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If we look inside the cell , we see extraordinary
machines that we couldn't make ourselves, says
Len Adleman. " It's a great tool chest - and we
want to see what can we build with it.”

Adleman created the first computer to use DNA to
solve a problem. He was struck by the parallels
between DNA, with its long ribbon of information,
and the theoretical computer known as the Turing
Machine.
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Adleman tack led the famous 'travell ing salesman'
problem - finding the shortest route between
cities. Such problems rapidly become mind-
boggling. The only way is to examine every
poss ible option. With many c ities, this number is
astronomical.

DNA excels at gett ing an astronomical amount of
data into a tiny space. "One gram of DNA can
store as much information as a trillion compact
discs ,"  says Adleman. Myriad DNA molecules can
examine every poss ible route at once, rather than
one at a time, as in a conventional computer.



LQKRXGVRSJDYH

\ '

� �
� G

�

JHUHHGVFKDSVNLVW
\ FRPSOH[LWHLW Y

�� �� �

EOHP
� � �

	

	�13
+DPLO


 � � 	 �

WK�3UREOHP
\ $GOHPDQV DOJRULWPH
\ FRPPHQWDDU
\ WKHR

� � � � 7XULQJ PDFKLQH
\ UHFHQW�ZHU

� 

WRHNRPVWYLVLH



LQKRXGVRSJDYH

\ '

� �
� G

�

JHUHHGVFKDSVNLVW
\ FRPSOH[LWHLW�Y

�� �� �

EOHP
� � �

	

	�13
+DPLO


 � � 	 �

WK�3UREOHP
\ $GOHPDQV DOJRULWPH
\ FRPPHQWDDU
\ WKHR

� � � � 7XULQJ PDFKLQH
\ UHFHQW�ZHU

� 
 
 �

HNRPVWYLVLH



H

H

H

H

H

H H

H
O

N

O

O

O

O

H

N

N

N N

N

N

H

O H

H

OH

O HC

C H2

H2

N

G

C

'1$



�·

P

P

P

P

P

P

P

S

S

S

S

S

S

S

S

A

C

G

A

T

G

C

T

P

�·
�·

�·

EDVHSDUHQ
:DWVRQ

�
&ULFN

$ 7
DGHQLQH� � WK\PLQH

&≡*
JXDQLQH� � F\WRVLQH

'1$



DQQHDOLQJ�	�GHQDWXULQJ

AG TA CG C CGG A T CCGT

TA A GC C C G

GG A T CCGT

FRPSOHPHQWDLU



UHVWULFWLRQ�HQ]\PHV

G

T AC C G

T A GC C G

G A T CCG

%DP+,

A T CCG

G

VWLF

��� �

QGV



VHOHFWLRQ

GG A T CCGT

T AC C

PDJQHWL

� �

HDGV



VHSDUDWLRQ�R

�

OHQJWK

'1

� �� �

HOHFWURSKRUHVLV



PXOWLSOLFDWL

��

��DPSOLILFDWLRQ

CA

C

TA A GC C C G

G A TG

A AC G

C

G
T

SULPHU
SRO\PHUDVH



LQKRXGVRSJDYH

\ '

� �
� G

�

JHUHHGVFKDSVNLVW
\ FRPSOH[LWHLW Y

�� �� �

EOHP
� � �

	

	�13
+DPLO


 � � 	 �

WK�3UREOHP
\ $GOHPDQV DOJRULWPH
\ FRPPHQWDDU
\ WKHR

� � � � 7XULQJ PDFKLQH
\ UHFHQW�ZHU

� 
 
 �

HNRPVWYLVLH



JUHQ]HQ

�

FRPSOH[LWHLW
� � � �� �

� � � 	 
 �
��� 



 � � �

� � � 
 	 � 


�� � ��
�� � ��

�� � ��
�� � ��

�

×

�� � � �

�

×

�� � ��

�

×

�� � ��
� � �

�� �

� 
� ! "

!

