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- ABSTRACT

This progra.,.rriv explored the effect of 'vseverall gnﬁréﬁmental '
'parameter§ on previouély devéloped life detectibn' systems.
Initial attempts were made to conduct all the experiments in
" a "moist'" mode (high soil volurrié to anter vqlume ratio).
Howéver, only lavbelled release and méé,surefnent of ATP wére
found to be feasible undér conditions of low moistufe. There-
f_ore, these two life detection expériments were useci for most
of thé environmental e;ffects studieis. 'Three soils, Mojave
'(‘C‘a.liforvnia desért), Wyaconda (Maryland, sahdy‘ 1§am) and
Victoria Valley (Antarctic .desert) Wefe generally used through-
' 'out this study._ The environmental ‘con.ditions studied inclp.ded:
incubation temperature _3°C - 80°c, ultraﬁole£ irradiation of
. soils, variatiéns in soil/liquid ratio, specific atmospheric
gases, various antimetabolites, specifi%: substrates, and variation
in pH. An experiment designed to. monitor nitrogen metabolisrh

was also investigafed.
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L SUMMAR?
During the pést year, initiai wbrk én the Automated
'Micrébial Metabolism Laboratory (AMML) was directed-
. tqv?/arci an attempt to adapt variou;assay proce‘dures‘ which
had previously been tested on "wet' soil cultﬁ.re s.ystems
(1 g 'soi_1/30 ml medium) to "moist'" soil culture systems
(1:1 or less Volurhe ratio of liquici to .soil). This st.udy was
. initiate& as a result of increasing .evide.nce for the scarcity
: oflliqﬁ.idv water on Mars, which rais-edvthe pos sibili;cy of |
. badverse‘ effects of large quanti‘ties of lwater on Mars
organisms. Hence.,; it éeefnéd prudent to explbre means
fo: cdnducting the experimeﬁts with >minivma1 Water‘addition.
It was also desired to study the effects of moisture level
~and specific atmospheric gases on the life detection tests
- of thé AMML. |
Although ATP assays were successfully performed,
phosphate uptake in "moist' experiments was not detectable.
This was caused partially by the interference of lea'ching
and absorption of phosphate in soils aﬁd By the large dilution
factor required to provide an adequate Aassay volume with its
dilution error, 14C and 355 uptake experiments alsc; pre-

. sented large, variable background problems in the moist
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were'é.lso elevated by the higher temperatur,es., but 'remained
‘below the levels of the test responses. .
Analysis of data based upon the kineficé of labeied
release showed that the differences between viable and sterile
A soilvs release rates were greater. than when analysis was
based upoﬁ ’cumulatiyve evolution of radioactivity after plateauing.
All soils showed a gi‘eatel; relat;i_xfe difference b.etween‘
rate of‘revs.ponse from the viable and control portions at the |
. lowef'terhperature, but this idifference appeéred to be
.significaht only for t;he Viétoria Valley soil.

Ultraviolet Irradiation Studies: Experiments were conducted

in which 0.5 g of soil (depth apprbximately 1 mm) were

- irradiated with 91 milliwa.tts/cm2

of 2537 Angstrom radiation
 for periods of time up to 10 secohd_s-.' Soil so tfeated was
then tésted for activit‘y by the labeled releasé experiment.
Mojave soii was unaffected by UV exposures ofles'
vseconds and suffered only a 40% decrease in activity from lQ
seconds (11.5 days) expdsure. Wyaconda and Victoria Valley
soil, on tﬁe other hand, ShO“/;ed ciecreased activity after 103

seconds exposure and both suffered a ten fold decrease in

activity after 106 seconds exposure.

-3-
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Meistnre .Studies: Labeled release and ATP analyses were per- -
. fermed on soil cultures which renged from 0. 3.,g soil sample '
| immersed into 10' ml of RM9 medium (high liqui_d/soil ratio), '.

to five microliters added to 1 g Qf air dried soil. The initial
_rete'of evolution of radioactivity fromv viable soils was found
to be much low_er for high liquid/so.il ratios. The maximum
initial rate of evolution eccnrred at liquid/soil ratios of
0.1 ml/g to 0.01 ml/g. The nonbiological evolution of
radioactivity did not appear i:o be affected by the liquid/soil
ratio, and varied in proportien to the radioactivity added.
At high re.tioe there was little or no difference between
- the initial rate of response from viable and sterile soils.
However, extended incubation_ of high ratio soil cultures
resulted.in a significant difference between confrol and
viable responSes."

ATP assays performed on the Mejave .soil -cultures
supported the labeled release data. A liquid/soil ratio of
0. 005 showed 100 fold more. production of ATP per ml of
niedium added than a.liquid/soil ‘ratio' of 0.4 ml/g.

Phosphate uptake and 14C and' 355 uptake was
rneasured in "wet" experiments. Cultures were assa:yed
- in the lag, logarithmic and stationary phases of gro;:vth.

-4
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Uptake -of 14C'and 35S was obse;ved in 5.11 soils auring |
logarithr;iic and stationary growth. »T‘he uptake by viable

. soils exceeded sterile soils by approximately twenty to
eighty fold. Phosphate uptake of 0.1 mg/l was observed
with Wyaconda and Mojave soil, ﬁowe_ve'l",_‘Victc')‘ria Valley

soil showed no uptake.

~Atmosphere Stgdjes: | Several expe.riments were conducted

. in various selected gaseous en\}ironmehts. It was found that

a 14C and 358 get.tering experiment could not be conducted

in a gas mixture of NZ/HZ/CO2 (90:1(‘):10);, P;e'sumably,

the CO2 in the atmosphere. s_aturated the B_a.(OH)2 getter

rendering it ineffective for collection. of évolved 14COZ.
Successful labeled reiease gettering experinients

we?e conducted in atmospheres of NZ/HZ (90:10), NZ,

NZ/H2 CcO (90;9:1‘) and NZ/O2 (9_9:1).. Anaerobic

evolution of labeled gas was approxima.tely 50% of that

obtained aerobically. Anaerobic production of ATP was

also reduced 50% from that obtained aerobically. The

rate of labeled release in a low oxygen mixture NZ/OZ

(99:1) fell between the aerobic and anaerobic response.

Antimetabolite Studies: A number of antimetabolites

were tested for effect on the labeled release experiment.

-5-



Annual Report 1971
Contract No. NASW-1931

BIOSPHERICS INCORPORATED

Concentraﬁpns which had beeﬁ found effective in earlier
studiés, or which are recommended fof disinfection, were
tried. Their effects on the inﬁibiﬁon éf Mojave é,nd
>Wyaconda soil were compared. The effects of these
agents on nonbiological evolution of radioactivity were
also compared. Tréatments with mercuric chléride,
Bard- Parker germicide, sodium hypochlorite and
- ethylene oxide were fouﬁd to i)e i‘neffec'tive inA severely
inhibiting the evolution of .ra.di‘oactivity. from Mojave

soil, but did reduce the activity of Wyaconda soil by at
least an orcier of magnitude. Pota}ssium cyanide (0,05M)
w.as effective in fhe inhibition of both Wyaconda and
Mojave soilé. Viable soils showed no more evolution

of radioactivity than heat sterilized controls when. KCN
*  was added to both., The antibiotics tested, penicillin
and chioramphenicol, had little or no efféct on the

evolution of radioactive gases.

Substrates Studies: Labeled release‘experiments with
Wyacoﬁda andeojave soil were conducted »using\ media-
containing a single labeled substrate. These substrates
were tested alone in the meciium, and in the presence of

other nonlabeled substrates. The substrates studied

-6-



.Annual Report 1971
Contract No. NASW-1931

BIOSPHERICS INCORPORATED

s _ : |
- were: 1 C-lactate (both DL and L), 1‘{}C-D-glucose, 14C-

giyéine, 14C-forma.te, I%C—glycolate_, 14C—a.ceta.te and
vl.v4C-L-a1ahine. Glucose and iactate pfoduced approximately
twofold more evolved rédioactive gas thaﬁ formate, glycine,
acetate or glycolate. Efficiencies in terms of fadioactivity
evol%red versus radioactivity added were determined for the
substrafes studied. Formate préduced .the highest
efficiency of response and glucose produced the lowe.st,.
However, both of these substrates produced a highc;.r
initial réte of 14C-gas evolution than.the 6ther substrates
tested. |

“Medium containing 3SSO‘=1 and unlabeled organic sub-
strates was tested with an organism \‘avhic'h carries out
- anaerobic respiratory sulfate reduction. A 100 fold
viable/nonviable response ‘rati.o was obtained in a 90% NZ,
10% H2 atmosphere.
pH Studies: Experirﬁents Wefe‘ conducted to determine the
effect of a buffered versus a nonb'u~ffevred medium. The effect
appeared to be soil dépendent. Howevér, in one case,

buffering resulted in increased labeled release, ATP pro-

duction and 14C and 355 uptakes.

-

Nitrogen Studies: The possibility for development of a life
detection monitor based upoﬁ_nitrogen metabolism was

-
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approached. The nitrogen fixing complex (nitrogenase)
converts acetylene to ethylene, which can be detected by
vapor phase chromatography. " Preliminary testing of this

system on soils has been highly encouraging.
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11, INTRODUCTION

The Aufoinated Mi'crobiai Metabolism Laboratory
{(AMML) as conceived and developed is‘ composed of
functionally independent, but complemen‘t.ary, second-
generation exobiology experiments. These experiments
are designéd fo show confirmation of life de'tecfion on the
basis of a spectrum of metabolic activities and provide a
measure of comparative data. As previously described (1),
_ the AMML includes: light-dependent and light-inde.pendent
fixation of labeled carbon dioxide aﬁd subsequent evolution

of 14CO during dark incubation, uptake of radioactive

14

C-organic subétrate‘s_‘and 3580:, pr'oduction of adenosine
triphosphate (ATP), uptake of phosphate, and production of
radioactive gas f.rom labeled organic subétrates. These
life detection systems which were developed and validated
on test soils, were in the paét subjected to a rather specific
set of test conditions. Recent data have supplied more
precise information on Martian conditions, It was, there- -
fore, proposed that the effect of these more vigorous con-
ditions on the éharacteristics of response from certain

~ life detection systems should be studied on soils including

those from extreme terrestrial soils.

-9-
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In view of the deafth of water on Mars, atterhpts were
made to modify the assay systems to a'ccommodate' low watel;/ | ’
soil c.ultures. Under these conditions, the detection systems
which appeared mosf viable reéeivéd the greafest emphasis.
during this phase éf work.

Alsb, mindful that the AMML test array, and other
life detection tests as §ve-il; lack experiments based on

nitrogen metabolism, an attempt was made to devise one.

-10-
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I1I. EXPERIMENTAL BIOLOGY

A, Attempts to Adapt the AMML Assay Procedures
to "Moist'" Culture Conditions

Increased evidence for the scarcity of liquid water
on Mars prompted attempts to adapt thé -_various as‘say -pro-
cedures of the AMML, which had previously been tested on
high liquid/soil ratio culture systems (1), to low liquid/soil
ratio, or '"moist'" experiments. .This system was also
required in order to investigate the effect of moisture and
atmospheric gases more Mars-like than previously studied.

Details of the individual assays are pre‘sented in .

the Appendix. However, the generalized procedure was .
as folléws: :

Labeled release of the soil culture was con-

: ‘ducted for a desigriate_d time. The entire

culture was then transferred to a membrane

filter apparatus, filtered, and washed. Tﬁe ,

filter residue was c;ounted for uptake of 14C and
‘355, and the filtrate assayed for PO4-P. |
Other cultures were extracted and assayed for ATP. In
order to design a workable culture system, it was necessary
to determine the following:

-11-
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o~ Amount of medium necessary to producé
a méasurable response.

o  Amount of soil which could be effectively
washed and counte’d.-fbr 1;etained ra-dioactivity

+ 358 uptake experiment,

in the 14C
o Wash regimen necessary.
o Influence of soil Vleaching on the ATP ané :
phosphate asé.ay.
o Concentration of PO4-P in the méci.ium which
is required to show uptake yét provide a
measurable éoncentration in the wash
| filtrate.
o = Treatment of controls best suited for all
assays. |
A series of experiments was conducted to determine
if a single culture system having a low liquid/soil ratio
could be used for all the above mentioned assays. The

design was as follows:

o Experirrient Nos. 1 and 2 - The soil sample

was 0.025 g and the volume of medium was 0.4
ml of complete RM9 with a concentr;fion of
added phosphate of 60 mg/1 K2 HPO4

(11 mg/1 PO4:P).

