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SUPPLEMENTARY MATERIALS 
 

Molecular characterisation of titin N2A and its binding of CARP reveals a 
titin/actin cross-linking mechanism 

Zhou et al, 2021  

 

 
 
Figure S1: Domains UN2A and Ig81 do not interact with each other  

UN2A and Ig81 samples were produced independently and mixed post-production at a 1:1 

molar ratio in 25mM HEPES pH 7.5, 100mM NaCl. The incubated mixture was subjected to 

size exclusion chromatography on a Superdex 75 16/60 column (GE Healthcare) and co-

segregation monitored. The chromatogram showed two resolved peaks, indicating that UN2A 

and Ig81 species did not form a complex in solution. The chromatogram and associated SDS-

PAGE are shown. 
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Figure S2: NMR-guided modelling of UN2A34-73  

A total of 32500 model decoys of UN2A34-73 were calculated using CS-ROSETTA and 

subjected to cluster analysis in CALIBUR. A. Top ten models calculated in CS-ROSETTA 

with experimental NMR restraints (RMSDCα = 2.3 Å); B. Top ten models from the largest 

CALIBUR cluster of 10216 models (i.e. most common conformation) with a corresponding 

RMSDCα = 0.63 Å. C. and D. Plots of ROSETTA energy score versus RMSDCα against the 

lowest-energy model for the calculated UN2A decoys. In C. the values for 32500 decoys 

calculated in CS-ROSETTA are shown. In D., the values correspond to 10216 decoys selected 

as primary conformational subpopulation with CALIBUR. 
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Figure S3: Relative fractional deuterium uptake (RFDU) of peptides forming the CARP 

interface in UN2A-Ig81 measured by HDX-MS 

Shown are UN2A-Ig81 peptides presenting RFDU differences between their single state 

(blue) and in the presence of CARP106-319 (red). 
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Figure S4: 1H-15N HSQC NMR spectrum of UN2A free and bound to CARP  

A. 1H-15N HSQC spectrum of the UN2A/CARP106-319 complex in a 1:2 molar ratio (red) 

compared to that of free UN2A (black). CARP106-319 was not isotopically labelled; B. Titration 

process of three representative cross-signals (corresponding to the blue selection boxes in A). 

The CARP106-319/UN2A molar ratio (C/U) is stated; C. The affected residues (total signal loss) 

upon CARP-interaction as monitored by NMR titration are mapped on the UN2A34-73 model 

(red). The full-length UN2A sequence is shown below with the UN2A34-73 sequence boxed and 

the amino acids with a changed NMR signal upon CARP presence indicated in red. NMR data 

show that the C-terminal helix is affected by CARP binding. HDX-MS data revealed that this 

helix is not direct part of the interface but, instead, that the helix is displaced upon binding of 

CARP to the frontal helical a-hairpin. 

 

 

                                

3. Results 

65 
 

 
 

Fig.26 NMR spectrum of UN2A free and complexed to CARP  

A. 1H-15N HSQC spectrum of the UN2A/CARP106-319 complex in a 1:2 molar ratio (red) compared to 

that of free UN2A (black). CARP106-319 was not isotopically labelled.  

B. Titration process of three representative residues (corresponding to the blue selection boxes in A). 

The CARP106-319/UN2A molar ratio is stated.  

C. The affected residues during CARP-interaction monitored by NMR titration are mapped on the 

UN2A34-73 model (red). The UN2A sequence is shown below with the UN2A34-73 sequence boxed 

and the CARP-contacting amino acids marked in red. 
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Figure S5: Identification of the titin-interface on CARP 

Deuterium RFU values for free (blue) and UN2A-Ig81 bound (red) CARP106-319. Values 

indicate the H/D exchange after 0.5 min incubation time;  
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Figure S6: Ca2+-dependence of actin co-sedimentation results 

The actin co-sedimentation of (A) UN2A-Ig81, (B) UN2A, (C) CARP106-319/UN2A-Ig81 and 

(D) CARP106-319/UN2A was tested in the presence and absence of calcium. UN2A-Ig81 and 

UN2A do not co-sediment with actin significantly. In the presence of CARP106-319, both titin 

segments co-sediment with actin noticeably. CARP106-319 also co-sediments with actin as single 

species; E. SDS-PAGE band intensity as estimated by densitometric quantitation reporting on 

Ca2+-sensitivity of F-actin binding. Samples where tested in the presence of calcium (2 mM 

CaCl2) or in its absence (2 mM EGTA). Binding was not found to be dependent on calcium. 
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Figure S7: CARP immunoprecipitation from heart lysates  

Silver-stained SDS-PAGE of whole heart lysates (input) and immunoprecipitated proteins (IP 

pellet). As guidance, the locations where bands from selected proteins are expected are 

indicated. In this study, proteins were identified by mass spectrometry performed on the whole 

immuno-precipitate, not from bands excised from the gel. 
 
 

 
 

 
Table S1: Analysis of single nucleotide polymorphisms in human cohorts  

Records as obtained from gnomAD v2.1.1 and v3. Regions for which structural models exist 

are indicated with a blue background. Residues mapping to the CARP/titin-N2A interface are 

shown in red. DDG values over 2.5 kcal/mol calculated on the crystal structure of Ig81 using 

FoldX are indicative of potential onset of structural damage. This information, together with 

inspection of structural 3D-models using Missense3D as well as manual in silico residue 

replacement, lead us to identify two single nucleotide variants (W9617 and G9659, in bold) as 

potential destabilizers of this domain of titin. Analysis of N2A models did not reveal structural 

deleterious mutations in that domain. In Ig81, residue W9617 (W146 in this study) corresponds 

to a highly conserved tryptophan in the hydrophobic core of this domain that is signature of the 

Ig fold. Residue G9659 (G188 in this study) is the defining feature of the b-turn type II’ of the 

FG b-hairpin in Ig81 and required for hairpin formation. The substitution of either of these 

residues, might destabilize Ig81 and weaken (but not abolish) CARP binding. Potentially, the 

destabilization might only manifest itself significantly in mechanically stretched states of titin.   
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