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Nuclelc acid
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Bases
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purine : Two rings with four “N” pyrimidine : One ring with two “N”
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« Adenine (A), guanine (G), cytosine (C), and thymine (T) are

found in
« Adenine, guanine, cytosine, and uracil (U) are found in RNA
« Bases have ring structure -




phosphodiester

Phosphate group is highly charged -

Phosphate group

In nucleic acids, the phosphate group is a
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Nucleosides / Nucleotides

= base + sugar

Nucleotide = base + sugar + phosphate

NH, (b) NH,

B-N-glycosidic
bond

OH H
Adenosine Deoxyadenosine OH H
& 2012 Pearson Education, nc. 2’-Deoxyadenosine 5-monophosphate

(Deoxyadenylate, dAMP)
RNA DNA

Nucleoside Nucleotide



Nucleic acid - overall

 Why is it called nucleic acid?

— their initial discovery within the

— the presence of phosphate groups (related to phosphoric

acid)

— under neutral conditions, DNA is deprotonated at this site,
and the oxygen atom bears a negative charge

OH

O=—P——0OH

OH

phosphoric acid

HO

phosphate group
on DNA

pK, of phosphate group =
acid!
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Expressing ssDNA

The left DNA can be represented as

-> Just write BASE without sugar and

phosphate (Why?): called

- DNA sequences are referred from the
5’ to the 3’ end, which corresponds to
the direction in which they are
synthesized and read by other
molecules

Question, is there any relationship
between the two following strands,
5'-AGTC-3"and 5'- CTGA - 3'?

No, they are totally different strands
There is polarity in the direction of NA



Complementary base pairing in DNA

i i

CH3 O-——H—N 7 N—H-——0 Nﬁ
\_N 72 \_N

N—H-——— N INrmmemeeeeees H—N

N NN N NN
sugar sugar

i O---H—N

sugar sugar |
thymine adenine cytosine /\ H guanine

2 hydrogen bonds ‘ 3 hydrogen bonds

« Adenine and thymine forms| |hydrogen
bonds

« Cytosine and guanine forms| |hydrogen
bonds




Bases

Sugar—phosphate: hydro

P 4 Base: hydro

(sort of amphiphilic structure)

Base pairing produces
a regular structure in
which one strand is
complementary to the

Base-pair interactions
lead to the formation of
a double helix with

other. stacked base pairs. What WI” happen?
The base will try to minimize its
A exposure to water
B G
» C

How?
By making a helical structure




Structure of dsDNA

Double stranded DNA (dsDNA)
~2 nm

1 base =~3.4 A

The sugar—phosphate backbone is on the
outside, and the bases are on the inside:

- hydrophilic backbone is exposed outside
- hydrophobic base buried inside

- DNAIS and water soluble
- DNAIs charged

WU '€~ = aseq 0T~




Interactions affecting the conformation of dsDNA

Hydrogen bonds: Hydrogen bonding
between base pairs

the double helix

Charge-charge interactions: electrostatic
repulsion of the negatively charged
phosphate groups of the backbone is a
potential source of instability of DNA helix.
However, they can be minimized by the
presence of cations

Interactions: The stacked base
pairs form van der Waals contacts.

effects: Burying hydrophobic
purine and pyrimidine rings in the interior of

Table 19.3 Stacking interactions for the
ten possible combinations in
double-stranded DNA

Stacking

energies
Stacked dimers (k) mol™)
T EEJ, -61.0
Tarl  loel o0
[al Tl o
I ggl -40.5
locl Tl e
I lzﬂ -27.5
I7al el s
Ival  lcel -4
17 B AN
T ?:M -16.0

Arrows designate the direction of the sugar-phos-

phate backbone and point from C-3' of one sugar
unit to C-5' of the

[Ad pted fro mOmt n, R. L., Rein, R., Breen, D.

and MacElro yRD(1978)A optimiz dp

ttlf ction for the IIt of nucleic acid

interaction energies: I. B sta k ng. Biopo lym rs

17: 2341-2360.]

