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EXTENDED EXPERIMENTAL PROCEDURES 

See Table S3 for a list of all DNA constructs and peptides used in this study. 

 

Protein Purification: 

Different forms of human or drosophila WRC were purified essentially as previously 

described for the mini-WRC (Chen et al., 2010; Ismail et al., 2009). Briefly, MBP tagged 

WAVE1, Abi2 and HSPC300 were separately expressed in BL21 (DE3) T1
R
 and purified 

using amylose affinity beads (New England Biolabs) in the lysis buffer (20 mM Tris-HCl, 

200 mM NaCl, 1 mM EDTA and 5mM beta-mercaptoethanol, pH8.5). The MBP-tagged 

WAVE1-H6-FL was expressed in ArcticExpress
TM

 (DE3)RIL cells (Stratagene) at 10 C 

and purified by amylose affinity beads followed by Ni-NTA affinity beads to remove 

truncated proteins. Purified WAVE1, Abi2 and HSPC300 were then mixed in the 

presence of 1% (w/v) NP40 (plus 2 M urea for drosophila proteins), and protease 

inhibitors overnight at 4 C to form a WAVE1/Abi2/HSPC300 trimeric subcomplex, 

which was further purified by a Source Q15 column (GE Healthcare). His6 tagged Sra1 

and Nap1 were expressed in SF9 and Hi5 cells, respectively. The cells were co-lysed in 

WRC buffer (20 mM Tris-HCl, 200 mM NaCl, 20% (w/v) glycerol, and 5 mM beta-

mercaptoethanol, pH 8.5) by one cycle of slow freezing/thawing in ice water to produce 

the Sra1/Nap1 dimeric subcomplex, which was purified using Ni-NTA agarose beads 

(Qiagen) and a Source Q15 column. The WAVE1/Abi2/HSPC300 trimer was then mixed 

with the Sra1/Nap1 dimer and further purified by amylose affinity beads to remove 

excess dimer. For drosophila WRC, an additional Ni NTA affinity purification was used 

to remove unincorporated trimer. The resulting WRC pentamer was treated with Tev 
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protease to remove the MBP and His6 tags and finally purified by Source Q15 column 

and Superdex200 columns. For the di-MBP (2MBP) tagged WRC, the 2MBP tag was not 

removed as 2MBP-HSPC300 lacks a Tev cleavage site. 

 

GST tagged cytoplasmic tails of different transmembrane proteins were expressed in 

BL21 (DE3) T1
R
 or ArcticExpress

TM
 (DE3)RIL cells and purified using glutathione 

sepharose beads. The proteins were either directly used for pull down assays or further 

purified using Source Q15 and/or Source SP15 columns and finally a superdex200 gel 

filtration column. Proteins used in pyrene-actin polymerization assays were treated with 

Tev protease to remove the GST tag and further purified by Source Q15 and/or Source 

SP15 columns and finally a superdex75 gel filtration column. 

 

Other proteins, including Arp2/3 complex, actin, VCA, Rac1 and Tev protease, were 

purified as previously described (Ismail et al., 2009). 

 

Pull-down Assays: 

MBP pull down was performed by mixing 60 pmol of 2MBP tagged WRC and 5- to 10-

fold excess prey proteins with 15 L of amylose beads in 1 mL of binding buffer (20 mM 

HEPES, 120 mM NaCl, 5% (w/v) glycerol, 1 mM EDTA and 5 mM beta-

mercaptoethanol, pH 7) at 4 C for 30 min. The beads were centrifuged and washed three 

times. Bound proteins were eluted with 0.5% (w/v) maltose added in binding buffer, and 

examined by SDS-PAGE. 
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GST pull down was performed similarly, using 60 pmol of GST-tagged bait and 2-5 fold 

excess prey proteins with 20 L of glutathione sepharose beads in 1 mL of binding buffer 

at 4 C for 30 min, followed by three washes. Bound proteins were eluted with GST 

elution buffer (100 mM Tris-HCl, 120 mM NaCl, 5% (w/v) glycerol, 1 mM EDTA, 5 

mM beta-mercaptoethanol and 30 mM reduced glutathione, pH 8.5) and examined by 

SDS-PAGE. 

 

Mouse Brain Lysate Pull-down and Co-immunoprecipitation Assay: 

Frozen whole brain (unstripped) from adult mouse (Pel-Freez Biologicals) was lysed on 

ice using a dounce homogenizer in 10 fold (v/w) of co-IP buffer (50 mM Tris-HCl, 150 

mM NaCl, 5% (w/v) glycerol, 1% (w/v) NP40, 1 mM EDTA, 1 mM PMSF, 5 µg/mL 

Leupeptin, 5 µg/mL Antipain and 5 mM Benzamidine, pH 7.6), followed by rotary 

mixing at 4 C for 1 hr. The brain lysate was clarified by centrifugation at 50 krpm (180 

kg) in a Ti70 rotor at 4 C for 1 hr. The clarified lysate was aliquoted and flash frozen. 

