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1. Optimization of gelation parameters

1.1. Determination of CMCS concentration

The sericin content in silk cocoon is 20 - 30% [1] and the silk sericin (SS) concentration in
the wastewater varies depends on the degumming technique applied and the usage of silk after
the degumming process [2-6]. We believe 4% (w/v) is an easy-to-achieve SS concentration from
the degumming wastewater, either via dilution or condensation, and 4% (w/v) of SS solution
was selected for the gel preparation.

We then investigated the effect of CMCS concentration on the gelation. As shown in Figure
Sla, when the CMCS concentration was 0.1% (w/v), a gel-like sludge can be found floating on
the surface of the solution. The newly generated hydrogel cannot be captured by the electrode
due to the weak attraction force resulting from the low concentration of negatively charged
CMCS molecules within the gel. In addition, the hydrophilicity of silk sericin would drag the
hydrogel into solution.

When the CMCS concentration increased to 0.2% (w/v), the contour of the hydrogel in the
solution can be clearly seen (Figure S1b). As the CMCS concentration continue to rise, the
thickness of the hydrogel increased. In addition, although the generated hydrogel remains
transparent, its color gradually became darker with the increase of CMCS concentration (Figure
Slc-e), indicating the formation of the denser gel structure.

Furthermore, it was found that the hydrogel generated with CMCS concentrations of 0.1%-
0.4% (w/v) would slide off from the graphite electrode when the electrode was removed from
the SS/CMCS mixture, as Figure S1f-k depicted, which was quite unfavorable for the separation
of hydrogel from liquid phase. In contrast, the hydrogel generated at the CMCS concentration
of 0.5% (w/v) was well attached to the graphite electrode and can be separated from the
SS/CMCS mixture easily (Figure S11). Therefore, the CMCS concentration of 0.5% (w/v) was

selected for the preparation of SS/CMCS hydrogel.
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Figure S1. The effect of CMCS concentration on the gelation, the concentration of CMCS is (a)
0.1% (w/v), (b) 0.2% (w/v), (c) 0.3% (w/v), (d) 0.4% (w/v), (€) 0.5% (w/v); The electrodes in (f)-
(I) corresponds to those in (a)-(e) respectively, and the photos were captured once the electrodes

were lifted from the SS/CMCS mixture, after the gelation.

1.2. Determination of driving voltage for gelation

The effect of driving voltage on the gelation of 4% SS/ 0.5%CMCS solution was explored.
As shown in Figure S2a, no hydrogel can be observed on the surface of graphite electrode at 1
V of driving voltage, while a thin layer of hydrogel can be found on the top of the graphite
electrode at 2 V of driving voltage (Figure S2b). When the driving voltage was increased to 3 V
(Figure S2c), the formation of a thick and dense hydrogel can be observed on the surface of the
graphite electrode. Therefore, 3 V was selected as the driving voltage for the preparation of

SS/CMCS hydrogel.

Figure S2. The effect of driving voltage on the gelation: (a) 1V, (b)2V, (c) 3 V.
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1.3. Determination of electrodeposition time

The effects of electrodeposition time (1 min, 3 min, 5 min, and 7 min) on the gelation was
explored. As shown in Figure 53, the SS/CMCS hydrogel became thicker as the
electrodeposition time increased. However, once the electrodeposition time was increased to 7
min (Fig. S3d), the hydrogel generated on the surface of graphite electrode had already touched
the platinum electrode, which may have affected the structure and properties of the hydrogel
fabricated. Therefore, 5 min of electrodeposition time was selected for the preparation of

SS/CMCS hydrogel.

Figure S3. The effect of electrodeposition time on the gelation: (a) 1 min, (b) 3 min, (c) 5 min,

and (d) 7 min.

2. The presumed gelation mechanism
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Figure S4. The proposed mechanism of the gelation process.
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3. Determining the weight percentage of SS in SS/CMCS hydrogel
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Figure S5. The standard curves of SS content in SS/CMCS mixture (a) before and (b) after

gelation.
Table S1. Measurement of SS content in SS/CMCS hydrogel
Before gelation After gelation
Weight of SS
Sample
SS Volume SS Volume hydrogel  content
number concentration (mL) concentration (mL)
(mg) (%)
(mg/mL) (mg/mlL)
1 38.87 20 36.84 16.20 222.98 80.99
2 38.70 20 37.45 16.10 230.38 74.25
3 38.49 20 37.20 15.80 239.12 76.13
Average 38.69 20 37.16 16.03 230.83 77.12
Standrad 0.19 0 031 0.21 8.08 3.48
deviation
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4. Raman spectra with the deconvolution of D and G peaks
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Figure S6. Deconvoluted Raman spectra of samples (a) SC850, (b) SC950 and (c) SC1050.

5. Cell morphology

As shown in Figure S7, the cells in the SC1050 group and the control group were spindle
or polygonal shape, and the cell density gradually increased over time, indicating the cells were
successfully proliferated. On the contrary, cells cultured in 64 g/L of phenol solution adopt

spherical shape with limited number of cells.
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Figure S7. HEK293 cell morphology for control, SC1050 and phenol groups of the CCK-8 assay

on day 1, day 3, and day 5.

6. Removal of MB from aqueous solution by SC1050
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Figure S8. Photographs of MB solutions (a) before and (b) after adsorption by SC1050.
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7. Determination of the pHpzc of SC1050
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Figure S9. pHpzc of SC1050.

8. UV-Vis spectra of MB at different pH values

As shown in Figure S10, methylene blue, in the solution with pH values range from 2 to
10, has two absorbance peaks at 664 nm and 617 nm, respectively, and the maximum
absorbance peak was observed at 664 nm. Such observation was consistent with the previous
reports [7; 8]. However, the maximum absorbance peak shifted from 664 nm to 617 nm under
the strongly alkaline condition (pH = 12), which can be attributed to the conversion of

methylene blue into methylene violet [7; 9].
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Figure S10. UV-Vis spectra of MB at different pH values.
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