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Sensing behaviour 

QCM is a mass-sensitive sensor. It can continuously monitor the glucose concentration 

in a solution by recording the frequency shift (△F) of QCM chip before and after 

contact with the glucose-containing solution.1,2 As shown in Figure S1a, the absolute 

value of △F increases when glucose molecules bind to glucose sensitive film. When 

testing glucose in saliva, proteins are easily adsorbed on the QCM sensor surface, 

resulting in inaccurate glucose detection.3 Here, anti-fouling materials are introduced 

to glucose-sensitive materials, it can effectively reduce the interference of proteins on 

glucose detection (Figure S1b). 
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Figure S1. (a) Proteins can be adsorbed on the surface of the coated-chip when no 

anti-protein material is added. It will cause an increase in frequency shifts. (b) When 

anti-protein materials are added, the coated-chip can effectively resist the non-

specific adsorption of proteins. It will not affect the frequency shifts. 

The reaction principle between microgels and amino acids 

The microgels@amino acids has a core-shell structure, which was synthesized by two 

steps. Firstly, boric acid microgels were synthesized by reflux-precipitation 

polymerization. Secondly, neutral amino acids were grafted onto the surface of 

microgels by ‘click reaction’. 

Neutral amino acids can exist as zwitterions with no electrical charge in aqueous 

solution at appropriate pH ranges. From Figure S2, when hydroxide ions are added, 

the pH shifts to a higher value, and the −NH3+ groups convert to −NH2 groups by 

removing the hydrogen ions. The nitrogens of the −NH2 groups attack the epoxide 

groups on the surface of microgels to form secondary amino groups (−NH−) via ring-

opening reaction. After that, the pH shifts to about 7 by adding hydrogen ions, and 

−NH− groups become protonated secondary amino cations as −NH2+−. As the net 

charge of amino acids is zero in the appropriate pH range of about 7, the amino acids 

layer on the surface of microgels are obtained.4 

The reaction solvent for grafting amino acids onto the surface of microgels was 

ethanol solution (Vethanol: Vwater = 1: 3), and the microgels were in a swollen state. 

Amino acids are small molecules that can easily penetrate into the microgels. In 

addition, the activity of the ‘click reaction’ between amino groups and epoxy groups 

is high. Therefore, amino acids exist not only on the surface of the microgels but also 

inside of the microgels.4 
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Figure S2. The ‘click reaction’ between microgels and amino acids. 

AFM of microgels 

In order to observe the microgels after incubation with aqueous solution by 

atomic force microscopy atomic force microscopy (AFM), aqueous solution was 

dropped onto the surface of the microgels-coated chip. When the microgel is in 

dry state, the surface of microgel is uneven (Figure S3a). While, the microgel 

displays many regular holes ~5 nm in diameter (Figure S3b) upon exposure of 

aqueous solution. In addition, the height of microgel in aqueous solution is 3.5 

times than its in dry condition. 

 

Figure S3. (a) AFM of the microgels in dry state. (b) AFM image of the microgels 

after incubation with aqueous solution. 

Cross-linking mechanism of microgels @ amino acids 

The pre-polymer solution was composed of microgels@amino acids, N-

vinylpyrrolidone (NVP), ethyleneglycol dimethacrylate (EGDMA) and 2,2-dimethoxy-

1,2-diphenyl-ethanone (DMPA). NVP, EGDMA and DMPA were used as monomer, 

crosslinking agent and initiator, respectively. After absorbing ultraviolet light, the 

initiators transit from the ground state to the excited state, and then undergo 

molecular cleavage to form free radicals, which ultimately initiate the polymerization 

reaction.5 Microgels@amino acids particles can be directly cross-linked together via 

chemical (covalent bond formation) forces to form a microgel network on the double-
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bonded QCM chip. By reducing the film thickness, the SEM of microgels@amino 

acids@cross-linked-coated chip is consistent with the description of the literature 

(Figure S4).6 

 

Figure S4. (a) The SEM of microgels@amino acids@cross-linked-coated chip. (b) 

Schematic diagram of direct microgels crosslinking from reference 6. 

Comparison of antifouling performance 

In order to prove the antifouling performance of the microgels@amino 

acids@crosslinked layer-coated sensors, the microgels-coated sensors and 

microgels@crosslinked layer-coated sensor are used as comparative experiments. 