×

�� � ��

�

×

�� � ��

�
� # �

� � $

� � ! ! %

�

×

�� � ��

�

×
�� � ��
� � �

� � � %

�� � � %

&
& �

& �
�'

�'

&)( �� � � ! � � �

&* �� � + �� � � +

, �� � , �� � � ,

, �� , � � ,

, �
� ! , � ,

, ,- � 
�
� ,- ��

, ,- � �
� ,- � 
�
�

&
& �

& �
�'

�'

SRO\QRPLDD

.

YV�
H[SRQHQWLHHO



+33� +DPLOWR

�

3DW

�

3UREOHP

J

�

H

�

J

�

H

�

YH

� �

Q

�� �

QRSH
� 	 � 


HUELQGLQJHQ
Y

�

U

�

D

�

D

�

J

�� 


HVWDD
� 	

U�HH

�

ZDQGHOLQ

� �

LH
HON

	

NQRR
�

SUHFL

	� �

pQ�NHHU DDQGR

	 � �
�

�

�

�
�

�

�

vin vout

¶WUDYHOOLQJ
VDOHVPDQ·



+33� +DPLOWR

�

3DW

�

3UREOHP

* RSORVVLQJ

J

�

H

�

J

�

H

�

YH

� �

Q

�� �

QRSH
� 	 � 


HUELQGLQJHQ
Y

�

U

�

D

�

D

�

J

�� 


HVWDD
� 	

U�HH

�

ZDQGHOLQ

� �

LH
HON

	

NQRR
�

SUHFL

	� �

pQ�NHHU DDQGR

	 � �
�

�

�

�
�

�

�

vin vout

¶WUDYHOOLQJ
VDOHVPDQ·



+33� +DPLOWR

�

3DW

�

3UREOHP

* JHH

� ��
ORVVLQJ"

H

�

[

�

S

�

R
�

QH
	 �

Q
	

W



L

�

s

�

O




H�

�

W




L

�

M

�

G

�

�
DOO

�
PRJHOLMNKHGHQ

SUREHUHQ

UHSUHVHQWDWLHI�
¶1

�� ��� � �

P

�

S

�

O




H

�

H

�

W




·

KHXULVWLHNHQ

�

�

�

�
�

�

�

�
�

�

�

�

�

�

�

�

�

�



JUH

� � � � � � � �

R

� � � �

	 3�YV��13

3
SRO\QRPLDDO DOJRULWPH
R


 �

SORVVLQJ�W

�

EHSDOHQ

13
SRO\QRPLDD




DOJRULWPH
R


 �

SORVVLQJ�W

�

YHULILsUHQ

13�FRPSOHHW

PLOOHQLX


 �

UL]

� ��
REO

� 
 3 13

� � �� � ��� � �� � � � �� � ���  � ��! " "  $# �&% '�  $( ! % '� � ) ��! �* �



LQKRXGVRSJDYH

\ '

� �
� G

�

JHUHHGVFKDSVNLVW
\ FRPSOH[LWHLW�Y

�� �� �

EOHP
� � �

	

	�13
+DPLO


 � � 	 �

WK�3UREOHP
\ $GOHPDQV DOJRULWPH
\ FRPPHQWDDU
\ WKHR

� � � � 7XULQJ PDFKLQH
\ UHFHQW�ZHU

� 
 
 �

HNRPVWYLVLH



$GOHPDQ·V�DOJRULWKP

�

�

�

�

�
�

� �� JHQHUDW

�

¶DOO·�SDWKV

NHH

�

RQO\�SDWKV
� 	 
 IURP Y �
� W

�

Y �� �

� 	 
 WKD
�

HQWH

� �

YHUWLFHV
� 	 
 WKD

�

HQWH

�

DO

� �

HUWLFHV

� 	 LI�DQ

� �

DW

� �

HPDLQV�2

�

Pii

�



� �

'1

�


 �

O

� � �

DGHQ�SDUDOOHO
¶PDVVLYH SDUDOOHOOLVP·



$GOHPDQ·V�DOJRULWKP

�

�

�

�

�
�

�

�

�	
� 
 F

�

RG

� 


L

�

Q

�� �

W

� ��� ���

J

�

U

�

DS
��

K
�

�� JHQHUDW

�

¶DOO·�SDWKV

NHH

�

RQO\�SDWKV
� � � IURP Y �! W

"

Y #$ %

� � � WKD
&

HQWH

' (

YHUWLFHV
� � � WKD

&
HQWH

'

DO

) *

HUWLFHV

� � LI�DQ

+ �

DW

, '

HPDLQV�2

-$&*

.

