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INTRODUCTION

There is no assurance that life on other planets, if it exists, has

evolved along a path similar to life on Earth, or that its functional chemistry

is identical. A search for extraterrestrial life should, therefore, not be

restricted to tests based solely upon analogy with Earth life and should make

use of a property that is characteristic of all known or reasonably conceivable

living systems. Such a property is the enzymatic catalysis of oxygen exchange

between water and certain common oxyanions.

There are two pathways by which this may occur:

1. Exchange	 AO 18 + H2O 16 	 A016 + H2O18

2. Net Transfer	 AO 18 + FHA	 AH + H2O18

Previous studies at RIAS have been . concentrated on evaluation of PO 4

as a suitable substrate for this experiment. These experiments have demonstra-

ted that 0 18 is transferred from "tagged" PO 4 to H2O by a wide variety of

biological material (l) . Furthermore, it has been shown that the non-biological

exchange rate of PO 	 is very low and is not affected by any of the many

minerals and organic compounds tested. Thus there is very little "background"

exchange which might lead to ambiguous results.



RESEARCH DURING PAST YEAR

1.	 SO4 and NO 3 As Exchange Substrates

Many terrestrial organisms metabolize NO and SO = ions only

to assimilate nitrogen and sulfur. Consequently, reduction of these com-

pounds (and the consequent oxygen transfer) is coupled only to cell growth

and maintenance, and no-t to general energy transformations of the cell	 r

as is PO4. However, when NO 3 and SO4 are used as terminal electron

acceptors in place of O Z these oxyanions are coupled to the general energy

economy of the cell. In an anaerobic environment such as on Mars one

could reasonably expect No  and SO4 reduction to be the major pathway

of "respiration".

We have tested this by using E. coli, a faculative anaerobe capable

of utilizing NO 3 as a terminal electron acceptor. These studies indicate that

under anaerobic conditions the oxygen of NO 3 is rapidly transferred to H2O.

We also have found using soil samples that the rate of oxygen transfer from

NO 3 to H2O can be enhanced more than fifty fold by incubating the samples

under N 2 rather than air. Thus, under such conditions NO 3 might be the

preferred substrate for this life detection system.

Studies with soil samples and bacterial cultures made during the

past year indicate that the exchange of oxygen between SO = and H2O and

between NO3 and H 2O are valid criteria for establishing the presence of life.
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However, as may be expected in an aerobic terrestrial environment,

SO4 and NO 3 metabolism are not as sensitive an indicator of life as is

PO  metabolism. For example, a soil sample which gave 0. 14 016 oxygen

exchange when incubated aerobically at room temperature for 28 days with

SO4 and a .36% exchange using NO 3 gave a 2. 976 oxygen equilibration when

incubated 2 days with PO  . Although such data indicate that PO  is probably

the best substrate to use in an aerobic terrestrial system, in different

environments (and different life systems) NO 3 and SO4 might be much

better substrates.

2.	 Non-Enzymatic Exchange As Functions Of pH

Another project started during the past year is the determination

of the rate of non-enzymatic oxygen exchange between NO 3 or SO4 with H2O

as a function of pH and temperature. These studies indicate that the rate

of exchange of oxygen from both NO 3 and SO4 is very low at high or neutral

pH and is acid catalyzed.

Figure one shows representative data for non-life mediated exchange

of oxygen between SO 4 and H 2O. Other 0 18 exchange data for H 2SO 4 with

H 2O has suggested that, at low pH, the exchange occurs via the acid

anhydride (2) .
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Our data is not inconsistent with this mechanism.

Wh;.le more accurate data must be collected for NO 3 , the relation-

ship between k and pH is generally the same as for SO4. There is data (3)

elsewhere which suggests that this exchange also occurs via the acid

anhydride, i..e.

2 HNO3 8 	H 0 18 + N2 018

N2 0 18 + H2O + HNO 18 + . HNO 180

At the temperatures and pH reasonably expected on an extraterrestrial

body like Mars both SO4 and NO 3 should have non-biological exchange rates

sufficiently low to be essentially undetectable in a life detection experiment.
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3. CO2 vs 0 2 Isotopic Mass Ratio Measurements	 i

A. complication of our previous technique was the need to measure

the O 16 /0 18
 ratio in a separate standard H 2O sample before each reading

of an unknown sample. This calibration step was required to correct for

r^	 drift of the mass spectrometer. Since a non-negligible equilibration time

•	 was required before each reading, measurements were time consuming and

of inherently compromised accuracy. A new technique has been adopted 	 f

during the last year; after distilling the water from the sample the distillate

is equilibrated with bicarbonate. The exchange of oxygen between H 2O and

HCO 3 is spontaneous. Acidification then releases CO 2 which is fed into

the mass spectrometer. The natural ratio of C 12 /C 13
 may be used for

calibration by measuring the 44/45 mass ratio. The O 16 /O 18 ratio is

determined from the 44/46. (C12 0 16 0 16 / C 12 016 
0 18 ) ratio.

The second equilibration step,between HCO3 and H 2O , requires

approximately four hours at room temperature. However there is evidence

this time may be reduced to only a few minutes if HOBr. is used as a

catalyst (4) . The mechanism of this catalysis is unclear.

4. Mechanism of Enzymatically Induced Exchange

A more detailed investigation of the mechanism of biologically-

induced exchange is also being undertaken. Yeast inorganic pyrophosphatase
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has been shown to promote extremely rapid exchange of oxygen between

phosphate and H 2O (5) . We are now trying to identify the true substrate

for this enzyme in a buffered Mg ++ /P 20 7 -4 (PP -4 )system. A computer

program is nearly completed which will calculate the various equilibrium

concentrations of MgPP -2 , Mg 2PP, PP -4 , HPP -3 , H2PP
-2

 and MgHPP-1

from the known equilibrium constants pH and Mg ++ concentration. We

are now measuring the equilibrium- constants for each of the dissociation

s	 steps at various ionic strengths and temperatures.
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PROPOSED WORK

We hope to complete the measurements of non-biological oxygen

exchange between SO4 or NO 3 and H 2O as functions of pH and temperature.

In addition, this inorganic exchange will be studied in the presence of a

variety of organic and inorganic compounds to determine whether any of

•	 these substances might stimulate non-enzymatic oxygen exchange and thus

render our ref.ults ambiguous.

We expect to complete shortly the computer program for calculating

equilibrium concentrations of sp--cies in a buffered solution of Mg ++ and PP-4.	
Is

The next step is to alter the relative concentrations of the equilibrium species
1

and measure the effect of each specie on the initial velocity of pyrophosphatase

hydrolysis. From these measurements we hope to identify those species which

act as substrate(s) and/or inhibitor(s).

The laboratory techniques have been studied sufficiently to look

at ways of simplifying or improving the experimental apparatus for potential

development as a functional extraterrestrial life detection experin)cnt.

Membrane and mechanical leak inlet systems to the mass spectrometer

and collector designs using both cups and slotted plates have been used;

close comparison of their relative effectivenesses is required.
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