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Fig. S1. Chemical structures of cholinium-based ILs.

 





Fig. S2 Normalized fluorescence intensity obtained from qPCR in cholinium-based ILs 
at various concentrations (0.2, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 M). (a) [Ch][But], (b) 
[Ch][Glu], (c) [Ch][Suc], (d) [Ch][Adi], (e) [Ch][Tf2N], (f) [Ch][NO3], (g) [Ch][Tar], 
(h) [Ch][L], and (i) [Ch][Dhc], respectively. 

Table S1. The purity of materials in experiments.

Materials Purity
Proteinase K >95%

[Ch][DHP] >97%

[Ch][Dhc] >97%

[Ch][But] >97%

[Ch][Glu] >97%

[Ch][Adi] >97%

[Ch][Suc] >97%

[Ch][Tar] >97%

[Ch][Ac] >97%

[Ch][MeSO3] >98%

[Ch][NO3] >98%

[Ch][Cl] >99%

[Ch][L] >97%

[Ch][Tf2N] >99%

Fig. S3. (a) The tyrosine standard curve. From the curve, K=131.13 , it is the  𝜇𝑔/ 𝑚𝐿
concentration of L-tyrosine at which A275=1. (b) The relationship between absorbance 
in 275 nm and the concentration of PK. We determined the concentration of PK in 
activity measurements as 0.1 mg/ mL.



Table S2. The Jones-Dole viscosity B coefficients of the anions obtained from ref. 
1 

anions [Dhp]- [Ac]- [MeSO3]- [Cl]- [NO3]- [Na]+ [Ca]2+

B coefficient +0.34 +0.246 +0.127 -0.005 -0.043 +0.085 +0.284

The measurement of Tm of PK in buffer 

During the experiment, we cannot obtain the Tm of PK in buffer by using qPCR because 
of its autolysis2,3,4 making the fluorescence intensity disorderly and unsystematic, 
which make it impossible to fit the florescence intensity using Boltzmann equation to 
obtain the Tm. In order to inhibit the autolysis of PK, phenyl methane-sulfonyl fluoride 
(PMSF) was added into the sample mixture. We changed the concentration of PMSF to 
obtain the relationship between the Tm values and the concentration of PMSF. Finally, 
Tm in the absence of PMSF can be computed using extrapolation method. In addition, 
DSC was also carried out with a Nano-DSC (TA Instruments) at a heating rate 2.0 

/min from 25  to 90 . The measurement was held at a constant temperature for 2 ℃ ℃ ℃
min between each scan. Data evaluation used the software provided by the 
manufacturer. Buffer–buffer baselines were subtracted from sample data.



Fig. S4. (a) The normalized fluorescence intensities were obtained by qPCR at different 
concentration PMSF. (b) The relationship between Tm of PK in the presence of PMSF 
and the concentration of PMSF. Tm was obtained by fitting fluorescence intensities 
using Boltzmann equation. Tm of PK in the absence of PMSF can be calculated by 
extrapolation method. The value of Tm is 74.41  in the absence of PMSF. (c) The ℃
capacity of PK measured by DSC. The black line and red line are raw data and 
TwoStateScaled fitting data, respectively. The Tm is 72.16  obtained by DSC.℃



CD spectral analysis for PK in cholinium-based ILs

Fig. S5. CD spectra of PK in cholinium-based ILs (a) [Ch][But], (b) [Ch][Glu], (c) 
[Ch][Suc], (d) [Ch][Adi], and (e) [Ch][Tf2N] at different concentrations.



Fig. S6. The relative activity of PK in the absence and presence of ILs at various 
concentrations considering 100% of enzymatic activity in the buffer of PBS at pH 8.0. 
(a) The relative of activity of PK in general cholinium-based ILs at different 
concentrations. (b) The relative activity of PK in ILs whose anions are derived from 
carboxylic acids and dicarboxylic acids at different concentrations.



Fig. S7. The CD values at 222nm in (a) [Ch][MeSO3] and (b) [Ch][Cl] at various 
concentrations (0.2, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 M). 