© 2012 Pearson Education, Inc.



Hybridization of DNA

Under physiological conditions,

stranded DNA Is

thermodynamically more stable than separated strands

DNA has become single stranded

DATIGVTVITVOUVU

Double-helical

DNA
Denaturation

LYNSETRN Y

Partially denatured
DNA

Association of
strands by base
pairing

Separation
of strands

Sample 2

Figure 8-29
Eipiness s

les of Bioch

Separated strands
of DNA in random coils
Figure 8-26

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company

temperature (T,): The temperature at which half the

Duplex of
"sample 1

- Duplex of
sample 2

istry, Fifth Edition
© 2008 W.H.Freeman and Company



Absorbance ——

©2012 Poarson Educatior

Melting temperature

Intensity of Intensity of
incident transmitted
light
; ly
Lamp Monochromator Detector

Sample cuvette
with ¢ moles/liter
of absorbing

species
vy > ‘Box_3-1 fi_gl.!re lm_ o e
UV-vis spectrophotometer i
/DNA has absorbance at 260 nm
Single- all single stranded
Bl 4/

Two complementary

Poly (AT)
NA strands absorb < S half of DNA
E 50 ¥ _hybridized
c
A § Naturally occurring
Dotble- - DNA with A/T and Poly (GC)

Reldtive increase in absorbance

stranded G/C base pairs
DINA
T T :l T T 1 1 f 1 1 1 I 1 1 1 1 1
220 260 300 10 30 50 70 90 110 130

all double strandedTemperature (°C)

©2012 Pearson Edueation, Inc.

Wavelength (nm)

n, Inc



Melting temperature
g 111 | 1L K

Melting temperature variation
elonic strength [Na*] | — T,
eLengthof DNA(n) | —T, s
Sequence composition ([G+C]) T—T, LT LR
*Missmatch between ssDNA molecules:

Pl —Tn

[Na*] 500
Tp =166 l0g; (= +0?[Na+])+o.41 (% [G+C])- == -P

T, = melting temperature in °C

[Na*] = Molar concentration of sodium ions in solution

%[G+C] = percent of G+C bases in DNA sequence

n = length of DNA sequence in bases

P = temperature correction for % mismatched base pairs (~1°C per 1%
mismatch)

ainjesadwa] Buisealou|



hree conformations of DNA

 DNA can have structures other than common B form

« The conformation that DNA adopts depends on the hydration level,
DNA sequence, the amount and direction of supercoiling, chemical
modifications of the bases, the type and concentration of metal
lons, as well as the presence of polyamines in solution

Type of helix Right-handed Right-handed Left-handed
Helical diameter (nm) 237 (or 2.0) 2,55 1.84

Rise per base pair (nm) 0.34 0.29 0.37
Distance per complete turn (pitch) (nm) 34 32 45

Number of base pairs per complete tum 10 11 12

Topology of major groove Wide, deep Narrow, deep Flat

Topology of minor groove Narrow, shallow Broad, shallow Narrow, deep

A form: under non-physiological conditions in partially
dehydrated DNA

Z form: segments of DNA where the bases have been
chemically modified by methylation

A form B form
Fi'gt!re 8-17 part 1

Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Primary, secondary, and tertiary structure of
nucleic acids

structure: the linear sequence of nucleotides

5'-GCGAUUUAGCUCAGDDGGGGAGGCGCAGACUGAACAUCUGGAGGU
CUGUGTUCGAUCCACAGAAUUGCACCA-3

Secondary structure: the different helical
arrangements adopted by the molecule
¢
C
5% A

acceptor
stem

TarmC

DGA AU - 2 structure:
D C T € .
& - " higher-order structures
G G G A
G g Vloop
D arm I

C A

U C

anticodon arm



Stability of nucleic acids

 DNAIs relatively stabile
- at acidic or basic pH ranges DNA can be denatured
- at high temperatures DNA can be denatured

