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Introduction:  The search for evidence of life on 

Mars is the motivating goal behind the Mars Explora-
tion Program (MEPAG, 2010). Mars is the prime tar-
get for the search for life beyond Earth mainly because 
of the convincing evidence for past liquid water on the 
surface and indications of recent liquid water activity, 
particularly during periods of high obliquity (about 5 
Myr ago) [1]. The cold and dry conditions dominating 
the planet open the possibility for well preserved mo-
lecular evidence of life. All these facts motivated the 
IceBreaker Mission to Mars [2] for searching for mo-
lecular evidence of life in the subsurface of the perma-
frost in the Martian northern plains. To achieve this 
goal one of the payload instruments is SOLID, a life 
detector instrument based on antibody microarrays [3]. 

SOLID principle: With the Signs of Life Detector 
instrument, Icebreaker will search for a specific suite 
of carefully selected biomarkers using Fluorescence 
Sandwich Immunoassays (FSI) in antibody microarray 
format (Fig. 1). In a FSI, purposely selected antibodies 
(Abs) recognize and bind to desired biomarkers or 
antigens (Ag) with high specificity, in a manner similar 
to how the immune system recognizes molecules and 
cells that are foreign to the body of mammals. Abs 
recognize and bind to a small region of the Ag, called 
the epitope. An epitope can comprise a 3-D surface 
feature and shape of a specific biomolecule (conforma-
tional epitopes), or a specific sequence of small mo-
nomers such as amino acids (linear epitopes). 

 
Figure 1. Fluorescence Sandwich Immunoassays 

(FSI) in antibody microarray format for SOLID. 
The presence of specific biomarkers can be revea-

led as a fluorescent reaction, and the relative abundan-
ce of each biomarker can then be estimated by the 
intensity of fluorescence. No high temperature proces-
sing of the sample is required. FSI can be performed 
on microarrays, where fluorescence reactions occur in 
purposely designed reaction spots, each spot contai-
ning one type of antibody.  

SOLID immunoassay is compatible with the per-
chlorate and sulfate concentration found on Mars [3]. 
Antibodies are stable enough to survive at least a 2 

years mission, high doses of gamma radiation, extreme 
temperature cycles, and long-term storage [4]. Anti-
bodies on the microarray are stable under dry condi-
tions, retaining >80% of their functionality after 48 
months of storage at ambient temperature. They also 
are stable after high-energy protons and neutrons 
equivalent to a mission to Mars [5,6]. 

 
Figure 2. SOLID instrument in the 2013 field cam-

paign to Canadian High Arctic. 
 

The SOLID Instrument:  SOLID (Fig. 2) consists of 
two functional units: the Sample Preparation Unit 
(SPU) is loaded with powdered samples and generates 
a liquid extract by ultrasonication, and the Sample 
Analysis Unit (SAU) receives the liquid extract and 
performs FSI. SAU contains 10 individual biomarker 
arrays (bArray), the core analytical component of the 
instrument. Each bArray is a glass slide (0.3 x 2.6 cm) 
printed with 1008 immuno-reactive spots 150 µm in 
diameter and 250 µm apart. Each spot is printed with a 
single capturing Ab specific for a biomarker. Addi-
tional reactive spots are used to accommodate repli-
cates of each Ab, thus providing redundancy to assess 
reproducibility, and for calibration and control. 
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