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14

15 Fig. S1 (A) Dragline of Nephila clavita twined on paperboard and fishline bobbin. (B-E) 

16 Typical SEM images of spider silk fibres.

17

18

19

20 Fig. S2 (A) Supercontraction kinetics of natural spidroin fibres under different relative 

21 humidity.  is initial length of spidroin fibre. (B) Zeta potential of GO solution at different 𝐿0

22 pH values (detected by DelsaTM Nano C particle analyser, Beckman Coulter, USA). (C) SEM 

23 image showing thickness of graphene sheath.
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24

25 Fig. S3 (A) XRD and (B) Raman patterns of natural spidroin fibre and graphene-coated 

26 spidroin fibres with wrinkles.

27

28

29

30 Fig. S4 (A) Variation of supercontraction ratio in three-step production procedure of 

31 graphene-coated spidroin fibres with wrinkles. (B) Visual comparison of natural spidroin 

32 fibres, supercontracted spidroin fibres and graphene-coated spidroin fibres with wrinkles.
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33

34 Fig. S5 (A) SEM image of graphene-coated spidroin fibres with wrinkles but without 

35 supercontraction. (B) Elm bark.

36

37

38 Fig. S6 Electric evaluation of graphene-coated spidroin fibres with different wrinkle degrees. 

39 Wrinkle degree was controlled by εcontraction=a value during the production procedure. (A) 

40 Current-voltage curves; (B) Calculated electric resistance; (C) Conductivity; (D) Calculation 

41 equations. (R: resistance; L: length of the fibre; S: cross section area of the fibre; : electric 𝜌

42 resistivity;  electrical conductivity)𝜎:
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43

44
45 Fig. S7 (A) Dependence of electric conductivity on strain and wrinkle degree for graphene-

46 coated spidroin fibres. Wrinkle degree was controlled by εcontraction=a value during the 

47 production procedure. (B) Wrinkle variation during wet stretching and dry stretching 

48 processes.

49

50

51

52 Fig. S8 (A) Dependence of relative resistance on strain. (B & C) Responsivity of electric 

53 current to force (B) and tensions (C). Electric modulus of rubber band (diameter ~2mm): 

54 ~500 kPa.
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55

56 Fig. S9 (A) Repaid response of tendril-like sensor with 10% strain. (B) Stability of tendril-

57 like sensor under stretch-release cycle. Strain: 13%. (C) The current change curves of the last 

58 10 cycles cycles extracted from the red part in (B). (D) Rapid response of tendril-like sensor 

59 under 45° finger bending.

60

61 Sensing mechanism of the tendril-like sensor during stretching:

62 SEBS diameter, 2R=1.5 mm; silk fiber diameter, 2r=0.095 mm; initial length of SEBS rod, 

63 H=10 mm; maximum length of SEBS rod during sensing, H’=11.37 mm. 

64 Here, the conductive silk fiber was wrapped on the SEBS rod turn-by-turn compactly, so the 

65 length of silk fiber in each turn could be calculated by:

66 𝑙 = 2𝜋𝑅 = 4.71 𝑚𝑚

67 The number of turns, N, wrapped could be evaluated as:

68 𝑁 = 𝐻/2𝑟 ≈ 105

69 Therefore, the length variation, , of SEBS rod in each turn during sensing at the maximum  ∆ℎ
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70 could be calculated as:

71
∆ℎ =

𝐻 ‒ 𝐻'
𝑁

≈ 0.013 𝑚𝑚

72 So, the length variation of conductive silk fiber, l’, in each turn could be calculated by 

73 unfolding the cylindrical surface in each turn:

74

75 where angle α≈ 90°, and l’ could be calculated by:

76 =4.710018 mm𝑙' = 𝑙2 + ∆ℎ2

77 Therefore the length variation ratio of the whole conductive silk fiber could be calculated:

78

𝑙' ‒ 𝑙
𝑙

∗ 100% = 3.8 ∗ 10 ‒ 4%

79 So the length variation ratio of the conductive silk fiber was very low, and the variation of 

80 ripples on the conductive silk fiber was also very very small. Based on the above analysis, 

81 most of the contribution to the resistance variation should be from fibre separation during 

82 stretching.
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83

84 Fig. S10 Variation of supercontraction ratio in three-step production procedure of graphene-

85 coated spidroin fibres with overlapped cracks.

86

87 Fig. S11 (A) Electric conductivity of graphene-coated spidroin fibres with different degree of 

88 overlapped cracks. Overlapped cracks were controlled by εcontraction=b value during the 

89 production procedure. (B) Schematic illustration of variation of overlapped cracks during 

90 stretching. Rg is inherent resistance of graphene sheath; RO is resistance resulted by overlap. 

91 (C) Dependence of electric conductivity on strain under dry and wet conditions. Cracks were 

92 produced with εcontraction=b ~20%. 
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93

94 Fig. S12 (A) Responsivity of relative electric resistance of vibration sensor to ant motion. (B) 

95 Responsivity of relative electric resistance of vibration sensor to throat vibration during 

96 speaking different words. (C) Schematic illustration of variation of overlapped cracks during 

97 stretching and pressure. 

98

99

100 Fig. S13 FTIR spectra of GO and chemically reduced GO (rGO).


