under standard conditions, including light, temperature, water,
and food, and animal experiments were approved by the Animal Ethics Committee of Xi'an Jiaotong

University.

Transcriptome analysis

HIRI and LPS-ALI model mice were divided into three groups: Con, modeling group, and treatment
group, respectively. Liver tissues were taken from the mice after execution at the end of the experiment
and stored on ice. Total RNA was extracted from the liver tissue using Trizol reagent according to the
manufacturer's protocol, and the purity and concentration of the RNA were evaluated by a NanoDrop
2000 spectrophotometer. Only high-quality RNA samples were used for the construction of sequencing
libraries (ODa2s0280 = 1.8-2.2, RIN > 6.5, 28S: 18S > 1.0, > 2 pg). The mRNA with PolyA
(polyadenylate) in it was captured explicitly by two rounds of purification using oligo(dT) magnetic
beads (Dynabeads Oligo (dT), cat.25-61005, Thermo Fisher, USA). The captured mRNAs were
fragmented using the Magnesium Ion Interruption Kit (NEBNextR Magnesium RNA Fragmentation
Module, cat. E6150S, USA) at high temperature, 94 °C, 5-7 min. To synthesize cDNA, the fragmented
RNA was passed through reverse transcriptase (Invitrogen SuperScriptTM II Reverse Transcriptase,
cat. 1896649, CA, USA). cDNA was then synthesized using E. coli DNA polymerase I (NEB,
cat.m0209, USA) with RNase H (cat.m0209, USA). USA) and RNase H (NEB, cat.m0297, USA) for
two-stranded synthesis to convert these composite double strands of DNA and RNA into DNA
duplexes, while the duplexes were doped with dUTP Solution (Thermo Fisher, cat.R0133, CA, USA)

to make up the ends of the double-stranded DNA to flat ends, and then An A base was added to each
5



of its ends to enable it to be ligated to a junction with a T base at the end, and its fragment size was
screened and purified using magnetic beads. The second strand was digested with UDG enzyme (NEB,
cat.m0280, MA, US), and the fragment size of 300 bp + 50 bp was formed by PCR-pre-denaturation
holding at 95 °C for 3 min, denaturation at 98 °C for a total of 8 cycles of 15 s each, annealing to 60 °C
holding at 60°C for 15 s, extension at 72 °C for 30 s, and a final extension held at 72 °C for 5 min. 50
bp library (strand-specific library). Finally, the library was bipartite sequenced using Illumina
NovaseqTM 6000 (LC Bio-Technology CO., Ltd. Hangzhou, China) according to the standard

operation, and the sequencing mode was PE150.
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Supplementary Figure 1. Different synthesis conditions for Cus.4O USNPs, Cus4O@CNDs. (A)
Dissolved oxygen assay of hydrogen peroxide scavenging capacity of Cus4O USNPs synthesized by
Cu*": L-AA with different feeding ratios (1:5, 1:10, 1:20, 1:40, 1:60). (B) Dissolved oxygen assay of
hydrogen peroxide scavenging capacity of Cus4O@CNDs synthesized by C-dots with different
feeding ratios (1-4 mg/mL). (C) Dissolved oxygen assay of hydrogen peroxide scavenging capacity of
synthesized Cus4O@CNDs at different pH (pH 6-7, 7-8, 8-9, 9-10). (D) Dissolved oxygen assay of

hydrogen peroxide scavenging capacity of synthesized Cus4O@CNDs at different concentrations of
Cu*".
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Supplementary Figure 2. Characterization of C-dots, Cus40 USNPs, Cus40@CNDs. (A) Particle

size statistics of C-dots. (B) Particle size statistics of Cus40O USNPs. (C) Particle size statistics of
Cus40@CNDs.
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Supplementary Figure 3. Surface structure modification to study the mechanism of synergy
effect between Cus40O USNPs and CNDs. (A) Illustration of CNDs modification. (B) Picture of the
synthesized samples of Cus4O@CNDs-A, Cus4sO@CNDs-B and Cus4O@Re-CNDs-A. (C-E) The
SOD-like activities of Cus 4O@CNDs-A, Cus 4O@CNDs-B and Cus 4O@Re-CNDs-A.



