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CATALOG OF SUPPORTING INFORMATION 
 
This article contains supporting information that includes. 
 

1. Experimental procedures 
 

2. Supporting Figures and Legends (7) 
i. Supporting figure S1 [Related to Figure 2]: The workflow for the creation and analysis of the 

homology model of the ELMO1•SifA co-complex. 
ii. Supporting figure S2 [Related to Figure 2]: W197 and E201 in WxxxE motif in SifA is not 

predicted to participate in the ELMO1•SifA interaction. 
iii. Supporting figure S3 [Related to Figure 2]: A polar lysine triad on ELMO1 binds SifA. 
iv. Supporting figure S4 [Related to Figure 2]: The basic ‘patch’ in the β5-β6 loop within the PH 

domain, and the triad of lysines that are predicted to bind SifA, are evolutionarily conserved in 
ELMO1. 

v. Supporting figure S5 [Related to Figure 2]: APBS (Adaptive Poisson-Boltzmann Solver)-derived 
surface electrostatics of the ELMO1•SifA co-complex. 

vi. Supporting figure S6 [Related to Figure 3]: Prediction of cellular consequences of depletion of 
ELMO1 by in-silico perturbation of protein-protein interaction networks. 

vii. Supporting figure S7 [Related to Figure 4]: The WxxxE-motif containing effector proteins have 
divergent sequences and the L130/M131 residues on SifA that bind ELMO1 are not conserved. 

 
3. Supporting Information Data (2 Excel Datasheets; uploaded separately) 

i. Supporting Information Data 1 (related to Figure 2): A catalog of both inter- and intramolecular 
contact sites at the SifA:ELMO1 complex. 

ii. Supporting Information Data 2 (related to Figure 3): The list of proteins impacted by in-silico 
deletion of ELMO1. 
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Experimental procedures 
 
TABLE OF KEY RESOURCES  

REAGENT or RESOURCE SOURCE IDENTIFIER 
Antibodies 
Mouse monoclonal anti-poly-His Sigma-Aldrich  Cat# H1029 
Mouse monoclonal anti-FLAG Cell Signaling  Cat# 8146S 
Mouse monoclonal ELMO1 antibody Santa Cruz Biotechnology Cat# sc-271519 
IRDye 800CW Goat anti-Mouse IgG 
Secondary  LI-COR Biosciences  Cat# 926-32210 

IRDye 680RD Goat anti-Rabbit IgG 
Secondary LI-COR Biosciences  Cat# 926-68071 

Biological samples   
HEK 293 ATCC CRL-1573 
sh Control J774 and sh ELMO1 J774 murine 
macrophage cell lines (with a sequence within 
the exon GCAGAGTCAGAACCTAATA) 

Sayed et al., 2021(1) 
Das et al., 2015 (2) n/a 

Salmonella enteric serovar Typhimurium 
(strain  
SL1344) 

ATCC Cat#700720 

SifA mutant strain  Obtained from Olivia Steele-
Mortimer (NIH/NIAID) n/a 

Chemicals, peptides 
HisPur™ Cobalt Resin Thermo Scientific Cat# 89964 
Glutathione Sepharose® 4B Sigma-Aldrich Cat# GE17-0756-04 
PVDF Transfer Membrane, 0.45mM Thermo Scientific Cat# 88518 
Polyethylenimine (PEI)  Polysciences Cat# Inc 23966 
Protease inhibitor cocktail  Roche  Cat# 11 873 580 001 
Critical commercial assay kits  
Rac1 Pull-Down Activation Assay Biochem Kit 
(Bead Pull-Down Format)  Cytoskeleton.Inc. Cat# BK035-S 

   
Plasmids and recombinant proteins 
pGEX-6P-2 (GST) GE Healthcare Cat# 28-9546-50 
GST ELMO1 full-length (FL) Sayed et al., 2021(1) n/a 
GST ELMO1 CT (aa 482-727) This paper n/a 
GST SifA WT Sayed et al., 2021(1) n/a 
GST SifA L130D This paper n/a 

