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SUMMARY OF PROJECT  
 

Chronic activation of the innate immune system by the damage-associated molecular pattern FBG-C (C-

terminal fibrinogen-like globe domain of Tenascin-C) contributes to a variety of inflammatory diseases 

including arthritis, systemic sclerosis, and cancer. This TEP summarizes the first reported efforts to develop 

small-molecule FBG-C binders, with the aim to disrupt FBG-C-mediated pro-inflammatory protein-protein 

interactions (PPIs). We present the soluble expression of disulphide-containing human FBG-C (hFBG-C) in E. 

coli, the novel structure of hFBG-C, and preliminary chemical matter against hFBG-C derived from a 

crystallographic fragment screen. Finally, we introduce two robustly validated cellular assays, in either 

immortalized monocytes or primary human macrophages, which provide a route to development of small 

molecules which inhibit hFBG-C-activated inflammation.  

 

SCIENTIFIC BACKGROUND  
 
Tenascin-C (TN-C) is a large, hexameric, multi-domain extracellular matrix protein with restricted basal 
expression in adult tissues but that is transiently upregulated at sites of inflammation and/or tissue damage.1 

https://www.ncbi.nlm.nih.gov/gene/?term=3371
https://www.uniprot.org/uniprot/P24821
https://www.targetvalidation.org/target/ENSG00000041982/associations
https://omim.org/entry/187380
https://www.mousephenotype.org/data/genes/MGI:101922
https://www.ebi.ac.uk/chembl/target_report_card/CHEMBL3712856/
https://cansarblack.icr.ac.uk/target/P24821/synopsis/ligandability
https://panelapp.genomicsengland.co.uk/panels/entities/TNC
https://www.genecards.org/cgi-bin/carddisp.pl?gene=TNC&keywords=tnc
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TN-C participates in the global inflammatory response to tissue damage throughout the body, and during 
normal conditions contributes to promoting tissue repair.2 However, unresolved TN-C expression leads to a 
chronic inflammatory state, which can spiral into bona fide autoimmune disease since TN-C activates its own 
expression.3 TN-C is strongly upregulated in stroma from solid tumours, drives organ fibrosis in patients with 
system sclerosis, and is causative of arthritic joint disease.4,5  
 
Many of the pathological consequences of TN-C are thought to stem from activation of the classic innate 
immune receptor toll-like receptor 4 (TLR4), which canonically activates inflammation in response to 
bacterial endotoxin (LPS).6 However, recent evidence shows that TN-C is one of dozens of endogenous 
damage-associated molecular patterns (DAMPs) which activate inflammation via TLRs in the absence of 
infection.7 The human TNC contains 30 exons which are often alternatively spliced; however, the most 
important domain in the context of chronic inflammation and the focus of this TEP is the 27 kDa disulphide-
stabilized C-terminal fibrinogen-like globe domain (hFBG-C), which was conclusively mapped as the TLR4-
activating region of TN-C.8 hFBG-C belongs to a family of 21 human proteins known as the fibrinogen related 
protein (FRePs), which carry out diverse signalling roles and engage different receptors, but all share a 
conserved FBG domain.9 Inhibiting pro-inflammatory TLR4 signalling activated by hFBG-C represents an 
underexplored therapeutic hypothesis, and insights gleaned from targeting hFBG-C could provide strategic 
insight into inhibiting the action of other disease relevant FRePs.  
 
A start-up biotech company, Nascient Ltd., has developed high affinity neutralizing anti-FBG-C monoclonal 
antibodies which show promise in animal models of RA and are moving into preliminary clinical trials.10  
However, accumulating evidence points strongly to a TLR4-containing cell-surface complex composed of 
many proteins that assemble and differentially interact to tune pro-inflammatory signalling in response to 
FBG-C.11,12 Furthermore, FBG-C is known to bind to other cell-surface receptors using distinct epitopes from 
the TLR4-binding region.13 Therefore, unlike a monoclonal antibody, which will broadly neutralize all FBG-C 
mediated PPI’s due to the small size of FBG-C (27 kDa), a small molecule inhibitor could selectively inhibit 
only a subset of FBG-C-mediated PPIs. These data provide a rationale for the development of interaction-
specific inhibitors that could perhaps pave the way for targeted therapies, especially as details surrounding 
the innate immune recognition of endogenous DAMPs emerge in the future.  
 