However, DNA can be at physiological conditions
 RNA can be easily hydrolyzed and is much less stable than
DNA
0—. O base \ \/0\/ P 0 o\/ as
oy I Y
0] .éﬁ P 6 (B 0 0
| & NAEN Nl
-0—P=0 — 0O—P—Or — A
| U / \
O\\/ base P'l*B T \/hl e a2 3’-cycl—icopho(s)phodiester
2 - PN ' HO
\‘ 7/ \_ \\/07/ base
(g OH (? OH \ |
|

O OH

 In cellular conditions, both DNA or RNA can be degraded
easily due to the presence of various nucleases.



DNA in cells

« Total length of DNA in a single cell
=34A x 6 % 109bps:|

« Total length of DNA in your body
=2m X 108 cells =
= 70 trips from the earth to the sun

DNA is tightly packed in each cell. It's wrapped

around proteins called histones, then coiled
into the familiar X chromosome shape.

Size of nucleus ~ 6 um
Size of chromosome ~ 5 ym
Stretched chromosome ~ few cm

W

IR IR T AT T TR 1
TITIT ikoat

113
H

kX XX AL AN B
A\ J !‘

" N 2

23 pairs of chromosomes

Earth <« sun: 149,597,870,700 m



Polymerase Chain Reaction (PCR)

PCR: a biochemical technology | jepa: s ommm

| Ch e
temparatures Ry
the strands m_/f A %ﬁé‘_ﬁzﬁ_

to a single or a few »uﬂ o N
copies of a piece of DNA across e | e

L copies an
hour ...

several orders of magnitude = foho—r

2 Primer

Nucleotides

AGCT

Taq
polymerase ‘

®e
Four basic components for PCR 5 -
A DNA template L
*Primers o
A heat-stable DNA-polymerase

. I
*Free nucleotides : -
e J ; =gtart:\:1ixt_
Y j enau_ralon
Cycle 1 3 = Extension




Temperature [ °C ]

|
. PCR
e |
75 — - .
T e ! 5 Capable to generate million copies an a few hours
;E’_ etc.
0_1 Principle of the Polymerase Chain Reaction (PCR) Method
25 —_/
————————— = Template ™ =forward - = Taq polymerase N
o /f/f [ [ [ [ DNA == =reverse Primet . (enzyme) {"} Heating
0 0.5 1 1.5
Time [ min ]
\
eyt PCRMix .~ g™ ;:’..— il
SetUp e Annealing t.: {i i
@ By
__": <: on
etc. etc.
L)
o -
!‘: ol
~
=
< =
_"= -l
Denaturation e
Cycle
Start 1 2 3 n I\]l,o.
- 92 - 93 DNA
1 2 4 (= 29) 8 (=2 2n No:

Graphic@E.Schmid/2003



Gel electrophoresis

Mixture of Power

Gel electrophoresis is a Z:‘.‘mt'f\, 1 T v }

method that can > 2 ' |

nucleic acids that differ in o i N
: Power |_

How far a DNA molecule $

travels is G s s w 7'

proportional to its length. B | Shm

molecules

After the current is turned off,
a dye is added; this reveals
the separated bands by
fluorescing in ultraviolet light.

Used for DNA purification
and analysis




Human genome project

Overview:

* Initiated in 1990 by US Department of YNy e f)
Energy. Trillions of cells - el E.

» International scientific research Each cell: 2 \ Chmmosomes cell
project from groups from US, UK, - j,?r';;";igmes

Japan, France, Germany, China, and REFEEE

. DNA
Indla "3 l')Jillion Df:l‘A /\
. . . . . ts (t
- Largest single investigative projects bases'A, T.C. ) A ,.‘ ‘-

in modern science. ($3 billion) 4 e -
code for proteins
that perform most

Obj ective: life functions

* Find the complete sequence of A, C,
G, T's in human genome DNA

» To understand the genetic makeup of the human species

protein

Benefit:

« Knowledge of the effects of variation of DNA among individuals can
revolutionize the ways to diagnose, treat and even prevent a number of
diseases that affects the human beings.

