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ABSTRACT

Since the 1976 Viking Mission to Mars, follow-on efforts to resolve its controversial life detection results have been thwarted by two heretofore i difficulties: the sterilizing the to protect the integrity of life detection experiments; and the lack of a practical robotic life detection package that could produce results acceptable as unambiguous by
the scientific community. We here present a method that assures sterility and the complete integrity of robotic life detection experiments, all at a negligible cost. Second, we propose a candidate set of integrated, highly sensitive experiments that we believe could produce results acceptable to the vast majority of scientists. In addition to the biology-chemistry issue, the extensively debated
oxidative state of the Martian surface and other chemical and physical characteristics of the Martian soil would be determined. We present our concept for a miniaturized instrument that could carry out a number of candidate experiments to achieve the objective.
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1. INTRODUCTION

Perhaps the most provocative question about Mars is whether life now exists on the planet, or ever existed in the past.  Despite the general interest in this question, there have been no further direct attempts to resolve the issue since the twin Viking spacecrafl landed three biological experiments secking metabolic evidence of indigenous microbial life on Mars in 1976, The data obtained from
213

. However, because the other two biological experiments were negative, and because no organic compounds were detected in the soil by the Viking gas chromatograph mass-spectrometer (GCMS) (4, the biological possibility raised by Levin and Straat cited above, and later the

the Viking Labeled Release Experiment (LR) on Mars provided strong evidence for microbial lifelL}

conclusion stated by Levin[3J3%that microbial life had been detected by the LR3have remained controversial.

Tt was originally proposedl] that the positive LR results and the absence of organics can be explained simply by the presence of a sirong oxidant on the Martian surface. The theory also accounted for the brief pulse of oxygen evolved from Martian soil exposed only to water vapor in the Viking Gas Exchange (GEx) life detection experiment(Z). Since then, many scientists have proposed a
variety of oxidants that might account for the activity detected on the surface of Mars. Levin and Straat 8], on the other hand, were unable to replicate the LR results non-biologically using the prime oxidant candidate, hydrogen peroxide and (Martian) environmentally-produced derivatives therefrom. More recently, additional variations have been published proposing superoxide ions!2] and

iron(VDHY as the oxidant responsible for the Mars LR results. However, each of these theories has also been found! wanting, and a case has been madell3] against the possibility of an oxidizing environment on the surface of Mars.
Over the last quarter century, an independent, overriding barrier to acceptance of the biological interpretation of the LR results, or of any possibility of life, has been the presumed absence of liquid water on the surface of Mars.
Much evidence has been obtained over the intervening years bearing on the above issues, with accelerating rapidity over the last several years. Individually and collectively, the findings support a Mars that bore lfe forms in the past and, in fact, may support living organisms even now:

What most scientists have posed as the sole, absolute barricr o life, the absence of liquid water, is addressed first. After years of supporting the arid Mars declared by HorowitzL4], the extensive literature on the subject has yielded to several recent reports stating that Mars had significant liquid water in its geological pastliS}™ and may have surface water today[LZ). Most