From Figure 4a, b, Figure S5a, b, c, d and Table S1, the microgels@amino 

acids@crosslinked layer-coated sensors had the best resistance to BSA, LYS, FIB and 

MUC. For BSA, LYS and MUC, the anti-protein performance of the 

microgels@crosslinked layer-coated sensor was superior to that of the microgels-

coated sensor. Therefore, the superior anti-protein performance of microgels@amino 

acids@crosslinked layer-coated sensor mainly benefits from the amino acids layer and 

crosslinking layer. 

For organic molecular interference, L-DOPA and AA had greater influence on 

microgels-coated sensors. It may be because their structures contain cis hydroxyl 

groups, which are easy to combine with boric acid groups. While, when microgels 

were modified by the cross-linking layer, the influence of L-DOPA and AA on sensors 

reduced drastically. L-DOPA contains amino and carboxyl groups, which is similar to 

the structure of protein. Therefore, the mechanism of resistance is similar to that of 

proteins. For AA, it has a cyclolactone. The cross-linked layer has polyvinyl pyrrolidone, 

which contains many polar lactam groups, not easy to combine with AA. These three 

types of sensors have superior resistance to UREA, GSH, UA and CRE, and the absolute 

value of the average of frequency displacement were all less than 20 Hz. 
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Figure S5. (a) Effects of proteins (BSA, MUC, FIB and LYS) on microgels-coated sensors. 

(b) Effects of organic molecules (GSH, UREA, CRE, UA, AA and L-DOPA) on microgels-

coated sensors. (c) Effects of proteins (BSA, MUC, FIB and LYS) on 

microgels@crosslinked layer-coated sensors. (d) Effects of organic molecules (GSH, 

UREA, CRE, UA, AA and L-DOPA) on microgels@crosslinked layer-coated sensors. 

 

Table S1. The anti-pollution comparison of microgels-coated sensors, 

microgels@crosslinked layer-coated sensors and microgels@amino 

acids@crosslinked layer-coated sensors.  

Interfering 

substance 

Concentration 

(mg/L) 

Film The absolute 

value of the 

average of △F 

(Hz) 

BSA  

1000 

microgels 78.0 

microgels@crosslinked layer 43.6 

microgels@amino acids@crosslinked layer 10.6 

 

LYS 

 

1000 

microgels 111.5 

microgels@crosslinked layer 48.2 

microgels@amino acids@crosslinked layer 38.5 

 

FIB 

 

1000 

microgels 61.6 

microgels@crosslinked layer 66.2 

microgels@amino acids@crosslinked layer 5.7 

 

MUC 

 

1000 

microgels 142.2 

microgels@crosslinked layer 20.5 

microgels@amino acids@crosslinked layer 9.3 
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UREA 1000 microgels@crosslinked layer 0.2 

microgels@amino acids@crosslinked layer 6.9 

 

GSH 

 

1000 

microgels 18.4 

microgels@crosslinked layer 6.1 

microgels@amino acids@crosslinked layer 0.5 

 

L-DOPA 

 

200 

microgels 349.2 

microgels@crosslinked layer 12.3 

microgels@amino acids@crosslinked layer 13.8 

 

AA 

 

200 

microgels 304.5 

microgels@crosslinked layer 14.3 

microgels@amino acids@crosslinked layer 14.0 

 

UA 

 

200 

microgels 10.3 

microgels@crosslinked layer 1.2 

microgels@amino acids@crosslinked layer 5.2 

 

CRE 

 

200 

microgels 18.5 

microgels@crosslinked layer 9.0 

microgels@amino acids@crosslinked layer 1.1 

Literature contrast 

Table S2 summarizes the characteristics of glucose sensors. At present, antifouling 

sensors are mainly based on blood glucose sensors. Particularly, for the QCM glucose 

sensor, our sensor and reference 22 can meet the detection of saliva glucose range 

(0‒40 mg/L). Regarding the detection specimen, reference 21 and 22 involved the 

detection of serum glucose. 

