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I. Mass percentage of the antibody fragments produced in 0.1 mM TCEP

The mass percent of each band in the PAGE gel was approximated by densitometry. The gel
analysis function in the Imagel software was used to generate a histogram of the antibody
fragments in 0.1 mM TCEP. The area under each peak corresponds to the intensity of the
band times the area of the band. Uneven light exposure is manually excluded out of the data
by only measuring the area above the neck of the peak. Densitometry revealed that the
composition of the fragments is roughly 37% whole antibodies (2 heavy & 2 light chains), 8%
2 heavy & 1 light chain antibodies, 1% 2 heavy chain antibodies, 30% half antibodies (1 heavy

& 1 light chain), 15% 1 heavy chain, and 9% 1 light chain.

Figure S1 The histogram of the antibody fragments in 0.1 mM TCEP. The mass percentages of each of the six
antibody fragments were determined by measuring the area under the corresponding peak.



Il. Characterization of the antibody fragments by number

The mass percent of each antibody fragment in 0.1 mM TCEP did not provide a complete
picture of the fragmentation events. So, we calculated the relative number of antibody
fragments by dividing each mass percent by their corresponding molecular weight. The
values were multiplied by 100 to give the least number of relative fragments a value of 1.
The result indicated that for every 1 two heavy chain fragment, there are 25 whole
antibodies, 6 two heavy and one light chain fragments, 40 half antibodies, 30 heavy chain
fragments, and 36 light chain fragments. The summation of the relative number of the heavy

chain fragments is 134, which is approximately same value with the total relative number of
the light chain fragments, 132. The small discrepancy with the number of light chain
fragments is due to the low precision of the densitometry approach. With the relative
number of fragments, the relative number of parent antibodies were calculated by tracking
pairs of heavy chains. Therefore, there are 67 parent antibodies for every 1 two heavy chain
fragment. The percentage of parent antibodies indicated the percentage of the original
antibodies that were fragmentized to each form. For example, there are 22% of the original
whole antibodies were reduced completely into separate heavy and light chain fragments ,
which can be obtained by dividing the relative parent antibody number of seperate heavy and
light chain into the total number of parent antibody. Lastly, with the assumption that all Fab
regions are initially active and interchain disulfide bonds are broken before the intrachain
ones, the relative numbers of active Fab regions were calculated by accounting for the

number of unbroken heavy-light interchain disulfide bonds.



Table S1 Characterization of the antibody fragments by number

Mass MW Relative Relative Relative
Peak IgChain Percent Fragments Parent Ab | Active Fabs
% kg/mol n n % n %
1 2H+2L 37 150 25 25 37 50 52
2 2H+1L 8 125 6 6 9 6 6
3 2H 1 100 1 1 1 0 0
4 1H+1L 30 75 40 20 30 40 42
5 H 15 50 30
15 22 0 0
6 L 9 25 36
Total 138 67 100 | 96 100

lll. Improvements in detection sensitivity
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Figure S2 Comparing the signal to noise plots of the linker-free and the linker-dependent antibody conjugation
methods. For all three protein targets, the signal to noise ratios of the linker-free particles, which are marked
with a cross inside of the symbol, are higher than their linker-dependent counterparts. As a result, the lines of
linear regression for the linker-free method (dashed) are above the lines for the linked-dependent method
(solid). Likewise, the limit of detection, defined as the target concentration that corresponds to three signal to
noise ratio, is lower for the linker-free method.



IV. Immunoassay procedure

Target Secondary Fluorescent
Antigen Antibody Tag
*
oo ¥
) > %"
. . . g
\\\ /// M Q’) \\\ /// ‘ 'Q') \\\ /// Q’) \\\ .
e N — i N — P + I —— N

oY 2h i 1h # / 30m y

Figure S3 Schematic overview of the immunoassay. The assay sequence correlates with that of the sandwich
ELISA. The antibody functionalized particles are mixed into the target sample and antigens are allowed to bind
to the capture antibodies. After washing the particles to remove unbounded proteins, secondary antibodies are
added. These biotinylated antibodies attach to the target antigen, forming a sandwich unit. Another wash step
is performed to remove excess secondary antibodies. Then, streptavidin—phycoerythrin (SA-PE; red) is added to
fluorescently label the particle-bound secondary antibodies. Unbound fluorescent tags are washed away in the
final wash step.