© 0 N O O & W N

[N
(@)

O Sham O HIRIO Cus ;O0@CNDs
A B C - 1L 5|4 @ 1

o o - o T
-

I-‘I}gl Cus,.,%%cnos 30 Sﬁ'é’m‘#f“é%%%f n Iﬂ T

Sham ___ ____HRI = 0Sig_down (45.2.
e < T Vo

y 2N E_ 20 ;o |

/t /,r \\ \\ E r ’7
[ 855 [ 166 | 360 | 2 10 i | Jh
| (61.51%) | (11.94%) | (26.55%) | - I Il |

\\ \ ,/ //

. < 4 ol

log2(FC)

TOP 20 of Biological Process Enrichment

lipid metabolic process -
cell adhesion -
monoatomic ion transport -
nervous system development -
regulation of monoatomic ion transmembrane transport - ®
lete oxidation-reduction process - . Gene Number
cholesterol biosynthetic process - . ® 50
neuron projection development - ® @ 100
cholesterol metabolic process - ° ‘ 150
transmembrane transport . .
steroid biosynthetic process | L] P.value
positive regulation of excitatory postsynaptic potential . .
steroid metabolic process - ™ | 5.0e-11
immune system process . @ 1.0e-10 \s\
modulation of chemical synaptic tr ission | * 1.5e-10 E‘ﬁ
learning . . n .
sterol biosynthetic process | .
response to bacterium | ®
memory |
axonogenesis .

&)
I 5
M Biological Procoss B2 %

Pl
.Ca\\ul:r[}mpunaﬂ|.§ ’% gg: -

olecular Functinn.g

02 04 06

F Rich Factor G
= Enivorment  Genetic -
E Celluar  Information Information  Human Organismal Sham VS HIRI VS Cu; ,O@CNDs KEGG Enrichment Scatter Plot
= Process processing Processing Diseases Metabolism Systems
£ 125 | | Glutamatergic synapse '
LE - GABA_erglc synapse 1
o g 100 | Cell adhesion molecules - .
O E Morphine addiction -
w 37 ‘ Circadian entrainment . Gene Number
X Z Comg and ion cascades . o ® 20
8 g s0 | Osteoclast differentiation | . ® 30
= 8 Retinol metabolism | ® . 40
Q 25 Chemical carcinogenesis - DNA adducts | .
g) 0 | Drug metabolism - other enzymes | o . 50
S SSFEF GP8av SEEES $5hsE SEfsS iSRS e o @
S SIEFTS 55555 35558 58558 55555 §F3857F _ rhagosome | . P.value
5] §§ S§FE FEFSE £ g,‘?i.? Eoe8 £8 £ S5 FLESFF Steroid biosynthesis | .
0 SIFSE o Ff8, PO855 §5555 é‘@‘ N w’.'é: o o =& 3 Fc gamma R-mediated phagocytosis P s0e06
> GFies SE 08 'La‘-’,fa“gf’: S&gef S85 lg'@ FOTEE PPAR signaling pathway | ] 1.0e-05
[ © FF S5EPS 8% SF £ %g‘s‘?ﬁ SPEEE SFS5Es Leishmaniasis | 1.5e-05
T \é."’&’ jf g‘;“ﬁf é‘g & o."’_;é':@ ;ré'a’ QE’@G 13 _‘_55” jﬁ c‘? & ;&' Drug metabolism - cytochrome P450 | | 2.0e-05
0 < & T 5 & §o é-’\ 23 Eo S £ g8 f{.? 55" 58 Retrograde endocannabinoid signaling
> N5 SxX &85% 8 § T FS 8 'Eb £LE £ ¥ f g Inflammatory mediator regulation of TRP 1
E $ T f gug é-? é’: ;-_\@: g,ﬁ‘ Eqé" £ :O" channels |
g @‘? 3 ,;‘F § _-,_E’ sg'é‘c e‘” a8 < ,P Fluid shear stress and atherosclerosis - : ,Z
@ ;4 I ]
g:? § f ma’ 03 04 05 08
=4
& T Rich Factor