Before each experiment, an aliquot of lysate was thawed and clarified again by 

centrifuging at 16 kg at 4 C for 10 min.  

 

GST pull down from the mouse brain lysate was performed by mixing clarified lysate 

(containing 1 mg total protein measured by the BCA method) with 60 pmol of purified 

GST-mPCDH10 CTshort (879-1040) and 20 L of glutathione sepharose beads in 0.5 mL 

of co-IP buffer at 4 C for 1 hr. The beads were washed 3 times in a spin column and 

boiled in 50 L of 2X SDS-PAGE buffer. 
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For co-immunoprecipitation, the brain lysate was pre-treated with protein A/G PLUS 

beads (Santa Cruz Biotech) at 4 C for 1 hr. The pre-treated lysate (containing 1 mg of 

total protein) was mixed with 8 g of anti-WAVE1 rabbit polyclonal antibody (Sigma-

Aldrich, W0392), 10 L of protein A/G PLUS beads in 0.5 mL of co-IP buffer at 4 C for 

1-2 hr or overnight. After washing the beads three times in a spin column, the bound 

proteins were eluted by gentle vortexing in 50 L of co-IP buffer supplemented with 4 

mM peptide A at 4 C overnight. The eluted proteins were resolved by SDS-PAGE, 

transferred to PVDF membrane, and blotted for WAVE1 (Neuromab, clone K91/36), 

Sra1 (Upstate, 07-531), PCDH10 (Sigma-aldrich, HPA011220), or ROBO1 (Sigma-

aldrich, SAB2501464). 

 

The WIRS peptides (WT and AA) used for competition co-IP were synthesized by 

Abgent or the UTSW Protein Chemistry Core, and dissolved in 200 mM Tris-HCl, pH 

7.6, with the final pH adjusted to 7 using NaOH. Both peptides were heated at 70 C for 

~5 minutes to aid dissolution. The dissolved peptides (25 mM for the WT and 20 mM for 

the AA) were filtered through a 0.2 m pore-size syringe filter, aliquoted and flash frozen. 

Before use, the peptides were thawed and heated at 70 C briefly. 

 

The GST-hPCDH10 CTshort (879-1040, WT and AA) used for competition co-IP were 

purified by glutathione sepharose beads, and dialyzed against 20 mM Tris-HCl, 150 mM 

NaCl, 1 mM EDTA, 5% (w/v) glycerol, 1 µg/mL Leupeptin, 1 µg/mL antipain and 1 mM 

Benzamidine, pH 7.6. After spin-concentration in a 10-kDa MWCO concentrator 

(Amicon Ultra) to achieve >1 mM final concentrations, the proteins were aliquoted for 



Chen et al 

 6 

single use and flash frozen. 

 

Protein Crystallography and X-ray Diffraction Data Collection:  

Crystals of the WRC/WIRS complex were grown at 4 C by hanging-drop vapor 

diffusion methods under similar conditions to those used previously for apo-miniWRC 

(Chen et al., 2010). The seleno-WIRS peptide (WGAERSM*STFGKEKA, M* = 

selenomethionine, synthesized by Abgent) was dissolved in degassed buffer (100 mM 

Tris-HCl, 50 mM NaCl, and 20 mM TCEP) at a final concentration of 26.5 mM, 

aliquoted and flash frozen. MiniWRC (~10 mg/ml or 30 M, with Sra1 and Nap1 

selenomethionine labeled) was mixed ~1:100 molar ratio with the seleno-WIRS peptide, 

and then mixed 1:1.8 (v/v) with mother liquid containing 100 mM Tris-HCl, 10 % (w/v) 

glycerol, 4 % PEG 10,000, 12-20 % PEG 300, 2 mM TCEP and 2 mM EDTA, pH 8.5. 

Crystals grew in the P212121 space group and diffracted to 2.43 Å at the ID19 beamline at 

the Advanced Photon Source, Chicago. Data were processed and scaled using the 

HKL3000 suite (Minor et al., 2006).  

 

Phase Determination and Structure Refinement:  

The initial phases of the WRC/WIRS complex were determined by molecular 

replacement from the structure of the apo miniWRC, using the program suite PHENIX 

(Adams et al., 2010). The structural model was manually corrected with Coot (Emsley et 

al., 2010) and refined to Rwork/Rfree = 0.184/0.209 with PHENIX. Data collection and 

refinement statistics are shown in Table S2. The electron density for the WIRS peptide 

was verified by omit maps generated by PHENIX. 
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Isothermal Titration Calorimetry: 

Proteins used for ITC (PCDH10 CTshort (879-1040) and 2MBP-miniWRC) were 

supplemented with 300 mM NaCl and concentrated using Amicon Ultra centrifuge 

concentrators. The proteins were then dialyzed against ITC buffer (20 mM Tris-HCl, 120 

mM NaCl, 10% (w/v) glycerol, 1 mM EDTA and 1 mM DTT, pH 8.0) for three days. 

