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Introduction: Molecular Imprinted Polymer 
(MIP) -based sensors are promising candidates for a 
variety of in-situ planetary astrobiological and 
geochemical mission profiles, and are currently being 
developed under NASA Grant #NNG05GM90G 
issued through the Astrobiology Science & 
Technology Instrument Development Program. MIP 
sensors are solid state, inherently small and low 
mass, and have low power and bandwidth 
requirements. They rely on direct detection of target 
molecular species, as opposed to pyrolysis products 
or other reactions. The more complex the target 
species, the more specific and exclusive the 
detection, but sensors for simpler forms are also 
possible using a variety of MIP-derived methods. 
Synthetic polymer coatings are robust and can be 
optimized for transportation in the space environment 
and conditions at target terrestrial and other planetary 
locations [1].  

A wide range of target species can be detected 
directly by simple fiber optic, slide- or chip-based 
detectors utilizing MIP sensors. Substrates are 
imprinted with the molecular signature of a particular 
target species. When the species is present, its 
molecular shape is a unique “key” that fits into the 
MIP “lock,” (Fig. 1) causing a change in the 
coating’s mass and light absorbing/emitting 
properties. The wavelength, magnitude, and/or rate of 
change of the reflected light indicates the presence 
and abundance of the target species and differentiates 
possible contaminants. MIP technology is intended as 
both a detection scheme, and a quantitative tool for 
measurement of potential astrobiologically 
significant chemistries and other molecular species of 
interest. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The Molecular Imprinting Polymeric Approach 

We and others have demonstrated detection of 
complex molecules in aqueous environments, with 
numerous present day terrestrial applications [2-5] 
With a proof-of-concept multi-detector laboratory 
instrument platform, we will demonstrate the 
capacities of this system for high accuracy 
characterization of key species of astrobiological 
interest and for non-terrestrial applications. We will 
focus on prebiotic/protobiotic molecules such as the 
amino acids, (including proline and novel, non-
terrestrial species), alkanes, and indicators of fossil 
biomarkers such as related to steroids and hopanes. 
We will demonstrate the accuracy, selectivity, and 
robustness of the MIP system as a sensor platform in 
space transit conditions and its suitability for 
application in extra-terrestrial environments as part of 
a life-detection sensor suite or microlaboratory.  

MIP detectors could take advantage of sample 
extraction methods (e.g., liberating samples from 
soils by flushing with water or organic solvents, or 
MOD-style sublimation/condensation methods [6, 
7]), but they are not limited to that role. Depending 
on the reception/detection method employed, MIP 
based detectors for many crucial geo-and 
biochemical indicators can operate in simple 
atmospheric environments or using inherently 
aqueous (e.g., melted ice) samples. 

Objectives:  Specific project objectives are:  
1. To develop methods for MIP-based sensor 

construction. An overall methodology will guide 
procedures for design and testing of any desired 
sensor. Specific methods will be applied to key 
families and specific species of astrobiological 
interest.  

2. o construct and characterize resulting sensors. 
Test for accuracy, precision, interferences, and 
limitations of the sensor against blanks, 
standards, and known terrestrial biological 
environment samples. Additional testing will 
determine sturdiness and longevity of sensors 
after exposure to transit conditions (launch and 
space environment), and at potential target 
environments (pressure, temperature, pH, etc.)  

3. To construct and demonstrate a combination of 
multiple sensors into a prototype instrument, 
roadmap the expansion of instrument 
capabilities, and explore the limitations of the 
technology, and the necessary changes and 
additions to create a mission-ready instrument. 
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Applications of MIP sensor technology are 
directly applicable to the goals of recognizing life 
signatures on other worlds and biosignatures in solar 
system materials. MIP sensors in general (not limited 
to organic/biochemical targets) may also be well 
suited for Martian material chemistry, particularly 
ices, and volatile and organic compositions in the 
solar system including comets and icy moons. 