RESULTS – THE TEP  
 

Proteins Purified 
hFBG-C is a compact, disulphide-stabilized 27 kDa domain with no predicted active sites or druggable pockets. 

Improving upon a tedious and refolding methodology previously reported in literature, we optimized the 

soluble expression and purification of hFBG-C from disulphide-refolding “CyDisCo” E. coli cell lines.14 Our 

method takes just 36 hours from lysis to freezer, whilst the previous refolding methodology requires up to ten 

full days. We purified both full-length hFBG-C (I1974—A2201) and a truncated crystallisable construct 

(P1979—G2196), which we express using a His- or His-Twin-Strep tag™ with or without a C-terminal 

biotinylation peptide (Fig 1a). All four recombinant proteins are pure (Fig 1b), monodisperse (Fig 1d), and 

contain the expected two intramolecular disulphide bonds (Fig 1c). Using DSF, we also demonstrated that 

hFBG-C binds Ca2+, likely at the known “DXD” cation binding loop (Fig 1e), albeit more weakly than other FRePs 

from the angiopoietin-like protein family (AGL1, 2, and 6). 

 

Structural Data 
We determined the novel 1.4 Å resolution crystal structure of hFBG-C (PDB: 6QNV) using the construct hFBG-

C ΔCTL. The fold of hFBG-C matches the classic three-subdomain “ABP” architecture associated with the FRePs 

(Fig 2a), with a 7-strand β-sheet providing the backbone to support a variable, loop-filled P-subdomain.15 In 

agreement with bioinformatic predictions, hFBG-C contains no active sites or obvious hydrophobic pockets, 

but the structure does allow us to visualize the known TLR4-binding “cationic ridge” (Fig 2a, 2b), which was 

recently mapped by Zuliani-Alvarez et al.8 Consistent with the notion of this cationic ridge as a PPI-mediator, 

the key stretch of basic residues is solvent exposed and protrudes outward from the core of the domain (see 
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Fig 2a, surface view). In other FReP structures [including two determined in our group, namely ANGPTL2 (PDB: 

6Y41) and ANGPTL6 (PDB: 6Y43)], the disordered segment of so-called “peptide 7” (light green, Fig 2a) is 

ordered and bound to Ca2+ by the corresponding DXD motif. Therefore, our structure demonstrates that the 

calcium-binding loop of hFBG-C is highly flexible in the absence of Ca2+. hFBG-C crystallizes as a monomer, 

consistent with all of our solution state data (Fig 1d).  

 

 

Figure 1 (A) hFBG-C construct design for E. coli expression.  (B) Representative final purity for hFBG-C proteins. (C) Intact 

mass analysis shows the proper formation of two disulphide bonds. (D) hFBG-C is a monodisperse monomer, confirmed by 

analytical size-exclusion chromatography (top) and Native-MS (bottom). (E) hFBG-C binds to Ca2+ in a thermal shift DSF 

assay, but more weakly than other homologues with a similar cation binding motif (AGL1, AGL2, and AGL6).  

 

Fragment Screen and Chemical Matter 
After optimizing the crystal system which led to the novel hFBG-C structure, we conducted an XChem fragment 

screening campaign at Diamond Light Source. After soaking 330 hFBG-C crystals, we collected 300 datasets 

with an average resolution of 1.7 Å. After manually evaluating the 68 interesting densities identified by the 

PanDDA software, we found eleven fragment hits across three different sites (Fig 2b). Interestingly, despite 

no obvious hydrophobic pockets in our original structure, we identified a fragment binding hotspot (Site 1) on 

the reverse face of the protein from the TLR4 binding epitope which appears upon displacement of R2050. 

