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Figure S8: Additional cell-based assays. 

(A) Time-course of Cdc42 activation after Rapamycin addition monitored by the G-LISA assay 

(Methods), as in Figure 5B in the main manuscript (left). Shown is the fold increase comparing samples 

with and without addition of Rapamycin at the indicated time. The total Cdc42 loaded in the G-LISA 

assay was determined by using an ELISA assay (right). Error bars represent the standard deviation of 

three experiments.  

(B) Cell morphological changes monitored by the XCELLigence system (see SI Methods and SI 

Results). The normalized cell index reflects the measured change in impedance caused by changes in cell 

shape. Rapamycin was added at the 0-second time point. Error bars represent the standard deviation of 

three experiments. 

(C) Cell retraction was observed as an additional phenotype under our experimental condition after the 

addition of Rapamycin. 
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Figure S9: Transferability of the designed R-E interaction to the Rac1/Tiam1 interface. 

Transferring the designed substitutions from orthoCdc42/orthoITSN to the equivalent positions in the 

Rac1-Tiam1 interface does not result in the same pattern of designed orthogonality. The left graph shows 

mantGDP dissociation from the GTPase Rac1WT in the absence of any exchange factor (gray open 

triangles) and in the presence of the wild-type exchange factor Tiam1WT (pink open circles) and the 

designed exchange factor Tiam1* (S1184E, using PDB numbering from PDB ID 1FOE) (black open 

squares). The right graph shows dissociation from the designed GTPase Rac1* (W56R) alone (grey open 

triangles) and in the presence of the same two exchange factor proteins. 
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Figure S10: Transferability of the designed R-E interaction to the Rac1/Tiam1 interface. 

Flexible backbone computational design predictions (Methods) for the five residues in Tiam1 (H1178, 

E1183, S1184, I1187 and Q1191) close to position 56 of Rac1 for Rac1WT (left) and Rac1* (W56R) 

(right). Simulations are as shown in Figure 1D in the main manuscript, except that the backbone of the 

crystal structure of Rac1/Tiam1 (PDB ID: 1FOE (16)) was used as the starting conformation to create a 

backrub ensemble. Position S1184 is not enriched for glutamate. 
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Supplementary Tables 
 

Table S1: Summary of designed Cdc42 and ITSN variants tested for orthogonality. 

Summary of the ability of different ITSN variant to catalyze nucleotide exchange in Cdc42WT or 

orthoCdc42. Exchange activity was determined by mantGDP dissociation assays (a), mantGDP 

association assays (b), or both association and dissociation (c).  

 Exchange activity with Rationale 

ITSN variant Cdc42WT orthoCdc42  

WT +c – c control 

S1373E (orthoITSN) – c + c single substitution designed to form specific 

interaction with F56R in orthoCdc42  

M1369L, S1373E, L1376I – a + a additional substitutions predicted to be favorable 

at the orthoITSN/orthoCdc42 site: 

M1369L: designed substitution (Fig. 1D) 

L1376I: substitution in ITSN homologs  

S1373E, Q1380E – b – b additional Q1380E substitution predicted 

(incorrectly) by the fixed backbone design 

protocol (Fig. 1D) to stabilize the interaction 

with F56R in orthoCdc42 

L1376W – b – b substitution predicted (incorrectly) to stabilize 

the interaction of ITSN with Cdc42WT (Fig. S1C) 
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Table S2: Crystallographic data and refinement statistics for the structure of the designed 

orthoCdc42/orthoITSN interaction. 
 
 orthoCdc42/orthoITSN 
Data collection 
Resolution 50-2.65 (2.74-2.65) 
Wavelength 1.115872 
Space Group P21 
Cell angles 85.460   80.062   94.591 
Cell edges 90.00 108.23  90.00 
I/σ 20.0 (2.7) 
Rsym 6.9% (41.2%) 
Completeness 99.6% (97%) 
Redundancy 3.9 (3.7) 
Observed reflections 139536 (12758) 
Unique reflections 35386 (3394) 
Refinement 
Resolution 46-2.65 
Reflections 35295 
Free reflections 3499 
Rwork 24.1 
Rfree 28.4 
Structure 
Number of atoms: 7073 
 Protein 6897 
 Solvent 120 
 Ligand 56 
Average B-factor: 54.6 
 Protein 54.5 
 Solvent 43.0 
 Ligand 79.7 
RMS Bonds 0.006 
RMS Angles 1.001 
Residues with Favored 
Ramachandran Angles 

96.0% 

Residues with Outlier 
Ramachandran Angles 

0.0 

 

 
Values in parentheses are for the highest resolution shell. 
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Table S3: Summary of interactions of orthoCdc42 and orthoITSN with other GEFs and 

GTPases. 