* |t provides clues to the understanding of human biology.



DNA sequencing

A standard way to do DNA sequencing

*Use modified nucleotide as well as regular DNA to amplify DNA.
Use gel electrophoresis to separate amplified DNA and do
sequencing.

*Problem: limitation in the length of the DNA to be sequenced,
laborious, expensive.

" : 5 E ' T, > r .
WOTHESANGER METHOD: Single-stra ddDNA
e mixed with a primer and split into four aliquots, each

ntai gDNAplyme e, four deoxyribonucleotide tph
phates and a replication tmnt . Each reaction pro d ntil a replication tm zg
ucleotide i dded. The mixtures are loaded into separate I s of a gel and electrophon sed to

separate the DNAfragmems‘ The sequence of the original strand is inferred from the results. (See p. 40
for an illustration of a high-speed DNA sequencer.)




Sanger method

(@ O O C|> (b) e s DN A

— e S |_abeled
° T T T O\/O pass DNA polymerase | primer
O 0 O Chain-terminating +4 dNTPs +
e _'f_' (dideoxy) nuclectides [ ] ' | |
: ddATP ddTTP  ddCTP  ddGTP
. Cannot form a phosphodiester
W|th ddATP band with next incoming dNTP ‘ i } 1
— ‘\
5 DNA strand 3 a $
TTAGACCCGATAAGCCCGCA —— é
GCGT s A
The DNA will not be DNA polymerase | e — C
. i 4 ANTE Labeled — C
[ G
TTAGACCCGATAAGCCCGCA Acrylamide | = ’T*
gel
-+ Co— A
ATTCGGGCGT — A
H — C
T Dt i 8
ATCTG(?GCTATTCGGGCGT — G
— C
+
AATCTGGGCTATTCGGGCGT DNA sequence
s ‘ of original
H~ strand

DNA strands with different lengths (all
discontinued at ddATP) will be generated



Crystal structures in materials

Body Centered Cubic Structure (BCC)

« Atoms touch each other along cube diagonals.
--Note: All atoms are identical; the center atom is shaded
differently only for ease of viewing.

ex: Cr, W, Fe (o), Tantalum, Molybdenum
« Coordination# =28

o |

Adapted from Fig. 3.2,
Click once on image to start animation Callister & Rethwisch 4e.

(Courtesy P.M. Anderson)

26



Crystal structures in materials

Face Centered Cubic Structure (FCC)

« Atoms touch each other along face diagonals.
--Note: All atoms are identical; the face-centered atoms are shaded
differently only for ease of viewing.

ex: Al, Cu, Au, Pb, Ni, Pt, Ag
* Coordination # = 12

(Courtesy P.M. Anderson)

27



Crystal structure of NaCl

Same concepts can be applied to ionic solids in general.
Example: NaCl (rock salt) structure

© Nat 1, =0.102 nm

G,fu—".? . y’o oCI— re; = 0.181 nm
AN

Ll r\a/fq = 0.564

. cations (Na*) prefer octahedral sites

Adapted from Fig. 3.5,
Callister & Rethwisch 4e.

28
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{ { \
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Symbols P C | F R referio the different iatice typas:

P = primmitive (there is oply one reliciiar point inside the celf (T point in each of e 8 cormers of the cell means 8/8=7 points in the ceall)
C = centered in the faces perpendiciiar to the cell ¢ aas {+ /8 of reliciiar point in each corner)

I = centeredin the body of the celf {+ T/8 of reticifar point in each cormer)

F = centered in alf laces of the calfl {+ 7/8 of reticiiar point in each cormer)

R = primitive, identical cell axes and cell angles, or irexagonal two times body centered [+ T/8 of reticaiar point in eachr cormer)



