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S1 Supplementary experimental process 
S1.1 Bacterial culture and preparation of bacterial suspension 

All bacteria in experiment were first inoculated on blood agar plates by streak plate method and cultured in biochemical incubators with 35 ℃ to obtain single colony. A single colony was selected by inoculation ring and inoculated in sterile normal saline to obtain the bacterial suspension. The OD600 value was measured and adjusted to 0.1 by UV-visible spectrophotometer to obtain 1.5×108 CFU/mL of bacterial suspension. The bacterial suspension with an OD600 value of 0.1 could be directly or diluted for the subsequent experiments. 

S1.2 Bactericidal curve of qCQDs
Six species of bacteria, including S. aureus, MRSA, S. epidermidis, L. monocytogenes, E. coli, P. aeruginosa and E. faecalis, were used to investigate the bactericidal curve of qCQDs. The operation steps were as follows. 

A 2 mL of MH broth containing qCQDs with concentrations of 25, 50, 100 and 200 μg/mL were prepared, respectively, and put into sterile tubes. Then, 20 μL of bacterial suspension with a concentration of 1.5×108 CFU/mL was added into the above respective tube, which was mixed and incubated in biochemical incubator with 37 ℃. The 10 µL MH broth containing qCQDs with different concentration and different species bacteria was taken out, diluted and evenly coated on the blood agar plate. After incubation at 37 ℃ for 24 h, the numbers of colonies on the plate were calculated for the bactericidal curves. 
S1.3 TEM characterization of qCQDs against bacteria

The 20 µL of bacterial suspension (1.5×108 CFU/mL) was added into 2480 µL of MH broth. After incubated for 6 h at 35 ℃, 500 µL of qCQDs solution (5.12 mg/mL) was added into the above MH broth and incubated for 12 h at 35 ℃. Then, the above broth was centrifuged at 3000 rpm for 30 min, and the supernatant was discarded to obtain the bacterial precipitate. A 2 mL electron microscope fixed liquid (2.5% glutaraldehyde solution) was added to disperse it as far as possible. After fixation for 4 h at 4 ℃ and centrifugation at 3000 rpm for 15 min, the supernatant was discarded, and 1 mL of 1% osmium acid solution (dissolved in 0.1 mol/L PBS) was added in the precipitate. After fixation at room temperature for 2 h and centrifugation at 3000 rpm for 15 min, the supernatant was discarded and the dehydration was administrated successively in 50%→70%→80%→90%→95%→100% ethanol →100% acetone, each time for 15 min. After that, the penetration was administrated successively in the mixture of acetone and 812 embedding agent (1:1) for 4 h, that of acetone and 812 embedding agent (1:2) for 12 h, and pure 812 embedding agent for 6 hours. Then, the 812 embedding agent was poured into the embedding plate. After the sample was inserted into the embedding plate, it was dried in a drying box at 38 ℃ for 12 h. Then, after polymerization at 60 ℃ for 48 h, ultra-thin section of 60~80 nm were obtained by using ultra-thin slices. Finally, the sections were stained successively with 2% uranium acetate saturated alcohol solution and lead citrate for 15 min. After the sections were dried at room temperature for 12 h, the images were observed and collected by transmission electron microscope.

S1.4 Preparation of histological sections and H&E staining

After fixed for more than 24 h, the tissues were removed from the fixing solution and trimmed to make the target site of the tissues smooth, and then the tissues were dehydrated in the dehydration box, successively, 75% ethanol for 4 h →85% ethanol for 2 h →95% ethanol for 1 h →anhydrous ethanol for 30 min →xylene for 10 min →wax for 1 h. Then, the waxed tissue was embedded and processed on the slicer to obtain 4 µm of thick section. The section were flatted on a glass slide and baked in an oven at 60 ℃. After the wax melted, the section was stained and successively placed in xylene for 20 min →anhydrous ethanol for 5 min →75% ethanol for 5 min →tap water for washing. The section was stained with the hematoxylin solution for 5 min, and then rinsed with tap water. After the section was placed into 1% of hydrochloric acid for a few seconds and rinsed with tap water, 0.6% ammonia water was added to turn blue and tap water rinsed the section. After that, the section was placed in eosin solution for staining for 5 min, and then dehydrated, successively placed in anhydrous ethanol for 5 min →xylene for 5 min. Finally, the section was sealed with neutral gum. 