The ITC experiment was performed using a VP-ITC microcalorimeter (Microcal) at 

20 °C, with 39.4 M mPCDH10 CTshort titrated into 4 M 2MBP-miniWRC. Data were 

analyzed and fit to a single-site binding model using Origin 7 (Microcal). 

 

Fluorescence Anisotropy Measurement: 

Fluorescence anisotropy assays were conducted using a PTI Fluorimeter (Photon 

Technology International). A synthetic FITC-labeled WIRS peptide (FITC- 

GAERSFSTFGKEKA) was used as the fluorescence anisotropy probe (ex = 495 nm, em 

= 521 nm). Ivh and Ivv were averaged from > 20 readings over 2 minutes. G factor was 

calculated as G = (Ihv samaple – Ihv buffer)/(Ihh sample – Ihh buffer), and anisotropy was calculated 

using r = (Ivv – G * Ivh)/(Ivv + 2G * Ivh). All protein samples were dialyzed or desalted 

into KMEI20Gd buffer (10 mM Imidazole, 50 mM KCl, 1 mM MgCl2, 1 mM EGTA, 

20% (w/v) glycerol and 1mM DTT, pH 7.0) before use. In direct binding measurement, 

2MBP-WRC was titrated into 50 nM FITC-WIRS in 200 μL of reaction. The anisotropy 

data were fit using a single-site 1:1 binding model to obtain KD. In competition 

measurements, purified cytoplasmic tails of different WIRS proteins were titrated into 

120 μL of reactions containing 350 nM 2MBP-WRC and 50 nM FITC-WIRS . The 
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binding curves were fit to obtain the dissociation constant KD using a complete solution 

for competitive binding to a single site on a receptor (Wang, 1995).  

 

Beads Clustering Experiment: 

NIH 3T3 cells stably expressing Sra1-YPet (Nguyen and Daugherty, 2005) were 

generated using MML (Moloney Murine Leukemia) viruses by standard procedures. 

Due to low expression levels of Sra1-YPet, stable cells were sorted to enrich for higher 

fluorescence (top 20% of cell population) using FACS (UTSW Flow Cytometry Core). 

The sorted cells were maintained and transfected using Lipofectamine 2000 (Invitrogen) 

to express CD16-CD7-CT-mCherry chimeric receptors (Kolanus et al., 1993), composed 

of the extracellular domain of CD16, the transmembrane domain of CD7, the cytoplasmic 

tail (CT) of PCDH10, PCDH17, or neuroligin1, and mCherry at the C terminus. At 24 hr 

post transfection, 1 g/ml anti-human-CD16 monoclonal mouse antibody (Invitrogen) 

was added to cells for 1 hr. Cells were washed 2 times with pre-warmed medium before 

addition of 4.5x10
5
 Dynal beads (coated with M-280 Sheep anti-Mouse IgG (Invitrogen) 

washed with serum-free medium before use) per 1 mL of medium for 1 hr. Cells were 

fixed using 4% paraformaldehyde in cytoskeletal buffer solution (10 mM MES, 138 mM 

KCl, 10 mM EGTA, and 3 mM MgCl2, pH 6.1) for 15 min at room temperature. Fixed 

cells were washed 4 times with PBS before mounting in Prolong Gold Antifade. 

 

Imaging and Analysis: 

Beads clustering chimeric receptors were imaged using a Zeiss LSM 510 Meta 

microscope, with 488 nm and 563 nm lasers for YPet and mCherry, respectively. Images 
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were line-averaged 8 times and Z-stacks spanning 1.6 mm were taken with Z-spacing of 

0.4 mm. Images showing beads that clustered receptor-tails (enriched mCherry signal) 

were cropped and the best focal plane was chosen for blind-scoring by a naïve individual 

for whether the WRC was correspondingly recruited at the same focal plane (enriched 

YPet signal). An average of 40 total beads was imaged for the wild type tails and 20 for 

the mutant tails. The percentage of beads that successfully recruited Sra1-YPet was 

calculated (scored positive/total) and reported as an average from multiple experiments. 

Four to six repeats (n) of each experiment were performed for each receptor-tail. P values 

from Student’s t-test were calculated using the program, R.  

