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Paper title: Massively parallel quantification of miRNA in single cells via duplex-specific
nuclease reaction in pico-liter wells

Abstract
Novelty:

We report a one-step assay for the parallel quantification of miRNA in tens of thousands of
single cells. Our protocol leverages DSN (duplex-specific nuclease) induced signal amplification
and uses pico-liter sized micro-wells, which confine single cells and the enzymatic reaction. We
demonstrated our assay with triplexed miRNA detection in K562 cells and a detection limit of
miRNA at 5.7 copies per well.

Background:

Existing techniques in single cell miRNA analyses require labor-intensive sample preparations
and do not have capability to realize massively parallelized single cell measurements within
several hours. Here we present a 60 min protocol for detecting miRNAs in tens of thousands of
single cells.

Experimental method:

Our protocol uses a PDMS chip consisting of 100,000 wells (20 um diameter and 30 um deep) to
confine the enzymatic reaction triggered via miRNAs from single cells. MiRNA released upon
lysis of single cell hybridizes with complementary linear molecular beacon (LMB), which has a
quencher and a fluorophore at 3’ and 5° ends, respectively. DSN enzyme then cleaves only LMB
in the hybrid duplex, releasing a free fluorescence molecule. Because the reaction can recycle the
MIRNA target, it creates multiple free fluorescence molecules, resulting in increase of the
fluorescence signal. We demonstrated our protocol with simultaneously detecting three miRNA
targets: miR200a, miR16, and miR92 in K562 cells. In this demonstration we spread
approximately 100,000 K562 single cells over a chip and then added a reaction mix containing
three kinds of LMBs (100 nM for each), DSN enzyme (0.1 U/uL), and Triton X-100 (0.1%). We
sealed the chip with a glass slide and incubated at 50°C for 60 min. Our protocol lysed the single
cells upon application of the reaction mix over the chip and reduced indigenous nuclease activity
while keeping DSN activity. We measured the resulting fluorescence intensity in each well using
an automated epifluorescence microscope (the scanning of the 100,000 wells took for 100 min).



Results and discussion:

We observed significant fluorescence in cell containing wells after the incubation and measured
mean signal to noise ratio (SNR) of single cell containing wells were 4.1, 4.6, and 2.6
respectively for miR200a, miR16, and miR92. We determined as SNR=(fcq4-fc)/(feq-fc), Where feq,
and feq are fluorescence intensities of wells with and without single cells, respectively. We used
the background level, f;, of the mean fluorescence intensity of single cell containing wells in a
control experiment sans DSN. We also determined the limit of detection of our protocol was
1 pM (5.7 copies per well) and the dynamic range was two orders of magnitude ranging from
1 pM to 100 pM with spiking synthetic miRNAs into the reaction mix.

Outcome of attending conference:

| was able to present my research to the scientific community and also received comments. I
could meet international researchers related to my field and had scientific discussions.
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