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• We have developed microfluidic platforms to 
lyse individual eukaryotic cells at controlled 
locations for subsequent single cell MS-
based analysis of the cell lysate. The 
following approaches have been explored:

– Chemical lysis
– Electrical lysis

• Both the above techniques are tailored for 
MS compatibility and low sample volume 
analysis.

• MS sensitivities for sample sizes at single cell 
level have been previously demonstrated1.

• These microfluidic lysing devices are ideally 
suited for integration with nanoESI-MS 
platforms for high sensitivity protein 
identification.

• PDMS microchips offer an efficient approach 
to manipulate single cells and potentially 
enable studies e.g., the discovery of disease 
specific trace biomarkers that are otherwise 
suppressed by more abundant proteins 
during the analysis of bulk samples. 

• We have developed and demonstrated single 
cell lysis techniques based on chemical and 
electrical methods.

• These techniques can stably operate at 
nano-flow regimes and are compatible with 
high sensitivity instrumentation.

• Current achievable sensitivities allow the 
detection of protein concentrations equivalent 
to those in single cells.

• In-depth understanding of diseases requires 
identification of biomarker expressions from disease 
specific cells.

• Detergent based lysis approaches are incompatible 
with MS analysis and handling of individual cells and 
low sample volumes is challenging with standard 
techniques.

• Microfluidics offers a suitable approach for biomarker 
discovery through single cell proteomics analysis.

Chemical lysis
• Red blood cells were lysed by membrane solubilization using 

trifluoroethanol (TFE) which was introduced at the lysis 
intersection from two side channels using a syringe pump. 3 μL 
of whole blood was mixed with 1 mL LISS (low ionic strength 
solution) buffer to prepare the cell suspension. Flowing cells in 
the middle channel were exposed to TFE from both sides at the 
intersection and completely lysed within a lateral distance of 
about 100-200 μm. 

• TFE is MS compatible and keeps the microfluidic channels from 
clogging by continuously solubilizing cell membrane debris.

• Final concentration of TFE in the spray channel was 25%.  

Electrical lysis
Erythrocytes have a weaker cell membrane that can be easily 
solubilized or ruptured under the influence of organic solvents or 
hypotonic media. However, many other cell types such as 
monocytes are larger in size with a relatively robust membrane 
and are difficult to rapidly solubilize even with higher 
concentrations of organic solvents. Therefore, a combination of 
chemical and electrical lysis techniques is required. Cells travel 
through a small region of high electrical field (~ 1 kV/cm), the lipid 
bilayer irreversibly breaks down and is solubilized in the solvent. 
Microfluidic channels were designed to offer such high electrical 
fields in a narrow region with relatively high electrical resistance. 
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To validate the performance of TFE as a suitable lysing solvent and its 
subsequent MS compatibility, 3 μL of whole blood was mixed with a solution 
containing 40% TFE in DI water and 2% acetic acid. Cells immediately lysed 
in the TFE solution and the lysate solution was loaded into a glass syringe to 
perform standard ESI-MS analysis. The sample was sprayed at the flow rate 
of 100 nL/min into the TOF MS, and data were collected for 5 min. Figure 4 
represents the spectra of detected proteins, showing the heme group as well 
as different charged states of the alpha and beta subunits. This confirms the 
applicability of TFE/water solution as a lysing agent, as well as the ESI buffer.
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• Red blood cells flowing at 75 nL/min completely lysed within a distance of       
200 μm after entering the lysis intersection.  

• No channel clogging was observed as the TFE continued solubilizing the 
cell membrane debris from the channels.

• Hydrodynamic focusing of cells at the lysis junction minimized their 
interaction with side walls and reduced the possibility of cells sticking to the 
surface.

• TFE diffused within the cell suspension buffer providing a final concentration 
of 25% in the spray channel.