Fig. S8. Normalized fluorescence intensity of three repeated experiments obtained from 
qPCR in [Ch][Adi] at various concentrations (0.2, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 M). 



Fig. S9. Normalized fluorescence intensity of three repeated experiments obtained from 
qPCR in [Ch][NO3] at various concentrations (0.2, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 M). 



Fig. S10. Normalized fluorescence intensity of three repeated experiments obtained 
from qPCR in [Ch][Dhc] at various concentrations (0.2, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 
M). 



Fig. S11. Normalized fluorescence intensity of three repeated experiments obtained 
from qPCR in [Ch][MeSO3] at various concentrations (0.2, 0.5, 1.0, 1.5, 2.0, 2.5, and 
3.0 M). 



Fig. S12. Normalized fluorescence intensity of three repeated experiments obtained 
from qPCR in [Ch][Cl] at various concentrations (0.2, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 
M).



Fig. S13. Normalized fluorescence intensity of three repeated experiments obtained 
from qPCR in [Ch][Tf2N] at various concentrations (0.2, 0.4, and 0.5 M).



Table S3. The Tm values obtained by fitting three repeated experiments as 
mentioned above using Boltzmann equation.

0.2 M (°C) 0.5 M (°C) 1.0 M (°C) 1.5 M (°C) 2.0 M (°C) 2.5 M (°C) 3.0 M (°C)

76.92±0.27 74.63±0.08 74.61±0.08 73.49±0.19 73.36±0.15 73.55±0.30 73.25±0.15

76.66±0.32 74.84±0.20 74.90±0.07 73.69±0.12 73.65±0.20 73.40±0.15 73.40±0.14[Ch][Adi]

76.47±0.33 74.50±0.05 74.59±0.04 73.98±0.11 73.73±0.18 73.70±0.18 73.44±0.28

78.49±0.32 76.43±0.30 73.44±0.13 70.89±0.16 69.41±0.13 68.29±0.09 67.21±0.07

78.89±0.36 76.76±0.38 73.47±0.07 70.90±0.12 69.05±0.10 68.49±0.10 67.56±0.13[Ch][NO3]

78.79±0.36 76.78±0.30 73.27±0.24 70.86±0.08 69.41±0.04 68.02±0.04 67.05±0.06

72.36±0.30 67.55±0.19 64.83±0.30 61.66±0.32 54.47±0.20 54.89±0.08 59.51±0.05

72..78±0.37 67.75±0.16 64.37±0.20 61.23±0.31 54.42±0.12 54.56±0.13 59.61±0.17[Ch][Dhc]

72.66±0.24 67.84±0.18 64.58±0.20 61.44±0.25 54.14±0.05 54.36±0.10 59.79±0.08

76.74±0.18 78.20±0.15 80.22±0.34 81.48±0.31 81.02±0.36 83.04±0.27 82.74±0.24

76.29±0.34 78.54±0.22 79.86±0.27 81.96±0.20 80.95±0.14 83.19±0.15 82.53±0.18[Ch][MeSO3]

76.06±0.22 78.14±0.11 80.05±0.20 81.59±0.27 81.03±0.18 83.43±0.16 82.21±0.20

73.78±0.27 74.68±0.27 75.86±0.23 76.73±0.17 77.76±0.25 77.70±0.09 76.44±0.16

73.88±0.12 74.89±0.17 75.73±0.37 76.81±0.17 77.85±0.20 77.91±0.16 76.88±0.20[Ch][Cl]

73.55±0.29 74.70±0.26 75.37±0.37 76.98±0.23 77.47±0.30 77.81±0.10 76.93±0.17

0.2 M (°C) 0.4 M (°C) 0.5 M (°C)

64.35±0.32 62.21±0.16 52.54±0.32

64.57±0.42 62.25±0.10 52.35±0.31 [Ch][Tf2N]

64.24±0.16 62.13±0.08 52.75±0.14
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