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whereas the the analogous part of cytosine is hidden inside the DNA double helix
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OSCILLOGRAPHIC POLAROGRAPHY

At controlled alternating current (constant current chronopotentiometry)

dE/dt

dsDNA ssDNA

cathodic

sparingly soluble
rompounds with Hg

G

anodic

E

LITERATURE in 1958: Adenine is polarographically reducible at strongly acid pH while
other NA bases as well as DNA are inactive

J.N.Davidson and E.Chargraff: The Nucleic Acids, Vol. 1, Academic Press, New York 1955

Palecek E.: Oszillographiche Polarographie der Nucleinsauren und ihrer Bestandteile; Naturwiss. 45 (1958), 186
Palecek E.: Oscillographic polarography of highly polymerized deoxyribonucleic acid; Nature 188 (1960), 656
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J. Heyr'ovsky invented In difference to most of the electrochemists I met in

POLAROGRAPHY in 1922. the 1960's and 1970's, J Heyrovsky was interested in
After 37 years he was awarded nucleic acids and he greatly stimulated my polarographic
a Nobel Prize studies of DNA

J Heyrovsky S Ochoa A Kornberg Nobel Pr‘izes 1959
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D.c. polarography vs. oscillopolarography (OP)

Why d.c. polarography was rather
poor in DNA analysis?

(a) no DNA accumulation at the
| ~ electrode
: : (b) DNA adsorption at negatively
| 3 - charged DME (~-1.4V) compared to
{  open current potential in OP

/:f'a:. /

. 3 ! » ’
- ' ' R t : a2 : :
_——— —_———— - b

Fig. 1. de p(.)lumgr:uns of native and denatured calf thymus DNA: (a) native DNA
at a concentration of 500 ug/ml in 0.5M ammonium formate with H.l.i/ sodium ;;};<n;-
phate (pH 7.0); (b) denatured DN A at a concentration of 500 pg/ml in 0.5M ammon iu‘r-n
formate \\'iith 0.1M sodium phosphate (pH 7.0). DNA was d(-‘n:ilurvd l;\' iu-::t -‘-t‘ the
concentration of 666 pg/ml in 0.007M NaCl with 0.7 mM -citrate. Hnt}; 4-111'\’(-:\'1'1”
at 0.0 V, 100 mV /seale unit, capillary I, saturated calomel vl('vtr«)(iv.r S
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In 1960 when I published my NATURE paper
on electrochemistry of DNA I obtained invitations
from 3 emminent US scientists:

J. Marmur - Harvard Univ.

L. Grossman - Brandeis Univ.

J. Fresco - Princeton Univ.

To work in their laboratories as a postdoc

In 1960 new techniques were sought to study DNA
Denaturation and Renaturation. To those working with
DNA Oscillographic Polarography (OP) appeared as a
very attractive tool. Invented by J. Heyrovsky, it was fast
and simple, showing large differences between the signals
of native and denatured DNA. The instrument for OP was
produced only in Czechoslovakia.

I accepted the invitation by Julius Marmur but for more
than two years I was not allowed to leave Czechoslovakia.
In the meantime JM moved from Harvard to Brandeis Univ.
By the end of November 1962 I finally got my exit visa and
with Heyrovsky Letter of Reccommendation in my pocket

I went to the plane just 24 hours before expiration of my

US visa. Before my departure I sent my OP instrument by
air to Boston. It arrived after 9 months completely broken. I
nstead of OP I had to use ultracentrifuges and
microbiological methods.

Reprinted from Cowe frmieo Hanseos Syuroeis on Qrasmitative Booioar

Vislsrnes X XVIIL 1943
Primted, im L7.5 A,

Julius Marmur discovered DNA
Renaturation/Hybridization and
proposed (in JMB) a new method of
DNA isolation which was widely applied.
His paper was quoted > 9000x.

J M at the 40th Anniversary of the
Discovery of the DNA Double Helix

At the end of my stay at Brandeis I did some
OP experiments which I finished in Brno
and published in J. Mol. Biol. in 1965 and 1966.

