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 based on hybrid monolithic chip incorporated with mesoporous molecular sieve SBA-15 
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Experimental Section
1. Protein denaturation on chip
On-line chip denaturation was done as follows. Protein sample solution was prepared by dissolving 1.25 mg of protein in 1 mL of 100 mM Tris-HCl solution (pH 8.5) containing 8 M of urea. 100 mM DTT and 100 mM IAA solutions were prepared within 100 mM Tris-HCl buffer (pH 8.5), respectively. Then protein solution, DTT solution and IAA solution were simultaneously injected into chip channel at a flow rate of 0.3 μL·min-1 under 37 ℃. The chip was used to integrated with SBA-15-NH2 hybrid monolith for online denaturation and online digestion of proteins.
In-solution denaturation was as follows. 10 mg·ml-1 of protein solution was obtained by dissolving a certain amount of protein in 100 mM Tris-HCl (pH 8.5) solution containing 8 M of urea. Subsequently, 100 µL of DTT (100 mM) solution was added to the protein solution and disulfide bond was reduced at 50 °C for 20 min. After leaving the solution to room temperature, the alkylation reaction was carried out by putting 100 µL of IAA (100 mM) solution into reduced solution for 20 min under dark. The denatured protein solution was diluted with 100 mM Tris-HCl buffer (pH 8.5) until the urea concentration was less than 1 M and put in refrigerator before used.
2. Mouse liver protein extraction
The liver of anesthetized mouse was cleaned with normal saline to remove the body fluid and blood on the tissue, then cut into small pieces and homogenized in RIPA Lysis buffer containing 1% (v/v) protease inhibitor at a ratio of 20 mg/200µL. The sample was ground by tissue grinder at the speed of 50 Hz/min for 5 min and lysed for 30 min in ice bath. Then the homogenate was centrifuged at 12000 rpm for 20 min at 4 ℃, and the supernatant (namely total hepatic protein) was obtained. Finally, dialysis bag was used to remove lysis buffer and protease inhibitor, then the protein was lyophilized and stored at - 80 ℃ before used.
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Fig. S1 Schematic illustration of chip channel design. A: 100 mmol·L-1 DTT solution; B: 1.25 mg·mL-1 mouse liver protein solution; C: 100 mmol·L-1 IAA solution. The first serpentine channel: the protein is reduced by DTT to open the disulfide bond; the second serpentine channel: the reduced sulfhydryl group of the protein is alkylated by IAA to prevent the sulfhydryl group from forming disulfide bond again; EF is IMER: digestion reaction occurs
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Fig. S2 Fourier transform-infrared spectra of SBA-15 and SBA-15-NH2
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Fig. S3 Effect of substrate concentration on enzymatic efficiency of three immobilization methods of trypsin
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Fig. S4 Stability of IMERs within 3 months
Table S1 
Times of reuse of IMERs
	Times
	Column 1  (mV·min)
	Column 2 (mV·min)
	Column 3 (mV·min)

	1
	4148.6
	4228.6
	3849.8

	2
	4342.0
	4475.9
	4135.5

	3
	3847.8
	4358.9
	3693.9

	4
	4381.5
	4528.8
	3584.1

	5
	4765.6
	4668.3
	3651.0

	6
	4686.2
	4238.4
	4217.5

	7
	4624.5
	4358.4
	4795.3

	8
	4620.6
	4413.6
	4196.4

	9
	4557.7
	4450.0
	4406.0

	10
	4431.0
	4358.8
	4360.4

	11
	4544.8
	4514.7
	4132.2

	12
	4457.2
	4625.4
	4152.7

	13
	4226.0
	4945.8
	4337.9

	14
	3939.6
	4477.6
	4178.3

	15
	4192.9
	4483.8
	3846.5

	16
	4383.1
	4354.2
	4039.6

	17
	4121.0
	4277.9
	4176.0

	18
	4253.0
	4637.7
	4053.0

	19
	4366.1
	4538.4
	4063.6

	20
	4274.1
	4554.3
	4248.4

	21
	4453.7
	4562.9
	4012.9

	22
	4310.0
	4043.5
	4180.1

	23
	4414.0
	4069.2
	4068.8

	24
	4282.9
	4089.0
	4092.8

	25
	4293.5
	4098.4
	4131.8

	26
	4273.0
	4141.2
	4074.0

	27
	4244.8
	3974.1
	4166.1

	28
	4165.0
	3830.9
	3990.1

	29
	4278.6
	3991.3
	4116.0

	30
	4270.0
	4064.9
	4093.9

	Mean
	4338.3
	4345.2
	4101.5

	RSD%
	4.6%
	5.6%
	5.5%
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