This pocket binds 8 different fragments and accommodates predominately para-substituted phenyl rings, with 

electron-rich groups including halogens (fragments 2, 3, and 6) and nitriles (fragments 5, 7, and 8) seeming 

particularly preferred. We also identified two adjacent fragments, 10 and 11, both binding near the TLR4 

binding ridge in a shelf formed by part of the core beta-sheet within the B-subdomain. Despite its shallow, 

surface exposed nature, residues in the “beta shelf” participate in two (fragment 11) or three (fragment 10) 

hydrogen bonds, suggesting reasonable affinity could be engineered at Site 3 (Fig 2b). Finally, one hit 

(fragment 9) binds to Site 2, which comprises a narrow cleft formed next to Phe2191 and directly above Site 

3; this site is distal from the TLR4-binding region and is not stabilized by hydrogen bonds, making it the least 
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promising of the three sites. Given the lack of known active sites or deep hydrophobic pockets on hFBG-C, our 

fragment screen provides an unprecedented starting point for the development of PPI inhibitors targeting two 

faces of the hFBG-C domain. A table of fragment-by-fragment binding details, including fragment identifiers 

and PDB ID’s, is provided in the Additional Information below.  

 

 

 

 

Figure 2 (A) Novel structure of hFBG-C reveals the architecture of the domain along with the location of the TLR4 binding 

site, known as the cationic ridge (red). Disulphide bonds in yellow ball and stick representation, partially disordered Ca2+-

binding “peptide 7” highlighted in light green.  (B) Crystallographic fragment screen reveals 11 fragment hits across 3 

distinct sites, including the hotspot Site 1 and the TLR4-binding-region-adjacent Site 3. Hydrogen bonds at Site 3 are 

displayed in pink.  
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Assays 
To further characterize pro-inflammatory signalling in response to recombinant hFBG-C, we developed two 

cellular assays which measure transcriptional and protein-level responses upon stimulation with endotoxin-

free (<10 pg/mL) hFBG-C FL. Fig 3a highlights a small titration of hFBG-C in our NF-κB reporter assay in 

immortalized THP1-BlueTM monocytes. Activation of NF-κB leads to transcription and secretion of alkaline 

phosphatase, which can be easily qualified colorimetrically.16 Notably, even 0.5 µM hFBG-C activates NF-κB, 

whilst 5.0 µM hFBG-C stimulates as robust a pro-inflammatory response as the classic innate immune 

activator, LPS. Secondly, in an effort to create a more biologically relevant system, we implemented a 96-well 

ELISA using primary human macrophages (Fig 3b). Stimulation of primary human macrophages with increasing 

doses of hFBG-C leads to robust and dose-dependent induction of the pro-inflammatory cytokines TNFα, IL6, 

and IL-8. As in the NF-κB assay, moderate concentrations of hFBG-C (2 µM or less) are often even stronger 

agonists than LPS. Importantly, induction of pro-inflammatory cytokines is reversed by treatment with either 

TAK242 (a small molecule TLR4 inhibitor that binds to the cytosolic portion of the receptor) or with a poly-

clonal anti-TLR4 antibody (Fig 3c), validating that hFBG-C potently activates macrophages via its known 

receptor TLR4.17 Both of these assays work in a 96-well format, and we expect the NF-κB report assay to be 

amenable to miniaturization into 384-well formats. Therefore, these assays provide a simple, reliable, and 

phenotypic system for characterizing small-molecule inhibitors of hFBG-C-stimulated inflammation.  

 

 

Figure 3 (A) hFBG-C activation of NF-κB signalling using immortalized THP1-BlueTM monocytes is concentration-dependent 

and similar in magnitude to LPS activation (n = 3; mean ± SD, individual replicates coloured distinctly). (B) Primary human 

macrophages were stimulated with decreasing concentrations of hFBG-C, LPS (EH100) at 1 ng/mL, or were left 

unstimulated (N-S) for 24h, and IL-6, IL-8 and TNF levels were measured by ELISA. Data are shown as mean ± SEM from 4 

independent donors. Data was analysed using a one-way ANOVA vs non-stimulated, *p<0.05, **p<0.01, ***p<0.001, 

****p<0.0001. (C) Stimulation of primary human macrophages with 1 µM hFBG-C leads to the release of TNF and IL6 (n = 

4; mean ± SD, individual donors coloured distinctly). The phenotype can be reversed with either a TLR4 inhibitor (TAK242) 

or a poly-clonal anti-TLR4 antibody (αTLR4 pAb), but not with DMSO or an isotype control. Means from four biological 

replicates were compared using an ordinary one-way ANOVA followed by Dunnett’s test, *p<0.05, **p<0.01, ***p< 0.001.   
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Future Plans and Collaborations 
This TEP contains data generated during an ongoing collaboration with the Midwood Lab at the Kennedy 

Institute, with the goal to understand the molecular details of FBG-C-activated TLR4 and leverage this 

knowledge for drug discovery. Data herein are included in two manuscripts under preparation, and we are 

actively using our optimized methodologies to interrogate the activity of the entire FReP family using cellular 

assays, proteomics, and orthogonal biophysical methods.   