~12-
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o Experiment No. 3 - The soil sample was 0.1 g

and the volume of medium was 0.2 ml of com-
plete RM9 with a concentration of added phos-

phate of 5 mg/1 K2 HPO4 (0.9 mg/1 PO4-P).

o Experiment N.o.. 4 - The soil sample §vas 0.5g
and‘ the volt_J.me' of medium was 0.1 ml of cénﬁ-
plete RM9 with é co.n'centra.tion_. of added‘phos_
phate of 250 mg/1 K2 HPO4 (46 mg./l PO4-P). ,
Thié high concentration of phosphate was used
to accomfnodate a trial modification of the

35S;uptake assays.

phosphate and 1‘JIC and
The planchet contents were emptied into
10 ml of RM9 medium without added phos-v
phate and without labeled organics. Al ‘ml
aliquot of this 10 ml, stirred volume was
then filtered, washed, and asséyed for
PO4- P, and 14C anci 355 uptake.

The procedure used v;/as as follows: The indicated

quantity of soil sample was weighed into aluminum plan-

chets. 0.2 ml of Bard-Parker germicide was added to

controls and other soil samples received 0.2 ml of sterile,

-13-
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distilled water. Medium was added to each planchet and gettei‘ing _
was conducted as described in the A‘ppéndix, Section 2-A.
Duplicate planchets were harvested at the beginning of the

-P, and 14C and 358

incubation period and assayed for ATP, PO4

| kuptake. The growth phases of the cultures were followed by observa-
tion c;f the lalvaeleé’l. release experiment. PO4—P and 14C and 35s
uptake were again méasuréd during the 1ogafi£hmic p'ha.sve, and
finally ATP, PO4-P, and 14C and 358 ﬁptake were measured whe1.1‘ v

| the culture had reached the stationary grthh phase.

The representative data presented in Table 1 were obtained -
in Experiment No. 2 As shown, no significant biolc;gical signal in
terrﬁs of 14C and 3SS uptake, was obsel.'ved. PO, -P uptake Was.
variable. However,‘ ‘a definite increase in ATP was observed.

Table 2 shows that é medium addition qf only 0. 2 ml RM9 to.0. 5 g
soil caused a twofold increase in the‘ ATP level. Although there was

a signifiéént increase in ATP in all experiments, it was noted that a
greater actual increase v&as obéerved when the liquid/soil ratio was

low. In Table 1, an ATP increase Qf approximately 4 x 10-3 pg/0.4 ml
was observed; however, as shown in Table 2, 7 x 1.0'3 pg/0.1 ml were
observed. The low li'q\'lti‘d/soil ratio appeared to enhance ATP production.

This effect of liquid/sgil ré.tio is discussed 1n greater detail
later in this report.
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TABLE 1

Results of ATP, Phosphate, and 14C and 3%s Uptake in
System Containing 0. 025 g Soil™, 0.4 ml RM9 Medium*¥

116,441

0 Liogarithmic Staﬁonary , Bard-Parker
Assay Incubation | Growth Phase | Growth Phase | Control ..
Time 27 hrs. "~ 49 hrs. 49 hrs.
ATP 1.2 x 10-3 - 5.5x 10-3 3.2 x 10-4
(ng/sample) 9.5x 10-4 - 5.0x 103 | 3.5x10"%
PO,-P 4,12 0.75 1 0.75 4.37
(ng/sample) | 4.37 1.0 11.2 4.37
14¢c & 355 3,289 85, 722 77, 553 100, 889
(cpm/sample) | 5,058 75,116 163, 580

% Soil was collected at Sterling Park, in Northern Virginia.

*% RM9 medium (containing 50 mg/1 KZHPO4) was prepared as given in

Appendix - Section 1-A.
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TABLE 2

. ATP Production by 0. 5 g Soil* and 0.1 ml RM9** Medium

0 : Stationary | 'Bard-Parker :

Incubation . Growth Phase Control

Time . " 28 hrs. 28 hrs.
_ _ ' -2 . -

" ATP  1.35x10°° 2.23 x 10 6.8x107*

pg/sample - 2 > R 3
©1.57x 10 ° 2.16 x 10~ 5.4 x 10

* Soil was collected at Sterling Park in Northern Virginia.

#%  RM9 medium (containing 250 mg/1 K HPO ) was prepared
as given in Appendix -Section 1-A.
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: A_dditional.afte_mpts to measure a biological ﬁptake of
14C and 35s aﬁd PO4-P in ";nb'ist" cultures were made. These
attempts which were presente'd and discussed in detail in the

- First Quarterly .Progress Report (2) were.geAner'ally unsuccessful,
It wés, therefore, decided that these a‘ssays should be performed
in "wet'" culture és had been used successfully in eafly studies.‘

o Trea;tmex;t of soil for use as aL nohviable control was stﬁdied
to determine a procedure which would produce a low nonbiological
response. Bard-Parker germicide had been .used most successfully in
earlier Work.’ However, the possible interference of this agent in the
‘uptake experiménts prompted a compﬁrison of Bard-Parker treated soﬂs
with heat treated soils, Heat treated soils were found to produce less
background.
| | Figure 1 shows a comparison of labeled release from soil
which was subjected to various Bard-Parker and heat treatrheﬁts. ‘Heat |
treated soils produced é lower lével of nonbiological response than
Bard-Parker treated soils. Dry heat sterilization was selected as
the method of choice since it was rapid and effective. The 180°C,
 15-minute treatment was subsequéntly changed to 2120C, 30 minutes
after lack of sterility was detected in several controls.

B. Soil Selection
Three soil types were selected for comparative study

in the present program. They were selected on the basis of ecological

-17-
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FIGURE 1

Results of Labeled Release Expe'rir.nent_
Comparing Methods of Control Preparation

vy

¢ )v,&%v/ |

V¥ - 0.1 g viable soil + 0.2 ml RM9 medium
0 - 0.1 g soil (dry heat, 180°C, 15 min.) + 0.2 ml.
RM9 medium
A - 0.1 g soil (autoclave 35 hours, 121C, 18 ps1)
+ 0.2 ml RM9 medium ,
® - 0.1 g soil (autoclave 35 hours, 121C, 18 psi
" with 0.1 ml distilled HZO added) + 0.2 ml
RM9 medium
¢ - 0.1 g viable soil + 0.2 ml stenle HZO +
. 0.2 ml RM9
- 0.1 gsoil +0.2 ml Bard-Parker germicide
added immediately before 0.2 ml RM9 1
A- 0.1 gsoil + 0.2 ml Bard-Parker germicide
added 30 minutes before 0.2 ml RM9
® - 0.1 g soil + 0.2 ml Bard-Parker germicide -
added 60 minutes before 0.2 ml RM9

o—©
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aﬁd geographical distribution, differences in plated numbefs of
bacteria, and differences in the observed kinetics of the 1abe1éd
release experiment. The threé soils under study were:
Mojave #75 - This soil was obtained from the desert
~ soil collection at the JPL Soil.Science Laboratory and
is described in the NASA Technical Report No. 32-977,
"Desert Soil Collection at the JPL Soil Science Laboratory, "
Jet Propulsion-Labofatory, California Institute of o
- Technology, Pasadéna, California, 15 Octobef 1966.
The sample ils a coarse, sandy desert éoil collected
aseptically from the surface to a depth of % inch on
14 November 1961. It wa;é stored in a -plastic whifl-
pack in a 500 g aliquot as collected untii received by
Biospheric s.. It was then aseptica-lly sifted with a
) ﬁumber 14 mesh screen and stored in a sterile screw
top Nalgene bottle. Data supplied By JPL indicated that--
it contained ZV ppm inorganic phosphate, 60 ppm sulfate,
0 ppm nitrate, and had a pH of 7. 0. Aerobic plate counts
on Czapek Dox agar revealed the presence of 6 x 106
‘organisms per gram of soil*, Colonies were visible

after 24 hours of incubation at 25°C.
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Wxaéond - This soi.l Was obtained neér Biospﬂerics in
Rockville, M‘aryland on 7 October 1970. The collection
was at the site of coﬁstruction where vegetation had béen
cleared some months earlier. Séil from the surface fo

a depth of 2 inches was cqllected, dried, and sifted with

é. nurﬁber 14Ymesh screen and stored in a sterile screw

top Nglgepe bottle. The soil was a sandy .clay containing
smail particles of organic material. It was of finer particle
size than the Mojave soil. Aerobic _pla'te counts on nutrient
agar revealed the presence of 1 x 107 organisms per gram
of soil*, Colonies were visible after 24 hours of incuba-
tion at 250C. "

Victoria Valley #538 - This soil from Antaractic was

alsé obtained frorﬁ the Desert Soil Collection at JPL.
It was not described in thé NASA Te.chnica'l.R‘eport‘.
However, information supplied indicated that it was
collected at a depth of 1 to 6 inches and chemical
analysis was as follows: 0.3 ppm inorganic phosphate,
22 ppm sulfate, 6 ppm nitrate, pH 6; 9. Growth under
CO, at room temperature on nutrient agar revealed the
presence of 102 organisms/gram of soilﬂ;. Colonies

were visible after-13 days incubation at 25°C. The
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éoil was aseptically sifted with a number 14 mesh

screen at Biospherics and stored at.room temperature

in sterile ‘Nalgene screw iop botties. Tgxture of the

soil was coarse granular similar to the Mojave soil in

particle size.

| Preliminary testing of the three soiis demonstré.ted that known

qﬁantitie_s of ATP added to thé Mojave soil could be 90% recovered.
Oniy relatively small quantities of added AITP could be recovered from
the other two soils. Possibly there were inhibitory substances in the
soil which extracted along .with the ATP and caused adverse effects to
the firefly light producing reaction. Alternatively, the ATP could have
been biologically or chernicao.lly degraded. Several extraction techniques
were used to no avail. For purposes of the currént study, the decision

was made to measure ATP changes in only the Mojave soil.

* - All soils were plated on nutrient agar, trypticase soy agar
(TSA) and Czapek Dox agar. Incubation was conducted aerobically
at 25°C, and 3°C, anaerobically (Hy) at 25°C and in candle jars

(5% CO;) at 25°C and 3°C. Counts presented in the text were for
the medium and incubation conditions which yielded the greatest
-number of counts,

A preliminary investigation of organism types in the Mojave
and Wyaconda soil revealed that nearly 80% of all colonies obtained
from Mojave soil were spore forming rods. In the Wyaconda soil,
there were less than 8% spore forming rods and 50% of all colonies
were due to organisms which formed mycelial growth.
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C. Tempefatu_re Studies
1. General

" The labeied release experimént was performéd on
the three test soils at four different terﬁpefatures, 3°cC, 25‘°C, 35°¢C,
and 80°C. The effects of temperature on tﬁe kihetics of 14C02 evolu-
tion from viable as well as heat sferilized control soils were measured.
Production rates qf ATP in soil samples were also méasured under
conditions of the various iﬁcubation temperatures. In each of these
experiments the soil sample was 0.5 g and the medium 0.2 ml of RM9
medium (Appendix - Section 1-A) containing 1v4C—formate, 14¢ 1actate,
14c_glucose, 14C-glycine and 35804 (total activity 20 pCi/ml).