*7*

. /

7&

0 1
$*7

___

2 2

___
&$&

0 1
$**

� �

� �



$GOHPDQ·V�DOJRULWKP

� � FRGLQ

�

W

� �

JUDSK
�

�

�� J

�

HQ

��

H

�

U

	

D




W

�
� �

¶

�

D



O

�
O

�
·�

�
S

�
D



W

�

KV

���

NHH

�

RQO\�SDWKV
� � � IURP Y ��� W

�

Y �� �

� � � WKD
�

HQWH

�  

YHUWLFHV
� � � WKD

�
HQWH

�

DO

! "

HUWLFHV

� � LI�DQ

# �

DW

� �

HPDLQV�2

$$&*

%

*7*

% &

7&

' (
$*

( (
7*

' &

$&7�$7&&�7$*7
___

) )

__

) )
__

) )
__

) )

___�____
&$&

' (

$*
% &

7&

& &

$&

% (

7*$�7$**

* +

* +

, +

+ , , +

-
*

,

.

+
/

0



$GOHPDQ·V�DOJRULWKP

� � FRGLQ

�

W

� �

JUDSK
�� JHQHUDW

�

¶DOO·�SDWKV

N

�

HH

� � � �

R

�

Q

	
O



\�

�
S

�
D

�
W



KV

���

�

��� �� � I

�

U

�

R

�
P

�
Y

�� � � � W


�� �

Y

��  !�  !

�

"� �� � W



K

�
D

� # 

H

�
QW

	 


H

�$ %� 	

Y

�

H

�

U

�

WL


 &

F

'

H

�

V

�

�

(� �� � W



K
�

D
� # 


H

�

QW

	 


H

�$ �

DO

� 
) *
 �

HU

� �

W




L

&

F

'

H

�

V

�

�

+� � L
&

I�
�

D

�

Q

	, �� �

DW

� 
 - $� �

HP

� �

D

�

L

&

Q

	

V�

�

2

./ 0

1
2

3

4 5
6

7
�3&

8

ZLW

�

Y 9;: DQ
<

Y => ? SULPHUV
�JHO

@

VHSDUD

A �
R

B
OHQJWK C DPSOLI\ 	�SXULI\

�PDJQHWL

D E
HDGV

@ F �

OHFW�VWUDQGV
�3&

8

DPSOLILFDWLRQ�

G �

HO



LQKRXGVRSJDYH

\ '

� �
� G

�

JHUHHGVFKDSVNLVW
\ FRPSOH[LWHLW�Y

�� �� �

EOHP
� � �

	

