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Supplemental Figure Legends 
 

Figure S1.  Sequence alignment of Deup1 (KC211185) and Cep63 (KC211186).  Sequence 

alignment shows the conserved amino acids between murine Deup1 and murine Cep63.  Deup1 

and Cep63 share a high level of conserved amino acids in the region necessary for E2F4 binding 

to Deup1 (residues 1-129), despite the absence of shared coiled-coil domains.  Dark shading 

represents amino acid identity, lighter shading a conservative substitution. 

 

Figure S2.  E2F4 interacts with Deup1 but not Cep63.  (A) Schematic representation of Deup1 

and its paralog, Cep63, with their coiled-coil domains shaded.  (B) Cell lysates containing E2F4 

and either Flag-Deup1 or Flag-Cep63 were subject to western blotting with α-Flag (upper panel) 

or α-E2F4 (lower panel) antibodies before (Input) or after immunoprecipitation (IP) with α-Flag 

antibodies.  This shows that E2F4 associates specifically with Deup1, and not Cep63.   

 

Figure S3.  Deup1 and SAS6 interact with DP1.  (A) Western blots with α-Flag, α-E2F4 and α-

HA antibodies from input lysates and α-Flag immunoprecipitates from 293FT cells 

overexpressing Flag-Deup1, E2F4 and HA-DP1 as designated.  (B-C) Western blots with 

designated antibodies from input lysates and α-HA immunoprecipitates from cells 

overexpressing HA-DP1 with Flag-Deup1 (B) or SAS6 (C).     

 

Figure S4.  E2F4 interacts with the amino-terminal region of Deup1 but not that of Cep63.  (A) 

Schematic representation of full-length and truncated versions of Deup1 and its paralog, Cep63.  

(B) Cell lysates containing E2F4 and truncated versions of Flag-Deup1 or Flag-Cep63 were 

subjected to western blotting with α-Flag (upper panel) or α-E2F4 (lower panel) antibodies 

before (Input) or after immunoprecipitation (IP) with α-Flag antibodies.  Western blotting with 

α-E2F4 shows that the N-terminal region of Cep63 (residues 67-192) does not co-

immunoprecipitate E2F4, in contrast to the N-terminal region of Deup1 (residues 1-129).  * 

denotes the heavy chain of IgG. 

 

Figure S5.  E2F4 truncation mutants are detected in the cytoplasm.  U2OS cells expressing HA-

tagged E2F4 wildtype (WT) and the indicated mutants were subjected to immunofluorescence 
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using an α-HA antibody.  Representative fields of cells are shown with nuclear DAPI staining 

(blue signal) and HA-tagged E2F4 proteins (red signal).  Numbers indicate amino acid positions 

and Δ denotes the residues deleted from full-length protein. 

 

Figure S6.  E2F4 truncation mutants colocalize with Deup1 in the cytoplasm.  U2OS cells co-

expressing Flag-Deup1 and either HA-tagged E2F4 wildtype (WT) or the indicated mutants were 

subjected to immunofluorescence using antibodies against the HA tag of the E2F4 proteins (red 

signal) and the Flag tag of Deup1 (green signal), along with nuclear DAPI staining (blue signal), 

with representative fields shown.  These data show overlapping expression of the two proteins 

indicating that a lack of interaction is not due to nuclear localization of the E2F4 mutants. 

 

Figure S7.  E2F4 truncation mutants colocalize with SAS6 in the cytoplasm.  U2OS cells co-

expressing Flag-SAS6 and either HA-tagged E2F4 wildtype (WT) or the indicated mutants were 

subjected to immunofluorescence using antibodies against the HA tag of the E2F4 proteins (red 

signal) and the Flag tag of SAS6 (green signal), along with nuclear DAPI staining (blue signal), 

with representative fields shown.  These data show overlapping expression of the two proteins 

indicating that a lack of interaction is not due to nuclear localization of the E2F4 mutants. 

