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Reagents and Chemicals 
Poly(ethylene glycol) diacrylate (PEGDA-700 Da), Light mineral oil (LMO), Sorbitan 

monooleate (SPAN 80), Polyethylene glycol sorbitan monolaurate (TWEEN 20),  Ethanol 
and Diethyl ether, Albumin-fluorescein isothiocyanate conjugate (BSA), Anti-Human IgG 
(whole molecule)-FITC antibody produced in goat (IgG) were purchased from Sigma-
Aldrich (St. Gallen, CH) and used as received. Crosslinking reagent 2-Hydroxy-2-
methylpropiophenone (DAROCUR 1173) was supplied from Ciba. Phosphate Buffered 
Saline Tablets were purchased from MP Biomedicals. Texas Red labelled dextrans with 
different molecular weight (3 kDa, 10 kDa and 40 kDa) were supplied by Thermo Fisher 
Scientific. DNA and RNA oligonucleotides were provided from Metabion with HPLC 
purification. Human serum was supplied by Lonza. μ-Slide were provided by Ibidi. Tube 
and special DNA-LoBind tubes were provided by Eppendorf.  

Microparticles: Synthesis and Characterization  
The correct formation of network composed by PEGDA and methacrylate 

oligonucleotide was properly tested by fluorescence analysis by CLSM. In Error! 
Reference source not found. are reported PEGDA microparticles (15% w/v) used as con-
trol (CTR) and functionalized PEGDA–methacrylate microparticles. Both were properly 
analyzed by CLSM images at different time. Synthesized and washed microparticles were 
firstly examined at t0. Both of them show only a low background fluorescent signal. Then 
(t1) a solution with F-DNA was added and, therefore, a high fluorescent signal in and 
outside the microparticles was recovered. Finally, microparticles were properly washed 
and re-analyzed. As expected, at t2, only functionalized microparticles show fluorescent 
signal due to the duplex formation between T-DNA and F-DNA confirming the correct 
formation of oligo-polymer network. 
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Figure S1. CLSM images of both control PEGDA microparticles (CTR) and functionalized ones at 
different times. 

Equilibrium Swelling Theory 
The equilibrium swelling theory, also known as Flory-Rehner theory, allow 

analyzing the structure of hydrogels that do not contain ionic moieties. This equation 
allows calculating the molecular weight between crosslinks that represent a measure of 
the degree of crosslinking of the polymer. Obviously, due to the random nature of the 
polymerization process itself only average values of Mୡ can be calculated by Equation 
(S1). 

ଵெ೎ = ଶெ೙ −  ቀ ೡೇభቁൣ௟௡൫ଵି௩మ,ೞ൯ା௩మ,ೞାఞభ௩మ,ೞమ ൧ቀ௩మ,ೞభ/యିೡమ,ೞమ ቁ   (S1)

In this equation M୬ is the molecular weight of the polymer chains prepared in the 
absence of a crosslinking agent, v2,s is the polymer fraction in the swollen state, χ1,2 is the 
polymer-solvent interaction parameter, 𝑣 is the specific volume of the polymer, and V1 
is the molar volume of water. 

In particular, polymer volume fraction in the swollen state characterizes how well 
the polymer absorbs water. It can be expressed as the ratio of the volume of dry polymer, 
Vd, to the volume of the swollen polymer gel, Vs, and is the reciprocal of the degree of 
swelling, Q.101 The polymer fraction in the swollen state can easily be determined with 
equilibrium swelling using Equation (S2) above. 𝑣ଶ,௦ = ௏೏௏ೞ   (S2)

To apply Equation (S1), several parameters are needed: interaction parameter 
PEG/water, χ=0.426 (18); specific volume, v=0.91 ml/g; molar volume of water, V1= 18.1 
ml/mol (18); uncrosslinked molecular weight of PEG, Mn = 7000 Da.  

Once Mc was calculated, the mesh size (ξ) can be determined from the following 
equation [15]: 𝜉 =  𝑣ଶ,௦ିଵ ଷ⁄ ሺ𝑟̅଴ଶሻଵ ଶ⁄      (S3)

where 𝑟̅଴ଶ is the value of the end-to-end distance of PEG chains in the unperturbed state 
and it is calculated applying Equation (S4): 
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ሺ𝑟଴ଶሻଵ ଶ⁄ = 𝐶𝑛𝑁𝑙2 (S4)

where Cn is the Flory characteristic ratio, l is the length of each link and N, the number of 
links in the chain, is given by Equation (S5): 𝑁 =  ଶ ெഥ೎ெೝ    (S5)

where Mr is the molecular weight of the repeating unit of the polymer. 

Swelling Parameters 
Table with all swelling parameters calculated applying Equilibrium Swelling theory 

for three different sample preparations ( PEGDA 10-15-20% w/v). 

Table S1. Swelling parameters for different polymer concentrations. 

 

 

 
 

 

Diffusion Probes  

Table S2. Diffusion probes parameters: Molecular weight (MW), Hydrodynamic radius (Rh) and structure. 

 PEGDA 10% PEGDA 15% PEGDA 20% 

V2,s 0.088 ± 0.007 0.125 ± 0.007 0.206 ± 0.014 

Q 11.42 ± 0.87 7.99 ± 0.46 4.87 ± 0.33 

Mc (Da) 338 ± 2 325 ± 4 283 ± 12 

ξ (nm) 2.55 ± 0.10 2.23 ± 0.07 1.77 ± 0.09 

 
MW (kDa) Rh (nm) Structure 

Dextran 3kDa 3 1.3 Spherical, flexible, branched 

Dextran 10kDa 10 2.4 Spherical, flexible, branched 

Dextran 40kDa 40 3.9 Spherical, flexible, branched 

Methacrylate Oligonucleotide 6 1.6 linear 

BSA 66 3.5 Globular, rigid 

IgG 150 5.0 Y-Shaped, rigid 



Sensors 2021, 21, 7671 4 of 4 
 

 

Double Strand Probe 

 

 
Figure S2. Folding simulation of the Tail (A) and Quencher (B) strands using UNAFold and setting 50 nM of oligonucle-
otide, 200 mM of NaCl and 25 °C as parameters. 

Limit of Detection Analysis 
All experiments were performed in triplicates and values are reported as mean ± 

standard deviation. Data are analyzed applying a non-linear regression and R2 is above 
0.9 in all experiments. 

 

 
Figure S3. LOD analysis. 
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