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Supplementary Methods 
Experimental materials
All reagents were purchased commercially and used without external treatment. Tablet Machine (T69YP-15A) was produced by TIANJIN KEQI HIGN&NEW TECHNOLOGY CORPORATION. Powder XRD patterns were recorded with a Bruker AXS D8 Advance diffractometer using nickel-filtered Cu KCl radiation (λ= 1.5406Å). Morphological features were studied using scanning electron microscope (SEM, Verios G4) and field emission scanning electron microscope (FESEM, JEOL JSM-6340F). Transmission electron microscope images were taken by JEM-2100 Plus. UV-vis spectra were recorded on a Shimadzu UV-2501 spectrophotometer. Fluorescence spectra were recorded on Hitachi F-4600 fluorescence Spectrometer. Fluorescence spectra for FITC labeled GOx and coumarin labeled HRP were collected by CYTATION 5 Imaging reader produced by BioTek. Nitrogen sorption studies were performed in a Micromeritics ASAP 2020 adsorption apparatus at 77 K up to 1 bar. The pore textural properties including specific Langmuir and BET surface area, pore volume, and pore size were obtained by analyzing nitrogen adsorption and desorption isotherms with Micromeritics ASAP 2020 built-in software. The content of Pt in samples was analyzed by inductively coupled plasma mass spectrometer (ICP, Agilent S370). All fluorescent images were acquired on Zeiss LSM880 NLO (2 + 1 with BIG) Confocal Microscope System. Glucose oxidase (GOx) from Aspergillus niger was bought from J&K Chemical. Peroxidase from horseradish (reagent grade) (HRP) was purchased from Solarbio. Phosphate buffer saline (1x) was purchased from Shanghai Yuanye Biotechnology Co., Ltd. Glucose and Ethylene diamine tetraacetic acid disodium salt (EDTA) were purchased from Sinopharm Chemical Reagent Co., Ltd. 2, 2'-azino-bis (3-ethyl benzothiazoline-6-sulfonic acid) diammonium salt (ABTS) was bought from MyBioScience. N-Succinimidyl 7-hydroxycoumarin-3-carboxylate was purchased from TCI. Multi-walled carbon nanotubes were purchased from Jicang Nano Co., Ltd (Nanjing, China). All the other reagents were purchased from Sigma-Aldrich and used without further purification.
Experimental methods

Variable pressing masses and pressing time studies of ZIF-8. 10 mg, 20 mg and 50 mg ZIF-8 materials purchased from Sigma-Aldrich (ACS grade) after activation were weighed and put into the chamber of the T69YP-15A tablet machine, respectively. The chamber wall was shaken to make it uniformly adhere to the bottom of the pellets. After that, 30 MPa (gauge pressure, actual pressure 1,364 MPa) was applied to the above samples respectively, and withdrawn after 5 minutes. 
10 mg ZIF-8 material purchased from Sigma-Aldrich (ACS grade) after activation was weighed and put into the chamber of the T69YP-15A tablet machine. The chamber wall was shaken to make it uniformly adhere to the bottom of the pellets. After that, 30 MPa (gauge pressure, actual pressure 1,364 MPa) was applied to it, and withdrawn after 5 minutes, 10 minutes and 20 minutes, respectively. 

