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Summary  

 

Profiling of cellular fatty acids plays an important role in clinical, microbiological 

and ecological/environmental studies. Fatty acids are the principal components of most 

natural lipids. They show a great degree of structural diversity in terms of chain-length, 

geometry, degree of unsaturation, position of double bonds as well as substitution pattern. 

The specificity and definiteness of the fatty acid composition, often referred to as the 

fatty acid profile or fingerprint/pattern, is particularly characteristic of the lipid and the 

provenient organism. This thesis discusses the development of a fully automated at-line 

analysis system for fatty acid profiling of whole/intact biological samples - that is 

samples/living specimens receiving little or no pre-treatment at all before the actual fatty 

acid analysis. The thesis is divided into three main parts. The first part deals with the 

development of the novel procedure (Chapter 2). The second part discusses the 

application of the novel technique to various biological samples (Chapter 3). In the third 

and final part of this thesis, coupling of the novel inlet system to comprehensive two-

dimensional time-of-flight mass spectrometry (GCxGC-ToF-MS) is discussed (Chapter 

4).  

Traditionally in microbiology, the analysis of fatty acid methyl esters (FAMEs) is 

carried out by extraction of membrane-derived and/or storage lipids, followed by 

saponification (hydrolysis) and methylation, and finally, analysis with gas 

chromatography (GC). The resulting FAME profiles are diagnostic for the identification 

and differentiation of several microbial taxa, in some cases even down to the species 

level. Some of the disadvantages of fatty acid profiling using the traditional method are 

the rather lengthy steps required to extract and derivatize the microbial fatty acids, and, 

the potential risk of contamination due to the manual mode of operation. In addition, 

enough microbial biomass must be available to provide adequate amounts of fatty acids 

in the extraction and derivatization step.  

The first chapter attempts to give an overview of the various analytical methods 

used in fatty acid/lipid analysis. 

 



 150 

Chapter 2 describes the development of a novel procedure to circumvent the 

problems associated with the traditional method. Using direct thermal desorption (DTD) 

interface, fatty acids are released from the membranes of microbial cells, converted into 

their corresponding fatty acid methyl esters, and finally, transferred into the GC column 

via an Optic injector. In order to operate in a fully automated manner, the upper part of 

the standard fritted Optic interface/PTV liner was adapted so as to make it possible to be 

tightened in the same way as an autosampler vial, and was sealed with a stainless-steel 

cap. This allowed capped liners to be lifted and transported, courtesy the magnetic “base 

tip” of the auto-sampler arm. For the final analysis, each liner is transported to the 

injector for thermal desorption. This was realised with the help of a special pneumatic 

opening/closing device. A built-in at-line vacuum system enabled water and other 

solvents to be evaporated. The DTD interface allows the liner of the Optic injector to be 

used as a sample and reaction container. The new procedure yields similar FAME profile 

as the tedious conventional off-line method.  

Optimisation of several parameters revealed the following procedure; a volume of 

2 µl of cell culture (0.90 mg/ml) was injected into a 40 µl specially designed liner-

insert/micro-vial placed inside a stainless-steel capped DTD liner. Next, the liner was 

transported by the auto-sampler, courtesy its magnetic “base-tip”, to a vacuum port to 

evaporate the solvent. After complete drying, 2 µl of a 50 mM trimethylsulfonium 

hydroxide was added. After 30 min incubation, the content of the insert was dried in a 

specially designed vacuum port in the liner tray-holder, and then transported to the DTD 

interface. Finally, thermally assisted hydrolysis and methylation with simultaneous 

transfer into the GC column was performed at 350 °C followed by GC–ion trap MS 

detection. Using the DTD-interface, at-line fatty acid analysis of flow-cytometric sorted 

green micro-algae and cyanobacteria and hand-picked freshwater mesofauna species 

were performed. It was shown that the at-line procedure was suitable for direct thermally 

assisted hydrolysis and methylation (THM) of the cellular fatty acids of whole/intact cells 

and animals. The FAME profiles of lipids produced using the novel technique were the 

same as those obtained using the conventional off-line lipid extraction procedure 

followed by hydrolysis and methylation with BF3 in methanol. The good performance of 

this novel procedure with respect to fatty acid profiling, automation and the absence of 
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side-reactions/isomerization of polyunsaturated fatty acids (PUFAs) opened the way to 

use DTD-THM as an inlet technique in compound-specific stable isotope-ratio (13C/12C) 

measurements. The DTD in-let system was coupled to a gas chromatography linked on-

line to an isotope-ratio mass spectrometer (GC-IRMS), and the results thus obtained 

compared to the performance of at-line flash pyrolysis-GC-IRMS in analysis of phyto- 

and zooplankton specimens. Fatty acid profiles and the associated 13C-isotopic signatures 

were shown to be very similar in both techniques. Analysis of fatty acids with the new 

procedure was performed in an automated manner, which allows a high sample 

throughput. To this end, preparation of the next sample is performed simultaneously with 

GC analysis of the nth sample.  

Chapter 3 discusses the application of the new procedure in the analysis of 

clinical, ecological and geochemical samples. To this end whole blood/plasma samples, 

crude soil lipid extracts and pollen grains were analysed. The profiles of the fatty acid 

methyl esters obtained were identical to those obtained when the conventional off-line 

method was applied. FAME yields were similar or in some cases higher than the yields 

obtained with the conventional method. A major advantage of this new method in the 

analysis of these samples is that the tedious and lengthy sample treatment steps 

associated with the traditional Bligh-Dyer off-line lipid extraction and fractionation 

method are either completely avoided (e.g. blood/plasma samples) or greatly reduced 

(e.g. soil/sediment samples). For instance, by applying this new procedure in the analysis 

of crude soil lipid extracts, up to 2 days of laboratory work on a batch of 10 samples can 

be saved.  Next to this, very small amounts of solvents are required. 

Chapter 4, which is the final part of this thesis, describes the coupling of the new 

inlet system to a comprehensive GCxGC-ToF-MS system for the analysis of whole/intact 

aquatic micro-organisms in which improved separation of co-eluting peaks as well as 

detection of FAMEs that are present in very low amounts in the sample matrix were 

realised. For instance, new mono- and di-unsaturated fatty acids were found in the C16 

and C18 regions of the green algae Scenedesmus acutus and the filamentous 

cyanobacterium Limnothrix sp. strain MRI samples. These fatty acids have not been 

detected in the conventional one-dimensional (1D) GC analysis due to either co-elution 

and/or their presence in low amounts in the sample matrix. 