GST-IPGB1 This paper 
Cloned from FLAG-IPGB1 
provided by Neil Alto, UT 
Dallas 

GST-IPGB2 This paper 
Cloned from FLAG-IPGB2 
provided by Neil Alto, UT 
Dallas 

GST- MAP This paper 
Cloned from FLAG-Map 
provided by Neil Alto, UT 
Dallas 

pET-28a (His) Novagene Cat# 69864 
His ELMO1 full-length (FL) This paper n/a 
His ELMO1 CT (aa 482-727) This paper n/a 
His ELMO1 K620D/K626D/K628D This paper n/a 
His SifA WT This paper n/a 
His SifA L130D This paper n/a 
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His SifA M131D This paper n/a 
His SifA L130D/M131D This paper n/a 
FLAG ELMO1 (WT) Sayed et al., 2021(1, 2) n/a 
FLAG ELMO1 (K3D)  This paper K620D; K626D; K628D 
Mutagenesis Primers Forward primer Reverse primer  

Mouse ELMO1 K620D/K626D/K628D 

5'-
tgttttgtttaagggcaccatcctcatccatatgag
ggcagtcctttcccgtc-3' 
 
5'-
gacgggaaaggactgccctcatatggatgag
gatggtgcccttaaacaaaaca-3' 
 
5'-
caaagcagtggtgacgggagatgactgccctc
atatgaaag-3' 

5'-
ctttcatatgagggcagtcatctccc
gtcaccactgctttg-3' 
 
 
 

SifA L130D 
5'-
ccgggcgatctttcatatcaaaataaagattccc
catgacttcacagct-3' 

5'-
agctgtgaagtcatggggaatcttt
attttgatatgaaagatcgcccgg-
3' 

SifA M131D 
5'-
ttaaaatatccgggcgatctttatcatcaaaata
aagattccccatgacttcacagc-3' 

5'-
gctgtgaagtcatggggaatctttat
tttgatgataaagatcgcccggata
ttttaa-3' 

Cloning Primers Forward primer (5’à3’) Reverse primer (5’à3’) 
Elmo1FL   

Elmo1 CT (BamHI/Not1) cgcggatccatgcaggtggtgaaggagcagg 
gcgacgcggccgctgttacagtca
tagacaaagtcatagttgctaggtt
cct 

IPGB1 (KpnI/BamHI) catggtaccatgcaaattctaaacaaaatacttc
cacaggt 

cgcggatccttaatttgtattgctttga
cggtatacagcctt 

IPGB2 (KpnI/BamHI) catggtaccatgcttggaacatcttttaataatttt
ggaatcagt 

cgcggatcctcagaaaggcgattc
taaatttgtaatatagtcac 

MAP (EcoRI/KpnI) ccggaattccatgtttagtccaatgacaatggca
gg 

catggtaccctacaatcgggtatcc
tgtacatgctc 

Software and algorithms 

ImageStudio Lite LI-COR 

https://www.licor.com/bio/i
mage-studio-lite/ 
 
 

Prism  GraphPad Home - GraphPad 
PyMOL Molecular Graphics System  https://pymol.org/2  

ShinyGO v0.76  http://bioinformatics.sdstat
e.edu/go/ 

Codes for the construction and analysis of the 
PPI networks   https://github.com/sinha72

90/ELMO 
Publicly deposited structures and/or datasets 

ELMO1 (PH domain) PDB:2VSZ https://www.rcsb.org/struct
ure/2VSZ  

SKIP-PH bound to SifA PDB:3CXB https://www.rcsb.org/struct
ure/3CXB  

DOCK2-bound to ELMO1 PDB:3A98 https://www.rcsb.org/struct
ure/3A98  

Proximity ligation assay (BioID) SifA interactome D’Costa VM et al.,(3) 
 

https://www.licor.com/bio/image-studio-lite/
https://www.licor.com/bio/image-studio-lite/
https://www.graphpad.com/
https://pymol.org/2
http://bioinformatics.sdstate.edu/go/
http://bioinformatics.sdstate.edu/go/
https://github.com/sinha7290/ELMO
https://github.com/sinha7290/ELMO
https://www.rcsb.org/structure/2VSZ
https://www.rcsb.org/structure/2VSZ
https://www.rcsb.org/structure/3CXB
https://www.rcsb.org/structure/3CXB
https://www.rcsb.org/structure/3A98
https://www.rcsb.org/structure/3A98
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EXPERIMENTAL MODEL AND SUBJECT DETAILS 
 
J774 macrophage and human (HEK) cell lines were used in various assays. Bacterial strains were used to infect 

macrophages in various experiments. This study does not involve the use of human subjects or animals. 