Preparation of Pt/ZIF-8.Commercial ZIF-8 was pre-dried for 12 hours at 120 °C to activate ZIF-8. 200 mg of the activated ZIF-8 was placed in a 50 mL spiral glass bottle and 10 mL methanol solution containing hexachloroplatinum hexahydrate (IV) acid (26.6 mg, 0.05 mmol) was added. The mixture was dispersed by ultrasound in 30 °C water bath for 30 minutes. The uniformly dispersed mixture was stirred for 6 hours at room temperature (25-30 °C). The supernatant was removed by centrifugal separation, and the light-yellow solid was redispersed to methanol (20 mL) at 0 °C. The newly prepared sodium borohydride (40 mg) methanol solution of 5 mL was added rapidly under stirring condition for 20 minutes. Gray Pt/ZIF-8 composite was obtained after centrifugal separation. After washing with 30 mL methanol for five times, it was placed in a vacuum dryer and dried at room temperature (25-30 °C) for 12 hours. The content of Pt in the samples was determined by inductively coupled plasma (ICP) spectroscopy to be 2.46 wt% (mass fraction ratio).
PVP-stabilized 13 nm Au NPs. Au NPs were prepared by a sodium citrate reduction method of HAuCl4. In a typical procedure for the synthesis of 13 nm Au NPs, an aqueous solution of HAuCl4 (0.01%, 150 ml) was brought to a vigorous boil with rapid stirring in a round bottom flask (250 ml) fitted with a reflux condenser. When the solution started to boil, an aqueous solution of trisodium citrate (1%, 4.5 ml) was added. The mixture was refluxed with stirring for another 20 minutes. The resulting deep red suspension was then removed from the heat. After the Au NP sol was cooled to room temperature, a solution of PVP (0.5 g, Mw = 55,000) in water (20 ml) was added dropwise to the Au NP sol with stirring, and the mixture was further stirred at room temperature for 24 hours. The PVP-stabilized Au NPs were collected by centrifugation at 14,000 rpm for 30 minutes, washed by methanol for three times, and finally dispersed in methanol (absorbance at 520 nm, ~ 1).
Preparation of SiO2. SiO2 colloidal spheres were synthesized with modified sol-gel Stöber method with an average size of 300 nm. Typically, 40 mL of NH3·H2O and 345 mL of ethanol were mixed into a round bottomed flask under stirring at 600 rpm. Then, 15 mL of TEOS (tetraethyl orthosilicate) was slowly introduced under stirring for another 20 min. The white product was collected by centrifugation, washed several times with ethanol and vacuum-dried.
Supplementary Part I: The exploration of PASR 
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Supplementary Figure 1. PXRD analysis of the pressed ZIF-8 under different pressures (a), As the pressed ZIF-8 under different masses (b), the pressed ZIF-8 under different pressing times (c).
Under low pressure, no obvious structure change was found. As the compression loading was increased to 909 MPa and 1,364 MPa, the characteristic diffraction peaks of ZIF-8 above 10° merged into broad peaks (12.7° [110], 14.7° [220], 16.5° [310], 24.5° [332] and 26.7° [510]), suggesting that the ZIF-8 NPs lose their long-range structural periodicity and are eventually amorphized.

[image: image2.png]



[image: image3.png]



[image: image4.png]



Supplementary Figure 2. Scanning electron microscopy analysis of the pressed ZIF-8 surface morphology under different pressures (a) (magnification 10,000 times, scale bar 10 μm). Scanning electron microscopy analysis of the pressed ZIF-8 surface morphology under different pressures (b) (magnification 50,000 times, scale bar 3 μm). Scanning electron microscopy analysis of the pressed ZIF-8 surface morphology under different pressures (c) (magnification 100,000 times, scale bar 1 μm).
With the increasing of pressure, the packing density of the aZIF-8 was also been increased with little vacancy.
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Supplementary Figure 3. Scanning electron microscopy analysis of the pressed ZIF-8 surface morphology under different masses (a) (magnification 10,000 times, scale bar 10 μm). Scanning electron microscopy analysis of the pressed ZIF-8 surface morphology under different masses (b) (magnification 50,000 times, scale bar 3 μm). Scanning electron microscopy analysis of the pressed ZIF-8 surface morphology under different masses (c) (magnification 100,000 times, scale bar 1 μm).
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Supplementary Figure 4. Scanning electron microscopy analysis of the pressed ZIF-8 surface morphology under different pressing times (a) (magnification 10,000 times, scale bar 10 μm). Scanning electron microscopy analysis of the pressed ZIF-8 surface morphology under different times (b) (magnification 50,000 times, scale bar 3 μm). Scanning electron microscopy analysis of the pressed ZIF-8 surface morphology under different times (c) (magnification 100,000 times, scale bar 1 μm).
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Supplementary Figure 5. The N2 sorption isotherms of ZIF-8 under different pressure loadings. P, pressure; P0, saturation pressure; P/P0, relative pressure (a). Density functional theory pore size distribution indicates that the disordered ZIF-8 material has a reduced pore volume with the increasing of pressure (b). Density functional theory pore size distribution indicates the transformation from a disordered ZIF-8 material with a low pore volume to a crystalline ZIF-8 material with high pore volume (c).