L
pertinently, recent resuls from Odyssey L8122 ingicate water ice lies only tems of centimeters beneah the surface of wide arcas of Mars. Levin[2L points out that the water vapor flux ising o the surface from this ice would oblierate the putative oxidant, This is because the sole “cvidence” for the oxidant was s presumed reaction with water vapor to release oxygen in the
Viking GIix. However, the new findings from Odyssey strongly confirm prior experimental data that have been presented demonstrating waer existing in liquid phase under Martian conditions, and a model accounting for
. N N ! . o e GOMS, " (23,241 (251 -
2. Meteorites found in Antarctica have provided evidence for the presence of organic matter in Martian surface material in amounts beneath the sensitivity of the Viking GCMS. They have also provided evidence of life forms in the Mz logical pastl23 ==, of the featy ited as evidence for past life, like the LR data on extant life, is highly
27 28
controversiall 2612224
3. The LR data have recently been re-examined from a new point of view!22], The temperature-related fluctuations in the amount of radioactive gas in the test cell may indicate a possible circadian rhythm superimposed upon a metabolic response.
1) (32) (33 (34
4. Discovery and study of extremophiles increasingly demonstrates that many terrestrial microbial forms can withstand environmental extremes wntilrecently thought inimical to lie. The eavelope of temperature, pressue, atmospheic composition, and salinity has boen pushed to unanticipated regionsi30} 22 4| including the cavironment of Mars. These findings make it
likely that Martian organisms could be well adapted to the current Martian conditions. They also make it possible that any microbes hitchhiking on a spacecraft to Mars could survive the trip, safely land on Mars and populate the planet/35].
am s
5. Hoover and co-workers have reporteal36h57. %8 roicrobial foggils in metearites from Mars and from unknown sources. This has added significantly to evidence for isms in s reported 3% as carly as 1961
6. Areasonable explanation has been rendered 4] for the failure of the Viking GCMS to detect any organic matter in the Martian soil. A 10° advantage in sensitivity of the LR over the GCMS makes it possible that the GCMS could not sense the small amount of organic matter associated with the low numbers of cells (~50) detectable by the LR.
These data, however, provide only inferential information in support of Levin’s claim(4L] that the Viking LR detected living microbes in the soil of Mars. The is tobe both ‘The best way to resolve itis to.return to Mars and address the issue directly. What is needed is a definitive experiment, or set of experiments, that can distinguish, once and for

iological agent, Other critical soil parameters such as pH, the presence of liquid water or water vapor, and the presence or absence of organic material might s b rsaed i suh 3 mson

all, between a biological and a non-

2. INSTRUMENTATION

The key feature of the robotic soil analyzer is its essential compliance with the stringent COSPAR requi for life detection experiments, but sterilization of the entire spacecraft. This solution to the heretofore prohibitive costs of spacecraft sterilization makes life detection experiments feasible, even as “piggy-back add-ons,” to any lander mission.
hi sconomy s sccomplised by hermetically sealin the ntrument pakag i  cocoon-ik canist, Any xperment hat could b deigned s o unit in a small, “TWEEL” (a Martian bird that plunges into the ground nose-first!42)% Twin Wireless Extraterrestrial Experiment for Life), can be accommodated. Each TWEEL is sheathed within its
experiments. The design target for the canster and contens i 1.5 kg with a volume of 1000 cc. Prior to launch of th spacccraf owards Mars, the canste  aifached t i platform on the ander rove, being Subjeted fo whatver

own cylindrical case fixed within the canister. Only the small canister and its miniaturized contents are
cleansing is administered to the entire spacecraft, The caniste insulates the package from the rigors of space fravel. ‘A the spmcmn lands on Mm, the rover s deploye to the desired sampling arca. A detent then releases the canister platform, freeing it to rotate in response to the wind and for s elevation to be adjusted. This positions the canister to launch the TWEELS into the wind to
follow the desired trajectory. Squibs then eject the TWEELS far enough upwind from the spacecraft to land beyond any terrestrial contaminants possibly carried and deposited by the spacecrafl. The TWEELS are acrodynamically designed so that their noses impact first, thereby oblaining soil samples in the two scoops of each TWEEL. The samples excavated by the TWEELS are thus
pristine. The depth of penetration of the TWEEL is controlled by flanges that deploy upon impact of the nose.

The TWEELS are launched by breaking through scored areas above them in the canister. Launches may be initiated simultaneously or individually as desired. The latter choice allows the rover to move to different sampling areas, exercising caution to preclude any downwind sampling. Fach TWEEL contains two small batteries that can supply up to 11 watt hr, adeguate for the experiment

and for two-way radio communication with the lander over the maximum nominal lifetime of 20 days.
An individual TWEEL containing an experiment is diagrammed in Figure 1. Figure 2 shows the instrument canister and how it would be mounted for deployment on a rover.

3. CANDIDATE EXPERIMENTS
‘The container is designed to house a wide variety of suitable experiments to investigate the Martian soil. The instruments for such experiments would have to be designed to comply with the weight, space and supportive capabilities of the container. The authors propose a candidate lst of experiments.

