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1. Pierce 660 nm protein assay

Figure S1. Adsorbed protein masses on HES nanocapsules with different functionalities. 

Quantification was performed via a Pierce 660 nm Assay (Thermo Scientific, Rockford, USA). Mean 

values (n = 3), error bars (± SEM).
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2. Isothermal titration calorimetry - Data evaluation

Data evaluation of the performed ITC measurements was performed using the NanoAnalyze™ Data 

Analysis Software Version 2.3.6 from TA instruments. All obtained heat changes were analyzed with 

a fit according to an independent binding model1, 2 (equation S1). This model is based on the 

assumption that a ligand L independently binds to one site of a macromolecule M without any 

cooperativity effects. 

 
∆𝑞= ((𝑁[𝑀]𝐾𝑎+ [𝐿]𝐾𝑎+ 1) ‒ (𝑁[𝑀]𝐾𝑎+ [𝐿]𝐾𝑎+ 1)2 ‒ 4𝑁𝐾𝑎

2[𝑀][𝐿]

2𝐾𝑎 ) ‒ [𝑀𝐿]𝑛 ‒ 1∆𝐻∆𝑉𝑐𝑒𝑙𝑙

(S1)

From the fit the parameters ,  and  are obtained, whereas  is the concentration of the 𝑁 𝐾𝑎 ∆𝐻 [𝑀]

macromolecule,  the concentration of the ligand,  the concentration of the formed complex and [𝐿] [𝑀𝐿]

 the change of the total cell volume during the titration. To calculate the entropy change  of ∆𝑉𝑐𝑒𝑙𝑙 ∆𝑆

the reaction, the reaction isotherm equation (equation S2) was combined with the Gibbs-Helmholtz 

equation (equation S3) and solved for  (equation S4).∆𝑆

 (S2)∆𝐺=‒ 𝑅𝑇 ∙ ln𝐾𝑎

 (S3)∆𝐺= ∆𝐻 ‒ 𝑇 ∙ ∆𝑆

 (S4)
∆𝑆= 𝑅 ∙ ln𝐾𝑎+

∆𝐻
𝑇

Here  is the Gibbs free energy,  is the universal gas constant and  the temperature, so that for ∆𝐺 𝑅 𝑇

known  and  the entropy change can be calculated.𝐾𝑎 ∆𝐻



3. DLS analysis of plasma samples

The obtained independent size fractions can be attributed to different protein fractions present in 

human plasma.3

Figure S2. Distribution of relaxation times  for plasma at a scattering angle of  𝐻(ln 𝜏) 𝜃= 90°

obtained by a CONTIN4, 5 data analysis. The sample shows three independently diffusing species 

corresponding to the hydrodynamic radii indicated by the red arrows.



4. DLS analysis of functionalized HES nanocapsules

Figure S3. A) Upper graph: Autocorrelation function g1(t) (black circles ●) of non-functionalized 

HES capsules mixed with HSA solution at  = 64°. The blue line (–) represents the forced fit 𝜃

composed of the sum of the individual components whereas the red line (–) represents the fit with an 

additional aggregation function. Lower graph: Corresponding residuals resulting from the difference 

between the data and the two fits. B) Hydrodynamic radii of pure non-functionalized HES capsules 

(black squares ■) and of the aggregate formed in HSA solution (red squares ■). Striped columns 

represent the aggregate fraction relative to the capsule fraction.

Figure S4. Upper graph: Autocorrelation function g1(t) (black circles ●) of non-functionalized HES 

capsules mixed with ApoA1 solution at  = 64°. The blue line (–) represents the forced fit composed 𝜃

of the sum of the individual components whereas the red line (–) represents the fit with an additional 

aggregation function. Lower graph: Corresponding residuals resulting from the difference between the 

data and the two fits.



Figure S5. A) Upper graph: Autocorrelation function g1(t) (black circles ●) of COOH-functionalized 

HES capsules mixed with plasma at  = 64°. The blue line (–) represents the forced fit composed of 𝜃

the sum of the individual components whereas the red line (–) represents the fit with an additional 

aggregation function. Lower graph: Corresponding residuals resulting from the difference between the 

data and the two fits. B) Hydrodynamic radii of pure COOH-functionalized HES capsules (black 

squares ■) and of the aggregate formed in plasma (red squares ■). Striped columns represent the 

aggregate fraction relative to the capsule fraction.

Figure S6. A) Upper graph: Autocorrelation function g1(t) (black circles ●) of COOH-functionalized 

HES capsules mixed with HSA solution at  = 64°. The blue line (–) represents the forced fit 𝜃

composed of the sum of the individual components whereas the red line (–) represents the fit with an 

additional aggregation function. Lower graph: Corresponding residuals resulting from the difference 

between the data and the two fits. B) Hydrodynamic radii of pure COOH-functionalized HES capsules 

(black squares ■) and of the aggregate formed in HSA solution (red squares ■). Striped columns 

represent the aggregate fraction relative to the capsule fraction.



Figure S7. Upper graph: Autocorrelation function g1(t) (black circles ●) of COOH-functionalized 

HES capsules mixed with ApoA1 solution at  = 64°. The blue line (–) represents the forced fit 𝜃

composed of the sum of the individual components whereas the red line (–) represents the fit with an 

additional aggregation function. Lower graph: Corresponding residuals resulting from the difference 

between the data and the two fits.

Figure S8. Upper graph: Autocorrelation function g1(t) (black circles ●) of NH2-functionalized HES 

capsules mixed with plasma at  = 64°. The blue line (–) represents the forced fit composed of the sum 𝜃

of the individual components whereas the red line (–) represents the fit with an additional aggregation 

function. Lower graph: Corresponding residuals resulting from the difference between the data and the 

two fits.



Figure S9. Upper graph: Autocorrelation function g1(t) (black circles ●) of NH2-functionalized HES 

capsules mixed with HSA solution at  = 64°. The blue line (–) represents the forced fit composed of 𝜃

the sum of the individual components whereas the red line (–) represents the fit with an additional 

aggregation function. Lower graph: Corresponding residuals resulting from the difference between the 

data and the two fits.

Figure S10. Upper graph: Autocorrelation function g1(t) (black circles ●) of NH2-functionalized HES 

capsules mixed with ApoA1 solution at  = 64°. The blue line (–) represents the forced fit composed 𝜃

of the sum of the individual components whereas the red line (–) represents the fit with an additional 

aggregation function. Lower graph: Corresponding residuals resulting from the difference between the 

data and the two fits.



5. Additional references

1. E. Lewis and K. Murphy, in Protein-Ligand Interactions, ed. G. Ulrich Nienhaus, 
Humana Press, 2005, vol. 305, pp. 1-15.

2. E. Freire, O. L. Mayorga and M. Straume, Analytical Chemistry, 1990, 62, 950A-
959A.

3. K. Rausch, A. Reuter, K. Fischer and M. Schmidt, Biomacromolecules, 2010, 11, 
2836-2839.

4. S. W. Provencher, Makromol Chem, 1979, 180, 201-209.
5. S. W. Provencher, Comput Phys Commun, 1982, 27, 229-242.