S1.5 Bacterial culture of wound exudate
On the 5th, 7th, 10th and 14th day of treatment for infected wounds, the exudate on the wound in the negative control, treated and positive control group was dipped with medical sterilized cotton swabs. After soaked in 2 mL of sterilized normal saline for 10 min, the cotton swabs were stirred clockwise and anticlockwise for 30 sec, respectively. Then, an unused medical sterilized cotton swab dipped into the above normal saline and smeared evently on the nutrition agar plates. Finally, the plates were incubated at 37 ℃ for 18-20 h.  
S1.6 Detection of quantitative proteome labeled with Tandem Mass Tags (TMT) 
S1.6.1 Reagent 

Bradford protein assay was purchased from Bio-Rad (USA). TMT® Mass Tagging Kits and Reagents, LC-MS grade ultra-pure water, LC-MS grade acetonitrile, and LC-MS grade formic acid was purchased from Thermo Fisher. Mass spectroscopy-grade trypsin was purchased from Promega. Coomassie ryanland R-250 was purchased from Amresco (USA). Iodoacetamide (IAM), ammonium hydroxide and dithiothreitol (DTTred) was purchased from Sigma. Water-Saturated phenol was purchased from Solarbio. 

S1.6.2 Total Protein Extraction

Samples were minced individually with liquid nitrogen and lysed in lysis buffer containing 100 mmol/L NH4HCO3 (pH=8), 6 mol/L urea and 0.2% SDS, followed by 5 min of ultrasonication on ice. The lysate was centrifuged at 12000 g for 15 min at 4 ℃ and the supernatant was transferred to a clean tube. Protein concentration was determined by Bradford protein assay. Extracts from each sample were reduced with 2 mmol/L DTT for 1 h at 56 ℃, and subsequently alkylated with sufficient Iodoacetamide for 1 h at room temperature in the dark. Then 4 times volume of precooled acetone was mixed with the samples by well vortexing and incubated at -20 ℃ for at least 2 h. The samples were then centrifuged and the precipitation was collected. After washing twice with cold acetone, the pellet was dissolved by dissolution buffer, which containing 0.1 mol/L triethylammonium bicarbonate (TEAB, pH=8.5) and 6 mol/L urea. Protein concentration was determined again by Bradford protein assay.

S1.6.3 Peptide Preparation

The supernatant from each sample, containing precisely 0.1 mg of protein, was digested with mass spectroscopy-grade trypsin at 1:50 enzyme-to-substrate ratio. After 16 h of digestion at 37 ℃, peptides were desalted with C18 desalination column to remove the urea, and desalted peptides were dried by vacuum centrifugation. 

S1.6.4 TMT Labeling of Peptide

Desalted peptides were labeled with TMT6/10-plex reagents (TMT6/10plex™ Isobaric Label Reagent Set, Thermo Fisher), following the manufacturer’s instructions. For 0.1 mg of peptide, 1 unit of labeling reagent was used. The peptides were dissolved in 100 µL of 0.1 mol/L TEAB, and the labeling reagent was dissolved in 41 µL of acetonitrile. After incubation for 1 h, the reaction was stopped with 8% ammonium hydroxide. Differently labeled peptides were mixed equally and then desalted by peptide desalting spin columns (Thermo Fisher, 89852).

S1.6.5 HPLC Fractionation

TMT-labeled peptide mix was fractionated using a C18 column (Waters BEH C18 4.6×250 mm, 5 µm) on a Rigol L3000 HPLC operating at 1 mL/min, the column oven was set as 50 ℃. Mobile phases A (2% acetonitrile, adjusted pH to 10.0 using ammonium hydroxide) and B (98% acetonitrile, adjusted pH to 10.0 using ammonium hydroxide) were used to develop a gradient elution. The solvent gradient was set as follows: 3% B, 0min; 3-5% B, 10 min; 5-20% B, 20 min; 20-40% B, 18 min; 40-50% B, 2 min; 50-70% B, 3 min; 70-100% B, 1 min; 100-0%, 4 min, 0% B, 12 min. The eluates were monitored at UV 214 nm, collected for a tube per minute and merged into 10 fractions finally. All fractions were dried under vacuum and reconstituted in 0.1% (v/v) formic acid (FA) for subsequent analyses.

