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Protein microarray analysis has had a major impact in
modern biology and medicine by enabling detection of
hundreds of proteins (and other molecules) using ex-
tremely small sample volumes [1-4]. Protein microar-
rays are printed on a glass slide using a robot and are
only a few millimeters in diameter. Each consists of a
grid of several hundred spots (100-200um-diameter)
of protein. Protein microarrays can be divided into two
categories: target protein arrays [5] and antibody (Ab)
microarrays [6]. Target protein microarrays have been
used to study protein interactions with pharmaceutical
drugs [7], enzyme substrates [8] and antibodies [9,
10]; the latter are examples of “antigen (Ag) microar-
rays”. Ab microarrays are arrays printed with antibod-
ies, each of which binds to and recognizes a specific
molecule termed the *“antigen”. Some antibodies
printed in a microarray format can detect antigens at
concentrations below 1ng/ml [6]. Used most exten-
sively for the analysis of human proteins in biomedical
applications [11-15], this type of array has not been
used for the detection of microbial or viral antigens in
environmental samples [although microbial/viral anti-
gen microarrays have been used for serodiagnosis
[16]]. We have proposed that such a microbe-specific
Ab microarray would provide a useful tool for in situ
detection of biological molecules in space (due to its
low mass, broad search capability and small sample
required).

Previous in situ analysis of another planet by instru-
ments specifically designed to search for life occurred
during the NASA Viking Missions on Mars in the
1970s. Three separate biology experiments were car-
ried on each Viking lander spacecraft, each a test for
living microorganisms [17]. These included: 1) Expo-
sure of regolith to **C-labeled CO, gas [to detect car-
bon fixation (Pyrolitic Release, PR)]; 2) Exposure of
regolith to **C-labeled liquid nutrients [to detect me-
tabolism (Labeled Release, LR)]; and 3) Exposure of
regolith to unlabeled nutrients followed by monitoring
the production or uptake CO,, N,, CH4 H,, and O,
using a gas chromatograph (Gax Exchange, GEX). In
addition, a gas chromatograph/mass spectrometer
(GCMS) performed a “molecular analysis” experiment
to search for organic compounds in the upper surface
layers. While decomposition of **C-nutrient to **C-gas
occurred during the LR experiment, no organics were
detected by the GCMS, leading to an initial conclusion
that these results were due to non-biological phenom-

ena [18, 19]. Others suggested that an alternative bio-
logical explanation for the LR results could not be
ruled out, given that the GCMS was relatively insensi-
tive and would not have been able to detect below 10°
bacteria/gram regolith [20, 21]. However, a more re-
cent study has attributed the Viking observations to
superoxide radical ions, formed on Mars analog min-
eral surfaces following exposure to ultra-violet radia-
tion in a simulated Mars atmosphere [22].

In contrast to Viking’s tests for living microorganisms,
we propose Ab microarray analysis as a tool for the in
situ detection of molecules derived from microorgan-
isms, which may be dead or alive at the time of testing.
An integrated method and results are presented for the
labeling of antigens in a Mars analog regolith and sub-
sequent detection by Ab microarray.
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