 

Drosophila Genetics: 

All strains and crosses were grown on Drosophila standard medium. All crosses were 

performed at 25 °C. The following strains were used (Stephan et al., 2011): FRT82B 

abi20
68E

, FRT82B abi20, UAS-dAbi
68E

, elav
C155

Gal4 and daGal4 (Boomington Stock 

Center). UAS-dAbi
68E

 wild type (WT), UAS-dAbi
68E

-AW (R118A/G122W), UASp-

dAbi
68E

-WT and UASp-dAbi
68E

-AW transgenes were generated by C31-integrase-

mediated integration into the landing site M{3xP3-RFP.attP’}ZH-68E (Bischof et al., 

2007). Mutant dAbi (R118A/G122W) was generated by in vitro mutagenesis (Stratagene) 

of the Gateway Entry vector (Invitrogen) pENTR D-TOPO-dAbi using the following 

primers: R118A/G122W sense: AAG GAG AAG GTG GCC GCG AGA GAG ATT 

TGG GTG CTT ACG GCT AAC, and antisense: GTT AGC CGT AAG CAC CCA AAT 

CTC TCT CGC GGC CAC CTT CTC CTT. The mutant abi insert was sequenced and 

cloned into the pUASTattB rfA and pUASPattB rfA (Drosophila Genomics Resource 
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Center, DGRC), respectively by LR in vitro recombination (Invitrogen). Western blot 

analysis was used to examine the expression of dAbi and dWAVE in corresponding 

brains as previously described (Stephan et al., 2011). Essentially, equal amounts of 

protein lysates (from four brains) were separated by SDS-PAGE (10%) and blotted using 

rabbit -dAbi (1:100, affinity purified polyclonal antibody raised against the C-terminal 

peptide of dAbi: SHIGMHTLGRNINR (Davids Biotechnology), guinea pig -dWAVE 

(1:1000; Bogdan et al., 2005) or mouse -tubulin (1:400, E7, Developmental Studies 

Hybridoma Bank). To test fertility, two females of indicated genotypes were mated with 

three wild type males. The number of offspring was counted after 15 days. 

 

Immunohistochemistry:  

Brains of third instar wandering larvae were dissected and stained as previously described 

(Stephan et al., 2011). Primary antibodies were used at the following dilutions: mouse 

mAB24B10: 1:40 (-Chaoptin, Developmental Studies Hybridoma Bank), rabbit --

Galactosidase: 1:1000 (Cappel); rabbit -mouse/rabbit-Alexa488/647: 1:1000 (Molecular 

Probes). Wild type ovaries (w
1118

) and ovaries from rescued abi20 mutant females 

(abi20, da-Gal4/abi20, UASp-dAbi-WT; and abi20, da-Gal4/abi20, UASp-dAbi-

AW) were dissected in cold PBS, fixed in 4% paraformaldehyde in PBS for 20 min, and 

stained as previously described (Bogdan et al., 2005). The following fluorescent markers 

were used: Alexa-Fluor-488 phalloidin 1:100 (Invitrogen) and DAPI 1:1000 (Invitrogen). 

Fluorescent images were collected on a Zeiss (Jena, Germany) LSM510 confocal system 

with Zen software (Zen 2008). SIM images were obtained using an ELYRA S.1 

Microscope (CellObserver SD, 63×/1.4 oil-immersion objective; Zeiss, Germany) with 
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Zen 2010 D. Images were processed with Adobe Photoshop and ImageJ. Quantification 

was performed in a blind fashion after 3D reconstruction. 
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Figure S1. PCDH10 Cytoplasmic Tail Directly Interacts with the WRC, Related to 

Figure 1. 

 

 

 

(A) Gel filtration chromatography of samples containing 4 M 2MBP-WRC and/or 15 

M mPCDH10 CT (879-1040). A 24-mL Superdex200 column was used and 

equilibrated with 20 mM Tris-HCl, 50 mM NaCl, 5% (w/v) glycerol, 1 mM DTT, pH 8.5. 

Commassie blue stained SDS-PAGE gels are shown for the corresponding fractions of 

the 2MBP-WRC + PCDH10 CT samples (middle panel) and the 2MBP-WRC samples 

(bottom panel). 

(B) Isothermal titration calorimetry of PCDH10 CT (879-1040, 39.4 M) titrated into 
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2MBP-miniWRC (4 M) in buffer containing 20 mM Tris-HCl, 120 mM NaCl, 10% 

(w/v) glycerol, 1 mM EDTA, 1 mM DTT, pH 8.0 at 20 °C. Top and bottom panels (black 

squares) show raw and integrated heat from injections, respectively. The red curve in the 

bottom panel represents a fit of the integrated data to a single-site binding model.  
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Figure S2. Structural Comparison of the Apo-WRC and WIRS-bound WRC, 

Related to Figure 2. 

 

 

C superimposition of apo miniWRC (PDB ID: 3P8C, blue) and miniWRC bound to the 

WIRS peptide (orange) (C root mean squared deviations = 0.31 Å). The majority of the 

structures are essentially identical, except for small changes at the N-terminus of the 

WAVE1/Abi2/HSPC300 four-helix bundle (red arrows, and red dotted circle in the right 

panel). The HSPC300 helix has marginal changes, but the N-termini of the WAVE1 helix 

and the Abi2 helices shift by 3-7 Å. Whether this conformational change is induced by 

the WIRS binding or by crystal packing is not known. 



