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Supplementary Methods

S1 Flow Synthesis Device

Figures S1 and S2 show the design of the parallelized microfluidic device that contain 15 flow
focusing droplet generators (FFGs). Each FFG is supplied with 5 separate feed channels upstream
of an 80 um-wide square constriction. The two outermost channels carry equal flow rates of the
continuous phase, heavy mineral oil. The two adjacent channels carry the acidic collagen solution,
and either of the neutrally buffered PEG or GAG solutions, respectively. The middle channel
carries a separating buffer solution that prevents unwanted contact between the two aqueous
solutions upstream of the droplet breakup location. To overcome the challenges in droplet breakup
from viscoelastic solutions, the outflow channel is designed 3 times wider and 2 times deeper than
the constriction. The 15 parallelized FFGs ensure a throughput of ~4 mL/h for the inlet aqueous
solutions. Individual FFGs are connected to respective distribution channels using 1 mm through-
holes. The depth of the distribution channels (500 pm) significantly exceeds the one of the
constrictions, ensuring all FFGs to operate at similar conditions. All individual outflow channels

are connected via through-holes to a common collection channel (500 um depth).

From the common device exit, the formed microgels are collected in a 50 mL centrifuge tube
which is pre-filled with 10 mL of the fibrillogenesis promoting buffer (FPB). Droplets

spontaneously coalesce since no surfactant was present in the continuous phase. As a result, CP



microgels sediment in the FPB solution without the need for washing steps, while the lighter oil

phase floats atop.
S2 Device Fabrication

Multi-layer droplet microfluidic systems were fabricated using standard photolithography and soft
lithography methods. The flow distribution and flow focusing units were fabricated using two
different SU-8 master molds. The mold for distribution layer was fabricated in a single step using
SU-8 2150 at 500 um thickness. Briefly, SU-8 was coated on a silicon wafer using a spin coater,
and then was baked at 65 °C and 95°C according to the supplier’s protocols. Then the
microchannels were patterned through a chromium coated glass photomask using a EVG 620
aligner, followed by post exposure baking at 65°C and 95°C. The wafer was then developed in
SU-8 developer on an orbital shaker to remove non-cured photoresist. The wafer was then rinsed
thoroughly using isopropanol and dried by a nitrogen stream. To assure the durability of the wafer,
it was hard baked at 180°C for 30 min. The mold for the flow-focusing units was fabricated at two
sequential layers, each 80 pm. Photomasks for patterning the two layers were aligned using the
EVG 620 aligner. The first layer was coated, UV-exposed and post baked, then the second layer
was coated, UV-exposed and baked, followed by developing and hard baking.

PDMS elastomer and its curing agent were mixed at 10:1 ratio and degassed. A thin layer of PDMS
was poured on the flow-focusing wafer, de-bubbled, and cured in an oven at 80°C for 1 h. A thin
layer of PDMS was poured on the distribution wafer and de-bubbled, then the flow focusing PDMS
layer which was already cured, was flipped upside, and placed over the distribution layer. The two
layers were aligned and placed in the oven to cure. Next step, the two sides of the PDMS layer
were connected by punching Imm holes using a biopsy punch. A thick PDMS block, separately
prepared, was bonded on the flow focusing side of the PDMS layer after corona treatment. The
2mm inlet and outlet holes were punched using a 2 mm biopsy punch, and the distribution side of
the layer was bonded on a microscope slide following corona treatment. The device was placed in
the oven 80°C for at least 4 h to assure a strong bond between different layers. Afterwards, to
increase the hydrophobicity of the microchannels, Aquapel was injected in the device through one
of the inlets and incubated for 1-2 min, then it was removed using a syringe and the microchannels

were flushed using mineral oil. The device was then baked in the oven at 80°C for 1 h.
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Figure S1 Microfluidic device design containing 15 flow focusing droplet generators (FFGs)

- multi-depth flow focusing layer. a, first layer mask design used for patterning microchanne

Is

with 80 um depth. b, second layer mask design, aligned with first layer, to selectively increase

channel depth. Combined microchannel depth is 160 um.
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Figure S2 Microfluidic device design containing 15 flow focusing droplet generators (FFGs)
— uniform-depth distribution layer. a, Distribution layer mask design used for patterning
microchannels with 500 um depth. b, Complete device design, where flow focusing layer is
aligned over distribution layer. Thru-holes connects inlets and outlet of FFGs to distribution and
collection channels.

