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« Adleman-Lipton
— DNA

— Suyama --- dynamic programming
— Sakamoto-Hagiya --- SAT Engine
— Head-Yamamura --- aqueous computing
e Seeman-Winfree
— self-assembly
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Adleman-Lipton

e Adleman (Science 1994)
— DNA

e Lipton, et al.
— SAT DNA

— DNA
DNA



Adleman DNA

Generation of a pool of Selection of
all possible solutions correct answers




Adleman-Lipton

proof of concept

. Suyama



Seeman-Winfree
DNA

linear hairpin 3-junction

DX (double crossover)

DNA



‘ The DNA representation of Wang tiles. \




AFM images of unmodified DAO-E AB lattice.




Design of DX molecular structure. |
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Seeman-Winfree

— International Society for Nanoscale Science,
Computation and Engineering

— DNA
— = Inverse folding









DNA

— Whiplash PCR PCR

— Shapiro

Conformational Machine

— Yurke Molecular Tweezers
— Seeman PX-JX, Switch
— Halrpin-Based Machine



Whiplash PCR (WPCR) = sonper sequence
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Komiya et al.




‘ Whiplash PCR (WPCR) I B
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‘ Polymerization Stop I

T
( stopper sequence - T CIC GTGT
. «— state i+] oo statei s [
CCAAATGCTTGTGTGTTGCGﬁﬁ(liili(liTT(lIﬂ'il‘.(l]T(lﬁﬁA CG
e GGCCAAGAAGCAGAA; G
next state 3 current state C. g
T TTC

T
GTGTG
Polymerization by DNA polymerase
with dATP, dCTP, dGTP
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Shapiro DNA

 Nature 2001
¢ 2 2
e okl

a=CTGGCT b=CGCAGC

57 -p..22..GGATGTAC

37_GGT.22..CCTACATGCCGAp 2@ ~>0

57 -p..22..GGATGACGAC S0,a S1
37-GGT..22..CCTACTGCTGCCGAp
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Yurke DNA
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ad hoc trial&error

— iInverse folding



. mfold Zuker Vienna
— T, melting temperature

N

— Inverse folding —
— Vienna
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Inverse Folding

e Vienna

=(x) = E(x,Q) —G(z) =—R1'lnp

— G(X) X McCaskill



DNA/RNA

e k-loop ---k
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hairpin stack

bulge

Interior

(nearest neighbor model)
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— GreedyPack
— GreedyHD
- GreedyGray

o GreedyPack GreedyHD GreedyGray
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Layered Tile Model (LTM)

original tiles

XD D i

corner tile

protective tiles (seed tile)
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OTM (Original Tile Model) T=1.41,1.12,0.82
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LTM (Layered Tile Model) T=141,1.12, 0.82




Layered Tile Model

Winfree
Proof Tile Model

-rg=10B(2x2PTM 10 )

— protective tile

-0<Tx<1l



minimax path






e DNA A B

B : Barrier Height
A B




Minimum Basin Algorithm

( )

(  B)
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 Prim-Dijkstra

1.

2. B N (Basin,Neighbor)

3. B

4, B N

5. N B

( B )
6. Stepd Step5
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e 1 hairpin

 H. Uejima and M. Hagiya:
“Secondary Structure Design of Multi-state DNA Machine Based on Sequential

Structure Transition”, DNA9 Preliminary Proc., 92-96, (2003).
« A.Kameda, M. Yamamoto, H. Uejima, M. Hagiya, K. Sakamoto, A. Ohuchi:
“Conformational addressing using the hairpin structure of single-strand DNA”,

DNAZQ9 Preliminary Proc., 197-201, (2003).
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maximize B

m minimize V

Openl Open?2 structure
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Free energy [kcal/mol]

minimax path)

T (ﬁ <‘\\\) Minimum Basin Algorithm
? q — 5%-side
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Structure [step]
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8 9sec. (CPU time), 200MB (memory), x86 500MHz, Windows2000
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( ) DNA

IMU =Integrated Magtration Unit
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GGGTA G'H'(E,?\

CCGAT CAAGT
Nearest-Neighbor

— 64

DNA
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'y = TATTANTETY — PRI —
TT o CTAGTTCCAT CTAGT
AGbnge AC-:'core AGleft
1' AC;COY(-Z‘
2. NN - AG'Ieft ! AGright
AA/TT -1.04 | TA/AT -0.60 | CG/GC -2.25
ATITA -0.91 | TC/AG -1.351 GC/CG -2.28
AC/TG -1.49 | TG/AC -1.51 | init AT 1.19
AG/TC -1.33 | CC/GG -1.90 | init_GC 1.12
\3 AGbnge

AGGTA
[ I I

TCCAT

AG

right



NN

T T
GATCAAGGTA GATCA AGGTA AA
I Y Y N I B | — I I I I | _ j— |
CTAGTTCCAT CTAGT TCCAT TT

[Ix=A M X=T []X=C []X=G
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(kcal/mol)

o
T

G of bulge loop

1
—
T

AXA| AXT | AXC| AXG | TXA|TXT | TXC| TXG |[CXA| CXT | CXC| CXG| GXA| GXT | GXC| GXG

TAT bulge (3.69 kcal/mol)
ACC bulge (-1.05 kcal/mol)




GTG-bulge NN

-CTCAAATGTG TACGCAG-3

-TCGATT AGTG ACACAGG-3

-CTAGAGCGTG ATGACTT -3

'-GTC AAC AGTG CAT AGC A -3'

“GACTTGTGTGACGGTAT -3

Sequence |AG(kcal/mol)
AG | 0.87 —|- AAITT -1.04 :
ATITA -0.91

'-ACCTGACGTG AGACTAT -3

-GAT GCCAGTG TCGATAA-3

-GCGGTAAGTGATCTAGT -3

-GTATGACGTGAACTGGT -3

aglajaafafajojajo|a

-GACTTT AGTG AGC GAT G -3

GTG-bulge
Hatim 97 | Sugimoto 96
G 3.3% 3.9% 4.8 %
AG NN

Biochemistry, Vol. 43, No. 22, pp.7143-7150, 2004
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in Vivo

Plasmid DNA
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Plasmids <

1

oeJ)leel) Introduction into Bacteria
|
)

) EXY) Crossover
(Homologous Recombination)
|
oS Selection

© )~ L® \[]] Amplification

| »  Extraction
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Crossover

Plasmids (pBR-0000, pBR-1111)

1
1 introduction

1

E. coli ES1301
1

1 over night incubation (+Tc, Cm)
1

Extraction

1

4 introduction
1

E. coli ES1301
1

4 over night incubation (+Tc, Cm)

1
Extraction

Detection

Plasmids (after crossover)

1

14 enzymatic digestion

1

E. coli DH5x

1

1 plating, over night incubation (+Tc/ +Cm)
1

Picking up colonies

1

4 over night incubation (+Tc/+Cm)

1

Extraction

1

1 add enzyme (+Bglll / +BInl / +Ndel / +Xhol)
1

Gel Electrophoresis



(a) Parents (b) Fusion plasmids

[0600] .[111'_1]

[1001] [0010] [1111] [0001] [00OO]
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