
 

A 
 

C_el_Smg4     NFSEYCDSMMEFERRFDGYIFVDSRGNDSAAVVEAASNQNFAKCDRNRMKEDTRVGAILTDKYYLDFCKKLEEERAIPILTLEQQIRKLNQPDDARTQIDKMETPLVKY 

H_sa_UPF3A    NFRN-PDDILLFRDRFDGYIFLDSK-----------------------------------DPEYKKFLETYCVEEEKTSANPETLLGEMEAKT--RELIARRTTPLLEY 

D_re_UPF3B    NFKN-QDDIVLFRDRFDGYVFIDNRGQEYPAIVEFAPFQKVAK--KRSKKKDAKSGTIDDDADYKKFLEFYNGDEEKSPSNPEILLEEIEAKT--KELSSKKTTPLLDF 

X_tr_UPF3B    NFKS-QDDIVLFRDRFDGYVFIDHRGQEYPAIVEFAPFQKVAK--KKSKKKDSKIGTIEDDPEYKKFLDSYTLDEEKLTSTPETLLEEIEAKN--KEMIAKKTTPLLSF 

H_sa_UPF3B    NFKN-QEDIILFRDRFDGYVFLDNKGQEYPAIVEFAPFQKAAK--KKTKKRDTKVGTIDDDPEYRKFLESYATDNEKMTSTPETLLEEIEAKN--RELIAKKTTPLLSF  

G_ga_UPF3B    NFRN-QEDIVLFRDRFDGYVFVDHKGQEYAAIVEFAPFQKAAK--KKSKKKDAKTGTIEDDPEYKKFLESYSADDEKLTSTPETLLEEIEARN--KELIAKKTTPLLNF 

              ** .  :.:: *  *****:*:* .                                   *  * .* .    :      . *  : :::     .    .  ***:.: 

                  Y160 

 

B 
 

R_no      ------------------------------------------------------------ 0 

H_sa      ------------------------------------------------------------ 0 

E_pr      MDIQKNAENTTLQNNKRLYRNICITTTQVTKYKTDNTQEATHVPSP-DYNGPPTDTAAFR 59 

S_su      ------------------------------------------------------------ 0 

F_ca      ------------------------------------------------------------ 0 

O_an      ME---------------------ERVEASPRFSSSSSS-SSSSPTPRRCPGMPRPLCILG 38 

G_ga      ------------------------------------------------------------ 0 

                                                                       

 

R_no      ------MKEEKDHRPKEKRVTLL-------------TPQGATGGCIGATAEGAKGDDRQD 41 

H_sa      ------MKEEKEHRPKEKRVTLL-------------TPAGATGSGGGTSGDSSKGEDKQD 41 

E_pr      PSCHCEEREEKEHRPKEKRVTLL-------------TPPGATGSGGGASGDSSKGEDKQD 106 

S_su      ------MKEEKDHRPKEKRVTLL-------------TPPGATGSGGGASGDSTKGEDKQD 41 

F_ca      ------MKEEKDHRPKEKRVTLL-------------TPPGATGSSGGASGDSAKGEDKQD 41 

O_an      LVVHQELPDRASRAKPGRRLQLAAFKRRRSGREAESRGCAFKGGSREMWRKGISC----- 93 

G_ga      ------MKEDKENARPKER---------RGAPVGPGAGSGAAGGSDGRTGGGAAELERLE 45 

                  :  ..    .*                    .  *.       .         

 

R_no      RNRDKKEALSKVVIRRLPPTLTKEQLQEHLQPMPEHDYFEFFSNDTSLYPHMYARAYINF 101 

H_sa      RNKEKKEALSKVVIRRLPPTLTKEQLQEHLQPMPEHDYFEFFSNDTSLYPHMYARAYINF 101 

E_pr      RNKEKKEALSKVVIRRLPPTLTKEQLQEHLQPMPEHDYFEFFSNDTSLYPHMYARAYINF 166 

S_su      RNKEKKEALSKVVIRRLPPTLTKEQLQEHLQPMPEHDYFEFFSNDTSLYPHMYARAYINF 101 

F_ca      RNKEKKEALSKVVIRRLPPTLTKEQLQEHLQPMPEHDYFEFFSNDTSLYPHMYARAYINF 101 

O_an      --LFIFWFIFKVVIRRLPPSLTKEQLEEHLQPLPEHDYFEFFANDSSLYPHMFSRAYINF 151 

G_ga      RPKDKKETLSKVVIRRLPPSLTREQLEEHLQPLPEHDYFEFFANDSSLYPHVFSRAYINF 105 

                  : *********:**:***:*****:*********:**:*****:::****** 

 

