
Developmental Cell, Volume 40
Supplemental Information
The APC/C Coordinates Retinal Differentiation

with G1 Arrest through the Nek2-Dependent

Modulation of Wingless Signaling

Torcato Martins, Francesco Meghini, Francesca Florio, and Yuu Kimata

















Supplemental Movies 

Supplemental Movie 1, Related to Figure 1. – Z-sections animation to show the ordered epithelial structure of 

the Control eye imaginal disc. The eye imaginal disc on the left shows the CycB (green) staining to identify the 

G1 arrest region (absence of CycB signal) and ELAV for the differentiated photoreceptors (red). The right image 

shows the nuclei (DAPI, blue) organisation on the control epithelium. The Z-step interval is 2 µm. 

Supplemental Movie 2, Related to Figure 1. - Z-sections animation to show the epithelial structure of the 

ey>cdc16RNAi1 eye imaginal disc. The eye imaginal disc was stained for CycB (green) to identify the G1 arrest 

region (absence of CycB signal) and for the differentiated photoreceptors (ELAV, red). The right image shows 

the nuclei (DAPI, blue) organisation on the ey>cdc16RNAi1 epithelium. The Z-step interval is 2 µm. 

Supplemental Movie 3, Related to Figure 1. - Z-sections animation to show the epithelial structure of the 

ey>cdc16RNAi1:P35 eye imaginal disc stained for CycB (green) and ELAV (red). Inhibition of apoptosis in the 

absence of cdc16, disrupts the MF formation and the eye disc epithelium present several disorganised folds. The 

appearance of different folds is clearer on the nuclear organisation (DAPI, blue, right panel). The Z-step interval 

is 2 µm. 

Supplemental Experimental Procedures 

Antibodies 

The following antibodies were obtained and used at the indicated dilution for immunofluorescence or western 

blotting: mouse anti-CycA (Developmental Studies Hybridoma Bank, DSHB, A12, 1:100), mouse anti-CycB 

(DSHB, 1:100), rat anti-ELAV (DSHB, 1:250), rabbit anti-PH3 (Upstate, 1:750), rabbit anti-β-Gal (Cappel, 

1:2000), mouse anti-GFP (Sigma-Aldrich, 11814460001, 1:1.000), mouse anti-Dll (Duncan et al., 1998), rabbit 

anti-pMad (Phospho-Smad1/5 (Ser463/465), Cell Signaling, 1:1000), mouse anti-Cdc2 (PSTAIR, Sigma, 1:2000) 

and anti--tubulin (Sigma-Aldrich, T6199, 1:1000). 
 

Drosophila strains and husbandry 

All crosses were raised at 25°C under standard conditions unless stated otherwise. The following Drosophila lines 

were used: Oregon R (as the wild type), ey-Gal4, GMR-Gal4, Dpp-Gal4, dac-Gal4(Tavsanli et al., 2004), pUbq-

GFP-Cdc16 (Huang and Raff, 2002), UAS-TkvQD (Nellen et al., 1996), Fz3-RFP (Olson et al., 2011) and NRE-

GFP (gift from Sarah Bray) and UAS-Dacapo (Lane et al., 1996). The following fly stocks were obtained from 

Bloomington Drosophila Stock Center (BDSC): UAS-P35 (#5072), Dpp-lacZ (#8411), UAS-myrRFP (#7118), 

UAS-dNek2RNAi2 (#28600), UAS-Cdc27RNAi1 (#31716), Df(3L)H99 (#1576), UAS-Dicer2 (#24650) and hairy-

Gal4 (#1734). The UAS-dNek2 (F001561), UAS-dNek2-3xHA (F000751) and UAS-Dsh (F001519) lines were 

obtained from FlyORF (Bischof et al., 2013). The other RNAi lines used were obtained from the Vienna 

Drosophila RNAi Center (VDRC) and the reference can be found on the Table S1. Not listed in the Table S1: 

dNek2RNAi1 (#KK103408), TkvRNAi (#GD3059) and CycARNAi (#GD32421). pUbq-dNek2-GFP and UAS-

dNek2-GFP lines were generated using the embryo injection service at the Fly Facility at Department of Genetics, 

University of Cambridge. 

 

Immunostaining of Drosophila eye imaginal discs 

Third instar imaginal discs were dissected in PBS and fixed in 3.7% formaldehyde for 30 minutes. Triple washed 

with PBS-Triton 0.1% and incubated with the primary antibodies diluted in PBST overnight at 4ºC. After another 

three washes in PBST, incubated with the appropriate Alexa-Fluor conjugated secondary antibodies (Molecular 

Probes) and DAPI for 2 hours at RT and after three washes the eye discs were mounted in 50% Glycerol. Images 

were taken using the Nikon C2 confocal microscope and processed using the NIS-Elements software or image J 

and were assembled with Adobe Photoshop. 

 

Mitotic recombination 

Mitotic recombination was induced using the Flp/FRT method (Xu and Rubin, 1993). TkvQD, TkvRNAi, 

myrRFP or Dacapo clones were induced by heat shock (1 hour at 37°C) at 72 hours after egg-laying and dissected 

and analysed 48h after the heat shock. 

 

Plasmid DNA construction 

The cDNA clone of dNek2 was obtained from Drosophila Genomics Resource Center (DGRC) anad the entry 

clone encoding the full-length dNek2 open reading frame was generated using the Gateway System (Thermo 

Fisher Scientific). All the expression constructs used were generated by the LR reaction with suitable destination 

vectors following the manual provided by the manufacturer. The dNek2 mutant constructs were generated by 



QuickChange Site-Directed Mutagenesis Kit (Agilent Technologies) using the dNek2 entry clone as a template. 

