
TO DOWNLOAD A COPY OF THIS POSTER, VISIT WWW.WATERS.COM/POSTERS  ©2016 Waters Corporation 

INTRODUCTION 

Over the past 60 years since the first human cell 

line (HeLa) was established, there has been a 

significant increase in the use of  cell lines as 

models for diseases such as cancer or for in 

vitro models for drug screening and toxicity 

studies. Cell line differentiation techniques like 

FACS are usually biased and do not allow the 

metabolic differentiation or biochemical nature 

of the cell to be interrogated. 

Rapid Evaporative Ionization Mass Spectrometry 

(REIMS) is an emerging technique allowing the 

rapid, in situ characterization of biological 

samples and tissues. 

Here we have applied REIMS to provide a fast 

and reproducible profile allowing easy 

comparison of the metabolic phenotype of cells 

subjected to different conditions. 
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Figure 4: An illustration of the bipolar sampling device along-

side a representative sample acquisition where five measure-

ments can be made in less than a minute. The spectrum 

shown is of a single sampling event and demonstrates the sig-

nal to noise and wealth of information provided.  

METHODS 

Cell lines sample preparation 

Cells were grown up in Minimum Essential Medium (MEM) in 

T75 flasks. After 24h of growth, a subset of the culture flasks 

were placed in a hypoxia chamber at 0.1% O2 overnight whilst 

the others remained under standard conditions.  On the 

following day, the cells were trypsinised, suspended in 1ml 

freezing media and put into cryovials. Approximately 2 million 

cells were in each vial. The samples were then stored at -80˚C 

until analysed. 

 

Prior to analysis the cells were thawed and centrifuged to allow 

the freezing media to be removed, then 150mM ammonium 

acetate was added to wash the cells. A further centrifugation 

was performed to create a cell pellet by the removal of the 

washing solution. 

CONCLUSION 

 Rapid evaporative ionisation mass spectrometry 

(REIMS) provided a quick, simple and powerful 

method of analysing directly cell samples. 

 No sample preparation other than washing and 

spinning the cells into a pellet was required and the 

measurement was made directly from the sample 

tube. 

 Straightforward workflow with easily imported MS 

spectra in Progenesis QI was used to maximise the 

information obtained from the experiment. 

 Work underway to identify and confirm molecular 

species responsible for the separation of the groups.  

 

Figure 2. The REIMS source and sampling device, illustrated 

here with the monopolar knife probe. 

Data management 

Data were processed using MassLynx software to display the 

MS spectra. The Progenesis Bridge application, takes the raw 

data with multiple sample events and creates separate data 

points each with a .RAW file each (fig 3.). These are then 

imported into Progenesis QI. Multivariate analysis and peak 

identification was carried out in Progenesis QI. 

Mass spectrometry 

Cell pellets were sampled directly from the tubes using the 

ambient REIMS technique using a set of bipolar forceps (fig 1.) 

As current passes through the cellular material rapid heating 

and evaporation is initiated, causing disruption of the cells and 

the generation of an aerosol containing a large amount of 

molecular information. The aerosol is drawn through a length 

of flexible tubing and introduced to the REIMS source  (fig. 2).  

The Venturi pump introduces the aerosol orthogonally to the 

inlet capillary of the source such that only the smaller 

particulate matter is drawn into the source, excluding 

potentially problematic larger clusters due to their excessive 

momentum. Upon entering the source, the remaining clusters 

are directed towards a heated impactor surface where upon 

molecular ions were released to be analysed and detected.  

All data was acquired using a REIMS source mounted on a 

Xevo-G2-XS Q-Tof mass spectrometer. Acquisitions were 

carried out in negative and positive ionisation mode with a 

mass range of 50-1,500 m/z. 

RESULTS 

Initially, the REIMS analysis used bipolar forceps which allowed 

the cell pellet to be analysed in situ within the sample tube. 

The REIMS sampling method allows the instantaneous 

collection of mass spectrometric data, from initiating the 

current to collecting the mass spectrum was in the order of 

two seconds, and as such multiple data points are  collected 

rapidly without any cell treatment.  