3.1 Determination of water phase

ly ameter above it makes the TWEEL especially useful for this measurement. Coupled

The potential for biology and the chemistry of the surface material of Mars depends on the presence and phase of water. A temperature sensor in a TWEEL can monitor the daily temperature range. Pathfinder’s finding[43] of significantly
‘The presence of liquid water or the lux of water vapor

with the monitoring of amospheric pressure tht landers perform. the physical stateof water, were i present at he TWEEL landing site,can reaily be determined. The global posiion of the TWEEL can then be refrred o the Odyssey findings to detrmine. whcﬂ\cr hydmw pmmmamy in the form of water, exists near the surface.
from below may thus be determined at the TWEEL site.

3.2 Determination of pH

A miniaturized pH meter can be included in a TWEEL that might be dedicated to other purposes, perhaps a biology/chemistry TWEEL. Should liquid water be present at the site, the pH of the soil will be determined. However, because ambient water is unlikely to be present in amounts needed to determine the pH, an ampoule of water is included in the TWEEL. The ampoule breaks when
the TWEEL enters the soil, releasing enough water to enable the measurement. The TWEEL would be launched at the time of day when the ambient environment is best able to sustain water in liquid form.

3.3 Tests for Biology or Oxidant

3.3.1 Chiral LR Under Ambient Conditions

Chemical reactions in nature do not dis T the d, but terrestrial biology invariably docs. The Viking LR '#C-labeled substrates, shown in Table 1, would be included as nutrient ampoules in the TWEEL of Figure 1. However, the opposite stereoisomers of the alanine and lactate would be separated in respective ampoules within the two sample
chambers. The ampoules would be broken by m force of the incorning sample as the TWEEL penerates the Martian surface. The soil and nutrients would mix. Evolved labeled gas rom each sample chamber would be monitored for a period of ten days. Should both chambers reat equaly, the mostlikely interpretation would be that a chernical agent was responsible. Should there be o
reaction, this would establish dizing. Should one of produce a response, but not the other, or should the responses differ significantly, biology would be indicated. Further, if the chiral preference differed from the terrestrial preference, this could indicate a fundamentally different life form, which would be a profound discovery.

TABLE 1
VIKING LABELED RELEASE SUBSTRATES

Specific

Structure and Label Position (*) | Concentration (x Activity
Labeled Substrate 10M) mCimL! | (CilMole)
l4c. glycine NH,*CH,*COOH 25 4 16
T4C_DL-alanine *CH;*CH (NH,)*COOH 50 12 a8
14¢-sodium formate H*COONa 25 2 8
T4C_DL-sodium lactate *CH;*CHOH*COONa 50 12 a8
T3 calcium glycolate (*CH,0H*C00),Ca 25 ) 16

332 Cysteine as a Biology-Chemistry Diseriminator

‘The Martian surface material contains 4! one to two orders of magnitude more sulfur than the surface of Earth. Should the oxidant theories on Mars be correct, allthe sulfur would be present as sulfate. Any reduced sulfur compounds exposed to those conditions would rapidly be oxidized. Cysteine is an essential amino acid in all known biology, and is in a reduced state. This makes it an

especially good substrat 1o test for both chermistry and biology. The same experiment a the chiral LR described immediately above would be run, except that !C-L- or D-cysteine would constitute the sole tes nutrent in each chamber of the TWEEL. Equal responses from both isomers, over the ten-day monitoring period, would support a chemical oxidant as the active agent in the soil. As
with the LR TWEEL, any significant discrimination between the two isomers would be strong evidence for biology. Also, the nature of th could establish the biology befween Earth and Mars life forms. No response from either TWEEL would strongly argue against an oxidant in the soil
FIGURE 1
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3.4 Circadian Rhythm/Photosynthesis