  



R_no      KNQEDILLFRDRFDGYVFLDNKGQEYHAIVEFAPFQKAAKKKIKKRDTKVGTIEDDPEYR 161 

H_sa      KNQEDIILFRDRFDGYVFLDNKGQEYPAIVEFAPFQKAAKKKTKKRDTKVGTIDDDPEYR 161 

E_pr      KNQEDIILFRDRFDGYVFLDNKGQEYPAIVEFAPFQKAAKKKTKKRDTKVGTIDDDPEYR 226 

S_su      KNQEDIILFRDRFDGYVFLDNKGQEYPAIVEFAPFQKAAKKKTKKRDTKVGTIDDDPEYR 161 

F_ca      KNQEDIILFRDRFDGYVFLDNKGQEYPAIVEFAPFQKAAKKKTKKRDTKVGTIDDDPEYR 161 

O_an      KNQEDIVLFRDRFDGYVFIDHKGQEYPAIVEFAPFQKSAKKKSKKKDAKTGTIDEDPEYK 211 

G_ga      RNQEDIVLFRDRFDGYVFVDHKGQEYAAIVEFAPFQKAAKKKSKKKDAKTGTIEDDPEYK 165 

          :*****:***********:*.***** **********:**** **:*:*.***::****: 
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R_no      KFLESYATDNEKMTSTPETLLEEIEAKNRELIAKRTTPLLSFLKNKQRMREEKREERRRR 221 

H_sa      KFLESYATDNEKMTSTPETLLEEIEAKNRELIAKKTTPLLSFLKNKQRMREEKREERRRR 221 

E_pr      KFLESYAADNEKMTSTPETLLEEIEAKNRELIAKKTTPLLSFLKNKQRMREEKREERRRR 286 

S_su      KFLESYAADNEKMTSTPETLLEEIEAKNRELIAKKTTPLLSFLKNKQRMREEKREERRRR 221 

F_ca      KFLESYAADNEKMTSTPETLLEEIEAKNRELIAKKTTPLLSFLKNKQRMREEKREERRRR 221 

O_an      KFLESYSADDEKLTSTPETLLEEIEARNKELIAKKTTPLLNFLKNKQRLREEKREERRRR 271 

G_ga      KFLESYSADDEKLTSTPETLLEEIEARNKELIAKKTTPLLNFLKNKQRLREEKREERRRR 225 

          ******::*:**:*************:*:*****:*****.*******:*********** 

 

R_no      EIERKRQREEERRKWKEEEKRKRKDIEKLKKIERIPERE--KIRDEPKIK---------- 269 

H_sa      EIERKRQREEERRKWKEEEKRKRKDIEKLKKIDRIPERD--KLKDEPKIK---------- 269 

E_pr      EIERKRQREEERRKWKEEEKRKRKDIEKLKKIDRVPERD--KLKDEPKIKVHRFLLQAVN 344 

S_su      EIERKRQREEERRKWKEEEKRKRKDIEKLKKIDRVPERD--KLKDEPKIK---------- 269 

F_ca      EIERKRQREEERRKWKEEEKRKRKDIEKLKKIDRVPERD--KLKDEPKIK---------- 269 

O_an      EIERKRQREEERRKWKEEERRKRKDAEKLKKLERGPEKERDRSKDEPKIK---------- 321 

G_ga      ELERKRQREEERRKWKEEERRKRKEAEKLKKVDRCPEKERDRSKEEPKIK---------- 275 

          *:*****************:****: *****::* **::  : ::*****           

                                         R255 

 

