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Design of Lego®-based mold
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Figure S1. The design and assembly of the Lego® -based mold for the fabrication of PDMS
microfluidic blocks.



Front view

ing at 80 °C, 2 hours |

Sylgard® 184

molding with ethanol lubrication stud |
PDMS precursor o

. Glass petri dish
over v

Glass capillary

2
2
>
-~
S
& \
C h | . . Negati
_ore shanne PDMS elastomer egative
Diameter lﬁmm Stud feature

2
5

>

Q
Q2

| 79 mm A
27 mm

Q2

=

R

s

&

T . .
Side inlet-Core channel
< connection

=

L

=

5

‘ Side inlet coring ‘

2

2

-]

QU

e

Figure S2. Molding (A), de-molding (B), cutting of the PDMS microfluidic block with a core channel and
negative Lego® stud features, followed by the coring out of side inlets with an 18G cone needle (C).



Microfluidic device (side view)
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Figure S3. Experimental setup for microfluidic wet spinning of hydrogel fibers.
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Figure S4. A digital photo of a dual-module device with the flow configuration used for spinning hollow
alginate hydrogel fibers.
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Figure S5. First focusing (indicated in Fig. 4A-i) core-shell flow established by the dual-module device,
when Qr = Qore + Qshen Was fixed at 40 uL/min under different Qqpeath.
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Figure S6. (A) Quantification of the diameter of core flows (from Figure S4, when Qr = Qeore + Qshell
was fixed at 40 puL/min) under different Qgpeatn, Showing that sheath flow rate has negligible influence
on core flow diameter at 15t focusing. (B) Quantification of the diameter of core flows (from Figure S3-
A, when Qgheatn Was fixed at 200 pulL/min, and Qg varied as 20, 40 or 80 pL/min), showing that Qr has

negligible influence on core flow diameter at 15t focusing.
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Figure S7. Hollow nature of the hydrogel fibers (spun with double-module device) characterized by

protein (FITC-BSA) encapsulation.
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Figure S8. A digital photo of the tri-module device and the flow configuration for spinning pH-sensing

multimaterial hydrogel fibers.
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Figure S9. (A) Standard curve of FITC-Chitosan fluorescence according to its concentration at pH 7.5
PBS. (B) Linkage of FITC-Chitosan from fibers to at pH 7.5 in PBS.



Table S1. For affecting core flow diameter (Do) from single-module chip (Fig. 3A), the total fluid flow

rate (Qr = Quore + Qsnen) is found not statistically significant (P-value 0.29 > 0.05), while the core flow
fraction f (f = Qeore/Qy) is found statistically significant (P-value 6.63E-24 < 0.05).

ANOVA: Two-Factor With Replication

Source of Variation
Sample (Q;)

Columnis (f)
Interaction
Within

Total

SS df MS F
112.52 2 56.26 1.26
55077.84 4 13769.46 308.65
367.17 8 45.90 1.03
1338.34 30 44.61

56895.87 44

P-value

0.30

6.6E-24
0.4367

F crit
3.32

2.69
2.27

Table S2. For affecting core flow diameter (Do) from dual-module chip (Fig. 5B), both the core flow

rate (Qcore) and the sheath flow rate (Qneatn) are found statistically significant effects on core flow

diameter (Dcore), With P-values < 0.05. A significant interaction between the effects of Qcore and Qgheath
on D is indicated by P-value of 3.97E-17 < 0.05.

ANOVA: Two-Factor With Replication

Source of Variation
Sample (Qcore)
Columns (Qspeatn)
Interaction

Within

Total

SS df MS F
120993.2 4 30248.3 666.07
70785.02 4 17696.25  389.67
15829.03 16 989.31 21.78
2270.667 50 45.41

209877.9 74

P-value
1.10E-42
5.18E-37
3.97E-17

F crit
2.56
2.56
1.85

Table S3. For affecting shell flow diameter (Dgpen) from dual-module chip (Fig. 5C), both the core flow

rate (Qcore) and the sheath flow rate (Qqneatn) are found statistically significant with P-values < 0.05.

However, the interaction between these two factors is not significant, with a P-value of 0.1 > 0.05

ANOVA: Two-Factor With Replication

Source of Variation
Sample (Qspeatn)
Columns (Qcore)

Interaction
Within

Total

Ss df MS F
574552.10 4 143638  2055.50
2467.73 4 616.93 8.83
1810.13 16 113.13 1.62

3494 50 69.88
582324 74

P-value
8.84E-55
1.80E-05

0.10

F crit
2.56
2.56
1.85



Movie S1: Manipulation of core-shell flow with a dual-module chip, where the core flow diameter was

maintained constant, while the shell flow diameter was changed independently.

Movie S2: Manipulation of core-shell flow with a dual-module chip, where the shell flow diameter was

maintained constant, while the core flow diameter was changed independently.

Movie S3: Stable 4-layer flow established with the triple-module microfluidic chip.
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