Chen et al 

 31 

Figure S3. Cytoplasmic Tails of PCDH10, PCDH17 and Neuroligin-1 Bind the WRC 

with Different Affinities, Related to Figure 6. 

 

 

(A-C) Commassie blue stained SDS-PAGE gels show that the wild type 2MBP-WRC 

(WT) but not a mutant (AW, or R106A/G110W) selectively retained GST-tagged 

cytoplasmic tails of PCDH10 (A), PCDH17 (B) and Neuroligin-1 (C) (WT for wild type, 

AA for tails with the conserved T/S-F in the WIRS motif mutated to A-A). Triangles 
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indicate proteins bound to the WRC. In (C) the boxed areas are contrast enhanced in the 

lower panels to better visualize bound GST-Neuroligin-1; bottom panel shows a western 

blot against the GST tag to further enhance the contrast. 

(D) Fluorescence anisotropy direct binding assay, in which 2MBP-WRC was added to 

FITC-labeled PCDH10 WIRS peptide. Changes in fluorescence anisotropy (black dots) 

were used to calculate KD (solid line for the fitted curve, see also Extended Experimental 

Procedures). 

(E) Fluorescence anisotropy competition assays, in which FITC labeled PCDH10 WIRS 

peptide pre-bound to 2MBP-WRC was displaced by addition of indicated cytoplasmic 

tails of WIRS proteins. KD was estimated by fitting to a complete solution for 

competitive binding to a single site on a receptor (Wang, 1995). Black fitted curves are 

for the wild type proteins (WT) and the red data points are for the mutant proteins (3Ala 

or F1000A/T1002A/F1003A for PCDH10 CT, and AA or T816A/F817A for NusA-

tagged Neuroligin-1 CT). The binding buffer contains 10 mM Imidazole, 50 mM KCl, 1 

mM MgCl2, 1 mM EGTA, 20% (w/v) glycerol and 1mM DTT, pH 7.0, which may 

explain why the derived KD of the PCDH10 CT was ~3-4 fold lower than the one from 

the isothermal titratration calorimetry assay (fig. S2) – the latter was performed with 

higher salt concentrations (120 mM NaCl). 
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Figure S4. Disruption of the WIRS Binding Site of the WRC Impairs Optic Lobe 

Development in Flies, Related to Figure  7. 

 

 

(A) Western blot analysis of brain lysate from third instar larvae of indicated genotypes is 

shown, supporting that re-expression of either the wild type Abi or the mutant dAbi-AW 

(AW for R118A/G122W-Abi) restored expression of WAVE and thus the WRC (Stephan 

et al., 2011). 

(B) Representative third instar optic lobes of indicated genotypes stained with 

mAb24B10 (-chaoptin; photoreceptor neurons), with empty arrows (for gaps) and white 

arrows (for clusters) denoting axonal organization defects. In the developing Drosophila 

visual system, extension of light sensing photoreceptor neuron axons from the eye to the 

brain is a highly stereotyped developmental process (Tayler and Garrity, 2003). In this 

process, photoreceptor axons are organized into many parallel non-overlapping columns 

and eventually terminate at two distinct neuropil areas, the lamina and the medulla (top 
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left). Loss of the WRC by knocking out either abi, wave or kette/Nap1 leads to a similar 

disrupted development of the optic lobe, manifested by overlapping axons that create 

abnormal bundles and gaps in the lamina (Hummel et al., 2000; Stephan et al., 2011) (top 

right). These defects were nearly fully rescued by re-expressing the wild-type dAbi 

(bottom left) but were only partially rescued by the mutant (bottom right). Since the 

WRC is required in neurons of the target area to regulate photoreceptor axon targeting 

non-cell autonomously (Stephan et al., 2011), it remains unclear exactly how the WRC 

controls the targeting of retinal axons into the optic lobe. 

(C-D) Quantification of the axonal defects represented in (B), n = 53 for wild type (WT, 

grey bars) and n = 52 for mutant with disrupted WIRS binding surface (AW, white bars) 

(n: number of analyzed optic lobes). Error bars represent SEM, p values were calculated 

by the Student’s t-test (**: p < 0.005, ***: p < 0.0005). It is clear that in dAbi-AW 

rescued larval brains, significant numbers of abnormal clusters of fasciculating axons and 

large gaps in between were still observed in the lamina, in contrast to the near-complete 

rescue by dAbi wild type. 
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Table S1. Crystallography Data Collection and Refinement Statistics, Related to 

Figure 2. 