R_no      ---LLRKPEKGDEKELDKRDKTKRLDKENLNEDRASGHSYTLPRRSDVELKDEKPKRPDD 326 

H_sa      ---LLKKPEKGDEKELDKREKAKKLDKENLSDERASGQSCTLPKRSDSELKDEKPKRPED 326 

E_pr      QKNLLKKPEKGDEKELDKREKAKKLDKENLNDERASGQSCTLPKRSDGELKEEKPRRPED 404 

S_su      ---LLKKPEKGDEKELDKREKVKKLDKENLSDERASGQTCTLPKRPDGEFKDEKPKRPED 326 

F_ca      ---LLKKPEKGDEKELDKREKAKKLDKENLNDERASGQSCTLPKRSDGEPKDEKPKRPED 326 

O_an      ---LLKKPEKGDEMESEKREKPKRLDKENLNEEKSSGQSSTSAKRSDGEAKEDKAKKSED 378 

G_ga      ---LLKKPEKDEK-DLEKKEKSKKLEKETLREEKN--ASSASAKRSDGETKEEKAKKSED 329 

             **:**** :: : :*::* *:*:**.* :::    : :  :* * * *::* :: :* 

 

  



R_no      ESVRDYRDR--DRDYERDQERMIRERERMKRQEEERRRQQQKERYEKEKAFKRKEEEMKR 384 

H_sa      ESGRDYRER--EREYERDQERILRERERLKRQEEERRR--QKERYEKEKTFKRKEEEMKK 382 

E_pr      ESGRDYRER--DRDYERDQERILRERERLKRQEEERRR--QKERYEKEKAFKRKEEEVKK 460 

S_su      ESSRDYRER--ERDYERDQERILRERERLKRQEEERRR--QKERYEKEKAFKRKEEEMKK 382 

F_ca      EGGRDYRERERERDYERDQERLLRERERLKRQEEERRR--QKERYEKEKAFKRKEEEMKK 384 

O_an      EGGKDYRERDKDFERDRDRERVQRDREKMRRQEEERRR--QRERVEKERVFRRKEEDVRK 436 

G_ga      ECVKDYRDRDRDFERDREYERAQ--REKLRRQEEERRR--QKERFEKEKVFRRKEEEMKK 385 

          *  :***:*  : : :*: **    **:::********  *:** ***:.*:****:::: 

                                      R368         R379 

 

R_no      EKEALRDKGKKSENTESICSLEKI------EKKEEVVKRDRIRNKDRPAMQLYQPGARSR 438 

H_sa      EKDTLRDKGKKAESTESIGSSEKT------EKKEEVVKRDRIRNKDRPAMQLYQPGARSR 436 

E_pr      EKEALRDKGKKTESTESVGSSEKT------EKKEEVVKRDRIRNKDRPAMQLYQPGARSR 514 

S_su      EKEALRDKAKKTESTEPVGSSEKT------EKKEEVVKRDRIRNKDRPAMQLYQPGARSR 436 

F_ca      EKEAVRDKGKKPESTESVGSSEKT------EKKEEVVKRDRIRNKDRPAMQLYQPGARSR 438 

O_an      ERDPLRDKVKKSESTDFIGNSEKTDKVTKEDKKEDAAKRDRIRNKDRPAMQLYQPGARSR 496 

G_ga      ERDLLRDKGKKSDLTDFTCGMDKSEKVTKDDKKEDTVKRDRIRNKDRPAMQLYQPGARSR 445 

          *:: :*** ** : *:     :*       :***:..*********************** 

 

R_no      SRLCPADDSI-KPGDSPVEKKQESGISHRKEGGEE 472 

H_sa      NRLCPPDDST-KSGDSAAERKQESGISHRKEGGEE 470 

E_pr      NRLCPPDDST-KSGDSAIEKKQESGISHRKEGEE- 547 

S_su      NRLCPPDDST-KSGDSTIDKKQESGISHRKEGGEE 470 

F_ca      NRLCPPDDGT-KSGDAALEKKQESGISHRKEGGEE 472 

O_an      SRLGPYEDSSAKSADPAPDKKQECEITSRKEEEE- 530 

G_ga      SRLCQYEDSAAKSTDQGAEKKQESESSNMKEEE-- 478 

          .**   :*.  *  *   ::***.  :  **     

 

 

 

 

 

 

Fig. S1. A.  Alignment of animal UPF3  proteins including human UPF3A and UPF3B.  The region flanking the conserved Y160 residue is shown.   B. 

