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TAPC-4, an amphiphilic amino fullerene derivative with a well-defined structure,
prevents tumor growth and metastasis by blocking the cell cycle in GO/G1 phase,
reversing the EMT process and regulating the localization of MYH9 protein, which
may be achieved by binding Hsp90-beta, Vimentin, and MYH?9 proteins, respectively,
and the certainty of the molecular structure provides novel ideas to investigate the

potential targets of fullerene biological effects.
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Figure S1: Schematic synthesis of TAPC-3, TAPC-4, and TCPC-4.
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Figure S2: (a) The progression of the TAPC-4 synthesis reaction was detected at 4 h, 8 h, 24 h, and
48 h. (b) Limit of detection of Cgp.
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Figure S3: (a) HPLC analysis of Boc-protected TAPC-3. (b) ESI mass spectra of Boc-protected
TAPC-3. Insets show the calculated and experimental isotope distribution patterns, respectively.
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Figure S4: (a) HPLC analysis of Boc-protected TAPC-4. (b) ESI mass spectra of Boc-protected
TAPC-4. Insets show the calculated and experimental isotope distribution patterns, respectively. (c)



BC-NMR and (d) *H-NMR spectrum of Boc-protected TAPC-4.
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Figure S5: (a) HPLC analysis of tert-butyl ester of TCPC-4. (b) ESI mass spectra of the tert-butyl




ester of TCPC-4. Insets show the calculated and experimental isotope distribution patterns,
respectively. (c) “*C-NMR and (d) *H-NMR spectrum of the tert-butyl ester of TCPC-4.

Table S1: Energy calculation for different isomers of Boc-protected TAPC-3.

Name Relative HF (kcal/mol)  LUMO-HOMO (kcal/mol)
TAPC3-Boc-2 0 68.23
TAPC3-Boc-1 -5.849141551 68.25

TCPC3-Boc-1

Figure S6: Conformations of different isomers of Boc-protected TAPC-3.
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Figure S7: (a) UPLC-TIC detection, (b) UPLC-UV detection, and (c) molecular ionic peaks of

TAPC-3. (d) ESI mass spectra of TAPC-3. Insets show the calculated and experimental isotope
distribution patterns, respectively.
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Figure S8: (a) UPLC-TIC detection, (b) UPLC-UV detection, and (c) molecular ionic peaks of

TAPC-4. (d) ESI mass spectra of TAPC-4. Insets show the calculated and experimental isotope
distribution patterns, respectively.
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Figure S9: (a) UPLC-TIC detection, (b) UPLC-UV detection, and (c) molecular ionic peaks of
TCPC-4. (d) ESI (+) mass spectra of TCPC-4. Insets show the calculated and experimental isotope
distribution patterns, respectively.
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Figure S10: The *C-NMR and *H-NMR spectrum of TAPC-3, TAPC-4, and TCPC-4.
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Figure S11: Profile analysis of the lines in Figure 1c.
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Figure S12: (a) Hydrodynamic size distribution of TAPC-3, TAPC-4, and TCPC-4. Hydrodynamic
size distribution of TAPC-4 at (b) different pH and (c) different temperatures.
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Figure S13: Schematic diagram of PEG-PO coated TAPC-4.
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Figure S14: Cell viabilities of DU145, U87, 4T1, B16-F10, L02, and HUVEC cells treated with



TAPC-3, TAPC-4, and TCPC-4 at gradient concentrations for 24 h, respectively (n=6).
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Figure S15: Cell viabilities of DU145, U87, 4T1, B16-F10, L02, and HUVEC cells treated with
cyclodextrin-coated Cgp at gradient concentrations for 24 h, respectively (n=6).
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Figure S16: Scatter plots of -logig(P-value) versus log,(fold change) according to protein
expressions. There are 267 significantly up-regulated proteins (P <0.05 and fold change >1.5)
represented as red, and 241 significantly down-regulated proteins (P <0.05 and fold change <0.67)
as green (n=3).



TAPG-3
TAPC-1
TAPG-2
NC-2
NG
NC-3

Figure S17: Heat map of comparative proteomic profile. Rows, proteins; columns, samples.
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Figure S18: The top 30 significantly enriched GO biological process terms. Bubble diameter
represents the number of genes. The bubble color represents the —log;o(P-value).
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Figure S20: The top 30 significantly enriched GO molecular function terms. Bubble diameter
represents the number of genes. The bubble color represents the —log;o(P-value).
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Figure S21: KEGG enrichment analysis of significantly different genes. Significantly the top 10
pathways with the lowest p-value were listed. Bubble diameter represents the number of genes.

The bubble color represents the —log;o(P-value).
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Figure S22: Quantification of (a) A549 and (b) DU145 cells in GO/G1, S, and G2 phase after
TAPC-4 treatment or under serum-starved conditions (starvation).
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Figure S23: (a-b) Representative images and quantification of migrated cells after TAPC-3
treatment. Cell migration was examined using transwell cell culture chambers. LUAD: lung
adenocarcinoma, BC: breast cancer (n=4). (Mean = SEM; Student’s t-test, **p < 0.01 and ***p <

0.001)
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Figure S24: Representative immunofluorescence images of EMT markers (N-cadherin and
Vimentin) in DU145 cell lines treated with TAPC-4 for 24 h (n=3).

Figure S25: The protein-protein interactions of all significantly changed proteins were analyzed
with STRING (http://www.string-db. org).
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Figure S26: (a) UPLC-TIC detection and (b) UPLC-UV detection of biotinylated TAPC-4. (c)
Mass spectrum of TAPC-4 (retention time: 5.0 min). (d-e) Mass spectra of two isomers of

biotinylated TAPC-4 (retention time: 7.1 and 7.4 min).