DNA nanotechnology

Nadrian Seeman

* Field opened by Prof. Seeman at NYU (early 1980’s)
« Use DNA as building blocks for synthesis of crystalline
structures



Stiffness of DNA

Typical Young’'s modulus (Pa) of materials

Steel: 2 x 101 Bone: 2 x 1011
Glass: 1 x 1011 Wood: 1 x 1011

Single folded protein: ~10°

Plexiglas 4 x 10° Double stranded DNA: 3 x 108
&
Polymer rubber: ~108 b} A
Polymer gel: ~10% } e Stress o Strain
1 0 o €
E i £ . o = E¢
| o -

Elastic region

Strain —=
(e=AL/L)
Bustamante et al., 1994. Science, 265, 1599-1600



Persistence length
Definition:
« a basic mechanical property quantifying the stiffness of a
material
* the average length required to bend a material 1 radian

(= 180/ = 57.3° )

1 mm steel wire

1 mm rubber band




Persistence length
Definition:
*a basic mechanical property quantifying the of a
polymer (or DNA).
the average length of DNA required for the helix backbone
to bend 1 radian (= 180/ = 57.3° )

-for pieces of the polymer that are shorter than the persistence
length, the molecule behaves rather like a flexible rod
-for pieces of the polymer that are much longer than the
persistence length, the properties can only be described
statistically, like a three-dimensional random walk

—> Persistence length of dsDNA:

—> Persistence length of ssSDNA:
1.5-3 nm (4-9 bps)




Persistence length

Definition:

a basic mechanical property quantifying the stiffness of a DNA.
the average length of DNA required to bend 1 radian

- Persistence length of dsDNA: 50 nm (150 bps)
- Persistence length of ssDNA: 1.5-3 nm (4-9 bps)

DNA < 50 nm - rigid, elastic rod
DNA >> 50 nm - flexible molecule

lO L
7% | () /\’
.'
I
|




Unique properties of DNA

34nm

Functional groups on either NH, &
ends or any position onthe — NH W 2 nm
bases or backbones

Stiffness

Attachment of dyes
« The rigorous Watson-Crick base pairing makes the hybridization between DNA
strands highly predictable and programmable.

 The structure of the B-form DNA double helix is well-understood.

 DNA possesses combined structural stiffness and flexibility. The rigid DNA double
helices can be linked by relatively flexible single-stranded DNA (ssDNA) to build
stable motifs with desired geometry.

* Modern organic chemistry and molecular biology have created a rich toolbox for
readily synthesizing, modifying, and replicating DNA molecules.

« DNA is a biocompatible material, making it suitable for the construction of
multicomponent nanostructures made from heterobiomaterials.



Structural forms of DNA Holliday junction
53 35

53 5 3 CoG

strand 2 CeG strand 1

CeG
strand 3 CeG strand 4
Ge(C

J Mol Recognit. 2006, 19(3), 234-242



DNA sticky ends

a
L T R A + R tRE) Roanasas
TACCGATCAACGTACTACGA GTGCCG CAATCCACTATGGCATG

—
Sticky end of DNA

—
Hydrogen - Connect each unit by
REing designing DNA sequence
——

ATGCTCACGGCGTTAGGTGATACCGTAC
S8 SE B S RE BN BEE B0 SR SN SEBER RS
TACGAGTGCOG CAATCCACTATGGCATG




DNA nanostructures

* Itis possible to make 1D, 2D and
3D structured nanoscale
materials using DNA

 Still very difficult to design
structures we want (elegant work)

150x150 nm

S00x500 nm
H. Yan et al., Science, 2003, 301, 1882

Tetrahedron

A K\?\Q@Q&% OO Nk To
X/ - 3 -
AN -
B c 7 i

DNA: 50 nM

ﬂﬂqﬁﬁ“

LRLRRLLN

A. J. Turberfield et al. JACS 2004, 126, 16342 C. Mao et al., Nature, 2008, 452, 198



DNA origam|

STAPLING A SMILEY

With about 250 specific ‘staple’ strands of DNA,
Paul Rothemund folded a 7,000-base-pair viral genome
into a 10-nanometre ‘disk with three holes'.

