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Supplementary Figure 1. Assessment of insulin promoter activity. To determine the optimal 
treatment window, the effect of known stimulators of insulin expression was tested across various 
developmental windows. 
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Supplementary Figure 2. Dose-response curves of the effect of drugs on insulin promoter activity. 
(A) insulin promoter activity was enhanced by 2 or 10 μM 2,4-DB (auxin) treatment. 2,4-DB was found 
to be toxic at 50 μM. (B) insulin promoter activity was enhanced by 10 μM GNTI (KORP antagonist) 
treatment. GNTI was found to be toxic at 50 μM. (C) insulin promoter activity was enhanced by 2, 10 or 
50 μM Psora-4 (Kv1.3 blocker) treatment. (D) insulin promoter activity was enhanced by 10 μM 2',4'-D-
4-M (Chalcone) treatment. 2',4'-D-4-M was found to be toxic at 100 μM. (E) insulin promoter activity 
was enhanced by 10 or 100 μM SR-2640 (LTD4/ LTE4 antagonist) treatment. (F) insulin promoter 
activity was enhanced by 10 or 100 μM Karanjin (Flavonoid) treatment. *, P<0.05; **, P<0.01, ***, 
P<0.001 compared to control samples by Tukey-Kramer HSD test after ANOVA. 
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Supplementary Figure 3. Dose dependent survival curves upon GNTI, 2,4-DB and 2’- 4’-D-4-M 
treatment. Wild-type zebrafish were treated with 0, 10, 20, 40 and 50 μM 2,4-DB (A), GNTI (B) or 2’-
4’-D-4-M (C) at 4 dpf and survival rate was analyzed at 4.5 dpf. We removed 2’-4’-D-4-M from the 
drugs which we characterized further due to its high toxicity. 
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Supplementary Figure 4. Effects of the 5 insulin stimulators on the expression of pancreatic 
endocrine markers in zebrafish larvae. Wild-type fish were treated with each compound at 4 dpf and 
the expression of insulin and indicated endocrine genes was analyzed at 4.5 (A) and 6 (B) dpf by qPCR 
(mean±STD). All compounds stimulated endogenous insulin expression at 4.5 and 6 dpf. *, P<0.05; **, 
P<0.01 compared to control samples byTukey-Kramer HSD test after ANOVA. 
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Supplementary Figure 5. Effects of the 5 insulin stimulators on the expression of pancreatic 
endocrine markers in adult. Adult wild-type fish were IP injected with each drug once a day for three 
consecutive days, and the expression of insulin and indicated endocrine genes was analyzed by qPCR at 
24 hours after the last injection (mean±STD). *, P<0.05; **, P<0.01 compared to control samples by 
Tukey-Kramer HSD test after ANOVA. 
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Supplementary Figure 6. Effects of the 5 selected insulin stimulators on the expression of 
endocrine differentiation markers in the principal islet at 4.5 dpf. (A-C) Tg(neurod1:eGFP) (A), 
Tg(pax6b:eGFP) (B) and Tg(mnx1:eGFP) (C) animals were treated with each compound at 4 dpf and 
analyzed for eGFP intensity in the principal islet at 4.5 dpf. Scale bars, 10 μm. *, P<0.05; **, P<0.01 
compared to control samples by Tukey-Kramer HSD test after ANOVA. 
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Supplementary Figure 7. Kv1.3 inhibitors stimulate insulin expression and β cell numbers in 
larval zebrafish as well as Insulin secretion in adult zebrafish. (A) Zebrafish were treated with 1 μM 
Psora4 or indicated concentration of PAP-1 or clafozamine at 4 dpf and analyzed at 4.5 dpf for insulin 
promoter activity. insulin promoter activity was enhanced by 10 μM PAP-1 as well as 10 μM 
clafozamine. Both PAP-1 and clafozamine were found to be toxic at 100 μM. (B) Wild-type fish were 
treated with 10 μM PAP-1 or 10 μM clafozamine at 4 dpf and insulin expression was analyzed at 4.5 dpf 
by qPCR. (C-E) Tg(ins:eGFP) animals were treated with 10 μM PAP-1 starting at 4 dpf and analyzed at 
7 dpf. Note that β cell numbers increased with PAP-1 treatment (C and D) and that eGFP intensity was 
enhanced after PAP-1 treatment (C and E). (F) PAP-1 and clafozamine were tested for their effect on 
blood glucose levels in adult zebrafish. PAP-1 and clafozamine did not alter fasting blood glucose levels 
in adult zebrafish. However, both compounds reduced blood glucose levels under high blood glucose 
condition in adults. (G and H) Effects of PAP-1 and clafozamine on blood Insulin levels in adult 
zebrafish. PAP-1 and clafozamine increased circulating Insulin levels in adult zebrafish following 
glucose stimulation. *, P<0.05; **, P<0.01 compared to control samples in (A), (B), (F) and (H) by 
Tukey-Kramer HSD test after ANOVA and in (D) and (E) by Student t-test. 
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Supplementary Figure 8. Dose dependent survival curves upon treatment with Kv 1.3 inhibitors. 
Wild-type zebrafish were treated with 0, 10, 20, 40 and 50 μM Psora4 (A), PAP- 1 (B) or clafozamine 
(C) at 4 dpf and survival rate was analyzed at 4.5 dpf. PAP-1 and clafozamine showed higher toxicity 
than Psora-4 
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Supplementary Figure 9. Effect of Kv 1.3 inhibitors on the expression of pancreatic endocrine 
markers in isolated mouse islets. (A-B) Isolated mouse islets were treated with 10 μM Kv1.3 
inhibitors, Psora4 and PAP-1, for 24 h. qRT-PCR revealed down-regulation of Ins1 expression and up-
regulation of Ins2 expression following PAP-1 treatment (B). (n=11, mean ± SEM). *, P<0.05 compared 
to DMSO treatment by student’s t-test. 
 

 
Supplementary Figure 10. Amino acid sequence comparison of the Kv1.3 antibody target region 
between mouse and zebrafish. C-terminal region of Kv1.3, which is the target of the antibody, was 
compared between mouse (amino acid residues 478-530) and zebrafish (amino acid residues 475-515). 
31 amino acids are conserved between mouse and zebrafish. 
 

 