S1.6.6 LC-MS/MS Analysis

Shotgun proteomics analyses were performed using an EASY-nLC™ 1200 UHPLC system (Thermo Fisher) coupled with an Orbitrap Q Exactive HF-X mass spectrometer (Thermo Fisher) operated in the data-dependent acquisition (DDA) mode. A sample volume containing 2 µg of total peptides was injected onto a home-made (2 cm×100 µm, 5 µm). Peptides were separated on a home-made analytical column (15 cm×150 µm, 1.9 µm), using a linear gradient for TMT10-plex from 5 to 100% of eluent B (0.1% FA in 80% ACN) in eluent A (0.1% FA in H2O) in 120 min at a flow rate of 600 nL/min. The conresponding detailed solvent gradient listed as follows: 5-10% B, 2 min; 10-40% B, 105 min; 40–55% B, 5 min; 55–90% B, 3 min; 90–100% B, 5 min. 

Q Exactive™ HF-X mass spectrometer was operated in positive polarity mode with spray voltage of 2.3 kV and capillary temperature of 320 ℃. Full MS scans range from 350 to 1500 m/z were acquired at a resolution of 60000 (at 200 m/z) with an automatic gain control (AGC) target value of 3×106 and a maximum ion injection time of 20 ms. The 40 most abundant precursor ions from full MS scan were selected for fragmentation using higher energy collisional dissociation (HCD) at a resolution of 15000 (at 200 m/z) with an AGC target value of 1×105, a maximum ion injection time of 45 ms, a normalized collision energy of 32%, an intensity threshold of 8.3×103, and the dynamic exclusion parameter of 20 s.

S1.6.7 Data analysis

S1.6.7.1 The identification and quantitation of protein

The resulting spectra from each fraction were searched separately against X101SC19020908-Z01-Staphylococcus aureus fasta (265554 sequences) database by the search engines: Proteome Discoverer 2.2 (PD 2.2, Thermo). The searched parameters as follows: A mass tolerance of 10 ppm for precursor ion scans and a mass tolerance of 0.02 Da for the product ion scans were used. Carbamidomethyl was specified in PD 2.2 as fixed modifications. Oxidation of methionine, acetylation of the N-terminus and TMT of lysine were specified in PD 2.2 as variable modifications. A maximum of 2 miscleavage sites were allowed. 

For protein identification, protein with at least 1 unique peptide was identified at FDR less than 1.0% on peptide and protein level, respectively. Proteins containing similar peptides and could not be distinguished based on MS/MS analysis were grouped separately as protein groups. Reporter Quantification (TMT) was used for TMT quantification. The protein quantitation results were statistically analyzed by Mann-Whitney Test, the significant ratios, defined as p < 0.05, were used to screen the differentially expressed proteins (DEP).

S1.6.7.2 The functional analysis of protein and DEP

Gene Ontology (GO) and InterPro (IPR) analysis were conducted using the interproscan-5 program against the non-redundant protein database (including Pfam, PRINTS, ProDom, SMART, ProSiteProfiles, PANTHER) [S1], and the databases COG (Clusters of Orthologous Groups) and KEGG (Kyoto Encyclopedia of Genes and Genomes) were used to analyze the protein family and pathway.

The probable interacting partners were predicted using the STRING-db server (http://string.embl.de/) based on the related species. STRING is a database of both known and predicted protein-protein interactions [S2]. The enrichment pipeline [S3] was used to perform the enrichment analysis of GO, IPR and KEGG, respectively.

S1.7 Real-time quantitative PCR of bacteria treated with qCQDs
Total RNA from both S. aureus and E. coli treated with or without qCQDs was extracted using Trizol Reagent. To quantify the amount of mRNA of target proteins, cDNA was synthesized using a reverse transcription system kit according to the manufacturer’s instructions (PrimeScript™ RT reagent Kit with gDNA Eraser, RR047A, TaKaRa, Japan). Real-time quantitative PCR (RT-qPCR) was performed using the TB Green Premix Ex Taq™ II kit (RR820A, Takara, Japan) following the manufacturer’s protocol. Gene expression levels were normalized to GAPDH and analyzed using the comparative cycle threshold method. Primer sequences for RT-qPCR were listed in Table S1. 

