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Introduction: The growth of terrestrial microbes 

in culture media can be monitored by a variety of tech-
niques.  These include electrical measurements such as 
conductivity, pH, capacitance, and optical measure-
ments such as turbidity / absorbance, reflectance or 
fluorescence. Although never flown, several of these 
methods have been proposed for detection of extrater-
restrial microbial life [1].  Of the above techniques, 
optical turbidity does not appear viable mainly because 
of the problems involved in running the analysis in a 
sample containing soil.  Modifications have been pro-
posed to resolve the dilemma but very little is gained 
and the final results may be open to ambiguous inter-
pretation, such as precipitation of nano phases.  Even 
though more reliable, the electrochemical techniques 
individually may also be open to interferences or in-
terpretation.  Biochemical markers based on fluores-
cent dyes appear promising, but the problem of differ-
entiating a small signal against what could be a blind-
ing background of natural mineral luminescence is still 
formidable.  In addition, detection of fluorescent mole-
cules would not necessarily be definitive evidence of 
biogenic origin; many non-biologic organic com-
pounds fluoresce, and overlapping wavelengths make 
spectral characterization difficult. Even more problem-
atic, this methodology makes numerous Earth-centric 
assumptions about the biochemistry of the microbial 
life. 

A Minimalistic Approache to Measuring Micro-
bial Metabolic Activity and Growth:  To detect mi-
crobial life beyond Earth, the ideal detection method-
ology should be based on absolutely minimal assump-
tions about the nature of the organism. We can not 
make any asumptions about the biochemistry, metabo-
lism, structure or cellular components. Most character-
istics of such an organism may be significantly differ-
ent from terrestrial ones, and to such an extent, that 
they cannot be accurately predicted.  On the other 
hand, it is impossible not to make any assumptions at 
all.  There are three properties of microbial life that we 
assume have a very high probability of being univer-
sal.  These include; (1) the ability to reproduce, (2) the 
ability to transport and metabolize chemical species as 
needed, and (3) that it requires water.  

During the process of reproduction, the organism’s 
metabolism, mediated by its membrane processes will, 

by necessity, change the surrounding aqueous envi-
ronment, both chemically and physically.  Given all of 
our assumptions, an appropriate detection methodol-
ogy and instrument must be capable of detecting such 
changes, and most importantly, free of extraneous or 
non-biogenic interferences.  The goals of our research 
are two-fold.  First, is to understand the parameters, 
both in terms of the biology and chemistry, needed to 
make such viable measurements.  Second, based on a 
previous prototype [2], to design, build, and demon-
strate a fieldable version of such an instrument.  

The Microbial Detection Array (MDA) is designed 
to provide a response to such biologically induced 
minimal chemical and physical changes occurring in 
only one of two identical growth chambers via differ-
entially monitored electrochemical sensor arrays.  
Minimal metabolism will alter the physico-chemical 
steady state in one chamber such that a difference be-
tween the sensor arrays will result in a signal.  This 
detection process assumes only that after addition of 
water the organism will reproduce and in the process 
cause changes in its immediate surroundings by con-
suming or generating, metabolizing, and transporting 
in both directions, a number of molecules and ionic 
species.  

Measurement of Microbial Metabolic Activity 
and Growth:  In this work we aim to demonstrate the 
definitive detection of microbial life via metabolic 
growth activity, within the constraints of our minimal 
assumptions philosophy.  We have proposed that using 
an array of metabolism-sensitive sensors and incorpo-
rating them with an advanced sample handling system, 
can provide a reliable, robust, low-mass, low-power, 
device for monitoring microbial growth.  The heart of 
the MDA takes advantage of the sensor array origi-
nally developed and flight qualified for the cancelled 
MSP 2001 Lander and that is currently part of the 
2007 Phoenix Mars Scout Mission [3].   

Detecting changes in an organism’s chemical envi-
ronment with the MDA requires no prior knowledge of 
the microorganism. The only assumption is that its 
metabolism and reproduction alters some aspect of its 
water-based chemical environment.  For the MDA 
experiment, the growth environment is contained in 
one of two identical chambers that are monitored dif-
ferentially via electrochemical sensor arrays.  Minimal 
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metabolism will alter the physio-chemical steady state 
in the growth chamber with respect to the second con-
trol chamber, and that difference will result in a signal 
produced by the sensor arrays.  This detection system 
makes minimal assumptions about the nature of the 
microorganism by only assuming that, after the addi-
tion of water, it will reproduce and cause changes in its 
immediate surroundings by consuming or generating, 
metabolizing, and transporting a number of molecules 
and ionic species.  