 

METHOD DETAILS 
 

Plasmid constructs and mutagenesis. 
ELMO1 and SifA (from SL1344) were amplified by PCR and cloned into pET-28a (+) and pGEX-6P-2 plasmid 

vectors to generate His- and GST-tagged proteins, respectively. ELMO1 CT (aa 482-727) was amplified by PCR 

from human ELMO1 cDNA (Clone IRAUp969C0316D, SourceBioscience Inc) and subcloned into pET-28a (+) 

and pGEX-6P-2 plasmid vectors using BamHI and NotI restriction sites. Effector proteins IPGB1, IPGB2 and 

MAP were amplified from FLAG-tagged effector constructs (obtained from Neil Alto, UT Dallas) and cloned into 

pGEX-6P-2 plasmid vectors. ELMO1 and SifA mutations were generated by site directed mutagenesis using the 

Quick-Change II Site-Directed Mutagenesis kit (Agilent Technologies) and specific primers (table of key 
resources) according to manufacturer’s protocol. All plasmid constructs and mutagenesis were verified by 

sequencing and protein expression was verified by western blot analysis. 

 
Bacteria and bacterial culture 
Salmonella enterica serovar Typhimurium strain SL1344, were obtained from the American Type Culture 

Collection (ATCC) (Manassas, VA, USA), and SL1344 ∆SifA mutant strain was obtained from Olivia Steele 

Mortimer (NIH/NIAID) (4, 5) . The bacterial strains were propagated as described previously (6, 7). Briefly, a 

single colony was inoculated into LB broth and grown for 8 h under aerobic conditions and then under oxygen-

limiting conditions. For SL1344 ∆SifA mutant strain, streptomycin with final conc (100 μg/mL) was added to LB 

broth. Cells were infected with a multiplicity of infection (moi) of 10.  

 
Cell culture and transfection 
HEK cells were obtained from American Type Culture Collection, (Manassas, VA, USA). Control and ELMO1 

depleted shRNA J774 cells were generated as previously described (8). All cell lines were free from mycoplasma 

contamination. Cells were maintained in high glucose DMEM (Life Technologies) containing 10% fetal bovine 

serum and 100 U/ml penicillin and streptomycin at 37oC in a 5% CO2 incubator. Cells were sub-cultured 24 h 

prior to transfection.  Transfections of plasmids were performed using Lipofectamine 2000 (Invitrogen) according 

to manufacturer’s protocol. 

 
Transmission electron microscopy (TEM) 
Control (shControl) and ELMO1-depleted (shELMO1) J477 macrophages were infected with Salmonella enterica 

serovar Typhimurium strain SL1344 (SL) and its mutant strain SifA [MOI 30] and the infected pellets were fixed 

with Glutaraldehyde in 0.1 M Sodium Cacodylate Buffer, (pH 7.4) followed by post-fixation with 1% OsO4 in 0.1 
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M cacodylate buffer for 1 h on ice followed by staining with 2% uranyl acetate for 1 h and dehydrated in ethanol 

(50-100%) on ice. The cells were washed for 10 min each once with 100% ethanol and two times with acetone 

and embedded with Durcupan. A Leica UCT ultramicrotome was used to section 60 nm cuts and picked up on 

300 mesh copper grids. Sections were post-stained first with 2% uranyl acetate (5 min) and Sato's lead stain (1 

min) prior to visualization using a JEOL-1400plus equipped with a bottom-mount Gatan (4k x 4k) camera. 

