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Part I Synthesis and Characterization 

1. Synthesis of UiO-66 

UiO-66 was synthesized and activated according to published procedures.[1] Syn-

thesis of UiO-66 was performed by dissolving ZrCl4 (0.053 g, 0.227 mmol) and 

1,4-benzenedicarboxylic acid (C8H6O4, 1,4-BDC) (0.034 g, 0.227 mmol) in 

N,N’-dimethylformamide (DMF) (24.9 g, 340 mmol) at room temperature (RT). The ob-

tained mixture was sealed and placed in a pre-heated oven at 120 °C for 24 h. After 

cooling in air to RT, the resulting solid was filtered, repeatedly washed with DMF, and 

dried at RT. 

2. Synthesis of MIL-101(Cr) 

[Cr3O(BDC)3(F)(H2O)2]∙25H2O was synthesized and activated according to pub-

lished procedures.[2] Generally, MIL-101(Cr) was hydrothermally synthesized from a 

mixture of chromium nitrate nonahydrate (Cr(NO3)3∙9 H2O) (400 mg, 1.0 mmol), 1,4-BDC 

(166 mg, 1.0 mmol), hydrofluoric acid (HF) (0.2 mL) and H2O (5 mL) placed in a 23 mL 

Teflon autoclave. The mixture was heated at 220 °C for 8 h. The resulting green pow-

dered sample was collected by filtration, washed with purified water and ethanol 

(EtOH), then dried at RT. Activation was done by further heating for 1 day in DMF then 

stirring in EtOH overnight. The MIL-101(Cr) placed under vacuum and heated at 150 °C 

for 1 day before further experiments. 

3. Synthesis of MIL-53(Al) 

MIL-53(Al) was synthesized and activated according to published procedures.[3] 

The starting materials Al(NO3)3∙9H2O (1.30 g, 1 mmol), 1,4-BDC (0.288 g, 0.5 mmol) and 

H2O (80 mmol), were placed in a Teflon autoclave and heated at 220 °C for 72 h in a 

conventional oven (Thermo Fisher, Waltham, MA, USA). The resulting powder sample 

was collected by filtration and washed with deionized water (D.I. water). The solid was 

purified upon heating in air at 330 °C for 3 days to evacuate unreacted and the occluded 

1,4-BDC molecules contained in the structure. 

4. Synthesis of MIL-100(Al) 

A mixture of Al(NO3)3∙9H2O (0.6640 g, 1.8 mmol), trime-

thyl-1,3,5-benzenetricarboxylate (Me3BTC, 0.3783 g, 1.5 mmol), nitric acid (HNO3) (0.3 

mL, 4 mmol), and H2O (5 mL) were placed in a Teflon autoclave and was heated synthe-

sized with the aid of microwave (MLS GmbH, Auenweg, Germany) at 200 °C for 30 min. 

The powder was filtered off and washed with DMF at 150 °C for 4 h. The powder was 

then soaked in H2O and stirred at 80 °C for 12 h. Finally, the MIL-100(Al) was placed 

under vacuum and heated at 110 °C for 1 day before further experiments.[4] 

5. Experimental Parameters for the Instruments 

UV-Vis spectrometer 

All UV-Vis experiments were performed using Shimadzu system (UV-2550, Shi-

madzu, Tokyo, Japan). The scanning wavelength was set from 450 to 650 nm and the 

absorption maxima were observed at 518 nm. The slit width was set at 1.0 nm. 

Fluorescence spectrometer 

All fluorescence experiments were performed using Hitachi system (F-7000, Hitachi, 

Tokyo, Japan). The fluorescence scan was performed in emission mode with the follow-

ing conditions: a) scan speed of 1200 nm/min, excitation wavelength of 278 nm, excita-

tion slit width of 5 nm and b) emission wavelength from 288 nm to 540 nm, emission slit 

width of 10 nm and detection wavelength of 328 nm. 
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Circular dichroism (CD) spectrometer 

All CD experiments were performed using AVIV system (Model 410, Aviv Bio-

medical Inc., New Jersey, NJ, USA). The wavelength was set at 190–260 nm, the average 

detection time was 10 s /1.0 nm, and the number of scan was 2. 

Scanning electron microscope (SEM) 

SEM images were obtained from a JEOL system (JSM-7600F, JEOL, Tokyo, Japan) 

and the applied voltage was set at 10 kV. The samples were dried in a vacuum system for 

one day and then placed on the sample holder covered with carbonized tape prior to 

analysis. 

Powder X-ray diffraction (PXRD) 

The X-ray diffraction (XRD) patterns of all the materials were recorded using Bruker 

D8 Advance ECO diffractometer (Bruker AXS, Karlsruhe, Germany) equipped with a Cu 

anode and a Cu Kα radiation source with wavelength of 1.5406 Å. 

Mass spectrometry (MS) 

All MS experiments were performed in a amazon SL system (Bruker AXS, Karls-

ruhe, Germany). The following parameters are as follows: a) ionic mode: positive; b) end 

plate offset: −500 V; c) nebulizer pressure: 0.55 bar; d) drying gas flow: 5.0 L/min; e) dry-

ing gas temp: 220 °C; f) detection mass range: 50-1000 (m/z); g) sample inject flow rate: 

220 μL/h. For sample preparation, the hydrolyzed products were diluted with ethanol 

(1:1000; v/v) prior to analysis. 