Compared with the pristine ZIF-8 nanocrystals, aZIF-8 showed severely decreased Brunauer–Emmett–Teller (BET) surface areas and lost 70% porosity from 1,347 m2/g to 404 m2/g as indicated by the total N2 uptaking, owing to the pore collapse upon mechanical compression. Pore volumes were also decreased from 1.3 cm3/g·nm to 0.45 cm3/g·nm with the increasing of pressure.
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Supplementary Figure 6. Scanning electron microscopy analysis of the pressed ZIF-8 and the samples under methanol vapor/solvents treatment (a) (magnification 10,000 times, scale bar 10 μm). Scanning electron microscopy analysis of the pressed ZIF-8 and the samples under methanol vapor/solvents treatment (b) (magnification 50,000 times, scale bar 3 μm). Scanning electron microscopy analysis of the pressed ZIF-8 and the samples under methanol vapor/solvents treatment (c) (magnification 100,000 times, scale bar 1 μm).
As compared to the amorphized sample, polyhedral nanocrystals with varied sizes were found in both recovered samples. However, it's worth noting that the recrystallization by methanol soaking was more effective than that by methanol vapor exposure.
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Supplementary Figure 7. Cross section scanning electron microscopy analysis of the pressed ZIF-8 and the samples under methanol vapor/solvents treatment (a) (magnification 10,000 times, scale bar 10 μm). Cross section scanning electron microscopy analysis of the pressed ZIF-8 and the samples under methanol vapor/solvents treatment (b) (magnification 50,000 times, scale bar 3 μm). Cross section scanning electron microscopy analysis of the pressed ZIF-8 and the samples under methanol vapor/solvents treatment (c) (magnification 100,000 times, scale bar 1 μm).

In the case of methanol soaking, large polyhedral nanocrystals with a high degree of crystallinity and unambiguous grain boundaries were observed in both surface and cross-section SEM images (Supplementary Fig.6 and 7), indicating a complete recrystallization of ZIF-8 due to the effective infiltration of methanol solvents into the aZIF-8 pellet. On the contrary, in the case of methanol vapor exposed samples, small ZIF-8 nanocrystals were only found on the surface and few ZIF-8 nanocrystals were observed from its cross-section SEM images. These results indicate that the recrystallization by methanol vapor exposure predominantly occurs at and near the surface of the compressed pellet. 

[image: image10.png]dV/dW Pore Volume (cm3lg.nm)

S © o ©o o =2 =2 =
SO N H» O 0O O DN H»
1 1 1 1 1 1 1

S
N

—a— Commercial ZIF-8

—eo— Pressed ZIF-8 at 1364 MPa
—a— Vaporrecovered

—v— Solvents recovered

2 3
Pore Width (nm)





Supplementary Figure 8. Pore size distribution of optimum, the pressed ZIF-8 and the samples under methanol solvents/vapor treatment. Pore size distributions were calculated from adsorption dV/dD pore volume by using BJH method.

From the above N2 adsorption test results, it can be seen that the ZIF-8 pellets obtained under the previous recrystallization conditions had a relatively high N2 adsorption capacity, which was closer to the N2 adsorption capacity of the original ZIF-8 NPs, further verifying methanol immersion can restore aZIF-8 structure more effectively. 
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Supplementary Figure 9. PXRD analysis of aZIF-8 recovered under the treatment of 40 μL water, water for 48 hours, water for 72 hours, or 40 μL 2-methyl imidazole/water. 
[image: image12.png]



Supplementary Figure 10. Scanning electron microscopy analysis of the aZIF-8 under the treatment of 40 μL water treatment (a). Scanning electron microscopy analysis of aZIF-8 under the treatment of water for 48 hours (b). Scanning electron microscopy analysis of aZIF-8 under the treatment of water for 72 hours (c,d). Scanning electron microscopy analysis of aZIF-8 under the treatment of 40 μL 2-MIM/water (e).  (magnification from left to right is 10,000 times, 50,000 times, 100,000 times scale bar from left to right is 10 μm, scale bar 3 μm, scale bar 1 μm, respectively).
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Supplementary Figure 11. SEM images of ZIF-8, Mg-MOF-74, HKUST-1 (scale bar 1 μm), ZIF-67 and Al-MIL-53 (scale bar 10 μm).  
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Supplementary Figure 12. Crystal phase transition of other MOFs. XRD patterns of pressed and recovered process of ZIF-67 (a), HKUST-1 (b), MIL-53 (c) and MOF-74 (d).