All known organisms exhibit circadian thythms (entrained by the Earth’s daily cycle of 24 hours) in thei ing an ubiquitous biomarker. Tl ular substrates of the circadian pi have been elucidated in mammals, fruit flies, sea slugs and even eyanobacteria. While the most potent terrestrial stimulus capable of entraining these
thythms i the 24 hr lightdark cyel, a variety of othe agents (temperatue, mutrent availabiity,volunary Tocomator aciity) induce enraining effct, alhough weaker. Evolutonary consideratons sugacst that an endogenots clock,with  priod similr {0 th rotational priod of th planetof origin, may be stongly selocted in environments in which lfe evolves. This in turn refects the
importance to the organism of detecting “time of day”, e.g., normally diurnal animals awake at night would be at much greater risk of predation, and heliotropism would be of no value to a plant at night. Furthermore, since the amount of daylight may be obscured by meteorological or environmental factors (e.g., burrowing animals spend most of the day h tohave
been strong selection pressure for the evolution of an endogenous circadian clock capable of “keeping time” even under such circumstances

A case has been madel43! that the Viking LR experiment may have exhibited circadian rhythms trained to a remnant e (2 degree C amplitude), as evidenced by thythmic oscillations in their evolution of radioactive gas in the lander that,in tun, reflected the ambient daily temperature cycle. However, confirmation and extension of the relatively small
database supporting this possibility is desired. 1t is proposed to dedicate a TWEEL to determine whether or not the signal from an LR type experiment exhibits circadian thythmicity, and, if so, to examine s characteristics over time. The TWEEL will also attempt to determine whether photosynthesis occurs n the test soil sample. The experimental chamber will be entirely light-tight and
shielded from the Martian light/dark cycle.

After the TWEEL lands and activates, a five-day baseline period is obtained for background. Then a photic stimulus, in the form of bright white light from a miniature LED transmitted through the sample by a light pipe diffuser, will be presented to the sample in one chamber for one hour beginning approximately two hours after local sundown. This potentially-entraining stimulus will be
presented each sol for five consecutive sols, but at intervals of 26 hr, as opposed to the 24.66 hr Martian daily period. In the other chamber of the TWEEL, the same light stimulus will be presented, but only once every ten hours. After the first five sols, no further light will be applied to either chamber. The *4C gas evolved in the experiment will then be monitored for an additional ten days.

Since light s the most potent terresirial entraining stimulus, the will “break away” from the temperature zeitgeber and entrain to the daily 26 hr light presentations. Thus a second circadian rhyth should appear in the metabolic record obtained by monitoring the evolved 4C gas. 1f so, ths thythm should be out
of phase with the temperature-cairained rhythm, and should exhibit a period oo br, e e i 266 cycle

The expectation for bilogially-medated circadian thythu s hat sch hythms should e to the 2 b phoic cycle but ot 0 th ten i cyco. n contat i any non-biological mechanism becomoseyachronized o the phoic simulu,the period ofaplication should ot mattr. Teahour entsnuent would b expectedinthis case. Inaddion n the cae of ilogy, he photclly-
entrained rhythm should persist for at least some cycles in the absence of stimulation during the final ten days of tially a free run of the photics d component).

The observation of photic entrainment of gas release with  period of 26 b, followed by a free-running rhythm, would constitute excellent evidence for a biological process. Furthermore, failure of entrainment to a ten br light cycle would be a precise analog of terrestial circadian biology. Additionally, should the headspace gas in the test chamber diminish when the light s fumed on and
increase when the light s off, that would be evidence for photosynthesis in the life forms detected.

4. CONCLUSION

‘The instrument and candidate experiments proposed offer a simple, low-cost and convenient way to perform key analyses of Martian soil that presently remain undetermined. They also provide a way to resolve whether the considerable activity detected in the Martian soil 26 years ago is chemical o biological in nature. The later determination is essential to, and would have major impact on
plans to send men to Mars, or to bring Martian soil samples to Earth. Purthermore, should microbial life be found, the approach presented herein allows for increasingly specific follow-on experiments to delincate the characteristics of that life, and, in particular, to determine whether or not it poses any threat to our lifc forms or environment. Finally, it opens the door to an orderly scientific
study of the new biology, including its detailed comparison with our own.
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