 

As can be seen in figure 4, a single analysis by REIMS yields a 

rich spectrum in both positive and negative ion mode, allowing 

for a large coverage of molecules within the samples under 

investigation. By being able to sample directly from the cell 

pellet within the sample tube, and through the evaporation of 

only low volumes each time a set of replicate analyses can be 

obtained from each cell population on a very short time scale. 

Such approaches have already been shown to be able to 

differentiate tissue types [1], micro-organisms [2] and on 

going work here and elsewhere is demonstrating the 

applicability of the technique to rapid profiling of cell 

populations.  

Figure 5: Reproducibility analysis using the bipolar REIMS 

technology: five spectra from three sample tubes of the HeLa 

cells. CV’s are typically below 10% for all peaks within the data 

set.  

Multivariate statistical analysis for metabolic profiles 

comparison. 

REIMS analysis provided a rapid and reproducible analysis 

technique that allowed for easy comparison of the metabolic 

profiles of different cell types or cells subjected to different 

conditions.  

Figure 11: MS/MS spectrum of a target phospholipid directly 

from the cell pellet by REIMS   

Figure 1. Workflow for cell pellet analysis with REIMS. Minimal 

sample preparation steps are required to go from a cell culture 

to obtaining fully processed data. 

Reproducibility  

In the analysis of these samples, three different tubes of the 

same cell type were analysed with 5 technical replicate 

measurements per tube in less than one minute per sample. 

Within the acquisition, it was possible to generate associated 

spectra containing rich lipid and metabolite molecular 

information with a high degree of intra and inter sample 

reproducibility. Following normalisation,  to account for 

different sampling volumes, the CV’s of the majority of the 

peaks detected are in the 10% range. 

 

Figure 8: Dendrogram showing relationship between compounds 

that are responsible for the differentiation of the normoxic and 

hypoxic cells in negative ion mode.  

Figure 3. Progenesis Bridge allows REIMS data to be extracted 

and processed ready for Progenesis QI.  

 

Figure 7: REIMS differentiation of two different cell lines and 

also a metabolic stress condition of the HeLa cell line. 

Figure 6:  Experimental procedure for this study 

Figure 6 describe the workflow that was used to carry out the 

analysis, starting with the growth of the cells, followed by the 

partition of the cells into two groups (hypoxic vs normoxic), 

MS analysis using the REIMS source on the Xevo G2-XS,  using 

the bipolar forceps. 
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Figure 9: Analysis of the same samples in the positive ion 

mode also provides a list of discriminating molecules  

Figure 7 shows the principal component analysis (PCA) results 

of the two different cell lines and hypoxic vs. normoxic cell 
comparison. The first principal component clearly separates 

the two different cell lines, whilst the second PC differentiates 
between the hypoxic and normoxic HeLa cell samples. Pro-

genesis software can be used to identify the compounds re-
sponsible for the differentiation in multivariate analysis.  

Within this software, differences between the samples can be 

intuitively demonstrated and identifications suggested for the 

molecules contributing to the differentiation. Lipidomic differ-

ences are know to occur in cells put under hypoxic stress[3], 

and from the analysis carried out here these metabolic 

changes can be detected by REIMS. Figure 8 demonstrates the 

intensity trends of 80 m/z values identified as significant by 

the software. It is clear that there are clusters of related com-

pound that are present in largely different levels in the two cell 

populations.  

As the amount of material that is sampled in a REIMS experi-

ment is small, it is possible to carry out repeat analysis of the 

same cell pellet, figure 9 demonstrates that the positive ion 

mode data collected on the same samples also contains dis-

criminating compounds.  

Figure 10: Selected ions from the negative ion data with      

significant p values and fold change values. 

The next step of the experiment is to identify the compounds 

that are identified as significant in the data (fig 10). Initial in-
vestigations suggest that phosphotidyl inositols are at lower 

levels in the hypoxic samples, whilst phosphatidyl acids and 
lyso-phospholipids may be in greater abundance.  

As the signal obtained in a REIMS event is high, it is possible 
to yield very informative MS/MS spectra directly from the cell 

pellet (fig 11). Further studies will be carried out to confirm 
the identities of the discriminating peaks of interest.  
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