2. Effect of Incubation Temperatufe of Mojave Soil
The effect of incubation temperature on the labeled

release experiment which was performed on the viable and heat
sterilized Mojave soil is shown in Figures. 2 and 3, respectively. At
all four invcubati.on temperatures tested, the cumulative count viable
responses exceeded the nonviable responses by at least 200 fold.
The viable response at 80°C waé always extremely rapid. However,
in similar experiments the cumulative counts did not always reach
. the high level s;een for 80°C in Figure 2. This was probably because
the organisms sometimes died at this high temperatur‘e prior to 1';he

onset of the limiting conditions which arrest growth at lower temperatures.
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FIGURE 2

Effect of Incubation Temperature on the Biological Evolution of |
Radioactivity from Mojave Desert Soil
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FIGURE 3

Effect of Incubation Temperature on the Nonbiological
Evolution of Radioactivity from Heat Sterilized
Mojave Desert Soil

0.5g soil: dry heat sterilized 30 minutes at 212°C.
O.Iiml RMO + 1‘_LC-forma.te, 1‘JEC-la.ctatte, 14C-glucose, o
C-glycine and 35S0, (total activity: 20 pCi/ml)

Incubation Temperatures (°C)
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Suppoz;t fof the theory of cellular death haé been pfovi_ded by resulté
of ATP assays c;)nducted in conjuhction with the labeled release
experiments,

| ATP measurements were made oﬁ sterile and vjable soil at -
the epd of each temperature experiment. Results are‘ presehted in
Table 3. At 30C, 250C, and 359C, an increase in viable soil ATP of
five to eight fold waé observed. during the course of the experiment.
The final difference between sterilized and viable soils §vas tw6 o'rder-s
of magnitude. Results of the 800C experiment were'different. The
viable soils decreased in ATP and.' showed a final value similar to that
for the heét sterilized control. This decrease in ATP had occurred
despite a measured high evolution of 14COZ' Thus, the organisms
may have metabolized for only a portion of the test and then died.
To'tesf for the possibility of ATP production followed by degradation,
an experiment was conducted at 80°C in which replicate planchets
were assayed for ATP at intervals dﬁring incubation. Results
of this experiment are presented in Fivgure 4, As shown, the ATP
concentration was found to rise initially and then fall sharply after
ten minutes incubatidn, validating the hypothesis.

To exf)lore the possibility of ATP losses at lower temperatures,

a similar experimént was condu.cted on Mojave soil at 3°C. The results

of this experiment are shown in Figure 5. No loss in ATP was observed.
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TABLE 3

Effect of Temperature on the Production of ATP in
- Mojave Soil

" 0.2 ml of RM9 medium containing 14C-forma.te,. 14C-la,ctate, 1‘;‘C-glucose,'
14C-glycine, and 35804 (total activity 20 uc/ml) were added to 0.5 g of
soil. ATP measurements in duplicate was made after the labeled release
indicated attainment of stationary growth.

Concentration of ATP(pg/0.5 g soil)
Prior to Incubation

Viable Sterile
. 0325 . 0023
. 0290 .0018
: Concentration of ATP pg/0.5 g soil
Incubation _ After Incubation™
Temperature ‘ Viable ~ Sterile
. 2544 . 0025
- 39C
. 1543 ' -
.1805 . 0050
25°C
. 1947 . 0093
.1758 . 0080
350C
: ., 1598 . 0059»
. , 0045 - . 0029
80°C .
.0038 . 0025

*Incubation period varied according to the time required for a plateau
in labeled release. - :
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FIGURE 4 .

ATP Concentration and Labeled Release of
Mojave Desert Soil Incubated at 80°C

- 0.5g soil: 6x 1_06_ organisms/g
0.2 ml RM9 '+ 14C-forxna’ce,
14(3--121ctate, 1‘}‘C-crlu._cose,
1‘4C-g1ycine and 35:‘504 (total
activity 20 pCi/ml)

160 - = .
A. 0--ATP (ug/0.5g soil)
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FIGURE 5

ATP Concentration and Labeled Release
Mojave Desert Soil Incubated at 3°6C
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Of additional interest is ,thé fact that at least half the ATP production
occurred during the' first 15 'rninut‘es of the experiment. |

A Qo calculationlfor ﬁ.le effect of temperature on the
rate.of response of both viable and sterilized soils was made. As
has been shcwvh for other biological processes, the Qlo was found
to decrease as the temperature increased. The ir}flﬁence of temperature
on the kinetics of radioactive gas evolution is shown in Figure 6. Thé
rates were determined graphically frorﬁ Figures 2 and 3 at approxi-
mately half fnaxirnum cumulative evolution. Figure 6 shows that the
rate of viable and control responses from Mojave soil at any one
temperature are separated by at least three orders of magnitude.

3. Effect of Incubation Temperature on Wyaconda
Soil ‘

The effect of incubation temperature on the labeled
release experiment which was performed on both viable and heat
sterilized soils is shown in Figures 7-and 8. At the 3°C, 25°C, and
35°C incubation temperatures the viable response (cumulative counts)
exceeded the sterile response by a minimum of 40 fold.' The 80°C
incubation resulted in an initial 40 fold difference between viable and
control cumulative counts. However, the organisms were apparently
killed very rapidly. The viable response at 25°C was similar to that
at 35°C, but 30C incubation very strongly reduced the rate of evolution.

The effect of temperature on the rate of evolution of radioactivity is
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FIGURE 6

Effect of Incubation Temperat.ure on the Rate of Evolution
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FIGURE 7

Effect of Incubation Temperature on the Biological Evolution

of Radioactivity from Wyaconda (Maryland) Soil
) \
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FIGURE 8

Effect of Incubation Temperature on the Nonbiological Evolution
of Radioactivity from Heat Sterilized Wyaconda (Maryland) Soil

0.5 g soil: dry heat sterilized
"7 30 minutes at 2129C
6L © .. 0.2ml RM9 + 14C-formate, 14C lactate, _
© . 14C.glucose, 14C-glycine and
© 35504 (total activity: 20 pCi/ml) .

Incubation Temperture (°C)
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-shown in Figure 9. The rate of response of the viable soil at any one
temperature exceeded the rate of response from the sterile soil by -
‘two orders of magnitude.

4, Effect of Incubation Temperature on Victoria
Valley Soil ' ‘

The effect of incubation temperature on the labeled
release experiment performed on both viable and heat sterilized controls
is shown in Figufes 10 ana 11. The magnitude of response from this soil
was much lower than the other soils tested. However, cumulative evolu-
tion of radioactivity from viable soils that was three fold greater than
the nonviablé evolution was obtained within a few hours. Soil platings
required two _week's of incubation be.’fore organisms were. detéct_ed.

Figuré 12 shows the effect .of temperature on the rate of response
from both viable and sterile soils. The greatest difference between
signal and noise occurred at 3°C where hearly two orders of magnitude
separated the viable and sterile responses. The sterilized soils
produced the same shaped raté-versus—temperature curve as had been
produced by the other sterile soils. However, the viable soil rate-
versus-temperature curve was somewhat different for V_ictoria Valley
soil. Incubation temperatures of 3°C or 25°C produced similar
responses and.the 359C and 80°C incubation produced similar, but

greater responses.
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FIGURE 9

Effect of Incubation Temperature on the Rate of Evolution of
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FIGURE 10

Effect of Incubation Temperature on the Biological Evolution

Cumulative EvolvedARa.dioé.‘ctivi.ty (cpm x 10=3)

of Radioactivity from Victoria Valley (Antarctica) Soil
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FIGURE 11

NASW-1931

Effect of Incubation Temperature on the Nonbiological Evolution
of Radioactivity from Heat Sterilized Victoria Valley (Antarctica) Soil
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FIGURE 12

Effect of Incubation Temperature on the Rate of Evolution of
Radioactivity by Victoria Valley (Antarctica) Soil

0. 5g soil: (v1ab1e) 102 organisms/g

(control) dry heat sterilized for 30 minutes at 212°C
- 0.2ml RM9 + Y4C-formate, l4C-lactate, 1%4C- glucose,
- 14C-glycine and 35504 (total activity 20 pCi/ml)
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. All soils produced a lower -1-ate of ﬁonbiological response at
the lower incubation temperaturé and thereby showed a maximum
difference between biological andv nonbiological responses at that
temperature. This indicaﬁ_as a favorable developrr;ent if extrapélated
to Mars.

Experimental tefnperatures of 80°C, thé highest temperature
tested, producéd the highest.nonbiological evolution of radioactivity.
Planchets containing only sterile medium also evolved considerable
radioactivit? at 80°C, and the rate of evolution appeared to correlate
with the degree of drying which occurred. To test the physical effects
of soil particles on nonbiological evolution at 80°C, the following
experiment was conducted: Duplicate 0.5 g samples of soil and glass
: powder (200 mesh) were weighed into sterile pianchets. These and two
additional plancﬁets, for medium alone, were then placed in petri dishes
and heated at 215°C fof 30 minutes. After sterilization, the petri
dishes with planchéts were cooled and placed in an 80°C incubator.
After temperature equilibration 0.2 ml of sterile RM9 medium contain-
ing 14C-1actate,_ 14C—glucose, 14C-formate, 14C0g1ycine and 35504
(total activity 20 pCiv/ml) were added. ’i‘emperature-equilibrated
getteis were changed at one-hour intervals. Throughout the experiment,
small containers of water were maintained in the petri dishes. Results
are shown in Figure 13. Nonbiological evolution of radioactivity from
medium was significantly reduced by addition of powdered glass. The
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FIGURE 13

Effect of Soil or Powdered Glass on the Nonbiological
Evolution of Radioactivity at 80°C

0 0.2 ml medium alone
¢ 0.2 ml medium + 0.5 g sterile powdered

glass
A 0.2 ml medium + 0.5 g sterile Wyaconda soil
V 0.2 ml medium + 0.5 g sterile Victoria Valley A

soil- . r\
0 0.2 ml medium + 0.5 g sterile Mojave soil :
Wyaconda Soil

A

Mojave Soil o

7
//Iedium Alone
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Victoria, Valley soil produced an effect similar to the glass powder.
Wyaconda soil increased the evolution and Mojave sbil produced back-
ground éimilar to the planchet with medium alone.

D Ultraviolet Irradiétion Studie§

Soils wefe exposed to UV irradiation (intensity 90 n:ﬁlliwa.tts

per sz-’ 2537 Angstroms) for periods up to 100 seconds, and subsequently
tested for labeled release. Results are shown in Figures 14 through 17.

The activity of Mojave soil was reduced 40% by the 10® seconds |
exposure. Wyaconda and Victoria Valley éoils on th.e other hand, showed
a decreased re5ponsé of 30% after 104 seconds of exposure. An exposure
of 10° seconds on these latter two soils resulted in a ten fold decrease
in response rate.

Control soils (heat sterilized prior to UV exposure) were
unaffected by UV exposure.

E. Moisture Studies

Findings concerning the low concentration of water on Mars

spurred the attempts described earlier in this report to adapt life '
detection assays to "moist" rather than ''wet" experiments. It was
known from earlier work (3) that a.high soil-to-liquid ratio produced
a very rapid "early burst" evoluéion-of radioactivity., However, a
detailed study of soil to liquid ré.tios had not been perf;armed. The
following experiments were conducted to show the effect of soil/liquid
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FIGURE 14

. Effect of Ultraviolet Light on Mbjave Desert Soil -
. as Determined by Liabeled Release Experiment
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FIGURE 15

Effect of Ultraviolet Light on Wyaconda (Maryland) Soil
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"FIGURE 16

Effect of Ultraviolet Light on Victoria Valley (Antarctica)
as Determined by Labeled Release Experiment
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FIGURE 17
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Effect of Ultraviolet Lighf on the Rate of Evolution of Radicactivity
from Mojave Desert, Wyaconda (Maryland), and Victoria Valley
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ratios and to deterﬁﬁne the ratio which would produce a maximum
fesponse. | |

Wéighed quantities of soil and measured amounts of RM9
medium were placed into planchets in qombinations which made up a
broad range of soil/medium ratios. The "wettest" of these ratios was
conducted in magnetically stirred glass tubes which were adapted and
capped with getters as shown in Figure 18. Soil and medium quantities
which were used to produce the range of ratios studied are given in
Table 4. Labeled release was followed in the usual manner. Mojave -
.soii was assayed for the production of ATP. Phosphate uptake and 14¢c
and 353 uptake were measured in the "wet' (33 ml/g) experiments on
all three soils.

1. Resultg of Labeled Release
The overall effect of the medium/soil ratio on the

evolution of radioactivity from Wyaconda soil is shown in Figure 19.
The specific activity of the medium was the same in all but one case
(Ratio 33). Thereféré, the total radioactivity added was determined
by the volume of medium used. This resulted in the differences in
plateaus of cumulative evoived radioactivity. The higher medium/soil
ratios dé appear to show a lag in the evolution of radioactivity which
is not present in low medium/soil ratios,

It ﬁas been suggested that this observed lag may be caused by

the entrappment of metabolically produced 14COZ

by the water phase (4).
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" TABLE 4

Quantities of Soil and Medium Which Were Used to
Produce the Range of Liquid/Soil Ratios Studied

RM9 Medium (ml)ssks Soil (g) ‘ Ratio (ml/g)"

10. 05 0.3 R 33

0.5 | 0.05 ' 10

0.2 0.10 2.0

0.2 0.5 0.4

0.1 1.0 ' 0.1

1 0.05 1.0 . 0.05

0. 02% | 1.0 ~ 0.02
0.005% 1.0 | 0. 005

Small volumes were measured using a Hamilton syringe.