Specificity of the Complementary RNA Formed by
Bacillus subtilis Infected with Bacteriophage SP8

J. Mamsvn®, C. M. Greessray, B Paceckx, F. M. Kasaxt, J. Levive, and M. Maxoer®
floelusle flepartment of Bickemistry, Bevmleia [ nivrainyg, Walthaom, W hmesis
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NCREASING CI-2
peak II and 111 only peak III
CI-2 CI-2

peak II /

no CI-2 Native DNA melted DNA
A, B C D
INCREASING melti melti
peak II CI-2 . ; + slow cooling
renaturation
111
260 quick cooling quick cooling
D
C
+
preme\{ing J
R s / denatured DNA  RENATURED DNA
Temperature ekl only peak III ekl
CI-2 i
1o CL2 no CI-2
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DNA Premelting and Polymorphy of the DNA Double Helix

B. sublilis and B. brevis DNAs have the same
Before my departure to the US I observed G+C content and different nucleotide sequence
Changes in the polarographic behavior of
DNA far below the denaturation &
temperature. These changes were
later called DNA Premelting . il

: B. subtilis
S B. brevis
J. Mol. Biol. 5 iy
¥ A )‘ o
20 (1966) 263-281 )
ol SNVt T
w % " o, 12 Thermal transition of DIXA'S selsdad fromn bastaris of the prase Bansine. DNA b »
s ‘—:‘ - :_v,.,.,,,, { 10 yg'ml. In 933 wammoniam rewale pha 0033 wand b phospbate pH
' 1 ~d =l . e -
'f ey o Feat. T, Mamen, D aremes of B
| f

| Reprinted from
1976 PROCAELS v WOCIDC ADID RESEARSH
AND SOLEOUAR NOLOSY, YOL
o e

Premelting Changes in DNA
Conformation

& Fo
C t re of the
stnuc £ n $
at 35°C, moderate ionic strength, and pH 7) « e drwvon. We can
assume that the doublebelical structure of the very Jong (A + T )orict
regions difers from the strecture of the majoe part of the molecule and
that some of the (A 4 T).rich segments are open (Fig 20). An open
de-structure cam be amsumed in the region of chain termini and/or in the

vicinity of ss-breaks and other amomalies in the DNA primary strecture,

The exact changes in the open devogions will depend o the nucleotide

seqguence as well as on the chemical nature of the anomaly. Most of the
molecule will exhibét an AELARE Wanon-Coick gt
2 o

deriaticns glaen by the secioctide sequence, Ele

wish local

rature

s t5e peemwlbng regiom (Fig. ) is likelv to Jead
other regions and, eventually, to expansion of the
ogions and %0 ferther structural chanpes. Thus the course of the con-

] changes a1 a Fuscticn of temperatare (peemelting) will be

by the distributio the nucleotide sequences and asom

alies in the paimary atructore and mav have x alment continuons
ha ter

Censoguently, gyen if we do not consider "Saeathing™ not only the

hitecture of a DNA double-belical molec bu 151 s
Ivmamics can be take
’ To deter ! A 1 endls
will be pen at a o ratur w long A
center of the molecule, further exper tal rescarch with better
samples of viral and svethetic mechelo aclds w be necessary, Further
work will undoubtedly provide mew isfoemation on the details of the

local arrasgement of nucleotide residues (n the double belix, as well as

on DNA cosformational motilty, Thus a mere accurate picture of
DNA structure will emerge, whose characteristic feature will bo poly-
morphy of the double helix, in contrast %o the classical, highly segular
DNA strecture models

oy s : - > Meeting F. Crick in Copenhagen

and Arhus, 1977 (B. Clark)

POLAROGRAPHIC BEHAVIOR OF dsDNA /\
At roomand premeltig temperaturse depended on AR
DNA nucleotide SEQUENCE <.

polv(dA)poly(dT) poly d(A-T)-d(A-T)

What the people said

Before 1980
No doubt that this electrochemistry After 1980
must produce artifacts because we know Is not it strange that such an obscure technique can

well that the DNA double helix has recognize POLYMORPHY
a unique structure INDEPENDENT OF THE DNA DOUBLE HELIX?

pf the nucleotide SEQUENCE

Becenter 3. 1976

Professor Bsil Palecek
Institute of Bilophysics
Crechoslovak Academy of Sclences
Brno L2, Eralovepolska 1)
Ctechoslovakia