 

Figure S8.  Phosphorylation of E2F4 contributes to the gel mobility shift detected upon E2F4-

Deup1 association.  (A) Cell lysates from cells transfected with E2F4 alone or together with 

Flag-Deup1 were subjected to western blotting with α-E2F4 antibodies after 

immunoprecipitation (IP) with α-Flag antibodies and treatment with lambda protein phosphatase, 

as indicated.  (B-C) Cell lysates expressing the indicated (B) E2F4 and Flag-Deup11-129 or (C) 

HA-E2F41-197 and Flag-Deup1 were subjected to western blotting with the indicated (B) α-Flag 

or α-E2F4 or (C) α-Deup1 or α-HA antibodies before (Input) or after immunoprecipitation (IP) 

with α-Flag antibodies and treatment with lambda protein phosphatase, as indicated.  These data 

show that the mobility shift in E2F4 following interaction with full-length or N-terminal 

(residues 1-129) Deup1 is reduced by phosphatase treatment and that this shift is dependent upon 

the C-terminus of E2F4, as it is not observed for E2F41-197. 
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Figure S9.  E2F4 co-immunoprecipitated with Flag-tagged Deup1 was analyzed by mass 

spectrometry and one phosphorylated amino acid at Ser-274 was identified.  The peptides 

identified by mass spectrometry following digestion by either trypsin, chymotrypsin or trypsin 

plus GluC covered 81.2% of E2F4 and are shaded in gray.  

 

Figure S10.  Co-expression of Deup1 and E2F4 leads to the C-terminal cleavage of Deup1.  (A) 

Western blotting with the indicated α-E2F4, α-Flag or α-HA antibodies was performed using cell 

lysates expressing E2F4 and/or double-tagged Deup1 (N-terminal Flag tag and C-terminal HA 

tag) before (input) or after immunoprecipitation (IP) with α-E2F4 antibodies.  The C-terminal tag 

is lost following co-expression of E2F4, strongly suggesting that the mobility change in Deup1 

after co-expression with E2F4 involves removal of the C-terminal domain.  (B) Western blotting 

with the indicated α-Flag or α-HA antibodies was performed using cell lysates expressing E2F4 

and/or the indicated C-terminal deletion mutants of double tagged Deup1 before (input) or after 

immunoprecipitation (IP) with α-E2F4 antibodies.  All truncation constructs retained the HA-tag 

and no downward mobility shift was detected, indicating the cleavage requires sequences within 

the last 45 amino acids of Deup1, full length Deup1 being 535 amino acids. 

 

Figure S11.  Sequence alignment of the N-terminal regions of E2F4, E2F5 and E2F1.  Sequence 

alignment shows the conserved amino acids between murine E2F41-197, human E2F51-228 and 

human E2F1105-305.  E2F4 and E2F5 share a higher level of conserved amino acids, in 

comparison with E2F1.  The blue lines denote the boundaries where domains between E2F4 and 

E2F1 were exchanged to generate the chimeras.  

 

Figure S12.  Sequence alignment of E2F family members across species showing the M1 and 

M2 motifs.  Sequence alignments of E2F4, E2F5 and E2F1 in Homo sapiens (human), Mus 

musculus (mouse), Gallus gallus (chicken), Xenopus laevis (frog) and Danio rerio (zebrafish), as 

well as human E2F2, E2F3 and E2F6, with the M1 (red) and M2 (blue) motifs indicated.  * 

denotes the boundary between the DNA binding and dimerization domains. 

 

Figure S13.  E2F41-197 M1, M2 and M1+2 mutants preserve the ability to bind DP1.  Western 

blots with the indicated α-HA and α-DP1 antibodies were conducted using lysates from cells 
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overexpressing DP1 alone or with the indicated wildtype (WT), M1, M2 or M1+2 mutants of 

HA-E2F41-197 before (input) or after immunoprecipitation (IP) with α-HA antibodies.  These data 

show that tested E2F4 mutants efficiently dimerize with DP1.   

 

Figure S14.  E2F4 M1, M2 and M1+2 mutants are detected in the cytoplasm.  U2OS cells 

expressing HA-tagged E2F4 wildtype (WT) and the indicated M1, M2 and M1+2 mutants were 

subjected to immunofluorescence using an α-HA antibody.  Representative fields of cells are 

shown with nuclear DAPI staining (blue signal) and HA-tagged E2F4 proteins (red signal). 

 

Figure S15.  E2F4 M1, M2 and M1+2 mutants co-localize with Deup1 in the cytoplasm.  U2OS 

cells co-expressing Flag-Deup1 and either HA-tagged E2F4 wildtype (WT) or the indicated M1, 

M2 and M1+2 mutants were subjected to immunofluorescence using antibodies against the HA 

tag of the E2F4 proteins (red signal) and the Flag tag of Deup1 (green signal), along with nuclear 

DAPI staining (blue signal), with representative fields shown.  These data show overlapping 

expression of the two proteins indicating that a lack of interaction is not due to nuclear 

localization of the E2F4 mutants. 

