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1.  Polyelectrolyte Characterization  
1.1 GPC chromatogram of PAGE 

 

 
Figure S1. GPC profile of the precursor polymer PAGE in THF as the eluent applying PS-standards. 
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1.2 NMR-Data of PAGE and polymers 1-4 

 
Figure S2. 1H-NMR of PAGE (CDCl3, 400 MHz). 

 

 
Figure S3. 13C-NMR of PAGE (CDCl3, 175 MHz). 
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Figure S4. 1H-NMR (400 MHz, D2O) of polymer 1 (PAGE-SO3Na). 

 

 
Figure S5. 13C-NMR (176 MHz, D2O) of polymer 1 (PAGE-SO3Na). 
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Figure S6. 1H-NMR (400 MHz, D2O) of polymer 2 (PAGE-N+(CH3)2-(CH2)3-SO3

-). 

 

 
Figure S7.  13C-NMR (176 MHz, D2O) of polymer 2 (PAGE-N+(CH3)2--(CH2)3-SO3

-). 
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Figure S8. 1H-NMR (400 MHz, D2O) of polymer 3 (PAGE-NH3Cl). 

 
Figure S9. 13C-NMR (176 MHz, D2O) of polymer 3 (PAGE-NH3Cl). 
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Figure S10. 1H-NMR (400 MHz, D2O) of polymer 4 (PAGE-NHMe2Cl). 

 

Figure S11. 13C-NMR (176 MHz, D2O) of polymer 4 (PAGE-NHMe2Cl). 
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1.3  Summary of molecular characteristics of PAGE and polymers 1-4 

 

Table S1. Overview of molecular weight of functional polymers 1 – 4. 

Polymer  Mn 

[kDa] 
Mw  

[kDa]  
Ð Mn (Thiol) 

[g/mol] 
Number 
of r.u.  

Degree of 
functionalizationc  

PAGE  12.1a 14.4a  1.19 
1.19 
1.19 
1.19 
1.19 

n.a. 125 
125 
125 
125 
125 

n.a. 
1  31.0b 36.7 b  178.20 100% 
2  37.7 b 44.6 b  241.36 100% 
3  24.1 b 28.6 b  113.60 100% 
4  27.1 b 32.1 b  141.66 100% 

a as obtained from GPC in THF applying PS-standards; b as calculated based on the number of r.u.’s and the 

molecular weight Mn of the respective thiols; c determined from 1H NMR; n.a. = not applicable. 

 

2.  ITC measurement conditions 
 

Table S2. Summary of used concentrations and measurement conditions in ITC experiments. 

Polymer Polymer 
Concentration  

[mM (g/L)] 

Protein 
Concentration  

[mM (g/L)] 

Temperature ϑ 
[°C]  

Ionic Strength 
[mM]  

1 0.0273  (1.0) 0.4  (26.5) 25, 30, 37 23 
 0.0273  (1.0) 0.4  (26.5) 25 23, 35, 40, 50, 80 
2 0.01  (0.45) 0.37  (24.4) 25 23 
3 0.01  (0.29) 0.37  (24.4) 20, 25, 28, 30, 33, 37 23 

0.007  (0.20) 0.4  (26.5) 25 23, 35, 40, 50, 60, 70, 80 
4 0.01  (0.32) 0.37  (24.4) 20, 25, 28, 30, 33, 37 23 

0.01  (0.32) 0.4  (26.5) 25 23, 35, 40, 50, 60, 70, 80 
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3.  Thermodynamic parameters obtained from ITC measurements  
3.1  Representative ITC curves of polymer 1 binding to BSA and thermodynamic parameters 

 

 
Figure S12. ITC data of the adsorption of BSA onto polymer 1 (PAGE-SO3Na) (black curves) with the corresponding 

heats of dilution of BSA (blue curves) at pH=7.4, I=23 mM and a) T =25°C, b) T =30°C, c) T =37°C. d) Binding 

isotherms corrected for the heat of dilution at T = 25, 30, 37°C, and 23 mM. 

 

a) b) c)

d)
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Figure S13. ITC data of adsorption of BSA onto polymer 1 (PAGE-SO3Na) (black curves) with the corresponding 

heats of dilution of BSA (blue curves) at pH=7.4, T=25°C, and a) I=23 mM, b) I=35 mM, c) I=40 mM, d) I=50 mM, 

e) I=80mM. d) Binding isotherms corrected for the heat of dilution at T=25°C for all ionic strengths. 

Table S3. Thermodynamic parameters of the binding between BSA (c=0.4 mM) and polymer 1 (PAGE-SO3Na) 

(c=0.03 mM) obtained from fitted binding isotherms.  