 
Protein expression and purification 
Recombinant His and GST-tagged proteins were expressed in Escherichia coli strain BL21 (DE3) and purified 

as previously described (1, 2). Briefly, proteins in bacterial culture were induced with IPTG (1 mM) overnight 

incubation at 25°C. Centrifuged and cell pellet were then lysed in either GST lysis buffer containing 25 mM Tris-

HCl (pH 7.4) 20 mM NaCl, 1 mM EDTA, 20% (v/v) glycerol, 1% (v/v) Triton X-100, protease inhibitor cocktail or 

His lysis buffer containing 50 mM NaH2PO4 (pH 7.4), 300 mM NaCl, 10 mM imidazole, 1% (v/v) Triton-X-100, 

protease inhibitor cocktail and then sonicated briefly to ensure better lysis. Cell lysate were centrifugation at 

12,000 x g at 4°C for 30 mins to remove cell debris. Cleared cell lysate was then affinity purified using either 

glutathione-Sepharose 4B beads or HisPur Cobalt Resin, followed by elution and overnight dialysis in PBS. 

Proteins were aliquoted and stored at -80°C prior to use. 

 
GST pulldown assays  
Recombinant purified GST-tagged proteins were immobilized onto glutathione-Sepharose beads in a binding 

buffer containing 50 mM Tris-HCl (pH 7.4), 100 mM NaCl, 0.4% (v/v) Nonidet P-40, 10 mM MgCl2, 5 mM EDTA, 

2 mM DTT for 60 min at 4°C. GST-tagged protein bound beads were washed and incubated with purified His-

tagged proteins in a binding buffer for 4 h at 4°C. Protein bound complexes on a beads were washed four times 

with phosphate wash buffer containing 4.3 mM Na2HPO4, 1.4 mM KH2PO4 (pH 7.4), 137 mM NaCl, 2.7 mM KCl, 

0.1% (v/v) Tween-20, 10 mM MgCl2, 5 mM EDTA, 2 mM DTT, 0.5 mM sodium orthovanadate and eluted by 

boiling beads in reducing sample buffer containing 5% SDS, 156 mM Tris-Base, 25% glycerol, 0.025% 

bromophenol blue, 25% β-mercaptoethanol. Bound proteins and lysates were fractionated by SDS/PAGE gel 

and analyzed by immunoblot. 

 

Quantitative immunoblotting 
For immunoblotting, protein samples were separated by 10% SDS-PAGE and transferred to polyvinylidene 

fluoride (PVDF) membranes. Membranes were blocked with 5% non-fat milk in Tris-buffered saline with 0.1% 

Tween® 20 detergent (1X TBST). The membrane was stained with Ponceau S to visualize bait proteins (GST), 

washed, blocked (5% milk), and incubated with primary antibody solutions overnight at 4°C (unless otherwise 

specified, a 1:500 dilution for primary antibody was used). Washed blots were then incubated with infrared 

secondary antibodies (see Key Resource Table) for 1 h at room temperature. Dual color infrared imaging and 

quantifications of immunoblots were performed using a Li-Cor Odyssey imaging system and analyzed using the 

Image StudioLite software as per manufacturer’s instructions. 
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Homology modelling and protein docking  

For the structure-guided mutagenesis studies, we took into consideration the following three previously resolved 

structures, all accessed through the Protein Data Bank (PDB; https://www.rcsb.org/)-- (i) PDB:3CXB, a 2.60 Å 

resolved crystal structure of the PH domain of SKIP (3CXB, golden brown) in complex with full length SifA (3CXB, 

cyan; (ii) PDB:2VSZ, a 2.30 Å resolved crystal structure of the C-terminal 200 aa (containing the PH domain) of 

ELMO1 in complex with the N-terminal 200 aa of DOCK180; (iii) PDB:3A98, a 2.10 N-terminal 177 aa fragment 

of DOCK2 and the C-terminal 196 aa fragment (containing the PH domain) of ELMO1. First, the PH domain of 

SKIP (PDB:3CXB; template) was superimposed to the PH-domain of ELMO1 (PDB:2VSZ). The performed 

analysis of the PH domains revealed them to be quite similar in structure SKIP and ELMO1 (RMSD of 1.528). 