Part II Application 

1. 

Circular dichroism (CD) spectroscopy in the far-UV region (190–250 nm) was used to 

characterize the presence of α-helix secondary structure in various α-amylase solutions. 

CD spectra show two characteristic shapes for α-helix conformations (two negative 

bands at 208 nm and 220 nm and a positive band at 190 nm), and the intensity of the band 

was highly relative to the amounts of α-helix chains.[5] Results indicated that α-amylase 

was immersed in 6 M urea solution (Tris buffer), urea molecules caused a serious inter-

ference to the observation of the band at 190 nm, but the change in the negative band in-

tensity at 208 nm and 222 nm clearly confirmed a higher amount of α-helix chains present 

in urea solution. 

 

Figure S1. CD spectra of α-amylase with different preparations. 
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2. 

(a) (b) 

Figure S2. Fluorescence spectra of (a) native and fragmented α-amylase solution; (b) as synthesized UiO-66, and frag-

mented α-amylase@UiO-66. 

3. 

 

Figure S3. PXRD patterns of as synthesized UiO-66 and fragmented α-amylase@UiO-66. 
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4. 

  
(a) (b) 

Figure S4. SEM images of (a) as synthesized UiO-66, and (b) fragmented α-amylase@UiO-66. 

5. 

 

Figure S5. The nitrogen adsorption and desorption isotherms (77 K) of as-synthesized UiO-66 and 

fragmented α-amylase@UiO-66. 
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6. 

 

Figure S6. Mass spectrum for identifying starch hydrolysis product (positive ion mode). 

7. 

 

Figure S7. The hydrolytic performance of fragmented α-amylase immobilized on different MOFs. 
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8. 

 

Figure S8. Comparison of the starch hydrolysis efficiency of fragmented α-amylase@UiO-66 at 

different enzyme concentrations. 

9. 

 

Figure S9. Comparison of the starch hydrolysis efficiency of fragmented α-amylase@UiO-66 at 

different immobilization times. 
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10. 

 

Figure S10. The loading capacity of UiO-66 for fragmented α-amylase evaluated using fluores-

cence emission of the fragmented α-amylase solution before and after loading. 

11. 

 

Figure S11. UV-Vis spectra of blank determination for UiO-66 catalytic activity for starch hydrolysis. 
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12.  

 

(a) (b) 

Figure S12. Stability of fragmented α-amylase@UiO-66 towards the hydrolysis of starch solution (a) cycle-to-cycle and 

(b) day-to-day. 

13. 

Table S1. Surface area of as-synthesized UiO-66 and fragmented α-amylase@UiO-66. 

Material BET surface area (m2/g) 

as-synthesized UiO-66 1060 

fragmented α-amylase@UiO-66 41.8 

14. 

Table S2. Comparison for the starch hydrolysis efficiency of batch-to-batch fragmented 

α-amylase@UiO-66. 

Relative abs. 

(%) 

Fragmented α-amylase@UiO-66 

batch 1 batch 2 batch 3 avg. 
RSD  

(%) 

Cycle 1 82.00 88.77 91.56 87.44 5.62 

Cycle 2 88.94 86.77 85.18 86.96 2.17 

Cycle 3 89.52 82.63 81.48 84.54 5.14 

Cycle 4 90.04 87.89 83.72 87.22 3.68 

Cycle 5 96.19 86.84 82.01 88.35 8.16 
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15. 

Table S3. Literatures of α-amylase bioreactors. 

Reference Substrate Surface modification 

Procedure of 

α-amylase immobili-

zation 

Stability and efficiency 

of bioreactor 

[6] 
magnetite na-

noparticles 

(1) functionalized by 

3-aminopropyltriethoxy silane (APTS): 

2 h 

(2) reacted with 

2,4,6-trichloro-1,3,5-triazine: 4.5 h 

covalent bonding:  

25 °C, 4 h 

Reuse: 6 cycle (85.22%) 

Day to day: 12 day 

(79.99%) 

[7] polymer - 
covalent bonding:  

25 °C, 24 h 

Reuse: 15 cycle (76.52%) 

Day to day: 30 day 

(86.7%) 

[8] 
polymer nano-

fibers 
activation: 40 °C, 24 h 

covalent bonding:  

25 °C, 12 h 

 

Reuse: 15 cycle (80%) 

Day to day: 30 day 

(82.9%) 

[9] 
polymer/Ag 

nanocomposites 
activation: 4 °C 

covalent bonding:  

25 °C, 12 h 

 

Reuse: 10 cycle (80%) 

[10] 
magnetic nano-

particles 
APTS-functionalized: 40 °C, 2 h 

physical adsorption:  

45 °C, 1 h 

 

Reuse: 4 cycle (~80%) 

[11] polymer 
functionalized by glutaraldehyde and 

dry: 2-3 h 

cross linking: 

25 °C, 24 h 

 

Reuse: 15 cycle (85%) 

Day to day: 3 months 

(60%) 

This work 
MOFs 

(UiO-66) 
- 

fragmentation:  

3 h  

physical adsorption:  

25 °C, 1 h 

Reuse: 15 cycle (~80%) 

Day to day: 25 days 

(80%) 
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