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Immobilization of anti-D-Dimer on the surface of the D-shaped fiber. The capture antibody was 

grafted onto the fiber through amide bond formation between the activated carboxyl group on 

the surface and branched-chain amino groups in the antibody. In Fig. S1A the complete optical 

spectrum is shown for three cases: before immobilization of the antibody, after immobilization 

and after passivation with bovine serum albumin (BSA), for a total wavelength shift of 21 nm. In 

Fig. S1B the evolution of the central wavelength of the LMR is detailed in real time during the 

immobilization and passivation processes. This allows observing the kinetics of the molecular 

binding between anti-D-Dimer antibody and the functionalized fiber surface. The typical 

exponential behavior in the sensorgram when antibodies were injected is due to the attachment 

of antibody grafted onto the surface and, hence, the wavelength shift toward longer 

wavelengths corresponds to the increase of average thickness of the bio-sensing layer. It should 

be observed that the device does not reach a steady-state condition during the first washing 

step of 15 min. Probably, more time was necessary; but, for comparison purposes, a fixed and 

well-defined model assay is maintained. However, it should be pointed out that this issue does 

not compromise the biosensor performance and the binding between anti-D-dimer antibodies 

and the bio-sensing surface is assured in any case. After that, the surface of the biosensor is 

passivated with BSA in order to eliminate the non-specific adsorption on the bio-sensing layer. 

An almost-instant spectral shift was observed, which is due to the difference between the 

refractive index of BSA and PBS, that is to say a volume change is measured (Chiavaioli et al., 

2017a, 2017b).  

 

Supporting Fig. S1. Capture antibody (anti-D-Dimer) grafted on the D-Shaped fiber surface. (A) 

Spectral shift of the LMR D-Shaped fiber biosensor after the antibody immobilization and after 



 
 

the passivation with BSA. (B) Real-time sensorgram showing the covalent immobilization of the 

anti-D-Dimer antibody, the first washing step, the surface passivation with BSA, and the second 

washing step. 

 

Additional parameter for performance assessment: normalized shift of LMR wavelength. In 

order to further assess the performance of the proposed biosensors, the calibration curves 

showed in Fig. 3B, 5B and 6 are also reported in terms of relative shift of the LMR wavelength 

normalized by the starting LMR wavelength as detailed in Fig. S2. It is clear that higher shifts 

were attained in the case of the buffer matrix, PBS, while the shifts became smaller with the 

increase of the matrix complexity. According to (Chiavaioli et al., 2018), a lower LOD is expected 

when complex matrices are used to mimic a real environment toward sense-and-treat systems 

for clinical applications or medical diagnostics tools.  

 

Supporting Fig. S2. Normalized LMR wavelength shift. Comparison of the calibration curves in 

terms of relative wavelength shift normalized by the starting LMR wavelength obtained with all 

the different types of matrices used: PBS buffer (blue circles), diluted serum (red squares) and 

undiluted serum (green triangles). 

 

 



 
 

Specificity test using C-reactive protein as negative control. The specificity test is performed by 

spiking a non-specific biomolecule (or more), i.e. C-reactive protein (CRP), into different 

solutions containing the specific analyte to be targeted, i.e. D-Dimer. After repeating the same 

preparation of the biosensing layer done for the detection of D-Dimer (see Methods section), 

three solutions were injected: a first solution of D-Dimer and C-reactive protein (10 µg/mL both), 

a second solution containing only CRP at 30 µg/mL, and a third solution with 50 µg/mL D-Dimer 

plus 30 µg/mL CRP. Fig. S3 shows the related sensorgram of a D-shaped fiber biosensor. 

 

Supporting Fig. S3. Negative control using C-reactive protein. Sensorgram of a D-shaped fiber 

biosensor during the injection of different solutions of D-Dimer spiked with C-reactive protein 

at different concentrations and of CRP only. 

 

Mass Spectrometry to identify D-Dimer protein. Purified D-dimer is resolved in a gel through 

SDS-PAGE as described in Methods section and as clearly shown in Fig. S4. The protein band 

observed in Fig. 6 is physically detached and subjected to an in-gel digestion process. By using a 

combination of Mass Spectrometry (MS) and bioinformatics, tandem MS/MS data from peptide 

mixture is processed to identify peptides that give rise to the observed spectra, and the type of 

proteins is inferred based on identified peptides. The data gathered in Table S1 confirms the 

binding of D-Dimer onto the fiber surface because of the clear presence of gamma- and beta-

chains of fibrinogen. 

 



 
 

 

 

Supporting Fig. S4. SDS-PAGE under non-reducing and reducing conditions for mass 

spectrometry. Molecular weight profiling of (A) purified D-dimer in non-reducing (NR) and 

reducing (R) conditions and of (B) D-Dimer antibody DD2. Lines 1 and 4 correspond to the 

molecular weight (MW) standard. 

 



 
 

Supporting Fig. S5. Detection of purified D-dimer by Western-blotting. Immunoblotting results 

performed in (A) non-reducing (NR) and (B) reducing (R) conditions, respectively, using the D-

Dimer antibody DD2 as affinity evidence. 

 

Supporting Table S1. Specifics of D-dimer fragments corresponding to beta- and gamma-chains 

of fibrinogen identified by mass-spectrometry. 
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