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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS
A Structure for Deoxyribote Nuclelc Acid
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TaemMHuua cTpyktypum reny (1940-1950 pp.)

Oswald Avery
(1877-1955)

Colin MacLeod
(1909-1972)

(1911-2005)

Gene Is an
aperiodic
crystal

Chargaff Complementarity Rule

DNA source Adenine Thymine Guanine Cytosine
Calf Thymus 1.7 1.6 1.2 1.0
Beef Spleen 1.6 L.5 1.3 1.0
Yeast 1.8 1.9 1.0 1.0
Tubercle Bacillus 1.1 1.0 2,6 2.4

Maclyn McCarty

(From Vischer, Zamenhof and Chargaff, 1949, p. 433, and
Chargaff et al., 1949, p. 413).
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Cytosine
Y
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I_ C1 ...{ o
—

Erwin Chargaff
(1905-2002)

Erwin Schradinger
(1887-1961)

Jaméé Watson
(1928)
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OocnigxeHHa B KaBeHaiwcbKin nabopatopii
KemOpunoKcbKoro yHisepcureTy

NoypeHc bperr
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[xoH Kenpgpto
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PeHreHiBcbKi gocniaxeHHs

Monekyna miorno6iHy (1959)

Monekyna remornooiHy
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3pa3oK afeHiHy
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OocnigxeHHA y BipAini 6iodisnku

KoponiBCbKOro konemxy
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PosaniHg ®paHkniH
(1920-1958)

PenmoHp MochiuHr
(1926-2015)

PeHreHocTpykTypHi gocnigpkeHHa JHK

Levin J.S. and K.R. Miller DA
1991. Biology: Discovering fibers
life. D.C. Health &Co.

Photo 51___. .

xoH Penpan
(1869-1940)

Moppic Yinkinc
1905-2002
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Mepwi mogeni cTpykTypu monekynu OHK

Binbsam A3TOypi
(1898-1961)

®nopeHc benn
(1913-2000)

Moaenb “cTtonka neHHi”

Indrndual

Moaenb NoTpinHOI chipani 3
cocaramu8cepeanHi

.-"'-‘4"..;
nucle-:-nde — &' .

Nucleic

acid

backbone

Astbury, W., Bell, F. X-Ray Study of

748 (1938).

Fd 'I
L. Pablin gi R.B. (,oreyA

proposed structure for the
Thymonucleic Acid. Nature 141, 747— nucleic a cids. Proc. N. A. S. 39,

84-97 (1933)

Nannyc MNoninr
(1901-1994)

Creator: Leon Tadrick

Po6epT Kopen
(1897-1971)
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peHC|c PIK
(1916 - 2004)

Mukona
TapHaBCbKUK
(1906-1953)

bionoriyHe dyHKUioHyBaHHA [HK

KopyBaHHSA reHeTUYHOI

iHpopmauil
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Codon 1

Codon 2

Codon 3

Codon 4

Codon 5

Codon 6

Codon 7

DHA sense strand

TpaHckpunuia OHK

6T AC
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Peny6nikuia QHK

DMA antisense
strand
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Public Domain Dedication
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NA replication_split.svg
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Ctpykrypa makpomonekynu OHK

CtpyktypHi enement AHK MopginHa cnipanb AHK

Cl)(mpn |« 20 A »|

®ochar  Azormcra A30THCTA

_{);}}3 OCHOBA AL g
K BO/IHEBI 3B’ A3KH
B A )

James Watson

Maurice Wilkins
(1916-2004)

(1928)

Francis Crick
(1916 — 2004)

Rosalind Franklin
(1920 — 1958)

Watson J.D., Crick F.H.C. A structure of deoxyribose nucleic acid. Nature. 171, 737-738 (1953).
Wilkins M.H.F., Stokes A.R., Wilson H.R. Molecular structure of deoxypentose nucleic acid. Nature. 171, 738-740 (1953).
Franklin R.E., Gosling R.G. Molecular configuration in sodium thymonucleate. Nature. 171, 740-741 (1953).
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Po3aniHaa ®paHkniH i BIAKpUTTA cTpyKTYypu JHK