To generate the D-box mutant forms of dNek2, the first and forth amino acids in the five D-box consensus 

sequences (RxxL) were mutated to alanine. The single D-box mutants were generated by mutating one D-box at 

a time: dNek2-1D1 (position 277-280), dNek2-1D2 (position 355-358), dNek2-1D3 (position 634-637), dNek2-

1D4 (position 695-698) and dNek2-1D5 (position 715-718). dNek2-5D was generated by sequential mutation of 

all D-box motifs. dNek2-MR was generated by mutating the first amino acids of the MR motif in position 714-

715 to alanine. The kinase dead mutant, dNek2-K48M, was generated by mutating the lysine at position 48 to 

methionine (Schertel et al., 2013). The dNek2 constructs used for the in vitro destruction assays were generated 

by recombining the dNek2 entry clones with the destination vector pET23b. All DNA sequences were confirmed 

by DNA sequencing service by Source Bioscience. 

The following primers were used: 

(For generation of the gateway entry clone of dNek2) 

attB-F: GGGGACAAGTTTGTACAAAAAAGCAGGCTTCATGAGCGGAGAGGAATCTGC 

stop attB-R: GGGGACCACTTTGTACAAGAAAGCTGGGTCTCAGATCACCATCTGGTCGC 

nostop attB-R: GGGGACCACTTTGTACAAGAAAGCTGGGTCGATCACCATCTGGTCGCGCG 

(For the generation of the mutant forms of dNek2) 

1Dm-F: GCATCGAGGTTATCATTGCGCATCCTGCGGTGGTGCGTAATATTAGC 

1Dm-R: TAATATTACGCACCACCGCAGGATGCGCAATGATAACCTCGATGCGT 

2Dm-F: TGTTTACTCCAGATTTGGCAAGTGAAGCCTTCTACTCCGCCAAGCGC 

2Dm-R:GCTTGGCGGAGTAGAAGTCTTCACTTGCCAAATCTGGAGTAAACACA 

3Dm-F:CTGCAACTCGCGTGCAGGCACCTCCTGCGGCCGTCAAGCCACCGATC  

3Dm-R:TCGGTGGCTTGACGGCCGCAGGAGGTGCCTGCACGCGAGTTGCAGCT 

4Dm-F: GACCCGGAGGAGCACGTGCCCAGCATGCGCGGCAATCGGTGAGGGAA 

4Dm-R: CCCTCACCGATTGCCGCGCATGCTGGGCACGTGCTCCTCCGGGTCCA 

5Dm-F: TGCAGCGGAACCGCATGGCGAGGTCTGCGGTGGTGGCCACTGGCCAT 

5Dm-R: GGCCAGTGGCCACCACCGCAGACCTCGCCATGCGGTTCCGCTGCAGC 

MR-F: CGCTGCAGCGGAACCGCGCGGCGAGGTCTTTGGTGGTGGCC 

MR-R: CCACCACCAAAGACCTCGCCGCGCGGTTCCGCTGCAGCGTG 

K48M-F: GTGAATTGTTCGCCTGGATGGGAATGAACTACGATGAAC 

K48M-R: TCATCGTAGTTCATTCCCATCCAGGCGAACAATTCACCG 

 

Cell culture, DNA and dsRNA transfection 

Drosophila D.mel-2 cells (Life Technologies) were grown at 25°C in Express Five SFM medium (Life 

Technologies) supplemented by 2 mM L-glutamine and 1% Penicillin-Streptomycin. DNA transfections were 

carried out using FuGENE-HD (Promega) according to the manufacturer’s instructions. Stably-expressing cell 

lines were produced by co-transfecting expression plasmids with pCoBlast (Life Technologies) and selecting 

transgenic cells by regular addition of Blasticidin (Life Technologies) to the culture medium at a final 

concentration of 30 μg/ml. For RNAi experiments, double-stranded RNA (dsRNA) was produced using the 

T7RiboMAX Express RNAi System (Promega). dsRNA transfection was carried out in 6 well plates, using 10 μg 

dsRNA per 1x106 cells with Transfast transfection reagent (Promega) according to the manufacturer’s 

instructions. Two rounds of dsRNA transfection were performed to efficiently deplete endogenous Fzr in D.mel-

2 cells, whereas one round of dsRNA was performed to deplete Apc4.  

The following primers were used to generate generate dsRNA. 

kanR-F: TAATACGACTCACTATAGGGAGAGACAATCTATCGCTTGTATG 

kanR-R: TAATACGACTCACTATAGGGAGAGGAATCGAATGCAACCGGCGC 

Fzr-F: TAATACGACTCACTATAGGGAGAATGTTTAGTCCCGAGTAC 

Fzr-R: TAATACGACTCACTATAGGGAGACGCTCTGCAGGGTATGAA 

Apc4-F: TAATACGACTCACTATAGGGAGAATGGCACAAACGAGCTCC 

Apc4-R: TAATACGACTCACTATAGGGAGACGCATTATCACCACCAGA 

 

Preparation of recombinant Drosophila Fzr and S. pombe Mes1 protein 

The recombinant S. pombe Mes1 protein was purified as previously described (Kimata et al., 2008) and used at 

the final concentration of 2.0 µM as an APC/CFzy inhibitor in the mitotic destruction assays. The recombinant His 

tag fused Drosophila Fzr protein was expressed in Hi Five cells (Thermo Fisher) at Baculovirus Facility at 

University of Cambridge, purified using Ni-NTA agarose (QIAGEN) and was used at the final concentration of 

172 nM in interphase extracts.  
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