S1.8 Determination of reactive oxygen species (ROS) of qCQDs 

According to the previous report with some modification [S4], it was to verify whether the qCQDs could generate ROS in the process of killing bacteria. The 2′,7′-dichlorodihydrofluorescein diacetate (DCFH-DA) was used to evaluate the total oxidation capacity of qCQDs. After 40 µL of the bacterial suspension (1.5×108 CFU/mL) was added into 4 mL of MH broth and incubated for 12 h, 4 µL of DCFH-DA (10 mmol/L) was added into the MH broth and incubated for 20 min at 35 ℃. And then, the above solution with bacteria was washed with sterilized normal saline for three time to remove free DCFH-DA that did not enter the bacteria. After the precipitated bacteria were re-dispersed in 3.5 mL of MH broth and divided into three groups, normal saline, qCQDs solution (0.512 mg/mL) and 1% H2O2 was added into the above three groups, respectively, and then incubated at 35 ℃. Each solution was 500 µL. After 30 min, the fluorescence spectra of each group were determined in the range from 510 to 580 by Cary Eclipse Fluorescence Spectrophotometer (Agilent Technologies, USA) with an excitation wavelength of 488 nm.
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Explanation of KEGG chord diagram (Figure 5A and 5B)

KEGG chord diagram showed the corresponding relationship between the target proteins and the annotation and enrichment of the KEGG pathway. The left side of Figure 5A and 5B was the proteins, and log2FC was displayed in order from top to bottom. When log2FC was greater than 0, a larger log2FC indicated a greater expression difference multiple of up-regulated proteins. When log2FC was less than 0, a smaller log2FC indicated a greater expression difference multiple of down-regulated proteins. The closer log2FC was to 0, the smaller the expression difference multiple of the proteins was. The right side was the names of KEGG pathway. In order to more clearly demonstrate the relationship between the target protein set and the annotation and enrichment of KEGG pathway, Figure 5A and 5B showed the top 50 target proteins with a large number of annotated pathways, and the enrichment results that included these target proteins in the top 15 pathways with significant enrichment.

Bactericidal and bacteriostatic curves of qCQDs with different concentrations

We investigated the number of colonies on nutrient agar plates after the six species of bacteria were exposed to different concentrations of qCQDs in different periods, as shown in Supplementary Fig. 1. According to the black curve (control), the number of colonies of the six species of bacteria increased rapidly after 4 h, and continuously increased during the periods from 4 to 12 h. According to the MICs of qCQDs, four concentrations of qCQDs, including 25, 50, 100 and 200 μg/mL, were set to investigate the bactericidal and bacteriostatic effect of qCQDs on the six species of bacteria. The colonies of S. aureus, MRSA and S. epidermidis in the MHA broth containing 25 μg/mL of qCQDs decreased slightly within 12 h, but the colonies of E. faecalis, E. coli and P. aeruginosa increased slightly in the same condition, implying that 25 μg/mL of qCQDs had a certain inhibitory effect on the three species of Staphylococcus. When the concentration of qCQDs increased to 50 μg/mL, the colonies of the three species of Staphylococcus decreased significantly, S. epidermidis no longer has the colony at 12 h, and the colonies of E. faecalis, E. coli and P. aeruginosa also decreased, meaning that 50 μg/mL of qCQDs could inhibit the above six species of bacteria well. When the concentration of qCQDs increased to 100 μg/mL, the colonies of the six species of bacteria was significantly reduced within 8 h, S. epidermidis had no colonies after 8 h, and the other five species of bacteria no longer had colony at 12 h. The result showed the concentration-dependent antibacterial property of qCQDs. Moreover, when the concentration was up to 200 μg/mL, the changing tendency of the six species of bacteria was similar to that of 100 μg/mL, indicating that qCQDs can effectively inhibit and kill the gram-positive and gram-negative bacteria at 100 μg/mL.
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Supplementary Fig. 1 Bactericidal curves of different concentrations of qCQDs against S. aureus (a), MRSA (b), S. epidermidis (c), E. faecalis (d), E. coli (e) and P. aeruginosa (f). The horizontal axis was Time (h), and the vertical axis was Logarithmic value (Log CCFU/mL) of the number of colonies in per milliliter of broth.
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Supplementary Fig. 2 Changes of particle size (> 1000 nm) of bacterial cells of S. aureus and E. coli without or with the treatment of qCQDs with the concentrations of 50, 100, and 200 μg/mL, respectively. 
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Supplementary Fig. 3 Fluorescence spectra of S. aureus (a) and E. coli (b)
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Supplementary Fig. 4 Volcano plots of differentially expressed proteins with both up-regulated and down-regulated expression comparing L with C and H with C for S. aureus (a and b) and E. coli (c and d); C, L and H were control group, low concentration group and high concentration group, respectively.
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Supplementary Fig. 5 Histogram of COG annotation results classified by function for the identified proteins of S. aureus (a) and E. coli (b).
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Supplementary Fig. 6 Bubble plots of KEGG pathway enrichment analysis of differentially expressed proteins for S. aureus. The pathway with P value less than 0.01 included ribosome (6.40×10-6) and arginine biosynthesis (0.009774) by comparing L with C (a), and ribosome (3.34×10-5), carbon fixation in photosynthetic organisms (0.004683), RNA degradation (0.007139) and aminoacyl-tRNA biosynthesis (0.009414) by comparing H with C (b)
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Supplementary Fig. 7 Bubble plots of KEGG pathway enrichment analysis of differentially expressed proteins for E. coli. The pathway with P value less than 0.01 included flagellar assembly (8.61×10-5) and sulfur metabolism (0.001874) by comparing L with C (a), and biosynthesis of antibiotics (3.95×10-7), microbial metabolism in diverse environmentss (2.41×10-6), citrate cycle (TCA cycle) (3.01×10-5), sulfur metabolism (0.000242), metabolic pathways (0.000383), biosynthesis of secondary metabolites (0.000457), tryptophan metabolism (0.000635), propanoate metabolism (0.00086), carbon metabolism (0.002164), lysine degradation (0.002593), butanoate metabolism (0.003383), benzoate degradation (0.005189) and nitrogen metabolism (0.008066) by comparing H with C (b).