 WRC/WIRS seleno
*
 

Data collection  

Space group P212121 

Cell dimensions  

  a, b, c (Å) 97.49, 114.75, 323.61 

  ,,  (°) 90, 90, 90 

Resolution (Å) 50-2.43 (2.48-2.43)
#
 

Rmerge 0.086 (0.54) 

I / I 26 (1.84) 

Completeness (%) 99.6 (98.8) 

Redundancy 6.3 (4.4) 

  

Refinement  

Resolution (Å) 19.98-2.43 

No. reflections 262,551 

Rwork / Rfree 18.4% / 20.9% 

No. nonhydrogen atoms  

  Protein 22,013 

  Water 746 

B-factors  

  Protein 60.4 

  Water 53.6 

R.m.s. deviations  

  Bond lengths (Å) 0.002 

  Bond angles () 0.589 

 

*One crystal was used for the data collection. 

#Values in parentheses are for the highest resolution shell. 
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Table S2. Predicted WIRS-containing Membrane or Membrane-associated Proteins. 

See Excel spreadsheet. 

 

Table S3. DNA Constructs and Peptides Used in this Study. 

Construct name Description
*
 Source or reference 

Sra1 His6-Tev-hSra1 (1-1253, full length), His6-Tev finally removed (Ismail et al., 2009) 

Nap1 His6-Tev-hNap1 (1-1128, full length), His6-Tev finally removed (Ismail et al., 2009) 

WAVE1 MBP-Tev-hWAVE1 (1-178), MBP-Tev finally removed (Ismail et al., 2009) 

miniWAVE1 MBP-Tev-hWAVE1 [(1-186)-(GGS)6-(485-559)], MBP-Tev finally removed (Chen et al., 2010) 

WAVE1-H6-FL 
#1, 2

 MBP-Tev-hWAVE1 [(1-452)-HHHHHH-(457-559)], MBP-Tev finally removed This study 

VCA hWAVE1(485-559) (Ismail et al., 2009) 

WAVE1217
#2

 MBP-Tev-hWAVE1 [(1-217)-(GGS)6-(485-559)], MBP-Tev finally removed This study 

Abi2 MBP-Tev-hAbi2 (1-158), MBP-Tev finally removed (Ismail et al., 2009) 

HSPC300 MBP-Tev-hHSPC300 (1-79) (Full length), MBP-Tev finally removed (Ismail et al., 2009) 

2MBP-HSPC300 MBP-MBP-hHSPC300 (1-79) (Full length) This study 

2MBP-WRC Sra1 + Nap1 +WAVE1 +Abi2 + 2MBP-HSPC300 This study 

2MBP-WRCY923A
#3

 Sra1 (Y923A) + Nap1 +WAVE1 +Abi2 + 2MBP-HSPC300 This study 

2MBP-WRCL1090A
#3

 Sra1 (L1090A) + Nap1 +WAVE1 +Abi2 + 2MBP-HSPC300 This study 

2MBP-WRCE1084A
#3

 Sra1 (E1084A) + Nap1 +WAVE1 +Abi2 + 2MBP-HSPC300 This study 

2MBP-WRCR106A
#3

 Sra1 + Nap1 +WAVE1 +Abi2 (R106A) + 2MBP-HSPC300 This study 

2MBP-WRCR106M
#3

 Sra1 + Nap1 +WAVE1 +Abi2 (R106M) + 2MBP-HSPC300 This study 

2MBP-WRCR107A
#3

 Sra1 + Nap1 +WAVE1 +Abi2 (R107A) + 2MBP-HSPC300 This study 

2MBP-WRCG110W
#3

 Sra1 + Nap1 +WAVE1 +Abi2 (G110W) + 2MBP-HSPC300 This study 

2MBP-WRCAW
#3

 Sra1 + Nap1 +WAVE1 +Abi2 (R106A/G110W) + 2MBP-HSPC300 This study 

miniWRC Sra1 + Nap1 + miniWAVE1 + Abi2 + HSPC300 (Chen et al., 2010) 

2MBP-miniWRC Sra1 + Nap1 + miniWAVE1 + Abi2 + 2MBP-HSPC300 This study 

WRC217 Sra1 + Nap1 + WAVE1217 +Abi2 + HSPC300 This study 

FL-WRC Sra1 + Nap1 + WAVE1-H6-FL + Abi2 + HSPC300 This study 

dSra His6-Tev-dSra (1-1291) (Full length), His6-Tev finally removed (Ismail et al., 2009) 

dNap His6-Tev-dNap (1-1126) (Full length), His6-Tev finally removed (Ismail et al., 2009) 

dWAVE MBP-Tev-dWAVE1 (1-181), MBP-Tev finally removed (Ismail et al., 2009) 
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dAbi MBP-Tev-dAbi (1-170), MBP-Tev finally removed (Ismail et al., 2009) 