 

I 
[mM] 

Temperature ϑ 
[°C] N  

Kb x 10-5 
[M-1] 

∆HITC 
[kJ/mol] 

∆Gb 
[kJ/mol] 

23 
25 0.7 2.75 ± 0.45 -74.1 ± 2.4 -31.0 ± 0.4 
30 0.5 2.59 ± 0.22 -68.5 ± 1.0 -31.4 ± 0.3 
37 0.3 1.69 ± 0.06 -81.1 ± 1.1 -31.0 ± 0.1 

35 

25 

0.5 2.97 ± 0.35 -61.1 ± 1.9 -31.2 ± 0.3 
40 0.5 2.47 ± 0.19 -46.3 ± 1.0 -30.8 ± 0.2 
50 0.3 2.20 ± 0.16 -60.7 ± 1.5 -30.5 ± 0.2 
80 0.2 1.74 ± 0.21 -25.3 ± 1.2 -29.9 ± 0.3 

a) b) c)

d) e) f)
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3.2  Representative ITC curves of polymer 2 with BSA 

 

Figure S14. ITC data of adsorption of BSA (c=0.37 mM) onto polymer 2 (PAGE-N+(CH3)2 – (CH2)3 – SO3
- ) (black 

curves) (c=0.01 mM) with the corresponding heats of dilution (green curves) of BSA at pH=7.4, I=23 mM. 
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3.3 Representative ITC curves of polymer 3 binding to BSA and extracted thermodynamic 

parameters 

 
Figure S15. ITC data of adsorption (black curves) of BSA (c=0.37 mM) onto polymer 3 (PAGE-NH3Cl) (c=0.01 mM) 

with the corresponding heats of dilution (red curves) of BSA at pH=7.4, I=23 mM and a)T=20°C b) T=25°C, c) 

a) b) c)

d) e) f)

g)
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T=28°C, d) T=30°C, e) T=33°C f) T=37°C. g) Binding isotherms corrected for the heat of dilution at T=20, 25, 28, 

30, 33, 37°C and I=23 mM. 

Table S4. Thermodynamic parameters of binding between BSA (c=0.37 mM) and polymer 3 (PAGE-NH3Cl) (c=0.01 

mM) obtained from fitted isotherms based on a temperature series. 

 

I 
[mM] 

Temperature ϑ 
[°C] 

N Kb x 10-5 
[M-1] 

∆HITC  
[kJ/mol] 

∆Gb  
[kJ/mol] 

23 

20 2.5 ± 0.1 5.00 ± 0.37 102.8 ± 1.7 -32.0 ± 0.2 
25 2.3 ± 0.1 5.58 ± 0.42 107.1 ± 1.8 -32.8 ± 0.2 
28 2.3 ± 0.1 6.65 ± 0.39 121.3 ± 1.4 -33.6 ± 0.2 
30 2.4 ± 0.1 7.97 ± 0.37 123.3 ± 1.0 -34.2 ± 0.2 
33 2.5 ± 0.1 8.79 ± 0.46 130.5 ± 1.1 -34.8 ± 0.2 
37 2.2 ± 0.1 11.10 ± 0.87 127.4 ± 1.5 -35.9 ± 0.2 
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Figure S16. ITC data of the adsorption (black curves) of BSA (c=0.4 mM) onto polymer 3 (PAGE-NH3Cl) (c=0.007 

mM) with the corresponding heats of dilution (red curves) of BSA at pH=7.4,  T=25°C and a) I=23 mM, b) I= 35 mM, 

c) I=40 mM, d) I=50 mM, e) I=60 mM f) I=70 mM g) I=80 mM. h) Binding isotherms corrected for the heat of 

dilution at T=25°C and I=23, 35, 40, 50, 60, 70, 80 mM. 

a) b) c)

d) e) f)

g) h)
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Table S5. Thermodynamic parameters of binding between BSA (c=0.4 mM) and polymer 3 (PAGE-NH3Cl) (c=0.007 

mM) obtained from fitted isotherms based on the ionic strength series. 

