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Supplementary information 

 

Figure Legends 

 

Figure 1 

Determination of readthrough efficiency using enzyme-based reporter constructs. An outline 

of the constructs (A). A segment of the SELENOP (accession number z11793) and PHGPx 

(accession number X76009) genes were inserted into the enzyme-based reporter. Site directed 

mutagenesis was carried out to generate constructs harbouring UGA (I) and UGC (O) codons. 

The nature of each codon and location are indicated. Determination of readthrough efficiency 

of UGA constructs compared with the UGC control construct (B). The efficiency of control 

construct was set as 100. Western blot analysis of readthrough protein of the control construct 

(OOO) containing the cysteine codon detected by anti-luciferase antibody (C). The blot was 

stripped and reprobed with β-actin antibody (lower panel) to demonstrate equal loading. The 

control cells were mock transfected. The readthrough efficiency of various ‘fourth base’ 

containing constructs including UGAG, UGAA and UGAC was determined in HEK293T 

cells (D). ***P<0.001 compared either OOO (B) or UGAG (D). 

 

Figure 2 

Readthrough effects of aminoglycosides. Dose dependent effects of G418 on translation 

readthrough. The readthrough efficiency of G418 on various fourth bases (A-C) containing 

constructs. HEK 293T cells were overexpressed with dual reporter constructs containing stop 

codon (UGA) and guanine (G), uracil (U) or cytosine (C) as the ‘fourth base’ (underlined) 

and were treated with increasing concentrations of G418. The relative luciferase- 

galactosidase efficiency of untreated cells was set as 100. G418 mediated promotion in 

readthrough efficiency in UGAG (A), UGAU (B) and UGAC constructs (C). Cells 

transfected with UGCG construct and treated with increasing concentrations of G418 (D). 

Construct UGCG contains a cysteine codon (UGC) instead of a stop codon (UGA) and 

guanine (G) as the fourth base. Assessing effects of aminoglycosides including tobramycin, 

gentamicin and G418 using UGAG (E) and UGAC (F) constructs. *P<0.05, **P<0.01 and 

***P<0.001 compared with untreated control. 
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Figure 3 

Development of readthrough reporter assays with genes associated with cystic fibrosis, 

Duchene muscular dystrophy, Usher and Hurler syndrome. The nonsense codons (UGA or 

UAG) of the cystic fibrosis transmembrane conductance regulator (CFTR; p.G542X), alpha-L 

iduronidase (IDUA; p.Q70X), procadherin 15 (PCDH15; p.R245X) dystrophin (DMD; 

p.R3381X) and PHGPx (p.59X) genes were introduced into the lacZ and luciferase genes 

(A). The underlying principle is similar to that depicted in Figure 1A. In the event of 

readthrough, a luc-gal fusion protein is produced whilst premature termination generates only 

the β-gal protein. HEK293T cells transiently transfected with CFTR (B), PCDH15 (C), DMD 

(D), IDUA (E), and PHGPx (F) reporter constructs and treated with G418 sulfate (400µg/ml). 

The treatment increased the luc-gal ratio of all constructs. ***P<0.001 compared with 

untreated control. 

 

Figure 4 

Bio-active NINDS compounds do not promote readthrough. High-throughput screening of 

NINDS compounds at a concentration of 10 μM using the enzyme-based assay in a 96-well 

plate format (A). Cells treated with G418 sulfate (400µg/ml) were used as a positive control 

of readthrough. The Z-factor value of this assay was 0.51.  

 

Figure 5 

 

Effects of peruvoside on luciferase and β-galactosidase activities. Effect of peruvoside on the 

luc-gal ratios of UGAG and UGCG constructs (A). Peruvoside inhibits β-galactosidase 

activities of the UGAG (B), UGAC (C) and UGCG (D) constructs and luciferase activity of 

the UGCG (E) control construct in a dose dependent manner. Concentrations of peruvoside 

were indicated below bars. The concentration used for G418 was 400μg/ml. The -

galactosidase activity of the untreated cells was set as 100. *P<0.05, **P<0.01 and 

***P<0.001 compared with untreated control. 

 

Figure 6 

Identification of novel genes by means of high-throughput screening of a siRNA library. (A) 

siRNAs (On Target Plus, Dharmacon) at a concentration of 30nM targeting 288 genes were 

screened using the UGAU construct in triplicate in 384-well format.  The readthrough 
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efficiencies were presented as mean and compared with cells treated with DMSO (Un) and 

with non-targeting control (NTC). (B)  Validation of the hits using siGENOME SMART pool 

siRNAs (Dharmacon) at a concentration of 30nM in 96-well format.  

