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1. Syntheses
1.1 The syntheses routes of mPEG-Br (a) mPEG-b-P4VP (b) and mPEG-b-QP4VP (c) is shown in Scheme S1.
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Scheme S1.The syntheses routes of mPEG-Br (a) mPEG-b-P4VP (b) and mPEG-b-QP4VP (c)
1.2 Preparation of side-chain polypseudorotaxanes
The cucurbit[7]uril side-chain polypseudorotaxanes with various composition and concentration is prepared by mixing the pristine copolymer stock solution with quantitative CB[7] suspension and pure water. The synthesis of side-chain polypseudorotaxanes 0.5 mg/mL (with H:G =1:1) solution was used as an example. In order to achive the desired concentration of 0.5 mg/mL, 9.5 mL pure water was added firstly followed by 5 mg mPEG-b-QP4VP was dispersed in pure water (10 mL), and 0.5 mL (34 mg/mL) suspension was added. The mixture was mixed with vortex (2500 rpm, 30s).
2. Characterizations of the polymers
The 1H NMR spectrum of mPEG43-Br is shown in Figure S1. From the area of peak e and a as shown in the 1H NMR spectrum of Figure S1, it can be concluded that all mPEG43-OH has been translated into mPEG43-Br.[image: ]
Figure S1. 1H NMR spectrum of mPEG43-Br (400 MHz, CDCl3).
The 1H NMR spectrum of mPEG43-b-P4VP is shown in Figure S2. 1H NMR (400 MHz, CDCl3), δ(TMS, ppm): 8.43 (Hf, 2H), 6.38 (He, 2H ), 3.64 (Hb, 4H), 3.32 (Ha, 3H), 2.5 (Hd, 1H), 1.5 (Hc, 2H). The GPC trace for mPEG-b-P4VP in DMF is shown in Fig S3.
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Figure S2. 1H NMR spectrum of mPEG43-b-P4VP (400 MHz, CDCl3).
[image: ]
Figure S3. GPC trace obtained for the mPEG-b-P4VP.
The 1H NMR spectrum of mPEG43-b-QP4VP is shown in Figure S4. 1H NMR (400 MHz, DO2), δ (TMS, ppm): 8.57 (Ha’, 2H), 7.42 (Hb’, 2H ), 7.78 (He, 2H), 7.39 (Hd, 2H), 8.44 (Hb, 2H), 6.51 (Ha, 2H), 3.64 (Hg, 4H), 3.32 (Hh, 3H), 1.5 (Hf, 3H).
[image: ]
Figure S4. 1H NMR spectrum of mPEG43-b-QP4VP (400 Hz, D2O).

The FT-IR spectra of mPEG, mPEG-Br, mPEG-b-P4VP, quaternized copolymer mPEG-b-QP4VP was shown in Figure S5. In the FT-IR spectrum (Figure S5b), the absorption peaks at 3433 cm-1 disappeared, and new peaks could be seen at 1732 cm-1 (C=O) correspongding to the esters. The result indicated the successfull synthesis of the macroinitiator mPEG-Br. The characteristic absorption peaks at 1600 cm-1 and 1559 cm-1 (C=N) were observed, suggesting that the polymer (mPEG-b-P4VP) was successfully synthesized (Figure S5c). Meanwhile, as shown in Figure S5d, other than the three absorption bands at 1732 cm-1 (C=O), 1600 cm-1 (C=N) and 1559 cm-1, the characteristic absorption of the quaternary N atom was observed at 1638 cm-1, which illustrated the successful synthesis of the desired block copolymers.
[image: ]
Figure S5. FT-IR spectra of mPEG-OH (a), mPEG-Br (b), copolymer mPEG-b-P4VP (c), quaternized copolymer mPEG-b-QP4VP (d). 
The concentration-dependent fluorescence emission spectra of mPEG-b-QP4VP in water are shown in Figure S6.[image: ]
[bookmark: OLE_LINK1]Figure S6. (a) Concentration dependent fluorescence emission spectra of mPEG-b-QP4VP in aqueous solution at pH 6.0 with excitation at 365 nm. (b) Variation in fluorescence intensity of fluorescence spectra of mPEG-b-QP4VP solution as a function of polymer concentrations at 25 C. 
