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Frequency Counter
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-

Atemplate/primer-immobilized 27 MHz QCM

/NCONH o
CONH W\-OPO —Template/Primer
V‘CONH -
Bictin
Au Avidin
Ten'plelefF'rlmer
—CGTT'I‘GATTACTGGCCTTGCGGATC )
 GCAAACTAATGACCGGAACGCCTAGTTTTCTTTTC---—- - TPTEC
DNA ol ) Template| (TTTTC)
polymerase Templatell (PTTTC)1o
—CGTTTGATTACTGGCCTTGCGE
GCAAACTAATGACCGGAACGCC TTCTTTTC -~~~ —— TTTTC
l dATP and dGTP @
—CGTTTGATTACTGGCCTTGCGGATCARAAGRARRG -~ —— —— ABAAG
GCARACTAATGACCGGAACGCCTAGTTTTCTTTTIC--==—~ TTTTC

Figure 1. Experimental setup of a polymerase reaction on a template

primer-immobilized 27-MHz quartz-crystal microbalance (QCM) in buffer
solution.

J. Am. Chem. Soc. 1998, 120, 8537-8538
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Frequency Counter Personal Computer
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Thermostated water
A DNA duplex-immobilized 27 MHz QCM

? A CONH
ONH AAA, opo—EGAAAAMMTGACGTcaTCCGS
r\\/\co,.,,_. Vo . SCTTTTTTTTACTGCAGTAGGCY
Au

ﬁwdln Biatin CRE (21 bp)

CRE-random biotin-SGAAAAAAAATGACGTCATCCG-AGGAATTCCCAAGCTTGGCAY

{41 bp) ACTTTTTTTTACTGCAGTAGGG-TCCTTAAGGGTTCGAACCGTS

CREhalf biolin-SGAAASAAAATGACAAAAACCGY

{21 bp) ICTTITTTTTTACTGTTTTTGGES

CE biotin-5 GAAAAAAAATTGCGCAATCCGY

{21 bp) ¥CTTTTTTTTAACGCGTTAGGCY

CECR biotin-SGAAAAAAAATTGCGTCATCCGY

{41 bp} ICTTITTTTTAACGCAGTAGGECS
random biotin-SAGGAATTCCCAAGCTTGGCAY

(20 bp) FTCCTTAAGGGTTCGAACCGTS

FIGURE 1: A schematic illustration of a 27-MHz QCM measurement
system and chemical structures of immobilized DNA strands on
the Au electrode (4.9 mm’ area) of the QCM.

Biochemistry 1998, 37, 5666-5672
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Figure 2. Typical time courses of frequency changes of the Templatc
(TTTTC)3-immobilized QCM., responding to the addition of polymerase
(Klenow fragment) and monomers (dATP and dGTP). (a) Polymerase
was added at first. and then excess monomers were added after the enzyme
bound. (b) Polymerase was added in the presence of excess monomers.
Reaction conditions: 30 °C, pH 7.8, 20 mM Tris buffer, 10 mM MgCl,,
40 mM KCl. [Klenow fragment] = 7.0 pmol per 8 mL. [dATP] = [dGTP]
= 520 nmol per 8 mL.

J. Am. Chem. Soc. 1998, 120, 8537-8538
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CRE-random biotin-SGAAAAAAAATGACGTCATCCG-AGGAATTCCCAAGCTTGGCAY

{41 bp) ACTTTTTTTTACTGCAGTAGGG-TCCTTAAGGGTTCGAACCGTS
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{21 bp) ICTTITTTTTTACTGTTTTTGGES

CE biotin-5 GAAAAAAAATTGCGCAATCCGY
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system and chemical structures of immobilized DNA strands on
the Au electrode (4.9 mm’ area) of the QCM.

