
Amino acids were found in the condensed water samples
collected from the inside of MIR indicating the presence of
microorganisms probably grown in orbit.  Aromatic alcohols
and aldehydes were found in the benzene extracts of the water
samples and they were likely from the sterilants and fragrances
used in MIR.  Present analysis of the benzene extracts failed to
find a signature of the fire on February 23, 1997 that took place
inside MIR.

Three samples of condensed water at different sites inside
the Russian space station MIR were collected by the crew on
February 27, 1997.  The collection was a part of the investiga-
tion of the microflora developed inside the station since its
operation in orbit in 1986.  The three samples are named as C1
collected at the Panel no. 4 of transfer-docking compartment in
the Crystal Module, C2 at the heat pipe of the transfer compo-
nent in the Core Module, and C3 at the life support system
“VIKA” in the Kvant-2 Module.  Three samples were obtained
by National Space Development Agency of Japan.

We analyzed for amino acids in C1 and C3 (the C2 portion
was lost during analysis), and benzene-extractable organic com-
pounds in the three samples.  Each sample (1089 mg of C1, 876
mg of C2, and 961 mg of C3) was extracted with benzene (2
mL).  The extracts were carefully concentrated under nitrogen
flow, and analyzed by a gas chromatograph (GC) combined to a
mass spectrometer (MS) (Hewlett Packard GCD).  The GC was
equipped with a DB-5ht capillary column.  The mass spectra
were acquired every 0.5 s over m/z 45 to 450 in the electron
impact ionization mode at 70 eV.  Chromatographic peaks were
identified by comparison of mass spectra with those from the
library data of the National Institute of Standards and Technology,
U. S. A. (1992).

The aqueous portion left after the benzene extraction was
hydrolyzed with 6 mol L–1 HCl and a half of the hydrolyzed
solution was analyzed for amino acids quantitatively by an
amino acid analyzer (JEOL JLC-300).  The rest was dried and
treated first with HCl–2-propanol and then with trifluoroacetic
anhydride to make the derivatives of amino acids (N-trifluo-
roacetyl amino acid isopropyl esters).  The amino acid deriva-
tives were examined by GC–MS (Shimadzu QP-5000) for the
separation of D- and L-enantiomers by a Chirasil-L-Val capil-
lary column and identified by comparison of GC retention times
and mass spectra of standard compounds.  Mass spectra were
acquired every 0.1 s for selective ions in the chemical ioniza-
tion mode at 200 eV with isobutane as reacting gas.

Analytical grade hexane (Wako Pure Chemicals), twice
distilled 6 mol L–1 HCl were used.  Water used as solvent was
distilled, deionized, and twice distilled.  All glassware was
heated at 500 °C for 3 h prior to use to remove contaminants.

Eighteen amino acids found in C1 and 13 amino acids in
C3 were quantified, and their concentrations were listed in
Table 1.  The concentrations in C1 were generally one order of
magnitude higher than those in C3.  However, the amino acid
compositions in the two samples were rather similar to each
other as seen by the ratio of each to glycine (Table 1).  Only
two amino acids (4-aminobutanoic acid and ornithine) were
non-protein amino acids and the rests were protein ones.  In
addition, very small amounts of N-methylglycine, 2-amino-2-
methylpropanoic acid (AIBA), and 2-amino-2-methylbutanoic
acid (isovaline) were found by GC-MS analysis.  We failed to
detect any amino acid in a control analysis using our distilled
water sample.  Therefore, the results of the C1 and C3 samples
were not due to artifact.  D/L ratios of abundant 9 amino acids in
C1 and C3 were estimated and shown in Table 2.  All of the
ratios are small indicating the L-enantiomer predominance.

The compositions and the enantiomeric feature strongly
suggest that those amino acids in C1 and C3 were mainly from
proteins.  It is rather difficult to consider that protein molecules
were floated in the space of MIR and dissolved in the con-
densed water, but reasonable to attribute them to microorgan-
isms in the water.  The concentration difference between the
two water samples likely reflect the difference in population of
the organisms.  The finding of AIBA and non-racemic isovaline
in C1 supports this interpretation.  The two amino acids are
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very rare in organisms except that they are unique amino acids
in fungous peptide antibiotics.1 Consequently, fungi were like-
ly present in C1.

Total ion chromatogram of benzene extract in the C3 sam-
ple is shown in Figure 1.  A total of 22 major peaks were identi-
fied and their compound names are listed in Table 3 together
with those found in C1 and C2.  Many of these are aromatic
alcohols and aldehydes whose concentrations are roughly at the
level of sub-nmol mL–1.  Since the presence of microorganisms
in the water samples was indicated, cultivated Escherichia coli
was extracted with benzene and the extract was analyzed by the
GC–MS method.  The major compounds found were indole,
alkanes, alkanoic acids and alkanoic aldehydes.  Those com-
pounds are different kinds from those found in the water sam-
ples.  Aromatic alcohols and aldehydes are common chemicals
used in the sterilants and fragrances.2 Therefore, it is likely that
these alcohol and aldehyde molecules were in the space of MIR
and accumulated in the condensed water having been dissolved
during in orbit.  It is worthy to note that these compounds were
present more abundantly in C3 than C1, which may account for
the difference in population of microorganisms between the two
water samples.

Relatively large peaks of siloxanes were found in the early
retention time region on the total ion chromatogram in Figure 1
(those peaks are not marked) in addition to the phthalate (peak
no. 22).  They are known to be constituents of rubbers and plas-
tics, and therefore, considered to be contaminants during the
sampling and storage of the water samples.  No special care had
been taken to avoid organic contamination prior to the organic
analyses, because the analyses were not planed initially.

Aromatic hydrocarbons such as fluoranthene, pyrene, chry-
sene, benzopyrene, and coronene were not detected in the ben-
zene extracts of the three water samples.  These compounds can
be produced under combustion of plants and woods.3

Apparently, no signature was found from the water analysis to
show an evidence of the fire on February 23, 1997 that took
place inside MIR, although those aromatics do not easily dis-
solve in water.

In conclusion, the organic analyses of the condensed water
samples collected inside MIR indicate the growth of microor-
ganisms during the stay in orbit, and the presence of aromatic
alcohol and aldehyde molecules in its space.  However, it was
failed to find a signature of the fire by the present analyses.
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