[image: image8.jpg]CITRATE CYCLE (TCACYCLE)

Phosphoenal-
41132 pgwoﬂe ______ o Glycolysis |
" [a1149 Glucorizogenesis
Fatty acid biosymthesis kq_____.\ {fiz7
| Js—
@atty acid elongation in mitochondm}q =t -\| 127,
(Val, Len & Ile degradation )™ 7~ 7 7y |l
Fatty acid metabolism - — — — —— FT————1=5 o
Acetyl-Cok S-Acetyldihydro-
Llanine, aspartate and e Lipoaraide-E
glutamate metabolisr | O 1214
Dihyrdro- Li
Cllynzylite and dicaiboxylite ha — — ' B E
metabolism * -
2411 Citrate S — socitrate
-+ | »Ow 4213 O 4213 (i
Oraloacetate 2338 c1s-Aconitate

1354
v 6214
e} 6215
Succinate 283.18

Succinyl-Cok

O

Val,Leu&lle |/
degradation

00020 11526/15
{c) Kanehisa Lahoratones

=1 a1l
12.3.161

Oxalosuccinate O

1.1.1.41

(>~ Argirane biosymthesis

Ascorbate and aldarate
retabobism





Supplementary Fig. 8 Citrate cycle in E. coli. Proteins in the red box are down-regulated, and the website for citrate cycle in E. coli is https://www.kegg.jp/kegg-bin/show_pathway?ko00020+K01647.
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Supplementary Fig. 9 GO chord diagram between differentially expressed proteins and enriched pathway in S. aureus.
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Supplementary Fig. 10 GO chord diagram between differentially expressed proteins and enriched pathway in E. coli.
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Supplementary Fig. 11 Proteomic values of six proteins selected from the corresponding differentially expressed proteins in ribosome for S. aureus (A) and citrate cycle for E. coli (B).
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Supplementary Fig. 12 Bacterial culture of wound exudate on the 5th, 7th, 10th and 14th day of treatment for infected wounds.
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Supplementary Fig. 13 Fold change of MIC for S. aureus (a), E. coli (b) and MRSA (c) after induced resistance for 30 days.
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Supplementary Fig. 14 Relative viabilities of macrophages (A) and HepG2 (B) cells treated with different concentrations of qCQDs for 6, 12 and 24 h; hemolysis test (C) and hemolysis ratio (D) of red blood cells within different concentration of qCQDs. Error bars represented the standard deviation of three repeated measurements.
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Supplementary Fig. 15 H&E-stained pathological sections (×100) of five main organs of the rats after continuous intragastric administration with normal saline and qCQDs for 7 days, respectively.
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Supplementary Fig. 16 Partial view of the wound model in the back of the rat. 

Supplementary Table 1 MICs of qCQDs against six strains of bacteria.