Supplementary Part II: PASR for encapsulation of enzymes in ZIF-8

The compression time and ZIF-8 loading amount were also investigated to optimize the pressure-induced amorphization conditions. Different from the significant pressure-dependent amorphization, both PXRD and SEM measurements revealed that the extrusion time and ZIF-8 loading amount had ignorable effect on amorphization. For convenience, our samples were compressed for 5 minutes with the loading of 20 mg for encapsulation experiments.
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Supplementary Figure 13. The N2 sorption isotherms analysis of GOx&HRP/aZIF-8 (a) and recovered GOx&HRP/aZIF-8 (b).
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Supplementary Figure 14. SEM analysis of the surface morphology of the GOx&HRP/aZIF-8 (a) (scale bar: 2 μm), the cross-section image of the GOx&HRP/aZIF-8 composites (b) (scale bar: 50 μm). EDS mapping of the GOx&HRP/aZIF-8 composites (c, d) (scale bar: 25 μm).
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Supplementary Figure 15. TEM images and elemental mappings of GOx&HRP/aZIF-8 (scale bar: 250 nm).
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Supplementary Figure 16. Laser confocal fluorescence microscopy imaging of the FITC-GOx&coumarin-HRP/aZIF-8 (scale bar: 200 μm). In order to remove the physically adsorbed enzyme on the surface of the GOx&HPR/ZIF-8-MV sample, we immersed the obtained sample in deionized water for 1 hour and washed it.
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Supplementary Figure 17. Laser confocal fluorescence microscopy imaging of the FITC-GOx-on-ZIF-8 (a) (scale bar: 10 μm), FITC-GOx/aZIF-8 (b) (scale bar: 100 μm) and FITC-GOx/ZIF-8-WV (c) (scale bar: 100 μm).
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Supplementary Figure 18. The calibration curve for the concentration of FITC-GOx and coumarin-HRP. The calibration curve for FITC/GOx (a). The samples’ fluorescence signals have been detected at 525 nm. The calibration curve for coumarin/HRP (b). The samples’ fluorescence signals have been detected at 445 nm. 
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Supplementary Figure 19. The biological activity of GOx or HRP at 1,364 MPa for 5 min (a) and the biological activity of recovered GOx/aZIF-8 or HRP/aZIF-8 by water vapor (b). 

Supplementary Part III: PASR for encapsulation of DOX in ZIF-8
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Supplementary Figure 20. The N2 sorption isotherms analysis of DOX/ZIF-8, DOX/aZIF-8 and DOX/aZIF-8 recovered by methanol vapor (a). Pore size distribution of DOX/ZIF-8, DOX/aZIF-8 and DOX/aZIF-8 recovered by methanol vapor (b).
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Supplementary Figure 21. SEM analysis of the surface morphology of the DOX/aZIF-8 (a) (scale bar: 2 μm), the cross-section image of the DOX/aZIF-8 composites (b) (scale bar: 50 μm). EDS mapping of the DOX/aZIF-8 composites (c, d) (scale bar: 25 μm).
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Supplementary Figure 22. TEM images and elemental mappings of DOX/aZIF-8 (scale bar: 1 μm). 
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Supplementary Figure 23. Laser confocal fluorescence microscopy imaging of the DOX-on-ZIF-8 (scale bar: 10 μm) and DOX/aZIF-8 (scale bar: 100 μm).
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Supplementary Figure 24. The calibration curve for the concentration of DOX. Standard curve of DOX was collected in 1 wt% HCl aqueous solvents. The samples’ absorbance signals have been detected at 480 nm. 