Figure 3. Chemical lysis device showing the lysing progress as the cells enter the TFE junction. Width 
of the cell channel was 60 μm and the height was 30 μm. (A) Shows a red blood cell entering the 
intersection. (B) As soon as the cell is exposed to TFE from two sides, the cell membrane starts to 
solubilize as shown in the middle image. (C) Shows a lysed cell that eventually dissolves completely 
along the flow path.
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Figure 4. Spectra of the whole blood lysate obtained by solubilizing whole blood in 40% TFE 
solution with 2% acetic acid. The spectra clearly shows heme group peak as well as different 
charged states of the α and β subunits. This demonstrates the potential of TFE as a robust 
lysing agent for cells such as erythrocytes that undergo rapid solubilization. Similar experiments 
with a 50% methanol/water solution was not as effective and the cells did not lyse up to a 
distance of 1 mm that was observed. 
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Figure 5. Left: COMSOL simulation of the electrical lysis 
device showing flow profile and electric field within the 
lysis orifice. The laminar flow profile causes 
hydrodynamic focusing of the middle stream where cells 
flow through. A potential of 200 V was applied on the 
side channels closer to the ESI emitter while the other 
side channel was grounded. This potential difference of 
200 V is sufficient to generate an electric field of ~ 800 
V/cm within the orifice. 
Bottom: Frames show lysis progress of the flowing THP-
1 cells through the device at 200 V across the orifice 
applied via the fluidic electrodes. A cell enters through 
the middle stream sandwiched between the layers of 
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The achievable detection sensitivities of the current MS technologies allow the 
detection of extremely low abundance proteins. However, these techniques 
lack the capability to manipulate individual cells as well as to handle low 
sample volumes corresponding to single cell levels.

PDMS based microfluidic devices operated successfully at flow rates as low as 
10-30 nL/min for integration with nanoESI-MS platforms. A sharp pointed 
emitter was fabricated by cutting the PDMS device with a razor blade along the 
guiding marks. At these low flow rates, a stable Taylor cone was established 
between the emitter and the MS inlet capillary. 

30 nL/min

A B C

Figure 7. (A) Schematic of the PDMS devices before and after cutting the device along the guiding marks for 
fabricating the emitter. (B) Side view of a microchip during ESI operation with a close-up view of the Taylor cone 
in the inset. (C) Signal stability spectra for microchip based emitters at 30 nL/min and relative standard deviation 
of 3.63% compared to about 1.3% for capillary based emitters at similar flow rates3. 

Figure 6. Mass spectra of 250 pg D. radiodurans lysate tryptic digest. 50 proteins were detected at such 
low concentration which was equivalent to the protein concentration in an average eukaryotic cell1.

Future Work
• The PDMS lysing chips will be integrated with the 

ESI-MS platforms for subsequent single cell 
proteomics analysis. 

• After the successful characterization of this single cell 
analysis platform, real time biological samples will be 
analyzed for the discovery of new biomarkers.

Figure 1. Schematic of the chemical lysis device. Port 1 is 
used for cell delivery, port 2 for 50% TFE/water solution 
and port 3 for ESI solvent. Solutions are introduced by 
connecting the inlet ports to the syringe pump through 
PTFE tubing. The parallel lines across the long channel 
represent guiding lines for cutting the device to form a 
pointed emitter. Multiple cutting sites provide flexibility to 
determine the length of channel after the lysis intersection.

Figure 2. Schematic of the electrical lysis device. 
Port 1 is used for cell delivery, ports 2 and 3 for 50% 
TFE/LISS solution, and port 4 for ESI buffer. Solutions 
are introduced similar to the chemical lysis device. 
Native PDMS has a negatively charged surface that 
causes cathodic EOF (electroosmotic flow) across the 
opposite terminals. Therefore, to maintain an 
uninterrupted flow towards the ESI emitter, the channel 
loop corresponding to the port 2 was coated with polyE-
323 (polyamine)2 to make the surface positively charged 
(hence anodic EOF). The lysis junction and ESI channel 
were also coated with polyE-323 to minimize binding of 
cell membrane with the surface. 

A potential difference of 200 V was applied across ports 2 and 3, resulting in an electric field of 
about 800 V/cm at the lysis intersection, sufficient to lyse the cells (THP-1 cells in this case).

TFE solution into the orifice and lyse immediately without clogging the channel.  The experiment was run for 
45 min and cells continued to lyse as they passed through the high field region. For the electrospray purpose, the 
ESI voltage can be applied to one of the side channels while maintaining the potential difference of 200-300 V 
across the two loops. The orifice was 60 μm wide and 50 μm thick.
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