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Abstract

Single cell analysis is of great significance to under-
stand the activities of organisms. We present here a mi-
crofluidic device capable of precisely capturing single
cells by changing from single phase to multiphase with en-
capsulation efficiencies of 90%. Our device uses hydrody-
namic trapping structures for cell trapping.

1. Introduction

Microfluidics has been proved to be a promising ap-
proach for single cell studies. Cellular analysis has a major
application in biology and other research areas and thus sin-
gle cell trapping has become one of the popular area of re-
search [1]. Various active and passive cell capturing methods
have been discussed in recent years. However, droplet micro-
fluidics has emerged out as the more successful because of
various advantages [2]. Droplet microfluidic has potential to
characterize single cell analysis by minimal sample dilution,
higher throughput and no cross contamination as the droplets
are separated. However, the droplet generation is limited by
the Poisson’s statistical limit [3,4]. We present a method ca-
pable of capturing single cells with high precision by remov-
ing Poisson’s statistical limitation.

2. Device design

The cell trapping structure is a flow resistance based de-
sign capable of capturing single cells. The device consists of
one inlet and one outlet. The pairing channels can be arrayed
over larger area for trapping higher number of single cells.
Homogeneous or heterogeneous cells can be trapped using
this microfluidic device. Chip is bonded on the glass slide for
closing the channels. (Figure 1)
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Fig. 1 Illustration of microfluidic chip with closer look of trapping
channels

3. Experimental method
Device fabrication

Microfluidic device was developed using soft lithography
technique. Master mold for rapid cell trapping microchannel
was created using SU8 which is hard-baked at 150°C for 30
mins. Microstructures were casted by using PDMS, mixed in
the ratio of 10:1, and degassed in vacuum chamber to remove
the bubbles. The mixed PDMS was then poured onto master
mold and heated at 60°C in an oven for two hours. PDMS
chip was finally plasma bonded on glass wafer with patterned
electrodes (Figure 2). Holes were punched to make the
connections for inlet using Teflon tubing.
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Fig. 2 (a-f) Fabrication process flow for soft lithography technique
(g) fabricated microfluidic chip bonded on glass slide

Cell trapping and encapsulation

The microchannels were first washed with 75% ethanol
followed by channel cleaning with distilled-deionized (DD)
water and removal of air bubbles. In order to reduce the ad-
hesion of cells, 1% Bovine Serum Albumin (BSA) with DD
water solution was injected into the chamber. The surface
was treated using 3M Novec HFE-7500. THP1 cells were
cultured in Roswell Park Memorial Institute (RPMI) 1640
medium supplemented with 10% Fetal Bovine Serum (FBS),
4.5 g/L glucose, 10 mM HEPES and 1.0 mM sodium py-
ruvate, supplemented with 0.05 mM 2-mercaptoethanol. The
first step consists of flowing THP-1 cells. The cells are cap-
tured by hydrodynamic trapping sites. In the next step, 3M
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Novec 7500 oil mixed with surfactant is injected to change
the phase. The area near the trapping sites forms a droplet.
Finally, the droplets are released from the trapping sites by
flowing the oil in the reverse direction that is from outlet to
inlet (Figure 3).
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Fig. 3 Illustration of working of microfluidic chip

4. Results and Discussion

A cell can only be trapped in the trapping structure if the
trapping site resistance is higher than the bypass channel re-
sistance (Figure 4a). One of the most important parameter for
trapping of single cell is the flow rate. We also observed that
oil flow rate also has significant effect on the droplet for-
mation that is cell encapsulation (Figure 4b).

Fig. 4 (a) THP-1 cells captured at trapping sites (b) Droplet re-
trieval from the trapping sites

We performed the study for flow rates ranging from
Sul/hr to 10 pl/hr and observe the effect on trapping of cells.
We found that at lower flow rates multiple cells were trapped.
As we increased the flow rate, the trapping efficiency was
increased which was maximum at 10ul/hr (Figure 5). We also
observed effect of oil flow rate on encapsulation efficiency.
The flow rate was varied from 7ul/hr to 10ul/hr. We observed

that as the oil flow rate increased, the encapsulation efficiency is
reduced. The maximum encapsulation efficiency of 90% was ob-
served at flow rate of 7ul/hr (Figure 6)
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Fig. 5 Effect of medium flow rate on trapping efficiency
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Fig. 6 Effect of oil flow rate on encapsulation efficiency

5. Conclusion

We observed efficiency of about 90% for single cell en-
capsulation. We also observed that medium flow rate and oil
flow rate has significant effect on the trapping efficiency and
encapsulation efficiency.

Acknowledgement
This work was financially supported partially by the
NTHU/ IIT Kharagpur collaboration funds

(GITA/DST/TWN/P-66/2015). The fabricated facilities were
supported by the Center for Nanotechnology, Material Sci-
ence, and Microsystem (CNMM) of National Tsing Hua Uni-
versity and the National Nano Device Laboratory (NDL). Au-
thors would also like to thank Mackay Memorial Hospital for
their valuable suggestions.

References

[ITE. Brouzes, M. Medkova, N. Savenelli, D. Marran, M.
Twardowski, J. B. Hutchison, J. M. Rothberg, D.R. Link, N. Per-
rimon, M. L. Samuels, Proceedings of the National Academy of
Sciences 2009, 106, 14195-14200.

[2] X. Casadevall i Solvas, A. deMello, Chemical Communications
2011, 47, 1936-1942.

[3] D. J. Collins, A. Neild, A. deMello, A.-Q. Liu, Y. Ai, Lab on a
Chip 2015, 15, 3439-3459.

[4] J. F. Edd, D. Di Carlo, K. J. Humphry, S. Koster, D. Irimia, D. A.
Weitz, M. Toner, Lab on a Chip 2008, 8, 1262-1264.

- 298 -