Table S2: Energy calculation for different isomers of biotinylated TAPC-4. Heats of formations
(AHF); highest occupied molecular orbital (HOMO); lowest unoccupied molecular orbital

(LUMO).
Name Relative AHF LUMO-HOMO gap
(kcal/mol) (kcal/mol)
TAPC4-Bio-1 -0.152861314 67.70
TAPCA4-Bio-2 0 68.07

TAPC4-Bio-2




Figure S27: Conformation of different isomers of biotinylated TAPC-4.

Table S3: Top 10 proteins with the highest MS score in each band.

Band ID  Protein IDs Protein names Gene names Score
P35579 Myosin-9 MYH9 323.31
P35580 Myosin-10 MYH10 323.31
Q01082 Spectrin beta chain, non-erythrocytic 1 SPTBN1 32331
P15924 Desmoplakin DSP 32331
075369 Filamin-B FLNB 32331
Band 1
P49327 Fatty acid synthase FASN 32331
Q13085 Acetyl-CoA carboxylase 1; Biotin carboxylase ACACA 32331
Q13813 Spectrin alpha chain, non-erythrocytic 1 SPTAN1 32331
Q14980 Nuclear mitotic apparatus protein 1 NUMAL1 323.31
Q60FES5 Filamin-A FLNA 323.31
P08238 Heat shock protein HSP 90-beta HSP90AB1 323.31
P13639 Elongation factor 2 EEF2 323.31
P55072 Transitional endoplasmic reticulum ATPase VCP 323.31
AOA087WTP3  Far upstream element-binding protein 2 KHSRP 323.31
Q16891 MICOS complex subunit MIC60 IMMT 32331
Band2 Q8WUM4 Programmed cell death 6-interacting protein PDCD6IP 323.31
P13010 X-ray repair cross-complementing protein 5 XRCC5 316.63
P47897 Glutamine--tRNA ligase QARS 310.98
Q14974 Importin subunit beta-1 KPNB1 270.16
Q01813 ATP-dependent 6-phosphofructokinase, platelet type PFKP 267.44
P08670 Vimentin VIM 323.31
P00352 Retinal dehydrogenase 1 ALDH1A1 323.31
P11413 Glucose-6-phosphate 1-dehydrogenase G6PD 323.31
P30838 Aldehyde dehydrogenase, dimeric NADP-preferring ALDH3A1 316.57
P30101 Protein disulfide-isomerase A3 PDIA3 301.72
Band 3
P06576 ATP synthase subunit beta, mitochondrial ATP5B 293.76
Q02790 Peptidyl-prolyl cis-trans isomerase FKBP4 FKBP4 271.74
P68363 Tubulin alpha-1B chain TUBA1B 254.3
Q9Y230 RuvB-like 2 RUVBL2 251.77
P50395 Rab GDP dissociation inhibitor beta GDI2 243.4
P05783 Keratin, type | cytoskeletal 18 KRT18 323.31
P60709 Actin ACTB 323.31
P60842 Eukaryotic initiation factor 4A-I EIF4A1 310.34
P00558 Phosphoglycerate kinase 1 PGK1 287.64
Band 4 QI9UNZ2 NSFL1 cofactor p47 NSFL1C 219.18
Q15008 26S proteasome non-ATPase regulatory subunit 6 PSMD6 216.99
Q9Y6N5 Sulfide: quinone oxidoreductase, mitochondrial SQRDL 211.61
P49411 Elongation factor Tu, mitochondrial TUFM 208

Q99536 Synaptic vesicle membrane protein VAT-1 homolog VAT1 201.97



P62195 26S protease regulatory subunit 8 PSMC5 196.99

P07355 Annexin A2; Annexin;Putative annexin A2-like protein ANXA2; ANXA2P2  314.42
AOA5F9ZHM4  L-lactate dehydrogenase B chain; L-lactate dehydrogenase LDHB 228.84
Q5TCU3 Tropomyosin beta chain TPM2 192.95
P04083 Annexin Al ANXA1L 187.22
060218 Aldo-keto reductase family 1 member B10 AKR1B10 172.54
Bands Q14847 LIM and SH3 domain protein 1 LASP1 148.31
000170 AH receptor-interacting protein AIP 136.38
J3KPS3 Fructose-bisphosphate aldolase; Fructose-bisphosphate aldolase A ALDOA 125.15
P09525 Annexin A4; Annexin ANXA4 121.21
P00338 L-lactate dehydrogenase A chain LDHA 113.38

b

Figure S28: The optimized structure of (a-b) TAPC-4 and (c-d) TCPC-4.
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Molecular docking sites

Figure S29: The docking model of ligands (TAPC-4, TCPC-4) to receptors (Hsp90p, vimentin,
MYH9).
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Figure S30: The time dependence of RMSDs for the docked complex of TAPC-4 with Hsp90p,
vimentin, and MYH9.
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Figure S31: The time dependence of RMSDs for the docked complex of TCPC-4 with Hsp90p,
vimentin, and MYH9.
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Figure S32: Top: The optimal docking model of TCPC-4 to MYH9, vimentin, and Hsp90f. TAPC-4
and amino acids are shown in blue and green, respectively. Bottom: The binding mode of TCPC-4
in MYH9, vimentin, and Hsp90p. The active site pocket is displayed as an electrostatic surface.
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Figure $33: Weight of heart, liver, spleen, lung, and kidney collected on the 14™ day.
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Figure S34: Blood routine analysis on the 14th day.
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Figure S36: Negligible changes in body weight of the mice (n=7).



