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Introduction:  All living organisms are based on 

deoxyribonucleic acids (DNA), ribonucleic acids 

(RNA) and proteins.  Both DNA and RNA are com-

posed of nucleobases, which are one-ring (pyrimidine) 

or two-ring (purine) nitrogen heterocyclic compounds.  

Since life is believed to have existed as early as 3.5 

billion years ago (with strong evidence from stromato-

lites and microfossils [1-2]), the existence of the ge-

netic code and its nucleobase building blocks may be 

just as ancient (if not older).  The delivery of nucleo-

bases by carbonaceous meteorites to the early Earth 

could have been an important source of prebiotic com-

pounds required for the emergence of life. 

Several different research groups have analyzed 

carbonaceous meteorites for nucleobases over the past 

45 years [3-9], however there have only been a few 

reports of nucleobases in meteorites and most have 

focused on the CM meteorite Murchison.  In particular, 

CR type meteorites are of great interest since the in-

soluble organic matter (IOM) in these meteorites is 

considered the most primitive compared to other car-

bonaceous chondrites [10].  Intriguingly, CR chondrites 

contain the most amino acids (the building blocks of 

proteins) ever analyzed in a meteorite, exceeding the 

amino acid abundances found in CM meteorites by a 

factor of 10
2
 to 10

3
 [11].  Therefore, it is of interest to 

examine if these CR chondrites also contain a large 

quantity of nucleobases as well.   

In these previous studies, the abundances of nucleo-

bases in meteorites have all been reported in trace 

(parts-per-billion, ppb) amounts.   In addition, identifi-

cation and quantitation using traditional detection ap-

proaches such as UV absorption can be problematic 

since meteorites contain a tremendous diversity of or-

ganic molecules that absorb in the UV (including a 

macromolecular component) that can complicate analy-

ses.  As a result, we have developed an analytical 

method to target purines and pyrimidines using a high 

performance liquid chromatograph coupled to a photo-

diode array detector and a triple quadrupole mass spec-

trometer for unique mass identification.  Individual 

nucleobases were identified by their retention time and 

characteristic parent-to-daughter ion transition (MRM 

mode), and when possible, UV absorbance retention 

time (λ = 260 nm).   

In this study, we examined three Antarctic CR 

chondrites and three CM chondrites.  The Antarctic 

CM chondrites LON 94102 and ALH 83100 along with 

the Antarctic CR chondrites EET 92042, GRA 95229, 

and QUE 99177 have never before been analyzed for 

nucleobases.  For comparison to previous studies, we 

also analyzed the well-characterized Murchison mete-

orite (CM chondrite).  To our knowledge, no one has 

reported finding nucleobases in any type of CR carbo-

naceous chondrite.  The distribution and abundances of 

nucleobases in meteorites can provide important clues 

into the chemical processes that took place in the parent 

bodies of meteorites and the available inventory of nu-

cleobases on an early Earth derived from a meteoritic 

input. 

Results and Discussion: The concentration of nu-

cleobases in the six meteorites we examined ranged 

from 6 ppb to 417 ppb (Table 1).  We detected the 

largest abundance of nucleobases in the Antarctic me-

teorite LON 94102.  The total nucleobase content for 

LON 94102 was 848 ppb, which was more than three 

times that of Murchison (245 ppb).  Compared to the 

CM meteorites we examined, the CR meteorites gener-

ally contained less diversity and a lower abundance of 

nucleobases, which is suprising since the amino acid 

content of these CR meteorites is so much higher than 

the CMs.  EET 92042 contained the lowest nucleobase 

abundance among the six meteorites examined in this 

study.   

 

Table 1. Purines in CM and CR meteorites. Type 2 

chondrites have experienced more alteration (of the 

chondrules) compared to type 3 chondrites.  G is gua-

nine, HX is hypoxanthine, X is xanthine, and A is ade-

nine.   

Nucleobase Type G HX X A 

LON 94102 C2/CM2 417 128 242 45 

ALH 83100 CM2 31 11 31 2 

Murchison CM2 55 24 69 14 

EET 92042 CR2 n.d. 6 n.d. 11 

GRA 95229 CR2 n.d. 14 n.d. 35 

QUE 99177 CR3 12 17 n.d. 19 

n.d. = not detected 

 

The unique distribution of purines between Antarc-

tic CM and CR suggests an indigenous nature since a 

similar nucleobase distribution would be expected in 

these Antarctic meteorites if contamination from the 

Antarctic ice was the primary source of these com-

pounds.  We observed that the nucleobase abundance 

followed the trend, xanthine and guanine > hypoxan-

thine > adenine in the CM meteorites.  For the CR me-
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teorites, we observed only adenine and hypoxanthine.  

Here, adenine was always in greater abundance than 

hypoxanthine.  The meteorite QUE 99177 may also 

have contained guanine; however, the MRM peak as-

signed to guanine in QUE 99177 co-eluted with an-

other peak in the chromatogram  making quantification 

of this nucleobase more difficult. 

HCN polymerization appears as an attractive can-

didate for the formation of nucleobases in meteorites. 

The analysis of HCN polymers results in a large panel 

of nucleobases, including the biologically relevant 

forms [12-15].  Based on chondrules (mineralogy) and 

measurements of the IOM, the CR meteorites analyzed 

are much less altered than the CMs.  The distribution 

of nucleobases appears to correlate with the degree of 

aqueous alteration in the meteorites. CMs have a higher 

HX/A ratio compared to CRs, which is consistent with 

predictions from HCN oligomerization during aqueous 

alteration (Figure 1).  Also, if small molecules (such as 

cyanogen and cyanate) are available to form guanine 

and xanthine, we would expect to see these purines in 

the more aqueously altered meteorites.  Indeed this 

supposition appears true since we detected guanine and 

xanthine in the highest amounts (among purines) in 

CM chondrites which have experienced more aqueous 

alteration.  

 

 
Figure 1.  Purine formation from HCN oligomerization 

and the addition of small molecules.  Figure modified 

from reference [16]. 

 

More studies are needed to elucidate the pathways 

for nucleobase synthesis occurring on meteorites.  In 

the future, we will target isoguanine and 2,6-

diaminopurine in CR meteorites using our newly estab-

lished analytical methods.  The presence of these non-

standard nucleobases would provide firm evidence of 

HCN oligomerization taking place on these meteorites.  

Additionally, we are working on compound-specific 

nitrogen isotope measurements to unambiguously iden-

tify the origin of the nucleobases as extraterrestrial.  
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