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Subcellular Analysis of Peptides in Single Identified Neurons by Mass Spectrometry 
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The central nervous system (CNS) of the pond snail species, Lymnaea stagnalis, is composed of 

eleven ganglia containing ~20,000 neurons that form complex neuronal networks. These neurons 

produce and release specific types of neuropeptides for regulating distinct snail behaviors, such 

as respiration and heartbeat. Depending on their subcellular locations, neuropeptides can play 

distinct functions. Thus, subcellular analysis of an individual identified neuron is necessary to 

investigate the localized neuropeptide functions. Mass spectrometry (MS) is a valuable tool for 

analyzing metabolites, lipids, and peptides in single cells. Here we apply capillary 

microsampling electrospray ionization (ESI) with ion mobility separation (IMS) and MS to 

analyze the peptide distributions of nuclei and cytoplasms of single F group (Fgp) neurons from 

the L. stagnalis CNS. 

 The L. stagnalis CNS was extracted in saline under a stereo microscope. Neurons from 

the visceral ganglion were exposed through manual removal of connective tissues with fine 

tweezers. Neurons were stained with Hoechst 33342 to visualize the nucleus. A micrometer 

syringe was used to extract Fgp neurons and transfer them to an inverted microscope. Glass 

capillaries were used to sample the nucleus and cytoplasm of the cells separately. After 

backfilling the capillary with an electrospray solution, a high voltage of -2000 V was applied to 

generate an electrospray with ionized subcellular contents. The ions were separated by IMS, 

followed by mass analysis using a time-of-flight mass spectrometer. Ions were assigned based on 

accurate mass measurements, and tandem MS, as well as matrix assisted laser desorption 

ionization (MALDI) MS. 

 Due to alternative mRNA splicing, two types of Fgp neurons were observed containing 

distinct types of FMRF-amide like peptides within their cytoplasms. In Type 1 neuron 

cytoplasm, tetrapeptides, FMRFamide and FLRFamide were identified. The cytoplasm and 

nucleus for Type 2 Fgp neurons were analyzed separately. Nine peptides, including 

GDPFLRFamide and SDPFLRFamide, were detected in cytoplasm, and six of them were also 

observed in nucleus. These peptides showed distinct relative abundance difference between the 

cytoplasm and nucleus. For example, neuropeptides, such as GPSRSSFPRYamide and 



SKPYMRFamide, showed higher abundances in the cytoplasm compared to the nucleus, 

whereas heptapeptides, such as GDPFLRFamide and SDPFLRFamide, were more abundant in 

the nucleus of type 2 neurons compared to cytoplasm. In addition, a new 28 residue peptide was 

detected and identified using single cell tandem MS.  

 


