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Supplemental figures and tables

Fig. S1 Two types of chips (Chip A and Chip B) used in experiments. Chip A was used to 

prepare regular BT microfibers while Chip B was to prepare hollow BT microfibers.



Fig. S2 Inspiration for BT microfibers and their fabrication process: a) Bulbine torta 

(photograph obtained from Internet); b) formation process of BT microfibers. PEO and PEO-

CaCl2 solutions were injected into outer-flow channels of microfluidic chip while Na-Alg 

solution was injected into inner-flow channel. Three fluid phases then merged in reaction 

channel and formed laminar flow. Finally, fluid was injected into CaCl2 coagulation bath, 

resulting in formation of atypical helical structure. Scale bar is 2 mm.



Fig. S3 a) Asana microscope image of BT microfiber with 3D structure; scale bar is 500 μm. 
b) Asana microscope image of surface morphology of BT microfiber; scale bar is 300 μm. c) 
Asana microscope image of BT microfiber profile shape; scale bar is 100 μm. d-f) Structural 
parameters of BT microfibers, including diameter (D), pitch (P), wavelength (λ)), and depth 
(d).



Fig. S4 Amount of alginate solution in microchip was changed by varying internal and external 

phase velocities. a) Effect of external phase velocity on intermediate prepolymer. b) Effect of 

internal-phase flow rate on intermediate prepolymer. Bar is 3 mm.



Fig. S5 The flow change process of microfluidics in microchannel photographed by high speed 

camera. (i)–(iii) show changes in internal-phase fluid in channel, which exhibits dumbbell-like 

shape. Bar is 1 mm.



Fig. S6 Volume proportional coefficient distribution of phase fluid in microchannel profile; the 

color bar is the volume factor, indicating the volume proportion coefficient of the alginate phase, 

the red area means of the most alginate volume proportion, while the blue area means of the least.



Fig. S7 a) The cells grow on the flat inner wall of the dumbbell-shaped BT microfiber. b) A cross 

section of the dumbbell-shaped BT microfiber consists of curving wall and a flat inner wall.



Fig. S8 2D single-hollow microfibers. a) Microscopy images of microfibers containing 

fluorescent polystyrene nanoparticles. b) Brightfield images of microfibers. c) Composite of 

brightfield and fluorescence images of microfibers



Fig. S9 The element method was used to analyze strain characteristics of typical and BT 
microfiber spiral structure microfiber. The strain distribution of typical helical structure is 
uniform. The strain distribution of BT microfiber helical structure is not uniform: i) maximum 

strain position of BT microfiber; ⅱ）minimum stress concentration of ultrafine fiber.



Table S1. Parameters for synthesis of BT microfibers

Fiber type Outer flow Inner flow Core flow

BT microfibers 5–11 mL h-1 1–7 mL h-1

Hollow BT microfibers 2.5–15 mL h-1 0.5–3.5 mL h-1 0.5–3.5 mL h-1

Table S2. Specifications of different types of chips, including orifice width and channel height of 

each layer on PDMS slice

Chip 
type

Layer 1
(orifice 

width/channel height)

Layer 2
(orifice 

width/channel height)

Layer 3
(orifice 

width/channel height)

A 88/66 μm 950/720 μm

B 75/54 μm 250/424 μm 950/1432 μm



Table S3. Summary of available methods used to measure beatings of cardiomyocytes

Available 
methods Advantages Disadvantages

Refer
ences

Atomic force
 microscopy 

detection

reflecting stress-strain 
relation directly, response 

time less than 1ms

damaging the tested sample,
time-consuming,

unable to test the strain in 
the x-y plane

(1)
(2)

Cell drum
 evaluation

recording the stress-strain 
relation for long stretches,

test operation in 
comfortable surroundings

high production cost, low 
testing accuracy,
disposable items

(3)
(4)

Traction force 
microscopy 

detection

reflecting stress change in 
one cycle, obtaining stress 
distribution on any part, 

non-contact in situ testing

unable to test the vertical 
shrinkage force, showing a 

non-continuous record, 
low testing accuracy

(5)
(6)

Calcium 
imaging

measurement

efficient testing with 
numerous samples at one 

time

damaging the tested sample,
an indirect way to reflecting 

stress change 

(7)
(8)

Micropost 
arrays

measurement

recording three-dimensional 
contractility 

unable to obtain the 
contractility in real-time,
damaging cytoskeleton

(9)

Electrochemic
al impedance 
measurement

recording the stress-strain 
relation for long stretches in 

real-time

an indirect way to reflecting 
the stress change with cell 

index
(10)

Mechanical 
strain sensor 
based on BT 
microfibers

reflecting continuous stress-
strain relation directly with 

high sensitivity,
non-contact testing

unable to record the vertical 
shrinkage force

Our 
work
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