 

CONCLUSION 
 
Herein, we present our efforts to develop small-molecule inhibitors targeting hFBG-C, including a novel 
structure of hFBG-C and a crystallographic fragment screen which identified eleven hFBG-C binders. This is 
the first ever report of chemical matter targeting hFBG-C, due in no small part to the discovery of a cryptic 
fragment-binding hotspot. The screen also uncovered a shallow, surface-exposed, hydrogen-bond-driven 
binding site near the known TLR4-binding cationic ridge which, although likely challenging to ligand with a 
small molecule, provides a mapped target site for other therapeutic modalities like biologics or cyclic 
peptides. We also present multiple cell-based assays, including an ELISA in disease-relevant primary human 
macrophages and an NF-κB reporter system in immortalized monocytes, which can be used in the future to 
develop and characterize small molecules which inhibit hFBG-C-activated transcriptional responses and 
cytokine release. Finally, because hFBG-C participates in a diverse network of PPI’s, our fragment hits could 
provide starting points for developing targeted PPI inhibitors that disrupt only pathogenic PPI’s and perhaps 
outperform the fully neutralizing monoclonal antibodies already in pre-clinical development.  
 

 

FUNDING INFORMATION  
 
The work performed at the SGC has been funded by a grant from the Wellcome [106169/ZZ14/Z]. J.A.C is a DPhil 
candidate fully supported by the Nuffield Department of Medicine’s Prize Studentship.  
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ADDITIONAL INFORMATION 
 

Structure Files 

 

PDB ID Structure Details 

6QNV Novel structure of hFBG-C 

5R5T – 5R63 Group deposition of 11 fragment bound hFBG-C structures 

 

Fragment-by-Fragment Details 
Fragments are coloured by heteroatom with dark green carbons. Residues in contact with the fragments are 

coloured by heteroatom (nitrogen blue, oxygen red) while the hFBG-C backbone and surface is coloured 

grey.  

 

PDB 
Unique 

Identifiers 
Fragment Structure 

Binding 
Location 

Binding Pocket 
Resolution 

(Å) 

5R5U 

xtal:  
x0084 

fragment: 
Z1545312521  

Site 1 
Hotspot 

 

1.52 

5R5V 

xtal:  
x0141 

fragment: 
Z2856434824 

 

Site 1 
Hotspot 

 

1.70 

5R5W 

xtal:  
x0162 

fragment: 
Z2856434942 

 

Site 1 
Hotspot 

 

1.60 

5R5X 

xtal:  
x0179 

fragment: 
Z1259335913 

 

Site 1 
Hotspot 

 

1.56 

https://www.rcsb.org/structure/6QNV
https://www.rcsb.org/structure/5R5T
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5R5Y 

xtal:  
x0192 

fragment: 
Z509756472  

Site 1 
Hotspot 

 

1.57 

5R60 

xtal:  
x0245 

fragment: 
Z19735067  

Site 1 
Hotspot 

 

1.79 

5R62 

xtal:  
x0291 

fragment: 
Z2856434840  

Site 1 
Hotspot 

 

1.40 

5R63 

xtal:  
x0323 

fragment: 
Z319545618  

Site 1 
Hotspot 

 

1.59 

5R61 

xtal:  
x0290 

fragment: 
Z1578665941  

Site 2 
Phe2191 

Divot 

 

1.38 

5R5Z 

xtal:  
x0228 

fragment: 
Z2856434821 

 

Site 3 Beta 
Shelf 

 

 
 

1.67 
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5R5T 

xtal:  
x0063 

fragment: 
Z1251207602  

Site 3 Beta 
Shelf 

 