Viral genome

Staple strands

Nature 464, 11, 158, 2010

165 nm

P WK Rothemund, Nature, 2006




FRET (FOrster resonance energy transfer)

DEAC FITC TAMRA  TexasRed Cy5 Cy5.5 560 nm
H B . 540 nm emission 540 nm
am 43 §t£ o 60 680 m excitation excitation
Wavelength (nm)
Cy5
(D:gior Acceptor \ \’
) Far awa ]
Cy3 dye y Cy5 dye
2
Wavelength (nm) 540 nm 680 Nnm
1 excitation emission
E =
1+ (r/Ro)®
R, : Forster distance of this pair of donor
and acceptor, (the distance at which the O O
\ P 4

energy transfer efficiency is 50%)
If close



First molecular machine-DNA tweezer

TAMRA

\

}“e

=221 nm
TET A

=536 Nm

Aext=546 NM
v/xem:579 nm

E

F

Sequence

Domain 1

Domain 2

Name
I

A

B

C 5
F 5/
B

b 57
FB'Y 57
Fcﬁ 57

5’ TGCCTTGTAAGAGCGACCA%
5’ GGTCGCTCTTACAAGGCA
GGAGTCCTACTGTCTGAACTAACG
CGCATAGACCGTGATTGTTACCAG
5’ GGTCGCTCTTACAAGGCA
GCAGGCTTCTACATATCTGACGAG
CGCATAGACCGTGATTGTTACCAG
GACTTGCCACTGTGAAACTAGCTG

I
CAACCTGGAATGCTTCGGAT 3’

CTGGTAACAATCACGGTCTATGCG 3’
ATCCGAAGCATTCCAGGT 3°
CGTTAGTTCAGACAGTAGGACTCCTGCTACGA 3
CAGCTAGTTTCACAGTGGCAAGTC 3’
ATCCGAAGCATTCCAGGT 3°
CTCGTCAGATATGTAGAAGCCTGC ACGTCGAT 3’
CGTTAGTTCAGACAGTAGGACTCC TGTCCAGA 3’

Open

Closed

Nature 2000, 406, 605



First molecular machine-DNA tweezer

4—'|'||

F
[y
- open

Open

k closed

0 1 . 1 . !
0 5,000 10,000

Time (s)

dimers
—
- -— properly
- closed

Fluorescence intensity

a b c¢c d e f gh i j k |

Nature 2000, 406, 605



G-quadruplex

[Z H Loop 1 Loop 3

N NN, e
Q| TN R q |
L

L

O e s

B/ N— |
H=N  H @ H  N-H
N =:=/ H ) ‘

“t;_;;f

Han | \> ,
=M. 2N
R™MNNZ HH*N’I*‘N

b

M
h Loop 2

DNA structures formed in nucleic acids by sequences that are rich in guanine.
The quadruplex structure is further stabilized by the presence of a cation,
especially potassium, which sits in a central channel between each pair of

tetrads.



A single DNA molecule nanomotor

2 3 B 5 6 7 g8 9 10

|
15 |
T DU
‘.__
10 |
| i
5 | =
| =
|
0 V——r0 ‘ -
0 2000 4000
Time(s)
@
Qe

Gel electrophoresis: 1, nanomotor; 2, S17mer; 3,

nanomotor plus R; 4, S17mer plus its complementary
sequence. Nano Lett. 2002, 4, 315