3*

ok Total activity 2 pCi/ml.
$o oS0 als b 3 1 14 14
#k%  Medium was RM9 containing =~ “C-lactate, C-formate,

14C_glucose, 14C-glycine and 35804 (total activity
20 pCi/ml).
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FIGURE 19 -

Effect of Medium/Soil Ratio on the Evolution
of Radioactivity from Wyaconda Soil

Medium

* RM% with 14C-lactate, 14C-glucose,
14c.glycine, 14C formate and 3550, °

' (total activity 20 pCi/ml except for

ratio of 33, where it was 2 pCi/m})

Legend -

33 (10 ml medium/0. 3 g soil)
10 (0. 5 ml medium/0. 05 g soil)
2 (0.2 ml medium/0.1 g soil)

0.4 (0.2 medium/0.5 g soil) A
0.1 (0.1 medium/1.0 g soil)
0.05 (0.05 medium/1.0 g soil) o
) 0. 005 {0, 005 medium/1.0 g soil) -
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A separete labeled release experiment (Ratio 0. 4) was halted at four
hodrs by the addition of trichloracetic acid (TCA) and the 14C,02
subseqdently released froni the mediuﬁ collected and measured. The
results of this experiment are shown in 'i‘able 5. Since 6,736 cpm
of radioaotivity was trapped-by 0.4 ml of medium, the entrappment of
approximately 17, 000 cpm miéht be expected per ml of liquid present.
There is a possibility that sorne of the released l"‘1C02 was contained in
cells whiclr were .ruptured by the TCA treatment. However, this
experimenr seems to confirm the fact that some metabolically produce_d'
14C02 is retained by the medidm. The quantity retained would be
influenced by several factors 'such as pH, temperature, stirring,
chemical and physical influence of soil arld the rste of 14002 production.
In order to interpret the 1s.be1ed release results of the various
medium/soil ratios and to compare the rates with which radioactive
gas was metabolically produced, the ratio of viable/sterile evolution
was calculated. Data presented in Figure 19 were divided by the |
cumuletive evolv;ed radioactivity from corresponding sterile controls.
Figure 20 shows the ratio ofvieble/sterile response that was obtained
from the various ratios of medium/soil. It is immediately apparent
that the three highest rnedium/soil ratios required several hours
until a ten fold difference between viable and sterile response was
obtained. On the other hand, the low medium/soil ratios produced a

100 - 1000 fold difference between viable and sterile response within

mer
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TABLE 5

, Entrapfnent of 14CO2 by Liquid

Culture System 0.4 ml RM9 medium (20 pCi/ml
' total radioactivity)

0.2 g Wyaconda soil
Ratio 2 ml/g

four-hour cumulative Viable Sterile

evolved radioactivity '

(cpm) 20,186 - 498
22,188 : 648

Evolved radioactivity 10,021 4,858

(cpm) after addition of

0.25 ml of 10% TCA. 11,910 3,602

Biologically produced - 6,736

14CO which was
releagedv by TCA
(Viable - Sterile)*

* Other studies have shown that acid produces a nonbiological
release. '
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FIGURE 20

Effect of Medium/Soil Ratio on the Ratio of
Viable/Sterile Liabeled Release
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/ Legend
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0.1 (0.1 medium/1.0 g soil)

0.05 (0.05 medium/1.0 g soil)

0.005 (0. 005 medium/1.0 g soil)
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the ﬁrst hour. Since the viable and sterile systems were identical
except for the heat treatment of .the sterilized soil, fetenti§n of
14CO2 by medium would be expected to be similar. The difference
in viable and sterile response should occur after CO2 saturation of
the viable n%_edium. Viable systems containingllarge volumes of medium
would in theory requirg a longer period of metabolism before the medium
became saturated with CO2 and evolution of 1"'lCOZ from its surface
became rapid. However, sterile systems would be expected to evolve
,‘ radioactivity at a low rate. and therefore reQuire a very 1ong incubation:
bef_cire evolution would occur. This wés not the case. The response from
both viable and sterile high medium/soil ratio systems was of similar
magnitude during the initial hours of incubation, and it was relatively
proportional to the volumg of medium used.

| It appears that the initial metabolic activity is actually greater
in the low medium/soil ratios. An explanation may be simply the large
relative inoculum size (naturally contained in the soil) which would
result in 16w medium/soil ratios.. Also, it may be theorized that larger
quantities of water dilute the'naturially existing environment to the point
where cells must undergo a period of readjustment before growth and/or
metabolism occur. Small quantities of water, on the other hand, probably

form a thin-film or monolayer which does not move native inorganics,

growth factors, and organisms from their natural juxtaposition.
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The avoidance of a lag in response may be of utmost importance.
Thg delayed response which occurs in thé wetter soil cultures'is depen-
dent upon adaptive surﬁval and proliferation of at least a fraction of
the micrqbial ﬂora.

Soils which contain relativeiy few organisms of selected genera
may not produce survivors after a period of suboptimal conditions such
.asvthose wﬁich a high liquid/soil ratio experiment may impose. The
conditions which favor the measurement of an initial burst of radio-
| activity would be highly advantageous.

Similar experiments were performed on Mojave and Victoria
Valley soils, with essentially the same results as those presented for
the Wyaconda soil. |

Of the ratios tested, those between 0.4 - 0.005 ml/g gave a
high initial biological response. However, the smaller ratios require
either a very small medium addition and correspondihg low total addition
of radioactivity of a large quantity of soil. A soil sample of 1 g to
which is added 0.1 ml of medium (ratio 0.1 ml/g) is the most likely
candidate for future experimental testing. |

2. ATP Production
Experiments were performed to test the effect of
the fnedium/soil ratio on the production of ATP. RM‘; medium and
Mojave soil were added to i)lan'chets in ratios as shown in Table 6.
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TABLE 6

Medium to Soil Ratios Used for ATP Studies

Soil (g) " Medium (ml) i , ' Ratio ml/g -
1.0 : . 0.005 0. 005
1.0 - , . 0.05 | 0.05
1.0 0.1 0.1
0.5 o 0.2 0.4
* Mojave soil

sk RM9 medium containing 14‘C-formate, 1'/'lc-la.c'ca’ce, 14C-glucose,
14C-glycine and 3°S0O, (total activity 20 pCi/ml). .
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After addition of medium to the soil, ge'ttéring was conducted to follow
" the evolution of radioactivity. ‘After one hour, the cultures containing
0 005, 0.05 ana 0.1 ml of medium had_réached a plateau in 14¢ evolution.
At that time, they were extracted and as sayéd for ATP. Heat sterilized
controis and several 1 g samples of viable soil, without medium, were
also assayed. The results of this experiment are presented in Figure 21.
The concentration of ATP (0.037 ug/g of soil) which was measured in
Mojave soil before growth, gives further iﬁdication concerning the number
| of‘bacteria present in that soil.. Sev_eral workers (5, 6, 7) have determined
that the concentration of ATP per bacterial cell is in the neighborhood of
5% 10-10 pg,

- Therefore:

0.037 ng ATP/g soil __ 7. 107 . ,
ug = 1 1
5% 10-10 pg ATP/cell - cells/g soi '

This value is somewhat higher than the (6 x 106) cells/g soil) value that
was obtained in a plate count of Mojave soil. However, commonly |
recognized difficulties of soil plating could easily explain the difference.

- The concentration of ATP in heat sterilized soil plus medium
(Figure'ZI) was considerably lower than viable soil without medium.
This would be expected since cellular death is associated with a
disappearance of ATP, The curve also showed a slight decrease at
the lower medium/soil ratios.

Viable soil and medium after growth showed concentrations of

ATP that were eight fold to ten fold higher than those found in sterile
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FIGURE 21

Effect of Medium/Soil Ratio on ATP Production by Mojave Soil

. . Ratioml/g
100 0.4 (0.5 g soil + 0.2 ml RM9)
.0.1 (1.0 g soil + 0.1 ml RM9)
0.05 (1.0 g soil + 0.05 ml RM9)
0.005 (1.0 g soil + 0. 005 m1 RM9)
. .
10} - . ,
A ATP (Viable - Sterile) per
ml medium added
@ 1+
&
e
(3}
<
-t
°
g Ce
s _ ,
E 8 8 {Viable-Soil + medium after growth) .
5.
g o.1f _
0 (]
: [+
1 g of Viable Soil before medium addition
a
o
—_— o )
\u
0.01} (o] o a
Heat sterilized Soil + Medium after growth‘
0.001 i L )
1 : 0.1 . 0.01 0,001

Ratio of Medium to Soil (ml/g)
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' ~éontrols? depending upon the quantity of medium added. Since the

: affecting agent in ATP production was the médium, a plot was made of
the diffefence between ATP con;:entrations of viable and sterile cultures
per ml of medium added versus the medium/soil .ratic;. This plot,
also shown in Figure 21, dramatically'sh'owed that the ATP produced
pér ml of medium added was greatly enhanced by a low/medium soil
ratio.

3. Phosphate Uptake and 146 and 35s
Uptake

Phosphate utilization and 14¢ and 35s uptake in "wet"
cultures of Mojave, Wyaconda and Victoria Valley soils were conducted
using 0.3 g of soil in 10 ml of RM9 medium containing 14C--forznate,
14C-1actate, 14C-glucose, 14C-g1ycine, and 35804, (total éctivity
2 pnCi/ml). The cultures were inéubated at 259C in the stirred tubes
shown in Figure 18. Direct gettering of the tubes resulted in the
- curves shown in Figures 22 through 24. At times indicated on these:
graphs, sample portions W'ere withdrawn and assayed for PO4-P and
14¢ and 35s uptake. The results of these assays are given in Tables 7
through 9. All three soils tested showed a 14C and 355 upfake by viable
soils which exceeded sterile soil uptake by 20 to 60 fold. Most of the
uptake occurred early in the logarithmic phase of growth, but the
incorporated 14¢ and 35S remained meaéurable at any time thereafter.

A decrease of PO4—P concentration concomitant with the labeled release
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FIGURE 22

Labeled Release of "Wet" .Moj'ave Soil Culture
(Sampling Points for 14C and 35S Uptake,
and PO4-P Assay are Indicated)

"0 0.3 g viable soil
©® 0.3 g heat sterilized soil 14 . 14 o
10 ml RM9 medium containing _ C-formate, C-lactate,
4C-gluc03e, 14C-g1ycine and SO4 (total activity
- 2 pCi/ml) ’ : :

Incubation at 25°C. '

Sampling Points

soo}

\

450} : ~
400t /

350} /

300 L

250¢

‘Cumulative Evolved Radioactivity (cpm x 10°3)
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100} o/
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Time (hr )
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FIGURE 23

Labeled Release of "Wet' Wyaconda Soil Culture
(Sampling Points for 14¢ and 35s Uptake
and POy -P Assay are Indicated)

.3 g viable soil .
.3 g heat sterilized soil - 14 o 14 ,
:-10 ml RM9 medium containing __C-formate, C-lactate,
= 14C-glucosg, 14C-gjlycine and SO (total activity '

2 uCi/ml) : L

o0
® 0
1

- . Incubation at ZSOC.
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FIGURE 24

Labeled Release of "Wet'" Victoria Valley Soil Culture
(Sampling Points for 14¢ and 35s Uptake, and
PO4-P Assay are Indicated)

«3 g viable soil

.3 g heat sterilized soil o 14

0 ml RM9 medium containing 14C-formate', 4C-1act'ate;
C-glucose, 1 C-glycine and “°SO, (total activity

2 pCi/mi) . o , :

o0
® 0
S |
Incubation at 25°C.
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sord I _--1
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TABLE 7

" Results of 14C and 358 Uptake and PO -P Assay
of the "Wet' Mojave Soil Culture
Shown in Figure 22

14’C and 358 Uptake CPM

Time’ ' o Viable Soil Sterile Soil
11 hours 20,418 20,161 795 _ 815
3% hours 30,923 128,970 1,206 923

34 hours 34, 740 32,529 1,230 852

‘PO4-P’ (mg/1)