Top table: summary of nucleotide exchange catalysis of a range of exchange factors for Cdc42WT and 

orthoCdc42. Bottom table: exchange activity of ITSNWT and orthoITSN for different GTPases. Exchange 

activity was determined by mantGDP dissociation (a) or both association and dissociation (b). Data for 

RhoG were obtained with the DH domain of ITSNWT and orthoITSN only (c); all other assays used the 

DH-PH domain construct for ITSN. 

 

 

GEF Cdc42WT orthoCdc42 

ITSNWT + b - b 

orthoITSN  - b + b 

PREX + a + a 

Tiam1 - a - a 

TrioN - a - a 

Dbs + a - a 

 

 

GTPase ITSNWT orthoITSN  

Cdc42WT + b - b 

orthoCdc42 - b + b 

Rac1 - a - a 

RhoA - a - a 

RhoG c - a - a 
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Table S4: All constructs used in the in vitro and cell-based assay 
Protein  Residues Mutation Origin Vector Digestion Sites Resistance Host  Usage Ref/Note 
Lyn-FRB NA -- -- pC4RHE -- Amp NIH 3T3 Cell-based assays (17) 

ITSN (DH-PH) 1229-1580 -- Human YF-Rac1 EcoRI, BglII 
(ITSN)/BamHI(vector) 

Kan NIH 3T3 Cell-based assays (17) 

ITSN (DH-PH) 1229-1580 S1373E Human YF-Rac1 EcoRI, BglII 
(ITSN)/BamHI(vector) 

Kan NIH 3T3 Cell-based assays (17) 

Cdc42 1-191 -- Human pAmCyan1-C1 BamHI, EcoRI Kan NIH 3T3 Cell-based assays This study 

Cdc42 1-191 F56R Human pAmCyan1-C1 BamHI, EcoRI Kan NIH 3T3 Cell-based assays This study 

ITSN (DH-PH) 1229-1580 1373E, 1380E Human pBY601 -- Amp E. coli Expression This study 

ITSN (DH-PH) 1229-1580 1373E Human pBY601 -- Amp E. coli Expression This study 

ITSN (DH-PH) 1229-1580 1376W Human pBY601 -- Amp E. coli Expression This study 

ITSN (DH-PH) 1229-1580 -- Human pSH200 -- Amp E. coli Expression Lim Lab 

Cdc42 1-179 F56R Human pBH4 -- Amp E. coli Expression This study 

Cdc42 1-179 -- Human pBH4 -- Amp E. coli Expression Lim Lab 

RhoGDI 1-204  C79S Bovine pJT159-pGEX-
KG-GDI 

-- Amp E. coli Expression (18) 

WASP 201-321 -- Human pGEX-2T -- Amp E. coli Expression (9) 

p50RhoGAP 206-439 -- Human pBY614 -- -- E. coli Expression Lim Lab  

Cdc42 1-191 -- Human pFastBac-B BamH1 Amp SF9 Expression This study 

Cdc42 1-191 F56R Human pFastBac-B BamH1 Amp SF9 Expression This study 

Rac1 1-177 F78S Human pSH200 -- Amp E. coli Expression Lim Lab 

Rac1 1-177 W56R, F78S Human pSH200 -- Amp E. coli Expression This study 

RhoA 1-190 -- Human pAD15 -- Amp E. coli Expression Lim Lab 

RhoG 1-188 -- Murine pAD18 -- Amp E. coli Expression Lim Lab 

Tiam1 1033-1406 -- Murine pAD1 -- Amp E. coli Expression Lim Lab 

Tiam1 1033-1406 S1184E Murine pAD1 -- Amp E. coli Expression This study 

PREX 63-402 -- Human -- -- -- E. coli Expression Lim Lab 

Tim 1166-1527 -- Human pAD24 -- Amp E. coli Expression Lim Lab 

TrioN 1284-1595 -- Human pAD2 -- Amp E. coli Expression Lim Lab 

Dbs 623-967 -- Human -- -- Amp E. coli Expression (19) 

Lyn-FRB and YF-Rac1 were gifts from the Meyer lab. pAmCyan-C1 was bought from Clontech. pFastBac-B was purchased from Invitrogen. The 
DNA for the WASP fragment was graciously provided by the Wittinghofer laboratory. 
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