 

Figure 7 

Validation of the dual-fluorescence reporter.  The integrity of the pTN139 construct 

determined by RT-PCR (A). Total RNAs were isolated from HEK293T cells transfected with 

the construct, converted to cDNA and RT-PCR was carried out. PCR control- no polymerase, 

RT-control- no reverse transcriptase, cells only- no DNA was transfected, pTN139-cells 

transfected with pTN139, TN139 (plasmid)- PCR carried out using the pTN139 plasmid 

DNA and used here as a positive control. Of note, the plasmid DNA generates a higher 

molecular weight band due to the presence of an intronic sequence, whilst splicing removes 

this intronic sequence following transfection.  Western blot analyses of pTN139 and 

pTN139-PTC constructs using anti-GFP antibody (B). Cells transfected with a GFP construct 

(GFP), the DsRed-Express vector (DsRed-Express), pTN139 construct (pTN139) and 

pTN139-PTC construct (139-PTC) and mock transfection (cells only). The lane 

corresponding to pTN139 generates a fusion protein, which is absent in the lane 

corresponding to the pTN139-PTC construct. The level of readthrough efficiency was higher 

at UGA compared with UAG and UAA stop codons (C).  The UAG stop codon of the 

fluorescence reporter was mutated to UAA and UGA stop codons and their readthrough 

efficiencies in HEK293T cells were determined using a fluorescence plate reader. The 

fluorescence intensity of DsRed-Express and GFP proteins of the UAG constructs was set as 

100. 

 

Figure 8 

The use of fluorescence reporter as a secondary assay to validate the hits derived from the 

luc-gal-based primary screen. The readthrough potential of a number of compounds including 

G418, gentamicin and peruvoside which showed activities in luc-gal based assays were tested 

using fluorescence reporters. Consistent with the luminescence data, the fluorescence results 

showed that aminoglycosides including G418 sulfate and gentamicin promoted readthrough, 

whilst peruvoside elicited no discernible effect (A). The nature of stop codon used was 

indicated above the graph. The readthrough efficiency of the PTC124 compound was 

determined using fluorescence constructs harbouring either UAG or UGA or UAA stop 
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codons (B).  The agent at 10µM failed to promote readthrough of any of these fluorescence 

constructs. 

 

 

Supplementary Table 1 

List of NINDS compounds used in this study. The name of compounds, CAS number, 

molecular weight, therapeutic target and relevant references are indicated. 

 

 

Supplementary Table 2 

Determination of the readthrough efficiency of the 39 hit compounds at 0.1, 1 and 10µM 

concentrations in HEK293T cells using the UGAU construct. The values presented are the 

mean values and the standard deviation (SD) values are in brackets. The hit compound 

promoting readthrough is highlighted in yellow, whilst the compounds eliciting significant 

(P<0.05) inhibition at 0.1µM and at all three concentrations tested are highlighted in green 

and purple, respectively. 

    

 

Compounds 0.1µM 1µM 10µM 

 

 

DMSO 

   

104.11(7.12) 

 

DMSO 

   

99.57(1.00) 

 

DMSO 

   

100(3.10) 

 

G418(400µg/ml) 

   

424.26(26.32) 

 

G418(400µg/ml) 

   

466.50(13.61) 

 

G418(400µg/ml) 

   

563.84(29.23) 

1 ALVERINE CITRATE 60.15(4.36) 88.78(33.41) 106.15 (0.48) 

 
2 

AMANTADINE HYDROCHLORIDE 
75.06(17.91) 75.86(34.26) 66.46(3.36) 