Time Viable Soil Sterile Soil
1% hours 0. 42 0. 45 0.49 0. 50 -
3% hours . 0. 45 . 0.45 ' L

34 hours 0. 34 0.32 0.49 0.49
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TABLE 8

.Results of ,14C and 355 Uptake and PO -P Assay
of "Wet" Wyaconda Soil Culture Shown in Figure 23

14c'ahd' 353 Uptéke CPM N
Time | ‘ Viable Soil _ Sterile S_oil
1 hour | g7l 930 960 1,1764
24 hours 27,374 28,343 932 1,200
25 hours 29',553 | 27,923 1,207 1,491
453 hours 21,261 26,277 | 1,110 . | 982

PO -P (mg/l)

4
Time Viable Soil Sterile Soil
Thour 0.16 0.16 0.16 0.16
24 hours 0.06 1 o.06 0.12 | 0.12° -
29 hours 0.16 0.15 2 0.23 | 0.24
45 hours 0.19 0.19 0.25 0.33
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TABLE 9

' 35, - .
Results of 14tC and S Uptake and PO _ -P Assay
of "Wet'" Victoria Valley Soil Culture Shown in Figure 24

14C and 355 Uptake CPM v
Time o Viable Soil Sterilized Soil
45 minutes | 366 648 _760 _ 1,.135
53 hours 19, 168 1,814 639 1,407
99 hours | 28,005 . 26,100 541 381

PO,-P (mg/l)

Time Viable Soil “Sterilized Soil

45 minutes 0.17 0. 17 0.18 0.18 | %
" 53 hours 0.11 0. 14 0. 13 0. 14
99 hours 0.13 0.12 0. 12 0. 13
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curve was also.observed. Mojave and Wyac‘onda soils showed a ' PO,-P
decrease of approximately 0.1 mg/l1. | .Victoria Valley showed no PO4-P
uptake. |
F. Atmosphere Studies

A series of labeled release and ATP experiments Were
conducted in the Biospherics' environmental chambers in the presence
of various gas mixtures. The purpose of these experiments was to
determine thg effect of an anaerobic, microaerophylic, COZ and CO
atmosphere -on the test procedure and level of respoﬁse as compared
with that obtained in an aerobic envirohment.

1. Procedure

Prenumbered getters and planchets containing sterile

soils were loaded into anvenvironmental chamber (see Figure 25). The
chamber with attached glass wool filters was then placed in the auto-
clave and sterilized at 18 psi, 120°C for 45 minutes. It was then
removed from the autoclave, cooled and planchets containing viable
soil .aseptically added, Test gas was flushed through the system and
medium to displace air. A flush of thg test gas mixture was also main-
tained throughout the test period. The ché.mber was not opened to the
air during manipulations required for medium addition and getter
changes.
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2. N2/H2/CO2 Atmosphere

In view of the high CO, and low O, concentration of

2

the Martian atmosphere, a gas mixture containing 80% N,, 10% H,,

22
and 10% CO, was tested using Mojavé soii. Cumulative evolved radio-"
activity from viable and sterilé soils after 46 hours éf iﬁcubatiqn was
1,800 and 800 cpm, x;espectively. This was in such sharp contrast to
aerobic culture results, which had always éroduced over 100,000 cpm
after a few hours, that interference of the COZ atmosphere with the
test procedure was suspected.

A second experiment was conducted in which Ba(OH)2
impregpated getters were placed over planchéts containing water.
These planchets were subjected to the HZ/NZ/CO2 atmosphere,
removed from the chamber, and then used to getter an aerobic
Wyaconda soil culture. Results of this experiment,. shown in
Table 10, indicafe that the Ba(OH) getters are rendered incapable
of trapping evolved radioactivity by exposures of one. hour to a 10%

CO, atmo.sphere. Gettering experiments in a CO2 atmosphere were
concluded to be infeasible. Further studies excluded the use of CO,.

3. Effect of Various Gaseous Atmospheres on
Mojave, Wyaconda and Victoria Valley Soil

Labeled release experiments on Mojave, Wyaconda,
and Victoria Valley soil were conducted in the environmental chambers

- under the following gas mixtures:
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Interference of a 10% CoO, Environment on Ba(O_H)Z :
Gettering of 1"‘COZ Evolved Radioactivity

Treatment of Getters In

Getter Period
0.2 ml RM9

ts
b

Cumulative Counts

NZ/HZ/COZ Atmosphere 0.5 g Wyaconda Soil Collected CPM
20 hours 3 hours 1, 249
. 1, 248
No Treatment 3 hours Approx.AIOO, 000 -
1 bour 1 hour 85
345
No Treatment 1 hour 5,035
' ' 6,556

* RMO9 contained 14C—formate, 14C-1actate,_ 14‘C—glucose, 14C-glycine
and 3'5SO4 (total activity 20 nCi/ml)
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100% N2

90% N,, 10% H, |

90% N, 9% H,, 1% CO
The r:esults‘obtained in these studies were compared to results obtained
in air and are presented in Figures 26 through 31. All three soils

-

produced a lesser response under anaerobic conditions than that obtained

aerobically. However, in all cases, this lowered response was signifi-
. canﬂy higher than that prbduced by sterile controls. There appeared .
to be né difference'in the respohse .obtained with 90% NZ‘ 10% HZ’

90% N2/9% HZ/l% CO and 100% N,. But, the 99% Ny, 1% 0, mixtﬁre
kproduced a rate of evolution intermediate between the aerobic and
anaerobic respohse. Also noted was the fact that anaerobic culturing
greatly reduced the plateau of cumulative evolved radioactivity. This
might be explained in terms of the iﬁcomplete substrate utilization,
which would occur when fermentative pathways of metabolism were
being utilized.

Nonbiological response obtained from Wyaconda and Mojave
soils (Figures 29 and 30) were not affec;ced by the gas mixture used.
On the other hand, a comparison of many sterile controls from several
experiments tends to indicate that' the Victoria Valley ‘nonbiological
respohse may be higher in air than under anaerobic conditions

(see Figure 31).
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FIGURE 26

Effect of Various Gas Mixtures on the
Labeled Release from Viable Mojave Soil -
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formate, 14C-lactate, 1 C-glucose,
14C-glycine and 35504 (total activity
20 pCi/mil)
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FIGURE 27

. The Effect of Various Gas Mixtures on the
Liabeled Release from Wyaconda Soil

' o

200 - /O/

180 © 0.5 g soil . . 14
0.2 ml RM9 medium containing = C-formate,
3‘;C-lacta.t:e, 14C-glucose, 14C-glyc:i.ne and

SO, (total activity 20 pCi/ml)

.160 |- . 4 . S
Incubation at approximately 20°c.

140 -

120

100

® N,/0, (99:1) '
O N,/H,/CO (90: %:1)
A NZ/HZ (90: 10)

O Air

§ ) | L .
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FIGURE 28

The Effect of Various Gas Mixtures on the
Labeled Release from Viable Victoria Valley Soil .

1600} ' 0.5 g soil TR

’ 0.2 ml RM9 medium containing ~ "C- ~

formate, C-lactate, C-glucose,
C-glycine and 35504 (total activity

1400+ ’ 20 pCi/ml)

Cumulative Evolved Radioactivity (cpm)

L]

Incibation at approximately 20°c.

1200}
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0 N_/H_/CO (90: 9:1)
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FIGURE 29

Effect of Various Gas Mixtures on the Nonbiblogical

(30 min. 212°C) Mojave Soil
J

Evolution of Radioactivity by Heat Sterilized

0.5 g soil . :

0.2 ml RM9 medium containing 14C-

formate, 4C-lactate, 1 C-glucose, -
4C-g1ycine and 35504 (total activity

20~
: 20 pCi/mil)
Incubation at approximately 20%¢c.
1or ] NZ/O2 (99: 1)
o NZ/HZ/CO (90: 9: 1)
b A N, /H, (90: 10)
o | |
NZ
0 Air
8l
4-
A 4 1 3 1 Il 1 I
1 2 3 4 5 6 7 8
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FIGURE 30

Effect of Various Gas Mixtures on the Nonbiological
Evolution of Radioactivity by Heat Sterilized
(30 min. 2120C) Wyaconda Soil

40 i :

I 0.5 g soil © 14
0.2 ml RM9 medium containing = " C-
formate, *%C-lactate, 14C_glucose, '

: s 14 glycine and 35504 (total activity
36} 20 pCi/ml)
Incubation at approximately ZO?C.
a2 | © N,/O, (99:1) '
) =] NZIH /CO (90: 9: 1)
A N,/H, (90: 10)
28 | . O Air

Cumulative Evolved Radiocactivity (cpm x 10'2)
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-73-



Annual Report V1971
Contract No. NASW-1931

BIOSPHERICS INCORPORATED

FIGURE 31

. Effect of Various Gas Mixtures on the Nonbiological
Evolution of Radioactivity by Heat Sterilized
(30 min. -212°9C) Victoria Valley Soil

- 0.5 g soil .
0.2 ml RM9 medium containing 14C-
formate, C-lactate, 1 C-glucose,
14C-glycine and 3550—1 ({total activity
20 pCi/ml) .

Incubation at approximately 20°c.

36}

[«] 'NZ/HZ/CO (90: 9: 1) o

A NZ/HZ {90: 10) :
0 Air

Cumulative Evolved Radioactivity (cpmx 10° 2

Time (hr )
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4. Anaerobic Production of ATP
The productior; of ATP in Mojave soil (see Table 11)
was less during anaerobic incubation than during aerobic inc-ubation.
Nevertheless, Athe NZ/HZ culture resulted in viaiole soil ATP levels that
were 20 fold higher than sterile controls,

The anaerobjc ATP 1évels shown in Table 11 are approximately
one-half the values obtained ::-lerobically. This value supports the
labeled release data shown in Figure 26. Anaerobic culture produced
a cumulative evolved radioactivity with plateaued at approximately
60% of the cumulative evolved radioactivity observed during aerobic
incubation.

G. Antimetabolite Studies

The use of antimetabolites for treatment of control soils
has been studied in the pasAt. The possibility of their use in Martian
. experiments has three obvious advantages. First, a technique for
cold sterilization would simplify enéineering design and allow for
a broader range of material and test equipment. Second, the suscepti-
bility or resistance of Martian organisms to selected antimetabolites
would reveal important facts concerning their metabolism or structure.
Third, important preliminary information concerning organism control
and decontamination (a prerequisite for manned flights‘ or sample
return) would be obtained.
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TABLE 11

ATP Production Under Aerobic and

Anaerobic Conditions

ATP pg/g Soil After Growth

Average Difference
Between Viable

Atmosphere & Sterile Soils
Viable Sterile
Ajr . 1805 . 0093 . 185
. . 1947 . 0050
90%N,, 10%H, . 0979 . 0025 . 095
. 0996 . 0050
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The approach in this study was to test a broad range of agents

which have differing modes of action updn cells. Concentrations which

have been shown to be effective in other applications were used. The

following antimetabolites have been tested on Wyaconda and Mojave soil:

(o]

Mercuric Chloride - a heavy metal which poisons

énzymes by formation of mercaptides with sulfhydryl
groups.

Potassium Cyanide - chiefly inhibits cytochrome

oxidase.

Sodium Hypochlorite - nonspecific okidizing agent

.widely used for disinfection.

Bard-Parker Germicide - was used effectively in

the past to treat soils used for controls. Itis a
commercial preparation of 65.26% Isopropanol,
2. 7A5% Methanol, 8.00% Formaldehyde, and 0. 5%
Hexachlorophene. Its action is chiefly upon the
cell wall,

Ethylene Oxide - chemically active gas used in

cold sterilization.

Antibiotics -

Chloramphenicol antibiotic which is effective
against both gram positive and gram negative
bacteria. '
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Penicillin antibiotic which is efféctive against
gram positive bacteria. '

The procedure used in all these experiments was to add 0.3 ml
of a solution containing 0.2 ml RM9 medium and 0.1 ml of antimetabolite,
to 0.5 g of soil. Viable control soils were treated with 0.3 ml of a

“solution containing 0.2 ml RM9 medium and 0.1 ml of sterile distilled
water. Incubation was at 25°C on a laminar flow bench. Gettering of
labeled release was conducted in the usual fashion.