In reference 21, a 600–800 nm (3-acrylamidopropyl) tri-methylammonium 

chloride modified poly(acrylamide-co-3-acrylamideophenylboronic acid) hydrogel 

film was coated on the quartz disc for glucose sensing. The linear relationship between 

the dissipation response and the glucose concentration was achieved in the range of 

0 to10 mM (0–1801.6 mg/L). The responses to glucose of the sensor has been 

measured under human serum with glucose concentrations in 2.48 mM (446.8 mg/L), 

5.06 mM (911.6 mg/L) and 9.93 mM (1796.2 mg/L). This work detected the glucose 

concentration in the blood glucose range, the material has not been treated with 

antifouling material and only the performance of high concentration glucose in the 

serum was tested. In reference 22, a series of cyclic peptide (CP) glucose receptors 

were designed to mimic the binding sites of glucose binding protein (GBP), the 

properties of these CPs used as a glucose receptor or substitute for the GBP were 

studied by using QCM. The glucose detection range was 10 nM–20 mM (0.18–3603.2 

mg/L) in PBS and different glucose concentrations (0.01 mmol/L (1.8 mg/L), 0.1 

mmol/L (18.0 mg/L), 0.5 mmol/L (90.1 mg/L), 1 mmol/L (180.2 mg/L), 2 mmol/L (360.3 

mg/L)) were measured at diluted human serum samples (1:10 in PBS). Although this 

work could detect the glucose concentration in the saliva glucose range, the material 

has not been treated with antifouling material and the detection of glucose in serum 

samples (1:10 in PBS) was tested. The article also proposed that proteins in human 
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serum bind nonspecifically and interfere with or inhibit CP-3/glucose interactions to 

produce false positive assay results. 

In this work, we designed a QCM glucose sensor with protein-resistive function 

to achieve the high-sensitivity detection of saliva glucose. Microgel containing boric 

acid segments was used as multi-binding sites for glucose and amino acid layer and 

crosslinking layer were used as the protein-resistive component. The designed QCM 

sensor has a good linearity in the glucose concentration range of 0–40 mg/L and the 

glucose sensor could detect the 50% saliva glucose (glucose concentration 100 mg/L, 

200 mg/L, 500 mg/L). 

Table S2. Summary of literatures on glucose sensors. 

Detection 

method 

pH Detection range Detection 

limit 

Specimen Reference 

Electrochemistry 7.4 0.2–5 mM (36.0‒

900.8 mg/L) 

0.05 mM PBS, 100% 

bovine serum 

7 

Electrochemistry ― 4‒20 mM 

(720.6‒3603.2 

mg/L) 

― PBS, 100% 

human blood 

serum 

8 

Electrochemistry 7.4 2−30 mM  

(360.3−5404.8 

mg/L) 

― PBS, Porcine 

serum 

9 

Electrochemistry 7.4 50−400 mg/dL 

(500−4000 mg/L)  

― PBS, Human 

serum. 

10 

Electrochemistry 7.0 0−14 mM 

(0−2522.2 mg/L)  

― PBS ， Bovine 

serum 

11 

Electrochemistry 7.4 4−20 mM 

(720.6−3603.2 

mg/L) 

― PBS, 10%, 

50%，  100% 

human blood 

serum 

12 

eQCM ― 1−20 mM 

(180.2−3603.2 

mg/L) 

― PBS, 100% 

human blood 

serum 

13 

QCM 9.0 
5–100 mmol/L 

(900.8–18016.0 

mg/L) 

― PBS 14 

QCM 10.0 
0.07–8 mmol/L 

(12.6–1441.3 

mg/L) 

0.07 

mmol/L 

(12.6 mg/L) 

PBS 15 

QCM 7.0–

7.5 
1.1–33.3 mmol/L 

(198.2–5999.3 

mg/L) 

20 μmol/L 

(3.6 mg/L) 

PBS 16 
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QCM 9.5 0.05 g/dL–0.14 

g/dL (500–1400 

mg/L) 

― PBS 17 

QCM 9.0 
0–10 mmol/L 

(0–1801.6 mg/L) 

― PBS 18 

QCM 7.4 
0–30 mmol/L 

(0–5400.5 mg/L) 

― 

 

PBS 19 

QCM 7.0 
0.08–10 mmo/L 

(14.4–1801.6 mg/L) 

80 μmol/L 

(14.4 mg/L) 

PBS 20 

QCM 7.4 
0–10 mmol/L 

(0–1801.6 mg/L) 

1 mmol/L 

(180.16 

mg/L) 

PBS and  

human serum 

21 

QCM 7.4 
10 nmol/L–20 

mmol/L 

(0.18–3603.2 

mg/L) 

― 
PBS and  

diluted 

human serum 

samples (1:10 

in PBS) 

22 

QCM 6.8–

7.5 

0–40 mg/L 5 mg/L PBS and 

diluted 

human saliva 

samples (1:1 

in PBS) 

Our work 
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