 

Figure S16.  E2F4 M1, M2 and M1+2 mutants colocalize with SAS6 in the cytoplasm.  U2OS 

cells co-expressing Flag-SAS6 and either HA-tagged E2F4 wildtype (WT) or the indicated M1, 

M2 and M1+2 mutants were subjected to immunofluorescence using antibodies against the HA 

tag of the E2F4 proteins (red signal) and the Flag tag of SAS6 (green signal), along with nuclear 

DAPI staining (blue signal), with representative fields shown.  These data show overlapping 

expression of the two proteins indicating that a lack of interaction is not due to nuclear 

localization of the E2F4 mutants. 

 
 
 



 

Deup1    1 ------------------------------------------------------------ 
Cep63    1 MPGCGCPVVAPLGSSSSLWDSGLAGQTTAMNWWPSNLQRWKSRSSRTQSCCQNKEDLEME 
 
 
Deup1    1 -----MENQAHTTAGASPCEAELQELMEQIDIMVSNKKLDWERKMRALETRLDLRDQELA 
Cep63   61 ALLEGIQNRGHSGGFLTSCEAELQELMKQIDIMVAHKKSEWEGQTHALETCLDIRDRELK 
 
 
Deup1   56 NAQTCLDQKGQEVGLLRQKLDSLEKCNLVMTQNYEGQLQTLKAQFSKLTSNFEKLRLHQM 
Cep63  121 ALRSQLDMKHKEVGILHQQIEEHEKTKQEMAMEYKEELLKLQEELSRLKRSYEKLQKKQL 
 
 
Deup1  116 KQNQIHRKESSSKEELPFELSSLNQKLEEFRAKSREWDKQEVLYQTHLVSLDAQQKLLSE 
Cep63  181 REF---RGNTKSFREDRSEIERLTGKIEEFRQKSLDWEKQRLIYQQQVSSLEAQRKALAE 
 
 
Deup1  176 KCSQFQKQAQNYQTQLNGKKQCAEDSSSEIPRLVCESDPGCEATQRDEFIIEKLKSAVSE 
Cep63  238 QSEIIQAQLANRKQKLESVE---LSSQSEIQHLNSKLERAKDTICANELEIERLNIRVND 
 
 
Deup1  236 IALSR-NKLQDENQKLLQELKMYQRQCQAMEAGLSEVKSELQSRDDLLRIIEMER----- 
Cep63  295 LMGTNMTILQDHRQK-EEKLRESEKLLEALQEEQKELKASLQSQETFILEAKMQEKLQTT 
 
 
Deup1  290 ----------------------------------------LHLHRELLRMGEVQTAQDNR 
Cep63  354 LKAVGTQQSVERPLEDCQKERKYSSPGQGVLDNVLSQLDFSHSSEELLQ-AEVTRLEGSL 
 
 
Deup1  310 KRVESSYSPSPKEAERKRKELFPMVSDQPNHEKELSKVSDRRYKAVRTENTHLKGMMGDL 
Cep63  413 ESVSATCKQLSQELMEKYEELKRMEGHNNEYRTEIKKLKEQILQADQTYSSALEGMKMEI 
 
 
Deup1  370 DP-ARYLAVDLSNKKHSQCTS---------------------------INKLEYENERLR 
Cep63  473 SQLTRELHQRDITIASAKCSSSDMEKQLKAEMQKAEEKAVEHKEILSQLESLKLENHRLS 
 
 
Deup1  402 SDLAKLHGNGKAAWPNQSSYGEAGAYVFQSQLKTETSGDRISQDCELNRSPTPLSPLPFQ 
Cep63  533 ETVMKL-------------------------------------ELGLHEGSLPTSPLG-- 
 
 
Deup1  462 TKEMASPLVGDNEVLALSPPDISFRASLAAQHFLMEEERRAKELEKLLNTHIDELQRHTE 
Cep63  554 --------------------------S-IATRFLEEEELRSHHILERLDAHIEELKRESE 
 