1. Mercuric Chloride
The effect of 1000 ppm mercuric c.hloride (HgCl,)
on Mojave and Wyaconda soil is given in Figures 32 and 33, Very
little inhibition of the Mojave séil was observed; however, a 6FO fold
decrease in activity of the Wyaconda soil occurred.
2. Potassium Cyanide
Studies done ea.rlief with other soil types had shown
that a concentration of 0. 05M KCN was an effective inhibitor (8).
Potas siumbcyanide (KCN, 0.05M) strongly inhibited both Mojave and
Wyaconda soil. (See Figures 34 and 35). The response of viablev
soil plus KCN was the same as that obtained with heat sterilized soil
and KCN.
3. Bard-Parker Germicide
Bard-Parker germicide (Figures 36 and 37) was only
'slightly effective at both 5% and 33% concentration for inhibition of

~78-~



" Cumulative EQolved Radioactivity (cpm)

10

10

10

Lo

el

(-]

Annual Report 1971
‘Contract No. NASW-1931

BIOSPHERICS INCORPORATED

FIGURE 32

.. Effect of HgClp (1000 ppm) on the Evolution of
Radioactivity from Wyaconda Soil

|

° © 0.5 g viable so0il + 0.2 ml RM9% + 0.1 ml
HZO :

0.5 g viable soil + 0.2 ml RM9 + 0.1 ml
3,000 ppm HgClZ

0.5 g heat sterilized soil + 0.2 ml

RM9 + 0.1 ml 3,000 ppm HeCl,

a

Incubation ZSOC. “Air

o RM9 medium contained 14C-la\c’cate, 14C-iormate,

' C-glucose, C-glycine and 35SO4 (total activity
20 pCi/ml). Antimetabolite was mixed with medium
prior to addition to soil) : '
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FIGURE 33

Effect of HgCl2 on the Evolution of Radioactivity from Mojave Soil

/—————o o
0 —A
/ /A
5
10 ] /A )
] / /s
o . ©© 0.5 g viable s0il + 0.2 ml RM9 + 0.1 ml H.O
g A 0.5 g viable soil + 0,2 ml RM9Y + 0. 1 ml
- . : 3,000 ppm HgCl, :
3 .
: — od i O 0.5 g heat sterilized soil + 0.2 m1. RM9 + 0.1
_E ml 3, 000 ppm HgCl
’:‘a — ® 0.2 ml RM9 +0.1 ml 3,000 ppm HgCl2
2 | | :
] A
= ot
o. ]
9 —
& —
—t
[2] ——
> Ond
&}
g —1 [ ]
£
'g . .
] Incubation 25°C. Air
14 14
RM9 medium contained C-lactate, C-formate,
C-glucose, 14C-glycine and 35504 (total activity
103 ° -20 pCi/ml). Antimetabolite was mixed with medium’
: prior to addition to soil) :
-
- ’ / D/D
e D
5]
102 1 i 1 §
2 4 6 8
: )
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FIGURE 34

Effect of KCN (O OSM) on the Evolution of Radioactivity
from Wyaconda Soil

Ll

!

0 0.5 g viable soil + 0.2 ml RM9 + 0.1 ml HZO
A 0.5 g viable soil + 0.2 ml RM9 + 0.1 ml 0.15M KCN
‘D 0.5 g heat sterilized soil + 0.2 ml RM9 + 0.1 ml 0.15M

. KCN
] 0.2m1RM9+0.1:n10.15MAKCN

Incubation 25°C. Air

{RM9 medium contained 14 C-lactate, 14C formate,
4_C-glucose, 14 4c. glycine and 3550 ‘(total activity
20 pCi/ml). Antimetabolite was mﬁied with medlum
prior to addition to soil) .

FNS

Time (hr )
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FIGURE 35

~ Effect of KCN (0.05M) on the Evolution of Radioactivity

L L l
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FIGURE 36

Eﬁ'_ect of Bard-Parker Germicide (BP) on the Evolution
of Radioactivity from Wyaconda Soil

Cumulative Evolved Radioactivity (cpm)

|

Incubation 25°C. Air

R 1 4
iRM‘} medium contained 4C-1actate, 1 C-formate,

4C-glucose,

1'1C-glycine and 3550 “(total activity

20 pCi/ml). Antimetabolite was mixed with medium
prior to addition to soil) ’

/O

10— A
- 'o/ A A
— i /A
_ /A
8 /A
A B
7 / | n— " -
A
. - s
g ————
103 / //////f o
2 - :
A / o o .
] - ’ o 0.5 g viable soil + 0.2 ml RM9 + 0.1 ml H,0
4 / / A 0.5 g viable soil + 0.2 ml RM9 + 0.1 ml 15% BP
-4 = 5 A 0.5 g viable soil + 0.2 ml RM9 + 0.1 ml 100% BP
_ 0 0.5 g heat sterilized soil + 0. 2 ml RM9
/ / +0.1 ml 15% BP
dw n ® 0.5 g heat sterilized soil + 0.2 ml RM9 +0.1
/ ml 100% BP -
-1 o
o
loz ‘a N I 1 1 : 1 ;
2 6 8 10 12 14
Time (hr ) -
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FIGURE 37

Effect of Bard-Parker Germicide (BP) on the Evolution

Cumulative Evolved Radiocactivity {cpm)

of Radioactivity from Mojave Soil
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'Mojav-e soil, Irt was soﬁlewhat more effective against Wyaconda soil,
and at the .33% concentration reduced the cumulative evolved ra;dio-
‘activity after tén houfs_ by 20 fold.

Figure 38 shc-st that an adverse nonbiological evolution of
radioactivity occurred when Bard-Parker ge;‘n’ﬁcide was added to the
medium. This e.ffect‘was reduced cdﬁsiderably, however, in the presence
of sterile soil (see Figures 36 and 37). Since these findings conflicted.
with earlier. program studies (10) in which Bard-Parker was used
effectively as a control inhibitor, the experiment was repeated using
a "wetter" liquid/soil ratio as had been employed before. The results
of this experime.nt are shown in Figupe 39. A liquid/soil ratio of 0.3 ml/
‘O. 1 g rather than 0.3 ml/0. 5 g caused the Bard-Parker germicide to
" be approximately 30 fold ﬁore effecti{fe at the same concentration,
The cumulative labeled release from viable soil and Bard-Pafker
germicide v.vas only slightly higher than the response obtained from
the heat sterilized soil plus Bard-Parker.

That the Bard-Parker germicide was effective under 'wet"
conditions, but not under '"moist'" conditions is most interesting. . An
explahation is not obvious at ’chis time, and further work is clearly
needed. Physical separation or dilution of Bard-Parker from the
medium by soil particles, or biological factorsv may be responsiblé.
However, the fact that ''wetter' cultures ﬁay undergo a lag in growth
not seen in '""dryer' experiments, indicates a difference in metabolism

- -85- . -
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FIGURE 38

Effect of Bard-Parkel; Germicide (BP) on the Nonbiological
Evolution of Radioactivity from RM9 Medium

Incubation 25°C. Air

‘RM‘? medium contained 14C laéztate, 14C-formate,
C glucose, C-glycine and 550 (total activity..
105 .20 pCi/ml). Antimetabolite was mixed with medium
: . prior to addition to soil) ’

0.2 ml RM9+ 0.1 ml100% BP
[ ]
«

o—-/

_—

il

|

'S

10—

0.2 ml RM9 4 0.1 m! 5% BP

T

R

l

Cumulative Evolved Radioactivity (Cpm)

10—
- 0.2 ml RM9 + 0.1 ml sterile HZO
2 i

10 3 8 0
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FIGURE 39

Effect of Bard-Parker Germicide (BP)‘ on the Evolution of
‘Radioactivity from Mojave Soil
(high medium/soil ratio)

o0 ° 14
o
_— /
/O
"o
- ——0 _—
] I
/ T
/* - -
10t | ’ ' o :
_ o : ' A A
v o /“‘"‘—‘"———_
] }/A , .
— A a a]
eééfof,_u
ﬁ ‘ © 0.1g viable soil 0.2 ml RMJ + 0.1 ml H,0
, o ® 0.2 ml RM9 + 0.1 ml 100% BP :
107 A 0.1 g viable soil + 0.2 ml RM9 + 0.1 ml
- 100% BP :
] o 0.1 g heat sterilized soil + 0.2 ml RM9 + 0.1 ml
7 100% BP .
- Incubation 25°C. Air
. . 14 ' 14
iRM9 medium contained = “C-lactate, C-formate,
4C~glucose, 14C-glycine and 35504 ‘(total activity
- 20 pCi/mil}. Antimetabolite was miXed with medium
prior to addition to soil) ’
102 s I ' L ) 1 : 2l —
K —F 12 T6 20 24 28

Time {hr )
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or viability. ACelvls in lag phase growth may be more susceptible to
the effecfs of the Bard-Pé,rker germicide. |
4. Sodium Hypochlorite
Concentrations of 5 and 50 ppm had no det‘ectable
effect oﬁ the evolution of radioactivity by viable soils (not shown)v. A
concenfration of 500 ppm as shown in Figures 40 and 41 decreased
the response of Wyaconda soii by seven foid, but had iittle effect on
the Mojave soil,
5. Ethylene Oxide
Ethylene oxide sterilization was conducted on 0.5 ¢
soil samples contained in 22 mm planchets. Tfeatment .Was with

56 mg/1 (CH 5O at a relative humidity of 52% and temperature of

5)

540C for six hours. As shown in Figures 42 and 43, the treatment
wés only slightly effective in inhibiting the evolution of radioactivity
from Mojave soil. The cumulative response from Wyaconda soil
was reduced approximately 20 fold by the ethylene oxide treatment.
The experiment was repeated with soil samples which were thinly
spread on filter paper during (CHp),0 exposure. The results of this
éxperiment were no different than those presented.
6. Antibiotics

.Two antibiotics, Chldramphenicol (1\00 pg/ml) and

Penicill%n-G (10 pg/ml) were tested for effect on th¢ evolution of

radioactivity from soil

~As shown in Figures 44 and 45, the

.88~



Cumulative Evélved Radioactivity (cpm)

Annual Report 1971
Contract No. NASW-1931

BIOSPHERICS INCORPORATED

FIGURE 40

Effect of Sodium Hypochlorite (500 ppm NaClO) on the
Evolution of Radioactivity from Wyaconda Soil

|

EEE

L

o

o ’_/,,///,_2 /_j__/____——%,——.

3 o® © 0.5 g viable soil + 0.2 ml RM9 + 0.1 ml H,0

103+ B A 0.5 g viable soil + 0.2 mI RMJ + 0. 1 ml 1500
ppm NaClO

o DO 0.5 g heat sterilized soil + 0.2 ml RM9 + 0.1

ml 1500 ppm NaClO
© 0.2 mlRM9 + 0.1 ml 1500 ppm NaClO

L. 1111
~

Incubation 25°C. Air

1 1
\'
\'

Do iRM‘) medium contained 14C-lactate, 14C-formate,
- / . . 4C-gl\xcose, 4C-glycine and 3550 {total activity
[ -20 pCi/ml). Antimetabolite was mixed with medium
prior to addition to soil)
102 - A 2 1 3 i 2 2
. 4 8 12 16 20 . 24 28

Time (hr )
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FIGURL 41

Effect of Sodium Hypochlorite (500 ppm NaClO) on the
Evolution of Radioactivity from Mojave Soil
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ﬁ © 0.5 g viable soil + 0.2 ml RM9 + 0.1 ml H,0
] A 0.5 g viable soil + 0.2 ml RM9 + 0.1 ml *
t 1500 ppm NaClO .
h D 0.5 g heat sterilized soil + 0.2 ml RM9 +
P 0.1 ml 1500 ppm NaClO

Incubation 25°C. Air

RN

RM9 medium contained 14C-lactate, 14C-format‘.e,
C-glucose, 4C-glycine and 3°s50 (total activity -
20 pCi/ml). Antimetabolite was mixed with medium
_ prior to addition to soil)
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FIGURE 42

Effect of Ethylene Oxide on the Evolution of

1

|

L

I

|

Lot

Radioactivity from Wyaconda Soil

Incubation 25° Air

{RM9 medium contained 14C-la::tate,
14¢c-formate, 14C-glucose, 1‘*C-glycine
and 3550y (total activity 20 pCi/ml)

° "

