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INTRODUCTION 

Odd-chain fatty acids are not produced endogenously and 
therefore often used as standards for lipid quantification in 
lipidomics experiments.  For structural and dynamics studies of 
lipid bilayers, several fluorescent probes, including BODIPY, a 
boron containing fluprophore,  have been incorporated into the 
lipid headgroup or acyl chain.  When added to cells, these fatty 
acids readily incorporate into the cellular lipid fraction.   These 
fatty acid analogs may be metabolized into a range of 
phospholipids and sphingolipids. A combination of discovery and 
targeted lipidomics techniques are used to profile the 
incorporation of these exogenous lipid probes into the HeLa 
cellular lipidome.   

When coupled with liquid chromatography, ion mobility 
spectrometry (IMS) represents an orthogonal technique that 
separates ions based on charge, size, and shape.  IMS strategies 
were used to probe the complex mixture of endogenous lipids 
along with targeted detection of modified lipids present in HeLa 
cells. 
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METHODS 

 

Cell Culture 

200,000 HeLa cells were plated at 70% 

confluence using standard protocols.
1
 

Heptadecanoic acid and C16-BODIPY         

(16-dipyrrometheneboron difluoride-

hexadecenoic acid)  were obtained from  

Avanti Polar Lipids and incubated at 50 µM 

with the HeLa cells for 24 hours, which were 

subsequently isolated and frozen with liquid 

Nitrogen.   
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RESULTS FROM HELA CELLS INCUBATED WITH FLUORESCENT LIPIDS 

 

 

CONCLUSIONS 

• Incorporation of exogenous fatty acids into cellular 
phospholipid pool.   

• Observation and characterization of C16-BODIPY containing 
PC, PE, and PS.  Fragmentation patterns driven by loss of HF. 

• Rapid incorporation of C17 acyl groups into lipid pool followed 
by extensive desaturation 

• Use of multipass cIMS to for high resolution separation of C17 
containing phospholipids 

 

RESULTS FROM HELA CELLS INCUBATED WITH HEPTADECANOIC ACID 

Waters, SELECT SERIES, Cyclic,  Waters_Connect, ACQUITY, and CSH are   

trademarks of Waters Technologies Corporation 

Liquid Chromatography 

Waters ACQUITY™  Premier System  

MP A: 60% Aqueous Acetonitrile, 10 mM Ammonium Formate, 

0.1% Formic Acid 

MP B: 10% Acetonitrile in Isopropanol, 10 mm Ammonium 

Formate, 0.1% Formic Acid 

Column: ACQUITY Premier CSH™  C18, 2.1x100 1.7 µm dp, 

operated at  65 C⁰ and flow rate of 400 µL/min 

Gradient Elution 

 

 

 

 

 

Mass Spectrometry 

Waters SELECT SERIES Cyclic IMS  

Tuned to 60,000 resolution and operated in either ES+ or ES– 

mode with Leucine enkephalin lock mass 

Mobility separations performed in Nitrogen and the CCS scale 

was calibrated with Major Mix 

Single and Multipass HDMS
E 

 Experiments using collision 

energy ramps applied to the XS Transfer Device
2 

Data processing in Waters Connect™  

  

Time % A % B Curve 

Initial 50 50  

3 47 53 6 

16 25 75 6 

20 1 99 6 

22 1 99 6 

22.1 50 50 1 

24 50 50 1 

Figure 3. Left Panel:  ESI Negative ion 2 dimensional LC/IMS  plot of  arrival time  vs retention time for phospholipids from HeLa cells incubated with 

C16-BODIPY.   Top trace is UV 506 at the main absorption band for the BODIPY ligand.  Lipids with C16-BODIPY incorporation range in retention 

time 5.25 to 7.6 minutes and drift times 8.4 to 9 msec.  These lipids are substantially less polar and have larger collisional cross sections compared 

with the corresponding fatty acyl lipids.  Right Panel:  Corresponding 2 dimensional plot of arrivaltime vs retention time for phospholipids from control         

incubations.  

Table 1. Phospholipids containing C16-BODIPY group identified in HeLa cells            

incubated with C16-BODIPY.  ESI Negative Mode.  All mass measurements were 

within 4.5 ppm.   

Figure 4.  Left Side Overlaid plots of PC C16:0 C18:2 (Black), PC C16-

BODIPY:C16:0 (Red) ,PC C16-BODIPY: C18:1 (Green) and PC C16-BODIPY C18:2.

(Blue)   Right Side Overlaid plots of PE C16:0 C18:2 (Black), PE C16-BODIPY,C16:0 

(Red)  PE C16-BODIPY C18:1 (Green) and PE C16-BODIPY C18:2.(Blue) 

Figure 5A. Mobility filtered low energy spectrum for             

PE C16-BODIPY:C20:4. B. Annotated mobility filtered high 

energy spectra. Notable for the BODIPY moiety are losses of 

HF.  C. UV Spectra showing broad absorption band at 506 

nm for the BODIPY heterocycle. 

Figure 6A. Arrival time vs RT plot for HeLa Cells incubated with heptadecanoic 

acid.  B. Table of selected C17 containing phospholipids. C.  Extracted ion   

current chromatograms for PC C17:1, C16:0 and High Energy XIC for C17:1 

fragment Ion.  D.   Low energy and annotated high energy spectra for PC 

C17:1, C16:0.   
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Figure 2. Waters™  SELECT SERIES™  Cyclic™  Notable components 

are the orthogonal circular (1m pathlength) mobility separator and the 

array region where ion motion is controlled to move ions into and out of 

the mobility separator.  Analytical figures of merit for this system are         

described in Reference 2 
Figure 7 Left Panel:  Arrival time vs RT plot for C17:0 High energy 

trace (m/z 269.24).  This plot is a map of all C17:0 containing phos-

pholipids observed in HeLa cells incubated with heptadecanoic acid.   

Right Panel  Arrival time distribution of C17:0 containing phospholip-

ids after two passes through the cyclic mobility separator. 

Figure 8 Left Panel: Arrival time vs RT plot for PE lipids containing 

C17 and C18 lipids and PC lipids containing C16 and C17.  Right 

Panel  Arrival time distribution PE lipids containing C17 and C18    

lipids and PC lipids containing C16 and C17 after three passes 

through the cyclic mobility separator. 
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Figure 1. Fluorescence 

microscopy images of 

HeLa cells showing     

incorporation of          

C16-BODIPY. 
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Sample Extraction 

Resuspend Cells in 70 µL water and vortex 

Add 225 µL Methanol and vortex 

Add 840 µL Methyl-tert-buty ether (MTBE) 

Shake on orbital mixer for 60 minutes 

Add 140 µL water 

Centrifuge at 1000xg for 10 minutes   

Remove MTBE layer, dry down under Nitrogen flow and reconstitute in 

100 µL 60% Water 40 % Acetonitrile.  2 µL of Avanti SPLASH LipidoMix  

was added as an internal standard. 
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