Subsequently, the PH domain was used for molecular docking with SifA. Protein docking and the prediction of 

the contact sites at the ELMO1•SifA interface was performed by using HADDOCK (High Ambiguity Driven 

protein−protein Docking (9)) web server and the final representation was using Pymol visualization tool 

(https://pymol.org/2/; The PyMOL Molecular Graphics System. Delano Scientific, San Carlos). HADDOCK is a 

popular docking program that takes a data-driven approach to docking, with support for a wide range of 

experimental data (9). HADDOCK generated 130 structures in 15 cluster(s), which represents 65 % of the water-

refined models. The HADDOCK scoring function consists of a linear combination of various energies and buried 

surface area (HADDOCK2.2 scoring function). Based on such HADDOCK scoring, the models in cluster #3 were 

most optimal based on the Z-score which indicates how many standard deviations from the average this cluster 

is located in terms of score (the more negative the better). For cluster 3 we got a Z score of -1.5 and HADDOCK 

score of -59.7 (Fig. S1). The best fit co-complex model was used for predicting the properties and nature of the 

protein-protein binding interface. A complete list of contacts is provided in Supplemental Information 1 as an 

excel datasheet. For calculating the electrostatic surface potential (kT/e) for the ELMO1•SifA co-complex we 

used adaptive Poisson-Boltzmann solver (APBS), an NIH-supported software 

(10)[https://www.poissonboltzmann.org/] for the analysis of electrostatic forces for large bimolecular 

assemblages. The APBS derived surface potential of the ELMO:SifA complex was visualized using Chimaera 

UCSF software (11). Amino acids were color-coded (red negatively charged; blue positively charged) based on 

the values of APBS scale in a range of -10 to +10 kT/e as default settings. 

 
Construction, perturbation, and analysis of the Protein-Protein Interaction Network  
A SifA (Salmonella)•human interaction network was constructed using a previously identified BioID-determined 

interactome of SifA (12) and their connectors, fetched from the human STRING database (13, 14). To avoid false 

positive interactions, a Stepminer-derived cutoff of combined interaction score was selected (13, 14). A complete 

list of edges is provided in Supplemental Information 1.  

Once constructed, the network was perturbed using two approaches. First, an in-silico deletion of ELMO1 

was performed, and each node within this perturbed network (without ELMO1) was assessed for the following 

https://pymol.org/2/
https://www.bonvinlab.org/software/haddock2.2/scoring/
https://www.poissonboltzmann.org/
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network metrics: (i) Betweenness centrality, (ii) Closeness centrality, and (iii) Shortest Path Alteration Fraction 

(SPAF) (15). Difference in Z score, DZ, of each node, N, for each of the above mentioned topological metrices 

was calculated. Proteins with DZ >0.1 were identified as those that were impacted due to the deletion of ELMO1.  

As a second approach, an in-silico deletion of ELMO1•SifA interaction(edge) was performed, and each 

edge within this perturbed network (without ELMO1•SifA edge) was assessed for two independent metrices: (i) 

Edge betweenness centrality and (ii) Edge Proximity (16). Edges with DZ >0.1 were identified as those that were 

impacted due to the selective deletion of the ELMO1•SifA interaction.  

A group of proteins that are impacted, as determined by at least more than one topological node-based 

metrices, or either of the two edge-based metrics, were used for KEGG enrichment analysis (using ShinyGO 

v0.76; http://bioinformatics.sdstate.edu/go/). All the codes for network analysis are available at 

https://github.com/sinha7290/ELMO. 

 
Measurement of Rac1 activity 
ELMO1-depleted murine J774 macrophage cell lines were transfected with ELMO1 WT and ELMO1 K3D 

plasmids and infected with Salmonella enterica serovar Typhimurium for 15 and 30 min (MOI 1:50) and Rac1 

activity was measured by pull-down assay using a commercial kit. First, infected cells were lysed with the lysis 

buffer provided in the kit. Equal aliquots of cell lysates (~ 800 µg total cell protein) were added to 10 µg (10 µl) 

of immobilized GST-PBD (glutathione S-transferase with p21-binding domain of Pak1) (a.k.a., PAK-PBD beads) 

and incubated at 4°C on a rotator for 1 h. PAK-PBD beads were recovered by centrifugation at 5,000 x g at 4°C. 

Unbound lysates were removed and the beads were washed once with 500 μl Wash Buffer prior to eluting the 

proteins with 20 μl of 2x Laemmli sample buffer and boiling for 5 min at 100oC. Input lysates and eluates from 

the PAK-PBD beads were resolved on a 12.5% SDS-PAGE, and transferred for 45 min, followed by quantitative 

immunoblotting. 