 
 

1.55 

 

 

Materials and Methods 

 

Protein Expression and Purification 
Construct Details 

hFBG-C FL (TNCA-c025): 

Ile1974—Ala2201 + N-terminal, TEV-cleavable hexahistidine Twin-strep-tag® 

hFBG-C ΔCTL (TNCA-c042):  

Pro1979—Gly2196 + N-terminal, TEV-cleavable hexahistidine tag 

hFBG-C FL Bio (TNCA-c049):  

Ile1974—Ala2201 + N-terminal, TEV-cleavable hexahistidine tag + C-terminal AviTagTM 

hFBG-C ΔCTL Bio (TNCA-c050):  

Pro1979—Gly2196 + N-terminal, TEV-cleavable hexahistidine tag + C-terminal AviTagTM) 

 

Accession: P24821 Isoform 1 (NM_002160.3) + Natural Variant E2008Q.  

Expression Cell Line: BL21(DE3) Tuner + CyDisCo pMJS226 

Vectors Used: pNIC-NHStIIT, pNIC28-Bsa4, or pNIC-Bio3 

 
Sequence Details 

Bold = tag sequence 

Bold + Italics = removed by TEV protease 

Underlined = hFBG-C 

 

>TNCA-c025 (hFBG-C FL) 

MHHHHHHSSGASWSHPQFEKGGGSGGGSGGSAWSHPQFEKGSGVDLGTENLYFQSMIGLLYPFPKDCSQA

MLNGDTTSGLYTIYLNGDKAQALEVFCDMTSDGGGWIVFLRRKNGRENFYQNWKAYAAGFGDRREEFWLGLD

NLNKITAQGQYELRVDLRDHGETAFAVYDKFSVGDAKTRYKLKVEGYSGTAGDSMAYHNGRSFSTFDKDTDSAIT

NCALSYKGAFWYRNCHRVNLMGRYGDNNHSQGVNWFHWKGHEHSIQFAEMKLRPSNFRNLEGRRKRA 

 

 

>TNCA-c042 (hFBG-C ΔCTL) 

MHHHHHHSSGVDLGTENLYFQSMPFPKDCSQAMLNGDTTSGLYTIYLNGDKAQALEVFCDMTSDGGGWIVFL

RRKNGRENFYQNWKAYAAGFGDRREEFWLGLDNLNKITAQGQYELRVDLRDHGETAFAVYDKFSVGDAKTRYK
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LKVEGYSGTAGDSMAYHNGRSFSTFDKDTDSAITNCALSYKGAFWYRNCHRVNLMGRYGDNNHSQGVNWFH

WKGHEHSIQFAEMKLRPSNFRNLEG 

 

>TNCA-c049 (hFBG-C FL Bio) 

MHHHHHHSSGVDLGTENLYFQSMIGLLYPFPKDCSQAMLNGDTTSGLYTIYLNGDKAQALEVFCDMTSDGGG

WIVFLRRKNGRENFYQNWKAYAAGFGDRREEFWLGLDNLNKITAQGQYELRVDLRDHGETAFAVYDKFSVGDA

KTRYKLKVEGYSGTAGDSMAYHNGRSFSTFDKDTDSAITNCALSYKGAFWYRNCHRVNLMGRYGDNNHSQGV

NWFHWKGHEHSIQFAEMKLRPSNFRNLEGRRKRASSKGGYGLNDIFEAQKIEWHE 

 

>TNCA-c050 (hFBG-C ΔCTL Bio) 

MHHHHHHSSGVDLGTENLYFQSMPFPKDCSQAMLNGDTTSGLYTIYLNGDKAQALEVFCDMTSDGGGWIVFL

RRKNGRENFYQNWKAYAAGFGDRREEFWLGLDNLNKITAQGQYELRVDLRDHGETAFAVYDKFSVGDAKTRYK

LKVEGYSGTAGDSMAYHNGRSFSTFDKDTDSAITNCALSYKGAFWYRNCHRVNLMGRYGDNNHSQGVNWFH

WKGHEHSIQFAEMKLRPSNFRNLEGSSKGGYGLNDIFEAQKIEWHE 
 

Protein Expression and Purification Method 

hFBG-C constructs were transformed by heat shock into chemically competent BL21(DE3) Tuner E. coli cells, 

carrying the ChlorR CyDisCo helper plasmid pMJS226 which was a gift from Prof. Lloyd Ruddock and allows the 

soluble over-expression of disulphide-containing proteins in the cytoplasm.14 Overnight cultures were 

inoculated 1:100 into “TB-PLUS” media (1X Terrific Broth + 15 mL/L glycerol + 0.01% Antifoam + 1 mM MgSO4 

