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Competition experiments.
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Figure S1. Competition experiments (a~g): Fluorescent emission spectra of TBAPy before (black line) 

and after adding interfering proteins (red line), and added protamine to the above solutions (blue line) 

in aqueous solutions.
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Figure S2. (a) Linear fit between emission intensity and protamine concentration (0-30 μg/mL) in 

TBAPy (0.02 mg/mL) aqueous solutions. (b) Fluorescent intensity of TBAPy (0.02 mg/mL) in aqueous 

solutions after different measurements. 
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Figure S3. Plots of the fluorescence intensity of TBAPy-protamine system with the concentration of 

heparin.
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Figure S4. Photo images of different components in aqueous solutions in NMR tubes: (a) TBAPy; (b) 

TBAPy+Pro.; (c) TBAPy+Hep. and (d) TBAPy+Pro.+Hep..

Figure S5. Photos of different components in aqueous solutions in NMR tubes after standing for 5 

days: (a) TBAPy; (b) TBAPy+Pro.; (c) TBAPy+Hep.; and (d) TBAPy+Pro.+Hep..
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Figure S6. (a) Fluorescence emission spectra of the upper transparent aqueous solutions of 

TBAPy+Pro.(green line) and TBAPy+Pro.+Hep. (blue line) after filtration to remove the precipitates. 

(b) Photographs of the upper clear aqueous solution of TBAPy+Pro. and TBAPy+Pro.+Hep. under an 

ultraviolet light lamp (λex=365 nm). (c) The photo image of TBAPy+Pro. precipitate solid after 

removed the upper aqueous solution under an ultraviolet light lamp (λex=365 nm).



8

Figure S7. The fluorescent emission spectra of TBAPy in aqueous solutions with the variation of pH.

Figure S8. Fluorescence emission spectra of TBAPy interacting with protamine and heparin in 

phosphate-buffered saline (PBS) buffer solution. [1, 2]
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Table S1

Comparison of the analytical data of some reported methods for the determination of protamine.

Method Linear range Detection limit References

HPLC 15–100 μg/mL 15 μg/mL [3]

Probe1 0–1000 μg/mL 100 ng/mL [4]

CHSA 1–5 μg/mL  43 ng/mL [5]

DSA-4COOH 0–0.4 μg/mL 30 ng/mL [6]

Si-QDs 0–1.2 μg/mL 6.7 ng/m [7]

TPHA 0–6 μg/mL 4.78 ng/mL [8]
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