	Bacterial species
	G+/ G-
	MICqCQDs (µg/mL)

	S. aureus
	G+
	25

	MRSA
	G+
	25

	S. epidermidis
	G+
	12.5

	E. faecalis
	G+
	25

	E. coli
	G-
	50

	P. aeruginosa
	G-
	50


Supplementary Table 2 Corresponding ribosomal proteins in Fig. 5c.
	Protein IDa
	Ribosomal proteins
	Protein IDa
	Ribosomal proteins

	A0A033UV43
	50S ribosomal protein L23
	A0A133QWH7
	50S ribosomal protein L2

	A0A0E1VM74
	30S ribosomal protein S12
	A0A1E5TH88
	50S ribosomal protein L4

	A0A1D5ACH6
	30S ribosomal protein S5
	A0A1L8Y7U5
	50S ribosomal protein L6

	A0A291JIC0
	50S ribosomal protein L2
	A0A2D1CK32
	30S ribosomal protein S10

	A0A2K4AEW1
	50S ribosomal protein L31 type B
	A0A2K4ALX8
	50S ribosomal protein L24

	A0A2K4ALW7
	50S ribosomal protein L4
	A0A2K4C3E3
	50S ribosomal protein L5

	A0A2K4FBM8
	30S ribosomal protein S5
	A0A2K4C3M0
	50S ribosomal protein L2

	A0A2K4FD54
	30S ribosomal protein S12
	A0A2T9V1F0
	50S ribosomal protein L1

	A0A2T4LZW0
	50S ribosomal protein L3
	A0A2X2N7U0
	50S ribosomal protein L22

	A0A2X2KSV0
	50S ribosomal protein L5
	A0A2Y9TLN0
	50S ribosomal protein L9

	A0A2X2V5J4
	50S ribosomal protein L20
	A0A341EU83
	30S ribosomal protein S5

	A0A341ESR9
	30S ribosomal protein S2
	A0A341EV23
	50S ribosomal protein L4

	A0A380EM85
	50S ribosomal protein L2
	A0A3A0MN64
	30S ribosomal protein S13

	A0A3A0HR65
	30S ribosomal protein S4 (Fragment)
	A0A3S5DZJ0
	30S ribosomal protein S2

	A0A418JXP7
	50S ribosomal protein L4 (Fragment)
	A0A418I5H8
	50S ribosomal protein L15

	A5ITK4
	50S ribosomal protein L35
	A7X5D4
	50S ribosomal protein L15

	A0A0E0VPI4
	30S ribosomal protein S20
	D0FH61
	50S ribosomal protein L4

	A0A0E0VQE5
	50S ribosomal protein L33
	P61059
	50S ribosomal protein L4

	A0A0E1VGU5
	50S ribosomal protein L21
	Q6G789
	50S ribosomal protein L30

	A0A0E1VNK9
	30S ribosomal protein S19
	Q99W68
	50S ribosomal protein L1

	A0A0E1VQS5
	50S ribosomal protein L22
	T1Y9L3
	50S ribosomal protein L27

	A0A0N0LVM7
	30S ribosomal protein S1
	T1YBR4
	50S ribosomal protein L5

	A0A0N1MQJ7
	50S ribosomal protein L9
	W8TUC9
	30S ribosomal protein S5

	a: Protein ID represents ribosomal proteins in Fig. 5a. 


Supplementary Table 3 Ten differentially expressed proteins enriched in the following six pathways

	
	Protein ID
	Protein name
	Related pathways

	
	
	
	a
	b
	c
	d
	e
	f

	K01647
	P0ABH7
	Citrate synthase [EC:2.3.3.1]
	√
	√
	√
	√
	√
	√

	K01681
	P36683
	Aconitate hydratase [EC:4.2.1.3]
	√
	√
	√
	√
	√
	√

	K00031
	P08200
	Isocitrate dehydrogenase [NADP] [EC:1.1.1.42]
	√
	√
	√
	√
	√
	√

	K00164
	P0AFG3
	2-oxoglutarate dehydrogenase E1 component [EC:1.2.4.2]
	√
	√
	√
	√
	√
	√

	K00658
	P0AFG6
	Dihydrolipoyllysine-residue succinyltransferase component of 2-oxoglutarate dehydrogenase complex [EC:2.3.1.61]
	√
	√
	√
	√
	√
	√

	K01902
	P0AGE9, P0A836
	Succinate--CoA ligase [ADP-forming] subunit alpha, Succinate--CoA ligase [ADP-forming] subunit beta [EC:6.2.1.5]
	√
	√
	√
	√
	√
	√

	K00234, K00244
	P0AC41, P07014, P69054
	Succinate dehydrogenase flavoprotein subunit, Succinate dehydrogenase iron-sulfur subunit, Succinate dehydrogenase cytochrome b556 subunit [EC:1.3.5.1] [EC:1.3.5.4]
	√
	√
	√
	√
	√
	√

	a: Biosynthesis of antibiotics, b: Microbial metabolism in diverse environments, c: Citrate cycle (TCA cycle), d: Metabolic pathways, e: Biosynthesis of secondary metabolites, f: Carbon metabolism.


