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Figure S1. SDS PAGE (4-20%) for purity check of the recombinant NCL used in this study 
(size 46.1 KDa). Lane M: marker, lane 1: NCL alone.   

 

  

Figure S2. Left) EMSA for monitoring binding of NCL to the G4Mut sequence. NCL 
concentration ranged from 100 to 2000 nM, corresponding to 0.1, 0.2, 0.5, 0.7, 0.9, 1.1, 1.7, 
2.3 µg of recombinant protein in a 20 µL reaction. Right) Quantification of bands: Unstable 
fraction corresponds to the smearing band.  
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Tm (°C) K100 K10 

0eq 81.1 64.2 
1eqNCL 81.5 63.4 
2eqNCL 82.6 ND 
1eqBSA 81.7 65.6 
2eqBSA 81.4 66.0 
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Figure S3 : A) CD spectra of CEB25-L191 (3µM) alone (blue line, min 245 and max 264 nm 
indicate parallel topology see also Fig S5) and after incubation with NCL (1 and 2 eq red and 
green lines) in buffer containing 10mM Tris (pH7.5) 100mM KCl and 1mM EDTA in 1% 
glycerol. Spectra have been substracted as appropriate for NCL and buffer signals. B, C, D 
and E) FRET melting curves of Fam/Tamra labelled CEB25 L191 (F-CEB25-L191-T) (0.2 
µM) alone and in incubation with (1 and 2 eq) NCL or BSA in buffer containing B and 
C)10mM Tris (pH7.5) 100mM KCl and 1mM EDTA in 1% glycerol (K100) or D and E) 
10mM Tris (pH7.5) 10mM KCl and 1mM EDTA in 1% glycerol (K10). F) Tm values. ND: 
not determined due to low fluorescence signal. 

  

 

 
Figure S4. EMSA for monitoring NCL binding to the BCL2mid sequence (NMR structure 
shown below, PDB 2F8U, G blue, A green, T orange, C violet). NCL concentration ranged 
from 100 to 2000 nM, corresponding to 0.1, 0.2, 0.5, 0.7, 0.9, 1.1, 1.7, 2.3 µg of recombinant 
protein in a 20 µL reaction. 1:1 fitting of the curve gives KD= 558 nM. 
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Figure S5: CD spectra of WT-CEB25-L191 and of its analogue sequence modified in 
position 16 by BrU (oligonucleotide 16BrU, Fig 4C). Maxima at 264 nm and minima at 245 
nm are typical of parallel topology. For other sequences see Saha, A., Bombard, S., Granzhan, 
A., Teulade-Fichou, M. P. (2018) Probing of G-Quadruplex Structures via Ligand-Sensitized 
Photochemical Reactions in BrU-Substituted DNA. Scientific Reports. 8, 1-14. 

 

Figure S6 SDS PAGE analysis of the control experiment of photo-crosslinking reaction from 
Fig 3 using single BrU substituted CEB25 sequence variants named CEB25-L1X1-1, X 
indicates central loop length X= 9,5,3,2,1, -1 stands for 1 BrU residue. [DNA] = 20 nM, 
[NCL] = 1 µM, UV irradiation time 10 min, Exc: 300 nm 
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Figure S7. Schematic representation of the LC-MS/MS analysis workflow for the identification of 
NCL peptides interacting with G4 DNA. The UV-irradiated sample, (i.e. covalent binding of NCL 
with DNA) and non UV-irradiated sample (i.e. non-covalent complex of NCL with DNA) were 
enzymatically digested with trypsin/lysC and the resulting peptides were characterized by LC-MS/MS.  
Identification of putatively bound peptides will be indicated by the ratio of peak area of each peptide 
in the UV+ and UV- samples. 
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Figure S8. Displacement of NCL from CEB25-L191 followed by EMSA gel (10%) in the 
presence of a) PhenDC3 b) BisDC3 c) PDS d) Pt-ttpy e) RHSP4 f) 360A-PDC. [DNA]= 20 
nM, [NCL] = 250 nM, [Ligand] = 0-500 nM (a); 0-1000 nM (b-f) 
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Ligand ∆T1/2 (°C) (ligand 
alone) 

∆T1/2 (°C) 
(+ ds 26) 

PhenDC3 24.6 24.8 

PDC 13.6 11.6 

PDS 16.4 18.3 

Pt-ttpy 13.5 2.3 

RHPS4* 6.6 6.7 

 

Figure S9: Stabilisation of G4-CEB25-191 by ligands measured by FRET-melting (∆T1/2 / °C) using 

doubly labelled F-CEB25-191-T. [oligonucleotide] = 0.2µM, [ligand]= 1µM, without (red) and with 

(pink) duplex competitor [ds26] = 10µM. All ligands are selective (∆T1/2 is poorly affected by the 
duplex competitor) at the exception of Pt-ttpy. *The values determined for RHPS4 are given as 
indication but could be biased as the fluorescence of this ligand interferes with the FRET signal.  
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Table S1: Thermal stability of the CEB25 variants measured by UV-melting in 1mM K+ 
buffer (Li Cacodylate l0 mM, LiCl 99 mM, KCl 1 mM).  Thermal stability is expected to be 
even higher in our conditions (100mM K+). Data taken from ref 9 (EMBO J., 2015, 34 1718) 
and Nucleic Acid Research 2006,34, 5133 (BCL2-mid). 
.  
 

G4 name Tm °C 
CEB25-L191 55.1 
CEB25-L151 59.7 
CEB25-L131 61.9 
CEB25-L121 67.9 
CEB25-L111 73.4 
BCL2-mid 66.0  
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Table S2. List of peptides identified following the workflow of Fig S5 with corresponding UV+/UV- 
ratios of extracted areas and p values. The 15- aa-peptide on the top (line 1) is the only one to be 
significantly depleted (ratio <0.5, p values < 0.05). Of note the resulting tryptic peptides (8-aa 
fragment GIAYIEFK, line 18) and (SKGIAYIEFK, line 7, miscleaved) show no significant variation 
in ratio. However, the second TEADAEK 7-aa fragment has never been detected in the control and in 
the UV irradiated conditions indicating that this part might be tightly protected by the protein and 
could thus be the preferred crosslinking site. 

 

 

 

 