Dear Professor Palecek,

[ 30 apologise for taking #0 loag w0 reply to your
letter of Septesber 1% and the very interesting review
you sent with it, Usafortunately I myself will not Be
able to attend the Symposium you plan for September, 1977
and my Canbridge colleague Aaron Klug tells me that he
00 Is wsable to be present. Had you considered the
possibility of asking Or. Hank Sobell? Ne has just pube
iished ia PUAS an account of the othwar (base-paired) kink
and has Ldeas about preselting conforsations. I bdave no
idea vhether he would be able to come but should you wish
to invite him his address is: Department of Chemistry,
The University of Rochester, River Station, Roohester,
dev York Las?

Yours siscerely,

F. %, €. Crick
Ferkauf Toundation Visitiag Professor

mcC:1e
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. RENATURATION OF RNA

- |
<
&
—— dsRNA, SSC, 55°C

= AS DETECTED BY DPP
o 80 - —o—dsRNA, SSC, 85°C ]
& Time dependence
- 60 - dsRNA, 2.5xSSC, 85°C
E
2 40
-l
T}
= 20
w
O
< 0 A
2
% ey = —o—peak IR
> —o— peak IIR
=)
h
S 20 )
L
T
X
m| —o
Q 0 —— ( @ | N ¥ e, =}

0 20 40 60 80 100 120

TIME (MINUTES)

Fig. 10. Time-course of renaturation of phage 2 dsRNA. (A) Thermally denatured ssRNA
was incubated (o @) at 857°C in 2.5 x sodium saline citrate (SSC) or (o 0) at 85°C in SSC.
and (x—x) at 55°C. Samples were withdrawn in time intervals given in the graph and quickly
cooled. DPP measurements were performed at room temperature at a RNA concentration of
3.2pug/mL in 0.3 M ammonium formate with 0.2 M sodium acetate, pH 5.6; PAR 174. (B)
(0—o0) peak IIR. (e—e) peak ITIR. ssRNA (108 ug/mL) in 0.01 x SSC was heated for 6 min
at 100°C. Then 1t was placed into a thermostated polarographic vessel with the same volume
of 0.6 M ammonium formate with 0.2 M sodium phosphate, pH 7, preheated to 58°C. The
pulse polarograms were measured at 58°C in times given in the graph. Southern—Harwell A
3100, amplifier sensitivity 1/8. Adapted from Palecek and Doskocil (1974). Copyright 1974,
with permission from Academic Press.
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Firsts in Electrochemistry of Nucleic Acids during the initial three decades

1958 DNA and RNA and all free bases are electrotractive

1960-61 assignment of DNA electrochemical signals to bases, relation between the DNA structure and
electrochemical responses

1961 adsorption (ac impedance) studies of DNA (IR Miller, Rehovot)

1962-66 DNA premelting, denaturation, renaturation/hybridization detected electrochemically,

traces of single stranded DNA determined in native dsDNA. Nucleotide sequence affects dsDNA responses
1965 Association of bases at the electrode surface (V. Vetterl)

1966 application of pulse polarography to DNA studies

1967 detection of DNA damage

1967-68 Weak interactions of low m.w. compounds with DNA (P.J. Hilsson, M.J. Simons, Harrow, UK
and H. Berg, Jena)

1974 DNA is unwound at the electrode surface under certain conditions (EP and H.W. Nirnberg, Jilich,
independently)

1976 Evidence for polymorphy of the DNA double-helical structure

For two decades only mercury electrodes were used in NA electrochemistry

1978 Solid (carbon) electrodes introduced in nucleic acid research (V. Brabec and G. Dryhurst, Norman)
1980 Determination of bases at nanomolar concentrations by cathodic stripping

1981-83 Electroactive markers covalently bound to DNA

1986-88 DNA-modified electrodes

Results obtained at: IBP, Brno or elsewhere (author's name is given). the results which have been utilized in the DNA
sensor development are in blue
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MERCURY ELECTRODES ARE PARTICULARLY SENSITIVE

