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Introduction:  Studying the organic composition 

of extraterrestrial material is critical for understanding 

the primitive chemical nature of our solar system. For 

example, previous analyses of soluble organics in me-

teorites have established a precedent that constraining 

the amino acid content of extraterrestrial samples can 

help elucidate the parent body conditions that lead to 

the extraterrestrial synthesis of molecules important for 

life [1-3]. Therefore, investigating the amino acid con-

tent of meteorites and samples returned from small 

bodies is vital to understand how the exogenous deliv-

ery of extraterrestrial organics may have contributed to 

the origin of life on Earth, and the formulation of the 

chemical inventories of planetary surfaces. 

In 2010, the Japan Aerospace Exploration Agency 

(JAXA) recovered material from the near-Earth aster-

oid 25143 Itokawa, during the execution of the Haya-

busa mission. In 2012, the preliminary analyses of 2 

particles of the returned material was published [4]. 

This work analyzed the acid hydrolysates of dichloro-

methane/methanol rinses (i.e., without hot water ex-

traction) of Itokawa samples, and found that glycine 

and alanine were detected and quantified at procedural 

blank levels. However, additional amino acid detec-

tions were not reported. To date, amino acids have yet 

to be detected and quantified above procedural blank 

levels in material returned from a near-Earth asteroid. 

Here, we report the amino acid analysis of five 

Category 3 (composed predominantly of carbonaceous 

material [5]) particles from asteroid 25143 Itokawa: 

RA-QD02-0012 (i.e., particle #12), RB-CV-0029 (i.e., 

particle #29), RB-CV-0080 (i.e., particle #80), RA-

QD02-0078 (i.e., particle #78), and RB-QD04-0052 

(i.e., particle #52). Hot-water extracts of these particles 

were analyzed for a wide variety of protein and non-

protein amino acids. The analyses of these particles 

were compared to the analysis of a grain (4.2 g) of 

the CM2 Murchison, and procedural blanks of baked 

gold foil and ultrapure water. 

Experimental:  Samples were prepared for analy-

sis by first mounting the particles on small squares of 

gold foil, where the squares of gold foil were baked out 

overnight at 500 °C in air prior to use. All glassware 

and sample handling tools used were also baked out 

under the same conditions. Particles #12, #29, and #80 

(combined mass of ~3 g) were all mounted onto the 

same square of gold foil to allow for the amino acid 

analysis of their combined mass. In contrast, Itokawa 

particles #78 and #52 were mounted onto separate 

squares of gold foil, to allow for the amino acid anal-

yses of their individual masses. The gold foil-mounted 

particles were then subjected to hot-water extraction, 

followed by acid-vapor hydrolysis [6]. The extracted, 

hydrolyzed sample supernatants then underwent pre-

column derivatization with o-pthaldialdehyde/N-

acetyl-L-cysteine (OPA/NAC) [6]. Derivatizing sam-

ples with the fluorescent tag, OPA/NAC, provides im-

portant analytical benefits to this study, including im-

proved analytical sensitivity to, and specificity for, 

primary amino acids, and facilitating enantiomeric 

separation of amino acids with chiral centers. Chroma-

tography of target analytes was achieved using ul-

traperformance liquid chromatography. The analytical 

approach implemented the use of multiple detectors: a 

fluorescence detector, and a time of flight mass spec-

trometer. Compound identification was determined 

upon comparison of sample data to that of a mixed 

amino acid standard, and was based on 3 analytical 

metrics: chromatographic retention time, optical ab-

sorbance, and accurate mass measurements [7]. 

Results and Discussion: Preliminary results indi-

cate that some amino acid contamination was observed 

in the acid hydrolyzed, hot-water extract of the com-

bined particles #12, #29, and #80. However, the anal-

yses also revealed that the same extract contained a 

pronounced relative abundance of the non-protein, C3 

n--amino acid, -alanine (~2 - 10x greater than blank 

levels). Quantitative analysis suggests the abundance 

of -alanine attributable to these 3 particles was 819.5 

± 29.3 ppb, or 9.2 ± 0.3 nmol/g). Analyses of the ex-

tracted, hydrolyzed supernatants of the individual Ito-

kawa particles #78 and #52 revealed amino acid abun-

dances comparable to those observed in procedural 

blanks. Due to the low abundances of -alanine in the 

Itokawa extracts, carbon isotopic measurements of this 

amino acid were not possible. 

Mineral chemistry [8] and oxygen isotopic [9] 

analyses indicate that material returned from asteroid 

25143 Itokawa is consistent with that of the LL group 

of ordinary chondrites. Detections of -alanine, and 

associated abundances, have been previously reported 

for the acid-hydrolyzed hot-water extracts of LL5 or-
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dinary chondrites (~4–6 ppb, or 0.05–0.06 nmol/g) 

[10] and for the acid-hydrolyzed hot-water extracts of 

LL3 ordinary chondrites (~230–340 ppb, or 3–4 

nmol/g) [11]. Therefore, the detection of -alanine in 

the acid-hydrolyzed hot-water extract of asteroid Ito-

kawa particles #12, #29, and #80 is consistent with LL 

chondrite amino acid data reported in the literature. 

However, the -alanine abundances reported in the 

current study are greater than those previously reported 

in the literature, perhaps due to the very small masses 

(<5 g) of the particles analyzed here. Furthermore, it 

is worth noting that the C4 n--amino acid, -

aminobutyric acid, was reported in relatively high 

abundances in all three LL5 chondrites studied by Bot-

ta et al. [10], however, this pattern was not observed in 

the present work. Such a contrast suggests that sample 

heterogeneity may be at play when differences in the 

magnitudes of the amino acid distribution are encoun-

tered between microgram-sized particle samples and 

milligram-sized bulk samples, despite the samples be-

ing of a similar chondritic group. 

Implications: The findings of this work indicate 

the first detection of an amino acid significantly above 

background levels in particles originating from the 

near-Earth asteroid 25143 Itokawa. These new results 

underscore the importance of sample return missions, 

for the purpose of exploring the chemical compositions 

of small celestial bodies in our solar system. Further-

more, the studies undertaken here highlight the poten-

tial benefits of applying the analytical approach im-

plemented in this work, to samples returned from fu-

ture sample return missions, such as the JAXA Haya-

busa2 mission, and the NASA OSIRIS-REx mission. 
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