The experiment begins by collecting a soil sample, 
then, homogenizing, heat sterilizing (above tempera-
tures survivable by any terrestrial organism), and split-
ting it.  Each half-sample is then added to one of two 
identical chambers where pure water is added and 
mixed with the samples.  In the absence of any metab-
olically active organism in either chamber, the sensors 
will measure no differential signal between the cham-
bers. The “inoculation” of one chamber with a minimal 
of non-sterilized soil containing viable microorgan-
isms, which proceed to multiply, will produce a sig-
nificant metabolically-generated disequilibrium in the 
system that results in a detectable signal. Positive re-
sults along with replication of the experiment would 
lead to the conclusion of biologically induced changes. 
Changes resulting from non-biological chemical reac-
tions of whatever type are canceled out by the control. 
Furthermore, the minimal inoculation protocol also 
eliminates non-biogenic causation. In addition to de-
tecting microbes, the sensor array will also character-
ize the chemical composition and electrochemistry of 
the sample. 
Current MDA Research and Design: To accomplish 
the objectives, we are building an integrated, robust, 
low mass/power device that will heat-sterilize and split 
a soil sample into two identical two growth chambers 
containing identical electrochemical sensor arrays.  
The device, shown in Figure 1, will then be capable of 
“inoculating” one of the chambers with a minimal 
amount of organisms, and following inoculation, the 
device will monitor and record signals from the elec-
trochemical sensors to allow the detection of even 
minute changes in the chemistry in the “inoculated” 
growth chamber relative to the non-inoculated cham-
ber, while both chambers may respond to physical-
chemical changes, or be already at steady state.     

There are several specific research and design 
goals of our current MDA work.  One primary goal of 
the current research is to investigate the use of an ana-
lytical methodology that will discriminate against any 
chemically or non-biogenically induced signals.  We 
intend to accomplish this by devising an analytical 
procedure that requires the introduction of only milli-
gram or perhaps sub-milligram quantities of “inocu-

lant” and also enables multiple analyses.  It is the aim 
of our research to demonstrate that the milligram size 
of “inoculant” is small enough so its initial addition to 
the growth chamber can not possibly cause a change in 
the electrochemical signal.  Only when the organisms 
contained in the inoculated growth chamber begin to 
reproduce in numbers large enough to have noticeable 
effects on the chemical environment will a discernable 
change in signal be observed.  This will ensure that 
any detected signal is biologically generated.  In other 
words the MDA will be a device that can provide un-
ambiguous evidence of a reproducing organism.  By 
achieving these objectives, we will show that, even 
though not totally immune to giving false negatives, 
the MDA will not give false positives.  This is an im-
portant criterion for definitive detection of extraterres-
trial microbial life. 

A second area of research is aimed at determining 
the extent to which microbial organisms can grow in a 
soil-water mixture.  Our experimentation in this area 
has involved using several different sensors to measure 
the growth rate of extremophiles in solutions contain-
ing different chemical compositions and concentra-
tions of soil nutrients.  Preliminary results show indi-
cations of detectable growth in between half a week 
and two weeks depending on the solution composition 
and concentration.  As an example, Figure 2 shows the 
changes in a medium consisting of JSC Mars-1 simu-
lant, with and without cyanobacterium over a period of 
about a month.   

The results produced by readings from several dif-
ferent sensors also indicate that sensors such as pH and 
conductivity may be particularly relevant to detecting 
life with minimal assumptions.   

Research has also been conducted to study the vi-
ability of differentially monitoring a signal from the 
electrochemical sensors (Figure 3).  Several calibra-
tions have been performed on the sensors while differ-
entially monitoring their signals, and all results indi-
cate that reading a differential signal is a perfectly 
valid way to determine any change in the readings of 
two identical sensors.  However, these calibrations 
were done over short time periods, and further work 
needs to be conducted to determine if a differential 
signal will be subject to drifting effects over the longer 
time lengths required by the MDA experiments. 

Many important design considerations have also 
been taken into account in the development of the 
MDA prototype device.  At the forefront of our work 
are the instruments designed to split the sample, per-
form the heat sterilization, deliver the sample to the 
two chambers, and the design of the chambers them-
selves.  Many of these devices have intricate needs 
specific to the MDA experiment such as power, size, 
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shape and specific function.  To date, several of the 
instrument components have been fabricated and 
tested.  In the near future, full systems integration tests 
of the instrument components will be performed, fol-
lowed by field tests in the coming year. 
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Figure 1.  Diagram of the components of the MDA instrument. 

 

 

 

Figure 2 Breadboard setup for differential detection 
system  

. Figure 3.  Change of pH for samples of 1% w/v Mars-1 and 
10 mM NaCl, 1 mM HEPES, one with (pink squares) and 

one without (blue diamonds) cyanobacterium Synechocystis 
PCC 6803. 
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