ELECTROCHEMICAL METHODS RECOGNIZE
SMALL CHANGES IN DNA STRUCTURE
AND DETERMINE TRACES OF IMPURITIES
IN DNA SAMPLES
-
N
oc sc rel
ssb
@ DETERMINATION OF TRACES (< 1%) OF
\
+ /
-
i quNA PROTEINS IN ug AMOUNTS OF ds DNA
/'< >dSb
\ yd CARBON ELECTRODES
@ b ¥ .
n‘/ \‘-
| |
\. /
. e
S — - e "_‘. >
¢
INTERCALATORS / COVALENT MODIFIERS

GROOVE BINDERS
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DNA unwinding at negatively charged surfaces

native denatured

Fi1G. 1

Polarograms of Native and Denatured DNA

Upper curves: current-sampled d.c. pola-
rography; lower curves: normal pulse polaro-
graphy. a, ¢ native DNA 500 pg/ml; b, d
denatured DNA 50 pg/ml. 0-6M ammonium
formate with 0-1M sodium phosphate pH 6-8.
PAR 174.

DPP
10'2}%\ |
|
l
|
|
|
a b
| - 1 1 J L L mde—
a2 NS o e NEED
FiG. 2

Derivative Pulse Polarograms of Native and
Denatured DNA

a Native DNA 500 pg/ml; b denatured
DNA 50 pg/ml. Other conditions as in Fig. 1.

1974
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In native DNA its NPP responses depended
on the initial potential, Ei

200

)
,1 /o

10C

-02 -06 -10 E\/ o

FI1G. 4

Dependence of the Normal Pulse-Polaro-
graphic Wave Height of DNA on Starting
Potential

1 Native DNA 500 ng/ml; 2 denatured
DNA 50 pg/ml. The wave heights of native
and denatured DNA at a starting potential
of —0:2V were taken as 1009%;. Scan range
1-5 'V, other conditions as in Fig. 1.

13
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SIGNAL APPLIED

RESPONSE OBTAINED

- Ei
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Effect of pH on DNA unwinding

20
A ACID pH
16 + (protonation of bases)
— - . -
<« 121 — = dSONA pH 5.1
— F
= —@— dsDNApH 5.3 |
' 8 - ]
ey SDNA pH 6.0
4 4
, 7
0 PO
1.6 — - - - 4
—8— dsDNA pH8.7
B ALKALINE pH —O— dSDNA pHO.8
(deprotonation of bases)
1.2 1 4 —at— GSONA pH10.8
‘ .
FR—A a— 0sDNA pH12.0
LY
P - : ——5sDNA pHE.7
0.8 1 l \ = A A ) A \
/ )
04 n .
/ -
o[ -
0.0 4 -
v il s e e
'0.4 | T 8 T o T o T
-1.5 -1.3 -1.1 -0.9 -0.7 -0.5 -0.3

Ei/V

Fig. 17. Dependence of the height of the DNA voltammetric peak 3 on initial potential £; (A)
at acid pHs. dsDNA at concentration of 420 ug/mL: A—A, pH 6.0;: B— W, pH 5.3; xx,
pH 5.1. The graphical indication of the region T and U is valid only for the curve of dsDNA
at pH 6.0. (B) at alkaline pH’s. dsDNA: B—B, pH 8.7; O, pH 9.8: A—A, pH 10.8;
A—4, pH 12.0. ssDNA: x—x, pH 8.7. PAR 174, DME, LSV, scan rate 5 V/s, waiting time
60s. Potentials were measured against SCE. Adapted from Brabec and Palecek (1976b) and
Palecek (1983). Copyright 1976, with permission from John Wiley and Sons Ltd.
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Effect of nucleotide sequence on DNA unwinding

|
1 ./“
\/ /
f‘__.‘ T "n‘.h —
. B
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—e—— ® — —® .
i e e
I . s USTII I ORII) V32 22024 PO

12 ) B 04 .,
Fig. 16. Dependence of the voltammetnic beh or of ntheti tides w
' \.: .‘-. \l ‘:A > ] ' ' '.’ ' \-l \ ] | » : |
A-dl \A-dl / V (let } 1.35\ B) e—e

sy ! vl » ) i 107 e 3 . . 1 .y oyt . .
extracted from Palecek and Kwee (1979), peak height expressed in percents ol the heigl

of thermally denatured DNA. DNA at a concentration ol 100 ug/mL, concentration of

