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1H NMR of Cladosporin in 400 MHz 

 

1H NMR (400 MHz, CDCl3) δ 11.08 (s, 1H), 6.29 (s, 1H), 6.16 (s, 1H), 4.68-4.66 (m, 1H), 4.11 (s, 1H), 4.00 

(s, 1H), 2.89 – 2.76 (m, 2H), 1.90 (dt, J = 23.0, 12.8 Hz, 2H), 1.68 (dd, J = 21.9, 12.2 Hz, 4H), 1.36 -1.34 

(m, 2H), 1.23 (d, J = 6.4 Hz, 3H). 

13C NMR of Cladosporin in 100 MHz 

 

 

13C NMR (100 MHz, CDCl3) δ 169.9, 164.3, 163.0, 141.8, 106.7, 102.0, 101.6, 76.3, 68.0, 66.5, 39.3, 33.6, 

30.9, 29.7, 18.9, 18.1 

 

Supplementary Figure 1  NMR for Cladosporin 

 

 



 
 

Supplementary Figure 2  (A) Heatmap showing the correlation patterns of 57 tRNA 

species in 69 pairs of human HCC and TFL tissues. (B) The expression of tRNA-Lys-

CUU in organ donor liver tissues (n = 21), TFL and paired HCC tissues (n = 69), 

respectively. (C) Univariate and multivariate analysis of associations between 

clinicopathological risk factors and tRNA-Lys-CUU expression in tumor tissue and HCC-

specific patient survival rate and cancer recurrence rate (n=69) in our HCC patient cohort. 

***P <0.001, by the Mann-Whitney test. TFL: tumor free liver; T:HCC tumor. 



 

Supplementary Figure 3  The mRNA expression levels of KARS1, and their relation with 

clinical outcomes. 

 (A) The mRNA expression levels of KARS1 in organ donor liver tissues (n = 21), TFL 

and paired HCC tissues(n = 59).(B)The mRNA expression data of KARS1 from GEPIA 

database, and red boxplot showed HCC tumor samples (n = 369), black boxplot showed 

Normal healthy liver samples (n = 160). (C) Univariate and multivariate analysis of 

associations between clinicopathological risk factors and KARS1 expression in tumor 

tissue and HCC-specific patient survival rate and cancer recurrence rate (n=59) in our 

HCC patient cohort. *P<0.05; **P<0.01; ***P<0.001, by the Mann-Whitney test. TFL: 

tumor free liver; T:HCC tumor. 

 

 



 

Supplementary Figure 4 The expression level of tRNA-Lys-CUU and KARS1, and KARS 

knockdown efficiency.  

(A) The expression level of tRNA-Lys-CUU (left graph) and KARS1 (right graph) 

respectively, relative to GAPDH in HCC cell lines compared to normal healthy liver 

organoids(n = 4-7). (B-C) Knockdown in Huh7 and SNU398 was analyzed in (B) by 

western blot (upper graph), and the intensity was quantified relative to β-actin (lower 

graph) by image studio software. In (C) the expression of KARS1 mRNA  upon 

knockdown was determined by qRT-PCR (mean ± SEM, n = 4-9). **P<0.01; ***P<0.001, 

by Mann-Whitney test. HLO: healthy liver organoids. 

 



 

 

Supplementary Figure 5 Lysine deprivation exerts the strongest inhibitory effects on 

HCC cell lin growth.(A) The effects of  nine essential amino acid deprivation on SNU398 

cell growth measured by MTT assay following 1, 3 and 6 days of culture (n = 8). (B) The 

effects of amino acid deprivation in  SNU398 single cell-derived colony formation as 

assayed 2 weeks after seeding (n = 4). *P<0.05, by the Mann-Whitney test. AA: amino 

acid; “-” means deprivation. 
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Supplementary Figure 6 The 50% inhibitory concentration of cladosporin was 

determined by MTT for Huh7 (A) and SNU398 (B) cells following 3 days of treatment. The 

drug concentrations were 1, 10, 100 and 1000 μM. Data are presented as mean ± SEM.(C) 

SNU398 cells are more sensitive than other HCC cell lines to treatment of 100 µM 

cladosporin (n = 6). **P<0.01, by the Mann-Whitney test. 

 



 

 

Supplementary Figure 7 The effects  of combining cladosporin treatment with KARS 

silencing in SNU398 cells. 

 

Cell viability (A) and single-colony formation (B) were quantified when combining KARS1 

knockdown and cladosporin treatment (n = 4 -16). *P<0.05; **P<0.01; ***P<0.001, by the 

Mann-Whitney test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Figure 8 The expression level of KARS1 and association with patient 

survival in cholangiocarcinoma from the GEPIA database. 