pH response of the mPEG-b-QP4VP micelles
As an amphiphilic copolymer, mPEG-b-QP4VP can respond to external pH conditions owing to the pyridine groups on the 4-vinyl pyridine (4-VP) segment [1]. Low pH (pH < 5.0)-induced protonation of the pyridine ring was able to initiate a hydrophobic to hydrophilic transition, and has been employed widely to construct pH-responsive nanostructures. It was suggested that P4VP has a pKa value of approximately 4–5, rendering it insoluble in neutral and alkaline aqueous media [2,3]. At pH values above the pKa, the P4VP chains become hydrophobic and shrink. When the pH decreases below the pKa, the polymer chains turn to hydrophilic and stretch owing to the protonation of the 4VP units. Therefore, for the mPEG-b-QP4VP copolymer, lower pH values are preferred to trigger possible chemical changes. Therefore, three pH conditions (pH 4.0, 5.0, and 7.4) were chosen to test the pH-responsive abilities of the assembly. As shown in Figure S7b, the pH-responsive fluorescence emission spectra of mPEG-b-QP4VP in different buffer solutions were acquired under an excitation wavelength of 365 nm, and one emission peak at 432 nm was recorded. At pH 7.4, weak intensities of the peak resulted from the proximity of the encapsulated 4-cyanobenzyl group in the micellar core, which is likely to cause fluorescence quenching by energy transfer [4-7]. When the pH was decrease to 5.0 and 4.0, the hydrophobic P4VP gradually became hydrophilic, leading to partial or complete disassembly of the micelles, which generated stronger intensities of emission spectra. The results illustrated that a simple and effective modification of the free copolymers with fluorescent dyes conferred fluorescent properties to the system. In addition, the fluorescent intensity change was governed by the pH response of mPEG-b-QP4VP, further confirming the pH response of the assembly.The hydrodynamic size distribution of mPEG-b-QP4VP at pH 4.0, 5.0, and 7.4 is shown in Figure S7c. At pH 7.4, the assembled formulation was stable, and the hydrodynamic size was found to be 146.5 nm, with a narrow PDI of 0.341. The assembly of mPEG-b-QP4VP at this pH condition was imaged by TEM, as shown in Figure S7d. At a lower pH of 5.0, the hydrodynamic size was increase to 156.7 nm with a broad distribution (PDI = 0.502, possibly due to the electrostatic repulsion induced by the partially protonated pyridine groups, leading to a large hydrodynamic size and incomplete destruction of mPEG-b-QP4VP, as shown in Figure S7c. when the pH was decreased to 4.0, the hydrodynamic size markedly decreased, and the maximum intensity was centred at 11.45 nm, indicating that the hydrophobic-hydrophilic transition of P4VP induced the disassembly of mPEG-b-QP4VP. The degraded mPEG-b-QP4VP at this pH condition was imaged by TEM, as shown in Figure S7d. The pH-dependent stability of the assembled formulation enabled their use as intelligent carriers for therapeutic agents.
[image: ]
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Figure S7 (a) Schematic illustration of pH-responsiveness of micellar mPEG-b-QP4VP. (b) Fluorescence spectra of mPEG-b-QP4VP in buffer solutions with different pH values at room temperature; excited wavelength = 365 nm. (c) Hydrodynamic size distribution of the assembly mPEG-b-QP4VP at pH7.4, pH 5.0, and pH 4.0. (d) TEM images of the degraded mPEG-b-QP4VP in pH 4.0 and assembled mPEG-b-QP4VP in pH 7.4 buffers at a polymer concentration 0.5 mg/mL. 
3. Binding behavior of mPEG-b-QP4VP with CB[7]
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The UV-vis absorption spectral changes in mPEG-b-QP4VP as a function of added CB[7] are shown in Figure S8.
[image: ]
Figure S8. UV-vis spectra of mPEG-b-QP4VP and pseudopolyrotaxanes with different content of CB[7] thread.
The decay lifetime of the mPEG-b-QP4VP and pseudopolyrotaxanes are shown in Figure S9.
[image: ]
Figure S9. Fluorescence decay of mPEG-b-QP4VP and mPEG-b-QP4VP/CB[7](1:1) in water at λex = 365 nm.
4. In vitro cell viability assay 
The potential toxicity of mPEG-b-QP4VP and pseudopolyrotaxanes were evaluated by using an MTT assay to NIH3T3 cells. As shown in Figure S10, the viability of NIH3T3 and HeLa cells treated with pseudopolyrotaxane micelles for 48 h was over 85% in all tests, even at applied concentrations up to 500 μg/mL. However, the viability of NIH3T3 cells treated with mPEG-b-QP4VP for 48 h was lower than 50% only at concentrations up to 200 μg/mL (Figure S10). The results demonstrated that the pseudopolyrotaxane micelles were nontoxic and could be safely used as biocompatible carriers for drug delivery.
[image: ]
Figure S10. Viability of NIH3T3 cells incubated with different concentrations of mPEG-b-QP4VP and pseudopolyrotaxanes for 48 h.
5. Drug-loaded micelles 
The morphology and particle size distribution of the blank and drug-loaded micelles were observed by DLS and TEM as shown in Figure S11. 
[image: ]
Figure S11. (a) TEM image of blank pseudopolyrotaxanes micelles (b) TEM image of DOX-loaded pseudopolyrotaxanes micelles. (c) The size distribution of pseudopolyrotaxanes micelles before and (d) after DOX loading measured by DLS. 
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