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Biomolecular Pushdown Automaton Based on the DNA Computing
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Abstract DNA computing aims at using nucleic acids for computing. DNA solutions can act as
billions of parallel nanoprocessors with few consume. A biomolecular finite automaton has been
realized by Benenson in 2001, and the programmable biomolecular pushdown store based the
DNA computing is available too. This pushdown store can self assemble with certain logical. In
this paper, a simple biomolecular pushdown automaton is constructed with a finite automaton and
a pushdown store firstly, and an algorithm is designed to solve a kind of languages. In addition,
two improved pushdown automata are designed to solve some problems exiting in the original
pushdown store. One of them can accept input string with infinite symbols in theory, and the
other can uniform the input symbol. The pushdown automata described in this paper are more

powerful than the existing finite automaton in computing theory.
Keywords biomolecular pushdown automaton; DNA computing

| Introduction tion of a seven-vertex instance of the NP-complete
Hamiltonian directed path problem by a DNA algo-
Head gave the principle of molecular compu- rithm which initiated the field of biomolecular com-

ting in 1987, and Adleman gave a successful solu- puting in 19947, In recent years, both theory and
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technology of molecular computing have improved
very fast.

DNA computing is one of the biomolecular
computing models, which includes sticker mod-

(6 hairpin model"™,

el splicing system model
and plasmid DNA model™, and every model can
resolve some special problem.

The concept of Bio-Turning-machine was pro-
posed by Bennet in 1972, This machine consists of
DNA molecules and enzyme, and can compute as
Turing machine. But the corresponding model can-
not be realized at that time for lacking of some nec-
essary biotechnologies™ . Recently, a realization of
computing device operating autonomously on the
molecule scale was available. This solution is based
on the DNA hairpin formation which is presented
in 2000 by Sakmato. It’s a programmable finite
automaton comprising DNA and DNA-manipula-
ting enzymes, which solves computational prob-
lems autonomously'., The hardware of this au-
tomaton consists of restriction nuclease and ligase,
the software and input are encoded by double-

stranded DNA,

choosing appropriate software molecules.

and programming amounts to
Upon
mixing solutions containing these components, the
automaton processes the input molecules via a cas-
cade of restriction, hybridization and ligation cy-
cles, producing detectable output molecules which
encode the automata’s final state, and thus the
computational result. It acts as basic features and
processes of finite automata with two internal
states and an alphabet comprising two input sym-
bols. Then this group extends this work in 2003 in
medical area.

The extended system of this kind of automata
was described in 2005, with three internal states
and an alphabet comprising three input symbols.
Another automaton was illustrated in 2006, which
can be used as a programmable pushdown store. A
new kind of restriction nuclease was used as
hardware in this pushdown store!''**). For the
pushdown store has a programmable self-assembly
computing device, it can be used to construct the ini-
tial solution space of the graph coloring problem.

2 Molecular Pushdown Automaton

Given a language L(M) ={a"b"|n=>1}, it can-
not be accepted by any finite automata. For finite
automata can only memorize the count of the read
symbol, they can accept the above language. But
the finite automata can only store the information
with its inner states. For any positive number “£”,
the finite automaton must have an inner state cor-

¢,

responding to the state: read £ ‘a’. This means

the finite automata must have % inner state. In
brief the automata must have infinite states. It is
conflict with the basic principle of the finite autom-
ata. A finite automaton with a push down store
can accept the language above, and this automaton
is more powerful than the finite automata. The bi-
omolecular pushdown automata can be designed to
increase the computing ability.

Fig. 1 A infinite automaton which can accept the string a"b"

2.1 A Simple Pushdown Automaton

Consider the language L (M) = {w | w € (a,
b)*, count(a)=count(b)}, a simple biomolecular
pushdown automaton can be constructed with a bi-
omolecular finite automaton and a biomolecular
pushdown store. The store molecule will lengthen

” is read, and shorten when a

when a symbol “a
symbol “b” is read. The string will be accepted by
the automaton only if the length of the store mole-
cule equals the original length.

The constructed coding scheme and mecha-
nism of a simple pushdown automaton is shown in
the Fig. 2. The symbol biomolecule are shown in
Fig. 2(a). Symbol “a” contains the recognition site
of restrict enzyme Bsll, and the symbol “b” con-
tains the recognition site of restrict enzyme BstXI.
The coding scheme of initial store biomolecule is
show in Fig.2(b). Its sticky end NCC can be
matched with the sticky end of symbol molecules
(NGG).

The mechanism of the pushdown automaton is
show in the Fig. 2(c¢). There are store molecules,
restrict enzyme Bsll and BstXI in this solution. Af-
ter reading the string ‘aabb’, gained store mole-
cule is as the same to the original store molecule,
and the other store molecules in the intermediate
step is not the same one during the process. So the
string a, aa, aab is not a valid string of language:
L(M) ={w|w€& (asb) " ,count(a) =count(b)}, but
the string “aabb” is a valid string of it.