 

(A)The boxplot shows expression level of KARS in CHOL (red color, n = 36). (B) and 

(C) indicated overall suvival and disease free survival in CHOL, respectivity. *P<0.05; 

CHOL: cholangiocarcinoma. 

 

 

 

 

 

 

 

 

 

 



 

 

Supplementary Figure 9 Lysine deprivation or treatment with cladosporin affects the 

growth of patient CC organoids. 

(A-B)Images of organoids were treated with different concentrations of lysine (A) or 

cladosporin (B) for 7 days. (C-D) For cell viability of HLOs and CCOs were treated with 

lysine deprivation (C)  or cladosporin 200 µM (D), high expression of KARS1, CCO-3 

more sensitive. (E-H) Images were taken after 14 days of culture. (G) and (H) show a 10x 

magnification highlighting the reduced organoid size after prolonged culture with lysine 

deprivation or cladosporin. CCO: cholangiocarcinoma organoid; HLO: human liver 

healthy organoid. *P<0.05；**P<0.01; ***P<0.001, by the Mann-Whitney test. 



 

 

Supplementary Table 1  Patient characteristics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Characteristic 
HCC patients 

(n=69) 
Healthy controls (n=21) 

Age at treatment (years)  

Mean ± SD 60 ± 16 51 ± 16.2 

Median (range) 64 (11-82) 52 (13-88) 

Sex – no. (%)  

Male 41 (59.4) 12 (57.1) 

Female 28 (40.6) 9 (42.9) 

Race – no. (%)  

White 58 (84.1) - 

African 6 (8.7) - 

Asian 4 (5.8) - 

Not reported 1 (1.4) 21 (100) 

Etiology – no. (%)  

No known liver disease 20 (29.0) NA 

Alcohol 16 (23.2) NA 

NASH 8 (11.6) NA 

Hepatitis B 8 (11.6) NA 

Hepatitis C + Alcohol 5 (7.2) NA 

Hepatitis B + 
Alc/HepC/HepD/NASH 

4 (5.8) NA 

Hepatitis C 4 (5.8) NA 

Fibrolamellar HCC 3 (4.4) NA 

Other 1 (1.5) NA 

Hepatitis status – no. (%)  

Hepatitis B or C positive 21 (30.4) 0 (0) 

Chronic Hepatitis B  12 (17.4) 0 (0) 

Chronic Hepatitis C 10 (14.5) 0 (0) 

Cirrhosis – no. (%)  

Yes 50 (72.5) 0 (0) 

No 19 (27.5) 21 (100) 

Differentiation grade – no. (%)  

Good 8 (11.6) NA 

Moderate 35 (50.7) NA 

Poor 14 (20.3) NA 

Unknown 12 (17.4) NA 

Number of lesions – no. (%)  

1 38 (55.1) NA 

>1 31 (44.9) NA 

Median (range) 1 (1-11) NA 

Size of largest lesion (cm)  

Mean ± SD 7.5 ± 5.1 NA 

Median (range) 6.2 (1-24) NA 

AFP level before resection (ug/l)  

Mean ± SD 46679.2 ± 375310.5 NA 

Median (range) 9 (1-3118700) NA 



 

 

Supplementary Table 2  shRNA target sequences  

 

 

 

 

 

Supplementary Table 3 Primer sequences 

Genes Forward primers (5’-3’) Reverse primer (5’-3’) 

KARS1 GACGCACAATCCTGAGTTCACC AGGTGACCTTGTAACTGCCTGTA 

GUSB CAGGTGATGGAAGAAGTGG GTTGCTCACAAAGGTCACAG 

HPRT1 GCTATAAATTCTTTGCTGACCTGCTG AATTACTTTTATGTCCCCTGTTGACTGG 

PMM1 CGAGTTCTCCGAACTGGAC CTGTTTTCAGGGCTTCCAC 

GAPDH GTCTCCTCTGACTTCAACAGCG ACCACCCTGTTGCTGTAGCCAA 

 

 

 

 

 

 

 

 

 

 



 

 

Supplementary Table 4 List of tRNA expression comparison  

Differences of tRNA expression between tumor and TFL patient tissues (n=69) were 

analyzed using the Wilcoxon matched pairs test. *P<0.05, **P<0.01, ***P<0.001. 

TFL:tumor-free liver. Red: signficant up-regulation in tumor; Green: signficant down-

regulation in tumor; Black: no signficant difference.  

 

 