Challenges: Unique challenges to the technology 
include characterizing each molecular structure that 
needs to be distinguished and quantified in the target 
suite and how such defined targets may interfere. 
Nerve agents such as Sarin and Soman are complex 
organic molecules, and the molecular “lock” for them 
is unique; the presence of other similar species do not 
contaminate the detector or compromise its precision 
or accuracy [8-9]. Chemical families of 
astrobiological interest range from the very complex 
(DNA) to the very simple (glycine). Simple analytes 
are not as easy to uniquely imprint in a sensor. 
Taking the simple amino acid example, since glycine 
shares a basic structure with more complex amino 
acids, an alanine detector, for example, would likely 
also register the presence of glycine. This underlines 
the need for a well-understood and characterized 
suite of detectors. Continuing the example, given a 
combined set of glycine and alanine detectors where 
the relative sensitivity of both detectors to glycine is 
well calibrated, the glycine “noise” would be easily 
removed from the alanine “signal.” A more complex 
sensor suite with multiple detectors for multiple 
species must be well tested to characterize and 
calibrate co-detections and other potential 
interferents/contaminants. Conversely, detection of 
general families of biomarkers (e.g., any amino acid, 
or any steroid) is easier than detection of any specific 
member, as all members of the chemical family share 
the basic functional groups. These “big bucket” 
sensors are potentially useful for detecting general 
categories of pre-biotic chemicals. In addition, the 
more complex a target species (e.g., tryptophan) the 
easier it will be to uniquely imprint on MIP sensors 
the greater its base selectivity. 

Technical Approach: The first objectives of 
defining sensor development methods and 
methodology are the central tasks of the first year of 
project activity. We are following, refining, and 
expanding on the example of our IRAD pilot project 
for alanine, and plan to generalize the approach to the 
different families of sensors we intend to create. For 
each family, we will explore the chemistry necessary 
to produce binding sites the desired species, and the 
combinations needed to bind these to the detector 
substrate. Each family of sensors may require a 

slightly different approach, with the members of a 
given family requiring further modifications of the 
approach for specificity. This step will necessarily 
produce some pilot substrates and sensors for initial 
sensitivity testing. 

After establishing methodologies, we will move 
on to systematic construction and capability, and 
limit testing of general and specific sensors. Failure 
modes (of temperature and pressure, pH, physical 
stress, etc.), will be explored to determine ultimate 
suitability of each sensor for operation as part of a 
potential planetary instrument. Contamination and 
interference issues will be addressed by testing sensor 
response to chemically similar and environmental 
molecular species. If necessary (i.e., if a given sensor 
proves inaccurate, fragile, or otherwise ill suited for 
its task), another version of the sensor or 
development of an alternate sensor may need to be 
developed.  

Finally, we will combine a series of sensors into a 
bench-top “brass board” instrument capable of 
running multiple analyses (i.e., exposure of multiple 
sensors) on a single sample. By the end of the 
project, we will have a functional (possibly portable), 
experimentally verified bench-top, astrobiological 
instrument prototype.  

Progress: Our pilot project created alanine MIP 
sensors with minimal chiral specificity (the ability to 
discriminate L- and D-alanine). We are currently 
exploring utilizing controlled free-radical 
polymerization (the RAFT method [10]) to allow the 
production of polymers in stages, by a graft of one set 
of monomers after another. The resulting “star-MIP” 
is so-named due to the three or four-fold symmetry of 
the final MIP. A companion poster [11] will present 
results of attempts to construct amino acid star-MIPs 
using tris[2-acryloxloxy)ethyl isocanureate (“Ethyl”), 
1,3,5-triacryloylhehexahydro-1,3,5-triazine (“Fred”), 
1,3,5-Triallyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione 
(“Ricky”), and 2,4,6-Triallylocy-1,3,5-triazine 
(“Lucy”). 

References: [1] Izenberg and Uy (2001), LPI 
Cont. #1084, 42. [2] Murray and Uy (2001), 
Molecularly Imprinted Polymers, Elsevier Press. [3] 
Murray et al. (1999), Anal. Chem. 71(2) 373-378. [4] 
Boyd, et. al. (2004) JHUAPL Technical Digest, 25, 
44-49. [5] Arnold et al. (1999), JHU/APL Tech. Dig. 
20(2) 190-198. [6] Glavin and Bada (1998), Anal. 
Chem. 70 (15). [7] Skelley et al. (2003), SPIE V4878. 
[8] Arnold et al., JHU/APL Tech. Dig., 20 (2), 190-
198 (1999), [9]] Jenkins et al., Anal. Chem., 71 (2), 
373-3781999, [10] Moad et al. (2005), Australian J. 
Chem. 58, 379-410. [11] Van Houten et al,. (2006) 
Lun. Planet. Sci. XXXVII (this volume). 

Lunar and Planetary Science XXXVII (2006) 1372.pdf


