
 
Graph visualization of the UMIST database 

for astrochemistry.  Nodes represent chemi-

cal species; edges connect species that ex-

change an atom or charge in a listed reac-

tion.  For ease of visualization, only about 

20% of edges are shown.   

BIOINFORMATICS LAUNCHES INTO SPACE: A NETWORK-THEORETICAL APPROACH TO 

INTERSTELLAR CHEMISTRY.  C. C. Jolley
1
, A. Mazurie

2
, and T. Douglas

1
, 

1
Department of Chemistry and 

Biochemistry and Astrobiology Biogeocatalysis Research Center, Montana State University, Bozeman, MT 59717 

(cjolley@chemistry.montana.edu), 
2
Bioinformatics Core, Department of Microbiology, Montana State University, 

Bozeman, MT 59717 

 

 

Introduction:  To date, over 150 molecules have 

been detected in the interstellar medium (ISM), 50 of 

which have been classified as complex organics.  

Extraterrestrial organics range from biologically-

familiar species such as the acetone and acetic acid 

formed in hot molecular cores [1] to exotic unsaturated 

species such as HC11N, which forms in cold molecular 

cloud cores [2,3].  While many of these species form in 

environments such that their intact delivery to terrestri-

al planets is highly improbable [4], others are likely to 

have been present in our solar system’s protoplanetary 

disk, where they were incorporated into accreting pla-

netesimals and delivered to terrestrial planets [5].  

While the ISM may seem at first glance to be a rather 

exotic source for the building blocks of life, conserva-

tive estimates [6-8] indicate that exogenous organics 

(from interplanetary dust accretion as well as comet 

and meteorite impacts) reached the Hadean Earth at a 

rate of about 10
8
 kg/yr – a rate comparable to esti-

mated rates of endogenous production.  By compari-

son, the modern terrestrial biomass is estimated at 

6×10
14

 kg, an amount of material that could have been 

delivered in 10
7
 years – relatively quickly by geologi-

cal standards. 

Theory:  Recent years have seen dramatic growth 

in the emerging field of network theory, driven by the 

recognition that a diverse range of real-world networks 

– including the World Wide Web, protein-protein inte-

ractions, social networks, electrical power grids and 

many others – can be described as complex networks 

with a scale-free (fractal) topology and analyzed with 

similar tools [9-10]. 

In silico chemical reaction networks are an impor-

tant aspect of modern research into chemical processes 

in the ISM.  These networks typically involve thou-

sands of reactions among hundreds of chemical spe-

cies, with thermodynamic and kinetic parameters for 

each reaction.  This network of reactions can then be 

converted into a system of first-order differential equa-

tions, which are integrated to track the changes in 

chemical abundances over time.   

The behavior observed in dynamical simulations 

depends in a complex way on initial abundances and 

physical conditions, and a systems-level approach aims 

to understand these effects in terms of the overall 

structure of the network.  For example, preliminary 

calculations have shown that the UMIST astrochemical 

database can be represented as a network in which 

reactants and products are joined if an atom or electron 

is transferred between them.  When the whole network 

is examined in this way, it shows a scale-free topology 

in which the number of nodes with degree k can be 

approximated as P(k) ~ k
-γ
.   For the UMIST network, 

the scaling exponent γ = 2.45, within the range where 

interesting scale-free network properties such as small-

worldness and robustness to node loss emerge [11].   

This is more than just a mathematical curiosity; the 

presence of scale-free topology in astrochemical net-

works means that the methods that have been devel-

oped for the analysis of biological networks can be 

applied to astrochemical ones.  For example, network 

methods are able to determine which species are most 

central to the network or the minimum number of steps 

needed to interconvert species.  The application of 

network methods opens up a new potential area of inte-

raction between astrochemistry and other areas of 

science – particularly the biological sciences – where 

network methods have already been extensively ap-

plied. 

Results:   Our preliminary results focus on the con-

struction of weighted directed graphs, which represent 

the fluxes between chemical species at defined points 

during a pseudo-time-dependent astrochemical simula-

tion.  This graph representation provides a concise 
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Examples of weighted time-dependent graphs.  

At an early time (t0), the predominant reaction is 

the conversion of A to B.  Later (t1), B is being 

converted to C and D begins to form from C.  At 

time t2, A has been completely depleted and the 

largest flux is from C to D.    

view of which reactions are the most active at a given 

time and under a given set of conditions.  In addition, 

the construction of these graphs enables the calculation 

of network statistics such as degree distribution, path 

length, and clustering, and the deification of species 

which are crucial to the topology of the network.  We 

will present graphs for a few representative interstellar 

environments and comment on their topological fea-

tures.  
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