Supplementary Table 4 Corresponding proteins associated with citrate cycle in Fig. 5d.
	Protein IDa
	Proteinsb
	Protein IDa
	Proteinsb

	P07014
	Succinate dehydrogenase iron-sulfur subunit
	P0AFG3
	2-oxoglutarate dehydrogenase E1 component

	P08200
	Isocitrate dehydrogenase [NADP]
	P0AFG6
	Dihydrolipoyllysine-residue succinyltransferase component of 2-oxoglutarate dehydrogenase complex

	P0A836
	Succinate--CoA ligase [ADP-forming] subunit beta
	P0AGE9
	Succinate--CoA ligase [ADP-forming] subunit alpha

	P0ABH7
	Citrate synthase
	P36683
	Aconitate hydratase B

	P0AC41
	Succinate dehydrogenase flavoprotein subunit
	P69054
	Succinate dehydrogenase cytochrome b556 subunit

	a: Protein ID represents proteins associated with citrate cycle in Fig. 5b. 

b: The proteins were associated with citrate cycle.


Supplementary Table 5 Six proteins selected from the corresponding differentially expressed proteins in S. aureus and E. coli, respectively.
	Species 
	Protein ID
	Protein
	Expression
	Gene

	S. aureus
	A0A0E1VNK9
	30S ribosomal protein S19
	Down
	rpsS

	
	A0A0E0VPI4
	30S ribosomal protein S20
	Down
	rpsT

	
	A0A2K4ALX8
	50S ribosomal protein L24
	Down
	rplX

	
	A0A2K4FD54
	30S ribosomal protein S12
	Up
	rpsL

	
	A0A2X2V5J4
	50S ribosomal protein L20
	Up
	rplT

	
	A0A380EM85
	50S ribosomal protein L2
	Up 
	rplB

	
	
	
	
	

	E. coli
	P0AFG3
	2-oxoglutarate dehydrogenase E1 component
	Down
	sucA

	
	P0AFG6
	Dihydrolipoyllysine-residue succinyltransferase component of 2-oxoglutarate dehydrogenase complex
	Down
	sucB

	
	P0AC41
	Succinate dehydrogenase flavoprotein subunit
	Down
	sdhA

	
	P69054
	Succinate dehydrogenase cytochrome b556 subunit
	Down
	sdhC

	
	P08200
	Isocitrate dehydrogenase [NADP]
	Down
	icd

	
	P07014
	Succinate dehydrogenase iron-sulfur subunit
	Down
	sdhB


Supplementary Table 6 Comparison of qCQDs with other antibacterial carbon nanomaterials.

	
	Reaction substrate
	MICs (µg/mL)
	Mechanism of antibacterial action
	Ref.

	
	
	G+§
	G-¶
	
	

	Quaternized carbon nanospheres
	Chitosan, N,N-Dimethyl-N-hexadecylbetaine
	2
	>200
	Disrupting the bacterial cell walls/membranes via the bacterial adsorption and insertion of the long alkyl chain-containing quaternary ammonium groups on the particle surface
	52

	Aminoguanidine carbon dots
	Aminoguanidine, citric acid
	>1000
	500※
	By electrostatic attraction, penetrating the bacterial cell membrane, resulting in bilayer permeability and cell death
	53

	Super-cationic carbon quantum dots
	Spermidine
	2
	4
	undergoing ultrastrong electrostatic interaction with bacterial membranes, further collapsing the integrity of the cell membrane, thereby resulting in leakage of cytoplasmic organelles and an imbalance of cytoplasmic osmotic pressure
	42

	Carbon quantum dots 
	Dopamine, spermine
	2
	8
	Interacting with bacteria by electrostatic interaction, subsequent rupturing of the bacterial cell membrane, leading to the leakage of cellular components, and eventually cell death without ROS generation
	24

	Degradable carbon dots
	Vitamin C
	Not given
	Covering the external surface of cells, leading to indirect toxicity by biologically isolating bacteria from growth medium, and consequently resulting in neither proliferating nor consuming nutrients for the bacterial cells.
	33