 

Bacterial internalization assays 
Approximately 0.5*106 ELMO1-depleted murine macrophage cells were seeded into 12-well culture dishes ~12 

h before transfection with either FLAG-ELMO1 WT or FLAG-ELMO1 K3D. After 48 hours of transfection, cells 

were infected with SL at a MOI of 1:50 for 30 min in antibiotic free media. The cells were then washed and 

incubated with gentamicin (500 mg/ml) for 90 min to kill the extracellular bacteria. Subsequently, the cells were 

lysed in 1% Triton-X100, and the lysates were serially diluted and plated directly onto Luria-Bertani agar plates. 

The total colony-forming units (CFUs) were enumerated the next day after overnight incubation of the plates at 

37oC. 

 
Image Processing 

http://bioinformatics.sdstate.edu/go/
https://github.com/sinha7290/ELMO
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All images were processed on ImageJ software (NIH) or iStudio (LiCOR) software and assembled into figure 

panels using Photoshop and Illustrator (Adobe Creative Cloud). All graphs were generated using GraphPad 

Prism v9.3.1. 

 

QUANTIFICATION AND STATISTICAL ANALYSIS 

Statistical Analysis and Replicates 

All experiments were repeated at least three times, and results were presented as average ± S.E.M. Statistical 

significance was assessed using either t-test or one-way analysis of variance (ANOVA) including a Tukey’s test 

for multiple comparisons. Actual p values are displayed.  
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Supplementary Figures and Legends  

 
 
Supporting figure S1 [Related to Figure 2]: The workflow for the creation and analysis of the homology 
model of the ELMO1•SifA co-complex. 
 
A. HADDOCK (High Ambiguity Driven protein-protein DOCKing) [HADDOCK2.4 web server HADDOCK Web 
Server (uu.nl)] is used for analyzing ELMO1•SifA interaction, which revealed several possible structures of the 
co-complex.  
B. HADDOCK scoring is performed according to the weighted sum HADDOCK score of various parameters 
(HADDOCK2.2 scoring function; see Methods).  
C-D. Key properties [Electrostatic, top; van der Waals, middle; and restraints energy, bottom] of the top 10 
clusters are shown as whisker plots. Red → marks the properties of the best cluster (based on parameters 
shown in D). Cluster 3 models were chosen for further analysis based on the Z-score (-1.5; see panel D), which 
indicates how many standard deviations from the average this cluster is in terms of score (the more negative the 
better). Results indicate strong electrostatic energy as a major parameter contributing to the selection of the 
cluster for the formation and/or stabilization of the co-complex.  

https://wenmr.science.uu.nl/
https://wenmr.science.uu.nl/
https://www.bonvinlab.org/software/haddock2.2/scoring/
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Supporting figure S2 [Related to Figure 2]: W197 and E201 in WxxxE motif in SifA is not predicted to 
participate in the ELMO1•SifA interaction. 
 
Homology model of the ELMO1(gray)•SifA(turquoise) complex, generated by superimposing the solved structure 
of the ELMO1-PH (PDB:2VSZ) on that of the SKIP-PH (golden) in complex with SifA (PDB:3CXB). The executive 
root mean square deviation (RMSD) of the model is 1.528. The tryptophan (W) and glutamate (E) within the 
WxxxE-motif in SifA are highlighted in red. 
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Supporting figure S3 [Related to Figure 2]: A polar lysine triad on ELMO1 binds SifA. 
A: An alignment of the sequence corresponding to the PH domains of ELMO1, and SKIP is shown, along with 
secondary structures. Conserved residues are shaded in black, similar residues in gray box. Three lysine 
residues on ELMO1 were identified as critical for binding with SifA are marked with red box and were mutated 
in this work to confirm that they are essential for the ELMO1-SifA interaction. 
B. Post-translational modifications identified at or near the lysine triad is shown, as curated at phosphosite.org 
(https://www.phosphosite.org/homeAction). K620 is ubiquitinated, whereas T618 is phosphorylated. No disease-
causing SNPs or somatic mutations were found to directly impact the lysine triad.   

https://www.phosphosite.org/homeAction
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Supporting figure S4 [Related to Figure 2]: The basic ‘patch’ in the β5-β6 loop within the PH domain, and 
the triad of lysines that are predicted to bind SifA, are evolutionarily conserved in ELMO1. 
 
