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Introduction:  We describe a straightforward tech-

nique enabling flight instrumentation for identifying 

deoxyribonucleic acid (DNA) or DNA-like molecules 

on extraterrestrial bodies such as Europa or Enceladus. 

The technique does not give sequence information 

about the unknown DNA but it does determine the 

presence or absence of DNA or DNA analogue with 

high fidelity and without DNA amplification, thus elim-

inating issues with false positives inherent to amplifica-

tion methods. 

The approach uses “molecular beacons” (MBs), 

which are synthetic single-stranded oligonucleotides 

consisting of a “loop” sequence sandwiched between 

two short, complementary “stem” sequences having a 

fluorophore and quencher attached, respectively, to the 

5’ and 3’ termini [1]. MB fluorescence is greatly en-

hanced when the loop sequence hybridizes to comple-

mentary DNA, separating the fluorophore and quench-

er, and disrupting resonance energy transfer to the 

quencher (Fig. 1). In addidion to sensitive detection of 

DNA, MBs can hybridize to sequences of some alter-

native polymers that may serve as a substitute for DNA 

in extraterrestrial life, such as those recently described 

by Pinheiro et al. [2]. We follow Pinheiro’s convention 

in calling these DNA analogues XNAs. 

The ability to detect an unknown DNA/XNA is 

made possible by using one or more universal bases in 

a shorter than normal (9- to 11-base) MB loop region 

to increase the probability of complementarity. If need-

ed, stability of the hybrid is increased by using locked 

nucleic acids. Careful design of multiple MBs allows a 

high probability of detection of a random DNA/XNA 

having length comparable to bacterial DNA on earth 

(~6 Mbase pairs). Longer lengths, such as found in 

plants on earth (~100 Mbase pairs to multi-Gbase 

pairs) have an even higher detection probability. Some 

MBs can be designed to target highly conserved se-

quences in Earth organisms while still using the short 

loop design to detect random sequences. 

Instrumentation:  

Once a liquid sample is delivered by the spacecraft, 

it will be lysed and concentrated in a device similar to 

the SimplePrep® system (Clarmont Biosystems) pres-

ently onboard the International Space Station. Molecu-

lar beacons are then introduced and heat-cycled, fol-

lowed by fluorescence analysis using time correlated 

single-photon counting (TCSPC). A combination of 

photon burst size, burst duration, and fluorescence de-

cay time from the TCSPC analysis sensitively detects 

down to a single molecule of hybridized MB, even in 

the presence of an excess of unhybridized or damaged 

MBs [3]. 

Radiation Issues: On some extraterrestrial bodies, 

particularly Europa, high radiation levels may cleave 

the MBs. We have developed a mitigation using short 

oligonucleotide scavengers with 3’-quenchers to reduce 

background from this damage. Tests are needed to de-

termine the level of radiation damage that can be toler-

ated by a combination of the scavengers and TCSPC 

analysis before false positives become an issue. 
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Figure 1. Conventional Molecular Beacon. The 

fluorophore is quenched in the self-hybridized 

conformation on the left but fluoresces when hy-

bridized to complementary DNA or XNA. 

Figure 2. Sketch of the TCSPC Instrument. 
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