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Introduction:  Fatty acids, amphiphilic molecules 

consisting of an aliphatic chain terminated by a car-

boxylic acid (-COOH) group, are found in the cell 

membranes of all three kingdoms of life on Earth [1].  

Due to the fact that fatty acids have a polar head group 

and a nonpolar tail, they are capable of self-assembly 

into higher-level structures including micelles, mono-

layers and bilayers. 

Most naturally occurring fatty acids have an even 

number of carbon atoms and range in size from acetic 

acid (C2) to octacosanoic acid (C28).  Because fatty 

acids are ubiquitous to life as we know it and can sur-

vive for extended periods in the environment, they can 

be used as biomarkers and are often employed in 

measuring biomass [2].  For example, a sample con-

taining 15-methylpalmitic acid and 14-methylpalmitic 

acid is likely to have significant populations of gram 

positive bacteria, while one high in hexadecenoic acid 

and linoleic acid is indicative of fungi [3]. 

Fatty acids have been found in cretaceous sedimen-

tary rocks and meteorites, including the Orgueil mete-

orite [4] and the Murchison meteorite [5].  A sensitive 

method to detect both short- and long-chain fatty acids 

could ascertain whether these organics are abiotic or 

the remnants of ancient cell membranes.  Such a meth-

od could also be utilized to search for evidence of life 

on Mars, Enceladus or Europa. 

Microchip capillary electrophoresis (μCE) is a liq-

uid-based separation technique that operates with high 

performance, reagent economy and speed [6].  When 

coupled to laser-induced fluorescence (LIF) detection, 

separated species can be identified and quantified with 

incredible sensitivity (nM to pM) on a platform that is 

easily automated for remote in situ analysis [7]. 

Short-chain (C1-C8) fatty acids have been detected 

with μCE-LIF using the Mars Organic Analyzer Mi-

crochip Capillary Electrophoresis System in aqueous 

conditions [8].  However, compounds with chain 

lengths longer than C12 are not soluble in aqueous 

solution [9].  As a result, nonaqueous solvents have 

been explored to detect long-chain fatty acids (up to 

C31) in several nonaqueous capillary electrophoresis 

(NACE) systems, including methanol [10, 11], ethanol, 

DMSO, DMF, THF, acetone [12], and mixtures such 

as methanol/water [13], acetonitrile/isopropanol [14], 

acetonitrile/water [15] and N-methylfomamide/dioxane 

[16-18].  Though most of these reported NACE tech-

niques describe separations with excellent resolution, 

the use of a capillary instead of a microfluidic chip, in 

addition to the complex buffer and solvent ratios, 

makes adaptation of these techniques for automated in 

situ analysis challenging. 

We propose a new protocol to identify and quantify 

both short- and long-chain saturated fatty acids in sam-

ples of astrobiological interest using nonaqueous mi-

crochip capillary electrophoresis (μNACE) with laser-

induced fluorescence (LIF). 

Labeling Reaction:  We will use a newly 

derivatized version of 3-carboxy-6,8-difluoro-7-

hydroxycoumarin (Pacific Blue
TM

) specifically synthe-

sized for this work (Figure 1A).  The fatty acid is acti-

vated by 1-ethyl-3-(3-dimethylaminopropyl)carbodi-

imide (EDC) in acidic conditions to form an ester (Fig-

ure 1B); the active ester then reacts with Pacific Blue 

hydrazide in a one-pot synthesis to form the hydrazide 

amide (PB-labeled acid). 

(A)

(B)

 
Figure 1. (A) Pacific Blue hydrazide.  (B) Reaction to 

generate PB-labeled fatty acid. 
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Proof of Concept:  We have recently reported 

quantitative compositional analysis of short- and long-

chain primary amines using μNACE in ethanol [19].  

Amines of length C1 to C18 were identified and quan-

tified, with limits of detection ranging from 1.0-2.6 nm 

(Figure 2).  Labeling was effected with Pacific Blue 

succinimidyl ester, and resulted in PB-labeled amines 

that are nearly identical in structure to the PB-labeled 

fatty acids.  As a result, the same solvent and buffer 

conditions (50 mM ammonium acetate, 1.05 M acetic 

acid) can be employed in this work. 

The use of Pacific Blue to detect both primary 

amines and carboxylic acids has several advantages.  

First, this enables multiple analyte detection capability 

without the need to add a second excitation source, 

keeping the instrument package small.  Second, main-

taining the same buffer effective pH and concentration 

for multiple analyte detection protocols allows for 

higher throughput with minimal microchannel rinsing 

and conditioning steps. 

Applications:  A nonaqueous microfluidic protocol 

to analyze fatty acid content in a rapid, automated fash-

ion will enable biomass classification with high sensi-

tivity of environmental samples in the field, in addition 

to enabling ultrasensitive detection of cell membrane 

constituents on bodies of astrobiological interest (Mars, 

Europa, Enceladus).  This technique is also capable of 

handling highly complex organic samples such as Titan 

tholins (Figure 3), aerosols generated under simulated 

Titan atmospheric conditions [19].  This new protocol 

could therefore be used to search for oxygen incorpora-

tion in Titan organic material in situ, which could yield 

evidence of active surface chemistry on this moon [20]. 
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Figure 2.  Separation of C1-C18 PB-labeled primary 

amines using μNACE in ethanol. 
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Figure 3.  µNACE of two tholin samples, showing 

different primary amines in each sample. 
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