DNA walker

Walker strands (W)
a) b) W1 5.-GGCTGGTTTCTGCTCTCTAGTTCGCGAGGTGCAATCTCCTATC-3-BHQI
W2 IBRQ-5-GTCTGGGATGCTGGATACTGAACCTAGAGAGCAGAAACCAGCC-3'
Walker Track strands (T)
T1 HEX¢-5-GCTGTACTTTGGTTACTGAAAGGGAGTGGCTCGGA-3
; T2 5-TCCGAGCCACTCCCTGGACACCATCTACAAACTTGTATGGGACGTAGCGT-3'-Cy5
+A1 ) T3 FAMY-S-TCCACATCGGACTCTGTAATGCAAAGACACGTTACTTGTAGATGGTGTCC-3'
9 T4 5'-GTAACGTETCTTTGCTCTCAAACATACGCTCTTCATGGCATTCGTCACCA-3' -Texas Red
TS 5-AACTCTTAGCCAAGATCGTAAGCGTATGTTTGAGA-3
T6
Attachment strands (A)
Al
A2
Al 5 -ACAGAGTCCGATGTGGAAGTCAGATAGGAGATTGCACCTCATCATTGTCG 3
Ad° 5 - GGATCAGTTAGTATCCAGCATCCCAGACCTAAGTGGTGACGAATGCCATG-3'

A2 DI A3 D2 A4 D4 A2 D3 Af ;‘;‘dﬂ o
Y Y Y Y ¥ oy v Y ov
100 ' __ ! ! : : : : Vo l
g "'_.,_.74‘ = — . (1] branch3
m . : 1 1 r_-—-—':—.
§ 0.75/ L branch 4
o ] ]
3 - '
I )
3 |
N 0.50r | » \branch 17
g ) i "
= | 1] 1 ]
o) = ; ! ~.pbranch 2
Zo025 . \ |
hood 110040100% 0110 § 0010 | 001 1 0010 | 0110 lot00m100 WAIKEr
Bt .4 & . i 1, i i | Wosuon
) 2500 5000 7500 10000 12500
Time (s)

JACS 2004, 126, 10834



DNA molecular beacon

>

N
> Stem z Target ‘.

Loop sequence
5 :
X /\\/\\/\\/, ‘; \’

<= sequence FQ
Fluorophore \.‘\f <«— Quencher Unbound beacon Bound beacon
Signal with quenched with unquenched

reporters fluorescence fluorescence

« Molecular beacons are oligonucleotide hybridization probes that can report the
presence of specific nucleic acids in homogenous solutions.

* Molecular beacons are hairpin shaped molecules with an internally quenched
fluorophore whose fluorescence is restored when they bind to a target nucleic acid

segquence.

Chem. Soc. Rev., 2015, 44, 3036
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DNA origami as a drug delivery vehicle
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M13 DNA

l Annealing

Triangle DNA origami Square DNA origami  Tube DNA origami

l Shape-dependent in vivo tumor accumulation

Partially digested
DOX/DNA origami
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Triangle DNA origami
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ACS Nano, 2014, 8 (7), pp 6633—-6643



Enhanced permeability and retention (EPR) effect

In most cases, endothelial cells are tightly bounded to each other and
limit the penetration of cells

Significant uptake of NPs can occur in tissues with a leaky blood
vasculature (e.g. tumor) - called “enhanced permeability and
retention (EPR)” effect

EPR effect is the most popular strategy for passive tumor targeting
method

Size of typical transvascular pore: 100~200 nm

The highest accumulation of NP in tumor occurs when NPs ~ 60 nm

' : Nanoparticle @  : Endothelial cell Q : Normal cell

_—
‘ Blood vessel .



DNA based memory device
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Nucleic Acids Research, 2017, 45 (19), 11459



DNA based memory device

A5

!

A4

!

A3

A2

!