	�13
+DPLO


 � � 	 �

WK�3UREOHP
\ $GOHPDQV DOJRULWPH
\ FRPPHQWDDU
\ WKHR

� � � � 7XULQJ PDFKLQH
\ UHFHQW�ZHU

� 
 
 �

HNRPVWYLVLH



FRPPHQW
�

«

D ´FOHD

�

WKD

�

WK

�

PHWKRG

�

FRXOG�EH
VFDOH

� � �

W

�

« ODUJ

� � 	

UDSKVµ

D DSSUR[LPDWHO\




GD\

�

R

�

OD
�

ZRUN

D SRVVLELOLW\ R

�

HUURUV




ED

� � �

X

� � � �

1$�"
� VXLWDEO

� � �

JRULWKPV

� DXWRPDWLRQ
� DOWHUQDWL

� � �

ROHFXO

� � �

OJRULWKPV

� SVHXGRSDWKV

�

DFFLGHQWD

� �

LJDWLRQ


 �

&
��
� VHSDUDWLRQ�SURFHGXUHV

� KDLUSLQ ORRSV
� VWDELOLW

�

ZKH

�

VFDOHG



FRPPHQW
�

«

D ´SRZH

�

R

�

WKLV PHWKRG RI�FRPSXWDWLRQµ

� �

�

��

RSHUDWLRQV ��

��

SODXVDEOH
� H[FHHG VXSHUFRPSXWH

�	

E


 �
KRXVDQGIROG

D ´QRW FOHDU ZKHWKHU � XVHG WR VROYH UHDO
FRPSXWDWLRQDO SUREOHPVµ

D SRWHQWLDO




PDVVLYHO




SDUDOOHO�VHDUFKHV

��

� PXOWLSO\L
��

����GLJ

� � �

XPEHUV



LQKRXGVRSJDYH

\ '

� �
� G

�

JHUHHGVFKDSVNLVW
\ FRPSOH[LWHLW�Y

�� �� �

EOHP
� � �

	

	�13
+DPLO


 � � 	 �

WK�3UREOHP
\ $GOHPDQV DOJRULWPH
\ FRPPHQWDDU
\ WKHRULH «�7XULQJ PDFKLQH
\ UHFHQW�ZHU

� � 
 �

HNRPVWYLVLH



7XULQJ�PDFKLQH

D D DD D E E E E E F F F F F� �

��
� �� � � �

�
� �� 	 
 � � �
 �

�� � � �

�
� �� 	 
 � � � 
 �

�� � � �

�
�

� � � � � � � 
 � �

�
� � � 
 � � � � � � � � 
 �

� � � � ��
�


 � � 
 � � � � � � � 
 �

�
� � � 
 � � �� � � �

� � � � � �

�� �

� ��� � �

� � �
� �

�

� � �
� �

� � � � �

� �� � � � � �
� � � � � � �

�

� � � � �

� � �
� �

� � �
� �

� ��� � �

� �� � �

�

� � � � �

� � �
� �

 �  
� �

� �� � �

WDSH



¶XQLYHUVDO·�7XULQJ PDFKLQH

**$7*QQQQQQQQQ
&&7$&QQQQQQQQQQQQQ

� � � ��� �

� �� �	 
 �� � � � � � 
 � � �� �� �� � � 
�

� �� � � �� �	 � � � � � �	 � � � � � � � � 
 	 
� � �	

� � � � � � 
 � � �� � � � � 
 � � � � � � � �� �	 �

� � � � � � �� �	 � � 
 � � �� � � � � 
 � � �� � � � � �	 � �	 � 	 
 ��

� � � � � �	 � � �� � � � � � � � 	 �

� �� � � � � � � � ��� �

� �	 � � � �� � � � � � 	

5RWKHPXQG
)RN,
FLUFXOD

�

'1$



LQKRXGVRSJDYH

\ '

� �
� G

�

JHUHHGVFKDSVNLVW
\ FRPSOH[LWHLW�Y

�� �� �

EOHP
� � �

	

	�13
+DPLO


 � � 	 �

WK�3UREOHP
\ $GOHPDQV DOJRULWPH
\ FRPPHQWDDU
\ WKHR

� � � � 7XULQJ PDFKLQH
\ UHFHQW�ZHU

� 

WRHNRPVWYLVLH



UHFHQWO\ LQ�1DWXUH

Stojanovic & Stefanovic, Deoxyribozyme-
Based Molecular Automaton. Nature
Biotechn. 2003. Deoxyribozyme-Based
Logic Gates J. Am. Chem. Soc. 2002
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There are many practical hurdles. Even with the best
techniques of today, DNA still l ags behind silicon
computers,"  says Ehud Shapiro. Instead, he advocates
creating DNA devices that can do things, and go to p laces,
that silicon can't - such as inside our cells, to make and
control drugs.
   …
Ultimately, Seeman hop es to bu ild DNA scaffolding for
electrical circuits, or for other molecular machines.
   …
Yurke is focusing on  DNA machines with moving p arts. In
2000, he and his colleagues devised a set of DNA tweezers
….
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