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Figure S1. CAD schematics of the two DMF chip designs used in this study: (A) the “Assay”
chip and (B) the “Image” chip. The “Assay” chip was used for running the on-chip DABBS,

while the “Image” chip was used for conducting imaging with the portable imager.

Note S1: Optimization of detection nanobody and streptavidin-primer conjugate
concentrations for DABBS assays for SARS-CoV 2 spike protein. DABBS assays were carried
out off-chip as described in the main text, using varying concentrations of detection
nanobody, and streptavidin-primer-template (SPT). As shown in Fig. S2, the highest
concentration of detection nanobody (20 pg/mL) resulted in the highest signal; however, high
background was observed in the blank for this condition (data not shown). Thus, 1 pg/mL
detection nanobody was used for the remainder of the experiments. As shown in Fig. S3, the
highest concentration (17.2 ug/mL) of SPT showed the highest average number of molecules

per bead value and thus was used for the remainder of the experiments.
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Figure S2. Plot of average number of molecules per bead for DABBS assays carried out in tubes
for 81.7 ug/mL of antigen and 1.7 pug/mL of streptavidin-primer-template (SPT) as a function

of detection nanobody concentration. Error bars represent mean T standard error forn =
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Figure S3. Plot of average number of molecules per bead for DABBS assays carried out in tubes
for 81.7 pg/mL of antigen with 1 ug/mL detection nanobody as a function of SPT

concentration. Error bars represent mean * standard errors forn 2 2 per condition.



Note S2: Off-chip digital and analog fluorometric assays without amplification for SARS-
CoV-2 spike protein. A non-amplified fluorometric assay was developed relying on binding of
streptavidin-Cy5. Briefly, a suspension of capture nanobody-coated beads, and the solutions
of antigen, and biotinylated detection nanobody were mixed and then washed in
SuperBlock™ PBS as described in the ‘off-chip DABBS procedure’ section in the main text. A
50-puL aliquot of streptavidin-Cy5 (4.4 ug/mL) was added to the mixture that was rotated for
30 min at room temperature. The beads were then washed six times in SuperBlock™ PBS and
transferred to a microscope slide for imaging as described in the main text. A schematic of
the assay is shown in Fig. S4A, and calibration curves evaluated under digital and analog

schemes are shown in Fig. S4B and Fig. S4C, respectively.
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Figure S4. (A) Schematic of the fluorometric assay for SARS-CoV-2 spike protein without
amplification based on streptavidin-Cy5 labeling. (B, C) Log-log/semi-log calibration plots of
average number of molecules per bead versus antigen concentration in buffer (black markers)
for assays carried out in tubes, fitted with four parameter logistic curves (black traces) for
analysis by (B) digital or (C) analog detection schemes. Error bars represent mean T standard

error for n = 3 per condition. Limits of detection (dashed black lines) corresponding to three



standard deviations above the mean of the control were 56.48 ng/mL and 244.11 ng/mL for

analog and digital analysis, respectively.

Note S3: Off-chip analog colorimetric assay with amplification for SARS-CoV-2 spike protein.
An analog colorimetric immunoassay was developed in which a streptavidin-horseradish
peroxidase (strep-HRP) conjugate was used to generate signal in tubes. Briefly, the suspension
of capture nanobody-coated beads, and the solutions of antigen and biotinylated detection
nanobody were mixed and then washed in SuperBlock™ PBS as described in the ‘DABBS for
SARS-CoV-2 spike protein assays’ section in the main text. A 50-uL aliquot of strep-HRP
(diluted 1:10,000, as recommended by the manufacturer) was introduced and incubated for
30 min at room temperature. The beads were pelleted, and the supernatant was removed
from the tubes using a pipette. The beads were then incubated with 5 pL of one-step TMB
(3,3’,5,5’-tetramethylbenzidine) substrate (Sigma Aldrich, ON, Canada) for 5 min at room
temperature. The reaction was quenched by adding 0.5 uL 1 M H,SO, to each tube and the
absorbance at 450 nm was measured immediately by adding 1 uL to the Nanodrop One
Spectrophotometer (Thermo Fischer, ON, Canada). A schematic is shown in Fig. S5A, and a
calibration curve (Fig. S5B) was generated by measuring the optical density (OD450) using the

Nanodrop.
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Figure S5. (A) Schematic of the analog colorimetric assay for SARS-CoV-2 spike protein,
relying on strep-HRP activity. (B) Semi-log calibration plot of antigen concentration in buffer
(black markers) for assays carried out in tubes, fitted with four parameter logistic curve
(black trace). Error bars represent mean T standard errors for n = 3 per condition. Limit of
detection (dashed black line) corresponding to three standard deviations above the mean

of the control was 20.9 ng/mL.



Video S1: The video (8x speed) demonstrates multiple washing steps for three samples in
parallel on a type-A DMF chip. During each wash, the beads in each sample were first
dispersed in a droplet of wash-buffer, with the magnetic lens disengaged. The magnetic lens
was then engaged to trap the beads in a 200-nL droplet, while the remainder of the fluid was
moved to waste. The samples in the left and middle contained 2.0 x 10* beads (which form a
pellet that is difficult to see at this magnification), while the sample at the right contained 2.0
x 10° beads (which form an observable pellet). The sample on the left was spiked with soluble

red dye (not retained by the beads) to illustrate the washing process.



