Cometary Glycine Detected in Stardust-Returned Samples. . E. Eisifa’, D. P. Glavin® and 1. P, Dworkin',

‘Goddard  Center  for  Astrobiology, NASA  Geddard Space

Jamie Elsila@@nasa.gov.

Introduction: In January 2006, NASA's Stardust
spacecrafl returned samples from comet 81P/Wild 2 to
Farth {1}, The Stardust cometary collector consisted of
aerogel cells lined with aluminum foils designed w
capture impacting particles and facilitate removal of
the acrogel [2} {Fig 1), Prefiminary examinations of
these cometrexposed materials revealed a sulte of
organic compounds, including several amines and
aming acids [3]. which were later examined n more
detail [4]. Methylamine [NH.CH;) and ethvlamine
{NH:CiHe) were detected in the exposed aeroge! at
concenirations  greatly exceeding those found in
control  samples, while the amino acid ghyeine
[NHCH,COOH) was detected in several {oil saumples
as well as in the comet-exposed aerogel [4]. None of
these three compounds had been previously detected in
comets, although methylamine had been observed in
the intersteliar medivm [3]. Although comparison with
controb samples suggested that the detected glycine
was cometary. the previous work was not able 1o
conclusively identify its origin. Here, we present the
resuits of compound-specific carbon isotopic analysis
of giveine in Stardust cometary collectar foifs {61
Several foils from the interstellar side of the Stardust
collector  were  also  analyzed  for amino  acid
abundance, but concentrations were too [ow to perform
isotopic analysis.
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Fig. 1. The Stardust cometary coliector, showing the
erientation of the comet-exposed aluminum foils that Hined
the aerogel cells fmoditied from {2])

Materials and Methods: Four sample foils from
the Stardust cometary collector were provided from the
Curatorial Facility at NASA Johnson Space Center
(IS, We also report data on two additional foils that
were  analyzed  during  the  Stardust  Prelimivary
Examination period. Commercial aluminum foil that
had been heated at 300°C in air overnight was used as
a procedural blank. A sample of Nylon-6 from a
sample shipping bag used by NASA Johnson Space
Center {ISC) was used as a control for curaioris!
contamination.
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Fach sampie was carried through a hot water
extraction and acid vapor hydrolysis protoco! designed
to investigate amino acids and amines in both the free
and bound form [4]. The extracted, acid-hydrolyzed
residues werg then analyzed with two methods: (1)
Hguld chromatography with fluorescence deteciion and
time-of-flight mass spectromeny  (LC-FD/ToF-MS)
coupled with o-phthaldialdehyde/N-acety{-L-cvsieine
(OPANACY derivatization to determine amine acid
ahundance and distribution [4.7]; and (1) gas
chromatography with mass spectrometry and isctope-
ratio mass spectrometry (GC-MSJIRMS), coupled with
rifluercacetic  anhydridedisopropanol  (TFAA/IPAY
derivatization.  which  permits  compound-specitic
isotopic analysis and structural identification {6}, The
four samples were combined prior 1o GC-MS/ARMS
analysis to ensure sulficient analyte concentration.

Results and Discussion:  The LC-FD/ToF-MS
chromatogram of the hydrolvred extract from a
representative foil sample is shown in Figure 2. Peaks
corresponding to the amino acids glycine, B-alanine, Lo
alanine, and e-amino-s-caproic acid {(EACA, the
hvdrolvsis product of Nylon-6) were observed. EACA
was also previously observed in samples curated by
ISC 7L

2
H
Ed
i
o i
A 5
iy £
& —— - -
I preveeTe) TE
] LN G 35T 15w .
@ Gy
= i
*C'é 2
D
B
brma van
T T
& S 30 5

retention time (min}

Fig. 2. The LO-FD/ToF-MS chromatogrem of the
derivatized acidshvdroiyvzed hot water extract from Stardast
foil C2HOIND. The total fluorescence chromamgram and
three exact mass fraces are shown. The bottom frace shows a
preedural blank. Glycine, Bralanine, Lealanine, and FACA
are identified.  Unlabeled peaks are alributed o ather
primary amines {see § for detudls].



GC-MS/ARMS  analvsis of the combined foil
samples provided compound-specific structural and
isotopic measurements for the glvcine and EACA
peaks only: the shundances of the other amino acids
were below detection limits, Figure 3 shows the GC-
MEARMS data for the peak identified as glveine, The
retention time and mass specirum match that of a
giveine standard, with no evidence of a cochuting
compound. The 87°C value for glyeine was determined
o be +29%0 = 6%e. This value is well outside the
terrestrial range for organic carbon of -6 %e w0 ~40 %
[8], aund flls in the range previocusly reported for
glveine from acid-hydrolyzed hot-water extracts of the
M2 carbonaceous meteorite Murchison (37°C
+22%0 to +41%e) [9,10] and the (11 meteorite Orguell
(6°C = +22%e) [11]. The measured value strongly
suggests an extraterrestrial (cometary) source of
the detected glycine, The value reported here may
include terrestrial glycine from the non-acrogel-facing
side of the foil, and should thus be viewed as a lower
limit on the cometary 8 enrichment.
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Fig. 3. GC-MS/RMS analysis of the derivatized
combined extract from four Stardust foils and of a glycine
standard. The traces show the mz 44 (*C0) peak produced
and measuwred from GC-IRMS for the peak assigned 1o
giveine. The inset shows the simultaneously collected mass
spectral  {fragmentation pattern for these peaks and the
structure of glycine derivatized with TFAA/IPA.

[t contrast, the measured 8" C value for EACA was
<23 % 2%e. Within analytical uncertainties, this value is
tdentical to the bulk carbon isotope measurements of
the Nylon-6 shipping and curation bags used by JSC
measured via combustion clemental analysis-IRMS
(87C = -26.8 & 0.2%0). These results confirm a

terrestrial contamination source for EACA probably
associated with the Stardust Sample Return Capsule
collection and sample curation. Coniamination of
extraterrestrial samples by EACA during curation has
previousty beent reported [7], although this is the first
isotopic confirmation of such contamination.

LC-FIXToF-MS analyses of foils from the
intersteliar side of the collector revealed very low
levels of glyeine, as well as EACA shundances similar
to those seen from the cometary foils.  Glyvecine
abundances were too fow o determine the isotopic
composition and the terrestrial vs. extraterrestrial
nature of this compound.

Conclusions: Carbon isolopic measurements reveal
the presence of extraterrestrial glyeine i the acid-
hydrolyzed extracts of Stardust comet-exposed {oils.
This observation indicates the presence of both free
giveine and bound glycine precursors in comet Wild 2,
and represents the first compoundespecific isotopic
analysis of a cometary organic compound. Our
anatysis  also  reveals comtamination of  Stardust
cometary collector foils from the Nyvlon-6 storage and
shipping bags used during curation.

The detection of extraterrestrial glyeine returned by
Stardust  enriches our understanding of comet
chemisuy and illusirates the potential delivery and
survival of amino acids to the early Earth by comets,
contributing to the prebiotic organic inventory from
which life emerged.
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