+ 10 mM (NH4)2SO4 + 0.5% (w/v) glucose + 1X E. coli trace metals) and grown at 30°C with 250 RPM shaking to 

OD = 2.5. Expression was induced with 0.5 mM IPTG and allowed to proceed overnight at 18°C. For biotinylated 

constructs (TNCA-c049 and -c050), 1 g/L of D-biotin (Fluorochem) was added at time of induction. Cells were 

harvested by centrifugation, lysed by sonication in Lysis Buffer 1 or Lysis Buffer 2 (biotinylated constructs), and 

clarified by centrifugation (> 15,000 x g, 60 min). For the first affinity step, either TALON® SuperflowTM (TNCA-

c042, -c049, -c050) or StrepTactinXTTM (TNCA-c025) resin was used essentially according to the manufacturer’s 

recommendations, and hFBG-C was eluted with Elution Buffer 1 (TALON®) or Elution Buffer 2 

(StrepTactinXTTM). N-terminal tags were removed via TEV cleavage (either 4 hours at room temperature or 

overnight at 4°C) and the cleavage efficiency (100%), biotinylation efficiency (>99%), and intact mass were 

confirmed by LC-MS according to standard methods.18 Finally, the protein was polished on a Superdex 75 

16/60 column into Gel Filtration Buffer, and the monodisperse, monomeric peak was concentrated to up to 

30 mg/mL before flash freezing in LN2 and storage at -80 °C.  

 

a) Lysis Buffer 1: 50 mM HEPES pH = 7.5, 300 mM NaCl, 5% glycerol, 1X benzonase, 1X protease inhibitors 

b) Lysis Buffer 2: 50 mM HEPES pH = 7.5, 300 mM NaCl, 5% glycerol, 1X benzonase, 1X protease inhibitors, 

4 mM D-biotin 

c) Elution Buffer 1: 50 mM HEPES pH = 7.5, 300 mM NaCl, 5% glycerol, 150 mM imidazole 

d) Elution Buffer 2: 50 mM HEPES pH = 7.5, 300 mM NaCl, 5% glycerol, 50 mM D-biotin 

e) Gel Filtration Buffer: 20 mM HEPES pH = 7.5, 250 mM NaCl, 2% glycerol 

 

Disulphide Bond Validation by Intact Mass Spectrometry 
To verify the presence of two disulphide bonds in purified hFBG-C, three samples were prepared for intact 

mass analysis. The first “as purified” Sample A was prepared and analysed as above. The second “+ 

iodoacetamide” Sample 2 was prepared by denaturing 5 µg of protein for 1 hour in 50 µL of Denaturing Buffer 

(8M Urea in 50 mM Ammonium Bicarbonate pH = 8.0), followed by the addition of 25 mM Iodoacetamide and 

a second 1 hour incubation prior to intact mass analysis. The third “+TCEP iodoacetamide” Sample 3 was 

prepared as for sample 2, except 10 mM TCEP was added to the Denaturing Buffer to reduce disulphide bonds 

prior to alkylation with iodoacetamide. Each alkylation event corresponds to a mass shift of 57-58 Da, 
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representing the capping of a single Cys residue. In protein with 2 properly formed disulphide bonds, an 

approximately 230 Da mass shift occurs in Sample 3 while no mass shift occurs in Sample 2 (all relative to as 

purified sample 1). hFBG-C preps were only used if the expected two disulphide bonds were observed.   