Biochemistry 1998, 37, 5666-5672




Tabal

I

18 & DNAIZ & 518 B 1F R O &R B amEET

N

ky

|bZIP dimer| + [DNA] ? |bZIP dimer—DNA] (2)

The amount of bZIP dimer-DNA complex formed at time
t after mjection 1s given by eqs 3—5

1y

[bZIP dimer—DNA], = [bZIP dimer—DNA]_ (1 —e ™)

(3)
Am = Am__ (1 — e_l’"T’) (4)
r ! =k, [bZIP dimer], + & _, (5)

Biochemistry 1998, 37, 5666—-5672
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The amount of bZIP dimer-DNA complex formed at time
t after mjection 1s given by eqs 3—35

Am/ngem=

[bZIP dimer—DNA| = [bZIP dimer—DNA]_ (1 — e_l""f‘)

(3)
Am = Am__ (1 — e_l"—r') (4)
v ! =k, [bZIP dimer], + k_, (5)
[bZIP dimer], [bZIP dumer], N 1
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FIGURE 6: (A) Time courses of bZIP binding to the 27-MHz QCM
immobilized with (a) CRE (21 bp). (b) CREhalf (21 bp). (c) CECR
(21 bp). (d) CE (21 bp). and (e) random 20 bp (20 °C. pH 7.5. 20
mM Tris-HCL 2 mM EDTA. 10 mM MgCl,. 0.2 M KCl. [bZIP]
= 0.2 uM). (B) Saturation binding behavior against bZIP dimer
concentrations.
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Fig. 6. Frequency change of QCM chip immobilized the Fc-oligo-SH (a) or 6-
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Fig. 1. Principle of electrochemical DNase | assay based on Fc-oligo-SH-immobilized electrode and chemical structure of FCDI. L \
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Figure 1. Stucture of the compounds and the DNA sequences used in J. AM. CHEM. SOC. 2004’ 126’ 143-153.

this study.
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Figure 5. A SPR semsorgrams for the inturacticn of DB185 with AATT and TTAA hairpin DNA. The DB1SS concentrations are from 1« 107"'M (lower
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RU = RUmax x (K% Cpo.+2 x K % Ky x )
(1+K, x Cp, + Ky x K, x Cg0)

where K and K> are macroscopic equilibrium constants for two
types of binding sites, RU is the SPR response at the steady-
state level. RUpg, 15 the maximum SPR response for binding
one molecule per binding site, and Cg.. is the concentration of
the compound in solution. For a single-site model (K; = 0).
RUmax can be predicted using the following equation

RUmax = (RUpys/ MWpya) ¥ MW ppoumg * RIT

where RUpna is the amount of DNA immobilized in response
units (RU). MW 15 molecular weight of compound and DNA,
and RII is the refractive index increment ratio of compound to
refractive index of DNA 17

- T o w.w FEET % W . a ™

J. AM. CHEM. SOC. 2004, 126, 143-153.

Table 1. Binding Constants for the Interaction of DB183, DB210, and DB185 with AATT and TTAA Sites

DE183 DEZ10 DE18S

sequence Ky K (KoK K Kz Kk K
CGAATTCG 1.6 = 10 26 » 104 =3 x 101
CGTTAACG 72 % 107 1.0 107 27 = 108 30 =107 34 10° 2 x 108 1.8 « 10

Experiments were conducted in MES10 at 25 °C. See Figure 1 for the DNA hairpin sequences.
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Materials.

All binding smdies based on SPR phenomenon were performed on a four-channel BIACORE
3000 optical biosensor mnstrument (BIAcore AB, Uppsala, Sweden). All expeniments were
performed on sensorchips SA (sensorchips with streptavidin covalently immobilized on a
carboxvmethylated dextran matrix) obtained from Biacore AB. Uppsala, Sweden.
Immeobilization of biotinylated DNA probes.