Supplementary Part IV: Generalization of PASR encapsulation strategy.
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Supplementary Figure 25. PXRD analysis of GOx/aMg-MOF-74 and GOx/aMg-MOF-74 recovered by water vapor under different times.
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Supplementary Figure 26. The biological activity of pressed and recovered GOx/aMg-MOF-74 under different time. 
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Supplementary Figure 27. PXRD analysis of Pt/ZIF-8, Pt/aZIF-8 and Pt/aZIF-8 recovered by methanol solvents.
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Supplementary Figure 28. The N2 sorption isotherms analysis of Pt/ZIF-8, Pt/aZIF-8 and Pt/aZIF-8 recovered by methanol solvents (a). Pore size distribution of Pt/ZIF-8, Pt/aZIF-8 and Pt/aZIF-8 recovered by methanol solvents (b).
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Supplementary Figure 29. SEM analysis of the Pt/aZIF-8 (a) (scale bar: 2 μm), the cross-section image of the Pt/aZIF-8 (b) (scale bar: 50 μm). EDS mapping of the Pt/aZIF-8 composites (c, d) (scale bar: 25 μm).
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Supplementary Figure 30. TEM images of Pt/ZIF-8 (a), Pt/aZIF-8 (b) and Pt/ZIF-8-MS (scale bar: 20 nm). Elemental mappings of Pt/aZIF-8 (d) (scale bar: 100 nm) and Pt/ZIF-8-MS (e) (scale bar: 500 nm).

Pt NPs prepared by impregnation-reduction method were embedded on the surface of ZIF-8 NPs, but after compression and methanol recovery, fewer NPs could be observed by TEM images.
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Supplementary Figure 31. Size-selective catalytic performance of Pt/ZIF-8 composites, pressed and recovered Pt/aZIF-8 composites.
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Supplementary Figure 32. PXRD analysis of pressed and recovered TiO2/HKUST-1 (a), SiO2/HKUST-1 (b), Au/MIL-53 (c), MWCNTs/MIL-53 (d), Au/Mg-MOF-74 (e), MWCNTs/Mg-MOF-74 (f).

[image: image35.png]o

SiOz/HKUST-1-MSjb c d

i e A ’ IL,-:-P?’T!'“:'.;:.TTMT:.':'I}:‘":.-Jt'l:':”",\rl.""‘lﬁlwﬁh*
- - ® - Fe 3 b H N ErLh ".l " "L' |IlI L

|7 WL -1..;_'3:,,'.*..:.;"" '

1 1|||| I

v R '."'I"-”".-;r"p e e et
TL b .:l"' .'?I AL AT NI
. P .:'..-. Iq'. lr'llnL .l-!.-: ":QEEEEF?} ! ih all





Supplementary Figure 33. SEM analysis of the SiO2/HKUST-1-MS (a) (scale bar: 2 μm), the cross-section image of the SiO2/HKUST-1-MS (b) (scale bar: 50 μm). EDS mapping of the SiO2/HKUST-1-MS (c-d) (scale bar: 25 μm). TEM images of Au/MOF-74-W (e-f) (scale bar: 200 nm). TEM images of Au/MIL-53-MV (g-h) (scale bar: 100 nm). 
Supplementary Table I.

	Materials
	Loading/%
	Response
	Releasing time/h
	Break point time/h
	
	
	
	
	

	PAA@ZIF-81


	65.5
	pH
	12 (75.9%)
	6 (63%)
	
	
	
	
	

	DOX@ZIF-82


	20
	pH
	216 (100%)
	168 (95%)
	
	
	
	
	

	P@DOX3

	19.1
	pH/Redox
	12 (81.2%)
	12 (81.2%)
	
	
	
	
	

	DOX@ZIF-8 FA4


	15.7
	pH/Targeted
	288 (68.8%)
	120 (46%)
	
	
	
	
	

	ZnO-DOX@ZIF-85


	11.2
	pH
	25 (80%)
	5 (70%)
	
	
	
	
	

	DOX@ZIF-HA6


	8.92
	pH
	48 (70.1%)
	24 (65%)
	
	
	
	
	

	CNPs/DOX@SiO27


	80
	pH/NIR
	24 (63.4%)
	9 (60%)
	
	
	
	
	

	DOX/ZIF-8(Our work)
	40.4
	pH
	30 (100%)
	26 (90%)
	
	
	
	
	


Supplementary Table 1. Comparison of the loadings of DOX in different supporters, types of releasing response, releasing time of DOX in different supporters and breaking point in different drug releasing systems. 
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