A1

K

A0

600 bp
~200 nm)

i

032 9 3%

oM M m m 0O

vy v v v v

sal| | I
¥a | |
€a | K
za 1 |
a| 11
BUON )

=7 ~

N

a

— 2 -]

a

s123m5

T o0oo00Q @

g 2 _

o ||| ]] g%

© T o

- S

m 2
o ©~
o =
S 3
o £

® 5 8

mo N T W0 -Ims

- .

s LI g2

@ & 5

e 11111

E

g

5-bit

4-bit

3-bit

2-bit

1-bit

None

.
-

S -

<q -

.- -
-
Ed
-

Nucleic Acids Research, 2017, 45 (19), 11459



Write protection

D

DNA based memory device

A

A

v
v
DR

vvvyvyy

-

W }))
> | .
g| @ 3)
w ) )
| o , 1)
ol N )
ol ) )
© ] B

} )

)

)

)

)

- )
& | |
L |
[ |

|

)

|

o ) )
=08 )
x ) ) )
ol )
z } )
m 1 3
ol M )
s )
28 )
w 3 )
r| !} )

AA A A A

0

0 0 0 O

0 0 0O OO 0O 0O
0 0 0 00 0 0O
0 0 0 00 0O 0O
0 0 0 00 0 0O
0 0 0O OO 0 0O

0
0
0
0
0

1

0

0
0
0
0

0
0
0
0

0 0 0 01 0 0 0 0O

1

0 0 0 0 0 0 O

0

0

1 0 0 0 1

0

0

Nucleic Acids Research, 2017, 45 (19), 11459



DNA Gels
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SH Um et al., Nature Materials, 2006, 5, 797



DNA gel-based mechano-sensor

a b
Hydrogel assembly
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Assembly of the
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Hydrogel functionalization and function mechanism
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Nature Commun. 2019, 10, 528



Aptamers: nucleic acid version of antibodies

Aptamer ["aptus’-fit (Latin); “meros”-region (Greek)]:
short single-stranded oligonucleic acid (ssSDNA or
RNA) that can bind to specific target molecule

RNA oder ssDNA defined aptamer-target

(<100nt) three-dimensional complex
structures

% folding molecular recognif%ﬁ%@
ﬁm% M binding

Binding mechanism

“Chemical antibodies” with broad

range of target molecules - Induced fit .
- Structure compatibility
* jons - Electrostatic interactions
* small molecules - Hydrogen bonds

* proteins
« whole organisms (cells)

R. Stoltenburg et al., Biomolecular
Engineering 24 (2007) 381



Aptamers

Partial list of targets with selected aptamers

Metal ions

Organic dyes

Small molecules
Nucleotides and derivatives
Nucleic acids

Cofactors

Amino acids
Carbohydrates
Antibiotics

Peptides and proteins

Intact viral particles
Pathogenic bacteria
Complex structures

K(1), Mg(ll), Pb(ll), Zn(Il), Hg(l1), UO,(II)

Malachite green, Cibacron blue, Reactive green 19
Ricin toxin, Cocaine, Dopamine

Adenine, Adenosine/ATP, Guanosine, Xanthine

TAR RNA element of HIV-1, Yeast phenylalanine tRNA,
E.coli 5S RNA

Coenzyme A, FAD, NAD

L-Arginine, L-Tyrosinamide, L-Histidine, D-Tryptophan
Cellobiose, Chitin, Sephadex

Streptomycin, Viomycin

T4 DNA polymerase, a-Thrombin, Immunglobulin E,
Streptavidin

Rous sarcoma virus

Anthrax spores

Ribosomes/ribosomal protein S1, Differentiated PC12
cells, Leukemia cells CCRF-CEM



Uranyl (UO,%*) fluorescent biosensors

Substrate: 39S Cleavage site
3" a7
FTTTATE T T o AT T
CACGTCCATCTCT ATAGTGAGT
> £ 39E ACG 3
nzyme:
e\

Be+5

6e+5

4e+5

2e+5

Fluorescence (a. u.)

o

PNAS 2007 104 (7) 2056-2061



Selection of aptamers

Systematic Evolution of Ligands by Exponential Enrichment
(SELEX)

Selected = Process to find nucleic
aptamer acid with the highest
affinity and selectivity to
target molecule

Amplification

= Start with random
sequence of nucleic acid

Amplification/
Mutation

= 10-15 rounds of SELEX
need to be repeated

Repeat Rounds