Both flow cells of an SA streptavidin sensor chip were coated with biotinvlated probes. Three
5'-biotin-labeled oligonucleotide sequences (Eurogentec, Belginum) were used in these
experiments. Two hairpin duplexes were chosen from previous published work.” referred to as

the 22-mer [(CG)), (5-TTCGCGCGCGTTITTCGCGCGCG sequence) (1000 RU
immobilized on flow cell 2) and the 20-mer [AATT] (5-CGAATTCGTCTCCGAATTCG
sequence) (1000 RU immobilized on flow cell 3) and the human telomeric quadruplex DNA,
referred to as the 22-mer [G,]. corresponding to the 5-AGGGTTAGGGTTAGGGTTAGGG
sequence (1000 or 300 RU immobilized on flow cell 4 for Figures 2 and 3. respectivelv). No
target oligonucleotide was captured on flow cell 1 so that it could be used as a reference
surface. All immobilization steps were performed at a final DNA concentration of 10 nM and
at a flow rate of 2 yL/mun. Injections were stopped when sufficient RU levels were obtained.

J. AM. CHEM. SOC. 2007, 129, 1502-1503
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BIA analysis.

Binding analyses were performed with multiple injections of different compound
concentrations over the immobilized DNA surface at 25°C. All samples were diluted in HBS-
EP/KCI buffer and were injected over the sensor surface for 5 minutes at a flow rate of 20
uL/min. All diluted samples were injected at the same tume over the four channels (flow
cells). Flow cell 1 was used to obtain control sensorgrams showing nonspecific binding to the
streptavidin-coated surface as well as refractive index changes resulting from changes in the
bulk properties of each solution. Control sensorgrams were substracted from sensorgrams
obtained with immobilized DNAs to yield true binding responses. Kinetics constants were
calculated using BIAevaluation 4.0.1 software and apparent association constants (K;) were
calculated as the ratio of k 'k g

For each molecule. we calculated kop. kofr and K, constants using both 1-site (Langmuir) and
2-site algorithms and we selected the best fit corresponding to the lower Chi2 parameter value
(not shown).

Sensorgrams (resonance units. RU, versus time) for the concentration-dependent binding of
manganese porphyrin 1 on duplex and quadruplex DNA. The sensorgrams were recorded at
1.5, 3, 6.25. 12.5. 25, 50. 100, 200. 400 nM concentrations of 1 for duplex and quadruplex
DNA in Figure 2. In Figure 3 the sensorgrams were recorded at 0.3, 0.75, 1.5, 3. 6.25. 12, 25,
50 nM concentrations of 1.

Scatchard Analysis.

For all the molecules tested. data obtained from sensorgrams were used for Scatchard analysis
using the equation R./C = K; (Ryg — Ry where Ry 1s the response at equilibrium in
Resonance Units (RU), C 1s the concentration of analyte in solution (nM) and Ry, 1s the
theoretical maxiumum response (proportional to the amount of immobilized ligand). Req was
calculated by BIAevaluation 4.0.1 software. As Ry, remains constant, a plot of Re/C versus
Req has a slope of -K; in the case of 1-site model of mnteraction. From Scatchard plots was
determined the 1-site or non-equivalent 2-site model of interaction for quadruplex DNA.

J. AM. CHEM. SOC. 2007, 129, 1502-1503
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kon (M~"577) kor(s™') Ka (M)

0.5 x 10 5 x 1074 1 x10°
3.7 % 10° 1 x 1072 3.7 x 107

2% alues in bold correspond to a site of higher affinity. Values are from

o) 7 \ 0
NH HN .
the data of Figure 3.
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Figure 1. Pentacationic manganese(IIl) porphyrin 1.
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Figure 3. Sensorgrams (resonance units vs time) for the binding of

porphyrin 1 (0.3 to 100 nM) on quadruplex DNA at low chip loading. with
the corresponding Scatchard plot in the inset.
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Figure 2. Sensorgrams (resonance units vs time) for the binding of porphyrin 1 on duplex and quadruplex DNA at high chip loading (See Supporting

Information).
GC Duplex : 5’-TTCGCGCGTTTTCGCGCG
AT Duplex: 5'-CGAATTCGTCTCCGAATTCG
G4 : 5-AGGGTTAGGGTTAGGGTTAGGG J. AM. CHEM. SOC. 2007, 129, 1502-1503
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