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Peptide Synthesis and Labeling 

Fmoc Rinkamide resin, Fmoc- amino acids, coupling reagents and DIEA were purchased from 
Zentek (Italy). Solvents and all other reagents were purchased from Sigma-Aldrich  (Germany). All 
peptides were produced by microwave assisted solid phase peptide synthesis based on Fmoc 
chemistry on a CEM Liberty peptide synthesizer. They were purified using RP-HPLC with a Jasco 
BS-997-01 instrument and a DENALI C-18 column from GRACEVYDAC (10 μm, 250 x 22 mm). ESI 
mass spectra experiments were performed on a LCQ Advantage spectrometer from Thermo Finnigan 
(San Jose, CA, USA). All peptides were synthesized on a Rink amide MBHA resin (0.35 mmol/g) using 
a five-fold excess of Fmoc-amino acids (0.2 M in NMP), HOBT/HBTU (5 eq, 0.45 M 190 in DMF) as 
activators, DIEA (10 eq, 1 M in NMP) as a base. The couplings were performed with 5 min microwave 
irradiation at 75 °C (50 °C in the case of histidine in order to avoid racemization). Piperidine (20% in 
DMF) with 3 min microwave irradiation at 75 °C was used for Fmoc deprotection. The labelling was 
performed using 10 eq of 5(6)-carboxyfluorescein and HOBT/DIC), in the dark under vigorous 
shaking for 1 hour. 20% piperidine in dimethylformamide was then added shaking for 1 hour.  

Reagent K (TFA/phenol/water/thioanisole/EDT; 194 82.5/5/5/5/2.5) for 180 min was used for the 
cleavage and then peptides were precipitated using ice-cold ethyl ether. All peptides were purified 
by RP-HPLC with a gradient elution of 5–70% solvent B (solvent A: water/acetonitrile/TFA 95/5/0.1; 
solvent B: water/acetonitrile/TFA 5/95/0.1) over 20 min at a flow rate of 20 mL/min. They were freeze-
dried and stored at 0 °C.  
 



 

 

Figure S1. Sketch of PSIM protocol applied to one fluorescent aptamer spotted on ns-ZrO2 at 
different concentrations. Upper left: spotting; upper right: incubation in a controlled 
atmosphere (65% humidity), immersion in a blocking solution and rinsing; bottom left: 
drying and bottom right: scanned image. 

 
Figure S2. Time evolution of the RMSD values with respect to the starting model. The RMSD values 
have been computed considering the C alpha and C5' atoms of the protein and aptamer, respectively. 
The following color code was used: overall complex (mean: 0.7 nm, SD: 0.12 nm): black line, peptide 
2AII (mean: 0.45 nm, SD: 0.07 nm): red, aptamer (mean: 0.59 nm, SD: 0.14 nm): green. 

  



 
Figure S3. Absolute number of protein-aptamer interfaces hydrogen bonds during the entire 
trajectory. 

 

 
 

Figure S4. Sketch of the biotin-streptavidin paring strategy. The aptamers are 
functionalized with biotin-TEG 5’and the ns-ZrO2 is coated with streptavidin. The 15-atom 
tetraethylene glycol (TEG) spacer is added for minimizing steric hindrance when 
conjugating the biotin with other molecules. 

Table S1. Persistent hydrogen bonds computed for the last 250 ns of simulation time. 

Protein Atom Aptamer Atom Occurrence (%) 

THR6 (N) DG5 (O2P) 53 

HIS35 (O) DG10 (N2) 52 

LYS32 (O) DT11 (N3) 51 

THR6 (OG1) DG5 (O2P) 41 

LYS39 (NZ) DG6 (O1P) 33 

HIS35 (NE2) DT11 (O3’) 31 

HIS35 (O) DG10 (N1) 30 
 