A sequence alignment of the ELMO1 PH domain region and C-terminal residues from various species, as well 
as the human ELMO2 and ELMO3 isoforms is shown. Green boxes indicate the previously determined 
DOCK180-binding sites(17); red solid box within the green box indicates the canonical ‘PxxP’-motif, which is the 
SH3 domain binding site. The β5- β6 loop region is highlighted with a red lined box. Black arrowheads highlight 
the three lysine (K) residues that were predicted and validated as important residues for binding SifA. 
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Supporting figure S5 [Related to Figure 2]: APBS (Adaptive Poisson-Boltzmann Solver)-derived surface 
electrostatics of the ELMO1•SifA co-complex. 
 
Electrostatic surface potential (kT/e) for an all-side chain model of the ELMO1•SifA co-complex, calculated using 
adaptive Poisson-Boltzmann solver (APBS), an NIH-supported software (10) 
[https://www.poissonboltzmann.org/] for the estimation of electrostatic forces for large bimolecular assemblages. 
Panels display APBS output data, as visualized using Chimaera. Volume surface coloring was set in the default 
range of -10 (red), through 0 (white), to +10 (blue) kT/e, where negatively charged surfaces are red (-10 kT/e) 
and positively charged surfaces are blue (+10 kT/e). Top (unlabeled; A) and bottom (labeled; B) panels show 
the same co-complex, from two directions (left- and right-side views). In the most energetically favorable 
orientation, charged residues Lys(K)628 and Lys(K)626 on (ELMO1) bring hydrophobic residues Met(M)131 and 
Leu(L)130 on SifA into proximity [marked by an oval].  
 

https://www.poissonboltzmann.org/
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Supporting figure S6 [Related to Figure 3]: Prediction of cellular consequences of depletion of ELMO1 
by in-silico perturbation of protein-protein interaction networks. 
A. A protein-protein interaction (PPI) network of SifA and its human interactome was constructed by leveraging 
a previously published proximity labeling (BioID) study(3) that mapped the SifA-interactome to fetch the 
remaining host interactors of the SifA-interactome using the STRING database. The ELMO1●SifA interaction, 
which is the focus of current study, is highlighted. See also Figure 3A for workflow.  
B. Top: A PPI network as in A, but in the absence of ELMO1 with a consequent loss of its interactions. The 
colored nodes highlight the topological effect of network perturbation by ELMO1 deletion, as determined by 
differential analysis of standard topological metrics, e.g., Betweenness, Closeness and shortest path alteration 
fractions. Bottom: A key with color code is presented.  
C. Graph displays the pathway enrichment analysis of the identified proteins in B, determined using the ClueGO 
algorithm. Pathways with significant alterations are highlighted.  
D. Table displays a selected list of proteins that display the greatest change in each metric, summarized as 
changes in Z scores. Changes > 0.1 are listed. See also Figure 3B-C for further analysis and interpretation. 
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Supporting figure S7 [Related to Figure 4]: The WxxxE-motif containing effector proteins have divergent 
sequences and the L130/M131 residues on SifA that bind ELMO1 are not conserved. 
 
Multiple sequence alignment of IpgB1 [AY206439.1] and IpgB2 [AY879342.1] from Shigella flexneri, EspM 
[BHZP01000031.1] and Map [WP_150349845.1] from enteropathogenic E. coli, EspT [FM210026.1[ from C. 
rodentium, and SifA [AAA97467.1] and SifB [AF128839.1] from Salmonella enterica serovar typhimurium. The 
WxxxE motif (blue box) and the catalytic loop (magenta box) that was previously determined(18) as critical for 
the activation of small GTPases of the Rho/ family are highlighted. 
 
 

https://www.ncbi.nlm.nih.gov/nuccore/AY206439.1
https://www.ncbi.nlm.nih.gov/nuccore/AY879342.1
https://www.ncbi.nlm.nih.gov/nuccore/BHZP01000031.1
https://www.ncbi.nlm.nih.gov/nuccore/FM210026.1
https://www.ncbi.nlm.nih.gov/nuccore/AF128839.1
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