	Carbon dots
	D-fructose/D-glucose, ortho-phenylenediamine
	Not given
	Rupturing of cell membrane through oxidative (1O2) stress induced lipid peroxidation, followed by internalization of CDs, along with DNA degradation and oozing out of the cytoplasmic content
	54

	Graphene oxide-quaternary ammonium nanocomposite
	1-bromohexane, 2-(dimethylamino)ethyl acrylate, S-dodecyl-S′-(α,α′-dimethyl-α″-acetic acid) trithiocarbonate, graphene oxide
	Not given
	Eradicating bacteria via induction of oxidative stress 
	30

	Carbon quantum dots
	Citric acid, 1,5-diaminonaphthalene 
	Not given
	Establishing the mechanism of antibacterial photodynamic inactivation with the generation of biocidal singlet oxygen (1O2) upon visible light illumination
	6

	hydrophobic carbon quantum dots/polydimethylsiloxane nanocomposites 
	Polyoxyethylene-polyoxypropylene-polyoxyethylene block copolymer (Pluronic 68), polydimethylsiloxane
	Not given
	Generating singlet oxygen initiated by 470 nm blue light irradiation
	55

	Quaternized carbon quantum dots
	Glucose, dimethyl diallyl ammonium chloride
	12.5
	50
	Interfering with the ribosomal proteins of gram-positive bacteria, and down-regulating a variety of metabolized-related proteins for gram-negative bacteria
	This work

	§: gram-positive bacteria, ¶: gram-negative bacteria

※: Only for P. aeruginosa


Supplementary Table 7 Sequences of the primers used for RT-qPCR. 

	Species
	Gene
	Protein ID
	Protein
	Forward primer sequences
	Reverse primer sequences

	S. aureus
	SAOUHSC_R0001
	Internal reference
	16S Ribosomal RNA
	TTTTATGGAGAGTTTGATCCTG
	CGAAGTTATCCCAGTCTTATAGGT

	
	rpsS
	A0A0E1VNK9
	30S ribosomal protein S19
	TATCTTCTTGTTTTCTTGTCGTCTG
	CGTAAACACGTACCTGTATATGTAA

	
	rpsT
	A0A0E0VPI4
	30S ribosomal protein S20
	TGGCAAATATCAAATCTGCA
	CGTTTTTAACTGCTGTACGC

	
	rplX
	A0A2K4ALX8
	50S ribosomal protein L24
	GCCAGATTTTTTAGCGATACGA
	GTTGTGGAAGGTGTTAACATTATGA

	
	rpsL
	A0A2K4FD54
	30S ribosomal protein S12
	TGCCAACTATTAACCAATTAGTACG
	GGTGTCATTGTACCTACACGAGTA

	
	rplT
	A0A2X2V5J4
	50S ribosomal protein L20
	ATAATTCTTCTACTGTTTTGCCACG
	CCGTACTTGAATTAGCAGGTATC

	
	rplB
	A0A380EM85
	50S ribosomal protein L2
	TTATTTACGGAATGGCATACC
	CGGTAACTACACTTTAGGTGTTAAA

	
	
	
	
	
	

	E. coli
	rrsA
	Internal reference
	16S Ribosomal RNA
	TTGAAGAGTTTGATCATGGCTC
	TGCGACGTTATGCGGTATTA

	
	sucA
	P0AFG3
	2-oxoglutarate dehydrogenase E1 component
	CAGAACAGCGCTTTGAA
	TCCCGTACCAGGTAACTGCT

	
	icd
	P08200
	Isocitrate dehydrogenase [NADP]
	ACATATTCTTGATGATCGCATC
	AGATGATGTTACGCCACATG

	
	sdhC
	P69054
	Succinate dehydrogenase cytochrome b556 subunit
	CAAAGACCTGTTAATCTGGAC
	AAGCTTGCTCGAAACCTTCA

	
	sdhB
	P07014
	Succinate dehydrogenase iron-sulfur subunit
	TGAGACTCGAGTTTTCAATTTATCG
	TCTTGCCGTTCATGTTCAGA

	
	sdhA
	P0AC41
	Succinate dehydrogenase flavoprotein subunit
	ATGAAATTGCCAGTCAGAGAA
	AGTTATCTTCATGGGTATTACCC

	
	sucB
	P0AFG6
	Dihydrolipoyllysine-residue succinyltransferase component of 2-oxoglutarate dehydrogenase complex
	AGTAGCGTAGATATTCTGGTC
	TGATGCCGGTACTTCCAGTA