! vnucleotides was 5 x 107° M (related to phosphorus content). Background clex
M um | \ h 0.05M , pH ). HM DI
s\ T 1 e 60 | , 111 1 | 3 cnit {

& l:'\ \, | CC. | Pe . '
n the vicmmity of certamin anomaiics im ing DNA pr iry structurg giC
W is the potential region where no changes in the DNA conformation were detecied Po

tentials were measured against SCE. Reproduced from Jelen and Palecek (1985). Copyrnight

[ORS. with permussion from tne Slovak Academy of SCiences
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ADSORPTIVE STRIPPING ADSORPTIVE TRANSFER sTRIPPING

a8

NA-modified |
electrode

WASHING
NA is in the electrolytic cell and accumulates at the NA i1s attached to the electrode NA is at the electrode but the
electrode surface during waiting from a small drop of solution (3-10 electrolytic cell contains only blank
ul) electrolyte

In 1986 we proposed Adsorptive Transfer Stripping Voltammetry (AdTSV) based on easy preparation of
DNA-modified electrodes
AdTSV has many advatages over conventional voltammetry of NAs:

1) Volumes of the analyte can be reduced to few microliters
2) NAs can be immobilized at the electrode surface from media not suitable for the voltammetric analysis

3) Low m.w. compounds (interfering with conventional electrochemical analysis of NAs) can be washed away
4) Interactions of NAs immobilized at the surface with proteins and other substances in solution and influence of
the surface charge on NA properties and interactions can be studied, etc.
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Eax Conventional CV 183 V
(V)
Eoy (0.1 0 -1.55 V)
0.1\
2
Ea| AATSCV/A transfer
washing
#N A IN SOLUTION NO DNA IN SOLUTION
E,=-0.1V
b
AdTSCV/B
Eax
Eox
Eb ==0.1V
<
AdTSCV/C
on = Ebx Ebl
t,=100 s t, =100 s -

TIME

Fig. 1. Schematic diagram of HMDE polarization in (a) conventional (adsorptive stripping) CV and
(b-d) variants A, B and C of AdTSCV. (b) AdTSCV variant A: the HMDE charged to a potential
E = —0.1 V was immersed in a DNA solution for a time 7 = 100 s, the electrode was then washed and
transferred to the background electrolyte (0.3 M ammonium formate with 50 mM sodium phosphate,
pH 6.9 not containing DNA, medium 0). A potential E (varying in the range between —0.1 V and
—1.55 V) was then applied to the HMDE for ¢ = 100 s followed by a triangular voltage sweep in the
cathodic direction from E to — 1.85 V and back in the anodic direction to —0.1 V. (¢) AdTSCV variant
B: this variant differs from variant A in that DNA is adsorbed at potentials E (varving between —0.1 V
and —1.55 V) and kept in medium 0 at £ = —0.1 V. (d) AdTSCV variant C: in contrast to variant B
both potentials £, and E,  were variable but they were always the same in a given experiment. This
variant thus resembles conventional CV (a) where the HMDE was kept for r, = 200 s at the potential
E,, followed by CV measurements during which the electrode was immersed in the DNA solution.

18
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Fig. 5. The dependence of the relative peak heights of (a) the anodic peak G and (b) the cathodic peak
AC of native (a N, ® ®) and denatured (< 5.0 ©) DNA on the HMDE
potential obtained by conventional CV (& L, ©) and by AdTSCV variant A (e L 3
> ¢ x) (for details see Figs. 1 and 2). The relative peak heights are expressed in per cent: the
height of the peak of thermally denatured DNA obtained by conventional CV at E, = —0.1 V was
taken as 100% Region U is shown for AATSCV variant A.
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Probing of DNA structure with osmium tetroxide complexes

We developed methods of chemical

™ o M : probing of the DNA structure based
_ s ) N AZANANA AT ' on osmium tetroxide complexes

mtcr/ou
«mmpwc"”"‘ (Os,L). Some of the Os,L. complexes

0’-0 15 o & rexeyve . °
/ﬁo/qm—:fo/_m'%m - ~ 9ng Lo/ react with single-stranded DNA but
228 not with the double-stranded B-DNA.