Alignment of mammalian and chicken UPF3B proteins.  The conserved N-terminal RNP domain and C-terminal EJC interaction domain are on gray 

background [1,2]. The residues changed in patients with neurodevelopmental disorders are highlighted.  The alignment was done using Clustal Omega  [3].  

Abbtreviations/protein identifiears are: C_el: C. elegans  [GenBank:NP_741600]; D_re: Danio rerio [GenBank:NP_957248]; E_ca: Equus przewalskii 

[GenBank:XP_008507162]; F_ca: Felis catus [GenBank:XP_004000884]; G_ga: Gallus gallus [GenBank:XP_003641170]; H_sa: Homo sapiens  [UPF3A: 

GenBank:NP_542418; UPF3B: GenBank:NP_957248] ; M_mu: Mus musculus  [GenBank:NP_080849];   O_an:  Ornithorhynchus anatinus 

[GenBank:XP_001509880]; R_no: Rattus norvegicus  [GenBank:NP_001129345]; S_cr: Sus scrofa [GenBank:XP_003135388]; X_tr: Xenopus tropicalis 

[GenBank:XP_002940330]. 











 

   

Table S1: qPCR Assays 
Target Primer 1 Primer 2 

GFP AGGACTTCCCCGAGTACCAC CGTCCTCCACGTAGGTCTTC 

Renilla luciferase  CGAGAACGCCGTGATTTT GACGTGCCTCCACAGGTAG 

Gapdh AGCTGGTCATCAATGGGAAA    ATTTGATGTTAGCGGGATCG 

Arhgap24 isoform 1 TCCAGGAAAGTTCCTTTTCG ATTGGCTGTCATCCGATCTC 

Arhgap24 CGAAGACTTTTTGTCCTGTGC TGTTTCGTTAGCTCCTTCACG 

Atf4 TCAGACACCGGCAAGGAG GTGGCCAAAAGCTCATCTG 



 

Supplemental Methods 

Nuclear localisation of UPF3B. HCN-A94 cells were seeded in 6-well plates and the following day were transfected with 5 ug of pEGFP-C3 or derivatives 

expressing GFP-UPF3B fusion proteins using Lipofectamine 2000. The following day cells were diluted in 35 mm µ-Dishes (Ibidi) and differentiated for six 

days. Cells were then fixed in 4% paraformaldehyde in PBS, washed three times with  PBS and permeabilized in 0.1% Triton X-100. Following 1 hour blocking 

in 5% normal goat serum (Sigma) in PBS with 0.3% Triton X-100 cells were incubated with mouse anti-Fibrillarin antibody (1:500;  Abcam) overnight at 4 ºC in 

1x PBS, 1% BSA, 0.3% Triton X-100. The next day cells were washed three times with PBS and incubated with goat anti-mouse Alexa Fluor 594 (Invitrogen) 

in 1x PBS, 1% BSA, 0.3% Triton X-100. After 1 hour, cells were then washed three times with PBS, blocked for 1 hour and incubated with rabbit anti-UPF3B 

(1:400; Abgent) in in 1x PBS, 1% BSA, 0.3% Triton X-100 overnight at 4 ºC. Then cells were washed three times with PBS and incubated with goat anti-rabbit 

Alexa Fluor 888 (1:400, Invitrogen). After 1 hour cells were washed three times with PBS, counterstained with DAPI and washed again three times with PBS. 

Images were captured using an inverted confocal microscope (Zeiss LSM 710) with 63x oil objective and analysed using ZEN (Zeiss) and ImageJ software [4]. 
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