0. 5 g viable soil + 0.2 ml RM? )
0.5 g viable soil treated with Ethylene Oxide

’ : + 0.2 ml RM9
0.5 g heat sterilized soil treated with Ethylene
Fa\

Oxide + 0.2 ml RM9

‘\
Do

B

L A Il 2 L i

4 8 E 12 16 20 24
’ Time {(hr)
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‘FIGURE 43

Effect of Ethylene Oxide on the Evolution of
Radioactivity from Mojave Soil

-
. o °
. o
= o/
: A
/ A/A
o
5 / / '
17—, K Incubation 25C Air .
— (RM9 medium contained 14C:lactate, I?C-formate.
— l4c.glucose, 14C-glycine and 35504 (total activity
b A . . 20 pCi/ml) :
R / "’ o 0.5 g viable soil + 0.2 ml RM9
| : A 0.5 g viable soil tréated with ethylene oxide
+ 0.2 m) RM9
D 0.5 g heat sterilized soil treated with ethylene
— oxide + 0.2 ml RM9. ’
A
10% ]
D '
103 ' o
: //’
-
] -/O . ' .
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102 1 . 1 1, A ) —
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FIGURE 44

v _Effect of Chloramphenicol (100 ug/ml) and Penicillin-G (10 pg/ml)
on the Evolution of Radioactivity from Wyaconda Soil

10

R

Incubation 25C Air . ]
{RM9 medium contained 14C-lactate, l4(3 formate, -
14c-glucose, 14C-glycine and 3550, (total activity ’

20 pCi/ml)

l

© 0.5 g viable soil + 0.2 ml RM9 + 0.1 ml H,0

A 0.5 g viable soil + 0.2 ml RM9 + 0.1 ml of
{30 pg/ml) Penicillin-G

A 0.5 g viable scil + 0.2 ml RM9 + 0. lmlof

; {300 pg/ml) Chloramphenicol

D 0.5 g heat sterilized soil + 0.2 ml RM9 + 0.1 ml of
(30 pg/ml) Penicillin G

® 0.5 g heat sterilized soil + 0.2 ml RM9 + 0.l ml of
(300 pg/ml) Chloramphenicol.
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FIGURE 45

Effect of Chloramphenicol (100 pg/ml) and Penicillin-G-
(10 pg/ml) on the Evolution of Radioactivity from
' Mojave Soil

(o]
—
—A—4 A
/A5 | |
ﬁ Incubation 25 C, Air
A/ (RM9 medium contained 14C-lactate, 14C-z’ormate,
; l4c_glucose, 14C-glycine and 3550, (total activity
Of 20 pCi/ml)

|
|

5
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0.5 g viable so0il + 0,2 ml RM9 + 0.1 ml H2O
0.5 g viable soil + 0.2 ml RM9 + 0.1 ml of
(30 pg/ml) Penicillin-G

C 05gv1ableso1l+02mlRM9+0lmlof
A (300 pg/ml) Chloramphenicol

: ) ' 0.5 g heat sterilized soil + 0.2 ml RM9 and 0.1 ml of

(30 pug/ml) Penicillin-G
B 0.5 g heat sterilized soil + 0.2 ml RM9 + 0.1 ml of
{300 pg/m}) Chloramphenicol .
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‘concentrations of antibiotics tested were only slightly effective in
inhibiting the evolution of radioactivity from Wyaconda soil ana had
no effect on the Mojave rsoil.
H. Substrate Studies

Various 1abe1ed‘ substrates Were individually tested by
the labeled release to‘_determiné their contribution to the overall
response from the complete RM9 medium. In addition to l4c-formate,
14C-1actate, 14’C-glucose and 1'{J‘C—glycine, other candidate substrates
which have been recommended (9) were also tested. All substrate
concentrations were made to 2.5 x 104 M and the ra,dioactivify of the
substrates adjusted to 1 pCi/nil_ per substrate carbon a’cém. For example,
RM9 with 14C-formate was prepared to contain a total actiyity of
1 pCi/ml, whereas RM9 with 14C—glu.cose was prepared to contain
6 nCi/ml. Medium was prepared in which 14C-formate, 14c_DL-lactate,
14C-glucose and 14C-g1ycine were presént, both singly and in combina-
tioh with the other unlabeled substrates. |

Labeled release was conducted using Mojave, Wyaconda and
Victoria Valley soil.

There was no difference in the kinetics of 14C evolution,
regardless of whether the labeled substrate was alone or in con-
junction with other unlabeled substrates. The kineticé of 14¢C
evolutior.l from rﬁédiufn containing individually labeled substrates in

the presence of Mojave soil, are shown in Figure 46. There appeared

Jo—
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FIGURE 46
Evolution of Radiocactivity from RM9Y Medium

Containing Various Labeled Single Substrates,
- by Mojave Soil
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» 0/ .
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' A g A . A
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e _ Acetate
/Q/’M : " Glycine
/ :
P i i I- 2. A
8 12 16 20 24
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¥ The measured amount of radioactivity in l4C—1’0rmate medium was 3.73 times lower than

the average of all other sabstrates. Values of *
multiplied by 3. 73, ' '
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to be two distinct families of curves. Media containing 14C-g1ucOsé,
14C-DL'--lac’ca'ce, and 14C-L-lactate produced a cumulative 4G
evolution that was approximately two-fold higher than that produced
from medium containing 14C-formate, 14C-glycine, !#4C-acetate or
14C—g1ycolate. Medium containing 14C—a1anine produced a cumulative
evolution of radioactivify that appeared intermediate between these two
groups.

The sﬁbstrates 14C-églycine, 14C—glycolate and ¥C_acetate
are universally labeled and arke at twice the specific activity of
14c_formate. Since all four of these substrates evolved a similar
amount of radioactivity, it would appear that an equivalent of one
carbon from each was being utilized; perhaps by a similar sefies of
reactions.

Lactate and glucose both produced a similar level of evolved
radioactivity. Since that level was approkirriately twice the amount
produced from the one and two carbon substrates, i’c appears that an
equivalent of two carbons are liberated from both of these substrates.
The data tend to show that the glucose is not metabolized via a three
carbon split, or if so, only one of the three-carbon fragments is
metavolized in a scheme éimilar to lactate utilization.

Alanine produced a level of evolved radioacti\‘zity, §vhich was

equivalent to the release of slightly less than 1.5 carbon atoms. How‘ever,A
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if an efficiency is defined as the radioactivity evolved per tota1~ radio-
activity added, then alanine would have approximately the same
efficiency as the two-carbon s,ﬁbstrates. See Table 12.

' 'Fdrmate produced the highest efficiency of 14¢ turnover and
glucose produced the lowest.

Itvwas also noted that the inifial rate ,Of evolution of radioactivity
was substrate dependent. Fé?mate and glﬁcose produced the highest
initial rate of 14C evolution. Of all substrates tested, glycine stood
out as producing the longest lag in evolution of radicactivity.

Results of medium testing'with Wyaconda (Figure 47) soil
were similar to those obtained with Mojave soil. Two fz'lmilies of |
curves were again obtained. Howevef, the production of labeled
gas was generaliy not as great.

With the exception of glucose, all substrates showed a lag
in ra.dio'activeA evolution-~glycolate produced the longest lag.
Evolution of 14C from glucose occurred at a lower rate than in the
presence of the Mojave. soil. However, the initial rate with Wyaconda
soil greatly exceeded that produced from all other substrates.

Responses obtained from DL-lactate and L-lactate were
- approximately equal in terms of total radioactivity, thus indicating
that both enantiomofphs are used with similar efficien‘cy. Dand L

lactate are commonly metabolized by two independent and specific
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Radioactivity Evolved from Various
Labeled Substrates by Wyaconda Soil

TABLE 12

Added. - -Radioacti_vi'gy_ -

Radioactivity Evolved ¥
Substrate (cpm)* (cpm) Ratio
Formate 2,500 8,000 - 3.20
Liactate 27, 000 51,000 1. 90
Alanine 26, 000 40, 000 1. 54
Glycolate 19,000 28,000 1.47
‘Acetate 19, 000 27, 000 1. 42
Glycine 20, 000 28,000 1.40
Glucose 55, 000 47,000. 0. 85

* Measured by Ba.(OH)2 method described in Appendix (Section 1-C,

Step 4)

+ Evolved radioactivity (cpm) divided by added radioactivity (cpm)
by BaOH method. ' '

~-99.

g



.Cufnulaﬁve Evolved Radioactivity ( cpm# 1073)

Annual Report 1971
Contract No. NASW-1931

BIOSPHERICS INCORPORATED

FIGURE 47

Evolution of Radioactivity from RM9 Medium Containing
Various Labeled Single Substrates by Wyaconda Soil

_ - L- Lactate
50t . //_,_____,/)-—/8 )
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40L /D
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- % .
30 Glycine £ Formate /8
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@. ’g:ﬂ - I 1 ]

Y i
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* The measured amount of radioactivity in 14¢_formate medium was 3.73 times lower
than the average of all other substrates. Values of 4G evolution as presented have
been multiplied by 3. 73, : :
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enzymes or by racemization by special facemase enzymes, Non-
biological évolution of radioactivity from individual substrates amounted
to no more than 3% of the biological responses, excépt in the iﬁitiél
stages of glycine and aceta,te. utilization. - The ratio éf vié.ble to non-
viable response was as great as 10,000:1 in some cases.

A test of the signal obtained from medium containing non"-
labeled organics and 3550, was conducted anaerobically in the

environmental chambers, using a culture of Desulfovibrio desulfuricans

cholinicas. A 0.1 ml sample of a day-old D. desulfuricans culture

was added to planchets‘which were then placed in the chamber and
flushed with NZ/HZ (90:10). .To .this, was added 0.2 ml of RM9 con-
taining 3. 4 mg/1 of 3580, (10 uCi/ml) and 2.5 x 10-4 M glucose, lactate,
formate, glycine. EvolvAec.l radioactivity was trapped with Ba(OH), in the
normal fashion. Results were as shown in Figure 48. .The response was
not as great as with labeled .carbon; however, a 100-fold ratio between
viable and control responses was obtained. D. desulfuricans is a strict
anaerobe, unable to grow at oxidation potentials above 200 mv. The con-
ditions provided by this experiment were probably less than optirﬁum;
héwever, a significant biological signal was observed. Nonbiological
evolution of radioactivity by a nonviable culture was essentially at back-

ground level.
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FIGURE 48

Evolution of Radioactivity from RM9 Medium Containing 35504 by
Desulfovibrio desulfuricans cholinecus

0.2 mg of RM9 containing 3.4 mg/1 of
35504 = (10 uCi/ml) and 0.25 M in glucose,
lactate, formate and glycine .

Incubation was under 10% Hj, 90% H, at 250C

Viable contained 0.2 ml of 24-hr. culture of
D. desulfuricans

Control was both medium alone and very old
D, desulfuricans culture :

.Viahle

Cumulative Evolved Radioactivity
(cpm x 10'3)

0
/0 4 Al 1. 1
10 20 30 40 . 50
Time (hr)
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. L pH Studies

Expe;iments were conducted to determine if the response
from soil was affected by buffering the soil/medium culture at a pH
which was different from the pH achieved when that soil was immersed.
in unbuffered fnedium. 0.3 g of soil were immersed into 10 ml of RM9
medium containing 2.4 x 10-4 M 14C-lactate, 14C-glucose, 14“C-g1yc:ine,
14c_formate and 35504 (total radioactivity 2 pCi/ml). Duplicate
cultures in which the medium contained 0. 05 M Tris buffer were com-
pared with cultures having no Tris buffer. The results of an experi-
ment employing Mojave soil are shown in Figures 49, The
buffered medium which resulted in a culture with a lower pH showed
increaséd labeled releaée, ATP production and 14 uptake, - above that
obtained for the unbuffered system.

A similar experiment which was performed with woody soil
(unbuffered pH 5.7, buffered pH 6 7) sho';zved no difference in labeled
reléase, ATP and 14‘C uptake due to buffering.

Although Tris buffer caused enhancement of response from
the Mojave soil, the effect. would appear to be soil dependent, and
in theory might be inhibitory in some cases. The pH of low liquid/
soil ratio was not measured, but it is likely that the 0.05M Tris
would not appreciébly change the pH.