The Structure of Sodium Thymonucleate Fibres. 1.
The Influence of Water Content

Molecular Configuration in Sodium

Thymonucleate
By Rosariwn E, FraverLin® axp R, G Gospive

Rosalind Franklin

1920 - 1958
] L
H?ED_ - Na | __D'MP,»-"
7N Nar 07 N
Sodium deoxyrybose nucleotide ‘MPJ’ D_ﬁ i HDHP Vs Sodium deoxyrybose nucleotide
from calf thymus. NG I Nat . o7 D from calf thymus.
Structure B Structure A

Franklin R.E., Gosling R.G. Molecular configuration in -+¢ should expect a tendency
sodium thymonucleate. Nature. 171, 740-741 (1953). o the phosphate groups to
Franklin R.E., Gosling R.G. Evidence for 2-chain helix in “$$0¢4%¢ ith one another ... Erankjin R E., Gosling R.G.
crystalline structure of sodium deoxyribonucleate. The structure of sodium thymonucleate fibers. I. and II.
Nature. 172, 156—157 (1953). Acta. Cryst. 6, 673-677 (1953); Acta. Cryst. 6, 678-685 (1953):
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Po3aninga ®paHkniH i BigkpuTTa cTpyKTypn OHK

https://www.youtube.com/watch?v=b3uoyjfyQWQ

Rosalind Franklin
1920 - 1958
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https://www.youtube.com/watch?v=b3uoyjfyQWQ

Po3aninga ®paHkniH i BigkpuTTa cTpyKTypn OHK

Joshua Silver and Nicole Kidman
© Johan Persson

Performance: Photograph 51 (London, 2015)

Rosalind Franklin
1920 - 1958
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t0. M. bnaron, O. H. Becenkos, C. H. Bonkos, [I. M. FoBopyH, M. I1. €BctepHees, P. O. Xypakiscbkuid, O. |. KopHeotok, B. A. Manees, M. O. CemeHos, B.

0. CopokiH, B. M. XapksHeH, J1. M. Xpuctocopos, A. B. Lectonanosa. MpuHUMNK MonekynsipHoi opraHisadji i CTpykTypHoi guHamiku 6iononiMepis,
(XapkiBCbKMI HaLjioHanbHMI yHiBepcuTeT iMeHi B.H. KapasiHa, Xapkis, 2011).
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Crabini3auia noasinHol cnipani AHK npoTunoHamu

FigpatHa o6onoxka JHK HewnTpanisauia chocchatHux rpyn
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MeToau MmoaentoBaHHA

The first modeling of the DNA
double helix structure
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File Molecule Graphics Display IS8 Extensions Help
D T A D F Molecule g?ma“? Tosq?)d $~fo|
ranslate e
0 TADF bEasf pdb 0
pd pd & Scale Mode ]
£ Center C
& Query 0
[ Label 3| T Atoms 1
ol |} [ Move & Bonds 2
44| zoom = [Loop ] step f 1 [ Force » | Angles 3
- [ Move Light (D Dihedrals 4
= 8. & Add/Remove Bonds
- C Pick P

Size
~10 A

Levels of modeling

Quantum
chemistry
(HF, DFT, MP#)

Time
~10 fs

~10* A

Coarse grained
molecular
dynamics (CG MD)

~1 ms
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MoaentoBaHHa [HK Ha pi3HuX piBHAX opraHi3adil

PeanbHa cucrema

BpaxyBaHHSl eNeKTPOHHMX
edekTiB

Schrodinger equation

L d -
i | (1) = A% ()

ATOMHMI piBEHb

KpynHo3epHucti mopeni

© Sofia P.

A. Knotts, N.
Rathore, D.C.
hwartz, J.J. de
blo J. Chem.
L P8ys. 126, 084901

4 2007
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CraHoBneHHA monekynapHol anHamikn OHK: 80 — 90-Ti poku

G. L. Seibel, U. C. ®parment AIHK d(CGCGA) 3 npotuitoHamu Na* Ta
... Singh, P. A. 830 moriekynamu Boay (He nokasaHo), TpaeKTopis
Catah Kollman ~0.1 HC
R/l A molecular ’
l’ R dynamics simulation '
AT E et otag) B ,
M T/ AMBER Faal
LAl ) v - Michael Levitt
Peter Kolima counterions ang ~ wa¢. Ichael Levi
(1944-2001) water. Proc. Natk... ™" R (1947)
> n AW S 2013
(1985) - for "the
" ‘..5-'
) ) _ L L development
_ PagianbHi dyHKUii po3noginy ans ioHiB BigHOCHO .
¥ oci noggiitHoi 5 - . AHIRIEIE
L . . Li+ .