 

3 

AMODIAQUINE 

DIHYDROCHLORIDE 119.30(78.26) 57.28(3.39) 63.12(4.08) 

 4 AMPROLIUM 158.37(138) 57.28(0.87) 78.31(18.70 

 5 ATROPINE 129.06(91.67) 77.05(16.52) 80.93(11.60) 

 6 AZATHIOPRINE 130.17(80.49) 59.74(8.68) 66.82(1.90) 

 7 BACITRACIN 73.19(19.88) 149.55(113.43) 181.49(178.47) 

8 BENZTHIAZIDE 59.34(8.99) 172.61(141.5) 79.51(25.35) 

 9 BENZTROPINE 63.66(4.48) 66.82(9.6) 80.04(5.92) 

 10 METRONIDAZOLE 75.82(20.37) 71.30(11.33) 72.84(2.92) 
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11 

PSEUDOEPHEDRINE 

HYDROCHLORIDE 77(20.33) 57.57(5.35) 63.08(6.15) 

 12 PYRIMETHAMINE 63.14(6.43) 59.34(4.10) 89.92(29.81) 

 13 KINETIN 63.14(2.88) 92.17(28.22) 133.74(48.17) 

 14 PIMOZIDE 106.81(8.33) 89.38(16.31) 60.38(16.40) 

 15 RONIDAZOLE 95.58(5.65)90.87(16.06) 86.22(1.20) 

 16 ESTRIOL METHYL ETHER 96.65(10.01) 79.97(6.70) 70.83(6.46) 

 17 ESTRONE ACETATE 72.70(2.60) 58.25(8.30) 79.88(11.02) 

 18 ACETYL-L-LEUCINE 64.62(1.13) 70.21(19.62) 93.22(1.47) 

 19 CARPROFEN 71.09(1.59) 86.16(10.21) 79.23(1.22) 

 20 TRETINON 86.13(12.24) 72.58(4.78) 74.45(16.34) 

 21 FOSCARNET SODIUM 63.14(3.73) 73.6(3.46) 69.73(2.87) 

 22 CEFOXITIN SODIUM 68.41(0.31) 66.79(7.56) 84.31(25.09) 

 23 METAMPICILLIN SODIUM 74.94(8.34) 79.85(17.39) 76.6(3.21) 

 24 FOSFOMYCIN 77.47(12.29) 66.17(1.06) 71.85(6.74) 

 25 OFLOXACIN 72.03(0.79) 68.97(6.13) 76.61(2.62) 

 26 PIROMIDIC ACID 69.83(4.03) 79.51(15.34)        82.47(18.12) 

 27 BEZAFIBRATE 78.41(3.01) 85.65(9.97) 71.39(17.74) 

 

28 

N- (9-

FLUORENYLMETHOXYCARBONYL)-

L-LEUCINE 95.35(13.36) 73.31(0.16) 80.83(5.32) 

 29 SALICIN 70.90(7.43) 78.25(11.08) 86.40(12.65) 

 30 ARTEMISININ 82.44(11.79) 72.55(7.01) 70.91(7.43) 

 31 QUINAPRIL HYDROCHLORIDE 71.87(6.11) 67.51(6.89) 75.59(5.87) 

 32 CLARITHROMYCIN 70.92(6.43) 72.26(16.22) 82.34(8.50) 

 33 IRBESARTAN 75.15(6.16) 93.38(12.06) 70.10(8.64) 

 34 VALDECOXIB 85.45(14.79) 69.33(3.93) 70.9(2.18) 

 35 EZETIMIBE 77.51(1.79) 69.63(4.11) 80.20(11.14) 

 36 3-METHYLXANTHINE 71.63(5.79) 76.32(6.17) 89.09(16.12) 

 37 AMOXAPINE 76.62(6.42) 79.95(14.47) 143.18(5.84) 

 38 PERUVOSIDE 58.92(18.69) 49.33(25.90) 216.33(37.12) 

 39 GEDUNIN 75.83(6.57) 69.64(1.06) 85.27(5.69) 

  

 

 