S3 Electron Microscopy

For scanning electron microscopy (SEM), microgels were fixed using a 2% glutaraldehyde
solution for 2 h at room temperature, then dehydrated in ethanol in sequential steps (30%, 50%,

70%, 90%, 100%x3 ethanol), 5 — 10 min each. The microgels were then dried using a BAL-TEK



critical-point drier (CPD 030) and placed on the SEM pin mount, followed by coating 5 — 10 nm

of gold using a Leica ICE sputter coater. The samples were then imaged using a ZEISS microscope.

For transmission electron microscopy (TEM), microgels were fixed using a 2% glutaraldehyde
solution for 2 h at room temperature and then rinsed 3 times with DI water, each time 5 min,
followed by gentle centrifugation and removal of the supernatant. The microgels were then
incubated with osmium tetroxide (2% vol/vol) and potassium ferrocyanide (1.5% wt / vol) for 1
hour at room temperature, followed by 3 times washing with DI water. Next, the microgels were
incubated with 1% (wt / vol) tannic acid for 2 h at room temperature and washed 3 times with DI
water. The microgels were then incubated in a 1% (wt/vol) solution of uranyl acetate at 4°C over
night and then washed with DI water 3 times. In the next step, the microgels were dehydrated in
ethanol in a sequential process as explained above, and then the ethanol was replaced with acetone
in a similar procedure. In the final step, the microgels were infiltrated in Agar 100 Hard resin in a
sequential diluted manner (10%, 30%, 50%, 70%, 90%, and 100%%Xx2), each step 1 — 2 h and in
100% Agar 100 Hard over night with gentle agitation on an orbital shaker. The sample was then
placed in molds, centrifuged (100 G for 30 s) and cured in an oven at 60°C for 72 h. For imaging,

the samples were cut at 70 nm thickness and imaged using a T20 Phillips TEM microscope.
S4 Viability and Morphological Analysis

For viability analysis, the constructs were incubated with a pre-made solution of Live/Dead stains
for 1-2 h, and washed 3 times with PBS, 5 min each. The constructs were then imaged using a
Nikon confocal microscope. Viability was calculated by dividing the number of live cells to the
total number of live and dead cells. For morphological analysis, the cells were fixed using a
buffered solution of 3.7% formaldehyde and 0.3% Triton x-100 for 30 min. They were then
washed 3 times with PBS and incubated with a solution of Phalloidin-FITC and DAPI in PBS for
2 hat4°C. The constructs were then washed 3 times with PBS and imaged using an Axio Observer

ZEISS microscope.
SS Rheological Analysis

Rheology analysis was performed on the bioink using a Discovery Rheometer (DHR-3, TA
Instruments) with a 60 mm cone and plate geometry. The tip gap was set to 100pum, and the

temperature was set to 25°C. To measure the shear-thinning properties of the bioink, shear rate



was ramped from 0.1% to 1000% at 1 kHz with 5 points every decade, and the storage and loss
moduli (G’ and G”, respectively) were measured. For the analysis of shear recovery, 0.5% and
500% strains at 1 kHz were applied periodically, each strain sate for 100 s and a total of 3

alternations between low and high strains.
S6 Particle Size Measurement

Because of the irregular shape of the microgels, the Feret size of each microgel has been measured
as shown in Figure S3. For each set of flow rates 5 images were taken and all the visually
measurable microgels were quantified to calculate the average size and standard deviation of the
microgels for that set of flow rates. A sample image of the microgels with the flow rates of 25, 10,
and 25 pL/min for collagen, separating buffer, and PEG respectively is shown in Figure S3 with
the measured Feret sizes reported in Table S1.

Table S1. Sample collagen particle size measurement for the microgels with the flow rates of 25,

10, and 25 pL/min for collagen, separating buffer, and PEG respectively, shown in Figure S3.
Values reported in um.

98.95 145.22 143.49 122.37 124.32 127.73 147.96 153.01
116.48 126.58 136.82 163.34 138.22 118.51 139.53 128.64
129.05 164.27 141.42 133.65 111.43 154.01 148.95 154.99
146.81 175.85 128.16 130.99 152.93 126.53 124.43
139.57 121.76 158.12 140.01 94.57 142.18 141.77




Figure S3 Collagen microparticle size measurement. Red lines indicate direction along which
length was evaluated, representing Feret diameter.

Figure S4 Photograph of collagen-GAG microgels prepared via described microfluidic synthesis
approach.