 

I 
[mM] 

Temperature ϑ 
[°C] 

N Kb x 105 
[M-1] 

∆HITC 
[kJ/mol] 

∆Gb 
[kJ/mol] 

23 

25 

2.4 5.35 ± 0.35 120.7 ± 2.0 -32.7 ± 0.2 
35 2.5 2.06 ± 0.15 107.2 ± 4.1 -30.3 ± 0.2 
40 2.2 1.54 ± 0.12 100.7 ± 4.4 -29.6 ± 0.2 
50 2.0 0.96 ± 0.05 114.7 ± 4.5 -28.4 ± 0.2 
60 2.2 0.54 ± 0.01 112.0 ± 0.9 -27.0 ± 0.1 
70 2.2 0.42 ± 0.01 109.5 ± 1.1 -26.4 ± 0.1 
80 2.0 0.33 ± 0.01 109.3 ± 0.9 -25.8 ± 0.1 
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3.4  Representative ITC curves of polymer 4 binding to BSA and extracted thermodynamic 

parameters 

 

Figure S17. ITC data of adsorption (black curves) of BSA (c=0.37 mM) onto polymer 4 (PAGE-NH(CH3)2Cl) 

(c=0.01 mM) with the corresponding heats of dilution (violet curves) of BSA at pH=7.4, I=23 mM and a) T=20°C 

a) b) c)

d) e) f)

g)
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b) T=25°C, c) T=28°C, d) T=30°C, e) T=33°C f) T=37°C. g) Binding isotherms corrected for the heat of dilution at 

T=20, 25, 28, 30, 33, 37°C and I=23 mM. 

 

Table S6. Thermodynamic parameters of binding between BSA (c=0.37 mM) and polymer 4 (PAGE-NH(CH3)2Cl) 

(c=0.01 mM) obtained from fitted isotherms based on a temperature series. 

 

I 
[mM] 

Temperature ϑ 
[°C] 

N Kb x 105 
[M-1] 

∆HITC 
[kJ/mol] 

∆Gb 
[kJ/mol] 

23 

20 2.5 4.85 ± 0.22 71.3 ± 0.7 -31.9 ± 0.2 
25 2.5 4.59 ± 0.16 75.1 ± 0.6 -32.3 ± 0.1 
28 2.5 4.80 ± 0.12 77.0 ± 0.4 -32.7 ± 0.1 
30 2.4 5.12 ± 0.14 78.5 ± 0.5 -33.1 ± 0.1 
33 2.4 5.06 ± 0.14 82.9 ± 0.5 -33.4 ± 0.1 
37 2.3 5.15 ± 0.21 90.5 ± 0.9 -33.9 ± 0.2 
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Figure S18. ITC data of the adsorption (black curves) of BSA (c=0.4 mM) onto polymer 4 (PAGE-NH(CH3)2Cl) 

(c=0.01 mM) with the corresponding heats of dilution (violet curves) of BSA at pH=7.4, T=25°C and a) I=23 mM, 

b) I= 35 mM, c) I=40 mM, d) I=50 mM, e) I=60 mM f) I=70 mM g) I=80 mM. h) Binding isotherms corrected for the 

heat of dilution at T=25°C and I=23, 35, 40, 50, 60, 70, 80 mM. 

a) b) c)

d) e) f)

g) h)
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Table S7. Thermodynamic parameters of binding between BSA (c=0.4 mM) and polymer 4 (PAGE-NH(CH3)2Cl) 

(c=0.01 mM) obtained from fitted isotherms based on the ionic strength series. 

 

I 
[mM] 

Temperature ϑ 
[°C] 

N Kb x 10-5 
[M-1] 

∆HITC 
[kJ/mol] 

∆Gb 
[kJ/mol] 

23 

25 

2.5 4.59 ± 0.16 75.1 ± 0.6 -32.3 ± 0.1 
35 2.5 2.17 ± 0.09 51.8 ± 0.5 -30.4 ± 0.1 
40 2.8 1.51 ± 0.07 44.8 ± 0.8 -29.5 ± 0.2 
50 2.6 0.81 ± 0.06 42.7 ± 1.8 -28.0 ± 0.2 
60 2.6 0.52 ± 0.03 39.4 ± 1.7 -26.9 ± 0.2 
70 3.1 0.42 ± 0.04 36.4 ± 2.3 -26.4 ± 0.2 
80 2.8 0.32 ± 0.07 19.5 ± 1.2 -25.7 ± 0.5 
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a) 

 

b) 

 

Figure S19. Enthalpy-entropy compensation for the data obtained from polymer 4 (tertiary amine). a) The blue 

circles denote the measured free energy of binding, whereas the blue solid line gives the respective fit by eq.(14). 

The solid green and red lines give the enthalpy eq.(15) and the entropy multiplied by T as obtained from eq.(16), 

respectively. The respective dashed lines denote the enthalpy eq.(4) and the entropy eq.(5) deriving from the fit 

of eq.(7) to the experimental data. b) The enthalpy ∆Hb (cf. eq.(4)) obtained from the fit of the experimental data 

according to eq.(7) is plotted against T∆Sb (eq.(5)). The slope of the dashed line is 0.88 indicating an incomplete 

compensation of enthalpy by entropy. See text for further explanation. 
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