Supplementary Figure 4. Therapeutic mechanisms of Cus4O@CNDs on HIRI. (A) Venn diagram
of whole transcriptome RNA sequencing analysis showed differences in the expression of genes in the
HIRI group VS the control group and genes in the Cus4O@CNDs group VS the HIRI group. (B)
Volcano plots showed the identified upregulated and downregulated genes by Cus 4O@CNDs. (C) Heat
maps of significant genes after Cus 4O@CNDs treatment (fold change>2 and P<0.01). (D) GO analysis.
The 20 most significantly enriched Biological Processes were shown. (E) GO analysis. (Molecular
Function, MF; Biological Process, BP; Cellular Components, CC). (F) KEGG analysis. (G) KEGG
pathway enrichment analysis. The 20 most significantly enriched pathways were shown.
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Supplementary Figure 5. Therapeutic mechanisms of Cus4O@CNDs on LPS-ALIL. (A) Venn
diagram of whole transcriptome RNA sequencing analysis showed differences in the expression of
genes in the ALI group VS the control group and genes in the Cus 4O@CNDs group VS the ALI group.
(B) Volcano plots showed the identified upregulated and downregulated genes by Cus 4O@CNDs. (C)
Heat maps of significant genes after Cus 4O@CNDs treatment (fold change>2 and P< 0.01). (D) GO
analysis. (Molecular Function, MF; Biological Process, BP; Cellular Components, CC). (E) GO
analysis. The 20 most significantly enriched Biological Processes were shown. (F) KEGG analysis.
(G) KEGG pathway enrichment analysis. The 20 most significantly enriched pathways were shown.
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Supplementary Figure 6. Quantification of hepatic protein expression of CYP4a14 and RDH11.
(A) Quantification of protein expression of CYP4al4 and RDHI11 in the HIRI liver model (n=3). (B)
Quantification of protein expression of CYP4al4 and RDHI11 in the LPS-ALI liver model (n=3).

12



Supplementary Table 1. Sequences of the primers used for qRT-PCR.

Gene Forward sequences Reverse sequences

Mouse IL-1p 5-TCGCTCAGGGTCACAAGAAA-3 5-CATCAGAGGCAAGGAGGAAAAC-3

Mouse IL-6 5-ACAAGTCGGAGGCTTAATACACAT-3 5-TTGCCATTGCACAACTCTTTTC-3

Mouse IL-12 5-GCCAGTACACCTGCCACAAAF-3 5-TGTGGAGCAGCAGATGTGAGT-3
Mouse TNF-o. 5-AGGCTGCCCCGACTACGT-3 5-GACTTTCTCCTGGTATGAGATAGCAAA-3
Mouse GAPDH 5-TGTGTCCGTCGTGGATCTGA-3 5-TTGCTGTTGAAGTCGCAGGAG-3
Human IL-1p 5-CTCTCCACCTCCAGGGACAGG-3 5-TCAACACGCAGGACAGGTACAG-3

Human IL-6 5-TGGTGTTGCCTGCTGCCTTC-3 5-GCTGAGATGCCGTCGAGGATG-3
Human IL-12 5-GACCTTGGACCAGAGCAGTGAG-3 5-TGAAGCAGCAGGAGCGAATGG-3
Human TNF-a 5-GGCGTGGAGCTGAGAGATAACC-3 5-ACGGCGATGCGGCTGATG-3

Human GAPDH

5-CACCCACTCCTCCACCTTTGAC-3

5-GTCCACCACCCTGTTGCTGTAG-3

13



Supplementary Table 2. The primary antibodies were used for immunoblot.

Antibody Host Dilution for Distributor Cat. Num.
Animal Immunoblot
Vinculin Mouse 1:1000 Santa Cruz Biotechnology sc-73614
CYP4al4 Rabbit 1:1000 Abways Ccyar21
RDH11 Rabbit 1:1000 Immunoway YN7538
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