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  Background.  In describing the behavior of a set of molecules, know which reactions can take place 
and which molecules within the set would accelerate the reactions are clearly central.  Typically, in 
systems biochemistry, metabolic control analysis and kinetic analysis, these are assumed known.  
However, in reality they are not known and answering them is highly relevant as having a set of 
molecules and wanting to predict the changes in concentrations is central to both systems chemistry, 
origin of life research and beyond – the equations of systems biology are often taken from “established 
biological knowledge” that is bound to contain many errors.  
  The motivation for this problems comes from “systems chemistry” (Hunt and Otto, 2011) and formal 
models of origin of life [Steel, 2000], where it would be a major advantage if  observed molecules, 
reactions and catalysis could be computed as these in real systems will consist of multiply interacting 
molecules that is not pure or controlled by an experimenter.  
  The three problems – molecule enumeration, reaction prediction and catalysis prediction – are very 
different.  The first has a more than hundred year history, the second decades, while that last is only 
started to be studied.  
  Much of modern combinatorics was initiated by attempts to count molecules.  Cayley counted 
saturated hydrocarbons [alkanes] in mid-19th century, which happens also to be equivalent to counting 
the shapes of phylogenies in biology.  Polya extended the ability to count molecules considerably by 
the use of group theory to be able to take account of symmetries.  In the last decades molecule 
enumeration has been used to screen virtual drug targets computationally (Blum, van Deursen and 
Reymond, 2011).    Molecule enumeration views a molecule as a node labeled graph.  Viewing a 
molecule as a 3D entity will introduce chirality of certain atoms, when a molecule is different from its 
mirror image.  Additionally, a large set of molecule graphs are hard to realize as physical structures due 
to steric collision, making them energetically unfavourable.   Since, a molecule with a sub-molecule 
that energetically unfavourable, is itself energetically unfavourable, this lends itself to a branch-and-
bound traversal of the set of molecules. 
  Many problems remains open in this line of research and numbers become very large as a function of 
number of atoms, so imposing restrictions on the set of relevant molecules is important to become a 
realistic tool.  Andronico et al. (2011) discussed a variety of methods to predict the 3D structure from 
the molecular graph, where using databases of known small molecule structures to extract constraints 
on fragments of the molecules seemed to be the most most promising approach.  
  Most reactions are either fission/fusion of molecules or swapping of groups.  This is so for the simple 
reason that more that two molecules colliding in space is unlikely and we will restrict ourselves to 
these case.  Higher order reactions with more molecules reacting simultaneously can be explained as a 
string of reactions only involving pairs of molecules.   To investigate if A+B C or A+B C+D is 
possible suggests a natural approach: Are A and B sub-graphs of C [or C and D] such that they don’t 
overlap and that they cover C [or C and D]?   
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  Kayala et al. (2011) pproaches to predict reactions incorporating various 
levels of chemical realism in the form of molecular orbital information.  
Catalysis is harder to predict as it doesn’t lend itself as easily to be reduced to a simple computational 
problem such as sub-graph isomorphism with constraints.  However, there are special cases where 
catalysis is well established and that is in the case of ligation and hydrolysis of RNA/DNA.   A+B C 

To the  left which atoms  in A, B could map to which atoms  in C,D.   The two covering disjoint sub‐sets 
from A,B is found that maps into two covering disjoint sub‐sets in C,D that preserves subgraphs of the 
sub‐sets (From Boyer and Viari)



[concatenation of A and B] is catalysis by a molecule M if M is complementary to the end of A and 
beginning of B. 
  Abstracting a little in the hope of applying it generally, the double complementarity of M to A and B 
can be viewed as double docking.   Docking [Brooijmans and Kuntz, 2003] is when two molecules 
“lock” into each other.  Docking is hard to predict as it involves real molecules that should be 
represented in full and described by quantum mechanics.  This has led to a series of simplified 
approaches.  These approaches have not been reliable in being able to predict docking with high 
confidence, but it still represent progress relative to uniform random guessing.     Docking comes in 
many flavours dependent on the problem at hand and the computational resources available.  
Complementary is alway

 
s a goal, but the shapes can be refined with charge and flexibility.   One 

pproach to docking would be that M should dock to A and to B, so that A and B was close, but not 
physically overlapping.   
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Two  polymers  of  length  4  and  3,  respectively  are  brought  together  by  a  polymer  of  length  4  that  is 
complementary to the end of the first polymer and the beginning of the next polymer. 
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omment:C  Since molecule counting and reaction prediction have an established literature, covering these can be done by 
papers.  Since catalysis prediction is new this part should probably be done by suggesting an algorithm for 

ce there are three students and three sub-projects, this suggests a natural division of labour.  
studying the key 
doing this.  Sin
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