& Ao O5up fomt
! P . CRTRLITIC ClRRENT
O K/I@‘;" . .
'fﬂa ' '.. %‘”M&m
< CH, N . .
PCHJ I Z : : . B : ’:Tm: ' CM"‘;‘:’ " P2
H, _ ' : B 1] _:,.\ » ! E
1 v = —.-Z Z i_s / C — D\ :::r—;!
In the beginning of the 1980°s Os,L complexes ; s X
were the first electroactive labels covalently e o
bound to DNA. These complexes produced 1 IR
catalytic signals at Hg electrodes allowing = g B
= = ==
determination of DNA at subnanomolar Nnlg FF
. i} 2
concentrations « I ,

Crinced Reviews in Buochemizery end Molecudar Bilogy, 2621151226 (1991)

Local Supercoil-Stabilized DNA Structures These methods yielded information about the

distorted and single-stranded regions in the DNA

E Palelek
kg ok e e double helix at single-nucleotide resolution. DNA
[17] Probing of DNA Structure in Cells with probed both in vitro and directly in cells.

Osmium Tetroxide—2,2'-Bipyridine
By EMIL PALECEK

Copyrght O 12 by Acadomc Press.
METHODS IN ENZYMODLOGY, Vil - ~ P
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1/%Z" denatured DNA S = e |
100} w-—u—-—vn———)f\ . "‘*\\
native DNA
—— - e =
50} = —O— O
a b
1 2 1 1 1 1 1 1 L
50 100 150 0 50 100 150
TIME/s
Fig. 6. The dependence of the relative heights of (a) the AdTSCV anodic peak G and (b) the cathodic
peak AC on time ¢, at potentials E,=—-12 V (O———0), and E, = — 1.3 V (e———a@) for native
DNA and for denatured DNA (X ——— X ). The HMDE charged to a potential £, = —0.25 V was

immersed into the solution of native DNA (at a concentration of 292 wg ml ') or into the solution of
denatured DNA (140 wg ml ') for a time ¢, = 100 s; the electrode was then washed and transferred to
the background electrolyte not containing DNA. In this medium the HMDE (with the adsorbed DNA
layer) was exposed to the potentials £, = —1.2 V or — 1.3 V for the time ¢,, given in the graph followed
by CV measurement (for details see Figs. 1 and 2). The relative peak heights are expressed in per cent;
the heights of peaks AC and G of the denatured DNA at zero time were taken as 100%.
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Scheme 1

Potential region T

\

Potential region U (around -1.2 V)
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(first seconds)
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(tens of seconds)
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Figure 19

DNA unwinding at negatively charged Au surfaces was recently
observed by R. Georgiadis et al. and applied in DNA sensors

A
100~ f‘ A
= [t matdhed
=2 [AaA A"
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9 J I A A ‘A“A *‘
© .
7! A A
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Heaton RJ, Peterson AW, Georgiadis RM, PNAS 98 (2001) 3701
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IFFY stories

On this day 50 years ago, Watson and Crick published their double-helix theory. BUT P WhClT lf coe
By Steve Mirsky (2003)

"T am now astonished that I began work on the triple helix structure, rather than on the double
helix,” wrote Linus Pauling in the April 26, 1974 issue of Nature.

In February 1953, Pauling proposed a triple helix structure for DNA in the Proceedings of the
National Academy of Sciences (PNAS). He had been working with only a few blurry X-ray
crystallographic images from the 1930s and one from 1947.

If history”s helix had turned slightly differently, however, perhaps the following timeline might be
more than mere musing...

August 15, 1952: Linus Pauling (finally allowed to travel to England by a US State Department that
thinks the words "chemist” and "communist” are too close for comfort) visits King”s College
London and sees Rosalind Franklin®s X-ray crystallographs. He immediately rules out a triple helical
structure for DNA and concentrates on determining the nature of what is undoubtedly a double
helix.

February 1953: Pauling and Corey describes the DNA double helix structure in PNAS .....
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84

CHEMISTRY: PAULING AND COREY Proc. N. A. S.

