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programming will try them in turn until one 
succeeds. But it is entirely permissible to try 
both proof alternatives at once if we have 
available parallelism.

It is this propositional logic programming 
fragment that Shapiro’s team has now 
successfully represented in a molecular 
implementation. Their experiments 
provide evidence of long chains of logical 
inference, from the query backwards, 
through multiple rules, to facts. They 
also show rules with conjunctions. Their 
system is inherently parallel and thus can 
follow multiple inference paths. Chains of 
logical inference are realised as cascades 
of enzymatic events in which an enzyme 
cleaves a double-stranded DNA, the sticky 
ends of the double-stranded DNA encode 
individual propositions, and a clever loop-
opening design implements inference rules. 
The example deductions are among the 
most complex synthetic cascades of DNA 
reactions reported so far. A fluorescent 
molecule and matching quencher molecule 
are also incorporated into the DNA strands, 
which allows green light to be emitted if the 
answer to a query is ‘yes’.

Readers familiar with mainstream 
procedural programming languages 
may wonder how an inferencing 
device can be used to express general-
purpose algorithms. The first step in 
that direction is to introduce predicates. 
In predicate logic, rules such as 
between(X,Y,Z)←less(X,Y),le ss(Y,Z) — that 
is, if X is less than Y, and Y is less than Z, 
then Y lies between X and Z — become 
possible. In such rules, the variables X, 
Y, and Z stand for arbitrary objects of 
some domain of discourse. In the spirit 
of predicate logic, Shapiro’s team uses the 
notation p(X), in which a statement p is 

true for all of X, but is able to avoid the 
complexities of predicate logic by restricting 
attention to simple logic programs. With the 
use of multiple fluorescent colours standing 
for the particular objects of the domain of 
discourse, these programs can be effectively 
rendered as propositional ones, eliminating 
the need for variables.

Figure 1 shows a model of the logic 
program {e(a,b). e(a,c). e(b,d). e(c,d). 
p(X,Y)←e(X,Y). p(X,Y)←e(X,Z),p(Z,Y).}, 
which describes a directed graph with 
various edges between four objects (a, b, 
c and d), and can answer queries such as 
p(a,d)? (is there is a path from a to d?). 
Note that the structure of this program 
reflects how it is expressed in words: 
this is a characteristic of ‘declarative’ 
programming styles.

Using variables one can ask a more 
powerful type of query: p(a,X)?, which asks 
for any and all X that stand in the relation p 
with a. The answers are X=b, X=c and X=d. 
The multiplicity of answers can be viewed 
as non-determinism, and a molecular 
implementation is especially suited to 
generating multiple answers in parallel. 
This is due to the fact that, as each proof 
branch can be explored by its own set of 
enzymes, the limiting factor is the decrease 
in the number of molecules participating in 
each competing proof path if there are too 
many paths, and the attendant difficulty of 
fluorescent detection.

The second step towards full-fledged 
programs is to allow data structures, 
especially recursive ones, to enrich the 
domain of discourse beyond finite sets. 
The versatile list data-structure is built 
into Prolog.

These two steps should provide a 
clear, if not easy, roadmap towards a 

logic programming system based on 
molecular computing. The rules of logic 
programming and the rules of molecular 
interactions are both declarative, which 
make them a natural match for each other, 
although a comprehensive mapping from 
one set of rules to the other remains to 
be discovered. ❐
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corrections
In the News & Views ‘Probing superconductivity 
at the nanoscale’ (Nature Nanotech. 4, 142; 
2009), the penultimate sentence should have 
read: ‘red corresponds to a high conductance 
and a small gap.’ Corrected in the HTML and 
PDF versions, after print: 7 October 2009.

In the News & Views ‘Crossing boundaries and 
borders’ (Nature Nanotech. 1, 91–92; 2006), 
the third sentence of the second paragraph 
should have referred to Claire Berger. 
Corrected in the HTML and PDF versions, after 
print: 7 October 2009.
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