 
Deup1  522 FTLNKYTKLKQSRHI 
Cep63  587 KTVRQFTALV----- 
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E2F4_1-197      1  MAEAG---------------------------PQAPPP------PGTPSRHEKSLGLLTT 
E2F5_1-228      1  MAAAEPASSGQQAPAGQGQGQRPPPQPPQAQAPQPPPPPQLGGAGGGSSRHEKSLGLLTT 
E2F1_105-305 105 ARGR---------------GRHPG---------KGVKS------PGEKSRYETSLNLTTK 

E2F4_1-197      28 KFVSLLQEAKDGVLDLKLAADTLAVRQKRRIYDITNVLEGIGLIEKKSKNSIQWKGVGPG 
E2F5_1-228      61 KFVSLLQEAKDGVLDLKAAADTLAVRQKRRIYDITNVLEGIDLIEKKSKNSIQWKGVGAG 
E2F1_105-305    135 RFLELLSHSADGVVDLNWAAEVLKV-QKRRIYDITNVLEGIQLIAKKSKNHIQWLGSH-- 

E2F4_1-197      88 CNTREIADKLIELKAEIEELQQREQELDQHKVWVQQSIRNVTEDVQNSCLAYVTHEDICR 
E2F5_1-228      121 CNTKEVIDRLRYLKAEIEDLELKERELDQQKLWLQQSIKNVMDDSINNRFSYVTHEDICN 
E2F1_105-305    192 -TTVGVGGRLEGLTQDLRQLQESEQQLDHLMNICTTQLRLLSEDTDSQRLAYVTCQDLRS 

E2F4_1-197      148 CF--AGDTLLAIRAPSGTSLEVPIPE-GLNGQKKYQIHLKSMSGPIEVLLVNK----- 
E2F5_1-228      181 CF--NGDTLLAIQAPSGTQLEVPIPEMGQNGQKKYQINLKSHSGPIHVLL-------- 
E2F1_105-305    251 IADPAEQMVMVIKAPPETQLQA------VDSSENFQISLKSKQGPIDVFLCPEETVGG 
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E2F4_Homo sapiens     9 PPPPGTPSRHEKSLGLLTTKFVSLLQEAKDGVLDLKLAADTLAVRQKRRIYDITNVLEGI 

E2F4_Mus musculus     9 PPPPGTPSRHEKSLGLLTTKFVSLLQEAKDGVLDLKLAADTLAVRQKRRIYDITNVLEGI 
E2F4_Gallus gallus   23 SGGAGAPSRHEKSLGLLTTKFVSLLQEAKDGVLDLKLAADTLAVRQKRRIYDITNVLEGI 
E2F4_Xenopus laevis   6 -QLTVTPSRHEKSLGLLTSKFVSLLQEAEDGVLDLKAAADTLAVRQKRRIYDITNVLEGI 
E2F4_Danio rerio     16 SLQPQTPSRHEKSLGLLTTKFVTLLQEAKDGVLDLKAAADTLAVRQKRRIYDITNVLEGI 
E2F5_Homo sapiens    42 GGAGGGSSRHEKSLGLLTTKFVSLLQEAKDGVLDLKAAADTLAVRQKRRIYDITNVLEGI 

E2F5_Mus musculus    32 AALAGGSSRHEKSLGLLTTKFVSLLQEAQDGVLDLKAAADTLAVRQKRRIYDITNVLEGI 
E2F5_Gallus gallus    8 -AGGGGSSRHEKSLGLLTTKFVSLLQEAKDGVLDLKVAADALAVRQKRRIYDITNVLEGI 
E2F5_Xenopus laevis   5 ---AGASSRHEKSLGLLTSKFVSLLQEAKDGVLDLKVAADSLAVRQKRRIYDITNVLEGI 
E2F5_Danio rerio     11 HSTPNGSSRHEKSLGLLTVKFVTLLQEAKDGVLDLKVAADSLAVKQKRRIYDITNVLEGI 
E2F1_Homo sapiens   119 VKSPGEKSRYETSLNLTTKRFLELLSHSADGVVDLNWAAEVLKV-QKRRIYDITNVLEGI 

E2F1_Mus musculus   114 VKSPGEKSRYETSLNLTTKRFLELLSRSADGVVDLNWAAEVLKV-QKRRIYDITNVLEGI 
E2F1_Gallus gallus   96 AKSPGEKSRYETSLNLTTKRFLELLSQSPDGVVDLNWAAEVLKV-QKRRIYDITNVLEGI 
E2F1_Xenopus laevis 111 LKSPGERSRYDTSLHLTTKRFLELLSQSTDGVVDLNLAAQVLNV-QKRRIYDITNVLEGI 
E2F1_Danio rerio    109 PKLAVEKSRYDTSLNLTTKRFLDLLAQSPDGVVDLNWASQVLDV-QKRRIYDITNVLEGI 
E2F2_Homo sapiens   121 PKSPGEKTRYDTSLGLLTKKFIYLLSESEDGVLDLNWAAEVLDV-QKRRIYDITNVLEGI 