The concentrations of buffer that would be required to sté.b'ili_z'.e, :
the pH in these systems would likely be very high, and might c.auée '

-103- .-
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inhibition‘ of some orgahisms. Sugge(stions concerning media for the
- "Viking 75" mission have made.the inclusion of Tris or another stréng '
buffer less attractive (9). _

J.  Nitrogen Studies

The development of a technique for monitoring microbial
nitrogen metabolism was approached in a preliminary Way in this
progrém. -Methods for detecting life as measured by changes in the con-
centration of nitrogen compounds were viewed for possible inclusion
in the AMML., From the aspect of theqrétical importance, sensitivity,
and compatibility with othevr life detection schemes planned, a measure-
ment of N, - fixation by the technique of acetylene reduction appeared
most feasible.

It has been shown that the nitrogen-fixing complex (nitrogenase)
also reduces acetylene to ethylene (11‘)!'. On the basis of this reaction,
Stewart et al (12) have describéd a method for in situ measurement of
Nz-fixafion rates in root nodules and algae. With a few modifications,
the experiment described by these authors was tested on soil.

The results thus far are highly encouraging. It appears that
in addition to monitoring nitrogen metabolism, the method may also

detec: the presence of phototrophic activity.

" -105-
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IVv. - ENGINEERING

The engineering effort on this program has been directed
toward a software rather than hardware developmént. As the various
new and.revised metabolic assays were developed in the laboratory,
these were reviewed with respect to their application in the AMML
breadboard instrument.

The initial cqncept for the basic AMML processing system is
stili adequate for the aqueous portio'n of the assays. The incorporation
o_f a ""moist'" soil cult.ure system, however, will require additional
ha;r'dware and new techniques must be developed to perform this type
of assay. Several concepts of suitable techniques have been reviewed
and one of these shows con.siderable.promise in meeting the requirements
for the sysltem. This concept entails the use of separate tesf chambers
for each assay sample. The samples are incubated ''moist, ' then eluted
individually so that an aqueoﬁs extract may be removed for the assay.
(ATP, 14C and 35g uptake, phosphate uptake, or others which may be
included in the future).

The automated programmer concept which was developed for
the AMML breadboard use.s a punched program tape and numerical

control technique is directly compatible with the current assay requirement,
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APPENDIX I - METHODS AND TECHNIQUES

~Section 1 - Media

A. The composition of RM9 medium which was used throughout

the program, with the exception of the section on, "Substrate Studies,"

is shown in Table 1.
TABLE 1

Composition of RM9 Medium

Basal: | ‘ K,HPO, 25 mg/l |
MgClz’ 6HZO 66 mg/1
NH,NO, | 200 mg/1
NaCl 100 mg/1
 Soil Extract# | 100 mg/1
Tris 6 g/l

Adjusted to pH 7.0 with HC1
Radioisotopes: (14C) Sodium Formate 6.5 mCi/l
D-(UL-14C) Glucose . 1.3 mcCi/1
DL-(1-14C) Sodium Lactate 1.3 mCi/l
(UL-14C) Glycine | 1.0 mCi/l

Sodium Sulfate (355) ' 10 mCi/l

20 mg/1
50 mg/1
20 mg/1
20 mg/1

3.4 mg/l

**Soil extract was prepared by suspending 500 g of air-dried soil in
1,300 ml of water. The mixture was then autoclaved for one hour,
filtered, and made up to one liter with sterile, distilled water.

S
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B. The l4C organié substrate éoncentrations were adjusted during
the phase of study on substrates. Medina used cont.ained one or more labeled
or unlabeled substrates in concentrations and specific activities as shown.

TABLE 2

Composition of RM9 Medium Used in Substrate Studies

Basal: Same as Table 1

Radioisotopes.: (14C)..Sodium Foxjmate v 1 .pCi/ml 2.5x 1074 M
D(UL'14'C) Glucose _ 6 }pCi/rn'l .o
D(UL"14C) Sodium Lactate 3 pCi/mi
L(UL'14C) Sodium Lactate 3 in/ml "
(UL=14C) Glycine 2 pCi/ml L
L(UL-14C) Alanine 3 p..Ci/ml -
(UL"14C) Sodium Acetate | 2 pCi/ml "
(UL-14C) Sodium Glycolate 2 l}lCi./rnl' "
(33S) Sodium Sulphate - 10 pCi/ml 3.5 mg/l

C. Preparation of RM9 Medium
Step 1. Basal medium is made up in 1 liter batches, placed
in 100 ml aliquots and autoclaved for 20 minutes,
i8 psi, 120°C.
Step 2. Labeled substrate is added to obtain the required
radioactivity level. The concentration is then brought

to the prescribed level with unlabeled substrate.

-2~
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.A_fter a-ddi;cion of labeled substrate(s) the solution is

filter sterilized through a 0.22 p pore-size membrane

filter.

Freshly prepared medium generally shows ‘a higher

than background count when the sterile medium is

gettered. This nonbiological emission can be

reduced by shaking the sterile medium in a hori-

zontal water bath shaker at 35°C. Medium is shaken

until 0. 2 rni shows a count of 100 cpm or 1ess.for a

one-hour gettering period.

Radioactivity is measured befoge and after eaéh

experiment using the following procedure:

a. Three drops -of saturated BaL(OH)2 are pl.aced in
duplicate stainless steel concentric plénchets

b. To each of these planchets, 0.02 ml of medium
and 0.4 ml of distilled water are added.

c. The planchets are dried under an infrared light
for approximately 30 minutes.

d. Planchets are counted for one minute in a
Nuclear Chicago D-47‘ Gas Flow Counting

Apparatus.



Annual Report 1971
Contract No. NASW-1931

BIOSPHERICS INCORPORATED

Step 5. Media is stored at 3°C ul;ltil used. It isfilter steri-
lized again before use and a measurement éf radio-
activity (as in Step 45 is performeci prior to each.
experiment.

" Section 2

A. Procedure for Conducting the Liabeled Release Experiment:

Step 1. Sifted'soil samples (14 mesh screen), ranging in size
from 25 mg to 100 mg, are weighed into sterile, one-
inch aluminum planchets. Planchets are precleaned
by boiling in Sparkleen detergent until water wets the
éluminum evenly. They are then thoroughly rinsed
with tap and distilled water.

Step 2. Control soils (unless otherwise stated) are prepared
by drf heat sterilizatién. Planchets containing a
weighed quantity of soil are placed in glass petri
dishes and placed in a hot air oven at 212°C for
30 minutes.

Step 3. Planchets are placed in a holding rack or in sterile
petri dishes and set on a laminar flow bench. An
experiment is initiated by the addition of labeled

medium to soil. Immediately upon addition of the

labeled medium, each soil containing planchet is

-4
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capped with an inverted planchet lined with a filter

pad moistened with three drops of satura.ted‘Ba(OH)Z
(see Figure 1).

After a timed interval, the ge'gtering pads were repla;ced
with planchets lined with freshly rﬁois’cened Ba,(C)H)2
pads. This regimen was followed throughout the entire
expérimeﬁt.

The getter pads were dried under an infrared lamp for
about 15 to 20 minutes and transferred to clean planchets,
Radioactivity retained on each pad was determined in

a Nuclear Chicago D-47 Gas Flow Coﬁn’cing Apparatus:

flushed with Q-gas.

B. Loss of radioactive gas due to leakage of planchets was checked

in the following manner:

Four planchets containing viable soil and labeled medium were

capped with getters and placed in a 14 cm diameter glass petri dish

containing five planchets having exposed getter pads saturated with

Ba(OI—I)z. Placement of getters'and viable cultures was as shown in

Figure 2. During a 24-hour incubation period, the getters on the viable

cultures were changed after 2, 4, 6, 8, and 24 hours. The open getters

were changed after 6 and 24 hours. Results were as shown in Table II.

Although it is likely that some radioactive gas escaped completely, the

-5«
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FIGURE 2

Placement of Getters and Viable Planchets for
Gas Leakage Experiment

Getter .
(4)

Actual Size
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TABLE 3

Leakage of Radioactivity from Planchets

Radioactivity Trapped Above Viable Cultures (cpm)

21,754 21,832 22,507 19,083

24,382 20;182 29,908 | 26,392

25, 674 20, 651 31, 332 29, 482

27,926 27,761 27, 246 36, 652

96, 100 102,417 | 92,137 126, 051
829, 500

Radioactivity Trapped by Open Getters

(1) (2) (3) (4) (5)
826 688 660 413 133
3273 3280 5024 2750 1240

18, 280

oy
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crossover contamination could not exceed this ""worst case' situation.
Crossover contamination which resulted was approximately 2%.
Section 3

A. Procedure for Performing the ATP Assay
Butanol Sonication Extraction:

The following procedure was used during attempts to adapt

the AMML assay procedures to '"moist'" culture conditions:

'Step. 1. Soil/medium sample was rinsed quantitatively into
a éentrifuge tube with 5 ml of 0.02 M, pH 7.5
arsenate buffer.

Step 2. Five ml of n-butanol was added and the mixture was
sonicated for two minutes at 65 Wétts, 20 kc/sec.,
in an ice bath.

Step 3. The rnixture was centrifuged at 6.,'000-x g for five
minutes to separate the butanol and water. The
water phase was removed and assayed by the firefly
bioluminescence technique.

B. Boiling Tris buffer extraction: This procedure was used
except when indicate_d above.

Step 1. Soil/medium sample and planchet (or 1 ml of liquid
culture) is drépped into a beaker containing approxi-
mately 20 ml of boiling Tris buffer.

Step 2. The mixture is éooled on ice, rinsed into a 25 ml

volumetric flask, and brought to volume.

-9-
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Step 3. A porti.on of the rnixture is filtered and'as sayed by
the firefly bioluminescence technique.
- C. Firefly Bioluminescence ATP Assay:

A 10 pl quantity of sample is méasured into a cuvette using a
50 ul Hamilton syringe having a 10 cm. piece of 26 gauge teflon spaghetti
tubing attached to the needle. The cuvette is placed in the luminescence
measuring device and a 50 pl quantity of enzyme reaction mixture (duPont)
injeéted. The millivo-lt response which résults is quantitated on the basis
of known standards.

Section 4

A. Procedure for Performing Phosphate Uptake
Experiments on ""Moist'' Culture Systems

Step 1. The soil/medium sample was quantitatively tfansferred
to a 25 mm diameter -m.illipore filtering apparatus
which contained a 0.45 p pore-size membrane filter
which had been previously wet with 0.1 ml of unlabeled.

- RM9 medium without added phosphate. | Unlabelgd RM9
medium without added phosphate was used to transfer
and wash the soil. The volume used Wés varied from.

2 - 5ml as designated in the text.

Step 2. The filtrate was caught in a clean test tube, two drops of

| chloroform were added as a preservative, and the tube

was stoppered and refrigerated until phosphate assay.
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B.4 Procedure for Pex;forming Phosphate Uptai(e

Experiments on "Wet'" Culture Systems

Step 1. A one (1) ml sample of stirred liquid culture was
quantitatively removed and transferred to a 25 mm
diameter millipore filtering apparatus.which contained
a 0. 45 pl pore-size membrane filter which had been
previously wet with 0.1 ml of unlabeled RM9 medium
without added phosphate. Four (4) one-ml portions
of RM9 medium Witﬁout phosphate were used to wash

~ the filter.

Step 2. The filtrate was caught in a clean test tube, two drops
of chloroform were added as a preservative, and the
tube was stoppered and refrigerated until phosphate
assay. |

C. Procedure for Colorimetric Phosphate Assay
Reagents: 1. Ammonium Molybdate éolution - a one percent
| aqueous solution of (NH,)¢ Mo Oz4°4H,0 is
diluted with three volumes of five percent éulfuric
acid.
2. Stannous Chloride Solution - 40 mg of SnCl," 2H,O
is dissolved in 100 ml of one perce-nt hydrochloric

acid (prepared fresh daily).
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Procedure: " 1. Add'S. 0 ml of sample or sfandard to a 10 ml
Erienmeyer flask.
2. Add 1.0 ml of ammonium molybdate reagent and
mix thoroughly.
3. Immediately add 1.0 ml of stannous chloride reagent
and mix.
4, After 12 to 15 minu;ces at room temperature, read
at 690 nm in a 13 mm cell against distilled water.
Section 5
Procedure for performing 14¢ and 35s uptake:
Membrane filters reéulting from Section 4-A, Step 1, were dried under
infrared light and transferred to clean planchets. Radioactivity retained
on each pad was determined in a Nuclear Chicago D-47 Gas Flow Counting

Apparatus, flushed with Q-gas.
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