Klaus Schulten || cniPani AHK ~ere Nat models for  Arieh Warshel
(1947.2016) Lyubartsev AP. 4r -‘--g::{.} comp|ex (1940)
— | aolreanan Aattc _ Pt
e ,,.;: GROMACS am & 3 chemical

= simulations of DN< systems*
=3 in soluion with = 2
different counter- & -
*i' R ions. J. Biomol. 1 CHARMM
Herman Berendsen g;g‘((;g'gzg" vol. 0 . . H Martin Karplus
(1934-2019) 0 2 4 6 8 10 12 14 16 18 (1930)
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MopentoBaHHA disnyHux snactusocten [JHK B YKpau-u

Onekcanap D.aBMOB
(1912-1993)

Bikrop [daHinos
(1935-2014)

ﬂMMTp FoBopyH
(1950-2020)

®i3nyHi oCHOBU MOAeNtoBaHHA GioMonekyn, rigpaTHOi 060MOHKH
Ta B3aemogii 3 6ionoriYHo akTMBHUMU pe4OBUHAMM

.

ONHTOHDI
MOMEKYMSPHbIX
g, CUCTEMAX

A.C. fIABbIM0B

®I3UYHI NPUHLUNH
MONEKYNAPHOI OPTAHI3ALI
| CTPYKTYPHOI IRHAMIKH
BIONOJIMEPIB

38
B

A e

Bonoaumup Manees
(1930-2018)
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B3aemogis npotunoHis 3 HK

Localization of spermidine®* in
the DNA minor groove

Perepelytsya S., Uliény J., Laaksonen
A., Mocci F. Nucl. Acids Res. 47, 6084
(2019)

Sequence-specific interaction

> > A4 40 000> > 440

fo'

ONA- 9 B 7 6
SPermidin€™yinor groove width (A)

Effects of hydration of meal
counterions

Perepelytsya S. J. Mol.Model. 24,171 (2018

Ukr. J. Phys. 65, 510 (2020).
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[OHK B Gionorii i HAHOTeXHONOriAX

Parameters of natural DNA

Vorus A
E.Coli
Mouse
Human
Salamander

17 um
1,6 mm
1.1m
1,1m
13,3 m

12 nm

Linker DNA ~60 bp

Schlick T. Molecular Modeling and
Simulation. NY: Springer (2002).

DNA as a material

DNA and oil in the world
Mbp kg
*DNA 5.310% | 5510
WikiQj| 291014

DNA/Qil = 0.25

H.K.E. Landenmark, D.H. Forgan,

C. S. Cockell. An Estimate of the
Total DNA in the Biosphere
PLOS Biology | 2015

DNA nanoelectronics

Transistor DNA patterns

L. Hui, R. Bai, H. Liu, DNA-Based
Nanofabrication for

Nanoelectronics. Adv. Funct.
Mater. 32, 2112331. (2022)
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BHyTpiwHA nposigHicTb OHK

Schematic side view of the
metal-dsDNA-metal junction

Thiol-GNP
contact

Metal-metal
contact

I -V Characteristics
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R. Zhuravel, H. Huang, G. Polycarpou, S. Polydorides, P. Motamarri, L. Katrivas,
D. Rotem, J. Sperling, L. A. Zotti, A. B. Kotlyar, J. C. Cuevas, V. Gavini, S. S.
Skourtis, D. Porath. Backbone charge transport in double-stranded DNA.

Nature Nanotechnology. 15, 836 (2020).

