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Introduction:  The Mars Organic Analyzer (MOA)
1
 

has enabled the sensitive detection of amino acids
2
 

including their chirality,
3
 bioamine biomarkers

4
 and 

PAHs
5
 in laboratory standards and in a variety of field  

sample tests.
1,6

  However, the MOA is challenged when 

 
Figure 1.  Analysis of Saline Valley brine SV07-4.

7
  

(A)  Electropherogram of Pacific Blue labeled sample 

with the separation channel and sample containing 4 

mM carbonate, pH 8.5.  Sample was labeled in and 

diluted with 4 mM carbonate, pH 8.5.   The inset 

presents a photomicrograph of a wet mount viewed 

with a 100X oil immersion lens.  Prokaryote cells oc-

cur as rod and coccoid shapes (circled); halite (cube) 

and mirabilite (needle) crystallized from the Na-Cl-

SO4-rich brine after collection.  Scale bar is 5 m.   (B)  

Electropherogram of Pacific Blue labeled sample, 

where the separation channel contained 30 mM borate, 

pH 9.5.  The sample was labeled in 30 mM borate, pH 

9.5, then brough to a final sample sample buffer com-

position of 30 mM borate, 50 mM EDTA, pH 9.5.  

Abbreviations are: Ile, isoleucine; Val, valine; Ser, 

serine; Ala, alanine; Gly, glycine; Asp, aspartic acid. 

samples are extremely acidic and/or saline and/or con-

tain polyvalent cations.  Here, we have optimized the 

MOA analysis, sample labeling, and sample dilution 

buffers to handle such challenging samples more ro-

bustly.  We have successfully applied the optimized 

analysis to samples from the Saline Valley, CA, and the 

Rio Tinto, Spain.
8
 

Results:  Higher ionic strength buffer systems with 

 
Figure 2.  Electropherograms of a Pacific Blue labeled 

subcritical water extract of the Rio Tinto sample KF03-

A.
9
  The sample was diluted five-fold with sample buf-

fer before labeling, then analyzed at a total dilution 

factor of 10-fold.  (A)  Separation channel contained 

30 mM borate, pH 9.5.  The sample was diluted with 

30 mM borate before labeling, then brought to a final 

sample buffer composition of 30 mM borate, 50 mM 

EDTA for injection.  (B)  Results for the same smaple 

when the separation and sample buffer are both 4 mM 

carbonate, pH 8.5.  Abbreviations are the same as in 

Figure 1, with additional: PB, Pacific Blue and Leu, 

leucine. 
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pKa’s near pH 9 were developed to provide better buf-

fering capacity and salt tolerance.  The addition of 

ethylaminediaminetetraacetic acid (EDTA) is used to 

ameliorate the negative effects of multivalent cations.  

The optimized protocol utilizes a 75 mM borate buffer 

(pH 9.5) for Pacific Blue labeling of amines and amino 

acids.   

After labeling, 50 mM (final concentration) EDTA is 

added to samples containing divalent cations.  This 

optimized protocol was used to successfully analyze 

amino acids in a saturated brine sample from Saline 

Valley, California, and a subcritical water extract 

(SCWE)
10

 of a highly acidic sample from the Rio Tin-

to, Spain.   

The Saline Valley brine sample was of particular 

interest due to the presence of halophilic archaea and 

bacteria, as seen (rod and coccoid prokaryote cells) 

alongside cubic halite (NaCl) crystals and a mirabilite 

(Na2SO4•10H2O) needle in the inset in Figure 1.  De-

spite visual confirmation of abundant life in this sam-

ple, analysis using the previous MOA protocol exhibits 

extremely low and broad amino acid signals due to 

high salt concentration (Figure 1A).  Analysis using the 

optimized protocol significantly increases signal and 

allows for identification and quantitation amines and 

several amino acids ranging from 480 nM to 200 M. 

The Rio Tinto SCWE sample provides an example 

of both extreme salinity (iron, magnesium, etc. > 500 

mM) and extreme acidity (pH < 2).  The previous 

MOA analytical protocol yielded very low signal, as 

seen in Figure 2B.  Use of the protocol optimized here 

improves signal and allows for quantitation of ammo-

nia, ethylamine, serine, and glycine at pptr levels, and 

methylamine, valine, alanine, and aspartic acid at high 

ppb levels (Figure 2A). 

Conclusions:  This work demonstrates that proper 

buffering is critical for successful sample analysis with 

the MOA, and that when optimized protocols are used 

amino acid extracts obtained from samples from ex-

treme environments can be directly injected into the 

MOA CE instrument and analyzed.  These new me-

thods critically advance the development of the MOA 

analytical system for biomarker detection providing 

broad applicability and versatility for planetary explo-

ration.   

Additional Information:  For more information on 

the MOA,  see http://astrobiology.berkeley.edu. 
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