In this solution, a Cut-stick reaction will oc-
cur when the automaton read a symbol. At first,
enzyme T, ligate the symbol molecules and the
store molecules; Then a restrict enzyme cut the li-
gated if read a symbol “a”, and the Bsll will oper-
ating and the double-strained DNA will be length-
ened. When a symbol “b” is read, the store mole-
cule will be shortened by the enzyme BstXI. The
pushdown automaton will be terminated at the
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(d) the exiting part of store molecule

Fig. 2
original state when the automaton reads the equal
symbol “a” and “b”. Otherwise it will halt at the
other state, and the store molecule will be different
with the The mechanism of the
pushdown store is detailed in literaturet™. But
this simple pushdown store has a bug when the

initial state.

number of the ‘b’ is much more than the number
of the ‘a’
will be cut and the automaton will halt in abnormal

in a string. The entire store molecule

state (as Shown in Fig. 2(d)). For we can’t fore-
cast the input string, the store molecule must be
infinite to avoid the bug, or design a suitable
length in a certain situation.

2.2 Improved Pushdown Automaton

Because the simple pushdown store has a dis-
advantage, the better pushdown automaton should
be designed to avoid the problem.

Consider the following language:

L(M) ={w |w€ (a,b) ", count(a) =count(b) } ,
then the following algorithm will construct strings
which are accepted by pushdown automaton.

Initializing: Empty the store and scan the
string wé& (a,b) from left to right. If the store is

The mechanism of a simple pushdown automaton

’

empty and the current symbol is ‘a’, then push

the symbol ‘a’ to the stack; if the store is empty
and the current symbol is b, then push the symbol
‘b’ to the stack. If the top symbol of the stack is
different from the current symbol, then pop the
top symbol from the stack; if the top symbol of the
stack is same with the current symbol then push
the current symbol to the stack. Then the store

operating molecule will be designed as Fig. 3.

Last symbol isa: ACC Last symbol is b: GCC

(a) store molecules

Syr‘nbol a Syr‘nbol b
aaftera b after b
S b M.
push. CC \INT \T(r(r (‘,(;NN( ‘ (‘( GG
GGNN »\ (r(,rNN((x"(g;
aafter b b after a

ACNNNNNCTCCNNNCGG . ACNNNNNCTCCNNNTGG
TGNNNNNGAGGNNN TGNNNNNGAGGNNN

(b) operating molecule

Fig. 3 Store operating molecules

As shown in Fig. 3, each input symbol has a
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pop operating molecule and a push operating mole-
cule.
ly.
symbol,

Two operating molecule will work separate-
When the top element of the stack is the same
the push molecule activated, otherwise
the pop molecule activated. This solution solves
the problem of the simple pushdown automaton.
But this automaton needs two operating molecule
of each input symbol. It will be puzzled in some
situation.

The improved input symbol can be designed as

shown in Fig. 4. Some tag molecules are added to

Y|

==

(a) input
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the new solution. The new input symbols are
shown in Fig. 4(a): The sticky end of the symbol
‘a’ can be matched with the sticky end of the tag
molecules for symbol ‘b’. And the sticky end of
the symbol ‘b’ will be matched with the tag mole-
cules for symbol ‘a’. The tags have the similar se-
quence with the operating molecules. In this solu-
tion, the input symbol controls the consistency of
the tag, and then affects the consistency of the op-
erating molecule. For example (as show in Fig.5),

’

when a symbol ‘a’ is read, symbol ‘a’ will ligate

X |

b:

EE

symbols

CC A GG
A CGG CC
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TT C
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Fig. 4 Tag molecules
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Fig. 5 The mech

Pop b
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with the tag molecule for the symbol ‘b’. This tag
molecule can’t be matched with the initial operat-
ing molecules. Then the final operating molecules
for symbol ‘b’ can’t be built in solution. In the
other hand, the building of the final operating mol-
ecules for symbol ‘a’ will not be affected by sym-
bol ‘a’.

bol ‘a’, the push molecules for symbol ‘a’ will be

When the top element of the stack is sym-

activated, otherwise the pop molecules for symbol
‘a’ will work.

This pushdown automaton can uniform the
code sequence of the input symbol, but the extra
tag biomolecule must be added to this solution.
And it will be more complex and unstable. So the
suitable pushdown automata should be chosen to

fit the certain situation.
3 Results and Discussion

The biomolecular automaton can act as a tradi-
tional automaton with very low consume and vast
parallel. It can be applied to more areas and its re-
sult is more stable than other model of the DNA
computing. But the biomolecular automaton has
some disadvantage too. Firstly, the biomolecular
automaton is limited by its hardware-restrict en-
zyme. Secondly, although the biomolecular autom-
aton can be used as a normal automaton, it will be
less efficient than the other DNA computing model
for some reason.

In this paper, an improved biomolecular au-
tomaton was designed. Three biomolecular push-
down automata were constructed with a finite au-
tomaton and a pushdown store. For the computing
power of a Turning machine equals to a pushdown
automaton with two pushdown store, an automa-
ton made of biomolecule may be designed to simu-
late the Turning machine

For the pushdown automaton is not limited by
the length of the DNA molecules, the automaton
motioned above can run continuously in theory. A
molecular pulsator may be designed as a probe to

ZHANG Zheng, born in 1976, lec-
His

DNA computing and biomolecular au-

turer. research interests include

tomaton.

check the atom molecule. This pulsator will work
when its store molecules match with the target
molecules, and the state transition will be con-
sumed. The result can be gained by checked con-
sistency of the transition molecules.
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