E2F3_Homo sapiens   170 PKSPSEKTRYDTSLGLLTKKFIQLLSQSPDGVLDLNKAAEVLKV-QKRRIYDITNVLEGI 
E2F6_Homo sapiens    56 -ALKVKRPRFDVSLVYLTRKFMDLVRSAPGGILDLNKVATKLGV-RKRRVYDITNVLDGI 
consensus                  ..  .*...**...*..*..*.... .*..**. ....*.*..***.*******.** 
 
 

 
 
E2F4_Homo sapiens    69 GLIEKKSKNSIQWKGVGPGCNTREIADKLIELKAEIEELQQREQELDQHKVWVQQSIRNV 
E2F4_Mus musculus    69 GLIEKKSKNSIQWKGVGPGCNTREIADKLIELKAEIEELQQREQELDQHKVWVQQSIRNV 
E2F4_Gallus gallus   83 GLIEKKSKNSIQWKGVGPGCNTREIAHKLIELKADIEDLEQQEQELEKQKMWVQQSIKNV 

E2F4_Xenopus laevis  65 GLIEKKSKNSIQWKGVGPGCNTREIADKLIDLKAELADLEQREQELDQQRVWVQQSIKNV 
E2F4_Danio rerio     76 GLIEKKSKNSIQWKGVGPGCNTREIADKLIDLKLELEDLDRREHELDQQRVWVQQSIKNV 
E2F5_Homo sapiens   102 DLIEKKSKNSIQWKGVGAGCNTKEVIDRLRYLKAEIEDLELKERELDQQKLWLQQSIKNV 
E2F5_Mus musculus    92 DLIEKKSKNSIQWKGVGAGCNTKEVIDRLRCLKAEIEDLELKERELDQQKLWLQQSIKNV 
E2F5_Gallus gallus   67 DLIEKKSKNSIQWKGVGAGCNTKEVVDRLRYLEAEIEDLELKEKELDQQKLWLQQSIKNV 

E2F5_Xenopus laevis  62 GLIEKKSKNSIQWNGVGAGCNTKEVLDRLRNLKAEIEDLELKEKELDQQKAWLQQSIKNV 
E2F5_Danio rerio     71 GLIEKKTKNTIQWKGESTGCQPQEVLEQVELLKANIADLELQERELDMQKACLQQSIKQL 
E2F1_Homo sapiens   178 QLIAKKSKNHIQWLGSHTT---VGVGGRLEGLTQDLRQLQESEQQLDHLMNICTTQLRLL 
E2F1_Mus musculus   173 QLIAKKSKNHIQWLGSHTM---VGIGKRLEGLTQDLQQLQESEQQLDHLMHICTTQLQLL 
E2F1_Gallus gallus  155 QLITKKSKNNIQWLGSQVA---AGASSRQRLLEKELRDLQAAERQLDDLIQTCTVRLRLL 

E2F1_Xenopus laevis 170 HLIAKKNKNHIQWLGYTSS---VEYSSRFQSVLKECQKLEDQEKQLDELIHMCNTQLKLF 
E2F1_Danio rerio    168 HLISKKSKNNIQWLGNRID---GASLARFQELQKEVSELTEAEEKLDELINKCSLQLRLL 
E2F2_Homo sapiens   180 QLIRKKAKNNIQWVGRGMFED-PTRPGKQQQLGQELKELMNTEQALDQLIQSCSLSFKHL 
E2F3_Homo sapiens   229 HLIKKKSKNNVQWMGCSLSED-GGMLAQCQGLSKEVTELSQEEKKLDELIQSCTLDLKLL 
E2F6_Homo sapiens   114 DLVEKKSKNHIRWIGSDLS-N-FGAVPQQKKLQEELSDLSAMEDALDELIKDCAQQLFEL 

consensus                *..**.**...*.*.. ....... ...  ..... .*.  *..*.. . ......... 
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Supplemental Table S1: Sequences of oligonucleotides used for cloning
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