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Supplementary Figure 1. Molecular structures of (S)- and (R)-PHA533533 and seventeen PHA533533 
analogs tested for their capability to unsilence paternal Ube3a. (a) (S)-PHA533533 ((S)-1) and four 
other active analogs of (S)-PHA533533. (b) (R)-PHA533533 ((R)-2) and thirteen analogs that lack 
activity for unsilencing paternal Ube3a. Compounds 2, 6, 7, 8, 9, 11, 12, 13, 16, 17, 18 have been 
previously published in Pevarello et al., 20041, compounds (S)-1, (R)-1, 3, (±)-4, (±)-10, (±)-14, (±)-15 
have been published in Pevarello  et al., 20052, and compound (S,R)-5 in Nesi et all., 20063. 



 

 
 
 
Supplementary Figure 2. (S)-PHA533533 and topotecan produce Ube3a mRNA and UBE3A protein 
from the paternal allele in mouse wild-type primary neurons. Primary cortical neurons derived from 
wild-type (WT) mice were treated either with 0.1% DMSO as a vehicle, 1 µM (S)-PHA533533, or 0.3 
µM topotecan for 72 hours at DIV7. Following the treatment, the relative quantity of (a) Ube3a 
transcript was determined by quantitative RT-PCR, and the expression of (b) UBE3A protein was 
determined through western blotting, with the data averaged across three individual experiments, 
depicted in (c). All data were normalized to GAPDH/Gapdh expression, log-transformed, mean-
centered, and autoscaled for statistical analysis (n = 4 experiments for RT-PCR, and n = 3 for western 
blot; mean ± SEM, one-way ANOVA followed by Dunnett’s post hoc test, ** p < 0.01, *** p < 0.001, 
**** p < 0.0001). µM – micromolar; DMSO – dimethyl sulfoxide; kDA – kilodalton; Norm. – 
normalized. Source data and comprehensive statistics, including F-values, degrees of freedom, 
confidence intervals, and exact p-values, are provided as a Source Data file. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Supplementary Figure 3. (S)-PHA533533 treatment increases UBE3A protein levels in human 
neurons derived from an Angelman syndrome patient. Human neurons differentiated from either 
H9 hESC control cell line or ASdel1-0 iPSCs for 10 weeks under the same conditions were treated 
with 0.1% DMSO (vehicle), or 1 or 2 µM (S)-PHA533533 for 72 hours, as indicated. Example showing 
(a) the relative quantity of UBE3A protein was determined through western blotting, and (b) 
immunofluorescent images of fixed cells stained for UBE3A, NeuN, and DAPI. µM – micromolar; DAPI 
– 4ʹ,6-diamidino-2-phenylindole, DMSO – dimethyl sulfoxide; kDA – kilodalton; Norm. – normalized. 
Source data are provided as a Source Data file. 



 

Supplementary Figure 4. (S)-PHA533533 treatment does not change UBE3A mRNA and protein 
levels in non-neuronal cells that express UBE3A biallelically. Human HEK293T cells were treated 
either with 0.1% DMSO (vehicle) or 1 µM (S)-PHA533533 for 48 hours. Following the treatment, the 
relative quantity of (a) UBE3A transcript was determined by quantitative RT-PCR, and the expression 
of (b) UBE3A protein was determined through western blotting, with the data averaged from three 
individual wells per treatment, as depicted in (c). All data were normalized to GAPDH/GAPDH 
expression, log-transformed, mean-centered, and autoscaled for statistical analysis (n = 3; mean ± 
SEM, two-tailed T-test, NS = non-significant). µM – micromolar; Norm. – normalized; DMSO – 
dimethyl sulfoxide; kDA – kilodalton. Source data and comprehensive statistics, including F-values, 
degrees of freedom, confidence intervals, and exact p-values, are provided as a Source Data file. 

  



Supplementary Table 1.  Small molecule screening data 
 

Category Parameter Description 
Assay Type of assay In vitro cell based assay 
 Target Reporter UBE3A-YFP 
 Primary measurement Detection of fluorescence 
 Key reagents  Standard primary neuronal culture, anti-

GFP antibody (Novus Cat# NB600-308), 
anti-rabbit Alexa Fluor 488 antibody 
(Molecular Probes Cat# A-11008) 

 Assay protocol Refer to the Methods 
(Immunofluorescence, high-content 
imaging, and dose-response analyses) 

 Additional comments  
Library  Library size ~2800 small molecules 
 Library composition Annotated bioactive compounds 
 Source Pfizer 
 Additional comments Jones, L. H. & Bunnage, M. E. Applications 

of chemogenomic library screening in drug 
discovery. Nat. Rev. Drug Discov. 16, 285–
296 (2017)4. 

Screen Format 384-well plate (4 wells/compounds) 
 Concentration(s) tested 1 µM, 0.1% DMSO 
 Plate controls DMSO or topotecan treated well in every 

assay plate 
 Reagent/ compound dispensing 

system 
Manual (no automation) 

 Detection instrument and software BD Pathway 855, CellProfiler 2.1.1 
 Assay validation/QC Yes/no type screen with hit criteria (relative 

intensity to compared to the topotecan-
treated) 

 Correction factors N/A 
 Normalization Normalized to negative & positive controls 

(DMSO or topotecan-treated) 
 Additional comments  
Post-HTS 
analysis 

Hit criteria Relative intensity [ > 1.25] to compared to 
the topotecan-treated 

 Hit rate ~0.071% 
 Additional assay(s) Re-screen, dose-response test, analog test, 

orthogonal test 
 Confirmation of hit purity and 

structure 
Resynthesis of the chiral forms, (R) and (S) 
(~98%) 

 Additional comments  
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