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A simple glass needle device was developed and demonstrated for subcellular
lipid analysis. Subcellular lipid profiling is a highly valuable research area, but it is
challenging due to the limited sample volume and high structural/molecular diversity. Mass
spectrometry (MS) is one of the most advanced techniques for subcellular composition analysis, but
it requires delicate sample pretreatment methods to ensure reliable analysis. A major issue in
crucial sample detection by MS is ion suppression from impurities present in the complex sample
matrix. With our glass needle device, impurities could be removed by its solid phase micro
extraction (SPME) function, and electro-spray ionization-based MS would be realized by its
electrically conductive character. The SPME was demonstrated using a standard lipid sample, and
subcellular analysis via the glass needle device and MS was demonstrated using Neuro2a cells.
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(Background of the project)

Subcellular lipid profiling is a highly featured research area but challenging due to the limited sample
volume and high structural/molecular diversity. Mass spectroscopy (MS) is one of the most advanced
candidates for subcellular composition analysis but calls for delicate sample pretreatment methods to
guarantee areliable analysis. A mgjor issue in crucial sample detection by MSis the ion suppression
from impurities presenting in the complex sample matrix. With the purpose to enhance the detection
sensitivity, we propose a functionalized needle-based device for sample purification before MS
detection to remove ionic impurities. In genera, the needle is able to redlize solid phase
microextraction (SPME) for lipid species, which facilitates the sensitive M S detection of trace sample.
This project will contribute to feasible and high-performance M S-based subcellular lipid profiling.

(Goal of the research)
We aim to develop aneedle-based device for the elimination of interfering moleculesfrom the complex
cell membrane compositions based on SPME. This device is adaptable with MS interface for lipid
detection. One stage of purpose is to realize the SPME of standard lipid samples for MS detection.
Another stage of purpose is to modify the lipid detection method for real subcellular membrane
analysis.

(Method of the research)
Hydrophobic material is coated on the inner surface of needle for the specific adsorption of lipid
species. Electric conductive Pt layer is coated on the outer surface of the needle to equip the needle
with conductive function. At the first stage of research, dioleoyl phosphatidylcholine (DOPC) is
selected as a standard lipid sample for SPME demonstration. Here the protocol for SPME purification
of DOPC was developed. At the second stage of research, we develop protocol for real Neuro2a
subcellular membrane analysis.

(Achievement of the research)
1. Hydrophobic modification of glass material
Hexadecyltrimethoxysilane was selected as the hydrophobic coating material (Fig. 1 (a)). A cover
glass was coated with hexadecyltrimethoxysilane by evaporation of the coating material in vacuum
environment. Water contact angle test resulted with contact angle of 57° for bare glass and 105° for
coated glass (Fig. 1 (b)). Thisindicatesthat the hydrophobicity increased after the surface modification
of glass with hexadecyltrimethoxysilane.
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Figure 1. (a) coating process for hydrophobic surface modification. (b) contact angle test with water
drop on noncoated glass (left) and coated glass.

2. SPME demonstration

To illustrate the SPME process, we employed DOPC as a standard lipid sample and maltotriose (G3)
asamarker of elution solution. The 100 nM DPOC sample solution was prepared by dissolving DPOC
into phosphate-buffered saline (PBS) to mimic cell culture environment (Fig. 2). The organic elution
solution was prepared by dissolving 200 nM G3 into a solution containing 75% methanol, 10%
dimethyl sulfoxide and 10 uM acetic acid.

For SPME, the sample solution was aspirated into the needle from the tip end and incubate for 5 min.
Then, the elution solution was injected into the needle from the rear end. The MS detection was
conducted with Orbitrap Exploris 120 from Thermo Fisher Scientific.



Fig. 2illustratesthe result of atypical MS analysis of the output from aneedle. Three stages are found
on the time scale: (1) No signal related to DOPC nor G3 is found. This stage is supposed to be the
washing process when only agueous solvent in the sample solution was detected. (2) Only G3 were
detected. This stage is supposed to be the beginning of the elution process when the organic solvent
was at alow concentration. (3) Both DOPC and G3 were detected. This stage is supposed to be the
elution of DOPC molecules from the inner surface of the needle. This result indicates that the SPME
was successful with our developed needle device.
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Figure 2. Theillustration of SPME scheme and the M S analysis result corresponding to each step of
SPME procress.

3. Subcellular analysis
The above mentioned SPME method was adapted to the subcellular analysis of Neuro2a cell species.
As is shown in Fig. 3 (a) and (c), a bi-needle system was employed for subcellular membrane
collection. Here one needle was employed for fixing the cell and the other one was employed for
collection subcellular membrane. We successfully collected the neurite part and main cell body part
from single cells. The MS analysis results are shown in Fig. 3 (c) and (d). Typical 4 types of lipids are
found in both subcellular sections along with other lipid species. The peak area ratio indicates that a
heterogeneity distribution of lipid in these subcellular sections.
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Figure 3. (a) and (b) image of neurite part collection and the MS analysis result. (c) and (d) image of
main cell body membrane collection and the MS analysis resuitl.
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