2MBP-dHSPC300 MBP-MBP-dHSPC300 (1-76) (Full length) (Ismail et al., 2009) 

2MBP-dWRC dSra + dNap +dWAVE +dAbi + 2MBP-dHSPC300 This study 

2MBP-dWRCAW
#2

 dSra + dNap +dWAVE +dAbi (R118A/G122W) + 2MBP-dHSPC300 This study 

Rac1 hRac1 Q61L full length (Prigmore et al., 1995) 

GST-Rac1 GST-Tev-hRac1 Q61L full length (Prigmore et al., 1995) 

GST-PCDH10 WIRS  GST-Tev-MERSFSTFGKE This study 

GST-PCDH10 WIRS T1002A GST-Tev-MERSFSAFGKE This study 

WIRS peptide WGAERSFSTFGKEKA Synthesized (Abgent) 

WIRS 2Ala peptide WGAERSFSAAGKEKA Synthesized (Abgent) 

FITC-WIRS peptide FITC-GAERSFSTFGKEKA Synthesized (UTSW) 

Seleno-WIRS peptide WGAERSM*STFGKEKA (M* = selenomethionine) Synthesized (Abgent) 

Peptide A AVEYSDSEDDSEFDEVDWLE Synthesized (UTSW) 

GST-PCDH10 CT GST-Tev-mPCDH10 (778-1040) Openbiosystems (BU511004) 

GST-PCDH10 CT with point 

mutations in WIRS 
#4

 

GST-PCDH10 CT with single point mutations E997A or R998A or S999(A, G, H P) or 

F1000(A, M, W, Y, S, G, T, N, P, E, V, K) or S1001(A, D, F, K, L, H, G, P) or 

T1002(A, S, V, G, C) or F1003(A, W, H, Y) or G1004(A, V, L, E, H) or K1005(A, G, R, 

M, F, E) or E1006A; or with multiple point mutations, with 997ERSFSTFGKE1006 

replaced by 997AAAFATFGKA1006, or 997AAAFATFAKA1006, or 

997AAAFATFGAA1006, or 997AAAFATFAAA1006, or 3Ala 

(F1000A/T1002A/F1003A).  

This study 

GST-PCDH10 (CM1, CM2) 
#2

 GST-Tev-mPCDH10 [(778-906)-GGSEGGGSEGGSTGATSG-(925-939)- 

ASGSGGGSEGGSEGATS-(957-1040)] 

This study 

GST-PCDH10 CTshort GST-Tev-mPCDH10 (879-1040) This study 

GST-hPCDH10 CT GST-Tev-hPCDH10 (879-1040) Openbiosystems (BC111560) 

GST-hPCDH10 CTshort AA
#3

 GST-Tev-hPCDH10 (879-1040), T1002A/F1003A This study 

GST-PCDH17 CT GST-Tev-hPCDH17 (857-1159) Openbiosystems (BC028165) 

GST-PCDH17 CT AA
#3

 GST-Tev-hPCDH17 (857-1159), T1000A/F1001A This study 

GST-PCDH18 CT GST-Tev-hPCDH18 (861-1135) Openbiosystems (BC093815) 

GST-PCDH19 CT GST-Tev-mPCDH19 (875-1145) Openbiosystems (BC118529) 

GST-PCDH12 CT GST-Tev-hPCDH12 (960-1184) Openbiosystems (BC052973) 

GST-PCDH6 CT GST-Tev-hPCDHa6 (728-919) Openbiosystems (BC036674) 

GST-PCDH8 CT GST-Tev-hPCDH8 (915-1070) Openbiosystems (BC036025) 

GST-FAT1 CT GST-Tev-mFAT1 (4215-4436) Openbiosystems (BC049872) 
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GST-FAT3 CT
#5

 GST-Tev-mFAT3 (4185-4401) Openbiosystems (CA318408) 

GST-FAT3 CTmh
#6

 GST-Tev-mFAT3 (4185-4386)-hFAT3 (4421-4589) Openbiosystems (clone # 

LIFESEQ720863) 

GST-LRIG3 CT GST-Tev-hLRIG3 (841-1119) Openbiosystems (BC126171) 

GST-ROBO1 CT GST-Tev-hROBO1 (886-1078) Openbiosystems (BC115021) 

GST-Neuroligin-1 CT GST-Tev-hNeuroligin-1 (725-840) Openbiosystems (BC032555) 

GST-Neuroligin-1 CT AA
#3

 GST-Tev-hNeuroligin-1 (725-840), T816A/F817A This study 

NusA-Neuroligin-1 CT NusA-Tev-hNeuroligin-1 (725-840) This study 

NusA-Neuroligin-1 CT AA
#3

 NusA-Tev-hNeuroligin-1 (725-840), T816A/F817A This study 

GST-Neuroligin-4X CT GST-Tev-hNeuroligin-4X (721-817) This study (cDNA from Nils 

Brose) 