A PROPOSED STRUCTURE FOR THE NUCLEIC ACIDS

By LiNus PAULING AND ROBERT B. COREY

GATES AND CRELLIN LABORATORIES OF CHEMISTRY,* CALIFORNIA INSTITUTE OF

TECHNOLOGY

Communicated December 31, 1952

92 CHEMISTRY: PAULING AND COREY Proc. N. A. S.

which are involved in ester linkages. This distortion of the phosphate
group from the regular tetrahedral configuration is not supported by direct
experimental evidence; unfortunately no precise structure determinations
have been made of any phosphate di-esters. The distortion, which cor-
responds to a larger amount of double bond character for the inner oxygen
atoms than for the oxygen atoms involved in the ester linkages, is a reason-

FIGURE 6

Plan of the nucleic acid structure, showing several nucleotide’ residues.

Triple helix

with bases on the outside and
sugar-phosphate backbone in the
interior of the molecule

My IFFY story:

If L. PAULING had in his lab an oscillopolarograph in
1952 he would never proposed this structure.
Polarography clearly showed that bases must be
hidden in the interior of native DNA molecule and
become accessible when DNA is denatured
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SUMMARY

Electroactivity of nucleic acids was discovered about 50 years ago
Reduction of bases at Hg electrodes is particularly sensitive to
changes in DNA structure. The course of DNA and RNA denaturation
and renaturation can be easily traced by electrochemical methods

At present electrochemistry of nucleic acids is a booming field,
particularly because it is expected that sensors for DNA
hybridization and for DNA damage will become important tools in
biomedicine and other regions of practical life in the 21st century

DNA-modified electrodes can be easily prepared;

microlL volumes of DNA are sufficient of its analysis but
miniaturization of electrodes decreases these volumes to nL.
Sensitivity of the analysis has greatly increased in recent years.
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Fyzikdlni vlastnosti a izolace DNA

Denaturace, renaturace a hybridizace DNA

Biosyntetické polynukleotidy

utery, 13. fijna 2009



Fyzikalni vlastnosti DNA

Studium fyz. viastnosti DNA in vitro vyzaduje jeji izolaci z bunék ¢i
virt do zfed. vodnych roztoku, v nichZ nejsou pfitomny ostatni
celularni komponenty. Takto ztracime sice informace o jejich
usporadani in vivo (interakce s RNA, bilkovinami, atd.) - ziskavame
véak mozZnost zodpovédét jiné otazky jako m. v., sekundarni struktura

ap.

1zolace DNA - pokrok v poznani viastnosti DNA postupoval soubéiné
s pokrokem izolaénich technik. Napr. zjisténi lamavosti dlouhych
molekul DNA diky pusobeni stfiznych sil (shear degradation) - ¢im
vétsi molekula, tim snadnéjsi degradace (vyfouknuti 1 ml roztoku
pipetou o priméru 0,25mm za 2 s zlomi DNA T, na poloviny. Pfi
vysoké konce. (500 ug/ml) DNA je mozZnost zlomeni mensi. Zatatkem
60 let byl vypracovany metody umoznujici izolaci nedegradované DNA
T,aT, (130.10%). Tyto DNA se pak staly standardem pro kalibraci
metod stanoveni mol. hmotnosti DNA.

Dulezitym krokem pfi izolaci DNA je odstranéni bilkovin: vysoka konc.
soli, detergent, CHCI,- isoamyl, emulsifikace, proteasy a fenolova

extrakce. CHCIl,-opakované tfepani, degradace; lepsi je fenol- DNA o

m.v. blizké celému chromosomu E.coli(~10°) - nebezpeéi znedisténi

fenolu peroxidy (destilace).

Isolace DNA z bakteriofaga
a) purifikace faga diferenéni centrifugaci a/nebo v grad CsClI

2 SEREE S ) V poslednich letech jsou k dispozici komer¢né dostupné

Dnes nejéastéji je pouzivana plasmidova DNA. kolonky vyuzivajici imobilizaci DNA na pevném podkladu.
K separaci DNA jsou rovnéz pouzivany magnetické kulicky
Stupen Cistoty a volba metody izolace jsou velmi zavislé na Géelu, ke (magne’ric beads)

kterému ma byt DNA pouzita.
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