 

Differential Scanning Fluorimetry for Calcium Binding 
hFBG-C is known to bind Ca2+ at a mapped “DXD” cation binding loop (D2128—D2130). To validate this activity, 

we implemented a simple DSF assay essentially as described previously.19 An 11-point serial dilution of CaCl2 

was prepared in water at 10X the desired final concentration. In a 96-well v-bottom white qPCR plate, 10 µL 

of 2X HEPES-buffer saline (HBS) was mixed with 4 µL of water, 2 µL of the 10X CaCl2 dilution series, and 2 µL of 

protein at a stock concentration of 3 mg/mL (final concentration 0.3 mg/mL). Samples were incubated for 15 

min at room temperature before the addition of 2 µL of 10X SYPROTM Orange and a second 10 min incubation 

in the dark. Melt curves were collected on an MX3005p RT-PCR Machine (Stratagene) from 25°C to 95°C with 

a ramp of 1°C/min. Melt temperatures were calculated by nonlinear fitting to the ideal monophasic ProteoPlex 

model,20 and Kd’s were extracted by plotting Tm shifts (relative to protein in the absence of Ca2+) against 

log[Ca2+] and fitting to a one-site saturation binding model in GraphPad Prism.  

 

Crystallization and Fragment Screening 
Throughout, sitting-drop vapour diffusion experiments were performed in 96-well, three-sub-well SWISSCI 

plates. The structure of hFBG-C (PDB: 6QNV) was solved using a crystal which appeared after 28 days at 20°C 

with hFBG-C ΔCTL at 17 mg/mL mixed with Morpheus Condition C09 (0.09M NPS + 0.1M Buffer System 3 pH 

= 8.5 + 50% Precipitant Mix 1).21 Crystals were flash frozen in LN2 and data was collected at Diamond Light 

Source and automatically indexed, integrated, and scaled using the Xia2 pipeline.22 The structure was phased 

by molecular replacement using Phaser (search model PDB: 1FIC),23 followed by manual re-building in Coot 

and refinement in phenix.refine.24,25  

 

For fragment screening, hFBG-C ΔCTL was concentrated to 30 mg/mL and mixed 100 nL : 100nL in all sub-wells 

of a SWISSCI plate using the custom fine screen “JAC-MorpheusC09-z001”, which samples the chemical space 

around Morpheus C09 by varying the pH of Buffer System 3 from 7.0-9.0 and the concentration of Precipitant 

Mix 1 from 44% to 56%. After 14 days, > 150 crystals per plate were obtained and used to complete a full 

fragment screen of the DSI-Poised 1 Fragment Library (Enamine) at the XChem Facility, Diamond Light Source 

Beamline i04-1 according to standard methodologies 

(https://www.diamond.ac.uk/Instruments/Mx/Fragment-Screening.html). Followed by automatic data 

collection, data were imported to XChemExplorer,26 phased by molecular replacement using Dimple,27 and 

putative fragment binding events were identified by PanDDA.28 Structures were manually triaged and 11 

conclusively bound co-crystal structures were refined with REFMAC before deposition.29 

 

Assays 
Previously published, detailed step-by-step methods for the NF-κB reporter assay in THP1 BlueTM monocytes 

and the ELISA in primary human macrophages were followed as recommended.16,17 Anti-TLR4 polyclonal 

antibody and isotype control were obtained from InvivoGen (PAb-hTLR4; https://www.invivogen.com/pab-

htlr4). The final concentration of LPS in the cellular assays was strictly regulated to be < 10 pg/mL to avoid LPS-

induced pro-inflammatory signalling. For hFBG-C FL expressed as a soluble protein as reported above, the final 

purified protein was concentrated to 30 mg/mL and LPS was removed with Thermo Scientific High Capacity 

Endotoxin Removal Resin according to the manufacturer’s recommendations. Alternatively, endotoxin-free 

hFBG-C can be prepared by intentional formation of inclusion bodies via expression in standard BL21(DE3) E. 

coli cell lines, followed by purification, endotoxin removal, and refolding according to previously reported 

methodologies.8 While we routinely obtain endotoxin-free hFBG-C using our method for use at 2 µM or below, 

care must be taken to ensure that the requisite LPS threshold is strictly maintained for the specific application 

and final assay concentration. 

https://www.diamond.ac.uk/Instruments/Mx/Fragment-Screening.html
https://www.invivogen.com/pab-htlr4
https://www.invivogen.com/pab-htlr4
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