Mechanism of electron
transport in DNA

Tunneling

Hopping

Huigian Zhou, Han Lin, Qi Wang,
Tingting Hao, Yufang Hu, Sui Wang,
and Zhiyong Guo Analytical Chemistry
94 (44), 15324-15331 (2022)
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3actocyBaHHA Bnactueocten JHK B HaHOTeXHonorifAX

DNA double helix as a tiny
electromotor

C. Maffeo, L. Quednau, J. Wilson1, A.
Aksimentiev. Nature Nanotechnology
(2022) https://doi.org/10.1038/s41565-022-
01285-z

Chain of Ag atoms in DNA

J. Kondo, Y. Tada, T. Dairaku, Y. Hattori,

H. Saneyoshi, A. Ono, Y. Tanaka. A
metallo-DNA nanowire with uninterrupted one-

dimensional silver array. Nature Chem. (2017)

DNA as a perfect quantum
computer

Mirror

R.R. Aroche, Y. M. Ortiz Garcia, M. A.
Martinez Arellano, A. R. Leal. DNAas a
perfect quantum computer based on the
quantum physics principles Scientific
Reports (2024) 14:11636
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3actocyBaHHA [1HK B Li-noHHKX GaTapesx

Li-DNA supercapasitor
(Republic of Korea)

S. B. Mitta, J. Kim, H. H Rana, S. Kokkiligadda, Y. T. Lim, S. Ho Bhang, Ho S.
Park, S. Ho Um, A biospecies-derived genomic DNA hybrid gel electrolyte for
electrochemical energy storage, PNAS Nexus, Volume 3, Issue 6, June 2024,
pgae213, https://doi.org/10.1093/pnasnexus/pgae213

S. B. Mitta, R. Harpalsinh, J. Kim, H. S. Park, S. H. Um. Flexible Supercapacitor
with a Pure DNA Gel Electrolyte Adv. Mater. Interfaces 2022, 9, 2200133
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Ctpykrtypa rento Li-OHK

Fenb Li-AHK Pamaniscbki cnektpu Li-AHK lponoHoBaHa Moaenb
CTPYKTPM rento

PO

Intensity (a.u.)

)

I L I " L] 4 I X I
800 840 880 920 960

S. B. Mitta, R. Harpalsinh, J. Kim, H. S. Park, S. H. Um. Flexible Supercapacitor
with a Pure DNA Gel Electrolyte Adv. Mater. Interfaces 2022, 9, 2200133

KHY: ctya. Mapis CocHoBCbka =
KMI: cryn. Onbra Bnactok, AHHa Cteuok; (KAY) Giznunnit dakynitet KHY

=

IHiLiioBaHMI ekcnepuMeHT B YKpaiHi: m
KHY: a.d.-m.H. Makcum JlasapeHko, a.xiM.H. Cepriit Anekcees, ag I AU
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MonekynapHo-aguHamiyHe mogentoBaHHa AHK y
BoAHOMY po34uHi LiCl

Cucrema HK B 0.1 M LiCl

Tetiana
Bubon*®

©
® SRR S ¢
Nk

e o ©

. « BITP Computational Grid Cluster

Cuctema JHKB 1.0 MLIiCl

| I

[

5 DNA molecules, Box size: 120 A x 120 A x 120 A,
Nucleotide sequence: CGCGAATTCGCGCGAATTCGCG

GROMACS, >200 ns equilibrations (in progress)
AMBER BSC1 force field
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iCl

IB B PO3YUHI

®opmyBaHHa OHK-OHK koHTaKT

CnoctepexeHHs arperadii AHK

Cucrema JHK B 1.0 M LiCl
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Mepe3apsapka AHK npotunoHamm Li*

Complexes of PO, with Li* ions DNA overcharging Complex formation
e DNAL ~ DNA2
C_+__,‘ ._+_."
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+ +
N
+| S w1
.8 - +
y + ES
+ +
+ +
: + +
Li* ~45% -+ -+
1Li* =38%
OLi* =17%




Ctpykrypa koHTakTiB QHK-Li-OHK

Calculated Raman spectra of Li-PO, complexes

Li* induced DI4A aggregation

1 772
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IR spectra of Li-DNA from MD simulations
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Miacymok

1. EcbekTu rigparauil
npotunoHiB AHK

Perepelytsya S.
J. Molec.Model. 24,171 (2018)
Ukr. J. Phys. 65, 510 (2020).

2. Mpotunonu OHK
€NEeKTPNYHORY
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cross-link formation
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