GST-Cav1.3 CT GST-Tev-rCav1.3 (1914-2155) This study (Zhang et al., 

2005) 

GST-BAI3 CT GST-Tev-hBAI3 (1314-1502) This study (Bolliger et al., 

2011) 

GST-mGluR5 CT GST-Tev-rmGluR5 (912-1171) This study (Ronesi et al., 

2012) 

GST-GluR6 CT GST-Tev-rGluR6 (841-908) This study (Nasu-Nishimura 

et al., 2010) 

GST-P2RX7 CT GST-Tev-hP2RX76 (359-519) Openbiosystems (BC011913) 

CD16-7-hPCDH10 CT
#7

 hCD16 (1-185)-hCD7 (146-203)-hPCDH10 (739-1040)-mCherry This study (Blasutig et al., 

2008) 

CD16-7-hPCDH10 CT AA
#3, 7

 hCD16 (1-185)-hCD7 (146-203)-hPCDH10 (739-1040, T1002A/F1003A)-mCherry This study (Blasutig et al., 

2008) 

CD16-7-PCDH17 CT
#7

 hCD16 (1-185)-hCD7 (146-203)-hPCDH17 (729-1159)-mCherry This study (Blasutig et al., 

2008) 

CD16-7-PCDH17 CT AA
#3, 7

 hCD16 (1-185)-hCD7 (146-203)-hPCDH17 (729-1159, T1000A/F1001A)-mCherry This study (Blasutig et al., 

2008) 

CD16-7-neuroligin1 CT
#7

 hCD16 (1-185)-hCD7 (146-203)-hNeuroligin1 (725-840)-mCherry This study (Blasutig et al., 

2008) 

CD16-7-neuroligin1 CT AA
#3, 7

 hCD16 (1-185)-hCD7 (146-203)-hNeuroligin1 (725-840, T816A/F817A)-mCherry This study (Blasutig et al., 

2008) 

Sra1-YPet
#8

 hSra1 (1-2353 full length)-(GGS)4-YPet This study 

Notes:  

* Protein species: h for human, m for mouse, r for rat and d for drosophila. All sequences were confirmed by DNA 

sequencing. 
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#1. To facilitate purification of full-length hWAVE1 from bacterial expression, a His6 tag was inserted into the 

unstructured poly-proline region for the MBP-tagged full-length hWAVE1. This allowed double-affinity purification 

first by amylose beads and then by Ni NTA beads to remove degraded materials. 

#2. Inserting or replacing an internal sequence was done using overlapping PCR. 

#3. Point mutations were made using QuikChange (Stratagene). 

#4. To facilitate cloning, an XhoI and a HindIII restriction site were introduced flanking the WIRS site using 

QuikChange, producing a variant containing G995L/A996E/A1008L. These mutations did not seem to affect the 

binding of the cytoplasmic tail to the WRC. To introduce desired mutations to the WIRS, paired DNA oligos were 

designed to contain the mutations and produce compatible ends for XhoI and HindIII when annealed to form double-

stranded oligos. The annealed oligos were directly ligated into the XhoI/HindIII double-digested GST-PCDH10 CT 

variant.  

#5. The commercial cDNA clone lacked the c-terminus of the cytoplasmic tail (4402-4555) and had an internal 

insertion of 33 amino acids (NASIVTVIQLVNNVVDSIENEVSVMDQGQNYNR) between D4347 and A4349. The 

insertion does not contain a WIRS, and is conserved in the human FAT3 homologue, but not in rat. This construct 

contains both predicted WIRS motifs (Table S2). 

#6. Two EST clones were assembled to generate a hybrid FAT3 full-length cytoplasmic tail containing 4185-4386 of 

mFAT3 and 4421-4589 of hFAT3 by overlapping PCR. The human FAT3 (4421-4589) sequence is 88% identical to the mouse 

FAT3.  

#7. These vectors were modified from the pEGFP-N1 vector (Clontech). First the EGFP coding sequence was replaced 

by mCherry or YPet sequence between the BamHI and NotI sites. The CD16-CD7 coding sequence (Blasutig et al., 

2008) was then inserted between NheI and XhoI of the new mCherry N1 vector. The coding sequences of different 

cytoplasmic tails were then subcloned in frame between XhoI and BamHI. 

#8. First the pEGFP-N1 vector (Clontech) was modified by replacing the EGFP coding sequence with the YPet 

sequence between BamHI and NotI, with a (GGS)4 linker inserted in frame following the BamHI site. The hSra1 

coding sequence was then subcloned between XhoI and SacII. The resulting fusion coding sequence for hSra1-(GGS)4-

YPet was subcloned into the pGC-IRES vector (Costa et al., 2000) by replacing the sequences between two BamHI 

sites using the SLIC method (Li and Elledge, 2007).  
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